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[IpegucnoBue

ITepen Bamy BTOpOE, WCIIPABIEHHOE U [OIOJIHEHHOE, M3JAaHUE KHWUIU <«Assembler» u3
cepur KHUT «YueOHoe mocobue» uznarenbctBa «[lutep». Matepuan mogoOpaH U BbI-
CTPOEH TaKUM O0pa3oM, YTOOBI CIYXUTh WH(MOPMAIMOHHO-METOAMYECKOW 0a30i st
CaMOCTOSITEIBHOTO U OPTaHU30BAHHOTO B PaMKax Pa3IM4YHbIX BY30BCKUX NUCLMILIMH
" (aKynbTaTUBOB M3Yy4eHHUs s13bIKa accemOiepa. Mcxomst u3 atoro, yqe6H1/n< aJpecoBaH
CENYIOIINM KaTeTOpUsIM YUTATENC:

# [perofaBaTesIIM M CTYIEHTaM BY30B JJIsI MCIOJb30BaHMS B KadeCTBE MCTOYHMKA
METOAMYECKH TION0OPaHHON U CHCTEMATU3MPOBAHHOM MHGOPMALIUY 110 Pa3TInIHbIM
acrieKTaM MpHMeHEeHMs acceMbiiepa B KOHTEKCTE apXUTEKTYphl Intel-coBMecTUMBIX
MPOLIECCOPOB; '

#  CHelUaJUCTaM, 3aHUMAIOIIMCS TPOrpaMMUPOBAHUEM U XKeJIaIOLIM OCBOMTh aCCeM-
6nep sl pacIIMpeHus] CBOEro NpPo(hecCHOHATBHOTO KPYro30pa, MPUAAHMS HOBBIX
CBOICTB CBOEMY OIIBITY M JUTSI peIICHMsI KOHKPETHBIX MPaKTHYECKUX 3a/1ay;

IIKOJIbHUKaM, er'IY6J'ICHHO n3y4yaromuyM IporpaMMuUpoOBaHUEC 110 KOMIIBIOTEPOB Ha
0aze Intel-coBMeCTUMBIX IpoLECCOPOB, a TAKXKE BCEM TEM, KTO MHTCPECYETCA pas-
JIMYHBIMU aCll€KTaM1 HU3KOYPOBHEBOT'O IIpOrpaMMUPOBaHN .

Marepuan yueOHMKa, BEIOpAaHHBIN YPOBEHb M METOIMKA €0 M3JIOKECHHMS TTpecieny-
10T CJICAYIOLINE TICIIH:

N3JI0XNUTb OCHOBBI apXUTEKTYPbI Intel-coBMecTUMBIX IIPOLIECCOPOB;

NOKa3aTb HEPA3PbIBHYIO CBA3b apXUTEKTYPLI IIPOLECCOpPa C €r0 MallIMHHBIM A3bIKOM;

MPEICTABUTh CHUCTEMY MAIIMHHBIX KOMaHI B BUIE (DYHKLIUOHAIbHBIX IPYIIIL C TEM,
9TOOBI OOBSCHUTD 1IN, KOTOPBIC TMpeclieqoBaly pa3paboTUMKHU Ipoleccopa Mmpu
BBEIECHUY TOW WIIM MHOM KOMAH/IBI B CUCTEMY MaIIHHBIX KOMaH]I;

Hay4YUTh MCITOJb30BaTh MHCTPYMEHTAIBHBIE CPEICTBA Pa3pabOTKU acCeMOIEPHBIX
MpOrpaMM;

m Hay4uUTb OCMBICICHHOMY TOIXOMY K BEIOOPY CPEICTB acceMOepa sl peaan3ain
MPaKTHYESCKUX 3aJad CPeIHel CIOXHOCTH.

SI3bIK acceMOJiepa SIBIISETCS CMMBOJIMYECKUM TIPEICTaBICHUEM MAIIUHHOTO $I3bIKa,
OH Hepa3pbIBHO CBSI3aH C apXUTEKTYpOoil camoro mpoiieccopa. [1o Mepe BHeCEHHS M3Me-
HEHUI B apXUTEKTYpPY TPOIIECCOpa COBEPIIEHCTBYETCS M ¢aM sI3bIK acceMOitepa. [1o atoit
MpUYMHEe KHUTA HAIlpaBJieHa Ha pellleHre KOMIUIEKCHOM 3a1a4i — He TPOCTO PacCMOT-
peTh acceMOJep Kak elie OIMH M3 JeCSITKOB S3BIKOB MPOrpaMMUPOBAHMS, a MOKA3aTh
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00BEKTUBHOCTH €T0 CYIIECTBOBAHMS M HEPa3pBIBHYIO CBSI3b €0 KOHCTPYKILIMI ¢ apXu-
TEKTypOoil KOHKPETHOTO IIporieccopa. Martepran KHUTH COOCPKUT OIMCAHNE OCHOBHBIX
0COOEHHOCTEI apXUTEKTYPHI U CUCTEMBI KOMaH[I Ipoueccopos Pentium Pro/MMX/11/
III/TV.

WznoxeHue marepuana B yueOHUKeE BeaeTcs B popMe IiaB, KOTOphIX Bcero 17. Jlo-
TMYECKY UX MOXHO pa3leNTh Ha YeThIpe JaCTH.

s B mepBBIX IeCTH INTaBaX MPUBOASITCS CBEACHUS O TOM, UTO IPEACTABJISIET COOOM CO-
BPEMEHHBI KOMITBIOTED, UTO MOAPA3yMEBAIOT MOHSITUS apXUTEKTYPHI IIpolieccopa
1 KOMITbIOTepa B mejioM. [IpuBoautcs MHGOpMAIUSI O CUCTEMe U CHHTaKCHUCEe Ma-
IIMHHBIX KOMaHI ¥ KOMaHI acceMOjiepa. BaXXHBIMMY SIBJISIIOTCS CBEICHUS O KU3HCH-
HOM ILIMKJIe TUIIOBOM IpOrpaMMEBI Ha acceMOiepe M MHCTPYMEHTAJIBHBIX CPEICTBaX
pa3paboTKM acceMOJIepHBIX IIPOTPaMM.

+ Bropast 4acTb KHUIM, Ha4MHAsl C DJIABbl 7, IOCBSILLEHA PACCMOTPEHHMIO KOMAHJ ac-
ceMbiepa B COOTBETCTBUY C UX (DYHKLIMOHAIbHBIM HAa3HAYEHUEM. DTOT MaTepual
ABIgeTCA 6a30BBIM, U €r0 JOCTATOYHO, YTOOBI HAYUMTHCS MUCATh MPOCTBIE IPOrpaM-
MBI Ha accem6yiepe. HaumHag ¢ raasbl 11 06cyXaaoTcs crelnaibHbIe CpeacTBa ac-
ceMbi1epa, KOTOpbIE MCMOIB3YIOTC Ul HATIMCAHUS MPOTPAMM CPEIHE CIOXHOCTH.
PaccMaTpuBaloTCa BO3MOXHOCTH acceMbiepa s paboThl CO CIOXKHBIMU CTPYKTY-
paMM JaHHBIX, MEXAaHU3M MAaKpOKOMaH, BOIPOCHI OPraHM3aLMK MOIYJILHOIO IIPO-
rpaMMMPOBAHUS, B TOM YMCIe MPUHLUNBI CBA3M C MOAYISAMM, HAMCAHHBIMU Ha
C/C++ u Pascal. '

# [lociemHue IBe INTaBbl Y9eOHMUKA ITOCBSIIICHBI pa3IUIHBIM aCIIeKTaM HAITMCAHUSI ac-
CceMOJIEpHBIX TIPOTpaMM, MCITOb3YIOINX COBpeMeHHble TPOTrPaMMHO-anTapaTHbIe
pacmupenus. [IpuBoasaTcs MoapoOHBIE CBEACHUS O TOPSIIKE pa3pabOTKA OKOHHBIX
1 KOHCOJNBHBIX Windows-TIIpHIIoXKeHHI, TPUMEHEHUH COIIPOIIeccopa.

B Baxnast yacth yueOHMKa — ero npwioxeHue. B HeM cobpaHa cipaBoyHast MH(popMa-
1ust 0 KoMaHaax (BrioTh 10 Pentium IV). JlaHHBIX, KOTOpbIE MPUBEACHbI B TPUJIOXKE-
HMH, TOCTATOYHO IUISI IIPOBEICHUS IMMPOKOTO Kpyra paboT — OT OOIIIero 3HaKOMCTBa
C CHCTeMOi MAIMHHBIX KOMaH]I 10 MOJAEPXKKHU Mpoliecca Au3acceMbMpoBaHys
Ha YpOBHE MAIIMHHBIX KOIOB. '

#  BapyruxmpuioxXeHUsIX, pacliojoXeHHBIXHacaiite http://www.piter.com/download,
cobOpaHa crpaBoyHasl MH(GOpMaIUs O pa3IWYHBIX CPeACTBaX IMaKEeTOB acceMobjepa
MASM u TASM.

Takum 06pa3oM, KHUTA SIBJISIETCS CAMOAOCTaTOYHBIM yueOHBIM 1TocobueM. Ee ncmnons-
30BaHME MO3BOJIIET CPOpPMUPOBATh DYHIAMEHTATbHBIE 3HAHUS 110 Pa3IMYHBIM acTieK-
TaM HU3KOYpPOBHEBOTO IPOrpaMMUpPOBaHUS Ha sI3bIKe acceMbiepa 11 Intel-coBmecTu-
MBIX KOMITBIOTEPOB. B TOJITOCPOYHOII TTepCIeKTUBE MaTepra y4eOHUKA MOXET CITYKUTh
CIIPaBOYHUKOM.

ITo cpaBHeHMIO ¢ MEPBBIM M3AaHUEM B y4eOHMKE CIeTaHbl MHOTOYMCIIEHHBIE M3Me-
HeHus. Bo-mepBhiX, MaTepyan ObLT IPUBEIEH B COOTBETCTBME C COBPEMEHHBIM YPOBHEM
pasButus npotieccopoB Intel (1o Pentium IV). Bo-BTopbIX, McnpaBieHbl OLIMOKU U Ore-
yaTKi. Bo MHOTOM 5TO 3aciayra BHUMAaTeJIbHBIX YATATEJIEH, 32 UYTO UM OTAeabHas 0y1aro-
JApHOCTb. B-TpeTbHX, TMPOM3BEACHO MEPECTPOCHUE MaTepuana ¢ y4eTOM CYIIECTBOBA-
HUS CBO€OOPa3HBIX TPOAOIKEHNI YUeOHUKOB — KHUT cepun «[IpakTuKa» U31aTeTbCTBA
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«ITutep». Inst HacTosuero yuyeOHMUKa MOKa CYIIECTBYET OJHA Takas KHUTa —
«Assembler: mpaktuka». Ee comepxaHue MOCBALIEHO YIJIYOJEHHOMY W3YYEHMIO SI3bIKa
acceM0iiepa Ha pPa3MMYHBIX BOCTPEOOBAHHBIX HA MPAKTUKE 3ajJadyax MPUKIAJHOTO Xa-
pakTepa. Marepuan KHUrM «Assembler: MpaKTHKa» MOXET CIYXUTh OCHOBOI [Isl Bbl-
MOJTHEHUSI KYPCOBBIX U JUIIJIOMHBIX pabOT, HE TOBOPS YK€ O €ro UCMOIb30BAHUU TPU
paboTe Hax pa3IMYHbIMKM TPOTPAaMMHBIMM TpoekTaMu. [lnaHupyercsl MOSIBIEHUE BTO-
po¥i KHUTH U3 3TOM Cepuu, KOTopasi OyneT OpMeHTHPOBaHa Ha OCBELIEHME BOIIPOCOB CU-
CTEMHOTr0 porpaMMupoBanusl. Kaxayto U3 3TUX KHUT CJIeAyeT MO3ULIMOHUPOBATh CIEy-
IOUIMM 00pa3oM. Y4eOHUK (hOpMUPYET OCHOBBI U MTPUHIIUIIBI, @ HA ONIPEICIEHHOM 3Tare
HauyMHAeT BBIMOJHSIThL clipaBouHble pyHKIKMU. KHuru cepun «IIpakTukym» mpencras-
JISIIOT OMTUCAHUSI BADUAHTOB peainu3aliii BOCTPEOOBAHHBIX HA MPAKTUKE 33124 MPUKJIIAJ-
HOTO ¥ CUCTEMHOTO XapaKTepa.

00 ommbKax ciaeayeT ckaszaTh OTAeAbHbIC cIoBa. KOHEUHO, KHUTH, a TeM Oosiee yueo-
HMKM, HE TOJIKHBI COIEPKaTh HETOUHOCTEM 1 OLIMOOK, HO MTPU HBIHEITHUX TeMITaX K13-
HU ¥ Pa3BUTUS TEXHUKU 3TO — HEAOCTUXKMMBIH naean. KoHeuHo, 3T0 HE TOBOPUT O TOM,
YTO HEJIb3S1 HAaNUCcaTh KHUTY 0e3 o1n0oK. be3ycioBHO MOXXHO, HO JIsI 3TOTO OTPEOyeT-
Cs BpDEMEHU B HECKOJIBKO pa3 OOJIbIIIE U €€ BHIXOJ B CBET MOXET OKa3aThCSl COBEPIIEHHO
OeccMBICIEHHOI 3aTpaToil BpEMEHM U CUJI, TaK KaK K 3TOMY MOMEHTY TIepeCTaHEeT ObITh
aKTyaJTbHBIM CaM TPEIMET, KOTOPOMY MocCBsiiieHa KHura. [lostomy Bompoc o TOM, 4TO
BaXXHEE — CBOEBPEMEHHAsI KHUTA, COMEpXallasi ONMpe/ieIeHHOE KOJTMIECTBO OIMOOK, HO
MOMOTAIOIIAs YUTATEIO PELINTL aKTYaJlbHbIE MPOOIEMbI CETOAHALIHETO IHS, MM WIE-
aJTbHO BBIBEPEHHOE M3/IaHNE, OCBEIIAONIEE BOMPOCKI BUEPAIITHETO AHSI, OCTaeTCs (hUIo-
cockuM. KHUTH, B KOTOPBIX MHOTO MCXOIHOTO KOfIa, — 3TO OCOObIi BUA KHUT, KOTOPHIE
MOXHO 0XapakTepu30BaThb KaK «KHUTU-TIPOTPaMMbl», a B TPOrpaMMax, Kak U3BECTHO,
MOCJIEIHUX OIMOOK He ObIBaeT. bonee TOro, puckHy BbICKa3aTh MHEHUE, U4TO C YYEOHOU
LIEJIbI0 OIIMOKHM 1axKe MOJIe3HbI. DTO MOATBEPXKIAET U CBOU, U 4ykoi onbIT. [TocioBuna
«Ha ommbxax yyaTcsl» MMEET CKPBITBIi CMBICT — HauboJjiee yCTOWYMBbIE 3HAHUST (op-
MUPYIOTCSI UMEHHO TTPY UCIIPABJIEHUN CBOMX M UYXXHUX OIIMOOK. DTO naxe He 3HaHMS,
3TO yX€ Mpo(ecCuOHANIbHBIN ONbIT. TeM He MeHee MOU PacCyXIEHUsI HE CIEAYeT pac-
cMaTpuBaTh Kak olpaBaaHue OIMOOK MEePBOro U3AaHus yueOHUKA U OYAyIIHUX OIIMOOK
Broporo uzfaanusi. OHU HeU30eXHBI, U aBTOp OyIeT OJarofapeH BCEM YUTATENSIM, KTO
3aMETUT OINUOKM, HETOYHOCTHU U MTPOCTO ONMeYaTKM U COOOIIUT O HUX peAaKIM1 WU aB-
TOPY IO YKa3aHHBIM Jajiee ajpecaM JEKTPOHHOM MMOYTHI.

YacTo cnipamuBaoT, AJ1si TPOTPaMMUPOBAHUS KAKUX TPOIECCOPOB MOKHO UCTIOJb-
30BaTh yueOHUK. OTBeT — A1 Intel-coBmecTumbix npoueccopos. [Ton TepmuHom «Intel-
COBMECTHMMBbIE MPOLECCOPhl» MOoApa3yMeBaroTcs mpoueccopsl pupm Intel, AMD, VIA,
Transmeta, MOJTHOCTBIO MOAEPXKUBAIOIINE 0a30BYI0 CCTEMY KOMaH[ Ipolieccopos Intel
Y TTOJIHOCTBIO WJIM YaCTUYHO MOICPKUBAIOIIME PA3TUYHbIE pacIMpeHust 6a30BOI cuc-
TeMbl KOMaHJ Ipoleccopos Intel.

Yto HYXHO a5 paboThl ¢ KHUTOU? Bo-mepBbix, KoMmbloTep Ha 6a3e Intel-coBmec-
TUMOTrO npoueccopa. Bo-BTopbix, makerst acceMoiepoB TASM u MASM. Ilpuyem nyu-
111e BCEro Oy/eT Ha 3Tare U3ydyeHMsl UCIoJb30BaTh 0ba 3TUX makera. K coxaneHuio, na-
keT TASM B caMOCTOSITETbHOM BUJIE YK€ HE Pa3BUBAETCSI, HO paboTa C HUM Ha 3Tarne
00y4YeHHsT JOCTaTOUHO KOMGOpPTHA, TeM 0oJiee YTO OH MMEET PeXUM padoThl, MO3BOJISIIO-
L[1If BO MHOTUX CTy4asix 6e3 TOMOJIHUTENbHOI J0pabOTKU EPEHOCUTh TTPOrPaAMMBI JJIST
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KCIoJb30BaHUs ¢ makeToM MASM. IlocnenHsst AOCTyIIHasl BEpCUsl 3TOTO IaKeTa —
TASM 5.0. C makerom MASM nesia oOCTOAT Jiyullle — OH pa3BuBaercs. IlocienHue no-
ctymnHble Bepcun — MASM 6.14 u MASM32 sepcuu 7.0. M HakoHel, 17151 pabOThI Hy-
>K€H OJIMH 13 TEKCTOBBIX peAaKTOPOB Kjiacca notepad.exe.

BnarogapHocTu

Xopolast Tpaguiys — BhIpakKeHMe 01aroqapHOCTH OKPYKAIOIIUM JIIOASIM 32 MX aKTHB-
HbII WIM NACCUBHbBINA BKJIaJ B MOSBIEHME KHUT Ha CBET. DTO He SIBJISIETCS HEeKol (op-
MOl MOXBajJbObl, @ TOBOPUT JIMILbL O TOM, UTO Thl HE OJWH Ha OEJIOM CBETE U CBOUMU
‘ycnexamMu M Heyaadam 00si3aH MHOTMM JIIOASIM, KOTOPBIX Thl, BOSMOKHO, HMKOIJA HE
BUJIE M HUKOIJA He YBUIMIIL. [103TOMY s pan 1 6J1arogapeH M1MchbMy KaXKI0To YuTaTe-
1. Apec 2JeKTPOHHOM IMOUTHI V_yurov@mail.ru Bcerga JOCTYIEH AJisl MMCEM YMTaTe-
JIeil OTHOCUTEJIBHO COAEPXKMUMOI0 KHUT, MOXeJIaHW, COOOILEHUI 0 3aMeYeHHBIX OO0~
Kax 1 HeToyHocTsaX. OcoOyto 6iarogapHOCTh Bhipaxato xXeHe EjneHe u getsm — Caiile
n Ore.

OT nsparenbcrBa

Baim 3amevanusi, mpemioKeHus, BOIIPOCHl OTIPABJSIATE IO aapecy 3MEKTPOHHOM TMo-
yTB comp@piter.com (u3narenbcTBo «IIuTEp», KOMIbIOTEPHAS pelaKLys).

Mbl OyaeM paiabl y3HaTh Ballle MHEeHue!

Bce rcxoqHbIe TEKCTHI MPOTpaMM, MPUBEJICHHbBIE B KHUTE, a TAKXKE JOTIOJTHUTETbHbBIE
MPUJIOXKEHU S BBl CMOXETe HailT o aapecy http://www.piter.com/download.

IMogpoOHy0 MHGOPMaLMIO 0 HAlIMX KHUTAaX Bbl HaijeTe o aapecy http://
WWW.piter.com.
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OpraHunsaunsa COBPEMEHHOro
KOMIMblOoTEepa |

¥ BHeLWHWiA BUA, TUMWYHOIO COBPEMEHHOrro Komnblofepa
» CTpyKTypHasicxeMmaKoMnbioTepa

# MecTo accembOnepa

B WcTopuyeckas peTpocnekTusanpoueccoposintel

CoBpeMeHHOMY UYeJIOBeKY TPYIHO MPEICTaBUTh CBOIO KU3Hb 0€3 21eKmMPOHHO-8bIMUCAU-
meavHbix Mawur (OBM). B HacTosiiiee BpeMs J1I060MY XenarolieMy Mo cujiaM codparh
y cebs1 Ha paboyeM CToJie TIOJTHOIEHHBIM BBIYMCIUTENbHBIN LIEHTP, CTeNeHb (DyHKIINO-
HAJIBHOCTU KOTOPOTO MOXET OBITh OTpaHMY€Ha TOJIBbKO (haHTa3uel U GUHAHCOBBIMU BO3-
MOXHOCTSIMM €ro obsagates.

B MuHUMaNbHOM KOMIIJIEKTALlMY TUIIOBOI MEePCOHATBHbIN KOMITBIOTED COCTOUT U3
KOMITOHEHTOB, TTOKa3aHHbIX Ha puc. 1.1.

M3 pucyHKa BUIHO, YTO KOMIIBIOTED o6paay10T HECKOJIbKO (PM3NYECKUX YCTPOICTB,
KaxkJ0e M3 KOTOPBIX MOJKIIOUEHO K OJAHOMY OJIOKY, HasbiBaeMoMy cucmemuvim. Ecian
paccyxaaTtb JJOTMYECKH, TO SICHO, YTO OH MIPaeT pojib HEKOTOPOTO KOOPAMHUPYIOLIETO
yctpoiicTBa. [TonbiTKa OTKPHITh KOPIYC U 3aTJISIHYTh BHYTPb CUCTEMHOTO 0J10Ka, CKopee
BCEro, He MPUBEIET K YAOBIETBOPEHUIO XaX bl MMO3HAHUSI — HEMOHSITHAS COBOKYITHOCTb
pa3HOOOPA3HBIX MJIaT, 6JI0KOB, UHAUKATOPOB U COEAMHUTENbHbBIX TIPOBOIOB BPSII JIU 1ACT
OHO3HAYHbIE OTBETHI HA BO3MOXHbIE BOMPOCHl. BHYTpH MOHUTOpPA BbI TeM OoJjiee HUYe-
IO MHTEPECHOTO He HalleTe, 3a UCKIIOYeHUEM BO3MOXHOCTU YIOBIETBOPUTH APYTYIO
Kaxay — Xaxay npukioueHuit. Eciu xopolio morckaTh OTBEPTKOM MOAXOASAIINIA UC-
TOYHMUK, TO, B OTJINYME OT CUCTEMHOTO 0JI0Ka, MOXHO TOBOJBHO OBICTPO MOJYYUTh pa3-
PSII B HECKOJIbKO KWJIOBOJIBT.
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CucTeMHbIN 650K

MonuTop

MpuHTEP

L T R Y

ven Knasnatypa

Puc. 1.1. KomnbioTep n nepudepuiiHbie yCTponCcTea

PaccMOTpuM CTPYKTYPHYIO CXeMY TUITMYHOTO COBPEMEHHOTO TIEPCOHATLHOTO KOMITh-
1oTepa. OHa He MpeTeHayeT Ha 0€3yCIOBHYIO TOYHOCTh M UMEET LeIbIO JIUIIb TOKa3aTh
Ha3HaueHue, B3aMMOCBSI3b U TUITOBOI COCTAB €ro 3JIEMEHTOB.

Ha puc. 1.2 nmokasaHa ¢pyHKIMOHANBHAs CXeMa CUCTEMHOTO 0JI0Ka KOMITbIOTepa Ha
6ase mpoueccopoB ceMeiicTBa Intel. Ha cxeMe mpencTaBieHbl: LeHTPAIbHBINA MpoLeC-
cop, olepaTUBHAsI TaMSITh, BHEIIIHNE YCTPOICTBA. Bce KOMIOHEHTHI COeIMHEHBI MEXIY
coboit yepe3 cucTeMHyI0 muHy. CUcTeMHas IMHA UMeET JOTIOJHUTEIbHYIO IMHMHY —
LIVHY pacinupeHus. B KommbloTepax Ha 6ase Pentium B KauecTBe TaKOW HIMHBI UCIONb-
syercs mmHa PCI (Peripheral Component Interface), K KoTopoii ToaCOeIMHSAIOTCS BHEII -
HHe YCTPOICTBa, a TaKxXe IIMHBI Oolee paHHUX cTaHaapToB, Hampumep ISA (Industry
Standard Architecture).

Ha pucyHnke noka3ana camas o611ast cxema cepzila Kommblorepa — npoueccopa. Oc-
HOBY TIPOLIECCOPA COCTABISIOT OJIOK MUKPOIIPOIrPAMMHOTO YIIPaBIEeHUS, UCTTONHUTEb-
HOE YCTPONCTBO, 0003HAYEHHOE KaK «<KOHBENep», U perucTpbl. OCTalbHbIE KOMITOHEHTEI
Mpolieccopa BBITIONHSIOT BCIoMorarteabHble GyHKIuU. bonee mongpoOHbIil BapuaHT
3TO# CXeMBbl MBIl PACCMOTPUM B CIIeAYIOIIEH TliaBe.

MawunHHbIA 93bIK U 93bIK accemMmbOnepa

YToObI Nydllle TTOHATh MPUHIUIIBE pAOOTHI KOMITbIOTEPA, AaBaiiTe CPABHUM €ro ¢ YeJio-
BEKOM. Y KOMITbIOTEPA €CTh OPTaHbl BOCIIPUATHS WH(MOPMALUU U3 BHEIIHETO MUpaA —
3TO KJIABUATYPa, MbIIIb, HAKOMTUTEIN HAa MATHUTHBIX JUCKAX (HA CXeMe OHU Pacroioxe-
HBI ITOJl CHCTEMHBIMU IIIMHAMM). Y KOMITbIOTEPA €CTh OPTaHbl, «IIepeBapuBaloOIINe» I10-
JTY4eHHYI0 MHPOPMALUIO, — 3TO LIEHTPallbHBI MPOoLIeccop U oTepaTuBHas MaMsTh. M Ha-
KOHell, Y KOMITbIOTepa €CTh OpraHbl peuy, BHIIAIONINE Pe3yIbTaThl MepepaboTKu. DTo
TaKXXe HEKOTOpbIE U3 YCTPOMCTB BBOJA-BLIBOA, PACIIONOXEHHBIE B HUXKHE 4acTH cxe-
MbL. COBpeMEHHBIM KOMITBIOTEPAM, KOHEUHO, JaeKO 10 YeoBeKa. X MoXKHO CPaBHUTh
C CyllecTBaMU, B3aMMOJAEUCTBYIOIIMMHU C BHEIITHUM MUPOM Ha YPOBHE OOJBIIOT0, HO
OTPaHMUYEHHOTO Habopa 6e3yCIOBHBIX pedieKcoB. DTOT Habop pedaekcoB oOpasyer
cucmemy mamuHHbIX KoMano. Ha KakoM Obl BHICOKOM YPOBHE Bbl HA OOLIATHCH C KOMITh-
I0TePOM, B KOHEUHOM MTOTe BCE CBOAUTCSI K CKYYHOM U OMHOOOPA3HOM TOCIea0BaATE b~
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Puc. 1.2. CrpykTypHas cxema MnepCoHasHOrO KOMIMbIOTEPa

HOCTM MallIMHHBIX KoMaH. Kaxnas MalMHHas KoMaH[a sIBJsieTCs CBOEro poa pasipa-
KUTENEeM IJ151 BO30YXIEHUS TOTO UJIM MHOTO 6e3ycioBHOTO peduiekca. Peakiius Ha 3TOT
pa3IpaxuTesb BCErma OMHO3HAUYHA U <«3alIUTa» B OJIOKE MUKPOIPOrPaMMHOTIO YIpaB-
JIEHUS B BUJIEe MUKPOMPOTpaMMbl. DTa MUKPOIIPOTpaMMa 1 peau3yeT Al CTBUS 10 Bbl-
MOJHEHMIO MAlIMHHON KOMaH/Ibl, HO YX€ Ha YPOBHE CUTHAJIOB, MOAABAEMbIX Ha Te WU
WHBIE JIOTUYECKHUE CXEMbI KOMIbIOTEPA, TEM CAMbIM YITPaBJIsisd Pa3TUYHBIMU MOACUCTE-
MaMu KOMIIbIoTepa. B 3TOM COCTOUT Tak Ha3bIBaeMbIi MPUHIIUIT MUKPOMPOTPAMMHOTO
ynpasieHus. [Tponoskast aHaJOrHIO C YETOBEKOM, OTMETUM: IS TOTO YTOOBI KOMITbIO-
Tep MPaBUJbHO «ITUTANCS», TPUIYMaHO MHOXECTBO OMepPallMOHHBIX CUCTEM, KOMITUJISI-
TOPOB COTEH SI3bIKOB MPOTPAMMUPOBaHUs U T. . Ho Bce OHU SBSIIOTCS, 110 CYTH, JIUIIb
0J11010M, Ha KOTOPOM 10 OTpeie/IeHHbIM MpaBuaM A0CTaBIsIeTCsl MUILA (MPOrpaMMBbl)
Xenyaky (koMmbiotepy). TolbKo (BOT mocanma!) XejlyaoK KOMIIbIOTepa JIOOUT AUSTU-
YeCKyl0, 0HOOOpa3Hylo MUIlly — MoAaBail eMy MH(MOPMALIMIO CTPYKTYPUPOBAHHYIO,
B BU/E CTPOTO OPTraHH30BaHHAIX [10CJIE10BATEIbHOCTEN HyJIeH U eAMHUL, KOMOMHALIUU
KOTODPBIX U COCTABIISIIOT MAUUHHBIT A3bIK.
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TakuM 00pa3oM, BHEIIIHE SIBJISISICh HOJIUTIOTOM, KOMITBIOTEP TOHUMAET TOJTbKO OTUH
SI3BIK — A3bIK MAIIMHHBIX KOMaHA. KoHeuHo, a5t 06111eHHs 1 paboThl ¢ KOMITBIOTEPOM
Heo0s13aTeNTbHO 3HATh 3TOT SI3bIK, HO MPAKTUUYECKU JI000M MPOo(ecCUOHATBHBINA Mporpam-
MUCT PaHO WIM TMO3IHO CTAJKUBAETCS C HEOOXOMMMOCTHIO ero usydyeHus. K cuactsio,
MPU 3TOM YEJIOBEKY HE HYXHO MBITAThCS MOCTUYbL 3HAYEHUE PA3TVMYHBIX KOMOWHAIUI
JIBOUYHBIX YUCEN, TaK Kak e1ie B 50-¢ IT. MporpaMMUCTBI CTaTU UCTIOJIb30BaTh IJISI IIPO-
rPaMMUPOBAHUSI CUMBOJTUYECKHUI aHAJIOT MAIIWUHHOTO I3bIKa, KOTOPBI HA3BAIU 53bi-
KoM accembnepa. DTOT SI3bIK TOYHO OTpaxkaeT BCe OCOOEHHOCTM MAaIlMHHOTO SI3bIKa.
HNmeHHO Mo3TOMY, B OTJIMYUE OT SI3bIKOB BEICOKOTO YPOBHSI, SI3BIK acceMOIepa IJIst Kax-
JIOTO TUTIa KOMITbIOTEPOB CBOM. bojee Toro, 6ECCMBICTIEHHBI Pa3rOBOPHI O TOM, UTO ac-
ceMbJiep Kak sI3bIK TPOrpaMMUPOBAHUS yCTapes U 3HaTh ero HeobsizatenbHo. ACCEM -
BJIEP OBBEKTHWUBEH, 1 nono6Hbie pa3roBOpbl B ONPEACICHHONW CUTYallu MOTYT
BBITJISLIETh TOBOJIBHO TJIYTMO (0COOEHHO AJISI 0CO00 «ITPOJBUHYTHIX» MPOTPAMMUCTOB).

Ha niepBbiii B3Ms1M acceMOep KaxeTcsl OYeHb CIOKHBIM, HO 3TO He Tak. [[1s1 ocBoe-
HMSI 3TOTO S13bIKa COBEPILIEHHO HE HYXKHO BbIyYMBaTh HAU3YCTh BCE €r0 KOMaH/Ibl U 1 -
pekTuBbl. bosee Toro, B O0IBIIMHCTBE CAYYaeB AT TPAKTUYECKOW pabOThI JOCTATOYHO
TMIOHVMAaHUSI OCHOBHBIX KOHIIETIIIUM 1 UNEH, JIeXKalIuX B OCHOBE sI3bIKa accemouepa. Jle-
TaIW pean3aluy TOW WIW UHON KOMAaHIbl BCETJa MOXHO HAaWTU B CIIPABOYHUKE KO-
MaHJI, Topa3o BaXHee MOHUMAaTh, KaKOe MeCTO JaHHasi KOMaH/a 3aHMMAaeT B CUCTEME
KOMaH/J1, B Wjieaje Xopouio ObUT0 ObI 3HATh U LIEJIN, KOTOPBIE TIPECeT0BAIN Pa3padoTuu-
KU MpolIeccopa, BBOAS JaHHYI0 KOMaHIy B CHCTEMY MalllMHHbBIX KoMaH . OfHa U3 1ienei
JAHHOTO y4yeOHUKa — c(hOPMUPOBATD Y UUTATENSI UMEHHO TaKOE MOHUMAaHUE SI3bIKA ac-
ceMotepa. '

M3 Bcero ckazaHHOTO HAMpalIMBaeTCsl BBIBOA O TOM, UTO caMyto 3((hEeKTUBHYIO MTPO-
rpaMMy MOXHO HamucaTh TOJIBKO Ha accembiepe (IIpy YCIOBUM, YTO €€ MUILET KBaJIU-
(b pPOBaHHBIN TPOrPAMMUCT), TaK KaK 3TOT SI3bIK SIBJSIETCS «POAHBIM» JJIST KOMIIBIO-
Tepa. 31ech CTb OHO MalEHbKOE «HO»: 3TO OYEHb TPYAOEMKHIl U TPEOYIOIIMii GOIBIIOrO
BHUMAaHMUS U MPAKTUIECKOTOo onbITa npoiiecc. [ToaTomMy peanbHO Ha acceMOiepe MUILyT
B OCHOBHOM MPOTPaMMBbl, KOTOPBIE JOJIKHBI 00ecTieduTh 3(pheKTUBHYIO0 paboTy ¢ anmna-
paTHOIi YacThio KomIbioTepa. MHorna Ha accemOnepe MULIYTCA KPUTUYHBIE KO BDEMEHU
BBITIOJTHEHUSI UJTU PACXOI0BAHUIO TAMSITU (PparMeHThl porpaMMbl. BriocieacTBuu oHu
oopMITSIIOTCST B BUZIE TTOAIIPOrPaMM M COBMEIIAIOTCSI C KOJIOM Ha SI3bIKE BBICOKOTO
YPOBHSI. X

B nanHOM yuyeOHMKe OyayT pacCMOTPEHBI JBa (PYyHAAMEHTAJIbHBIX IJIsI TTOHUMAHUS
JIOTVKY QYHKIIMOHUPOBAHUS KOMITBIOTEPA BOMPOCA: IEPBBII — apXUTEKTYPHBIE OCOOEH-
HOCTH Ipolieccopa M OCHOBBI €ro B3aMMOOTHOIIEHU ¢ IPYTMMU KOMIIOHEHTAMU KOMITb-
10Tepa; BTOPO — MECTO U POJIb SI3bIKA acceMOJiepa BO BCEM 3TOM Tpoliecce. 3a OCHOBY
B HallleM paccCMOTpeHUM OyayT B3SATHI Mpoueccopbl pupmbl Intel. Heobxomumo otme-
TUTb, YTO 3TH MPOLIECCOPHI HE SIBJISFOTCS €AMHCTBEHHBIMU MPOLIECCOPAMU Ha PhIHKE anna-
pamuoeo obecneyenuss (hardware), XoTS M 3aHUMAIOT JOBOJbHO OOJBIION CETMEHT
3TOro pbiHKa. MicTopryecku CIOXUIOCh TaK, YTO apXUTeKTypa mpoiieccopoB Intel
TOJIHOCTBIO VI YaCTUYHO MOJIepKUBAETCS Mpolieccopamu npyrux gpupM. ITostomy mpo-
reccopam pupmbl Intel mMpUXOAUTCS IETUTH CBOM CETMEHT PhIHKA C TipolieccopamMul (pripm
AMD, VIA, Transmeta. Tak KaK B cBoeM cerMeHTe pbiHKa (Intel-coBMecTMMBIX Mpo-
1eccopoB) mpoiieccopsl pupMbl Intel sBAsIIOTCST cTaHAapTOM ne-(pakTo, TO B JAHHOM
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y‘{C6Hl/lKC peYb 6y£lCT WUATU UCKITIOYUTEIBHO O HUX, OJHAKO BCC IMPMUBOAUMBIC ITPUMEPDI
nporpamMm OyayT padoTtaTh 1 Ha Intel-coBMeCTHMBIX Mpolieccopax MpoLeccopax IPyrux
hupm.

Uctopua npoueccopos Intel

IMpoueccopbl Intel B cBoeM pa3BUTHU IPOLUIA JIOBOJBHO CJIOXHBI U HACHILIEHHBI
pa3nuyHbIMU coObITUsIMU TTyTh. Kopriopatus Intel 6buta ocHoBana B 1968 r. IlepBbiit
npoueccop 4004 6b11 pazpadotan Intel B 1969 r. OH mpencTasisi coboit 4-pa3psaHoe
Mapaijie IbHOE BEIYMCIUTENbHOE yeTpoiicTBO ¢ 2300 TpaH3ucTopaMu. Ero BO3aMOXKHO-
CTU OBUIM CUJIBHO OTPaHMYEHBI — OH BBITIOJHSI BCETO JIMIIb YEThIPe OCHOBHBIE apu-
MeTuyeckue omnepauuu. [ToHauany 14004 mpumeHsics B KapMaHHBIX KaJbKyJIATO-
pax. Ilo3nHee cdepa ero UCIOIb30BaHMS OblIa PacIIMpPEHa 3a CYET Pa3IUYHBIX CUCTEM
yIpaBJIeHUs], B YACTHOCTH, CUCTEM yTpaBIeHUsI CBETOhOPaMHU.

B 1972 r. 6611 BRIyLIEH 8-paspsiaHblii porieccop 18008 ¢ ampecaliyeil BHELIHENR Orte-
patuBHOIi mamsTi pasmMepoM 16 Koaiir. HeoxumaHHBIH ycIeX 3TOro mpoleccopa moj-
TOJIKHYJ pa3paboTunkoB Intel K ganpHeHIIUM U3bICKaHUSIM. B 1974 1. ObLI BhINYILIEH
18080, koTopbhlif, ocTaBasiCh 8-pa3psAHBIM, MOT afapecoBath 64 KGaiiT ornepaTrBHOIM Ma-
MsITH. JI71s1 TOrO BpeMeHM 3TO ObLIO PeBOMIOLIMEH, STOT IMPOLIECCOP ObLT BBHIMYIIEH B MUJI-
JIMOHAX 3K3eMILIIpoB. McToprio coBpeMeHHBIX Intel-cOBMECTHMBIX TMPOLIECCOPOB TPH-
HSATO BecT uMeHHo oT i8080.

OuepenHoii peBoMIOLMOHHLIM TIpoLeccop Intel — i8086 — nossuicsa B 1978 r. Ero
OCHOBHBIC XapaKTePUCTUKN — Hanuuue 16-paspsiiHbIX perncTpoB, 16-pa3psiiHoi [IMHBI
JaHHbIX. [Tomaep:kka cerMEHTHOM OpraHM3aluy NaMsaTh Hapsiay ¢ 20-pa3psimHOM 1Iu-
HOI ajipeca Mo3BoJIslJia OPraHM30BaTh aipecalivio MaMsaTu B peAenax 1 MOaiT npu no-
CTYIMHOCTH a[pEeCHOr0 MPOCTpPaHCTBa pasMepoM 256 Koaiit. C 1enbio 3aHSATHS Gojee
HIMpokoit HUIIM Ha peiHKe Intel Bckope mpencraBuiia 0osee AelleBbliA BApUAHT 3TOTO
niporieccopa — i8088. [1pu BHyTpeHHel 16-paspsiztioiiapxurektype i80860H nmen 8-pas-
PSAIHYIO HNIMHY AaHHBIX, BCJIEACTBME Yero ObLI MeHee MpoM3BOAMTeNeH. BaxkHo oTMe-
TUTb, UTO ACLICBU3HA TOCTUTAIACh B OCHOBHOM HE 3a CYET JeIIeBU3HbBI CaMOTO Tpoliec-
copa, a3a cyer yelleBIeHUs] KOHEUHOTO TIPOIyKTa — KOMIIBIOTEpa Ha ero ocHoBe. Jlpyroii
MPUYKMHOM MOSIBJICHUS U IIMPOKOTO pacrnpoctpaHeHus 18088 Obu1o Hanuume 60JbIIOr0
KOJIMYECTBA §-pa3psiIHbIX BHEIIHUX YCTPOMCTB. §-pa3psimHas miMHa AaHHbIX 18088 mo-
3BOJISLIA YITPOCTUTD TIPOLIECC COMPSIKEHUSI ¢ STUMM YCTpoicTBaMU. OTMETUM, 4TO Ofl-
HUM 13 BHEIITHUX YCTPOICTB, TOAAePKUBaeMbIX poueccopamu i8086/88, 6b11 MaTema-
Tueckuii corporieccop i8087, KOTOPHIi MOT yCTaHABAMBATLCS B CIIELIMATBHBIN pa3beM
MaTePUHCKOM IJIaThl. DTO MO3BOJISLIO Oojiee 3(PHEKTUBHO BBHIMOJHATH ONEPaLIU C TJIa-
Balouieil Toukoit B cootBeTcTBUMU co cTaHaapToM [EEE-754. BaxHo Takxke momyepk-
HyTb, 4TO, HaunHas ¢ i8086,/88, Bce mpotieccopbl Intel COBMECTUMBI «CHU3Y BBEPX».
CreacTBueM 3TOTO SIBJISIETCSI rapaHTUPOBaHHAs BO3MOXHOCTH 3aIlycka Ha COBPEMEH-
HOM Mporieccope Pentium mpakTuyecku 1000 MporpaMMbl, HamucaHHo 11 i8086/88
(ecTecTBeHHO, MPK COOTBETCTBYIOIIEH MOJAEPKKE CUCTEMHOTO MPOrpaMMHOTO obecre-
YEeHUSI).

CorlacHO M3BECTHOMY 3aKOHY, npozpammuoe obecneuenue (software), MogobHO rasy,
CTPEMUTCSI 3aMOJTHUTH BeCh HOCTYIHBIM eMy o0beM. [loaToMy IoHavany Kaxyliuecs
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(baHTacTMUECKMMU BO3MOXHOCTU HOBBIX MPOLIECCOPOB CO BPEMEHEM CTAHOBSITCS y3a-
MU, TEM CaMbIM MOATAJKUBasi KOHCTPYKTOPOB MPOLIECCOPOB UCKATh HOBBIE aPXUTEKTYP-
HbIE ¥ TEXHOJIOTUYECKME PEIIEHUS 15 TlepeBo/ia MporpaMmM B HOBbIE, Oosiee CBOOOIHbBIE
paMKH cyliecTBoBaHus. OnepaTuBHas NamMsaTh 00beMoM 1 M6aiiT — 310 MHOrO. Jloaras
KU3Hb npolieccopoB i8086,/88 moaTBepxaaer 3to. Ho ¢ TeueHHeM BpeMeHU faxe Takoi
00beM MaMsITU MPEBPATUIICS B OTPAaHUYEHUE, B CBSI3M C YeM CTaJld MPUMEHSThCS pa3-
JIMYHbIE TEXHOJOTUU JIJIs1 00X0/1a 3TOr0 OTpaHUYeHUsI. MHOTUE, HaBepHOe, ellle TOMHSIT
3arpy3ky MS-DOS c nmpaiiBepamu paciuupeHHoil namsatu EMS (Expanded Memory
Specification), ¢ MOMOIIBIO KOTOPHIX Yepe3 OKHO pa3MepoM 64 KGaiT MOXHO OBLIO
00palaThCs K BHEIIHEH NOMOJHUTEIbHOM MaMsITu pa3MepoM 10 32 Moaiit. Ho ato He
MOIJIO ITPOAOJIKAThesl BeuHo, U B 1982 1. Intel mpencrabisiet mporieccop i80286. U xotst
OH He pelInI OKOHYATEbHO MPO0JIeMY OTpaHMUYESHUS TPOCTPAHCTBA [TAMSTH, B HEM ObLIN
peann3oBaHbl ONpeAcieHHbIe apXUTEKTypHble M3MEHeHMs, Onaromapsi KOTOpbIM TOocje-
AYIOLIKE MOJEIM MPOLECCOPOB IIO3BOIMIN Pa3PsAUTh CUTYALMIO C JOCTYIIOM K MaMATH.
K rnaBHBIM HOBOBBENEHMSIM ClIe[lyeT OTHECTH paclIMpeHHe IIMHBI axpeca A0 24 OUTOB,
YTO TI03BOJIMIIO afpecoBaTh yXe 16 MGaiT onepaTUBHOM MaMATH, a TAKXKe MOSBICHHE
elle OJAHOro pexuma padoThl MpoLeccopa — 3alUMIIEHHOr0. B 3TOM OTHOLUEHMM JaH-
HBIH TIPOLIeCCOp TaKXKe MOXHO CUMTATh PeBOTIOLIMOHHBIM. 10 3TOTO B poueccopax Intel
OTCYTCTBOBaJa MOJJEPXKa Ha MPOLECCOPHOM YPOBHE KaKOi-MMOO 3allMThl MPOTrpamMM
OT B3aMMHOTO BIUsSIHUS. BBeneHUe Mog00HbIX CPEACTB B apXUTEKTYPY Mpoueccopos Intel
. CTUMYJIMPOBAJIO TPOU3BOAUTENIEN HA pa3pab0OTKy MHOT03aJauHbIX ONepallMOHHbBIX CUC-
teM. Haubonee sipkue npumepsl — Microsoft (OC Windows) u IBM (0S/2). Cnpa-
BeJJIMBOCTHU Pajy ClieAYeT OTMETUTh, YTO JOMUHUPYIOILEH cucTeMoii ast 286 Obiia MS-
DOS, 1 naHHBI# polIeccop MCMOIb30BaICs Kak Oosiee ObICTpbI BapuaHT i8086 /88, [1ns
LIMPOKOTO PacpOCTPaHEHUSI MHOTO3aJauHbIe CUCTEMBI IOJIKHbI ObLIM TPOTH ONpeie-
JIEHHBIH MyTb Pa3BUTHSL.

MOITHBIM CTUMYJIOM K Pa3BUTUI0 MHOT033JauHbIX CUCTEM CTaJIM BO3MOXKHOCTH, IMpe-
JOCTaBlIsieMble HOBBIM IpolieccopoM i80386, BeimymeHHbIM Intel B 1985 . DTo ObBLT
MepBbIil 32-pa3psiHbLi IPOLECCODP, KOTOPBIN MOJOXMUII Ha4al0 CEMEMCTBY IPOLIECCO-
poB 1A-32 (32-bit Intel Architecture). I'1aBHbIe OTIMUKUTENbHBIE OCOOEHHOCTH: 32-pa3-
psIIHBIE IIMHBI aJpeca W JaHHBIX (agpecauusl omnepaTUBHON maMsaTu — a0 4 I'6aiit);
yBeJau4YeHHas 10 32 OUTOB pa3psaHOCTh BHYTPEHHUX PETMCTPOB MPOLeccopa; BBEAEHUE
TPEThero pexuma paboThl Mpoleccopa (pexxuma BUPTyaabHOTro mpoueccopa 8086); moa-
Jiep>XKKa CTpaHUYHOM afpecaliuy MaMsiTH, O1arogapsi KOTOPOH CTaio BO3MOXHOM 3a CUET
JMCKOBOM MaMsTH BUPTYaIU3UPOBATD AOCTYIT K ONEPATUBHOM MaMATH U TEOPETUUECKU
pacIIMpUTh €€ PaMKH BILIOTH 10 4 ['6aiiT. AHajornyHo cutyanuu ¢ i8086u i8088, onHo-
BpeMeHHO OBbLIT BBINYINEH Oojiee IeleBblii BapuaHT mpoleccopa i80386 (i80386-DX)
¢ 16-paspsiaHoit mmHO# naHHbIX — i80386-SX. IIpn HeOOXOMMMOCTM HAa MaTePHHCKYIO
IJIATY MOXHO OBUIO YCTAaHOBUTH U MaTeMaTHuyecKuii conpoueccop i80387. [Ipoieccop
180386 mepBbIM M3 ceMeiicTBa MpoleccopoB Intel cTan moamepKMBaTh BO3MOXKHOCTD
napaieJbHOTO (PYHKIMOHUPOBAHUSI CBOUX YCTPOWCTB: YCMPOUCMEA WUHHO20 UHMep-
geiica (bus interface unit), 6aoka npedsapumenvioii evibopku (code prefetch unit), 6a0-
Ka dexoduposanus komarnd (instruction decode unit), ucnornumensuozo 610ka (execution
unit), 6a0ka ceemenmayuu (segment unit), oaoxka cmpanuunoii adpecayuu (paging unit).
Konuenuus napannenbHoro GyHKIIMOHUPOBAHUS YCTPOIMCTB MO3Ke, a UMEHHO B i80486,
CTajla OCHOBOM APYroM KOHILENUUUA — KOHBEMEPU3ALIMU BHIYUCICHUIA.



McTopus npoueccopos Intel 23

Iponeccop i80486 mosiBuiacs B 1989 1. OCHOBHBIE €TO XapaKTEPUCTUKU — HaNU4Ke
BCTPOEHHOT'O MaTeMaTUYECKOTO COIPOLIECCOpa, MOAAEPXKKAa MHOTOIPOLIECCOPHOTO pe-
>kruMa paboTHl M PabOTHI C IByMS BUJAMU K3II-TIaMsITU — BHYTpeHHel pasmepom 8 KoaiT
(1-ro ypoBHsa L1) u BHenrHei Kami-mamsThio (2-ro ypoBHs L2). BaxHble nu3MeHeHUs
B apXUTEKType npoueccopa i80486 KOCHYIMCh KOHLIEMIUY NapaieIbHbIX BEIYUCICHMIA.
OHUM cTany BOIUIOIIEHWEM Hiel, nexammux B ocHoBe RISC-texmomormm paspaboTku
npoieccopoB. COrlacHO UM, MAauluKHble KOMAHObL CO CAONCHBIM AA20PUMMOM PAOOMbL
(Complete-Instuction-Set Computing, CISC) Ha MUKPOIIPOrpaMMHOM YPOBHE peau-
30BBIBAINCH HA OCHOBE 0o0Jiee TNPOCTBIX KomaHnd u3 oepanuyennoeo Habopa (Reduced
Instruction Set Computer, RISC). [Ixs Bemmonaenns CISC-xoMaHa TpeOyeTcs HeCKOb-
KO TaKTOB pabOTHI IIpolleccopa, MHOTAA HECKOIbKO necaTKoB. RISC-kxomMaHIbl HOTKHBI
BBINIOJIHATBCS 33 OAMH TakT. Takoe M3MEHEeHME BHYTPEHHETO NPEACTABIEHUS BHELTHMX
KOMaHJI, Hapsioy ¢ MU3MEHEHUEM ITOCIEA0BAaTEIbHOCTA MX BHITIOJHEHUS U PEXUMOB Je-
KOAMPOBaHMUS, TTO3BOJMIIO PEaJn30BaTh peajlbHyI0 KOHBEHEePU3alMIO BEIUYMCICHUA.
B pesysbrate BoimonHeHHe CISC-KOMaHIBl TPOMUCXOAMIO 32 OLMH TAaKT IPOLIECCOpa.
Koneiiep mpoueccopa 180486 coctostn u3 5 crymeneit. Haunnas ¢ mpoueccopa i80486
nporeccopsl Intel mogmepXuBaloT pa3aMuHbIe KOHIENIMY SHeprocoepexeHus. MHre-
PECHO, 4TO COBeplIeHCTBOBaHME Ipoleccopa i80486 1110 B x0/1€ €ro NpOMbILIIEHHOIO
MPOM3BOACTBA. BcieacTBue 3Toro mo CBOMM BO3MOXKHOCTSIM CJEIYIONIME 110 BPeMEHU
BBIITyCKa Mpoiieccopsl i80486 B Oosbleil UM MEHBIIEH CTENEHN OTIMYATUCh OT Ipe-
JBITYLIUX.

Hy n, nakonen, DIIOXA PENTIUM. 3naMeHUTHIN cBOEt OIIMOKO¥ 0J10KA ¢ TIIaBa-
foleil Toukoit mepsbiii Pentium — Pentium-60 — 6rur mpencTasied B Havane 1993 .
bnaromapsi cymepckaisipHOi apXxuTeKkType (C IByMsI KOHBeliepaMu, M3BECTHBIMM KaK 1
M V) OH MO BHITIOJHSTD JBE MAlIMHHbIE MHCTPYKIUU 32 OOUH TakT. K BHyTpeHHEMY
K311y KOMaH/ 100aB/ieH BHYTPEHHUI 8-KHUIOGaiTHBIM K311 faHHbIX. Peann3oBana Tex-
HOJIOTHST npedckazanusi nepexodog (branch prediction). JInsa yBenwueHHMs TpPOIYyCKHOM
crmocoOHoCTH Ipu 00pabOTKe JaHHBIX Mpoleccop Pentium mogmepkuBaeT BHYTpEHHUE
MyTH MIMPUHOM 128 1 256 OGUTOB, BHEILHSIS IIWHA JaHHBIX yBeIM4YeHa 10 64 6utoB. [lo6as-
JICHBI CPEICTBA JJISI TIOCTPOEHMSI MHOTOIIPOLIECCOPHBIX CHCTEM, B YaCTHOCTH paciiuper-
Hblll npozpammupyemoiil konmpoanep npepviganuil (Advanced Programmable Interrupt
Controller, APIC), nomonHuTeNbHBIC BHIBOIAB M CICIIMATbHBINA PEXUM 0yatvHoil 00pa-
oomxku (dual processing), OpMEHTHPOBAHHBIN Ha IOCTPOCHME IBYXITPOIICCCOPHBIX CHUC-
teM. Haumnas ¢ Mmogenu mpoieccopoB Pentium ¢ TakToBo# yactotoit 133 MI'r (1997 1.)
B HUX ObLT BBeneH 00k MMX-komana (MMX o3nagaer MultiMedia extensions). Pea-
JIM30BaHHBII Ha 6a3e compoleccopa, JaHHbINA 60K moaaepxuBan SIMD-texnomnoruio,
KoTopas Ipejmnoaraet 06paboTKy 0J0Ka OJHOPOAHBIX JAHHBIX OJHON MAIIUHHON WH-
crpykiueid. Llenb BBeaeHUST JAHHOTO paclIMpeHus] — yBEJIMIeHUE TTPOU3BOIUTEIHHO-
CTU MPUJIOXEHMI, 00pabaTHIBAIOLINX MACCUBBI OJHOPOIHBIX 1IETOYMCICHHBIX TaHHBIX.
[IpuMepsl TaKMX MPUIOXKEHU — MPOrpaMMbl 00pa0dOTKM M300paxkeHui, 3ByKa, apXu-
BHPOBAHN-Pa3apXUBHPOBAHNSA NAaHHBIX U 1p. M3IUITHEe TOBOPUTH, YTO BCE 3TH HOBO-
BBEICHUSI PE3KO MOTHSIM IPOM3BOAUTENBHOCTD IIpolieccopa Pentium mo cpaBHEHMIO
C €To IMPeaIIeCTBEHHUKOM — MPOLIECCOPOM 1486 — 1 He OCTaBUIIU ITOCICAHEMY OCOOBIX
aJbTEPHATUB JIS CYIIECTBOBAHMS.

Ha ceromnsmnumii 1eHp MMeeTCs TPU TOKOJIEHUS, MM CEeMEMCTBa, IPOLECCOPOB
Pentium — Pentium, P6 u Pentium IV ¢ mukpoapxurtekrypoii NetBurst. K cemeiicTBy
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Pentium oTHocsTCS ymomuHaBiuecs paHee mpoueccopsl Pentium n Pentium MMX.
Hcropus cemeiictBa P6 Hauanack B 1995 rony ¢ mosiBieHueM mpoieccopa Pentium Pro.
HecMotps Ha cxoxue Ha3BaHUsI, BHYTPEHHUE apXUTEKTYPHI IPOLIECCOPOB ABYX CEMECTB
OBLIM COBEPIICHHO pa3HbIMU. He BraBasich B HOBblE CXeMOTEXHUUECKHE pEIllCHHUs, pea-
JIM30BaHHBIE B rpoleccope Pentium Pro, oTMeTUM ero OCHOBHBIE APXUTEKTYPHBIE CBOA-
ctBa. [lpormeccop momaepkuBan padbOTy TpeX KOHBEHEPOB, TO €CTh MOT 00pabaThIBaTh
JI0 TPeX KOMAaHJ 3a OOWH TakT. JIJiT 3TOr0 MCIOJb30BAIMCh OCOObIe TEXHOJOIMHU 00pa-
OOTKM NOTOKAa KOMaH[, KOTOphle MoapoOHee OyayT pacCMOTPEHBI B CIEAYIOIIEH TJIaBe.
IIponieccop Pentium Pro mcmop30Ban HOBYIO TEXHOJIOTHIO paOOTHI ¢ K3II-ITAMSITHIO.
Hapsiny ¢ yke OOBIYHBIM BHYTPEHHHUM K3IIeM IEPBOrO ypoBHS pasMepoMm 8 Koaiit
B OJHOM KopImyce (HO He Ha OOHOW MMKpPOCXeMe) ¢ MPOLEeCCOPOM pacroiarajach Kalli-
MaMsITh BTOPOTO YPOBHSA pasMepoM 256 KoGaiiT, mjst CBSI3M ¢ KOTOPOI MMeJach CIelt-
anbHas 64-paspgaHas MIMHA, paboTalolas Ha yacToTe mporieccopa. [llnHa naHHBIX TTpo-
teccopa Pentium Pro umena paspsimHocTh 36 6MTa, YTO MO3BOJISIIO IIPY OMPEdeIeHHBIX
YCJIOBUSIX OpraHM30BaTh afipecallnio maMaTu 1o 64 ['6aiir.

[Ipoueccop Pentium II, mosiBuBIIMiics Ha cBeT B 1997 r., m00aBMI K apXUTEKType
nporeccopa Pentium Pro mogmepxky MMX-komana. KpoMe Toro, ObLIM yBETUYEHBI
pa3Mephl KoLI-MaMSITH BceX YPOBHEH — KAII-MAaMATh KOMaH/I U JaHHBIX MIEPBOTO YPOB-
He BbIpocia 10 16 K6aifT kaxas, KalI-MaMsaTh BTOPOTO YPOBHS MOIJIAa UMETh BEIMUUHY
256, 512 Koaiit niam 1 I'6aitr. Kamr-mamsaTs BTOporo ypoBHs MorJia paboTaTh Ha TTOJIOBUHE
YacTOThl paboThl Mpolieccopa. Takke Ipoleccop MOAIepKUBaI MHOKECTBO TEXHOJIOTHIA
sHeprocoepexerust. Crenyiomnme aBe MOAEIN TPOIeCCOPOB, BRITyIIEHHBIE B 1998 ., —
Celeron n Pentium II Xeon — ObITH, COOTBETCTBEHHO, OOJIee «IETKOM» M OOJIee «TsKe-
Jioi» MommduKanussmu rpotieccopa Pentium I1. Celeron mo3utimoHnpoBaics Kak mpoliec-
COp 11 TOCTPOEHMS KOMITBIOTEPHBIX CUCTEM MAaCCOBOTO MCIoab30Banus. Pentium 11 Xeon
MpeIHA3HAYAJICS IS TIOCTPOCHUS BBICOKOIIPOU3BOIUTEIBHBIX CEPBEPHBIX CUCTEM.

[ocnennuit npoueccop cemeiictsa P6 — Pentium 111, — Beimyiued B 2000 r. Ero oc-
HOBHOE OTJINYME — TIOAAEPXKKA JOMOJHUTEIbHOTO Habopa MM X-KoMaH]I, Ha3bIBaeMBbIX
SSE-pacumpennem (SSE — Streaming SIMD Extensions) ocHoBHOro Habopa KOMaH[,
npoueccopa. JIJist 3TOro B apxXUTeKTypy Ipolieccopa ObUT BBEACH CIIeLMalbHbIN OJIOK.

Ha cerognstmamit meHb mocieHmuM 32-pa3psimHbIM IpolieccopoM saBiseTcd Pentium IV.
OH MO3WLIMOHUPYETCST KaK IMPOLIECCOP HOBOTO MOKOJIEHUSI ¢ HOBBIM TUIIOM MUKPOAPXHU-
TEKTYpHI, Hocseli HasBaHue NetBurst. [TonpoOHee OCHOBHBIE apXUTEKTYPHbBIE 0COOCH-
HocTH Tpoueccopa Pentium IV OymyT paccMOTpeHBI B CiIeayoleil IaBe Ipyu 00Cyxe-
HUU MUKpoapxuTeKTyphbl NetBurst. OTMETUM JIMIIB OOWH BaXXHbI B KOHTEKCTE HALIETO
00CyX/IeHUs] MOMEHT — ¢ MosiBJieHreM Tpoiieccopa Pentium IV cucrtema KomaHa mnpo-
meccopoB Intel momoaHmnace eme 144 HOBBIMM KOMaHaAaMu. B 0CHOBHOM 3T0 KOMaHIbI
it 6;10ka MMX ¢ I1aBaroliei TOYKOi, a Tak:kKe KOMaH/Ibl YIPaBIeHUS KIIIMPOBAHM -
€M 1 MaMsThio. YCI0BHOE Ha3BaHMe 3TOi rpymnbl KomaHa — SSE2 (Streaming SIMD
Extensions 2).

NTormn

HCCMOTpH Ha 3HAYUTECJIbHBIC BHCIMHUEC PA3JINYNA CTPYKTYPHO OOJIBIIIMHCTBO COBpEC-
MCHHBIX KOMITBIOTEPOB YCTPOCHBI IPUMEPHO OAMHAKOBO. B ux coctaB 00s13aTeNIbHO
BXOOAT L[eHTpaI[beIfI IMpoHLecCCop, BHEHIHAA W OIICpaTUBHAA INAMATD, YCTDOﬁCTBa
BBOJa-BbIBOJida U 0T06pa)KCHI/IH I/IH(I)OpMaL[I/II/I.
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PaGoTarth KOMIIBIOTED 3aCTaBiIsieT HEKUH «CEphId KapAuHal» — MAaIIUHHBIA SI3BIK.
[Tonb3oBaTelb MOXKET Maxke W HE IOI03peBaTh O €ro cylnecTBoBaHUM. OOIIATHCS
C KOMITBIOTEPOM IT0JIH30BATE/II0 TTIOMOTAIOT OIEPAIIMOHHBIC CUCTEMBI, O(HUCHBIC T1a-
KE€ThI, CUCTEMBI IIPOTrpaMMUPOBAaHUS U T. A. COBpeMEHHBIE TEXHOJIOTUU IIPOTPaMMHU-
POBaHMS MMO3BOJISIOT CO3IaBaTh IIPOTPAaMMBI, HE HAIMcaB HU CTPOYkKM Koma. Ho
B «MO3T» KOMITbIOT€pa KOMAaHIBI BCE K€ ITOCTYIIAI0T HAa MAITMHHOM SI3BIKE.

MaImHHBIN S3BIK TTOJTHOCTBIO OTPaXKaeT BCe apXUTEKTYPHBIE TOHKOCTA KOHKPETHO-
IO TUIA KOMITbIOTepOoB. CIIEICTBHEM 3TOTO SIBISIETCS €r0 MHIWBUIYAJIbHOCTH IJIS
Kaxgoro cemeiictBa DBM. UtoObl 3(ppeKTUBHO MCIIONB30BaTh BCE BO3MOXHOCTH
KOMIIbIOTEPA, IPUMEHSAIOT CUMBOIMYECKHUIA aHATOT MAIIMHHOIO SI3bIKa — A3BIK ac-
ceMbuepa.

PaGoTaTh Ha KOMITbIOTEpPE MOXHO U 0e3 3HaHUs accembiepa. Ho anemeHTOM Toaro-
TOBKH IIPOrpaMMHUCTa-TIpodeccruoHata 00s3aTeIbHO SBISICTCS U3YUYSHUE 3TOTO SI3bI-
ka. [Touemy? M3yyasa acceMbiep, 4enoBeK 0093aTeIbHO MOMMYTHO 3HAKOMUTCS C ap-
XUTEKTYypOM KOMIIbIOTepa. A 3TO, B CBOIO OYepelb, IO3BOJISICT eMy B HaJbHEHIIIEM
co3maBaThb Oosee 3(PDEKTUBHBIC IPOTpaMMBbI Ha IPYTUX SI3bIKaX M OOBEOUHSTh MX
Mpu HeOOXOAMMOCTHU C TIpoTpaMMaMHU Ha acceMbiepe.

IIpoueccopsr Intel saBnsiorcss craHmapToM Je-(pakTo B CBOEM CEerMEHTe phIHKa. 3a
TPUALIATD C JIUILIHUM JIET CBOETO Pa3BUTUS MIPOLIECCOPHI Intel U3 MPUMUTUBHBIX YCT-
POMCTB, MIPUTOIHBIX JTUIID AJISI KAJbKYJISITOPOB, IPEBPATUINCH B CJIOXKHBIE CUCTEMBbI,
coaepxamue 6omee 7 000 000 TpaH3UCTOPOB M TOANEPKUBAIOIINE pabOTY BBICOKO-
MTPOM3BOANTENBHEIX IPUIOKEHUI ¥ MHOTOITPOLIECCOPHBIX KOHMUTYpALIUiA.



NnaBa 2

MporpamMMHo-annaparTHas
apxutektypa lA-32
npoueccopos Intel

w OOLLee noHsTue 06 apxutekType 9BM

% APXUTEKTypa U CBOCTBa MalUuHbl poH HelimaHa

% OOwWwme u nHauBMAYyanbHble CBOMCTBA nNpoueccopoB Intel
¥ Apxutekrtypa IA-32 npoueccopos Intel

2 BapuaHTbl MUKkpoapxutektypbl P6 (Pentium Pro/li/1Il)
n NetBurst (Pentium V)

& MporpammHas mopenb apxutekTypbl 1A-32

¥ PeXxumbl paboTbl npoueccopa apqueKTypbl 1A-32

» Habop perncTpoB npoueccopa apxuteKktypbl 1A-32

% OpraHMsaums namsTM KoMmnbioTepa apxutekTtypbl |1A-32

» DopMuposaHue pu3M4ECKoro agpeca B peasibHom
M 3aLUMLLEHHOM peXumax

B mmaBe 1 MBI onmcany KOMITBIOTED Ha «KUTeHCKOM» ypoBHe. Ero cepaiie — mpoueccop.
Bbe3 Hero KOMIIBIOTEp MPEACTABISAET COOON YIOPSTOUYECHHBIN, HO O¢3:KM3HEHHBI HA0boOp
. aIlIapaTHRIX KOMITOHEHTOB. KpoMe pa3IMyHbBIX CXeMOTEXHUISCKUX PEIICHMIT, TIPOIIECCOp
KMBET OJ1aromapsi MaIIMHHOMY SI3BIKY, «3aIlIMTOMY» B €70 YCTPOMCTBE MUKPOIIPOIpaMM-
HOTO ympaBjieHHsI. IMEHHO MaIllMHHBIN SI3BIK OIpenesIsieT JOTUKY paboTH Ipoleccopa.
B cBoto ouepenp, XapaKTepUCTUKNA MAITMHHOTO SI3BIKA MTOJTHOCTBIO OIIPEAEIISTIOTCS OCO-
OGEHHOCTSIMH TOTO THIIA IIPOIIECCOpPA, IJIsI KOTOPOTO 3TOT SI3BIK IpeaIHa3HAYCH.
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ITpu BbIOOpE KOHKPETHOTO TUMA (WM MOJEIN) KOMITbIOTEpa HEM30EXKHO BO3ZHUKAIOT
BOTIPOCHI: KaK OLIEHUTh €r0 BOZMOXHOCTH, KaKOBBI €70 OTJIMYUST OT KOMITBIOTEPOB APY-
TUx TUNoB (Mogeneit)? PaccMoTpeHust OnHOM JIUIITb ero PYHKIIMOHATBHOW CXeMbI SIBHO
HEJIOCTaTOYHO, TaK KaK OHa BPSI JIM YeM-TO MPUHLIUITAAIBHO OTIIMYAETCS OT CXeM JIpY-
TMX MallMH. Y BCeX KOMIbIOTEPOB €CTh OMEepaTUBHAS MaMsITh, MIPOLECCOP, BHEIIHUE
ycTpoiicTBa. B maHHOM ciyyae B colep:KaHMM peKJIaMbl CTOUT OOpaTUTh BHMMaHHME Ha
TO, KaKU€ OTJIMYUTETbHbIE XapaKTEPUCTUKU KOMITbIOTEPA KaK TOBapa Mpojasell B ep-
BYIO OU€pe/ib MBITAETCS JOBECTU A0 CBEACHUS NMOTEHUUANbHOTrO nokynatessi. OObIYHO
nepBble c/I0Ba MOA00HOI pexiambl: «KoMmbloTep Ha 0a3e npoueccopa...». To ecTb Bce
JeJio B mpoueccope. IMEHHO OH 3aJaeT Te paBuiia, o KOTOPbIM B KOHEYHOM UTOTE BCE
YCTPOMCTBA KOMITbIOTEPA (PYHKIIMOHUPYIOT KaK €IVHBIA MEXaHU3M.

Jlist Bcero, 4TO XapakTepU3yeT KOMITbIOTEP C TOUYKHU 3pEHUS ero (YHKIIMOHATbHbIX
MPOTPaMMHO-YTIPaBJISIEMbIX CBOMCTB, CYILIECTBYET CIIELIMATbHBIA IIMPOKO pacipocTpa-
HEHHBIN TepMUH — apxumexkmypa DBM. Cnenyetr oTMETUTb, UTO OOJBIIMHCTBO COCTAB-
JISIOLIUX 3TOT TEPMUH MOHSATHI OTHOCATCS MUMEHHO K MPOLIECCOPY.

ApwaeKTypa SBM '

OnHO3HAYHO OIpPENENUTh MOHITUE apXUTEKTYpbl DBM 10BOJILHO TPYAHO, MOTOMY UTO
MPU KeJaHUU B HETO MOXKHO BKJTIOUMTD BCE, UTO CBA3AHO C KOMITbIOTEpaMU BOOOIIIE U Ka-
KOI-TO KOHKPETHOI MOJIE/IbI0 KOMITbIOTepa B yacTHOCTU. Ilombitaemcst Bce ke ero ¢op-
MaJlu30BarTh.

Apxutextypa OBM — 310 abcTpakTHOe npeactaBieHne IBM, koropoe oTpaxaer
€€ CTPYKTYPHYIO, CXEMOTEXHUYECKYIO U JIOTHYecKYIo opranu3anuio. [ToHaTre apxurek-
Typbl OBM sBisIeTCS KOMIUIEKCHBIM, B HETO BXOJISIT:

CcTpyKTypHas cxema OBM;

i
# cpeacTBa M CIOCOOBI JOCTYMA K 3JIEMEHTaM CTPYKTYpHOU cxeMbl DBM;
# opraHu3alus ¥ pa3psiiHOCTh UHTepdeiicoB DBM,;

®

Ha0Op U HOCTYIMHOCTh PETUCTPOB;

#

# OpraHu3alusl ¥ CIocoObl afpecaly MaMsTH;

#" crmocoObl MpeacTaBiIeHus U popMatsl JTaHHBIX DBM;

# HaOOp MalIMHHBIX KOMaHa DBM;

# opMaThl MAIIMHHBIX KOMaHIT;

# TpaBWia 0OpabOTKM HEIUTATHBIX CUTyaluil (TpepbhiBaHUI).

Takum o0pazom, ONMKMcaHUE apXUTEKTYPhI BKITIOUAET B ce0sl MPAKTUYECKHU BCIO HEOO-
XOJMMYIO JUIsl porpaMMucTa uHdopMaluio o Kommnbeiotepe. [ToHSTUE apXUTEKTYPHI
OBM — uepapxuueckoe. JJoMmycTUMO BECTH peub Kak 00 apXUTEKType KOMITbIOTEpa B 1ie-
JIOM, TaK U 00 apXMTEKType OTACIbHbIX ero COCTaBJSIIONINX, HalpUMep, apXUTEKType
npolueccopa Wik apXUTeKType MOACUCTEMbI BBOJA-BbIBOJIA.

Bce coBpeMeHHbIE KOMIBIOTEPHI 00J1a1al0T HEKOTOPHIMU OOLIUMU U UHIUBUAYAb-
HBIMU apXUTEKTYPHBIMU CBOUCTBaMU. MHIMBUAYaTbHbIE CBOMCTBA MPUCYIIM TOJIBKO
KOHKDPETHOW MOJIEM KOMITbIOTEPA U OTIMYAIOT €€ OT CBOMX OOJIBIIMX U MaJIbIX COOpaTh-
eB. O01IMe apXUTEKTYpHbIE CBOMCTBA, HA00OPOT, IPUCYILM HEKOTOPOIi, 4YaCTO JOBOJIb-
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HO OOJIbLIOI TpyMIle KOMMbOTEPOB. Ha cerogHsAIIHMI AeHb 00lIMe apXUTEKTYpHbIE
CBOWCTBA OONBLUIMHCTBA COBPEMEHHBIX KOMIILIOTEPOB TIOANANAIOT MO TOHATUE (oH-Heli-
Manoeckol apxumekmypsl. TaKk Ha3BaHa apXUTEKTypa Mo MMeHU ydeHoro ¢oH Heiima-
Ha. Korma ¢on HeliMan Hauyan 3aHMMAaThCs KOMITBIOTEPAMU, TPOrPAMMUPOBAHUE TTO-
CJIETHUX OCYILECTBIISUTOCh CIIOCO00OM KOMMYTHpoBaHMs. B mepBeix OBM miis reHepanumn
HYXHBIX CUTHAJIOB HEO0XOMMO OBLIO C MMOMOIIbIO MEPEKITIOYaTeNei BEITOJIHUTD PYyY-
HOE TPOrpaMMMPOBaHMe BCEX JOTMUYECKMX CXeM. B MepBbIX MalIMHAX MCIOIb30BAIM Jie-
CSTUYHYIO JIOTUKY, MIPU KOTOPOU KX bl pa3psia MpeAcTaBIsIICs AeCATUIHON 1udpoit
u MozienupoBaiics 10 3/IeKTPOHHBIMY JTaMITaMU. B 3aBUCUMOCTH OT HY>KHOW MG PBI OTHA
JIaMIIa BKJIIOYAJIach, OCTalbHbIE AEBATh OCTABANIUCh BHIKIIOYeHHBIMU. DoH Heiiman
npemioxui cxemy 9BM ¢ mporpamMmoil B maMsITU U JBOMYHOI JTOTUKOU BMECTO JeCs-
TyHOU. Jlormdyecku mamuHy ¢oH HeiiMaHa cocTaBisiv msiTh 6;10KOB (puc. 2.1): orme-
paTMBHAs MaMATh, apU(METHKO-JIOTHYecKoe YyeTpoicTBo (AJIY) ¢ aKKyMyISITOpOM,
0JIOK ympaBieHHUs, yCTPOiCTBA BBoAA M BbiBoma. Oco0o cienyeT BbIAEIUTh POJb aKKYy-
MyJaTopa. ®u3nvecky oH mpeacTaBiseT codoit peructp AJIY. dis mpoueccopos Intel,
B KOTOPBIX OOJIBLIMHCTBO KOMaH] — ABYXOIEPaHHBIe, €0 POJib HE CTONIb oueBUaHA. Ho
CYIIECTBOBAJIU U CYLIECTBYIOT MPOLIECCOPHBIE CPEbl C OMHOONEPAHAHBIMY MAIIMHHBI-
MU KOMaHAaMu. B HUX Hamuue aKKyMyJsiTOpa UTPaeT KIIIOYEBYIO POJib, TaK KaK OOJb-
LIMHCTBO KOMaH/I MCITOJIb3YIOT €T0 COAEPXKUMOE B KauecTBe MO0 BTOPOro, 16O eAnH-
CTBEHHOT'O OIlepaHa KOMaH/bl.

ANy
AkxkymynaTop
OneparveHas YcrpoicTeo
namATb esoaa
Bnok YerponcTeo
YApaBNeHus EBIBONA

Puc. 2.1. Cxema mawuHbl GoH HelimaHa

Huxe onucaHbl CBOMCTBA M MPUHLMITBI pabOThl MalIHKI ¢oH HeiimaHa.

% Jluneiinoe npocmpancmeo namamu. 15 onepaTMBHOIO XpaHEeHHsI THOOPMAaLUK KOMITb-
I0TEp UMEET COBOKYITHOCTD SIYEEK C MOC/IeA0BaTebHON Hymepanuei (agpecamu) O,
1, 2, ... laHHas COBOKYIIHOCTb STY€EK HA3BIBACTCS ONEPAMUBHOL NAMSMbIO.

¥ [Tpunyun xpanumoii npoepammsl. COTIACHO 3TOMY NPUHLIUITY, KOJ TPOrpaMMbl U ee
JTaHHbIE HAXOASITCSI B OMHOM M TOM Xe aJpeCHOM IMPOCTPAHCTBE OIEPAaTHUBHOM
MaMsITH.

@ IIpunyun muxponpozpammupoganus. CyTh 3TOr0 IPUHLMIIA 3aKII0YAETCI B TOM, YTO
MAIIMHHBII A3bIK e1Ie He SIBISIeTCS TOM KOHEYHOM CyOCTaHIIne, KOTopast pr3MIecKu
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NpUBOJUT B IeliCTBUE MpoLECCH B MalllMHe. B coctas mpoiieccopa (cM. raBy 1) Bxo-
AT YCMPOUCME0 MUKPONPOSPAMMHO20 Yynpasierus, TIoAIepXKuBalollee Hadop aeii-
CTBUII-CUTHAJIOB, KOTOPHIE HYXXHO CTeHEPUPOBATh IJIs1 (DU3NYECKOTO BHITIOJHEHUS
KaXXJ10W MalllMHHOM KOMaHIbl.

%  IMocaedosamenvroe goinoanenue npospamm. TIpoLeccop BLIOMPAET U3 MaMATH KOMaH-
Ibl CTPOTO TOCenoBaTeNbHO. st U3MeHeHUS TPSIMOJIMHEHOTO X0/Ia BHITTOJHEHHUS
MpOrpaMMbl WJIM OCYILECTBICHUS BETBJICHUSI HEOOXOIUMO MCIIOIb30BaTh CIIeIIMATb-
Hble KOMaHIbl. OHM Ha3bIBAIOTCS KOMAHIAMM YCA08HO20 W 0e3yca08H020 TIEPEXOMIOB.

#  Omcymcmeue paznuybl medcdy 0anHbiMu u Komanoamu é namamu. C TOUKU 3pEHUS
npoleccopa, HeT MPUHLIMITUATBLHON pa3HUIBl MEXIY JTaHHBIMU ¥ KOMaHaaMu. [laH-
HbIe ¥ MalllMHHbIE KOMaHIbl HAXOISTCS B OMHOM MPOCTPAHCTBE MaMSITH B BUIE T10-
CJIEIOBATEIBHOCTU HYJIEH ¥ eMMHUII. DTO CBOWCTBO CBA3aHO ¢ mpeablayinuM. [1po-
1eccop, MoovepeHO 00pabaThiBasi HEKOTOPHIC STUEHKM IMaMSITH, BCETOa IBITaeTCS
TPAKTOBATh COAEPKMMOE fUeeK KaK KOIbl MAIIMHHBIX KOMaH/I, a €CJIM 3TO HE TaK, TO
TIPOUCXOIUT aBapUITHOE 3aBepIIEHME MPOrpaMMbl. I[103TOMy BaXXHO BCErla YeTKO
pa3iessTh B IporpaMMe MPOCTPAHCTBA JaHHBIX M KOMaH]I.

bBespazauuue x Hasnauenuro Oannbix. MalllMHe Bce paBHO, KaKylo JOTMYECKYIO Ha-
TPY3KY HecyT oOpabaThiBaeMbIe €10 JaHHbIE.

JlaHHBIN y4eOHUK MOCBSILEH BOIIPOCaM MPOTPaMMUPOBAHMS MPOLIECCOPOB (PUPMBI
Intel u Intel-coBMecTUMBIX MpouieccopoB Apyrux dupm. [loaTromy B KauecTBe mpuMepa
UHOUBUAYANbHBIX APXUTEKTYPHBIX MPUHIIMIIOB KOMIIBIOTEPA, B CHJY MEePapXUIHOCTHU
3TOTO MOHSITUS, PACCMOTPUM MHAMBUAYAJTbHbBIC aDXUTEKTYPHBIC TPUHIIUITEI M CBOMCTBA
nporeccopos Intel. Ix moHoe paccMOTpeHue He SIBJISICTCS Hallle 1IeNIbIo, VISIUM BHU -
MaHMe JIMIIb TEM UX HUX, KOTOPbIe HanboJjIee XapaKTePHbI M MOHAN00sTCSI HaM [T 1ajlb-
HeMIIero u3aoxeHus. boiaee moapoOHO BOMPOCH OpraHM3aIuy apXUTEKTYPhl KOMITbIO-
Tepa omucaHsl B [7].

CornacHo marepuanaM (pupmbl Intel, ”HIUBUIYaTbHBIE apXUTEKTYPHbIE CBOMCTBA
Y TIPUHIIUITIBI paboTHI BCEX ee MpolieccopoB, HauMHas ¢ i8086 u 3akanumBas Pentium IV,
BBICTPOEHBI B paMKax eIMHON apXUTEKTYphl, KOTOpas MO3Xe MoJyuynia HazBaHue 1A-32
(32-bit Intel Architecture). DTa apxuTeKTypa He SIBISIETCS «3aKOCTeHEIbIM» 00pa3oBa-
H1eM. B mporiecce sBoomu npoieccopos Intel oHa MOCTOTHHO U3MEHSIETCST U pa3BU-
Baetcsl. Kaxnplii u3 mpoiieccopoB BHOCHI B IA-32 oIHO MJIM HECKOJBKO apXUTEKTYp-
HBIX HOBIIECTB. HecMOTpsT Ha TO, YTO JAaTON pOXAEHUS apXUTEKTyphl IA-32 HyXHO
CYMTATh JATY IMOSIBJIEHUS Ha CBET mpoueccopa 180386, mpeablayline MOAEIH MPOLIECCO-
POB TaKXXe BHEC/IM CYHIECTBEHHBIN BKJIAH B MIPEACTaBIECHUE €€ MPUHILIMIIOB U CBOMCTB.
Ecnu BepHyTbcs K MaTepuany IrjaaBbl 1, TO MOXHO IPOCIEIUTh 32 BKJIAIOM, KOTOPbIA
BHEC KaXblii U3 mpoiieccopoB Intel B xoae cBoelt aBoIOIIMM B (hOPMUPOBAHME JIEMEH -
TOB apxuTeKTyphl 1A-32. Tak, 6i1aromaps npoueccopam i8086/88 B 1A-32 cymecTByer
cerMeHTalus nmaMatu, i80286 BBe 3alUILIEHHBIA PEXUM M T. 1.

ApxutekTtypa 1A-32 -

B pamkax apxutextypbl 1A-32 cymecTByeT 1 pa3BUBaeTCs psii MUKPOapXUTeKTyp. PaHee
OBLIO ITOKA3aHO, YTO TOHITHE APXUTEKTYPhI KOMITbIOTepa UepapXUIHO U UTO CYIIECTBY-
10T 00LIMe M WHIMBUIYaJbHBIC CBOMCTBA apXUTEKTYphl. B KOHTeKCTe 00CyXaeHUS
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apXUTEKTYphl TpoleccopoB Intel MMeeT CMBICT Takxke MO3UIIMOHUPOBATh Pa3IUYHbIC
UX apXUTEKTypHbIE CBOMCTBA U MPUHILMIIBI KaK 001I1Me M nHAUBUAYyanbHble. K undueu-
OyansHbiM APXUTEKTYPHBIM CBOMCTBAM U MPUHILIMIIAM MOXHO OTHECTU CYIIECTBYIOLIME
B paMKax pa3IUYHBIX MUKPOApPXUTEKTYp (cM. manee). YTo KacaeTcs oduux apXuTeKTyp-
HBIX CBOMCTB M MPUHIUIIOB [A-32, TO K HUM OTHOCSITCSI T€, KOTOPBIE UMEIOT MECTO IJIs
Bcex mpolieccopoB Intel wiu, mo KpaiiHeil Mepe, CyIIECTBYIOT BHE paMOK KOHKPETHOM
MUKPOAPXUTEKTYPHI JJIs1 OONBLIOTO YyKciaa Mojeel mpoieccopoB. Tak Kak mpoleccop
B OCHOBHOM OTIpeIeJIsIeT TOTUKY pa0OThl KOMITbIOTEPa, TO U Ha3BaHUSs OOJbIIMHCTBA 00-
IIMX apXUTEKTYPHBIX CBOMCTB M MpUHIUIOB [A-32 coBmagaloT ¢ Ha3BaHUSIMU aHAJO-
TMYHBIX CBOMCTB U TIPUHIIMIIOB KOMITbIOTE€PA: HOMEHKJIaTypa MPOrpaMMHO-TOCTYITHBIX
PETUCTPOB; OpraHU3allKs U CIIOCOObI ajpecaluy MaMsiTh; HOMEHKIaTypa pexKuMoB pa-
0OTHI MPOLIECCOPOB; OPraHM3alMsI ¥ pa3psiTHOCTb BHENTHUX MHTepdeiicoB DBM; croco-
OBI IIpeAcTaBIeHUS ¥ (hOpPMATHl JaHHBIX; HA0Op U (pOpMaThl MaIIMHHBIX KoMaHa DBM;
MOPSIIOK 00paboTKM MpepbiBaHuiA. [TpakTHyecKu Bce 3TU 00IIMe apXUTEKTYPHbIE CBOM-
CTBa ¥ MPUHIIUIIBI COCTABJISIIOT MTPOTPAMMHYIO MOJIEJIb Mpolieccopa, KoTopast OyaeT pac-
CMOTpPEHA B JaJbHEHUIIEM. :

BapuaHTH MIKPOAPXUTEKTYPH IIPOIeCCOpOB Intel

[ToHsATHE MUKPOApXUTEKTYpPHI BIIEpBbIe ObLIO ompeaeaeHo Intel aas mpoieccopos ce-
MmeiictBa Pentium Pro. Ero BBeneHne 00bSICHANIOCH HEOOXOAMMOCTHIO ITPABUIBHOTO I10-
3UIMOHMPOBAHUS HOBBIX MPOLIECCOPOB CPEIU CYLIECTBYIONIMX. BHENIHSIS MporpaMMHast
Mozelb (Jornueckas) 32-paspsiIiHbIX TPOLECCOPOB M3MEHSIACh TONbKO B CTOPOHY pa3-
BUTUS, B TO BpeMs KaK MX UCIIOJIHUTEIbHAA ((pU3nueckasd) 4acTb MOIJIA OBITh COBEpLIE-
HO pa3Hoii. [ToHsITHEe MUKPOAPXUTEKTYPhl OPUEHTHPOBAHO HA OTIMCAHKE OCOOEHHOCTEMH
WCIIOJIHUTEIBHOM YaCTH MPOLIECCOPOB, TO €CTh TOT0, KAKMMU CITOCO0AMU M KAKUMHU CPeJi-
CTBaMU TIPOIIECCOP BHIMTOTHSIET 00pabOTKy MalIMHHOIO Koaa (puc. 2.2). Ha cerogHsi-
HUI JeHb B paMKax IA-32 cyluecTByeT IBe MUKPOAPXUTEKTYphl npoueccopoB Intel: P6
u NetBurst.

| YpoBeHb OnepaumoHHONn CUCTEMbI i

| ypOBeHb MaLlUMHHbIX KOMaHA, |

| ypOBeHb MUKPOAPXUTEKTYPbI |

!

[ YpoBeHb annapartypbl |

Puc. 2.2. MNMpegcraBneHne KOMMNbIOTEPa B BUAE YPOBHEN

Mukpoapxutektypa P6

MukpoapxuTtektypy P6 mogmepxkuBaior takue mpoieccopsl Intel, kak Pentium Pro,
Pentium II (Xeon), Celeron, Pentium III (Xeon). 3ta MuKpoapxutekTypa AaBjisieTcs,
no ompexneneHuto Intel, mpexxodosoii (three-way) cynepckaisiproii KoHeeliepHoil apXu-
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TexTypoil. TepMUH «TpexxomoBasi» O3HayaeT MOAICPXKY TEXHOJOTH TMapajielbHOTO
BBIYMCIICHHUS, TTO3BOJISIOIINX MTPOIIECCOPY OMHOBPEMEHHO (32 OWH TaKT) 00pabaThiBaTh
JI0 Tpex MHCTpyKuuii. [1pobremMa onTuManbHO 00pabOTKK MOTOKA MAIIMHHBIX KOMAaH/I
SIBJISIETCST KJTII0UEBOM TIpH pa3paboTke Jo6oro mpoiueccopa. [loatomy st Gonblieii sic-
HOCTU HeOOXOAMMO I0Ka3aTh 3Ty MpobiieMy B pa3BUTHU. B KommbloTepe ¢doH-HeliMa-
HOBCKOW apXUTEKTYpPHl CYLIECTBYIOT JBE OCHOBHBIC CTAAUU WCIIOJHEHUSI KOMaHIbl —
BbIOOPKA OuepeHO KOMaH bl U3 TaMSITU U COOCTBEHHO €€ UCIoNHEHME. B mepBbIX mpo-
neccopax Intel Bce 010KkM mporieccopa paboTany MoCaea0BaTeIbHO, HAYMHAS C dTama
BHIOOPKHM OYepeAHON KOMAHIbI U3 MAMSITH 1 3aKaHYMBAs 3TAIlOM 3aBeplleHUs ee obpa-
0oTku mpoiieccopoM. Harmomuuanue 06 3Tom ocTajnochk B HazBaHuu peructpa [P/EIP —
(Instruction Pointer — ykaszaTtenb mHcTpykumu). [lo mosiBieHus mpoiieccopoB Intel
C KOHBEHEPHOI apXUTeKTypOil JaHHbIA PETMCTP HEMOCPEACTBEHHO YKA3bIBaJl Ha OYe-
peIHyI0 KOMaHy, ToAjiexalnyo BeimojHeHu10. [Ipoueccopsl Intel oTHOCSTCS K TpyTime
CISC-mporieccopoB, B KOTOPBIX AJIST BBEITTOJTHEHUS OTHOM KOMAaHABI MOXKET TPeOOBAThCS
OT eIMHUII 10 HECKOJIBKMX JIECSITKOB MPOIIECCOPHBIX TaKTOB. [Ipum Takoit 00paboTKe KO-
MaHJI YBeJUYEHUE TIPOU3BOIUTEIBHOCTH MOXET OBITh TIOCTUTHYTO TOJBKO TOBBIIIECHMU-
€M YaCTOThI FeHepaly MallMHHBIX TaKTOB. [IpocToe yBemnueHe 4acTOTH paboThI IPO-
1Ieccopa He MMEET CMBICTIa, TaK KaK eCTh (hM3nvyecKy 00yCIOBICHHAs BEpXHSIS TPaHMIIA,
JI0 KOTOPOIi ee MOXHO mogHuMarh. [1o aToMy rmyTu paspaboruuku Intel muim go mporec-
copa 180386 BKIIOUMTENbHO. B X01€ MCIONHEHMST KOMAHIbl €CTh U IPYroe y3Koe Mec-
TO — BBIOOpPKA KOMAHIbl U3 TAMSITH. DTO 3aTpaTHasl [0 BpeMeHU onepanus. YacTuuHoe
peleHre mpo0IeMbl ObLJIO HAWAEHO ellle Ha 3ape pa3BUTHUS KOMIIbIOTEPHOM TEXHUKHU
B BuIe Oy(depa ynpexnaroliei BRIOOpKH. Pa3ButueM 3Toii 1 peanmzanmeii IpyTrux uaei
CTajl KoHeeilep — CIIELIUATbHOE YCTPOICTBO, CYLIECTBYIOLIEE Ha YPOBHE apXUTEKTYpPhI
WCIIOJTHUTENBHOM YacTH KoMIbloTepa. biaromapst KoHBeiiepy UCTIOJTHEHUE KOMAHIbI
pa3buBaeTCsl Ha HECKOJIbKO CTAIWil, Kaxaash M3 KOTOPBIX peanusdyeT HEKOTOPYIO 3Jje-
MEHTapHYIO OIepaluio odlIero npoiecca 06padoTK KoMaHAbl. BriepBbie 11 mpolec-
copoB Intel koHBeliep OBIT peann30BaH B apxXUTeKType mpoieccopa i80486. Konseiiep
180486 nMeer IATH CTYIEHENH, KOTOPHIE COOTBETCTBYIOT IIEPEYNCIEHHBIM Jaee CTaIn-
SIM 00pabOTKM MAIMHHOM KOMaH/IHI.

1. BriOopka KoMaHABI U3 KAII-TTaMITH WIKM U3 OTIEpaTUBHOM MaMSITH.
2. JlexommpoBaHWE KOMaH/IHI.

3. TeHepanus agpeca, B X0/Ie KOTOPOIi ONPEIEIsIIOTCS afpeca OTiepaHIoB B TAMSITH U BhI-
MOJTHSIETCS BBIOOPKA OTIepaH/IOB.

BeimosHeHue onepanuu ¢ momoiisio AJIY.

5. 3amuch pe3yabTara (MECTO 3aIMCHU pe3yabTaTta 3aBUCUT OT aJropuT™Ma paboThl KOH-
KPETHOM MallTMHHOM KOMAaH[IHI).

B gem mpemmymectBo Takoro moxxoma? OuepemHas KOMaHIa IOCIIE €€ BBIOOPKH
rornagaeT B 010K AeKoanpoBaHus. TakuM o0pa3oM 00K BEIOOPKHM OCBOOOXIAETCS M MO-
KET BBIOpaTh CJIEOYIONMYI0 KOMaHOy. B pesyiabTaTe Ha KOHBeiepe MOTYT HaXOZWUTHCS
B Pa3IMYHON CTAIWH BHITIOTHEHUA MATh KoMaHA. CKOpOCTh BEIYUCICHUS B pe3ybTaTe
CYIIECTBEHHO BO3pPACTaeT.

B mporieccopax Pentium KoHBeliepHast apXuTeKTypa Oblia yCOBEPIIEHCTBOBaHA M T10-
Jlydujia Ha3BaHUE cynepckanaphol. B ornuume oT ckaasproil apxuTeKTyphl 180486
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(c omHMM KOHBelepoM), TepBbie MOJIEIN MpolieccopoB Pentium nMenu nBa KoHBeliepa.
B uneane takoit cyrnepcKaasipHBIi MPOLIECCOP JOKEH BHITIOJHSTh 1B KOMaHIbI 32 Ma-
MHHBIN TakT. Ho He Bce Tak mpocTo. PeanbHo 1Ba KoHBeliepa Pentium He Obu1M (pyHK-
LIMOHAJIBHO paBHO3HAUYHBIMU. B CBSI3W ¢ 3TMM OHU Jaxe MMeNM pa3Hble Ha3BaHUS —
u-KoHBeliep (IJ1aBHbIN) U V-KOHBelep (BTopocTeneHHbIi). ['T1aBHbII KOHBeliep ObL1 MoJI-
HO(MYHKIMOHAIBHBIM ¥ MOT BBITIOJHSITh JTI0ObIE MAIIMHHBIE KOMaHAbl. OYHKIIMOHATb-
HOCTb BTOPOCTENEHHOTO KOHBeliepa Oblla OrpaHMYeHa OCHOBHBIMU LIEJI0UMCIEHHBIMU
KOMAaHJIAMU U OIHO KoMaHIoii ¢ miasatouieil Toukoil (FXCH). BHyTpeHHA4 cTpyKTypa
000oMx KOHBelepoB Takas xe, Kak y i80486 ¢ omHuM 001IMM 0,10KOM BEIOOPKHM KOMAHII.
Jlyist TOTO YTOOBI IBA Pa3HBIX 1O (PYHKIIMOHAIBHBIM BO3MOXHOCTSIM KOHBelepa MOTIn
obecreyuTh npeaesbHy10 3h(GeKTUBHOCTH (BE BHIMOTHEHHBIX KOMaH/IbI 32 TaKT pabo-
ThI MIpoLieccopa), HEOOXOIMMO OBLIO TPYIIITMPOBATH KOMaHIbl U3 BXOJHOTO IMOTOKA B CO-
BMECTMMBbIE Mapbl. BaxkHO 3aMeTUTh, YTO UCXOIHAS MTOCJEI0BATEIbHOCTh KOMaH I BXOJI-
HOTO MOTOKA 6bLTa HeM3MeHHoit. Eciu nmpolieccopy He yIaBaioch coopaTh COBMECTUMYIO
rapy, TO BBITTOJIHSIACH OIHA KOMaH/a Ha u-KoHBeiepe. OcTaBIIytocsi KOMaHIy Mpoliec-
COp TBITAJICS «CHAPUTH» CO CIEAYIONIENH KOMaHA0M BXOAHOIO MOTOKA.

BepHemcst K mporieccopaM MUKpOapXUTEeKTypbl P6. OHM UMEIOT IPYTyI0 CTPYKTYPY
KoHBeliepa. CobcTBeHHO KOHBeliepa B moHuManuu i80486 u mepsbix Pentium yke Her.
KomnBeitepuzaiys 3akimo4aeTcsi B TOM, YTO BeCh Ipoiiecc 00pabOTKM KOMaHI pa30ouT Ha
12 cTamuii, KOTOpBIE UCTIOMHSIOTCS Pa3TUnYHBIMU 0JI0KamMu rpolieccopa. CKOJIBKO MMEHHO
KOMaHJ o0pabaTbhIBaeTCsl MPOIECCOPOM, CKazaTh TPYAHO. TepMUH mpexxodosoii O3Ha-
YaeT JIIIb TO, YTO ISl UCIIOTHEHUS U3 BXOJHOTO MTOTOKA BEIOMPAIOTCS 10 TPEX KOMaH]I.
M3BecteH BepxHU Mpeaea — B MPOLECCOPe B KaXKAblii MOMEHT BPeMEHU MOTYT Haxo-
auThes 10 30 KOMaHA B pa3IMYHON CTaAuK UCTIONHEHUS. JleTany 3Toro mpoLecca CKpbl-
ThI 3@ TIOHSTUEM OUHAMUYECKOEe UCNOHEHUe C HapYyuleHueM UCXo0H020 Nopsoka caedosa-
Hus mawuHHbix komano (out of order), yTo O3HAYaeT MCIOJHEHUE KOMaH B TOPSOKeE,
onpeeasseMOM MCIIOJIHUTEbHBIM YCTPOMCTBOM TIpolieccopa, a He MCXOTHOM Mociieno-
BaTEJIbHOCThIO KOMaHA. B OCHOBY TEXHOJIOTMM TUHAMUYECKOTO MCITOJHEHHUS TOJIOXKe-
HBI TPY KOHLICTILIVIY:

»  Ilpedckazanue npasunvhozo adpeca nepexoda. OCHOBHas 3amaya MexaHuW3Ma TpeN-
CcKa3zaHMSl — UCKJIIOYUTh Mepe3arpy3ky KoHseiiepa. Ilon nepexodom moHumaeTcs 3ar-
JIAHUPOBAHHOE AJITOPUTMOM M3MEHEHUE IOCIIeIOBATEIbHOTO XapaKTepa BhITIOJIHE-
HUs nporpamMmbl. Kak rmokasbIBaeT CTaTUCTUKA, TUMTMYHAS MPOTPaMMa Ha KaXable
6-8 xomaH comepxur 1 KomaHmy mnepexona. IlociencTsus o6pabOTKM Iepexona
npeacKasaTh HECJIOXHO: MPY HAJIWMYMKM KOHBeliepa yepe3 Kaxaple 6-8 KOMaH[ ero
HY>XHO OUMIIATh 1 3aIMOJIHATh 3aHOBO B COOTBETCTBUU C afipecoM Tiepexona. Bce mpe-
MMYIlECTBa KOHBelepu3auu Tepsotes. [Toatomy B apxutekTypy Pentium B cocTaB
yCTpoiicTBa BbIOOPKHU/IeKonMpoBaHus (cM. IJ1aBy 1) ObLT BBeAEH 040K npedckasa-
Hus nepexodos. BeposiTHOCTh MPaBUIBHOTO TMpeAcka3aHus cocTapiseT okoyo 80 %.

#®  Nunamuueckuil anasu3 nomoka OaHHbiX. AHAU3 TIPOBOIUTCS C IIEJIbIO ONpPeACICHUS
3aBMCUMOCTEI KOMaH]I IIPOTpaMMBbI OT JaHHBIX MU PETUCTPOB IMpolieccopa ¢ Mocemy-
IOIIel ONTUMU3ALMEN BBHIMOJHEHUST MOTOKA KoMaHA. [J1aBHbBIN KpUTepuii 30ech —
MaKCUMaJIbHO IOJIHAsg 3arpyska Ipoueccopa. Ind peanusanuy JaHHOTO KpUTEPHS
JOIYCKAEeTCsl HapyllleHUe UCXOQHOTOo Mopsiaka cienoBaHust KomaH. COosl npit 3ToM
He7 IPOMCXOIUT, TaK KaK BHEIITHE JIOTMKa padOThI ITPOrpaMMbl He HapyiaeTcst. 39999-
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[MomoOHast BHyTpeHHSISI HEYITOPSIAOUEHHOCTb UCITOJIHEHUSI KOMaHI TTO3BOJISIET AeP-
XKaTh MIPOILIECCOP 3arpy*kKeHHBIM Jaxe TOraa, KOrna JaHHbIe B KAII-MaMSITH BTOPOTO
YPOBHSI OTCYTCTBYIOT U HEOOXOIUMO TPaTUTh BpeMsl Ha oOpallieHre 3a HUMU B OIle-
PaTUBHYIO TIaMSTh.

CnexyaamueHoe UcnoiHeHue — CIIOCOOHOCTb Mpolieccopa UCIONHATh MallMHHbIC
KOMAaHJIbl Ha y4acTKaX MPOrpaMMbl C YCJIOBHBIMM IIEPEXOIaMU U LIMKJIaMHU 10 TOTO,
KaK 3TH IIepeX0Ibl OyIyT pa3pelieHbl aITOPUTMOM ITporpamMmmel. Eciu nepexon npen-
CKa3aH NpaBUJIbHO, TO IIPOLIECCOP K 3TOMY MOMEHTY YK€ MMEET UCIIOJIHEHHBII KO,
B IIPOTMBHOM CJIyyae BeCh KOHBEIep Hy>KHO OYMILATD, 3arPyKaTh U UCIIOJHSATh KO
HOBOI1 BETBU IIPOrPaMMBbl, YTO OYE€Hb HAKJIATHO.

PaccmoTpuM nopsaaok GyHKIUMOHMPOBaHMS UCTIOJTHUTEIBHOTO yCTPOCTBAa MUKPO-
apxuTeKTypbl PO 1 peanmnsaiyio ¢ ero moMoIlblo ONMCAaHHBIX paHee TEXHOJIOTHil. DTO
PacCMOTPEHUE HE SBIISIETCS CTPOTUM, KOE-TAE IJI Ty LIErO IOHUMAaHUS OHO YIIPOLLEHO.
Jlnst uiutrocTpauMu OyaeM MCTIOIb30BaTh CXeMY, TIPEACTaBICHHYIO Ha puc. 2.3 U SBJISIO-
LIYIOCSI pa3BUTHEM cXeMbl Ha puc. 1.2 (cM. rmaBy 1). M3 cxeMbl BUIHO, UTO CTPYKTYPHO
MPOLIECCOP MUKPOAPXUTEKTYPbl P6 COCTOMT M3 HECKOJIBKUX IOACHUCTEM.

ITlodcucmema namsamu COCTONT U3 CUCTEMHOM IIIMHBI, K3111a BTOPOro ypoBHsI L2, ycTpoii-
cTBa LUMHHOTO*UHTepdelica, Ka1ua nepBoro ypoBHs L1 (MHCTPYKUMI U JaHHBIX), YCT-
PONCTBA CBSI3U C MaMSThIO U Oydepa NepeynopsaouMBaHus 3alpOCOB K MaMSITH.

Yempoiicmeo avibopru/0exo0uposanusiCOCTONT U3 YCTPOICTBA BBIOOPKM KOMAaHI,
0JI0Ka IpeAcKa3aHus MepeXoI0B, B KOTOPI BXOIAT OJIOKM METOK Iepexoaa v Bbi-
YUCJIEHUA aapeca CIEIyIoUEd WHCTPYKIMU, YCTPOMCTBA ﬂeK()uMpOBaHnﬂ, YCTPOM-
CTBa MMKPOIIPOrPAMMHOIO YIpaBJIeHUsI U TaOJULIbl ICEBIOHUMOB PETMCTPOB.

'« Bygep komana.

#  Yempoiicmeo ducnemuepuzayuu/ucnoaHenus conepxut Oydep MuUxpoornepauii, ro-
TOBBIX K UCIIOJTHEHUIO, U TISITh UCIIOJHUTEIBHBIX YCTPOMCTB (IBa — IJISI UCITOJIHE -
HUY LEJIOYUCIEHHBIX OTIEpalvid, 1BA — IJISI UCTIOJIHEHUS OTEepalvid C TUIaBaroLen
TOUYKOI1, a TaKXKe YCTPONCTBO CBA3U C MaMsThio). Heobxoamumo 3aMeTUTh, UTO 3[eCh
IOMyIlleHa BOJbHOCTh B TPAaKTOBKE Ha3HAUYECHMSI MCTIOJTHUTEIbHBIX yCTPOMCTB: BBIAC-
JIEHBI YCTPOMCTBA JJIs1 BHIIIOJHEHMSI OOBIYHBIX KOMaH/ (LeJIOYMCISHHBIX U C IlIaBa-
oieil Toukoil) 1 MMX-xomanz (takke LEJOYMCIEHHBIX U C IUIABAIOLLEN TOYKOA).
PeanbHoe neneHue HECKOJNBKO MHOE. Takoe HOMyIIeHUE CIeJaHO MCKIIOYUTEIBHO
C Y4eOHOI 1IeJIbl0 — MJIsI 0oJiee OCO3HAHHOTIO Tepexofa OT apXUTEKTYPhl K CHCTEME
KOMaHJ, acceMOiepa.

baok ydanenus u eoccmanoenenus.

Paccmorpum noacucremy namatu. s 6ecriepeboiiHoi paboThl MpoLieccopa B MUK-
poapxutekType P6 ucnons3yercs asa ypoBHs Kaul-amMaTH'. Ka1-naMarh epBoro ypos-
H$I COCTOMT M3 K3IIel KOMaH M JaHHBIX pa3MepoM 1o 8 Koaiit, pacroaoKeHHbIX BHYTPU
MPOLIECCOPa B HEMOCPEACTBEHHOM OJIM30CTH K €r0 MCIOJIHUTENbHOM YacTu. Koaii-maMarb
BTOPOI'O YPOBHSI SIBJISIETCSI BHEILHEN O OTHOLLIEHUIO K MPOLIECCOpPY (HO B €IMHOM KOH-

t KoumpoBaHue — crocob yBeluueHusi ObICTPOIEHCTBISI CUCTEMbI 3a CYET XPAHEHUS YacTO KCIOJIb3YeMbIX
JAaHHBIX M KOJIOB B TaK Ha3bIBAEMOi1 K3LII-MTaMSITU, HaXOs1ieiicst BHYyTpU mpolieccopa (K3LI-MaMsiTh epBo-
r0 ypOBHSI) IGO0 B HEMOCPEACTBEHHOM OJIM30CTH OT Hero (K3Il-IaMsiTh BTOPOTO YPOBHS ).

2 3ax. 256
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LieHTpanbHbiii npoueccop (Pentium Pro/li/ill)
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CvicTeMHast LLMH
Puc. 2.3. CtpykTypHas cxema npoueccopa cemeinctaa P6 (Pentium Pro/11/IIl)

CTPYKTUBE C HUM), UMEET 3HAUYUTEIBLHO O onbliuii pasMep (256 Koaiit, 512 Koaiit nin
1 M6aiit) 1 coequHEeHa C IIPOM Ipolieccopa ITOCPEACTBOM 64-pa3psiaHoii InHEL. Pa3-
JieJIeHUE KAIII-MaMsITy Ha IBE YacTH (U151 KOJla v TaHHBIX) o0ecIieunBaeT becriepe0oni-
HYIO ITOCTaBKy MalllMHHBIX I/IHCTI)YKLU/Iﬁ N 3JIEMEHTOB JAaHHbIX B UCTTOJTHUTEIIbHOC yC’I‘pOfI—
cTBO Tpouieccopa. cxomHble JaHHBIE TSI KAII-TTAMSTH TIEPBOTO YPOBHS IIPEIOCTaBIISIECT
K3III-TIaMsITh BTOPOTO YPOBHSI. 3aMeThTe, YTO MH(pOpMaIMs U3 Hee MOCTyMaeT Ha YCT-
pOMCTBO IIMHHOTO MHTepdeiica U 1ajee B COOTBETCTBYIOIIYIO K3II-MMAMATh TTEPBOTO
ypOBH# 110 64-paspaaHoit muHe. [Tpu aTom 6;1aronaps 6osee 6bICTPOMY OOHOBJIEHUIO
COJIEP>KMMOTO K3III-TaMsITH [IEPBOI0 YPOBHS 00eCTIeYMBaeTCsI BHICOKM I TEMIT pabOThI
Tpolieccopa.
YcTpolicTBO IMHHOTO MHTep(deiicaobpaliaeTcss KonepaTuBHOM MaMSITU CUCTEMBbI
yepe3 BHENIHIO CUCTEMHYIO IIMHY. DTa 64-pa3psiiHas IIMHAa OpUeHTUPOBaHa Ha 00pa-
OOTKY 3aMpOCOB, TO €CTh KaXX bl IIIMHHBIM 3a1poc 00padaThIBacTCs OTAEIBHO U TPEOy-
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eT oOpaTHo# peakuuu. [Toka ycTpoiicTBO IIMHHOTO UHTepdeiica 0XX1aaeT OTBETa Ha OMH
3aIpoc IKMHbI, BO3MOXHO (DOPMUPOBAHUE MHOTOYMCIEHHBIX TOMOJHUTEIbHBIX 3aIPO-
coB. Bce oHM o0cyxuBaloTcs B opsiike moctyrieHust. CUnThiBagMble 10 3aMpocy 1aH-
HbIe TOMEIIAIOTCS B KA3II BTOPOTo YpoBHs. To ecTh Mpolieccop MOoCcpeaACcTBOM YCTPOUCTBA
LIMHHOTO MHTepdelica YuTaeT KOMaHIbl ¥ JaHHBIE U3 K31Ia BTOPOTO YPOBHS. YCTPOICTBO
IIMHHOTO MHTepdeiica B3aMMOICIHCTBYET ¢ K3IeM BTOPOTO YPOBHS uyepe3 64-pa3psim-
HYI0 LIMHY K3Il1a, KOTopas Takxke OpMEHTUpOBaHa Ha 0OpabOTKY 3ampocoB M (DYHKIIMO-
HUPYET Ha TaKTOBOIi yacToTe mpoiieccopa. JlocTyn K K31y MepBOro YpoOBHS OCYILECTB-
JIsieTcsl yepe3 BHYTPeHHME IIMHBI Ha TaKTOBOM yactoTe mpoueccopa. CHHXpOHHas padoTa
C CUCTEMHOM MaMsTbhIO K3LI-MaMsITU 00OMX YPOBHEi ocyliecTBIseTcs 6aaroaaps crie-
nuanbHoMmy mporokony MESI [7], [13].

3anpockl OT KOMaH[ Ha TIOJIyYeHKe OTepaHIO0B U3 TTAMSITU B UCTIOJTHUTEJILHOM YCTPOii-
CTBE TIPOLIECCOpa OOCITY>KMBAIOTCSI IOCPEICTBOM YCHPOICMEa C853U C NAMAmMbvio U Oy-
epa nepeynopadouusanus 3anpocos Kk namamuy. DTH JBa YCTPOICTBA CeLIMaIbHO BKIIIO-
YEHBI B CXEMY JJISI TOTO, YTOOBI 00eCTIeUnTh OecrepeOoiHOe CHAOKEeHUE MCTOMHSIEMBbIX
KOMaH] HeoOXoauMbIMU AaHHBIMU. Oco00 CTOUT MOAYEPKHYTh POJIb Oydepa nepeyno-
PSIOYMBAHMS 3aMIPOCOB K MaMsITU. OH OTC/IEXMBAET BCe 3aMPOCHI K OMepaHaaM B MmaMsi-
TH Y BBITIOJIHAET QYHKIIMY TIAHUPYIOLIETO YCTpoicTBa. Ecau HyxXHBIe U1l ouepeaHoii
omnepaluy JaHHbIE B K3NI-MaMsITU nepBoro ypoBHs (L1) oTcyrcTByloT, To Oydep nepe-
YIOPSA0YMBAHUS 3aITPOCOB K MaMSITU aBTOMAaTUYECKM TiepeaaeT MH(pOopMaluIo o Heyaad-
HOM 00palieHNu K JaHHBIM K311y BToporo ypoBHs (L2). Ecniu u B kamie L2 HyXHBIX
JIAHHBIX HE 0Ka3aJloch, To Oyep nepeynopsiiounBaHus 3aPOCOB K MaMSITH 3aCTaBsIeT
YCTPOMCTBO IMHHOTO UHTepdeiica chhopMUPOBaTh 3aMPoC K ONePaTUBHOM MaMATH KOMITb-
foTepa.

Yempoiicmeo evibopku/0eko0upoganus U3BIeKaeT OAHY 32-6aliTHYIO CTPOKY Kalla
komaHa ( LL1) 3a TakT u mepenaet B IeKonep, KOTOPbI MpeodpasyeT ee B MOoC/ea0BaTeb-
HoCTb MUKpoornepauuid. IToTok Mukpoonepauuid (oka OH elle COOTBETCTBYET MOCIE-
JIOBATeJIbHOCTM MCXOMHBIX KOMAHM) TMOCTyNaeT B Oygep komaud. Yempoiicmeo evibopku
KOMaHO BBIUMCIISIET yKa3aTeJdb Ha CIEAYIOLIYI0 KOMaHAy, MOojexallyio BbIOOpKe, Ha
OCHOBaHUM MH(OpPMAIIMKU TpeX MCTOYHMKOB: Oydepa METOK Mepexoma, COCTOSIHUS Tpe-
PBIBaHUS/UCKITIOUEHUS] U COOOLIEHUSI OT MCIIOJHUTEIBHOTO LIEJOYUCIEHHOTO YCTPOI-
cTBa 00 olIMOKe B MpeAcKa3aHUM METKHM Iepexoaa. BaxkHas yacTh 3TOro mpoiecca —
MpeacKazaHue METKHU Mepexoa, KOTOPOe BBIMOMHSIETCS MO CelMaJbHOMY aIrOpUTMY.
B ero ocHoBe jiexkxuT pabota ¢ 6ygepom memok nepexooa, KOTOPbIN COAEPXUT MH(DOpMa-
LU0 0 TocneqHuxX 256 mepexonax. Ecimu odepenHas koMana, BeIOMpaeMast U3 aMsITH,
SIBJISIETCS KOMaHI0# mepexoa, TO colepalllMidicsl B Hell aapec repexoia CpaBHUBAETCS
C ampecamu, yxe HaxoJsmumucs B 0ydepe metok nepexona. Eciu aToT afpec yxe ecTh
B Oydepe MeTOK MepexoqoB, TO OH CTaHET aJpecoM CleAylolleil KOMaHIbl, ¢ KOTOPOii
YCTPOMCTBO BHIOOPKM OyIeT M3BJAeKaTh ouepeaHylo KomaHay. Eciau uckomoro ampeca
nepexona B Oydepe HeT, To BbIOOpKa KOMaH/ U3 MaMsaTH OyAeT MPOoJoJKEeHa 10 MOMEH-
Ta UCTIONHEHMSI KOMaH[Ibl Mepexofa MCIOJHUTEIbHBIM YCTPOCTBOM. B pesyibraTe ee
UCIIOJHEHMSI CTAHOBUTCS SICHO, OBbLIO JIM MPaBUJIbHBIM pellieHue 00 afpece Hayana Bbl-
0OpKHM CIenyIOLIMX KOMaH[ Tocje BbIOOPKM KOMaHbl mepexoaa. Eciu mpencka3zaHHBIM
Mepexojl 0Ka3blBaeTCs HEBEPHBIM, TO KOHBelep cOpachiBaeTCs M 3arpyxaercsl 3aHOBO
B COOTBETCTBUM C afipecoM Tepexoa. Llenb npeackasaHus nepexoaoB — B TOM, YTOObBI
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YCTPOMCTBO UCITOJIHEHUS TTOCTOSTHHO ObIJIO 3aHATO TOJIe3HOM paboToil U cOpOC KOHBE-
epa IIPOU3BOAMIICS KaK MOXHO pexe.

YcrpoiicTBO BHIOOPKY KOMaHA BBIOMpPAET KOMaHAbI ISl UCTIOJHEHUST U IOMelIaeT
HX B YCTPOICTBO AEKOAMPOBAHUS. YCTPOMCTBO NEKOAMPOBAHUS COCTOMT M3 TpeX Ia-
pajIeIbHO paboTalonInX dekodepos (IBa MIPOCTHIX U ONMH CIIOXHBIN). UMeHHO 311 1e-
KOJephl BOIUIOMIAIOT B XXM3Hb MOHATHE UCTIOTHEHUS C HAPYIIEHWEeM UCXOIHOTO TOPSi-
Ka ciegoBaHust KoMaH (out of order) m SBISIOTCS TeMU CaMBIMU TpeMsT BxogaMHu (three
way) B UCIOJHUTENBHOE YCTPOMCTBO mpoleccopa. Jlekoaepsl MpeodpasyroT KOMaHabl
Mpolieccopa B MUKpooriepalii. Mukpoonepaiuy mpeacTaBisiioT coboii MPUMUTUBHBIE
KOMAaH/IbI, KOTOpPbI€ BBIMOJTHSIOTCS TSATBIO UCHOAHUMEAbHBIMU YCMPOUCMEamu TIpoliec-
copa, paboTaloIMMHU MapajielbHO. MHOTHE MAalIMHHBIC KOMaHIBI IPpeoOpa3yoTcs
B OIMHOYHBIE MUKPOOTIEPAIIMU (3TO JAeNaeT MPOCTOM NEKOAep), a HEKOTOPbIe MaIIH-
HbIe KOMaHIIbl — B ITOCJIE0BATEIBHOCTD OT IBYX 1 0oJice (ONTUMAIbHO — YEThIPEeX) MUK-
poorepaluii (3To AenaeT CJI0XHBIHI Aekozep). MHbopMaius o mocaeaoBaTeIbHOCTH MUK-
pooIIepaLyii JUIsl peaTn3alMi KOHKPETHON MAIIMHHOW KOMAaHIIbl COIEPXKUTCS B yempolicmee
MUKponpoepammHozo ynpaesenus. Kpome xomMaHm, 1eKoaepbl 00pabaThiBalOT TakKKe Mpe-
(ukcel koMaHg. [lekonep KoMaHI MOXET GOPpMUPOBATh 10 LHIECTH MUKPOOIIepallnii 3a
TaKT — TI0 OJHOM OT MPOCTHIX ACKOAEPOB U JI0 YETHIPEX OT CIOXHOTO Aekoaepa. st
JOCTVXXKEHMST HANOOJIbILEH TIPOU3BOAUTEIEHOCTH PAaOOTHI IEKOAEPOB HEOOXOIMMO, UTO-
OBl Ha UX BXOJ IIOCTYTAIX KOMaH/Ibl, KOTOPBIE TEKOINPYIOTCS HIECThI0 MUKPOOTIepaLl K-
IMM B TTocienoBaTenbHOCT! 4 + 1 + 1. Ecim Bpemst paboTsI TporpaMMBl KPpUTHYHO, TO
HMMEET CMBICJI TTPOBECTH €€ ONTHMU3AIINIO, 3aKTI0YAI0IIYI0CSd B MEePEyNopsa0IMBaHIN
HCXOIHOT0 Habopa KOMaH I TAKUM 00pa3oM, YTOObI TPYIIITbI KOMaHI (HOpMHUPOBAIIH ITOC-
JIeoBaTeIbHOCTA MUKpoonepanuii o cxeme 4 + 1 + 1. TTocne Toro Kak KOMaH/IbI pa3-
OUTHI Ha MUKPOOTIepalliK, TOPSIOK UX BBHIMOJHEHUS TPYAHO MpeackasaTh. [1pu aToM
MOTYT BOBHUKHYTb IIPOGIEMBI ¢ TAKUM KPUTUIHBIM pecypcoM, Kak perucTpbl. CyThb 31eCh
B TOM, UTO €CJI B IBYX COCETHUX (PparMeHTax MporpaMMbl JaHHbIE TOMELIANNCh B OIU-
HaKOBBIE PETUCTPHI, OTKYA OHU, BO3MOXHO, 3aIIMChIBAJIUCh B HEKOTOPHIE 00JIACTH T1a-
MSATH, a TIoCJIe TIepeynopsiIOYMBaHKS 3TH ()parMEeHTHl MepeMellalnuch, TO KaK pa3o0-
paThcs B TOM, KaKUE PETUCTPHI U [Ie UCTOJIb30BATNCh. DTa IpobieMa HOCUT Ha3BaHUe
npoodAeMbl A0JNCHBIX B3AUMO3ABUCUMOCHEl Y PEIIAETCS C MOMOINBIO MEXAHU3MA NnepeuMe-
HosaHus peeucmpog. OCHOBY 3TOTO MeXaHM3Ma COCTaBlisieT Habop u3 40 BHYTPeHHUX
YHUBEPCANbHBIX PETMCTPOB, KOTOPbIC U 3aA¢HICTBYIOTCS B pealbHbIX BRIYMCIEHUSIX UC-
MOJTHUTEBHBIM YCTPONUCTBOM aOCOJIOTHO TIPO3PAyHO AJISl TPOrpaMM. YHUBEPCalbHbIC
PErUCTphl MOTYT PaboTaTh KaK C LEIbIMU YMCIAMHU, TAK U CO 3HAYCHUSIMU ¢ TUIABAIONICi
Toukoi. MHdopMaIust o IeiCTBUTEIBHBIX UMEHAX PETUCTPOB Tpolieccopa U UX BHYT-
PEHHHX MMeHaX (HOMepax YHUBEPCAIbHBIX PETMCTPOB) MOMELIACTCS B Mabauyy neee-
JOHUMO8 peaucmpos. '

B 3akmoueHue mpolecca AIeKOAUPOBAHUS YCMPOLUCMBO YRpagaeHUs mabauuell nceg-
00HUMO8 peaucmpos N00ABISIET K MUKPOOIEpallusIM OUTbI COCTOSTHUS W (piaTh, YTOOBI
MOATOTOBUTh UX K HEYIOPSIIOUEHHOMY BHITIOJHEHUIO, MTOCIIE YeTO MOChUIACT MOJYINB-
uiecss MUKpooTniepaliuu B 0ygep nepeynopsadovennvix komano. HyXHO 3aMeTUTh, YTO
HOBBII MTOPSIIOK MX CJIEIOBAHUS HEe COOTBETCTBYET MOPSIKY ClIeIOBAHUS COOTBETCTBY-
IOIIMX KOMaH/ B MCXOMHOM Tporpamme. bydep mepeymnopsimoueHHBIX KOMaHI MpeICcTaB-
JISIET COOOI MacCHB aCCOIMATUBHOM aMsITH, (hU3MIECKM BBHITTOTHEHHBINH B B e 40 peruc-
TPOB U MPEACTABISAIOMNI CO00I KOJIBILEBYIO CTPYKTYPY, 3J€MEHTBI KOTOPOI ComepxKat
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JBa TUIMA MUKPOOINEPALIi: 0XMIAIOLINAE CBOEH OYeEpe HAa UCTIOIHEHNE U YK€ YaCTUY-
HO BBIMTOJIHEHHBIE, HO HE JO KOHIIA U3-3a UX MepPeyNnopsiA0UYMBaHUS U 3aBUCUMOCTHU OT
JIPYTUX YaCTUYHO WM MOJTHOCTHIO HE BBITOJHEHHBIX MUKPOOTEpAIWii. Y CTPOUCTBO JMC-
MeTyepr3aly,/CroJHEHUSI MOXET BBIOMPAaTh MUKPOOTEpalluK U3 3Toro Oydepa B Jto-
OOM mopsiIKe. _

Yempoiicmeo ducnemuepuszayuu/ucnosnenus TUTAHUPYET W KCIIOJNHSIET HEyMopsiao-
YEHHYI0 MOCIENOBATEIbHOCTh MUKpOOMEpalii U3 Oydepa mepeyrnopsiioYeHHbIX KOMaH[I.
Ho oHo He 3aHUMaeTCsT HeMoCpeCTBEHHOU BIOOPKOI MUKpOoIepannii u3 oydepa me-
peyNopsIIOYEHHBIX KOMaH/I, Tak KaK B HEM MOTYT CONEPKAThCsS M HE TOTOBbIE K MCIIOJ-
HEHUIO MUKpooMepauu. DTUM 3aHUMAETCS yCTPOCTBO, YIPABJSIONIEEe CIIEMATbHBIM
OyepoMm, KOTOpBI YCIOBHO HA30BEM OyghepoM MUKPOONEpayuil, 20moeuix K UCHOAHe-
Huro. OHO TIOCTOSTHHO CKaHUPYET Oydep mepeynopsioYeHHbIX KOMaH I B MOMCKaX MUK-
pooriepaiuif, TOTOBBIX K UCIOJHEHUIO ((haKTUYECKU 3TO O3HAYAET JOCTYMHOCTh BCEX
OMNEPAHIOB), TOCE YEro MOCHUIAET UX COOTBETCTBYIOUIUM KCTIOJHUTEIbHBIM YCTPOW-
CTBaM, €CJTU OHU He 3aHSThI. Pe3yabTaThl UCTIOJHEHUSI MUKPOOIIEpalliii BO3BPAIIAIOTCS
B Oydep mepeynopsiioueHHbIX KOMaH U COXPAHSIOTCS TaM Hapsiy ¢ IPyTUMU MUKPO-
omnepalMsIMu 0 TeX Mop, MoKa He OYIyT yAaldeHbl ycmpolicmeom yOareHus U 80CCMaHo8-
AEHUSL.

ITomobHast cxema MIAaHUPOBAHUS W MCTIOJHEHUST TPOrpaMM peain3yeT Kiaccuiec-
KU TPUHITUIT HEYTTOPSITOYEHHOTO BBIMOJTHEHUS, IPU KOTOPOM MUKPOOTEPALIUU TTOCHI-
JTAIOTCSI UCTIOTHUTEIBHBIM YCTPOUCTBAM BHE 3aBUCMOCTHU OT UX PACTIOJIOXEHUS B KC-
XOAHOM anroput™e. B ciyuae, eciu K BBIMOJHEHUIO OJHOBPEMEHHO TOTOBBI JIBE WJIU
Oosiee MUKPOOTIEpALlMK OJJHOTO TUIA (HATIPUMED, LEJIOUYUCICHHBIE), TO OHU BBITIOIHSI-
totcst B cootBeTcTBUM ¢ TpuHIUoM FIFO (First In, First Out — mepBbIM mpuiien, nep-
BBIM YIIIEN), TO €CTh B MOPSIAKE MOCTYIJIEHUS B Oypep mepeynopsmoueHHbIX KOMaH]I.

HenocpecTBeHHO UCTOTHUTENLHOE YCTPOIMCTBO COCTOMT W3 MSATU OJIOKOB, KaXKAbIN
U3 KOTOPBIX 00pabaThiBaeT CBOM TUI MHUKPOOIIEpAlMii: Ba LIETOYUCIEHHBIX YCTPOii-
CTBA, J1Ba YCTPOMCTBA /Il BEIYUCIEHUI C IUIABAIOLUEA TOYKOWA U OJHO YCTPOMCTBO CBIA3U
c mamsThio. TakM 006pa3oMm, 3a OIMH MAIIUHHBIA TAKT OHOBPEMEHHO UCTIOJHSIETCS MSITh
MMKPOOTEPALIUIA.

JIBa 1eJI0UNCIEHHBIX UCIIONHUTENBHBIX YCTPOWCTBA MOTYT MAapalIe]bHO 00pabaThl-
BaTh [IB€ LEJOYMCIEHHbIE MUKpoornepaimd. OIHO W3 3TUX LETOYUCIECHHBIX UCTIONHU-
TEJIbHBIX YCTPOMCTB CrIEUATbHO MPETHA3HAYEHO MJIsT PA0OTHI C MUKPOOTIEpALlUSIMHU TTe-
pexonoB. OHO COCOOHO OOHAPYXUTh HEMpeICKa3aHHBIN Mepexoq U COOOLIUTh 00 3TOM
YCTPOMCTBY BBIOOPKM KOMaH[, YTOOBI Mepe3anyCcTUTh KOHBeliep. Takast onepanus pea-
JIU30BaHa ceayomuM odpasoM. [lekomep KOMaH OTMEYAeT Kaxayl0o MUKPOOIEPALIMIO
nepexona u aapec nepexona. Koraa 1eJ109MCIEHHOE UCTIOTHUTENBHOE YCTPOMUCTBO BbI-
MOJTHSIET MUKPOOTEPAIMIO TIEPEX0/1a, TO OHO OMPEAETSIET, ObUT TPEACKA3aH MEPEXO WU
HeT. Ecnu mepexon mpeackasaH MpaBUIbHO, TO MUKPOOIEpalusi OTMEYAETCsT MPUTOI -
HOM JIJIS1 UCTTOJIb30BaHMSI, U BHIITOJIHEHKE MPOJOJIKAETCS MO TIpeacKa3aHHoi BeTBU. Eciu
Mepexol MPeicKa3aH HEMPaBWIbHO, TO LIEJOYMCICHHOE UCIOJHUTEIbHOE YCTPOUCTBO
U3MEHSIET COCTOSTHME BCEX TOCEAYIONINX MUKPOOIEpaIUil ¢ TeM, YTOOBI YIAIUTh UX U3
Oydepa nepeynopsimoueHHbIX KoMaH. [locie aToro 1eJI04McIeHHOE YCTPOIMCTBO MOMe-
aeT MEeTKy repexosia B Oydep METOK mepexona, KOTOPhIid, B CBOIO 0YEPEib, COBMECTHO
C YCTPOICTBOM BBIOOPKM KOMaH] Mepe3anyCcKaeT KOHBeep OTHOCUTEIHbHO HOBOTO MC-
MOJTHUTEJNBHOTO ajpeca.
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Yempoiicmeo céazu ¢ namampio YIpaBIsIeT 3arpy3Koil U cOXpaHEHUEM JAHHBIX IJIs
MUKpooTnepauuii. sl UX 3arpy3Ku B UCTIOJHUTEIbHOE YCTPOMUCTBO JOCTATOYHO OIIpe-
JIEJIUTh TOJILKO afipec MaMsITH, TI03TOMY TaKoe ACHCTBHE KOAUPYETCSI OMHON MUKPOOIIE-
paumeii. s coxpaHeHUS! JaHHBIX HEOOXOIMMO OIPEIe/siTh U aapec, W 3alKiChiBacMble
JaHHBIE, TTO3TOMY 3TO AEWCTBUE KOAMPYETCS ABYMSI MUKpooIepauusiMu. Ta 4acTb ycT-
POMCTBA CBSI3U C TAMATBIO, KOTOpas YIIpaBlseT COXpaHEeHUEM JaHHBIX, UMeeT aBa 0J10-
Ka, MO3BOJISIIOIINE eMy 00pabaThIBaTh aapec U JaHHbIE AJIs1 MUKPOOIIEPallNy Mapajiieib-
HO. DTO TO3BOJIAET YCTPOMCTBY CBSI3U C MAaMSIThIO BBITOJHUTh 3aIPY3Ky MU COXpaHEHUE
JAHHBIX I MMKPOOIEPALIMii MapauleJIbHO B OMHOM TaKTe.

HcnomHuTenbHbIE YCTPOMCTBA C TIaBaIoIeil TOUKON aHaJIOTMYHBI YCTPOiicTBaM B 60-
Jiee paHHUX MOJEJSX mpoleccopa Pentium. Bbiio 106aBieHO TOJIBKO HECKOJIbKO HOBBIX
KOMaH] ¢ TUIaBalollell TOYKOM JUIsi OpraHU3allMM YCIOBHBIX IEPEXON0B U IepeMelle-
HUM. '

[MocnenHuii 610K B 3TOi cXeMe BBIMOTHEHUSI KOMAH/I UCXOIHO MPOrpaMMbl — 040K
yoanenuss u 6occmanosAeHus, 3a1adeil KOTOPOTro SIBJSICTCA BO3BPAT BBIYMCIUTEIbHOTO
rpoliecca B paMKH, ONpeJie/ieHHbIe UCXOIHOM MOC/e0BATEIbHOCThIO KoMaH 1. [1s aT0-
IO OH TTOCTOSIHHO CKaHUpPYeT Oydep mepeyrnopsimoueHHBIX KOMaH[ Ha peaMeT o0Hapy-
KEHUSI TIOJTHOCTBIO BBIMOJHEHHBIX MUKPOOIEPALMil, He UMEIOIIMX CBSA3HU C APYTUMHU
MUKpoornepausiMi. Takue MUKPOOIepally YIAIsIoTcsa U3 Oydepa nepeynopsiaoueH-
HBIX KOMaH/]l ¥ BOCCTAHABJIMBAIOTCS B MOPSAKE, COOTBETCTBYIOLIEM MOPSIKY CJCIOBAHUS
KOMaH/]I MCXOIHOM MPOrpaMMBbI C YUYETOM IIpepbIBaHUI, MCKIIOUYEHUI, TOUEK TTpephiBa-
HMS U TiepeXonoB. BoK yganeHus U BOCCTAaHOBIECHUS MOXET yIaJUTh TPU MUKPOOIIE-
palyy 3a OOMH MaIIMHHBIA TakT. TIpy BOCCTAHOBIEHNM MOPSIIKA CIEA0BAHUA KOMaH]
0JI0K ymaJeHHs] M1 BOCCTAHOBJICHMS 3aIMChIBAET Pe3yJbTaThl B PealbHbIE PErUCTPBI MPO-
Lieccopa U B ONEPATUBHYIO MaMSITh.

Takum 0Gpa3oM, cucTeMa IMHAMUYECKOTO MCTIOJHEHMs] KOMaH I TI03BOJISIET OpTaHM-
30BaTh MPOXOXIECHUE KOMaH]I IIPOTrpaMMbl Uepe3 UCTIOJTHUTETbHOE YCTPOMCTBO MPOLIeC-
copa 3¢ dexkTrBHEE, YeM 3TO ObLIO B KOHBeiepe npoueccopa 180486 u rnepBbIX mpolec-
copoB Pentium.

MukpoapxuTekTypa NetBurst

Mukpoapxutektypa NetBurst, peanmmn3oBanHas B mporieccope Pentium IV, sBnstercs
pasBUTHEM HICH MUKPOApPXUTEKTYyphl P6, mosToMy paccMaTpuBaeTcsl JOBOJBHO KOH-
criekTuBHO. Cyns 1Mo Ha3BaHUIO (net — ceTh, burst — MpPOPHIB), MUKPOAPXUTEKTYpa
NetBurst nmpu3BaHa o0ecneunTh HEKUI «CeTeBOM MPOPBIB». OUEBUIHO, YTO ITUM pPa3-
PabOTYMKHM XOTEJIN IMMOJYEPKHYTh Te HOBBIE 0COOEHHOCTH Tporeccopa Pentium IV, ko-
TOpble TO3BOJISIOT OPTaHU30BaTh Gojiee OLICTPYI0 U 3P (HEKTUBHYIO PabOTy MPUITOXKE-
HMIi B COBPEMEHHBIX CETEBBIX M MYJIBTUMEIUMHBIX MH(POPMALIMOHHKIX cpefaXx. OTMeTUM
HauboJiee BaXXHbIC CBOMCTBA HOBOW MMKPOAPXUTEKTYPHI.

s buicmpas ucnonnumenvras vacme npoyeccopa. AJIY mpoueccopa paboTaer Ha yaBO-
€HHOM YacToTe mpoleccopa. 3a KaX/blii TAKT MPOLIECCOPa BHIMTOJHSIOTCS IBE OCHOB-
HBIe LieJTOUYMCIeHHbIe KoMaHabel. ObecrieueHa Gosiee BBICOKAsI MPOITYCKHAs CIoCo0-
HOCTb ITOTOKAa KOMaH] 4epe3 MCIOJHUTENIbHYIO YacTh MPOLeccopa M YMEHbIICHBI
pasIMYHbIe 3aIePKKU. )

Tunepronseiiepnas mexuonoeus. I'mmepkonseiiep Pentium IV cocrout us 20 cryme-
Helt. Llenb yBennueHus IJIMHBI KOHBeliepa — yIpoIleHKe 3a1au, peaqu3yeMbIX Kax-
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JIO U3 €TO0 CTyneHeﬁ, ", KaK CJICACTBUEC, YITPOILICHUE COOTBeTCTBYIOLHCfI annapaTHoﬁ
JIOTUKMN.

® Yayvwennas mexnonoeus OUHAMUHECK020 UCNOAHeHUs Oaaeodaps Gonee enybokoi
«MPOU3BONLHOCMUY 6 NOPSOKe UCNOAHeHUs Koda U YCOBepUIeHCMBOBAHHOU cucmeme
npedckasanus nepexodos. Pazmep Oydepa MeTOK Iepexoma yBeamueH a0 4 Koair
(Pentium III — 512 6aiiT). YcoBepIIeHCTBOBAH M CaM aJrOPUTM IIpeldCcKa3aHMsI.
B pesynbTaTe BeposSITHOCTD IpefickasaHus Nepexoa Bo3pacTaeT A0 95 %.

% Hosas nodcucmema kamuposanus. OTCYTCTBYET KIII KOMaH/I [TEPBOTO YPOBHA. BMme-
CTO HETO BBEIEH KAII Tpacc. TpaccamuHa3bIBaIOTCS TOCIEIOBATEIbHOCTH MUKPO-
oTIepalMii, B KOTOpBIe ObIIHM IeKOIMPOBAHEI paHee BEIOpaHHBIe KOMaHABL. Kot tpacc
criocobeH XpaHuTh 10 12 KbaiiT Mukpoonepaluii U JOCTaBIATh UCIIOJHUTEIbHOMY
SIIPY 10 3 MUKpOOTIepayii 3a TakT. Kam BToporo ypoBHs paboTaeT Ha ITOJTHOM Jac-
TOTE simpa TIpolieccopa.

CrpykTypHas cxema mpoueccopa Pentium IV nokaszaHa Ha puc. 2.4.
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Puc. 2.4. CtpykTypHas cxema npoteccopa Pentium IV

MuxpoapxutekTypa NetBurst moamepXuBaeT ele oaHy HOBYIO TeXHomoruio — Hy-
perThreading. JlaHHasT TeXHOJIOTHS IO3BOJISIET Ha 6a3e OMHOTO (DM3MIECKOrOo IIPoLIeccopa
Pentium IV MomeanpoBaTh HECKOJIBKO JOTMYECKUX, KaXIbIil U3 KOTOPBIX NUMEET CO0-
CTBEHHOE apXUTEKTypHOE IMpocTpaHcTBO IA-32. [Tog apXUTeKTypHBIM IPOCTPAHCTBOM
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[A-32 moHMMaeTCsl COBOKYITHOCTb PETUCTPOB TaHHBIX, CETMEHTHBIX PETUCTPOB, CUCTEM -
HBIX PETMCTPOB 1 peructpoB MSR. KaxIblii JOrnueckuii poLeccop MMeeT Takke cod-
CTBEHHBI KOHTpoJuTep npepbiBanuit APIC.

Ha sToM, HaBepHOe, CleayeT 3aBepLUINTh 00CYXAEHUE OOIINX BOMPOCOB, CBSI3aHHBIX
¢ apXuUTeKTypoli mnpoueccopoB Intel. bonee moagpoObHy0 MHGOpMALIUIO IO 3TOI TeMe,
B TOM YMCJIE O JIOTUKE (DYHKIIMOHMPOBAHUS U XapaKTePUCTUKAX MUKPOApXUTeKTyp P6
u NetBurst, MoXXHO TTOTyYuTh U3 MaTepuana kHuru [13]. Hamra 6auxaiiimas 3agaya —
paszobpatbcs, KakK yIpaBiIsATh 3TUMU CIOXHBIMHU ITpolieccopaMu. [IporpammucTy coBep-
IIIEHHO HEe00513aTeJIbHO TIOMHUTD O CXeMOTEXHMYECKUX TOHKOCTSIX pealn3aliuy Mmpoiec-
copa, eMy JOCTaTOYHO 3HaTh, KaKMe YacTu TpoLeccopa eMy TOCTYITHBI M KaK ¢ HUMMU
B3aMMOJEUCTBOBATD [IJISI peaiu3aliui HeKoTopoii 3anayu. [1epBblit 1ar B 3ToM Harpas-
JICHUU — 3HAKOMCTBO C MPOSPAMMHOU MOOeabio npoueccopd. DTa MOIENb OIMCHIBACT
BUIMMBIE JJISI TPOTPaMMUCTa OOBbEKTH apXUTEKTYPHI IPOlleccopa, 3HaHNUE KOTOPBIX T0-
3BOJISIET NTPOTPAMMUCTY 3(PHEKTUBHO U B TTOJJHOM 00BhEMEe MCITOJIb30BaTh BO3MOXHOCTH
npoLeccopa.

MporpammHas mopenb 1A-32

JIr006as1 BBINOJHAIOIIAACS MTPOrpaMMa MOJIyyaeT B CBOE PACTIOPSKEHUE ONpPeAeIeHHbIN
HabOp pecypcoB Ipoleccopa. DTU pecypchbl HEOOXOAMMBI 11 00pabOTKU M XpaHEHMUS
B MMaMsATU KOMaH] ¥ AaHHBIX IPOTPaMMBI, a TAKXKe MHMOOPMAIIUU O TEKYIIIEM COCTOSTHUU
nporpaMMbl U Tipoiieccopa. ITporpaMMHy0 Mofelb Tpoieccopa B apxutekrype [A-32

npoueccopoB Intel cocraBnsieT cieayoimunii Habop pecypcoB (puc. 2.5):

# mpocTpaHCTBO agpecyeMoil mamsaTu 10 2* - 1 Gaiir (4 T'6aiir), qnsa Pentium IT1/IV —

10 2% — 1 Gaiit (64 I'Gaiir);
Ha6Op PEruCTPOB IS XPAHEHUS JaHHBIX OOILETO HA3HAYECHMS;

ki

& Habop CEerMEHTHBIX PETUCTPOB;

#% Habop perucTpoB COCTOSIHUS U yIIPaBJIEHUS;

#-  HaOOp perucTpoOB YCTPOMCTBA BHIYMCIECHU C TIIaBaoIleil TOUKOil (compolieccopa);

# HaOop perucTposB LeJoYUcaIeHHOoro MMX-pacuiupeHust, 0oTOOpaXXeHHbIX Ha PETUCT-
PHBI compolieccopa (BIepBbie OSBUIMCH B apXUTEKType npoiieccopa Pentium MMX);

Habop pernctpoB MMX-paclurpeHus ¢ TjaaBalolieii TOUKoi (BrepBbie MOSIBUINUCH
B apxXMTeKType mnpoieccopa Pentium III);

9 TmporpaMMHBIN CTeK — creluaibHas nH(popMaIlMoHHAs CTPYKTypa, pabora ¢ KOTo-
poii mpeaycMOTpeHa Ha YPOBHE MalIMHHBIX KoMaH# (0oyiee moApoOHO OHa Oymer
o0CyXJeHa TOo3Xe).

DT0 OCHOBHOIT Habop pecypcoB. Kpome Toro, K pecypcam, MOAACPXKUBAEMbIM apXH-
TekTypoit IA-32, He06X0AMMO OTHECTU MOPTHI BBOJA-BbIBOAA, CUETUMKHA MOHUTOPUHTA
IMPONU3BOAUTECIBHOCTU.

[TporpaMMHBIe MOfeIM Gosiee paHHUX MpolieccopoB (i486, meperie Pentium) otiu-
YalOTCSd MEHBIIMM Pa3MEPOM aIpPeCyeMOro IMPOCTPAHCTBA OIIEPAaTUBHOM naMsT! (2%2- {,
TakK KakK pa3psaAHOCTb UX IIUHBI aJpeca cocTapisieT 32 OUTa) U OTCYTCTBUEM HEKOTOPBIX
Py peructpoB. sl KaxXaoi rpynnbl perucTpoB B CKOOKax MOKa3aHO, HauMHas
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Puc. 2.5. MporpaMmmHas Moaenb apxmuTekTypbl 1A-32 npoueccopos Intel

a1

C KaKoll MOIEeIM NaHHas TPYIIla perucTPOB MOSIBMIACH B IPOrpaMMHOM MOJAEIU Ipo-
neccopoB Intel. Ecnu Takoro o603HayeHus HET, TO 3TO O3HAYAET, YTO AAaHHAas TpyrIa
PETUCTPOB MPUCYTCTBOBAIA B Ipoleccopax i386 u i486. Uto kacaetcd eiie Goyiee paH-
HUX TipoiieccopoB i8086,/88, To Ha caMOM jieie OHU TOXKE MOJIHOCTBIO MTPENCTaBICHbI Ha
CXeMe, HO COCTaBJISIOT JIMIITb €€ HEOOJIBIIIYIO €€ YacTh. B mporpaMMHYI0 MOIe/ b JTaHHbIX
MPOLIECCOPOB BXOAAT 8- M 16-pa3psiiHble PerucTphl OOLIET0 Ha3HAYEHUSI, CETMEHTHBIC
peructpsl, peructpsl FLAGS, IP u ampecHoe mpocTpaHCcTBO maMsITH pa3Mepom 1o 1 MoaiiT.

CBolicTBa HEKOTOPKIX TEPEUMCICHHBIX Aajiee MPOrpaMMHO-IOCTYITHBIX PECYPCOB

OTIPENENSIOTCS TEKYIIMM PEXUMOM paboThI MPoLEccopa.
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Pexumbl paboTbl Nnpoueccopa apxutekTypbi 1A-32

Pexum paboTel mpolieccopa orpenessieT MoBeAeHne, HOMEHKIIATYpy U CBOMCTBA JI0-
CTYIHBIX pecypcoB npolieccopa. [lepesoa mpolieccopa u3 0JHOTO pexuMa B Ipyroii ocy-
LIECTBIIAETCS CIIeIUaTbHBIMY TPOTPAMMHBIMHU U allllapaTHBIMU METOIAMMU.

B pamkax apxutekTypsl 1A-32 1OCTYIIHBI ClleqyIomme pexXnMBI paboTHI ITpolieccopa.

Pexcumpeanvuoix adpecos, Win npocTo pearvhoiti pexcum (real mode) — 310 pexum,
B KOTOpOM paGotan i8086. Hammuue ero B i486 u Pentium oGyc/OBIEHO TEM, 4TO
dupma Intel crapaercst o6ecreunTh B HOBBIX MOJESX MPOLIECCOPOB BO3ZMOXHOCTD
(DyHKIIMOHMPOBAHHUS TPOrpaMM, pa3pabOTaHHbIX ISl pAHHUX MOJEIICH.

Sawumwennniii pexcum (protected mode) mo3BoJIIeT MaKCHUMAaJIbHO peain30BaTh BCE
Hen, 3aJ0XeHHbIE B ITpoLieccopax apxuteKTypbl IA-32, HaunHas ¢ 180286. I1porpam-
MBI, paspabortanubie 1 i8086 (peanpHOro pexxnma), He MOTYT GYHKIIMOHUPOBATh
B 3alIMIIEHHOM pexxume. OnHa U3 TPUYKMH 3TOTO CBSI3aHa ¢ 0COOEHHOCTSIMU (POpMM-
poBaHMS (PU3MUECKOTO aipeca B 3alIUIIEHHOM peXuMe.

W Pexcum supmyanvroeo npoueccopa 8086 npenHazHayeH ISl OpTaHM3aLMM MHOT03a-
JAYHOM paboThI MPOrpamMM, pa3paboTaHHBIX AJis PeaJbHOro pexuma (Ipoleccopa
i8086), coBMecTHO ¢ TporpaMMaMU 3allMIIEHHOTO pexXumMa. [lepexon B 3TOT pexXxum
(virtual 8086 mode) BO3MOXEH, €CliM MPOLIECCOP YXKe HAXOAMTCS B 3aLIUIICHHOM
pexume. PaboTa mporpaMm peajibHOro pexxuma B pexkrMe BUpTyaabHoro i8086 Bo3-
MOXHa OJ1arofapst TOMy, 4To mpoiiecc (GopMUpOBaHUST (PU3UUECKOTO afpeca ISl HUX
MPOU3BOIUTCS 10 TIPaBUJIaM PEaIbHOTO PexKrMa.

Pexcum cucmemnoeo ynpaenenus (System Management Mode, SMM) — 3To HOBBIN
peXuM paboTHI MMpoLieccopa, BIIepBhle MOSBUBLINICS B Mpoueccope Pentium. OH
obecreurBaeT ONepalMOHHYI0 CHCTEMY MEXaHM3MOM JUISI BHITIOJTHEHUSI MAIIMHHO-
3aBUCUMBIX QYHKIINIA, TAKUX KaK MepeBOI KOMITIOTEPA B PEXKMM ITOHUKEHHOTO HEP-
ronoTpe6JIeHs] WIM BBIMMOJHEHUS ACMCTBUII 0 3alIuTe cUcTeMbl. s mepexona
B JAHHBIM PEXUM IIPOLIECCOP MOJIKEH MOJYIUTD clienManbHbIi curHaa SMI ot yco-
BEpIIEHCTBOBAHHOTO IIPOrpaMMUPYEMOT0o KOHTpoJuiepa npepbiBanunii (Advanced
Programmable Interrupt Controller, APIC), ripi 5ToM coXpaHsIETCSI COCTOSTHHE BbI-
YUCTUTENBHOM cpebl poleccopa. yHKIIMOHUPOBAaHUE ITPOLIECCOPA B 3TOM PEXHU-
Me TIoJI00HO ero paboTe B pexkrMMe peajbHBIX ampecoB. Bo3Bpar u3 3Toro pexuma
MPOU3BOIUTCS CIICIIMATBHOM KOMaHIOM Mpolieccopa.

Ipoueccop Becerma HauMHAeT paboOTy B peaibHOM PEXHUME.

Habop perucrpos

Peeucmpamu Ha3bIBAIOTCST 00J1ACTH BEHICOKOCKOPOCTHOM MAMSTH, PACTIOJIOXKEHHBIE BHYTPU
Mpoleccopa B HEMOCPEACTBEHHOM OGJIM30CTU OT €ro UCMOJHUTEIbHOTO supa. JlocTyn
K HUM OCYIIECTBJISIETCS HECPAaBHUMO OBICTpee, YeM K siueiiKaM OIepaTUBHON MaMSTH.
COOTBETCTBEHHO, MAIIMHHbIE KOMAH/IbI C ONEPAaHAAMU B PETUCTPAX BBHIOJIHSIIOTCS MaK-
CHUMAaJIbHO OBICTPO, ITO3TOMY B IIpOrpaMMax Ha sI3bIKe acceMbiiepa perucTphl UCITONb3Y-
10Tl 0YeHb MHTeHCUBHO. K coxanenuto, apxutektypa IA-32 npenocTapisieT B pacro-
pSXeHMe MPOTpaMMUCTA He CIUMIIKOM MHOTO PETMCTPOB, MMO3TOMY OHM SIBIISIIOTCS

KPUTUYCCKHU Ba’)KHBIM PECYPCOM U 3a UX COACPKMUMBIM ITPUXOAUTCA CIICAUTb OY4CHDb BHU -
MaTcCJIbHO.
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bonbimmHCcTBO PErUCTPOB MMCIOT OIIPCACICHHOC (I)YHK]_[I/IOHEU'H)HOC Ha3HauYC€HUC.
C Touku 3pCHUA IporpaMMucTa, X MOKHO pas3acnTh Ha IBE 0oJIbLIME TPYIIIIBI.

is TlepByto rpymiy oGpa3yloT MOMb30BATEILCKIE PETUCTPBI, K KOTOPHIM OTHOCSTCSI:

D

perucTpsl oo1iero HasHaueHust EAX/AX/AH/AL, EBX/BX/BH/BL, EDX/DX/DH/DL, ECX/
CX/CH/CL, EBP/BP, ESI/SI, EDI/DI, ESP/SP npegHasHaueHbI 111 XpaHEHUsI JAHHBIX
M aipecoB, MPOrPaMMUCT MOXET UX MCITOJIb30BaTh (C OMpPeAeIeHHBIMKM OTPaHMU-
YeHUSAMU) IJIS pean3alii CBOUX aJITOPUTMOB;

D cermentHsie peructpsi CS, DS, SS, ES, FS, GS ucnonb3ytoTcs 1Uisi XpaHEHY Sl alpecoB

a

CErMEHTOB B MaMSITH;

peructpsl conpoueccopa ST(0), ST(1), ST(2), ST(3), ST(4), ST(5), ST(6), ST(7) npexn-
Ha3HavYeHbI JJIs1 HAaMCAHMS MPOTPAMM, UCITOb3YIOLIUX TUIT TaHHBIX C TJ1aBato-
meit Toukoit (rmasa 17);

LIeJIOUMCICHHBIE perucTpbl MMX-pacimperus MMX0, MMX1, MMX2, MMX3, MMX4,
MMX5, MMX6, MMX7,

peructpel MMX-pacimpeHus ¢ IjiaBaplneil Toukoit XMMO, XMM1 XMM2, XMM3,,
XMM4, XMM5, XMM6, XMM7;

PErUCTPHI COCTOSIHUS U yiipaBieHust (peructp duiaros E FLAGS/FLAGS u peructp-
ykaszareab koMaHabl EIP/IP) comepxar uHGbOpMaLUIO O COCTOSSHUM TMPOLIECCOpa,
WCTOJTHSIEMOM MPOrPaMMBbI ¥ TTO3BOJISIIOT U3MEHUTh 3TO COCTOSTHUE.

* Bo Bropylo rpynmny BXOASAT CUCTEMHBIE PETHCTPhI, TO €CTh PETUCTPHI, IpeAHA3HAYCH -
HbI€ IJ1s MOAACPXKAHUS Pa3IMUYHBIX PEXKUMOB PabOThl, CEpBUCHBIX (DYHKIIMI, a TaK-
K€ PETUCTPHI, cielMDUYHBIE IJ15 ONpeaeIeHHOM Moaeau mpoueccopa. [lepeunciaum
CHCTEMHBIE PErHCTPHI, MoJnepXrBacMbie [A-32:

O

D

ynpapysiomue peructpbl CRO.. .CR4 ornpenensior pexxum paboTh MPolieccopa v Xa-
PaKTEPUCTUKU TEKYIIEH UCTTOIHSIEMON 3a1aul;

peructpbl ynpasieHus namsateio GDTR, IDTR, LDTR u TR ucmonb3ytoTes B 3amm-
IEHHOM pexXuMe paboThl Tpolieccopa Uil JIOKAIU3AUU YIPABISIONUX CTPYK-
TYp 3TOTO pexXuma;

oTnagovHbie perucTphl DRO. . .DR7 mpenHasHaYeHB! 111 MOHUTOPUHTA U YIIpaByie-
HUS pa3TNIHBIMM aCTICKTaAMU OTJIAIKY;

perucTpsl TUMOB obacteit mamsaty MTRR vcImonb3yroTest 11st anmmapaTtHOro ypas-
JIEHUS KOIIMPOBAaHUEM B IIEJISIX Ha3HAYSHMS COOTBETCTBYIOIIMX CBOHCTB 06Jac-
TSIM TIAMSTH;

MalllMHHO-3aBUCHUMbIE perUCTphl MSR MCIIOIb3YIOTCS IJIs1 YIIpaBIeHUS IPOLiec-
COPOM, KOHTPOJIS 32 €ro IPOU3BOAUTEIbHOCTBIO, MTOJYyYeHUs HH(GOopMauuu ob
OLLIMOKAaX.

[ToueMy B 0603HaUEHHMAX MHOTUX U3 PETUCTPOB OOIIETO Ha3HAUEHMS TPUCYTCTBYET
HaKJIOHHAs pa3efuTe/bHas yepta? OTo He pa3Hblie PETUCTPBI — 3TO YaCTU OTHOTO OO0JIb-
moro 32-pa3psiIHOTO PETUCTPa, HO UX MOXHO MCIOJIb30BaTh B MPOrpaMMe KaK OT/IeJb-
HbIe O0BEKTHI. 3aueM Tak caenaHo? YToobl obecneunTs paboToCIOCOOHOCTh MPOrpamMM,
HaIMCAHHBIX JJIS MPEeXHUX 16-pa3psaHbIX Mofeneil mpoueccopoB ¢pupMbl Intel Haum-
Has c i8086. ITporieccopsl 486 u Pentium umeoT B OCHOBHOM 32-pa3psiiHble PETUCTPHI.
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HIX KOMMYeCTBO, 32 UCKIIOYEHUEM CerMEHTHBIX PETHCTPOB, Takoe Xe, Kak u'y 18086,
HO PasMepHOCTh GOJIbIIE, YTO U OTPAKEHO B 0003HAYCHUSIX — OHU MMEIOT MPUCTAB-
Ky e (extended).

MHorue 13 NpUBEICHHBIX PETUCTPOB MPEIHA3HAYEHBI 17151 PabOThI C OTPEIENCHHbI-
MU BBIYMCINTEIBHBIMU MOACKCTEMaMH TIpoLieccopa: conporeccopoM, MMX-pacuimpe-
HUsIMH. [103TOMY HX L€JecO000pa3sHO paccMaTpUBaTh B COOTBETCTBYIOLIEM KOHTEKCTE.
Tak Kak mepBasi 4acTh y4yeOHMKa TOCBSILEHA BOIPOCAM TPOrPaAMMUPOBAHMUS LIETOUKC-
JICHHOM TIOICUCTEMBI MPOLIECCopa, TO B AAHHOI I71aBee OMUCHIBAIOTCS PETUCTPBI, 0bec-
neynBaolye ee GyHKLHOHMUPOBaHHUE. B nanbHeieM npu 06CyKA1eHUM HOBBIX BHIYUC-
JIMTENBHBIX MOACKCTEM TIpoLieccopa OYAYT PACCMOTPEHBI U IPYTUe PErUCTPhI U3 Mepe-
YUCIIEHHBIX paHee.

PerucTtpbl o6LLero Ha3HaueHnsa

PerucTpsl 061Ero Ha3HAYEHUS UCIIOIB3YIOTCS B ITPOTpaMMax Uil XpaHEHUSI:
OIIEPaHIOB JIOTUYECKUX U apU(METHYECKHX OTIEPALIHii;

KOMITOHEHTOB aJipeca;

yKazaTeJei Ha TYECHKU MaMSTH.

B mpuHIuIie, Bce 3TW PEerMCTPHl JOCTYIHBI ISl XpaHEHUST OIlepaHmoB 0e3 0COObIX
OTPaHUYCHMI1, XOTS B ONPEICICHHBIX YCIOBMIAX HEKOTOPhIE M3 HUX MMEIOT XKeCTKOe
(byHKIIMOHabHOE Ha3HAaYeHUE, 3aKPEIJICHHOE Ha YPOBHE JJOTUKKM PabOTHI MAaIIMHHBIX
koMaHa. Cpeau Bcex 3TUX perUCTPOB 0co00 cieayeT BuiaeanuTh peructp ESP. Ero He cie-
IyeT MCIIOJIb30BaTh SBHO IS XpaHEHUsI KaKUX-JIM0O OINepaHAOB MPOTpaMMBbl, TaK Kak
B HEM XpaHUTCS yKa3aTeslb Ha BEPIIMHY CTeKa MPOrpaMMBl.

Bce perucTpsl 3TOi TPYNIIHI MO3BOJISIIOT 00pAIIaThCS K CBOMM «MJIAIIIMM» YaCTsIM
(cM. puc. 2.5). OGpareH1e TPOU3BOIUTCS MO X MMEHaM. BaxXHO OTMETHTb, YTO MCIIOJb-
30BaTh JJISI CAMOCTOSITEIIbHOM aapecallii MOXHO TOJIbKO Muanime 16- u 8-paspsaHbie
4yacTu 3TUX peructpoB. Crapinue 16 GUTOB KaK CaMOCTOSTEIbHBIC O0BEKThI HEJOCTYITHBI.
BTo caenaHo, KaK Mbl OTMETUJIM paHee, I COBMECTUMOCTH C MePBbIMM 16-pa3psiHet-
MU MOAEJISIMU TTpolieccopoB ¢upMsl Intel. ITepedncianm perucTpbl, OTHOCSAIIMECS K TPYII-
e PerucTPOB OOILEro Ha3HaUYeHUS U (PU3NUECKU HAXOASIIMECS B IPOLECCOPEe BHYTPU
apu(dMETHKO-TOTUIECKOTO YCTPOICTBA (IT0O3TOMY MX ellle HasblBaIOT peeucmpamu AJAY):

peeucmp-axkymyasmop (Accumulator register) EAX/AX/AH/AL nmpumensercsa s
XpaHEeHUsT TPOMEXKYTOYHBIX TaHHBIX, B HEKOTOPBIX KOMaHIaX €ro MCIOIb30BaHUE
00s13aTeIbHO;

m  6a3osuiii pecucmp (Base register) EBX/BX/BH/BL npumMeHseTcs a5 XpaHeHus 6a3o-
BOT'O aJipeca HEKOTOPOro 00beKTa B MaMSTH;

II peecucmp-cuemuux (Count register) ECX/CX/CH/CL mpuMeHsieTcsl B KOMaHIaX, IIpon3-
BOJASIIIMX HEKOTOPbIE MOBTOPSIIOIIMECS AeicTBUs. VCIonb30BaHNE perucTpa-cueT-
YyKa 3a4acTyi0 CKPBHITO B aJlrOpUTMe paboThl TOi WM MHOW KoMaHIbsl. Hampumep,
KOMaHaa opraHusauuu uukiaa LOOP moMuMo mepenauyu yrpaBieHUs aHaJU3UpyeT
Y YMEHbIIIaeT Ha efMHUIly 3HaueHune peructpa ECX/CX;

m peeucmp dannwbix (Data register) EDX/DX/DH/DL, tak xe xak u peructp EAX/AX/AH/
AL, XpaHUT NPOMEXYTOUHbIE JaHHBIE (B HEKOTOPBIX KOMaHIaX €ro IBHOE UCI0JIb30-
BaHUE 0053aTEJIbHO, B APYTUX OH MCIIONb3YETCH HESABHO).
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Crenyrolye 1Ba perucTpa IpeIHa3HauYeHHI IUISl MMOAAePKKHU TaK Ha3bIBAEMBIX LIETIO-
YEUHBIX ONEpaluii, TO €CTh OIepalnii, MPOU3BOAIIINX ITOCIEA0BATEIbHYI0 00pabOTKY
LIENOY€EK 2JIEMEHTOB, KaXIblii 13 KOTOPBIX MOXET UMETh ANUHY 32, 16 miau 8 OuT:

W pecucmp undexca ucmounuxa (Source Index register) ESI/SI B memoueunsIx omepa-
LUSIX COAEPXKUT TEKYLIMiA afpec 3MeMEHTa B LIEMOYKe-MCTOUHHKE;

peeucmp undexca npuemnuxka (Destination Index register) EDI/DI B memouyeqHbIx
OTIEPAIIMSX COMEPXKUT TEKYIIMIA ampec B IeMoYKe-MpUeMHUKE.

B apxurekType mpoiieccopa Ha IMpOTpaMMHO-AMapaTHOM YpOBHE TOIePKUBACTCS
TakKasl CTPYKTypa JaHHbIX, KaK cmek. J{71s1 paboThI CO CTeKOM B CMCTeMe KOMaH/I Ipoliec-
copa ecTh CIelMabHble KOMAHIbI, a B MIPOrpaMMHOM MOJeNIU Tpolieccopa AJsl 3TOro
CYIIECTBYIOT CIEIMATbHbBIE PETUCTPHI:

peeucmp ykazamens cmeka (Stack Pointer register) ESP/SP comepxut ykazartens Ha
BEPLIMHY CTEKA B TEKYLIEM CETMEHTE CTEKA;

peeucmp ykazamens bazwl kadpa cmeka (Base Pointer register) EBP/BP npennasna-
YeH [T OpraHU3alluy TTPOM3BOJBLHOTO JOCTYIA K TaHHBIM BHYTPH CTEKa.

He crout myrartbcst cTojIb XXeCTKOT0 (DyHKIIMOHAIBHOTO Ha3HAUEHUS perucTpoB AJIY.
Ha camom genie mpu mporpaMMUPOBAaHUM XPaHUTh OMEPaHAbl KOMaHA MOXHO B 60JIb-
IIMHCTBE PETrMCTPOB, IPUYEM IMPAKTHUECKH B JTI0OBIX coueTaHUsIX. OIHAKO Bceraa cle-
IyeT MOMHUTb, YTO HEKOTOPhIE KOMaHABI TPEOYIOT CTPOrO OIpeNeNeHHBIX PEeruCTpPOB.
Llenp mogoOHOTo KeCTKOTO 3aKperieHUsT perUCTPOB ISl 3TUX KOMaHA — 0ojiee KOM-
MaKTHasE KOAMPOBKA WX MAIIMHHOTO TIpeICTaBIeHs. 3HAHUE OCOOCHHOCTEN MCIIONb-
30BaHUSI PErUCTPOB MANIMHHBIMYM KOMaHAaMM (CM. MPUIOXEHUE) MO3BOJSIET, IPHU
HEOOXOIMMOCTH, 9KOHOMUTH ITaMsTh, 3aHUMaeMyIo KOJOM IIpoTpaMMEI, 1 0olee 3 dek-
THBHO MPOTPaMMUPOBAThH AJTOPHUTM.

CermeHTHblIe permcrpbl

[poueccopsl Intel anmapaTHO MOANEPKUBAIOT CeeMeHMHYH OPTAaHU3AIUIO TPOTPAMMBI.
D70 03HaYaeT, 4yTO J06as MporpaMma COCTOUT U3 TPEX CETMEHTOB: KoJa, JaHHBIX U CTe-
Ka. Jlormueckn MamImMHHBIE KOMaHIBI B apxuTeKTtype IA-32 mOCTpoeHBI Tak, 4TO MpHU
BHIOOpKE KaXJoi KOMaH[IbI AJIS1 JOCTYIMA K JaHHBIM IPOTPAMMBI MJIM K CTEKY HESIBHO
HCTOJIb3yeTcsl MH(GOPMAalLUA U3 BIIOJHE ONMpEAeIeHHBIX CETMEHTHBIX PerucTpoB. B 3a-
BUCUMOCTH OT pexXuMa paboThI Ipolieccopa Mo UX COAePXKUMOMY OIpENeNsioTCs aape-
ca MaMsITH, ¢ KOTOPBIX HAYMHAIOTCS COOTBETCTBYIOIINE CETMEHTH. B mporpammHoii Mo-
nenu 1A-32 umeercs mecth ceemenmusixpeeucmpos CS, SS, DS, ES, GS, FS, cnyxanmx mis
JOCTyIa K YETHIPEM THUIIAM CEIMEHTOB.

Cezmenm koda coIepXUT KOMaHIbI TporpaMMsl. JIJ1st JOCTyma K 3TOMY CETMEHTY CIy-
XUT peeucmp ceemenma koda (Code Segment register) CS. OH comepXuT ampec cer-
MEHTa ¢ MAIIMHHBIMU KOMaHJIaMM, K KOTOPOMY MMeeT AOCTYII Ipolieccop (3T KO-
MaHJIbl 3arpyXaloTcsl B KOHBeiiep mpolieccopa).

Ceemenm dannbix COIEPXKUT 00pabaThIBacMbIe IMpOrpaMMoi maHHbBIe. Jmsg mocTyma
K 9TOMY CETMEHTY cayxcum peeucmp ceemenma oannvix (Data Segment register) DS,
KOTOPBIN XPaHUT afpec CerMeHTa JaHHBIX TEKYILEeH IMporpaMMBbl.

Ceemenm cmeka TIpeliCTaBIISIET cOOOM 00JaCTh MTAMSITH, Ha3bIBaEMyI0 CTeKOM. Pabo-
TY CO CTEKOM IPOLECCOp OPTaHU3YET 10 CIeAyIoeMy TPUHLIUITY: TIOCIEAHUHN 3a1u-




46 naea 2. MporpammMHo-annapaTtHasa apxmTtekTypa IA-32 npoueccopos Intel

CaHHBIN B 9Ty 00JIACTh JIEMEHT BBIOUpaeTcs MepBbIM. 115 JocTyna K 3Toi 061acTr
CITYKUT peeucmp ceemenma cmera (Stack Segment register) SS, comepxammit anpec
CerMeHTa cTeka. .

No  JlonoanumenvHulit ceemenm danubix. HessBHO alrOprTMBI BBITTOJTHEHUS OOJIBIITMHCTBA
MalllMHHbBIX KOMaH/ IPEAIoJaraioT, YTo o0padaTbiBaeMble UMU JaHHbIE PACIIOI0XKE-
HBI B CETMEHTE JaHHBIX, aApec KOTOPOTO HaXOAUTCS B PETUCTPE CerMeHTa JaHHbIX DS.
Ecnu mporpamMmme HeIOCTAaTOYHO OAHOIO CETMEHTAa JAHHBIX, TO OHAa MMEET BO3MOX-
HOCTb 3a/Ie/iICTBOBAaTh €llle TPU JOMOJHUTEIbHBIX CETMEeHTa JaHHbIX. Ho B oTanuue
OT OCHOBHOTO CerMeHTa JaHHBIX, aJpec KOTOPOro CoAepKUTCs B peructpe DS, mpu
MCIOJb30BaHUU TOTOJHUTEIbHBIX CETMEHTOB JaHHBIX UX ajJpeca TpedyeTcsl yKa3bl-
BaTh SIBHO C TIOMOIIBIO CITeLIMAIbHBIX TPE(hUKCOB MePEOIpeaeIeHUsI CETMEHTOB B KO-
MaHe. Anpeca JOMOJHUTEIbHBIX CETMEHTOB JaHHbBIX TOJIXKHBI COIEPKAThCs B peei-
cmpax 0onoaHumenvHozo ceemenma dannuix (Extension Data Segment registers) ES,
GS, FS.

PerucTpbl COCTOSSHUSI M yNpaBieHus

B nponeccop BKIoUYeHBI Ba peTucTpa (CM. puc. 2.5), MOCTOSHHO coaepkaliue nHGpop-
MaIMIO O COCTOSTHMM KaK CaMOTO MPOlIeccopa, Tak M MPOrpaMMbl, KOMaH/1bl KOTOPO# OH
B JaHHBIIT MOMEHT 0OpabaTkIBaeT:

ii permcTp-ykaszarenb komaHn EIP/IP;
it perucrp daaros EFLAGS/FLAGS.

C MOMOILBIO 3TUX PETUCTPOB MOXHO TaKXKe OTpaHUUYEHHBIM 00pa3oM yIpaBJIsITh CO-
CTOSIHMEM TMpolieccopa.

Pezucmp-yiazamensv komand (Instruction Pointer register) EIP/IP umeer paspsaanocts
32(16) 6uta 1 cooepXKUT CMellleHNe CIeoyIolel Mo1IeXaleil BEIIOTHEHUIO KOMaH b
OTHOCUTEJILHO COIePXKMMOTO peructpa cerMmeHTa koaa CS B TEKyllIeM CerMeHTe KOMaHI.
DTOT pernucTp HEMOCPEACTBEHHO HEIOCTYIECH IPOrpaMMUCTY, HO 3arpy3Ka U U3MEHEHUE
€ro 3Ha4yeHMs MPOU3BOASATCS Pa3IMYHBIMUA KOMaHIaMU YIIPaBACHUSI, K KOTOPBIM OTHO-
CATCSI KOMaH/Ibl YCIOBHBIX U 6€3YCIOBHBIX MIEPEX0I0B, BBI30Ba MPOLIEAYp U BO3BpaTa U3
npoueayp. Bo3HMKHOBeHUE MPepbIBAHUIA TAKXe MPUBOIAUT K MOAUGUKALIMM PErUCTpa
EIP/IP.

Paspsinnoctbpeeucmpa ¢aaeos (flagregister) EFLAGS/FLAGS pasHa 32(16) 6uram. OT-
JeJIbHbIC OUTHI JAHHOTO PErMCTpa UMEIOT onpeaeieHHOe GyHKIIMOHAIbHOE Ha3HAYeHUE
¥ Ha3pIBaIOTCS @hraeamu. Mianiras yacts peructpa EFLAGS/FLAGS mosHOCTBIO aHAoO-
rnyHa peructpy FLAGS ripouieccopa i8086. Ha puc. 2.6 moka3aHO coaepXKMMOE permcrpa
EFLAGS. '

HUcxons n3 ocobeHHOCTEM I/IcnonbsoBaHI/Iﬂ, ¢umaru peructpa EFLAGS/FLAGS moxxHO
pa3neanuTh Ha TPU TPYIIIIbI.

B nepsyto rpynny dnaros peructpa EFLAGS/FLAGS BxonmsT 8 ¢raeoe cocmosinus. 3t
dbaary MOTyT U3MEHSITBCS TOCJIe BBIITOJTHEHUSI MAITMHHBIX KOMaHa. Piaarv cocTOSTHUS
peructpa EFLAGS oTpaxaioT 0oCOOEHHOCTH pe3yJibTaTa MCIOJHEHUS apuPMeTHIecKUX
WJIN JIOTUYECKUX OMepaluii. DTo 1aeT BO3MOXHOCTb aHAJIU3UPOBAaTh COCTOSIHUE BBIYKC-
JIUTENBHOTO MPOLIECCA U PearnpoBaTh Ha HETO ¢ MOMOLIbI0 KOMAHL YCJIOBHBIX MEPEX0-
JIOB U BbI30BOB MOAMPOrPaMM.
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DJIATN COCTOAHUS :
.dnar Bnc {HOCTU 3apaun
— YPOBEHb MPVBUIIENMPOBAKHOCTY BEOAA-BLIBOAA
¢nar nepenonHexwus
dnar 3Haka
-conar Hyna
BCMIOMOraTerbHblii ¢nar nepeHoca
¢dnar nepeHoca
dnar yetHoCcTN

eflags (0..31) flags (0. 15)
M|..|21(20]19 |18 |17 |16]15]| 14 |13 12 06 |05]|04|03]02]|01 [00
o|..|D|vipjviFlac|vm| RF| 0 [NT| 10PL |OF|DF| IF | TF|SF{zF! o |AFf 0 |PF| 1 |CF
DJIAT YNPABJIEHUA: . CUCTEMHDIE ®JIATU:
¢nar Hanpaenexus I_tbnarrpaccupoaxu
L ¢nar npepuisanus

¢nar Bozo6HOBNEHUS

cbrar eupryansHoro 8086

cbnar KoHTpoNs BbIPaBHMBaHMS
conar BMpTyansHOro nNpepbiBaHus
tbnar oTIoXKEeHHOro NpepbIBaHNS
(ana pexuma BupTyansbHoro i8086)
dnarnoaaepXkunaeHTUGMKaummn
npoueccopa

Puc. 2.6. Conepxumoe peructpa eflags

5 @uae nepenoca (carry flag) CF:

1 — apudmMeTnyeckas onepanns Iporu3Besa IepeHoC U3 CTapIIero OuTa pe3yib-
TaTta, CTapIINM SIBJIsIeTCs 7-i, 15-1 vm 31-ii OUT B 3aBUCMMOCTH OT pa3MEPHOCTH
omnepaHpa;
O — nepeHoca He ObLIO.

#  @Daae wemnocmu (parity flag) PF:

1 — 8 MumaIux pa3psimoB (3TOT (py1ar TOIBKO IS 8 MIaAIINX pa3psa0B OlepaH-
I1a MoOoro pasMepa) pe3ysibTaTa CoaepKaT YeTHOE YMCIIO eAMHUII,

0 — 8 mmagmux paspgaa0B pe3yjbTaTa COACPKAT HEYETHOC YUCIIO CAMHMUII.

#  Bcnomozamenvuwili paae nepenoca (auxiliary carry flag) AF mpumeHsieTcst TobKo 115
KoMaH[, paboTatontux ¢ BCD-unciamu. @ukcupyeT hakT 3aemMa U3 MIaIIIei TeT-
pamsl pe3yibTara;

1 — B pe3ysbTaTe OINepaly CIOXeHHS OBbLT MPOU3BEICH MEPeHOC U3 pas3psaa 3
B CTApIIUH pa3psia MJTH TIPM BEIYUTAHWH OBLT 3a€M B pa3psin 3 MTaIIeii TeTpambl
13 3HaYeHUs B CTapIllell TeTpae;

0 — mepeHoCoB U 3aeMOB B TPETHIA pa3psi (U3 TPEThETO pa3psiaa) Maaalieit TeT-
pazbl pe3yiabTaTa He ObLIO.

% @aae wyas (zero flag) ZF:
1 — pe3ynbTaT HyJICBON;
O — pe3yJIbTaT HEHYJIEBOA.



48 naea 2. lNMporpammHo-annapartHas apxutektypa IA-32 npoueccopos Intel

*  @nae 3naka (sign flag) SF oTpaxaeT cocTosiHUe cTapliero oura pesynbrara (OUTHI 7,
15 unu 31 g 8-, 16- unum 32-pa3psimHbIX OTIepaHI0B COOTBETCTBEHHO):

1 — crapiuii 6uT pe3yabTara paBeH 1;
0 — crapuiuii 6uT pesysabTara paBeH 0.

X  Daae nepenoanenus (overflow flag) OF ucnonbayercs mist pukcauuu $hakra nmoTepu
3Hayallero OuTa npu apuOMeTUecKuX oneparusx: '

1 — B pe3ynbTate onepaniy MPOUCXOIUT ITEPEHOC B CTAPINUIA 3HAKOBEIH OUT pe-
3yJIbTaTa WM 3a€M U3 CTApIIEro 3HaKOBOTo OuTa pesyibrara (OuThl 7, 15 wmm 31
1151 8-, 16- unm 32-pa3psimHbIX ONEPaHIOB COOTBETCTBEHHO);

0 — B pe3ysbTaTe onepanyy He TPOUCXOIUT MepeHoca B CTaplInii 3HAKOBBII OUT
pe3ynbTaTa MM 3aeMa M3 CTapliero 3HaKOBOTo OKMTa pe3yiabTaTa.

Yposenw npusuneecuposannocmu 6soda-evieoda (Input/Output privilege level) 10PL
UCITONIB3YETCS B 3alIUIIEHHOM pexXuMe paboThl IIpolieccopa IJisl KOHTPOJIS AOCTyIa
K KOMaHJlaM BBOJIa-BbIBOAA B 3aBUCMMOCTH OT IIPUBWJIETMPOBAHHOCTH 3aJa4M.

Dnaz enoncennocmu 3adauu (nested task) NT UCIIONb3yeTCA B 3aLIUILEHHOM PEXMME
paboTHI mpoleccopa Al pUKcaluy Toro akra, 4To OJHA 3aJavya BIOXKEHA B APY-
Iyio. :

Bo BTopyio rpynny dmaaros (rpymnmna ¢uaros ynpasieHus) peructpa EFLAGS/FLAGS
BXOIUT Bcero oauH ¢uae Hanpasnenus (directory flag) DF. OH HaxomuTcsl B AecsaToMm
oute peructpa EFLAGS u ucrosip3yercs 1ienmoyeyHbIMU KOMaHaaMu. 3HaueHue dara DF
OIpeesieT HampaBJeHUe MO3JIEMEHTHOM 00pabOTKM B 3THX OIepalMsix: OT Hayajia
ctpoku K KoH1ly (DF = 0) 1u60, Hao60poT, OT KOHLIa CTPOKU K ee Havany (DF = 1). [lng
paboTs ¢ hiaarom DF cymiectByior crienmanbHbie KoMaHabl CLD (cHsTh itar DF) u STD
(ycranoButs iar DF). ITpuMeHeHue aTux KoMaHn 1mo3BossieT npusectu diar DF B co-
OTBETCTBUE C AITOPUTMOM U 00ECIIeYUTh aBTOMAaTUYECKOE YBEJIUUEHUE WU YMEHbIIIe-
HME CYETYMKOB MPY BBIMOJHEHUHU ONlepaliMii CO CTPOKAMMU.

B tpetbio rpynmny ¢daaroB peructpa EFLAGS/FLAGS Bxomut 8 cucmemnbvix ghaaeos,
YIPaBJSIOLUIUX BBOIOM-BBIBOJIOM, MACKMPYEMBIMU ITPEPBIBAHUSIMU,, OTIAIKOM , IEPEKITIO -
YeHUEeM MEXIy 3aJauyaMu U peXUMOM BUPTyaJbHOTO Tpoleccopa 8086. TTpukiagHbiM
IporpaMMaM He peKOMEHIyeTCsS MOAN(PUIIMPOBATH 0e3 HEOOXOIUMOCTH 3TH (hIaru, Tak
KaK B OOJIBIIMHCTBE CJIyYyaeB 3TO BEAET K IPephIBAHNIO paObOTHI ITporpaMMEl. [dajee me-
pevyuceHbl CUCTEMHBIE (hJIark U UX Ha3HAYeHUeE.

Daae mpaccuposku (trace flag) TF npenHasHaveH A1l OpraHU3alMy IMOMIATOBOM pa-
0OTHI MpolEeccopa:

1 — mpolieccop reHepupyeT MpepbiBaHUe ¢ HOMEPOM | TocJie BHIMOJHEHUS KaX-
JOW MalIMHHOM KOMaHIbl (MOXET MCIIOJIb30BaThCsl MPU OTJAAKE MPOrpaMM,
B YACTHOCTM OTJIAAYMKaAMHU);

0 — oOb1yHas pabora.

#  @aae npepwisanus (interrupt enable flag) IF mpenHasHaueH misa paspelieHUs WK

3arnpenieHus: (MacKMpoBaHUs) amnapaTHBIX MpepbIBaHUii (MTpephIBAHUI 1O BXOIY
INTR):

1 — anmapaTHbIe TpepbIBAHUS pa3peIIeHb;
O — ammapaTrHble TpepbIBaHUs 3aIPEIleHbI.
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Dnae 60306H061eHus (resume flag) RF mcmonb3yeTcss mpu 06paboTKe MpephiBaHUI
OT PErUCTPOB OTIAAKHU.

N ®@aae pexncuma supmyansrozo npoyeccopa 8086 (virtual 8086 mode) VM sBistercst
MPU3HAKOM paboTHI MpoIleccopa B peXXuMe BUPTyanrbpHoTo 8086:

1 — mporeccop paboTaeT B pexKUMe BUPTYaJIbHOTO mmpoieccopa 8086;
O — mpoueccop paboTaeT B pealbHOM WK 3alIUILIEHHOM pPeXIMe.

Dnae konmpoas evipasuusanus (alignment check) AC mpegHasHaueH U paspelie-
HMS KOHTPOJISI BBIpaBHMBAHUS ITPY 00paleHUIX K MaMaTu. Mcrosb3yeTcs: COBMECTHO
conrom AM B cuctemuoM peructpe CRO. Kmpumepy, Pentium pasperaeT pa3meniarsh
KOMaHIbl M JaHHBIE HayMHasg C moboro agpeca. Eciu TpeOyeTcss KOHTpOIMPOBaTh
BhIpaBHMBAHME JaHHBIX 1 KOMaHI 10 aapecaM, KpaTHBIM 2 WJIH 4, TO yCTaHOBKA TaH-
HBIX OMTOB IPHWBEAET K TOMY, YTO BCe OOpallieHUsI IO HEKPaTHBIM ampecam OymayT
BO30YXXIaTh UCKIIOUUTEIbHYIO CUTYalIMIO.

#  Quae supmyanvioeo npepuisanus (virtual interrupt flag) VIF, mosiBuBIImiicss B mpo-
1eccope Pentium, mpu omnpeaeneHHBIX YCI0BUIX (OAHO M3 KOTOPBIX — padoTa Ipo-
Leccopa B v-pexxume) gapisiercs aHagorom diara IF. ®ar VIF ucnosb3yercs coBme-
CTHO ¢ ¢harom VIP.

Danae omaoxcenroeo eupmyansvrozo npepuieanus (virtual interrupt pending flag) VIP,
MOSIBUBIIMIACS B Iipolieccope Pentium, yctaHaBnuBaercs B 1 A1 MHIMKAIIUK OTJIO-
SKEHHOTO MpepbiBaHMs. VICIob3yeTcs Mpy paboTe B V-PeXXUME COBMECTHO € (pi1arom
VIF.

Dnae udenmugpurayuu (identification flag) 1D ucnoab3yercs st TOro, 4ToObI MOKa-
3aTh (PakT MomHIepKKM mpoiieccopoM mHcTpykumm CPUID. Ecam mporpamMma MoxXeT
YCTaHOBUTH WJIM COPOCUTD 3TOT (h1ar, 3TO O3HAYaeT, YTO JaHHAsT MOJAEJIb ITpoLieccopa
noamepxuBaeT nHcTpykuuio CPUID.

OpraHusaunsa namaTv

®duznyeckast TaMsATh, K KOTOPOIi IIpoLieccop MMEET OCTYIT 0 LIHe aapeca (cM. puc. 1.2),
Ha3bIBACTCSl OnepamueHoll namsmvio (UM OTePATUBHBIM 3aNIOMUHAIOIIUM yCTPOIi-
ctBoM — O3Y). Ha caMoM HMXXHEM ypoBHe MaMsTh KOMIIbIOTEpPa MOXKHO paccMaTpy-
BaTh KakK MaccuB 6umog. OIWH OUT MOXeT XpaHUTh 3HaueHue 0 vt 1. JIng pusmyeckoi
peanu3aluy GUTOB U pabOThl ¢ HUMU UAEANBbHO MOAXOIAT JOorMueckue cxeMbl. Ho mpo-
Leccopy HeyaoOHO paboTaTh ¢ MaMsThIO Ha YpOBHE OMTOB, 03TOMY peaibHo O3Y opra-
HM30BAaHO KaK TMOCJEJOBATEIbHOCTD sSueeK — Oaiimog. OIuH GalT COCTOUT U3 BOCEMU
ouroB. KaxnoMy 6aiiTy COOTBETCTBYET CBOM YHMKANbHbBIN afpec (er0 HOMep), Ha3hIBa-
eMblii gusuyeckum. J1nama3oH 3HaYeHU HU3MUECKUX aIpEeCcOB 3aBUCUT OT Pa3psaHOC-
TU IIUHBI agpeca mpoueccopa. [ng i486 m Pentium oH HaxoguTcs B IMpeaenax oOT
O 1o 2% - 1 (4 I'6aiit). ng mpoueccopos Pentium Pro/I1/I11/IV stor nuanazon
mpe — ot 0 mo 2% - 1 (64 I'Gaiir).

MexaHU3M YIpaBlIeHUS MaMAThIO TIOJHOCTBIO ammapaTHbIA. DTO 03HAYAET, YTO MPO-
rpaMMa He MOXeT cama ¢(hopMUPOBaTh (HPU3NUECKUIA afpec MaMSITH Ha aIpecHON IIMHE.
Eit mpuxoauTcs «urpath» 1Mo MpaBuiIaM mpoieccopa. YTo 3To 3a mpaBuiia, MH y3HaeM
4yTh M03Xe. [10Ka e OTMETUM, 4TO B KOHEUHOM UTOTe 3TOT MEXaHU3M M103BOJIsET 0bec-
MEYUTh:
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*  KOMIIAKTHOCTh XpaHEHMS afipeca B MallMHHOM KOMaHJIE;

M rubkocTh MexaHU3Ma aipecalliiy;

# 3alIUTy aIpeCHBIX IPOCTPAHCTB 3aJa4 B MHOT03aJa4yHOl CUCTEME;
X mommepXKy BUPTyaJbHOI MaMSITU.

I[Ipolieccop ammapaTHO MOMAEPXUBAET ABE MOMAEIU MCIIOIb30BAHMS OMEPATUBHON
MaMsITH.

