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BBepneHune

Dra KHMra — HayaJlbHbIi KypC M MPaKTUYeCKOE PYKOBOIACTBO MO IMPOrpaM-
MHPOBAaHMIO Ha SI3bIKE acceMOyiepa Il IPOILIECCOPOB Cepur X86 — caMbIX
pacnpoctpaHeHHbIX B coBpeMeHHbIX ITK. OHa npemHasHayeHa Ui CTYIEHTOB U
CTapIIEKIACCHUKOB, KOTOPBIE XOTIT MO3HAKOMUTHCS C SI3IKOM IMPOrPaMMUPOBAHUST
HU3KOTO YPOBHSI, TTO3BOJISTIOIIMM TUCaTh KOMITAKTHBIE, ObICTphIe U 3(PHEKTUBHbBIE
MpOrpaMMBbl, B3aMMOJEICTBYIOIIME C alMapaTHbIM OOecreueHueM KOMIIbIoTepa
HaIpsIMyI0, MUHYS JIIOOYIO OMEpallMOHHYIO CUCTEMY.

KHura conepXut moapoOHble OOBSICHEHUSI 1 MHOXECTBO MPAKTUUECKUX TPU-
MEpOB.

IMocnenoBareibHOE WM3JIOXEHUE MpeaMeTa JaeT YUTaTeI0 SICHOe MOHUMaHue
TOTO, Kak SI3bIK accemOyiepa CBsI3aH ¢ (DU3MYECKOW apXUTEKTYpOil KOMIIblOTepa,
Kak acceMOjiep paboTaeT ¢ perucTpaMy Mpoleccopa, Kak pealu30BaTh OCHOBHBIE
MPOrpaMMHBIE KOHCTPYKIIMM, KaK CKOMIWIMPOBAaTh U 3aMyCTUTh 3aKOHUYEHHYIO
MporpamMmy, Kak U3 acceMOJIEpHOI MporpaMMbl BbI3bIBATH OMEPALMOHHYIO CUCTEMY
U oOpaiarbes K (aitioBoii cucteme.

BwMmecTte ¢ aBTOpoM 4MTaTeN b MPOXOAUT IIAr 33 IIArOM OT PEUICHUS] TUITOBBIX, HE
3aBUCSIIMX OT TUIATOPMBI, 33a4 K HATTMCAHUIO MPAKTUYECKU TOJIE3HBIX MPOTrPaMM,
paboraromux B cpeae DOS, Windows 1 Linux, a Takke y3HaeT, KaK CKOMIIOHOBaThb
MOANPOrpaMMbl Ha sI3bIKe acceMOJiepa ¢ MoANporpaMMaMu, HalmMCaHHBIMU Ha SI3bIKaxX
BBICOKOTO YPOBHSI.

KHura HamucaHa MpoOCTbIM, JOCTYITHBIM SI3bIKOM, a BCE MPUMEPBI MPOrpaMM
TIIATEIbHO TTPOKOMMEHTUPOBAHBI.

Ocoboe BHUMaHUE OOpAIlEHO Ha CJIEAYIOIME BOMPOCHI:

* ApXUTeKTypa Ipoleccopa, GyHKIMH ONePallMOHHON CUCTEMbI, MAILIMHHBIN KOJ

U CUMBOJIMYECKOE TPEACTaBJIeHUEe KOMaHI U alpecoB;
* PaznuyHbIe CUCTEMbI CYMCIIEHUSI W TIEPEBOI YKCEI U3 ONHOW B JIPYTYIO;
* OCHOBHBbIE U CJIOXHbIE KOMaH/Ibl;
* Vnpasnsiionye KOHCTPYKIIUA U UX peain3aliusi;
* T'oroBble (hparMeHThbl KOna, BBITOJHSIIOLINE CaMble TUTTMYHbIEC 33/1a4M;
* Ucnonb3oBaHue CcBOOOJHO pacrmpocTpaHseMoro kommouisitopa Netwide
Assembler (NASM);

* IIpaktuyeckoe nporpammupoBaHue B cpeae DOS, Windows u Linux;

» Hanncanue acceMOJIEpHBIX BCTABOK B MPOTrPaMMBbI Ha SI3bIKaX BHICOKOTO YPOBHSI
(C u INackainn).

ABTOp KHUTU — JAESATENbHBIA Pa3pabOTYUK CBOOOMHOIO MPOTPaMMHOIO 00ec-
MeYeHUsI, COaBTOp CaMOro MaJIecHbKOro B MMpe BeDO-cepBepa pa3mepoM B 514 Oalir,
YYaCTHUK pa3paboTku Takera Asmutils W co3maTenb MpoOrpaMMHOTO MOMYJIS JJIsT
Linux-nnpourpeiBatenisi MPlayer.
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N TEPMUHDLI

_ & | CrcteMbl cumcneHns
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L Tunbl gaHHbIX. VIX NpencraeneHvie
B KOMMbIOTEPE




ApXUTEKTypa KOMIIbIOTEPA TECHO CBsI3aHa C ABOUYHOM CUCTEMOI CUMCIEHMSI, KOTO-
past cocrouT Beero u3 aByx Ludp — 0 u 1. C TeXHUYECKOM TOUKU 3peHUsl, TBOMYHAsI
cucTtema (C OCHOBOI 2) MIeaJbHO IMOIXOAUT IS KOMIBIOTEPOB, MOCKOJbKY 00e
u@pbl MOTYT OTOOpaXKaTh NBa COCTOSIHUS — BKIOUeHO (1) u BeikmodeHo (0).

Kak MBI BcKope YBHIVMM, «OOJIbIINE» YKCIA CTAHOBSTCS OTPOMHBIMU B JTBOMYHOM
CUCTeMe, TTO3TOMY LTSl 6oJiee yIOOHOrO MPeACTaBICHUS YHCeNl ObUTM pa3paboTaHbI
BOCbMEpUYHAs M IIeCTHAAIIATEPHYHAsT CUCTEMBI CYUCICHMS (C ocHOBaMHM 8 1 16
COOTBETCTBEeHHO). O0e CHCTEMBI JIETKO MPpeo0pasyloTcss B TBOMYHYIO CHUCTEMY, HO
ITO3BOJISTIOT 3aIMChIBATh YKCIa 60Jice KOMITAKTHO.

1.1. CucTteMbl cuncneHus
U npeoOpa3oBaHUda MeXAy HUMKN
Pa3J’[I/I‘{HHe CUCTEMBI CHUCJIICHUA OTIMYAKOTCA HE TOJIBKO 6a3OBbIM Ha60p0M HUCEIL,
HO 1 OCHOBHBIMU KOHLECTIIUAMM, KOTOPLIC JIE2KAT B MX OCHOBE. B3${Tb, HaIlpumep,
CUCTEMY CUYMCIICHMsA, KOTOpasa MCIIOJIb30BajlaCh JP€BHUMU pUMJIAHAMU. OHaA OO-
BOJIBHO TpyAdHa IJidd BOCIIpUATUSA, B HEW OYEHb CJIOKHO IMPOM3BOAUTDH BBIYMCJICHMSA

1 HEBO3MOXHO ITPEACTaBUTb 0. HaHHaH cucremMa HCy,E[O6Ha Jaxe 1 4€JI0BEKa,
HE TOBOpPA YK O TOM, YTOOBI Hay4YuUTb KOMIIBIOTEP «IIOHUMATb» €€.

HCCHTI/I‘{HaH CUCTEMA, KOTOPYIO MbI MCITIOJIB3YEM BCIO 2KM3Hb, OTHOCHUTCS K KJIacCy
TaK Ha3bIBa€MbIX IMTO3UIITMOHHbBIX CUCTEM, B KOTOPLIX YHCJIO A MOXeT ObITh pea-
CTaBJICHO B BUIEC!:

A=aV+a «a*+ ..+ a*z+a*

3nech a, — 3T0 LMPPHI YUCiaa, a Z — OCHOBaHUE CUCTEMBI CUMCIICHUS], B HAILlEM
ciryqae — 10.

Hanpumep, uncno 1234 MOXHO TIpeICTaBUTh TaK:
1234 = 1*10° + 2*10° + 3*10" + 4*10°

«Bec» Kaxmoit uGpel onpeaesseTcs Mo3uieit MdPhl B YMCIe M paBeH CTENeHU
OCHOBAHUSI, COOTBETCTBYIOIICH €€ MO3UIIUN.
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[masa 1. Ba3oBble CUCTEMbI CHUCNEHUSA U TEPMUHBI

ITpu pabote ¢ pa3IMYHBIMU CUCTEMaMM CUMCICHUSI Mbl OyJeM 3aluchiBaTb caMoO
YHUCIO B CKOOKaxX, a 3a CKoOKaMu — OCHOBaHMe cucteMbl. Hanpumep, eciv Hamu-
catb npocto yucio 1100, To He MOHSITHO, B KaKOi CUCTEMe OHO 3allMCaHO — 3TO
MOXET OBbITh OJIHA THICSYA CTO, & MOXET ObITh 12, ec/iv YnCiIo 3aNMCaHoO B TBOUYHOMN
cucreMme. A eciu npenctaBuTh yucio B Bune (1100),, To cpasy BCce CTaHOBUTCS Ha
CBOM MECTa: YMCJO 3allKMCaHoO B IBOMYHOI cucteme. KcraTu, ABOMYHasl cucTtemMa
TOXE SIBSIETCS MO3ULMOHHON, moaToMy uyucio 1100 B 1BOMYHOW CHCTEME MbI
MOXeM MpeACTaBUTh TakK:

(1100), = 1¥2° + 1%2° + 0*2' + 0*2°

ITocne cnoxenust 8+4 Mbl nonyuum, uro (1100), pasHo 12. Kak Buaure, Bce TOUHO
TaK Xe, KaK U C JIECITUIHON cuctemMoil. O0patuTe BHUMAHUE, YTO IS IPEACTaB-
JieHus yucia 12 B JBOMYHOW CHUCTEME WCIOJb30BaHblI TOJIBKO YEThIpE paspsiaa.
HaubGonbiiee yncio, KOTOpoe MOXKHO 3alUCaTh YEThIPbMS JBOUYHBIMU UM paMu,
paBHoO 15, notomy uro (110T), = I** + I*' + I** + 1* = 15. JlaBaiiTe paccMOTpUM
repBble 16 ymcerr:

HDecAaTUYHOE WNUCIO ILBOMYHOE YUUCIIO HecATUYHOE YUCIIO IBOMYHOE UMCIIO
0 0 8 1000
1 1 9 1001
2 10 10 1010
3 1 1 1011
4 100 12 1100
5 101 13 1101
6 110 14 1110
7 111 15 1111

Yucma pacTyT paBHOMEPHO, ¥ HETPYIHO MPEIITOJIOXUTh, 4TO 16 GymeT mpencTaB-
JIeHO B ABou4HOM cucteMe Kak (10000),.

BocbmepuuHasi cucteMa cYMCAeHUST (IO OCHOBAHUIO 8) COCTOUT U3 OOJIbLIETo
konuuectBa Mdp — u3 BocbMu (0T 0 mo 7). IlpeobpazoBaHue U3 3TON CUCTEMBI
B JCCATUYHYIO CUCTEMY ITOJHOCTbIO aHAJIOTMYHO MpeoOpa30BaHMIO U3 JTBOMYHOMN
CHUCTEMBI, HAaIIpUMep:

(77), = 7*8' + 7*8° - 63

BoceMepuuHast cucteMa CYMCIEHUST UCTIONbh30BAJIACh B OUEHbD TMOITYJISIPHBIX paHee 8-
outHerx KoMmribtoTepax ATARI, ZX Spectrum u ap. [1o3xe oHa Oblia 3aMeHeHa 1IecT-
HaJaUaTepUYHOM CUCTEMOM, KOTopasl Takxke OyleT pacCMOTpeHa B 3TOM KHUTe.

B mecTHammaTepryHON crcTeMe b paMu MPEACTaBIeHBI TOJIBKO TiepBble 10 umcen,
a JUTS TIPENCTaBJICHUST OCTATBHBIX 5 YHMCENT MCIONB3YIOTCS cMBOJIBI A-F:

A=10,B=11,C=12,D=13, E=14,F=15

13



Accembnep Ha npumepax. ba3oBsblli kypc

IMpeacraBuM, Kak M3MEHSIETCSl Halll BO3PAcT B IIECTHAALATEPUYHON CUCTEME: BbI
MOy4nSii cBoi macnoptT B 10 JIeT U cTaju COBEPIIEHHOJIETHUM B 12 JieT.

H,J'[H ].HCC’I'HE],Z[].[EITCPH‘-IHOFI CUCTEMBbI COXPAHAIXOTCA TC€ K€ IMPUHIIMIIBI r[peo6pa30BaHI/I${:

Yucno (524D),, = 5*16’ + 2*16” + 4*16> + 13*16° =
= 20480 + 512 + 64 + 13 = 21 069

Yucno (DEAD),, 1 13*16° + 14*16° + 10*16' + 13*16° = 57 005

Yucno (DEADBEEF), = 13*16' + 14*16° + 10*16" + 13*16' +
+ 11*16° + 14*16° + 14*16' + 15%16° = 3 735 928 559

Yucno (C001),, « 12*16' + 0*16° + 0*16' + 1 = 49 153

Hrak, Mbl HAy4YMIUCh MPEOOPA30OBHIBATH JTIOOOE YUCIIO, MPEACTABICHHOE B IBOMY-
HOI1, BOCbMEpUYHOI M LIECTHAALATEPUYHON CUCTEMAaX, B JECATUUYHYIO CHCTEMY.
A Tenepb 3aliMeMcsl OOpaTHBIM NTpeoOdpa3oBaHUEM — U3 AECSITUYHOW CUCTEMbI B
CHCTEMY C OCHOBaHMWeM TI. JIist oOpaTHOro mMpeodpa3zoBaHUsI Mbl TOJDKHBI AETUTh
Hallle YKCJIO HAa M U 3aIUChIBATh OCTATKU OT JIEJICHUS 10 TeX MOp, MOKa YaCTHOE
OT IpeabIAylIero nejeHus He craHeT paBHO (0. Hampumep, npeodbpaszyem 14 B
JIBOUYHYIO CHCTEMY:

142 =7 octarok 0
72 =3 ocTarok 1
32 =1 ocTaToK 1
12=0 ocTarok 1

Mpbl 3aBepilnIv MPOIECC AEJeHUsI, KOraa MocileqHee YacTHoe cTajio paBHO 0.
Teneps 3anuilieM Bce OCTaTKU MOAPS OT MOCTAETHETO K MEPBOMY, U MbI MOTyYUM
4yucio B JBOUYHOH cucteme — (1110),.

PaccMmotpum eliie omvH TpuMep — MpeoOpa3oBaHKe Yncia 13 B IBOMYHYIO CHCTEMY:

132 - 6 ocTaTok 1
62 =3 ocrartok 0
32 =1 ocTarok 1
12 =0 ocTarok 1

Kak v B mpolioM citydae, Mbl JETWIN 10 TeX TTOpP, TTOKA YaCTHOE HE CTaJI0 PaBHO
0. Ecim 3anucarb OCTaTKM CHU3Y BBEPX, Mbl MOJIY4YUM ABorvHOe uucio (1101),.

A Teneph MOTPEHUPYEMCsI C LIECTHAMLATEPUYHOM CUCTEMOI — IIPeoOpas3yeM 4uCIo
123456 B 5Ty cucTeMy:

123456/16 = 7716 ocrarox 0
7716/16 = 482 OCTaToK 4
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[masa 1. Ba3oBble CUCTEMbI CHUCIEHNSA U TEPMUHbI

482/16 = 30 OCTaTOK 2
30/16 = 1 ocratok 14 = E
1/16 = 0 ocTarok 1

[Mocne 3anucu Becex OCTATKOB MOMYYMM, YTo uucio 123 456 = (1E240),,.

3anuch co CKOOKaMU M HUXKHMM MHOEKCOM B TEKCTE IIporpaMMbI HCy,E[O6Ha, I10-
3TOMY MBI 6y,I[CM UCII0Jb30BaTh CJICAYIOIINE 0003HauYeHUs UIS1 3alUMCU YKCe]l B
Pa3/IMYHbIX CUCTEMAX CUUCIICHUA:

* 3anuch MECTHAALATUPUYHOrO Yrciia HaunHaeTes ¢ Ox wim $0 1160 3akaHYK-
BaeTcsl cuMBoJIoM «h». Eciu mepBast nmdpa mecTHaaLmaTepuIHOro 4ucia —
cuMBoi A-F, To mepen TakuM YMCIOM HYXHO 00s3aTeibHO HamucaTbh 0,
YTOObl KOMMOWJISITOP IIOHSUI, YTO Meped HUM YMCIO, a He UASHTUdHUKATOD,
Hanpumep, ODEADNh.

Takum o6pasom, samucu 0x1234, $01234 u 01234h mpencTaBasiOT YKCIO
(1234),,.

» JlecAiTUUHBIE YKCIa MOTYT 3aMUCHIBAThCS 0€3 U3MEHEHUI MO0 OHU 3aKaH-
yuBaThes moctukcom «d». Hampumep, 1234 u 1234d npeacTaBisiioT 4UCio
(1234),..

» JIBouuHble UMPHI JOKHBI 3aKaHYMBAThCsl MocTukcoM «b», Hampumep,
I[OOb — ato (1100),.

* BocbMepuuHble HU(PBI 3aKAHYUBAIOTCA HA «@». 129 — 310 (12),.

Hanee B 3TOi KHMIE IlIeCTHAALIATEPUYHbBIC YMCJIA MbI OylIeM 3aIllChIBaTh B BUIC
«0x...», nBouuyHble — «...b», a mecaTuyHele — 0e3 u3MeHeHuil. B Baiem coO-
CTBEHHOM KOJI€ OCHOBAaHME CUCTEMBI cUMCIeHUs (ImocTtdukc «d» mwim «h») mydiie
YKa3bIBaTh SIBHO, IIOTOMY YTO OJHM acceMOJIEphl paCCMaTPMBAIOT YKCIIO 0e3 Ipu-
CTaBOK Kak AECSITUYHOE, a APYrrMe — Kak IIeCTHAILIaTepUYHOE.

1.2. Tunbl AaHHbIX.
Ux npeacraBneHue B KoOMnbloTepe

OCHOBHOI ¥ HeJeIMMON eTMHUIIEI JAHHBIX siBsieTcsa our. CiioBo «bit» — 3TO
cokpalleHue ot «binary digit> — nBon4yHas uudpa. BUT MoxKeT NpUHIMATL JBA
3Hayenuss — 0 u 1 — J102kb WM MCTHHA, BBIKIIOYEHO WM BK/IIoYeHo. Ha noruke
JIBYX COCTOSIHUIA OCHOBaHbI BCE JIOTMYECKUE 1IN KOMITBIOTEPOB, MO3TOMY IOTO-
BOpUM O OuTe OoJiee MoAPOOHO.

JIBOMYHOE YHCJI0 COIEPXKHUT CTOJILKO OMTOB, CKOJIBKO JBOMYHBLIX IMQpP B €ro 3a-
MHCH, [TODTOMY AMAIA30H JOMYCTUMBIX 3HAYEHUI BBIBOAUTCS M3 KOJIMUYECTBA pas-
psinoB (LUdp), OTBEICHHBIX AJIs1 YKicIa. Bo3bMeM MONMOXKUTEIBHOE 1IEJI0e JBOUMIHOE
YUCJIO, COCTOSILIEE U3 YETBIPEX OUTOB: OHO MOXET BbIpaxaTh 2' WIM IIeCTHAALATD
Pa3IMYHBIX 3HAYEHUIA.
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burs1 (pa3psabl) ABOMYHOIO YKCJIA HYMEPYIOTCS CNIPABA HAJIEBO, OT HAMMEHee 3HA-
YUMOT0 710 Hanbostee 3HauuMoro. Hymepatiust HaunHaetcs ¢ 0. Cambtii npaguiii 6um
yucaa — 3mo oum c Homepom 0 (nepewtit 6um). DTOT OUT HasbiBaeTcss LSB-0uToMm
(Least Significant Bit — naumenee 3nauumvtii 6um). I1omOOHO 3TOMY caMblii JIeBbIi
ouTt HazbiBaeTcst MSB-0utom (Most Significant Bit — naubonee 3nauumbiii bum).

Butbl Moryr o0beAMHSATLCSL B TPYMIbI, TPYMa U3 YeThIpeX OMTOB Ha3bIBaeTCs IMO-
JybaittoMm (nibble). KommnbioTep He paboTaeT ¢ OTACIbHBIMU OUTaMM, OObIMHO OH
onepupyeT rpymniamMu OMTOB, HaMpUMep, TPYINa U3 BOCbMU OUTOB 0OpasyeT 6a3o-
BbIIA TUII JaHHBIX, KOTOPbI Ha3bIBaeTCs daiimom. BoceMb OMTOB B OaiiTe — 3TO He
3aKOH MPUPOJIBI, 2 KOJTUYECTBO, TPOU3BOJIBLHO BhIOpaHHOE pa3padorurkamu IBM,
CO3/1aBaBIIMMU MEPBbIE KOMITBIOTEPHI.

Bosbiie rpynnbl OMTOB HA3BIBAKOTCA CJI0BOM (word) WM JBOMHBIM CJIOBOM
(dword — double word). OTHOcuTeTbHO PC-COBMECTUMBIX KOMIIBIOTEPOB MbI
MOXEM CKazaThb CJeaylollee:

1 GaiiT = 8 our
1 ciaoBo (word) = 2 Gaiita = 16 OuT
1 nBoitHoe cioBo (dword) = 4 Gaiita = 32 OuT

OmyH 6aiiT — 3TO HAMMeHbIIIee KOJIMYEeCTBO JAHHbIX, KOTOPO€e MOKET ObITh Tpo’

YUTAHO M3 MAMSTA WM 3alMCAHO B Hee, MO3TOMY KAK/bIiA 0AiiT mamMsimi uveeT
HHIMBUAYATbHBIA aapec. baliT MoxeT comepxkaTh 4YMCa0 B Auamna3zoHe 0 — 255 (1o

ectb 2 — 256 pa3aMuHLIX ynces). B GOIbIINHCTBE CllyyaeB 3TOrO 3HAYEHUs HElo-'
CTaTOYHO, MO3TOMY MCITOJIb3YETCS CAEAyIolasl eAMHUIIAa JaHHbIX — c/ioBo. CJioBO

MOXeT COIepXKaTh YUCIIO B AranasoHe 0 — 65 535 (To ectb 2'° = 65 536 pazmuuns~
3HaueHuit). JIBoiiHOE CJIOBO MMeeT Auana3oH 3HaueHuit 0 — 4 294 967 295 (2° 1]
4 294 967 296 3HaYCHUIA).

JlaBHBIM-JaBHO, ellle BO BpeMeHa IepBBIX KOMITBIOTEPOB, EMKOCTh HOCHUTENe”
MHGOpPMAIIMY MpencTaBisiach B Oaiitax. Co BpeMeHEM TEXHOJIOTMHU YCOBEpPIIEeH-'

D ?0_—1 0x1)

0 - 65535
| (0 - OxFFFF)

r
. 0 - 4294967295
(0 - OXFFFFFFFF)

31 1615 0
[lBoiHoe cnoso
(dword)

PUC. 1.1. OT 6uta 40 ABOVIHOIO C/10Ba
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[masa 1. Ba3oBble CUCTEMbI CHUCNEHUSA U TEPMUHBI

CTBOBAJIMCH, LIeHbI HA MaMSATh Magaind, a TpeOoOBaHUSI K 00paboTKe MHGMOPMALIMK
BospacTaiu. [103ToMy BBIpaxkaTh €eMKOCTh B OaiiTax CTalo HEyIOOHO.

Peuvnm, yto emkocTb OyaeT Beipaxkarbest B kKuutobaiitax (KB, Kb, K6 wmu npocto k).
Ho, B oTimume oT MexayHapoaHoii cucteMbl SI, mpucTaBka «KWIo» O3HAYaeT He
1000, a 1024. TTouemy umeHHo 1024? TTockoJsibKy BCce B KOMIBIOTEPE OBLIO 3aBSi-
3aHO Ha JBOWYHOU CUCTEME, MIJIs TTPOCTOTHI JIIOO0E 3HAUYMMOE YUCIIO TIOJKHO ObLTO
BBIPAXAThCA KAaK CTeNeHb ABOiKU. 1024 — 310 2'°. Cneayloliye MpUCTABKU —
M (merabaiit, MB, Mb, M6), G (rurabaiitr, GB, I'0), T (tepabaiitr, TB, Th) u
P (nerabaiit, PB, I1b) — BberuucsioTcst yMHOXeHHeM 1024 Ha mpenbimyliiee 3Hadye-
Hue, Harpumep, 1 K6 = 1024, 3nauut, 1 M6 = 1 KO * 1024 = 1024 * 1024 - 1 048
576 Gaiit. Jlymaro, ¢ 9TUM BCe MOHATHO, AaBaiiTe BepHEMCSI K TUIIAM JaHHBIX.

B g3bikax mporpaMMUpPOBaHUSI BBICOKOTO YPOBHS €CTh CIEIUATbHbIE TUITbI TaH-
HBIX, MO3BOJISIIONINE XPAHUTh CUMBOJIBI U CTPOKU. B s13bIKe accembiiepa Takux
TUMOB IAHHBIX HET. BMECTO HUX i MPEACTABJIEHUS] OJTHOTO CHMBOJIA HMCTIONb3Y-
ercs 0aiiT, a i MPEACTABJIEHHSI CTPOKU — IPYINA MOCJIEI0BATEIbHBIX OANTOB.
Tyt Bce mpocto. Kaxaoe 3HaueHue OaiitTa COOTBETCTBYET OJHOMY W3 CHMBOJIOB
ASCII-tabnuubl (American Standard Code for Information Interchange). IlepBbie
128 cMMBOJIOB — YIPABJISIOIIME CUMBOJTBI, JIATUHCKUE OYKBbI, TP PbI — OAMHAKOBBI
JIJIST BCEX KOMITBIOTEPOB U OTIEPAIlMOHHBIX cUCTeM. [laBaliTe pacCMOTpUM TaOIUILy
konoB ASCII (puc. 1.2).

IMecTHamarepruHbie TUGPHI B 3aTOJ0BKAX CTPOK W CTOJIOLIOB TaOIWIILI TIPEA-
CTaBJISIIOT YMCJIOBbIE 3HAYEHUS OTAEIbHBIX CMMBOJOB. Hampumep, KoopauHAaThI
3amiaBHOM JaTuHCKOW OykBbl A — 40 1 01. CioxuB 3Tv 3HaueHus1, oaydum 0x41
(To ecth 65 B AecATUYHOI cucTeMe) — ko cuMBonia ‘A" B ASCII-koze.

IMeuaraembie cumBosbl B ASCII-Tabnuie HaunHatotes ¢ koga 0x20 (wwm 32d). Cum-
BOJIBI C KOJJIOM HUXe 32 MpeACTaBIISIOT TaK Ha3bIBAEMbIE YIIPABJISIIONINE CUMBOJIBIL.
Haub6onee uzBectHbie U3 HUX — 310 OxA wim LF — nepeson ctpoku, u OxD —
CR — BO3BpaT KapeTKH.

BaxHoctes ynpasisttomux cumBosioB CR u LF oGycrnosieHa tem, 4to oHU 000-
3HAYalOT KOHELl CTPOKM — TOT CUMBOJI, KOTOPBIiA B s13bIKe MTporpaMMupoBaHusi C
obo3Havaercs Kak \Mm. K coxaneHuto, B pa3IMYHbIX OMepaliOHHbIX CUCTEMAX OH
MpeACTaBISIETCST MO-pazHoOMY: Hanpumep, B Windows (1 DOS) oH nipesnctapisiercst
nByms: cumBosiamu (CR, LF — OxD, OxA), a B onepauroHHoi cucteme UNIX mist
0003HaYEHUsI KOHIA CTPOKU UCIOoNb3yeTcsl Bcero oquH cumBon (LF — OxA).

CuMBOJIBI ¢ KomaMu OT 128 10 256 1 BbIllE CTAIM «KEPTBAMU» Pa3IMYHBIX CTAH-
JIapTOB 1 KOAUPOBOK. OOBIMHO OHM COMEPKAT HALIMOHAIbHBIE CUMBOJTbI, HATTPUMED,
Yy Hac 3To OYIyT CUMBOJIbI PyCCKOro ajihaBUTa M, BO3MOXHO, HEKOTOPbIE CUMBOJIBI
ncesaorpaduxku, B Yexun — cuMmBoIbI yelickoro andasurta u 1.4. Ciaeayer or-
METHUTh, YTO JUISI PYCCKOTO sI3bIKa MCMONb3ytoTcs Koauposku CP 866 (8 DOS) u
CP 1251 (Windows).
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0 1 2 3 | 4 5 | 6 7|89 |A|B|C|D|E|F

Q| S| w| o| & . o
00 1 Z 3 4 5 6 7 8 9 10 11 12 | 13 14 | 15
4 b ! T L]+« |t
10 16 |17 | 18|19 | 20| 21 |22 | 23| 24 | 25| 26 | 27| 28 | 29 [ 30 | &
U N TR ]2l l=1s 1V
20 32 | 33| 34 [ 35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 45 | 47
30| 0 1 2|13 |4 5|6 7 g | 9 ! : < | = |'> | ?
48 49 50 51 5z 53 54 55 56 57 58 59 60 | 61 62 | 63

I

w @|A|B|C|[D/E|[F|G|H
€4 65 (13 67 [3:] €9 70 71 72 73 74 75 76 77 78 79

sol PlQ|R[s|T|lulv w|x|y|lz|[\|[]]-*
80 81 82 83 24 85 =14 a7 88 89 90 91 92 93 94 95

6ol '[a|b|c|d|e|[f |g|h|[i]|]]J|[k|Il|m|n]| o
96 97 38 99 | 100 ) 101 | 102 | 103 | 104 | 105 | 106 | 107 | 1068 | 109 | 110 | 111

70 P q r s t u N w X y 1

112 1113|114 | 115|116 | 117|118 |119 |120 | 121|122 | 123|124 |125 |126 | 127
¢c|lau|]e|a|alalalgl|e|e|e|i|i1]i]h

80 128 | 129 | 130 | 131 | 132 | 133 | 134 | 135 | 136 | 137 | 138 | 139 | 140 | 141 | 142 | 143

gonza:oaouuyoﬁczxnf

l44 | 145 | 146 | 147 | 148 | 149 | 150 | 151 | 152 | 153 | 154 | 155 | 156 | 157 | 158 | 159

A0 160 | 161 | 162 | 163 | 164 | 165 | 166 | 167 | 168 | 169 | 170 | 170 | 172 | 173 | 174 | 175

BO 176 {177 | 178 | 179 | 180 | 181 | 182 (183 | 184 | 185 | 186 | 187 ( 168 | 185 [ 150 | 151

X =
A AR AR A AR AR A
192 | 193 | 194 | 155 | 196 | 197 | 198 | 193 | zo0 | 201 | 202 | 203 | 204 | 205 | zos | 207
= B AR BRI RAERE, TTr M= [TT[™
208 | z09 | 210 | 211 | 212 | 213 | 214 | 218 | 216 | 217 | 218 | 219 | 220 | 221 | 222 | 2
E0 | & r = || o 1 6 ([ Q| &5 || [N
224 | 225 | 226 | 227 | 228 | 229 | 230 | 231 | 232 | 233 | 234 | 235 | 236 | 237 | 238 | 229
=zl = 21111 =1=~1°1 -] |3 =]“|=]0
FO | .40 | 241 | 242 | 243 | 244 | 245 | 246 | 247 | 248 | 245 | 250 | 251 | 252 | 253 | 254 | 238

PHUC. 1.2. Tabauya kodose ASCIT
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MpbI HaYMHAaeM 3HAKOMUTBCS C SI3IKOM acceMoiiepa. DTo sI3bIK MPOrpaMMHPOBAHMSI
HM3KOTO YPOBHSI, TO €CTh MAaKCUMAaJIbHO TPHOIIKEHHBIN K «Keje3y» — arapar-
HOMY OOecIeYeHHI0 KoMIblotepa. It Kaxkmoro Impoleccopa XapakKTepeH CBOi
VHUKATBbHBIA HAOOp ACHCTBHIA, KOTOPBIE TIPOIIECCOP CITOCOOEH BBIIOIHUTD, TIOITOMY
SI3BIKM acceMbJiepa pa3HbIX MPOLIECCOPOB OTIMYAIOTCS Ipyr OT apyra. Hampumep,
€CJTM TIPOLIECCOP HE YMEET BBIIOJIHITh YMHOXEHME, TO B €r0 sI3bIKe acceMobliepa H
OymerT OTAEIbHON KOMAHIbl «YMHOXHWThb», a MEPEMHOXATh YMC/IA MPOrPAMMUCTY
MIPUIETCS TIPU TIOMOIIM HECKOJbKUX KOMAaHI CIIOXCHUSI.

CoOCTBEHHO TOBOpsI, SI3BIK acceMbJiepa — 3TO BCETO JIMIIL OPUEHTHPOBAaHHAS H
YyesoBeKa popMa 3ammucy MHCTPYKIUI TIpolieccopa (KOTOPhIe Ha3bIBAIOTCS TAKK
MAIIIMHHBIM SI3IKOM), a caM acceMOep — 3TO MporpaMma, mepeBOAsIasi CHMBO
JIMYEeCKNe MMEHa KOMaH/I B MallIMHHBIC KOJIBI.

Bor IIoOYEMYy, MPEXIEC YEM IPUCTYINATb K MIYUYCHUIO KOMaHI fA3bIKa acceMGJIepa,
HaM HYXHO o0OJIbILIe Y3HaTb O IMPOLECCOPE, NI KOTOPOTO OTOT A3bIK IIPCIHA-,
3Ha4YCH.

2.1. O KomMmnblOTEpPAX...

IlepBbiM momynsipHbiM KoMmmbloTepoM cTtai kommbiotep ENIAC (Electron'
Numerical Integrator And Calculator), MOCTPOSHHBIN U3 3JEKTPOHHBIX JIaMII
MpeqHa3HAYEHHBIN 7151 peleHus nuddepeHInaTbHbIX ypaBHeHU. [Tporpammvu
pOBaHWE 3TOr0 KOMITBIOTEPA, KOTOPOE 3aKITI0YAIOCh B TIEPEKITIOUEHUUN TyMOJIEpOB
ObUTIO OUYEHb TPYIOEMKUM IPOLIECCOM.

Crenyromum komrbiotepoM tiocie ENIAC 6bu1 He ctonb nomyisipHbiin EDVA
(Electronic Discrete Variable Automatic Computer), moctpoeHHbiii B 1946 ©
ITpuHIMIIBI, 3aJTOXXEHHBIE B 3TOM KOMITBIOTEPE, UCTTONIB3YIOTCS U 110 CEil IEHb: 3

MallliHa, TTOJJOOHO COBPEMEHHBIM KOMIIBIOTEPAM, XpaHWIA 3aJI0KEHHYIO Mporpa

My B namsaTtu. Konuenuus kommbiorepa EDVAC, pa3paboTaHHasi aMepUKaHCKU
YYEHBIM BEHTepCKOro rnpoucxoxaeHust JxxoHoMm ¢oH HeilimaHoM, ocHoBbIBana

Ha CJIEAYIOIUX TTPUHITUIIAX:

1. KoMmnbioTep HOKEH COCTOSITh U3 CIAEAYIOIIMX MOIYJICH: YIpaBsIONIuiA Qo
(KoHTposep), apudmeTnueckuii 6J0K, mamMsTh, OJOKU BBOAA/BbIBOJA.
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naBa 2. BBeaeHne B CEMENCTBO NPOLLECCOPOB X86

2. CTpoeHre KOMIbIOTEPA HE TOJDKHO 3aBUCETh OT pelllaeMoi 3a1aun (3TO Kak
pa3 otHocutcs K ENTAC), nmporpamma [0/KHa XpaHUTBCSI B TaMSITH.

3. MHCTpYKIIMU U UX omnepaHAbl (TO €CTh JAHHBIE) JOJKHBI TAKXKE XPAHUTHCS
B TOW Xe MamsITv (rapBapJcKasi KOHLEMIMSI KOMITbIOTEPOB, OCHOBaHHAs Ha
koHuenuuu ¢oH HelimaHa, mpeanonaraga OTAEAbHYIO MaMSTh JJISI MPO-
rpaMMbl U JaHHBIX).

4. TTaMaTh OeMUTCS Ha SIYEUKW OJWHAKOBOTO pasMepa, MOPSIAKOBBIA HOMEp
STYEKU cuuTaeTcs ee anpecoM (1 sueiika sKBUBajJieHTHa | GaiTy).

5. TIporpamMmma COCTOUT U3 CEPUU JIEMEHTAPHBIX WHCTPYKIIUIA, KOTOPbIE OObIU-
HO HE€ COAepXaT 3HayeHUus orepaHaa (yKa3bIBaeTcsl TOJbKO €ro aapec),
MO3TOMY TIpOrpaMMa He 3aBUCUT OT oOpabaThiBaeMbIX NAHHBIX (3TO yXe
MPOTOTUN MEPEMEHHBIX). MHCTPYKLIMM BBIMOJHSIOTCH OJHA 3a APYrou, B
TOM TOPSIIKE, B KOTOPOM OHM HAXOSITCS B MaMsITU (K CJIOBY, COBPEMEHHBIE
MUKPOTIPOIECCOPHI MO3BOJISIIOT TapaUIeIbHOE BBIMTOJTHEHUE HECKOJIBKUX
WHCTPYKLMIA).

6. )11 U3MEHEHUST TIOPSIIKA BBITIOJTHEHMSI MHCTPYKLIMIA UCTIONB3YIOTCS MHCTPYK-
IIMMA YCJIOBHOTO WX O€3ycJIOBHOTO (jump) repexona.

7. THCTPYKIIMU U JaHHBIE (TO €CTh OMEPAH/bI, PE3yJbTaThl WIU aApeca) Mpen-
CTaBJISIIOTCS. B BUJE BOWYHBIX CUTHAJIOB W B JBOUYHOU CHUCTEME CUHUCIIE-
HMUSL.

OKaSaIIOCb, YTO KOHUECITLHA (I)OH HeiiMaHa HacTOIBKO MOLIHA U YHUBEpPCaJIbHA,
YTO OHa OO0 CHX IIOPp MCITIOJB3YETCA B COBPEMCHHLIX KOMIIBIOTEPAaX.

OnHako MPOoABMXKEHNE KOMITBIOTEPA B HAIIIW IOMA MOTPEOOBAIO IOJITOTO0 BPEMEHU —
noutu copoka jet. B 1950-bx romax 66u1 U300peTeH TPAH3UCTOP, KOTOPBII 3aMEHWIT
OoJiblIMe, CKJIOHHBIE KO BCSIKAM COOSIM, BAKyyMHbIe JaMIibl. Co BpeMeHeM pa3Mep
TPaH3UCTOPOB YMEHBIIIWICS, HO CAMbIM OOJIBIIMM UX KOMITOHEHTOM OCTaBaJICSI KOP-
myc. PenieHrie ObLI0 MPOCTHIM: Pa3MECTUTh MHOTO TPAH3UCTOPOB B OJHOM KOPITyCE.
Tak mosIBUINCH UHTETPATbHbIE MUKPOCXeMBI (UUTTbI). KOMIBbIOTEPHI, TOCTPOECHHBIE

Bnok seoga Ll =-— === Bnok esBona
T i i
e e )
Yy ¥
& ~—— [laHHbIe
OHTROANER ~====  VIHCTPYKLWM
l | X x
| \ s y
| ' ApudpmeTrvec—
NamsaTe -~ -~ KO-NOrM4eCcKOe
YCTPORCTBO

Puc. 2.1. KoHyenuusi poH Herimara
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Ha MHTETPATbHBIX MUKPOCXEMaX, CTaJli HAMHOTO MEHBIIIe B pa3Mepe, OTHAKO OHU
BCE eIlle 3aHUMAaJIM Iiejible KOMHAThl. K TOMy 3Xe 3TH KOMIBIOTephl ObUTH OYeHb
YYBCTBUTEJIBHBI K OKPYXAlOIIel cpee: 6e3 KOHIUIIMOHEPAa OHU He paboTajn.

B xonue 1970-bix MHTETpaIbHbIE MUKPOCXEMBI YIIAIM B 1IEHE O TaKOUl CTENEHH,
YTO CTaJli AOCTYITHBI PSITOBBIM MoTpebuTtensiM. [louemy e mond B TO BpeMs He
TMOKYTaJIA MepcoHaTbHbIE KoMITbIoTephl? [ToToMy uTo ux He ObLTo B mpoaaxe! Jlronu
MOKYyNaJIi MUKPOCXEMBI U COOMPATN MPOCThIE BOCBMUPA3PSTHBIE KOMITBIOTEPHI B
nopsiake Xxodbbu — Tak, B 3HAMEHUTOM Tapaxke, Hadajgach uctopusi ¢pupMsl Apple.
3a Apple niocienoBaiv Apyrve KOMIaHWY, HAYaBIIUE MPOU3BOACTBO BOCBMUPA3PSII-
HBIX KOMIBIOTEPOB, KOTOPbIE MOXHO OBLTO MOAKITIOYUTH K OOBIMHOMY TEJIEBU30DY
U UTpaTh WIK 3aHSTHCS UX MPOrPaMMUPOBAHUEM.

B 1981 romy numepom pbiHKa yHUBepcaibHbix DBM — kommnanueit IBM — Obut
BBIIYIIEH MepcoHabHbIN KoMmmbioTep IBM PC XT. D10 ObUT MOJHOLIEHHBIN TIep-
COHAQJIbHBI KOMITBIOTED — C MOHMTOPOM, KJIaBUATypOil M CUCTEMHBIM OJOKOM.
Kommbiotep IBM PC XT 0bu1 000pynoBaH 8-pa3psIHBIM MUKPOTIPOLIECCOPOM
Intel 8088. Dta Monenp cTasa HaYajJOM OTPOMHOU CEpUU MEPCOHATBHBIX KOMIThIO-
tepoB (PC, Personal Computer), KoTopble TPOU3BOAWINCH BIUIOTh IO HAIIIETO
BpEMEHU.

2.2. Uctopusa npoueccopoB x86

HcTopust nepBbIX 16-pa3psyiHBIX TTpolleccOpoB Kiacca x86, 8086, Gblia HayaTa
koMmnaHnuelt Intel B 1978 romy. Yumel Toro BpeMeHU padoTaiu Ha Yactote 5, 8§ uin
10 MI'u u 6aaromapsi 20-pa3psiiHoOii LIMHE aapeca IO3BOJISUIM agpecoBath 1 MO
orepaTUBHON MaMsITH.

B To BpeMst 6buUTM TTOMYJISIPHBI 8-OUTHBIE KOMIIBIOTEPHI, MoaToMy Intel pazpaborana
npyroit yun — 8088, KOTOpHIii ObLT aIllTapaTHO M MPOrpaMMHO coBMecTHM ¢ 8086,
HO OCHAIIIeH TOJIbKO 8-pa3psiTHON IIMHOM.

B 1982 romy Intel nipencraBuia mporeccop 80286, KOTOpHIit GbUT 0OGPATHO COBME-
CTUM C 00EMMU TIPEIBITYIIUMU MOAESIMU, HO UCIOJB30Bal 00Jiee «IITUPOKYIO»,
24-pa3psimHylo, IMHY afpeca. DTOT MpoIeccop MO3BOJIUT aapecoBarb 16 M6 ome-
patvuBHOU maMsTH. Kpome paciimpeHHOro Habopa KoMaH 1 (MOSIBUIOCHh HECKOJIBKO
HOBBIX KOMaH]), JAHHBIA MPOLIECCOpP MOT padoTaTh B ByX peXUMax — peaTbHOM
U 3alUILIEHHOM.

3alUIIEHHBIA PeXUM 00eCIeYrBal MEXaHM3MbI CTPAHUYHOM OpraHu3aluy Ia-
MSTH, MpaB JOCTya U IMEPEKIIOUEHUs 3a1a4u, KOTOpbhle HEOOXOAUMSBI Jisl JII00O0M
MHOT03aJa4HO OIMepalMOHHON cUCTeEMBbI. PeabHbIA peXXUM UCIIONb30BAICS IS
00paTHOI COBMECTUMOCTHU C MPEAbIIYILIMMU MOIEISIMU X86.

Yetnipe roma cryctst, B 1986 romy, Intel Bemyctiia nporeccop 80386 DX, y KoTopo-
ro 00€ MIWHBI (IIMHA JAHHBIX U [IWHA aapeca) Obutn 32-pa3psiiHbIMA. B TO ke Bpemst
ObUT BeITyIIEeH mporeccop 80386 SX, koTopwlit GbUT Bo BceM umeHTHYeH 80386 DX,
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naBa 2. BBegeHne B ceMeNCTBO NPoL.ECCOPOB X86

HO TOJIBKO C 16-pa3psyiHOi BHeIIHeH mMHOM maHHbIX. O6a mpolieccopa paboTaiu
Ha vactote 20, 25 wm 33 MI'n. [Iponeccop 80386 He mMMen MHTErPUPOBAHHOTO
MaTeMaTUYECKOTro COMpolieccopa, MaTeMaTUYeCKUid COTpoLeccCoOp MOCTaBSICS B
BUNE oTaeibHoro ymmna — 80387.

B 1989 romy 6bL10 BBIYIIIEHO ClEAyIOliee MOKOJAeHNE MUKpompolieccopoB Intel —
80486DX, 80486DX/2 u 80486DX/4, KOTOpbIe OTIMYAICH TOJLKO pabodeil 4acTo-
Toi. BeimymenHas Torma ke Bepcus 80486SX, B ommuue ot 80486DX, moctas-
Jisiiach 06e3 MaTeMaTU4ecKoro corpolieccopa. HoBble BOBMOXHOCTM WMHTErpaluu
TO3BOJIWJIM pa3MecTUTh Ha yurie § KO Kanr-nmamsitu.

B 1993 rony ObL1 BBITYIIEH MEPBbIA YK Mo Ha3BaHUeM Pentium. C Hero Havyanach
HOBasI JINHUS YUTIOB, KOTOPbIE HE TOJIBKO MCMOJIB3YIOTCS ceifyac, HO U BCE e1e MOTYT
BBITTOJIHATH MPOrpaMMbI, HarucaHHble 20 jeT Hazaz ajs mpoieccopa 8086.

Iporeccopsl, coBMeCTHMEBIE ¢ X86, BBITYCKAJIMCh HE TOJBLKO KOMITaHMel Intel, HO
Takke u apyrumu kommnanusmu: AMD, Cyrix, NEC, IBM. M#I 6onee oapodHO
paccmotpuM 80386, KOTOPBIN ¢ TOYKU 3pEHUST TTPOrpaMMUPOBAHUS TTOJTHOCTHIO
COBMECTUM JIaXKe C CaMbIMU COBPEMEHHBIMU MPOLIECCOPAMM.

2.3. Mpoueccopbl U UX PErNCTPbLI:
oowasa uHpopmauuns

IToroBopuM 0 BHYTpeHHEM CTpoeHHHU Tipolieccopa. Ilponeccop — 3TO KpeMHMEBasT
IUiaTa Wik «IOIJIOXKa» C JIOTUIECKMMM LIETISIMK, COCTOSIIIMUMU U3 TPAaH3HCTOPOB,
CKpBITasl B IJIACTMACCOBOM KOPITyCe, CHAOXKEHHOM KOHTAKTHBIMM HOXKaMU (BbI-
BOoIaMu, pin). BoJbIIMHCTBO HOXEK Mpolieccopa MOAKIIOYEHO K IIIMHAM — IIMHE
ajipeca, IMMHE JAHHBIX Y IIWHE YIPaBICHUS, CBSI3bIBAIOIIMM YHIT MPOIECcCopa C
OCTaJIbHOM YacThio KoMITbIoTepa. OcTaibHbIe HOXKH CITyKaT [UTS TIOAa9X MTUTAHUS
Ha caM uurl. Kaxxmast IiMHa COCTOUT M3 TPYIIIBI IPOBOAHUKOB, KOTOPHIE BBITTOTHSIIOT
onpeneIeHHYI0 (DYHKIIUIO.

IMynkt 7 koHuenuuu ¢poH Heitmana rosoput: MHCTPYKIIMU U JTIAHHBIE
(TO ECTb OIIEPAH/IbI, PE3VJIBTATBI NIN AJIPECA) ITPEICTABJIA-
IOTCS B BUJIE IBONMYHBIX CUTHAJIOB 1 B JIBOMYHOI CUCTEME
CUNCJIEHUAL.

DTO 03HAYaeT, YTO OAUH MPOBOAHUK IIMHBI KOMITBIOTEPA MOXET «HECTU» ONWH
out. 3HayeHue 3toro outa (1 wiu 0) ompenesseTcss ypoOBHEM HaIpSIKECHUS B
MPOBOAHUKE. 3HAYUT, IIPOLIECCOP C OAHON 16-pas3psamHOil LIMHOM U OAHON 8-pas3-
PSIHOM MOo/DKeH MMeTh 24 (16 1 8) HOXKH, COSIMHEHHBIC ¢ Pa3TMYHBIMK IIPOBO-
nHukamu. Hanpumep, npu nepenade uncia 27 (00011011 B aBonyHOM cucteme)
Mo 8-pa3psiTHON IIMHE MPOBOAHUK, IO KOTOPOMY MEPEIAETCS CaMblii TTpaBbliA OUT
(LSB), nmokaxkert JIoTM4eCcKMiA YpOBEeHb 1, ClemyrolInii MpoBOd TaKxKe MOKaxeT 1,
caeayromiit — 0 u T.I.
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TToka MBI ckazaiu, 4YTO MPOLIECCOP COCTOUT U3 JIOTMYECKUX KOHTYPOB. DTU LIEU
pean3yloT BCe MOMYJIU, U3 KOTOPBIX MPOIIECCOP AOIKEH COCTOSITh COMIACHO KOH-
uenuuu ¢hoH HelimaHa: KoHTposiep, apudMeTuKo-Iorndeckoe ycrpoiictso (AJTY)
W PETUCTPHI.

KoHTpomiep yrpapisieT mojaydeHneM MHCTPYKIUI 13 MaMATU U UX TeKOTUPOBAHM -
eM. KoHTpoitep He 06pabaThiBacT MHCTPYKLIUIO: TIOCIE IEKOAUPOBAHUS OH TIPO-
CTO TMepenaeT ee MO BHYTPEHHEH IIMHE YIpaBICHMS K IPYTUM MOMYJISIM, KOTOpPBIE
BBIMOJTHSTIOT HEOOXOIMMOE JCHCTBHE.

ApudmeTnko-jiormueckoe ycrpoirctso (AJ1Y) BbINosHseT apudMeTUIecKue U Jio-
TUYECKUe JeHCTBUS Hall JaHHBIMU. st Gojiee TPOCTHIX MPOLIECCOPOB JOCTATOYHO
AJTY, yMeroI1Iero BhITIOHSTh ONEpaliivi OTPULIAHUST U CJIOKEHUSI, TIOCKOJTbKY APYTvie
apu@meTnieckre AeicTBUS (BBIMUTAHUE, YMHOXEHUE U 1IEJIOYUCIICHHOE JeJIEHUE)
MOTYT OBITh CBEJEHBI K 3TUM OMEpaIUsIM.

Hpyrast, nornuyeckasi, 4yacTb AJIY BBITIONHSIET OCHOBHbBIE JIOTMYECKUE NEUCTBUS
Hall JaHHBIMW, HampuMep, Jioruueckoe cioxeHue u ymHoxenue (UJIU, N), a
takke uckmouutenbHoe WMJIN. Eme ogHa dyHkuus AJIY, KOTOpyIO BBITIOJNHSIET
ycTpoiicTBo Lukianyeckoro capura (barrel-shifter), 3akmouaercss B caBurax OMTOB
BJIEBO U BITPABO.

Z[J'[H BBIINMOJIHCHUA MMPOLECCOPOM MHCTPYKIIMU HEo0XOIMMO HAMHOT'O MEHBbIIIE BpE-
MCHH, YEM JIdd YTCHUS 3TOM MHCTPYKIIMU U3 IIaMATH. YT1oOhI COKpPaTUTh BPEMA
OXMIaHus nmaMATH, IIpoLeccop CHaOXeH BPEMCHHBIM XpaHWINIIIECM I/IHCTPYKLII/Iﬁ n
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Puc. 2.2. CTpykTypa Mukponpoueccopa
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JMAHHBIX — pervcTpamu. Pa3mep pervcTpa — HECKOJBKO 0aiiTOB, HO 3aTO IOCTYII
K PETUCTpaM OCYIIECTBIIAETCS MOYTH MTHOBEHHO.

Cpenu perucTpoB 00s13aTEIBLHO OJDKHBI MPUCYTCTBOBAThH CJIEAYIOIINE TPYIIIbI:
PETUCTPhI OOIIETO HA3HAYEHUSI, PETUCTPBI COCTOSTHUST U CUETYUKHU. PerucTpsl ooIiie-
TO Ha3HAYEHWUS cofiepkar padbouyue JaHHbIE, TONydYeHHblE U3 maMsITU. Peructpbr
COCTOSIHUSI COJEpXKaT TEKYIllee COCTOsIHUE Tpoliieccopa (mau coctosinue AJTY).
TMocnennsiss rpynmna — 3to cuerynku. CornacHo Teopuu (poH HeiimaHa, nomkeH
OBITh XOTsI ObI OAVH PETUCTP U3 ITOU TPYMITbI — CYETYMK KOMAHM, COAEepKaIIUiA
anpec cremyroleid MHCTpyKimu. Kak Bce 3T0 paboTaeT, Mbl pacCKaXXeM B CIEmy-
IOLLIE TIJ1aBe.

2.4. MNpoueccop 80386

Mukporporeccop 80386 MOTHOCTBIO 32-pa3psiIHBIA, YTO O3HAYAET, YTO OH MOXKET
pabotathb ¢ 4 ['6 onepatuBHOil mamsitu (2 Gaitto). [10CKOMBKY IIMHA AAHHBIX
Takxke 32-pa3psiiHasi, POLECCOP MOXET 00padaThiBaTh U XpaHUTh B CBOMX PEru-
CTpax YUCJIO «IIUPUHOM» B 32 Outa (TWM AAHHBIX int B OOJBIIMHCTBE pean3aiuii
sa3bika C Kak pa3 32-pa3psiaHbli).

YToObl HAyYUTHCSI TPOTPAMMUPOBATh Ha SI3bIKE acceMOsepa, Mbl JOJDKHBI 3HATh
MMeHa perucTpoB (puc. 2.3) 1 oOlIMi IPUHLIUIT padoThl KoMaHA. CaMu KOMaHIbI
00CyXXIaroTcsl B CIEAYIOIIMX TJiaBax.

PerucTpbl oO6wero HasHa4yeHusa

CHavana paccMOTPUM pErucTphl obiero HazHauyeHus. OHM HaszbiBatoTcss EAX,
EBX, ECX u EDX (Akkymynsarop, baza, Cuetunk u lanusie). KpoMe HazBaHUiA,
OHU 0OJIbllIE HUYEM JAPYTUM HE OTIMYAIOTCS APYT OT Apyra, Mo3TOMY pacCMOTpYM
ToJIbKO TiepBbli peructp — EAX (puc. 2.4).

Iporeccop 80386 oGpaTHO coBMeCTHM ¢ TipolieccopoM 80286, perucTpbl KOTOPOTo
16-paspsanbie. Kak ke 80386 MOXET BBIMOJHSATE KOMAaH[bI, MpeIHa3HAUYEHHbIE
IIJIsi perucTpoB MeHbliero pasmepa? Peructp EAX MoxeT ObITh pasaesneH Ha JBe
yacT — 16-paspaoHbiii peructp AX (KOTOpPbIN Takxke mpucyrcTByeT B 80286) u
BepxHHE 16 GUTOB, KOTOphIC HMKAK He Ha3bIBaIOTCsS. B cBOO oyepenb, peructp
AX MoxeTr ObITh pasaeieH (He Tonbko B 80386, Ho u B 80286) Ha nBa 8-OUTHBIX
peructpa — AH u AL.

Ecnu mb1 3aHocuM B peructp EAX 3Hauenue 0x12345678, to peructp AX Oymer
coaep:xkath 3HaueHue 0x5678 (0x56 B AH u 0x78 B AL), a 3Hauenue 0x1234 Gyner
TMIOMEIIEHO B BEPXHIOK 4acTh peructpa EAX.

«Muaziue» perucTpbl APYrUX PErucTpoB OOILEr0 Ha3HAYeHUs Ha3bIBAIOTCS IO
TakoMy ke nipuHuMity: EBX comepxut BX, KOTOpbIii, B CBOIO 0Yepelib, COOESPXKUT
BH u BL u .11
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Peructpnl 80386
ex[ Jwfal)e [bs 1)
31 1615 87 0 | Z 15 0
EBx | [enFe]| 8 [ &5 ]
31 1615 87 0 > § 15 0
ECX | len el | §
31 1615 87 0 g’ 15 0 >
EDX | [ ov oL | ) © IE
31 1615 87 0 15 0
T
31 16 15 o | 2 15 0
1w e 1S R )
31 16 15 0 g 15 0
EBP | | s |
N 6 15 0
= = -
31 16 15 0 § 31 0
EP | | wm |) £ CR1
31 16 15 0 ar . o0 ?
@narn E’ :
313029 . « s 2. 210 : /

Puc. 2.3. OcHoBHble pervcTpel npoteccopa 80386
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UHpeKkcHbie perucTpbl

K perucrpam o0liero HazHauYeHMST MHOTIA OTHOCSIT W MHAEKCHBIE PETUCTPHI TTPO-
ueccopa 80386 — ESI, EDI u EBP (uu SI, DI u BP nist 16-pa3psiaHbIx JeiACTBUIA).
OOBIYHO BTU PETUCTPBl UCITONB3YIOTCS IJIS1 ampecalliy NaMsITH: oOpalleHusl K
MaccuBaM, MHAeKcHpoBaHus 1 T.0. OTclona Ux UMeHa: MHAEKC NCTOYHUKA (Source
Index), nanexc mpuemumka (Destination Index), ykazarens 6a3sr (Base Pointer).

Ho xpaHuTthk B HUX TOJIBKO ampeca coBceM HeoOs3aTenbHO: peructpsl ESI, EDI u
EBP moryr comepxkaTb MPOU3BOJIBHBIC TaHHBIC. DTH PETUCTPHI IIPOrPaMMHO I0O-
CTYIHBI, TO €CTh MX COAEPXKaHUE MOXET ObITh UBMEHEHO ITporpaMMucToM. dpyrue
PETUCTPHI JIYUIIIE «PYyKaMU HE TPOTaTh».

V¥ peructpoB ESI, EDI u EBP cyiectByioT TojbKO B 16-pa3psigHast u 32-paspsii-
Hasl BEpCUMU.

CermeHTHbIE PerncTpsbl

DTy IPYIIITY PErHCTPOB MOXHO OTHECTU K PETUCTPAM COCTOSIHUS. PervicTphl U3 1o
TPYIIILI UCITOJB3YIOTCS TIPY BBIUMCIEHUU PEeabHOro aapeca (ampeca, KOTOPBI
Oyzmer mepefaH Ha mMHYy afpeca). [Tpolecc BRIUMUCIEHUST PEATLHOTO afpeca 3aBU-
CHUT OT pexXuMa Tiporeccopa (peaabHbIi WM 3alIUIIEHHbBIN) 1 OyIeT pacCMOTPEH
B cremyronmx raBax. CerMeHTHBIE PETUCTPHI TOJIBKO 16-paspsimHbIE, TaKUe Ke,
Kak B 80286.

HaszBaHust 3THX perucTpoB COOTBETCTBYIOT BBITIOMHSIeMBIM (yHKIUsIM: CS (Code
Segment, cermeHT Koma) BMmecte ¢ EIP (IP) ompenenstror ampec maMsITd, OTKyza
HY>KHO TPOYMTATh CIEAYIOLLYI0 MHCTPYKLHMIO; aHajornyHo peructp SS (Stack
Segment, cermeHT creka) B mape ¢ ESP (SS:SP) ykaswiBaior Ha BeplIMHY CTeKa.
Cermentnbie peructpel DS, ES, FS, u GS (Data, Extra, F u G cerMeHTbI) NCTIOJTb-
3YIOTCS TS afipecaliuy JaHHBIX B TIaMSITH.

PerucTpbl COCTOSSHUS U yNpaBneHus

Pernctp ESP (SP) — 310 ykaszaTeap maMsITH, KOTOPBIM yKa3bIBacT Ha BEPIIMHY
creka (x86-coBMECTUMMbIE MPOLIECCOPhI HE MMEIOT aIllapaTHoro creka). O cTeke Mbl
MOTOBOPUM B CJIEAYIOIIMX TJaBaX. Takke MPOrpaMMHO HE MOXKET ObITh M3MEHEH
peructp EIP (IP, Instruction Pointer) — yka3zaTenb KOMaHO. DTOT PETUCTP yKa-
3bIBACT HA MHCTPYKIIUIO, KOTOpasi OyJeT BITIOJIHEHA Cleayloliel. 3HaUeHUe 3TOTrO
perucTpa MU3MEHSIeTCSI HEMOCPEACTBEHHO KOHTPOJUIEPOM TMpOIeccopa COrIacHO
UHCTPYKUIUAM, TTOJTYYSCHHBIM U3 MaMsITH.

Ham ocTaiiochk paccMOTpeTh TOJIBKO perucTp ¢jiaroB (MHOIAA €ro Ha3bIBAIOT PErH-
crpom npusHakoB) — EFLAGS. OH cocTtouT 13 omHOpa3psmHBIX (1aros, oToopa-
KaKOIIMX B OCHOBHOM TEKYIllee COCTOSTHUE apu(PMETUKO-JIOTMYECKOTO YCTPOMCTBA.
B Hammx miporpamMmax Mel OymeM MCIIONB30BaTh Bee 32 ¢hara, a moKa pacCMOTPUM
TOJIBKO CaMble BaKHbIE U3 HUX:
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o [Ipusnak nyas ZF (Zero Flag) — 1, ecnu pe3yabTaT npeablaylieid onepanun
paBeH HYyJIO.

¢ IIpusnak 3naka SF (Sign Flag) — 1, ecnu pe3ynbrar npeapiaylieit ornepanumn
OTPULIATEIbHBIN.

e TIpusnak nepenosmenusa OF (Overflow Flag) — 1, ecniu npu BbINIOJTHEHUN
MpeabIAylieil onepauuu MNpousonuio mnepenosHeHue (overflow), To ecTh
pe3yabTaTr onepauuu OoJbIlle, YeM 3ape3epBUPOBAHHAS JJISI HETO MaMSITh.

¢ IIpusnak nepenoca CF (Carry Flag) — 1, eciiu Out ObUT «TTlepeHeceH» U CTall
OuTOM OoJiee BEICOKOTO Mopsiaka (00 3TOM Mbl TOTOBOPUM B YETBEPTON IIIABE,
Korga OymeM paccMaTpuBaTh apu(MeTUYecKre Orepaluiu).

o JIpm3nak npepoBanus [F (Interrupt Flag) — 1, ecnu npepsiBaHus mpoiiec-
copa paspelieHbl.

¢ TIpusHak Hanpasienus DF (Direction Flag) — ucrnionb3yercst mjist 00padoTKu
CTPOK, MBI PACCMOTPUM TOAPOOHEE ITOT PETUCTP B IIECTON IJIaBe.

Jlpyrvie perucTpel mpolieccopa OTHOCATCS K paboTe B 3alUIIECHHOM pPeXUME,
OIMKCaHVe MPUHIIMIIOB KOTOPOTO BBIXOOWT 3a PaMKK 3TOW KHUTH.

Ecmm 80386 mpolieccop OcHalleH MaTeMaTHdecKuM corporeccopoM 80387 (3to
OTIENBHBIA YWI HA Ballell MaTEpPUHCKON T1aTe), OH OyleT ObicTpee 0OpadaThiBaTh
YHUCiIa C TUIaBaolleil TOUKOM.

CoBpeMeHHbBIM IpolieccopaM OTIENbHbI MaTeMaTUYECKUIA TIPOLECCOP HE HYXKEH —
OH HaxXOIUTCs «BHYTpHW» Ipolieccopa. PaHble Bbl MOIJIM HEMHOIO COKOHOMUTH U
KYIIUTh KOMIIbIOTEp 0€3 MaTeMaTUYECKOIo COIMNpoleccopa — €ro Hajaudyue ObLIOo
Heo0s3aTeIbHO, M KOMITIbIOTEp MOr paboTaTh 0e3 Hero. Eciu mMaTeMaTuyecKuit
MpPOLIECCOp HE ObUI YCTAaHOBJIEH, €ro (byHKLUUU SMYJIMPOBAIMCh OCHOBHBIM MPO-
LIECCOPOM, TaK YTO MPOM3BOAUTEIBHOCTb OMNEpALMi Hal YMCJIaMU C IUIaBaloLICH
TOYKOI OblJIa OYeHb HU3KOIA.

Mpumeyanue.

Korpna mbl 6ynem rosoputb cpady o 16- n 32-paspsaHbix perncrpax, 70 Mbl Oyaem
ncnonb3oBaTb cokpalleHue (E)AX) — Bmecto AX 1 EAX

2.5. MpepbiBaHns

CoObITHE TIpepbIBAHUSI COCTOUT B TOM, YTO ITPOLIECCOP MPEKpAaIlaeT BHIMOIHITH
WHCTPYKLIMKA TIPOTpaMMBbl B HOPMAaJIBbHOM IOCIEIOBATEIEHOCTH, a BMECTO 3TOTO
HaYMHaeT BBIMOJHATH IPYIylo MpOrpaMMy, MpeaHa3HAYeHHYIO Ui 00pabOTKU
3T0ro coobITusL. [Tocie okoHUaHUST 0OPabOTKM MPEPHIBAHMSI ITPOLIECCOP TTPOIOJIKUT
BBIMNOJIHEHUE TIPEPBAHHOM TTPOrPaMMBbL.

JaBaiite paccMoTpuM IpuMep. S crKy 3a cTojIoM U unTaio KHUTY. C TOUKM 3pEeHHUsI
KOMITBIOTEpA, ST BBITIOJIHSIO TIPOLIECC YTEHUST KHUTU. BHe3ammHo 3BOHUT Telie(hOH —
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sl IpephIBal0 YTeHWe, KiIamy B KHWTY 3aKiIanKy (Ha sI3bIKe Ipolieccopa 3TO Ha3bl-
BaeTCsA <«COXPaHUTh KOHTEKCT») M Oepy TpyOKy. Terephb s1 «0OpabaThIBalo» Tele-
(bOHHBIN 3BOHOK. 3aKOHYMB Pa3roBOp, S BO3BpAIalOCh K YTCHMIO KHUTH. Haiitu
rocJieqHee TIPOYUTAHHOE MECTO TTOMOTaeT Ta caMasl 3aKJjIajKa.

IIporueccopbl ceMeiicTBa X86 M COBMECTUMBIE C HUMU MOTYT MOPOXIATh 256 Mpephi-
BaHUI. Anpeca Bcex 256 pyHKLIMIT 06pabOTKM MpephIBaHMI (TaK Ha3bIBaeMbIe BEK-
TOPBI MPEPHIBAHUI) XPAHSITCS B CHENUATbHON TabuIle BEKTOPOB MPEPhIBAHUN.

IIpeprIBaHUS MOTYT OBITh MPOrPAMMHBIMU U amapaTHBIMU.

ATlMapaTHble MPpepbIBaHUSI MPOUCXOIAT O 3aMpocy NepudepuiiHbIX YCTPOUCTB U
HasbiBaloTcsl IRQ (Interrupt Requests). ApxurekTypa mmHbl ISA orpaHuyuBaeT
nx unciao go 16 (IRQO — IRQ15).

K ammapaTHBIM THpepbIBAHUSIM OTHOCSITCS TaKXKe CIeIHalbHbIE MPEPbIBAHMSI,
KOTOpBIC T€HEPUpYeT caM Ipolleccop. Takue TMpephIBAHUS MCITOIb3YIOTCS IUISI
00pabOTKN <«MCKIIFOYMTENBHBIX CUTYallii» — HEBEPHBIA OINepaHj, HeW3BEeCTHas
KOMaH/Ia, TeperoTHeHNE W APYThe HelpeaBUIeHHbIe OIlepallii, KOrua IpoIeccop
COWT C TOJIKY ¥ He 3HAEeT, YTO JeJiaTh. DTU MPEePhIBAaHUS UMEIOT CBOM 0003HAYCHUST
U HHUKaK He OTHOCATCSA K 3ape3epBUPOBAHHBIM ST TIepH(bepUn MPepbIBAHUSIM
IRQO0-IRQ15.

Bce anmapatHbie mpepblBaHUSI MOXKHO Pa3NeIuTh Ha JBE TPYMIbL: MPEPbIBAHMUS,
KOTOpbIe MOXXHO UTHOPMPOBaTh («3aMacKUpOBaTb») U T, KOTOPble UTHOPUPOBATD
Henb3s. [lepBble Ha3bIBalOTCS MackupyembiMK (maskable), a BTopsle — HeMacKu-
pyembiMu (non-maskable). AnmapaTHble IIpepbIBaHUS MOIYT ObITb OTKJIFOYEHBI
myteMm yctaHoBkM (tara [F peructpa npusHakoB B (. EnMHCTBEHHOE MpepbIBaHUE,
KOTOpOE OTKJIIOUUTh Henb3sl — 310 NMI, HemackupyeMoe MpepbiBaHWE, TeHEepU-
pytoleecsl npu cboe mamsiTH, cboe B MUTAHUM TMPOlieccopa U MOMOOHBIX (dopc-
MaXKOPHBIX OOCTOSITETbCTBAX.

IIporpaMMHbIe MpepbIBAHUS T€HEPUPYIOTCS C MOMOILBIO CIELMAIbHON KOMaH/bI
B TeJie IIPOrpaMMbl, TO €CTb UX ITOpOXaaeT nporpaMMUCT. OObIYHO MpOorpaMMHBIE
MpepbIBaHUSI UCITONB3YIOTCS IJIsS «OOLIEHMS» Ballleil IPOrpaMMBbl ¢ OIlepallMOHHOMI
CHCTEMOM.
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3.1. Kak KkoMaHAabl BbINOJIHAOTCS
npoueccopom

KomaHna mMuKponponeccopa — 3TO KOMaHIA, KOTOpasi BbIIOJHSET Tpedyemoe
JeicTBIE HAJ JAHHLIMUA WIA M3MEHSET BHyTPEHHEE COCTOSIHUE IPOoILEccopa.

CylecTByeT 1B OCHOBHBIE apXUTEKTYphI TpolieccopoB. IlepBasi HasbiBaeTcss RISC
(Reduced Instruction Set Computer) — KOMIbIOTEP C YMEHbILIEHHBIM HA0OPOM KO-
mana. ApxurekTypa RISC Ha3zBaHa B yecTb HNepBOro KOMIIbIOTEPA C YMEHbIIEHHbIM
HabopoM komaHI — RISC 1. Maoest 3Toit apXUTeKTypbl OCHOBBIBAETCSI HA TOM, 4YTO
MPOLECCOp OOJTBIITYIO0 YaCTh BPEMEHU TPATUT HA BHITTOJTHEHUE OTPAHWMYEHHOTO YKCIa
WHCTPYKIWI (HarmpuMep, MepexoqoB WM KOMaHI MPUCBAUBAHUS), a OCTAIbHBIC
KOMAaH/Ibl VCIIOB3YIOTCSI PEAKO.

Pazpaborunku RISC-apxutekTyphl co3gaiu «o0JerdeHHblil» npoieccop. biaarogaps
YIIPOILIEHHOW BHYTPEHHE! JIoOrMKe (MEHbLIEMY YMCIY KOMaHHA, MEeHee CIOXHBIM
JIOTUYECKMM KOHTYpaM), 3HAUYUTEIbHO COKPATUIOCh BpeMs BbIIIOJHEHHS OTAEIbHBIX
KOMaH]I, ¥ YBeJIMYWIACh 0011as1 Mporu3BoAUTeIbHOCTh. ApxuTekrypa RISC nomobHa
«apXUTEKType OOIIEHUS» ¢ COOAKOl — OHa 3HAeT BCEr0 HECKOJIbKO KOMaHI, HO
BBIMNOJIHSIET UX OYEHb OBICTPO.

Bropas apxutekTypa MMeeT CIOXHYI0 cucTeMy KomaHia, oHa HasbiBaeTcsi CISC
(Complex Instruction Set Computer) — KOMIIBIOTEp CO CJIOXHOI CUCTEMOI KO-
maHn. Apxutektypa CISC moapasymeBaeT MCMOIb30BAHUE CIIOXHBIX UHCTPYKIIUH,
KOTOpBIE MOXHO pa3IeUTh Ha Gostee TipocThie. Bee x86-coBMeCTHMBIE TIPOLIECCOPHI
npuHamiexar K apxutekrype CISC.

HaBaiiTe paccMOTpUM KOMaHIy «3arpy3uTh umcio 0x1234 B peructp AX». Ha
sI3bIKE acceMOJiepa OHa 3amuchiBaeTcsl oueHb rpocto — MOV AX, 0x1234. K Ha-
CTOSILIIEMY MOMEHTY BbI YK€ 3HaeTe, UTo Kaxkaasi KOMaH[a MpeacTaBisieTcss B BUiE
nBoWyHOro urcia (myHkT 7 koHuemnuuu ¢goH Helimana). Ee dncioBoe mpencras-
JIeHWe HasbiBaeTcsl MalMHHBIM KogoM. Komanga MOV AX, 0x1234 Ha MallMHHOM
SI3bIKE MOXET ObITh 3alMcaHa Tak:
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Ox11xx: mpenpiaylas KoMaHIa
Ox1111: 0xBS, 0x34, 0x12
0x1114: cnemyrouiye KOMaHIbI

Mer momectwin koMaHay 1o anpecy Ox1111. Crnemyroiass KomaHAa HaYMHAETCS
TpeMs OaiiTaMU Jajiblie, 3HAYUT, MOJ KOMaHIy C OlepaHJaMu OTBeneHO 3 Oaii-
Ta. BTopoii u TpeTuii 6aiiThl comepxkaT omepaHAbl KoMaHabl MOV. A 4To Takoe
0xB8? ITocne npeodpazoBaHus 0xB8 B JBOMYHYIO CHCTEMY MbI IOJIyYMM 3HAUYECHUE
HOIOOOD.

IlepBas yactb — 1011 — u ectb kon koMaHael MOV. BcerperuB kom 1011, koH-
TpOJIIEp «[IOHUMAET», YTo mepen HUM — uMeHHo MOV. Crenyrommit paspsia (1)
O3HAYaeT, 4YTo OIepaHIbl OymayT 16-paspsoHbiMu. Tpu mocienHue Hupsl onpene-
JISIIOT PEeTrMCcTp HadHaueHMsl. Tpu HyJI COOTBETCTBYIOT peructpy AX (wm AL, eciu
npeabyIyinnii out Obl1 paBeH (), yka3biBasi TAKMM 0Opa3oM, YTO OMepaHAbl OyayT
8-pa3psiIHBIMK).

YToOBI EeKOMUPOBATh KOMAH/IbI, KOHTPOJIJIEDP TOJDKEH CHavalla MTPOYUTaTh UX U3
namsaty. [Tpearnoaoxum, 4To Iporeccop TOIbKO YTO 3aKOHYWII BBITIOJHSTh Mpe/-
mecTBymolyto komMauny, u IP (ykazarenbr komana) comepxuT 3HaueHue Ox1111.
IMpexne yemM OPUCTYNMUTH K 00pabOTKe CIIEAyIOIIe KOMaHIIbI, MPOIECCOP «IO-
CMOTpUT» Ha IIWHY YMPAaBJICHUS, YTOObI MPOBEPUTH, TPEOYIOTCS JIM anmnapaTHbIe
MpepbIBaHUSI.

Ecau 3anpoca Ha IpepbhiBaHME HE IOCTYIIAI0, TO IPOLIECCOP 3arpyxKaeT 3HaueHMUE,
coxpaHeHHoe 110 aapecy 0x1111 (B Hamem citydae — 310 0xB8), B CBOIl BHYTpeHHUIA
(KxoMaHAHBIN) peructp. OH IEKOAMPYET 3TO 3HAYeHUE TakK, KakK MOKa3aHO BbIIIE,
U «ITOHMMaeT», YTO HYXXHO 3arpy3uTh B peructp AX 16-paspsmHoe 4Mclio — aBa
clenyromux 6aiira, Haxoasuecs no agpecam 0x1112 u 0x1113 (oHu comepxat
Haie yucino, 0x1234). Tenepb mpoiieccop JOMKEH MOMYYUTh U3 MaMsITU 3T JBa
Oatita. [Inst 3TOr0 MPOIECCOP TMOCHLIAET COOTBETCTBYIOIINE KOMAHJbI B IIWHY U
OXMJaeT BO3BpallleHUs TI0 IIMHE TaHHBIX 3HAYSHUST U3 MaMsITH.

IMomyyus >ty aBa Oaiita, MpoLeccop 3alMIleT UX B perucTp AX. 3aTeM Ipoleccop
yBeTMUUT 3HaYeHue B peructpe [P Ha 3 (Haiia komaHaa 3aHuMaeT 3 aiita), CHOBa
MPOBEPUT HAJIMUYME 3aMpPOCOB Ha IpepbiBaHWE U, €CIM TaKUX HET, 3arpy3uT OAMH
Gaifr o anmpecy 0x1114 ¥ TPOAOIKUT BBITIOHSTH MTPOTPaMMYy.

Ecnu 3anpoc Ha mpepblBaHWE MOCTYMWI, MPOLIECCOP MTPOBEPUT €ro TUIM, a TaKXKe
3HadyeHue ¢iara [F. Ecnu duar coporien (0), mporieccop MpOUTHOPUPYET MPEPhI-
BaHUe; eciu ke uar ycraHoBiieH (1), To Ipo1eccop COXPaHUT TEKYIIUI KOHTEKCT
U HAYHET BBIMOJHSATH MEPBYIO MHCTPYKIIMIO 0OpabOTUMKa MpepbIBaHUSsI, 3arpy3uB
€e U3 TaOJUIIbl BEKTOPOB MpPEPbIBAHUMN.

K cyacTbio, HaM He TIPUIOCTCS 3aIUCHIBATh KOMAH/IbI B MAIIMHHOM KOJIE, TIOCKOJIBKY
acceMOJep pa3pelliaeT UCIoIb30BaTh X CUMBOJIMYecKre MMeHa. Ho Tiepen Tem Kak
VITyOUTBCS B KOMaHIIBI, TIOTOBOPUM 00 MX OIepaHIax.
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3.2. OnepaHpgpbl

JIaHHBbIE, KOTOpbIE 00PA0ATHLIBAIOTCS KOMAHIAMHU, HA3BLIBAIOTCA onepaHaavu. One-
paHabl B sA3bIKE acceMOJiepa 3amMChbIBAIOTCA HEMOCPEICTBEHHO MOC/Ee KOMAHIDI;
€CJIM X HECKOJILKO, TO Yepe3 3anATyi0. OIHA KOMAHIBI BOOOIIE He MMEIOT HUKAKUX
onepaHIoB, IPyrde UMEIOT OIUH WM JBa onepaHaa.

B kauecTBe onepaHaa MOXHO yKa3aTh HEMOCPENCTBEHHOE 3HaYeHue (Hampumep,
0x123), uMs perucTpa WM CChUIKY Ha STYEWKY MaMsITU (TaK Ha3blBaeMble KOCBEH-
HbIE OMepaH/Ibl).

Yto Xe KacaeTcsl pa3psIHOCTH, UMEIOTCS 32-paspsiaHble, 16-paspsiaHble, U 8-pas-
psaHble onepaHabl. [TouTu Kaxmas KoMmaHaa TpeOyeT, YTOObl omepaHabl ObUIN
oauHaKoBoro pasmepa (paspsgHoctu). Komanga MOV AX, 0x1234 umeer naBa
orepaHIa: ONepaH] PErMCTpa M HEIMOCPENCTBEHHOE 3HaUeHre, 1 06a oHu 16-O1T-
HBbIE.

IMocneanuit TMI onepaHaa — KOCBEHHbINA TUIT — aapecyeT JaHHbIE, HAXOAALIMECS
B MaMSITH, TOTyYaeT UX U3 TIAMSITH U UCITOJIb3YET B KAUeCTBE 3HAYEHUSI. Y3HATh 3TOT
oIepaHji O4eHb IIPOCTO — I10 HAJIMYMIO B 3aIIMCU KBaAPATHBIX CKOOOK. Alpecariust
MmaMaTy OyIeT pacCMOTpeHa B CJeAyolleM Iaparpade.

B noxymeHTarmu no Accembiepy pa3iuuHbie (popMaThl OMEPAHIOB MTPEACTABICHbI
cleayonmMy  a00peBUaTypaMu:

® regS-onepann — 11000 8-paspsiIHbIA PerucTp OOIIEero Ha3HAYeHUs;

* regl6-onepaHfl — moGoit 16-pa3psiHBIE perucTp OOIIEro Ha3HAYCHUS;
¢ reg32-onepaHfl — m1000#1 32-pa3psiaHbIil perucTp 001lero Ha3HavYeHUs;
® m — onepaHa MOXET HaXOAWUThCS B MaMSITH;

® imm8 — HerocpeaCcTBeHHOE 8-pa3psiiHOEe 3HAYeH e,

® imml6 — HemocpeAaCcTBeHHOE 16-pa3psmHOe 3HAYCHMUE;

¢ imm32 — HemocpeAcTBeHHOe 32-pa3psiiHOe 3HAYEHUE;

® segreg — oOrepaH] JOJKEH ObITh CETMEHTHBIM PETUCTPOM.

HormyckaloTcss HEOOQHO3HAYHBIC TUIIBI OIlEpaHIOB, Hampumep: reg8/imm§-onepaHil
MOXET OBITh JIOOBIM 8-OMTHBIM PETMCTPOM OOILEro Ha3HAY€HUS WIX J0O0bIM
8-OMTHBIM HEMOCPEACTBEHHBIM 3HAYCHUEM.