B ceemenmuposannoii modeau mporpaMme BBIIEISIOTCS HeMpepbIBHbIE 00JacTH Ta-
MSTH (CETMEHTHI), a caMa IporpaMMa MOXET 00pallaThCs TOJBKO K JaHHBIM, KOTO-
pble HAaXOISTCS B 3TUX CETMEHTaX.

Cmpanuynyo modeab MOXHO paccMaTpuBaTh KaK HaJICTPOMKY Hal CerMEHTUPOBaH-
HOI Mogmenblo. B ciydae Mcmoib30BaHMST 3TOM MOJEIU OIepaTUBHAs MaMSTh pac-
CMaTpUBaeTCs KaK COBOKYITHOCTh OJIOKOB (pMKCHpOBaHHOTO pa3Mepa (4 Koaiit u 0o-
nee). OCHOBHOE NpUMEHEHHE 3TOil MOJIE/IM CBA3aHO C OpTaHM3alell BUPTYaIbHOI
MaMsITU, YTO TO3BOJISIET OMEPAlMOHHOW CHCTeME WCIIOIb30BaTh ISl PabOThl TPO-
rpaMM IIPOCTPAHCTBO MaMSTH OoJIbIlIee, YeM 00beM (pu3ndecKoi mamsatu. s mpo-

" Heccopos 486 1 Pentium pazMep BO3MOXHOI BUPTYaIbHOIl MaMATU MOXET TOCTHU-
ratb 4 ToOaiir. '

cerMeHTVIDOBaHHa'il Mogesib namsTu

Ceemenmayus — MeXaHU3M apecaliiu, o0ecreYnBaoLInil CYIIeCTBOBAHUE HECKOIBKUX
HE3aBUCUMBIX aipeCHBIX IIPOCTPAHCTB KaK B Ipeeiax OMHOM 3aJau, TaK M B CHUCTEME
B LIEJIOM TSI 3aUTHI 33124 OT B3aMMHOI'O BIMSHUS. B ocHOBe MexaHM3Ma CerMeHTa-
LUK JIEXUT TOHSATUE ceeMerma, KOTOPBIi IpeAcTaBiseT co00il He3aBUCUMBII MOAIep-
>KMBaeMbIil Ha almapaTHOM YPOBHE OJIOK ITaMSITH.

Korga MBI paccMaTpyBajIi CETMEHTHBIE PETMCTPhI, TO OTMEUAIN, YTO JIJIST TPOLIECCO-
poB Intel, HaunHag ¢ i8086, mpUHAT 0cOOBIA MOAXOA K YIpaBlIeHI0 MaMsaThio. Kaxmas
nporpamma B OOILIEM Clydae MOXET COCTOSATb M3 JII0OOro KOJIMYecTBa CETMEHTOB, HO
HeNoCPeICTBEHHBII JOCTYIT OHA UMEeT TOJIBbKO K TPeM OCHOBHBIM CErMeHTaM (Koga, JaH-
HBIX M CTe€Ka), a TAKXKe K JOMOJHUTEIbHBIM CerMEHTaM JaHHBIX YMCJIOM OT OZHOTO A0
tpex. IIporpaMMa HUKOrIA He 3HAET, IO KaKUM (PU3MYECKUM azpecaM OyayT pa3Mele-
HBI €€ CerMEHTHI. DTUM 3aHMMaeTcs olepalroHHas cucteMa. OmnepalliOHHAs cHCcTeMa
pa3MeliaeT CerMeHTHl MPOrpaMMbl B OIIEPATUBHON MaMSATH II0 ONpPeaeIeHHBIM (PU3u-
YecKUM ajipecaM, Mocjie Yero nmomelnaeT 3HaueHUsI 3TUX aipecoB B OMpeieeHHbIE MeC-
Ta. Kyna uMeHHoO, 3aBUCUT OT pexxuMa paboThl mpolieccopa. Tak, B peallbHOM peXume
9TU ajipeca MOMEIal0TCsl HEMOCPEICTBEHHO B COOTBETCTBYIOIINE CETMEHTHbBIE PETrvCT-
PBL, a B 3alIUIIEHHOM PeXMMe OHM pa3MellaloTCs B 3JIeMEHTHI CIIeLIMaJIbHOM CUCTEMHOMR
JEeCKPUIITOPHOI TabMULIBl. BHYTpM cerMeHTa mporpaMma oOpaliaeTcs K aapecaM OTHO-
CUTEJIEHO Havajla CerMEHTa JIMHEWHO, TO ecTh HaunHast ¢ 0 ¥ 3aKaH4YMBasI aipecoM, PaB-
HBIM pa3Mepy CerMeHTa. DTOT OTHOCUTENIbHBIN afpec, WU cMelyeHue, KOTOPBIH mpoliec-
COp MCIOJIb3YeT IJIST JOCTYIA K JAaHHBIM BHYTPH CerMeHTa, Ha3bIBaeTCs dPdeKmusHbim.

Otnnyust Mozeneil cerMeHTUPOBAHHOM OpPTaHM3aLUU MaMSTH B Pa3IU4HbIX PEXNU-
MaxX XOpOILIO BUIHBI Ha cxeMe (puc. 2.7). Pa3nmuyaior Tpu OCHOBHBIX MOIEIM CETMEHTH-
POBaHHOI OpraHMU3aIU MaMSITH:

CEITMCHTHPOBaHHAasA MOICJIb MaMATHU pE€aIbHOI'O pEXKMMa,
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# CEIMECHTHUPOBaHHAA MOACb ITaMATU 3allIUIIEHHOTO pEXKMMaA,

#  CIUIOLIHASA MOJAE/b IMaMATH 3alUILIEHHOTO peXxunma.
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Tabmmua MNamatb
[ECKPUNTOPOB

Puc. 2.7. Mogenn namaTtu npoteccopos Intel

51

PaccmoTrpum mopsinok dhopMupoBaHus (HU3UMUECKOTO afpeca B peabHOM U 3allly-
LIEHHOM peXuMax. YTOUHUM TepMuHojoruto. Ilon gusuueckum adpecom moHumaercs
azpec MaMsATH, BblIaBaeMblil Ha IIMHY agpeca MpoLeccopa. Hpyroe Ha3BaHKe 3TOro aj-
peca — auHeiinbiii adpec. TlogoOHasT BOMCTBEHHOCTh B Ha3BaHMM OOYCJIOBJICHA HaJlM-
YyueM CTpaHUYHON MOJEIW OpraHM3alluu ONEepaTUBHON MaMATU. DTU Ha3BaHUS SIBJIsI-
IOTCSl CHHOHMMAaMU TOJIBKO MPU OTKJIOUYEHUU CTPAaHMYHOTO Mpeodpa3oBaHus aapeca
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(B peaJIbHOM peXXMMe CTpaHUYHas afipecalius Bceraa oTkiaoyeHa). CTpaHu4YHasi MOJENb,
KaK Mbl OTMETHJIM paHee, SIBISIETCSl HAaACTPOMKOM Hal CeTMEHTUPOBAHHON MOJEbIO.
B cTpaHuyHO# Moxenu TUHEHHbIH U U3MUECKUil aapeca UMEIOT pa3Hble 3HaYeHUs. Jla-
Jiee Mbl OyJieM 00CYXIaTh CXeMy, Ha KOTOPOU MoKa3aH MopsaoK (popMUpoBaHMS aapeca
B peaJIbHOM pexkuMe paboThl nmpoiieccopa. O0paTuTe BHUMaHUE Ha HaJIU4YuUeE B 3TOM cxe-
M€ YCTPOICTBa CTPAHMYHOIO Npeobpa3oBaHus aapeca, NpeaHa3HauYeHHOTO AJIsl TOro, YTo-
Obl COBMECTUTh JIBE NIPUHLUUMIIMAJIbBHO Pa3HbIC MOAC/IU OpraHuU3aluu OHCpﬁTMBHOVI rna-
MATH U BblAaTb Ha IIMHY aapeca UCTUHHOEC 3HAYECHUEC (1)1/131/1‘{CCKOF0 ajJpeca rnmaMsTu.

dopmupoBaHne dusnyeckoro agpeca B peanibHOM pexume

Jlanee mepeurcieHbl XapaKTepUCTUKNA MeXaHM3Ma aapecaluy GU3M4ecKoil maMsaTu

B peaJIbHOM peXMME.

#% JlmamazoH M3MeHeHusl pusrueckoro agpeca — ot 0 go 1 Mo6aiir. D1a BeanyuHa omnpe-
JeJIsIeTCs TeM, YTo IuHa agpeca i8086 nmena 20 TuHUIA.

# MakcuMasbHBIi pasmep cerMenTa — 64 K6aiir. D10 00bsicHsIeTCS 16-pa3psigHoit
apxutektypoii i8086. HeTpynHo moacuuTath, YTo MaKCMMalbHOE 3HaUeHUE, KOTO-
poe MOTyT colepxkaTb 16-pa3psiiHble PervcTphbl, coctaBisieT 2'¢ - 1, 4TO MpUMeHU-
TEeJIbHO K TIaMSITH U OTpeAesaeT BeTnunHy 64 Koaiit.

7151 oOpalleHrst K KOHKPETHOMY (bU3MYECKOMY aipecy OornepaTUBHOMN MaMsITU He00-
XOIMMO OTPENEIUTD aPeC Hayajla CerMeHTa (CeTMEHTHYIO COCTABISIIOUIYIO) U CMe-
IIIEHWE BHYTPU CETMEHTA.

[MoHsTue adpeca navasa ceemenma BBUAY NPUHIIUIIUATBHON BaXKHOCTU TPeOYyeT 10-
IMOJIHUTEJIBbHOTI'O ITOSICHEHU . I/ICXOZLH n3 paBpHLlHOCTl/l.CeFMGHTHbIX PErncTpOB, MOXKHO
yTBEpXIaTh, YTO CETMEHTHAs COCTaBsIolIas aapeca (WIM 6a3a ceemeHma) TPeACcTaB-
JIIeT CO0OM BCETO JIMIIb 16-pa3psiHoe 3HAYeHUE, IOMEIIEHHOE B OMMH M3 CErMEHTHBIX
perucTpoB. MakcuMmajibHOE 3HaUeHUE, KOTOPOE MPHU 3TOM TOJYy4aeTcsi, COOTBETCTBYET
2'6 _ 1. Ecm TaK paccyXaath, TO IOJYYAETCs, YTO afpec Hayajaa CETMEHTA MOXET ObITh
ToJbKO B nuamnasoHe 0-64 KoGaiit or Hayaja ornepaTBHOM naMmsaTu. BosHukaer Bompoc,
KaK aJpecoBaTh OCTaJIbHYIO YaCTh ONIepaTUBHOM MaMsTHU BIUIOTh 10 1 MOaiT ¢ yueToM
TOT0, YTO Pa3Mep CaMOro cerMeHTa He npesbimaeT 64 Koaiir. /leio B TOM, 4TO B CETMEHT-
HOM PETUCTpe comepxarcsl ToJabKo cTtapiie 16 0utoB (puznueckoro agpeca Hauaua cer-
MeHTa. HenmocTaromue miaaime yeTeipe 0uta 20-pa3psigHOro aapeca IojiydarTcs CIBU-
TOM 3HaU€HUs B CETMEHTHOM DErucTpe BieBO Ha 4 paspsna. DTa omepaius CIBUra
BBITIOJIHSIETCS allMapaTHO U ISl TPOrpaMMHOTO 0bOecredeHHs] abCOMIOTHO MPO3pavHa.
IMonyuusiueecs: 20-pa3psiiHOE 3HAYEHWE U SIBJSIETCS HACTOSIIIUMM (DU3UYECKUM ajipe-
COM, COOTBETCTBYIOILIMM Hayaly cerMeHTa. YTo KacaeTcsi BTOpOoro KOMIOHEHTa (cumewye-
HUs), Y4aCTBYIOLIETO B 00pa3oBaHUM (DU3MUECKOTrO ajpeca HEKOTOPOro o0bekTa B Ia-
MSTH, TO OH TPEACTaBIseT coboi 16-pa3psgHoe 3HaueHUe. DTO 3HAYCHUE MOXET
COJePKAThCS IBHO B KOMaH/Ie MO0 KOCBEHHO B OMHOM M3 PETUCTPOB OOILEro Ha3Have-
Hus. B mpoleccope 3TH Be cOCTaBASIOLINE CKIaAbIBAIOTCS Ha annapaTHOM ypOBHE,
B pe3yJibTaTe MoJydyaeTcsl (hu3MyecKuil ajpec mamsiT pasmepHocTblo 20 OuToB. [laH-
HBI MeXaHMU3M 00pa3oBaHUS (PM3MYECKOTO ajpeca MO3BOJISICT cleaaTh MPOrpaMMHOE
obecrevyeHye epeMeliaeMbIM, TO €CTh He 3aBUCSILIIUM OT KOHKPETHBIX aipecoB 3arpys-
KM €T0 B ofepaTUBHOM namsTu (puc. 2.8).
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Puc. 2.8. MexaHn3am dopmmpoBaHnsa GU3nNHECKOro agpeca B peasisHOM pexmme

Ha pucyHke xopoiio BUIHO, KaK (DOPMUPYETCS HEKOTOPBIN LieaeBoi (hU3nYeCcKUit
aZipec: CErMEHTHAs YacTh U3BJIEKAETCS U3 OMHOTO U3 CETMEHTHBIX PETMCTPOB, CABUIACT-
Csl Ha YEThIpe pas3psija BIEBO U CYMMUPYETCSl CO CMellleHuEM. B cBolo ouepeab, BUIHO,
YTO 3HAYEHUE CMEIIEHUS MOXHO MOJYYUTh MUHUMYM U3 OJHOTO U MAKCUMYM M3 TPEX
HMCTOYHUKOB: U3 3HAYEHUSI CMELIEHUS B CAaMO MAIIMHHOM KOMaHIe W/UJIU U3 CONEPKH-
MOT'0 OJHOTO 0a30BOTO M/WJM OTHOTO MHIEKCHOTO peructpa. KoanyecTBo HCTOUHUKOB,
YYacTBYIOIIUX B (POPMUPOBAHUU CMEIICHUS, OMpEAesseTcs] KOMMPOBaHUEM KOHKpPET-
HOM MAllMHHOW KOMaHIbl, U €CJIM TAaKUX UCTOUHUKOB HECKOJbKO, TO 3HAYEHUS B HUX
cKJIaabIBaloOTCs. B 3akiloueHue 3aMEeTUM, YTO HE CTOMT BOJHOBATHCS M3-32 HECOOTBET-
CTBMS pa3MepoB INMHBI agpeca mnpoiueccopa i486 unu Pentium (32 6ura) u 20-paspsia-
HOTO 3Ha4YeHMs (U3MYECKOTO afpeca pealbHoro pexuma. [loka npoueccop HaxoAUTCA
B peaJbHOM peXuMe, crapiiue 12 JUHUM ITMHBI agpeca MOMPOCTY HEAOCTYITHBI, XOTS
IIPU OIPeIeJCHHBIX YCIOBUSIX U CYILECTBYET BO3MOXHOCTb paOOThI ¢ epBbiMU 64 KoGaiit
ONnepaTUBHOM MaMSTH, JeXalluMU cpa3y Nocje NnepBoro Merabaira.

Henocrarku Takoii opraHu3aluy MaMsITH:

M cermeHTH OECKOHTPOJBHO pa3MeIIaloTcsl ¢ JII0b0ro aapeca, KpaTHOro 16 (Tak Kak
COlepKMMOE CEeTMEHTHOIO PErMcTpa ammapaTHO cMellaeTcs Ha 4 paspsga), M, Kak
CJIeACTBUE, MpOrpaMMa MOXET oOpalliarbcs Mo JIoObIM aapecaM, B TOM YUCJIE U pe-
aJIbHO HE CYILECTBYIOILIUM,

&

CerMeHThl MMEIOT MaKCUMallbHBIN pa3mep 64 Koaiir;

A

CErMEHTBI MOTYT MEPEKPHIBATHCS IPYTUMU CETMEHTAMM.

KenaHueMm BBECTU B apXMTEKTYPY CPEACTBA, IMO3BOJISIONIME U30aBUThCS OT yKa3aH-
HBIX HEIOCTAaTKOB, U OOYCIOBJEHO, B YaCTHOCTH, MOSIBJIEHWE 3alIMIICHHOTO peXuMma,
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B KOTOpOM pabOTaioT BCe COBpEMEHHBIE OIepalliOHHbIE CUCTEMBI, B ToM yncie Windows
u Linux.

dopmMmupoBaHue Gp13N4ECKOro agapeca B 3alMLLEHHOM peXume

OcHOBHasl ujiesl 3alIUIIEHHOTO PeXUMa — 3allUTUTh UCTIONHSIEMbIe TTPOLIECCOPOM TPO-
rpaMMBbl OT B3aWMHOTO BIUSIHUA. B 3allMIIEHHOM pexXuMe MPOLECCOp MOANCPXUBAET
JIBa TUIA 3alIUThl — TI0 MPUBUJIETUSIM U TI0 JOCTYMY K MaMsaTu. B KOHTeKcTe Haliero
M3JIOKEHUSI MHTEPEC TIPEACTABISET BTOPOMl TUM 3alIUThl. Ero Mbl U paccCMOTpUM.

Jlist BBEeIEHUS MIOOOTO MEXaHU3MA 3aUIUThI HYXXHO UMETh KaK MOXHO OOJIbIIE WH-
(opmanuu 06 oObekTax 3amuThl. s mpolieccopa TaKUMKU OOBEKTAMU SIBJISIIOTCS UC-
MOJTHSIEMbIE UM MPporpaMMbl. OpraHu3ys 3alIUTy IPOrpaMM 1o JOCTYIY K MaMsTu, (pupma
Intel He cTana HapylaTh MPUHLIMI CETMEHTAIIMU, CBOMCTBEHHBII ee mpoueccopaM. Tak
KaK Kaxzas IporpaMMa 3aHUMAET OIVIH WJIM HECKOJIbKO CETMEHTOB B TIAMSITH, TO JIOTHY -
HO MMeTbh 0oJiblie MH(pOpPMALMK 00 3TUX CErMEHTaX KaK 00 00beKTax, peaJbHO CylIe-
CTBYIOIIIMX B TAHHBIi MOMEHT B BBIYMCIUTEIBbHON cUCTeME. Eciy KaxmoMy U3 CErMEH-
TOB TIPUCBOUTD OTpe/ieIeHHbIe aTPUOYTHI, TO YaCTh (DYHKIIMI IO KOHTPOJIIO 33 TOCTYIIOM
K HUM MOXHO TIEPEIOXUTh Ha Tiporieccop. UTo u 6buto crnenaHo. JIio0oi cerMeHT mamsi-
TU B 3AIIUIIEHHOM PEXWME UMEET CIEAYIONIUE aTPUOYTHI:

# pacIToIOKEHHE CETMEHTA B MAMSITH;

# pasMep CeTMEHTa;

# YypOBEHb MPUBUJIETUi (OMpeaeseT NpaBa TaHHOTO CErMEHTa OTHOCUTENbHO APYTUX
CErMEHTOB);

W Tum goctyna (ompemensieT Ha3HaYeHUE CETMEHTA);

U HEKOTOpHIE APYTHE.

B omnunie oT peanbHOTO pexxuma, B 3alMIICHHOM PEXWME MporpaMma yxXe He MOo-
KeT 3alpocTo 00paTUThCs Mo JoboMy (GuzuueckKoMmy aapecy namstu. st aToro oHa
JIOJDKHA UMETh OIpPENENEHHbIE MOTHOMOYMS W YAOBJIETBOPATL ALY TPEOOBaHMIA.

KiroueBbIM 00BEKTOM 3aNIUIIIEHHOTO PEXUMA SIBJISIETCS CIIEMaTbHAS CTPYKTYpa —
Oeckpunmop ceemeHma, KOTODBIA TpeacTaBasseT coOoM 8-OaifToBbIN AecKpunTOp (Kpat-

Twvin cermeHTa

|PDPLSICIEDR!WA|
765 43 2 1]0

Pasmep cermeHTta

base_3 . ' (16..19) base 2
Basosbill anpec ' -V v' BasoBbIii anpec
cerventa(31...24) G|D| OI UI limit_2 Bant AR cermerma (23... 16)
63 55 47 39 0

Basosbiii anpec cermenTa (0...15) Pasmep cermenra (0...15)
base_1 limit_1 :
31 15 0

Puc. 2.9. CtpykTypa AeckpnnTtopa CerMeHTa 3allMLLIEHHOrO pexunMa npoLeccopa
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KO€ OTMCaHNe) HETPEPBHIBHON 00IaCTU MaMSITH, COAepXallluil TIepeunCcIeHHbIE paHee
atpuOyThl. Ha puc. 2.9 npuBeneHa cTpyKTypa AeCKPUNTOP CerMEHTa.
[MpuBeneM Ha3HaUeHNE HEKOTOPHIX TOJICi NECKPUTITOPA CETMEHTa:

# limit_1 u limit_2 — 20-paspsuHoe 1oe, onpenesioliee pa3Mep CETMEHTa,;

# base_l u base_2 — 32-paspsanHoe nose, onpeaensioniee 3Ha4eH1e JMHEHHOTO anpe-
Ca HayaJia CCIMEHTA B IMaMsTU,

# AR — 06aiiT, most KOTOpOTo OIpeAeIsIIoT IpaBa JOCTyIa K CETMEHTY;
# D — our pa3psimHOCTHM OTIepaHIOB U anpecoB (r1aBa 3);
# G —OUTTpaHyISIPHOCTH.

B 3anuiieHHOM pexxuMe pa3Mep cerMeHTa He (hMKCUPOBaH, €ro pacriooXeHUe MOXK-
HO 3a1aTh B Tmipeaenax 4 ['0aiir. Eciu mocMoTpeTh Ha pUCYHOK, TO BOZHMKHET BOIPOC:
TOYEMY pa30opBaHbl MOJIsI, OTPeNeIsIIolIe pa3Mep CerMeHTa U ero HavdajJbHBIN (6a30-
BbIit) ampec? DTO pe3ybTaT 3BOJIOLMH POIECCOPOB. 3allUIICHHBIN pEXUM BIIEpPBbIE
nosiBUJICS B mpoiieccope i80286. DToT mpoluieccop MMe 24-pa3psaaHylo aApecHYIO IUHY
1, COOTBETCTBEHHO, MOT aJIpecoBaTh B 3alIUILEHHOM peXuMe 10 16 MOaiiT orepaTuB-
HO# maMsaTu. [J1s 3Toro eMy 1OCTaTOYHO ObLIO MMETh B JECKPUIITOPE MoJjie 6a30BOro
anpeca 24 6uta 1 nose pasmepa cermeHta 16 6utos. Ilocie MosBACHUS MpoLeccopa
i80386 ¢ 32-pa3psimHOIl MIMHOW KOMaHA M JAHHBIX B IIEJIIX COBMECTUMOCTH MPOrpaMM
pa3paboTYMKU HE CTAIM MEHSTb (opMaT JIECKPUITOpPA, a MPOCTO UCIIOIb30BaIU CBO-
6omHbIe TIONIsA. BHYTpU mpolieccopa 3T Mo o0bequHeHbl. BHellIHe e OHM OCTaINCh
pasieJeHHBIMU, U TIPU IIPOTPaMMUPOBAHUY C STUM IIPUXOIUTCSI MUPUTHCS.

Crnenyouuii THTEPECHBI MOMEHT CBSI3aH ¢ TeM, YTO pa3Mep CerMeHTa B 3alllUIIeH-
HOM pexXKUMe MOXET JOCTUraTh 4 I'6aiiT, TO eCTh 3aHMMATh BCE JOCTYITHOE (PU3MUECKOe
MPOCTPAHCTBO MaMsATh. Kak 3T0 BO3MOXKHO, €M CyMMapHBIi pa3mep IoJisl pa3Mmepa
CerMeHTa coctapjsieT Bcero 20 OUTOB, UTO COOTBETCTBYeT BeqnunHe 1 Moaiir? Cekper
CKDBIT B noJie epanyasaprocmu — 06Ut G (cM. puc. 2.9). Eciu G = 0, To 3HaueHue B 1ose
pa3Mepa cerMeHTa 03HavyaeT pa3Mep cerMeHTa B 0aiitax, eciu G - 1, — To B cTpaHMIIaX.
Pasmep ctpanuiisl coctapisieT 4 Koaitt. HeTpynHo moacuuTaTh, 4YTO KOrma MaKCUMasb-
HOE 3HAYeHMeE MOJIs pa3Mepa cerMeHTa coctasisiet 0fffffh;ro aTo cootBeTcTBYeT 1 M CTpa-
HuL uiu BenuuuHe 1 M x 4 Ko6aiit = 4 ['6aiit.

BriBenenne nHdopmannu o 0a30BOM aIpece CeTMEHTa M €ro pa3Mepe Ha ypOBEHb
npoliieccopa Mo3BoJIseT alMnapaTHO KOHTPOJIUPOBATh pabOTy MPOrpaMM C MaMsIThiO
Y TIpeIoTBpallaTh o0palleHus] K HECYIIEeCTBYIOIUM aapecaM MO0 K aapecaM, HaXoms -
HIMMCS BHE TIpejielia, pa3pelieHHOro MoJieM pa3Mepa cerMeHTa limit.

Jlpyroii acneKT 3aIlMThI 3aKJII0YAeTCS B TOM, UYTO CETMEHTHI HEpaBHOIIPABHBI B TIpa-
Bax gocTyna K HuM. MHbopMalins o6 3ToM comepKuTcs B crielinaibHoM Oaiite AR, Bxo-
JSIIeM B cocTaB aeckpunrtopa. Hanbomnee Baxxubie mosst 6aiita AR — 1o dplu 6uter R/W,
C/ED wu I, xotopsie BMecTe onpenensior Tun cermenTa. Ilose dpl — yacts MexaHusma
3aIIMTHI 10 TTpuBMIeTUsIM. CyTh 3TOr0 MeXaHU3Ma 3aKJII0UaeTCsl B TOM, YTO KOHKPET-
HBI/ CETMEHT MOXET HaXOIUThCS Ha OMHOM M3 UeThIpeX YPOBHEN MPUBUIEIMPOBAHHO-
ctu ¢ HoMepamu O, 1, 2 u 3. CaMbIM IPUBUJIETUPOBAHHBIM SIBNIsIeTCSI ypoBeHb (. Cylie-
CTBYET psIi OTpaHUYEHUI (OMSATh-TAaKM Ha anmapaTHOM YpOBHE) Ha B3aMMOIECHCTBUE
CETMEHTOB KOJIa, JaHHBIX U CTeKa ¢ Pa3IMYHBIMU YPOBHSIMU TIPUBUJICTHIA.
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I/ITaK, MbI BBISICHWIIN, YTO B 3allIMIICHHOM PEXKNME NEPEI NCITOJIb30BAHUEM 10001
00J1aCTU MaMSTH J0JKHA OBITh MMpoBCACHA ONMPEACICHHAaA pa60Ta 11O MHULMAJIn3allu
COOTBETCTBYIOLIETO ACCKPUIITOPA. 9Ty pa60Ty BBIITOJIHACT OII€PAllMOHHAaA CUCTEMA UJIN
nporpamMma, CCrMCHTBI KOTOpOfI TaKXe OMUCHIBAIOTCS MTOAOOHBIMU JCCKpHUIITOpaMu. Bce
JCCKPUIITOPBI CO6I/IpaIOTCH BMECTC B OIHY U3 TPEX NCCKPUIITOPHbBIX TaOJINII;

%  a1obanvran deckpunmopnas mabauya (Global Descriptor Table, GDT), ee ampec
xpauutcs B peructpe GDTR;

aoxanvras deckpunmopuas mabauya (Local Descriptor Table, LDT), ee agpec xpa-
Hutcd B peructpe LDTR;

#  deckpunmopras mabauya eexkmopog npepuieanuii (Interrupt Descriptor Table, 1DT),
ee aapec xpaHutcs B peructpe IDTR.

B xakyio mMeHHO TabauIly HOJKeH OBITh TIOMEIIEH AECKPUIITOP, OIPEAEIIsIeTCS ero
Ha3HaueHMEM. AIpec, 10 KOTOPOMY Pa3MelatoTCsl 3TH JeCKPUIITOPHbIE TaOIULIBI, MO-
3KET OBITh JIIOOBIM; OH XPAHUTCS B CIIEIIUANBHO MIPeAHA3HAYSHHOM JIJIS1 9TOTO ajipeca Ch-
CTEeMHOM pETHCTpE.

CxeMBl, TOKa3aHHBIE Ha puC. 2.7, 6 W 6, WIUTIOCTPUPYIOT [IpnHINT hopMUPOBAHUS
azpeca B 3aLUMILIEHHOM pexxuMe. BaskHO OTMETHTb M3MEHEHHUE POJIH CETMEHTHBIX Peri-
CTpOB. B 3amuiieHHOM pexkuMe OHU colepsKaT He ajipec, a ceaeKkmop, TO eCTh yKa3aTellb
HaCOOTBETCTBYOIIYIOTUe Ky OmHOM n3necKpunTopHBIXTa0mui (GDTunu LDT).

OcranbHBIe 3JIEMEHTH apXUTEKTYpH 1A-32, Takme Kak (popMaT MaIIMHHBIX KOMaH/I,
TUIIBI JAHHBIX U JIP., JOTUYHO PACCMOTPETH B CJICAYIOLINX INIaBaX B KOHTEKCTE COOTBET-
CTBYIOLIUX aCIeKTOB UCIOJb30BaHUS sI3bIKa acceMoiepa.

NTorm

[MonnMaHue apxutekTypbl DBM sBNIeTCS KIIOUEBBIM AJI U3YYEeHUS acceMbiiepa.
D10 Kacaercsd Joboro Tuma KoMmmnbeioTepa. CTpyKTypa accemOiiepa, ¢popmar ero
KOMaHJI, a[jpecaliysi OrepaHIoB 1 T. JI. TOJIHOCThIO OTPAKalOT 0COOEHHOCTU apXUTEK-
TYpbl KOMIIbloTepa. EcTh 0011e apXuTeKTypHbIE CBOCTBA, IIPUCYILIME BCEM COBpE-
MEHHBIM MalllHaM (POH-HEHMAaHOBCKOM apXUTEKTYPhI, U €CTh YACTHHIC CBOICTBA,
MPUCYIIe KOHKPETHOMY TUITY KOMITBIOTEPOB.

Lenbio n3yuyeHUs] apXUTEKTYPHI SBJISIETCS:

O BhIsIBICHUE Habopa JOCTYITHBIX IJIs1 TPOrPAMMUPOBAHUS PETUCTPOB, UX (DYHK-
LIMOHAJIbHOTO HA3HAYEHUSI Y CTPYKTYPBHI;

D moHMMaHMe opraHu3aluy orepaTUBHOM MaMSITU U IMTOPSIIKA €€ UCIIOIb30BaHUSI;
I1 3HaKOMCTBO C TUTIAMU JaHHBIX;

I1 wusyyeHue opMara MAITMHHBIX KOMaH]I;

I1 BBHISICHEHME OpraHU3aluy 06pPabOTKK ITPEPHIBAHUIA.

N TIpoueccop comepXuT 32 ZOCTYITHBIX TeM WJIM WHBIM 00pa3oM peructpa. OHU OensIT-
¢S Ha TI0JIb30BATEbCKUE U CUCTEMHBIE.

* Tlonb3oBaTenbcKre PETUCTPBI UMEIOT OlpeeSeHHOe (GYHKIMOHAIbHOE Ha3HAaYeHMUE.
Cpeny HUX 0cO00 HYXHO BBIIEIUTH peructp (aro EFLAGS m perncTp ykaszarens
komanael EIP. Hasnauenme permcrpa EFLAGS — orpaxath cocrossHMe mpoiieccopa
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TTocJie BBITTOTHEHUST TIOC/IeAHel MaltMHHOM KoMaHabl. Peructp EIP comepxurt anpec
clenyroleld BBITIOJHIeMOM MallIMHHOM KOMaHIbI. JIOCTYIT K 3TUM PErMCTpaM, B CHITY
UX crienurKu, CO CTOPOHBI POTPAMM ITOJIb30BaTEsI OTPaHUYEH.

[Tpotieccop MMeeT TP OCHOBHBIX pexkrUMa pabOThI:

D peanbHBI peXXUM, KOTOPBII MCITONb30BanCs At i8086 1 moaaepKuBaeTcs 10 CUX
Top /Ui 00ecTieYeHUsI COBMECTMOCTH TTPOTPAMMHOTO 00eCTIeUeHUST;

O 3alIUIIEeHHBIA PeKUM, KOTOPBIN BIIepBhie mosBuics B i80286;

D pexum BupTyaimbpHOro npoiieccopa i8086 obecneunBaet MoTHy0 sMyJsiuio i8086,
MTO3BOJISISI TIPY 3TOM OPraHM30BaTh MHOT03aauyHyl0 pabOTy HECKOJBKUX TaKWX
MpOTpPaMM.

[Tpoiieccop MMeET CIOXHYIO CUCTEMY YIIpaBJIeHUs MaMsAThio, (PYHKIIMOHUPOBAHUE

KOTOPO# 3aBUCHUT OT pexkruMa paboTHl MPoIieccopa.
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Cuctema KoMmaHp,
npoueccopa lA-32

» PopmaTt MamMHHbIX KOMaHg, IA-32

» HasHauyeHue v MHTepnpeTauus nosier MalMHHON KOMaHAbI
B> OCHOBbI A€KOANPOBAHUA MALLUVHHBIX KOMaHA

» PyHKUMoOHanbHas knaccudukauusa MalMHHbIX KOMaHL,

CucreMa MalIMHHBIX KOMaH/I SIBISIETCS BaKHEHIIEH YaCThiO apXUTEKTYPHI KOMITBIOTE-
pa, Tak KaK ¢ MX IIOMOIIBIO TPOU3BOIUTCS HETIOCPEACTBEHHOE YIIpaBJeHIE PadOTOM MPOo-
neccopa. K npumepy, cucrema koMan npotieccopa Pentium IV comepxut 6onee 300 ma-
IUHHBIX KoMaH. C TMOosBIEHUEM KaxXXI0il HOBOM MOENH Mpolieccopa KOJUYECTBO
KOMaH/I, KaK IIPaBUJIO, BO3PACTaeT, OTpaxas apXUTeKTypHbIe HOBIIECTBA TaHHOM MOJie-
JI TIO CPABHEHUIO C MPEIIICCTBYIOLIUMHU.

[Ipu 3HaKOMCTBE C CUCTEMOIl MAIIMHHBIX KOMaH] HEOOXOOUMO YUUTHIBATH IBa ac-
MeKTa — COOCTBEHHO Ha6op MAIIMHHBIX KOMaHJ W MpaBWia MpPeACTaBIeHUS] dTUX KO-
MaHJI Ha ypOBHE ITPOLIECCOPa, TO ECTb ghopmam MAaITMHHBIX KOMaH . I1polieccopy KoMITb-
10Tepa MOHATEH TOJbKO OJWH SI3bIK — SI3bIK MAITMHHBIX KOMaH . MalluHHbIE KOMaH/IbI
MPEACTABISAIOT cO00M c(hOPMUPOBAHHEIE TT0 OMpeieIEHHBIM TIpaBUIaM TOCIeA0BaTE b~
HOCTU HyJIel ¥ enuHMIL. ISl TOrO 4TOOBI 3aCTaBUTh MPOLIECCOP BHITIOJHUTH HEKOTOPOE
JeicTBUE, €My HYXHO BBIIATh COOTBETCTBYIONICE YKA3aHUE B BUIE MAIIMHHOW KOMaH-
JIbl, a JISL BBITTOJTHEHMS OoJiee CIIOKHOM paboThl JOCTATOYHO HAMKMCATh MTPOTPaMMy B IBO-
WYHBIX KopgaX. [IporpaMMupoBaHue TEpBLIX KOMITBIOTEPOB OCYIIECTBISIIOCh UMEHHO
TakuM criocoOboM. HemocraTku mpoiiecca HammyMcaHUsl IporpaMM B IBOMYHOM KOJIE OYe-
BUAHBL. [J1s1 06yieTdyeHus mpolecca pa3paboTKy MporpaMM ObUT IPUIAYMaH SI3bIK acceM-
0J1epa, KaK CUMBOJIMYECKUI aHAJIOT MAIIMHHOTO SI3bIKA, a B apXUTEKTYPY KOMITbIOTEepa
BBEJIEH 6JI0K MUKPOTIPOrPAMMHOTO yipaB/ieHus. [List Kaxnoii MallMHHO| KOMaHIbl 610K
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MUKPOIIPOTPaMMHOTO YIIPABJIEHUS COAEPKUT OTAETbHYI0O MUKPOTIPOTPAMMY, C TOMOIIbIO
KOTOpOUi JefCTBUS, 3aJaHHbIE 3TO KOMaH/IOM, TepeBOIsSTCS Ha SI3bIK CUTHAJIOB, Ha-
MpaBISieMbIX HYXKHBIM MTOACHCTEMAM Tpolieccopa. Ilocie 3STMX HOBOBBEIEHUI TIPOLIECC
Pa3paboTKM MPOrpaMMbI 3HAYUTEILHO YIIPOCTHICS. YeloBeK MUIET MporpaMMy Ha To-
HSTHOM €My SI3bIKe CHMBOJIOB, CIiellMabHas MporpaMma — acceMmbiiep — MepeBOAUT
(TpaHCIUpPYeT) MPOrpaMMy UeIoBeKa Ha MaIIMHHBII S3bIK, a 6JI0K MUKPOIIPOrpaMMHO-
IO YIpaBJIeHUS HY>XXHBIM 00pa3oM MHTEPIPETUPYET MAIIMHHbBIE KOMAaH/IbI AJIS1 TIPOLIEC-
copa, MPOLIECCOP BHIMOIHSIET HY>XKHYIO0 padoTy.

B nanbHeiiiem, ¢ mosiBIeHUEM MIPOrpaMMHOTO obecreueHHsI 6osiee BLICOKOTO YPOB-
Hsl, I3BIK acceMbJjiepa He MOTepsI CBOei PoJi, a HA060pOT, IPUOOPeT HOBBIE KauecTBa.
B cuny nepapxuaHOCTH IpOrpaMMHOTO 0becIieueHIs KOMITbIoTepa acceMOJIep cTall Ipo-
MEXYTOUHBIM, CBSI3YIOIIMM 3BEHOM MEXIY Pa3HOPOIHBIM U Pa3HOS3BIKMM MPOTPaMM-
HBIM obecriedeHrieM 0oJiee BBICOKOTO YPOBHS U TIPOLIECCOPOM.

TakuM 06pa3oM, CylIeCTBYeT B3aMMHO OJHO3HAYHOE COOTBETCTBUE MAIIMHHBIX KO-
MaHI ¥ KoMaHJ accemOnepa. [ToHuManue mpaBui hOpMUPOBAHMS MALIMHHBIX KOMAaH]I
M3 KOMaH]I acceMbliepa SIBJISIETCSI OMHUM U3 HeOOXOIUMBIX YCIOBUI He TOIBKO AJIST U3Y-
YeHUS A3bIKa acceMObliepa, HO U [Tt TOHUMAaHUS IOTUKU paObOThl KOMIThIOTEPA B LIEIOM.

dopmaT mawmHHbIX KOMaHp, |A-32

MamuHHas KoMaHIa IpeacTaBIsgeT co00i 3aKOAMPOBAHHOE 110 OIIpeIeIeHHBIM IIPaBU-
JlaM yKa3aHHe TIPOLIeCCopy Ha BHITIOJIHEHIE HeKOTopoil onepaunu. [IpaBuia Konuposa-
HHSI KOMaHI Ha3bIBAIOTCSI gopmamom kKomard. KoMaHIbI MPOLIECCOPOB apXUTEKTYPHI
IA-32 cuuratorcs cioXHbeIMU. MakcuMaibHasl IJMHA MAIIMHHOM KoMaHabl 1A-32 co-
craBisgeT 15 Gaiir. PeanbHasi KomaHIa MOXET COEePXKaTh TOpa3ao MEHbIIee KOJIMIECTBO
TI0JIel, BILUIOTh IO OMHOTO — TOJIbKO Kox onepaimu. [IpuBeneHHsbIi Ha puc. 3.1 popmar
MaIlMHHOI KOMaH[IHI SIBIISIETCS HauOoIee TTOJTHBIM.

Kax Ha ypoBHe (hopMaTa MaIIMHHOM KOMaHIbl COOTBETCTBYIOT MEXIY COO0M MallIH-
Hble KOMaHIbl 1 KOMaHIbI acceMOiepa? s mpuMepa pacCMOTPUM TUITMYHYI0 KOMaH-
Iy sI3bpIKa acceMbJepa:
mov ebx, ecax

Komanna MOV mpon3BoauT KomupoBaHue comepxumoro peructpa EAX 8 peructp EBX.
CooTBeTCTBYIOIIAS MAllMHHAsS KOMaHna OymeT BBIIJISIETh Tak:

88 D8

3nauenne 8B — xox oneparun. Eme ognH mpuMep koMauas MOV:
mov ecx, 128

JlaHHas1 KOMaHIa MHULIMATU3UPYeT coaepxkumoe peructpa ECX necITHaHbIM 3Haue-
HueM 128, CooTBeTCTBYIOIIAsI MallIMHHAS KOMaH/1a BBITJISIIUT TaK:

B9 00000080 _

3HavyeHue 1oy ¢ KonoM omepaiuu — B9. M3 mpuMepoB BUIHO, YTO IPSIMOTO COOT-
BETCTBUSI MEXIY CTPYKTYPOil KOMaHIbI accembjiepa M COOTBETCTBYIOLIEH MAaIlMHHOMI
KoMmaHaoi HeT. HecMoTpst Ha To, yTo KOMaHIa acceMOiiepa omgHa u 1a ke (MOV), Komsl
MaIlMHHBIX KoMaHI — pa3Hble (8B 1 B9). boxbpmmHcTBO KOMaHm acceMOjiepa MMEIOT
HECKOJIbKO BO3MOXHBIX BapHMaHTOB coveTaHUs omepaHmoB. Kak moka3aHo B IpuBe-
JMIEHHBIX IpUMepax, HECMOTpPS Ha OAMHAKOBBIe Ha3BaHMSI KOMaHH acceMOiepa, s
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Puc. 3.1. dopmaTt MaLLUMHHOWM KOMaHAab!

KaXXIOTO BO3MOXKXHOTO COUETaHUS ONIEPAHI0B UMEETCSI CBOSI MAIIMHHASI KOMaH1a, CO CBO-
UM 3Ha4YEeHMEM II0JIsI Kofa onepaiuu (puc. 3.1). DTo TOBOPUT 0 TOM, YTO MAaIIUHHAsI KO-
MaH[a BCeraa oIHO3HAYHA MO OTHOLICHUIO K MTPOU3BOAMMBIM €10 I€MCTBUSIM Ha YPOBHE
amnmapaTypbl. Heckosbpko ympolnas peaJbHOCTb, MOXHO YTBEPXAaTh, YTO 3HAUCHUE
B T10JI€ KOJIa OTIepaLMHU SBJISICTCSI HOMEPOM MUKPOIIPOrpaMMBbI B 0J10Ke MUKPOTIPOTpaMM-
HOTO YIpaBJIeHUS ISl KAXI0H KOHKPETHOM KOMaHIbI acceMbJiepa ¢ KaxkIbIM KOHKPET-
HBIM BapUaHTOM COYETAHUSI ONePaHIOB.

B

Jlormuecku mobas KoMaHIa sI3bIKa acceM6nepa COACPXKUT HECKOJIIBKO 2JICMCHTOB.

DeMeHT, ONMUCHIBAIOIINIA, ¥mo desamb, HazbiBaeTcs kodom onepayuu (KOIT). 3Ha-
YeHMe B ITOJIe KOJIa OTiepaIliii HEKOTOPBIM 00pa3oM oTpeessieT B 610Ke MUKPOTIPOT-
PaMMHOTO YIIPaBJICHUS MTOANIPOTPaMMY, PeaTU3YIOIIYI0 NeHCTBUS IS TaHHOMN KO-
MaHIBbI.

BHCMGHTBI, OITMCBhIBAIOIINEC 0666]6)7%[, C KOMOpbIMU HYIACHO YMO-mo aeﬂamb, ABJIAKOT-
(&7} onepaH()amu OHCpaHI[I:»I B KOMaHJI€¢ MOT'YT M HE 3a1aBaTbCA, a MMOAPa3yMEBaATbCA
10 YMOJIYaHHUIO.

DJIeMEeHTHI, OIMCHIBAIOLINE, KAk 0enamy, SIBISIOTCS MUnami onepandos 1 0ObITHO
3ajaloTcsa HessBHO. OHM MCITONB3YIOTCS TPAHCISATOPOM acceMbiepa mpu popMUpo-
BaHWY MAIMHHOM KOMaH/IbI JUTSl OTIPpeAeIeHUS 3HAUeHUS TTOJISl Koda OTIepaliu.

OTH Ke 2JIEMEHTHI UMEeT U MalllMHHas KOMaHOa, HO B 3aKOAUPOBAHHOM BUIC. Hepe—

BOJ, KOMaHJI acceMOJiepa B COOTBETCTBYIOIIME MAIIMHHbBIE KOMaH/Ibl OCYILECTBIISET CIie-
LIMajTbHas MporpaMma — accembaep, KOTOPYI0 MOXHO TakKKe Ha3BaTh TPAHCIATOPOM
(KOMIUISATOPOM) acceMmoiepa. :

OnuieM HasHa4eHUS MOJIEH MalTMHHON KOMaHIH (puc. 3.1).
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NMone npedukcos

Ipegpurcor — Heobs3aTeIbHBIE OMHOOAWTHEIE SIEMEHTHI MAIIMHHOM KoMaHabl. Ha3Ha-
YeHHe MpedUKCOB — U3MEHUTD IEUCTBUS, BHITTOJIHsIEMble KOMaHmoM. [1pedukcel MoryT
YKa3bIBaThCS MPOrPaMMKICTOM SIBHO TIPM HAITMCAHWUU MCXOMHOTO TEKCTa IPOrPaMMBI,
00 WX, TIO OMpeaeieHHBIM COOOpakKeHUsIM, MOXET BCTaBUTh acceMOtep. Ilporeccop
pacro3HaeT mpedUKCHI Mo MX 3HaYeHUSIM. MalluHHasg KOMaHIa MOXET NMETh 0 YeThI-
pex npeduKCcoB OMHOBPeMEHHO. B mamMaTu pedUKChl MpeaniecTByoT KoManae. [Tops-
JIOK VX CJIEIOBAHMS TIPU 3TOM MOXKET OBITH JTIOOBIM.

Z[anee NEPCUYUCICHDBI TUIILI Hped)I/IKCOB, KOTOPBIC MOXKET MCITI0JIb30BATh IIpUKIagHasda

Mporpamma.

*

s

TIpepurc 3amenvt ceemenma B IBHOM (PopMe yKa3bIBaeT, KaKOil CETMEHTHBINA PETHCTD
WCTIONB3YeTCs B JaHHOI KOMaH/Ie JJIs afpecaliy CTeKa WM JaHHBIX. [Ipedukc oT-
MEHSIET BBIOOD CETMEHTHOTO PErHCTpa Mo yMonyanuio. [1peduKcel 3aMeHbI cerMeHTa
MUMEIOT CIIeAYIOLIe 3HAYCHHS:

D 2Eh —3amenacermenTa CS;
D 36h — 3ameHa cermenTa SS;
O 3Eh — 3ameHa cermeHTa DS;
g 26h — 3ameHa cermenrTa ES;
D 64h — 3amena cermenTa FS;
D 65h — 3amena cermenTa GS.

Tpeghurc noemopenus UCTONb3YETCS C LIETIOYEUHBIMU KOMaHAaMM (KOMaHAaMU 00-
pabOTKHU CTPOK). DTOT MpePUKC «3aHMKIUBAET> KOMaHIY IJI1s1 00pabOTKM BCEX dJie-
MeHTOB Liernouku. CucreMa KOMaH/ TOAAePXKUBAET B TUIIA TIPeUKCOB: 0e3)C106-
Hote (REP — OF3h), 3actaBisionye 1emoYeyHy0 KOMaHIy MOBTOPSThCS HEKOTOPOE
KOJIMYeCcTBO pa3, U ycrosuvie REPE/REPZ — OF3h, REPNE/REPNZ — OF2h), koTophie npu
3alIMKJIMBAaHUY MPOBEPSIIOT HEKOTOpPhIE (pIarv, U B pe3yJabTaTe MPOBEPKU BO3MOXKEH
JOCPOYHBIN BBIXOM U3 LIUKIIA.

Tpeghuxc 6a0kuposKuy wiuHb! VTHULIMMPYET BbIIAuy TpoleccopoM curHaia LOCK# (3Ha-
yerure OFOh) m1st 6JI0KMPOBKU CUCTEMHOM IIWHBI. Mcmonb3yeTcs B MHOTOMpOILIeC-
COPHBIX KOH(UTypalusax g obecnedeHHsI MOHOIIOJILHOIO BJIAJeHUA CUCTEMHOMN
mrHo#. CurHan LOCK# MoxxeT popMUpOBaThCs JULIb C ONPeAeIeHHOM HOMEHKIIATY-
poii KOMaHJI Tpolieccopa, pabdOTaIOIIMX B LIUKIE «UTeHHE-MOAUDUKALIUSI-3aIUCh».

Ilpeguxc pazmepa adpeca (3HaueHue 67h) yTouHsIET pa3psAHOCTD aapeca: 16 wim
32 oura. Kaxnoit koMaHzie, B KOTOPOI UCIIOIb3YeTCsl aPeCHBII OIepaHil, CTaBUTCS
B COOTBETCTBME Pa3pAIHOCTb apeca 3Toro onepaHaa. Eciv paspsamaHoCcTh agpeca [
JAaHHOW KOMAaHJIbI COCTaBNIsIeT 16 GUTOB, 3TO O3HAYAET, YTO KOMAH/IA COIEPXUT 16-pa3-
PSITHOE CMeEIleHHE M OHO COOTBETCTBYET 16-pa3psmHOMY CMELICHMIO aipeCHOTO OIle-
paHIa OTHOCHUTEIbHO Hayaja HeKOTOporo cerMeHra (cM. puc. 3.1). B KoHTekcTe Ma-
Tepuaaa TiaBbl 2 (cM. puc. 2.7 U 2.8) 3T0 CMelleHUEe Ha3bIBACTCS IhgeKmusHbim
aodpecom. Eciu pa3psimHOCTD anpeca cocTaBiseT 32 6urta, 3TO 03HAYaeT, YTo KOMaHaa
COEPXUT 32-pa3psaHoe CMEICHUE, OHO COOTBETCTBYET 32-pa3psiTHOMY CMEICHMIO
aIPECHOr0 OIepaHia OTHOCUTEIBHO Hayajla CETMEHTA U 110 ero 3HaYeHUI0 (OopMUpY-
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eTcs 32-paspsigHoe cMelleHue B cerMeHTe (eM. puc. 3.1). C moMolibio npedukca pas-
PAMHOCTHY ampeca MOXHO U3MEHUTD IEHCTBYIONIEE ITO YMOTYaHUIO 3HAUCHUE Pa3psii-

. HOCTH azipeca. DTo M3MeHEHHe OYIeT KacaThCsl TOJBKO TOM KOMaHIbI, KOTOPOU Mpe-
IIECTBYET TpedHKC.

«  [lpepuxc pasmepa onepanda (3HadeHWe 66h) aHaTOTMYEeH TpedUKCY pa3Mepa ampe-
ca, HO yKa3bIBaeT Ha Pa3psmIHOCTh orepaHnoB (32 mim 16 6UTOB), ¢ KOTOPBIMU pabo-
TaeT KOMaHJa. :

[To kakuM TpaBUaM YCTaHABIMBAIOTCS IO YMOJIYAHUIO 3HAUEHUs aTpUOYTOB pa3-
PSIIHOCTHU azmpeca 1 onepaHnoB? Eciu KoMaHJa MMeeT onepaH/ B aMsTH, TO ero aapec
MpeACTaBIsIeT coO0i 3HaUeHKE CMEIIEHUSI OTHOCUTEIbHO Havala CerMeHTa TaHHbIX (ecu
He UCIOJIb3yeTcs MpeduKe nepeonpenesieHus: CerMeHTa) U COAEPXUTCS B MoJjie cMelle-
HUS MallWHHOW KoMaHabl. Pa3Mep 3Toro moss 3aBUCUT OT TEKYLIETO peXnMa axpeca-
uuy (aTpuOyTH usel6 WM use32 B mMpeKTWBaX cerMeHTtaruu). [lpum 16-paspsoHoit
almpecaly pa3Mep ToJIsI CMEIeHWs B MAIIMHHOW KoMaHAe cocTaBisieT 16 6uros. [1pu
32-pa3psiiHoii aapecaluy pa3mep IMoJis CMelleHUs] B MalllMHHOM KOMaH[Ie COCTaBJIsIET
32 6ura. SIBHOe 3amaHue mpedrkca pazMepa anpeca MO3BOJISIET YKa3aTh Mpoleccopy 3Ha-
YyeHue, oTInJalleecs OT JeicTByolIero o ymonyanuio. Hanpumep, eciu aeicTBylo-
IIWiA pa3Mep ampeca paBeH 16 6uTaM, TO UCMOIb30BaHME Tiepel KaKo-Tu00 KOMaHIOoM
npedrkca 67h onpemenmT Wi Hee (M TOJBKO TS Heel) pasmep ampeca B 32 6uta. U Ha-
000poT, eciiu AefCTBYIOIIMI pa3mMep aapeca paBeH 32 O6uTa, To yKaszaHue Mepea KOMaH-
noit ipedmKkca 67h onpeneauT i Hee (M TOJBKO IUT Hee!) pasmep ampeca B 16 GMTOB.
Ouznyecku 3T0 OyIeT OTpaxaTbCsl Ha pa3Mepe Mo CMeEIleHUs B JaHHOW MallMHHON
KOMaHje.

IIpeduxc pasmepa onepaHia 66h Mo3BojsgIeT CMEHUTh AEWCTBYIOIIMIA ST JAHHOM
KOMaHJbl aTpubyT pazmepa omnepaHaa. KomaHaa, KoTopasi MO0 yMOJYaHHIO paboTaeT co
cnoBoM (16 GUTOB) WK C IBOMHBIM clIOBOM (32 OuTa), MMeeT aTpuOyT pa3Mepa orepaH-
Ia, paBHBIN 16 1 32 6Guta cooTBeTcTBeHHO. [IpMeHEeHMe TTpeduKca pa3Mepa orepaHIa
MO3BOJISIET CMEHUTD JEMCTBYIOIMI IO YMOJTUYAHUIO aTpUOYT.

[pu paboTe mporeccopa i8086 B peaTbHOM 1 BUPTYaTbHOM peXHUMaX aTpUOYTHI pa3-
Mepa azipeca 1 ollepaH/a 1o yMOTYaHIO paBHEI 1661TOB. B 3ammmeHHOM peXXnMe 3Ha-
YEHHUSI 9TUX aTpUOYTOB 3aBUCSIT OT 3HAUeHMs 6uta D neckpumnropa cermenra. Eciu D=0, To
aTpuOYTHI pa3Mepa aapeca 1 orepaHaa paBHbl 166uToB, ecimu D = 1, T0 3T aTpuOyTH paB-
Hbl 32 6uta. I3MeHUTH AEHCTBYIOIIME TIO YMOJYaHUIO aTpUOYThI anpeca U pa3mepa ore-
PaHIOB MOXHO MTPUMEHEHNEM aTprOyTOB use16 uau use32 B AMPEKTUBAX CETMEHTALIUY.

B peanbHOM pexkuMe ¢ MoMolIbIo TpeduKca pa3psIHOCTH apeca MOXKHO 3a1eACTBO-
BaTb 32-pa3psiAHYI0 afpecanuio, HO IPU 3TOM HE0OXO0IMMO IOMHUTb 00 OTpasHYeHHO-
CTH pa3Mepa cerMeHTa BeIMIMHON 64 KOailT. AHaIOTMIHO TTpeUKCY pa3psimIHOCTH all-
peca MOXHO KCIIOJIb30BaTh MPe(UKC Pa3psiIHOCTU ONepaH/ia B PealbHOM PeXMMe s
paboThl ¢ 32-pa3psiAHBIMU OTlepaHaaMu (K pUMepy, B apuMeTUUYeCKUX KOMaHaax).

B komaHze mpedUKChl pasMepa agpeca U ofepaHia MOTYT YKa3biBaThcsl OJHOBpE-
MeHHo. Kakum 06pazoM KoMOuHaIus mpedUKcoB (YKa3aHHBIX IBHO U YCTAaHOBJIEHHbBIX
M0 YMOJIYAHUIO) BIMSIET Ha aTpUOYThl pa3Mepa orepaHia M aipeca MallMHHONW KOMaH-
IIbI, TIOKa3aHo B Ta0i1. 3.1. B Heif oTpaxkeHo M TO, KaK BIMIET Ha 3TH aTPUOYTHI COCTOS -
HMe 6uTa D JecKpunTOopa cerMeHTa B 3alMIIeHHOM pexuMe. CTPOKH TaOIuIbI, COOT-
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BETCTBYIOLIME HYJEBOMY 3HaUeHU0 0uTa D, UCMOB3YIOTCS B peabHOM U BUPTYaJIbHOM
pexumax paboThl mpoieccopa i8086.

HeobxonuMo oOpaTuTh BHUMaHKME Ha TO, YTO KOMaHIbl pabOThl CO CTEKOM TaKXe
MMEIOT aHaJIOTMYHbIe aTpUOYThI pa3Mepa U ajapeca onepaHaa. ATpuOyT pa3Mepa aapeca
BJIMSIET Ha BBIOODP PerucTpa — ykasarellsl cTeka: Ipu pa3Mepe aapeca 16 OUTOB UCTIONb3Y-
etcs peructp SP, mpu pasmepe anpeca 32 6uta nucnob3yercs peructp ESP. AHanornuHo
BJIMSIET Ha pabOTy KOMaH[ CO CTEKOM MpedUKC pa3mMepa onepaHa: Mpyu MCIoJb30BaHUU
npedrKca pa3Mepa orepaHga 16 GMTOB omepaHm B CTeKe TPaKTyeTcsl Kak 16-paspsii-
HBbI, TPM UCTIOJIb30BaHUM TipeduKca pa3Mepa onepaHaa 32 6uTa onepaH B CTEKe Tpak-
TyeTcsl Kak 32-pa3psiaHblii.

Tab6nuua 3.1. 3HayeHns aTpMbYTOB pa3mMepoB onepaHaa 1 agpeca

BurD 66h 67h PasMep omepaHpa PasMep ajmpeca
0 - - 16 16
0 - + 16 32
0 + - 32 16
0 + 32 32
l - - 32 32
1 - + 32 1 16
l + - 16 32
1 + + 16 16

B xauecTtBe npuMepa npedukca, KOTOpblid Tpu (HOPMUPOBAHUN MAITUHHON KOMaH-
JIbl BCTABJIIET caM acceMOiiep, MOXHO npuBecTu npedukc co 3HaueHueM OFFh. OH Ha-
3BIBACTCS NpehuKCoM CMeHbl aagasuma W M3BELIAET O TOM, YTO Moje Kojaa OnepaLuu
B JaHHOI KoMaHJe N1ByX0alToBoOE.

Kop, onepauun

Koo onepayuu — o00s13aTeNbHBIA 3JEMEHT, OMUCHIBAIOUIMN OMEpalMIo, BHIMOIHSIE-
Mylo KomaHao#. Koa omepanuu MoXeT 3aHUMAaTh OT OJHOTO 10 Tpex Oaitt. Jlna
HEKOTOPBIX MALIMHHBIX KOMaHJ 4acTb OMTOB KoJa OMepaluyd MOXET HaXOAMTbCS
B 6aiiTe modr/m.

MHoruM KoMaHJIaM COOTBETCTBYET HECKOJIbKO KOJOB OMNepaluid, KaxXIblii U3 KOTO-
PBIX OMpeessieT HI0aHChI BHIMOJHEHUS onepaunn. OTMETUM, YTO ToJie Koja onepauun
HE UMeeT OJHO3HAYHOM CTPYKTYpHI (cM. puc. 3.1). B 3aBUCUMOCTH OT KOHKPETHBIX KO-
MaHJI, He 00s3aTeIbHO pa3HbIX ¢ TOUKM 3pEeHUS sI3bIKa acceMObyiepa, OHO MOXKET UMEThb
B CBOEM COCTaBe OT OJIHOTO JIO TPEX 3JIEMEHTOB, Ha3HAUEHUE KOTOPbIX OMMCAHO B Tab. 3.2.
OnuH U3 3TUX TPEX JEMEHTOB SIBJSIETCS HEMOCPEACTBEHHO KOIOM OIepaluu WU ee
YacTblO, OCTAJbHbIE YTOUHSIIOT AETalu orepaluu. Takoe CTpoeHue Mo Koda orepa-
LMK YCJIOXHSIET, B YACTHOCTH, TIpolLiecc Au3acceMoaupoBanus. s onpeneaeHus pas-
Mepa M IpaHMI] ouepeqHOl KOMaHIbl HEOOXOAMMO IMOJHOCTbIO MPOaHAIU3UPOBATD €e
moJie Koja ornepanuu.
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Tabnuua 3.2. HasHayeHve AononHUTENbHLIX GUTOB Nonsa Koja onepaumm

ITone | KonmmyecTBo Haznauenue

d 1 Onpenensier HampaBieHUe Nepeaayn gaHHbIX: 0 — mepenaya
TaHHBIX U3 perucTpa reg B MaMATh (MJIM PETUCTP), aipecyeMylo
noneM m/m; 1 — mepenadya AaHHbIX U3 MaMATH (MU PErucTpa),
aapecyeMoii HoJieM r/m, B peructp reg. Ilpu Hanuuuu Gaiita sib
apec omepaHia B MaMATH (DOPMUPYETCA C YYETOM COIEPKUMOTO
3TOrO Oaita

S 1 3anaeT He0OXOIMMOCTb pacIIMPEeHUs §-pa3psIHOTO
HEIMOCPeICTBEHHOro ornepaHaa 10 16 uiau 32 6uta. Crapiiuve GUTHI
IIPY 3TOM 3aMOJIHSIIOTCS 3HAYEHMEM CTapiiero (3HaKOBOIo) Gura
HMCXOIHOTO 8-pa3psiIHOTO OlepaHaa

w 1 OmpenenseT pa3Mep NaHHBIX, KOTOPBIMU OITEPUPYET KOMaHma: Oaiir,
CJI0BO, IBOIHOE ¢cJIoBO: 0 — 8 6uToB; 1 — 16 6uTOB A1t 16-paspsia-
HOTO pa3Mepa oIrepaHIoB Min 32 6uta 1Jist 32-pa3psgHOTO pa3Mepa
OTIePaHIOB )

reg 3 OmpenensieT perucTp, MCIONb3yeMblii B KOMaHOe. 3HaYeHHE IOJIS
3aBUCUT OT HOJISI W, B TOM YHCJIE€ €CJTU TT0JIe W OTCYTCTBYET
(CM. CJIeqyIOIUiA TOAPA3EN)

[Mocnenytonne Moy MaIMHHON KOMaH bl OTIPEAE/ISIOT XapaKTePUCTUKU U MECTO-
MOJIOXEHUE ONEPAH/IOB, YYaCTBYIOIIUX B ONIEPALIMU, U OCOOEHHOCTH UX UCTIOJIb30BAHUS
(cM. mamee).

BanT pexxuma appecaunm mod r/m

baiim pexcuma adpecayuu mod r/m, MHOTAA Ha3bIBAEMBbIN nocmobaiimom, HeceT NHDOP-
MaIuio o0 orepaHIax ¥ pexxuMme anpecanru. boapmHCTBO KoMaHa mpolieccopa Intel —
JAByxonepaHJHbie. OnepaHapl MOTYT HaXOAUTHCSI B TIAMSITH, a TAKXKe B OMHOM WJIM IBYX
perncrpax. Apxutekrtypa IA-32 He moImyckaeT, YTOOBI 00a orepaHza KOMaHIbl HaXOIM -
JIMCh B aMATU. Eciin oniepan HaxoouTes B MaMsITH, TO 6aiiT mod r/m ornpenensieT KOM-
TOHEHTHI (CMeIIeHUE, 0a30BbIi M MHACKCHBIM PETUCTPHI), MCITOIb3YEMBbIE TSI BRIUMCIIE -
Hus ero 3¢ dexTuBHOrO aapeca (cM. riaBy 2). bailit mod r/m coctouT M3 Tpex moseit
(cM. pmc. 3.1).

ITone mod (mBa 6mTa) ompenesieT CIoco0 aapecany ¥ KOJIMIeCTBO 0aliTOB, 3aHNUMAa-
€MBIX B KOMaHJIe aipecoM ofepaHa (mmoJjie cMeleHus B Komanae). [Tone mod ncnosib-
3yeTCsI COBMECTHO C ITOJIeM I'/m, KOTOpOe OIpeaesieT cCrocod MoanduKaluu aapeca
oIrepaHja 1mojeM cMeleHus B komane. [1ose mod B koMOMHaIIMM C TTOJIEM I/ m o0pa-
3yeT 32 BO3MOXKHBIX 3HaYeHMsI, 0003HAYAIOIIMX OMUH M3 BOCEMHU PETUCTPOB U 24 pe-
xxuma aapecauuu. K mpumepy, ecam mod = 00, To moJie cMellleHHs B KOMaH[Ie OTCYT-
CTBYET U aJipec oIlepaH/a ONpeesieTcss CoAepKUMbIM 6a30BOT0 1/WIIM UHASKCHOTO
peructpa. Kakve IMeHHO peruCTphl TOTPEOYIOTCS ISl BRIYMCIeHUS 3¢ (MEKTUBHOTO
azmpeca, orpenessieTcs 3HaueHreM 3T1oro 6airta. Ecnim mod = 01, To moite cMemeHus
B KOMaHJe TMpPUCYTCTBYET, 3aHUMAeT OOWUH OalT U MOAUMUIIMPYETCS COAEPKUMBIM
0a30BOTO U/WIK MHAEKCHOTO peructpa. Eciu mod = 10, To mosie cMeleHus B KOMaH-
Jie TIPUCYTCTBYET, 3aHMMAET JBa WM YeThipe 6aiiTa (B 3aBUCMMOCTU OT 3HAUYCHUS,
JIEACTBYIOILETO 10 YMOJYaHWIO MM OIpeaesisieMoro mperuKcoM pa3Mepa aapeca)




1 MOIMMPUIIMPYETCS COAEPXKUMBIM 0a30BOTO M/WUJIM WHIEKCHOTO peructpa. Eciu
mod = 11, To omepaHI0B B ITIaMSIT! HET — OHU HaXOASTCS B pETUCTpaxX. DTO XKe 3Haue-
Hue OaliTa mod McIoJb3yeTcs B ciydae, KOTaa KoMaHaa paboTaeT C HEIMOCPEICTBEH-
HBIM OIEPAHIOM.

*
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ITone reg (3 6uta) onpenenser 160 peructp (tada. 3.3 u 3.4), HaXOAIIIUIACSI B KO-
MaHJIie Ha MeCTe 6mopoeo OTepaHia, JM00 BO3MOXKIIOe pacliMpeHue Kojua orepaluuun

(maBas B coBokymnHocTH pa3mep oy KOII B 11 6utos).

2 Tlone r/m UCIOAB3yeTCS COBMECTHO C IojieM mod M OIpelelseT Tubo PerucTp, Ha-
XOASIIMICS B KOMaHIe Ha MecTe nepgoeo onepanaa (ecam mod = 11), n1u60o 6a3oBbie
U UHIEKCHBIE PETUCTPHI, TPUMEHIeMbIe I1JI BelYKcIeHUs 3(pdeKTUBHOTO aapeca (co-

BMECTHO C ITIOJIEM CMECUICHUS B KOMaHI[C).

Ta6nuua 3.3. 3HaueHns KOLOB B nose reg (Mosie wNpucyTCTBYET B KOMaHAE)

Ione reg w=0 w=1

000 AL AX/EAX
001 CL CX/ECX -
010 DL DX/EDX
011 BL BX/EBX
100 AH SP/ESP
101 CH BP/EBP
no DH SI/ESI
111 BH DI/EDI

Tabnuua3.4. 3HaueHVsi KOAOB BMonereg (MofewoTCyTCTBYET)

Ione reg 16-paapsaHbie ONlepaluu 32-pa3psiHble oniepaluu
000 AX EAX

001 CX ECX

010 DX EDX

OH BX EBX

100 SP ESP

101 BP EBP

HO SI ESI

111 DI EDI

B Ta6iniiax HeT comepKUMOTO MOJIsT reg mist 16-paspsAdHbIX peTUCTPOB B 32-pas3psii-
HBIX OIlepalusxX, TaK Kak B apxuTekrype Intel oTaesbHO MCTOIB30BaTh CTAPIIYIO MOJIO-

BUHY 32-pa3psaHOTO perucTpa HeBO3MOXKHO.

B apxurextype Intel oguH u3 onepaHaoB 0053aTeIbHO HAXOAUTCS B PETUCTPE, U OH
MOXET OBITh nepebiM NN 6mopbim. PacTionoxXeHre nepeoeo n emopoeo onepaHaoB B Gop-
MaTe KoMaHabl GpukcupoBaHo. Ho, Hanpumep, komanga MOV MOXeT BBIIIOJIHATH IIE€pe-
CBUIKY KaK 13 PEerrcTpa B MaMsITh, TaK U U3 TIAMSITHA B peTUCTP. B MalmmHHOM YpeAcTaBAelini

3 3ak. 256
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9TO ONIHA M Ta e KoMaHza. B ee moJe reg Oyner comepkarbes Ko peructpa (cMm. Taoi. 3.3
u 3.4), a B mojie r/m — Kol pexuma aapecanuu (cM. nauee). DTH JBe KOMaH[bl OyayT
pas3anyaThCsl TOALKO OMHMM OMTOM d, KOTOPHBIN OIpenesseT HalpaBlIeHUe IMepenadn.
Ecnm B xoMaHIe y9acTBYIOT iBa PETUCTPa, TO B 3TOM CJIydae BCTYIaeT B CUIIY MTPaBUIIO:
oJie Teg OTpeeNsieT 6mopoii OTiepaH, a ToJje r/m — nepeoii. Ecin KomaHma mov pabo-
TaeT ¢ AYCHKON MaMITH, TO B UCXOJHOM TEKCTE MPOTPAMMBbI MOTYT OBITh ClIAYIOLINE
BapUaHThI 3aMTUCH 3TO KOMaHIbI:

mov  ablil,ax ;nepecsinka COOEPXUMOro ax B s4venky namatu abll
win
mov ax,abll ;nepecwnka COAepXMMoro adenkn namatn abll B ax

B MammMHHOM IpencTaBAeHUM 3TU JBe KOMaHIbl OYAyT BHIIJISAETh ONMHAKOBO, 3a
HUCKII0YeHrueM oura d:

© s koMaugel MOV abll,ax our d = 0;
w 71 KomaHnael MOV ax,abll ourd = 1.

Haubonee cloXXHbIMU IJIsT IeKOAMPOBAHUS SIBJISIIOTCS KOMAHIbl C OMEpaHIOM B Tia-
Mmatu. @upma Intel conmpoBoXaaeT OMMCaHKe CUCTEMbI KOMAH/I CIIeLIMaTbHBIMU TaOJIN -
LIaMH1, 00JIeryaloliMMKI MHTEPIIPETALIMIO COAEPXUMOTo Oaiita mod r/m (Tabu. 3.5 u 3.6).
C uX MOMOIIBI0 MOXHO TOBOJBHO JIETKO BOCCTAHOBUTh KOMITOHEHTHI, 13 KOTOPBIX (hOp-
MUPOBAJICS ampec orepaHia, U, B KOHEYHOM HUTOTe, BOCCTAHOBUTh COOTBETCTBYIOLIYIO
KOMaHy acceMbiiepa it JaHHOM MAIIMHHON KOMaHIbI.

Tabnuua 3.5. 3HaueHna Gaita mod r/m (16-paspspHas agpecaums)

8 AL CL DL BL AH | CH | DH | BH
rl6 AX CcX DX BX SP BP SI DI
r32 EAX | ECX | EDX | EBX | ESP | EBP | ESI { EDI
/uncdpa (Ko oreparim) 0 1 2 3 4 5 6 7
reg 000 001 010 on 100 | 101 1o | 111
DdheKkTUBHBIN anpec mod | r/m | IlectHaguatepuynsie3HayeHuss modr/m

[BX+SI] 00 000 | 00 08 10 18 20 28 30 38
[BX+DI] 00 [o01 fo1 09 11 19 |21 |20 {31 |39
[BP+SI] 00 010 | 02 Oa 12 la 22 2a 32 | 3a
[BP+DI] 00 011 | 03 Ob 13 1b 23 2b 33 3b
[S1] 00 100 | 04 Oc 14 le 24 2c 34 3c
[DI] 00 101 | 05 0d 15 1d 25 2d 35 3d
cMmer_16 00 o | 06 Oe 16 le 26 2e 36 | 3e
[BX] : 00 11y 07 of 17 If 27 2f 37 3f
[BX+SI]+cmeny_8 01 000 | 40 48 50 58 60 68 70 78
[BX+DI]+cmer_8 01 001 | 41 49 51 59 61 69 71 79
[BP+SI)+cmen_8 01 010 | 42 4a 52 5a 62 6a 72 Ta
[BP+DI}+cmewr_8 01 011 | 43 4b 53 5b 63 6b 73 7b
[SI]+cMem_8 o1 100 | 44 4¢ 54 5¢ 64 [6c |74 |7c
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BddexTBHBI anpec mod | r/m | IllecTHaauaTepHUuHble 3HaYeHus mod r/T
[DI]+cmeny_8 01 101 | 45 4d 55 5d 65 6d 75 7d
[BP]+cmenr_8 01 110 | 46 4e 56 Se 66 6e 76 Te
[BX]+cmem_8 01 111 | 47 4f 57 5f 67 6f 77 7t
[BX+SIHemeny_16 10 000 |- 80 88 90 98 a0 a8 bO J b8
[BX+DI]+cmeny_16 10 001 | 81 89 91 99 al a9 bl b9
[BP+SI]+emen_16 10 010 | 82 8a 92 9a a2 aa b2 | ba
[BP+DI}+cmer_16 10 011 | 83 8b 93 9% a3 ab b3 | bb
[S[]+cmeny_16 10 100 | 84 8c 94 9c a4 ac b4 | be
[DI}+cme_16 10 101 | 85 8d 95 9d a5 ad b5 | bd
[BPJ+cmemr_16 10 110 | 86 8e 96 9¢ ab ae b6 | be
[BX]J+cmem_16 0 | 11|87 {8 |97 [of {a7 jaf |77 [of
EAX/AX/AL 11 000 .I cO c8 do ds e0 e ro | f8
ECX/CX/CL 11 001 | el c9 dl d9 el e9 fl 9
EDX/DX/DL 11 010 | c2 ca d2 Da e2 ea 2 fa
EBX/BX/BL 4 011 | ¢3 cb d3 Db e3 eb G fb
ESP/SP/AH 11 100 | c4 cc d4 DC e4 ec f4 fc
EBP/BP/CH 11 101 § c5 cd ds5 Dd e5 ed /s fd
ESI/SI/DH 11 IO | c6 ce dé De eb ee f6 fe
EDI/DI/BH i | Ml fe7 Jef [d7 | D {er tef |f7 |[ff
Tabnuua 3.6. 3HaveHua Gaiita mod r/m (32-paspsaHas agpecaums)
32 EAX | ECX | EDX | EBX | ESP | EBP | ESI | EDI
/uudpa (Kox oreparm) 0 1 2 3 4 5 6 7
reg 000 001 010 011 100 | 101 no | 111
DdbeKTUBHBII agpec mod | r/m | IllecTHaauaTepuuyHbie 3HaYeHUSI Modr/m
[EAX] 00 000 % 00 08 10 18 20 28 30 138
[ECX] 00 001 | 01 09 11 19 21 29 31 39
[EDX] 00 010 ¢ 02 Oa 12 la 22 2a 32 3a
[EBX] 00 01t | 03 Ob 13 b 23 2b 33 3b
[sib] 00 100 | 04 Oc 14 lc 24 2c 34 | 3c
Cwmeny_32 00 101 | 05 0d 15 1d 25 2d 35 3d
[EST] 00 110 | 06 Oe 16 le 26 2e 36 3e
[EDI] oo {Il{o7 |or 17 it 27 |2t [37 jo3f
[EAX]+cmenr_8 01 000 | 40 48 50 58 60 68 70 78
[ECX]+cmen_8 01 001 | 41 49 51 59 61 69 71 79
[EDXJ+cmem_8 01 010 | 42 4a 52 5a 62 6a 72 Ta

npodoancenue ¥
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'Tabnuua 3.6 (nponosxeHne)

Db deKTUBHBII agpec mod | r/m | WecrHaguarepuunsie 3HaveHns mod r/m

[EBX}+cmem_8 01 011 | 43 4b 53 5b 63 6b 73 7b
[sib]+cmenr 8 01 100 | 44 4c 54 5¢ 64 6¢ 74 7c
[EBP]+cmeny_8 01 101 { 45 4d 55 5d 65 6d 75 7d
[ESTi+cMmery_8 01 1o | 46 4e 56 5e 66 6e 76 | Te
[EDI]+cmens_8 01 11 147 4 {57 st 67 j6f {77 |7t
[EAX]+cmeny_32 10 000 | 80 88 90 98 a0 a8 b0 b8
[ECX]+cmenr_32 10 001 | 81 89 91 99 al a9 bl b9
[EDX]+cmem_32 10 010 | 82 8a 92 9a a2 aa b2 | ba
[EBX]+cmer_32 10 011 | 83 8b 93 9b a3 ab b3 bb
[SIB] 10 100 | 84 8c 94 9c a4 ac b4 bc
[EBP]+cmer_32 10 101 | 85 8d 95 9d as ad b5 bd
[EST}+cmeny_32 10 I10 { 86 8e 96 9e ab ae b6 be
[EDI}+cmeny_32 10 111 | 87 8f 97 o9f a7 | af 77 | bf
EAX/AX/AL 11 000 | cO C8 do d8 e0 e8 fi) e
ECX/CX/CL 11 001 |} ci C9 dl d9 el e9 f1 9

EDX/DX/DL 11 010 { c2 ca d2 Da e2 ea 2 fa

EBX/BX/BL 11 011 | c3 cb d3 Db e3 eb O ft

ESP/SP/AH 11 100 | c4 cc d4 DC ed ec f4 fc

EBP/BP/CH 11 101 { ¢S5 cd d5 Dd es5 ed £5 fd

ESI/SI/DH u 110 | ¢6 ce d6 De |[e6 |ee fo | fe

EDI/DI/BH 1 11 ] 7 cf d7 Df Ye7 |ef 7 | ff

Pl

PaccMoTpuM nprMep UCITONIb30BaHUSI JaHHBIX TA0JIUIL ITpK 3HaYeHU K O6aiita mod r/m
paBHOM 87h. JI)1s1 BOCCTAaHOBJICHUSI MECTOHAXOXICHUSI OTIEPaHI0B TaHHON MaIlIMHHON
KOMaH/Ibl CJIEAYET HAUTU 3TO 3HAYEHUE B OAHOM U3 Tabull (Kakoi Tabauieil BOCIob-
30BaThCsl, 3aBUCUT OT TEKYILETO peXruMa ajapecalmu) U Mo MnepBoMy CTOJOILY CTPOKM,
comepxxaiieir Kkom 87h, onpeaeuTh MECTOHAXOXICHUE #epgoeo oTiepaHaa. B Hamrem ciry-
yae azipec onepanaa popmupyercs u3 cogepxumoro peructpa BX u 16-paspsigHorocme-
IIeHMS, 3HaYeHME KOTOPOTO CJICAYET MCKATh B CIICIYIOIINX 3a 6aiiToM mod r/m nByx Oaii-
Tax. BTopoii cTonbelr Toii e CTpOKU cofaepKUT 3HaueHue noyst mod. Tperbe nmose Oaiita
mod r/m MoxkHO HalTH, IepeMeCTUBILNCH BBEPX 10 CTOJIOLY, COepXaleMy 3HadeHue 87h,
JI0 TIepeceYeHMSI CO CTPOKOH reg miu /i pa. [Ipu a3ToM OyneT BEIOpaHO 3HAUCHUE, MICH-
TUDUIMPYIOLLEe ONUH U3 PETUCTPOB WU MPOAOJIKEHUE Koja oniepauru. YTo UMEHHO —
orpeaessieTcss TM00 caMUM KOIOM OIlepalliM, JIM0O0 3HaYeHWeM OuTa W B COYETaHUU
C TeKylllel pa3psiIHOCThIO ajapeca (CM. paHee).

ITpu ucronb3oBaHuM 32-pa3psaaHoOii agpecalun coaepxxumoe 6aiita mod r/m Tpak-
TyeTcsI HECKOJIbKO MHaue M3-3a HaJIM4us B (popMare MaITMHHOM KOMaHABI Oaiita sib
(cM. mozppazzen «baiit Macuitaba, nHaekca u 6asbi» ).
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HexoTopbie MalIMHHBIE KOMaHIbl MOTYT paboTaTh ¢ CETMEHTHBIMU peructpamu. da-
Jiee TIPUBEICHBI COTJIallleHUs 110 KOIUPOBAHUIO CETMEHTHBIX PETUCTPOB. B nanxbHeiimem
M3JIOXKEeHUN OyIeM pa3jindaTh ABa Habopa PerucTpOB:

sreg86 — CerMeHTHBIE PEruCTPHI, CYIIECTBOBABIIME B apXUTEKType IPOILIECCOPOB
i8086,/881180286;

W sreg386 — cerMeHTHBIE PETUCTPBI ApXUTEKTYPHI Mpolieccopos i80386 u BrIlire.

Pasznnure HAGOPOB COCTOMT B TOM, YTO KOAMPYIOTCS OHU Pa3TMIHBIM KOJTUICCTBOM
OuTOB: sreg86 — nByMms outamu (tadia. 3.7), a sreg386 — Tpems (tabia. 3.8).

Ta6nuua 3.7. KoanpoBka cerMeHTHbIX PerMcTpoB B Habope sreg86

Kop B none sreg86 CermMeHTHbI perucTp
00 ES
01 CS
10 SS
11 DS

Tabnuua 3.8. KoampoBka cermMeHTHbIX perncTpoB B Habope sreg386

Kop B none sreg386 CermMeHTHbI perucTp
000 ES

001 cs

010 SS

011 DS

100 FS

101 GS

OnHa M3 1eTOYMCIeHHBIX KOMaHI — KoMaHaa MOV — MOXeT oneprupoBaTh CUCTEM-
HBIMH peructpamMu. KonupoBKa 3TUX perMCTPOB IpHBeneHa B Tabm. 3.9.

Ta6nuua 3.9. Kognposka CMCTEMHbIX perncTpoBs B komaHae MOV

Kon B moze creg Peructpel ynpapieHust Peructpsl oTnagku
000 CRO DRO

001 — DRI

010 CR2 DR2

011 CR3 DR3

100 ' CR4 —

101 — —

HO — DR6

111 — DR7
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BaiiT macwTaba, uHaekca u 6a3sbl

Baiim macwmaba, undexca u 6azer (Scale-Index-Base — sib) ucrmomb3yercs 1Isl paciim-
peHUS BO3MOXHOCTeH agpecanny onepaHaoB. Ha Hanmnuue Oaiita sib B MalIMHHOM KO-
MaHJI¢ YKa3bIBaeT coyeTaHune ogHoro u3 3HaueHui 01 uau 10 monst mod 1 3HaYE€HUS OIS
r/m= 100. BaiiT sib cocTouT 13 Tpex aueMeHTOB (Tad. 3.10).

B mone macwmaba (ss) pa3meraeTcst mMacuimabHlii MHO}CUMeNb 11 WHAECKCHOTO
KOMITOHEHTa index, 3aHMMAIOLIEro cienylomue Tpyu oura 6aiita sib. B mose ss Mmoxer
comepxatbes 3HaueHue 1, 2, 4 unu 8. Ilpu BeuncieHun 3¢ PeKTUBHOTO aapeca Ha
9TO 3HAUYeHMe OyIeT YMHOXAThCSA COAEPXMMOe WHAEKCHOro peructpa. bomee mo-
JIpOOHO, C TPaKTUUECKOM TOUKHU 3peHUs, 3Ta paclIMpeHHast BO3MOXHOCTb MHAEKCa-
LMW paccMaTpUBaeTCsl MPU 0OCYXAEHUU MacCMBOB B IiiaBe 13.

ITone index mo3BoJigeT XpaHUTh HOMEP MHISKCHOTO PErHCTPa, CONEPKUMOE KOTOPO-
ro NMPUMEHSIETCS ISl BIYMCIeHUsT 3¢ (MEeKTUBHOTO anpeca ornepaHaa.

u Ilone base Tpebyercs 11l XpaHEHUSI HOMEPA 6A30BOTO PErUCTpa, COAEPKUMOE KOTO-
pOTro TakxXKe IpUMEHsIeTCs IJIs BEIYMCIeHUs 3PpOeKTUBHOTO aapeca onepaHga. B ka-
yecTBe 0a30BOr0 M MHAEKCHOIO PETMCTPOB MOTYT MCIOJb30BATHCS OOJBIIMHCTBO
PETUCTPOB OOIIEro Ha3HAYCHMSI.

Tab6nuua 3.10. 3HayeHus Gaiita sib (32-paspsiaHas agpecaums)

r32 EAX | ECX j EDX | EBX | ESP ESI | EDI
Baza (base) 000 | 001 010 { o011 100 | 101 { 110} 111
MacmrabupoBanue | Macmrabubiii | Mumeke | LllectHaanatepuyHkle 3HaUeHUS Sib

MHIEKCHOTO MHOXWTEb (index)

perucTpa (ss)

[EAX] 00 ..J 000 00 01 02 03 04 05 } 06 |07
[ECX] 00 001 08 09 O0A OB OC | OD }.OE | OF
[EDX] 00 010 10 11 12 13 14 15 16 17
[EBX] 00 ' 011 18 19 1A iB IC | 1D | tE | IF
— 00 100 20 21 22 23 24 25 126 |27
[EBP] 00 101 28 29 2A 2B 2C 2D | 2E | 2F
[EST] 00 no .30 31 32 33 34 35 .36 | 37
[EDI] 00 111 38 |39 |3A |3 (3C |3D |3E |3F
[EAX*2] 01 000 40 41 42 43 44 45 | 46 | 47
[ECX*2] 01 001 48 49 4A 4B 4C | 4D | 4E | 4F
[EDX*2] 01 010 50 51 52 53 54 55|56 157
[EBX*2] 01 011 58 59 5A SB 5C | 5D { 5E | 5F
— 01 100 60 |61 62 |63 |64 [65 f66 |67
[EBP*2] 01 101 68 69 6A 6B 6C 6D | 6E | 6F
[ESI*2] 01 110 70 71 72 73 74 75 176 | 77
[EDI*2] 01 111 78 79 7JA | 7B [7C [ 7D |'7E | 7F
[EAX*4] 10 000 80 81 82 83 84 85 | 86 | 87
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Macurrabuposanue | Macwradubiii | Munexke § LlecTHaguaTepuyHbie 3HaueHMs Sib

HHJEKCHOTO MHOXHTEb (index)

perucrpa (SS)

[ECX*4] 10 001 88 89 8A 8B 8C | 8D } 8E | 8F
[EDX*4] 10 010 90 91 92 93 94 95 |9 |97
[EBX*4] 10 011 98 99 9A 9B 9C 19D | 9E | 9F
— 10 100 AO Al A2 A3 A4 | AS | A6 | A7
[EBP*4] 10 101 A8 A9 AA | AB | AC | AD | AE i AF
[ES1*4] 10 [10 BO Bl B2 B3 B4 | B5 { B6 | B7
[EDI*4] 10 111 B8 B9 BA BB BC | BD | BE | BF
[EAX*8] 71 000 .CO Cl C2 C3 C4 |C5 jCo6 | CT
[ECX*8] n 001 C8 C9 CA CB CC | CD | CE | CF
[EDX*8] n 010 DO DI D2 D3 D4 | D5 | D6 | D7
[EBX*8] u on D8 D9 DA DB DC | DD | DE | DF
— 1 100 EO |El |E2 [E3 |E4 [ES {E6 |FE7
[EBP*8] " 101 E8 E9 EA EB EC | ED | EE | EF
[ESI*8] il §(0) FO Fl F2 F3 F4 F5 | F6 | F7
[EDI*8] 1 [11 F8 F9 FA | FB { FC | FD | FE | FF

ITo 3HaveHwMIO GaiiTa sib J1eTKO BOCCTAHOBUTH KOMIIOHEHTHI MAITMHHEBIX KOMaH/I, CO-
JepKallne aapec ornepaHaa ¢ y9eTOM €ro MacIiTabupoBaHUSI.

OnHo 3HaueHue 6azoBoro peructpa (base) B Ta6a. 3.10 3aMelIeHO CMMBOJIOM 3BE3-
no4ykHu (*). DTO 03HaUaeT HaIuuYue B KoMaHe aapeca cmely_32 6e3 6a3bl, ecim mod paB-
Ho 00, u [EBP] — BnipoTuBHOM ciyuae. Takoii moaxoa obecrneuynBaeT CAeAYIOLINE PEXU-
MBI aJpecalyu:

n cmew 32[uHpekc], ecan mod=00;
cmewy 8[ebp][uHaekc], ecnm mod=01;
I cmew_32[ebp][nHgexc], ecnn mod=10.

Mons cmeLweHns U HenocpeaCcTBEHHOro onepaHaa

Ilone cmewenus ¢ komanoe — 310 8-, 16- wnm 32-pas3psiiHOE LIEJOE YUCIO CO 3HAKOM,
MpeCTaBIISIONIee COO0I MOJHOCTHIO MJIU YACTUYHO (C yIeTOM IPUBEISHHBIX paHee pac-
CyXIeHUIt) 3HaueHre 3(pPeKTUBHOTO aapeca onepaHa.

[lose Henocpedcmeennoeo onepanoa — HeoOsI3aTe/IbHOE T0JIe, MPEACTaBISIOLIEE CO-
601t 8-, 16- miu 32-pa3psiIHBIN HelMoCpeACTBEHHBIN orepaHn. Haxwyume 3Toro 1mos, Ko-
HEYHO, OTpaxaeTcd Ha 3HayeHuu bajita mod r/m.

Ct0J1b MOAPOOHOE 00CYXAEHME PA3IMYHbBIX MTOJIEH MAIlIMHHON KOMaHIbl, B TOM YUC-
Jie ¢ MCTIOIb30BaHUEM BCEX MPUBEACHHBIX paHee TaOJIull, UMeeT 1LIeJIblo 1ToKa3aTh Ipa-
BUJIa (POPMUPOBAHUS ONEPaHIOB MAIIMHHBIX KoMaH . [Ipy paccMOTpeHUM CMHTaKcuca
acceMbiepa (Iy1aBa 5) Ha OCHOBE 3TOro MaTepuana OyayT oOCYXKAaThCs TMpaBuiia 3amu-
CHU OIlepaHI0B KOMaH[I acceMoOiepa.
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dyHkunoHanbHaa knaccudukauus
MaLLVHHbIX KOMaHp,
B nayvaine rimaBsl OTMEYaAJIOCh, UTO CUCTEMA KOMaH/ ITOCJIEAHETO Ha CGI‘OI[HH].HHI/Iﬁ IE€Hb

npoueccopa Pentium IV apxutektyper 1A-32 comepxur Oonee 300 MaIIMHHBIX KOMAaHI.
Bech Habop MaIIMHHBIX KOMaHI MOKHO pa30MTh Ha YeTHIpe TPYIILl (prc. 3.2).

InaBa 3. Cuctema komaHg npoueccopa |A32

| Komanzb! accembnepa Pentium IV _i
[
| | | 1

MNpoueccopa

Conpoueccops MMX-pacwuparnn XMM-pacwmpervs

Puc. 3.2. MawwuHHble komanabl npoueccopa Intel (Pentium V)

B mpenenax Kaxmoii U3 3TUX OOJNBIIMX TPYIII, UCXOMST U3 GYHKIIMOHATEHOTO Ha3Ha-
YeHUS OTIETbHBIX KOMaHI, MOXHO MTPOBECTH HajTbHelIIee pa3dueHe Ha 6oree MeTKre
nmoarpynmel. Takol TOIXON TO3BOJSET JOCTUYh HECKOJBKHX IIeJIei:

OLCHUTH BO3MOXHOCTH ITpoeccopa 110 O6pa6OTKC JaHHBIX,

paccMOTpeTh COBOKYITHOCTh KOMaHI IpoIieccopa apxXuTeKTyphol 1A-32 Kak mepapxu-
YECKYIO U CAMOJOCTaTOYHYIO CUCTEMY;

No OCMBICIIEHHO n3y4yaTb OTACIbHBIC MAaIIMHHBIC KOMaHObl B KOHTCKCTE OCTaJIbHBIX.

B rmaBax 7-10 m 12 OyayT pacCMOTpeHH KOMaHABI OCHOBHOTO Ipoleccopa (1iejo-
YUCJIEHHbIE), TIO3TOMY 3[eCh MpUBEeIeM MX KJIacCU(PUKAIUIO MO (PYHKIHMOHATbHOMY
npusHaky (puc. 3.3).

r

KomaHngbl accembniepa |

[

Mepecbinkn Mepenayn
P Apvipmetnaeckme | | Nornueckne pena LlernoyesHble Ynpagnenms
LaHHbIX ynpasneHusi cocroaHuem LM
= v
BOVHHOM r
O6Lero Ja , Manunynauml| | BeaycnoaHbie i PaboThl
Ha3HaYeHns apuPMeTVKu i Gutamm 1 c dnaramm
Pa6oThb HecsitniHon Pa6oThI G
Cppura YcnoBHble
CO CTEKOM aprpMeTnkm . - CMCTEMHbBIMM
l pervcTpamm
MpeobpasoBaHus
[AHHbIX

Puc. 3.3. OyHKumoHaIbHas Knaccuukaumst LENOHMCIIEHHBIX MALLMHHBLIX KOMaHZ,

OyHKIMOHaNbHAA KiIacCU(PUKaLWI KOMaH[ OCTAlIbHBIX IPYNI OYIET HpuBede-
Ha B MaTepuaje COOTBETCTBYOLIMX IJaB. MHdbopManuio o Kaxmoi KoMaHIe Mpo-
neccopa apxutekTtypsl [A-32 (Bmioth go Pentium IV) MoxHO HaiiTU B mpuIIOXKe-
HMM, KOTOPOE yI00HO MCTIOJIb30BaTh B X0/€ paOOThl Hall MPOTPAMMHBIMU MPOEKTAMMU.
CrouT 00paTUTh BHUMaHUE Ha TO, YTO IPUIOKEHHE COCTOMT U3 YETHIpeX YacTeil —

3TO COOTBETCTBYET pa3OMEeHWIO KOMaHI Mpolueccopa Ha GYHKIMOHATbHEIE TPYIIIHI
(puc. 3.2).
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NTormn

i~ CucremMa MalllMHHBIX KOMaH — BaxKHeMIIast 4acTh APXUTEKTYPbI KOMIILIOTEPA, OIIPEC-
JeIdro1iasad BOSMOXHOCTH €TI0 ITporpaMMUMpOBaHMA.

- Z[J'ISI pa6OTH nponeccopa J0CTAaTOYHO ITporpaMMbl B IBOMYHBIX KOJaX, HO TaKO€ ITpA-
MO€ IIporpaMMHMpoOBaHME Ha MMPAKTHUKE HE MCITOJIb3YETCA. A3bIk acceM6nepa — CUM-
BOJIMYECKUI aHAJOr MAIlIMHHOTO A3bIKa. Hpeo6pa30BaHI/Ie KOMaHI acceM6J1epa
B COOTBETCTBYIOIIMEC MAIIMHHBIC KOMaHAbI IIPOMU3BOAUT IIporpaMMa-TpaHCIATOp —
aCCCM6J’[Cp. ,Haaneﬁmaﬂ MHTEpHNpeTaivd MallMHHBIX KOMaHJ B KOHKPETHBIC CUT-
HaJIbl 9JICKTPOHHBIX CXEM OCYIIECTBJIACTCA C TIOMOIILIO OsioKa MUKPOIIPpOTPpaMMHOTO
YIpaBJ€HUA, BXOOAIIETOo B COCTaB IMpoLEccopa.

+ CymecTByeT B3aMMHO OTHO3HAYHOE COOTBETCTBUEC MAIMMHHBIX KOMaHI W KOMaHI
acceMOJepa.

Ne KommpoBaHMe MalTMHHBIX KOMaH]T TPOM3BOIUTCS B COOTBETCTBUM C OMHUM U3 BO3-
MOXHBIX (hopMaToB. KOMaHIbI IIPOLIECCOPOB apXUTEKTYphl IA-32 cunTaIOTCS CIOX-
HBIMM, TaK KaK B OCHOBY KOHIIEITLIMY Tipolieccopos Intelmonoxen mpuHINT coBMec-
THMOCTH — TIPOTPaMMBEI, pa3paboTaHHBIE I Oojiee paHHUX MOJEIei TIPOIecCopoB,
TOJIKHBI BBITTOJTHATHCS Ha BCEX MOCIIEAYIOIINX.

CTpyKTypa KOMaHI Mpolieccopa IO3BOJISIeT 00eCIeUnTh OOJIBIIYI0 THOKOCTh 11pH
00paboTKe OTNepaHIOB W pa3HOOOpa3ne PeXUMOB aJpeCcallvi.

BonbmuHCTBO KOMaHI aCCGM6J’[Cpa NMCIOT HECKOJIbKO BO3MOXHbBIX BApMAaHTOB CO-
Yye€TaHud OII€paHId0B. ,HJ'ISI KaXJI0Io BOBMOXKHOT'O COYE€TAaHHUA OII€EPAaHA0B UMEECTCA CBOA
MallMHHasA KoMaHJa CO CBOMM 3HAaY€HMEM I10JIA KOAa OoIl€palru.

MaluyHHYI0 KOMaHIy GOpMUPYIOT HECKOJIBLKO TMOJei, U3 KOTOPBIX 06513aTeIbHBIM
SIBJISIETCS] TOJIBKO OJHO — TT0JIe KOJa OTepaITiu.

CucreMa KOMaH[ apxXuTeKTyphl [A-32 gBisgeTcs MepapXuYecKo U caMoOgOCTaTOY-
Hoit. Bce KOMaHIBI IeATCsS Ha YeThIpe TPYIIIBI, B TIpeneiaX Kaxkaoil U3 KOTOPBIX
BBIIEISIETCS TOBOJBHO GOJIBINIOE KOJTMIECTBO (DYHKIIMOHATBHBIX TTOATPYIIIL.



Mhaea 4
Cucrtembl cuncneHumsa

¥ MO3SULUOHHbIE U HENO3ULMUOHHbIE CUCTEMbl CYMCNEHUS
& JlBOMYHaA cUcTemMa CHYMCeHud

&» LllecTHapuaTepMyHas cuctema CUYMCNEHUs

% [lecATUMHas cUCTeMa CYMCJIEHUS

& lMepeBon YuMcen N3 ogHOW CUCTEMbl CHUCJIEHUS B OpPYyryto

IToHuMaHue mopsiaKa MpeAcTaBAeHUS YMCea B IBOMYHON, IECATUYHOM U IIeCTHAALIATe-
PUYHOI CHCTeMaX CUMCICHUS SBISETCS OOJHUM U3 HEOOXOOUMBIX YCIOBUI YCIEIIHOTO
NporpaMMUPOBAHUA Ha accemOnepe. He MeHee BaXHO yMeTb UCIONL30BATh MpPaBuUia
KOHBEPTUPOBAHUS YHMCJIOBBIX JaHHBIX MEXIY 3TUMU cUcTeMaMu cuuciaeHust. [TpuunHa-
MM 3TOTO SBJISIOTCS, C OAHON CTOPOHBI, ABOMYHAS OpraHu3alusl cCoBpeMeHHbIX DBM u,
¢ IpYroil CTOPOHEKI, Oojiee MpUBBIYHAS I/ YeI0BeKa paboTa ¢ YMCI0BOM HH(I)opMauMeﬁ
Ha OCHOBE JCCATUYHOMN CUCTEMbI CUMCICHHUS.

Kaxk u3BecTHO, cucmemoil cuicienus Ha3bIBaeTCS COBOKYITHOCTD IPABMJI 3aIIUCH YH-
cesn. CuUcTeMbl CUMCICHHUS TOApa3de/sioOTCsl Ha No3uyuoHHble U Heno3uyuoHHvle. Kak
B IO3UIMOHHBIX, TaK U B HEIIO3ULIMOHHBIX CUCTEMAX CYMCIICHMS UCIIONB3YETCs OIpe/ie-
JICHHBIII HabOp CHMBOJIOB — yugp, MOCIeI0BaTeIbHOE COYETaHME KOTOPBIX 00pasyeT
ypciao. Hemo3uimoHHbIE CUCTEMBI CUMCICHUS MOSIBUIMCH paHbIe MO3MUUOHHBIX. OHU
XapakKTepU3yITCS T€M, UYTO B HMX CHMBOJIbI, 0003HavaIIKe TO UIM UHOE YUCIO (TO
eCTb LU(pPbI), HE MEHSIIOT CBOETO 3HAUCHUS B 3aBUCUMOCTH OT MECTOITOJI0XEHHUS B 3a-
MUCH 3TOTO YKciaa. Kiaccuueckum npumMepoM TaKoi CUCTEMbI CUMCIICHUS BISETCS pUM-
ckaa. B Heil 1151 3amucy Yuce UCIOJb3YIOTCS OYKBBI JaTUHCKOro andasuta. Ilpu atom
oyksa I o3HavaeT equHuLy, V — nath, X — Aeciatb, L — narbaecar, C — cro, D — nmsTh-
coT, M — Teicauy. 151 momyyeHHs] KOJIMYECTBEHHOTO 3KBMBAJCHTA YMC/IA B PUMCKOM
CHUCTEME CUMCIECHUS HEOOXOAMMO MPOCTO MPOCYMMUPOBATh KOJIMYECTBEHHbIE SKBHUBA-
JICHTHI BXOISIIMX B Hero mucdp. McKimoueHue M3 3TOro IpaBMjIa COCTAaBJISIET CIIydaid,
Koraa muafias Hudpa HaXoaUTCS Mepe cTaplieil, — B 3TOM CIy4ae HY>KHO He CKJIabl-
BaTh, a BHIYMTATh YMCJIO BXOXIECHUI 3Toi Miadiueir nudpsl. Hampumep: '
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DLXXVII=500+50+ 10+ 10+5+ 1+ 1 =577
Hpyroit mpumep:
CDXXIX=1500- 100+ 10+ 10 - 1 + 10 = 429.

B no3unnoHHoO# cucTeMe CUMCIeHUsT KOJMYECTBO CUMBOJIOB B HAOOpe paBHO OCHO-
6GHUI0 CUCTEMBI CUMCleHMsI. MecTo Kaxaoil Lu@pbl B YMCIe Ha3bIBACTCS MO3UUUEH.
Homep mo3unnu cumBoa (3a BHIYETOM €IMHUIIBI) B YKcie Ha3biBaeTcs paspsadom. Pas-
psn 0 HasbIBaeTcs maaduium paspsimoMm. Kaxmoii nudpe cooTBETCTBYET OnpeaeaeHHbII
KOJIMYECTBEHHBIN 9KBUBAJIEHT. BBesieM 0603HaueHe — 3amuch A,y GyIeT 03HavaTh KO-
JIMYECTBEHHBIA 9KBUBAJIEHT Yucia A, cocrosuiero u3 n uudp a, (rue k =0, ..., n - 1)
B CHCTEME CUMCIICHUS C OCHOBAHUEM p. DTO YUCIO MOXHO MPENCTABUTDh B BUJE TTOCIC-
JOBATEIbHOCTU LIMPP:

A, -an_an,...aa,
I[Tpu 5TOM, KOHEYHO, BCET/a BBIIOJIHAETCA HEPABEHCTBO @, < p.
B obuiem ciyyae KOMMYECTBEHHBIN SKBUBAJIEHT HEKOTOPOTO MONOXUTENBHOTO YHC-

J1aAB MO3ULMOHHOM CUCTEME CUYMCIECHUS MOXHO NpeACTaBUTDb BbIPAKECHUEM

A(P)=an—1'p"4+an~2.pn__2‘_ -t al'p1|_ a().po’ (41)
Ta€ p — OCHOBAHUE CUCTEMBI CUMCIICHUSA (HeKOTOpOC EJI0€ ITOJIOXKUTEIBbHOC ‘-II/ICHO),
a — umbpa IAHHOM CUCTEMBI CUMCJIEHUSA, n — HOMED CTAapLICTo pa3psaa yucia.

Z[JIH TOJIYYCHU A KOJIUMYECTBEHHOT'O OKBHUBAJICHTA YUCJa B HCKOTOpOﬁ MO3ULIMOHHOM
CUCTEME CYMCJIEHUST HEOOXOAUMO CIIOXHUTh IPpOMU3BCACHUA KOJINYECTBEHHBIX 3HAYCHUI
Lll/I(I)p Ha CTCIICHU OCHOBaHHA, I10KA3aTC/IM KOTOPLIX paBHbI HOMEpaM pa3psa0B (06pa—
TUTE€ BHUMAaHHNEC Ha TO, YTO HyME€pallud pa3pdaa0B HAYUMHACTCA C Hyﬂﬂ).

ITocne Takoro (I)OpMaJleOFO BBCICHUA MOKHO ITPUCTYIIUTD K 06CY)KHCHI/HO HEKOTO-
PBIX MO3UITUMOHHBIX CUCTEM CUUCIICHMUA, HauboJiee 4acTo MCITOJIb3YEMBIX ITPU pa3pa60T—
K€ ImporpaMm Ha acceM6ﬂepe.

ABOn4YHaAa cuctema CUHUCIIEHUN

Ha6op uudp nis nBonyHoit cucremsl cuuciaenus: — {0, 1}, ocHoBaHue creneHu (p) — 2.

KonuyecTBeHHbBII 3KBMBaJEHT HEKOTOPOIO LIEJIOr0 1-3HAYHOTO IBOMYHOIO YKCIIa
BbIUMCIIsIeTCsl cornacHo dopmyne (4.1):

Ay -0, 27" +a, , 2"+ a2y e, (4.2)

Kaxk MbI yXe oTMeuauu, HaJu4ue 3TOM CUCTeMbI CYMCICHUS 00YCIOBIEHO TeM, YTO
KOMIIBIOTEP MOCTPOEH Ha JIOTMYECKMX CXeMax, UMEIOIIMX B CBOEM JIEMEHTAPHOM BUJIE
TOJIBKO JIBa COCTOSIHUSI — BKJIIOYEHO U BBHIKJIIOYEHO. [1pOoM3BONUTD CYET B IBOMYHOM CH-
CTeMe MPOCTO JAJIs KOMIIbIOTEPa, HO CJIOXHO JJis YeioBeka. Hampumep, paccMoTpum
nBonvHoe yuciao 10100111.

BbluncuM AecATUYHBIM 3KBUBAJEHT 3TOTO ABOMYHOTO uucia. CormacHo dopmyiie
(4.2), 510 OyzmeT BeNMYMHA, paBHAA CIIEAYIOLIEH CyMMe:

1+ T+0*264+125+0244+025+122+121+1 2",
[MocumraiiTe caMu, CKOJIbKO MOJYYUTCS.
CnoxeHue ¥ BblUMTaHUE ABOUYHBIX yuces (puc. 4.1) BBIMONHSIETCS TaK Xe, KakK U B

JIPYTUX MO3UILIMOHHBIX CUCTEMAX CUMCIICHUsI, HAIIpUMEpP AeCSTUYHOM. TOYHO Tak ke
BBINOJTHSIETCS 3aeM (TIepeHOC) eIMHMIBI U3 CTaplIero paspsiaa (B cTapllivii pa3psin).
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1 11111 nepeHoc 11 1 3aem
110011011 . 11010010011
* 110010101 00111011011
1100110000 10010111000

Puc. 4.1. CnoxeHue n-BblMUTaHne BOMYHbIX YMCEN

IIpuseneM crenenu nBoiiku (tadi. 4.1).

Ta0muua 4.1, CreneHn JBOVKHN

CrerneHb [IBa B YKA3aHHOU CTENEeHU
2

4

8

16
32
64
128
256
512
1024
2048
4096

[Nl Kool [ENGI No U G2 RN =0 OSHN N OOR B

=
(e}

s
—

[E
DO

LLlecTHapguaTepuyHas CUCTEMA CUMUCIIEHUS

[ecTrnanuarepuutas cucrema curcieHus nmeet Hadop mmdp {0,1,2,...,9, A, B, C, D,
E, F} u ocnoBauue crenenu (p)— 16.

KonnuecTBeHHBI SKBUBAJICHT HEKOTOPOTO LEJOTO 72-3HAYHOT'O HIECTHAAHATEPUYHOTO

yuca BelYucisieTcs: coracHo opmyne (4.1):
= . n-1 . n-2 . 1 . 0
Ay, =@ 16"'+a , 16"*+... +a - 16"+ q - 16"

n-1

K nmpumepy, KonnuecTBEHHBIN 3KBUBAJEHT IlIeCTHaAIATepUUYHOTO uncia f45ed23c
paBeH:

15+ 167+4 « 16545« 16°+ 14 « 16+ 13 « 16°+2 « 162+3 + 16"+ 12 « 16".

IMocuuraiiTe camu, CKOJMBKO mMoJydyuTcs. [IpuBeseM COOTBETCTBUE MBOMYHBIX YHCETT
U WX IeCATUYHBIX M UIECTHAJNATePUYHbIX SKBUBAJICHTOB (Tab. 4.2).

Ta6nuua 4.2. lecTHaguatepuuHbie Lndpbl

JecaTtniHoe 4cno JsonyHaa TeTpana LLlecTHagLaTepmnyHOE 41Co
0 0000 0
1 0001 1
2 0010 2
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HCCHTI/I'-IHOC YUCJIO Z[BOI/I'—IH&H TE€Tpaaa ].HeCTHaI[L[aTepI/I‘-IHOG YUCIO
3 oot 3

4 0100 . 4

5 0101 5

6 0110 6

7 0111 7

8 1000 8

9 1001 9

10 1010 Aa
1 1011 B, b
12 1100 C,c
13 1101 D,d
14 1110 Ee
15 1111 F,f
16 10000 10

[ToHavary 3alTOMHUTB 3TH COOTHOIIEHUS CJIOKHO, ITO3TOMY TOJIE3HO UMETh O] pyKa-
MM HEKOTOpYIO CIIpaBOYHYI MHbpopManuio. Tabda. 4.2 cogepXuUT MpeacTaBIeHUS
JEeCSTUYHBIX YKce] U3 nuana3ona 0-16 B ABOMYHOM M IIECTHaALlATEPUUHOIl cUCTeMax
cuucnenus. Ee yno6HO MCIOAb30BaTh I B3aMMHOTO NpeoOpa3oBaHUs YMcCes B pac-
CMaTpMBaeMbIX HAMU TpeX cucTemax cuucieHus. lllecTHagnaTepuyHas cuctemMa CYUC-
JIEHUS TIPM BBIYMCIEHUSIX HECKOJBKO CIOXHEee, YeM IBOMYHAsI, B YACTHOCTH, B TOM, UTO
KacaeTcsl IpaBUJI IEPEHOCOB B CTApIKE pa3psabl (3aeMOB M3 CTApIIMX pa3psimoB). [maB- .
HOE 37IeCb — IMOMHUTD CJIEAYIOIee PAaBEHCTBO:

<1+F=10),,

DTHU nepexoabl 0YeHb BaXKHBI MPU BHITOTHEHUH CIOXECHUSI U BBIYUMTAHMSI IIECTHA-
LaTepUyHBIX yncen (puc. 4.2).

11 nepeHoc 11 3aem
+ EF15 1 cnaraemoe BCD8 ymeHblLaemoe
C1E8 2cnaraemoe “ 5EF4 BbuuTaemoe
1BOFD pesynbtar 5DE4 pesynbrar

Puc. 4.2. CnoxeHve 1 BblMMTaHVE LWeCTHaaUaTepuiHbIXYMCEN

HdecaTnyHaa cuctema CHYUCIIEHUS

JlecsaTMYHas cCUCTeMa CYMCIIEHMST HanboJlee U3BEeCTHA, TaK KaK OHA MOCTOSIHHO MCIOJIb-
3yeTcsl HAMM B MOBCEIHEBHOM XMU3HU. JlaHHAs cUCTeMa CYMCICHUST UMeeT Habop Ludp
{0, 1,2, 3,4,5, 6, 7, 8, 9} u ocHoBanue crenenu (p)- 10.

KonnvyecTBeHHBII 3KBUBaJEHT HEKOTOPOTO LIEJIOTO 72-3HAYHOTO JeCATUYHOTO YHUCIa
BBIYUCTISIETCS coTsiIacHO opmyiie (4.1):
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A -a 10" +a

a0~ %n-t 0-2
K npumepy, 3HaueHue ‘{I/ICJ'IaA(IO) = 4523 paBHO:

4-103+5-10°+ 2. 10"+ 3 - 10°.

102+ +a,» 10+ a,- 10,

NMepeBop yncen N3 ogHOM CUCTEMbI
CYUCJIEHNS B APYrylo

OnHOro 3HaHMS O CYIIECTBOBAHUM Pa3HbIX CUCTEM CUMCIEHUST Maio. [I1sl Toro 4Tobsl
B MOJIHOM Mepe UCI0JIb30BaTh MX B CBOEH MPakTUUYECKOU paboTe mpu MporpaMMHUpoBa-
HUM Ha accembiepe, HEOOXOOUMO HAayYMThCs BBIIOJHSATH B3aMMHOE TMpeobpa3oBaHMe
Yucesl MEXAY TPeMsI CUCTEMaMU CUMCIIEHUSI. DTUM MbI M 3aiiMemcs B fanbHeiiineM. Kpo-
Me TOro, JOMOJHUTEIbHO OYAYyT pacCCMOTPEHbI HEKOTOPbIE OCOOEHHOCTH MPOLIECCOPOB
Intel mpu pabote ¢ YncIaMu CO 3HAKOM.

nepeBop, B A€CATU4YHYIO CUCctemy cimcineHumda

[epeBon B MECATUYHYIO CHCTEMY CUMCIIEHUS SBISIETCS CaMBIM TTPOCTBIM. OOBIYHO €ro
MPOU3BOMAT C TIOMOIIBIO TaK HAa3bIBAEMOTO A/120pUmma 3ameuwieHis, CyTb KOTOPOTO 3aK-
JII0YaeTcs B CACOYIONIeM: CHaYaja B IECATUYHYIO CHCTEMY CIMCIICHHSI TIePEBOIUTCS OC-
HOBaHME CTEIIEHH p, a 3aTeM — IHUOPBI UICXOTHOTO YKCIa. Pe3yIbTaThl TOACTaBISIOTCS
B opmyny (4.1). IlonyyeHHast cymMma 1 OymeT MCKOMBIM pesysibraToM. HesaBHO mpu
06CYXIeHUH TBOUIHON M NMIECTHAMIATEPWUYHOM CHCTEM CYMCICHMS MBI TTPOU3BOIUIH
KaK pa3 Takoe Ipeobpa3oBaHIe.

MepeBon B ABONYHYIO CUCTEMY CUUCTIEHUS

MNepeBopa u3 AecATUYHON CUCTEMbI CYUCTIEHUS

HepeBon YucCJjia BABONYHYIO CUCTEMY CUMCIICHUA U3 JIECSITUYHOM BBITTOJHSIETCS 110 OTK-
CaHHOMY Oajiec aJrOpuT™My.

1. Pazmenuth ACCATUIHOC YU CIO A Ha 2. 3aIIOMHUTb 9aCTHOE g 1 OCTaToOK a.

2. Ecam B pesynbraTe mara 1 9acTHoe g He paBHO 0, TO IPUHATH €T0 32 HOBOE AETMMOE
1 OTMETHUTh OCTATOK @, KOTOPHI OyIeT ouepeTHOi 3HaYaIeit nudpoii yncia, u Bep-
HYThCA K IIary 1, Ha KOTOPOM B KaUeCTBE AETMMOTO (IeCITUIHOTO YHCIa) YYaCTBYET
MOJTyYeHHOE Ha IIare 2 JacTHOE.

3. Ecxm B pe3yabTaTe mara 1 yacTHoe g paBHO 0, alTOpUTM MpeKpalnaeTcs. Beimucath
OCTaTKM B MOPSIIKE, 0OpaTHOM HX IMOTydeHUI0. [1oyInTCs IBOMYHBIN S5KBUBAJICHT
MCXOITHOTO YHCIIA.

K mpumepy, nepeBost B IBONYHYIO CUCTEMY CUUCICHUS YUCTa 247, MILTIOCTPUPYET
puc. 4.3. [Topsimok 06xoma OCTaTKOB JUIst ostydeHus pesyabrata (11110111,) mokasan
CTpeKaMHu.

MepeBoa U3 WeCTHaAUATePUYHO CUCTEMbI CHUCNEHUSsI

IMepeBon U3 LIeCTHAALATEPHIHOM CUCTEMBI CUMCIIEHMS MBI yKe o0cyxnanu paHee. CyTh
€ro 3aKIIIOYaeTCd B IIOCIIENOBATENHHON 3aMeHe MEeCTHANNATEPUYHBIX (PP COOTBETCTBY-
IOIMMH JBOMYHBIMHU TETpagaMM, COITacHo Tabu. 4.2. K mpuMepy, IBOMYHOE 4pcIo, Co-
oTBeTCTBYIoIIEe ynciy e4d5, , papHo 11100100 1101 0101,

16’
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247 |2
246 123 |2

< @14 72
< (D6 342
< D2 M2

M
ol
o

i
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Puc. 4.3. NepeBos B ABOMYHYIO CUCTEMY CUMCIIEHMS

MepeBopA B LLIECTHAAULATEPUYHYIO
CUCTeMy cHucneHuvs

MepeBoa U3 fecATUYHON CUCTEMbI CYNCIIEHUS

OO0uias uaes aaropuTMa repeBoja U3 JeCATUYHOM CHUCTEMBI CUMCAEHUS B IIECTHALLA-
TEPUYHYIO aHAJIOTMYHA PACCMOTPEHHOM paHee B aJITOPUTME IEPEBOIA B JBOMYHYIO CHC-
TEMY CUMCIICHUA U3 ﬂeCﬂTVl‘{HOﬁ.

1. Pasgenuthb gecaTUUHOE 4ncio A Ha 16. 3alIOMHUTB YaCTHOE ¢ M OCTATOK d.

2. Ecnu B pesynbrate 1mara 1 yactHoe g He paBHO 0, TO TIPUHSTH €T0 32 HOBOE AEINMOE,
3aMmucaTh OCTATOK M BEPHYThCS K miary 1.

3. Ecau yactHoe ¢ paBHO 0, mpekpaTuTh paboTy aaroputrMa. BeimucaTh oCTaTKU B TO-
psaKe, o6paTHOM MX moaydyeHuio. IlonyyuTcs MIeCTHAALATEPUUHBIA SKBUBAJEHT
MICXOIHOTO JECATUYHOTO YKCIa.

K npumepy, nepeBos B IIeCTHaALATEPUYHYIO CUCTEMY cuMciaeHus uuciaa 32 767
wutiocTpupyet puc. 4.4. ITopsinok o6xoxa 0cTaTKOB Mist mosydeHus pesysnbrata (7fff, )

MOKa3aH CTPEJIKaMHU.

32767 |16
32 2047 [_16

76 16 127 |16
84 44 492 16
127 32 ‘—0
12 27
? 12

s @ 5

Puc. 4.4. lNepeBop, B LWECTHAOLATEPNYHYIO CUCTEMY CHUCTIEHMS
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IIepeBOLM 3 LBOUYHON CHCTEME CYNCIIeHA S

Wpes anroputMa COCTOUT B TOM, YTO ABOMYHOE YMCJIO pa3dMBaeTCs Ha TeTpalbl HAYM-
Has ¢ Muaalero paspsaa. Jlajgee kaxnaas TeTpaja NMPUBOAMUTCS K COOTBETCTBYIOLLEMY
mecTHAAIATEPMYHOMY YHCITY, COTTacHo Tabm. 4.2.

K npumepy, nyctb TpebyeTcsi nepeBecTy B HieCTHAAIATEDUYHYIO CUCTEMY CUUCIIE-
HHUA Cclefylollee YUCo:

111001011010111101011000110110001111010101011012.
Pazobbem ero Ha TeTpajibl:
0111 0010 1101 0111 1010 11000110 11000111 1010 1010 1101.

Ilo TeTpadaM NMMPpUBOAMM ITOCJICA0OBATCIbHOCTHU HYHCﬁ N CAMHUII K IIECTHAAIAaTCpUd -
HOMY NIpEACTABICHUIO!

72d7ac6c7aad.
To ecThb B pe3ysIbTaTe Mpeodpa3oBaHMd MBI IOJNYIUM IIECTHAAIIATEPUYHOE YUCIIO
72d7ac6¢c7aad .

MepeBon APOOHbIX Yncesn

ITporpaMMHUCT MOJKEH YMETh BBHIMTOJTHATH TEPEBOJ B Pa3TMIHBIC CUCTEMbI CUMUCITECHHSI
HE TOJIBKO TEJIBIX YHCEIT, HO U NPOOHBIX yrcel. OcoheHHo BaXHO 3T0 TIPH IPOTPaMMU-
POBAHUH AITOPUTMOB, MCITONB3YIOIINX OTIEPAIMH C TUTABAOINe i TOUKO. be3 BrameHust
B TIOJTHO¥ Mepe 3HAHUSIMU O TOM, KaK TPE/ICTABIISIOTCS IPOOHBIE YMCIa B TIAMSATHA KOMITb-
I0Tepa M B PETUCTPAX COTPOIIECCOPa, BAM BPSI JIM YIACTCS OBIANETh MTPOTPAMMHUPOBA-
HHUEM Ha acceMmOiepe B MOJTHOM Mepe. [laBaiite pasbepeMcst ¢ HAMOOoJee JacTO UCTIONb3Y-
eMBIMM Ha MPAaKTHKE CIoco0amMu TiepeBoja ApoOHbIx yncel. Jius atoro Gopmyny (4.1)
npeobpasyeM K CIEAYIOIEMY BUIY:
A(p) =a,  plta ,-prH o
wta -p'+a,-p’ta,-p'+a, pHH..+ta -pm 4.3)

PaccmoTpum omeparuu mepeBoa yrces Ha IpuMepax.

Mpumep 1
ITycTh TpebyeTcsl mepeBecTH B ASCATUYHOE TPEACTABICHHUE CIEAYIOIIee IPOOHOE YHC-
JI0, 3aJJaHHOE B IBOMYHOI CUCTEME CUMCIICHUS:
110100,01001011,,
i1 mepeBoma mcmoibdyeM Gopmyny (4.3):
110100,01001011,=1-2°+1.2440-23+1 + 2240+ 2'+0«2°+0 « 27! +
+1 0224002740024 10254002041 +27+] 278
JIns Bac He COCTAaBUT TPYAA BBIYMCIUTD LIENYIO YACTh JECATUYHOMN IpOOu:
1.254+1.29402°+1+2240+2'+0 2.

HHH BBIYMCJICHUS OCTAJIbHON 4acTu BbIPpaXCHUA y,Z[O6HO HCTIOIb30BaTh Tabm. 4.3.
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Ta6nuua 4.3. 3HayeHns oTpuuaTeNbHbIX CTEMEHEN Mo OCHOBaHMIO Ynicna 2

OTpuuaTenbHas cTeneHb [lBa B yKa3aHHOW CTeneHmn
0,5

0,25

0,125

0,0625

0,03125

0,015625

0,0078125

Nlojuoala|lw v |-

BbI MoXeTe caMu TPOI0IKUTH Ta01. 4.3 3HAaUCHUSIMU OTPUIIATEIbHBIX CTETIEHEH 110
OCHOBaHMIO Yucja 2 U B KOHIIE KOHIIOB MOJCUMUTATh PE3yJIbTaT MEePEeBOAa B NECATUYHOE
MpeAcTaBIeHUE 3HAYCHUS

110100,01001011,,

Mpumep 2
ITycth TpebOyeTcs mepeBecTH B AECSITUUYHOE TpPEeACTaBICHUE CIACAYIOLIYI0 ApoOb, 3adaH-
HYIO B LIECTHAALIATEPUYHOMN CUCTEME CUMCIIEHUS:

1df2,ale4 .
BHoBb ucnonb3yem dopmyny (4.3):
1df2,aled ;=1 + 16°+13 « 162+ 152" +2 16"+ 10« 16 + 1 - 162+
+ 14167 +4. 16"
Jl1st ynoGCTBa BBIYMCIEHUS IPOOHOM YacTU MPpUBEAEM 3HAYCHUS OTPUIIATEIbHBIX
cTeneHeit uncaa 16 (tadiu. 4.4).

Tab6nuua 4.4. 3Ha4yeHVss OTpuLATESbHbIX CTENEHen No ocHoBaHuio ynucna 16

OTpuuaTtensHas cTeneHb LLlectHaguaTth B yka3aHHOW CTEneHn
0,0625

0,00390625

0,000244140625
0,0000152587890625
0,00000095367431640625
0,000000059604644775390625
0,0000000037252902984619140625

~N o oA N o

[lepeBon U3 IBOMYHOM CUCTEMBI CUMCICHUS B LITeCTHANLIATEPUYHYIO U 0OPaTHO BbI-
MOJIHAETCA, KaK OOBIYHO, HA OCHOBE TETPAJ U TPYIAHOCTH BbI3bIBATh HE JOJIKEH.
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Mpumep 3
Paccmotpum Tenepb mpobieMy NpeacTaBIeHUs IeCATUUHBIX Apo0eil B IBOMUHOM U 1IeCT-
HaIllaTepPUIHON CUCTeMaX CUMCIICHUS:

OO1IMii arOpuT™M TNepeBoa AeCITUYHON APOOY B IPYTYIO CUCTEMY CUMCICHUSI MOXKHO
MpeACTaBUThCIIEIYIOIEH TOCIe10BaTEIbHOCTRIOIATOB.

1. Bbiaeauts 1Leyto 4acTh AECSTUUHOM IPpOOU 1 BHITIOJHUTH €€ MEPEBO/I B BBIOPaHHYIO
CHUCTEMY CUMCJICHUS IO aJITOPUTMaM, PACCMOTPEHHBIM paHee.

2. Boimenuts ApoOHYIO YacTh M YMHOXUTH €€ Ha OCHOBaHME BbIOpAHHOI HOBOI1 cUCTe-
MBI CUMCIICHUSI.

3. B monydeHHO# mocie yMHOXEHMST APOOHON YaCTH AECITUYHOM IpOOU BBIAECIUTH
1IeJIYIO YaCTh U MPUHSTh €€ B KAY€CTBE 3HAUYECHMSI MEPBOTO IMOCJE 3aMsATON pa3psina
4yycjia B HOBOM CUCTEME CUMCJIEHUS.

4. Ecnu npoGHas yacTh 3HAYCHUsI, TIOJyYEHHOTO IOCJAe YMHOXEHUsI, paBHA HYJIIO, TO
MPEeKPaTUTB Ipoliecc repeBosa. [Ipoiiecc nepeBosa MOXHO IPEKPATUTh TAKXKE B CITy-
yae, eClii JOCTUTHYTa HeoOXoauMasi TOUHOCTh BbIUMCIEHMSI. B IpoTUBHOM ciiydae
BEpPHYTbCS K 1Iary 3.

Paccmorpum npumep. Ilycts TpeOyeTcs mepeBecTU B ABOUYHYIO CUCTEMY CUMCIIE-
HMA JecaTUYHYI0 1po6b 108,406

CHavana nepeseieM LENYIO YacTh aecaTuuHoi xpoobu 108,406, B nBonuHyI0 cucte-
My cumciaeHus (puc. 4.5).

| 1101100 |

M
108 |2
108 54 [2

[—©@s54 2712
«—0) 26 13 |2

12 6

A

s

A

3

12
3 |2
= ]

Puc. 4.5. NepeBop, Lenoi yactu aecatnyHoro ymicna 108,406 B 4BOMYHYIO CUCTEMY CHUCTIEHUS

-~

3arem nepeseieM IpOOHYI0 YacThb aecaTuyHoro yncia 108,406, (puc. 4.6) no npu-
BEIEHHOMY paHee alTOPUTMY.

Pesynbrar mepeBoma ClieIyIONINI:
108,406,,= 1101100,011001111.
Ipu nepeBome APOOHOTO YKCIA U3 JECATUIHON CUCTEMBI CYMCICHUS B 1IIECTHAIA-

TEPUYHYIO 1LIeJIECO00Pa3HO MPEABAPUTEILHO MEPEBECTU YUCIO B IBOUYHYIO! CUCTEMY,
a 3aTeM JABOMYHOE MpeACTaBIeHUEe pa30UTh Ha TeTpaabl OTACABHO N0 pa3aeJMTEIbHOMI
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Puc. 4.6. MNMepeson apobHoi yacTtn ymicna 108,406 B ABOMUHYIO CUCTEMY CUMCNIEHUSI

3amAaTOM M Tocje 3amaToil. PasOueHre Ha TeTpanbl IBOMYHBIX pa3psioB LIEJON YacTd
IPOMU3BOJAT OT 3aIIATO B CTOPOHY CTApILIMX pa3psimoB. HeImosaHyo crapliyio TeTpamy
JOTIOJHAIOT cieBa HyJIsIMU. Paspsiipl IpoOHOM YacTy, HAIIPOTHUB, pa3OMBalOT Ha TETPaIbI
OT 3aNATOi BIIPaBO K MIIAAIIMM paspsiaM. Eciv mocienHsst TeTpaga HEIosaHas, TO €€ JI0-
MMOJIHAIOT HyJIIMU cripaBa. Ha prc. 4.7 mokasaH npoliecc repeBojia Toro e ApoOHOTo Jecs-
TUYHOTO Yucha ( 108,40610) B 9KBUBAJEHTHOE 1lIeCTHaALlaTepUYHOE NIpeICTaBICHME.

108,406 = llOlllOO, 0110J0111] 1= 6¢,678

oL 1100,0110I0111 1

BIcﬁ?S

Puc. 4.7. lNpumep nepeBoaa AeCATUYHOIO YMcna B WecTHaauaTepuiHylo cuctemy cHMcneHmns

NMepeBoa uncersn co 3HaKOM

Jlo cux Top IMpenIoJiarajoch, YTO YHCJa IMOJOXUTENbHBIC. A KaK IPEICTaBISIOTCS
B KOMITBIOTEPE YHCIIa CO 3HAKOM?

IMonoxuTebHBIE LIETbIe CO 3HAKOM — 3T0 (0 ¥ BCe TOJIOXKUTEIBHBIC YHCIIA.

OTpuiaTenbHbIe IIeJbIe CO 3HAKOM — 3TO Bce yucia, MeHbImue (0. OTIMYATETbHBIM
MIPU3HAKOM YHCJIa CO 3HAKOM SIBJISIETCS 0c00as TPaKTOBKA CTApIIEro OMTa IOJIsI, TIpe-
CTaBJISIOLIETO YUCII0. B KauecTBe MoJst MOTYT BBICTYNATh OaiiT, CJI0BO WM IBOHOE CIOBO.
EctecTBeHHO, 9YTO (DM3NIECKU 3TOT OMT HIYEM HE OTIIMYACTCSI OT IPYTUX — BCE 3aBUCUT OT
KOMaH/IBI, paboTalolleil ¢ JTaHHBIM 1oJIeM. Eciii B ee aJropuT™Me 3aI0KeHa BO3MOXKXHOCTD
paboThI C LIEJBIMU YHUCIAMU CO 3HAaKOM, TO KOMaHJa OyIeT 1mo-ocoboMy TpaKTOBaTh CTap-
it 6uT mossd. Ecim crapmmmii 6uT paBeH 0, 9MCI0 cCUUTAETCS TOJIOKUTEIBHBIM M €T0 3Ha-
YeHUe BEIUYMCIISICTCS IT0 TIpaBMIaM, KOTOPBIE MBI pacCMOTpen paHee. Ecim cTapimmit 6t
paBeH 1, 4ncio cuuTaeTcs OTpPULATeIbHBIM, a 3TO MPEATNOIATraeT, YTO OHO 3alIMCaHO B TaK
Ha3bIBAEMOM O00NOHUMENbHOM Kode. Pa3bepeMcst B TOM, YTO OH COOO IIPeaCTaBIIsIeT.
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JIOTIOTHUTEIBHBIM KO HEKOTOPOTO OTPHIIATSIIFHOTO YHMCJIa IPEACTaBIsSIeT co0Oi
pe3yabTaT MHBepTUpOoBaHUs (3aMeHbl 1 Ha 0 M HaoOOpPOT) KaXmoro OuTa JBOMYHOTO
Yyycia, paBHOTO MOIYIIO" MCXOMHOTO OTPHUIIATEIbHOTO YKCIIa TUToC enuHuIa. K mprume-
Py, PACCMOTPUM JecaTuuHOe yncao —185, . Momaysb 1aHHOTO YKC/Ia B IBOMYHOM TIpe-
crapieHun paseH 1011 1001,. CHavyana HyXHO TOMONHUTD 3TO 3HAYEHUE CJIeBA HYJISIMU
10 HY>XHOU pa3MepHOCTH — 0aiiTa, cjioBa U T. . B HameM ciyJae DJOTIOJHUTHh HYXHO
ITO CJIOBA, TaK KaK MMarna3oH MpeICcTaBICHUs 3HAKOBBIX YMCE B OaliTe COCTaBIISIET
-128...127. Cnenylouiee neiiCTBUE — TOJYUYUTD 080uuHoe donoanenue. LIt 3TOro Bce
pa3psiIbl IBOMYHOTO YKCIIa HY>KHO MHBEPTUPOBATD:

0000000010111001, - 111111 1101000110,

Teneps npubaBisieM €IUHUILLY: _ )
1111111101000110,+ 0000000000000001,= 1111111101000111,,

Pesynbrar mpeo6paszosanus pasen 1111111101000111,. MimenHo tak u mpexacras-
nsercs yncio ~185,, B KommbioTepe.

IIpu paboTte ¢ yMcIaMu CO 3HAKOM OT Bac HaBepHsKa MOTPeOyeTCsl yMEHUE BBIIOJI-
HSITb 00pPaTHOE NEWCTBME — MMeSI IBOMYHOE JOMOIHEHME YUCIa, ONPEASIUTh 3HaUeHIE
ero MoayJsi. JIjist 3Toro HeOOXOAMMO BBIMOJHUTH [1BA IEHCTBUSI.

1. BBHITTOTHUTH MHBEPTUPOBAHNE OMTOB IBOMIHOTO TOITOTHECHUS.
2. K moxy4eHHOMY IBOMYIHOMY YHMCITY ITPUOABUTh IBOMIHYIO CIUHUILY.

K mpumepy, onmpeaenuM MOIYJIh TBOMYHOTO IMPEACTABIICHUS YMCIIa

~183,, = 1111111101000111,,
CHayvajia MTHBepTUPYEM OUTHI:
MHH 1101000111, - 00000000101 11000,.
HobGaBisieM IBOMYHYIO €AMHUILY:
0000000010111000,+ 0000000000000001, = 00000000101 11001,=-183.

Terepb MBI TOTOBBI pa3roBapMBaTh ¢ KOMITBIOTEPOM Ha €ro SI3BIKE, COCTOSIIEM W3
KOMaHI 1 JTaHHBIX. B ciiemyrorieit rmaBe Mbl HAaIMIIIEM TIEPBYIO IIPOrpaMMy Ha acceMO-
Jiepe, pa3doupast KOTOPYIo, Ml CMOXEM IIPUMEHUTD 3HaHUS, TTOTYICHHBIC B 9TOI U Ipe-
IOBIIYIIUX TJaBax.

NTtorm

K CHCTEeMBbI CUUCIECHUS nmoapasacadarTCa Ha IMO3MIIMOHHBIC M HCITO3MIIMOHHBLIC. Kak
B MOBMIMOHHBLIX, TAK 1 B HCITOSUIITMOHHBIX CUCTEMAX CYHUCJICHHUA UCITOJIB3YCTCA OIIPEC-
IEeJICHHBIA Ha60p CHMMBOJIOB — L[I/I(i)p, MOCIACA0OBATCIbHOC COUYCTAHNEC KOTOPBIX 06pa—
3y€T 4YUCJIO.

u Cneuuduka paboTbl TPOrpaMMHUCTa MPEATIONATAET XOPOLIEE BIalEHUE CUETOM B TPEX
CUCTEMAaxX CUMCIEHUS: NTBOUYHOM, LIECTHANLIATEPUYHONW U necsTuuyHou. Ilpu atom
MPOTPAMMUCT OJIKEH TOCTATOYHO YBEPEHHO MEPEBOAUTD YNCIIA U3 OJHOU CUCTEMBI
CUMUCJIEHUA B APYIYIO.

m Ywucna co 3HaKOM OpeacCTaBJIAIOTCA B KOMIIBIOTEPC 0COo0BIM O6p3.30MI ITOJIOXKHTCIIb-
HbIe YKCja — B BUJE OOBIYHOTO IBOUYHOTO qyuciaa, a OTpuuaTCJabHbIC — B OOIIOJIHM -
TCJIbHOM KOIC.



Fnasa 5
CuHTakcuc accemoOnepa

% CTpyKkTypa nporpamMmmbl Ha accembOnepe

& Tunbl M CTPYKTYpPa NpeasioXXeHuin accemonepa

# lMoHATMEe 0 MeTaCUHTaKCUYeCKUX A3bIKax

# Knaccudukauusa nekcem accembnepa

% OnucaHue NPOCTbIX ONepaHAoB U onepaHAoB-BbipaXeHU
# BapwuaHTbl pacrnosoXeHus onepaHAo0B KOMaHA accemobnepa
¥ Bupbl agpecauuv onepaHAaoB B NamMsaTn

# Onepartopbl acceMmbnepa

# CTaHAapTHble AUPEKTUBbl CerMmeHTaumumn

# YNpOLLEeHHble OUPEKTUBblI CermMeHTauuu

# MpocTblie TUMNbI AaHHBIX accembiepa (AnanasoHbl 3HA4EeHWA)
B p,upeKTuBbl ONMUCaHNA NPOCTbIX TUMNOB AaHHbIX

B mpeapiayimmx riaaBax OCHOBHOE 00CYXIEHHE OBLIO ITOCBSIICHO BHYTPEHHEMY YCTPOIi-
CTBY Mpolieccopa, ero IpHHUMIAM padoThl U MPOrpaMMHON Moaeau. M 3To He ciyyaii-
HOCTh — 4eM 0oJice HU3KHUI YpOBeHb PYHKIIMOHUPOBAHUS KOMITBIOTEpA TOCTYIIEH II0-
HUMaHUIO TIPOTPaMMUCTa, T€M Jierde M OCMBICICHHEE IS HEeTO0 CTAaHOBUTCS IIPOIECC
M3YYeHUS U JaJIbHEHIIeTo MporpaMMHpPOBaHMS Ha sI3bIKe accembiepa. CaMm SI3BIK ac-
ceMbJiepa TToKa 00CcyXaaucs Majao. B OCHOBHOM peyb IIjla O HEM KaK O CUMBOJIMIECKOM
aHaJIore MaIllMHHOTO SI3bIKa. B CBSI3M ¢ 3TUM OTMEUaIOCh, 9YTO ITpOTpaMMa, HallMcaHHas
Ha acceMOJepe, OTpaxaeT OCHOBHBIE OCOOEHHOCTH apXUTEKTYPH IIpolleccopa: OpraHu-
3aIMI0 MTaMSITH, CIIOCOOBI aapecalluy OIepaHIOB, IIpaBUJia UCIIOIb30BAHUS PETHCTPOB
1 T. 1. Takke TOBOPMIOCH, YTO HEOOXOTMMOCTH YUeTa IMOJTOOHBIX OCOOCHHOCTEM IeTaeT
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acceM0bjiep YHUKaJIbHBIM ISl KaXA0TO TUIAa MPOLECCOPOB. DTa U clenyloliie 3a Hei
[JIaBBI OYIYT MOCBSIIEHBI M3YYEeHUIO TTPaBUI 0DOPMIICHHS 1 pa3pabOTKU pOrpaMM Ha
sI3bIKe acceMOJjiepa ¢ y4eTOM BIMSIHMS Ha 3TU MpaBuja apXuTeKTypsl [A-32.

CuHTakcuc accemonepa

IIporpamMma Ha acceMbIepe MPeaCcTaBIsIeT CO00I COBOKYITHOCTh OJIOKOB ITaMSITH, Ha3bl-
BaeMbIX ceemenmamu. TIporpaMma MOXET COCTOSITH M3 OMHOTO YUIM HECKOJBKUX TaKHUX
0;10KOB-ceTMeHTOB. CerMEHTHI TPOTPaMMBI UMEIOT OIIpeeIeHHOe Ha3HauYeHIE, COOTBET-
CTBYIOIIIee TUITY CETMEHTOB: KOa, TaHHBIX U cTeKa. Ha3BaHMWS TUIIOB CETMEHTOB OTpa-
JKaloT UX Ha3HaueHue. JleeHne mporpaMMbl Ha CETMEHTHI OTpaXkaeT CETMEHTHYIO opra-
HU3aLUu© namMsaTu npoieccopoB Intel (apxurexkrypa [A-32). Kaxablii CerMEHT COCTOUT
W3 COBOKYITHOCTH OTACIBHBIX CTPOK, B TEPMUHAX TCOPUHM KOMIVIISIIINM Ha3bIBaeMBbIX
npeodaodcenusmu sI3bika. JIIsT sI3bIKa acceMbOiepa TPemIOXKeHMSI, COCTABISIONINE IIPO-
IrpaMMy, MOTYT MPEIACTaBIATh COO0M CHHTaKCUIeCKNE KOHCTPYKIIMU YETHIPEX TUTIOB.

Komandbr (MHCTPYKLMK) MPEACTABIAIOT COOOM CUMBOIMYECKHME aHATOTU MallMHHBIX
KOMaHI. B mporiecce TpaHCISIIUKM MHCTPYKIIMHU acceMbiepa mpeodpa3yoTcst B COOT-
BETCTBYIOIIIE KOMaHIBl CHCTEMBl KOMaHI TIpOIleccopa.

% Makpokomands: — 3T0 oopMIIsIeMbIe OTIpeleIeHHBIM 00pa30oM MPEITOXKEeHUS TeK-
CTa IIpOrpaMMBbI, 3aMellaeMbIe BO BpeMs TPaHCIISIIIMA IPYTUMH TIPEIIOKEHUSIMU.

# ﬂupeicmuebt ABJIAIOTCA YKa3aHUEM TPAaHCIATOPY acceM6nepa Ha BBIIIOJJHEHHUE HEKO-
TOPBIX neicTBuii. Y JANPEKTUB HET aHAJIOTOB B MAIIMHHOM IIPEACTABJICHUU.

Kommenmapuu conepxar n100ble CUMBOJIBI, B TOM 4Kciie U OYKBBI pyccKoro ajidapu-
Ta. KoMMeHTapuu UTHOPUPYIOTCS TPAHCISITOPOM.

17151 pacrio3HaBaHUS TPAHCISITOPOM acceMOiepa 3TUX PEIIOXKEeHUN UX HYXKHO ¢op-
MMPOBATh IO OTpPeNeeHHBIM CHMHTaAKCUIeCKUM TpaBmwiIaM. 11s1 hhopMaJIbHOTO OIHca-
HMS CUHTaKCHCa SI3bIKOB IPOTPAMMUPOBAHUS UCTIONb3YIOTCS Pa3JuUHble MEMACUNMAK -
cuveckue SI3BIKM, KOTOpPBIC IPEICTABISIOT COOOI COBOKYIHOCTH YCIOBHBIX 3HAKOB,
00pa3yoIINX HOTAITNIO MeTACUHTAKCHYECKOTO SI3bIKa, ¥ TTPaBIIT (DOPMUPOBAHUS M3 ITHX
3HAKOB OJJHO3HAYHBIX ONTMCAHNIM CMHTAKCUICCKUX KOHCTPYKITUH I1eJIEBOTO SI3bIKa.

B y4yeOHBIX LesIX YI0OHO MCIOJb30BaTh ABa METACMHTAKCUYECKUX SI3bIKA — CUH-
makcuyeckue OUazpammol U Hopmaivivie popmot bakyca-Haypa. Oba 3THX A3bIKA, B KO-
HEYHOM UTOTe, IPEIOCTABIIIIOT OMMHAKOBHII 00beM mH(popMatuu. [ToaToMy BEIOOD KOH-
KPETHOTO SI3bIKa MOXKET OIPEACIISITHCS MCXOS U3 TOTO, YTO CHHTAKCUISCKIE THArpaMMBbl
Oosiee HaTJSIAHBI, a pacinupeHHble ¢popmbl bakyca-Haypa 6onee koMmnakTHbl. B yue6-
HUKe OyIyT MCIOJIb30BaThCcs 00a crocoba.

Ha puc. 5.1, 5.2 1 5.3 noka3aH NopsL0K HallMCaHU IPEAIOXEHUI acceMbiiepa ¢ I1o-
MOIIBI0 CHHTAKCHYECKUX TUATPAMM. _

Kaxk ucrorbp30BaTh cMHTaKCcHUeCcKUe quarpaMMbl? OdeHb IPOCTO: IJIST 3TOTO HYXXHO
BCETO JINIITb HAWTU M 3aTeM IIPOWTU MyTh OT BXOIA AMArpaMMBI (ClIeBa) K €€ BBIXOIY
(mampaBo). Ecim Takoit yTh CyIIECTBYET, TO MPEIJIOKEHUE I KOHCTPYKIIHS SIBIISTIOT-
¢Sl CMHTAaKCUYECKU MPpaBUIbHBIMU. Eciiv TaKoro myT HeT, 3HAYUT, 3Ty KOHCTPYKIIAIO
KOMIWIATOP He mpuMeT. MHOrma Ha JUHMSAX B CMHTAKCHMUYECKUX AMarpaMMax IpHUCYT-
CTBYIOT CTpeKu. OHU TOBOPAT O TOM, YTO HEOOXOAMMO 0OpAaTUTh BHUMaHue Ha Ha-
MpaBJIeHUe 00X0/a, YKa3blBaeMOe 3TMMHM CTPEJIKaMU, TaK KaK CpeI IyTeil MOTYT OBITh
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Puc. 5.3. ®opmaT KOMaH4 1 MakpoKOMaH[,

1 TaKue, o0 KOTOPBIM MOXHO MATH CIIpaBa HajieBo. [1o CyTH, CHHTaKCUYeCKHe TharpaM-
MBI OTPaXKaloT JJOTHKY paboTHl TPAHCIATOPA IIPH pa3b0ope BXOMHBIX MPEIIOKEHMIA TIPO-
rpaMMBL. [lajee mepeqrcaeHbl TepMIHBI, TIPeICTaBICHHbBIC Ha PHCYHKaX.

*

Hmsa memKku — CUMBOJIBHBIN MAEHTU(GHUKATOp. 3HAYCHUEM NAHHOTO MACHTH(OUKATO-
pa SIBIISIETCS ampec TepBoro 0OaiiTa TPEMTOXEHMs TPOTPaMMBI, KOTOPOMY OH TIpel-
IIIECTBYET.

Tlpegpuxc — cuMBoNTMYIeCKOe 0O03HAUCHHME 3JIEMEHTa MAIITMHHOM KOMaHIbI, TIpenHa-
3HAYEHHOTO IJIST U3MEHEHHS CTaHAAPTHOTO OeHCTBUS CIeyIoNIeil 32 HUM KOMaHIbI
accembOjiepa (CM. riaBy 3).

il HUms — uneHTNGUKATOP, OTINIAIONINI TaHHYIO TUPEKTUBY OT OIPYTMX OTHOUMEH-
HBIX IUPEKTUB. B 3aBUCMOCTH OT KOHKPETHOM TMPEKTUBLI B pe3yiIbTaTe 00paboT-
KM acceMOJIepoM 3TOMY MMEH! MOTYT OBITh TPUCBOCHBI OTpeleieHHBIE XapaKTepH-
CTHKH.

Koo onepayuu (KOII) u dupekmusa — 310 MHEMOHMYECKHE 0003HAYEHUST COOTBET-
CTBYIOIIEH MaIIMHHONW KOMAaHIbI, MAKPOKOMAHIbI WM TMPEKTUBBI TPAHCIATOPA.

Onepaﬁabz — YaCTHu KOMaHObl, MAKPOKOMAaHIbI NJIN JTUPEKTUBBI acceM6nepa, 0003Ha-
qJaromue O6’BCKTLI, HaJd KOTOPbIMU ITPOU3BOIATCA NEVCTBUSI. OHCpaH]ILI aCCCM6J’[Cpa
OITMCBIBAIOTCSA BBIPAXKCHUAMMU C YUCIIOBBIMU U TCKCTOBBIMM KOHCTaAaHTaAaMH, METKaMU
n I/IZ[CHTI/I(I)I/IKaTopaMI/I INEPEMEHHBIX C UCITOJIBb30BAHUEM 3HAKOB OHepaL[I/Iﬁ 1 HCKO-
TOPBIX 3ap€3CPBUPOBAHHLIX CJIOB.
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Jpyroii croco® OmMcaHusl CMHTAaKCUca SI3bIKa — HOpManbHble (pacutupenHole) ¢hop-
mot bakyca-Haypa. C nomoipio dhopm bBaxyca—-Haypa nieneBoii s3bIk npejacTaBisieTcst
B BU/ie OOBEKTOB TPEX TUIIOB.

u  OCHOBHBIE CUMBOJIBI SA3bIKa, B TCOPUM KOMIMWJISILMA Ha3bIBAEMbIC MEPMUHANLHBIMU, —

3TO MMEHA OIepPaTopPOB, PETUCTPOB U T. I., TO €CTh 3TO T€ CUMBOJIbHBIE OOBEKTHI, U3
KOTOPBIX CTPOUTCS, B YACTHOCTU, MCXOAHBIN TEKCT acCeMOJIEPHOI TTPOrpaMMBI.

MMeHa KOHCTPYKUMIA SI3bIKa, B TEOPUU Ha3bIBa€MbIe HeMePMUHAAbHbIMU CUMBOJIA-
MU, OOBIYHO 3aKJI0YAIOTCS B YIJIOBBIE CKOOKU <> WIIM MUINYTCS CTPOYHBIMU OYK-
BaMM.

B IlpaBunia ((hopMbl) OIMMCHIBAIOT MOPSIIOK (POPMUPOBAHUS KOHCTPYKIIMI, B TOM YHC-
Jie TIPEIIOKEHNUM, 1IEJIEBOTO SI3bIKA.
Kaxmast popMa cOCTOMT U3 TpeX YacTeil — JIeBOM, MPaBOii U CBSI3KU:

9 nesas wacmv — BCETIA HETEPMUHAbHBI CUMBOJI, KOTOPBII 0003HAYaeT OOHY U3 KOH-
CTPYKLIMI SI3bIKa;

C6A3KA — CHUMBOJI CTPCIIKA .=>, KOTOprfI MOXHO TPAaKTOBaTb KdaK CJIOBOCOYCTAHUC
«OIpeacsaACTCA KakK»,

n  npaeasd 4aCTb OIMUCBIBACT OAWH WJIM HECKOJIBKO BAPMAHTOB ITOCTPOCHUA KOHCTPYK-
onu, OHpeﬂeJ’[HeMOﬁﬂeGOﬁ YacTblO.

Heckompko ¢popm bakyca-Haypa Moryt OBITE CBSI3aHBI MEXKIY COOOM 10 HETEPMU-
HaJIbHBIM CMMBOJIaM, TO €CTb OflHa (popMa orpeaesiseTcs: uepe3 Apyrylo. s moctpoe-
HMS KOHCTPYKLIMY 1I€JIEBOTO SI3bIKa HEOOXOIMMO B3SITh OIHY MU HECKOJIBKO (popM ba-
Kyca-Haypa, B Kaxm0#l 13 KOTOPBIX BEIOPATh HYXHBIM BapUaHT IJISl OACTAHOBKH.
B KoHeyHOM HTOre JOJIKHA MOJYYUTHCA KOHCTPYKLMS (IPEIIOXKEHIE) LETEBOTO A3bI-
Ka, COCTOSIIIAs TOIbKO U3 TEPMUHAIbHBIX CUMBOJIOB.

Jlnsg mpuMepa paccMOTPUM OIMCaHWe W ucrnoib3oBaHue dopMm bakyca-Haypa mis
ITOCTPOEHMS NECATUYHBIX YMCEN CO 3HAKOM, BHauanme ormmirem 31 GopMbl (IIpaBUiIa):

<pecATUUHOE_3HaKoBoOe_uenoe>=><uncno_6es_3Haka>|+<uucno_6e3_3Haka>|<uncno_ _6e3_3Haka>
<uncno_6e3_3Haka>=<aec_uudpa>| <uncno_6e3_sHaka><aec_undpa>
<pec_umnppa>=0]1]213|4]5(6{7|8}|9

3mecn:

<[leCATUMHOE_3HaKoBoe_uenoe>, <4yucio_6e3_sHaka>,<fec_undpa> — HeTepMUHAIbHbIE
CHUMBOJIHI (B MCXOIHON IIporpaMMe Ha acceMbiiepe TaKMX OOBbEKTOB HET);

+[-|0[1]2/3]4/5|6/7|8]9 — TepMuHaNbHBIE CUMBOJBI (MX MOXHO HAWTH B MCXOIHOM
TeKCTe MPOrpaMMBI), 13 TePMUHATBHBIC CHMBOJIOB 110 MPUBEACHHBIM PAHEe TPEM Mpa-
. BWJIAM CTPOMTCS JTIO0OE IECTHIHOE YKCIIO;

CHMBOJI BEPTUKAJIBbHOM 4epThl (|) O3HAYaeT ajbTepHATHBY IIPM BHIOOpE BapHaHTa
HEKOTOPOTO TIpaBWJIA.

Jng mpumepa BeBegeM umcio -501, mcmomb3ya dopmbel bakyca-Haypa:
<pecaTuYHoe_3HakoBoe_lenoe> = <yucno_06e3_3Haka> =
<uucno_6es_snaka><apec_uubpa> = <uucno_6e3_3Haka>l =
<uncno_6es3_3Haka><gec_uuppa>l = <yucno_6e3_sHaka>01 = <gec_umdppa>01 = 501

IIpemioxenus acceMoinepa (cMm. puc. 5.1-5.3) bopMupyrorcs ussexcem, IpeACTaB-
JISTIONIMX COOOM CHMHTAKCHYECKM HEpas3NeNrMbIe IOC/IEI0BATEIbHOCTH JTOITyCTUMBIX CHM-
BOJIOB $I3bIKa, MMEIOIINE CMBICI ISl TPAHCIISATOPA.
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BHauaine onpeacjinum aJ'[(l)aBI/IT acceM6JIepa, TO €CTb OOITYCTUMBIC OJIA HallMCaHUA
TEKCTa MMporpaMmM CUMBOJIbI:

ii ASCII_cumson_6ykBa — Bce JaTMHCKME OYKBBI A - Z, a - z, IIPUYEM IPOIUCHEIE
U CTPOYHBIC OYKBBI CUUTAIOTCSI SKBUBAJICHTHBIMMU;

# decdigit — mudpst ot 0 10 9;
# creuMaidbHble 3HaKKM ,?, @, $, &;
# pasmemutend: , ., [, L, GL<, > LhL+ /5% L0\, = #,A
JlekceMamu s13bIKa acceMOJIepa SIBJISIOTCS KITIOUEBBIE CIOBA, MAEHTU(UKATOPHI, 1Ie-
TOYKY CHMBOJIOB U IIEJIBbIC YK CIIA.
Knrouesovie cnosa — 310 cllyXXeOHbIE CUMBOJIBI sI3bIKa acceMoOnepa. 1o ymonyaHuio

PETUCTP CUMBOJIOB KJIIIOYEBLIX CJIOB HE MMECT 3HAYCHU . K xi1oueBBIM cli0BaM OT-
HOCATCA:

« HassaHus pervcTpos (AL, AH, BL, BH, CL, CH, DL, BH, AX, EAX, BX, EBX, CX, ECX, DX, EDX,
BP, EBP, SP, ESP, DI, EDI, S|, ESI, CS, DS, ES, FS, GS, SS, CR0, CR2, CR3, DRO, DR1, DR2, DR3,
DR6,DR7);

# onepatopsbl (BYTE, SBYTE, WORD, SWORD, DWORD, SDWORD, FWORD, QWORD, TBYTE, REAL4,
REAL8, REAL10, NEAR16, NEAR32, FAR16, FAR32, AND, NOT, HIGH, LOW, HIGHWORD,
LOWWORD, OFFSET, SEG, LROFFSET, TYPE, THIS, PTR, WIDTH, MASK, SIZE, SIZEOF, LENGTH,
LENGTHOF, ST, SHORT, TYPE, OPATTR, MOD, NEAR, FAR, OR, XOR, EQ, NE, LT, LE, GT, GE, SHR,
SHL u ap.);

HazBaHus komaHa (KOII) accembiepa, npeukcos.

Hoenmugukamopsr — TOCIEAOBATEILHOCTH TOITYCTUMBIX CUMBOJIOB, UCIIOJIb3YIOIIHE-
cs Uil 0003HAYEHUSI UMEH nepeMerHbix U Memok. TIpaBuio 3anmucu UaeHTU(GUKATOPOB
MOXKHO ofucarh cienyromumu ¢popmamu bakyca—Haypa:
<id> = ASCII_cumeon_6yksa | ASCII_cumeon_6yksa | <id> ASCII_cumson_6yksa |
<id> <decdigit> | <znak> <decdigit> <id> | <znak> <id>
<decdigit>=0{1 | 2|3|4]5]6]7/8]9
<znak> = _|?7|@I%|_|&

[MpuBeneHHBIE (OPMBI TOBOPSIT O TOM, YTO UACHTUMUKATOP MOXET COCTOSATH U3 OJI-
HOT'O UJIM HECKOJbKUX CUMBOJIOB. B KauecTBe CHMBOJIOB MOXHO UCITOJIb30BaTh OYKBBI
JATUHCKOTO andaButa, HUGPbI ¥ HEKOTOPBIE CICUaNbHbIC 3HaKU — _, ?, §, @. UneHTH-
(ukaTop He MOXET HAaUMHATHCS CUMBOJIOM LUGPHL. JdarHa uaeHTUdUKATOpa MOXET
COCTaBIATh 10 255 cumBoJioB (247 B MASM), XOTS1 TpaHCASITOP BOCIIPMHUMAET JIUIIb
nepBbie 32, a OCTaJbHbIE UTHOPUPYET. PeryaupoBath IJIMHY BO3MOXHBIX MAeHTH(GUKA -
TopoB (B TASM) MOXHO ¢ MCIOJIL30BaHMEM KJII0Ya KOMaHIHOM cTtpoku /mv. Kpome
TOTrO, CYIIECTBYET BO3MOXHOCTb yKa3aTh TPAHCISATOPY Ha HEOOXOIMMOCTh Pa3invaTh
MPOTIMCHBIC U CTPOYHBIE OYKBBI JJUOO UTHOPUPOBATh UX pazandue (4TO M IeIaeTCs 1o
ymouryaHuio). st aroro (B TASM) npuMeHSIOTCS KJTI0UM KOMaHIHOM CTPOKH /mu, /ml,
/mx (cMm. ipusioxenue B Ha caiite http://www.piter.com/download).

Ilenouku cume0106 — 3TO MOCIIEAOBATEIPHOCTU CUMBOJIOB, 3aKJIIOUEHHBIE B OMHAP-
HbIC WJIU IBOIHBIe KaBeIYKU. [IpaBuiia popMupoBaHus:

<string> = <quote> [[ <stext> ]] <quote>

<stext> = <StringChar> | <stext> <stringChar>

<stringChar> = <quote> <quote> | nw6oi_cuMBon_KpoMe_KaBblukw
<quote> =» " | °
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Lleavie yucaa MOTYT yKa3bIBaTbCs B NIBOUYHOM, NECATUYHON WJIM ILE€CTHaAlaTEPHY-
Holt cucteMax cuuciaeHus. OTOXIECTBICHUE YUCE MPU 3allMCU UX B MporpaMMax Ha-
acceMOJiepe IPOU3BOJUTCS IO OMpeeeHHBIM NpaBUiIaM. JecaTUUHbIE YnCia He Tpe-
OYIOT 1711 CBOETO OTOXAECTBIECHUS YKa3aHUS KaKUX-TU00 JOTIOTHUTEIbHBIX CHMBOJIOB.
JIJ1s1 OTOXIECTBIEHUSI B UCXOAHOM TEKCTE MPOrpaMMbl IBOUYHBIX U meCTHaauaTepnq-
HBIX UMCEJI UCIOJB3YIOTCS CIAEAYIOLINE MPaBUIIA:
<WeCTHaAL_4Yncno> = <aec_wecTHaAu_uucno>h | O<cum_wecTHaay_uncno>h
<aec_wecTHaAU_uucno> = <decdigit><cum_wecTHaau_uucno> | <decdigit>
<CUM_WEeCTHAALU_Yucno> =
<hexdigit><cuM_wecTHaau_uucno>|<aec_wecTHaAu_uucno> | <decdigit> | <hexdigit>
<decdigit> =012 3|4|5[6|7|819
<hexdigit> = a | bl c|d]le|f|A|B|C|D|E]F

BaxHo oTMeTUTh Hastmure cuMBoJioB mocie (h) u nmepen (0) 3amuchio MIeCTHAALIATE -
PUYHOTO YUCIa. DTO CAENAHO JJIS TOTO, YTOOBI TPAHCISITOP MOT OTJIMYUTh B IPOrpaMMme
OIMHAKOBBIE MO (POpMe 3aMmucH AeCITUUYHbIE U llecTHAATaTepUYHbIe uncaa. K mpumepy,
yrcaa 1578 u 1578h BeIrIAAAT ONMHAKOBO, HO MMEIOT pasHble 3HaYeHus. C Ipyroii cro-
POHBI, KAKOE 3HAYEHUE B TEKCTE MCXOIHOM IPOrpaMMbl MOXET MMeTh JiekceMa fe023?
DTO0 MOXET ObITh M HEKOTOPBIN UAEHTU(DUKATOP, U, CyaAs 10 HAOOPY CUMBOJIOB, IIIECT-
HaauaTepuyHoe Yucio. s Toro 4yToObl OMHO3HAYHO OMKCATh B TEKCTE€ MPOTPaMMbl Ha
acceMOJepe IleCTHaAlaTepUYHOE YMCIIO, HAYMHAoLIeecs ¢ OYKBBI, €T0 JOTIOJHSIIOT Be-
nymuM HyJieM «O» ¥ B KOHIIE CTaBIT CUMBOJT «h». [{79 TaHHOTO MpuUMepa MpaBuibHas
3amuch IecTHaaaTepuyHoro yucia — Ofe023h:
<ABOUYH_YUCNO> = <bindigit>b| <bindigit><aBonux_uucno>b
<bindigit> = 0|1

J171s1 TBOMYHBIX YMCEJT BCE MPOCTO — IOCJIE 3alMCU HyJIeH U eAUHUIL, BXOASIIUX B UX
COCTaB, HEOOXOAMMO TMOCTaBUTh JATUHCKYI0 OYKBY «b». [Ipumep:
lagialelb

PaccyxaeHussMu, puBeqeHHBIMU paHee, ObLI MTOKa3aH MOpsiIoK GopMUpPOBAHUS
MPpeNIOKEHUI IIpOrpaMMBbl acceMOIepa U COCTABIIIOIINX UX 3JIEMEHTOB (J1ekceM). Tak-
Xe GbLTM pacCMOTPEHbI MpaBKaa (OPMUPOBAHUS METOK, Ha3BaHMii KoMaH 1 (mpeduk-
coB). Ocranoch 00CYAUTh KOMMEHTapuu 1 omnepaHabl. YTo KacaeTcsi KOMMEHTapus, TO
3TO CaMBIil TPOCTOM 3JIEMEHT MpenIoXeHus accemobepa. JItobas KOMOMHAIIMSI CUMBO-
0B ASCII, pacnosioxkeHHasi B CTPOKE 3a CUMBOJIOM TOUKM C 3aMTOM (;), TpPaHCAATOPOM
UTHOPUPYETCS, TO €CTh SIBISIETCSI KOMMeHTapueM (cM. puc. 5.1-5.3). OnucaHuio ore-
paHIOB, BBUAY MX BaXHOCTH, OYIET TOCBSIIEH OTACIbHBIN TOApa3ae.

OnepaHpabl

Onepandvi — 310 00BEKTHI, HAJ KOTOPHIMU WJIW TIPH MOMOIINA KOTOPHIX BHITTOTHSIOTCS
JNEeMCTBYSI, 3amMaBaeMble MHCTPYKIIUSIMY WIIM TUPEKTUBAMKM. MaIlMHHBIE KOMaHIBl MO-
TYT TM00 COBCEM HE MMETH OTIepaHIoB, IMOO UMETh OJWH WJIU IBa onepaHaa. borbmmH-
CTBO KOMaHJ TpeOyeT IBYX ONepaHIOB, OMUH M3 KOTOPHIX SIBISETCS UCMOYHUKOM, A IPY-
Toil — npuemnukom (onepanoom HazHauenus). B 1ByxomepaHIHOW MallMHHOU KOMaHIe
BO3MOXKHBI CIIENYIOIINE COYETaHUsI OIepPaHIOB:

B DErucTp — pErucrp;

PEruCTp — MaMATh,
B IIaMATb — PEIrucTp,
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HEIMOCPEICTBeHHBII OMepaHa — PErucTp;

HCHOCPCHCTBGHHbIﬁ oriepaHg — HaMAThb.

3mech BaXXHO MOAYEPKHYTh, YTO OJMH OTIEpaH] MOXET pacIiojlaraThbCsl B PErucTpe
WIA TIAMATH, a BTOPOW OoIepaH] 00A3ameabHo JOJKEH HAXOAUTLCSA B PETUCTPE WIN He-
MOCpPeNCTBEHHO B KoMaHAe. HemocpeacTBeHHbIM onepaHa MOXET ObITh TOJbKO UCHOU-
HUKOM.

st npuBeNEeHHBIX paHee MpaBUJ COYETaHUSI TUIIOB OINEPAHI0B €CTh MCKIIOUEHMS,
KOTOpbIE KacaloTcs:

KoMaHO pabomoi ¢ yenoukamu, KOTOpble MOTYT MepeMeliaTh JaHHbIC U3 TaMsITH
B MaMSsITh;

KOMaHO pabomol co cmekom, KOTOPbIE MOTYT MEPEHOCUTD JaHHbIC U3 MMaMSITH B CTEK,
TakKe HaXOISIINICS B MaMSITH,;

KOMAHO muna yMHoJceHusl, KOTOpbie, KpOME OliepaHia, YKa3aHHOTO B KOMaH/IE, HesIB-
HO UCITOJIB3YIOT €llle ¥ BTOPOM OMepaHI.

OnepaHgaMy MOTYT OBITh YMCJIa, PETUCTPHI, SYECHKHU MaMITU, CAMBOJIbHBIC UICHTU -
¢ukaropsl. [Tpy HEOOXOIMMOCTH I pacueTa HEKOTOPOTO 3HAUCHMS WU OTNpeaeIeHUS
sI4eiku namMsaTu, Ha KOTOPYIO 6y,£[CT BOBHGﬁCTBOBaTb JaHHad KoMaHaa Wi IUpEKTUBA,
UCTIONB3YIOTCS @bIpadceHUs, TO €CTb KOMOMHAIIMM YMCENl, PETUCTPOB, sSUeeK MaMsTH,
UIEHTUPUKATOPOB C apu(PMETUISCKUMU, TOTUIECKUMHU, TOOUTOBBIMU M aTPUOYTUBHBI -
MU OIlepaTOpaMH.

PaccMoTpuM KinaccuduKkaiuio ornepaHIoB, MOAAEPKUBAEMbIX TPAHCISATOPOM acCeM-
Onepa.

B Onepand 3a0aemcs HesA6HO HA MUKPONPOSDAMMHOM ypogHe. B 3TOM cilyyae KoMaHIa
SIBHO HE COIEPXUT ONEPaHIOB. AJITOPUTM BBIMIOJHEHUS KOMaHIbl UCITOIb3yeT He-
KOTOpBIe O0BEKTHI 10 yMoayaHuio (peructpsl, duiaru B EFLAGS u 1. 1.). Hanpuwmep,
komanasl CLI u STI HesiBHO paboraltoT ¢ darom npepsiBanus IF B peructpe EFLAGS,
a koManaa XLAT HesiBHO oOpauiaeTcst K peructpy AL 1 cTpoke B maMmsiTU MO aapecy,
onpeaeasieMoMy napoii peructpoB DS:BX.

K Onepand 3adaemcsi 8 camoil KomaHnoe (HenocpeocmeeHublil 0nepand). DTO MOXKET ObITh
YHUCJI0, CTPOKA, UMS WJIM BBIpaxkeHUe, UMelolee HeKoTopoe (puKCUpoBaHHOE (KOH-
CTaHTHOe) 3HayeHHe. PU3NYECKM HEMOCPEACTBEHHBIN ONMEpaHa HaXOAMTCS B KOJIE
KOMaH[Ibl, TO €CTh SIBJISIETCS €€ YacThio. [JIsl ero XpaHeHUsI B KOMaH/e BbIICISETCS
noJjie IauHOM 1o 32 6uroB (cM. TiaBy 3). HemocpeacTBeHHBIN orepaHa MOXET OBITh
TOJIBKO BTOPBIM OIeEpaHIOM (MCTOYHUKOM). OmnepaHa-IpUeMHUK MOXET HAXOIUTh-
cs1 6o B mamaTH, 1160 B peructpe. Hampumep, komanga mov ax,0ffffhnepeceiiaer
B peructp AX mecrtHanuaTepuuHyio koncrauty Offffh. Komanma add sum,2 ckimagpiBa-
€T COMEePKUMOE TIOJIS TTO aipecy sum C IeJIbIM YUCJIOM 2 U 3allMChIBaeT pe3yjbTaT 1o
MeCTy TIepBOTO orepaHia, TO eCTh B MaMsATh. ECIU HeMmocpeaCTBeHHBINM onepaHm —
WMsI, TO OHO HE JOJI)XHO OBITh MepeMelllaeMbIM, TO €CTh 3aBUCETh OT ajapeca 3a-
IPY3KM IIPOTPaMMBbI B TaMsiTh. Takoe MMs MOXHO OnpeaeuTh onepatopom EQU
unu =. [Ipumep:

num equ 5 ; BMECTO num accembiep Be3ne IMONCTaBISIET 5
imd = num-2 ; BMECTO num acceMmbiep Be3me MOACTABIAET 3
mov al,num : BKBUBaJeHTHO mov al,5, 3mech 5 - HENOCPENCTBEHHHI ONepaH]
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add {si],imd; cnoxeHune [si]:= [si]+3, -
; 34ecb imd - HenocpeacTBEHHbI onepaHAa
mov al,5; al:=5, 3pecb 5 - HENOCPEACTBEHHLIN ONepaHn,
B nanHoMm ¢parMeHTe oIpenessiioTcs ABe KOHCTAHTHI, KOTOPhIE 3aTeM MCII0JIb3YIOT-
¢4 B KaueCTBe HEMOCPEICTBEHHBIX ONEPaHI0B B KoMaHaax nepecblikn MOV u cioxe-
Hust ADD.

Adpecnbie onepandel 3a1aoT (PU3NIECKOE PACIIONOXEHNE OlepaHIa B IMaMATU IIyTeM
yKa3aHMs IBYX COCTaBIISIIOIINX afpeca: cerMeHTa u cMmelneHust (puc. 5.4). K mpumepy:

mov ax,@@0eh

mov ds,ax

mov ax,ds:0000h ; 3amucaTb CIOBO B ax u3 00/acTy MaMsITu
; 1o ¢usuueckomy agmpecy 0000:0000

3mech TpeThbsd KomaHaa MOV nMeeT agpecHBI OIepaH.

{cs) : Lenoe
N : YWCNo
{ds)

- AGconotHoe
@ “MA
. AGconoTHoe
@ BLIPEKBHNE
(te)

)

| | WA
cermenTa

Nmn -
rpynnb

Puc. 5.4. CyHTakcuc agpecHbIX onepaHaos

Ilepemewjaemovie onepandoi — J100bIE CUMBOJIbHBIE MMEHA, MPEACTaBISIONINE HEKO-
TOphIE agpeca MaMsaTU. DTU agpeca MOTYT 0003Ha4yaTh MECTOMOJIOXEHUE B MaMSITH
HEKOTOPOM MHCTPYKUUHU (eClM OomepaH] — MeTKa) WU JaHHBIX (ecid omepaHm —
uMs 00JIaCTU MaMsSITU B CErMeHTe JaHHBIX). [lepeMeliaemble orepaHabl OTIMYAOTCS
OT aIpeCHBIX TEM, YTO'OHH HE MPUBSI3aHbI K KOHKPETHOMY ajapecy pu3nyecKoi ma-
MaTtu. CerMeHTHAasl COCTaBIAIONIAs afpeca IepeMellaeMoro ornepaHaa Hem3BecTHa
U oIpedelsieTcs IMocje 3arpy3Ky IMIporpaMMbl B TaMsITh ISl BeinoaHeHus. K npu-
MeEpYy: :

data segment

mas_w dw 25 dup (0)

&6&esegment

lea si,mas_w; mas_w - mnepemMellaemblii onepaHg
B aTom (pparmMeHTe Mmas_W — CUMBOJIbHOE MMsI, 3HAYEHUEM KOTOPOTO SIBJISIETCS af-
pec nmepBoro 6aiita 06JacTu maMsTH pa3mepoM 25 cioB. [lonaHbli hu3nyecKuil aapec

9TOK 00JIACTH MaMSTHU 6YHCT MN3BCECTEH TOJIBKO ITIOCJIC 3arpy3kKu IIporpaMMbl B IIa-
MATH OJId BBIITOJHECHUA.

Cuemyuk adpeca — cneumbudeckuii Bun omnepanaa. OH o603HavyaeTcs 3HaKOM $.
Crnenmnduka 3Toro omepaHaa B TOM, YTO KOTJa TPaHCISITOp acceMOjiepa BCTpedaeT
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B MICXOJHOM MpOrpaMMe 3TOT CUMBOJI, TO OH MOACTABISIET BMECTO HETO TeKyllee 3Ha-
YeHMe CUeTYMKa afipeca. 3HaUeHUe CUeTIYMKa ajipeca, WK, KaK ero MHOTIa Ha3bIBalOT
cuem4uKa pameuerus, TIpeiCcTaBisIeT co00l cMeleHne TeKyIei MalllMHHOM KOMaH-
NIl OTHOCUTENbHO Hauyaya cermeHTa komaa. IIpu oOpaboTke TpaHCASITOPOM ouepe-
HOI KOMaHBI acceMbjiepa CUeTYNK afpeca yBeJUnurnBaeTCsl Ha JJIMHY chopMUpPOBaH-
HOI MalIMHHOM KoMaHabl. BaxxHO MpaBuibHO 3T0 MoHUMaTh. K mpumepy, o6paboTka
NUPEKTUB acceMmOiepa He BJIEUET 3a COOOM M3MEHEHUSI CYETUMKA, TaK KAK TUPEKTH-
BBI acceMOiiepa, B OTJIMYME OT €ro KOMaH/A, — 3TO JUIIb YKa3aHUs TPAHCISITOPY Ha
BBITIOTHEHHE OIPeNeeHHBIX NeHCTBUI M0 (hOPMUPOBAHUIO MAIIIMHHOTO TPEICTaB-
JICHUA TIpOrpaMMbl, U IJ1d HUX TPAHCJIATOPOM HE rEHEPUPYETCA HUKAKNX KOHCTPYK-
LlVIﬁ B maMsATU. B KauecTBe npumepa MCIoJb30BaHUA B KOMaHAC 3HAUYCHUA CUCTUYMKA
ajipeca MOXXHO TIPUBECTH CIEAYIONIUI (pparMeHT:

jmp $+3 ; 6e3ycnoBHbIi Mepexon Ha KomaHay mov
cld ; AnAvHa komaHabl cld coctaBngaet 1 6anT
mov al,l

[pr popMHUpOBaHUK BHIpakKeHMs IS Tiepexoma, MmomoOHoro $+3, HYXHO TTOMHHUTH
O OJINHE camoit KOMaHIbI, B KOTOpOﬁ 9TO BBIPAXKCHUEC UCIIOJIB3YETCA, TaK KaK 3HA4YC-
HHUE CUCTUMKA agpeca COOTBETCTBYET CMCIICHUIO B CETMCHTC KOMaH]/L Z[aHHOﬁ, a HE
cJenyloleii 3a Heil KoMaHabl. B Hairem npuMepe komanaa JMP 3anumaer qsa Oaiira.
HyXHO ObITb OCTOPOXHBIM, IJIMHA 3TOM U APYTMX KOMAHJ 3aBUCUT OT TOTO, KaKue
B Heil KCIoJIb3yIOTCs ornepaHabl. KoMaHaa ¢ perucTpoBbIMU omnepaHaaMu OyneT Ko-
poye KOMaH/bl, OIMH U3 OMEPaHA0B KOTOPO pacmnoyioXeH B naMsTu. B OonbuInH-
CTBE CJIy4yaeB 3Ty MH(pOPMAIIMI0 MOXHO MOJYy4YUTh, 3Hast (popMaT MallIMHHOK KOMaH-
Obl (CM. ThaBy 3 M MPUJIOXEHHWE) M aHATU3UPYs KOJOHKY daiisia nucTUHTA
C 00OBEKTHBIM KOAOM KOMAHIbI.

Peecucmposniit onepand — 3TO TIpOCTO MM peructpa. B mporpamme Ha acceMbGiepe
MO2KHO MCIIOJIb30BaTh UME€HA BCEX PETUCTPOB O6].L[CFO Ha3HaA4YCHUA U HEKOTOPLIX CU-
CTEMHBIX PETUCTPOB:

D 32-paspsannbie peructpbl EAX, EBX, ECX, EDX, ESI, EDI, ESP, EBP;
O 16-paspsagnsie peructpbl AX, BX, CX, DX, SI, DI, SP, BP;

0 8-paspsanbie peructpbl AH, AL, BH, BL, CH, CL, DH, DL;

IT cermenTHbie peructpsl €S, DS, SS, ES, FS, GS;

D cucremnsie peructpsl CRO, CR2, CR3, CR4, DRO, DRI, DR2, DR3, DR6, DR7 (cM. omca-
Hue KoMaHasl MOVBIIPUIIOXEHUN).

Hamnpumep, komanaa add ax,bx ckiagsiBaeT cogepxumoe peructpoB AX u BX u 3amm-
ceiBaeT pe3yinbTaT B BX. KoManna dec si ymensbinaet comepxumoe SI Ha 1. U eme

MpUMep:

mov al,4 ; KOHCTaHTy 4 3aHocuM B peructp al
mov di,pass+4 ; balt mo agpecy passtd - B peructp di
add al.dl ; KOMaHIa C PETUCTPOBHMMU OTEpaHIaMu

Onepang — nopm 8800a-6vi6oda. TToMUMO ampecHOro MPOCTPAHCTBA OINepaTUBHOM
MaMsITH TIPOLeccop MOAePKMBAET alpeCHOe MTPOCTPAHCTBO BBOIAa-BbIBOAA, KOTOPOE
WCIIOJIb3YeTCs IJIs1 IOCTyMa K YCTPOiCTBaM BBoAa-BbiBoja. OObEeM aapecHOTro Mpo-
CTpaHCTBa BBOJA-BbIBoAa cocTaBisieT 64 K6aiit. s 1106010 ycTpoiMcTBa KOMIIbIO-
Tepa B 3TOM MPOCTPAHCTBE BBIACISIOTCS anpeca. KoHKpeTHOE 3HaUeHUe aapeca B Tpe-
A€JIaX 3TOro nmpocCTpaHCTBa Ha3bIBA€TCA IMOPTOM BBOJA-BbIBOJA. (DI/BI/I‘-ICCKI/I IopTy
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BBO/Ia-BbIBOJa COOTBETCTBYET alllapaTHbIA perucTp (He MyTaTb C PETUCTPOM IIPO-
1eccopa), IOCTYI K KOTOPOMY OCYIIECTBIISICTCSI C TIOMOIIBIO CIEIUATBHBIX KOMAaHI
accemoiepa IN u OUT. Hanmpumep,

in al,66h; BBecTn OanT mM3 noprta 60h

Peructpsl, agpecyeMble C TOMOIIBIO TTOPTa BBOIA-BBIBOIA, MOTYT MMETD Pa3psIIHOCTh
8, 16 unu 32 6uTa, HO IJ1T KOHKPETHOTO IIOpTa pa3psIHOCTh perucTpa hMKCHpOBaHa.
Komannet IN 1 OUT paborator ¢ hpukcupoBaHHON HOMEHKIATYpPOil 00beKTOB. B Kaue-
CTBE UCTOYHMKA MH(POPMAIINN WK TIOJIyYaTe I IPUMEHSIOTCS TaK Ha3blBaeMBbIE pe-
eucmpul-akkymyaamopsl EAX, AX, AL. Bei6op pervctpaonpeaensieTcs pa3psiAHOCTbIO
mopTta. Homep mopra MoXeT 3amaBaThCs HEIIOCPEICTBEHHBIM OIIEpaHIOM B KOMaH-
naxIN 1 OUTunu3nauenueM Bpeructpe DX. [Tocequuii crioco6 mo3BosieTAnHaMK -
YEeCKH OIPEACIUTh HOMEep IopTa B Iiporpamme. Hampumep,

mov dx,20h ; 3amucarhs HOMep mopTa 2B8h B perucTp dx
mov al,20h ; 3anucarTs 3Hadexrue 20h B peructp al
out dx,al ; BHBECT) 3HaueHue 20h B mopT 20H

Cmpykmyphble onepanobl VICTIONB3YIOTCS AJISI NOCTYNMa K KOHKPETHOMY 3JIEMEHTY
CJIOKHOTO THIIA JaHHBIX, Ha3bIBAEMOTO cmpykmypoil. Mbl mogpobHo pazbepemcs co
CTpYKTypaMHu B riaBe 13.

3anucu (aHAIOTMYHO CTPYKTYPHOMY THUITY) MCIIOJIb3YIOTCS IJIS JOCTYIa K OMTOBO-
My TIOJII0 HEKOTOpo# 3amucu (TiaBa 13).

II  Onepano naxooumcs 6 cmeke,

X Onepauo pachosaeaemcs 6 namamu. DT0 HanOOJee CIOXHBIM M B TO Xe BpeMs Hau-
bornee TMOKUIA CITOco0 3amaHus orepaHmaoB. OH ITO3BOJISIET PEATM30BaTh APAMOU U KOC-
BEHHbII BAPUAHTDI aipecalluu, SIBSIONIMECS OCHOBHBIMU BUAAMM aApecaliuu.

[Mocnemauii BapuaHT PacIIONOXEeHUS OTIEPAHIOB, BBUIAY €TI0 BaXXHOCTU U OOJIBIIIOTO
o0beMa, paccMOTpuM 6osiee moapodHo. OOCyXIeHne OyIeT COMPOBOXIATHCS TpUMepa-
MM KOMaH] acceMOJjiepa, 1eJIib KOTOPBIX — JIeMOHCTpAIMs TOTo, KaK u3MeHseTcs ¢Gop-
MaT KOMaHIH acceMOsiepa Impy MpUMEHEeHNH TOTO WJIM MHOTO BUIIA aapecalny. B cBsasu
C OTHIM BepHeMCcH ellie pa3 K puc. 2.8 (CM. IJ1aBy 2), KOTOPBIA MILTIOCTPUPYET MPUHIIHUII
dopmupoBaHmsI (U3NIECKOTO aapeca Ha aapecHOl MHe Impoleccopa. BumgHo, 9To am-
pec orepaHna ¢popMHUPYeTCs KaK CyMMa JIByX COCTAaBJISIIOIINX — CIABMHYTOrO Ha 4 OuTa
COIEPXKHUMOIO CETMEHTHOTO perucrpa u 16-paspsiaHoro 3¢p@eKTuBHOIO agpeca, KOTO-
pBIi B OOIIIEM CiIydyae BBHIYMCISICTCS KaK CyMMa TpeX KOMIIOHEHTOB: 0a3bl, CMEIICHMS
U MHIEKCA.

Mpsamas appecauuns

IIpsimast agpecamuss — 3TO IPOCTEHIINI BUI aapecaliuy oliepaHaa B ITaMsTH, TaK Kak
3((HEKTUBHBIN apec COMEPKUTCI B CaMOI KOMaHIe M JJIsT ero (OpMUPOBAHUS HE MC-
IOJIb3yeTCS] HUKAKUX TOTIOJHUTEIbHBIX MCTOYHMKOB WM PETUCTPOB. Dh(PEKTUBHBIN
aipec 0epeTcsl HeOCPEICTBEHHO U3 OIS CMEIIeHUS MaIlIMHHOM KOMaHIbI (CM. TJIaBy 3),
KOTOPOE MOXET UMETh pa3mep 8, 16, 32 6urta. D10 3HaAYeHUE ONHO3HAYHO OIPELENIIET
0aliT, CJIOBO WJIM JBOMHOE CJIOBO B CETMEHTE JaHHBIX.

IIpsamas agpecauuss MOXeT OBITb ABYX TUIIOB.

Omuocumenvras npAamas a&pecauuﬂ MCIIOJB3YETCA B KOMaHIaX YCJIOBHBLIX IIEPEXO-
OB U151 YKa3aHUs OTHOCUTEIbHOTO aapeca repexoaa. OTHOCHUTEIBHOCTh TAKOTO TIe-
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pexoia 3aKJII0YaeTCsd B TOM, UTO B ITOJI€ CMEIIEHUS MAIIMHHOW KOMaHIbl COMEPXUT-
cs1 8-, 16- unm 32-pa3psiiHOe 3HAUeHUE, KOTOPOe B pe3yabTaTe paboThl KOMaHIbI Oy-
JIeT CKJIaTBIBaThCS C COMEPXKMMBIM perucTpa ykasatens Komann IP/EIP. B pesynbra-
T€ TaKOTO CIIOXEHMS MOJyvyaeTcs aapec, Mo KOTOPOMY U OCYIIECTBISETCS MEPEXO.
K npumepy,

jc ml ;nepexod Ha metky ml, ecnu dnar cf = 1

mov al,2

ml:
XoTs B KOMaH/Ie YKa3aHa KOHKPETHAs MeTKa, acCeMOJIep BBIYMCIISIET CMELIEHUE ITOM
METKHM OTHOCUTEJIBHO Cleayloleil KoMaHIbl (B HallleM ciydae mov al,2) u moacras-
JIeT ero B (popMupyemMylo MalmmHHyI0 KoMaHay JC. '

Abcontomnas npamas aopecayuss — B 3TOM ciaydae 3((PEKTUBHBINA ampec SBISETCS
YacThI0 MAIIMHHOM KOMaH/IbI, HO (DOPMMPYETCS ITOT aipec TOJbKO M3 3HAYEHMUSI TTOJISI
cMeleHus B komanae. s popmupoBaHus Gpu3nveckoro aapeca ornepaHaa B maMs-
TH TIPOLIECCOP CKJIAABIBAET 3TO TOJIE CO CIBUHYTHIM Ha YeThIpe OMTa 3HAUYEHUEM CeT-
MEHTHOTO perucrpa. B xomaHzae acceMbiepa MOXHO MCTIOb30BaTh HECKOJIBKO (hOpM
Takoi anpecauu. K nmpumepy,

mov ax,word ptr [0000] ;3anucaTtb CNOBO NO agpecy
;ds:0000 B perucTp ax

OmHako Takas agpecaldsl MPUMEHSIETCS PelKO — OOBIYHO SYeiiKaM B IIpoTpaMMe
MpUCBaMBAIOTCSI CUMBOJIMUECKUE UMeHa. B mpouecce TpaHCasIuuu accembiep BbI-
YUCJISET U TMOACTABISIET 3HAUCHUS CMEIEHU I 3TUX UMEH B T10JIe CMellleHUsT (popMu-
pyeMoif UM MaITMHHON KOMaHAbl (cM. rmaBy 3). B utore mosiydaercs, 4To MaIllWH-
Has KOMaHa MpsIMO afpecyeT CBOU onepaHm, uMmes, GakKTUIeCKU, B OJHOM U3 CBOMX
noJjieii 3HaueHue ap@exkTuBHOrO aapeca. K nmpumepy,

data segment

perl dw 5

data ends

code segment

mov ax,data

mov ds,ax

mov ax,perl ;3anucatb cnoso perl (ero ¢usnyeckuit agpec ds:0000) B ax
MbI NoAy4M TOT Xe pe3ynbTaT, YTO U MNPU NUCMONb30BaHNM KOMaHObI

mov ax,word ptr [0000]

OcranbHBIe BUABI afpecalliil OTHOCATCS K KOCBeHHBIM. CIIOBO «KOCBEHHEI» B Ha-
3BaHUM 5TUX BUJIOB aJpecalliy O3HAYAET, YTO B CAMOM KOMaHAE MOXXET HAXOAUTHCS JIUIIb
yacTb 3Q(PEKTUBHOTO apeca, a OCTaJbHbIE €r0 KOMITOHEHTHI HAXOAATCS B perucTpax, Ha
KOTOPBIE YKa3bIBAIOT CBOMM COAEPKMUMBIM 6aiiT mod r/m 1, BO3MOXHO, OaiiT Sib.