MHorna pasmep onepaHia onpeaessieTcsl TOJIbKO Mo MocAeAHEMY TUITY, HalpuMep,
cienmyoliasi 3anuch aHajdoruyHa mpenbiayiieit: R/imm8-onepaHfl moxeT ObITH
JIIOOBIM PETUCTPOM (MMEETCSI B BUAY 8-OMTHBIN PErucTp) OOLIEro Ha3HAYeHUsT WU
8-paspsiIHBIM 3HAUEHUEM.
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3.3. Appecauus namMaTum

MsI yxe 3HaeM, 4TO afpec, Kak M camMa KOMaHIa, — 3TO 4uciio. UTobOsl He 3armo-
MHHATh aIpeca BceX «IIePEeMEHHBIX», MCIONb3YEMBIX B IIPOrpaMMe, 3TUM aapecaM
MIPYCBAaNBAIOT CUMBOJIMYECKIE 0003HAYCHMSI, KOTOPbIE Ha3bIBAIOTCS TIePEMEHHBIMU
(MHOTIa MX TaKKe Ha3bIBAIOT yKa3aTeIsIMU).

ITpu ucnonb3oBaHMM KOCBEHHOTO OIEpaHAa aapec B MaMsiTv, MO KOTOPOMY Ha-
XOIUTCS HY:KHOE 3HaueHUe, 3aMUChIBaeTCsl B KBaApaTHbIX cKoOKax: [aapec]. Eciu
MBI HCIIONIb3YeM YyKaszaTesb, TO €CTb CUMBOJIMUECKOE TMpeNCTaBlIeHNe aapeca, Ha-
npumep, [ESI], To B mucTUHIE MAaIllIMHHOTO KOAA MBI YBUIWM, YTO yKa3aTeiab ObUT
3aMEHEH peajlbHbIM 3HaueHueM aiapeca. MOXHO Takke yKasaThb TOUHBIN ajpec
nmamsity, Harpumep, [0x594F].

Yamie Bcero Mbl OyaieM aapecoBaTh MaMsITh 10 3HAYEHMIO ajpeca, 3aHECEHHOMY B
peructp npoueccopa. YToObl 3armucarh TaKo KOCBEHHBII oIepaH, HY>KHO TIPOCTO
HamnucaTh UMsI PETMCTpa B KBaJApaTHBIX CKOOKax. Hampumep, eciu agpec 3arpyxeH
B peructp ESI, Bbl MoXeTe MOMyYUTh JaHHBIE, PACTIONOXEHHBIE IO 3TOMY ajipecy,
UCTonb3ys Beipakenue [ESI].

Tenepp paccMoTpuM (bparMeHT MmporpamMmbl, B Kotopoii peructp ESI comepxut
afpec MepBoro 3jneMeHTa (Hymepauusi HaunHaercs: ¢ () B maccuse OaiitoB. Kak
MOJYYUTh JOCTYI, HAMPUMEP, KO BTOPOMY 3JIEMEHTY (JIEMEHTY, aipec KOTOPOTO
Ha 1 Gaiit Gombiie) Maccusa? Ilporeccop MoaAnepKMUBAET CIOXKHBIE CIIOCOOBI aIpe-
caluu, KOTOpble OYEHb HaM MPUTOSATCS B JaibHeliieM. B Haiem ciydae, yToObl
MOJYYUTh JOCTYN KO BTOPOMY 3JIEMEHTY MAacCHUBa, HYXXHO 3aMucaTh KOCBEHHbIN
onepann [ESI + 1].

HNmerotcs naxe Oojiee CloxHbIe TUIbI anpecauuu: [ampec + EBX + 4]. B atom
cllydae Tpolieccop CKIaablBaeT adpec, 3HaueHVe 4 U 3HaYeHUe, COlepXKallleecs B
peructpe EBX. Pe3ynbraT 3TOro BhIpaKeHUs! Ha3bIBaeTCs 3(POEKTUBHBIM aapecoM
(EA, Effective Address) u ncrnosnb3yercsl B Ka4ecTBe ajpeca, 1o KOTopoMy (akTu-
YeCKM HaXOAUTCS orepaH] (Mbl MOKa He pacCMaTpUBaeM CETMEHTHbIE PETMCTPhI).
Ipu BerUmcaeHun 3¢deKTUBHOTO ampeca mporeccop 80386 Takke MO3BOJSET
YMHOXaTb OJVH YJIEH BBIPAXKEHUSI Ha KOHCTAHTY, SIBJISIIOLIYIOCSI CTENIEHBIO JBOMKN:
[anpec + EBX * 4]. KoppeKTHbIM CUMTAETCS JaXe CIICAYIOIIee «CyMaclle/Iiiees
BbIpaXeHUE:

[uncio - 6 + EBX * 8 + ESI]

Ha mpaktrike Mbl OyneM JOBOJBCTBOBAThCSI TOJBKO OOHUM peructpoM [ESI| wm
CYMMOI perucTpa U KOHCTaHThI, Harpumep, [ESI + 4]. B 3aBucuMocTu oT pexxmuma
TpolLIeccopa, MBIl MOXXEM MCIOJIb30BaTh JIIO00M 16-pa3psmHblii WM 32-pa3psaHbIi
peructp obuero HazHayeHus: [EAX], [EBX],... [EBP].

IIpoueccop mpeabiayiero nokojaeHus 80286 mMo3BOJISLI 3aMMChIBATh aapec B BUIE
CYMMBI CONEPXKMMOTO PETUCTPAa M KOHCTAHTHI TOJbKO Wist peructpoB BP, SI, DI,
un BX.
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Mnasa 3. AHaTOMMSA KOMaHL 1 Kak OHW BbIMOJHSIOTCS NPOLECCOPOM

Boiiie MBI yITOMSIHYJM, 9TO B afpecalvy IaMsITH YJ4acTBYIOT CETMEHTHBIC perrcTphl. Mx
(byHKIIMSI 3aBUCUT OT pexkrMa Tporieccopa. Kakplii criocob aapecaiiy MperosiaraeT,
YTO TIPH BBIYMCICHUM PEaIbHOTO ((DaKTUIEeCKOTro) ampeca MCIOIb3YeTCsl CeTMEHTHBIN
pervctp 1o ymondaHuo. CMEHUTb PETHCTpP 0 YMOTYaHUIO0 MOXHO TaK:

ES:[ESI]

Hekoropsie accem0iiepbl TpeOYIOT yKa3aHUSI PErMCTpa BHYTPU CKOOOK:
[ES:ESI]

B nammx npumepax Mbl OyIeM CUMTaTh, YTO BCE CETMEHTHBIE PETUCTPhI COMEpKaT
OIHO Y TO X€ 3HaUYeHUE, MO3TOMY Mbl HE OyleM MCIOJIb30BaTh MX MPU aapeca-
11N,

3.4. KomaHabl 93blka accemMmbnepa

Koraa Mbl 3HaeM, 4TO Takoe OIEpaHIl, JaBaiiTe pacCMOTPUM, KaK OIMMUCHIBAIOTCS
KOMaHIHbI s3bIKa acceMOepa. OOmumii hopMar TaKoit:

MMSI_KOMaHIOb [TTofmcKazka] oIepaHIh

B cnenytonux riaBax Mbl TTOTOBOPMM OO OTHEIBHBIX KOMaHIAaX M BBITOTHSAEMBIX
M (yHKIMsIX. OnepaHibl Mbl TOJTBKO YTO PACCMOTpPENN, OCTalach OMHA «TeMHAast
Jlolajika» — TMojackaska. HeoOsi3aTenbHasi ToJcKa3Ka yKas3bIBaeT KOMITWIISITOPY
TpeOyeMblii pa3Mmep orepanma. Ee 3HaueHreM MoxeT ObITh ciioBo BYTE (8-OnTHBI
ornepann), WORD (16-6uthblit) wim DWORD (32-0UTHBI1).

IMpencraBUM MHMLMAIU3ALMIO HEKOTOPOM <«II€PEMEHHOI» Hy/IeM, TO €CTh 3a-
much HyJeil mo anapecy nepemeHHol. [loackaska cooOIIMT KOMITWISTOPY pa3Mep
orepaH/ia, TO eCTh CKOJIbKO MMEHHO HYJIEBBIX OAWTOB JOJIKHO OBITH 3alKMCAHO TIO
aToMy anpecy. [Toka Mbl He 3HaeM MPaBWIBHOW MHCTPYKIIUK JIJIST 3aMUCU 3HAYEHUS],
MO3TOMY OyleM CUYMTaTh, YTO 3aMMCaTh 3HAYEHUE MOXKHO TaK:

mov dword [ 0x12345678 1,0 ;3amuchiBaeT 4 HyJIeBBIX Oailirta,
;HauuHasa ¢ azapeca 0x12 345678

mov word [ 0x12345678 1,0 ;3alIUCHIBACT 2 HYJeBBIX Oaiirta,
/HaumHasg ¢ aapeca 0x12345678

mov byte [ 0x12345678 1,0 ;3amuchiBaeT 1 HyJaeBo#l OaiT

;mo agpecy 0x12345678

Mpumeyanne.
B a3blke accembnepa ToUKa C 3ansiToi SBNSETCS CUMBOIOM Hauaia KOMMEHTapKS.

IMepBasi MHCTPYKIIMS TIOCEAOBATEILHO 3aNuIIeT 4 HyJeBbIx GaiiTa, HauYMHas C
angpeca 0x12345678. Bropass MHCTPYKLMSI 3aluilIeT TOJBKO ABAa HyJIEBLIX OaiiTa,
ITOCKOJIBKY pa3Mep orepaHna — cjaoBo. [TocienHsis MHCTPYKLMS 3aIUIIET TOJIbKO
omuH Oait (B 6Gutax: 00000000) B siueiiky ¢ ampecoM 0x12345678.
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Inaea 4 OCHOBHble KOMaHAbI

d3blka accemOnepa

— — Komanpa MOV
~—{ ———— «OCTPOKOHEYHUKMN>» N «TYNMOKOHEYHUK

— —1 ApudmeTtnyeckne KomaHapl

— —{ Jlornyeckme KkomMaHgpl

AccemMbniep Ha npumepax.
basosbln KypcC



B 370i1 171aBe paccMOTpeHBI OCHOBHBIE KOMaH[IbI IMPOIIECCOPOB ceMeiicTBa X86, KO-
TOpbIE SIBJISIIOTCS (DYHAAMEHTOM M TPOCTBIX, W CIIOXHBIX TTPOrpaMM, HAIMCAaHHBIX
Ha s13bIKe acceMOJiepa. Mbl He TOJIBKO OIUIIIEM CUHTAKCHC KOMaH[, HO Y TIPUBEIEM
HECKOJIBKO MPAaKTUIECKUX MPUMEPOB, KOTOPBIC MPUTOMATCS BaM MPU HAMCAHUK
COOCTBEHHBIX ITPOTPaMM.

4.1. Komanpa MOV

[Ipexme yeM M3MEHSITh KaKMM-TMOO 00pa3oM HAaIllM JaHHBIC, MaBalTe HAyIMMCS
HMX COXPaHSITh. KOIMPOBATh U3 PErMCTpa B MaMsIThb U oOpaTHO. Beab mpexnme yem
OIEpPUPOBaTh JAHHBIMU B PETMCTpax, MX CHayalla TyJa Haao ITOMECTHUTb.

Komanma MOV, XoTh Ha3BaHME €€ M IIPOMCXOOUT OT CJI0Ba «move» (mepemMe-
1aTh), Ha caMoOM JieJie He TepeMelllaeT, a KOMUpyeT 3HaueHWe M3 MCTOYHUKA B
TIPUEMHMK:

MOV mpueMHHK, HCTOYHHK

PaccMorprM HECKOJIBKO MpUMEpOB IpUMeHeHUsT KomaHael MOV:

mov ax,[number] 3aHOCHM 3HaueHUEe MepeMeHHOoi number
B peructp AX
mov [number],bx 3arpy3uTh 3HAYEeHre permucTpa BX
B IIepeMeHHYI number
mov bx,ex 3aHEeCT B perucTp BX 3HadeHne
peructTpa CX
mov al, 1
3aHeCTN B perucTp AL 3HadeHue 1
mov dh,cl

3aHecT B permcTp DH 3HadyeHue
perucTpa CL

KOIIMPOBATE 3Ha4dYeHue permcrpa EDI
B perucTp EST

COXPaHUTL 16-0uTHOE 3HadeHme 1
B IIepeMeHHyD "number"

mov esi,edi

mov word [number]

IIpoliieccopnl cemeiicTBa X80 MO3BOJISIIOT MCIIONb30BaTh B KOMAaHIAX TOJBKO OIMH
KOCBEHHBIA apryMmeHT. Crenyioliass KOMaHAa KOIMPOBAHUS 3HAYEHUSI, HAXOMIsI-
LIerocs mo aapecy number one, B 00JacTh IaMITU C aapecoM number two,
HEJIOIMYCTHMA:

mov [number two], [number_one] ;HEITPABUJIBHO!!

37



Accembnep Ha npumepax. ba3oBsblil Kypc

YT1oObI CKOMUPOBATHh 3HAYCHUE U3 OMHOW OOJIACTM MAMSITU B IPYIYIO, HY>KHO WC-
MOJIb30BaTh MPOMEXYTOUHbBIN PETUCTD:

mov ax, [number_one] ;3arpyxkaeM B AX 16-0uUTHOE
; BHa4YeHue "number_one"
mov [number_two], ax ;A 3aTeM KOIIMPYEM ero B IIepeMeHHY

; "number_two"
0O06a onepanma komaHabl MOV IOKHBI OBITH OMHOTO pa3Mepa:

mov ax, bl ;HEITPABWIBHO! - OmepaHaobl pa3HBIX
;pa3MepoB.

Hnsa xonuposBaHus 3HadeHUsT BL B pernctp AX MBI JOJDKHBI «pacIlIMPUTh AUaIIa-
30H», TO €CTh CKOIMpoBaTh Bechb BX B AX, a 3atem 3arpy3uth 0 B AX:

mov ax, bx ;3arpyxaem BX B AX
mov ah, 0 ;"cOpaceiBaeM" BEpXHIOIO YacTh

;AX — 3amuceiBaeM B Hee O

Peructp AH sBisiercst BepxHeit 8-0utHOI yacTeio perrctpa AX. ITocte BeIIoTHEHMS
komanabel MOV ax, bx peructp AH Oyner conepxarb 3HaUe€HUE BEPXHEU YacTu pe-
ructpa BX, 1o ecth 3HaueHue perrcrpa BH. Ho MbI He MoXeM OBITh YBEPEHEBI, YTO
BH conepxwur 0, mostomy mMbl gokHbI 3arpy3utb 0 B8 AH — komanga MOV ah, O
«cbpaceiBaeT» 3HaueHue perucrpa AH. B pesyiabraTe mMbl pacimpmim 8-OUTHOE
3HaYeHUe, paHee coaepxkalleecs B peructpe BL, no 16 6uros. HoBoe, 16-6utHoe,
3HaUYCHUE OyIeT HAXOOUTBhCSI B perucrpe AX.

MoXHO MOCTYIIMTh M HA0OOPOT: CHadajia cOpOCUTh Bech AX, a 3aTeM 3arpy3uThb
BL B mimammyio gacte AX (AL):

mov ax, 0 JAH = 0, AL = O
mov al, Dbl ;3aHocyM B AL 3HadeHue BL

To4HO Tak e MOXHO CKOIMPOBaTh 16-OUTHOE 3HAYeHME B 32-OMTHBII PETUCTP.

J/1s1 TTOIHOTBI KAPTUHBI MPUBEIEM CIIMCOK BCEX AOIMYCTUMbBIX (DOPMATOB KOMAaH/IbI
MOV — kak B o(puLIMATIbHON TOKYMEHTALINHN:

MOVr/m8,reg8
MOVr/ml6,regl6
MW r/m32,reg32
MOV reg8,r/m8
MOVregl6,r/mlé
MOV reg32,r/m32
MOV reg8,imm8
MOV regl6,immlé
MOV reg32,imm32
MOV r/m8,imm§
MOV r/ml6,immlé
MOV r/m32,imm32 '
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lmaea 4. OCHOBHbIE KOMaHAbI A3blka accembnepa

4.2. «OCTPOKOHEUHMKN>» U KTYIIOKOHEUHUKII»

Ceituac Mbl HEMHOTO OTKJIOHUMCSI OT 0OCYXaeHUsT KoMmaHn. IIpeanonoxum, 4rto
BBl XOTUTE MPOBEPUTh, ObLIO Ju 3HaueHUe 0x12345678, koTopoe comepKaaoch B
peructpe EBP, KoppekTHO 3arpy:keHo B 32-pa3psiiHyl0 IEpeMEHHYI counter.
Crnenmyrommii ¢parMeHT Kofa 3aHOCUT 3HadeHWe 0x12345678 B IepeMeHHYIO CO-
unter:

mov ebp, 0x12345678 ;3arpyxaeM B EBP 3nauenwme 0x12345678
mov [counter], ebp ;coxpaHseM 3HaueHue EBP
;B IepeMeHHYl "counter" (CUYETYMK)

Z[J'[H TOI'O YTOOBI IIPOBEPUTDH, 3arpy>kK€HO 3HAYCHUE WM HET, HY>KHO BOCITIOJIb30BATbh-
Cs OTJIAAUYMKOM. HOHI/IMaIO, YTO BbI ITOKA HE 3HACTC HU TOIro, KaK OTKOMITMJIMPOBATh
nporpamMmy, HM TOTO, KakK 3arpy3uTb €€ B OTJIaJ4UK, HO JlaBamnTe npeacraBuM, 4ToO
9TO YK€ CAC/IaHO 3a Bac.

Kak Oyger BBINISIIETh OTKOMITMJIMPOBAaHHAsI TIporpaMma B omiamunke? OTaamunk
mpeobpa3yeT Bce KOMaHIbI M3 MAIIMHHOTO KOma Hasad B SI3BIK acceMOiepa. Bee
TOYHO TaK Xe, KaK Mbl HAIIMCAaJIi, TOJIbKO C HEOOJBIINM OTINYMEM: Be3le, TIe MbI
HCITOJIB30BAJIM CUMBOJIbHOE MM TICPEMEHHOM, OHO OyIeT 3aMEHEHO peaJbHBIM
aZipecoM TepeMEHHOM, HalpumMep:

0804808A BD78563412 mov ebp, 0x12345678
0804808F ' 8§92DC0900408 mov dword [ + 0x80490c0] , ebp

ITepBast KOJIOHKAa — 3TO peasbHbIN aapec KOMaH/Ibl B aMSITH, BTOpasi — MalllMHHBIN
KO, B KOTOPbIi MpeBpaTuiIach KoMaHaa nocjie KoMnuasiiuu. Ilocie aToro Mbl BU-
MM CUMBOJIbHOE TpeCTaBlIeHe MAallIMHHON KOMaHIbl B MHEMOKO/IaX acceMoJiepa.
CUMBOJIMUECKOE MMs Hallleil epeMeHHOol counter ObUIO 3aMEHEHO aJpecoM 3TOM
nepemeHHoi B mamatu (0x80490c0).

Ilepen BbIMOIHEHWEM TIEPBOI KOMaHIbl, mov ebp, 0x12 345 67 8, peructpsl mpo-
1ieccopa cofiepXaau CIeaylole 3HAaYeHUs:

eax = 0x00000000 ebx = 0x00000000 ecx = 0x00000000 edx = 0x00000000
esp = 0xBFFFF910 ebp = 0x00000000 esi = 0x00000000 edi = 0x00000000
ds = 0x0000002B es = 0x0000002B fs = 0x00000000 gs = 0x00000000
ss = 0x0000002B cs = 0x00000023 eip = 0x0804808A eflags = 0x00200346
Flags: PF ZF TF IF ID

Tlocne BeIMOMHEHUST TIEPBOI KOMaHAbl 3HaueHue peructpa EBP Gbiio 3ameHeHO
3HaueHreM 0x12345678. Ecmu MpocMOTpeTh JaMIT IaMsTH IO aapecy Hallleil rmepe-
meHHOU (0x80490c0), To MbI YBUAUM CIEIYIOIIEE:

Dumping 64 bytes of memory starting at 0x080490C0 in hex
080490C0: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
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AccembnepHanpumepax. bazoBbli kypc

Korma Gymer BoimosiHeHa Bropast kKoMmaHga MOV, sHauenue 0x12345678 Oymer
3anurcaHo B mamsith no aapecy 0x80490c0 w mamMm mamsiTM MOKaXeT JApYyroil pe-
3yJIbTaT:

Dumping 64 bytes of memory starting at 0x080490C0 in hex
080490C0: 78 56 34 12 00 00 00 00 00 00 00 00 OO0 00 00 00 xV4

Tpebyemoe 3HaueHue (0x12345678) meiicTBUTENBHO OBUIO 3alMCAaHO IO aapecy
0x80490c0, HO TIOYeMy-TO 3a70M Harepen. Jlelo B ToM, 4To Bce X86-TPOLIeCCOpPhI OT-
Hocatest K kimaccy LITTLE  ENDIAN, To ecTb XpaHST OaifThI CioBa WX ABOMHOTO
CJI0Ba B TIOpSIIKE OT HaMMEHee 3HAYMMOro K Haubosee 3HaunMmoMy («little-end-first»,
miaammM 6aititom Briepen). Ilpoueccopsl BIG. ENDIAN (Hanpumep, Motorola)
MOCTYIMAIOT HA00OPOT: pa3MeIA0T HanboJee 3HAYNMBbIIA OalT MO MEHBILIEMY aJIPECy
(«big-end-first», crapimm OaiiToM BIiepen).

Mpumeyvanue.

JNio60onbITHO, 4To TepMUHbI LITTLEENDIAN 1 BIG_ENDIAN — 3TO HEe NPOCTO COKpaLLeHus:
OHU MPOUCXOAAT OT HA3BAHWI CONEPHUYABLLMX B JIMANNYTUM NAPTUA «OCTPOKOHEYHUKOB»
1 «TYNOKOHEYHUKOB» n3 «[lytewectsuin MNynnneepa» xoHaTaHa CeBudTa, oTcioga u
Ha3BaHWe 3TOro NyHkTa. «OCTPOKOHEYHUKM» N «TYNMOKOHEYHUKN» y CBudTa Kyluanu
AlLa C pasHblX KOHLLOB, O4HM — C OCTPOro, Apyrme — ¢ Tynoro. B pe3ynstaTte cnopa
Mo NOBOAY TOr0, Kak NpaBubHee, pa3Bsi3anacb BOWHA, a AaSIbLUE ... ECNIN HE MOMHUTE,
BO3bMUTE KHWXKY U MOYUTANTE.

TMopsinok cinemoBaHust 0AlTOB B CIOBE (IBOMHOM CJIOBE) YUUTHIBAETCSI HE TOJIBKO
MpU XpaHEHWH, HO W TIpU Mepenadye AaHHbIX. Ecim y Bac ecTh HEOOBIION OMBIT
MPOrPaMMHUPOBAHUSI, BO3MOXKHO, Bbl CTAIKUBAIUCH C «OCTPOKOHEUHUKAMU U
TYMIOKOHEYHUKaMW» TIPU pa3padOTKE CETEBbIX MPUIOXEHUN, KOrga HEKOTOpbhIE
CTPYKTYPbl JAHHBIX MPUXOIUIOCH MPeoOpa3oBbIBaTh K <«TYMOKOHEUHOMY» BUIY
Mpu MOMOILLIM crienuanbHbix ¢pyHKuMi (htonl, htons, ntohl, ntohs).

Kornma nmepemeHHasi counter OyneT MpoyuTaHa OOpaTHO B PETUCTP, TaM OKaXKeTCs
OpUTHHAJIbHOE 3HadeHue, To ecTh 0x12345678.

4.3. ApudmeTnyeckue KOMaHAabl

PaccmorpenHast Bbliie KomaHaa MOV OTHOCUTCSI K TpyIine KOMaH[ NepeMeliie-
HUSI 3HAYeHUH, ApyrMe KOMaHIbl U3 KOTOPOW MBI pacCMOTPUM I03Xe. A ceiiyac
nepeitneM K Clenyroliei rpymnre yalle BCero MCMoab3yeMbIX KOMaHI — apudme-
TyeckuM omnepanusaM. [Iporueccop 80386 He comep:KUT MAaTEMAaTUYECKOrO COMPO-
1ieccopa, Mo3TOMY Mbl PACCMOTPUM TOJIBKO LEJIOUUCTICHHYIO apu(METHUKY, KOTOopast
MOJHOCTBIO Mojaep:kuBaeTcst mpoueccopom 80386. Kaxnpas apubmeTnyeckas
KOMaH/ia U3MEHSIET PerucTp MPU3HAKOB.
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lmasa 4. OCHOBHbIE KOMaHAbl f3bika accembrepa

4.3.1. UHcTpykuumn cnoxeHnus ADD un BbluntaHna SUB

Haunewm ¢ camoro npoctoro — cioxeHusi (ADD) u Beruutanus (SUB). Komanaa
ADD Ttpebyer AByx omepaHaoB, Kak U KomaHaa MOV:

ADD ol, 02

Komanga ADD ckianbiBaeT oba ollepaHAa M 3alKChIBaeT pe3yabTaT B oOl,
MpeAblayllee 3HaUYeHUE KOTOPOro TepsieTcs. ToOYHO Tak ke paboTaeT KoMmaHOa
BbruutaHust — SUB:

SUB ol, 02
Pesynbrar, ol-02, Gyner coxpaHeH B ol, ucxomHoe 3HayeHUe ol OyaeT MOTepsiHO.

Tenepb pacCMOTPHM HECKOJBKO MPUMEPOB:

mov ax, 8§ ;3aHocuM B AX uyuciao 8

mov cx, 6 ;3aHocuM B CX uuciao 6
mov dx, cx ;konupyeM CX B DX, DX = ©
add dx, ax ;DX = DX + AX

TTockonmbKy MBI XOTUM U30€XaTh YHUUYTOXEHUS (TO €CTh MEPe3anuch pe3yJIbTaToM)
MICXOIHBIX 3HAUYEHUI U XOTUM COXpaHUTh 00a 3HayeHUs1 — AX u CX, Mbl Konupyem
opuruHaibHoe 3HaYeHrne CX B DX, a 3atem mob6asisiem AX Kk DX. Komanna ADD
coxpaHut pesyiabraT DX + AX B peructpe DX, a ucxomnsle 3HaueHMs1 AX u CX
OCTaHYTCSI HETPOHYTHIMU.

Paccmotpum elie npuMeps! rucnob3oBaHust MHCTpYKIii ADD u SUB:

add eax,8 EAX = EAX + 8
sub ecx,ebp ECX = ECX - EBP
add byte [number] nobasnasieM 3HaueHue 4

K MepeMeHHOoi# number
pasMepoM B | Oaiir
(nuama3oH 3HauyeHuit 0-2595)
sub word [number], 4 number = number — 4
pasMepoMm B 2 Oaiita
(nuamaszon 3HaueHuit 0-65535)
add dword [number], 4 no6asasiem 3HadyeHue 00000004
K "number"
sub byte [number], al BblUMTaeM 3HaueHue peructpa AL
u3 "number”
sub ah,al BoiuutaeM AL u3z AH, pesynabrar
noMmeniaeM B AH

Yto mpousolifer, eciu cHavama 3aHect B AL (8-pa3psiiHbIil pervctp) Haubosnblee
JIOITycTUMOe 3HaueHue (255), a 3aTeM J00aBUTb K HeMy 8?

mov al, 255 ;3aHocuM B AL 3HauenHue 255, 1o ecth OxFF
add al, 8 ;nob0aBisieM 8

B pesynbrate B peructpe AL Mbl monydum 3HaueHue 7.
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Accembrnep Ha npumMmepax. bazosblit kypc

Mepexoc OxFF

1111111 AL

+

r_lf 00001000 J imm8

00000111 AL

Puc. 4.1. CnoxeHune 255(0OxFF) + 8

Ho mb1 Beap oxumanu 0x107 (263 B gecatuunoMm Buze). UYto ciayuunocs? B
peructpe AL MOXeT MOMECTUTBHCS TOJBKO §-pa3psaHOE YUCIO (MaKCUMAabHOE
3HaueHue — 255). JIeBsSIThIN, «MOTEPSIHHBIN», OUT CKPBIT B PETUCTPE MPU3HAKOB,
a umeHHo B ¢dmare CF — npusHak nepeHoca. [Ipu3Hak mepeHoca UCHoab3yeTcs
B apu(pMeTUUECKUX KOMaHIax npyu paboTe ¢ OOMbIIMMU AUana30HaAMU YKUCEN, YeM
MOTYT TofiepkuBath peructpbl. [TonesHsl st atoro komaHasl ADC (Add With
Carry — cioxeHue ¢ nepeHocoMm) u SBB (Subtract With Borrow — BbryuTaHue
C 3aliMOM):

ADC ol, 02 ;ol = Ol + 02 + CF
SBB ol, 02 ;o0l = ol - 02 - CF

DT KoMaH bl padboTaloT Tak ke, Kak ADD u SUB, HO COOTBETCTBEHHO 100ABJISIOT
wiv BeuuTatoT ¢uiar nepeHoca CF.

B koHTekcTe apudmeTrueckux onepanuii O4eHb 4acTo MUCIIONIb3YIOTCST TaK Ha3bIBae-
MbI€ Tapbl perucTpoB. [lapa — 3TO ABa perucTpa, UCIOMB3YIOIIUXCS TSI XPaHEHUST
onHoro yucna. Yacro ucnonbiyetcs nmapa EDX:EAX (umu DX:AX) — oObluHO Npu
yMHOXeHnH. Peructp AX xpanut mmamimme 16 6uroB umcna, a DX — crapmue 16
ouroB. Takum criocobom aaxe apeBHuit 80286 MoxeT 06padaThiBaTh 32-paspsiIHbie
4yycsa, XOTSI Y HErO HeT HU OJHOTo 32-pa3psiTHOrO perucTpa.

IIpumep: mapa DX:AX conepxut 3HadeHue OXFFFF (AX = OxFFFF, DX = 0).
Ho6aBuM § K 3TOW TMape W 3anuileM pe3yiabraT odpatHo B DX:AX:

mov ax, Oxffff ;AX = OxFFFF

mov dx, 0 DX =0

add ax, 8 AX = AX + 8

adc dx, 0 ;no6aBasgsemM O ¢ mepeHocoM K DX

IlepBast komanna ADD nob6asut 8 k pervctpy AX. TToTHOCTBIO pe3ysIbTaT He TMo-
memnaercd B AX, moatomy ero ctapimii our nepexogut B CF. Bropas komaHna
nooasut K DX 3xHauenue 0 u 3HayeHue CF.

IMocne BemonHenuss ADC ¢nar CF oOyner nodasinen k DX (DX teneps paBeH 1).
Pesynbrat cnoxenuss OxFFFF u 8 (0x10007) Oymer momemieH B mapy DX:AX
(DX=1,AX=0007).
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DX MNepexoc AX
0x0000 OxFFFF

0x0008

0x0000

0x0000
0x0001 [E 0x0007

Puc. 4.2. CnoxeHune yncen OxFFFF 1 0x0008 n nx coxpaHeHne B perncrpax

0x0007

ADC DX, 0

Iporeccop 80386 MoxeT paboTaTh ¢ 32-pa3psUTHBIMUA YHCIIAMU HAIIpSIMyo — 6e30
BCSIKMX TIEPEHOCOB:

mov eax, Oxffff ;EAX = OxFFFF
add eax, 8 ;EAX = EAX + 8

0x0000FFFF EAX

+ 0x00000008 imm32

= 0x00010007 EAX

Puc. 4.3. icnonb3oBaHne 32-pa3spsaHbix pernctpoB poueccopa 80386

TMocne BeimonHeHus 3TUX MHCTPYKIMA B EAX Mbl omydnm 32-paspsiiHoe 3HaYeHUe
0x10007. st paGoThl ¢ 64-pa3psimHBIMU YHCITIAMH MBI MOXEM HCIIOJIb30BaTh Mapy
EDX:EAX — To4HO Tak ke, KaK Mbl UcToib30Baiu napy DX:AX.

4.3.2. KomaHabl uHkpemeHTuposaHusa INC
n pekpemeHtTuposaHua DEC
DTHU KOMaHIbI MpeAHAa3HAYEHbI 11 MHKPEMEHTUPOBAHUS U AeKPEMEHTUPOBAHMSI.
Komanpga INC no6asnsiet, a DEC BbluMTaeT eAMHUILYY U3 €AMHCTBEHHOI'O OIlepaH/a.

JlorycTrMble TUIIBI OIlepaHaa — Takue Xe, Kak y komaHg ADD u SUB, a ¢popmar
KOMaH]I TaKOB:

INC Ol ;ol = ol + 1
DEC Ol ;ol = ol - 1

BHUMAHWE! Hu ongHa u3 3tix nHCTpyK1mii He u3MmensieT ¢uiar CF. O 3HaueHnun
9TOro (pakra M CIENCTBUSIX U3 HETo, a TakKe O TOM, Kak Oe3omnacHo (0e3 motepu
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,E[aHHbIX) MUCIOJIb30BaTh 3T KOMAaHIHI, 6y,Z[CT CKazaHO B TIJiaB€, MOCBSIIEHHON
OIITUMU3ALINH.

VYBemyeHue Ha CIVHUILY 3HAYCHUA PErucTpa AL BbIIISIIAT CJICAYIOIIM 06pa30M:

add al, 1 ;AL = AL + 1
inc al AL = AL + 1

VBenmueHne Ha eIVHUILY 3HaYeHUs 16-OMTHOI TTepeMeHHOoI number:

inc word [number] ;Mbl JOKHBI yKa3aTh pa3Mep
;liepeMeHHoOi — word

4.3.3. OTpmnuaTtenbHbie Yucna — Lefnble YNCNa Co 3HAKOM

OtpuiarenbHbie Lebie yncnaa B [1K mpeacrasieHbl B TaK HA3bIBAEMOM JIOMOTHU-
TEJIbHOM Kojie. JIOMmOTHUTETBHBIA KO MOXKHO MPEeICTaBUTh ce0e KaK 0TOOpaskeHue
HEKOTOPOTr0 JMaIa30Ha, BKIIIOYAIOIIETO MOJIOXUTEIbHBIE U OTPULATEIbHBIE LIEJIbIE
4yCIia, Ha IPYroi AUara3oH, CoAepXKalluii TOJIbKO MTOJIOXKUTEIbHBIE LIeJIbIe YUCIIA.
PaccMoTpuM Ko TOIMOIHEHMSI OHOTO OaiiTa.

OmuH 6aiiT MOXeT coAepxaTh yucia B auanazoHe oT 0 go 255. Kon momnojsHeHUs:
3aMEHsIeT 3TOT Auana3oH ApyruM — oT -128 go 127. luamazoH ot 0 go 127 orto-
OpaxkaeTcs caM Ha ce0sl, a OTpULIaTeJIbHBIM YKCIaM COIIOCTAB/ISIeTCSl IMaIla30H OT
128 mo 255: uncny -1 cootserctByeT umucio 255 (OxFF), -2 — 254 (OxFE) u T.1.
Yucno -50 Oymer mpencrasieHo Kak 206. ObpatuTe BHUMaHWE: CaMbIil CTapIIMii
OUT OTPULIATEILHOTO YMC/Ia BCeraa yCTaHaBIMBaeTcsl B 1 — TakK MOXKHO oIlpeiae-
JIUTh, YTO YMCJIO oTpuliaTteabHoe. IIpolecc oToOpaxkeHusl OTpULIATEIbHBIX YHCE
B JOIOJIHUTEIbHBIN KOO MHOIIA Ha3bIBAalOT MAMMIMHIOM (mapping).

JIOTTOJTHUTEIBHBIN KO MOXET OBITh pacimupeHr 10 2 GaittoB (ot 0 mo 65535). On
OyaeT oxXBaThIBaTh IMAIA30H Yuces oT -32768 mo 32767. Eciu JONMOMHUTETLHBIN KO
paciUpuTh 10 4 6aiiToB, TO MOTYYUM AMANa3oH oT -2 147 483 648 no 2 147 483 647.
Bo MHoOrmx s3pIKax mporpaMMHUpPOBaHUS

MMEHHO 3TOT AWAaIla30H UCHOJIb3YeTCs IS KOl

LIeJIOYMCIIEHHOIO TUIa AaHHbBIX (integer). 256(0x100)

Ipumep: npeodpasyem uwcia 4, -4,386, -8000
1 45000 B TOMOJHUTENIbHBIA KO/, CUMTAsI, UTO
LieJeBoii quamna3oH — 16 our (2 Gaiita).

+ 206(0xCE)

+ 12B(0x80)

IIpexmae Bcero, BBIACHUM, CKOJBKO YHCEN
MOXET IOMECTUTHCS B 16 paspsimoB. Do
OYeHb IIPOCTO: BO3BEAEM 2 B CTeleHb 16.
2'® = 65 536, 4TO COOTBETCTBYET AUAMA30HY t—

WHTepnpeTtaumns
ymcna
- 1—

ot 0 10 65 535. Tenepb ONpeaeIuM rPaHULbL: 128 -850 10 508
65 536 / 2 = 32 768. Utak, Mbl NMOTyYUIH ﬂono;;': et KOR

nuama3oH ot -32 768 mo 32 767 (0 — sT0

OJOXHUTETBHOE YKCII0!). Puc. 4.4. JononHUTEeIbHbIV KO4

an4a 1 6avita
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IlepBoe uncno, 4, nonagaer B auanazoH <0, 32 767>, Mo3TOMYy OHO OTOOpaXKaeTcs
caMoO Ha ce0s1 — B LIeJeBOM JAuala3oHe 3To OyaeT Toxke uucio 4. Huciao -4 — or-
pHULIaTeIbHOE, OHO HaxomMUTCs B muamnaszoHe <-32 768, 0>. B LieneBoM auamnasoHe
OHO OyJeTr mpeacTaBlieHO Kak 65 536 — 4 = 65 532. Yucio 386 ocraHeTcs caMo
coboii. Hucno -8 000 — oTpuuiatenbHOE, B Pe3yJbTaTe OTOOPaXKEHUS TTOTydaeTCst
65 536 — 8 000 = 57 536 — 310 U Gymer uucio -8 000 B JOMOIHUTELHOM KOJE.
U, HakoHe1, yucio 45 000 He MoXeT ObITh MPEICTaBICHO B JOMOJIHUTEILHOM KOJIE,
IIOCKOJIbKY OHO BBIXOOUT 3a IIpEIe/ibl TMaIla30Ha.

BoinonHsaTh apudmeTrueckue onepanuy Haja OTpyuLaTeIbHbIMY YUCIaMU B AOMOJ-
HUTEJIbHOM KOJIE MOXHO Mpy oMol 00brMHbIX KoMaHT ADD u SUB. Paccmotpum,
KaK 3TO MPOUCXOIUT, Ha TIPUMePe CyMMBI YiCeT -6 U 7 B TOMOJHUTEILHOM KOIE U3
2 6aiitoB. Yucio 7 Gymet oToOpaxkeHO caMo B cebsl, a Yrciio -6 OyneT mpeacTaBIeHO
quciaoM 65 536 — 6 = 65 530 (OxFFFA). YTo mosy4uTcst, ecii MbI CJIOXKKM IBa 3TH
gucia (7 u 65 530)? INompoGyeM pelinTh 3Ty 3amaqy Ha sI3bIKe acceMoOepa:

mov ax,OxFFFA AX = -6, 1o ecTtb 65530 mnm OxFFFA
mov dx,7 DX =7
add ax,dx AX = AX + DX

Me1 noyauM pesyisrar 65 530 + 7 = 65 537 = 0x10001, KOTOpEIi HE MOMeIaeTCs
B peructpe AX, moaToMy OyaeT ycTaHoBjieH ¢uiar epeHoca. Ho eciu Mbl ero mipo-
WrHOpUpyeM, TO ocTabiieecss B AX 3HaueHUe OyJIeT MpaBUIbHBIM PE3yIbTaToM!
MexaHr3M JOMOJTHUTETBHOTO KOJa BBETM UMEHHO ISl TOTO, YTOOBI MPU CJIOKEHUN
¥ BBIYMUTAHUU OTPULIATEIHHBIX YMCENT HE MPUXOTWIOCH BBITIOIHSIT JOTIOTHUTETBHBIX
NeWCTBUIA.

Tenepp naBaiiTe CJIOXUM ABa OTpULATEebHBIX yncia. Accemonep NASM no3Bossi-
€T yKa3blBaTb OTpULIATEIbHbIE YKCJIA HEMOCPEACTBEHHO, O3TOMY HaM HE HYXKHO
npeodpa3oBbIBaTh MX BPYYHYIO B JOITOJHUTEIbHBIA KOI:

mov ax, -6 AX = -6
mov dx,- 6 DX =-6
add ax,dx AX = AX + DX

Pesynbrar: 0xFFF4 (ycranosnen takxe ¢duar CF, HO MBI ero urHopupyem). B
necatnaHoit cucteMe 0xFFF4 = 65 524. B 1O0NOIHUTEIBHOM KOJE MBI MOTYyYUM
MPaBWIbHBINA pe3ynbratr: -12 (65 536 — 65 524 = 12).

OrtpuliaTeNibHblE YUCIa TaKXKe MOTYT KUCIOJIb30BaThCS TPU alpecaliuy MaMsITH.
IIyctb peructp BX comepXuT agpec, a HaM HyxXEH aApec Mpeablayliero oaira, HO
MBI HE XOTMM U3MEHSTh 3HaueHue peructpa BX (mpenmosaraeTcsi, 4To Mpoueccop
HaxOOUTCS B PeaIbHOM PEXUME):

mov ax,[bx-1] ;IMoMecTUTh B AX 3HaueHHUE IO aIpecy
;Ha eJIWHUIlYy MEHbIIeMy, 4eM XpaHuTcsi B BX

3Hauenue -1 Oyner npeodpazoBaHo B OxFFFF, u uHCTpyKuusi Oyner BBIDISICTH
tak: MOV AX, [BX+OxFFFF]. IIpu BeaucCiieHNM afipeca He YYUThIBaeTcs (iar
CF, nostoMy Mbl MOJIY4M aapec, Ha eIMHUILY MEHBIIUH.
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4.3.4. KomaHgbl ona paboTsl
C oTpuuaTenbHbIMU YUCAMN

Komanpa NEG

Cuctema komanz rpoieccopa 80386 BkitoyaeT B ceOsl HECKOIBKO KOMAaHI, IIpeaHa-
3HAYEHHBIX [UISI PAa0OThI C LIEJIbIMUA YUC/IaMU CO 3HaKoM. IlepBast u3 HUX — KOMaHaa
NEG (negation, oTpuiianue):

NEG r/m8
NEG I'/IIl6
NEG I'/II32

HUcnons3zys NEG, BBl MoXeTe IpeoOpa3oBhIBaTh IMOJIOKUTEIBHOE 1IEJIOC YHCIIO
B oTpulateJbHOe 1 HaobopoT. MHcrpykimss NEG nmeer ToabKo OmWH OIepaHi,
KOTOPBII MOXET ObITh PETUCTPOM WJIM aapecoM IaMsaTh. PasMep omepaHma — Jio-
6oii: 8, 16 win 32 Gura.

meg eax JM3MEHSEeT 3HaK 4uciaa, coxpaHeHHoro B FAX
men bl ;TO Xe caMoe, HO HMCIIONb3yeTcs 8-OMTHBIN
;peructp bl

menq byte [number] ;u3MecHSIeT 3HAK 8-OMTHON INepeMeHHON number

Pacimmpenue nuamazoHa 11e10ro 0e33HAKOBOTO YMCIA AEIAIOCh MPOCTO: MbI TTPO-
CTO KOMUPOBAIM YKUCJIO B OONBIINI PEruCTp, a PaCIIUPEHHOE «MECTO» 3aTOJIHSIIN
Hynasmu. [Ipu pabote ¢ 1leABIMUA YUCIaMKU CO 3HAKOM MBI JOJKHBI 3aTIOJIHUTH 9TO
MECTO CTapiiuM OMTOM TIpeoOpa3yeMoro uuciia. Tak Mbl MOXEM COXPaHSThH TOJIO-
>KUTEJIbHbIE Y OTPULIATESTbHBIC YMCIIA TIPU PaCIIMPEHNH UX AuarnazoHa. Paciimpenue
rana3oHa YMcia CO 3HAKOM Ha3bIBACTCSI 3HAKOBBIM PACHIMPEHUEM.

[Ipoueccop mMeeT HECKOJBKO CIICLMAIbHBIX KOMAaHI, IMPeAHA3HAYCHHBIX IS
3HAKOBOTO PACIIMPEHUs. DTU KOMAHIbl HE MMEIOT OIePaHOOB, OHM BBIIIOJHSIOT
nIeircTBUs Hal (PUKCHUPOBAHHBIMU PETHCTPAMHU.

Komanpa CBW

Komanma CBW kommpyet ceapmoli (ctapiaumii) our peructpa AL B peructp AH, pac-
IUPSIst TAKUM 00pa3oM OpUTHMHAIIbHOE 3HaUeHUe peructpa AL B 3HaUeHUE CO 3HAKOM
peructpa AX (3Hauenne AH cranosurcsa paBHo 0x00 wm OxFF = 11111111b, B 3a-
BUCHMMOCTH OT ctapirero outa AL). CrnoxHo? Hudero, ckopo paccMOTpUM Iapy
MPUMEPOB, U BCE CTAHET Ha CBOM MeECTa.

Puc. 4.5. 3HakoBoe paclumpeHne € MoMOLLb UHCTPyKumn CBW



naea 4. OCHOBHbIE KOMaHObl A3blka accembnepa

Komanpa CWD

Komanga CWD komumpyet ctapiuuit out AX B peructp DX, paciimpsisi Takum 00-
pa3oM opurvHaibHOE 3HaueHue AX B mapy peructpoB co 3Hakom DX:AX.

CWD
DX AX

EnES | AH AL |

|

H ey
DH | DL ENS
DX AX
Puc. 4.6. 3HakoBO€e pacLupeHmne ¢ noMoLLbio MHCTPYKLn CWD

Komanpga CDQ

Komanga CDQ xonupyet ctapimii out EAX B peructp EDX, paciumpsisa Takum 00-
pazoM opuruHaibHOe 3HaueHue EAX B mapy peructpoB co 3Hakom EDX:EAX.

Komanpa CWDE

Komanna CWDE konupyeT cTapiunii ouT AX B BEpXHIOI YacTh (CTapllyl0 4acTb)
EAX, pacmupsiss Takum o0pa3oM OpUTUHaIbHOE 3HaueHue AX B JBOWHOE CIIOBO
CO 3HaKOM, KOTopoe Oyner momeieHo B peructp EAX.

CWDE
| : [ AH ‘I AL | EAX
FITTITIT )

[ | |AH,1AL|EAX

Puc. 4.7. 3HakoBoe pacLumpeHne ¢ MoOMOoLLbo MHCTPYKLn CWDE

PaccmoTtpumM mapy mpuMepoB:
mov al, -1 AL = -1 (mmum OxFF)
cbw ;3HaKOBO€ pacliupeHue Ha Bechb AX

ITocne BemmonHeHust KoManasl CBW AX Oyner comepxath 3HauyeHue OXFFFF, To
ectb - 1. Eqununa (1) crapiiero paspsiia 3anoiaHwia Bce outel AH, v MbI Toyqmimn
3HakoBoe paciupeHue AL Ha Bech peructp AX.
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mov ax, 4 AX = 4
cwd /BBIITOJITHUM 3HaKOBOe paciiupeHue B DX

[lepBast xomaHma 3aHocuT B peructp AX 3HaueHue 4. Bropas komanma, CWD,
IpOM3BOIUT 3HaKoBoe pacmmpeHne AX B mapy DX:AX. OpurnHajibHOE 3HaUYCHUE
DX 3ameHsieTcss HOBBIM 3HAUYCHMEM — CTapIIMM OMTOM perucrpa AX, KOTOPHIA B
aToM citydae paBeH 0. B pesynprare mpr nomyymm 0 B perucrpe DX.

Huorga xomanoma CWD mione3Ha wrst ounitneHus peructpa DX, korma AX comepxxur
MOJIOXKUTEJIbHOE 3HaUYeHUe, TO ecTh 3HaueHue, MeHblee 0x8000.

4.3.5. LlenoyncneHHoe yMHOXeHne n geneHue

JaBaiiTe MO3HAKOMUMCS C OCTABILIMMUCS LIEJIOYUCICHHBIMU OIEpaLlUsIMK: YMHOXKE-
HueM u aejieHueM. IlepBoe apudmMeTrdyeckoe AEMCTBUE BBIMOJHICTCS KOMaHIOM
MUL, a Bropoe — komanmoit DIV.

JIOTIOJTHUTEILHBII KO IeJlacT BO3MOXKHBIM CJIOKEHUE W BhIYMTAHUE LIETBIX YUCEST
CO 3HAKOM M 0e3 3Haka ¢ IoMolbio ogHux U Tex ke komanx ADD u SUB. Ho k
YMHOXEHUIO U JCJICHUIO 3TO HE OTHOCUTCSI: JIJISI YMHOXKEHUS M IeJICHUST YUCeNT CO
3HAKOM ciIyKaT otaesibHbie KomaHabl — IMUL u IDIV. Onepannsl 3TMX MHCTPYK-
nuii Takue xe, kKak y MUL u DIV.

Omnepanuy yMHOXEHUS U OeJIeHUSI UMEIOT CBOIO cielimduKy. B pesynbraTte yMHO-
JKEHUS JIByX YMCE Mbl MOXKEM IOJIyYUTh YUCIIO, TUana30H KOTOPOTo OyaeT B JBa
pasa TMpeBbIIIaTh AUATIa30H ONepaHaoB. JleneHre LeabIX Yucesl — 3TO Onepalust
LIEJIOYUCIICHHAs!, TIO3TOMY B pe3yJibTaTe o0pa3yloTcsl 1Ba 3HAUCHUsI: YacTHOE U
OCTaToK.

C 1eJblo YIPOIIEHUST peau3aluy KOMaH YMHOXEHMS U JAeJICHUS] 9T KOMaHIbI
CIIPOEKTUPOBAHBI TaK, YTO OAWH M3 OMEPAaHIOB U Pe3yJIbTaT HaxXomsATCs B (UKCH-
pPOBaHHOM PETUCTPE, a BTOPOI OrepaH]l yKa3blBaeTCsl MPOrPaMMUCTOM.

IMono6Ho xomangam ADD n SUB, komanast MUL, DIV, IMUL, IDIV uzmensior
perucTp npu3HaKoB.

Komanabl MUL n IMUL

Komangma MUL moxkeT OBITH 3aIcaHa B TpeX pa3IMJHbIX (hopMaTrax — B 3aBU-
CHMOCTH OT OTlepaH/a:

MUL r/m8
MUL r/ml 6
MUL r/m32

B 8-paspsimHoll (hopMe omepaHI MOXKET OBITh JIIOOBIM 8-OMTHBIM PETUCTPOM WA
agpecom mamsTua. Bropoii ormepann Bcerma xpaHutcs B AL. PesynbraTr (mmpom3sBe-
neHune) Oymer 3amvcaH B peructp AX.
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(r/m8) * AL -> AX

B 16-paspsimHoii hopMe omnepaHa MOXET ObITh JTFOOBIM 16-OUTHBIM PETMCTPOM VTN
ajipecoM MamMsiTh. Bropoit onepann Bceraa xpaHutcst B AX. Pesysbrar coxpaHsieTcst
B nnape DX:AX.

(r/ml6) * AX -> DXAX

B 32-paspsinHoit hopme BTOpoii oniepana Haxoautes B pernctpe EAX, a pe3ynbrat
3anuchkiBaeTcsl B napy EDX.EAX.

(r/m32) * EAX -> EDXEAX
PaccMoOTpHM HECKOIIBKO TTPUMEPOB.

IMpumep 1: ymMmHOXUTH 3HAUEHWUSI, coxpaHeHHbIe B peructpax BH u CL, pesynbrat
COXpaHUTb B peructp AX:

mov al, bh ;AL = BH — cHavana 3aHocuM B AL BTOpoil omepanHp
mul cl AX = AL * CL — ymHoxaem ero Ha CL

PesynbraT Oynmer coxpaHeH B peructpe AX.

IMpuMep: BuIYUCTUTL 486, pesynbTaT coxpaHuTh B DX:AX:
mov ax, 486 ; AX = 486
mul ax ; AX * AX -> DXAX

IIpumep 2: BBIYMCIUTH JUAMETP TI0 PAIUYCy, COXpaHEHHOMY B 8-OWUTHOI MepeMeH-
Hoit radiusl, pesynabrar 3amucath B 16-0uTHytO0 mepeMeHHyo diameterl:

mov al, 2 ; AL = 2
mul byte [radiusl] ; AX = radius * 2
mov [diameterl],ax ; diameter <- AX

BbI MOXeTe CIpOCHUTh, TTOYEMy Pe3yIbTaT 16-pa3psmHOro YMHOXEHUS COXpaHEH
B nape DX:AX, a He B KakoM-To 32-paspsigiHoM peructpe? IlpuumHa — coBMme-
CTHIMOCTD C TIPEIBIAYIIUMHK 16-pa3psiTHBIMK MTPOLIECCOPaMU, Y KOTOPBIX He ObLIO
32-pa3psiiHbIX PETUCTPOB.

Komanma IMUL yMHoOXaeT 1iejible yucia Co 3HaKOM U MOXKET MCIIOJIb30BaTh OJIMH,
nBa Uiy Tpu orepaHaa. Korna ykasaH oguH omnepann, To noBeaeHue IMUL oy-
JIeT TaKuM ke, Kak 1 KomaHasl MUL, npocTo oHa OyneT paboTaTh ¢ YMCIaMU CO
3HAKOM.

Ecnu ykazano nsa omepaHaa, To mHCTpykuus IMUL yMHOXUT mepBbIil onepaH,
Ha BTOPOI W COXpPaHUT pe3y/bTaT B MIEPBOM OTEpPaHJIE, MOITOMY MEPBBIA OMEepaH
BCEraa JOKEeH ObITh perucTtpoM. BTopoil omepaHm MOXeT ObITh PETMCTPOM, He-
MOCPENCTBEHHBIM 3HAYEHUEM WJIU aIpECOM MaMSITH.

imul edx,ecx ;EDX = EDX * ECX
imul ebx,[sthing] ;YMHOXaeT 32-pa3psaAaHylo MepeMEHHYIO

;"sthing" Ha EBX, pesyabraTr Oymer
;coxpaHeH B EBX
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imul ecx,6 s BOX = BEXX * 6

Ecmu ykazano Tpu omepanna, To komanna IMUL nepeMHOXHUT BTOpOi U TPETUIA
OIepaH/ibl, a pe3y/IbTaT COXPAHMT B MepBbIii orepaH. [1epBblii oniepaHa — TOJIBKO
pETUCTp, BTOPOI MOXET OBITh JIIOOOTO TUITA, a TPETUIN TOJIKEH OBITh TOJIBKO HEIO-
CPEICTBEHHBIM 3HAUCHHUEM:

imul edx,ecx,7 EDX = ECX * 7

imul ebx, [sthing], 9 YMHOXAEM IIepeMeHHy "sthing" ma 9,
pes3ynbTaT OymeT coxpaHeH EBX

imul ecx,edx,11 ECX = EDX * 11

Komanabl DIV u IDIV

I[Momoono xomanne MUL, komanma DIV MoxeT OBITh IIpeACTaBICHA B TPEX pa3-
JIMYHBIX (hopMaTax B 3aBUCMMOCTH OT THIIA OTIepaH/a:

- DIV r/m8
DIVr/ml 6
DIV r/m32

OmnepaH CIIYKUT ACJIATEIEM, a ASIMMOE HaXOOUTCS B (GUKCUPOBAHHOM MecTe (KakK
B cydyae ¢ MUL). B 8-6utHoi1 hopme TIiepeMeHHBIN oIepaH (IeINTeb) MOXET
OBITH JIIOOBIM 8-OUTHBIM PETUCTPOM WIM agpecoM ImamsTu. deammMoe comepKuTcs
B AX. Pesymbrar coxpaHsiercs Tak: yactTHoe — B AL, octatok — B AH.

AX / (r/m8) -> AL, ocraTok -> AH

B 16-6utHOi1 hopMe orepaHa MOXKET ObITb JHOOBIM 16-OMTHBIM PErMCTPOM WJIU
agpecoM mamsITU. Bropoii omepanm Bcerma Haxomutcs B mape DX:AX. Pesymbrar
coxpansercsa B mape DX:AX (DX — ocrarok, AX — 4acTHOe).

DX:AX / (r/ml6) -> AX, ocraTok -> DX

B 32-pazpsoHoit popme memmmoe Haxomutcst B mape EDX:EAX, a pesynbrar 3a-
nuceiBacTcs B mapy EDX:EAX (gactHoe B EAX, ocrarok B EDX).

EDX:EAX / (r/m32) -> EAX, ocrarok -> EDX

Komanga IDIV ncnione3yeTcst mist nejieHUsI YMCeNI CO 3HAKOM, CUHTAKCHC €€ TaKOM
Ke, Kak y KomaHasl DIV.

PaccMOTpHM HECKOJIBKO TTPUMEPOB.

IMpumep 1: pazmenuts 13 Ha 2, yactHOe coxpanuth B BL, a ocratok B — BH:

mov ax,13 AX = 13

mov cl,2 CL =2

div cl menum Ha CL

mov bx,ax OXHWIAaeMbIi pe3yJabTaT HaxoouTCsI B AX|

konupyem B BX
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IIpyvmep 2: -BBIMUCIUTH paglyc MO IWaMETPy, 3HaAUCHUE KOTOPOTO COXPaHEHO
B 16-OutHoiT nepemeHHoi diameterl, pe3yabTar 3amucarh B radiusl,
a OCTaTOK MPOUTHOPHPOBATE.

mov ax,[diameterlj AX = diameterl

mov bl , 2 3arpyxaemM OeluTenb 2
div bl neIuM

mov [radiusl],al coXpaHsgeM pe3yabTar

4.4. JlornyeckKkue kKomaHabl

K nornyeckum onepanusiMm OTHOCSTCS: Jjorndeckoe yMmHoxeHue (U, AND), noru-
geckoe croxenue (MJIW, OR), nckmouaroriee MJIM (XOR) u orputranne (NOT).
Bee a1 MHCTPYKIIMY U3MEHSIIOT PETUCTP TIPU3HAKOB.

KomaHnpa AND

Komarma AND BBHITTONHSIET JIOTUYECKOS YMHOXCEHIE OBYX OMEpaHIoB — ol 1 02.
Pezynbrar coxpaHsieTcs B orepaHae ol. TUIIbI onlepaHIOB TaKue XKe, KaK Y KOMaH-
11 ADD: oniepaHabl MOTYT OBITE 8-, 16- WM 32-OMTHBIMM pETUCTPaMU, aapecaMu
TMaMSTH WIN HETTOCPEICTBEHHBIMI 3HAUYESHUSIMH.

AND ol, 02

Tabma nctmHHOCTH Wit omteparopa AND mpuBenena Hioke (Taom. 4.1).

Tabmua UCTUHHOCTU s orneparopa AND Tabnmua4.1
A b a AND b
0 0 0
0 1 0
1 0 0
1 1 1

Crenytonuii IipuMep BbIYUCIISAET Jlorndeckoe M Jormueckoil equHUIIBI U JIOTHYe-
ckoro Hyst (1 AND 0).

mov al, 1 AL = one
mov bl,0 BL = zero
and al.bl AL = AL and BL = 0
Tor ke camblii MpUMep, HO 3ANMMCAHHBINA 00JIee KOMIIAKTHO:
mov al, 1 ;AL = one
and al,0 ; AL=AL and 0 =1 and 0 =0
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Komanpa OR

Komanga OR BbINOJHSIET JIOTUYECKOE CJIOXEHME NIBYX OIepaHaoB — ol u o2.
PesynbraT coxpansercss B onepaHae ol. Tumbl onepaHooB Takue Xe, KaK y KO-
MaHasl AND.

R ol, 02

Tabnuua nctnHHOCTH 1151 oriepatopa OR npuBeneHa Huke (Tadn. 4.2).

Tabnnua UCTUHHOCTU Aans oneparopa OR Tabnnuya 4.2
A b aORb
0 0 0
0 1 1
1 0 1
1 1 1

JonomHUTEbHBIE MPUMEPhI UCIOTB30BAHUS JIOTUYECKUX KOMaH], OyayT MpUBEICHbI
B TOCJIEIHEM MyHKTe JaHHOU IMaBbl. A MOKa pacCMOTPUM IMPOCTOIl MpUMeEp ycTa-
HOBKM HaMMeHee 3Ha4ynMMoro oura (IepBblil cripaBa) IepeMeHHoil mask B 1.

or byte [mask],1

Komanpga XOR

Boeruncisier Tak HasbiBaemoe «uckimoyvatoiee MJI» onepaHaoB ol u 02. Pesynsrar
coxpaHsieTcss B 0 1. Tumbl onepaHAoB TaKue XKe, KaK y NPeAblIyIIX NHCTPYKIIMIA.
®dopmar KOMaHIbL:

XOR ol, 02

Tabnuua uctnHHocTH [t oniepatopa XOR npuseneHa Huke (Tabi. 4.3).

Tabnmuya nctuHHocTn ans oneparopa XOR Tabnmuya 4.3
a b a XOR b
0 0 0
0 1 1
1 0 1
1 1 0

Ucxmouawiee MJIM obpatuMo: BbIpaxeHue ((X XOr y) XOor y) CHOBa BO3Bpa-
THUT X.

mov al,0x55 ; AL = 0x55
xor al,0xAA AL = AL xor OAA
xor al,0xAA ;Bo3BpamaeM B AL umcxomHoe 3HaueHue - 0x55
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Komanpa NOT

Hcnonb3yeTcst 111 MTHBEPCUU OTACIbHBIX OUTOB €MMHCTBEHHOIO OIEpaHnia, KO-
TOPBI MOXET OBITh PETMCTPOM WU TaMsIThio. COOTBETCTBEHHO KOMaHAA MOXET
ObITh 3alKcaHa B TPEX Pa3IUYHbBIX (popmarax:

NOT r/m8
NOT r/ml 6
NOT r/m32

Tabmuma nctuaHocTH M1 oniepatopa NOT npuBeneHa Hike (Tadi. 4.4).

Tabanua UCTUHHOCTU A5 orneparopa NOT Tabnnuya 4.4
A NOT a
0 1
1 0

Crnenymoummnui IpuMep OEMOHCTPUPYET pasimraie Mexny onepaumuaMiu NOT u
NEG:

mov al,00000010b ;AL = 2

mov bl,al ;BL = 2

not al ;TIOCTIe DTOM Ollepally MBI IIOJIy YMM
;11111101b = OXFD (-3)

neg bl ;@ IIoCJle BTOM OoIlepalluy pe3yabTaT byneT

/mpyTy: 11111110 = OXFE (-2)

MaccuBbl OUTOB (pa3psaaHble MaTpULLbi)

Jroboe uKncIo MOXKHO 3arucarh B IBOMYHOM CHCTEME B BUIIE ITOC/IECAOBATEIbHOCTH
HyJs1eii u enuHuL. Hanpumep, moboe 16-pa3psiiHOE YUCIO COCTOUT 13 16 TBOMYHBIX
mudp — 0 1 1. MBI MOXXeM UCTIOJIB30BaTh OTHO YMCJIO IUISI XpaHCHUS IIeCTHAIIIATHA
Pa3IMYHBIX COCTOSIHUI — (pyiaroB. Ham He HYXXHO TpaTUTh MECTO Ha XpaHeHue 16
Pa3IMIHBIX TIEPEMEHHBIX, BEIb JUISI OIMMCAHUSI COCTOSIHUSI (BKITIOYEHO,/BBIKITFOYCHO)
BHOJHE moctatouyHo 1 oura. IlepemenHas, ucnoab3yeMas 1 XpaneHnsa iaros,
HA3BIBAETCH PA3PSIHOM MATPHIIEH WIH MACCHBOM OHTOB.

BricokoypoBHEBbIE SI3BIKM TTPOTPAMMUPOBAHUS TAKXKE MCIOJIB3YIOT pa3psiaHbIE
MaTpUlIbl, HAITPUMED, TIPY XPAaHEHUU HA0Opa 3HAUCHUI TIEPEUUCIICHUS, IJIST KO-
HOMMU ITaMsITA. MBI yXe 3HAKOMBI C OMHOI pa3psiAHOI MaTpUIICii, KOTOpasi O9eHb
YaCTO UCIIOJB3YETCI B TPOTPAMMUPOBAHUU — 3TO PETUCTP MPU3HAKOB MUKPOIIPO-
meccopa. MpbI OyIeM O4YeHb YacTO CTAJKMBATHCS C Pa3psSAHBIMU MaTpUIIAMU TIPU
NPOrpaMMUPOBAHUU PA3IUYHBIX YCTPOWCTB: BUAEOAIANTePa, 3ByKOBOI TUIATHI U T.1.
B sTom ciiydae uzmMeHeHre OIHOTO OuTa B pa3psiAHON MATpPUIIE MOXET U3MEHUTh
PEXUM pabOThI YCTPOICTBA.
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JJ1st u3MEeHEeHUs1 3HAYEHUSI OTOEIbHBbIX OMTOB B MaTpMlIEe CIyxKaT JOrMYecKue
omnepauuu. [lepBolii onepaH 3amaeT pa3psAHYI0 MaTpUIly, ¢ KOTOPOil MBI Oynem
paboTath, a BTOPOIi OIepaH[ 3adaeT TaK Ha3bIBAEMYIO MACKY, MCITOJIb3YeMYIO JIs
BbIOOpa OTHEJIBHBIX OUTOB.

71 yCTaHOBKM OIpeNe/IeHHbIX OMTOB MaccHBa B €IUMHMIY (BCE OCTaJbHbIE OWTHI
MpU 3TOM JOJDKHBI OCTAaThCsl Oe3 M3MEHeHUs) mpruMeHsieTcs: koMaHaa OR. B kaue-
CTBE MAacKy BO3bMUTE JBOMYHOE YMCJIO, B KOTOPOM E€AMHMIILI CTOSIT Ha MECTe TeX
OUTOB, KOTOPbIE BBl XOTUTE YCTAHOBUTh B MaccuBe. Harpumep, eciii Bbl XOTUTE
YCTaHOBUTh MEPBBIA U MOCIEIHUI OMThl MacCHBa, Bbl JOJDKHBI MCIOJb30BaTh Ma-
cky 10000001. Bce ocranbHble OUTHI OCTAHYTCSI HETPOHYTBHIMM, MOCKOJbKY 0 OR
X Bcerma Bo3BpaiiaeT X.

Yr1o0bl cOpOCUTH HEKOTOpHhIe OUTHI (YCTAHOBUTH UX 3HauyeHUe B (), BO3bMUTE B
Ka4yecTBe MAacKU YUCJI0, B KOTOPOM HYJIM CTOSIT HA MECTe TeX OMTOB, KOTOPHIE BbI
XOTUTE COPOCUTh, a €MUHUIIBI — BO BCEX OCTAJIbHBIX MO3UIIUSIX, 4 TOTOM UCIOJb-
3yiite koMaHay AND. TTockonbky 1 AND X Bcerma Bo3Bpamaer X, Mbl cOpocum
TOJIbKO HEOOXOMUMBIE HaM OUTBHI.

PaCCMOTpI/IM HECKOJILKO IMMPUMEPOB.

IIpumep. B peructpe AL 3arpyxeH maccuB 6utoB. HyXHO ycTaHOBUTH BCe He-
yeTHbIe no3uiuu B 1. Ipeapiayiiee cOCTOSIHME MacCUBa HEM3BECTHO.

or al, 10101010b ;Macka ycTaHaBJMBaeT BCE HEYETHbIe OWUTHI B 1

IIpumep. B Maccue OutoB, xpansiiemcs B peructpe AL, copocuts 0-if u 7-i
OWTBI, BCe OCTabHBIE OCTaBUTh 0e3 M3MeHeHUs. VICXomHOoe COoCTosTHMe
MaccuBa TakKXe HEU3BECTHO.

and al, 01111110b ;Kaxnaass 1 B MacKe coxpaHsieT OuT
;B ee IMO3UIUU

C nomotpio XOR TakKe MOXHO U3MEHSTh 3HaYCHUsSI OUTOB, HEe 3HAsl IPEIbIIYIIC-
ro coctosiHus. [l 3Toro B Macke yctaHoBUTe 1 ISl KaXXI0ro OUTa, KOTOPbIA BbI
xoture nHBepTUpoBaTh (0 craHer 1, a 1 ctaHer 0), a MIsT BceX OCTaBLUMXCSI OMTOB
ycra”HoBuTe (0. Eciu mbl BoimomHUM XOR ABaxKapl, TO MOJTyYUM UCXOTHOE 3HAYEHUE.
Takoe noeeneHue onepaiuy XOR M0O3BONSIET KCHOB30BaTh 3Ty KOMAHMY ISl PO~
cToro mu¢poBaHUs: K KaxaoMy 0aity mmdpyembix qaHHbIX npuMeHsieTcs: XOR
C MOCTOSTHHOM MacKoil (KITtouoMm), a Iist Aen(pOBKHU TOT XK€ KO TTPUMEHSIETCS
(XOR) K mu¢ppoBaHHBIM JaHHBIM.
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[1aBa S Ynpasnsiowme

KOHCTPYKUUU

& | NocneposarensHoe
BbIMOSIHEHWE KOMaHL,

KoHcTpykums «IF THEN»
BbIOOp NyTn

—a VirepaumoHHble
KOHCTPYKUMN — UMKIbI

— —— KomaHapl 06paboTkm cTeka

Accembnep Ha npumMepax.
basoBbIn KypcC



IIporpamma 10601 CIOKHOCTH Ha JIFOOOM SI3bIKE MPOTPaMMUPOBAHHS MOXET ObITh
HaITicaHa P ITOMOIIM BCETO TPeX YIPABISTIONIMX CTPYKTYP: JTMHEHHOM, YCIIOBHSI
" 1MKIa. B 3Toil mmaBe MbI pacCCMOTPHUM 3TH TPY KPaeyrojbHBIX KaMHS TpOrpam-
MHPOBaHMS W peajM3aliiio MX B sI3bIKe acceMOjiepa, a B KOHIIE TJIaBbl BbI y3HAeTe
0 CTeKe, KOTOPBI HYXEH ISl MCITOIb30BaHUS IMOAIPOrpaMM.

5.1.MocnepoBaTtenbHOE BbINOJIHEHNE KOMaHA,

ITocnenoBarenbHast 00pabOTKa 3HaKOMa HaMm ellle ¢ KoHuenuuu ¢oH HeiimaHa.
Kaxnmast mporpaMMa COCTOUT M3 OQHOM WM HECKOJIBKUX ITOCIeI0BaTEIbHOCTEN
OTIENbHBIX 3JIeMEHTapHbIX KoMaH . IlociaenoBaTelbHOCTh 31eCh O3HAYaeT Y4aCTOK
OporpaMMBbl, IJe KOMaHAbl BBIIOJHSIOTCS OOHA 3a APYroit, 6e3 Jo0bIX MEePeXOI0B.
B Gosee IMPOKOM KOHTEKCTE SI3bIKa ITPOTpaMMMPOBAHKS BLICOKOTO YPOBHSI MOX-
HO paccMaTpuBaTh LIEJYIO IIporpaMMy Kak IOCJIea0BaTeIbHOCTb, COCTOSIIYIO0 KaK
M3 2JIEMEHTAapHbIX KOMaH/, TaK U U3 YIIPaBJISIOIIUX KOHCTPYKLUMIA — YCIOBHBIX U
HUTEPALMOHHBIX.

Ecmu miporpaMma He COIEpKMT APYTMX KOHCTPYKIIUI, KpOMe TOC/IeI0BATeIbHOCTH
3JIeMEHTAPHBIX KOMaHJI, OHA Ha3bIBACTCST IMHEIHOIM.

WHcTpykums 2

Puc. 5.1. NMocnenoBatenbHas 06paboTka KOMaHz
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maBa 5. YnpasnsioLwme KOHCTPYKLNN

5.2. KoHcTpykuua «IF THEN» — BbiOOp nyTHn

B s3bIkax mporpaMMUpOBaHUs BBICOKOTO YPOBHSI KOHCTPYKIIMSI BbIOOpa M3BECT-
Ha kak onepatop [F-THEN. Dta KoHCTpyKIIUsT MO3BOJISIET BhIOpATh CIIEAYIOIIEe
JIEVCTBUE U3 HECKOJbKUX BO3MOXHBIX BADUAHTOB B 3aBUCUMOCTU OT BBITTOJIHEHUS
orpeaeseHHOro yciaoBus. B si3pike acceMOiiepa MexaHU3M BbIOOpa peanin30BaH
MOCP3CTBOM KOMAaHJ CPABHEHMSI, YCJIOBHOTO U O€3YCIIOBHOTO TEPEXOIO0B.
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Puc. 5.2. Bbibop cneanyoliei koMaHabl

5.2.1. Komanabl CMP n TEST

Komanget CMP u TEST ucnonb3yrotcst Ajisi cpaBHEHUs AByX onepaHaoB. OrnepaH-
JIaMA MOTYT OBbITh KaK PETMCTPBI, TaK W aapeca MaMsTH, pa3Mep ornepaHga — §,
16 v 32 GuTa.

CMP ol, o2

Komanga CMP — 310 cokpallieHue OT «compare», «CpaBHUTb». OHa paboraeT
noaooHo SUB: omnepana 02 BeluMTaeTcs U3 ol. Pe3yabTaT HUIme He coXpaHseTcsl,
KOMaH/ia IIPOCTO M3MEHsIeT peructp npusHakoB. Komanga CMP moxer ucnoib-
30BaThCsl KaK VIS CPAaBHEHUS LIeJIbIX O€33HAKOBBIX YMCEJI, TaK U JJIs CpaBHEHUS
YUCesa CO 3HAKOM.

Komanga TEST pa6otaet nogooHo CMP, HO BMeCTO BBIYMTAHUSI OHA BBIYMCIISI-
eT nopaspsaHoe M onepanHaoB. Pe3ynbTaT MHCTPYKLUMU — W3MEHEHHBbIE (iaru
peructpa nmpu3HakKoB. Mbl MoxeM ucnojib3oBath TEST mist mpoBepKy 3HAYEHUM
OTAEJIbHBIX OMTOB B MacCUBe OUTOB.

HpOI/IJ'IJHOCTpI/IpyeM 9TU KOMaHIbl HECKOJIbKUMU IIPpUMEPaAMMU:

cTp ax, 4 ;cpaBHUBaeM AX co 3HaueHUeM 4
ctp dl,ah ;cpaBHuBaeM DL ¢ AH
ctp [diameterl] ,ax ,-CpaBHUBaeM mnepeMeHHyIo "diameterl"” ¢ AX
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cmp ax,[diameterl] ;cpaBHUBaeM AX ¢ mepemeHHoit "diameterl”
CTp eax,ecx ;cpaBHUBaeM peructpsl FAX m ECX
test ax, 00000100b ,-TIPOBEpsieM 3Ha4YeHHUE BTOPOTO

;(TpeTbhero cmpaBa) Oura

5.2.2. KomaHpa 6e3ycnoBHoro nepexopga — JMP

Camblif TIPOCTOI CITOCO6 M3MEHUTh TMOC/EI0BATEIbHOCTD BBHITIOJTHEHUST KOMaH I
3aKJII0YAeTCsI B MCMOJIb30BAaHMM KOMaH/IbI jmp — TaK Ha3bIBAeMOI KOMaHIbI Oe3-
ycioBHOTo miepexoma. OHa Imepe3anuchIBacT yKasaTeab KoMmaHn (peructp [P wm
CS), 4TO 3aCTaBJISIET MPOLECCOP «IIEPEKITIOUNTHCS» Ha BBITIOJTHEHNE KOMAHIBI I10
yKazaHHoMy anpecy. Dopmar KOMaHAbl TaKOB:

JMP [Tur_riepexonal orepaH

Komanga JMP — ananor koHcrpykumu GOTO, koTopasi UCIIONB3YeTCSI B BBICO-
KOYPOBHEBBIX SI3bIKaxX MporpaMMUpoBaHMsl. Ha3zBaHue KoMaHIbl OOBSICHSIET e
NEeHCTBYE, a UMEHHO ump», «repexon». KoMmaHe HyXXHO TiepenaTh OOUH 00s13a-
TEeJIbHBIN oNepaH — ajipec B TIAMSITU, C KOTOPOT'O TIPOLIECCOP MO/DKEH MPOAOJIKUTD
BBITIOJIHEHME TIporpaMMbl. OriepaHI MOXKET OBITh YKa3aH SIBHO (HEIIOCPEACTBEHHOE
3HAYCHNE aapeca) WIKN ObITh PETHCTPOM OOIIEero Ha3HAYCHMSI, B KOTOPBIH 3arpy:KeH
TpeOyeMmbIii anpec. Ho HoBUYKaM 5T HUKOLIA He PEKOMEHIOBAJI OBbI 3TO JEJIaTh: SI3BIK
accembJiepa, Mog00HO SI3bIKaM MPOTrPaMMUPOBAHUST BHICOKOTO YPOBHSI, TTO3BOJISIET
0003HaYNTh aapec Ha3HAUCHUS TPU TIOMOII METKM.

B 3aBUCUMOCTH OT «pacCCTOSIHUSI» TIEPEXOJbl OBIBAIOT TPEX TUIIOB: KOPOTKHUE
(short), omxaue (near) n ganpHUe (far). Tunm nepexomna 3amaercst HeOOSI3aTEIEHBIM
mapaMeTpoM MHCTPYKIMU jmp. Ecam Tvn He 3amaH, 1Mo yMOMYaHUIO UCTIOb3YeTCsT
THUII near.

MaxkcumaiibHast «IJIMHa» KOPOTKOTO Tiepexoaa (TO eCTh MaKCUMAaTbHOE PACCTOSTHUE
MEXIy TEeKYIIMM W LEJIeBBIM aapecoM) orpaHudcHa. Bropoil GaliT MHCTPYKIIMK
(omepaHI) COMEPXKUT TOJIBKO OTHO S-pa3psimHOE 3HAUYCHME, TTO3TOMY LICJICBOM ampec
MOXeT OBITh B mpenesiax oT -128 mo 127 6GaittoB. Ilpu mepexome BBIIOIHSICTCS
3HAKOBOE paclIMpeHue 8-pa3psiTHOTO 3HAYEHUsS W €ro J00aBIeHUE K TeKYIIeMy
snayeHuo E(IP).

«JIimnaa» 6mkHero Iepexoma (near) 3aBHCHUT TOJIBKO OT pexkuMma Irpoiieccopa. B
peaJibHOM peXXruMe MeHsIeTCSI TOJIbKO 3HaueHue [P, mosToMy MbI MOXXeM «ITyTele-
CTBOBaTb» TOJILKO B IIpele/iaXx OOHOrO cerMeHTa (To ecTh B mpeaeiax 64 KO); B
3alIMIIeHHOM pexume rcnoib3yercst EIP, mostoMy 1ieneBoit agpec MOXeT OBITh
rae yromHo B Ipedenax 4 I'6 agpecHoro mpocrtpaHCTBa.

[Iepexon Tuna far Mmomuduimpyer kpome IP emne n cermentHsiil peructp CS, Ko-
TOPBIN MCITOIB3YETCST TIPY BBIYMCIICHUM (haKTUUecKoro aapeca nmamstu. [loatomy
KOMaH[a Iepexona JOJDKHA comepkaTh HoBoe 3HaueHme CS.
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Ceifuac MBI COBEPIINM «TATBHMIA TIEPEXOI» OT MPEAMETA HAIIETO PACCMOTPEHMS U
MOTOBOPMM O METKaX B SI3BIKE accemOiiepa. Bkpatiie, MeTka — 3T0 MOCHTU(NKA-
TOp, 3aKaHUMBAIOUIUIACS ABOeTOYMEM. Bo BpeMsi KOMIMWIIAIIMY OH Oy/ieT 3aMeHeH
TOYHBIM AIPECOM COTJIACHO €T TMO3ULIMM B TIporpaMme. PaccMOTpUM Clieayrormii
¢dparMeHT Kona:

mov ax,4 AX = 4
new_loop: ;MeTKa new_loop
mov bx, ax ;konupyeMm AX B BX

YT1oOBI TIepeiiT K METKE new__loop M3 Ipyroro mMecra IporpaMMbl, UCHOIb3YITe
KOMaHIy:

jmp new_loop ;ImepexoauM K new_loop

IMocne BBIMOJHEHUS! 3TOM KOMAaHIbI BBITTOJTHEHUE MPOTPaMMBbl MPOAOJIKUTCS C
MeTKu new_loop.

Ecim BaM HYXXHO cHayaja HanmyMcaTh MHCTPYKIMIO Tiepexoia W TOJBKO MOTOM
OIIPEICIUTh METKY, HET IIPO0JIeM: KOMITIUISITOP 00padaThIBacT TEKCT MPOrpaMMBbl
B HECKOJIbKO MPOXOJOB M MOHUMAET TaKue «3a0eraHusi Bepey»:

jmp start /mepexon Ha start
finish: ;metka "finish"

,JKaKMe-TO KOMaHIbI

start: ;MeTka "start"
jmp finish /mepexon Ha "finish"

Tenepb naBaiiTe BEpHEMCS K pa3JIMIHBIM TUTIAM TIEPEXOIOB: 1aXKe €CJIM Mbl HOBUY-
KU, MBI BCe pPaBHO OyJieM U3peaKa UX UCToib3oBaTh. KOpOTKMil epexon mojie3eH B
CHUTYyalliH, IIi¢ MeTKa Ha3HAYeHUsI HAXOOUTCs B mpeneax 128 Gaiitos. ITockombKy
KOMaH/Ia KOPOTKOTO Tiepexofa 3aHumaeT 2 Oaiita, KOMaHIa OIKHEro Tepexoaa
3aHMMaeT 3 0aifTa, a JaJIbHETO — 5 0aliTOB, MBI MOXEM COKOHOMUTDH OAWT MJIN TPH.
Ecnu Bbl He MOXeTe OLIEHUTD IIPaBUJILHOE «PaCCTOSIHKME», BCE PaBHO MOXETE I10-
npoOoBaTh yKazaTb short — B KpalflHEM ciiydae, KOMITUJISITOP BBIOACT OIIMOKY:
near_label: ;MeTKa "near_label”
; HECKOJIBKO KOMaH[I

jmp short near_label /Tiepexomym K "near_label"

5.2.3. YcnoBHble nepexoabl — JX

Hpyroii criocod n3MeHEHUs MOCIeA0BAaTEIbHOCTHA BBIITOJIHEHUSI KOMaH]I 3aKJTI0Ya-
€TCSl B MCITOJIb30BAHUM KOMAaHIBI YCJIOBHOIO IIEPexXoa.