KocBeHHas ampecaiysi UMeeT CAeaAylole pa3HOBUIHOCTHU:

9 KocBeHHasd 6330Ba§[, MM pETUCTpOBad, aapecamnmsi,
II xocBeHHas 6azoBas agpecanmst CO CMEIICHUEM,

KOCBCHHAs MHACKCHAA agpecalynd CO CMCIICHMEM,

KOCBeHHas 06a30Basi MHAEKCHas aapecanud,
X KOCBeHHas 06a30Bas MHIEKCHas aapecanmd Co CMCIICHUCM.



96 naBa 5. CnHTakcuc accembnepa

KoceeHHas 6a3oBas agpecauus

IIpu KocBeHHOI 6a30B0ii (peructpoBoii) agpecaunu 3POEKTUBHBINA aIpec oIepaHaa
MOXET HaXO0AUThCH B JII0OOM U3 PETMCTPOB 0011ero HasHayeHus, kpome SP/ESP u BP/EBP
(3T0 crenMaNbHBIE PETUCTPHI IISI PAOOTHI C CETMEHTOM CTEKa).

CHUHTaKCUIEeCKU B KOMaHJIE 3TOT PEeXUM aIpecallii BIpaxkaeTcs 3aKII0YeHIEM Me-
HM perucTpa B KBaapaTHble ckoOKuU. K mpumepy, KomaHaa mov ax,[ecx| rmomelaeT B pe-
ructp AX comepKUMOe CJIOBa IT0 aIpecy CerMeHTa TaHHBIX CO CMEIIEHNEM, XpaHSIIITAMCST
B peructpe ECX. Tak Kak comepXuMoe perucTpa JIeTKO N3MEHUTh B XOIe pabOTH IIPO-
rpaMMBbI, JTaHHBIA CITOCOO ampecalii IO3BOJSICT TMHAMHUYCCKM Ha3HAUWTh aipec OIle-
paHaa 1Sl HEKOTOPOU MallMHHONW KOMaHAbl. DTO OYEHb M0JIE3HO, HAITPUMED, JJIsI Opra-
HU3aLUU HUKIUYECKUX BBIYUCIEHUI U IJ151 pabOThI C pa3AUYHBIMU CTPYKTYpaMU JaHHBIX
THIIA TabJIUIl WJIA MAaCCHBOB.

KoceeHHas 6a3oBas agpecaumsi CO CMeLLeHMeM

KocseHnHas 6a3oBast (perucTpoBasi) agpecalus Co CMeIIeHUEM SIBIISIETCS JOTIOJTHEHUEM
HpeabIAyIero BUAa agpecalyy U NMpeaHasHadeHa 1 JOCTyIa K JaHHBIM C U3BECTHBIM
CMeIeHNEM OTHOCHUTEIFHO HEKOTOPOro 6a30BOro aapeca. DTOT BUI aApecallil YI00HO
HCMOJb30BaTh VISl JOCTYIA K dJIeMEHTaM CTPYKTYp JaHHBIX, KOrJa CMEIeHUe dJIeMEeH-
TOB M3BECTHO 3apaHee Ha CTaIuy pa3pabOTKY IMTPOTpaMMBI, a 0a30BbII (HaYalIbHBII) anpec
CTPYKTYPbI JOJKEH BBIYMCISITHCS IMHAMUYECKU Ha CTAJAWU BBITIOJHEHUSI MPOrpaMMbl.
Momudukanus comepXuMoro 6a30BOro perrucTpa Mo3BoJIsIeT 00paIIaThcs K OMTHOMMEH-
HBIM 3JIEMEHTaM Pa3INYHBIX 3K3eMIUISIPOB OMHOTUITHBIX CTPYKTYD TaHHBIX.

K npumepy, komanga mov ax,[edx+3h] nepecsiiaer B peructp AX clIoBO U3 00J1acTU
MaMsITH Io aapecy, onpeneiseMomy coaepxkumbiM EDX + 3h. Komanga mov ax,mas[dx]
IepechuiaeT B peructp AX CIIOBO IO aipecy, oIpemeliseMoMy coaepXuMbpIM DX 1miioc
3HaYeHHNe UACHTU(UKAaTopa mas (He 3a0bIBaliTe, YTO TPAHCIATOP IMIPHUCBAUBAET KaXKIO-
My HIECHTU(DUKATOPY 3HaUCHHE, PABHOE CMEIIIEHHIO 3TOT0 MACHTU(DUKATOPa OTHOCUTEIb-
HO HavaJjia CeTMEHTAa JaHHBIX).

KocBeHHas nHpekcHasa agpecauus co CMeLLeHueM

KocBeHHas MHACKCHAS ampecallids O CMEIIeHHeM OYeHb ITOX0Xa Ha KOCBEHHYIO 0a30-
BYIO aJipecaliuio co cMellleHueM. 3aech Takxke st dopMupoBaHus 3(pHeKTUBHOTO afl-
peca MCITOJb3yeTCsT OMMH M3 PeTHCTPOB 001ero HazHaueHUs. Ho nHmeKCcHas ampecamus
00JamaeT OJHON MHTEPECHON OCOOEHHOCThIO, KOTOpasi OueHb ymoOHa 1isl paboThl ¢ Mac-
cuBaMu. OHa cBs3aHa C BO3MOXHOCTBIO TaK Ha3bIBAEMOIO MACWMadbuposarusi COIep-
KUMOTO MHIEKCHOIO peructpa. Yto 310 takoe? s BRISCHEHUS CMBICTIA 3TOTO TCPMHU-
Ha CTOMT BEPHYTHCS K MaTepHaly INIaBHl 3. B KOHTeKCTe HaIIero oOCYKICHHST Hac
nHTepecyeT OaiT sib. IIpM ommcaHUM CTPYKTYpHl 3TOro Oaiita (cMm. pasmen «®Popmar
MainHHbIX KoMang IA-32» B rnaBe 3) oTMeuanoch, YTo OH COCTOMUT U3 Tpex nosneit. OaHo
W3 3TUX TTOJIel — TIoJie Macuwimaba (ss), Ha 3HAUCHME KOTOPOTO YMHOXACTCSI COMEPKI-
Moe HiiieKkcHoro peructpa. K npuMepy, B KomaHae mov ax,masfesi*2 ] sHauenue addek-
TUBHOTO aJpeca BTOPOro ollepaHia OMpeaessieTcs BblpaxeHUueM mas+(esi)*2. B cBssu
c TeM, 4yTo B acceMbjiepe HET CPEeNCTB WHIEKCALUUU MACCUBOB, MPOTPAMMUCTY MPUXO-
JIUTCSI OPraHU30BbIBaTh €€ CBOUMHU cuiamu. Hanumuue BO3MOXHOCTH MacluTabupoBa-
HHS CYIIECTBEHHO ITOMOTAET B PEIICHUH 3TOM MPo0JIeMbl, HO IIPH YCIIOBUH, YTO pa3Mep
3JIEMEHTOB MaccuBa cocrtasisieT 1, 2, 4 unu 8 OaiurT.
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KoceeHHas 6a3oBasi MHOEKCHaa agpecaums

ITpu KocseHHOW 6Ga3zoBoit MHIEKCHON ampecalvu 3GdeKTUBHBIN anpec (GopMupyercs
KaK CyMMa COJIEpXKMMOTO JIBYX PETUCTPOB 00IIETo Ha3HAYeHUsI: 0a30BOT0 ¥ MHAEKCHO-
ro. B kauecTBe 3TUX pErUCTPOB MOTYT TPUMEHSITHCS JTI0ObIE PETUCTPHI OOLIETO Ha3HAYE-
HUs, TIPU 3TOM YacTO COAEPXXKMMOE MHIEKCHOTO peructpa Maciiurabupyercs. Hampumep:
mov eax,[esi] [edx]

B nanHoM nipumMepe 3¢hheKTUBHBIN afpec BTOPOro onepaHaa GopMUPYETCS U3 IBYX
KoMmmnoHeHToB, (ESI) + (EDX).

KocBeHHas 6a3oBas MHAEKCHasd agpecauus Co cmeLleHnem

KocBeHHast 6a30Basi MHAEKCHAs aapecalisi CO CMELICHUEM SIBJISETCS TOMOJTHEHUEM KOC-
BEHHOI MHIEKCHON agpecanuu. DPpeKTuBHLIN agpec hopMUpyeTCs KaK CyMMa Tpex
COCTaBJISIIOLIUX: COAEPXKUMOTO 0A30BOTO PETUCTPA, COAEPXKUMOT0 MHIEKCHOTO PETUCT-
pa ¥ 3HaYeHMs MoJisl cMellleHus B komaHe. K npumepy, koMaHna mov eax,[esi+5][edx]
nepecoliaeT B peructp EAX nBoiiHoe cioBo no aapecy: (ESI) + 5 + (EDX). Komanna add
ax,array[esi][ebx] cknanpiBaeT comepxumoe peructpa AX ¢ COIepXUMBIM CJIOBA 110 afpe-
cy, o0pa3oBaHHOMY 3HaueHUeM uaeHTudukaropa array + (ESI) + (EBX).

Hanee BepHeMCS K 00CYKIEHHUIO ONepaHI0B KOMaH/Ibl U BBISICHUM, KaK1e BO3MOX-
HOCTU TIPEIOCTaBJISIIOTCS acceMOiepoM sl (opMHpPOBaHMS 0ojiee CIOXHBIX OIEpaH-
JIOB — OIE€PAHI0B-BbIPAXECHUN.

OnepaHAabl-BblpaXXeHUs

OrnepaHa KOMaHIbI MOXET OBITh 8blpadceHlem, peACTaBASIONINM o000 KOMOMHALIMIO
OIlepaHIIOB U onepamopoe acceMoepa. TpaHcasgTop accembiepa paccMaTpUBaeT BbIpa-
KEHUE KakK eMHOE 1IeJI0e U Tpeodpa3yeT ero B YMCIOBYIO KOHCTaHTY. Jlornmuecku 3Ha-
YEeHHUEM 3TOM KOHCTAHTBI MOXET OBITh aipec HEKOTOPOI STYSHKU MaMATH MJIU HEKOTO-
poe abCOII0THOE 3HAUCHHUE.

[MepeuriciumM Bo3MOXHBIE TUIIBI orepaTopoB accembepa (TASM) u cuHTakcHye-
ckue mpaBujia opMupoBaHus BeipaxkeHUH accembiepa. Kak 1 B si3bIKax BBICOKOTO YPOB-
H$1, BBITIOJIHEHME OIMEpaTOpoB acceMOjiepa MpU BbIYUCICHUM BBIPAXKEHWI OCYIIEeCTBIISI-
€TCsl B COOTBETCTBUU C UX MpuoputetaMu (tabds. 5.1). OnepaTopbl ¢ OAUHAKOBBIMU
MpuopuTeTaMu 00padaThIBAIOTCS MOCIE0BATENbHO ClieBa HanpaBo. Mi3aMeHeHue mopsiaka
BBITTOJTHEHUSI BO3MOXHO TIYTEM PAaCCTAHOBKM KPYIJIBIX CKOOOK, KOTOpbIE MMEIOT Hau-
BBICILIM I TPUOPUTET.

Ta6nuua 5.1. Onepatopbl U 1x NPUOPUTET

Omnepatop [Mpuoputer
LENGTH, SIZE, WIDTH, MASK, (,), [, ], <, >

PTR, OFFSET, SEG, TYPE, THIS
HIGH, LOW

+, - (yHapHbI€e)

*, /,MOD, SHL, SHR

L K<) Y A0 E 0 VST B O 2 S

npodonxcenue

4 3ak. 256
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Tabnuua 5.1 (npogonxerune)

Omnepatop IMpuoputet
+, - (OuHapHbIe) 8

EQ,NE, LT, LE, GT, GE 9

NOT 10

AND 11

OR, XOR - 12
SHORT, TYPE 13

JlanuM KpaTKyIo XapaKTepUCTHKY orepatopoB. B mpunoxkenun b (http://www.piter.

com/download) mist cpaBHeHUST 1 UHGOPMAIIUY TIPUBEICHBI CBENEHUS 00 orepaTopax

n

9

i

MIPENOIpENEIEHHBIX CUMBOJIAaX TpaHcaropa MASM,

Apugmemuueckue onepamopwt (puc. 5.5). K apudmMernaeckKuM oreparopamM OTHOCST-
cs YHapHBIC 1 OMHApHBIC OIEPAaTOPhl «ILTIOC» (+) U «MUHYC» (-), @ TAKXKE OIepaTo-
pbl yMHOXeHUs (*), IIeTOYNCIIEHHOTO efeHus (/), TONlydeHUs] OCTaTKa OT NEeTeHUS
(MOD). Dt omepaTtopsl B Ta0i. 5.1 COOTBETCTBYIOT YPOBHSIM Ipuoputera 6, 7, 8.
Hampumep,

tab_sizeequ 50 ; pasmep maccuBa B GailTax
size_el equ 2 ; pasMep 3neMeHTOoB

; BbIYMCNAETCH YMCNO 3JEMEHTOB MacCuBa M 3aHOCUTCA B PErUCTP CX
mov cx,tab_size / size_el ; onepatop “/*"

| Bolpaxexue_1

Puc. 5.5. CuHTakcmc apudmeTnyieckmnx onepaTtopos

Onepamopbi cdéuea BHITIONTHSIOT CABUT BEIPaXKeHMST Ha YKa3aHHOE KOJWUYECTBO pas-
psinoB (puc. 5.6). Hanpumep,

mask_b equ 10111011

mov al,mask b shr 3 :al=00010111

Yucno

BripaxeHne 'I c%:l;;i;r.::x L

Puc. 5.6. CUHTaKCVIC OnepaTopoB casura
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%  Onepamopbl cpasHeHnuss BO3BPAIAIOT 3HAUEHUE <«MCTHHA» WIM «JIOXb» M MpeaHa3Ha-
YeHBI U1 GOPMUPOBAHMS JOTMUECKUX BhIpaKeHuii (puc. 5.7 1 Tabn. 5.2). Jlornyeckoe
3HaYEHUE «MCTUHA» COOTBETCTBYET JIOTUUECKON EAMHMUIIE, a «JI0XKb» — JIOTMYECKOMY
HyJ10. JIornmyeckasi eAMHUIIa — 3HaYeHUe, BCe OUTHI KOTOPOTO PaBHBI 1, COOTBETCTBEH-
HO, JIOTMYECKUIi HYJIb — 3HaueHue, Bce OUTH KoToporo paBHbI 0. Hampumep,

tab_sizeequ 30 ; pasMep TabauIbl

mov al,tab_size ge 50 ; 3arpyska pasmepa Tabauubl B al
cmp al,0 ; ecnn tab_size < 50. TO

je ml ; nepexon Ha ml

mi:

B aTom mpumepe, eciau 3HadeHue tab_size Gosbiie wiu paBHo 50, To pe3ynbTat B AL
pasen Offh, a eciiu tab_size mensme 50, To pesynbrar B AL pasen 00h. Komanga CMP
cpaBHUBaeT 3HaueHue AL ¢ HyJieM U ycTaHaBJIMBaeT COOTBeTCTBYIoNIMe (hiaru B FLAGS/
EFLAGS. Komanma JE Ha ocHOBe aHanu3a 3TuX (paroB IepemaeT WUIM He TepenaeT
yIpaBlieHHMe Ha MeTKy ml.

—{ Bblpa}xenue_jl- @ —IBblpaxceHne_Zl—-

PROEEE

Puc. 5.7. CvHTakcuc oneparopoB CpaBHEHUS

Ta6nuua5.2. Onepatopbl CpaBHEHNS

Omnepatop - 3HayeHme

Eq WcrtuHa, ecm BoipaxkeHue 1 paBHO BblpaxkeHUe_2

Ne WcrtuHa, eciau Bbipaxkenue 1 He paBHO BeIpakeHUe 2

Lt WcruHa, eciii BeIpaxkeHne | MeHblile BbIpaskeHre 2

Le WcTtuHa, ecy BeIpaxeHHe | MeHbllle WM paBHO BhIpaxkeHue 2
Gt Wcrtuna, ecnu BoipaxkeHue | Oosblie BbIpaxeHue 2

Ge WcrtuHa, ecnu Bolpaxkenue_1 Gosbliie uin paBHO BbIpaxkeHue 2

% Jlocuyeckue onepamopsi BBITIOJHSIIOT HaA BBIpakKeHUSIMU TOOUTOBBIE OIEpAIUU
(puc. 5.8). BripaxkeHUs HOJKHBI OBITh a0CONMIOTHBIMM, TO €CTh TAKUMU, YMCICHHOE
3HAYEHME KOTOPHIX MOXKET ObITh BEIYMCICHO TpaHCIsATOpoM. Hampumep,

flags equ 10010011
mov al,flags xor 81lh; al = 10010010; nepecninka B al nonsa flags
; C WHBEPTUPOBAHHbLIM MpPaBbiM ouTom

bonee moapoOHBIE CBeleHUST O TIpaBUiaX, B COOTBETCTBUU C KOTOPBIMU BBIYUCIISCT-
¢Sl pe3yabTaT JOTUYECKUX OTNepaluii, MpUBOAATCS B riiaBe 9.
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| Boipaxenve_1

) I Pe—
~ G Lol

O
(o0

Puc. 5.8. CvHTaKkCc1C norm4eckmxonepaTopoB

#  UnoekcHolii onepamop. Kax 1mokazaHo Ha puc. 5.9, KBagpaTHBIE CKOOKM TPaHCISTOP

BOCIIpUHMMAET KaK YKa3aHUe CIIOXUTh 3HaUeHNUE BblpaXeHne_1 3a 3sTuMK CKOOKaMu
CO 3HAYeHUEM BblpaXKeHnue_2, 3aK/I1I04eHHBIM B CKOOKM. Hampumep,
mov ax,mas{sil ; MepechIKa CloBa MO ajpecy mas + (si) B peTHcTp ax

I I {[ )—-{Bbtpa»(euue_Z [-—@—

L, Beipaxenue_1

Puc.5.9. CuHTakcucHaekcHorooneparopa

IIPUMEYAHUE B nmuTepaTtype nMpuHSTO clieayolee CoralleHre: KOTua B TEKCTE peYb UACT

*

0 CONEPKMMOM PETUCTPa, TO €Tr0 Ha3BaHUe OepyT B KpyIible CKOOKM. K mpu-
Mepy, B HallleM ciIydyae 3alich B TEKCTE KOMMEHTapHs TTOCIEIHEro (pparMeH-
Ta IporpaMMbl mas + (Si) 03HayaeT BHIYMCICHUE BBIPAKEHUSI, COCTABIISIO-
IIEro 3HaY€HUE CMELIEHUA CUMBOJINYECKOTO MIMEHH Mas TLTIOC CONEPKUMOE
peructpa SI.

Onepamop nepeonpedenenuss muna PTR TipuMmeHsieTcsT WISl TIepeornpene/ieHusT WIn
YTOYHEHMSI TUITA METKHM (MJIM ITePeMeHHOM ), OTpeIesisieMoii BeipaxeHueM (puc. 5.10).
Tun MoxXxeT MpuHUMATh OAHO U3 ciieayoiux 3HayeHuii: BYTE, WORD, DWORD, QWORD,
TBYTE, NEAR, FAR (4TO 03Ha4aioT 5T¥ 3HA4eHUs, BBl y3HAETe Jajiee B 3TOM IJIaBe).
Hanpumep,

dwrd dd 0

mov al,byte ptr d_wrd+l ; mepechlJKa BTOPOro 0OaiiTa W3 TBOWHOTO CIOBa
ITosicHum 3ToT PparmeHT rporpammsbl. [lepemenHas d_wrd uMeeT TUIT IBOMHOTO CJI0-
Ba. Uto memarh, eciii BOBHUKHET HEOOXOAMMOCTh O0OpallleHUs] He KO BCeMy 3HaAYe-
HUIO IEPEMEHHOM, a TOJIbKO K OJHOMY M3 BXOISLIUX B Hee OalTOB (HampuMep, Ko
Bropomy)? Eciu nomnsitatbes caenars 310 Komanaoit mov al,d_wrd+1, To Tpanciarop
BBIAACT COOOIIIEHWE O HECOBMaAeHUM TUIOB onepaHiaoB. Oneparop PTR mo3Bossier
HETIOCPENCTBEHHO B KOMaH/IE TTePEOIPENEIUTD TUIT ¥ BBITTOJTHUTH KOMaHY.

S
—@—( ptr HBblpaerue —
S

Puc. 5.10. CuHTakcuc onepartopa nepeonpeaeneHns Tnna

Onepamop nepeonpedenerusi ceecMeHma 3acTaBIIsSIeT BBIYUCIATD (DU3MICCKUN ampec
OTHOCHUTEJIbHO KOHKPETHO 3alaBacMON CETMEHTHOM COCTABILTIONICH: <«WAMS CETMEHT-

HOTO PEerucTpar», «MMsl CerMeHTa» M3 COoOoTBeTCTBYMOIIe nupeKTuBbl SEGMENT unun
«uMst Tpymmel» (puc. 5.11).
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Pvc. 5.11. CuHTakcuc onepatopa nepeonpeneneHus cermeHTa

DTOT MOMEHT BaXeH, ITO3TOMY MOSICHUM ero noapodHee. [Ipu o0CyXneHUM cerMeH -
Taluu (CM. IMIaBy 2) YIIOMHUHAJIOCh O TOM, YTO IIPOLIeCCOp Ha almapaTHOM YPOBHE IO~
ACPAKUBACT TPpU TUIIA CCTMEHTOB — KOJa, CTCKa U JaHHBIX. B yemMm 3akiiouaercs Takast
anmapartHas nonaepxka? K mpumepy, 11st BBIOOPKY Ha BBITTOJTHEHUE OUYEPETHON KOMaH -
JIbI TIPOLIECCOP JOJIKEH 00513aTeIbHO MOCMOTPETh COAEPKMMOE CETMEHTHOIO perucTpa
CS, u ToapKo ero. B aToM peructpe comepxkuTcsa MHGOpMaIMI 0 Hadajle cerMeHTa Ko-
MaH. B peasbHOM pexxnme pabOTHI IpoIeccopa B cerMeHTHOM peructpe CS HaxomuTcs
He CIBUHYTHII Ha YeThipe OUTa BJIeBO (pM3MUECKUIA ampec Havaia cerMeHTa. st mosy-
YeHUS afpeca KOHKPETHON KOMaHIbl MPOLIECCOPY OCTAeTCsl YMHOXUTH copepxumoe CS
Ha 16 (4TO O3HAYaeT CABUT Ha YEThIpe pa3psiia) U CIOXUTD MoaydeHHoe 20-pa3psaHoe
3HauYeHMeE ¢ 16-pa3psAaHbIM copepXUMbIM peructpa IP. [TpuMepHo To Xe caMmoe Tpouc-
XOIUT U TOTIIa, KOT/Ia Ipolieccop 00pabaThiBaeT orepaHabl B MAIMHHON KoMaHe. Eciu
OH BMIUT, UTO OTIEpaHI — 3TO afapec (3ghgexmusHolil anpec, KOTOPBIN SIBISETCS TOIbKO
JacThI0 PU3NIECKOTO aapeca), TO OH 3HAeT, B KAKOM CerMEHTE ero UCKaTb, — IO YMOJI-
YaHMIO 3TO CETMEHT, aJpec Hayaya KOTOPOTro 3anucaH B cerMeHTHOM peructpe DS. B 3a-
HMIMIIEHHOM PeXUMe CerMEHTHBIE PETUCTPBI COMEPKAT CENEKTOPHI, C TIOMOIIBIO KOTO-
PBIX TaKXe MOXXHO MOJIYYMTh AOCTYI K MH(popMaLuu 00 aapece Hayajaa CerMeHTa.

A 49TO0 Xe ¢ ceTMeHTOM cTeka? 1 OoJbleii ICHOCTH CTOUT BEPHYTHCS K BOIIPOCY
0 perucTpax ooIIero Ha3HaYeHUS (CM. TJ1aBy 2). B KoHTeKcTe Halllero pacCMOTPEHUS MH-
Tepec npeacTasasioT peructpsl SP u BP. Eciu mpoueccop BUAUT B KauecTBe orepaHaa
(WM ero yacTu, eciiv ofepaH] — BbIpaXeHue) OIUH U3 3TUX PETUCTPOB, TO MO yMOI4a-
HUIO OH (bopMmupyeT GU3MIeCKUil afpec onepaHaa, UCTIOIb3ysl CONePXKUMOE PerucTpa
SS Kak cerMeHTHYIO COCTaBJISIONLYI0 3TOTO afapeca. YTo mompazyMeBaeT TEPMUH «IIO
yMosyaHuio»? BecrmoMHuM (cM. TiaBy 1) HaGop MUKpoOIporpamMm B 0JIOKE MUKPOIIPO-
IrpaMMHOTO YIIpaBJICHUS, KaxXaasd U3 KOTOPBIX BBITTOJHACT OOHY M3 KOMaHI B CUCTEME
MaIIMHHBIX KOMaH/ Ipolieccopa. Kaxmas MukporporpamMma padoTaeT 110 CBOEMY aJlro-
putmy. U3MeHUTH €ro, KOHEYHO Xe, HeNb3s, HO MOKHO UYYTh-4yTh MTOAKOPPEKTUPOBATD.
JlenaeTcst 3T0 ¢ TOMOIIIbIO HE003aTeIbHOTO MOJIs TTpedhruKca MAaIIMHHOM KOMaHIbI (CM.
pasgen «@opmat MaliMHHBIX KoMana 1A-32» B rnase 3). Ecau mporpaMMuUCT coriaceH
¢ TeM, KaK paboTaeT KoMaH/a, TO 3TO IoJie OTCYTCTBYET. Eciu ke ecTb HeOOXOAUMOCTh
BHECTHU TIOMPaBKY (€c/M, KOHEYHO, OHA OMYCTUMA IS KOHKPETHOI KOMaHJbI) B aJifo-
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pUTM pabOTBl KOMaHIBI, TO HEOOXOOAUMO CHOPMHUPOBATH COOTBETCTBYIOIINNA MpedUKC.
IIpeguxc mipenctapisgeT coboii OAHOOANTOBYIO BEIWYMHY, YMCIEHHOE 3HAYEHUE KOTO-
poii onpenesieT ee Ha3HaueHue. ITpoleccop pacmo3HaeT Mo yKazaHHOMY 3HaYEHHIO, YTO
9TOT GaiiT ABNsETCS MPEDUKCOM, U TajlbHEMIIas padoTa MUKPOIIPOrPaAMMBI BHITTOIHS -
€TCsl C YUYETOM IMOCTYMUBIIETO yKa3aHUs Ha KOPPEKTUPOBKY ee padoThl. B riase 3 mbl
MEePeUYMCININ BCe BO3MOXHBIE MPe(PUKCH MalIMHHBIX KOMaHI. B KOHTeKCTe Hallero
00CyXIeHUs UHTEpeC MPEACTaBseT ONUH U3 HUX — npeqhukc 3amenvt ceemenma. Ero
Ha3HAYeHUE COCTOUT B TOM, YTOOBI yKa3aTh MPOLIECCOpPY (a MO CYyTH, MUKPOIIPOrpaMMe)
Ha TO, YTO MbI HE XOTUM MCIIOJIb30BaTh CEIMEHT 10 YMOTYaHM0. BO3MOXHOCTY [IJ151 10~
JOOHOTO NepeonpeaeaeHus], KOHEUHO, orpaHuYeHbl. CerMeHT KOMaHI IepeorpeaeuTh
HEJb3s1, aipec OYepeaHON MCTIOIHIEeMO KOMaHIbl OMHO3HAYHO OIpenessieTcsl mapoi
CS:IP. A BOT cerMeHTHI cTeKa M JaHHBIX — MOXHO. J[J15 9TOro 1 npeaHa3HavyeH ornepaTop
nepeornpeaeneHus cermenTa (;). TpaHcaaTrop accemOiepa, oopadaTeiBast 3TOT OIlepaTop,
(GopMUpYET COOTBETCTBYIOIINI OTHOOANUTOBBIM ITPe(pUKC 3aMEHBI CETMEHTA 1 CTABUT €r0
riepel MalllMHHBIM MpeCcTaBIeHUeM COOTBETCTBYIOIIEN KOMaH bl acceMbiepa. Hampumep,
.code

jmp metl ; obxon obsaAsaTteneH, wmHadye none ind
; OynoeT TpakToBaTbCHA Kak ovyepefHas KomaHpa
ind db 5 ; onucaHue nons AaHHblX B CErMeHTe KOMaHA,
metl:
mov al,cs:ind ; nepeonpepefieHne cermeHTa no3sonsieT paboTaTb C AaHHbIMU,

, onpegeneHHbiMM BHYTPU CerMeHTa KoAaa
ITpomo/KuM TepedrcIeHre OrepaTopoB.

Onepamop UMeHO8aHUS MUNa CMpPyKmypsbl TAKXe 3aCTaBIsSIeT TPAHCIATOP MPOU3BO-
JIUTH OIpeaeIeHHbIC BEIUMCICHUS, €CIM OH BCTpeuaeTcsl B BhIpaxXeHuu. IlogpobHO
3TOT orneparop (.) OnuchIBaeTcs B ryiaBe 13 mpu 06CYXIEHUM CIOXHBIX TUIIOB AaH-
HBIX.

Onepamop noayuenus cezmenmuoii cocmaensioueil aopeca 6bipajcenuss BO3BPAIIAET
(usuyeckuii ampec cerMeHTa sl BhIpakKeHUs, B KAUeCTBE KOTOPOTO MOTYT BBICTY-
InaTtb ME€TKa, rnepeMeHHas, MA CErMeHTa, UMs ITpYyIIbl NI HEKOTOPOEC CUMBOJINYC-
ckoe nMs (puc. 5.12). '

— SEG | Biipaxerve | —

Puc. 5.12. CuHTakcuc onepaTopa nosy4eHvsi CerMEeHTHOM COCTaBAAoLLEN

% Onepamop noayveHus: cMmeujerus evlpajceHyuss TIO3BOJSIET MOJYYUTh 3HAYEHHME CMe-
HICHNW BbIPpAa’XKCHUA B 63]71T21X OTHOCHUTECJIbHO Havyajla TOro CcrMmeHTa, B KOTOPOM BbI-
paxeHue onpenaeyieHo (puc. 5.13).

offset BIPEMEHHE

Puc. 5.13. CuHTakcuc onepartopa nosly4eHvsi CMeLLeHns

Hanpumep,

.data
pole dw &
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.code

mov ax,seg pole
mov es,ax
mov dx,offset pole ; Temepb B mape es:dxX NONHHI amgpec pole

AupexkTuBbl cerMmeHTauum

B xone npeabiaymero O6CY)KI(6HI/IH ObLIH NpUBCACHBI OCHOBHBLIC ITpaBuJjia 3allMCH KO-
MaHI 1 OII€paHa0B B IIpOorpaMMe Ha acceM6nepe. OTKpHTHM OCTaJICA BOITPOC O TOM, KakK
IpaBUJIbHO O(l)OpMHTB nocJaeaoBaTCJIbHOCTh KOMAHM, YTOOBI TPAHCIATOP MOI' UX 06pa—
6OT3.TB, a IIpouecCop — BBIITOJIHUTD. B rmaBax 2 u 3 MBI YK€ KaCcaJIuChb ITOHATUA CCIMCH-
Ta. an/I PACCMOTPCHUN APXUTCKTYPhI IPpOLIECCOPAa MBI Y3HAJIN, YTO OH MMECT IICCTh CECT-
MCHTHBLIX PETUCTPOB, NOCPEACTBOM KOTOPBLIX MOXKET OJHOBPECMECHHO pa6OTaTBZ

iS C OOHUM CEerMEHTOM KoJna,

M ¢ OTHUM CETMEHTOM CTEKA;
U C OJHUM CETMEHTOM JTaHHBIX;

¢ TpEMA OOMOJHUTCIBbHBIMU CCTMCHTAMU JaHHLBIX.

“Emie pa3 BcCmoMHUM, 9TO (M3UYECKU CETMEHT MPENCTaBIsIeT CO00i 00JacTh MaMsITH,
3aHATYI0O KOMaHIaMU U/WUJIW TaHHBIMU, aapeca KOTOPHIX BBIYMCISIOTCS OTHOCUTEIBHO
3HAYEHUS B COOTBETCTBYIOIIEM CETMEHTHOM PETHMCTpE.

CHHTaKCUYECKOe OMUCAaHUE CerMEeHTa Ha acceMOiyiepe MpeAcTaBisieT coboil KOHCT-
PYKILIHMIO, IPEACTaBIeHHYIO Ha puc. 5.14.

Hmn
- cermenTta [ 1SEGMENT

Tvn
Tun Boipas-} || Tun kom6UHKM- Knacc paamepa

HUBAHWS poBaHus cermenta [ | cerverira |

£“
e S 4

Oupextuea
accembnepa

Komanpa
accemBriepa

ﬁaxpoxomanna

accembnepa

Crpoka
KOMMEHTapHA

17T
cermenra [ ENDS J--—
Puc. 5.14. CvHTakcuc onucaHnsa cermeHTa

BaxxHO OTMETUTD, YTO (PYHKIIMOHANIBHOE Ha3HAYEHNE CETMEHTAIIMM HECKOJIBKO IIMpe,
YeM TpOCToe pa3dMeHue MporpaMMbl Ha OJJOKM Koma, MTaHHBIX U cTeka. CerMeHTamus
SBIIIETCS YacThlo OoJjiee OOINEro MexaHW3Ma, CBSI3AHHOTO C KOHIIETIIIMEN MOIYJIBHOTO
nporpammupoBaHus. OHa mpeanosaraeT yHupukamuio popmara 00beKTHBIX MOIYJIEH,
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C03IaBaeMbIX KOMIIMISATOPOM, B TOM YHMCJIE KOMITMJIMPYEMBIX C Pa3HBIX SI3BIKOB IIPO-
rpaMMUPOBaHUs. DTO MO3BOJISAET 00beIMHATH IPOTPaMMBI, HAMTMCAHHBIE HA PA3HBIX SI3bI-
Kax. IMeHHO 11 peanu3aliny pa3IMYHbIX BAPMAHTOB TAKOTO OObEAMHEHMS U IIpeIHa-
3HauyeHb! onepaHanl B gupekTuBe SEGMENT. PaccmoTpum mx mompoGHee.

Ampubym evipasnueanus ceemenma (TUII BhIpaBHUBAHM) COOOIIAeT KOMIIOHOBIIM-

Ky O TOM, YTO HYXHO O0ECIeunTh pa3MelleHre Hadajla CEeTMeHTa Ha 3alaHHOM rpa-
HHIIE. DTO BaXXHO, TOCKOJBKY IIPY MPaBUJIbHOM BhIpaBHUBAaHMM JOCTYII K JaHHBIM
B Tipouieccopax i80x86 BhIONHSETCS ObIcTpee. JlomycTUMbIe 3HAYEHUS 3TOTO aTpH-
OyTta npuBeAcHHI gajiee. [1o yMoinuyaHuO TUIT BEIpaBHUMBAHUS MMeeT 3HaueHue PARA:

D

D

BYTE — BrIpaBHMBaHMe He BRIMOJMHSIETCS. CerMEeHT MOXKET HAUMHAThLCS ¢ JII000TO
anpeca maMsITH;

WORD — cermeHT HauMHaeTCd MO agpecy, KpaTHOMY JIBYM, TO €CThb MOCIeIHMIA
(Mammmwit) 3HaYaIIui OUT pr3nIecKoro anpeca paBeH 0 (BBIpaBHUBAaHUE I10 Tpa-
HMUIIE CJIOBA);

DWORD — cermMeHT HaumHaeTCs 1O ampecy, KpaTHOMY YeTBIPEM, TO €CThb IIBa T10-
cemHUX (MJIAIIIMX) 3HaYaIuX 6uta paBHbI O (BEIpaBHUBAHUE 110 TPAHWIIE TBOM-
HOT'O CJIOBa); '

PARA — cerMeHT HaUMHAETCSI MO aapecy, KpaTHOMY 16, TO eCTb MOCIEAHSST IIeCT-
HannaTepudyHas nmdpa aapeca gokHa ObiTh Oh (BEIpaBHUBAHME IO TPAHUIIE
maparpada);

PAGE — cerMeHT HauMHaeTcsd 1O ampecy, KpaTHOMY 256, TO €CTh IBe MOCJIEIHUE
miecTHaAnaTepuyHble 1IUGPBI J0JXKHBI ObITb OOh (BbIpaBHUBAHUE 1O TPaHUIIE
CTpaHULIBI pa3MepoM 256 6ailT);

MEMPAGE — cermeHT HauMHaeTCs 1O ampecy, KpatHomy 4 K6aiT, To ecTh TpH 110~

clleHMe IECTHAAaTeEPUIHbIe LUPPHI HOJKHBL 66T 000h (ampec ciemyromeii
CTpaHUIIBI TaMATH pa3MepoM 4 Koaiir).

Ampubym xombunuposanus ceemenmog (KOMOMHATOPHBIN THIT) COOOIIAET KOMITOHOB-

IIMKY, KaK HY>)XHO KOMOMHMPOBATb CETMEHTHI Pa3IUIHBIX MOy, UMEIOIIUE OTHO
u TO Xe ums. [lo ymoauaHuio aTpruOyT KOMOMHUPOBAHUSI IPUHUMAET 3HAUEHUE
PRIVATE. Bo3MoxkHbIe 3HaUeHUsT aTpuOyTa KOMOMHUPOBAHUS CErMEHTAa Mepeunciie-
HBI Jajiee:

P

P

PRIVATE — cermeHT He OyaeT OObEeAMHSTLCS C APYTMMM CETMEHTaMM C TEM Ke
MMEHEM BHE TaHHOT'O MOMYJIS;

PUBLIC — 3acTaBiseT KOMITOHOBIINK OOBEIMHNUTH BCE CETMEHTHI C ONMHAKOBBIM
nMmeHeM. HoBBITT 0ObeIMHEHHBI CETMEHT OymeT IIeNBIM W HeTpephIBHBEIM. Bce
anpeca (CMellIeHusT) 00BEKTOB, a 3TO MOTYT OBITh, B 3aBUCMMOCTH OT THUIIA CET-
MEHTa, KOMaHIbl YUTW TaHHBIE, OYIYT BEIYUCIATHCS OTHOCUTEIIFHO Havyaia 3TOTO
HOBOTO CETMEHTa;

COMMON — pacrojiaraet Bce CETMEHTHI C OTHUM U TEM Xe¢ UMEHEM II0 OJHOMY
aJipecy, TO eCTh BCe CETMEHTHI C JaHHBIM MMEHEM MepeKphIBaloTcs. Pasmep mony-
YEHHOTO B pe3yJbTaTe CeTMeHTa OyIeT paBeH pa3Mepy CaMoro GOJIBIIOTO CErMEHTa;

AT XXXX — pacrionaraet cerMeHT 110 abCOIOTHOMY anpecy naparpada (napazpagh —
001acTh TAMSATH, 00BbEM KOTOPOI KpaTeH 16, MOTOMY MOC/IEIHSS mecTHaALATe-
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puuHad mudpa agpeca maparpacda pasHa (). AOCOMIOTHBIN aapec nmaparpada 3a-
JaeTcsl BeIpaxkeHreM XxX. KOMIIOHOBIIMK pacrioiaraeT CerMeHT IO 3adaHHOMY
azipecy mamsITi (3TO MOXHO UCIIOJIb30BaTh, HAITPUMED, IS JOCTYIA K BUAEOMa-
MsITU uin obnactu [13Y), yauteiBast aTpubyT KOMOMHUPOBaHUSA. OU3NUECKH 3TO
03HaYaeT, YTO CETMEHT IPU 3arpy3Ke B ITaMsITh OyIET pacroloXeH HAYMHAas C 3TOTO
abCOIIOTHOTO azmpeca maparpada, HO LIS JOCTYNA K HEMY B COOTBETCTBYIOLIMIA
CETMEHTHBIN PErMCTp JOJIKHO OBITh 3arpyKeHO 3aJaHHOe B aTpUOyTe 3HAUCHHE.
Bce MeTKM 1 afpeca B onpeie IeHHOM TaKUM 00pa3oM CETMEHTE OTCYMTBIBAIOTCS
OTHOCHTEJIHHO 33IaHHOTO abCOJIIOTHOTO aapeca;

O STACK — ompenesnenue ceemenma cmeka. 3acTaBisieT KOMITOHOBIIUK 00bEINHUTD
BCE OJTHOMMEHHBIE CETMEHTBI ¥ BHIYUCIISITh aipeca B 3TUX CETMEHTaX OTHOCUTEb-
Ho peructpa SS. KomounuposanHbiii Tum STACK (cTek) aHanmorunueH KOMOMHUPO-
BaHHoMY TuIy PUBLIC 3a MCKJTIOUeHMEM TOTO, YTO perucTp SS SABISIETCS CTaHAAPT-
HBIM CETMEHTHBIM PETUCTPOM ISl CETMEHTOB cTeka. Peructp SP ycraHaBiuBaeTcs
Ha KOHell 00beIMHEHHOTO CeTMeHTa cTeKa. Eciii He yka3aHo HY OJHOTO CeTMEHTa
cTeKa, KOMITIOHOBIIMK BBIAACT MPEAYIIPEXACHNE, YTO CTEKOBBII CETMEHT He Haii-
neH. Ecau cerMeHT cTeka co3naH, a KomOuHupoBaHHbIM Tun STACK He ucmonb3y-
€TCs1, TIPOTPAaMMUCT JOJIKEH SIBHO 3arpy3UTh B peructp SS ampec cerMeHTa (I10-
JTOOHO TOMY, KaK 3TO Aejaetcs Jisl peructpa DS).

Ampubym kaacca ceemenma (TUI KJlacca) — 3TO 3aKJIIOUYE€HHasl B KaBbIYKM CTPOKa,
MOMOTaIoIIasi KOMITOHOBIIVKY ONPEIeIUTh HYXXKHBIM IMTOPSIIOK CIeTOBaHUS CErMEH-
TOB TP COOpPKE MPOTrpaMMbl U3 CETMEHTOB HECKOJILKUX MoayJieii. KoMImoHOBIIMK
00BEAMHSIET BMECTE B ITAMSTH BCE CETMEHTBI C OHUM M TeM Xe UMeHeM Kiiacca (UMs
KJTacca B 00IIeM cliydyae MOXET ObITh JTI0OBIM, HO JIyYIlle, eCIM OHO OTpaxkaeT (pyHK-
LIMOHAJIbHOE Ha3HaUeHUE CerMeHTa). TUMTMYHBIM TPUMEPOM UCTTOJIb30BaHUS UMEHU
KJjacca (00bIuHO Kitacca code) sIBIsIeTCs 00beAMHEHNUE B TPYIIITY BCEX CETMEHTOB Koaa
nporpammbl. C TOMOIIIBIO MeXaHW3Ma TUITM3alM K KJIACCa MOXHO IPYIITUPOBATh TaK-
K€ CerMEeHThl MHMIIMATM3MPOBAHHBIX U HEMHULIMAIU3UPOBAHHBIX JaHHBIX.

Ampubym paszmepa ceemenma. s mpouieccopoB i80386 M BbIlIe CETMEHTHI MOTYT
OBITH 16- 11K 32-pa3psimHBIMU. DTO BIUSIET MPEXIe BCEro Ha pa3Mep CerMeHTa U 10-
psimoK (hopMUPOBaHUS (PU3NIECKOTO afipeca BHYTPU Hero. [layiee mepeurcaeHbl BO3-
MOXKHBIC 3HAUCHUS aTpuOyTa:

IT USE16 — cermeHT gonyckaeT 16-pa3psiaHyio aapecaunio. [Ipu opMupoBaHum
(usnueckoro agpeca MOXeT UCIOJIb30BaThCA TOJBKO 16-pa3psiiHOE CMelIeHME.
CoOOTBETCTBEHHO, TAKOM CETMEHT MOXET colepXaTh 10 64 KoOaiiT Koma uiu gaH-
HBIX;

IT USE32 — cermeHT nojxeH ObITh 32-pa3psaHbiM. [1pu dopmupoBaHuu husnye-
CKOTO apeca MOXET MCITOIb30BaThes 32-paspsaHoe cMenieHue. [1oaToMy Takoit
CErMEHT MOXeT cofepxkathb 10 4 ['0aliT Koxa Ui JaHHBIX.

Bce cermenTsl camu 1o cebe paBHOIpaBHbI, Tak Kak AupekKTuBbI SEGMENT 1 ENDS He
copep:xaT nHGOpMaUK O (PYHKIIMOHAJTEHOM Ha3HAYeHUM CETMEHTOB. 71 Toro 4ro0sn!
MCIIOJIb30BaTh UX KaK CETMEHTHI KOJIa, TAaHHBIX WJIK CTeKa, He0OXOIUMO MpeIBapUTEThb-
HO COOOLIUTH TPAHCIISTOPY 00 3TOM C IIOMOLIBIO CielnanbHOM nrupeKTrBbl ASSUME, dhop-
MaT KOTOpOI IMoKa3aH Ha puc. 5.15. D1a zupeKkTHBa cOOOIIACT TPAHCISITOPY, KaKOil cer-



106 nasa 5. CuHTakcuc accembrepa

MEHT K KAKOMY CETMEHTHOMY PETUCTPY IpUBsIi3aH. B cBoI0 0uepens, 3T0 IO3BOJISET TPAHC-
JIITOPY KOPPEKTHO CBSA3BIBATh CMMBOJMYECKUE MMEHA, OINpeaeeHHbIE B CETMEHTAX.
[IpuBsi3Ka CeTMEHTOB K CETMEHTHBIM PETUCTPaM OCYIIECTBISIETCS C TIOMOIIBIO ONepaH-
JIOB 3TOM TUPEKTUBHI, B KOTOPHIX UMS_CETMEHTa JOJKHO OBITh MMEHEM CETMEHTa, OTIpe-
JeJeHHBIM B ICXOIHOM TE€KCTE TIpOrpaMMBbl IUpeKTuBoi SEGMENT nim KimoueBBIM CIlO-
BoMm NOTHING. Ecnm B KadecTBe olepaHga MCITOJNB3YETCS TONBKO KIIOUEBOE CIOBO
NOTHING, To mpenmiecTBylonine Ha3HAYeHUS CETMEHTHBIX PETHCTPOB aHHYIMPYIOTCS,
MpUYeM Cpasy f71s BCeX ecTy cermeHTHBIX pernctpoB. Kimouesoe coBo NOTHING MmoxHO
TaKXe MCII0Jb30BaTh BMECTO apIyMeHTa MMSI CETMEHTa; B 3TOM cjIydae OyneT BBIOOpOYHO
pa3phIBaThCS CBSI3b MEXKITy CETMEHTOM C MMEHEM UMSI CeTMEHTa M COOTBETCTBYIOIINM CET-
MEHTHBIM PErMCTPOM.

—JASSUME] [noming}

Inal

TMEH

Puc. 5.15. Oupektnea ASSUME

PaccMoTpeHHBIe paHee TMPEKTUBBI CErMEHTAIIMN MCIIONB3YIOTCI IS 0(OPMIICHUS
nporpaMMbl B TpaHcisgTopax MASM u TASM. [loaToMy ux Ha3bIBaIOT CAHOAPMHbIMU
MHUPEKTUBAMM CETMEHTAIIUM.

J17151 IpOCTHIX MPOTPaMM, COAEPXKAaIIKUX IO OMHOMY CETMEHTY IJ1 KOAa, TaHHBIX U CTe-
Ka, XOTeJIOCh OBl YIIPOCTUTH NX onmcadue. s satoro B TpancasgTopel MASM n TASM
ObL1a BBeJeHA BO3MOXKHOCTD MCIIOTb30BAHUS YRPOUeHHbIX TUPEKTUB cerMeHTanuu. [Ipu
3TOM BO3HUMKJIA ITPO0JIeMa, CBSI3aHHAs C TeM, YTO HEOOXOAMMO OBLIO KaK-TO KOMITEHCH -
POBaTh HEBO3ZMOXHOCTD HATIPSIMYIO YIIPABJISITh Pa3MeIeHUEM M KOMOMHUPOBAHNEM CeT-
MEHTOB. [J11 3TOro COBMECTHO C YIPOIIEHHBIMM AUPEKTUBAMU CETMEHTALIMU CTaIA UC-
MOJIb30BaTh AMPEKTUBY yKazaHus Mmoxean nmamsatu MODEL, koropas yacTuyHO crana
VIPaBISITh pa3MelIeHeM CEeTMEHTOB M BHINOTHATh QyHKIMU gupeKTuBbl ASSUME (1mo-
3TOMY IIpY BBEACHUU B IPOrpaMMYy YIIPOIICHHBIX TUPEKTUB CEIMEHTALUM TUPEKTUBY
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ASSUME MoxHo He yka3biBaTh). JAupexktuBa MODEL cBsI3bIBaeT cCerMeHTHI, KOTOpbIE MPU
HaJIMYW U YIIPOIICHHBIX TMPEKTUB CETMEHTAIIMM NMEIOT TIpeaoNpeaeIcHHBIC NMEHa,
C CeTMEHTHBIMM pEeTHCTpaMM (XOTSI BCe paBHO IPUIETCS SBHO MHUIIMATN3UPOBATH
peructp DS).

J171s1 cpaBHEHUS TIpUBEIEM IBa JIMCTUHTA ¢ TIporpaMMaMu Ha acceMOiiepe. DyHKIMO-
HaJbHO OHU OJMHAKOBBI U BBIBOIST Ha KOHCOJIb coobieHue: «Hello World! No war and
bomb! Let's live friendly and learn assembler language.». Jluctunr 5.1 comepxur npo-
IrpaMMy CO CTaHAAPTHBIMU IMPEKTUBAMM CETMEHTAIIMH, a JIUCTUHT 5.2, COOTBETCTBEH-
HO, — C yIIPOIIEHHBIMU.

Jiuctunr 5.1. Vicnonb3oBaHne CTaHOAPTHBIX AMPEKTUB CErMEHTaUUn
data segment para public 'data’

message db  ‘Hello World! No war and bomb! Let us live friendly and learn
assembler language. §'

data ends
stk segment stack
db 256 dup ('?") ) i CEeIMeHT CTeka
stk ends
code segment para public ‘'code' ; Hauamo cerMeHTa Kola
main proc ! Havano MpoIemypH main
assume cs:code,ds:data,ss:stk
mov ax,data ! agpec CerMeHTa [IAaHHHX B PETUCTp ax
mov ds,ax ; ax B ds
mov ah,9
mov dx,offset message
int 21h ; BHBOI COOOIMEHMS Ha BKpaH
mov ax,4cO0h . mepecHnka 4c00h B perucTp ax
int 21h . BH30B TIpepHBaHus C HoMepoMm 21h
main endp . KOHell TPOIemypH main
code ends . KOHEIl CerMeHTa Kofa
end main . KOHEIl MIPOTPaMMH C TOYKO# BxoZa main

NucTusr 5.2, JICTIONb30BaHME YIIPOMEHHHX OMPEeKTYB CeTMeHTalmn

masm . pexuM paboTH mus TASM - masm, nmns MASM - He HYXHO
model small ; MOIeNb IaMsATH
.data ; CEeIrMEeHT IaHHHX

message db 'Hello World! No war and bomb! Let us live friendly and learn
assembler language. $'

.stack 256h ; CEeTMeHT CTeka
.code ; CerMeHT KoIa
main proc ; Havano mpolemypH main
mov ax,@data ; 3aHOCVM aJpec CerMeHTa JaHHHX B DPETUCTD ax
mov ds,ax 7 ax B ds
mov ah,9
mov dx,offset message
int 21h ; BHBOI COOOMEHMS Ha D3KpaH
mov ax,4c0oh ; Tepechnka 4c¢B8h B peructp ax
int 21h . BH30B IIpepHBaHUSI C HOMepoM 21h
main endp ;. KOHeI TpolemypH main
end main . KOHeIl NPOTPaMMH C TOYKOV BXOZa main

Cunrakcuc nupektuBsl MODEL oka3an Ha puc. 5.16.

O0s13aTeabHbIM MapaMeTpoM aupeKTuBbl MODEL sBnsercsa mopens_namatu. DrtoT na-
paMeTp OTpeaesIsieT MOJeIb CeTMEHTALIMK TTaMsITH JUIsSl TIporpaMMHoOTo Momyns. [Ipen-
1oJIaraeTcsl, YTo MPOTPAaMMHBIM MOMAYJb MOXET MMETh TOJBKO OIpeneJeHHbIE TUIIBI
CErMEHTOB, KOTOpBIE OTPEAEIAIOTCS TaK Ha3bIBaeMbIMUM YIIPOIIEHHBIMU TUPEKTUBAMM
onucaHus cerMeHTOB (TabJ. 5.3).
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Puc. 5.16. CuHTakcuc anpextnebl MODEL

Tabnuua 5.3. YnpoLLeHHble ANPEeKTMBLI ONpeaeneHns CermeHTa

dopmaT 1MPEKTUBBI Hasnauenue

(pexxum MASM)

.CODE [uwms] Havano unm mpomoskeHue cerMeHTa Koja

.DATA Hauvano wnu npozpospkenine cerMeHTa MHULMATU3MPOBAHHBIX
naHHbIX. Takxke MCIOJIb3YeTCs AJIsl ONMpeAeeHUs] JaHHBIX THUIA
near 1

.CONST Havano uiu npoposskenne cerMeHTa MOCTOSTHHBIX TaHHBIX
(KOHCTaHT) MOAIYJS

.DATA? Havano unu mpomoskeHue cerMeHTa HEMHULMATU3UPOBAHHBIX

naHHBIX. Takxke HCHOJIb3YETCA UL Oﬂpeﬂ.CHEHI/IH JaHHBIX THUIIA
near

.STACK [pazmep] Havano unu mpomomkeHue cerMeHTa cteka moayis. Ilapamerp

[pa3smep] 3amaeT pa3mep cTeka

.FARDATA [ums] Hayvano nnu mpomosxeHue cerMeHTa MHUIIMAIN3MPOBAHHBIX

JAaHHBbIX TUHa far

.FARDATA? [ums] Havano wnu npogoskeHue cerMeHTa HeMHULUANTU3UPOBAHHBIX

JAHHBIX TUMa far

Hanuuue B HEKOTOPBIX IUPEKTHUBAX IMapaMeTpa [ M| TOBOPUT O TOM, UYTO BO3MOXHO
oTpeeNeHre HECKOJIbKIX CETMEHTOB 3Toro Tuma. C Ipyroit CTOpOHbI, HATMYUE HECKOJIb-
KUX BUJIOB CETMEHTOB JaHHBIX 00YCIOBIEHO TpeOOBaHUEM 00eCIIeYUTh COBMECTUMOCTD
C HEKOTOPBIMU KOMITUJISITOPAMU SI3IKOB BICOKOTO YPOBHSI, KOTOPHIE CO3MAIOT Pa3HbIC
CerMEHTHI JAHHBIX UISI MHULIMATU3UPOBAHHBIX U HEMHULIMATU3UPOBAHHBIX TaHHBIX,
a TaKXe KOHCTaHT.

[1pn ncnonp3zoBanum nupekTBbl MODEL TpaHcsTOp HemaeT JOCTYITHBIMY HECKOIb-
KO TIpefonpeae/ieHHbIX NIEHTU(DUKATOPOB, K KOTOPHIM MOXKHO 00paIliaThCsl BO BpeMst
pabOoTHI TPOTPAMMBI B LIEJISIX TIOJIyYEHUST MHGOPMAIIUK O TeX WM MHBIX XapaKTEePUCTH -
Kax BEIOpAaHHOM MoJe n maMsaTH (cM. Huke). [lepeurciuM 3TM HAeHTUPUKATOPHI U UX
3HavueHus s TpaHcasgTopa TASM (tabn. 5.4). [penonpeneneHHble MASHTU(HUKATOPHI
MASM npusenens BripuaoxeHun b (cM. Hacaitte http://www.piter.com/download).

Tabnuua 5.4. ineHtndurkatopsl, co3naBaemblie anpekTeon MODEL

HNwms upenTudnkaropa 3HayeHue MepeMeHHOM

@code Du3nyeckuii aapec cerMeHTa Komia

@data " Ou3nUecKHii agpec cerMeHTa JaHHblX THIIA near
@fardata du3nyecKkuil aapec cerMeHTa AaHHBIX Thma far
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Wwms unentuduxaropa

3HayeHUEe TEePEeMEHHOI

@fardata? OusnyecKuii anpec cerMeHTa HeMHUIIMATU3HPOBAHHBIX
TAHHBIX TUTIA far

@curseg Ousnyeckuii anpec cerMeHTa MHULIMATU3U POBAHHBIX JaHHBIX
trmna far

@stack OusnyecKuii anpec CerMEHTa CTeKa

Ecmm BepHYTBCS K TUCTHHTY 5.2, TO MOXHO YBUAECTH IPUMEP MCITOTH30BaHUS OHO-
TO M3 TIEPEUYNCICHHBIX UACHTU(DUKATOPOB, a UMeHHO @data. Llems ero mpuMeHeHUS —
MMOJTyYeHNe 3Ha9eHUsT (PU3MUECKOTO aapeca CeTMEHTa TaHHBIX IMPOTPaMMEL.

B 3zakmouenue oocyxaeHust nupekTuBbl MODEL oTMeTHM, 4TO oniepaHabl IUPEKTUBBL
MODEL 3agmaroT Momesib maMsITH, OTlpeaesionieii Habop CerMeHTOB MPOrpaMMbl, pa3Me-
DBl CETMEHTOB TaHHBIX U KOJIa, CTIOCOOBI CBSI3BIBAHUS CETMEHTOB M CETMEHTHBIX PETHCT-
poB. B Tabm. 5.5 mpuBeneHb HEKOTOPBIC 3HAYCHUS ITapaMeTPOB MOACIN MTaMSITH TUPEK-

Bl MODEL

Tab6nuua5.5. Mogenv namsatm

Mounenb

Twn Koma

Tun gaHHBIX

Hasnauenue momenmm

TINY

near

near

Kon v maHHbIe 00beIMHEHEI B OIHY TPYIIITY
¢ umeHeM DGROUP. Ucnonbayercs asst
co3maHus mporpaMm daiinosoro ¢popmata COM

SMALL

near

near

Kon 3aHnMaeT omH ceTMeHT, TaHHbIe
00BEIMHEHBI B OHY TPYIIITY ¢ IMEHEM
DGROUP. Oty Mozenab 00bIYHO UCTIONB3YIOT
17151 GONBIIMHCTBA TIPOTPAMM Ha acceMbiiepe

MEDIUM

far

near

Kon 3aHnMaeT HeCKOJIbKO CETMEHTOB, TI0 OTHOMY
Ha KaX/Iblii 00beAMHSIEMbIT TTPOTpaMMHBIi
MomyJb. Bce cchliky Ha mepeaavy yrpaBiaeHUs
nMeloT T!II far. JlaHHbBIe 00beATHEHBI B OTHOMI
TpYIIIe; BCe CChIIKM HA HUX UMEIOT TUIT near

COMPACT

near

far

Kon B omHOM cerMeHTe; CCBUIKM Ha JaHHBIe
UMeIOT TUTI far

LARGE

far

Kon B HeCKONIbKUX cerMeHTax, 1Mo OJHOMY Ha
KaXIblii 00beAMHSIeMbI IPOrPAMMHBIN MOJYJTb

FLAT

near

near

Kon n nanHbIe B 0omHOM 32-OUTHOM CeTMEHTE
(TIocKast MOfieNib MaMSITH)

IMapametrp Monudukarop nupekTuBbl MODEL mo3BosisieT yTOUHUTH HEKOTOPbIE OCOOEH-
HOCTU WCITOJIb30BaHUS BRIOPAaHHOUM Momenan maMsTu (tabm. 5.6).

Ta6nuua5.6. MoondurkaTopbl MOAENN NaAMSTA

3HauyeHue HasHauyenune
moaudumkaTopa
usel6 CerMeHTHI BRIOPAaHHO! MOIEN MCIIONB3YIOTCS KaK 16-pa3psirHbie

(ecm cOOTBETCTBYIOIIEH OMPEKTUBOM yKasaH Tiporeccop i80386
iy 180486)

npodoncenue &
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Tabnuua 5.6 (nponosxeHne)

3HayeHUe | Ha3znauenue

moaudukatopa

use32 CerMeHTbl BHIOpaHHOW MOJEIU UCTIOb3YIOTCS KakK 32-pa3psiiHble
-(ecaM COOTBETCTBYIOLIEH TUPEKTUBOM yKazaH mpoieccop i80386
vy 180486)

dos IIporpamma Oyzner pa6orath B MS-DOS

HeobGsi3atebHble MapaMeTpbl SI3BIK UM MOLUDUKATOP_R3bIKA OMpENEsSIOT HEKOTOpPhIE
0COO0EHHOCTH BbI30Ba Mpouenyp. Heo0XxoauMocTh B MCMOJIb30BAHUM 3THUX MapaMeTpPOB
IMOABJIACTCA IIPU HAITMCAHWUM U CBA3bIBAHUU ITPOTPAaMM Ha pa3HLIX A3bIKaX IMporpaMMHu-
poBaHMsA. DTOro BOIPOC OyneT nmoapobHee oOCYXXACH B IiaBe 15 Mpu pacCMOTpeHUU
CPEICTB MOIYJIBHOIO MPOTPAaMMUPOBAaHMS Ha acceMOepe.

Ol'[l/lcaHHbIe paHEC CTaHAAPTHLIC N YIIPOIICHHBIC TUPEKTUBLI CEIMEHTALIUM HE MC-
KJto4aloT Apyr apyra. CtaHaapTHbIE OIMPEKTUBBI MCITOJIL3YIOTCS, KOTJAa IMPOTPaMMUCT
2KEJIacCT IMOJIYyYUTDb MOJIHBIN KOHTPOJIb HaJ pa3MCIICHUEM CCTMCHTOB B ITaMATU U UX KOM-
OMHUPOBAHUEM C CETMEHTaMU JPYTUX MOIyJel. YIpOIleHHbIe TUPEKTUBHI 1IE1eC000-
Pa3HO HMCITOJb30BaTh JJId MPOCTLIX IMPpOrpaMM, a TakxXe OJid IMporpaMm, NnpeaHasHauyCH-
HBIX IJ14 CBA3bIBAHUA C ITPOTPpaMMHBIMU MOIYJIAMMU, HAITMCAHHBIMU Ha A3bIKaX BbICOKOI'O
YPOBHs. DTO MO3BOJIIET KOMITOHOBIIUKY 3(PDEKTUBHO CBA3BIBATH MOMYJIU Pa3HBIX SI3bI-
KOB 3a CYET CTaHAapTU3AIMU CBS3EH U yIpaBJieHUs.

Takum oOpa3oM, B Xome NMPEABIAYIIEro U3JT0XEHUs ObUIa OMMCaHa CTPYKTypa Ipo-
rpaMMbl Ha accembiepe. bbllo mokazaHo, 4To MporpamMmMa pa3duBaeTCs Ha HECKOJIbKO
CErMEHTOB, KaX/Iblii U3 KOTOPBIX UMEET CBOE (PyHKIIMOHAJbHOE Ha3HaueHue. s Tako-
ro pa3OMeHUs UCTIOJIb3YIOTCS NUPEKTUBEI cerMmeHTanuu. Tpanciasgtopel TASM u MASM
NpEeaOCTABJIAIOT ABa THUIIA TAKUX IUPEKTUB: CTAaHAAPTHLIC U YIIPOIICHHLIC. Ilanee B yqe6—
HUKE 6y,[IYT HCIIO0Jb30BATLCA YIIPOIICHHBIC IMPEKTUBBLI CCIMEHTALMN, €CJIM HE IMOABUT-
(71 H€O6X0£ll/lMOCTb B MIPUMEHCHUU CTAaHAAPTHBIX IUPECKTUB.

BTOpy}O 4YacTb IJIaBbl MbI ITIOCBATUM BOIIPOCY OINMCAaHUA JaHHLIX B nporpamme Ha
acceMOJjiepe M OpraHU3allMy JOCTYyIa K HUM.

MpocTbie TUNBLI AaHHbIX accembnepa

JItob6as nporpamMma npejaHaszHavyeHa Jajs 00pabOTKM HEKOTOpOoi MH(popMalluu, MO3TOMY
BOIIPOC O TOM, KaK¥e TUIIbI JAaHHBIX SI3bIKa TPOTPAMMUPOBAHUS JOCTYITHBI TSI UCTIOJIb-
30BaHUS U KaKWe CPENCTBa sI3bIKA MPUBJEKAIOTCS JJISI UX OMUCAaHMS, OOBIYHO BCTAaeT
ogHuM u3 mepBbiX. TpaHcastopsl TASM u MASM npenoctaBiasior mMupoKuii HabOp
CPEICTB OMMCAHMS U 00pabOTKU NaHHBIX, KOTOPHIH BIIOJHE CPABHUM C aHAJTOTUIHBIMHU
cpencTBaMu OOJIBIIMHCTBA SI3BIKOB BHICOKOTO YPOBHSI.

[ToHsiTE Mmuna danHbix HOCUT NBOMCTBEHHBIN XapakTep. C TOUKM 3peHUs pa3Mmep-

HOCTH TIpolieccop alNapaTHO MOAAEepPXMBAET CAEAYIOIMEe OCHOBHBIC TMIIBI JaHHBIX
(puc.5.17).

baiim — BoceMb moce10BaTEIbHO PACIIONOXKEHHBIX OMTOB, TPOHYMEPOBAaHHBIX OT O
1o 7, ipu aToM 6T 0 ABISIETCA CaMBIM MJIJIIIIMM 3HAaYalluM OUTOM.
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Bant
Croso CTavaIJVIl/I : Mna,ELLumm
Gat  : Gaut
YyeTBepeHHOe CrlIoBO JBoiiHOEe cnoBo Crapluee cnoso Mnanu.n:ee CNoBO
Crapuwee fgoiiHoe cnoso Mnauwee NBOViHOE cnoaé)
63 47 31 15 ] 0
YnakoBaHHbIM TUM AaHHbIX
127 95 63 31 ' o}

Puc. 5.17. OcHOBHbIE TUMbI AaHHbIX NpoLeccopa

Cr060 — TIOCIIENOBATEIbHOCTD U3 IBYX 0AUTOB, MMEIOLIMX MOC/IeI0BaTEIbHBIC ape-
ca. Pa3mep cioBa — 16 6utoB; OUTHI B cjioBe HyMepyltoTcs oT 0 mo 15. Baiir, comepxa-
LM HyJIEBOM OUT, Ha3BIBAETC MAaduum Oaiimom, a GaiiT, comepxamuii 15-i 6ur, —
cmapuium. TIpoueccopsl Intel UMEIOT BaXXHYI0 0COOEHHOCTh — MIIAAIINI OAUT Bee-
IJa XpaHUTCS MO MEHbBILEMY alpecy. Adpecom ca06a CUNTAETCS apec ero MJIallero
Oaiita. Anpec crapiiero 6aiiTa MOXeT ObITh UCTIOJNB30BaH AJIs1 JOCTYIA K CcTapuieii
MOJIOBUHE CJIOBA.

lsotinoe c1060 — TIOCTENOBATEIBEHOCTD M3 YeThIpeX 0aiiToB (32 OWTa), pacIooXeH-
HBIX IO MTOC/ieoBaTeIbHBIM afgpecaM. HyMmepaiust aTux 6utoB npoussogutcs ot O
1o 31. CrnoBo, comep:kallee HYIeBOW OWT, Ha3hIBACTCS MAAOUWUM CA0BOM, A CIIOBO,
cogepxaniee 31-i 6UT, — cmapuwum croéom. Mnajiiee CIOBO XpaHUTCS IO MEHbIIIe-
My anpecy. Adpecom 060iiH020 cA06a CUMUTAETCSl afpec ero MJallero cioBa. Ampec
CTaplIlIero cJI0Ba MOXET OBITh UCIIOJb30BaH AJISI JOCTYIIA K cTapliei MoJOBUHE IBOM-
HOTO CJIOBA.

s Yuemesepennoe c1060 — TOCIIENOBATEIBHOCTh U3 BOChMU 0aiiToB (64 GuTa), pacro-
JTOXEHHBIX TT0 TTOCTIeI0BaTeLHBIM anpecaM. Hymeparms 6utoB mpousBoaurcs ot O
10 63. JIBoitHOE C€10BO, coaepxKalliee HyJeBOM OUT, Ha3bIBAETCH MAAOUWUM OBOUHbIM
cn060m, a IBOWHOE CJIOBO, comepxkamiee 63-if OUT, — cmapuwium 080lHBIM CAOBOM.
Munamiree TBOMHOE CIOBO XpaHUTCS TI0 MEHBIIEMY anpecy. Adpecom yuemeeperHoeo
€064 CIMTACTCS AllPec ero MIIAMIIETo TBOWHOTO ClloBa. Apec CTapIero TBONHOTO
CJTIOBa MOXKET OBITh MCITONB30BAH TSI IOCTYIIA K CTApIIeii MOJOBUHE YYeTBEPEHHOTO
CIIOBA.

128-6ummnbiii ynakosanblii mun 0aHHbX. DTOT TUII JaHHBIX TOSIBUJICSA B MPOIIECCOPE
Pentium III. /It paGoTEI ¢ HUM B TIPOIIECCOP BBENIEHBI CITEIIMATBHBIC KOMAHIbI.

Kpome TpakTOBKM TMIIOB JAHHBIX C TOUKU 3pEHUS UX Pa3psIHOCTH, Ipolieccop Ha
YPOBHE KOMaH/I OAAEPXUBACT A102U4eckyr0 WHTePIIPETAIINIO STUX TUITOB, KaK II0Ka3aHO
Ha puc. 5.18 (3H o3HavaeT 3HAKOBBIN OWT).

X Leawviit mun co 3Hakom — IBOMYHOE 3HAUYEHUE CO 3HAKOM pasMepoM 8, 16 mu 32 6ura.
3HaK B 3TOM JIBOMYHOM YHCJIe COOepXUTCS B 7, 15 mam 31 OMTe COOTBETCTBEHHO.
Hounb B 3THX OMTaX B OllepaHIaX COOTBETCTBYET MOJOKUTEILHOMY YHCITY, a eAUHULA —
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Uenble 6e3 3Haka Crioso Baitr Llentie O 3HaxoM c %[ﬂsﬂ:

JBonHOE C/oBO | [BoriHoe ¢cnoso (3H]

{ [3]

31 15 7 0 31 15 7 0

BavitoBas cTpoka ButoBoe none

o IT-="-17 1T 11T 1T 7 1 1]

Do 4 T'éant 15 7 0o 3 15 7 0}

HeynakoBaHHoe aecsitniHoe (BCD) umcrno YnakoBaHHoe aecsitiHoe (BCD) wicno_

|oooojBep| - | - |oooo;cp|ooooBeD|  |BCpiBCD| - | - |BCDBCD|BCDBCD]
15 7 0 ) 15 7 0

Ykasarenb 6avxHeroTmna

| . | CMEWEHWE, , |

31 15 7 0

Ykasarenb JaNibHero Tuna

1 CENEKTOP | _CMEWEHWE |

47 31 15 7 6]

| TWibl AAHHBIX COMPOLIECCOpa

l Tunbl gaHHbIX MMX (LenoYrcneHHbIe) (
!

| Tvnbl gaHHBEIXMMX (C NiaBatoLLEei TOUKOM)

Puc. 5.18. OcHoBHbIE NIorv4eckme TUrbl AaHHbLIX NpoLeccopa

OTpULIATECIbHOMY. OTpI/ILlaTeJ'IbeIC qucjaa nIpeacTaBIA0OTCA B JOITOJIHUTEIbHOM KOJIE.
YucnoBele AMana3oHbl AJ1s1 3TOTO TUIIA JaHHbBIX caeayrommue:

O 8-paspanHoe nejnoe — oT —128 no +127;
0O 16-paspsimHoe nenoe — or -32 768 no +32 767,
D 32-paspsanoe uenoe — or ~23 go +23! - 1.

Lleawtit mun 6e3 3naka — MBOMIHOE 3HAUCHME 6e3 3Haka pa3mepoM 8, 16 nnu 32 6uTa.
YucnoBoit nuarna3oH Ajist 3TOrO TUIIA CIAEAYIOLINA:

0 oaiit — ot 0 mo 255;
IT cnoBo — ot 0 g0 65 535;
I1 nBoitHoe cmoBo— ot 0 1o 232 - 1,

Yxaszamenvna namsmo ObiBaeT OBYX TUIIOB:

I1 Gauxncnuii mun — 32-pa3psiIHBIA JTOTUYECKHMI anpec, MPeACTaBIsIOMMUil co00it
OTHOCUTEJIFHOE CMEIIeHHE B OaliTaXx OT Havaja CeTMEHTA; yKa3aTeM ITOmOOHOIo
TUIIa MOT'YT TAKXX€e UCII0JIb30BAThCS B CIUIOIIHOM (IUIOCKO#) MOJEIN MaMsITH, Te
CEeTrMEHTHBIE COCTABIISIONINE OMUHAKOBHI

I1 Odanvhuti mun — 48-pa3psUIHbIIL TOTMYECKUIT afipec, COCTOSILMIA U3 IBYX YacTeil:
16-paspsiHO# cCerMEHTHOI YacTul (cerekmopa) U 32-pa3psaHoro CMEIeHNUs.

Ilenouka npencrapiseT cob0Oii HEKOTOPBI HENpPEephIBHBIM HAaOOp 0aliTOB, CJIOB WU
IBOMHBIX CJIOB MAKCUMAaJIbHOM IIMHOM 10 4 ['6aiir.
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X Bbumosoe nose NpeAcTaBIsieT COO0M HEMPEPHIBHYIO MOCIEA0BATEIbHOCTD OUTOB, B KO-
TOPOI KaxKAblil OUT SIBJSIETCSI HE3aBUCUMbIM U MOXKET pacCMaTPUBAThCS KaK OTAEIIb-
Hasl nmepeMeHHasi. butoBoe moJjie MOXeT HaUYMHAThCS C J0oro 6uta j0doro Oaiira
U comepxath 10 32 OUTOB.

Heynaxosanuwiii dsouuno-decamuynoii mun — 0OaiTOBOE IpeICTaBICHME AECITUY-
Hoit tmdpsl ot 0 10 9. HeynmakoBaHHbIE AECATUYHBIE YUCTA XPAHATCST KaK OaifToBbIe
3HaueHUs Oe3 3HaKa Mo OHOM udpe B Kaxaom baiiTe. 3HaueHue UdPHI ONpeIes -
eTcsl MJIAIIIUM TOoITy0aiuTOoM.

Ynaxosaunbwiii 0souuno-decsimuynblii mun MPEACTABISACT cO00M yIaKOBAaHHOE IIpe.-
CTaBJieHUE OBYX HecaTUYHbIX nudp ot 0 no 9 B ogHoM Oaiite. Kaxmas uwmdpa xpa-
HUTCS B cBoeM monybaiite. [{udpa B crapiiem momy6aiite (0uThl 4-7) sIBAsIETCS CTap-
LIei.

Tunbr dannsix ¢ naasaroueii moukoii. Conpoleccop UMeeT HECKOJIbKO COOCTBEHHbIX
TUTIOB JaHHBIX, HECOBMECTMMbIX C THUIMAMM JAaHHBIX LEJIOYMCIEHHOTO YCTPOMCTBA.
IToapo6HO 3TOT Bompoc obdcyxxaaercs B riase 17.

*  Tunwet dannvix MMX-pacwupenus Pentium MMX/I1/III/IVIaHHBII TUN NaHHBIX
nosisuiics B mpoueccope Pentium MMX. OH npexacraisieT coboif COBOKYITHOCTh
YIAaKOBaHHBIX LIEJOYMCICHHBIX 3JIEMEHTOB OMpPeAeIeHHOTO pa3Mepa.

9 Tunwt dannvix MMX-pacwupenus Pentium I11/1V. DTOT TUI JTaHHBIX TIOSBUJICS B MPO-
ueccope Pentium III. On npeacrasisieT coboit COBOKYTTHOCTh yITaKOBAHHBIX 3JIEMEH -
TOB C TJIaBalolIeil TOUKO (PUKCUPOBAHHOTO pa3Mepa.

OmucaHHbBIC paHee JaHHBIE MOXHO ONPENEIUTh KaK JaHHbIE npocmoeo Tvma. Omm-
caTh WX MOXHO C ITOMOIIbIO CIELMATBHOTO BUIA TUPEKTUB — OUPEKMUe pe3epeuposa-
HUS U UHULUAAU3AYUY OGHHBIX. DTH TUPEKTHUBHI, TI0 CYTH, SBIISTIOTCS YKa3aHUSIMU TPaHC-
JIATOPY Ha BBIACICHUE OINpeNeeHHOro 00beMa MaMaTh. Ecii MpoBOIWTH aHATIOTHIO
C SI3BIKAMM BBICOKOT'O YPOBHSI, TO IUPEKTHBEI Pe3¢PBUPOBAHMS M MHUIIMAIU3AIMK JaH-
HBIX SIBJISIIOTCS OITpee/IcHUSIMU TTepeMeHHBIX. MalllMHHOrO 9KBHUBaJIeHTa 3TUM (BIIPO-
9eM, KaK ¥ APYTUM) U PEeKTHUBaM HET; TIPOCTO TPAHCISITOP, 00pabaThIBast KaxkIyIo TaKYIO
IUPEKTHUBY, BBIACISICT HEOOXOMUMOE KOJMMIECTBO GATOB MaMSITH M IIPU HEOOXOIMMO-
CTH MHULIMATU3UPYET 3Ty 06aCTh HEKOTOPHIM 3HaueHUeM. PopMaT TUPEKTUB pe3ep-
BUPOBAHMUS U MHULUATU3aLUU JAHHBIX IPOCTHIX TUIIOB IMOKa3aH Ha puc. 3.19.
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Puc. 5.19. [JupekTrBbl ONMcaHUs AaHHbIX MPOCTLIX TUMOB
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Ha PUCYHKE UCITIOJB30BaHbI CJACAYIONINE 0003HaYEeHUS.

* 3Hak Borpoca (?) Moka3bIBaeT, YTO COAEPXKUMOE MOJIs He ONpeae/ieHO, TO eCTh Ipu
3aJaHUV AUPEKTUBHI C TAKUM 3HAYEHUEM BBIPaAXEeHUS COJAEPKUMOE BBIIEICHHOTO
y4yacTka (pU3MYEeCKON MaMsATU U3MEHSIThcs He OyneT. DakTuuecku, co3maercsl He-
WHULMATU3UPOBAHHAS TIEpEMEHHAS.

XK 3HaueHMe MHMIIMAAU3al MU — 3HAUEHUE JIeMEHTa JaHHBIX, KOTOPOEC 6YI[ET 3aHECCHO
B MMaMATh MOCJIC 3arpy3Ku rporpaMMabl. cDq’:lKTI/I‘{GDCKI/I, CO34a€TCAd MHULIMAJIU3NPOBAH-
Had NEpEMEHHaAsA, B KaUY€CTBE KOTOpOfI MOTYT BBICTYIIaTh KOHCTAaHTbI, CTPOKM CUMBO-
JIOB, KOHCTAHTHLIC U aAPCCHBLIC BhIpaX€HUA B 3aBUCMMOCTU OT TUIIA JAaHHBIX.

# BblpaxeHUe —UTEPATUBHASAKOHCTPYKIINS, 0 CUHTAKCUCE KOTOPONMOXHOCYIUTHIIO
PUCYHKY. B 4acTHOCTH, OHA TI03BOJISICT IOBTOPUTH 3aHECEHHE B (DU3MUECKYIO TaMSITh
BBIpaXXeHMs B CKOOKAxX CTOJIBKO pa3, CKOJIbKO MOBTOPEHMI YKa3aHO.

Nms — HEKOTOPOE CUMMBOJIMYECKOE UMA METKU UJIN STYEMKU TAMSITU B CETMEHTE JaH-
HBIX, UCIIOJIB3YEMOEC B ITpOTrpaMMeE.

Hanee npenctasieHsl noaaepxkupaembie TASM 1 MASM nupekTuBbl pe3epBUpo-
BaHMS U MHULIMATU3AMHY JaHHbIX, a TAKXKEe MH(MOpMallis 0 BO3MOXHBIX TUIIAX U AMaTna-
30HAaX 3HAYEHUI, KOTOpPhIE MOXHO OMKCHIBATh WIW 3aMaBaTh C MX MOMOIIKIO.

s DB — pesepBupoBaHue NaMsITh 4151 AaHHbIX pazmepoM 1 6aiit. [{upextuBoit DBmox-
HO 3a[1aBaTh CJEAYIOIINE 3HAYEHMUS:

D BbIpaxkeHUe UM KOHCTAHTY, MPMHUMAIOLIYIO 3HaUeHKe U3 Iuana3ona —128...+127
(mst yucen co 3HakoMm) wunu 0...255 (st yricen 6e3 3HaKa);

O §-pa3psiiHOEe OTHOCUTENbHOE BhIpaxeHue, ucnosnbaytoniee onepaiuu HIGH u LOW,

D CHUMBOJIbHYIO CTPOKY 13 OJHOI'O UJIN Oosee CHUMBOJIOB, KOTOpas 3aKJII04acTCA B Ka-
BbIYKH (B 3TOM CJ1y4ac OornpeacaAcTCsa CTOJIbKO 631‘/JITOB, CKOJIbKO CMMBOJIOB B CTpOKC).

til DW — pe3epBrpoBaHue MaMsITH IJis1 TaHHBIX pa3MepoM 11Ba Oaiita. [lupektusoit DW
MOXHO 3a/1aBaTh CJeAyIollue 3HaYeHUsI:

O BbIpaxeHWEe WIM KOHCTAHTY, NPUHMMAIOLIYIO 3HAYeHME U3 AManasoHa
-32 768..32 767 (mns dmcen co 3HakoM) wiau 0..65 535 (miast umcen 6e3 3HaKa);

D BbIpaX€HUE, 3aHNMAIONICEC 16 unu MeHee 6I/ITOB, B Ka4Y€CTBE€ KOTOPOIO MOXKET
BBLICTYIIaTb CMCIICHNUE B 16-6UTOBOM CerMeHTe WK aapeC CETMEHTA,

D 1-wunm 2-6GaiiToBasi CTpoOKa, 3aKIIOYEHHAS] B KABBIYKH.

DD — pesepBupoBaHue MaMsTH AJIs JaHHBIX pa3MepoM YeThipe Oaiita. I upeKTHBo
DD MoxkHO 3a1aBaTh CIeAyIONIVe 3HAYCHUST:

D BrIpaxeHMe WJIM KOHCTAaHTYy, NMPMHHUMAIOIIYI 3HauyeHHWEe M3 AKMamma3oHa
-32 768...4+32 767 (s 4rces co 3HaKOM U Tipolieccopa i8086), 0...65 535 (mwis
qucen Oe3 3Haka M mporeccopa i8086), -2 147 483 648...+2 147 483 647 (mna
quceN co 3HaKOM M Tiporeccopa i386 u Britre) wian 0..4 294 967 295 (st ymcen
0e3 3Haka U mpolieccopa i386 u BbIllIe);

00 OTHOCUTEJILHOE WIN aIPECHOE BhIpaXEeHUE, COCTOAIIEE U3 l6—pa3p${)1Horo agpeca
CEIrMEHTa U 16—p33p${,£[HOI‘O CMCILICHMUA;

0 CTPOKY JJIMHOU 10 4 CHUMBOJIOB, 3aK/JIIOYEHHYIO B KABbIYKH.
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% DFu DP — pesepBrupoBaHue MaMITH AJIs1 TAHHBIX pa3MepoM 6 6ailToB. JIupeKTuBaMu
DFuDPwMoxHo3anaBaThcieayOIMe 3HAYCHU S :

B

0

I1
I1
I1

BBIpaXXEHME WJIM KOHCTaHTY, NPUHUMAKOIIYI0 3HAYeHWEe W3 JHalasoHa
-32 768...+32 767 (w1 yucen co 3HakoM u mpoueccopa i8086), 0...65 535 (mwis
grcen 0e3 3Haka u mpoieccopa i8086), -2 147 483 648...+2 147 483 647 (mns
yyceN co 3HaKoM U mpoueccopa 1386 u Beime) win 0..4 294 967 295 (mia uucen
0e3 3HaKa U mpoleccopa i386 u Blle);

OTHOCUTEJIbHOE UJIU aipeCHOE BBIpaXXeHUE, COCTosIIee U3 32 UM MeHee GUTOB
(mst i80386) mm 16 wm MeHee GUTOB (IS TIEPBBIX MoJeieit polieccopoB Intel);

aapecHOe BBIpAaXEHHUE, COCTOsIIIee U3 16-paspsmHOro cerMeHTa M 32-paspsitHOro
CMEIIeHNS;

KOHCTAHTY CO 3HAKOM U3 auanaszoHa —247..247 - 1;
KOHCTaHTy 6e3 3HaKa u3 auamnasona 00..2% - 1;
CTPOKY JJIMHOM 10 6 0aiiTOB, 3aK/IIOYEHHYIO B KaBBIUKU.

DQ — pe3epBupoBaHUE MaMITH ISl TaHHBIX pa3MepoM 8 GaiitoB. dupektusoii DQ
MOXHO 3a/1aBaTh CJIeAYIOIIe 3HAUSHUSI: :

P

D
P
P

BbIpa’X€HUEC HNJINW KOHCTAHTY, ﬂpHHPIMaIOU.[le 3HAQYCHUEC UN3 auara3oHa
-32 768...+32 767 (m1a yucen co 3HaKoM 1 mpoueccopa i8086), 0...65 535 (mis
yycen 6e3 3Haka W mpoueccopa i8086), -2 147 483 648..+2 147 483 647 (nna
YyCes co 3HaKOM U mpoueccopa i386 u Boiie) win 0..4 294 967 295 (s yucen
Ge3 3HaKa ¥ mporeccopa 1386 u Bblie);

OTHOCHUTEJbHOE WM aJpecHOe BhIpaXkeHUe, cocTosiiiee U3 32 Ui MeHee OUTOB
(ms1 i80386) mnm 16 niin MeHee GMTOB (VTSI TIEPBBIX MOAEei nmpoieccopos Intel);

KOHCTaHTY CO 3HAKOM M3 nanasoHa —28,, .26 — 1;
KOHCTaHTYy 0e3 3Haka u3 quanaszoHa 0...2% - 1;
CTPOKY IJIMHOM 10 8 OalTOB, 3aKJIIOYEHHYIO B KABBIYKU.

DT — pesepBupoBaHUe MaMSITH 1T TaHHBIX pasmepoM 10 Gaiiros. Jupexrupoit DT
MOXHO 3a1aBaTh CJAEAYIOLINE 3HAYEHUA:

P

W U T

BBIpaXCHUEC WJIM KOHCTAHTy, MIPWHUMAIOUIYIO 3HAaYCHUC W3 Jduala3oHa
-32 768...+32 767 (mrg yncen co 3HaKoM U mporueccopa i8086), 0...65 535 (mis
yucen 6e3 3Haka v npoueccopa i8086), -2 147 483 648...+2 147 483 647 (wis
Juces Co 3HaKoM U Tipoiieccopa 1386 u Bbime) win 0.4 294 967 295 (wis yucen
0e3 3HaKa U mporueccopa 1386 u BhIliIe);

OTHOCHUTENIHOE MJIM aIpecHOe BBIPAXEHME, COCTOsIIee U3 32 WM MeHee GHTOB
(st i80386) mam 16 uam MeHee OGUTOB (IJIs1 TIEPBBIX Mozeseir);

aIPECHOE BBIPAXEHME, COCTOsIEE U3 16-pPaspsAHOro cerMeHTa 1 32-paspsIHoro
CMEILCHUS,

KOHCTAHTY CO 3HAKOM U3 AuanaszoHa —27..2" - 1;

KOHCTaHTy 6e3 3Haka u3 auanasona 0..2% - 1;

CTPOKY JuInHOM 10 10 6aiiTOB, 3aKJIIOYEHHYIO B KaBBIYKU;

YIaKOBaHHYIO NECTUYHYIO KOHCTaHTY B auariazoHe 0..99 999 999 999 999 999 999,
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3aMeTHM, 4TO BCe IMPEKTUBHI MO3BOJISIOT 331aBaTh CTPOKOBBIE 3HAYEHNS, HO HYX-
HO MMOMHMWTb, YTO B MAMSITU 3T 3HAYEHUST MOTYT BBITJISIAETh COBCEM HE TaK, KaK OHU
ObUTU OMKMCaHbl B AUpeKTHBe. [IpUUIrHO 3TOMY SIBJISIETCS YITOMUHABLIMICS paHee MPUH-
LM «MJIaIIIMI GaiiT Mo MitaaieMy aapecy». st onpeneieHusi CTPOK JIydIlie UCTTOb-
3oBaThAupekTUBY DB. 3amaBacMble TaKMM 06Pa30M CTPOKU TOJKHBI 3aKJTI0UATHCS B Ka-
BBIYKM. DTU KaBBIUKK MOTYT ObITh oguHapHbMU (') v aBoiinbiMu (" ). Ecim 3amath
B CTPOKE TMOAPSII B TAKMX OTPAHUYUTENSI, TO BTOpasi KaBbluKa (OIMHapHast WU ABOM-
Has) OymeT 4acTbhlO CTPOKHU.

JInst WULTIOCTpaLMy TIPUHLIMIA «MJIaAIIUI GaiiT Mo MIIaaiieMy aapecy» pacCMOTPUM
JIMCTUHT 5.3, B KOTOPOM OIpPEAEINM CETMEHT JaHHBIX. B 3TOM cerMeHTe MaHHbBIX TPUBE-
JIEHO HECKOJIBKO TUPEKTUB OMUCAHUS TTPOCTHIX TUTIOB JaHHbIX.

JinctuHr 5.3. Mprmep ncnonb30BaHNA ANPEKTUB PE3EPBUPOBAHUS
N MHAUMaN3aumn OaHHbIX

masm
model small
.stack 166h
.data

message db "3anyctute 3Ty nporpammy B otnaauvke",'$’
perem_1 db 0Offh
perem_2 dw 3a7fh
perem_3 dd 0f54d567ah
mas do 10 dup (" ™)
pole | db 5 dup (?)
adr dw perem_3
adr_full dd perem_3
fin db "KoHeu cermeHTa AaHHbIX nporpamMmmbl $"
.code
start:
mov ax,@data
mov ds, ax
mov ah,09h
mov dx,offset message
int 21h
mov ax,4c00h
int 21h
end start

BHUMAHUE Ecnu npu panbHeiieM U310XeHUM BaM YTO-TO OyAeT HEMOHSITHO, MOXHO I0-
PEeKOMEHI0BaTh Ha BpeMsI MPepBaThCsl U BHOBb BEPHYTHCS K 9TOMY MaTepuaity
1mocJie U3y4eHus IiaBbl 6.

Hrak, Hama 11eb — MOCMOTPETh, KaK BHITJISIUT B TIAMSITH KOMITBIOTEPA CETMEHT JaH-
HBIX IPOTPaMMBI, TIPENICTABJICHHOM B IUCTUHTE 5.3. DTO 1aCT HaM BO3MOXXHOCTh OOCYIUTh
MPaKTUYECKYIO peaTn3aliiio 0003HaYeHHOTO HaMU IPUHIIMIIA pa3MeIeHUs TaHHBIX.

1. 3anycrute omnaguuk td.exe, Bxomdiuii B KOMILUIEKT MOCTaBKU TpaHcaaTopa TASM.
2. Bsenute Kon, mpeacTaBaeHHbIN B IMCTUHIE 5.3, U COXpaHUTE ero B Buje aiijia ¢ Ha3-
BaHueM prg_5_3.asm. Bce maHumynsiuuu ¢ daitiom Oyaem IpoU3BOAUTH B KaTajaore

work, TZe 10JKHBI COAepKaThCs BCe HEOOXOAUMBbIE 11 KOMITUJISILIMU, KOMITOHOBKU
U oTaanku (aitnibl makera TASM.

3. 3amycTuTe mpolecc TpaHCASILUU (aiija ciaenyrolieil KoMaHI0M:
tasm.exe /zi prg_5_2.asm , , ,
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4. Tlocne ycTpaHeHUsI CUHTAaKCUUYECKUX OLIMOOK 3aITyCTUTE MPOLIECC KOMIOHOBKU 00b-
eKTHoro daiina:
tlink.exe /v prg_5_2.obj
5. Temepb MOXHO MPOU3BOJIUTH OTIAJKY:
td prg_5_2.exe

Ecnu Bce ObLIO ceaHO MPaBUIbHO, TO B OTJIaT4MKe OTKpoeTcs: OKHO Module ¢ uc-
XOJHBIM TEKCTOM MporpaMMmbl. Jisi TOTO 4TOOBI ¢ TOMONIbLIO OTJIaAYuKa TPOCMOTPETh
00J1aCTh MaMATH, COAEPXKAIILYIO Halll CETMEHT JaHHBIX, HEOOXOAUMO OTKPHITH OKHO Dump.
OT0 AenaeTcsl ¢ MOMOILIbI0 KoMaHAbl View » Dump MIaBHOTO MEHIO.

Ho onHOro oTKphITHS OKHA HEAOCTATOYHO, HY>KHO €llle HACTPOUTh €ro Ha aapec Ha-
yaja cerMeHTa TaHHbIX. DTOT aipec JOJIKEH COJAepXaThcs B CErMEHTHOM peructpe DS,
HO Mepel HayaJloM BBITTOJIHEHUS ITPOrpaMMbl aipec B DS He COOTBETCTBYET Hayaly cer-
MeHTa naHHbIX. HyXXHO Iepen mepBbIM oOpallleHHeM K JII0OOMY CUMBOJIMYECKOMY MMe-
HU TIPOU3BECTHU 3arpy3Ky NEUCTBUTEIbHOIO (DU3MYECKOTO ajapeca CerMEHTa NaHHBIX.
OOBIYHO 3TO AEUCTBUE HE OTKJAAbIBAIOT U MPOU3BOAST MEPBBIMU IBYMSI KOMaHIaMu
B cerMeHTe Koja. JlelcTBUTENbHbIA (DU3UYECKMIl alpec CerMeHTa AaHHBIX WM3BJIEKAIOT .
KakK 3Ha4eHue MpeaonpeaeeHHON nepeMeHHol @data. B Haieit mporpamme 3Ty aeit-
CTBUSI BBITIOJTHSTIOT KOMaH bl

mov ax,@data
mov ds,ax

J1711 TOTO YTOOBI IIOCMOTPETh COACPKMMOE HAIIeTO CETMEHTA TaHHBIX, HYXKHO OCTa-
HOBUTH BBITIOJIHEHYE TIPOTPaMMEI TTOCIIE 3TUX ABYX KOMaHI. DTO MOXHO clieaTh, eCiu
MepPeBEeCTH OTJIAAYMK B MOIIATOBBIN peskuM ¢ ToMolpio Kinasnimn F7 v F8. HaxkmuTe
nBa pa3a kiasuiy F8. Ternepb MOXHO OTKPBITh OKHO Dump.*

B okne Dump BEI30BHTE KOHTEKCTHOE MEHIO, IIEJIKHYB ITPaBOil KHOITKOM MBIIIH, Y BBI-
o6epute KoMaHay Goto. [TosiBUTCS AaloroBoe OKHO, B KOTOPOM HY>KHO BBECTU Hayallb-
HBII afpec MaMsATH, HauMHas ¢ KOTOporo MHgopmMalus OyaeT BRIBOAUTLCS B okHe Dump.
CUHTaKCHC 3aaHMsI 3TOTO aapeca JOJKeH COOTBETCTBOBAThH CUHTAKCHCY 3aJlaHUS al-
pecHoro omepaHaa B IporpamMMe Ha accemoOiepe. Eciiim HyXXHO yBUIETh COOEPKUMOE
MaMATU JUI CerMeHTa AaHHBIX, HayMHas ¢ Hadajia, BBemute ds:0000 (puc. 5.20). dnsa
yao0CTBa, €CJIM CETMEHT JOBOJIBHO BEJIMK, 3TO OKHO MOXHO Pa3BepHYTh Ha BeCh SKpaH.
JIJIs1 9TOr0 HyKHO LIETKHYTh Ha 3Hauke B Buxe crpenku (T) B mpaBom BepxHeM yriiy
okHa Dump.

Ha pucynke mpencTaBieHO colepKaHHE CerMeHTa JaHHBIX IPOrpaMMBI M3 JIMCTUH-
ra 5.3 B ABYX NpeACTaBIICHHUIX: IIECTHAIIIATEPUTIHOM U CUMBOJILHOM. BHIHO, 4TO O cMe-
meHuem 0000 pacrojioXeHbl CUMBOJIBI, BXOASIINE B CTPOKY message. OHa 3aHUMaeT
34 Gaiita. I1ocae Hee clieayeT OaiiT, UMEIOLIUI B CErMeHTe JaHHBIX CUMBOJIMYECKOE UMSI
perem_1, cogepxumoe atoro Gaiita — offh, Terepp oOpaTuTe BHMMaHKE Ha TO, KaK pas-
MEUIeHBI B MaMsTU O0aiiThl, BXOASIIIIKME B CJI0BO, 0003HAUEHHOE CUMBOJIMYECKUM UMEHEM
perem_2. CHayvana ciienyet 06aiiT co 3HaueHuneM 7fh, a 3ateM — co 3HaueHueM 3ah. Kak
BUINM, B TTaMSITH €M CTBUTEILHO CHAaYaJIa PACIIONOXKEeH MITaIIINI OaiiT 3HAYSHMS, a 3a-
TeM cTapimvii. Tereph IpoaHATM3UPYITE TOPSIOK pa3MelleHUsT OaiiToOB IS TIOJIsT, 000-
3HaYECHHOTO CUMBOJWUYECKNM UMeHeM perem_ 3. OcTaBIasics 9acTh CerMEHTa JaHHBIX
He TIPeICTaBISAeT TPYIHOCTH TSI CAMOCTOSITEIBHOTO aHaIn3a. ECTh CMBICTT OCTAaHOBHUTBCS
JINIIb Ha ABYX CHEIM(HUECKUX OCOOCHHOCTSIX WCIIONB30BaHUSI JUPEKTUB PEe3epBHUPO-
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Module: prgh_2 File: C:\TASM\WORK\prg3_Z.asm 10
.data
message db 'BamycTuTe 5TY IIpOoTpaMdMy B OTJlaguuke’, '$°'
pecem_1 db Offh
perem_2 dw 3a7fh e [H]~Dunp 3w 1] [&]—*
perem 3 dd 0f54d567ah ds:0000 87 A0 AF E3 El E2 A8 E2 3alyCTut n
mas do 10 dup (T ") ds: 0008 As 2U ED EZ E3 20 AF E0 e 371y 11p
pole_1 db 5 dup (?) ds:0010 AE A3 EO AO AC AC E3 20 orpammy
adc dw pecem_3 ds: 0018 22 20 AE E2 AB AO A4 E7 B oTiamd
adc_full dd pecem 3 ds:0020 A8 AA A5 24 FF 7F 3A 7A ure§ D:z
fin db 'Koweu cermenrtal ds:0028 56 4D F5 20 20 20 20 20 VMI
.code ds: 0030 20 20 20 20 20 00 00 00
stact: ds:0038 00 00 27 00 27 00 42 1B ' 'Be
. mov ax,@data i ds: 0040 8A AE AD AS E6 20 El A5 KoHey ce
. mov ds, ax ds: 0048 A3 AC A5 AD E2 A0 20 A4 DPMeHTa [
» mov  ah,0%h ds: 0050 AO AD AD EB E5 20 AF EO @HHHX IID vl
* mov dx,coffset nesse
. int 2 1h
. mov  ax,4c00h
. int  21h
end stact

Puc. 5.20. OkHo samna namsTm

BaHUS M MHULMAIN3ALMI TAMATU. Pedb nier 06 yKa3aHUY B I10JIE OTIEPaHI0B IUPEKTHB
DW u DD unentuduxkaropa U3 rnojst MUMEH! 3TO WX APYroil AUPEeKTUBHI pe3epBUPOBa-
HMS M MHUIMAIU3alyy MMaMsiTd. B HaleMm mpumepe cerMeHTa JaHHBIX 3TO ITUPEKTUBBI
¢ ugentuduxaropamu adr u adr_full. Korga tpancnarop BeTpeyaeT AMPEKTUBEI ONMCA-
HUS MaMSITU C ITOA0OHBIMU OTIepaHIaMU, TO OH (DOPMUPYET B TaMITH 3HAYSHMS aIpecoB
TeX MEPEeMEHHBIX, Yb1 MAEHTU(HUKATOPHI YKa3aHbl B KAYeCTBE ollepaHa0B. B 3aBucumo-
CTHU OT MUPEKTUBHI, TPUMEHSIEMOI IJIs TIOJIy4eHUsI TAKOTO anpeca, (hopMUpPYeTCs Tu00
MOJIHKIM aapec (aupekTuBa DD) B Buae AByX OalTOB CErMEHTHOTIO afipeca 1 IByX 0aiiToB
CMELLEHUSI, MO0 TOJIbKO cMelleHue (aupekTuBa dw). IIist TpEHUPOBKY HalaUTE B TIpea-
CTaBJICHHOM JaMIIe TTOJIsI, COOTBETCTBYIOIIME MacHTH(MKaTopaM adr u adr_full, u mpo-
aHaJIM3UPYUTE MX COAEPXKHUMOE.

JT1000i1 mepeMeHHOM, OOBSIBICHHON C MOMONIBIO TUPEKTUB OMUCAHUS TPOCTHIX TU-
OB JaHHBIX, acCeMOJIep IIpUCBanBaeT TpU aTpudyTa:

CETMEHT (seg) — aapec Hayajla CerMEHTa, CoAepXKallero MepeMeHHYIo;
cMmelnenue (offset) B GaiiTax OT Havajia CErMEHTA ¢ TIEPEMEHHOIA;

TUII (type) — 00beM MaMsITHU, BbIIEISIEMON MEPEeMEHHOMN B COOTBETCTBUU C IUPEKTU-
BOIl OOBSABICHUS MEPEMEHHON.

[Toay4uTh U MCIIONB30BATh 3HAYEHUE ITUX aTPUOYTOB B MPOTpaMMe MOXHO C IO-
Moliplo onepatopoB accembepa SEG, OFFSET u TYPE.
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B 3akitoueHne OTMETUM, YTO B SI3bIKE acceMOJIepa CyLIECTBYIOT CPEACTBA AJIsl OIU-
CaHUS CAONCHbIX TUTIOB JAHHBIX, OCHOBOW KOTOPBIX SBJISAIOTCS ONMKMCAHHBIE B 3TOM I1aBe
MpocCThIe TUIILI JaHHBIX. [1oapoGHOMY 00CYXIEHMIO CIOXKHBIX TUTIOB JAHHBIX IOCBSILIE-
Ha r1aBa 13.

NTorn

#  [Iporpamma Ha acceMOJiepe, OTpaxasi 0cCOOeHHOCTH apXUTEKTYpPhI Ipolieccopa, co-
CTOUT 13 CETMEHTOB — OJIOKOB ITaMSTH, JOITyCKAIOIIMX HE3aBUCHMYIO aipecalluio.

# KaxIblil cerMeHT MOXET COCTOSITh U3 TIPEIJIOXKEHUI A3bIKa acceMObiepa 4YeThipex
TUIOB:KOMaHaacceM0Oiepa, MaKpOKOMaHI, IUPEKTUBacceMbIepar CTPOKKOMMEH-
TapHeB.

¢ MopMaTbHOE OTIMCaHKME CUHTAKCHCA I3BIKOB IPOrPaMMUPOBAaHUsI, B TOM YHCJIE ac-
ceMOIepa, yIo6HO BBITIOTHATHC UCITOIb30BaHUEM TAKUXMETACMHTAKCHUECKHUX I3l -
KOB, KaK CUHTaKCUYeCKHeE TUarpaMMbl 1 HopManbHbie popMbl bakyca-Haypa. Cun-
TaKCUYeCKHe JuarpaMMbl 0ojiee HarMIIHBI, a pacinupeHHbIe (opMbl bakyca-Haypa
0osee KOMIAKTHBI.

[pennoxenus accembiepa hOPMUPYIOTCS U3 1eKceM, TIPEACTABISIONINX COOO0I CHH-

TAKCUUECKU Hepas3aeMMbIe IMOCIeI0BATEIbHOCTY JOMYCTUMBIX CHMBOJIOB SI3bIKA,
MMEIONINe CMBICIT IJISI TPAHCISTOPA.
AcceM0iep HOIMycKaeT OONbIIoe pa3HOoOOpa3ue TUIIOB OINEPaHIOB, KOTOPBIE MOTYT
3a7aBaThCsl HESIBHO WJIU COIEPXKAThCsS HEMOCPEICTBEHHO B KOMAaHIe, B PETHCTpax
Y BTIaMATH. B 1Byxonepauioit MalTMHHON KOMaH e BO3MOXKHBI CJIEMYIOIINE COue-
TaHHUS ONEePaHIOB:

O perucTp — perucrp;

D peructp — namsrsb;

D mamsite — perucrp;

D HemocpencTBEHHBIN OTepaHI — PETUCTP;

I1 HemocpeaCcTBEHHBIN OTIEPaH/ — MAMSTh.

OmnepaHgaMu B KOMaHIE MOTYT OBITh YMCIIA, PETUCTPBI, TICHKH TTaMSITH, CHMBOJIb-

HbIe uaeHTH(UKaTOphl. [Ipy HEOOXOAMMOCTH OMepaH MOXET ObITh 3aaH BhIpaKe-

HUEM.

*  Accem0Giep Mo3BOJISIET OPTaHU30BATh THOKYIO NPAMYIO U KOCBEHHYI0 AIPECALIVIO OIle-
PaHIOB B TIAMSITH.

# VMcXomHBIN TEKCT MpOrpaMMbl pa30MBaeTCs Ha CETMEHTHI ¢ TIOMOIIIbIO AUPEKTUB CET-
MEHTalIMM, KOTOPBIE AEJISITCSI Ha CTAaHIAPTHBIE U YIIPOIIEHHBIE.

YipoiieHHbIe TUPEKTUBH CErMEHTAIlMU ITO3BOJISTIOT YHU(MUIIMPOBATh MHTepderic
C A3bIKaMU BBICOKOTO ypOBIid U 00JIErYaroT pa3paboTKy ITpOrpaMm, MOBbILLIAsA HAlJIA-
HOCTb KOJa.

Tpancaarop TASM nonnep:krBaeT pa3HOOOpa3HBbIE TUITHI JAHHBIX, KOTOPBIC IEIIT-
¢s Ha pocThie (0a30BbIe) U CI0XKHBIe. [IpocThbie TUIIBI CIIy>KaT OCHOBOIA IS ITOCTPO-
€HUS CIIOXHBIXTUIIOBIAHHBIX.
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I JInpeKkTuBHI OMMCAHUS MPOCTHIX TUIIOB JaHHBIX MO3BOJIIOT Pe3epBUPOBATh U MPHU
HEOOXOAMMOCTY WHMIIMATM3UPOBATh O0JaCTH TaMSITH 3aJaHHOM IJTMHEI.

# JlocTym K JaHHBIM B MaMATH JOJDKEH TIPOU3BOAUTBCS C YUYETOM MPUHIIMIIA X Pa3Me-
uieHust npoueccopamu [1A-32 — «Maaammii 6aiT mo MiaiieMy agpecys.

Kaxnmoit mepeMeHHOM, 00BSIBICHHO! ¢ TOMOLIbIO IUPEKTUBEI OMUCAHUS JAHHBIX,
acceMOyiep HaszHayaeT aTpuOYTHI, JOCTYI K KOTOPHIM MOXHO TOJYYUTh C TTOMOILbIO
COOTBETCTBYIOIIIMX OIEPATOPOB acceMbJepa.



naBa 6
NepBaa nporpamma

¥ )XM3HeHHbI LMK NnporpaMmbl Ha accemMobnepe
# lMpuMmep NPOCTON NPOrpaMmbl

# PaspaboTka nporpaMm Ha acceMmOnepe ¢ UCNOJSIb30BaHMEM
naketa TASM

¥ PaspaboTka nporpamMmm Ha accemMmOsiepe C UCMOJIb30BaHUEM
naketa MASM

¥ TpaHcnsAuusa U KOMMNOHOBKA NPOrpamMmbl

» HasHauyeHue u CTpyKTypa BbIxoAHbIX (aiinoB, popmMmupyemMbix
TPaHCNSITOPOM

¥ OTnapka nporpamm
# MeHepxep npoekta — yrunuta MAKE

B aT0li T)1aBe MBI, BO-TIEPBBIX, TO3HAKOMUMCS C MTPOLIECCOM Pa3pabOTKU IIporpamMM Ha
acceM0Jiepe, BO-BTOPBIX, HAyYMMCS UCITOJNBb30BATh CIICIIMANbHbIE MPOTPAMMHBIE CPe/l-
CTBa, MpeIHa3HAYeHHBIE JJIS TPeoOpa3oBaHUs UCXOMIHBIX TEKCTOB Ha acceMOJiepe B Ma-
IIMHHBIE KOIBI IJISI UX UCTIOJHEHUSI KOMITBIOTEPOM.

JXN3HEeHHbIN UMK NporpamMmbl

[pouecc pazpaboTKy MporpaMMel Ha acceMbiiepe, BKIlo4ast TOCTAHOBKY 3a7auH, MOJTY-
YeHMe TIEPBBIX PE3YJIBTATOB U JajbHEilllee COMPOBOXAECHNE TTPOTPaMMbI, MajIO YeM OT-
JIMYAETCSI OT TPAIULIMOHHOTO TIOAX0/AA ¢ UCTIOJIb30BaHUEM JTH000T0 M3 CYIIECTBYIOLINX
SI3BIKOB IIporpaMMupoBaHus. [ocie amanTaliuu OCHOBHBIX MOJIOXKEHU I 3TOTO MPOLIEC-
ca K 0COOEHHOCTSIM acceMOJIepa TOJYYUTCS BIIOJIHE CTAHIAPTHBIN MepeyeHb padoT.
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1. Ilocmanosxka u gopmyauposka 3amadu:

[1 u3ydeHue MpeAMEeTHOM 006IacTH U cOOp MaTepraa B IPoOIeMHO-OPUEHTUPOBAH -
HOM KOHTEKCTE;

I1 ompemeneHue Ha3HAUYEHMSI MPOTPAMMBI, BHIPaOOTKA TpeGOBaHUIA K HEl U Mpe-
cTaBJicHHe TpeOOBaHUii, €CIM BO3MOXHO, B (hOpMaTN30BaHHOM BHUJIE;

I1 dopmyaupoBaHue TpeGOBAHUI K MPEACTABIECHUIO UCXOAHBIX TaHHBIX U BBIXOJ-
HBIX PE3YJbTaToB,;

D ompeneneHue CTPYKTYp BXOIHBIX U BBIXOJIHBIX JaHHBIX;

I1 dbopmupoBaHue orpaHUYEHUI U JOTYIIEHU I Ha UCXOIHBIE U BLIXO/ITbIE TaHHBIE.
2. DTan npoekmupoeaHus:

IT dopmupoBaHue «acceMOJepHO» MOJEIN 3a4a4n;

IT BBHIOOp MeTOma peanu3alUuU 3a4auu;

I1 paspaboTka aJropuT™Ma peaiu3alu 3a1aduu;

D pa3paboTKa CTPYKTYpHI IPOTPaMMBbI B COOTBETCTBUU C BHIOPAHHOM MOMEbIO Ma-
MSITH.

3. DTan koduposauus:

I1 yrouHeHWe CTPYKTYpbl BXOOHBIX M BBIXOOHBIX JaHHBIX U OINpEACIEHUE acceMb-
JepHOTo (opMaTa UX MPEACTaBICHMUS;

I1 mporpammupoBaHUe 3a1a4H;

D KOMMEHTUPOBaAHUE TEKCTA U COCTABJICHUEC NMPEABAPUTEIBbHOIO OIMMCaHUA IIPO-
TpaMMBI.

4. Dramn omaadku u mecmupo8aHusi:
{1 cocTaBjJeHUE TECTOB AJIs1 IPOBEPKU PabOTOCIIOCOOHOCTH ITPOTPAMMBI;

I1 O6Hapy>KeHI/IC, JIOKaaIu3aluusd U YCTpaHEHUE B ITporpaMme OI.HI/I6OK, BBISABJICHHBIX
B TE€CTaXx;

I1 koppeKTHpoBKa KOia IPOrpaMMBbl M €€ ONTMCaHMS.

5. Dran skcnayamauuu u conpososcoeHus:
a HacTpoiika MporpaMMbl Ha KOHKPETHBIE YCIOBUS UCIIOIb30BaHUS;
I1 oGydeHue Mmosb3oBaTeieil paboTe ¢ MPOrpaMMOii;

IT opranu3zaius cobopa cBeeHUI 0 COOSX B pabOTE MPOrpaMMBbI, OIIMOKAX B BBIXOJ-
HBIX JAHHBIX, MOXEJaHUIX IO YJIy4lleHUI0 MHTepdeiica u ynobcTBa paboThl
C IpOrpaMMoii;

I1 Momubukauus TporpaMMBbI ¢ 1eJIbI0 YCTPaHEHUS BHISIBIEHHBIX OIIMOOK U, NIPpHU
HEO0OXOMUMOCTH, U3MEHEHMUS ee (PYHKIIMOHATIbHBIX BO3MOXHOCTEM.

[Mopsimok 1 06beM paboT B MPUBEAECHHOM MEPEeYHe YKIAABIBAIOTCS B MOHITHE JCU3-
HEeHHO20 YuKAAa TIPOTPaMMBbI Ha acceMbiiepe. Ha mpakTuke K OPSIAKY MPUMEHEHUSI U UOJI-
HOTE BBITIOJIHEHUST TIEPEYMCICHHBIX 3TANOB HYXHO MOAXOAUTHh Pa3yMHO U TBOPYECKH.
MHoroe onpeaensieTcss 0COOEHHOCTSIMU KOHKPETHOI 3aauu, ee Ha3HaYeHUEeM, o0beMa-
MU Kofia 1 00pabaThiBaeMbIX JaHHBIX, IPYTUMM XapaKTepUCTUKAMU UCXOJHOU 3a1ayu.
HexoTtopble 13 3THX 3TANIOB MOTYT JINOO BHIMOJIHSATHCS OMHOBPEMEHHO C IPYTUMU, TGO
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BOBCE OTCYTCTBOBATh. [ J1aBHAs 11e1b POPMUPOBAHUS TTOJOOHOTO CITMCKA PaOOT — B TOM,
YTOOBI M3HAYAJIBHO YIOPSAOYUTh MPOLECC CO3AaHK HOBOTO MPOrpaMMHOTO TTPOIYKTa
C COXpaHEHMEM KOHUENTYaJbHON LIETOCTHOCTU IMOCTAHOBKHM 3alayi U UCKIIOUCHUEM
aHapXxuHu B mpolecce pa3paboTKu.

Mpumep npocToi nporpamMmmabl

B nanHoM pazaeine paccMOTpUM MpUMeED MPOCTOM, HO MOTHOIIEHHOM ITporpaMMBbI Ha ac-
cembiepe. B rimaBe 2 mpu oOCYXIEeHUM apXUTEKTYPHI OBLIO TEePEeYUCIeHO 0OJIbIIOE KO-
JINYECTBO perucTpoB. Kak nmpaBuiio, 0OJbIIMHCTBO U3 HUX 3aIeICTBOBAHO IIPAKTUYECKHU
B 110001 nporpamme. bbiio Obl HHTEPECHO BO BpeMsl paObOThI MPOrpaMMBbl IOCMOTPETh
(TONy4UTh) UX COAECPXKUMOE. DTO HETPYIHO, €CJAU MCIIOJb30BaTh CIELUATbHYIO MPO-
rpaMMmy — oTiamduk. Ho kak chaenaTh 370 IMHAMUYECKU M aBTOHOMHO (0€3 IoMoIlu
npyrux nporpamMm)? Wiu, K mpuMepy, Kak peliuTh 00paTHYIO 3a7a4y — BBECTH HEKOTO-
poe 3HaYeHUe ¢ KJIaBUATYyphl B perucTp? DT1a U Mogo0Hast el 3a1auu SIBISIOTCS 3a1ada-
MU Npeodpa3oBaHus AaHHBIX. OHU 10BOJIBHO YACTO BOZHMKAIOT Ha MpakTuke. [IpuynHa
31eCh B TOM, YTO KOMITBIOTEP BOCIIPMHUMAET JaHHbIE TOJIbKO T€X TUIIOB, KOTOPbIE MO~
JIePXMUBAIOTCS ero cucTeMoit komana. [1oaToMy Ha MpakTHKe YacTO BOZHUKAET HEOOXO-
JUMOCTb TIpeo0pa3oBaHusl JaHHBIX U3 OJHOTO MpeacTaBleHUs B Apyroe. B aToii riase
B Ka4eCTBE MpUMepa pACCMOTPUM YACTHBIN Cy4yail pelieHus OAHOM U3 TaKuX 3a1ad —
3aJauM MpeoOpa3oBaHMs IIeCTHAALATEPHUYHOro YiClia U3 ABYX LKudp, BBOIUMOTO ¢ KJa-
BUATYPHI (TO €CThb B CHMBOJILHOM BH[E), B ABOMYHOE yucio. [locie BhIMOIHEHUST 3TOU
omnepaliuu MoJyyeHHOE YUCIO MOXHO MCIOb30BaTh KaK ONepaH B IBOMYHBIX apud-
METUYECKHUX OIepalusX.

Jlist Hayajia HyXHO MpOAyMaTh aJITOPUTM U U3YYUTh MPEAMETHYIO obsacTb. BBon
MHGbOPMAIMK C KJTaBUATYPhI M BEIBOJ €€ Ha 9KPaH OCYIIECTBISIOTCS B CUMBOJILHOM BUJIE.
KonupoBanue atoit uHbopMaluy Mpou3BoaAuTCs cornacHo mabauuye ASCII. B tabnuie
ASCII xaxnplii cuMBOJI KoaupyeTcsl ofHUM GaiitoM. Eciu paboTa MpoucxonuT ¢ 9uc-
JIaMU, TO TIpH TIOTBITKE UX 00paboTaTh Cpa3y BOZHMKAET MpobjiemMa; KoMaHI 11 apud-
METUYECKO 00pabOoTKM YKcea B CUMBOJIbHOM BuIe HeT. UTo nenath? Boixox oueBuaeH:
HYXHO Mpeodpa3oBaTb CUMBOJIbHYIO MHGOpMaluio B popMaT, NoJaepKuBaeMblii Ma-
HMIMHHBIMY KoMaHaaMu. [Tocie Takoro npeodpa3zoBaHusl HYKHO BBITIOJHUTh HEOOXOIM -
MbI€ BHIYMCJICHUS U MTPeo0pa3oBaTh pe3yJbTaT 00paTHO B CUMBOJIbHBIN BU. 3aTeM clie-
JIyeT oToOpa3uTh MHHOPMAIIMIO HA MOHUTOPE.

PaccmarpuBaeMasi B 3TOM pasziesie mporpaMma sBsieTcs OAHUM U3 BapUaHTOB pe-
IICHUS 3aJaui. B oCHOBY ee anropuTMa IoJjioXXKeHa 0co0eHHOCTh, cBsi3aHHas ¢ ACSII-
KOJIaM{ CMMBOJIOB COOTBETCTBYIOIIMX IecTHaAnaTepuyuHbix uudp. llecTHaguaTepuy-
Hble nudpsl popmupytorea us cumsonosO, 1,..,9,A, B, C, D, E, F, a, b,c, d, e, f, Harpumep:
12Af, 34ad. B tabauue ASCII moxno Haitu 3HaueHUsT ASCII-KOIOB, COOTBETCTBYIO-
e 3TUM cuMBoJiaM. Ha mepBblit B3I, HEMTOHSITHA MOMYJISIPHOCTD CIIOCo0a MpeacTaB-
JieHus M”HGOpMaluK B BUJIE IECTHAALIATEPUYHBIX YKcen. W3 mpeaplayiyx raas U3BecT-
HO, YTO ammapaTypa KOMIIbIOTEpa MOCTPOeHA Ha JIOTMYECKUX MMKpOCXeMax M paboTaer
TOJIBKO ¢ IBOMYHOM nHdopMmanueit. Ecau Ham TpeOyeTcst poaHaInu3upoBaTh, HAIIpUMED,
COCTOSTHME HEKOTOPOI 00J1acTy MaMsTH, TO pa300paThcsl B HArpOMOXKICHUM HYJIEH 1 eau-
HUII OyIeT oueHb HerpocTo. s mpuMepa pacCMOTPUM JABOMYHYIO MOC/IEN0BaTeIbHOCTh

010100010101011110101101110101010101000101001010.
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DTo mpeAcTaBlieHUe He 0YeHb HarIsInHo. B rimaBe 2 oTMeyanoch, YTO OnepaTHBHAS
MMaMSITh COCTOUT U3 TUeeK — 0aiiToB — 1o 8 6uToB. [IpuBeaecHHAS BhIIIE 1IeTIOUKa OUTOB
MpY pa3dMeHNM ee Ha 0alThl OyJeT BHITISINETh TaK:

01010001 01010111 10101101 11010101 01010001 01001010.
C HanIAZHOCTBIO CTAJIOo JIyYlle, HO €CIU MccilenyeMas o0JacTb MaMATH OKaXeTCs

0oJIblIIE, TO pa300paThCsl OYIET BCe paBHO CIIOXHO. IIpoBeaeM ele ogHy orepaiuio: Kax-
Il GaiiT pa3obbeM Ha JBe YacTu 10 4 Guta — mempadut:

0101 0001 0101 0111 1010 1101 1101 0101 0101 0001 0100 1010.

M BOT TYT MpOSBISAETCS 3aMeYaTe]bHOE CBOMCTBO LIECTHAKIATEPUYHBIX YUCEN —
KaXIOoi TeTpasie MOXKHO ITOCTaBUTh B COOTBETCTBHUE ONHY LIECTHAAUATEPUUHYIO MDY
(Tabm. 6.1).

Tabnuua 6.1. Koovposka LuecTHaauaTepuyHbIX umdp

lecTHaOUIaATEPUYHAL - ASCIl-kopn IIBOMYHAaSA
mdpa (aBoMuHoenpeacTaBneHue) TeTpana
0 ' 30h (0011 0000) 0000

1 31h (OOH 0001) 0001

2 32h (0011 0010) 0010

3 33h (0011 0011) 001

4 34h (0011 0100) 0100

5 35h (0011 0101) 0101

6 36h (0011 0110) OHO

7 37h (OOH 0111) 0111

8 38h (0011 1000) 1000

9 39h (0011 1001) 1001
Aa : 41h (0100 0001), 61h (0110 0001) 1010
B,b 42h (0100 0010), 62h (0110 0010) 1011
C,c 43n (0100 0011), 63h (0110 0011) 1100
D,d 44h (0100 0100), 64h (0110 0100) 1101
E,e 45h (0100 0101), 65h (0100 0101) 1110
Ff 46h (0100 0110), 66h (0110 0110) 1111

Ecnu 3aMeHMTh B TOCJIEAHEH IMOJTYYEeHHOM CTPOKE TeTpaibl COOTBETCTBYIOIIMMU
IHeCTHaALATEepUYHBIMU 1IMppaMu, TO MOJIYYUM MocienoBateabHocTh 51 57 ad d5 51 8a.

Kaxnpiit 6aiiT Terepb HArISAIHO MPEACTaBIeH ABYMS HIeCTHAALATEPUYHBIMU UG-
paMU, 4TO OKa3bIBAETCS OYECHb YIOOHBIM, B YACTHOCTH, TIPU paboTe ¢ OTJIAAUUKOM.

BepHemcst x Hamieit 3amade. Eciim mocMoTpeTh BHUMATENIBHO Ha TpeACTaBIeHUE
LIeCTHaAaTepUIHBIX TGP U UX KoaupoBky B ACSII-koze (Tabx. 6.1), To MOXHO YBHU-
JeTh nojie3Hble 3aKkoHoMepHocTU. K mpumepy, ASCII-kon Hyas (kon cumBosa () B 1ie-
cTHanuarepuuyHoM Buie paseH 30h. B nBonmunom npeactasieHun 30h 3anmuchiBaeTcs Kak
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0011 0000, a cooTBeTCTBYIOLIEE IBOMYHOE YUCIIO JOJIKHO ObITh JBOUYHBIM IIPEACTABIIE-
aueM Hyst 0000 0000. Orcioma ciieayioT HEKOTOPBIC BEIBOIEL.

Bui6od nepewuii. s mectHanuarepuuHbix mudp 0..9 ACSII-koa otamuaercst oT co-
OTBETCTBYIOLIETO ABoMYHOro npencrasiaeHus Ha 0011 0000, wiu 30h. ITostomy aist mpe-

06]:).':130B3.HI/I$I KoJga CMMBOJIa meCTHaﬂuaTepH‘{HOﬁ LII/I(bpr B COOTBCTCTBYIOLICC TBONY-
HOC YMCJIO €CTh OIBa ITyTH!

BBIIOMHUTE ABonyHoe Boruntanve: (ACSII-xox)h - 30h;

XK oGHynuThH cTapiyio Tetpamy 6aiiTa ¢ CMUMBOJIOM IIECTHAALATEPHYHON LUBPHI
B ACSII-xone.

BuaHo, uTo ¢ mecTHaAaTepuYHLIMU HudpamMu B auamna3oHe ot 0 10 9 Bce mpocto.
Yro KacaeTcs IIeCTHaILATepUIHBIX MDD a, b, ¢, d, €, f, To 3mech cUTyals HECKOJIBKO
CJI0KHee. AJITOPUTM AOJIKEH paCIO3HABATh 3TH CUMBOJIBI ¥ IIPOU3BOAUT JOIIOJTHUTE b~
HbI€ JEMCTBUS IPU MX IPeoOpa30BaHUU B COOTBETCTBYIOLIEE JBOMYHOE YKCI0. BHuma-
TEJbHBIM B3IJISLA Ha CUMBOJIBI IIECTHAALIATEPUYHBIX LMD U COOTBETCTBYIOIINE UM
JBOMYHEIE ITpeAcTaBaeHus (CM. Tabj1. 6.1) roBOpUT 0 TOM, [JIs1 IpeoOpa30oBaHus yXKe He-
JOCTaTOYHO MMPOCTOrO BEIYMTAHMS UM OOHYJICHUS CTaplieii TeTpaabl. AHAIN3 TaOIUIIbI
ASCII noka3bpIBaeT, YTO CUMBOJIBI IPOMKMCHBIX OYKB IlIeCTHAALIATEPUYHBIX LIU(DP OTIIU-
YaIOTCSI OT CBOEI0 IBOMYHOI0 SKBUBaIeHTa Ha BenuuHy 37h. COOTBETCTBYIOIIKE CTPOY-
Hble OYKBBI IIECTHAALIATEPUYHBIX LMD OTIMYAIOTCS OT CBOETO JBOMYHOIO SKBUBAJIEH -
Ta Ha 67h.

OT1croga cieayeT 661600 6mopoii. AITOPUTM IPeoOpa30BaHUS IOJKEH pa3indyaTh
[IpomnucHble U CTPOYHbIE OYKBEHHbIE CMMBOJIBI IIIECTHAALIATEPUYHBIX UMD U KOPPEKTH-
posatb 3HaueHue ASCII-kona Ha Beanunny 37h uiaum 67h.

OO0OpaTuTe BHUMaHME HA TO, YTO OC/IE 3alICH 3HAYEHUS LIECTHAALIATEpPUYHOM LD~
poI cinenyeT cuMBol «h». Kak ymoMuHanoch B riase 4, 3T0 CAETAHO OIS TOTO, YTOOEI
TPAHCJSATOP MOT Pa3IMYUTh B IpOrpaMMe OJMHAKOBBIE 110 (hOPME 3AIIUCH A€CITUYHbBIE
7 lIeCTHAAlaTepUYHbIE YHACIIA.

" B nuctunre 6.1 npuBeaeH UCXOAHBIA TEKCT ITPOrpaMMbl, KOTOpas pPeLIaeT 3a1auy
npeoOpa3oBaHKsl 1BY3HAYHOTO HieCTHaALATEPUYHOIO YUCIa B CUMBOJIBHOM BUIE B BO-
WYHOE MpeACTaBICHUE.

Jluctnar 6.1. MNpumep nporpammbl Ha accembnepe

<1> Prg_6_1.asm

<2> ﬂporpaMma “TIpeobpa30BaHUA IBY3HAYHOTO IECTHAAUATEPUYHOTO HMUCIa
<3> ;B CUMBOJBHOM BUIE B IBOMYHOE NpPeACTasneHune.

<4> ;onn: MCXO[HOE WeCTHaAUATepUUHOe uiCIo 13 IBYX Lmdp,

<5> ;BBOIUTCS C KJIaBUATYDH.

<6> ;BbixoA: pe3ynbTaT npeobpaszoBaHys IoMemaeTcs B peructp dl.

) :

<8 B

<9> data segment para public "data" ; CeTMEHT NaHHHX

<10> message db  "BBemuTe [Be meCTHamIaTepuuHbe undpsl,$”

<11> data ends

<12> stk segment stack

<13> db 256 dup ("?") ;CeTMeHT CTeka

<14> stk ends

<15> code segment para public "code" ;Hadalo CerMeHTa KoOIa

<l6> main proc }HAYaNo MpOLe#ypH maln
<17> assume cs:code,ds:data,ss:stk

<18> mov ax,data ;alpeC CeTMEeHTa [aHHHX B PErucrTp ax

npodoncenie
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Jluctunr 6.1 (npogosnxexve)

<19> mov ds,ax ;ax B ds

<20> mov ah,9

21> raov dx,offset message

<22> int 21h

<23> X0r ax ,ax JOUNCTUTE PETruCTP ax

<24> mov ah, 1h »1h B peructp ah

<25> int 21h i TeHepaluus INpepHBaHUd C HOMEPOM 21h

<26> mov di,al ;comepxuMoe perucTpa al B peructTp dl
27> sub di,30h ;BHumTanme: (dl)=(dl)-30h

<28> cmp dl, % icpaBauTes (dl) ¢ 9h

<29> jle Ml ynepeity Ha MeTky ML, ecny dl<9%h wmam dl=9h
<30> sub dl,7h sBHUMTaHMe: (dl)=(dl)—7h

<31> MI1: ;onpernenenue MeTku M1

<32> mov cl,4h ;mepechnka 4h B peructp cl

<33> shl dl,ct ;coBuUr comepxyumoro dl .Ha 4 pa3spsiia BIEBO
<34> int 21h ; BH30B TNpepHBaHusg ¢ HoMepoMm 21h

<35> sub al,3@h iBHUMTaHMe: (dl)=(d1)-30h

<36> cmp al, % icpaBuuTs (al) ¢ 9h

<37> jle M2 imepeiTy Ha MeTKy M2, ecmu al<9%h unm al=%Sh
<38> sub al,,7h ;BEHUKMTanme: (al)=(al)-7h

<39> M2: ;ompeneneHye MeTkKu M2

<40> add dti,atl scrnoxkeHne: (dl)=(dl)+(al)

<41> mov ax,4c00h ;TepecHika 4c@0h B perucTp ax

<42> int 21h {BHBOB NPEPHBAHUS C HOMEpPOM 21h

<43> main endp { KOHEIl pOoLeaypH main

<44> code ends ;KOHEIl CerMeHTa Komda

<45> end main yKOHEIl IPOTPAMME C «TOUKOW BXOIa main

B npeablAyIyX [J1aBax FOBOPUIOCH, YTO MPOLIECCOP aNNapaTHO 1OJ/1ePKIIBaeT IeCTh
anpecHO-He3aBUCUMBIX 00IacTeil aMsTH: CETMEHT KO/, CeTMEHT JaHHBIX, CETMEHT CTeKa
1 TPU IOIOJTHUTEIBHBIX CETMEHTA JaHHBIX. Hara mporpamMmma MCIob3yeT TOIbKO Iep-
BBIE TPU U3 HUX. : '

Crpoxku 9—11 ompenensior cerMeHT JaHHBIX. B crpoke 10 ommcaHa TeKCTOBast CTpo-
Ka ¢ coobieHreM «BBeauTe nBe HiecTHamIaTepHUHbIE ITUGPHI».

Ctpoku 12-14 onmuCHIBaIOT CETMEHT CTeKa, KOTOPBIA SIBISIETCSI IIPOCTO 00JIACTHIO
MaMATH JUIMHOM 256 Gaiit, MHULMAIU3UPOBAHHON cUMBOIaMU <«"?"»., OTinuMe cerMeH-
Ta CTE€Ka OT CETMEHTOB IPYTMX TUIIOB COCTOWUT B UCIIOTb30BAHUY U aJpecalluy MaMsITH.
B oTimmume ot cerMeHTa JaHHBIX (HaaIUYKMe KOTOPOTO HEoOs3aTeIbHO, €CIIM IIporpaMma
He paboTaeT ¢ JaHHBIMHU), CETMEHT CTeKa 3KeJaTeJIbHO OIPENeNsITh BCETIa.

Crpoknu 15-44 comepxar cermMeHT Koga. B aTom cermenrte B crpokax 16-43 ompene-
JIeHa OJlHa IMpoueaypa main.

Crpoka 17 comepXWT OTUPEKTUBY accemMOjepa, KOTopas CBSI3bIBA€T CErMEHTHBIE pe-
TUCTPHI ¢ UMEHAMU CETMEHTOB. '

Crpoku 18-19 BHIOMHSIOT MHULIMATU3ALNI0 CETMEHTHOTO peructpa DS.

Crpokn 20-22 BbIBOOAT Ha aKpaH coolLLeHe message:

Beeoute [Be wWecTHafLaTepuyHble LMbpbI

Ctpoka 23 moaroraBnuBaeT peructp AX K pabote, 00Hyns1d ero. Comepkumoe AX nocie
3TOM OIlepaly CICOyIoLIee:
ax = 0000 0000 0000 0000

Crpoku 24-25 oOpaliaioTcs K CpelcTBaM OIepallMOHHOIN CHCTEMBI JJISI BBOJA CHM-
BOJIa C KJIaBUATypHhl. BBeIEHHBIM CMBOJ OIepalliOHHAs CUCTEMa IIOMEIAeT B PETUCTP
AL. K mpumepy, IycTh B OTBET Ha COOOIIEHNE C KJIaBUATYPhl ObIJIM BBEJCHBI ABE 1IECT-
HaImaTepuIHbIe TUQPHL:
5C
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B pesynbrare mocie oTpabOTKM KOMaHIbl B CTPpOKe 25 MOSIBUTCS OAMH CUMBOJ
B ASCII-konme — 5, u coctossHue peructpa AX CTaHET TaKMM:
ax = 0000 0001 0011 0101

Crpoxka 26 mepechiiaet conepxkxumoe AL B peructp DL. D10 nenaeTcs ajst TOro, 4To0bI
ocBobomuth AL 1151 BBoma Bropoii mudpsl. Comepxkumoe peructpa DX mociie aToii mepe-
CBUIKH cleayloliee:

dx = 0000 eeee 0011 0101

Crpoka 27 npeoGpasyeT CMMBOJIbHYIO LU(DPY 5 B €€ IBOMYHBII SKBUBANEHT IIy-
TeM BeluuTaHus 30h, B pe3ynbrare yero B peructpe DL OyaeT 1BouuHOE 3HAUEHME
yucnua 5:

dx = 0000 0000 0000 0101

B cTpokax 28-29 BhisiIcHSIETCS, HY>KHO I KOPPEKTUPOBATh IBOMUHOE 3HaueHue B DL.
Ecnu oHo nexxut B inanasone 0...9, To B DL HaxonuTcs mpaBUIbHbBINM IBOWYHbIN S5KBUBA-
JIEHT BBEJICHHOT'0 CUMBOJIA llecTHaaTepuyHoi M pbl. Eciv 3HaueHue B DL Gosbite 9,
TO BBeJeHHasl mudpa sABisgeTcss ogHuM 13 cuMBonoB A, B, C, D, E, F (ctpouHble OyKBBI
IIJIsI 5KOHOMUM MecTa oOpabaTheIBaTh He OymeM). B mepBoMm cirydae crpoka 29 nepenact
ynpapieHue Ha MeTKy MI. [1pu o6paboTke Hudpsl 5 3T0 YCIOBUE KaK pa3 BBITOTHSIECTC,
IMO3TOMY IIPOMCXOIUT Iepexon Ha MeTKy M1 (cTpoka 31).

Kaxnas mectHaaarepuyHas nudpa 3aHMMaeT OfHY TeTpay. Y Hac Be TaKuX -
pBI, TO3TOMY HYXHO MX Pa3MECTUTb TaK, YTOObI CTAPLIMHCTBO Pa3psIOB COXPAHSIIOCH.
B crpokax 32-33 3nauenue B DL caBuraercst Ha 4 paspsiza BJIeBO, OCBOOOXIast MECTO
B MJIaJIIEN TeTpaje Mo MIAAIYIO IEeCTHAAUATEPHYHYIO LY.

B ctpoxke 34 B peructp AL BBomuTcs Bropad mectHanuaTepuaHas mudpa C (ee ASCII-
Kom — 63h): '
ax = 0006 0001 e1ee 0011

B ctpokax 35-37 BblsicHsIeTCs, TIOMAAAET JIU IBOUYHBIN 9KBUBAJIEHT BTOPOTO CHUM-
BOJIa lIeCTHanuarepuyHoil uudpsl B auanasoH (..9. Hama Bropas umdpa He momamaer
B IMaNa30H, MO3TOMY ISl MOJNYYeHUs IPABUILHOTO ABOMYHOTO SKBUBAIEHTA HYXHO
MPOM3BECTH JOMOJHUTEIbHYIO KOPPEKTUPOBKY. DT0 Aenaetcs B cTpoke 38. CocTrosiHue
AL mociie BBIIIOJTHEHMS CTPOKU 35 ClIemylolee:
ax = 0000 0001 0001 0011

B AL 3anucano yncio 13h, a HyxxHo, 4T06561 66u10 0Ch (TOMHMTE 0 TpaBUIax 3aUCH
HlecTHaguaTepuaHblx unce!). Tak kak OCh He monmanaet B quamna3oH 0...9, TO TPOKCX0-
JIUT Tiepexo] Ha cTpoKy 38. B pesynbraTte paboThl KOMaHIbl BHIUMTAaHUS B peructpe AL
noJy4aercs npabunbHoe 3Havenue (al) = 0Ch:
ax = 0000 0001 0000 1100

N HaxoHel, B ctpoke 40 caBuHyToe 3HadeHUe B DL ckimagpiBaeTcs ¢ unciom BAL:

dx n 0000 0000 0101 0000
ax = 0000 0001 0000 1100
dx - 0000 0000 0101 1100

Takum obpaszom, B peructpe DL momydeH IBOMIHBIN SKBUBAJCHT IBYX BBEICHHBIX
CUMBOJIOB, N300paXalouX IBY3HATHOE IIECTHAMIIATePUIHOE YUCTIO:
(dt) = 05Ch
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Crpoku 41—42 npeaHa3HavYeHBI [T 3aBepIICHUS IIPOrpaMMBI M BO3BpaTa yIpaniie-
HUST OIEPAIlMOHHOM CHCTEMe.

BTOT IpUMep He CIYYaifHO pacCMOTPEH CTOJIb TeTanbHo. OH oTpaXkaeT MHOTHE CITe-
nudUIecKre 0COOEHHOCTH ITPOrpaMMHIPOBaHMsI Ha acceMbiiepe. Ha ero ocHoBe mocTpo-
€H MaTepHaj CIEHyIOImero pasiena, MOCBAIEHHBI TOMY, KaK M3 MCXOTHOTO MOMIYJISI
TTOJTYIUTh MPAaBWILHO GYHKITMOHUPYIOIIHMIA HCITOTHSIEMBIN MOIYJTh.

MNMpouecc pa3pabdboTku nporpamMmmbl

Ha puc. 6.1 npuBeneHa obiiasi cxema IMpoliecca pa3paboTKU MporpaMMbl Ha accembie-
pe. HaszBaHue mporpaMMbl COOTBETCTBYET PACCMOTPEHHOMY paHee TIpUMepy Mporpam-
MBI (cM. TucTHHT 6.1). Ha cxeMe BBIIeIeHO YeThIpe 3Tama 3Toro mpoiiecca. Ha mepBom
JTane, Koraa BBOAUTCS KO MPOTpaMMbl, MOXHO MCIOJIb30BaTh J1000i TEKCTOBBIN pe-
nakrop. B Windows Takum pegakropom MmoxeT ObITh biiokHoT (Notepad). IIpu BeiOOpe
penakTopa HyXKHO YUMTHIBATh, UTO OH He AOJKEH BCTABJSATh «[TIOCTOPOHHUX» CHMBOJIOB
(cenMaIbHBIX CUMBOJIOB (hopMaTtupoBaHus). C aToii Touku 3peHust Microsoft Word
B KauecTBE OCHOBHOTO pelaKTopa acceMOJEpHBIX MporpaMm He roautcsi. OueHb UHTe-
pecHblit penaktop — Asm Editor for Windows (http://www.avtlab.ru). Co3naHHblii ¢ mo-
MOIIIbIO TEKCTOBOTO pefakTopa (aiil 1oIKeH UMETh paclliupeHue .asm.

1. BBOZ MCXOOHOIO TEKCTA MPOrPAMMbI

: TekcToBbIN
—_— PenaKTop prg_3_1.asm
2. COBOAHME OBBLEKTHOIroO Moaynsd
- prg_3_1. wui

TpaHcnaums

nporpaMmbl prg_3_1.st
Tasm exe it
\I prg.3 1.crf |

Komnoxoeka |

NPOTPaMME! :

3. COSAAHUE 3ArPY3OHHOIO MOAYNA

4. OTNAOKA TNMPOrPAMMBI

Otnapka

npofpammel €
Tdebug.exe

Puc. 6.1. Cxema npoLiecca pa3paboTku nporpamMmbl Ha accembnepe

J171s1 BBITIOJTHEHU ST OCTAJIbHBIX 3TAIOB pa3pabOTKU TPeOYIOTCS CrieliMaau3upOBaHHbIE
IporpaMMHEBIe cpeacTBa 13 nakera MASM unm TASM. B xone HacTosiero oocyxmie-
HMS OyIyT OIMMCBIBATHCS CPENCTBa OOOMX IIAKETOB, HO B OCHOBHOM Ha mpumepe TASM,
MOCKOJIbKY TIpoliecc pa3paboTku accemOiepHbIX [IporpaMm ¢ MCMOIb30BaHUEM 3TOTO
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rakeTa 0ojiee HarisgaeH. B IIpUHIUNe, Bce makeThl acceMOjiepa BHIMOIHSIOT IPaKTUye-
CKHM OIHY paboTy, HO MO-pa3HOMY, HaIlpuMep, MaCKHPYIOT ¢ ¢ OMOILbI0 MHTETPUPO-
BaHHBIN CpeIbl MM 00BEIMHSIIOT HEKOTOPBIC 3TAIBl pa3paboTku. I1oHSB cyTh IIpeodpa-
30BaHUI MCXOIHOM MTPOrpaMMBbl, BEIIIOJHsIeMbIX ITakeToM TASM, ocBOMUTb Apyrue makeThl
accembJiepa OymeT Ha MOPSIOK JIerde M.

TpaHcnsuusa nporpamMmbl

Crnenyommuii mar Ha MyTA CO3JAaHUST UCTIOTHSIEMOTO MOJIYJS — MPAHCAAYUs TIPOTPAM-
MBI JIJIsI TpaHCIAIIMY HYXKeH IOATOTOBJICHHBIN 1 3aTTMCaHHbIN Ha IUCK UCXOMHBIN TEKCT
IPOrpaMMBbl (CM. JTUCTHHT 6.1).

Ha stane TpaHcasiuuy pemaeTcsl HECKOJIBKO 3a1ayu:

IepeBOA KOMaH acceM6JIepa B COOTBETCTBYIOIIMC MAIIMHHBIC KOMAaHIBI,
¢ TIIOCTPOCHUC TaOJIMILIbI CHUMBOJIOB;

pacIIpeHne MaKpOcCOB;
is ¢opmupoBaHue (daiina TMCTUHTA U OOBEKTHOTO MOJIYJIS.

IIporpaMmma, KoTOpas peajxm3yeT 3TH 3adadM, Ha3bIBaeTCs accembaepom. VITor pabo-
TBI acceMOJIepa — nBa ¢aiia: daiiin 00bEKTHOTO MOIYJIS M (haiiI IMCTUHTA.

Obsexmuuiii Modyab BKITIOYAET B ceOs IIpeACcTaBICHUE MCXOTHOM IpOrpaMMBl B Ma-
LIMHHBIX KOAX U HEKOTOPYIO APYrylo MH(OpMALMIO, HEOOXOAUMYIO ISl OT/IALKU U KOM-
IIOHOBKHU €T0 ¢ ApyruMu Monyismu. [lpu mcmonb3oBanun nakera TASM monydeHme
00BEKTHOTO MOIYJISI MCXOMHOTO (haiiyia IMIpOM3BOAUTCS IIPOrpaMMoOit (acceMObiepoM)
tasm.exe. dopmMaT KOMaHIHOM CTPOKM IS 3aITycKa tasm.eXe CIeTYIONINIA:

TASM [kntoun] wuma_ucxogHoro_aina [,uma_obvexkTHoro_gainal
[.vma_danna_nucTtudral {,umsa_taina_nepekpecTHbiX_CCbiNOK]

IToMHUTBL hopMaT KOMaHAHOM CTPOKU tasm.exe HeoOs13aTesIbHO. T1oaydnTh OBICTPYIO
CIIPaBKY O HEM Ha 3KpaHe MOXHO, €CJIM 3aITyCTUTh tasm.exe 0e3 mapameTpoB. O6paTuTe
BHHMAaHME Ha TO, YTO OOIBITMHCTBO MTApaMeTPOB 3aKJII0UYECHO B KBaIpaTHBIE CKOOKH. DTO
OOLIENMPUHSTOE CorJallieHre Mo 0003HauYeHNI0 HeobsI3aTeIbHbIX MapaMeTpoB. M3 atoro
cJelyeT, YTo 00s13aTeIbHBIM apTYMEHTOM KOMAaHIHOUM CTPOKM SIBJISIETCS JIUIIb UMS UC-
XomHOTO (haifyia. DTOT (haiiyl JOJKEH HAXOOUTHCSA Ha AMCKE W 00S3aTeIbHO MMETh pac-
IIMpeHne .asm. 3a IMEHEeM MCXOMTHOTO (paiiia yepe3 3aIsATyi0 MOTYT CIea0BaTh HEOOs -
3aTeNIbHBIC TTapaMeTphl, 0003HAYAIOIIMe NMMeHA 00BbEeKTHOTO (haitna, daiiya JMCTUHTA
" ¢aiiyia mepeKpecTHHIX CChUIOK. Ecim He 3amaTh UX, TO COOTBETCTBYIOIINE (haiiyibl 1MO-
IIPOCTY He OyayT co3maHbl. Ecam Xe X Hy:XHO c031aTh, TO HEOOXOIMMO YUYMTHIBATH He-
KOTOpBIE MOMEHTHI.

Ecnu nmena oobekTHOro haitna, aiina 1ucTuHra u aiijia mepeKpecTHHIX CChUIOK
IOJKHBI COBITAATh ¢ MMEHEM MCXOTHOTO (haiina (Hambojiee TUITMYHEIN CIydaii), TO
HYXKHO IIPOCTO ITOCTABUTh 3aIISIThIe BMECTO MMEH 3TUX (PailyioB:

tasm.exe prg 61 , , ,
B pesyabrate 6yayT co3aaHbl (Gaityibl ¢ OMHAKOBBIMU UMEHAMU U Pa3HBIMM paclIn-
pPeHMSIMM, KaK IMoKa3zaHo Ha puc. 6.1 mis BToporo sTama.

Ecimm mmeHa o6beKkTHOTO (haiina, daitna TucTrHTa 1/Iin (paiiia mepeKpeCcTHRIX CChI-
JIOK He TOJDKHBI COBIIAAATh ¢ MMEHEM HMCXOTHOTro (haiiia, TO HYXHO B KOMaHIHOI
CTPOKE YKa3aTh MMEHA HYXHBIX (DaiflloB B COOTBETCTBYIOIIEM IOPSAIKE, K IIPUMEDY:

5 3ak. 256
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tasm.exe prg 6 1 , ,prg_list,
B pesynbraTe Ha nucke OymyT cos3maHbl daiinsl prg_6_1.0bj, prg_list.lst, prg_6_1.crf.

+  Ecim TpebyeTcst BBIOOpOUHOE co3maHue ¢aifIoB, TO BMECTO HEHYXXHBIX (haiiJIoB He-
00xoauMo roacTaBuTh mapametp nul. Hampumep:
tasm.exe prg_ 6 1 , ,nul,
B pesynbrate Ha mucke OynyT co3manbl ¢aiinsl prg_6_1.0bj, prg_6_1.crf.

Heo6s13aTenbHbIN apryMeHT [KJII0UYM | MO3BOJISIET 3aaBaTh PEXKUM pabOThI TPAHCSI-
Topa TASM. DTHX KJII0Yei TOCTATOYHO MHOTO, U BCE€ OHM OITMCAHBI B IPUJIOKECHUM B
(http://www.piter.com/download).

Ilepen paboToii c MporpaMMOit tasm.exe KeJaTeIbHO TPOBECTH HEKOTOPHIE TTOATOTO-
BUTeIbHBIE onepanu. [locne ycranoBku maketa TASM B kartanore \TASM\BIN, rxe Ha-
xXomuTcs (aitn tasm.exe, MPUCYTCTBYET OOJBIIOE KOJWUYECTBO (haitioB. MoOXHO 3amyc-
THTB ITPOTPaMMYy tasm.exe IpsIMO OTCIOMa, HO TOTIa CO3IaHHbIE €10 (haliibl 00bEKTHOTO KOMIa,
JIMCTUHTA Y TIEPEKPECTHBIX CCHUIOK TOXE OKaXXYTCs B 3TOM Katajyore. Eciii BeI coompaeTcs
Harmcarh BCETo OHY ITPOrpaMMy, TO HEYIOOCTBO HE CTOJIb 3aMETHO, HO TIpX paboTe ¢ He-
CKOJIBKMMU TIporpaMMaMu O9e€Hb CKOPO 3TOT KaTaJor CTAHET ITOXOXMM Ha CBaJIKY. UTOOBI
M30eXaTh TOTOOHOM CUTYaIlny, PEKOMEHIYeTCS BHITTOJTHUTD OTTMCAHHYIO Aajiee TIPOIIeaypy.

1. Cosnaiite B kartasore . .\TASM B1oxenHbie kataioru . .\WORKwu . .\PROGRAM. Karanor
..\PROGRAM OyzneT ucmonb30BaThCsl AJIsI XpPAaHEHUST OTIAXEHHBIX KOJAOB MPOTPaMM
M UX MCIIOJHSIEMBIX MoayJieil (aitnos ¢ pacmmpenueM .exe). Karanor ..\WORK cta-
HeT paboYnM — B HEM OYAYT HaXOAMTHCS HEOOXOTUMBIE IJIST TIOJTyYEHUSI UCITOTHSIC-
Moro MonyJis ¢aiiibl U3 Tmakera TpaHciasgTopa TASM u (aiiim nCXOZHOTO MOy,
C KOTOPBIM B MTaHHBI MOMEHT BemeTcs padota. [lociie ycTpaHeHUsT OIIMOOK B MCXOI -
HOM MOJYJIE €eT0 BMECTE C MCIIOJHIEMBIM MOIYJIEM MOXXHO OyIeT IepernucaTh B KaTa-
7ot . .\PROGRAM, a u3 karasnora . \WORKynanute Bce HeHyXHbIe (hailbl, ITOOBI MO -
TOTOBUTH €T0 JIJIST paOOTHI CO CIAEAYIONINM UCXOTHBIM MOIYJIeM Ha acceMomepe. Takum
obpa3om, B Kartanore ..\WORK Bcerga Oyaer HaxoguThCsl pabovast BepCusl IIporpam-
Mbl, a B Karayore ..\PROGRAM — oTnaxeHHas Bepcus.

2. Tlomectute B karaior ..\WORK daiinel tasm.exe, tlink.exe u rtm.exe. Eciu B najnpHei-
mem B karanore ..\WORK He okaxeTcst KakKnx-To pabounx (aioB Bameil mporpam-
MBI, IPOTPaMMEI tasm.exe ¥ tlink.exe BBIIagyT COOTBETCTBYIOIIEE COOOIICHIE.

3. Tlomecture B katanor . .\WORK cdaiin prg_6_1.asm,

IMocne Bcex 2THMX AECTBUIT MOXHO HauMHATHh padoTy. IS 3TOTO CliemyeT MeperTr
B kaTasor ..\WORK 1 "HUTIMMpPOBATh TPAHCISAIIUIO TPOTPAMMBI prg_6_1.asm KOMaHIHOM
CTPOKOM BHIIA
tasm.exe /zi prg 6 1 , ,

B pesynpraTe Ha 3KpaHe MOSBUTCS ITOCIEIOBATEIbHOCTh CTpoK. CaMas TepBas u3
HUX OyZIeT comepxaTh MH(popMaInio o Homepe Bepcuu naketra TASM, KOTOPBIi UCIIONb-
30BaJICA IJIST TPAHCSIIMM TaHHOM IMporpaMMbl. B cremyrommeii cTpoke OymeT BBIBEIEHO
UM TpaHcaupyeMoro (aitma. Ecim mporpaMma comepXKUT OIIMOKH, TO TPAHCISITOP BBI-
JIaCT Ha 3KpaH CTPOKM COObIIEHUIT, HaunHarommecs coamu «Error» n «Warning». Xots
mporpaMma us aucTuHra 6.1 ciHTaKCMYecKy IpaBUIbHAs, B YI€OHBIX LEMSIX B HEe MOXK-
HO BHECTH KaKyl0-HUOYIb OECCMBICIIUILY X TIOCMOTPETh, UTO IMOTydnTcs. Hammame ctpoku
co cinoBoM «Error» GyaeT ToBOPUTH O TOM, YTO B IIPOrpaMMe €CTh HeTOMYCTUMBIE C TOU-
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KW 3peHUsI CUHTaKCcKca KOMOMHALIMKM CUMBOJIOB. JIorrka paboTsl TporpaMMbl IJis TpaHC-
JIITOpa HEe UMeeT HUKAKOro 3HaueHUsl. MOXXHO HanmucaTh abCOMIOTHYIO UYIllb, HO €CJIN
OHAa CUHTaKCUYECKU MpaBWIbHA, TPAHCAATOD MOCTEIUT 00paaoBaTh MOJb30BaTENsI, CO-
0o01MB eMy 00 oTcyTcTBUM olnboK. Hanuuune ctpoku «Warning» o3HayaeT, YTO KOHCT-
PYKUMSI CUHTAaKCUYECKH TMpPaBUJIbHA, HO HE COOTBETCTBYET HEKOTOPBIM COTJIAIIEHUSIM
SI3bIKA, U 3TO MOXET CIYXHUTb UCTOYHUKOM OIIMOOK B OYmyIIeM.

I ycTpaHeHUS OIMOO0K HY>KHO ONIPENeTUTh MECTO UX BOZHUKHOBEHUS U TpoaHa-
JIM3UPOBATh CUTYalMI0. MecToIoJIoKeHWe OLIMOKM JIeTKO OMpeAesseTcs Mo 3HaYeHUIO
B CKOOKax B COOOIIEHNU 00 OIIMOKe. DTO 3HAUYEHUE SIBISIETCS] HOMEPOM OIITMOOYHOIM CTpO-
KU. 3aTTOMHUB €T0, HY>KHO MepeiTH B (haiisl ¢ ICXOIHOM TPOTrpaMMOii ¥ TT0 HOMEpY CTPOKH
HaWTH MECTO OIIMOKH. DTOT CITOCO0 JTOKaIU3allMK OIIMOOK MMeeT HenocTaTku. Bo-Tep-
BBIX, OH He HarIsieH. Bo-BTOpBIX, He Bcerma HoMepa CTPOK B COOOILIEHUU COOTBETCTBY-
10T JeWCTBUTEIbHBIM HOMEpaM OIIMOOYHBIX CTPOK B UCXOAHOM (paiine. Takast cutyauust
Oyner HaOMIOOaThCd, HANpUMEpP, IMPU MCIOJIbL30BAHMM MaKpoKoMaHA. B stom ciydyae
TPaHCAATOP BCTaBISIET B (Dailyl JOTTOJHUTEIbHBIE CTPOKU B COOTBETCTBUU C OIMMUCAHUEM
IPUMEHAEMOM MaKPOKOMaHIBL, a B PE3YJILTATE IIPOUCXOAUT cO0l B HyMepauuu. [1o stum
COoO0OpakeHMsIM ISl JIOKaJU3aluy OIIMOOK JIydllle MCIOJb30BaTh MH(MOPMALIUIO U3 Clie-
LIMAJIbHOTO CO37aBaeMOTO TPAHCIATOPOM ¢haiina aucmunea. DTOT (paiil MMeeT pacilu-
penue .[st, a ero uMsa ornpeneseTcs B COOTBETCTBUM C PACCMOTPEHHBIMU BBIIIE COTJIA-
meHusIMU. B muctuHre 6.2 puBeeH MOIHbIMA hopMaT daiiia TUCTUHTA IJIsT TPOTrPaMMBI,
cojJiepkalleil HeKoTopble onoku. Maiiyl TMCTUHTA — 5TO BCEra OUeHb BaXKHBIM JOKY-
MEHT, U €My HYXHO YICJIUTh JOJKHOE BHUMAaHMUE.

Jinctnir 6.2. ﬂpvuvlép daina nucTnHra
Turbo Assembler Version 4.102/03/98 21:23:43 Page 1

Prg_6_1.asm

1l Prg_6_1.asm

2 ;Mporpamma mpeobpa30Badus IBY3HAYHOTO WECTHAAUATEPUUHOTO yycra
3 ;B CUMBOJBHOM BUIE B [BOWYHOE NpeACTasneHue,

4 ;Bxoa: MCXONHOe WMECTHANIATEPMYHOE YMCIIO M3 IBYX uUudp,

5 {BBOAUTCA C KIaBMATYPH.

6  ;BbiXxOA: De3yNbTaT IOMEMaeTCs

7 ;B peructp al.

8 ;

9 0080data segment para public "data" ;cerMeHT NaHHHX

10 0000 82 A2 A5 A4 A8 E2 AL+ message db "BeemuTe mBe wecCTHaAuUaTepuuHsle

umndipsl, $
11 20 A4 A2 A5 20 E8 A5+
12 El E2 AD A@ A4 E6 AQ+
13 E2 A5 EO A8 E7 AD EB+
14 A5 20 E6 A8 E4 EO EB+
15 2C 24
16 0025 data ends
17 0000 stk segment stack

18 0000 0100*(3F) db 256 dup ("?") ;CEeTMEHT CTeka

19 0100 stkends

20 0000 code segment para public "code" ;Havamo cerMeHTa Koma

21 0000 main  proc ;HAYalo MPOUenypH main

22 assume c¢s:code,ds:data,ss:stk .

23 0000 B8 0000s  mov ax,data ;aIpec CerMeHTa [NaHHHX B PEeTruCTpe ax
24 0003 8E D8 mov ds,ax ;ax B ds

25 0005 B4 09 mov ah,9
26 0007 BA @0@@mov dx,offset messag
**Error** Prg_6_l.asm(21) Undefined symbol: MESSAG

27 00BA CD 21 int 21h npodonrcenue
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Jiuctnur 6.2 (npogonxerune)

28 000C 33 CO xor ax,ax s OUUCTUTD PETUCTD ax
29 @00E B4 01 mov ah,lh  ;1lh B peructp ah
30 0010 ¢D 21 int 21h s TeHepallnsg INpepHBaHuMA ¢ HoMepoMm 21h

31 0012 8A DO mov dl,al i comepxyMoe peructpa al B peructp dl

32 0014 80 EA 30 sub dl,30h ;BbiyutTanne: (dl)=(dl)-30h

33 0017 80 FA 09 cmp dl, % ;cpaBEuTh (dl) ¢ 9h

34 001a 7E E4 jle MM ;mepeiiTy Ha MeTky M1, ecmy dl<9h win d1=9h
**Error** Prg 6 1.asm(29) Undefined symbol: MM

35 001C 80 EA 00 sub dl,777h ;sbuuTanmne: (dl)=(dl)-7h

**Error** Prg_6_1.asm(30) Constant too large

36 001FM1: ;onpeaeneHne MeTky M1

37 001F B1 04 mov cl,4h ;nepecsinka 4h B perucTp cl

38 0021 D2 E2 shl di,cl scasur comepxmoro dl Ha 4 paspsla BIEBO
39 0023 CD 21 int 21h ;BbI30B IIpepHBaHusg C HoMepoM 21h

40 0025 2C 30 sub al,30h ;Bbuuranue: (dl)=(dl)-30h
41 0027 3C 09 cmp al,%  ;cpaBHuTH (al) c Sh 28

420029 TE 02 jle M2 ;TlepeliTy Ha MeTky M2, ecmm al<9h umm al=%h
43 002B 2C 07 sub al.7h ;BouuTanue: (al)=(al)-7h - :
44 002DM2: ;onpeaenenue MeTky M2

45 002D 02 DO add di,al ; CTIOXEeHNe : (dl)=(dl)+(al)
46 002F B8 4C0Omov ax,4cO0h;nepecwinka 4cOBh B perucTp ax

47 0032 CD 21 int 21h ;BbI30B IIDEpHBAHUA C HOMepoM 21h

48 0034 main  endp ; KOHel Tpolenyps main

49 0034 code ends ;KOHEel] CeTMeHTa Kola

50 end main ;KOHeU TPOTPAaMME C TOYKOM BXOma main

Turbo Assembler Version 4.1 02/03/98 21:23:43 Page 2
Symbol Table

Symbol Name TypeValue  Cref(defined at #)

??DATE Text "02/03/98"

??FILENAME Text"Prg_6_1"

?2?TIME Text"21:23:43"

??VERSION Number 040A

@CpuU Text0101H

@CURSEG TextCODE #9 #17 #20

@FILENAME TextPRG_6_1 -

@WORDSIZE Text?2 #9 #17 #20

Ml NearCODE:(001F #36

M2 NearCODE:@02D 42 #44

MAIN NearCODE: 0000 #21 50

MESSAGE ByteDATA:0000  #10

Groups & Segments  Bit Size Align Combine Class Cref(defined at #)
CODE 16 0034 ParaPublic CODE#20 22

DATA 16 0025 ParaPublic DATA#9 22 23

STK 16 0100 ParaStack 17 22

Turbo Assembler Version 4.1 02/03/98 21:23:43  Page 3
Error Summary

**Error** Prg_6_1.asm(21) Undefined symbol: MESSAG
**Error** Prg_6_1.asm(29) Undefined symbol: MM
**Error** Prg_6_1.asm(30) Constant too large

®Daiin TMCTUHTA COMEPXKUT KOJ acceMbiiepa UCXOMHOM ITPOTpaMMBbl, a TAKKe paciu-
peHHYyI0 nH(opManuo 06 3ToM Koze. st Kaxkaoii KoMaHabl acceMobiiepa yKa3biBaloTCs
ee MallIMHHBIN (00BbEKTHBIN) KO M CMEIlleH!e B KOJOBOM cermeHTe. Kpome Toro, B KOH-
ue auctuHra TASM dopmupyet Tabauiibl ¢ nHbOpMaIueir 0 MeTKax U CerMeHTax, uc-
_TIOJIb3yeMBbIX B TIporpamMme. Eciv ecTb ONIMOKM WJIM COMHUTEbHBIC YYacTKM KO, TO
TASM BKiII09aeT B KOHEI[ JIMCTUHTA COOOIIEeHNU 0 HMX. Eciii cpaBHUTD UX C COOOIIICHH -
SIMM, BBIBOAMMBIMU Ha 3KpaH, TO BUAHO, YTO OHM COBMajaaroT. KpoMe TOro, 4to ovyeHb
yI0OHO, 3TH Xe COOOLICHMS BKJIIOYAIOTCS B TEKCT JIMCTUHTA HEMOCPEICTBEHHO TOCie
OIIMOOYHOI CTPOKH.



Mpouecc paspaboTtkn nporpamvel 133

Ctpoku B aiijie TMCTUHTa UMEIOT CJIeNYIONInii (hopMar:
rnybuHa_BRNOXEHHOCTWU HOMEP_CTPOKM CMEIICHUE MAWWHHLIA_KOA MCXOAHLIA_KOA
© Jlajiee omucaHO KaxJI0€ U3 dTUX MOJei:

my6UHa_BNOXEHHOCTU — ypOBEHb BIOXKEHHOCTH BKJIIOYAEMBIX (AiIOB WM MaKpO-
KoMaHJI B (aiine.

U HOMep_CTPOKW — HOMep CTPOKM B haiiyie tucTrHTa. HoMepa CTpoK JIMCTUHTA UCTIOJb-
3yI0TCS ISl JIOKATU3aluy OIUMOOK ¥ (POPMUPOBAHUS Mabaulbl NEPEKPECTHbLX CCbLIOK.

IIPUMEYAHUE  Kak yxe ymoMuHaaoch, HOMepa CTPOK JIUCTUHTA MOTYT HE COOTBETCTBO-
BaTb HOMEpaM CTPOK B UCXOOHOM (aiine. B nobapieHue K cka3aHHOMY pa-
Hee HYXHO OTMETUTb, 4To B accemoOiepe umeercs: nupektusa INCLUDE,
KOTOpasi MO3BOJISIET BKIIOUUTDH B (dailn cTpoku apyroro daiina. Hymepa-
LM TPU 3TOM, KaK U B CJIy4ae MAaKpOKOMaH/I, OyeT mocae0BaTe IbHas 1151
cTpok oboux Qaitnos. PakT BIOXKEHHOCTH Ko OXHOTO (aiina B Ipyroi
(buxcupyeTcs yBeIMueHIMEM 3HAUSHUS TTOJIS «[J1yOHHA_BJIOXKEHHOCTH» Ha
eIUHMILY. DTO 3aMeyaHKe KacaeTcs U MAaKpOKOMaH,.

CcMellleHre — CMelleHre B 6aiiTax TCKyH_[Cﬁ KOMaHIbl OTHOCUTEJIBbHO Ha4Yajla CCTMCH -
Ta Kola. DTO CMeIleHNe Ha3bIBAIOT TaKXKe CHeMUUKOM adpeca. BCJ'H/I‘-II/IHY CMCIICHMU A
BBIYUCIIACT TPAHCIATOP OJIA aApecallii B CCrMEHTE Koza.

MaWKWHHBIM_KOA — MalllMHHOE MpeacTaBlIeHre KOMaHIbl acceMbepa, MpeacTaBieH-
HO Jajiee B 3TOM CTPOKE ITOJIEM UCXOAHbIN_KOA.

S WCXOMHbIA_KOJ — CTpoKa KoJa M3 MCXOTHOTOo (aiia.

JNanpHeinye 1efiCTBUS MPOrpaMMUCTa JOJXKHEI 3aBUCETh OT XapakTepa olnoku. [1o
Mepe HaKOTUICHUS OTbITa OIMUOKN OYAYT IMTPOMCXOAUTH Yallle BCETO B pe3ysIbTare Ipo-
CTHIX ONMMCOK. Ha TepBBIX MOpax ocoboe BHUMaHWE CIEMyeT YAENSITh MPaBIIBHOCTH
HaITMCaHWS CHMHTAaKCUYECKUX KOHCTPYKIINI, TaK KaK ONMMMOKNA CMHTAaKCUCca — CaMble
pacmpocTpaHeHHBIe. McTIpaBUB HECKOIBKO MEPBHIX OMMOOK, CICAYET ITePeTPAHCIUPO-
BaTh MIPOTPaMMy U TIPUCTYITUTh K YCTPAaHEHUIO CICAYIOIINX OMMMOOK. Bo3MoxHO, 9TO
9TOTO MeaTh He TPUAETCS, TaK KaK IOCIie UCITPaBICHUS OMHOW OIMMMOKN MOTYT MCYe3-
HYTb U TNOcJenytolmue (Tak Ha3blBaeMble HagedeHHbie OUTNOKU).

O HOpPMaJIbHOM OKOHYaHWM TIpOliecca TPAHCISILIUKA MOXHO CYIWTh IO OTCYTCTBHUIO
CTPOK C COOOIIEHUSIMU 00 OIUOKaX U MPEeAYNPEXKICHUSIX.

H3ydass BHUMaTeIbHO (haiijl TUCTUHTA, CIeayeT oOpaTUTh BHUMaHME Ha TO, YTO HE
BCE CTPOKU MCXOMHOM MTPOTPaMMBI MMEIOT COOTBETCTBYIONTNI MaITMHHBIN KO (CTPOKHU
9, 16, 17, 19...22, 48...50). DTO 0OGCTOATEIBCTBO OOYCIOBIECHO TEM, YTO UCXOAHBIN aiin
Ha acceM0bJiepe B OOIIEM CIIydae MOXET ColepKaTh KOHCTPYKIIUM CIISAYIONIUX TUTIOB:

KomanObl accembaepa — KOHCTPYKIIMU, KOTOPBIM COOTBETCTBYIOT MAlllMHHBIE KO-
MaH/IbI;

*

dupexmuenl accembnepa — KOHCTPYKILIMHM, KOTOPbIe He T€HEPUPYIOT MAIIMHHBIX KO-
MaH]I, a IBJISTIOTCS] YKa3aHUSIMU TPAHCISITOPY Ha BBIITOTHEHME HEKOTOPBIX AEMCTBHIA
WM CJYXaT IJIs1 3aJaHusT peXruMa ero pabdoThl;

MAKpOKOMaHObl — KOHCTPYKIIMHU, KOTOPBIE, OYAydIM TPEACTaBICHBI OTHON CTPOKOM
B UCXOTHOM ¢hailie mporpaMMBI, TTociie 00pabOTKU TPAHCIATOPOM TeHEPUPYIOT
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B 00BEKTHOM MOJYJIe MOCAeA0BAaTEIbHOCTh KOMaH/, TUPEKTUB MU MaKpOKOMaH/I
accemouiepa.

CDopMaT q)afma JIMCTUHIa MU €ro IoJIHOTA HE ABJAIOTCA KECTKO PETJIaMCHTUPOBAH-
HbIMU. MIX MOXHO M3MEHHTB, 3a/1aBasi B HICXOJHOM (haiijie IporpaMMBbI OUpeKmuesl ynpag-
nernusi aucmuneom (ipunoxenue I, http://www.piter.com/download).

KomnoHoBKa nporpamMmmbl

[Tocne ycTpaHeHUST OLIMOOK U MOJTyYeHUSI 0OBEKTHOTO MOJTYJISI MOXKHO MPUCTYNATh K Clie-
JyIoIlleMy 3Tally — CO3MaHUI0 MCITOJIHSIEMOro (3arpy304HOr0) MOIYJS, WM, KaK elle
HAa3bIBAIOT 3TOT MPOLIECC, K KOMNOHOBKe npoepammsl. I'1aBHAs 11e1b 9TOTO 3Tana — Ipe-
00pa3oBaTh KON W JaHHBIE B OOBEKTHBIX (aiijlax B UX nepemelujaemoe GulnoAHseMOe
omoobpaxycenue. YToObI MOHSATH, B YeM 3[eCh CYyTh, HY>XKHO pa30o0paTbcs, 3a4eM BOOOILE
pa3aeasoT MpoLECC CO3JaHUs UCIOJHSEMOro MOMYJSl Ha Ba 3Tana — TPaHCISIUAI0
1 KOMITOHOBKY. DTO cleJlaHO HAaMEPEHHO, YTOOBI MOXKHO OBLIIO 0OBbEIUHITH BMECTE MO-
JyJY, HallMCaHHbIE Ha OMHOM UM TOM Xe€ WY Ha pa3HbIX sg3bikax. PopMaT 00bEKTHOTO
(aiina MO3BOISET MIPU OMPEACTICHHBIX YCIOBUSX O0BEAMHUTH HECKOJIBKO OTAEJIbHO OT-
TPAHCJIUPOBAHHBIX UCXOAHBIX MOMYJIEH B ONUH MOAYJb. [Ipy 3ToM B GYHKIIUU KOMIIO-
HOBIIIMKA BXOAMT pa3perieHre BHEITHUX CChUIOK (CCBUTOK Ha BHEIITHUE MPOLIETYPHI U T1e-
pPEMEHHBIE) B 3TUX MOAYJIsIX. Pe3yabraToM paboThl KOMIOHOBILMKA SIBISETCS CO3NaHUE
3arpy3ouHoro (aiina c paciupeHueM .exe. [locie 3Toro onepauoHHas CUCTEMA MOXET
3arpy3uTh Takoit aiijl B MaMsTh U BBITTOJHUTb €rO.

[TonHbII hopMaT KOMaHIHON CTPOKU IJIs 3aIyCKa KOMITOHOBIIIMKA TOBOJBHO CJIO-
>X€H (B 9TOI U B OOJIBIIIMHCTBE CJIEAYIOIIMX [JIaB Mbl B OCHOBHOM OyJIeM MCIOJIb30BaTh
VIPOIICHHBIN (hopMar):

TLINK [kmoun] cnucok_obbvekTHeix_thannos [, umsa_3arpy304yHoro_moayns]
[.uma_taitna_xkaprel] [,uma_tana_6ubnuoteku] [,ums_tdakna_onpegenerui]
[.uma_pecypcHoro_thaitnal

[TapaMeTpbl KOMaHIHOM CTPOKM IS 3allycKa KOMIIOHOBIIMKA MEPEUMCIICHBI JaJiee.

KJIOUYU — HeoOs3aTe/IbHbIE MapaMETPhl, YIIPABISIONINE PAOOTON KOMIOHOBIUIAKA.
Crnicok HanboJIee YacTo UCITOJb3yeMbIX KTI0Uel TpuBeneH B mpuiaoxenuu B (http://
www.piter.com/download). Kaxxmomy Kitouy 1oJKeH MpeAiecTBOBaTh CUMBOJ - (f1e-
duc) wim / (cnerr). Ipu 3amaHuy UMeH KJI0Yel MMeeT 3HaUeHUE PETUCTP CUMBOJIOB.

CNUCOK_06beKTHbIX_(haitnoB — 00sA3aTeIbHbII TapaMeTp, COdepXKaIIUil CIIMCOK KOM-
MOHYeMBIX (haiiioB ¢ pacimpeHreM .obj. Daibl TOJKHBI OBITh pa3iesieHbl Tpode-
JlaM¥ WIM 3HaKoM + (TUTioc), HarmpuMep:

tlink /v prog + mdf + fdr

[1pu HeoOxomMMoOCTH UMeHa GaiiioB CHAOXAIOT yKa3aHUeM ITyTH K HUM.

UMA_3arpy304HOro_MOAyNs — HeoOs3aTeIbHBIN MapaMeTp, 00o3Havaumit ums dop-
MUPYEMOTO 3arpy304HOro MoayJist. Eciii OHO He yKa3aHo, TO UMs 3arpy304HOr0 MO-
IyJis OyIET COBNANATh C MEPBLIM UMEHEM B CIIMCKE MMEH OOBEKTHBIX (hailIoB.

umA_thailna_xaprel — HeOOS3aTEIbHBIN TApaMETP, HATMUUE KOTOPOTO OOS3BIBAET KOM-
TMOHOBIIVK CO3[aTh CIIeUMAIbHBIN (paii ¢ KapToit 3arpy3kKu. B Hell mepeuncasiorcs
MIMEHA, ajgpeca 3arpy3Ky U pa3Mepbl BCEX CETMEHTOB, BXOIAIIMUX B IIPOrpaMMy.

it uMma_gaitna_bubnamoTekn — HeoOA3aTENBLHBIN TApaMETP, KOTOPBIA MpPeNCTaBIsgET CO-
oot myTh K daitny 6ubauoreku (.1ib). Dror daitn cosmaerca u odcIyKUBaETCs CIie-
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uanbHOM yrunuToii tlib.exe makera TASM. YTunnra no3sosser o0beAMHUTD 4aCTO
MCTIOJIb3YEMbIE MTOJANPOrpaMMbl B BUJIe OOBEKTHBIX MOAYJEW B oauH Gaitn. B nanb-
HeMWIleM MOXHO IMPOCTO YKa3bhiBaTh B KOMaHIHOM cTpoKe tlink.exe mMeHa HyXKHBIX
JUIST KOMITOHOBKY OOBEKTHBIX MoOIyJeil M ¢ain 0ubinoTreku, B KOTOPOM ClIeAyeT
MCcKaTh 3TU noarnporpammbl. Eciau koMmnonyeTcst Windows-nipuiioxeHue, TO Ha Mec-
Te mapameTpa MMA_tbaina_6bubnuotekn JOKHO YKA3hIBATHCA MMs OMOIMOTEKU MM-
nopra (riaasa 16).

umsa_caitna_onpefeneHuit — HeoOA3aTENbHBIA TAPAMETP, KOTOPLII IIPEACTABIISIET CO-
Ooit myTh K daitny onpenenenuii (.def). DToT daiin ncmoab3yeTcs Mpu KOMIIOHOBKE
Windows-npunoxeHnuit (riasa 16).

#  UMA_pecypcHoro_talina — HeoOs13aTeJIbHBIN MapaMeTp, KOTOPbIA MpPeICcTaBIseT Co-
6ot myTh K daitny ¢ pecypcamu Windows-nipuioxenus (.res). Dtor ¢aill UCIoiIb-
3yeTcs npu KoMrnoHoBke Windows-nipunoxeHuii (rinasa 16).

PaccMmoTpeHHBII HaMu hopMaT KOMaHIHOM CTPOKM UCTIONB3YETCS U TS 32-pa3psi-
HOTro BapMaHTa KoMIoHoBIIMKa tlink32.exe.

Cy1iecTByeT BO3MOXHOCTD 3aJJaHUs TapaMeTPOB KOMaHIHOM CTPOKU KOMITOHOBIIH -
Ka B TeKCTOBOM (aiisie. [l 3TOro Hy>XHO co3aars daiin ¢ umeneM tlink.cfg (tlink32.cfg).
[Ipu BHI30BE KoMMoOHoBIIMKA tlink.exe ¢ mapamerpoM tlink.cfg (tlink32.exe tlink32.cfg)
eMy OyIeT nepenaHo copepxumoe daiina tlink.cfg (tlink32.cfg). Hanpumep, Tekcr KoH-
durypaunonnoro ¢daiina tlink32.cfg nnsa cozmanus ucnonHsiemoro daitna Windows-
MPWIOXEHUS C OTJIaI0OYHON MH(BOPMaIlKell TOKEeH BBITJISIICTh TaK:

/V
/Twe .

Taxk xe Kak ¥ B ciIydyae KOMaHIbI tasm.exe, COBCeM He 00s13aTeIbHO 3aIIOMUHATh IO-
IpOOHO CMHTaKcHC KoMaHabl tlink.exe. 11 TOro 4ToObl MOJYYUTh CIIMCOK KJTIOUEH Mpo-
rpamMMBl tlink.exe, 1OCTaTOYHO MPOCTO 3aMyCTUTH e¢ Oe3 TapaMeTPOB.

JIJ1s1 BBITOJHEHMS HALIIETO TPUMEPa 3aIyCTUM Nporpammy tlink.exe komaHaHOIi cTpo-
KOW Buga
tlink.exe /v prg_6_l.obj

B i)e3yﬂbTaTe BBI IIOJIYYMTE UCITOJIHAEMBII MOAYJIb C pacIIMpeHueM .exe — prg_6_l.exe.

[TosyuuB ucnoNHsAEMbI MOIYJIb, HE CIIEIINTE pagoBaThcs. K coxalieHuIo, ycTpaHe-
HUE CUHTaKCUYECKMX OLIMOOK €llle He TapaHTUPYET, UTO Mporpamma OyaeT XOTs Obl 3a-
MyCKaThCsl, HE TOBOPS yXKe 0 ee MpaBUIbHOU padoTe. [loaToMy 00s13aTeIbHBIM 3TallOM
npoiiecca pa3paboOTKU SIBISETCS omaadka.

OTtnapgka nporpamMmmbl

Ha sTamne oT/iafKu B COOTBETCTBHE C aITOPUTMOM IIPOBEPSIETCS IPAaBUIBHOCTD (PYHK-
LIMOHUPOBAHUA KaK OTACIbHBIX q)paFMeHTOB KoJa, TaK M IIporpaMMBI B LIEJIOM. HO Jaxe
yCIEIHOE 3aBepLICHUE OTIAIKY elle He ABISETCS FapaHTUE TOro, 4yTo porpaMma 6y-
aeT pa60TaTb IMpaBUJIbHO CO BCEMU BO3MOXKHBIMU UCXOOAHBIMU JaHHBIMU. nOBTOMy HYX-
HO 0053aTEILHO TIPOBECTH MEeCMuposanie POTrPaMMEL, TO €CTh TPOBEPUTE €€ paboTy Ha
«IIOTPAaHUYHBIX» U 3aB€AOMO HEKOPPECKTHBIX UCXOAHBIX JaHHBIX. ﬂﬂﬂ 3TOro CoCTtaBJid-
IOTCS TECTHI. Bl‘lOJ’lHe BO3MOZKHO, YTO PE€3YyJbTAaTbl TCCTUPOBAHUA HC YIOBJICTBOPAT pa3-
paboTyuka mporpaMMbl. B 3TOM citydae eMy mpuIeTcs BHOCUTH MOTPaBKM B KO IPO-
IPaMMBI, TO €CTh BO3BpAllaThcd K MEpBOMY LIATY TpoLecca pa3padotku (cm. puc. 6.1).
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Cneuucduka mporpaMm Ha acceMOyiepe COCTOUT B TOM, YTO OHU MHTEHCUBHO paboTa-
0T C anmapaTHBIMU pecypcaMy KOMITbIOTeEpa. DT0 0OCTOSITEIbCTBO 3aCTaBIISIET MTPOrpaM-
MMCTA MOCTOSTHHO OTCJIEXMBATh COAEPKUMOE OIpeNeICHHBIX PETUCTPOB U O0JIacTeid
namsTU. EcTecTBEHHO, UTO YeJ0BEKY TPYAHO CJIEAMTh 3a 3TOM MHbOpMalueid ¢ 60Jb-
1I0# CTeTeHblo AeTanu3auun. [1o3ToMy ISl JIOKaIM3aluy JIOTMYECKUX OIMOOK B TIPO-
rpaMMax MCIIOJIb3YIOT CITEIMAIbHBIN TUIT TPOTPaMMHOTO 00eCTIeUeHUST — MTPOTrPaMMHBIE -
omaaoduuKu.

OTiaayuKu ObIBAIOT ABYX TUIIOB:

* uMmeepuposanHvie OTIANYUKM, PEalM30BaHHBIC B BMIE MHTETPUPOBAHHOM CPEIbI,
HalmoMMHalolel cpeay sl A3bIKkoB BbIcOKOro ypoBHs (Turbo Pascal, Visual C++
UT. 1),

a8mMoHOMHble OTIAMYUKH, TIPEACTaBIISIIoONINe cO00i OTHeIbHbIe TTPOrPaMMBI.

Hu oguH u3 paccmatpuBaeMbix Hamu accemosepoB (MASM, TASM) He umMeeT cBo-
el MHTerpupoOBaHHOM Cpe/ibl, MO3TOMY [JIs OTJIaJAKM HallMCaHHbBIX Ha I3bIKe accemoiiepa
MpoTrpaMM HCIOJIb3YIOT MO0 aBTOHOMHBIE OTJagYMKM, JUOO OTIaAUMKU HEKOTOPOM
cpelbl mporpaMMmupoBanus (Hanpumep, Visual C++). C noMouibio aBTOHOMHOIO OT-
JIaTyrKa MOXHO MCCeq0BaTh paboTy JII0OOOH MpOorpaMMbl, IJIsl KOTOPOi CO3IaH UCION-
HsIeMBbII MOJYJb, HE3aBUCUMO OT TOTO, Ha KaKOM $I3bIK€ ObLJ1 HAalMCaH €ro MCXOMHBII
TekcT. JIuist yueOHBIX Lesieit HU OOUH U3 3TUX MOAXOJ0B He TIpUeMJieM, TaK Kak TpeoyeT
3HAHUH, KOTOPBIMY HAYMHAIOIINI IIPOrpaMMHUPOBATh Ha acceMOJiepe, CKOpee BCero, eIlie
He o0samaer.

NNPUMEYAHUE ITouemy B yyeOHMKe MHOrO niporpamm it MS-DOS? Beab BpemeHa Mac-
COBOTO MCIOJb30BaHMS 3TOI OMEePaMOHHON CUCTEMBI JaBHO MPOIIH.
Ha ceropusimnuii nens y atoit OC octancst onuH, HO 04eHb BaXHbII aCTIEKT
ee TIPUMEHeHUS] — MeToIr4ecKuid. OTBIT IIOKA3bIBAET, UTO TIPU O0YUeHUU
J000My SI3BIKY TIPOTPAMMUPOBAHMSI, B TOM YHCJIe acceMbiiepy, Ha MepBoM
MecTe TOJKeH OBITh caM S3BIK, a He TPOTPAMMHbIE CPEICTBA MOMIEPKKH
npoliecca MporpaMMUPOBaHKS Ha HeM. B 3TOM KOHTEKCTe OTMETHUM JBa
MOMeHTa. Bo-mepBbiX, HAUMHAKOIIEMY U3yYaTh acceMOJiep Jierye 00bsSICHUTD
TIPUHIMITEL TIOCTPOEHMS ¥ PabOThl acceMONepHBIX TPOrpaMM B cpele pe-
anmbHoro pexuma (MS-DOS), yem zamumenHoro (Windows). Ilo mepe
HAKOTIIEHMST PAKTUYECKOTO OTIBITA M TEOPETHIECKHMX 3HAHUIA C IIENbI0 X
HapalMBaHUs MOXHO TIePEXOIUTh K paboTe ¢ 6onee CIOXHBIMU MPUIIOXKe-
HUSMU, B TOM YUCTIE U IS OnepalinoHHoii cucteMbl Windows. Bo-BTOpBIX,
111 OOJIBIIMHCTBA M3YYAIOIINX SI3BIK acceMOyepa ero OCBOSHME SIBISETCS
TIPOMEXYTOYHBIM 3TAIlOM Ha ITyTH K peau3allid HEKOTOpOii Oonbliei 3a-
naun. [loatoMy momaBsioniee OONBIIMHCTBO TIaB JAHHOTO yueOHMKA T10-
CBAIIIEHO PAacCMOTPEHMIO PA3IMYHBIX TPYIIT KOMaHJ acceMOyiepa, IS Jie-
TaJIbHOTO U3YYEeHNsT KOTOPBIX BIIOJIHE AOCTATOYHO CPEIbl PeabHOTO PeXrMa
(MS-DOS).

ITaketsl TASM u MASM wumelot noctaToyHo 3¢h@eKTUBHbIE HHCTPYMEHTHI pa3pa-
060TKM TporpaMm st cpeasl MS-DOS, paboTy ¢ KOTOPbIMU BITOJIHE MO CUJIaM OCBOUTh
Jaxe HauyMHawouieMy nporpaMMucTy. KoHeuHo, ceifyac Majo KTO MUIIET MPOrpaMMBbl
st cpenst MS-DOS, moatomy paboty ¢ 16-pa3psiTHBIMM MHCTPYMEHTaMU ITaKETOB
TASM u MASM HyXHO paccMaTpuBaTh KakK YacTb METOJUKY OOyYeHUSI. AHAJIOTUYHbBIE
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paccyXIeHHs OTHOCATCS U K cpelcTBaM OoTiaanku. B stoit kaure mis mporpamm TASM
pealbHOro pexuma OyaeT MCIO0Jb30BaThCsl 16-pa3psnHblii oTiaaguuk Turbo Debugger
(TD), paspaborannsiit pupmoii Borland International. BTo Hamboee yoauyHbINA OTIAI-
YUK U acCeMOJIEpPHBIX TTPOTpaMM pealibHOTO pexXuma. [TpMHIMMKUANIbHO BaXHO, YTO
pabora ¢ TD mpuBuBaeT HaBBIKM, KOTOPBIC HABEPHSKA OKAXYTCS TOJE3HBIMM IIPH pa-
00Te ¢ APYTUMU OTJIaAYUKaMK, HallpUMep C OTIaAYUKOM Ccv.exe u3 maketa MASM.
Otnamunk TD mpencraBisieT co00ii OKOHHYIO Cpeoy OTJIagKH IIpOrpaMM Ha YpOBHE
HCXOJTHOTO acceMbiiepHoro Tekcra. OH TO3BOJISIET PELIUTh IBE TIaBHbIC 3a1auu:

OIIPEIEIUTh MECTO JIOTUICCKOM OLINOKY;

OTPEJeTUTh MPUYMHY JIOTUIECKOM OIIMOKY.
[lepeuncauM HeKOTOpBIE BO3MOXHOCTU TD:

TpaccUpOBKa MPOrpaMMbl B MIPSIMOM HAIpPaBJICHUU, TO €CTh MOCJIEAOBATEIbLHOE BbI-
MOJTHEHUE MPOTPAMMBbI, IPY KOTOPOM 32 OIMH IIAT BBHITIOTHSETCS OMHA MAllMHHAS
WHCTPYKIIUS;

TpaccCUpOBKA MPOrPaMMbl B OOPaTHOM HAIPaBJICHUU, TO €CTh BHITMIOJIHEHUE TPOTPaM-
MBI 10 OTHOM KOMaH/Ie 3a OIH 1Iar, HO B OOpaTHOM HarpaBJIeHUN;

MPOCMOTpP U M3MEHEHME COCTOSHUS alllapaTHBIX PECYPCOB IMPOILIECCOPa BO BpPeMs
TPACCUPOBKH.

BTH OeiiCTBUS TIO3BOJIAIOT OMPEASTUTh MECTO U MCTOUYHMK OIIMOKM B MpOrpamMe.
HyxHo cpa3y oroBoputhesi, yto TD He M03BOISIET BHOCUTH UCIIPABICHUS B MCXOMHBIN
TeKCT mporpamMMbl. OHAKO TIOCIIe OTpeae/ieHUS TPUUMHBI OIIMO0YHOM CUTYyallh MOX-
HO, He 3aBepliasi paboTy OTJIaauvKa, BHECTM MCIIPaBIEHUsI TPSMO B MAalIMHHBINA KOJ
Y CHOBA 3aIyCTUTh Niporpammy. [TocKobKy mocie 3aBeplieHus] paboThl OTIaIunKa 3TH
M3MEHEHHUsI He COXPaHSIOTCS, Ha TPaKTUKe TION0OHOEe TPSIMOe BHECEHKME U3MEHEH U1 B KOJT
He TIpUMEHSII0T. MI3MeHeHUs BHOCST B UCXOIHBIM TEKCT IPOTpaMMBbl, 3aHOBO CO3al0T
3arpy304HbIif MOYJIb, KOTOPBI CHOBA 3arpyKaloT B OTJIaqUUK.

[paBuibHast opraHM3alus Tpoliecca MOoJyYeHUs] UCTIOTHAEMOTro MOIYJIsI, TTPUTOJ-
HOTO IS OTJIAIKW HA YPOBHE MCXOJHOTO TeKCTa, pacCMOTpeHa paHee. Jlanee mepeduc-
JIEHBI KJTIOUeBble MOMEHTBI 3TOTO TpoIiecca.

# B ucxomHo#l mporpaMMme 00sI3aTeIbHO A0JKHA ObITh OTpe/ie/ieHa MeTKa IS epBOi
KOMaHjIbl, ¢ KOTOPOil HAuHETCs BBIMOJTHEHUE TporpaMMbl. Takasi MeTKa MOXET ObITh
COOCTBEHHO METKOM MIIN, KAaK BUIHO U3 ucThHTa 6.1, nMeHeM mpouenypsl. v ool
METKU 0053aTeJIbHO TOJIKHO OBITh YKa3aHO B KOHIIE TPOrPaMMBbl B Ka4eCTBE OTiepaH-
na nupekTuBsl END:

end wma_meTkm
B Hamrem ciryyae 3Ta MeTKa SIBJISIETCST MMeHeM Tpoueaypsl MAIN.

#% McxomHbI MOIYJIb TOKEH OBITh OTTPAHCIMPOBAH C KJIIIOYOM /Zi:
tasm /zi wma_ucxopHoro_modyns , ,
Kuntou /zi pasperniaer TpaHCIATOPY COXPAHUTDH CBSI3b CUMBOJIMYECKUX UMEH B TMPO-
rpaMMe C UX CMEIEHUSIMU B CETMEHTE KOJa, YTO MO3BOJISIET OTJAAMYUKY BHITIOJHSTh
OTNANKY, UCTIONb3YSI OPUTUHAIbHBIC UMEHA.
# PemaxTtupoBaHMe MOMYIS HJOJDKHO OBITh OCYIIECTBJICHO C KIIIOYOM /V:
tlink /V uMA_o6beKkTHOro_moayns
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Kiiou /v yka3biBaeT Ha HEOOXOIUMOCTb COXpaHEHMUSI OTﬂa}lO‘{HOI/I nHpopMauuu
B UCHOJHsIeMOM daiine.

¥ 3amyck OTJamyuKa yaoOHee MPOM3BOIMUTH M3 KOMAHIHON CTPOKHM C YKa3aHUEM MC-
MOJTHSIEMOT0 MOJYJISI OTJIaXXMBAaeMOM ITPOTPaMMBI:
td VIMﬂ_MCﬂOﬂHﬂE_MOrO_MOLlyﬂﬂ

Kcratu, cam ¢aiin otaguuka td.exe J0rMuyHO TaKXKe MTOMECTUTh B HAlll pabounii Ka-
tajor ..\WORK. M3HauasnbHO ¢aiinbl oTiagunka Haxonsrcs B Katamore ..\BIN makera
TASM. Ecnu Bce xe daiin td.exe 1 ¢dailyl UCTIOJHSEMOTO MOMIYJISI MPU 3alycKe OyayT
HaxOAMThCS B pa3HbIX KaTajorax, To B KOMaHJAHOU CTpOKe HEOoOXOIUMO yKa3aTh MyTh
K 3TOMY MOJYJIO, HAalpUMeED:
td c:\tasm\work\uma_moayns . exe

[Tpy npaBUJIbHOM BBITTOJHEHUU MEPEYUCIEHHBIX JEUCTBUI OTKPOETCSI OKHO OTJIal-
yrka TD nox HazBanueM Module ¢ ncXoaHBIM TEKCTOM mporpaMmer prg_6_1.asm. Kak on
3[eCh 0Ka3aJcs, Bellb B KOMAaHIHOU CTpoKe JJisl porpaMMsl td.exe ObUIO yKa3aHO TOJIb-
KO UMSI UCIIOJTHSIEMOTo MOAYJIsA? DTO KakK pa3 U eCTh Pe3ysbTaT AeUCTBUS KIlouelt /zi
u /v s tasm u tlink cooTBeTcTBeHHO. X MprMeHeHMe MO3BOJIMIO COXPAaHUTh MH(OP-
Maluio 00 UCMOIb30BaBIIMXCS B KOJE Ha acceMOJiepe CUMBOIMYECKUX UMeHax. s mos-
HOTBI 3KCIEPUMEHTa MOXHO MOTMBITAThCS MOJNYYUTh UCHOJTHSIEMbIII MOAYIb Oe3 3a1a-
HUS 9TUX KJIIOUYEl ¥ MPOaHaTU3UPOBATh Pe3yJIbTarT.

BepHemcst kK okHy Module (puc. 6.2). BHuMaHue ciemyer o0paTuTh Ha TaK Ha3biBae-
MBI Kypcop ebinoanenus (B BUIe TpeyrojbHuKa). OH yKa3biBaeT Ha MEPBYI0 KOMaHAY,
MO/IJIEXAIIYIO BHIIOJHEHUIO. DTON KOMaHe MPeAllecTBYeT UMSI METKU (B HallleM CIIy-
yae poJib METKM BBITIOJHSAET UMsS NPOLIEAYpPhl). DTO TaK Ha3biBaeMmasl mouyka 6xodda B
nporpammy. Eciu BHMMaTeIbHO MOCMOTPETh HA KOHEIl MCXOMHOTO TEKCTa MPOrpaMMBbI, TO
BUJIHO, YTO 3TO e UMSI 3alTMCaHO B KaueCTBE ONEPaHIa B 3aKI0UUTeIbHOM nupekTuse END.
DTO eAMHCTBEHHBIN crocod cooduuTh 3arpy3dyuky OC o ToMm, rae B MCXOIHOM TEKCTe
MporpaMMBbl pacnojoXeHa Touka Bxoja B Hee. B GoJiee C10XHBIX MporpamMmMax 0ObIYHO

~data segment Eara publlc data CerMenT JaHHBIX

‘message Be;lMTe m;e uecTHAAUATEPHYHNE uuq:pu LA

‘data ends i -

- stk segment stack - v :

. db 256 dup ("?") ,cermeHT crexa-

stk ends ’ : L
code segment para publ:l.c "code" .Hauano cerMeHTa Kona- ©o
ma:Ln proc jH&4aA0 IponepypH main . -

ssume csicode ds datasssistk :

mou ax,data jaapec CerMeHTa AAHHHX B per'Mc'rp ax-
mou ds ax .axn ds T .

mou ah, 9

mou

int

Puc. 6.2. OkHo Module otnaguvka TD
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BHayajie MOTYT UATH ONMCAHUS MPOIeAyp, MAKPOKOMAHI, U B 3TOM Cliyyae 0e3 TaKoro
SIBHOT'O YKa3aHMS Ha MEePBYIO UCIIOTHIEMYIO KOMaHIy IPOCTO HEe 00ONTHUCE.

OCHOBHYIO YacTh IJIABHOTO OKHA OTJIaA4yMKa OOBIYHO 3aHMMAIOT OfIHO WJIM HECKOJb-
KO JOTOJHUTENBHBIX OKOH. B KaxXIbIit MOMEHT BpeMEHU aKTUBHBIM MOXKET OBITh TOJIb-
KO OJJHO M3 HUX. AKTUBU3AIIMS TI0OO0TO OKHA IMPOU3BOAUTCS IIETIYKOM MBIIIBIO B 000
€ro BUIUMON TOYKE.

VnpapineHue paboToil OT/IaAuMKa BENETCS C MOMOILbI0 cUCTeMbl MeHIo. MMmerorcs
JIBa THUIA TAKMX MEHIO:

m 2naeHoe MeHi0 — HaXOJAUTCSl B BEPXHEW YacTu 5KpaHa U AOCTYIHO MOCTOSIHHO (BbI30B
MEHIO OCYILECTBIIsIeTcs HaxkatueM kinaBuiu F10, mocie yero ciemyer BbIOpaTh HYX-
HBI{l TYHKT MEHIO);

KOHMEKCMHOe MeHt0 — IS KaXJ0T0 OKHA OTJaquika MOXHO BbI3BaTh €ro COOCTBEH-
HOE MEHIO0, KOTOPOE YYMTHIBAET OCOOEHHOCTU 3TOTO OKHa, IEeJKHYB B OKHE MpaBoit
KHOIKOIM MBI (JIMOO aKTMBM3MPOBAB OKHO M HaxkaB KiaBuinu Alt+F10).

Tenepb MOXHO MPOBEPUTH MPABUIBHOCTb (DYHKIIMOHMPOBAHUS HAIEW IMPOTpaMMBI.

Cneuncduka mporpaMMm Ha acceMOJiepe COCTOMT B TOM, UTO JeJaTh BBIBOABI O Tpa-
BMJIBHOCTHY MX (PYHKIIMOHUPOBAHUS MOXKHO, TOJIBKO OTCJIEXKMBasi paboTy Ha ypOBHE ITPO-
neccopa. Ilpu 3ToM Hac OymeT MHTepecoBaTh MPEXJe BCEro TO, KakK MPOrpaMMa MCIoJb-
3yeT MPoLeCcCOp U U3MEHSIET COCTOSTHUE €r0 PecypcoB U KOMITBIOTEPA B 1IEJIOM.

3aHyCTl/lTb ImporpamMmy B OTJIaAYMKE MOXHO B OJHOM M3 YETBIPEX PCKNMOB:

*  0e3yCJIOBHOTO BBHITIOJHEHMS,

BBITIIOJIHEHUS 10 LIaraM,
il  BBIMOJHEHUS IO TEKYLIETO MOJOXEHUS Kypcopa;

BBITIOJTHEHUSA C yCTaHOBKOﬁ TOYECK ITPEPBIBAaHU .

PaccMoTpuM 3TH pexkuMbl ToapoOHee.

Pedxicum 0e3ycno6Hoe0 BbINOAHEHUS NpoepaMMbl 1ENec000pa3Ho TMPUMEHSITh, KOIaa
TpedyeTcsl MOCMOTPETh Ha O0Illee MOBeAeHKEe TporpaMmMbl. [J1s 3arrycka rmporpaMMbl
B 9TOM pexXnMe HeoOXOomMMo HaxaTh KinaBumy F9. B Toukax, rme HeoOXOIUMO BBECTH
JTaHHbIE, OTJaAYUK, B COOTBETCTBUHU C JIOTUKOU pabOThI MPUMEHSIEMOTO CpecTBa BBOIA,
OyleT OCYIIECTBIATh OIpPEAEIEHHBIE NEHCTBUSA. AHAJTOTUYHbBIE AEUCTBUS OTIAAUMK BbI-
MOJIHUT TIPU BBIBOJE MaHHBIX. JJIsI TpOCMOTpa MM BBOJA 3TOM MHGpOPMAIIUU MOXHO
OTKPHITh 0KHO noab3osamesisi (BbIOpaB B MeHIo KoMaHay Window » User screen ujiu Ha-
xaB kiaaBuiu Alt+F5). Eciu mporpamma padoTaeT mpaBUIbHO, TO Ha 3TOM OTJIaKY MOKXHO
U 3aKOHYUTb. B ciyyae, eciM BOZHUKAIOT KaKWe-TO MpoOJeMbl WM HYXXHO Oosee ne-
TaJbHO U3YYUTh PAOOTY MPOTPAMMBbI, TPUMEHSIOTCS TPU CIEAYIOIIMX PeXUMa OTIAIKHU.

Pedxicum binoaHeHuss npoepammoi 00 MeKyujeeo MNOA0JCeHUs Kypcopa 1enecoodpa3Ho
UCTIOb30BaTh B TOM CJydyae, €CJM MHTEpeC MpeCTaB/IsSeT TOJbKO MPaBUILHOCTh (DYHK-
LMOHUPOBAaHUSI HEKOTOPOTO y4acTKa MporpamMmbl. [IJisl akTUBU3AIMU 3TOTO pexXruMa He-
00X0IMMO YCTAaHOBUTD KYPCOp Ha HYKHYIO CTPOKY ITpOrpaMMbl U HaxaTh Kiaasuury F4,
ITporpamma 3amycTuTCsl 1 OCTAHOBMUTCS Ha OTMEUEHHOM KOMaHje, He BBIMOJHUB ee. [latee
MpU HEOOXOAUMOCTH Bbl MOXKETE MEPEUTH B MOLIATOBBIN PEKUM.

B pexcume evinoanenus npoepammul ¢ ycmamogKol mouveKk Hpepbieanus TIporpamMma
TocJie 3arycka OyJeT OCTaHaBAMBAThHCS B CTPOIO OIPENEICHHbBIX MOYKAX NPepbl8aHus
(breakpoints). Ilepen BBITOJHEHHUEM IMPOTPpaMMBI HEOOXOAMMO YCTAaHOBUTH 3TH TOUKHU
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B MIpOrpaMMe, JIJIsl YeTO CAeAYeT MePEerTH K Hy>XXHOU CTPOKe U HaxaTh KinaBuiny F2. Ber-
OpaHHBIE CTPOKM MOJICBEYUBAIOTCS. Y CTAHOBJIEHHBIE paHEE TOYKY MPEPBIBAHUST MOXHO
yOpaTh — JJI51 9TOTO HYKHO MOBTOPHO MEPENHTH K HYXKHOI CTPOKE M HaXaTh KiaBuiy F2.
[Toce yctaHOBKM TOYeK MpepbiBaHUs ITporpamma 3amyckaercs kiaasuiueir F9 (cum. pa-
Hee pexuM Oe3yCIOBHOTO BhIMONHEHUs1). Ha mepBoii Touke MpepblBaHUS MporpaMmma
octaHoBUTcs. [Tociie 3TOro MOXXKHO MOCMOTPETh COCTOSIHUE MPOLECCOpa U aMSITH, a 3a-
TEM TMPOIOJIKUTh BBITIOJHEHHE TIporpaMMbl. ClieaTh 3T0 MOXHO B TMOIIATOBOM PEXUME
WJIY 0 ClieyIoliel TOYKU MpepbIBaHuUS. '

Pescum evinonnenus npoepammvl no wazam TMPUMEHSETCS Ul IeTaTbHOTO M3YYeHUSs
ee paboThl. B 3TOM pexxrMe BHITTOJHEHUE TPOTPAaMMBbI TPEPHIBAETCS HA KAXXIOW MAIIIVH-
Holt (accembiepHoit) komaHae. [Ipy 3ToM CTaHOBUTCSI BO3MOXHBIM HaOTI0IEHUE 32 pe-
3yJIbTATOM MCIOJHEHWST KOMaH. JIJIsi aKTUBU3ALMK 3TOTO PeXUMa HYXHO HaXaTb
knapuiry F7 (Run » Trace into) uiu F8 (Run » Step over). O0e 3TH KJ1aBUILK aKTUBU3UPY-
IOT IIOIIATOBBIA PEXUM; Pas3INune MX MPOABJIAETCS B TOM C/Iydae, KOIa B IIOTOKE KO-
MaH]] BCTPEYAIOTCs KOMaH/Ibl ITepexojia B MPoLEeaAypy WK Ha ipepbiBaHue. [1pu Haxa-
TM KiIaBumu F7 OTIaguuMK OCYIIECTBUT MEPEXOA K MPOUEAYype WIW IMPEPHIBAHUIO
u octaHoBUTCS. Ecu xxe Haxumaetcs kiaaBuiia F§, To BBI30B MPOLEAYPHI WU MPEPHI-
BaHUs OTpabaThIBaeTCsl KaK ONHA KOMaHJa, W yIpaBJIEHUE TMepenaeTcsl caeayomeil Ko-
MaHJIe IporpaMMbl. 31eCh HyXXHO OTMETUTD, YTO KpoMe okHa Module nmpu padoTe B 3TOM
peXurMe MoJIe3HO UCTob30BaTh 0KHO C P U, BBI3BaTh KOTOPOE MOXKHO YEPE3 INTABHOE MEHIO
xomanpnoii View » CPU.

OxHo CPU otpaxaeT cocTosiHUE MpoLieccopa M COCTOUT U3 MATU MOAYMHEHHBIX OKOH.

B okHe ¢ McxomHOI MporpaMMoit B ausacceMbaMpoBaHHOM BHJE MPEICTaBIeHa Ta
Ke caMasi porpaMma, uto U BokHe Module, Ho yxke BMallMHHBIX Koaax. [Toirarosyio
OT/IAfIKy MOXHO IMPOM3BOIUTL IMPSIMO B 3TOM OKHE; CTPOKA C TEKYIEH KOMaHIOon
IIOICBEYUBAETCSL.

B oxHe peructpos mpoiieccopa (Registers) oTpaxaeTcs: TeKylee COAepKUMOe Peru-
CTPOB (10 YMOTYaHUIO — TOJBKO perucTpoB mpoieccopa i8086). UToOwl yBUICTH
peructphl i486 mim Pentium, HYXHO 3amaTh pexXUM MX oToOpaxeHwus. s 3Toro
LIEJIKHUTE MPABOil KHOMKO MBIIIU B 00JJACTH OKHA PETMCTPOB U BHIOEPUTE B KOH-
TeKCTHOM MeHI0 KomaHay Registers 32-bit — Yes.

B oxHe daros (Flags) oTpaxaercst TeKyliee coCcTosiHUe (iaroB mpolieccopa B COOT-
BETCTBUU C UX MHEMOHUYECKMMU Ha3BAaHUSIMU.

9 B oxne cteka (Stack) oTpaxaercs coaep:XMMoe MaMsITH, BbIAEICHHOW IS CTeKa.
Anpec 001acTU cTeKa OIpenesieTcs CoOaepKUMbIM perucTpoB SS u SP.

: OKHO Jamna onepaTuBHOU maMaTh (Dump) oTpaxaeT copepXuMoe 00JIacT! MaMsITH
T0 ajipecy, KOTOpbIi (hopMUPYETCS] U3 KOMIIOHEHTOB, YKa3aHHBIX B JIEBOI YacTH OKHA.
B okHEe MOXHO YBUIETh COAEPXKUMOE MPOU3BOJBHON 00JaCTU mamsTu. s aToro
HY>XHO B KOHTEKCTHOM MEHIO BbIOpATh HY>KHYIO KOMaHIYy.

3ameTuM, uto okHo CPU, o cyTu, oTpaxaeT BUTIMMYIO YaCTh IIPOrpaMMHOI MOAEIN
npoueccopa. Hexkotopsie 13 nogunHeHHbIX 0KOH 0KHAa CP U MOXHO BBIBECTH Ha 3KpaH
OTAEIbHO. XOTA yIoOHee paboTaTh ¢ UCXOAHBIM TeKCTOM B okHe Module, yeM ¢ ero nu-
3acceMBMpPOBaHHBIM BapraHToM B oKHe CP U, yacTo ecTh HEOOXOAUMOCTD OTCIIEXUBATh
COCTOSIHME TIpOLIECCopa ¢ MOMOIIbI0 IoguyMHeHHBIX oKoH okHa CPU. CoBmecTuTh BO3-

-
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MoxxHocTu okoH Module 1 CPU MoxxHO, BbIOpaB B MeHIO View UMeHa HY>KHbIX TOAYNHEH -
HbBIXOKOHOKHACPU.

IIpepBaTh BBITTOTHEHME ITPOrPaAMMBI B JIIOOOM 13 PEXXMMOB MOXHO, HaXXaB KJIaBUIIIX
Ctrl+F2.

OcobeHHOCTU pa3paboTku nporpamm B MASM

s ycrienrHoi paboTsl ¢ acceMbiepoM MASM kopriopanuu Microsoft B coBpeMeHHBIX
onepaunoHHbIX cpenax (Windows NT\2000\ XP) neo6xomumo nmeTts Bepcuio 6,13 storo
ITaKeTa WU BhIIIe. B HETO BXOASAT CIICAYIOIINE OCHOBHBIC ITPOTPAMMBI:

masm.exe — acceMoep;
* ml.exe — accemOuep 1 KommoHoBIUK (Masm and Link);

link.exe — KOMITOHOBIIIMK;

cv.exe — omnaguuk (CodeView);

* lib.exe, implib.exe, nmake.exe, cref.exe, h2inc.exe, exehdr.exe, cvpack.exe, helpmake.exe,
rm.exe, undel.exe, exp.exe — BCIIOMOTaTeJIbHbIE YTHINTHI.

B makete MASM wu3HavyajabHO NPEANPUHUMAIUCH TOMBITKH COBMECTUTh YI0OCTBO
CPEICTB ITPOrPaMMUPOBAHNSI, CBOCTBEHHBIX SI3bIKaM BHICOKOTO YPOBHSI, C TPAIUIIMOH-
HBIMU CPEICTBAMU MAIIMHHO-OPUEHTUPOBAHHBIX 136IK0B. Hampumep, 6yksa «M» B Ha-
3BaHWM TIaKeTa 03HAYaeT CJIOBO «MAacCro», TO €CTh BO3MOXHOCTb CO3IMaHUS MAKPoOnpe-
denenuil (VT MaxKpocog), TIPEACTABIISIONINX CO00M MMEHOBaHHBIC TPYIIIB KoMaHa. Mx
MOXHO BCTaBJISITh B IIPOTPpaMMYy B JIIOOOM MecCTe, yKa3aB TOJIbKO WM rpymmbl. Korma-to
Takasi BO3MOXHOCTh ACHCTBUTEILHO ObLIa OTIWYMTECIBHBIM CBOMCTBOM 3TOTO TaKeTa,
HO ceifyac 3TUM HMKOTO HE YAMBUIIb — MaKpPOCPEICTBA €CTh BO BCEX acceMOIIepax JIst
miatdopmel Intel (Hanpumep, TASM), HO, TeM He MeHee, Ha3BaHNE OCTaJIOCh.

C nomotibio nakera MASM pa3pabGoTka NMporpamMM BbIMOJHSIETCS TPAAULIMOHHBIM
IUTST acCeMOJIEpHOTO ITPOTPaMMMPOBAHUS CITOCOOOM — 3aITyCKOM OTAEIbHBIX ITPOTPaMM
TPaHCIISIIIUY, KOMITOHOBKH 1 OTJIAIKH. JIJISI 5TOTO MCITONB3YIOTCS TPOrpaMMBbl masm.exe,
ml.exe, link.exe 1 cv.exe. Bo n3dexanune myTaHUIIBI HEOOXOIUMO OTMETUTH, YTO TPAHC-
JISIITUST UCXOMHOTO (haifla MOXKET MPOU3BOIUTHCS ABYMS IpOorpaMMaMM: masm.exe u
ml.exe. B yem pasnuna? o Beixoga MASM Bepcuu 5.1 BKIIIOYUTENBLHO IPOrpaMMa
masm.exe OblJla CaMOCTOSITEIbHBIM TpaHCAATOpOoM accembiiepa. Haunnass c MASM Bep-
cun 6.0 TpaHCIISLMST acceMOIepHOTO (paiiia 0OBIYHO BBIMTOJHIETCS MporpaMmoi ml.exe,
KOTOpasi KpoMe TpaHcsi 1y daiina BbI3bIBa€T KOMIOHOBINUK link.exe. DTo u3MeHeHue
CIEJIaHoO C IeNIbI0 YHU(MDUKAIIMY BBI30BOB KOMITUJISITOPOB KOMAaHIHON CTPOKU IIJIsST BCEX
MMOIeP>KUBAEMBIX 3TOM (hMPMOil I3BIKOB TIporpaMMupoBaHus. K mpumepy, KOMITHIISI -
LMIO TpOrpaMMEI Ha A3bIKe C 13 KOMaHIHON CTPOKHM BBITIONHAET mporpamma cl.exe. Ee
3aMa4d — KOMITWUISIIIUS MCXOMHOM TporpaMmbl Ha si3bikax C/C++ M, mpu OTCYTCTBUM
CHHTaKCHYECKMX OIITMOOK, KOMITOHOBKA 1 (hOpMUPOBaHME UCITIOJTHIEMOTO MOIYJIsI. AHA-
JIOTMYHBIE 3324y penraer U nporpamma ml.exe. Xorst B makere MASM 6.13 nonyctumo
HCITOTb30BaHME MPOTPaMMBI masm.exe, Hy>KHO MMETb B BUIY, UTO 3a1mycK link.exe BaTom
ciyJae TakKe TOJDKEH BBITTOTHATHCS OTAeNbHO. Hammaue mporpaMMBl masm.exe B TaKe-
Te MASM 6.13 MOXHO OOBSICHUTH COOOPaXXEHUSIMU COBMECTUMOCTH C TIPEIBIAYIIMMUA
BepCHUSIMHU TTaKeTa, TI03TOMY O0COOOTO CMBICTIA B €€ MCITOJIb30BAHUM HET.

Hanee mpuBemaeHB (HopMaThl KOMAaHIHBIX CTPOK IJISI 3amycKa ImporpamMm ml.exe,
masm.exe u link.exe, a onucaHue ux KiItoueil MoxHo HaiiTu B npunoxenun B (http://
www.piter.com/download).
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Komannnas ctpoka ml.exe nMeeT B

ml [kmoun] wex_tann_1 [Ikmoun) wex_tann_21 ... [/link xnouu_link]
Kirroun komaHIHOM CTPOKM M1t ml.exe YyBCTBUTEIbHBI K PETUCTPY.
KomanmHas ctpoka masm.exe UMeeT BUIL

masm [kmoun] wucx_dann [, [obvekTHewi_gain] [, [dann_nuctuura]
[, [dann_nepexkpecTHbIX_CCbinok]]]]

KoMmnoHOBIIMK KOMTIIOHYeT (00benMHsIET) 00BEeKTHBIE (aiibl 1 OMOIMOTEKN B HC-
MOJIHSIEMBIT (paiiyl i TMHAaMUYeCcKn KoMIToHyeMyo oubaunorexky (DLL). KomanmgHas
ctpoka link.exe umeer Bug

link [kmoun] obvekT_thauns [, [ucnonk_tain] [, [pain_kaptsl] [, [hahns_6ubnuoTtex]
[,[def_taan]]1]1[;]

Tak xe Kak 4 B ciydae nakera TASM, nis apdbektuHoil paborsi ¢ MASM HyXHO
MPOBECTU HEKOTOPYIO AOIMOJHMTENbHYIO pabory. McmonaHsemble (aiiasl makera
MASM 6.13 naxonsarcsa B aByx katanorax: ..\BIN u ..\BINR. [lng ymo6cTBa paboTs nx
Jydire oGBEIMHATE B OTHOM KaTajore, K Impumepy, B karanore ..\WORK. ITocie atoro
OCTACTCST TIOMECTHTD TyIa MCXOLHBIN (ait. [IprMep KOMAaHIHOW CTPOKH LISl TTOJIyde-
HUS TIPUTOAHOIO K OTJIAAKE UCIIOJHAEMOIO MOLYJISI MOXET OBbITh CJAEIYIOLINM:

ML.EXE /Zi /F1 Prg_6_1.asm

ECIH/I HET CUHTAKCNYECKUX OHJI/I6OK, TO MO2KHO 3allyCKaTh OTJIaAYUK:
CV.EXE PRG_6_1.EXE

OcobeHHOCTU pa3paboTku nporpamm B Microsoft
Visual Studio

C mporpamMMaMu Ha acceMbiiepe MOXHO pa6oTaTh B cpesie Visual Studio. JoctynHsl asa
BaprvaHTa paboThI:
&4 cozJaHMe M MCTOJIb30BaHUE KOMaHI MeHIo Tools;

#-  co3maHWe TTOJIHOIIEHHOTO MpOEKTa U HACTPOWKA €ro napaMeTpoB.

DTU BapuaHTbl He paBHO3HAYHbI. [lepBhlii BapuaHT O3HA4yaeT, MO CYTU, CKPBITHIA
BBI30OB MporpamMm ml.exe u cv.exe. OH XOPOIIIO MOAXOAUT IS pa3paboTKu 16-pa3psiaHbIX
MPOTPaMM U SIBJISIETCS JJIsI HUX €IMHCTBEHHO BO3MOXHBIM. BTOpoii BapuaHT onupaeTcst
Ha BCE BO3MOXHOCTH MHTETrPUPOBAHHOW Cpelbl, HO MOAXOIMT TOJBKO JJISI pa3paboTKu
32-pa3psaubix nporpamm (Windows-nipuioxkeHuit). Mbsl orpaHUYMMCS TIEPBBIM Bapu-
aHTOM, IIOCKOJIbKY BTOPO# TpeOyeT N3y4eHUsT MHTeTpUpoBaHHOM cpensl Microsoft Visual
Studio, 4TO HE OTHOCUTCS K TeMe JaHHOUW KHUTHU. '

Microsoft Visual Studio sgBiseTcst ymoOHOM cpemoii IJIsT co3MaHUsS M pelaKTHUpOBa-
HUST UCXOMTHBIX TEKCTOB (1 TOIbKO). UTO KacaeTcst caMoro mpoiiecca IMoJIydeHusT UCITOoJ-
HSIEMOTO MOZYJISI, TO BCE IEMCTBUSI, KOTOPBIE PAHbIIE BBITTOJTHSUINCH C TOMOIIBIO KOMaH -
HO# CTPOKH, 3[1€Ch BBIMOJTHSIOTCS BBIOOPOM COOTBETCTBYIOIIE KOMaHabl B MeHI0 Tools.
TakuMm obOpa3oMm, 3agadya CBOAUTCS K CO3MaHUIO B MeHIO Tools TOTTOJTHUTETIbHBIX KOMAaH/I,
MpeaHa3HaYeHHBIX JJIS1 O0pallleHUsI K MHCTPYMEHTaJIbHBIM CPEACTBAM IakeTa acceMoiiepa.

st TOoro 4To6bl 0OCYXIEeHNE ObLIO OJHO3HAYHBIM, HEOOXOAUMO YCIOBUTHCS O TOM,
YTO BCE HYXXHBIEC IJisi paboThl (haitabl OyayT pacmojioXeHbl, K MPUMeEpPy, B KaTajaore
g:\MASMG613\work. BatorpaGounii KaraJor Heo6X0IMMO IIOMECTUTh COAEPKMMOE KaTalo-
roB g:\MASMG613\BINR u g:\MASM613\BINR, a Takxe ¢aiinnl mporpaMMsbl, ¢ KOTOPOii B JaH-
Hoe BpeMsd uuer pabora. s nmpuMepa OyaeM padoTaTh ¢ IIporpaMMoii u3 Jtuctunra 6.1,
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Iocne orkpoiTus cpeasl Visual C++ 6.0 BoIOTHSIETCS CeayIolIast 0Caea0BaTe b
HOCTb 1LIaTOB.

1. Brioepure komanmy Tools » Customize 1 B TOSIBUBIIEMCS TUAJIOTOBOM OKHE TIepeii-
IUTe Ha BKJIAAKy Tools.

Bxmnanka Tools mo3BossieT m006aBIATh MYHKTH B MeHIO Tools rmaBHoro okHa. Comep-
KUMOe JaHHOM BKJIAAKM COCTOUT M3 CIIMCKa Menu contents, psiia TEKCTOBBIX TOJIei
U nepekmouaresieil. Kaxapiil myHKT cricka Menu contents ¢BsI3aH CO CBOMMU 3Haue-
HUSIMUM OCTaJIbHbBIX 3JIEeMEHTOB BKIagKu Tools. Jlornyecku 3TH 3J1eMEHTBI TIPeICTaB-
JISIIOT co0o0if Habop mapaMeTpoB JJIsI BbI30Ba HEKOTOPOi mporpamMmbl. UTobbl yoe-
JIUThCS B 3TOM, JOCTATOYHO IIPOMTHCH ITO HECKOIBKMM 3JIeMeHTaM crucka. [locnenHuii
3JIEMEHT CITMCKA 0003HAUYeH MYCTHIM MPSAMOYToJbHUKOM. C ero moMOIIbIO IIPOU3BO-
JUTCS 100aBJIeHe HOBBIX MOAMYHKTOB B BhINagaiomiee MeHIo Tools TIaBHOTO MEHIO.

2. YrtoObl co3maTh KOMaHy AJIsI BEI30BA MPOTpaMMBI ml.exe, BBEAUTE B IYCTOM MYHKT
ciicka Menu contents Ha3BaHMe HOBOI KoMaHIbl, Hanpumep Build ASM Program, u Ha-
XMuTe Kiasuiny Enter.

3. HacrpomMTemneps mapaMeTpsl BbI3oBamporpaMmbl ml.exe. st atoro Bmone Command
Beeante g:\MASM613\Work\ml.exe, B mone Arguments — /Zi $(FileName).asm /link /co,
B moJjie Initial directory — $(FileDir) u ycranoBute nepexmovyarens Use output window.

4, TaxuM ke 00pa3oM MOKHO 100aBUTE B MeHIO Tools komanay Debug ASM Program. Jlns
atoro B mojie Command BBeaute g:\MASM613\Work\cv.exe, B mone Arguments —
$(FileName), B mose Initial directory — $(FileDir) u ycranosure nepexmouarens Close
window on exiting.

5. Jlig 3amycKa MoJyYeHHOTO MCIIOTHSAEMOTO MOMIYJS M00aBUM elle OTHY KOMaHIY
Execute ASM Program. [lng aroro B mone Command Beeaute C:\WINDOWS\System32\
cmd.exe, B noneArguments — /C $(FileName), B mone Initial directory — $(FileDir).

[Moce BHIMTOHEHUS 3TUX IIATOB MOXHO 3aKPHITh OKHO Customize U IIpOBEPUTH pa-
00TOCIIOCOOHOCTh CO3aHHBIX KOMaH MeHI0 Tools rmaBHOro okHa. [lepen ucmbiTaHneM
B cpeny Visual Studio HeoOxoaumo 3arpy3uTh ¢aiisl ¢ TEKCTOM ITporpaMMel prg_6_1.asm
(cM. tuctunr 6.1). [Mocne otkpeiTUs daitna Bbioepute KoManay Tools » Build ASM Program.
[Ipy HaMMYMU CMHTAKCMYECKUX OMIMOOK B OKHe Output MOSIBSATCS COOTBETCTBYIOIINE
coobureHus. st Toro 4To6bl IepeiTH K CTPOKE MCXOMHOTO TEKCTa, BbI3BABIICH Hed0-
BOJILCTBO KOMITMIIATOPA, TOCTATOYHO JBOMHOTO ILIEJUYKAa MBIIIBIO HA CTPOKE C TEKCTOM
omn6ku B okHe OQutput. B pe3ynbraTe 3TOr0 Kypcop B OKHE C UCXOAHBIM TEKCTOM OyIeT
YCTaHOBJIEH Ha CTPOKY € OLIMOKOIA.

Ecnu nporpamma ml.exe otpabotajia 6e3 olIMOOK, TO MOJTYYSHHBIH ¢ €¢ TTOMOIIbIO
WCITOJHSAEMBII MOIYJIb MOXHO JIN0OO cpa3y 3aNyCTUTh, TUOO MPEeABAPUTEIbHO OTIAANTh.
3amyck ipon3BoauTcs KoMannoi Tools » Execute ASM Program. [Ing otnanku BeIOMpaeT-
cs komanna Tools > Debug ASM Program, B pe3ysnbTaTe Yero BhI3bIBA€TCS OTIaAIMK CV.EXE.

IMocnemamii kommmrsaitop Visual C++ 7.0 13 coctaBa Microsoft Visual Studio Net
TaKXe UMeeT HacTpanBaeMoe MeHI0 Tools, To3ToMY IpH XeJTaHUH €TI0 CPpeay TAKXKE MOXK-
HO HACTPOMUTb JJIsI BHITIOJHEHMS ONMMCAHHBIX paHee 3a/1ay.

BbiGop naketa accembOnepa

Kakoit n3 makeToB acceMOiepa BEIOpATh IJIsT MpaKTHIecKoi pabotel? Ecam 3TOT BEIOOP
JleJaTh ¢ TOYKH 3pEHUS TOJITOCPOUYHON TTEPCIIEKTHBEI, TO, 0e3ycioBHO, MASM. Tlpuun-
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Ha JUIS1 9TOro — MpOoJoJIKaIiascs MoaaepXKa U pa3BUTUE ITOTO Mmaketa GUPMOit
Microsoft. g yuyeOHBIX 1ieeil 6osee mpusiaekareaeH TASM. B manHoM yyeOHMKe
BBIOpaH MPOMEXYTOUYHBIN BapraHT — TpaHcasgTop TASM B pexxume MASM. Brot pe-
KAM TIOIEPXKUBAET MOYTH BCE BO3MOXHOCTU TpaHcasitopa MASM u co3maH crenu-
aJTbHO IJI pa3pabOTKM MEPEeHOCUMBIX (Ha YPOBHE MCXOMHBIX TEKCTOB) Mporpamm. Ta-
KO TTOIX0M MMEET IIPeUMYIIECTBA B TOM, UYTO UMTATEJb, BO-TIEPBBIX, MMOJy4aeT HaBBIKK
MCIOIb30BAHUS ABYX TAKETOB 1, BO-BTOPBIX, 110 MePe MIO3HAHUS 0COOEHHOCTE i TAKETOB
CTAaHOBUTCS CBOOOJHBIM B CBOEM BBHIOODE.

Ipotecc pa3paboTKX MporpaMM ¢ nmomolibio nakeros TASM u MASM npexnonara-
€T, YTO MOJIb30BaTe/ b MHTEHCUBHO paboTaeT C KOMaHIHOM cTpokoii. [1pu 3ToM oH moi-
>XEH MMIOMHUTD HE TOJBKO MOCJEA0BATeIbHOCTD 3aMMyCKa pa3IUYHBIX ITporpamMm, dopmu-
PYIOIIUX UCITOTHSIEMBII MOYJIb, HO M 3alaBacMblIe ITPU 3TOM IapaMeTphl mporpamMm. Eciu
MPOEKT COCTOUT M3 OOJIBIIIOTO KOJMUYECTBa (haiiioB, HEOOXOIUMOCTh IOMHUTD BCIO 3TY
nHMOpMaIMIO TOBOJbHO YTOMUTENbHA. JIJIST peleHus 3TOi MpoOIeMbl MOXHO ITOCOBE-
TOBAaTh MCTIOb30BaTh CIICLIMATBHYIO ITpOTpaMMy — MeHekep rpoekTa. B maketre TASM
Takoi mporpaMMoii saBiseTcss yruaurta make.exe, a B makete MASM — ytunura
nmake.exe. DTU YTUIUTEL pabOTAIOT CO CHEMAIbHO 0POPMIEHHBIMU (aiijiaMy, Ha3bl-
BaecMBbIMHU (paiilamMu omvcaHusl, Win make-daitnamu. B make-cdaiinax 3amarorcss oTHO-
LIEHMS MeXIy haiiTaMul MpoeKTa ¥ NeMCTBUS Hal 3TUMU ¢haiijlaMu, KOTOPBIE BBITTOJHSI -
IOTCSl B 3aBUCMMOCTH OT BOSHMKHOBEHMS TeX WJIM WHBIX YCAOBUM. [JTaBHBIN MpUHIIMII,
TOJIOXKEHHBI B OCHOBY Pa0OOThI YTUIMTH make.exe, 3akIovyaeTcsl B aHAIM3e BpEMEHU
U3MEHEeHUS Uiau co3naHus ¢aiiaoB. [TogpodHOe onmMcaHue YTHUIUTH MOXHO HAWTH cpe-
11 daiiioB K KHUTE.

NTtorm

B CTpyKTypa mporpaMMbl Ha acceM0Jiepe OTpaxaeT 0COOEHHOCTH apXUTEKTYpPhl IPO-
neccopa. st mporieccopoB Intel TuMMYHast mporpaMma COCTOUT U3 TPEX CETMEHTOB:
Koja, cTeka 1 naHHbIX. Ho 3T0 He 06s13aTeibHOE YCA0BUE; HAIIPUMED, €CJIM ITPOrpaM-
Ma He MCIIOJIb3YET CTEeK U JJIs ee paboThl He TpeOyeTcsl onpeae/ieHus JTaHHbIX, TO OHa
MOXET COCTOSITh BCETO JIMIIb U3 OJHOTO CETMEHTa Koja.

is IIporpamma Ha accemOiiepe paboTaeT Ha YpOBHE allllapaTHbIX CPEACTB, BXOASIIMX
B IIPOrpaMMHYIO MOJIEJIb IIpolieccopa, KOTopasi oliMcaHa B IJiaBe 2.

ITpu pazpaboTke ajnropuTMa padboThl MIPOTPAMMBI M €r0 peaju3alii Ha accemoepe
MPOTPaMMMCT CaM JTOJIXKEH O0ECIIOKOUTHCS O pa3MeIlleHUM JaHHBIX B MaMsITH, 00 3d-
(beKTMBHOM MCITOJIb30BAaHUM OTPAHMYCHHOTO KOJIMYECTBA PETUCTPOB, 00 OpraHu3a-
LM CBS3U C OTIEPALIMOHHONM CUCTEMOI U APYTUMU TpOrpaMMaMU.

+  Cneuuduka pa3paboTKM IpOrpaMMbl Ha acceMbiepe COCTOUT B TOM, YTO IIpOrpam-
MMUCT JAOJDKEH YIeJSITh BHUMaHUE HE TOJIBKO U HE CTOJIbKO OCOOCHHOCTSIM MOJIEIM-
POBaHMA MPEIMETHOI 06IACTH, CKOTBKO TOMY, KaK 1P 3TOM Hanbosee 3¢ HeKTUB-
HO U KOPPEKTHO MCI0JIb30BaTh PECYPCHI TIpolieccopa. '

' Bce mpuiaraeMble K KHUTe (ailibl MOXHO HailTH mo aapecy http://www.piter.com/download. —
Ilpumeu. peo.
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B pesyabraTe paboThl TpaHCAsATOpa co3daloTcsl (aiia 0ObeKTHOro Moayast U aiin
JINCTUHTA MPOrpaMMbl, COAEPXKaIlUil pa3Ho0Opa3Hylo WH(OpMAIKIO O TTporpaMMe:
OOBEKTHBINM KO, COOOLICHHUSI O CUHTAKCUYECKUX OIIMOKaX, TaOIUIy CUMBOJIOB U T. II.
Mmest HeOOMBIION ONBIT, U3 (hailia IMCTMHTa MOXHO M3BJICUb Maccy MOJIe3HOM MH-
dopmanuum.

[Mociie morydeHUs KOpPEKTHOTO 00BEKTHOTO MOIYJISI TPOrpaMMy HEOOXOIUMO CKOM-
MOHOBAaTh. JIJIsT 3TOro MpUMEHSIETCS YTUIUTa-KOMITOHOBIIWK, OMHUM M3 OCHOBHBIX
Ha3HauYeHUI KOTOPOU SBJISETCS pa3pellieHre BHEIHUX cChuTtoK. Eciu Lienesas mpo-
rpaMma COCTOUT M3 HECKOJBbKHUX OTAENBHO OTTPAHCIMPOBAHHBIX MOAYJIEH U B HUX
€CTh B3aMMHBIE CCBIJIKY Ha MIepeMEHHbIE MU MOIYJIM, TO KOMITIOHOBIIUK pa3peliaeTt
ux, GOpMUPYS TEM CaMbIM MPaBUJIbHBIE TIEpeMellaeMble aapeca.

PesynbpraToM paboThl KOMIIOHOBIIIMKA SIBJISICTCS MCITOJIHSIEMBII (3aTpY304YHBIiT) MO-
IyJib, UMEIOIIMI paciiupeHue .exe. Ero yxke MoxXHO 3amyckaTh B HaleXIe, YTO OH
MPaBUJILHO BBIMOJHMT 3aJyMaHHbIE TIPOrPaMMUCTOM aAeiicTBus. Ho varie Bcero npu
MEPBBIX 3aIycKaX MPOTpaMMBbl 3TOTO HE CIYYaeTcs, YTO TOBOPUT O HAJWYMU B IIPO-
rpaMMe JIOTHYECKHUX OIMOO0K, TTIOMCK KOTOPBIX 0€3 CIIeLIMaIbHBIX CPEICTB MOXET OBbITh
qonruM. [l TorucKa U yCTpaHeHUs JTIOTMYECKUX OIMMOOK MpeHa3HauYeH CIIeIMallb-
HBII BUJ ITPOrpaMMHOT0 obecriedeHrss — omIaguuku. C MX MOMOIIbIO B OOIBINMH-
CTBE CJIy4aeB JOBOJBHO OBICTPO yIAeTCS CHATh OOJBIIMHCTBO IMPOrPaMMHBIX MPO-
6ieM TOIOOHOTO poja. '



FnaBa 7
KomaHabl oOMeHa AaHHbIMU

$ JInHelHble anropuTMbl

& KomaHpgbl nepecbuUikn JaHHbIX

# BBopg M3 nopta u BbiBOA, B NOPT

» KomaHpbl paboTbl C agpecaMn namaTu
% KomaHabl paboTbl CO CTEeKOM

HagsepHsika BB yXe 3HAKOMBI C TIOHSITHEM aJITOPUTMa, IIPEeICTaBISIONIEro coboi (op-
MaJM30BaHHOE OMMCAaHKE TIOTUKH padoTHI TporpaMMbl. CriocoOs! TaKo# (popmanu3annu
BECbMa Pa3HATCS: OT TEKCTOBOIO OIMCAHMS MOCIEeI0BATEIbHOCTUA AEHCTBUI 0O airo-
pUTMa pa3BUTHIX case-cucTeM. IlocienoBaTeIbHOCTD AEUCTBUI, OIMCHIBAEMBIX AJITOPUT-
MOM, MOXET OBITb:

W auneiinoii — Bce neiicTBUS BBITIONHSIOTCS TOOYEPEIHO, IPYT 32 APYTOM;

HeAuHellHol — B aJlTOPUTME €CTh TOUKY BETBJICHUS, B KOTOPBIX JOJKHO MPUHUMATh-
sl pelieHue 0 MeCTe, C KOTOPOTro IporpaMma MpoaoJKUT CBOE BBHITTOJHEHUE, TPUYeM
pelieHre MOXeT HOCUTh YCIOBHBIN MM O€3yCOBHBIN XapakTep.

JIuHeitHble y4yaCTKH aJiropuT™Ma 0OBIYHO coaepKaT KOMaHIbl MAHUITYJISALIWN JaHHBI-
MU, BBIUMCIIEHMS 3HAU€HUI BhIpaXXeHUI, TpeoOpa3oBaHus JaHHBIX. B Toukax BeTBIe-
HHUA pasMeIIaloT KOMaHIbl CpaBHCHUS, pa3JIMYHbIX BUOOB IE€PEX0Aa, BbI30BaA ITOAIIPO-
rpaMM ¥ HEKOTOPHIE IPYrue.

Emie pa3 oopatumMcs K GyHKIMOHATBHOM KJIacCU(UKALIMHY LEeJTOYNCICHHBIX MaIIH -
HBIX KOoMaHJ Tpoiieccopa (cM. puc. 3.3). M3 Bceill COBOKYIMMHOCTH 3TMX KOMaHJ Ha JIM-
HEMHBIX yJ4acTKax pabOTaloT CIEAYIOIINE TPYIIIbI:

M xomaHAbI MepeCchUIKYN JaHHBIX;
X apudmeTnyecKre KOMaH/IbI;
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# JIOTMYeCKHe KOMaHJIbI;
i KOMaHIbl yIIpaBJICHUSI COCTOSIHUEM Ipolieccopa.

B 3T0i1 r1aBe MBI pACCMOTPUM TOJIBKO TPYIIITY KOMaH/I MEPECHUTKM JaHHBIX. DTH KO-
MaH/Ibl OCYIIECTBJISIIOT IEPECHUIKY JaHHBIX U3 OTHOTO MECTA B APYTO€, 3aNIMCh U UTCHUE
nHbOpMaIKU U3 MOPTOB BBOAA-BBIBOJA, TPe0Opa3oBaHue MHGOOPMALIMU, MAHUITYJISIIAN
C agpecaMy M yKaszaTeJsiMUu, oOpalleHue K CTeKY. JJJIsi HEKOTOPBIX U3 3TUX KOMaHI OIe-
pauusi NEPEChUIKU SIBJSIETCS] TOJIBKO YaCThIO aIrOpUTMAa. [Ipyras ero 4acTb BHIIIOJIHSET
HEKOTOpbIE NOMOJHUTEbHbIE ONepalluy Haa nepechliaeMoit nHpopmanueid. [Toatomy
JUTIST ynoOCTBa MPaKTUIECKOro MPUMEHEHUS U OTPaxkKeHUs UX CIeIM(PUKUA JaHHBIE KO-
MaHIbI OYIyT PACCMOTPEHBI B COOTBETCTBUU C MX (DYHKIIMOHAIBHBIM Ha3HAYCHUEM, CO-
[JIACHO KOTOPOMY OHU JEJISITCS Ha KOMaH/Ibl:

# COOCTBEHHO MEPEChIIKM JaHHBIX;

" BBOJA U3 MOPTA U BbIBOJA B MOPT;
paboThl C aipecaMy U YKa3aTessiMu;
# npeoOpa3oBaHUS TaHHbIX;

“  pabOTbl CO CTEKOM.

NMepecbuika AaHHbIX

K Tpynmne KoMaHa NMEPEChIIKU JaHHBIX OTHOCATCA CICAYIOIIME KOMaH/IbI:

MOV <OTEepaHl Ha3HauYeHUs>,<onepaHA-uCTOUHUK>
xchg <onepaHnal>,<onepaHal>

MOV — 370 ocHOBHasl KOMaHJa MepechlIKM JaHHBIX. OHa pealn3yeT caMble pa3HO00-
pasHble BapUaHTHI MepechbIKU. OTMETM 0COOEHHOCTU MPUMEHEHMS 3TO KOMaHIbI.

KomMangoit MOV Henb3sl OCYIIECTBUTD MEPECHUIKY U3 ONHOM 00JIacTH MaMATH B IpY-
ryto. Eciu Takasgs HeoOXOAMMOCTbh BO3HUKAET, TO HY>KHO MCII0Jb30BaTh B KaU€CTBE
MMPOMEXYTOUHOTO Oydepa J1000i1 JOCTYIMHBIA B JaHHBIM MOMEHT PETHCTp OOIIETO
HasHauenus. K npumepy, paccMoTpuM dparMeHT MporpaMMbl ISl TIEPEChIKU Oaii-
ta u3 auyeiku fls B aueiiky fld:

masm
model small
.data
fls db 5
fld db
.code
start:
mov at,fls
mov fld,al
end start

s Henb3si- 3arpy3uTh B CETMEHTHBIN PETUCTP 3HAYCHUE HEMOCPEACTBEHHO U3 MaMSTH.
Jns Takoi 3arpy3Ku TpeOYyeTCsI MPOMEXYTOUHBIN 00BEKT. DTO MOXKET OBITh PETUCTP
061Iero HazHayeHUs WM creK. Ecau Bbl MOCMOTpMTE Ha JucTHT d.1, To yBuanTe
B HayaJle CerMeHTa KoJ1a 1B KoMaHasl MOV, BHIIOJHSIONINE HACTPOIKY CETMEHTHOTO
peructpa DS. Ilpu 3T0M 13-32 HEBO3MOXHOCTH HaMpPSIMYIO 3aTPY3UTh B CerMEHTHBII
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pErMCTp 3HAUYEHME aapeca CeTMeHTa, colepKalleecs B IpeaoIpeaeIeHHOM epeMeH -
Hoi @data, mpuXoanTCs UCTIOIB30BATh PETUCTP O0LIEro HazHaueHuss AX.

II Henn3st mepeciath COOepKUMOE OIHOTO CETMEHTHOTO PEerucTpa B IPYroil CerMeHT-
HBII PETUCTP. DTO OOBSICHIETCS TEM, UTO B CUCTEME KOMaH/ HET COOTBETCTBYIOIIETO
kona omnepauuu. Ho HeoO6XoauMOCTh B TAKOM JEMCTBUMU YacTO BO3HUKAET. BoimoJ-
HUTb TaKyI0 MEPECHIIKY MOXHO, MCITOIb3Yysl B KAUeCTBE IIPOMEXYTOUHBIX BCE TE XKe
perucTphl 0011eET0 Ha3HaUYeHUs. Botr mpuMep nHuImanu3anuu peructpa ES 3HaueHu-
eM u3 peructpa DS:

mov ax,ds
mov es,ax

Ho ectp m apyroii, 6omee «KpacuBBIii» CIIOCOO BBITIOJTHEHUS TaHHOI omepaluu —
ucnoab3oBaHue creka 1 komana PUSH u POP:

push ds ;nomecTuTb 3HayeHuMe peructpa ds B CTeK
pop €s ;3anucatb B €S 4MCNO M3 CcTeka

* Henbss ncnonab3oBaTh cerMeHTHBIN perucTp CS B KaueCcTBe onepaHaa Ha3HAYCHUsI.
ITpuunHa 3aech npoctast. Jleao B ToM, 4TO B apXUTeKType npoueccopa IA-32 mapa
CS:IP conmepxut agpec KOMaHAbl, KOTOpasi J0JXKHA BBIMOJHATLCS caeayolieit. 13-
MeHeHue koMaHaoit MOV conepxumoro peructpa CS pakTuuecku o3Hauano Obl ore-
paluIo repexona, a He MePechblIKM, YTO HEMOyCTUMO.

B cBa3u ¢ komangoit MOV otMeTM onnH TOHKMI MOoMeHT. Ilycth B pernctpe BX co-
JEPXKUTCS aipeCc HEKOTOPOTO IO (TO €CTh Mbl MCIIOJIb3YeM KOCBEHHYO 0a30BYIO alpe-
cauuio). Ero cogepxxumoe Hy>kHO niepeciath B peructp AX. OueBUAHO, YTO HYKHO MpU-
MeHuTbKoMaHay MOV B dopme
mov ax, [bx]

TpaHcasaTop 3a1aeT cebe BOIpPOC: YTO afpecyeT perucTp BX B maMaTu — cI0BO MK
6aiiT? OOLIYHO B 3TOM Cilyyae OH MMPUHMMAET pellieHUe caM, o pa3Mepy 00JIbLIEro one-
paHma, HO MOXEeT M BbIIATh Ipeaylpexaaollee COOOIIEHNEe 0 BO3MOXHOM HECOBIAlle-
HUU TUIIOB OTIEPaHIOB. _ )

Wnu npyroii ciyyail — Bo3MOXHO, Oojiee MoKa3aTeabHbliA. PaccMOTpUM KOMaHIbI
unkpemenma IN C (yBenuueHust onepanna Ha 1) u dexpemenma DEC (yMeHbIIEHUS OTIe-
paHma Ha 1):
inc [bx]
dec [bx]

Yro agpecyercs peructpoM BX B mamsiTu — 0aiT, CJI0BO UM ABOMHOE CJIOBO?

JomycTUM TakXe, YTO TpeOyeTCcs] MHULIMAAU3UPOBaTh M0JIe, aApecyeMoe PerucTpoM
BX, 3Hauenuem 0. OueBUAHO, YTO OJHO U3 PELIEHU — MpUMeHeHre KoMaHabl MOV:
mov [bx],0

U omaTh y TpaHCISITOpA BOITPOC: KaKyI0 MAITMHHYI0 KOMaHIy eMy KOHCTPYHUPOBAaTh?
Jng uHunuanu3auuu 6aita? JIns vHuLmanu3auuu ciaosa? st MiHULIMAIU3aLuu IBO -
Horo cjiopa?

Bo Bcex 3Tux ciryyassx He0OXOOUMO YTOUHSITh THIT MCITOTb3YeMBIX OoIepaHaoB. Jis
3TOrO CYIIEeCTBYET crieliMaabHbIil onepatop accemonepa PTR (cMm. npunoxeHue). Ilpa-
BWJIBHO 3amycaTth NMPUBEICHHBIC paHee KOMaHIBl MOXKHO CJIEIYIOIIMM O00pa3oM:

mov ax,word ptr[bx] ;ecnn [bx] agpecyeT cnoBo B namsatu
inc byte ptr[bx] ;ecnn [bx] apgpecyeTt 6aT B namaTu
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dec dword ptr[bx] ;ecnnm [bx] appecyeT [OBOWHOE CNOBO B MamsaTu
mov word ptr[bx},0 ;ecnn [bx] agpecyeT CA0BO B NamaTty

MoOXHO peKOMEHI0BaTh UCII0Jb30BaTh oniepaTop PTR Bo BceX COMHUTENBHBIX OTHO-
CHUTEJIbHO COIJIACOBaHHUS pa3MepOB OINEPaHIOB cilydasix. Takxke 3TOT omepaTop HYXHO
MIPUMEHSATh, KOraa TpedyeTcss IpUHYAUTEIbHO IMTOMEHATh Pa3MePHOCTh OIEPaHIOB.
K mpumepy, Tpebyetcst nepecnarb 3HadeHue 0ffh Bo Bropoii 6aiit mons flp:
masm

model small
.data
flp dw 0
.code
start:
mov byte ptr (fip+1),06ffh

end start

Hecmotps Ha 1o uto moie flp umeer tum WORD, Mbl coobiiiaeM acceMOiepy, UTo Iose
HYXXHO TPaKTOBaTh KaK 0aliTOBOE, U 3aCTaBJsIeM BBIYMCIUTD 3HaUeHME 3(D(PEKTUBHOTO
aapeca BTOpPOTro onepaHiaa Kak cMelneHue flp mioc earHuia. TeM caMbIM MbI IToJydaeM
IIOCTYIT KO BTopoMy Oaiity mous flp.

Jlna nByHampaBIeHHOM MepechbUIKM AaHHBIX NpuMeHsioT Komanmy XCHG. nst artoit
onepanyy MOXHO, KOHEYHO, IPUMEHMTD MTOCJIeI0BATEIPHOCTh U3 HECKOJIBKUX KOMaH I
MOV, Ho 13-3a TOro uTo onepauus oOMeHa UCIOJIb3yeTCsl JOBOJBHO YacTo, pa3paboTun-
KM CHCTEMBI KOMaHI POLIECCOPA TOCYNUTAIN HYKHBIM BBECTH OTAETbHYIO KOMaHIy 00-
MeHa — XCHG. EctecTBeHHO, UTO OInepaHabl TOXKHbBI UMETh oAuH TUIl. He momyckaeTcs
(KaK ¥ 11 Bcex KoMaH[ accembiiepa) HampsIMyl0 oOMeHUBaTh MEXIY COO0M COMEPXKM-
Moe IBYX ssueeK nmamsatu. K npumepy,

xchg ax,bx ; OOMEHSTH CONEPRMMOEe DEeTUCTPOB ax U bx
;00MeHsTh COIEPEVMOe DeTNCTpa ax M CJloBa B IaMATU IO ajipecy B [sil:
xchg ax,word ptr [si]

Beopa 13 nopTta u BbIBOA, B NOPT

B rnaBe 5 mpu 00cyXmeHUU BOIIPOCa O TOM, TJie MOTYT HaXOMUThCSI ONEPaH/Ibl MalIUH-
HOIl KOMaHbl, Mbl YIIOMUHAIU HOpm 6600a-8bi600a. PU3NYeCKU TOPT BBOAA-BHIBOIA
MPENCTABISIET PETUCTP Pa3psAHOCThIO 8, 16 mam 32 Oura. JocTyn K yCTpOMCTBaM BBO-
Jla-BBIBO/Ia, CUCTEMHBIM YCTPOMCTBAM KOMITbIOTEPA OCYIIECTBIISETCS TTOCPEACTBOM 3TUX
PErucTpoOB, MPUYEM KaxKIbIid 13 3TUX PETMCTPOB JOJIKEH UMETh BO3MOXHOCTh YHUKAJb-
Hol uaeHTUuUKanuu. C 3TOM 1IeJbI0 apXMTEKTYPHO IIPOLECCOP IMOAICPKUBAET TaK
Ha3bIBAEMOE a0pecHoe NPOCMPAHCME0 6800W-8big00d. AIPECHOE MPOCTPAHCTBO BBOJA-
BBIBOJIA (PM3MYECKU HE3aBUCUMO OT IIPOCTPAHCTBA ONIEPAaTUBHOM MaMSITU M MIMEET Orpa-
HUYEHHBI 00beM, cocTaBistomumii 218, wim 65 536, anpecoB BBOLA-BLIBOIA.

Takum obpa3oM, TOPT BBOAA-BBIBOAA MOXKHO OINpeAeUTh Kak 8-, 16- wim 32-pas-
PSUTHBINM alIapaTHbIA PErvcTp, MMEIOIIMIA ONpeaeIeHHbI afpec B aIpeCHOM IPOCTpaH-
CTBE BBOJA-BhIBoAa. Bcst pabora crCTEMBI ¢ yCTPOMCTBAMM Ha CaMOM HM3KOM YPOBHE
BBIITOJIHSIETCSI ¢ MCIIOJIb30BaHMEM IOPTOB BBoma-BhiBoaa. IlocMmoTpute Ha puc. 7.1. Ha
HeM MoKa3aHa CWJIbHO YIpPOIleHHAasl KOHILIeNTyalbHas cXema ylnpaBjieHus 00opyaoBa-
HMEM KOMITbIOTEPA.
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[ Mporpamma nons3oBaTens |

| DOYHKUMM OMNEPALIMOHHON CHUCTEMBI l
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| I [ e MpoCTPaHCTBO MOPTOB BBOAA-BLIBOAA - ‘ I I

Annapatypa KoMnblotTepa

Puc. 7.1. KoHuenTyankHas cxema ynpasneHus 060pynoBaHMEM KOMMbIoTepa

Kak BuIHO M3 prCYHKa, cCaMbIM HUXXHUM YpOBHEM siBisieTcs ypoBeHb BIOS, Ha ko-
TOpPOM paboTa ¢ 000pyIOBaHUEM BeIETCS HAMPSIMYIO Yepe3 MOopThl. TeM caMbiM peaiiu-
3yeTcsl KOHLIETMIIUSI He3aBUCUMOCTH OT obopynoBaHus. [1pu 3ameHe 000pya0BaHUS TO-
TpeOyeTcst IUIIb MOANPAaBUTh COOTBeTCTRYOIMME GyHKIuU BIOS, nmepeopreHTUpOBaB
WX Ha HOBbIE ajipeca U JIOTUKY paboThl TIOPTOB.

[MpyHIMNHATBHO YIPABISITh YCTPOMCTBAMU HATNPSIMYIO Y€pe3 MOPThl HECIOXHO.
CBeieHMsI 0 HOMEpax MOPTOB, UX Pa3PSAHOCTU, (hopmate yrpasisitonieilt nuHGopMalumn
MPUBOASTCS B TEXHUYECKOM OMUCcaHuM ycTpoiicTBa. HeoOXoauMo 3HATh UMb KOHEY -
HYIO LIEJIb CBOUX ACUCTBUI, alTOPUTM, B COOTBETCTBUU C KOTOPBIM pabOTaeT KOHKPET-
HOE YCTPOMCTBO, W MOPSIAOK MPOrpaMMUPOBAHMS €ro MopToB. To ecTh, (pakTUUECKH,
HYXHO 3HaTh, YTO U B KAKOU MOCJIEA0BATEIBHOCTY HYXXHO IMOCaTh B MOPT (MIPU 3aMUCH
B HEr0) WK CYUTATh U3 Hero (Mpu YTEHUM) U KakK cleqyeT TPaKToBaTh 3Ty WH(MOpMa-
uuto. JIst 3TOro JOCTaToOuHO BCEro ABYX KOMaHj, MPUCYTCTBYIOIIMX B CUCTEME KOMaH]
nporeccopa:

in <aKKyMynATOp>,<HOMep_fopTa> — BBOI B aKKYMYJISTOD U3 ITOPTa ¢ HOMEPOM <HO-
Mep_nopras;

out <HoMep_nopTa>,<akKKyMyNaTop> — BBIBOJ COAEPXMMOI0 aKKyMyJsITOpa B MOPT
C HOMEPOM <HOMep_nopTas,

BosMoxHBbIe 3HaUEHNS ONIEPAHIOB 3TUX KOMaH/ PUBEACHBI B TpuIoxeHnu. Heoo-
XOIMMO OTMETUTh, YTO MCIIOIb30BATh 3T KOMAH/bI BBl CMOXETe 0e3 IIpo0JieM TOIbKO
B [IpOrpaMMe, MpefHa3HaueHHoit 11 MS-DOS. [pu momnbiTKe UX 3aMycKa B IPOrpaM-
Me 19 Windows Bbl mOJIyduTe OIKMOKY. DTO He 03HaYaeT HEBO3MOXHOCTH 3aIycKa 1c-
MOJIHAEMOrO0 MOJIYNA ONKUCAaHHOH manee mporpammbl B ceance Windows. bomee Toro,
Windows noamepXuT pealu3alMio MOJHOTO LIMKJa pa3padOTKU JaHHOK MPOTpaMMBbI,
HO CHEJIAHO 3TO OYAET B CIELUMAIbHOM PeXUME pabOTbl — PeXUME BUPTYaJbHOIO iIpoC-
meccopa x86.

B xauectBe mpuMepa pacCMOTPUM, KaK Ha YpOBHE alIlaparypbl 3aCTaBUThb KOMIIbIO-
Tep M3JaBaTh 3BYKU 4Yepe3 CBOM BHYTPEHHUI AMHaMUK. Ha GOJbIIMHCTBE KOMIIBIOTE-
POB UMTaTEIeli 3TO OYIeT HEKOTOPHIH TpecK. M3MeHsIst pa3IMYHbIe TapaMeTPhl IIPOrpaM-
MBI, B UJeajie, Bbl MOXETEe IMOJYYUTh 3BYK, HAIIOMUHAIOILIWIA CUPEHY.

BHavae Mbl IepeyrciIiM, KaKue anmapaTHbIE pecypchl OyayT 3aleiicTBOBaHbI U KaK
MMM HaJo YIIPAaBISITh.
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B GonbIIMHCTBE KOMITBIOTEPOB €CTh BHYTPEHHU I TMHAMUK. PaHbllle OH MCIOJIb30-
BaJICs IJISI TOTO, YTOOBI M3JaBaTh 3BYKU MPU padoTe caMbIX pa3JIMYHbINA MPUIOXKEHUH,
BILTOTH 10 MTpoBEIX. Ceilyac y HETO ocTajach eIMHCTBEHHAS BaxXHas (GYHKIIUSI — BOC-
MMpou3BeAicHNE 3BYKOB, KOTophie TeHepupyeT BIOS Ha sTame TecTHpoBaHUS 1 HAYahb-
HOM 3arpy3KH.

NMPUMEYAHUE HecMmoTpsi Ha TO 4YTO TpsIMOii MOCTYN K IMOpTaM BBOJA-BbIBOAA IOCTYMEH
ToJIbKO U3 cpeabl MS-DOS, cBeaeHust o Homepax MOPTOB U OCOOEHHOCTSIX
paboThl ¢ HUMH TOJIe3HBl U MpU nporpammupoBaHuu anst Windows. Ecau
cucteMbl Windows 95/98 nmpakTuyecku He 3aKpbIBalOT JOCTYM K MTOPTaM,
1o B Windows NT/2000/XP nr06ast monbiTKa oOpalieHus K HUM MIPUBEAET
K BO3HUKHOBEHMIO OIIMOKK. [IpuunHa B TOM, YTO MOPTHI SIBASIOTCS KPUTH-
YeCcKM BaXKIbIM pecypcoM, M MeXxaHu3Mbl 3amuThl Windows NT/2000/XP
HE MOTYT JONMYCTUTb UX MOHOIOJM3ALNI0 KaKUM-T100 nmpunoxeHuem. One-
pauuonHas cuctema Windows NT/2000/XP npenocrasisieT nporpaMMu-
cty ¢dyHkuuu APl mns pabGoTel ¢ ycTpolcTBaMH, IMOCPEACTBOM KOTOPBIX
B KOHEYHOM WTOTe W OCYLIECTBISIETCS AOCTYN K TOPTaM TOCPENCTBOM KO-
MaHa IN u OUT. IlombiTKa MCHONB30BaTh 3TM KOMaHABI B TporpaMMe
nonb3oBatens B cpeae Windows NT/2000/XP npuBener K BOSHUKHOBE-
HUIO UCKJIIOYEHHS 10 HEeJONMyCTUMOMY KOy onepauuu. BaXxHO MOHUMATD,
YTO Ha HU3KOM YPOBHE YIpaBjJeHUE almapaTrypoil KOMIIbIoTepa BeoeTcs
C MCIOJIb30BAaHUEM TEX Xe MOPTOB, UTO U Npu padoTe B MS-DOS, TO ecThb
(usuka ocraercs, MeHseTcs JIOTMKA yrpaBieHus anmnaparypoii. Eciau mpo-
rpaMMe yaacTcsl TMOJIyYUTh YpOBEHb MPUBUJIETUH siapa (TakKoil ypoBEeHb
MMEIOT IpaiiBephl YCTPOICTB), TO B 3TOM CIIydae OHa MOXET OecIpersT-
CTBEHHO Mucmojb3oBaTh KoMaHasl IN m OUT u paGorarh ¢ ycTpoiCTBOM
Tak Xe, Kak B cpeae MS-DOS. CyuiecTByOT crieliuajbHble TPOTrpaMMBbl,
KOTOpBI€ TTO3BOJISIIOT MOJYYUTh AOCTYN K MOpTaM BBOJAA/BbIBOAA U3 IMPO-
rpaMMBbl TOJIb30BaTeNsl, MCKJIOYass HEOOXOAMMOCTb HalMcaHMs ApaiiBepa.
Cpenu ¢aiioB, TpuiIaraéMbIX K KHUTE, comepxXaTcs IBe Hamboyiee M3BEeCT-
1ibIe U3 Takux nporpaMm — UserPort u PortTalk'.

Kak 3T0 HU yAUBUTENbHO, HO CIIELIMAJbHON CXeMbI TeHepaluy 3ByKa IJisl BHYTPEH-
Hero TMHaMuKa HeT. CUTHAJI I yIIpaBlIeHUS TMHAMUKOM (DOpMUpPYeTCd B pe3yabTare
COBMECTHOM pabOThI CAEAYIOUINX MUKPOCXEM:

npoepammupyemozo nepugepuiinoeo unmepgeiica (IIIIA) 18255;

taiimepa i8253.

Oo6mas cxema (hopMUPOBAaHMS TAKOTO CUTHAJA ITOKa3aHa Ha puc. 7.2.

Ob6cynuM mpezcTapieHnyo cxeMy. OCHOBHasl paboTa Mo reHepaluu 3ByKa Mpou3-
BOJAUTCS MUKpOCXeMOil Talimepa. MukpocxeMa TaiiMepa (majiee nNpocTo TaiiMep) UMeeT
TpU KaHaja ¢ COBEpPILeHHO OJMHAKOBBIMU BHYTPEHHEN CTPYKTYpPOIl U MPUHLIMIIOM pa-
6oThl. Ha kaHanbl TaliMepa MoAaloTCs UMITYJIbChl OT MUKPOCXEMbl CUCTEMHBIX YacoB,
KOTOpBIE, MO CYTH, MPEACTABISIOT COO0I TeHepaTop UMITYJIbCOB, padOTAIOLIUH ¢ YacTO-
toit 1,19 MI'u. Kaxnerit KaHan mMeeT ABa BXoJa M OOWH BEIXOA. BEIXOIBI KaHaja 3aM-
KHYTHI Ha BIIOJIHE OMpeAeeHHbIe YCTPOCcTBA KOMITbIOTepa. Tak, KaHan () 3aMKHYT Ha

1 Bce mpuiaraeMble K KHure (Gailbl MOXHO Haiitu 1o agpecy http://www.piter.com/download. —
[Ipumeu. peo. :
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CucTemHble Yach! o :
82 Peruc
(reHepaggp Tavmep 18253 ynpagneT“g
MMMYSLCOB,
)l KananO (nopT 43h)
yactota 1,19 Mru) . foc s
»{ Mopt 40h
Kanan 1
Mopt41h >
PerycTp BBOA-BLIBOZA Kanan 2
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| Peverp-samenxa |
¥
PervicTp-cueTdnk Ha
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Puc. 7.2. Cxema ¢popMMpoBaHUS 3BYyKa OJ11 BCTPOEHHOrO ANHaMuUKa

KOHTPOILJIep MPpephIBAaHUM, IBJISISICh ICTOYHMKOM alapaTHOTo MpephIBAHUS OT TaliMe-
pa, KoTopoe Bo3HMKaeT 18,2 pa3a B cekyHay. KaHam 1 cBS3aH ¢ MMKPOCXEMOW MPSIMOTO
gocryma K mamatu (DMA). M HakoHell, KaHall 2 BEIXOAUT HAa IMHAMUK KOMITbIOTEpA.
Kaxk MBI OTMETHIIN, KaHaJbI TaliMepa UMEIOT OAMHAKOBYIO CTPYKTYPY, OCHOBY KOTOPOii
COCTABIISIIOT TPU PETUCTPA: Pe2Ucmp 6600a-661600a PA3PSITHOCTBIO 8 OUTOB, pecucmp-puK-
camop (latch register) upezucmp-cuemuux (counter register), o6a 1o 16 6uros. Bce pe-
TUCTPHI CBSI3aHBI MEXY CO00I caeaytolM oopa3oM. B peructp BBo#a-BhIBOIA U3BHE
MoMelaeTcss HeKOTopoe 3HaueHne. McTouHNKOM 3TOoro 3HaYeHHUsT MOXKeT ObITh 1160
. CHCTEMHOE MporpaMMHoOe obecrieueHue, 100 porpaMmma mojb3oparens. Kaxapii pe-
TMCTP BBOJA-BBIBOJA MMEET aipec B alpecHOM MPOCTPAHCTBE BBOAA-BbIBOAA (HOMED
rmopTa BBOJA-BbIBOJA). Peructp BBOJA-BbIBOJA KaHama 2 MMeeT HOMep IopTa BBOAA-
BbIBoa 42h. [ToMelraeMble B HETO 3HAUEHUST HEMEAJICHHO MOMAAaloT B perucTp-ukca-
TOp, TAe 3HaUeHUE COXpaHsIeTCs A0 TeX MOop, ToKa B PeTUCTP BBOAA-BLIBOAA He OymeT
3aIMcaHo HOBOe 3HaueHKe. Ho Kak cornacyloTcst 3T peruCTphI 110 UX Pa3psIHOCTH, Belb
OZIMH U3 HUX 8-, a npyroii 16-paspsaHbiit? {7151 9TOT0 NpefHasHauYeH pezucmp ynpagie-
Hus (eMy COOTBETCTBYeT MOPT 43h), KOTOPHIN SIBASETCSA YacThlo MeXaHM3Ma yIpaBiie-
HMS Bcell MUKpocxeMoii TaliMepa. OH COIEPKUT €2080 COCHOsHUS, C TIOMOIIBIO KOTOPO-
ro TIPOM3BOASTCSA BBIOOp KaHajla, 3aJaHue pexXrMa padoThl KaHajla U TUIA Olepaluu
nepeJayd 3HaYeHUsT B KaHaJl.
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Jlanee omucaHa CTPYKTypa ClIOBa COCTOSTHUS:

but 0 onpeaensieT TUIT KOHCTAHTHI mepecueTa: ) — KOHCTAHTA 3afaHa JBOUYHBIM
yucinoM, | — KOHCTaHTa 3alaHa IBOMYHO-AecATUIHbIM (BCD) uncnom. Koncranra
nepecyeta — 3HaYeHHE, 3aTpyKaeMoe U3BHE B PETUCTP-(PUKCATOP; B HAILIEM Clydae
3arpyxartbcs OymeT IBOMYHOE YUCIIO, TI0O3TOMY 3HAUEHUE 3TOTO 1o OyaeT paBHoO 0.

ii bute 1-3 onpenendior pexXuM padOTHI MUKPOCXeMBI TaiiMepa. Bcero MoxHo ompe-
JIEIUTh IECTh PEXUMOB, HO OOBIYHO MCIIOJb3YETCS TPETUIA, TIOITOMY JJIS HAIIETO
ciayvas 3HayeHue noad — 011,

m buth 4-5 onpenensior tur onepanuu: 00 — mepemats 3HaYCHUE CUETINKA B PETHUCTP-
(ukcarop (To ecTb BO3MOXHBI HE TOJIbKO OIEpalysI 3alMCH 3HAYeHHUSI B KaHaJ, HO
1 U3BJIeYCHNUE 3HAYCHMS PErMCTpa-cueTIYnKa U3 Hero), 10 — 3amucarp B peructp-GhuK-
caTop TOJIBKO cTapiiuii 6aiT, 01 — 3amucaTth B perucTp-(QUKcaToOp TOJBKO MIAIIIMIA
Oaiit, 11 — 3ammcaTh B peruCcTp-(QUKcaTop CHavaja CTapIInit 6aiT, 3aTeM MITAIIINA.
B namrem ciygae 3HageHue mojist oymet 11. [ostomy dhopmupoBanue 16-paspsaasoro
peructpa-puKcaropa yepe3 8-pa3psamaHbIil PErMCTP BBOAA-BHIBOAA ITPOM3BOMMUTCS
CIeAyIUM 00pa3oM: 3alTUCh TPOM3BOAUTCS B B IpUEMa, MEPBBIA OANT U3 pervc-
Tpa BBOJA-BBIBOJA 3alMCHIBAETCSI HA MECTO CTapllero Oaiita permcrpa-gukcaropa,
BTOpOil OaliT — Ha MecTo muaaiuero Oaiita. HeTpynHo goragaThesi, YTO B PeTUCTp
BBOJa-BbIBOAA 3T OaiiThl moMelnatoTcss Komangamu IN u OUT.

II Butel 6-7 ompenensioT HOMEP MPOrpaMMUPYeEMOro KaHaua. B HaieM ciydae oHU
paBHBI 10.

It hopMupOBaHUS JTI000T0 3ByKa HEOOXOMUMO 3aaTh €T0 JUIMTEIbHOCTh U BBICO-
1y. [locie Toro Kak 3HaueHME M3 PETUCTPa BBOIA-BHIBOA MTOMNAJIO B PETUCTp-GhUKCaTOP,
OHO MOMEHTAJIbHO 3aIIMChIBAETCS B perucTp-cueTuyrK. Cpasy Xe I0cjie 3TOro 3HaueHue
perucTpa-cuyeTInKa HauMHaeT YMEHBIIATHCS Ha IMHUILY C IIPUXOIOM KaXKI0Tr0 MMITYJIbCa
OT CHCTEeMHBIX YacoB. Ha BeIXoze 1100010 13 Tpex KaHaJIoB TaliMepa CTOUT CXeMa JIOTH-
YECKOro YMHOXEHHsI. DTa cXeMa MMeeT ABa BXoJa M OMUH BhIXOA. 3HAYeHUE PEerrucTpa-
CcYeTYMKa y9acTByeT B (hOPMUPOBAHMY CUTHAJIA HAa OTHOM 13 BXOJIOB CXEMbI IOTHIECKO-
ro ymHoxeHus1 M. CurHasl Ha BTOpOM BXOJI€ 3TOI CXEMBbI 3aBUCUT OT cOCTOsIHMS O6uTta O
perucTpa MUKpocxeMbl MHTep(delica ¢ mepudepueit (mopt 61h). B cBoe BpeMst MbI TI0-
TIPOOHO pa3depeMcs ¢ TOTUYECKUMHU OMEPAIUsIMU, CEHYAc CIEAyeT TUIIb TOSICHUTD, YTO
€IMHUIIA Ha BBIXOAE CXEMBbI JJOTMUECKOTO YMHOXEHUSI MOXET IOSIBUTHCS TOJBKO B OfI-
HOM clly4ae — KOT/a Ha 000MX Bxonax eAMHUIbl. Korna 3HauyeHne B perucTpe-cueTInKe
CTAaHOBUTCSI paBHBIM HYJIIO, Ha COOTBETCTBYIOIIEM BXoje cxeMbl M popMupyeTcs Takas
enuHUIA. M eclii TIpu 9TOM Ha BTOPOM BXOJie, 3HaY€HME KOTOPOTO 3aBUCHUT OT 6ura O
rmopra 61h, Takxke 1, TO UMIYJIbC OT CUCTEMHBIX YaCOB TTPOXOAUT Ha BBIXOJ KaHaja 2.
OmHOBpPEeMEHHO C IIPOITYCKOM MMITYJIbCa B KaHaje 2 HeMeIJICHHO IIPOM3BOAMTCS 3arpy3Ka
COIIEPKMMOTO perucTpa-pukcaTopa (KOTOpoe He MU3MEHWIIOCh, €CIM €0 He M3MEHUIN
M3BHE) B PETUCTP-CUYETIYMK. Bech mpoiiecc ¢ yMeHbIIEHIEM COAEPXKMMOTO PErucTpa-cueT-
YHKa MTOBTOPSIETCS 3aHOBO. Temephb BBl IOHMMAETE, YTO YeM MEHbIlIee 3HaUeHHUE 3arpy-
KEHO B perucTp-(puKcaTop, TeM 4alle OyaeT IPOMCXOANTh OOHYJIeHUE PErucTpa-cyeT-
YydKa ¥ TeM Yallle MMIYJIbChl OyayT MPOXOAMTh Ha BBIXOA KaHaja 2. A 3TO 03HavaeT
OoJblliee 3HAUEHME 6bicombl 3ByKa. [TOHATHO, YTO MaKCMMaIbHOE 3HAYCHUE YACTOTHI Ha
Bxone 1 mmHamuka — 1,19 MI'n. Takum o6pa3oM, MMITYJIbC C BEIXO/a KaHaja 2 onanaeT
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Ha IWHAMWK, ¥ €CJIM Ha TIOCJIETHWH TTOJaH TOK, TO BOZHUKAET JOJTOXIaHHBI 3BYK. [1o-
Jayeil Toka Ha IMHaMUK ynpasJjsier out 1 mopra 61h. Kak npepBats 3Byyanue? OueBui-
HO, IUIS 3TOTO BO3MOXHBI 1Ba IyTH: TIEPBBIIl — OTKJIIOYMUTH TOK, COpocuB OUT 1 mopra
61h, BTOpOit — copocuts Out 0 mopra 61h. DT 1BE BO3MOXHOCTH UCIIOIL3YIOT IS CO3-
JNaHusl pa3aruuHbIX 3BYKOBbIX 3(pdekToB. COpachiBas U yCTaHABIMBASI 9TU OUTHI, MbI
(DaKTUYECKH OMNpENENsieM OAUMENLHOCb 3By YAHUS.

Ecnu BBl BHUMATEIBHO CICIUIIN 32 BCEMH PacCyXXIeHUSIMU, TO, HaBepHOeE, 0e3 Tpyna
CMOXeTe TIOHSATh, ITOYeMY MEePBBI KaHal TaliMepa (hOpMUPYET CUTHAJIBI allllapaTHOTO
nmpepbiBaHus OT Taitmepa 18,2 pasza B ceKyHIy (Ha OCHOBaHMM 3TUX CUTHAJIOB ITPOTpaM-
MBI oTCiexuBaloT Bpems). st aroro BIOS Bo BpeMmst 3arpy3kKu 1mocijie BKAYEHUS KOM-
MbIOTEpa 3arpyXkaeT B TIEPBBI KaHaJl COOTBETCTBYIOIIEE 3HAYCHUE.

Takum 06pa3oM, HAMETHIIMCH TPH TTOCTIEIOBATEIbHBIX NIECTBUSA, HEOOXOAMMBIE TSI
MIPOrPaMMUPOBAHMS 3BYyKOBOTO KaHajia TaiiMepa (OHW IPUMEHUMBI U K OCTaJbHBIM Ka-
HaJlaM).

1. TlocpenctBoM mopta 43h BeIOpaTh KaHall, 3a4aTh PeXXUM pabOThI U TUIT OINepallu
repenayyd 3HaYeHMWS B KaHajl. B HaimeM ciyJae cOOTBETCTBYIOIee 3HAUCHUE OyIeT

pasHo 10110110 = 0b6h.
[Momath TOK Ha IMHAMUK, YCTaHOBUB 6UT 1 mopra 61h.

Hcronb3ys peructp AX, IOMECTUTh HY>)KHOE 3HAYeHUE B TTOPT 42h, onpeaenB TeM
CaMbIM HYXHYIO BHICOTY TOHA.

Hanee B nmuctuHre 7.1, mpuBemeHa MporpaMMa, peann3yonias HEKOTOPHE 3BYKH.
MHorue KoMaHIbl BaM YXe 3HaKOMBI, HEKOTOPBIE MBI ITOKa eI1le He pacCMaTpUBaJIH, T10-
3TOMY ITOSICHUM MX (DYyHKIIMOHATbHOE Ha3HaUeHHe. [1ompoOHO OHM OYIyT pacCMOTPEHBI
B IociIenyionux riabax. st ymo6cTBa B IporpaMMe OblIa MCITOJIb30BaHAa MaKPOKO-
MaHna delay, BBITIOTHSIOMAS 3aA¢pKKY pabOTH ITpOrpaMMBI Ha 3amaHHoe BpeMs. Ilo-
IpoOHee MeXaHU3M MaKpOIIOACTaHOBOK OymeT paccMOTpeH B T1aBe 14. Ceityac TOJIBKO
OTMETBTE IIJIST Ce0s1, YTO BBEICHHAS TaKMM 00pa30M MaKpOKOMaHIa B TEKCTE IMPOTpaM-
MBI CUHTAKCHYECKM HUYEM HE OTJIMYAETCA OT APYTUX KOMaH] acceMbJiepa, U 3TO O3B0~
JIIeT IPOTPAMMMUCTY TIPY HEOOXOIMMOCTH PacIIMPUTh CTAHIAPTHHI HA0OP KOMaHI ac-
ceMbiepa. Beenure Tekct MakpokoManasl delay (ctpoxu 13-25) u BocmprHUMAIITE ee
YUCTO MO QYHKIIMOHATBPHOMY Ha3HAYSHUIO (3a7epkKKa BBITTOJTHEHUSI ITPOTPaMMBI Ha TTPO-
MEXYTOK BPEMEHHU, 3a/aBaeMblil 3HaYeHHeM ee orepanaa). CTOUT OTMETUTb, YTO JaH-
Hasl MaKpOKOMaHIa 9yBCTBUTEIbHA K TTPOM3BOAMTEILHOCTH IIpolieccopa, U3-3a 4ero
3BYKU Ha KOMIIBIOTEPAX C pa3HbIMUA MOJEJSIMU MPOLIECCOPOB MOTYT HE coBnaaarh. Cer-
MEHT KoJla, KaK 00BIYHO, HAYMHAETCS ¢ HACTPOMKM CeTMEHTHOTO peructpa DS (cTpoku
32-33) Ha HavaJsio cerMeHTa maHHBIX. [locne aToro crpokamu 37-38 Mbl BBIIOJHSIEM
AENCTBUA NIEPBOTO 3Talna — HACTPOMKY KaHaja 2, KOTopas 3aKJII04aeTcs B 3alUCU B pe-
ructp yrpasiaeHust (opt 43h) Gaiita cocrosHus OB6h. Ha Bropom miare Mbl JOJXKHBI
ycraHoBuTh OuThl 0 1 1 mopra 61h. TlpenBapuTeabHO HEOOXOANMO M3BJIEYD COMEPKM-
MOE€ 3TOro nopta. DTo AeaaeTcs AJisl TOro, YTOObl BBIMOJHATH YCTAHOBKY OUMTOB 0 1 1, He
M3MEHSISI COAEPXKMMOro OCTalbHbIX 6UTOB mmoprta 61h (ctpoku 39-41). Ipunuun dop-
MMPOBaHUS CUTHAJIA CHPEHBI 3aKJTI0YAETCS B TOM, UYTO B IIMKJIC HA CIMHUILY U3MEHSIETCS
COIEepPXXMMOE PeTHCTpa-cueTIMKa M JeJaeTcs HeOOJbIIas 3aJIepXKa ISl TOro, YTOOBI
CHTHAJI HEKOTOPOE BpeMsI 3ByJaJl C Hy>KHO BeICOTO#. [locTenieHHOe TTOBBITIIEHNUE, a 3a-
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TeM TOHMXEeHME BBICOTHI M gaeT HaM 3ddekT cupeHsl. Ctpoku 43-53 COOTBETCTBYIOT
LIMKJTY, B TeJle KOTOPOrO BbICOTA ITOBBIIIAETCS, a CTPOKU 55-62 — LUKy MOHUXKEHUS
ToHa. O0a IWKIAa TOBTOPSIOTCS ITIOCIENOBATEIBbHO 5 pa3. KOHTpoJb OCyIIecTBIIseTCS
C IIOMOIIbIO MTEPEMEHHOI cnt, COAePXUMOe KOTOPOU yBeauuyuBaeTcs Ha 1 B cTpoke 69
1 KOHTPOJMPYETCS Ha paBeHCTBO 5 B cTpokax 71-72. Ecimm cnt = 5, To komaama CMP
yCTaHaBJIWBaeT oIpencieHHble ¢ard. [locienyiomas KoMaHIa YCIOBHOTO Iepexoma
JINE ananusupyet 3T (jaaru U B 3aBUCUMOCTU OT UX COCTOSIHUS IlepeaeT ylpaBieHue
060 Ha METKY, YKa3aHHYIO B Ka4eCTBE OIEpaHAa 3TO KOMAaHMHI, MO0 Ha CICIYIOIIYIO
3a JNE komanay. Lluki B mporpamme acceMbiiepa MOXHO OpPraHM30BaTh HECKOJbKUMU
crocobamu; Bce OHM OymyT MoApoOHO paccMOTpeHsl B raBax 10 u 11, B nanHoM ciyyae
UK opranu3yercs komaHmoi IIIOP, koropast B KauecTBe oliepaHIa MMECT MMSI METKH.
Ha sTy MeTKy u ItepemaeTcs ynpapieHHe Ipu BeimonrHeHNY KoMaHasl [IIOP. Ho mo Toro
Kak TepenaTh yupasieHue, komanga [IIOP ananusupyet comepxkumoe peructpa ECX/CX,
M €ClIM OHO PaBHO HYJIO, YIIpaBJIcHUE IepenaeTcs He Ha METKY, a Ha CJICOYIOIIYIO 3a
LOOP xomanmy. Ecim comepxkmmoe perrctpa ECX/CX He paBHO HYJIIO, TO OHO YMEHBIIIACT-
s Ha eIVHMWILY U YIIpaBJIeHHe TepenaeTcs Ha MeTKy. Takum o6pazoMm B ECX/CX xpaHuTCH
cuemyuk yukaa. B Hameit mporpaMMe oH 3arpyxaetcs B ECX/CX B cTpokax 42 u 54.

Jlucturr 7.1. Peanusaumns CUpeHb!

<1» j=——-Prg_7_1.asp—=—=

<2> ;Nporpamma,uMUTUPYIOWAA 3BYK CUPEHH.

<3> ;JI3MeHeHMe BHCOTH 3Byka oT 450 mo 2100 Ti.

<4» ;llcionb3yercs Makpoc delay (3amepxka).

<S> ;MNpu HeobOXOOMMOCTHN

<G> ;MOKHO TOMEHSTL 3HaYeHNME B3aJepXKy (M0 YMONYaHMO - OIS IPOIeccopa
Pentium).

<T> 3
<8> masm

<9> model small
<10> stack 108h

<11» ;MAKpOoC 3allepKKy, EeTr0o TeKCT OTpaHuuYMBaeTCs OMPeKTuBaMy macro u endm.
<12> ;Ha BxOme — 3Ha4yeHye 3alepxkky (B MKC)

13> delay macro time

<14> local ext,iter

<15> push cX

<16> mov cx,time

<17> ext:

<18> push cX

<19> mov cx,5000

<20> iter:

21> loop iter

<22> pop CX

<23> loop ext

<24> Pop cx

<25> endm

<26> .data ; CeTMeHT [TaHHHX

<27> tonelow dw 2651 JHUXHSS TpaHula 3Bydanus 450 T
<28> cnt db O {CUeTUMK [OJIS BHXOLA M3 IIPOTDPAMME
<29> temp aw 7 ; BEDXHAA I'PaHula 3BYYaHUA

<30> .code ;CcerMeHT XoIa

<31> main: ; TOYKa BXOLAa B IPOTPaMMY

<32> mov ax ,@data {CBsI3BBaeM PerucTp ds C CerMe’HToM
<33> mov ds,ax (IaHHHX Yepe3 PerucTp ax

<34> mov ax ,0 sounmaeM ax

<35>

<36> ;3a%%2wm CJI0BO COCTOsHMS 10110110b(0B6h) B koMaHpmHuil permctp (mopr 43h),
npoodonxcenue
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Jivctunr 7.1 (npogonxerHue)

37> raoval,0B6h

38> out 43h,al

<39> in al,61h ;NONyuwm 3HayeHye mopra 6lh B al
<40> or al,3 ;MHUUManM3upyem IMHaMMUK ¥ TIOgaeM TOK B mopT 61h
<41> out 61h,al

<42> mov cx,2083 ; KONMMYECTBO MaroB CTYMNEHYATOI'O0 M3MEHEHUS TOHA
<43> musicup:

<44> ;B ax 3HAYEHNME HUXHEN TPAaHMIE YaCTOTH
<45> mov ax, tonelow

<46> out 42h,al ;8 1IopT 42h miagmee cioso ax:al

<47> xchg atl,ah cobmen Mexmy al u ah

<48> out 42h.al ;8 mopT 42h crapmee cioBo ax:ah

<49> addtonelow,1 :NOBbILAEM TOH

<50> delay 1 ;3a4epxka Ha 1 MKC

<51> mov dx, tonelow ;8 dx Tekymee 3Ha4YeHNUE BHCOTH

<52> mov temp,dx ;temp — BepxHee 3HAUYEHME BHCOTH

<53> loop musicup ;NOBTOPUTL LVKJ IOBHIIEHNS

<54> mov c¢x,2083 ;BOCCTAHOBUTL CYETUYMK ILMKIa

<55> musicdown: .

<56> mov ax,temp ;B ax BepxHee 3HaYeHNMEe BHCOTH

<57> out 42h,al ;B opT 42h wmmammee crnoso ax:al

<58> mov al,ah ;06MeH Mexny al u ah

<59> out 42h,al ;B TopT 42h crapmee crnoBo ax:ah

<60> sub temp,1 ; NOHUX3EM BHCOTY

<6l> delay 1 ;3anepxka Ha 1 MKC

<62> loop musicdown ;MOBTOPUTL LMKJ HIOHUKEHNUS

<63> nosound:

<64> in al,6lh ;TIONyunM 3HadeHue mopTa 6lh B AL

<65> and al,0FCh s BBIKMTIOMUT b TMHAMIK

<66> out 61h,al ;B TopT 61h

<67> mov dx, 2651 ;OIS TIOCTENyoIUX IUKIIOB

<68> mov tonelow,dx

<69> inc cnt ;yBenu4yBaeM CYEeTYMK IIPOXONOB, TO eCThb
<70> $KONNYECTBO 3BYYaHUI CHUPEHH

71> cmp cnt,5 35 pasz ?

<72> jne go JeciM HeT, WATY Ha MEeTKy go

<73> exit:

<T74> mov ax,4cO0h;cTaHAaapTHbIA BHXOT

<75> int 21h

<76> end main ;KOHel TPOTPaMMH

Cpenu ¢aiinos, npuiaraeMblx K KHUTe, B KaTajore JaHHOMW TJ1aBbl €CTh ellle ONUH
MpUMEDP UCIOJIb30BaHMS KOMAaHI BBOAA M3 MOPTa M BBIBOJA B IOPT — 3TO PEAAKTOP
CMOS-namsaru. Ha naHHOM aTamne u3yyeHUsl accemOyiepa He CTOUT MbITAaThCS pa300-
paThCsI C HUM, HO BIIOCJICIACTBUU 00s3aTeIbHO CTOUT K HEMY BEPHYThCS.

PaboTta c agpecamMmu n ykasaTenamm

[Ipu HamucaHUM MPOrpaMM Ha acceMOjepe MPOM3BOAUTCS WHTCHCHBHAsI paboTa ¢ anpe-
caMU OIepaHIOB, HAXOASIIUMUCS B aMsTU. I MOMAEPXKKU TaKOro poja orepaiuii
€CTb CrelaibHas IPYIna KOMaH/I, B KOTOPYIO BXOIAT CJACIYIOIINE KOMaH/IbI.

lea <npueMHUK>,<UCTOYHUK> — 3arpy3Ka sghghekmueroeo aapeca;

lds <npueMHUK>,<UCTOYHUK> — 3arpy3Ka yKasaressd B PeTUCTp CerMEHTa JaHHbIX ds;

q les <NPUEMHUK><UCTQUHUK> — 3arpy3Ka yKasaTejs B perucTp AOIIOJHUTEIBHOIO CEeT-
MCHTaA JaHHBIX €S;
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s lgs <npueMHUK>,<MCTOYHUK> — 3arpy3Ka yKaszaTelsl B PETMCTP JOMOJHUTEIBHOTO Cer-
MEHTA JaHHBIX gS;

* |fs <npueMHMK>,<UCTOYHUK> — 3arpy3Ka yKasaTess B PETUCTP AOMOJHUTENBHOTO Cer-
MEHTa JaHHBIX fS;

lss <npUeMHUK>,<UCTOYHUK> — 3arpy3Ka yKasaresst B PETMCTP CETMEHTA CTEKa SS.

Komanna LEAnoxoxaHakoManay MOVTeM, 4To oHaTaKKe IIPOU3BOIUT IEPECHLIKY,
onHako kKomaHaa LEA npou3BoauT nepechuiKy He AaHHBIX, a 3ghghekmueroeo adpeca naH-
HBIX (TO €CTh CMEILEHMS JaHHBIX OTHOCUTEJIbHO Havyaja CerMeHTa JaHHbIX) B PETUCTP,
YKA3aHHBIA OMEPAHAOM <MPUEMHUK>,

YacTo 07151 BHIOJHEHUST HEKOTOPBIX JEHCTBUII B IIpOrpaMMe HeJOCTaTOYHO 3HATh
3HaYeHME OJHOTO JUIIb 3(h(EKTUBHOTO ampeca TaHHBIX, a HEOOXOAUMO MMETh ITOJHBII
yKaszaTeJb Ha JaHHbIe. Bbl MOMHMTE, YTO MOTHBIN yKa3aTesib Ha JaHHbBIE COCTOUT U3 CeT-
MEHTHON cocTaBisIoNIeil u cMenieHus. Bee ocTaabHble KOMaHABI 3TO I'PYTIIBI TO3BO-
JIFI0T TOJIYYUTh B TIape PErMCTPOB TAKOI MOMHBII yKa3aTe b Ha oniepaH B mamatu. [pu
3TOM MMSI CETMEHTHOTO PETMCTpa, B KOTOPHIN MOMEIAeTCsl CeTMEHTHAs COCTaBJISIONIAs
ajpeca, omnpenensieTcss kogoM omnepauuu. CoOTBeTCTBEHHO, CMEIlleHHUE ITOMellaeTcs
B PETMCTp OOLIEro Ha3HAYEHUS, YKa3aHHBIN olepaHIoM <npuemHuk>. Ho He Bce Tak mpo-
cTO c onepaHaoM <UCTOYHUK>. HacaMoM fiesie B KoOMaH/Ie B Ka4eCTBE UCTOYHUKA HEJIb3S
yKa3bIBaTh HEMIOCPEICTBEHHO UM OIlepaHa B MaMsITH, HA KOTOPBIN Mbl OBl XOTEJIH TO-
JIY4UTH yKazaresb. [IpenBapuTebHO HEOOXOAMMO TOAYYUTh CaMO 3HaY€HUE TOJTHOTO
yKaszaTeJsisl B HEKOTOpOI 00J1acTy MaMsITH U 3a[aTh B KOMaH/E MOJyYeHUs TTOJHOTO ai-
peca uMs aToil obnactu. ISl BHIMOJHEHUS 3TOTO NEHCTBUSI HEOOXOAMMO BCIIOMHUTH
JUPEeKTUBBI Pe3epBUPOBAHNS U MHUIIMAN3ALMY TaMsITH (cM. riaBy ). [1pu npumene-
HMU 3TUX IMPEKTUB BO3MOXEH YaCTHBIH CTydyail, KOT/a B T0JIe OTepaHa0B YKa3bIBaeTCS
WMS IPYTOii AMPEKTUBBI OTNpeeIeHUs TaHHBIX ((haKTUUECKU, UMsI iepeMeHHol). B aTom
clyyae B maMsITU opMUpyeTcs ampec 3Toi mepeMeHHoil. Kakoit anpec OymeT cpopmu-
poBaH (3¢ (PeKTUBHBIN WU MMOJHBIN), 3aBUCUT OT IIPUMEHSIEMOM TMPEeKTUBHI. Eciu 310
DW, 1o B mamsitu hopMupyeTcs TOJAbKO 16-pa3psimHoe 3HaueHHEe 3¢ MEeKTUBHOTO aj-
peca, eciu xe DD — B maMsTh 3anmuchiBaeTcs MOJHBINA aapec. PazmeleHue aToro
ajipeca B MaMsITH ClIeayiollee: B MJIaIIeM CJI0OBE HAXOIMUTCSI CMEIIEHUE, B CTapIieM —
16-pa3psigHast cerMeHTHasl cocTaBisiolnast agpeca. IlocMoTpuTe Ha JUCTHUHT 5.3
u puc. 5.20 (rmaBa 5). B cerMeHTe maHHBIX MPOTPAMMBbI M3 JIMUCTUHTA 5.3 TIepeMeHHbIE
adru adr_full uamocTpupytoT Halll ciiydail MoydyeHusl YaCTUYHOTO U MOJIHOTO yKa3aTe-
JIeW Ha IaHHBIE B TTAMSITH.

Hanpumep, npu opranu3sanuy padoThl C LETTOYKOM CUMBOJIOB YIOOHO TOMECTUThH €€
HavyaJIbHBIN afipec B HEKOTOPBIN peTucTp U Aajiee B IIMKIe MOAUGMUIIMPOBATh 3TO 3HaUe-
HUeE IS TTOCJIE0BAaTEIbHOTO TOCTYIA K 3JIeMEHTaM 1iernoyku. B muctunre 7.2 nmpousso-
JIUTCS KOMMPOBaHME CTPOKM OaiiToB str 1 B cTpoky 0OaiitoB str 2. B crpokax 13 u 14
B peructpsl SI u DI 3arpyxarorcs 3HaueHUs 3(D(EKTUBHBIX aIPECOB MEPEMEHHBIX Str_|
u str_2. B cTpokax 18, 19 mpoun3BoauTCcs Mepechlika oyepeaHoro 6aira U3 OMHOM CTpo-
KM B IpYyTylo. YKa3aTelu Ha MO3UILIMKU 0aiTOB B CTPOKAX OMPEAEIISIOTCS COMEPKUMbIM
peructpoB SI u DI. JIns mepechbIKM o4epeHOTo 0aiiTa He0OXOIMMO YBEJIUYUTD Ha €1 -
Huiy peructpsl ST u DI, uro u nenaerca komangamu cnoxenust INC (crpoku 20, 21). TTocne
3TOTO MPOTpaMMy HEOOXOIMMO 3aLUKIUTh 10 00pabOTKM BCEX CUMBOJIOB CTPOKH.
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JInctuHr 7. 2. KonmposaHme CTpoKn

<1> ; ——Prg_7_2.asm

<2> masm

<3> model small

<4> .data

<5> L.

<6> str_1 db "Accembnep - 0a30BHI SI3HK KOMIbOTEpa"
<T> str_2 db 35 dup (" ™)

<8> full_pnt dd str_1

<9>

<10> .code

<11> start:

<12>

<13> lea si,str_1

<14> lea di ,str_2

<15> les bx,full_pnt ;nonWbid ykazaTelb Ha strl B mapy es:bx
<16> mov ¢x, 35 ;CUeTUMK nukiIa mng loop ml (rmama 10)
<17> ml:

<18> mov al, [si]

<19> mov [di},al

<20> inc si

<21> inc di

<22> ;UMK Ha MeTKYy Ml [0 TepecHIKM BCeX CUMBOJNOB (loop ml)
<23> P

<24> end start

HeobxoauMocTh Mcnob30BaHUS KOMaH/ MOJyYeHUs MTOJTHOTO yKa3aTeasl JaHHBIX
B IMaMSITH, TO €CTb aJpeca CerMEHTa U 3HAUEHUSI CMEIEHUS] BHYTPU CErMEeHTa, BOZHUKa-
€T, B YaCTHOCTH, IIpU paboTte ¢ nenoykaMu. Mbl pacCMOTPUM 3TOT BONPOC B IyiaBe 12.
B crtpoke 8 nuctunra 7.2 B nBoiiHoM cioBe full_pnt dpopmupyoTcst cerMeHTHast 4acTh
ajzipeca U cMelleHue 11l mepeMeHHou str_l. TTpu aTom nBa Gaiita cMenieHUs 3aHUMaET
miaainee cioso fullpnt, a 3HaYeHWe CETMEHTHON COCTaBJSIOLIEN anpeca — cTrapliee
cnosofulLpnt. Bcrpoke 15 koMangoit LES 3Tu KoMITOHEHThI aapecanoMenialoTcs Bperuc-
tpel BX 1 ES.

[IpeobpasoOBaHMEe AaHHEX

K rpynne koMaHn npeodpa3oBaHus JaHHBIX MOXHO OTHECTU MHOXECTBO KOMaH/ Mpo-
11eccopa, Ho O0JIBIIMHCTBO U3 HUX UMEIOT T€ WJIM MHbIE 0COOEHHOCTH, KOTOPhIE TPEOYIOT
OTHECTH UX K IPYTrUM (YHKIMOHAIBHBIM rpynmnam (cMm. puc 3.3). [TosTomy U3 Bceii co-
BOKYMHOCTHY KOMaH]I Mpolieccopa HEMOCPeICTBEHHO K KOMaHIaM NMpeoOpa3oBaHUs NaH-
HBIX MOXXHO OTHECTU TOJBKO OJHY KOMaHIy

xlat [aapec_tabnuub_nepekoanposku]

DTo 0YeHb MHTEPECHAs U Mosie3Hasd KomaHaa. Ee neficTBre 3aki04aeTcs B TOM, YTO
OHa 3aMelllaeT 3HaueHue B peructpe AL npyrum 6aiiToM 13 TaOJUIIBI B TaMSATH, PacIoyo-
SKEeHHOM T10 aJipecy, yKa3aHHOMY OTlepaHaoM afpec_Ttabnuupl_nepekoanposku. CoBo «Tab-
JMa» BeCbMa YCJIOBHO; MO CYTH, 3TO MPOCTO CTpokKa OaiiToB. Anpec OailTa B CTpoke,
KOTOPBIM OyZIeT MPOU3BOANTHCS 3aMELEHHE colepXKuMoro peructpa AL, onpenensercs
cymmoii (BX) + (AL), Toectb conepxkuMoe AL urpaet posib MHAEKCca B 0aiTOBOM MacCHBeE.

I1pu padote ¢ komaHmoi XLAT oOpaTuTe BHUMaHUE Ha CAEAYIOIIUI TOHKUIA MOMEHT.
XoTs B KOMaHJie YKa3bIBaeTCs afpec CTPOKM OATOB, U3 KOTOPOU MOJXKHO OBITh U3BJIE-
YEeHO HOBOE 3HAYeHMeE, ITOT aapec AOJKEH ObITh MpeABapUTEIbHO 3arpyXeH (Hampu-
Mep, ¢ moMonibto koMaHasl LEA) B peructp BX. TakuM obpa3om, onepann agpec_tadnu-
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Lbl_nepeKoJMpPOBKW Ha caMOM JieJie He HY>XeH (Ha 3TO YKa3bIBAlOT KBapaTHBIE CKOOKN).
Yto Kacaercs CTpoku 6aiTOB (TabaMIIbI TIEPEKOAUPOBKHU), TO OHA MPEACTABISIET COOOM
00J1aCTh MAaMATH pa3MepoM OT 1 1o 255 Oaift (mrama3oH yucia 6e3 3HaKa B 8-pa3psiTHOM
perucrpe). _

B xauecTBe wtocTpaliuu paboThl TaHHOKW KOMaHAbl Mbl PACCMOTPUM IPOrpamMMy
uzuctunra 6.1 (cMm. miasy 6). Bbl TOMHMTE, 4TO 3Ta MPOrpaMMa Ipeodpas3oBbIBaIa ABY-
3HAYHOE WIECTHAALUATEPUUYHOE YUCIIO, BBOAUMOE C KJIaBUATyphl (TO €CTh B CMMBOJBHOM
BHIE), B 9KBUBAJICHTHOE IBOMYHOE MpeAcTaBieHue B peructpe AL. B muctunre 7.3 mpu-
BeJeH BapMaHT 3TOI IMPOrpaMMbI C MCIOJIb30BaHMEM KoMmaHIbl XLAT.

Jiucturr 7.3. Vicnonb3oBaHne Tabnuubl NEPEKOANPOBKA

<1> Prg_7_3.asm—————o—

<2> ;fparpamma npeoOGpasoBaHNs ABY3HAYHOrO WECTHARUATEPUUHOTO Ymcna
<3> ;B ABOMYHOE NpenCTaBieHWEe C WCNONb30BaHMEM KOMaHAabl xlat.

<4> ;Bxopn: vCcxo4HOE WeCTHaAUaTEPUYHOE 4YMCNO; BBOOUTCH C KnaBuaTypbl.
<5> ;Bbixoa: pesynbTaT npeobpasoBaHus B peructpe al

<6> masm

<7> model small :

<8> .data ;CerMeHT JaHHbIX

<9> message db "Beeaute ABe wecTHaAuaTepuuHble UMdpbi, $"

<16> tabl db 48 dup(®),e,1,2,3,4,5,6,7,8,9, 7 dup (0)

<11> db ©ah,0bh,0ch,0dh,0eh,0fh, 26 dup (0)

<12> db @ah,@bh,0ch,0dh,0eh,8fh, 152 dup (0)

<13> .stack 256 ;CerMenT creka

<14> .code

<15> ;Ha4ano cerMmeHTa kKopa

<16> main proc ; Hauano npoueaypbl Main

<17> mov ax,@data:gm3vueckunid agpec CermMeHTa LaHHbIX B PErucTp ax
<18> mov ds,ax ;ax 3anucbiBaem B ds

<19> lea bx,tabl ;3arpyska agpeca CTpoku 6alT B perucTtp bx

<20> mov ah,9

<21> mov dx,offset message

<22> int 21h ;BbIBECTW MpUrnalieHme K BBoOAY

<23> xor ax, ax ;04NCTUTBL PErMCTP ax

<24> mov ah, 1h ;3HadveHne |h B peructp ah

<25> int 21h , BBOAMM nepsylo undpy B al

<26> xlat ; NepeKkoaMpoBKa MEepPBOro BBEAEHHOro cumeona B al
27> mov dl,al

<28> shl dl,4;casur dl BneBo ans ocBobGOXAeHWs MmecTa Ang mnagwein umndpbl
<29> int 21h ;BBOA, BTOpPOro cumeona B al

<30> xlat ;NepeKoAupoBKa BTOPOro BBEAEHHOrO0 cumBona B al
<31> add al,dl ;cknaabiBaeM ansa MojiydeHuss pesynbTarta

<32> mov ax, 4c00h; nepecsinka 4cO0h B perucTtp ax

<33> int 21h ;3aBEpLUEHNE MNpOrpammbl

<34> endp main ;KOHeU, mpoueaypbl main

<36> end main ; KOHew nporpamMMbl C TOYKOW Bxoga main

Cama 10 cebe TmporpaMMa IIPOCTa; CIOXHOCTh BBI3BIBA€T OOBIYHO (POpMMpPOBAHMUE
TabIUIBl TTepeKoaupoBKHU. OOCymnM 3TOT Bompoc TmompobHee. IIpexme Bcero HYXHO
OIPEeNeNIUThCS CO 3HAYCHMSIMU TeX 0aiiTOB, KOTOPBIC BBl OymeTe M3MEHSITh. B Hamem
clTydae dTO CUMBOJIBI HIeCTHAALATEPHYHBIX TMdp. B rmaBe 6 MBI paccMaTpuBamu MX
ASCII-xonpl. [ToaTOMy MBI KOHCTPYHPYEM B CerMEHTE JaHHBIX TaOIMITy, B KOTOPOIl Ha
MecTa 0aliTOB, COOTBETCTBYIOIIMX CHMBOJIAM IeCTHAAIATEPUIHBIX HHUGpP, ITOMEIIacM
WX HOBBIC 3HAYCHMS, TO €CTh IBOMIHBIC SKBUBAJICHTHI IIIeCTHAMIIaTepUIHEBIX Idp. Crpo-
ku 10-12 nmuctuHTa 7.3 IEMOHCTPUPYIOT, KaK 3TO caeiarb. BalTel 3TOi TabGIMIIEI, cMe-
IIECHNS] KOTOPBIX HE COBITANAIOT CO 3HAYCHUEM KOIOB IIECTHAMIIATePUIHBIX 1P, HyIe-
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Bble. TaKOBBIMU SIBJISIIOTCS TIepBbIe 48 OAUT TaOMUILIBI, MPOMEXYTOUHbIE OAUTHI U YacTh
B KOHILIE Tabmuipl. 2KenateabHO ompeaeinTh Bee 256 Gaiit Tabnuupl. [leo B TOM, 4TO
€CJIA MBI OIIMOO0YHO MoMecTuM B AL KoJl CUMBOJIa, OTJIMYHBIN OT CUMBOJIA IIECTHAIATE-
pUYHOU 1MdpBI, TO MOCe BhIMOMHEHUST KoMaHIbl XLAT momydnM Hempencka3zyeMblil pe-
3ynbTat. B ciiyyae mporpaMMbl U3 TMCTUHTA 7.3 3TO OYIET HOJb, UYTO HE COBCEM KOPPEKT-
HO, TaK KakK HEMOHATHO, YTO X€ B JelCTBUTENbHOCTU OblI0 B AL: kon cumBona () umu
4yT0-TO Apyroe. [loaTomy, HaBepHOE, €CTh CMBIC 3[€Ch MMOCTABUTh «3alIUTY OT AypaKa»,
TIOMECTUB B HEUCIOIb3yeMble OalThI TAOIUIBI KaKOW-HUOYIb OMpeaeIeHHbII CUMBOI.
ITocne kaxmoro BwITOTHEHUST KOMaHIbl XLAT HyXHO OyneT MpocTo KOHTPOJIUPOBATh
3HaueHue B AL Ha mpenqMeT COBMAAECHUSI C 3TUM CUMBOJIOM, U €CJIK OHO MUMEJIO0 MECTO,
BBIIABaTh COOOIIEHNE 00 OIIMOKE.

ITocne Toro xaxk Tabauia cocTaBieHa, ¢ Hell MOXHO paboTaTh. B cerMeHTe KOMaH[
ctpoka 19 uHuumanusupyet peructp BX 3HaueHueM aapeca Tabauibl TABL. [lanee Bce
oueHb npocto. [ToouepesHO BBOASATCSI CUMBOJIBI IBYX lleCTHaALATePUUHBIX UMD U Mpo-
WU3BOJUTCS MX IEPEKOIMPOBKA B COOTBETCTBYIOIINE TBOMYHBIE SKBUBAJICHTHI. B ocTab-
HOM ITporpamMma aHaJIoTMYHa IporpamMmme 13 JMcTuHra 6.1.

JLjist 3aKperieHrs 3HAaHU U U UCCIEeN0BaHUS TPYIHBIX MOMEHTOB 3aTyCTUTE MTPOTPaM-
My W3 JJUCTUHTA 7.3 O[] YIIpaBJIeHUEM OTIaqunKa.

PaboTta CO CTekoMm

Cmex — 3710 00J1aCTh IAMSTH, CIIEIIMAILHO BhIAe/IsIeMasi ISl BDEMEHHOIO XpaHEeHUS TaH-
HBIX IIpOrpaMMBbI. BakHOCTb cTeka ompeaessieTcs TeM, YTO Ui HEro B CTPYKType IIpo-
rpaMMBbI TPEIyCMOTPEH OTAeIbHBIi cermeHT. HaToT ciyuaid, eciy mporpaMMKCT 3a0bUT
OIKCcaTh CETMEHT CTEKA B CBOEH MporpamMmMe, KOMITOHOBIIUK tlink BIgacT npeaynpexaa-
[o1Iee COOOIIEHHE.

JI1s1 paboThl CO CTEKOM IpeIHa3HAUeHbl TPU PEerucTpa:

M SS — peructp cermeHTa CTeKa;
# SP/ESP — peructp ykasates cTeka;
# BP/EBP — peructp yka3areJst 6a3bl Kagpa CTeKa.

Pasmep creka 3aBUCUT OT pexxrMMa paboThl IIpolieccopa U OTpaHUYMBAETCS 3HAUCHU -
eM 64 Koaiit (v 4 ['GaiiT B 3alIMIIIEHHOM peXuMe). B KaXIblii MOMEHT BPEeMEHH 10C-
TYMEH TOJbKO OJWH CTEK, aJipec CeTMEHTa KOTOPOTO COMEPXUTCS B peructpe SS. DToT
CTeK HazbIBaeTcsl mekyujum. I TOro 4yToObl 0OPATUTBCS K IPYTOMY CTeKY {<«IepeKJIio-
YUTD CTEK»), HEOOXOIMMO 3aTpy3UTh B peructp SS apyroii agpec. Peructp SS aBromaTu-
YEeCKU UCTIONB3YETCsI MPOLIECCOPOM JJTsI BBIMOJIHEHMS BCEX KOMaHI, pabOoTaIOIIUX CO CTe-
KOM.

IlepeuucnumM eile HEKOTOpPbIE OCOOEHHOCTA PAbOTHI CO CTEKOM.

+ 3anuch UM YTEHHUE AAHHBIX B CTEKE OCYILECTBISIOTCS B COOTBETCTBUU C MPUHLUTIOM
LIFO (Last In First Out — «mocieIHUM MPUIIEN, NePBbIM YIIesa» ).

ITo MEPE 3allMCU JaHHBIX B CTCK MOCJECIHU I pacTeT B CTOPOHY MJIadlIMUX aapeCoOB.
OT1a 0COOEHHOCTD 3aJI0XKEeHa B AJITOPUTM KOMaH pa6OTbI CO CTCKOM.

u Ilpu ucnonb3oBanuu peructpoB ESP/SP u EBP/BP nns agpecauvu namsitu accemo-
JIep aBTOMAaTUYeCKU CUMTAET, YTO colepKalluecsl B HEM 3HaueHWsl MPeacTaBsIioT
CcO0OI CMEIIEHUsI OTHOCUTENIbHO CETMEHTHOTrO peructpa SS.
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OnepatmBHasa namsTb

0000:0000

CermeHT koga

CermMeHT AaHHbIX

CermeHT cTeka
SSISP [rmrmemerrsssesersccesvanaaas

R BepwwuHa creka Hanpagnenve
pocTta cTeka

553ffff.._.._;. [Ho creka

Crapwme agpeca OnN

Puc. 7.3. KoHuenTyanbHas cxema opraHv3auummn cteka

B ob1iem ciiyyae cTek opraHM30BaH Tak, KaK IMOKa3aHo Ha puc. 7.3.

Peructpsr SS, ESP/SP u EBP/BP! ucronb3yioTcss KOMIIEKCHO, M KAXIBI M3 HUX 1IMe-
eT cBoe (pyHKIIMOHaNbHOe Ha3HaueHue. Pernctp ESP/SP Bcerna ykassiBaeT Ha BepIIMHY
CTeKa, TO eCTh COMEPKUT CMEIIeHHE, TT0 KOTOPOMY B CTEK OBbLI 3aHECEeH MOCISTHUN 3e-
MeHT. KoMaHas! pabOTHI CO CTEKOM HESIBHO M3MEHSIIOT 3TOT PETUCTP TaK, YTOOBI OH yKa-
3bIBaJI BCeraa Ha MOC/IeIHUI 3alIMCaHHBIN B CTeK 2JieMeHT. Ecim cTek MmycT, To 3HaueHue
ESP paBHo agpecy mocienHero 6aiita cerMeHTa, BeiieJIeHHOTO 1of cteK. [Ipu 3anecenun
3JIeMEeHTa B CTEK IpOIleccCop YMeHbIIaeT 3HaueHue peructpa ESP, a 3atem 3amuchiBaer
3JIEMEHT T10 aapecy HOBOM BeplnMHbI. [1pM M3BIeUCHUN OAHHBIX M3 CTeKa MPOIECCOp
KOITHMPYET 3JIEMEHT, PACIIONIOXEHHBIH O alpecy BEPIIMHBI, a 3aTeM YBEIMUMBAET 3HaYe-
Hue peructpa ykasaress creka ESP. Takum o0pazoM, moydaeTcs, YTo CTeK pacTeT BHU3,
B CTOPOHY YMEHBILIEHUS aIpecoB.

YTto HYXKHO cIe/aTh IS MOTyYeHUS JOCTYIA K 3JIeMEHTaM He Ha BEepIIMHE, a BHYTPU
creka? JIns aroro npumensitor peructp EBP. Peructp EBP — peructp ykasarens 6a3bi
Kaapa creka. HampuMep, TUTMYHBIM MPUEMOM TIPU BXOJE B MOAMPOrpaMMY SIBIISIETCS
nepenaya HY>XXHBIX IMapaMeTpoB IyTeM 3alucyu uX B cTeK. Eciau moamporpamma Toxe
aKTMBHO pabOTaeT CO CTEKOM, TO AOCTYI K 3TMM IapaMeTpaM CTaHOBMTCS Mpobiema-
TUYHBIM. BBIXO/ B TOM, YTOOBI TOCJIE 3aMMCH HY>XHBIX JAHHBIX B CTEK COXPAHMTH ajipec
BEPIIMHBI CTEKA B yKa3aTeJie 6a3bl Kanpa cteka — peructpe EBP. 3nauenvie 8 EBP B nanb-
HEeHIIeM MOXHO MCITOJIb30BaTh VISl JOCTYIA K TepeIaHHbIM MapaMeTpaMm.

Hauano cteka pacrmosioxeHo B cTapliux ampecax mamsiti. Ha puc. 7.3 aror agpec
obosHayeH napoit SS:ffff. Cmemenue ffffipusenero 3neck ycmosHo. PeanbpHo 310 3Have-
HUE ONpeaeIsIeTCs] BETMIMHOM, KOTOPYIO ITPOrPaMMUCT 3a1aeT IPU OMTMCAHUM CEeTMEHTA
cTeka B cBoeil mporpamme. K mpumepy, [ist IporpaMMBbl U3 JIMCTUHTA 7.1 Hayasy cTeka
OyzmeT cooTBeTCTBOBATh Mmapa SS:0100h. AnpecHast mapa SS:ffff— s10 MakcumanbHOE 17151
peaqbHOro peXxuma 3HaueHMe ajipeca Hayalla CTeKa, TaK Kak pa3Mep CerMeHTa B HeM
orpannyeH BeanuuHoi 64 Koaiir (Offffh).

1 Kakoif u3 perncTpoB MPUMEHSIETCS [UTS anpecalnu, 32-pa3psiaHblii Wi 16-pa3psimHbIil, 3aBUCKUT OT 3Haye-
Husg MomuduKaTopa usel6 v use32 B IMPEKTUBE CerMEHTAIIMK segment (cM. TiaBy 5). [Ipy Hanuuuu nu-
PEKTHUB yIPOILEHHOTO O CAHMS CETMEHTOB MO (pUKATOPHI use 16 1iu use32 UCTIONb3YIOTCS B AHPEKTHERE

meded.

6 3ak. 256
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HJ’[H OpraHu3aluu paGOTBI CO CTCKOM CYHICCTBYIOT CIICIMAJIbHBIC KOMaHIbl 3allMCHU

W UTCHMUS. :
Komanna PUSH BhITmoTHSIET 3anch 3HaU€HUSI <UCTOUYHUK> B BEpIIMHY CTEKa:

push <ucTounux>

HHrepec npencrapiasieT airopuTM padOThl 3TOM KOMaHIbl, KOTOPBIA BKJIIOYAeT ABa
nevictBus (puc. 7.4):
1. 3nauenue SP yMeHblIaeTCsl Ha 2:

(SP)=(SP) -2 .
2. 3HayeHHe MCTOUYHMKA 3alUChIBaeTCs 10 afpecy, yKadbiBaemMomy mapoit SS:SP.

OnepaTtvBHas namsiTb - OnepatvBHasa namsTb
oooo:ooog éoooo:ooog é
CermeHTcTeka CermeHT cTeka
SSISP | frereeesscmccceccaeies.n.

. . —> | ... Onepata__ ..., o
PPy [ Bepiviia ciera Crapagsepumracrera
sty [ oo sty [ fio crena

CrapLuve agpeca ON Crapwwve agpeca OIN
0O KOMaHAbl rnocne KoMaHabl [Onepaun]
PUSH onepaHp, PUSH onepaHg, MICTONHMK

Puc. 7.4. MpvHuyn paboTsl komaHasl PUSH

Komanma POP BhITIONTHSIET 3amCh 3HAYEHUST U3 BEPIIMHBI CTeKa [0 MECTY, YKa3aHHO-
MY OTICPaHIOM <NPUEMHUK> (3HaUCHWE TTPU 3TOM «CHUMAETCsI» C BEPIITUHBI CTEKa):
POp <NpPUEMHMK>

Anroput™m pabotbl KomaHabsl POP ob6paten anroputmy komanasl PUSH (puc. 7.5).
1. 3anmch comep:KMMOTO BEpIIUHBI CTEKA ITO0 MECTY, YKa3aHHOMY OTIEpaHIOM <APUEMHUK>.

2. VYBenuuyeHue 3HayeHus SP:
(SP) = (SP) + 2

Komanzaa PUSHA npenHa3HaueHa ajis1 rpynioBoii 3anucu B ctek. [lo aToit KomaHae
B CTEK MOCJIeIOBaTeIbHO 3alchiBaeTcs coaepxkumoe peructpoB AX, CX, DX, BX, SP, BP, SI,
DI. 3aMeTHM, 4TO 3aIUCBIBAETCS OPUTHHABHOE cofepkuMoe SP, To ecTh TO, KOTOpPOE
66110 1o BBImaun KoMmaHael PUSHA (puc. 7.6). '

Komanna PUSHAW noutu napentruna komanae PUSHA. B yuem paznunia? B riase 5 mbl
o0cyXnanu OAVH U3 aTpubOyTOB ceTMeHTa — ampulOym pazmepa ceemenma. OH MOXET
MIpUHUMAaTh 3HaeHUs usel6 vmm use32:

K uselé — anroput™m pabotsr PUSHAW ananmornyen anroputmy PUSHA,

# wuse32 — anroput™m paboTsl KomaHasl PUSHAW He MeHsteTcs (TO ecTh OHa HEIYBCTBH -
TeJIbHA K Pa3psiIHOCTY CETMEHTa U BCerna paboTaeT C perucTpaMu pa3MepoM B CJI10-
Bo — AX, CX, DX, BX, SP, BP, SI, DI), akomanaa PUSHA uyBcTBUTEIPHA K pa3pSITHOCTH
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OnepaTyBHAsA MaMsIThb OrnepaTyBHAsA IIaMSATh
0000-.ooocﬁ ELOOOO:OOO(! QL
<> . <0
CermeHT creka CermeHT creka
ssisp heeeennn. el e,
gl Q nepahn ... SSISP_ frrmemmeresesecrereneiien 1
| Crapas, sepuiia crea |~ —»[  Bepwima crexa
ssifft__ o[ " Nuocrexa ssiffff 1" Ovo creka
CrapLuvne agpeca Of1, ' . Crapwmwe agpeca CN
A0 KOMaHObl - nocne KomMaHabl C—
POP  Hasauetivie POP HasHauerve LOMePaHA[
HasHaueHve

Puc. 7.5. MpuHuyn paboTbl komaHasl POP

OI'IepaTVIBHaH namMsaTb OI'IepaTVIBHaFI namMmaTb

0000:0002 1 0000:0000 ( é

CermeHT cteka CermMeHT cteka
SS'sp

5 T O

— BepLuHa cTexa -n:
SN Sl G e
Crapwwe agpeca Ol . Crapwwe agpeca Ol
CTek oo KoMaHapl Crek nocne kKomMaHapl
PUSHA PUSHA

Puc. 7.6. MpuHumn paboTtbl komaHabl PUSHA

CerMeHTa U IIPU YKa3aHUU 32—pa3pﬂz[Hofo cerMeHTa paboTaeTr ¢ COOTBETCTBYIOLIMMU
32-paspsagHbiMu pervctpamu (To ects EAX, ECX, EDX, EBX, ESP, EBP, ESI, EDI).

Komanma PUSHAD — BeimosTHsteTcst aHaimornyHo komanae PUSHA, Ho ecTh HeKOTOpEBIE
0COOEHHOCTH, KOTOPBIE BB MOXKETE HATU B IIPUJIOXEHUH.

Crenyiolye Tpy KOMaHIbl BBIIIOJHSIIOT AeHCTBUSI, 0OpaTHBIC NCHCTBUSIM OMUCAH-
HBIX paHee KOMaHI;
¥ POPA;
POPAW;
m  POPAD.
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[IpencraBiaeHHas najiee rpyIna KOMaHI MO3BOJISIET COXPAaHUTh B CTEKE PeTUCTp diia-
TOB U 3aIlMCcaTh CJOBO WIM IBOMHOE CIOBO. OTMETHM, YTO MEPEUMCICHHBIC KOMaHIbl —
eIMHCTBEHHBIC B CHCTEME KOMaH I Mpolleccopa, KOTOPBIE ITO3BOJISIIOT MOJIYYUTh JOCTYIT
(¥ KOoTOpbIe HYXIAIOTCSI B 3TOM JIOCTYIIE) KO BCEMY CONEPKMMOMY peructpa ¢hJiaroB.

Komanna PUSHF coxpansiet peructp ¢iaros B cteke. PaboTa 310t KOMaHIbl 3aBUCUT
OT aTpuOyTa pa3Mepa CerMeHTa:

# use 16 — B cTek 3anmuchiBaeTcst peructp FLAGS pasmepom nBa Gaiita;
# use32 — B crek 3amuchkiBaeTcs peructp EFLAGS pasMmepom deTbipe GaiiTa.

Komanna PUSHFW coxpaHsieT B cTeKe peructp dJaro pasmepoM B cjioBo. C aTpu0y-
TOM usel6 Bcerma paboraer Tak Xxe, Kak komaHga PUSHF,

Komanna PUSHFD coxpanser B cteke peructp daroB FLAGS unu EFLAGS B 3aBUCUMO-
CTH OT aTpuOyTa pa3Mepa cerMeHTa (To eCTh TO Xe, yTo U PUSHF).

Crnenytoniye Tpu KOMaHIbl TAKXe BBIITOJIHSIOT IeHCTBUSI, 00paTHbBIE N CTBUSIM pac-
CMOTPEHHBIX BBIIIe KOMaH]I;

# POPF,
* POPFW;
un POPFD.

PaboTtath co cTekoM OPpUXOOUTCA IOCTOAHHO, ITO3TOMY K 3TOMY BOITPOCY MbI 6YZLCM
BO3BpallaThbCAd €I1IC HE pas. OTMETHM OCHOBHBIE BUIbI ornepaluii, Koraa uCnojb30BaHue
CT€Ka MPakKTUYCCKU HEU30eXKHO:

W BbI3OB INOAIIPOTPaAMM;

BPEMEHHOE COXPaHEHUE 3HAYEHU I PETUCTPOB;

ornpe/e/ieHNe JOKaIbHBIX MEPEMEHHBIX B MTPOLIEAYPE.

UTorm

* OcHOBHas KoMaHja NepecbUiky AaHHbIX — MOV. OnepaHabl 3Toil KoMaHabl (Kak
1 OOJIBIIMHCTBA NPYTUX KOMaHI, OepyllnX 3HAYEHUS] U3 MaMsTH) JOJKHBI OBITh
COIJIaCOBaHBI 110 Pa3psAHOCTU. XOTS OOBIYHO ACMCTBYIOT MPaBUia YMOJTYaHUS, B CO-
MHHUTEJIBHBIX CUTYalldsIX JIyYllle SIBHO YKa3bIBaThb Pa3psITHOCTb OMNEPaHIOB C I0-
Moliklto oneparopa PTR.

1l Ynpasnenue nepudepreil KOMIbIOTEPA B O0ILEM CITydae OCYUIECTBISIETCS C UCTOJIb-
30BaHUEM BCETo ABYX KoMaH BBoAa-BbiBoga — INuOUT.

# B mpouecce pabOThl MPOrpaMMbl TMHAMUYECKHA MOXHO TOJYYUTh KakK 3¢ OeKTUB-
HBI, TaK ¥ MOJHBIN (Du3nueckuii) aapec maMsatu. s aToro s13bIKk accemOiepa irpe-
JIOCTABJIAET IPYIITY KOMaH ITOJIyYeHMS yKa3aTesei aMsITH.

8 ApxuTekTypa mpoiieccopa MpeaoCcTaBisieT B pacopsiKeHHe MPorpaMMKCTa CIeLM-
(uueckyio, HO BecbMa 3G HEKTUBHYIO CTPYKTYpY — cTeK. CrcTemMa KOMaH/ MOAIep-
SKUBaeT Bce HEOOXOAMMBIE orepaluu co creKoM. [loapobHee co CTEKOM MBI MTO3Ha-
KOMHUMCS TIPU U3YyYEHUU MOIYILHOTO MPOrpaMMMPOBAaHMS Ha acceMoOuiepe.



naBsa 8
ApudmMmeTnyecKkme KomMaHpAabl

» Popmatbl apuPMeTU4eCKux AaHHbIX
# ApudpmMeTuyeckue onepauun Hag OBOUYHLIMM YUCNIaMU

= ApudmeTnyeckme onepauumn Hap aecATudHbimu (BCD)
yucnamum

OnHoM 13 MPUYMH, TTOCTOSSHHO 3aCTaBJISIONINX YeJIOBeKa COBEPIICHCTBOBATL CPEICTBA
JUTST BBITIOJTHEHUS BBIYMCICHUM, — XelaHue 3(p@eKTUBHO, OBICTPO M 0e3 OIMOO0K pe-
IIAaTh Pa3JIMYHble CYETHBIE 3amaun. Jig Havyaja MedToii Jogeil Oblia aBTOMATH3aLUs
BBITTOJIHEHMSI TIPOCTEHIINX apupMeTHIecKuX aeiicTBuii. [lepBast peasn3oBaHHAsI MOIBIT-
ka — Havayno XVII B., 1623 r. Yuenniii B. Illuxkapn co3maer MalIvHy, YMEIOLIYIO CKJa-
JbIBaTh U BBIYUTATh YKMcIa. 3HAMEHUTHIN (PpaHIry3ckuil yueHblit u ¢unocod bies Iac-
Kajib B 1642 1. u300pen MepBhlil apugmomemp, OCHOBHBIM 3JIEMEHTOM B KOTOPOM OBLIO
3youaToe Kojieco. M300peTeHme 3TOro KoJjeca yxe caMo 1o cede ObLIO KITI0UeBBIM COOBI-
TUEM B UCTOPUU BBIYUCIUTEILHOMN TEXHUKH, MTOJOOHO JJaMITaM U TPaH3KUCTOpaM B Hallle
BpeMs1. [IpaBHYKHM 3TOTO KoJjieca ellle COBCeM HelIaBHO, KaKUX-HUOYIb ABa-TPU JecsTKa
JIET Ha3aj, UCIOJb30BAINCh B apudpMoMeTpax (COOTBETCTBYIOIIAS MOIEIb OblIa co3na-
Ha B 1842 r.) Ha cTojlaX COBETCKUX OyxraatepoB. ToT, KOMy IOBEJIOCh MOpabOTaTh Ha
3TUX apudMOMETpaXx, BPSIL I BCIIOMHST O BHICOKOM 3(()eKTUBHOCTH BHIUNCIUTETBHO-
ro mpoliecca — CIMIIKOM BeJIrMKa Oblia 3aBUCUMOCTh OT YeioBeyeckoro dakropa. CHU-
3UTh 3TY 3aBUCUMOCTD YIaJ0Ch JIMIIb B CEPeAMHE MPOILIOTO BeKa, KOraa MOSBUINCH
nepBbie DBM Ha siammnax, TOTOM Ha TpaH3MCTOpax ¥, HAKOHEIl, Ha MUKPOCXeMax pas-
JMYHOI MHTerpaunu. Takum o6pa3oM, MyTh K 3 GHEKTUBHOMY aBTOMaTU3MPOBAaHHOMY
pelIeHUIO IS IPOBEACHUS PACUETOB PACTSAHYJICS TIOYTH Ha TPU CTONeTUsI. TeM He Me-
Hee, UMEHHO 0J1arofapsi CTpeMJICHUIO pasrpy3UTh TOJIOBY OT PYTUHBI YEJIOBEK MMEET
CEeromHs omnpeaeIeHHbIe JOCTUXKEHUS B 001aCTH KOMITbIOTEPHOI TEXHUKMU.

JI1060i1 KOMITBIOTEDP, OT CAMOTO ITPUMUTHBHOTO IO CYIIEPMOIIHOTO, UMEET B CBOEH
cUCTeMe KOMaHJ KOMaHMbI JUIS BBITIOJHEHUs apudMeTHyecKux aeiicTBuii. Padoras
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€ KOMITBIOTEPOM TIPY TIOMOIIY SI3bIKOB BBICOKOTO YPOBHSI, Mbl BOCIIPUHMMAaEeM BO3MOX-
HOCTh TIPOBEICHUSI PACUETHBIX IEHCTBMIT KaK HEUYTO JOJIKHOE, 3a0bIBasi IPU 3TOM, UTO
KOMITWJISITOP JaXke OYeHb Pa3BUTOTO SI3bIKA IMPOrpaMMHUPOBAaHMS TpeBpallacT Bce ca-
MbI€ BBICOKOYPOBHEBBIE IEWCTBUS B YHBLIYIO TTOCIEI0BATEILHOCTh MAIIMHHBIX KOMAH/I.
KoHeuHo, MaJlo KOMY MPUIET B TOJIOBY ITUCATh CEPhE3HYIO PACUETHYIO 3a1a4y Ha acCeM-
Oiepe. Ho maxe B cMCTeMHBIX IMpOTrpaMMax 4acTo TpeOyeTcs MpoBeAeHHe HeOOIbIINX
BbIunciieHui. [ToaToMy BaxkHO pa3obpathes ¢ 3TOM rpymnmnoii Komana. K toMy Xe oHa, Ha
yAUBIIEHUE, OYeHb KOMIIAKTHA 1 HE N30BITOYHA.

[pouieccop MOXeT BBITONHATH LEIOUYUCICHHBIE ONEepallii U ONepalMy ¢ MaBaio-
11ei TOUKOM. J171s1 3TOro B €r0 apXUTEKTYPE €CTh 1Ba OTAEIbHBIX YCTPOUCTBA, KaX10€ U3
KOTOPBIX MMEET CBOIO CUCTEMY KOMaHA. B TpuHIMIIE, LETOYMCICHHOE YCTPOWCTBO MO-
KeT B3ATh Ha ce0s1 MHOTHE (DYHKLIMY YCTPOMCTBA ¢ TUIaBAOLIEH TOYKOM, HO 3TO MOTpe-
OyeT OOJBINMX BEIYMCIUTEIbHBIX 3aTPaT. Y CTPOICTBO € TUIaBaloLIeit TOUYKOM M ero CUcC-
TeMa KOMaHJ OyIyT pacCMOTpeHbI B raBe 17. 11 G0NbLIIMHCTBA 3a/1a4, UCIIOIb3YIOIINX
SI3BIK acceMOJiepa, JOCTaTOUHO LENOUYNCIEHHON apudMeTUKH.

0630p

LlenounciaeHHOE BHIYMCIUTEIBHOE YCTPOMCTBO MOAAEPXKUBAET YyTh OOJbIIE AeCATKA
apudmMernyeckux Komana. Ha puc. 8.1 mpuBeaeHa Kinaccudukanus KOMaHI 3TOH

TPYIIIIBL

LlenouncnenHble
apudmeTnyeckme
KOMaHab!
1
] | | I
MpeobpasoBaHys JsonyHon JecatnyHon | |BcromoratenbHbie
TMNoB apndmMeTUkm apudmMeTukn | KOMaHzpl
-cbw Koppekums Lbswap
- cwd CNOXEHUS!
- cwde
- cdq
- MOovsx l
- Movzx BbHMTaHMeI Koppexums Mpoumre KoMaHabl
b BblMTaHNA C apUbMETUHECKUM
-sbb aas NPYHLMNOM OEeNCTBus
-dec das —cmp
~cmpxchg
1
+ YMHOXeEHM | Koppekuna -setcc
1 YMHOXEHWS <add
~imul L aam
-~-mul
. D,eneHmel |  Koppexuusa
! nenexHns
-idi )
idiv "aad
-div
ViameHeHue
1 shaxa
neg

Puc. 8.1. Knaccudukaumsa apudMeTnieckux KomaHm,
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I'pynria apudmernyeckux 1eJ0YMCICHHBIX KOMaH paboTaeT C ABYMS TUTIAMM YMCET:

*  LIeJBIMA JBOMYHBIMU YHMCIaMU, KOTOPbIE MOTYT MMETh MJI HE UMETh 3HAKOBBIN pa3-
PsiL, TO €CTh OBITh YMCIAMHU CO 3HAKOM MJIM 0e3 3HaKa;

HEJBIMU JCCATUYHBIMU YUCIIaMU.

B rnaBe 3 MbI 00cyxnanau Bompoc o hopMaTax JaHHBIX, TOAAePKMUBACMbBIX aPXUTEK-
typoit IA-32. PaccMoTpuM Tenepb (popMaThl JaHHBIX, ¢ KOTOPBIMU paboTaloT apudme-
TUYEeCKHE KOMaHIbI.

Llenbie pBOMYHbIE Yucna

Llenoe dsouuroe yucao — 3TO YUCIO, 3aKOAMPOBAHHOE B IBOUYHOMN CUCTEME CUMCIIEHUS.
B apxutexrype 1A-32 pasmMepHOCTb 1IeJIOTO IBOMYHOTO YMCJIa MOXET COCTaBJIATh 8, 16
uau 32 6uta. 3HaK IBOMYHOTO YHMCA OMpeAesieTcs TeM, KaK MHTePIIPETUPYETCS CTap-
M OUT B MpeAcTaBiIeHUU yuciaa. Ato 7-id, 15-it uam 31-i OUTHI 11 YUCea cOO1BET-
CTBYIOIIEH pa3MepHOCTH (CM. TaBy 5). IIpu 3TOM MHTEpECHO TO, YTO Cpeay apupMeTH-
YeCKMX KOMaHJ €CTh BCEro ABE, KOTOpbIe NEHCTBUTEIBHO YUUTHIBAIOT 3TOT CTapIIMit
pa3psi Kak 3HAKOBBIM, — 3TO KOMaHAbl LEJ0YMCIeHHOTO YMHOXeHUs IMUL n nenenus
IDIV. B ocTanbHBIX CIy4asix OTBETCTBEHHOCTD 3a ICMCTBUS CO 3HAKOBBIMU YMCIAMU U,
COOTBETCTBEHHO, CO 3HaKOBBIM Pa3psiioM JIOKHTCS Ha TiporpammucTta. K atomy Bompo-
Cy Mbl BepHEMCsl UyTh IMo3xe. JMana3oH 3Ha4YeHUH ABOMYHOIO YMCJIA 3aBUCUT OT €ro
pa3Mepa ¥ TpaKTOBKM CTapIIero oura 1ndo Kak cTapliero 3Havallero OuTa 4ucia, Jmoo
Kak 6uTa 3Haka uucia (tadmn. 8.1).

——™Module: pcg_8_1 File: C:\TASM\WORK\prg_B_l.am 15— 1.

;prg_8_1l.asnm

masm

model small

stack 256 [R]=Dump: 3] [4]
.data ;CerMeHT maHHHX ds:0000 17 80 26 BD BO 96 00 Al gA&djl ©
per_1 db 23 ds:0008 74 00 00 00 00 00 00 00 t

pec_2 dw 9856 ds:0010 00 00 00 00 00 00 00 00

pec_3 dd 9875645 ds:0018 00 00 00 00 00 00 00 00

pec_4 dw 29857
.code ;cerMeHT KoAa
main: ;TO4YKA BXOIA B MPOTPAMMY

. mov ax,@data ;cepasupaeM perucTp dX C CEIMEeHTOM
. mov  ds,axX ;JaHHHX 4epes3 PerucTp ax
exit: ;TIOCMOTPUTE B OTJIafuyMKe [aMIl CeTMeHTa HaHHBX
»> mov ax,4c00h ;cTaBmapTHHI BEHXOI
‘ int 21h
end main ; KOHEeL, TTPOTPaMMH

Puc. 8.2. [lamn namsati ans cermeHTa AaHHbIX McTuHra 8.1
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Ta6nuua 8.1. [JnanasoH 3HaYeHWn BOUYHbBIX YACEN

PasmepHOCTb Mosist Lenoe 6e3 3Haka | Llenoe co 3HaKOM

Baiir 0...255 -128..+127

CroBo 0...65 535 -32 768...+32 767

JIBoitHOE CJI0BO 0..4 294 967 295 -2 147 483 648..+2 147 483 647

Kak onucatp Liesible IBOMYHbBIE YK Ca B MporpaMme? DTo AefaeTcs ¢ UCIOJIb30BaHM -
emaupekTuBonucanusaaHHbix DB, DWu DD. BriaBe 5SonvcaHbl BO3MOXHbIE BADMAHThI
COAEPXKUMOTIO TOoJIel onepaHA0B 3TUX IUPEKTUB U AMana3oHbl UX 3HaueHuil. K mpume-
Py, TI0CJIEA0BATELHOCTD ONMMMCAHUIA JBOMYHBIX YMCET U3 CETMEHTA JaHHBIX IMCTUHTa 8.1
(TOMHMTE O MPUHLMITE «MJAAIINK OANUT MO MIaAIIEeMy aapecy») OyIeT BHITJISAETh B Na-
MSITH TaK, KakK MOKa3aHo Ha puc. 8.2.

Jlnctunr 8.1. Yvcna ¢ GMKCMPOBaHHOM TOYKOW

vprg_8_1.asm

masm

model small

stack 256

.data ;CermMeHT ITaHHBX

per_1 db 23
per_2 dw 9856
per_3 dd 9875645
per_4 dw 29857

.code ;CerMeHT Koia
main: ;TOukKa BxOLa B IPOTpaMmy
mov ax,@data;cea3miBaeM perucTp dx C CEIMEHTOM
mov ds,ax ; AAHHBIX Yepe3 PEeTUCTP ax )
exit: ;MOCMOTPUTE B OTJIANuUMKE NaMIl CeTMeHTa [IaHHHX
. MoV ax,4cO0h;cTanAapTHLIA BHXOI
int 21h
end main ; KOHeU TTpoTpaMMH

AecaTnyHbie yncna

Jecsmuunvie yucra — crielIMadbHbBINA BUJ IIPEICTaBICHUS YMCI0BOM MH(pOPMAIIUK, B OC-
HOBY KOTOPOTO TOJIOXEH MPUHIIMIT KOAUPOBAHUS KaxXION AeCITUYHOM HUGPHI Yyncia
IPYNIoi M3 YeThipex OMTOB. IIpu 3TOM KaXmblil OAalT YMciIa CONEPXKUT OMHY WJIU IIBE
JIecsITUYHble UMGPbBl B TaK Ha3bIBAEMOM 08ouuHo-decaimuunom Kode (Binary-Coded
Decimal, BCD). IIpoueccop xpanut BCD-uucna B nByx ¢opmatax (puc. 8.3).

* B ynakosannom gopmame Kaxnplii 6aiiT comepKuUT nBe necsTUYHbie Hubphl. ecs-
TUYHas nudpa npeacTabasgeT codoil ABOMYHOE 3HaUeHUe B nuamna3oHe ot 0 1o 9 pas-
MepoM 4YeTbipe Outa. [Ipw 3TOM KoOm crapiieid Iudpbl YKMciIa 3aHUMaeT CTapiIve
yeTbipe Ourta. ClieqoBaTeIbHO, IMATIa30H MPEACTABICHUS NeCATUIHOTO yITaKOBaH-
HOTo yucjia B omHOM Oaiite coctapisier oT 00 mo 99.

% B neynaxoeanrHom gopmame KaXIbIil OANT CONEPXKUT OTHY ICCATUIHYIO IUPpY B Ue-
TBIpeX MIammux outax. Crapinne 4eThIpe OMTa MMEIOT HYJIeBOe 3HaUeHME. DTO TaK
HasbIBaeMast 30xa. CiemoBaTelIbHO, TUAIa30H MpeACTaBIeHUs NeCITUYHOTO Heyra-
KOBAaHHOIO 4ymucJia B ogHOM Oaiite coctasisieT oT 0 1o 9.

Kak onucatb 1BOMYHO-AECATUYHBIE UMcaa B iporpamme? {151 3TOro MOXHO UCHOJIb-
30BaTh TOJIBKO JIBE AUPEKTUBBI ONMCAHUS U MHULIMaAu3aluu faHHbIX — DB u DT. Bos-
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YnakoBaHHOe AecsTniHoe umcno 5674304:

L0:5,6,7]4,3,04 |

000010101 O110|0111 O100|0011 0000]0100

HeynakoBaHHOe AeCATUYHOE YMCIO 9985784:

[ o oo ]

OOOOllOOl OOOOI 1001 OOOOllOOO 0000I 0101 OOOOIOlll OOOOI1000 OOOO|01OO

__\I\/ I
ool ///’/
Puc. 8.3. lMNMpeacraenenne BCD-uucen

MOXHOCTb IPUMEHEHHMSI TOJIbKO 3TUX TUPEKTUB AJis1 onucanus BCD-uuncen obycnosne-
Ha TeM, YTO K TAaKMM YKCJIaM TakKe TPUMEHUM IIPUHIIUIT «MJIaIIINI OaiT 110 MaaiemMy
azpecy», 4To, KaK MBI YBUJIMM Jlajiee, O4eHb YI00HO I nX 00padboTku. M BoobIe, rmpn
KCITOJIb30BAHUM TAKOTO TUIIA JaHHBIX, KaKk BCD-umciia, mopsimoK onmucaHus 3TUX YUCe
B IIpOrpaMMe U aJiTOPUTM UX 00pabOTKHM — 3TO JeJI0 BKyca U TMYHBIX TPUCTPACTHI IPO-
rpaMMUCTa, YTO CTAHET 6oJjiee ICHBIM ITOCJIE TOTO, KaK MBI Jlajiee PACCMOTPUM OCHOBBHI

Puc. 8.4. lamn namaTu 4ns cerMmeHTa AaHHbIX IMCTuHra 8.2
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pabotsl ¢ BCD-uyuciamu. K npumepy, npuBeaeHHas B CETMEHTE JaHHbBIX JIUCTUHTA 8.2
nocjenoBareabHOCTh onvcaHuit BCD-uucen Oyner BRIMISACTh B MaMSTH TaK, KaK ITOKa-
3aHO Ha puc. 8.4.

Jinctuur 8.2. BCD-uucna

;prg_8_2.asm

masm

model small

stack 256

.data ;CermMeHT NaHHHX

per | db 2,3,4,6,8,2 ;HeynakoesanHoe BCD-umcno 286432

per 3 dt 9875645 ;ynakoaHHoe BCD-umcno 9875645

.code ;CerMeHT Koaa

main: ;Touka BXx0a B nporpammy
mov ax,@data ;CBA3bIBAeM PErncTp dx C CErMeHToM
mov ds,ax ;AaHHbBIX Yepe3 perucTp ax

exit: ;MOCMOTPUTE B OTJIad4yMKe [Jamn CerMeHTa [aHHbIX
mov ax,4c00h ;CTaHAapTHLIA BbIXOM,
int 21h

end main ; KOHel Mporpammbl

Ilocne croab moagpodHOro oocyxkaeHust ¢GopMaToB TaHHBIX, C KOTOPbIMU pabOTaIOT
apudMeTUIECKIEe OTepalii, MOXHO IMMPUCTYITUTL K PACCMOTPEHHIO CPEICTB X 00pa-
0OTKM Ha YPOBHE CHCTEMbI KOMaH/I Ipolieccopa.

ApudmeTnyeckue onepaunm Hag UesibiMn
ABONYHbIMU YMCNAMM

B naHHOM pasjesie Mbl pACCMOTPUM OCOOEHHOCTH KaXXKI0T0 U3 YeThIPeX OCHOBHBIX apud-
METUYECKUX IEUCTBUM IJIsI LIeJIbIX IBOMYHBIX YUCEN CO 3HAKOM U 0e3 3Haka. JlonoaHu-
TeJIbHbIE CBEJEHUA O BO3MOXHOCTAX acceMOiiepa 1o 00paboTKe LIENbIX IBOMYHBIX YH-
ceJl MOXHO TOJIy4uTh B [8].

CnoXxeHue ABOUYHbIX Yucen 6e3 3HaKa

Iporreccop BBITIOIHSET CIOXKEHHUE OIEPAHIOB IO IPaBUJIaM CIOXEHUS TBOWYHBIX UM -
cen. [TpoGieM He BOZHUKAET 10 TeX MOP, MOKa 3HAYEHUE pe3yibTaTa He MPEeBHIIIAeT pa3-
MEPHOCTH Mo onepania (cm. Taou. 8.1). Hanpumep, ipu CI10XXEHUM ONEPaHAOB pas-
MEPOM B 0AiT pe3yIbTaT He JOJDKEH IpeBhIIaTh 255. Ecin 5T0 mporcxoauT, To pe3yabrart
oKasbIBaeTcs HeBepeH. PaccmoTpuM, mouemy. K mpumepy, BBIIOJHUM clloxkeHue: 254 +
+ 5 =259 B IBONYHOM BUIE:

11111110 + 0000101 - 1 00000011.

PesysbTar BEIIIEI 3a TIpeeibl BOCBMY OMTOB, M IIPAaBMJIBHOE €r0 3HaYECHWE YKITaIbl -
BaeTcs B 9 OUTOB, a B 8-pa3psiAHOM I10JIe OTIepaH/Ia OCTAIOCh 3HaUYEeHUE 3, YTO, KOHEYHO,
HeBepHO. B mporieccope MogoOHBIN MCXO CIIOXEHUS MPOTHO3UPYETCs, ¥ IIPEIyCMOTpe-
HBI ciellMalibHble CPEACTBa ISl (PUKCALMU MOA0OHBIX CUTYalUil 1 ux 00padboTku. Taxk,
IUIST (DMKCAIlK CUTYAIIMY BBIXOJA 34 Pa3psAHYIO CETKY pe3yJsibTaTa, KaK B JaHHOM CITy-
yae, npeaHasHaueH ¢aae nepenoca CF. OH pacnosaraercs B oute (0 perucrpa ¢Jaros
EFLAGS/FLAGS. iMeHHO ycTaHOBKO# 3TOr0 (bjiara pukcupyercs Ghakr IepeHoca equHu-
LBl M3 CTapIIero paspsaa orepaHia. ECTecTBEeHHO, YTO MPOrPaMMUCT JOJIKEH IIpedy-
CMaTpUBaTh BO3MOXHOCTb TAKOTO MCXOJa OMEpaly CIOXEHUS U CPeICcTBa Ul Kop-
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PEKTUPOBKM. DTO MpearoaraeT BKIOYeHUe (parMeHTOB Koja I0Cie orepanuu CJio-
KEHMS, B KOTOPBIX aHanu3upyetcs coctosiHue duiara CF. DToT aHamm3 MoxXHO ITPOBECTH
pa3IMYHbIMU crocobaMu. CaMblid IPOCTOM U AOCTYIHBII — HCIIOJb30BaTh KOMaHIY
ycioBHOTO nepexona JC. BTa KoMaHIa B Ka4eCTBE OIEepaHIa MMEET UMSI METKM B TEKY-
1eM cerMeHTe Kopaa. Ilepexon Ha METKY OCYLIECTBIISIETCS B ClIy4ae, €ClIM B pe3yJIbTaTe
paboThl npeabiayieit Komanabl uar CFycranoBuiics B 1. KoMaHabl yCIOBHBIX TIEPEXO0-
OB OyayT paccMaTpuBaThcs B riase 10.

Ecnu tenepb mocMoTpeTh Ha puc. 8.1, To BUIHO, YTO B CUCTEME KOMaH/I ITpolieccopa
HMMEIOTCSI TPM KOMaHIbl TBOMYHOTO CIIOKCHMS:

KOMaHJa uHKpeMenma, TO €CTb YBeJIMUCHUs 3HAUCHMSI orlepaHaa Ha 1:

inc onepaxp
komaHga cnoxeHust (onepaHf, 1 = onepana_1 + onepaHa_2):

add omepanzn_l,omepaHm_2
KOMaHOa cnoxeHus ¢ ydietoM dnara neperoca CF(onepaHg_1 = onepaHp_1 +onepaxp_2
+ 3Hayenne_CF);

adc omepaHpn_l,omepaHn_2
OO6paTuTe BHUMaHKE Ha MOCIEAHIO KOMaHIy — 3TO KOMaH/a CJIOXKEeHUS, yYUThIBa-
folllasi MEPEHOC eMMHMIIBI U3 CTapLIero pa3psiaa. MexaHu3M MOSBACHUS TAKOU eTIMHULIBI
MBI yke paccmoTpenu. TakuM oopa3om, komaHaa AD C saBaseTcs cpeAcTBOM Ipolieccopa
DI CJIOXKEHUS IJIMHHBIX ABOMYHBIX YUCEJ, Pa3MEPHOCTb KOTOPBIX MPEBOCXOAUT TOM-
Jep>XXKMBaeMble MPOLECCOPOM pa3Mephl CTAHAAPTHHIX MOJIEH.
PaccMoTpyuM NprMep BBIYUCIEHUS] CYMMBI YHCeN (JIUCTHUHT 8.3).

JlnctuHr 8.3. BblumcneHne cymMbl yncen

<1> ;prg_8_3.asm
-<2> masm

<3> model small
<4> stack 256

<5> .data

<6>a db 254

<T> .code ; CeIrMeHT Koma

<8> main:

<9> mov ax,@data

<10> mov ds, ax

<11> e

<i2> X0r ax,ax

<13> add al,17

<14> add al,a

<15> jnc ml ;€CNM HET IlepeHoca, TO mepeiTy Ha ml
<16> adc ah,® 1B ax CyMMa C YYeTOM IepeHoca
<17> ml: ;...

<18> exit:

<19> mov ax,4cO0h;cTaHAapTHLIA BHXOT

<20> int 21h

<21> end main ; KOHEIl TIPOTPaMMH

B ctpokax 13-14 co3pmaHa cuTyaliusi, KOrJa pe3yJbTaT CIOXKEHUS BBIXOAUT 3a Ipa-
HULBI ONepaHaa. DTa BO3MOXHOCTh YYUThIBaeTca cTpokoil 15, rae komanma JNC (xora
MOXHO ObLT0 000iTUCH U 0e3 Hee) npoBepsieT cocTtosiHue (uara CF. Eciau oH ycTaHOB-
JIEH B 1, TO pe3yabTaT olepalliy IMOJTYyYMICS OOJIBIIMM II0 pa3Mepy, YeM OIlepaH, U It
€ro KOPPEKTUPOBKU HEOOXOMMMO BHITTOJTHUTH HEKOTOPHIE AeiicTBUsA. B maHHOM citydae
MBI IIPOCTO ITOJIaraeM, YTO I'PaHUIIbI ONlepaHaa PacIIMPSIOTCS 10 pa3Mepa AX, i 4ero
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YYUTBIBaeM TepeHoc B cTapiiuii pa3psa KoMangoit AD C (ctpoka 16). HarmomHto, uto mc-
cienoBaTh paboTy KOMaH/ CIOXEHUsT 0e3 yuyeTa 3Haka Bbl MOXeTe B oTiaguuke. s
3TOT0 BBEAUTE B TEKCTOBOM pPEIaKTOpE TEKCT JIMCTUHTA 8.3, MOJyuyuTe MCIOIHSIE-
MBI/f MOIYJIb, 3aIYCTUTE OTJIAAUYMK M OTKPOITE B HEM oKHa KoMaHaaMu View » Dump
u View » Registers. Jlasiee, B OIIaroBoM pexxume OTJIaAKHU MOXHO 0oJjiee HaIJISIAHO Mpo-
CJIIUTH 32 BCEMU MPOILIECCaMU, TPOUCXOASIIIMMHU B ITPOLIECCOPE BO BpeMsI pabOTHI Mpo-
TPaMMBbl.

CnoxeHue ABOUYHbIX YUCen CcO 3HAKOM

Tenepb HacTana Topa pacKpbITh HEOOJBIION ceKpeT. Jeso B TOM, UTO Ha caMOM Jiefie
MPoIIeCcCOp He MOJ03PEBAET O PA3TMUUM MEXIY YMCIaMM CO 3HAKOM M YrcIaMu 6e3 3Ha-
Ka. BMecTo 3T0r0 Y Hero ecth cpeacTBa (hrMKcaly BOSHUKHOBEHUS XapaKTePHBIX CUTYa-
LM, CKIaIBIBAIOIINXCS B TIpoliecce BhIUMcaeHui. HekoTophle M3 HUX MBI paCCMOTPENIN
paHee Mpy oOCYXIeHUU KOMaH[I CIOXEeHHUS yncen 0e3 3Haka — 3TO yueT uiara nepeHo-
ca CF. YcraHoBka 3T0oro (bj1ara B 1 TOBOPUT O TOM, YTO TIPOM3OIIE]T BEIXO 32 TPEIEIbI
paspsimHoCcTH ortepaHaoB. Hanee ¢ momMoInbio KoMaHIbl A D C MOXHO y4eCTh BO3MOXKHOCTD
TAaKOTro BBIXOAA (MepeHoca M3 MJIAIIIeTO pa3psna) BO BpeMs pabOThl MPOrpaMMBbI.
Hpyroe cpeacTBo ¢pukcaluy XapakTepHBIX CUTYallMil B Ipolecce apuPMeTuyecKux
BBIUMCJICHUN — perucTpalusl COCTOSIHMS cTapluero (3HaKOBOTO) pa3psijga ornepaH-
Iia, KOTOPOE OCYILECTBIsIeTCs ¢ moMolibio (uiara nepenoaHeHus: OF B peructpe EFLAGS
(6ut N).

B rnase 4 MbI paccMaTpUBaiM, KaK IPeCTaBIAIOTC YKcia B KoMIbioTepe. [Tpu sTom
OTMEYAJIHN, YTO IMOJIOXKUTECIbHBIC YHCJIa ITPEACTABIAIOTCA B IBOMYHOM KOIEC, a OTpHULia-
TEJIbHBIE — B JOIMIOJIHUTECJIBHOM. PaCCMOTpl/IM Pa3JIMYHbIC BapUAHTBI CJIOKCHUS YUCEIT.
[TpuMepbl TPU3BaHBI TOKA3aTh MOBEAEHUE IBYX CTAPIIMX GMTOB OMEPAHIOB U MPABUIb-
HOCTb pe3yJibTaTa ONepalyy CIOXEHUS.

[lepBrIii BapuaHT CIOXKEHUS YUCEIT:

30566 = 01110111 01100110
+

00687 = 00000010 10101111

31253=0111101000010101.

CrenuM 3a mepeHocamu U3 14-ro u 15-ro pa3psiioB ¥ 3a MPaBUIBHOCTBIO PE3yJIbTa-
Ta: TIEPEHOCOB HET, Pe3yJIbTaT MPaBUIbHBIN.
Bropoii BapuaHT CIIOXEHUS YMCe:

30566 =01110111 01100110
+

30566 =01110111 01100110

61132 = 11101110 11001100.

IIpon3zomren nepeHoc u3 14-ro paspsina; u3 15-ro paspsnma nepeHoca Het. Pesymbrar
HETMPaBWJIbHBIM, TAK KaK UMEETCS nepenoiHerue — 3HAYeHMe YMCiIa TTOJYyIMIoCh 00JIb-
111e, YeM TO, KOTOpPOe MOXKET UMETh 16-pa3psigHoe 4ucio co 3HakoM (+32 767).

Tpetuit BapuaHT CIOXKEHUsI YUCET:
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-30566 = 10001000 10011010
+

-04875=11101100 11110101

-35441=01110101 10001111,

IMpowusomen nepeHoc U3 15-ro pa3psina, u3 14-ro paspsima HeT nepeHoca. Pe3ynbrar
HEMpPaBUJIbHBIN, TAK KAK BMECTO OTPULIATEIbLHOTO YK CJIA MOJYYUJIOCh MOJOXUTETBbHOE
(B crapiiem 6ute Haxomutcs 0).

YeTBepThlil BADMAHT CIOXEHUSA YMCEN:

-4875 = 11101100 11110101
+

-4875=11101100 11110101

-9750 = 11011001 11101010,

Ectb nepenochl u3 14-ro u 15-ro paspsanos. Pe3y/brar npaBUIbHBIIA.
TakuM 06pa3oM, MBI MCCIIEAOBAIN BCE CIydaW W BBISICHWIIM, YTO CUTYAIIUS Hepeno-
Henus (yctaHoBKa ¢iiara OF B 1) mpoucxonuT npu repeHoce:

*  u3 14-ro paspsaa (1 TOJOXUTETbHBIX YUCET CO 3HAKOM);

B M3 15-ro paspsina (1is1 oTpuLaTeIbHBIX YMCEN).

W, HaoGopor, repenoHeHus: He nporcxoaut (To ectb diar OF cOpaceiBaercs B 0),
€CJI eCTh TIEPeHOC M3 000MX Pa3psiIoB WIM MIEPEHOC OTCYTCTBYET B OOOMX pa3psimax.

Takum 00pa3oM, CUTyallMs TIEPEITOTHEHNE PETUCTPUPYETCS TPOIIECCOPOM C TTOMO-
ko aara nepenonHenus OF. JJomoauuTensHo K diary OF npu nepeHoce U3 crapiiuero
paspsiga yctaHasauBaeTcs B 1 u ¢uiar niepeHoca CF. Tak kak mpolieccop He 3HaeT O Cy-
IIIECTBOBAHWM YMCEJT CO 3HAKOM 1 0e3 3HaKa, TO BCS OTBETCTBEHHOCTD 3a IPABMILHOCTD
NEHCTBUI C MOJYYNBITUMMCS YMCIIAMU JIOKUTCS Ha TIporpaMmucTa. Ternepb, HaBepHOE,
TOHSITHO, TIOYEMY MBI CTOJIbKO BHUMAaHUS YICIVIIN TOHKOCTSIM CIOXEHHMST YUCEI CO 3HA-
KOM. YUTS BCe 3TO, MBI CMOKEM OPTaHM30BaTh ITPaBUJIBHBIN ITPOIECC CTOXKECHUS IMCETT —
oynem aHamusupoBaTh ¢aarn CF u OF u npunumats nipaBuibHoe peieHue! Ilpoananu-
suposarhb ¢uarn CF u OF MoxHo koMaHaamu ycaosHoro nepexoga JC\INC u JO\INO coor-
BeTcTBeHHO (r71aBa 10).

YTo Xe KacaeTcsl KOMaH[ CIOXEHMS YMCET CO 3HAKOM, TO M3 U3JIOKEHHOTO paHee
IIOHSTHO, YTO B apXuTeKType 1A-32 caMu KOMaHIBI CJIOXEHUS YUCENl CO 3HAKOM Te Xe,
YTO 1 TSI 9HcelT Oe3 3HaKa.

BbluMTaHne ABOUYHbIX YUucesn 0e3 3HaKa

AHaJIOTMYHO aHaJIN3y OIICpaliMM CJIIOKCHUA, IMOPACCYXKIacM Hal CyTbIO IIPOLECCOB, ITPO-
NCXOOAIINX ITPH BBITIOJJTHCHNU MW BBIYMTaAHUA.

Ecnu YMCHbIIACMOC Oosblie BbIYUTAEMOIO, TO HpOGJICM HCT, — Pa3HOCTb IMOJIOXKUN -
TCJIbHA, PE3YJIbTaT BCPCH.

# Ecnmm ymeHbpIIaeMoe MEHBIIIE BBIYMTAEMOTO, BO3HMKAET MpobIeMa: pe3yTbTaT MEHb-
me 0, a 3T0 yXe YMCIIO CO 3HAaKOM. B 3TOM ciydae pe3yabTaT HEOOXOmUMO 3agep-
Hyms. Yto 310 03Hauaer? [Ipy 0OBIYHOM BBIYMTAHUM (B CTOIOMK) AETAIOT 3aeM | 13
crapiiero paspsiaa. Ilpoireccop mocTymaer aHaJOTH4YHO, TO €CTh 3aHUMaeT 1 13 pas-
psina, cieaylolllero 3a CTapilinuM B pa3psiiHoii ceTke onepaHja. [TosicHuM Ha nmpumepe.
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HepBHﬁ BapMWaHT BbIUYMTAaHUA YUCECIT.

05=0000000000000101
-10 = 0000000000001010.

" J1y1st TOro 4ToGBI MPOM3BECTH BHIYMTAHKE, TPOU3BEIeM BOOOpaXkaeMbIil 3aeM U3 cTap-
LLIEro paspsiaa:
100000000 00000101

0000000000001010

=

11111111 11111011.

TeM cambIM, IO CYTH, BBINOJHsETCS AeiicTBue (65 536 + 5) - 10 = 65 531, 0 3mech
KaK ObI 5KBUBAJIEHTEH Yucity 65 536. Pe3ynbraT, KOHEUHO, HEBEPEH, HO MTPOLIECCOP CUM-
TaeT, YTO BCe HOPMAaJIbHO, TeM He MeHee, (haKT 3aeMa eIUHUIIEI OH (PUKCUPYET, yCTaHaB-
nuBas dnar nepeHoca CF. [TocMoTpuTe enie pa3 BHUMATEIbHO Ha pe3yJibTaT olepaiuu
BBIYMTAHMUSL. DTO Ke YHCIIO -5 B AOMOTHUTEIBHOM KOZe! ITpoBenem aKCIIepUMEHT: Mpe/I-
CTaBUM Pa3HOCTb B Bujie cyMMmbl 5 + (-10).

Bropoii BApuaHT BHIYMTAHUSA YUCEL:

5 = 00000000 00000101
+

(-10) =11111111 11110110

1111111 11111011.

To ecTb MBI TTOJYYUIIA TOT XK€ PEe3yNbTaT, YTO M B MpEIbIAyIIeM IMpuMepe. Takum
00pa3oM, TTocJie KOMaHIbI BEIYUTAaHUS YMces1 0e3 3HaKa HY>KHO aHAJTU3UPOBATh COCTOSI-
Hue ¢aara CF. Eciu oH ycTaHOBJIeH B 1, 3TO TOBOPUT O TOM, YTO MPOMU3OIIIE] 3aeM U3
CTapIIero pa3psiaa M pe3yiabTaT IMOJYUHMICS B JOTTOJTHUTEIBHOM KOJIE.

AHAJOTUIHO KOMAaHIaM CJIOXKEHHSI TpyIIa KOMaHI BHIYUTAHHUS COCTOUT M3 MUHM-
MaJIbHO BO3MOXHOTO Habopa. DTH KOMaH/IHI BEITIOJHSAIOT BEIYUTAHKE 10 aJITOPUTMAM,
KOTOpEIE MBI ceif9ac paccMaTpUBaeM, a yIeT OCOOBIX CUTYAIWA TOJKEH ITPOMU3BOIUTHCS
CaMMM MIPOTPAMMUCTOM. )

# KowmaHga IeKpeMeHTa BEITIOJHSICYMeHbIlieHUsT 3HauyeHUs onepaHaa Ha 1:
dec onepaHg,
# KomaHpa BbMuTaHMa (onepana_1 = onepal-ul_l - onepaHp_2):
sub onepana_1l,onepana_2
8 KomaHpa BbMUTaHUS C yH4ETOM 3aema, To ecTb dnara CF (onepanp_1 = onepann_l -
onepaHa_2 - 3xayeHue_CF):
sbb onepana_1,onepana_2

Kak Buaute, cpeay KoMaHj BblYMTaHUsI eCcTh KoMaHaa SBB, yuuTeiBaromas duar ne-
peHoca CF. OrakomannanonooHaADC, HoTtenepbyxe daar CFurpaerpojib MHIMKATOpa
3aeMa | m3 cTapiero paspsiga Ipy BEIYUTAHUM YKCE.

PaccmotpuM nipumep (IUCTUHT 8.4) mporpaMMHOUN 00pabOTKM CUTyallU, PacCMOT-
PEHHOI1 paHee IJII BTOPOro BapiaHTa BEIYUTAHWS YMCEN.
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JluctuHr 8.4. MNposepka Npy BbluUTaHUM Yncen 6e3 3Haka

<I> ;prg_8_4.asm
<2> masm

<3> model  small
<4> stack 256

<5> .data

<6> .code ; CETMEHT KOZa

<7T> main: ;TOUKa BXOIA B NPOTPaMMy
<> ...

<9> XOr ax,ax

<10> mov al,5

<11> sub al, 10

<12> jnc ml ;HET TIepeHoca?

<13> neg al ;B al momyne pesynbTaTa
<14> ml: ...

<15> exit:

<16> mov ax,4cO0h;cTaHAapTHbIA BEXOL

<17> int 21h

<18> end maln ; KOHeW IIpPOTpaMMH

B atom npumepe B ctpoke 1 1 BeimonHsieTcst Berautanue. C yKa3aHHBIMM [UTSI 3TOM
KOMaH[Ibl BBIYUTAHUSI MCXOMHBIMU NAHHBIMU PE3YyJIbTaT MOJYYaeTCS B NOTOJHUTEb-
HOM Koje (OTpuLaTeIbHBIN). [ Toro 4ro0s! mpeodpa3oBaTh pe3yabTaT K HOpMaIbHO-
My BUIY (IIOJYYUTh €r0 MOAYIb), puMeHseTcss Komanna NEG, ¢ moMoIbpio KOTopoi
roJiyyaeTcsl IOMOJIHEHUE oTiepaHaa. B Halem ciiydae Mbl MTOJyYUJIU TOTIOTHEHUE 1O~
MOJIHEHUSI, VI MOIYJIb OTPULIATEILHOTO pe3yJibTaTta. A TOT (hakT, YTO 3TO Ha CAMOM
JieJIe YMCIIO OTPHUIIATeNIbHOE, OTpaXeH B cocTossHuM ¢iara CF. [lanbiine Bce 3aBUCUT OT
anroputMa odpadoTku. Mccnemyiite mporpamMmy B OTJIAT4MKe.

BblunTaHue OBOUYHbLIX YUCEN CO 3HAKOM

BelunTaHue TBOMYHBIX YMCE CO 3HAKOM BBITIOJHATH HECKOJIBKO clioxHee. [locnenHuit
MpUMep MoKasall To, YTO MPOLIECCOPYy He3aueM MMETh IBa YCTPOMCTBA — CIIOXEHUS U BbI-
ynTaHuA. Jl0cTaTOYHO HAJMYUS TOJbKO OJHOTO — YCTpoiicTBa cioxeHusi. Ho st BbI-
YUTAHUS CIIOCOOOM CIIOXEHUS YUCET CO 3HAKOM 00a omepaHia (M YMEHbIIaeMoe, 1 Bbl-
yrTaeMoe) HeOOXOIUMO TIPENICTABIISATh B JOTIOJHUTEILHOM Kojie. Pe3yabrar Toxxe HysKHO
paccMmaTpuBaTh KaK 3HaYeHUe B JOTIOJHUTEIbHOM Kojie. Ho 31ech BOBHMKAIOT CIIOXHO-
ctu. [Ipexe Bcero, OHU CBSI3aHBI C TEM, UTO CTApIIMii OUT orepaHIa paccMaTpUBaeTCs
Kak 3HaKoBHI. PaccMoTpuM npumep Berautanus 45 - (-127).
[lepBbiit BApaHT BEIYMTAHUS YUCEN CO 3HAKOM:

45 =00101101

-127 = 10000001

-44  =1010 1100.

Cyzsl 1o 3HAKOBOMY pas3psily, pe3yJbTaT MOJyYuiIicsl OTpULIATeIbHBIN, YTO, B CBOIO
-ouepeqb, TOBOPUT O TOM, UTO YMCJIO HYXXHO pacCMaTpuBaTh Kak AOIMOJHEHUE, paBHOE
-44. TIpaBUIBHBIN Pe3yIbTAT JOJIKEH OBITh paBeH 172. 3mech MbI, KakK U B cIyJae 3Ha-
KOBOTO CJIOXEHMSI, BCTPETUIIMCH C NepenoaHeHueM MAHMUCcyl, KOTIa 3HaYaluil paspsi
qucyia U3MEHWJT 3HaKOBBIN paspsin onepaHaa. OTCIeAMTh TaKylO CUTYALMIO MOXHO IO
conepxumomy ¢urara ieperoHeHnst OF. Ero yctaHoBKa B 1 TOBOPHUT 0 TOM, UTO pe3yJib-
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TaT BBIIIEN 33 IMATIa30H MPEACTaBICHUA 3HAKOBBIX YHCEN (TO eCTh M3MEHMIICS CTapIIMiA
OMT) U1 OnepaHa JaHHOTO pa3Mepa M IPOrPaMMMUCT TOJKEH MPENLYCMOTPETh AeHCTBUA
M0 KOPPEKTHPOBKE pe3y/bTara.

Crenyroree BEIYUTAHUE YMCET CO 3HAKOM BBIITOJHUM CIIOCOOOM CITOXEHUS:

-45 - 45 - -45 + (-45)=-90.

-415 = 1101 0011

N .

-45 =11010011

-90 =10100110.

3nech Bce HopManbHO, (diiar nepenoaHeHus OF copoiueH B 0, a 1 B 3RaKoBOM pa3psiie
TOBOPHT O TOM, YTO 3HAYECHUE pe3yabTaTa — YHMCJIO B TOTIOJHUTEIHLHOM KOIe.

BbluntaHune u cnoxeHue onepaHpos
0G0NbLUOK pa3MepPHOCTHN

Ecmu BBI 3aMeTHINM, KOMaHIBI CJIOXKEHUS W BRIYUTaHMS pabOTAlOT ¢ onepaHaaMu QUK-
CHPOBaHHOI1 pasmMepHocTH: 8, 16, 32 6uTa. A 4TO [eMaTh, €CIM HYKHO CIOXUTD YHMCIa
Oonblieil pasMepHOCTH, Harpumep 48 OUTOB, MCIONB3Ys 16-pa3psiaHbie ONepaHIbl?
K mpumepy, ciaoxum aBa 48-pa3psaHbix uncia (puc. 8.5).

1-e cnaraemoe 0010001110010101 01001011 11111000 1111111100110001
+

2-e cnaraemoe 0100010010001011 1010010100100100 0100100110000110

11 war : cnoxexve mnaawmx 16 6ut > 1 0100100010110111

2-/i war : cnoxeHve cpepgHux 16 Bur 01001011 11111000 I'IepeH%(;:pZLapmmm
(c y4eTom nepeHoca '+
13 MNaaLIero paspsaa): 1010010100100100

11110001 00011100
0000000000000001

11110001 00011101

3-i1 war : cnoxervie ctapwmx 16 6ut
(nepeHoca 13 mnaaLero

paspsga Her):
0010001110010101
+
0100010010001011
Pesynstar cnoxenus:  0110100000100000 11110001 00011101 0100100010110111

Puc. 8.5. CnoxeHve onepaHaoB 60SbLLON pa3MepHOCTH

PucyHOK 1Mo maraM WILTIOCTPUPYET TEXHOJIOTUIO CIOXKEHUS IUIMHHBIX yrcen. Bum-
HO, YTO TIPOIIECC CITOXEHMS MHOTOOANTHBIX YHCENl TPOMCXOANT TaK Xe, KaK U IPH CJI0-
>KEHUHU ABYX YMCETT «B CTOJIOMK», — C OCYIIECTBICHIEM ITPY HEOOXOMMMOCTH ITepeHoca
1 B crapumii paspsa. Eciam HaM ymacTcst 3amporpaMMHpPOBaTh 3TOT TPOIIECC, TO MBI 3Ha-
YUTETHHO PACIIMPUM AMATa30H TBOMYHBIX YUCEN, Hal KOTOPHIMU MOXHO BBITTONHSTD
oTiepaIy CJIOKEHUS M BEIYMTAHMS.

[MpuHIMT BEIYMTAHUS YHCET ¢ AMATIA30HOM TIPEACTABICHUS, TIPEBHIINAIOIINM CTaH-
JapTHBIE pa3psaHbIE CETKH OMEPAHIOB, TOT XKe, UTO U MIPU CIIOXEHWUH, TO €CTh HCITOb3Y-
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etcs ¢uar neperHoca CF. HyxXHo TobKO TTpeacTaBisiTh ce0e Mpoliece BHIUMTAHUS B CTOJ-
OMK M TIpaBMJIBHO KOMOMHMPOBATh KOMaHIbI ITpolieccopa ¢ KoMaHaoit SBB. YTobnr Ha-
MKMCaTh JOCTATOYHO MHTEPECHYIO IIPOrpaMMy, MOJIEIMPYIOIIYIO 3TOT IpoIiecc, HeoOxo-
JIMMO TIPUBJIEYb T€ KOHCTPYKIIMHU SI3bIKa acceMOiepa, KOTOPhIe MBI €llie He 00CyXaasu.
Cpenu npuiaraeMbIX K KHUTE (haiiyIoB B KaTajore TaHHOM TJIaBbl HAXOISATCSI UCXOMHBIE
TEKCTHI TTOANPOTPaMM, PEANU3YIONINX YEThIPE OCHOBHBIX apu(PMETUUECKUX ACHCTBUS
JUTSL IBOMYHBIX OIIEpaHI0B IMPOU3BONBbHON pasMepHocTh!. He moneHuTech BHUMATEb-
HO U3YYMTh MX, TAK KaK OHU SIBJISIIOTCS XOPOIIei MUTIOCTpallel K MaTepuaiy, u3ydae-
MOMY B 3TOH U MOCHeayonmx riaBax. K atTum mpumepaMm MoOXHO OymeT oOpaTUThCS B -
TOJTHO# Mepe TOocjIe TOro, KaK OyIyT M3y4eHbl MEXaHU3MbI TIPOLEIYP M MaKPOKOMAaHI
(rmaBel 14 u 15). Kpome TOro, B [8] 00CYyXma10TCsI BOIIPOCH MMPOrpaMMUPOBAHUS 1IET0-
YUCJIEHHBIX apU(PMETUYECKUX OTIepallii, HO B paCIIUPEHHOM KOHTEKCTE.

B 3aBepiieHre 00cyXneHns KOMaH[I CIOXEHUS M BBIYUTAHUSI OTMETUM, YTO KpOME
¢maroB CF u OF B peructpe EFLAGS ecTph eme HecKOIBKO (1aroB, KOTOPhIE MOXHO HC-
MOJIb30BaTh C TBOMYHBIMMU apu(METUISCKUMU KoMaHaaMu. Pedb uamer o ciemyronmx
marax:

ZF — ¢nar Hys, KOTOPBIN yCTaHaBAMBAETCA B 1, ecimm pe3yabTaT onepauu paseH O,
u B 0, eciyt pe3ynbTart He paBeH 0;

SF — ¢nar3Haka, 3Ha4YeHUE KOTOPOTO ITOCIE apuMMETHUECKHUX OTepaliuii (1 He TOJIb-
KO) COBIAIAET CO 3HAYEHMEM CTapIlero Oura pe3yabraTa, TO €CTb C OuToM 7, 15 unm
31 (takmum 06pa3om, 5TOT (JIar MOXHO MCIIONb30BATh IS OMEPALMii HAll YMCIaMU
CO 3HAKOM).

YMHOX€eHue ABOUYHbIX Yucern 0e3 3HakKa

I[IIH YMHOXCHHA YUCCIT 0e3 3HaKa Nnpc¢aHasHa4YCHa KOMaHJ1a
mul comHoxuTens_1

Kak BHUJIMTC, B KOMaH/JC YKa3aH BCCro JIMIIb OAWH ONICPaHA-COMHOXKXHNTCIb. BTOpOI71
OIICpaHa-COMHOXUTCJIb 3adaH HCABHO. Ero Mecromnonoxenne (I)I/IKCI/IpOBaHO " 3aBUCHUT
OT pa3Mepa COMHOXHTeNel. Tak Kak B 0OIIeM ciyJae pe3yiabTaT YMHOXEHUS OOJbIIIe,
yeM JTI000 U3 ero COMHOH(HTCHeﬁ, TO €TI0 pasMCp U MECCTOITOJIOKECHUE TOJIZKHbBI OBITH
TOXKE OIIPCACICHBI OJHO3HAYHO. BapI/IaHTbI pasMEpoB COMHOXMWTEJIEW U MECT pasMeic-
HHSI BTOPOTO OIlepaHa M pe3yibTaTa IpUBEACHH B Ta0. 8.2.

Tabnuua 8.2. PacnonoxeHne onepaHaoB W pesysbTata npu YMHOXEHUN

[epBbiit Bropoii Pesynbrar
COMHOXUTEb 'COMHOXXUTEJh
Baiit AL 166uToB B AX: AL — Muaamiast 4yacTb pe3yJibTara;

- AH — crapiuas yactp pesyJibTaTa

CrnoBo AX 32 6ura B mape DX:AX: AX — muaaiias yactb
pesynbrara; DX — cTapiiiast yacTh pe3yJibTarta

JIBOITHOE CJIOBO EAX 64 outa B mape EDX:EAX: EAX — muaaias 4acTb
pesynbrata; EDX — crapiias yacth pe3yabTaTa

t Bce mpuiaraeMble K KHUTE (aiiibl MOXHO HalTH 1o azapecy http://www.piter.com/download. —
IIpumey. peo.
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M3 Tabauubl BUAHO, YTO IPOU3BENEHNE COCTOUT U3 BYX YacTell U B 3aBUCUMOCTH OT
pa3Mepa OoIepaHI0B pa3MelllaeTcs B ABYX MECTaX — Ha MECTE€ BTOPOTO COMHOXUTENS
(Myagniast yacTh) U B AonoaHUTeNbHBIX peructpax AH, DX, EDX (ctapiunas yacTs). Kak xe
JAMHAMUYECKU (TO €CTh BO BPEMsI BHLIITOJHEHUS TPOIPAMMBI) Y3HATh, YTO PE3YJIBLTAT JOCTA-
TOYHO MaJl U YMECTWICS B OTHOM PETUCTPE WJIM YTO OH MPEBBICUI PAa3MEPHOCTh PETUCT-
pa M cTapiuasi 4acThb OKa3ajlach B Apyrom peructpe? JIisi 3TOro MpUBJIEKAIOTCS YXKe U3-
BecTHbIe HaM (hiiaru nepeHoca CFunepenonHenus OF:

€CJIM CcTaplliasl yacTh pe3yJabTara HyjleBasl, To mmocje 3aBepiuenus onepanuu CF= O
u 0F=0;

ecau ke pnaru CFu OF HeHyieBbIe, 3T0 03HAYAET, YTO pe3yJIbTAT BhIILIEN 32 TpeAeIbl
MJIA[IIEH YaCTU TTPOU3BEICHUST ¥ COCTOUT U3 IBYX YaCTEM, UYTO U HY:KHO YUUTHIBATH
MpHU NajabHelieil pabore.