B s3bike accemOiiepa MMeEETCs MHOXKECTBO KOMaHJI YCJIOBHOTO Tepexofa, U 00Jb-
IIMHCTBO W3 HUX BaM HYXXHO 3HaThb — WHA4Y€ Bbl HE CMOXETE HAMUCATh Jaxe
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«CPETHEHBKYIO» TIporpaMMKy. MiMeHa 3Tux KoMaH[ pa3jiuyvaroTcsl B 3aBUCUMOCTHU
OT YCJIOBUSI Tiepexoia. YCIOBUE COCTOUT M3 3HAYEHUI ONHOTO WJIM HECKOJIBKUX
¢hraroB B perucTpe Mpru3HakoB. PaboTaioT 311 KOMaHIbl OIMHAKOBO: €C/IU YCIOBUE
WCTUHHO, BBITIONHSIETCS TIEPEXOM Ha yKa3aHHYIO METKY, €CIM HET, TO MPOLIecCcop
MPOMIOJIKUT BBITIOJHSThH TIPOTPAMMY CO CJIEAYIOIIE KOMaH/IbI.

Oo6mmit ¢opMaT KOMaH YCAOBHOTO TEpexoaa CICTYIOIINIA:

JX MeTKa_Ha3HadYeHusd

PaccMoTpuM HamboJsIee YaCTO BCTPEUAIOIINECS KOMAH/IBL:

jz is_true ;mepexoauT K is_true, ecau dmar ZF = 1

jc is_true ;mepexoauT K is_true, ecau ¢guaar CF = 1

js is_true ;mepexoguT K is_true, ecam ¢aar SF = 1

jo is_true /gic:pexomn K is_true, eciam ¢aar mepermoJTHEeHUS
; =1
b

JIroboe ycmoBre MoXeT OBITb MHBEPTHUPOBAHO, HAIIpUMeED:
jnz is_true ;mepexomuT K is_true, ecmm émar ZF = O
Tak xxe obpazoBanbl umMeHa KomaHa JNC, JNS u JNO.

PaccMoTpuM CBOIHYIO TabMIly KOMaH/ YCJIOBHOTO Tepexoia B 3aBUCUMOCTU OT
YCIIOBUSI, KOTOPOE MPOBEPSICT IIPOIIecCOp (YTOOBI HEe MHCATh «IIJISI IIepexonay», OymemM

HCITOIB30BaTh COKpalleHue jump) (cM. Taoi. 5.1).

CBogHasi Tabsmiua KoMmaH yC/I0BHOro rnepexoaa Tabanuya 5.1
01==02 o1!=02 _ _
01202 0K>02 ol1>02 oKo2 01=<02 01>=02
JE(JZ) JNE(JNZ) JA(JNBE) JB(JNAE) JNA(JBE) JNB(JAE)
MHCTpyKLmn Jump, ecnu Jump, ecnn Jump, ecnun Jump, ecnu
ans Jump, Jump, ecnu 6onbLue MeHbLUe He 6onblue He MeHbLue
GeasHakoBblx | €CM PaBHO He paBHO
ancen Jum Jum Jump, ecnu Jump, ecnn Jump, ecnun Jump, ecnn
ecnvlpb ecnm féo He MeHblue He Gonblue MeHblle nan | Gonblue um
WU PaBHO WM paBHO paBHO paBHO
JE(JZ) JNE(JINZ) JG(JNLE) JL(JNGE) JNG(JLE) JNL(JGE)
Jump, ecnn Jump, ecnn Jump, ecnn Jump, ecnu
MHCTpyKLmn Jump, Jump, ecnu
Aansa qncen ecnun paBHO He paBHO 6onbLue MeHbLUEe He 6osbLue He MeHbLle
€O 3HAKOM J J Jump, ecnm | Jump, ecan | Jump, ecim | Jump, ecnu
Umpb Umg)vgc’""' HE MeHbLLe He GoNblle | MEeHbLUE UK | GofbLue UK
ecm € VNN PaBHO WM PaBHO paBHO paBHO

B mepBoii cTpoKe TabMMIIBI YKa3aHO ycioBUe Tiepexona. Bo BTopoii cTpoke mo-
Ka3aHbl COOTBETCTBYIOIIME KOMaHBl YCJIOBHOTO Iepexoaa (B CKOOKax — WX H0-
TMOJIHUTEIbHBIE Ha3BaHUS). YTOOKI JTydllle 3aITOMHUTh UMEHA KOMaH/I, 3alIOMHUTE
HECKOJIBKO aHTJIMIMCKUX CJIOB: equal — paBHO, above — Ooipie, below — HiTke,
Zero — HOJb, greater — Ooubiie, less — meHsbie. Takum obpaszom, JE — Jump
if Equal (ITepexon, ecaiu PaBHo), JINE — Jump if Not Equal (Ilepexon, ecnmu He
PaBHo), JA — Jump if Above (Ilepexon, eciu GobIle) U T.A.
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IMono6Ho koMmanmam MUL u DIV, pist paboThbl ¢ YMcIaMu CO 3HAKOM CIIy>KUT pY-
roii Habop KOMaH]I yCJIOBHOIO repexona. [IpuyrHa 3Toro B TOM, 4TO ITPOBEPSIEMOE
YCJIOBUE COCTOMT M3 3HAYEHUIl Apyrux (hjaros.

Anpec HazHaYeHUsT KOMaHbl YCIOBHOTO MEpPexo/a JOJKEH JIeXaTh B Tpenenax
128 6aiiToB: Bce OHU peajM3yIOT IIepexoabl KOpoTKoro tuiia. Eciau BaM HY:KHO
IIPOTYJISITHCST» 3a TIpeaesibl 128 0aiiToB, TO BBI HODKHBI B MHCTPYKIIMHU YCIIOBHOTO
rnepexojia ykaszaTh aJipec, Mo KOTOpOMy OyleT HaxOmMThCs KOMaHIa jmp, KoTopas
W BBITIOJIHUAT JAJTbHEHAIIUIA TIEPEXO:

jz far_jump ; ecou ZF = 1, mepeiitu x far_jump
; HECKOJIbKO KOMaH[

far_jump:

jmp far finish ; "mDanpHUK" Tepexon

Teneps paccMoTpuM, Kak peann3oBath KoHCTpyKumio IF-THEN Ha sa3b1Kke accem-
oiepa. B Hairem mpocTom citydae MbI TiepeiineMm K Metke i f three, ecau peructp
AX comepxuT 3HaueHUE 3.

[Ipexae Bcero Mbl TOJDKHBI IIPOBEPUTH, €CTh 1M B peructpe AX Tpoiika. s 3Toro
ucrnonb3dyeM KomaHay CMP:

cTp ax,3 ;cpaBHuBaeM AX ¢ 3

151 mpoBepKM paBEeHCTBA IMPUMEHUM KoMaHmy JZ, KaK moKa3aHO B TaOJMIIE KO-
MaH[l YCJIOBHOTO Iepexoa:

jz is_three ;mepexonuT K "is_three", ecam AX = 3

OOpaTuTe BHUMaHWE, YTO IJIS MPOBEPKU HA PABEHCTBO WCIIONB3YIOTCS OQWHA-
KoBble KoMaHObI (JZ — paBHO u JNZ — He paBHO) IIJISI YMCENI CO 3HAKOM M JUISI
0e33HakoBBIX uncel. Ecmu AX = 3, To KOMaH[a jz BBIIOJHUT MEepexon K METKe
is_three, B mpoTUBHOM ciydae OyeT MPOAOKEHO BBITIOJTHEHUE TTPOrPAMMBI CO
CIIEIYIOLIEH 32 jZ KOMaHJBbI.

Crenyrommii mpuMep IToKa3biBaeT 0e33HakoBoe cpaBHeHHe CL m AL. Eciu oba
3HaYCHUsI paBHBI, TO B peructp BL momemaercs 3nauenue 1, ecomm AL Oosbiie,
yeM CL, To BL=2, a ecnu AL menbire CL, To BL=3.

cmp al,cl ;cpaBHuBaeM AL u CL

jz write 1 ;mepexonuM K write 1, ecaim AL = CL

cmp al,cl ;cpaBHuBaeM AL u CL

ja write_2 ;mepexoaum k write 2, ecau AL > CL

mov bl, 3 ;TMOCTeNHUN ciaydyaih — cpa3y 3arpyxaem 3 B BL
end if: ;IIPOCTO MeTKa, cuMBonu3upylomass KoHeu IF
write 1: ;MeTKa write

mov bl,l1 ;BL =1

Jmp end_if ;mepexomuM K end_1f

write_2: ;MeTKa write_2

mov bl,2 ;BL = 2

Jmp end_if ;mepexomym K end_1f
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Hausano

BL=1 |—

BL=2

Jnm

e
BL=3 ‘@

Puc. 5.3. CTpykTypHasi cxema HaLLew nporpamMmbl

B Haieit mporpamMme Mbl MCTIONB30BaIA Oe3ycsIOBHBIN mepexon (jmp end_if), uto-
Obl BepHYTb YIIPABJICHUE HAa MCXOJHYIO TMO3ULIUI0. DTO HE Jydlllee pelieHue: HaM
TIPUIETCS BBHIIIOJHUTH €IIle ONMH OE3yCIOBHBIN IIepexoid Mepel METKoit write 1,
a TO Hallla TIporpaMMa <«3alUKJINUTCSI». Alpec Ha3HAYeHUs TOHSTEH — CJemylo-
mas mocjie nmociaeqHero jmp end_if komanma. Bor Tak BBIIISIIWT yiTyqilIeHHBI
¢dparMeHT Koma:

mov bl , 1 ;Cpasy ycraHaeimsaeMm BL = 1

cmp al,cl ; cpaBumBaeM AL u CL

je end_if ;TIEpexXOonuUM B KOHEL] IPOrPaMME, eciau AL CL
mov bl ,2 ;BL = 2

cmp al,cl ;cpaBuMBaeM AL n CL

ja end_if ;TIepexonvM B KoHell rmporpammel, eciaum AL > CL
mov bl, 3 ;BL = 3

end_ir-.

;KOHEI[ TMPOTPaMMBI

HoBplit mpumep kopoue, HO HET Mpejesia COBEPIICHCTBY, U Mbl MOXEM €ro elle
yayutiutb. MUacTpykiuss MOV He uaMmeHsieT peructp ¢hiaroB, o3ToMy B AalbHEM-
1IeM CpaBHEHMM HeT HalOOHOCTHU:

mov bl , 1 BL = 1

cmp al,cl cpaBumBaeM AL u CL

je end__if [IepexonrM B KOHEL] IIPOTPaMMEl, ecym AL CL
mov bl,2 BL = 2

ja end_if IepexonrM B KOHEeIl IpOorpaMMbl, ecym AL > CL
mov bl , 3 BL = 3

end if: KOHEIT IIPOTPAMMEL
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Ecnu mombITOXUTh, TO MBI TOJBKO YTO 3alucaid Ha AcceMOjepe CIIeIyroIyo
KOHCTpPYKIIMIO si3bIka C:

if (al == cl) bl = 1 else if (al > cl) bl = 2 else bl = 3;

5.3. UTepaunoHHble KOHCTPYKLUN — LIUKIIbI

IMocnemHeit yrpapsiolneii KOHCTPYKIIME, KOTOPYIO MBI paCCMOTpUM, OyIeT utepa-
s, Wi LUk, KoM Ha3bIBaeTcss MHOIOKpATHOE MOBTOPEHHE TOCJIeN0BATE b~
HOCTH KOMAHJI JI0 HACTYIUIEHHMsI YKA3aHHOTO YCJIOBMSL.

Y

Puc. 5.4. Lnkn B nporpamme

B s3bikax nporpaMMMUpOBaHUA BbICOKOTO YPOBHSA M3BECTHO MHOI'O pa3HOBHI[HO0T€I>i
IIMKJIOB, B TOM YUCJC:

® 1uK1 co cyerynkom (ki1 FOR), nmoBTopstomuiicst 3apaHee 3aJaHHOE KO-
JINYECTBO pas;

o 1K ¢ yceriosueM (1ivkst WHILE), moBropstiomuiicst 1o TeX rop, MoKa ycjoBUe
HUCTUHHO;

® 1MKJ ¢ uHBepcHbM ycioBueMm (1kr UNTIL), moBTopsiromuiicst no Tex mop,
MOKa yCJIOBUE He cmaHem WCTUHHBIM.

LLMKn coc4eTYMKOM C NOMOLbIO KOHCTPYKUM IFMGOTO

HagaiiTe monpobyeM Hamucath UK C MyCThIM TeJIOM (TO €CTh BHYTPY IIMKJIA HE
OyIyT BBITOJHSTHCS HUKaKKWe KomaHabl). [lepBoe, ¢ yeM HyxXHO pa3o0paTbcs — 3TO
Iie pa3MECTUTh TEPEMEHHYIO YIPABJICHUS LIMKIOM, TO €CTh cYeTuyrK. CUeTumk
HYXEH JUJTSI TOTO, YTOOBI IIUKJT BBITIOJHSUICSI HE OECKOHEYHO, a OTpEAEEHHOE KO-
J4yecTBO pa3. KoMaHma cpaBHEHUs MO3BOJSIET XPAHUTh CUETYUK JIMOO B MaMSITH,
JIMOO B KAKOM-TO PETUCTPE OOILEro Ha3HaYeHUsI.
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Paccmotpum cumBosMuecKyto cTpykTypy mycroro nmukia FOR Ha miceBmosizbike:

FOR_START: ;Havamno

1=0 JMHULMAIU3alusl cyeTyrKa

FOR_LOOP: ;MEeTKa LMKJIa

;Tesio 1ukiaa  (TmmycToe)

1=1+1 ;YBEJIMUYMBAEM CUETYMK

IF I < 10 THEN ;OpOBEpsieM CYETYUK

GOTO FOR_LOOP ;IIepexoaM Ha HayvajJo LUKIIAa WIM BBIXOOUM
;M3 1LMKIa

FOR_FINISH: ;KOHEl LMKJa

B Hamem nmpumepe Tesio LMKIA JOKHO TOBTOpsiThCsl 10 pa3. CHauasa Mbl MHU-
IMATU3UPYEM CUETYMK. 3aTeM BBITIOTHSIEM TeJIO IMKIIA (B HAIlEM CIIydae IyCcToe),
rmocje 3Toro yBenuuuBaeMm cueTuvk Ha 1. TlpoBepsiem: ecim cuetuuk mensbie 10,

TO HAYMHAEM OIISITh BBIIOJHSITH TEJIO LIMKJIA, €CIM K& CUYeTIMK paBeH 10, TO MBI
BBIXOIUM U3 LIUKIIA.

Puc. 5.5. CTpyxTypHan cxema unkna FOR

A Temepb 3amuIlieM Hallly CXeMy Ha si3blke acceMbOiiepa. Mbl yxe 3HaeMm, Kak pe-
anm3oBaTh Ha si3bike acceMOiiepa koHeTpykimu IF u GOTO, u3 KOTopbIX MOXHO

noctpouth ki1 FOR. B kauectse cuetumka (mceBmornepemMeHHo [) mbl Oymem
nucronb3oBatk peructp ECX:

for_start:
mov ecx, 0 ; VHVIaIM3Upy eM cdeTayk ECX = 0
for_loop: yMeTKa OJId IIepeXola Ha3al
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;TEN0 IMKIa

inc ecx ;yBenrnunBaemM ECX Ha 1

cTp ecx,10 ;cpaBauBaeM ECX ¢ 10

jnz for_loop ;eclii He paBHO, mepexom Ha for_ loop
for finish: ;ecam ECX = 10, BeIXOOZUM

Paccmorpum mpyryro Bepcuio mukia FOR. Ona pabortaeT Tak e, KakK MpeablayIasi,
HO CUETYMK MBI OylieM XpaHWTb HEe B PETHCTpe, a B MaMsATH, B TiepeMeHHoi 1.

for_start:

mov dword [i],0 ;iepementass Tura dword 1 =0
for_loop: ;MeTKa OJIA I[Iepexona Hazal,

; TeJIO LIMKJIa

inc dword [i] /yBennyuBaeM i Ha 1

cmp dword [i],10 ,-cpaBHHBaem i ¢ 10

jnz for_loop ;eCIM He paBHO, mepexom Ha for_loop
for _finish: ;€CIIM PaBHO, BBIXOTUM

Bropast Bepcusi Oymer paboTtaTh MemJICHHEE, MOCKOJbKY CYETUYMK XPAHUTCS B
MaMsITh, BpEMsI JOCTYIa K KOTOPOI CyIIECTBEHHO OOJbIlle, YeM BpeMsl IOCTyIa K
perucrpam.

B 3akiroueHMe naBaiiTe pacCMOTPUM €lIlle OJHY BEPCHIO 1IMKIIA, WCIIONB3YIOIYIO
komaHny DEC n xomaHmy rpoBepku ¢iara ZF BMecTo komaHael cpaBHeHnst CMP.
[IpuHIun padoTel cienyrommuii: ycraHaBaubaeM cueTank (ECX=10), BemmonHsIEM
TeJI0 IYKJIa, yMeHbIIaeMm cuetyrk Ha 1. Eciu ZF ycranosneH, 3Haunt, B ECX Ha-
xomutcs 0 U HaM HY>XKHO MPEKPaTUTh BBITOJHEHHE 1IUKIIA:

for_ start:

mov ecx,10 ECX =10

for_loop: ;MEeTKa JJIsl Mepexoja Hasajl

; TEJI0 IMKIIA.

dec ecx ;ymenpmaeM ECX Ha 1

jnz for_loop ;ecnn He 0, mepexomuM Ha for_loop
for _finish: ;ecnu 0, BBIXOOUM M3 IHMKJIA

Mbl TOJIBKO 4YTO 3amucali Ha sI3bIKEe acceMbiiepa CIEOYIOLIYI0 KOHCTPYKIIMIO
sa3bika C:

for (i=0;i < 10;i++) {}

LOOP — cnoxHasa koMaHAa, npocTas 3anuchb LUKIa

B rnaBe, mocpsineHHO mnpoueccopy 80386, Mbl YIIOMSIHYJIM, YTO X86-COBMECTU-
MBIe YMITBI MCIIOb3yioT apxurekTypy CISC (KommbioTep co CIIOXHBIM HaOOpoOM
KOMaHJI), TO €CTh UMEIOT TTOJIHYIO CUCTeMy KOoMaH . JIpyrMMM cioBaMU, B COCTaBe
CHUCTEeMbI KOMaHJI UMEIOTCSI CJIOKHBIE KOMaHIbl, KOTOPbIE MOTYT 3aMEHUTh PSif
npoctbix. [1pu yem 3nech nmkib? Ecnu y Bac CISC-nporieccop, To BaM He Hy>KHO
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peann3oBaTh LUK CAMOCTOSITEIbBHO — JJISi OPTaHU3alUM 1IUKIIA MOXHO HWCIIONb-
3o0BaTh KoMaHay LOOP:

LOOP metka

[Momoono xomanme MUL, komanma LOOP pa6oraet ¢ nByms onepanmamu. [lepBorit
onepaHa GUKCUPOBaH, Y Mbl HE MOXEM €ro YKasaTh SIBHO. DTO 3HaYCHUE PEerucTpa
ECX (wm CX). Bropoii — 310 ampec meseBoii MeTku nukia. Mactpykuuss LOOP
yMmeHbIaeT 3HaueHne peructpa ECX (CX) Ha equHMIy U, €C/IM pe3yJIbTaT He paBeH
O, To OHa IepPexXOmMUT Ha YKa3aHHYI0O MeTKy. MeTka IoJKHa OBITh B ITpedesiax 128
0aiiToB (KOpOTKHUI TUII IIepexoia).

Iepenuniuem nawmr npocroit vkl FOR ¢ ucnons3opannem komanasr LOOP:

for_start:

mov ex, 10 ;CX = 10 — 10 mrepaumn

for_loop: ;MeTKa IOJId BO3BpaTa Haz3al

[N ; TeJIO LIMKIIa

loop for_loop ;yMenbmaeM CX, ecnu He 0, mepexonrM
;k for_loop

for_ finish: ; BBIXOI, M3 LIMKJIAa

Kak Bumute, Kom cran enie 0ojee KOMIAKTHBIM.

LlMkn co c4eT4UKOM M JOMNOJSIHUTESIbHLIM YCJIOBUEM.
Komanpb LOOPZ n LOOPNZ

Komanna LOOPZ. no3BoJisieT Opraii3oBaTh MK C POBEPKOIi JTOMOJHUTEIBHOTO
ycaosusi. HampriMep, Mbl MOXEM YTOUHWTH YCJOBUE W3 TIPEABIIYIIEro MpUMepa:
LUKJI Hy>KHO BBITIOJTHUTD, KaK 1 paHblle, He 0onee 10 pa3, HO TOJBKO IIPU YCJIOBUH,
yto peructp BX comepsxxur 3HaueHue 3. Kak Tonpko 3HaueHUe B peructpe BX m3-
MEHMUTCS, LIMKJI HY>KHO TpEepBaTh.

LOOPZ MeTKa
LOOPNZ MeTKa

Komanma LOOPZ yrounser ycioBue mepexoda CICOYIOIINM OO0pa3oM: Iepexorn
Ha yKa3aHHYI0 MeTKy TNpousoiiner, ecan CX He COmepKUT HyJIST M B TO XK€ BpeMsl
¢nar ZF pasen enunutue. Jpyroe ums sroit komanasl — LOOPE.

Crenytonuii (pparMeHT Koma MOKa3bIBAE€T MPUMEP LUKIIA C JOMOJHUTEIbHBIM
YCJIOBUEM:

for_start:
mov c¢x,10 CcX =10
fOI'_loop: MeTKa IJIs BO3BpaTa Hazal

TeJo 1mkKIia FOR

rOoe-To 30eChk M3MeHseTcd permucTtp BX
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ctp bx,3 ;BX paBen 3°?

loopz for_loop ;CX=CX-1; ecmmu CXoO, U ecmu BX=3,
;iepexon Kk for_locp

for finish: ;ecrmm CX = 0 mm eci BX 0 3, BBIXOIVM

Komanna LOOPNZ pabotaeT aHaJIOTMIHO, HO JOTOJTHUTEIBHOE YCIOBUE TTPOTUBO-
MOJIOXKHO: Tiepexof, Oyner BuimoiHeH Toibko eci CX (ECX) nHe paBen 0 u B TO
xke Bpemsa ZF pasen 0. JIpyroe ums atoit komaHasl — LOOPNE.

5.4. KomaHabl 06paboTKu cTeka

IIpu mporpaMMHUPOBaHUU OYE€Hb YaCTO BO3HMKAET IMOTPEOHOCTh BPEMEHHO COXpa-
HSTb CONEPXKMMOE PETMCTPOB IPOLIECCOPa WM KaKOrO-TO ajpeca MaMsITH, 4TOOBI
yepe3 HEKOTOPOEe BpeMsl BOCCTAHOBMTbL MCXOMHBbIE 3HadeHUs. SI3bIK accemOiepa
VIOBJIETBOPSIET 3Ty MOTPEOHOCTh HAOOPOM KOMAaHJ IJIsi paboThl CO CIEUHATBHOM
00JIACTBIO TTAMSITH, KOTOPAsi Ha3bIBACTCSI CTEKOM.

Y10 Takoe cTek M Kak OH paboTaeTt?

JlaBaiite pazbepemcsi, Kak paboTraeT creK. Bce MBI 3HaeM, 4TO TaKoe Odepeidb.
[MpuxonuT TepBbIli KIMEHT, MOKA €r0 OOCTYKUBAIOT, TIOAXOMSAT €IIe JABa KIIMEHTA.
Korna mepBblit KIMEHT OOCTYXeH, HAaYHYT OOCITyXMBaThb BTOPOTO KJIMEHTA, 3aTeM
TPeTbero — U Tak gaiee. [IpyHUIMI 3aKiI04YaeTcsl B TOM, YTO MEPBbIM OyaeT 00-
CITyXXeH TOT, KTO TIpulliesl nepBbIM. Takoi tum ouyepeau HaszwbiBaetcs FIFO (First
In — First Out) — mepBbIM TIpUIIIET, TIEPBBIM BBITIIE].

Boixog, FIFO Bxop,

D

D| (D] [D] [D
@

Gl G GG
@

DG

Puc. 5.6. Ouyepens FIFO
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CymiectyeT u npyroi tumn ouepeau — LIFO (Last In — First Out) — nociaeqHum
TIPUILIET, TIEpBbIM BbIlIe. [ToHMMal0, 4TO C TOYKU 3peHUST OOBIYHOTO YEJIOBEKA 3TO
Kakasi-TO HelpaBWIbHAsI OYepelb, HO B XXU3HU MBI CTAIKMBAEMCSI C HEl He pexe,
yeM ¢ nepBoii. Hanmpumep, Mbl cobupaeMcs Kyaa-To 1oexathb 1 YKIaablBaeM Bellu.
Korma Mbl 0OTKpoeM CyMKY, BBEPXY OKaXyTCsl BEIM, KOTOPBIE MbI TTOJOXWINA TO-
CIJIETHUMMU.

LIFO Bxoa/Boeixog
=TT Lol
HECbEG
!— -1 1 " N II
_GDIE):

[ | ‘- *'
RES]

Puc. 5.7. O4epennb LIFO

Crek pabotaet o npuHumny LIFO. JlaHHbIe, TOMENIEHHBIE B CTEK MOCIETHUMMU,
OymyT TIEPBBIMU <«BBITOJIKHYTBI» U3 CTEKa.

B PC-coBMecTMMBIX KOMIMbIOTEPAX HET almnapaTHOIo CTeKa, Mo3TOMY JaHHbIE CTeKa
XpaHsaTcsl B mamsaTu. BepmmHa creka npencrtasieHa mapoit SS:SP (SS:ESP) —
cermeHT creka (Stack Segment) m ykaszatenb BepuiMHbl creka (Stack Pointer).
Crek pacTeT B MaMsITU «BHU3», TO €CTb HOBAsl MOPLIUS JAHHBIX 3alIMChIBACTCS IO
MeHbIIIEMY ajpecy. BripoueM, TOUHBIN aapec JaHHBIX BHYTPY CTeKa He MMeeT ISt
Hac 3HAYEHUs, TIOTOMY YTO Jit0Oasi orepanusi HaJl CTEKOM MMEET JeJI0 C €r0 Bep-
LIMHOM, Ha KoTopylo Beerna ykasbiBaeT peructp SP (ESP). Ctek MoxeT comepKaTthb
16- v 32-OUTHBIE JAHHLIE.

Mukpomnpoleccop UMeeT IBe KoMaHAbI 1151 padboThl co ctekom — PUSH u POP.

KomaHpabl PUSH u POP: BTONKHYTb U BbITOJIKHYTb

Komanna PUSH no3BoJisieT IoOMEeCTUTh B CTEK COAEpPKMMOe Jioooro 16- wm
32-0uTHOro perucTpa WM sreiku namvsami. @opMat KOMaHIbI CJICTYOIIIA:

PUSH ol
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ITpumep ucronb30BaHUS:
push eax /noMmectuth EAX B cTek

Mer MoxeMm camu peanuszoBaTh KomaHny PUSH ¢ momoinbio cienyromeil mapst
KOMaHJI;

sub esp,4 ;ymenbmaeM ESP Ha 4 (EAX - 4-6alTHBINA
;perucTp)
mov [ss:esp],eax /coxpansem EAX B creke

B obumem Bune (C HCIIOJIb30BaAaHMEM OII€paTopa SiZEOf, «I103aMMCTBOBAHHOI'O» M3
A3BIKOB BbICOKOTO ypOBHFI) KOMaHaa push ol MoxeT ObITHb 3aIKcaHa Ha IICEeBIO-
SA3BIKE TaK:

(E)SP=(E)SP-sizeof(ol)
ol -> SS:[(E)SP]

Hpyras komanna, POP, 3amichIBaeT B CBOii onepan/i 3HaYeHHEe BepIMHbI CTEKA
(mocsieHee COXpaHEHHOE B CTeke 3HavYeHue). TuIr onepaHa 10JKeH ObITh TAKUM
xe, kKak y uHcTpykiuu PUSH (mpyrumu ciioBamu, €civi Bbl TIOMECTWIN B CTEK
32-pa3psiiHbIA PETUCTP, U3BJICUEHUE U3 CTEKA TOJDKHO MPOMCXOAUTH TOXe B 32-
pa3psITHbIA PErucTp).

Komanay POP MoxxHO peann3oBath ¢ rmoMolibio Komana MOV u ADD:

mov eax,[ss:esp] /momemaeM B FAX BepinMHy cTeka
add esp,4 /"ynansiem" TmocienHee 3HayeHUE
/tuna dword B cTeke

PaCCMOTpI/IM HECKOJILKO ITPUMEPOB:

push eax ;COXpaHUTh 3HauyeHue peructpa FAX B cTeke
push esi /coxpaHuTh 3HaueHue peructpa ESI B creke
pop eax /u3Bleyb NaHHble M3 cTeka B FAX
pop esi /u3Bjae4b AaHHble M3 cTeka B ESI

B pesysibraTe BBIOTHEHUSI 3TUX KOMaH/ Mbl TIOMEHSIEM MECTaMU 3HAYEHUE PEerv-
crpoB EAX u ESI: cHauana nomeinaem B ctek 3HauyeHue EAX, 3arem — ESI, nocie
3TOr0 M3BJIEKAEM U3 CTeKa MOCJIEHEE COXPAaHEHHOE 3HaueHue (ObIBIIee 3HAaUCHUE
peructpa ESI) B peructp EAX, mocie 3Toro B cTeke oCTaHETCs ObIBILIEe 3HAUCHUE
EAX, xotopoe MbI 3anuckiBaeMm B ESI.

Hns1 obecriedeHus1 0OpaTHOI COBMECTUMOCTM C IIPOLIECCOpaMU MPEIbIIyIINX I10-
KOJIEHUI 16-OMTHBIE PErUCTPhI TOXE MOXHO IMMOMECTUTh B CTEK.

mov ax,0x1234 /AX = 0x1234

mov bx,0x5678 :BX =0x567 8

push ax ;COXpaHUTh 3HavyeHue peructpa AX B CcTeKe
push bx /coXpaHUTh 3HavyeHue peructpa BX B crTeke
- /U3MeHsieM 3HauyeHUsl PerucTpoB

pop bx /u3BlieKaeM BepliMHy cTeka B BX
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oxFo00| O | 0 oxFooo| O | 0 owFooo{ O | 0
0,0 0,0 0,0
“Yucras 4 - A x :
. (PREFYY, 7o PUSH AX * " PUSHBX * POPBX®
(3IHAYEHWRA . . . . ‘
He 3afaHbul) |

77 27 | 27 | sP=0xFFFA| 78 | 56 00 | 00

SP=0xFFFC | 34 | 12 OxFFFC | 34 ] 12 | se=0xFFFC| 34 | 12

SP=0xFF oxFFFE | 00 IOU oxFFFE | 00 | 00 OxFFFE | 00 | 00
AX =1234 AX=1234 AX=1234
BX=5678 BX = 5678 BX=5678

Puc. 5.8. IameHeHne coaepxmmoro creka

Ho BeimonHeHust nepsoit komannel PUSH BepivHa cteka copepkana 3HauYeHUE
0x0000. Ha BepiuHy cteka ykassiBaeT napa SS:SP. omyctum, uto SP comepxxur
anpec OxFFFE. Tlocne Beimonnenuss PUSH AX ykazaTenb cTteka ObUT YMEHbIIEH
Ha 2 u npunsut 3HadyeHre OxFFFC, u o atoMy anpecy (B HOBYIO BEpIIIMHY CTEKa)
obUTO 3amucaHo 3HauyeHue 0x1234. Bropas komanga, PUSH BX, Takke ymMeHbIIN-
na 3HayeHure SP Ha 2 (OxFFFA) u 3amucana B HOBYIO BEpIIIMHY CTeKa 3HaAUY€HUE
0x5678. Komanga POP BX ymamuna 3HaueHue 0x5678 M3 cTeka M COXpaHMIA €ro
B peructpe BX, a ykazatens creka yennunia Ha 2. On cran paBeH OxFFFC, u B
BEepIIMHE CTeKa OoKazajioch 3HaueHue 0x1234.

IMTomHute, 4TO 8-OUTHBIE PETUCTPBI COXPAHSITh B CTEKE HEJb3sl. Henb3sl 1 momMecTuTh
B ctek peructp IP (EIP) nHenocpencTBeHHO, 1pu noMoiy komana PUSH/POP: ato
JieJlaeTcsl MOo-APYroMy, U YyTh MO3Ke Bl y3HaeTe, KAK UMEHHO.

Komangbl PUSHA/POPA u PUSHAD/POPAD:
«TOJIKaeM» BCe PerucTpbl ooL,ero Ha3HayeHus

WMHorna mojie3HO COXpaHUTh B CTEKe 3HAUCHUS Cpa3y BCeX PErMCTPOB OOIIEro Ha-
3HaueHMs. s aToro ucnonniyercss Komanna PUSHA, a n1a uzBiedyeHus: U3 cTeka
3HaYeHUil Bcex peructpoB ciaykuT komaHna POPA. Komannst PUSHA u POPA
MOMEILAIOT B CTEK U M3BJICKAIOT 13 HEro Bce 16-paspsiaHble peructpbl. OepaHaoB
y 9TUX KOMaHJ HeT.

IMockonbky komanasl PUSHA u POPA pa3zpabaTbiBaiuCh TSI IPEIIIECTBEHHUKA
npoueccopa 80386, OHM He MOIYT COXPaHSITh 3HAUYECHMI1 32-OUTHBIX PETUCTPOB (OHKU
MPOCTO HE TTOI03PEBAIOT 00 UX CYIIECTBOBAaHUM). /s cOXpaHEHUsI U BOCCTAHOBJIE-
HUSI 3HAYEHUU paciIMpeHHbIX perucTpoB ciyxar komaHasl PUSHAD u POPAD.
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Perucrpbl momemmaiorcst B CTEK B CACAYIOLIEM MOpPSIAKe (CBEPXy BHU3):
(BAX, (BCX, (E)DX, (E)BX, (E)SP, (E)BP, (E)SI, (E)DI
PaccMoTpuM HeOOMBIION IPUMED:

pusha ;TIOMECTUTh B CTE€K BCE PEruCTPhl OOIIETO Ha3HAYCHUS

;HEKOTOpble AEMCTBUS, MOOUMULIMPYIOLIE
;3HAaYEeHUsI PETHCTPOB

popa ;BOCCTaHaBJIMBaeM BCE PEruCTPHI

Komanpbl PUSHF/POPF u PUSHFD/POPFD:
«TOJIKaemM» PerncTp NPM3HakoB

PaccMmoTpeHHBIC YeThipe KOMaH/Ibl He 3a00TWJIMCH O TIOMEILIEHUH B CTEK PeTUCTpa
MPU3HAKOB. B 16-GUTHBIX Mpolieccopax U PerucTp Mpru3HAKOB ObUT 16-OGUTHBIM, TTO-
3TOMY JUTSI IOMENIeHUST B CTeK (b1aroB ¥ BOCCTAHOBJICHUS U3 HETO MCITOJIb30BAJINChH
koMmaHnsl PUSHF u POPF. [l HOBBIX mpoOLIECCOPOB, TAC PETUCTP IMPU3HAKOB
32-OUTHEBINA, HY>KHO HCIOJIB30BaTh 32-OuTHBIC Bepcuu 31X kKoMaHag — PUSHFD
u POPFD.

Hwu omHa 13 pacCMOTPEHHBIX IO CUX TTOp ONepallnii He U3MeHsIeT cTapiine 16 6uToB

peructpa (aroB, mo3TOMY JUISl MPAKTUYECKUX 1Ieell OyIeT MJOCTaTOYHO KOMaHJ
PUSHF u POPF.

cmp ax,bx cpaBHuBaeM AX u BX

pushf ;TIOMEIaeM pe3yabTaT CPaBHEHUS B CTEK
;BBITIOJTHSIEM OTepaluv, WU3MeHsonme daaru
add di,4 ;HAIIpUMeEp, CIOXCHUE

popf ; BoccTaHaBiauBaeM Gjaru

jz equal ;eciu AX = BX, mepexommm Ha "equal”

Komanpgbi CALL v RET: opraHusyem nognporpammy

Hu onna cepbe3Hast mmporpamMma He ooxomutcst 6e3 moarporpamm. OCHOBHOe Ha-
3Ha4YeHUE MOANPOTPaMM — COKpallleHe KOla OCHOBHOM MpPOTrpaMMBbI: OIHU U Te
K€ MHCTPYKIIMU HE HYXHO MUCATh HECKOJIbKO pa3 — MX MOXHO OOBENVHUTH B
MOATPOTPpaMMBbI U BBI3BIBATH TIO Mepe HEOOXOTUMOCTHU.

Jlis1 BeI30Ba moamporpamMvbl ucnosib3yercst komanna CALL, a nyis1 Bo3Bpara u3
nomporpaMvbl B ocHOBHYIO Tiporpammy — RET. dopmat o6enx KoMaH[I TaKOB:

CALL TWII_BBH3OBa OIIE€pPaHIIE
RET

Komange CALL HyxXHO mepemaTh BCErO OIWH OIEpaHI — aapec Hadasia ITOOIpo-
rpaMMbl. DTO MOXET ObITh HEMTOCPEACTBEHHOE 3HAYeHUE, COMEPKUMOE PErucTpa,
naMsITh wii MeTtka. B ommmame ot JMP, npu BemonHeHny komaHabl CALL nepBeiM
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ZesioM coxpansieTcst B cteke 3HaueHue peructpa IP (EIP). Ilepemaga ynpasneHust
Ha yKa3aHHbII aJipec Ha3bIBaeTCsl BbI3OBOM ITOANPOTPAMMBI.

Kak n xomange JMP, komange CALL MoxXHO yka3aTh «pa3mep mara». [1o ymon-
YaHUIO UCITONb3yeTcs near. Korma mpoucxoouT BbI3OB TUIa far, cerMeHTHBIM
peructp CS takke coxpansiercs: B cteke BMecte ¢ [P (EIP).

BosBpar n3 moamporpaMMbl BEITIONHSIETCsI ¢ momolbio komanasl RET, kortopas
BHITAIKMBaeT n3 creka ero BepumHy B IP (EIP). IMocie aToro mpomeccop mpo-
JTOJDKUT BBITIOJTHEHVE MHCTPYKIIMI, HAXOMSIIMXCSI B OCHOBHOM ITporpaMMe Ioce
komaHael CALL.

Ecmm mommporpamma BeI3biBajiack 1o KomaHae CALL far, To mist Bo3BpaTa u3
Hee HyxXXHO BoccTaHoBUTH He Tojibko IP (EIP), Ho m CS: cnemyeT Mcnonp30BaTh
komaHny RETF, a ne RET.

CymiectByer ere 0ojee CIOXHbBIN coco0 BO3BpaTa M3 MOANPOrpaMMBbI: KOMaH[a
RETF wm RET MoxeT mpuHUMATh HEITOCPEACTBEHHBIIN OIEpaHI, YKa3bIBAIOIIINIA,
CKOJIbKO TIOpLIMIA JAaHHBIX HYKHO BBITOJIKHYTH M3 cteka Bciiend 3a [P (EIP) u CS.
DTOT BapuaHT MBI pacCMOTPUM B 13 IaBe, Korga OymeM TOBOPUTH 00 OOBEIUHE-
HUM B OIHOI TIporpamMme (pparMeHTOB Kofia Ha acceMOJiepe U Ha SI3bIKaX BHICOKOTO
YPOBHS, a cedyac MeperuaeM K MpaKTUKe.

Hanumem moamporpammy, Kotopasi ckiambiBaeT 3HaueHUs1 EAX u EBX, a pe-
3ynbTar roMernaet B ECX, He oOpaiass BHUMaHUS Ha TEpeIoJHeHNEe. 3HAYSHUs
EAX un EBX mocie Bo3BpallleHUsI M3 MOAIPOrPpaMMbI JOJIKHBI COXPAHUTHLCS He-
M3MEHHBIMMU.

HazoBem nHamry mommporpammy add_it. Ilpeskame Bcero Mbl OOJDKHBI ITOJIYIUTH
apryMeHTbI U3 OCHOBHOIM MPOTrpaMMbl. B BBICOKOYPOBHEBBIX SI3bIKAX IS TIepenayn
apryMeHTOB UCIIOJIb3YeTCsl CTEK, HO MBI YIIPOCTUM cebe 3a1auy M UCTOb3yeM pe-
ructpel. Onepanuss ADD u3MeHsieT 3HaueHNE CBOETO OIepaHaa, IMO3TOMY IIEPBhIM
JIEJIOM COXpaHUM €ro B CTEKe:

add_it:

push eax ; COXpaHsieM 3HadeHue EAX B CcTek

add eax,ebx ;EAX = EAX + EBX

mov ecx,eax /KOImMpyeM 3HadeHre u3 EAX B ECX

pop eax ; BOCCTaHaRBJIMBaEM OPUTMHAIBHOE 3Ha4YeHne EAX
ret ; BO3BpallaeMCcd

Terneps BRI3OBEM Hally TTOANpoTrpaMMy add it ¢ aprymenTammu 4 11 8:

mov eax, 4 ;EAX = 4
mov ebx, 8 ;EBX = 8
call add it ; BEI3EBaeM add_it

; PesynesTaT OymeT B perucTtpe ECX

Yro ecim MBI 3a0yneM BOCCTAaHOBUTHb OpUTMHAJbHOe 3HaueHHe EAX (3a0ymem
HarmmcaTh KoMaHay pop eax)? Komanga RET mombiTanace Obl mepemaTh ypasie-
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HUE aJpecy, 3alaHHOMY OpUTUHATLHBIM 3HaueHueM EAX, 4yTo Morio Obl BbI3BaTh
OOl Halleill mporpaMMbl, a TO M BCEi OINepallMOHHOI cuctembl. To ke camoe
TMPOU30MIET, eCIv MbI 3a0yaeM Hamwucath komaHay RET: mporeccop npomomkut
BBITNIOJIHEHUE C TOTO MECTA, [IE 3aKaHYMBAETCY HAllla MTOANpPOorpaMMa, U paHO WU
TMO3IHO COBEPIIUT HEJOMYCTUMOE JIeHCTBUE.

MbI MOXEM yMpoCTUTh Hally roanporpammy add it, TTOJTHOCTBIO OTKAa3aBIIUCH
ot uHctpykumii POP u PUSH:

add_it:

mov ecx,eax ;KkomupyeM 3HaueHue FAX (mepBolit mapameTrp) B ECX

add ecx,ebx ;n00aBasieM K Hemy EBX (BTOpoif mapamertp),
;pe3ynbTaT OymeT coxpaHeH B peructpe ECX

ret ; BO3BpalmaeMcs

KomaHpgb! INT mn IRET: Bbi3biBaemM npepbiBaHue

BepHeMcst k Teme npepbiBanuii. [1pepbiBaHreM Ha3bIBaeTCsS TaKOe COOBITHE, KO
IPOIIeCCOp MPUOCTAHABIMBAET HOPMAIbHOE BBITOJHEHUE IPOrpaMMbl M HAYMHAET
BBITIOJIHATE APYTYIO TpOrpamMMy, MpeaHa3HaYeHHYIO 1T 06pabOTKH TPpephIBAHUS.
3aKOHYMB 00pabOTKY MpPEepPBbIBaHKS, OH BO3BpAIAeTCs K BBITOJHCHUIO MPHUOCTA-
HOBJICHHOM TTPOTPaMMBI.

Bo BTOpOIi I1aBe ObUIO CKa3aHO, UTO BCe IpEepbIBaHUS AEISTCS Ha JBE I'PYIMIIbL:
nporpaMMHbIe U armapatHbie. ITporpavMibie npepbBaHus MOPOXKIAIOTCS 10 KO-
manzae INT. [TporpaMMHbIe TIpepbIBaHMS MOXHO pacCMaTpUBaTh KaK «IIPepPbIBAaHUS
10 TPeOOBAaHUIO», HAIIPMMEP, KOIIa Bbl BBI3BIBACTE MOAIPOrpaMMy OIlepalliOHHOM
CHUCTEMBbI [IJ1s1 BbIBOJIA CTPOKU CMMBOJIOB. B cilydae ¢ mporpaMMHBIM IIpepbIBaHUEM
BBI CaMU OIIpeeIisieTe, KaKoe IpephlBaHKe OyIeT BbI3BAHO B TOT WJIM MHOM MOMEHT.
Komanae INT HyxXHO mepenaTtbh BCEro OAvH 8-OMTHBINA OIepaHi, KOTOPbIN 3adaeT
HOMEp HYKHOTO IpephIBaAHUS.

INT op

ATMmapaTHble MpepbIBaHUS BbI3bIBAIOTCS allllapaTHBIMU CPEICTBAMU KOMITbIOTEPA,
noaxkioYeHHbIMU K obieit mmHe (ISA wmu PCI). YcrpoiictBo, 3ampainiuBaroliee
npepbIBaHNe, TeHepUpyeT TaK Ha3blBaeMblii 3arpoc Ha npepbiBaHue (IRQ, interrupt
requests). Beero cymectByer 16 ammapaTHBIX 3aITpOCOB Ha IIPephIBAHUE, TTOCKOIBKY
TOJIBKO 16 IPOBOAHUKOB B IIKMHE ISA BbigeNeHO AJIs 3TOoit Liean. 3ampoc Ha mpe-
pbIBaHKE HAMIPABJISIETCSI KOHTPOJUIEPY MPEPhIBAHUIA, KOTOPbIA, B CBOIO OYEPE/b, 3a-
MpaiBaeT MUKporpolieccop. BMecTte ¢ 3arpocoM oH nepenaeT npoieccopy Homep
npepbiBaHusl. [lociie 3amycka KOMITbIOTEpA U 3arpy3Ku OMEPAllMOHHON CHUCTEMBbI
DOS, IRQ 0 (cuctemHblii TaliMep) COOTBETCTBYET IIPEePhIBAHUIO 8 (Yachl).

Korma nporieccop mostiyyaeT HOMEp MpepbIBaHUS, OH MOMEIIAET B CTEK KOHTEKCT
BBITIOJTHSIEMOI B JAHHBIX MOMEHT MPOTrpaMMbl, MOA0OHO TOMY, KaK YeJIOBEK KJIafeT
B KHUTY 3aKJIafKy, YTOObI HE 3a0bITh, C KAKOTO MECTa MPOIOJIKUTh YTCHUE KHUTH.
Ponb 3akmanku wrpatot 3HaueHust CS, (E)1P u peructp dmaros.
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Tenepp mporeccop OydeT BBIIIOJHATH APYIYI0O IPOrpaMmy — OOpabOTYMK IIpe-
pbIBaHUs. Anpec 3TO MporpaMMbl Ha3bIBAECTCS BEKTOPOM IpepbiBaHUsI. BeKkTophl
TPEPBIBAHUS XPAHSTCS B TA0IMIIE BEKTOPOB MPEPHIBAHMI, HAXOSIIEHCS B TTAMSITHU.
Tabnuiry mpepbIBaHUN MOXHO TPEACTaBUTH ce0e KaK MacCHB alpecoB TMOAMPO-
rpaMM, B KOTOPOM MHJEKC MaccuBa COOTBETCTBYET HOMEPY IpepbIBaHMSI.

IMocne Toro, Kak mpoueccop OmnpeAesuT aapec 00padoTYNKa MpPepbIBaHUs, OH 3a-
mvieT ero B mapy CS u (E)1P. Crnenyrorast BelrionHeHHass KoMaHaa OyJeT rmepBoit
KOMaH[I0i 06paboTYMKa TpepbIBaHMS.

B nmecsroii mase, OCBAIIEHHOH ITporpaMMupoBaHuio B DOS, MeI oriiieM (hyHKIIAN

21-to (0x21) mpepbiBaHUsI, KOTOPOE T€HEPUPYETCS CIEMYIONIEH UHCTPYKIIUEH:
int 0x21 ; BBI3OB DOS

Bosspar 13 00padoTYMKA MNPEPHIBAHMS OCYLIECTBIISIETCS C MOMOIIBI0 KOMAHIBI

IRET, koropas BoccranapmsaeT ucxomnble 3Hadennsi (E)IP, CS u duaros u3
creka. DopMaT KOMaH/IbI:

IRET
JlaBaiiTe pa3zbepeMcsi, KaK BBI3BIBACTCSl MpepbIBaHME Ha TIpuMepe 21-ro mpephl-

BaHus (puc. 5.9). Mbl cuutaeM, 4TO TMPOIIECCOP PAOOTAET B PEATbHOM pEXUME C
16-6uTHOII ampecalMeil.

0000:0000 Tabnuua BEKTOPOB NPEpPbLIBAHMSA

INTOO INTO1

— — N ——

[ cCMeleHue | carMeHT | CMELleHue CEerMeHT
NT Ox21—

Puc. 5.9. 3arpyska B CS n IP HOBbIX 3HaY€HWI1

IMpexne Bcero mpoileccop HAXOOUT HOMEP MpepbiBaHus. [IporpaMMHBIE TIpepbI-
BaHMS BbI3bIBaIOTCS MHCTpyKLmei INT, koTopasi cogep:kutr HoMep IIpephIBaHUS B
cBoeM orepaHae. Crremyrolmii 11ar — coXpaHeHHe KOHTEKCTa MPOrpaMMbl B CTEKeE.

IIpogeMoHCTpUpPYyeM 3TOT IPOLIECC C ITOMOIBIO KOMaH accembJjepa:
pushf /COXpaHsaeM 3HA4YeHVsI PerucTpa MIPU3HAKOB B CTEKe

push cs ; coxpausieM perucTp CS B cTeke
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push ip ;9Ta KOMaHIa HegoIlycTuMma. MBI Hamucaliu ee C
JNEMOHCTpallMOHHOI 1efblo. Peann3oBaTh €€ MOXHO Tak:
call here
here:

IMocnenHuii mar — 3To Ge3yCIOBHBIIM Mepexol Ha aapec, MPOYUTAHHBIN 13 TaGIULIBI
MIpephIBAHMIA TT0 HOMEPY 3arpoIleHHOro npepbiBanHyst: JMP far.

31ech MBI ciierka 3aberaeM BHEpe.: MOoKa MPOCTO MPUMUTE, YTO TabauIia BEKTO-
pOB TIpEpPhIBAHUI HAXOAUTCS B CaMOM Hayajle aJpecyeMoil MaMsTH, TO €CTh IO
agpecy 0x0000:0x0000. Kaxnblii 13 BEKTOPOB MHpepbIBaHUSI 3aHMMAaET YEThIpe
Oaiita. IlepBbie aBa OaliTa OIpeaessiioT HoBoe 3HaueHue IP (To ecTb cMelleHMe),
a oCTaBIlIMecs JBa — HOBOE 3HayeHue cerMeHTHoro peructpa CS. Bekrop mpe-
pbiBanust HoMep 0x21 xpanutcst 1o ampecy 0x0000:(0x21*4), 1mo3TOMYy €ro BbI30OB
MOXHO 3aIucaTh TaK:

jmp far [0x21*4] ; OTa UHCTPYKUUS MEPEXOAUT HA YKa3aHHBIA
;aapec, mpeamosaraeMm, 4tro DS=0, mosatomy
;MBI MOXEM aJpecoBaTh IIaMsTh C ajapeca
;0x0000: 0x0000)
Komanay INT MoxXHO peain30BaTh CAaMOCTOSITEILHO ¢ oMol koMaHa PUSHF
u CALL far:

pushf ;coXpaHsieM ¢aru B CTeKe
call far [0x21%*4] ;Tenepb coxpansieM CS u IP
;U BBIMOJHSIEM "jump"”

IIporpamMMHEBIe PephIBAHKS YaCTO MCIOMB3YIOTCS KaK LT3 JJIsT BbI30Ba (DYHKIIIA
orepalroHHOM cucteMbl. [logpoGHee 0 HUX MBI ITOTOBOPYM B IVIaBaXx, MMOCBAIICHHBIX
OTIEJTbHBIM OTePAllMOHHBIM CHCTEMaM.
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eBa 6 [lpoymne komMaHAabl

N3meHeHne pernctpa npusHakos
HanpsAMYyto

KomaHpa XCHG — meHsiem mectamu
onepanabl

KomaHpa LEA — He TOnbKO
BblYMC/IEHNE aapeca

—— ———{ KomaHgapl ana paboTbl CO CTPOKamMm

—— ——— Komangpl BBOAQ/BbiBOAA (I/O)

—— ——— Cpgsvr v portaums

—  ——— [lceBOooKoMaHAabl

—— ——— CoBeTbl MO NCMOJ/Ib30BAHNIO KOMaHA,

|
N

Accembnep Ha npumepax.
basoBbln KypcC



B 3T0i1 r1aBe MbI paccMOTpUM HauboJIee YacTO UCIONIb3yeMble KOMaHIbl CUCTEMbI
KoMaH[, Trpolieccopa x86. C MOMOIIbIO 3TMX KOMaH Bbl CMOXKETe HarucaTh JI0-
CTaTOYHO CJIOXKHBIE MPOrPaMMBbI TSI PEIICHUsT CaMbIX pa3HOOOPA3HbIX 3a1ay.

6.1. U3ameHeHune perucTpa
NPU3HaAKOB HanpsaMyio

Heckonbko KoMaH ITO3BOJISIIOT HEMOCPEACTBEHHO MOAN(DUIIPOBaTh (pyiaru peru-
CTpa MpU3HAKOB. MBI pacCMOTPUM YeThIpe KOMaH/Ibl, KOTOPble U3MEHSIIOT (hiaru
IF u 1D, To ecTb hiar npepbiBaHUs U (jiar HalpaBIeHUsI.

KomaHnabl CU u STI

Komanapl CLI (Clear Interrupt) u STI (Set Interrupt) cOpachiBalOT 4 YCTAHAB-
musaror uiar npepbBanus [F. HbiMu clioBamMu, MpU X TIOMOIIM Bbl MOXETE 3a-
MPETUTh WM pa3pelinTh armapaTHble npepbiBaHus. Eciu aToT dmar ycraHoBIeH
(1), anmapartHble nipepbiBaHus paspelieHbl. Komanma CLI copaceiBaeT diar (0) —
3ampeniaer anmnaparHbie npepbiBaHusi. [10TOM BbI JOJDKHBI CHOBA pa3pelinTh HX,
BBINOJIHUB KoMaHmy STI:

cli ;OTKJIIOUMTD TpephiBAHUSI — MCIOJb30BaTh ToJbKo B DOS!
;TeTepb MBI HUKEM He OyaeM MOTPEeBOXEHB M MOXEM
/BBIMOJIHATh KaKue-TO AeWCTBUS, HAMpUMep, HU3MEHATH
;TabIUIy TpepbiBaHUN

sti ;BKJII0YaeM TpepbiBAHUSA CHOBA

KomaHnabl STD u CLD

Komannpet STD u CLD momudunupyoT 3HadeHue ¢uiara DF. Otum ¢arom mosb-
3yeTcs Ipynmna KOMaH ISl 00pabOTKU CTPOK, TTO3TOMY ITOAPOOHEe O HEM MBI I0-
roBopuM B cienytoieii maBe. Komanna CLD cOpackiBaeT 3TOT ¢hiiar (4To o3Ha4YaeT
oTcueT BBepx), a STD ycraHaBiauBaeT ero (OTCYeT B OOpaTHOM IOPSIIKE).
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®opmar KOMaH], IPOCTOIA:

STD
CLD

6.2. Komanpa XCHG —
MEeHfeM MecTaMu onepaHabl

O4eHb YacTO HaM HY)KHO TTOMEHSITh MeCTaMU 3HaYeHUs OByX peructpoB. KoHeuHo,
MOXHO 3TO CHIeJIaTh, UCTIONB3YsI TPETHI, BpDEMEHHBI, PErrcTp, HO HAMHOTO TPOIIE
ncrnonb3oBatk nHeTpyKunio XCHG (exchange — oOMeH), KoTopasl Kak pa3 IS
3TOTO W TIpeHa3HaueHa.

XCHG ol,02

[Momo6no mHcTpykmu MOV, oHa mmeer aBa omepaHma — ol m 02. Kaxmerit u3
HMX MOXET ObITh 8-, 16- 1 32-pa3psiiHbIM, 1 TOJIBKO OJMH M3 HUX MOXET HAXOMAUThLCS
B IaMSITU — TpeOOBaHMS TaKue Xe, KaK y KomaHael MOV.

xchg eax,eax /MeHseM MecTaMM 3HadeHms EAX m EAX.
;Tak peanmz3oBaH NOP — IIyCcTOM OIIepaTop

xchg ebx,ecx ;MEeHseM MecTaMM 3HadeHrss EBX m ECX

xchg al,ah ;MEeHsIeM MecTaMM 3HadeHms AL m AH

xchg dl,ah ;MeHsIeM MecTaMu 3HadeHwus DL m AH

xchg byte [variable],cl ;mMeHsieM MecTaMu OOMH OGamntT mamaTr u CL

6.3. Komanpoa LEA —
He TOJZIbKO BblYMCJ/IeHMe aapeca

Wmsa s1oil KoMaHmel — 3T0 cokpaimieHne oT «Load Effective Address», To ecth
«3arpy3uth 3G GeKTUBHBIN agpec». OHa BbUMUCISICT 3(DMOEKTUBHBINA aapec BTOPOTo
orepaH/ia U COXpaHsIeT ero B TepBOM orepaHae (KOTOPbI MOXET ObITb TOJBKO
peructpoM). CHHTaKCHC 3TOM KOMaHIBI TpeOyeT, YTOObI BTOPO omepaHd ObLT 3a-
KJIIOYEeH B KBaJIpaTHbIe CKOOKU, HO (haKTUUECKU OHA He aIpecyeT MaMsTh.

LEA ol, [o2]
LEA mone3Ha B Tex clyJasiX, KOIma Mbl HE cOOMpaeMcsl oOpallaTbesl K IMaMsITH, a
afipec HyXXEH HaM ISl IPYyroi 1eiu:

lea edi, [ebx*4+ecx] ;3arpyxaeT B perucTtp EDI ampec,

; BHIUMCJIEHHEM KakK EDI = EBX*4+ECX

3HayeHue, BbIUMCICHHOe KoMaHmoii LEA, He o0s3aTebHO paccMaTpuBaTh Kak
ajipec: ee MOXHO HCITOJIb30BaTh ISl LIEJIOUUCICHHBIX apu(PMEeTUIeCKUX BbIMUCTIC-
Huii. Heckonbko mpuMepoB «dk3oTMdecKoro» mcmnosib3oBanus LEA Oynmer mpu-
BE/ICHO B IJIaBe, MOCBSIIIICHHON ONTHUMU3aIUU.
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6.4. KomaHgbl gnsa paboTbl CO CTPOKaMM

CTpoKoii B SI3bIKe acceMOJjIepa Ha3bIBaeTCs MOCIEA0BATEIbHOCTh CUMBOJIOB (0aii-
TOB), 3aKaHYMBAIOIIASICS HYJICBEIM 0aiiTOM (TOYHO TaK e, Kak B s13bike C).

‘ 0x43 ‘ Ox6F‘ OXGD‘ 0x70 ‘ 0X75‘ Ox74‘ OXGS‘ 0x72‘ 0x00 ‘

C o m p u t e r / 0
Puc. 6.1. CTpoka 3akaH4Y1BaeTCs HyJ1eBbIM 6ariToOM

Cucrtema KoMaH[, X86-COBMECTUMBIX ITPOLIECCOPOB COAEPXKUT HECKOIbKO KOMAH/I,
00JIeryaromx MaHUIYJISIIUKY cO cTpoKamu. Kaxayio U3 HUX MOXKHO 3aMEHUTh He-
CKOJIbKVMU 3JIEMEHTapHBIMM KOMaHIaMK, HO, KaK 1 B ciaydae ¢ KomaHgoirt LOOP,
3TU KOMaH/bl CAEIAI0T Bally IPOrpaMMmy KOpoue U IOHSITHEE.

B 3aBucuMocTH OT pa3Mepa onepaHaa KOMaHIBI TSI 00pabOTKM CTPOK ACISATCS Ha
Tpu Tpyrmbl. IlepBas rpymima npegHa3HadeHa IJ1s paOOTHI ¢ 8-OMTHBIMM OIIepaH-
JIaMH, TO €CTh C OTICJbHBIMM CUMBOJIAMU. MIMeHa 3TUX KOMaH/ 3aKaHYMBAIOTCS
Ha «B» (byte). IMeHa KoMaHI BTOpPO IPYMIIBI, IIpeAHA3HAYCHHBIX I paOOTHI C
16-6MTHBIMU OTlepaHIaMU, 3aKaHYUBAIOTCSI CUMBOJIOM «W» (word). TpeTbs rpymma

KOMaHJI padoTaeT ¢ 32-OMTHBIMM OIlepaHIaMy, 1 MMEHA MX 3aKaHUYMBaIOTCS Ha «D»
(double word).

Bce xomaHmbl, obcyxXmaeMble B 3TOM Itaparpade, padboTaioT ¢ (PUKCUPOBAaHHBIMU
ornepaHIaMUu U He UMEIOT apryMeHTOB. [Topsimok orcuera 6aiiTOB B CTPOKE BO BpeMsI
paboThI 3THX KOMaH/ 3aBUCUT OT para HarpasieHus (DF).

KomaHabl STOSx — 3anMcb CTPOKW B NaMATb
IMoxn emuabM 0603HaYeHeM STOSx (STOre String) CKphIBarOTCS TPYU KOMAHIIBI:

*STOSB
* STOSW
* STOSD

Komanma STOSB kormpyer comepxkumoe peructpa AL B s9eiiky maMsiTh, ampec
KoTopoit HaxomuTcs B mape peructpoB ES:(E)DI, u yMeHbIaeT mim yBeIMInBacT
(B 3aBucuMmocTu oT ¢iiara DF) Ha emunauiy 3HaueHue peructpa (E)DI, aroos! mpu-
TOTOBUThHCS K KommpoBaHuio AL B crenyromryto stueiiky. Ecim DF=0, to (E)DI
Oynmer yBeivueH Ha 1, B TIPOTUBHOM cilyyae — yMeHbllleH Ha 1. Kakoit peructp
oyner ucrnonbzoBaTbesa — DI mmm EDI — 3aBucut oT pexkmuma mporeccopa.

Bropas unctpykuusi, STOSW, paboraeT aHaJIOTMYHO, HO NaHHbIe OepyTcs U3
peructpa AX, a (E)DI ymenbiaercs/yBemmunBaercst Ha 2. STOSD kommmpyet co-
nepxumoe EAX, a E(DI) ymensinaer/yBemunBaer Ha 4.
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eld ;copaceBaeM DF, HampaBieHue OymeT BBepX
stosw ;coxpansieM AX B ES:[DI] wm ES:[EDI] (3aBucut ot
;pexkuma mpoueccopa) u yBeamuuBaem (E)DI na 2

KomaHabl LODSx — 4yTeHmne CTPOKM U3 namMaTu
[lox emquupM ob6o3HaueHneM LODSx (LOaD String) ckpbIBaloTcsl TP KOMaHIbIL:

+ LODSB
* LODSW
*LODSD

JleficTBUE 3TMX KOMaH ITPOTUBOIIOJIOXKHO KOMaHIaM TIPEIbIAYILei TPYIIbl: OHU
KOIMPYIOT TTOPIIUIO JaHHBIX 13 maMsITu B peructp AL, AX u EAX. Anpec HyXHOI
staeiikm mmamsata o6epercst u3 mapsl DS:(E)SI. Ecm dmar DF pasen nHymo, To pe-
ructp Sl oymer yBenmmueH Ha 124 (B, W, D), B mpoTuBHOM ciiy4ae — YMEHBIIICH

Ha 1/2/4.

KomaHabl CMPSx — cpaBHEHME CTPOK
ITon emuabpM 0603HaYeHIEM CMPSx (CoMPare String) CKpbIBaloTCSI TP KOMaHIBL:

« CMPSB

« CMPSW

« CMPSD
Komanga CMPSB cpaBauBaer 6aiit, Haxomsiuiics 1o agpecy ES:(E)DI, ¢ 6aittom
no aapecy DS:(E)SI u namensier 3HaueHus peructpoB SI u DI B 3aBucumoctu ot
¢mara DF. Komanger CMPSB u CMPSD cpaBHUBaIOT He OaiiThl, a CJIOBa 1 IBOMTHEIC

CJIOBAa COOTBETCTBEHHO, YBEJIWUYMBasA WK yMeHbIas peructpel SI u DI Ha pasmep
HOPIUM TaHHBIX (2 Wi 4).

KomaHabl SCASXx — nonck cumBoa B CTPOKE
IMon emyuupM o6o3HaueHeM SCASxX (SCAn String) CKpbhIBalOTCS TPU KOMAHIIBI:

+ SCASB
* SCASW
* SCASD

Komanger SCASB/W/D cpaBHuBatoT 3HaueHus1 peructpa AL/AX/EAX co 3Hade-
HueM B mmamsTu 1o anpecy [ES:(E)DI]. Peructp (E)DI nu3meHsieTcst B 3aBUCUMOCTI
oT ¢mara DF.

Komangbl REP n REPZ — noBTOpeHune cneayouwen KomaHabl

Komanga REP (Repeat) oGiergaer o0pabOTKy CTPOK ITPOU3BOJIBHON ITMHEI.
Bro Tak HasbIBacMasi IpeMKCHasT KOMaHIa: ee HeJib3sl MCIOJIb30BaTh OTIENIBHO,
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a TOJIbLKO B IIape C KaKoW-HMOyab Ipyroil KomaHmoil. OHa paboTaeT IOmoOHO
komaHae LOOP: noBropsieT crenyroliyto 3a Heli KOMaHay 0 TeX Mop, MoKa 3Ha-
yeHue B peructpe (E)CX He craHer paBHO Hymo. Peructp (E)CX ymeHblaercs
Ha eIWHULYY IpY Kaxaoi urepauuu. Yaiie Bcero komaHgma REP npuMensieTcs B
nape ¢ MOVS wm STOS:

re

mopvsb ckonupoBatTh nepBbie (E)CX o6aiito uz DS:(E)SI B
ES:(E)DI. D10 accemO6iepHblii aHANOT
C-dyHkuuu memcpy()

Wnu:

rep

stosb ckonupoBaTth (E)CX pa3 3nHauenue AL B ES:(E)DI.
:0T0 accembOiaepHblil aHanor C-dpyHkuuu memset()

Komanna REPZ (cunonum REPE), nono6Ho komanne LOOPZ, nosBossier
YTOUHUTH ycjoBue. Creayolas uTepalust BbITOIHSIETCS TOINA, KOIraa He TOJbKO
(E)CX He paBeH Hymo, HO U ¢daar ZF He ycraHOoBJeH. BTopoe ycioBue MoxeT
ObITb MHBepTUPOBaHO KoMaHA0ii REPNZ (cuHonuMm REPNE).

DT KOMaHABl YacTo ucnoib3ytorcst BMecTe ¢ SCAS i CMPS:

repz ;noBTopsiem SCASB
scasb

Wnu:

repz ;nmoBTOopsiem CMPSB
cmpsb

Tenepp BbI yKe 3HaeTe MOCTATOYHO, YTOOBI peaar30BaTh Ha SI3bIKE acceMoOiepa
(YHKLMIO TIOCYETa CUMBOJIOB B CTPOKeE, KOTopas B si3bike C Ha3biBaeTcs strlenQ.

Puc. 6.2. bnok-cxema ¢pyHkumm strlen()
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DYHKIIMY HyXEeH TOJILKO OIWH apryMEHT — aapec Hayajla CTPOKM, KOTOPBI HYXHO
coxpanuth B ES:(E)DI. Pesynbrar ¢hyHKIIMU (KOJTUYECTBO CUMBOJIOB CTPOKU +
HyneBoii cumBoin) Oymer 3amucad B ECX. Ykazarens ES:(E)DI Oyner ykasbiBaTh
Ha 0aiiT, ciemyloluii 3a MocaeHUM (HyJIeBbIM) CUMBOJIOM cTpoku. Koma dhyHkmm

MpuBeaeH B JUCTUHIE 6.1.

JIuctunr 6.1. Kon dynkim strlen()

strlen:
push eax rioMemaeM peructp EAX B CTek
XOr ecx,ecx cbpaceBaeM ECX (ECX=0), TO %Xe caMoe MOXHO

cromersiaTh Tak: mov ecx,O

XOr eax,eax EAX =0

dec ecx

eld

ECX = ECX - 1. Tlomyd4aeMm OxXFFFFFFFF -
MakcuMaibHas [IMHa CTPOKM

DF = 0, OymeMm OmBUraTbCsa BIIepeln, a He Hazal

repne scasb  ymem HyneBoll 6amT

neg ecx

pop eax
ret

Bbl MoXxeTe Jierko aganTupoBaTh MPOrpaMMy IUIsl paGOThI TOJBKO C 16-OGUTHBIMU

pEerucTpaMu:

Mpb1 yxe Hanucany (yHKIWIO IJIsT TIOJCUeTa CUMBOJIOB B CTPOKE, HO JIO CUX TOp He
3HaeM, KaK pa3MEeCTUTb CTPOKY B ImamsatH. [loka Oymem cumtath, uto B ES:(E)DI
yXe 3arpy>KeH MpaBWIbHbBINM aapec Hadaaa CTpOKKW. MBI BbI3bIBAEM HaIly TOAMIPO-
rpammy ¢ niomoisio CALL, a mocne ee BomonHenust B peructpe ECX momyunm

oTpuiiaure ECX (OOTMOJHUTENBHEM KOII)
OacT KOJIMYEeCTBO BHIIOJIHEHHBEX UTepalini
BOCCTaHAaBIMBAEM MCXOOHEM EAX

BHIXOOVM M3 TTOOITPOTPAMME

! ] J—ES'{E}DI

2?:::|M!:)|ﬂl_‘H‘a_,ﬂ[nln[c‘h|

U ES(EDI__ |
ECX 0x11

Puc. 6.3. CocrosiHue peructpos ES:(E)DI
rnepes BbI30BOM strlen vi ocrie ee BbioHEHS

npocto yaanure «E» B MIMEHM Kakaooro perucrpa.

KOJIMYECTBO CMMBOJIOB B CTPOKE.

call strlen ;BBI3BIBaeM Strlen
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Eme omHa oyeHp HyxXHas (GyHKIUST — 3TO (DYHKIMSI CpaBHEHUS OBYX CTPOK, KO-
Topas B s13bike C HasbiBaeTcs stremp().

Ha4sano

‘TO

Koueuy

Gonee

JUTMHHOR

CTPOKW
?

Her

Cnenyouwmin
CHMBON

Koner PaBHbi?

Puc. 6.4. bnok-cxema @yHkummn strcmp

IMogmporpamma cpaBHMBaeT ABe CTPOKU: aapec IepBoit coxpaneH B ES:(E)DI, a
anpec Bropoit — B DS:(E)SI. Ecnu ctpoku oquHakoBbI, TO MOCTE 3aBEepIICHUS MO~
nporpammbl ECX Oyner conepxarts 0, a eciiu HeT, To B ECX Oyner Kom4ecTBo rep-
BbIX OJIMHAKOBBIX CUMBOJIOB. Kon Hareit stremp () mpuBeneH B JMCTHHTE 6.2.

Jnctunr 6.2. Kog dyHkumm stremp()

strcmp:

push edx ;rioMemaeM EDX B CTek

push edi /TioMemaeM EDI B CTekK

call strlen ; BEMUCIIEEM OIIMHY II€PBOM CTPOKU

mov edx,ecx ; COXpaHgeM IJIVMHY IIePBOM CTPOKM B EDX
mov edi,esi ;EDI = ESI

;push ds ;coxpaHsieM DS B CTek

;push ds ;eme pas

;Pop es ;a Terephk 3arpyxaeM ero B ES (ES = DS)
call strlen ; TEellepb BBYNUCIISAEM JIMHY BTOPOM CTPOKU
;pop ds ; BOCCTaHaBJIMBaEM MCXOOHB DS

cmp ecx, edx ;Kakasl CTpoKa IJIMHHee?

jae .length_ok ;mepexomuM, e€cCiuM IJIMHA [IEPBOM CTPOKM (ECX)
; DOJIBIIe MIIM PAaBHA OJIMHE BTOPOM
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mov ecx,edx ; OymeM MCIIONIBb30BaTE DoJjiee OJIMHHYI CTPOKY

.length_ok:

pop edi ; BOCCTaHaBJIMBAEM UCXOOHE EDT

eld ;DF = O

repe empsb ; TIOBTOPSIEM CpaBHEeHMe, TIoKa He BCTpeTUM OBa
;Pa3HBIX CHMMBOJIA WM ITOKa ECX He cTaHeT
/paBeH O

pop edx ; BOCCTaHaBIMBaeEM MCXOOHOE 3HadveHue EDX

ret ; KOHEeL]

Hamma dynkius stremp Oyner paboTaTh TOJBKO TOTAA, KOTIa 3HAYSHUST CETMEHTHBIX
peructpoB DS u ES paBHbl. KoppekTHee ObUIO0 ObI pACKOMMEHTUPOBATH 3aKOM-
MEHTHMPOBAaHHbIE KOMaH/Ibl — Hallla PYHKIMS cMOmia Obl paboTaTh CO CTPOKAMU,
PacmoIOXXEeHHBIMU B pa3HbIX cerMeHTaX. OmHaKo B OOJBIIIMHCTBE MTPOTPaMM Cer-
MEHTHBIE PETHMCTPHI PaBHBI, TTO3TOMY HaM He HY>KHO YIUTHIBaTh WX Pa3HUILY.

Ha puc. 6.5 BbI MOXeTe BHIETb CONEPXKMMOE PETUCTPOB MOCJIE CpaBHEHUs He-
OJIMHAKOBBIX CTPOK.

= ES:EDI — DSESI | |
MR LLLLA MEE T ¢
ES:EDI « ECX = OxA DS:ES| « 1 ﬁ

ECX=0xA

Puc. 6.5. Coaepxumoe perncTpoB A0 v nocJje Bbi3oBa stremp

6.5. KomaHabl BBOAga/Boisoga (1/0)

Iepudepuitabie ycTpoHCTBa UCIIONB3YIOT TaK HA3bIBAEMBbIE IIUTIO3bI BBOMA,/BhIBOIA —
O0BIYHO WX HA3bIBAIOT MOPTaMU BBOAA/BbIBOAA. C MOMOIIBIO TTOPTOB Bailia Mpo-
rpaMma (WJIM caM IIPOLIECCOP) MOXKET «OOIIAThCS» C TEM WJIM MHBIM TTeprhepUitHbIM
ycTtporictBoM. it «ob1eHusi» ¢ nepudepuitHbIM WK APYTUM yYCTPOMCTBOM Ha
amnrmapaTHOM YPOBHE MCITOJIb3yIoTcss KoMaHasl IN u OUT.

Komangp! IN n OUT — oOmeH gaHHbIMU ¢ nepudepuen

Komanga IN no3Bosisier momyuuts oT ycrpoiictBa, a OUT — nepenath ycTpoiicTBy
MOPLMIO TaHHBIX B pa3Mepe OaiiTa, cJIoBa WM JBOMHOIO CJIOBA.

IN al, dx OUT dx, al
IN ax, dx OUT dx, ax
IN eax, dx OUT dx, eax
IN al, imm8 OUT immS8, al
IN ax, imm8 OUT imm8, ax
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Komanpga IN yurtaer maHHbIE U3 rnopra BBO,Z[a/Bb]BOI[a, HOMEP KOTOPOIro COACPKMTCA

B peructpe DX, 1 nomeraet pe3yabrar B peructp AL/AX/EAX. JIpyrue perucTpsl,
kpome AL/AX/EAX u DX, ucnojib30oBaTh HEJb3sl.

Komanga OUT ornpasisieT AaHHbIE B MOPT. THUIIBI €€ OMEepaHoB TakKue Xe, KakK Yy
IN, HO oOparuTe BHMMaHUeE: OTepaHIbl YKA3bIBAlOTCS B OOpPaTHOM TOpSIIKe.

Z[I/IaHaSOHH IIOPpTOB BBO,Z[a/BbIBOI[a, KOTOPLIC CBsA3aHLI C Pa3IMYHbIMU yc’[’pOfICTBa—

MM, TIEPEeYMCIICHbI B TabmI. 6.1.

Junana3oHbl NOPTOB BBOAA/BbIBOAA

Tabmmuya 6.1

0000-001f :dmat

Mepsbii kOHTPoiep DMA (Direct Memory Access)

0020-003f: pid

MepBbIi annapaTHbI KOHTPOANEP NpepbIBaHUR

0040-005f: timer

CurcTeMHbIN Taiimep

0060-006f: keyboard

KnaBunarypa

0070-007f: rtc

Yacbl peansHoro Bpemenun (RTC, real time clock)

0080-008f: dma page reg

DMA page register

00a0-00bf: pic2

BTopoit annapaTtHbI KOHTPONNep NpepbiBaHnm

0O0cO-00df: dma2

BTtopoin DMA-koHTponnep

OOfO-00ff: fpu

MatemaTuyeckuil ConpoLeccop

0170-0177 :idet

Btopoi IDE-koHTponnep (Secondary)

01f0-01f7:ide0

Mepsbii IDE-koHTpOnnep (Primary)

0213-0213 :isapnp read

Wntepdeiic PnP (plug-and-play) wuHbl ISA

0220-022f: soundblaster

3BykoBas nnara

0290-0297 :w83781d

AnnapaTtHbIi MOHUTOPUHT TemnepaTtypsbl
N HanpsixeHus

0376-0376 : idel

BTtopow IDE-koHTponnep (NpoaosixeHue)

03c0-03df:vga+

Bupeoapantep

03f2-03f5: floppy

LunckoBopn ana rubkux ouckos

03f6-03f6: ideO

Mepsbit IDE-KOHTpONNep (NpogonxeHune)

03f7-03f7: floppy DIR

JAnckoBog ans rmbknx oUckos (NPoAoIXeHNE)

03f8-03ff: lirc_serial

MNMocnepoBatenbHbIl NOPT

0a79-0a79: isapnp write

Wntepdeiic PnP (plug-and-play) wuHbl ISA
(npoponmkeHue)

0cf8-0cff: PCl conf 1

MepBblii KOHPUrYpPaLMOHHbIA perucTp WwuHbl PCI

4000-403f: Intel Corp. 82371AB/EB/MB PIIX4 ACPI YunceT ACPI
5000-500: Intel Corp. 82371AB/EB/MB PIIX4 ACPI YunceT ACPI
e€000-e01f: Intel Corp. 82371AB/EB/MB PIIX4 USB Yuncet USB

fOOO-fOOf: Intel Corp. 82371AB/EB/MB PIIX4 IDE

YunceT KOHTpoONepa ANCKOB
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Paccmotpenne dyHKIIMI OTIEIBHBIX PETUCTPOB ITepU(PEPUITHBIX YCTPOMCTB BBIXOIUAT
JTaJIeKO 32 PaMKU 3TOi KHMTU. BOT mpocTo mpumep:

in al,0x60 /4TeHUWe 3HaYeHUs W3 mopra ¢ HoMepom Ox60
;(9TO CKaH-KOJA MocjenHel HaXaTOW KJIaBUIIN)

Opranusauusa 3agepxku. Komanpa NOP

HasBanue stoii KoMaHabl 3ByduT Kak «No Operation», TO €CTh 3TO HMYEro He
JIeJIatoNasi, «Iycrasi» WHCTPYKIIMS.

IIop JHHUYEero HE acJjaartb

s gero ke HyxXHa Takast komaHma? Korma mporpamMma paboTaeT ¢ ImopTaMu BBO-
I1a/BBIBOJIA, MEXITy OTIEpPAIIMSIMU UTCHUS M 3aIlCU HYXKHO JeJiaTh nay3bl. [1puynHa
sicHa: nepudepuiiHble YCTPONCTBA paboTaloT MeIJIeHHee MpoLieccopa, U UM HY>KHO
BpeMsi, 9YTOObI 0OpaboTaTh 3arpoc. s opraHM3anuy 3agep>KKU W UCITOIb3YIOT
NOP. BrimtonHeHne 310 KOMaHAbI 3aHUMAET OOUH MK IIPOIieccopa — MaJioBato,
IMO3TOMY Yallle 3aAepXKKy OpPraHMU3YIOT MPU TOMOIIM Oe3yCIOBHOTO Tiepexojia Ha
CJICMYIOIIYI0 KOMAaHIy:

jmp short delayl
delayl:

ITockonbpKy KOMaHIa KOPOTKOTO IIepexofa 3aHUMaeT 2 OaiiTa, TOT ke Iepexon Ha
CJICMYIOIIIYI0 KOMaHIy MOXHO 3arnucaTh Tak:

jmp short $+2 ;mepeiiTy Ha 2 Oaiita BIIepen
3Hak Jojutapa o3HauyaeT TeKYyLIW aapec.

Hosbie npolieccopbl cHaOXEHBI CXEMOU MpecKa3aHusl Mepexo/ioB, TO €CTh elle
JI0 caMoro mepexofa mpoiieccop OyneT 3HaTh, YTO €My HYXHO caenath. [Ipemcka-
3aHHBIN Tepexo OyneT BBITIOJIHEH 3a MEHbIIIee YMCIIO LMKIIOB Tpolieccopa, 4eM
HETIPEACKAa3aHHBIN, [TO3TOMY Ha HOBBIX ITPOLIECCOPAX 3aIEPKKY C TOMOLIBIO KOMaH-
bl JMP opranuzoBath Henb3st. JlydimmM crmocoboM «MoaoXaaTk» nepudepuitHoe
YCTPOMCTBO OyHeT 3aIich IIPOU3BOJBHOIO 3HAYCHUSI B «0OE30ITaCHBIN» MOPT —
9TO OUArHOCTUYECKUil TTopT ¢ HoMepoM 0x80:

out 0x80,al  ; 2TO MpPOCTO 3amepkKKa

6.6. CaoBur u potauus

Onepanyy mopa3psiTHOTO CABUTA TIEPEMEIIAIOT OTAC/IbHBIC OMTHI B OaiiTe, CJI0BE WM
BOMHOM cJioBe. CIBUT MOXKET OBITh BJICBO WM BIIpaBo. I1pu caBure BIipaBo Ha OOHY
TO3ULINIO KPAWHMWI TIpaBblil (MJIAIIINI) OUT TEPSICTCS, a KPAMHUIA JICBBIN 3aMeIIacTCsI
HyneM. [Ipu coBure BIeBO TepsieTcsl KpallHU JICBBIA (CTapIvii) OMT, a KpalHUIA
npaBblil 3ameraercs HyseM. [1pu ciBure Ha HECKOIBKO TTO3UIINI «BBITATKUBACTCSI»
yKa3aHHOE KOJIMYECTBO OWUTOB, a «OCBOOOAUBIIIMECS» OWUTHI 3aMEIIAIOTCST HYJISIMU.
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naea 6. MNMpoune komaHapl

Porauus (takke HaspiBaeMmasl LIMKIWMYECKUM CIBUIOM) HE BBITAJIKMBAET OUTHI,
a BO3BpalllaeT UX Ha MECTO «OCBOOOAMBILMXCS». B pesyiabTaTe poTaldu BIIPaBO
KpailHUiI1 mpaBblii OUT BCTaHET Ha MECTO KpailHEero JIEBOro, a OCTaJbHbIe OWTHI
OymyT CIBUHYTHI HA OMHY ITO3UIIMIO BIIPABO.