PaccmotpuM crienyoimuil mpuMep nporpaMMbl (JIMCTUHT 8.5).

JInctnHr 8.5. YMHOXEHME

<1> ;prg_8_5.asm

<2> masm

<3> model small

<4> stack 256

<5> .data ;CerMeHT IaHHHX
<6> rez label word

<T> rez_l db 45

<8> rez_h db 0

<9> .code ;CerMeHT Xoma

<10> main: ;TOYKa BXOLAa B MPOTPaMMy
<11>

<12> XOT ax, ax

<13> mov al,25

<14> mul rez_l

<15> jnc ml ;eCnu HeT nepenofiHenus, TO Ha M1
<16> mov rez_h, ah;cTapwyw 4acTb pe3ylbTaTa B rez_h
<17> ml: .

<18> mov rez_l,al

<19> exit:

<20> mov ax, 4cO0h;cTaHAapTHLIA BHXOI

<21> int 21h

<22> end main ;KOHEL, MporpamMmbl

B ctpoke 14 mpou3BoaUTCS YMHOXEHUE 3HAUEHUS B rez_| Ha yuciio B peructpe AL.
CornacHo MHGpopMauuu U3 Tabj. 8.2, pe3yabTaT YMHOXEHMsI OyaeT pacrojaraTbCs
B peructpe AL (Mianmas yacts) U B peructpe AH (crapiuasg yacts). 151 BBISICHEHUS
pasMepa pe3y/abTata B cTpoke 15 KoMaHOoil yciaoBHoro nepexona JNC aHanusupyercs
coctosiHue diara CF, u eciv oHO He paBHO 1, TO pe3yJbTaT OCTaeTCsl B paMKax perucrpa
AL. Ecnu xxe CF = 1, To BBIIIOJIHSIETCS KOMaHIa B CTPOKe 16, KoTopast QOpMUPYET B 1OJI€E
rez_h crapiuee cioBo pesyiabrata. KomaHma B cTpoke 18 hopMupyeT MIalllIylo 4acTh
pesynbTrata. Temepb 0OpaTUTe BHUMaHME Ha CETMEHT JaHHBIX, & UMEHHO Ha CTPOKY 6.
B 371011 cTpoKe comepxutcs nupekTrBa label. Ml eltie He pa3 OyaeM CTaIKMBATbCS € 3TOI
JIUPEKTUBOM. B 1aHHOM cilyyae oHa Ha3HAYyaeT ellle OJHO CUMBOJINYECKOE UMS reZ aape-
Cy, Ha KOTOpBIH yXe yKa3bIBaeT Apyroit uaeHtudukarop rez_l. Paznuuue 3akimoyaercs
B TUIAX 3TUX UACHTUGUKATOPOB — reZ UMEeT THUII CJI0Ba, KOTOPBI eMy Ha3HaydaeTcs
IUpeKTuBoi label (MMs THIA yKa3aHO B KauecTBe onepaHa label). Bens aTy nupekTu-
By B IPOrpaMme, Mbl TIOATOTOBUJINCH K TOMY, 4YTO, BO3MOXHO, Pe3y/bTaT ONepalun
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YMHOXEHUS OyIeT 3aHUMAaTh B MaMsITH liejioe caoBo. OOpatuTe BHUMaHUE Ha TO, YTO
MBI He HapyIIWJIY TIPUHIIMIIA: MJIAAIIMI OalT Mo Mianaiiemy aapecy. Jlanee, ncrnonab3ys
UMS Tez, MOXXHO o0paIiaThcs K 3HaUeHUIO B 3TOM 00JIaCTU KaK K CJIOBY.

B 3aKkiI0YeHNE MOXHO MCCIELOBATh B OTIafIMKe IMporpaMMy Ha pa3HbIX Habopax
COMHOXMUTEJICH.

YMHOXeHne ABOUYHbIX4YUCEes1 CO3HaAKOM

JI1st yYMHOXEHWS 9HCeN CO 3HAKOM TpeaHa3HauyeHa KoMaHIa
imul onepana_l{,onepawa_2,onepana_3]

DTa KOMaHa BBITTOJHAETCSA Tak Xe, Kak 1 KomaHmaa MUL. OtnnautenbHOI 0ocobeH-
HocTblo KoMaHabl IMUL siBnsieTcst Tonbko dhopMupoBaHue 3Haka. Eciau pesynbratr man
U yMelaeTcss B omHoM peructpe (to ecth ecnm CF= QF = 0), To comepkumoe apyroro
perucTpa (crapIieit YacTu) sSIBJISIETCS pacIIMpeHUeM 3HaKa — BCE ero OMTHI paBHBI CTap-
memy OUTy (3HaKOBOMY paspsiy) MJiajlleil yacTu pesdyibTaTa. B mpoTUBHOM ciyyae
(ectu CF = OF = 1) 3HakoM pe3yibTara sIBJIseTCs 3HAKOBBIN OUT cTaplieil YacTh pe3yb-

_TaTa, a 3HAKOBBIM OUT MJIAAIICH YaCTH SIBJISICTCS 3HAYAIIMM OMTOM TBOMYHOTO KoJa pe-
symbrara. Ecim BB HalimeTe B iprroxeHuu komanny IMUL, To yBunute, 9to y Hee nme-
I0TCST OoJiee MUPOKME BO3MOXHOCTH TIO 3aaHUI0 MECTOIIOJOXEHUs OTEepPaHIoB. DTO
clieIaHo 1Sl ynoOCTBa UCTOIb30BaHUSI.

NeneHve aBOUYHbIXUYMCE 0e33HaKa

JLtst meneHWs 9ucelt 6e3 3HaKa IMpeTHa3HaYeHa KoMaHIa
div JTeIuTeNb

JlemuTeNnb MOXEeT HaXOTUTHCS B TTaMSITH WJIM B PETUCTPE M MMETh pa3Mmep 8, 16 mwin
32 6uta. MecToHaxoxXaeHUe AEJIUMOro (PUKCUPOBAHO U TaK Xe, KaK B KOMaHAEe YMHO-
JKEHWSI, 3aBUCHT OT pa3Mepa orepaHmoB. Pe3yrbTaToM KOMaHIB MeJICHUS SBISIIOTCS 3HA-
YeHUs YaCTHOTO M OcTaTKa. BapWaHTHI MECTOTIOOXEHHS M pa3MEpPOB OIEPAHIOB OITe-
pauuu aefeHus moka3aHbl B Tabj. 8.3.

Ta6nuua 8.3. PacnosoxeHve onepaHaos 1 pesynstara npu aeneHum

HemumMoe Hemutenb YacTtHoe Ocratok
CnoBo (16 6ur) Baiit B peructpe unu | baiit B peructpe | baiit B

B peructpe AX B SIYEHKE TAMATH AL peructpe AH
JIBoiiHoe cioBo (32 6ura), CnoBo (16 6ut) B pe- | Cnoso (16 6ur) B{ Cnoso (16 6uT)
B DX — crapmias yacts, TUCTPE WU B T4YeiiKe peructpe AX B peructpe DX

B AX — MJazxmas 9acThb namsaTu

YyerBepeHHOE CIIOBO JBoiitioe c1oBo JIBOitHOE CII0BO JIBOIiHOE CIIOBO
(64 6ut), B EDX — crapmras | (32 6uta) B peructpe | (32 6ura) B (32 6ura) B
vacTh, B EAX — Mnamgmas unu B siueiike mamatu | peructpe EAX peructpe EDX

YJacCTb

Ilocne BBIMOTHEHUSI KOMaHIBI AeIeHUS COOCPKMMOEC (bHaFOB HCOIIPEACICHHO, HO
BO3MOXHO BOBHMKHOBCHHE NMPEPbIBAHUA C HOMEPOM 0, Ha3bIBACMOTI0 «ICJICHNEC Ha HOJIb».
DTOT BUL, IPEepbIBAaHUA OTHOCUTCA K TaK Ha3bIBACMbBIM UCKAHOYEHUAM Y BOSHUKACT BHYT-
pH 1poueccopa n3-3a HEKOTOPBIX aHOMAJIUI B BBIYUCIUTEILHOM Iponecce. K BOIIpOCY
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00 MCKIIIOUeHUSIX MbI ellie BepHeMcs. [TpepuiBaHue 0 (1ejieHre Ha HOJIb) P BBIMOJIHE -
Huu KomaHabsl DIV MoxXeT BOBHUKHYTb 10 OAHOM U3 CIEIYIOLIUX TPUYNH:

i

#  JICJIMTCJIb paBCH HYJIIO,

* gacTHOE HE BXOIWUT B OTBEACHHYIO ITOJ HEro pa3psmaHYI0 CETKY, UTO MOXKET CIy-
YHUTHCH:

0O TIpu JCJEHUH ISTMMOTO BETMYMHON B CJIOBO Ha JENTENIh BETUUYMHON B OailT,
MpUYEeM 3HAYeHHE JeJTUMOTOo Oojiee 4yeM B 256 pa3 GoJiblile 3HAYEHUS JeTUTENS;

Il mpu geneHuy OEJTMMOro BEJIMYMHON B ABOMHOE CIOBO HA JEIUTENb BETUYMHOM
B CJIOBO, ITPUYEM 3HAUEHUE AEJUMOro 6osee yeM B 65 536 pa3 Gosiblle 3HAUEHUS
JEJTUTENS,; ' '

I npu neneHNMHU IETUMOTO BETUYMHOM B yUETBEPEHHOE CJIOBO HA IEJIUTENb BETMYH-
HOW B IBOMHOE CJIOBO, IIPUYEM 3HAYeHUE OeauMoro Gojee yeM B 4 294 967 296
pa3 Oosiblile 3HAYEHUS IeTUTEIS.

K npumepy, BbIMOJHUM JAejieHUe 3HaueHUsT B obaacTu del Ha 3HaYeHUe B 00JIacTU
delt (iuctunr 8.6).

JIncTtuHr8.6. leneHneumcen

<1> ;prg_8.6.asm

<2> masm

<3> model small

<4> stack 256

<5> .data

<6> del_b label byte
<7> del dw 29876

<8> deltdb 45

<9> .code ;CermMeHT Xoma

<10> main: ;TOUKa BXOlla B TIPOTpaMMy

<1l1> P

<12> XOor ax, ax

<13> ;nocneayowue 4Be KOMaHAbl MOXHO 3aMeHUTb OAHOW mov ax,del
<14> mov ah,del_b ;cTapuuit 6alT menuMoro B ah

<15> mov al,del b+l ;mmamgmuit OanT menumoro B al

<16> div delt :B al - uyacTHOe, B ah - 0CTaToK
<17> e

<18> end main i KOHEI] TIPOTPaMMH

BrinosHeHre mporpaMMBbl B TAKOM BUE TPUBEIET K OLIMOKE AeeHUs Ha HOJib. [1pu-
YrHa OMMCaHa paHee — YaCTHOE HE BXOIUT B OTBEIEHHYIO MO HETO Pa3psaHYIO CETKY.
DTO MPOUCXOIUT B ClIyyasx, KOTAa NeuMoe OOoJIblie AeJIUTeNs Ha ONpeaeeHHYIO Beau-
YUHY. A 4TO Xe JeaTh, €CIM COOTHOILIEHUE JeIMMOe U AeauTenst uMeHHo Takoe? Iloa-
poOHO AesieHue, KaK, BOPOYeM, U YMHOXEHUE, LIETbIX YACE MPOU3BOJIbHOMN pa3psAHOC-
T omucaHo B KHuUre [8]. UToOBl MCIpaBUTh MPUMEP M3 JUCTUHTA 8.6, HEOOXOAMMO
U3MEHUTh Pa3psSIHOCTD AEIUMOrO, UCXOAS U3 Pa3psAHOCTHU NeUTENs U TpeOOBaHUA Kko-
maHabl DIV. K npuMepy, aAenuMoe MOXHO caeaaTh paBHbIM 298. [IpumMep OyaeT BbIIO-
HeH 6e3 olnboK.

[eneHve ABONYHbIX YUCEJs1 CO 3HAKOM
HJ‘IH JCJICHUA YUCEJI CO 3BHAKOM INPpCIHa3sHaAaYCHa KOMaHaa
idiv OJEJTUTEND

Jlnist 3TOM KOMaHIbl CIIpaBeIIMBbI BCE PACCMOTPEHHBIE paHee PacCyKICHMsI, Kacaro-
LIMeCs] KOMaH/ M Yrcelt co 3HakoM. OTMETHM JIMIb OCOOEHHOCTH BO3HUKHOBEHMS HUC-
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kmoueHus 0 (meleHMe Ha HOJIb) B ciIydae yuced co 3HaKoM. OHO BO3HHMKAET IPU BbI-
nosiHeHUuM KkoMaH bl IDIV mo oqHO# U3 clieayoImux NpUYnH:

JeuTeIb paBeH HYJIIO;

YacTHOE He BXOAMT B OTBEACHHYIO IS HETO Pa3psIIHYIO CETKY, UTO, B CBOIO OUYEpeib,
MOXET MPOU30UTH:

O 1pu AeJeHUU JETUMOTr0 BEJIMYMHOM B CJIOBO CO 3HAKOM Ha JIEJIUTEIb BEIUYUHOM
B OAlT CO 3HaKOM, ITpUYEM 3HaYEHUE AeIMMOro Oosiee yeM B 128 pa3 GoJibliie 3Ha-
YeHUS AeNuTeNns (TakKuM 00pa3oM, YaCTHOE He TOKHO HaXOIUThCS BHE AUAIa30-
HaoT —~128 70 +127);

O 1pu JeNeHUU OETUMOTO BEJIUYUHON B JBOMHOE CIOBO CO 3HAKOM Ha AEJIUTENb
BEJIMYMHOM B CJIOBO CO 3HAKOM, NTPUYEM 3HaYeHUE IeIMMOTro boee yeM B 32 768
pa3 OoJblle 3HAYCHUS JeIUTENIST (TAKUM 00pa3oM, YaCTHOE HE JOJIKHO HAXOIUThCS
BHE AMana3oHa oT -32 768 go +32 768);

I1 npu fefeHUU JeIMMOro BEJIMUYMHOM B y4ETBEPEHHOE CJIOBO CO 3HAKOM Ha JeJIH-
TeJIb BEJIMYMHOM B IBOMHOE CJIOBO CO 3HAKOM, TIpUYEM 3HAUEHUE IeTMMOTro boJiee
yeM B 2 147 483 648 pa3 GoJbllie 3HaYEHUS JeUTeNs (TaKMM 00pa3oM, 4aCTHOE
He JTOJDKHO HaxOMUThCS BHe quaria3oHa oT -2 147 483 648 mo +2 147 483 647).

BcnomoraresibHble KOMaHAbI
ana apupmMmeTUd4ecKkux BbIYMUCIIEHUN

B cucteme KoMaHa mpoiieccopa ecTb HECKOJIbKO KOMaH 1, KOTOpbIe 00JIeryaloT mporpam-
MUPOBaHUE AJITOPUTMOB, ITPOU3BOISIINX apU(PMETUISCKIE BRIYMCICHHS, a TAaKXe T10-
MOTAIOT pa3peniaTh MPo0JIeMbl, BOSHUKAIOIINE TIPU ITOJOOHBIX BRIUYMCICHUSX.

KomaHngbl npeoGpa3oBaHus TUNOB

Yro genaTh, eciu pa3Mepbl ONepaHa0B, yYaCTBYIOIIUX B apu(METUUECKUX ONepallnsX,
pasuble? Hanpumep, MpeanooXM, YTO B OTIepAIIM CJIOXKEHUS OJMH ONlepaHI 3aHuMa-
€T CJIOBO, a Ipyroil — ABOMHOE CcI0BO. PaHee ObUIO CKa3aHO, YTO B OTIEPALIUU CIOXEHMS
JOJIKHBI Yy4acTBOBaTh OIepaHIbl omHOro ¢dopmata. Ecim umcira Ge3 3Haka, TO BBIXOJ
HaiTu 1mpocto. B 3ToM ciyyae MOXXHO Ha 0a3e MCXOTHOTO orepaHaa chopMUpOBaTh HO-
BHIi1 orepany ((popMaTa IBOMHOIO CIIOBA), CTapIle Pa3psabl KOTOPOTO IPOCTO 3aIojI-
HUTDb HYJIAMU. CioxHee CUTyalud ajsi YuCes Co 3HaKOM: KaK ITMHaAMMWYE€CKHU, B XOO€ BbI-
TOJTHEHUST TIPOTPaMMBbI, yYecTh 3HaK omnepaHna? Jnsg pelieHust MogoOHbIX MpobeM
B CHCTeMe KOMaHJ Ipoleccopa eCTh TaK Ha3bIBaEMbIe KOMAHObL Npeobpasoeanus muna.
OTH KOMaHABl PacIIUpPSIOT OANTHI B CJIOBA, CJIOBA — B IBOMHBIE CI0Ba U ABOMHBIE CJIO-
Ba — B yUeTBepeHHbIe cJIoBa (64-pa3psimHble 3HaYeHMs ). KoMaHIbI TpeoOpa3oBaHus THIIA
0COOEHHO TMOJIE3HBI TTPH MPe0OPa30BaHMU 1ISBIX CO 3HAKOM, TaK KaK OHU aBTOMAaTHYe-
CKU 3aIOJTHSIOT CTaplive OMThl BHOBb (POPMUPYEMOTO OlepaHaa 3HaYeHUSIMU 3HAKOBO-
ro oura NCXOOHOTO o0bekTa. Orta orepanuuda NMpUuBOOUT K LICJIBIM 3HAYCHUAM TOI'O XK€
3HaKa 1 TOM XXe BEJIMYMHBI, YTO M MCXOIHAs, HO yXe B 6ojiee mmHHOM opMmaTe. [1omoo-
HOE MpeoOpa3oBaHUE Ha3bIBACTCS onepayueil pacnpocmpaHerus 3HAKA.
CylIecTBYIOT 1Ba BUIa KOMaHI MpeoOpa3oBaHUs TUTIA.
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II  Komanow: 6e3 onepandoé — 3T KOMaHABI pabOTaOT ¢ GUKCUPOBAHHBIMU PETUC-
TpaMu:

!

CBW (Convert Byte to Word) — komaHaa npeoOpa3oBaHus OaiiTa (B peructpe
AL) B cnoBo (B pervctpe AX) myTeM pacrpoCTpaHEeHUsI 3HAUEHUSI CTapllero oura
AL Ha Bce GuThbl peructpa AH;

CWD (Convert Word to Double) — xomanza npeodpa3oBaHus c10Ba (B perUCTpe
AX) B aBoiiHOe cioBo (B peructpax DX:AX) myTeM pacnpocTpaHeHUs 3HAUYECHUS
crapuiero 6uTa ax Ha Bce OuThl peructpa DX;

CWDE (Convert Word to Double) — koMaHaa npeoOpa3oBaHusl cjioBa (B PETUCT-
pe AX) B nBoiiHoe cioBo (B peructpe EAX) nmyTeM pacnpocTpaHeHUs 3HaUYEHUS
crapuiero 6uta AX Ha Bce OMTHI cTapiiieil MoJoBUHbI peructpa EAX;

CDQ (Convert Double Word to Quarter Word) — KoMaH1a npeodpa3oBaHusi ABOW-

Horo cjoBa (B peructpe EAX) B yueTBepeHHoe ciioBo (B peructpax EDX:EAX) my-
TeM paclpocTpaHeHUsI 3HaUeHus ctapiiero outa EAX HaBce outhl peructpa EDX;

it  Komanowv: obpabomxu cmpok (Taxke riaBa 12). DT KOMaHIBl 00JIagaloT MOJIE3HBIM
CBOMCTBOM B KOHTEKCTE Hallleil MpoOIeMbl:

I

movsx onepaHA_1,0nepaHa_2 — KOMaHIA MEPECHIIKU C PACIIPOCTPAHEHUEM 3HAKa
pacuiupsiet 8- win 16-pa3psiiHOe 3HaueHure oONepala_2, KOTOpoe MOXeT ObITh pe-
TUCTPOM WJIM OTIEPAaHIOM B MaMsTH, 10 16- niu 32-pa3psiiHOro 3HaYeHUsT B Ofl-
HOM U3 PETUCTPOB, UCTIO0JIb3Ys 3HAKOBBI OUT JJ151 3aMI0JIHEHUS CTAPIIUX MO3ULIUI
3HaueHus onepavA_1 (IaHHYO KOMaHAy YA00HO MCTIOIb30BaTh JIS1 MOATOTOBKU
OIEpPaHA0B CO 3HAKAMU K BBIIOJHEHUIO apudMETUUECKUX OTlepaliuii);

movzx oneparf_1l,onepaHi_2 — KOMaHIa MEPEChUTKY C pacIIMpeHeM HYyJIeM pac-
mmpsier 8- win 16-paspsiiHoe 3HayeHue onepaHa_2 g0 16- wiu 32-pa3psimiHOro
C OYMCTKOM (3alOJTHEHWEM) HYJSIMM CTApIIMX MO3ULUK 3HAYEHUS omepaHa_2
(TaHHYI0 KOMaHIy yA0OHO MCIOJIB30BAaTh IS ITOATOTOBKU ONEPAHIOB 03 3HaKa
K BBINIOJTHEHUIO apu(PMETUYECKUX NCHCTBUIA).

K npumepy, BeluncIuM 3HadeHue y = (a + b)/c, tue a, b, ¢ — 6aliTOBbIE 3HAKOBBIE
nepeMeHHble (JIMCTUHT 8.7).

JIncTuHr8.7. BrlumcneHme npocToro BblpaXkeHust

<1> ;prg_8_7.asm
<2> masm

<3> model small
<4> stack 256

<b> .data
<6>a db 5
<> b db 10
<8>c db 2
<9>vy dw 0
<10> .code
<11> main: ;TOYKa BXOLa B NPOTpaMMy
<12> e
<13» X0 ax,ax
<14> mov al,a
<15> cbw

.386
<16> movsx  bx,b
<17> add ax,bx
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<18> idivce ;B al - yacTHoe, B ah - ocTaTok
<19> exit:

<20> mov ax ,4cO0h; cTaHIapPTHHN BHXOT

<21> int 21h

<22> end main ;KOHeL nporpamMmbl

B a10i1 mporpamme nenumoe ais Kkomauasl IDIV (ctpoka 18) roToBuTcs 3apaHee. Tak
KaK IeJTUTe b IMeeT pa3Mep Oalita, TO IeTUMOE TOJIKHO OBITH CJTI0BOM. C y9eTOM 3TOTO
CIIOXEeHME OCYIIECTBIISIETCA TapaijleJbHO ¢ IIpeoOpa3oBaHMEM pa3Mepa pesyibTaTa
B clioBo (cTpoku 14-17). Hanpumep, paciivpeHue orepaHIoB CO 3HAKOM ITPOU3BOIUT-
cs1 IByMsI pa3HbIMM KoMaHgaMu — CBW u MOVSX.

Opyrue nonesHbie KOMaHAbl

B cucreme koMaHp rmpoiieccopa ectb 1Be KomaHabl — XADD u NEG, koTopsle MOTyT OBITh
TTOJIC3HBI, B YaCTHOCTH, JUISI TIPOTPaMMUPOBAHUS BEIYMCIUTETbHBIX IeHCTBHIA:

X xadd NPUEMHUK,UCTOYHUK — OOMEH MeCTaMU M CIIOXEHME. Komannma mo3BoJisieT BbI-
MOJIHUTD MOCIEI0BATEIbHO 1BAa NEHCTBUS:

1) 0BMEHSATb 3HAYEHUSI MPUEMHUK N UCTOYHUK;

2) NOMEeCTUTb HA MECTO OnepaHaa MPUEMHUK CyMMY: MPUEMHUK = NMPUEMHMK + UCTON-
HUK.

B neg omepaHm — oTpHIlaHWE C TOMOJTHEHUEM 10 ABYX. KoMaHma BHITIOHSCT MHBEP-
TUpOBaHME 3HaUYeHUs omepaHa. OU3ndecKM KOMaHIa BBITIOJNHSET OMHO IeiCTBUE:
onepakfi= 0 - omepaH, To ecTh BeluuTaeT onepana u3 Hyass. Komangy NEG MoxHO
MMPUMEHSTH IJIT CMEHBI 3HaKa ¥ BEIYUTaHUS U3 KOHCTAHTHI. JIeJTlo B TOM, UTO KOMaH-
1l SUB 1 SBB He m03BOJISIIOT BEIYECTh YTO-TM00 U3 KOHCTAHTHI, TAK KAK KOHCTAHTa He
MOXET CIYXHTb OTepaHIOM-TIPUEMHUKOM B 3TUX olepalusax. [1osToMy maHHYIO
OTepalMio MOXKHO BHITTOTHUTD C TOMOIIBIO IBYX KOMAaH]I;

. neg ax ;cmeHa 3Haka (ax)

add ax,340 ;dakTuuecku BblHMTaHUE: (ax)=340-(ax)

ApndmMmeTuyeckue onepauuu
Ha[, ABOVUYHO-AECATUYHBIMU 4YUCIIaMM

Onpenenenue u ¢dopmat BCD-uncen Ob11M pacCMOTpeHbI B Hayasie 3TOM TJaBbl. Y Bac
CIpaBeIMBO MOXET BOZHUKHYTH BOIpocC: a 3aueM HYxXXHbI BCD-unucia? OTtBeT MOXeT
ObITh cienyonuMm: BCD-uuciaa Hy>)XHBl B KOMMEPUYECKUX MPUTOXKEHUSIX, TO €CTh TaM,
IJe YMcia JOJDKHBI OBITH OONBIIMMK W TOYHBIMU. Kak MBI yXXe yOeInINCh, BBITIOJTHEHNE
orepaluii ¢ ABOMYHBIMU Y CIAMHU IS I3bIKa acceMbiiepa JOBOJIBHO TTPOOIeMaTUIHO:

B 3HauyeHHUs BeJUYMH B hopMare CJI0Ba M ABOMHOIO CJI0OBA UMEIOT OrpAHMYEHHbBIMA qUa-
ma3oH. Ecim mporpamMMma mpenHa3HaueHa 1Tt paboThl B 001acTH GMHAHCOB, TO Orpa-
HWYEHUE CYMMBI B PYOJIIX BeqwanHOU 65 536 (g cimoBa) wim maxke 4 294 967 296
(m1st IBOMHOIO CJIOBa) CYLIECTBEHHO CyXaeT cdepy ee MpUMEHEHUs (Ia elle B Ha-
LIMX 5KOHOMHUYECKHUX YCIOBUSAX — TYT YK HUKaKas JeHOMMHAIMsI HE TIOMOXET).

*  JIBOMYHBIC YHCIIA MAlOT OMMUOKN OKpyrieHusa. [IpencraBisiete cebe mporpamMmy, pa-
GoTafIyo Tae-HIOYIh B 6aHKe, KOTOpast He YIUTHIBAET BEIWUNHY OCTaTKa IIPHU i -
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CTBUAX C LICJIBIMU IBOMYHBIMU YU CJIaMU U OIICPUPYET IIPHU 3TOM MUJLJIMapaaMu. He
XOTeJI0Ch Obl OBITh ABTOPOM Takon IIporpaMMal. HpI/IMeHCHI/Ie YyyCce C IUIaBaloLIEi
TOYKOW HE CrlaceT — TaM CYLICCTBYET Ta XK€ HpO6J’ICMa OKPYIJICHUA.

s Bosblioit 06beM pe3yabTaToB B KOMMEpPUECKHX Mporpammax TpedyeTcst mpeacTaB-
19Tk B cuMmBoJibHOM BUae (ASCII-kone). KomMepueckre mporpaMMbl HE TTPOCTO
BBITIOJTHSIOT BBIYMCIIEHUST; OJHOU U3 1ieJieil X TPUMEHEHUSI SIBJISIETCS ONepaTuBHasK
BblIa4a HHGOPMALIUK TTOJI30BATENIO. JIis 5TOr0, €CTECTBEHHO, MHGOPMALIK JOJIXK-
Ha OBITh MpeACTaBiIcHA B CUMBOJIbHOM Bume. [lepeBon uucesn U3 ABOMYHOTO KOAA
B ASCII-xon, xak Mbl yXe BUAETU, TPeOYeT OMpeneeHHbIX BEIUYMCIUTEIbHBIX 3a-
Tpat. Yuciio ¢ niasarolieil TOUKO elle TpyaHee MepeBecTU B CMMBOJIbHBIN BUII. A BOT
€C/TU TIOCMOTPETh Ha IIECTHAAIIATEPUYHOE TPENCTaBICHNE HEYMaKOBAHHOW HeCsTUY-
HOW nU@pHI (B HAYajie JAHHOU TJ1aBbl) U HA COOTBETCTBYIOIIMM €ii CUMBOJ B TaOIU-
ue ASCII, To BUIHO, YTO OHM pasnuyaroTcs Ha BeauuuHy 30h, Takum oOpasoM, mpe-
00pa3oBaHNe B CUMBOJIbHBIN BUJI M OOPATHO MOJTy4aeTCs HAMHOTO TMPOIIe U ObICTpEe.

DTy 10BOAbI YOEXKAAIOT B BaXKHOCTH OBJIALEHUA XOTA Obl OCHOBAMU HEHCTBUIA C fe-
CSITUYHBIMU yncaamu. [lanee pacCMOTPUM 0COOEHHOCTHU BBIIIOJHEHMSI OCHOBHBIX apud-
METUYECKUX OIepaluii ¢ TaKUMM YuciaMu. s mpeaynpekaeHus: BO3MOXHBIX BOIIPOCOB
cpa3y OTMETHUM TOT (haKT, YTO OTAEIbHBIX KOMAH]I CJIOXEHMS, BBIYUTAHUS, YMHOXCHHUS
u neneHust BCD-uucen Het. CoenaHo 9TO MO BIOJHE MOHSTHBIM MIpUYMHAM — pa3Mep-
HOCTb TAKMX YU CEJ MOXET ObITh CKOJIb YTOAHO 00sb0Mi. CKiIaAbIBaTh U BEIYMTATh MOXKHO
JBOMYHO-AECITUYHBIC YMCIa KaK B YIIaKOBaHHOM (DopMare, Tak U B HEYIIaKOBaHHOM,
a BOT JeJNTh U YMHOXaTh MOXHO TOJbKO HeymakoBaHHble BCD-uncna. ITouemy, Oyner
BUHO U3 JaJIbHEHIIEro o0CyXaeHHUs.

HeynakoBaHHble BCD-uncna

CnoxeHne

PaccMoTpum nBa cityyast CoXeHus .
PesynbraT cnoxenus He Oosbiie 9:

6=00000110
+

3=0000 0011

9=0000 1001.

ITepenoca u3 Maanuiei TeTpaabl B CTapuyo HeT. Pe3ynbTraT mpaBUIbHBIN.
Pesynbrar cioxenust 6ombiie 9:

06=00000110
+

07=00000111

13=0000 1101.

To ectb Mbl onyuwin yxxe He BCD-uncio. PesynbraT HenpaBuibHblA. [TpaBuib-
HbI pe3yJbTaT B HeynakoBaHHOM BCD-dopmaTe B 1BOMUHOM MpeACTaBIEHUN AOKEH
6b1Th TakuM: 0000 0001 0000 0011 (vmm 13 B mecsaTmaHOM). [1poaHaIM3MpoBaB TaHHYIO
npo6yieMy nipu cinoxenun BCD-uuncen (v mogoO6Hble mpobaeMbl TPYU BHIMOJHEHUH IPY-
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rux apupMeTUIeCKUX ICMCTBUIT), a TAK:Ke BO3MOXHbIE ITyTH €€ PeLIeHUsI, pa3padoTuu-
KU CHCTEMBI KOMaH/I IIpolieccopa pelliid He BBOAUTh CIelMaIbHble KOMaHIbI IS pa-
60Thl ¢ BCD-4ynciaamMu, a BBECTU HECKOJIBKO KOPPEKTUPOBOYHBIX KoMaHJ. HasHaueHue
3TUX KOMaH] — KOPPEKTUPOBKaA pe3yJbTaTa paboThl OOBIYHBIX apU(PMETUIECKIX KOMaH]I
IUTSL cIyvaeB, Korma onepaHabl B HUX siBisitorcss BCD-uucnamu. B ciiyyae cioxeHus: Bo
BTOpPOM IIPUMeEpPE BUAHO, YTO MOJIyYEHHBIM pe3ybTaT Hy>KHO KOPPEeKTUPOBaTh. 1151 KOop-
PEKIUU OIepally CIOXEHUS ABYX OMHO3HAYHBIX HeyrmakoBaHHbIX BCD-uncen u mpen-
CTaBJICHUS pe3yJbTaTa CJI0XEHMS B CHUMBOJBHOM BMIE B CUCTEME KOMaH] Ipolieccopa
cymectByeT crenuanbHasg Komanna AAA (ASCII Adjust for Addition).

Komanna AAA He umeet onepanaoB. OHa paboTaeT HESIBHO TOJIBKO ¢ perucTpom AL
U aHaJIM3MpyeT 3HaueHUe ero muamiieil Terpaasl. Eciu 3To 3HaueHue MeHble 9, To
¢nar CF copaceiBaetcst B 0 1 OCyIIECTBISIETCS TIEpexo K cieaytouein komanae. Eciu
9TO 3HaUeHHUe OOoJblIe 9, TO BHIIOTHSIIOTCS CIEAYIOIINE IeHCTBUS.

1. K comepxumomy mutaniieit Terpaabl AL (HO He K COmep>XXMMOMY Bcero perucrpal)
npubaBisgerTcs 6, TeM CaMbIM 3HAaYeHUE NECSITUMHOIO pe3ysbTaTa KOPPEKTUPYETCs
B IIPAaBUJIbHYIO CTOPOHY.

2. @nar CF ycranaBnuBaercs B 1, TeM caMbIM (DUKCHUPYETCST TIEPEHOC B CTapIIMi pa3-
PSII 1L TOTO, YTOOBI €10 MOXHO OBLIO YYECTh B ITOCIEAYIOIINX NeiCTBUIX.

Tak, BO BTOpOM IIPUMeEpPE CIOXKEHM, IpeaIoaras, 4yTo 3HadeHue cyMMbl 0000 1101
Haxomutcsa B AL, mocie BeInmoaHeHUs KoMaHael AAA B peructpe oymet 1101 + 0110 =
= 0011, To ectb nBoruHOE 3HayeHue 0000 0011 unum necarnyHoe 3HaveHue 3, a ¢aar CF
YCTAHOBUTCA B 1, TO €CTh IIEPEHOC 3aIIOMUHAETCS B ITpoueccope. Janee MporpaMMUCTy
HYXHO MCII0JIb30BaTh KoMaHay cioxeHuss ADC, KoTopas yuTeT IepeHoC U3 Ipeablayle-
ro paspsaa. [IpuBenem nmpumep MporpaMMbl CIOXKEHUS IBYX HeyrmakoBaHHbIX BCD-un-
cen (JiuctuHr 8.8).

Jluctunrr 8.8. CnoxeHne HeynakoBaHHbIX BCD-umcen

<1> ;prg_8_8.asm
2> e
<3> .data
<4> len equ 2 ;pPa3pRAHOCTL YuCIa
<5> b db 1,7 ; HeyTakoBaHHOe umcimo 71
<6> o db 4,5 ;HeynakoBaHHoe uycio 54
<7> sum db 3 dup (0)
<8> .code
<9> main: ;TOYKa BXOIa B IIPOTPaMMy
<18>
<11> X0r bx,bx
<12> mov cx,len
<13> ml:
<14> mov al, b[bx]
<15> adc al,c{bx]
<16% aaa
<17> mov sum{bx],al
<18> inc bx
<19> loop ml
<20> adc sum{bx] ,0
21> T
exit:

B nuctunre 8.8 ectb HECKOJBKO MHTEPECHBIX MOMEHTOB, HaJ KOTOPBIMU CTOUT IIO-
pa3mbicauTh. Haudem ¢ onmcanusa BCD-uncen. M3 cTpok 5 1 6 BUAHO, YTO MOPSIIOK MX



186 nasa 8. ApudbmeTnyeckne koMaHabl

BBOJa 0OpaTeH HOPMAaJIbHOMY, TO €CTb IUGbPbI MJIAAIINX Pa3PsIOB PACIONIOXEHBI TO
MEHbIIIEMY aipecy. DTO BITOJIHE JOTUYHO MO HECKOJbKUM MPUUYNHAM: BO-IIEPBLIX, TAKON
TOPSIIOK  YIOBJIETBOPSIET OOIEMy MPUHLUIY TPENCTABICHUS MAHHBIX IUISI MIPOLECCO-
poB Intel, BO-BTOPbIX, 3TO OYE€Hb YI0OHO 151 TOpa3psiAHOI 00pabOTKM HeyIaKOBaHHBIX
BCD-uucen, Tak Kak KaxJ10€ U3 HUX 3aHUMAET OAWH 0ailT. XOTs, MOBTOPIOCH, MPOTPaAM-
MUCT caM BoJieH BbIOUpaTh criocod onucanusi BCD-uucen B cermeHTe faHHbIX. CTpoKU
14 u 15 comep:kaT KOMaHIbl, KOTOPbIE CKJIaAbIBAIOT HU(PLI B 04epeaHbIX pa3psigax BCD-
yuceJl, IPU 3TOM YYUTHIBAETCS BO3MOXHBIN MEpeHOC U3 Miajiiero paspsaa. Komanna
AAABcTpoke 16KoppeKTUpPYyeT pe3yabTat cioxeHust, popmupysi BAL BCD-1udpy u npu
HeobxonuMocTu yctaHaBiuBas B | ¢diar CF. Ctpoxa 20 y4uTHIBAET BO3MOXHOCTb MeEpe-
HOCa TIPY CJOXEHUM HU(P U3 CaMbIX CTaplIUX pa3psaoB uyucen. Pe3ynbraT cioxeHus
(opmupyetcs B mojie sum, OorMMCaHHOM B CTPOKE 7.

BbluutaHune

Cutyauus Mpy BhIYMTAHUM BITOJIHE aHAJIOTUYHA CIIOXeHHUI0. PaccMoTpuM Te e ciy-
Yau.
Pesynbrar BeluMTaHUS HE OOJIbIIE 9:

6=00000110

3=00000011

3=00000011.

Kak BunuM, 3aema U3 crapiieii TeTpabl HeT. Pe3yabTar BepHbIi U KOPPEKTUPOBKU
He TpeOyeT.

Pesynbrar BhluMTaHUS OojblIE 9:

6 =00000110

7 =00000111

-1-11111111.

BbluvtaHue mpoBOAMTCS MO MpaBUjiaM IBOUYHON apubMeTuku. IToaTomy pesysib-
Tat He aBasgercsd BCD-uuciom. [paBuibHbIA pe3ynbTaT B HeynakosanHoM BCD-¢op-
MaTte gosxeH 0b1Th 9 (0000 1001 B nBoMuHOM cucteme cuucienust). [lpu aTom npeamno-
JlaraeTcsl 3aeM M3 CTaplllero paspsjaa, Kak nmpu oObIYHOM KOMaHAe BbIYUTAHUS, TO €CTh
B ciyyae ¢ BCD-uncnamu ¢akTUYeCKH TOJKHO OBITh BBIITOJHEHO BhlYMTaHUe 16 - 7.
TaxuM 006pa3oM, Kak U B CTy4ae CIOXKEHUSI, PE3YJIbTaT BBIYUTAHUS HY>KHO KOPPEKTUPO-
BaTh. ;151 3TOrO CyliecTByeT crnenuanbHas komanga AAS (ASCII Adjust for Substrac-.
tion), BBIMOHSIONIAS KOPPEKIWIO pe3yJabTaTa BBHIUMTAHUS U TIPENCTABICHUS B CHUM-
BOJILHOM BHIE.

Komannma AAS Takke He UMeeT olepaHAOB U padoTaeT ¢ peructpoM AL, aHanu3upys
€ro MJIJIIIYIO TETPay CAEAYIOLIMM 00pa3oM: eciiu ee 3HaueHue MeHble 9, To ¢nar CF
cOpaceiBaercs B 0 v ynpaBiieHUe nepeaaeTcs caenyonieit komanne. Eciv 3HaueHue TeT-
panbl B AL 6osbie 9, To KoMaHaa AAS BBIMOTHSIET ClieAyIOLIUe NeACTBUS.

1. M3 comepxumMoro miaauieil Terpaasl peructpa AL (3ameTbTe, He U3 COAEPKUMOTO
BCEro perucrpa) BeIYUTaeTCs 6.
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2. Crapuuag tetpaga peructpa AL oOHynsiercs.

3. ®nar CF ycranaBnuBaetcs B 1, TeM caMbiM (hUKCUPYETCS BOOOpakaeMbIil 3aeM U3
cTapllero paspsiaa.

[MonsiTHO, yTO KOMaHAa AAS TIPUMEHSIETCSI BMECTE C OCHOBHBIMU KOMaHaMU BbIUM -
Tanusa SUBu SBB. ITpustom komaHnay SU B ecTb CMBICT KCTIOJIB30BATh TOJBKO OJMH pa3
MPU BBIYUTAHUU CaMbIX MJIAAIINUX [UGP OMEpaHIoB, gajiee JOJKHA MIPUMEHSITHCS KO-
Mmanga SBB, Kotopas OyIeT yYUTBHIBATL BO3MOXKHBIA 3a€M M3 CTapILEro paspsma. B muc-
TUHTE 8.9 MBI 00X0IMMCS ONHOI KoMaHmoi SBB, koropas B LiMKJIe TPOU3BOIUT IIOPA3-
psnHoe BbluuTaHue Ayx BCD-uucen.

Jlucturr 8.9. BrelumtaHne HeynakoBaHHbix BCD-uncen

<1> ;prg_8_9.asm
<2> masm

<3> model small
<4> stack 256

<5> .data ;CerMeHT IaHHHX

<6> b do 1,7 ;HeynakosaHHoe uycio 71
<7> ¢ db 4,5 ;HeynakoBaHHoe uyycio 54
<8> subs db 2 dup (0

<9> .code

<18> main: ;TOuKa BXOla B IIPOTDAMMY
<11>» mov ax,@data ;CBA3bIBAEM DETUCTD dX C CETMEHTOM
<12> mov ds,ax ;AaHHbIX Yepe3 pPerucTp ax
<13> X0r ax,ax ;oumnilaem ax

<14> len equ 2 ;PA3PAAHOCTbL YMCen

<15> x0T bx,bx

<16> mov ¢x, len y3arpyska B CX CYeTuYlMKa LUKIa
<17> ml:

<18> mov al,b[bx]

<19> sbb al,c[bx]

<20> aas

<21> mov subs[bx],al

<22> inc bx

<23> loop ml

<24> jce m2 ;aHanyu3 Gnara 3aeMa

<25> jmp exit

<26> m2: ;...

<27> exit:

<28> mov ax,4c06h ;CTaHAAPTHLIA BHXOT,

<29> int 21h

<30> end main yKOHel TIPOTPaMMH

JlaHHag nmporpamMMa He TpebyeT 0COObIX MOSICHEHUI B cllyyae, KOTAa YMEHbIIAEMOe
OoJblie BerurtaeMoro. I[loatomy odpatute BHUMaHUE Ha CTPoKy 24. C ee TOMOUIbIO MbI
MpeaycMaTpUBaeM Ciiydaid, Kora rmocjie BBIUUTaHUS cTapiinX Hudp yrces ObL1 3amK-
cupoBaH (hakT 3aemMa. DTO TOBOPUT O TOM, UTO BHIYMTAEMOE ObLIO 6OJIbIIE YMEHbIIAEMO-
T0, B pe3yJibTaTe Yero pa3HOCTh 0Ka3ajgach HEMPaBWIBLHOU. DTy CUTyallMI0 HYXXHO Kak-
To 06paboTath. C 3TOI Lenbio B cTpoke 24 komanaoi JC ananusupyercs aar CF. Tlo
pe3yJabTaTy 3TOTO aHAAW3a Mbl YXOJAUM Ha BETKY MPOrpaMMbl, 0003HAYEHHYI0 METKOW
T2, T/ W BBITIOTHSIOTCSI HYXHBIe AeiicTBus. Habop 3TuX neiicTBUi 3aBUCUT OT KOH-
KPETHOTO aroputMa 06paboTKu, MO3TOMY MOSICHUM TOJIbKO UX CyTh. 17151 3TOro mocMoT-
puTe B OTJaauMKe, KaK Hallla MporpaMma BbITOIHSIET BbiuuTanue 50 - 74 (mpaBUIbHBINA
otBeT——24). To, 4TO BBI yBUAUTE B OKHE Dump oTjaayuka (B mojie, COOTBETCTBYIOLIEM
aapecy subs), oKaxeTcs JaJeKUM OT UCTUHBL. UTo nenaet B 3TOM ciydyae 4yesioBek? OH
MPOCTO MBICJIEHHO MEHSIET MeCTaMU BhlUMTaeMoe U yMeHblaemoe (74 - 50 = 24), a pe-
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3yJbTaT pacCMaTPUBAET CO 3HAKOM «MHHYC». Tak u pparMeHT mporpamMmbl, 0003HaYEH-
HBII METKOM T2, MOXET, TOMEHSIB YMEHbIIAEMOE M BHIYMTAEMOE MECTAMU Y BBIIIOJIHUB
BBIYMTAHUE, TJIe-TO OTMETUTh TOT (haKT, YTO Pa3HOCTh, HA CAMOM JieJie, HY>XXHO paccMar-
pUBaTh KaK OTPUIATEIbHOE YUCIIO.

YMHOXeHune

Ha npumepe cnoxeHus: 1 BBIMMTAHUSI HEYIAKOBAHHBIX YUCET Mbl BBISICHWIM, YTO CTaH-
JAPTHBIX aJITOPUTMOB [UIS BBIIOJHEHUS 3TUX AeicTBUid Hax BCD-umciaamMu HeT M 1po-
IPaMMUCT JOJDKEH caM, MCXOMs M3 TpeOOBaHMIA K CBOE IporpaMMe, peaau3oBaTh 3TU
onepaiuu. Peanu3ainus ABYX OCTaBUIMXCSI ONEPaLMil — YMHOXEHUs U JAeJeHUS — eIl
cloxHee. B cucreMe KoMaHI Ipolieccopa IMPUCYTCTBYIOT TOJIBKO CPEACTBA JAJISI YMHO-
KEHUS M AeNeHUsT OJHOPa3psAHbIX HeyrmakoBaHHbIX BCD-uucen. Ans ux yMHOXeHUS
Heo6X0IMMO BOCIIPOU3BECTH ONMMCAHHYIO Jajiee MPOLEaypY.

1. TlomecTUTh OAMH U3 COMHOXUTENEH B peructp AL (kak Toro Tpedyetr komanga MUL).
2. TlomecTuTh BTOPOI COMHOXMUTE/Ib B PETUCTP WUJIM NaMsTh, OTBEAS ISl HEro OaiiT.

3. TlepeMHOXUTH COMHOXUTENN KoMaHa0i MUL (pesynbrar, Kak v MoJoXeHO, OKaxXKeT-
caBpeructpe AX).

4. CKOppeKTUpOBaTh pe3yabTaT, KOTOPHII, KOHEYHO, OYAET MPEeACTaBIeH B IBOMYHOM
Kofe.

151 KoppeKILMHU pe3yabTaTa IMocjae YMHOXEHMS B IEJISIX MPEICTaBICHUS er0 B CUM-
BOJIBHOM BHE NpUMeHsieTcsd crnenuanbHasg koManaa AAM (ASCII Adjust for Multipli-
cation). OHa He MMEET OIepaHIoB U paboTaeT ¢ peTUCTpoM AX CIeAYIOIIUM 00pa3oM.

1. Jenwut Al 1a 10.
2. PesynbraT meneHus 3anuckiBaeTcs Tak: yacTHoe — B AL, octatok — B AH.

B pesynbraTte mocie BoinmosHeHUs KomaHabsl AAM B peructpax AL u AH HaxonmsTcst
MpaBUJIbHbIE ABOMYHO-ICCATUYHBIC LUMPHI MPOU3BEACHUS IBYX LIMGD.

B nuctunre 8.10 npuBeneH npumMep ymHoxeHus: BCD-4ucia npou3BojibHOM pa3-
MepHOCTH Ha omHo3HayHoe BCD-uwncrno.

Jiuctuar 8.10. YMHOXeHMe HeynakoBaHHbIX BCD-umncen

<1> masm
<2> model small
<3> stack 256

<4> .data

<5> Db db 6,7 ;HeynakoBaHHoOe 4ucno 76
<6>c db 4 ;HeynakoBaHHoe uucno 4
<7> proizv db 4 dup (0)

<8> .code

<9> main: ; Touka BXoda B nporpammy
<1@> mov ax,@data

<1il> mov ds, ax

<12> XOr ax,ax

<13>» len equ 2 i Pa3mMepHOCTb COMHOXMTENa 1
<14> xor bx,bx

<15> . XOr si,si

<16> xor di,di

<17> movcx, len ;8 CX OnMHa Haubonbluero comHoxutensa 1
<18> ml:

<19> moval,b[si]
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<20> mul c

<21> aar s KOppeKuua YMHOKEHUA

<22> adc al,dl ;yunu IpemHOyINA TEepeHoC
<23> aaa ,CKOPPEKTUPOBanNM pe3yibTaT CJIOKEHUS C IEePEeHOCOM
<24> mov dl ,ah ;3anOMHWNIN TIEPEHOC

<25> mov proizv[bx] ,al

<26> inc si

<27> inc bx

<28> loop ml ;UMK Ha MeTky ml

<29> mov proizv([bx] ,dT ;Yunu HOCNeNHNUI TepeHoC
<30> exit:

<31> mov ax,4c@oh

<32> int 21h

<33> end main

JlaHHYIO TIpOrpaMMy MOXKHO JIETKO MOmu(pUIMpoBath It yMHOXeHnsT BCD-umcen
MPOU3BOJIBHOM JUTMHBI. JIJIsI 3TOTO IOCTaTOYHO MPEICTABUTH AJITOPUTM YMHOXKECHUS
B «CTOJIOMK». JIuctwHT 8.10 MOXHO HCITOIB30BATh IS ITOMYyYCHHUS YACTMUHBIX ITPOU3-
Be/IeHMIA B 3TOM airoput™e. [locie ux caoXeHus co CABUTOM TOJYUYUTCST UCKOMBII pe-
synbTar. [lompoOyiiTe HamucaTh 3Ty IMPOTrpaMMy caMOCTOsITeNbHO. Eciam e maHHas 3a-
JaJya OKaxXeTcs IJIs1 BaC HETIOCWIBHOM, ee pellieHre BBl MOXeTe HaliTu B [§].

[Tepen okoHyaHMeM OOCYXIeHUS KOMaHIbI AAM HEOOXOIMMO OTMETHTD, UTG €€ MOXKHO
MPUMEHSITD IJIs1 TpeoOpa3oBaHusl ABOMYHOTO YUCIa B peructpe AL B HeymakoBaHHOE
BCD-uncno, kotopoe okaxercss B peructpe AX: crapias mucgpa pesynprata — B AH,
muanmas — B AL. TToHSATHO, 4TO ABOMYHOE YMCIIO TOJIKHO OBITH B Aramna3oHe 0...99.

OeneHne

[Ipouecc meneHus aByx HeymakoBaHHBIX BCD-umcen HECKONBKO OTIMYAETCS OT IpYy-
I'MX PACCMOTPEHHBIX paHee orepalii ¢ HUMU. 31eCh TakXkKe TpeOYyIoTCs ASUCTBUS TI0
KOPPEKIMH, HO OHU TOJIKHBI BBITTOJHATHLCS 10 OCHOBHOM OTIepalliM, BBITIOJHSAIOLIEH
HemocpeacTBeHHO aejeHre ogHoro BCD-uncna Ha npyroe BCD-uucio. [1penBapurens-
HO B peructpe AX HYXXHO IIOJIyYUTh ABe HeynakoBaHHble BCD-1udpsl geauMoro. Dto
JieJaeT IporpaMMUCT YIOOHBIM JIJISI HeTo criocoooM. Jlaee it KOppeKIuu pe3yabraTa
JIeJIEHUS B LeJISIX TIPEACTaBJICHUSI €r0 B CAMBOJILHOM BUJI€ HYXKHO BBITIOJTHUTb KOMaHIy
AAD (ASCII Adjustfor Division).

Komannga A A D He uMmeeT ortepaHIOB U ITpeodpasyeTABy3HauYHOe HeynakoBaHHoe BCD-
qucyio B peructpe AX B IBOMYHOE YMCIIO, KOTOPOE BIOCIEACTBUM OYIET UTPaTh pOJib
JeTMMOTO B oltepanuu aejeHus. Kpome npeodpazoBanust, komanna AA D momemaet mo-
JIyYeHHOE TBOMYHOE YKciio B peructp AL. Jlenumoe, eCTeCTBEHHO, SIBISIETCSI IBOMYHBIM
yucioM u3 quana3ona()...99. Anroputm, mo kotopomy komanaa A A D ocyiiiecTBisieT 31o
mpeodpa3oBaHue, BRIVISIAUT CIACAYIOUINM 00pa3oM.

1. YMuoxuTb Ha 10 crapuryio mudpy ucxonHoro BCD-uucia B AX (comepxkumoe AH).
2. BuimonauTts cinoxenrie AH + AL, pe3ybpraT KOTOpOTo (IBOMYHOE YUCII0) 3aHeCTH B AL.
3. OOHyuTh comepxumoe AH.

Janee mporpaMMUCTy HY>XKHO BBIIIOJTHUTH OOBIYHYIO KOMaHAy aeneHust DIV mis ne-
nenust cogepxumoro AX 1a omny BCD-1uudpy, Haxonsinyiocsi B 6aliTOBOM PEerucTpe uiu
baiiToBOI1 sTuciike maMsaTu. JeneHue HeyrmakoBaHHBIX BCD-uucen mmocTpupyer Jauc-
TuHr 8.11.
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JNuctunr 8.1 1 . leneHne HeynakoBaHHbIx BCD-ymcen
<1>;prg_8_l1li.asm

<2>...

<3> .data ;CerMeHT aHHBX

<> Db db 1,7 ;HeynakosaHHoe BCD-uncno 71
<5>c¢c db 4

<b> .code ;CermeHT Xoja

<T> main: ;TOYKa BXOIa B TIPOTpaMMy
<8>

<9> mov al,b

<10> aad ; KOppeKuus Iepel LelleHueM
<11> div ¢ ;B al BCD — uvacTtHOoe, B ah BCD - oCTaTok
<12>

<13> exit:

Ananorngno AAM, komanne AA D MOXHO HAliTH U IPYToe MPUMEHEHNE — HCII0Ib30-
BaTh ee I IepeBoda HeyrnakoBaHHbIX BCD-uncen u3 nuanasona 0...99 B ux 1BOMYHBIIA
SKBUBAJICHT.

JInst menmeHWs 4ucesl OOJbIIEH pa3psSOHOCTH TaK Xe, KaK U B CJIydae YMHOXCHUS,
HYXHO peaju30BbIBaTh, HAIPUMED, AITOPUTM JIEJIEHUSI B «CTOJOMK» WJIM HalTh Oojee
ONTUMAJbHBII MyTh. JIIOGONBITHBINA U HACTOMYUBBIA YUTATENb, BOSMOXKHO, CAMOCTOS -
TeJLHO pa3paboTaeT 3TH IporpaMMbl. Ho 3To memath coBceMm HeobOst3aTenbHOo. Cpenn
(aiinoB, mpuilaraeMbIX K KHUTE, B KaTaJlore TaHHOM TJIaBbl MPUBEJEHBI TEKCTH MaKpO-
KOMaHJI, KOTOpbIE BBITTOJTHSIOT YeThIpe OCHOBHBIX apupMeTHdecKnX aeiicteus ¢ BCD-
yucIaMu Mo00ii paspsaaHoct. KpoMe aToro B [8] BB HaiimeTe TOTTOTHUTEIBHEBIN MaTe-
pHAaJI II0 3TOMY BOIIPOCY.

YnakoBaHHble BCD-uucna

Kaxk yxxe otMegasocs paHee, ynakoBaHHble BCD-umciia MOXHO TOJTBKO CKJIAIBIBATh 1 BBI-
4uTaTh. JJIs BBIIONHEHUS APYTUX EACTBUI HAJl HUMU UX HYXHO JAOMOJHUTENbHO IIpe-
00pa30BbIBaTh MO0 B HEYITAKOBAaHHBINM (hopMart, 1100 B JBOMYHOE MpeacTaBiaeHue. Ta-
KUM 00pa3oM, caMH 1o cebe ymakoBaHHBIe BCD-umcia mpencTaBisioT He CIMIIKOM
OOJIBIIION MHTEpEC IJIST IIPOrPAMMICTA, TTO3TOMY MBI UX PACCMOTPUM KPAaTKO.

CnoxeHue

Brauane pa3depeMcs ¢ CyThbIo TTPOOJIEMBI Y TIOMTBITAEMCS CIOXUTH ABA IBY3HAUHBIX YITa-
KoBaHHBIX BCD-uucina:

67 =01100111
+

75 =01110101

142=1101 1100=220

Kax Buaum, B nBon4yHoM Buze pe3ynbrat paBed 1 101 1 100 (mium 220 B gecaTu4HOM
MPEACTaBICHNH), YTO HEBEPHO. DTO MPOMCXOAWT IO TOW IMPUYMHE, YTO IPOIECCOp He
momo3peBaeT o cymectBoBaHnn BCD-uucen u CKiIampIBaeT UX IO IpaBIaM CIOXKCHUS
IBOMYHBIX urcell. Ha caMmoMm mesie pe3ynbTar B IBOMIHO-ICCITUIHOM BUIE TOJKEH OBITH
paed 0001 0100 0010 (vmm 142 B AeCATUIHOM IIPEICTABICHUN). DTOT IPUMEP UILTIOC-
TPUPYET HEOOXOIMMOCTh KOPPEKTHPOBKU pPE3yJNbTaTOB apH(pMETHUYECKUX OIepalluit
¢ ynakoBaHHBIME BCD-4ncramm, Tak e Kak 3To OBUIO B ciTyJae HeynmakoBaHHBIX BCD-
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yucel. A KoppeKTUPOBKYU pe3yIbTaTa CI0KEHUS YIIaKOBAaHHBIX YHCEN B IIEJISIX Tpe-
CTaBJIEHUS €TO B IECITUYHOM BUJIE Mpoleccop nmpenocrapisier koMmanay DAA (Decimal
Adjust for Addition).

Komannga DAA nipeoOpasyeT cogepxumoe peructpa AL B 1Be yliaKkOBaHHbBIE I1€CATUY -
Hble TTUGPHI (TI0 aNTOPUTMY, TIPUBENCHHOMY B MPUJIOXKECHWU A, TIe NaHHAas KOMaHIa
onucaHa 6oyiee monpoOHo). [TomyuuBiiasicss B pe3yibTare CIOXEHMs eauHuia (eciau
pe3yabTaT cioxeHus 6oJblie 99) 3anmomuHaercs Bo ¢uiare CF, TeM caMbIM YYUTBIBaETCS
TIePEHOC B CTAPIIUMN pa3psi.

[MpowutiocTpupyeM cKazaHHOE Ha IIpUMepe CIOKEHUS NBYX ABy3HaAYHBIX BCD-uu-
cesl B ynakoBaHHoM ¢dopmare (JUCTUHT 8.12).

Jinctunr 8.12. CnoxeHune ynakosaHHbIx BCD-uncen
<1l> ;prg_8_12.asm

<2> ... .

<3> .data ;CermenT NaHHHX

<4> b db 17h ;ymakoBaHHoe umcno 17

<5> ¢ db 45h ; VIIaKOBaHHOE 4ycio 45

<6> sum db 2 dup (0)

<T> .code ;CerMeHT Kofa

<8> main: ;TOYKa BXONa B IPOTPaMMy

<9>

<10> mov al b

<11> add al,c

<12> daa :

<13> jnc $t6 ;TIepexon uepes3 KOMaHOy, ecmum pel3ynsrar <= 99
<14> mov sum+l,ah ;y9eT mepeHoca mpu cioxeHuu (pesynerar > 99)
<15> mov sum,al ;Mnajlume yrakoBaHHHE IMOPH Dpe3ynbTaTa

<16> exit:

B npuBeaeHHOM npuMepe BCe J0CTATOYHO NTPO3PavyHO; €AMHCTBEHHOE, HA UTO CJIEAY-
eT o0paTUTh BHMMaHUEe, — 3TO omnucaHue ynakoBaHHbIX BCD-uucen u nopsiaok ¢op-
MUpOBaHUs pe3yabTaTa. Pe3yiabrar (popMupyeTcss B COOTBETCTBUM C OCHOBHBIM MPMH-
LMIoM paboThl TIpolieccopoB Intel: Miaamunii 6aiT Mo MJIaalIeMy aapecy.

BbluntaHue

AHaJIOTUYHO CJIOXEHUIO, NMPU BBIYMTAHUU MPOLIECCOP PACCMATPUBAET YIIaKOBaHHbBIE
BCD-uucia kak nBouuHble. BbimonHuM BbiuuTanue 67 - 75. Tak Kak MpoLeccop BbI-
TOJIHSAET BBIYUTAHUE CITIOCOOOM CJIOXKEHMS, TO U Mbl TIOCJIEYEM TOMY:

67 =01100111
+

-75 =1011 0101

-8 =0001 1100 = 28.

Kak Bummm, pe3ynbTat paBeH 28 B IeCATMYHON CHUCTEME CUMCICHUS, UTO SIBIISIETCS
abcypaoM. B IBOMYHO-IECATUYHOM KOJ€E PE3YJIbTAT 10JKeH ObiTh paseH 0000 1000 (uau
8 B mecATUYHOI cucTeme cuucieHus). [Ipy nporpaMMHUpOBaHUY BEIYMTAHUS YIIaKOBaH-
Hbix BCD-uyncen nporpaMMUCT, Kak U MPU BBIYMTAHUU HeynakoBaHHbIX BCD-uucen,
JIOJIKEH caM OCYLIECTBJIATh KOHTPOJIb 3a 3HaKOM. JT0 nenaercd ¢ nomoliubto ¢iara CF,
KOTODHBI hukcupyet 3aeM u3 cTapiux pa3psmoB. Camo Beryutanue BCD-umcen ocy-
mecTBisieTcs: o0bryHOM KoMaHaoi Beiuutanusi SUB unu SBB. Koppekuus pesyiabrata
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BBIYMTAHUS JUISI €T0 TIPENCTABICHUSI B AECATUYHOM BHUJE OCYIIECTBISIETCS] KOMaHIOM
DAS (Decimal Adjust for Substraction).

B nmpunoxeHuu onrcaH alropuTM, o Koropomy Komanaa DAS mpeoOpasyer comep-

XuMoe peructpa AL B 1Be yakoBaHHbBIE AECITUYHbIE LIUGDPHI.

Utorn

oz
]

=

[Mpoireccop nmeeT 1OBOTBHO MOIIHBIE CPENCTBA IS PEaU3allii BEIYMCIUTETbHBIX
onepanuii. J{js 3Toro y Hero ectb 0J0K LIEJTOYMCIEHHBIX ONepaluit u 60K omnepa-
IUif C TUTaBaroleit Toukou. J1ist 60 IbITMHCTBA 3a0a4, UCTIONb3YIONINX SI3bIK acceMO-
Jiepa, TOCTAaTOYHO IIEJTOYUCICHHON apudMETUKY.

Komanzpl 11e104MCIeHHBIX OMepaldii paboTaoT ¢ JaHHBIMU ABYX TUIIOB: TBOUYHBI-
MU ¥ IBOMYHO-AeCATUIHBIMU ynciaMu (BCD-uncnamm).

JIBomuHBIE TaHHBIE MOTYT JTM0O MMETh 3HaK, TM0OO0 He UMeTh TakoBoro. IIporeccop,
Ha caMOoM JieJie, He pa3jinyaeT Yucia co 3HaKoM 1 0e3. OH JIMIIb TTOMOTaeTOTCIeX -
BaTb UBMECHCHUE COCTOSHUSA HEKOTOPBIX OUTOB OII€paHaO0B U COCTOAHUE OTACIbHBIX
(maros. Omnepauny CIOXKEHUSI M BEIYMTAHUS YKMCEN CO 3HAKOM M 0e3 3HaKa MpPOBO-
OATCS OOJHUM yCTpOVICTBOM " 110 €AWHBIM ITpaBUJIaM.

I KoHTpo:b 32 MpaBUILHOCTHIO PE3YIbTATOB M MX HaAJIeXalllell MHTepIpeTaluei mo-

%

HOCTBIO JIEXUT Ha nporpammucte. OH 10JXKeH KOHTPOJIUPOBATh COCTOSIHUE (h1aroB
CF u OF peructpa EFLAGS Bo BpeMsI BBIYMCIMTENBbHOTO MIpoliecca.

Hna onepauuii ¢ uncaaMu 6e3 3HaKa HY:KHO KoHTposupoBaTh ¢uar CF. Ycranoska
ero B 1 CUTHaMM3UPYET O TOM, UYTO YMCIIO BBILIIO 3a Pa3psAHYIO CETKY ONEpaHIoB.

H7st uncen co 3HakoM ycraHoBka ¢uiara OF B 1 ToBopUT 0 TOM, 4TO B pe3yjabTaTe
CJIOXKECHHMA YMUCEIT OJHOI'0 3HaKa pe3yJbTaT BbIXOJMUT 3a rpaHULLY JOIMYCTUMBIX 3HA4YEC-
HUI 91ces CO 3HAKOM B JaHHOM (popMate, M caM pe3yJibTaT MeHsIeT 3HaK (TporagaeT
TTOPSIIO0K).

ITo pesynbrataM BHIIOJTHEHUST apu(pMETUUECKUX ONepalili ycTaHABIMBAIOTCS TaK-
xe cmaru PF, ZF u SF.

B otnuume or KOMaHJ CJIOKCHUSA U BBIYMTAHUA, KOMaHAbl YMHOXCEHUA U OCJICHUSA
IMO3BOJIAIOT YYUTHIBATh 3HAKHN OIICPAHIOB.

Apudmernyeckre KOMaHIbl OYeHb «KaMPU3HBI» K PA3MEPHOCTHU ONEPAHIOB, TI03TO-
MYy B CUCTEMY KOMaH]I Ipolieccopa BKIIIOUEHbI CielnaTbHble KOMaHIbI, TIO3BOJISIO-
IIMEe OTCIEXKUBATh 3Ty XapaKTePUCTUKY.

XOT# IMana3oH 3HaYeHUH TBOMYHBIX JaHHBIX JOBOJBHO BEIHK, IS KOMMEPUYECKHUX
MPUIIOKEHWIA €ro sIBHO HETOCTATOYHO, O3TOMY B apXMTEKTYpPY MPOLIECCOPa BBE/IE-
HBI CPEICTBA IJi pabOTH C TaK Ha3bIBAEMBIMU ABOMYHO-AecIATUIHBIMU (BCD) nan-
HBIMU.

JIBOoMYHO-/AECITUYHbBIE TaHHBIE TIPEICTABISIOTCS B IBYX (hopMartax, ymaKOBaHHOM
1 HeyrakoBaHHOM. Hanbosiee yHBepCcaIbHBIM SIBJSIETCSI HEYaKOBaHHBIN (hopMar.
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Jlornyeckmne kKomaHpabl
U KOMaHAbl cABUra

% KpaTkoe onucaHue rpynnbl JIOTMMEeCKNX KOMaHA,
#» Komanpgbl pns BbINOIHEHWS NOFMYECKNX onepauuvu
# Komanpbl caBura

¥ OpraHusauusa paboTbl C OTAENbHbBIMU OUTaMu

Hapsny co cpenctBaMu aprpMeTUUYECKUX BBIYMCICHUI cHCTeMa KOMaH I Mpoleccopa
MMeeT TaKKe CpelCcTBa JJIOTUYECKOTOo Mpeobpa3oBaHus JaHHBIX. [1ox.soeuveckum moHK-
MaeTcs Takoe Mpeodpa3oBaHUe JaHHBIX, B OCHOBE KOTOPOTO JICKAT IMpaBUiia opMant-
Hoit noeuxu. DopmanbHas JTOTHKA pabOTaeT Ha YpOBHE YTBEPXACHUN ucmuuHO WU
A0xcHo. 1S Tipolieccopa 310, Kak mpaBuio, o3HadaeT | mnam 0 coorBeTcTBeHHO. s
KOMITBIOTEPA A3bIK HYJeH M eAUHMII SIBJSICTCS POAHBIM, HO MUHMMAJbHOW eIUHMIICH
JAHHBIX, C KOTOPOI paboTaloT MallMHHBIE KOMaH/IbI, IBseTcs O0aifT. OQHAaKO Ha CHC-
TEMHOM YPOBHE 4acTO HeOOXOIMMO UMETh BO3MOXHOCTh paboTaTh Ha MpeAeIbHO HU3-
KOM YpOBHE — Ha YpOBHE OUTOB.

K cpenctBaM tornueckoro nmpeo6pa3oBaHKs JaHHBIX B 3bIKe acceMObiepa OTHOCST-
cs1 a0euyeckue komanoovl U aoeuxeckue onepayuu (puc. 9.1). KomaHabl paccMaTpuBaloTCst
B 3TOH IJaBe, onepauy ObLIM M3yYyeHbl HaMU B riaBe 5. HamoMHIo, 4yTO onepaHm Ko-
MaHIbl acceMbiiepa B 00LIEM ClTydae MOXET MPeICTaBIsITh CO00i BhIpaxkeHue, KOTOpoe,
B CBOIO 0Yepeb, ABISIETCS KOMOMHAIIME onepaTopoB 1 onepaHaoB. Cpeny 3TuX omepa-
TOPOB MOTYT OBITh M OIIEPATOPHI, peaNTU3YIOIIKe JOTUUECKHE OIepallii Hal 00beKTaMU
BBIpaXKEeHMUS.

Ilepen 3HAKOMCTBOM C 3TMMU CpeACTBAMU JaBaiiTe TOCMOTPUM, 4YTO Xe TIpe.-
CTaBJISIIOT OO0 caMu JIOTUYeCKUe TaHHbIe M KaKue IeiCTBYUSI Ha HUMU MOTYT IIPO-
WU3BOAMTHCS.

7 3ak. 256
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Cpepnctea
JIOrM4ecKom
06paboTky  AaHHbBIX

[KomaHp,b:| | Onepauwy |

| ] ]
JIOrn4eckme 06paboTkm casara | L norudeckwe |
61TOB [and
—and—| . _or
—or -] | ckanmposanus | || 06biMHOrO —xor
—Xor |4 6vToB cogura -not
— not — b
sf - sar caBvra I
—test. bsr _sal '{_ -
- -shr
MpoBEPKU 1 shi L shi
MoaMpUKaLWMN -shr
- - shid
61TOB shh ; ..‘ CPaBHEHUs: l
shr ~eq
-bt LMIKIIMYECKOrO -ne
-btc 1 cogura - It
-btr - -le
rcl
bts rer I:Qt
rol ge

— ror
Puc. 9.1. Cpeactsa npoueccopa s paboTbl C TIOMMYECKUMN AaHHBIMA

Jlornyeckune paHHbIe

Teopetnyeckoii 0a30i1 AJisI TOrHIecKoil 00pabOTKM JaHHBIX ABIsIeTCS (hopMajbHasI JIo-
ruka. CylecTByeT HECKOJbKO cucteM Joruku. OmaHa u3 Hambosiee MU3BECTHBIX — 3TO
ucuucenue 8vickasvieanuil. Boickaszsiéanue — 3T0 M1000€ YyTBEPXKACHUE, O KOTOPOM MOX-
HO CKa3aTb, UTO OHO JIMOO ucmuuuo, 00 soxcrHo. VicunciaeHne BhICKAa3bIBAHUI TTpe-
CTaBJIsIET CO0OI COBOKYIMHOCTD MpaBUJ ONpEAeIeHUS UICTUHHOCTU WMJIU JIOXXHOCTU He-
KOTOpOM KOMOMHAIMK BBICKA3bIBAHUI.

Hcuucnenue BhIcKa3bIBaHUI OUYeHb TAPMOHMYHO COYETAETCS C MPUHUMUIAMU pabo-
Thl KOMIIBIOTEPA M OCHOBHBIMM METOJAaMM €ro MporpaMMupoBaHus. Bce ammapaTHbie
KOMITOHEHTBl KOMITbIOTEPA MOCTPOCHBI Ha JOTMYECKUX MUKpocxeMax. Cucrema mpen-
cTaBieHNs MHPOPMALINY B KOMITBIOTEPE Ha CAMOM HIKHEM YPOBHE OCHOBaHa Ha MOHA -
TUM 6uma. but, nmest Bcero aBa cocTostHUS — () (IoxkHO) ¥ 1 (MCTMHHO), €CTECTBEHHBIM
00pa3oM BIUCHIBACTCS B CUCTEMY MCUYMCIIEHUST BbICKA3bIBAHMIA.

CornacHo Teopuu, Hajl BbICKa3bIBAHUSIMU (Haja OMTaMM) MOTYT BblHOIIHﬂTbCH Aoeu-
yeckue onepayuu.

Ompuyanue (norudeckoe HE) — noruyeckas ornepamusi HaJ OTHUM OINEPaHIOM, pe-
3yJIbTATOM KOTOPOIi SIBJIIeTCI BeJIMUMHA, oOpaTHas 3HAYEHMIO MCXOJHOTO OIlepaH-
na. Ora ornepanusi OTHO3HAYHO XapaKTepHU3YeTCs CIeAYIOIIei mabauyeil ucmuHHo-
cmu';

!

Tabmuia ICTUHHOCTU — TabJuIIa PE3YJbTATOB IOTUYECKUX onepauuﬁ B 3aBUCMMOCTHU OT 3HAUYEHUI MCXO-
HBIX OII€PaHI0B.
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3HavyeHUe omnepaHpa: 0 1

Pesynbprar onepanmwm: 1 0
Joeuueckoe caomxcerue (Toruueckoe exaryarouee MJIM) — norudeckast onepanus Haj
IBYMSI OTlepaHIaMy, Pe3yJbTaTOM KOTOPOH sBiseTcsd MCTUHA (1), ecnu OmuH WIn

06a oniepanna ucTuHHHI (1), nam 10xsb (0), ecam oda onepanga JoxHs (0). Dra ome-
palus OMMMCHIBACTCS C MOMOIIBIO CIEMYIONIeH TabMUITBl NCTUHHOCTH:

3HavyeHue ornepaHma 1: 0 0 1 1
3Havenue onepadma 2: O 1 0 1
Pesymnbrar omepanmn: 0 1 1 1

* Jloeuueckoe ymuoocenue (nmormdeckoe M) — jpormdeckasi ormeparst HaJ IByMsI OTTe-
paHIaMu, pe3yJTbTaToM KOTOPOH sBIAeTCS MCTHHA (1) TONBKO B TOM ciIydae, eCiu
oba omepanna MCTUHHEHI (1). Bo Bcex ocTaTbHBIX CTyIassx 3HAUYSHHE OTlepaliui — JTOXb
(0). D1a omepaiys OMUCHIBACTCS C TOMOIIBIO CASAYIOIIEH Ta0JIMIIbl ICTUHHOCTH:

3HaueHue onepanga 1 : 0 0 1 1
3Hauenme orepanga 2: O 1 0 1
Pesynbrar onepamuu: 0 0 0 1

is  Jloeuueckoe uckaouaiouee caoxcerue (Iorudeckoe uckaouaouee UJIH) — norude-
CKasl omnepauusi Haj IByMS OrepaHaaMu, pe3yJbTaTOM KOTOPOIi SIBJsieTCS UCTHHA
(1), ecitu TONIBKO OMH U3 ABYX onepaHaoB uctuHeH (1), u goxsb (0), ecau oba orme-
paHaa mu6o JoxHH (0), Tn6o ucTuHHLL (1). DTa omepauus OMUCHLIBAETCS C ITOMO-
1Ibl0 Cleylolei TabauIbl UCTUHHOCTH:

3HadyeHue omnepaHma 1: 0 0 1 1
3HaueHue onepanga 2: O 1 0] 1
Pesynbrar onepauuu: 0 1 1 0

Jlornyueckme kKomaHAbl

CucTeMa KOMaHJI IIpolieccopa COIePXKUT MATh KOMaH[I, MOAAepXXUBAIOLINX OMUCAHHbIE
paHee oIrepalyy. DTH KOMaHIbI BHIIOJIHSIOT JIOTMYECKHE ONepalluy Hal OUTaMu ore-
paHa0B. Pa3mMepHOCTb OnepaHaioB, eCTECTBEHHO, A0JXKHA ObITh oquMHaKoBa. Hampumep,
€CITK Pa3MEepPHOCTh OMEPAaHIOB paBHa ciIoBY (16 OMTOB), TO JOrMYecKasl Orepalusl BhI-
MOJTHSIETCS CHAvYaja Hajl HYJIeBBIMU OMTaMU OTepaHIOB, U €€ Pe3ylbTaT 3amiChiBacTCs
Ha Mecto 6uTa ( pesynprara. Jladee KoMaHIa TOCIENOBATEIbHO MOBTOPSIET 3TU AEH-
CTBUS Hall BCEMM OUTaMU € TIEpBOTO J0 MSTHAAUATOTO. BO3MOXHBIE BApMAHTHI pa3Mep-
HOCTH OTEPaHIOB JJI KaXI0i KOMaHIbl MOXHO HAWTH B TIPUIOXKECHUU.

Jlanee mepedncieHbl 6a30Bbie KOMaHIbl Mpolieccopa, MoAaepKuBaoe paboty
C IOTUYECKUMU JAaHHBIMU:
A and onepanf_1,0nepaHg_2 — orepaius JOrn4eckoro yMmHoxxeHust. KomaHna Bbimon-
HSET TTOPa3PsIIHO JIOTHUECKYIO onepaliio M (xonsionkyuio) Halx OMTaMU OTIepaHIOB
onepaua_1 ¥ onepaxg_2. PesynbTar 3amuceiBaeTcsl Ha MecTO onepaHa_1.
Or onepaHp_l,0nepaHp_2 — omepanus JOTMYeCKOro caoxeHnsa. KoMaHa BEITOTHSAET
MOpaspsIHO JIoTHYecKylo onepauuio MU (dussionkyuro) Hamg OMTAMM OIEPaHIOB
onepaHn_1 U onepaua_ 2. Pesynbrar 3amuchiBaeTcsi Ha MecTo onepaHa_1.
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Xor onepaHg_1,0nepaHa_2 — omnepauus JOrH4eCKOro NCKII0YaIIero cioxeHus. Ko-
MaHJIa BBIMOJHSIET MOpa3psaHO JIOTMYECKYIO olepaluio McKiaovatouiero MU Han
O6uTaMu orepaHIoB onepaHa_1 u onepaHA_2. Pe3ynbTaT 3amMChIBacTCS HA MECTO One-
paHa_1.

u test onepaHf_1l,onepaHi_2 — orepauus MPOBEPKHU (CIIOCOOOM JIOTMYECKOTO YMHOXKE-
Hus). KoMaHma BBITTOJTHSET IMOpa3psiIHO JIOTHUYECKYIo oTepannio M Hag 6uTamMu ore-
paHmoB onepaHp_1 u onepaup_2. CocTossHUE OIEpaHAOB OCTAeTCS TPEXHUM, M3Me-
HstoTcs Tosbko (uiaru ZF, SF, u PF, uto 1aeT BO3MOXXHOCTb aHAIM3MPOBATh COCTOSTHUE
OTIEbHBIX OUTOB oTiepaHaa 0e3 U3MEHEHMST UX COCTOSTHMST B MUCXOAHBIX OTepaHIax.

notomepaH — omeparus JOTUIeCKOro oTpuianusi. KomaHaa BHITIOTHSIET TTOpa3psi-
HOe MHBEPTUpPOBaHME (3aMeHY 3HAaYeHHUs] Ha O0OpaTHOE) KaXmIoro OWTa omepaHma.
Pesynbrar 3anmmchIiBaeTcsl Ha MECTO oriepaH/a.

st ipeacTaBiaeHUs POJIY JTOTMYECKMX KOMaHI B CUCTEME KOMaH/I IIpolieccopa OYeHb
BaxXHO IMOHSTH 00JIACTU MX MPUMEHEHUSI U TUIOBBIE TIPUEMbl UX MCIIOJb30BAHUS MPU
nporpaMmupoBaHuu. Jlajgee Mbl OyaeM paccMaTpuBaTh JIOTMYECKME KOMaHIbl B KOHTEK-
cTe 00paboTKM IMOC/Ien0BaTeIbHOCTU OUTOB.

OueHb YacTo HEKOTOpas ss4yeiika maMsITH J0JKHA UTPATh POJIb MHAMKATOPA, MOKAa3bI-
Basi, HarIpuMep, 3aHSTOCTh HEKOTOPOTO MPOrpaMMHOTO MJIM allliapaTHOTO pecypca. Tak
Kak 3Ta siYeiiKa MOXET NPUHUMATh TOJbKO JBa 3HaueHus: — 3aHsaTo (1) win cBoGOIHO
(0), To OTBOAUTH MO HEE LEbIii OAUT OUeHb PACTOUYMTEIbHO, JIOTUYHEE JJISI 3TOU Lean
KCIIOJIb30BaTh OUT. A eCliM TaKUX MHIAMKATOpoB MHOTO? OO0beOIWHUB MX B Mpeaesiax of-
HOTO 0aiiTa Ui CJI0Ba, MOXHO MOJYYUTh 1OBOJIbHO CYIIECTBEHHYIO 9KOHOMUIO aMSITHU.
ITocMOTpUM, YTO MOTYT cAenaTh IJIsl 3TOrO JIOTUYECKME KOMaHIbI.

C nmomouIplo JOTMUYECKMX KOMaH/ BO3MOXHO BbIIEJIEHUE OTIAEJbHBIX OMTOB B OIle-
paHIe C LIeJIbIO X YCTAaHOBKM, COpOca, MHBEPTUPOBAHUS WJIM IIPOCTO MPOBEPKU Ha OIlpe-
JeJIeHHOe 3HauyeHue. 1 opranusaluu nogoOHoW paboTsl ¢ GUTaMU BTOPOW OIEpaH,
00OBIYHO UTpaeT poJib macku. Ilyrem ycTaHOBKM B 1 OMTOB 3TOIl MAacKM M OIPEaSsIIOTCS
HYXHBIE JUISI KOHKPETHOM OoIepany OUTHI 1IepBoro orepaHaa. [TokaxeM, KaKue JIOTH-
YyeCKMe KOMaHIbl MOTYT MPUMEHSITbCS IJIsI OTOU LICJIN.

JInst ycTaHOBKM OMpeAeIeHHbBIX pa3psaoB (0MToB) B 1 NMpuMeHsieTCs KoMaHaa
or onepaHs_l,onepaHa_2

B sT0ii KOMaHe BTOPOIi onepaHI, UTPaOIIUil pOJIb MACKH, TOJKEH COAepKaTh elM-
HUYHBIE OUTHI Ha MECTE TEX pa3psiioB, KOTOPHIE JOJKHBI ObITh YCTAHOBJIIEHHI B 1 B mep-
BOM OIIepaH/e:
or eax,18b ;ycvaHoBuTb 1-ii OMT B permcrpe eax

st copoca onpeneseHHbIX pa3psiaoB (OuToB) B ) IpuMeHsieTCsI KoMaHaa
and onepana_l,onepana_2

B aT10i1 KOMaHe BTOpOIi OorepaH, UTpalolIvil poJib MACKHU, JOJKEH COACpXKaThb HY-
JIeBble OMTHI HAa MECTE TEX Pa3psiioB, KOTOPbIE NOJXKHBI ObITh YCTaHOBJIEHBI B () B IepBOM
orepaHje: .
and eax,0fffffffdh ;cOpocuts B 0 I[-ii OuT B peructpe eax

JI7g BBIICHEHUS TOTO, KaKue OMTHI B 000X OIepaHAax pa3indyaloTcs, WIu s UH-
BEepPTUPOBAHUS 3aJaHHBIX OUTOB B TIEPBOM OIlepaHAe MPUMEHSIETCS KOMaHaa
Xor onepaHA_l,onepaHna_2
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HHuTepecytomnme Hac OMTH MAaCKHU (BTOPOTO OIepaHa) MPH BBHIIIOJHEHUN KOMaHIbI
XOR 10XHBI OBITh e TMHUYHBIMU, OCTAJIbHBIE — HYJIEBHIMU:

xor eax,1@b ;unsepTuposate 1-i 6UT B perucrTpe eax
jz mes ;nepexod, eciu 1-7 6uT B al Ow eOMENYHHM

J151 TpOBEPKY COCTOSIHUS 3aJaHHBIX OUTOB B IIEPBOM OIE€pPaHAE MPUMEHSIETCS KOMaHaa
‘test onepana_l,onepaHa_2
[IpoBepsiemble OUTHI TIEPBOTO OIIepaHIa B MacKe (BTOPOM OTIepaH/Ie) MOJKHBI UMETh
eMMHUYHOE 3HaUYeHue. Anroput™M padboTsl komaHnbl TEST momobeH anroputmy paboThI
koMmaHabl AN D, Ho OH He MeHsIeT 3HaueHUsI IepBoTo onepaHaa. Pe3yabraToM KOMaHIbI
SBIISIETCS YCTaHOBKA 3HaYeHU (yiara Hynst ZF:

ecn ZF = 0, To B pe3yIbTaTe JOrMISCKOTO YMHOXEHHUS ITOJYYMIICS HEHYIeBOM pe-
3yJIBTAT, TO €CTh XOTS OBl OMUH eAWHUYHBINA OMT MAaCKU COBITAJI C COOTBETCTBYIOIINM
eIMHUYHBIM OMTOM II€PBOIO OIIEPAH/IA;

eciim ZF= 1, To B pe3yJbTaTe JIOrM4eCKOT0o YMHOXEHUS TTOJIyYUJICS HYJIEBOI pe3yJ/ib-
TaT, TO €CTh HM ONWH eAMHWYHBINA OUT MacKu HE COBITAJl ¢ COOTBETCTBYIOIINM €M -
HUYHBIM OMTOM IIEPBOTO OIlepaHIa.

Takum o6pa3oM, eciiu J1100ble COOTBETCTBYIOIIME OUTHI B 000MX OIepaHIaX yCTaHOB-
neHbl, To ZF = 0. [Ing peakuuu Ha pe3yabraT KoMaHabl TEST menecoobpa3Ho mMcmnonb3o-
BaTh KoMaHay nepexomga Ha MeTKy JN Z (Jump if Not Zero) — mepexon, eciu ¢iar Hyas
ZF HeHyeBO, M1 KOMaHy ¢ 00paTHbIM aeiicTBreM JZ (Jump if Zero) — nepexon, eciau
¢nar nyna ZF nyneBoit. Hanpumep,

testeax,00000010h
jnz ml  ;mepexonm ecnu 4-% OuT paBeH 1

Haunnas ¢ cucremsl KomaH[ npoleccopa 1386, Habop KOMaH[I IS ITOpPa3psaHOM
00paboTKu JaHHBbIX paciiupuics. [1py ucmonb3oBaHUM 3TUX KOMaHI HEOOXOAUMO yKa-
3bIBATh OJHY U3 TUPEeKTHUB: .386, 486 u 1. 1. Caenyronine 1Be KOMaHIbI ITO3BOJISIOT OCY-
IIECTBUTD IIOMCK IIEPBOT0 YCTAHOBIEHHOTO B 1 6mTa orepanaa. ITonck MoXHO Ipou3Be-
CTH KaK C Hayaja, TaK ¥ OT KOHIIa oTlepaHa:

+ bsfonepaHp_l,onepanf_2 — ckaHupoBanue O6utoB Brepen (Bit Scaning Forward).
Komanma mpocMarpuBaer (CKaHUPYET) OMTHI BTOPOTO OTIepaHIa OT MJIAAIIETro K cTap-
nremy (ot 6uta 0 go crapuiero 6ura) B MoMcKax nepBoro 6uTa, ycTaHOBJIEHHOTO B 1.
Ecnu TakoBoii oOHapyxXuBaeTcsl, B IIepBbIl OmepaH 3aHOCUTCS HOMEp 3TOro OuTa
B BHUJIE IICJIOYMCICHHOTO 3HaueHus. Ecim Bce OUTHI BTOPOro ornepaHaa paBHH 0, TO
¢nar nyng ZF ycranasiauBaeTcs B 1, B mpotuBHOM ciydae ¢iar ZF copacwiBaetcs B 0.

mov at,02h
bsf bx,al ;bx=l
jz ml ;nepexoa, ecnm al=00h

bsr onepaHa_1,0nepaHA_2 — ckaHUpoBaHMe OUTOB B oOpaTHOM nopsiake (Bit Scaning
Reset). Komanma mpocmaTpuBaeT (CKaHUPYET) OUTHI BTOPOTO OINEpaHAa OT CTapIie-
ro K MiafgiieMy (ot crapiiero 6uta K 6uty ) B IToMcKax IIepBOro OMTa, yCTaHOBIEH-
Horo B 1. Ecii TakoBoi#1 00HapyXMBaeTCs, B IIEPBBIM ONepaHI 3aHOCUTCS HOMEP 3TO-
ro OMTa B BUIE LIEJTOUYMCICHHOTO 3HaueHNs. [1pu 3TOM BaxkHO, UTO IMO3UIIUS IIEPBOTO
eIMHUYHOTO OMTa CJIeBa BCe paBHO OTCUMTHIBAETCS oTHOCUTeNbpHO Outa 0. Ecim Bce
O6uTHI BTOpOro onepanaa paBHul 0, To ¢ar Hynd ZF ycranasiuBaeTcd B 1, B IPOTUB-
HoMm ciy4ae ¢aar ZF copacbkiBaetcs B 0.
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JIuctunr 9.1 nemoHcTpUpyeT npumep npuMeHeHns Komana BSR u BSF. Beeaure kox
W MCCIIenyiiTe paboTy IporpaMMBI B OTJIaMYUKe (B YJaCTHOCTH, 0OpaTUTe BHUMaHME Ha
TO, KaK MeHsIeTcs conepkumoe peructpa BX mocie BeimonHenus komana BSFu BSR).

Jinctnur9.1.CkaHnpoBaHmne bUToB

;prg_9_1.asm

masm

model  small

stack 256

.data ;cermMedT JaHHbIX

" .code ,cermedT Koaa

main: ;TOYKA BXOfLa B nporpammy
mov ax,@data
mov ds,ax

.486 ;9T0 0093aTeNbHO
Xor ax,ax
mov al,02h
bsf bx,ax ;bx=l
{)Z ml ;nepexon, ecnu al=00h
SI bx,ax

mil:
MoV ax,4cO8h;cTaHaapTHbIA BbIXO[
int 21h

end main

HHTepec TpeACcTaBIsgIOT eIlle HECKOIBKO M3 TPYIITHI JIOTUISCKUX KOMaH/l, TT03BOJIS-
IOIIMX PEATU30BATh JOCTYII K KOHKPETHOMY 6uTYy onepanaa. OHH, KaK U NpeabIIyLINE,
MTOSIBUIIMCH B MOIENAX Tpotieccopos Intel, Haunnas ¢ i386. [ToaToMy ITpu MX KCIIONB30-
BaHUM He 3a0bIBaiiTe YKa3bIBaTh OOHY U3 MUPEKTUB: .386, 486 u T. 1. OnepaHag MOXeET
HaXOMUTHCS KaK B MaMsTH, TaK U B PETHCTpe obIero HasHaueHus. IlomoxeHne 6uta
3aIaeTCs CMEIIEHNEM €T0 OTHOCHTEBHO MITaIIero o6ura onepanma. CMeIeHre MOXeT
KakK 3aaBaThCs B BHIE HEITOCPEICTBEHHOTO 3HAYCHMSI, TaK M COIEPKAThCS B PETUCTPE
0611ero Ha3HaYeHus. B'kayecTBe 3HaYEHUSA CMEILEHUSI Bbl MOXETE HUCITONL30BaTh pe-
3yabTaThl paboTel KoMaHa BSR 1 BSF. Bce komaH bl MpricBanBaloT 3HaY€HKUE BBIOPAHHO-
ro oura ¢aary CF.

Komanna npoepku 6uta BT (Bit Test) mepeHocut 3HaueHue oura B ¢uar CF:
bt onepaHa, cmeweHune_6uta

Hanpuwmep, ,
bt ax,5 ;NPOBEPUTb 3HaueHne Outa 5
jnc ml inepexod, echm OutT =

Komanga npoBepku u yctaHoBku 6uta BTS (Bit Test and Set) nepeHocut 3HaYeHUE
6ura B dnar CF u 3ateM ycraHaBIMBaeT MpOBepseMBbIif OUT B 1:
bts onepaHa,cMmeueHue_6uTta

Hanpuwmep,
mov ax, 16 .
bts pole,ax ;npoBeputb u yctaHoBuTb 10-ii Out B pole
jc ml ;NEPexof, €ecnnm npoBepsieMblil OGUT Obin paBeH 1

Komanga npoBepku u copoca 6ura BTR (Bit Test and Reset) mepeHocuTt 3HaueHue
oura Bo ¢iar CF u 3arem ycraHaBiuBaeT 3TOT OUT B 0:
btr onepaHa, CMel.ll.eHMe__ﬁMTa
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Komannma nposepku u uaBeptupoBanus 6ura BTC (Bit Test and Convert) nepeHocur
3HaueHue 6ura B siar CF u 3aTreM MHBEpTUPYET 3HAYEHUE 3TOTo OMUTa:
btc onepana,cmewerune_6ura

KomaHabicaBura

KoManapl caBura takxke oOecIedrBarOT MaHUIIyJIAOUKW Had OTACIbHBIMUA ouramu ore-
pPaHI0B, HO MHbBIM CHOCOGOM, YEM paCCMOTPCHHBIC paHCC TIOTUYCCKNUE KOMAaHIbI. Bce xo-
MaHIbI CABUTa IICpEMCIIAarOT OUTHI B TIOJIE ornepaHaa BJICBO WM BIIpaBO, B 3aBUCUMOCTHU
OT KOJa orcpaluu. Bce xomaHIbl cABUTA UMEIOT OINHAKOBYIO CTPYKTYPY:
KOIl onepaHAa,CyYeTUUK_CABUT OB

KonunyecTBo cnBuraeMbix pas3psgaa0B (3Ha‘{€HI/I€ C‘-I€T‘-IPIK_CI[BHI‘OB) MOXET 3a1aBaTbCs
ABYyM:A cnocobamu:

II cratnyecku — HEIMOCPEACTBECHHO BO BTOPOM OIICPAHAC,

# MTUHAMHWYCCKHN — B PETUCTPC CL nepea BbIIMOJHCHUEM KOMAaHAbI CABUTA.

Hcxons uz pasmepHocty peructpa CL, TOHSITHO, YTO 3HAYCHUE CICTIYUK_CIBUTOB MO-
KET JiexXaTh B auamna3oHe ot 0 mo 255. Ho Ha caMoMm pene 3To He coBceM Tak. B mensx
OIITUMM3AITAH TIPOIIECCOP BOCTIPUHUMAET TOTBKO 3HAYCHUSI TISITA MJTAIIIIX OUTOB CUET-
YHUKa, TO €CTh 3HaUEHME JIEKUT B nuama3zone ot 0 mo 31. B mociemHUX MomesIx mporiec-
copa eCTb A0MOJHUTEIbHbIE KOMaH/Ibl, ITO3BOJISIOIINE 1e1aTh 64-pa3psiaHbie CABUTU. Mbl
WX PACCMOTPUM YYTh TTO3KE.

Bce komaHnbl cnBura ycraHaBiauBatoT ¢ar nepeHoca CF. 1o mepe caura OMToB 3a
Tpeaesbl ollepaHaa OHM CHavajia ImomamaroT Bo diar nepeHoca CF, ycraHaBnuBast ero
paBHBIM 3HAYCHHIO OYEPETHOTO OMTA, OKa3aBIIIErocs 3a IpeneaMu orepanaa. Kyma atot
OUT MoIaeT Jabliie, 3aBUCUT OT THUITA KOMAaH/IBl CABUTA M aJITOPUTMA IIPOTPAMMBI.

ITo npuHUMNY NIEHACTBUS KOMaH/bI CABUIa MOXXHO pa3ae/JUTh Ha IBa TUIA:

KOMAaH/Ibl AUHEIIHO20 c@euea;
K KOMAaHIbl UYUKAUUECKOo2Oo cosuea.

JInHenHbI cOBUr

K KomMaHmaM JTMHEHHOTO CIBUTA OTHOCSTCS KOMaHIBI, OCYIIECTBIISIONINE CIBUT TIO CiIe-
IYIOIIEMY aJITOPUTMY.

1. OuepenHoM «BbIABUTIaeMblIii» OUT ycTtaHaBauBaet (aar CF.

2. buT, NogBAAIOLIMIACS C APYTOTr0 KOHLA OllepaHia, uMeeT 3HaueHue 0.

3. Ilpwu cnBure ouepenHoro 6uta oH nepexoaut Bo ¢iar CF, mpu 3ToM 3HaYeHUE MpeIbl-
JYIIETo CIBUHYTOTO GuTa mepsemcsi)

KomaHabl TMHEHHOTO cABUIa ASJSITCS Ha ABa MOATHUIIA:
ti KOMaHIBI 102U4ecK020 TUHEMHOTO caBura,
# KOMaHIbI apmﬁmemuuecmoeo JIMHEWHOTO CHABUTA.

Jaee mepeyrcieHbl KOMaHIbl JIOTUIECKOTO TMHEWHOTO CIBHTA: _

shl onepaug,cueTunk_capuros — jiornueckuit casur siaeso (Shift Logical Left). Co-
JIePXKIMOE OTepaHia CIBUTAETCS BJICBO HAa KOJMYECTBO OWTOB, OIpeaeIsieMoe 3Ha-
YyeHUeM cyetyuk_casuros. CripaBa B MO3ULIMIO MJIAMIILIETO OMTA BIMCHIBAIOTCS HYJIU.
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shr onepaHp,cueTuuK_casuros — Jormveckuii casur BmpaBo (Shift Logical Right).
CopepXumMoe olepaHia CABUTAaeTCs BIIPAaBO Ha KOJIMYECTBO OUTOB, OIpelesisseMoe
3HaYEHHUEM cHeTunK_casuros. CieBa B O3ULIMIO CTapllero (3HaKOBOT0) OUTa BIUCHI-

BalOTCS HYIIH.
Pucynox 9.2 ummoctpupyet NpUuHUIKUI PabOThl 3TUX KOMAH]I.

CaBur BI€BO IOTHYECKUIA shl
PN o . P e

Y [VIYIV IVIVIVINd-
7 6 5 4 3 2 1 0

Onar cf

CpoBur BnpaBo norn4eckumin shr
2N __ LT
b/ [V IV IV TV ViViEh
2 1 0

rl
-

®nar cf
Puc. 9.2. Cxema paboTbl KOMaHL, IMHENHOrO JIOMMY4eCKOoro capura

Huxe mokaszaH (pparMeHT IIporpaMMBl, BRITIOJHSIONICH IMpeoOpa3oBaHUe ABYX He-
ynakoBaHHbIX BCD-uucen B cioBe namsatu bed_dig B ynakoBanHHoe BCD-uucio B pe-

ructpeAL.

bcé_dig dw 0905h ;onucaHue HeynakoBaHHoro BCD-umcna 95
o mov ax,bcd_dig :nepecbinka
shl ah,4 : CABUM BNEBO
add al,ah :C/IOXeHMe ANng nonyvyeHus pesynbtaTta: al=95h

Komanabt apI/I(I)MCTI/I‘lCCKOFO JIMHEMHOTO CIBUTA OTIMYAIOTCS OT KOMaH I JIOTUYECKOTO
caBura T€M, 4YTo OHHM 0COOBIM O6p330M pa60Ta10T CO 3HAKOBbBIM pa3psiioM OII€paHaa:

ii sal onepanpg,cyeTYUK_CABUroB — apudmeTndyeckuii cABUT B1eBo (Shift Arithmetic Left).
ConepxXrMoe OIlepaHIa CIBUTACTCSA BJIEBO Ha KOJIUYECTBO OMTOB, OIpEaEIsIeMOe
3HaYeHueM cyeTyuk_casuros. CrpaBa (B MO3ULIMIO MJajllero 6uTa) BIMCHIBAIOTCS
nynu. Komanna SALHe coxpaHsieT3HaKa, HO yctaHaBiauBaeT har OF B ciyuae cMeHbI
3HAKAa0uepeIHbIM BblABUIaeMbIM 6UTOM. B ocTaibHOM KoMaHaa SAL I0JHOCTbIO aHa-
nornuHakomanae SHL;

sarormepaH,CIeTINK _CIBUTOB — apudMeTHIecKMi caBuT BIipaBo (Shift Arithmetic
Right). ComepxxuMoe ornepaHia CABUIaeTCs BIIpaBO HAa KOJIMYECTBO OMTOB, OIpele-
JIseMOe3HaYeHUEeM CUeTIYMK _CcABUTOB. ClieBaBoIepaHaBIMCHBaIOTCIHY M. KoMaH-
na SAR coxpaHseT 3HaK, BOCCTaHABJIMBAS €0 ITOCJIE CIBUTA KaXKIO0TO OYepeTHOTO OMTa.

Pucynox 9.3 mmocTpupyeT IpUHIUIT pabOTHl KOMaHI JIMHEHHOTro apudpMeTniec-
KOTO CIBHTA.
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Capur Bneso apudmeTmyeckuit sal

\'4 VAV ‘ychj;véth\e__o
4 3 2 1

7 6 5 0

L
>

®nar cf

Casur BNpaBo apndmMeTUHecKnin sar
EEE A oo
© rAVALYAYAVAYALAR

7 6 5 4 3 2 1 0

-
w

Onar cf
Puc. 9.3. Cxema paboTbl KOMaH[, IMHEHOrO apndMeTUHECKOro CABUra

KoMaHabl apuMeTHIeCKOTO CIBUTa MO3BOJSIOT BHITOTHUTh «OBICTPOE» YMHOXKE-
HUE ¥ JelieHWe OlepaHa Ha CTereHY ABOMKM. I[locMOTpHTe Ha IBOMYHOE MPEACTABIE-
Hue yucen 75 n 150:

75 01001011
150 10010110

Bropoe uncno sBnsieTcst CABUHYTHIM BJIEBO Ha OAMH pa3psifl MepBHIM yucioM. Eciu
y Bac ellle eCTh COMHEHHS, IpojeiaiiTe HECKOJIbKO YMHOXEHWI Ha 2, 4, 8 U T. 1.

AHaNoruyHas CUTyaluss — C onepauueil neaenus. CaBuras BIpaBoO ONEpaHI, MBI,
(bakTUYECKU, OCYIIECTBIISIEM OMEPALIMIO JeICHUS Ha CTeNeHU IBOMKY 2, 4, 8 1 T. .

[permyiecTBO 3TUX KOMAH/I IT0 CPABHEHUIO C KOMaHAAMU YMHOXEHMS U IETIEHUS —
B CKOPOCTH MX UCITOTHEHUSI TIPOLIECCOPOM, UTO MOKET MPUTOAUTHCS IIPU ONTUMHU3ALUN
MPOrPaMMEI.

LUuknnyeckun cosur

K xoMaHmzaM HUKINYECKOro CABUTA OTHOCSTCS KOMaH/IbI, COXpPaAaHAKOIIHNE 3HAYCHU A CABU -
raeMbix OMTOB. ECTh 1Ba TMIIa KOMaHJ IMKJIMYECKOTO CIBUTA:

'~ KOMaH[IBI IPOCTOTr0 MUKINYECKOTO caBura (puc. 9.4);
¥ KOMaHIbl LIMKJIMYecKoro capura yepes ¢uiar neperoca CF (puc. 9.5).

D,EU'ICE NEPEUYNCIICHBI KOMaHAbI IIPOCTOr0 HMUKINYECCKOro CiBura:

rol onepang,cyeTyMK_casuros — LuKkimdeckuil casur Biaeso (Rotate Left). Conepxu-

MoOe OTlepaHfa CIBUTAeTCS BIEBO Ha KOJIMYECTBO OUTOB, OMpeNeNsieMoe ONepaHIoM
cyeTunk_cpsuros. CaBuUraeMble BJI€BO OUTHI 3aMUCHIBAIOTCS B TOT X€ OMEpPaHA
cripaBa.

ror OnepaHA,cueTYMK_CABMIos — LMKiIndeckuii casur supaso (Rotate Right). Conep-
KIIMOE OTIepaHIa CIBUTAETCS BIIPABO Ha KOJTMYECTBO OMTOB, OIpeleNsieMOe OTepaH-
JOM CYETYMK_cIBUTOB. COBHUTaeMble BIIPABO OMTHI 3aITUCHIBAIOTCS B TOT Xe OMepaH.
CclieBa.
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Capur BNeBO LMKINHECKUIA To!

FOVVY VY TVT

6 5 4 3 2 1 0

£

[
r

Onar cf

CaBur BNpaBo UMKIIMHECKUIA ror
~~ e o
l ;/_’ y | V | v | v V \
Tl |
7 6 5 4 3 2

oL
a

Onar cf
Puc. 9.4. Cxema paboTbl KOMaHA, MPOCTOrO LIMKIMYECKOro caBmra

Copur BneBo UMKIMYeckuid rel

IvaRy ’"‘V’“y’“y’“v"rv‘j“v
2 1. 0

Cposvr BMpaBO LIMKIINHECKWUIA  Fer
Y | v ’ V [V v | Vi
3 2 1

7 6 o 4 0

—
h—
Onar cf
Puc. 9.5. Cxema paboTbl KOMaHA, LMKIMYECKoro capura Yepes dnar nepeHoca CF

Kak BugHO 13 puc. 9.4, KOMaHIBI IPOCTOTO IMKJINIECKOTO CIBUTA B ITPOIIECCe CBOEH
PpabOoThI OCYIIECTBIISIOT OMHO MOJE3HOE ACUCTBHE: IIMKINYECKU CABUTaeMblii OUT HE TOJIb-
KO BIBUTAETCS B ONEPAH] C JPYTroTo KOHIIA, HO 1 OMHOBPEMEHHO €TO 3HAYEHHE CTAHO-
Butcs 3HadeHueM (uara CF. K mpumepy, 17151 TOro 4T00BI 0OMEHSTH COAEPXUMOE IBYX
MOJIOBUHOK peructpa EAX, TOCTaTOYHO BBIMTOTHUTH CAEAYIOLIYIO MOCAET0BATEbHOCTD
KOMAaHI;

mov eax,ffffooooh
mov ¢1,16
rol eax,cl

KomaHnbl muKImdeckoro casura depe3 diar nepeHoca CF oTnmmyaoTcsd oT KOMaHg
IMPOCTOTO ITUKJINYECKOTO CABUTA TeM, UTO CABUTAeMEINl OUT He cpasy ITOITaJacT B OIe-
PaHI C Ipyroro ero KOHIIa, a CHavaa 3anuchkiBaeTcs Bo ¢iar mepeHoca CF. JIus ciemy-
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folllee MCITOJTHEHME TaHHOM KOMaHIbl cIBUTa (IIPU YCIOBUM, YTO OHA BEIMTOJHSICTCS
B LMKHAE) IPUBOAUT K MOMELLIEHUIO BLIABUHYTOTO PaHee OUTa B IPYroii KOHEL onepaHia
(puc. 9.5). KoMaHabl HUKIWYECKOTO caBura yepes ¢uar nepeHoca CF nepeunciieHbl
najee:

rcl ONepaHf,cueTYUK_CABUIOR — MIMKIMYCCKMII COBUT BIIeBO 4epe3 mepeHoc (Rotate
through Carry Left). CoaepxxumMoe ornepaHaa CIBUraeTcs BJAeBO Ha KOJUYECTBO Ou-
TOB, OIIpEIe/ISIeMOE OIEPAHIOM CYeTUUK_cABUroB. CaBuraeMble OUTHI ITOOYEPEIHO
CTaHOBSITCS 3HaYeHUeM (uiara nepeHoca CF;

rcr ONepaHf,cYeTInK_cABUro8 — MUKIMYECKUI COBUT BIIPaBo Yepe3 mepeHoc (Rotate
through Carry Right). CogepxxuMoe ornepaHja CABUraeTcsl BIPaBO Ha KOJUYECTBO
OUTOB, OIpeHeIsIeMOe OIEPaHIOM CYETYUK_CABKUroB, CrBHTacMbie OUTHI ITOOYEPETHO
craHoBsTCS 3HaueHueM ¢ara nepeHoca CF.

W3 puc. 9.5 BuaHO, 4TO MpU cABUTE Uyepe3 pyiar mepeHoca MosiBasieTcs: MpOMeXyTou-
HbII 3JIEMEHT, C TOMOILbIO KOTOPOT'O MOXHO MPOU3BOIUTh MOAMEHY IMKJIUYECKHU CABUTA-
€MBIX OUTOB, BYACTHOCTH, BEIIIOJTHSATH PacCOrJIacOBaHUE OMTOBBIX IIOCJIEIOBATEIBHOCTEIA.
ITox paccoritacoBanueM GUTOBOI MOCIEAOBATEIBHOCTH 31eCh U Jajiee IOIpa3yMeBacT-
csl IeCTBUE, KOTOPOE MO3BOJISIET HEKOTOPBIM 00pa30M JIOKAJIN30BaTh Y U3BJIEYb HYXK-
HBIE YYaCTKM 3TOM IOCIEHOBATEIbHOCTH M 3alucaTh UX B Apyroe mecro. Hampuwmep,
paccMOTpUM, Kak nepenucarhb B peructp BX crapiyio monosuny peructpa EAX ¢ onHo-
BpeMEHHBIM ee 00HYyeHueM B peructpe EAX:

mov ¢x,16 ;KOf-80 COBUIOB ANA eax

mil:
clc ;cbpoc ¢nara cf B 0
rcl eax.,l ;COABUM KpalHero nesoro 6muta ns eax B cf
rct bx,1 ;nepemewenue 6uta m3 cf cnpaBa B bx
loopml ;uukn 16 pas
rol eax,16 ;BOCCTAHOBUTL MPABYID 4acCTb eax

KoMaHIbI TTPOCTOro MMKIMYECKOrO CABMTa MOXHO WCITOJIb30BATh IIJIST OIEPaLMii apy-
roro poaa. K mpumepy, moacunraeM KOJIMIECTBO ¢ IMHUYHBIX OMTOB B peructpe EAX:

xor dx,dx ;04MCTKa dx gns nogcyeta eguMHUYHbIX OUTOB
mov ¢x, 32 ;YnCNo UMKNOB MnoAcyeTa
cycl: ;MeTKa uuknia
ror eax,l1 JUMKNUYecKkuid caBur BnpaBo Ha 1 6uT
jnc not_one ;nepexon, ecnu oyepepgHon 6ut B Cf
JHe paBeH eanHuLe
inc dx ;yBeNnnueHune cyeT4ymka uukna
not_one:
loopcycl ;mepexon Ha MmeTky cycl, ecnu

;3Ha4YeHne B Cx He paBHO 0
DTOT (hparMeHT He TpebyeT 0COObIX MOSICHEHUI, eNIMHCTBEHHOE, YTO HYXHO IO-
MHUTb, — 0COOeHHOCTH padboThl KoMaH bl KA LIIOP (rnasa 10). Komanma HIOP cpaB-
HuBaeT 3HaueHue peructpa ECX/CX ¢ HyjneM U, eCiM OHO He PaBHO HYJIIO, BBIMIOJHSIET
yMmeHbleHue ECX/CX Ha equHMLY M epeaaeT yrpaBjieHUe Ha METKY B porpaMmme, ykKa-
3aHHYIO B 3TOIl KOMaH/ie B KaueCTBe olepaH/a.

p,OﬂOﬂHI/ITe.ﬂ bHble KOMaHAbICABUIra

CucreMa KOMaH/, MoJesieli MukporporeccopoB Intel, HaunHasg ¢ 80386, comepKuUT 10-
MOJTHUTEIbHbIE KOMaHIbI CIBUTa, PACLIUPSIIONINE pACCMOTPEHHBIE HAMU paHee BO3MOX-
HOCTH. DTO — KOMaHObL cOeu2a 080UHOU MOYHOCMU:
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shld onepaHp_1,0nepakpa_2,cueTunK_CABUIOB — CIBUT BJIEBO IBOMHON ToyHOCTH. Ko-
MaHIa CIBHUTAaeT OWTHI TIEPBOTO OIEpaHIa BIEBO M 3aIlOJHSCT €ro CIipaBa 3Ha4eHMs-
MU OUTOB, BBITECHSIEMbBIX U3 BTOPOTO OMepan/a, CormacHo cxeme Ha puc. 9.6. Konu-
YECTBO CIOBHMTAcMBIX OWTOB OIpEeAEIISIeTCS 3HAaUYCHMEM CUYETYMKA COBUTOB, KOTOPOE
MOXeT JiexkaTh B aranasoHe (...31. DTo 3HaueHEe MOXET 3a1aBaThCS HETIOCPEICTBEHHO
B TPETbEM OllepaHae UK coaepxkaTbes B peructpe CL. 3HaueHre BTOpOro onepaHaa
HE MEHSIETCS;

shid onepang_1, onepaHg_2, cHeTYMK_CABUroB

-~ — [ f——
‘!"—L__"l €| — 1 1 ]

Pnar of . 210 - 210
onepang_1 oneparg_2

Puc. 9.6. Cxema pabotbl komaHabl SHLD

# shrd onepaxp_1,0nepaHp_2,cHeTYUK_CABUTOB — CIBUT BIIPaBO ABOMHOM TouHOCTH. Ko-
MaHjIa CIIBUTAEeT OUTHI TIEPBOTO OTE€paH/Ia BIIPABO U 3aIOJTHSET ero cieBa 3HaYSHUS -
MU OUTOB, BBITECHSIEMBIX U3 BTOPOTO ONEpPaH/a, COTJIACHO cxeMe Ha puc. 9.7. Konu-
YECTBO CIBUTAEMbIX OMTOB OIpENeNsieTCs] 3HAUEHWEM CYETYMKa CABUIOB, KOTOPOE
MoxeTJiexatb B iramna3oHe 0..31. DTo 3HaueHHe MOXKET 3a1aBaThCsI HEMTOCPEACTBEHHO
B TPEThEM OMEpaHe UK coaepxarbes B peructpe CL. 3HaueHre BTOPOTro onepaHaa
He MeHsIeTCsl.

shrd onepang_1, onepaHa_2, cHeTYMK_caswros

210 - 210
onepaHa_2 onepaHg_1 ®nar cf

Puc. 9.7. Cxema paboTbl komaHasl SHRD

Kak mMbl otMeTuau, komanasl SHLD u SHRD ocymiecTBasiioT ciBUTrM Ha BEJIUUUHY 10
32 pa3psaoB, HO 3a CYET OCOOEHHOCTEH 3aJaHus OMEpPaHIOB W AJIrOpUTMa pabOThl 3TU
KOMaH/Ibl MOXHO MCITO/Ib30BaTh AJIs1 pabOThI ¢ MOJSIMU JUIMHOK 10 64 Ouros. Hampu-
Mep, PACCMOTPUM, KaK MOXHO OCYLIECTBUTh CIBUT BJIEBO Ha 16 OMTOB 10 U3 64 GUTOB.
" data
pole_1 dd ©b21187f5h

pole_h dd 45ffé€711h
.code

1386
mov c1,16 ;3arpy3ka CYeT4Ynmka COBuUroB B cl
mov eax,pole_h
shldpole_1,eax,cl

shl pole_h,cl ;pole_1=87f50000h;
pole_h=6711b211h

PaccMOTpuM ellle HEKOTOpbIe HanbosIee TUIIMYHbIE IPUMEPDI IPUMEHEHUS OTUX KO-
MaHa. OTMETUM CJIeAYIOIIMI MOMEHT. PaccMOTpeHHEIE fajiee NEHCTBUS, KOHEUHO, MOKHO
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BBITTOJIHUTh U MHOXECTBOM JIPYTUX CITOCOOOB, HO 3TU SIBJSIIOTCSI CAMBIMU OBICTPBIMMU.
Ecnu Bamu nporpaMMbl TOJKHBI pab0TaTh MAKCUMaJIBHO OBICTPO, TO €CTh CMBICH MO~
TPaTUTh BpeMsl Ha pa3dbop 3TUX MPUMEPOB.

Mpumepbl padoTbl C OUTOBLIMU CTPOKaAMM
PaccornacosaHne GUTOBbIX CTPOK

Harnanasrit mpuMep paccoriacoBaHUsI TOCHIEAOBATEILHOCTE OUTOB — TIpeobpa3oBa-
Hue HeynmakoBaHHoro BCD-uucna B ynakoBanHoe BCD-uucno. OauH U3 BapMaHTOB
TaKOTO MPeoOpa3oBaHMUs OBUT paCCMOTPEH HaMM paHee TP OOCYXICHWHM KOMAaHIBI JIV-
HeitHoro casura SHL. [TorpoGyeM BBITTOMHUTH MTOTOOHOE TIPe0Opa3oOBaHUE C UCITOIB30-
BaHMEM KOMaH]I CIBUTa IBOMHOM TOYHOCTU (TUCTUHT 9.2). B 00111eM cityyae njiMHa 4uc-
Jla MOXET OBITh TPOU3BOJIBHOM, HO TP 3TOM HYKHO YYUTHIBATH OTPAHUUEHHUST, KOTOPBIE
HaKJIaIBIBAIOTCS] MCITOJIb3yeMBIMH pecypcaMy Tipolteccopa. OrpaHUICHUS CBS3aHBI B OC-
HOBHOM C TeM, YTO IIEHTPaIbHOE MECTO B IMpeodpa3oBaHM 3aHUMaeT peructp EAX, mmo-
3TOMY, €CJIM IpeodpasyeMoe YMCIIO UMeeT pa3Mep 0osiee JeThpeX OalToB, TO €To MpH-
JeTcsl e TUTh Ha 9acTh. Ho 2To yke 9ncTo anropuTMmuIecKkas 3agava, To3TOMY B HaIlleM
clyyae TIpearioyiaraeTcs, 4ro HeynakoBaHHoe BCD-uwucio mmeer nauHy 4 Oaiita.

JInctnHr9.2. MpeobpasosaHne BCD-umcna(BapmaHT2)

iprg_9_2.asm

masm

model small

stack 256

.data

len=4 ;INMVHa HEeYMakOoBaHHOTO BCD-uucna
unpck_BCD label dword

dig_BCD db 2,4,3,6 ;HeynakoBaHHoe BCD-umcio 6342
pck_BCD dd 0 ;pck_BCD=00006342

.code

main: ;TOYKa BXOJa B MPOIpPaMMy

mov  ax,@data
mov ds,ax
X0r  aX,ax
mov ¢x,len
.386 ;370 00s3aTenbHO
mov eax,unpck_BCD

ml:
shl eax,4 ;ybupaem Hynesyl TeTpany
shld pck_BCD,eax,4 ;reTpanmy c uudpoit 3aHocyuM B mone pck_BCD
shl eax,4 ;ybupaem Tetpanmy C umdpoit m3 eax
loop ml ; TIVUKTT
exit: ;pck_BCD=00006342
mov ax,4c06h
int 21h
end main

Komannab! cnsura goriHoi TouHocTy SHLD u SHRD mo3BosisitoT ocyiecTBasiTh ¢ MakK-
CUMaJIbHO BO3MOXHOM CKOPOCTbIO BCTABKY OMTOBOI CTPOKM U3 PETHUCTpa B MPOU3BOJIb-
HOe MecTO Apyroi (0oJblieit) CTpOKM OUTOB B MaMSITH M WU3BJICYEHUE B PETUCTP OUTO-
BO# MOJCTPOKU U3 HEKOTOPOU CTPOKMU OUTOB B MaMsTU. B pesynbrare aTUX onepanuit
CMEXHBbIE C MOJACTPOKON OUTHI MO ee 00erM CTOPOHAM OCTalOTCSI HEM3MEHHBIMU.
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BcTtaBka OMTOBbLIX CTPOK

PaccMoTpuM mpuMep BCTaBKM OMTOBOM CTPOKM JUIMHOIN 16 OUTOB, Haxosleics B
peructpe EAX, B cTpoKy maMsTH str, HauMHas ¢ ee ourta § (JiuctuHr 9.3). Berapnsemas
OUTOBas CTPOKa BHIPOBHEHA K JieBoMY Kpalo peructpa EAX.

JIncTnHr 9.3. Bctarka GUTOBON CTPOKM

<1> ;prg_9_3.asm
<2> raasm
<3> model small
<4> stack 256
<5> .data
<6> bit_str dd 11016111h ;CTPOKa IS5 BCTABKYU
<T> P_str dd effffoeeeh ;scTaensemas mogcTpoka Offffh
<8> .code
<9> main: ;TOUKa BXONa B MPOTPaAMMY
<10> mov ax,@data
<11> mov ds,ax
<12> X0r ax, ax }
<13> .386 1370 0053aTENbHO
<14> mov eax,p_str
<15> ; pasblid Kpajl MecTa BCTaBKM ILUKINYECKM IMePEeMeCTUTh K Kpab
<16> ;CTPOKYU bit_str (CoxpaHeHMe MPABOTO KOHTEKCTA):
<17> ror bit_str,8
<18> shr bit_str,16 ; CIBUHYTH CTPOKY BIIPABO
;Ha [IJIMHY TOOCTPOKM (16 OuTOB)
<19> shld bit_str,eax,16 ;cuBunyTh 16 Our
<20> rol bit_str,8 ;BOCCTAHOBUTHL Myanmyue 8 OuT
<21> R
<22> exit: ybit_str=11ffff11l
<23> mov ax,4c®0h
<24> int 21h
<25> end main

Jluctunr 9.3 ynobHo uccienoBath B oTiaguuke. [Ipu 3ToM BaxkHO MOHSTh 3aBUCH-
MOCTb MEXIY HEITOCPEACTBEHHBIMU 3HAUYCHUSIMU, UCIIOJb3YEMBIMU B KOMaHAaX CTPOK
17-20, 1 ucxomHbIMU 3HaYeHUSAMU. OOILIasT METOAMKA BCTaBKU OMTOBBIX CTPOK BBITJISI-
JIUT CJIETYIOIINM O0pPa3oM.

1. TlomorHath K IMpaBOMY Kpar0 CTPOKM MIIAAIIMI OWUT MecTa BCTaBKM B 3TOM CTPOKE.
JlenaTh 3TO HY>)KHO KOMaHIOM LIMKJIMYECKOTO CABUTA, YTOOBI COXPaHUTD ITPABYIO YaCTh
MCXOIHOI cTpoKu. BeanunHa ciBura onpeaensieTcsi oyeHb MPOCTO — 3TO HOMEP Ha-
YyaJbHOU MO3UIIMK MecTa BCTaBKU (cTpoka 17).

2. CABMHYTH MCXOJHYIO CTPOKY BIIPABO Ha KOJMYECTBO OUTOB, paBHOE UTMHE BCTaBJIsI-
eMoit moAcTpoku (ctpoka 18). DTi GUTHI HaM GOJbILE HE HYKHBI, TIO3TOMY [UISI CIIBUTa
KCITONIb3yeTCsl KoMaHaa mpoctoro casura SHR.

3. Komanpgoit SH LD BcTaBUTb BCTaBISIEMYIO ITOACTPOKY B MCXOAHYI0 NOACTpoKy. [lepen
3TUM, €CTECTBEHHO, JIEBBII Kpaif BCTaBJIsSIeMOI MTOICTPOKM HAXOAUTCS Y JIEBOTO Kpast
peructpa EAX (cTpoka 19).

4. BoccTaHOBUTh KOMAaHIOW ITMKIMYECKOTO CIOBMTa IPaBYI0 YacTh MCXOMHOW CTPOKH
(ctpoka 20).

HaunGonpeit a¢¢heKTUBHOCTH NIPU MCIIONB30BAaHUM 3TOI MPOrPaMMbl MOXHO J10-
CTUYb, ecIi 0(OPMUThL MIPEACTABICHHYIO B HEll MOCIeI0BaTEIbHOCTh KOMAaH B BUIE

MaKpOKOMaH/HbI. [Monsarue MaKpOKOMaHIbl 6YZ[CT paccMaTpuBaTbCd HaMU B TJIaBE 14,
HO ceifyac BaXXHO OTMETHUTh, YTO B JAHHOM CJIy4yae OHA IMO3BOJUT HaM HeE 3aAyMBIBAThCH
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0 Hactpoiike cTpok 17-20Ha KOHKpeTHYI0 BcTaBKy. [Ipy n3ydyeHun Matepuaa riasbl 14
Bbl MOXETE IO3KCIIEPMMEHTUPOBATh C JAHHOM MPOrpaMMOii, pa3paboTaB Ha €€ OCHOBE
MaKpOKOMAaHJIY.

JI3BIeUEHNe OMTOBEIX CTPOK

PaccmoTrpuMm npuMep u3BiedeHus 16 OUTOB M3 CTPOKM B MaMITH bit_str, HauMHas ¢
outa 8, B peructp EAX (simctuHr 9.4). Pe3yabTaT ciiemyeT BRIPOBHSITH 110 IIPaBOMY Kparo
peructpa EAX; cTpoka bit_str He U3MeHsIeTCsI. DTOT IIPUMEP MOXKHO paccMaTpUBaTh Kak
00paTHBIN TOMY, KOTOPBI MBI TOJIBKO YTO IPUBEIN B TUCTUHTE 9.3. MeToauKa u3Bie-
YeHMSI OMTOBOI MOACTPOKM, €CJIM Bbl pa300palKcCh C IPOrpaMMOii BCTaBKM OMTOBOI CTPO-
K1, He TOJKHA BBI3BATh Y Bac 3aTPYIHCHMIA.

Jinctnar 9.4. M3snedeHne GUTOBOIA CTPOKU

;prg_9_4.asm
masm
model small
stack 256
.data
bit_str dd 11ffffllh ;CTPpOKa AN U3BNEYeHUs
.code
main: ; TOYKA BXOIA B IIPOTPAMMY
mov ax,@data
mov ds,ax
X0r ax,ax
;9T0 0053aTeNIbHO
JNeBblii Kpall MeCTa U3BJIEYEHUS LUKINYECKM IMEePeMecTUThL K JIeBOMY KpPan
;CTPOKM Dbit_str (coxpaHeHme JEBOTO KOHTEKCTa)
rol bit_str,8

mov ebx,bit_str ;NOATOTOBMIEHHYID CTPOKY B ebx
shld eax,ebx,16 ;BCTaBUTHL WM3BIEKaeMHe 16 Our
;B perucTp eax
ror bit_str,8 ;BOCCTaHoBMTL CTapwue 8 OWT
exit: ;eax=000Offff
mov ax,4¢c06h
int 21h

end main

Mepecbinka 6uTOB

Ilo cytu, nmporpaMma mepechblIKM OUTOB SIBsSIETCSI KOMOMHALIME! IBYX MpeablayILIuX.
ITosToMy monpoOyiiTe caMOCTOSITeIbHO pa3padoTaTh MpOrpamMMy MHepechbUIKU OJioKa
OUTOB U3 OJHO OUTOBOM CTPOKU B IPYTYIO, B35IB 32 OCHOBY TOJILKO UTO PACCMOTPEHHBIE
mmporpaMMmsl (cM. TuctuHIU 9.3 1 9.4). K mpumepy, IycTh UMeeTCsI IBE OMTOBBIC CTPOKMU:

bit_strl dd @abcdefabh
bit_str2 dd 012345678h

M3 3TKX CTPOK nosnydynte CTPOKY
pit_str2 dd Oabcd34abh

UTormn

9 MuHHMaJbHO afpecyeMas eIMHUIA JaHHBIX B IIpolieccope — 0aifT. Jloruueckue Ko-

MaHIbl MMO3BOJISIIOT MAHUITYJIMPOBATh OTACIbHBIMU OUTaMU. TOJNBKO 3T KOMAaHIbI

. B CHCTeMe KOMaHJ IIpoIeccopa MO3BOISAIOT paboTaTh Ha OMTOBOM YPOBHE. DTHUM,
B YaCTHOCTHU, OOBSICHSIETCS X BaXKHOCTb.
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Paborta Ha GuTOBOM YPOBHE IMO3BOJIACT B OTACJIBHBIX CIydyadaX CYIIECTBEHHO COKOHO-
MUTb IaMATh, 0COOEHHO IIpu MOAECIUPOBAHNUN Pa3TIMYHLIX MaCCUBOB, COACPXKAIINX
OOHOPAa3PAIHbIC (I)J'IaI‘I/I MJIN TIEPEKITIOYATCIIN.

KomaHabl caBura mo3BoJIsIOT BBIITOJIHSTD 6BICTp06 YMHOXEHUE U NEJICHUE OIICpaH-
JOB Ha CTCIICHU Z[BOfIKI/I, a TaKXe 3(1)(1)€KTI/IBH06 HpCO6pa30BaHI/I€ JaHHBIX.
HpI/IMCHeHI/Ie KOMaH]I IMKJINYECKOTO CABUTA U CIABUTA JBOWHOW TOYHOCTH IO3BOJIS-

€T p€ajin3oBaTb MaKCUMaJIbHO 6BICTpBIC or€panuu 1Mo paccoraiaCoBaHUIO, MEPEME-
IIEHN1I0, BCTABKE U U3BJICYCHUIO OUTOBBIX MOACTPOK.
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KOMaHOs Iepenavnu
YIIPABII€HUA

¥ TMporpamMmmMupoBaHNe HeJIMHENHbIX arOPUTMOB

# Knaccudukauma kKomaHp nepena4v ynpasneHus

# KomaHpbl 6e3yc/noBHON Nepeaayn ynpaeneHus

# MoHsATue Npoueaypbl B 93blke accemobnepa

& KomaHpbl yCNOBHOW Nnepepayv ynpasneHus

# CpepacTBa OpraHM3auum LUKJII0B B 3blke accemoOnepa

B npenbinyieil riaBe Mbl MO3HAKOMMJINUCH C HEKOTOPHIMM KOMaHIaMM, U3 KOTOPBIX
(opMuUpyloTCa TMHEHbIe yYacTKM MporpaMMbl. Kakmasi M3 HUX B OOIIEM CiIyvae BbI-
TIOJTHSIET HEKOTOpPBIE AEMCTBUS 0 ITpeoOpa30BaHUI0 WM TEePEChIIKE JaHHBIX, MOCIE YEro
TpoLIecCop TepeaaeT yrpaBlieHue cienyloleii komanae. OQHaKo IMOCIeI0BaTelbHO pa-
0oTaloT oueHb Maslo mporpamMMm. OOBIYHO B IIpOTpaMMe €CThb TOYKH, B KOTOPBIX HYXHO
MIPUHATH PellIeHWe O TOM, KaKasi KOMaHIa OyJdeT BBIMOJHSTHCS Ceaylomeid. DTo pelie-
HHUE MOXET OBbITh:

be3ycn06HbiM — B TaHHOM TOYKE HEOOXOAMMO TepenaTh yrpaBIeHUE He CIeayloleii
KOMaHje, a Apyroi, Koropass HaXOAUTCS Ha HEKOTOPOM YyIaJleHUU OT TeKYIleH;

X YCA06HbIM — PELICHUE O TOM, Kakass KOMaH/a OyleT BhITOJHATHCS CAeoyoLIe, pu-
HUMAaETCs Ha OCHOBE aHajIM3a HEKOTOPBIX YCJIOBMIl WU JaHHBIX.

Kak BBl MOMHUTE, MporpamMma IMpeAcTaBiseT CO0OM IMOc/ien0BaTeIbHOCTh KOMaH/
U JaHHBIX, 3aHUMAIOLINX OIpe/IeICHHOE MTPOCTPAHCTBO OTIEPATUBHOM MaMsATH. DTO MPO-
CTPAHCTBO MAMSITH MOXKET JMOO ObITh HEMPEPBIBHBIM, JUOO COCTOSITh U3 HECKOJbKMX
(parmeHToB. B raBe 5 HaMu ObUTM PACCMOTPEHBI CPEACTBA CETMEHTALIMU KO/Ia IIPOrPaMMBbl
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u ee 1aHHbIX. To, Kakasi KOMaHa MPOTrpaMMBbI 10JKHA BBIITOTHATHCS CIAEMYIONIe, Mpo-

L[ECCOp Y3HAET IO colepKuMoMy mapsl peructpos CS:(E)IP!, B koTopoii:

Si CS — peructp cerMeHTa Kofa, B KOTOPOM HaXoOUTCsI (hu3nuecKuii (0a30BbIit) ampec
TEKYIIEro CerMeHTa Koja;

Xk EIP/IP — peructp yka3zaTesst KOMaHIbl, B KOTOPOM HaXOAMTCS 3HaUEHUE, TPEACTaB-
JIsTIoIIee co0Oi CMeIleHNe B TTaMSITU CJICAYIONIeH BBITTOJIHSIEMON KOMaHIbl OTHOCH -
TeJIbHO Hayaja TeKYyIEero cerMeHTa Koja.

NPUMEYAHUE HamomHio, mouemy MbI 3ancbiBaeM peructpbl EIP/IP yepe3 kocyio uepTy.
Kakoit KOHKpeTHO peructp OyaeT MCITOJb30BaThCsI, 3aBUCUT OT YCTAHOB-
JIEHHBIX peXUMOB agpecaunu usel6 mim use32. Ecau ykaszano usel6, To
ucnoJibdyercs [P, ecnmuse32 — 1o EIP.

Takum oOpazoM, KOMaHIBI Mepeaadyy yIIpaBIeHUST U3MEHSIOT COIEPKUMOE PErucT-
poB CS u EIP, B pe3ynbrare yero rnpoieccop BEIOMpPAET AJIs1 BRITTOJHEHUS HE CIeIYIOIIYIO
10 MOPSAKY KOMaHIy IIPOrpaMMbl, & KOMaHAy B HEKOTOPOM APYIOM YYacCTKeE Mporpam-
MbI. KoHBeliep BHYTpH Ipolieccopa IIpu 3TOM cOpachiBaeTCs.

ITo mpuHLIMITY AeliCTBUS KOMaHIBI IIpoLieccopa, 00eCIeuynBaloIIe OpraHu3anio
MePEXOI0B B IIPOrpaMMe, MOKHO pa3feuTh Ha TPU TPYIIIEL.

KomaHnms! 0e3ycIoBHOM Mepenayu yIpaBIeHU:

O 0e3yCIOBHOIO IEPexoa;

O BBI30BA IPOLIEAYPEI U BO3BpaTa U3 MPOLIEAYPHI;

D BbI30Ba mporpaMMHBIX NTPEPBIBAHUI X BO3BpaTa U3 MIPOTPAMMHBIX MPEPhIBAHUIA.

KomaHnbl ycioBHOI mepenayr yrpaBaeHUs:

P mepexona rmo pe3yabTaTy KOMaHIbl CPaBHEHMUS;
I1 mepexoma 1o COCTOSIHUIO ofpeiesicHHOTO (hiara;
IT nepexona mo cogepxumomy peructpa ECX/CX.
Komanap! ynpaBieHuUs IIUKIOM:

IT opranuzauuu ukia co cueTuukom ECX/CX;

D opranuzanum mukia co caeTynkoM ECX/CX ¢ BO3MOXHOCTBIO TOCPOYHOTO BBIXO/IA
U3 IIMKJIA TI0 JOTOJHUTEIbHOMY YCIOBHUIO.

Bo3H1KaeT BOMpPoc o ToM, KaKM 06pa3oM 0603HAYaeTcs TO MECTo, Ky1a HeoOXOAMMO
nepenaThb yrpasieHue. B a3bpike acceMOiiepa 310 AeaaeTcs ¢ TOMOIIbI0 MeTOK. Memka —
3TO CHUMBOJIMYECKOe UM, 0003HavYaIlee ONMpeaeTeHHYI0 TUeiiKy maMaTh U Tpej-
Ha3HaYeHHOE [IST UCTIO/Ib30BaHUS B KaUeCTBE ONepaHaa B KOMaHIax Tepeaayu yiupas-
JICHMUS.

ITogo6HO mepeMeHHOM, TPAHCISITOP acceMOJiepa IMpUCBaUBaeT 1000 METKe TPH aT-
puoyTa:

! Tlpu obCyXneHUM apXUTEKTYPhl MUKPOTIPOLIECCOPA Mbl TOBOPWMIIM, YTO KOMAH/Ibl U3BJIEKAIOTCS U3 MaMSITH
3apaHee B TaK Ha3bIBaGMBIIl KOHBEHEp, MO3TOMY afipec Mojiexalieil BBIOOpKe KOMaHIBl U3 TTaMsSITU M CO-
nepxumoe napbl CS:E(IP) — He omHo 1 To Xe. DTa mapa perucTpoB COIEPXKHUT aapec KOMaHIbl B TPOrpam-
Me, KOTopast OyZieT BHITIOTHAThCS CIIEyIoNIel, a He Toii KOMaHbl, KOTopas TIOMIeT B KOHBeep.
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¥ umsa ceemenma koda, TIe 3Ta METKa OITMCaHa;

¥ cmewjeHue — paccTosiHME B OaliTax OT Hayajla CerMEHTa KojIa, B KOTOPOM OIfKcaHa
MeTKa;

% mun, v ampubym paccmosiHus, METKH.

IMocneanuit aTpuOYT MOXKET NPUHUMATD IBa 3HAYCHUSI:

near — Iepexo] Ha METKY BO3MOXEH TOJILKO B IpeesiaX CerMeHTa Koja, T/ie 5Ta MeT-
Ka oIucaHa, TO eCTh JIsS Iepexo1a Ha MeTKY (DPM3NYECKU JOCTATOUHO U3MEHUTD TOJBKO
conepxumoe peructpa EIP/IP;

# far — mepexoj] Ha METKY BO3MOXKEH TOJBKO B pe3yJIbTaTe MEXCETMEHTHOM TIEpeaadn
yIIpaBJCHUS, IJISI OCYIIECTBICHUSI KOTOPOl TpeOyeTCss U3MEHEHUE COACPXKMMOIo Kak
peructpa EIP/IP, tak u peructpa CS.

MeTKy MOXHO OIMpPEAeIUThb IBYyMSI CIIOCOGAMMU:
#  oIlepaTOpoM : (IBOETOUME);

# nupexktuBoit LABEL

CuHTaKcuc nepBoro crocoba rnokasa Ha puc. 10.1.

—|CVIMBOJ1VI'-IECK09 UMS|

» I IJ
LL KomaHpa accembnepa

Puc. 10.1. CuHTakcmc onncaHust MeTKM C MOMOLLbIO onepaTtopa

C OMOIIIBIO OTEPATOPA ¢ MOKHO OIPEIETUTh METKY TOJIBKO OJIUXKHETO THITA — near.
OrnpeneeHHYI0 TAKMM 00pa3oM METKY MOXHO MCITOJIb30BaTh B KA4e€CTBE OllepaHIa B KO-
MaHgax ycioBHBIX nepexonos JCC u 6esycnosHoro mepexoga JMP, CALL Oty komaHIbI,
eCTECTBEHHO, JOJDKHBI ObITh B TOM K€ CerMEHTEe KOIa, B KOTOPOM OIpeeeHa MeTKa.
KomaHnma accem0Giiepa MOXET HaXOAUThCS KaK Ha OMHOM CTPOKE C METKOM, TaK U Ha Clie-
IYIOIICH.

Bo BTOpOM criocoGe oTmpemeeHuss METOK B IIPOTPAMMeE MCIIOJIB3YETCS AUPEKTUBA
LABEL (puc. 10.2).

~ CUMBOM4EcKoe UMs H label | —] Tvin MeTkn |—

Puc. 10.2. CuHTtakcuc gmpektuebl LABEL

THI METKM MOXET MMETb 3HAYeHMe near uiu far. OGBIYHO nupexktuBy LABEL ncrmosns-
3yIOT AJIs1 ompeaesieHus uaeHTUuGUKaTopa 3agaHHOro tumna. Hampumep, cieaymooliiue
OMUCAHUS METOK OJIMXKHEro TUIla SKBUBAJICHTHBbI:

ml:
mov ax,pole_1
ml label near
mov ax,pole_1

IToHATHO, YTO METKA MOXET OBITH TOJILKO OAHOIO TMNa — aubo near, aubo far. Eciau
BO3HMKAeT HEOOXOIMMOCTh MCITOJb30BaTh JJISI OMHOM U TOM Xe KOMaHIbl METKH U Jajlb-
Hero, v OJIMXXHEro TUIIOB, TO B 3TOM cliydyae HEOOXOAMMO OIPEAeIUTh IBE METKU, TPH-
4yeM METKY JaJbHEero TUIA HYXHO ONucaTh, ucnoib3ys nupektuny LABEL, kak nmokazano
B cieaylolieM (parmMeHre:
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public m_far ;coenaTtb meTky m_far BuaAMMONM Ons BHEWHUX NMPoOrpamMm

m_far label far ;onpeaenexHue meTku panbHero tmna m_far
m_near: ;onpeaenexne MeTku 6amxHero Tuna n_far

movax,pole_1

Onpeneaus s KOMaHIbl mov ax,pole_ | 1Be METKM, MOXHO OpraHM30BBIBATh Nepe-
XOI Ha 3Ty KOMaHAy KaK U3 JaHHOTO CEeTMEHTa KOMaHI, TaK W U3 APYTUX CErMEHTOB
KOMaHJ, B TOM YKCJI€ TPUHALJIEXAMX IPYTUM MOAYSIM. [1j1sl TOro 4yToObI ceaath BU-
IMMBIM M3BHE UMs MeTKM m_far, mpumensercs nupexktuBa PUBLIC. K 6onee mogpobHo-
MY OMMCAHMIO STOW IUPEKTUBHI MBI ellle BepHeMcs B IiaBe 15.

Jpyroii yacTo BCTpeyalomuiics ciaydyail mpuMeHeHus aupektuBbl LABEL — aTo opra-
HM3aIMs TOCTyIa K 00JIaCTH TaMSITH, COAEPXaIeil JaHHBIE Pa3HBIX TUIIOB, HATIPUMED:

mas_b label byte
mas_w dw 15 dup (?)

;B 9TOM ¢parmeHte oba maeHTUdMKaTopa OTHOCATCH K OAHON 06nacTm
;NaMsaTM WM [alT BO3MOXHOCTb paboTaTb C Heil, MCNONb3ys pasHble
;MeHa, nnbo kak ¢ OGaliToBbIM MaccuBoM, nnbO Kak C MaCCUBOM CJOB

mov mas_b+10,al ;3anucb n3 al B maccus 6aitos (B 11-1 GanT)

mov mas_w,ax ,3anucbL N3 ax B MNepeoe CJIOBO obnactm mas_w

BcrioMHUM ellie 0HO OYEHb BaXHOE MOHATUE acceMOepa, MMEIoLIee PSMOe OTHO-
LIeHUe K MEeTKaM, — cyemuuk aopeca komand. MBI yXe YTOMUHAIX O HEM B TIEPBBIX IJ1a-
BaX M TOBOPWJIM, YTO TPAHCIATOp acceMbjepa ob6pabaThiBacT MCXOMHYIO MPOrpaMMy
MocJIeJ0BaTeIbHO — KOMaHy 3a KoMaHmoi. [1pu 3ToM BeieTcs CUETUMK afipeca KOMaH/I,
KOTOPBIii [T TIepBO MCTIOJHSIEMOI KOMaH bl paBeH HYJII0, a Aajiee, 10 X0y 00paboTKu
ouepeaHOM KOMaHIbI TPAHCIATOPOM, YBEIMUUBAETCS Ha ITMHY 3Toi KoMaHsl. [1o cyTH,
CYETYHMK a[peca KOMaH] — 3TO CMelIeHHe KOHKPETHOM KOMaHIbl OTHOCUTEIBHO Havajia
cerMeHTa kKofa. TakuM obpa3oM, Kaxkaasi KoMaHIa BO BpeMs TpaHCISIUU UMeeT adpec,
paBHBII 3HAYEHUIO CUETYMKA ampeca KomaHa. OOpaTuTech K riaBe 6 U elle pa3 IoCMOT-
pUTE Ha IPUBEICHHBIN B HeM JTUCTUHT 6.2. [lepBast KOJIOHKA B IUCTUHTE — HOMEP CTPO-
KU (paitna muctuHra. Bropast KonoHka (Mu TpeThsl, €CIU IIPUCYTCTBYET KOJIOHKA C YPOB-
HEM BIIOXXEHHOCTU) — CMELIeHNEe KOMaHIbl OTHOCUTEJILHO Havyala CeTMeHTa KoJa WJIH,
KaK MBI Ceifyac onpeiesiin, CYeTUHK afpeca. 3HAUeHHe, Ha KOTOPOe OH YBEIMUMBACTCS
o Mepe 00paboTKM acceMOJIepOM OUepEeIHOM CTPOKU UCXOMHOM TPOrpaMMBbI, PABHO 3Ha-
YEHUIO JUIMHBI MALIMHHOW KOMaHIbI B 3TOM CTpoKe. Mcxoast U3 3TOro, sICHO, ToyeMy
CYETUHMK aJpeca YBEIMUMBACTCS TOJIbKO MOCJIE TeX CTPOK UCXOAHOM MPOrpaMMBbl, KOTO-
pble TeHEPUPYIOT HEKOTOPOE MAaIIMHHOE MpeAcTaBlieHue (B TOM YMCIe MOCIe TUPEKTUB
pe3epBUPOBAHUS U MHULMATN3AUUK JAHHBIX B CETMEHTE TAHHBIX).

TpaHcasTop acceMOiiepa 06eCrieunBacT HaM JBE BOSMOXHOCTH PaOOThI C 3TUM CYET-
YUKOM:

B wucnonb3oBaHMe METOK, aTpUOyTy CMEIIEHUS KOTOPBHIX TPAHCISTOP NPUCBAUBACT
3HAUeHUE CUETUMKA afpeca CIAeOyIoleii KOMaH/IbI;

NPUMEHCHUC NI 0003HAaYECHUS CYETYMKA aJape€ca KOMaH/I IMpH 3aJaHUN OIICPAHI0B
KOMaH[ CIICHMaJIbHOIo CMMBOJIA $, BO BPEMA TPAHCTIALIUN 3aMCHACMOTO TCKYIIUM
YMCJIICHHBIM 3HAYCHUEM CUYCTUYMKA aapeca.
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Knaccuyecknin npumep:

.data

s BblMMCNEHWe NJIVHLH CTPOKY B CEIMEHTe NaHHHX
Str_Mes db "3aiMuch menom - yum accembiep ..."
Len_Msg=$%$-Str_Mes

IMocne accembnpoBaHust 3HaueHue Len_Msg Oyner paBHO JJIMHE CTPOKHM, TaK Kak
3HaueHUe CUMBOJA $ B MecTe ero MosiBJAeHUs1 oTinvaercss oT Str_Mes poBHO Ha AJUHY
CTPOKH.

Hpyroe npuMeHeHue, M30aBisolIee MPOrpaMMUCTa OT HEOOXOAMMOCTU «IIOJUThb»
JUMIIHUE METKU B TIpOrpamMme, — peaiu3anus 6Ju3Koro, OYKBaJIbHO Yepe3 CAEAYIOIIYI0
WJIM IIPEABLAYLLYIO KOMaHbl, epexosa. Jlis mpuMepa paccMOTpUM (pparMeHT Mporpam-
MbI U3 JTUCTHHTA 6.1 (CM. Ti1aBy 6):

cmpdl,9h ;CPaBHWUTbL (dl) C 9h
jle $+5 ;MepeiTM Ha KOMaHgy mov cl,4h, ecnanm d1<Sh wan dl=9h
" sub dl,7h ;BbluMTakune: (dl)=(d1)47h
" mov c1,4h ;nepecwinka 4h B perucTp ct
cmpal,sh ;CpaBHUTL (al) ¢ 9h 28
jle $+4 ;nepeiTn Ha komaHgy add di,al, ecam al<Sh mam al=Sh
sub al,7h ;BoluMTanme: (al)=(al)y7h
;M2
adddti,al

Kax y3HaTh nmpaBWJIbHbIE 3HAYCHUS JJIMHBI KoMaHa? Bo-mepBbIx, M0 OMBITY, TO.6CTh
MPOCTO Aoraaathcsi. Bo-BTOpBIX, M3 haiiia TMCTUHTA, YTO HE BCETa IaeT Pe3yabTar, TakK
KaK KOHEYHbIe MalllMHHbIE KOMaHbl (KOJOHKA (haiiia JMCTUHTA ¢ 00BEKTHBIM KOIOM)
B HEM He BCeraa 10 KoHla chopMHUpOBaHbl. B-TpeTbuX, y3HATh IUIMHBI KOMaHI MOXHO,
3arpy3uB IporpaMmy B oTJaguuK U akTuBupoBaB okHo CPU. IMocaeanuit cmocod caMblii
TouHbIA. He OyaeT HMUYEro CTpAIHOIO, €C/I ISl TIEPBOrO MPOroHa MCIIOJHSIEMOTO MO-
JyJisl IpOrpaMMbl B HEM OYIyT HeBepHbIe 3HAYEHUST LIS TOAOOHBIX OTHOCUTEJIbHBIX I1e-
pexonoB. U ellle oqHO 3aMevyaHUe: IIPU Tepexole BIliepen HeoOX0NUMO YUUThIBATh AJIH-
HY TEeKYIIeii KOMaHIbl Ilepexoja, Ipy Mepexoae Hasaja 3TOTo JejaTh He HYXHO.

KpoMe BO3MOXHOCTH IMOJIyYeHUsI 3HAY€HUsS CYeTYMKA afipeca KOMITUJISITOP T03BO-
JIIeT MPU HEOOXOIMMOCTHM YCTAaHOBUThH CUETUMK ajJpeca B HYXXHOe abCONIOTHOE 3Haue-
HUe. DTo aenaeTcs ¢ moMollbio qupekTuBbl ORG:

ORG BbipaxeHue

31ech BbIpaXXEHUE JOJKHO ObITh TAKMM, YTOOBI acceMOiep MOT Ipeodpa3oBaTh €ro
K abCOJIIOTHOMY YHMCITy NIPU TEPBOM MPOXOJE TPAHCISLUM.

'K nmpumepy, 3Ty IMpeKTUBY BCeraa MCIOJIb3yIOT IPU CO30aHUN MCIIOJHSIeMOro (aii-
Jla ¢ paciiMpeHueM .com. B KoHTeKkcTe Hallero o0CyXneHus MOsSICHUM, B YeM 3/1€Ch CYTb.
B rnaBe 5 Mbl 06CyK 1A/ CETMEHTALMIO U Ie/ieHHe IPOrpaMMBbl Ha cerMeHThI. [IporpamMma
B popmate COM COCTOUT M3 OJHOTO CeTMEHTa BeJIMYMHOM He Oosee 64 KoaiiT. CermeHT-
Hble peructpbl CS u DS conmepxaT onHO M TO Xe 3HaueHue (U3MIYecKoro aapeca, a pe-
rucTp SS yKa3blBaeT Ha KOHEIl 3TOro0 eMMHCTBEHHOro cerMeHTa. [IporpamMma-3arpy3yuk
ONEepPallMOHHOM CHUCTEMBbI, CYMTHIBASI C IMCKa MCIOJHsIeMble (aiijibl ¢ paclIMpPeHUSIMU
.eXe U .Ccom, IPOM3BOIUT OIpelieICHHbIC NeCTBUS. B yacTHOCTH, HAaCTpauBaeT repeMe-
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HiaeMbie aapeca IMporpaMM Ha WX KOHKpeTHble (pudmdeckue 3HadeHUs. Kpowme Toro,
K HavyaJly KaxJI0i MCIIOJHSIeMON TPOrpaMMbl B MTaMsTH H00aBIsSIeTCs CIielnaibHas 00-
JIacTh BeIMYMHOI 256 aitt (100h) — npeguxc npoepammuoeo ceemenma (PSP). OH mpen-
Ha3HauyeH I XpaHeHWs pa3InuyHoOl WH(MOpMaLMK 0 3arpy>KeHHOM HCITOJIHIEMOM MO-
nyne. st mporpamM popmara COM 610k PSP HaxomuTcs B Havale cerMeHTa pa3MepoM
B 64 K6aiit. B ncxomHo# mporpamme, Ul UCITOTHSAEMOTO (haiiia KOTOpOil MIaHupyeTcs
dbopmar COM, MBI TOJKHBI IPEAYCMOTPETh MecTO AJist 61oka PSP;4yto u nenaercst nu-
pexTuBoii org 100h.

YTo0OBI 3aKOHYUTH Pa3roBop o (aitax 3Toro TUMA, pazdepeMcs ¢ TeM, KakK IMOJTyIUTh
ucnosHsAeMblit Moaysb (popmata COM. TpaHcaAus mporpaMMBbl BBITIOJTHSIETCST Kak
00bIYHO. [lasiee BO3MOXHBI 1Ba BapuaHTa ACHCTBUM.

Bo-TepBhIX, BO3MOXHO Ucnoab3oBanue yTuauTy tlink ¢ kaouom /t:

tlink /t uma_obbvekTHOro_gaiina
BTOT BapuaHT TOAXOAUT TOJBKO B TOM CJIydae, €ClId Bbl IIPaBUIBHO O(OPMUIU KC-
XOIHBIH TeKCT mporpaMMbl it popmata COM. Kpome Toro, Hatuuue TMPEKTUBBI
org 100h mpexamonaraer:

0 OTCYTCTBUE pa3le/IeHUs CETMEHTOB JaHHBIX M CTeKa, TO €CTh JaHHEIC HEOOXOIM-
MO OITMCaTh B CeTMEHTE KoJa, a IJIsT UX 00Xo1a UCII0JIh30BaTh KOMaHIy 0e3yCIOB-
Horo nepexona JMP;

I1 mpumenenue nupekTuBbl ASSUME mist ykazaHus TpaHCIATOPY Ha HEOOXOAMMOCTh
CBSI3aTh copepkuMoe peructpoB DS 1 SS ¢ cermenTOM Kofa:

codeseg segment para "code”
assume cs: codeseg,ds:codeseg,ss:codeseg
org 1660h
jmp ml

;3A€ChH ONJCHBAEM [NaHHHE

ml:

;oanee UOYT KOMaHOH MPOTPaAMMH

Bo-BTOpBIX, MOXHO WMCIOJb30BaTh CIEIUANbHYIO YTUIUTY exe2bin. Dra ytunauta
TTO3BOJISIET TTPeoOpa3oBaTh yKe MOJYYeHHBIN paHee MCIIONHSAEMBI MOMYJIb B (hop-
mate EXE B popmar COM:

exe2bin uMa_Qaiina_exe ums_taikna_com.com

DTOT BapUaHT He TPeOyeT CIelraIbHOro 0hopMIEHHUS NCXOTHOTO TEKCTa IMPOTpaM-
Mbl. ETMHCTBEHHBIM TpeOOBaHMEM SBJISIETCS TO, YTOOBI MCXOMHBII TEKCT OBLI TOBOJIb-
HO MaJl o 00beMY.

W HTepecHBI BapuaHT McToab3oBaHus fupekKTuBbl ORG paccmotpen B [8], rae
C €€ TMMOMOIIbIO BHITIOJTHAETCS TMHAMWYeCcKast MOAMGUKaIMI MAaIIMHHOTO KOJIa KO-
MaHJIbI.

Be3ycnoBHbIE nepexoabl

[Ipenpiayinee oO6CcyxaeHUe BBISIBUIO HEKOTOPBIE A€Tald MeXaHU3Ma nepexoaa. KomaH-
IIBI TIepexoaa MOANGUIIMPYIOT peTucTp ykaszaresst komanasl EIP/IP u, Bo3amoxHo, cer-
MeHTHBII peructp kona CS. UTo MMEHHO MOJXHO MOABEPTHYThCS MOAU(UKALIUH,
3aBUCUT:
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OT TUMAa OIlepaHaa B KOMaHIe 0e3yCI0BHOrO Tepexoaa (OJMXHUKN WIW JajlbHUM);

#  oT MoguduKaTopa, KOTOPHIN YKa3bIBaeTCs Mepel aapecoM Iepexomna B KOMaHIe TIe-
pexoia U MOXET NMPUHUMATh CJeayIolle 3HauYeHus1 (caM alpec Mpu NMpsSMOM Tepe-
X0JIe HAXOIMTCSI HEMOCPEJACTBEHHO B KOMaH i€, a IPU KOCBEHHOM — B PETUCTPE UK
sSYeiKe maMsiT):

O NEAR PTR — npsimoii nepexoq Ha METKY BHYTPM TEKYILETO CETMEHTA KOIa, IpU
aToM Mommupuuupyetcs Tonbko peructp EIP/IP (B 3aBUCMMOCTH OT 3aJaHHOTO
THIIA CerMeHTa Kozia usel6 miu use32) Ha OCHOBE YKA3aHHOTO B KOMaHe aapeca
(METKM) WIIM BHIPaXXEeHUS, MCIIOJIB3YIOIIET0 CMMBOJI U3BJICYCHUSI 3HAYCHUS CUET-
guKa afapeca KoMaHz ($);

IT FAR PTR — npsiMoii nepexon Ha METKY B IPYrOM CETMEHTE KOJia, IIPU 3TOM aipec
nepexoja 3alaeTcsl B BUAE HEMOCPEJACTBEHHOIO OMNepaHia Wiau aapeca (METKH)
U cOCTOMT U3 16-pa3psigHoro ceiekropa v 16/32-pa3psgHOro cMelieHMsl, KOTO-
phIe 3aTpyXaroTcs, COOTBETCTBEeHHO, B peructpsl CS u EIP/IP;

D WORD PTR — KocBeHHBI# Iepexo/ Ha METKY BHYTPHU TEKYLIETO CETMEHTA KoJia, p1
5TOM MOAMGUIUPYETCs (3HAYEHMEM CMeEILleHMsT pa3mepoM 16 wim 32 6ura us3
MaMsTHh MO YKa3aHHOMY B KOMAaHJE aapecy WU U3 PErucTpa) TOJbKO PErUCTp
EIP/IP;

D DWORD PTR — KocBeHHBII epexo, Ha METKY B APYTOM CErMEHTe Koja, pu 3TOM
MOIUGUUMPYIOTCS (3HAYEHUEM U3 TIAMSITU — U TOJbKO U3 MaMSITU, U3 PETUCTPA
Henb3s) 0oba peructpa, CS u EIP/IP (rmepBoe cioBo/mBOITHOE CJIOBO aapeca Tepe-
XoIa, TpencTaBisIioniee coboli cMerneHue, 3arpyxkaercss B EIP/IP; Bropoe/TpeTne
cinoBo — B CS).

KomaHnpa 6e3ycnoBHoro nepexoaa

CuHTakcuC KOMaHIbl 6€3ycI0BHOrO nepexona 6e3 coxpaHeHUs MHGOPMALHUU O TOYKE
BO3Bpara:
jmp [MomudmraTOp] ampec_mepexona

3n1ech aapec_rnepexona NPeacTaBisieT METKY WM aapec 00J1acTh MaMsiTh, B KOTOPOii
HaXOJMUTCS yKazarelb Mepexoja. .

Bcero B cucteme KoMaH Mpolieccopa €CTbh HECKOJbKO KOJAOB MAallMHHBIX KOMaHJ,
6e3ycinoBHoro nepexona JMP. Ux paznuuus onpenensitorcsl AajJbHOCTbIO Mepexoaa
U crocoboM 3aaHus 1iejneBoro aapeca. JlaabHOCTb Mepexoga ONMpeaesieTcsl MeCTONo-
JIOKEHUMEM OIEepaHia aipec_Irepexona. DTOT aApec MOXET HAXOAUThCS B TEKYILEM CEr-
MEHTE KOjia UJIM B HEKOTOPOM JIPYTOM cerMeHTe. B repBoM ciiyyae nepexos Ha3blBaeTCs
GHYMpPUCESMEHMHbIM, WK OAUKUM, BO BTOPOM — MeNCCe2MEHMHbIM, NI OQNbHUM,

BHyTprcerMeHTHBII Mepexo MpeAnosaraet, YTo U3MEHSIETCS TOJIbKO COIEPXKUMOE
peructpa EIP/IP. MoXHO BBIIETUTh TPY BapHaHTa BHYTPUCEFMEHTHOTO UCITOJb30BaHUS
KOoMaHabl JMP:

K TIpSIMOM KOPOTKHMI MEPEXO;

K mnpsmoii nmepexon;

KOCBEHHBIN IIepexon.
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IIpsmoit Kopomkuii eHympuceemeHmHblil nepexod TPUMEHSIETCSI, KOTAAa pacCTOsSHIE
or koMaHawl JM P 1o ampeca nepexona He npeBbimaeT —128 vim +127 Gaiir. B aTom ciy-
yae TpaHCIITOp acceMOiiepa hopMUpyeT MalllMHHYI0 KOMaHIy 0e3yCIOBHOTO Tiepexona
JUTMHOM BCeTo NBa Oaiita (pasMep OOBIYHON KOMaHIBl BHYTPMCETMEHTHOTO 0O€3yCIOB-
HOTO Mepexoaa CoCTaBJIsIeT TpU 0aifTa). I1epBblil OaliT B 3TOM KOMaHAe — KOJI Ofepalnu,
3HAYeHNE KOTOPOTO TOBOPUT O TOM, YTO ITPOLIECCOP AOKEH 0COOBIM 00pa3oM TPaKTO-
BaTb BTOPOIi OAlT KOMaHIbl. 3HaYeHNE BTOPOTO 0aiiTa BEIYMCIISIETCS TPAHCISITOPOM KakK
Pa3HOCTb MEXIy 3HaUYeHUEM CMeLIeHUs KOMaHIbl, ciaeaytoleit 3a JM P, u 3HaueHueM
aznpeca repexona. IIpu ocyIiecTBIEHUU MPSMOTO KOPOTKOTO Iepexoaa HYXKHO MMETh
B BUJLY CJICAYIOIINI BaXKHBIE MOMEHT, CBSI3aHHBIN C MECTOTIOJIOKEHUEM apeca Mepexo-
1a 1 camoii komaHasl JMP. Ecin anpec nmepexoma pacrosoxeH 1o KoManasl JMP, To ac-
cemOiep (popMUpYyeT KOPOTKYI0 KOMaHIy 0e3yCIOBHOTO Tepexona 0e3 MOTIOJTHUTEThb-
HBIX yKa3aHuii. Eciu agpec mepexona pacnoioxeH mociie Komauabl JMP, Tpancnarop He
MOXET caM OTIPeIe/INTh, YTO Mepexo]] KOPOTKUI, TaK KaK Y Hero elle HeT MHDOopMaIuu
00 ampece niepexona. st okazaHUS TOMOIIY KOMITUAIATOPY B (POPMUPOBAHUM KOMaHIbI
KOPOTKOTO 0€3yCJIOBHOTO Tepexo/ia B JOTIOJHEHNE K paHee YITOMSHYTHIM MOIU(pUKaTO-
pam ucnonb3ytoT mogudukarop SHORT PTR:

jmp short ptr ml
;He 6onee 35-40 komanp (127 6air)
ml:

Eie BapuaHT:

ml:
...;He 0Gonee 35-40 komaHp (-128 6aiiT)
jmp ml

IIpsimoii eHympuceemenmubiii nepexod OTIMYAECTCS OT IPSIMOTO KOPOTKOTO BHYTPH-
CErMEHTHOTO Iepexo1a TeEM, YTO AJIMHA MallMHHOM KoMaH 16l JMP B 3TOM ci1ydae cocraB-
JISeT TpH OaiiTa. YBeJIMUeHNe IJIMHBI CBI3aHO C TEM, YTO ITOJIe ajpeca Iepexoma B Ma-
IWHHOU KoMaHae J M P paciupsiercs o 1Byx 6aiiTOB, a 3T0, B CBOIO O4epeb, TTO3BOJISIET
MPOMU3BOAUTE Tepexoanl B npeaenax 64 Ko6ait otHocutenbHo ciueayoueit 3a JMP xo-
MaH[IHL:

ml:

.;paccToaxue Oonee 128 GaiT M MeHee 64 Kb6aunt
jmp mt

Koceennuiit eHympuceemenmubiii nepexod TIOAPa3yMeBaeT «KOCBEHHOCTb» 3alaHUs
azipeca repexona. ATo O3HAYaeT, YTO B KOMaH/Ie YKa3bIBaeTCsS HE caM alpec Iepexona,
a MeCTO, TIIe OH «IeXWT». [IpuBegeM HeCKOJIbKO IIPUMEPOB, B KOTOPHIX ABYX0aNTOBHBIN
azipec nepexoja BbIOMpaeTcs IMO0O0 U3 perucTpa, J11bo 13 00JacTy MaMsITU:

lea bx,ml

jmp bx ;ampec mepexoma B peructpe bx
ml:
.data
addr_mil dw ml

.code
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jmp addr_ml ;aapec nepexoja B queiike namatum addr_mi

ml:

Emie HecKoJbKO BapraHTOB KOCBEHHOTO BHYTPMCETMEHTHOTO Mepexoaa
<1,
<2>.data
<38>addr dw ml
<4> dw m2
<>, ..
<6>.code
<Fr. ..
<8>cycl:
<9> mov si,®
<10 jmp addr[si);aapec mepexoma B CioBe maMsTu addr+(si)
<11>. ..
<12» mov si,2
<13> jmp cycl
<14>ml:
<15>. ..
<l6>m2:
<17?>. ..

B sTom mpumepe omna komanga JMP (ctpoka 10) MoXeT BHITIOJHSTDH MEPEXoabl Ha
pa3Hble METKU. BBIOOpP KOHKPETHOUN METKM Tepexoia ONpenesseTcs COAepXUMbIM pe-
ructpa SI. Onepann Komauas!l JMP onpenenser agpec mepexoma KOCBEHHO ITOCIE BEIUMC-
neHus BeipaxkeHus addr+(SI).
<1>...
<2>.data
<3>addr dw ml
<4>. ..
<5>.code
<6>...
<T> lea si,addr
<8> Jmp near ptr [si] ;aapec Iepexola B guelike mamMaTty addr
9>, ..
<16>ml:

B mannoM ciaydae ykasanue mogudukaropa NEAR PTR obsi3atessHO, Tak Kak, B OTIIH-
Yyye OT MPEeAbIAYIIETro crocoda, anpec sueiku mamsaty addr ¢ ampecom mepexona TpaHC-
JIATOpY Tiepenaercss HesiBHO (CTpoku 3, 7 u 8), u, He uMes MH(OpMaIUU 0 MEeTKE, OH He
. MOXET OTNIPE/IEJINTh, KAKOW UMEHHO MEPEXO.T OCYLIECTBIISIETCS] — BHYTPUCETMEHTHBIN MW
MEXCEeTMEHTHBIN. Meojicceemenmublii hepexod TIpeATIoaraeT APyroit popmMar MalImHHOK
komaHabl JMP. [Tpu ocymiecTBIeHMT MeXXCerMeHTHOTO Iepexoaa KpoMme peructpa EIP/1P
Monuduimpyercs Takxe peructp CS. AHaTOrMYHO BHYTPUCETMEHTHOMY TTIEPEXOTY, MEXK-
CEeTMEHTHBIN Tepexo MOAMEPXKUBAIOT IBa BapraHTa KOMaHA 0e3yCJIOBHOIO Mepexoaa
MPSIMOW U KOCBEHHBIN.

KomaHnua npsmoeo mesxcceemenmnoeo nepexoda WMMeeT IUIMHY TISATh 0AliTOB, U3 KOTO-
pBIX JiBa OaiiTa COCTABIIAIOT 3HaYEHNE CMEIIEHUS U Ba 6aiiTa — 3HaYeHWE CETMEHTHOM

COCTaBJILIOLIEN anpeca:
seg 1 segment

MY

jmp far ptr m2 ;3pgecb far o6s3aTenbHO
ml label far

seg_| ends
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seg_2 segment

m2  label far
jmp ml  ;3pecb far Heo0Gs3aTenbHO

PaccMmatpuBas 3TOT IipuMep, oopatute BHUMMaHue Ha Mogudukatop FAR PTR B ko-
manzae JMP. Ero Heo6XoaMMOCTh OOBSICHSETCSI BCE TOM K€ JIOTMKOM paGoThl OJHOIPO-
XOIHOTO TpaHcasTopa. Eciu onmucanue MeTku (MeTKa ml) BcTpeyaeTcss B UCXOHOM TeK-
CTe MpoTrpaMMBbl paHbIlle, YeM COOTBETCTBYIOIIAs eii KOMaHAa Iepexoja, TO 3alaHue
MoauduKaTopa Heo0s3aTebHO, TaK KaK TPAHCISATOP BCe 3HACT O JAHHOU METKe U caM
bopMupyeT HyXHYI0 MATUOANTOBYIO (hopMy KOMaHAB Oe3ycIOBHOTO Tepexoaa. B ciy-
Yae, KOTJa KOMaHJa Tepexoqa BCTpedyaeTcs IO OMUCAHUS COOTBETCTBYIONIEH METKH,
TPaHCJSITOP He MMEeT ellle HUKaKoi nHdbopMaiuu o MeTke, 1 Mogudukatop FAR PTR
B KomaHae JMP onyckaTh Hesb3sl, TaK KaK TPAHC/ISTOP HE 3HAET, KaKyio (hopMy KOMaH-
161 GOPMUPOBATh — TPEXOANTHYIO WK NATUOANTHYIO. Be3 criennanbHOro ykasaHus Mo-
nudukaTopa TpaHCIATOP OyneT GopMUpOBaTh TPeXOANTHYIO KOMaHIy BHYTPUCETMEHT-
HOTO Tiepexoja. .

KomaHna kocgenHozo medxicceemenmnoeo nepexoda B KayecTBe ONEpaHAa MMEET ajpec
00J1acTy MaMsTH, B KOTOPOI cofepKaTcsl CMEIIeHe M CeTMEHTHas 4acTh 1eJIEBOTO aji-
peca mepexona: :

data segment

addr_ml dd ml ;B none addr_ml 3Ha4YeHWS CMELLEHUS
;M agpeca cermeHta metku mi

data ends

code | segment
'.'.ﬂnp ml
c':ééi.e_l ends
code_2 segment

ﬁilllabel far
mov ax,bx

éode_2 ends

Kak BapuaHT KOCBEHHOI'O MEXCETMEHTHOTO Iepexoga HeoOXOAMMO OTMETUTh KOC-
BEHHbLIL PecUCMPOBbLIL MedcceeMeHmHbll nepexod. B aToM Bue mepexopaa aapec mepexo-
Jla yKa3bIBaeTCs KOCBEHHO — B PErucTpe. DTO O4YeHb YIOOHO IJISl IMPOTPaMMUPOBAHUS
OIUHAMMYECKUX TEPEXOI0B, B KOTOPHIX aZpec Mepexoaa MOXET U3MEHAThCS Ha CTaauM
BBITTIOJIHEHU S IIPOTPAMMBI:

data segment

addr_ml dd ml ;B mome addr_ml 3HaYeHUS CMeleHUS
;7 ampeca CerMeHTa MeTky ml

data ends

code_l  segment

""1ea bx,addr_ml

jmp dword ptr[bx]

éééé_l ends

code_2  segment

ﬁi“label far
mov ax,bx

E:E)éiéj ends
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Takum obpazom, moaucdukatopsl SHORT PTR, NEAR PTR u WORD PTR mpumensitorcs
ISl OpTaHu3alluy BHYTpUCETMEHTHBIX nepexonoB, a FAR PTR u DWORD PTR — mexcer-
MEHTHBIX.

JL1sl TIOJTHOM SICHOCTHM HY>KHO el1le pa3 MoA4epKHYTh, YTO eCJIM TUII cCerMeHTa — use32,
TO B TeX MeCTaXx, I1e peub 1uia o peructpe IP, MoxHo ncnonb3oBath peructp EIP u, coot-
BETCTBEHHO, pa3Mepbl TI0JIel CMeIlleHUs] YBEIUUUTh 10 32 OUTOB.

Mpouenypsbl

Jlo cux TOp MBI pacCMAaTPHMBAIHM IIPUMEPHI TPOrpaMM, MpeIHa3HauYeHHBIE IS OTHO-
KpaTHOTO BBHITIOJHeHMA. Ho, MpHCTYyNmUB K MpOrpaMMUpPOBaHUIO TOCTATOYHO CEpPb-
€3HOM 3amayy, BBl HaBepPHAKA CTOJIKHETECh C TEM, UTO Y Bac MOSBSITCS TIOBTOPSIOIITECS
(dbparmMeHTH Koma. OTHM U3 HUX MOTYT COCTOSITh BCETO M3 HECKOJIBKUX KOMAaHII, IPYyTHUe
3aHMMATh U JOCTATOYHO MHOTO MECTa B MCXOIHOM Kome. B mocrmemseM ciydae sTu (par-
MEHTHI CYIIECTBEHHO 3aTPYIHAT YTEHHME TEKCTa IIPOTPAMMBI, CHU3AT €€ HAIJISAHOCTD,
YCITOXHAT OTNAAKY W TOCTYXaT HencUepraeMbIM UCTOYHMKOM OIMMOOK. B sI3bIKe ac-
ceMOJiepa ecTh HECKOJNBKO CPEICTB, PEHIAIONINX TpobneMy AyOiIMpoBaHUS (HparMeHTOB
mporpaMMHoro Kona. K HuM oTHOCATCS:

8 MpOLEIypBI;
# MaKpOIOICTaHOBKM (MakpoacceMOep);
8 TeHepallMs 1 0OpabOTKa MPOrpaMMHBIX TPEPbIBAHUA.

B aHHOII IJIaBe pacCMATPHUBAIOTCS TONBKO OCHOBHBIE TIOHSATHSI, OTHOCSIIINECS K BbI-
30By npouenyp. BBumy BaXXHOCTH 3TOTO BOMpPOca Mbl MPOJOJIKKUM €ro U3yyeHue B Iia-
Be 15 B KOHTEKCTE TeMbl MOAYJIBHOTO MPOTPaMMUPOBAHHUS Ha acceMOepe. AKTyanbHast
1t porpaMMupoBanus mon Windows mpob6iema pazpabotku 6ubnmrorek DLL Ha ac-
ceMmOjiepe onucaHa B [8]. MakpoaccemOiepy mocBsiieHa riasa 14.

Ilpoyedypa, vnu noonpoepamma, — 310 OCHOBHASI PYHKIIMOHAbHAS €IUHULIA IEKOM-
no3uuuu (pasieseHusl Ha yacTu) HeKoTopoii 3anauu. [Ipoieaypa npencrasiseT codoii
TPYIIY KOMaHA LUI4 pellleHHsl KOHKPETHOW M03a1ayy U 001afaeT cpecTBaMU MoJyde-
HMS YIpaBjieHUs] U3 TOUKM BbI30Ba 3a1auu 0osiee BHICOKOTO YPOBHS M BO3BpaTa yrnpaB-
JIEHUS B 3Ty TOUKy. B mpocTeiiiieM ciyyae mporpaMma MOXET COCTOSITh U3 OTHOM Mpo-
ueaypsl. JIpyrumMu cioBamMu, MpolLieaypy MOXHO OMPEAeTUTb KaK MPpaBUJIbHBIM 00pa3oM
0(hOpMJIEHHYIO COBOKYITHOCTbh KOMaH/I, KOTopasi, 0yIy4u OJHOKPATHO OINMcaHa, Mpy He-
00X0MMOCTH MOXKET ObITh BbI3BaHa B JTIOOOM MeCTe MPOTrpaMMBbl.

Jlnst onyMcaHusl TTIOC/Ie0BATEIbHOCTA KOMaH I B BUE MPOLENYpPhI B SI3bIKE acceMoJie-
pa ucnoabayorcs ase aupekTuBbl: PROC u ENDP.

CuHTakcuc onucaHus npouenypsl TakoB (puc. 10.3).

W3 pucyHKa BUAHO, YTO B 3arojoBKe mpoluenypsl (mupektuBe PROC) o6s13aTesbHBIM
SIBJISIETCS TOJIBKO 3alaHue MMeHW mpolenypbl. Cpeau OOJbIIOTO KOJAMYECTBA OMNepaH-
noB nupeKTuBbl PROC ciremyeT 0co00 BBIIEIUTD [paccTosHKe]|. DTOT aTpUOYT MOXKET IIPU-
HuMatb 3HaueHus1 NEAR wau FAR m xapakTepusyeT BO3MOXHOCTb 0OpallleHus K MpoLe-
Jype M3 Apyroro cermeHTa koma. [lo ymonuaHuio aTpubyT [paccTosiHue| MpUHUMAET
3HaueHue NEAR.

[Ipouenypa MoxeT pa3meliaTbCs B JIIOOOM MeCTe MPOrpaMMBbl, HO TaK, YTOOBI Ha Hee
cyJyaiiHeIM 00pa3oM He Tomnajo yrnpapieHue. Eciu mpolienypy NMpocTo BCTaBUTH B 00-
1IMiI MOTOK KOMaH[I, TO MPOoleccop BOCTIPUMET KOMaHbl MPOLeayphbl KaK YyacTb 3TOTO
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ums_npouegypsl PROC [[moaudukarop_sasbika ] a3bik] [paccTosHve ] _l

[ARG crincok anrvmeHTnr 1 3aronosox

npoueaypbl
[RETURN cnucok_anemeHToB] _J P VP

KOMaHapbl, Teno
[AVPEKTUBBI npoueaypsbl
accembnepa

MMS_npoueaypbt ENDi Konew,
( _npouenype | __| npoueaypel
Puc. 10.3. CuHTakcmc onucaHus npoueaypbl B NporpaMmme

IMOTOKa M, COOTBETCTBEHHO, HAYHET BBITIOJHSTH 3T KOMaHIbl. YUUTBIBAsK 3TO OOCTOSI-
TEJIbCTBO, €CTh CIEAYIOIINE BApUAHThl pa3MellleHUs TPOLeIyphl B TPOrpaMMe:

% B HayaJje MporpaMMBbl (10 MepBO MCTIOTHIEMOI KOMaH/IbI);

N

B KOHIIe TIporpaMMbl (ITOcie KOMaHIbl, BO3Bpalllalolleil yIpaBlIeHue OrepaloHHOM
CHUCTEME);

MNPOMEXYTOUHBIA BAPUAHT — BHYTPU APYTroii NpoLeaypbl UJIM OCHOBHOU Mporpam-
MEI (B 3TOM CJIydyae He0OXOAMMO IIPeayCMOTPETh 00X0I MPOLIEAYyPHI C ITOMOIIBIO KO-
MaHIBI 0e3yca0BHOrO nepexona JMP);

# B apyrom mopyiae (bubnunoreke DLL).

Pa3zmenieHre mpoleaypbl B Hauajle cerMeHTa Koja Tpearoiaraer, 4YTo mocjienoBa-
TEJILHOCTh KOMaH/I, orpannderHas mapoii gupektuB PROC u ENDP, 6yner pasmerniena no
METKH, 0003HavaoIeii TepByIo KOMaHIy, C KOTOPO HAYMHAETCS BBHITTOJTHEHUE TTPOTpaM-
MEIL. OTa MeTKa J0JIKHA OBITh yKa3aHa Kak mapameTp nupekTuBsl EN D, o603Havalomei
KOHeII MpOrpaMMBbl:

model small
.stack 100h
.data

.code

my_proc procnear

ret
my_proc endp
start:
end start

OObsIBIIEeHHME MMEHHM IIPOLIEAYPHl B IIPOrpaMMe PaBHO3HAYHO OOBSBICHUIO METKH,
nostomy nupekTuBy PROC B wacTHOM ciiydyae MOXHO paccCMaTpMBaTh KakK 3aByaJlHpO-
BaHHYI0 (hopMy ompenesieHus: nporpaMMHoit MeTku. [losTtomy cama ucnosiHsiemasi Tpo-
rpaMMma TakXe MOXET ObITh opopMIIeHa B BUE MPOLEAYPhl, YTO JOBOJHHO YaCTO U Jie-
JlaeTCs C 1EeJIbI0 TTOMETUTH MEePBYI0 KOMaHAy MPOrpaMMbl, ¢ KOTOPOU JOJKHO HAvyaThCs
BeinmoyiHeHME. [1pu 3TOM He 3a0BIBaiiTe, YTO MMS 3TOM IIPOLIEAYPHl HY>XKHO 0053aTEIbHO
yKa3bIBaTh B3aKiounTeapbHou aupekTruBe EN D . Takoii cMHTaKCHC MBI YK€ HEOTHOKpAT-
HO UCIIOJIb30BaIM B CBOMX MporpamMMax. Tak, MocieIHuii pacCMOTPEHHBIN (GparMeHT
9KBUBAJIEHTEH CJIEIYIOLIEMY:

model small
.stack 100h
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.data

.code

my_proc procnear
ret

my_proc endp
start proc
start  endp
end start

B atoM (parmeHTe mocje 3arpy3Ku MporpaMMel B MaMsTh yIIpaBieHUe OyIeT mepe-
JIaHO TIePBOIl KOMaH/Ie MPOLeNypbl C UMEHeM start.

PasMellieHre NIPOLIEAYPBl 6 KOHUe NpoepamMbl TIPEATIONATaeT, YTO MOCIEN0BaTE b-
HOCTh KOMaH/I, orpanndyeHHas qupektuBamu PROC u ENDP, HaxomuTcs cienom 3a KOMaH-
JI0i, BO3BpallAIoIeil yIpaBlieHNUE OMEePallMOHHOM crcTeMe:

model  small
.stack 100h
.data
.code
start:

mov ax,4c00h
int 21h ;BO3BpaT ympaBleHUS ONEePaliOHHO} CUCTEME
my_procprocnear

ret
my_proc endp
end start

TIpomescymounnlii eapuanm pacnosoxcenus Tella TPOLEAYPHI TIPEANOiaraeT ee pas-
MelleHWe BHYTPH IPYToil MpoleTypsl MJIM OCHOBHOM MporpamMMebl. B aToM ciydae HeoO-
XOIUMO MPETYCMOTPETh OOXOM Teia MpoLeAyphl, orpaHuYeHHOro nupekruBamu PROC
n ENDP, ¢ moMolpio KoMmaHabl 6e3ycioBHOro nepexona 3MP:

model  small
.stack 100h
.data
.code
start:

jmp mi

my_proc procnear
ret

my_proc endp

ml:

.k

mov ax,4c06h .
int 21h ;eo3epat ynpaBNeHWs ONEPaLMOHHOA cucTeme
endstart

TMocneHuit BApUAHT PACMOIOXKEHUS ONIUCAHMIT TIPOLIEYD — 6 OMOENBHOM ceamenme
Koda — TIPEAIOJIaraeT, 4YTo 4acTO MCIIOJb3yeMbIe IPOLEAYPHI BEIHOCITCS B OTAEIbHBII
(aiis, KOTophIil JOJKEH ObITh 0(OPMIIEH KaK OOBIYHBIN MCXOOHBIN (haiil U MOIBEPTHYT
TPAHCISIUMM IS TTOJIydeHUs] 0ObeKTHOTO Kojma. BriociencTBum 3TOT OOBbEKTHBIN (haiin
C TIOMOIIbI0 YTUIUTHI tlink MOXXHO 00bEIMHUTS ¢ (HaiiIoM, B KOTOPOM aHHbIE MPOLIEIY-
pHI ucnogb3yores. C yTuanToi tlink MbI TO3HaKOMUJIUCE B ITaBe 6. DTOT Ccocob mpe-
roJIaraeT HajJu4ue B MCXOJHOM TEKCTE IIPOrpaMMBbI €Ie HEKOTOPHIX 3JIEMEHTOB, CBSI-
3aHHBIX C OCOOCHHOCTSAMU pealu3allii KOHIEHIIUMKA MOIYJIbHOTO MPOrpaMMMPOBAaHMS
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B s13bIKe accemoOuiepa. [loaToMy B 1oJIHOM 00bEME 3TOT CITOCOO OyIeT paCCMOTPEH B IJIa-
Be 15.

Kak obpatuthes K npouenype? Tak Kak UMs TIpolieAypbl 001anaeT TeMU Xe aTpuoy-
TaMU, 9YTO ¥ OOBITHASI MeTKa B KOMaH Ie Tlepexofa, To 00paTUThCS K IMpOolleaAype, B IpHUH-
LIMTIe, MOXKHO C ITOMOIIBIO JII000i KoMaHIBI Tlepexona. Ho ecTh omHO BaXKHOE CBOMCTBO,
KOTOPOE MOXHO MCIIOJb30BaTh Oynarogapsi CliellHaJlbHOMY MEXAHU3MY 8bi308a NPOUeOyp.
CyTh COCTOHNT B BO3MOXHOCTH COXpaHeHUs WHGOPMAIIUU O KOHTEKCTE MPOrpaMMBI
B TOYKE BBI30Ba Ipolleaypsl. Ilom kormexcmom moHUMaeTCss MHGOPMAIIHS O COCTOSTHUN
MMPOrpaMMBI B TOUYKE BBI30Ba MPOIIEAYPHl. B cucTteMe KoMaHI Ipolieccopa ecTh IBe KO-
MaHbI 1J1s1 paboThl ¢ KOHTeKcTOoM — CALL m RET.

Komanna CALL ocyuiecTBisieT BBI30B Ipoleaypsbl (moarnporpaMmbl). CHHTaKCUC KO-
MaH/Ibl: '

call [moaonduvkaTop] ums_npoueayps
ITono6Ho koManae JMP komanga CALL mepenaer ynpaBiieHMe 10 aapecy ¢ CUMBOJIU-
YEeCKWM UMEHEM WMA_Apoueaypsl, HO TIPU 9TOM B CTEKe COXpaHsIeTCsl aapec Bo3BpaTa
(TO ecTh ampec KOMaHIBI, claeaylomieii mociae komaHabl CALL).

Komannma RET cuuthiBaeT agpec Bo3Bpara U3 CTeKa U 3arpyXaet ero B peructpbl CS
u EIP/IP, Tem cambIM Bo3Bpaliiasi yripaBjJeHUEe Ha KOMaHIy, CIEAYIOIIYIO B TpOrpaM-
Me 3a kKoMaH1oit CALL CHHTaKCHC KOMaHIBI:

ret [4ncno]

HeoOGs13aTenbHbIl MapaMeTp [4nciio] o6003HaYaeT KOJIUYECTBO IJIEMEHTOB, yaasie-
MBIX M3 CTeKa IIPU BO3BpaTe M3 Mpollenyphl. PazMep ameMeHTa OIpeneasieTcss Xopo-
110 3HAKOMBIMU HaMm napaMeTpaMu AupeKTuBbl SEGMENT — use16 u use32 (uium coot-
BETCTBYIOIIUM MapaMeTpoOM YMPOIIEHHbIX AUPEKTUB cerMeHTauu). Ecau ykazan
mapameTp usel6, To [umcio] — 310 3HaUeHKe B OaiiTax; ecik use32 — B CIOBax.

Hnsa xomangsl CALL, kak u mist JMP, akTyanbHa mpobGiaeMa opraHU3allMy OIVKHUX
¥ TaJIbHUX TIEPEX0I0B. DTO BUIHO M3 popMaTa KOMaHIBI, Tle IPUCYTCTBYET ITapaMeTp
[Monudukatop]. Kak u B cayyae koMaHabl JMP, BeI30B mpolnieaypbl KomaHaoi CALL mo-
XET OBITh BHYTPUCETMEHTHBIM M MEXKCETMEHTHBIM.

[pn enympucezmernmuom BbI30Be MpoLeaypa HAXOANUTCS B TEKYIILEM CETMEHTE KoJa
“(MMeeT TUII near), U B KauecTBe ajapeca Bo3BpaTta komaHna CALL coxpaHsieT TojibKo
conepxumoe peructpa IP/EIP, uto BrionHe moctatouno (puc. 10.4).

Ne  Tlpwm mescceemenmnom BbI30BE TIPOIIEypa HAXOMUTCS B APYTOM CETMEHTe Kofia (MMeeT
THII far), u a4 ocylecTBieHUs Bo3BpaTta KomaHaa CALL 1ojkHa 3alIOMHUTB COAEP-
xumoe oboux peructpoB (CS u IP/EIP), npu 3ToM B cTeKe cHauyaa 3alIOMUHAETCS
comepxumoe peructpa CS, satem — peructpa IP/EIP (puc. 10.5).