F,ZLC 9TO MOXET UCII0JIb30BaATbHCs1, Bbl noiiMeTe U3 OIMCAHUSI CaMUX KOMaH/I.

Komanpgbl SHR n SHL — caBur 6€33HakoBbIX YNCcern

Komanmet SHR 1 SHL nopa3psiiHo cABUTAOT 0e33HAKOBbIE 1eJIble HC/IA BIPABO
U BJIEBO COOTBETCTBEHHO. DTO CaMbIil OBICTPBII CIOCOO YMHOXUTh WX Pa3deaUuTh
11eJI0€ YUCIIO Ha CTeTeHb IBOMKU.

IIpencraBum yucio 5 B aouuHoit cucteme — (0101b. ITocae yMHOXEHMST HA 2 MBI
noiayuum 10, B nBonuHoii cucteme 310 ynciao 01010b. CpaBHUBast ABa IBOMYHBIX
yucia, Bbl, HABEpHOE, 3aMETUJIN, KaK MOXHO OBICTPO MOJYYUTh U3 YUCIA 5 YHCIIO
10: ¢ moMoIIIbIO CABUTA Ha OAWH OUT BJIEBO, 1OOABMB OOUH HYJIb CIIpaBa.

To4yHO Tak X€ MOXHO YMHOXWTb YMCJIO Ha JIIOOyIO CTereHb nByx. Hampumep,
BMECTO YMHOXeHUs1 Ha 16 (2 B cTeneHn 4) MOXHO COBUMHYTh UCXOMHOE YMCIIO Ha
4 GuTa BEBO.

0000;0 j
OJ////////x-uo

000001010
[ T T Y Y

Puc. 6.6. YMHOXeHne 5 Ha 2 MeTo4oM nopaspsaHoro caBura BJieBO

HCJICHI/IC Ha CcTelleHb ABOMKM BBIIIOJIHSIETCS I10 TaKOMY K€ IIPpUHIMITY, TOJIBKO
BMECTO IMOpa3psAdHOIo caBura BJIEBO HYKHO MCIIOJIL30BaTh CABUT BIIPABO.

Komannge SHL HyXHO mepenath ABa olepaHia:
SHL o1, o2

IepBblii foKeH ObITh PETUCTPOM WU aAPECOM MaMSITU, KOTOPBI HY>KHO CIBUHYTh.
Bropoii onepana onpenesieT Yucio Mo3uIniA, Ha KOTOPOe HY>KHO CABUHYTh. Harie
BCEroO 3TO HEeMOCPeACTBeHHOE 3HaYeHUe. MOXHO UCITOIb30BaTh B KAYECTBE BTOPO-
TO ornepaHaa U peructp, Ho Tojibko CLL — 3T0 KacaeTcs Bcex ornepailuii caBura u
potaiuu. CaBur BO3MOXEH He 0oJiee 4yeM Ha 32 MOo3ULINK, TTO3TOMY TTPUHUMAETCS
B pacyeT He BeChb BTOPOI1 OIlepaH, a OCTaTOK OT ero neJieHus Ha 32.

Crapiiuii «BBITOJIKHYTBIN» OUT coxpaHsieTcst B ¢uiare nepeHoca CF, a muamimmii
our 3amensiercst HyJaeM. Kpome ¢iara CF ucnomnssyercst ¢nar 3Haka (SF) u ¢ar
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nepenonHeHus (OF). 3a atumu piaraMul HY>XXHO CJI€IUTb, BBITIOTHSIST ICUCTBUS HAll
YUCIaMU CO 3HAKOM, YTOObI M30eKaTh MPEBPAILICHUS TTOJIOXUTEIBHOTO YUCIA B OT-
puiaTeabHoe U Hao0opoT (B aToM ciydae ¢uiarvt SF u OF ycranasnmmBaioTes B 1).
To xe camoe, yto 1 SHL, ToJIbKO OMTHI CABUTAIOTCS BIIPABO:

SHR ol, o2

Munanmuit out niepemetiaetcst B CF, a crapmmii 3ameHsiercst HyjaeM. [IpuHiuan
pabotel SHR nokasan Ha puc. 6.7.

SHR SF

Puc. 6.7. Kak pabotaet SHR

A Terepb pacCMOTPHMM HECKOJIbKO TTPUMEPOB, KOTOPBIE TIOMOTYT BaM JIydIIle YCBO-
WUTh MPOYNUTAHHOE.

Ipumep: ucrons3ys SHR, pasnenum AX Ha 16, He obGpalasi BHUMaHUST Ha Tiepe-
TOJTHEHUE:

shr ax,4 ;caBuraeM AX Ha 4 OuTa BIIpaBO

HpI/IMCpI MOICYUTAEM KOJIMYECTBO IBOMYHBIX eIMHULL B AX U COXpaHUM pPEIYJIbTaT
BBL.

AX — 16-pa3psimHbIif perucTp, MO3TOMY MBI HOJDKHBI CIBUHYTH €r0 BJCBO WU
BrpaBo 16 pa3. [locie kaxmoro cmeura Mbl aHanusupyeM diar nepeHoca CF, B
KOTODBII MOMaT BHITOJIKHYTHIA OUT, YTO OUYEHb JIETKO CAEIATh C TIOMOIIBIO UHCTPYK-
muu JC. Ecmu CF paBeH enuHule, TO yBeauuubaeMm BL.

mov bl,0 JUHULIMAAM3UpyeM cuyeTYuk eauHuu BL=0

mov ex, 16 ;X =16

repeat:

shr ax, 1 ;caBuraeM Ha | OuT BHpaBo, MIAAIIMi OUT
;nonagaer B CF

jnc not_one ;ecau 310 0, mpomyckaeM CHGOYIOLIYIO KOMaHHIY

inc bl ;MHadye — yBeaumuuBaeMm BL Ha 1

not_one:

loop repeat ;IIOBTOPUTL 16 pas

IMocne BeImoNHEeHUs1 3Toro (hparmeHTta koma peructp BL Oynmer comepxaTh Konu-
yecTBo eauHul peructpa AX, a cam peructp AX Oyaer comepxatb 0.
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naga 6. Mpoyne KomaHAabl

KomaHnpbl SAL u SAR — caBUr Yyncen co 3HakKom

Komanapl SAL u SAR ucnosib3yorces A1 nopa3psuTHOre CIBUTA TEJIbIX YKCesT CO
3HaKoM (apucdmerrueckoro capura). Komanna SAL — 370 capur BIEBO, 2 KOMAHIA

SAR -- Bnpaso.
dopMaT KOMaH/ TaKOB:

SAL ol, o2
SAR ol, 02

Komanna SAR caBuraer Bce OUTBI, KpOME CTapllIero, 03Ha4yarollero 3Hak yucjia —
3TOT OUT coxpaHsieTcs. Mianmmii OUT, Kak 00bI4HO, BhiTecHsIeTcsa B CF. OnepaHabl
o0erx MHCTpyKLMi Takue xe, Kak y SHL u SHR.

CEEEEEE3E]

SAR SF
Puc. 6.8. Kak pabotaet SAR

KomaHnpbl RCR n RCL — poTtauua yepe3 ¢dnar nepeHoca

DT KOMaHBl BBINOJIHSIIOT LIUKJIMYECKUA IopaspsaHblii capur (portaunio). RCR
JIEACTBYET TOYHO Tak ke, kak SHR, HO BMecCTO HyJisi B CTapilivii OUT MEepBOTO
olepaHua 3aHocuTcsl mpeabiayiee comepxxumoe CF. McxomHblid Muaaiiuii 6ut

BoiTecHsieTcs1 B CF. Komanga RCL pa6otaer nomooHo RCR, To1bKO B 00paTHOM
HaIpaBJIeHUU.

(DopMaT KOMaH/ TaKOB:

RCR o1, 02
RCL o1, 02

[EEEZEZZE 3

Puc. 6.9. Kak pabotaet RCR

[EZEZETzT;T
RCL SF

Puc. 6.10. KakpaboraeT RCL
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KomaHnabl ROR 1 ROL — poTauusa ¢ BLIHOCOM BO ¢ fiar nepeHoca

DTU KOMaHIBI BHIIOIHSIOT APYroil BapuaHT mukiamdeckoro capura: ROR cHavana
KOIMPYET MJIAAIIMI OUT IEPBOro OIlepaHAa B €ro CTaplivii OUT, a IOTOM 3aHOCUT
ero B CF; ROL paboraer B 00paTHOM HampaBJICHUU.

ROR o1, 02
ROL ol, o2

OmnepaHIpl 3THX KOMaHI aHaJormuHbl onepaHgaM KoMana RCR un RCL.

T E ]

ROR | SF

Puc. 6.11. Kak pabotaet ROR

6.7. NMceBaoKOMaHAbI

Hexkoropble U3 KOMaH[I, paCCMOTPEHHBIX HAMM, MOTYT PabOTaTh C OIIEPAHIOM, pac-
MOJIOXKEHHBIM B ImamsaTtu. Kimaccmaeckuii mpuMep — komanga MOV AX, [number],
3arpyxaioiast B peructp AX 3HaueHue U3 00JacTU MaMsITH, aJpec KOTOPOil mpe-
CTaBJIEH CUMBOJIMYECKMM 00O3HaueHHeM «number». Ho MbI 10 cHX HOp He 3HaeM,
KaK CBSI3aTh CHMBOJIMYECKOE 0003HAUeHME W peayibHblil aapec B mamsaTu. Kak pas
IIJISL 3TOTO U CJIYXaT IICEBIOKOMAH/IbI.

IIpemioxeHus si3biKa acceMOJiepa AEISATCS Ha KOMaH/Ibl M IICEBIOKOMAHIbI (AUpEeK-
TiBBl). KoMaHabI accembiiepa — 3TO CUMBOJIMYECKHE MMEHA MAIIMHHBIX KOMaHII,
00paboTKa MX KOMITWJISITOPOM TIPUBOIMT K I'eHepalluy MalmnHHoro koma. Ilces-
JIOKOMAHIIBI 2K€ YIPABSIOT padoToii camMoro KoMmuiAaTopa. Ha omHOI 1 TO ke
anmnapaTHOM apXUTEKType MOIYT paboTaTh pasjiuM4Hble acceMOJIepbl: MX KOMAaH[bI
00s13aTeJIbHO OYIyT OAMHAKOBLIMM, HO IICEBAOKOMAH/bI MOIYT OBITh Pa3HBIMU.

Ncespokomanab DB, DWu DD — onpeneneHne KOHCTaHT

Yame Bcero mcmnoibidyercs IiceBmokomanga DB (define byte), mosBosiomiast
ONPEJCIUTh YNCIOBbIE KOHCTAHTBI U CTPOKU. PacCMOTpUM HECKOJIBKO TTPUMEPOB:

db 0x55 ;OOVH OamT B mecTHaOllaTepudHOM BUIE
db 0x55,0x56,0x57 ; TPU TIOCJIeNOBaTeNbHEX battTa: 0x5 5,
; 0x56, 0x57
db 'a',0xb55 ; MOXHO 3aIllICaTh CHUMBOJI B OIMHADHEIX
; KABHYKAX .

; llomyumnTcst rnocyenoBaTenbHoCcTs 0x61, 0x55
;MOKHO 3allMCaThb IIeYI0 CTPOKY .

;TMonmyyanTess 0x48, 0x65, Ox6C, Ox6C,
;Ox6F, OxD, OxA, 0x24

db 'Hello',13,10,'sS"
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magsa 6. Mpoure komaHab!

11 onpeesieHusi MOPIM JAHHBIX Pa3Mepa, KPATHOIO CJIOBY, CJIYKHUT TUPEKTUBA
DW (define word):

dw 0x1234 ;0x34, 0x12

dw 'a’ ;0x61, 0x00: BTOpOil GailT 3amONHSIETCS HYISIMU

Junpexkmusa DD (define double word) 3amaer 3HaueHre mopiuyM JAHHBIX pa3Mepa,
KPATHOIO JBOMHOMY CJIOBY:

dd 0x12345678 ;0x78 0x56 0x34 0x12
dd 1.234567¢20 ;Tak oOIpeneasIOTCs 4YKciIa C IUIaBalollell TOYKOM

A BOT TaK onpeneJisiercs nepeMeHHas, TOT cambiii «number»:

number dd Oxl ;IepeMeHHass number MHULMAaIU3MpOBaHa
;3HauyeHUueMm 1

Ilepemennasa «number» Tenepb NPEICTABISIET AAPEC B IAMSITH, II0 KOTOPOMY 3a-
micaHo 3Hadenuie 0x00000001 nmiHOI B IBOIHOE CJIOBO.

Mcesnokomanabl RESB, RESWH RESD — 06bsaBneHMe NepeMeHHbIX

Bropas rpynma nceBIOKOMAH/I MO3BOJISIET ONPEIeNTh HEMHMIMAIM3UPOBAHHbIE
nannbie. Ecm B mepBoM ciyyae Mbl 3aHOCHM JIAHHBIE B MAMSTh, TO CEHYAC MbI
MPOCTO YKAZKEM, CKOJIbKO 0aiiTOB HYKHO 3ape3epBUPOBATH JIIA OYIyIIMX TAHHBIX.
IMamsms 11 3THX. HEMHMTMAIMBUPOBAHHBIX MEPEMEHHBIX pacnpeneisieTcs IMHA-
MUYECKH, 2 CAMM JIAHHbIE He ColepxKarcs B ucnoyHuMoM (haiine. I'pyoo rosops,
NPEIBIIYILYI0 IPYIITy MHCTPYKIMIA YIO0OHO MCHOJIb30BATh /I OIpene/ieHus] KOH-
CTaHT, 4 3Ty IPYNHIy — /IS IePEMEHHbIX.

111 pe3epBUPOBAHMSA NAMSATH CJIyKAT TpH JupekTuBbl: RESB (pesepBupyer 0aifr),
RESW (pe3epsupyer cioBo) 1 RESD (pe3epBupyert ABoiiHOE CJIOBO). APryMeHTOM
3TUX NICEBIOKOMAH]I, SIBJISIETCS KOJIMYECTBO pPe3epBUPYEMbIX MO3MIIHIA:

resb 1 ;pe3depBupyetr 1 Oaiit

resb 2 ;pe3epBuUpyeT 2 OaliTa

resw 2 ;pesdepBupyer 4 Oaiita (2 cioBa)

resd 1 ;pe3epBupyeT 4 OaliTa

number  resd 1 ;pe3depBupyeTr 4 OaiiTa mIA mepeMeHHON
;"number”

buffer resb 64 ,-pe3epBupyetr 64 Oaiita s

;mepeMeHHoit buffer

HexkoTopble acceMOJiepbl NOMAEPXKUBAIOT IONOHUTE/IbHbIE JUPEKTUBbI BbUICJICHHS
NAMSTH, HO MbI OyZIEM KCIIOJIb30BaTh acceMOiep NASM, KOTOpblii MX HE MOIep-
skuBaetT. IloaToMy MbI orpanmanmvcs aupekTuBavi RESx.

MNcespokomaHga TIMES — noBTOpeHMe cneayloLen NCeBA0OKOMaHAbI

JupexkuBa TIMES — 310 ncepiokoManaa npeuKCHOro Tuna, To ecTb OHA UC-
NOoJIb3YeTCA TOJILKO B Iape ¢ Apyroid KoMaHmaoii. OHA MOBTOPSET MOC/IEIYIOILYIO
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NCEBIOKOMAHY YKA3aHHOE KOJINYeCTBO pa3, moaooHo mupekruse DUP u3s accem-
o7sepa Borland TASM. Ilpumensiercs 3ra IMPeKTHBA B TEX CIIYYASX, KOIIA HY2KHO
«320MTh» HEKOTOPYIO 00JIACTD NAMSITH MOBTOPSIOIIAMCSI 00PA3IIOM.

Crienyronmii Koz onpezesisieT CIPOKY, cocTosmnyio n3 64 nosropsirommxcs «Hello»:
many_hello: times 64 db 'Hello'

IlepBblii aprymMeHT, YKA3BIBAIOIIMI KOJIMYECTBO NOBTOPEHHIA, MOKET ObITb M BbF
paxxennem. Hanpumep, 3ana4y «pa3sMecTUTh CTPOKY B 00/1ACTH NAMSITH Pa3MEPOM B
32 6aiiTa 1 3an0JHUTH NPOGEIAMM OCTABIIEEC MECTO» JIETKO PEIlITh C IIOMOMIBIO
mupektusbl TIMES:

buffer db "Hello" ;OIIpENICNIIEM CTPOKY
times 32-($-buffer) db ' ' /ompememsieM HyxXHOE
;KOJIMYEeCTBO TpoOEIoB

Boipakenue 32-($-buffer) Bosepatur 3nayenme 27, noromy uro $-buffer pasuo
TeKYIleil MO3UIMI MUHYC TIO3UIIUSI HAYAJIA CTPOKHU, TO €CTh 5.
Bwmecte ¢ TIMES M0KHO MCIIOJIB30BATH HE TOJIHKO NICEBIOKOMAH/IBI, HO ¥ KOMAHIBI
npoueccopa:

times 5 inc eax ;5 pa3 BemoaHUTh INC EAX

B pesyibTare Oyaer creHepupoOBaH KO

inc eax
inc eax
inc eax
inc eax
inc eax

Mcespokomanaa INCBIN — nopgknioyeHue asonyHoro ¢aiina

Dra aupeKTHBa OyJeT moJsie3Ha 0oJiee onbITHLIM pa3padoTynkaM. OHA YIAKOBbIBAET
rpacduyecKre Wi 3BYKOBbIE JAHHbIE BMECTE C HCIIO/HsSIEMbIM ¢haiiioMm:

incbin "sound.wav" ;VIIaKOBBIBa€M BECh (hailn
incbin "sound.wav",512 /TIpoIycKaeM IiepBble 512 06aiiToB
incbin "sound.wav",512,80 /IpomycKkaeM mepBble 512 0ailToB m

/mocnennue 80

NceepokomaHpa EQU — BbluMCNEHNE KOHCTAHTHBbIX BbipaXeHU

Ora IMpeKTUBA OMpe/ieisieT KOHCTAHTY, U3BECTHYIO BO BpeMsi Kommusnym. B ka-
YecTBe 3HAYEHHSI KOHCTAHTHI MOXKHO YKA3BIBATH TAKIKE KOHCTAHTHOE BbIPAJKEHHE.
JInpekmnee EQU 10/ZKHO NpeaiecTBOBATh CHMBOJIMIECKOE HMSI:
four BRQU 4 ; TPUBUAJIbHBII TIPUMED.
/Tlo3ke A TOKaxXy M HETPUBUAIbHBIC
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Onepartop SEG — cmeHa cermeHTa

IMpu cozmaHum GONBIIMX MPOTPAMM IS PEAIbHOTO peXuMa IMpoileccopa Ham
HY>KHO HCTIONIb30BaTh IS KOAA M JAHHBIX HECKOJIbKO CETMEHTOB, 4TOObI 00OWTH
npobnemy 16-6utHoit agpecaiu. [1oka GyneM cUMTaTh, YTO CETMEHT — 3TO YacTh
ampeca TIepeMEeHHOM.

C noMoipio oreparopa SEG B CerMEHTHBINM PETUCTP MOXKET OBITh 3arpy>KeH ampec
CerMeHTa, Tie (GU3MYecKu pacroioKeHa nmepeMeHHast:

mov ax,seg counter ;moMecTuTh B AX agpec cerMeHTa, TIhe
;pa3MellleHa IepeMeHHas counter

mov es,ax /TIOMECTUTh B3TOT aJIpec B CETMEHTHBIN
/perucrp.
;3TO MOXHO CcJeJaTh TOJbKO KOCBEHHO
mov bx,counter ;3arpy3uTh B BX agpec (cMmemeHue)

/mepemeHHoit counter. Temepp mapa ES:BX
;CONEPXUT TOJHBIM aapec TMEepeMEeHHOW counter
mov cx,es:[bx] /KONMUPOBaTh 3HAaUYCHHUE ICPEMCHHOMU
;B peructp CX
B Hammmix y4eOHBIX MporpaMmax Ha CETMEHTHBIE PErMCTpbl MOXHO HE o0paliarh
BHUMAaHUsI, TTIOTOMY YTO OHM COZIEPXKAT OHO U TO ke 3HaueHue. [losTomy orepaTtop
SEG HaMm 1moka He MOHag00UTCH.

6.8. CoBeTbl NO MCNOJIb3OBAHNIO KOMaHpA,

Temnepp, xorma Bbl yke MO3HAKOMWIUCH C OCHOBHBIMU KOMaHIaMU, CAMOE BpeMs
MOTOBOPUTH 00 ONMTUMU3ALINU KOJA MPOrPaMMBbI.

CeronHsi, Korga KOMMBIOTEPbI OYEHb OBICTPBI, a MaMSITh CTOUT OYEHb JICIIECBO,
MOYTU HUKTO HE CUMTAETCSI HA CO CKOPOCThIO PabOThI MPOrpaMMBbl, HU C 00 BEMOM
3aHuMaeMoi namsat. Ho s3bIk accembrepa 4acTo MPUMEHSIETCST B OCOOBIX CUTYa-
USIX — B «y3KHUX MECTax», TJe OBICTPOACUMCTBUE WM MaJblii pa3Mep MpOrpaMMbl
OCOOEHHO BaXKHBI. YJIAYHBIM TTO00POM KOMAaHJI MOXHO CYIIECTBEHHO COKPATUTh
pa3Mep mporpaMMbl WM YBEJIMYUTh €€ ObICTPONENCTBIEe — MpaBaa, Mpy 3TOM T0-
CTpaiaeT yno004nMTaeMoOCTh. YCKOPUTh PabOTy MPOrpaMMbl MHOTAA MOXHO TaKXke
MyTeM MPABWIHLHOTO BBIIEICHUS MaMSITHU.

AupektuBa ALIGN — BbipaBHMBaHWE OAHHbIX B NamMATH

MbI 3HaeM, 4TO MPOLIECCOPHI Pa0OTAIOT C PErMCTPAaMU Ha ITOPSIIOK ObICTpee, YeM C
orepaHIaMH, PacIlONIOKEHHBIMU B TTaMsITU. [103TOMY XelaTeIbHO BBITIOIHSTH BCE
BBIYKMCJICHUST B PETUCTPAX, COXPAHsSS B IMAMSATH TOJBKO Pe3y/IbTar.

IIpu 06paboTKe OOIBIIMX MACCMBOB YacThie OOpaIlleHMST K MaMSITH HEM30EXXHBI.
CKOpOCTh TOCTyMNa K MaMsATH MOXHO YBEJWYUTb, €CJIM pa3MelllaTh JTaHHBIE TI0
ajipecaM, KpaTHBIM CTETIeHW ABOMKU. Jleslo B TOM, UTO MEXIy MaMsThio U MpO-
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LECCOpPOM MMEETCSI cucTemMa Oy(epoB MaMsITH, HEOOCTYITHASI IIPOTPaMMUCTY. DTU
Oydepsl comepkar GJIOKM Yallle BCEro MCITOb3YeMbIX TaHHBIX U3 OCHOBHOM MaMSITH
WM HECOXPaHEHHbIC NaHHbIE. «BbhIpaBHUBAHUE» JAHHBIX IO HEKOTOPHIM aipecam
«OCBOOOXHaeT> Oydephl, ITO3TOMY JaHHBIE 00padaTHIBAIOTCS OBICTpEe.

K coxaneHnio, KaxIblii TUIT Ipolieccopa MPeArioYyrTaeT CBOM TUIT BHIPABHUBAHMSI.
Ma1 MOXeM COOOIINTh KOMITIIISITOPY TpeOyemblid Tun mupektnBoit ALIGN. Ee
apryMeHT — TO YMCJIO, MO aJpecaM, KpaTHbIM KOTOpOMY, TpeOyeTcs pa3Mmellarhb
JaHHbIC:

align 4 ;pa3MelnaeT JAaHHBIE IO aapecaM, KpaTHBIM 4
align 16 ;pa3MelliaeT JaHHbIE MO aipecaM, KpaTHbIM 16

3arpyska 3HaueHus B peructp

MHoro obpalieHuii K MaMsTH MOXXHO UCKITIOYUTD, €CJIA OTKa3aThCsl OT HEMOCPeI-
CTBEHHBIX OIEPaHIIOB, YTO TOJIOXKMUTEJBHO CKaXXeTCsl Ha ObICTPONEHCTBUU TIPO-
rpaMMbl. Hammpumep, Kak MbI IPUBBIKJIM MTHULIMAIM3UPOBATh cueTInK? KomaHmoi
MOV, kortopast kormupyeT B peructp 3HadeHue 0? HamHoro paumoHanbHee ISt
3TOrO MCMOJIb30BaTh Jorndeckyro ¢pyHkimio XOR (ecnu ee apryMeHTBI OMMHAKOBEI,
pe3ynbrar paseH 0):

XOT eax,eax ;B MammmHHOM Koge 0x33,0xCO0

DTa KoMaHaa OyleT BBIIOJIHEHA OBICTpee M 3aiiMET MCHBIIEC MaMSITH, YeM

mov eax,0 ; B MammHaHOM Kome 0xB8,0,0,0,0

Ho nyx#H0 noMunTh, yTo XOR M3MeHsIeT perucTp Npu3HaKOB, IIO3TOMY €€ HYXXKHO
WCTIOJIb30BaTh TOJILKO B TEX CIydasiX, KOTA ero U3MEHEeHWE He UMeeT 3HaUYeHUS.
Jpyroii 9acTo MCIONB3yeMOM Mapoil MHCTPYKIIUIA SIBIISTFOTCS:

XOT eax,eax FAX =0

inc eax /yBenuuuBaeM Ha |

Arot (pparmeHT Koma 3arpyxkaer B EAX 3nHaueHue 1. Eciu mcronb3oBate DEC
BMecto INC, B EAX Oyner 3HaueHme - 1.

OnTuMusupyem apupmeTuky

Ecnan BaM HyXXHO 106aBUTh K 3HAYEHUIO KOHCTAHTY, TO UMEWUTe B BHUIY, YTO He-
ckonbko KoMaH INC OynyT BBITOIHEHBI ObICTpee, yeM ogHa ADD. Takum obpazom,
BMECTO KOMaH/Ibl

add eax,4 ;mobaBisieM 4 k EAX
CJeayeT UCIIOJIb30BaTh YEThIpe KOMAaHbI:

inc eax ;mobaBisiem 1 x EFAX
inc eax
inc eax
inc eax
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naga 6. MNpoyne KomaHabl

IMomuure, uro H1 INC, Hu DEC He ycraHaBimmBaror djiar repeHoca, IIo3ToMy He HC-
IMOJIL3YiTe UX B 64-pa3psinHoil apudMeTHKe, TIe UCIONB3YETCs IIEpeHOC. 3aTO IIPU Bbl-
YMCJICHUY 3HAYCHMUS afpeca BBl MoxeTe cMento ucnoiib3oBath INC u DEC, mockombKy
apudMeTHUecKre orepaliMy Hajl anpecaMy HUKOLIa He TpeOyroT mepeHoca.

Bb1 yxe 3HaeTe, 4To 1Sl OBICTPOrO YMHOXKEHUS U JIEJCHUS MOXHO MCTIOJb30BaTh
Mopa3psiIHbIC CABUTU BJIEBO W MPaBO. YMHOXEHWE MOXHO BBITIOJHSITH TaKXe C
nomoipio koMaHobl LEA, koTtopast BeraucisieT 3¢ (GEeKTUBHBIN aapec BTOPOTo
ornepaHna. BoT HECKOJIIBKO TTPUMEPOB:

lea ebx,[ecx+edx*4+0x500] ;3arpyxxaem B EBX pesynabrar
;Beipaxkenust ECX + EDX*¥ + 0x500

lea ebx, [eax+teax®4-1] ; EBX = EAX*S - 1

lea ebx, [eax+eax*8] ; EBBX = EAX*9

lea ecx,[eax+ebx] ;Berumeisiem HCX = EAX + EBX

Onepauun cpaBHeHuUs

OueHp YacTO HAM HYXKHO ITPOBEPUTH KAKOK-TO pernucTp Ha Hammuue B Hem 0. Co-
BCeM He 00s3aTesIbHO MCIOoab30BaTh 11 3Toro CMP, MoxHo mncnonb3oBath OR
wm TEST. Takum 00pa3oM, BMECTO KOMaH]I

cmp eax,0 ;EAX paBen 0?

jz is_zero ;ma? IlepexommMm K is_zero

MOKHO HAaITMCaTh CJIeOyIoIIee:

or eax.eax ;oT70T OR yCTaHaBIMBaEeT TOT Xe
b
;onar (ZF) , ecnu pelzynbTaT paBeH O
jz is_zero ;oa? IlepexoluM K 1S_zero

Ecmu 06a onepanma komaHael OR nMeroT omHO 1 TO ke 3HAYeHUE, TIePBhIiA OIepaH
coxpansiercss. KpoMe Toro, KoMaHa u3MeHsIET PErMCTP IIPU3HAKOB: €CJIM Pe3y/IbTaT
omneparuu OR HyseBoii, To HymeBoi npusHak (ZF) Oymer yctaHosjieH B 1.

JIro0ass apudmMernyeckasi KoMaHIa yCTaHABIMBaeT (har HyJisI, IIO3TOMY COBCEM
He 00s13aTeIbHO ucIob3oBaTh CMP mirst mpoBepku Ha 0. MOXHO cpasy UCITONb-
30BaTh jZ:

dec eax
jz now_zero ;mepexon, eciaum FEAX mocime mekpemeHta paBeH 0

HMHorna HyXXHO y3HaTh, CONCPXUT JIM PETUCTP OTpULIATeIbHOE Yuciio. st aToro
MOXHO HCITOJIb30BaTh KomMaHay TEST, kotopast Beramcisier torudeckoe M, HO
HE COXpaHsIeT pe3yJIbTaT, a TOJIbKO yCTaHABIMBaeT (pylard perucrpa MpU3HAKOB.
®rar 3Haka SF Oyner ycraHOBJIeH B 1, eClid pe3y/ibTaT OTPULIATENIbHBINA, TO €CTh
€C/IA CTapILIMii OMT pe3ynbraTa paBeH 1. 3HauuT, MBI MOXeM BbITOMHUTE TEST ¢
JIByMsI OMMHAKOBBIMHU OIIEpaHIaMU: SCJIM YMCJIO OTpHlIaTesibHOe, To ¢iar SF Oymer
ycraHoBlIeH (Jiormaeckoe WM mis mByx otpunatenbHbIx uncen gact 1 (1 AND 1 = 1)
B cTapiieM oure, To ectb SF=1):
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test eax,eax ;BoI3biBaeM TEST 1 OByX OOMHAKOBBIX
;OIlEpaHI0B
js is_negative ;mepexonumM, ecau SF=1
PasHoe

OOGBIYHO BMECTO HECKOJBKUX MPOCTHIX KOMAH[ MPOIIE UCITOIb30BaTh OIHY CIIOX-
Hyto (Harpumep, LOOP win KoMaHAbl 111 MAHUITYJISIUUI co cTpoKamu). OueHb
YacTO TaKOM MOMXOM W MTPaBWIIbHEE: CIOXHBIE KOMAaH/Ibl ONTUMU3UPOBAHBI U MOTYT
BBITIOJIHUTD Ty XK€ camylo (DYyHKIIMIO ObICTpee, YeM MHOXKECTBO MPOCTHIX KOMaH/I.

Pazmep vcnonHsieMoro (aiiia MOXeT ObITb YMEHBIIIEH, €CJIM ONTUMU3UPOBATh Mepe-
xonpl. 1o yMOMT4aHUIO MCIIOJIB3YeTCsl «CPeIHMI Iar» — near, HO eCc/IM Bce Len
Haxo#sTcs B mpeaesax 128 6aiiToB, UCHONB3yiTe KOPOTKUIA TUTT Tiepexona (short).
DTO MO3BOJIUT COKOHOMUTh OJVH-TPU OaiiTa Ha KaXIOM MEPEXOJe.
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e3Hble pparmeH
onoa

POCTbIe MPUMEPbI

pPeodpasoBaHNE YnCa B CTPOKY

peobpa3oBaHMe CTPOKM B YACTIO

Accembnep Ha npumepax.
BasoBbin kKypcC



B 57011 Im1aBe MBI TIpeACTaBUM HECKOJIBKO MOAIIPOrpaMM, KOTOPBIE MOKHO MCIIOJb-
30BaTh B OOJIBIIMHCTBE BAIMX acCeMOJICpHBIX ITporpaMM. MbI OyneM paccMaTpuBaTh
TOJIBKO CHCTEMHO-HE3aBUCUMBIN KO, OOMHAKOBO ITPUTOMHBIN IJIs JII0OOI oIepa-
OUOHHOM cucTeMbl. [IporpaMMEBl, MCIIONB3YIOIINE OCOOCHHOCTHA OIEPALIMOHHBIX
cucTeM, OymyT pPacCMOTPEHBI B CJCOYIOLINX IJIaBax.

7.1. lMpocTtbie npumepsbl

HauneM ¢ HeCKOMbKMX TIPOCTHIX TIPUMEPOB, KOTOPbIE MOMOTYT YMEHBIIIUTD «ITPO-
MacTb» MEXMY SI3bIKOM BBICOKOTO YPOBHSI M acceMOJiepoM.

CnoxeHue ABYX NepeMeHHbIX

3amava: CJIOXKUTH ABa 32-pa3psiTHBbIX YMCIA, COACPXKAIMMXCS B MEPEeMEHHBIX NUm-
berl m number2, a pe3yabTaT COXpaHUTh B IIEPEMEHHON result.

CHavajila Hy>KHO BBIOpaTh PErMCTpbl, Kyda OymyT 3arpy>KeHbl Hy>KHbIE 3HAYCHMSI.
3aTeM HYy:KHO CJIOXWTh 3TU PETUCTPbI, a Pe3y/IbTaT 3alucaTh B IIEPEMEHHYIO ¢ -
sult:

mov eax, [numberl] ;KBagpaTHBIE CKOOKM O3HAYalOT AOCTYNI K IaMSITH
mov ebx, [number2] ;EBX = number2

add eax, ebx ;EAX = EFAX + EBX

mov [result],eax ;coxpaHSieM pe3yabTaT B IepeMeHHON result

numberl dd 8 ; oIIpenessieM repeMeHHyn numberl u
; MHULIMAIU3UPYy eM 8

number2 dd 2 ; TIepeMeHHyI0 number 2 MHULMATIU3VPY €M
; BHa4YEeHMEM 2

result dd 0 ; OTIpeerisieM IIepeMeHHyo result

Mpbl MoOXeM TepenucaTh Mporpammy, UCTIONb3ysl «Ha ToaxBare» peructp EAX:

mov eax, [numberl] ;EAX = "numberl"
add eax, [number2] ;EAX = EAX + number?2
mov [result],eax ;coxpaHseM pe3yJbTaT B IIepeMeHHOV result
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[maga 7. MNonesHble pparMeHTbl Koaa

CnoxeHue ABYX 3JIeMeHTOB MaccuBa

3amaya: ciaoxuTh nBa 32-OutHeIX yumcia. Peructp EDI comepxut ykaszarenb Ha
MepBOe C/IaraeMoe, BTOPOE CIaraeMoe pacIioIoXeHO HEIOCPEACTBEHHO 3a IEPBbIM.
Pesyinbrar 3anucats B EDX.

dakTryecK Mbl IMEEM MACCUB M3 IBYX 32-OMTHBIX YMCEJI, aApec KOTOPOro 3ajaH
ykazareneMm B peructpe EDI. Kaxknerit anemeHT MaccuBa 3aHMMaeT 4 Oaiita, cie-
JIOBaTeIbHO, BTOPOI 3JEMEHT PacIONIOXEH IO aapecy, Ha 4 OaiiTa OOJbIIEMY.

mov edx,[edi] ;3arpyxaeM B EDX mepBblii 3JeMEHT MaccuBa
add edx,[edi+4; ;CKJIagbIBaeM €T0 CO BTOpPBIM, pe3yiabTaT — B EDX

JomomHyM 1iporpamMmy 3arpyskoi peructpa EDI:

mov edi,numbers /3arpyxaem B EDI ampec maccuBa numbers
;KaKue-TO KOMaHJbl

mov edx,[edi] ;3arpyxaemM B EDX mepBBIff 3JIeMEHT MaccCHBa

add edx,[edi+4] ;TIpuOaBIsieM BTOPOW DIEMEHT

numbers dd 1 /MaCcCyB number s MHULIMAIU3UPY eTCS

;3HavYeHUsIMM 1 ¥ 2, IIODTOMY pe3yJlbTaT
;B EDX OymeT paBeH 3

;Y BTOPOTO BJIEMEeHTa MacCHuBa HeT 0CcoboTo
; VIMEHU

dd 2
B cnenyroniem myHKTE MBI pacckaxeMm, Kak paboTaTh ¢ MacCMBaMU B IIUKIIE.

CymmMmupyem anemMeHTbl MaccuBa

3agaya: BBIYMCIUTBH CyMMYy MaccuBa 8-paspsiiHbIx uuces, ecau B ESI sarpyxen
azmpec MepBoro dJeMeHTa MaccuBa. MaccyB 3aKaHUMBAETCSI HYJIEBbIM GaiiTOM.

Cymma 8-pa3psiIHBIX YMCET MOXET OKa3aThCsl YMCIOM OOJIbIIEH pa3psiTHOCTH, TIO-
3TOMY Ha BCSAKMI CIIyJail OTBEIEM IUISI XpaHEHUs pe3yabTraTta 32-OMTHBIA pEerucTp.

DreMeHThl MaccuBa OyIyT CyMMUPOBaThCs JIO TeX IOp, TOKa He OyleT BCTpeuyeH
HYJICBOI1 OaliT.

mov esi,array ;3arpyxaeM B EST Hadasio MacCcuBa

mov ebx, 0 ;EBX = O

mov eax, ebx ;EAX = O

again:

mov al, [esi] ;3arpyxaeM B AL 3JeMeHT MacCcuBa

inc esi ;TIepeMenaeM yKazaTellb Ha Clel. DJIEMEeHT
add ebx, eax ;EBX = EBX + EAX

cmp al,0 ;AL paBeH HYJI0?

Jjnz again ;TIepexonuM K again, ecnu AL He O

array db 1,2,3,4 5,6,7,8,0 ;vHULIMAIU3UPLYEM MaCCUB .
;CymMa (EBX) moixkHa OHTH paBHA 3 6
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3arpyanTe
anameHT

v

Yeenuuuts
yKasartens

Y
NobGasnTe K
peaynLTary

EcTb eule
3NeMEHTD]

Puc. 7. 1. bnok-cxema anroputma CyMMUpOBaHns MaccuBa

YeT n HeueT
3amava: onpeaejanTb, YETHOE WM HEUYETHOE 3HAUYeHHUE COIepXKUT peructp AX.

YeTHOE YMCIIO OTJIMYAETCsl OT HEYETHOTO TeM, UYTO ero MJIAAIINIA OUT paBeH HYJIIO.
Hcnonbzyst SHR, mbl MmoxxeMm caBuHyTh 3TOoT OuT B CF, a 3aTeM mpoBepUTb 3TOT
OUT, BBITIOJIHUB YCJIIOBHBIN MEPEexXo/I.

push ax ;COXpaHsieM HcXoaHoe 3HayeHue AX B CTeKe
shr ax,1 ;nmepeMmeinaem miaagmuitn out AX B CF

pop ax ;BOCCTaHaBJMUBAaeM OpPUTUHAJbHOE 3Ha4YeHUe
jc odd ;ecau CF = 1, mepexomum k odd

even: ;AeCTBUS, eciau 4ucio B B AX - 4eTHoOe
odd: ; JNEeUWCTBUS, €cJu 4yucio B B AX — HeudyeTHOe

Kak 00bIYHO, MBI MOXEM IepenucaTrb 3TOT (PparMeHT Koda MpoIle:

test al,l sMIAOIIUKi OUT MackKu coaepxXuT 1, BbeizbiBaeM TEST

jz even ;ZF (daar Hynsd) ycTaHOBJEH,eCJAM pe3yJbTaT test
;paBeH 0, o ecTpb muaammuili 6UuT = 0, TO €CTh YUCIO
;4EeTHOE

odd:

even: ; OedcTBuUs, ecau AX — 4YeTHOe

OOpaTuTe BHHMaHHE, YTO MbI TECTUPOBaIMU TOJbKO AL, a He Bech peructp AX.
Crapiue outbl AX 11l IPOBEPKU YETHOCTU COBEPIIEHHO HE HYXKHBI.
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Mnasa 7. MonesHble hparMeHThl KOAa

MNepecTaHoBka OUTOB B 4UMcne

3agaya: peBepcHpyeM IIOPSIOK OMTOB YMCIIa, COXpaHeHHOro B AL, To ecThb Tepe-
CTaBUM MJIAIIIMK OMT Ha MECTO CTaplllero, BTOPOW CIpaBa — Ha MECTO BTOPOTO
cineBa u T.4. [lonydgeHHBI pe3ynsraT coxpaHuMm B AH.

Hanpumep, Hame yncio paBHo 0x15, To ects 00010101b. ITocne peBepcupoBaHmsS
MBI TTOJYYUM €TO «3epkajibHoe oTobpaxeHwue»: 10101000b, To ecth 0xAS.

Kak 00bIYHO, MOCTaBICHHYIO 3a1auyy MOXHO PElIUTh HECKOJBLKUMU CITOCOGaMMU.
MoOXKHO «IIpOTHCEH> MO BceM omTtaM AL Tak, KaK MoKa3aHo B Imaparpade 0 OMTOBBIX
MaccuBax, MpoBepsis 3HaYCHUE OTAEIbHBIX OUTOB U yCTaHABJIMBAsl B COOTBETCTBUN
C HMM 3Ha4YeHUs OTACIbHBIX 0MTOB AH, HO 3TO He /ydliliee pelIeHue.

OnTuMalibHBIM B HallleM ciiydae OyneT MCINOJb30BaHWe WHCTPYKLIMIA CIBUTA U PO-
taunu. Hampumep, ncnons3yst SHR (kak B mpeabiayiieM mpuMepe), Mbl MOXEM
«BHITOIKHYTh>» onmuH out B CF (dnar nepeHoca) u, ucroiasdys RCL, nepemectursb
9TOT OMT B Miladmmii out onepanma. [loBropuB 3T0 AciicTBue 8§ pa3, MbI PellIUM
IMOCTABJICHHYIO 3a/1ayvy.

mov cXx,8 ;Ham cyeTynk CX = 8§

theloop:

shr al,l ;caBuraeM AL Ha | OMT BHpaBO, MIamIMii OUT —
;B CF

rcl ah,l /coBuraem AH Ha 1 Our BiaeBO, 3aMeHsAEeM
;minagmuii 6ut Ha CF

loop theloop ;TMoBTOpsAeM 8 pas

MpoBepka 0eNnMMOCTH YMcna Haueno

3ajgaya: ompenesiuTh, 3aKaHYMBACTCS JIM JACCITUYHAS 3alUCh 4Mcia HUdpoi
HYJIb.

IMpocToro cpaBHEeHMsI OGUTOB 371ECh HEAOCTATOYHO, MbI JJOJKHBI Pa3ne/IuTh YUCIO Ha
10 (OxA). Onepaius LEeJTOYMCICHHOTO IeJIeHUs TIoMeIaeT B peructp AL gacTHoe,
a B peructp AH — ocrarok. Ham ocTaHeTcsl TOJIBKO CPaBHUTb OCTAaTOK C HYJIEM:
€CJIM YMCJIO JCJUTCS Halleslo, TO TiepeAaanuM yrpaBieHre Ha MeTKy YES.

711 ompeneIeHHOCTHA CYMTaeM, YTO Hallle YMCJI0 HaXOOUTCS B perucrpe AX:

mov bI,0xA ;BL = 10 - menurennb

div bl ;denuM AX Ha BL

cmp ah,0 ;octatok = 07

jz yes ;ecnu ma, mepeiitm Kk YES
no: ;€CJIM HET, MPOIOIXKUTH

yes:
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7.2. Mpeobpa3oBaHue Ynucna B CTPOKY

Y1oOBI BRIBECTH YMCJIO HAa 9KpaH, HY:KHO IIPeoOpa3oBaTh €ro B CTPOKY. B BbICOKO-
YPOBHEBBIX $SI3bIKAX MTPOTPAMMUPOBAHUS 3TO ACUCTBUE NABHO CTAJIO TPUBUATHHBIM:
711 TIpeoOpa30BaHUsl YMCIA B CTPOKY JOCTATOYHO BBI3BATh BCETO ONHY (DYHKIIUIO.
A BOT Ha s13bIKe accembJiepa 3Ty TOANPOrpaMMy ellle Hy>KHO HarucaTb, YeM Mbl 1
3aiiMeMcs B 3TOM Itaparpade.

Kaxk 6b1 MbI pemanu oty 3agady Ha C? Henunu 6w B imkiie Ha 10 u 3anuchiBammu
OCTaTKu, TIpeodpa3ysi uX B CUMBOJIBI 1udp qobdasneHremM Kona nudpst 0 (cM. Ta-
omuiry konoB ASCII, puc. 1.2). [luki moBTopsiicst ObI 70 TEX MOP, TTOKA YaCTHOE HE
crajo OBl HyleM. BoT COOTBEeTCTBYIOIINIT KO

#include <unistd.h>

voidmain (void) {

unsigned int number;

char remainder;

number=12345 678;

while (number 1= 0)

{

remainder = (number % 10)+'0"';

/* remainder = number mod 10 + char('0') */
number /=10; /* number = number div 10*/
printf ("%c",remainder) ;

}

}

Ywueno
pasvo 0
?

e

Aenum
Ha 10

T

4

3anvcek
( Koneu ) ocTatka

Puc. 7.2. bnok-cxema anroputma npeobpa3oBaHus Y1Caa B CTPOKY
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maga 7. MoneaHble pparmMeHTsl Koaa

INpaBna, mporpaMmMa BbIBEIET HEMHOTO HE TO, UTO MbI OKMIAJIM: Hallle YMCIIO PABHO
12345678, HO Ha 3KpaHe MBI yBUaAUM 87654321, — 3TO MOTOMY YTO MPU ACJICHUU MbI
oJTyJdaeM CHaJajia Milaaiive udpsbl, a motom crapiive. Kak terepb nepeBepHyTh
TTOJTYJYEHHYIO TTOCJIeIOBATEIbBHOCTh CUMBOJIOB? [1py mporpaMMupoBaHUM Ha SI3bIKE
accemOsiepa HaM JIOCTYIEH CTeK, Kyla MOXKHO COXpaHSATb HAIllM OCTaTKH, a 3aTeM,
BBITOJIKHYB MX U3 CT€Ka, MOJYYUTh MPABUILHYIO TTOC/ICIOBATEIbHOCTD.

M1 opopMuM (PYHKIIMIO ITpeoOpa30BaHMs YKCIa B CTPOKY B BUIIE ITOAIIPOTPAMMEL,
KOTOPYIO Bbl MOXETE MCTOJIb30BaTh B JIIOOOW CBOEU MpOrpaMMe Ha SI3bIKE acceM-
onepa. IlepBast mpobsiemMa, KOTOPYIO MPEACTOUT PEIINTh — Tepeaada mapaMeTposB.
Mpb1 3HaeM, 4YTO B BBICOKOYPOBHEBBIX SI3bIKAX MPOTPAMMUPOBAHUS TTapaMeTPhl
nepenaioTcs yepes ctekK. OmHaKo MBI OyIeM MCITOIb30BaTh 00jiee OBICTPHI CIIOCO0
rnepenayy mapaMeTpoB — UY€pe3 PEerucTphl Mpoieccopa.

B pernctp EAX MBI 3aHeceM 4MCIIO, a TTOC/Ie BBITTOTHEHMS TTOAIIPOrPaMMbI PETUCTP
EDI oymer comepxath agpec ImamMsaTy (WIM yKa3aTelb), 10 KOTOPOMY COXpaHEH
MepBbIi 0aiT Halel cTpoku. CaMma CTpoKa OylIeT 3aKaHIMBAThHCS HYJIEBEIM OaliTOM
(xkak B C).

Hamra mommporpamMmMa convert COCTOMT M3 OBYX LIMKIOB. IlepBBINM UK COOT-
BETCTBYeT LMKy While M3 mpemplaylero JMCTUHTa — BHYTPM HETO MBI Oymem
TOMeIATh OCTATKU B CTEK, TTOMYTHO MpeoOpa3yst MX B CUMBOJIBI LIU(P, TTOKA YaCTHOE
He CpaBHsIeTCs ¢ HyJleM. BTopoii 1uki usBjiekaeT udpbl U3 CTeKa 1 3aIChiBacT
B YKa3aHHYIO CTPOKY.

Hamma noamporpamMmma convert MOXeT BBIIISIIETh TaK, KaK MOKa3aHO B JIMCTUHTE 7.1.

Jlucturr 7. 1. Mporpamma npeoOpa3oBaHUs Yucna B CTPOKY
(npepBapuTenbHbIA BAPUAHT)

convert:

mov ecx, 0 ;ECX = O

mov ebx, 10 ;EBX = 010

.dividei

mov edx, 0 ;EDX = 0

div ebx ;oemvmM EAX Ha EBX, yacTHOe B EAX,
;ocTaToOK B EDX

addedx, ' 0" ; mobaBisieM ASCII-kon mmdpsl 0 K OCTATKY

push edx ; COXpaHsIeM B CTeKe

inc ecx ;YBeNIMYMBaEM CUHeTUYMK LIUOp B CTEKe

cmp eax, 0 ; 3aKOHIYWIM? (d4acTHOe paBHO 07?)

jnz .divide ;ecru HeT, mepexomMm kK .divide
;VHade 41CIIo YXe Ipeobpas3oBaHo, LIUPPH
; COXpaHeHH B cTeke, ECX comepkmuT mUx
; KOIMYECTBO

.reverse:

pop eax ; BHTaJIKMBaeM 1IUdpy U3 CTeKa
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mov [edi] al ;TIOMEellaeM ee B CTPOKY
add edi,1 ;TIepeMelaeM yKazaTelb Ha CJIeIyONui CUMBOJ
dec ecx ;YMEeHBIIaeM CYeTUMK MO, OCTaBIMXCS
;B CTeKe
cmp ecx, 0

;IOPE KOHYUIIUCE ?
;HeT? ObpabaTeEBaeM CIeOyIolyio
;da? Bozepamaemcs

jnz . reverse
ret

By mporpaMMmy s HaMEpeHHO Hammcall ¢ HemocTaTkamu. IlompoOyeM ee onTumm-
3UpOBaTh, PYKOBOJCTBYSICH TIPEIBIAYIICH TJIaBOA.

Haunem ¢ 3amenbl komaHael MOV ecx, 0 Ha Gosnee OwicTpyito — XOR  ecx, ecx.
Hanee, Bmecto 3arpy3ku B EBX 10 MBI MoxeM COpPOCHUTH 3TOT PerucTp (3aImcarb
B Hero (), a morom 3arpy3uTth 10 B BL: Tak MBI M30aBUMCSI OT HCIIOJIb30BaHUS
«JTMHHOTO» HEITOCPEJCTBEHHOTO OIepaH/a.

IIpoBepka EAX na 0 Moxer ObITh 3aMeHeHa wHCTpyKmueir OR  eax,eax (wm
TEST eax,eax). A mBe KOMaHOBI 3allMCH 0OaiiTa B CTPOKY MOXHO 3aMCHUTH
OJIHOM: BMECTO

mov [edi],al
add edi,l

HaIruIieM:

stosb
Dra KOMaHJa JejlaeT TO Xe caMoe, HO 3aHMMAaeT BCEro ONWH Oaiir.

IMocnemuuit UK Hamled (GyHKIIMKA MOXHO TIepenucaTh ¢ UCTIONb30BAHUEM KOMAHIbI
LOOP. B urore ¢pyHKums Oymer BHIISIACTh TaK, KaK ITOKAa3aHO B JIUCTUHTE 7.2.

Jluctunr 7,2. Mporpamma npeo0pa3oBaHus YUCa B CTPOKY
(NPOMEXXYTOU4HbI BAPUAHT)

convert:

XOT' ecx,ecx ;ECX = O

xor ebx,ebx ;EBX = O

mov B, 10 ;Terreps EBX = 010

.divide:

xor edx,edx ;EDX = 0

div ebx ;oemm EAX Ha EBX, 4YacTHOe B EAX,
;ocTaToKk B EDX

add dl1,'0" ; mobaBisieM ASCII-kon mmudpsl 0 K OCTATKY

push edx ; COXpaHseM B CTeKe

inc ecx ;YBEIMYMBaEM CcYeTyuk LMdp B CTeke

or eax,eax ; 3aKOHUYMIIM? (YacTtHoe paBHO 07)

jnz .divide ;ecrm He 0, mepexomyM K .divide. MuHade 4mcio

; Ve IIpeobpasoBaHO, LIMOPE COXPaHeHH B CTeKe,
;ECX comepxmUT MX KOJNIMYeCTBO

104



maga 7. MNonesHble pparMeHTbl Koaa

reverse:
pop eax ; BBITaIKMBaeM 1MGpy U3 cTeka
stosb ;3anuceiBaeM AL mo agpecy, comepXamemycs B

;EDI, yBenmuuBaem EDI Ha 1
loop .reverse ;ECX=ECX-1, mepexomum, ecnum ECX He paBHO O
ret ;Jda? BosBpamaemcs
MpuI cierka yaydimaig IIporpaMmy, HO OHa Bce ellle paboraeT HerpaBuiibHO. He-
0OXOMMMEIIT HyJIeBOM OaliT HE 3aIIMCBHIBACTCSI B KOHEI CTPOKHM, IO3TOMY HYKHO
JI00aBUTH TOTIOJIHUTEbHYIO MHCTPYKIIUIO:

MOV byte [edi],0
Ee nyxHO BcTaButh Mexkmy LOOP u RET.

OOparnTe BHMMaHUE Ha CIOBO byte — OHO OYeHb BaXXKHO, ITOCKOJIBKY COOOIIIAcT
KOMITIJISITOPY O TOM, KaKOTO pa3Mepa Hy/lb HyxKHO 3armcath 1o anpecy EDI. Ca-
MOCTOSITEJIEHO OH OIPENEeIUTh 3TOro He MoxeT. CTpOKy 3aBepliiaeT HyJIeBoi Oailr,
ITO3TOMY HyJIb pa3MepOM B GailT Mbl U 3aIlHIIEM.

Hama mporpamMMa yHUYTOXaeT MCXOMHOE COAEPKMMOE HEKOTOPBIX PETMCTPOB
(EAX, EBX, ECX, EDX u EDI). YTo0BI UX COXpaHUTb, IIepea N3MEHEHHUEM 3TUX
pPEruCTPOB HYXKHO TOMECTUTh MX 3HAUCHUSI B CTEK, a 3aTeM M3BJeYb MX OTTyIa B
MPaBUJILHOM TTOPSIIKE.

BbI3biBaTh Hallly TTOAMPOrpaMMy HYXXKHO Tak:

mov eax,0x12345678 ;3arpy3uth B FAX uwmciao, moajexariee
;TIpe00pa3oBaAHMIO

mov edi,buff ;3arpy3uth B EDI agpec Oydepa mns
;3aMUCKH  CTPOKHU

call convert ;BBI3OB IOJIIIPOrPaAaMMBEI

Yucno, KoTopoe Mbl XOTUM TpeoOpa3oBaTh, Mepel BHI30BOM IMOANPOTrPaMMBI 3a-
rpyxaem B peructp EAX. Bropoii mapameTp — 3TO yKa3aTeb Ha aapec B IaMITH,
Kyza OyZeT 3aImmcaHa Hallla CTpOKa. YKaszaTellb JODKeH ObITh 3arpykeH B EDI mm
DI (B 3aBucumocTu ot pexuma mnpoieccopa). Komanna CALL Bbi3biBaeT Haiiry
roanporpaMMy. B pesynbrate ee BBITOJTHEHUsI CO3AaHHAsA CTpOKa OyneT 3armucaHa
10 YKa3aHHOMY ajipecy.

Hama ¢yskumsa convert mpeoOpa3yeT YMCIO TOJBKO B JECATUYHOE IIPEICTaBIIe-
Hue. Ceifyac MBI UIBMEHUM €€ TaK, YTOOBI MOJTyYaTh YMC/IO B IIECTHAAIATEPUIHOMN
3aIIUCU.

Mpebr nonydaem aecsitmuHbie 1uGpbl, npubasiss K octatkam ASCII-xon mugpst
HyJIb. TO BO3MOXKHO, TIOTOMY 4TO CUMBOJIBI HU(PP B ASCII-Tabmmiiie pacIonoKeHbl
nocienoBareabHo (puc. 1.2). Ho eciu Hamm ocTaTKy ITOIYy4YaloTCs OT ACICHMS Ha
16, To HaMm noHagoo6sTes uudpsl A — F, pacnonoxennsie B ASCII-tabiuiie Toxe
MOCJIeA0BaTeIbHO, HO He Bejen 3a uudpoit 9. PelieHue npocToe: eciau octaTok
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Oosbiiie 9, To MBI OyieM MpUOABIATH K HEMY APYTyI0 KOHCTaHTy. BmecTto moGas-
neHust K octatky ASCII-xoma Hyss OymeM BBI3BIBATH €IIE OMHY ITOAMPOrPaMMYy,
HexDigit:

HexDigit: ;B DL oxupmaercss 4ucio 0-15,
;HYXXHO COTOCTaBUTh €My IIECTHAALATEPUUYHYIO
sundpy

cmp dl1,10 ;cpaBHuBaem DL ¢ 10

jb .less ;IePeXOarMM, €CJIM MEHBIIe

add d1,'A" -10 ;10 mpespamaercs B 'A', 11 B 'B' u T.x.

ret ;KOHELl MOAIIPOrpaMMbl

.less:

or dI,'0’ ;MOXHO TPUOABIATH U TaK

ret ;KOHELl MOAIIPOrpaMMbl

Momuduimpys IoamnporpaMmy convert, He 3a0yabTe 3aMeHMTH menureiab 10 Ha
0x10, To ecTn 16.

A Teniepb 000OIIMM HAIIly TTOAIPOrpaMMYy TaK, YTOOBI OHA ITpe0Opa30BhIBaJIa YMCIIO
B CTPOKY B JIIOOOI cucteMe cuucieHus. [locie Toro, Kak Mbl Hammcajiyd YHUBEp-
CaJIbHYyI0 TIOANPOrpaMMy TMpeBpalieHrst octaTka B N-MUHyI0 1Udpy, JOCTATOYHO
OyaeT MpoCTo TepeaaBaTh OCHOBAHUE CUCTEMbI CUMCIICHUS KaK ellle OIMH MapameTp.
Bce, 4TO HYXHO caenarb, — 3TO YIAJIUTh CTPOKM KOIA, 3arpyxKalolue IeUTesb
B peructp EBX. Kpome Toro, mist coxpaHeHUsI 3HAUCHUI PETUCTPOB OOIIETO Ha-
3HayeHusg Mbl fooasuM KomaHael PUSHAD u POPAD.

OKOHYATEIFHYIO BEPCHIO TTOAIIPOTrPaMMEI, IPUBEACHHYIO B JIUCTUHTE 7.3, MBI OylneM
WCTIOJIb30BaTh B JAPYIUX MPUMEpax:

Jluctuir 7.3. Mporpamma npeoGpa3oBaHns Yucna B CTPOKY
(OKOHuYaTesnbHbIV BapyaHT)

NumToASCII

eax = 32-OMTHOE YMCIIO
ebx = OCHOBaHME CHUCTEMH CUMCIIeHVST
edi = ykaszsaTesb Ha CTPOKY-pPe3yJIbLTaT
Bozepamaer:
3arIoJTHEeHHE Oy dep

NumToASCIT:

pushad COXpaHsieM BCe PEermCTPH O0mero Ha3zHadYeHUs
B CTeke

xor esi,esi EST = 0: »T0 cueTuyuk LMdp B CTEKe

convert_loop:
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xor edx,edx
div ebx

call HexDigit
push edx

inc esi

test eax,eax

jnz convert_loop
eld

write_loop:
pop eax

stosb

dec esi

test esi,esi
jnz write_loop

naga 7. MNonesHble pparMeHTbl Koga

;EDX = O
;oenyM EAX Ha EBX
;ocTaTok B EDX

JacTHOe B EAX,

;IpeobpasyeM B ASCII

,—coxpaHdgeM EDX B cTeke
;yBenndYMBaeM CcYeTdMK LIudp B CTeke
(EAX = 0)

;ecnu uHe O,

;BCE?
IponoJjixaeM
;cbpaceBaeM dnar HamnpaBieHMs DF:
;3alluChb BIIepern

; BEITalkMBaeM 1udpy U3 CTeka

;3amnmMceBaeM mx B Oydep mo anpecy ES: (E)DI
;YMeHbllaeM CYeTYMK OCTAaBUMXCS Lndp

(EST = 0)

;ecnn He O,

;BCE?
mepexonuMm K clenyomen nmuope

mov byte [edi],0 ; 3aKaH4YMBaeM CTPOKY HYJIEBEM 6amToMm

popad ; BOCCTaHaBJIMBaeM MCXOIOHEE 3Ha4YeHUS
; PETUCTPOB

ret ;Bce ! 1!

7.3. MpeoGpa3oBaHne CTPOKMU B YNCJIIO

Yacto OBIBAE€T HYy>KHO MPOYUTATh YMCJIO, TO €CTh U3BJIEYb €r0 U3 CTPOKU. BbICO-
KOYPOBHEBBIE SI3bIKM MPOTPAMMUPOBAHUS MPETOCTABISIIOT Psiji OMOIMOTEUHBIX
GyHKuMiA 115 Mpeodpa3oBaHus cTpoku B yucio (readln, scanf), a Mbl HamuieM
MPOCTEHBKYIO (DYHKIIUIO TAKOTO Ha3HAYEHUSI CAMOCTOSITENIBHO.

s mpeobpa3oBaHUsI OAHOTO CMMBOJIA B UKMCJIO Mbl HaMUUIIEM MOANPOTrpaMMy
convert_char, koropasi npeobpasyer uudpsl '0'-'9" B yucna 0-9, a cUMBOJIBI
'A'-"F'n'a'-T B uncna 10—15 (OxA-OxF). EquHCTBeHHBIM BXOIHBIM, OH K€ BBIXOM-
HOM, MapamMeTpoM Oyzner peructp AL, B KOTOpPbIiA Mepea BbI30BOM MOANPOrpaMMbl
HyXHO Oyrnet 3arpy3uTh ofvH ASCII-cumBon. B pesynbrate paboThl HOANPOrpaMMBbI
B 3TOM X€ PErMCTpe OKaXeTCsl YMCIOBOE 3HaUCHMUE.

HaBaiiTe pacCMOTpPHMM 3Ty TOAIIPOTPaMMYy.

convert_char:

sub al,'0’ ; BHUMTaeM mu3 cuMBoJia ASCII-KOmO HYIJIS

emp al, 10 ;ecnu pazHOCTh MenHbme 10, To Ovlla
;oecaTudHas uudpa — O6O0Nblle HUYETO He HYKXKHO
;menaTb

jb done ;KomMmanma JB — mepexon, ecnu MeHble
;uHade — OwlJla OyKBa

add al,'0" ;AL = mcxonHas OykKBa

and al,0x5f .-IIPUBOOVM €e K BepXHeMy perucTpy
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sub al,'A'-10 ;ImojyyaeM aumamna3oH oT 10

and al,0x0f ;BepHYTh HyXHO 3HaueHue 0-15. Ecam
;0ykBa Ooabme F, TO
;ounmaeM 4 crapmux oumta AL

done:

ret ;BO3BpalniaeMcs

Haira mporpamMMa moka He TpeAycMaTpUBacT HUKAKOM MPOBEPKU KOPPEKTHOCTH
BXOMHBIX JaHHBIX: MBI IIPOCTO TPeAIiojaracM, 4ro OaiiT Ha BXOAE IPEACTABISIET
JIECATUYHYIO IMGpPy MO0 JaTUHCKYI0 OYKBY B BEpPXHEM WJIM HWKHEM DETHCTpE.
[NoHSITHO, YTO MPOTHUB HEKOPPEKTHOTO BBI30Ba OHA Oe33allMTHA.

CHauana Mbl BbluntaeM u3 ucxogHoro cumBosia ASCII-kon uudpsl Hyas. Ecimn
pe3yJibTaT nonagaeT B auamna3oH 0-9, To HyXHOE YHCIIO YXe TOJy4eHO: Tepe-
XOIUM K MeTKe done; ecaM HeT, TO cuMTaeM CUMBOJ OykBoii. Biaromapsi xopoiiio
nponymanHoi tadmuie ASCII (puc. 1.2) Koa cTpodHOi OyKBbI OTJIMYAETCST OT KOaa
COOTBETCTBYIOILIEH €i1 3ar71aBHOM TOJILKO €IMHULICH B MATOM OUTE (CUMTasl C HYJIEBO-
ro), MO3TOMY IIJIsl TiepeBojia OYKBbI B BEpXHUIA PEruCTp JOCTATOYHO COPOCUTH 3TOT
our (macka 0x5F). Crenyronuii mmar — BbIMUTAHUEM CABUHYTh 3HAYEHUE B IPYTOi
nyarna3oH, monyduB u3 'A' — OxA, u3 'B' — OxB u T.0. W, HakoHell, IOCeIHSIS
onepaiusi AND orpaHuuuBaeT Auana3oH BO3BpalllaeMbIX 3HAUYEHWI MJIAALIMMU
yeTbipbMs OuTamu — uyrciaamu ot 0x00 no OxOF.

Temepn moaymaeM, Kak peaan3oBaTh (YHKIIWIO TS TIPeoOpa3oBaHUs YHCEN CO
3HaKOM. JIOBOJIbHO HempocTast 3aJada, HO MBI €e YIPOCTUM. JloroBopuMcsI, 4To
3aIMKMCh OTPULIATENTbHBIX YMCEN, ¥ TOJIBKO MX, OymeT HaYMHATBCS ¢ MUHYCA, ¥ TOJIBKO
omHoro. To ecTh eclii B Hayajie CTPOKM CTOUT CIMBOJI «MUHYC», TO, 3HAYUT, MEPe
HaMU OTPULIATEIbHOE YUCITO.

ITpeobpazoBaHue OTPUIIATEILHOTO YMCIIA BBITTOJHSIETCS TOYHO TaK Xe, KaK U To-
JIOXKUTETBHOTO, TOJTBKO B CAMOM KOHIIE HOAITPOrpaMMbl Mbl BHITIOJTHUM OIEpaIIo
NEG (oTpuuanue).

3aiiMeMcsT pa3pabOTKOI CaMOro alropuTMa rpeobdpa3oBaHus. B mepBoii I1aBe Mbl
obcyXImanm TpeAcTaBlieHre JTI000ro 4ncia B BUJE:

a=a*z"+a *2"' + .. +a* + a*’ (n— sr0 KOMMuecTBO 1M DP)
Hanpumep, necsatudHoe yucio 1234 MoxeT ObITh 3alMCaHO TaK:
1234 = 1*10° + 2*10° + 3*10' + 4*10°

AHanoruyHo, mecTHaauaTepuyHoe 3HadyeHue 0x524D MoxeT ObITh 3alMCaHO
KaK:

(524D),, = 5*16’ + 2*16° + 4*16' + 13*16° = 21 069

Ha mepBbIii B3mIsin KaxeTcss, 4To cama ¢dopMysia TOACKa3bIBacT ajlfTOPUTM: IIpe-
obpa3syeM Kaxkmyro LHdpy B YMCIO IO Mporpamme convert char, yMHOXaeM Ha
COOTBETCTBYIOIIYIO CTEIIeHh OCHOBAaHMSI, CKJIabIBAeM M TIOJydaeM B UTOTe HY:KHOE
gyucyo. Ho co Broporo B3risima CTAHOBUTCS BUIHO, YTO CTEIIEHN OCHOBAHUST MbI He
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Y3HacM, IoKa HE ITPOYTEM BCE L[I/I(bpbl 1 110 UX KOJMYECTBY HE OIIPEACIUM ITOPAIO0OK
qucia. HCYKIIIO)KI/IM PEIICHUEM ObUTO OBl CHayajla ITOACYUTATH LII/I(I)pr, a IIOTOM
HCpCfITPI K «O4YE€BMIHOMY» aJITOPUTMY, HO MbI ITOCTYIIUM U3AIIHEC.

310 Ke yucio 1234 MoxeT ObITb 3alIMCAHO TaK:
1234 = ((((1)*10 + 2)*10 + 3)*10) + 4

DTO 03HAYaeT, YTO MBI MOXEM YMHOXWTh TEPBYIO ClieBa IIM(ppPy Ha OCHOBaHWE,
MpubaBUTh BTOPYIO LGPy, CHOBA YMHOXUTh Ha OCHOBaHMe W T.A. Biaromapst
3TOMY TOCTEIICHHOMY YMHOXKEGHHMIO HaM He HYXHO 3apaHee 3HaTb IMOPSIOK Ipe-
00pa3yeMoro 4uca.

Huraem
ChaMmson

MNpeocGpaszoeats
umdpy B 4MCNO

v

CnoxuTb K
¥ YMHOXWTE e

Puc. 7.3. bnok-cxema anroputma rnpeobpas3oBaHus CTPOKU B HYACJIO

NEG

OxoHuaTeIbHasA BepcHsl MOANpPOrpaMMbl IIpeodpa3oBaHUsl CTPOKU B YMCJIO IIpU-
BeJeHa B jMcTuHre 7.4.
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JlucTtunr 7.4. Mporpamma npeoOpa3oBaHMii CTPOKU B YUCIIO

ASCIIToNum

; esl = ykazaTeynb Ha CTPOKY, 3aKaHYMBaLIYICS CUMBOJIOM C
; xomom 0x0

; eCX = OCHOBaHME CUCTEMB CYUCIIEHUS

; BozBpamaeT:

; eax = 4mucCIo

ASCITIToNum:

push esi ; COXpaHdgeM yKaz3aTellb B CTeKe

XOr eax,eax ;EAX = 0

xor ebx,ebx ;EBX = 0: HakOIUTE b IJIS 4MCia

cmp byte [esi] ; 9MCIJIO  OTPUIIaTEeIIBHOE?

jnz .next ;eCcIM HeT, He IIPOIIyCKaeM CJIeIIy Ol
; CUMBOJT

inc esi ; IPOITy CKaeM CHMBOJI ' —

.next:

lodsb ;unTaem 1mopy B AL

or al,al ; KOHEeIl CTPOKM?

jz .done

call convert_char ;TIpeobpazoBaTh B YMCIIO M COXPaHUTH
;ero B AL

imul ebx,ecx ; YMHOXUTE EBX Ha ECX, COXpPaHUTHL B EBX

add ebx,eax ; CJTIOXUTE

jmp short .next ;U TIOBTOPUTH

.done:

xchg ebx,eax ; TIOMECTUTE HaAKOIUIEHHOEe YMCIIO B EAX

pop esi ; BOCCTAQHOBUTE MCXOOHOEe 3HadeHme EST

cmp byte [esi],'-" ;pesyiIbTaT OOJIKEeH OBTE OTPHUIIATEeIILHEM?

jz .negate ;0a, BHIIOJIHUM OTPUIIAHME

ret ;HET, TIOJIOXMUTENBHEM — BCEe TOTOBO

.negate:

neg eax ; BRHIIIOJTHSIEM OTPUIIAHME

ret :Bcell!
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masa 8 OnepaunoHHasd

cuncrtemMma

—e—. OBOMOLMS OMEPaLMOHHBIX CUCTEM

PacnpeneneHye npoLeccopHoro
BpemeHu. [poLecenl

— 1 YnpasneHve namMsTLHio

{—— dannosble cucTeMbI

—— 3arpyska c1CcTeMbl

Accembnep Ha npumepax.
basoBbin kKypcC



OrmepalimoHHas CHCTeMa IMPeIoCTaBlIsgeT MHTepdeiic, TO eCTh CpelcTBa B3aUMO-
NEMCTBYSI, MEXIy MPUKJIATHBIMU IIpOrpaMMaMK M ammapaTHBIM O0ecIieYeHHeM
(o6opymoBaHreM) KomibioTepa. OHa YIIpaBisieT CUCTEMHBIMU PecypcaMU M pac-
MIpeaesisieT 3TU Pecypchl MEXIY OTACIBHBIMU IPOICCCAMMU.

8.1.39Bonounsa onepaynoHHbIX CUCTEM

HcTopust onepalloOHHBIX cucTeM Hadanach B 1950-x rogax. [lepBble KOMITbIOTEPHI
Tpe6GOBAIM TTOCTOSIHHOTO BHUMAaHUS OIlepaTopa: OH BPYYHYIO 3arpyskajl IIporpaM-
MBI, HaIlTMCaHHBIE Ha MepdoKapTax, U HaXXUMaJl BCeBO3MOKHbBIE KHOITKHM Ha TTyJIbTe
VIIpaBJIEHYsI, YIIPABJIAS BRIYMCIUTEIBHBIM TTpolieccoM. [1pocTon Takoro KOMITbIo-
Tepa OOXOMMINCH OYeHBb JOPOTO, TTO3TOMY IIEPBBIC ONEPAllMOHHBIC CUCTEMbI OBLIN
pa3paboTaHbl UII aBTOMAaTHYECKOIO 3arycKa CJeMyIoIIel 3amadu Mmocjie OKOHYA-
HMS TeKymeil. YacTh omepalliOHHOW CHCTEMBI — TaK Ha3bIBAEMBIii MOHUTOpP —
VIIPABJISUT TTOCIICAOBATEIbHBIM BBITTOJTHEHIEM 3a1ad M ITO3BOJISLT 3aITyCKaTh UX B
aBTOMATH3MPOBAaHHOM TTaKETHOM PEXHME.

CriemytolyM 3TaroM B pa3BUTUM OMEPALMOHHBIX CUCTEM CTaJl0 CO3[aHUE CHEI-
aJIPHOTO KOMIIOHEHTA OIepalMOHHOM cucteMbl — ee sapa (1960-e romer). Ilpu-
YrHA MOSIBJIEHMS siipa ObUIa JOBOJILHO MpocToil. IlepudepuiiHoe obopynoBaHue
KOMITBIOTEPOB CTAHOBWJIOCH BCE 0oJiee pa3HOOOpa3HbIM, W 3ajaya yrpaBICHMUS
OTJIEIbHBIMU YCTPOICTBAMM BCe OoJiee YCIOXHsUIACh. lApo onepallMOHHON CUcTe-
MbI TIPEIOCTABUJIO CTaHAAPTHBIN MHTEepdEnc IUisl yrpaBieHus! nepudepuitHbIMu
YCTPOMCTBAMU.

[pu 3arpy3ke ornepanmoHHON CUCTEMBI SIIPO 3arpysKaeTcsl B MaMSITh, YTOOBI BITO-
CJIENICTBUY TTPOTPaMMBbI MOIIM OOPAIAThCST K MeprEepUItHBIM YCTPOMCTBAM dyepe3
Hero. [locTeneHHO B s1Apo 100aBsuINCh HOBBIe QYyHKIMK. C MCTOPUYECKOM TOYKU
3peHUsT 0COOCHHO MHTEPECHA CIy;k0ba ydeTa, ITO3BOJIMBIIAsT BIIAICIIbIy KOMITBIOTEpa
BBICTaBJISATh CYET IMOJIb30BATEIII0 B COOTBETCTBMM C 3aTPaYeHHBIM Ha €ro 3amaHue
MAIlIMHHBIM BPEMEHEM.

Pa3paboTunku orepalMoHHbIX CUCTEM CTapaIUCh Oosiee 3(h(PEKTUBHO UCTIOIB30BaATh
pecypchl KoMIibloTepa. M3 oueBUIHOIr0 COOOpaXkeHust O TOM, YTO HEPALIMOHATBHO
BBITIOJTHSITh HA KOMITBIOTEPE TOJBKO OJHO 3aJaHWe, €CIU APYroe, UCMHOb3YIoIIee
npyrue nieprudepuitHbie YCTPOICTBA, MOIVIO OBl BBITIOTHSITHCSI OMTHOBPEMEHHO C HUM,
B 1964 romy pomuiach KOHIEIIINS MYJIBTUIPOrpaMMUPOBAHMS.
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MynbTUIIPOrpaMMHUPOBAHKE TTOCTABWIIO ONEpPAllMOHHBIE CHCTEMBI Tepel HOBBIM
BBI30BOM: KaK PacCIpeAeUTh pecypchl KOMITIOTEPa, TO €CTh MPOIIECCOp, MaMsITh,
repudepuitHbie YCTPOMCTBA, MEXIy OTOCIbHBIMU IporpaMMamu? B aToii TiaBe
MBI PACCMOTPUM OTBETHI Ha 3TOT BOIPOC.

8.2. PacnpepeneHue npouecCoOpHOro
BpemeHuU. MNMpoueccsl

OnHoit U3 BaxKHEHILNX 3aJa4y, peuacMbIX OHepaHHOHHOﬁ CHCTCMOfI, ABJIAACTCA pac-
NpeacICHUC IMPOUCCCOPHOro BpEMEHU MEXIY OTACJIbHBIMU IMpOorpaMMaMmu.

Mpouecchobl

IMompocTy ToBOpS, MpOLIeCC — 3TO 3arpyXeHHas B OINEepPaTHBHYIO IMaMATh IPO-
rpaMMa, KOTOPOIA BBIIENIEHO TpOoliecCOpHOe BpeMsi. Kaxmwlif mpoliecc, mogo0HO
YeJIOBEKY, OT KOro-TO POIWICSA, HO B OTJIMYME OT YeJIOBeKa y IMpollecca POIUTEITb
OIVH — 3TO 3aITyCTUBIIMI ero mpoliecc. POIUTETbCKUIA TTPOLIECC ellle Ha3bIBAIOT
TIPEIKOM.

Bcex moTOMKOB MM «JieTeii» Tpoliecca (TO eCTh Te MPOLECChl, KOTOPhIE OH NOpo-
Jus) Ha3BIBAIOT «IOYEPHUMU» TIpolieccaMu. «PomIOCIOBHOE IepeBO» Ha3bIBACTCS
Hepapxueil mpoIeccos.

| init | xdm Xfree86 |

npeaoK «--+ NOTOMOK

xdm window | sshagent
maker

NPEAoK <--# NOTOMOK | xterm |

PUC. 8.7. Vepapxus npoLieccos

3arpy3uBIINCH, SAPO OMEPALIMOHHON CUCTEMbI 3alTycKaeT MepBblii nmpoiiecc. B ome-
pauroHHbix cuctemMax UNIX (Linux) oH HasbiBaeTcs init. DTOT mpoiiecc cTaHeT
«TIPapoAUTESIeM» BCEX OCTAIbHBIX MPOLIECCOB, MPOTEKAIIIMX B cucTeMe. B omnepa-
LMOHHOM cucteme DOS «mpapomuteneM» SIBISIETCS] KOMAHIHBIN MHTEPIIPETATOP
COMMAND.COM.

JlouyepHuil mpouecc MOXeT yHacjaeloBaTh HEKOTOPbIE CBOMCTBA WM JaHHBIE OT
cBoero ponuTtesibckoro mpoiecca. I[Ipouecc moxHo «youte» (kill), To ectb 3a-
BepnTh. Eciu yOUT pomUTENBbCKUIA TIpOLIECC, TO €ro TOYEpPHUE MPOIIECChl TUOO
«YCBIHOBJISTIOTCSI» IPYTMM MpolieccoM (0OBIYHO init), TMOO TOXe 3aBEepIIAOTCS.
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MnaHnposaHue npoueccos

Ha camom nerte miporiecchl BBIOMHSIIOTCS He TTapajuTe/IbHO, KaK eClIi Obl OHU OBbLTH
3aIyIeHBI Ha HE3aBUCUMBIX KOMITBIOTepaX. Eci y KOMITbIoTepa TOJIbKO OIUH MPO-
LIECCOP, TO MPOLIECCHI OYAYT BBITIOIHATLCS B TAK HAa3bIBAEMOM IICCBIOAPAIUICIEHOM
peXuMe. DTO 03HAYAET, YTO KaXKIBIA IMPOLIeCC pa30MBaeTCs Ha MHOXKECTBO 3TAITOB.
WM 3Tamsl pa3HBIX TIPOLIECCOB IO OYEPEI MOTYyYaloT KBAHTHI MPOIIECCOPHOTO Bpe-
MEHU — TPOMEXYTKHA BPEMEHH, B T€YEHHE KOTOPOTO OHM MOHOIOJIBHO 3aHUMAIOT
MIPOLIECCOp.

Crmcok Bcex 3amyIleHHBIX TPOIIECCOB, Ha3bIBaCMBI OYepeIblo 3adaHUil, BeIeT
SApO orepalMoHHOU cucteMbl. CrielalibHasl 4acTh siApa — IUIAHUPOBIIMK 3a-
JaHuii — BBHIOMpAET 3alaHKe M3 O4Yepenr, PYKOBOICTBYSICh KAKMM-TO KPUTEPHEM,
U «IIpoOYyKIaeT» ero, TO €CTh BBIIEISIECT eMy KBaHT BPEMEHU U TepeaacT IPOLecc
JIUCTIETYEpy MpolieccoB. JlucneTyep MpoueccoB — 3TO Apyrast 4YacThb siipa, KOTopast
CJIEIUT 3a TIPOLIECCOM BO BPEMSI €T0 BBITIOJTHEHUSI.

JlucnieTyep TOJDKEH BOCCTAHOBUTH KOHTEKCT Mpollecca. BoccTaHoBIeHIE KOHTEK-
CTa Tpoliecca HallOMUHAeT 00pabOoTKy MpephIBaHMSI, KOIa BCE PETMCTPHI JOIKHEBI
OBITb COXpaHEHBI, a TTOTOM, MOCJIe OKOHYaHUST 06pabOTKY, BOCCTAHOBJICHBI, YTOOBI
MpepBaHHas MPorpaMMa CMOIIa MPOIODKUTL paboTy. [lociie BoccTaHOBICHUS
KOHTEKCTa SIAPO TepeaaeT yIpaBIeHe caMOMy TIpolieccy. 3aTeM, IO MpPOIIeCTBUN
KBaHTa BPEMEHMU, BBITIOJHSACMBII MPOIIeCC MPephIBACTCS U YIIPaBJICHUE TIepeaacTCsT
obpatHo smpy. [11aHMPOBIIUK 3aTaHUI BEIOMpAET CIICAYIONINIA TTPOLIeCC, TUCTIeTIEp
MPOLIECCOB €r0 3arycKaeT, U [IUKJ ITOBTOPSIETCS.