BakHO OTMETHUTH, YTO OHA U Ta Xe MPOoIleaypa He MOXeT OBITh OMHOBPEMEHHO TIPO-
LeAypOii OIMKHETO M JAJIbHETO TUITOB. TaKuM 00pa3oM, eCiTi IpoIleaypa NCIOIb3yeTCs
B TEKYIIEM CETMEHTE KOIa, HO MOXKET BBI3BIBATHCS U M3 IPYTrOTO CErMEHTa IPOrpaMMEI,
TO OHA JOJIXXHA OBITh 00BsIBJIEHA TTpolienypoit Tuma far. [lomo6Ho komanae JMP, cyiie-
CTBYIOT 4eThIpe pa3zHOBUAHOCTU KoMaHabl CALL. Kakass nmeHHO KomaHma OymeT cdop-
MMpPOBaHa, 3aBUCUT OT 3HAUYCHUS Modughukamopa B KOMaHze BbI3oBa Iipolueaypbl CALL
U aTpuOyTa NajJbHOCTU B OMMCAHUMU Tpolienypbl. Eciu mpouenypa onucaHa B Hayaje
CerMeHTa JaHHBIX ¢ YKa3aHWeM MaJbHOCTHU B €€ 3aT0JIOBKE, TO TIPU ¢¢ BBI30BE ITapaMeTp
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Mpoueanypa 6avKHEro Tmna my_proc:

OnepaTvBHasa namsiTb OnepaTrBHas NamsTb

oooo:oooo! ; oooo:oooo! :

............ 888~y [Tt

S&:5P—>| ST e AT N
------------ = T e

A
|

ss:fff —>»| OHo crexa

Ssifff —>»{ [Hocreka

—p

Crapwwe agpeca O Crapwwue appeca Orl
Crek [0 KoMaHabl Crek nocne KoMaHzbl
call my_proc call my_proc
Puc. 10.4. CogepxvmMoe cTeka [0 M Mocne BbiMOMHEHUST KOMaHbl BbI30Ba MPOLEaypbI
6nnxHero Tuna

Mpouenypa fanbHEro Tuna my_proc:

OnepaTtuBHas NamsTb OnepaTvBHas NamsTb
0000:0000 0000:0000 J
SS:sP->f " e ss:sP =[] ...
"""""" | R ST
AUUURN = e T
SS:ffff > [Ho cTeka T ss:Hfff —>| [HocTexa
Craplume agpeca Ol Crapwuwve agpeca Orl
Crek o0 kKoMaHap! Crek nocsie KoMaHbl
call my_proc call my_proc

Puc. 10.5. Conepx1moe cTeka 0 1 NMocse BbINOHEHUS] KOMaHbl Bbi30Ba NpoLeaypsbl
nanbHero Tuna

[MomudukaTop| MOXHO He yKa3blBaTbh: TPAHCIATOP caM pa3bepeTcsi, Kakyio komaHay CALL
eMy HyXHO chopMupoBaTh. Eciin ke mpolienypa omcaHa IOCle ee BhI30Ba, HAIIpUMeED,
B KOHLIE TEKYILETO CETMEHTA MJIA B JPYTOM CETMEHTE, TO IIPU €€ BBI30BE HY>XKHO YKa3aTb
acceMOJIepy TUIT BEI30Ba, YTOOBI OH MOT 332 OJWH IPOXOJI IPaBUIBHO c(POPMUPOBATH KO-
Mannay CALL. 3HaueHus1 modugurxamopa TaKkue xe, Kak U 'y Komanasl 3MP, 3a uckiioue-
HueM 3HaueHust SHORT PTR.

C nupexrtuBoit PROC ucnonb3yiorcs eie Heckonabko aupekTuB: ARG, RETURNS, LOCAL,
USES. x Ha3HaueHHe — MOMOYb IIPOTPAMMMUCTY BHIIIOJHUTh HEKOTOPBIE PYTUHHBIE Jeii-
CTBUS TP BBI30BE M BO3BpaTe M3 MPOIEAYPHI (3200HO M MOBLICMB HAlEXKHOCTh KOIa).
HNupexktuBsl ARG u RETURNS HazHaualoT BXOMHBIM U BBIXOAHBIM MapameTpaM MpoLeny-
pHI, TIepedaBaeMbIM 4Yepe3 CTeK, cuMBoiimyeckue nuMmeHa. Jlupekrua USES B kauecTBe
ImapaMeTpOB COMEPKUT MMEeHA MCIIOJB3YEMBIX B IPOIeaype peTUcTpoB. [Ipm o6paboTke
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9TOW AMPEKTUBHI acceMOiep HOpPMUPYET BXOJHOW ¥ BBIXOJHOW KOABI MpPOLEAYpHl (13
komann PUSH u POP), obecnieunBaroiie coxpaHeHre M BOCCTAHOBJICHIE perucTpoB. u-
pextuBa LOCAL nmpenHa3HayeHa AJs BbIAEJEHUS Kaapa cTeKa IUisl JTOKaJIbHbIX TepeMeH-
HbIX, UTO MTO3BOJISIET SKOHOMUTD MaMATh, 3aHMMaeMy1o MporpaMmoii B enoM. [loapo6-
HO 3T IUPEKTUBHBI 00CYXIalOTCs B I1aBe 15.

HeobxonumMo 3aMeTuTh, 4TO B JaHHOM pazziesie MpuBeaeHa HHGpopMalus o MopsiaKe
omnmucaHus mpoueayp, npuHstTom B TASM. OnucaHue M UCMOJIb30BaHKE MPOLENYD
B MASM uMmeeT 0cOOEHHOCTH, O KOTOPHIX MOXHO Y3HaTh U3 MaTepuana riaasbl 15.

[MocnenHuit u, HaBepHOE, caMblii BaXXHbII BOMPOC, BOSHUKAIOLIM I TTPU paboTe ¢ Mpo-
LeaypaMu, — Kak MpaBUJIbHO TiepeaaTh MapaMeTphl MPOLeAype U BEPHYTh Pe3yIbTat?
DTOT BOMPOC TECHO CBA3aH C KOHLEMIME MOTYIbHOTO TPOrpaMMUPOBaHUS U MOAPOO-
HO Oyner paccMaTpuBaTbcs B riaBe 15. C mpuMepaMu MCMOJb30BaHMS MPOLIEAYD Bbl
MOXeTe TI03HAKOMUThCS B JUCTMHIAX MOAMPOTpaMM, MpelHa3HAYeHHBIX IS BbIYKCIE-
HHUSI YEThIpEX OCHOBHBIX apu(pMeTUUeCKUX NeHUCTBUN C TBOMUYHBIMU U OECATUYHBIMU
(BCD) uncnamu ¥ HaXoASIMXCS CPEAM MIpUaraeMbiX K KHUTe ¢ailioB B KaTajore ria-
Bbl 8!. Kpome Toro, BOpochl opraHu3alliy peKypCUBHBIX U BIOXEHHbBIX MPOLIEAYp pac-
CMOTpEHHI B [8].

YcnoBHble nepexoabl

Jlo cux mop MBI pacCMaTpHUBAI KOMaH[IbI TIepexoaa ¢ «0e3yCIOBHBIM» MPUHIIMIIOM Jeii-
CTBUSI, HO B CUCTeMe KOMaH/I MPOLieccopa ecTh 60JIblast TPyIa KOMaH[, IIPU3BaHHBIX
CaMOCTOSITEIbHO MPUHUMATh pellieHue O TOM, KaKas KOMaH[Aa JOJKHA BHITOIHSTHCS
cremywonieii. PeneHne mpuHUMAaeTCs B 3aBUCUMOCTH OT OTIpeeIeHHBIX YCIIOBHIA, oIpe-
JeNsieMbIX KOHKPETHOM KoMmaHmol mepexoma. IIpoueccop moamepxuBaeT 18 KomaHn
YCJIOBHOTO IEPeXoia, MO3BOJSIONINX MPOBEPUTh:

# OTHOLIEHWE MEXIy OoIepaHIaMU CO 3HAaKOM (0OJble MU MEHBIIIE);
# OTHOILEHWE MeXIy onepaHaaMu 6e3 3HaKa (BbIlIE UM HIXe);
% cocrosHusamu apubmMerndeckux ¢guaros ZF, SF, CF, OF, PF (no ne AF).

KoMmaHIBI yCIIOBHOTO TIepexoa MMEIOT OMMHAKOBEI CHHTAKCHC!
jcc meTka_nepexoaa

Kak BumHO, MHEMOKOZ BCEX KOMaHI HAUYMHAETCSI C CUMBOJA <«j» — OT ¢408a jump
(TpBIXOK). BMecTo CMMBOJIOB «cc» YKa3bIBaeTCsl KOHKPETHOE YCIOBHE, aHAIU3HpPYe-
Moe KoMaHmoii. UTo KacaeTcs omepaHIa MeTKa_fiepexofa, TO OH OIPENeNsIeT METKY ITe-
pexoma, KoTopast MOKeT HaXOIMThCS TOJNIBKO B TIpeeTaX TEKYIIETro CerMeHTa Kola; MexX-
CETMEHTHOM TiepeIavr yIpaBIeHHs B YCIOBHBIX ITepexomax He HoIrycKaeTcs. B cBs3u
C 3TUM OTHaJaeT BOIPOC O MOAM(MHUKATOPE, KOTOPBIH MPUCYTCTBOBAI B CUHTAKCUCE KO-
MaH 6e3ycIIoBHOrO Tepexofa. B panHux mogensx mporeccopa (8086, 80186 u 80286)

! Bce mpunaraeMble K KHUTe (hailibl MOXHO HaliTu mo ampecy http://www.piter.com/download. —
Ilpumeu. peo.

* TepMUHBI «0OJbILIE WM MEHbLIE» M «BbILE WIM HUXE» MPOUCXOISIT OT COOTBETCTBYIOIUMX aHTJIUUACKUX
TEPMUHOB «greater-less» 1 «above-below». IepBble GYKBbI STUX TEPMUHOB BXOST B COCTaB MHEMOHMYE-
CKMX 0003HAYEHUI COOTBETCTBYIOLIMX KOMAHI YCIOBHOTO Mepexona. HecMoTpst Ha KaXyllylocs CUHOHHU-
MUYHOCTh 3TUX TEPMUHOB, HA CAMOM JieJie OHM OTPAXAIOT TOT (haKT, YTO COOTBETCTBYIOIIME UM KOMAaHIbI
YCJIOBHOTO Tepexofia aHaTU3UPYIOT pa3Hble (Jaru (CM. Takxe Jajiee MOSCHEHUS B TEKCTE).
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KOMAaH]Ibl YCJIOBHOTO TIEPEX0/ia MOTJIM OCYIIECTBISITh TOJIbKO KOPOTKUE MEPEXOABl — Ha
pacctosiHue oT -128 mo +127 GaiiT OT KOMaH/bI, CAeAyIOllei 3a KOMaHA0! YCI0BHOIO
riepexona. Haumnast ¢ mporieccopa 80386 310 orpaHM4YeHHE CHATO, HO, KaK BUANTE, TOJIbKO
B Mpejesax TeKYIero cerMmeHTa Koja.

Jlns Toro 4toObl IPUHATH pElIeHre O TOM, Kyaa OyaeT mepefaHo YIpaBlIeHHE KO-
MaHIO/ YCIIOBHOTO MEPEX0/ia, MPeIBapUTETHHO TOJKHO OBITh CPOPMUPOBAHO YCIOBUE,
Ha OCHOBaHUU KOTOPOTO JOJKHO MPUHUMAThHCS pelieHre. McTouHrKaMu Takoro ycio-
BUSI MOTYT OBITb:

B 100as KOMaHAa, U3MEHSIOIAsl COCTOsIHUE apudMeTudeckux (Jaaros;
# xomaHaa CMP, cpaBHuBaloIasi 3HAYEHUSI IBYX ONEPaH/IOB,;
# cocrosHue peructpa ECX/CX.

OO6cynuM 3TH BapUaHThI, YTOOBI Pa300PATHCS C TEM, KaK pabOTalOT KOMaH/bI YCIOB-
HOTO Tepexofa.

KomaHpa cpaBHeHus

Komanna cpaBaenust CMP (CoMPare)umeer uHTepecHbIid MpUHIUI paboTel. OH abco-
JIIOTHO TaKol e, Kak y KomaHabl BeiunTaHus SUB (cM. rnaBy 8). Komanga CM P tak ke,
KaKk 1 KoMaHga SUB, BbIMONTHSIET BEIYUTAHUE OTIEPAHIOB U 1O Pe3yJibTaTaM CPABHEHMUS
ycraHaBnuBaeT daaru. EMMHCTBEHHOE, Yero OHa He JeflaeT, — HE 3alUChIBAET Pe3yiib-
TaT BBIYMTAHUS HA MECTO MTEPBOTO OMEpaH/a.

CuHTakcuc KoMaHael CMP:
cmp onepaxa_l,onepaHa_2

®rary, ycranaBmBaeMble KoMaH1oii CMP, MOXHO aHaTM3UPOBATh CIELNATbHBIMU
KOMaHIaMHU YCJIOBHOTO mepexofa. [Ipexae yeM Mbl X pacCMOTPUM, YAECIUM HEMHOTO
BHUMAaHUs MHeMOHUKe 3TuX KoMaH[ (tabn. 10.1). [lonumanue 0603HaYeHMI (3/1eMEH-
TOB B Ha3BaHUU KoMaH bl JCC, 0003HAUEHHBIX HAMM CUMBOJIAMHU «CC» ) TpU (hOPMUPOBa-
HUU Ha3BaHUS KOMaH] yCIOBHOTO MEpexo/ia 00JeTYUT X 3alIOMUHAHWE U NaJbHelIee
MPAKTUYECKOE UCIIOIb30BAHUE.

Ta6nuua 10.1. 3HauyeHne abOpeBmaTyp B Ha3BaHWUN KOMaHObI jCC

MHueMoHUYeckoe OpurvHaabHbII IlepeBon TunonepaHnos
obo3HauyeHue TEPMUH

e Equal PaBHO J106b1e

n Not Her Jliobbie

o Greater - bonbie Yuca co 3HaKOM
1 Less Menbuie Yucna co 3HakKoM
a Above Beoiie (B cMbicie 6ombiie) | Yucna 6e3 3Haka
b Below Huxe (B cmbiciie meHblne) | Yucna 6e3 3naka

B Tabn. 10.2 mpencraBieH nepeyeHb KOMaH 1 YCIOBHOrO nepexona s koMaHasl CMP.
He ynusnsiitech TOMy 00CTOSITEIBCTBY, UTO ONMHAKOBBIM 3HAUYEHUSM (PJIaroB COOTBET-
CTBYIOT HECKOJIBKO Pa3HbIX MHEMOKOJOB KOMaH/ YCJIOBHOIO Iepexoaa (OHM OTAEIeHbI
JIPyT OT Ipyra Kocolt yepToii). PasHu1a B Ha3BaHUK 00YCJIOBJICHA XKeJlaHKEeM pa3padoT-

8 3ak. 256
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YHKOB IIpolieccopa YIPOCTUTh MCIIOIb30BaHUE KOMAHJ YCJIOBHOIO Iepexoja ¢ pa3Hbl-
MU TpynnaMu KoMann. [1oaToMy pa3Hble Ha3BaHUS OTPaxKaloT CKOpee pa3Hyo (YHKIIMO-
HaJIbHYIO0 HAaIllpaBJIeHHOCTb. TeM He MeHee, TO, YTO 3TH KOMaHIbl pearMpyloT Ha OTHU
U Te Xe diary, aenaet uxX aOCOMIOTHO 5KBUBaJEHTHBIMU U pABHOIIPABHBIMU B IIPOrpaM-
Me. IMEHHO IT0O3TOMY OHM CTPYIIIMPOBAHbI HE [0 HAa3BaHUSIM, a IT0 3HAYCHUSIM (JIaroB
(ycioBMsIM), Ha KOTOpPhIE OHM pearupylor.

Tabnuua10.2. I'IepeHeHb KOMaHAyC/10BHOr o nepexoaaaidkoMaHablcmp

Tumnst MHuemMokon Kpurtepuit ycioBHOro 3HaueHus Gaaros

onepaHgoB | KOMaHIbl yCIOB- nepexona JUTS Tiepexojia
HOTO Tepexona

JTio0bIe JE omnepanz_1 = onepaHn_2 ZF =1

JTrobbie JNE omepann_1 <> omepann 2 | ZF=0

Co 3HaKoM JL/INGE onepang_1 < onepann_2 SF <> OF

Co3HakoM JLE/ING omepann_| <=omepann_2 | SF<> OFwm ZF =1

Co3HakoM JG/INLE onepanz_1 > omnepana_2 SF=OFuZF=0

Co3HakoM JGE/JNL onepana_| => onepang_2 [ SF= OF

bes 3Haka JB/INAE onepann_1 < onepang_2 CF=1

bes 3Haka JBE/INA onepann_l <= onepang_2 | CF=1um ZF=1

bes 3Haka JA/INBE onepann_1 > onepauni_2 CF-0uZF-0

bes 3Haka JAE/JNB orncpaHa_1 =>onepana_2 | CF=0

B xauectBe npumepa npuMmeHeHus Komanasl CM P paccMoTpuM pparMeHT nporpam-
MBI, KOTOPBIi 00HYJISIET moJie pole m JUIMHOM # OaiT:

.data
n equ 50
pole_m db n dup (?)
.code

Xor bx,bx ;bx=0
ml: mov mem[bx],®

inc bx

cmp bx,n

. jne ml

exit:

Tak KaK KOMaHIbl YCJIOBHOTO Iepexofa He U3MEHSIOT (JIaros, TO MOcje OJHOU KO-
MaHael CMP BriojIHE MOTYT clIeqoBaTh HECKOJHKO KOMaHJ YCJIOBHOTO Iepexona. DTo
MOXET OBITh CAEJaHO JJIS TOTO, HAIIPpUMED, YTOOBI MCCIEI0BaTh KaXkIAYIo U3 ajJbTepHa-
TUBHBIX BETBEI: O0JIblIE, MEHBIIE WX PABHO:

.data

mas db dup (?)

.code
cmp mas([sil.5 ,CPaBHUTb oqepeuHoM 9NEeMEeHT maccuBa C §
je eql : TEPEX0A, ECNMM 3NEMEHT mas paBeH 5
il low ;nepexoa, €CNN 3NIEMEHT mMas MeHblle 5

ig grt ;nepexoa, €CNN anemMeHT mas Oonblue 5
eql:
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low:

grt:

KoMaH[H YCIIOBHOT'O IIepexona u drnaru

MHeMoHUYeCKOe 0003HAYEHE HEKOTOPBIX KOMaH/I YCIOBHOTO IIepeXo/ia OTpaxaeT Ha-
3BaHue (hj1ara, ¢ KOTOPHIM OHM PabOTAIOT, M UMEET CJICAYIOIIYIO0 CTPYKTYPY: IIEPBLIM MACT
CHUMBOI «j» (jump — mepexoj), BTOPHIM — 100 0003HauYeHue (diiara, 1160 CUMBOJ OT-
pHULIAHUS «N», IIOCJE KOTOPOTO CTOUT Ha3BaHue (paara. Takast cTpyKTypa KOMaHABI OT-
paxaer ee Ha3HaueHMe. ECiM CMMBOJIA «II» HET, TO MPOBEPSETCS COCTOSHME (hara W,
eclIM OH paBeH 1, IPOM3BOAUTCA MEpexol Ha METKY mepexona. Eciau cumBo «I» mpu-
CYTCTBYET, TO IIPOBEPSICTCSI COCTOSIHUE (h1ara Ha paBeHCTBO 0 1 B cllydae ycrexa Ipou3-
BOAUTCS Mepexo] Ha METKY mepexoga. MHeMOKOAbl KOMaHA, Ha3BaHUs (JIaroB U ycJo-
BUSI MepexoaoB MpuBeAeHbl B Tab6a. 10.3. DTM KOMaHABI MOXHO UCIIOJIb30BaTh IOCIE
JIIOOBIX KOMaH/I, U3MEHSIOIINX YKa3aHHbIEe (Jiary.

Ta6nuua 10.3. KomMaHabl yCNoBHOMO nepexoaa 1 driarv

HasBanue Howmep Outa Komanna 3HaueHue ara

(nara B pETUCTpe YCIIOBHOTO IS OCYIIIECTBICHMS
eflags/flags nepexona nepexona

ITepeHoca CF 1 JC CF=1

Yernocru PF 2 JP PF=1

Hyna ZF 6 JZ ZF=1

3uaxa SF 7 JS SF=1

[Tepenonuenust OF 11 JO OF=1

ITepenoca CF 1 INC CF=0

Yeruoctu PF 2 JNP PF=0

Hyna ZF 6 INZ ZF =0

3Haka SF 7 jns sf=0

[Mepenonnenus OF 11 JNO OF =0

Ecnu BHUMareapHO nocMoTpeTh Ha Tada. 10.2 u 10.3, BUaHO, YTO MHOTHE KOMAaHIbI
YCJIOBHOTO Mepexo/a B HUX 9KBUBAJEHTHBI, TAK KaK B HUX aHATM3UPYIOTCS OAMHAKOBbIE
(naru.

B nuctunre 10.1 nmpuBeneH mpuMep MporpaMMbl, TPOU3BOISIIENA B CTPOKE CUMBO-
JIOB JUIMHOW 1 GalT 3aMEHY CTPOYHBIX OYKB aHIJIMiiCKOro ajdaButa MpOMUCHBIMU. JIjst
OCMBICJIEHHOTO pacCMOTpeHUsI 3Toro npumepa BcrmioMHUM ASCII-Koabl, COOTBETCTBYIO-
e 3TuM OykBaM (cM. raaBy 6). CTpouHble ¥ TponucHbie 6ykBhI B Tabauie ASCII ymo-
psimoueHsbl 1Mo ajdasury. CTpoYHbBIM OYKBaM COOTBETCTBYET Auara3oH KomoB 61h-7ah,
NpONMUCHBIM — 41h—5ah. 17151 TOro 4T0OBI TIOHATH UIEI0, JIEKAIIYIO B OCHOBE aIrOpUTMa
MpeobpazoBaHusl, J0CTATOYHO CPABHUTD MPEACTABACHUS] COOTBETCTBYIOIIMX MPOMUCHBIX
U CTPOYHBIX OYKB B IBOMYHOM BUJIE:
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a— 0110 0001..z — 01111010
A - 0100 0001...Z - 0101 1010

Kak BUIHO 13 IpUBEICHHOTO IBOMYHOTO ITPEICTABICHUS, IJIsI BHITTOTHEHUS TIPeod-
pa3oBaHUs MeXJly CTPOUHBIMM U TIPOMUCHBIMU OYKBaMU JOCTATOYHO BCETO JIMIIb WH-
BEepTUPOBAThH S5-I OUT.

Jluctuir 10.1.CmeHa pernctpa cCMMBOJIOB

<l> ;prg_10_1.asm
<2> model small
<3> .stack 100h

<4> .data

<5>n equ 10 ; KONUYEeCTBO CMMBOJIOB B stroka

<6> stroka db “acvfgrndup"

<7> .code

<8> start:

<9> mov ax,@data

<19> mov ds,ax

<11> X0r ax,ax

€12> mov ¢x,n

<13» lea bx,stroka ;ampec stroka B bx

<14> ml: mov al, [bx] ;;oyepenHoO cumBon u3 stroka B al

<15> cmp al,61lh ;y0emmMThCs, UYTO KON CUMBOJA He MeHbme 6lh
<16> jb  next ;ecny MeHblle, TO He 00pabaTHBaTh

<17> oW TIepelTu X CclemyoleMy CUMBOIY

<18> cmp al,7ah nybeauTbCA, UTO KON CUMBONA He 6Oonble 7ah
<19> ja next ;ecimm Oonmblle, TO He 0b6pabaTHBaTh

<20> oW TIEPEeNTV K ClemyolieMy CYUMBOIY

<21> and al,11011111b;uHBepTuUpoBaTtb 5-17 Our

<22> mov {bx],al ;;CUMBON - Ha ero MecTo B stroka

<23> next:

<24> inc bx ;alpecoBaTh CHemyomui CUMBOI

<25> dec c¢x S YMEHbLWUTb 3HaYeHNe CYeTYNKa B CX

<26> jnz ml ;ecmm cx He 0, TO mepexonm Ha ml

<27> exit:

<28> mov ax,4c00h

<29> int 21h ;BO3BpAT YIPAaBIEeHUS ONepalyoHHON CucreMme
<30> end start

O6parute BHUMaHMe Ha cTpoky 25 nuctuHra. Komanma DEC ymeHblnaeT 3HayeHMe
peructpa CX Ha 1. Korga 310 3HaueHue craHeT paBHbIM 0, Mpolieccop Mo pe3ybTary
oIepanuny neKpemMeHTa yctaHoBUT djiar ZF. KoMaHna B cTpoke 26 aHaIU3UPYyeT COCTOS -
HuUe 3Toro ¢Jiara u, 1Moka oH He paBeH 1 (cM. Tab6a. 10.3), mepenaeT yrnpaBjieHUE Ha MET-
Ky ml. 3aMeTbTe, YTO Ha MECTO 3TOI KOMaHIbl MOXHO ObLIO ObI TOCTaBUTh KOMaH1y JNE
(cm. a6, 10.2). Ho mts ananusa peructpa CX B cicTeMe KOMaHI IPOIECCopa ecTh CIie-
1MajbHas KOMaHa, KOTOPYIO Mbl ceiiuac U pacCCMOTPUM.

Komangpbl ycnoBHoro nepexona un permctp ECX/CX

ApPXUTEKTypa Ipolieccopa Ipearnoaraet crelinbrieckoe UCIoJb30BaHNEe MHOTUX pe-
ructpoB. K npumepy, peructp EAX/AX/AL ncnonab3yeTcsl Kak akKyMyJISITOp, a PETUCTPhI
EBP/BP, ESP/SP — nnsa pa6otsl co ctekoMm. Peructp ECX/CX Toxke mMeer omnpenesieHHOe
byHKIIMOHAJTbPHOEC Ha3HAaYCHUE — OH BBIMOJHSCT PYHKIIMMA CYETYMKA B KOMaHIax
yIpaBieHMs LIMKJIaMU U MTpU paboTe C 1ieMoYKaMu CUMBOJIOB. Bo3MOXHO, 4TO GyHKIIM-
OHAaJIbHO KOMaH/Ibl YCJIOBHOTO Mepexoja, cBsi3aHHbie ¢ peructpom ECX/CX, nmpaBuibHee
OBLIO OBI OTHECTH K 3TOM TPYIITIe KOMaHI.
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Cunrakcuc koMann JCXZ (Jump ifcx is Zero — nepexon, ecnu CX Houb) u J ECXZ (Jump
Equal ecx Zero — nepexon, ecniu ECX HoOJb) TaKOB:
jcxz/jecxz meTka_nepexoaa

DTH KOMaHIBl 0YeHb YIOOHO MCITOIB30BaTh IMPU OPTaHU3aIMU IINKJIA ¥ TIpU padboTe
C IIeTTOYKaMM CUMBOJIOB. B 3T0li ri1aBe MBI pa3depeMcsi Co cpeicTBaMU OpPTaHU3aIIM U ITHK-
JIOB B IIporpaMMax Ha si3bIKe accembOiiepa u mokaxem padoty komann JCXZ/JECXZ. I'na-
Ba 12 OyzeT mocBsLIeHa LEMOYEYHBIM KOMaHIaM, TIe MBI elle pa3 BEpPHEMCS K KOMaH-
nam JCXZ/JECXZ. Hy>xHO OTMETUTb CBOMICTBEHHOE UM orpaHudyeHue. B oranyue ot apyrux
KOMaH]I yCJIOBHOM Mepeayn yrpasieHus, komanasl JCXZ/IJECXZ MoryT agpecoBaTh TOJb-
KO KOpOTKHE Tepexoabsl — Ha -128 Gait unu Ha +127 GaiiT oT cieaymolieil 3a Hell Ko-
MaHIIHI.

YcTaHoBKa 6avTano ycjioBuio

IIpu paccMoTpeHMH KOMaH[ YCJIOBHOTO MEepexoia JOTMYHO YIIOMSIHYTH ele 00 of-
Hoit komaHne — SETcc. JlaHHas KoMaHIa BIIepBBIe MTOSIBUIACh B Ipolleccope i386.
Ee dopmar:

SETcc onepanal

Komanna ycraHaBnuBaeT 6aiiT onepaHal nmocie mpoBepku Mmoaudukaropa ¢c, 3a1ao-
1LIErO YCJIOBUE, aHAJIOTUYHO TOMY, KaK 3TO JeJaeTcsl B KOMaHAaxX YCJIOBHOTO TMepexona.
daxkTnyecky, MOTUMPUKATOpP ¢C 0003HaUYaET (hj1ar, KOTOPHI HYXKHO ITPOBEPUTH (CM. TIPU-
JoXeHue). B KauecTBe onmepaHma UCIOIb3yeTcs TNO0 OAWH U3 8-pa3psIHbIX PETUCTPOB
(AL,AH, BL, BH, CL, CH, DL, DH), n1u60 anpec siueiku maMsiTh pa3MepoM B 0aiiT. AITOpUTM
paboTHl KOMaHIBI 3aKJII0YAeTCsS B TOM, YTO 3HayeHWe olepaHIa YCTaHABIMBAETCS IO
pe3yabTaTaM MPOBEPKHU YCIOBUS, 3aJaHHOTO MOIU(UKATOPOM CC:

B onepaHal = 0 — ecnu ycioBuUe JTOXHO;

s onepanal = 1 — ecnu ycroBue UCTUHHO.

K l'IpI/IMpr,.B clienyoleM GparMeHTe OalT 1o agpecy rez OyneT yctaHoBiyeH B 0:

mov ax,0
cmp ax,1
sete byte ptr rez

OpraHmsaumsa UMKIOB

LwKy1, Kak M3BECTHO, TIPENCTABISICT COOOM BaXKHYIO aITOPUTMUUYECKYIO CTPYKTYpY, 0e3
KOTOPOI He 00XOMUTCS, HaBepHOE, HU ogHa IporpamMma. OpraHu3oBaTh IMUKINIECKOE
BBITIOJITHEHHE HEKOTOPOTO (hparMeHTa IIporpaMMBl MOXKHO, K TIPUMEPY, NCTIOIb3YST KO-
MaHIBHl YCJIOBHOMU TIepenavyy yIpaBIeHHWsT WIM KoMaHIy O0e3ycioBHoro rmepexona JMP.
Hanpumep, nomcuntaeM KOJIMYECTBO HYJIEBBIX 0aiiToB B ob6iacti mas (muctuHr 10.2).

Jlncturr 10.2. lNogcyer umcna HyneBbIX 37IEMEHTOB

<1> ;prg_10_2.asm

<2> model small

<3> .stack 100h

<4> .data

<5> len equ 10 ;KONUYEeCTBO 3JIEMEHTOB B mas

<6>mas db 1,0,9,8,0,7,8,0,2,0

<7> .code npodoncerue 5
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Jiuctunr 10.2 (npogosikeHue)

<8>start:

<9> raov ax,@data

<10> mov ds, ax

<11> mov cx, len ;ANMHY NoAsg mas B CX

<12> XO0r ax.ax

<13> xor si,st

<14> cycl:

<15> jcxz exit ;npoBepka cx Ha 0, ecnn 0, TO BbIXOA
<16> cmp mas|si],0 ;CPaBHUTb o4yepenHou anemeHT mas ¢ 0
<17> jne mi ;ecnn He paBHo 0, TOo Ha ml

<18> inc al ;B al - CYeTYUK HyNEeBbIX 3/1EMEHTOB
<19> ml:

<20> inc  si ;MEPENTN K CrnedyloweMy 37eMeHTy
<21> dec cx JYMEHBWMTE CX Ha

<22> jmp cycl

<23> exit:

<24> mov ax,4cObh

<25> int 21h‘ ;BO3BpAT YNpaBiieHWsa onepaunvoHHON cucteme

<26> end start

Huxn B tuctunre 10.2 opranuzoBaH TpeMst Komanaamu, JCXZ, DEC u JMP (crpoku 15,
21 u 22). Komanpaa JCXZ BbINONHSET 30€Ch ABE PYHKIIMK: MPEIOTBPAIIAET BbITIOJHEHUE
«IIyCTOTO» IMKJIA (KOrma cyeTyrK IMkia B CX paBeH HYNIO) M OTCIECKMBACT OKOHYAHWE
LIMKJIA IToc/Ie 00paboTKU Beex aaeMeHToB o mas. Komanma DEC mocie kaxmoii utepa-
LMY [IAKJIa YMEHbIIAET 3HaUeHNe cueTunka B peructpe CX Ha 1. 3ameTbTe, 9TO MpH Ta-
KOWi OpraHM3aliy LMKJIa BCE OTIEPALMK 110 €r0 OPraHU3alMy BbITTOJTHSIOTCS «BPYYHYIO».
Ho, yunTtbiBasi BAXXHOCTb TAKOTO aJITOPUTMUYECKOTO JIEMEHTA, KaK IMKJ, pa3paboTyu-
‘KM Mpolieccopa BBEJIM B CUCTEMY KOMaH/, IPYIY U3 TPEX KOMaH, 00JIeTYalollyo npo-
rpaMMHUpOBaHME IMKIOB. DTH KOMaHIbl TaKxXe Mcmoiab3yioT peructp ECX/CX kak cyeT-
YUK UMKIa. JlanuM KpaTKylo XapaKTepUCTUKY 3TMM KOMaHAaM.

Komanga LOOP mo3BoJisieTr opraHu3oBaTh HUKAHI (loops), momoOHbIe LMKIaM for
B S13bIKaX BICOKOTO YPOBHSI C aBTOMAaTUYECKUM YMEHbILIEHUEM CUeTUMKA Lukaa. CUH-
TaKCUC KOMaH/Ibl:
loop MeTKa_mnepexoja

KoManpaa peanusyeT onucaHHbIe aajiee 1eiCTBUSI.
1. Hexpement peructpa ECX/CX.
2. Cpasaenue peructpa ECX/CX ¢ Hymem:

IT ecu (ECX/CX) > 0, To ynpaBieHUe MepegacTcss Ha METKY IIepexoa;

IT ecmu (ECX/CX) = 0, To ynpaBieHUe nepegaeTcsa Ha ciaeaytomyio mocie LOOP xo- |
MaHIy.

Komannsr LOOPE u LOOPZ (Loop still cx <> 0 or Zero flag = 0 — mMOBTOpUTH LIUKJI TTOKA
CX <> 0 mmu ZF = (0) — alGCo/0THbIE CHHOHUMBI, TTIO3TOMY MCITOJIb3yITE TY KOMaHIy, KO-
Topas BaM 0osiblie HpaBUTCsl. CUMHTaKCUMC KOMAaH:
loope/loopz MeTKa_Iepexona

KomaHIbI peanu3yioT onrcaHHbIe najiee IeCcTBUS.

1. Hexpement perucrpa ECX/CX.

2. CbaBHeHHe peructpa ECX/CX ¢ HyaeM u aHanu3 coctossHus ¢iara Hys ZF:
I ecmu (ECX/CX) > 0 u ZF = 1, ynpasiieHue niepeaaercss Ha METKY II€PEX0/a;



OpraHusaupst UMKIoB 231

D ecnu (ECX/CX) = 0 unu ZF = 0, ynpaBieHMe nepeaaeTcs Ha cienyoutyio mocie [IOP
KOMaH]Iy.

Komanmer LOOPNE u LOOPNZ (Loop still cx <> 0 or NonZero flag = 0 — moBTOpUTH
ki, moka CX <> 0wunu ZF = 1) Takke abcoIoTHbIe CHHOHUMBI. CUHTaKCUC KOMaHI:
loopne/loopnz meTka_nepexoaa

KomaHasl peann3yloT onMCcaHHBIC Jajiee NeCTBHS.

1. JexpemeHTt peructpa ECX/CX. '
2. CpaBHeHnue peructpa ECX/CX ¢ Hynem u aHanu3 coctosiHus ¢uara nyis ZF: -

0O ecmm (ECX/CX) > 0 u ZF = 0, ynpaBiieHUe nepenaeTcsi Ha METKY IMepexoja;

O ecnu (ECX/CX) =0 unu ZF = 1, ynpaBneHue repenaeTcs Ha cieayoouryo nociae LOOP
KOMaHy.

Komanner LOOPE/LOOPZ u LOOPNE/LOOPNZ no mpuHLMIY CBOEil pabOThI SIBJSIIOTCS
B3aMIMHOOGPATHEIMU. OHHU pacluUpsIOT AeiicTBUe KomaHabl LOOP TeM, 4To HOMOMHUTEb-
HO aHanu3upyIoT diar ZF. D10 maeT BO3MOXHOCTh OPTaHM30BaTh TOCPOYHBIN BHIXO U3
IIWKJIa, UCTIOJIB3Ysl ATOT (hjlar B KayecTBe MHAMKATOpa. TUIMMMIHOE MPUMEHEHHUE ITHX
KOMaHII CBSI3aHO C oIlepallveid IoMcKa ONpeneIcHHOTO 3HAaYeHUS B TIOCICAOBATEIbHO-
CTH WJIM CO CPaBHEHHMEM JIBYX YHCEI.

Henocratok komana opranu3anuu uukiaa LOOP, LOOPE/LOOPZ u LOOPNE/LOOPNZ 3a-
KJII0YaeTcs B TOM, YTO OHM PEaiM3yIOT TOJBKO KOpOTKHUEe Tepexonbl (or -128 mo
+127 6Gaiit). Ins paGoThl ¢ JIMHHBIMM LMKJIAMU MPUIAETCS MCIIOJb30BaTh KOMaHIbI
ycioBHOTO nepexoga M koMmanny JMP (cm. nmuctunr 10.2), mo3ToMy mocrapaitech OCBO-
UTh 00a criocoba opraHu3aluu HUKI0B. PaccMOTpUM HECKOJbKO MPUMEPOB OpraHuU3a-
MU 1UKJ0B ¢ nomoubio koMana LOOP, LOOPE/LOOPZ u LOOPNE/LOOPNZ.

IMporpamma u3 nuctuHra 10.2 ¢ MCMoab30BaHMEM KOMAaHIBl OpraHM3alluy MK
OyzeT BBIMJISIAETh TakK, Kak nokazaHo B auctuHre 10.3.

Jiucturr 10.3. MoacyeT HyneBbix 6ANTOB C UCMONB30BAHMEM KOMaHL,
yNpaBieHNs LIMKIIOM

<l> ;prg_10_3.asm
<2> model small
<3> .stack 100h

<4> .data

<5> len equ 10 ,KONMYeCTBO D3JIEMEHTOB B Mas
<6>mas db 1,0,9,8,0.7,8,0,2,0

<7> .code

<8> start:

<9> mov ax,@data

<10> mov ds,ax

<11> mov ¢x,len ; IIVHY TIONI MasS B CX

<12> X0r ax,ax

<13> xor si,si

<14> jcxz exit ;npoBepka cx Ha 0, ecmu 0, TO BHXOZ
<15> cycl:

<16> cmp mas[si},o ; CDaBHUTHL OYepenHON 5ieMeHT mas C 0
<17> jne ml ;ecnmu He pasHo 0, To Ha ml

<18> inc al ;B al - CyeTYyVK HYJIEeBHX D3JIEMEHTOB
<19> ml:

<20> inc si ‘nepeidThH K cremyomeMy SIeMeHTY

<21> loop cycl

<22> exit:

npononkerne B
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JiuctnHr 10.3(npogonxerHue)

<23> mov ax,4c86h
<24> int 21h ;BO3BpAT YIpPaBJIeHNS OIEePalMOHHON CUCTeMe
<25> end start

3ameTbhTe, uTo y KoMaHIbl JCXZ B cTpoKe 14 ocramach TOTbKO omHa GYHKIIMS — He
JOTYCTUTDb BBIMOJHEHUSI «ITyCTOrO» LIMKJA, MO9TOMY HECKOJBKO U3MEHUIOCH €€ MECTO
B TEKCTE MPOTPaMMbl: TEMEPh OHa CTOUT Mepea MeTKOM Havana uukia cycl. Msmenenue
U KOHTPOJIb coiepxkuMoro peructpa CX B mpolecce BbIMOJTHEHUS KaXa0W UTepalliu Bbl-
nosHsier komanaa LLIOP (ctpoka 21).

PaccmotpuM npuMep, B KOTOPOM MPOJEMOHCTPUPYEM TUITUYHBINA MOAXO/ K UCTIONIb-
30BaHu0 KomaHnbl LOOPNZ. B mporpamme u3 nuctunra 10.4 umercs nmepBblii HyJeBO
ayieMeHT B 1tojie mas. MHrepec npencrasnsioT ctpoku 20 u 21. Komanma LOOPNZ Ha oc-

_ IoBaHWy conepxumoro peructpa CX u (ara ZF npuHUMaeT pelieHre 0 NPOAOIKEHUU
MKIa. BBIXOD M3 IUKJIa TPOUCXOIUT B OXHOM M3 ABYX ciydaeB: CX = (0 (IIpOCMOTpeHbl
Bce dJIeMeHThI 1ToJ1st mas) unu ZF = 1 (komannoit CM P oOHapyXeH HYJIEBOU 2JIEMEHT).
Hasnauenue cienymomieit komaHasl JZ (ctpoka 21) B TOM, 4TOOBI pacrmo3HaTh KOHKpPET-
HYI0 IPUYMHY BbIXxoja U3 ukiaa. Ecau BeIXod M3 1IUKJIA MTPOU30LIEN TOCIe MPOCMOTpa
CTPOKHU, B KOTOPOU HET HYJEBBIX 3JIEMEHTOB, TO ¢iar JZ He cpaboTtaeT U OyIeT BbIAAHO
cooO1eHrue 00 OTCYTCTBUM HYJIEBBIX JIEMEHTOB B CTpoke (cTpoku 7, 23-25). Eciu BbI-
XOJI U3 LIMKJIa MPOU301IeN B pe3yjbTaTe 00HAPYXXEHUS HYJIEBOIO 2JIEMEHTa, TO B PETUC-
Tpe SI okaxeTrcss HOMep MO3UIIMU ITOTO BJEMEHTa B IMOJIe mas U MpU HEOOXOMUMOCTHU
MOXHO MPOAOJIKUTH 00paboTKy. B Hamiem ciiyyae Mbl TPOCTO 3aBeplliaeM MporpaMmy —
MepexXouM Ha METKY exit.

JluctuHr 10.4. MNpumep ncnonb3oBaHnsa KOMaHabl loopnz

<l> ;prg_10_4.asm

<2> model small

<3> .stack 106h

<4> .data

<5> len equ 10 ;KONIVYECTBO BIEMEHTOB B mas

<6>mas db 1,0,9,8,0,7,8,0,2,0

<7> message db "B moje mas HeT INEMEHTOB, paBHHX Hyno,$"

<8> .code

<9> start:

<10> mov ax,@data

<11> mov ds,ax

<12> mov c¢x,len ;OIVHY TOJS mas B CX

<13> XO0r ax,ax

<14> X0r si,si

<15> jexz exit ;TIpoBepka cxX Ha O, ecimy 0, TO BHXOX

<16> mov si,-1 ;TOTOBWM si X afpecanyy BSJIEMEHTOB IIOJS Mas
<17> cycl:

<18> inc si

<19> cmp mas{si].® ;CDAaBHUTL OYepenHO} 3yneMeHT mas ¢ 0

<20> loopnz cycl

<21> jz exit;BbiACHEHWEe TIPMUYMHHE BHXOOA 13 INUKIA

<22> ;BLIBOA CcOOOmEeHNs, ecny HeT HYJEeBHX 3JEeMEeHTOB B Mas
<23> mov ah,9

<24> mov dx,offset message

<25> int 21h

<26> exit:

<27> mov ax,4cO0h

<28> int 21h ;BO3BpAT YIpaBIeHUS OIEePalMOHHON CUCTeMe

<29> end start
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Yurareau, MMeIoNIre qaxke HEOOBIION OIBIT TPOTPAMMHUPOBAHUS Ha sI3BIKAX BBICO-
KOTO YPOBHsI, 3HAIOT, YTO OYEHb YaCTO BO3HMKAET HEOOXOIUMOCTD BO BIIOXEHHBIX ITMK-
nax. Camblil mpocToil mpuMep — o0OpaboTKa AByXxMepHOTro MaccuBa. Paboty ¢ MmaccuBa-
MM, B TOM YHCJIe TBYXMEPHBIMM, MBI paCCMOTPUM B IJIaBe 13, ToKa e pazbepeMcs
C OCHOBHBIMU MPWHUMIIAMYU OPTaHU3AINU BIOXEHHBIX IUKI0B. OcCHOBHAs Tpobiema,
KOTOpasi IIpW 3TOM BO3HUKAET, — KaK COXPAaHWUTh 3HAUYCHUS CUETINKOB B peructpe ECX/
CX mist Kaxknoro M3 IMUKIOB. st BpeMeHHOTO COXpaHEHUsI CUETINKA BHEITHETO IIMKITa
Ha BpeMsI BBITTOJTHEHUsI BHYTPEHHET0 MOCTYITHO HECKOJBKO CIIOCO0OB: 3aMeiiCTBOBATH
PETUCTPHI, TYEHKN MaMsATH WX CTeK. B ciemyromeM dbparMeHTe IporpaMMBbl UMEETCS
TPU IWKJIA, BIOXEHHBIE OMWH B APYroil. DTOT (hparMeHT MOXHO paccMaTpWBaTh Kak
abJIOH IS TIOCTPOCHUS APYTUX TIPOTPAMM C BJIOKEHHBIMH ITUKIaAMU.
<1>

<2> mov c¢x, 100 KONM4eCTBO MNOBTOPeHWi umkna cycl_|
<3> cycl_I

<4> push cx ;cyeTunk ykia cycl_1 B cTex

<5> ;... KomaHgbl uukna cycl_|

<6> mov ¢x,50 KONMMYECTBO MOBTOPEHUI umkna cycl_2
<7>cycl_2:

<8> push cx ;CYETYMK IMKJa Cycl_2 B CTex

<9> ... KOMaHAabl 1ukiaa cycl_2

<10> mov ¢x,25 KONM4YecTBO MOBTOpPeHuMin uukna cycl 3
<11> cycl_3: .

<12> ;...;KoMaHael Lukna cycl_3

<13> loop cycl_3

<14> ... KOMaHAs umkna cycl_2

<15> pop cx ;BOCCTaHOBUTL CYETYMK umkna cycl_2

<16> loop cycl_2

<17> ;.. ..KOMaHas unkna cycl_|

<18> pop cx ;BOCCTAHOBUTL cyeTymk umkna cycl_|

<19> loop cycl_1

<20> T

B kauecTBe mpmmepa paccMoOTpuM (parMeHT ITporpaMMbl, KOTopass obpabaTbIBaeT
crenraibHbBIM 00pa3oM HeKOTOopyo obsacTh maMsaTu (muctuHT 10.5). O6nacts maMsTH
paccMaTpmuBaeTcss KaK COBOKYITHOCTD IISITU TToJeii, coaepkammux 10 oqHOOaWTOBBIX 31~
MEHTOB. TpebyeTcss 3aMeHUTh BCce HyJIEBbIe OAaliThl B 3TONM 00JIaCTU 3HAYEHUEM 0ffh.

Jiuctunr 10.5.Mpumep Ncnosib3oBaHKSA BOXEHHbIX LIMK/I0B

<1> ;prg_10_5.asm
<2> model small
<3> .stack 100h

<4> .data

<5> mas db 1,0,9,8,0,7,8,0,2 ,0
<G> db 1,0,9,8,0,7,8,0,2 ,0
<7>» do 1,0,9,8,0 7 8.8.2,0
<8> do 1 0,9,8,078.,0.7,0
<> db 1,0,9,8,0,7,8,0,2,0
210> . code

<11> start:

<12» mov ax,@data

<13> mov ds,ax

14> X0r ax, ax

<15> lea bx,mas

<i6> mov ¢x, 5

<17> cycl_1:

<18> push cx

<19> Xor si, si

npodoascerue 5
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Jluctunr 10.5 (npogonxexne)

<20> mov ¢x, 10

<21> cycl_2:

<22> cTp byte ptr [bx+si]l,®@
<23> jne no_zero

<24> mov byte ptr [bx+si],0ffh
<25> no_zero:

<26> inc si

<27> loop cycl_2

<28> pop ¢€X

<29> add bx,1@

<30> loop cycl_1

<31> exit:

<32> mov ax,4cO6h

<33> int 21h ;BO3BpAT YIpPaBIEHUS OIEPalJOHHON CUCTeMe
<34> end start

OrpaHuyeHue 0651aCTU BUAUMOCTHU OJ19 MEeTOK

I[IpuMeHeHMe KOMaHI, OMMMCAHHBIX B JaHHOM TJ1aBe, TpernoaraeT 10BOJbHO MHTEHCUB-
HOe MCIMOoJIb30BaHME MeToK. Ha ompeneneHHOM 3Tarie paboThl MHOTHE ITPOrPaMMMCTHI
TUTIOBBIE (pparMeHTHl Koja OepyT U3 paHee pa3pabOTaHHBIX IIpOrpaMM, peaan3ys CBoe-
obpa3Hoe (pparMeHTapHO-MOAYJIbHOE MporpaMmmupoBaHue. [Ipu 3ToM MOXeT oKa3aThb-
csl, yTo (pparMeHTHl KOla UMEIOT OMMHAKOBble MeTKM. UTo menaTh — TepecMaTpuBaTh
Bech TeKcT? Ecim He mpoaHanu3upoBaTh KOJ C JOJKHBIM BHUMaHUEM, TTOTOM MOXHO
MPOBECTH MHOTO YacOB 3a pabOTOI C OTJIAAUMKOM WJIM, YTO eIlle XyXe, MporpaMma Ha-
YHET HEeNMpaBUWJIbHO paboTaTh y 3akazunka. [103ToMy MoJe3HBIMU MOTYT OKa3aTbCsl He-
KOTOpBIE CpelcTBa pabOThl C METKAMU, OTIMCAHHbBIE B 3TOM pasfelie.

ITaker TASM nopnepxuBaetr nupekTuBy LOCALS, paspermiarmliiylo MCIOJb30BaTh
B IIpOTpaMMe IOKdIbHbE Oa0K06bie MemKu. DopMaT TUPEKTUBHI:
LOCALS [cumBOn_npeduxcal

OnepaHa CUMBON_npeduKca ornpenensieT AByXCUMBOIbHOE UM, KOTOPOE BIOCTEI-
CTBUU TOTpeOyeTCsT TIPU aBTOMAaTHYeCKOM (DOPMUPOBAHUU METOK B KauyeCcTBe WX TIep-
BBIX CUMBOJIOB. [0 yMosyaHWIO B KauecTBe CHMBOJIA TpedUKca MCIOIb3yeTcs ABYX-
CUMBOJIbHasg KOMOMHaus @@,

Braromapst MexaHU3MY 20KaAbHbIX 010K08bIX MEMOK MOXHO B TIpeaesaX OXHOM Ipo-
rpaMMBbI, HO B pa3HBIX OJIOKaxX, UCIOJb30BaTh OMMHAKOBEIE METKHM. B KadecTBe GiIoKa
3MeCh TTOHUMAIOTCS IBE KOHCTPYKIIMU — TPOLEAYPHl M GparMeHTHl IIPOTPpaMMBbl MEXITY
IBYMS OOBIYHBIMU MeTKaMU. CTPpYKTYpHO BapHaHT C MMPOIeAYPAMU BBITJISIIUT TaK:
model.  small

.data

ibéALS ;@@ - mpedukC NOKANBHHX METOK II0 YMOJYAHMUID
prod proc

@gml :

ﬁibd endp

proc2 proc

@@m1:

bféc2 endp

.code
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O0671acTh BUTIMMOCTH JIOKAJIbHBIX OJIOKOBBIX METOK TaKXKe MOXHO OTPAaHUYUTDH 00BIY-
HBIMU METKaMH. ,HJ'IH npumMepa BO3bMEM (I)paI‘MCHT MOCJIEAHEN MPOTPaMMEI U TIOCTaBUM
B Hell OeCCMBICTICHHbBIE C TOYKU 3PCHUA JIOTUKU, HO HAIJIAAHBIC B KOHTEKCTE HAIIEro
O6CY}KI[CHI/IH JIOKaJIbHbIE OJJOKOBBIE METKM:

LOCALS
<16> '.”mov cx,5
<17> cycl_1:
<18> @@m1: jmp ©@@ml

21> cyel_2:

@@ml: jmp @@ml
<25> H‘s_zero:

@@mi: jmp @@ml

Pesynbrat TpaHCASUMU OyAET MOJOXUTEIbHBIM, OMHOMMEHHbIE JIOKAJbHbIE 0JI0KO-
Bble METKM @@ml OyayT MHTEPIPETUPOBAHBI TPAHCISITOPOM KaK pa3HBbIE.

ITaker MASM Ttakxke moaaepKMBaeT MEXaHU3M OIpeAeeHUs] JOKaJIbHBIX 0JIOKO-
BBIX METOK, IO3BOJISASI OMPEACTUTDb TPU OJNMXKHUE METKHU C TTpeAoTNpeaeIeHHBIMU UMeHa-
MU @@, @F u @B. Mexay 3TUMU METKaMU CYIIEeCTBYeT CBsA3b. OmpeaeneHrue METKU C
UMeHEeM @@ yKa3bIBaeT TPaHCISITOPY Ha HEOOXOAMMOCTb 3aMEHUTh €€ YHUKaJbHOM
MeTKOI B popMe @@xxXXX, I XXXX — YHMKaJbHOE B Mpeaesax TeKyllell mporpaMMbl
LIecTHaaLaTepuyHoe 3HaueHue. Ilocie Toro Kak Takas MeTKa oIpeaesieHa, Ha Hee MOXK-
HO CCHIJIAThCS C IOMOIIBIO HEU3MEHSIEMBIX METOK @F 1 @B:

ee:

]mp@F ;CCLiNKa Ha TIpelnmynyo MeTKy @@ (HaBepx)
jmp@B ;CChNKa Ha Ccremybmyo MeTKy @@ (BHMB)
ee:

UTorm

S3bIK acceMbiepa (cucTeMa KOMaHJ Mpolieccopa) UMEET TOBOJIbHO MOJHBINA U THO-
KUii HabOp CPeACTB OpraHM3alMM BCEBO3MOXHBIX MEPEXOA0B KaK B Ipeaeaax TeKy-
IIer0 CerMeHTa KoJa, TaK U BO BHEITHUE CETMEHTHI.

+ Ilpu opraHuzanuu 0e3yCJIOBHBIX IEPEXOI0B BO3MOXHBI MEPEXOIbl KaK C MOTepeit
(IMP), taKk u ¢ 3anomuHaHuem (CALL) uHbopMmanuu o Touke mnepeaayu yrupaBaeHUS.

[MpuHIMIT pabOTHl KOMaH[I YCIOBHOTO IMepexoaa OCHOBAH Ha TOM, YTO IPOLIECCOP IO
pe3yIbTaTaM BBIOJHEHUSI HEKOTOPBIX KOMaHJI YCTaHABIMBAET OIpPEAcIeHHbIE (hiark
B peructpe EFLAGS/FLAGS. KomaHIbl yCJIOBHOTO TTepexoaa aHaIU3UPYIOT COCTOSTHUE ITUX
(yaroB ¥ MHULUMPYIOT Nepenavy yrpaBieHUs, UCXOMs U3 Pe3yIbTaTOB aHAIM3A.

CucremMa KOMaHJ Ipolieccopa J0MycKaeT IMporpaMMMpOBaHUE LIMKIOB CO CYCTYM-
KoM. [lst aToro ucnojb3yercs peructp ECX/CX, B KoTopblii 10 Bxoda B LIMKJI JOJKHO
OBITh 3arPYKeHO 3HaUEHME CUCTYMKA LIMKJIA.

*  Yno6c¢TBO pabOThl C METKaMU B MPOrpaMMe MOXHO MOBBICUTb, €CJU MCIOJIb30BaTh
JIOKaJIbHbIe 0JIOKOBbIe METKU. TaKyio BO3MOXHOCTh IIPEIOCTaB/ISAIOT 00a MakeTa ac-
cembiepa: TASM u MASM.
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NMporpammupoBaHue
TUNOBbLIX YMNPaBAAIOWUNX

CTPYKTYp

& MporpamMmmMmupoBaHue onepaTopoB YC/IOBHOro nepexopaa if-else
#» MporpaMmmupoBaHue onepaTopoB Bbioopa switch
# MporpammupoBaHue onepartopos uukna while, do-while n for

SI3bIK acceMbiepa — sI3bIK MalllMHHBIX KoMaHA. OH NOAAepXXMBaeT JUILIb 0a30BbIE Me-
XaHWU3MBbI OpraHU3allK MporpaMM. B HeM OTCYTCTBYIOT yIpaBISIOLIE€ KOHCTPYKILIMH,
€CTECTBEHHBIE IJIsSI SI3BIKOB BBHICOKOTO YPOBHS. Peub MaeT o MmoamepXKe KOHCTPYKIMI
TUIA OMEPaTOPOB BHIOOPA, OPraHU3ALMK LIUKJIOB 1 T. 1. B MPOIILIOii I1aBe Mbl MOMOXH-
JIX HavaJio 00CYXAEHUIO 3THX BOIIPOCOB, PACCMOTPEB MPUHIIMITLI OPTaHU3aLMU IMKJIOB
B IporpaMmax Ha accembiepe. Llenb jaHHO# raBel — pa3paboTaTh IAO0JOHBI YIIPaBs-
IOIIMX KOHCTPYKLIKI Ha acceMObiiepe, aHAJIOTMYHbIE TUIIOBBIM OIlepaTopaM si3biKa BbICO-
KOT'O YPOBHSI.

[TocTynum nmpocto — OTKpoeM Jto6oit yueOHuUK o a3biKy C wiu C++, cocTaBuM criu-
COK IPUBEIECHHBIX B HEM YIIPaBJISIONINX OMEPATOPOB U MOKaXeM CIIOCOObI UX pean3a-
MU Ha accembOJjiepe. TUMOBOI CIIMCOK OYIET ClEAYIOIIUM:

omnepaTopbl BeIOOpA:

O ycJaoBHBIN onepatop if-else;

O nepeximoyaTeab switch;

oTiepaTophbl LUKIIA:

IT 1mukn ¢ npenyciosuem while;

[T uukn c nmocrycnosueM do-while;
IT wurepanuvoHHbI HuKI for;

i

8 omeparopsl continue u break.
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YcnoBHbIX onepartop if-else

VYcnoBHEI orepaTop if-else MCIIONb3yeTcsT Al MPUHATUSA PEIICHUST O HaJbHEHIIeM ITyTU
WCTOHEHUs mporpaMMbl. CUHTAKCHC YCIIOBHOTO omiepatopa B HoTauuu s136ikoB C u C++:
if (BHpaxeHue)
onepaTop_1;
else
orepaTop_2
AnropuT™ pabOThl yCIOBHOTO OMEpaTopa — BBIYUCISIETCS] JTOTUYECKOE 3HAUCHUE
BBIPAXXEHUS: €CJIM OHO UCTUHHO, TO BHITIOJTHSIETCSI OTIepaTtop 1, B MPOTUBHOM clyyae —
omepatop_2.
B obmiem cityyae yCIOBHBIN OIEpaTop MOXET COCTOSITh M3 OOHOTO Oj10Ka if (0e3 6J10-
Kaelse):
if  (Bblpaxenue)
onepatop_1;
B mporpamMMe Ha accembiepe JaHHBIE BApUAHTHI YCIOBHOTO OMEPaTopa MOXHO pea-
JIN30BaTh CAEAYIOIIUM 00pa3oM:

;KOPOTKUA BapuaHT omepaTopa if (BHpaxenue) omepaTop_l;

cmp opl,0p2 ;BblUMCAEHUe BHPaXEHUS

jne endif
HE ;nocnefoBaTenbHOCTh KOMaHI, COOTBETCTRBYOIas onepaTtop_l
endif: ;KOHey KOPOTKOIO YCIJIOBHOTO ONmepaTopa .

Crporo roBops, ucIob30BaHue kKomMaHasl CM P mpu peann3aiimu ycI0BHOTO oTiepaTopa
He sBJIseTCs 00s13aTeIbHBIM. B 1aHHOM clydyae oHa ckopee 0603HaYaeT MeCTO BBIYMCIICHUS
HEKOTOPOTO yCJIOBUSI B MIpOrpaMMe, MO pe3yJabTaTaM KOTOPOTO MPMHMMAETCs pellicHUe
0 BeTBJIeHUM. BMecTo MTaHHOI KOMaHIbl MOXHO MCIIOJNb30BaTh JTI00YI0 KOMaHLy, U3MEHSI -
I01IyI0 (b1ar, KOTOPBIN OyaeT aHaJIu3MpOBAThCSl MOCIEAYIOIINM ONEepaTopoOM YCJIOBHOTO
repexoma. DT Xe paccyxneHus Kacarorcs 1 KoMaHasl JN E, BMecTo KOTOpoii MOXET CTO-
SITh TpeOyeMasi B JAHHOM BBIYMCIMTEILHOM KOHTEKCTE KOMaHIa YCJIOBHOTO Tepexona:

;nonHbIA BapuaHT onepatopa if (BbipaxeHue) onepatop_1; else onepatop_ 2
cmp opl,0p2 ;BbluMCneHue BbipaXeHUs

jne elsel :
;nocneAoBaTenbHOCTh KOMaHA, COOTBeTCTBylwWas onepatop_1
jmp endif
elsel:
;nocneAoBaTensHOCTh KOMAHA, COOTBETCTBYyOLWAs onepaTtop_2
endif: ;KOHey MOJIHOrO YCNoBHOro oneparopa

Ocraercst TUIIb 100aBHUTh, YTO MPUBEICHHbIC paHee paccyxaeHus o komangax CMP
u JNE cOOTBETCTBYIOT Tak:kKe MOIHOM hopMme ormeparopa if.

Onepatop BbiGopa switch

Omneparop switch (mepekmouaTesb) B IIporpaMMe Ha acceMOjiepe MOXHO peaan30BaTh
HECKOJIbKUMMU criocobamu. B naHHO# TiiaBe Mbl pacCMOTPUM JiBa HauboJjiee obIInX U pac-
MPOCTPaHEHHBIX CITOCO6a — C MUCTONb30BaHUEM KOMaH I CPaBHEHUS ¥ C UCTIOIb30BaHM-
eM Tabnuibl. TeM He MeHee Ha IPaKTHKE MOXKHO BCTPETUTh U IPYTUe CIOCOOb peain3a-
LMK omeparopa switch, Hanbosiee MOJHO OTpaXalollre YCIOBUS KOHKPETHOM pelaeMoii
3amayy (CcM., HampuMmep [§] U HEKOTOphIe IIPUMEpPH B JAHHOW KHMTE).
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B notaumu sg361k0B C 1 C++ cMHTaKCHC ollepaTropa switch BEITJISIIUT Tak:
switch (koHcTaHTHOe_3HaueHue_"BbipaxeHue")

case KOHCTaHTHOE BsblpaxeHue_1: omepang_1l
Ccase KOHCTAHTHOE BbipaxeHue_2: OIl. epaHM_2
default: onepaua_def ault

>

[Ipocreiimumii cocod peanusaluu omneparopa switch B mporpaMMe Ha accemOiiepe
3aKJII0YaeTcsl B OpraHM3allMy MOCIeN0BaTeNIbHbIX CPaBHEHWI C YCJIOBHBIMM Iepexona-
Mmu. K nmpumepy, Heo6xoaumMo 006paboTaTh TP BO3MOXHBIE albTePHATUBLI B IIPOrpaM-
Me, KOTOpbIe UIEHTUDULIMPYIOTCS LIET0UMCIeHHBIMU 3HaUeHUsAMM 1, 2, 3("ebipaxenue™):

; ;(hOPMUPOBAHME KOHCTAHTHOE_3HaueHue_"BhipaxeHiue”
mov al, KOHCTAHTHOE_3HauyeHue "BuipaxeHue"

cmp al,l ;IpOBEpKa NEPBOI anbTepHaTWUBLI (KOHCTAHTHOE Bhipaxekue_1=17?)
le handle__condit'ionl ;paBHO, maem Ha 06paboTky
cmp al,2 ;MPOBEpPKa BTOPON aNnbTepPHATWMBLI (KOHCTAHTHOE BbipaxeHue_2=2?)
je handle_condition2 ;paBHO, umaem Ha o6paboTky
cmp al,3 ;IpOBEpKa TpeTbel anbTepHaTuBbl (KOHCTAHTHOE BhipaxeHue_3=37)
je  handle condition2 ;paBHO, ugem Ha o6paboTky

;ecnm condition<>1| 2| 3, 1o nponsBoanm 06paboTKy MO yMONYaHMIO

O ;N0CNeA0BaTENbHOCTL KOMAHA Ans 06paboTkM No yMONYaHuio
]mp end_switch ;YXOOAUM Ha KoHeu, switch

handle_conditionl:

;NOCNeA0BaTENbHOCTH KOMaHA Ansg o6paboTku handle_conditionl
jmp end_switch ;yXoAMM Ha KoHel, switch

handle_condition2:

;nocneaoBaTeNbHOCT b KOMaHA ans o6paboTkm handle_condition2
jmp end_switch ;YXOAMM Ha KoHel, switch

handle_condition3:

;nocneaoBaTenLHOCTL KOMAHA ans o6paboTkm handle_condition3

éﬁ&;switch:
A ;NpoAoNXeHwe TPOTPAMME

Bropoii, 6ojee 3eraHTHBIM CIIOCO0 peaanu3alry KOHCTPYKIIMU, COOTBETCTBYIOIIEH
omneparopy switch, — Tabmmunbi. Cpa3y oTMedy, YTO JaHHBIM MaTepyal JOTMYHee pac-
CMaTpMBaTh IIOC/IC U3YUeHMS TIaBhl 13, TOCBSIIIEHHOM CIIOKHBIM CTPYKTypaM JTaHHBIX.
ITostomy, eciau y BaC BOBHUKHYT TPYAHOCTH C MOHUMMaHHMEM IMPEICTAaBIEHHOTO 31€Ch
MaTepuaia, MPOMYCTUTE €r0 U BEPHUTECh K HEMY ITO3XKE.

151 peanu3aly pacCMaTpUMBaeMOro CIoco0a B MaMsTU MOIEIUPYETCS HEKOTOpoe
romobue Tabnuibl. Kaxmas ctpoka TabIuIlbl COCTOUT U3 ABYX sueeK. CTPOKM TaOMMIIbI
pacrmoJjaraloTcs B HaMsTHU MOCJIeA0BaTeIbHO — APYT 3a ApyroM. B mepBoii siueiike Tad-
JIMLBI pacIioyaraeTcs 3Ha4eHNe KOHCTaHTHOE_BbipaXKeHWe_n, BO BTOPOI sYeiike — ampec
Nepexoa, eclM BBIMOJHSETCS YCIOBUE KOHCTaHTHoe_3HayeHue_ "BbipameHne" = KOHC-
TaHTHoe_BbipaxeHye_n. Llembio ampeca mepexoaa MoxXeT OBITh IIpOIeaypa I MeTKa, CO-
OTBETCTBYIOIIAsl (hparMeHTy Koma, 00pabaThIBalOIIEMy BBIMIOJHEHUE yCIOBUS, 3adaH-
HOTO B 3aroJIOBKE oIepaTopa Bbibopa. Peanuzanysi TaOMMYHBIM CIOCOOOM MPUBEAEHHOTO
paHee mpuMepa OyAeT BBINISACTh TaK:

.data
table_switch db 1
dw handle_conditionl
db 2
dw handle_condition2
do 3
dw handle_condition3
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.code

PR ;popMUpOBaHMEe KOHCTaHTHOE_3HaueHue_"BuipaxeHue"
mov al,KoHCTanTHOe_3Hauenune_"Bbipaxenue"
mov bx,offset table_switch

mov €X,3 ; CUETYMK UMKNOB=KONWUYECTBO albTEPHATUB
next_condition:

cmp al, [bx] ;IPOBEPKa OYepenHON albTepPHATUBH

jne next_ ;K CTenyomeMy 3IeMeHTY

imp word ptr [bx+1] ;Ha 00paboTKy COBMaIeHUs

add bx,3 ;aApec cremyomeyl CTPOKM Tabnume -> bx
next_: loopnext_condition
;default:

.ech cond1t1on<>1|2|3 TO TIPOM3BOAMM 00PAOOTKY MO YMOTYaHUD

I ;nocneaoBaTenbHOCTb KOMaHI IS 00PabOTKY MO YMONYAHUD
jmp ;YXOOVUM, KyIa HYKHO

handle_conditionl:

LTIOCIeI0BaTeNbHOCTL KOMAaHI mnsg obpaborxkum handle_conditionl
jmp ... [yXoAuM, Kyla HYKHO

handle_condition2:

;IOCNIe0BATeNbHOCTL KOMaHp nis obpaborku handle_condition2

jmp ... ;yXoaum, KylIa HYXHO
handle_condition3:
; IOCNIeIOBATENbHOCTE  KOMaH[ [ 0bpaboTky handle_condition3
jmp ... ;VXOOUM, KyIa HYXHO
; IDOLOJIXKEHNE TIPOTPAMME

g JIy4mero CTPYKTYDPVPOBAHMS [IPOTIPAMMEL [TIOCIIENOBATEIBHOCTE KOMAHL AJIst
obpaborku ycnosus handle_conditionN Moxzo odopMiTE B BrIe pOLIEOyD:

.data

table_switch db 1
dw handle_conditionl vaapec mponenyps handle_conditionl
db 2
dw handle_condition? ;aapec npouenyps handle_condition2
db 3
dw handle_condition3 ;ampec mpollenyps handle_condition3

handle_conditionl proc

HE ;nocneaoBaTensHOCTe KOMaHA I1s 00paboTky handle_conditionl
endp

handle cond1t10n2 proc

. ;0CNeA0BaTeNbHOCTL KOMaHI s obpaboTky handle_condition2
endp

handle cond1t1on3 proc

N ;nocnefoBaTenbHOCTL KOMaHI It obpaboTky handle_condition3
endp

.code

L. ;popmupoBaHne KOHCTaHTHOE_3HaueHue_"BbipaxeHue”
mov al,KOoHCTaHTHOEe_3HaueHue_"sbipaxeHune"
mov bx,offset table_switch

mov ¢x,3 ; CUETYMK IIYKJIOB=KONNYECTBO albTEPHATUB
next_condition:

cmp al, [bx] ;MpoBepka OYepelHON aNbTepHaTUBH

jne next_ (K CTEeIyobmeMy 3JIeMeHTy

call word ptr [bx+1] ;Ha 00paboOTKy COBTAeHus

jmp end_switch

add bx,3 salpec crlemyomet CTPoXM Tabimie -> bx
next_: loopnext_condition
;default:

ject condition<>1{2}3, TO mpou3BOIVM 00pabOTKYy [0 YMOTYaHUD
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N ;N0CNeA0BaTeNsHOCTL KOMaHL Ans o6paboTky Mo yMONYaHuio
end_switch:
N ;NpoaoNXeHne MnporpaMmmeb

Onepartopbl LUKNa

B npenbiaylueii raBe Mbl paccMaTpUBaiv OOILYI0 KOHLEMLKIO peaju3aluy LUKIOB
B IIporpamMmax Ha SI3bIKe acceMOiepa. B manHoM pasmene oOCyauMm CIocOOBI OpraHM3a-
VY IUKJIOB, TPAAUIIMOHHO MO PKMUBAEMBIX OOTBIIMHCTBOM SI3bIKOB BBICOKOTO YPOB-
Hsl. J1J14 TOJTHOTBI UBJIOKEHUST HaM, BO3MOXHO, TMPUAETCS TOBTOPUTH HEKOTOPHIE TE3HU-
CHI TIpEeIbITYIIEH TJIABHI.

Onepartop uukna ¢ npeaycnoevem while

OmnepaTop 1ukIa ¢ npeaycioBueM while umeer cnenytoniuii hopmar:

while (BblpaxeHue-ycnosue)
Teno uukna

Jlng obneryeHus peanusalv 3TOTO OMepaTropa MPUBENEM €ro ICEeBIOKOM, OMM3KUit
K HOTaIuu acceMmoJepa:

while_begin:

, BblYMCNEeHne NOrMYEeCcKOoro 3Ha4yeHuns "BblpaxeHne-ycnosune”
EC/IN "BbipaxeHune-ycnosue"=FALSE TO MNEPENTW HA end_while
onepaTtopbl Lukna

MEPENTU Ha while_begin ;nepexoA Ha Ha4Yano O4YepemHOi uUTepauuu uukna
end_while: ,KOHeLU uukna
O ;ipoaonxeHue MNporpamMmebl

Ha acceMOJiepe 3TO MOXET BBHITJISIACTD TaK:

while_begin:
¢mp al,l;BoMMCNeHne JTOTUYECKOTO 3HAYEHNUS "BHDakeHyue-ycnosue"
jne end_while (ECNW me pasmo TO IEPEATU HA end_while

;UTO-TO JlellaeM - TeNo LUKIa
jmp while_begin ;TIepexoll Ha Hayalo OYepelHON MTepalluy LUKIa

end _while: L KOHel VK&
I ;npoaomkeHne TIPOTPaMME

OnepaTopbl continue n break

[pexparieHre BHIMOJHEHUS 1IMKJIa BO3BMOXHO B IBYX CIy4Yasx:
U 3HauyeHHUeE BHpaxXeHHe-ycaoBue (cM. Boimie) paBHO FALSE;

“MeeT MecTo Oe3ycIoBHasl Tiepenada yrpaBieHUs 3a Tpeaesbl IUKIa (B MporpaMMe
Ha s13b61Kax C u C++ 3T AeiicTBUS BBIIIOJHSIOT OIlepaTopkl break u goto).

B s3bikax C u C++ M3MEHUTH TOC/IENOBaTeIbHOCTD BBITIOJTHEHUS Tejla IUKIIa MOX-
HO C MOMOMIBIO OTlepaTopa continue. '

AJITOpUTM BBIIIOJTHEHUS OIepaTopoB break, goto u continue mpocT, OHM MepeaaoT
yIpaBlieHUe B OTIPeAeeHHYIO TOUKY TPOTPaMMBbI:

¥  break — cpa3sy 3a KOHeIl IUKIIA;
# goto — B IIPOM3BOJbHOE MECTO IIPOrPAMMBIL;

@ continue — Ha Hayajo MOCJEIHEro OTKpHITOro oneparopa while, do wiu for.



Onepatopbl Lwikna 241

B nporpamMme Ha accembiiepe ecTeCTBEHHEe BCEro peain30BaTh 3T OMEpaTophl ¢ Mo-
MOIIbIO KOMaHABI Oe3ycioBHOro nepexoaa JMP, kotopas nepegact ynpaBieHuE B HYX-
HYIO0 TOYKY MPOTPaMMBI.

Onepatop uukna ¢ nocrycnoeuem do-while

[IpomomxuM oOcyxaeHue onepaTopoB LUKIA pa3nuyHoro Tumna. OuepenHoit — omepa-
Top uukia ¢ nocrycinosueM do-while. Ero dopmat B Hotauuu si3s1k0B C u C++:
do
Teno uukna
while (BbIpaxeHune-ycnosue)

OCHOBHas OTJIMYUTENbHAS! OCOOEHHOCTh IAHHOTO OllepaTopa — B TOM, UTO OINepaTo-
PBI, COCTaBJSIONINE TEJO LIMKJIA, BHITOJTHSIIOTCS XOTS Obl OAVH pa3. biu3kuil K HoTauuu
acceMOiepa MCeBAOKO/ pealn3allii 3TOro OnepaTopa BHITJSIUT TakK:
do_while_begin:

OIIepaTOpPH LUKIIa

,BBIUMCIIEHUEe JIOTUYECKOI'0 3Ha4YeHUsa "BHpakeHue-yciuaosue"

ECNU “BbipaxeHne-ycnosue"=FALSE TO NEPENTY HA end_while

NEPENTY Ha do_while_begin: ;IIepexol Ha Hayallo O4Yepe[HON MTepalMy LUKIA
end_while: ;KOHey IMKIa

H ;NPOAONKEHWE TIPOTPAMME

Onepartop utepauvoHHoro uuvkna for

OmnepaTop UTepallMOHHOTO HWKIa for — 3TO eMMHCTBEHHBIN OMepaTop LMK, XOTS OB
YaCTUYHO TOIIepKUBaeMbIif acceMOJiepoM Ha ypoBHe KoMaHI. Ero ¢hopmar B HoTalum
a3bikoB C u C++:

for (MHMUManuzaunsa uuKnNa; BbipaXeHWe-yCnoBUe; BbipaXeHue)
Teno umkna

C TOYKM 3peHUsT TpaMMaTUKU BCe TPU BhIpaxkeHUs B orepatope for SABASIOTCS MpoO-
M3BOJbHBIMU. HO 00bIYHO MepBoe M3 HUX (MHUIIMATKU3allus LUKIa) pelHa3HaueHo s
MPUCBOEHUSI HAYaJbHOTO 3HAUYEHUSI MEPEMEHHON I[MKJa, BTOpoe (BbIpaXXeHUe-ycao-
BHE€) BBIUUCISIET JIOTUYECKOE 3HAYEHUE JJIST IPUHATUS pellleHUS O BbIXOJe U3 I[MK-
Jla, TpeThe (BbIpa’keHMe) BBIYMCSAET 3HAUEHUE TEepEMEHHON ILMKJIa Ha o4yepeaHoi
€ro uTepaluu.

Accembep ¢ momoinbio koMaHasl LIIOP moxnepxkuBaeT TOJbKO OAVH BapUAHT Opra-
HM3alMM TAaKOTO LIMKJIA, KOTOPBI ObUT MOAPOOHO paccMOTpeH B Mpeablayileit riaase. Js
peanuzauuy MpoU3BOJBHOTO BapMaHTa 1MKJa for MOXET 0Ka3aThCsl MOJIE3HBIM CIIEAYIO-
LU TICEBAOKO/I:

MHUOMaNN3alus TepeMeHHo UKKa
for_begin:
;BblUMCMeHKe JTOTUYECKOT0 3Ha4YeHusd "BHpPakeHNUe-ycioBue"

ECIl “ebipaxeHne-ycnosne”=FALSE TO TMEPENTH HA end_for
OTIEPaTOpPH ILMKIIa

BEHUNMCINIIEM BHpaXeH)e - OuepelHOe 3HAUeHUe I[epeMeHHO) NOUKIa

NEPENTY ma for_begin: ;TIEPEXON Ha HayvaJlo OuepeflHON uTepaluyu LuUKa
end_for: ,KOHeU LuKIIa

; ;npoaomxkeHne Mnporpammbl

Kakoit nukn acddexkruBHee? ToT, B KOTOPOM MeHbIIIE TPOBEPOK U MEPEXOAOB.

.
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OcobeHHocTM naketa MASM

[Taker MASM uMeeT BCTpOSHHBIE CPEACTBA, BU3YAIbHO MPUOIMKAIOIINE HAITMCAHHYIO
MpOrpaMMy K IpoTrpaMMaM Ha SI3BIKe BEICOKOTO YPOBHS. DTO IMPEKTUBHI 1T (hOPMUPO-
BaHUS KOHCTPYKIW, aHAJTOTUYHBIX YCIOBHBIM M MUKJIMYECKUM OIlepaTopaM SI3BIKOB
BbicOKOro ypoBHs: .IF, .ELSE, ELSEIF, .ENDIF, .REPEAT, .UNTIL, .WHILE, .ENDW, .BREAK,
.CONTINUE. Bcem mmpeKTWBaM IIpeAIIecTBYeT CUMBOJ . (Touka). Mcmonab3oBaHue HaH-
HBIX KOHCTPYKIIMA MOXHO PEKOMEHIOBATH JJISI TTOBBIIIECHUS HAJZeXHOCTH Koma. [Ipo-
IPaMMHUCT, OCTaBasICh Ha YpOBHE acceMOiiepa, TOBBIIIAS JIOTUISCKU YPOBEHh KOHTPO-
JIAPYEMBIX UM CHHTAKCUIECKNX KOHCTPYKIINI, CHUXKAECT BEPOSATHOCTh OIMMOOK JIOTUKH,
YCKOpSISl TEM CaMbIM BeCh ITPOLIECC pa3pabOTKU.

YcnoBHasa KOHCTpykuus .IF

Konctpykuus .IF npenHasHaueHa ajisi reHepauuu Koja, GyHKIMOHAIBHO aHATOTUYHO-
TO YCJIOBHOMY OTIEpaTOpy SI3bIKOB BHICOKOTO YpoBHS. Ee cuHTakcuc:

.IF ycrnosue
npenIoxenus 0moka IF
[.ELSEIF] ycnosue
npennoxeHns 6moka ELSEIF

" [.ELSE]
npeonoxexus 6noka ELSE
.ENDIF

3nech cnosa .IF, .ELSEIF, .ELSE, .ENDIF — cnyxeOHbIe, aycioBUe MIPeCTABISIET ONUH
U3 CJIEAYIOIIMX OTepaTopoB:

onl == om2 — omnepaH/ibl paBHHI;
onl!=omn2 — omepaHIbl HE PaBHBI;
onl>omn2 — GoJblle;

onl>=om2 — OOoJbIIIe WK PaBHO;
on1< o2 — MeHBbIIIe;

onl<=o0mn2 — MeHbIIIe WJIX PaBHO;

% Oom oW B OB ¥ S

onl & HoMmep_6uta — mpoBepka 6uTa;

s

! onl — unBepcusa (NOT);

&=

onl&& on2 — nornveckoe yMmHoxeHnue (AND);
onl |} on2 — noruueckoe cnoxenne (OR);
CARRY? — EFLAGS.CF=1?;

OVERFLOW? - EFLAGS.OF=17;

PARITY? - EFLAGS.PF=1%;

SIGN? - EFLAGS.SF=17;

ZERO? - EFLAGS.ZF=12.

DTH XKe YCIOBHS NCITOIL3YIOTCS B KOHCTpYKIMAxX .REPEAT, WHILE, .BREAK, .CONTINUE
(cm. manee). CoueTaHue orepaHIoB onl 1 012 MOJTXKHO OBITh TOMTYCTUMBIM TSI KOMaH]IT
acceMOJiepa, TO ecTh BoipaxkeHue Tumna obl_I<ob{_2 (nmamarb-naMmsars) accembiep He mpo-
MTyCTUT.

# o8

wow ¥ o#
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Iomnyckaercst BnoxeHue koHcTpykunii .IF. HazHauenue u ucnonb3oBaHue JUpPEK-
tuB -ELSE 1 .ELSEIF ananornuHbl cOOTBETCTBYIOIIMM KOHCTPYKLIMSIM B SI3BIKAX BBICOKO-
ro ypoBH. 3aBepliamlias IMpeKTuBa yciaoBHoro 61oka .ENDIF o6s3aTenbHa.

WHTepec 115 M3ydeHus MPENCTABIAET TO, KaK acceMOIEp PeodpasyeT IUPEKTUBEI
paccMaTpUBAaEMBIX HAMU KOHCTPYKIIMI BEICOKOTO YPOBHS B MAIIMHHBINA Ko, JIJ1s1 3TOr0
HEOOXOIMMO BCTABUTH B JIIOOYIO TPOrpaMMy, HE MMEIOLLYIO0 CHHTAKCUIECKUX OIINOOK,
¢dparMeHT, ITOJOOHBIN CIEAYIOIIEMY:

Lif al==0

mov ax,1

.elseif ax==0
mov ax,?2

.else

mov ax,3

.endif

Ilocne 3Toro HEOOXOAMMO BBIIIOJHHUTH KOMIIWISAIIAIO IIpUMEpa:
ML.EXE /Fl1 /Zi Prg_6_1.asm

Kutou /Fl npegnasHaveH aisi reHepaluu ¢daiia iucTrHra (1o yMoJyaHWIo He co3/1a-
etrcst). OH HaMepeHHO BCTaBJIeH B KOMaHIHYIO CTPOKY ISl TOTO, UTOOBI He YBUAETh 3aMeHY
BBICOKOYPOBHEBBIX IUPEKTUB KOMaHIaMM acceMbiiepa B TeKCTe JUCTUHTA. JIJ1sT BU3ya-
JIM3aLMU 3aMEHBl BCTPOEHHBIX MAaKPOCOB HEOOXOMMMO 3arpy3UTh MCIOJHIEMbIA MOMIYJIb
B otnamuuk CodeView, BbiOpaTh B okHe Source komaHay Options » Source Window u B
oTkphiBIIEMcsI OKHe Source Window Options BeiOpatTh pexxum otobpaxkenus (Display Mode)
Mixed Source and Assembly. B3opy npencraHer cienyroninii cMeaHHbINA KO
25 .if al==
1792:000C 36803E000100 CMP BYTE PTR SS5:[0100}.,00
1792:0012 7505 JNZ 0019
26: mov ax,1
1792:0014 B80100 MOV AX, 0001
27: .elseif ax==0
1792:0017 EBOC JMP 0025
1792:0019 0BCO OR AX,AX
1792:001B 7505 JNZ 0022
28: mov ax, 2
1792:68010 B80200 MOV AX, 0082
29: .else
1792:0020 EBO3 JMP 0025
30: mov ax, 3
1792:0022 B80300 MOV AX, 0003
31: .endif

Ha npumepe KomaHa cpaBHEHHMST BUIHO, KaK acceMOJiep BBITIOHSIET ONTUMU3AIINIO
koma. [yt mpuBeaeHHOTO (pparMeHTa MpoTpaMMBI acceMOjiep pealnu30Ball CpaBHEHHUE

B IBYX BapHUaHTax:
X U iepeMeHHoit al==0 - CMP BYTE PTR S5:{0100],00;
Il nna peructpa ax==0 — OR AX,AX.

Liuknunyeckas KOHCTPpyKuus .REPEAT

Konctpykuus .REPEAT cOOTBETCTBYET LIUKIY C MOCTYCJTOBMEM B SI3bIKaX BBICOKOTO
YPOBHSI.
CHHTaKCHUC KOHCTPYKIIMU:
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.REPEAT
KOMaHIOH accembiepa
L.UNTIL ycnosue

Cyl1uecTByeT U BTopoil Ml KoHcTpykKuuu .REPEAT:

.REPEAT
KOMaHIH acceMmbiepa
LUNTILCXZ [ycnosue]

Koncrpykuus .REPEAT 3acTaBisieT mpoueccop MOBTOPHO MCIOJHATH KOMaHIBI ac-
ceMmOJiepa OKa yCJI0Bre UCTUHHO (He paBHO HYJ0). OCOOEHHOCThIO TAKOTO ILIUKJIA SIB-
JII€TCsI TO, 4TO OJIOK KOMaHI acceMOJjiepa BBIIIOJIHSIETCS XOTsI Obl OMuH pa3. Mcxomns us
KOHKPETHOTO YCJIOBUS, acceMbiep Nmpu GOpMUPOBAHMU €ro MAIIMHHON pealu3aluun
BBITIOJTHSIET HEOOXOAUMYIO ONITUMU3AIINI0. YTO MMEHHO MPU 3TOM MPOUCXOAUT, MOXKHO
yBHUAETh, 3arpy3uB Kon B CodeView yKa3zaHHBIM paHee CIIOCOOOM.

HNupektuBa .UNTILCXZ MoXeT MCTIOJNIL30BAaThCS C MPOBEPKON MOIMOJHUTEIBHOTIO
yCJIOBUS B BUZE BbipaeHWel == BuipameHue2 win BoipaeHnel |= BbipaxeHue2, 4ToObl
reHepupoBath KomaHael LIOPE u LOOPNE. IupekTua .UNTILCXZ BeImoiHSIET IEKPEMEHT
peructpa ECXunpexkpamaerBeinonHenue nukiaanpu ECX=0. [IproTcyTCTBUU yCIOBUS
nupektuBa JUNTILCXZ npocto renepupyer komanay LOOP.

LUuxknunyeckas koHcTpykuna .WHILE

Koncrpykuus WHILE cooTBeTcTBYET LIMKITY € IIPELYCIIOBUEM B A3LIKAX BLICOKOIO YPOBHS.
CHHTaKCHC KOHCTPYKLIMU:

WHILE ycnosue
KOMaHIH acceMbiepa
.ENDW

Hupektusa .WHILE renepupyeT nociienoBaTeIbHOCT, KOMaH] BBITOJHAIOMIMX OJOK
KOMaHJ acceMmbiepa, eciau ycioBue uctuHHO. Jupektusa .ENDW 3aBepiaer 610K Ko-
MaHJ accemOiiepa. OH 3acTaBIIsIET BepHYTh yrpasieHue KoHcTpykuuu WHILE, kotopas
IOCJjie MMPOBEPKU MCTUHHOCTHU YCIOBUS MO0 3aHOBO MHUILIMMPYET BBIITOJHEHME 0JI0Ka
KOMaH/I acceMOiiepa, 1100 Mepeaaer yrpasieHue KoMaHe, cienyomeii 3a .ENDW. Kon-
crpykuus WHILE nonyckaeT Bj1oXeHHOCTB, TpUYEM acceMOep BBLIMOJHAET HEOOXOIM -
MYIO ONITUMU3ALUIO 1151 popMUpoBaHUs HauboJliee 23P(PeKTUBHOTO Koa.

KoHcTpykuun .BREAK N .CONTINUE

Kouncrpykuun .BREAK 1 .CONTINUE cooTBeTcTBYIOT aHAIOTMYHBIM KOHCTPYKIIUAM SI3bI-
KOB BBICOKOTI'O YPOBHSI. .

Hupektusa -BREAK renepupyer Kox BeIXOIa Ha IEpBYI0O KOMaHIY, CJIEAYIOLIYIO 32
TenoM tekyiero unkiaa WHILE v .REPEAT. Ee cunTakcuc:
.BREAK [.IF ycroBue]

HupexTusa -BREAK nosBossieT 3a1aTh AOMOJHUTEIbHOE YCIOBHE, [IPYU BHIITOJIHEHUU
KOTOPOro OYAET BBHITOJHEH BBIXO M3 LUKJIA HE3aBUCUMO OT YCJIOBHUS OCHOBHOIO LIMKJIA.
Hupexrtusa .CONTINUE nepenaer ynpasieHue Ha Havaso Tekymero uukia WHILE wim
.REPEAT. Ee cunrakcuc:
.CONTINUE [.IF ycunoBue]

Ilpu Heobxomumoctu aupekTuBa .CONTINUE MoxkeT ompenensTh TOMOJHUTEIbHOE

yCJIOBUE, TIPU COOJIIONEHUN KOTOPOTo OyAeT BBHIMOJHEH Iepexo] Ha Hayado TeKYIIEro
LIUKJIA.
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JupexTtunsl -CONTINUE u .BREAK MoryT ucnonbs3oBaTbcsi TOMBKO BHYTPU LIMKIIOB
WHILE um .REPEAT.

KoMnnekcHbIn npumep

YT00BI MPOUJTIOCTPUPOBATH UCITONIb30BaHUE TUPEKTUB MASM 1151 UMUTALIMU KOHCT-
PYKIIMI BBICOKOTO YPOBHSI, PACCMOTPUM MpUMep. DTOT MPUMED HE SIBASETCS TPUMEPOM
«BeIU B ceOe», OH MPU3BaH MMOKa3aTh KJIacc 3aay, KOTOPbIe aKTYyalbHbI MPU MPOTpam-
MUPOBaHUU HaTIOOOM SI3bIKE. DTO 3aJa4i KOHTPOJISI UH(GOPMaLMK, TOCTYIaloLIeH B IIpo-
rpaMMy B xofie ee (yHKIMOHMpPOoBaHUs. Kak MeToauuecku MpaBUIbHO TOAOUTH K 3TOMY
BOIIPOCY, HE «M300peTast KaxAblil pa3 3aHOBO Bejocunen»? Eciu Bbl 3HAKOMEI C TEOPH-
el TIOCTPOeHMS TPAHCISITOPOB, TO CYThb MpOOJeMbl pa3dopa CUMBOJBHBIX MOCJIEN0Ba-
TEJIbHOCTEN U MOAXOABI K €€ PeIIeHUIO /IS BaC He HOBbI. Ec/u Xe y Bac TaKUX 3HAHUU
HET, TO MaTepuay JaHHOro pasjena OyaeT mose3eH sl GOpMUPOBAHUS y BaC TEOPETHU-
YeCKM T'PaMOTHOTO TMOAXOHa K PEHICHUIO MPOOJeMbl KOHTPOJSI BXOJHBIX JaHHBIX BalllUX
porpamm.

YacTpio 1100010 KOMMWISITOPA SIBASIETCSI CKkaHep, 3alaya KOTOPOr0 — YTEHUE BXOJ-
HOTO [TOTOKA CUMBOJIOB U BbIJIEJEHUE B HEM CUHTaAKCUYECKM 3HAYUMBIX €AMHUL HIIop-
Mauuu. [IpuMepoMm Takux eAVHUI MOTYT OBITh KJIIOUYEBbIE CJIOBA sI3bIKa, UMEHa Iie-
PEMEHHBIX, KOHCTAHThl W APYIM€ CUHTAKCUYECKU aBTOHOMHBIE E€IUHUIIBI MCXOMHOMU
nporpaMMbl. CKaHep pacrno3HaeT UX U B 3aBUCUMOCTH OT UX TUTAa (POPMUPYET BHYTPEH-
Hee TpeICTaBIeHUe 3TUX eIUHUI] U MHGOPMAIUI0O O HUX AJIS JajbHeilnedl CUHTaKCU-
YeCKOM 1 ceMaHTU4YeCKOol 00padoTku. TeopeTrnueckoit 0CHOBOI pabOTHI CKaHEepa SBJISI -
€TCsl TeOpUsI aBTOMATOB.

Hemuoro teopuun. KoHeuHblil aBTOMAT npeacTaBiseT coboit koptexx M = (K, A, P, S,
F}, rme:

2 K — KOHeuYHOe MHOXECTBO COCTOSTHMIA;

% A — KOHEYHbI BXOmHOU andaBurt;

# P — MHOXeCTBO Mepexo/ioB;

# S — HayaJIbHOE COCTOSIHUE;

# F — MHOXecTBO KOHEUHBIX (ITOCIEAHUX) COCTOSIHUIA.

[MpuHiunuansHO ckaHep PyHKUMOHUPYET TaK. OH MMEET KOHEUHOE MHOXKECTRO CO-
crosiHuit K, 0HO M3 KOTOPHIX ABISIETCS HAaYaJbHBIM S, U HECKOJIbKO KOHeuHbIX F. Ile-
pen HayajioM oOpabOTKM CMMBOJIOB OYEpEIHOMN JeKCeMbl CKaHep HaXOJIUTCSl B COCTOS -
Huu S. [1o Mepe CYUTBIBaHUS OUePEeTHOM TUTEPHI IEKCEMbI COCTOSTHUE CKaHEPa MEHSIETCS.
OTU mepexolbl TakXKe 3apaHee ornpenesieHbl MHOXECTBOM mpaBui nepexoaa P. Ilocrie
OKOHYAHMSI YTEHHUSI JIEKCEMbI aBTOMAT JOJKEH OKa3aThCsl B OJHOM U3 KOHEUYHBIX COCTO-
SIHUI, HEKOTOPBIE U3 KOTOPHIX MOTYT COOTBETCTBOBATH COCTOSIHUIO OIIMOKU. Mcxonst u3
TOr0, B KAKOM M3 COCTOSHMWI OKAa3ajiCsd CKaHep, OH JENaeT BHIBOA O MPUHANNEXHOCTH
JIEKCEMbI BXOMHOMY sI3bIKY. Eciu iekcema ommbouHast, To KOMIUISITOPOM (hOpMUpPYET-
€Sl COOTBETCTBYIOLIEE AMATHOCTUYECKOE COOOILEHME, ECIU XKe JeKceMa KOPPEeKTHasl, TO
OHa B 3aBMCUMOCTHU OT CBOETO THIIA MOABEpraeTcs fajibHeieli oopadboTke.

PaccMoTpuM mpuMep KOHEYHOTO aBTOMATa JJisl paclo3HABAHUS LEJIbIX NECSITUIHBIX
qKces CO 3HAKOM, CUUTHIBAEMBIX TPOTPAaMMOi ¢ KOHCOJIM. XOPOUIYI0 TOMOIIb B TOCTPO-
e€HUM KOHEYHBIX aBTOMATOB OKa3biBaloT opMmbl bakyca—Haypa n cuHTakcmueckue
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auarpammbl. MIx mbl o0cyxnanu B riaBe 5. @opmbl Bakyca—Haypa nnsa moctpoenust
JECATUUHBIX YMCEJ CO 3HAKOM BBITJISAST TaK:

<AeCATUUHOE_3HaKOBOE_Lenoe>=»<uncno_6e3_snaxa>|+<uncno_6e3_3Haka>|<uucno_6e3_3Haka>
<uucno_6e3_3Haka>=s<aec_unppa>|}<ymucno_bes_3naka><zpec_uunppa>
<pec_unppa>=0|11213|4|516/7|8|9

I'padpruecKy KOHEYHBI aBTOMAT YI0OHO MPENCTABIATL B BUAE HAMPABIEHHOIO Ipa-
(a. KoHeuHbIl aBTOMAT AJIs1 A€CATUYHOTO YMCIIa CO 3HAKOM IMOoKa3aH Ha puc. 11.1.

Cumeonsi
{ne 0...9)

CHMBOnsl
(ne 0...9)

CumBong
{He 0...9)

Bxan

Puc. 11.1. KoHeyHbln aBTOMAT 4151 AECATUYHOIO YMCia CO 3HAKOM

ITo pucyHKY lerko 3aKOHUUTb (hopMaibHOE oTpeaeeHre KOHEUHOTO aBTOMAaTa [l
JECATUYHOTO YUCIa CO 3HAKOM: .

w K= {1,234}
s A-{+,-,0,1,2,3,4,5,6,7,8,9);
P ={1->2, 1->3, 1->4,2->4, 2->3, 3->4, 3->3};
B S={(1}
% F={4)

HManee npuseneHa nporpamMma (iuctuHr 11.1), Momenupytoias KOHEYHbI aBTOMAT
JUTSL pacIiO3HABAHUS JECATUYHBIX YHMCEJ CO 3HAKOM.

Jinctunr 11.1. MporpaMmma KOHEYHOrO aBToMaTa A1 AECATUYHBIX YACEN CO 3HAKOM

.model small 7 Mofenb namstu
.data i CErMeHT [JaHHbIX

message db ©dh,0ah,'l am ready to receive your variant of signed decimal
number (to finish press Enter): §'

message_Invalid_Number db 0dh,8ah,'Your input is bed, please input your
number again or press Enter. §'
good_luck_message db 0dh,0ah, 'Your number is:
input_string db 10 dup (20h) ;cTpoka gna Beopga 9 umdp m 3Haka
db 0dh,8ah, 'Thank you for use this program. | wish you good luck...$'

.stack 256h ; CErMeHT cTeka

.code ; CerMeHT Kopa

GetNextChar proc
mov ah,1 ;YTE€HUEe CUMBOJiIa U3 CTaHOAapPTHOro BBOAA
int 21h ;cumeon B al

ret
GetNextChar endp
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main proc ; Havano TpolemypH main
mov ax,@data v 3aHOCKUM aIpeC CerMeHTa [LaHHHX B DEerucTp ax
mov ds,ax i ax B ds
mov ah,9
lea dx,message
int 21h I BHBOJ COOOmMEHMS Ha DKpaH
X0or sl ,sl JTIONTOTOBKA WHIEKCHOTO DEerucTpa si
call GetNextChar ;BBOom mepBoro cumBona B al
S (al=="+" || al=="-" || al>=30h && al<=39h)
mov input_string[sil,al
inc si
.else
jmp bed_end
.endif
.while si<9
call GetNextChar ;BBOm OYepemHOTO CUMBONA B al

if (al>=30h && al<=39h)
mov input_string{sij,al

inc si
.continue
.elseif al==0dh
.break
.else
jmp bed_end
.endif
.endw
mov ah,9
lea dx,good_luck_message
int 21h ; BHBOI coobmenys good luck_message Ha DKpaH
jmp exit_prog
bed_end:
mov ah,9
lea dx,message_Invalid_Number
int 21h ; BHBON coobmenusi message_Invalid_Number na 3xpaH
exit_prog:
call GetNextChar ;3amep¥ka OO BBOZa N0OOOTO CUMBOTA
mov ax,4c00h ; TepecHnka 4c@Bh.B perucTp ax
int 21h ; BH30B NpepHBaHUS C HOMepoM 21h
main endp ; KOHEIl MPOoLemypH main
end main ; KOHeIl TPOTpaMMH C TOYKO} BXOZa main

HanoMmHI0, 4TO 111 TOJyYeHUS MPUTOAHOTO JJIS OTJIAAKM UCIIOJTHAEMOTO MOLYJIS
JNAHHOI MporpaMMbl HE0OX0AUMO cHOPMUPOBATHL KOMAHAHYIO CTPOKY BUAA
ML.EXE /FY /Zi Prg_11_1.asm >p

Hust otnagku ucmoab3yite otiaagunk CodeView:
cv.exe Prg_11_1.asm

B kauecTBe ynpaxkHeHMsI BBl MOXETe IMTOTPEHUPOBATLCS B MPOTPAMMUPOBAHUU KO-
HEYHbBIX aBTOMATOB JJIsI pa3bopa IMPOU3BOJbHBLIX CUMBOJIBHBIX CTpOK. ITocae ocBoeHMsI
Marepuaia riasbl 17 IpakKTUYeCKHU MOJIE3HON MOXKET ObITH ITPOTPpaMMa KOHEYHOTO aBTO-
MaTa JUIsl pa3dopa 4Mcesl ¢ TulaBaloleil TouKoil. JJomoTHUTEAbHBINM MaTepual o Mpo-
rpaMMUPOBAHUIO KOHEYHBIX aBTOMATOB Bbl Haiinere B [8].

B 3akJiroueHMe JaHHOM TJIaBbl XOTEJIOCH Obl 3aMETUTh, UTO IIPUBENEHHBIE B HE pac-
CYXIEHHUSI O MOIEIMPOBAHUU BAPUMAHTOB TUIIOBBLIX LIMKIWYECKUX KOHCTPYKLIMIA HE SIB-
JISTIOTCST JOTMO¥. IX OCHOBHOE Ha3HaueHKWe — MO0Ka3aTh BO3MOXHOCTh U IIPAKTUUYECKYIO
MOJIb3Y MOJEIMPOBAHUS LINKINUYECKMUX KOHCTPYKIIMIA B acceMOIepHOIi mporpamMmme. Baxk-
HOCTh MaTepHasia JaHHOM TJIaBbl COCTOMT B TOM, UTO MCITOJIb30BaHME 3TUX KOHCTPYKLIUIA
B TIpoTpaMMax CITOCOOHO, HapsIy ¢ 0bJierYeHrueM HaIlMCaHMsT acCeMOJIEpHOTo Kofa, Cy-
LIECTBEHHO MOBBICUTH €r0 HAaJeXKHOCTb.
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NTorm

SI3bIK acceMOiep He COAEPKUT YITPaBISIONIUX KOHCTPYKIIUIA, €CTECTBEHHBIX IJIST S13bI-
KOB BBICOKOT'O YPOBHSI. DTO CYIIECTBEHHO CHUXXAET HATJISIIHOCTh aCCEMOJIEPHBIX IPO-
rpaMM U HaJIeXKHOCTh POTPaMMUPOBAHUS B 1IEJIOM.

+  Ha npakTHKe CyLIECTBYET HACTOSITEIbHASI HEOOXOAMMOCTb TTOIIEPXKKHU JTIOOBIM S3bI-
KOM OIIepaToOpOB BBIOOpA, Pa3IMUHOIO TUIIA ONEPATOPOB IIUKJIA U HEKOTOPBIX APY-
T'uX.

X B pasHbIx makeTax accemOiepa peaar3oBaHbl CBOU «(DUPMEHHBIE» TOAXOIbI K pellie-
HUIO JaHHOU POOIEMBbI:

O TASM wuwmeer nBa pexuma pabotsi: MASM u IDEAL. B pexxume MASM Bce
YIpaBJISIONME KOHCTPYKIIMU HYXXHO MOJAEIMPOBATh. DTOT MpOLECC MOAPOOHO
OINKCaH B IepBoii YacTu faHHoM r1aBbl. B pexkume IDEAL ecTh BcTpoeHHbBIE Cpei-
CTBa JUIsl OPraHU3ALMU TUTIOBBIX YIPABISIOIIMX KOHCTPYKLIMIA, HO U3-3a TIPEKpa-
uieHus nonaepxku TASM ¢upmoit Borland pabora B pexxume IDEAL Tepsier
aKTyaJlIbHOCTb;

D mnaker MASM uMeeT BCTPOSHHBIE CPENCTBA, MOACIUPYIOIINE YIIPABISIONINE KOH-
CTPYKILIMHU SI3bIKOB BBICOKOTO ypoBHS. VX HCIoOIb30BaHUE CYIIECTBEHHO MOBbI-
1IaeT CKOPOCTh U HaJIEXKHOCTD pa3pa00TKU MPOrpaMM.

BaxxHo moHMMAaTh, YTO BCTPOEHHBIE CPEACTBA, MOAETUPYIONINE YIPABJISIONME KOH-
CTPYKIIMU SI3bIKOB BBICOKOTO YPOBHSI — 3TO JIMIIb HAACTPONKA KOMIIUIATOPA HAl
HEKOTOPbIM 0a30BbIM acceMOJIEpHbIM YpOBHEM. B KOHEUHOM UTOTe, BCE BBICOKOYPOB-
HEBbIE KOHCTPYKIIMU OYAYT MepeBeieHbl B IOCIeI0BaTEIbHOCTh KOMaH 1 acceMoie-
pay UCTIOJHEHBI TPOLIECCOPOM.



nasa 12
Lleno4yeyHble KOMaHAbI

# CpepnctBa npoueccopa ang o6paboTKu LenoyYek 3/1eMEeHTOB
B NamMaTn

% Onepauun NepecbsIKU U CPaBHEHNS Lienovyek
# Onepauum gnga pa6boTbl C OTAEJIbHLIMU 3/IEMEHTaMU LienoyYexk
#» Onepauum gnga paboTbl C NOpTamMu BBOAA-BbiBOAA

B maHHOIi1 Ti1aBe OymeT pacCMOTpeHa Ype3BblYaiiHO MHTEPECHAs TPYIa KOMaH, IIOHU-
MaHMe IPUHIUIIOB padOThl KOTOPBIX U KX TPAMOTHOE MCIT0JIb30BaHKE CITOCOOHBI 3HAYM -
TEJIBHO 00JIErYUTh XU 3Hb MPOrPAMMUCTY, IMUIIYLIEMY IIPOrpaMMBbl Ha SI3bIKE acceMOJie-
pa. Peub uaeT o Tak Ha3bIBAGMBIX UENOUEYHbIX KOMAHOGX, KOTOPble MHOTAA Ha3bIBAalOT
Komandamu obpabomku cmpok cumeonog. OIHAKO 3TH Ha3BaHMsI He MAeHTUYHBHL. I[lon
CTPOKOI CMMBOJIOB 3[1€Ch IIOHMMAETCS MOCAEN0BATEIbHOCTh 0ATOB, a LIelIoYKa — 3TO
OoJiee ob1Iee Ha3BaHUeE AJISI CIy4aeB, KOraa pa3Mep 3J1eMeHTa I0CIeI0BaTeIbHOCTH TIpe-
BBILLIAET OAIT U COCTABIISIET CIOBO WJIM ABOMHOE CI0BO. TakMM 00pa3oM, LETIOYECUHBIE
KOMaH]Ibl ITO3BOJISIIOT IPOBOIUTD NE€CTBUS Hal OJ0KAMU MaMSTU, MPeACTaBISIOIIMMU
c000i1 Moc/e10BaTeIbHOCTY 3JIEMEHTOB CIEAYIOIIEero pa3Mepa:

# 8 OMTOB, TO €CThb OANT;
% 16 OUTOB, TO €CTb CJIOBO;
¥ 32 6uTta, TO €CTh IBOIHOE CJIOBO.

Coaepxumoe 3TUX 0JI0KOB JJ1s IPOLEeccopa He UMeeT HUKAKOT0 3HaueHuUs1. DTO MO-
I'YT OBITh CUMBOJIBI, YUC/IA X BCE YTO YToAHO. [J1aBHOE, YTOOBI pa3Mephl JEMEHTOB COOT-
BETCTBOBAJIM OJHOMY M3 MEPEYUCICHHBIX paHee BAPUAHTOB U 3TU SJIEMEHThl HaXOAM-
JIUCh B COCEIHMX SlYeiiKax MaMsITH.

Bcero B crcTeMe KoMaH[I Mpolieccopa MOAIePXKUBAIOTCS CEMb OTepalluii-IIPUMUTH -
BOB 00paboTKy Iemovek. Kaxmas M3 HUX peain3yeTcsl B IPOoLeccope TPeMsl KOMaHIaMHu,
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B CBOIO O4Yepelb, KaxXaasi U3 STUX KOMaHI paboTaeT C COOTBETCTBYIOLIIM Pa3MepOM Jie-
MeHTa — GaiiTOM, CJIOBOM WJIM ABOWHBIM CJIOBOM. OCOGEHHOCTh BCEX LIEMOUYEUHBIX KO-
MaH/ B TOM, YTO OHU, KpOMe 06paGOTKHU TEKYILETO 3JIEMEHTA LIeMOYKU, KOPPEKTUPYIOT
COIEPKMMOE OMpEAEeIEHHBIX PErMCTPOB C TeM, YTOObI aBTOMATHUYECKH IMTPOABUHYTHCS K
CIIEAYIOMEMY SJIEMEHTY LIETTOUYKH.

TMepeuncanm onepaunu-npUMUTUBBL OGPAGOTKN LETIOYEK U PEATU3YIOLIIE UX KO-
MaHZbl acceMmbiepa.

[lepechlika 1IEMOYKU:
D MOVS agpec_npuemHUKa,appec_NCTOMHUKA;
O MOVSB;
D MOVSW,
D MOVSD.
x CpaBHEHHE IEMOYEK:
M CMPS appec_npueMHUKa,afipec_WCTOYHMNKS;
0 CMPSB;
D CMPSW;
a CMPSD.
XK CKaHI/IpOBaHI/Ie HEIIOYKMU:
D SCAS appec_npueMHUKa;
D SCASB;
D SCASW;
D SCASD.
X 3arpyska dJieMeHTa U3 IIeTIOYKU:
M LODS anpec_nCTO4HMKA;

O LODSB;
n LODSW,
1 LODSD.

. CoxpaHeHUE 3JIeMEHTa B IICTTOYKE:

M STOS agpec_npueMHUKa,

N STOSB; '

n STOSW,;

[T STOSD.

HonyquHe QJICEMCHTOB LICITOYKH M3 IMMOPTa BBOAA-BbIBOJA:
MM INS appec_npuemHitKa HoMep_nopTa;

N INSB;
M INSW:
M INSD.

BI)IBOI[ QJIEMCHTOB LICITIOYKHN B ITOPT BBOJa-BbIBOJA:
M OUTS Homep_nopTta,anpec_uUCTOYHUKA;



251

O OUTBS;
0O OUTWS;
o OUTDS.

Jlornyecky K 3TMM KOMaHAaM HYXXHO OTHECTH U TaK Ha3bIBaeMEIC npeghuKcyl N08mo-
penus. BcrmomHnTe (popMaT MAaITMHHON KOMAaHABI M €TO TIepBbIe HEOOS3aTeIbHbIC OANTHI
npedukcoB. OnUH M3 BO3MOXKHEIX THUIIOB IPE(PUKCOB — 3TO MPe(PUKCH MOBTOPECHUS.
OHu npegHa3HaYCHBI IJI MCITOTb30BaHMS IIeITOYeTHRIMM KoMaHnaMu. [1peduKcrl mo-
BTOPEHMSI MMCIOT CBOM MHEMOHHWYECKUE 0003HAUYCHUS:

¥ REP;
& REPE, wwm REPZ;
% REPNE, wwm REPNZ.

OTu pedUKCH MOBTOPEHUS YKA3bIBAIOTCS TIepe] HYXKHOU IeTOoYeYHO KOMaHI0M
B mojie MeTku. Llemoueunas komaHma 6e3 mpedukca BHITIOMHSIETCS OMUH pa3. Pa3zmenie-
HUe npeduKca nepen HenoYeYHO KOMaHI0M 3aCTaBISIET €€ BBIMONIHATBCS B LIMKJe. Pa3-
Y US TPUBEIEHHBIX TPe(UKCOB — B OCHOBAHUU, TI0 KOTOPOMY TPUHUMAETCS pellieH1e
0 IIUKJIMYECKOM BBITIOJTHEHU U 1[EMOYETHON KOMaHbI: TI0 cocTostHUIO peructpa ECX/CX
wuiu o Guary Hyns ZF.

[pedukc nmosropernnuss REP (REPeat) ucmonb3yercs ¢ KOMaHIaMU, PeaTu3yIOITIMA
oIepalny-IIPUMUATHBEI IIEPECHUIKA ¥ COXPAaHEHMS 3JICMEHTOB IICIIOYEK, — COOTBET-
ctBeHHo, MOVS u STOS. Ipeduxc REP 3acTaBisgeT maHHBIE KOMaHIBI BHITIOTHATHCS,
mmoka coxepxumoe B ECX/CX He craner paBHBIM 0. [Ipu 3TOM IiermodeyHas KoMaHa,
repen KOTOPOoii CTOUT IpedUKC, aBTOMAaTHIEeCKH yMeHbIaeT comepxumoe ECX/CX Ha
emumHuIy. Ta ke KoMaHma, HO Oe3 TIpehrKca, 3TOrO He IeaerT.

Ipedukcor moBTropenns REPE (REPeat while Equal) m REPZ (REPeat while Zero)
SIBIITIOTCS aOCOMIOTHHIMU CMHOHMMaMK. OHHM 3aCTaBJISIOT LETIOYECYHYI0 KOMaHIY
BBITIOJTHSATBCSI IO TeX ITOp, IoKa comepxkmmoe ECX/cx He paBHo 0 v dirar ZF pasen 1.
Kaxk ToIbKO OHO M3 3THMX YCIOBUI HApYyIIAETCs, YIIPaBICHHE IepeaacTcs Clenyio-
et KoMaHzAe IporpaMMel. biaromapst BoaMoxxHocTH aHaim3a ¢iara ZF Hanbomee
9GO PEeKTUBHO 3TN NPedUKCH MOXHO MCIIOJBb30BaTh ¢ KoMaHgamu CMPS u SCAS mng
ITOMCKA Pa3TMYaONINXCS 3JICMEHTOB IIETIOUCK.

Ipeduxrco moroperuss REPNE (REPeat while Not Equal) u REPNZ (REPeat while
Not Zero) TakKe SIBJISTIOTCS aOCOMIOTHBIMUA CHHOHUMaMM. VX neficTBre Ha eTioded-
HyI0 KOMaHIYy HECKOJIbKO OTIMYaeTcs oT AeiicTBuit mpednukcoB REPE/REPZ. Ipeduk-
cel REPNE/REPNZ 3actaBisiioT nienmo4eyHyo KOMaHAy HUKINIECKU BBITIOTHSATHCS 0
TexX Imop, moka comepxumoe ECX/CX He paBHO HYyI0 win diar ZF pasen nymo. [Ipu
HapyIIeHUH OJHOTO M3 3TUX YCIOBHUI paboTa KOMAaHIBI IIpeKpamiaeTcs. JJaHHbIe TIpe-
(pUKCH TakXe MOXHO HCIOIb30BaTh ¢ KoMaHgamu CMPS u SCAS, Ho mms momcka co-
BIAJAIOIINX 3JIEMCHTOB IICTIOUYEK.

Cremyrommuit BasXKHBII MOMEHT, CBSI3aHHBIN ¢ IIEIIOYCYHBIMI KOMaHIAMM, 3aKJf04ya-
€TCsI B 0OCOOCHHOCTSIX (hOpMUPOBaHHS (DU3MIECKOTO afpeca OIepaHI0B afpec_MCTOIHU -
Ka U appec_npueMHuka. Llenouka-ucmounuk, anpecyemasi ONepaHIOM aipec_HMCTOYHHUKA,
MOXeT HaXOIWUThCS B TEKYIIEM CEIrMEHTE HaHHBIX, ompeneasieMoM peructpom DS. [le-
NOuKa-npuemMHuK, ampecyeMasonepangoManpec MpueMHNKA,TOJKHAOBITHBIOIIOTHM -
TEJIbHOM CeTMEHTE TaHHBIX, alpECyeMOM CETMEHTHEIM perucTpoM ES. BaxxHO OTMETHTH,
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YTO IOITycKaeTcs 3aMeHa (C IMOMOIIbIO MpeduKca 3aMeHbI CerMEeHTa) TOJIbKO perncTpa
DS, peructp ES nogmeHsTh Henb3s. Brophle yacTu anpecoB (CMelleHUSI LIeTI0YeK) TaKXKe
HaXoJsTCs B CTPOTO ofpenesieHHbIX MecTax. [IJ1s nenouku-mucrouyHuka ato peructp ESI/SI
(Source Index register — MHAEKCHBINM PErMCTP UCTOYHMKA). 11 LIeTTOYKM -I10JTydaTeIst
ato peructp EDI/DI (Destination Index register — MHAEKCHBIN PETUCTp MPUEMHUKA).
TakuM o6pa3oM, IOJHBIE HU3MYECKUE aapeca IJIsT OIePaHI0B LEIT0YeTHBIX KOMaH] Clie-
IYIOIIINeE:

% apec_WCTOYHMKA — napa ds:esi/si;

s+ afipec_npuemHuka — napaes:edi/di.

Kcratu, Bcmomuute komanabl LDSu LES, koTopbie Mbl paccMaTpyBaiu BriiaBe 7. OTU
KOMAaHJIBI TT03BOJISIOT MOJYYUTh IMMOJIHBIN YKa3aTe/Ib (CETMEHT ILTIOC CMEIIEHHE) Ha sTueii-
Ky namsTtu. [IpuMeHeHre MX B JaHHOM cllyyae oYeHb yIOOHO B CUJIY XX€CTKOM perja-
MEHTALIMU UCII0JIb30BaHUS PETHCTPOB IS aApecalliy OIIePaHIOB UCTOYHHMKA U ITPHUEM-
HMKa B IIEMIOYEYHBIX KOMaHIAX.

Bel, HaBepHOE, 0OpaTIM BHUMaHKE Ha TO, YTO BCe CEMb I'PYIII KOMaHI, peaanu3ylo-
KX LENoYeYHble OoNepaluu-IPUMUTUBLI, UMEIOT MOXOXHUH MO CTPYKType Habop Ko-
MaHI. B KaXI0M M3 3TUX HAGOPOB MPUCYTCTBYIOT OIHA KOMAHIA C SIBHBIM YKa3aHUEM
oIepaHJ0B U TPU KOMaHIbl, HE UMelolKMe onepaHnoB. Ha camoM nese Habop KOMaH[
Iporieccopa MMeeT COOTBETCTBYIOIINE MAaIlIMHHBIE KOMaHIBl TOJBKO IJIST IIEITOYCUHBIX
KoMaH acceMbiepa 6e3 onepaHnoB. KoMaHabl ¢ onepaHiaMu TpaHCISATOp accembiepa
3aIeiCTBYET TOJBKO JJISI OIIpeeIcHHUs TUIIOB OIlepaHaoB. [lociie TOro Kak BeISICHEH THIT
3JIEMEHTOB 1IETIOYEK MO0 MX OIMMCAHUIO B MaMSITH, TeHEPUPYETCS OIHA M3 TPEX MaIlH-
HBIX KOMaHII IJIs KaXI0W U3 IeMOYeYHBIX onepanuii. [1o 3Toil mpuYrHe Bce PEeTUCTPHI,
cofcpKalllve aapeca IeloYeK, JOKHBI ObITh MHUIIMATM3MPOBaHEI 3apaHee, B TOM YMC-
Jie ¥ AJ1sl KOMaH[, JOIMyCKalolluX IBHOE yKa3aHue onepaHaoB. B cuiy Toro, 4to uenoy-
KU aIpecylTCs OMHO3HAYHO, HET 0COOOT0 CMBIC/Ia IPUMEHSTh KOMaHIbI ¢ OIlepaHIaMu.
I'maBHOE, 4TO BBI JOJKHBI 3alIOMHUTh, — IPaBWIbHAS 3arpy3Ka PeTHCTPOB YKa3aTels -
MU 00s13aTeJIbHO TpeOyeTcs 10 BblIauM JI00O0H LienoyeyHoit KoMaHabl. Takxke Ha mpak-
THKE MOTYT BCTPETUTBHCS CIydad, KOrJa TPAHCISITOP MOTPeOyeT SIBHO MepeoIpeneinTh
cermenT ES: IS COOTBETCTBYIOIIETO OllepaHaa B KOMaH/Ie ¢ IBHBIM YKa3aHUEM OIle-
paHIOB.

IMocnenHunii BaXXHBI MOMEHT, Kacalollniics BCeX LENOYEYHBIX KOMaHI, — 3TO Ha-
IpaBjicHuEe 00pabOTKM ETIOUYKU. ECTh IBE BOBMOXKXHOCTH:

B

# 0T HayaJla LeMOYKHU K ee KOHILY, TO €CTh B HallpaBJ€HUU BO3pacTaHUs apecoB;
# OT KOHIIAa LIEITOYKW K Hadajly, TO €CTh B HallpaBJICHUU YOBIBAaHUS aIpecoB.

Kak Mbl yBUIUM MO3Xe, LeNOYeYHble KOMAaHABl CAMU BBIMOJHSIOT MOAUGbUKALINIO
PETMCTPOB, aApeCyOIUX ONepaHIbl, 00eCIIeYrBas TEM CaMbIM aBTOMAaTHISCKOE ITPOIBH-
XeHUe Mo 1enouyke. KonmmuectBo 6aiiTOB, Ha KOTOPBIE 3Ta MOTUGUKAIIUS OCYIIECTBIIS -
eTcsl, OoIpeensieTcsl KOAOM KOMaHIbl. A BOT 3HaK 3TOW MoaubUMKALMU OTNpeaesieTcs
3HaueHueM ¢haaea nanpaeaenus DF (Direction Flag) B peructpe EFLAGS/FLAGS:

m ecau DF = 0, to 3HaueHus1 unaekcHbix peructpoB ESI/SI u EDI/DI 6yayt aBToMaTu-
YeCKH YBEJIMIUBATHCS (OMepalsl MHKPeMEHTa) el0YeYHBIMA KOMaHAaMHM, TO €CTh
00paboTKa OyIeT OCYIIECTBISATLCS B HaIpaBJICHUU BO3PAaCTaHMS aIpecoB;
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B eciu DF = 1, To 3HaueHus nnaekcHbix peructpoB ESI/SI u EDI/DI 6yayT aBromaru-
YyecKM yMeHbIIaThes (omepalus JeKpeMeHTa) LeNnoYeYHbIMU.KOMaHAaMM, TO eCcTb
006paboTKa OyIeT MATH B HallpaBJICHUM YObIBAaHUSI aIpecoB.

CoctostnueM (utara DF MOXXHO yIpaBisiTh ¢ TTOMOIIBIO ABYX KOMaHI, He NMEIOIIUX
OTepaHIOB:

CLD (Clear Direction Flag) — ounctutsh ¢aar HampapiaeHUs (KOMaHaa cOpachbIBaeT
¢uar HanpaBieHust DF B 0);

STD (Set Direction Flag) — yctaHOBUTb (biar HampasieHUs (KOMaHIa yCTaHABIU-
BaeT dutar Hanpasienuss DF B 1).

DTO Bcs MHGbOPMAaIUs, Kacalomasicsl oOIIMX CBOMCTB LIeTTOYeuyHbIX KoMaHd. Jdanee
MBI 6oJice TTOIPOOHO PACCMOTPUM KaXIYIO OMepalluio-TIPUMUTUB U KOMaHIbl, KOTOPbIE
ee peanu3yoT. [Ipy 3ToM OIHY U3 KOMaH/I B KaXI0# IpyIIe emoYeYHbIX KOMaH I (KO-
MaHJIy ¢ orepaHIaMM) MbI OyIeM paccMaTpuBaTh MOAPOOHEE, TOCKOIBKY 3TO 6osiee 00-
ast KoMaHaa B CMbICJIe OTpaHWYEHU I, HaKJTalbIBaeMbIX Ha TUIIBI OMePaHI0B.

NMepecbunika ueno4yek

KoMaH/IBl, peann3yioline orepaio-pUMHUTHB NEPECHUIKH 1IETI04eK, TPON3BOAAT KO-
pOBaHUE 3JIEMEHTOB M3 ONHOM 00JacTH MaMmATH (LIETOYKU) B Apyryio. Pasmep amemeHTa
orpenesieTcss TpUMEeHsIeMO KOMaHIoM. AcceMOJiep MPeIoCTaBIsIeT B paCIOpsIKEHUE TTPO-
rpaMMMCTa YeThIpe KOMaH/IbI, PabOTaloIIe C Pa3HBIMM pa3MepaMu 3JIEMEHTOB IIETTOYKH:

# MOVS agpec_mpueMHMKa,agpec_HCTOYHMKAa — Ilepeciarh ernouky (MOVe String);
MOVSB — mepecnars nienmouky 6aiitoB (MOVe String Byte);
MOVSW — mepecnath enouky cioB (MOVe String Word);

BoB B

MOVSD — mepecnarh menouky aBoiHbIX cjioB (M OVe String Double word).

Komanpga MOVS

Cunrakcuc kKoMaHasel MOVS:
movs ajpec_NpPWEMHUKA, aapec_KWCTOUHMUKA

Komanma konupyeT 6aiiT, CJIOBO MU IBOMHOE CIIOBO M3 LIEMOYKU, aIpecyeMOoii ore-
paHIOM aapec_MCTOYHHMKA, B LIEMOYKY, aIpecyeMylo ofepaHaIoM agpec_npuemHuka. Pas-
Mep MepechbulaeMbIX 2JIEMEHTOB acceMOJIep OTNpeAeIsieT, UCXOs U3 aTPUOYyTOB MIICHTH -
bUKaTOpOB, yKa3bIBAIOIINX HA 00JIACTA MaMSITH IPUEeMHUKa U UcToYHMKa. K mpumepy,
€CJTA 3TU UASHTU(UKATOPBI ObUTH ompenesieHbl nupekTuBoii DB, To nepeckuiaTbes Oy-
IyT GalThI, €CIM UACHTUMUKATOPHI OBLIM OTNpeaeeHbI C TTOMOIIbIO TUPeKTUBE DD, To
TnepechbUIKe MomIexar 32-pa3psiiHble 3JEMEHThI, TO €CTh ABOIHBIE ciloBa. PaHee yxke
ObLTIO OTMEYEHO, YTO IJIs IEMOYEeYHBIX KOMaH/ C OnepaHaaMu, K KOTOPBIM OTHOCUTCS
Y KOMaHJa MepeCchbUIKA movs afpec_npUueMHUKa,afpec_NCTOYHUKA, He CYLIECTBYeT MallliH-
Horo aHasiora. [1pu TpaHCAAIIMY B 3aBUCMMOCTH OT THIIA OTIEPAHIOB TPAHCISITOP TIPeos-
pasyeT ee B OHY U3 TpeX MallMHHBIX KoMaHa: MOVSB, MOVSW wiu MOVSD.

Cawma 1o ce6e komanaa MOVS mepechbltaeT TOTLKO OUH 3JIEMEHT, UCXO/Is U3 ero TUIIa,
u moanuduuupyet 3HaueHus peructpoB ESI/SI u EDI/DI. Ecnu nepen komaHaoil Hanu-
catb nipecukc REP, To omHOI KoMaHI0If MOXHO TiepeciaTh A0 64 KO6ailT naHHBIX (ecin
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pasMep ampeca B cerMeHTe 16 6uT — usel6) wiau 1o 4 ['GaiiT TaHHBIX (€CIX pa3Mep ampeca
B cerMeHTe 32 6uta — use32). Yuciao nepechbliaeMbIX 3JIEMEHTOB JOJIXKHO OBITh 3arpy-
XeHOo B cueTurK — peructp CX (usel6) miu ECX (use32). [Tepeunciaum nociieaoBaTelb-
HOCTb ICMCTBUIi, KOTOPbIE HY>KHO BBIIIOJIHUTH B IIPOrpaMMe JIJist TOTO, YTOOKI ITepeciaTh
LIETTOYKY 2JIEMEHTOB M3 OJHOM 00IaCTH ITaMSITH B IPYIYIO C TOMOIIbI0 KoMaH bl MOVS,
B o611eM ciydae 3Ty MOC/IEI0BaTeIbHOCTh MOXKHO pacCMaTpUBaTh KaK THUIOBYIO JJIS
BBIMOJTHEHW S JIIOOOH 1IeMO0YeYHO KOMaH/IbI.

1. YcraHoButh 3HaueHue ¢iiara DF B 3aBUCHMOCTH OT TOTO, B KAKOM HaIlpaBJIeHUU OY-
YT 00pabaThIBaThCSl DJEMEHTBI LIEMOYKM — B HaMpaBJIeHUM BO3pacTaHUST WIM YyObI-
BaHUS alpecoB.

2. 3arpy3uTb yKazaTesd Ha ajipeca lLierovek B mamMsTy B mapsl peructpoB DS:(E)SI u ES:
(E)DL. -

3. 3arpy3uts B peructp ECX/CX koanuecTBo 06pabaThIBaeMbIX 2JIEMEHTOB.

4. Brigats komanay MOVS ¢ mpecpukcom REP.

Hanpumepe nuctunra 12.1 paccMOTpUM, KaK 3TH IeiICTBUS PeaIn3yIOTCS IIPOTPaMM-
Ho. B 370l nMporpaMmmMe MpoM3BOAUTCS TMEPEChUIKA CUMBOJIOB U3 OAHOI CTPOKU B JApY-
ryto. CTpOKU HaxXonAsITCS B OMHOM CerMeHTe MaMsaTH. [ mepechblIKA UCHOIb3yeTCs
koMaHaa-nmpuMutuB MOVS ¢ npedukcom mosropeHust REP.

JlnctuHr 12.1. lNepecbiika CTPOK KOMaHOOoM MOVS

;prg_12_1.asm
masm
model  small
stack 256
.data
source db "Tectupyemas crtpoxka”,’'$' ;CTPOKa-uUCTOUHUK
dest db 19 dup (" ™) ; CTPOKA-NPUEMHNK
.code
assume ds:@data,es:@data
main: ;TOYKA BX0AAa B nporpammy
mov ax,@data ;3arpyska CermMeHTHbIX erMCTgos
mov ds, ax ;HacTpoiika pernctpos DS n E
;HA aJpec CerMeHTa [aHHbIX
mov es,ax
cld ;cbpoc dnara DF - o6paboTka
) ; CTPOKM OT Hayana K KOHLY
lea si ,source ;3arpyska B Si CMeLLeHns
] ;CTPOKU-NCTOYHMKA )
lea di ,dest ;3arpyska B DS cmelleHns CTpOKMU-NpueMHmnka
mov cx, 20 ;ANA Npedukca rep - CYETYUK
;noBTOpeHuit (OMHA CTPOKK)
rep movs dest,source ;nepecsinka CTPOKK
lea dx,dest
mov ah,89h ;BLIBOA HA 9KPaH CTPOKM-MPUEMHUKA
int 21h
exit:
mov ax,4cOdh
int 21h
end main

Mepecbinka 6anToB, CNOB U ABOWHbLIX CJZIOB

Ilepechuika GaliTOB, CJIOB M ABOMHBIX CJIOB Mpou3BoauTcsa KoMaHgzamMmu MOVSB, MOVSW
n MOVSD. EnMHCTBEHHO OTJIMYUTEIBHOM OCOOEHHOCTBIO 3TUX KOMaH/I OT KOMaHIbl MOvVs
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SIBJISIETCSI TO, UTO MOCJEIHSIS MOXET padoTaTh C 3JIeMEHTaMU 1eMoYeK J0oro pa3me-
pa — 8, 16 wym 32 6ura. [pu tpancaauun komanaa MOVS npeobpasyeTcs B OIHY U3 TPEX
komaHa: MOVSB, MOVSW unu MOVSD. PaHee ObL10 TOKa3aHO, UTO pellIEHUE 0 TOM, B KaKy10
KOHKPETHO KOMaHIy OyjAeT Mpou3BeJeHO Mpeodpa3oBaHue, MPUHUMAETCS TPAHCISATO-
pOM, KCXOASl U3 pa3MepoB 3JIEMEHTOB LIETIOYEK, apeca KOTOPBIX YKa3aHbl B KauyeCcTBE
ornepaHaoB koMaHabl MOVS. UTto KacaeTcst agpecoB 1ienmouek, To AJs J1000i U3 YeThipex
KOMaHJ OHU JOJIXXHBI HOpMUPOBATHCS MPOrpaMMOit SBHO U 3apaHee B peructpax ESI/SI
u EDI/DL

K mpumepy, mocMoTpuM, Kak U3BMEHUTCSI Tporpamma u3 tuctunra 12.1 mpu ucnosb-
3oBaHUM KoMaHasl MOVSB:

.data

source db "lepechmnaeMas CTpoka$” 1 CTPOKA-UCTOUHNK
dest db 20 DUP (?) ; CTPOKa-nNpuemMHuK
.code
ASSUME ds :@data,es:@data
main:
cld ;copoc ¢dnara DF — npocMOTp CTPOKWM OT Hayana K KOHLY
lea si,source ;3arpyska B ES cTpoku-uctouHmka
lea di,dest ;3arpyska B DS cTpoku-npmemHuka
mov c¢x,20 ;ans npedukca rep - AAMHA CTPOKK

rep movsb ;nepecbinka CTPOKK

Kaxk BumuM, uamMeHuIaCh TOJIBKO CTPOKA C KOMaHIOU mepecbuiku. OTINYue B TOM,
YTO MporpaMMa u3 JUCTUHTa 12.1 MoxXeT paboTaTh ¢ 1IeMOYKaMu JEMEHTOB JII000H U3
Tpex pasMmepHocreit: 8, 16 wiu 32 0uTa, a mocieIHUi PparMeHT — TOJBKO C LEMOYKAMU
GaiiToB. Jlanee, Kak Mbl U TOTOBOPUJIMCH paHblIlle, YTOOBI HE 3aTPOMOXIATH OMUCAHUS,
MBI OyieM paccMaTpUBATh IPYITTBI KOMaHI IS OTlepalliii-IPUMUTUBOB TOJbKO Ha TIPU-
Mepe 0osiee o0IIeil KoMaHAbI, a Bbl OyleTe MOHMMAaTh, UTO Ha CAMOM Jiejie MOXHO HC-
TT0JIb30BaTh JTI00YI0 M3 TPeX KOMaH] B COOTBETCTBYIOIIEM KOHTEKCTE.

CpaBHeHue ueno4ek

KomaHmel, peanusyioniye OIepalrio-TIPUMUTAB CpPaBHEHUS LEMOYEK, IPOU3BOIIT
CPaBHEHME 3JIEMEHTOB LIEMOUYKN-MCTOUHHUKA C 3JIEMEHTAMHU LEMOUYKHU-TTPUEMHUKA.
3mech CUTyalusT ¢ HA6OPOM KOMaHI M MeTOAAaMHU pabOThl ¢ HUMHU aHAJOTHYHA OIle-
paluu-TIPUMUTHABY TIePeChUIKN Iermodek. TASM TipemocTaBisieT IMPOrpaMMHUCTY
yeThIpe KOMaHIBI CpaBHEHHMS IIeMOYeK, paboTalollne ¢ pa3HEIMU pa3MepaMu 3JIe-
MEHTOB IIeTIOYKH:

CMPS appec_npueMHUKa,appec_UCTouHUKa — cpaBHUTH cTpokn (CoMPare String);
CMPSB — cpaBHuTH cTpoKy 6aiitoB (CoMPare String Byte);
CMPSW — cpaBHUTb cTpoky ciioB (CoMPare String Word);

CMPSD — cpaBHUTH cTpoKY ABoiHBIX ciioB (CoMPare String Double word).

Komanpa CMPS

CuHrakcuc komaHasl CMPS:
Cmps aapec_npmeMHMKa N aAPEC_MCTOHHMKa
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3nech:
# afpec_WCTOYHKKA OTIPENEIISIET aipec LIEMOYK-NCTOYHMKA B CETMEHTE TaHHBIX, 3apa-
Hee 3arpyxkaeMblii B mapy peructpos DS: ESI/SI;

#  afpec_npueMHuKa OTIpeesisieT afpec UeNOYKU-NMPUeMHMUKa, KOTOpasi 10JKHa Haxo-
IUTBCSA B JTOMOJHHUTCIBHOM CETMEHTE, 3apaHee 3arpy:kKaeMblil B ITapy perucTpoB
ES:EDI/DIL.

AnropuT™ paboTsl KoMaHIbl CMPS 3aKiTI09aeTCs B IMTOCIEIOBATEIbHOM BRIITOJTHEHUH
BBIYUTAHUS (JIEMEHT LEIMOYKN-UCTOTYHUKA MUHYC 3JIEMEHT LIETIOYKU -TTOTyYaTesIs ) Hal
oYepeIHbIMU dJIeMeHTaMU 00euX 1iernoyek. [IpMHIMIT BBIMOJTHEHUST BHIMUTAaHUSI KOMaH -
goit CMPS Takoi xe, Kak y koMaHabsl cpasHeHus CMP. OHna tak xe, kak u CMP, mpousso-
AT BBIYMTAHME 3JIEMEHTOB, HE 3aMMMChIBasi ITpU 3TOM pe3yJibTaTa, U yCTaHaBIUBAET iaru
ZF, SF u OF. Ilocne BelUMTaHUS OYEPeIHBIX DJIEMEHTOB lieroyek KoMmaHaoi CMPS nnaekc-
Hble peructpsl ESI/SI u EDI/DI aBToMaTuyecKy U3MEHSIIOTCS B COOTBETCTBUM CO 3HAUe-
HueM ¢rara DF Ha 3HaueHMe, paBHOE pa3Mepy 3JIeMEHTa CpaBHUBAaEMBIX LIeTTOUeK. YTOOBI
3acTaBUTh KoMaHIy CMPS BHITIOTHATHCST HECKOIBKO Pa3, TO €CTh IPOM3BECTH ITOCIIEI0-
BaTeJIbHOE CpaBHEHME BJIEMEHTOB Lierouek, Heobxoaumo mepen komaHaon CMPS orpe-
JenuTh npedukc moproperus. C komangoit CMPS MOXHO MCIO/Ib30BaTh MPEGUKCHI 110-
propenust REP, REPE/REPZ win REPNE/REPNZ:

REP — cpaBHUMBaTb 2;1eMeHTHI Lienouek, moka ECX/CX>0;

II REPE wnu REPZ — cpaBHUBATH 3JIeMEHTHI LIETIOYEK [0 BBHIMOJIHEHUS OJHOTO U3 ABYX
YCJIOBUIA:

O comepxumoe ECX/CX paBHO HyIIO;
0O B LenoyYkax BCTPETUIMCH pa3Hble dJeMeHThl ((diar ZF cran paBeH Hy10);

# REPNE wim REPNZ — cpaBHMBaTh 9JIEMEHTHI 1IETIOYEK O BLITIOJTHEHUS OMHOTO U3 IBYX
YCJIIOBUI:

IT conepxumoe ECX/CX paBHO HyJI0;
M B lLENoYkKax BCTPETUIMCh ONMHAKOBbIE 371eMeHTHI (aar ZF ctan paBeH eAuHMIIE).

Takum o6pa3om, BeIOOp Mmomxonsiinero npedukca mo3BOJISIET OpraHu30BaTh 0oJjiee
TUOKUI ITOMCK OOWHAKOBBIX WIIM Pa3IMYAIOIIMXCs 3JICMEHTOB IeTovYeK KomaHmoir CMPS.
Kputepuii m1st BBIOOpa MmpedrKca — yCIIOBHE BRIXOHA M3 IIUKIIA. JlJIsg oTpeneIeHus KOH-
KPETHOTO YCJIOBUS HambOoee MOIXOASAIINM SIBISIETCS CITOCO0, UCIIOIB3YIOIINI KOMaH-
ay ycaoBHoro nepexona JCXZ. Ee pabora 3akii04aeTCs B aHaIU3€ COAEPKUMOIO PErUCT-
pa ECX/CX, u ecim oHO paBHO HYJIIO, TO yIIpaBjeHKE MepeaaeTcsl Ha METKy, YKa3aHHYIO
B KauecTBe onepanaa JCXZ. Tak kak B peructpe ECX/CX comepXuTcs cyeTUYMK MOBTOpE-
HUU VIS IETTOYETHOM KOMaHIbI, MMEIOIIeH IF0001 13 Tpe(MKCOB IIOBTOPEHUS, TO, aHA-
qu3upys ECX/CX, MOXHO onpeneanTh YCA0BMS BbIX0JA U3 IMKJIA LIENMOYeYHOM KOMaH/IbI.
Ecnu 3Hauenue B ECX/CX He paBHO HYJIIO, TO 3TO O3HAYaeT, YTO BbIXOJ MPOU3OIIIE 10
IIPpWYMHE COBIAACHUS JIN00 HECOBIAIECHMS OUePEIHBIX 3JIEMEHTOB Iierodek. CyIecTByeT
BO3MOXHOCTB €IIle 00JIbIII¢ KOHKPETH3MPOBATh MHGMOPMALUIO 00 YCIIOBUH 3aBEPIICHUS
ornepauuu cpaBHeHus. CaenaTb 3TO MOXHO C TMOMOIIbIO KOMaHJ YCJAOBHOM Tepenauyun
ynpaBjieHus (tabn. 12.1).
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Ta6nuua 12.1. CooTBeTcTBME KOMaHA, YC/IOBHOM nepeaayn ynpaBneHus yCioBMSM 3aBepLUEHNs
KomaHapl CMPS

YcnoBue 3aBepiieHUs CpaBHEHUS CoO0TBeTCTBYIOIIAS KOMaH/Ia

. | YyCJIOBHOTO Iepexoaa
orrepaHi_ MCTOYHUK > OIEepaH_MPUEMHUK JA nnn JG (omepaHa co 3HAKOM)
OIepaHj_MCTOYHUK = OllepaH/_ IIPUEMHUK JE (B TOM 4uce 1715 onepaHaa co 3HaKOM)
onepan_MCTOUHHMK <>OnepaHi_NPUEMHNK JNE numu INZ (B ToM uucie ais onepaHia

€O 3HAKOM)

orepan/i_MCTOYHHK < onepaH/_MPUEMHHK JB unu JL (omepaHa co 3HaKOM)
onepalZi_ucTo4HuK <= onepani_npuemMHuk | JBE wnu JLE (onepaHz co 3HaKoM)
omnepaHa_MCTOYHUK >= onepaHn npuemMHuk | JAE unu JGE (omepann co 3Hakom)

Kaxk ompeneanTh MECTOMNONIOKEHNE OUEPEIHBIX COBIABIINX MM HECOBITABIIMX 3JIe-
MEHTOB B Lienoykax? BcrmoMHMTe, 94TO TTOC/Ie Kaxkaoi UTepalliy LieroJyeyHass KoMaHIa
aBTOMAaTHUYECKHU OCYIIECTBIIIET MHKPEMEHT-IEKPEMEHT 3HaUEHUS afipeca B COOTBETCTBY-
JOIIMX WHIEKCHBIX peructpax. ITostoMy mociie BBIXOAa M3 LIMKJIA B 3THX pervcTpax 0y-
YT HAXOIMTBCS apeca SJMEeMEHTOB, HAXONSIIMXCS B Lenodke mocie (!) 371eMEeHTOB, Mo-
CIYXWBIIMX TMPUYMHOM BBIXOAA M3 LUKIA. s TMOJy4eHUsT UCTUHHOTO aJpeca 3THX
5JIEMEHTOB HEOOXOIMMO CKOPPEKTHPOBATh COIEPKMMOE MHIEKCHBIX PETHCTPOB, YBEJIH-
YUB MO0 YMEHBIIMB 3HAaUeHWE B HUX Ha JUTMHY 3JIEMEHTA LIETIOYKH.

B kauecTBe MprMepa pacCMOTPUM ITpOrpaMMy M3 TUCTHHTA 12.2, B KOTOPOW CpaBHM-
BaeTCs JBE CTPOKH, Haxoxsduuecd B ogHoMm cermeHrte. Mcnonb3dyercsa komanna CMPS.
IIpedukc moBropeHuss — REPE.

Jinctunr 12.2, CpaBHeHve aByx CTpok komaHao CMPS
<1>;prg_12_2.asm

<2>MODEL smal |
<3>STACK 256

<4>.data

<5>mat ch db @ah,8dh, ‘CpasHeHue 3akoHueHo','$'

<6>failed db Oah,0dh, 'Cypoku He cosnapaewt’,'$’

<7>stringl db "0123456789',0ah,0dh,'$’ ;nccneayembie cTpoKy

<B>string2 db *9123406780','S$"

<9>.code

<10>ASSUME ds:@data,es:@data ;opuBga3ka DS u ES K CerMeHTy HaHHBX
<ll>main:

<12> mov ax,@data ;3arpy3Ka CETMEHTHHX PeTuCTPOB
<13> mov ds,ax

<14> mov es,ax ;HacTpoyka ES Ha DS

<15>;BWBOA HA BKpaH MCXOOHHX CTPOK stringl u string2

<16> mov ah,0%h

<17> lea dx,stringl

<18> int 21h

<19> lea dx,string2

<20> int 21h

<21>;cbpoc dnara DF - cpaBHeHNME B HANpaBJIEHUY BO3PaCTaHUS aIpecoB
<22> cld

<23> lea si,stringl ;3arpyska B si cuemerus stringl
<24> lea di,string2 ;3arpy3ka B di cmemenus string?
<25> mov ¢x,10 JANUHA CTPOKM s mpedukca repe

<26>;cpaBHeHne CTPOK (IOKa CpaBHUBaeMHE 3IIEMEHTH CTPOK DaBHH) .
npodonncenue 5*

9 3ak. 256



258 naBa 12. LlenoyeyHble KOMaHb!

JinctuHr 12.2 (npogomxkexue)

<27>;BbLIXOA TPYU OOHapyXeHUY HECOBIABIETO BJIEeMEeHTa

<28>cycl: :

<29> jexz end_hand JANA ROCHNEAHETO 3/IEMEHTa
<30>repe cmps stringl,string2

<31> je end_hand ;AN8 nocnegHero afeMeHTa

<32>,He cosnamu

<33> mov ah,@%h

<34> lea dx,failed

<35> int. 21h , BbIBOA C000LeHuns

<36>;Tenepb, 4TOObLl 06paboTaTh HECOBNABLUNIA 3NEMEHT B CTPOKE,
;Re0oB6X0OAUMO YMEHbWNTb 3HAYEHWUd perucTpos si u d

<37 dec 51

<38> dec di

<39>;ceivuac B ds:si u es:di appeca HecOBMNaBWUX 3NEMEHTOB

<4@>;3fecbp BCTaBWTb KoL no o6paboTke HecoBNaBLEro 3JAeMeHTa

<41>,nocie 9TOr0 NPOAONXWUTb MOWCK B CTPOKE:

<42> inc  si

<43> inc di

<44> imp cycl

<45>end_hand:

<46> mov ah,@9h IBbIBOA COOOLLEHNS
<47> lea dx,match

<48> int. 21h

<49%exit: ;BbIX0OA

<50> mov ax,4c0h
<51> int 21h
<52>end main ;KOHEL, nporpamMmmel

B nporpaMMe ecTb HECKOJBKO TPEOYIOMIX MOACHEHUA MOMEHTOB. DTO, BO-IMEPBHIX,
cTpoku 37 u 38, B KOTOPBIX Mbl CKOPPEKTUPORANIL afpeca OYePEeIHbIX DJIEMEHTOB IS
[OJyYeHHs afpecoB HECOBIABIIUX 3MeMeHTOB. [1e0GX0AMO MOHUMAaTh, Y4TO €CIM CpaB-
HMBAIOTCS LEMOYKM C 3JIEMEHTAMM CJIOB MJIM ABOHIILIX CJIOB, TO HYXKHO KOPPEKTHUPOBATh
coxepxumoe peructpos ESI/SI u EDI/DI Ha 2 1. 4 6aiiTa COOTBETCTBEHHO. Bo-BTOPHIX,
o970 cTpoKH 42 i1 43, CMBIC]T UX B TOM, YTO JJISI IPOCMOTPa OCTABIICHCS YacTa CTPOK
BCODXOMMMO VCTAHOBHTL YRAATCAH Ha CAEAYIONIME HJEMEHThI CTPOK 3a MOCTEIHUMU
HECCOBITABINTIME 3ieMedTaMs. [Tocie 3Toro Mo Kito MOBTOPUTH BECh MpPOLleCC MPOCMOTpa
7 o0pAO0TKI HeCOBIABIILX DIEMEHTOB B OCTABIHXCS 9acTSIX CTPOK. B-TpeThux, 3T0
CcTpoKU 28~31, c TOMOIIBIO KOTOPHIX YIUTHIBAIOTCSI OCOOEHHOCTH caMUX CTpoK. Ocoboe
BHUMAaHKe ClelyeT YIeJuTb 00paboTKe MHOCJeAHIN 2JEMEHTOB CTPOK B MPEANOJoXe-
HUU, 4TO Ol MOTYT He coBmacTh. [Ipennaraio BaM MpocieauTh 3a BbIMOJHEHUEM IPO-
IPaMMBI B OTJIaAYMKE Ha CACIAYIONTHX Ha0opax BXOMHBIX TaHIIDIX:

“ostringl = '0123456789"  string2 = '0123406789"
% stringl = ‘0123456789 u string2 = '9123406780",

CpaBHeHNe 6allTOB, CJIOB ¥ IBOMHEX CJIOB

‘Tax Xe Kak II B TpyIIe KOMaH[ il Cbl/IKH 1ICHOYKE, B TPYIINe KOMaHA CPaBHEHNUS €CTh
OTHeTbHBIC KOMAaHIBI IS CPaBHCils eToYeK 6alTOB, CIOB, IBOMHEIX cIOB — CMPSB,
CMPSW u CMPSD cootBercTBEHHO. Jl1s1 9THX KOMaH BCE PACCYXIEHUs aHAIOTUYHBI TEM,
4TO GBLIM MPHBCACHD! TP OMIHCAHMN KOMaH/I MepechUIKM. AcceMbep npeodpasyeT Ko-
Manay CMPS B o/iny u3 Mmatnuniinix xomanil, CMPSB, CMPSW unu CMPSD, B 3aBucumocTu oT
pazMepa 3/eMeITOB CpaBHUBAEMBIX IICTIOUCK,
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CkaHupoBaHMe uUenoYek

Komanzbl, peanusyroime onepaumnio-npuMUTUB CKAHIPOBaHNs LEMOYEK, TIPOH3BOJIIT
ITOMCK HEKOTOPOTo 3HAYeHMs B 00JacTH maMATH. JIormyecKu 3Ta 00JacTh IMaMSATH pac-
CMaTpMBaeTCs Kak Mocae0BaTebHOCTh (1L[enoyKa) 3/cMenToB PUKCUpOBaHHON IJU-
HbI pa3mepoM 8, 16 wiam 32 6ura. Mckomoe 3m1aveliue IpeIBapUTEIbHO HOJKHO OBITh
nomenieHo B onuH u3 peructpos AL/AX/EAX. BbIOop kotrperiors perucTpa us aTirx Tpex
IOJIKeH OBITh COTNIACOBAH C Pa3MEPOM HJICMENTOB IIEMIOYKHU, B KOTOPOI OCYIIECTBIISICT-
cg nmouck. CucreMa KoMaH[ IIpoLeccopa IPeA0CTaBIAET L POIPaMMUCTY YETBIPE KOMaH -
IbI CKAHMPOBAaHUS LeTOYKY. BEIOOp KOHKPETHOM KOMAaHIBI OIpenesIeTCs] pa3MepoM
JIeMelTa;

SCAS agpec_npuemHuka — ckaHupoBaTh Henouky (SCAning String);

SCASB — ckaHupoBath Lemnouky 6aintoB (SCAning String Byte);
% SCASW — ckanupoBaTth enouky cjoB (SCAning String Word);
4 SCASD — ckaHupoBath 1enouky nBoiHbIX c1oB (SCAning String Double Word).

KomanHpa SCAS

Cunrakcuc komangsl SCAS:
sCas aApec_rnpueMHuKa

Komanma nmeer oauH omepaH, 0003HaYaOIMINA MECTOHAXOXIEHUE LIETTOYKHU B J{O-
MTOJIHUTEIbHOM CETMEHTE (apec LellouKH TOKeH ObITh 3apaHee cpopMUPOBAH B peru-
ctpax ES:EDI/DI). TpancaaTop aHanH3upyeT TUN UASHTU(DUKATOpA afpec_npuemHUKa,
KOTOPHIH 0003HAYAET LENMOYKY B CCIMeHTe TaHHBIX, U (DOPMUPYET OJHY U3 TPEX MATIUH-
Hbix Komang, SCASB, SCASW unu SCASD. YcinoBue moucka ansg Kaxaoi U3 3TUX TpeX KO-
MaHJ HaXOJUTCS B CTPOro onpeienaeHHoM MecTe. Tak, ecii lienoyKa OnrcaHa ¢ MOMOLIbIO
JupeKTUBL DB, TO MCKOMBII 3JIEMEHT JOJIXKEH ObITh 0aiiTOM, HAXOAUTHLCS B peructpe AL,
ncKanvupopanueenmoykuocymectsiasercsakoMannoitSCASB. Ecinuenoykaonucanac
nomoubio 1upekKTuBLl DW, TO 3T0 — c10B0O B peructpe AX, U MOUCK BeAeTCSI KOMaHA 0
SCASW. Ecnu nenouka orycana ¢ moMouibio aupektuBsl DD, To 3T0 — nBOiTHOE CI0BO
B EAX, u nmouck Begetrcs komangoi SCASD. IlpuHIMO moucKa TOT Xe, UTO U B KOMaHJe
cpaBHeHUs CMPS, To ecTh moclieqoBaTeIbHOE BLITIOJIHCHIE BRIYMTAHUS (COAEPXKUMOE
peTHCTpa aKKYMYJIITOPa MUHYC COJEPKUMOE 04ePEeTHOT0 dJIeMeHTa iemo4Yku). B 3aBu-
CUMOCTH OT Pe3yJIbTaTOB BEIYMTAHUS MPOISBOAHUTCA YCTallorKa (Qaros, Mpyu 3TOM caMu
omnepaHabl He U3MEHAIOTCsA. Tak Jke Kak W B ciiydyae KomaHasl CMPS, ¢ komangoit SCAS
yaoOHO Kcmojb3oBaTh npedukcel REPE/REPZ unu REPNE/REPNZ.

S REPE mnu REPZ — ecnm Hy»kHO opranusoBsaTh MOMCK O TCX MOp, IOKa He OyHeT BbI-
MTOJIHEHO ONHO M3 IBYX YCIOBUIA:

{1 OymeT IOCTUTHYT KOoHell Hertouki (comepxumoe ECX/CX pasiio ();
{1 B LEMOYKE BCTPETUTCSA DIEMEHT, OTIMYHBINA OT 3yieMeHTa B peructpe AL/AX/EAX.

til REPNE unu REPNZ — ecnm HyXXHO opraHuM30BaTh IOMCK IO TeX IOp, IMOKa He OymeT
BBITTOJTHEHO OTHO U3 IBYX YCIOBUIA:

IT1 O6ymet mocTUTHYT KOHell memouku (comepxkumoe ECX/CX paBHo 0);
I1 B memouke BCTPETUTCS 3JIEMEHT, COBIANAIONINIA ¢ 3JieMeHTOM B peructpe AL/AX/EAX.
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Takum obpazom, komanma SCAS ¢ mpedukcom REPE/REPZ mosBosisieT HATH 2ieMeHT
MEMOYKM, OTIMYAIOIINIACS 10 3HAYSHUIO OT 3aJaHHOro B akkymyrsitope. Komanma SCAS
¢ ipecpukcom REPNE/REPNZ mo3BossieT HaiTH 3J1eMEHT LIETTOYKM, COBMAIAIONINH 110 3Ha-
YEHUIO C 9JIEMEHTOM B aKKyMyJisTope. B KauecTBe mpumepa paccCMOTPUM JIUCTUHT 12.3,
B KOTOPOM peaim30BaH MOMCK CUMMBOJIA B CTpoke. B mporpaMmme mcmnoiab3yeTcss KOMaH-
na-nmpuMutuB SCAS. CumBou 3amaercs sieHO (cTpoka 20). INpeduxc moBropenuss — REPNE.

JincTunr 12.3.Nonck cumBona B cTpoke komaHao SCAS

iprg_12_3.asm

MASHM

MODEL small

STACK 256

.data

; TeKCTH COODImEeHNt

fnd db @ah,0dh, 'Cumson mangen! ","$'
nochar db ©ah,8dh, 'Cumeon ue HangeH.','$’

i CTPOKA [ TIOMCKa

string db "Iomck cuMBOnIa B 3TON CTpoke.",0ah,0dh,'$’
.code

ASSUME ds:@data,es:@data

main:
mov ax,@data
mov ds, ax
mov es,ax ;HacTpouka ES Ha DS
mov ah,0%h
lea dx,string
int 21h ;BLIBOA CoOOmeHust string
mov atl,'a' ; CUMBOJI IJIS TIOMCKa - "a"(kupunnuua)
cld ;cbpoc ¢mara df
lea di,string ;3arpy3kxa B es:di cMeleHUs CTPOKU
mov ¢x,28 ;AnA mpedukca repne - INMHA CTPOKU

,0nCK B CTPOKe (noxa UCKOMH/ CUMBOJ ¥ CUMBOJN B CTPOKE He COBHaJ:LyT)

,BLIXOA 1PV [IEPBOM COBIALEHUN
repne scas string

je found ;eCnu paBHH - ITIepexon Ha 06paboTky,
failed: ;WHaue - BHIIOJHSEM HEKOTODHE NeMCTBUSI
;BbLIBOA COODIEHNMs O TOM, 4YTO CUMBOJI He HalimeH

mov ah,@9%h

lea dx,nochar

int 21h ;BbIBOA COO0bOmeHys nochar

jmp exit ;Ha BHXOZ
found: ; COBIIATN

mov ah,@%h

lea dx,fnd

int 21h ;BbIBOA coobmenus fnd

; TEIIePhb, 4TOOH Y3HaTb MeCTO, IIe COBIaJ 3JIeMeHT B CTpPOKe,

;HEODXONNMMO YMEHBINTE 3HadYeHue B peructpe di u BCTABUTH HYXHHIN 00paboTumk

; dec di
;... BCTaBbTe 00pabOTuUUK
exit: ; BbIXOA
mov ax,4¢00h
int 21h
end main

CkaHnpoBaHue CTPOKU 6aliTOB, CJIOB, ABOVHbIX CJIOB

Cucrema KOMaHJI IIPOLIECCOPa, TaK e KaK B cIyuae OnepaLuii-mpuUMUTUBOB MEPEChUIKHA
W CpaBHEHMSI, IPEJOCTABIIIET KOMAaHIbl CKAHMPOBAHUS, SBHO YKa3bIBAalOILIHUE pa3Mep
anemenTa nemouku — SCASB, SCASW wumu SCASD. IlomHUTE, 9TO maxKe €CJIM BBl TOTO HE
JleJlaeTe, TO acceMoOIep Bce paBHO mpeobpasyeT KoMmaHay SCAS B ogHY M3 3THX TpPEX Ma-

IMMHHBIX KOMaHI.
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3arpy3ka 3/ieMeHTa LL,erno4yku B akKyMyJiaTop

Orepanusi-IpuMHATHAB 3arpy3KH 3JIEMEHTA IIETIOYKU B aKKYMYJIATOP TTO3BOJISIET U3BJICYb
2JIEMEHT LIETTOYKU M TIOMECTUThLET0 BpeTUcTp-akkyMynsTopAL, AXunu EAX. Otyonepa-
IIWIO YIOOHO MCIIOJIb30BAaTh BMECTE C ITOMCKOM (CKaHUPOBAHUEM) C TEM, YTOOBI, HAUIS
HYXXHBIU 2JIEMEHT, U3BJIeUb €r0 (HampuMep, I U3MeHeHHsT). Bo3MOXHBIIM pa3mep n3-
BJIEKAEMOTO 3JIEMEHTa OIpeAessIeTcs IpuMeHsIeMoil KoMaHmoit. [IporpaMmMucT MoxXer
HCITONIb30BaTh YeThIpe KOMaHIBI 3aTPY3KM 3JIEMEHTA IETIOYKM B aKKyMYJISITOp, paboTa-
OIIIMe C 2JIEMEHTAMM Pa3HOTO pa3Mepa:

m LODS agpec_mcTouHuka — 3arpy3uTh 3jieMeHT u3 1enouku (LOaD String) B peructp-
akkymyasaTop AL/AX/EAX;

LODSB — 3arpy3uts 6aiiT u3 nernouku (LOaD String Byte) B peructp AL;
* LODSW — 3arpysutb coBo u3 ternodku (LOaD String Word) B peructp AX;

LODSD — 3arpy3uTts aBoitHoe cioBo (LOaD String Double Word) u3 1iermouku B pe-
ructp EAX.

PaccmoTpuM paboTy 3TMX KOMaHI Ha mpuMepe KomaHasl LODS.

KomanHpalLODS

CwuHTtakcuc komaHabl LODS:
lodsafjpec_MCTOYHMKA

KomaHnna nmeer oguH onepaHi, 0003Havyaloluii CTPOKY B OCHOBHOM CETMEHTE aH-
HBIX. PaGoTa KOMaHIB! 3aKJII0YAeTCsl B TOM, YTOOBI M3BJIeUb 3J€MEHT U3 HEMOUKHU T10
alipecy, COOTBETCTBYIOMIEMY colepkuMoMy Taphl peructpos DS: ESI/SI, u momecTuts ero
B peructp EAX/AX/AL. Tlpu atom conepxumoe ESI/SI monsepraeTcss MHKPEMEHTY WIIN
NEeKpPEMEHTY (B 3aBUCUMOCTH OT cocTossHUs uara DF) Ha BenuuuHy, paBHYIO pa3mepy
3JIeMeHTa. DTy KOMaHIy yI00HO UCITOb30BaTh nmocje KomaHabl SCAS, mokanusyoliei
MECTOIIOJIOXKEHUE UCKOMOTO 3JIEMEHTA B Lienouke. [Tpedhukc moBTopeHus B 3T0i KOMaHIe
MOXET U HE TTOHANO0UTbCSI — BCE 3aBUCHUT OT JIOTUKU MPOTPAMMBI.

B xayectBe nmpuMepa paccMoTpuM JucTuHT 12.4, B KoTopoM KoMmanmoit CMPS cpas-
HMBAIOTCH JBE Lenodyky 6aitros B namaru (stringl u string2) u nepsblii He coBnaBLIMii
GaiiT u3 string2 momenaercst B peructp AL. [I1s1 3arpy3ku 3Toro 6aidTa B perucTp-akKy-
myastop AL ucnonb3yercs komanna LODS. I1pedukca nmoBropeHus B komanae LODS Her,
TaK KakK OH MOIMPOCTY He HYXXEH.

JiuctuHr 12.4.Vicnonb3oBaHne komaHabl LODS gns 3arpy3km 6aita B perctp AL

.prg_11_4.asm
MASM

MODEL small
STACK 256
.data

;CTPOKM 17 CpaBHEHUS
stringl db "Iouck cuMsona B »Toi cTpoke.",@ah,0dh,'$’
string2 db  '"Nouck cuMBONa He B BTON CTpoke.",B@ah,0dh,'$’
mes_eq db "CTpoxu cosnapawt.",0ah,8dh,’'$’

fnd db  "HecoBmaBumit 31eMeHT B perucrtpe al',@ah,0dh,'$’
.code

;mpuBsizka ds ¥ es K CeTMeHTY [aHHHX

assume ds:@data,es:@data npo&mmamueﬁ>
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Jinetudr 12.4 (npogosixeHne)

Taii.
mov ax ,@data; 3arpy3ka CeTMEHTHHX PEruCcTpes
mov ds, ax
MoV es,ax JHACTpoOWKa &% ha ds

mov ah,@9%h
lea dx,stringl

int 21h JBRIBOA Stringl
lea dw,string2

int 21h IBHBOO String2
cld ;cbpoc gnara df

leaal,stringl ;3arpy3ka B es:di CMemeHus CTPOKM Stringl
lea si.string2 :3arpyska B dS:Si CMEWeHMAA CTPOKM String2
mov ©x,29 ;ans mpedukca repe -- INMHA CTDPOKU
{IOMCK B CTPOKE {rokd HYXHHJ CHUMBOJI M CUMBOJ
©B CTpPOKe He paBHH)
JBBIXGA = TIDM HEeBRCM He COBMABIGEM

repe cmps stringl, string?2
jexz eql ;EeCIM DaBHH - Tepexon Ha eql
jmp no_eq ;ecnu He paBHH - Ilepex0ol Ha No_eq
eql: *BHBOIMM COODOIeHNe O COBHNAJeHuu CTPOK
mov ah, 89
lea dx,mes_eqg )
int 21h 1 BBHBOJ COOOIEHVS mes_eq
imp exit LHa BHXO[
no eq: :00paboTka HeCOBNaLeHUsS 3JIEMeHTOB

mov ah, 9%h
lea dx,¥nd
int 21h BbIBoA coobmenus fnd
;Tenepb, YTOOH M3BIEYb HECOBNABINI 3INeMenT U3 CTPOKU
PB PETUCTP- aKKyMynsTop,
JyMeHbIaeM 3HaUeHNe perucTpa Sl M TeM caMbM IepeMelaeMcs
(K AEACTBUTENbHOW TO3NIUY DJIEMeHTa B CTPOKe

dec si ykomanaa lods ucnonb3yeT ds:si-agpecatiue
;Temepb dS:S1 yKasHBaeT Ha MO3UIND B string?

leds string? .3arpy3uM 3JeMeHT U3 CTPOKM B AL
JHEeTPYAHO TOTalaThbCsg, 4YTO B HAlleM IIpUMEepe 370 CUMBOIL - "H'
exit: » BHXO[

mov ax,4c08h

int 21h
end main

3arpy3kaB pernctpAL/AX/EAX 8aiiToB, CNoB,
OBOWHbIX CJ/IOB

Komanti sarpysku 0Oaiira B peructp AL {(LODSB), cusosa — B peructp AX (LODSW), nBoii-
Horo cjoBa B peructp EAX (LODSD) aticwioriidiini ApYTUM HEeOYeYHBIM KoMatijiaM. OHu
SIBISIIOTCS BapuantaMit komanasl LODS. Kaxnas 113 211X KoMaHa paboTaeT ¢ lernoykaMu
M3 2JICMCHTOR ompeneNeHHoro padmepa. IlpeaBapuTeabHO Bbl TOJXHBI 3aIrpy3UTh 3HA-

1

YeHME IIMHBI LLEeNOUKH T ee agpec B periieTpnl ECX/CX u DSIEST/ST

[lepeHOoC annemMeHTa U3 akkymynsropa
B LenouKy
Qlitil)mlltfrl-ﬂpll}»E.H'l‘i!i; HepeHoca aJjaeMetita u3 AKKYMYAATOPA B il‘ell()‘le TIO3BOASET Ipo-

HBECCTH iCH TR, 00paTHOE /ACHCTBIID KoMaHIbl LODS, To eCTh coxpailsTh 3HaucHue 13
POTHCTPR-AKKYMYJASTORA B aJeMelnTe Helouky, DTy HHepaifno YI00HO HCIoNL308aTh



MepeHoc anemeHTa U3 akkymynsTopa B Lenoyky 263

BMecTe ¢ onepauusiMu noucka (ckanuposaHust) SCANS u sarpyaxit LODS ¢ tem, 4TOOHI,
Halas HyXHBII 5J1eMeUT, UIBJEYH €0 B PETUCTD M 3alTMcaTh Ha €T0 MECTO HOBOE 3Have-
Hue. KoMaHIbl, MOAAepXKUBAIOIIKME ITY OHCPAILIO-1IPHMUTHB, MOTYT paboTaTh C: 37e-
MeHTamMu pasmepoM 8, 16 unu 32 6uta. TASM mpenocTaBisieT IporpaMMUCTY YeThipe
KOMAH/Dbl COXpaHEHMsI DJeMEHTa IEMOYKH M3 PEriCTpa-akKyMyasaTopa, padoraioiiice
C 9JIEMEHTAMH Pa3HOTo pa3Mepa;

% STOS agpec_npuemMHUKa — coxpaHUTh B Hemoyke amemMeHT (ST Ore String) us perucr-
pa-akkymyiasaTopa AL/AX/EAX;

=» STOSB — coxpanuTth B ienouke 6aiit (STOre String Byte) us peructpa AL;
STOSW — coXpuHHTb B enouke cioBo (STOre String Word) u3 perucrpa AX;

# STOSD — coxpaHuUTb B Lienouke ABoiiHoe ciaoBo (STOre Siring Double Word) us pe-
ructpa EAX.

Komanpa STOS

CuHTakecumc komananst STOS:
stos aapec_npuemrunka

Kowmaliia uMeeT oOMH OonepaH] afijpec_fpUeMHWKa, afpecyIolInii 1emoYKy B JOMOJI-
HUTEJbHOM cerMeHTe JaHHbIX. KoMaHaa nepechliaeT 3J1eMEHT U3 aKKyMyJisiTopa (peru-
ctpa EAX/AX/AL)B a5IeMeHT LIETIOYKY 1O apecy, COOTBETCTBYIOLIEMY COJC[KIMOMY Maphl
peructpoB ES:EDI/DI. Ilpu atom cogepxumoe EDI/DI moasepraercsi MHKPCMEHTY Fi
NeKPEeMEHTY (B 3aBUCUMOCTH OT cocTosiHUs ¢uiara DF) ma senuuniy, paBinyio pasmepy
aJIeMelTa HenoYKu.

IMpeduKc MOBTOPEHUA B 3TOH KOMAIJIE MOXET U He HOHA/I0OHTLCH — BCce 3aBUCUT OT
JIOTMKH IporpaMMBl. Hanprmep, eciii HCHo/L30BaThb pedukc nosTopeniiss REP, o mox-
HO NMPUMEHUTh KOMAHAY IJIs1 MHULMATU3ALUYN O0JAaCTH 11aMsiTH HEKOTOPBIM HUKCUPO-
RATHDLIM 3HAUCHUEM.

B xauecTBe nmpuMepa pacCMOTPUM JUCTUHT 12.5, B KOTOPOM MPOU3BOIUTCS 3aMeHa
B CTPOKE BCEX CUMBOJIOB «a» CUMBOJIAMU, BBOJAHMbIMIIC KJTaBUATYPHI.

JlvctuHr 12.5. 3ameHa komangon STOS cumeona B CTPOKE CUMBOJIOM, BBOANMbIM
C KslaBmaTypsbl

;prg_12_5.asm
MASM
MODEL small
STACK 256
.data
;coobuerna
fnd db  ©ah,@dh, 'Cumon Hahgen','$'
nochar db 0ah ,0dh, 'Cumson He nahaedH.' K '$'
mesl db ©@ah,0dh, 'Micxoaras cTpoka:','$’
string db "llomck cumMBona B 2TOi cTpoke.",Bah,@dh,'$' ;cTpoka [nsd mOMCKa
mes2 db @ah,@dh, ' BeemuTe CUMBOJ, Ha KOTOPHI CIEIyeT 3aMEHUTL HAUAEHH:IA'
db ©ah,@dh,'$’ )
mes3 db @ah,0dh,'Hosas crpoka: "."$'
.code ‘
assume ds:@data.es:@data JIpuBsizka ds u es
(K CeIMEeHTY NaHHHX
main: ; TOYKA BXOJa B NPOTDaMMy
mov ax,@data ;3arpy3Ka CeTMEHTHHX DEeTruUCTPOB

mpediseenue 3
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Jlucturr 12.5(npoaosxerue)

mov ds,ax

mov es,ax ;HacTpodka es Ha ds

mov ah,0%h

lea dx,mesl

int 21h ;BbIBOA CoOoOmeHys mesl

lea dx,string

int 21h ;BBIBOA string

cld ;cbpoc o¢mara df

lea di,string ;3arpy3ska B di cmemenys string

mov ¢x,28 ;I TIpedukrca repne - IIMHA CTPOKU

(TIIOJCK B CTPOKe string mo Tex mop, IOKa
:CUMBOJI B al ¥ OuYepemHON CUMBONI B CTPOKeE
;HE pAaBHH: BHXOI — IIPM MEPBOM COBIALEHUA
cycl:
mov al,'a’ ;CUMBOJI OJiS TOMCKa - "a" (kupwnnuua)
repne scas string
je found ;eCIy BJIEeMeHT HalmeH, To mnepexon Ha found
failed: ;/MHAdYe, eciM He HalOeH, TO BHBOL CooOmeHuss nochar
mov ah,0%h
lea dx,nochar
int 21h
jmp exit ;TIePexol Ha BHXO.
found:
mov ah,09h
lea dx,fnd
int 21h ;BbIBOA coobmenyss 00 0oOHapyXeHuu CUMBOIA
;KoppekTupyem di 11 mOnyueHus 3HAYEHUS
;AeRCTBUTENbHOW TO3MIUY COBIABIETO 3JIeMeHTa
;B CTpOKe 1 perucrpe al

dec di
new_char: ;070K 3aMeHH CUMBOJA
mov ah,@9%h
lea dx,mes2
int 21h ; BbIBOA CoOOmenyss mes2
;BBOA CVUMBOJIa C KJIaBUATYPH
mov ah,01h
int 21h ;B al - BBEeIEHHHN CUMBOI
stos string ;coXpaHuM BBEIEHHH] CUMBOI
; (3 al) B cTpoxke
;string B mo3umuum CTaAporo CUMBOINA
mov ah,@9%h
lea dx,mes3
int 21h ;BbIBOA COODOmMeHnss mes3
lea dx,string
int 21h }BLIBOA Co0DOmenus string
,fepexos Ha I[ONMCK CIefylmero cuMBoja "a" B CTpPOKe
inc di ;yKasaTtenb B CTPOKe string Ha CUMBOI,
: ;CneaylowWin TIocie COBIABIETO,
jmp cycl ;Ha TPOLOJIKEHMEe MNpoCcMOTpa string
exit: ;BbIXOA
mov ax,4c@éh
int 21h
end main ; KOHEIl MPOTpPaMMH

CoxpaHeHue B ueno4ke Oavrta, cnoea, 4BOMHOIO
cnosauspeructpaAL/AX/EAX

Komangsr STOSB, STOSW u STOSD, aHanorvyHo ApPYrMM LETOYEYHBIM ONEPALAM, SABJIA-
1oTcsa BapuaHTaMu KoMauabl STOS. Kaxmas M3 9TMX KOMaHI paGoTaeT ¢ LeMoYKaMy U3
3JIEMEHTOB OIpeNeIeHHOTo pa3Mepa. IlpeaBapuTeIbHO HEOOXOIMMO 3arpy3UTh 3Hade-
HMe IJIMHBI Lerouku u ee aapec B peructpsl ECX/CX u ES:EDI/DI.
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PaboTta ¢ noptamu BBOAa-BbIBOAA

OnucaHHbIE Aajiee IBe KOMaHIbl MOSBUIKNCH BIIEPBBIE B CHUCTEMe KOMaHII IIpolieccopa
1386. OHM TTO3BOJISTIOT OPraHU30BaTh 3(PHEKTUBHYIO Mepeaady JaHHBIX MEXKIY ITOPTaAMU
BBOJIa-BBIBOJA U ILIeMOYKaMU B maMsaTu. CJeayeT OTMETUTb, UYTO 3T JBE KOMaHIbI I10-
3BOJISIIOT TOCTUYb 00Jiee BBICOKOW CKOPOCTH Iepenavyd JaHHBIX [0 CPaBHEHUIO ¢ TOit
CKOPOCTBIO, KOTOPYIO MOXeT odecnieunth KoHTposuiep DMA (Direct Memory Access —
MPSIMOIA TOCTYI K TIaMSITH).

BBop, anemeHTa Uenoy4ku us nopTa BBOAA-BbiBOAA

Omnepaliusi BBoJA 3JIEMEHTa LIEMOYKM U3 MOpTa BBOAA-BbIBOJA PeaiU3yeTcs] KOMaHAOM
INS (Input String), umeroweii cienyouuii popmar:
ins aapec_npuemHuka,Homep_nopTa

DTa KOMaHaa BBOAUT dJIEMEHT U3 TIOPTa, HOMEP KOTOPOro HaxoauTcs B peructpe DX,
B 2JIEMEHT IIEMOYKM, aipec MaMsITH KOTOPOTO OIPENe/IseTCs OIEpaHaoOM afpec_npuem-
Huka. HecMoTps Ha To, 4TO 1IeTI0YKa, B KOTOPYIO BBOIUTCS 3JIEMEHT, apecyeTcs yKasa-
HMEM 3TOTO OIEpaHIa, ee aipec MOJIKeH OBITh SIBHO C(hOPMUPOBAH B IMape PEeruCTPOB
ES:EDI/DI. Pa3mep a1eMeHTOB LIETTOYKU TOJKEH OBITh COTJIACOBAH C pa3MepoM IopTa —
OH OIpeIe/IsIeTCs AMPEKTUBOM pe3epBUPOBAHUS MTAMSITH, C TIOMOIILIO KOTOPOI BBIAEIS -
eTCs MaMsTh JJId pa3MelIeHUs 3JIeMEeHTOB Liermouku. Ilociae mepechliku komanaa INS
MPOMU3BOIMUT KOppeKIio coaepxxumoro peructpa EDI/DI Ha BenuurHy, paBHYIO pa3me-
DY 3JIeMEHTA, y4aCTBOBABIIETO B OIlepalluy nmepechbliku. Kak 06bdHO, TIpu paboTe Lemo-
YeUHBIX KOMaHJI yYUThIBaeTCs cocTosiHue ¢utara DF.

[Momo6HO KOMaHIaM, peaJu3yIOIIMM PACCMOTPEHHBIE PaHEe LIEITOYCYHBIE OTIepaL-
MIPUMUTHUBHI, TPAHCISITOP MpeobpadyeT KoMaHay INS B ogHY 13 TpeX MaIlMHHBIX KOMaH]T
0e3 onepaHA0B, pabOTAIOLIMX C LIETIOYKAMU 3JI€MEHTOB OIpPeAeJeHHOro pa3Mepa:

2 INSB (INput String Byte) — BBecTH U3 ITOpTa LIETIOUKY OANTOB,;

# INSW (INput String Word) — BBecTM U3 MOpTa 1LIEMTOYKY CJIOB;

# INSD (INput String Double Word) — BBecTH U3 mopTa LIEMOYKY JBOMHBIX CJIOB.
K mpuMepy, BBeneM u3 oprta 5000h 10 GaiiToB B 06/1acTh MaMsITH pole:

.data
pole db 10 dup (" ")
.code

' push ds

pop es ;HacTpoika es Ha ds
mov dx,5080h
lea di,pole
mov ¢x,16
rep insb

BbiBOO, 951eMeHTa LenoyYku B nopT BBOAA-BbiIBOAA

Ornepanys BbIBOAA 3JIEMEHTa LIEMOYKU B MOPT BBOAA-BBIBOJA peaqu3yeTcsl KOMaHAOMN
OUTS (Output String), umeloleit ciaeayrouimii popmar:
outs Homep_nopTa,aapec_MnCTOUHMKA

DTa KOMaHa BBIBOIUT 3J€MEHT LIEMOYKHU B TIOPT, HOMEP KOTOPOT0 HAXOAMTCS B pe-
ructpe DX. Anpec aneMeHTa IIeMMOYKH OTNpeeisieTcs olepaHaoM afpec_MCTOYHUKA.
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HecmoTps Ha To, YTO LeTI0YKa, U3 KOTOPOI BBLIBOAUTCS JIEMEHT, aApecyercsd yKa3aHu-
€M Toro ornepaHaa, 3HauyeHUe aapeca N0JXKHO ObITh IBHO C(DOPMHUPOBAHO B Mape peruc-
TpoB DS:ESI/SI. Pasmep CTPYKTYPHBIX »ACMCHTOB I[CTIOYKIT JOJXKEH OBITh COIIAaCOBaH
C pa3MepoM IopTa — OH OIpenessieTcs] TUPEKTUBON pe3epBUPOBAHUS TMaMSITH, C TIO-
MOIIbIO KOTOPOM BBIAEISETCS MaMsITh IJIs1 PasMellleHHST 3JIeMEeHTOB Iierouku. [locie me-
pecouiku Komanaa OUTS mpousBogut koppekiuio conepxumoro peructpa ESI/SI Ha Be-
JIHYHTIY, PAaBHYIO pa3Mepy 3JIeMeHTa LIeMO0YKH, yJaCTBOBABILETrO B ONepalliy MEPEChUIKH.
Ipu aTom, Kak 00BIYHO, yUUTHIBaETCA cocrodime dmara DF.

IMono6Ho xomaHzae INS TpaHcasTOp NMpeobpasyer xomaiy OUTS B onHy U3 Tpex Ma-
NI B KOMaH 6e3 otiepalloB, paboraioniix ¢ HeModKaMi 3/1eMCHTOB ONpeJIeJICHHO-
ro pazmepa:

OUTSB (OUTput String Byte) — BuIBeCTH 1[eNMOYKY OaliTOB B MOPT BBOAA-BHIBO/IA;
QUTSW {QOUTtput String Word) — BBIBECTHU 11€[TOUYKY CJIOB B MOPT BBOAA-BBIBOJA;

OUTSD (OUTput String Double Word) — Buisectit nemouky 1BOHBIX CJIOB B OPT

BBOJIa-BBIBOJIA.

B ravecTne mpuMepa pacCMOTPUM (pparMeHT MPOrpaMMBbl, KOTOpasi BHIBOIUT ITOCIIE-
AOBATEALITOCTH CUMBOJIOB B TIOPT BBOAa-BbiBoAa ¢ HoMepoM 378 (Ipt1), cooTBeTcTBYIO-
LU (PUHTEPY:

.data
str_pech db  "TekcT mng medarn"
.code

mev dx,378h
lea di,str_pech
mov ¢x,16

rep outsb

Jlo:s1 opranusanum paboThl ¢ MOPTAaMU HEIOCTAaTOYHO 3HATh UX HOMepa U Ha3Hayve-
e, HeMeHee BaXXHO 3HATh U TOHUMATh aITOPUTMBI UX pabOTHI. DTU CBEIEHUS MOXHO
HAWTHU B JIOKYMeHTaillill Ha yCTPOUCTBO (HO, K COXAJIEHUIO, AJIEKO HE BCETHA).

Peanuzanuu 6osee CIOXHBIX AITOPUTMOB {[fOHCKA), OCHOBAaHHbBIE Ha paboTe ¢ 1emno-
YeUHBIMYM KOMaHIaMHU, IPUBEIEHE B |8].

NTtorn

CucTema KOMaHI Upoyeccopa UMeeT 04eHL MHTEPECHYIO TPYIY KOMaH, MO3BOJIS -
I0UTHX MPOM3BOAUTH JICHCTBHS 114/ OJIOKAMM 3JIeMeHTOB 10 64 KoOaiit wiu 4 I'Gaiir
B 3aBUCHMOCTH OT YCTAHORBICHOIT pa3psiIHOCTH aapeca — uselb wim use32.

B.ioKkH 37eMEHTOB IOTHYeCKM MOTYT MPeCTaBAAsThH COBOI MOC/e0BaTebHOCTH 36~
MEHTOB C JIIOOBIMU 3HAUCHUSIMU, XPAHSIIMMICS B IaMATH B BUJe IBOMYHBIX KOIOB.
EnvHcTBEHHOE Orpalilyeiiie COCTOUT B TOM, YTO Pa3Mephbl SJIEMEHTOB B HTIHX 6JI0KaxX
M TH (pHKcHpoBanbl 3HaYeHHeM 8, 16 mnu 32 Gura.

KomaHabl 06paboTKH CTPOK OOECHCHIIBAIOT BO3MOXHOCTh BBHIIIOJHEHUS CEMU OTIC-
palUi-TIPUMUTUBOB, 0OPAdATHIBAIOIIMXICIIOUKH TTO3JIEMEHTHO.

Kaxnas onepaluus-nmpuMUTUB HPeACTAB/ICHA TPEMS pa3HBIMU MAIIMHHBIMU KOMaH-
Jl:1W U OIHOM TCeBOOKOMAHIOM, KOTopasl mpeobpasyeTcsl TPaHCASITOPOM B OHY U3



TPEX YIOMAIYTRIX PAHCE MAllITT LIX KOMAH. Bupiair 1peodpasoBaHust OHPEIes -
eTcsT THIIOM O1ICPAIIOB B KOMaHIe.

IIpoueccop Beerna 1ipe;i 10JaieT, YTO CTPOKA-HPHEMITHK HAXOMHTCA B AOTIOMI TN -
HOM CCIMEHTEC (ampecyeMoM HOCPACTBOM COrMLHTIION perHcTp: £S), a crpoxra-tic-
TOYHUEK ~ B CEMMOTTe JalubiX {24pCCYCMOM MOCPEICTBOM CEIMUHTHOIO peincT-
pa DS).

IMponeccop agpecyet CTPORY-NpHeMig yepesd peructp EDI/DI, a cTpOKY-UCTOYHUK —
yepe3 peructp ESI/SI

JlomycKaeTesl #epeolipe/IcisiTh CerMelrs IS CTPORI-HCTGU MK, IS CTPOKU-TIPH-
€MHUKa 3TOTO AeaTh Helb3s.

Ocobentocts paboThl HEMOYEYHBIX KOMAHI COCTOHT B TOM, YTO OHM ARTOMATHYCCKH
BBUTOJHSIOT T PHPAILCHHE WITH Ve brielsic coje pusimoro peructpos EDI/DIu ESI/
ST B 3aBHCHMOCTH OT HCHIONB3YEMOH HEeTMouYedyHoH KoManibl. UTo HMEHTIO NPOHCXO-
IUT C 3TUMHU DCTUCTPaMy, OlIpe/eadeteA cocrosiiies paara DF, koTopeIM yiDaBiis-
10T Komauabl CLID u STD. 3uauciiiie, Ha KOTOPOe H3MCHACTCH COOEPKUMOE MHAEKCHBIX
PErucTpoB, OMpeAeNseTcss THIOM 3JeMEHTOB CTPOKM WJIM KOIOM OTfepaluu Lemno-
YeUHO KOMaHIIbI.



Fnaea 13
CnoXxHble CTPYKTYPbI AaHHbIX

3 MoHsATMe CNOXHOro TMNa AaHHbIX B accemMbnepe

& CpepnctBa accemMOnepa ang co3gaHus U 06paboOTKM CIOXHbIX
CTPYKTYP AaHHbIX

% MaccuBbl

¥ CTPyKTYypbI
& O0OBbeauHeHus

% 3anucu

B NpeabIAyInX I1aBax IIpu pa3pa60TKe nporpaMm Mbl MCIIOJIb30BAaJIN OAHHBIC OBYX
TUIIOB.

X HCHOCDCHCTBCHHHC JaHHBIC, MTPEACTABIAIOMINC COGOﬁ YUCJIOBBIE UJIM CUMBOJIbHBIC
SHAYCHUA U ABJIAIOIMMECA 4aCTbIO KOMaHIbI. HCHOCDCHCTBCHHHC JaHHBIC (bOpMI/I-
PYIOTCA MPOTPAMMMCTOM B IIPOLCCCE HAlTMCAHUA MTPOTPAMMBI I KOHKpCTHOfI KO-
MaHIbI acceM6nepa.

JlaHHBIe, ONMKMChIBAeMBbIE C TOMOIIBIO OTPAaHUYEHHOTO Habopa IUPEKTUB Pe3epPBUPO-
BaHMS TIAMSITH, ITO3BOJISIOT BHIIIOJIHSTE CaMble 3JIeMEHTapHbIE OMEPaLy 110 pa3Me-
LIEHUIO ¥ WHULMAIN3AWKA YUCJIOBOM ¥ CUMBONBHOM MHMopManuu. [Ipu obpaboTke
STUX AUPEKTUB acceMOJIep COXpaHsIET B CBOEH TaOIUIe CUMBOJIOB MH(MDOPMALIUIO O Me-
CTONOJIOXEHNHN JaHHBIX (3HAUCHWSI CETMEHTHOM COCTaBISIOIIEH aapeca M CMelie-
HMS) U TUIIE JAHHBIX, TO €CTh eAMHULIAX TAMSITH, BbIAEIAEMBIX IUTSI pa3MElIeHUS JaH-
HBIX B COOTBETCTBUU C IMPEKTUBOM pe3epBUPOBAHUS M MHUIIMATU3ALUN JAHHBIX.