CocTOosiHMS NpoLEeccoB

Anpo onepalMoHHOI CUCTEMbl BHUMATEIBHO «HAOIOMAeT» 32 KaXIIbIM MPOLIECCOM.
Bcs HeoGxomumast MHGOpPMALIKMS O MPOIecce XPaHUTCS B CTPYKType, KOTopasi Ha-
3bIBacTCs 010KoM ympasiieHusi nponeccom (PCB, process control block).

B onepanuonHoit cucreme UNIX mpoliecc MOXKET HaXOAUTHCS B OMHOM U3 IISITU
Pa3JIMYHBIX COCTOSIHMIA:

® PoxneHne — MacCUBHOE COCTOSAAHME, Korga caMoro Iponecca €€ HET, HO
YK€ roroBa CTPYKTypa AJid ITIOABJICHUA ITPOLECCA.

® J0TOBHOCTb — I1IACCUBHOE COCTOSIHUE: IpouecC roToB K BBIIMMOJHEHHIO, HO
IPOUECCOPHOIo BpEMEHU €MY ITOKa HE BBIACJICHO.

* BomosHeHe — aKTUBHOE COCTOAHUE, BO BPEMsA KOTOPOTO MPOLECC obnagaeT
BCEMU HEOOXOIMMBIMU €My pecypcaMu. B 3TOM cocTosiHUU IIPOLECC HEIIO-
CPE€ACTBEHHO BBLINIOJHACTCA ITPOLIECCOPOM.

¢ Oxuanne — IMacCUBHOE COCTOSTHME, BO BPeMsT KOTOPOTO MpoIiece 3a0JI0KUPO-
BaH, ITOTOMY YTO He MOXET OBITh BBIITOJIHEH: OH OXMAAaeT KAKOTO-TO COOBITHSI,
HaIrpuMep, BBOIA JaHHBIX VI OCBOOOXIEHUST HYXKHOTO €My YCTPOMCTBA.

e Cveprnb mpoiecca — caMoro Mpoliecca yKe HeT, HO MOXKET CIIYIHUThCS, YTO €ro
«MECTO», TO €CTh CTPYKTYpa, OCTAJIOCh B CITUCKE MPOIIECCOB (IIPOLIECCHI-30MOM).
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CmepTb

I
BeinonHexue (3asepLueHue)

‘ |

v v

FoToBHOCTL l-d— OxupaHue

-~

PoxpeHue
(cospaHue)

Puc. 8.2. XKusHeHHbIi uyks npouecca

IIpoueccel B DOS cocTosiHuii HE UMEIOT, MOcKoJbky DOS — 310 omHO3agavyHast
olepalMOHHAs CUCTeMa: MPOLIeCCOp IIPENOCTaBIeH B MOHOIIOJBHOE PACIIOPSLKEHUE
TOJBKO OJHOIO Ipoliecca.

Slmpo omepallMOHHOM CHCTEMBI XPaHUT CIICAYIONIYI0 MH(pOPMAIIUIO O TIpoliecce:

» PazmeneHve B maMsITH.

* Pecypcel npoiiecca (OTKpBIThIE (paiiibl, yCTPOMCTBA M T.M.).
» KoHTekcT mpotiecca.

» CocrosiHUE Tpoliecca.

* Wmsg npouecca.

* NnentuduxkaumoHHbii HoMep npouecca (PID, Process ID).
* VneHTu(hUKauMoHHBIA HOMEP POIUTEIBCKOTO MpoIiecca.

» IIpaBa mocTyma.

» Tekymuii pabounii Kataior.

 IIpuopurer.

CTpaTterus nnaHMpoBaHUs NpPoOLECCOB

IToka MBI He cKa3aJli HAYEro O TOM, KaK UMEHHO SIIpO (TOYHee, TIaHMPOBIINK
3aaHuil) pelraeT, KaKoW MPOLECC HYXKHO 3aIyCTUTh CIICIYIOIIM.

Ipocreiinast crpaTervs IWVIAHAPOBAHUA MPOLIECCOB HA3bIBAETCs KoubieBoii (Round
Robin). Bce niporieccsl craBsitcst B ouepeb. [I1aHUpOBIIMK BbIOMpAET MEPBbINA Mpo-
LIeCC M TepenaeT ero aucnerdepy. Uepes ompeneseHHOE BpeMsl SIIpO MpephbiBaeT
MepBbIil Mpoliecc, TepeMelliaeT ero B KOHell oyepeayd M BbIOMpaeT Clemyoluii
npolecc.

JIlpyrasi cTpaTerusi pacnpeneieHusi MPOIECCOPHOr0 BPeMEHH OCHOBAHA HA MpH-
opurerax. KaxkmoMy mpolieccy B odepenr Ha3HaYeH HEKOTOPBIA MPUOPUTET, U B
COOTBETCTBMM C HUM IUIAHMPOBIIUK pacIpeaessieT MPOILecCOPHOE BpeMsl — CTa-
TUYECKN WK AuHamMudecky. CtaTnmdeckoe Ha3HaYeHWE MPUOPUTETOB O3HAYaeT,
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! ! AKTUBHBIN (
?L‘@Deﬂlb K3 npouecc ~

Puc. 8.3. Konbueasi ctpaterust Round Robin

YTO CHavajia OymyT BBITIOJHSITHCSI MPOIECCH C BHICOKUM TMPUOPUTETOM, TPUYEM
MPUOPUTET TMPOIECCa HE MOXET ObITh M3MEHEH Ha TMPOTSKEHUM BCETO BPEMEHU
BBITIOIHEHUS Tipoliecca. [Ipu auHaMUYecKOM X€ HAa3HAYeHUU TIPUOPUTET MOXET
OBITH U3MEHEH BO BPEMSI BBITIOJIHEHUSI.

8.3. YnpaBsneHue namaTbio

OnepanoHHasi CUCTeMa OTCJIEKMBAET CBOOOJHYIO OMEPATUBHYIO MaMsTh, pea-
JIU3YeT CTPATeTUIO BBIAECICHUSI OMEPATUBHOU MaMSATU U OCBOOOXACHUS €€ ISt
TOCJIEAYIONIETO UCTIONb30BaHusl. OrnepaTuBHAsI MaMsITh ACTUTCS MEXIy SIIPOM U
BCEMU BBITIOJTHSEMBIMU TTPOIIECCAMM.

lMpocToe pacnpeaeneHne namaTum

Crpaterusi mpoCTOro pacrpeesieHus naMsaTu Obuta camoil repBoii. OHa cocTouT
B TOM, 4YTO JIOCTYITHAasl MaMsTh JOEIUTCS Ha OI0KM (DUKCUPOBAHHOTO pa3Mmepa,
OIHU U3 KOTOPBIX NOCTYIMHBI TOJBKO SIAPY, a APYTME — OCTAIbHBIM IpOIECCcaM.
Jnsg pazneneHuss maMsTU Ha OJIOKM WCIIONB3YIOTCS Pa3JIMYHbIE amrapaTHble U
MPOTPaMMHBIE METOJBI.

OnepauMoHHan cucrema

} anpecHoe NpocTpaHcTeo

sec 1
Mpouecc nepeoro npouecca
s
afijpecHoe NpocTpaHcTeo
Mpouecc 2 BTOPOro npouecca

HepacnpeneneHHoe
NPOCTPAHCTBO

Puc. 8.4. dukcupoBaHHOE pacripeneneHne namsTyi Mexay rnpoLeccamm
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Kaxnprit 610K ImamMsaTy MOXKET OBITh 3aHSIT TOJBKO OTHHUM IIPOLIECCOM U OyIeT 3a-
HSIT, JaXKe eCJI IIPOLECC ellie He Havasl BBIIOJHATLCA. SInpo obecreuynBaeT 3aluTy
GJIOKOB ITaMSITH, 3aHSTBIX Pa3IMYHBIMU IIPOLIECCAMU.

IMo3xe ara cxema OblIa yCOBEpIICHCTBOBaHA BBeJACHUEM OJIOKOB TEepeMEHHOM
mHbL. [Ipu 3amycke Tpoliecc cooOIaeT, CKOJIBKO MaMsSITH eMy HYXXHO UIS pas-
MelleHUs. DTo ObUIa yXe TEXHOJOTHUST TIEPEeMEHHOTO pacrpeae/ieHUs] TTaMsITH.

O0e TeXHOIOTMY pacpeaeSIeHUS TTaMSITU Ceiluac CUUTAIOTCS YCTAPEBIIVMU U TIPAK-
TUYECKU HE MCIIOJB3YIOTCS, ITIOTOMY YTO OHU HE MOTYT YAOBJIETBOPUTH 3aIMpPOCHI
coBpeMeHHbBIX 3anad. Ciydaercs, HampuMep, YTO pa3Mep Tpolecca MPEBbIIIaeT
BECh MUMCIOIIMICSI 00bEM OIepaTUBHOI IMaMsTH. [1pu TpaaulIIMOHHONI cTpaTeruu
pacrpenesieHus NaMsITy OINEPalMOHHAsl CACTEMA MPOCTO HE CMOXET 3aITyCTUTh
Takoi mporecc. Bor mostomy Oblia pazpaboTaHa HOBAsl CTPATETUs pacIipeneIeHUs
HaMsITA — CTPaTErusi CBOIUHIA, KOTOPAs MO3BOJISIET UCTOJIb30BATh ITPOCTPAHCTBO
JKECTKOTO JWCKA JUISI XPAaHEHUSI HE TTOMEIIAIOUIEHCS B OMEPATUBHYIO MaMTh UH-
dopmarmu.

CeBonuHr (swapping) — opraHu3aumua nogka4yku

IToxka mpoliecchl 1 pa3Mepbl 00padaTEIBAEMbIX TAHHBIX OBUIM HEOOJBIIIMMM, BCEX
BIOJIHE YCTpanUBajo (puKcHpoBaHHOE pacnpeneieHre namsaty. C MosiBIeHueM MHO-
ro3afgayHbIX ONEePALIMOHHBIX CUCTEM 3aIlylEHHBIC MPOLIECCHl HE BCEra yMEILAINCh
B OIlEPaTUBHYIO NaMsTh. [103TOMy ObLIO PEIIEHO BbIFPYXATh HE MCIIONb3yeMble B
JTaHHBIM MOMEHT JaHHBIe (1 IIPOLIeCChl!) Ha KeCTKUI TUCK. B orepatnBHOI maMsITi
OCTaeTCs TOJbKO CTPYKTypa IpOliecca, a BCE OCTAJIbHOE BBITPYXKAaeTcsl. DTa IIpo-
LieAypa Ha3bIBAETCSI CBOIMHIOM WIN ITOAKAYKOIA.

Korma cucreme HyxXXHBI JTaHHBIE, HaxomsInuecs B aiiie (pasmesie) MOmKadyKy, CH-
cTeMa IOAIPYKAEeT UX B ONEPATUBHYIO MAaMsITh, BHITPY3UB IIPeABapUTEILHO B (haiii
MOAKAYKK IPYrue JaHHBIE.

BupTtyanbHas namsaTb U CTPaHU4HbIi 0OMeH

3akoH Meppu mmacur: mporpaMma pacTeT IO TeX ITOop, ITOKa He 3aIllOJIHUT BCIO
JIOCTYITHYIO TaMSITh.

PemieHueM mpoOsieMbl CTaJIO «IIPUTBOPUTHCS», YTO B PACTIOPSIKEHUU OTIEPaIIMOH-
HOI CUCTEMBI OOJIbIIIE OTIEPATUBHON MaMSITU, YeM Ha CAMOM Jiejie. DTOT MEXaHU3M
Ha3bIBACTCSl BUPTYaJTbHOW MaMSTBhIO M Yallle BCETO PEAIM3YeTCsl Yepe3 CUCTEMY
CTPAaHUYHOrO OOMEHa.

KaxnoMy mpolieccy BbLIEICHO BUPTYyaJbHOE aJpecHOEe MPOCTPAHCTBO, TO €CTh
NAAIa30H aApecoB, OTPAaHUYEHHBIN TOJBKO apXUTEKTYpOii Mpolieccopa, a He 00b-
eMoM (DU3MYECKM YCTAaHOBJICHHOM OIepaTuBHON mamsaTh. BupTryaibHoe aapecHoe
MPOCTPAHCTBO JEJIUTCS HAa CTPAHUIIbI OAMHAKOBOTO pa3Mepa, oobiuHO 4 K6. du-
3uyecKasi orepaTMBHAsI NaMATh JEJIUTCS Ha TaK Ha3biBacMble (hpeiiMbl, pasMep
Kaxzaoro dpeiiMa paBeH pa3Mepy CTPaHMIIBI.
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BupTyanbHblid agpec

~

MNepesop,

TJ/ cMeweHne

duanyecknin anpec

Puc. 8.5. Npeobpa3oBaHue BUPTYasibHOMo aapeca B pU3N4eCckmii

IMepen kaxapIM oOpallieHeM K MaMsITH MPOLIeCCOp 3arpaliuBaeT Tak Ha3bIBaeMbIii
ook ynpasieHus namsateio (MMU, Memory Management Unit), 4ToObl OH mpe-
00pa3oBaJl BUPTYAJIbHBIN afpec B (DU3NYECKUIA.

TpaHCISILKS BUPTYaJIbHOTO ampeca B (DU3MUECKUIA MPOM3BOIUTCS C MCIIONb30Ba-
HHEM TabJIMIIBI CTPAHMII, KaXash CTPOKa KOTOPOIA OIMMCHIBACT OMHY BUPTYaTbHYIO
CTpaHUILY.

3anuck Tabnuubl CTpaHuL,

P
Bur
NPHUCYTCTBMA

@narn DUanmieckuin

Npyruwe dnarn Gydepa anpec

Puc. 8.6. 3anvce TabauLbl CTpaHuL

HaunbGonee BaXHBI OUT — OUT MPUCYTCTBUSI CTpaHUILIbl. ECIM OH YCTaHOBJEH,
TO 3Ta CTpaHUIIA COXpaHEHa BO (ppeiiMe, HOMEp KOTOpOro (aapec) OINpenesicH B
¢uzmdyeckoM azapece. lpyrue OUTHI B TaOIWIE OMPENENSIOT TpaBa JAOCTyNa WU
paspenieHust 151 ctpaHuubl (read/write/execute) UM MCMONB3YIOTCS AJs1 Oydepa.
Tabnuiia cTpaHUI] MHACKCUPOBaHA HOMEPOM BUPTYAIBHOU CTPAHUIIBI.

Paccmotpum npumep TpaHcasiiuu (peodpa3oBaHusI) BUPTYaJbHOTO aapeca B
dusnueckuii (puc. 8.7).
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Puc. 8.7. MpuHumn npeobpa3oBaHus BUPTYalbHOIo aapeca B puandeckuii

ITo BuptyansHOMY anpecy MMU BbruMcCIIsieTcss HOMEP BUPTYyaTbHOU CTpaHUIIbI, Ha
KOTOPOIi OH HaxomuTcsl. PasHOCTb MexIy anpecoM Hayasla CTPaHULbL U TpeOyeMbIM
aJipeECOM HAa3bIBAETCSH CMELLEHUEM.

ITo HOMepy CTpaHMIIBI MINETCS CTPOKa B TabJIMIle CTpaHWIL. BUT MpHCyTCTBUS B
3TOI CTPOKE yKa3bIBaeT, HAXOMAWTCS JIU BUPTyaJbHasl CTpaHWIA B (U3NICCKOM
MaMsTu KoMmiiblotepa (outr P ycraHoBneH B 1) wiu B daiiie (pasnene) moakauku
Ha JIUCKeE.

Ecmu ctpaHuIia mprCyTCTBYeT B (DM3MUYECKOM MaMsITH, TO K (PH3NUECKOMY aapecy
(HoMmepy ¢peiiMa) moGaBsIETCSl CMElLeHWEe, U HY>KHBIN (PU3MUECKUil aapec roTos.
Ecnm crpaHulia BeITpy:XeHa U3 orepaTMBHOM mamsatu (out P ycraHorneH B 0), To
npoueccop (wm ero MMU) BhI3bIBaeT npepbiBaHue «CTpaHulia He HalineHa» (Page
Not Found), koropoe J0/KHO ObITh 00pab0OTaHO OIEePaLMOHHON CUCTEMOIA.

B otBet Ha npepbiBaHye «CTpaHuIla He HaliieHa» OlepalMOHHasl CHCTeMa TOJDKHA
3arpy3uTh TpeOYEeMyIO CTpaHUITy B (DM3MIECKYIO ONepaTUBHYIO MaMsiTh. Eciu 3aHsI-
THI He Bce ¢peiiMbl, To OC 3arpyxaeTr cTpaHuily U3 (paiiia IoaKadykKu B CBOOOIHBIIA
(dpeitM, MCTIpaBiIsIeT TabMITy CTPAHHUI] U 3aKaHYMBaeT 00PabOTKY MpephIBAHMSL.

Ecnu cBoGoaHOrO (hpeitma HeT, To onepaliMoHHasl CUCTeMa JI0JKHA PeIUTh, KaKylo
CTpaHUIly IepeMeCTUTh 13 (peitMa B 00/1aCThb ITOAKAYKK, YTOOBI OCBOOOIUTD (PU3H-
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YecKylo TaMsITh. B 0cBOOOXICHHBIN (peiiM OyaeT 3arpykeHa CTpaHHUIla, KOTOpast
MepBOHAYAIbHO BbI3Basa MpepbiBaHue. [Tociae storo OC ucmpaBUT OUTHI TIPUCYT-
CTBHS B 3aIHCAX 00 00EHMX CTPaHMIIAX W 3aKOHYMT 00pabOTKY MpephIBaHMUSI.

Jlyia mipoliecca mpoiieaypa IpeoOpa3oBaHus BUPTYaIbHBIX apecoB B (hM3MUYECKUE
abCOJIIOTHO MPO3pavyHa («HE3aMEeTHA») — OH «IyMaeT», YTO Y Balllero KOMITbIOTEPa
IIPOCTO MHOTO OIEPATUBHON MaMSITH.

B x86-coBMeCTMMBIX KOMITbIOTEpax Kaxmasl IMporpaMMa MOXET MMeTb HECKOJIbKO
afipecHbIX MpocTpaHcTB 1o 4 ['b. B 3aiuiiieHHOM pexxuMe 3HaueHMs1, 3arpy>KeHHbIe
B CeIMEHTHBIC PETMCTPHI, UCIIONB3YIOTCS KaK WHICKCHI TAOIMIIBI TECKPUIITOPOB,
ONMCHIBAIOIIIEI CBOMCTBA OTAEIBHBIX CETMEHTOB, WM 00jacTeil, maMstu. PaccMo-
TPEHUE CErMEHTOB BBIXOIUT HAJIEKO 3a Ipelelibl 3TOM KHUTH.

8.4. daiinoBbie cuctemsl

daiioBas cUCTEMA — 3TO YACTH ONEPALMOHHOM CHCTEMBI, NPEIHAZHAYECHHAS IsT
YIPABJIEHUS JAHHBIMM, 3aNMCAHHBIMUA HA NOCTOSIHHBIX HOcHuTesIX. OHA BK/IOYaeT
B ce0s MEXaHU3MBbI 3aIMCH, XPAHEHUS U YTeHHs JAHHbIX.

Korma KOMIIBIOTEPHLI TOJIBKO HadaJM pa3BUBaThbCsA, IMPOrpaMMUCT OOJIKCH ObLI
3HaTb TOYHYIO INO3MIHWIO JAHHBIX Ha HOCUTECIIC. HO‘ICMY MbI UCIIOJIB3YEM CJIOBO
«HOCHUTEJIb», a4 HE «iuck»? B 1o BpE€MA NJHMCKOB KaK TaKOBBLIX WJIM €IIEC HE 6]31.]'[0,
WJIX OHU ObUTH CJIMIIKOM JOpOoru, moaToMy Jid XpaHCHUA JaHHBIX MCITIOJIb30Balach
MarHuTHas jeHTa. C mosiBjieHreM IUCKOB Bce elle 0oJIblie YCJIOKHMJIOCH, ITOSTOMY
IUIST 00JIeTYeHUs XXU3HU nporpaMMucTaM M I10JIb30BaTCIsAIM U ObL1a pa3pa60TaHa
(I)aﬁJIOBaH CUCTEMA, KOTOpasd CTajla 4aCTblO sdapa.

CtpykTypa ¢ainnoBoi cuctemsl

Kpome mporpaMMHOT0O MOy B siApe, B MOHATHE (DaAiiJIOBO CHCTEMbI BXOIUT
CTPYKTYpa JAHHBIX, ONMUCHIBAIOMIASA (hr3HYecKoe MecTonoJioKeHne ¢aiiioB Ha
JIMCKe, MpaBa I0CTYNA K HUM M, KOHEYHO 3Ke, X UMEeHA.

CaM (paiiaa cCOCTOUT U3 3aIKCeli, KOTOPbIe MOTYT ObITh (PUKCHUPOBAHHOM WM Mepe-
MEHHOM JUIUHBI.

MeTton nocTymna K 3anucsam aitia 3aBUCUT OT ero Tura. Camblii TPOCToil — MeTox
MOCJIENOBATEILHOTO JIOCTYMA, TTPU KOTOPOM UTSl UTEHUST HY>KHOM 3amucu TpebyeTcst
CHayaJjla MpoYnTaTh BCEe MPEALLIECTBYIOIIME eil 3anucu. Ecau 3amucy nmpouHaeK-
CHUpOBaHbI, TO K HUM MOXHO 0OOpallaThcsl TakKe Mo MHAeKcy. Takoil tum aitna
Ha3bIBaeTCcsl MHACKCHO-TIocneaoBareabHbiM (IBM 390, AS/400).

Yro Xe KacaeTcst OIepallMOHHOM CUCTEMBI, TO OHA He YCTaHaBIIMBaeT (hopMaT (aiina.
@aiin cOCTOUT M3 MOCeI0BATeIbHOCTH OaiiTOB, a CTPYKTypa caMoro ¢aiiia ToJKHa
OBITb MMOHSATHA TPWIOKEHHIO, KOTOPOE UCIIONBb3YETCs ISl €ro 00pabOTKMU.

IToroBopuM 0 MeTomax moctyna K ¢ailly B omnepalMoHHbIX cuctemMax DOS u
UNIX.
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AocTyn Kk panny

Ilepen HavasioMm 00pabOTKM Jt0OOTO (haiiyia €ero Hy>KHO OTKPBITh. DTO AenaeT
orepalMoOHHasl CUCTeMa T0 3ampocy nporpamMmbl. B 3ampoce HyXHO yKaszaTb UMsI
(aiina u TpedyeMbIii MEeTOI JoCTymna (YTEHUE WM 3alUCh). Aa1po BO3BpaTUT HOMEDP
(aiina, KoTophlii Ha3bIBaeTCsl (PaiiyIOBBIM JECKPUNITOPOM. B manbHeliiemM 3ToT
HOMep OyJeT UCITOIb30BaThCS IS orepanuii ¢ (aitiom.

MM daitna 06bIYHO COAEPXKUT MyTh K 3TOMY (pailily, TO €CThb TepeUYUCICeHUE BCEX
KaTajloroB, HEOOXOOUMBIX [IJI1 TOTO, YTOOKI CMCTeMa cMorjia Hailtu ¢aiin. MMena
MOJKATAJIOrOB B COCTaBE MYTU Pa3esIiOTCS CHEIUATbHBIM CUMBOJIOM, KOTOPBIA
3aBHCHT OT omepaloHHOM cucteMbl. B DOS 310 \, a B UNIX — /.

IMo3uuusa B (bal?me OIIPEACIACTCA YMCIOM — YyKas3aTCJIEM. Ero 3HaueHue — 310
KOJIMYECTBO IIPOYUTAHHBIX WJIM 3allMCaHHBIX baritoB. C mNOMOLIBIO CIIELIMATBLHOIO
CHUCTEMHOI'O BbI3OBa MOXXHO IEPEMECTUTL yKas3aTC/b Ha 3aJaHHYIO INO3UIUIO B
(ban[e 1 HayaTb MPpOLECC YTCHUA WM 3aIllMCHU C HY>)KHOTI'O MECTa.

MaxkcuManbHbIN pa3mep OJIoKa JaHHBIX, KOTOPBIA MOXET ObITh MPOYUTAH WU
3alKCcaH 3a pa3, OrpaHUYeH OydepoM 3amucu. 3aBeplliuB padoTy ¢ (aiioM, ero
HY>KHO 3aKPbITh.

B mupe UNIX ykopeHunaach uuesi MpeacTaBIsTh YCTPOWCTBAa BBOJAA/BbIBOAA B
BUIIE OOBIMHBIX (DAWIOB: UTEHUE CHMBOJIOB C KJIABUATYPhl U BBIBOI UX Ha 3KpaH
BBITIOJIHSIIOTCSI TEMU K€ CaMbIMU CHCTEMHBIMM BbI30BaMH, YTO M UTEHME/3alluCh
uX B (pait.

Heckpunrtop «(paiina» kiaBuaTypbl — 0, OH Ha3bIBaeTCs CTaHAAPTHBIM MOTOKOM
BBoJa (stdin). ¥ 3KkpaHa nBa IeCKpUIITOpa — CTaHOAPTHBIN MOTOK BbiBOAA (stdout)
Y CTaHIAPTHBIA MoToK olmbok (stderr). Homep mepBoro maeHTuguKaTtopa — 1,
BTOpOro — 2.

OmnepalmoHHas crcTeMa MOXET He TOJIbKO YUTaTh U 3aMAChIBATh (hailsibl, HO TaKKe
U TIepeHanpasIsiTh MOTOKY BBOAa,/BbiBoga. Hampumep, MOXHO repeHanpaBUTh Bbl-
BOJI TIpOrpaMMbl B (haiijl BMECTO BBIBOJIa HA 9KPaH, HE MEHSISI UCXOMHOIO TeKCTa
MporpaMMbl U He nepekoMnuupys ee. [lepeHanpasneHre n3BecTHo Kak B DOS,
Tak 1 B UNIX, 1 BBIMOJHSIETCSI ¢ TTOMOUIbIO CMEIMAJIbHOIO CUCTEMHOTO BbI30Ba,
KOTOPBI OOBIYHO MPUHUMAET Ba apryMeHTa — (paiiyioBble TECKPUTITOPHI «CO-
equHseMbIx» ¢aitioB. B DOS u UNIX MoxXHO nepeHaIpaBUTh BbIBOM, IPOrpaMMbl
B (paiin Tak:

Is > filel

DakTUUECKM UHTepIIpeTaTop KoMaH (Wi 000i0uKka) OTKpbIBaeT (aiin filel mepen
3amyckoM s, Mmory4yaeT ero AeCKpUnTOp 1, UCHOJb3Ysl CUCTEMHBIN BBI30B, 3aMEHSIET
JIECKPUNTOP CTAaHAAPTHOTO BBIBOJA MOJYYEHHBIM Jaeckpuntopom. I[Iporpamma Is
U TIOHSITUS HE MMEET, Kyla 3aMMChIBAIOTCS JaHHbIE — OHA MPOCTO 3aIMMCHIBAET
WX Ha CTAaHOAPTHBIA BBIBOM. biaromapsi CUCTEMHOMY BBI30OBY BBIBOI TOIMAIAET B
YKa3aHHbIN (paii, a He Ha dKpaH.
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dusnyeckaa cTpykTtypa gucka

®daiinoBasi cucteMa oOpalaeTcsl K AMCKY HEMOCPENCTBEHHO (HaIpsMylo), “TIo -
3TOMY OHa JTOJKHA 3HATh €ro (DM3WYECKYIO CTPYKTYpY (reomeTputo). MarHuTHbIM
JIUCK COCTOMT U3 HECKOJIbKMX TUIACTUH, OOCTY>KMBAEMbIX UUTAIOILMMU/TIAIITYIIAMU
rojioBkamu (puc. 8.8). InacTvHbI pa3faesneHbl Ha JOPOXKKU, a JOPOKKU — Ha CeK-
Topa. JIopoXKu, pacnojIoXKeHHbIE APYT Hal IPYroM, o0pas3yloT «wimHap». Ucto-
PUYECKHU CIIOXWIOCH TaK, YTO TOUHOE MECTO Ha UCKE OIpPEACIISieTCsl yKa3aHUueM
TpEeX «KOOPAWHAT». [IWIWHIPA, TOJIOBKU U CEKTOpA.

ronoeka 1
ronoeka 2

ronoeka 3

ronoeka 4 - UWMnWHap

ronoeka 5
ronosxa 6

nopoxka 3
- fopoxka 2
Aopoxka 1
cextop 3
| — e CBKTOp 2
: — cexrop 1

Puc. 8.8. Pusnueckasi CTpykTypa amcka

JIOpOXKM — 3TO KOHLIEHTPUUYECKUE KPYTU, pa3deeHHbIE Ha OTACIbHbBIE CEKTOpA.
ITonoGHO cTpaHulie MaMSITH, CEKTOP AYCKa — 3TO HaMEHbIIMIA 0J10K MH(MOpMaLIUH,
pa3mep ero oObIYHO paBeH 512 GaitTam. ['070BKM UTEHMsI/3alMCU «I1J1aBalOT» Hal
MOBEPXHOCTHIO TUCKA. 3HAYCHUS TPEX BBILICYIIOMSHYTBIX «KOOPIMHAT» IO3BOJISIOT
TOJIOBKAM OIIPEAC/IMTb HYXKHBII CEKTOp AUCKA /I YTEHUS WIM 3allMCU JaHHBIX.

JITsl MUAMHAPOB, TOJIOBOK U CEKTOPOB ObUTM OMPEAEICHbI TUAMa30Hbl TPUEMIIEMbIX
3HaueHui. [TocKoabKy 00beMbl IUCKOB POCIHU, YBEIUUYWBAIOCh U KOJTUYECTBO M-
JIMHIPOB, TOJIOBOK U CEKTOPOB. YBEIUYMBAJIOCh OHO JIO T€X MOp, TTOKA HE BBIILIO
3a Mpeaesibl 3TOTO0 CaMOro Auana3oHa. BoT moaToMy HEKOTOphIE CTapble KOMITbIO-
Tepbl He MOTYT IIPOYMTATh TUCKU pa3zMepoM 60 I'G 1 Gojee (a HEKOTOPBIE U TOrO
MeHbllle). BMECTo yBeuueHus1 3TUX AUANa30HOB ObUTM pa3paboTaHbl pa3TUYHbIE
npeoOpa3oBaHusl, KOTOPbIE MO3BOJISIIOT BEPHYTh KOMOWHAIIMK CEKTOPA, TOJIOBKU U
LWIMHIpA Ha3aJ B YKa3aHHBIA JUana3oH.

Briio pelreHO 3aMEHUTH aJpecariiio TeOMETPUIECKOro THIA JIOTUYeCKOM (MTn
JIMHEHOM) aapecalnyeii, rae OTIebHbIe CEKTOPhI ObUIM MIPOCTO MPOHYMEPOBAHBI
ot () 1o MOCJIeMHEro TOCTYITHOTO ceKTopa. Termeps st TOro, YTo6bsl 0OpaTUTHCS K
CEKTOpY, HYXKHO TPOCTO yKa3aTb ero HOMep.
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Jlornyeckue guckKkmn

Heo0s3aTenbHO, 4TOORI (haitioBasi cucTeMa 3aHuMaa Bechb 1UcK. OOBIYHO AUCK pa3-
OMBAIOT Ha JIOTMYECKME AUCKM, WIK pa3ieiibl. Tak gaxe Oe3omacHee: HaIpuMep, Ha
OIHOM JIOTMYECKOM JIHMCKE Y BaC HAXOIUTCS OIepallMiOHHAsl CUCTeMa, Ha IPYTOM —
MNpUKJIaaHbIe IPOrpaMMbl, Ha TPeTheM — BalllM JaHHbIe. Ecu Kakasi-To mporpamma
MHOBpenia OOUH pa3lei, OCTadbHbIE ABAa OCTAHYTCS HEIOBPEXKIACHHBIMMU.

IlepBbIit cexTop JIIOOOro AUcKa OTBENEH Mof Tabnuily pas3nenoB (partition table).
Kaxnas 3anucek 3Toi TaOIUIIBI COMEPXUT aapeca HAa4YadlbHOTO M KOHEYHOIO CeK-
TOPOB OJHOTO pa3fiejia B T€OMETPUYECKON (TpU «KOOPAWHATBI») U JIOTUYECKOMH
(mocnenoBatenbHBIE HOMEpP) ¢opMe. A Ha KaXIOM pasiesie XpaHUTCS Tabiauia
¢aitoB, NO3BOJISIONIAS ONPEICIUTh «KOOPAUHATBI» (paiiia Ha OUCKeE.

8.5. 3arpyaka cucremsl

OTanbl 3arpyskmu

IMocne HaxxaTus KHOMIKYU MUTAHUSI KOMIBIOTEP «OXHMBaeT». CHauaia 3arycKaeTcs
nporpamMma, coxpaHeHHast B ROM (read-only memory). ITamsate ROM conepxut
TaK HasbIBaeMylo 0a30Byl0 cuctemy BBoma/BeiBoma (BIOS, Basic Input Output
System). B 3agauy BIOS Bxomut MHMIIMAIM3aLKsI KOMIIbIOTEpPa — MPOBEPKa BUAEO-
ajianrepa, namsITi, IMCKOB M IPYyrMX YCTPOMCTB — 3TO TaK Ha3blBaeMasl Mpolieaypa
POST (Power On Self Test).

ITocne npoBepku ycrpoiictB KomibioTepa BIOS HaumHaeT 3arpy3ky omnepaluoH-
Hoii cuctembl. B 3aBucumoctu ot Hactpoek BIOS MoxeT mckaTh HayaslbHBINA 3a-
TPY34UK, KOTOpOMY U OyIeT MepeJaHo yNpaBlIeHUE, Ha TUCKETE, JKECTKOM JUCKE
(cektop ¢ Homepom (), CD-ROM u t.4. IlepBolii cekTop (¢ HomepoMm 0) mucka
CONEPXKUT HAYATbHBIN 3arpy3urK U TaOMUILy Pa3AesioB. DTOT CEKTOpP Ha3bIBAETCS
aBHOM 3arpy3ouHoii 3amuckio — MBR (Master Boot Record). BIOS 3arpyxaet
KOl HayaJibHOTO 3arpy3unka u3 MBR B onepaTuBHYIO MamsiTh W TEPENAET eMy
yIpaBlieHUE.

3agaya HaYaJbHOTO 3arpy34MKa — HAWTW BTOPWYHBIN 3arpy34uK OINEpallMOHHOM
CUCTEMBI, KOTOPBII HAXOMUTCS Ha OTHOM W3 JIOTMYECKUX TUCKOB, TTEPEUMCIICHHBIX
B Tabsuile pa3nesioB. HaiiTu Takoil TUCK OYeHb MPOCTO — B TAONMIIE Pa3lesioB
OH CIMHCTBEHHBINM MOMeYeH KaK aKTMBHBINA. Ha KaXkmoM JIOrMIecKoM IVCKe 3ape-
3epBUPOBAHO MECTO (IIEPBbIA CEKTOP) ISl 3arpPy3uMKa ONEPALMOHHON CUCTEMBL.
HavasbHBI 3arpy34rK 3arpyxaeT 3arpy34rK OIepallMOHHON CUCTEMBI U TlepenacT
eMy yIpaBJIeHHe, a TOT B CBOIO O4epelb 3arpyKaeT SIpo M IepenaeT yrpaBlicHue
€MY: C 3TOrO0 MOMEHTA OINEPaLMOHHAsA CUCTEMA 3aIyLLEHA.
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HemHoro otom, 4yto takoe BIOS

BIOS (Basic Input/Output System — bazosass Cucrema BBoma/BriBoma) — 00s1-
3aresibHast 9acTh Kaxknoro PC. Ee 3amaua 3aximodaercsl B IIpedOCTaBICHUN CTaH-
JIAapTHOTO CITOco0a JOCTyMa K armapaTHbIM pecypcam KomIibioTepa. Bo BpeMeHa
onepaimonHoit cucremMbl DOS BIOS Obuta cBoe0Opa3sHbIM MOCTOM MEXIY Orepa-
LIMOHHOM CHCTEMOI U amnmapaTHBIMU CPECTBAMU KOMIThIOTEPA.

CoBpeMeHHBIE OTepallMOHHbBIC CUCTEMBI NCOb3yIOT BIOS TonmpKo mpu 3arpyske
OIepallOHHON CUCTEMbI B TIaMSITh, a Bce (DYHKIIMM T10 YIIPABICHUIO YCTPOMCTBAMU
OHU TIPeAoCTaBsIOT camocTtosiTesibHO. CepBuckl BIOS noctymHbl uepes nporpamm-
HbIe TIpepbiBaHus (Tabm. 8.1).

lMporpammHbie  npepbiBaHUss 1  COOTBETCTByOWme um cepsucbl BIOS Tabanya 8.1

Howmep npepbiBaHus DyHKUMS
0x10 Cnyx6bl 3kpaHa (ynpasieHne BbIBOAOM Ha 3KpaH)
0x13 JlnckoBbin BBOA/BLIBOA,
0x14 YnpasneHve nocnenosarefibHbIMU nopTammn
0x15 PaclumpeHHble cepBuChl
0x16 PaboTta ¢ knaBmartypon
0x17 Pa6oTa ¢ npuHTEpOM

Buneoamanrepsl (1 HEKOTOPBIE APYTUe YCTPOMCTBA) OCHAIIICHBI CBOMMU COOCTBEH-
HeiMu BIOS, mockonbky HEBO3MOXHO Y4eCTh OCOOEHHOCTH BCEX BUIECOANATITEPOB
B BIOS xommbroTepa.

Mpu1 He OyneM paccMarpuBaTh BIOS moapo0OHee, moToMy 4To I BBOIA JAHHBIX 1
BBIBOIA Ha 9KPaH OyIeM MOJIb30BaThCs CTAHAAPTHBIMU CPEICTBAMU OIEePAlMOHHOMN
CUCTEMBI.

Mpunoxexne

Oncpalmmn-mﬂ
cucrTemMa

BIOS

AnnaparHsle cpeacrea

Puc. 8.9. lupamuaa goctyna kK anmnapaTrHbiM CPEACTBaM KOMIboTepa
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| MNpeonoxeHns s3bika accembrepa

— "~ BblpaxeHu1s

7| JlokanbHble MEeTKN

—— [Mpenpougeccop NASM

| OQupexturBbl Accembnepa

— — ®opmar BbIxogHOro dana

Accembnep Ha npumepax.
basoBbii KypcC



JU1sT KOMIMWISIIWKM HalX TTPOTrpaMM MbI OyZieM UCToJib30BaTh KoMmmuiisitop NASM
(Netwide Assembler), KOTOpbIii CBOOOIHO pacmpocTpaHsieTCsl (BMeCTe CO CBOMMM
WCXOOHBIMU Komamu) 1o auueH3uu LGPL. Bbl MoxeTe HallTU 3TOT KOMITWJISITOP
Ha caiite http://nasm.sourceforge.net.

CHHTaKCUC KOMITMJISITOpA MOJ00EH CMHTAKCUCY KOMMEPUYECKUX KOMITUJISITOPOB
MASM (Microsoft Assembler) 1 TASM (Turbo Assembler or Borland), mostomy
ucrojb3oBaTb NASM BaBoiiHE YIOOHO — HUKaKUX MpoOJieM C JULIEH3Uel 1 BO3-
MOXHOCTb IIepeHOca MporpaMM, HalyCaHHbIX JIST APYIUX acCeMOJIEPOB.

9.1. MNpeanoxeHusa a3bika accembnepa

Kaxmast ctpoka mporpaMMBbl (IIpeUToXXKeHre si3bIKa acceMbiiepa) MOXET COCTOSITh
U3 CIEMYIOINX YacTeil:

Metka MHcTpykuuss Onepanabl JltoOble KOMMEHTapuu

Ilepen MeTKOI M TTOCTIE MHCTPYKIIMU MOXKHO MCITOJTb30BaTh JI000€ KOJIMYECTBO MPO-
OeTbHBIX CUMBOJIOB (TTpo0ebl, Tabymsius). OnepaHabl OTACNSIOTCS APYT OT Ipyra
¢ moMmolblo 3angToil. Hauyano KkommeHTapuss — Touka C 3amsiToi (), a KOHIIOM
KOMMEHTApUS CIYXKUT KOHell CTPOKMU.

Ecnu npeapinyas cTpoka O4eHb JUIMHHASL, €€ MOXHO MEPEHECTU Ha CIIEAYIOIIYIO,
UCTIONB3Ys 00paTHbIii ciewr 'V (kak B C).

MHucTpykimeit MoXeT ObITh KOMaHA WIA MCEBAOKOMAaHIA (QUPEKTUBA KOMITWIISI-
TOpa).

9.2. BbipaxeHus

IToa cnoBoM «BbIpaxkeHUE» Mbl IOHMMaeM KOHCTAHTHOE BbIpaxkeHUe, 3HaueHue
KOTOPOTO M3BECTHO YK€ BO BpeMsl KoMNUIsauuu. CHUHTaKCUC BhipakeHuii NASM
Mono0eH CMHTaKCUCY BbIpakeHUi si3bika C.

BoipaxeHne Takke MOXET OBITh HAIIMCAaHO KaK CyMMa aapeca B CMMBOJIMYECKOM
dopMe 1 HeKOTOpOro umcia. BeipaxkeHHsI TAKOro THUIIA CIyXaT, HalpuMep, Jist
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JIOCTyTa KO BTOPOMY 3JIEMEHTY MaccuBa B MHCTpykumu MOV eax, [array+4].
3HayeHue BbIpaKEHUsI B KBapaTHBIX CKOOKAX MU3BECTHO BO BPEeMsI KOMITWJISILIMU:
9TO HAYaJIbHBIN aJpec MaccuBa Array, yBeJMUCHHBIN Ha 4.

Bpra)KCHI/IFI MO2KHO MCITIOJIb30BaThb BO MHOI'MX MECTax IIporpaMmbl, HalipuMeEp:
add dl, "A'-10

BoipaxkeHnue 'A' -10 OymeT BBIYMCIEHO BO BpeMsl KOMITWJISIIMU, U KOMITWISITOP
creHepupyetr komanny ADD dl, 55.

HawMm HuKTO He 3arpeniaeT UCIOJIb30BaTh CJIOKHBIE BHIPAXKEHUST, KOTOPbIE U3BECTHBI
Ham u3 s13bika C. B cienyromeit Tabnutie (tadn. 9.1) mepedrciieHbl Bce MOIIEPXKU-
BaeMble OTepaTopbl B MOPSAKE BO3pacTaHUsI IPUOPUTETA.

Onepartopsbl, nogaepxmnsaembie NASM, pacrosioxeHHbIe
B riopsiKke Bo3pacTtaHus ripyoputerta Tabnnuya 9.1

Onepatop HasHauyeHune

| Norunyeckas onepaums OR

= Norunyeckas onepauust XOR

& JNorunyeckas onepauns AND
«>> C[BVT BNIEBO 1 BNPaBO
+ - Mntoc n MuHyc
YMHOXEHNE, LeNoYNCeHHoe AeNeHne, AeNneHne no Moayio (B3dtue
<1 % 1) %% Ly it il ayno (

ocTaTKa), AesleHne Co 3HaKoM, JesleHne CO 3HakoM Mo Moayo

YHapHblE + - ~ YHapHble onepaTopsbl N0C, MUHYC 1 oTpuuaHue (NOT)

PaCCMOTpI/IM HECKOJIBKO ITPUMEPOB:

mov eax,((5*%6+2)+(0x40<<2))/8 ;BBIYMCIINTCS KakK:
sMOV eax,0x24

Ewe onuu npumep:

mov cl,~1 ;pesyabTtaT: mov cl,11111110b
;UJIU: mov cl,0xFE

9.3. JlokanbHble MEeTKM

C MeTKaMu MbI TIO3HAKOMUJIUCH TTpU paccMoTpeHru uHetpykumii JMP u CALL, rio-
3TOMY BHI YK€ 3HAETe, IS YETO OHU UCTIONB3YIOTCs. MeTka — 3T0 naeHTU(huKaTop,
3a KOTOpbIM cJieayeT ABoeToure. /IBoeToure MOXHO 1 OMyCKaTh, HO ST COBETYIO
3TOTO HE JieaTh, MOTOMY YTO MHA4Ye KOMIWISITOP MOXET MPUHSThL UMSI METKHU 32
HaIUCaHHOE C OLIMOKOM MMST KoMaHAbl. Kaxnast MeTka 10/KHA ObITh YHUKATBHOMN
B TIpefiesax MporpaMMbl, TIOATOMY MPU HAMUCAHWU OOJIBIIMX MPOTrpaMM BaM TO-
HaJoOUTCSl BECh Balll TBOPUYECKUI MOTEHILIMAJ, YTOObI KaX/blii pa3 MpUIyMbIBaTh
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HoBoe uMs. K cyacTblo, Hac BBIpYYUT KOMIWISATOP NASM, KOTOpBIA MO3BOJISIET
KCTIOJIb30BaTh TaK HA3bIBAEMbIE JTOKAJTbHBIE METKMU.

JlokanbHbIE METKM, KaK U JIOKAJbHbIE TIEPEMEHHbBIE B BHICOKOYPOBHEBBIX SI3bIKAX
MPOrpaMMUPOBAHUS, MOTYT UMETb OJIMHAKOBBIE UMEHA B Pa3HbIX MOANPOrpaMMax.
Ho B s13bIKax BBICOKOTO YPOBHSI O0JIACTh BUTUMOCTH TIEPEMEHHO (OJIOK, (DyHKIIUST)
BUJIHA Cpa3y, a B sI3bIKe accemOsepa? JIoKaabHON HA3BIBAETCS METKA, /IeiCTBU-
TeJIbHAA TOJBKO HA NPOTSKeHUH (hpparMeHTa KoJa, HAXOIALLEToCs MeXKAy IBYMsI
DIO0ATbHBIMUA MeTKAMU. Pa3inuarorcs JIOKAJbHbIE M IIOOAIbHbIE METKU CBOUMH
HMEHAMM: MMS1 JIOKAJIbHOW METKM HAYMHAETCS C TOYKHU, A IIOOAIBHOIH — C JO00ro
JAPYroro CMMBOJIA.

subprog: ;TTobanbHass MeTka subprog
; KOIl
.local loop: ;JIOKalbHAasg MeTKa
; KOIl
subprog?2: ;TTo0anbHasi MeTka subprog?
.local _loop: ; JIOKaJlbHasl MeTKa

9.4. NMNpenpoueccop NASM

B arom maparpade MbI ITOrOBOPUM O CPEACTBAaX, HECKOJBKO COMIKAIOIIMX IPO-
rpaMMHUpPOBaHKE Ha SI3bIKe acceMbJiepa ¢ IPOrpaMMIPOBAHUEM Ha SI3bIKAX BHICOKOTO
YPOBHSI — Makpocax.

Makpoc — 3TO CMMBOJIMYECKOE MM$, 3aMEHSI0LIee HECKOJIBKO KOMAHT, SI3bIKA
accemoOJuiepa. KoMaHapl MOACTABISIOTCS BMECTO MMEHH MAKPOCA BO BpeMsl KOM-
Wiy, DTUM 3aHUMAaeTCsl TTporpaMma, Ha3biBaeMasl MpPernpoleccopoM U Bbl-
3pIBaeMasi, Kak MpaBujIo, CAMUM KOMIWJISITOPOM JI0 TOTO, KaK OH MPUCTYIUT He-
MOCPEACTBEHHO K TPAHCISIIUM CUMBOJIMYECKMX UMEH KOMaH B MaIlIMHHbIE KOMbI.
IIpenpoueccop NASM ouyeHb MOILIHBIA U TMOKUIA, OH MOAAEPKMUBAET MHOXECTBO
Pa3IMYHBIX MaKpOCOB.

JIMpeKTUBBI OOBSBICHUSI MaKpoca HAUMHAIOTCS CO 3HaKa IpolieHTa «%». MMeHa
MaKpOCOB UYBCTBUTEJIbHbI K PETMCTPY CUMBOJIOB (TO ecTh AaA — 3TO He aaa).
st ompeneneHusi He YyBCTBUTEJbHBIX K PETMCTPY CUMBOJIOB MaKpOCOB HYXKHO
HCITOJTb30BATh IPYTUe TUPEKTUBBI, KOTOPhIE HAYMHAIOTCS C Mapbl CUMBOJIOB «%i»
(%idefine BMecTo %define m T.11.).

OpHoCcTpOYHble Makpocbl — %define, %undef

DT MaKpOCHI OMPEIEIAIOTCs MOT06HO TOMyY, KakK B si3bike C, HO B oTmume ot C
MOTYT TPWHUMAaTh apryMeHThl. BOT mprMep Makpoca it BEIYMCIIEHUST CPEIHETO
aprMETHYECKOrO IBYX YMCENT:
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%define average(a,b) (((a)+(b))/2)
Hcnonp3oBaTh JaHHBIN MaKpOC B IPOTpaMMe OYCHB ITPOCTO:
mov al,average(3,7)
WnucTpyknusi, KoTopast OyleT «IIOACTaBJICHa» BMECTO MaKpoca:
mov al,5
OueHb yacto %define rcrnob3yercs AJisd ompeaeaeHus KOHCTaHT, Kak B C:

%define SEC_IN_MIN 60
%define SEC_IN_HOUR SEC_IN MIN * 60

Wnu ni1st yeoBHOM KOMITIIISILIAM, HATIPUMED:
%define USE_MMX

Tak ke, kak 1 B C, Mbl MOXeM MPOBEPUTD, OMpPEaesIeH JTU MaKpocC, C ITOMOILBIO
%ifdef (onpenenen) u %ifndef (He onpeneneH). Ymamrh ornpeneneHrue Makpoca
MOXHO C ToMolbsio %undef.

CnoxHble Makpocbl — %macro %endmacro

upexTusa %define 1o3BoJISIET ONPEACTUTE TIPOCTHIE MAKPOCHI, COCTOSIIME U3 OTHOM
KOMaHIHI (CTPOKM Koja). JIJIst orpeaeeHusI CJIOXHOTO, MHOTOCTPOYHOTO, MaKpoca
CIIy>KaT IUPEeKTUBBI %macro u %endmacro. [TepBasi onvcbiBaeT Hayajl0 Makpoca —
UMsI ¥ YUCTIO apTYMEHTOB. 3aTeM MIET TeJI0 MaKpoca — KOMaH/Ibl, KOTOPBIC TOKHBI
ObITh BBITONHEHBL. JlnpekTrBa %endmacro «3akpbiBacT» MakKpoc.

Fmacro subtract 3
sub %1,%2
sub %1,%3
%endmacro

Makpoc subtract Hy:KHO BBI3BIBATb C TPEMsI apryMCHTAMM:

subtract eax,ecx,[variablel]
OH Oyzer npeoOpa3oBaH B CIECOYIOMINIA KO

sub eax,ecx
sub eax, [variablel]

Heobs3arenbHO yKa3pIBaTh TOYHOE YHCIIO apryMeHToB. [1pemnpoiieccop NASM mno-
3BOJISIET YKa3bIBaTh MEPEMEHHOE YKC/IO B BUJIE AMaria3oHa 3HaueHuil. Hampumep,
2-3 03HAYaeT, YTO HaIll MAKPOC MOXET ITPUHUMATH 2 Wi 3 apryMeHTa. OrmyleHHbBIe
MPU BBI30BE Makpoca apryMeHThl OyayT 3aMeHEHbl 3HaueHUSIMU 110 YMOJYaHUIO,
KOTOpBIE CIIEMYIOT 3a AMANa30HOM apryMEHTOB:

%macro addit 2-3 0
add %1,%2
add %1,%3
%endmacro
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Mpei onucanu Makpoc addit, KOTOpbIVi TPUHUMAET 1Ba 00SI3aTEIBHBIX apryMEHTA,
a BMECTO TPEThETO, €CJIM OH HE yKa3aH TP BbI30BE, OYIET MOICTABICHO 3HAYCHUE
no ymomyanuio — 0:

addit eax ebx

byner npeobpa3oBaHO B:

add eax,ebx
add eax,0

OObsiBNneHMe makpoca — %assign

IupextuBa %assign — 3TO ellle OAMH CIoco0 OOBSIBUTH MIPOCTOI (OMHOCTPOYHBII)
makpoc. OOBSIBIEHHBIN MAaKpOC HE TOKEH UMETh MapaMeTpOB, U €ro pe3ybTaroM
JIOJXKHO ObITh yncio. Hampumep, ¢ moMoIiso

%assign i i+1

MBI MOXEM YBEJIMYUTH YKCIIOBOE 3HAYCHME APYroro Makpoca Ha 1. OGbIYHO %assign
HCTIOJIB3YETCSI B CIIOKHBIX MaKpocax.

YcnoBHag komnunauua — %if

Kax u npenpoueccop C, mpenpoiieccop NASM no3BosieT ycI0BHO KOMIWIAPO-
BaTh MporpamMmy. OTO O3HAYaeT, YTO B 3aBUCUMOCTU OT YCJIOBUSI OyAET OTKOMIIU-
JINPOBAaH TOT WM WHOW OJIOK KOJa.

PaCCMOTpI/IM OCHOBHbIC MHCTPYKIIMU yc.T[OBHOﬁ KOMIIWJIALIMH

%W :<yciaoBue>
;Kon mexny if m elif Oymer oTKoMITMIMpoOBaH
;TOJIBKO, €CJIM YCJIOBHME HCTHHHO.
%elll:<ycmoBue2>
;Koo Mexny %elif u %else GyneT OTKOMIUIUPOBAH

;ECIU TEPBOE YCIOBME JIOXHO, a BTOPOE — UCTUHHO
%else
;Ecmn 06a ycnoBus JIOXHBIL, OYIET OTKOMIMIMPOBAH KOI
Mexay %else u %endif
%endif

Hupextusbl %elif 1 %else HeoOsI3aTEIBHBI K MOTYT OBITh OITYIIEHBI. TakKe MOXHO YKa-
3bIBATH HECKOJILKO 0JI0KOB %elif, HO G10K %else (ecii OH e€CThb) HOJDKEH ObITh OIUH.

YcnoBue MOXeT coepkaTh KOHCTAaHTHOE BhIpaxkeHue. HabGop orepaTtopoB B ycio-

BUU paclIMpeH onepaTopaMu OTHolIeHus: =, <, >, <= >= 1 <> (paBHO, MCHb-

1re, 0oJTbllle, MEHbIIE WIX PaBHO, OOJIbIIIE WX paBHO, HE paBHO). [IpuBepxkeHIIamMm

s3blka C MOHPABUTCS BO3BMOXHOCTh ITHCATh « ==» U «!=» BMECTO «=» U «0».

Takke py HAMMCAHWUU YCJIOBUST MOTYT ObITh UCIOJIB30BAHBI JIOTUYECKME OMEPaTOpPhI
[, ", && (OR, XOR, AND), koTopble HaM M3BeCTHbI U3 fi3biKa C.
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OnpepeneH nu makpoc? Aupektusbl %ifdef, %infndef

HNupekTtuBa %ifdef vcronb3yeTcst g MPOBEPKU CYIIECTBOBaHUS Makpoca. Ha-
TpUMep:
%define TEST IT

%ifdef TEST IT
cmp eax,3

%endif

WHcTpykumu, 3akmoueHHbIe B 0JoKk %ifdef (B Tom yncie 1 CMP eax,3) Oymyt
OTKOMITMJIMPOBaHbBI, TONbKO ecim Makpoc TEST IT ompeneneH ¢ moMomibo
% define.

Kpome %ifdef MmoxxHO mcrions3oBarh qupektuBy %ifndef. B sToM ciydae coor-
BETCTBYIOLLMIA OJI0K MHCTPYKLMIA OyIeT KOMITMIMPOBATHCS, TOJIBKO €CIIM MaKpOC
HE OIIPEIEIEH.

BcTtaBka ¢dainna — %include

C nomolubio aupekTuBbl %include MOXHO BCTaBUTHL B TEKYIIYIO ITO3MLIMIO KO,
Haxojsmuiics B npyrom datine. Mms aiina HyxHO yKa3aTh B JBOMHBIX KaBbIUKaX.
OG6b1yHO %include MCIIONB3yeTCsl AJIsi BCTAaBKM TaK HAa3bIBAEMbIX 3arOJIOBOYHBIX
daitnos:

%include <«macro.mac»

Kak mpaBuiio, 3arojloBodHble (haiiibl coaepkar orpeneaeHuss KOHCTaHT WK Ma-
KpOCOB, a He KOMaHIBI IporpaMMbl. B orymmume ot C, HaM He Hy:KHO ITOOABIISITh B
Hayaso 3arojloBOYHOTO (haiijia 3Ty TPaIULIMOHHYIO KOHCTPYKIIUIO:

%ifndef MACROS MAC

%define MACROS MAC

;TETEePb CIEAYIOT CaMHA MaKpPOKOMaHJIbI
%endif

[ToBTOpHOE BKIMIOUCHME (haitia He SABsIeTcs omnoKoi. IIpocTto Bce Makpock! OymyT
orpenieieHbl 3aHOBO, YTO HE JTOJKHO BBI3BAThH OIIMOKY TTPY KOMITUJISILIMM.

9.5. AupekTtuBboi Accembnepa

JnpexTuBbl Accemoiiepa NASM — 3T0 MAKPOKOMAHIIBI, ONpeae/ieHHbIE CAMIAM
kommwisitopoM. JlupektuB y NASM HemHoro, B ommmuue or MASM u TASM,
IIe UX YUCIIO OFPOMHO.
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AuvpekTunea BITS — ykasaHue pexuma npouyeccopa

JIMpeKTHBa yKa3bIBaeT KOMITWIATOPY, B KAKOM PexXurMe mpolieccopa OyaeT padboTaThb
nporpamma. CUHTaKCUC 3TOU JUPEKTUBBI MO3BOJISIET YKA3aTh OJVH U3 JBYX PEXU-
MoB — 16-paspsimnbiii (BITS 16) wmm 32-paspsaubiii (BITS 32). B GonblinHCTBe
clydae HaM HE HYXXHO yKa3bIBaTh 3Ty AUPEKTUBY, MOCKOJBKY 32 HAcC BCE CAETAeT
cam NASM.

Bo BTOpOIf TITaBe, B KOTOpOil paccMaTpuBaiicst mpoieccop 80386, MbI TOBOPYIIH O
JIByX pexrMax Mpoleccopa — peaJbHOM M 3allIUIIEHHOM. PeajbHbI pexKuM Kc-
MHOJIb3YeTCs 1S 00paTHOM COBMECTUMOCTH C MPEAbIIyIIMMU YuIlaMy. B peaibHOM
pexXuMe UCIOoNb3yloTes 16-0utHble Kom 1 aapecauust. Ho 80386 Takske momgnepxu-
BaeT 32-OMTHbIE MHCTPYKLMU. 3HAYMUT JIM 3TO, YTO 32-OMTHBIE KOMAaHIbl HEIb3sI
HCITOJIb30BaTh B 16-GMTHOM pexXume?

Ha, Henb3sl. Kak mokazaHo B miaBe 3, KaXXIOi KOMaHAE COOTBETCTBYET CBOII Ma-
IUHHBIA Kof. Pazpaboturkam Intel mpunutock pemares mpodieMy — Kak J0OaBUTh
HOBbIE KOMaHbl, padoTatoliye ¢ 32-OUTHBIMU OIlepaHAaMM, Koraa TabJiMia KOIoB
KOMaH]I yKe Mo4uTH 3anosHeHa? OHM HalUIM JOBOJIBHO M3SIIIHOE PElICHUE.

16-6utHas komanga MOV AX,0x1234 tpaHciaupyeTcss B MaluuMHHbIA Kom 0xBS,
0x34, 0x12.

32-6utHas koManga MOV EAX 0x00001234 TpaHciupyeTcsi B MAllIMHHBIA KOJ
0x66, 0xB8, 0x34, 0x12, 0x00, 0x00.

B 16-6utHOM (pealbHOM) peXMMe MAIIMHHOE MPEeACTaBlieHre BceX 32-OMTHBIX KO-
MaHJ HaunHaeTcs ¢ npedukca 0x66 (a Bcex oOpalleHUI K MaMsITh — ¢ npedukca
0x67). INocne npedukca caeayeT kon 16-GUTHOI BepCHUM TOI XKe caMOil KOMaHIbI.
bnarogapst npedukcy onepaHabl TOXXE MOIYT ObITh 32-OUMTHBIMU.

B 3amuiieHHOM pexume TPOLIeCCOp MCIONb3yeT 32-OUTHYIO aapecanuio u 32-
outHbl Kon. IToatomy mammHHasa koManaa 0xBS, 0x34, 0x12, 0x00, 0x00 (To ecTb
0e3 mpedukca 0x66) ozHauaer MOV EAX,0x00001234.

HupektuBa BITS yka3biBaeT, Kak OyayT KOMITWJIMPOBATHCS MHCTPYKLIMU — C TIpe-
¢ukcom nnm 6e3.

Oupektuebl SECTION u SEGMENT — 3apaHue CTPYKTypbl NpOrpamMmmbl

Kaxmass mporpaMMa, BHe 3aBUCIMOCTH OT SI3bIKa ITPOrpaMMUPOBAHMsI, COCTOUT U3
TpeX YacTeii: KO IPpOrpaMMBbl, CTaTHYeCKUE JaHHBIE (TO €CTh M3BECTHBIC BO BpeMs
KOMIWIALIMK) ¥ IMHAMUYECKHUE JaHHble (HEMHULIMAIN3UPOBaHHEIC, TO eCTh Te,
10l KOTOPbIe BO BpeMsT KOMITHJISILIUN TOJBKO OTBOOUTCS MaMsITh, a 3HAYCHHE UM
He TIPUCBaUBaeTC).

OTU CeKUMHU MOIYT OBITh ompenencHbl ¢ nmoMoublo aupekKTuB SECTION u
SEGMENT.
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TpaIII/II_II/IOHHO CeKIIMd KOIa Ha3bIBaeTcd .text, CEeKLUd CTaTUYECKUX HAaHHBIX —
.data, a CeKIUA ANHAMHUYCCKHUX JaHHBbIX — .bss.

PaccmoTpuM TipuMep TIporpamMMBbl, COMEpXKallliii BCe TPU ceKumu (JimctuHr 9.1)

Jincturr 9. 1. Mpumep nporpaMmmbl, COAEPXKaALLUA BCE TPU CEKLUN

/Kaxnmasti accembiiepHas IporpaMMa [OOJIXHA HAYMHATHCS C ONMCAHUS
;CBOETO Ha3HAa4YeHus M aBTOpPCTBa, HAIPUMeED,

; (c)2005 UMBawmor M.II. <ivan@ivanov.com>

SECTION .text

;Cerxuusa  .text comepxuT Hamy IIPOTpaMMy

;9TO OdYeHBb IIpOoCTad IIporpaMMa OJIS CJOXeHMd IOBYX 3Ha4YeHUU
mov eax,?2 EAX = 2

mov ebx,5 EBX = 5

add eax,ebx EAX = EAX + EBX

add eax, [statl] EAX = EAX + statl

mov [dynl], eax coxXpaHseM IONydYeHHOe B IUHaMUIECKON

nepemMenuon dynl
SECTION .data

;UICTIONB3YEM TICeBONOMHCTPYKIMMU DB, DW and DD
;I0IT OOBSABIEHUS CTATUYECKUX MAHHBX
.data
statl: dd 1
SECTION .bss
;B 3TOM CcekKLMM OINMCHBAOTCS OUMHaMUYIeCKUe IaHHBEe, OHUM He
/MHULMANN3INPYOTCA. O OOBABIIEHUS TIepEeMeHHHX B CeKIuu .DSs
;VICIIONIB3YITCS NICeBOOMHCTPYKUMM RESB, RESW m RESD.
; IuHaMMYeCcKMe OaHHBEe He 3aHuMalT MecTa Ha OUCKe, TO eCcThb
;I0ISI. HYX HEe OTBOOMTCS MeCTO B MCIOJNHsieMOoM dainie. VHCTPYKIIUU
;RES* yKa3HBaonT TOJBKO, CKOJBKO OaMTOB IIepeMeHHHEe OyInyT
;3aHVMMaTh B IIaMsATHU I[IOCJIe 3allyCkKa IIPOTpPaMME
dynl: resd 1
; KOHell IIPpOTpaMME

VHOTOa Takke OrpenesiieTCsd elle OfHa CeKIMsT — ITd cTeka (.stadk) . Ho TIOCKOITB—
Ky O CTeKe 3ab0TUTCsT OITepalliOHHasI CUCTeMa, HaM OeCIIOKOUTHECST He O YEM.

IvperTmBel SECTION m SEGMENT ABIISIOTCS CMHOHMMAaMU M IIODTOMY B3al—
MO3aMeHSIEMEI .

IIpuMedYaHue IepeBOqINKa .

B mpyTOoi JmTepaType BE MOKETE BCTPETUTH VCTIONB30BAHVE TEPMYHA «CETMEHT»
BMECTO «CeKIs»>. COOTBETCTBEHHO, TPM YaCTy ITPOTPAMMEl HAZEBAIOTCS CETMEHT KOIA,,
CEeTMEHT MaHHBIX VI CETMEHT CTEKA .

133


mailto:ivan@ivanov.com

AccemMbnep Ha npumepax. basosblIin kKypc

Onpextuebl EXTERN, GLOBAL1 COMMON -
0OMEH JaHHbIMU C APYTMMU NPOrpamMMHbLIMU MOLYAAMMN

Mpg1 OymeM MCHONIB30BaTh 3TU TPU OIUPEKTUBHI B TMaBe 13 mpu JMHKOBKE (KOM-
IMOHOBKeE) MporpaMM Ha si3blKe acceMOiiepa ¢ MporpaMmaMy, HalmMCaHHBIMU Ha
BBICOKOYPOBHEBBIX SI3bIKAX ITPOTrPaMMUPOBAHUS, IOATOMY Ceii4ac MBI pACCMOTPUM
WX OYEeHb OErso.

HupexktnBa EXTERN momo6Ha ogHomMmeHHO# mupektuBe (extern) B C. OHa
MO3BOJISIET OTPENEIUTh WIACHTU(MUKATOPBI, KOTOPbIE HE OMpeie/ieHbl B TeKyIIei
MporpamMme, HO OIpeneieHbl B KaKOM-TO BHelllHeM MomyJjie. OHa WCIONb3yeTcst
IJIST «MMIIOPTa» MISHTU(MUKATOPOB B TEKYILYIO MPOTPaMMY.

HupextuBa GLOBAL omnpenenser naeHTU(MUKATOPHI ST «3KCIIOPTa» — OHU
OyIyT MOMeuYeHbl KaK IJ100ajbHble MU MOTYT MCIOJb30BaThCSl APYTMMU MOLYISAMU
(TIporpamMmmamm).

HupektuBa COMMON wucnons3yercss BMecto GLOBAL mist skcmopra MOeHTHU-
(GUKAaTOPOB, OOBSIBJICHHBIX B CEKIIMU .bss.

Ecnu napyroit Mmonynbs akcrnoptupyeT ¢ nomolibio nupektuBbl COMMON TOT Xe
caMbIil uaeHTU(hUKATOP, TO 00a CUMBOJIA OyAyT pa3MEIIeHBl B ITAMSTH 10 OMHOMY
¥ TOMY Xe aapecy.

Aunpektnea CPU — koMmnunauua nporpamMmmbl oS BbiNOJIHEHNS
Ha onpeaeneHHOM npoueccope

Ucnonsiys mupektnBy CPU, MBI MOXeM 3aCTaBUThb KOMITWJISITOP T€HEPUPOBATh
KOMaH/Ibl TOJIbKO JUISl YKAa3aHHOTO THIIa Tpolieccopa. MblI 00CYXIaeM KOMaH/IbI
TOJIBKO Mpolieccopa 80386, moaToMy He HyxxmaeMmcst B tupektuBe CPU. Ecnu ata
MUPEKTUBA OITyllleHa, TO B MporpaMMe MOXHO HCIOJIb30BaTh JIIOObIe KOMAaH/IbI
X86-COBMECTUMbIX ITPOLIECCOPOB.

OmnpeneneHue Habopa KoMaHI ¢ TToMoIIbo nupeKTuBbl CPU 1o1e3H0 11 OIbIT-
HOTO IPOIrpaMMMCTa, KOTOPBIA MOXKET MCIIOIb30BaTh HEKOTOPbIE HOBbIE KOMAaH/IbI
crneundHrIeCcKOro THUIA Ipoleccopa.

CPU 8086 ;ACmmonp3yoTcss MHCTPYKIHUM OPUTMHAJIBHOTO YHUIIA
;Intel 8086 MoxHO yka3aTh ApYroil TUI mpolieccopa
;T.e. 286, 386, 486, Pentium...

Aunpektnea ORG — ykasaHue agpeca 3arpysku

HupektnBa ORG ycraHaBIMBaeT HAYaJdbHBIN ampec WIS 3arpy3KU IIPOrpaMMBbl —
TOT ajgpec, OT KOTOPOTO OTCUUTHIBAIOTCSI BCE OCTalbHBIC ajpeca B Mporpamme.
Hanpumep, ¢ nomomsio ORG Bbl Moxete co3natb COM-aiin (moapodbHee o
¢dopmarax BBIXOMHBIX (pailioB — crenyromuii maparpad), ecim ykaxere ORG
0x100. OmepaumonHast cucreMa DOS 3arpyxaeT ucrosaHsemble (aiiibl Tuma COM
B CETMEHT ITaMSITH, HaumHarommuiicsa ¢ agpeca 0x100.
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Cremyronuii Matepuan nmpeaHa3HaueH sl POTPaMMUCTOB, KOTOPBIE XOTST «KOII-
HyTe» NASM nornyoxe, HaUMHAIOIIME TTPOrPAMMUCTBI MOTYT C YKMCTOUM COBECTBIO
MPOMYCTUTh 3TOT MYHKT.

B ommume ot kommuisitopoB MASM n TASM, NASM 3arpemniaeT UCIoIb30BaTh
mupektuBy ORG HecKonIbKO pa3 B Ipeaeiax OMHON CEKIIUH.

TunaHbI TprMep MHOTOKpaTHOTO ITpuMeHeHus nupeKTuBbl ORG: Bropas ORG,
O3Havalomass KOHell 3arpy3ouyHoro cekropa. B MASM wm TASM MBI Moxem
yKa3aTh:

ORG O
; TYT 3arpPy304YHBN CEKTOP
; KOHELl 3arpy304YHOTO CeKTopa
ORG 510
DW OxAALS5
;B NASM BMecTO BTOPOTO ORG MBI ODOJIXKHE MCIIOJIBE30BATH
;ovperTuBy TIMES @
ORG 0

; TYT 3arpy304HBEIM CEKTOD

; KOHEL] 3arpy304YHOIO CeKTopa
TIMES 510-($-3$$) DB 0
DW 0XAAS5 5

9.6. ®opmar BbixogHOro ¢arna

Netwide Assembler (NASM) JjierKo IOPTUPYETCS HA pa3IMIHBIC OIEepallMOHHEBIC
CHUCTEMBI B IIpenesax X86-coBMecTHMBIX IpoueccopoB. Ilostomy miss NASM He
COCTaBUT Tpylla OTKOMITMJIMPOBATh TNPOrpamMMy JJis YKa3aHHOM oOrepaliMoHHOM
CHCTEMBI, JaXke eCIM BbI ceiiuyac padoTtaeTe mox yrpapieHueM npyroit OC.

®opmar BBIXOIHOTO (haiiia onpeaessieTcsl ¢ TTIOMOIIIbIO KJIoYa KOMaHAHOUW CTPOKHU
-f. HexkoTopsle opMaThl pacIIMpSIIOT CUHTAKCHC OIPEICICHHBIX MHCTPYKIIMI, a
TakXe J00aBJSIIOT CBOM MHCTPYKIIUU.

Co3paaHune BbiIxogHOro daitna: KoMNUIALUa 1 KOMNOHOBKa

CoszgaHne UCITOJHSIEMOro aiiaa COCTOUT U3 IBYX 3TamoB. [lepBbIii — 3TO KOM-
MM (TPaHCISILMST) UCXOMHOTO Kofia MPOrpaMMbl B HEKOTOPBIN OOBEKTHBIN
¢dopmar.

OOBeKTHBIN (pOopMAT COMEPKUT MAIIMHHBIA KOI IIPOTpaMMbI, HO CUMBOJBI (TIepe-
MEHHbIE U Opyrue UaeHTU(UKATOpbl) B OObeKTHOM (haiijie moka He MPUBS3aHbl K
ajipecaM TaMSITH.
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Ha BTOpOM 5Tarie, KOTopblil Ha3bIBAaETCSl KOMIIOHOBKOM U1 JIMHKOBKO# (linking),
U3 OJHOTO WJIM HECKOJBKUX OOBEKTHBIX (hailioB cO3MAeTCs MCIOJHSIEMbIN (haii.
ITpouenypa KOMIIOHOBKY COCTOUT B TOM, YTO KOMITOHOBIIIUK CBSI3bIBAET CUMBOJIBI,
orpezieieHHbIE B OCHOBHOI MporpaMMe, ¢ CUMBOJIaMU, KOTOPBIE OTpE/e/IEHbI B €
momyiisix (yuuthiBatotest aupektuBbl EXTERN 1 GLOBAL), nocie yero kaxmomy
CHMBOJTy Ha3HayaeTcsl OKOHYATENbHBIN apec MaMsITU WU OOECIeunBaeTcs ero
JNIMHAMUYECKOE BbIUKCIIEHUE.

dopmar bin — rotosblit ucnonHgemsblii paiin

®opwmart bin He siBAsIeTCS] 00BEKTHBIM (opMaToM. OH COMEPKUT Pe3yJIbTaT Tepe-
BOlla KOMaHJI acceMOJiepa B MaIlIMHHBIE KObI.

BTOT (hopMaT MOXHO Jaxke MCIOJb30BaTh IS CO3MaHMS TEKCTOBBIX (paitioB. Ha-
npumep, y Hac ectb daitn hello . asm:

;ecIM He yKa3aHO MHaue, ajapecalMs ABOWUYHOTO daiiia
/HaunHaeTca ¢ 0x0.

;Ipu moMomu aupekTuBsl DB ompenenum ctpoky "Hello world!",
;3aBepIIEHHYI0 CHMMBOJOM KOHIIA CTPOKH

string: db "Hello world!",0xd,Oxa

CkoMnmiupyeM 3TOT (aiiyi, BbI3BaB KOMITWISITOP € KITIOUOM -f
nasm -f bin hello.asm

B pesynbrate nonyunm daiin hello, conepxaniuit teker «Hello world». Eciu 6b1 B
HMCXOMHOM (paiijie ObUIM ellle KaKre-TO KOMaHIbI, TO B BIXOMHOM ¢haiin hello monamm
Obl MX MallIMHHBIE KOJbI, PV BBIBOJIEC HA SKPaH OHU ObUIM ObI MHTEPIIPETUPOBAHbBI
Kak cuMBOJIbl U3 ASCII-Tabnuilel, 1 MbI YBUeI Obl HA 9KpaHe BCSIKUU Mycop.

®opmart bin 1103BoJIsIET OOBABIISATH CEKLIMM (KOIA, JAHHBIX, HEMHULIMATN3UPOBAHHBIX
naHHbIx). [Tocie nmenu cekiun Moxet ctosaTh nupektua ALIGN, Tpebyroiias pac-
roJjaraTh 3Ty CEKLIMIO T10 afpecaM, KpaTHBIM yKazaHHOMY uuciy. Hampumep, ciemy-
foLlast JUPEKTUBA 3alacT BhIpaBHUBAHME CEKLIMM KOa IO afpecaM, KpaTHbIM 16:

section .text align=16

®opmat bin Takke MOXHO WCITONB30BATh ISl cO3MaHusl (haiiyioB, UCTIOTHSIEMbIX
nox DOS (.COM wu .SYS) vau mis 3arpy3uukoB. 3Hau€HUE MO YMOJIYaHUIO JTU-
pexktuBbl BITS paBHo 16.

B kone, mpenHazHaueHHOM ISl BbIBoAa B ¢hopmarte bin, MOXET MpUCYyTCTBOBATH
nupektuBa ORG.

dopmat OMF — 06bekTHbIN daiin pna 16-0MTHOro pexuma

OMF (Object Module Format) — 3T0 cTapslii popmar, pa3padoTaHHBIN KOPIIO-
pauueit Intel, B KOTOpOM 10 CHX IIOp co3daeT OObeKTHBIN Kom Turbo Assembler.
Kommunaropst MASM u NASM Toxe momaepKuBaloT 3TOT hopmar.
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®aiin B popmare OMF umeer paciupeHue .obj, 1 cam popmaT yacTo Ha3bIBaeTCsI
takxke OBJ. ®aiinbl ¢ paciuimpeHreM .obj MOTYT ObITb CKOMITIOHOBAHBI B MCTIOJHSI-
eMblIli (paii.

Hecmotps Ha To, uyTo hopmar obj ObUT M3HAYAILHO pa3paboTaH st 16-OUTHOTO
pexuMa, koMnuwisitTop NASM Takke MoaaepXuBaeT ero 32-0MTHOE paciidpeHue.
IMostomy NASM M0XHO UCIOIB30BaTh BMECTe € 32-OMTHBIMU KOMITWJISITOPAMU OT
Borland, xoTopsie Toxe MOAIEPKMBAIOT 3TOT pacIIMPEeHHbINA 32-OMTHBI bopmar,
a He Opyroil 0ObeKTHBIN (hopmaT, momuepkuBaeMblii Microsoft.

®opmat OBJ pacumupsieT CMHTAaKCHC HEKOTOPHIX AUPEKTUB, B YaCTHOCTH,
SEGMENT (SECTION). ITogpo6Hoe onurcaHue 3Toro (popmaTa BEIXOMUT 3a PaMKU
NIAHHOW KHWUTHU, HO BBl MOXETE MPOYMTATh O HEM B PYKOBOJCTBE MO0 KOMITWJISTOPY
NASM.

Kpome Toro, ¢opmar OBJ nob6asnsier HoByto nupektuBy IMPORT, xoTopyio MbI
onuieM B IaBe 11, MocBsaiieHHON nmporpaMmupoBaHuio B Windows. JupekTrBa
IMPORT mno3BosisieT uMIOpTUPOBaTh yKazaHHbIN daitn u3 DLL, eit HyxHO niepe-
JIaTh JBa IapamMeTpa — UMs uaeHTudukaropa u DLL.

VY kaxnoro OBJ-¢aiina goikHa OBITH CBOSI TOYKa Bxoda (KaK MUHHMMYM OJHA).
Touka BXoma ompenessieT MO3UIMI0, Ha KOTOpYIO OymeT IepeaaHo yrpaBJieHUe
rocjie 3arpy3ku mporpamMMbl B MamsiTh. Touyka Bxoaa (entry point) obo3HaueHa
crneluaJbHbIM UACHTU(PUKATOPOM (MJIM METKOI1) ..start:.

Yrobs! momyunth daitn B dopmare OBJ, Hy:)KHO BbI3BaTh KOMITWISITOP C KITIOYOM
KOMaHJIHOU cTpoku -1 obj.

dopmaTtWin32 — 06bekTHbIN daiin onsg 32-6UTHOro pexmnma

711 KOMIIOHOBKHU TIporpaMMbl ¢ momolibio Microsoft Visual C+ + ucnonb3yercst
32-6utHbiii hopmatr Win32. DToT popmaT HOKEH ObITH COBMECTUM C (hopMaTOM
COFF (Common Object File Format), Ho Ha caMmOM Jiejie TAKOW COBMECTUMOCTU
HeT. Eciii BbI OyeTe KOMITIOHOBATh MTPOrpaMMy KOMITOHOBIIMKOM, OCHOBAaHHBIM Ha
dopmare COFF, komnunupyiite acceMOIepHbBIi KONl B 00beKTHBIN (haitn hopmara
coff, onvicaHHOTO B ClIEAYIOIIEM ITyHKTE.

Yrobs! omyuuth daitn B hopmare Win32, Hy>KHO BbI3BaTh KOMITWISITOP C KITIOYOM
KoMaHaAHOI cTpoku -f Win32.

®dopmaTthl aout n aoutb — ctapeiiwnii dopmat ansg UNIX

®opmMar ucrnonHsieMoro daiia a.out (Assembler and link editor OUTput files)
MPEUMYIIECTBEHHO UcTofib3yeTcsl B Linux. PacimpenHast Bepcust aToro popmata
a.outb ucrionszyetcst rpynmoit BSD-coBMmecTrMbIX ornepatiioHHbIX cuctem (NetB-
SD, FreeBSD u OpenBSD). NASM MmoxeT reHepupoBath (aitisl 0001x hopMaToB,
ecnu ykaszaTh kmod -f aout g Linux wm -f aoutb mist BSD.
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dopmar coff — HacnegHuk a.out

®opmat COFF (Common Object File Format) npeacrasisier coboit CylecTBEHHO
YCOBEPIIIEHCTBOBAHHYIO U IOpa00OTaHHYIO Bepcuio (popmara a.out. OH pacripocTpa-
HeH kak B mupe UNIX, Tak u B Windows NT, u nognep:KuBaeTcsi HEKOTOPBIMU
CBOOOIHBIMHU (HE KOMMEPUYECKUMU) cpeaaMu pa3padoTku, Hanpumep, DJGPP.
Hcnonwayercs wist pazpadoTku nputoxenuii Ha C u C+ +. Eciu KoMnusTop Bbl-
3BaTh ¢ nmapameTpoM -f coff, MbI MoTyurM Ha BbIxone OOBbEKTHBIN daitin B (popmaTe
COFF. Pacupenue daitia mo ymoia4aHuio Jjist 3Toro popmara — .o

®dopwmar elf — ocHoBHOI popmaT B mupe UNIX

®opmat ELF (Executable and Linkable Format) — 3T0 dhopMat Kak 0OBEKTHO-
ro, Tak U ucrnojHsemoro ¢aitna. OH npumeHnsiercss B0 MHorux UNIX-momo0HbIx
cucreMax. Mbl MOXeEM MCITOJIb30BaTh €ro, 4ToObl OTKOMITWJIMPOBATH MPOrpaMMy
IIJIs oInepalMoHHbIX cucteM Linux, Solaris x86, UnixWare, SCO-UNIX u UNIX
System V, mpuueM He TOJIBLKO C SI3bIKa acceMosiepa.

Pacuimpenue o6bekTHOTO (haiina mo ymoadaHuto .o. st monyueHust daiina B 3Tom
¢dopMaTe KOMIUISATOP HYXXKHO 3amyckaTh ¢ KiouoMm -f elf.

Cumeonunyeckasa nHoopmauusa

HekoTopsle BbixomHble (hopMaThl TTO3BOJISIIOT XPAHUTh BMECTE C MAIITUHHBIMU KOJa-
MM CUMBOJIbI UCXOHOTO TEKCTa MporpamMmbl. Takass BO3MOXHOCTh OUEHb TTOJIe3Ha
MpU OTJIaZKe, OHA MO3BOJISIET OTVIAAUYUKY OTOOpaXKaTh aapeca MaMsITH B BUIE UMEH
MepeMeHHBIX, METOK U1 T.Il. CUMBOJIbHASI MH(MOPMAIIWS 3HAYUTEIbHO YBEJIUYUBAET
pa3Mep BbIXOAHOTO (haitia, MO3TOMY TOC/E OTIAIKM MPOrpaMMy 3aHOBO KOMITU-
JIMPYIOT yKe Oe3 Hee.

7151 moGaBIeHUST CUMBOJIMYECKOUN MH(pOopMaIuu HyxHo 3armycTutb NASM ¢ kimouom
-g. DTOT KIIIoY JomycTuM Tosibko 1ist (popmatoB OBJ u ELF.
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«640 KB 0doasucro 6b1mb docmamouno 044 a106020»
(Bunn Ieiime 1981)

OnepaumnonHas cuctema DOS (wm MS-DOS, Microsoft Disk Operating System)
OblIa MepBOil onepallMOHHON crcTemoii miist KommbioTepoB IBM PC. Ee apxutek-
Typa ¥ BO3MOXHOCTHY ObLTM OCHOBaHbI Ha ornepauroHHoi cucreme CP/M, kotopas
B TO BpeMsl OblIa TOCTATOYHO IMOMYJISIpHA CPeAu 8- U 16-OUTHBIX KOMITBIOTEPOB.

HUnrepdeiicom DOS saBisiace KomaHaHas cTpoka. YTo ke KacaeTcsi MHOro3a-
JIAYHOCTU, TO OHA ObUIa OJHO33aJaYHOI orepaluuoHHOI cucteMolii. DaiinoBas
cucTeMa He TIpeycMaTpuBajia TpaB JOCTyMa K (aiiyiaM, KOTOpbIe UCITOIb30BAIUCH
B onepainuoHHoil cucteme UNIX ¢ camoro MoMeHTa ee co3nanusi. U3HayaibHO
DOS pacnionarana scero 640 K6 mamstu, mpapaa, Mmo3ke MOSBUINCH Pa3IUyHbIE
CIIOCOOBI €€ pacllIUpPeHUsl.

CucremMa HUKOTIA HE 3aMyCcKaaach B 3alUIIEHHOM pexXuMe (ITOCKOJbKY ObLTa pa3-
pabotana mrs 8086), U mporpaMMbl MOIJIM HE TOJBKO YIIPABJIATH aIllllapaTHBIMU
CpeNCcTBaMU KOMITbIOTEpA HATPSIMYIO, HO Y 3alMUCHIBATh JAHHBIE B JIIOOYIO 00JIacTh
MaMsITH, Jaxe He MpuHamiexasinyio uM. [Iponeccopsr 80286 u 80386 mommepku-
BaJIK 3alUIIeHHBIN pexxuM. [TpunoxeHust, paboTaolue B 3allUILIEHHOM PEXUME,
JIOJDXKHBI ObLTH MEPEKITIOYaTh MPOLIECCOP CAMOCTOSITEbHO. SICHO, UTO HENMb3s ObUIO
3aIMyCTUTh HECKOJIBKO TIPUJIOKEHUN B 3aIUIIIEHHOM PEXWME OJHOBPEMEHHO.

10.1. Agpecauus namMaTu B peajibHOM pexume

Ipoueccop 8086 mmen 20-OUTHYIO aIpecHYIO IMMHY W MOSTOMY CITOCOOEH ObLT
azpecoBaTh Toibko 2 Gaiitos (1 M6) onepatuBHOl mamsatu. Ho Mbl 3HaeM, 4To
€ro perncTpnl ObUIM 16-OMTHBIMHU: KaK K€ OH MOTr Torma aapecoBaTh 20 GUTOB
aJIpeCHOM LIUHBI?

OTBeT HAXOOUTCSI B CErMEHTHBIX perrcrpax. OKOHYATEbHBIN ampec, «COpOIIeH-
HBIil» Ha aJpeCHYIO IMHY, TOIyJaicsd KakK CyMMa 3HAaueHW COOTBETCTBYIOIIECTO
16-6MTHOTO pPEerncTpa M CErMEHTHOTO PErMCTpa, YMHOXEHHOro Ha 16.
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{5 8|7 0

]:||I [T

[ ]]
YvY +YY‘F‘YY1FI
+1+++++&~1++H
DI

15 8|7 o ||

H|!'|I|||||‘
YYYYYIVYVYYVYIYYYY

20-6uTHbIA agpec —>] Namsts

Puc. 10.1. Pacuert ¢pusndeckoro agpeca

Crenyomuili mpuMep IMOMOXET MOHSATh, KaK PaCCUYUTBIBACTCS (PU3MIESCKUI
ajipec:

mov al, [ds:si] ;3arpy3uTh B AL comepxxaHue maMsTu
;mo aapecy ds:si
IIpeanonoxum, yto DS = 0x559E, a SI umeer 3HaueHue 0x100.

Bberuncnute okoHYaTebHbIN 20-OMTHBIA aApec MOXHO CIEAYIOIMM 00pa3oMm:
0x559E * 0x10 (0x10 paBHo 16) + 0x100

XKenmaeMoe 3HaueHue OymeT 3arpyxkeHo ¢ agpeca mamstu: 0x559E0 + 0x100 =
0xS5AEQ.

3HavyeHNe CeTMEHTHOTO PErcTpa Ha3bIBAETCSl CETMEHTOM, a APYyroe 3HadeHue (TO,
KOTOPOE COINEPKUTCS B PErHCTpe OOIIero Ha3HaYeHWs WIM yKa3aHO KaK HEIo-
CpeICTBEHHOE 3HadeHWe) Ha3biBaeTcs cMelneHreM (offset).

3ametumM, uto anpec 0xSSAEQ Takke MOXET OMpEenesiThCs APYTUMU MTapaMU Cer-
MEHTOB U cMelleHuii, Hanpumep, cermMeHToM 0x558E u cmermenuem 0x200.

Anpecanusi, UCTIOJIb3YIOIAsI CETMEHThI U CMEIIEHWS, UMEET Maccy HeIOCTaTKOB.
CMeleHrEe MOXET OBITh TOJIbKO 16-OMTHBIM, M TIO3TOMY TOJHBIA pa3Mep OTHOTrO
CerMeHTa B MaMsATH orpaHnYeH oobeMoM 64 K6. [Iporpamma, Kom win JaHHBIE
KOTOpOi1 mpeBbIaloT 64 KO, n1omkHa ObITh pa3ielieHa Ha HECKOJbKO CErMEHTOB.

ITpu HEOOXOMMMOCTU B CETMEHTHBIE PETUCTPhI NOJKHBI ObITh 3arpy>KeHbI APYrUe
anpeca. PenieHue mpoOiembl, KOTopasi BO3HUKAET MPU ACJIEHWN MPOrpaMMbl Ha
HECKOJIbKO CETMEHTOB, OyleT paccMoTpeHo B maparpade 10.4.

Js coxpaHeHUsT COBMECTUMOCTU JaXe HOBEWIIME TMPOLECCOPhl MOAIEPKUBAIOT
16-6uTHYIO ampecalio B pealbHOM pexkume. [103TOMy MOXHO 3aIyCTUTh CaMylo
npeBHol0 DOS-niporpammy, B ToM umcie U camy DOS, Ha HOBEeHIIMX X86-COBMe-
CTUMBIX Tpoleccopax.
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10.2. Opraunsauuna namatu B DOS

Kak MbI TOJBKO 4TO OOBSCHWIM, U3-3a PeaJbHOro pexXuma Ipoleccopa, omnepa-
nuoHHas1 cucreMa DOS Moria agpecoBaTh TOJbKO 1 MO omepaTHBHONM HaMSITU.
Tabnuua 10.1. — 3T0 CBOI OTHENBHBIX aApPeCcOB U OJOKOB MaMSTU, BbIICIEHHBIX
JJIs. ONepallMOHHOMN CHCTEeMBl, MPUKJIATHBIX IMPOrpaMM U amIapaTHBIX CPEACTB.

Tabnvnuya 10.1

Appec (cermeHT:cMeLLeHue) YroHaxoauTcanoagpecy
0x0000:0x0000 Tabnuua BEKTOPOB NpepbIBaHW
0x0040:0x0000 Tabnuua nepemMeHHbIx BIOS
0x0????:0x0000 DOS kernel (agpo cucTemsl)
0x0????:0x0000 Bydepsbl, 06paboTinkn npepbiBaHWiA, ApaliBepa yCTPONCTB
. PeanpeHTHas yacTb KOMaHAHOMO MHTepnpeTaTopa (060104KN)
2799
0x0???7?:0x0000 COMMAND.COM
0x0????:0x0000 Pe3npeHTHble nporpammel (TSR, Terminate and Stay Resident)
0x0?2222:0x0000 Bb|r|onHm(3u.|,aﬂcg B A@HHbIi MOMEHT nporpamma (HopToH,
TEKCTOBbIV PEAAKTOP U T.M.)
0x07????:0x0000 CBoboaHas namaTb
Ox0A000:0x0000 Havano Buageonamstu (B rpadmnyeckomM pexmme)
OOBOOOOX0000 BuaeonamMsTe MOHOXPOMHOIO rpaduyeckoro agantepa
(B TEKCTOBOM pexume)
Ox0B800:0x0000 BuaeonamsTb rpaduryeckoro agantepa B TEKCTOBbIX pexumax
OXOC800:0x0000 - OXOE00O:0x0000 CBoboaHble agpeca afs 4onosiHMTeNbHOM namatn ROM
(Read Only Memory)
0xF000:0x0000 ROM BIOS

B camoM Hauane aapecHOro MpoCTPaHCTBA 3ape3ePBMPOBAHO MECTO IJIs1 TaOJIULIbI
npepbiBaHuii. Ee pasmep Bbrumcauth sierko. Ilporeccop nomaepxkusaeT 256 pa3HbIX
BEKTOPOB IIpEpbIBaHMSI, a KaXIbIii BEKTOp IPEACTABISICT CO0Oil mapy CEerMeHT-
CMellleHKEe, TO eCTh 3aHMMaeT 4 Oaitta. B utore monyvaercs 1 KO.

Cpazy xe 3a Tabmuueil npepsiBanuii, mo ampecy 0x400 (t.e. 0x0040:0x0000), cnemyer
Ttabmuia nepeMeHHbIX BIOS. OHa comepXWT CIUCOK YCTPOMCTB, MOOKITIIOYEHHBIX K
KOMITBIOTEpPY, U X KoHuUrypaimo. ONrucaHre OTAETbHBIX YCTPONUCTB Mbl paccCMaTpu-
BaTh B 3TOU KHUTE HE OyleM, HO €CIU KOro-TO 3aMHTEPECYeT 3TOT BOIPOC, TO BCErna
MOXHO HalTH 3JIEKTpOHHBIA cripaBouyHMK Ralf Brown Interrupt List B MHTepHeTe.

B crenyroiiem 650ke maMsITH 3arpykeHa OoTepallOHHAsI CUCTeMa BMECTE C pa3HbIMU
Oydepamu 1 0OpabOTUYMKAMU TPEPHIBAHUI. 3a OMEPAIMOHHON CUCTEMOU CIeayeT
komaHAHbI uHTepnperatop COMMAND.COM, KOTOpbI MO3BOJISIET MOIb30Ba-
TENMO OOIATHCSI C KOMIBIOTEPOM 4Yepe3 MHTepdhelic KOMaHIHOU CTPOKU.

Hanee cnenytoT pesunaeHTHble Wi TSR mporpammel. [lporpaMMbl Takoro Tura
3aMycKaloTcs, KaKk U OObIUHbIE MPOrpaMMbl, HO MO 3aBEPIIEHUU OHU OCTAIOTCS
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3arpy>keHHBIMU B TaMsITh. THUIMYHAs pe3uACHTHAs MporpaMMa — 3TO IpaiiBep
MBIIIY, KOTOPBIi JOJKEH OCTaBaThCs B MAMSTH, YTOOBI TIPYITOXEHMS MOIIA WC-
IT0JIB30BaTh MBIIIIb.

ITporpammMHbIil UHTEpDEIC, KOTOPBII 0OECTIEeYMBaET B3AUMOCBSI3b IPYTUX MPUJIO-
>KEHUU TION yMpaBJIEHUEM OIepallMoHHOM cucteMbl DOS (MexIy MpuiioXeHUsIMU
nm Mexy nipunoxeHveMm u OC), peali30BaH 4epe3 BEKTOPbI MpepbiBaHUNA. Mbl
paccMOTpUM 3TOT BOIpOC Oojiee neTaibHO B maparpade «OCHOBHbIE CUCTEMHBIE
BBI3OBbI».

Criemyroinuii 6J10K COIEpKUT MporpaMmy, padoTarolIylo B TaHHBII MOMEHT. Apec-
HOE MPOCTPAHCTBO 3TOI MporpamMMbl IIpOCTUpaeTcst 10 mpeneia B 640 Ko, T.e.
BILIOTH A0 agpeca OxOA000:0xO000. Anpeca ot 640 K6 no 1 M6 3ape3epBrpOBaHbI
JUTSL anmapaTHBIX CPENCTB KOMIIbIOTepa.

IepBoie 64 K6 3T0k 06/aCTH MCITONB3YIOTCS BUICOANAITEPOM. 3arkCh B 9TH aapeca
TMO3BOJISIET PUCOBATh OTIEIbHBIE TOUKU Ha 9KpPaHE.

Anpeca HaumHasg ¢ 0x0B800:0x0000 ucrnonn3yloTcsl BUIEOAdalTepoM IS XpaHe-
HUSI OTAEJIbHBIX CMMBOJIOB, OoToOpaxkaeMblx Ha 3KpaHe. Aapec 0x0B800:0x0000
MPEJCTABISIET JIEBbIi BEPXHUIA yroi MEepBOM OTOOPaXaeMo CTPOKM B TEKCTOBOM
pexume. JlaHHbIe opraHM30BaHbl B naphl OaiitoB. IlepBolii 6aitT conepxut ASCII-
KOJ OTOOpaXaeMOTo CMMBOJIA, a BTOPOii OaiiT 0003HAUYaeT 1BeT.

OcrtaBilieecs: MPOCTPAHCTBO MaMSTH 3ape3ePBUPOBAHO ISl TPOTPaMM, XPaHSILIMXCS
B namsatu ROM (Read Only Memory): BIOS Buaeoazantepa u BIOS camoro
KOMIIblOTEpA.

10.3. PacuunpexHue namatu cebie 1 MB

Yepes HeckobKo JieT 640 K6 mepecrano xBaTaTh, U TIO3TOMY ObUTM pa3paboTaHbI
CIOCOOBI paCLIMPEHU NaMSITH, COXPAaHSIOLIME TIPU 3TOM peasibHbINA pexuM. [Tpo-
meccop 80286 mmen 24-OGUTHYIO ampecHYIO IMUHY, OMHAKO B PEalIbHOM PEXUME OH
BCe ellie MOT agpecoBaTh Tojbko 20 6utos, T.e. 1 MO.

ITocnegHUM MPUTOAHBIM AJI UCIOAb30BaHuUs cerMeHToM ObuT 0X0F000, B KoTOpOoM
xpanutcsa BIOS. YtoObl agpecoBath cieaytomuii 3a BIOS cerMeHT, HYy>KHO ObLIO
Obl 3arpy3uTh B cerMeHTHbIN peructp 3HaueHue OxXxFFFF. Ho nocne nob6asiaeHus
K 3TOMYy 3HAYEHWIO CMEIIEHUS afpec BbIlIea Obl 3a mpeaensl 20 OUTOB, TO €CTh
npeBbICUII ObI orpaHnyeHue B 1 MoO.

Pa3paboTuuky pemmnm o0opynoBaTh KOMITBIOTED CHEIUATIBHBIM YCTPOUCTBOM LTSI
KOHTPOJISI HAJ ABAALATh MEPBbIM OUTOM apeCHON IIUHBI, KOTOPOE TTO3BOJISIIIO ObI
ucnojb3oBaTh cermeHT OxOFFFF. IIpoleccop MOayduT JOCTYII K IMaMsITU Bbliie 1
MO, eciii «4TO-TO U3BHE» YCTAHOBUT 21-i1 OUT aipecHOM IIMHbI B 3HaYeHue 1. Dtum
«4eM-TO» CTajio YCTpPOMCTBO, HazBaHHOe A20 (21-i1 6ur umeeT HoMep 20, moToMy
YTO HyMepallus HauuHaeTcs ¢ Hyss1). A20 ynpasiisieT BBIIEYTOMSIHYThIM 21-M Ou-
TOM U TTO3BOJISIET MCITOJIb30BaTh AOMOMHUTEIbHBIe 64 K6 onepaTHBHOM MaMsITH.
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OgHAKO TaKMM CIIOCOOOM MOXHO I00aBUTH TOJBKO 64 KO mamsaru, 4ro He Tak
yk MHOro. B guamasone or 640 K6 1o 1 M6 uMeeTcs Macca HEUCIIOIb30BAaHHOM
namsT, 3ape3epBupoBaHHOU g ROM-cuctembl. Henb3s nu Kak-HUOYAb UC-
MOJIb30BaTh 3T ajapeca?

KoneuHo xe, MoxHo. KoHcopimym 13 Tpex komnanuii — Lotus, Intel u Microsoft —
copmympoBai cnenudukanuio maMsaT, kotopyto Hazam LIM EMS (Expanded
Memory Specification). B o6mactu mexmy 640 K6 u 1 M6 ObU10 cO31aHO OKHO
maMsiTi ¢ pasmepoM 64 KB, KoTopoe cOCTOSUTO U3 YeThIpeX cTpaHuil, mo 16 Ko
Kaxzaasi. DTO OKHO Ha3bIBAaeTCs KaapoM cTpaHMIbI (page frame), moromy uro EMS
MO3BOJISIET OTOOpaXaTh B 3TO OKHO MaMsITh 3a npeaesamu 1 M6. Y koMIibioTepoB
tuma 80286 EMS-mamsITh peanr3oBaHa ¢ TIOMOIIBIO aIlllapaTHbIX CPEACTB, HO TIO3Ke
6maromaps mporeccopy 80386 1 ero BUPTyaJlbHOMY pealbHOMY PEesKMMY OHa MOIIa
pean30BbIBaThCsl TPOrPAMMHO.

TMocneqHrm cnocoboM MoTydeHUsT JOCTya K TaMsITH 3a ripeneiamu 1 M6 B peaiib-
HoM pexume crana cnetudukanus XMS (Extended Memory Specification). Oror
nHTepderic 6bL1 peanu3oBaH npu nomoiu apaisepa HIMEM.SYS, koTopslii mpu
HEoOXOAMMOCTHU MepeMelaeT 00K naMsaTy Bbiie 1 MO B mamsTh Hixke 1 M6 u
Haobopot. [Tpu 06paboTke 3ampoca OH MEPEKITI0YAET MPOLIECCOP B 3aIUIIICHHBIN
pexXuM, rae sl agpecalnu TOCTymHa Bes nmamsTh. [locne nepemenieHust 010Ka,
MPOILIECCOP MEPEKITIOYAETCSI 0OPATHO B PEATTbHBIN PEXUM.

10.4. Tunsl ucnonHaemobix pamnos s DOS

OnepanuonHas cucreMa DOS monnepXuBaeT Tpyu TUTIA OMHAPHBIX UCTIOTHSIEMBIX
(aiinos.

IlepBblil TUII — 3TO CUCTEMHBII ApailBep YCTPOMCTBA, KOTOPBIA OOBIYHO MMEET
pacumipenue .SYS. @aiin Takoro TUMa 3arpyxaetcsl Ipu 3arycke cuctembl. Cru-
COK BCEX 3arpy>kaeMbIX JIpaiiBEpOB YCTPOUCTB COAEPKUTCS B KOH(MOUTYPAITUOHHOM
daiime CONFIG.SYS. Onuncanue storo ¢aiina u ero (hyHKIWI BEIXOIUT 32 TTPEaeIIbl
3TOIN KHUTH.

Crenyromve nBa tumna ucrnonHsieMmbix daitioB — COM u EXE (pacumpenust .COM
u .EXE COOTBETCTBEHHO) — MpelHa3HAYEHBI U1 NPUKIIAIHBIX TTPOTPaMM.

Hcnonusemsprit ¢aiin tTumra COM B oTiMume OT APYTUX 3aIlycKaeMbIx (hailyioB He
HAMeeT 3arojioBKa. Ero MakcmmanbHbI pasmep — 64 K6, 13 KOTophIx 256 GaiiToB
3aHMMaeT npeduKc MporpaMMHOro cerMeHTa. Bo BpeMs 3arpy3ku Iporpammbl
oIepallMOHHAs CUCTEMA BBIAE/ISET il HOBbIN cerMeHT mamsatu (T.e. 64 KB). IIpo-
rpaMma 3arpyxaercs ¢ aucka mno aapecy 0x100.

B xone 3armycka mporpamMmbl orepallMoOHHasi CUCTeMa 3arpyxKaeT ajapec BblAeJIeH-
HOro eii cerMeHTta B cermeHTHbIe peructpsl (CS, ES, DS u SS), ycranasnuBaet
yKazartesib BeplInHbI cteka SP moutu B KoHell cermeHTa — Ha aapec OXOFFFE, a
3aTeM repeaaeT ynpasieHue Ha cMelenue 0x100, rme HaxoauTces nepBasi KOMaHAa
WCTIONHSIEMOTO (haiina.
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HuamnazoH agapecos oT 0 go 0x100 3ape3epBUpOBaH i1 OMEPALIMOHHON CUCTEMBI.
On nHaswiBaetcss PSP (Program Segment Prefix). 3mech omepanoHHas cucremMa
COXpaHseT cpeau IMpodyero MHgopMalno 00 OTKPHITHIX ¢aityiax 1 o PSP-ampece
ponutenbckoro mpoiiecca. HaunHas co cmeneHust 0x80 xpaHsATCS apryMEHThI, €
KOTOPBIMM 3amyllieHa Mporpamma.

Paccmorpum kapty namsatu COM-nporpamMmsl, 3arpy>keHHoil B cermeHT 0x1234
(cm. Tabm. 10.2):

Kapra namstu COM-nporpamMmmel Tabnmua 10.2

Appec (cermeHT:cMeLeHune) Y1o HaxopuTCcHa no aapecy

Hayano o6nactu, 3ape3epsuposarHoi g OC. 3aeck XxpaHsaTcs

0x1234:0x0000 HEKOTOpPbI€ BHYTPEHHNE CTPYKTYpPbI

0x1234:0x0080 C aTOoro agpeca Ha4yMHalTCs nepeaaHHbie napameTpsbl
0x1234:0x0100 C 0x100 onepaumnoHHas cuctema 3arpyxaet COM-daiin ¢ gucka
0x1234:0x???? OKOH4YaHWe cermeHTa (cekuun) koga

0x1234:0x???7? OKOHYaHWe CerMeHTa (Cekumm) AaHHbIX

0x1234:0x???? Hayano cekunn HemHNLMann3mpoBaHHbIX AaHHbIX (.bSS)

MamaTb pacnpeneneHa 1o KOHLA CErMeHTa, a CTEeK PaCTeT K Havasy
cermexTa

0x1234:0xFFFE BeplumHa cteka

Tun ucnomusiemoro aiina EXE cyiecTBeHHO yaydllleH Mo CPAaBHEHUIO C TUTIOM
COM. Ilpu 3ToM [1aBHOE yiydllieHUe 3aKiaouaercs B ToM, yto Tun EXE npuroaeH
IUTSL pa3MellieHrsI TIporpamMM, pasmep KOTopbix Gosbiire 64 K6. daitn tuma EXE
MOXET CONepXaTh HECKOJIbKO CETMEHTOB KO/Ia U HECKOJIbKO CETMEHTOB JAHHBIX.
VY creka Takke ecTb 3ape3epBUPOBAHHBIC CErMEHTHI.

YT00BI 00PATUTHCS K JPYTOMY CETMEHTY B PEASTBHOM PEXUME, HY>KHO MEPEKITIOUUTh 3HA-
YEeHMsI CETMEHTHbBIX PETMCTPOB. Tak, Mpy BbI30BE MOANPOrpaMMbl, COXPAHEHHOI B IPYTOM
CErMEHTE, MbI JIOJDKHBI UCTIONB30BaTh MHCTPYKLMIO IallbHero Bbizosa (call far), kotopas
MpaBWILHO M3MeHSsIeT 3HaueHus1 0oorx perrcTpoB (CS u IP). ToyHo Tak Xe J0KeH ObITb
BbIMOJTHEH Bo3Bpar (retf). Eciu nepeMeHHast coxpaHeHa B IPYTOM CErMEHTe JaHHBIX, MbI
MoJTyJaeM ajipec ee CerMeHTa Mpu MOMOILM riceBnokoMaHasl SEG 1 3arpyxaem ee B cer-
MEHTHbII perucTp. [TpaBuTbHbBINA anpec MomydaeTcsl B pe3y/ibTare CJIOXKEHUST CMEIICHUS],
KOTOPBIM 3aBeIyeT UIEHTU(UKATOP, C HOBbIM 3HAUEHHEM CETMEHTA.

PaszpaboraHHas cxema OEMCTBUTENILHO XOpOIlla, ecau Obl He OAHO «HO». Kak mo-
JIYYUTh afpec CerMEHTa, eCIM MBI He 3HaeM CTapTOBBIC agpeca CerMeHTOB (T.e.
nporpamMmai)?

CKoMIIWJIMPOBAHHAS POrpaMMa COXpaHSIETCST Ha JUCK TaK, KaK eciii Obl el Tipef-
cTosi10 ObITh 3arpyxkeHHoil ¢ agpeca 0x0000:0x0000, To ecTb IepBbIii CEIMEHT Ha-
yuHaetcs ¢ 0x0000:0x0000 u 3akanumBaetcsa B 0x0000:0xFFFF, BTopoii cermeHT
HauuHaerca ¢ 0x1000:0x0000 u Tak nmanee.

Kaxnoe Mecto mporpaMmbl, B KOTOPOM HCIIOJIB3YIOTCSI 3HAYEHUSI CETMEHTOB (T.€.
0x0000, 0x1000 u T.1.), 3aIMCHIBAETCS B TaK Ha3bIBAEMYIO TAaOJIMUILy IepeMelleHU
(relocation table).
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IMporpamma 3arpyxaetcsi B maMsiTh ¢ HEKOTOpOTo 0a3oBoro ampeca. [lo Tabmuie
NepeMEICHUI ONPENeIIOTCS T€ MECTa MPOTPAMMBI, COIEPKMUMOE KOTOPBIX JTOJK-
HO OBITh «TTOAMPABIEHO», W K XPAHSIIMMCS TaM aapecaM M00aBJseTcs] 3HaYeHUe
6azoBoro aapeca. Takum 00pa3oM IIporpaMma IeJIMKOM MepeMeIiacTcsl K 0a30B0-
My ajpecy 3arpy3ku. Temepb BCE CETMEHTHBIE PETUCTPHI COMEPXKAT MPABUJIbHBIC
3HAUEHUSI, U TIPOTPaMMa MOXET OBbITh 3aITyIlleHa.

10.5. OCHOBHbIe CUCTEMHbIE€ BbI30Bbl

OrnepalMoHHasi cucTeMa TpeljiaraeT 3amnylieHHONH IporpaMMe MHOXECTBO cep-
BUCOB. Mcrosb3ysl onepallMOHHYIO CUCTeMYy, Hallla MporpaMma MOXET BBIBOIUTH
COOOIIIEHUST Ha 9KpaH, CUUTHIBATb BBOJ C KJIaBUATyphl, paboTaTh ¢ daitlaMu win
TpeGOBAaTh BBIIEJICHUS JOTTOJIHUTEIbHOM TTamMsATU. CepBUCHI OTNIepalliOHHON CUCTEMBbI
JIOCTYITHBI Yepe3 TpepbiBanue 0x21. [TapaMeTphl CHCTEMHBIX BBI30BOB YKA3bIBAIOTCSI
B onpenesieHHbIX peructpax. [Tom DOS HoMep HeoOxomuMol (PYHKIIMK YKA3bIBACTCSI
B peructpe AH. Ecim cucTteMHBIN BBI30B 3aBEPIIIIICS OIIMOOYHO, TO YCTAHABIIM-
BaeTcs (iar mepeHoca, a B peructp AX IOMEIIAeTCsT KOO OLIMOKM.

HemepneHHoe 3aBepLIeHME NPOrpamMmbi

IIpocreiiias nporpaMmmMa — 3TO Ta, KOTOpas 3aBeplIaeTcsd HeMEIEHHO MocJie 3a-
MmycKa. 3ampoc Ha 3aBeplIEHUE MPOrpaMMbl 0OOECTIEYMBACTCSI CUCTEMHBIM BBI30BOM
DOS ¢ Homepom 0x4C, mpephIBalOIIMM IIpOrpaMMy Y IMepemalolInM yIIpaBICHUE
POIUTENILCKOW MpOorpamMme.

Beopa: BbiBOA:

3aBepLueHe NporpamMmmbl:
AH - Ox4c Hwuyero
AL = kop BO3Bpara

Howmep BoI3bIBacMoil pyHKIIME TTepenaetcs yepe3 peructp AH, a B AL yka3piBaeTcst
TaK Ha3bIBacMbIil KOJ BO3BpaTa, TO €CTh 3HAYCHUE, KOTOPOEe JOJIKHA aHAIU3UPO-
BaTh POAUTENbCKasl Mmporpamma. JlouepHsisi mporpaMMa MOXeT JIMOO COOOIIUTh
POIUTETLCKOM, YTO 3aBepIIMIACh HOPMAJIbHO, JIMOO BEPHYTb KO OIIMOKHU. DTa
(yHKIIMS TAKOTO Xe Ha3HAaYeHUsI, Kak exit B si3bike C.

Haima mrepBast mporpaMmMa OyzieT BKIIIOYATh B ¢e0sT TOMBKO pasaei Koma (Jmactudr 10.1).

Jinctuur 10.1. MpocTeiwasn nporpamma nog, DOS

SECTION .text

;Hama repBas mpoTrpamMMa OIS OIIepPallMOHHOM cucTeMsl DOS.

;OHa HMYETO He fejiaeT, TOJIBKO 3aBepllaeTCs Cpasy IIoCcie

; 3aIlyCKa

org 0x100 ; TeHepupyeM COM damn, zBarpyxaemensr ¢ 0x100
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mov ah, 0x4C ;2Ta OYHKIUA 3aBeplaeT IIPpOoTrpaMMy
mov al,0 ;xon Bo3BpaTa 0
int 0x21 ; BEI3EIBAEM AP0 OIIEPAILIMOHHONM CHUCTEMEL

; KOHELI ITPOTPaMME

Tenepp coxpanure nporpammy B ¢aiin finish.asm. B atoM n ciemyrommx mpu-
Mepax MbI OyieM KOMITWJIMPOBATh BeIXOOHBIE (daiiiel Tuira COM, 4To0ObI M30eXKaTh
3aMyTaHHOM TMPOLIEAYPhl HACTPOMKKM CETMEHTHBIX PETMICTPOB M CKOHIIEHTPHUPOBATHCS
Ha pEeLIeHUU IPYTMX MpobJieMm.

CrenytomM 1maromM OymeT KoMnwsaius finish. asm KOMOMISITOPOM nasm:
nasm -f bin -o finish.com finish.asm

IMTapameTp -f yKasbIBaeT TUIT BBHIXOOHOTO ¢hopMara, a ImapameTp -0 yKa3bIBaeT Ha
co3maHue ¢haita ¢ 3agaHHBIM MMeHeM finish, com.

IMocne xommuasiivu Mbl MOXeM 3amycTuTh Tporpammy finish.com, HamucaB
«finish» B xkoMaHmHOII cTpoke M HaxaB «Enter». IIporpamma cpa3sy ke BepHET
yrhpaBieHUEe KOMaHIHOMY WHTEPIIPETaTopy.

BbiBog, cTpoku. Muwiem nporpammy «Hello, World!»

Hpyrast o4eHb 1oe3Hast GyHKIIUSI — 3TO BBIBOA TEKCTOBOI CTPOKHU Ha 3KpaH. Ceii-
yac MbI He OylIeM paccMaTpUBaTh 3aIUCh B (haiiyl, a pacCMOTPHUM pa3Hble (DYHKIIMU
BBIBO/IA CTPOKM Ha BKpaH.

Ilo ucTtopuueckuM MPUYMHAM BHIBOAMMAsI CTPOKA OKAHUMBAETCSI HE HYJIEBBIM
Oaiitom, a 3HakKoM moiuiapa <«$» (0x24).

Beogp: BbiBOA:

MeyaTb CTPOKK:
AH = 0x09 Hwuyero
DS:DX = ykasaresib Ha CTPOKY, 3aBEPLUEHHYIO «$»

[Teyatp OmHOrO CHMMBOJIA Ha CTAaHOAPTHBIM BHIBOA BBINTONHsIET GyHKIUS DOS ¢
HoMmepoM 0x02, koropas cumthiBaeT Kom ASCII Heobxommmoro cumBosia u3 DL.

Beoa: BbiBOA:

MNeuyaTb cumBoOna:
AH = 0x02 Huuero
DL = ASClI-kog neyataemoro cumsona

Ternepb y Hac 1OCTaTOYHO 3HAHUI, YTOOBI HAITMCATh MTPOrPaMMy, KOTOpasi BbIBEAET
Ha 3KpaH BceM u3BecTHBIN TeKCT «Hello, World!» m 3aBepiur cBoro padory.

Celiuac MBI C BaMU OTpeHaKTHpyeM Hamry mporpammy finish, asm. Bymer mo-
OaBjecHa HoBas ceknus .data ¢ ommcaHueM IiepeMeHHOM <«hello», comep:karmast
CTpOKy, coctosiyio u3 tekcta «Hello, World!», cmyxeonsix cumBoioB CR (OxD)
n LF (OxA), KoTopble BO BpeMsI BEIBOIA Ha 9KpaH BBHIIOJHSIIOT IIEPEBOI CTPOKU, U
3aBeprIaroniero cumBoia «$» (mucrunr 10.2).
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JNluctunr 10.2. Nporpamma Hello, World! nog DOS

SECTION .text
;OTa mporpamMMa BHBOIOUT Ha 3KpaH TekcT "Hello, World!'
;RoHerl cTpoku (EOL - End Of Line) wm 3aBepmaeT paboTy

org 0x100 ;cozmaeMm dann Tura COM

mov ah, 0x9 ; OyHKIMa DOS Ojid red4aTu CTPOKU

mov dx,hello ;3arpyxaeM B DX ykazaTenb Ha CTPOKY
int 0x21 ; BEI3EIBaeM DOS

mov ah,0x4C ; OyHKIME DOS IS 3aBePIEeHNS IIPOTPaMMEL
mov al,0 ;xOom BO3BpaTa O

int 0x21 ; BEI3OB SIOpa OIIEPAllMMIOHHOM CUCTEME

SECTION .data
hello DB "Hello, World!",Oxd,Oxa,'S"'
; KOHEL] [IPOTPAaMMEL

Ham He Hy:XHO yCTaHABIMBaTh CETMEHTHBIN peructp DS: omepanmoHHast cucrtema
YCTaHOBUT €ro cama.

Oty mporpaMmy HazoBeM hello . asm ¥ CKOMITIAPYEeM KOMaHIOM
nasm -f bin -o hello.com hello.asm.

3aIrycTiM mporpaMMy ¢ IIOMOIIbI0 KomaHAel hello.

BeBop ¢ knaBuaTtypbl

s mociemoBaTeIbHOTO CUMTBIBAHUS CHMBOJIOB HCIIONb3yeTcsl pyHKumsa DOS
¢ Homepom 0x01, koropast moxoxa Ha getchar B si3pike C u Ha readkey B sI3bIKe
Pascal.

Beogp: BbiBOA:

YTeHne cumBona: o
eHme ¢ ona AL coaep>XuT CMMBOJI, CHUTaHHBIA CO CTaHAAPTHOro BBOAA

(knaBunatypsbl)

AH = 0x01

@Dyaxipst 0x01 ke HazKaTysA Kiapum. [Tocrie rmoydeHrst CMMBOJTIa OHa OTpaskaeT
CHMBOJI Ha cTaHmapTHOM BbIBome ((yHKImsS 0x08 TONMBKO CUMTBHIBACT CUMBOJI, HO
HE OTpaxkaeT €ro).

B peructpe AL okaxercsa 3HaueHue 0, ecam ObUIa HaxkaTa KJIaBUINA C TaK Ha3bl-
BaeMmbIM paciipeHHbIM (extended) ASCII-komoM, TOo ecTh omHa u3 KiaBuin Page
Up, Page Down, Home, End, dyukumonansabie kiapuimu F1..F12 u t.m. Cremy-
fommii Bei3oB ¢yHkimu 0x01 momectutr B AL pacimpenssiii ASCII-kon Haxartoi
KJIaBUIIIU.

YacTo HaM HYXXHO IPOYUTATh LIEJIYIO0 CTPOKY OIPENe/IEHHON UIMHBI, 3aBEPLICHHYIO
HaxaTtueM kimaBuim «Enter». st atoro B DOS uMeercsa (GyHKIINSI, HAaKaIIABAIO-
1Iasi IPOYMTAaHHbIE C KJIaBUATypbl CUMBOJIbI B Oydepe.
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Beopa: BbiBoA:

CuunTbiBaHME CTPOKU:
AH=0Ox0A B 6ydepe HaxoouTcs NpoYmMTaHHas cTpoka
DS:DX = ykagdartenb Ha 6ydep B cneunansHoM popmare

Ilepen BezoBoM yHKIMM OxOA yKazaTedb JDOKEH COAEpXKaTh aApec CIelMallb-
HOM CTPYKTYpbl, KOTOpasl B pe3yJbTare padoThl (pyHKUMM OyIeT 3amojIHEHA Ipo-
YUTAHHOW CTPOKOM.

TlepBoiii 6aiiT Oydepa comepKUT ero MaKCUMATbHBIN pa3Mep, TO €CTh KOJMYECTBO
cuMBOJIOB (1-254), 1o HOCTUXKEHUM KOTOPOTo BbimaeTcs 3BykoBoii curHan (ASCII-
ko 7) u Tpebyercss Haxath «Enter». Cremyromuii 6aiiT comepXut (hakTuieckoe
KOJIMYECTBO BBEIECHHBIX CUMBOJIOB, He cuuTas cumBojia OxOD (Koma KIIaBUIIU
«Enter»).

mov ah, OxOA ;3arpy3uTh B AH OxOA, ¢dyHKUMSA YTeHUS CTPOKU
mov dx, string ,-3arpy3uth B DX agpec (cMmemeHue) Oydepa

int 0x21 ;BeI30B DOS

string db 5,0,0,0,0,0,0

mov ah, OxOA ;3arpy3uTh B AH HoMep (QyHKIUM UTEHUS CTPOKHU
mov dx,string ;3arpy3uTh B DX agpec (cmeweHue) Oydepa string
int 0x21 ;BeI30B DOS

string db 5,0,0,0,0,0,0

IMocne BbimonHeHUss komaHabl int 0x21 omepanMOHHAs CUCTeMa HAyHET YTeHUE
CHMBOJIOB U OyIleT POAOJIKATh YTeHUe 10 HaxaTtust kiasuinu «Enter». ITom Oydep
OTBeIEHO 7 0aiiTOB, TO €CTh B HEM MOXHO Pa3MeCTUTh He Oojiee 4 CUMBOJIOB TLTIOC
CHUMBOJI 3aBeplueHus] — Kof KiaBuiuu «Enter». Eciu mb1 HaGepem A,B,C, a 3atem
HaxMeM «Enter», To cTpyKTypa <string» OyHeT BBINISACTh CJCAYIOIIMM OOpa3oM:

string db 5,3,0x65,0x66,0x67,0x0D,0
IlepBblii OaliT OcTaeTCsd HEM3MEHHBIM, BTOPOI OalT CONEPKUT AJIMHY CYMTAHHOM

cTpoku 0e3 cumBojia okoHYaHust OxD, a ¢ TpeTbero 0aiiTa HaYMHAETCsl caMa CTPOKa
(ABC), 3zaBepiuaroiasics cuMBojioM oKoHYaHuss OxD.

PaccMoTprM HECKOJIBKO TIPUMEPOB.

Ilpuvep 1: Hamumem nporpamMmy, KOTopasi OymeT OTOOpaXKaTh KKy HaXKaTylo
KJIaBUIlly Ha 3KpaHe aBaxknabl. [Iporpamma 3aBepliaeTcsl MO HaXaTUW KJIaBMILN
«Enter» (muctunr 10.3).

JI1s1 yTeHus1 CUMBOJIOB MbI Oynem ucronb3oBaTh DOS-dynkmmo 0x01, oToOpaxka-

IOIIYI0 HaXaTylo KJIaBWilly Ha skpaHe. Clemyolnii, WACHTUYHbIN MPEenbIIyIeMy,
cumBoil Oymem BbiBoauTh DOS-dyHkumeit 0x02.
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Jnctmur 10.3. Mporpamma, oTobpaxatoLlas ABaxasl Ha aKpaHe
KaXKayto HaXaTylo KnasuLly

; IOBOMHOe oTobpaxkeHVe KaxkIOoM HaXaTOoM KJIABUIIM Ha DKpaHe
SECTION .text

again:

mov ah,0x01 ; DOS-QyHKIIMA YTEeHUs CHMMBOJIA

int 0x21 ; BEI3OB DOS

mov dl,al ; KOIIMPOBAaHNME CUYMTaHHOT'O CHMMBOJIa B DL
cmp dl1, OxD ;HaxaT "Enter"?

j z endprog ;eCimM Ima, TO IIepeXoll K KOHIY IIPOTPaMMEBI
mov ah, 0x02 ; DOS-OyHKIMS BBIBOLA CUMBOJIA

int 0x21 ; BEI3OB DOS

jmp again ;BEPHYTBCS K YTEHMI CJIeOyolerO CUMBOJIa
endprog:

mov ah,0x4C ; DOS-OyHKIMSA 3aBeplleHVS IIPOTPaMMEL

int 0x21 ; BEBOB DOS

; KOHEIT TIPOTPaMMEL
Bty nporpammy HazoBeMm echo . asm. Ucnomusemsiit daitn echo . com Oymer cos-
JaH KOMaHJOoM

nasm -f bin -o echo.com echo.asm

IIpumep 2: HamuiieM NMporpaMMy, CYMTHIBAIOIIYIO CTPOKY CUMBOJIOB O HaXKaTUsI
knaBuin «Enter» v BBIBOISIIYIO 3Ty CTPOKY B 0OpaTHOM Topsinke (JiuctuHr 10.4).

Ucnonb3yst DOS-dyHkimm OxOA, Mbl CYUTBIBAEM CTPOKY M COXpaHsIEM €€ BO
BPEMEHHOI IMepeMEeHHO, KOTOpasi mocJjie OyIeT BbIBeieHa B 00paTHOM MOPSIIKE C
nomoibio DOS-dynkumu 0x02.

JNnctnHr 10.4. Tporpamma, CHMTbIBAIOLLAS CTPOKY CUMBOOB A0 HaXaTus
knaeumwm «Enter» 1 BbiIBOAsLLAA 3Ty CTPOKY B 06paTHOM Nopsiake

SECTION .text
;OTa TIporpaMMa BBBOIUT MIPOYUTAHHYIO CTPOKY
;Ha DKpaH B 0OpPaTHOM TIOPSANKE.

org 0x100 ;cozmaem damnn Tura COM

mov ah, OxOA ; DOS-OyHKIMS 4YTeHMS CTPOKU

mov dx,string ;3arpyxaeM B DX ampec bydepa CTporm

int 0x21 ; BEI3OB DOS

XOr ax,ax ; obmyIIsieM AX

mov al, [string+l] ;uMTaeM KOIMYECTBO BBEIEHHHX CHMBOJIOB

inc dx ; IIDOITY CKaeM TIEPBHIM OanT Oydepa

add dx, ax ;IIpubaBndgeM IJIMHY CTPOKM K anpecy Hadala,
;TIONlyJYaeM ampec ITIOCIemHero CYMBOJA

mov s i,dx ;KormmpyeM DX B ST
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std ;ycTaHaBIMBaeM Jar HarpaBJICHUS IS
/TIipoxoga 0OpaTHO

print_next_char:

lodsb ;antaeM cumBoil u3 DS:SI m ymensmaem SI Ha 1
cmp si,string+1 ;KOHEeIl CTpoKu? (TO €CTh Hayajo)

jb endprog ; €CIM Ja, TO Ilepexod K KOHIYy IIpOrpaMMBI
mov dl,al ;3arpy>aeM IIPOYMTAHHBIA M3 CTPOKM CMMBOJI B DL
mov ah,0x02 ;DOS-¢dyHKIIMA BBEIBOJA CHMMBOJIA

int 0x21 ;BeI30B DOS

jmp print_next_char ;Bo3BpallaeMcsd K CJEIylOUIEMy CUMBOJY
endprog:

mov ah,0x4C ;POD-byHKIIMsT 3aBepiieHUsT IIPOrpaMMbI
mov al,0 ;Kom Bo3Bparta 0

int 0x21 ;BeI30B DOS

SECTION .data

string db 254,0

times 253 db ' ' ;3aIloIHsIeM Oydep CTpoKM IIpoOeIamMu

;KOHEI[ IIpOrpaMMbl
HazoBem 3Ty mporpaMmy reverse . asm M CKOMIOMIUPYEM €€ TaK e, KaK U
NpeablayLIyIO:

nasm -f bin -o reverse.com reverse.asm

Drta mporpaMMa HEMHOTO CJIOXXHEe, TO3TOMY OOBSICHUM e¢ (DyHKIIMOHUPOBAHUE
1Iar 32 1IaroMm.

[Ipexnme Bcero, Mbl JOJKHBI IIPOYUTATh CTPOKY. JIIsT 3TOT0 MBI BBI3bIBaeM (PYHKIIHIO
OxOA 1151 UTeHHsI CTPOKH, TIepeaaB eii IIOATOTOBICHHBIN B CIIeIaJIbHOM (hopMaTe

Oydep /uist pa3MelleHUsI CAUTAHHON CTPOKM.

mov ah, OxOA ;DOS-byHKIIMA 9TEHUS CTPOKH
mov dx,string ;3arpyxaem B DX ampec Oydepa cTpokm
int 0x21 ;BBI30B DOS

ITocne Toro, Kak IOJb30BaTelb HaxMeT «Enter», Hallla mporpaMma IPOIOLKUT
BbIMoOJTHEHUE. [1OCKOIbKY CTpoKa NOKHA ObITh BhIBEIEHA B OOPAaTHOM TIOPSIIKE,
TO TIPEXIIE BCErO MbI JOJIKHBI BHIYMCIUThH AIPEC TIOCIEIHETO CUMBOJIA.

XOT ax,ax ;oonyIsIeM AX
mov al,[string+1] ;4UTaeM KOJIMYECTBO BBEIACHHBIX CHMBOJIOB

ITocne Bo3Bpara 3 cucTeMHOTo BhI3oBa peructp DX Bce elre comepXuT agpec Oy-
depa «string». Tereps HaM HEOOXOIUMO y3HATH afapec (CMEIIeHNEe) KOHIIA CTPOKMH,
KoTopelii paBeH DX + 2 + mmHa _ctpoku — 1 (B mporpammax turma COM Ham
He HYXXHO paccMaTpuBaTh BeCb ajpec — CErMEHTHas 4acThb OJMHAKOBA JUISI BCEX
CEKIIMIA MpOorpaMMbl, ¥ TIO3TOMY JOCTATOYHO U3MEHEHUS CMEIICHMS).

Hauano ctpoku Haxomutcs 1o aapecy DX+2 u, 1060aBUB WIMHY CTPOKU, MBI IT0-
ayanM cumBonr OxOD (kimaBumia «Enter»). ITockonbKy OH HaM He HYKEH, MBI OT-

HUMacM COVHUILLY.
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KoneuHo ke, BMeCcTO TIprbaBieHusI 2 ¥ BEIMUTAHUS | MOXKHO IIPOCTO MpHOaBUTH 1,
COKpATHB MPOrpaMMy Ha OIHY KOMaHy. 3aMeThTe, UTO BHayaJle Hy>KHO COpOCUTb
AX ¥ 9TO IIMHA CTPOKUA — YHUCIO BOCHBMUOUTOBOE.

inc dx ;IIPOITyCKaeM IIepBBII OalT Oydepa

add dx,ax ;IpubaBiasgeM IJIMHY CTPOKM K aIpecy Hauala,
;TIoJlydaeM ajpec IOCJeJIHEro CHUMBOJIA

mov si,dx ;konupyem DX B SI

Hecmotpst Ha TO, YTO ITMHA CTPOKU — YHCIIO BOCBMHUOMTOBOE, MBI IIPUOABIISIEM K
ampecy Hadajia cTpoku He AL, a AX, mOoTOMy 4TO eC/Iv OIVH OIIepaH]I IIPEACTARIISICT
co00l ampec WM CMelleHUe, TO BTOPOil JOKEH ObITh TAKOTO XX pa3Mepa.

B pesynbraTe monygaercst agpec IocjeaHero cuMBojia B ctpoke. Komanma LODSB
BBIBOJMT CUMBOJI, aipeC KOTOPOTO XpaHUTCS B peructpe Sl, moaToMy cKommpyem
BBIYMCJICHHBIN aapec B 3TOT peructp. st moaydeHust Ceayrolero B o0paTHOM
TOPSIIKE CUMBOJIAa HY>KHO YMEHBIIIUTh 3TOT ajipec Ha 1: 3HAYUT, HY>KHO YCTAaHOBUTh
aar HarIpaBJICHUSI.

std ;ycTaHaBimBaeM iar HampaBJIeHUSA IS
;IIpoxoma o0paTHO

print_next char:

lodsb ;uutaeM cuMmBoa u3 DS:SI um ymensmaem SI Ha 1

LODSB 3arpyxaer B AL cumBoin, cuntansbiii u3 [DS:SI] , u ymensmaer SI Ha
1 mocne cumthiBanms. Cpa3zy ke mociae LODSB cienyer cpaBHeHHMe ¢ ampecom
string+ 1, Koropsiit conepxaicst 061 B SI mmocie yTeHusI CUMBOJIA Ha TTOCIICTHEM
mare (TO €CTh IIEPBOrO CMMBOJIA CTPOKU). Eciu ObI MbI MCIIOJIB30BAIN YCJIOBHBIN
Tepexo IO paBeHCTBY anpecoB (JZ), TO MepBhIil CUMBOJI CTPOKM HE BHIBOMUJICS ObI,
ITO3TOMY MbI HaImMCad KOMaHy «IepeiTH, eClii MeHbIle». DTO yCIOBHE CTaHET
WCTUHHBIM HE 70, a TI0C/Ie BbIBOIA MEPBOTO CHMBOJIA.

cmp si,string+1 ;KOHEIl CTPOKH?
jb endprog ;€CIM da, TO Tepexol K KOHIY IIPOTpaMMBI
OcraBIIasiCsT 9acTh IIPOrPaMMEI TIpeaeIbHO TTpocta. CUMBOJI, COXpaHeHHBI B AL, Ko-

mupyetcsi B DL, xak Toro Tpedyer dyakumst DOS st BeiBona cimBonia. I1ocite BeBona
MBI JOJDKHBI BepHYThcsl K LODSB, 4T00BI M3BJ1€Ub U3 CTPOKU CIICAYIOIINI CMBOJL.

mov dl,al ;3aTpyXaeM IMPOYUTAHHBI M3 CTPOKU CHUMBOJ
;B DL

mov ah,0x02 ;DOS-¢byHKIMSA BBIBOZA CHMBOJA

int 0x21 ;BeI30B DOS

jmp print_next char ;Bo3BpamaemMcs K CJICOyIOUIEMY CHMBOJY

BrimonHeHMe nporpaMMbl 3aBepIIacTcsl CUCTEMHBIM BbI3oBoM 0x4C.

endprog:

mov ah, 0x4C ; DOS-dYVHKIINMSA 3aBEPIEHNS IIPOTPaMMEL
mov al,0 ;xonm Bo3BpaTa 0

int 0x21 ; BEI3OB DOS
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CekuMsl JaHHBIX ONMCHIBAE€T CTPYKTYpY Oydepa.

SECTION .data
string db 254,0
times 253 db ' ' /3amoyiHsgeM Oydep cTpokKu IipobellaMu

IMepBblii GailT ornpenesieT MaKCUMaJIbHYIO JUTMHY CTPOKM, HE CUMTasl 3aBepllaro-
1ero cumBosia. Bropoit 6aiiT comepXuT (haKTUIECKYIO IUIMHY IPOYUTAHHON CTPOKU
(Bemb CTpoKa MOXKET ObITh M KOpodye, yeM 254 cUMBOJia), U Ha JaHHBI MOMEHT
oHa cocraBisgeT 0 OaiitoB. Mcnonb3ys mupektuBy TIMES, octaBlryiocss 4acTb
CTPYKTYpPHI 3ariojiHseM 253 mpobeaaMu.

10.6. dannosble onepauuv BBoAa-BbIBOAA

B mage 8, mocBsiieHHON OMepallMOHHBIM CUCTEMaM, Mbl TOBOPWIU O TEXHUKE pa-
00THI ¢ haittoBoit cuctemoit. OnepanuonHas cucteMa DOS paboraer 1Mo TakoMy
ke npuHuuny. Ilepen kakoii-nmubo orepaiyeil BBoIa-BbiBoaa (haitia JoKeH OBITh
OTKpHIT. OT oIlepallMOHHON CHUCTEMBI HEOOXOAUMO IOJIYYUTh UIEHTU(DUKATOP
(meckpurirop) daiina, KOTOPbIM HYXKHO yKa3bIBaTh IIPM BBI3OBE APYIMX (DYHKIIUN
1151 padoThl ¢ (paiinamu. ITo okoHUYaHUM Mpoliecca 00padboTKU daiiia JoKeH ObITh
3aKPBHIT.

OpuruHanbHas cuctema DOS o cimsiHust ¢ OC Windows 1103BoJIslIa KCIIOJIb30BaTh
TOJIbKO KOPOTKHUE MMeHa (paitioB: 8§ CUMBOJIOB B MIMEHHU 1 3 CUMBOJIA B PaCIIMPEHUN
daitta. B Windows nosiBUIMCh TaK Ha3bIBaeMble IJIMHHBIE UMeHA (haiiioB, COCTO-
saue 13 256-1 CMMBOJIOB B MMEHM, BKJIIOYAs HECKOJIBKO paclivdpeHuii. JlaBaiite
HayHEM C CUCTeMHBIX BBI30BOB, MCIOJIB3YIOIINX KOPOTKME MMeHa (aiiioB 8+ 3.

OTkpbITHE daiina

®aiin orkpbBaer dynkims 0x3D. Ykazarenas Ha umst daiina nepemnaercs yepes rmapy
peructpoB DS:DX (DS — cerment, a DX — cmemenue). B peructp AL HyxHO
3amMcarh TpeOyeMbIil pexXuM JocTyrna. B OobIIMHCTBE ciydyaeB (haill OTKphIBACTCS
Uit ureHust v 3amcu (AL=0). ®yHkius Bo3BpaiaeT B AX AeCKPUIITOP OTKPHITOIO
aitna wm xon ommoku. [Ipu ommboyHOM 3aBeplleHUU (DYHKIIUS YCTaHABIUBACT
¢aar nepeHoca CF=1, nipu koppekTtHoM 3aBepiieHun CF=0.

Beona;. BbiBOA:
OTkpbITHE darina CF = 0 ecnu ycnewwHo, Toraa
AH =0x3D AX = peckpunTop, Ha3Ha4YeHHbIN dpanny
DS:DX = ykasaTenb Ha nms daiina,
3aBepLUeHHOe HyneBbIM 6aritom 0x0 vnn
AL. = pexwum gocTyna: CF= 1 owwnbka, Torga
AL = 0 yTeHue 1 3anuchb AX = kop, ownbku:
AL =1 TONBLKO 3anNnChb AX = 0x0002 — daiin He HainaeH
AL = 2 TONbKO 4YTEHNE AX=0x0003 — nyTb He HanaeH
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3akpbiTue dpainna

IMpexne yeMm mepexoauTh K IpyruM (GyHKIIUSIM, MO3HAKOMHMMCH ¢ (yHKImeil 3a-
kpbrmust haitia Ox3E:

Beopa: BbiBOA:

CF=0ecnnycnewHo

3akpbiTue pairina
AH = Ox3E Nnn
BX=peckpuntop ¢panna CF=1owwnbka, Torga

AX=«kop ownbKkn

YTtoOBl 3aKpHITH (Paiil, TOMECTUTE €ro IECKPHUIITOpP, IPUCBOCHHBIN hailry Ipu
oTKpbiTHH, B pervctp BX. Hamimem mpocTyio mporpaMMKy IJisl OTKPBITUS W 3a-
KpeITusa aitoB (muctuar 10.5).

Jinctnar 10.5. MpocTas nporpammka-npumep
L9 OTKPbITUSA U 3aKpbiTus ¢aiinos

SECTION .text

org 0x100

mov ax, 0x3D00 dyukuMa DOS Oiigs OTKPHETHUS dalja, pexuM
YTeHue-3armch

mov dx,file_name mepepmaem ykazaTenb Ha mMs daiina, DS yxe

YCTaHOBJIEH
%nt 0x21 BEI30OB DOS
jc error ommubra? eciu ma, OepelTU K MeTKe error
mov bx,ax AX COOEPRUT OECKPUIITOP daria,
Kommpyem ero B BX
mov ah, Ox3E dyHKIME DOS O 3akKpeTUS dania
int 0x21 BEI30B DOS
mov al,0 yCcTaHaBJIMBaeM KOJ BO3BpaTa: YCIEIIHOE
3aBepluIeHHE
endprog:
mov ah,4Ch ;oyaknusgs DOS gag 3aBeplieHHS] IPOTPaMMBI
int 0x21 ;BeI3oB DOS
error:
mov al,l ;yCTaHaBJIMBaeM KOJ BO3BpaTa: oIllIuOKa
jmp short endprog ;NEPEXOAUM K METKE OKOHYAHUS MPOTpamMMBbl
;endprog

SECTION .data
file_ name db "text.txt",0 ;umsa daima text.txt

Y1eHue us paina

OueBunHO, YTO MpuBeaeHHAs B auctuHre 10.5 mporpamMma abCOMIOTHO OeCIToNe3Ha,
MO3TOMY JaBalTe yYCOBEPIIIEHCTBYEM €€: MbI OyJeM BbIBOAWUTH COAEPXUMOE chaiina
Ha okpaH. Urenne nannbix w3 (paivia Bemosnsiercss DOS-dynkumeii 0x3F.
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JlaHHBIE MOTYT YHATAThCS U3 (haityia 610KaMK IMPOM3BOIBHOTO pasmepa. Cremyrommii
CUCTEMHBIN BBI30B CUMTHIBACT CIICHYIOIINI OJI0K (BHYTPEHHMI YKa3aTelb MO3UIINKI
(aiina yBeamumBaeTCs TOCIIE OMEpalvy YTeHM), TO €CThb [Tl YTEHUsT Bcero (aiiia
HaM HYXeH LMK,

Beogp: BbiBOA:
YTeHne na ¢panna: B cnyyae ycnexa:
AH = OX3F CF=0
BX = peckpunTop danna AX= dakTnyeckoe Konn4ecTBo 6HaNTOB, CHUTAHHbIX
13 daina (Honb 03Ha4aeT koHel daiina, EOF)
DS:DX = ykasaTenb Ha Bydep a1 xpaHeHns B cnyyae owmbku:
MPOYNTAHHbBIX AAHHbIX CF=1
CX=pa3mep bydepa AX=Kkop ownbkm

DyHKIIMKM HYXHO Tepenatb aeckpunrtop ¢aitna B peructpe BX. Ykazarenb Ha
Oydep, B KOTOPBI HyXHO MOMECTUTh MPOUYMTAHHBINA OJOK JaHHBIX, TepeaaeTcs
yepe3 napy DS:DX. Yepes peructp CX mepenaeTcsi MaKCUMaIbHOE KOJMYECTBO
0aliToB, KOTOPOE AOKHO OBITh CYATAHO 3a pa3: OONBIIYI0 YacTb BPEMEHU OHO
paBHO quHe Oydepa. B peructp AX (yHKuMS 3amuchiBaeT KOJIMYECTBO (akTu-
YECKM TPOYMTAHHBIX 0alTOB (Bedb eciu B (hailyie OCTaoch MEHbIIE TaHHBIX, YeM
Mbl XOTUM IIpOYUTATh, 3HaUeHUe B AX Oymer MeHbllle pa3zMmepa Oydepa).

B cnyvae ommbku ycraHaBnuBaetrcst ¢uiar mepeHoca CF=1, a B AX Oyner xop
OIIUOKH.

JlanHble, MpoYMTAHHBIE U3 (haiina, MOryT ObITh BbIBEIEHBI HA 3KPAH C TNOMOIIBIO
¢ysxkmmm DOS 0x09. Ho Torna y Hac OymyT mpo06sieMbl ¢ JitoObIM (haiijioM, conep-
KawmMm cuMBoa $, Kotopelil 0603HaYaeT KoHell cTpoku ist pyHKmy 0x09. YTtoOs
00oliTH 3Ty TIpobsieMy, Mbl He OyleM UCIoNb30BaTh yHKIMIo 0x09, a BMeCTO BbI-
BOJa Ha 9KpaH OyaeM 3aluchbiBaTh MPOYMTAHHBIC JaHHBIE B MOTOK CTaHAAPTHOTO
BbIBOZIA, a JUISl BbIBOJA Ha 3KpaH MCIOJb3yeM (DYHKIMIO TMepeHanpaBieHUs] BBO-
11a/BbIBOJIA, TIPEAOCTABJICHHYIO HaM OlepalMoHHOM cucteMoi. Jleckpunrop daiina
craHaapTtHoro BbiBoga paBeH 0x0001.

3anuchb B pann

Jlna 3amicu B haiin ucnonb3yercst pynkims 0x40. OHa MMeeT Te e apryMeHThl,
yTo U (YyHKLUS yTeHus1 daiina:

Beogp: BbiBOA:

3anucs B paiin: B cnyuyae ycnexa:

_ CF=0
AH - 0x40 o AX = dakTnyeckoe Koim4ecTso 6aliTOB, 3anMCaHHbIX
BX = peckpunTop danna B daiin
DS:DX = yka3aTenb Ha 6ydep (I'I:Emzo1um6ke:

CX=«konunyecTtBo 6ainToB, KOTOpPbIE HYXXKHO 3anncaTtb

AX=kop owmnbkm
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B DS:DX nyxHo ykazaTth ampec Oydepa, comepxXalluii DJaHHBIC, KOTOPbIC HaM
HyXHO 3anucaTh B ¢aiin. A B CX HyXHO 3aHECTHM KOJIMYECTBO OAliTOB, KOTOPBIC
HYXHO 3aIicaTh. OOBIYHO 3TO IJIMHA Oydepa.

Ecnu BBI30B Tipomien ycreniHo, To B AX oKaxeTcss KOJIM4YecTBO 0ailToB, 3amucaH-
HbIX B ¢aitn. Ecnmu oHo ominuaercst ot TpebyeMoro, To, BO3MOXHO, HET CBOOOTHOTO
MecTa Ha JIMCKe.

Tenepb y Hac JOCTaTOYHO 3HAHMI, YTOOBI BBIBECTU TEKCTOBbIN ¢haiinm text. txt
Ha 3KpaH.

IIpexnme Bcero, HaM HEOOXOOUMO OTKPHITH (hailn text. txt, MCIonb3ys QYHKIMIO
0x3D. IToroM MBI OymeM YMTATh M3 HEro OJOKM OAMHAKOBOIO pa3Mepa IpU ITOMO-
um ¢dyakuuu 0x3F, moka KOIMYecTBO CUMTAHHBIX OAWTOB HE CTAHET PaBHO HYIIIO.
IMpounTtanHbiii 610K MbI OyIeM BBIBOAUTH HA CTAaHIAPTHBIN BbiBOA dyHKImeir 0x40.
IMepen 3aBepinieHrEM TMporpaMMbl MbI 3aKpoeM ¢haii.

JNluctuur 10.6. NMporpamma BbIBOAA TEKCTOBOro dpaina Ha 3KpaH

%define B_LENGTH 8 0 ;oTpenensgeM KOHCTAaHTYy — paszMep OJjoxa
%define STDOUT 0x0001 ;DeCKPUIITOPR CTaHOAPTHOTO BHBOIA
SECTION .text

org 0x100

mov bp, STDOUT ;TIOKa XPaHyM OecKpurlTop daiina

; CTAHOAPTHOTO BHBOIIA
;B OTIOEIBLHOM pPermcTpe

mov ax, 0x3D00 ; OTKPHBAEM amil B pexuMe UTeHWs—
_ ; 3armcu

mov dx,file name ;yKasaTenb Ha uMsa daiia. DS yxke

. ; YCTaHOBJIEH

int 0x21 '

. ;BEIZOB DOS

jc error

;ouMbKa? ECiM ma, Iepexol K MeTKe error
; KOTIMPYEeM HNeCKPUIITOP OTKPHTOTO
;bamnna B BX

mov bx,ax

read_next:

mov ah,0x3F ; Oy DOS mis 4TeHus u3 dania
mov dx,buffer ;Oybep misa xpaHeHws OJI0Ka OaHHBIX
mov cx,B_LENGTH ;pazMep Oioxra
int 0x21 ; BEI3OB DOS
jc error ;ouMbKa? ECiy ma, Iepexol K MeTKe error
or ax,ax ;mpounTaHo 0 6anmToB? MOXHO
; VICTIOJNIB30OBaTEL CTp ax,0
jz end_reading ;ecimM ma, Iepexol K KOHIy 4YTeHUS
mov ex,ax ;Ha TIOCJIeOHEM Ilare KOJIU4YeCTBO

; IDOYNTAHHEIX OAMTOB MOXEeT OHTHb
;MeHblle CX, a 3anImcaThb HYXHO CTOJIBKO
;Ke DOalToB, CKOJIBKO OBUIO CYMTAHO
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mov ah,0x40 ;OyakIMa DOS miiss 3ammcu B Gann

xchg bp, bx ; BDEMEHHO COXPaHHAeM NeCKPUIITOD

;bamma B BP, a

; IECKPUIITOP CTaHOapTHOTO BHBOOA

;3 BP kinamem B BX

; BEI3OB DOS

/BO3BpalmaeM MUCXOOHbBE 3HadeHuss BX u BP
;IIepexon K MeTke read_next, 4YMTaeM

; Crlemyiommii BII0K

int 0x21
xchg bp, bx
jmp read_next

end_reading:

mov ah, Ox3E ; OyHrImst DOS mid 3akpeTud dania
int 0x21 ; BBI3OB DOS
mov al,0 ;KOI BO3BpaTa: YCIIENHOe 3aBeplieHre
endprog:
mov ah,4Ch ; Oy DOS 1iid 3aBepleHNd
; TIDOTDAMMEL
int 0x21 ;BEI30B DOS. DTO TOCIEenHssT KOMaHIa
; TIDOTDAMMEL
error:
mov al,l ; VCTaHaBIMBAEM KOI BO3BpaTa: oOmmbka
jmp short endprog ;TIepexonM K MeTke endprog
SECTION .data
file_name db "text.txt' 0 ;orpenensieM mMst daina text.txt
SECTION .bss
buffer RESB B_LENGTH omIpenenseM HeUHULMAIU3UPOBAHHY
; TIEpEMEHHY10

;buffer pazmepom B_LENGTH OGanToB
HazoBeM Ham ¢anm 1list it. asm u OTKOMIMIMPYEM €r0 C TTOMOIBI0 KOMaHIH

nasm listit.asm -o listit.com -f bin

Tenepb co3mamuM TeKCTOBBIN (Daiil text. txt C MOMOIIBIO TEKCTOBOTO pPEAaKTOpa
WM TIPSIMO U3 KOMAaHIHOW CTPOKMU:

echo I'll BE BACK! > text.txt

IMocne 3amycka mporpammbl TeKCT M3 aiina text. txt OymaeT BBIBENEH Ha
3KpaH.

Mpb1 MoxeM MOAM(UIIMPOBATh HAIly IIPOrpaMMy TaK, YTOOBI BMECTO 3allMCH Ha
CTaHIAPTHEIN BBIBOA OHA 3allMChIBaja MPOYMTAHHBIC NAaHHBIC B mpyroit ¢aiin. Torma
MBI TIOJTyYUM TIPOCTEHIIYI0 TporpaMmMy KomupoBaHus daiina. Ho mbl 1o cux mop
HE 3HaeM, Kak coznarthb ¢aiin!
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OTkpbiTUE/CcO3paHue dpanna

B ominuue ot ¢yHkimu 0x3D dyHkims Ox6C He TOJBKO OTKpbiBaeT haiii, HO
U co3/1aeT HOBbIA (hailyi, ecnmy Mpu OTKPHITUM (aiiia oOHapyxXuTcs, 4yTo (aiina ¢
TaKUM MMEHEM He CYIIIEeCTBYeT.

Beogp: BbiBOA:
OTKpbITUE/CO3aaHNne daina Ycnex:
AH = Ox6C CF=0
AL =0x00 (Bcerpa nonxeH 6b1Tb 0) AX = npeHTndurkatop oTKpbITOro danna
BX = maccvB 6UTOB Ans pacLUMPEHHOro pexvmMa CX = oT14eT 06 onepauum (CM. H1Xe)
CX=artpubyTbl Ans HOBOro daina Owmwmbka:
DX = maccus 61ToB ana Tpebyemoii onepaumm CF=1
DS;DX = ykazaTtenb Ha umsi daina AX - kKopowmnbKm

HanHast GyHKIMST MO3BOJISIET UCOJb30BaTh HECKOJIBKO PEXUMOB OTKPBITUS (hali-
JIOB: OTKPBITHE CYIIECTBYIONIETO (haliia, co3naHue HOBOro (haityia ¢ ero mociaeayro-
UM OTKPBITUEM U OTKpPBITHE (paiiyia C yCEUEHUEM €ro UIMHBI A0 HyNS (OTKPBITUE
IIJISI TIEPE3aIlicCH ).

Tpedyembiil pexkuM Mbl MOXeM yKazaTbh B peructpe DX. MoXHO MCIONIb30BaTh
ceayonye KOMOMHAIUU OUTOB MIPU CUCTEMHOM BBI3OBE.

4 mnammux 6uta (B peructpe DL):

* DL = 0000b — BbIiiTH C OIIMOKOM, eciu daili cymecTByeT (MOXHO UCTOJb-
30BaTh I MPOBEPKHU CYLIECTBOBaHMS (aiina).

« DL = 0001b — oTKphITh (paiiji, €CIM OH CYLIECTBYET.
* DL = 0010b — oTkpwITh (haiin s nepe3anucu (yAaTuTb BCE COAEPXKUMOE),
€CJIM OH CYILIECTBYET.
4 crapmux 6uta (B peructpe DH):

* DH = 0000b — BBIifTH C OIIMOKON, ecnu (aiiyl He CyIEeCTBYET.
« DH = 0001b — co3naTh ¢aiis, ecaiu OH He CYIIECTBYET.

Korma MbI GyneM BbI3biBaTh (yHKIMIO Ox0C B mporpamme KomupoBaHusl (haiina,
HaMm HyxHoO 3anucatbh B DX 3nauenue 0x0012. B sToMm ciydae (aiin HazHaueHUs
OyneT co3naH Y OTKPBIT NP YCJIOBUM, YTO OH HE CYIIIECTBYET WM YCEUEH U OTKPBHIT,
ecnu hailyl CyllecTByeT.

B peructp CX (3T0 TOXe MacCMB OMTOB) HY:KHO 3aHECTU aTpUOYyTbl BHOBb CO3[a-
Baemoro (aitna. DOS — He UNIX, oHa He nmoanepXuBaeT HA MMEHU BIIajeiblia,
HU IpaB JOCTyIa, Mo3ToMy Habop atpudyToB B DOS KpaliHe orpaHUYEH:

* bur 0: ecnmu 1, To Oynmer ycTaHOBJEH aTpUOYT «TOJBKO UTCHUE».
» bur 1: ecnu 1, To OyneT yCTaHOBIEH aTPUOYT «CKPBITHIM».

» bur 2: ecnu 1, To OyneT yCTaHOBJIEH aTPUOYT «CUCTEMHBIN».

e bur 3: ectu 1, To 3TO MeTKa ToMma.
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* but 4: eciiu 1, To 3TO KaTaor.
* burt 5: ecnu 1, To OyIeT yCTaHOBJIEH aTpUOYT «apPXUBHBII».
* buthl 6-15: 3ape3epBUpOBaHbI AT JaIbHEHIIIETO WCIIOIb30BaHUSI.

B GombummHeTBe ciydaeB B peructp CX HyxkHO momennars 3HaueHue 0x20: coznaHue
OOBIYHOIO apXMBHOrO (aria.

B peructpe BX ykasbiBatoTcst ¢haru paciimpeHHOro pexxuma. Uit Hac rmoka nume-
0T 3HaUYE€HUE TOJbKO JBa MJQIIIMX OUTA, PACCMOTPEHUE OCTAJbHBIX BBIXOAWT 32
TPEAeIibl 3TON KHUTH.

* BX = 0: ¢aiinm oTKpbIBaeTCS TOJBKO JJISI YTCHUSI.
« BX = 1: ¢aiin oTKpbIBaeTCs TOJbKO IS 3aIUCHU.
* BX = 2: ¢aiis oTKpbIBaeTCA 11 YTCHUST U JJIs1 3alUCHU.

ITocne ycrnemHoro 3aBepiueHus: cuctemHoro BbizoBa (CF=0) peructp AX Oyzmer
colepxaTh JecKpunrTop daiiina (Kak u B ciyvae ¢ pyHkimeir 0x3D). B CX Oyzer
BO3BpAILIEH «OTYET» O BBIMOJHEHHON Omeparuu:

* CX = 1: (paiin ObUT OTKPHIT.
* CX = 2: (paiin ObUT CO3MaH U OTKPHIT.
* CX = 3: ¢haiin ObUI nepe3anrcaH U OTKPHIT.

MomuduimpyeM Hainy rporpammy listit.asm (muctuHr 10.6) Tak, 4TOOBI OHa
konupoBana ¢aiibl. Paiin HazHaueHUs1 OyaeM co3aaBaTh (UM Tepe3anuchiBaTh)
dynkimeinr OxoC. OcTanock TOMbKO MepeaaTh MOMyYeHHbI U3 Hee TECKPUITTop daiina
Ha3HAYEHWUS B TO MECTO TIPOrPaMMBbI, TIE TPOMCXOIUT 3auch B (paitit. Takrm oOpazom,
JIOMUIIIEM B HAYaJlo HaIllel TTPOrpaMMbl CTPOKU TSI OTKPBITHSI BTOporo aiina:

mov ax, 6C00h ;byHkumst DOS o1t co3naHusi/oTKpbITUS (paitna
/3amojiHsieM cpa3y oba perucrpa:
;:0x6C B AH u 0 B AL

mov ex, 0x20 ;aTpUOYTHl HOBOro OOBIYHOrO daiiia

mov dx, 0xI12 ;oTlepallusl OTKPBITUS

mov si, other file name ; anpec mMmeHu BTOporo aiina

int 0x21 ;BbI30B DOS

jc error ;mepexol K o0paboTKe OLIMOKU

mov bp,ax ;COXpaHsieM JIEeCKpUNTOp OTKphITOro ¢aitia B BP

ScHo, 4TO 3TOT (PparMeHT JOJKEH 3aHsITh MecTo KoMaHasl MOV bp,STDOUT.

Bropoii (aiin Toxxe HOKEH OBITh 3aKPBIT: J00ABMM IIOCNE 3aKPBITUS TEPBOTO
(aitna crnemyromiyie CTPOKH:

mov ah,0x3e ;byakumsa DOS ng 3akpeiTus aiina
mov bx,bp ;TioMelaeM geckpunrtop daina B BX
int 0x21

I/I, HaKOHCLL, OIpEaciInM UM BTOPOTO (bafma B CEKIIMM JaHHbIX:

other file name db "textl.txt",0 ;UMSI BTOporo daiia

159



Accembnep Ha npumMepax. basoBhlit Kypc

Hamra nmporpamma KomupyeT TepBbIid (aiin text.txt Bo BTopoit (aiin textl.txt.
TlepBbiii (aiin yntaercs yepe3 CBOUl meckpunTop, xpaHsiuiicss B BX, a BTropoit
(haiin 3anmuchIBaeTCs Yepe3 CBOM JeCKPUNTOP, KOTOPBIA MOCTE €ro OTKPBITUST CO-
xpaHeH B BP.

Hasosewm Haiiry mporpaMmy copy.asm UM OTKOMITWJIMPYEM €€ KaK OOBIYHO:

nasm -f bin -o copy.com copy.asm

Nounck nosnuun B panne(SEEK)

o cux mop Mbl YUTATU U 3aMMUCHIBATU (Dallyibl MOCIEN0BATENBHO, TO €CTh B TOM IO-
psiiKe, B KOTOPOM OHU 3aIlcaHbl Ha AUCKe. B Ooee CIOXHBIX CTydassx HaM HY>KHO
yuTaTh (aitel BEIOOPOYHO (Hampumep, | 010K B Havaste (paiiia u 2 610Ka B KOHIIE
(aitna), nepeaBuras ykasaresib BHyTpeHHel no3uiuu (aiina Briepen/Hasan. B s3bike
C nns atoro cinyxut ¢yHkuus seek(), a B DOS umeeTcst cucteMHblii Bbi3oB 0x42.

Beopa: BbiBOA:
Ycnex:
M3meHeHune no3uuun B daiine CF=0
AH =0x42 DX:AX = HoBas no3numsa
AL = Hayano otcyeTa CX = oT14eT 06 onepauum

BX = peckpuntop daiina
CX:DX = cmelLeHne

Owwnbka:
CF=1

AX = kopg, ownbkn

HeckpunTop daitna nepemaercsa dyepe3 peructp BX. Tpedbyemoe 3HaueHHEe cMe-
LLIEHMSI BHYTPEHHEro yKaszaress Iepenaercs yepes napy CX:DX. JIBa peructpa, a
He OJMH, HYXHBbI JJIs1 TOTO, YTOOBI MOXHO OBbLIO ampecoBaTh (hailjibl pa3MepoM 10
4 T6 (pa3smep daitna B FAT16 orpannyen 2 ['6). Peructp CX comepkut crapiime
16 ouros, a DX — Mianiive 16 OUTOB CMELLEHUS.

Peructp AL omnpenensieT Hayaao oTcyeTa, TO €CTh OT KaKOro Mecrta B ¢haiisie Oymer
otcuuThiBaThcd 3agaHHoe B CX:DX cMmenienue:

* AL = 0: cmeienue otcunthiBaeTcst oT Havaia daiina (SEEK SET), u HoBoe
3HauYeHue no3uumu oymer papHo CX:DX.

* AL = 1: cMemieHue orcuuthiBaeTcs oT Tekyueil nmo3uuuu (SEEK_CUR).

* AL = 2: cmeleHue orcuuThiBaeTcs oT KoHua daiiia (SEEK _END).

HoBast mo3unust BHyTpeHHETro yKasartessi Oyner Bo3BpailieHa B mape DX:AX.

®Oyukuunsa SEEK mMoxer Takke ObITh UCTIONb30BaHa ISl onpeesieHrs pa3Mepa aii-
Ja. Otkporite daitn u BoizoBUTe GYHKIMIO 0x42 CO CIeAYIOIMMU MapaMeTpaMu:

mov ax,0x4202
mov bx,filedes

¢GyHKIIMA ToUcKa MO3WLMU OT KOHLa daiina
BX = pmeckpuntop daiina

xor dx,dx DX =0
XOr CX,CX X =0
int 0x21 BeI3BIBacM DOS
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B pesynbTaTe oTcueTa HyJIeBOro cMellleHUsl OoT KoHIa ¢aitia B mape DX:AX oka-
KeTcsl IJiMHa (haiina.

Opyrue ¢dyHkuumn anga padotsl ¢ paitnamm

PaccMotrpuMm yHKLIMM yoajgeHUs], U3MEHEHMSI aTpUOYTOB U IEepeMMEHOBaHUS
(aitna.

®aiin Ha T1ICKE MbI MOXKEM yIaJIUTh ¢ noMombio hysaxkimm 0x41:

Beopa: BbiBOA:
Ycnex:
Ynanenue darina CF=0
AH = 0x41 Owwmbka:
DS:DX = ykasaTesnb Ha ums daiina CF=1
AX = kop ownbku

Ecnu y ¢aiina ycraHoB/IeH aTpUOYT «TOJIBKO UTEHHE», CHavyaja HY:KHO CHSATh 3TOT
arpuOyT, MHAYe Mbl HE CMOXKEM YIAIUTh €ro. VI3MeHUTbh aTpuOyThl MOXKHO C IIO-
mommio 0x43:

Beogp: BbiBOA:
Monyyenne atpnbyTOB
AH = 0x43 .
AL = 0x00 yonex:
Ay . CF=0
DS:DX = ykasaTenb Ha nms daiina CX = atpubyTsl daiina
nnm: Owwnbka:

YcTaHoBka aTpubyTOB

CF=1
CX =Tpebyemble aTpubyThl ~
AL = 0x01 AX=Kop,0wn6km

DS:DX = yka3aTtenb Ha nms daina

IlepenmenoBanue (haitia OCYIIECTBIISIETCA C TOMOIIBIO CHCTEMHOTO Bbi3oBa (0x56.
IIpu nepermeHoBaHUM (haiia MbI TAKXKE MOXKEM IIEPEMECTUTh €TO B HOBBIM KaTaJor,
HO ITpH YCJIOBHUM, YTO LIeJIEBOM KaTaJior HaXoAUTCAd Ha TOM 2K€ JIOTMYECKOM OUCKE,
YTO M UCXOOHBIN (parii.