DT JIBa TUIA JAHHBIX SBISIOTCS AAEMEHMAPHLIMU, U 0a308biMu; PaOOTa ¢ HUMHU
MOJIEPKUBAECTCS Ha YPOBHE CUCTEMbI KOMaH[ Tpolieccopa. Mcrmomib3ys naHHBbIE 3THUX
TUITOB, MOXHO ()OPMAaIM30BaTh U 3aIIPOrpaMMHUPOBATh IPaKTUUECKH JItoOYIo 3amauy. Ho
HACKOJIbKO 3T0 OyIeT yI00HO — BOT BOIIPOC.
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O06paboTka MH(OpMaIMK B OOIIEM Cllyyae — IpPOLeCC OYeHb CJIOXHBIIA. DTO KoC-
BEHHO ITOATBEPXIAeT MOMYJISIPHOCTD SI3BIKOB BBICOKOTO YpOBHS. OmHO M3 HECOMHEH-
HBIX JOCTOMHCTB SI3bIKOB BBICOKOTO YPOBHSI — MOAAEPXKKA Pa3BUTHIX CTPYKTYD JaHHBIX.
[Ipu ux UCTIOIB30BaHNUM TIPOIPAMMUCT OCBOOOXIAETCSI OT PelieHUsT KOHKPETHBIX MPo-
0J1eM, CBSI3aHHBIX C MPEICTAaBICHUEM YUCIOBBIX UM CUMBOJIBHBIX TAHHBIX, U TOJTy4YaeT
BO3MOXKHOCTh OIEPUPOBaTh MH(pOpPMalMeil, CTPYKTypa KOTOpOi B OOJIbIIEH CTeTeHU
OTpaxaeT 0COOeHHOCTH TIPeIMETHOM 00JacTU peliaeMoii 3agauu. B 1o xxe camoe BpeMs,
YeM BBIIIE YPOBEHb TAKOTO aOCTparupoBaHUsSI OT KOHKPETHOTO TMPeICTaBIeHUS TaHHBIX
B KOMITbIOTEPE, TeM GOJIbIIAs HArpy3Ka JOJKHA JTOXKUTHCA HAa KOMITMISATOP JUIS CO3/Ia-
HUS AeficTBUTENbHO 3P deKTUBHOro Koma. Beob Ham yXe M3BECTHO, YTO B KOHEYHOM
WTOTE BCE HAIMCAaHHOE Ha SI3bIKE BHICOKOTO YPOBHS B KOMITbIOTEPE OYIET MPeNCTaBICHO
Ha ypOBHE MalllMHHBIX KOMaH I, pabOoTalOIIHUX TOJIbKO ¢ 6a30BBIMU TUIIAMU JaHHBIX. Ta-
KUM 00pa3oM, camas a(peKTUBHAs ITporpaMMa — MporpaMMa, HallMcaHHast B MalllvH-
HBIX KOJaX, HO THCaTh CETOAHS OOJIBIIYIO MTPOTPaMMy B MAalllMHHBIX KOJaX — 3aHSATHE
JIOBOJIbHO OECCMBICIIEHHOE.

C 1esbio obseryeHust pa3paboTKU MPOrpaMM B sI3bIK acceMOiiepa Ha ypOBHE €ro Ju-
PEKTUB ObllIa BBe/leHa MTOAIePXKKa HECKOJbKUX CJIOXHBIX TUIOB JaHHBIX. DTO MTO3BOJIU-
JIO HECKOJIBKO CTJIaMUTh PA3IMUMsI MEXIY SI3bIKaMU BBICOKOTO YPOBHS M acCeMOJIEpOM.
Y nmporpammucTa MosiBUJIaCh BO3MOXHOCTb COYETaTh TOCTOMHCTBA SI3bIKa acceMbiepa
1 SI3BIKOB BBICOKOTO YPOBHS (B HallpaBJIeHUU aOCTparnpoBaHus OT KOHKPETHOTO TIpe/i-
CTaBJIEHUS JaHHBIX), YTO B UTOTE MOBHIIIAET 3¢ (PeKTUBHOCTh KOHEYHOM ITPOTpaMMBbl.

TASM noanepxXuBaeT ciaenylolire CI0XHbIE TUIThl JaHHBIX:

MacCCHBEHI;
CTPYKTYDHI;
00bEeIMHEHUS

3aIMCH.
Pazbepemcs Oosee moapoOHO C TeM, KaK OMpeaenuThb JaHHbIE 3TUX TUTIOB B IPOrpaMMe
W OpraHu30BaTh pabOTy ¢ HUMH.

MaccuBsli

JHanum popmaibHOe OTpeneeHue: Maccué — CTPYKTYPUPOBAHHBIM TUIT JAaHHBIX, COCTO-
SIIWI U3 HEKOTOPOTO YKCJIa 3JIEMEHTOB OJHOTO THUIIA.
JInst Toro yToObl pa3oOpaThCs B BOBMOXHOCTSIX U OCOOEHHOCTSIX 00pabOTKU Maccu-
BOB B IPOTpaMMax Ha acceMOJjiepe, Hy>)KHO OTBETUTDb Ha CJIEIYIONIUE BOMPOCHI.
# Kak ommcaTh MacCHB B IporpaMme?
#  Kak MHUIMaIu31MpoBaTh MaCcCUB, TO €CTh KaK 3a7aTh HayajbHbIE 3HAUYEHUS €T0 3JIe-
MEHTORB? ‘

Kaxk opraHuzoBaTh JOCTYN K 3JieMeHTaM MaccuBa?

Kak OpraHMU30BaThb BLINMMOJHCHUE TUITOBLIX onepaum?l ¢ MaccuBaMu?

OnucaHue u HULMANM3aUNa MaccUBa B NporpamMmme

CrielinaibHbIX Cp€ACTB OIIMCaHUA MAaCCUBOB B IIporpamMmax acceM6nepa, KOHC€YHO, HCET.
YT10oOBI UCIOJB30BaTh MACCUB B nporpaMme, €ro Hy>XKHO CMOJACJIMPOBaTh OAHUM M3 IIC-
PCUYNCICHHBIX OAJICC CIoco0oB.
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MoxHo TIEPEYNCINTD IJIEMECIIThl MacCruBa B I10JIC OTlepaHAOB OI[HOf/T n3 TUPEKTUB
OmuCaHMs TANITBIX. [1pr repeytic/ie HUN 3JICMCHTBI pasiesioTes sansaTeiMu. Hanpu-
Mep,

imaccus M3 5 anemeHToB. Pasmep kaxporo anemeHTta 4 6aiiTa:
mas dd 1,2,3,4,5

# Moskiio mcmorb3oBarth orieparop mosroperust DUP. K npumepy,

Jin

ma

;MaccuB U3 5 HyneBbix anemMeHToB. Pasmep kaxporo anemeHta 2 6aiTa:
mas dw 5 dup (0)

Takoit crioco® ompeneseHNusT UCITONb3YETCs sl PE3EPBUPOBAHUS 1TaMSTH C LIEJIbIO
pasMelieHUs U MHHITHAJIN3AIMH 9JleMellTOR MacCHBa.

MoxHo ucronb3oBaTh 1upeKTuBbl LABEL m REPT. Ilapa aTux mupekTuB mO3BOJSIET
006J1erYnuTh OMUcaHKue GOJBIINX MACCMBOB B TAMSITA U MOBBICUTh HATJISA/UIOCTH TAKO-
ro ousicanud. JupektuBa REPT orHocuTcsS K MakpocpeacTBaM sI3bIKa acceMbOJiiepa
U BBI3DIBACT IIOBTOPEHHE YKa3allioe YUCI0 pa3 CTPOK, 3aKJII0UEHHBIX MEXIY IUpeK-
TUBOI U crpokoit ENDM. K 1ipyMepy, onpenennm MaccuB 6aiiTOB B 06JaCTH MTaMSTH,
obosnateninoit unentudukaTopoM mas_b. B manHom caydae nupektusa LABEL onpe-
JeIgeT CMMBOJIMYEeCKoe UM Mas_b aHamornyno ToMy, Kak 3T0 JeIaiOT IMPEKTUBBI
PE3EPBHPOBAHUA 1 MHULMANU3ALUU MaMATU. JJoCTOMHCTBO AupeKTuBbl LABEL —
B TOM, 4YTO OHA HE pe3ePBUPYET aMITh, A JTUIIb OTIPEAEISIeT XapaKTe pUCTUKY 00bEeKTa.
B nanHOM ciydyae 00beKT — 3TO siueiika maMmsaTu. Mcmosib3yst HECKOJIbKO TUPEKTUB
LABEL, sailmcaniiniX ojii1a 3a JIPyroi, MoXXHO TPUCBOUTH OJHOW U TOW Xe 00JacTh
MaMSITH PAslibie HMENA ¥ THITBI, Y4TO I ¢/1eJfalio B ciaenyoneM GhparMeHTe:

n=0

mas_b label byte

mas_w label word

rept 4

dw @f1foh

endm
B pesyabTaTe B maMaTH OyJeT co3faHa HOCHe(OBaTehHOCTh U3 yeThipex ciaos {1f0.
DTy 1OCIIeI0BATCIBIIOCTL MOKHO TPAaKTOBATh KaK MacCUB 0ATOB UJIU CJIOB B 3aBU-
CUMOCTH OT TOTO, KaKO€ MM 00J1aCTH MBI OyJIeM UCTI0JIb30BaTh B MIporpaMMe — mas_b
WIN mas_w.

Yr100BI MHUIOMAJINU3UPOBAThL SBHAYCHUAMU 00JIaCTh MaMATU U BIIOCJICACTBUU TPAKTO-
BaTh €€ KaK MacCuUB, MOXHO HCTIOJIL30BATL UK. nOCMOTpI/IM na npuMepe JUCTUH -
ra 13.1, KakiM ob6pa3oM 3TO memaercs.

ctuHr 13. 1. MlHMumnannsauns maccuBa B LMKE
;prg_13 1.asm
MASM
MODEL small
STACK 256
.data
mes db Qah,Qdh, 'Maccus- ","$’
mas db 10 dup (?) ;MCXOAHBIE MaccuB
: db 0
.code

n.
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mov ax,@data

mov ds , ax
X0r ax,ax ;obHynenue ax
mov c¢x, 10 . 3H3YeHne CcyYeTY¥Ka IMKJIa B CX
mov si ,€ IVHIEKC HavyalbHOTO 3JEMEeHTa B CX
go: DUMKTT MHULMANKU3aIUN
mov bh, i ;1 B bh
mov mas {sil],bh i 3amuch B MAcCus 1
inc 1 I MHKpEeMeHT 1
inc si !IPONBMKEHME K CIeLybIeMy OBIeMeHTY Maccupa
loop go ;IOBTOPUTH LUK
;BbLIBOA Ha IKPaAH IONYYYBIETOCS MacCUBa
mov c¢x, 16
mov si, 0
mov ah, 89h
lea dx ,roes
int 21h
show:
mov ah,62h sOyHKIMS BHBOIA 3HadeHus u3 al Ha BKpaH
mov dl .mas{si]
add dl,36h impeobpa3oBaHue UUCTA B CYUMBON
int 21h
inc si
loop show
exit:
mov ax,4c00h ;CTAHOAPTHHNA BHXOT
int 21h
end main TKOHeIl TPOTPaMMH

bocTyn Kk anemeHTam MacCcuBa

Ipu pabote ¢ MaccuBaMu HeOOXOAHMO YETKO MPEACTABIATh CCOe, UTO 13Ce DAeMEHTLE
MacCHBa pacIlloNaralTcs B NAMSITH KOMIIbIOTEN) Kocie/ioBaTeibilo, CaMo 1o cebe Ta-
KOC PACITOJIOKCHIC UHYETO He TOBOPUT 0 HASIIATEHHIT T MOPSIAKE HCTOALIOBATIHA 311X
aneMentoB. M TOIbKO TUIIb UPOTPAMMHCT €, TOMOIIBIO COCTARICHHOTO UM AJTFODITMA
06paGoTKHU OMpenessaeT, Kak [y KII0 TPAKTOBATh MOCIEA0BATENBHOCTD (aliTon, coctal-
JAONUX MaccuB. Tak, OJITY M Ty *K€ 00J1acTh MAMSTH MOKHO TPAKIOBATH OJIHOBPEMEii-
HO M KaK OJHOMCPHDII, U KaK IBYXMEPHBI MaccHB, Bce 3aBUCHT TOJABKO OT &llNOitiMi
00pabOTKM 3TMX AaHHBIX B KOHKPeTHOH mporpamme. Camu Mo cebe jalHbIe 17e HecyT
HUKaKOW MHGOPMALUU O CBOEM «CMBICIIOBOM», WU JIOTUYECKOM, Tume. LloMuire 06
3TOM NIPUHILHITUATBEHOM MOMEHTE.

Te xe coobpaXkeHUST MOXHO PacIPOCTPAHUTh W Ha WHAEKCH 3JeMEHTOR MacCHBa.
AcceMbiep tie TIOT03peBaeT MU 00 WX CYNIECTBOBAHUM, TN 00 WX UMCAENIIBIX CMBICIO-
BBIX 3HAYCHUAX. /1/151 TOTO YTOOBI TOKATM30BAaTh OTIPeNeICHHBIN 3JIEMEHT MacCHBa, K €T0
UMEHU HYIKIIO T06aBUTh HIAEKC. Tak Kak MBI MOJIEJIHPYEM MaCCHUB, TO TOJXHBI 11031200~
TUTBCS W O MOICIMPOBAHUU WHIEKca. B s3bIKe acceMbiepa MIJICKCHI MACCUBOB — 3TO
06BIYHBIE aipeca, HO C HUMI paboTaloT 0CO0bIM 00pa3oM. JIpyruMil CJlOBaMLi, KOTAA TPU
MPOTPaMMUPOBAHUY Ha acceMObiiepe Mbl TOBOPUM 00 MHICKCE, TO, CKOPCE, MoIpasyMe-
BAEM TIOI STHM He HOMep dJIeMEHTa B MacCUBe, a HEKOTOPHIA ampec. Jlanalite eme pas
o0paTuMCcs K oucaHnio MaccuBa. K mpuMepy, mycTh B IpoTpaMMe CTATHYCCKH OTIpee-
JieHa TTOCeNOBATENIBHOCTD JAHHLIX:
mas dw 0,1,2.3,4,5

ITycTh 3Ta MOCHEN0BATEIBHOCTD YMCEN TPAKTYCTCSA Kak O/HOMepHLIi MaccuB. Pas-
MEPHOCTh KaXI0TO 3JIeMeHTa oTpeneisieTcs TupekKTuBoit DW, To ecTh OHA pasHE IBYM
GaiTaM. UTOOBI 11071441 7h TOCTYI K TPETEMY DT0MAHIY HYMN K APECy MaCCHbL k-
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OaBuTh 6. HyMepanus ajeMeHTOB MaccuBa B acceMbiiepe HaunmHaeTcs ¢ HyJst. To ecTb
B HallleM cJly4yae peub, (pakTUIeCKU, UIET O 4-M dJIeMEHTe MaccHBa — 3, HO 00 3TOM 3Ha-
€T TOJIBKO TTPOrPaMMHUCT; TIPOLIECCOPY B JAHHOM CJIydae BCe paBHO — €MY HYXKEH TOJbKO
anpec. B oG1ieM ciydae [UTs TTOTydeHMST ampeca 3JieMeHTa B MacCHBe HEOOXOOUMO Ha-
YalbHbINA (0a30BbIi) afpec MacCHBa CIIOXUTh C MPOU3BEACHUEM MHICKca (HOMEp 3Je-
MEHTa MUHYC €IMHUIIA) 3TOr0 3JEMEHTA Ha pa3Mep 3JeMEHTa MacCHBa:

6aza + (MHAEKC * pa3Mep dJeMEHTa).

ApXUTEKTypa Ipoleccopa IMpeaocTaBisieT JOBOJIbHO YA00HbIE MporpaMMHO-amnIa-
PpaTHbLIC CpEACTBaA AJIA pa6OTI)I ¢ MaccuBamMi. K HUM oTHOCSTCS 0a30BbIE U NHACKCHBIC
PETUCTPDLI, IMO3BOJAIOIIMEC PEATIN30BATh HECKOJIbKO PEXKMMOB aap€CallMi JaHHLIX. Uc-
MOJIb3ys JAaHHbIE PEXMMBbl agpecalru, MOXHO OpraHu3oBaTb 3¢ GeKTUBHYIO padoTy
C MaccUBaMH B maMATHA. BcrtoMHUM 31 PECKUMBI.

* HHupaexkcHas agpecalus O CMeIleHUEM — PeXUM aapecaluu, Mpu KoTopoM 3¢ dex-

TUBHBIN aapec GOpMUPYETCS U3 IBYX KOMIIOHEHTOB:

O mnocTosiHHBIN (0a30BbIil) KOMIOHEHT (POopMUpYyeTCs yKazaHUeM IpSIMOTro aapeca

MacCuBa B BUAC UMCHU I/IZ[CHTI/I(DI/IKaTopEl, 0603Haqa}0mero HadyaJio MaCCHBa,
IT nepeMeHHbIH (MHAEKCHbBIN) KOMIOHEHT POpMUPYETCS yKa3aHUEM UMEHU UHAEKC-
HOTO perucrpa.
K mpumepy,
mas dw 0,1,2,3,4,5
mov si ,4

;NOMECTUTb 3-J1 BJIeMeHT MacCyBa Mas B PETUCTP ax:
mov ax,mas[sil

bazoBast MHIEKCHAsT agpecalisl Co CMELIEHMEM — PEXUM afpecaliuu, Py KOTOPOM
3(beKTUBHBIN aapec HOPMUPYETCS MAKCUMYM U3 TPEX KOMIIOHEHTOB:

D B KayecTBe MOCTOSIHHOIO (HCO6H3aTCHLHOFO) KOMITIOHEHTA MOXET BBICTYIIATh
HpﬂMOfI aapeC MacCrBa B BUJIC UMCHU I/I,I[CHTI/I(i)I/IKaTOpa, 0003HayYaoIIero Haya-
JIO MaCCHBa, MM HENIOCPEACTBECHHOTO 3HAYCHNI,

O mnepeMeHHbI (0a30BbIi1) KOMITIOHEHT (POPMUPYETCSI yKa3aHUEM UMeHU 0a30BOI0
perucTpa;

P mepeMeHHbII (MHIEKCHBII) KOMIIOHEHT (DOPMUPYETCS YKazaHMEeM UMEHU MHIEKC-
HOTO perucTpa.

BTOT BUA ampecalyy yaI00HO KCIMOJIb30BaTh MPU 00pabOTKe IBYXMEPHBIX MACCUBOB.
. TIpuMep Mcmonb30BaHUST 3TOM afipecallii Mbl PACCMOTPUM Jajiee MPU U3YYEHUH 0CO-
OeHHOCTEI paboThl C IByXMEPHBIMU MaCcCHUBaMMU.

HamomHuM, 4TO B KayecTBe 06a30BOTO PErucTpa MOXET MCIIOJIb30BaThCs JIOOON U3
BOCbMU PETMCTPOB OOILEro Ha3HauYeHMs. B KauecTBe MHIEKCHOTO PErMCcTpa TakKKe MOX-
HO MCIT0JIb30BaTh JII000M perucTp ooIlero Ha3HaueHusl, 3a uckiaodeHueMm ESP/SP.

IMpoueccop Mo3BoIAeT Macuimabuposams undekc. DTO O3HAYAET, YTO €CIU YKA3aTh
rocJjie UMeHU UHJIEKCHOTO perucTpa CUMBOJ 3Be3104KH (*) ¢ mocaenytolei nudpoii 2,
4 v 8, To coepKUMOe MHIEKCHOIO perucTpa OyaeT yMHOXAaTbCs Ha 2, 4 Uiu §, To ecTh
MaciiTabupoBatbes. [IpuMeHeHre MaciuTabupoBaHUsl 00Jieryaer paboTy ¢ MacCUBaMHu,
KOTOpBIE MMEIOT pa3Mep 3JIEMEHTOB, paBHBIN 2, 4 M 8 0aiiT, TaK KakK IIPOIECCOp caM
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MPOU3BOIUT KOPPEKIIMIO MHIEKCA [UISE TOYUSHUSI aipeca O4epeIHOr0 IeMEHTa MaCCH-
Ba. Ham HYXHO JIMIIb 3aTpy3UTh B MHACKCHBII PETUCTp 3HAUCHUE TpeOyeMOoro NHIeKca
(camrag ot 0). KcraTu cka3aTh, BO3MOXHOCTh MaCIITaOMPOBAHMUS MOSBIIACH B IIPOILICC-
copax Intel, HaunHas ¢ moaenu i486. I1o 3Toi MpUYKHE B pacCCMATPUBAEMOM JaJiee TIPH-
Mepe IPOTpaMMEI CTOWT OUpeKTHBa .486. E¢ HasHaueHMe, KaK M paHee HCIOIb30BaB-
Lieiicss AupeKTUBHI 386, — B TOM, YTOOBI YKa3aTh acceMOJIepy Ha HEOOXOIMMOCTD yueTa
JOTIOJTHUTENIEHBIX BO3MOXKHOCTEM HOBBIX IIPOLIECCOPOB MPH (POPMHUPOBAHUN MAITMHHBIX
KOMaH]I.

B xadecTBe mpuMepa MacIITAOMPOBAHUS pACCMOTPUM JTUCTUHT 13.2, B KOTOPOM IIpO-
CMaTpUBAETCS MAaCCHUB, COCTOSIIMI U3 CJIOB, ¥ TIPOM3BOIUTCS CPAaBHECHME STHX 3JIEMEH-
TOB C HyJIeM. BBEIBOIMTCSI COOTBETCTBYIOIIEE COOOIICHUE.

Jluctunr 13.2. MNpocmoTp MaccrBa CoB C UCMOMb30BaHMEM MacLUTabnpoBaHus

;prg 13 2. asm

;tlink /v /3 prg_12 2.obj

MASM

MODEL small

STACK 256

.data ;HaUayo CerMeHTa JaHHHX

; TEeKCThl COODIMEHM :

mes1 db  "He paBeH @!%",0ah,@dh

raes2 db "paBer 0!$",0ah,0dh

mes3 do @ah,0dh, ' 3nement $'

mas dw 2,7,0,0,1,9,3,6,0,8 ; ucxoaHblid MaccuB

.code
.486 ;370 0043aTeNBHO
main:
mov ax,@data
mov ds,ax ;cBA3ka ds C CEIMEeHTOM IaHHHX
X0r ax, ax ; OOHyTIeHNe aXx
prepare:
mov c¢x, 18 ;3HaUeHue CYeTuykKa HUKIa B CX
mov esi ,® JMHAEKC B esi
compare:
mov dx,mas [esi*2] ;NepBbIA BIEMEHT MaccuBa B dX
cmpdx, 0 ;cpasHenue dx ¢ 0
je equal ;TIepexol, eCly DaBHO
not_equal: ;HE DaBHO
mov ah,@8h ;BbIBOA COODIIEHNS Ha DKDaH
lea dx,mes3
int 21h
mov ah,02h ; BbIBOA HOMEpa DBJIeMeHTa MacCCluBa Ha D3KpaH
mov dx,si
add dl,30h
int 21h
mov ah,0%h
lea dx,mesl
int 21h .
inc esi ;Ha CIemyomuil 3IeMeHT
dec ex {YCIIOBME [ BHXOMNA U3 HUKIA
jcxz exit :cx=0? Ecium ma - Ha BHXOI
Jmp compare (HET - TOBTOPUTL LMUKI
equal: ;paBuHo 0
mov ah,0%h :BEBOL COODIEeHVS mes3 Ha DBKpaH
lea dx,mes3
int 21h
mov ah,02h
mov dx,si
add dl,36h

npodoaicenue &
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Jinctvnr 13.2 (npogosnxenve)

int 21h
mov ah,09%h ;BBIBOA COOOmMEeHNs mes2 Ha SKpPaH
lea dx,mes2
int 21h
inc esi JHa CIeIyomuil SIeMeHT
dec c¢x ;BCe DJEMEeHTH 00paboTaHH?
jcxz exit
jmp compare
exit:
mov ax,4c66h ;CTAHA3PTHLIA BbIXOA
int 21h
end main , ;KOHeL, nporpammbl

Ellile HeCKOJIbKO CJIOB O COTJIAIIEHUSIX.

it Ecnu o5 onuvcaHus aapeca UCIOb3yeTCsl TOJIbKO OAWH PETUCTP, TO peub UAET O Oa-
30BOI ajgpecalluy, U 3TOT peTUCTP pacCMaTpUBaeTCsl KakK 0a30BbIii:

;nepecnatb 6aiT n3 o06nacTu AaHHLIX,
;agpec KOTOpoi HaxoauTcs B permctpe ebx:
mov al, [ebx]

Eciu it 3amanus agpeca B KOMaH€e UCIIONb3YyeTCs MpsiMast anpecanus (B BUAE UICH-
TU(UKATOPa) B COYETAHUM C OMHUM PETMCTPOM, TO pedb MIET 00 MHIACKCHON ampeca-
uuu. Peructp cunmrtaercs MHAEKCHBIM, U ITO3TOMY I MOJIYYEHUs aapeca HyXXHOTO
3JIeMEHTAa MacCHMBa MOXHO BBIIIOJHUThH MacIITaOMpOBaHUE:

add eax,mas[ebx*4] §

s CNOXUT L CONEPXMMOEe eaX C IOBOVHEM CJIOBOM
;B IIAMSATH IO ampecy mas + (ebx)*4

Ecnu nns onuvcaHus aapeca UCMOJIb3YIOTCS IBa PETUCTpa, TO peyb UAET O 0a30BO-
WHJEKCHOU aapecauuu. JIeBblil perucTp paccMaTpuBaeTcsl Kak 0a30BbIiA, IIpaBblii —
KaK MHAEKCHBIA. B obiiem ciydyae 3T0 He MPUHUUIIMAIBHO, HO €CJIM MacluTabupoBa-
HHE IIPUMEHSIETCS K OMHOMY M3 PETHCTPOB, TO OH BCETHA SIBISETCSI MHACKCHBIM. On-
HaKo Jiyyllle MPUAEPKUBATHCS ONpPeneeHHbIX coryalieHuii. [loMHUTe, 4TO MpUMe-
Henue peructpoB EBP/BP u ESP/SP mo ymonuanuio mompasymeBaeTr, 4To CeTMEHTHAs
COCTaBJISIONIAsT agpeca HAXOIUTCS B peructpe SS.

&

3ameTnM, uTO 6A30BO-MHAEKCHYIO aIpecaliio He BO3OPAHSAETCS COYETATh C IPIMON
ampecanyeil WM yKa3aHUEM HEIMOCPEICTBEHHOIO 3HAUeHMS. Ampec Torma OymeT ¢op-
MMPOBAThCSI KaK CyMMa BCeX KOMITOHCHTOB.

K npumepy,

mov ax,mas [ebx] [ecx*2]

;alpec onepaHaa paseH Imas+(ebx)+(ecx)*2)
sub dx, [ebx+8] [ecx*4]

;afpec onepaHoa paseH [(ebx)+8+(ecx)*4]

CrnemyeT 3aMEeTUTh, UYTO MacIITabnupoBaHue 3¢ (GEKTUBHO JIUIIIb TOrIa, KOTIa pa3Mep-
HOCTb 3JIEMEHTOB MaccuBa paBHa 2, 4 wim 8 6aiiT. Ecau ke pasMepHOCTb JIEMEHTOB
Ipyras,, TO OPTaHM3OBBIBATh OOpallleHWE K 3JIeMEHTAM MacCHBa HYXHO OOBIYHBIM CIIO-
co0oM, Kak OIMCaHO paHee.

PaccmoTpum npumep pabOTBI ¢ MACCUBOM M3 IISITU TPeXOaiTOBBIX 3JIEMEHTOB (JIHC-
tiHT 13.3). Miaamuii 6aiiT B KaXXI0M M3 3TUX SJIEMEHTOB IIPEICTABISIET CO00N HEKMI
CYETYMK, a CTapluue 1Ba 0aiTa — YTO-TO elle, ISl HAC He UMEIIIee HUKAKOTO 3Haye-
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Hus. Heobxonumo mociemoBaTeIbHO 06pa6OTaTB QJIEMEHTLI JAHHOIro MaccuBa, yBEJIMN-
YW B 3HAYCHUA CYCTIYNKOB Ha e/IMHKILY.

JucTtunr 13.3. O6paboTka MaccuBa 3IEMEHTOB C HEYETHOW AIMHONA

;prg_13_3.asm
MASM
MODEL small ;MOIIeNb TaMsATL
STACK 256 ;pasmep CTeka
.data ;Ha4al0 CeTMEeHTa [aHHHX
N=5 , KONMWUEeCTBO 3JIeMEHTOB MaCClUBa
mas db 5 dup (3 dup (9))
.code ; CEeTMEeHT KoIa
main: ;TOYKa BXOLa B NPOTpammy
mov ax,@data
mov ds,ax
X0r ax,ax ; 0DHYIeHNe ax
mov si ,0 ;0 B si
mov ¢x,N ;N B X
go:
mov dl,mas[si] ;nepsbid OanT mons B dl
inc dl ;yBenunyvenune dl wHa 1 (o ycnoBun)
mov mas([si],dl ;3acnaTb obpaTHO B MacCuB
add si,3 ;CIOBUT Ha CIeNyoIuii SIEeMeHT MacCCuBa
loop go ;TIOBTOD IUKIa
mov si,0 ;NOATOTOBKA K BHBONLY Ha BKpPaH
mov cx,N
show: ;BbIBOA Ha DKPAH COLEPKUMOTO
;nepsuix 0alToOB MoOJen
mov dl,mas([si]
add si, 3
add d1,3@h
mov ah,02h
int 21h
loop show
exit:
mov ax ,4c@0h;cTaHAaapTHbIA BHXOT
int 21h
end main ;KOHEIl TIPOTPaMMH

IAByxXMepHble MacCuBbI

C mpencraBieHUEM OJHOMEPHBIX MAaCCUBOB B MporpaMMe Ha acceMbiepe U opraHu3a-
e ux oopaboTKM BCe JOCTATOYHO MPOCTO. A KaK ObITh, €CJIM TIporpaMMa 10JKHa 00-
pabarbIBaTh IBYXMepHbI MaccuB? Bce mpobiemMbl BO3HUKAIOT TMO-TIPEXHEMY K3-3a TOTO,
YTO CTIeMaJbHBIX CPEJCTB [J151 OTIMCAaHUSI TAKOT'O TUIIA JaHHBIX B acceMbiepe HeT. IByx-
MEpHBII MacCUB HY>KHO MOJIeIMpoBaTh. Ha onmrcaHnM caMuX TaHHBIX 3TO MOYTH HUKAK
He OTpaxaeTcsl — MaMsTh MO MAacCUB BbIACISIETCS C TOMOIIbIO TUPEKTUB PE3ePBUPO-
BaHUS ¥ WHUIMaIM3aluuu namsatu. HemocpencTBeHHO MoaenupoBaHUe 0OpabOTKM Mac-
CcHMBa MPOU3BOJUTCS B CETMEHTE KOoJia, Tie TPOrpaMMUCT, ONTUCHIBAsT aITOPUTM 00pabOTKM
Ha accembJiiepe, OIpeensieT, YTO HEKOTOPYI0 001acTh MaMsATU HEOOXOIMMO TPaKTOBAaTh
Kak IByxXMepHbIit MaccuB. [Ipu 3TOM Bbl BOJIbHBI B BBIOOPE TOI'0, KaK TOHUMATh pacro-
JIosKelie 2JIEMEHTOB JBYXMEPHOTO MaccuBa B MaMSITU: IO CTPOKaM WJIM IO CTOJIOLIAM.
Ecnu mocnenoBaTelbHOCTh OJHOTUITHBIX DJIEMEHTOB B MaMSITU TPaKTyeTCsl Kak JABYX-
MEDPHBI MacCHB, PACIIOJOXEHHBIN 0 CTPOKaM, TO anpec aeMeHTa (i, j) BbIYMCIsgeTCS
o gopmyie
(6aza+ (KonnuecTBO_3N€MEHTOB_B_CTPOKe * i+j) * pa3Mep_dJIeMEeHTa).
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3nech i = 0...n~1 — HOMep cTpokH, aj = 0...m~1 — HoMep crosi6a. Hanmpumep, mycThb
MMeeTcsl MaccuB uncen (pasmepom B 1 6aiit) mas(i, j) ¢ pasmepHocTthio 4 * 4 (r = 0...3,
j=0.3):
23040567
05060799
67080923
87090008

B mamsTi s51eMeHTBI 3TOT0 MacCHBa OYAYT pacIoNIOXEHBI B CICAYIOLISH ITOCIeI0Ba-
TEJIbHOCTU:

2304 0567 0506 07 99 67 08 09 23 87 09 00 08

Eciu MBI XOTMM TpakToBaTh 3Ty TOCJEIOBATEIBHOCTh KaK IBYXMEPHBI MAacCHB,
MPUBEICHHBIM paHbllle, U U3BJeUb, HATIPUMED, 3JeMeHT mas(2, 3) = 23, To, mpoBes He-
XMTPHI# TIOfICUeT, yoeauMcsl B MTPaBUJIbHOCTH HAIIMX PACCYXICHUI:

DddexTuBHbIM anpec mas(2, 3) =mas+ (4 « 2+ 3) « 1=mas+ 22.

[MocmoTpuTe Ha TIpecTaBIeHUe MacCUBA B TAMSITH M YOSIUTECH, YTO TI0 3TOMY CMe-
HICHWIO AeWCTBUTEbHO HAXOMUTCS HYXKHBI 3JIEMEHT MacCHBa.

JlornyHo opraHM30BaTh AAPECALIMIO IBYXMEPHOTO MacCHBa, UCIOIb3ysl PACCMOTPEH-
HYI0 HaMU paHee 0a30BO-UHAEKCHYIO aapecauuio. [Ipy 3TOM BO3MOXHBI 1Ba OCHOBHBIX

BapHMaHTa BEIOOpa KOMIIOHEHTOB IJist opMUpOBaHUS 3(PHEKTUBHOIO ampeca:

*  coueTaHMe IIPSIMOTO ajpeca Kak 0a30BOro KOMITOHEHTA anpeca M IBYX WHIEKCHBIX

PETUCTPOB ISl XpAaHEHUSI UHACKCOB:
mov ax,mas [ebx] [esi]
% coueTaHUe IBYX MHACKCHBIX PETUCTPOB, OAVH U3 KOTOPBIX SIBJISIETCS] U 0a30BbIM, Y UH-
JEKCHBIM OTHOBPEMEHHO, a IPYTOil — TOJIbKO UHAEKCHBIM:
mov ax, [ebx] [esi]
B mporpamme 310 OynmeT BHITISAIETD IPUMEPHO TaK:

;dparmeHT nporpamMmbl BbIBOPKM 3NEMEHTA
;Maccusa mas(2,3) un ero obHyneHus

.data

mas db 23,4,5,67,5,6,7,99,67,8,9,23,87,9,0,8
i=2

eIisize:l

.code

.386

movesi,4*el_size*i
movdi,j*el_size
mov al,maslesi][edi];B al anemeHT mas(2,3)
B kavecTBe 3aKOHUEHHOTO ITPUMEpa PACCMOTPUM ITPOTPaMMy IMOMCKA JIEMEHTA B IBYX-
MEpPHOM MaccHuBe unces (TUCTUHT 13.4). DieMeHTHI MacCuBa 3aIaHbl CTATUICCKU.

Jinctunr 13.4. MNonck anemeHTa B ABYXMEPHOM MacCuBe
iprg_13_4.asm

MASM

MODEL small

STACK 256
.data



MacCuBH
yMaTpuua pa3MepoM 2x5 - eCclIy ee He WMHUUMANWM3UpoBaTh,
:TO OIS HATNSAOHOCTM OHA MOKET OHTBH OmMCaHa Tak:
;array dw 2 DUP (5 DUP (?)
JHO MH ee VHULNaNU3UPyeM:
array dw 1,2,3,3,5,6,7,3,9,0
;noruuecku 370 OyIeT BHIALETL TakK:
varray= {1
; {3 3}
: {5 6}
: {7 3}
: {9 0}
size_elem=2 ; Pasmep DIEMEHTA
elemdw 3 ; 3NeMeHT UIT IOMCKa
failed db @ah,@dh, 'HeT Takoro s1eMeHTa B maccuse! ', '$’
success db @ah,0dh, 'TakoW DIEMEHT B MaCCUBE NPUCYTCTBYeT *,"$'
foundtime db ? ;KonuuecTBO HallIeHHHX SJIEMEHTOB
fnd db ' pas(a)' .@ah,adh,'$"’
.code
main:
mov ax,@data
mov ds,ax
X0r ax,ax
mov s1i,0 ;si=cTonbun B MaTPUIe
mov bx,0 ; bX=CTpoKu B MaTpuIile
mov ¢x,5 ;UMCTIO OIS BHENHEIO IMKIa (0 CTPpoKaM)
external: ; BHEIIHUI LMK MO CTPOKAM
push cx ;COXpaHeHue B CTeKe CYETYMKa BHENHETO LUKIa
mov ¢x,2 ;udcno Qg BHYTPEHHETO 1MKIa (M0 CTonbuaM)
mov s1,0
iternal: (BHYTPEHHWA LUK 1[I0 CTpPOKaM
mov ax,arrayl[bx)[si]l:s ax TepBHN (OYEpPEOHON) DIEMEHT MaTPUIH
add si,size_elem ;nepeaBuXeHue Ha CIEIyOIVI 3TEMEHT B CTPOKE

;CpaBHUBaeM COIEPKMMOE TEKYIeTr0 3JIeMeHTa B axX C MCKOMHEM DIIEMEHTOM:
cmp ax,elem

;€CIIM TeKYIMiA COBHAN C MCKOMBEM, TO IIepexon Ha here mis o6paboTkiu,

;UHaue - IIMKJ TIPOLOJIKEHMS IOUCKa .

jne $+6 .
inc foundtime ;yBenuuuBaem CYETUVK COBIABINX
loop iternal
move_next: ;IPOABUXEHNE B MaTPUIE
pop ¢x ;BoccTanasnueaem CX 13 cTeka (H)
add bx,size_elem*2 .nepeABuraemcs Ha CJEIYOIYD CTDOKY
loop external ;UMK ( BHEmH)
cnp foundtime,®h ;CpaBHeHue uiuCla CoBmaBmux C 0
ja eql ;ecnu Oompme 0, TO Tepexon
not_equal: JHET 3NeMEeHTOB, COBIABINX C MCKOMEM
mov ah,@9h ;BHIBOA COODIEHVS Ha DKpaH
mov dx,offset failed
int 21h
jmp exit ;Ha BHXO[
eql: ;€CTb DIJIEMEHTH, COBIABINE C UCKOMEM
mov ah,09h ; BEIBOI COODMEHNMII Ha 3KpaH
mov dx,offset success
int 21h
mov ah,02h
mov di,foundtime
add d1,3eh
int 21h
nov ah,@9%h
mov dx,offset fnd
int 21h
exit: ; BHXOL
mov ax,4c@6h y CTAHIAPTHOE 3aBeplieH)e NPOTPaAMMH
int 21h

end main : KOHEI[ TPOTPaMMil

271



278 naea 13. CnoxHble CTPYKTYPbl AaHHbIX

AHanuaupyst paboTy MporpaMMbl, He 3a0bIBaiiTe, YTO MpPU HAMMCAHWU MPOrpaMM Ha
sI3pIKe acceMObjiepa HyMepaluio 2JIEeMEHTOB MaccuBa yaobOHee mpousBoauth ¢ 0. Ilpu
MOKUCKe OINpeAeIeHHOro 3JeMeHTa MacCUB MpocMaTpMBaeTCs OT Hayaja M A0 KOHIA.
IIporpamma coxpansier B noie foundtime KoamdecTBO BXOXKICHUII MCKOMOTO 3JIeMEHTa
B MaccuB. B KauecTBe MHAEKCHBIX MCOAB3YIOTCS perucTphl SI u BX.

THUIIOBEIE OIlepalluy C MaCCBaMu

JIst IEeMOHCTpallii OCHOBHBIX TPUEMOB pabOThl C MacCMBaMH JIYYIle BCETO IMOIXOMIST
MporpaMMBbl TIOMCKA WJIM COPTUPOBKHU. [Iporpamma rmoucka Obljia mpuBeaeHa paHee. Te-
Tepb paCCMOTPUM OJIHY U3 TIPOTPaMM, BBITIOJHSIOIIMX COPTUPOBKY MacCUBa 110 BO3pac-
TaHU1O (IMCTUHT 13.5).

Jinctmar 13.5. CopTrpoBka Maccrea

;prg_13_5.asm
MASM

MODEL small
STACK 256
.data

mesl db ©ah,0dh, 'Ucxoanuit Maccus - $',0ah,0dh
; HEKOTOpble COODImEeHNs
mes2 db @©ah,8dh, 'OtcopruposaHnHeid Maccus - $',0ah,0dh
n equ 9 ;KONUYECTBO BJIEMEHTOB B MaccuBe, cumrtas ¢ 0
mas dw 2,7,4,0,1,9,3,6,5,8 ;uCXOAHbIA MaccCus
tmp dw 0 ;nepeMeHHble IS PAbOTH C MaCCUBOM
i dw 0
j dw O
.code
main:
mov ax,@data
mov ds,ax
X0r ax,ax
;BbLIBOA HA BKPAH MCXOTHOTO MAacCHUBa
mov ah,0%h
lea dx,mesl
int 21h ;BMBOA COoOOmeHns mesl
mov c¢x,1@
mov si,0
show_primary: ;BbIBOA 3HAUEHUS 3BJIEMEHTOB
;MCXOAHOFO MACCUBa Ha DKPaH
mov dx,mas[si]
add dl,30h
mov ah,02h
int 21h
add si ,2
loop show_primary

;cTpoky 40-85 mporpaMMH 3KBYBANEHTHH CJeyblieMy Komy Ha s3bke C:
for (1=0;1<9;1++)
; for (§=9:3>i.j--)
: it (masf{il>mas(jl)
; {tmp=mas{il;
; mas[il=mas{j];:
: mas(jl=tmp;}
mov 1,0 JWHMUManu3auns 1
{BHYTPEHHUA LUK 10

internal: .
mov j.9 JHHAUManu3auns J
jmp cycl_j ;TIepexol Ha TeNo LMKIa

exchange:



mov bx, i

shl bx,l

mov ax,mas[bx]
mov bx,j

shl bx,l

cmp ax,mas[bx]
jle tesser

MaccuBbl

s bx=1

;ax=mas[i]
: bx=j

;mas[i] ? mas([j] - cpaBHeHNME 3JIEMEHTOB
;ecnumas{i] MeHbme, TO OOMEH HE HYXeH

279

;W TIepexon Ha TPOOBUXEHME Hajlee 10 MaCCUBY
;uHade tmp=mas([i), mas[il=mas[j], mas[jl=tmp:

;tmp=mas [i]
mov bx, i ;bx=1
shl bx, 1 ;YMHOXaeM Ha 2, TakK KakK DJIEMEeHTH - CJIOBa
mov tmp,ax :tmp=mas 1]

;mas[il=mas[j ]

mov bx, j 1 oX=j
shl bx, 1 ;YMHOXAeM Ha 2, TakK KakK DJIeMeHTH - CJIOBa
mov ax,masfbx] ax=mas(jl
mov bx, i ibx=1
shl bx,1 ; YMHOXaeM Ha 2, TakK KakK DJIEMeHTH - CJIOBa
mov mas[bx],ax ;mas[ij=maslj]
;mas{jl=tmp
mov bx, j ; bx=j

shl bx,1 ; YMHOXaeM Ha 2, TakK KakK DJIEeMeHTH - CJOBa
mov ax,tmp sax=tmp
mov mas[bx]l,ax mas[jl=tmp

lesser: ,IPOABMXEHME Tajlee TI0 MaCCUBY BO BHYTDPEHHEM
s LIVKTIE
dec ] J-- ,
TR0 LUMKIIa II0 ]
cycl_j:
mov ax,j ;ax=j
cmp ax, i ; CpaBHUTE ] ? 1

;ecmt j>i, TO Iepexon Ha ObMeH

. MHaYe - Ha BHENHN LMK [0 1

inci Dl .

cmp i,n ;CPaBHUTL 1 ? N - TPOWNM IO KOHIA MacCHUBaA
j1 internal ;ecnu i<n - mpoponxenue obpaboTku

jg exchange

,Bhi804 OTCOPTUPOBAHHOTO MaCCuUBa
mov ah,®9%h
lea dx,mes2
int 21h
prepare:
mov ¢x,18
mov si,0
show: . ;BbIBOA 3HAYEHUS 3NEMEHTa Ha 3KpaH
mov dx,masisi]
add dl,30h
mov ah,82h
int 21h
add si, 2
loop show
exit:
MoV ax,4c66h
int 21h
end main ;KOHeL, mporpammbl

B ocroBe TpOTpaMMBI JIEKUT aJTOPUTM, TTOXOXHUI Ha METOJ My3bIPbKOBOM COPTH-
pPOBKM. DTa mporpaMma He IIpeTeHayeT Ha 6€3yCI0BHYIO ONITUMAIbHOCTbD, TaK KaK CYIIe-
CTBYET IieJiasi TeOpusl, Kacarolasicsl oIo0HOTro THUTAa COPTUPOBOK. [lepen HaMU CTOUT
Ipyras b — MO0Ka3aTh UCTIOIb30BaHUE CPEICTB acceMbiepa sl peleHus mogo0Ho-

;CTaHAapTHLIA BbIXOL
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ro poia 3amad. B mporpaMmme 1Ba 1Mkia. BHeUIHWI 1IUKIT onpeaensieT Mo3UIMIo B Mac-
CHBE OUYEPEIHOro 3JIEMEHTa, ¢ KOTOPHIM MPOM3BOAMTCS ITOMAapHOE CPaBHEHUE 3JIEMEH-
TOB TIPaBOM YacTW MaccuBa (OTHOCUTENLHO 3TOTO 3JIeMEHTa). 3a KaXIylo UTEpaIfio
BHEIIHEro LMKJIa Ha MECTe 3TOr0 OYepeqHOTO 3JIeMEeHTa OKa3bIBAETCS MEHbBILIWN 3Jie-
MEHT M3 TIpaBOif YaCcTW MaccuBa (€CJIM OH eCTh). B ocTabHOM TporpamMma JTOBOJBHO
MIPOCTa M Ha SI3BIKe BBICOKOTO YPOBHSI 3aHsIa ObI OKOJIO JAeCsITKa CTPOK. boree mompo6-
HO ¢ peay3alifieil pa3IMIHBIX THIIOB COPTUPOBOK Ha sI3bIKe acceMOJiepa MOXKXHO TO3Ha-
KOMMTECS B [8].

CTpyKkTypbI

PaccMoTpeHHbBIe HaMU paHee MAcCUBBI TPEICTABISIOT CO00M COBOKYITHOCTh OTHOTHII-
HBIX 21eMeHTOB. Ho JacTo B MIPHIIOXKEHMSIX BO3HUKAET HEOOXOIMMOCTh PacCMaTpUBATh
HEKOTOPYIO COBOKYITHOCTB JAHHBIX Pa3HOTO TUITa KaK HEKOTOPBIH SMUHBIHA THII. DTO OYCHb
aKTyaJlbHO, HaIIpUMeDp, IS TIPOrpaMM 0a3 TaHHEIX, TIe ¢ OMHUM 0OBEKTOM MOXET acco-
LMUPOBAThCSl COBOKYITHOCTb JaHHBIX pa3Horo Tuma. K nmpumepy, paHee Mbl paccMoTpe-
J TUCTHHT 13.3, B KOTOpOM paboTa MPOM3BOAMIACH C MACCHBOM TPeXOAMTOBBIX 3JIe-
MeHTOB. Kakmblif aIeMeHT, B CBOIO OYepelb, ITPEACTABIIsUT CO0O0ii IBa dJIeMEeHTa Pa3HBIX
TUTIOB: OMHOOAMTOBOE TIOJIE CYETIMKA M IBYXOAMTOBOE ITOJIe, KOTOPOE MOTJIO HECTH elle
KaKyI0-TO HYXHYIO IUTsI XpaHeHUS M 00paboTKu mHpopMaImio. Ecr yutatens 3HAaKOM
C OTHUM M3 SI3BIKOB BEICOKOTO YPOBHSI, TO OH 3HAET, YTO TAKOH 0OBEKT OOBITHO OTIHCHI-
BaeTCs C TOMOIIBIO CITeITUATbHOTO TUTIA TAHHBIX — CTPYKTYPHI. C IIeJIbI0 TOBBICHTh
yI006CTBO MCITOIb30BaHMA sI3bIKa acceMObJiepa B HETO TakkKe OBUT BBEIEH TaKOMW THTI
TaHHBIX.

[o ompeneneHnIo cmpykmypa — 3T0 THUTI TAHHBIX, COCTOSIIINIA 13 PUKCHPOBAHHOTO
qucjia 3JIeMEHTOB Pa3HOTO THTIA.

JITI NCTIOB30BaHMS CTPYKTYP B IIPOTpaMMe HEOOXOIMMO BEITTOJTHUTh TPU IS CTBUS.

1. 3amaTh wabnon cTpyKTYpHl. [1o CMBICITY 3TO 0O3Ha4YaeT ompene/ieHre HOBOTO THUIIA
TaHHBIX, KOTOPHI BITOCIEACTBUMMOXHOUCIIOTb30BaTh IS OTIPEeICHUS TIEpEMEH -
HBIX 3TOTO THTIA.

2. OnpenenuTb 3K3emnasgp CTPYKTYPhl. DTOT 3Tall oApa3yMeBaeT MHULIMATU3ALINIO
KOHKPETHOI MepeMeHHOI ¢ 3apaHee ornpeaeeHHO (C TOMOIIIbIO 111a0JI0Ha) CTPYK-
TYpOl.

3. OpraHu3zoBaTh oOpallleHUe K 3JIEMEHTaM CTPYKTYPHI.

OueHb BaxKHO XOPOILIO TOHUMATb Pa3HUILY MEXIY 0nUCaHueM CTPYKTYPBI B IPOIpaM-
Me U ee onpedesenuem. OTMcaHue CTPYKTYPHI B IIPOrpaMMe O3HaJaeT JIMIIb YKa3aHue
KOMIIMJISITOPY €€ CXeMBI, HJTH ITa0JIOHA; ITaMATh TP 3TOM He BhIAe steTcsT. KoMmumsiTop
M3BJIeKaeT U3 3TOTO MabjoHa WHOOPMAIIUIO O PACITOIOXKEHUH TMOJIeH CTPYKTYPHI
¥ UX 3HaYCHUAX 110 yMorYaHuio. OmpeneneHne CTPYKTYpPHl O3HaYaeT yKa3aHWe
TPaHCISITOPY Ha BBIACICHIE TaMATH ¥ TIPUCBOCHHE 3TOM 00JaCTH MaMsITH CUMBO-
JnUYecKoro uMeHu. OmucaTh CTPYKTYPY B MPOrpaMMe MOXHO TOJBKO OIHWH pa3,
a OTIPEACINTh — JII000e KOTMIeCcTBO pa3. [lociie TOro Kak cTpyKTypa oIpeaesieHa,
TO €CTh €€ UM CBS3aHO C UMEHEM IIepeMeHHOM, BO3MOXKHO OOpalleHHe K II0a5M
CTPYKTYPHI TI0 UX UMEHaM.
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OnucaHue wabsoHa CTPYKTYpbI

OnucaHue 1abIoHa CTPYKTYPhl MMEET CACAYIOIUNA CHHTAKCUC:

UMA_CTRPYKTYpot STRUC
<onucaHue nonen>
uMA_CTpykTypst ENDS

3nech<omuUcaHUe MOJIel > MPeACTaBIsSIeT COOO0M ITOCIeA0BATEIEHOCTh AMPEKTUB OTIN -
canug ganaeix DB, DW, DD, DQu DT. Mx onepaH/ibl onpeie/IoT pa3Mep MoJieii ¥ mpu
HEOOXOIMMOCTH — HavyaJ bHbIe 3HaUYEHUSI. DTUMU 3HAYCHUSIMU OYIYT, BOZMOXHO, NHU -
LAATM3UPOBATHCS COOTBETCTBYIOIIME ITOJIST TIPU OIpPENeNIeHUN CTPYKTYPHI.

Kak MBI yXe OTMeTHIM, TIpY OIMCAaHWU Ia0JI0HA MTaMsITh He BBIIEISIETCS, TaK Kak
3TO BCETO JIMIIb MH(pOpManMs IJIsT TpaHCasITopa. MecTomoioxkeHne mabdjoHa B TIpo-
TPaMMe MOXET OBITh IIPOM3BOJILHEIM, HO, CIIENYS JIOTUKE PAOOTHI OMHOIIPOXOXHOTO TPaHC-
JIATOpa, 1MA0JIOH MOJDKEH OBITh ONMMCaH paHbIle, YeM OIpPENessieTCs TMepeMeHHasT C TH-
TIOM JaHHBIX CTPYKTYphl. TO €CTh MPW ONMMCAaHWU B CETMEHTE MAHHBIX IEepeMEHHOM
C TUTIOM HEKOTOPO#l CTPYKTYPHI €€ 111abJIoH HeoOXOAMMO ONHMcaTh B Hadajle CerMeHTa
JTaHHBIX JTUOO0 TIEpea HUM.

PaccmoTtpum paboTy cO CTpyKTypaMu Ha TIpUMepe MOIEIMPOBaHUWS 0a3bl JaHHBIX
0 COTPYAHMKAX HEKOTOPOTro otTaesa. s mpocToThl, YTOOBI YiTH OT mpobJieM mpeodpa-
30BaHUS MHMOOPMALIMK TIPU BBOJE, YCIOBUMCS, UTO BCE TOJISI CUMBOJIbHBIE. OTpenenum
CTPYKTYPY 3allMCH 3TO# 6a3bl JAHHBIX CIETYIOINUM Ia0JIOHOM:

worker struc ;uHdopMauMa 0 COTPYIHVKE
nam db 30 dup (" ") shamunus, UMA, OTYECTBO
sex db " ;non

position do 30 dup (" ™) ; AOMXHOCT b

age db 2 dup (" ") ;1 BO3PaCT

standing do 2 dup (" ™) ; CTax

salary do 4 dup (" ™) ;OKNal B DPyOISX
birthdate db 8 dup (" ") ;IaTa DPOXIEHUS

worker ends

OnpepneneHve JaHHbIX C TUMOM CTPYKTYpPbI

JIJ1s1 MCTIOIb30BaHMSI OMMMCAHHON € TIOMOIIIBIO IIa0JIOHA CTPYKTYPHI B IIPOTPaMMe HEO0-
XOJMMO OTIPEIENTh TIEPEMEHHYIO C TUIIOM TaHHBIX CTPYKTYpHI. JI1s1 3TOro MCIonb3y-
eTCs ClIeyIolasi CHHTaKCUIeckKast KOHCTPYKIIUS:
[MMS mepeMeHHOH| uma_cTpykTypbl <[cAWCOK 3HaueHuin]>
3nech:
XK umsanepeMeHHOU — UAeHTU(DUKATOP MEPEMEHHOM JaHHOTO CTPYKTYPHOTO TUTIA. 3a-
JaHVe UMEHM TlepeMeHHOW Heobs3atenbHo. Eciam ero He ykas3aTh, OymeT MpOCTO BbI-
JieJieHa 00JIaCTh MaMSsITA pa3MEPOM B CYMMY JUTMH BCEX 2JIEMEHTOB CTPYKTYPHI;

CIMCOK 3HAYEeHU I — 3aKIIOUEHHBIN B YIIOBBIE CKOOKHM CITMCOK HAyaJbHBIX 3HAUCHUI
3JIEMEHTOB CTPYKTYPHI, pa3neleHHbIX 3amaTeiMu. Ero 3amaHue Takxe HeoOs3aTeb-
Ho. Ecnmu cricok yka3aH He TIOJTHOCTBIO, TO BCE TOJSI CTPYKTYPHI IUIST JAaHHOM Tiepe-
MEHHOI MHUIINATN3UPYIOTCS 3HAYCHUSIMM U3 1a0JI0HA, €CJIM TaKOBbIE 3a1aHbl. [lo-
nycKaeTcs MHULNAIN3ALUS OTAeAbHBIX MOJe, HO B 3TOM CJIyyae MpPOMyIIeHHbIe
TTOJIsI, KOTOPhIe OYAyT MHUIIMATU3UPOBaHBI 3HAYEHUSIMU M3 11a0JI0HA CTPYKTYPHI,
JOJIKHBI OTHENATHCS 3alsaThiMU. Ecam mpu ompeneieHny HOBOW NMEpeMEHHOM ¢ TH-
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IIOM JaHHBIX CTPYKTYPBI MBI COIVIACHBI CO BCEMHU 3HAYCHUSIMM ITOJICH B ee Ia0JIOHe
(TO ecTh 3aJaHHBIMM IO YMOJIYAaHHUIO), TO HYKHO IPOCTO HamMcaTh yIJIOBBIE CKOO-
ku. K npumepy,

victor worker <>,

Jnst mpuMepa orpeneuM HeCKOJIbKO MePeMEHHBIX C TUTIOM OMUCAHHOM pasee CTPyK-
TYPBbI:
data segment
sotrl worker <"Fypko AHIpel Bsuecnasobuu",, ' XyAOXHUK',
‘33','15','1860"', '26.01.64"'>
sotr2 worker <"MuxaiWnosa HaTanbs leHHaabesHa", 'x','nporpammucTt',
'30','10','1680"','27.10.58"'>
sotr3 worker <"CrvenaHos Npuit NoHruHoBuu",,' XYAOXHUK',
'38','20','1750','01.01.58"'>
sotrd worker <"Kpoea EneHa AnexkcawgposHa”,'x', 'cBS3uCT!,
'32','2',,'09.01.66"'>
sotrS worker <> ;3mech BCe 3HAUEHMS IO YMOTYAHUD
data ends

MeToabl paboTbl CO CTPYKTYpamMm

CMBICTT BBEIEHHSI CTPYKTYPHOIO THIIA JAHHBIX B JIIOOOM SI3BIK IIPOrpaMMHUPOBAHMUS CO-
CTOUT B OOBCOIMHEHUM PA3HOTHUITHBIX IIEPEMEHHBIX B OOMH OOBEKT. B sI3bIKe MOJIKHBI
OBITh CPEICTBA HOCTYIIA K 9TUM IIePEMEHHBIM BHYTPY KOHKPETHOI'O 9K3eMILISpa CTPYK-
Typsl. JIJIsT TOTO Y4TOOBI COCNIATHCSI B KOMaHIE Ha I10Jie HEKOTOPOU CTPYKTYDPBI, MCIOJIb-
3yeTcsl CriellMalIbHbINA OIlepaTop . (TouKa):
alpecHoe_BbiPaKeHWe . UMA_MOMA_CTPYKTYPb

3nech:
s ajpecHoe_sblpaXehue — UIEHTUUKATOD liepeMeliHOil HEKOTOPOTO CTPYKTYPIIOTo

THIIa WY BBIpaXXeHUE B CKOOKaX B COOTBETCTBUU C YKa3aHHBIMHU palie¢ CUHTaKCU -
yeckuMu npasuiamu (puc. 13.1);

* UMA_MONA_CTPYKTYPbl — UMsI NIOJISI U3 11a0JIOHA CTPYKTYPHI (3TO Ha CAMOM [ieJie TOXe
ajpec, a TOYHee, CMEIIeHHE TTOJIsT OT Havayia CTPYKTYPHI).

Takum o6pa3oMm, onepatop . (TOYKa) BEIUMCIISIET BhIpakeHUE (aapecHoe_BbipaxeHue) +
+ (MMA_NORA_CTPYKTYPbI).

[ QHKorerara

Puc. 13.1.CuHTakcuc agpecHoro BelpaXkeHns B ornepatope obpaLLeHns K nosito CTPYKTYPbI

.( )—-{ WmMs nepemMerHoin |L | 1

IIpoxeMOHCTPUPYEM C IIOMOIIBIO OIIPEACICHHOM HAMK CTPYKTYPBI Worker HEKOTO-
pbIe TIpueMbI paboTHI co cTpyKTypamu. K mpumMepy, Tpedyercs n3Bjieub B peructp AX
3HAYEHUS IOJISI ¢ BO3pacToM. Tak KakK BPSI JIM BO3PAcT TPYAOCIOCOOHOro JeoBeka
MOXeT ObITh OoJiblIe 99 JieT, TO Mocjie NOMELIEHUS COAEPKUMOTO 3TOr0 CUMBOJIBHOTO
noJist B peructp AX ero GyneT yno6HO ipeoOpa3oBaTh B JBOUYHOE TIPEACTABJICHE KO-
maHaoii AAD (cMm. rnaBy 8). BynbTe BHUMAaTEIbHBI, TaK KaK U3-3a IPUHIMIIAa XpaHEHUS
JAaHHBIX «MJIAJIINI GaiiT II0 MITamIIIeMy aapecy» cTaplias udpa Bo3pacTta OyIeT rome-
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wenaB AL, amnanias — BAH. /11 KoppeKTUPOBKHU 1OCTATOYHO UCITOIb30BaTh KOMaH-
1y xchg al,ah:
mov ax,word ptr sotrl.age ;B al Bos3pacT sotrl
xchg ah,al
,d MOXHO U Tak:
lea bx,sotrl
mov ax,word ptr (bx].age
xchg ah,al
JlaBaiiTe mpeacTaBUM, YTO COTPYIHUKOB HE Y€TBEPO, a HAMHOTO 0OJbIle, U K TOMY
XK€ MX YMCIO U MH(popMalMs 0 HUX MOCTOSSHHO MeHsIoTCsA. B 3ToM ciyyae Tepsiercs
CMBICJI IBHOT'O OIpeie/IeHUs TEPEMEHHBIX C TUIIOM Worker 111 KOHKPETHBIX TUYHOCTEH.
Accem0OJiep paspelliaeT onpeaessiTb He TOJIbKO OTACIbHYIO TEPEMEHHYIO C TUTIOM CTPYK-
TYpBl, HO 1 MaccuB CTpyKTyp. K mpumepy, onpenenum Maccus u3 10 CTpyKTyp Tuna
worker:

mas_sotr  worker 10 dup (<>)

JlanpHeiinias paboTa ¢ MaCCUBOM CTPYKTYpP IPOM3BOIMTCS TaK XKe, KaK U ¢ OTHOMEp-
HBIM MacCMBOM. 371eCh BO3HMKAeT HECKOJbKO BOIpPOcOoB. Kak OBITh ¢ pa3MepoM M Kak
OpraHM30BaTh MHAEKCALIMIO 3JIEMEHTOB MaccuBa?

AHaJOIMYHO OpYyruM HMACHTU(UKATOpaM, OMpeleeHHBIM B IporpaMMme, TPaHCISTOp
Ha3HayaeT MMEHM THUIIA CTPYKTYPbl U MMEHU MEPEMEHHOM C TUIIOM CTPYKTYPHI aTpuOyT
Thma. 3HaYeHMEeM 3TOro aTpulyTa SIBISETCS pa3Mmep B OaiiTax, 3aHMMaeMbIi IOJSIMU
CTPYKTYphl. MI3BNIeUb 3T0 3HAYeHUE MOXHO ¢ Momoliblo orepatopa TYPE. Ilocne Toro
KaK CTaHOBHUTCS U3BECTHBIM pa3Mep 3K3eMIUISIpa CTPYKTYPhl, OpraHU3alusl MHIeKCa-
LIMY B MacCHBE CTPYKTYP He MpeICTaBiIsieT 0co00ii cioxHocT. K mpumepy,
worker struc

worker ends
ﬁééﬂsotr worker 10 dup (<)

mov bx,type worker ;bx=77
lea di,mas_sotr
;v3BfeYb ¥ BHBECTWM Ha DKPAaH IION BCEX COTPYITHUKOB:
nov ¢x,10
cycl:
mov dl,[di].sex
;BbIBOA Ha DKPaH CONEPXUMOTO
inona Sex CTPYKTYPH worker
add di,bx (K CIemybimei CTPYKType B MacCuBe mas_sort
loop cycl

Kax BBITTOTHUTDL KOMMMPOBAHKE MOJIST M3 OJHOI CTPYKTYPHI B COOTBETCTBYIONIEE MOJIE
Ipyroil cTpykryphl? MM Kak BBHITIOJHHUTH KOIMpPOBaHWE Bceil cTpykKTypbl? K mpumepy,
BBITIOJTHUM KOIMPOBAaHME TOJS TMAT TPEThero COTPYIHMKA B TOJIE€ IMAT IATOrO COTPYI-
HMKa:
worker struc

worker ends
héé_sotr worker 10 dup (<)
' mov bx,offset mas_sotr

mov si, (type worker)*2 ;si=77*2
add si,bx
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mov di, (type worker)*4 ;si=77*4
add di, bx
mov cx, 30

rep movsb

Cpenu mpuaraeMbIX K KHUTe ¢aifioB B KaTajore ..\lesson13\struct\ mpuBemena
nporpaMma ob6CIyXKuBaHus 6asbl JaHHLIX 0 cOTpyAHUKax', Ha ee mpumepe Bbl MOXeTe
rIy0Ke MO3HAKOMUTBCS C TEM, KaK OPraHM30BaTh paboTy CO CTPYKTYpaMH B CBOEH Ipo-
rpamMe. Bo3MOXHO, [JIST YUTATENST MIMEET CMBICH B ITOJIHOM OOBEME MCCIIENOBATDH 3Ty
MIPOrpamMMy TOJIBKO TTOCIIE 3HAKOMCTBA C MAKPOKOMAaHIaMH B CJIEAYIOILEH TTaBe.

Pemeciio mporpaMmucTa paHO WIIH ITO3IHO JeJIaeT YeJI0BEKA TTOXOXUM Ha XOPOIIYIO
JIOMOX0351iKy. OH, TIOHOOHO €if, TIOCTOSTHHO HAXOMUTCS B TIOKCKE: TIe Obl Yero-H1uOyIb
COKOHOMUTD, Ype3aTh, N3 MUHUMYMa IIPOAYKTOB CeIaTh IpeKpacHbIii 00en. M ecmu 310 -
YIAETCs, TO ¥ MOPAIbHOE YIOBIETBOPEHUE TIONYYAETCH HUYYTh HE MEHBILE, a MOXET,
1 OOJIbIIIE, YEM OT IPEKpacHOro obema y moMoxossiiku. CTerneHb 3TOr0 YIOBIETBOPE-
HUSI, KaK MHE KaXKeTCsI, 3aBUCUT OT CTENEHM JTI00BU K cBoeii npodeccuun. C apyroii cro-
POHBI, YCIEXW B pa3pabOTKe MPOrpaMMHOIO M aIlapaTHOro obecredyeHunss HECKOIBKO
paccrabiIgioT TpOrpaMMKCTa, W JOBOJBHO 4YacTO HaOJIONAETCsl CUTYallWs, KOTrda IUis
pelIeHns] HEKOTOPOM MEJIKOM 3a1auy MPUBIIEKAIOTCS TSKEJTOBECHBIE CPeICcTBa, dhdeK-
TUBHOCTb KOTOPBIX B OOILIEM ClIydae 3HAYMMa TOJIBKO TPU pealnu3allii CPABHUTEIBHO
OOJIBILINX TPOEKTOB.

B cremyrommx AByX pasiesiax ONMMcaHbl ABa THIIA JAHHBIX, HATMINE KOTOPBIX B SI3bI-
Ke rmomoraer 6osiee 3(PpGeKTUBHO PACIIOPSAKATHCS MAMSTHIO, BBIIEIEHHOM ITPOrpaMMe.

O6bveguHeHus

[IpencTaBuM cUTyalMio, KOTAAa MBI MCIIOJIb3yeM HEKOTOPYIO 00JacTh IAMSTH JUIS pa3-
MEUIeHUST TOTO UM MHOTO 00BeKTa MPOrpaMMbl (IIEpeMEeHHOM, MACcCHBa WA CTPYKTY-
pel). Bapyr mociie HeKOTOporo 3Tama paboThl y HAC OTIAaAaeT HagoOHOCTh B 3TUX JAaH-
HbIX. B 00BIYHOM cllyyae MaMSTh OCTaeTCs 3aHSITOM N0 KOHIIA PabOTHI MPOrPaMMBL.
KoneuHo, ee MOXHO ObUIO Obl 3aefCTBOBATH ISl XpaHEHUS APYIMX MEPEMEHHBIX, HO
0e3 MPUHATHS CHeLMaTbHBIX MEP Hellb3s1 M3MEHUTh TUIT U UM JaHHBIX/Hermnoxo 6bl10
OBl UMETb BO3MOXHOCTb TEPEONPENEIUTh 3Ty 00MacTh MAMSTH IJIsl 00bEeKTa ¢ APYTUMU
TUTIOM ¥ UMeHeM. AcceMOJiep TPeIOCTABISIET TAKYI0 BO3MOXHOCTh B BUJIE CIIELIUALHO-
T0O TUIIA JAaHHBIX, Ha3bIBAEMOro o0bemuHeHeM. Obsedurenue — TUTI JaHHBIX, TTO3BOJISI-
IOV TPAKTOBATh OIHY U Ty Xe 00JIaCTh aMATH KaK JaHHbBIe, UMEIOIIe Pa3HbIe TUIThI
U UMEHa.

Onucanue oObeAMHEHUI B IIpOrpaMMe HallOMMHAET ONMMCAHUE CTPYKTYpP, TO €CTh
CHayvalla yKa3bIBaeTcs IA0JI0H, B KOTOPOM C TTOMOIIBIO JUPEKTUB OMUCAHUS JTaHHBIX
MePEUMCIISIOTCS UMEHA U TUTIHI ITOJEH:

ums_obbveaunnenuns UNION
<onucaHue nonen>
ums_obveaunernns ENDS

OT1une oObeIUHEHUI OT CTPYKTYP COCTOMT, B YACTHOCTH, B TOM, UTO IIPH OIpee-
JICHUU TIEpEMEHHOI TUTa 00beAMHEHUST TIaMSTh BBIIEISETCS B COOTBETCTBUU C pa3Me-

!t Bce nmpuiaraeMble K KHUTe dailibl MOXHO HalTH 1o anpecy http://www.piter.com/download. —
Tlpumeu. peo.
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POM MaKCHMaJbHOTO 3jieMeHTa. OOpalleHue K 3JieMeHTaM OObeIUHEHMS TTPOUCXOIUT
10 X UIMEHaM, HO ITPY 3TOM HYXHO, KOHEYHO, IOMHUTh, YTO BCE TOJISI B 00bEIMHEHUH
HakJaaelBaloTCs Apyr Ha Apyra. OgHoBpeMeHHasi paboTa ¢ 3JeMEeHTaMU 00bEeAUHEHUS
HCKITI0UeHa. B KauecTBe 271eMEHTOB 00BeIMHEHUSI MOXHO MCIIOJIb30BaTh U CTPYKTYPHI.
JIuctunr 13.6, KOTOPHII MBI ceii4ac paCCMOTPUM, ITPUMeYaTesieH TeM, YTO KpOMe Je-
MOHCTpPaLlMA COOCTBEHHO THUIIAa JAHHBIX OOBbEIMHEHNE, B HEM ITOKA3bIBAETCS BO3MOX-
HOCTb B3aMMHOTO BJIOXEHMS CTPYKTYp U obbeauHeHuii. [locTapaiitech BHUMATEIbHO
OTHECTHUCh K aHaJIM3y 3Toi mporpaMMbl. OCHOBHAs Wjes 30eCh B TOM, YTO yKa3aTe/b Ha
HNaMATh, OPMUPYEMBII IIPOTPaMMOii, MOXET OBITh IpeCTaBIeH B BUJE:
#  16-pa3psA/HOTO CMEILEHUS;
#  32-pa3psIHOro CMeILeHUS;

# mapbl U3 16-pa3psmHOrO CMELIeHUST U 16-pa3psimiHOil CEPMEHTHOM COCTABIISIIOLIEH
afmpeca;

mapsl U3 32-pa3psaHOro CMeIleHMs M 16-pa3psaHOro celeKTopa.

Kaxkwue 13 atux ykasareyieilt MOXHO MTPUMEHSTh B KOHKPETHOM CUTYallud, 3aBUCUT OT
pexuma aapecanuu (usel6 uiu use32) U pexuma paboThl mpoieccopa. 111a6moH 06b-
eIMHEeHUSI, ONIMCAHHBIA B JUCTUHTE 13.6, TO3BOJIIET YIPOCTUTh (POPMUPOBAHUE U MC-
MOJTb30BaHME yKa3aTeJiel pa3IMYHbIX TUIIOB.

JlnctuHr 13.6. Mpumep UCnonb30BaHMs 00beaNHEHNS

masm
model small
stack 256
.586P :
pnt struc ;CTPYKTypa pnt, Comepkamas BIOKEHHOE OOLeIuHeHue
union J0TMCaHye BIOKEHHOTO B CTPYKTYPY OOBEIMHEHUS
offs 16 dw ?
offs_32 dd ?
ends L KOHEIl ONMCAaHUsA O0BeIVHeHUs
segm dw ?
ends y KOHEI ONMCaHUs CTPYKTYDPH
.data
point union JOIpeneneHne O0beNMHEHNS, .
;COLEepXamero BIIOXEHHYD CTPYKTYDY
off_16 dw ?
off 32 dd ?

point_lépnt <>
point_32pnt <>
point  ends
tst db "Crpoka [mns TeCcTUPOBAHUS"
adr_datapoint <> ;onpeaeneHuve 5K3eMIISpa O0LEINHEHNS
.code .
main:
mov ax,@data
mov ds,ax
mov ax,seg tst
;3anucaTe alpec CeTrMeHTa CTPOKM tst B monme CTPYKTypH adr_data
mov adr_data.point_16.segm,ax
;KOTIa TOoHAmoOMTCS, MOKHO M3BIEYb 3HAYEHME M3 3TOTO I[ONS 00DPaTHO,
;K TIpUMEDPY, B perucTtp bx:
mov bx,adr_data.point_16.segm
;bopMypyeM cMelleHne B IONe CTPYKTYypH adr_data
mov ax,offset tst ; CMeleHne CTPOKM B ax
mov adr_data.point_16.0ffs_16,ax

K

npodoancenue
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Nuctnir13.6(npogosnxeHne)

;aHanoruuHo, KOrfa MoHafobuTCs, MOXHO W3BNeEYb
;3HayeHme u3 JTOro nong:

mov bx,adr_data.point_16.0ffs_16

exit:

mov ax,4c06h

int 21h
end main

Korna BbI 6YZ[CTC paGOTaTb B 3allIMIICEHHOM PEXMME IIpoleccopa U MUCIIOJIb30BaThb
32—pa3pHJIHLIC agpeca, ToO aHaJJOTUYHBbIM Cc1I10co00M MOXEeTe 3aIOJHUTD U 3a1e1iCTBOBATh
OIMMCAaHHOC paHEe 00BbeIMHEHNE.

3anucu

Ha npakTuke N10BOJbHO YaCTO BO3HUKAET HEOOXOAMMOCTb PA0OTHI C Pa3JIMYHBIMU MPO-
rPaMMHBIMHM MHIMKATOPAMM CO 3HAYEHUSAMU <«BKJIIOYEHO-—BBIKIIOUEHO», MHUHUMATh-
Hasl BeJIMUMHA JJIs1 omepaluil ¢ maMsTblo — OaiT. A JJIsl MPOrpaMMHOTO MHAMKATOpa
JIOCTATOYHO ofHOro 6urta. To ecTb U3 BOCHbMHU Pa3psiioB HYXXHO 3aJeiiCTBOBATb BCETO
onuH. [lpu GobIIOM KOJIMYECTBE TaKMX WHAMKATOPOB Pacxoj OMepaTUBHON MaMSITH
MOXET ObITh BECbMa OLILYTUMBbIM.

Korna Mbl 3HAKOMUIIUCH C TOTUYECKUMU KOMaHAaMU, TO TOBOPUJIU, YTO UX MOXHO
MPUMEHSTH AJIs1 pelieHus: noaooHoi mpodyembl. Ho aTo He coBcem apdekTuBHO, Tak
Kak BeJIMKa BEPOSITHOCTh OIIMOOK, 0COOEHHO MPU COCTaBAEHUN OUTOBBIX MacoK. Kom-
nuasaTopsl TASM u MASM nipenocTaBisiioT B pacropsikeHue MporpaMMucTa Cileriu-
QJIbHBIA TUM AAHHBIX, UCMIOJIB30BAHUE KOTOPOTO MOMOTAaeT PEeUIUTh MpodieMy pabOThI
¢ butamu 6osee ahdexkTrBHO. Peub umer o crielajbHOM TUIE JaHHBIX — 3anucsX. 3a-
nUCh — CTPYKTYPHBIN TUII JAHHBIX, COCTOSIIUI U3 (PMKCHPOBAHHOTO YKCJIA DJIEMEHTOB
IJIMHOM OT OJTHOTO 10 HECKOJIbKUX OUTOB.

IMpu onucaHuu 3anucu IJs1 KaxJA0TO 3JeMeHTa yKa3blBaeTcs ero IJuHa B OUTax u,
YTO Heo0s13aTesIbHO, HeKOTopoe 3HaueHue. CyMMapHbIii pa3Mep 3amucu onpenessieTcs
CYMMOI1 pa3MepoB ee IoJIel U He MOXKeT ObITh Oosee 8, 16 miau 32 6uros. Eciu cymmap-
HBIH pa3Mep 3anrcu MeHblIe YyKa3aHHbIX 3HAUEHU i1, TO BCe TIOJIS 3aIIUCHU «ITPUKMMAIOT-
csi» K MJIQAIIUM pa3psiiaM.

Hcnonb3oBaHue 3anmuceii B mporpaMmMe, Tak ke Kak U CTPYKTYp, OpraHU3yeTcsl B TpU
JTarna.

1. 3apmaHue mabiaoHa 3alnmcHu, To €CTb ONpPEACICHUC Ha6opa OMTOBBIX MOJIEe, UX AJUH
u, 1pu HEOoO0XOAUMOCTU, MHUIIMATN3AI U MTOJIEH.

2. OrmpeneneHne 3K3eMIUTsIpa 3almicu. Tak ke Kak M IJIsI CTPYKTYP, 3TOT 3TaIl IToJapasy-
MeBaeT MHUIIMAIN3alliI0 KOHKPETHOW MepeMeHHOM TUIIOM 3apaHee OoIpeneIeHHOI
C TIOMOIIBIO ITabJI0HA 3aITHCH.

3. Opraﬂmaunﬂ 06paH.ICHI/IH K 9JIEMCHTaM 3allnicCu.

OnucaHme 3anucu

Ornucanue 11aGJI0Ha 3aMTUCH UMEET CIIEAYIONIN CHHTAKCHUC:
ums_sanucu RECORD <onmucanne anementos>
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3nech <onucaHue 3NeMeHTOB> TIPENCTaBIsIeT co00i MOCIeNOBaTeIbHOCTD ONMMCAHMIA
OTIEJIbHBIX 3JIEMEHTOB 3aIllMCH COIJIACHO CMHTAKCHYECKOM muarpamme (puc. 13.2).

— Vims 3anncHRECORD hxd Vivst nons-C. )—] Pasmep II
: [ I-( =H -’3!121-4@:-1»1.9]j
'O

Puc. 13.2. CuHtakcuc onncaHus wabnoHa 3anncu

[Ipy omucanum madIOHA MaMSITh HE BBIOEISETCS, TaK KaK 3TO BCETO JIMIIb MHMOP-
Maius JJisl TpaHCIsATopa acceMOyiepa 0 CTPYKType 3anucu. Tak Xe Kak U AJisl CTPYKTYp,
MECTOITOJIOKEHHE IIa0JIOHA B IIPOTrPaMME MOKET OBITh JTIOOBIM, HO IIPH 3TOM HEOOXOIM-
MO YYUTHIBATh JJOTUKY PAOOTHI OJHOTIPOXOIHOTO TPAHCISTOPA.

Onpep,eneHMe JK3emMnngapa 3anmcum

JI71s1 MCIIOIb30BaHus IAa0I0HA 3aIIMCH B IIPOTpaMMe HEOOXOIUMO OIPEACIUTD IIePeMEeH-
HYIO C TUIIOM JaHHOM 3aIuCH, JJIs1 Yero MPUMEHSIeTCS] CUHTaKCUYecKast KOHCTPYKIIMSI,
Ioka3aHHas Ha puc. 13.3.

o

—rMMH nepemMeHHoN I—I Nmsa 3ar|v|cv||—-‘

HauankKoe
aHaAYeHHe

anemeHTa |

,\l-l s nonﬂ[}@-lelpaerwe]J

()
L

Puc. 13.3. CuHTaKkcuc onucaHus ak3emMnnsipa 3anmcu

AHaIM3Upys 3TY CUHTAKCUYECKYIO TUarpaMMy, MOXHO cleJIaTh BHIBO, YTO MHMIIM-
aJIM3alus BIEMEHTOB 3alMCH OCYLIECTBISETCS TOBOJIBHO TMOKO. PaccMOTpUM HECKOJIBKO
BapuaHTOB MHUIIMATU3AIUY.

Ecnu vHunmanu3upoBath mosisi He TpeOyeTcs, TO ACTATOYHO yKa3aTh CUMBOJ ? (BO-
MpoC) TIPU OTIPEIeTICHNU 3K3EMILISIPA 3aIICH:

iotest, record 1:1,i2:2=11,13:1,i4:2=11,15:2=060

flag - iotest ?

Ecnu coctaBUTh TECTOBBINM TPUMED C TAKUM OTIPENIEICHUEM 3aMTUCH, TO B OTIaTUUKe
MOXHO YBUJETb, UTO BCE MOJISI TEPeMEeHHOU Tuma 3anuch flag oOHynsIIOTCS. DTO TIpO-
KUCXOAUT HECMOTPS HA TO, UYTO B OMPENEICHUM 3alIMCH 3alaHbl HayaJbHbIC 3HAYCHUS
MOJIEH.

Ecnu TpebOyeTcs yacTuyHas MHUAIMATU3AIMS DJIEMEHTOB, TO OHU 3aKJII0Yal0TCs
B yrioBoie (< u >) uiau durypHslie ({ u }) cKooku. Pa3nmnune 3mech B TOM, 4TO B YIJIOBBIX
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CKOOKax BJIEMEHTBHI JOJKHBI ObITh 3allaHbl B TOM e NOPSANKE, 4To U B ONpeaeIeHUU
3anucu. Eciiv 3HaueHre HEKOTOpPOTo 3JIeMeHTa COBITAIaeT C HaYaJIbHbBIM, TO €r0 MOXHO
HEe YKa3bIBaTh, HO 0O0S3aTEIbHO O0O3HAYMTL 3arsIToit. {JIsT IMOCIemHUX 2JIEMEHTOB WAY-
IMe TTOAPAI 3aAThIE MOKHO OIYCTHUTD.

K npumMepy, cornmacurbest co 3HAUEHUSIMHA 110 YMOJTYaHUIO MOXHO TaK:
iotest record 1:1,i2:2=11,13:1,14:2=11,i5:2=00

flag iotest <> ;COTNMAcCMIUChH CO 3HAYEHNMEeM [0 YMOJIYaHUD
M 3MeHUTH 3HAYEHUE MOJIS 12 MOXKHO TaK:
iotest record i1:1,i2:2=11,i3:1,14:2=11,i5:2=00

{‘I'a'g iotest <,10,> ; nepeonpegenuan i2

ITpumeHsst purypHbie CKOOKM, MOXXHO MPOBECTU TAKXKE BHIOOPOUYHYIO MHULIM AT 3a -
11O TI0JIeH, HO MPY 3TOM 0003HaYaTh 3aMSITHIMU IOJISI, CO 3HAYEHUSIMU 110 YMOJYaHUIO
KOTOPBIX MBI COTJIACHBI, HE 00s13aTeJIbHO: '
iotest record i1:1,i2:2=11,13:1,14:2=11,i5:2=00
flég iotest {i2=10) ;nepeonpesenunu i2, He oOpaLlas

;BHUMaHWA Ha MOPALOK
;cnegoBaHua LPYrnX KOMMOHEHTOB 3anucu

PaboTa ¢ 3anucamu

Kaxk opranmu3zoBarb paboTy ¢ OTACIBHBIMU 3JIeMeHTaMU 3aucu? OOBIYHEIE MeXaHU3MBI
azpecaliuy 371eCh 0eCCUTbHBI, TaK KaK OHU pabOTalOT Ha YPOBHE sueeK MaMsiTh, TO eCTh
0aliTOB, a He OTACIBHELIX OUTOB. 3IeCh IIPOrPAMMMUCTY HYXKHO IPUJIOXHUTH HEKOTOPHIE
yewnust. [lpexne Bcero, Ijist IIOHUMAHMS TTPOOJIEMBI HY>KHO YCBOUTH HECKOJIBKO MOMCH-
TOB.

11 Kaxmomy uMeHU dJIeMEHTa 3alrcy acceMOyiep MpUCBanuBaeT YUCIOBOE 3HaUYeHUE,
paBHOE KOJWYECTBY CABUTOB BIIPABO, KOTOPBIE HYXKHO ITPOM3BECTH IJISI TOTO, YTOOBI
3TOT JICMEHT 0Ka3aJICsS «IIPUXKATBIM» K Hadajly S4eiiKu. DTO JaeT HaM BO3MOXHOCTh
JIOKQJI30BaTh €ro U pabdoratb ¢ HUM. Ho 1151 3TOro Hy>XXHO 3HaATh JJIWHY 3J€MEHTa
B OuTax.

% CmBUT BIIPaBO MIPOM3BOINTCS C TTOMOIIBIO KOMaHIb! caBura SHR.

»  AcceMOiep comepxut onepatopWIDTH, KoTopblil 03BoJISIET y3HATH pa3Mep DJIEMEHTA
3aMrcy B OUTax MM MOJTHOCTBIO pa3Mep 3anrcu. BapuaHTbel mMpruMeHEHUs oTriepaTopa
WIDTH:

P width uMa_snemMeHTa_3anuCcu — 3HAYEHUEM oreparopa OymeT pa3mep dJeMeHTa
B OuTax;
0O width uma_ak3emnnapa_3anuck wiu width uMa_tuna_szanucn — 3HauYeHUEM orepa-
Topa Oynet pa3Mep Bceil 3amucu B OuTax.
Hanpuwmep,
mov al,width i2

mov ax,width iotest

XK Accemb6aep cogepKut oriepatop MASK, KOTOpEIi MO3BOJISIET IOKAIN30BaTh OMTHI HYy XK~
HOTO 3JIEMEHTa 3alucH. DTa JIOKAJIU3alus MPOU3BOAUTCS TyTEM CO3MaHUST MacKH,
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pa3Mep KOTOPO# COBITamaeT C pa3MepoM 3ammucu. B 3Toit Macke MOKHBI OBITH OOHY-
JIEHBI OMTBI BO BCEX IMO3UIMSX, 32 UCKIIOUCHUEM TeX, KOTOPhIC 3aHUMAET DJIEMEHT
B 3aIlHCH.

* Camu neiicTBUS 10 npeo6pa30BaHI/I}0 QJIEMEHTOB 3aITMCU ITPOMU3BOIATCA C TTOMOIIBIO
JIOTUYCCKMUX KOMaHI.

[MomuepkHeM elie pa3 To 00CTOSITEIBCTBO, YTO HEMTOCPEACTBEHHOE 00paIeHne K KOH-
KPETHOMY 2JIEMEHTY 3aIllIC HEBO3MOXHO. [[J11 3TOro Hy:XHO CHaJaja BBIIEIUTH €To,
COBUHYTH ITPH HEOOXOAMMOCTH K MITAIIIIMM pa3psiaaM, BEITIOJHUTH TpeOyeMbIe IeiCTBUS
W TIOMECTUTH OOpPaTHO Ha CBOE MeCTO B 3anmmcH. [1oaToMmy, 9TOORI BaM KaXKIBIil pa3 «He
U300pETaTh BEJOCHUIIEN>, IAIEE Mbl OTIUILEM TUIIOBBIE AITOPUTMBI OCYIIECTBIEHUS ITUX
oIepalllii Hax 3JIeMeHTaMU 3anucu. BaMm ocTaHeTcst TUITb 0OPMUTH 3TH aJITOPUTMBI
B BUJIC KOZIa COOTBETCTBUU ¢ TPEOOBAHUSIMUA KOHKPETHOM 3a1a4u.

I BBIIEICHUS BJIEMEHTA 3aITMCH TPeOYeTCs BHITTOJHUTD OMMMCAHHYIO Jajiee IpoIie-
Aypy.

1. TloMecTHTh 3alKCh BO BPEMEHHYIO TaMATh — peructp (8-, 16- i 32-paspsaaHbiit

B 3aBUCHMOCTH OT pa3Mepa 3aIlich).

2. TlomyuyuTh GUTOBYIO MAcKy, COOTBETCTBYIOIILYIO 3JIEMEHTY 3aIIMCH, C TIOMOIIIBIO OIle-
paTtopa MASK.

3. Jlokanu3oBaTh OUTHI B PETMCTPE C IIOMOIIBIO MacKu 1 KoMaHabl AND.

CaBUHYTH OMTHI 3JIEMEHTA K MJIAAIINM pa3psmgaM peructpa komannoit SHR. Yucmo
pa3psimoB TSI CAIBUTA TIOJYIUTDH C MCTIOJIb30BAaHMEM MMEHU 3JIEMEHTA 3aIHCH.

B pesyabrare aTUX AEWCTBUIA 2JIEMEHT 3aMMCU OYIET TIOKAJIM30BaH B Havaje paboye-
IO PETUCTpa, W Jajee ¢ HUM MOXHO IIPOU3BOIMTH JIIOOBIE NEMCTBUS (CM. Jaiee).

B xoze npeaplayuX paccyXaeHui Mbl IOKa3al1, YTO C 3JIEMEHTAMU 3aIUCH IIPOU3-
BOISITCS JIIOOBIE MEWCTBUSI, KaK ¢ OOBIYHOM TBOMYHON MHGbopMalmeil. EnnHcTBeHHOE,
4TO HYXHO OTCJIEKNBATh, — 9TO pa3Mep GUTOBOTO MoJisi. Eciu, K IpuMepy, pa3mep moJist
YBEJMYUTCS, TO BIIOCAEACTBUM MOXET TPOU30ONTHU CIydaiiHOE U3MEHEHUE COCETHUX T10-
Jieit outoB. [ToaToMy XenaTeabHO Ha 3Tare MPOeKTUPOBAHMS MpeaycMaTpUBaTh BCe Ba-
PUAHTHI PYHKIIMOHUPOBAHUS MPOTPAMMBI C TEM, YTOOBI UCKJIIOUYUTH JIIOObIE U3BMEHEHUS
pa3MepoB IOJICH.

M3MeHEeHHBI 2JIEMEHT MOMEIAETCS Ha €r0 MECTO B 3aMUCh CJAEAYIONIMM 00pa3oM.

1. MCHOJII:SYH UM 2JIEMEHTA 3aIllMCU B KAYE€CTBE CUETUYMKA CABUTOB, CIBUHYTH BJIEBO
OUTHI BJIEMEHTA 3aIlUCH.

2. Eciu BbI He YBEepeHBbI B TOM, YTO Pa3psAHOCTh pe3y/ibTaTa Ipeodpa3oBaHuUil He mpe-
BBICHJIA MCXOIHYIO, MOXKHO BBITIOJIHUTH «O0Ope3aHue» JUIIHUX OUTOB, UCIIOIb3YS
komaHnay AND 1 macky anemeHTa.

3. IloAroToBUTH UCXOAHYIO 3aIUCh K BCTAaBKE M3MEHEHHOIO 3JIEeMEHTA IIyTeM OOHYIIe-
HUsSI OMTOB B 3allMCH HA MECTE 3TOr0 3JIeMEHTa. DTO MOXHO cejaTh HaJOXEHUEM
KoMaHIo# AND MHBEpTUPOBAaHHON MacKH 3JIeMEHTA 3aIllMCH Ha UCXOIHYIO 3aITHCh.

4. C nomomnibio komaHael OR HamOXNUTh 3HAaYEHNE B PETUCTPE HA UCXOJHYIO 3alIMCh.

B kadecTBe IIpUMepa pacCMOTPUM JIMCTUHT 13.7, B KOTOpOM Iojie 12 B 3amucu iotest
OoOHYyIsIeTCSI.

10 3ak. 256
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Jluctuur 13.7. PaboTa ¢ nonem 3anucu

vprg_13_7.asm
masm
model small
stack 256
iotest record i1:1,i2:2=11,i3:1,14:2=11,i5:2=00
.data
flag iotest <>
.code
main:
mov ax,@data
mov ds,ax-
mov al,mask 12
shr al,i2 ;6uTH 12 B Hauale ax
and al,0fch ;06HYnuNKn 2
;nomewaem i2 Ha MeCToO
shl -al,i2
mov bl,[flag]
xor bl,mask 12 ;cbpocmm 12

or bt,al s Hanoxunu
exit:
mov ax,4c@0h;cTaHaapTHiA BbIXOS,
int 21h
end main ;KOHey nporpammbl

B 3akimioueHue CTOMT ellie pa3 MpoaHaIM3UPOBATh MPUBEICHHBIC CBEICHMUS O 3alli-
CSIX U 0COOeHHOCTSX paboThl ¢ HUMU. [Ipu 3TOM 0OpaTUTEe BHUMaHKUE HAa TO OOCTOSITE]b-
CTBO, YTO MBI HUTJE SIBHO HE IIPOCYUTHIBAEM pacIooxeHne 6uToB. [1o3ToMy, eciu 1mo-
HaIoOUTCSI UBMEHUTDb pa3Mep JIEMEHTA WJIM €r0 HauyaJlbHOE 3HAYEHUE, TO TOCTATOYHO
JINIIb BHECTH M3MEHEHUS B 3K3eMIUISP 3alllCU WM B omucaHue ee Tumna. OyHKIMO-
HAJIBHYIO YacCTh ITPOTPaMMBI, pa0OTAIOIIYIO C 3TOH 3aIIMCBIO, TPOTAaTh HE HYXHO.

JononHutenbHble BO3MOXHOCTU 00pabOTKM

IToHnMmas BaXXHOCTb THUIIA JAHHBIX «3aMMKUCh» I 9 (MEKTUBHOIO MPOrpaMMUPOBAHMS,
pa3pabotunku TpaHcasitopa TASM, HaumHast ¢ Bepcuu 3.0, BKIIOYMIM B CHUCTEMY €TO
KOMaHJI B¢ TOTIOJHUTEIbHBIC KOMAaHABI Ha TIpaBax TupeKTuB. [locienHee o3HavyaeT, 410
5TU KOMaHIBl BHEIIHE UMEIOT (hopMaT OOBIYHBIX KOMaH acceMOiepa, HO IOCJIe TpaHC-
NI OHW TIPUBOMASATCS K OTHOM WJIM HECKOJBKMM MAIIMHHBIM KOMaHmaM. BBemeHue
3TUX KOMaH B s13bIK TASM noBbilIaeT HAMISIAHOCTD pabOThI € 3aIUCAMU, ONTUMU3U-
PYET KOIl ¥ YMEHBIIAeT pa3Mep IMPOrpaMMbl. DTH KOMAaHIbI TTO3BOJISIOT CKPHITH OT IIPO-
rpaMMUCTa JEHCTBUS O BBIICICHUIO M YCTAHOBKE OTHENbHBIX IMOJICH 3amucu (CM. paHee).
JIJ1s ycTaHOBKY 3HAYEHMsI HEKOTOPOTO OJI 3armucH ucronb3yercss Komanna SETFIELD
C CUHTaKCHCOM:
setfield uMA_dIeMEHTA 3aIMHCH NPUEMHMK, DEFUCTP_MCTOUYHNK
Jl1st BBIOOPKY 3HAYEHUSI HEKOTOPOTO T0JIs 3amucy ucnoib3yercs Kkomanna GETFIELD
C CHHTaKCHCOM:
getfield wuMS 3MeMEHTAa 3aIHCH  PeruCTp_NPUEMHUK , NCTOUHUK

Pabota xomanaer SETFIELD 3akmiouaercsd B cieayiomeM. MecTomoloXeHUe 3alliCch
ompenensieTcs onepaHaoM NMpHEMHUK, KOTOPBI MOXET MPEACTABISATh COOO0M MMS PEruc-
Tpa Win ampec maMatd. OTepaHm UMA_3JeMeHTa_3anucu OIpenelsieT 3JEMEHT 3alllCH,
¢ KOTOPBIM BefeTcs pabora (110 CyTH, €CIM BBl OBUIM BHUMATEIbHBI, OH OIPEICIsIeT CMe-
IIEHHE 2JIEMEHTAa B 3aIIMCH OTHOCHUTEILHO MJIAAIIero padpsna). HoBoe 3HaueHuUe, B KO-
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TOpPOE HEOOXOAMMO YCTAHOBHUTH YKA3aHHBIM 3JIEMEHT 3allMCH, JOJKHO COHEPKATHCS
BOIEpaHAEPETUCTP _MCTOYHUK.OOpabaThiBasiIaHHYIOKOMaHIY, TPaHCIATOPTEHEPUPY-
€T IOCJIeJ0BATEIbHOCTh KOMaH, KOTOPbIE BBHIMTOJIHSIOT CAEAYIONINE AeCTBUS.

1. CoBur COOCPKHUMOTO onepaHaga pErucCTp_MCTOYHUK BJICBO HA KOJIMYCCTBO pa3pAaa0B,
COOTBCTCTBYIOLICC PACIIOJNOKCHUIO 3JICMCHTA B 3allMCH.

2. BoinonHeHue soruyeckoil onepauuu OR Han omepaHniaMu NPUEMHUK U PETUCTpP_MC-
ToYHUK. Pe3ysbTaT onepauuy nmomMemiaeTcsl B onepaH MpueMHUK.

Baxxno ormeTtuts, uto SETFIELD He npou3BOAUT NpeaBapUTETbHON OUUCTKU JIE€MEH-
Ta, B Pe3yJIbTaTe MOCJE JOTUUECKOTO cloXeHUsI KomaHaoii OR BO3MOXHO HaloXeHue
CTaporo COIePXKUMOro 3JIEMEHTA U HOBOTO YCTaHABAMBAEMOTO0 3HaueHus. [Toatomy Tpe-
OyeTcst IpeBapUTEIbHO MOATOTOBUTD IOJIE B 3AMMCHU MYTEM €ro OOHYJIEHMUSI.

HeiictBue komaHabl GETFIELD o6patHo neiictButo SETFIELD. B kauectBe onepaHma
MCTOYHMK MOXET ObIThb YKa3aH JIMOO peructp, Jubo aapec maMsaTu. B peructp, ykazaH-
HbIi OTIEpaHIOM PETUCTP_MPUEMHUK, IOMENIAeTCs PE3yIbTaT pabOThl KOMaHAbl — 3HAYE-
HuesJeMeHTa3anucu. MHTepecHas 0cOOEHHOCThCBSI3aHACOINEPAHAOMPETUCTP_TNPUEM -
nnk. Komanga GETFIELD Bcerma mcmosib3yeT 16-paspsiiHBIiA PErucTp, AaXe €CJIHU BbI
YKaxeTe B 3TOM KOMaHJe UM 8-pa3psiIHOTO PErucTpa.

B xauectBe npumepa npuMeHeHust komana SETFIELD u GETFIELD paccMorpum snuc-
TaHT 13.8.

Jincturr 13.8.PaboTta c nongamu 3anncu

;prg_13_8.asm
masm
model small
stack 256
iotest record i1:1,12:2=11,13:1,14:2=11,15:2=00
.data
flag iotest <>
.code
main:
mov ax,@data
mov ds,ax
mov al,flag
mov bl,3
setfield 15 al,bl
xorbl,bl
getfield 15 bl,al
mov bt, 1
setfield i4 al,bl
setfield i5 al,bl

exit:
mov ax,4c080h ;CTaHAAPTHbIA BbIXOM,
int 21h

end main ;KOHeL, nporpamMmmsl

B nuctunre 13.8 neMoHCTpUpYyeTCsl MOPSIOK U3BJICYEHUSI U YCTAHOBKU HEKOTOPBIX
noJeii 3anucu. Pesynprat padotsl komana SETFIELD u GETFIELD ynoGHee Bcero usyyaTthb
B omyianuuke. [Tpu ycTaHOBKE 3HaY€HUIA M0JIe He TPOU3BOAUTCS UX MpeaBapUTEIbHAS
OYMCTKA. DTO CIeJaHO CeUraabHO. IS TAKOro pona ornepauui JIydlle UCIOoJb30BaTh
HEKOTOpble YHUBEPCATIbHbIE MEXaHU3Mbl, UHAYE BEJIMK PUCK BHECEHMS OLIMOOK, KOTO-
pble TPYIHO OOHAPYXUTh U UCTIPABUTh. B KauecTBe TAKOTO MEXaHM3Ma MOXHO MPEJI0-
KUTh MAKPOKOMAaH/Ibl, K PACCMOTPEHUIO KOTOPBIX Mbl U PUCTYITUM B CJIEYIOLIEH IIaBe.
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B 3aximoueHre X0TeI0Ch OBl IPUBECTH €IIE OAMH MPUMEP UCIIOJb30BaHUS 3aIIUCE.
9710 onucanue peructpa EFLAGS. [Ina ynoOGcTBa MBI pa30oMIM OMKUCaHUE Ha TPU YaCTHU:

i eflags_|_7 — mnagwmin 6anT permctpa EFLAGS/FLAGS;
a eflags_8_15— BTopoii 6aiT peructpa EFLAGS/FLAGS;
T eflags_h — crapwas nonoeuvHa pervctpa EFLAGS.
eflags_1_7 record

sf7:1=0,Zf6:1=0,c5:1=0,af4:1=0,c3:1=0,pf2:1=0,cl:=1,cf0:1=0
eflags_1_15 record
c15:1=0,nt14:1=0,i0p1:2=0,0f11:1=0,df10:1=0,if9:1=1,tf8:1=0
eflags_h record ¢:13=0,ac18:1=0,vml7:1=0,rf16:1=0

K aTOMYy onucaHMI0 CTOUT BEPHYThHCS MOCIe U3YYEHUST MaTepralia caeaylolei ria-
Bbl, TOCBSIIEHHOI'0O MaKpoKoMaHaaM. Bo3aMoxkHO, 4To A1s1 paboThl ¢ perUCTpPOM (hJIaroB
BaM 3aX0oyeTcd pa3paboTaTb COOTBETCTBYIOLIYI0 MakpokomaHay. IlomobHas Xopouio
NPOTECTUPOBAHHAA MaKPOKOMaHIa B OyIyIleM MOMOXET BaM U30eXaThb MHOTUX TPY.-

HO O0HapYXMBaeMbIX OIINOOK.

NTormn

9 TASM noaaepXuBaeT HECKOJbKO JOMOJHUTEIBHBIX TUTIOB JaHHBIX, 3HAYUTEJIbHO
paCIIPSTIONINX BO3MOXHOCTH 0a30BBIX ITUPEKTHUB PE3EPBUPOBAHUSA W WHUIIMAINA3A-
LMK JaHHBIX. [10o CyTH, 3TH TUITBI 3aMMCTBOBAHBI U3 I3bIKOB BEICOKOT'O YPOBHS U ITPH -
3BaHbI O0JIETYNTH pa3pabOTKy MPUKIATHBIX IIPOrpaMM Ha accembiepe.

i~ TIpakTHueckoe MCITOJIb30BaHKE JOTTOTHUTEIbHBIX TUTIOB JAHHBIX TPEOYET ITOBBIIIEH-
HOTO BHUMaHMS 1 OTpaxaeT CIeln(puKy IporpaMMUpPOBaHMS Ha sI3bIKe acceMobiiepa.

# [loHATHS MaccMBa U MHIEKCALIMM MacCHBa BeCbMa YCIIOBHBI, U JIOTMYECKasl MHTEP-
npeTanus 00JIacTU MaMsITH, OTBEJICHHOM IOA MACCHUB, ONPEACIACTCS alrOPUTMOM
00paboTKH. '

Tun cTpyKTyphl B I3bIKe acceMObiiepa MO3BOJISIET CO3AaTh COBOKYIMMHOCTD JIOTUYECKU
B3aMMOCBSI3aHHBIX PA3HOTUMHBIX JAHHBIX U paccMaTpUBaTh UX KaK OTIAENbHbBII
00BEKT. DTO OYEHb YIOOHO, KOTAA B MporpaMMe He0OOX0AUMO UMeTh HECKOIbKO Ta-
KMX 00BEKTOB. B 3TOM ciyyae 0ObIYHO OPraHM3YIOT MacCUB CTPYKTYP.

is OCHOBHO€ TOCTOMHCTBO 00bEAUHEHUN — B BO3MOXHOCTH «ILJTIOpaIM3Ma CyKIeHUN»
O TUITE OJHOM U TOM Xe 00JIaCTU MaMSITH.

B 3amucu B S3bIKE acceM6ﬂepa pacipA0T BOSMOXKHOCTU JOTMYECKUX KOMaHI OJIs
pa6OTbI Ha YPOBHEC 6I/ITOB, YTO MOAYEPKHUBAECT 3HAYCHUEC acceM6nepa Kak s3bIKa CUC-
TEMHOTI'O ITpOrpaMMUpPOBaHUSA.
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Makpocpencrtea €3blka
accembnepa

# MoHaTMe 0 MaKpocpeacTBax A3blka accemonepa
& Mceepoonepartopbl EQU u =

# MakpokomMmaHabl U MaKpOAUPEKTUBbI

% JVMpEeKTUBbl YCNIOBHOW KOMMUASILU

# OUpeKTUBbl reHepauuu oOWMOOK NMoNb30BaTeENs
# [MMPEeKTUBbI YyNpaBieHUs NINCTUHIOM

SI3bIK accembiiepa He OTHOCUTCS K IMPOCTHIM sI3bIKaM IporpammupoBanus. 1o ucreue-
HUM HEKOTOPOTO BPEMEHU TOCJIe Havaja TporpaMMUpPOBaHKS Ha acceMOJiepe CTaHOBSIT-
¢Sl BUIHBI CBOMCTBEHHBIE 3TOMY SI3BIKY MPOOJeMbl. [lepednciuM HEKOTOphIe U3 HUX:

#  T1J10Xasd YUTAEMOCTDb MCXOJHBIX TEKCTOB ITPOTrpaMMBbl — CITYCTS HEKOTOPOE BPEMS ITPU
HEAO0CTaTOYHOM KOMMEHTHUPOBAHUU MOTYT BOBHUKHYTH HpO6ﬂeMbI C IOHNUMAHUEM
0CO0EHHOCTel aJITOPUTMA, JIEXKAIIETO B OCHOBE MIPOrPaMMBI;

OTPaHMYEHHOCTh HA0Opa KOMaH/I;

TOJIHASI WJIM TIOYTH TIOJTHAsT TIOBTOPSIEMOCTh HEKOTOPBIX (PparMEHTOB IIPOrpaMMBblI;
9 HeoOXoAMMOCTh BKJIIOUEHMSI B KaXIyl0 HOBYIO IIpOorpaMMy OJHUX M TeX ke (par-
MEHTOB KOJa M T. II.

IIpy HamucaHUM TpPOrpaMMbl Ha MAIIMHHOM $I3bIKE JaHHbIE MPOOJeMbl ObLIU ObI
NpUHUMIIMAIbHO Hepa3peuMbl. Ho sg3bik accembiiepa, siBisissCh CUMBOJIMYECKUM MPeN -
CTaBJIEHUEM MAaIlIMHHOTO SI3bIKa, B TO Xe BpeMsI MPEAOCTABIISIET Psii CPEACTB OoJiee BbI-
COKOTO YPOBHS Ui ux perieHusi. OCHOBHOM 1LIebl0, KOTOpasi MPU 3TOM MpPECIenyeTcs,
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ABJIACTCA IMOBBIICHUC YI[OGCTBa HamnmnucaHusd MnporpamMm. B obem cJiydyac€ oTta 1IeJib 10-
CTUTAacTCAd 3a CYCT.

pacmmpeHus: Habopa TUPEKTUB;

BBEIEHUS HEKOTOPBIX TOMMOJHUTEIbHBIX KOMaHI, HE MMEIOIINX aHAJIOTOB B CUCTEME
KOMaHJ npoueccopa (3a MpUMepoM IaJIeKO XOAUTh HE HY>KHO — 3TO PACCMOTPEHHbIE
B rnaBe 13 komanasl SETFIELD u GETFIELD, koTopbie CKpBIBAIOT OT IMIPOTPaMMUCTA PYy-
TUHHbIE IEHCTBUS U TEHEPUPYIOT Hanbosiee 3(POEKTUBHBIN KOII);

BBCACHUA CIOXKHBIX TUIIOB JaHHBIX.

OnHaKo 3TOT MepevYeHb UCUYEPITHIBACT BCE INIO0ATbHBIC HAIPABICHUS, TI0 KOTOPBIM
pa3BUBACTCSI TPAHCISITODP OT BepcHH K Bepcuu. UTo Xe AenaTh MPOrpaMMUCTY IS pe-
LIEHMS €T0 JJOKAJIbHOM 3a1auu, I afanTaluu Ipouecca pa3paboTKM K HYXAaM OIpe-
JeJIeHHOW npobyeMHoi obaactu? st 5Toro pazpaboTuMKu KOMIUISITOPOB acceMoJie-
pa BKJIIOYAIOT B SI3BIK M ITOCTOSTHHO COBEPIICHCTBYIOT aIlliapat Makpocpedcms. DTOT
armapar SIBJISICTCSI OYeHb MOIITHBIM 1 BaXXHBIM. B 00I1IeM cirydae eCcTb CMBICT TOBOPHTD O
TOM, YTO TPAHCIATOP acceMbJepa COCTOUT U3 ABYX YACTEH — HEMOCPEICTBEHHO TPaHC-
JsTOpa, POPMUPYIOIIET0 OOBEKTHBIN MOIYITh, W Makpoaccembnepa (puc. 14.1). Ecnu BoI
3HaKoMHI ¢ 136IKoM C miam C++, To, KOHEUHO, 3HaeTe UCITOJb3yeMbIii B HEM MEeXaHW3M
npenpoueccopioi 06paboTkn. OCHOBHBIE TPUHIIUIIBI €TO PAOOTHI aHAJOTUYHBI TPUH-
uunam pabotsl Makpoaccembiepa. st TeX, KTO HUYErO paHblile HE Cblian 06 3ToM
MEXaHU3MEe, MOACHIO ero cyTb. OCHOBHAs UIesd — MCIOJIb30BAHUE MOJICTAHOBOK, KOTIa
OIpeaesieHHbIM 00pa3oM OpraHM30BaHHAsi CUMBOJIbHAS MOCAEA0BATEIbHOCTD 3aMEHSI-
eTcsl IpYyroil CUMBOJIbHOM mocienoBaTelbHOCThI0. Co3gaBaemasi MocjienoBaTeIbHOCTh
MOXKET ONMCHIBATh KaK JaHHBIC, TaK U TMIPOTpaMMHBIe KOIbl. [J1aBHOE 37€Ch TO, YTO Ha
BXOZIe MakKpoaccembJiepa TeKCT IIpOoTrpaMMbl MOXET OBITh BeChbMa HaJeKUM IO BHUOY OT
accembJiiepa, HO Ha BbIXOJi€ 00s13aTeJIbHO OYyIEeT TEKCT Ha YMCTOM acceMmbiepe, coaepxka-
1EM CUMBOJIMYECKUME aHAJIOTU MAlIMHHBIX KOMaH[ nipolieccopa. Takum o6pasom, oopa-
00TKa IIporpaMMBI Ha acceMOJIepe C UCIIOIb30BaHNEM MaKPOCPEICTB HESTBHO OCYIIIECTB-
JIIeTCST TpaHCIATOpOM B aBe ¢a3pl. Ha mepBoit ¢ase paboraeT 4acTh KOMITMIISTOPA,

McxogHas nporpamma
Ha accembnepe
(comepXxuT Makpochl)

M
TparcnsTop 1-a dasa TpaHCHALMN:
TASM.EXE Makpoacceménep
(makporeHeparop)
072

McxogHas nporpamma
BO BHYTPEHHEM
npeacTasneHn

KoMnunsTopa

(y>xe 6e3 MakpocoB)

V)

2-a ¢asa TpaHCaAumK:
accemonep

4

| OBbekTHbIN MoayIb

Puc. 14.1. Makpoaccembrep B 00LLel cxeme TpaHCsaummn nporpaMmbl ans komnunatropa TASM
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HasblBaeMasi MakpoacceM01epoM, OCHOBHbIE (DYHKLIMKM KOTOPOTO Mbl OMUCAIU paiiee,
Bo BTOpOI1 (haze TpaHCIAIUM yIaCTBYET HEIOCPEACTBEHHO acceMmbiep, 3amadeii KOTo-
poro siBisteTcsT GOpMHpPOBaHNE OOBEKTHOTO KOMa, COACPKAIIETO TEKCT MCXOMTHOM TIPO-
rpaMMBbI B MAIIIMHHOM BUJIE.

Hanee Mbl 00CYAMM OCHOBHOI Habop MakpocpenctB kKomnuasitopa TASM. Orme-
TUM, YTO OOJIBIIMHCTBO 3TUX CPEACTB AOCTYMHO M B Kommuiasitope MASM dupmbl
Microsoft. O0cyxneHre HaYHeM C IPOCTEHIIMX CPEACTB U 3aKOHUUM 00Jiee CIIOKHBIMU.

NMcespoonepartopbl EQU n =

K npocreiiiium MakpocpencTBaM si3blka acceMobiepa MOXHO OTHECTH TICeBIOOTEpaTO-
pel EQU u = (paBHO). VX MBI yX€ HEOMHOKPATHO MCIIONb30BAIM IIPU HAIIMCAHUU IIPO-
rpamMM. JlaHHBIe NCeBA0ONEPATOPHI MPeIHA3HAYEHBI IJIs1 TPUCBOEHUSI HEKOTOPOMY Bbl-
paXkeHWIO CHMBOJIIMYECKOTO MMEHH WU NaeHTUDUKaTopa. BiiocsenctBuu, Korma B Xxone
TPaHCJSILIMU TakKue WACHTU(HUKATOPhI BCTpeyaloTcsl B Teje MporpaMMbl, MakKpoaccemoO-
Jiep TIOJCTAaBISIET BMECTO HUX COOTBETCTBYIOIIEE BhIpaxkeHUe. BripaKeHUsIMU MOTYT ObITh
KOHCTaHTbl, UMEHa METOK, CUMBOJIMYECKUE MUMeHAa U CTPOKHU B artocTpodax. Ilocne mpu-
CBOEHUSI 3TUM KOHCTPYKLMSIM CUMBOJMYECKUX MMEH MX MOXHO MCII0Jb30BaTh Be3le,
re 3TM KOHCTPYKUMU MOTJIU Obl MPUCYTCTBOBATD.

CuHTakcuc ncesaoonepatopa EQU:
MMR_MAEHTMQ}MKBTOD& equ CTpoKa UM 4YuCnoBoOe_BhipaxeHue

CuHTakcuc nceesgoorneparopa =:
UMA_nAeHTUBUKATOPA = UMCNOBOE_BbIpaXeHne

HecMmotpst Ha BHeliHee U (yHKIIMOHAJbHOE CXOACTBO, rceBmoorniepatopbl EQU u =
pazanyalTCs CAEIYIOIUM:

C IIOMOIIBIO IICEBAOOIIEpAaTOpa EQU I/II[CHTI/I(l)I/IKaTopy MO2KHO CTaBHUTb B COOTBETCTBHE
KaK 4YHMCJIOBBIC BBIPpAXXKCHMA, TaK M TCKCTOBLIC CTPOKH, a IICEBAOOIICPATOD = MOXKET
MCIT0Jb30BaThCA TOJBKO C YUCJTOBbIMU BBIPAXKCHUAMMU;

K uneHTHdUKATOPDL, ONIPeaeIeHHBIE C TOMOLIbIO IICEBAOOIIEPATOPa =, MOXHO IIEPEOIIpe-
JEISTh B UCXOMHOM TEKCTE TIPOrPaMMEIL, a ONIpeleIeHHBIE C UCITONb30BaHUEM TICEB-
noomeparopa EQU — Hemp3s.

Accem0bep Bceraa MbITaeTCsl BBIYMCIAUTL 3HAUYEHUE CMpoKu, BOCIIpUHMMAs ee Kak
BbIpaxXeHue. 1151 Toro yToObl CTpOKa BOCIPUHUMAIACh UMEHHO KaK TeKCTOBasi, HE00X0-
JHUMO 3aKJTIOUUTH €€ B YIJIOBbIE CKOOKU:
<cTpoka> :

VYrinoBbie CKOOKM SIBJISIIOTCSI ONepaTOpoM acceMbiiepa, Ha3blBaeMbIM ONEPATOPOM 8bi-
desenusi. C ero MOMOUIBIO TPAHCISATOPY COOOIIAETCsI, YTO 3aKJIOUYEHHAasl B YIJIOBbIE
CKOOKM CTpOKa JOJXKHA TPAKTOBATbCs KaK TEKCT, 1aXe eClU B Hee BXOAST CIAyXeOHble
cjioBa acceMOiiepa UM OMNEepaTophl.

IIceBmooneparop EQU ynoOHO MCIONB30BaTh AJIsI HACTPOMKHU MPOTrpaMMbl Ha KOH-
KPETHBIE YCIOBMSI BHITIOJHEHU S, 3aMEHbI CJIOXHBIX B 0003HAaUeHUN 00BEKTOB, MHOTO-
KpaTHO BCTpeyYaloluXcs B MporpaMme, 6ojiee MpocTbIMU MMeHaMU U T. 1. K npumepy,

masm
model small
stack 256
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mas_size equ 10 ;pa3MepHoCcTbL MaCCuBa
akkequ ax ;nepeumeHoBaTs PErNCTP
mas_elem equ masfbx}[si] ;aapecosaTb 3JJIEMEHT MacCuBa
.data

jommucanue Maccyusa u3 10 banT:
mas db mas_size dup (0)

.code
mov akk,@data ;hakTuueckn mov ax,@data
mov ds, akk ;hakTruyecku MOV ds,ax
mov al,mas_elem ;pakTuueckn mov al,mas[bx][si]

[ceBmoomnepaTop = ya0O0HO MCITONB30BATh ISl OMPeAe/ICHUST TPOCTBIX a0COTIOTHBIX
(TO €cTb He 3aBUCAIIMX OT MECTA 3arpy3Kd NPOrpaMMbl B NMaMsATh) MaTeMaTHYECKUX
BbIpaxkeHui. ['TaBHOE YCIIOBHE — TPAHCISITOP AOJKEH ObITh B COCTOSSHMM BBIYMCISITH
9T BBIpaXEHUsT BO BpeMsl TpaHchasiuuu. K npumepy,

.data

adrl db 5 dup (0)

adr?2 dw 0

len = 43

len = len+l JMOXHO 71 Tak, Yepes I[pemHayllee OIpeleseHue
len = adr2-adrl

Kak BuaHO 13 mpuMepa, B MpaBoii YaCTH MCeBAOOINEpaTOPa = MOXHO MCIIOJb30BaTh
METKHU M CCHUIKM Ha afpeca — IJaBHOE, YTOObI B UTOTE MOJYyYMUIOCh aOCOMIOTHOE BhIpa-
XEHMeE.

KoMmnuasitrop TASM, HaunHas ¢ Bepcuu 3.00, cOmEepXUT AUPEKTUBbI, 3HAYUTEIHHO
pacIIMpsIONIe ero BO3MOXHOCTH MO pabOTe ¢ TEKCTOBBIMU MaKpoCaMu. DTU IUPEKTH -
BBl AaHAJIOTUYHBI HEKOTOPBIM (PYHKIIMSIM 00paOOTKHU CTPOK B SI3bIKAX BBICOKOTO YPOBHSI.
Ion cmpoxamu 3nech MOHUMAETCS TEKCT, OIMMMCAHHBIN ¢ TOMOIIBIO TIceBIooneparopa EQU.
OTU IUPEKTUBBI MEPEUMCIICHBI fajee.

Hupextua cnusHus ctpok CATSTR:

ngenTuduraTop catstr ctpoka_l,cTpoka_2,...
3HayeHMEeM 3TOTr0 Makpoca OymeT HoBasl CTpOKa, COCTOsIIAsl M3 CUEIJICHHOI clieBa
HaInpaBo MOC/Ie0BaTeIbHOCTU CTPOK CTpoKa_ 1, cTpoka 2 UT. I. B KauecTBe cuiemnisie-
MBIX CTPOK MOTYT OBITh YKa3aHbl MMEHa paHee ONpeaeJeHHbIX MakpocoB. K mpu-

Mepy,

pre equ Illpuser,
name equ < Dmg>
privet catstr pre,name ;privet= "MpuseTt, Ona"

JupeKkTuBa BblAeJeHUS MOACTPOKU B cTpokKe SUBSTR:

uaeHTudukatop substr cTpoka,Homep_nosuuum, pasmep
3HayeHMEM JaHHOTO MakKpoca OyIeT 4acTh CTPOKH, 3alaHHOM ONEepaHIOM CTpOKa,
HaYMHAMOIIASICS ¢ TTO3UIIMKM C HOMEPOM HOMep_No3uUMuM U JUIMHOM, YKa3aHHOM orie-
paHgoM pa3Mmep. Eciu TpeOyeTcst TOJIbKO OCTaTOK CTPOKM HauyMHasl ¢ HEKOTOPOI 1Mo-
3ULIMH, TO JOCTaTOYHO yKa3aTh HoMep mo3uiuu (6e3 pasmepa). K mpumepy,

;npoaonxenne Npeabiayllero ¢parmeHTa: . " ,
privet catstr pre,name ;privet= "TMpueeT, lOng
name substr privet,7,3 ;name="{na"

JlupeKTuBa ornpeaeeHus BXOXIEHUS OQHON cTpoKU B Apyryio INSTR;
HAEHTHOUKATODP instr Homep_Hau_nosuuum,cTpoka_l,cTpoka_2

ITocne 06pabOTKU JaHHOTO MaKpOCaTPaHCASITOPOM OTlepaHay UAeHTUPUKATOP OyIeT

MPUCBOCHO YMCJIOBOE 3HAYEHUE, COOTBETCTBYIOIEe HOMEpY (MEepBO) MO3ULIMH,
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C KOTOPOIA COBITANAIOT OTIepaHIbl CTpoKa_1 u cTpoka_2. Eciu Takoro coBmameHMS HET,
TO MACHTU(UKATOP MOIYIUT 3HaueHwme 0.

JuvpekTvea onpeneneHns 4fvHbl CTPOKWU B TEKCTOBOM Makpoce SIZESTR;
noeHtTuoukatop sizestr ctpoka

B pesynbrate 00paboTKM 1TaHHOTO Makpoca 3HaueHUe UAEHTU(UKATOP yCTaHABIMBA-

€TCsI paBHBIM OJIMHE CTPOKMU:

;Kak MPOMONKEHNE MNPefblayllero GparMeHTa:
privet  catstr pre,name iprivet= "lMpueet, Ong”
len sizestr privet ilen=10

OTH TUPEKTUBH OYeHDb YIOOHO MCITOIB30BaTh IIPU Pa3pabOTKe MaKpoKkomard, KOTO-

pBIE SIBISTIOTCS CJICAYIOIIMM THUIIOM MaKpOCPEICTB, MPEIOCTABISIEMBIX KOMITMISITOPOM
accembOiepa.

MakpokomaHAbl

Mo cMbIcTy MaKpOKOMaHA TIpeIcTaBiIsIeT coboil JajibHeiilee pa3BUTHE MEXaHU3Ma
3aMeHH TeKcTa. C IMOMOIIBI0 MAKPOKOMAaH/I B TEKCT IPOTPaMMBI MOKHO BCTAaBJISITh I10-
CJICIOBATEIBHOCTH CTPOK (KOTOPBIC TIOTHYECKN MOTYT OBITh JaHHBIMU WJIM KOMaHIaMU7)
1 Jaxe 0ojice TOr0 — IMPUBSI3BIBATh MX K KOHTEKCTY MECTa BCTaBKU.

[IpexcraBuM cUTyalldo0, KOTIa HEOOXOOUMO BBITIOJTHUTH HEKOTOPEIC TTOBTOPSIFOIIIM -
ecs geiicTBrss. MexaHN3M MaKpOKOMAaHI IPeIOCTaBIsIeT BO3MOXKHOCTb 3aMCHHUTD OV -
HAKOBBIE YYaCTKU KONA OJHOI CTPOKOii, a MepBOHAYAJbHBI UCXOIHBII TEKCT OMUCATDH
OIMH Pa3 B OIPEeAEICHHOM MECTe IIPOTpaMMBI MJIM BO BHeIIHeM ¢aiie. JanpHelimee
Hallre o0CyXaeHue OyIeT IOCBAIICHO TOMY, KaK 3TO CAeaTh.

OmpenenumMcs ¢ TepMuHOJIoTHEH. OCMBICIEHHOE PACCMOTPEHNE JaHHOTO MEXaHU3-
Ma TIpearojaraeT MOHUMAaHWe CMBICTIA TCPMUHOB MAKpoKoMaHoa M MakpoonpeoeneHue.
Makpokomanda TIpeaCTaBISIET COOOI CTPOKY, OMHUM M3 KOMIIOHEHTOB KOTOPOM SIBJISI-
€TCSI CUMBOJIMIECKOC UM MAKpoKoMardsl. UM MaKpOKOMAaHIBI MOXKET COIIPOBOXIATh-
ca mapaMeTrpaMu. Ecim maHHasl CTpoKa BCTpEYaeTcs B Tejle MCXOMHOTO TEKCTa IIpOTpaM-
MBI, TO TPAHCJIATOP 3aMeIacT €€ OMHOM NI HECKOIbKUMU IPYTUMU CTpoKaMu. Kaknmu
UMEHHO CTPOKAaMU — OTIpeseJIsieTCsl MaKpoonpedeneHuem, KOTOpoe MpeAcTaBisieT codoii
wabaon (OMHICaHNE) MaKpPOKOMAHIHI.

TaxuM 06pa3oM, IJIg HCIIOIb30BaHNS MAaKPOKOMAHIEI B IIPOTpaMMe TIEPBEIM IEJIOM
3amaT ee mMakpoonpedenenue. CUHTAKCUC MaKpPOOIIPEICICHMS CICTYIOIIMIA;

UMA_MAKPOKOMaHAbl MaCro CnUCOK_(hopManbHbiX_apryMeHToB
TEeJIO MaKPOOIIpeneleHnd
endm

I'ne nomxHBI paciiojgaratbCsa MaKpOOHpeI{CJ’ICHHH? Ectp TpHW BapHaHTa.

MakpootnpeneaeHUsI MOTYT pacIiojlaraTbes B Hayasie MCXOMHOTO TEKCTa IMIPOTrpaMMBbL
JI0 CETMEHTA KOJIa ¥ TaHHBIX C TeM, YTOOBI HE YXYAIIaTh YUTA0CTbHOCTD IIPOTPAaMMEL.
DTOT BapHaHT CJIEAyeT IPUMEHSTH B CIyJasiX, eCIM OIpeaesseMble BAMI MaKPOKO-
MaHJIBI aKTYaJbHBI TOJIBKO B IIpeeiaX OTHOI 3TOM IpOTpaMMEL.

*  MakpoorpeneIeHAsT MOTYT pacIoiaraTeCsl B OTACIBHOM (haitie. DTOT BapHaHT ITOA-

XOIUT IpH paboTe HAI HECKOJIbLKUMH IIPOrpaMMaMM OTHO Ipo6JIeMHOI 00IacTH.
YToOBl cHenaTh MTOCTYITHBIMA 3TH MaKpOOIIpeAeTeHUS B KOHKPETHOW ITporpaMme,
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HEeoOXOIMMO B Hayajle MCXOJHOTO TeKCTa 3TOM IpOorpaMMBbl 3amucaTh TUPEKTUBY
include ums_daiina, x mpumepy:

masm
model small
include show. inc
;B 9TO0 MecTo OyaeT BcTaBneH TekcT daina show. inc

MaKpoonpeneneHHﬂ MOTYT pacroJiaratbcsi B Makpoobuonuoreke. Eciu y Bac ectb
YHUBEpPCaTbHbIE MAKPOKOMAaH/Ibl, KOTOPbIE UCITOJIB3YIOTCSI MPAKTUUYECKH BO BCEX Ba-
KX IporpaMMax, To ux 1iejecoo0pa3Ho 3aMucaTh B TAK Ha3bIBAEMYIO MaKpoOUOAUO-
meky. CrnenaTh aKTyaJbHBIMU MaKpOKOMaH/Ibl U3 3TOK OUOIUOTEKM MOXHO C MO-
MoIibio Bee Toii ke mupektuBbl INCLUDE. HenocTaToK 3T0T0 M IMPeabIayero CrrocoboB —
B TOM, YTO B UCXOIHBIN TEKCT MPOrpaMMbl BKJIIOUAIOTCS a0COIIOTHO BCE MaKpOOMpe-
nenenus. [ McrpaBieHUs] CUTyallMM MOXHO 3aneicTBoBaTh nupekTuBy PURGE,
B KaueCTBE OMEPaHIOB KOTOPOI uepe3 3amsTylo MEepPeumucsiioTcss MMeHa MaKpOKO-
MaH[I, KOTOpbIE HE TOJKHBI BKJIIOYAThCS B TEKCT IporpaMmel. K npumepy,

include iomac. inc
purge outstr,exit

B maHHOM ciTydae B MCXOIHBIN TEKCT MPOTPaMMBI TTepe.T HAYaJI0oM KOMITHJISIIAN TPAHC-
astop TASM Bmecto ctpokuincludeiomac.inc BctaBuT cTpoku u3 (aiina iomac.ing,
OTJIMYAIOIINECS OT OPUTUHAA TEM, UTO B OTUX CTPOKAX OYAyT OTCYTCTBOBATH MaK-
poornpeneneaus QUTSTR u EXIT.

A Ternepb BepHEMC K IJ1aBe 6 ¥ BCIIOMHUM TporpaMmy u3 tuctuHra 6.1. Tlpoananu-
3UPYEM €€ TeKCT, BBISIBUM MOBTOPSIOIIMECS YYACTKU U COCTABUM IS HUX MaKpoompe-
neneHust (uctuHr 14.1).

JNucturr 14.1. Mepsbii NpyMep Co3aaHNs U UCMNOSIb30BaHNSA MaKpPOKOMaHL,

<1> (Prg_6_1.asm c MakpoonpeneneHuamm
<2> init_ds macro

<3> ;Makpoc HacTpoikum ds Ha CErmMeHT [aHHbIX
<4> mov ax,data

<5> mov ds,ax

<6> endm

<7> out_str macro str

<8> ;Makpoc BbiBOJAa CTPOKM Ha 3KpaH
<9> ;Ha Bxopge - BbIBOAMMas cTpoka
<10> ;Ha Bbixoge - cooblleHMe Ha akpaHe
<11> push ax

<12> mov ah,®%h

<13> mov dx, offset str

<14> int 21h

<15> pop ax

<1l6> endm

<17>

<18.> clear_r macro rg

<19> ;OUMCTKa perucTpa rg

<20> X0r rg,rg

<21> endm

<22>

<23> get_char macro

<24> ;BBOA CUMBOIIa

<25> ;BBEAEeHHbIW cuMBONI B al
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<26> mov ah,1lh

<27> int 21h

<28> endm

<29>

<30> conv_16_2 macro

<31> ;MaKpoC mpeobpa3zoBaHMs CUMBOJA WeCTHaAuaTepuyxon LudpH
<32> ;B ee [BOUYHHI SKBUBAJEHT B al
<33> sub al,30h

<34> cmp al,%h

<35> jle $t4

<36> sub al,7h

<37> endm

<38>

<39> exit macro

<40> ;MaKpoC KOHILI@ NPOTDPaMMEH

<41> mov ax,4c@0h

<42> int 21h

<43> endm

<44>

<45> datasegment para public "data"
<46> message db "BBemuTe [Be WecTHaauaTepuuHble LMOPH (OYKBH
A.B,C,D,E,F - nponucHeie): $"

<47> dataends

<48> stk segment stack

<49> db 256 dup("?")

<50> stk ends

<51>

<52> codesegment para public "code"
<53> assume c¢s:code,ds:data,ss:stk
<54> main proc

<55> init_ds

<56> out_str message

<57> clear_r ax

<58> get_char

<59> conv_16_2

<60> mov dl,al

<61> mov cl,4h

<62> shl di,ct

<63> get_char

<64> conv_16_2

<65> add di,al

<66> xchgdl,al ;pe3ynberaTt B a
<67> exit

<68> main endp

<69> code ends

<70> end main

B nuctunre 14.1 B crpokax 2-7, 8-16, 18-21, 23-28, 30-37, 39-43 onucaHbl MakK-
poomnpeneneHuss. OnMcaHNe WX Ha3HAUYCHUS MPUBEICHO cpasy IOCiIe 3aT0JIOBKa B Telle
KaXIoro MakpootpeneieHus. Eciu BBIHECTH 3TM MaKpOOTpemeJeHUSI B OTIETbHBIN
(aitn, To BIIOCIEACTBUN MOKHO MCITOTb30BaTh WX IMPY HAITMCAHUM IPYTUX TIPOTPAMM.
IMocMoTpuTe Ha MOAEPHU3UPOBAHHBIA MCXOIHBIN TEKCT MpOrpaMMmbl U3 jJuctuHra 6.1
B muctuHTe 14.1 (cTpokm 54-68). Ecnu He obpamiaTh BHUMaHUs Ha HEKOTOpHIE HesIC-
HBIe MOMEHTBI, TO CaM CETMEHT KOJIa CTaJl BHEITHE 0oJjiee YMTabeTbHBIM, U axke MOXHO
CKa3aTh, YTO B €0 HOBBIX KOMaH/IaX IMOSBUJICS KaKO-TO CMBICT. OTKOMITMITUPYUTE TN -
ctuHr 14.1 u nonyuute daitn muctunra. [locie 3Toro cpaBHUTE TEKCT MTPOTPAMMBI 10
U nocje oopaboTku acceMOyepoM. Bbl yBHAKTE, YTO UCXOAHBIN TEKCT UBMEHUJICS, — TTOC-
Jie CTPOK MPOTPaMMBI, B KOTOPBIX OBLTN MaKpOKOMaHIbI, TIOSIBUIUCH ()parMeHTHI TEK-
cra. ComepXuMoe 3THX (hparMeHTOB OMPEALTICTCS COACPKUMBIM MaKpOOIIpeaeTIeHUN
(11aby0oHOB), 3aMaHHBIX B Havajie TIporpaMMbl. BuoHO, 4TO IyTeM BBOJa TapaMeTpoOB
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JJIs1 MaKpOKOMaHIbl MOXHO MOACPHU3UPOBATL COACPXKUMOEC (I)aKTI/ILIeCKOI“O TEKCTa, 3a-
MEIIAIOIIETO MAKPOKOMAaHOy.

(DYHKLII/IOHEU'IBHO MaKpOOIpEACICHUA TTOX0XHM Ha IPOLCAYPHLI. CxoncTBo B TOM, 4YTO
N TC, U APYIrue JOoCTaTOYHO OAMH pa3 IIC-TO OIMCaTb, a 3aTEM BbI3bIBATH UX CIICLMAJIb-
HBIM O6p8.30M. Ha »s1oM cX0mcTBO 3aKaHYMBAETCSl M HAYMHAKOTCS pas3/nuysg, KOTOPbIC
B 3aBUCMMOCTH OT LICJIEBOM YCTaHOBKM MO2KHO pacCMaTpuBaThb M KaK IOCTOMHCTBA, 1 KakK
HEOOCTaTKHU.

B oriuyue ot npoueaypbi, TEKCT KOTOpOﬁ HEU3MEHCH, MaKpOOIIpEACICHUE B IIPO-
HECCE MaKpOTr€HEpalu MOXET MEHATLCA B COOTBETCTBUU C Ha60p0M (I)aKTI/I‘{CCKI/IX
mapaMeTpoOB. HpI/I 9TOM KOPPEKIMU MOTYT IOABEPTaThCA KaK OIl€paHabl KOMaHI, TaK
n caMM KOMaH/bI. HpOL[CI[ypr B 3TOM OTHOILIEHUM MEHee TMOKHU.

[Ipu KaxmoM BBI30BE MAaKPOKOMAH/IHI €¢ TEKCT B BUIE MaKpOPACIIUPEHUS BCTABIISI-
ercs B mporpamMmy. [Ipu BBI30Be MPOLEAYPHI MPOLECCOP OCYIIECTBISACT Tepeaady
yIIpaBJIeHHWs] Ha Hayajo IIpoUedypsl, HAXOMSIIEHCsT B HEKOTOPOI 06MACTH MMaMsITH
B OMHOM 3K3eMIUTApe. Kox B 3ToM ciiydae moyyaetcst 6osiee KOMIMAKTHBIM, XOTS ObIC-
TPONEWCTBME HECKOJBKO CHIDKACTCS 33 CYeT HeOOXOAMMOCTU OCYIIECTBICHUS IIepe-
XOJIOB.

MakpoornpeaeneHre 00padaThIBacTCs KOMITWIISITOPOM 0CcOObIM 06pa3oMm. I[7ist Toro
YTOOBI MCIOJIB30BATh OMMCAHHOE MAaKPOOIpPENEIEHNUE, €r0 HYXXHO «aKTUBU3UPOBATH»
C TIOMOILBIO MAKPOKOMAHObL. JI7s1 3TOTO B HY:KHOM MeECTe MCXOJHOIO KOJa MpOorpamMmbl
Ha OCHOBE TEKCTa 3ar0JIOBKa MaKpOOIPEAeTeHUsT YKa3bIBAETCS CIEAYIONasi CUHTaKCU-
yecKasi KOHCTPYKLIMS:

UMS_MaKkpOKOMaHAb CMUCOK_(PaKTUUeCKUX_aprymeHToB

B pesynbraTe mpuMeHeHUs JaHHOW CUHTaKCUYECKOW KOHCTPYKIIMU COOTBETCTBYIO-
asi CTpOKa UCXOJHOTO TEKCTa MPOTPaMMbl 3aMEHSIETCSI CTPOKAMU U3 TeJla MaKpooIIpe-
neneHusi. Ho aTo He mpocTas 3ameHa. OObIYUHO MaKpOKOMaHAa COAEPXUT HEKOTOPBIi
CIIMCOKAPTYMEHTOB(CMUCOK (HaKTUYeCKUX apryMEHTOB),KOTOPHIMUKOPPEKTUPYETCS
MakpoornpejeneHue. Mecta B Tejle MaKpOOMpeAENeHNUs, KOTOpbIe OYAyT 3aMeIaThcs
(bakTMUECKMMU apryMeHTaMM M3 MaKpOKOMaH[bl, 0003HAYalOTCSl ¢ TOMOIIbIO TaK Ha-
3BIBAEMBIX (hopManbHbIX APTYMEHTOB. TakuM 00pa3oM, B pe3ysibTaTe MPUMEHEHUST MaK-
POKOMaH/Ibl B Mporpamme (hopMajibHbIe apTYMEHTBl B MaKpOOMPENEeIeHUN 3aMEIIaloTCs
COOTBETCTBYIOUIMMU (PAKTUUECKUMU apryMEHTaMU; B 3TOM W 3aKJi04yaeTcs y4eT KOH-
TekcTa. [Ipoliecc Takoro 3aMellieHusl Ha3bIBaeTCsl MakpoeeHepayueil, a pe3yJbTaToM 3TOr0
Tpoliecca SIBJSIETCST Makpopacuiuperue.

K npumepy, paccMOTpuM camMoe KOPOTKOE MakpoomnpejeieHue B Juctunre 14.1 —
clear_rg. Kak oTMe4yeHO paHee, pe3y/IbTaThl pabOTBl MakpoacceMOjiepa MOXHO Y3HATh,
MPOCMOTPEB (haitn nmucTuHra mociae TpaHcasiuuu. [TokaxeM HECKOIbKO ero ¢gpparMeH-
TOB, KOTOpBIE AEMOHCTPUPYIOT, KaK ObLI OMUCaH TEKCT MakpoonpeaeneHus clear_rg (cTpo-
KU 24-27), KaK ObLT OCYLIECTBIEH BbI30B MaKpOKOMaHbI clear_rg ¢ akTUUyeCKUM ma-
pameTpoM ax (cTpoka 74) M Kak BBITJISITUT pe3yJbTaT padOThl MaKpoTeHepaTopa,
copMupoBaBIIero KOMaHIy acceMoiepa xor ax,ax (cTpoka 75):

<24> clear_r macro rg
<25> ;04MCcTKa permctpa rg
<26> Xor rg,rg

27> endm
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<74> clear_r ax
<75> 000E 33 CO xor ax,ax

B urtore Mbl MOJIy4WIu TO, YTO U TPEOOBAIOCH, — KOMaHAY OYUCTKHU 33JaHHOTO PeTU-
cTpa, B JaHHOM ciiyyae AX. B ipyrom mecte mporpaMmbl Bbl MOXETE BbIJATh TY XK€ MaK-
POKOMaHy, HO yXe ¢ ApYyruMM MMeHeM peructpa. Eciau y Bac ecTbh XeJlaHuE, MOXETE
MPOBECTU IKCIIEPUMEHTHI C 3TOW U APYrUMU MakpokKoMaHaamMu. Kaxapiit pakTuyeckui
apryMeHT MaKpOKOMAaH/IbI IIPEICTaBIsIET COO0M CTPOKY CUMBOJIOB, sl (HOPMUPOBAHUS
KOTOPOM MPUMEHSIOTCS ONPENeIEHHbIE MTPaBUIa.

CTpoKa MOXET COCTOSITh:

O wu3 nocnenoBareIbHOCTH CUMBOJIOB 0€3 ITPOGEIOB, TOYEK, 3aMAThIX, TOYEK C 3arls-
Tolf; '

D N3 I10CJIE€A0BAaTCJIbHOCTHU JIIOOBIX CUMBOJIOB, 3aK/JIIOYCHHBIX B YITTIOBBLIC CKOOKM
(<...>), BKOTOPOii MOXXHO YKa3bIBaTh KaK MPoOeJIbl, TaK 1 TOYKHU, 3anﬂTiJIe, TOYKHU
C 3amATBIMUA (MBI YIIOMMHaJIKX 00 3TOM oOIlepaTope BbIAEJICHUS accembiepa Ipu
obcyxneHuu nupekTussl EQU).

g Toro 4ToOBl YKa3aTh, YTO HEKOTOPBIN CMMBOJ BHYTPU CTPOKH, IMPEACTABIISIO-
et (hakTUYeCKUil mapamMeTp, SABJISIETCS COOCTBEHHO CUMBOJIOM, a HE YeM-TO UHBIM,
HampuMep, HEKOTOPBIM pa3je/IuTe/ieM WIM OTpaHUYMBaIOIIeii CKOOKOM, TpUMEHSI-
eTcsl CIelMaNbHBIN omepaTop !. DTOT omepaTtop CTaBUTCS HEMOCPEICTBEHHO Tepen
HY>XHBIM CHMBOJIOM, U €T0 IEHCTBME DKBUBAJICHTHO 3aKJIIOYEHHUIO 3TOTO CUMBOJIA
B YIJI0BBIE CKOOKU. TakuM oOpa3oM, orepaTop ! TakxKe SABISIETCS ONepaTopoM BhIje-
JIeHUs, HO OMMHOYHOTO CHMMBOJIA.

2 JI7s1 BBIYMCIIEHMS B CTPOKE, MPEACTaBISIONIEH (PaKTUUECKUI mapaMeTp B MaKpPOKO-
MaHjIe, HEKOTOPOTO KOHCTAHTHOTO BBIPAXEHHUS B HAadyajle 3TOr0 BBIPAXKEHUST HYXHO
MOCTaBUTh 3HAK % (TIPOLICHT):

% KOHCTaHTHOE_BbipaxeHue
3HaueHNEe KOHCTaHTHOe_BblpaXeHWe BBIYKCIISETCS U MTOACTABISETCS B TCKCTOBOM BUIE
B COOTBETCTBHMHU C TEKYIIEH CHCTEMOI CHUCTEHHs ',

Tenepb 006CcyaMM BOIIPOC, KAaK TPAHCISATOP pacro3HaeT popMabHbIe apTYMEHTHI B Te-
Jie MaKpOOIpeaeIeHUs I UX MOCIeAYIoNIei 3aMeHbl (haKTUYECKUMU apryMeHTaMu?

[Tpexne Bcero 1o X MMEHaM B 3arojloBKe MakpooTpeneieHus. B mporecce reHepa-
MU MaKpopacIIpeHUsT KOMITWISITOP acceMOjiepa UIEeT B TEKCTE Tela MaKpooTpeaese-
HHUS TIOCJIeI0OBaTebHOCTH CHMBOJIOB, COBIAJAIONIME C TEMM IOCJIEA0BATEIbHOCTIMU
CHUMBOJIOB, U3 KOTOPBIX COCTOAT (popMaibHbIe apaMeTphl. [Tociie oGHapyKeHMsI TAKOTO
coBnafeHus GopMabHBIi MapaMeTp U3 Tela MaKpOOoIpeaeIeHUs 3aMeIaeTCsl COOTBET-
CTBYIOIIMM (haKTHYECKUM MapaMeTpoM M3 MAKPOKOMAHIBI. DTOT TIPOLECC HA3BIBAETCS
nodcmarogkoil apeymenmos. 31eCh HYXKHO OTMETHUTH ellle pa3 0co00 CIUCOK ¢hopMasb-
HBIX apTYMEHTOB B 3aroJIOBKe MakKpooIlipeneneHus. B obiiem ciiyyae oH MOXET comep-

! TMon Tekymielr cCUCTEMON CYMCIEHUS TOHUMAETCs TO, KaK MHTEPIPETUPYIOTCS TPAHCIATOPOM UYHUCIa WU
CTPOKH ¢ (PMKCUPOBAHHBIM YMCJIOBBIM 3HAYCHMEM — KaK IBOMYHBIE, NECATUYHbBIC WM WECTHAUATIPUY-
Hble yncia. [1o yMo4aHIO TPaHCISTOP TPAKTYET UX KaK AecsITHUYHble. AcceMOIiep MMEET CIeIIMalbHY O
IUpeKTUBY .radix, KOTOpas 1aeT BO3MOXKHOCTb M3MEHUTD TEKYIIYIO CUCTEMY CYMCAeHNs. B kauecTBe orre-
paHIa IupeKTUBbI .radixMOXeT ObITh 3HaUeHUe 2, 10 uiu 16, yTO 03HaUYaeT BBIOOP, COOTBETCTBEHHO, TBOMY -
HOIA, IeCATUYHOMN WM IeCTHAALATEPUIHON CCTEMbI CYMCIICHUS.
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KaTh HE TOJIbKO pa3lieIeHHbIe 3alSIThIMU (DOpMaibHbIE 3JIEMEHTBI, HO U HEKOTOPYIO J10-
MOJIHUTENbHYI0 MH(popMauuio. [TolHbI cMHTaKcHUC (OPMaTbHOTO apTyMeHTa Cleayio-
10708
nma_dopMansHoro_aprymedtal:tun]

31ech TUT MOXET MPUHUMATD 3HAYeHUS:

REQ — 3T0 3HaYeHUe TOBOPUT O TOM, UTO TpebOyeTcs 00s3aTeIbHOe SIBHOE 3alaHue
(akTUYECKOro apryMeHTa IMPU BHI30BE MAaKPOKOMAaHIHI;

m =<Jj1100asi_CcTpoKa> — eC/M apryMEHT IIPU BbI30BE MAKPOKOMAaH bl HE 331aH, TO B COOT-
BETCTBYIOLIME MECTA B MAKPOPACIIMPEHUHU N0 yMOJTYAHUIO OyIET BCTABIEHO 3HAUE-
Hue n10asi_cTtpoka (OyabTe BHUMATEIbHBI: CUMBOJIbI, BXOISIIME B ONEpaHa Jto0as
CTPOKa, TOJIKHBI OBITH 3aKTI0UEHBI B yTJIOBBIE CKOOKH).

OnHaKo pacro3HaTh B TeJe MaKpooImpeaeaeHus: popMabHbBIi apryMeHT acceMOuiep
MOXET HE BCeraa. 9T0, HanipuMeEp, MOXET HE HpOl/l3OI>)ITI/I B cjy4yac, Koraga oH ABJIACTCA
4acThl0 HEKOTOPOTO uiaeHTH(UKaTopa. B 3TOM cilyyae mocaenoBaTebHOCTh CUMBOJIOB
(bopMasbHOTO apryMeHTa OTACJSAIOT OT OCTaJbHOTO KOHTEKCTa C MTOMOIIBIO CIeLHab-
HOTO oreparopa 3amerv. (CuMBoyia &). DTOT TIPUEM YacTO MCIOJb3YeTCs IJis 3amaHus
MoAMDUIMPYEMbIX UISHTU(HUKATOPOB U KOIOB onepanuii. K mpumepy, onpenesum Mak-
poc, KOTOpbI MpeaHa3HauyeH Jisl TeHepaliu B IporpaMMe HEKOTOPOM TabJMIIbI, TIPU-
yeM mapaMeTphl 3TOM TaGIMIIBI MOXHO 3a71aBaTh C ITOMOIIbIO apTYMEHTOB MaKpOKO-
MaHIbI:

&é%_table macro type:=b,len:REQ
tabl_&type d&type 1len dup (0)
endm

.data
def_tabl b,10
def_tabl w,5 _
[Tocne TpaHCAAIMU TEKCTA MPOTPaMMBbI, COAEpXKaIlel 3TU CTPOKH, TOIydaTcs clie-
IYIOIINe MaKpOpacIIupeHUs:
tabl_b db 10 dup (0)
tabl_w dw 10 dup (0)
CuMBOJ & MOXHO IPUMEHSThH U AJIsSI paclo3HaBaHUs (POPMaIbHOIO apryMEeHTa B CTPO-
Ke, 3aKJII0UYEHHOI B NBOHBIe KaBbiuku (" "). Hampumep,
num_char macro message

;N0ACUNTaTL KOIMYECTBO (num) CUMMBOJIOB B CTPOKE
jmp ml
elem db "Ctpoka &message comepxut”
;YNCNO CMMBOMIOB B CTpoke message B koge ASCII
num db 2 dup (0)
db " cumsonos",10,13,'$"’ ;KOHEeU, CTPOKK

;AN BbiBoga dyHkumen 09h
ml:

’;‘BI;I‘BECTM elem Ha akpaH
endm
B cBsI3u ¢ nocieaHuM pparMeHTOM pa3depeM CUTyallulo, KOraa Tejo MaKpoornpeae-
JICHUA COACPKUT METKY UJIN UM B IUPEKTUBEC pE3CPBUPOBAHNA U MHULIMAJIU3allMU JaH-
HbIX. Eciiv HEeKOTOpast MaKpOKOMAaH/1a BbI3bIBAETCS B IPOTrpaMMe HECKOJILKO pa3, TO MPU
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MaKpoTeHepalluy OOUH U TOT Xe UACHTU(hHUKATOP OYIeT onpeesicH HeCKOIbKO pas, uTo,
€CTeCTBEHHO, TPAHCJISITOP MMOCYMTAET OMIMOKOM. [IJIs BBIXOIA M3 MOJOOHON CUTYyallMu
npumeHstoT nupekTuBy LOCAL, KoTopass uMeeT claeayloluii CMHTaKCHUC:

local cnucok_uaeHTngukaTtopos

DTy IUPEKTUBY HEOOXOMMMO YKa3bIBaTh HEIOCPEICTBEHHO 3a 3arOJIOBKOM MaKpo-
onpeneneHus. PesynbraToM pabotsl aupekTuBbl LOCAL OyneT reHepauusi B KaXXJ10M 3K-
3eMIUISIpE MaKpOpacIIMpPeHUs] YHUKAIbHBIX UMEH IS BCeX MACHTU(MUKATOPOB, Mepe-
YUCJIEHHBIX B OINepaHae CMUCOK_WAEHTU(UKATOPOB. DT YHUKAIbHLIE UMEHA MMEIOT BUL
?7XXXX, THe XXXX — IIecTHaAlaTepuyHoe yucio. JIis nepsoro uaeHTUuduUKaTopa B nep-
BOM 3K3eMILIsipe MakpopaciuupeHust xxxx = 0000, njs Broporo — xxxx = 0001 u 1. 1. Kon-
TPOJIb PABUIBHOCTH Pa3MEIeHNs M UCITOIb30BAHMS STHX YHUKAIbHBIX UMEH GepeT Ha
ceOsT TpaHCIATOp acceMOJiepa. st Toro 4To6BI OKOHYATEIBHO Pa300paThCsT B METANSIX,
BBEAECM M OTTPAHCIMPYEM JUCTUHT 14.2. B HeM MOMHUMO HEKOTOPHIX paHee paCCMOTPEH-
HBIX MaKpOKOMaH/]I COJEPXKUTCSI MakpokoMaHaa num_char. Ee Ha3HaueHue — MoAcuu-
THIBATh KOJTMYECTBO CHMBOJIOB B CTPOKE, apec KOTOPOIA MepeaaeTcst 3TOM MaKpOKOMaH-
Je B KauecTBe (pakTuyeckoro napamerpa. CTpoka NoJKHa YIOBIETBOPSTh TPeOOBaHUIO,
MpenbsBISIEMOMY K CTPOKe, TIpeHa3HAauYeHHOM 11 BbIBOAA Ha 3KpaH (pyHkuueir 09h
npepbiBaHus 21h, TO ecTh 3aKaHYMBATHCS CUMBOJIOM $. JIpyroii MOMEHT, KOTOPBIA
HallleJl OTpaXkeHue B 3TOM MporpaMMe, — MCITOJIb30BaHWEe CUMBOJIA & IJIST paciio3HaBa-
Hus GOPMaIbHOrO apryMeHTa B CTPOKE, 3aKJIIOUEHHOM B KaBbluku " " (cM. mocneqHuit
¢dparMeHT).

Jiuctnur 14.2. BTopoii npymep CO3AaHNS 1 UCMONb30BAHNS MaKpPOKOMaH[,

;prg_14_2 . asm
init_ds macro
;Makpoc HACTPOAKM dS Ha CErMEHT AaHHbIX
mov ax,data
mov ds, ax
X0r ax,ax
endm
out_str macro  str
;MaKpoc BblBO4A CTPOKM HA 9KpaH.
;Ha BXOLEe - BbIBOAMMAS CTpOKa.
;Ha BblXxofle - cOOOLLEHME Ha 3KpaHe.
push ax
mov ah,89h
mov dx,offset str
int 21h
pop ax
_endm
exit macro
;MakpoC KOHLa mporpammbl
mov ax, 4c80h

int 21h
endm
num_char  macro message
local ml,elem,num,err_mes,find,num_exit

;MakpoC MOACYeTa KONMYECTBA CuMBONOB B CTPOKE.
;Anuna CTPOKM - He Oonee 99 cumBONOB.
;Bxoa: MEssage - ajgpec CTPOKM CUMMBONOB, OrpaHuM4yeHHoi 3"
:Beixoa: B al - KOJAWYECTBO CKUMBONOB B CTPOKe message
¥ BbIBOS, COO0OBLLEHNS

jmp ml
elem db "Crtpoka &message comepxuT "

npodoanenue =5
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TIncturr 14.2 (npogosnxenne)

num db 2 dup (0) ;4JCJIO CMMBOJIOB B CTPOKEe
;message B kKome ASCII
db " cwumeonos",10,13,'$’ ; KOHeU CTPOKIU
;I BHBOZa OVHKIMENR ©9h
err_mes db "CTpoka é&message He CONEPKUT CUMBOJNA KOHIla cTpoku",10,13,'$’
ml:
;COXpaHaem ICIONb3YeMHe B Makpoce DeTUCTPH
push es :
push ¢x
push ax
push di
push ds
pop es ;HacTpolka es Ha ds
mov al,'$' ;CUMBOJI IJIS IOMCKa - "§$"
cld ;cbpoc ¢mara df
lea di,message ;3arpy3ka B es:dl CMeleHUS
i CTPOKM Message
pushdi ;3anomHum d1 - ampec Havalla CTPOKU
mov ¢x,99 ;ANs mpedukca repne - MakCuUMalbHas
; IMHa CTPOKMU
;AOMCK B CTPOKE (TOKA HYXHEI CHMBOI
;WM CUMBOJI B CTPOKE HE DaBHH)
1 BbIX0A - IIPY IIEPBOM COBIABIEM
repne  scasb
je find ;@CnyW CUMBOJ HalileH - Tepexon Ha 06paboTky

;BbIBOA COODIEHUT O TOM, 4YTO CUMBOJ He HaleH

push ds
;noacTasnsem cs BMecTo ds mia Gymrumu 09h (int21h)
push cs
pop ds
out_str err_mes
pop ds .
~ _jmp num_ex1t yBbIX0oA 13 Makpoca
find: ; COBIIAA
;CUMTaeM KONMYEeCTBO CUMBOJIOB B CTDOKE:
pop ax ;BOCCTaHOBMM apec Hayala CTDPOKMU
sub di,ax ;(di)=(di)-(ax)
xchg di ,ax ;(dl) < > (ax)
sub al,3 ;KOppeKTUpoBKa Ha CIyxeOHHE
;cumsonw - 10, 13, "§"
aam ;8 al mBe ymaxoBaHHHe BCD-1udpH
;pe3ynbTara IomcYeTa
or ax 3030h ;npeobpa3opaHue pe3ynbTaTa B kKom ASCII
mov cs:num,ah
mov cs num+l,al

;BbIBECTW elem Ha 3KpaH
push ds ‘
;noactasnsem cs BMecTo ds mma dyukumum 09h (int21lh)

push

pop

out_

pop

cs
ds
str elem
ds

num_exit:
push di
push ax
push ¢x
push es

endm

data
msg_1
msg_2
data

segment para public "data"

db  "Crtpoka_1 Q15 wucnsitaHus",10,13,'$’

dbd "CTpoka_2 1y BTOPOTO WUCAbITakua",10,13,'$’
ends

stk segment stack
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db_ 256 dup("?")

stk ends
code segment para public "code"
. assume Cs:code,ds:data,ss:stk
main proc
init_ds

out_str msg_1l
num_charmsg_1

out_str msg_2
num_charmsg_2
exit

main endp

code ends

end main

B Tesie MakpoonpeneseHus MOXHO pa3MelllaTh KOMMeHmapuu, U 1eJ1aTb 3TO OCOObIM
o6paszom. Eciiv mpuMeHUTB 1151 0003HAYEHUSI KOMMEHTAPUSI HE OIMH, KaK OOBIYHO, a 1Ba
MOC/IeI0BATEIbHBIX CUMBOJIA TOYKU C 3amsToil (;;), TO MpU IeHepalMyd MaKpopacilipe-
HUS 3TOT KOMMEHTAapuil OyaeT uckiwdeH. Eciu 1o Kakoi-To NpuYMHE HEOOXOIUMO
MPUCYTCTBUE KOMMEHTAPUSI B MAKPOPACIIUPEHUH, TO €TO HY>XKHO 3aaBaThb OOBIYHBIM
00pa3oM, TO ECTb ¢ TOMOLIBIO OHOIO CUMBOJIA TOYKH C 3aIISTOM, HAIPUMED:

mes macro messsage
;3TOT KOMMEHTapuil OymeT BKJINYEH B TeKCT JMUCTUHTA
1 13TOT KOMMEHTapui He OyIeT BKJINYEH B TEKCT JNIUCTUHTA
endm

MakpOIOUPEKTUBEI

C moMoIIbI0 MAKPOCPENCTB acceMOiepa MOKHO He TOJbKO YaCTUIHO U3MEHSTh BXOISI -
1I1e B MaKpooIpeaeIeHe CTPOKH, HO U MOAM(ULIMPOBATh CaM HA0OP 3TUX CTPOK U laxe
TOPSIOK UX cienoBaHusl. CaenaTh 3T0 MOXKHO C TIOMOIIBIO Habopa makpodupekmueg (na-
Jiee — TIPOCTO AUpeKTUB). X MOXHO pa3nenuTh Ha ABE TPYIIILI.

Hupextusl noemopenuss WHILE, REPT, IRP u IRPC nmpenHa3HaueHBbI 1711 CO3MaHUS MaK-
POCOB, COIEPXKAIIMX HECKOJIBKO UYIIMX MMOAPST ONUHAKOBBIX [IOCJIEI0BATEIbHOCTEM
ctpok. ITpu 3TOM BO3MOXKHA YacTUYHASA MOAMMUKAIIUS 3TUX CTPOK

g JMpeKTuBsl ynpasaenus npoyeccom eenepayuu maxpopacuwupenuii EXITM 1 GOTO nipen-
Ha3HAYeHBI JUI YIPaBIeHUsT TporieccoM hOpMUPOBAHUS MaKpOpacIIUpeHUs 13 Ha-
6opa CTPOK COOTBETCTBYIOIIET0 MakpoorpeaeaeHus. C MOMOIIbIO 3TUX IUPEKTUB
MOXHO KaK MCKJII0UaTh OTIEIbHBIC CTPOKH U3 MaKpOPACIITUPEHMS, TAK U BOBCE Mpe-
kpamiath npoiecc reHepanuu. Jupektunsl EXITM u GOTO 0OBIYHO MCTIONB3YIOTCS
BMECTE C YCJIIOBHBIMU TUPEKTUBAMU KOMITUIALKUM, TIO3TOMY OHM OYIyT paccMOTpe-
HBI BMECTE C HUMU.

AupexTtusbl WHILE n REPT

Hupextusbl WHILE u REPT mpumeHsitotest 4J11 HOBTOPEHUSI ONPENEICHHOE KOJTMYECTBO pa3
HEKOTOPOI TMOCJIEAOBATEIbHOCTH CTPOK. DTH AUPEKTUBBI UMEIOT CIICAYIONTUH CUHTAKCHUC!

WHILE koHcTaHTHOe_Bbipaxenue
nocnenosaTensHOCTh_CTPOK
ENDM

REPT kOHCTaHTHOE_BbipaxeHue
[IOCJIE0OBATEIBHOCTE CTPOK
ENDM
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OOpaTuTe BHUMaHUE Ha TO, YTO MOCJIEI0BAaTEIbHOCTh IOBTOPSAEMBIX CTPOK B 00EHX
IUPEKTUBAxX orpaHuyYeHa TupekTuBoii ENDM,

ITpn ucnonw3oBanuu aupektuBbl WHILE MakporeHepatop TpaHciasitopa OymeT
MOBTOPSATH MOCJIEA0BATEILHOCTh CTPOK 0 TEX IOP, TIOKA 3HAUYEHUE KOHCTaHTHOe_Bblpa-
>KEHME HE CTaHET PaBHBIM HYJI10. DTO 3HAaYeHME BHIYMCIISICTCST KaXIblid pa3 mepej oue-
peIHOI uTepalneil LKA MOBTOPEHHUs (TO €CTh 3HAaU€HUE KOHCTAHTHOE_BbipaXeHue B TIpo-
Liecce MaKpOreHepaluy JOJKHO MOABEPraThCs MUBMEHEHUIO BHYTPH IOC/IeI0BATEIbHOCTHI
CTPOK).

Hupextua REPT, nomooHo nupexktuBe WHILE, moBTOpsieT mocienoBaTeIbHOCTh CTPOK
CTOJIBKO pa3, CKOJbKO 3TO OINpeeeHO 3HaYeHUEM KOHCTaHTHoe_BhipakeHue, OTinyue
atoii gupekTuBbl oT WHILE cocTouTt B TOM, 4TO OHa aBTOMaTUYECKM YMEHbIIAET Ha eAu-
HMUIIYy 3HAUCHUE KOHCTaHTHOE_BbipaMeHue mocie Kaxnoi urepauuu. B xayecTBe mpume-
pa paccmoTpuM JaUCTUHT 14.3. B Hem nemoHcTpupyercst ipuMeHeHue nupektus WHILE
u REPT ns1 pe3epBupoBaHusl 00JaCcTU MaMSITU B CerMEHTe NaHHBIX. MM naeHTuduKa-
TOpa M JJMHA 00JIaCTH 3aJaloTCsl B KayeCTBe MapaMETPOB COOTBETCTBYIOLIMX MaKpOCOB
def sto I u def sto 2. 3ameTbTe, 4YTO cueTUMK roBTopeHuit B nupektunBe REPT ymeHbIa-
eTcsl aBTOMAaTMYeCKM IIOC/e KaxIoW uTepalMu LMkiaa. [lpoaHanusupyiite pe3yabTar
TpaHCISILIUMU TUCTUHTA 14.3.

Jinctuur 14.3. Vicnonb3oBaHme AMPEKTUB NOBTOPEHUS

.prg_14_3.asm

def_sto_1 macro id_table,1n:=<5>
;MaKpoC DEe3epBUPOBAHNA HIaMATV ANNHOA len
;Ucnonb3yertcs WHILE

id_table label byte

len=1n

while len
db 0

len=len-1

endm

endm

def_sto_2 macro id_table,len

IMaKpoC De3epBUPOBaHMA I[aMATU [IMHONA len
;Uicionb3yercd REPT

1d_table label byte

rept len
db 0
endm
endm .
data segment para public ‘'data’

def_sto_1 tab_1,10
def_sto_2 tab_2,10
data ends
init_ds macro
;Makpoc HacTpouky ds Ha CETrMeHT IOaHHHX
mov ax,data
mov ds,ax
endm
exit macro
;M2KpOC KOHIIA NIPOTPaMMH
mov ax,4c0eh
int 21h
endm
code segment para public "code"
assume cs:code,ds:data
main proc
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init_ds
exit
main endp

code ends
end main

Takum oopaszom, nupeKTuBbl REPT 1 WHILE yno6HO mpuMeHSITh A5 «pa3MHOKEHUST»
BTEKCTE IIPOrpaMMBbl IIOCJIEA0BATEIbBHOCTH OIMHAKOBBIX CTPOK 0¢3 BHECEHUSI B 3TU CTPO-
KU KaKUX-JI100 U3MEHEHM Ha ATare TpaHCIsALUU. B yacTHOCTH, 9TU AMPEKTUBBI MOXK-
HO MCIOJIb30BaTh IMPU MOCTPOSHUU 3JIEMEHTOB CITMCOUYHBIX CTPYKTYD [8]. Crnenyroiue
nse nupektuBbl, IRP u IRPC, nenaiot mporecc «pa3MHOXEHUs» 60Jice THOKUM, TTO3BOJISIST
MOIU(MULIMPOBATh HAa KaXION MTepalluM HEKOTOPBIC 3JEMEHTHI MOCIEI0BATEIbHOCTI
CTPOK.

AOupexktuealRP

HupextuBa IRP umeer ciaenyronimii CMHTaKCHC:

IRP topmantHeii_aprymeHT,<cTpoka_cumsonoe_1. . . . CTpOKa_CuUMBONOB_N>
nocnefoBaTenbHOCTb_CTPOK
ENDM

JleficTBUE NaHHOW JUPEKTUBBI 3aKJII0YAETCA B TOM, YTO OHA TIOBTOPSIET MOC/IEN0BA-
TEJbHOCTb CTPOK # pa3, TO €CTb CTOJILKO Pa3, CKOJbKO CTPOK CMMBOJIOB 3aKJIIOUEHO B yI-
JIOBBIE CKOOKHM BO BTOpoM orepanae nupekTuBbl IRP. Ho ato eme He Bce. [ToBTOpeHme
MOC/IEIOBATENbHOCTA CTPOK COIPOBOXKIAETCS 3aMEHOl B 3THX CTpoKax (hOpMaJbHOTO
aprymMeHTa OuepEéIHOI CTPOKOM CMMBOJIOB M3 BTOPOTO omnepaHia. Tak, Mpu IepBoii re-
Hepaluy TOCIeI0BaTebHOCTA CTPOK (POpMaIbHBIM apryMEHT B HMX 3aMEHSETCS Iep-
BOIl CTPOKOI CUMBOJIOB (TO €CTh apryMeHTOM cTpoka_cumeonos_1). Eciu ecth BTOpas
CTpPOKa CUMBOJIOB (CTPOKA_CWMBONOB_2), 5TO MMPUBOIUT K FreHEpallii BTOPOI KOITUH T0-
ClIeI0BATEILHOCTHY CTPOK, B KOTOPO# (hopMaibHbIi1 apryMEHT 3aMEHSIETCSI BTOPOI CTPO-
KO CMMBOJIOB. DTU IeiCTBUS MPOLOIKAITCSA 10 MOCIEeAHEH CTPOKM CUMBOJIOB
(CTpOKa_cMMBOAOB_N) BKIIOYHMTENBHO.

K nmpumMepy, paccCMOTpUM pe3yJbTaT ONpeAeJeHUs B IPOrpaMMe TaKoil KOHCTPYK-
1K;
iro ini,<1,2,3,4,5>
db ini
endm

MakporeHepaTopoM OyIeT CTeHEPUPOBAHO CJIEAYIOlee MAaKpOpaCIIUPeHHE:

db
db
db
db
db

AupekTtusalRPC

Hupektusa IRPC nmeeT cienyronmii CMHTAKCUC:

IRPC dopmansHbid_apryMeHT,CTPOKa_CUMBONOB
[IOCTENOBATENIBHOCTL CTPOK
ENDM

JleiicTBYE JAHHOW AMPEKTUBLI MOTOOHO HeiicTBuIo nupekTuBbl IRP, HO ominyaerca
TE€M, YTO OHAa Ha KaXIOW odepelHON MTepaluy 3aMeHseT (OpMallbHbI apryMeHT ode-
peOHBIM CHMBOJIOM M3 CTPOKM CHMBOJOB. IIOHSITHO, YTO KOJMYECTBO ITOBTOPEHMI

O WD



308 [naBa 14. MakpocpencTea si3bika accembnepa

MOCJIEIOBATEIBHOCTH CTPOK OYIET ONPeAeIsATHCS KOTMYECTBOM CUMBOJIOB B CTPOKE CHM-
BoJioB. K npumepy,

irpc rg,abed
push rg&x
endm

B mpoliiecce MakporeHepalyy 3Ta AMPEKTUBA Pa3BepHETCH B CIEAYIOLIYIO TTOCTIEN0-
BaTEeJIbHOCTb CTPOK:

push ax
push bx
push cx
push dx

Ecnu cTpoka cuMBOJI0B, 3a1aBaeMast B aupektuBe IR P, comepKuT crieliciMBOJIBI Bpozie
TOUEK U 3aMSThIX, TO OHA JOJIKHA OBITh 3aKJTI0UEHA B YIIIOBBIe CKOOKM: <ab, ¢d>.

AnpexkTuebl YCZIOBHOM KOMMUASLUU

[MocneaHuii THI MaKpOCPEACTB — OUPEKTUBHI 108Kl Komnuaayuy. CyliecTBYeT ABa
BUJA 3TUX TUPEKTUB:

OupeKmuebl KOMIUAAYUY NO YCA08UI0 TIO3BOJISIIOT TIPOAHATM3UPOBATh OMpeAeIeHHbIE
YCJIOBHS B XOfi¢ TeHepalluy MaKpOpacIIMPEeHUs] U TIPU HEOOXOAMMOCTH M3MEHUTh
3TOT MpOLECC;

I»  Odupexmuen eenepauuu owubox no ycioeuro KOHTPOIUPYIOT XOJ IeHepaly MakKpo-
pacIIMpeHus ¢ LeIblo TeHepalluy Wi 00HApyXeHUS ONpeAeeHHBIX CUTYallnii, KO-
TOpbIe MOTYT MHTEPIIPETUPOBATLCH KAaK OIINOOYHbIE.

C oTUMM AUPEKTUBAMU IPUMEHSIOTCS YIIOMSIHYTBIE paHee TMPEKTUBHI yIIpaBIeHUS
npoueccoM reHepanuu maxpopacuupenuiic EXITM u GOTO.

HupextrBa EXITM He uMeeT onepaHa0B, OHA HEMEIJEHHO MpeKpallaeT Mpouecc re-
Hepaly MaKpopacIIMpeHMs, KaK TOJIbKO BCTPeYaeTCs B MaKpOOIIpeAeIeHUU. DTO AaeT
BO3MOXHOCTb COKpPaTUThb O0BEM MCXOMHOTO KOma IyTeM YIaJeHUs HEUCIIOIb3yeMBbIX
KOMaH[I.

HupektuBa GOTO #MA_METKM TIEPEBOIUT MPOLECC TeHEPALIMUM MaKPOOIpeaeIeH s
B JIpyroe MecTo, TpeKpalias TeM caMbIM TOCJIeNOBaTebHOe pa3BOpaYMBaHUE CTPOK MaK-
poorpeneneHus. MeTka, Ha KOTOpYIO IIepemaeTcsl YIpaBleHHe, MMEET CIelMaTbHBIN
dopmar:

TAMA_METKH
[Ipumepsl pUMeHEHMS 3TUX OTUPEKTUB OYOyT INPUBEICHBI Jajee.

p,VIpeKTVIBbI KomMmnunsauum no ycinosuio

JIpeKTUBBI KOMIUJISILIMY TI0 YCJIOBHIO MPeIHA3HAYEHBI )i BHIOOPOUYHOM TpaHCISLUN
(bparMeHTOB TPOrPaMMHOr0 KoJa. DTO 03HAYAET, YTO B MAKPOPACIIUPEHME BKIIOUAIOT-
Cs1 He BCe CTPOKHM MaKpOOIIPeIeNeHHUs, a TOJbKO Te, KOTOPbIE YIOBIETBOPSIOT OIpee-
JIECHHBIM yCI0BUSM. KaKkne KOHKPETHO yCI0BHS JOJIKHBI OBITh IIPOBEPEHBI, OTIPeaeIsIeTCS
TUTIOM YCJIOBHOM TUPEKTUBLL. BBeneHMe B 13bIK acceMOiepa 3TUX IUPEKTUB 3HAUUTETbHO
pacimpsieT ero BO3MOXHOCTH. Beero nMerotcs 10 TUTIOB YCJIOBHBIX JUPEKTUB KOMITH -
sy, VIX TOTMYIHO TOMmapHO 0ObeIUHMUTD B YEThIPE TPYIIITHL:
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IF u IFE — ycnoBHas TpaHCsI1MS MO PE3yJbTaTy BBIYMCIECHUS JIOTUYECKOTO BbIpa-
KEHUS;

S1 IFDEF u IFNDEF — ycnoBHast TpaHCasAus 1o $hakTy onpeneaeHuss CUMBOINYECKOTO
HMMEHU;

A IFB u IFNB — ycnoBHas TpaHcasiums mo (pakTty omnpeaeieHus (PpaKTHUIECKOTro apry-
MEHTa TpU BbI30BE MaKPOKOMAH/IHI;

IFIDN, IFIDNI, IFDIF 1 IFDIFI — ycioBHAas TpaHCIALMS [0 PE3YJILTATY CPABHEHUS CTPOK
CHMBOJIOB.

YcnoBHbIE TUPEKTUBBI KOMITUISALIMU UMEIOT OOLIMI CUHTAKCUC U MPUMEHSIOTCS
B COCTaBe€ CJICAYIOIIEN CUHTAKCUYECKOU KOHCTPYKIIN:
IFxxx  noruveckoe_sbipakeHue_unu_aprymeHTh
thparMeHT_nporpammbl_1
E

fparMeHT_nporpammel_2

ENDIF

3akyoueHne HEKOTOPhIX (parMeHTOB TeKCTa MPOrpaMMbl (¢parMeHT_nporpaMmbl_1
u PparmenT_nporpammbl_2) mexay aupektuBamu IFxxx, ELSE u ENDIF mpuBomuT K ux
BbIOOPOYHOMY BKJIIOYCHUIO B OOBEKTHBINM MOMYJb. Kakoit MMEHHO M3 3THX (hparMEHTOB
OyIeT BKJIIOYEH B 0OBEKTHBIA MOIYIIb, 3aBUCUT OT KOHKPETHOTO THIIA YCIOBHOM TUPEK-
THBBI, 33[1aBaEMOI0 3HAYEHUEM XXX, 1 3HAUCHMS YCIOBUS, ONPEAL/IIEMOTO OMepaHaIoM
(omepaHIaMu) YCIOBHOM TMPEKTUBBI IOTMuecKoe_BblpaXeHUe_unu_apryMeHT(bl).

ﬂ,;/lpeKTVIBbI IFn IFE

Cunrakcuc nupektu [Fu IFE caenyrommii:
IF(E) noruveckoe_BsbipaxeHue
pparmMeHT_nporpammsl_1

SE

thparMeHT_nporpammsl_2
ENDIF

O6paboTKa 3TUX IUPEKTUB MaKpoacceMOJIepoOM 3aKJII0YaeTCsl B BHIYUCICHUM JTOTHU-
YECKOTO BBIPAXEHUSI M BKIIIOUEHUM B OOBEKTHBIN MOMYJIb TIepBOro (pparmeHT_nporpam-
Mbl_1) win BTOporo (parMeHT_nporpaMmbl_2) dparMeHTa MpOrpaMMbl B 3aBUCMOCTH
ot toro, B Kakoii nupektuse (IF wiu IFE) ato BeIpakeHne BCTPETUIOCH.

Ecnu B nupexktuBe IF jmornyeckoe BbIpak€HUE MCTUHHO, TO B OOBEKTHBIN MOIYJIb
ToMeIaeTcsl MepBbIi hparMeHT mporpaMMbl. Ecim jorndyeckoe BbIpakeHHUE JIOXKHO,
TO TIpY Hanu4Yuu aupeKTuBbl ELSE B 00beKTHBINM Ko TToMelaeTcsl BTopoit (hparMeHT
nporpaMmbl. Ecin xxe nupekTuBsl ELSE HeT, To Bcst yacTh TporpaMMbl MEXIY TUPEK-
tuBamu IF u ENDIF urHopupyetcsi, 1 B 00b€KTHBII MOIYJIb HUYETO HE BKJIOYaAeTCs.
Kcratu ckazarh, moHsiTHe MCTHHHOCTHA M JIOXKHOCTU 3HAUEHUS JIOTUYECKOTO BhIpa-
XEHHUsI BecbMa yCJIOBHO. JIOXKHBIM OHO OYIEeT CUMTAThCS, €CJIM €ro 3HaueHHe PaBHO
HYJII0, 2 UCTUHHBIM — IIPU JIIOOOM 3HAYEHUU, OTIINYHOM OT HYJI.

» Hupektuna IFE ananornuno nupexktuse IF aHanu3upyer 3HaueHUeE JIOTUYECKOTO BbI-
paxenus. Ho temepb o151 BKIIOUEHUS TEPBOTo dhparMeHTa MpOorpaMMbl B OOBEKT-
HbIA MOIYJIb TpeOyeTcs, YTOObI IOTUUECKOE BbIpaxK€HUE ObLIO JIOXKHBIM.

Hupextussl IF u IFE odyeHb yno0HO UCIIOIb30BaTh M1 U3BMEHEHUS TEKCTa IIporpaM-
MBI B 3aBUCHMOCTH OT HEKOTOPBIX ycjaoBuil. K mpumepy, coctaBUM Makpoc Uil Orpe-
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JeJICHUS B TIporpamMMe 00JIacTH IMaMsITH IIMHOM He 6omee 50 1 He MeHee 10 Gaiit (Jmc-
TUHT 14.4).

JinctuHr 14.4. Vicnonb3oBaHve ycnoBHbIxX avpekTus IFn IFE

<1> ;prg_l14_4.asm

<2> masm

<3> model small

<4> stack 256

<5> def tab_ 50 macro len

<6> if len GE 50
<7> GOTO exit
<8> endif

<9> if len LT 10
<14> rexit

<1l1> EXITM

<12> endif

<13> rept len
<14> do 0
<15> endm

<16> endm

<17> .data

<18> def tab 50 15
<19> def_tab_ 50 5

<20> .code

<21> main:

<22> mov ax,@data

<23> mov ds,ax

<24> exit:

<25> mov ax,4cO8h '
<26> int 21h

27> end main

BBemute u orrpaHciaupyiite suctuHr 14.4. He 3a0bIBaiiTe 0 TOM, YTO YCJIOBHBIE M-
PEKTUBBI ACUCTBYIOT TOJBKO Ha IlIare TPAHCSLUUA, U MOITOMY PE3YJbTaT UX paboThI
MOXHO YBUAETH JUIIb [TOCJIE MAKPOTEHEPAILIUH, TO €CTh B IMCTUHTE MPOTpaMMbl. B HeM
BBl OOHApYXWTE, 9YTO B Pe3yIbTaTe TPAHCISAIMUU cTpoka 18 muctunra 14.4 pazBepHeTCS
B TISITHAIIATh HYJIEBBIX OANTOB, a CTPOKa 19 OoCTaBUT MaKporeHepaTop COBEPIIIEHHO paB-
HOMYLIHBIM, TaK KaK 3HaYeHUe (PaKTUYEeCKOTo OTNepaHia B CTPOKax 0 U 9 OyIeT TOXKHBIM.
OOpatuTe BHUMaHME HaTO, YTO JUISI 00pabOTKM peakIMy Ha JIOXKHBIN pe3yabTaT aHaJM -
3a B YCJIOBHOIA TMPEKTHBE MBI MCTIOIB30BATN MakpomupekTussl EXITM 1 GOTO. Hapep-
HOE, BJJAaHHOM CJIy4ae MOXHO ObLTO ObI COCTaBUTB 00JI€€ ONTUMAIbHBIN BApUAHT MaKpO-
KOMaHJIbI JJIS1 pE3ePBUPOBAHUS HEKOTOPOTO IIPOCTPAHCTBA MTAMSTH B CETMEHTE TaHHBIX,
a TaHHBIN cocob BEIOPAH, UCXOAS U3 YUEOHBIX LEIEH.

JHpyroii HTepeCHBIN W MOJIE3HBIN BapuaHT MpuMeHeHus aupektus IF u IFE — omna-
nouyHas nedatb. CyTh 31eCh B TOM, YTO B MPOIIECCE OTIAAKM MPOTrpaMMBbI TTIOUTH BCeraa
BO3HUKAET HEOOXOMMMOCTb IMHAMUYECKHU OTCIEXUBATh COCTOSIHUE ONPEAETICHHBIX MTPO-
TPaMMHO-AIIapaTHbIX 00BEKTOB, B KaYeCTBE KOTOPBIX MOTYT BBICTYIATh IEPEMEHHBIE,
perucTpsl nmpoueccopa u T. . Ilocie sTana oT/Iangkyd OTnagaeT HeOOXOOUMOCTh B TAKUX
JIMarHOCTUYECKUX COOOIIEeHUSX. ISl UX yCTpaHEHUS TPUXOAUTCS KOPPEKTUPOBATH UC-
XOIHBII TEKCT MPOrpaMMBbI, MIOCJIe YeTo MOABEPTaTh €€ MOBTOPHOM TpaHcasuuu. Ho ecth
Oosee M3AIIHBIA BbIX0OA. MOXHO OMpPEAeTUTh B MPOrpaMMe HEKOTOPYIO MEPEMEHHYIO, K MPHU- -
Mepy debug, M MCITOTE30BaTh €€ COBMECTHO C YCJIOBHBIMU mupekTuBaMu I F v [FE:
<l> cas
<2> debug equ 1
<3> e
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<4> .code

<5>

<6> if debug

<T> ;mobble xoMaHOH U OMPEKTUBH accembiepa
<8> ; (BBIBOA Ha TeYaTh MIM MOHUTOD)

<9> endif

Ha BpemsT oTmanky m TeCTUPOBaHUS IMPOTPAMMBI BBl MOXETE 3aKITIOUUTDH OTHETbHEIC
y4acTKHM KoJia B CBOeoOpa3Hble oriepaTopHbie cKoOKM B Bue nupekTuB IFu ENDIF (ctpo-
KU1 6-9 mocnenHero dparMeHTa), pearupyroniie Ha 3HaYeHIE JIOTUYECKOM TmepeMeHHOI
debug. Ilpu 3HaueHuu debug = 0 TpaHCISITOP MOJTHOCTHIO MPOUTHOPUPYET TEKCT BHYTPU
STHX YCIOBHBIX OMIEPaTOPHBIX CKOGOK; pu debug = 1, Ha060POT, GYLYT BHITIOTHEHBI BCe
NeUCTBUS, ONTMCAaHHBIC BHYTPY HUX.

AupexTtuesl IFDEF n IFNDEF

Cunrakcuc gupektu [FDEF u [FNDEF cnenyromimii:
IF (N)DEF CUMMBONUYECKOE_UMS
thparmeHT_nporpammsl_1

ELSE

PhparmeHT_nporpammbr_2
ENDIF

HaHHI)Ie JOUPEKTUBBI ITO3BOJIAIOT YIIPABJIATH TpaHCJ’[HHHCﬁ Cl)paFMeHTOB IIporpaMMbl
B 3aBUCUMOCTH OT TOIro, Oonpeaci€cHO UJIN HET B IPOrpaMMe HEKOTOPOEC CUMBOJINYCCKOEC
nMA. ’

Hupextua IFDEF npoBepsieT, onvcaHo WM HET B TpOrpaMMe CUMBOJIMYECKOE UM,
U €C/IM 3TO TaK, TO B OOBEKTHBI MOMAYJb MOMELIAETCsl MEePBbIii parMeHT mporpam-
Ml (parmeHT_nporpammbi_1). B MpoTUBHOM ciIydae TIpu HaaAWIWK IUPeKTUBBI ELSE
B 0OBEKTHBIN KOJ MTOMEIIAeTCsl BTOPOii pparMeHT MporpaMMbl ((pparMeHT_nporpam-
mbi_2). Eciu xe nupektuBbl ELSE HeT (M cUMBOJIMYECKOE MMSI B IIPOrpaMMe He OIu-
CcaHo), TO BcSl YacTh mporpammbl Mexay aupektTuBamu I[F u ENDIF urnopupyetcs
U B OOBEKTHBIN MOAYJIb HE BKIIOYAETCS. '

HetictBue IFNDEF o6patHo netictButo IFDEF. Ecau cuMBonmyeckoro uMeHU B MpPO-
rpaMMe HET, TO TpaHCAMpYeTcsl MepBblii parMeHT mporpammbl. Eciv oHO mpucyt-
cTByeT, To pu Hanuuuu ELSE TpaHcaupyeTcs Bropoit ¢hparmeHT nporpammel. Eciu
ELSE oTcyTcTBYyeT, a CMMBOJMYECKOE UMSI B TIpOrpaMMe OIpenesieHO, TO YacThb Ipo-
rpammbl, 3akimoueHHas mexay IFNDEF u ENDIF, urnopupyercs.

B kavecTBe TpmMepa pacCMOTPUM CHUTYalldio, KOTJa B OOBEKTHBI MOMIYJIb TIPOTpaM-
MBI TOJXEeH OBITh BKJIIOUCH OMWH M3 TpeX GparMeHTOB KOAa B 3aBUCUMOCTH OT 3HaUe-
HUS HEKOTOPOTro uaeHTuukatopaswitch:

ecnu switch = 0, To creHepupoBaTh HparMeHT 1S BBIYUCICHUS BhIpaXeHUs Y = X - 2"

ecam switch = 1, To creHepupoBaTh ()parMeHT Il BEIYUCIEHUS BHIPAXEHN y = X/ 2%
ecM uaeHTU(dUKaTop switch He ompemnesieH, TO HIYETO He TeHEPUPOBATh.

COOTBCTCTByIOH.[Hﬁ (l)pal"MeHT UCXOIHOM nporpaMMbl MOXKET BBITTIAOCTH TaK:

ifndef sw ;€CNN Sw He onpepeneHo, TO BbLIATUM M3 Makpoca
EXITM
else ;MHA4Ye - Ha BHUYUCIEHNEe

mov cl, 1

ife sw

sal x,cl ;ymHOoXeHWe Ha CTemeHb 2
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,CABUTOM BJIEBO

else
sar x,cl;OeneHne Ha cteneHb 2
, CABUIOM BMpaBoO
endif
endif

Kak Buaum, aTu AMpeKTUBBLIoTUYecKU cBsi3aHbl ¢ nupektuBamMu IFuIFE, To ectb ux
MOXHO IIPUMEHSITH B TeX 3Ke CAMBIX CTydasiX, YTO U ITociieqHre. ECTh ellle omHa nHTepec-
Hasl BOSMOXHOCTb MCITOJIb30BAHUS 3TUX TUPEKTUB. B TmaBe 6 MBI ob0cyxXmaiam (popmar
KoMaHAHO# ctpokt TASM 1 roBopwii 0 KitiodaX, KOTOphle MOXKHO B Heli 3anaBaTh. Jlaee
MIpUBEICH OIMH 13 HUX (CM. IpwioxkeHue B, http://www.piter.com/download):
/duma_unaenTudukatopa[=3Hauerune]

Hcmonp30oBaHme 3TOTO KIII0Ya 1aeT BO3MOXHOCTD YIIPaBJIATh 3HAUCHUEM UICHTH -
¢uKaropa mpsMo 13 KOMaHIHOM CTPOKH, He MEHSIS IIPHM 9TOM TeKCTa IIporpaMMbI. B ka-
YeCcTBe IMpUMepa pacCMOTPHUM JIMCTUHT 14.5. B 3TOM Kome MBI ITBITaeMCS C TIOMOIIIBIO
Makpoca KOHTPOJMPOBATh IPOIIECC PEe3ePBUPOBAHUS M WHHIIMATU3AIINN HEKOTOPOM
00J1acTH ITaMSITH B CETMEHTE JaHHBIX.