Beogp: BbiBoA:
MepenmeHoBaHue dpanna Ycnex: CF=0
AH = 0x56 Owwnbka:
DS:DX = yka3aTtenb Ha UICX04HOE nms daina CF=1
ES:DI = yka3aTenb Ha HOBOe 1Ms daiina AX=kop ownbkn

PaccMmoTpuM mpumep: mepemecTuM daiin text.txt U3 TeKyllIero Karajaora B KOpHe-
BOW KaTtajior nucka. Mbl OyieM KCTOJIb30BaTh CUCTEMHBIN BBI3OB TEpPEMEIICHUSI
¢aiina. [Iporpamma oueHb MPOCTa U COCTOUT BCETO U3 JBYyX CUCTEMHBIX BHI30BOB:
neperMeHoBaHue (aiiya ¥ 3aBepiieHue padoThl (iuctuHr 10.7).
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Jlucturr 10.7. Mporpamma nepemelleHus daina
13 TeKyLLero KaTasora B KOPHEBOW

SECTION .text ; CeKLIA Kooa

org 0x100

mov ah, 0x5 6 /oyHKIMS DOS 0x5 6 miis rnieperMeHoBaHus damiia
mov dx,src ; 3arpyxaeM B DX ampec MCXOOHOT'O MMeHU dania
mov di,dest ;a B DI — ampec HOBOI'O MMeHM dania

int 0x21

mov ax,0x4c00 ; 3aBepleHre IIPOTrPaMMEL

int 0x21

SECTION .data
src db "text.txt",0
dest db "\text.txt",0

HazoBem nporpammy rename.asm ¥ OTKOMIIWJIMPYeM Kak 00bidHO. Ee pasmep Oymer
BCEro HECKOJIBKO 0aiiTOB, HO e MOXHO ciefiaTh ele MeHble. MmeHa daitios or-
JINYAIOTCS TOJIBKO CUMBOJIOM OOPaTHOTO CJI3la, 0603HAYAIOIIM KOPHEBOI KaTajior
nvcka. JIis yMeHbIIIeHUsT pa3Mepa MporpaMMbl MEpenuilieM CEKIMIO TaHHBIX TaK:

SECTION .data
dest db "\"
src db "text.txt",0

Terepb 00a UMEHM «IEJISAT> OOHY M Ty e 00J1aCTb IMaMSITH. B BRICOKOYPOBHEBBIX SI3bI-
Kax MporpaMMHUPOBaHMsI, KaK MPaBUJIO, TaKUX (POKYCOB IMO3BOJIUThH ceOe HEb3SI.

JOnvHHble umeHa ¢aiinoB n paborta c HUMHU

Windows 95 no3BosisieT npeogosiets orpaHnyeHue 8+ 3 Ha ummHy daitios. s obe-
cIie4eHus1 00paTHOM COBMECTHMOCTY CO CTapbIMU MPOrpaMMaMi JUTMHHbIE UMEHa
XpaHSITCs TakKKe B cokpaiieHHoM, 8+3, Bume. Hampumep, karamor LinuxRulez
oymer coxpaHeH Kak LINUXR~1. /Iist paGoTBl ¢ IIMHHBIMA MMEHaMU (hailioB
MBI JTOJDKHBI MCTTOJIb30BaTh HOBBIE CCTEMHBIC BBI30BbI, KOTOPBIC JOCTYITHBI TOJIBKO
non yrpasieHneM Windows. Mx ommcaHue BbI cMOXeTe HailTi B mokymeHTe Ralf
Brown Interrupt List (http://www.ctyme.com/rhrown.htm).

Bce ¢yskmm 111 paGoThi ¢ IIMHHBIMI BMeHAMH (DaiLIoB JOCTYIHBI Yepe3 (hyHKIMIO
¢ Homepom 0x70. Yepes peructp AL mepemaeTcsi HOMep OpUTMHATBLHON (DyHKIUN
(paboratoiieit ¢ KOPOTKMMHU UMEHAMHM), TO €CTh T€ M3 PACCMOTPEHHBIX (PYHKIIUIA,
KOTOpbIE CaMU NMPUHUMAIOT apryMeHT 4epe3 peructp AL, He TMomIepXKUBaroTCs.
Hanpumep, BMecto dyHKIMM oTKphiTusA ¢aitta 0x3D mpu pabote ¢ IIMHHBIMUA
MMCHAMM TIPUACTCS UCTIONB30BaTh PyHKIMo Ox0C: B peructp AX HyXKHO ITOMeE-
ctuth 3HaueHue 0x706C, a ocrajbHbIE apryMEHThI II€peJaBaTh KakK OOLIYHO.
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10.7. PabGoTa c katanoramm

Ornepaliu HajJ KaTaJloraMM B SI3bIKEe accembyiepa HUYeM He OTIMYAIOTCS OT TaKUX
Ke oTepalnuii B si3bIkax BbICOKOTO ypoBHs. [1puBbruHble dyHKimun MKDIR, RM-
DIR, CHDIR u 1.11. peanu3oBaHbl KaK HAOOp CUCTEMHBIX BBI30BOB, KOTOPHIE MBI
paccMOTpUM B 3TOM Taparpade.

CospaHue v yananenue katanora (MKDIR, RMDIR)

Jlns co3nanus KaTtajiora ucnosm3yercs ¢ynkmmsi 0x39, npuHuMaroias ykasaresib
Ha MsI HOBOTO KaTaJioTra. YJIAIMIb KATAJIOT MOKHO ¢ NOMOIIbIo (hynkimm Ox3A.
Drta QyHKUMST yoaisgeT TOJbKO MyCTOi KaTajlor, TO €CTh MPEABAPUTEIbHO HYXXHO
yIAJIUTh U3 HETro Bce (hailyibl M ITOAKATAIOIHU.

Beopa: BbiBOA:
gﬁafgzgg HOBOrO Karanora ycnex: CF=0
. Owwnbka:
YnaneHve karanora CF =1
AH = Ox3A -
DS:DX = ykasaTtesnb Ha uMs kaTanora AX=Kkonownbkm

CwmeHa Tekywero katanora (CHDIR)

OueHb nosie3Hou sipiisieTcst GyHKIMsT Ox3B — (hyHKInsi CMeHbI TeKyIIero Karajiora
(CHDIR). NmenHo ot Tekyiiero karajgora Bce dyHkuuu DOS, paboTtatoiiue c
daitiamu, OTCUMTHIBAIOT OTHOCUTEIbHOE UM (paitia. To ecTs ecnu ums aiina He
yKazaHo nojiHocTeio, To DOS Oyner nckath (haitl B TeKyllleM KaTajore.

Beopa: BbiBOA:

Ycnex: CF=0
CMeHa TekylLero katanora OwmbKa:

AH = 0x3B CF=1
DS:DX = ykasaTtesb Ha MM« katanora _

AX =kop ownbKm

MonyyeHune Tekywero katanora (GETCWD)

HMHorma Ham HyXHa oGpaTHast oIepalusi — MBI XOTUM 3HaTh, KaKOM KaTajor
saBJsieTcs TekyiMm. Oyrkims 0x47 Bo3BpaniaeT uMs TEKYIIEro Karajora, Ho 6e3
OYKBBI AMCKAa M HAYaJIbHOTO CJI3IIA.

Beopa: BbiBOA:

MonyyeHue TekyLlero katanora

AH - 0x47

DL = Ha kakoMm gucke: Ycnex: CF=0
DL = 0x00 TekyLimnin amuck Owwnbka:
DL=0x01aunckA: CF=1

AX = Koz owmnbKkn
DS:Sl =yka3aTtenb Ha 6ydep, BkoTopom byaet
COXPaHEHO Ha3BaHWe TekKyLLero katanora
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Ecnu Ham Hy>XXHO y3HATh MMS TEKYHIEro JUCKA, MOKHO HCIOJIb30BATh (DYyHKIMIO
0x19:

Beoa: BuiBOA:

AL = HOMep TeKyLero ancka:
Mony4nTb NMa ancka AL - 0x00 guck A:
AH = 0x19 AL = 0x01 guck B:

B muctunre 10.8. mpuBemeHa mporpamMma pwd, BBIBOISINAS HA 3KpaH TEKYIIWI
Karajor, BKIwouyas OyKBy aucKa

Jincturr 10.8. Mporpamma, BbIBOASALLIASA HA 9KPaH TEKYLLWI KaTanor,

BK/IO4as OyKBy AMCKa
SECTION .text
org 0x100
mov ah,0x19 ;byakumsa DOS mnst monaydeHus TEKyIIero aucka
int 0x21 ;BeI3bIBaeM  DOS

add byte [buffer] ,al ;pgobGaBnsiem HOMep K OykBe 'A’,
/KOTOpyI0 3apaHee TIOMECTWJIM B TEpBBIid
;0aiiT Oydepa

xor dl,dl ;0yIeM MCKaTh TEeKyIMi KaTajllor TeKylleM
; OVICKE
mov ah,0x47 ;OyHKIMs DOS mOnd HONy4YeHUMd TeKyllero
) ; KaTanora
mov si,buffer+s3 ;TIepBEE TPU GajiTa Gydepa oTBemers om "C:\"
int 0x21 ; BBI3HBaeM DOS
mov ah, 0x40 ,~OyEKIpT DOS IJIs BEBOLA Ha SKPAH
mov Dbx,0x0001 ;3TO IeCKPUIITOD CTAaHIAPTHOTO BEIBOMIA
mov cx,BUFF_LEN ; CKOJIBKO CMMBOJIOB HYXHO BEIBECTU
mov dx,buffer
int 0x21 /BH3EBaeM DOS
mov ax,0x4c00 ;OyHKIMa DOS 111 3aBepPIeHMs IPOTPaMMEBL
int 0x21 ; BEI3BIBaeM DOS
SECTION .data
buffer db "A:\"
times 64 db " " ; OCTABRIYIOCS dYacThb Oydepa 3arioinHseM
mpobenaMmn
db 0x0D, 0x0A i/ 3aBepmaeM CTPOKY

BUFF_LEN equ $-buffer ;omepatop $ oboszHadaeT TeKyuuil ampec,
;TO ecThb KoHell bydepa. OTHMMasT OT HETO
;Ha4YaIbHBEI apec, IIoJjiydaeM moiuHy Oydepa
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JI71s1 MOJTHOTBI OMUCAHMS TaBaWTe PACCMOTPUM OOPATHYIO (PYHKIIMIO — YCTAHOBKY
Tekyiero mucka OxOE:

Beogp: BbiBOA:

YcTaHoBKa TeKyLLero amucka
AH = OxOE

DL = 0x00 guck A: AL = KONMYECTBO UMEIOLLINXCHA ANCKOB
DL = 0x01 pwuck B:

10.8. YnpaBneHue namsatbio

Kaxnas mporpamma, padoraroias mon ynpasieHuem DOS, monxydaer B cBoe pac-
MOPSKEHUE BCIO OCTABIIYIOCS CBOOOMHYIO NaMsATh. MOXHO BepHYTb BpEMEHHO He
HYKHYIO IaMsITb oOpaTHO B pacrnopstkeHre DOS, a moToMm mpu HeoOXOIMMOCTU
3aTpeboBaTh ee 00paTHO. UTOObI «OTIATh> OJIOK NAMSTH ONIEPALMOHHOI cHCTEME,
HY>KHO OOBSIBUTH €r0 CBOOOIHBIM NPU TOMOIIM CHCTEMHOIO BbI30Ba Ox4A.

U3meHeHue pa3mepa 6510ka namaTu

JIns1 u3MeHeHUs pa3Mepa 0J10Ka namMsaTH ucnosb3yercs (pynkmus 0x4A. MoxxHO
3alPOCUTDh KakK yBeJIMUeHUe, TaK U yMeHbllleHe Oyioka. Ecim 3ampoc He Moxer
OBITH BBHITIOJIHEH, TO Jiar mepeHoca OyneT comepxath 1, a B peructpe BX Oymer
MaKCUMAaJIbHBINM TOCTYITHBIN pa3Mep OJIoKa MmamsITu.

Beogp: BbiBOA:

M3meHeHne pasmepa 6510ka namsaTu écnex: CF=0
i wmnbka

AH = 0x4A CF=1

BX=HoBbIl pa3mep B «naparpadax»

— AX = ko ownbkn
ES = cermeHT 6/10Ka, pasmep KOTOPOro NoANexuT _ o
MSMEHEHMIO BX = MmakcvmManbHO fOCTYNHbIN pa3mep 6noka

namMaTu

HoBrlli pasMep 0s10Ka yKa3bIBaeTcsl B «Iaparpagax» — eQWHHUIIAX BEJIMYMHON B
16 GaiiToB.

COM-nporpaMMbI OOBIYHO «3aKa3bIBAIOT» OJIOK MaMsaTh pasMepoMm B 64 K6 (to
ectb 0x1000 maparpadoB). Beimenuts 0x1000 maparpacdoB MOXHO € HOMOIIBIO
CJIeyIONIEero Koja:

mov ah, Ox4A ;byakumsa JIOC nist u3MeHeHUust pa3Mepa mamMsiTh
mov bx, 0x1000 ;K-Bo maparpacdoB; ES yxe ycTraHOBJIEH

int 0x21 ;BeI30B JIOC

jc error

3ampocuTh ellle HeCKOJIbKO OJIOKOB MaMSITU MOXHO C TIOMOIIIbIO KOMaHIIbI Bbljie-
sneHus mamsatu 0x48, pacCMOTpPEHHOM HILKE.
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BbipeneHne namatun

C nomoumio dyakipm 0x48 Mbl MOXkeM NMONPOCUTH ONEPAIMOHHYIO CHCTEMY Bbi-
JIeJIATH HOBBIA OJI0K namsiti B Jo0oe Bpemsi. Eciiu Takoit 610K JOCTyTeH, OH Oyaer
pacmpeneneH. Alpec ero cerMeHTa OymeT Bo3BpallieH B peructpe AX.

Beopa: BbiBOA:

Ycnex:

CF=0

PacnpeneneHve 6noka namsaTn AX = appec cermeHTa BblaeneHHoro 61oka

AH = 0x48 Owwnbka:

BX = pa3mep B «naparpadgax» CF=1

AX = kopn owmnbkm

BX = MakcumanbHO AOCTYNHbIA pa3mep 61oka namatu (B naparpadax)

ITocMoTpuM, Kak BbLIEIUTH 010K pazMepoM 64 K6, ucrnonb3ys 3Ty (yHKIIHIO.
[Mpenmnonoxum, yTo HEHYXKHYIO MaMsITh MbI YK€ BEpHY/IM OMepallMOHHOM cucTeMe,
BbI3BaB (hyHKIMIO 0X4A.

mov ah,0x48 ;oyakuusg DOS gnst pacmpelneleHUs MaMsTU

mov bx,0x1000 ;Ham HyxHO 64 KB

int 0x21 ;BeI3biBaeM DOS

jc error ;ecnu CF = 1, To 3ampolleHHBI 0JIOK HaM He mali,
;B BX — MakcuMmanbHOE YHKCIO0 HOCTYIHBIX
;maparpagos

push es ;coxpaHseM opuruHainbHbii ES B cTeke

mov es,ax ;3arpyxaem B ES agpec HoBoro cermeHTta

OcBoOOXaeHne namaTun

BrigenenHast (pacnpeneneHHas) maMsITh JOJDKHA ObITh BO3BpallleHa 00paTHO OIle-
paiimoHHoOU cucteMe. Crenath 3TO MOXHO € MoMolibio dhyHKimu 0x49:

Beopa: BbiBOA:

OcBoboxaeHve 6noka namaTn éﬁ'ﬁg;Con
AH = 0x49 a

_ CF=1
ES = agpec cermeHTa ocBo6oxaaemoro 61oka AX = Koz OLINGKN

10.9. AprymMmeHTbl KOMaHOHOMN CTPOKMU

JIJ1s1 osydeHus1 JOCTyIa K apryMeHTaM KOMaHIHOM CTpOKM B s13bike C HCIOJb-
3YIOTCSI TIepeMeHHbIC argc (KOJIMYECTBO apryMEHTOB) M argv (MacCUB CaMHUX apry-
MmeHToB). OnepanonHas cuctema DOS mepenaer Bce apryMeHThl OJHOIM CTPOKOMA,
3aIlMChIBasl 3Ty CTPOKy Io aapecy 0x81 oT Havajia cerMeHTa Iporpammsbl. JlimHa
9TOI CTPOKHU C ydyeToM 3aBepiiatoinero cumposa OxXOD coxpaHsieTcsi Mo cMele-
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auro 0x80 (omuH Gaiit). Ham mpumercs M3BiIeKaTh OTAEIBHBIC apTyMEHTHI M3 3TOM
CTPOKU BpYYHYIO.
Crnenyoliasi mporpaMMa BBIBOIUT TiepellaHHbIe €ii rMmapaMeTpbl Ha 3KpaH W 3aBep-

maeT pabory. Hudero HOBOro B Heil HET: MbI IIPOCTO BBIBOAMM CTPOKY, 3aITMCAHHYIO
no ampecy 0x81 (uctunr 10.9).

Jinctunr 10.9. Mporpamma, BbiIBOASLLIASA NepeaaHHble ey NapaMeTpbl Ha 9KpaH

SECTION .text
%define STDOUT 1

org
mov
mov
mov
XOor
mov
mov
add

inc
mov
inc
int
mov
int

0x100
ah,0x40
bx, STDOUT
dx,0x81
ex,ex

cl, [0x80]
di,ex
di,dx

di

byte [di],OxA
ex

Ox21

ax,0x4c00
0x21

;Hadasuo komna

; CTAHIAPTHEY BBEBO/I

; COM-darnn

; Oy DOS miisa 3armcu B dams

;Ha4YaJIO CTPOKMU
; cOpachBaeM MmMIMHY CTPOKU
;3arpyxaeM B CL OIvHY CTPOKU
;Rommmpyem B DI

;ODobaBIIsieM OIVHY UM IHIOJIydaeM KOHell
;CTPpoKM  [OxOD]

;yCTaHarivBaeM DI 11ocie ImociienHero
; CIMBOJI& CTPOKM

; DoriceiBaeM OxOA, YTOOH IOy YNTh

, —TIOJHOLeHHEM EOL

;U yBeIuYMBaeM JIMHY CTPOKM Ha 1

; BEIBOIVIM CTPOKY Ha 3BDKpaH

; 3aBepmaeM paboTy

; BEI3EIBaeM DOS

10.10. Kogbl ounb0K

OmnpeaenuTb, YTO MPOM3OIILIA OIMOKA BO BpPeMs CUCTEMHOTO BbI30Ba, MOXHO TIO
¢uary mepeHoca: ecau oH yctaHoBieH (CF=1), To BBI30B 3aBepIIMIICS OIIMOOYHO.
B peructpe AX Oynet kon omnoku. IToapodHyro nHdopMamio 06 ommoKke MOKHO
TOJIyIUTh C TMOMOIIBI0 cucTeMHOro BboBa AH=0x59. Taxke onmncaHue ommbdoOK
MoxHo Haittu B Ralf Brown Interrupt List.

B Ttabmume 10.3 mepeynciaeHBl TOJBKO KOABI CaMBIX PacIPOCTPAaHCHHBIX OINMOOK.

DOS-koAbl camMbix pacrpoCTpPaHEeHHbIX OLLNGOK

Tabnuuya 10.3

Kon, OnucaHue owmnbkn
0x0002 daiin He HalloeH
0x0003 MyTb He HakaeH
0x0005 OTkasaHo B gocTyne
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MpogosxeHne tabn. 10.3

Kop Onucaxune own6kn
0x0008 HepocTtatoyHo namatun
0x0009 HeBepHbili agpec 6n1oka namaTu
OxO00f [uvck ykazaH HenpaBuibHO
0x0010 HeB03MOXHO yaanuTb TEKYLLMI KaTanor
0x0011 HekoppekTHbIl HocuTEeNb

10.11. OTnapka

10.11.1. Y10 Takoe oTnagka nporpamMmmel
M 3a4eM OHa Hy>XHa

ITpu pazpaboTKe MporpaMMsbl Ha SI3bIKE acCeMOJIEpa OUEHb BaXKHBIM SIBJISIETCS 3Tar
OTJIaIKX MporpaMmbl. OTIaKa MO3BOJISIET HAWTH U MMPOAHAIM3UPOBATh HE Oreyar-
KU, a JIOTMYecKre OMMOKM B Ballleil MporpaMMe: UMEHHO M3-3a HUX MporpaMmma
paboTaeT He TakK, KaK HyxXHO. IS OTIaKy BalllMX MPOrpaMM BaMm TMOHAIOOUTCS
crnenuanbHas mporpaMmma — omiaguuk (debugger).

INo-aHrmmitcku ommbKa B IporpaMme HasbiBaeTcsl «bug» (KyK) B 4eCTh JKyKa,
KOTOPBIiA, COMIACHO JIETeHIEe, MOCEIWICSI B OTHOM M3 MEPBBIX KOMITBIOTEPOB U
HapymwI ero paboty. OTcioma M Ha3BaHMe Kilacca IPOrpaMM ISl «ITOMCKa U yla-
JIEHHSI XYKOB» — debugger. DT mporpaMMbl ITO3BOJISTIOT IIIar 3a IIaroM CJICIWTh
3a MCMOJHEHWEM MPOTrpaMMBbl, HaOIIOAaTh 3a COCTOSTHUEM PETMCTPOB U IMaMSTH,
M3MEHSTh Ha XOMy MX 3HAYCHUS M T.11.

B onepanuvonHoii cucreme DOS (1 Windows) ecTb CBOIf COOCTBEHHBIN OTIaqUUK —
nporpamma debug.exe. A miporpammy Turbo Debugger, Bxomsiilylo B COCTaB JH0OOM
cpenbl pazpabotku ot Borland, MOXHO OpeKOMEHIOBATh JJ15I OMBITHBIX MOIh30Ba-
tesneit. Takke MOXHO KMCTOJIb30BaTh O4eHb Xopomuii otaamuuk IDA (Interactive
Disassembler) ot DataRescue.

IMocne 3amycka oTJiaAuvMKa HaM HYXKHO 3arpy3uTh OTJIAXUBAEMYHO IMPOrpamMmy B
namsITh (MCIOIb3ys KOMaHabl Bpoae open, load). Ecnu mporpamma TpeOyeTt mapa-
METPOB KOMaHJIHOW CTPOKHU, He 3a0y/lbTe WX yKa3aTh: JIIOOON OTJIAMYMK MO3BOJISIET
caenath 3T0. ECcTh nBa Buia OTIamuuKoB: rpaduyeckue (bosnee NpyKeCTBEHHbIE,
HO TpeOyrollre OOJBIINX PECYPCOB) U TEKCTOBbIE (OPUEHTUPOBAHHBIE HA OIBITHBIX
nojb3oBatesnieid). ['padrueckue OTIaqIMKU Cpa3y OTKPHIBAIOT HECKOJIBKO OKOH, OTO-
OpaXkalollX COCTOSIHUE PETUCTPOB U MaMSTH, a TAKXKe OKHO C MCXOMHbBIM TEKCTOM
(meacceMOIMPOBAaHHBIM MAIIMHHBIM KOJOM) TIporpamMMsbl. JUTst OTOOpaKeHus 3Toi
WH(pOpPMAIIMU B TEKCTOBBIX OTJIAMYMKAX UMEIOTCS KOMaH[bI (OTAeIbHAsT KOMaHIa
JUUIST BBIBOAA KOJA, OTIEIbHAST — JUISl OTOOPaKEHUST PETUCTPOB U OTACIbHAS — JUIST
JamIia namsTu).
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Haubosnee BaxkHast yHKIMS OTJIagdMKa — IIOILIArOBOE BBIMOJHEHUE ITPOrPaMMbI
(komaHpga step). 3a oOMH IIAr BBHIMNOJHSIETCS OQHA KOoMaHAa IiporpaMmbl. Ilocie
BBITIOJIHEHUST KOMAH/Ibl BBIBOJSITCSI HOBbIE 3HAUEHUSI PETUCTPOB Ipolieccopa, a
TaKkKe KOMaHAa, KOTopasi OyleT BBIMOTHEHA CIEeTYIOIEH.

AOCOITIOTHO BCe OTJIAAYMKN UMEIOT (DYHKIIMIO Step-Over, MO3BOJISIIONIYIO «IpOCKa-
KUBaTh» MOAIPOTPaMMy, TO €CTh BCE KOMAHIIbI MOAMPOTrpaMMbl OyIyT BBITTOJHEHbI
32 OMH LIAr. DTy (QYHKIIMIO MOXHO MCMOJb30BaTh, €CJIU Bbl YBEPEHBI B MPaBUIIb-
HOCTMU JEWCTBUI MOAIPOrPAMMBbI.

15t TpOIOKEeHUS BBIMIOJTHEHUS BCeil IporpaMMbl 0e3 IajbHeMIIei OTIaaKu uMe-
I0TCSI KOMaHIIBl g0 WK continue.

Jioboit oTmaguuK MO3BOJISIET YCTAHABIMBATh TOUKU TIPEPBIBAHUS (KOHTPOJbHbBIE
Touku umm breakpoints). TTporpamMma OyaeT BbITIOJTHEHA 10 3TOU TOYKU, MOC/IE YEro
MPY BBITIOJIHEHWU 33IaHHOTO YCJIOBUSI YIIpaBjieHUe OyleT BO3BpAIIEHO OTIaIUUKY
U Bbl CMOXETE MTPOCMOTPETh COEPXKAHUE PETUCTPOB U MaMSITU. YCIIOBUEM MOXKET
OBITh BBIMIOJIHEHWE KOMAaH[IbI, XpaHSIIecs Mo YKa3aHHOMY ajpecy, U3MEHEHUe
3HAYEHUS OIPEIAETICHHON SAYECUKHU MaMSTU U T.I1.

Ilpu oTnanke BMECTO CUMBOJIMYECKUX UMEH UIEHTU(HUKATOPOB (METOK, TIepeMeH-
HbIX) OymyT mokasaHbl MX aapeca. Eciii Bac Takoe IMOJIOXEeHUE Belllell He yCTpau-
BaeT (KOHEYHO, yaoOHee, KOrma BMECTO aapeca oToOpaxkaeTcs MMsI MepeMEeHHOIA,
HarmpuMmep, result), Bbl JOKHBI MEPEKOMIUIMPOBATh MPOrpaMMy, «yIaKoBaB» B
Hee CMMBOJIbHBbIE MMeHa. Pa3Mep MmporpamMmbl CyIIECTBEHHO YBEJIWYUTCS, HO TIO-
cjie OTIaJKU Bbl CMOXETEe 3aHOBO MEPEeKOMIUIMPOBATH MPOrpaMMmy, UCKIIOUUB
CHMBOJIBI.

B 210i1 KHUre MBI OyleM KUCMOB30BaTh CBOOOTHO PACIPOCTPAHSIEMbIN OTAATIUK
grdb, KoTOpKI BbI cMoxeTe Haiiti B MHTepHere.

0.11.2. OTnagumkgrdb.exe

MeToaunka Mcnonb3oBaHUs

Otrnamuuk grdb (Get Real Debugger, To ecTb «HACTOSIIWI OTJIAAYMK) HaMMCaH
Ha sI3bIKE accemOJiepa U pacrpocTpaHsieTcs: OecriiaTHO. CkayaTh €ro MOXHO MO
anpecy, http://www.members.tripod.com/~ladsoft/grdb.htm. Wutepdeiic mpo-
rpaMMbl — KJIACCUUECKMIA, TO €CThb TeKCTOBBIN. JIJIsT 3amycka TporpaMMbl BBEIUTE
Komanny grdb.

C:\>grdb

GRDB version 3.6 Copyright (c) LADsoft 1997-2002

History enabled

eax:00000000 ebx:00000000 ecx:00000000 edx:00000000 esi:00000000
edi:00000000 ebp:00000000 esp:0000FFEE eip:00000100 eflags:00000202
NV UP EI PL NZ NA PO NC
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ds: 10FB es:10FB fs:10FB gs:10FB SS:10FB CS:10FB
10FB:0100 74 1IE jz 0120
->

[NosiBneHue Ha sKpaHe TpUTalieHus1 (->) O3HAYaeT, YTO OTIAMUYUK TOTOB K BbI-
MOJTHEHUIO HAIIMX KOMaHI. 3arpy3uM B OTJIao4MK Hally IporpamMmy pwd.com (oHa
BBIBOIUT TEKYIIMIA KATaJOT HA CTAHIAPTHBINA BBIBOM). 71 3TOro BBemeM KoMaHAy 1
pwd.com (1 — oo load, To ectb 3arpy3uts). [locie umMenu ucnonHsiemoro caina
MOXHO yKa3aTbh 4yepe3 MpoOes apryMeHThI MPOrpaMMBL.

->1 pwd.com
Size: 00000069
>

Tenepb HayHEM TOIIATOBOE BBHITIOJIHEHUE MPOrpaMMbl. [[7151 BBITOTHEHUST OTHOM

KOMaHbl MPOrpaMMbl CIYKUT KOMaHIa OTJaguuka t. BBemute t u Haxxmwure
«Enter»:

->t

eax:00001900 ebx:00000000 ecx:00000069 edx:00000000 esi:00000000
edi: 00000000 ebp:00000000 esp: 0000FFEE eip: 00000102 eflags:00000202
NV UP EI PL NZ NA PO NC

ds: 10FB es:10FB f£s:10FB gs:10FB SS:10FB cs:10FB

10FB:0102 CD 21 int 21

->

Komanpa t BEITONHWIIA TIEPBYIO KOMAaHIy HaIlleil mporpaMmbl, U B peructpe AH
nosiBiiock 3HadeHue 0x19. Crenyromas komaHma — INT 21, To ecTb BBI30B OIle-
pamnoHHO# cuctembl. CiieBa OT Hee BBl BUauTe ee aapec (mmapa peructpo CS:IP)
u MammHHBIN Kof. [locne HaxaTus t n kuBuim «Enter» OyneT BbITIOJHEH BBI3OB
DOS, u B AL okaxercss HOMep TEKYIIEro AMCKa.

->t

eax:00001902 ebx: 00000000 ecx: 00000069 edx:00000000 esi: 00000000
edi: 00000000 ebp:00000000 esp:0000FFEE eip:00000104 eflags:00000202
NV UP EI PL NZ NA PO NC

ds: 10FB es:10FB f£s:10FB gS:10FB ss:10FB cs:10FB

10FB:0104 00 06 24 01 add [0124],al ds:[0124]=41
->

Teneps AL comepxut 3HayeHune 02, o3Hauvamoiiee auck C:.

Crnenyromast naerpykuusi — aro ADD [buffer],al, no6asnsitomas conepxkrumoe
AL x cumBony 'A'. Kak Buaute, BMecTo cMMBOJIbHOTO MMeHM buffer ykazan ampec
9TOi TepeMeHHON. MBI MOXXEM 3TUM BOCIIOJIB30BaThCS: YTOOBI YBUIIETh 3HAUCHUE
nepeMeHHo# buffer, Hy>XXHO chmenarh gamIl IMaMsATHA MO ampecy (cMeineHuio) 0124.
Hnst atoro BBemem komanmay d 124. Jlns komanabl d camblii pacmpocTpaHEHHBIN
apryMeHT — 3TO HaYaIbHbBIN aapec MaMsiTH, COAECPKMMOE KOTOPOI HYKHO BBIBECTH,
XOTSI MOXXHO YKa3bIBaThb U UMsl PETHCTPA.
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->d 124

" 10FB:0120 -41 3A 5C 20-20 20 20 20-20 20 20 20 A:\
10FB:0130 20 20 20 20-20 20 20 20-20 20 20 20-20 20 20 20
10FB:0140 20 20 20 20-20 20 20 20-20 20 20 20-20 20 20 20
10FB:0150 20 20 20 20-20 20 20 20-20 20 20 20-20 20 20 20
10FB:0160 20 20 20 20-20 20 20 OD-0A C7 06 8C-CD 01 00 EB

10FB:0170 60 26 8A 47-01 32 E4 40-D1 EO 03 D8-26 8A OF 32 '&.G.2.@....&..2
10FB:0180 ED OB C9 74-OF 43 53 26-8B IF E8 C6-00 5B 73 41 ...t.CS& . . .. [sA
10FB:0190 43 43 E2 F2-2E C7 06 8C-CD 03 00 EB-34 26 8A 47 CC. ... .. .. .. 4&.G
I0FBiOIAO 01 32 E4 40-D1 EO 03 D8-26 8A 07 32-E4 DI EO 40 .2.0....&..2...0
->

ITocne BemomHenus ADD Beegute emie omHy komaHay t. Ctpoka A:\ Oyner 3aMeHe-
Ha ctpokoil C\ (Ham Tekymmii nuck). [IpoBepbTe 3T0 ¢ MOMOIIBIO KOMaHIHI d:

->d 124
10FB:0120 -43 3A 5C 20-20 20 20 20-20 20 20 20 C:\

OcTrajibHOE COAEPXKMMOE MaMSITH He M3MEHUJIOCh, TIO3TOMY YacTh BbIBOAA SI OT-
pesai.

J7s1 BBITIOJTHEHUST OCTaBIIIEHCS YacTW MPOTrpaMMbl BMECTO KOMAaHIbI t BBEAUTE
KoMaHAy g (g0), KOTopasi BO3BpalIllaeT yMpaBJIEHUE OTIAMYUKY TOJILKO TIOCHIEe 3a-
BEPIIEHUS] TPOTPAMMBI.

Komanpa a mo3Boiisier MogudUIIIpoBaTh KOMAHIBl M JTaHHBIC IIporpamMMbl. Ee
napaMeTphl — 3TO ampec (CMeEIleHue) VIS COXpaHeHWsT HOBOM MHCTpykumu. Ha-
YMHAIOLLMM PEKOMEH/IYETCSI HE UCITO/Ib30BaTh 3Ty KOMaH/y, a UCIPABIISTh OLIMOKKI
B MCXOJHOM KOJI¢, IIOC/Ie Yero MepeKOMIIMIMPOBATh CBOIO IIPOrpaMMy.

Ecim BaM Hy:XHO BBITIOJTHHUTH ITOATIPOTpaMMY 3a OOWH Inar ((byHKIOUS Step over),
WUCTIOJIB3YHUTEe KOMaHIy p.

IMpocMoTpeTh Ko MporpaMMbl MOXKHO C TIOMOIIBIO KOMaH/Ibl ¥, KOTOPOI B KaUeCTBE
rmapaMeTpa HYXXHO TiepeiaTh CTapTOBBIN anpec:

->u1 100

10FB: 0100 B4 19 mov ah,0019
10FB: 0102 CD 21 int 21
10FB:0104 00 06 24 01 add [0124],al
10FB:0108 30 D2 XOor dl,dl
10FB:010A B4 47 mov ah,0047
10FB:010C BE 27 01 mov si,0127
10FB:010F CD 21 int 21
10FB:0111 B4 40 mov ah,0040
10FB:0113 BB 01 00 mov bx,0001
10FB:0116 B9 45 00 mov ex,0045
10FB:0119 BA 24 01 mov dx, 0124
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10FB:011C CD 21 int 21
10FB:011E B8 00 4C mov ax,4C00
->

3aBepinTh paboOTy OTIaAUYNKA MOXHO KOMaHAOM (.

OcHoBHble KOMaHAbl oTnagyuka grdb

OcHOBHBIC KOMaHIbI oTamunKa grdb nmpuseneHbl B Ta071.10.4.

OcHoBHble KOMaHAbl 0Taag4mka grdb Tabnuuya 10.4
Komanpa Ha3HavyeHune
| <filename> [p] 3arpyxaeT nporpammy <filename> ¢ aprymeHtamu (Heoba3atenbHbiMu) [p]

BbinonHseT oaHy KOMaHay, BO3Bpallas ynpasfieHne oTiagyuky rnocne ee
BbINOJIHEHNA

t

P Mopo6Ha npeplayLen KoMaHae, Ho NPOXoAnT NoANPOrpamMMmy 3a OAVH Lwar

MpeobpasdyeT MaLLUMHHbINA KOZ KOMaHAa, 06paTHO B CUMBONNYECKUIA KO,

"
accembnepa. OBbIMHO MCNONBL3YETCS AN NPOCMOTPA IMCTUHIA NPOrpaMMbl

MpononxaeT BbINONHEHNE NPOrpaMMbl, NepeaaBas ynpasieHue OTnaaunky
g nocne 3aBepLUeHNs MPOrpaMmel

a<addr> 3anucbiBaeT HOBYIO KOMaHAy no agpecy <addr>
?

BbIBOAMT CNUCOK BCEX KOMAHA U KpaTKoe X onvcaHune

YcTaHaBnvBaeT TOYKY NpepbIBaHNS HOMep num no agpecy addr. Homep Toukmn
b<num>,addr [onxeH 6biTb B ananasoHe o1 0 o F, To eCTb BCEro MoXHo ycTaHoBUTb 16
PasNNYHbIX TOYEK NPEpPbIBAHUS

b BbIBOAUT CNUCOK BCEX YCTaHOBJIEHHbIX TOYEK NpPepbIBaAHNA

q Beixog,

Mpumep pa3paboTku U 0OTNAAKU NPOrpPaMMbl

Harnuiiem HeGO0bIIyI0 TTPOrpaMMy, YUTAIOIIIYIO 1B WX OOJiee NECATUYHBIX YMCIa
U3 KOMAaHJIHOW CTPOKY U BBIBOISIIYIO Ha 9KPAaH UX CYMMY.

Hnsa mpeoOpa3oBaHMsS CTPOK B YMCIa 1 HAOOOPOT OymeM MCIIOIb30BaTh pa3pado-
TaHHYI0O HaMU MOAIporpaMMmy M3 iaBbl 7. Kak BbIBOAWUTH CTPOKY Ha 9KpaH, MbI
TOXE 3HaeM, MO3TOMY B JAHHOM IJ1aBe COCPEIOTOYMM Hallle BHUMaHUEe UMEHHO Ha
OTJIA[IKE HAILIE TIPOTPAMMBI.

JaBaiiTe BCITOMHUM, KaK HY>KHO BbI3bIBaTh Halry roarporpaMmy ASCIIToNum:

; ASCIIToNum

; €81 = yKasaTesib Ha KOHBEPTUPYEMYIO CTPOKY, 3aKaHUYMBAIOIyOcs cuMBooM 0x0
; €CX = OCHOBaHWE CHUCTEMBl CUMCICHUSA

; Pesynbprart:

; eax = YUCIo
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ITockoneKy MBI pabotaem B orepauroHHON cructemMe DOS, MBI OyzmeM HCITOIb30-
BaTh TOJILKO 16-OMTHYIO aapecaluio. YKa3zareib (cMmelneHue) Oymer nepegaH B SI,
a He B ESI.

Harra nporpamma momkKHa yMeTh paboTaTh C apryMEeHTaMU KOMaHIHOM CTpoKu. Bee
apryMeHTBI TIepealoTcsl ONEPAllMOHHON CUCTEMOI MporpaMMe Kak OHa CTPOKa,
BHYTPM KOTOPOI apryMeHThI pasielieHbl Tpobenamu. JIist u3BaeueHusT OTAEIbHBIX
apryMEHTOB M3 3TO CTPOKM MbI HAUIIEM HECKOJIbKO Troarporpamm. [lepsas u3
HuX — SKipSpace, TIpoIrycKaromas JJr000e KOJIMYeCTBO IIPOOEI0B B HaYaIe CTPOKH.
IMoanporpamme Hy>XKHO TepenaTh yKasaTeJb Ha CTPOKY, a Ha BBIXOIE MbI TTOJYUrM
azipec MepBOro CUMBOJIA CTPOKH, OTIIMYHOIO OT Tpobera.

; SkipSpace

; Si = yKa3zaTellb Ha CTPOKY

; BosBpamaer:

; Si = mnepBbIA CUMBOJI, OTJIUYHBIA OT Mpobdesa

SkipSpace:

.again:

lodsb ;3arpykaeMm B AL oOaiit mo ampecy DS:SI,
/yBenmuuBaeMm Sl

cmp al,"' ' ;CpPaBHUBAaeM CHMBOJI C IIpOOEIOM

jz again ;€CJIM paBHO, IIPOJOKAeM

ret

HTak, MbI ynajuiv U3 Hadajla CTPOKM apryMEHTOB Bce MPOOEIbl, TIEPBBIi TTpoGes
B CTpOKe OyJeT mocJjie MepBoro aprymeHra. HarmoMHUM, 4TO CTpoKa apryMeHTOB
HaumHaeTcs ¢ agpeca 0x81, a 3akanumBaeTcst cumBosioM OxD. Teneps mpeodpasyem
TepBbIil apIryMEHT B YMCJIO. Y HAc eCTh MOANporpaMMa, KoTopast yMeeT CUUTHIBATD
YUCJIO U3 CTPOKU, 3aBepIIEHHON HyJIeBbIM OaiiToM. UTOOBI BOCTIONB30BaThCs €10,
HY>XHO TOMECTUTb HYJIEBO OaiiT Ha MeCTO CMMBOJA IMpobesia Mmocjie MepBoro
apryMeHTa. HanuieMm eiie oqHy MOANpOrpaMMmy, KOTopasl MpOIyCKaeT B CTPOKE
apryMEHTOB TOCJIeIOBATeIbHOCTh TIOAPS UIYIIMX LIMMP ¥ BO3BpalllaeT yKa3aTellb
Ha MO3ULIMIO B CTPOKE MOCIE YKCIa.

; SkipNum
Brom: SI = ykazaTenb Ha CTPOKY
Beieopm: DI = yrazarTesb Ha HO3MLMI B CTPOKE IIOCJIE 4YMCIIa

7

7

SkipNum:

mov di,si ;DI MCIIONB3YyeTCsa KakK yKazaTeib
.find_end_of_numberi

inc di ;DI=DI+1

cmp [di],'0" ; CPABHUTE CMMBOJI ¢ ASCII-KOIOM

i IMQPEL HY T
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jb .end_found ;eCImM MeHbIIe, KOHEeIl YMuCiia HalaeH

cmp [di],'9’ ; CDABHUTEL CUMBOJ C ASCIT-KOIOM
mndpe 9

ja .end_found ;ecmm 6oNblle, KOHEL] 4ucila HalmeH

Jmp . find_end_of_number ;TIEPEeXOnUM K CIeylleMy CUMBOILY

.end_found:

ret

A BOT TEJIO OCHOBHOI ITPOT'PaMMEI :

mov si, 0x81 ;3arpyxaeM B Sl ykaszatens Ha Haualo
;CTPOKM apTyMEHTOB

call SkipNum ;epexoAuM B KOHEI MepBOro yucia

mov [di],0 ;MULIEM HYJIeBOi OaifT

mov ecx,10 ;9UTaeM YMCIO B IECITUYHON 3amucu

call ASCIIToNum ;B EAX 6ynmer pesynbtar, SI ocTtaeTcs
;HEM3MEHHBIM

mov edx, eax ;coxpansiem uymuciao B EDX

mov si,di ;3arpyxaeM B SI ykaszarenb Ha IO3MLUIO

_ , ;B CTPOKE cpasy Iocje MepBOro 4ucia

inc si

call skipspace ;TIPOTIyCKaeM Jo0ble MpoOebl

call SkipNum ;M TIPOTIYCKAaeM YHCIO

mov [di],O0 ; 3alIUCBIBAEM HYJEBOW CUMBOJ IOCJE
;BTOPOTO apTyMeHTa

call ASCIIToNum ;B EAX — pesyabsrar, SI ocraercsa
;HEM3MEHHBIM

add eax,edx ;100aBIsSeM IpebIayIIee YHUCIo,

;coxpaneHHoe B EDX

IMepBbIM JeIOM MBI TIPOITYCKaeM YMCIIO W 3aMKChiBacM HyJIEBOI GaiiT Tmocjie Hero.
IMommporpamma 1peoOpa3oBaHMUSI CTPOKM B YMCIIO OymeT «IymMaTh», UTO CTpOKa
3akoHumack. [locie 3TOro Mbl TpeobpasyeM (PparMeHT CTPOKM MapaMeTpoOB OT
ee Hayaja 0 TepBOro HyieBoro Oaiita B umcio. Permctp DI Temepr ykasweiBaeT
Ha HyJIeBOM 0aiiT, 3HAYMT, HYXXKHO YBEJIMYUTh yKazaTelb Ha enuHuiry. Hama mosm-
nporpamMMa IIpeoOpa3oBaHMSI CTPOKMA B YMCIIO OXMOACT yKasaress B peructpe Sl,
¥ MBI KorupyeMm ero u3 DI.

Tenepp Hallla CTpOKa OyIeT HAYMHATBCS CO BTOPOrO apryMeHTa, rmepea o0paboTKoM
KOTOPOrO MbI CHOBA IPOITyCKaeM Bce MpOoOesibl B HaYaje CTPOKHU.

IMocne mpeobGpaszoBaHUsI BTOPOTO YKCIa Mbl CKJIaablBacM €ro ¢ mepBbIM. Ilocie
atoro B EAX Oymer cymma IBYX 4mces, KOTOPYIO Hy:KHO IIPeoOpa3oBaTh B CTPOKY
U BbIBeCTM Ha 3KpaH. /st mpeoOpa3oBaHusl YKcIa B CTPOKY OyaeM MCIOJIb30BaTh
noamporpammy NumToASCII:
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; eax = 32-6bmTHOEe YMCIIO

; ebx
; edi
; Pesyrnprat:

; BarloJHeHHHU Oydep

mov ebx,10
CYMCIICHUS
mov di,buffer

call NumToASCII

OCHOBAaHME CHCTEME CYUCIICHNIS
yKazaTenbs Ha oydep sl COXPAaHEeHMSI CTPOKM

/3aHocuM B EBX OCHOBAHME CHCTEME

;B DI — ampec bOyodepa
;TIepen BHI3OBOM IIOOIPOTrpaMMel B EAX
; HAXOIUTCHA BBYMCIIEHHAasA CyMMa

Tenepb BbIBeIeM TIOMYYEHHYIO CTPOKY Ha 3KpaH, UCHOJB3YS (DYHKIMIO 3alucu B
¢haiin cranmaptHoro BbiBoma. Ho Mbl He 3HaeM JIMHY CTPOKU, KOTOpash MOIy4uiach
nocJie mpeodpazoBaHus. [loka ciemaeM Tak: 3ape3epBUPOBAHHOE I CTPOKU MECTO
3arMo0JTHUM TIpOOeslaMUu U BBIBEEM CTPOKY BMeCTe C JIMIIHUMU Tipodenamu. [Totom
MBI MOXEM MOIU(UIIMPOBaTh MPOTpaMMy, YIATUB U3 CTPOKU JIUIIIHUE MPOOEHI.

mov ah,0x40
mov dx,di

mov c¢x,25
int 0x21
mov ax, 0x4c00
int 0x21

;byakuusa DOS st 3amucu B ¢haiin
;3Ta  (YHKIUS OXMIAeT yKasaTessi Ha
;ctpoky B DS:DX

;KOTTUYECTBO BbIBOMUMBIX CUMBOJIOB

;3aBepllaeM IporpaMmy

B cexumu maHHBIX 3amonHuUM Hatn Oydep 25 mpobenamu:

buffer times 25

Tenepr HaM OCTaJIOCHh HAMMCaTh TOJBKO CEKIIMIO KOma ISl HAIlel ITPOTpaMMBL.

SECTION .text
org 0x100
mov si, O0x81

call SkipNum
mov [di],0

mov ecxIO

call ASCIIToNum

mov edx,eax
mov si,di

inc si
call Skipspace
call SkipNum

/3arpyxaemM B SI yKazaTenb Ha Hadalo
; CTPOKM apIyMEeHTOB

;TIepexonyM B KOHEIl IIepBOTr0 4mucia
;ImeM HyJIeBOM OamT

;UMTaeM 4MCIIO B HOEeCATUYHOW 3arincu

;B EAX Oymet pesynbTaT, SI ocTaercs
; HEe3MEeHHBEM

; coxpaHsgeM 4umciio B EDX

;3arpyxaeM B SI yKazaTellb Ha IIO3ULINI
;B CTPOKe Ccpazy IIOoCie IIepBOTrO 4Mucia

; IIDOITY CKaeM JIoOse IIPOOEIIH
;U TIPOIIyCKaeM YMCIIO
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mov [di],0

call ASCIIToNum
add eax,edx
mov ebx,10

mov di,buffer
call NumToASCIT
mov ah,0x40

mov dx,di

mov ex,2 5

int 0x21

mov ax, 0x4c00
int 0x21

; 3allliCBEIBaeM HyHeBOIZ CVIMBOJI IIOCIJTIe

; BTOPOTO apryMeHTa

;B EAX — pesynpTaT, SI ocTaercs

; HEM3MEeHHEBEM

; mobaBseM IIperHmoymee Ymciio,
/coxpaHenHoe B EDX

; OCHOBaHMEe CHCTEMBl CYMCIIEHMS OJIsI

; TIpeobpa3OBaHMsa dKCIIa

;3arpyxaemM B DI ampec 6Oyodepa BHBOOMMOM
; CTPOKM

;IIpeobpaszyemM EAX B CTPOKY

;Oyukimss OOC miisi 3ammcy B Qaniin
;yKazsaresb Ha CTPOKYy oxumaeTrcsa B DX,
;v Hac oH B DI

; KOJIIMYeCTBO BHBOLOVMMEBIX CIVMBOJIOB

; BEI3BIBaeM DOS

; 3aBepmaeM IIpOTPaMMy

; SkipSpace - IIpoIyCckK IIpobesionB

; S1 = ykKazaTeinb Ha CTPOKY

; BozBpamaeT:

; S1 = repBHII CMMBOJI, OTJIMYHBEI OT IIpoberna

SkipSpace:

.again:

lodsb 3arpyxaeM B AL OamT 1o ampecy DS:SI,
yBenudmeaeM ST

cmp al,*' ' i CcpaBHMBaEeM CUMBOJI C IIPOBEIIoM

jztagaln eCIu PaBHO, IIPOOOIIKAEM

re

;  SkipNum — IIPOIIyCK dMCJia
; BBom: SI = ykKazaTeab Ha CTPOKY
; BeiBOm: DI = ykKazaTesnb Ha IIO3ULIMI0 B CTPOKE IIOCJIe 4Yucia

SkipNum:
mov di,si

.find_end_of_ number:

inc di

emp [di]l,'0’
jb .end_found
emp [di],'9’
ja .end_found

jmp . find_end_of_ number

.end_found:
ret
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. REEEEX majiee CICOYIOT BCE HEOOXOOUMEBIC ITOAIIPOTPaAMMBI ¥ ****
SECTION .data
buffer times 25 db " ' ;0ydep Il coxpaHEHHUsI pe3yJibTaTa

Tenepb coxpaHuM HaIly TTPOTrpaMMy U TOIBITAEMCSI €€ OTKOMITWJIUPOBaTh. B pe-
3yJbTaTe KOMITWISILIMY YBUIUM 3TO:

nasm -f bin -o test.com test.asm

test.asm:6: error: operation size not specified
test.asm:13: error: symbol 'Skipspace’ undefined
test.asm:15: error: operation size not specified
test.asm:41: error: symbol 'again' undefined

test.asm:53: error: operation size not specified
test.asm:55: error: operation size not specified
test.asm:141: error: phase error detected at end of assembly.

Kak BuauTe, B Halleil ImporpaMmMe MHOro ommook. JaBaitte nx ncripasisarts. [1epBast
oubka — B CTpOKe 6:

mov [di],0 JTIMIIEM HYJIEBOM OaiiT
Ora KoMaHma TpeOyeT yKa3aHMsI pa3Mepa OIlepaHIa, BBHIIOJIHUM c¢ TpeOOBaHUE:
mov byte [di],0 JTIMIIEM HYJIeBOUM OailT

Crnenytolias Hallla OIIMOKa 3aKJII0YaeTCsl B TOM, YTO Mbl HENTPaBUJILHO Hamucalv
UMST TIONIPOrpaMMbl. AcceMObiep YyBCTBUTEIEH K PETUCTPY CMMBOJIOB, TO3TOMY
Skipspace — 310 He SkipSpace. McripaBuM 3T0.

ITocne aToro ncrpaBuM OIIMOKY B CTpOKe 13 — 3TO Ta XXe caMasl OoIInOKa, 4To 1
B ctpoke 6. B cTtpoke 41 MbI 3a0bLIM yKa3aTh TOUKY Ilepen 'again':

jz .again

Komanasr B ctpokax 53 u 55 ToxXe TpeOyroT yKazaHus pa3Mepa ornepanaa. IIpocto
J100aBbTE KIIIOUEBOE CJIOBO 'byte’ MexXIy KOMaHIOUW CTP U KBaApaTHOUN CKOOKOMA.

HcrpaBuB Bce OIIMOKYM, OTKOMITIMPYEM IIporpaMmy cHoBa. OHa BBITIOJHSIETCSI, HO
HMYEro He BBIBOIUT Ha 3KpaH. [IpoBepuM Kof UTsl BBIBOJA CTPOKU Ha 3KpaH:

mov ah,0x40 /oyukmus JOC o 3anucu B aiin

mov dx,di ;ykazartenab oxwupmaerca B DX, y Hac o B DI
mov c¢x,25 ;KOJIMYECTBO IedyaTaeMbIX CHUMBOJIOB

int 0Ox21 ;BBI3BIBaeM DOS

Bce sicHO, MBI Befib 3a0bLUTH TTOMECTUTD IECKPUIITOP TIOTOKA CTAHIAPTHOTO BhIBOIA
0x01 B BX — B 3TOM peructpe Bce emne comepxxurcs 3HadyeHue 10. McmpaBum 3Ty
OIIMOKY W CHOBa OTKOMITUJIMPYEM TporpamMmy. Ternmepb MOXHO 3amyCTUTh ITPO-
rpamMmy ¢ Tmapamerpamu 45 u 50. MBI IToIyduM ciieayroliee 3HauYeHUe:

C:\test 45 50
945
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Mpb1 pomxHbI onyuuth 95, HO HuKak Ha 945. Yto mpowusonuio? OTBETUTH HA 3TOT
BOIPOC HAM MOMOXKET oTianuukK. 3amyctum grdb:

C:>grdb
GRDB version 3.6 Copyright (c) LADsoft 1997-2002
->

Beemem komangy'l test.com 45 50" mig 3arpy3Ku mporpaMMbl C ITapaMeTpaMIL:

->1 test.com 45 50
Size: 000000E1
>

[MpennonoxumM, 4To HAIM TIOANIPOrPaMMBbI pabOTaOT MPaBUILHO, MO3TOMY OyreM
WCTIONIb30BaTh KOMAaHIy P [UISI TIPOXOXIEHUST TOATNpOorpaMM 3a oauH Imar. [Tocmor-
puM, uyto Bo3BpamaeT mommporpamMmma ASCIIToNum B peructp EAX. Ilepssrit
Bb130B ASCIIToNum cnenyer cpaszy mocie uHctpykuuu MOV ecx,10. Paccmorpum
Bechb ceaHC oTiamku a0 neporo BeizoBa ASCIIToNum.

->1 test.com 45 50

Size: 000000El

->p

eax:00000000 ebx:00000000 ecx:000000E1 edx:00000000 esi:00000081
edi:00000000 ebp:00000000 esp:0000FFEE eip:00000103 eflags:00000202
NV UP EI PL NZ NA PO NC

ds: 10FB es:10FB fs:10FB gs:10FB SS:10FB cs:10FB
10FB:0103 E8 44 00 call 014A

->P

eax:00000000 ebx:00000000 ecx:000000E1l edx:00000000 esi:00000081
edi: 00000084 ebp:00000000 esp:0000FFEE eip:00000106 eflags:00000287
NV UP ETI MI NZ NA PE CY

ds: 10FB es:10FB fs:10FB gs:10FB ss:10FB cs:10FB

10FB: 0106 C6 05 00 mov byte [di],0000 ds:[0084]1=20
->p

eax:00000000 ebx:00000000 ecx:000000El edx:00000000 esi:00000081
edi:00000084 ebp:00000000 esp:0000FFEE €ip:00000109 eflags:00000287
NV UP EI MI NZ NA PE CY

ds: 10FB es:10FB fs:10FB gs:10FB ss:10FB cs:10FB
10FB:0109 66 B9 OA 00 00 00 mov ecx,0000000A

->p

eax:00000000 ebx:00000000 ecx:0000000A edx:00000000 esi:00000081
edi:00000084 ebp:00000000 esp:0000FFEE eip:0000010F eflags:00000287
NV UP EI MI NZ NA PE CY

ds: 10FB es:10FB fs:10FB gs:10FB ss:10FB CS:10FB
10FB:010F E8 6D 00 call 017F

->P

eax:000003B1 ebx:00000000 ecx:0000000A edx:00000000 esi:00000081
edi: 00000084 ebp:00000000 esp:0000FFEE eip: 00000112 eflags:00000297
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NV UP EI MI NZ AC PE CY
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ds: 10FB es:10FB fs:10FB gs:10FB SS:10FB cs:10FB
10FB:0112 66 89 C2

->

mowv

edx,eax

IMocne nepsoro npeobpazoBaHust NoayuyuM pe3yabTar 0x3B1, KoTopblii HUKaK He
cooTBeTcTBYeT aecsitmaHoMy 45. 0x3B1 — 310 945. TloyeMy MbI MOTyYMIN UMEH-
HO 3TOT pe3ysbTaT? Eciu Mbl MpennojioXuin, 4To MOANpPOrpaMMa KOPPEKTHA,
TO TOTJA HYXHO MPOBEPUTH MapaMeTpbl, KOTOPbIE MbI TIEPEAATA TOAMPOrpaMMe.
IMocMOTpYM, UTO HaXOOUTCS B MAMSITU TIO ampecy, KOTopblii conepxkutcst B SI:

->d  si

10FB; 0080
10FB:0090
10FB:00A0
10FB:00BO
10FB:00CO
10FB:00D0
10FB:00EO0
10FB:00F0
10FB:0100

->

01
01
01
01
01
01
01

20 34 35-00 35 30 0D-01 01 01 01-01

01
01
01
01
01
01
01

01
01
01
01
01
01
01

01-01
01-01
01-01
01-01
01-01
01-01
01-01

BE 81 00 E8-44

01
01
01
01
01
01
01

01
01
01
01
01
01
01

01-01
01-01
01-01
01-01
01-01
01-01
01-01

01
01
01
01
01
01
01

01
01
01
01
01
01
01

01-01
01-01
01-01
01-01
01-01
01-01
01-01

01
01
01
01
01
01
01
01

01
01
01
01
01
01
01
01

01

00 C6 05-00 66 B9 0A-00 00 00 E8

45.50 . ...

Hama ¢yHkius npeobpa3oBaHUs HE MPOBEPSIET BXOASIINE CUMBOJIbI, TTO3TOMY
Yy Hac ¥ BbIIUTA omnOouka. OOpaTUTe BHUMaHUE: Tepell MEPBBIM CUMBOJIOM Y
Hac oOpazoBasics mpodest (kom 20). JleynTcst 3TO OYEHb MPOCTO: TEepes, BHI30BOM
MOANPOrpaMMbl IpeoOpa3oBaHUs HYXXKHO BbI3BaTh SkipSpace, 4ToObl ynaimTh Bce
CUMBOJTBI B HayaJle cTpoku. OTpenakThpyeM Hally MporpaMMy U CHOBAa OTKOMITM-

JIMPYEM €¢€. 3aHYCKaCM C TEMU XKE CaMUMMU ITapaMETpaMu:
C:\test3

5

45 50

OnsTh MbI IOJYYWJIU HE TO, YTO Hy>XXHO. CHOBa 3aImycKaeM OTJIaTuuK U TEPEXoIuM
K nepeoMy BbizoBy ASCIIToNum:

->P

eax:00000034 ebx:00000000 ecx:0000000A edx:00000000 esi:00000083
edi:00000084 ebp:00000000 esp:0000FFEE eip:00000112 eflags:00000287

NV UP EI MI NZ NA PE CY

ds: 10FB es:10FB fs:10FB gs:10FB ss:10FB cs:10FB
10FB:0112 E8 6D 00

->d si

10FB:0080
10FB:0090
10FB:00A0
10FB:00B0
10FB:00C0
10FB:00D0

call

0182

35-00 35 30 OD-01 01 01 01-01 01 01 01 5.50 ...
01 01 01 01-01 01 01 01-01 01
01 01 01 01-01 01 01 01-01 O1
01 01 01 01-01 01 01 01-01 01
01 01 01 01-01 01 01 01-01 O1
01 01 01 01-01 01 01 01-01 O1

01
01
01
01
01

01-01
01-01
01-01
01-01
01-01

01
01
01
01
01

01
01
01
01
01
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10FB:00E0 01 01 01 01-01 01 O1 01-01 O1 O1 01-01 O1 O1 OL ... ... .. .. ..
10FB:00F0 01 01 01 01-01 01 O1 01-01 O1 O1 O1-01 O1 O1 O1 ... . ... .. .. ....
10FB:0100 BE 81 00 E8-41 00 E8 44-00 C6 05 00-66 B9 0A 00 ... .A..D....f...
>

IToxygaercst, 4o BUHOBaTa moamnporpamma SkipSpace, KoTopasl IIpOITyCKaeT OIUH
JIMIITHUM CUMBOJI, TIO3TOMY B Ka4eCTBe apryMEHTOB MbI TiolydaeM 5 u 0 — otciona
u pesymprar 5 + 0 = 5. Komanma LODSB yBenuuuBaeT ykazateab SI B mobGom
ciydae, axe TOrna, KOrma BCTPEUEHHBI CUMBOJ — He Mpobei. 3HA4MT, Tepen
BBIXOIOM U3 TTOIIPOTpaMMbl 3TOT yKa3aTeslb Hy>KHO YMEHBILNUTh U MpobjieMa uc-
yesHeT. [lepenuiiem moamnporpaMmmy Tak:

SkipSpace:

.again:

lodsb ;3arpyxkaeM B AL 6anT o ampecy DS:SI,
;yBenmduBaeM ST

cmp al,' ! ; CDaBHMBAaAEM CUMBOJI C IIpobenoM

jz again ; €CIIVI PaBHO , IIPOIOOJIKAEM

dec si

ret

Bce, «Car» MCHpapieH, COXPaHUM ITOJTyYeHHY0 IMPOTPaMMy , OTKOMITVITUPY eM U
3aryCTvM ee:

C:\test4d 45 50
95

[MomygenHoe 3HadyeHue IpaBuiIbHO. ITo3gpasisio! Ilpouecc pa3padboTKu Ipo-
TpaMMEBI 3aBepIIcH!

10.12. Pe3naeHTHble nporpamMmmbl

OOBIYHO TTIOCIIC 3aBEepIICHMST ouepeaHoi mmporpaMMbel DOS ocBoOOXIAET ITaMSITh,
KOTOpPYIO 3Ta MporpaMMma 3aHUMalia, M 3arpykaeT Ha ee Mecto HOByl. Ho Heko-
TOpbIE MPOrPaMMBbl, 3aBEPIIMBIINCH, TTPOJOJIKAIOT OCTABAaThCS B MaMsITU. Takue
MpOrpaMMbl Ha3bIBAIOTCSl PE3UNEHTHBIMU. B OOJIBIIMHCTBE CTydaeB pe3UCHTHBIE
MIPOrpaMMBbI UCIIOJIB3YIOTCS IS 00pabOTKHU MpephIBaHU Ipolieccopa. TUIMMIHBIA
NpUMEP PE3UAECHTHOU TPOrpaMMbl — APAWBEP MBIIIN, KOTOPBIM OMpPaIlIUBAET TTO-
CJIeIOBATEIbHBIN MOPT KOMITBIOTEPA, YMTAsl KOMbI, MepeJaBaeMbie MBIIIbIO. DTOT
NpaiiBep UCITONB3yeT ImporpaMmMHoe IpepbiBaHre 0x33, yepe3 KOTopoe OH IepenaeT
CBOU COOBITHS (TMIEpEeMEIICHUE MBIIIKHW, HAXKAaTHUE TOM WM WHOU KJIABUIIY MBIIIIKN)
TMPUKJIAHBIM TIPOTPAMMaM.

Ha pe3uneHTHBIE IpOrpaMMbl HaKJIabIBACTCS psi OTpaHUYeHUi. Tak, MM HeJlb3st
caMMM BBI3BIBaTh IPOrpaMMHEIC TIpephbiBaHusI. [deao B ToMm, yto DOS — npuHIMImM-
a1bHO OHO33/layHas cucTeMa, nostoMy GyHKUMU npepbiBaHuii DOS He obnagaror
CBOWCTBOM peeHTepadeIbHOCTH (ITOBTOPHOM BXomuMocTH). Eciau mporpamma, 00-
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pabaThiBaroliasi cCUCTeMHbIN BbI30B DOS, cama BBIMOTHUT CUCTEMHBIN BBI30B, TO
OC pyxHet. CyliecTByIoT, Mpapaa, CrocoObl OOOUTH 3TO OTpaHUYEHUE, HO OHU
CJTUIIKOM CJIOXHBI JUISI TOTO, YTOOBI pacCMaTpUBaTh UX B 3TOW KHUTE.

Hanuiiem HeOOMbIIYIO PE3UIESHTHYIO MPOrpaMMy, KOTOpas aKTUBU3UPYETCs MPU
Haxatuu Kiapuiun Scroll Lock. IIporpaMma u3MeHsIET LIBET BCEX CMBOJIOB, OTO-
OpakeHHBIX HAa KpaHe, Ha KPaCHBIIA.

J10 crx TIOp MBI CTapaIMCh N30eraTh MPSIMOTO B3aMMOIEHCTBYS ¢ TIeprdepHITHBIMU
YCTPOMCTBaMU M MCIIONB30BaIN (DYHKIIMK OMEpallMOHHOM CHCTeMBl. B ciydae ¢
PE3UICHTHOM TTPOrpaMMoil Mcroib3oBaTh DOS MBI GoJjIbllie HE MOXKEM, ITO3TOMY
HHMYEro APYroro HaM He OCTAaeTCsl — MBI JOJDKHBI B3aMMOIEHCTBOBATh C YCTPOIi-
CTBaMHU HampsIMyIo.

IMpumuTe MoKa KaK JaHHOCTh, YTO U3 mopTa 0x60 MOXHO MOJYYUTH TaK HA3bIBae-
MbIii CKaH-KOJI HaXKaToi KiiaBullu, To ecTb He ASCII-koa rmochliaeMoro 1o CMMBOJIa,
a IIPOCTO YMCIIO, YKa3bIBalollee ee MOoJIoKeHUe Ha KilaBuaTtype. CKaH-KOI KJIABUILM
Scroll Lock paBen 0x46.

Kaxnmoe HaxaTuve KJIaBUILM TeHepupyeT annapaTtHoe npepbiBaHue IRQ1, koTopoe
MNpPUHMMAET CKaH-KOJ OT KJIaBUATyphl, mpeodpa3zoBbiBaeT ero B ASCII-kon u cra-
BUT B OYEpellb HEMMPOUYUTAHHBIX KJIABUII. DTa O04Yepeapb AOCTYITHA OIMEpPalMOHHON
cUCTeMe W MPUKJIAAHBIM MporpaMmaM depe3 Bbi3oBsl BIOS.

YToObl aKTUBU3UPOBATH MTPOrPaMMY, MbI JOJIKHBI IepexBaTuTh pepbiBanue IRQ 1
(int 0x9), To ecTh cmenarh Hallly IPOorpaMMy €ero 00paboTYIMKOM. 3aTeM Mbl OyneM
B LIMKJIE YMTaTh CKaH-KoA u3 mopTa 0x60. Ecnu Haxartas kiaBuina — He Scroll
Lock, To MBI BepHEM €e CKaH-KOJ IepBOHAYaIbHOMY 00pabOTYMKY NpephiBaHus. B
MPOTUBHOM CJIyyae Mbl BBITIOJIHUM HaMEeYeHHOE JeicTBHE (CMEHUM LIBET CHMBOJIOB)
¥ BEPHEM YIIpaBJICHUE TMEPBOHAYAIBHOMY OOpaOOTUMKY TpepbiBaHUs. Bbxom u3
MPepbIBAHUS OCYIIECTBIISIETCSI IO KOMaHIE iret.

Bo Bpemst 06paboTKY TTpephIBAHMS MbI JOJDKHBI COXPAHUTH KOHTEKCT BBIITOJTHSIEMOM
MPOrpaMMBbI, TO €CTh COXPAaHUTh BCE PETMCTPHI «BHYTPW» HAaIlell ITOAIPOrpaMMEl.
Ecim sToro He caenarb, MOCIEACTBUS TIPEAyragaTh OyIeT CJI0XKHO, HO B GOJIBIINH-
CTBE CITydaeB KpaxX BBIMOJTHSIEMOI MPOrpaMMbl OyleT oOecIiedeH.

IlepBbIM Oe10M HAIMIIEM IOANPOrpaMMy COlor, U3MEHSIOIIYIO LIBET BCEX CMBO-
JIOB Ha KpacHbIii. OpraHu3anuysi BUACOnaMsITh OblIa pacCMOTpeHa (XOTb U OYEHb
KpaTKoO) B HavaJie 3Toii I1aBbl. CUMBOJIbI, BbIBEICHHBIC HA SKPaH, XPAHSTCS HauMHast
¢ aapeca cermeHTa 0xB800 B dhopmaTe cumBoiBer. Halra 3agaya — mMoauuim-
poBaTh 3HAUYEHMSI OATOB, HAXOMSAIIMXCS MO HedeTHhIM aapecam: 0xB800:0x0001,
OxB800:0OxO003, 0xB800:0x0005 1 T.n. — 3TO U ecTh LIBET CMMBOJIOB. He BaaBasich
B IIOIPOOHOCTH, CKaXXeM, YTO KpacHOMY LIBETY COOTBETCTBYeT 3HaueHue 0x04.

IMonnporpamma 3amosiHseT 80x25 0aiiToB MaMsITA, YTO COOTBETCTBYET CTaHAAPT-
HOMY pa3pelieHNI0 TEKCTOBOIO PEXUMA.
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color:
push ax

push ex
push si
push es

XOor
mov
mov
mov

si,si

ax, 0xB800
es,ax
ex,80%25

.repeat:

inc
mov
inc
dec
jnz
Pop
pop
pop
pop
ret

si

byte [es:si],0x4
si

ex

.repeat

es

si

ex

ax

;COXpaHsieM B CTeKe 3HaYeHU S
;PETUCTPOB, KOTOPhBIC
;0yIeM MCIOJIb30BaTh

;copaceiBaem Sl

;3arpyxaem agpec cermeHTa B AX
;A B CETMEHTHBIA pETrUcCTp
;KOJIMYECTBO MOBTOPEHUMN

yBenuuuBaeM SI Ha 1

;3anuceiBaeM uBeT 0x04 — xpacHBIU
;yBeaIM4yuBaeM Ha 1

;ymenbiraem CX Ha 1

;mepexonuM K .repeat, moka CX > 0
;BOCCTAaHaBJIMBAaEM BCE PETUCTPHI

MbI MOKeM NPOTECTUPOBATH HAIy noanporpaMmy. lonumeM K Heil 3aroJioBOK
CEeKIUH KOJA W 3aBEPIINM OOBIYHYIO, HE PE3UAEHTHYIO, MPOrPaAMMY CHCTEMHBIM
Bb13oBoM (x4C:

SECTION .text
call color
mov ax, 0x4c00

int

0x21

color:

Tenepb HanumeM 00padoTyuk npepoiBanusa IRQ 1:

new_handler:

push ax

in al, 0x60

emp al, 0x46

jnz pass_on

call color

pass_on:

pop ax

jmp far [cs:old _vector]

; CoxXpaHdaeM 3HadeHue AX

ydMTaeM CKAaH-KOIO KJIIaBUIIM
;cpaBHuBaem ¢ 0x46 (Scroll-Lock)
;ecimm HeT, IIepexXonuM K pass_on

; BEI3EIBAEM TIOOIIPOTDaMMy

; BOCCTaHaBIMBaeM 3HadeHume AX
;TIepenaeM yIrpaBIIeHre
; TIEpBOHAYAIBHOMY 00OpaboTymky

Ilepemennass old vector HoJBKHA comep:XKaThb ajapec NMePBOHAYAILHOTO 00padoT-
YUKA NpepbiBaHus (CTapoe 3HAYEHUE BEKTOPa NMpepbiBaHus BeKTopa). B kayecTse
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CErMEHTHOTO perucTpa Mbl ucrnonbdyem CS, MOTOMY 4TO JApYrve CErMEHTHBIE PEeTH-
CTpBI B Xozie OOpabOTKM TPEPBIBAHUSI MOTYT TOJMYYUTh TMPOU3BOJIbHBIC 3HAYECHUSI.
CoxpaHnM 3Ha4YeHHE CTApOro BeKTopa IIpephIBaHUS B IepeMeHHylo old vector,
a ykazateJib Ha Halll 00pabOTYMK TIOMECTHM BMECTO HEro B TaGJIMIy MpepbIBaHUIA.
HazoBem aty mporienypy setup.

setup:

cli ; OTKJTIOYaEeM TIPEePHBaHNSA

XOr ax,ax ; cOpaceBaeM AX

mov es,ax ;Tabnmuila TTpepHBaHUM HAXOOUTCS
;B cermeHTe O

mov ax,new_handler ;¢ MeTKu new_handler HadMHaeTCcs
;HOBEII OOPAabOTYMK TIPEePHBaHWISA

xchg ax, [es:0x9*4] ; BHIUMCIIIEM ampec CTaporo BEKTOpa
;U MEeH"eM MecTaMM CO 3HadeHumeM AX.
;Terlepb B Tabimile cMemeHue HOBOTO
; obpaboTunka, B AX — CTapoOro

mov [ds :0ld__vector] ,ax ; COXpaHsieM CTaphll ampec B
;TIepemenHHon old_vector

mov ax,cs ;aIpec TeKymero cerMeHTa — CS

xchg ax, [es:0x9*4+2] ;IvmeM B Tabiamily CErMEeHT HOBOI'O
; ObpaboTunka ,

;B AX 3arpyxaeM CerMeHT CTaporo

; COXpaHsieM CerMeHT Ha 2 bamnrTa
/nanepme old_vector

; BKJIIOYAEM IIPEPHEBAHUA

; BEIXOIVIM U3 TIOOIIPOTIPaMME

Temepp MBI TIOIPOCUM OIICPALIMOHHYIO CHCTEMy HE pa3pyllaTh IIPOrpaMMy IIOCTIE
ee 3aBepIICHMSI, a XPaHWUTh ¢¢ B maMsaTH. JIJISI 3TOrO MCIIOJIB3YeTCsS] CHCTEMHBIN
BBI30B 0x31.

mov [ds:old_vector+2],ax

sti
ret

Beogp: BbiBOA:

CoxpaHsiem nporpaMmmMmy pe3naeHTHOM
AH = 0x31

AL = BbIXOOHOW KOJ, Huyero
DX =uncno naparpados namsatu, He06XoaUMbIX ANs
XpaHeHns pe3naeHTHON NporpaMmmel

Konm Bceit Hamieil pe3auaeHTHON mporpaMmbl resident. asm ImpuBeneH B JIMCTUHTE
10.10.

Jiuctunr 10.10. Mpumep pe3MpaeHTHOW NPOrpaMMbl

SECTION .text
org 0x100
jop initialize
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new_handler:

push ax
in al, 0x60
cmp al, 0x46

jnz pass_on
call color
pass_on:
pop ax
jmp far [cs:o0ld_vector]
color:

push ax

push ex
push si
push es
XOor
mov

si, si

ax, 0xB800
mov es ,ax

mov ex,80*25
.repeat:

inc si

mov byte [es :si] ,0x4
inc si

dec ex

jnz .repeat
pop es

pop si

pop ex

pop ax

ret

old .vector dd 0
initialize:
call setup

mov ax,0x3100

mov dx,initialize

dx, 4
dx
0x21

shr
inc
int
setup:
cli
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; COXpPaHAeM 3Ha4dYeHMre

AX

;dMTaeM CKaH-KOIO KIIaBUIIM

;CpaBHUBaeM c 0x4 6
;eciu Her,

(Scroll-Lock)

repexonomMm K pass_on

; BEIBBIBAEM IIOOITPOIPaMMy

; BOCCTaHaBIMBaeM 3HadeHune AX
;IlepenaeM yIIpaBJIeHUe
; IIepBOHaYaNIBHOMY O0OpaboTIUKy

; COXpPaHsgaeM B CTeKe 3Ha4YeHNMA

; PETUCTPORB, KOTOPHE
;OymeM MCIIONb30BaTh

;cbpacuBaeM ST

;3arpyxaeM ampec cerMeHTta B AX
;I B CEerMeHTHBI PerucTp
; KOJIMYEeCTBO TIOBTOPEHUN

,“yBermraBaeM SI Ha 1

;3ammceiBaeM 11BeT 0x04 — KpacHbM

;yBenmuuBaeM Ha 1
;yMenbmaeM CX Ha 1
;IIepexonmM Ko .repeat

, Tmoka CX > 0

; BOCCTaHaBJIIMBaeM BCe pPeIr'VICTPEI

; BEIBBIBAEM PermMcTprpannio CBOeI'O

; obpaboTumka
; dyHKRIMsT DOS :
; PE3UNEHTHOM

mesaeM IIpOoTPpaMMy

; BEIUMCIISIEM YMCJIIO TIaparpados:
;B IIAMSTU HyXHO Pa3MeCTUTh

;BeCh KOI BIUIOTH OO MeTKM initialize

;OemaM Ha 16
/mobasisieM 1

; 3@aBeplmaeM IpoTpaMMy U OCTaeMCs

; PE3MIEHTOM

; OTKJIIIOYaeM IIpEepPeEBaHNMA



XOr ax,ax
mov es,ax

mov ax,new_handler

xchg ax, [es:0x9*%4]

Maea 10. MporpammupoBaHue B DOS

; cOpaceBaeM AX

; TabMMIla TIPEePEBaHVM HaXOOUTCS B
;cermeHTe O

;C MeTKM new_handler HauyMHaeTCH
; HOBBEIM OOPAOOTYUK TIPEpPHBaHUS

; BEMUCIIAEM aOpec CTaporo BeKTOopa

;I MEeHSeM

;MecTaMm CO 3HadeHumeM AX.

; Terreps B Tabiuile

; CMeleHre HOBOTO obpaboTuuka,
;B AX — CcTaporo

; COXpaHsieM CTaphil ampec

;B TIepeMeHHoM old_vector

;ampec Tekymero cermMeHTa — CS
;yIeM B Ta6J'[MLIy cerMeHT HOBOTIO
; obpaboTumka,

;B AX 3arpyxaemM CerMeHT CTaporo
; COXpaHseM CeTrMeHT Ha 2 bamnTa
sti ;manee old_vector

ret ; BKIIIOUaeM IIpepPHEBaHMA

; BEIXOOUM U3 TIOOIIPOTPAMMEL
Terneps OTKOMITVIIVPY €M ITPOTPAMMY :

mov [ds:o0ld_vector],ax

mov ax,cs
xchg ax, [es:0x9*%4+2]

mov [ds:old_vector+2],ax

nasm -f bin -o resident.com resident.asm.

ITocne ee 3amycka MBI HIYETO HE YBUAMM, HO mocie Haxatus kiaaBuiny Scroll Lock
BEChb TEKCT Ha 3KpaHe <«IOKpacHeeT». M30aBUTBCS OT 3TOTr0 pe3uacHTa (BBITPY3UTH
MporpamMMy M3 TaMSITH) MOXHO TOJIBKO Tepe3arpy3Koil KOMITbIOTepa WK 3aKPbITH-
eM okHa smysiuun DOS, ecnu mporpamma 3amyineHa u3-mon Windows.

10.13. CBoGOAHbIE UCTOYHUKN UHDOPMALUN
JlomonHUTeIbHYI0 UHGOPMALIMIO MOXHO HAWTH Ha calTax:

« www.ctyme.com/rbrown.htm — HTML-Bepcust cnmcka mnpepreiBaHuii Panabda
Bbpayna (Ralf Brown's Interrupt List);

¢ http://programmistu.narod.ru/asm/lib_l/indexhtm — <«Accembiiep u npo-

rpammupoBanue st IBM PC» Tlutep AGenb.
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11.1. BBepeHue

Korna-to Microsoft Windows 6bl1a Bcero Jimiiib rpacdr4ecKoil 000JI0YKOM It
onepatroHHol cuctembl DOS. Ho co BpeMeHeM oHa opocia 0 CaMOCTOSITeIbHOM
MOJTHODYHKIIMOHATLHON OTepallMOHHONM CUCTEMBI, KOTOPAsT UCTIONB3YET 3alUIICH-
HbIIA pexkxuM Tiporieccopa. B ormurie or UNIX-mogo0HbIX onepaliluoOHHbIX CUCTEM
(Linux, BSD u ap.), B Windows ¢pyHkuumn rpadudyeckoro nHTepdeiica moab3oBa-
tensa (GUI) BcTpoeHbl HEMOCPEACTBEHHO B SIAPO ONEPALIMOHHON CUCTEMBI.

11.2. «PopgHblie» Windows-npunoxeHus

«Ponnbie» Windows-npuiaoxeHus B3aMMOJECHCTBYIOT C SIIPOM OINepalMOHHOMN
CHCTeMbl MOCpPeACTBOM Tak Ha3biBaeMbIx API-BbizoBoB. Yepe3d API (Application
Programming Interface) onepauroHHasi cucteMa MpeaocTaBisieT Bce YCIYTH, B TOM
qycye ynpaslieHue rpaduiyecknuM UHTepdeiicoM MoJib30BaTeNsl.

I'papuueckue snemeHTl GUI nuMeroT 0ObeKTHYIO CTPYKTYpY, M yHKunu API
YacTo TPeOYIOT apryMEHTOB B BUJE JOBOJBHO CJIOXKHBIX CTPYKTYP CO MHOXKECTBOM
mapaMeTpoB. [103TOMy MCXOMHBIN TEKCT MpOCTellell acceMOepHOI TPOrpaMMbl,
YIPABISIIONIEH OKHOM U Mapoii KHOIOK, 3aliMET HECKOJIbKO CTPaHMII.

B aT0il rmaBe Mbl HamuilleM IPOCTEHBKYIO IIpOorpamMmy, KoTopasi oTobOpaxkaeT
OKOIIKO co 3HaKOMbIM TekcToM «Hello, World!» u kHonkoit OK. Ilocie HaxaTtus
OK 0KHO OyaeT 3aKpbITO.