Jincturr 14.5. VHnumannsaums 3HaveHns naeHTudukaTtopa n3 KOMaHgHOM CTPOKK

;prg_l4_5.asm
masm
model small
stack 256
def_tab 50 macro ten
ifndef len
display "size_m He ompermerneHo, 3agmaiTe 3HavyeHue 10<size_m<50"
exitm
else
if len GE 50
GOTO exit
endif
if len LT 10
rexit
EXITM
endif
~rept len
do O
endm
endif
endm
;size_m=15
.data
def tab_50 size_m
.code
main:
mov ax,@data
mov ds,ax
exit:
mov ax,4c86h
int 21h
end main

3al'[y0TI/IB 9TOT IPUMEP Ha TPAHCJIALIMIO, BbI ITOJIYYUTC COO0IIIeHNE O TOM, 4TO 3a0BbI-
JIN OIIPE€AC/INTDb 3HAYCHHNEC HepeMeHHOfI size_m. I/ICHpaBI/ITL 9Ty O].HI/IGKy MOXHO OOHUM
13 IBYX CITOCODOB:
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ii B Hayaje MCXOAHOTrO TeKCTa MpOTrpaMMbl ONpeneanuTe 3HaUeHWE ITON MepeMeHHOM
¢ momo1ubo fncesnooneparoa EQU:
size_m equ 15
il 3amycTtuTe MporpaMMmy Ha TPaHCJSLMIO KOMaHIHOM CTpOKOU Buaa
tasm /dsize_m=15 /zi prg_13_2,.,
B nuctunre 14.5 Mbl KCIOJIB30BAIY €1I€ OHY BO3MOXHOCTb TPAHCSITOPA — JUPEK-
tuBy DISPLAY, ¢ moMo1ibio KOTOpoii MOXHO (POPMUPOBATh MOJIb30BATEILCKOE COOOIIIE-

HHUe B Ipoliecce TpaHcasguuu nporpammbl. Jupexktua DISPLAY Oymer paccmoTpeHa
B KOHIIE JaHHOM TJIaBHI.

AunpexTues! IFB u IFNB

Cunrakcuc nupektus IFB u IFNB cienyrommii:
IF(N)B apryMeHT
BparMeHT_nporpamms_1
ELSE
fparMeHT_nporpammsl_2
ENDIF ’

JaHHble OUPEKTHBBI MCMOJb3YIOTCS I MPOBEPKU (DaKTUUECKMX MapaMETpPOB, Iie-
penaBaemMbIX B Makpoc. I1pu BbI30BE MaKpOKOMaHbl OHM aHAJIU3UPYIOT 3HAYEHUE apry-
MEHTa U B 3aBUCUMOCTU OT TOTO, paBHO OHO MPOOETYy WIM HET, TPAHCIUPYETCs MO0
nepBblii hparMeHT nporpaMmel (pparmeHT_nporpammet_1), 1160 Bropoii (dparmeHT_npo-
rpammbl_2). Kakoil “MeHHO (pparMeHT GyaeT BhIOpaH, 3aBUCUT OT KOJA MPEKTUBLIL.

Jupexktuna IFB npoBepsieT paBeHCTBO apryMeHTa npobeny. B kauecTBe aprymeHTa
MOTYT BBICTYHaTh UMS WX ynciao. Ecim ero 3HaueHMe paBHO IIpobeny (To ecTh (pak-
THYECKHUI apryMEHT IIpY BBI30BE MaKPOKOMAaHIBI He OBLT 3aaH), TO TPAHCINPYETCS
U TIOMeIaeTcss B 00BbeKTHBIM MOIY/Ib TIEPBHIN (hparMeHT IpOorpaMMBbl. B IpoTuBHOM
ciydae npy Hanuuuu qupeKTuBbl ELSE B 00beKTHBINM KO ITOMeIIaeTcsl BTOpoii par-
MeHT rmporpaMmbl. Eciu xe nupektuBsl ELSE HeT, TO mpu paBeHCTBE aprymeHTa Impo-
OeJty BCst yacTh IIporpamMmbl Mexxay nupektuBamu IFB u ENDIF urHopupyetcs u B 00b-
eKTHBII MOIYJIb HE BKIIIOYACTCS.

HeiictBue IFNB o6partHo neiictBuio IFB. Ecniu 3HaueHue aprymeHTa B iporpaMme He
paBHO TIPOOEITy, TO TPAHCIUPYETCS MEePBHI (DparMeHT mporpaMMel. B mpoTuBHOM
cllyyae rpu Hannuuu aupeKTuBbl ELSE B 00beKTHBINM KO moMelaeTcst BTopoii ¢ppar-
MeHT nporpamMmbl. Ecnn xe nupextussl ELSE HeT, To Bcs yacTh mporpaMmbl (Iipu
HepaBeHCTBE apryMeHTa rpobeny) mexny aupekruBaMu IFNB u ENDIF urnopupyer-
Cs1 ¥ B OOBEKTHBIN MOIYJIb HEe BKIIIOYACTCSI.

TUNWMIHBIM IPUMEPOM IIPUMEHEHUS 3TUX IUPEKTHB SBIISIIOTCS CTPOKY B MAaKPOOTIpe-
NeJICHUH, TIPOBEPSIONINE, YKa3bIBACTCS JIM (DAKTMIECKUI apTyMeHT TP BBI30BE COOT-
BETCTBYIOIIEH MaKPOKOMAH/IHI:

show macro reg

ifb <reg>

display "ge 3amaH perucTp"
exitm

endif

endm
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Ecnu Teneps B cermeHTe Koaa BeizBaTh Makpoc SHOW 6e3 apryMeHTOB, TO OyaeT Bbl-
BEICHO COOOIICHNUE O TOM, UTO HE 3aaH PEeTUCTp, U TeHepaIus MaKpOpaC].HI/IpeHI/IH Tpe-
KpaTtutcs nupektunoii EXITM,

AvpekTussbl IFIDN, IFIDNI, IFDIF v IFDIFI

Hupextussl IFIDN, IFIDNI, IFDIF u IFDIFI mo3BoJIsIIOT HEe IPOCTO NIPOBEPUTH HATUYME WU
3HAaYCHUS apTYMEHTOB MaKpOKOMAaH/IbI, HO 1 BHITTOJTHUTD UASHTU(DUKAILINIO apTYMEHTOB
KaK CTPOK CMMBOJIOB. CHHTaKCHUC 3TUX TUPEKTHB:

IFIDN(I) aprymenT_l,apryment_2
dparmeHT_nporpammel_1

ELSE
dbparMeHT_fporpammbl_2
ENDIF
IFDIF(I) aprymenT_1,aprymenT_2

dhparmeHT_nporpammel_1
ELSE

HparMeHT_nporpammb__2
ENDIF

B 3Tux qupekTuBaxX IMpOBEPSIOTCS apryMeHT_1 M apryMeHT 2 KaK CTPOKHU CHMBOJIOB.
Kakoit umeHHo ko1 (thparmeHT_nporpammbl_1 i hparMedT_nporpammbl_2) 6yaeT TpaHc-
JINPOBAThCS IO Pe3ysIbTaTaM CPaBHEHMsI, 3aBHCUT OT KOma OMPEKTUBHL. Hammume aByx
Iap 3THUX ANPEKTUB OOBSCHSIETCS T€M, UYTO OHU ITIO3BOJISIOT YIMTHIBATH TUOO HE YIUTHI-
BaTh pa3jIMuKe CTPOYHBIX U nponucHbIX OyKB. Tak, nupekTusl IFIDNI u [FDIFI urnopu-
pyioT 310 paznuuue, a IFIDN u [FDIF — yuuThsiBaor.

HupextuBa [FIDN(I) cpaBHMBaeT CMMBOJIbHBIE 3HAYCHUS apryMmeHT_1 U aprymext_2.
Eciu pesynbrar cpaBHEHUST TOJOXUTEIBHBINA, TO TPAHCIUPYETCS U ITOMEIIAETCS
B 00BEKTHBIN MOIYJIb IIEPBHIN (hparMeHT IIPOrpaMMBbI. B MpoTUBHOM ciIydae IIpH Ha-
nuunu gupekTuBbl ELSE, B 00beKTHBIN KO MOMelaeTcsl BTOpoii (hparMeHT mporpam-
Mmbl. Ecim xe nupektuBbl ELSE HeT, TO Bcsl yacTh MporpaMMbl MeXAy IMPEKTUBAMU
IFIDN(I) u ENDIF urHopupyetcst 1 B 00BbEKTHBIA MOAY/Ib HE BKJIIOYAETCS.

HetictBue IFDIF(I) obpatho neiictBuio IFIDN(I). Ecniu pe3ynbrat cpaBHEHUSI OTpU-
LIaTeJIbHBIA (CTPOKM HE COBIIANAIOT), TPAHCIMPYETCS TepBBI (parMeHT IIporpam-
MBI. B IIpoTUBHOM cilydae Bce IPOMCXOIUT aHAJIOTUIHO PACCMOTPEHHBIM paHee TH-
PEKTHBaM.

Kax MBI yXe ymoMHHaIN paHee, 3TU JUPEKTUBHI YIOOHO IIPUMEHSTH IJIS IIPOBEPKH
(akTHUecKMX apryMeHTOB MaKpoKoMaHI. K mpruMepy, IpoBepyrM, KaKOM 13 peTUCTPOB —
alumu ah — mepemaH B MakpocC B KauecTBe mapaMeTpa (IIpoBepKa IPOBOIUTCS Oe3 yueTa
Pa3IMYNS CTPOYHBIX M IIPOIICHBIX OYKB):

show macro rg
ifdifi <al»,<rg>
goto M_al

else

ifdifi <ah>,<rg>
goto M_ah

else

exitm

endif

endif

tMal
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:M_ah
endm
BnoXxeHHOCTb ANPEKTUB YCIOBHOU TPAHCASLUN

Kak MbI HEOTHOKpaTHO BUJIEIU B IPUBEACHHBIX paHee IpuMepax, TpaHcaaTop T ASM
JIOITYCKaeT BIOXEHHOCTh YCJIOBHBIX TUPEKTUB KOMITMISALIMK. boee Toro, Tak Kak BJj1o-
SKEHHOCTb TpebyeTcst TOBOIbHO YacTo, TASM nipenocTaBiiseT HAaGop JOTTOTHUTETbHBIX
nupekTuB popmaTa ELSEIFxxx, KoTOpbIe 3aMEHSIOT MOCIEA0BATEbHOCTD UAYIIUX O -
pan nupekTuB ELSE 1 IFxxx B cTpyKType

IFxxx

ELSE
IFxxx

ENDIF
ENDIF

DTy IOCIeN0BaTeIbHOCTh YCIOBHBIX IUPEKTUB MOXHO 3aMEHUTh 3KBUBAJICHTHOM
MOCJIeI0BATEIbHOCTBIO TOTIOJTHUTEIBHBIX TUPEKTUB
[Fxxx

" ELSEIFxxx

ENDIF

CumMmBobl xxx B ELSExxx roBopsiT 0 ToM, uro Kaxnas u3 nupektuB — IF, IFB, [FIDN
u T. 1. — uMeeT coorBeTcTBYIoNyIo nupekTnBy ELSEIF, ELSEIFB, ELSEIFIDN u 1. 1. B Ko0-
HEYHOM HTOTE 3TO YIydllaeT YMTabebHOCTh Kofa. B mocnenHem mpumepe (pparmeHra
Makpoca, IIPOBEPSIOIIeM, MMSI KaKOT0 PerncTpa ObIIO IMepenaHo B MaKpocC, HaOJIIomaeT-
cs momobHas cutyauud. ITocnmenoBarensHoctn ELSE m IFDIFI MmoxHO 3ammcarh Tak, Kak
B CTpOKe 4:

<1> showmacro rg

<2> ifdifi <al>,<rg>
<3> goto M_al

<d> else 1fdifi <ah>,<rg>
<S> goto M_ah

<6> else

<7> exitm

<8> endif

<9> :M_al

<18> e

<11>» :M_ah

<12» e

<13> endm

OVpeKkTnBbl reHepaumm oLIMOOK

B s3pike TASM ecTh psim OIUPEKTUB, HA3bIBAEMBIX QUPEKMUBAMU eeHepauuu Nolb3o6a-
menvckoll owubku. VIX MOXXHO paccMaTpuBaTh M KakK CaMOCTOSITEJIbHOE CPEACTBO, M KaK
METO/I, PACIIMPSIOIINI BOZMOXHOCTA TUPEKTUB YCIOBHOM KoMy, OHU IipenHa-
3HAYEHBI UISI OOHAPYKEHUS pa3IMYHbIX OIIMOOK B IIpOrpaMme, TaKMX KaK HeoIpene-
JIEHHBIE METKM WM IIPOITyCK IapaMeTpoB Makpoca. JMpeKTuBbI TeHepauy MoIbh30Ba-
TEJIBCKOM OIIMOKM IO MIPUHITUITY PAa0OTHl MOXKHO pa3NeInuTh Ha ABa TUIIA:

S 6e3ycloBHBIE TMPEKTUBBLI TEHEPUPYIOT OIMMOKY TPaHCISIMK O3 TIPOBEPKU KaKMX-
JINOO YCIIOBUIA;
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it yCIOBHBIE JUPEKTUBBI TEHEPUPYIOT OLIMOKY TPAHC/SILIMK MOC/Ie IIPOBEPKU OIpeie-
JICHHBIX YCJIOBUIA.

BOJILIIMHCTBO IUPEKTUB TEHEPALMU OLIMOOK MMEET IBa 0G03HAYEHHUS, XOTS MPUH-
LM KX paboThl OAMHAKOB. BTOpoe Ha3BaHME OTpaxkaeT UX CXOACTBO C AMPEKTUBAMU
YCJIOBHOM KoMnuasauuu. [Ipu manbHeinieM oOCYyXIeHUU TaKue IMapHble TUPEKTUBBI
OyayT MPUBOAUTHLCS B CKOOKax. *

BenyCloBHaA reHepals Iolb30BaTEeIbCKOM OO K

K nupexTrBam Ge3ycnoBHOU reHepaluy MOoNb30BaTebCKOM OIMMOKA OTHOCUTCS TOJb-
Ko onHa nupektuBa ERR (.ERR).

JlaHHast TUpeKTUBa, Oyay4YM BCTaBIEHA B TEKCT MPOrPaMMBbl, OE3YCIOBHO MPUBOIUT
K FeHepalvy OIIMOKY Ha 3Tarie TPaHCIALMK U YAATEHUI0 00bEKTHOTO MOAyJisi. OHa OYeHb
TMoJIe3Ha MPY UCTIONb30BaHUY C TMPEKTUBAMU YCJIOBHOM KOMITWISIIUY W TIPU BKITIOYE-
HUY B TEJI0 MAKPOKOMAHIBI C TIENIbI0 OTIanKku. K mpumepy, aTy TMpeKTUBY MOXHO OBLITO
Obl BCTABUTH B TY BETBb MIPOrPaAMMBI (B MOCJIEIHEM PACCMOTPEHHOM HaMU MakpooIpe-
JIENIEHUH ), KOTOpasi BBITIONHSIETCS, €CIIM yKa3aHHBIN B KaYeCTBE apIyMEHTa PETHCTP OT-
audeH ot al u ah:

show macro rg

1fdifi  <al>,<rg>
goto M_al

else

1fdifi  <ah>,<rg>
goto M_ah

else

LErr

endif

endif

endm

Ecmu mocie orpemeieHHOro TakMM O0pa3oM MaKpOOIpeleJIeHUs B CeIMEHTe Koa
BBbI3BaTb MaKPOKOMaHAy show ¢ (haKTUYeCKUM MapaMeTpoM, OTIIMYHBIM OT MMEH PEeruc-
TpoB ah wmiu al, OymeT creHepupoBaHa olIMOKa KoMnuisiuu (¢ TekctoM «User error),
caM IIpoLEecC KOMIMJISILIMU TpeKpallleH M, eCTeCTBEHHO, OOBbEKTHBI MOMIYJb CO3MaH HE
Oyner.

OcrajibHble TUPEKTUBBI SIBIISIOTCSI YCAOGHbIMU, TAK KaK MX IOBEICHME ONPEICISIOT
HEKOTOPbIC YCIOBUS.

YcnoBHas reHepauus NoJsib30BaTesIbCKOM OLUMOKMN

HaGop ycioBuii, Ha KOTOpbIE pearupyloT IUPEKTUBbI YCIOBHOW TeHepally 0JIb30Ba-
TEJIbCKOM OLIMOKHM, TAKOM XK€, KaK U Y AUPEKTUB YCIOBHOM KoMnuasauuu. [loatomy u Ko-
JIMYECTBO 3THUX TUPEKTUB Takoe Xe. [IpMHLUI X pabOThI SICEH, MTO3TOMY paccMaTpu-
BaTh UX MBI OyleM OYeHb KPaTKO. 3aMETUM TOJIbKO, YTO UCIOJIb30BaTh OONBIINHCTBO
JIUPEKTUB YCIOBHOW reHepaluu TMOJIb30BaTEIbCKOM OIIMOKM, KaK U OUPEKTUB YCIIOB-
HOI KOMITUJISILIVI, MOXHO ¥ B MAKPOOTIPEAEIEHUSIX, U B IIOOBIX MECTaX MTPOrpaMMBbl.

Dupextues .ERRB (ERRIFB) n .ERRNB (ERRIFNB)

CunTtakcuc gupektus .ERRB (ERRIFB) n .ERRNB (ERRIFNB):

.ERRB (ERRIFB) <ums_topManbHOro_aprymMeHTa>
.ERRNB (ERRIFNB) <umsa_gopManeHoro_aprymeHTa>
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Hupextuba .ERRB (ERRIFB) BbI3bIBacT reHepalnio nojab30BaTENIbCKOM OIIMOKH, €CIIU
(hopmasnbHBIN apryMEHT C UMEHEM <MMA_OpManbHOro_aprymeHTa> MporyiieH.

» Hupextua .ERRNB (ERRIFNB) BbI3bIBaeT reHepaltuio rmojab30BaTeIbCKOMN OITMOKY, €CTH
(bopMaibHBII apI'yMEHT ¢ UMEHEM <UMSA_(DOPMaNbHOMO_apryMeHTa> IpUCYTCTBYET.

JlaHHbIE TUPEKTUBBI IPUMEHSIOTCS IS TeHEpaIluy OIITMOKY TPAHCISIIIUY B 3aBUCH -
MOCTHU OT TOTO, 3aJaH WJW HET IIPU BBI30BE MaKpPOKOMAaHAbI (haKTUUECKUIl apryMeHT,
COOTBETCTBYIOIINI (hOPMATbHOMY apryMEHTY B 3aroJIOBKE MaKpOOIpeneIeHUs C MMe-
HeM <UMA_(opManbHoro_aprymenTta>. [To npuMHLMUNY A€iICTBUS 3TH JUPEKTUBLI OJTHOCTBIO
aHAJIOTMYHBI COOTBETCTBYIOIIMM AMpeKTUBaM ycioBHoi komnuiasuuu IFB u IFNB. Hx
O0OBIYHO MCIIOJIB3YIOT [UISI TIPOBEPKM 3alaHMsI MapaMeTpoB IpM BbI30Be Makpoca. Crpo-
Ka, SBJISIONIasics UMeHeM (hopMaJIbHOTO apryMeHTa, JO0JIKHA ObITh 3aK/TI0UeHa B YIJIOBBIC
CKOOKH.

K npumepy, onpeaenum o053aTeIbHOCTD 3aAaHUs HaKTUYECKOTO apryMeHTa, COOT-
BETCTBYIOIIETO (pOpMaJIbHOMY apTyMEHTYy Ig, B MaKpoce show:

<1> showmacro rg

<2> ;ecmm rg B MakpOKOMaHIe He OymeT 3amaH,
<3> ;TO 3aBEPUUTHL KOMIUISIND

<4> .errb  <rg»> :

<5> ; TEKCT MaKpOOIpPENENEHNs

<b> NN

<> endm

IOupekTuesl .ERRDEF (ERRIFDEF) n .ERRNDEF (ERRIFNDEF)

CunTakcuc ampexTtus .ERRDEF (ERRIFDEF) n .ERRNDEF (ERRIFNDEF):

.ERRDEF (ERRIFDEF) CHUMBOIMYECKOE_NMSI
.ERRNDEF (ERRIFNDEF) CUMBONIUYECKOE_WMS

n upexktusa .ERRDEF (ERRIFDEF) reHepupyeT Mojib30BaTeIbCKYIO OIIMOKY, €C/IM yKa-
3aHHOE CHMBOJIMYECKOE MM OMPENEIEHO 0 BBIIAYM 3TOM IUPEKTUBBI B IIPOrpaMMe.

Hupektusa .ERRNDEF (ERRIFNDEF) reHepupyer 1mojib30BaTeIbCKYIO OLIMOKY, €CIn
yKa3aHHOE CHMBOJIMYECKOE MMSI HE OIPENeSIeHO IO MOMEHTa 0OpabOTKU TPaHC/ISATO-
POM B5TOM TUPEKTUBHI.

JlaHHBIe TUPEKTUBBI TEHEPUPYIOT OIIMOKY TPAHCISIIIMM B 3aBUCIMOCTU OT TOTO, OIIpe-
JeJICHO WJIM HET HEKOTOpOe CHMBOJIMYECKoe uMs B mporpamme. He 3a0niBaiiTe 0 TOM,
yTo KoMnujsgtop TASM no ymonyaHnuio popmMupyetr 00beKTHBIN MOIYJb 32 ONUH MPO-
X0 MCXOJHOTo TeKcTa mporpammbl. CiemoBarenbHo, nupekTuBbl .ERRDEF (ERRIFDEF)
u .ERRNDEF (ERRIFNDEF) oTcexuBaloT pakT onpeaeseH1s: CMUMBOJIMYECKOTO UMEHU TOJIb-
KO B TOM YaCTH MCXOJTHOIO TeKCTa, KOTOPasi HAXOIUTCS A0 STUX TUPEKTUB.

AvpekTussl .ERRDIF (ERRIFDIF) n .ERRIDN (ERRIFIDN)

Cuntakcuc ampektms .ERRDIF (ERRIFDIF) n .ERRIDN (ERRIFIDN):

.ERRDIF (ERRIFDIF) <crtpoka_l>,<cTpoka_2>
.ERRIDN (ERRIFIDN) <cTpoka_1>,<cTpoka_2>

Hupextua .ERRDIF (ERRIFDIF) reHepupyeT mojb30BaTelbCKylo OIMOKY, €Cu IBE
CTPOKM IMMOCUMBOJIBHO He coBMagaloT. CTPOKU MOTYT OBITh CUMBOJIMYECKUMU UME-
HaMHM, YUCJIaMU WM BBIPAXKEHUSIMHU U JOJIKHBI OBITh 3aKTIOUYEHBI B YIJIOBBIE CKOOKH.
AHaJI0rMYHO AUpEeKTUBE ycaoBHOM koMnuisuuu IFDIF, npu cpaBHeHUU yYUThHIBACT-
Cs pa3Inyue MPOMUCHBIX U CTPOYHBIX OYKB.
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x Jupextusa .ERRIDN (ERRIFIDN) reHepupyeT nojib30BaTeNbCKylo OLIUOKY, €CIIU CTPO-
KU TOCUMBOJIBHO MAECHTHYHBI. CTpPOYHBIE W MPOMUCHBIE OYKBBI BOCIIPUHUMAIOTCS
Kak pa3Hble.

J11st TOro YTOOBI ITHOPUPOBATh PA3INYUS CTPOUHBIX M TPOITMCHBIX OYKB, CYILECTBY-
10T aHAJIOTUYHbIE TUPEKTUBHI:

ERRIFDIFI <cTtpoxa_1>,<cTpoka_2>
ERRIFIDNI <cTpoxa_1>,<cTpoKa_2>

s Hupextuba ERRIFDIFI anamornyna nupextuse ERRIFDIF, Ho nrHOpHpYyeTCcd pasnnune
CTPOYHBIX U MPONMCHBIX OYKB IPU CpaBHEHUU CTPoK <cTpoka 1> um <cTpoka 2>.

9 upextuBa ERRIFIDNI ananormuna mupextuBe ERRIFIDN, Ho urHopupyercs pasiu-
Yhe CTPOYHBIX U MPOMMCHBIX OYKB IMPU CPABHEHUU CTPOK <CTPOKa_1> U <CTpoKa_2>.

JlaHHBIE UPEKTUBBI, KaK U COOTBETCTBYIOIINE UM TUPEKTUBBI YCIOBHOM KOMITUISILIUY,
yIOOHO MPUMEHSITh TS TIPOBEPKM TepeaaBacMbIX B MAKpPOC (haKTUYECKUX TTapaMeTpPOB.

IOvpektnes .ERRE (ERRIFE) n .ERRNZ (ERRIF)

CunTakcuc gupektus .ERRE (ERRIFE) n .ERRNZ (ERRIF):

.ERRE (ERRIFE) koHCTaHTHOe_BbipaxeHue
.ERRNZ (ERRIF) koHCTaHTHOe_BsipaxeHue

B HupekTtuna .ERRE (ERRIFE) BBI3BIBacT IOIB30BaTEILCKYIO OIIMOKY, €CJIM KOHCTAHT-
HOE BBIpakeHHeE JIOXKHO (paBHO HYII0). BhluMciieHne KOHCTAHTHOTO BhIPAXKEHUST TOJ-
>KHO TIPUBOAMTH K a0CONIOTHOMY 3HAYEHU IO, M 3TO BEIPAXXEHUE HE MOXKET COIePKaTh
CCBIJIOK BIIEpel.

Hupextuna .ERRNZ(ERRIF) BeI3bIBaeT MOIH30BATEIbCKYIO OIIMOKY, €CIM KOHCTAHT-
HOE BhIpaXXeHUEe UCTUHHO (HEe PaBHO HYJII0). BrlunicieHie KOHCTAHTHOTO BhIpaXke-
HUSI TOJKHO TPUBOIUTH K a0COTIOTHOMY 3HAUECHUIO ¥ HE MOXKET COIePXKaTh CCHUIOK
BIIEpE/I.

KoHcTaHTHbIe Bbipa>XXeHUd B YCJIOBHbIX AUPEKTUBax

Kaxk BHI ycrienn 3aMeTHTh, BO MHOTHX YCJIOBHEIX IUPEKTUBAaX B GOPMUPOBAHNUH YCIIO-
BUSI YJACTBYIOT BBIpaXXeHMS. Pe3yiabTaT BEIYMCICHUS 3TOTO BBIpaXXEHUS 00S13aTeIbHO
JIOJDKEH OBITh KOHCTAHTOM. XOTS €ro KOMITOHEHTaMW MOTYT OBITh M CHMBOJMYECKHE
ImapaMeTphl, HO WX CoYeTaHWe B BBIPAXKECHWM JOJKHO JaBaThb aOCONIOTHBIN pe3yJbTar.
Kmpumepy,
.data
mas db
len dd
.&ode
.erre  (len-mas) 1t 10 ;resepauus owunbKN, €cCnu AnnHa

;00nactv mas MeHbwe 10 6anT

Kpome Toro, KOHCTaHTHOE BbIpakeHHE He JOJKHO COAEPKAaTh KOMITOHEHTBI, KOTO-
pble TPAHCISITOP ellle He 00paboTal K TOMY MECTY MpOTpPaMMBbI, Ti¢ HAXOAMTCS YCJIOB-
Has qupekTuBa. Takke MbI OTMETHIIN, YTO JIOTUIECKHE PE3YIbTAThl «MCTUHA» U «JI0XKb»
SIBJISIIOTCS YCJIOBHBIMU B TOM CMBICIIE, YTO HOJIb COOTBETCTBYET JIOTMUECKOMY pe3yJIbTa-
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Ty «J0XBb», a JII000e HeHyJIeBoe 3HaUeHNe — «UCTUHe». OOHAKO B SI3bIKe acceMbiepa
CYIIECTBYIOT OIIEpaTOPhl, KOTOPHBIE ITO3BOJISIIOT C(POPMUPOBATH U «IUCTO JTIOTHIECKUIN»
pe3yabTaT. DTO TaK Ha3bIBaeMbIe OIlepaTOPhl OTHOIIESHMI, BEIpaXKalolre OTHOIIIEHNE
IIBYX 3HAYeHU WA KOHCTAHTHBIX BhIpaxkeHUI. B KOHTEKCTe YCIIOBHBIX TMPEKTUB BME-
CTe ¢ OTepaTopaMy OTHOLIEHWH MOKHO PACCMATPUBATh M JIOTHIECKIE OMEPATOPBI.

Pe3yJ'[I)TaTOM pa6OTLI TEX U APYIUX MOXKET OBITh OOHO U3 ABYX 3HA4YECHUM:

# pcrmHa — YUCJIO0, KOTOPOEC COACPKUT ABOUYHBIC CAVMHHNIIBI BO BCEX paspdaax;

# JTOXb — YUCJI0, KOTOPOC COACPKUT IBOUYHBIC HYJIM BO BCEX pa3psaax.

OmnepaTtopbl, KOTOPbIE MOXKHO ITPUMEHSITH B BBIPAXKEHUSIX YCJIOBHBIX TUPEKTHUB U KO-
TOpble (POPMUPYIOT JIOTUYECKUE PE3YJILTAThI, IPUBEAEHBI B Tabn. 14.1 u 14.2.

Tabnuua 14.1. Onepatopbl OTHOLLEHWI

OrnepaTop OTHOIIIEHUS

CuHTaKcuc

Pesynbrar

EQ (equal) — paBHO

Boipaxkenne_1 EQ

BRIpakeHue_2

WcTtuna, ecnu Bbipaskedue_1
paBHO BeIpaXkeHHe 2

NE (not equal) — He paBHO

Boipaxenue 1 NE
BhIpaXeHye 2

Wctuna, ecmu BuipaxeHue_1
He paBHO BbIpaxkeHue 2

LT (less than) — meHblIIe

Boipakenne_1 LT
BblpaxkeHHe_2

WcTuHa, ecnu Bbipaxkenue_1
MEHbIIIE BRIpaXkeHne 2

LE (less or equal) —
MEHbIIIE UJTK PAaBHO

BbipaxkeHue_1 LE
BhIpaXkeHUe 2

WctrHa, ecnu Bbipaykenre_1 MeHble
WK PaBHO BbIpaXeHue 2

GT (greater than) -
0oJiblIe

Beipaxenue_1 GT
BblpakeHHe_2

WUctuna, ecim Bbipaxenne_1
Oosblue BbipakeHue 2

GE (greater orequal) —
00Jblle WIX PABHO

Boipaxenue_1 GE
BbIpaKeHHe 2

WctuHa, ecnu Beipaxkenne_1 Gosbiie
WJIM PaBHO BbipaxkeHHe_2

Tabnmua 14.2.Jlornyeckure oneparopsl

Jlornueckuii omeparop

CHHTaKcuc

Pesynbrar

NOT — nornueckoe
OTpULIAHUE

NOT BbIpaxeHue

MCTHH&, €CJIN BBIPA’KCHUE JIOXKHO;
JIOXb, €CJTU BBIpAXXKEHKE UCTUHHO

AND — noruueckoe

BbipaxkeHHe_1 AND

BeIpaxketne 2

Wcrtuna, ecnu Boipaxenue_1
Y BbipaXKeHUe 2 UCTUHHBI

OR — normyeckoe UJIU

Buipaxkenue_1 OR
BhIpaxkeHue 2

HWcrtuHa, ecnmu BeIpaxkenve_1
WY BBIpAXXeHUE 2 UCTUHHBI

XOR — uckiovaroniee
NN

BoipaxkeHne_1 XOR

BbIpakeHue_2

Wctuna, ecnv BeipaxkeHre_1 paBHO
JIOTUYECKOMY OTpHUIIAHUIO
BhIpaKEHUA_2

AdononHutesnbHble CpeacTea
ynpaesieHUs TpaHcnsaumen
T ASM nipenocTasiisieT CpeAcTBa JIJisl BbIBOJA TEKCTOBOIO COODILIEHMSI BO BpeMsI TPaHC-

JISTAY IPOTpaMMbl — nupeKTUBbI DISPLAY 1 %0UT. C nx moMoLIbo MOXHO ITPY HEOOXO-
MUMOCTHU CJIEIUTh 3a Xo0a0oM TpaHcasinuu. K mpumepy,
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display HeaonyCcTumMble apryMmeHTbl MakKpOKOMaHbl

%6bt HeJonycTUMOE UMS perucrtpa

B pesynbTate 00pabOTKM 3THX AUPEKTUB HA 3KPaH (CTAHAAPTHBIA BBIXOA) OyAyT
BBIBEJICHBI TEKCThI cOOOUIeHUIA. Eciii 3TM MUPEKTUBBI UCMOJb30BaTh COBMECTHO C IU-
PEKTUBAMU YCJIOBHOW KOMMOWISIIUU, TO, K MPUMEPY, MOXHO OTCIEXUBATh MyTh, MO KO-
TOPOMY OCYINECTBJISIETCS TPAHCSLIUS UCXOJHOTO TEKCTa MPOTPaMMBI.

MoXHO TpPenoXUTh YUTATEII0 YXKe C 3TOr0 MOMEHTa HayaTh (popMUpoBaTh HAOOP
TOJIE3HBIX B €r0 MPAaKTUYECKOI paboTe MaKpOKOMaH. B KauecTBe OCHOBBI BBl MOXETE
B34Tb (pails mac.inc, KOTOPbIt HAXOAUTCS B KaTajore TaHHOW IJIaBbl cpeau (haidaoB, Mpu-
JlaraeMblX K KHHTe!. B manbHeiieM, eciii B 3TOM BO3HUKHET HEOOXOIUMOCTb, Bbl Oy/e-
T€ CaMOCTOSITEIBHO TOTIOJIHSTH €r0 BallUMU MakpocaMy. Mcroap30BaTh Makpoomnpee-
JIEHUs U3 3TOro (paiiia o4eHb MPOCTO: TOCTATOYHO BKJIIOUUTH B HYXXHOM MECTE Ballleid
MPOrpaMMBbI CTPOKY € JUPEKTUBOH include, B pe3ynbraTe B Balll (hailyl OyayT BCTaBIECHBI
CTpoKHU U3 ¢aiiia, yKa3aHHOTO B KaUeCTBE OMepaH/Ia 3TOi JUPEKTUBBI.

OcHOBHa4 3aJaya 3TOil KHUTU — HAYyYUTh BaC MPOrpaMMUPOBATH HA SI3bIKE acCeMO-

" nepa. Kak BBI yXXe yCIIeNu MOHATh, Heb3S M3y4aTh 3TOT A3bIK B OTPLIBE OT PACCMOTpE-
HUS MPOLECCOB, MPOUCXOJSIIUX BO BPEMS BBITIOJIHEHUSI MPOrPaMMbl HA KOMIIBIOTEPE.
OnHO U3 CPencTB U3YYEHMs TaKMX MPOLEeccoB — omIamuuk. OIHAKO OH pelIaeT npobJe-
My [JIOOAJTIbHO, YTO HYXHO JajleKo He Bceraa. TeM Oojiee, KaKk Mbl YBUAUM Aajiee, 4TO
BO3MOXHOCTU OTJaJAuMKa He Oe3rpaHuyHbl. [1l03TOMYy HEOOXOAMMO MMETH OoJiee YHU-
BEPCAIIbHOE CPEACTBO, KOTOPOE MO3BOJIAJIO Obl «IMOMIJISABIBATE» 332 COAEPXKUMBIM PETU-
CTpa Ux 00JIaCTU MaMSTU JUHAMUYECKU, BO BpEMs BBITTOJHEHUS TporpaMMsl. JIjist 3T0-
ro paspaboTaeM elle OIWH Makpoc M Ha3oBeM ero, K mpumepy, show. Ero aprymeHToM
MOXKeT ObITh OMH M3 YeThipex perucTpoB — AL, AH, AX, EAX. C moMolbIo 3Toro Makpoca
MOXXHO BU3YJIU3UPOBATH COAEPKUMOE JIOOOTO U3 JOCTYIHBIX PETUCTPOB WU O0JacTh
MaMATU JJIMHON 10 32 6uToB. 1Sl 3TOr0 AOCTATOYHO JUIIb MEPeciaTh CONEPKUMOE HYX-
HOTO 00BbEKTa (perucTpa Win SYeKy maMsTH) C YIETOM €ro pa3Mepa B OAVH U3 PETUCT-
poB AL, AH, AX, EAX. M5 0mHOro U3 3TUX PETUCTPOB YKA3bIBAE€TCS 3aTEM B Ka4eCTBE
(akTyeckoro apryMmeHTa MakpokomaHasl show. BTopoil aprymMeHT 3TOro makpoca —
MO3ULMsSI Ha 9KpaHe. 3anaBasi ONpPe/e/IeHHbIE 3HAYCHMSI, Ml MOXEM CYIUTb O TOM, Ka-
Kasi IMEHHO MakpokoMaHna show cpaborana. Emnie oqHa HemasioBaXKHasi OCOOEHHOCTb
JAHHOTO MaKpoca — B €r0 BO3MOXHOCTU paboTaTh KaK B PeaJIbHOM, TaK U B 3allUIIEH-
HOM pexumax. PacrozHaBaHue TEKYILETO peXuMa paboTbl MPOLECCOPA BLIMOIHAETCS
apToMaThyecku. TekcT MakpoomnpeneneHuss show TOBOJBHO BEIUK U MO 3TOH MpUYUHE
HAXOJUTCSI CPeNy MpUIaraeMblx K KHUTe (aiijioB B KaTajore AaHHOM riaBbl. [Ipumep
WCTIOJIb30BaHMSI 3TOTO MaKpoca MPUBEICH B TUCTUHTE 14.6.

Jinctunur 14.6. lNpymep 1MCNonbL30BaHMA Makpoca show
;prg_14_6.asm
SM

MA

MODEL small
STACK 256
.486p

Include show.inc
.data

! Bce mpuitaraembie K KHUTE (hailjibl MOXHO HaliTH 1o anpecy http://www.piter.com/download. —
IIpumey. peo.



OvpexTviBbl ynpasneHus daiinom amctmira 321

pole dd 3cdf436fh

.code

main:
mov ax,@data
mov ds, ax
Xor ax,ax
mov ax,1f0fh
show al,0
show ah, 160
show ax,320
mov eax,pole
show eax,480
exit:
mov ax,4¢e6h
int 21h

end main

[TocBATHTE BpeMsT paCCMOTPEHMIO 3TOIO MaKpoca IOJIE3HO ellle ¥ ITOTOMY, YTO IIpU
ero pa3paboTKe OBLIO MCIIOJB30BAHO OOIBIIMHCTBO CPEACTB, OOCYXKIABIIUXCS B 3TOM
IJIaBe.

OvpekTuBbl ynpaesneHua oansiom IMCTUHra

AcceMOJiep MpenocTaBiseT psii IUPEKTUB IJIsT YIIPaBICHUS CONCPXUMBIM (haiijia JIuc-
TuHra. /lanee npuBeneHa Ux oblasi XxapaKTepUCTHUKA.

Obuue dupekmugol ynpasaeHus AUCMuHeoM TIPYU3BaHbI YIPaBJsSITh BUIOM ¢haiina au-
cTUHTaA. Bee MUPEKTUBHI SIBIISIOTCS MTAPHBIMU, 3TO 03HAYAET, YTO €CJIM OIHA TUPECKTHBA
YTO-TO pa3pellacT, TO Apyrasi, HA00OPOT, 3aIpelnacT.

B upektusbl %LIST u %NOLIST (.LIST u .XLIST) ompemensiioT HeoOXOMMMOCTh BBIBOIA B
(baiin TMCTUHIA BCEX CTPOK MCXOMHOIO Kojaa (1o yMoa4aHuo). s 3arpera BIBOAA
B (haill JIMCTUHIA BCEX CTPOK MCXOMHOIO KOJa HEOOXOMMMO MCIIONb30BATh JUPEKTH-
BbI XLIST unu %NOLIST. B TekcTe mporpaMMbl X MOXHO IPUMEHSTH IPOU3BOJIbHOE
KOJIMYECTBO pa3, MPU 3TOM O4epelHas AMPEKTHBAa OTMEHsET JeiCTBUE TpeablayIeii.

HupexTuBsl %CTLS 1 %NOCTLS yripaBisiroT BEIBOAOM B (Daiiyl TMCTUHTA CAMMX TUPEK-
TUB YIPABJIEHUS JUCTUHIOM, B TO BpeMs KakK AupekTuBbl %LIST u %NOLIST (.LIST
u XLIST) BIUSIIOT Ha TTOJHOTY NIPEJCTABICHUS] KCXOJHOTO KOJIa B LIEJIOM.

Jupexktunsl %SYMS u %NOSYMS onpenensior skimouenne (%SYMS) win He Brimoue-
Hue (%NOSYMS) tabnuiibl upeHTUGUKATOPOB B (haiilsl IMCTUHTA.

Hupexmuewt evieoda mexcma exaouaemvix gaiinoe %INCL u %NOINCL peryaupyior
BKJIIOUeHUEe B (paiin JUCTUMHIa TeKcTa BKIouaeMbix (daitnoB (mo nupektre INCLUDE).
ITo ymon4aHMIO BKIIIOYaecMble (paiijIbl 3alUCHIBAIOTCS B (haiil IMCTUHTA. JMpeKTUBa
%NOINCL 3amperacT BeIBOI B (hbail)l JIMCTUHTA BCEX ITOCIEHYIONINX BKIIIOYAeMBIX (haii-
JIOB, TIOKA BBIBOJL CHOBA He OyIeT paspelieH 1upekTuBoil %INCL.

Jupexmuesl 6b1600a 010K08 YCA08HO2O0 aACCEMOAUPOBAHUS PETYIUPYIOT BKIIOUYEHUE
6JIOKOB YCIIOBHOI KOMIWJISIIMY B TIUCTUHT IIPOTPAMMEL.

HupexTtuBa %CONDS (.LFCOND) 3actaBiisier accemOyiep BbIBOAUTH B (haidsl IUCTUHTA
BCe oIepaTopbl YCAOBHBIX 0JIOKOB (B TOM uuciie ¢ yciaoBueM false). JlupexkTuBa
%NOCONDS (.SFCONDS) 3ampewiaer BbIBOA B (haiin JuCTUHTa OJ0KOB YCIOBHOIO ac-
ceMOJIMpoBaHuUs ¢ ycioBueM false. '

11 3ak. 256
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Hupextua .TFCOND nepexiodaer pexuMbl BoiBona %CONDS (.LFCOND) u %NOCONDS
(.SFCONDS). BTy nMpeKTUBY MOXHO KCIIOJIb30BaTh KaK OTAEIbHO, TAK U COBMECTHO
¢ nupektuBaMu .LFCOND u .SFCONDS. Tlepsas nupektusa .TFCOND, koropyio o6Hapy-
xuBaeT TASM, paspeniaer BbIBOA B (aiil JIMCTUHTA BCEX OJIOKOB YCIOBHOTO acceM-
onupoBanus. Crenyromas aupektusa .TFCOND 3anperut BoiBog aTux 6;10K0B. C 11-
pexktuBoit .TFCOND MOXHO MCITOJb30BaTh KJIIOY /X KOMaHIHOMN CTPOKHU TpaHCAITOpa
TASM — B aTOM ciy4yae 6JJOKM YCIOBHOTO acCceMOJIMpOBaHUS OyayT CHavajla BhIBO-
JIUThCS B (bailyl TUCTUHTA, HO MepBas xe nupektuBa .TFCOND 3anpeTut ux BeIBOZ,.

Jupexmuebt 6b1600a Makpopacuiuperuii, KaK SBCTByeT M3 Ha3BaHUs, YIIPABJISIOT BbI-

BOIOM MaKpOpacIIupeHMIA:

it

HupekrtuBa %MACS (.LALL) paspemaer BbiBox B (aitn TUCTMHTa BCeX MaKpopaciu-
pECHUIA.

HupexktuBa %NOMACS (.SALL) 3anpeiaer BbIBOI Bcex OMepaTopoB Makpopacliinpe-
HMS B (aill TUCTHHTA.

B tpanciatope MASM MOXHO MCITOJB30BaTh 1UpekTUBY .XALL, mo3BosIomyIO BBI-
BOIUTH B JIUCTUHT TOJIBKO T€ MAKPOPACIINPEHHUSI, KOTOPbIE TeHEPUPYIOT KO MY JaH-
HHIE.

NTorm
9

IIpenmyimecTBa s13bIKa acceMOiepa CBsI3aHbl, B YaCTHOCTH, ¢ MaKpocpeacTBamu. Kak
TOBOPSIT, €CJIU OBl MAaKPOCPEACTB B HEM He OBLIO, TO MX HYKHO OBLUTO OBI IIPUIYMAaTh.

MakpocpeacTBa — 3TO OCHOBHBIE MHCTPYMEHTBI MOIU(HUKAIINK TEKCTa IIPOrpaMMBI
Ha 3Tarne ee TpaHcasAuuu. [IpyHIKIT pabOTEl MAKPOCPENCTB OCHOBAH Ha IIPenpolec-
COPHOI1 00paboTKe, KOTOpas 3aKJ4yaeTcsl B TOM, YTO TEKCT, MOCTYMAOLIUI Ha BXOJ
TpaHCIITOpa, Mepel COOCTBEHHO KOMITMJISILIMEN IToaBepracTcs Mpeodpa3oBaHUIO
U MOXET 3HAUMTEJIbHO OTJIMYATHCSI OT CHHTAKCHYECKH IIPAaBHJIBHOTO TEKCTa, BOCIIPH-
HUMaeMoro KomnuisitopoM. Posb nipenpoieccopa B Tpanciasitope TASM BhITOIHS -
€T MaKporeHepaTop.

J171st TOro 4YTOOBI MaKpOTeHePaTop MOT BHIIIOJHUTH CBOIO PabOTY, TEKCT IIPOTPaMMEBI
JIOJIXEH YAOBJIETBOPSITH OIpPEIeIeHHBIM TpeOoBaHUSIM. MaKporeHepaTopy HeoOXo-
IUMO COOOIINTh, HAa KaKWe 3JIEMEHTHI MCXOMHOTO TEKCTa OH IOJIKEH pearnpoBaTh
U KaKue DeCTBUS JOJIKHBI OBITh MPOU3BEeAeHBI. MOXHO BBIICIHTh HECKOJIBKO TH-
OB TaKUX 3JIEMECHTOB.

IceBnooneparopsl EQU 1 = npeaHa3HayeHbI 11l IPUCBOEHUSI HEKOTOPOMY BbIpaXe-
HUIO CHMBOJIMYECKOTO MMEHHU WITH UACHTUMUKATOPA. DTH IeHCTBUS BBIITIOJIHSICT MaK-
POTeHEpaTop, 3aMeHAs B MOCEAYIOLIEM TEKCTE MPOrPaMMbl CUMBOJIMYECKUE MMEHA
W3 MIPABOI YaCTH 3TUX OIEPATOPOB CTPOKAMM U3 JICBOM.

MaxpoKoMaHIa — CTPOKa B MCXOMHOM IIpOrpaMme, KOTOPOM COOTBETCTBYET CIICIIH-
aJIbHBII OJIOK — MaKpooIpeaeieHrne. MaKpoKOMaHIa MOXET UMETh apIyYMEHTBI, C T10-
MOILBIO KOTOPBIX MOXHO H3MEHSITb TEKCT MaKpOOIpeaeieHus. MakporeHeparop,
BCTpedass MaKpOKOMAHIY B TEKCTE IIPOrpaMMBI, KOPPEKTUPYET TEKCT COOTBETCTBYIO-
LIETO MAaKPOOIIPEeNEICHUS, KCXOIsI U3 apTYMEHTOB 3TOM MaKPOKOMAaH/Ibl, M BCTABJISI -
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€T eT0 B TEKCT ITPOTpaMMBI BMECTO TaHHOM MaKpoKoMaHIbI. [Ipolecc Takoro 3aMe-
IICHWST Ha3bIBaeTCS MaKporeHepammei.

YcnoBHbIE OIUPCKTUBbI KOMITMJIAIMWU ITO3BOJAIOT HE IIPOCTO MOI[I/I(I)I/IHI/IPOBBTI) OT-
ACJIBbHBIC CTPOKU IMPOTPpaMMBbl, HO U, UCXOJAA N3 OIIPCACICHHDBIX YCHOBHﬁ, yYnpaBJATb
BKIIIOYCHUCM B 3any30‘IHbeI MOOYJIb OTACIBbHBIX (I)paFMeHTOB nporpaMMbl. Chvii An-
PEKTUBLI HauOoJee S(I)(I)CKTI/IBHBI I pa6OTI)I C apryMCcHTaMH, nep€aaBacMbIMU IIPU
MaKpOrcHepauum B MaKpOOIIpEACICHUA N3 MAKPOKOMAHI, XOTA OTACJIbHBIC TUPCK-
TUBbI €CTb CMBICJI IPUMCHATDL U BHC MaKpOOHpeHeJ’IeHI/Iﬁ B JItIOOOM MecTe IIpo-
T'paMMBI.

JIMpEKTUBBI TeHEPALIMU OIIKMOOK, TIOA0OHO YCIOBHBIM JUPEKTUBAM, TO3BOJISIOT aHA-
JIN3UPOBATH OMPENEICHHBIE YCIOBUS B MPOIECCE TPAHCISLIMU MPOTPAMMBI U TeHe-
pUpOBaTh OIIMOKY MO pe3yJbTaTaM aHaIU3a.

Jlns ymobcTBa (popmMupoBaHus (aiia TMCTUHTa KOMITMJISITOPH acceMbiepa mpeio-
CTaBJISIIOT B PACTIOPSIKEHUE TIPOTPAaMMUCTA P AUPEKTUB. C MOMOIIBIO 3TUX TUPEK-
TUB MOXHO JOBOJBHO TMOKO M3MEHSTh (popMarT W TONHOTY MHGOpPMAIK, BBIBOIM-
MoIt acceMOepoM B (haiiyr TMCTHUHTA.
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MoaynbHoe
nporpaMmmMmvpoBaHue

% OCHOBbI CTPYKTYPHOro nporpamMmupoBaHus

» CpepcTBa accemOnepa pgns nNoaaepXku CTPYKTYPHOro
nporpaMmMupoBaHus '

» MMpouenypbl N opraHn3auus cBs3eil Mexay npouenypaMmm
Ha 93blke accemMOnepa

¥ OupextuBa INVOKE (MASM)

2 CBSI3b MeXAy NporpaMmMamMu Ha f3blkaxX BbICOKOrO YPOBHSI
M nporpaMmmMmamMm Ha accembnepe

Mbl HEOTHOKPATHO NOAYEPKUBAIIM OMH U3 CYIIECTBEHHBIX HEJOCTATKOB IIPOrpamMM Ha
sI3bIKE acceMOJiepa, a 3HaUMT, U CaMOro SI3blKa, — HEJOCTaTOYHYIO HarssAHOCTh. [1o mpo-
LIECTBUU JJaXe HEOOIBIIOr0 BpeMEHHU MPOrpaMMUCTY MOPOii ObIBAET TPYAHO Pa3o0paThCst
B JIeTaJIsIX UM Xe HalMCaHHOM MporpaMMbl. A 0 4yXoii MporpaMMe U TOBOPUTH He TIPH-
xoautcs. Eciu B Helt HEeT X0Ts Obl MUHMMaIbHBIX KOMMEHTApUeEB, TO Pa300paThes € TEM,
YTO OHa JIeNIaeT, JOBOJbHO TPYAHO. [TpUUMHBI 3TOTO TOXE MOHSATHBI — MPU HaMMMCAHUU
MporpamMMbl Ha sI3bIKe accembiepa YeaoBeK JAOJKEH 3allporpaMMUpOBaTh caMmble 3Je-
MEHTapHbIe NeiicTBUS Uiy onepaiuu. [Ipu 3T0M OH TOXEH YUUTHIBATh U KOHTPOJIUPO-
BaTh COCTOSIHUE OOJIbIIOTO KOJMYeCTBA JaHHBIX. M3-3a 3/1leMEeHTapHOCTU MPOrpaMMu-
PYEMBIX ollepaluii peann3alus OJHOTO U TOTO Xe aITOpUTMa MOXKeT ObITh MPOr3BeaeHA
Mo KpaiiHeil Mepe HEeCKOJIbKUMM CIoco0aMu. DTa HEOMHO3HAUHOCTh BJeUYeT 3a co0oi
HEIPENCKA3YEMOCTD, YTO U 3aTPYAHSET IPOLECC 06PATHOTO BOCCTAHOBIEHMUS UCXOIHO-
r0 aJirOpUTMa Mo acceMOJepHOMY KOy.

ITo Mepe HaKOMJIEHUS OMbITA 3TU MPOOJEMBbI YACTUUHO CHUMatTCsl. Ho oHOTO OTbI-
ta Mao. Curyanust ycyryGsiercst, eciu paboTaeT KOLICKTHB pa3paboTynkoB. Tyt yxe
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HYXHBI CIIelIMalbHbIe cpencTBa. [laiee mepednclieHbl OpraHM3alMOHHbIE ¥ TIPOrPaMM-
Hble (IIPEIOCTaBIIEMBbIC acCeMOIEPOM) MEPOTIPUSTHSI, TO3BOJISIONINE XOTS OBl YaCTUY-
HO CHSITb OCTPOTY 3TOM MPOGJIEMBI.

JloKyMEHTUPOBAHUE MPOTPAMMUCTOM CBOEH PabOTHI U €€ pe3ynbTaToB. JlenaeTrcs 3To
B TMEPBYI0 OYepeab MyTeM KOMMEHTHPOBAHUSI CTPOK MCXOMHOTO TEKCTa MPOTrpPaMMBI.
ITpu 3TOM KOMMEHTapU U AOJKHbBI KOPOTKO, HO TOYHO BBIPAaXaTh TO, UTO JIEJIAET AaH-
Hasl IporpaMma B 1I€JIOM, BBIIETISITh €€ HanboJiee BaxkHbIe (hparMeHThI 1 0COOEHHOCTH
MMPUMEHEHUS OTAEIbHBIX KOMaH]. B KOHEUHOM UTOTe, KOMMEHTHUPOBAHUE OOJIET-
YyaeT TOHMMAaHUE CYTU IPOrPaMMBbi, HO BCE-TaKU MOJHOCTbIO HE CHUMAET IMpo-
onemy.

prO].LICHI/IC KoJa mporpaMMmbl IyTéM 3aME€HBI CJIOXKHBIX (I)paFMeHTOB Oosiee MOHSIT-
HBIM KOOOM. Z[J'If{ 9TOro, B YaCTHOCTU, MOXKHO HMCII0JIb30BaThb paCCMOTPEHHLIC HAMU
MaKpOKOMaH/bI.

HWcnonb3oBanue mpu pa3paboTKe MPOrpaMMHBIX MMPOEKTOB JOCTHXEHHI COBPEMEH-
HBIX TEXHOJIOTU MPOrPaMMHUPOBAHUSI.

K HacrosiimemMy MOMeHTY HanboJsiee OMYISIPHBIMU U XU3HECTTOCOOHBIMU OKa3a-
JIUCh JIBE TEXHOJOTUU MIPOrPaMMUPOBAHUS: CTPYKTYypHasi U 0ObEKTHO-OPUEHTUPO-
BaHHasl.

IMocnennue Bepcuu naketoB TASM u MASM s3bika acceMOiiepa MOIAEPXUBAIOT
00BEKTHO-OPUEHTUPOBAHHOE MPOTPAMMUPOBAHNE, HO Pean3alis ero TOBOJIBHO CIIOX-
Ha 1 TpeOyeT OTAETbHOTO pacCMOTPEeHUSI. TUMMYHOMY MPOIecCy HATMCAHUS TPOTpaM-
MBI Ha acceMmbiepe OOJIbIlie BCETO YAOBIETBOPSIIOT KOHIIEMIUU CTPYKTYPHOTO MPOTrpaM-
MMpoBaHUs. MOXHO Jaxe cKa3aTb, YTO AJis MPOLECCOPHON apXUTeKTyphl IA-32 atu
KOHLETMUMHU MOAIEPKUBAIOTCS Ha allapaTHOM YPOBHE C TOMOILbBI0 TaKUX apXUTEKTyp-
HbIX MEXaHU3MOB, KaK CErMEHTALIMS MaMSITH U anrapaTHas pean3anus KOMaH] mepe-
Jayu ynpapieHus. Ha mporpaMMHOM YpOBHE MOIIEPXKA 3aKJTIOYAETCS, B OCHOBHOM,
B COOTBETCTBYIOILIMX CPENCTBaX KOHKPETHOTO KOMIUJISITOPA, B YACTHOCTU, TAKUE CPe/l-
ctBa uMeroT KomnuiagTopsl TASM u MASM. JlaHHas ri1aBa IOCBSILIEH 3TUM IIPOTrpaMM-
HO-almapaTHbIM CPeJCTBAM.

CTpyKTypHOEe nporpaMmmMupoBaHue

CmpyKkmypHoe npoepaMmuposaniie — METONOJNOTUSI MPOrPaMMUPOBAHUS, GazUpyroLIasICst
Ha CUCTEMHOM TIOAXOJE K aHaJu3y, MPOEKTUPOBAHUIO W peaiu3alMy MPOrpaMMHOTO
obecniedeHust, DTa METOIOJIOTUST 3apOIMIach B Hadaie 70-X IT. ¥ 0Ka3ajlach HACTOJIBKO
>KM3HECTIOCOOHO, YTO U IO CUX TMOP SBJSETCS] OCHOBHOI B 0OJIbIIOM KOJIMYECTBE MPO-
eKTOB. Ee OCHOBY COCTaBISIET KOHUenyus MoOyAbHO0 HPOSPAMMUPOBAHUS.
KoHuenuo Moay1bHOTO MPOrpaMMUPOBaHUSI MOXHO C(HOPMYJIMPOBAThH B BUJE He-
CKOJIbKMX TOHSTUI U MOoN0XeHUH. OCHOBA KOHIETIIMM MOJYJIbHOTO MPOrpaMMUpPOBa-
HUSl — MOOyab, KOTOPBIi SBISIETCS MPOAYKTOM Ipoliecca pa3dueHus OOIbIION 3a1aun
Ha psii bosiee MeTKMX (PYHKIIMOHATIBHO CAMOCTOSITEJIbHBIX 1T0A3aa4. DTOT MPoLecC Ha-
3bIBACTCS hynxyuonansoi dexomnosuyueli 3ada4u. Kaxablii MOnysib B yHKLIMOHAb-
HOI1 I€KOMITO3ULIMM TMPEACTABISIET CO00M «UePHBIN AMIMK» C OJHUM BXOIOM U OJHHUM
BBIXOMIOM. MOJy/IM CBSI3aHbI MEXAy CO00i TOJBbKO BXOAHBIMU W BBIXOAHBIMU JaHHBIMU.
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MonyabHbII TOAX0[ TIO3BOJISIET 6€3001€3HEHHO MPOU3BOIUTH MOJEPHU3ALINIO TIPO-
rpaMMBbl B TIPOLIECCE ee IKCIUTyaTallui U 00Jieryaer ee COnpoBoxaeHue. JJonoaHuTenb-
HO MOAYJIbHBI MOAXOJ MO3BOJISIET pa3pabdaThIiBaTh YaCTU MPOTPaAMM OHOTO MPOEKTa Ha
Pa3HBIX SI3bIKaX TPOrPAMMUPOBAHMUS, TTOCJIE YETO C TTOMOIIIbI0O KOMITOHOBOYHBIX CPEJICTB
O0OBEMUHSTH UX B €AVHBIN 3arPy30YHBII MOIYIIb. '

OcHoOBHasl 1eJib MOAYJBHOTO TOAX0/Ia — MPOCTOTA U SICHOCTh PealIM3yeMbIX pellie-
Huil. Eciu BBI 3aTpyAHseTeCh YeTKO C(HOPMYINPOBATh HA3HAYEHUE MOJYJIS, 3TO TOBO-
PUT O TOM, YTO OJWH W3 MPEABIAYIIUX 3TANOB JeKOMIIO3ULIUM 33la4yu OB MPOBeIeH
HEJOCTaTOYHO KayeCTBEHHO. B 3TOM ciyyae HEOOXONMMO BEPHYThCS HAa OJUH WU 0O-
Jiee LIar Ha3ajl U ellie pa3 mpoaHaIu3upoBaTh 3aJauy 3Tamna, BbI3BaBLIero npobiaemy. O1o,
BO3MOXHO, IPUBEJET K MOSIBJICHUIO TOMOJTHUTEJIbHBIX MOJYJIEH B pouecce GyHKIMO-
HaJIbHOM IEKOMTIO3UIIUU.

[Mpu HamMUYMU B MPOEKTE CIOXHBIX MECT UX HYXHO MOAPOOHO TOKYMEHTHPOBATH
C MOMOMUIBIO MPOYMaHHOU CUCTeMbl KOMMeHTapueB. KoMMeHTapuu 1OXKHBI OBITH SIC-
HBIMU B CMBICJIE OTPAXKEHUS PEATU3YEMbIX UIEH U TOAUYUHATLCHI HEKOTOPOIA cucTeMe —
YaCTHOW, €CJIM pa3paboTUYMK — YaCTHOE JIULIO, UJTU KOPTIOPATUBHOM, IE1iCTBYOIIEN BHYT-
pPY HEKOTOPOTO OPraHM30BAHHOTO KOJUIEKTUBA pa3paboTuukoB. [lo moBomy cuctembl
KOMMEHTHPOBAHUS MOXHO €llle pa3 HAOMHUTbh HECKOJbKO IIUPOKO U3BECTHBIX UMEH.
Bo-nepBhix, XeaTebHO Ha3HAYEHUE BCEX MEePEMEHHBIX MOIYJISI OMMUCHIBATH KOMMEH -
TapusMU 110 Mepe UX ornpeseneHust. Bo-BTOPbIX, UCXOMHBIN TEKCT MOAYJISI TOJIKEH UMETh
3aroJIOBOK, OTPaXKalolUii Ha3HAYeHHE MOIYJS U €ro BHELIHUE CBSI3U. DTOT 3arojIOBOK
MOXHO Ha3BaTh uxmepghelichoi uacmoto modyas. B nHTepdeiicHO! YacTu ¢ UCMOTb30-
BaHUEM KOMMEHTApHEB HY>KHO TIOMECTUTh MH(MOPMAIMIO O Ha3HAUYEHUU MOMIYJIsl, 00 0CO-
0eHHOCTAX (PYHKLUOHUPOBAHUSA, O BXOAHBLIX M BHIXOJHBIX apPIyMEHTAX, 00 MCIOJb-
30BaHUU BHEUIHUX MOIYyJell U IIEPEMEHHBIX, a Takke O pa3paboTuymKe — [UIst 3aIUTHI
aBTOPCKUX MPaB.

B xonme pa3paboTky mporpaMMbl ClIeAyeT MpeaycMaTpuBaTh CIiellualbHbie OJIOKU
onepaluil, yauTbiBaoll1e peakno Ha BO3MOXHbIE OLIMOKY B JAHHBIX UJIU B NECTBU-
SIX TIOJIb30BaTeNIsd. OTO OYEHb BaXKHbIi MOMEHT, O3HAyalOLIM{, YTO B AJrOPUTME HPO-
rpaMMBbI He JIOJKHO OBITh TYMUKOBBIX BETBEH, B pe3yIbTaTe pabOThl KOTOPBIX MpOrpamMma
«BUCHET» U TIepecTaeT OTBeYaTh Ha 3aMpOoChl Mojib3oBareisi. JIroOble HerpemayCMOTPEeH -
HbIE JeCTBUS TTOJIB30BATEJIS TOJKHBI TPUBOAUTH K TeHEpALlMM OUTMOOYHOM CUTyaluK1
WU K TIPEAYNPEXICHUIO O BO3ZMOXHOCTH BO3HMKHOBEHMUS TAaKO CUTyaluu.

N3 aTux mosioxkeHunii BUAHO, KaKOe 0OJIbIIOEe 3HAYEHUE MPUIAETCS OPraHU3aUU
YRPAGAAOWUX T UHPOPMAUUOHHBIX C513¢ll MEXTY CTPYKTYPHBIMU EAMHUIIAMU TTPOTPaM-
MBI (MOIYJISIMU), COBMECTHO PEIIA0IIUMU OJHY UM HECKOJIBKO 0oJblnux 3anay. [1pu-
MEHUTEJILHO K $I3BIKY acceMbyiepa MOXHO paccMaTpuBaTh HECKOJIBKO (hopM opraHu3a-
LMY yTIPABJISIONUX CBS3CH.

Si MakpomnoaCcTaHOBKH ITO3BOJISIOT U3MEHSITh UCXOIHBIN TEKCT IIPOrPaMMBI B COOTBET-
CTBUM C HEKOTOPHIMU IpEeIBAPUTEIbHO ONMCAHHBIMU MapaMeTPU30BaHHBIMU
00beKTaMU. DTH 00BEKTH UMEIOT (hOpMaIbHBIC apPTYMEHTHI, 3aMelllacMble B ITPOLIEC-
ce MakporeHepalunu X GakTUIeCKUMU apryMeHTaMu. Takas gopma o6pa3oBaHUS
CTPYKTYPHBIX 3JIECMECHTOB HOCUT HEKOTOPBII MpeaBapUTEIbHBIN XapaKTep M3-3a TOTO,
YTO MPOLIECCH 3aMEHBI IMPOUCXOAST Ha 3Talle KOMITUJISIIIUYM U €CTh CMBICI paccMar-
pUBaTh MX TOJILKO KaK HACTPOMKY Ha OIpeeIeHHbIC YCI0BUS (PYHKIIMOHUPOBAHUS
IIPOTPaMMEI.
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O0benmHEeHWE B OMHY NMPOTPpaMMYy IMOANPOrpaMM, HAITMCAaHHBIX Ha acceMoOiepe.
B s3p1Ke accembiepa Takue IMOANIPOTPaMMBI Ha3BIBAIOT npoyedypamu. B oTnmanme ot
MaKpOKOMaH]l, B3aMMOJICHICTBUE MPOLIEAYP OCYIIECTBISETCS Ha 3Tarle BHIITOJHEHMS
IIPOTPaMMEI.

ii OOBemMHEHWE B SOWHBIA MOMYJTh Ha 3Talle KOMITIOHOBKH IOAIPOTpaMM, HaIMCaH-
HBIX Ha Pa3HBIX SI3bIKaX MPOTPAMMHMPOBAHMS. DTa BOBMOXHOCTh peann3yeTcs Oja-
romapsi yHUGUIIMPOBaHHOMY (hopMaTy OOBEKTHOTO MOIYJS, OMHO3HAYHBIM COTJIa-
MIEHUSIM O Tiepefade apTyMEeHTOB 1 eAMHBIM CXeMaM OpTaHW3allMy MTaMsTH Ha 3Tarne
BBITIOJTHEHUSI.

JvuHaMWYecKui (Ha 3Tarie BBIMTOJHEHWS) BBHI30B MCIOJHSEMBIX MOIYJIEH M IWHA-
Muyeckoe noakiawvyeHue o6udaumorek (DLL-daiinoB) aast onepalilMOHHONW CUCTE-
Mbl Windows.

B xauecTBe OCHOBHBIX MH(POPMAIIMOHHBIX CBSI3€ MOXHO BbIIEJUTH CAEAYIOLINE:

ii oOmme obnacTu maMmsITU M O0lIMe MporpaMMHO-aIIapaTHbBIE PECypchl Ipoleccopa
IUTSL CBSI3W MOJYJICH;

yHUGUILIMPOBaHHAs Nepefaya apryMEeHTOB IPU 6b/306e MOy (3TY YHUDUKALIUIO
MOXHO TIPEACTABIIATH ABOSKO: HAa YPOBHE IMOJb30BATE/sI M HAa YPOBHE KOHKPETHOTO
KOMITUJISTOpA);

YHUGUIIMPOBaHHAS Mepeaada apTyMeHTOB IIPU 8038paujeHuu ynpasaeHus N3 Mo-
IyJIs.

YyTh 1MO3Xe MBI ITOAPOOHO PACCMOTPUM IIPOIIECCHI, TPOUCXOISIINE TIPU TIepeaade
aprymeHToB. Ceifyac B KaueCTBE HEKOTOPOTO MTOTa NMPUBEACHHBIX paHee OOIIMX pac-
CYXICHUI TIePeUNCIUM CPEICTBA SI3bIKa acceMOJIepa 10 OCYIIEeCTBICHUIO DYy HKUUOHATb-
HOU OeKomno3uyuyu TIPOTPaAMMBI:

Ii makpocpencTsa;

MIPOLEAYPHI;

CpeICcTBa KOMITUIISITOpa accemMbiiepa B (popMe TUPEKTUB OpTaHU3AIMK OTIePaTUBHOM
MMaMSTH U €€ CeTMEHTAIIAM.

MaxkpocpencTsa MoapodHO paccMoTpeHBl B miaBe 14. IIpenBapureabHOE 0OCYyXIe-
HHE TIPOIIeayp IPOBEACHO IPU 00CYXIeHWN KOMaHII TTepeIadn yrpasiaeHus B riaase 10.
Ho mpomenypsl — 3T0 He IPOCTO MEeXaHW3M TPUBHUAJIBHON Tepenavyu YIpaBJIeHUS U3
OIIHOM TOYKH NIPOTPAMMBI B IPYIy10. B 4aCTHOCTH, 3TOT MEXaHU3M TECHO CBS3aH CO CPel-
CTBaMU KOMITMJISITOPA, TONACPXKUBAIOIINMK OPTAHU3AILIMIO MMaMSTHA W CETMEHTAIIHIO.
IlosTomMy nmanbHeiiiiee oOCyxkaeHUEe OYAEeT MOCBSIIEHO Oosiee T1yOOKOMY M3YYEHMIO
(bYHKIIMOHATBHOM TEKOMITO3UIINY ITPOTPaMM C MCITOJIb30BaHUEM IIPOIIEAYp W CBI3aH-
HBIX C HUMM CPEACTB KOMITHIISITOPA.

MNMpoueaypsbl B 93bike accembnepa

B Accembuiepe a5 opopmiieHUs1 TpoLeAyp KaK OTAEIbHbIX 00bEKTOB CYIIIECTBYIOT CIle-
unaabHble aupekTuBsl PROC/ENDP 1 MammmaHas komanga RET (em. rmasy 10). Eciu cpas-
HUBATh IPOIEIyPHl I MAKPOKOMaHIbI, TO MOKHO cKa3aTh cleayroiee. [1poleaypsl, Tak
XK€ KaK 1 MaKpOKOMAaH[IbI, MOTYT ObITh aKTUBU3UPOBAHBI B JTIOOOM MECTe ITPOTPaMMBI.
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[Ipouenypam, Tak ke Kak 1 MaKpOKOMaHIaM, MOTYT OBITh MepeaaHbl HEKOTOPBIE apry-
MEHTBI. DTO MO3BOJISIET, MMESI ONHY KOIHMIO KoJa B MaMsITH, U3MEHSTh €€ IJIs KaXaoro
KOHKPETHOTO CJIy4yast UCIIOJIb30BaHUS, XOTS 10 TMOKOCTH MPOILENyPhl YCTYNAl0T MaKpo-
KOMaHaaM.

B rnaBe 10 Hamu OBUTM pacCMOTPEHBI BO3MOXHBIE BADMAHTHI pa3MelleHUsI ITPOLEAYD
B IIpOrpaMMme:

# B HayaJie MpOoTrpaMMBbl (0 TepBOIi UCITOJHIEMO KOMaH/IbI);

% B KOHIIE TpOTpaMMBI (ITOCe KOMaHIbl, BO3BpAIIAOIIEH yIIpaBIeHUE OllepallMOHHOM
CUCTEME);

% NPOMEXYTOUHBIM BapMaHT — TEJIO MPOLEAYPhl pacrojaracTcsi BHyTPU APYroi mpo-
LIeAypbl WJIM OCHOBHOI IporpaMMBbl (B 3TOM cllydae HEOOXOZMMO IPETyCMOTPETh
00X0[1 TIpoLIeIyPHI C TOMOIILIO KOMaHAbl 0e3ycIoBHOrO nepexoga JMP);

B IpyTOM MoJjyJe.

I'naBHas 11eJ1b TAKMX BAPUAHTOB Pa3MELIEHUSI — HE JOMYCTUTb HECAHKIIMOHUPOBAH-
HOM mepenavyu yrpaBaeHUs KOTy Mpolieaypbl. Tpu mepBbIX BapraHTa OTHOCSITCS K CITy-
Jaro, KOTJa MpoLeayphl HAXOISATCSI B OMHOM CETMEHTe Koaa. MBI X JOCTaTOYHO MOAPOOHO
obcynuan. YTo e KacaeTcs MocaeIHero BapuaHTa, TO OH MpeAroaraet, YTo mpoieny-
Pl HAXOASTCS B Pa3HbIX MOIYJISIX. A 3TO IaeT HaM BO3MOXHOCTb TOBOPHUTH YK€ He 00
OIHOM MoOJyJie, a O HECKOJIbKUX. [dJisl peanu3aiuv onHOM OOIIEH 3a1a4yu 3TH MOIYJIU
JOJIKHBI OBITh CBSI3aHBI MEXY COOOM MO yNpaBJeHUIO 1 MO AaHHbIM. Eciu Mbl pa3oe-
peMcs ¢ TeM, KaK OpraHM30BaTh TaKyIo CBI3b, TO HaKTUUECKH CMOXEM BBITTOTHUTH DYyHK-
LIMOHAJTbHYIO NTEKOMITO3UIIMIO JII000H OOJBIION MPOrpaMMbl Ha HYKHOE KOJMYECTBO
bosnee Menkux. B TmepBoif yacTu IIaBbl MBI PacCMOTPUM, KaK OPraHU3YETCS CBSA3b IO
YIIPaBJIEHUIO U TTO JAHHBIM MEXIy MOIYJISIMU Ha accembJiepe, a BO BTOPOI YaCTH — MeX-
Iy MOAYJISAMM Ha accemMOyiepe M Ha si3biKax Bbeicokoro ypoBHs (Pascal u C/C++).

CHavasia He0OXOIMMO OTMETUTh OJWH OOIIMIA JJIST BCEX ITUX TPeX SI3BIKOB MOMEHT.
Tak Kak OTIeNbHBI MOAYJb B COOTBETCTBUHU C KOHIIETILIMEH MOIYJIBLHOTO IIPOrpaMMu-
POBaHUSI — 3TO (PYHKILMOHATBHO aBTOHOMHbIN OGBEKT, TO OH HUYETO HE JOJKEH 3HATh
0 BHYTPEHHEM YCTPOMCTBE NPYTrMX MOAYJEN, U HAOOOPOT, IPYTUM MOIYJSIM TaKXKe HU-
Yero He J0JKHO ObITh U3BECTHO O BHYTPEHHEM YCTPOICTBE JaHHOTO Moay/d. OnHaKo
JIOJIXXKHBI OBITh KAKME-TO CPEICTBA, C IOMOILBIO KOTOPBIX MOXHO CBA3aTh MOAYIU. B ka-
YeCTBE aHAJIOTUM MOXHO TPUBECTH OpPraHU3aIMIo CBSA3U (MHTepdeiic) TeleBU30pa U BU-
JeOMarHuTooHa yepe3 pa3beM ThIa «CkapTs. CBsa3b YHUGUIIMPOBAHA, TO €CTh U3BECT-
HO, YTO OJMH KOHTAKT MpelHa3HAUYeH ISl BUNEOCUTHANA, IPYTOil — MJIs epeaadyu 3ByKa
U T. A. TeaeBu3op U BUACOMATHUTOMOH MOTYT OBITh Pa3HBIMU, HO CBSI3b MEXIY HUMU
onuHakoBa. Ta e uies JIeXKUT U B OpraHU3alMy CBSI3M Moayieil. BHyTpeHHee ycTpori-
CTBO MOJYJIeil MOXET COBEPIIICHCTBOBATLCS, OHU BOOOIIE MOTYT B CJIEAYIOIIUX BEPCUSIX
MUCAThCSl HA IPYTOM SI3bIKE, HO B MPOLIECCE UX OOBEAUHEHUS B €AUHBINA UCTIOTHSIEMbIiA
MOJYJb 3TUX OCOOEHHOCTE He AOJKHO OBITh 3aMeTHO. TakuMm 00pa3oM, KaxXIblii MO-
ILyJIb 1OJKEH UMETh TAKUE CPEICTBA, C MOMOLIbIO KOTOPHIX OH M3BEIal Obl TPAHCIATOP
0 TOM, UTO HEKOTOPKI 00BEKT (Tpolieaypa, epeMeHHas) BUAMMBIM BHE 3TOIO MOMIYJIS.
M HaobopoT, HYXKHO O0BSICHUTh TPAHCISTOPY, YTO HEKOTOPHIA 0OBEKT HAXOAUTCS BHE
JAHHOTO MOIYJs. DTO MO3BOJUT TPAHCISITOPY MPaBUIBbHO C(HOPMUPOBATH MAITMHHBIC
KOMaH]Ibl, OCTaBUB HEKOTOPbIC MX IT0JIs He 3anonHeHHbIMU. TTo3nHee, Ha 9Tane KoMIo-



Mpouenypbl B A3blke accembnepa 329

Hosku, nporpamma TLINK (TASM) uiau nporpaMmma KOMIIOHOBKM A3bIKa BHICOKOTO
YPOBHS MPOM3BEIYT HACTPOMKY MOMIYJICH M pa3pelnaT Bce BHEITHUE CCHIIKU B OOBEIN-
HSIEMBIX MOIYJISX.

J17151 TOTO UTOOBI OOBSIBUTD O MOAOOHOTO poIa 00BEKTaX, BUIUMBIX U3BHE, IIPOrpaM-
Ma JToJKHa ucrnoib3oBaTh ABe aupeKTuBbl TASM: EXTRN u PUBLIC. IupexTuBa EXTRN
MpeaHa3HaYeHa TSI OOBSIBICHMST HEKOTOPOTO MMEHM BHEITHUM 10 OTHOIIIEHUIO K TaH-
HOMY MOJYITIO. DTO UMsI B IPYTOM MOIYJIe TOKHO ObITh 00bsBIIeHO B nupekTuBe PUBLIC.
HupextuBa PUBLIC mpenHa3zHaueHa 1jig 0ObSIBJIeHUS HEKOTOPOrO UMEHU, OMpeaesieH-
HOTO B 3TOM MOJYJI€ U BUAUMOTO B APYTUX MOAYJIIX. CHHTAKCUC 3TUX AUPEKTUB CIIeLy-
FOLLA:
extrn uma:tTun . umA I THUN
public uma,...,uma

3mech UM — UACHTUOUKATOP, ONIpeaeIeHHBIN B IpyroM Momyie. B KauecTBe mmeH-
TH(GWKATOPA MOTYT BBICTYIIATH:

“MeHa MepeMeHHBIX, oTlpeaeJeHHbIX fupekTuBaMu Tuna DB, DWur. n.;
X WMeHa TpoLenyp;

MMeHa KOHCTaHT, ollpeaesIieHHbIX ortepaTopamMu = EQU.

ApPTYMEHT TUR OIpenesieT TUT NAeHTUGUKaTopa. YKa3aHWe TUIIAa HEeOOXOIUMO It
TOTO, YTOOBI TPAHCISATOP MPABWIBHO C(OPMUPOBAI COOTBETCTBYIOIIYI0 MAaIIMHHYIO KO-
MaHny. JlelicTBUTENbHBIE aJpeca BBIUYMCISIIOTCS Ha 3Talle pelaKTHPOBaHUs, Korma Oy-
YT pa3pelnaTbcs BHEITHNE CCHITKM. BO3MOXHBIE 3HaUCHUS TUITA OTIPEAEIISTIOTCS TOITY-
CTUMBIMM TUTIAMU OOBEKTOB IJIST STHX TUPEKTUB:

B €CJIM UMS — 3TO UMs TIepeMEHHOM, To TUTl MOXeT mpuHuMaTh 3HaueHust BYTE, WORD,
DWORD, PWORD, FWORD, QWORD u TBYTE;

€CJIM UM — 3TO UM ITPOLEAYPHBI, TO TUITI MOXKET IPUMHUMAThL SBHAYCHUA n€ar ujin far;

li ecmm UM$S — 3TO MM KOHCTAHTBI, TO THUIT TOJKEH OBITH abs.

ITokaxem npuHuun ucnoiab3doBaHust nupekTuB EXTRN u PUBLIC Ha cxeme cBsI3u Mo-
nyneit 1 u 2 (nuctudru 15.1 u 15.2).

Jinctunr 15.1.Mogayneb 1

;Moayne 1

mash

.model small
.stack 256
.data

_code

my_proc_1 proc
hy;proc_l endp
my_proc_2 proc

my_proc_2  endp
;obvAsnsaem npouenypy my_proc_1l BuanMMomn n3sHe
public my_proc_1
start:
mov ax,@data

éha start
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Jiucturr 15.2. Moayns 2

;Moayns 2
masm
.model small
.stack 256
.data
. code
extrn my_proc_1 ;06bABNAEM nNpouenypy roy_proc_| BHewHen
start:
mov ax,@data

call my_proc_1 ;sw3os my_proc_| n3 mopyns 1
end start

PaccMmoTpeHHass HaMM cXeMa CBSI3W — 3T0, (haKTUUECKHU, CBA3b I10 ynpaBieHuoo. Ho
He MeHee BaXXHO OPTaHM30BaTh MHOOPMAIIMOHHBI 0OMEH MeXIy MOmyIsIMH. PaccMmort-
PHUM OCHOBHEBIE CITOCOOBI OpraHMU3allMi TAKOM CBSI3H.

NHpopMauimoHHBIIT 00MeH MexXay MoayJasMu (TpolieaypaMu) MpearnojaracT ooMeH
MaHHBIMU. B 3TO# CBSI3W BaXXHO MTOHUMATh 3HAUCHUE TEPMUHOB apeyMeHm, NepemMeHHas,
KoHcmanma.

Apeymenm — 3TO CCBUIKA Ha HEKOTOpHIE TaHHBIC, KOTOPHIE TPeOYIOTCS IUIST BBITION -
HEHMSI BO3JTOXKEHHbIX Ha MOAYJIb GYHKIIMI U pa3MelleHHbIX BHE 3Toro Mmoays. 1o aHa-
JIOTUY C MAaKPOKOMAaH/IaMU BBIICISIOT JopMalbHbie N hakmuyeckue apryMeHTHI. Mcxo-
ISt K3 3TOTO, (hOPMaJIBbHBIN apTyMEHT MOXHO paccMaTpUBaTh He KaK HEMTOCPEICTBEHHEIC
TMaHHBIE WU WX a/IPEC, a KaK «Tapy» JJIs AeCTBUTENbHBIX TaHHBIX, KOTOPbIE OYIYT 1MO-
JIOXKEHBI B Hee ¢ TTIOMOINBI0 (pakTIecKoro apryMeHTa. PopMarbHBIN apryMEeHT MOKHO
paccMaTpuBaTh Kak 3JeMeHT MHTepdeiica Monyisi (KOHKPETHBIN BBIBOL «CKapTa»),
a akTUIeCKUil apTYMEHT — 3TO TO, YTO (DaKTHMUECKM TepenaeTcss Ha MecTo dopMalib-
HOTO apTyMeHTa.

Ilepemennass — 3T0 HE4TO, pa3MelIeHHOE B PETUCTPE WIM SUEiKe TMaMSATH, YTO MO-
XeT B JaJbHEUIIIeM TTOIBEepraThCcs NU3MEHEHUIO.

Koncmanma — MHGOOPMAIIMOHHBIN 00BEKT MPOCTOTO THIIA, 3HAYeHUE KOTOPOTO HU-
KOT/a He U3MEeHSIeTCS.

TakuM 06pa3oM, eciii HEeKOTOpbhIe JaHHBIC B MOIYyJIe MOTYT IOABEPTaThCS M3MEHe-
HWIO, TO 3TO nepemenHble. ECM mepeMeHHasT HAaXOMUTCS 3a TIpeelaMi MOIYJisl (TIPOIIeIy-
pbI) U N0JXKHA ObITh KAaK-TO MepefaHa B HEro, TO ISl MOMYJIsl OHA SIBJIsIETCS] (POpMasIbHBIM
apeymenmom. 3HaUeHHWE TIEPEMEHHOM ITepemaeTcss B MOAYJb JJISI 3aMEIIeHUS COOTBET-
CTBYIOILIETO TTapaMeTpa Mpu MoMolIu GakTuueckoro apeymerma. Ilocne nmosicHeHUs pas-
WIS MOHATUM (popMarTbHOTO U (PAaKTUIECKOTO apTYMEHTOB Jajiee 1Mo TeKCTY OHU Oy-
YT Ha3bIBaThbCsl OOOOIIEHHO — apeymeHmbl, & O KaKOM BUJE apryMEHTOB MIET peub,
CTaHeT IMOHSITHO IO KOHTEKCTY.

Ecin BXonHbIe TaHHbIE 17151 MOAYJIsl (APTYMEHTbI) — MEPEMEHHbIE, TO OJMH M TOT K€
MOIYJTb MOXHO MCTIOJIb30BaTh MHOTOKPATHO IJIST pa3HBIX HA00POB 3HAUEHU I 3THX TIepe-
MeHHbIX. Ho Kak opraHu3oBaTh nepenayy 3HaueHU it TTEpEMEHHBIX B MOAYJIb (MTPOLEy-
py)? Ilpm mporpaMMHpOBaHUU Ha SI3BIKE BBICOKOTO YPOBHS ITPOTPAMMUCT OTpaHMYCH
B BBIOOpPE CIOCOOOB Mepeaayu apryMeHTOB TeEMU paMKaMu, KOTOpPbIe IJIsI HEro OCTaBJIs-
€T KOMITUJISITOP. B s13bIKe acceMOiIepa IpaKTHYeCKM HeT HUKAaKMX OTpaHWYeHUI Ha 3TOT
CYeT, U, (aKTUYeCKH, pelleHre MpoOIeMbl Iepefayu apryMeHTOB MPEJOCTaBIeHO IPOo-
IPaMMUCTY.
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Ha mpakTuKe MCTONB3YIOTCS CIEAYIONIMEe BapMaHTHI Mepeladn apTyMEHTOB B MO-
nyab (ITpouenypy):
i yepes perucCTpHI;
# yepe3 0OIIYI0 00JIaCTh MTAMSITH;

4Yepe3 CTCK;

nl

# ¢ momombio gupekTuB EXTRN u PUBLIC.

NepepayaaprymeHTOBYepe3perucTpsbl

[lepemada apryMeHTOB Yepe3 perucTpbl — HamboJjIee MMPOCTON B peaTu3alliy CIrocoo me-
pemayn maHHBIX. JlaHHBIE, TTepeqaHHbIe MTOTOOHBIM CITOCOOOM, CTAHOBSITCS TOCTYITHBIMU
HEMeIJIEHHO Tocie Mepefayu ynpaBieHus npouenype. DTOT cnocod MOXHO PEeKOMEH-
IOBAaTh IJI TIepenauyr HeOOIbIINX 00heMOB JTaHHBIX. HemocTaTku 3ToTO Ccriocoba:

# HeOOJIbIIOE YUCIIO JOCTYITHBIX JJId MMOJb30BaTCJIA PETUCTPOB;

# HeoOXOIMMOCTb ITOCTOSIHHO ITIOMHUTH O TOM, KakKas I/IH(I)OpMa]_II/IH B KaKOM pErucTpe
HaxXoIUuTCAd,

%  orpaHWYEHUE pa3Mepa IepenaBacMbIX JaHHBIX pa3MepaMU PeTUCTpa — €CIIU pa3Mep
TMAHHBIX TIpeBbImaeT 8, 16 wim 32 6uta, TO Mepenady JTaHHBIX ITOCPEICTBOM PETUCT-
POB MPOU3BECTU HEJb3s U NTepeAaBaTh MPUXOJUTCS HE CaMU JaHHbIE, a yKa3aTeau Ha
HHX.

[lepemada apryMeHTOB Yepe3 PeTHCTPH MMHUPOKO MPUMEHSIETCS TIPH BBI30Be (DYHK-
uuii DOS. :

B rnaBe 14 Mbl 00CcyXaanu mporpaMmy (CM. JIUCTUHT 14.2) ¢ MAKpOKOMaHA0M, KOTO-
past MOACYMUThIBAIA IJIMHY CTPOKM, OKaHUYMBAIOIIylocs cuMBosioM $. Jlnsg cpaBHeHUs
3 GEeKTUBHOCTH TPUMEHEHNS MaKpOKOMAaH/I 1 TIPOIenyp TIpH IIPOrpaMMUPOBAHUH pa3-
paboTtaeM aHaJIOTUYHYIO NIporpaMMmy (JIMCTUHT 15.3), HO ¢ MCMONIB30BaHUEM IIPOILEIY-
pe1 CountSymbol, MoaCcYUTHIBAIOIIE KOJTMIECTBO CAMBOJIOB B CTPOKE C KOHEUYHBIM CHIM -
BosioM $. TIpouenypa pacronaraeTcs B KOHIE TporpaMMbl. JIiMHa cTpoKu — He GoJiee
99 cuMBOJIOB. AIpecC CTPOKM IepefaeTcs Mpoueaype Kak apryMeHT 4epe3 PerucTp si.
PesynbTar momcdera Bo3BpaliaeTcss B peTUCTp BL m BRIBOOUTCSA Ha 9KpaH B BHI3BIBAIO-
meit mporpamMme. JIist BEIBOIa Ha 3KpaH MCIIOJB3YeTCs MIPSMOI TOCTYIT K BUIe0o0ydhepy.

Jluctunr 15.3. MNepenaya apryMeHTOB Yepes3 PerncTpsbl

;prg_15_3.asm

MASM

MODEL small ;MoZenb TaMsTu

STACK 256 ; pa3Mep CcTeka

include mac.inc ;noAKMoYeHue (alftla ¢ Makpocamnu
.data ;HAYalo CeTMeHTa [aHHHX

maskd db  71h ;MacKa BHBOJa Ha 3KpaH

string db "CTpoka mns momcyeTa $" ;TecToBas CTPOKa

mes db "B cTpoke string
cnt db 2 dup ("*") ; KOIMYECTBO CUMBOJIOB B CTPOKE
db " cumeonos", 10,13, "' %'

. code
main proc ;TOYKa BXOLAa B TJABHYWO MNPOLEIYPY
mov ax,@data

mov ds,ax
© npodonscenue &
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Jiuctunr 15.3 (nponosnxeHue)

;3aTpy3Ka ampeca CTPOKL

; (ANf TIepelayy CMemeHus B IPOLENypPY)
lea si,string

;BbI30B IPOLIETYPH
call CountSymbol

mov ¢l1,bl ccueTuuk g lods u stosw
lea si,string ;B si - ykazaTelb Ha CTPOKY
mov ax,@b880h
mov es,ax ;3arpyska B es ampeca BUIEONaMATH
mov ah,maskd yMacKa BHBOIA Ha D3KpPaH
mov di,160 yNO3uuMsA BEBOINA HA DKPAaH
cld ;IPDOCMOTD BIepen - [ug lodsb u stosw
disp:
lodsb ;nepeceinka 6anrTa u3 ds:si B al
stosw ;KOnuWpoBaHue 3HaUYeHUT ax
;8 es:di  (Bumeobydep)
loop disp ;NOBTOP IVKNIa CX pa3s
;a Telepb BHBEIEM KONMYECTBO CMMBOJIOB B CTPOKE
mov al,bl
aam ;B al mBe ymaxosaHHHe BCD-1MOpH
;pe3ynbTaTa momcyeTa
or ax,3030h ;npeobpasoBanve pe3ynbTaTa B kom ASCIT
mov cnt,ah
mov cnt+l,at
OutStr mes ;BbIBOA CTDPOK) MesS
Exit i MaKpoC BHXOZa
main endp ;KOHeU TJaBHON IPOLeNyDH

CountSymbol procnear

;npoueaypa CountSymbol - mozmcyeT CUMBOJIOB B CTpOKE.
;Ha Bxome: si - cMemeHme CTPOKMK

;Ha BExOme: bl - mnweEa B BuOe YIAaKOBaAHHOTO BCD-uucia

push ax ;CoXpaHeHue JCIONb3YeMHX PerucTPOB
push cx
cld ;APOCMOTp BIIEpen
mov c¢x,100 yMaKcWManbHaa [JMHa CTPOKMU
;OJIOK IIOICYeTa CUMBOJIOB
go:
lodsb ;3arpy3kKa CUMBOJTA CTPOKY B al
cmp al,'$’
je endstr
jcxz no_end
inc H ;IpupalledHye cyeTuyka B B - KOJIMUYECTBO
;NOACUYMTAHHbLIX CUMBOJIOB B CTPOKE
loop go ;N0BTOP LIVKIA
endstr: ; KOHEIl CTPOKU
pop cx ;BOCCTAHOBNEHUE DETUCTPOB U3 CTeKa
pop ax
ret ;BO3BpaT U3 IPOLEenypH
no_end:

;KaKye-To OeiicTBus mo obpaboTke CUTYaluu
;OTCYTCTBMS B CTPOKE CUMBOJNA $

ret 1BO3BpaT U3 IPOLeEenypPH
CountSymbol endp i KOHey TIPOLIEIyPH
end main ; KOHely TIpOTpaMMH

MNepepaya apryMmeHTOB Yepes o0LLyio
oOnacTb NamMaTM

[lepenaya apryMmeHTOB 4epe3 00IyI0 00JacTh MaMATH IIPeaIoaraeT, 4YTo BhI3bIBAIOIIIAs
U BbI3bIBaeMasl IPOrpaMMBbl YCIOBMIIMCH UCIIOJIb30BaTh HEKOTOPYIO 00J1aCTh MaMSTH KaK
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obmiyo. TpaHCIATOpP MPemoCTaBIsIeT CIeMaTbHOE CPEACTBO IJIs OpraHU3alMy TaKOou
obyactu mamaTtu. B riaBe 5 Mbl pa30oupaniu IMPEKTUBLI CETMEHTAUMU U UX aTPUOYTHI.
OnuH u3 HUX — aTpubyT KOMOMHUpPOBaHUS cerMeHToB. Hanuuue storo arpudyTra yKa-
3BIBaET KOMITOHOBIIUKY, KaK HYXKHO KOMOMHHUPOBATh CETMEHTHI, UMEIOIIME OIHO UMSI.
3HavyeHMWEe COMMON 03HAYAET, YTO BCE CETMEHTBI, UMEIOIINE ONMHAKOBOE UMSI B 00BEI1 -
HSIEMBIX MOIYJISIX, PAcIoaraloTcsi KOMIIOHOBIIMKOM HauMHas C OJHOTO aapeca orepa-
TUBHOM MaMATHU. TO eCTb OHM OYAYT IPOCTO MEePEKPHIBATHCS B TAMSATH M, CJIEI0BATEIb-
HO, COBMECTHO MCII0JIb30BaTh BBIACJIEHHYIO ITAMSTh.

HenocratkoMm aToro crmoco6a B peaJbHOM peXMMe paboThl Ipolieccopa SIBISETCS
OTCYTCTBME CPEICTB 3allIUThl JAHHBIX OT Pa3pyIIeHHUs, TaK KaK HEJIb3sI IPOKOHTPOIUPO-
BaTh COOJIIOIEHNE TTPAaBMJI TOCTYIIa K 3TUM JaHHBIM.

PaccmorpuM trctuHT 15.4 ¢ prMepoM MCITOIb30BaHUS OOLIEN 00JaCTH TAMSITH JJIST
oOMeHa TaHHBIMU MeXIy MoIyasaMu. Ha 3ToT pa3 mporpamMma cOCTOUT yxXe M3 ABYX He-
3aBUCHMBIX MOJYJIEH, HAXOMAIIMUXCS B Pa3HbIX (haiiyiaX, U MMO3TOMY OHM IPEICTABISIOT
c000ii OTAeIbHbIC eAUHULBI TpaHCHIIUK. PYHKIIMOHATIBHO 3TH MOAYIM PEaTU3yIOT
HECJIOXHYIO 3ajady, KOTopas 3aKJI04aeTcs B TOM, YTO BbI3bIBa€MbIe ITPOLELYPHI (hop-
MUPYIOT CTPOKY CMMBOJIOB M IEpenaloT ee yepe3 oOlIyI0 00JacThb, a BbI3bIBAIOIIAS MX
mpoleaypa main BBIBOIUT CTPOKY Ha 3KpaH.

Jinctuur 15.4. MNepepaya aprymeHToB Yepes obLyto obnacTb namMati (moaynab 1)

;prgl5_4.asm
include mac.inc ;noakniodeHne daiina C MakpocaMmu
stk segment stack

db 256 dup (0)

stk ends
common_data segment para common "data" ;Havano obmeit 06macTy TaMsITH
buf db 15 DUP (" ") ;0ydep mIs XpaHeHUS CTPOKMU

temp dw 0
common_data ends
extrn PutChar:far,PutCharknd:far
code segment ;HayaJo CerMeHTa Koma
assume cs:code,es:common_data
main proc
mov ax,common_data
mov es,ax
;BbI30B BHENHMX IPOLENyp
call PutChar
call PutCharEnd
pushes
pop ds
QutStr buf
Exit ;CTaHAApPTHBIA BHXOT,
main endp ;KOoHeu TIJaBHOM IPOLENYpH
code ends
end main
BrisbiBaeMble MPOLEAYPhl HAXOAATCA B IPYroM Mopyne (auctuur 15.5). Obparure
BHUMaHME HAaTO, YTO COBCEM He 00513aTeIbHO, YTOOBI JaHHbIE B CETMEHTaX COMmOon uMe-
JIM OJMHAaKOBBIe UMeHa. ['J1TaBHOE, ¥ 32 3TUM HYKHO CJIEAUTh C 0CO00M TIIATEIbHOCTbIO, —
CTPYKTypa o01IuX cerMeHToB. OHa 10JI)KHA ObITh A0COJIOTHO MAEHTUYHOMN BO BCEX MO-

AYJIAX IpOTrpaMMBbI, 00MEHUBAIOIIMXCS TaHHBIMU qyepes O6I.LIYIO nmaMsAThb.

Jluctudr 15.5. MNepepnaya aprymeHToB Yepes obLyio 061acTb NamsaTy (Moaysb 2)

sprgl5_5.asm .
include mac.inc ;noaknouexnue dainna ¢ makpocamu P n
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NMucturr 15.5 (mpogomxenue)

stk segment stack
db 256 dup (0)
stk ends

pdata segment para public "data"
mes db  "Obuuit cermenT",@ah,0dh,'$’

tempi db ?
temp2 dd ?
temp3 dg °?
pdata ends
public PutChar,PutCharEnd
common_data segment para common "data" ;Hauano obmeit obnacTy maMATHL
buffer do 15 DUP (" ") ;6ytep s GopMuMPOBaHUS CTPOKA

tmpSI dw 0
common_data ends

code segment ; Ha4ano CerMeHTa Kola
assume c¢s:code,es:common_data,ds:pdata
PutChar proc far ;obbaBneHUe TPOIENYPH
cid
mov si ,0

irpc ch,<paboraer!>
mov buffer[sil, "&ch’

inc si

endm

mov tmpSI,si

ret ;BO3BPAT U3 IPOLENYpH
PutChar endp ; KOHEIl TPOIemypH

PutCharEnd procfar
mov si,tmpSI
mov buffer[si],'$"

ret
PutCharEnd endp
code ends
end

Tak kak B TaHHOM MpUMepe MPOorpaMmMa COCTOUT yXe U3 ABYX MOJYJeil, TO BOZHUKA-
€T eCTEeCTBEHHBIN BOMPOC: KaK coOpaTh €e B OJMH UCIOIHsIeMbIi MOayIb? MoOXHO mpen-
JIOXUTh CJIEYIONIYI0 MOCAeN0BaTeIbHOCTD 11aroB. _

1. BeimoaHuTh TpaHcasuuio daiaa prgl5_4.asm u MOJyYUTbh OOBEKTHBI MOIYIb
prgl5_é4.obj:
tasm /zi prgl5_4.asm,,,
2. BpimosHUTh TpaHchasuuio ¢aiina prgl5_5.asm U MOJYYUTh OOBEKTHBI MOIYIb
prg15_5.0bj: '
tasm /zi prgl5_5.asm,,,
3. CxkommnoHoBaTb nporpammy ytTunutoit TLINK komaHmHoii cTpokoii Buaa:
tlink /v prgl5_4.obj + prgl5_4.obj

B urore Oymer co3maH ucrmojHsieMbiii ¢aiin prgld 4.exe. MHTepecHo ucciaenoBaThb
€ro ¢ Mcnosib3oBaHueM oTianuuka. [locie 3arpy3ku prgl5_4.exe B OTJIaTuuK B OKHE
Module mosiBUTCS TOIBKO UCXOMHBIN TEKCT MporpaMmMbl U3 daiina prgl5_4.asm. U nuib
rocJjie BbI30Ba npoueaypsl mo komanae CALL (HaxaTtuem knaBuiu F7) B okHO Oynet 3a-
TPYKEH TEKCT BBI3BAHHOM MPOLIETYPHI.

NMepepaya aprymeHTOB 4Yepes cTek

[Mepenaua apryMeHTOB 4epe3 CTeK NP BbI30BE MPOLEAYD MCIOIb3yeTCs Hanbosee yac-
to. CyTh 3TOr0 crocoba 3aKjo4aeTcsl B TOM, YTO BbI3bIBalOIlas IPOLEAYpa CaMOCTOS -
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TEJIbHO 3aHOCHT B CTEK ITepeaaBacMble JaHHBIE, TTOCIIe Yero o0palaeTcst K BEI3bIBaeMOM
npouenype. B rmase 10 Mbl paccMaTpuBaiu MPOLIECChl, TPOUCXOASIUE MPU Tepeaaye
yIpaBJIeHUs TIPoIleAype W Bo3BpaTe u3 Hee. [1pu 3TOM MBI 0OCYXIaIH COIEPXUMOE CTe-
Ka o 4 TocJjie nepeaayu ynpasiaeHus npoieaype (cMm. puc. 104 u 10.5). Kak caenyet u3
9TUX PUCYHKOB, MPHU Tepeaaye ynpapjaeHUs MpoLeaype Mpoueccop aBTOMaTUYeCKHU 3a-
MUCHIBaeT Ha BEPUIMHY CTeKa ABa (AJis MpOoLeAyp TUIIa near) Wiu YeThlpe (Ui mpoLe-
nyp tTuna far) 6aiita. Bel moMHUTE, UTO 3TU GANTHI SIBIASIOTCS aIpecoM BO3BpaTa B BbI3bI-
BaroIIylo mporpamMmy. Eciu mepex nepenadeit ympaBieHUs poenype komanmoir CALL
B CTeK ObLIM 3aTMCaHbl MepelaHHbIe TPOLEAYPe IaHHbIE WM YKA3aTeld Ha HUX, TO OHU
OKaXyTcsl MOJ aApecoM BO3BpaTa.

IIpu paccMOTpEeHNHU apXUTEKTYPHI IIPOIIECCOPa MBI BBISICHIIIM, YTO CTEK OOCTYK1Ba-
ercs Tpems peructpamu: SS, SP u BP. Ipoieccop aBToMarnyecku paboTaeT ¢ perucrpa-
mu SS u SP B npearosoxXeHW, YTO OHY BCeTIa YKa3bIBalOT Ha BeplinHy cteka. [1o atoit
NMpUYKMHE UX COAEPXKMMOE UBMEHSTh He peKoMeHayeTcs. s Mpou3BOJIbHOIO 10CTyMa
K JaHHBIM B CTEKe apXMTEKTypa mpoliieccopa uMmeer crierimanbHbiii peructp EBP\BP (Base
Point — ykazarenp 6a3bl). Tak xe kak u mnsa peructpa ESP\SP, o6pamenue x EBP\BP
aBTOMAaTHYECKU TIpeIoaracT paboTy ¢ CeTMEHTOM cTeKa. [lepen ncoib30BaHUEM 3TOTO
perucrtpa JJjis AOCTyNna K JaHHBIM CTE€Ka COAEPXKMMOE CTeKa HEeOOXOAMMO MPaBUJIbHO
WHUIIMATU3UPOBATh, YTO MpeIoaraeT popMrUpoBaHUEe B HEM aapeca, KOTOPBIi OB yKa-
3BIBAJI HETIOCPEICTBEHHO Ha NepedaHHbIe TaHHbIe. [IJIsT 9TOro B Hayaso MpoLenyphl pe-
KOMEH1yeTCsl BKJIIOUUTh JOMOJHUTENbHBIN hparMeHT kona. OH UMeeT CBOe Ha3BaHUE —
npoaoe Tpouenypbl. TUMMUIHBIA (DparMeHT MPOrpaMMBbI, COAEPKAIINI BBI30B ITPOLICHY-
PHI C TIepegadeil aprTyMeHTOB Yepe3 CTeK, MOXKET BHITJISICTh TaK:

<l> masm

2> model small

<3> ...

<q> proc_l proc near 5 "6nu3kaa” mpoiuenypa (near) c o apTyMeHTaMu
<5> ;Ha4aso IpojoTa

<b> push bp

<> mov bp,sp

<g> ;KOHeI] IpoJoTa

9> mov ax, [bp+4] ;OOCTYI K aprLyMeHTyY arg_n Oid near-npoueaypbt
<18> mov ax, [bp+6] S OOCTYI K apTyMeHTy arg_{n-1}

<11= - s KOMawast [IpoLenypsl

<12> ;MOAFOTOBKA X BHXOOY X3 INPOLelyDH

<13> ;Ha4aso 3muiora

<14> mov sp,bp ;BOCCTaHOBNEHUE sp

<15> pop bp ;BOCCTaAHOBMNEHWE 3HAYEHN)sT CTAapoOTo Dbp
<16> ;00 BXOHIa B IPOLEeNyDpy

17> ret ;BO3BpaT B BH3HBADILYD IPOTPaMMy
<18> ;KOHEI 3Iujora

<19> proc_l endp

<20>

<21> . code

<22> main proc

<23> mov ax,@data

<24> mov ds,ax

<25> Ve

<26> push arg_l ;3amyCchb B CTek 1-To apryMeHTa

<27> push arg_2 :3alUCh B CTEK 2-TO apryMeHTa

<28> Ve

<29> push arg_n ;3alUCb B CTeK N-TO apTyMeHTa

<30> call proc_1 ;BbI30B IIpOIEenypH proc_1

<31 ;DEJCTBUS IO OYUCTKEe CTeKa I[ocie BO3BpaTa U3 IMIpOLenypH
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<32> Ve
<33> ml:
<34> _exit
<35> main endp
<36> end main

Kon nposora coctout Bcero u3 nByx komann. IlepBas komanna push bp coxpaHser
cogepxuMoe BP B cTreke ¢ TeM, YTOOBI MCKIIOUMTH ITOPUY HAXOIAIIETocsl B HEM 3Have-
HUS B BBI3bIBaEGMOM Mpolieaype. Bropast komaHaa poJjiora mov bp,sp HactpauBaeT BP Ha
BepIIMHY cTeka. ITocae 3Toro MoXXHo He BOJTHOBAThLCS O TOM, UTO cofaepxkumoe SP nepe-
CTaHeT OBITh AKTYaJbHBIM, M OCYIIECTBIISATH MPSIMOM JOCTYI K COAEPXKUMOMY cTeKa. UTo
00BIYHO U Aenaetcs. JJist JocTyma K arg_n J0CTaTOYHO CMECTUThCS OT comepkumoro BP
Ha 4, 1s arg_{n-1} — Ha 6 u T. 1. Ho 3T1 cMelIeHus OAXOAAT TONBKO AJIS IPOLENYP
Ttuna near. s npouenyp tina far 3Tu 3HaYeHUST HEOOXOAMMO CKOPPEKTUPOBATH €IIle
Ha 2, TaK KaK ITPHU BBIZOBE IPOLCAYPHI JAJIBHEIO TUIIA B CTEK 3allMChIBACTCS MOJIHBIN
anpec — conepxumoe CS u IP. [Toatomy miist moctymna K arg_n B cTpoke 9 KomaHaa Oyner
BBITJIAZETD TaK: mov ax,|[bp+6], a s arg_{n-1}, coorBeTcTBeHHO, MoV ax,[bp+8] U T. 1.

KoHew npouenypsl Takxe JOJKEH ObITh 0pOpMIIEH 0COOBIM 06pa3oM, obecriednBas
KOPPEKTHBI BO3BpaT U3 Mpoueaypbl. @®parMeHT Koja, BHITOTHSIOIIEr0 TaK1e JeiCTBH,
MMeeT CBOe Ha3BaHUe — dnut0e Tipoueayphl. Kom snumiora 1okeH BOCCTAHOBUThH KOH-
TEKCT IMTPOTPaMMbI B TOUKE BbI30Ba MPOLIEAYPHI U3 BhI3bIBAIOILEH MTporpaMmel. [1pu aToMm,
B YAaCTHOCTH, HY>KHO OTKOPPEKTUPOBATh COAEPKUMOE CTeKa, YOpaB M3 HEro CTaBIIUE
HEHYXHBIMU apTyMEHTHI, TiepelaBaBIIMecs B IPOLEAYpPY. DTO MOXKHO CeIaTh HECKOJb-
KUMU CIIOCOOaMU.

Mo:XXHO MCTO0JIb30BaTh MOCAEA0BAaTEIbHOCTh U3 1 KOMaHI pop XX. JIyurie Bcero
9TO NeJaTh B BhI3bIBAIOIEH MporpaMme cpasdy Mocjie BO3BparTa yIpaBieHUs U3
TIPOLEYPHI.

MoXHO OTKOPPEeKTHPOBaTh PETMCTP YKa3aresi creka SP Ha BeluuuHy 2 * 1, Halpu-
Mep, KoMaHnoi add sp,NN, rme NN =2 * n, an — KOJTMYECTBO apryMEHTOB. DTO TaKXkKe
JIy4lie aeaTh Mocjie Bo3Bpara YIpaBlieHUs BbI3bIBAIOLIEH Mpolenype.

ii MoxHo ucnosp3oBaTh ManmHHyo0 kKoManay RET n B kauecTBe nmociaeqHet MCIIOTHS -
€MOI KOMaH/ibl B IIpoliefype. 3Aech T — KOJMUYECTBO 0aiiTOB, Ha KOTOPOE HYXHO yBe-
T4uTh conepxumoe peructpa ESP\SP mocne Toro, kak co creka OyayT CHSITHI CO-
CTaBJISIOLIME aapeca Bo3BpaTa. BUmHO, 4To 3TOT cOco0 aHAJIOTUYEH MPEbIAYILEMY,
HO BBITIOJTHSIETCSI TIPOLIECCOPOM aBTOMAaTUYECKH.

B xakom BuIe MOXHO TepeaaBaTh apryMeHThI B ipoleaypy? PaHee ymoMuHanoch,
YTO MepenaBaThcsl MOTYT MO0 JaHHbIe, TM00 MX afapeca (yKa3zaTeau Ha JaHHbIe). B s3b1-
K€ BBICOKOTO YPOBHSI 3TO Ha3bIBAeTCs TMepeaayeii mo 3HaYeHU0 1 IO ajJpecy, COOTBET-
CTBEHHO.

Hawubonee npocToii ciocob mepenayn aprTyMEeHTOB B IIPOIIEAYypY — Iiepenada 1o 3Ha-
YeHuto. DTOT CIIOCOO MpearoiaraeT, YTo MepeaaTcs caMy JaHHbIE, TO eCTh UX 3Haye-
Hus. BeizbiBaemast mporpaMma rojyyaeT 3HaueHUe apryMeHTa 4epe3 perucTp WiK yepe3
ctek. EcTtecTBeHHO, YTO TIpM Mepenaye MepeMeHHbIX Yepe3 PerucTp UM CTeK Ha UX pas-
Mep HaKJIaJblBalOTCSI OTPAaHUYEHMS, CBSI3aHHbIE C PAa3MEPHOCTHIO UCTIOIb3YEMbIX PETUC-
TPOB WJIH cTeKa. Jlpyroil BaXHbII MOMEHT 3aK/II0YAETCsl B TOM, uTo TIPH Iepenade apry-
MEHTOB T10 3HaYEeHUIO B BbI3bIBAEMON Tpolieaype oOpadaTbiBatoTcs ux konuu. [loaromy
3HAYEeHUs TIePEMEHHBIX B BBI3BIBAIOILIEH MPOIIETYPe HE U3MEHSIIOTCS.
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Criocod mepeaayd apryMEHTOB 1o adpecy TpedriofaraeT, YTo BbI3bIBacMasl IPOLIEIY-
pa IoJIlyyaeT He caMu JaHHBbIe, a UX aapeca. B mpoleaype Hy:XKHO M3BJIeUb 3THU agpeca
TeM Xe METOJOM, KaK 3TO AeJaJoCh AJIsl JaHHBIX, M 3arpy3UTh UX B COOTBETCTBYIOILLE
peructpbl. [locie aToro, UCMONb3ys anpeca B PErUCTpax, ¢AeLyeT BHITOJIHUTh HEO0XO0-
JUMBbIe OIlepalliy Hall caMMMM JaHHBIMU. B oTimume OoT mepemayu JaHHBIX 10 3HaYe-
HUIO, TIpY Ilepefavye JaHHBIX 10 afpecy B BBI3bIBAEMOIi Ipoleaype oOpadaThiBaeTcs He
KOIIMSI, 3 OPUTUHAJ ITepeJaBaeMbIX JTaHHBIX. [103TOMY IpY M3MEHEHUM TaHHBIX B BHI3bI-
BaeMOoli Mpolieype OHM aBTOMATUYECKM U3MEHSIIOTCS ¥ B BEI3BIBAIOLIEH IIporpaMmMe, Tak
KaK M3MEHEHUSI KacaloTcsl OMHOM 00IaCTH IaMSTH.

Ucnonb3oBaHne gupektms EXTRN un PUBLIC

Hupextusbl EXTRN u PUBLIC MBI yke ymoMuHaiu, KOoraa pacCMaTpUBaIu BapuaHThI B3a-
HMMHOT'0 PacIojIoXeHH s BhI3bIBAIOLICH IIporpaMMBbI U BhI3bIBaeMoii IipoLieayphl. Ko Bee-
MY cKazaHHOMY q100aBuM, 4to gupeKTuBbl EXTRN 1 PUBLIC Tak:ke MOXXHO MCITOJIB30BaTh
Ut oOMeHa uHGopMalein Mexay MoayasiMu. HazHaueHue u opMaThl 3TUX TMPEKTUB
OCTAIOTCSI TEMU Xe, IO3TOMY Ceiiuac OIMUILEM TOJIbKO ITOPSNOK MX MCIIOIb30BAHUS IS
oOMeHa TaHHBIMH. BO3MOXHBI HECKOJIbKO BAPMAHTOB UX IPUMEHEHUSI:

# 00a MOmyJs MCITOJNB3YIOT CETMEHT JaHHBIX BBI3BIBAIOIIEH MPOTrpaMMBbI;
# y Kaxaoro u3 Moayieil ecTb COOCTBEHHBIN CErMEHT JaHHBIX;

W MOIYJIM HMCIIOJb3YIOT aTpUOYT KOMOMHMPOBAHUS (00ObeAMHEHUSI) CETMEHTOB private
B nupekTuBe cermeHTauuu SEGMENT.

PaccMOTpUM 3TH BapMaHTHI Ha MPUMEPE MPOrpaMMBI, KOTOpas OIPENENIAET B Cer-
MEHTe TaHHBIX 1B€ CUMBOJIbHbIEC IIEPEMEHHbBIC U BHI3BIBACT MPOLIEAYPY, BHIBOISIIYIO 3TH
CHMBOJIBI Ha 9KpaH.

B nepBoM BapuaHTe, B KOTOPOM JiBa MOAYJIS UCITOJNB3YIOT TOJBKO CETMEHT HaHHBIX
BBI3BIBAIOINIEH ITPOrpaMMbl, He TpeOyeTcs IepeorpeaeieH!s] CerMeHTa TaHHbBIX B BbI3bI-
BaeMoW rmpoueaype. B muctunre 15.6 B BeI3BIBAOILEH MTPOrpaMMe OIpeNesIeHb IBE TIe-

peMeHHbIe, BBIBOA Ha 3KpaH KOTOPBIX OCYIIECTBISET BbI3bIBacMasl MporpaMma (Jimc-
TuHr 15.7).

JNuctunr 15.6. MNepebii BapyaHT Ucnonb3oBaHusa avpekTre EXTRN n PUBLIC (moaynb 1)

;prgls_6..asm

; Bui3biBalowmni MOAYIb

include mac.inc

extrn my_proc2:far

public perl,per2

stk segment stack
db 256 dup (0)

stk ends

data segment

perl db "1"

per2 db "2"

data ends

code segment

main proc far

assume cs:code,ds:data,ss:stk
mov ax,data

mov ds,ax
call my_proc2
exit

npodondcerue ¥V
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Jinctnr 15.6 (npogonxeHue)

main endp
code  ends
end main

JInctuHr 15.7.MNepBbiii BapuaHT MCNONb30BaHMSA AMPEKTUB extrn v public (Moaynb 2)

;prgl5_7.asm
; Beizbizaemsiit MOLYJb
include mac.inc
extrn perl:byte,per2:byte
public my_proc2
code segment
my_proc2 procfar
assume cs:code
IBLIBOA CUMBOJIOB Ha 2KpaH
mov dl,perl
QutChar
mov dl,per?2
OutChar
ret
my_proc? endp
code ends
end

Coopka ImporpaMMBI U3 ABYX MOIYJIEH JJIST 3TOTO W CICAYIOIINX BAPMAaHTOB OCYIIE-
CTBJISIETCS TaK XKe, KaK OBbLJIO MOKa3aHo B JUCTUHTax 154 u 15.5.

Bo BTOpOM BapmMaHTe y KaXXaoro U3 MOAYJIEi eCTh CBOMl COOCTBEHHBIN CETMEHT JaH-
HBIX. B 2TOM ciydae Iist mOCTyIa K pasfesisieMbIM IEpeMEHHBIM W3 APYTOro MOIYJIS
TpeOyeTcs MepeonpeaeieHue CErMEHTa JaHHBIX B BBI3bIBAEMOI Mpoueaype (cTpoku 17—
19 u 23-24 nuctuHra 15.8).

JInctuHr 15.8. BTopoii BapraHT MCNonb30BaHUS AMPEKTUB extrn n public

;prgl5_8.asm

; Boi3siBalowMiA MOIyIb - TOT %€, 4YTO ¥ IJIA TPENHAYNero BapuaHTa.
<1> ;Bsi3biBaEMbIM MOAYNb

<2> include mac.inc

<3> extrn perl:byte,per2:byte
<4> public my_proc2

<5> data segment

<6> per® db "0

<7> data ends

<8> code segment

<9> my_proc2 proc far

<10> assume cs:code,ds:data

<11> ;BLIBOA CUMBOJIOB Ha DBKpaH

<12> mov ax,data

<13> mov ds,ax

<14> mov dl,per@

<15> OutChar

<16> pushds ; CoOXpauuny ds
<17> mov ax,seg perl ;cerMeHTHbit ampec perl B ds
<18> mov ds,ax

<19> mov dt,perl

<20> OutChar ;8bIBOA perl

<21> mov dl,per2

<22> OutChar ;BbIBOA per?

<23> pop ds ;BOCCTaHOBUAK dS
<24> mov d1l,per@

<25> OutChar ;U ele pas per@®

<26> ret
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<27> my_proc2 endp
<28> code ends
<29> end

PaccMoTpum yay4diieHHBIN BTOPOi BAapuaHT mMporpaMMbl (TUcTUHT 15.9). B npensi-
IyLIEM cJTydae Mbl UCTIOJb30BATH 7151 aipecallii AaHHBIX B PA3HbIX CETMEHTAaX TaHHbIX
onvH peructp DS, a Tenepb ISl A0CTYlA K pa3ie/issieMbIM MEPEMEHHBIM U3 JPYTOro Mo-
JIyJIsl 3aA€UCTBYEM OIMH M3 JOMOJHUTEIbHBIX CETMEHTHBIX PETMCTPOB JaHHBIX, K IPHU-
mepy ES. 3ameTnTe, 4TO OOpallieHre K JaHHBIM APYToro cerMeHTa OCYIIEeCTBIISIETCS C T10-
MoOIIIbIo MpeduKca 3aMeHbI cerMeHTa (cTpoku 18 u 20).

JIncTuHr 15.9.Yny4lleHHbI BTOPO BapmaHTMCNoNb30BaHns gupekTrueextrnnpublic

;prgl5_9.asm

;Bbi3piBalWMA MOLYTIH - TOT Xe, YTO ¥ Q7S TPeIbOymero BapuaHTa.
<1> ; Bbi3biBaeMmblit MOLYJIb

<2> include iomac.inc

<3> extrn perl:byte,per2:byte
<d> public my_proc2

<5> data segment

<6> per0 db "0"

<7> data ends

<8> code segment

<9> my_proc2 proc far

<10> assume c¢s:code,ds :data
<¥1> ;BLBOA CUMBOJIOB Ha BKpaH
<12> mov ax,data

<13> mov ds,ax

<14> mov dl,per0

<15> OutChar

<16> mov ax,seg perl

<17> mov es,ax

<18> mov dl,es:perl

<19> OutChar

<20> mov dl,es:per?

<21> OutChar

<22> mov dil,per@

<23> OutChar

<24> ret

<25> my_proc2 endp

<26> codeends

<27> end

TpeTtuit BapuaHT TpeArnonaraeT MCIOJb30BaHUE aTpuOyTa KOMOMHUpOBaHUS (00b-
enuHeHus1) cerMeHTOB public B mupektuBe cermeHTanmu SEGMENT mist cermeHTOB naH-
HBIX Momyaei (muctuHru 15.10u15.11).910 3HaueHMe aTpubyTa KOMOMHUPOBAHUS 3a-
CTaBJISCT KOMIIOHOBIIUK O0BEIUHUTD MOCIEI0BATEIbHO CETMEHTHI ¢ ONMHAKOBBIMU
uMeHamu. Bce anpeca v cMmelieHUs OyAyT BBIUYMCISATHCS OTHOCUTEJbHO Hayaja 3TOTro
HOBOTO cerMeHTa. Torma He MOHamo0UTCs MTPOU3BOIUTD JOTIOJIHUTEIbHOM Hacrpom(m
CEerMEHTHBIX PErHCTPOB (KaK ObUIO B ABYX MPENBIAYIIUX CIyYasix).

ﬂucmur 15.10. Tpetuin Bapl/laHT McnonbsosaHMﬂ AnpekTuB extrn 1 public (Moaynb 1)

iprgl5_1@.asm

; BuizbiBalowmA MOIYIIb
include mac.inc
extrn my_proc2:far,per@:byte
public perl,per2
stk segment stack

db 256 dup (0)

stk ends npogoaxeHue
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Jiuctunr 15.10(npogosxeHne)
data segment para public "data”

perl db "1"
per2 do "2"
data ends

code segment

main procfar

assume c¢s:code,ds:data,ss: stk
mov ax,data
mov ds,ax
mov dl,per®
OutChar

call my_proc2
exit

main endp

code ends

end main

JInctuHr 15.11.Tpetnii BapraHT UCNOJIb30BaHNS AMPEKTMB extrn n public (Moayib 2)

;prgl5s_11.asm

; BoisbiBaemuin MOAYIb

include mac.inc

extrn perl:byte,per2:byte
public my_proc2,per®

data segment para public "data"
per@ db "0"

data ends

code segment

my_proc2 proc far

assume cs:code,ds:data
;ds 3arpyXaTh He Hamgo, TaK KakK KOMIOHOBIMK €T0 IPUCOEOUHUT
;K CeI'MEeHTY HOaHHHX IIepBOT0 MOIYIIA
;BLIBOA CUMBONOB Ha BKpaH

mov dl,per®

OutChar

mov di,perl

OutChar

mov dl,per2

OutChar

mov dl,per@

OutChar

ret
my_proc2 endp
code ends

end

Bo3Bpar pe3y/ibTaTa U3 npoueaypbl

B oTiinume ot SI3bIKOB BBICOKOTO YPOBHSI, B SI3bIKE acceMOjiepa HeT OTAEIbHBIX TTOHSITUIA
IUI TIpolieayphl M yHKuMu. OpraHu3alus Bo3Bpara pesysbTaTa M3 MPOLEeayphl TOJ-
HOCTBIO JIOKUTCS Ha TTporpammMucTa. Eciiv UCXOAUTh U3 TOTO, YTO TOJydYeHUE PE3yIbTa-
Ta — YaCTHBIH cJTy4ail mepenaym apryMeHTOB, TO IIPOrPaMMUCTY TOCTYITHBI TPY BapuaH-
Ta BO3BpaTa 3Ha4YeHUI U3 MTPOLIEIYPHI.

is C ucnosb3oBaHueM perucTpoB. OrpaHMYeHUS 30ECh T XKe, YTO U IIPU Iepeaade JaH-
HBIX, — 3TO HEOOJBIIOEe KOJTUYECTBO HOCTYITHBIX PETUCTPOB M UX (PUKCUPOBAHHBII
pasmep. Oynkiuun DOS UCoONb3YIOT UMEHHO 3TOT crocod. M3 paccmarpuBaeMbIxX
3[eCh TPEX BapMaHTOB JAHHBIN CIIOCOO SIBIISIETCS HauOoyiee OBICTPHIM, O3TOMY €TI0
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€CTh CMBICJI 3a€MCTBOBATh [IJII OPTraHU3allMi KPUTUYHBIX 10 BDEMEHU BbI30BA IIPO-
neayp ¢ MaJbiM KOJIMYECTBOM apryMEHTOB.

C Mcrob30BaHWEM OOIIEed 00JIACTH MaMSITU. DTOT CITOCO0 ymoOeH IpU BO3BpaTe
GOJIBIIIOTO KOJMYECTBA TaHHBIX, HO TPeOyeT BHUMATEILHOCTU B OIIpeAeSIeHIU 00JIa-
CTeli MTaHHBIX U TOAPOOHOT0 TOKYMEHTUPOBAaHMSI, YTOOBI yCTPAHUTh HEOMTHO3HAYHOCTh
MPH TPAKTOBKE COAEPKUMOTO OOIINUX YIACTKOB MTaMSITH.

C Mcroib30BaHUEM CTeKa. 31ech, MOI00HO Mepenadye apryMeHTOB Yepe3 CTeK, TaAKXKe
TpebyeTcs peructp BP. I1pu 3ToM BO3MOXHEI ClIeAyIOIIe BApUAHTHI:

0O ucrnoJib30BaHME I BO3BpalllaeMbIX apI‘YMCHTOB TEX XK€ AYECK B CTCKE, KOTOPLIC
IOPUMEHAJINUCDH IJId II€peaadyu apryMEeHTOB B ITPOLCAYPY, TO €CTb IIPpEAIojJaracTcsa
3aMCIICHUE CTaBIINX HCHY>KHBIMU BXOAHBIX apT'YMEHTOB BBIXOAHBIMU IAHHBIMMU |

D mnpenBaputenbHOE TTOMEIICHWE B CTEK HapsIAy C MepedaBaeMbIMM apryMeHTaMu1
(UKTHBHBIX apTYMEHTOB C IIeJIbI0 PE3ePBUPOBAHUSI MECTa IUIsI BO3BpaIlacMOro
3HaYeHHUS (B 3TOM BapyaHTe Ipolienypa, KOHEYHO Ke, He TOJKHA ITBITAThCS OYM-
cTUTh cTeK KoMaHmoii RET, 3Ty omepaninio mpumeTcs eaTh B BBI3BIBAIOIICH TTPO-
rpamme, Hanpumep, KomaHaoit POP).

B xone npuBeneHHOTo 00CYXAeHMs Mbl BBISICHUIM, YTO acceMOJiep He HaKJIalblBaeT
HUKAKUX OTpaHWYEHUI Ha OpraHU3alluIio TMpolecca NMepeaayd AaHHBIX M BO3Bpara 3Ha-
YeHUIl MeXIy ABYMs Tpolienypamu, a B Oojiee oOIeM ciiydyae — W MEXIy MOIYJISIMM,
NpeacTaBISIOIIMMU OTACAbHBIE (haitabl. Hanbomee ObICTphIil CIIocob Takoro ooMeHa —
HCIIOIb30BaHue perucTpoB. Ho yacTo TpebyeTcsi CBsI3bIBaTh MEXKAY COOOI HE TOJBKO
MporpaMMbl, HalmMcaHHbIE Ha acceMbiepe, HO U MPOrpaMMbl Ha pa3HbIX sI3bIKax. B aToM
cllyyae yHUBEPCaJbHBIM SIBJISIETCS OOMEH JaHHBIMUY Yepe3 cTek. Jlanee Mbl pacCMOTPUM,
Kak pelaercs mpobyema CBI3U MpOorpaMMHbBIX MOAYJIeil, HATMCAHHBIX Ha SI3bIKE acCeM-
Osiepa U sI3bIKax BLICOKOTO YPOBHSI.

Aupexktnea INVOKE

Ins 6onee ymoOHOTO BbI30Ba MPOLEAYP C MapaMeTpaMu, INepeaalolIuMucs 4yepes CTek,
MASM npepocTaBiseT crieliMajibHOe cpeAcTBO B Buae aupekTuBbl INVOKE:
INVOKE wums_npoueaypbi [, aprymenTsi]

OcHoBHas ee 3a1a4ya — c(hopMUpPOBaTh KO/, KOTOPHIiA, BO-MIEPBBIX, Pa3MellaeT apey-
MeHmbL B CTEKE, BO-BTOPBIX, BBI3BIBAET MPOLEAYPY U, B TPETBUX, YUCTUT CTEK ITOCIIE 3a-
BepIleHUsT paboThl Mmpolenypbl. Hanpumep, TpaIlulIMOHHBINA CIOCOO BHI30Ba MPOLIEHY-
Dbl BBITJISIAUAT TakK:

push napameTtp_n
push napameTtp_2
push napameTtp_1
call uMsa_npoueayps

C ucnonbs3oBanueM INVOKE ToT Xe camblii BbI30B OyAeT BBIIISIETh CIeAYIOIIUM 00-
pazom:
INVOKE ums_npoueaypsi, napametp_1, napametp_2 . . . napameTp_n

Tl INVOKE aprymeHT MMA_npoLeaypb! He TOJKEH ObITh Ollepexalollieil CChUIKON Ha
angpec. UToOBI MCKIIOYUTH MOAOOHBIE CUTYalluu, cylliecTByeT «mapHasi» ajs INVOKE qu-
pektuBa PROTO:
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wms_npoueaypsl PROTO [paccTosHue] [napameTpl:Tunl...

DTa AupeKTHBa UHPOPMUPYET acceMOJIiep O KOJIMYESCTBE M TUIIAX apITyMEHTOB, KOTO-
pble IpUHUMaeET mpotenypa. Mcnonb3oBaHue TaHHOW AMPEKTUBHI MO3BOJSIET acceMO-
JIEpY BBIMTOJHSTH MpoBepKy TUNOB. O0bIuHO Bee aupekTuBbl PROTO mist mpotieayp codu-
paroTcsl B HayaJjie UCXOHOTO TeKCTa MpOrpaMMbl JIMOO B OTAETbHOM BKJIOUaeMOM chaiine.
HMupexTtusa PROTO mprHUMaeT Tpu TUIA apTyMEHTOB — PAcCTOSIHUE, SI3bIK, MTapaMeTPhl

Mpoleyphl C YKa3aHUEM UX TUTIOB.

m AprymeHT paccrosinue (NEAR, FAR, NEAR16, NEAR32, FAR16 unu FAR32) BiusieT Ha pas-
Mep anpeca, GopMUpPYEeMOro acceMOIepoM IUisl BbI30oBa mpouenypbl. [1o ymomyanuio
3HaYeHMe 3TOTO MMapaMeTpa ONpeAeIIeTCsS] UCXOS U3 TeKYIIel MOJEIH MaMsITH U TUIIa
IIpoLecCcopa.

ApPTYMEHT A3bK JUTSI OTIpeie/IeHUsT CTUJISI M COTJIALIeHUST TIO BBI3OBY IIPOLIEAYPHI B Ka-
YecTBe 3HAYCHUST TPUHUMAET UMS si3biKa (Tabm. 15.1).

[a3bIK] [,

ApryMeHT mapameTp MpeacTaBisieT co00U Moce10BaTeIbHOCTh MEPEUNCIEHHBIX Ye-
pe3 3amaryio napaMeTpoB npoueaypbl. Mcxonsa u3 aToil nHGOpMaIuy, IpU BhI30BE
MpoLIeayphl acceMbiep MpeodpasyeT Mmocaen0BaTeIbHOCTh TapaMeTpoOB B TOC/EN0-
BaTebHOCTh KoMaHa PUSH ¢ ¢opMmupoBaHMEeM COOTBETCTBYIOLIMX apECcOB MapameT-
POB TIPOLIETYPHI B CTEKE.

ApPTYMEHTTUR — OIMH U3 JOITYCTUMBIX aCCEMOJIEPOM MTPOCTHIX TUIIOB JaHHBIX. B Ka-
4yecTBe TUIIa MOXET ObITh YKa3aHo c10Bo VARARG. OHo mpegHasHayeHO AJIs1 OIpeje-
JICHUS TIPOLIEAYp C MepeMeHHBIM uuciaoM apryMeHToB. Tum VARARG ykaswiBaeTcs
¢ mocJieAHUM TapameTpoM, 3agaHHbIM B aupekTuBe PROTO. Tunm VARARG moxHO uc-
TOJIb30BaTh, ecyiu apryMeHToM 43biK siyisieTcst C, SYSCALL mim STDCALL.

Tabnuua 15.1. MNepenaya apryMeHTOB B 3blkaxX BbICOKOMO YPOBHS

OmnepaHn A3bIK HanpasneHue nepenauu ITpouenypa o4nCTKH
«I3BIK» apryMeHTOB cTeka

NOLANGUAGE | Accembaep CrneBa HanpaBo BrizbiBaeMast
BASIC Basic CrnieBa HampaBo Bri3biBacMas
PROLOG Prolog CrpaBa HaJeBO Boi3biBatoLas
FORTRAN Fortran CiieBa HanmpaBo BrizbiBaeMast
C C CripaBa HajieBo Bhi3biBatoliast
C++ (CPP) C++ CripaBa HaJieBO BrI3bIBatonas
PASCAL i Pascal CreBa HanmpaBo Boi3biBacMast
STDCALL — CripaBa HaJeBO Bbi3biBacMmast
SYSCALL C++ CﬁpaBa HAJIEBO Bri3biBatonias

IIpuBenemM TUIOBYIO IMOCHIEIOBATEILHOCTb ACHCTBUI B MpOrpaMMe IJIsl BBI30BA IPO-

uenypsl B MASM:

;3aAaHue npoToTuna npoueaypsl prod

procl  PROTO

:BbI30B MPOLEAYPSI

stdcall :dword,

cdword
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invoke prod, argl, arg2

Crenyer OTMETUTD pa3HUlly B onucanuu npoiienyp B MASM u TASM. O6ruuit Bun
npencTaBiaeHus mpouenypsl B MASM noxox Ha ctuinb TASM, HO mMMeeT OTIWYUS
B CUHTAKCHUCE U COACPKAHMMU:

umma_npoueaypbi PROC [paccTosiHne] [f3bik] [BMAMMOCTB] .
[<aprymeHTn nponoralanunora>]
[USES cnucox_peructposl [,aprymeHt [:7unll...
[LOCAL cnucok_nepemeHHbIX]

" Teno npoueaypsl

thET-[KOﬂMHeCTBO_ﬁaﬁTOB]]
ums_npoueaypsl ENDP

[TapameTpsl paccTossHUE, I3BIK M BUAUMOCTD MMEIOT CXOTHBIE C OMUCAHMEM TIPOIIELY-
pel B TASM 3Hauennd. [TapaMeTp paccTossHME ITOKa3bIBACT JIOKAIM3ALIMIO MECTa, U3 KO-
TOPOTO MOXET ObITh BbI3BaHA MPOIIEAYPA, C TOMOIIbIO OHOTO U3 KIoueBbIX cJioB: NEAR,
FAR, NEARI6, NEAR32, FAR16 unu FAR3). ITapameTp 36K — OAMH U3 JONYCTUMBIX TUIIOB
s13b1K0B (cM. Tab1. 15.1). [TapaMeTp BUANMOCTbONpEAe/ISeTIOCTYTHOCTbIPOLEYPBI IS
Ipyrux momyiaeir u uMmeer omHo u3 3HaueHuil PRIVATE (mo ymomuanwuio), PUBLIC nim
EXPORT. DtoT mapamerp MoxHO m3MeHUTh nupektuBoir OPTION PROC.

[Mocnenneit komanmoii mpoueaypsl 00bruHO siBasieTcsi RET. B kadecTBe ee onepanaa
MOXHO yKa3aTh YMCJIO 6aliTOB, KOTOPBIE MPOLIEAYPa NOJKHA YIAIUTh U3 CTeKa IIPU BO3-
BpaTe yIpaBJIeHUS B TOUKY BbI30Ba.

AcceMOiep aBTOMaTUYECKM TeHEepUPYET KO MPOoJIoTa U SIUIOTa JAJIs MPaBUIbHOM
repenavyyd apryMeHTOB B TPOIEAYPY Yepe3 CTeK M OYMCTKM CTeKa IpW BO3BpaTe M3 Hee.
Kon mposora m smmmora MOXHO HECKOJBKO M3MEHUTH IpuMeHeHneM nupekTus OPTION
PROLOGUE 1 OPTION EPILOGUE.

JlokanbHbIe TIEpeMEHHbBIE 00BIBIAIOTCS B mpouenype nupektuoit LOCAL (mepen
JMo0bIMU KOMaHaMK). B mpouenype MoxeT ObITh HeckoJbKo AupekTuB LOCAL.

Apeymenmul nponoea/snusoea — apryMEHTHI, OIPEAENISIONINe OCOOSHHOCTH ITPOJIOTa
u anmiora mpouenypbl. AprymeHTsl o ymomyanuio — PROLOGUE m EPILOGUE. [dpyrue
3HAYEHUS:

& FORCEFRAME — renepamus cermMmeHTa CTeKa;

# LOADDS — coxpanenue peructpa DS B mpoJjiore mpoieaypsl 1 BOCCTAHOBJIEHUE €TI0
B BITMJIOTE.

Ecnu apryMeHTOB HECKOJIbKO, TO OHU Pa3eIsiioTCsI 3aTsIThIMMU.

[1pu BbI30BE MpOIIEAYPHl MOXHO YKa3aTh PErMCcTpbl O0ILETO HA3HAYEHUS, KOTOpbIE
HYXHO COXpaHWUTb B CTeKe M Ha3HAYMTh CUMBOJIMYECKHE UMEHA afpecaM B CTeKe, KOTO-
pBIe JTOTMYECKH SIBISTIOTCS TMapameTpamu mpouenypsl. Bee ato nemaet mmpexktnBa USES.
Mmena nepevncisieMbIX perMCTPOB pas3iessiioTcs IpobeaMu, a UMeHa TepeMEHHBIX —
3ansSThIMU. [JIs1 TepeMEHHBIX MOXET YKa3bIBAaThCsI TUIL. B KauecTBe 3HAUE€HUS TUTA MO-
XeT OBITH TO0 MM TIpocToro tvma (HarpuMep, DWORD), mn6o VARARG. CrryxxkeOHOE c10BO
VARARG mosBomseT 3amate mepeMeHHOe 4ymcio TapameTpoB. [Ipm ero MCITOnMbp30BaHWU
OHO JOJIKHO OBITh MOCIEAHUM B CIMCKE MapameTpoB mpoieaypbl. CiykeOHOe CJI0BO
VARARG ykaspiBaeTcst TonbKO, ecnu mapametp a3bik paBeH C, SYSCALL umm STDCALL. Tlo
yMmonayaHuio napametp tun paBeH WORD misa 16-paspsimHoro cermenTa 1 DWORD — s
32-pa3psSaHOro CeTMEHTA.
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Cea3b accemOnepa ¢ 93blkamMu
BbICOKOIO YPOBHS

Ha npotsixkeHnu Bcero yueOHMKA Mbl HEOHOKPATHO OTYEPKUBAIU CUTIbHBIE U Clla0ble
CTOPOHBI sI3bIKa acceMbJiepa Kak si3bika mporpammupoBaHusi. [TucaTh Ha HEM 10CTaTOY-
HO 00BEMHBIE TPOrpaMMbl yToMUTEbHO. W Becerna i 310 HyxxHO? KoHeuHo, He Bceraa.
Ecnu mporpamMma He TipeHa3HaueHa 1J1sl pellleHUsT KaKUX-TO CUCTEMHBIX 3a/1a4, TpeOy-
IOIIMX MaKCUMAJIbHO 3((PEKTUBHOTO UCIIONb30BAHUSA PECYPCOB KOMITBIOTEDA, €CIIM K HeEl
HE MPEIbIBISIOTCS CBEPXKECTKUE TPeOOBaHUSI 0 pa3Mepy U BpeMeHU paboThl, eciu
Bbl He «haHaT» accemOyiepa — TO, Ha MOW B3TJISI, CIEAYET MOAYMaTh O BEIOOPE OTHOTO
U3 SI3bIKOB BBICOKOTO YpoBHSI. CyILECTBYET W TPETUIA, KOMIIPOMUCCHBIN MyTh — KOMOU-
HUPOBAHUE MPOTPaMM Ha sI3bIKe BHICOKOTO YPOBHSI C KOIOM Ha accemOuiepe. Takoi cro-
€00 OOBIYHO UCIOJIB3YIOT B TOM CJyyae, eclii B Ballleii TporpaMMme ecTb (hparMeHTHI,
KOTOphIe 10O BOOOILE HEBO3MOXHO peain3oBaTh 0e3 accemOjepa, 1ubo accemoOyep
MOXET 3HAYUTEIbHO MOBBICUTH I(PGHEKTUBHOCTb pa0OTHI MPOTPAMMBI.

BONBIIMHCTBO KOMMUJISITOPOB YUUTHIBAIOT BO3ZMOXHOCTh KOMOMHUPOBAHUST UX <«POJI-
HOro» koja ¢ accembiepom. Kak uMeHHO? DTO 3aBUCUT OT KOHKPETHOT'O KOMITUJISITOpa
sI3bIKA BBICOKOTO YPOBHSI. YUUTHIBASI, YTO OOJIBIIMHCTBO MPOTPAMMUCTOB PadOTAIOT MU,
Mo KpaifHeill Mepe, BIafeloT OCHOBaMU MporpaMMupoBaHus Ha sizbikax C/C++ u Pascal,
JlasibHeli1ee oocyxkaeHrue OyaeT KacaTbcsi UMEHHO 3THUX SI3bIKOB. B Hacrosiiiee BpeMs
CYUIECTBYET HECKOJIbKO UX OCHOBHBIX peaju3alluii, MOAAEPKUBAEMbIX Pa3HbIMU (PUp-
MaMU-TIPOU3BOAUTENSIMU. B 3TUX peanu3auusix UMEIOTCSI, B OCHOBHOM, OJIMHAKCBbIE
MEXaHU3MBbl CBSI3U C SI3BIKOM accemOiyiepa. EMMHCTBEHHOE, YTO OCTaeTcsl caeaaTh Mpu
peanu3aluyd KOHKPETHOUM 3ajaud Ha KOHKPETHOM KOMIWJISITOPE, — YTOYHUTH B JOKY-
MEHTAI[MU Ha SI3bIK HYXXKHbIE MapaMeTPhl CBSI3U U, BO3MOXHO, 0COOEHHOCTU OpraHu3a-
MM CBSI3U C KOIOM Ha acceMbiepe. HeBo3MOXHO 1aTh yHUBEpPCaIbHbIE pEKOMEH AU
M0 3TOMY BOITPOCY U OCTAETCSI JIMIIIb COCPEAOTOUUTHLCSI HAa OTOOpakKeHUM Haubosiee MpuH-
IMITAATbHBIX MOMEHTOB CBSI3U TIporpamMM Ha sizbikax Pascal u C/C++ c accembiepom,
aKTYaJIbHBIX IS OOJIBIIMHCTBA peau3alluil 3TUX SI3BIKOB.

BHauajie Mbl OTMETUM OOILIIME MOMEHTHI, akTyalbHble Kak aisi C/C++, Tak u s
Pascal. 3aTteM Ha mprMepax KOHKPETHBIX POTPaMM MbI 00CYIUM MOMEHTHI, crieuuuy -
HBIE [UISI KQXKAO0TO U3 3TUX SI3bIKOB.

Cy1iecTByI0T cienyoniye hopMbl KOMOMHUPOBAHUS MPOrPaMM Ha SI3bIKaX BBICOKO-
T'0 YPOBHSI ¢ acceMOJIepOM.

P MUcnonb3oBaHue omneparopoB Tuma inline u acceMOliepHBIX BCTABOK B BUJE BCTpau-
BaeMOro acceMOJIepHOro Kojaa. Jrta hopMa B 3HAUUTEIbHON CTEIIEHU 3aBUCUT OT CUH-
TaKcHca 3bIKa BBICOKOTO YPOBHSI M1 KOHKPETHOTO KoMmuiaTopa. OHa mpejmosara-
€T, YyTo acceMOJiepHble KOJbl B BUJe KOMaH] acceMbjiepa WM MPSIMO B MalllMHHBIX
KOMaH/1aX BCTaBJIAIOTCA B TEKCT TPOrpaMMBbl Ha I3bIKE BBICOKOTO ypoBHA. KoMnus-
TOp SI3bIKA PACIIO3HAET MX KaK KOMaHAbl accemOiepa (MalllMHHbBIE KOIbI) 1 03 13Me-
HEHUI BKJIIOYaeT B (popMUpPYEMbI UM 0OBEKTHBIN Koi. DTa hopMma yaoOHa, eciu
HaJI0 BCTaBUTh HEOONbIION (hparMeHT.

Mcnonb3oBaHue BHEUIHUX Tpoleayp U GyHKIUA. DTo Oolice yHUBEpcaibHast ¢Gop-
Ma KOMOMHUPOBaHUS. Y Hee eCTh PsIi TPEUMYIIEeCTB:
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0O HamucaHue W OTIAAKY IMpOorpaMM MOXKHO IMPOU3BOINTL HE3aBUCHMO;
O HamycaHHbBIE MTOAMPOrpaMMBI MOKHO UCITOJIb30BaTh B IPYTUX ITPOEKTAX;

I1 o6neryatorcs MogudUKALMSI U COMTPOBOXICHNE TOAMPOTPAMM B TEUCHHE KM3-
HEHHOTO LIVKJIa TpoeKTa (K IpUMepY, eCJv Ballla poLieaAypa Ha acceMbepe po-
M3BOIUT pabOTy C HEKOTOPHIM BHEIIHUM YCTPOMCTBOM, TO IPU CMEHE YCTPOii-
CTBa BaM HET HEOOXOAMMOCTH IIepEeKPanuBaTh BECh TPOEKT — TOCTATOYHO 3aMEHUTh
TOJTHKO PabOTAONIYI0 C HUM NPOLELYPY, OCTaBUB HEM3MEHHBIM MHTepGElic MMpo-
rpaMMbl Ha SI3bIKE BBICOKOTO YPOBHS C acceMOiepoMm).

BcTpanBaembiii acceMOnepHbIVi Koa,

bonbmmHCTBO KOMITUJIATOPOB A3bIKOB BbICOKOT'O YPOBHA IMOAACPKMBAIOT BOSMOXHOCTD
BCTaBKM acceMOIEpHOro Koaa B 06pabaTeiBaeMble MMM TIPOrpaMMbl. B naHHOM pasznene
OCHOBHO€ BHMMAaHMUE YACTIACTCA aCCCM6J'[CpHI>IM BCTaBKaM B IIporpaMMax Ha C++, TaK
KaK MMEHHO 3TOT SI3bIK HauboJiee 4acTo HCIOJIB3YCTCA AJId p€aan3allnu 3aa4 CUCTEM -
HOTO HpOFpaMMHDOBaHHH.

Omnepatop inline g361ka Pascal mpencTaBisgeT co00i CaeayIOmy0 CMHTAKCHIECKYIO
KOHCTPYKIIHUIO:
inline (MawWHHbIE_KOAbI)

B ckobKax yka3bIBaeTCs CTpOKa MAllIMHHBIX KOAOB. [IJIsT TOJTyde HUS TAaKOW CTPOKU
1LIe1eco00pa3HO HAaNM CaTh HYXKHBI (DparMeHT Ha acceMObiepe, CKOMITUIUPOBATh UCTION-
HSEMBII MOJYIb, a 3aTeM 3aITyCTUTh OTJIaguuK. B okne CPU oTiagunka Bel yBUIMTE Ma-
IIMHHBIE KOABI BAIIUX MHCTPYKIIWI ; ©X HY>KHO IIepeucaTh M BCTABUTh B CKOOKH OIIepa-
Topainline.

BcrpauBanue accembnepHoro koma B mporpammbl C++ Ipon3BOIUTCS AUPEKTUBOM
_asm. [IpuyeM 3Toil UPEKTUBOI BO3MOXHA BCTaBKa KaK OTHOW KOMaHIbl acceMoepa,
TaK Y rpymmbl KomMaHa. CUHTaKCHC:

__asm KOMaHAa_accembnepa [;kommeHTapun]
__asm{
KOManaa_accembnepa [;xkommenTapui]

kéMaHna_acceM6nepa [//KoMMeHTapuil uan /* KoMMeHTapuii */]

b .
I1nanupys Mcnojab30BaHKWE BCTPOEHHOIO accembiiepa, BaXKHO XOPOLIO MPeACTaBIsATh

cebe ero BO3MOXXHOCTU U OTPaHUYEHMSI.

Mo:xHoO:

He TepefaBaTh MapaMeTpbl, Kak B clyyae ¢ BHEIHeNH acceMOJIepHO MpoLeaypoit;

NMETDb HGHOCpe)ICTBCHHHﬁ JOCTYII K KOMaHJIaM 1 PETUCTpaM Ipoueccopa,

CCbUIATbCA Ha METKHM U IEPEMEHHBIC BHE TCKYILETO 6J'IOK3., HaxogAmuecd B IMpeaciax
BUINMOCTH aCC€M6JI€pHOI>)I BCTaBKMU,

BBI3bIBATh (PYHKIIMU BHE TIPEeeioB acceMONepHOl BCTaBKM, MPUYEM 3T (QYHKLIUU
JIOJIKHBI OBITh paHee OOBSIBIECHHI B MTporpaMMe (Ha YpOBHE MPOTOTUIIA).

HCIIONB30BaTh OMUCAHME KOHCTAHT KaK B CTUIE acceMOrepa, Tak u C++;
ncmonb3oBaTh onepatopsl PTR, LENGTH, SIZE, TYPE n mupextuBsl EVEN 1 ALIGN.
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Henbas:

KCIMOJIb30BaTh AUPEKTUBEI ONpeaesieHusT NaHHbIX TpocThiX (DB u DD) u cioxHbIx

tunos (STRUC, RECORD), To ectb kKakuM-1100 00pa3oM ompenesTh JaHHbIE JIIOO0ro

TUIA; _

OMHUCHIBATh (DYHKIIMU B TIpeaenax acceMOJEpHON BCTaBKM;

# WCMOJb30BaTh B KOMaHAaX OOJIBIIMHCTBO onepaTopos accembnepa tuna OFFSET, SEG,
SHR, SHL (BMecto OFFSET MoxkHO ucmojb30BaTh LEA); '

i
S

MCIIOJIb30BaTh JIIOObIe TMPEKTUBBI MaKPOOIIpeIeIeHU;
00paIIaThCst K MOJISIM CTPYKTYP U 00beIUHEHUIA.

BHelwHuiAi accemMOnepHbli Kop,

Tak KaK BapuaHT ¢ UCII0JIb30BaHMEM OIIEpPaTOpoB inline u acceMOaepHBIX BCTaBOK 001a-
JaeT TOBOJbHO OOJBIIMMY OTPAHUYCHMUSIMU, OH HE MOXET ObITh MPU3HAH YHUBEPCAb-
HbIM, U IJIs peajlu3alluy CJIO0XHBIX 3aJa4y OCTaeTcs OpraHu3alus CBSI3U MporpaMM Ha
sI3bIKaX BBICOKOT'O YPOBHSI C aCCEMOJIEpHBIM KOJOM UYepe3 BHEIIHME IPpoLeayphl U QYyHK-
. Bo3aMoXHBI Ba BUIa TaKOH CBA3M — IMpOTrpaMMa Ha sI3bIKE BHICOKOI'O YPOBHS BbI-
3bpIBaeT MpOLEAYpPY Ha accembjepe U HaoOoOpoT. B maHHON Iri1aBe orpaHMYMMCS pac-
CMOTPEHHMEM CBSI3U TOJIbKO B OJHY CTOPOHY, KOTAa IMporpaMma Ha S3bIK€ BhICOKOTO
YPOBHS BBI3bIBACT MpPOLEAYPY Ha acceMbjepe. DTo Haubojee YacTO MCMOJAb3yeMbIi
BUJ, CBSI3M.

BcrmomauM (em. mmaBy 10) cuHTakcuce gupeKTuBbl PROC kommursitopa TASM:
ums_npoueayper PROC [ [moandukavop_s3eikalasbik] [paccTosHue]

OnmuH U3 onepaHaoB — SI3bIK. OH CIYXUT IJI TOrO, YTOObI KOMITUJISITOP MOT Ipa-
BUJIbHO OpraHM30BaTh MHTepQeic (CBA3b) MeXAY MpoLeIypoil Ha acceMObiepe U Mpo-
rpaMMOIl Ha s3bIK€ BBICOKOro ypoBHs. HeobxomuMmocTh Takoro yka3aHusl BO3HUKAaET
BCJIEICTBUE TOTO, UTO CIIOCOOBI ITepeayr apryMeHTOB IIPU BbI30BE MPOLICAYD Pa3IUYHbI
JUISL Pa3HbIX SI3bIKOB BBICOKOI'O YPOBHSI.

TASM noaaep:kuBaeT HECKOJIbKO 3HaUCHU I onepaHaa 13biK. Panee B a6, 15.1 mis
HEKOTOPBIX U3 3TUX 3HAUCHUU ObLIM MPUBEACHBI XapaKTepHbIE OCOOEHHOCTH Mepeaayun
apryMEHTOB U COTJIALEHMS O TOM, KaKasl Mpolieaypa OYMIIaeT CTeK — BbI3bIBAIOLIAsI WU
BhI3bIBacMas. Ilonm Hanpaenenuem nepedauu apeymenmos MOHUMAETCS MOPSIIOK, B KOTO-
POM apryMeHThI BKJIIOYAIOTCS B CTEK, 10 CPaBHEHUIO C TIOPSIAKOM UX CJIEIOBAHMSI B BbI-
30Be mpoueaypsl. s sg3bika Pascal xapakTepeH MpsIMOM MOPSIIOK BKJIOUEHUS apry-
MEHTOB B CTEK: IEPBBIM B CTEK 3alMChIBAETCS IMEPBBIA MepenaBaeMblii apr'yMEHT U3
oIeparopa BbI30Ba MPOLEAYPhI, BTOPbIM — BTOPOM apryMeHT U T. A. Ha BepiuuHe cTeka
OCJIe 3alMCU BeeX TepeaaBacMbIX apTyMEHTOB 0Ka3bIBae€TCs MOCAEeAHUI apryMeHT. s
s13p1K0B C/C++, Ha060pOT, XapakTepeH 00paTHLII MOPSAAOK Iepeaadyn apryMeHToB. B co-
OTBETCTBUM C HMM B CTEK CHayaja BKJIOYAeTCsl MOCIEIHMI apryMEHT U3 ollepaTopa
BbI30Ba MPOLIEAYPLI (WK (PYHKIMM), 3aTEM NPEATIOCHENHNUI U T. 1. B KOHEYHOM UTOre
Ha BepILMHE CTEKAa OKa3bIBaeTCs IEPBLINA apryMeHT. DTO AejJaeT BO3MOXHONM mepeaavy
IIEPEMEHHOr0 KOJMYeCTBa IIapaMeTpoB IIpu BhI3oBe (yHKUMUI B s13bikax C/C++. Ha-
BEepXy CTeKa OKa3bIBAaeTCsl MEpPBbI MmapamMeTp (YHKLMU, 3HAYEHUE KOTOPOro — IIpeao-
cTaBjeHUEe MHPOPMALMKU O KOJIMYECTBE apryMEHTOB B TaHHOM BbI3oBe (PyHKUMU. UTO
K€ KacaeTcsl OYMCTKH CTeKa, TO MOHSITHO, YTO JOJIKHBI ObITh OIMpeae/IeHHbIE JOTOBOPEH-
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HocTH 00 3ToM. B a3wike Pascal 3Ty onepaluio Bceraa coBepliaeT BhI3bIBaeMast Ipolie-
nypa, B si3bikax C/C++ — Bei3piBaroIiast. I1pu pa3paboTke mporpaMMBbl C UCIIOJIh30Ba-
HUEM TOJBKO OJHOTIO SI3bIKa BEHICOKOTO YPOBHS 00 9TOM 3aIyMBIBAThCS HE UMEET CMBIC-
Jla, HO €CJIM Mbl COOMpaeMcs CBSI3bIBATh HECKOJBKO «Pa3HOSI3BIKUX» MOAYJEH, TO 3TU
COIUIAIICHUST HY>KHO UMETh B BUIY.

BcnoMHUMTE HeiCTBHS, KOTOPBIE MBI IIPOACIIBIBAJIM IJISI TOTO, YTOOBI HACTPOUTHCS Ha
apryMeHTHI B CTeKe. Terepp, IMocie yKa3aHMs S3bIKa, C IIPOrpaMMoii Ha KOTOPOM JTOJIK-
Ha OCYIIECTBIIATHCA CBA3b, BCE NEHCTBUS IIO HACTPOIKE CTeKa OYOyT MPOM3BOIUTHCS
KoMIuIsiTopoM. [Ipr 3TOM B TEKCT MpOIEAypPhl OH BKJIIOUMT JOITOJHUTEIbHBIE KOMaH-
OBl BXOZIA B IIpoIlemypy (IIPOJIOr) M BBIXOIA M3 Hee (IMMIOT), IIPUYeM KO SIIJIoTa MO-
KET TMOBTOPSITHCS HECKOJIBKO pa3 — Iepen Kaxnoi koMmaHgoii RET. ns 3HayeHust
NOLANGUAGE u 1mo ymMoI4aHUIO KOABI TIPOJIOra U SITWJIOra He CO3Ar0TCs.

JI1s1 IoSICHEHMSI TIOCJIETHIX 3aMEYaHUI pacCMOTPUM Ha KOHKPETHBIX IIPUMEpPax opra-
HU3AILUIO CBSI3eil MEeXIy MOMYJISIMU Ha acceMOJiepe M MOIYJISIMM HamOoJjiee IOImyJIsp-
HBIX SI3BIKOB BBICOKOTO ypoBHS — C 1 Pascal. He ctout BocmpuHUMAaTh HIKECIEAYIO-
IIKe IIpUMepHsl Kak 00pa3ell ONTUMAJIbHOCTH — OHU JIUIID B YYSOHBIX IIEJISIX TIPU3BaHbI
MIPOUJUTIOCTPUPOBATH IPUHIIUITHI OPTAHU3ALINY MEXbSI3BIKOBBIX CBS3EH.

Pascal n accembnep

OpraHu3annio cBsI3U A3BIKOB Pascal 1 accem0iiep pacCMOTpUM Ha CIIEAYIONIEM IIPUMe-
pe: pa3paboTaem ImporpaMmy Ha si3bike Pascal, KoTopast BRIBOOUT CUMBOJI 3aJaHHOE KO-
JIMYECTBO pa3 HauMHAs C ONpenecHHON MO3UIIMK Ha 3KpaHe (mctuHru 15.12 u 15.13).
Bce uncioBBIe apryMeHTHI OIIpENeaoTes B IporpaMMe Ha Pascal. BeiBom cumBoia ocy-
IIECTBIIICT Tporeaypa accemonepa. O4eBUIHO, YTO OCHOBHas IpobieMa B 3TOi 3ama-
ye — opraHM3alMs B3auMmonelicTBus Momyieil Ha Pascal u accembnepe.

JlnctuHr 15.12. Bsanmopenctene Pascal—acceM6nep (Mmoaysb Ha Pascal)

<1> {prgl5_12.pas}

<2> {Nporpamma, BH3HBALIAS MPOLENypy Ha accembnepe}
<3> program ray_pas;

<4> {$D+} {BxnMouUeHWe MMOTHON MHOOPMALUM IJIS OTnag4vuka}
<5> uses crt; .

<6> procedure asmproc(ch:char;x,y.kol:integer): external;
<T> {npoueaypa asmproc obbsBneHa Kak BHEWHsA}

<8> {$L c:\bp\work\prgl5_12,0bj}

<9> BEGIN

<10> clrscr; {o4ucTka 3kpaHa}

<11> asmproc( 'a',1,4,5);

<12> asmproc('s',9,2,7);

<13> END.

Jinctnr 15.18. Baanmopelicteune Pascal—accembnep (Moaynb Ha accemobnepe)

<1> ;prgls_12.asm

<2> :Mpoueaypa Ha acceMbiepe, KOTOPYHD BH3EBAET
<3> ;IporpaMMa Ha Pascal.

<4> ;Jns BHBOZA Ha DKPaH MCHIONB3YOTCS CIyxOH BIOS:
<5> ;92h - TO3MUMOHMpOBaHME Kypcopa.

<b> 209h - BHBOL CUMBOJIA 3alaHHOE KOJIMYECTBO pas.
<T> MASM

<8> MODEL small

<9> STACK 256

<10> .code npodonxcenue 5
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Jluctuer 15.13(npogosxeHve)

<11> asmproc proc near

<12> PUBLIC asmproc ;o6bABAEHA KaK BHELHAS
<13> pushbp ;aponor

<14> mov bp,sp

<15> mov dh, [bp+6] ;HOMEP CTPOKM [JIS BHBOMA
<16> ;cumsona y - B dh

<17> mov dl, (bp+8] ;HOMep cToybIla IJIs BHBOIA
<18>;cumBona x - B dl :

<19> mov ah,82h ;Homep ciyxOn BIOS

<20> int 1@h ;BbI308B TIpepeBaHua BIOS

<21>;Bm308 OyHKINMM O9%h mpepeBanus BIOS 10h:
<22>;8bIBOR CUMBONA 3 a\ Ha BKpaH

<23> mov ah,0%h ;Homep ciyxOe BIOS

<24> mov al, [bp+10]} ;cuMBONI ¢ch B al

<25> mov bl,07h ;aTpubyT cumBona - B bl
<26> xor bh,bh

<27> mov c¢x, [bp+4] JKOIMYEeCTBO "BEBOLOB"
<28>;cuMBONa - B CX

<29> int 16@h ;BbI30B TIpepHBaHusg BIOS
<30> pop bp ;BOCCTaHOBAEHUE DD

<31>;0YNMCTKa CTeKa ¥ BO3BpaT U3 TIPOIENYDH
<32> ret 8

<33>asmproc endp i KOHeu TIpolleNyDH
<34>end

HpOHCCC opraHusanumn TaKOM CBSI3U COCTOMT M3 HECKOJIbKMX IIaroB.

1. Hanucatb npouenypy Ha accemoiepe aanbHero (far) wim GavxHero Tuma (near).
Hazosem ee mist mpumepa asmproc. B mporpamMme Ha si3bike accembriepa (Ha3oBeM ee
prg15_13.asm), B KOTOPYIO BXOIUT MPOIIETypa aSmproc, HEOOXOANMO OOBSIBUTH UMSI
STOM MPOIIEAYPHI BHEIIHUM C TOMOIIBIo 1upekTussl PUBLIC:

PUBLIC asmproc )

151 Toro 4ToObI Mpoleaypa Ha acceMoOiepe Mpy KOMIIOHOBKE ¢ Tporpammoii Ha Pascal
BocnpuHuManach kKomnuiasitopom Borland Pascal 7.0 kak far unu near, HemocTaToy-
HO MpocTo 00BsABUTH ee TakoBoi B mupekTuBe PROC (ctpoka 11 nuctunra 15.13).
Kpome Toro, BaM HYXXHO BKJIIOYUTb WJIM BBIKJIFOUUTH TTapaMeTp KOMITWISITOpaA, IOC-
TYIHBIA Yepe3 MeHI0 MHTerpupoBaHHOl cpensl: Options » Compiler » Force far calls.
'YcraHOBKa 3TOTO TapaMeTpa 3acTaBlIsieT KOMITMIIAITOP TeHepUpPOBaTh 1aIbHUE BHI30BBI
MOANpOrpaMM. AJIbTEpHATBA JaHHOro mapamerpa — kimou {$F+} wim {$F} (coorser-
CTBEHHO, BKJIFOUEHO WJIH BBIKJIFOUEHO) B TIpOrpaMMe. DT0 — JTIOKAJIbHbIE KITFOUH, TO €CTh
B MCXOTHOM TEKCTe IporpamMmbl Ha Pascal nx MOXeT ObITh HECKOJBKO, ¥ OHU MOTYT,
YyepeaysiCh APYT C IPYTroM, MOOUYEPETHO MEHThH (hopMy TeHEpUPYEMBIX alpecoB Tepe-
XoJa: IJIsT O/IUX ITOANPOrpaMM — JAJIbHKE BBI3OBBI, IJIST IPYTUX — OJIKHUE.

2. TIpowusBecTy KOMITWIISILIMIO IIPOrpaMMBbI prg15_12.asm c Lie/iblo yCTpaHeHUsT CUHTaK-
CUYECKHUX OIIMOOK U TOJyYeHUs] 0ObEKTHOTO MOMYJISl IpOrpaMMet prg15_12.obj:

tasm /zi prgil5_1z2,,,

3. B mporpamme prg15_12.pas Ha Pascal, koTopasi OyJieT BbI3bIBaTh BHELIHIOW TMPOLIEAYPY
Ha acceMOJepe, cieayeT BCTaBUTh IMPEKTUBY KoMmuuisitopa {$L \nyt\prg_15_12.0bj}.
DTa mUpeKTUBA 3aCTABUT KOMITUJISITOP B IPOIECCEe KOMIMISIIUU TPOTrpaMMBbl
prg15_12.pas 3arpy3uTh ¢ IMcKa OOBEKTHBI MOAYJIb TPOrpaMMBbl prgl5_12.0bj.
B mporpamme prg15_12.pas HeoOX0IMMO OOBSIBUTH ITPOLIEAYPY 85MProc Kak BHEITHION.
B utore nocnenHue aBa o0bsBIeHUS B IporpaMme Ha Pascal OyayT BBITISIIETh TaK:

{$L my_asm}procedure asmproc(ch:char:kol,x,y:integer); external;
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4. Ecnu BBl cobupaeTech UCCAEI0BATh B OTJIaAYMKe paboTy MporpaMmsl, TO HEOOXOAU-
MO MOTpeOOBaTh, YTOOBI KOMIUJISITOP BKJIIOUMII OTJIaJJOYHYI0 MH(OPMaLUIO B TeHe-
pUpPYEMbIii UM UCTIOJHSIEMbIit MOy b. ik 9TOTO ecTh JBe Bo3MOXHOCTHU. [lepBas
3aKJII0YAETCs B UCIIOIb30BAaHMY T7100aIbHOTO KiToda {$D+}. DTOT K104 J0/KeH OBITh
YCTaHOBJIEH Cpasy MocJie 3arojioBka nporpaMmbl Ha Pascal. Brapast anbrepHaTuBHast
BO3MOXHOCTb 3aKJII0UaeTCsl B yCTAaHOBKE MapameTpa Komnuisitopa: Options » Com-
piler » Debug Information.

5. BBIMOIHUTE KOMITWIISILIMIO TTporpamMmbl Ha Pascal. JIiss KoMmisiiy y1o0HO MCTIOb-
30BaTh MHTEIPUPOBaHHYIO cpedy. Jms m3ydeHus: ocodbeHHOCTel cBsi3ku Pascal —
acceMOJ1ep yIoOHO IIPSIMO B MHTETPUPOBAHHOM cpelie mepeiiTh K paboTe B OTJIamIu-
ke komaHgoit Tools » Turbo Debugger (wnu kmaBumamu Shift+F4). Byner 3arpyxen
omiamuuk. ErocpenaBaMxopolo 3HakoMa; BIaHHOM ciIyyae BokHe Module BblyBu-
IMTE TeKCT ITporpaMmbl Ha Pascal. Haxxumas knaBuiiry F7, Bel B mo1raroBom pexxnme
Oymere UCIONHATH IporpamMmy Ha Pascal. Kornma ouepenp moiineT 10 BbI30Ba Ipo-
LIeayphl Ha acceMOJIepe, OTIaTIMK OTKPOET OKHO C TEKCTOM IPOrpaMMbl Ha acceM0-
nepe. Ho Hair coBeT BaM — He XX1aTh 3TOI0 MOMEHTA, TaK KaK BBl ITPOITYCTUTE HEKO-
TOpPBIE MHTEPECHBIE BelH. [1€J10 B TOM, YTO OTJIaUYMK CKPBIBA€T MOMEHT ITIEPEX0/1a 13
nporpaMMbl Ha Pascal B mponienypy Ha accembOnepe. [loatomy srydiire Bcero ucIosn-
HATbIIporpaMmyIipu oTKpbiToM okHe CPU oTnamurka. M Torna Bel cTaHeTe CBUIETE -
JISIMM TeX IIPOLIECCOB, KOTOPBIE MBI OylieM 00CyXaaTh aajee.

Ecnm 661 B3anMoaeiicTBYE TPOrpaMM OIpaHUYMBAJIOCh TOJIBKO Iiepeaadeii 1 BO3Bpa-
TOM YIIpaBJICHMSI, TO Ha 3TOM 00CYXIeHMEe MOXKHO ObLI10 ObI M 3aKOHUYMTH. Ho nemo 3Ha-
YUTEJBLHO YCJIOXHSIETCs, KOraa TpeOyeTcs mepenaTrb apryMeHThI (B cIydae IpOLeAyphl)
WU TIepeaaTh apryMeHThl U BO3BPaTUTh pe3y/braT (B ciydae (pyHkuum). PaccmoTpum
MPOLIECCHI, KOTOPBIE ITPX 3TOM IIPOMCXOMISIT.

Ilepenaya apryMeHTOB IIpU CBSI3U MOMIYJIEH Ha Pa3HBIX S3bIKaX BCETIa IIPOM3BOINT-
ca yepe3 crek. Kommutsitop Pascal reHepupyeT COOTBETCTBYIOLIME KOMaHIBI IpY 00pa-
00TKe BbI30Ba MpOLIeAYphl acceMbiiepa. DTo KaK pa3 Teé KOMaH/Ibl, KOTOPblE OTJIaTuuK
MIBITAJICSI CKPBITh OT Hac. OHM 3aIIMCHIBAIOT B CTEK apTYMEHTHI U TeHEPUPYIOT KOMaHIy
CALL nnst BRI3OBaA Tpoliemyphl accembiepa. YToObl yOeIUTHCS B 3TOM, IIPOCMOTPUTE Ha
HUCIToTHsIeMbIi KogiporpaMMbl BokHe CPU otmamunka. ITocire 00padboTKM BEI30BATIpO-
LIEIypBI U B MOMEHT ITepeavy yIpaBIeHUsS MPOLIEAYPE aSmMProc CONEPXKUMOe CTeKa 0y-
JIeT TAKUM, KaK TToKazaHo Hapuc. 15.1,a. 151 10CTyma K 9TUM apryMeHTaM MOKHO ITpUMe-
HSITh pa3JIMYHbIE METOIBI, HanboJiee YITOOHBII M3 HUX — UCIIOJIb30BaHue peructpa B P.

Peructp BP, Xak yxXe oTMe4ajoch, CIIeIIMANIbHO MMpeIHa3Ha4YeH IJig OpTaHU3aIlluKn
MPOM3BOJILHOTO TOCTYyMa K cTeKy. Korma Mbl paccMaTpuBaiu CBS3b aCCEMOJIEPHBIX MO-
IIyJIeii, TO TOBOPWIIM O HEOOXOMMMOCTH J00aBICHMS B TEKCT BHI3BIBAEMOIO MOIYJIS (ppar-
MEHTOB, HACTpauBaIOIIMX €ro Ha IepeaaBaeMble eMy apryMeHTHl. [Ipy oObemuHeHUM
Pa3HOSI3BIKMX MOMYJIE TaKXKe HY>XKHO BCTAaBJISITh MOMOOHBIE AOMOJHUTEIbHBIE hparMet--
THI Kofga. OHU, KpOME BCETO IIPOYETO, ITO3BOJIAT YUECTh OCOOEHHOCTH KOHKPETHOT'O SI3bI-
Ka. ®parmMeHT, BCTABIIEMbIil B CaMOe HAYal0 BbI3BIBAEMOTO MOJIYJISI, HA3bIBAETCH MNpo-
n02om Momyas (mpouemypbl). PparMeHT, BCTAaBISIEMBIN Tiepel KOMaHAaMM Tepenadn
yIIpaBJIeHUS BBI3BIBAIOIIEMY MOIYIIIO, HAa3bIBAETCS 9niL1020M MOAYIS (TIpoueaypsl). Ero
Ha3HaYeHUE — BOCCTAHOBJICHUE COCTOSHUS BHIYMCIUTEIbHOM CpeIbl HA MOMEHT BBI30-
Ba JAaHHOTO MOJIYJIS.
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OrepatuBHas namsitb OnepatvBHas namsTb
OnepaTneHas NAMATL 0000:0000] 0000:0000 T !
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i ................. 500 T S
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OMepaTyBHON MamsTh OTIEPATHBHOM TaMATH OTIEPATHBHON TIAMSTH
a 6 B

Puc. 15.1. VIameHeHve COOepXMMOro cTeka npu nepeaaqe yrnpasieHnst B CBA3KE
Pascal—accembnep

PaccMoTpiM neficTBUs, BBINONHsIEMBIC KOAAMM TPOJIOTA U SIUIOTA IIPY OPTaHN3a~
uuu cesi3u Pascal—accembiep.
JleiicTBYSI, BBIMOJTHIEMBIE KOIOM IIPOJIOTA.

1. Coxpanuts 3HaueHHE bp B cTeKe. DTO IemaeTcs ¢ Ie/IbI0 3aIIOMIHAHUS KOHTEKCTa BBI-
3BIBatOIEro Moayis. CTeK TIpy 3TOM OyIET BHIIJIALETh, KaK MoKa3aHo Ha puc. 15.1, 6.

2. 3ammcarb conepxkumoe SP B BP. Tem cambim BP Teneps Toxke OyneT yKa3biBaTh Ha
BepinuHy creka (puc. 15.1, B).

[Toce HanMcaHMs KoOfia MPoJioTa BCe 00paIeHusT K apTyMeHTaM B CTEKe MOXHO opra-
HU30BBIBATh OTHOCUTEIBHO codepxumoro peructpa BP. U3 puc. 15.1, ¢ BuaHO, uTO 11t
oOpalieHusT K BepXHEMY U TIOCTIeAYIOIUM apryMeHTaM B CTeke copepxumoe bp HeoOxo-
JUMO OTKOPPEKTHPOBaTh. HeTpymHO mocumTaTh, YTO BEIMYMHA KOPPEKTUPOBKU OyIeT
pa3nuuaTthes I Mpoluenyp naabHero (far) u 6mmkHero (near) TumoB. [IprnunHa mMOHAT-
Ha: TIpXA BBI30BE MPOICAYPHl THUIIA Near B 3aBUCHMOCTHU OT YCTaHOBJICHHOTO peXMnMa
ampecanum {usel6é miam use32) B CTEK 3aIMChIBacTcsa 2(4) b6aifTa B KauecTBe aapeca
Bo3BpaTa (comepxumoe ip/eip), a npu BbI30Be MPOLeAYphl ThIA far B CTEK 3aMUChI-
BaeTcs 4(8) Oaiita (comepxumoe IP/EIP u CS)L.

Takum 06pa3oM, KOIBI IPOJIOTA IS MPOLEAYP OJMKHETO M JAITBHETO THUIIA COOTBET-
CTBEHHO OYyIyT BBHITJISIAETH CIECAYIOIIMM 00pa3oMm:

asmproc procnear
; IPOJIOT [OJIS IPOIEIYPH THUIa near
push bp
mov bp,sp
;K TPOJNOTY MOKHO NOOABUTH KOMaHIY
;KOpPPeKTUPOBKN bp Ha 4 C TeM, uTOOH DETUCTD bp
;YKashiBan Ha BepPXHUI U3 NepeJaBaeMHX apTyMEHTOB B CTeke
add bp,4;Tenepb bp yxasmBaeT Ha kol

asmproc proc far
¥ Ecnu OeiCcTBYET pexXuM aapecalun use32, TO B CTEK 3aMKMChIBAIOTCS ABOWHbBIE c1oBa. I10 3TOI MpU4YnHe

3amuch 16-pa3psimHOTO PErUCTpa Cs TaKKe MPOU3BOIUTCS YSTHIPhMsI 6aiiTaMu, TPY ITOM [1Ba CTapIInX Oaii-
Ta 3TOTO 3HAYEHUS HYJIEBbIE.
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;nponor ons npouenypbl Tvna far
push bp
raovbp,sp
1K MpoSiory MOxHO 06aBUTb KOMaHZy
;KoppekTupoBku bp Ha 6 ¢ Tem, 4TOObLI perncTp bp
;YKas3biBan Ha BEPXHUA M3 nepefasaemsix aprymMeHTOB B CTeke
add bp,6;Tenepe bp ykasbiBaeT Ha kol

Jlanee 10CTyM K epeJaHHbIM B CTEKE JAHHBIM OCYUIECTBASETCS, KAK MIOKA3aHO B JIU-
ctuHre 15.7.

Kak Bumute, Bce TOBOILHO MpocTo. Ho eclii MBI BAPYT pelIvIv U3MEHUTD TUIT Ha-
el mporuenyphsl accembiepa ¢ far Ha near Wi Ha00OpPOT, TO HYXXHO SIBHO M3MEHUTH
M KOJ IpoJjiora. ATo He coBceM ynodHo. TASM mpenocTaBisieT BBIXON B BUAE AMPEKTH-
Bel ARG, KoTOpAast CIyXuT 1st paboThl ¢ apryMeHTaMu Ipolenypbl. CHHTaKCHUC TUPeK-
tiBEI AR G nmmoctpupyer puc. 15.2.

4 ARG | Apryment h
I

l T
L®— Apryment }l-[—'-©—1 Vl,qumd)uKaTog-‘

l (0] €
A .

ApPryMeHT:

o
® ol lomm o Eeemy

Puc. 15.2. CvHtakcuc ampektmebl ARG

Heckoabko ¢j1oB 00 0003HaYeHUSIX HA PUCYHKE:

A uMa — WAeHTU(GUKATOP TIepeMEHHOM, KOTOPBI OyIeT MCITOIb30BaThCs B IPOLEaype
Ha acceMOJiepe TSI JOCTYIa K COOTBETCTBYIONIEH ITepeMEHHO B CTeKe;

*

mun — TUII JaHHBIX apryMeHTa (1o ymorgaHuio WORD mys use16 1 DWORD mist use32);

3Hcmeuue_1 onpeacIACT KOJIMYCCTBO apTyMEHTOB C IaHHBIM MMCHEM. Mecrto B cTeke
JJII HUX 6YI[CT OIIPECACICHO, UCXOIA M3 pacycTa:

3Havenue_1 * 3suauenue_2 * pasmep_muna.
o ymonuanuto snavenue_1— 1;

sHauenue_2 OTIpeNeNnsieT, CKOJMBbKO 3JIEMEHTOB JAHHOTO THUIA 3aaeT MaHHBINA apry-
MeHT. [lo yMoTuaHuIo ero 3HaueHre paBHO 1, HO TSI TUTA byte 3Hauenue 2 = 2, Tak
KaK CTeKOBbIe KOMaH/IbI He paboTaloOT C OTACIbHBIMU OaiiTaMu. XOTS, €CJIM SIBHO 3a-
1aTb 3xauenue_2 = 1, TO TPAHCISITOP OEHCTBUTEIBHO OyIET CUMTATD, YTO B SIUCHKY
CTeKa IMOMEILEeH OfMH OaliT;

9 udewmugpuxamop — VMSI KOHCTAHTBI, 3HAYEHNE KOTOPOM MPUCBAMBAET TPAHCISITOP.
006 uaeHTH(PUKATOPE MBI TOAPOOHO MOTOBOPUM UYTh MTO3XKE.

Takum o6pazom, gupekTrBa ARG ompemenseT apryMeHTHI, TiepeaaBaeMble B MPO-
uenypy. Ee mpuMeHeHMe Mo3BoJIsieT 00paliaThesl K apryMeHTaM Mo X MMeHaM, a He 110
CMellleHUSIM OTHOCUTENBHO copepxkumoro BP. K mpumepy, ectu B Havane paccMaTpu-
BaeMoli HaMU MpolieAypbl Ha acceMObiiepe asmproc 3aaath nupeKTuBy ARG B Buze arg
kol:word,y:word, x:word,chr:byte, To K apryMeHTaM Mpoleaypbl MOXXHO OyaeT o0palarhes
10 X UMEHaM, 6e3 IocueTa cMellleHit. AcceMOIiep caM BBITIOJTHUT BCIO HEOOXOIUMYIO
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paboty. B 3TOM MOXHO yOenuThcs, 3alyCTUB MporpaMMmy B oTiaaurke. OOpaTtuTe BHU-
MaHUe: MOPSI0K CJIeIOBaHUS apTyMEHTOB B AMPEKTUBE arg SIBJISIETCS 00OpaTHBIM TTOPSIIT -
Ky WX CJEIOBaHUA B ONMMCAHUM Tpouenyphl (ctpoka procedure asmproc(ch:charx,y,
kol:integer); external; B mporpamme Ha Pascal). IIpouenypa asmproc ¢ IupeKTUBOH arg
NpeAcTaBieHa B JuctuHre 15.14.

JInctuHr 15.14./cnonb3oBaHne anpekTmBblarg

{prgl5_14.pas}

{Nporpamma Ha Pascal, BH3HBabllad NPOLeENYypy Ha acceMbiepe, MOTHOCTHD
coBmagaeT C nucTuHrom 15.12}

yprgl5_l14.asm

MASM

MODEL small
STACK 256
.code

main:

asmproc proc near

; OObsiBTIEHNE apTYMEHTOB:

arg kol:WORD,y:WORD,x:WORD,chr:BYTE=a_size
PUBLIC asmproc

push bp ;coxpaHeHue ykazaTens 0asH

mov bp,sp ;HacCTpoliika bp Ha CTeKk 4Yepe3 Sp

mov dh,byte ptr vy ;v B dh

mov dl,byte ptr x ; x B dl

mov ah,@2h ;HOMep ciyxOH BIOS

int 10h ;BbI30B TIpepHBaHus BIOS

mov ah,@9%h ;HOMep ciyx0n BIOS

mov at,chr ;CUMBOJNI - B al

mov btl,07h ;Macka BHBOLA CUMBOIA

xor bh,bh

mov c¢x,kol ;kol B cx

int 10h ;BbI30B TIpepHBaHUsA BIOS

pop bp y3nunor

ret a_size ;6yneT ret 8 u BbiIXxo4 U3 npouenypbl
asmproc endp ; KOHeu npouenypbl
end main ;KOHeL nporpaMmbl

ITocne Toro Kax peireHa mpobjema rnepenayr apryMeHTOB B IIPOLIEAYPY U BBITTOJIHE-
HBI BCE HEOOXOAMMBIC NEWCTBMS, BO3HUKAET OYEpPETHON BOIMPOC: KaK MPaBUIbHO BO3-
BpaTtuTh ynpasienue? [Ipu Bo3Bpare ynpasjieHus B IporpamMmy Ha Pascal HyXHO
TIOMHMTb, YTO COTJIAIIIEHUST 3TOTO SI3bIKa TPEOYIOT, YTOOBI BHI3bIBAEMbBIE ITPOIIEAYPHI Ca-
MOCTOSITEJTBHO OYMIIIAIN 3a coboii cTek. IIporpamma Ha accemOiepe Takke JTOJIKHA YIOB-
JIETBOPSITH 3TOMY TPeOOBAHUIO M 3a00TUTHCSI 00 OYMCTKE CTeKa Mepe] CBOMM 3aBepIiie-
HueM. JIJist 3TOro HeOOXOAMMO COCTaBUTh SITHJIOT.

JleiicTBusI, BBITIOTHSIEMbIC KOIOM SIWJIora uisi cBsisn Pascal—accembiiep.

1. 3anwcath comepxumoe bp B sp KOMaHI0N mov sp,bp. D10 HeiicTBIEe BOCCTAHABIUBA-
€T B Sp 3HaUYeHMEe, KOTOpoe OBIJI0O Ha MOMEHT BXoja B Tpoueaypy. Heo6xogmmocThb
B 9TOM JIeICTBMM BO3HUKAET B TOM CJIy4yae, eCJIM B IPOIIeIype MPOU3BOIMUIACh pabo-
Ta co ctekoM. B ymuctunre 15.13 Takoit paboThl He ObLIO, MTO3TOMY KO 3IMJIOra pea-
JIU3YET TOJIBKO CJIeMyIONIue ABa NeHCTBYSI.
BoccTaHOBUTE cOXpaHEHHBIN B cTeKe peructp BP.

3. VYnpanuth U3 cTeka nepeaaHHble MpoLeaype apTyMEHTHI.

Jlng ynaneHus U3 cTeKa apryMEHTOB MOXHO MCIIOJb30BaTh Pa3IMYHbBIC CIIOCOOBI.
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M MoxHo IBHO CKOpPEKTHUPOBaTh 3HaUeHUE SP, mepeMecTnB yKa3aTeb CTeKa Ha Heo0-
XOIUMOE KOJIMYECTBO OANTOB B IOJOXMUTEIBHYIO CTOPOHY. DTO — HE YHUBEPCAIh-
HBII CII0Cc00, K TOMY K¢ OH YpeBaT OIIMOKaMU, OCOOCHHO IIPH YaCTHIX MOIU(bUKAII -
SIX TIPOTPaMMEL.

11 MoXHO UCIOJb30BaTh B AUPEKTHBE arg Mocje 3alnucH MOoCAeIHEro apryMeHTa omne-
paHI, COCTOSIIINI U3 CHMBOJIA PaBEeHCTBA (=) M MACHTU(UKATOPA, YKa3aHHOTO 32 HUM
B CJIeyIOLIel CUHTAKCUYECKONH KOHCTPYKIIMU:
=uAEHTUPUKaTop
B atom crygae TASM 11pm 06paboTKe TUPEKTUBHI arg IMOACUYUTACT KOJTMIECTBO Oaii-
TOB, 3aHSITbIX BCEMU apryMeHTaMM, U MPHUCBOUT MX 3HAUECHHE WACHTU(DUKATOPY.
B Haiem ciyvyae IMpeKTUBY arg MOXHO OMpPEIeIUThb TakK:
arg ch:byte;x:word;y:word,kol:word=a_size
TASM mnociie 06paboOTKH SAHHOM IUPEKTUBLI IIPUCBOUT UMEHH a_size 3HaueHUe
8 (baiiT). DTO MMS BIOCIECICTBMM HYXKHO OYIET yKa3aTh B KadeCcTBe OIepaHOa KO-
MaHJbI ret:
ret a_size
EcTb ele ofHa BO3MOXHOCTb OpraHM3aluy JaHHbIX Pascal—accembiep — UCIONb-
30BaTh onepaHabl AupekKTuBbl MODEL. Bel TOMHUTE, 4TO OHA MO3BOJISET 3aJaTh MOJENh
MaMsITU U YYECThb COTIAIIEHMS SI3bIKOB BBLICOKOTO YPOBHS O BbI30Be Tpoiieayp. st cBs-
3u Pascal—accembiiep ee MOXHO 3a1aBaTh B BUIE
MODEL  1arge,pascal
3aganue B TakoM Buzae nupekTtuBbl MODEL mmo3Bosser:

OIIMCaTh apryMEHTHI IPOLETYPHI HETTOCPEICTBEHHO B IUPEKTUBE Proc:
asmproc proc near ch:byte,x:word,y:word,kol:word
aBTOMAaTUYECKH CT€HEepHPOBaTh KO/ MPOJIora 1 3MWIora B Ipolieaype Ha acceMoJepe;

IUTSL TOCTYTIa K apryMeHTaM, oobsiBiieHHbIM B PROC, ncrmonb3oBaTh X MMeHa (B 3TOM
OTHONICHWY TAHHBIW BApUAHT SBJISETCS aHAJTOTOM TIPEABIAYIIEro BapuaHTa ¢ IUPeK-
TUBOIARG