11.2.1. CuctemHbie Bbi30Bbl API

B omnepaivonHoii cuctembl DOS MbI BbI3BIBAIU SIAPO C MOMOIIIBIO TTPepbIBaAHUS
0x21. B Windows BMECTO 3TOT0O HaM HY>XHO MCIOJIb30BaTh OAHY 13 (pyHKImiA API.
®Oynkimu APl HaxoasTes B pa3MyuHbIX IMHaMuyeckux oudamorekax (DLL). Mbi
JIOJXKHBI 3HATh HE TOJIBKO UMsI (DyHKIIMU U €€ MapaMeTpbl, HO TAaKXKe U UMsI OUOuU-
OTEeKHU, KOTopasi coaepXut 3Ty ¢pyHkumo; user32.dll, kernel32.dll u T.a0. OnucaHue
API MoXHO HaiiTh, Hampumep, B cripaBouyHoii cucteMe Borland Delphi (daiin
win32.hlp). Ecnu y Bac Her Delphi, BbI MoxeTe cKauaTh TOJbKO (haiin win32.zip
(310 apxuB, comepxamuii ¢aiin win32.hlp):

ftp://ftp.borland.com/pub/delphi/lechpubs/delphi2/win32.zip

187


ftp://ftp.borland.com/pub/delphi/1echpubs/delphi2/win3

Accembnep Ha npumepax. ba3osbli Kypc

11.2.2. NMporpamma «Hello, World!»
¢ kHonkon nop Windows

Hama mporpamMa mojokHa OTOOpPa3UTh TUAJIOTOBOE OKHO M 3aBEPIIUTH padoTy.
Hi1st oToOpaxkeHusI AUajIoroBoro okHa ucrojibiyercsa API-dynkims MessageBoxA,
a ISl 3aBepIIeHMS IIPOorpaMMbl MOXXHO MCIOJIB30BaTh (pyHKIIMIO ExitProcess.

B noxymentanum mo Windows API MessageBoxA HammcaHo:

int MessageBox (

HWND hWwnd, // OecKpurITop OKHa Bilanesblia

LPCTSTR 1lpText, // ampec TekCcTa OKHa COODIeHMs

LPCTSTR lpCaption, // ampec TekcTa 3aroJjIoOBKa OKHAa COODmeHMs
UINT uType // CTUIb OKHAa

)

IMepBblii apryMeHT — 3TO JECKPUMTOP OKHA BJaIeiblia, TO €CTb POIUTEIHLCKOTO
okHa. [TocKoJIbKY y Hac HEeT HUKAKOTO POIMTEILCKOTO OKHA, MBI YKaXkKeM 3HaueHHe
0. Bropoii apryMeHT — 3TO yKa3aTeJIb Ha TeKCT, KOTOPBIi JOJKEH OBITh OTOOpaKeH
B IUAJIOrOBOM OKHe. OOBIYHO 3TO CTPOKa, 3aKAHUYMBAIOIIASICSI HYJICBBIM OAMTOM.
TpeTuit apryMeHT aHaJIOTUYEH BTOPOMY, TOJIBKO OH OIpeesisieT He TeKCT OKHa,
a TekcT 3aroyioBKa. IlocnemHuii apryMeHT — 3TO TUMN (CTWJIb) AUAJIOIOBOIO OKHA,
MBI OyZIEeM HCIIOIh30BaTh CUMBOJMYECKYI0 KOHCTaHTY MB_OK.

Bropoii BezoB API — ato ExitProcess, emy HyxkHO IilepegaTh BCEro ONMH apryMEHT
(xkak B DOS), KOTOpPBII onpeneisieT Koa 3aBepIICHMS IIPOrPaMMBbI.

Yr1o0OBI yIIPOCTUTH pa3paboTKy Windows-mmporpaMMbl Ha SI3BIKE accemoOjiepa, ITof-
KoM aiia win32.inc, KOTOpbIil onpenesisieT Bce TUMBI apryMeHToB API-¢pyHK-
muii (Hanpumep, HWND n LPCTSTR cootBerctByIoT 1poctomy tumy dword) n
3HadYeHUSI KOHCTaHT. [lomkimounm 3ToT haiin:

%include «win32n.inc»;

Mu1 6ymem mcnonb3oBaTh API-(byHKIIMM, KOTOpBIE HAXOOITCSI B AUHAMMYCCKUX
OMOIMOTeKax, MO3TOMY HaM HYKHO Bocmoiyb3oBatbest nupektnBamMu EXTERN n
IMPORT:

EXTERN MessageBoxA /MessageBoxA ompeneneH BHEe MNpPOrpaMMbl
IMPORT MessageBoxA user32.dll ;a UMeHHO — B user32.dll
EXTERN ExitProcess /ExitProcess ompenmeneH BHE IIPOTPaMMEI

IMPORT ExitProcess kernel32.dll ;a uMeHHOo - B kernel32.dl11

TouHo Tak xe, kak B DOS, HyXXHO co3gaTh ABE CEKLIMU: KOAAa W JaHHBIX.

SECTION (CODE USE32 CILASS—=CODE ; Halll KOJ
SECTION DATA USE32 CILASS=DATA JHaIld CcTaTU4YeCKUe JaHHBIe

OcTajoch MOHSTh, KaK MOXXHO BbI3BaTh GyHKIuM API. [TogpoGHee MBI 0bCcymmm
9T0 B WIaBe 13, MOCBSIIEHHON KOMITOHOBKE ITPOrpaMM, HaIllMCaHHBIX YaCThiO Ha
acceMmOJiepe, a 4acThlo Ha sI3bIKaX BBICOKOTO YPOBHSI, a ceiiuac pacCMOTPUM TOJIbKO
IpaBWIa Mepeaadyn apryMeHToB ¢yHKuImsIM API.
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Cornamenue o mepenade aprymeHToB HasbiBaercsi STDCALL. AprymeHTtsl miepe-
JTAIOTCS Yepe3 CTeK B MOPsIIKE CIipaBa HalIeBO (Tak xke, Kak B si3bike C), a ouucrka
CTeKa BXOIUT B O0SI3aHHOCTM BBI3BaHHOM (yHKIMU (Kak B Ilackaie).

MEI romeraeM apryMeHTH B cTek o komaHae PUSH, a 3areM BbI3bIBaeM HyXKHYIO
¢yukumo o komaHne CALL. He HyxHO OecrmokouThcs 00 ouncTKe cteka. Kom
Halllell mporpaMMbl TipuBeAeH B juctuHre 11.1.

JNuctunr 11.1. Mporpamma «Hello, World!»
¢ kHonkow nog Windows

%include «win32n.inc» /TIONKJITIOYaEM 3aTOJIOBOYHEM darit

EXTERN MessageBoxA ;MessageBoxA orpenesieH BHE IPOTPaMMEL
IMPORT MessageBoxA user32.dll ;a MMEeHHO - B user32.dll
EXTERN ExitProcess ;ExitProcess omnpeneneH BHE IIPOTPAMMEL
IMPORT ExitProcess kernel32.dll ;a mmMenHo — B kernel32.dll
SECTION CODE USE32 CLASS=CODE ;Hadaso kKona
. .start: ;MeTKa OIS KOMIIOHOBIIVKA ,
, ~YKazbBamasi TOYKY BXOOa
push UINT MB_OK ;IIOMemaeM B CTeK IIOCJIEOHUMM apTyMeHT.
; TUII OKHAa: C eIMHCTBEHHOMW KHONKOM OK
push LPCTSTR title ;Tellepb IIOMelaeM B CTeK anpec
; HyJIb—-3aBEPIIEHHOY CTPOKM 3aT0JIOBKa
push LPCTSTR banner ;ampec HyJlb-3aBepleHHOM CTPOKM,
;KOoTopast bymeT oTobpaxeHa B OKHE
push HWND NULL ;yKazaTelnb Ha POOUTENIBbCKOEe OKHO —
;HYJIEBOM: HEeT TakKoT'O OKHa
call [MessageBoxA] ; BHI3BIBaeM ¢yHKIMio API. OHa BHBeOeT

;OKHO COOOmEeHMsT 1 BepHeT yIIpaBJieHue
;TIoCcIie HaxaTtud OK
push UINT NULL ;apryMenT ExXitProcess — KOI BO3BpaTa
call [ExitProcess] ; 3aBepmaeM IIPOoIecC
SECTION DATA USE32 CLASS=DATA
banner db 'Hello world!',OxD,0OxA,0 ;CTpOKa COOOIICHMS
;¢ cumBojiom EOL
title db 'Hello',0 ;CTpOKAa 3aroJloBKa

11 TOro, 4TOOBI OTKOMITHJIMPOBATh 3TY IporpamMMmy, HaM HyxXHa Bepcusi NASM mist
Windows, KoTopyro MOXHO CKa4aThb IO aapecy: http://nasm.sourceforge.net. NASM
€O3MacT OOBEKTHBIN (Daiisl, KOTOPBI HYXXHO OyleT CKOMIIOHOBaTh B MCTIOTHSIEMbBIN
(aiin. JIast KOMITOHOBKM MBI UCTIOJIB3YeM CBOOOIHO PacIpOCTpaHsIeMbIii KOMITOHOB-
kK alink, KoTopblii MOXXHO cKadaTh Mo anpecy: http://alink.sourceforge.net.

HazoBem Hamn caiin msgbox.asm. Temnepp 3amycTmM nasmw c mapamerpoMm -fobj:
C:\WIN32>NASMW -fobj msgbox.asm
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B pesynprare momyunm aiim msgbox.obj, KOTOpBIM HY:KHO mepeaaTb KOMITIOHOB-
Ky alink:

C:\WIN32>ALINK -OPE msgbox

[TapameTpsl -0 ompeneseT TUIT ucHoaHsIeMoro ¢aitra. PomabmM mrst Windows
apasercsa tTun PE. Ilocime KoMImoHOBKHM TOSBUTCS (haitn msgbox.exe, KOTOpBIit
MOXHO OymeT 3aITyCTHUTb.

11.3. MNMporpaMmmHas COBMeCTUMOCTb

Jnst mporieccopa, paboTaloIero B 3alIUIIEHHOM PEXUME, TOCTYIIEH APYTOi CIeIn-
aJbHBIA pexuM — VM86, obecrieynBaloIuii SMYJISLIMI0 pealbHOoro pexuma. Bce
IPUBWICTUPOBAaHHBIE KOMaHABI (TO ecTh cli, popf 1 np.), a Takke Bce 0OpaIleHMs
K nepu@epruitHBIM YCTPOMCTBaM (KOMAHIIBI in M OUt) MepeXBaThIBAIOTCS U AMYJIAPY-
JOTCSI SIIPOM OTIEPALIMOHHOM CUCTEMBI TaK, YTO MPUKIIATHON MPOrpaMMe «KaxKeTCsl»,
YTO OHAa JIEHCTBUTENILHO YITpaBJisieT KoMItbioTepoM. Ha caMoM ke neJie Bce BbI3OBBI
¢yukumii DOS u BIOS 06pabarsiBatoTcs SIApOM ONEPalIMOHHON CHCTEMBI.

11.4. 3anyck DOS-npunoxeHnuinn nog Windows

Hns 3amycka DOS-nipumoxennst B cpeae Windows MbI MCIIOIB3yeM TaK Ha3bIBa-
emblii «Ceanc MS DOS». Jlns 3amycka DOS-pexxyima BeImogHUTe KoMaHIy cmd
(ITyck -> Bpmomanms -* cmd). OTKpbIBIIeecss OKHO paboraeT B pexkume VMSE6
M IOJIHOCTBIO aMyupyeT dyHkuun DOS. Ecnu daiinsr kommutsitopa NASM Ha-
xomarcst B Katajgore CANASM, MBI MOXeM MCITONB30BaTh KoMaHay DOS, 4ToObl
TMEPEUTU B 3TOT KATAJIOT:

cd C:\NASM

I[MomuwmTe, yto B DOS cytiecTByeT orpaHndeHe Ha [UIMHY (paiiyloB — Bce MMEHa
¢aiIoB MOKHBI OBITh B (hopmate 8+3 (8 cuMBOIOB — UMSI, 3 — pacIIMpeHue).
JJ1st penqakKTUpOBaHUSI MCXOMHBIX (haitjioB MCIIONB3YITE pemakTop, KOTOPBIA IT0-
Ka3bIBAaET HOMEpa CTPOK — Tak Oynmer mpoile HailTu ommOKy. M30eraiite Takxke
«CJIMIIKOM JIPYKECTBEHHBIX» TPUJIOKEHUI, KOTOpbIe AO0ABISIIOT paciIupeHue
«.IXt» TIOCJIE paCIIMPEHUS «.asm».

11.5. CB0OO6OAHbIE NCTOYHUKU MHPOPMaALUMN

MBI pekoMeHIyeM Clieaytollie UCTOYHUKH, TMOCBSIIEHHbIE TTPOrpaMMUPOBAHUIO
Ha s3bIKe acceMOiepa B Windows:

http://win32asm.cjb.net
http://rsl.szif. hu/~tomcat/win32
http://asm.shadrinsk.net/toolbar.html
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12.1. BBepeHune

Linux — coBpeMeHHass MHOro3afayHasi onepaluoHHasi cuctema. bosbiiast yactb
sapa Linux Hanucana Ha C, HO HEOOJbIIAs €r0 YacTh (anmapaTHO-3aBUCUMAsT) Ha-
nucaHa Ha sI3blke acceMOiepa. biarogapst moptupyeMoctu si3bika C Linux GbICTpo
pacrpocTpaHWIach 3a Tmpeaenbl X86-mpoieccopoB. Benb st mepeHoca siipa Ha
JIPYTYIO anmnapaTHyo aTdopMy pa3zpaboTyMKaM MPUILIOCh MEPENUCcaTh TOJIBKO
Ty CaMyl0 MaJIeHbKYIO 4acTh, KOTOpasl HalucaHa Ha acceMosepe.

Kak mobast npyrast coBpeMeHHasi MHOro3aaayHasi cucrtema, Linux ctporo pasne-
JISIET UHIWBUTyaTbHbIE TTPOLECCHI. DTO O3HAYAET, YTO HU OAVH TMPOIIECC HE MOXET
W3MEHUTh HU JPYTOil Mpoliecc, HU TeM 0oJiee SIApo, BCIEACTBUE Yero cOoii OTHOTO
TMPWIOXKEHUSI HE OTPA3UTCS HU HA JPYTUX MPUJIOXEHUSIX, HU Ha ONepallOHHOM’
cucTeMe.

B x86-coBMeCTMMBIX KOMITBIOTEpAX MPOLIECCHl B MAaMSITH 3allMINeHbl TaK Ha3bIBa-
€MBIM 3allAIICHHBIM PEXUMOM IIpoIeccopa. DTOT PeXXUM ITO3BOJISIET KOHTPOJIM-
pOBaTh IEHCTBHS TTPOrpaMMBbIL: JOCTYI IIPOrpaMMBI K MaMsITA U MeprudepruitHbIM
YCTPOICTBaM OrpaHWYEH MpaBaMH JOCTyIa. MeXaHNU3MBbI 3aIlUTHI pa3aeieHbl MeKIy
SIIPOM OTIePAIlMOHHOM CUCTEMBI (KOTOPOMY pa3peliaeTcs aejiaTh abCOMOTHO BCe)
U TIpolieccaMy (MM MOXHO BBITIOJHATH TOJIBKO HEMPUBHUICTUPOBAHHbBIE KOMAaH/IbI
U 3aIUCBIBaTh TAHHBIE TOJBKO B CBOIO OOJIACTH MAMSTH).

3alUIIEHHBIA PeXUM TakKKe MOIACPXUBAET BUPTYAIbHYIO MaMsTh. Anpo ore-
PaLIMOHHOI CHCTeMbI MPENOCTaB/SIET BCe OMepalyu sl paboThl ¢ BUPTYaJIbHOM
namsThio. KpoMme, KOHEUHO, TpaHCTSIIIMY JIOTUYECKUX aIPpECOB B (pU3MUeCKue — 3Ta
(YHKIIMS BBIIOJHSETCS «Keae30M» (CM. IJiaBy §).

brnaronmapst BUpTyasibHOM mamsITh (M, KOHEYHO Xe, 32-OUTHBIM perucTpam), 0ot
npoiecc B Linux MoxeT agpecoBaTb 4 I'6 anpecHoro npocrpaHctsa. MimeHHo 4 16
U BBIIEJIEHBI KaxXmoMmy Tiporieccy. Uto umeercst B Buay? Eciau cienars maMin mamsitu
ot 0 1o camoro KoHua (4 I'6), Bbl He 0OHapyKHUTe HU KOAA IPYroro Ipoliecca, HU
JIAHHBIX JPYroro Tpolecca, HU Koaa sapa — 4 ' MOJHOCThIO MPEAOCTABICHBI B
Ballle pacnopstbkeHue. SICHO, 4TO peajibHbIi 00bEM BUPTYAJTbHOU MaMsITU OyAeT
3aBUCETh OT (PUBMYECKON MaMsITU U OT o0beMa pasjiesa MoAKayYKu, HO CyTh B TOM,
YTO MPOLIECChI CKPBITHI APYT OT Apyra U ApYT APYTY HE MEILatoT.
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12.2. CTpyKkTypa naMmsaTn npouecca

MbI yXe 3HaeM, YTO HaM JOCTYITHBI Bce 4 'O U HU OAMH IIpOLIeCC HE MOXKET BTOP-
THYThCSI B Hallle aJipecHOEe MPOCcTpaHCTBO. Kak xe pacrpeneneHa naMsTh HaIIEToO
npoiiecca? Kak ObU10 CKa3aHO B MPEABIIYIIMX IJIaBaX, MPOrpaMMa COCTOUT U3 Ye-
TBIPEX CEKIWIA: CEKIMSI KONIA, CEKIUSI CTATUYECKUX TAHHBIX, CEKIWSI JTUHAMUYECKUX
JAaHHBIX (Ky4a) U cTek. [TopsaoK, B KOTOPOM 3arpykaroTcsl 3TU CEKLIUM B TaMSITh,
ornpenensiercss (hopMaToM KCHoHsIeMOoro (aiia. Linux mogaepXXuBaeT HECKOJb-
Ko ¢dopMaroB, HO camMbiM TomyysipHbIM siBisieTcst ¢opmaT ELF (Executable and
Linkable Format). PaccmoTpuM cTpyKTypy aapecHoro rnpoctpaHctBa ELF-daiina.
IMpeamnonoxum jisi MPOCTOTHI, YTO MPOrpamMMa HE WUCIOIb3yeT TMHAMUYECKUX
OMOINOTEK.

Anpec:
0x08048000
text NcnonHsaemsil kog,
.data CraTnuyeckune JaHHble (M3BECTHbI BO BPEMS KOMNUASALLMN)
.bss JnHamuyeckue paHHble (Tak Ha3biBaemas Ky4ya)
Cso6ogHas namsiTb
.stack Crek

OXBFFFFFFF (3 6)

OObBIYHO Tporpamma 3arpyxaercs ¢ aapeca 0x08048000 (mpumepHo 128 M06). Ipu
3arpy3ke mporpaMMBbl 3arpy>KaeTcsl TOJIbKO OffHa €€ cTpaHulla. OcTabHbIE CTPAaHU-
LIbl 3arpyKaloTcs MO Mepe HeOOXOAMMOCTH (HEUCHOb3yeMble YacTU MpOrpaMMbl
HMKOTIa (M3UYECKU HEe XPaHSTCS B TTaMSITH).

Ha nucke nporpamMma xpaHutcs 0e3 cexuuid .bss u .stack — 3Tn cekumu nosBis-
IOTCSl TOJIBKO TOTIA, KOTJa MporpaMma 3arpyxKaetcsl B MaMsiTh.

Ecnu mporpamMa monakitoyaeT Kakue-HUOydb NWHAMWYECKUE OUMOIMOTEKM, UX
MOJYJIA 3arpyXaroTcsl B €€ aJApecHOe MPOCTPAHCTBO, HO HAYMHAIOTCSI C JPYroro
anpeca (00br9HO ¢ 1 T'6 u Bhie). CekUM 3TUX MOAYJEH aHAJTOTUYHBI CEKIUASIM
OOBbIYHOM mporpaMMbl (To ecTh .text, .data, .bss).

A 9TO XpaHUTCSI B TPEXTUTrabaiTHOM «3a30pe» MexXmy .bss u .stack, To ecTb B CBO-
OomHol maMsiTi? DTa MaMsITh TPUHAMJIEXUT MPOIIECCY, HO OHA HE pacIpeiesieHa Mo
cTpaHullaM. 3anuch B 3Ty 00JacTh BbI3OBET COOl cTpaHuUlIbI (page fault) — mocne
3TOTO SIAPO YHUUTOXUT Ballly MPOrpamMmy.

HJ'ISI CO3JaHMuA ITMHAMUYCCKUX MMEPEMEHHBLIX BaM HY>XXHO ITOIIPOCUTDH AAPO pacCIipe-
JEJINTHb COOTBETCTBYIOIIYIO ITaMATb, HO 00 3TO0 MbI TIOTOBOPHUM YYTb ITO3XKE.
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12.3. Nepenavya napameTpoB KOMaHAHOMN
CTPOKU U NepeMeHHbIX OKPYXeHUs

Ecnu mpoliecchl MOMHOCTBIO M30JMPOBaHbI APYT OT APyra, TO KakK HaM TOJTYyYUTh
IapaMeTpbl KOMAHIHOW CTPOKHY M TMepeMeHHBIe OKpyXeHs1? Bemb OHM — COOCTBEH-
HOCTb JIPYroro rpoiiecca — 00O0JI0OYKH, 3aIyCTHUBIICH Hally mporpamMmy. Permimm
3Ty MpoGJIeMy OYeHb IPOCTO: TPH 3aIyCKe MPOrpaMMBbl MTapaMeTpbl KOMaHIHOM
CTPOKH U TIepeMEHHbBIE OKPYKEHUS ITOMEIIAIOTCS B CTEK MPOrPaMMBI. A TIOCKOJIBKY
CTeK Hallleil IporpaMMbl — 3TO Hallla COOCTBEHHOCTb, Mbl MOXeM 0e3 MpobiieM
MTOJIY4UTh K HEMy JOCTYI. PaccMOTpUM CTpYKTypy cTeKa:

ESP nocne 3anycka nporpammsl CeoGonHas namaTb
argc KonuuyecTtso napameTtpos (dword)
argv[0] Ykasartesib Ha Mg NporpamMmebl
argv[1]
YKasaTenu Ha aprymMeHTbl NporpaMmmbl
argv[argc-1]
NULL KoHeu, apryMeHTOB KOMaHAHON CTPOKU
env[0]
env[1]
YkasaTenu Ha NepeMEHHbIE OKPYXEHUS
erw[n]
NULL KoHeL, nepeMeHHbIX OKPYXeHUS

HyxHbIit apryMeHT JIerkKO BBITOJKHYTh U3 cTeka no KomaHae POP, a moTom 3amnu-
caTh B KaKylo-HUOynb nepeMeHHy0. [lepBoe 3HaueHue, KOTOpoe Mbl MOJYyYUM U3
CTeKa — 3TO KOJMYECTBO apryMEHTOB KOMaHIHOW CTPOKU (argc), BTOPOM — yKa-
3aTejib Ha MMS Halleil MporpaMMbl.

Ecmu arge > 1, 3HaumT, mporpamMma Oblla 3amyllieHa ¢ apryMeHTaMU M Jajibllie B
CTeKe HaxOIATCsI OHMU.

IIpumepsl 06pabOTKM apryMEHTOB KOMaHIHOM CTPOKM OYIyT pacCMOTPEHBI TTOCe
TOTO, KaK Bbl HAYYUTECh BBHIBOMUTH JaHHBIC Ha 3KPaH.

12.4. Bbi30B onepaynoOHHOW CUCTEMbI

Boi3BaTh (hyHKLIMHU omnepalimoHHoi cucteMbl DOS MOXHO ObLIO C HOMOLIBIO TIpe-
peiBaHus 0x21. B Linux ucrosb3yercs IMOXOXUIA METO/: IpephiBaHKE C HOMEPOM
0x80. Ho kak MbI MOXeM C IMOMOILbIO TIpepbIBaHUS 100PaThCs OO0 siapa, €CIU OHO
HaXONUWTCS 3a TpeJe/laMy HaIlIeTo aipeCcHOro rpoctpaHcTBa? biarogapst 3amuineH-
HOMY peXMMY, NpU BbI30Be MpepbiBaHUsl 0x80 M3MEHSIETCSI KOHTEKCT MPOTrpaMMbl
(3HaUYeHMe CErMEHTHOTO PETMCTpa) U MPOILECCOP HAYMHAET BBITIONHATH KO, SIIpa.
IMocne 3aBepuieHus1 00pabOTKU MpepbIBaHUS OyIeT MPOJOJKEHO BBIMOJHEHUE
Halllell MpOTrpaMMBl.
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[Tomo6Ho DOS, aprymMeHTBI OTOCIBHBIX CUCTEMHBIX BBI30BOB (syscalls) mepemarorcst
gyepe3 perrucTphbl Mpoleccopa, YTo obecreurBaeT HeOObIIONH BRIUTPHIIT B CKOPOCTH.
Howmep cucremHoro Bb13oBa nomeinaercs B peructp EAX. Eciu cucteMHEBI BBI30B
IPUHUMAET apryMEHTHI, TO OH oxumaeT ux B perucrpax EBX, ECX u t.1. Ilo co-
IJIALIEHUIO VTSI Tiepeladid apryMEHTOB CJTy>KMT Habop perucTpoB B (DMKCUPOBAHHOM
nopsinke: EBX, ECX, EDX, ESI u EDI. Slapo Bepcun 2.4.X 1 BBIIIIE OOITyCKACT
TaKkKe Iepemady apryMeHTa 4yepes peructp EBP.

12.5. KOAbl OLLNGok

BosBpalmaemoe cucTeMHBIM BBI30BOM 3HaueHHe 3aHOcHTCSI B EAX. DTo Konm
OLIMOKM, OIpPEAe/sSIONI COCTOSIHME 3aBEpLICHUs] CUCTEMHOIO BbI30Ba, TO €CTh
YTOUYHSIOIIWI NpuuKrHy ommoku. Koa ommbKu Beerma oTpuLaTe/bHbli. B mpo-
rpaMMe Ha sI3bIKe accemOJiepa, Kak IpaBUJIO, JOCTATOYHO OTIMYATh YCIIELIHOE
3aBeplIECHUE OT OLIMOOYHOTO, HO B XO/I€ OTIaAKU 3HAYCHME KOA OLIMOKU MOXKET
IIOMOYb BBISICHUTH €€ IIPUYUHY.

CnpaBouyHas cuctema Linux comepXWUT man-CTpaHUIIbI, OMMACHIBAIOIINE KaKIbIA
CHCTEMHBIN BBI30B BMECTE C KOZaMM, 3HAUCHUSIMH U MPUUYMHAMU BCEX OIIMOOK,
KOTOpPBIC OH MOXET BEPHYTb.

12.6. Man-cTpaHunuybl

B otmame ot DOS 1 Windows OC Linux moiHOCTBIO JOKyMeHTHpoBaHa. B ee cripa-
BOYHOI cucteMme (Kotopast HaseiBaeTcst Manual Pages — Crpanuisl PykoBoacTsa)
BBl HaiiieTe MCcUepIIbIBAIOIIME CBEICHUST HE TOJbKO 000 BCEX YCTAHOBJIEHHBIX TPO-
rpaMmax, HO 1 000 BCeX CUCTeMHBIX BbI3oBax Linux. KoneuyHo, mjist 3¢ ¢GeKTUBHOTO
WCITOJIB30BaHUSI Man-cTpaHull (KaK U OCTalbHO# Linux-moKymeHTalu) BaM IIpU-
JIETCS BBIYUYUTb aHTJIMMACKUIA, TIOCKOJIbKY JAJIEKO HE BCE Man-CTPaHUIIbI TTepeBeACHbBI
Ha PYCCKUIA s3bIK. JIOCTATOYHO YMETh YUTATh PYKOBOICTBA XOTSI ObI CO CJIOBapeM.

IMpenmonoxumM, 4To MBI XOTUM HaIMcaTh MPOCTEUIIYIO TTPOTPAMMKY, KOTOpast
3aBepIIaeT CBOIO paboTy cpa3y mocje 3amycka. B DOS Ham HyXHO OBLIO MC-
noJib30BaTh cucTeMHbI BeI3oB AH=0x4C. [Tomuute? Termeppb maBaiiTe HamuvImeM
nono0HyIo mporpamMMmKy mox Linux. JIixst aroro Haimure daitn unistd.h, KoTopsrit
OOBIYHO HaXomuTcsl B KaTayore /usr/snVlinux/include/asm:

#ifndef _ASM_I3 8 6_UNISTD _H_
#define _ASM_I386_UNISTD H_

/*

* This file contains the system call numbers.
*/

#define_ NR_exit 1

#define__ NR_fork 2
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#define_ NR read
#define_ NR_write
#define__ NR open
#define__ NR_close

N AW

#define _syscalll(type,name,typel,argl) \
type name(typel argl) \
{\
long__ res; \
__asm___volatile («int $0x80» \
D «=a» (_res) \
«0» (__NR_ ##name), <«b» ((long)(argl))); \
_ syscall_return(type,__res); \
}

B sTom daiine Bbl HaiizeTe HOMepa cucTeMHbIX BbI30BOB Linux. Hac unTepecyer
BbI30B____NR_exit:

#define NR_ exit 1

BDTO0 3HAYMT, YTO (PYHKIMA A7pa, 3aBepHiaoinas npouecc, umeet Homep 1. Onmucanmns
¢ynKumii siapa (CHCTEMHBIX BBI30BOB) COOPAHBI B CEKIMH 2 CTIPABOYHOTO PYKOBOICTBA.
IMocmoTpum, yto Tam cka3aHo o dynkmuu exit(). Jas 3Toro BBeaMTE KOMaHIY:

man 2 exit

BB YBUIMTE COOEPAMMOE Man—CTPAHMUITH :

_EXIT(2) Linux Programmer's Manual , _EXIT(2)
NAME

_exit, _Exit — terminate the current process
SYNOPSIS

#include <unistd.h>

void _exit (int status) ;

#include <stdlib.h>

void _Exit (int status) ;

DESCRIPTION

The function _exit terminates the calling process «immedi-
ately». Any open file descriptors belonging to the process
are closed; any children of the process are inherited by
process 1, 1init, and the process's parent is sent a SIGCHLD
signal. The value status i1s returned to the

parent process as the process's exit status, and can be col-
lected using one of the wait family of calls. The function
_Exit is equivalent to _exit.

RETURN VALUE

These functions do not return.
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CucreMHOMY BBI3OBY 'eXit' HYXKHO IepenaTh Bcero oauH IapameTp (kak B DOS) —
Ko Bo3BpaTta (ommbku) mporpaMmbl. Kom 0 cOOTBETCTBYeT HOpMaIBHOMY 3aBep-
IIEHUIO TTPOTPaMMBI.

Kon Harero «repMuHaTopa» OyneT BBIVISIICTb TaK:

mov eax, 1 ; HOMED CUCTEMHOTO BH30Ba — exit
mov ebx, 0 ;Kom BO3BpaTa 0
int 0x80 ;BEI3OB dApa M 3aBepleHyre TeKylel IPOTrpaMMEl

12.7.Mporpamma «Hello, World!» nog Linux

JaBaiite HEMHOTO YCJIOKHMM HAIIly IIporpaMMy — IIyCTh OHA BBIBEIET 3aBETHYIO (hpa3y
M 3aBepIIUT padoTy. BcmoMHMTE, UTO B I1aBe 8 TOBOPMIIOCH O (DAITOBBIX AECKPHUITTOPaX
craHmgapTHBHIX TOTOKOB — BBoma (STDIN, obbraHO KiaBuarypa), BeiBoga (STDOUT,
00braHO 3KpaH) u ook (STDERR, o6braHO 3kpan). Hamma nporpamma «Hello,
World!» momkHa BBIBECTH TEKCT Ha YCTPOMCTBO cTaHmapTHoro BeiBoga STDOUT
u 3aBepmmThes. C Touku 3peHus orepauroHHou cucteMbl STDOUT — 310 daiin,
CJIenoBaTeIbHO, MBI IOJDKHBI 3aMMcaTh Hallly CTPOKY B (aii.

CHoBa 3amIsiHyB B unistd.h, Haxomum cucTteMHBIN BBI30B write(). CMOTpUM ero
onycaHue:

man 2 write

WRITE (2) Linux Programmer's Manual WRITE (2)
NAME

write —write to a file descriptor

SYNOPSIS

#include <unistd.h>
ssize_t write(int fd, const void *buf, size_t count) ;

Ecnu B He 3HaeTe C, TO maHHAs man-CcTpaHMIIa, CKOpPee BCero, Il Bac OyIeT He-
noHsTHa. Kak 1epenats apryMeHTBI CUICTEMHOMY BBI3OBY? B si3bIKe accemOiepa Bbl
MOXETe 3arpy3uTh B PETHCTpP JIUOO HEMOCPEACTBEHHOE 3HaUeHUe, MO0 3HAYCHE
KaKoro-To aapeca namsitu. st mpocToThl OyaeM CuuTarh, 4TO IJIS apryMEHTOB,
He OTMEUYEHHBIX 3BE370YKOM, HYKHO YKa3bIBaThb HEIOCPEACTBEHHbIC 3HAUYCHUS, a
apryMeHTBI CO 3BE3JI0YKON TPeOyIoT yKasares.

DyHKIIMK Write HY>XKHO TiepeaTh TpY apryMeHTa: JAecKpuITop daiiia, yKasaresb
Ha CTPOKY, TaHHbIE U3 KOTOPOIl OymyT 3amucanbl B ¢aitn (ato buf), 1 konmuuecTtBo
6aifTOB 3TOI CTPOKM, KOTOPBIE HYXKHO 3armucaTh. DyHKIIMS BO3BPATUT KOJIUIECTBO
YCITENTHO 3aIlMCaHHBIX OAWTOB WM OTPUIIATEIbHOE YMCIIO, KOTOpoe OyleT KOIoM
OIIMOKMU.

JI71s1 KOMITMJIMPOBAHMSI HaIlleit ITpOrpaMMbl B OOBEKTHBIN (haiiyl OyIeM MCITOIb30BaTh
nasm, a Jjisi KOMIIOHOBKM — KOMTMOHOBIIMK Id, KOTOpHIil ecTh B JII00OI Bepcun
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Linux. st momydeHus1 o0beKTHOro ¢aitia B opmare ELF HyxxHO mcrmonb3oBaTh
omuuo kKommusaropa -f elf.

KommonoBimk Id 0OBIMHO BBI3BIBACTCS ¢ KIIIOYAMH, TIEPEIMCICHHBIMMA B Ta0. 12.1.

Haunbonee 4acTo ncrosib3yemMslie KoY KOMMoHoBLUnKa Id Tabnnua 12.1
Kniou HasHauyeHune
-o<name> YCTaHOBUTbL UMS BEIXOAHOMO (McnonHsemoro) danna <name>
-S YOanutb CUMBOJIbHYIO MHGOpMauuio n3 darina

YtoObl KOMITIOHOBIIMK Id oIpemenni TOYKY BXOma MpPOrpaMMbI, MbI JOJDKHBI HC-
IIOJIb30BaTh INIOOANBHYIO METKY _start.

Kon wameit mporpammbl «Hello, World!» mpuBenen B nuctunre 12.1.

Jiuctunr 12.1. Mporpamma «Hello, World!» nop, Linux

SECTION .text

global _start ;VKashHBaeM KOMIIOHOBIIMKY TOYKY BXOIa.
;DTO COenaTh HeoOXOmrMO

_start:

mov eax,4 /TIEPBEI apTyYMEHT — HOMEP CUCTEMHOTO
; BEI30BA — Write

mov ebx,1 ;KoHCTanTa STDOUT ompeneneHa Kak 1

mov ecx,hello ;ampec BHIBOAMMON CTPOKU

mov edx,len ;omHa «Hello, World!» BMecTe C CHMMBOJIOM
; KOHIIA CTPOKM

int 0x80

; BHI3BIBAEM SIOPO OJIST BHBOMA CTPOKM

; CUCTEeMHBII BH3OB HOMep 1 — exit

;KOI 3aBeplieHrs IporpaMMel O

; BRI3BIBAEM SIOPO [MJIST 3aBEPIEHUS TPOTPAMME

mov eax,l
mov ebx,0
int 0x80
SECTION .data
hello db «Hello, world!»,0xa ;mama cTpoka IUIOC CUMBOJ

; KOHIIA CTPOKM
len equ $§ - hello ; BEIUMCJISIEM JIMHY CTPOKM

Tenepb OTKOMITWJIMPYEM TPOTPAMMY:
nasm -f elf hello.asm

A Temepb 3allyCTUM KOMITOHOBIIUK:
Id -S -o hello hello.o

Kiou -0 ompenmensier UMsI pe3yabTUPYIOIIETO HcHomHsAeMoro daitna. Kirou -s
yAAJIsieT CUMBOJIbHYIO MH(OPMALIMIO U3 MCTIONIHSIEMOTro (aitia, 4ToObl YMEHBIIUTh
ero pasmep.
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Tenepb OCTANOCh 3aIyCTUTh ITPOrPaMMy:

./hello
Hello, World!

12.8. O6nerumnm cebe pabory:
yTunutbl Asmutils

Asmutils — 3TO KOJJIEKIIUSI CUCTEMHBIX IIpOrpaMM, HAaIlMCAaHHBIX Ha SI3bIKE ac-
ceMbJiepa. DT TIporpaMMbl pabOTAIOT HETIOCPEICTBEHHO C SIIPOM OTIepallMOHHOM
cucteMbl U He TpeOyroT onbmmoreku LIBC.

Asmutils — nmeaqpHOE pelleHUe 1T HEOOJBIINX BCTPOCHHBIX CUCTEM WM IS
«CIacaTeJIbHOrO» IUCKA.

IIporpammbl HammcaHbl Ha acceMOiepe NASM 1 COBMECTUMBI € X86-IIpoLIecCOpaMu.
bnaromapst Habopy MakKpoCOB, IIPEACTABIISIONIMX CUCTEMHBIC BBI30OBHI, Asmutils
JIETKO TTOPTUPYETCS Ha IPyTve OlepalMOHHbIe CUCTEMbI (HY>)KHO MOAU(MUIIMPOBATh
TOJIBKO KOHDUTYpallMOHHEIHN (aiir). [Tomnep:kuBaroTcs CIeAyIoIye OIepalOHHbIC
cuctembl: BSD (FreeBSD, OpenBSD, NetBSD), UnixWare, Solaris 1 AtheOS.

J7s Kakmoi oIepallMOHHOM cHUCTeMBI Asmutils orpenessseT cBoii HAOOp CUMBO-
JIMYECKUX KOHCTAHT M MaKpOCOB, MOOOYHBIM 3(P(PEKTOM KOTOPBIX OKA3bIBACTCSI
VIIYYIIeHe YUTA0CIbHOCTU acCeMOJICPHBIX ITPOTIPaMM.

B muctunTe 12.2 MOXHO YBUIETBH, KaK OymeT BHINISIIETh Hala mporpamma hello ¢
Ucnojb3oBaHueM Asmutils.

Jinctunr 12.2. Mporpamma «Hello World!» nop, Linux
¢ ucnons3oBaHuem Asmutils

%include «system.inc»

CODESEG ;HaAYasIo CeKLMM Komoa
START : ; Ha4aJIoO IIPOTPAaMMBl OJIST
; KOMITOHOBIIVIK &

sys_write STDOUT,hello,len
; DTOT MAKPOC 3allMCHBaeT B PEeIVCTPH
; APTYMEHTH OIS CMCTEMHOI'O BHI3OBa write
;U BHIBBIBAGT Write
sys_exit 0 ;TO K& CcaMoe IJISd CHMCTEMHOTI'O BH30Ba exit
DATASEG ;Ha4Yasio CexklM OaHHBIX
hello db «Hello, World!»,Oxa
len equ $-hello
END
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Ternepb Ko Halleil MporpaMMbl BBIISAUT HaMHOro mpoiie. [Tocne moacTtaHoBKU
MaKpOCOB 3TOT KOJ MPEBPATUTCSI B TEKCT U3 MPENbIAyIIero npruMepa U paboTarb
OyzeT TOYHO Tak Xke. Ecu Bbl XOTUTe 3alyCTUTh 3Ty ke Iporpammy Ha FreeBSD,
momuduimpyiite Tonapko ¢aitmt MCONFIG.

JomamiHsisgs crpanunia Asmutils — http://asm.sourceforge.net/asmutils.html, Tam >xe
BbI CMOXETE CKayaTh MocyefHio Bepcuto Asmutils. TTakeT Asmutils pacmpocTtpa-
HseTcs 1o CrangaptHoit ObiuectBeHHOM auiieH3uu GNU, To ecTh OecILIaTHO.

PekoMenmyeM Bam ckadaTh Asmutils TIps MO ceifdac, TOCKOJIbKY B ITOCICIYIOIINX
IporpaMmax MbI OylIeM MCIOJIb30BaTh MMEHHO 3TOT IMakeT. Tereph maBaiiTe OT-
KOMITMJIMPYEM HAIIly TIPOrpaMMy.

Yo6enutech, uto y Bac ycraHoBieH NASM (OH BXOOUT B COCTaB Pa3HbIX AUCTPU-
oytuBoB — Kak RedHat-coBMectuMblx, Tak 1 Debian-coBMecTumbIx). Pacnakyiite
aiin asmutils-0.17.tar.gz. TTocae pacrnmakoBKM MOJTYYUM OOBIYHYIO CTPYKTYpY Ka-
tanoroB — /doc, /src u /inc. llenesas miargopma 3amaetcs B ¢aitne MCONFIG.
OH caMOIOKYMEHTUPOBaH, TaK YTO €CJIM BaM TPUAETCS €r0 HEMHOT'O MOANPAaBUTD,
TO BbI JIETKO pazbeperech, Kak UMEHHO.

B katanore /src ectb aitn Makefile. B mepBbIx cTpokax 3Toro (aiijia yka3blBaroTCs
HMMEeHa MPOrpaMM, MoJIexalux coopke (KOMIMWISIIMU U KOMITIOHOBKe). [Tponuiim-
T€ B HEM MMs BbixogHoro ¢aitna — hello (6e3 pacimmpenust .asm). [Tocne atoro
BBITIOJTHUTE KOMaHay make. B pe3ysbrare noydynte TOTOBBIN UCHOMHSIEMbIN (aiin
(KOMITOHOBILIMK 3aITyCKaTh YXe He HYXKHO).

12.9. Makpocsbl Asmutils

ApI'YMeHTbI CUCTEMHOI'O BbI3OBa IIEPCAAIOTCA KaK 4YaCTb MaKpoca. B 3aBucumoctu
oT OHCpaHHOHHOﬁ CUCTEMbI T€CHEPUPYIOTCA COOTBETCTBYIOIIME KOMaHIbI acceMoOie-
pa, a apryMEHTBI 3aHOCATCA B COOTBETCTBYIOIIIME PETUCTPLI.

Maxkpochl 17151 CHCTEMHBIX BbI30BOB HAYMHAIOTCS ¢ mpedMKca syS , MOCJie 3TOro
CllemyeT UMsT CUCTEMHOTO BbI30Ba Tak, Kak OHO IUIIIETCS B man-cTpanuiie. B Linux
IapaMeTphl IiepelaloTcst B TOM Xe TOpsIIKe, B KOTOPOM OHH OIMCAaHBI B man-cTpa-
Huiax. CUCTeMHBI BbI30B BO3BpalllaeT 3HaueHue B peructpe EAX.

Maxkpoc sys_exit 0 Tociie TOICTaHOBKY MPEBPATUTCSI B CIICAYIONINE KOMAaHIbI:

mov eax,l ;HOMEp CUCTEMHOro BbhI3oBa 1 — exit
mov ebx,0 ;koa Bo3Bpata 0
int 0x80 ;BBI3bIBAaEM SIAPO M 3aBepllaeM MporpaMmy

AprymMeHT Makpoca He 00s13aTeJTbHO JOJIKEeH ObITh HEMOCPEACTBEHHBIM 3HAYEHUEM.
Ecnu BbI xpaHuTe Ko BO3BpaTa B IMEPEMEHHON rtn, TO MOXETE HAMKUCATh MAKpOC
sys exit [rtn], 1 mocyie MOACTAHOBKU OH TIPEBPATUTCS B:

mov eax,l ;HOMEp CHMCTEMHOro BhI3oBa 1 — exit
mov ebx,[rtn] ;KO BO3BpaTa — COIEPXKUTCS B IMEpeMEHHOI rtn
int 0x80 ;BBI3BIBAEM SIAPO M 3aBeplliaeM MporpaMmy
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Ecnau peructp yxe comepXuT TpeOyemMoe 3HaueHue, Bbl MOXeTe MPOMYyCTUTb
YCTAHOBKY apryMeHTa, UCIosib3ys kimoueBoe cioBo EMPTY — Torma 3HaueHue
JIAHHOTO PETUCTPa OCTAHETCS KaK ecTh. [IprMep MCIOIb30BaHUS «apryMEHTa»
EMPTY Oyner npuBeneH B IporpaMme IIjisd KOMUPOBaHUS (ailioB.

12.10. Onepauuu dannosoro
BBoAa/BbiBopa (1/0)

IIpu pabote ¢ ¢aitnamu B Linux nomHure, yro Linux — 310 UNIX-nomob6Has
onepanyroHHas CUCTeEMa, W MPOCTO TaK AOCTYI K ¢hailaaM Bbl HE TOTYYUTE: y
Kaxnoro (aiiia ecTb mpaBa JIOCTyMa, a y Balllero Mpolecca JOIKHbI ObITh COOT-
BETCTBYIOIIME MMOJTHOMOYUS.

OTKkpbiTHE daiina

C NOMOIIIbI0 CUCTEMHOTO BbI30Ba open() Mbl MOXEM HE TOJIbKO OTKPBITh, HO U
co3nath (aiin, ecnu 3T0 HeoOXoauMO. Bo BTOpOI CeKIIMU CIPaBOYHOU CUCTEMBI
Linux Bbl HaiineTe IOJHOE OMMCAHME 3TOro BbI3oBa (man 2 open). Mbl xxe pac-
CMOTPUM €ro B OOIIMX YepTax:

int openfconst char *pathname, int flags);
int open(const char *pathname, int flags, mode t mode);

TlepBbIif apryMeHT CUCTEMHOTO BbI30Ba CONEPXXUT yKaszaTesb Ha UM (aiiina (Hyb-
3aBEPIIEHHYIO CTPOKY), BTOPOI apTyMEHT — 3TO MAacCUB OWUTOB, OMPEIEISIIOIINIA
pexXuM OTKphITUS (aiiia (YTeHUe/3arch U Ip.). TpeTuii apryMeHT HeoOs13aTelIb-
HBIIA — OH OIpeNessieT MpaBa MOCTyIa JJIs BHOBb CO3AaBaeMOro (ariina.

BbI3oB BO3BpalllaeT AECKPUIITOp (haiijla WiM OTpULIATEIAbHOE 3HAUY€HUE B Clydyae
OLLIMOKMU.

CuMBoOIMYECKUE Ha3BaHUSI OUTOBBIX (bJIaroB TpencTaBieHbl B Tadauue 12.2 (uH-
¢dopmaLus U3 man-cTpaHULIbI).

CumBoinyeckmne Ha3BaHuns GUTOBbLIX ¢praros Tabamuya 12.2
®dnar PeXxum oTKpbITUS
0_RDONLY OTKkpbIBaeT daiin ToNbKo AN YTeHUs
0_WRONLY OTKpbIBaeT Gaiin ToNbKo ANg 3anucu
0_RDWR OTkpbiBaeT dpaiin 4N1g YTeHUs n ona 3anucu
0_CREAT Cospaet daiin, ecnv ero He CyLLecTByeT
O_TRUNC O6pe3saeT daiin 40 HyNeBOW ANINHbI
0_APPEND OTKpbIBaET $aitn Ans 103aNMCH, TO €CTb HOBbIE IaHHbIE OyayT 3anuncaHbl
B KOHeu, darina (onacHo Ha NFS)
0_LARGEFILE Wcnonb3yetcs ans 06paboTku dainos pasmepom bonee 4 6
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Ecnu BTopoii aprymeHT comepxut ¢diaar 0 CREAT, To Tpetnii apryMeHT
o0s3arenieH. OH yka3bIBaeT, Kakue Tpasa JA0CTyIa OyayT TPUCBOCHBI HOBOMY
aiiny. {11 ykazaHus TIpaB IOCTYMa MOXHO KOMOWHUPOBAaTh CUMBOJIMYECKIIE
WIMeHa, U3 KOTOPBIX Yallle BCETO UCMOIb3YIOTCS CIEAYIOIINE:

®nar OnucaHue
S _RWXU Bnapeneu, MoxeT yntatb, 3anuceiBath 1 3anyckaTb dann
S_RGRP YneHbl rpynnbl Bagensua MoryT ynTatb danin
S_ROTH Bce ocTanbHble MOryT untaTh daiin

OTkpoeM (aiir, UMsI KOTOPOTO XPaHUTCSI B TIEPEMEHHOM name, ISl YTEHUST U 3a-
TTUCH:

sys_open name, 0 RDWR, EMPTY

test eax,eax ,-nipoBepsieM FAX Ha oTpuuatenbHOe 3Ha4YeHUE
js .error_open ;00/ee MOAPOOHO BTOT HpHUMEpP OIMMUCHIBAETCS
;B TiaBe 7

Wmsa ¢aitna MOXHO ompeneauTh B CEKLUU HaHHBIX C MOMOIIbIO IICEBAOKO-
maHasl DB:

name DB «my_file which has a very long name.txt»,0

OrtnenbHble (GIard MOIYT KOMOMHMPOBATBCS ¢ IIOMOILBIO OIlepaTopa | (ToGUTOBOE
OR). Otkpoem aiin 1j1st YTeHUS 1 3aIKcK, a ecu (paiia He CYIECTBYET, TO CO3-
Jany¥M ero, MpUCBOMB eMy Tpasa jgocTyna 700 (4TeHue/3amuch/BbITOTHEHNE IS
BJIQJIENIblIa, HUYETO JUISI OCTATbHBIX):

sys_open name, 0 RDWR I 0 CREAT, S IRWXU
test eax,eax

js .error_open ;mepexoquMM K €rror_open, €ecju Mpou3ollja omudka
;B cinydyae ycmexa B FAX Oymer meckpunrtop daiina

3akpbiTue ¢aina

Kax u B DOS, daiis Hy>KHO 3aKPbITh C IOMOIIbIO CUCTEMHOT'O BbI30Ba. DTOT BHI30B
Ha3biBaetTcs close(), a cooTBeTCTBYIOIIMIA Makpoc — sys_close. DToT makpoc Tpe-
OyeT OTHOTO apryMeHTa — JeCKpUITOopa 3akpbiBaeMoro aiia. Eciu neckpuntop
(aiina Haxomutcs B EAX, To uist 3aKpbITUs (haiijia BOCIIOIb3YeMCSI MaKPOCOM:

sys_close eax

Y1eHue u3 panna

HanHble U3 (aiiia YUTAITCA GJIOKaMU pa3IMIHOM IIMHBL Eciv SIBHO He yKa3zaHO
WHOE, TO YTeHHUE JaHHBIX HAYMHAETCs C TOM MO3UIIMK, Ha KOTOPOW 3aKOHYMIACH
TIpeAbIOYIIas ONepalis YTSHUST WK 3aITUCH, TO €CTh ITOC/IeIOBaTeNbHO. [T uTeHMst
JMAHHBIX U3 (haiiyia UCTIONB3YeTCsT CHCTEMHBIN BbI30B read:
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ssize_t read(int fd, void *buf, size_t count) ;

[IepBoIit aprymMeHT — OecKpunTop haitia, BTOPOI CONepKUT yKa3aTe/Ib Ha 00JIaCcTh
MaMsITH, B KOTOPYIO OyIyT 3amvcaHbl TPOYUTAHHBIC JAHHBIC, 4 TPETUN — MaKCH-
MaJIbHOE KOJTMYECTBO 0AlTOB, KOTOPhIE HYXKHO MpounTaTh. BbI30B Bo3BpaiaeT 11mbo
KOJIMYECTBO TIPOYUTAHHBIX OAWTOB, TMOO OTPUIIATEIBHOE YUCIO — KOJ OIIMOKU.

Makpoc sys read MOXXHO TakKe MCITOJIb30BaTh JIsT UTEHUSI MTAaHHBIX C KJIaBUATYPHI,
ecr B KadecTBe (haiioBoro aeckpunropa nepenatb STDIN — meckpurirop mo-
TOKa CTaHIAPTHOTO BBOJA.

3anuce B dpann

DyHKIIMS 3aUCK TPeOYeT TAKMX Ke apryMEHTOB, KakK M (DYHKIIVS YTEHMSI: IECKPUTI-
Topa ¢haitna, Oydepa ¢ TaHHBIMU, KOTOPBIC HY:KHO 3aIicaTh B (haiiyl, U KOJINIECTBO
6aiiToB, KOTOpbIe HYXXHO 3armucaTh. BbI30B Bo3Bpallaer JMOO KOJUYECTBO 3aIlv-
CaHHBIX 0AlTOB, TMOO OTPULIATEIIFHOE YMCIO0 — KON OIIMOKM:

ssize_t write(int fd, const void *buf, size_t count) ;

JlaBaiiTe HanuIIeM MPOCTYIO TPOTPpaMMy, YUTAIOIIYIO IOCJIeI0BATEIbHOCTD
CUMBOJIOB C KJIaBUATyphl A0 Haxatusi kiaBulim «Enter» u mpeoOpasyrolnyio nx
B BEPXHUI perucTp. Mbl OrpaHUYUMCST TOITBKO JJATUHCKUM ajihaBUTOM, TO €CTh
nepBoii rmojoBuHOM Tadaumbl ASCII. PabGorats mporpamMmmMa Oyger B 66CKOHEYHOM
LIUKJIE — TIPOYUTAIN, TIPE0OPa30BaIu, BbIBEIU, OIMSTh NMPOYUTAIN — a TIPEpBaTh
ee paboty MoxHO OymeT Haxkatruem KomomHarum Ctrl + C.

IMo HaxaTuu knaBuim «Enter» cucteMHbIli BbI30B read 3aBepliuT paboOTy U BEPHET
yIpaBjieHME Halllell TporpaMMe, 3arnojHUB Oydep MpouYnuTaHHBIMU CUMBOJIAMU.

Kaxnmprii cumBoiT 13 nuana3oHa 'a’ — 'z' Oymer mpeobpas3oBaH B 'A' — 'Z'. Tlocne
npeoOpa3oBaHUs MBI BBIBEIEM MOIy4duBIIHMiics pe3yasraT Ha STDOUT.

IIpu ucnonpzoBanny Asmutils ceKIysl Koma AOJDKHA HAYMHATHCS MOCHTU(PUKA-
TopoM CODESEG, cexmust cratmyeckux maHnHeix — DATASEG, a cexnust ou-
Hamuyeckux gaHHbIX — UDATASEG. Mbl 0043aTeIbHO JOJDKHBI MOAKIIIOYUTH
3aroJI0BOYHBIN (haiii system.inc (JictwHr 12.3).

NucTtunr 12.3. TMporpamma, yntaoLas nocnenoBaTeNnbHOCTb
CUMBOJIOB C KNlaBMaTypbl [0 HaXaTus Knasuwimn «Enter»
1 NpeobpasyloLlas nx B BEPXHUIA permcTp

%include «system. inc»
%define MAX_DATA 10

CODESEG

START:

again: ;UMTaEeM CJIeylylo CTPOKY

sys_read STDIN,read_data,MAX_DATA

test eax.eax ;ommbra?  (oTpuMilaTenbHOe 3HadeHue EAX)
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j s endprog

add ecx,eax

compare_next :
dec ecx
cmp byte [ecx],'a'

jb no_conversion
cmp byte [ecx],'z'
ja no_conversion
sub byte [ecx],0x20

no_conversion:
cmp ecx,read_data
jz printit

jp short compare next
printit:

;0a? BBEIXOIVM

;HeT? EAX COOEPAUT KOJIUYEeCTBO

; TIPOYUTAHHEIX CUMBOJIOB

;B ECX ObUI yKazaTesNlb Ha IIEPBHM CYMBOJI
iB bydepe,

; TETIEPh BTO TIO3ULMA IIOCJIeOHETO
;2JeMeHTa + 1

;YMeHbBIIaeM YKaz3aTeJlb CTPOKU

;ecim CMMBOJI < 'a', TO OH BHEe HAallero
; IViaria30Ha ,

/TI0TOMYy ero IIpeobpa3OoBHBATHL HE HYXHO
;ecm > 'z

;CHOBa He TIpeobpazyem

;TIpeocbpa3zyeM B BEPXHUN PEermcTp

; BeramTaamem 0x2 0

;yKazaTesnb yKal3bBaeT Ha Hadano obydepa?
;0a? 3aBepmaeM IpeobpaszoBaHue,

; BEBOOIVIM CTPOKY

/VHade TMepexomyM K CIeQylleMy CUMBOILY
/KONMMYECTBO MPOYMUTAHHEX OanTOB cerdac B
; EAX.

/COXpaHATh BTO 3HA4YeHMe B IIPOMEXYTOYHOM
/perucrpe

/HE HYXHO, MOTOMY YTO MaKpOCHI
/TOACTaBISIOTCS CIIpaBa

/HaneBo, u 3HaueHue FAX OynmeTr cHauana
/3anHeceno B EDX, a moTromM 3aMeHEHO Ha
/KOI BBI3OBA Write

sys_write STDOUT,read_data, eax

jmp short again
endprog:
sys_exit 255
UDATASEG

/mocae BBIBOIA YUTAEM CJie[. CTPOKY

/BBIXOOUM C KomoM 255
/CeKINsA HEMHULHUAIU3MPOBAHHBIX IEPEMEHHBIX

read _data resb MAX DATA

END

;KOHEIl MpOTPaMMBbI

IMporpamma Benet ceOsi MpaBUJIBHO, JaXKe €CJIM BBECTU CTPOKY UIMHHEE, YeM Tpe-
yemarpuBaeT KoHctaHTa MAX DATA. fopo omepallMOHHON CHUCTEMBI COXPaHMT
JIMIITHUE CUMBOJIBI U TIEPEaeT UX MmporpaMMe Mpu CIeAyIOIIeM BbI3oBe Sys_read.

Paccmorpum eme ommH mpumep. Ha a1oT pa3 Mel OymeM KomupoBaTh ¢aiii A B
daitn B. MmeHa ¢aitioB mMbl OyaeM TiepeiaBaTh NMpoOrpaMMe Kak apryMeHThI KO-

MaHJIHON CTPOKM.

CHauasia Haile#i mporpaMme Hy>KHO TPOYUTATh YUCIO apTyMEHTOB M3 CTEKa: eciu
OHO MEHBIIIE 3, MporpaMMa OOJ/DKHA 3aBEPIIMTh PaObOTy C OLIMOKON (IIEpBBI apry-
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MEHT — 3TO MMS Hallleil MporpaMMbl, OCTalTbHbIC IBAa — MMEHa (aiiyioB). 3aTeM 1o
komaHne POP mporpamma mpounTtaeT nMeHa (aitioB. @aiin A OyaeT OTKPBIT Ha
yTeHue, a (air B Oymer cozmaH mim «obpe3an» (mepe3armcaH). B ciydae onmoky,
porpamMMa 3aBepIInT padoTy.

Ecnu ommmbxu Het, mporpaMmma OyaieT YnTaTh 6Jiokamu aitt A, moka He «yrpeTcsi»
B KoOHell (paitia, v 3amuceiBaTh NpounTaHHbie Ojoku B (daitn B. Mo okoHuanum

paboTsl mporpamma 3akpoeT oba (aitna. Kom mporpammbl puBeneH B JUCTUHTE
12.4.

Jinctunr 12.4. NMporpamma konuposaHusa ¢daiina A B ¢pain B

%include «system.inc»
%define BUFF_LEN 409 6

CODESEG

START:

pop eax ;U3BJIeKaeM B EAX KOIMYEeCTBO apIryMEHTOB
; KOMaHIIHOM CTPOKMU

cmp eax, 3 /UX OOJIKHO OHTEH 3

jae enough_params ;eCNIM He MeHblle, IIHTaeMCsl OTKPHTE aiiwl

mov eax,255 ; €CIM MEHBIIe, BBXOOMM C KOIOOM OmMOKM 255

endprog:

sys_exit eax ; CUCTEMHBE BH3OB [JIT 3aBepmeHus paboTe

enough_jpara:ms:

pop ebx ;M3BIIEKAEM U3 CTeKa IIEPBHI apTyMeHT.
;OH HaM He HyXeH, IIODTOMYy Cpazy
; U3BJIEKAEM

pop ebx ; BTOPOV — yKazaTesb Ha uMs damia A.

sys_open EMPTY,0_RDONLYIO_LARGEFILE
; OTKPLIBAEM TOJILKO [JIsI YTEeHNMSA

test eax,eax ;ommbra? BHXOOUM. . .

j s endprog

mov ebp,eax ;OeckpuniTop daria 3armceiBaeM B EBP
pop ebx ; u3BJIeKaeM B EBX mMvsa ¢anna B

sys_open EMPTY,0_WRONLYIO_LARGEFILEIO_CREAT|OJTRUNC,S_IRWXU
/OTKPHBaEM U TIepe3alluchiBaeM,
, W co3maeM 3aHoBO C mpaBamm 700

test eax,eax

js endprog ; ommMbKa? BBXOOVIM

mov ebx,eax ;oeckpunTop damna B zammceBaeM B EBX
copy_next:

xchg ebp, ebx ;MeHsieM MecTamu EBX m EBRP,

;B EBX — meckpunTop odamna A
sys_read EMPTY,buff, BUFF_LEN

/unTaeM 11 OJOK HmaHHHX U3 danima A
test eax,eax /TIPOBEpKa Ha OmMbOKY
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js end_close ;omunbka? 3akpbeiBaeM (aliibl U BBEIXOXUM
jz end_close ;KoHell (aitma? 3akpeiBaeM (paiiibl M BBIXOJUM
xchg ebp,ebx ;cHoBa MeHsgem Mectamu EBP u EBX,

;B EBX - meckpuntop ¢aiina B
sys_write EMPTY,EMPTY,eax
;BBIBOJIUM CTOJbKO 06alTOB, CKOJbKO
;IpouyuTaHo u3 daima A
test eax,eax

js endprog ;omrmbka’?

jmp short copy_next ;KOmmpyeM HOBHI O0JIOK

end close:

sys_close EMPIY ;Iepel 3aBeplIeHMEM 3aKpbiBaeM obOa ¢aiira
xchg ebp,ebx ;TeIepb 3akKpbiBaeM BTOpoOil (aiin
sys_close EMPTY

jmp short endprog ; BCE

UDATASEG

buff resb BUFF LEN ;3ape3epBupoBaHo 4 KO mna Oydepa
END

Mouck nosnuun B painne

WHorma Hy>XXKHO M3MEHUTH MO3UIIMIO YTeHUsI/3anucH ¢aitna. Hampumep, ecimm Ham
HY>XKHO TIpOYUTaTh (Dailyl JBaXIbI, TO TOC/E MEePBOTO MPOXOJa HaMHOTO ObICTpee
OyleT «IepeMoTaTh» ero, YCTAaHOBWB yKa3aTesb IMO3UIMK Ha Havajlo (aiina, yeMm
3aKpBITh (haiil U OTKPBITh €ro 3aHOBO.

M3MeHUTh TO3UIIMIO CIIEMYIONIEe Onepaliuy YTeHUs]/3aMC MOXHO C TIOMOIIIBIO
CUCTEMHOTO BbI30Ba Iseek:

off_t lseek(int fildes, off_t offset, int whence) ;
[1epBoIif apryMeHT — 3TO, KaK OOBIYHO, ASCKpUNTOP (baiiia, BTopoit — CMeIIeHrE —

3aaeT HOBYIO IIO3ULIMIO B 0aifTax, a TPETUI OIpene/sieT MeCTo B (paiiyie, OTKyma
OyJIeT OTCYUTAHO CMEIICHME:

« SEEK_SET — cMmelneHue Oymer OTCUMTHIBATHCS C Hadana aiina;
« SEEK_CUR — ¢ Texymieit mo3uimu;
« SEEK_END — ¢ koHua ¢aiina.

CucreMHBIN BBI3OB Iseek Bo3BpalllaeT HOBYIO ITO3MIIMI0 — PACCTOSHME OT Hadaja
¢aiiyia B 0aiiTax — WM KO OIIMOKM.

Hebompioit mpumep: MUCIonb3ys Iseek, MOXHO JIETKO BBIYMCINTH IUIMHY (haiina:
sys_lseek [fd], O, SEEK_END

Bb130B «niepeMatbiBaeT» (ailyl B KOHEL, TTOTOMY BO3BpaIllaéMOe 3HAYEHUE — 3TO
HOMEDp IIOCIemHero Oaiita, To ecTh pa3mep (aiiia.
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A 4UTO CIIyYMTCs, €CIM co3daTh haiijl, MepeMecTUTh yKasaTeslb 3a Tpeaesibl ero
KOHIIa, 3aMrcaTh JaHHbIe U 3aKphITh (aiti? B DOS Mecto ot Havana ¢aiina o mo-
3ULIMU 3alMCU OKaXeTCs 3aloJIHEHO CiTydaitHbiMU Oaiitamu. A B UNIX-11omoOHbBIX
OC BMeCTO 3TOro TOMYYUTCS «pa3pekKeHHbI» (aiis, Tormyeckuii pasMmep KOTOporo
0oJIbIlIe ero (U3NYecKoro pasmMepa: (pU3NIECKOe MECTO IO He3allMCaHHbIe JaHHbIC
OTBEeJEHO He OyIeT.

Opyrne dbyHkuun gna pabéotbl ¢ paiinamn

®daiinosast cucrema UNIX-11og00HBIX ONEPALIMOHHBIX CUCTEM IIO3BOJISIET CO3IaBaTh
(halisibl TUTIA CCHUTKM — XKECTKOW WJIM CUMBOJIMYECKOU. 2KecTKast cchlTka — 3TO He
4TO WHOE, KaK aJibTepHATUBHOE UMs (paiiia: OqHO U TO X€ COAEPXKUMOE, C OMHUM
U TEM 3Ke BIaIeiblleM U MpaBaMU JOCTYIa, MOXET ObITh JOCTYITHO TIO[ Pa3HbIMU
uMeHaMmu. Bce 3TM mMeHa (3KE€CTKME CCBUIKM) pPaBHOIIPABHBI, U Bbl HE MOXETE
yaanuTh aiin 10 Tex Top, MoKa CYIIECTBYET XOTs Obl OHA XXeCTKas CChUIKa Ha
Hero. MexaHu3M KeCTKUX CChUIOK He TMO3BOJISIET OPraHU30BaTh CChUIKY Ha daii,
HaxofsuMiics B Apyroi ¢haiioBoil cructeMe (Ha JPYroM JIOTUYECKOM JUCKE).

st co3manust )KeCTKOU CChUTIKU UCTIOIb3yeTCsl CUCTEMHBIN BbI30B link:

int link(const char *oldpath, const char *newpath);

IlepBBIii apryMeHT — OpuUTMHAJbHOEe MMsI (paiijia, BTOpoil — HOBoe uMs aiiia
(MMsI 3KECTKOM CCBUIKM).

Bonee rbkum perieHueM SIBISIIOTCS cuMBoimdyeckue ccbuiku (symlinks). Takast
CChUIKA YKa3bIBaeT HE HEMOCPEICTBEHHO Ha JaHHbIe (aiiyia, a TOJIBKO Ha €ro WM.
IMoaToMy oHa MoxkeT BecTu Ha (aitn Ha 000l (aitioBolt cucteMe U jJaxe Ha
HecyuecTBytomuii ¢aitn. Korma omepamuoHHasi cucTeMa oOpaliaeTcsl K CUMBO-
JIMYECKOI CChLIKe, Ta BO3BpalllaeT UMsI OpUTMHAIBHOTO (haiina. MckmoyeHneM u3
9TOrO TIpaBUJIa SIBJISTIOTCS OINepalny yIAIeHUs] U MepeuMeHoBaHus daiiia — 3Th
orepanuu paboTalT CO CChUIKOM, a HE C OpUTUHAIBHBIM (DaiiioMm.

J7ns1 co3manHus CUMBOJIMYECKON CChUTKM MCTIOJIb3YETCsT BhI30B symlink:

int symlink(const char *oldpath, const char *newpath);
ApryMeHTbI 3TOr0 CUCTEMHOTI'O BbI30Ba TAKUE XK€, KaK Y CUCTEMHOTO BbI30Ba link.
Tenepp maBaiiTe pacCMOTPUM, KaK MOXHO YIaIUTh U MEPEMECTUTH (pari.

Jns ynaneHus aiiia UCMONb3yeTcsl CUCTEMHBIN BbI30B unlink, KOTophiil ynansier
daiin wim ogHO U3 ero uMeH. HamoMHuM, 4To (haiiyl ymansercs: TOJIbKO Tocie
yIAJIEHUS TIOCJEIHEN KECTKOM CChLIKM Ha HETO.

int unlink(const char *pathname);

CucteMHOMY BBI30BY HYXKHO IepenaTh TOJBKO MMs (aitia. B ciaydae ycrmexa BBI3OB
Bo3Bpaiaer 0, a eciii pousoliia oKndka — OTpUIlATeIbBHOE 3HAYEHUE.

Jnst meperMeHoOBaHUS ailia UCTIOIB3YeTCs BBI30B rename:

int rename(const char *oldpath, const char *newpath);
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O6a aprymMeHTa ITOJTHOCTBIO MIACHTUYHBI apryMeHTaM BBI3oBa link: 3To mcxomHoe
1 HOBOe MM (TO4YHee, IMyTh) (aiiyia. Ecim HOBBI ITyTh OTJIMYAETCS OT CTApOro
TOJBKO POAMTETBCKUM KaTaJOTOM, TO PE3yJbTaTOM TEPEMMEHOBAHUSI OKaXeTCs
nepeMelleHre (aiiia B APyroil Karajor.

Hammmem HeGosmpliyio mporpammy symhard. asm, KoTopasi co3IaeT OmHY KECTKYIO
¥ OOHY CMMBOJIMYECKYIO CCBUIKY Ha yKa3aHHBIN aiin (muctuHr 12.5). Co3maHHBIC
CCBUIKM OymyT Ha3bIBaThCSI 1 M 2 COOTBETCTBEHHO.

ApryMeHTBI TIporpaMMBbI OyIyT MPOYUTaHBI U3 cTeKa. Kak 0ObIYHO, IIePBhIi 3JICMEHT
cTeKa — KOJMYEeCTBO apryMEeHTOB, BTOPOM — WM MPOTPaMMbl, OCTaJIbHble —
repeaHHble apryMEHTHI.

Jincturr 12.5. Mpumep nporpaMmmbl CO30aHUS XKECTKUX
1 CUMBOJIMYECKUX CCbUTOK

%include «system. inc»

CODESEG ; Ha4aso Koma

START:

pop ebx /YnuTaeM KOIUYeCTBO apryMEeHTORB

cmp ebx, 2 ;TIEPBEI — UMSA I[IPOTPaMMbl, BTOPOM — MMS

;dbanna, i KOTOPOTro OymyT
; CO3IIAHBl CCBUTKU

jz ok ;0a, IIepemaHs BCe IIapaMeTpH
endprog:

sys_exit O ; BEIXOIVIM M3 IIPOIPAMME

ok:

pop ebx

;2TO MMSI HameM IIpOTPaMMBL HaM OHO HE
; HYy KHO

;3arpyxaeM B EBX anpec umenum “amna
;CO31aEM 3KECTKYI0 CCBLIKY

;M CUMBOJIMYECKYIO CCBLIKY

;KOIOBI OIIMOOK HE IIpoBepsieM
;3akaHUYMBaeM 00paboOTKy

;CEKIIMS TaHHBIX

pop ebx
sys_1link EMPTY, one
sys_symlink EMPTY, two

jmp short endprog
DATASEG

one DB «1»,0

two DB «2»,0

END ;KOHEIl

«[IponmummTe» mMMs mporpaMmbl B Makefile 1 3amyctute make. B kagectBe ap-
TYMEHTa BBl MOXeTe IepeaaTh uMs aiiyla wind Karajora. [1o oKoHIaHNM pabOThI
MporpaMmMbl OyayT co3gaHbl ABa daiiia «I» 1 «2». Maiin «l» — 3TO XKecTKasl CChLI-
Ka, «2» — cuMBoimuecKkasi. Eciam Kakoii-To U3 3Tux (pailjIoB HE CO3maH, 3HAYWT,
Mpou3oliia ommudka — HampuMep, Bamia ¢ailioBas cucTeMa He TOANCpPKMBAET
9TOTO TUTA CCHUIOK.
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INo komanze ./symhard ./symhard Bbl MOXeTe cO3MaTh CUMBOJMYECKYIO W JKECTKYIO
CCBUIKM Ha caM MCITOTHSIEMBIiA (haiisn mporpaMMbl, a IIOTOM € TIOMOIIIbIO KoMaH Is -1,
chown, chmod 1 rm u3y4nTh Ha HUX CBOMCTBA M MOBEICHE CCHUIOK Pa3HOTO THIIA.

12.11. Pa6GoTa ¢ kaTanoramm

Kak n 8 DOS, B Linux ects Ha0Op CHCTEMHBIX BBI30BOB, IpeIHA3HAYCHHBIX IS
paboThl ¢ Katayoramu. biaromapst Asmutils MCITOIb30BaTh 3TH BBI3OBHI ITOYTU TaK
K€ TIPOCTO, KaK B BHICOKOYPOBHEBBIX SI3bIKAaX MTPOrPAMMUPOBAHUSI.

Cos3paHue v ypanenue katanora (MKDIR, RMDIR)
Co3zpaTh KaTajor NO3BOJISIET CUCTEMHBIN BbI30B mkdir:
int mkdir (const char *pathname, mode_t mode) ;

[lepBrIif apryMeHT — 3TO yKasarejb Ha uMs (paiijia, a BTOpOM — IIpaBa JOCTYIIa,
KOTOpbIE OYyIyT YyCTAaHOBJEHBI TSI HOBOTO KaTayora. [IpaBa moctymna ykas3bIBalOTCS
TOYHO TaK Xe, KaK 11 CUCTEMHOIO BbI30Ba Open.

IMporpammMka u3 nuctuHra 12.6 co3mact HOBbIA KaTajor my_directory B KaTa-
Jjore /tmp.

Jluctuur 12.6. Mpumep nporpamMmbl CO30aHUSA HOBOFO KaTasora

%include «system.inc»

CODESEG ;HaYasyio CeKLMy KoIa

START : ; Had4aJio IIpoOTrpaMMEl

sys_mkdir name, S_IRWXU ;cospaem kaTanor, npasa 0700
sys_exit 0 ; 3aBepIaeM IIPO TPAMMY

DATASEG

name DB <</tmp/my_directory», 0

END

[IpaBa moctyma MOryT OBITh YKa3aHBI TaKXKe B BOCBMepHYHOI ¢hopMe. B ormmmume
ot s3bika C (1 komaHnb! chmod) oHM 3amMUCHIBAIOTCS HEMHOTO TIO-IpyroMy: 0e3
MpeaBapsIIOIIeTO HyJIT U ¢ CUMBOJIOM ( B KoHIe. Hampumep, npasa gocryma 0700
B BOCBMEPUYHOM crcTteMe OymyT BHIIIsSImeTh Kak 700q.

Jns ynaneHust karajgora UcIojib3yetrcs cuctemHblii Bbi3oB RMDIR, kotopomy
HYXHO TIepeJaTh TOJbKO MM KaTajora:

int rmdir (const char *pathname) ;
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CmeHa Tekywero katanora (CHDIR)
JIist cMeHBI TEeKYIIero Karajgora MCIONb3YeTCsl CUCTEMHbIN Bbi30B chdir:

int chdir(const char *path);

YT1oObI B MpebIaylleM IIpUMepe MEPeTH B TOJIBKO YTO CO3MAHHBIN KaTaJlor, J0-
MUIINATE TIeped BBI30BOM MaKpoca SyS_exit BEI30B

sys_chdir name

OnpepneneHue Tekyuwero katranora (GETCWD)

CucteMHbIl BbI30B getcwd, BO3BpalllalONIMii pabOuMii KaTajloT, MOSBUJICS B SIAPE
Linux Bepcun 2.0 (OH ecTb U B COBPEMEHHbIX Bepcusix 2.4-2.6). DTOT CUCTEMHbI
BBI30B IPUHUMAET JBAa apryMeHTa: TepBbIii — 3T0 Oydep, B KOTOPHIi OyneT 3anuca’
MyTh, a BTOPOM — KOJMYECTBO OAWMTOB, KOTOpbIE OYymyT 3amyCaHbl:

long sys_getcwd (char *buf, unsigned long size)
Bor dparmeHT mIporpaMMbl, BBIBOISILEH TEKYIIWN KaTajor:

sys_getcwd path,PATHSIZE ;3anuchiBacM B mepeMeHHYI path wmms
;TeKYIero Karajiora

mov esi,ebx ;coxpaHseM ykasatenb B ESI
xor edx,edx /copaceiBaem EDX
.next:
inc edx ;B EDX cumMTaeMm OMHYy CTPOKM path
lodsb ;UMTaeM CUMMBOJI B AL, yBenuuusBaeM EST
or al,al ; KOHEIl CTPOKM?
jnz .next ;HeT? YMTaeM clenynmyii CUMBOJI
mov byte [esi-1],__n ; 3aMeHsIeM HyJIeBOM 6aiT Ha CUMBOJI
; KOHITA CTPOKM
sub esi,edx ; 3@HOBO IIOJIyYaeM aJpeC CTPOKU

sys_write STDOUT,esi,EMPTY ;BHBOOVM TEKyIMil KaTajor Ha STDOUT
;IUIVHA CTPOKM yXRe Haxomurcsa B EDX
sys_exit_true ;MakKpoOC OJIS HOPMAaJIBHOT'O 3aBEepIeHNsT

12.12. Beop ¢ knasuatypbl. U3meHeHue
noBeAeHns NOToka CTaHAapTHOro Beoaa.
CuctemHubin Bbi3oB IOCTL

B aroii maBe MBI yXe paccMaTpUBalid OIWH CIOCOO BBOJA C KJIaBUATyphl — C
TIOMOIIIbIO CUCTEMHOTO BbI30Ba read. DTOT CHCTEMHBII BBI30B OXWIACT HaXKaTHSI
kiaBuim «Enter» ¥ TOJIKO TOC/Ie 3TOTO BO3BpAlllaeT MPOYMTAHHYIO CTPOKY. MHO-
IJla TIOJIE3HO YMTaTh CHUMBOJIBI TTO OMHOMY WJIM He IyOJMpOoBaTh MX Ha YCTPOHCTBO
CTaHIAPTHOTO BBIBOAA (HAIIpUMeED, IIPH BBOIE TapoJis). i n3aMeHeHHST IIOBEACHUST
MOTOKA CTAaHZAPTHOIO BBOAA CIYXKUT cuUcTeMHBI1 BbI30oB IOCTL.
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JpaiiBepbl YCTPOMCTB He JTOOABISIIOT HOBBIX CUCTEMHBIX BBI3OBOB JUISI YIIPABIICHUS
YCTPOMCTBAMU, @ BMECTO 3TOTO PETUCTPUPYIOT HAOOPBI (PYHKIIUI YIIpaBJieHNs], BbI-
3bIBaCMBIX Yepe3 cucTteMHbI Bei3oB IOCTL.

IOCTL — 3710 cokpamenue ot Input/Output Control — ynpasiienne BBOIOM/
BoBOIOM. UTOOBI omucats Bce Bumbl [IOCTL, HyxXHO Hamucath APYTyl0 KHUTY
WM JaXe HECKOJIbKO KHUT, MO3TOMY COCPEIOTOYMMCS TOJIBKO Ha TepMUHATbHOM
BBOJIE/BBIBOIC.

B Linux MBI MOXeM ympaBisThb IIOBEICHHMEM TepMHHalIa (TO €CThb KJIABHATYPHI
n sKkpaHa), ucnonb3ysd nBe [OCTL-dyukuuu — TCGETS u TCSETS. Ilepnas,
TCGETS, nony4aer TeKylIre HACTPOMKHU TepMHHAJIA, a BTOpas — yCTaHABIIMBACT
ux. [TonpoGHoe onucanue odbenx GyHKLMIA MOXET ObITh HAMIEHO B Man-CTpaHULIe
termios.

CrpyKTypa JaHHBIX, OIMCHIBAIOIIAS MTOBEICHNE TePMUHANA, TOCTYITHA M3 Asmutils.
Eciu Ham HYXXHO YMTaTh C KJIaBUATYpbl CUMBOJ 32 CUMBOJIOM, He OTOOpaxasi mpu
5TOM CHMBOJIBI Ha 3KpaHe, HaM HYXHO M3MEHUThb [1Ba aTpuOyTa TepMUHalla —
ICANON un ECHO. 3nauenue obOoux arpuOyTOB HYKHO yCTaHOBUTH B 0. MHEI
npoyrTaeM 3TH aTpuOyTHl ¢ roMoinbio ¢yHKun TCGETS, uameHnnm 3HadyeHUe
OMTOBOM MAaCKM W MPUMEHMM HOBBIE aTpuOyTHl ¢ momombio GyHkuuu TCSETS.
Hnsa paboTel ¢ TepMuHAIOM HaM moHamooutcst crpykrypa B STRUC, xoropas
ommcaHa B (aiise system.inc.

mov edx,termattrs 33aHOCUM aIpec CTPYKTYPH B EDX
sys_ioctl STDIN, TCGETS 3arpyxaeM CTPYKTYDY

mov eax, [termattrs.c_lflag] uyTaeM ¢aarmu TepMrHalia

push eax I IIOMellaeM MX B CTeK

and eax, - (ICANONI ECHO) niepexkmodaeM drnarm ECHO m ICANON
mov [termattrs.c_lflag],eax 3aHOCUM GJIaTu B CTPYTYDY
sys_ioctl STDIN, TCSETS yCTaHaBIMBaAEM OILMM TepMMHalla

pop dword [termattrs.c_lflag] zarpyxaeM CTapble OIILNN
CaMa CTpYKTypa IOJkHa OBTH OObsBIeHa B cerMenTe UDATASEG :
termattrs B_STRUC termios,.c_1flag

K coxarenun, 6ojee ImpoCTOTO CTIOCoba M3MEeHVTEL HACTPOVKY TepM/HATA HET .

12.13. PacnpepneneHue namatu

ITpu 3amycke HOBOI MPOrpaMMEI SIAPO paclpeaessieT sl Hee MaMsTh, Kak YKa3aHO
BO BpeMsl KOMIWISILIMU. Eciy HaM HyXHa JOIOJHUTE/IbHAS MaMSTh, Mbl JOJIKHBI
MOMPOCUTH SIAPO HaM ee BbimeauTh. B ormmume or DOS, BMecTo TOro, YTOOBI 3a-
MpalliBaTh HOBBIA OJIOK HaMSITU OIPEAEICHHOIO pa3Mepa, Mbl IIPOCUM YBEJIUYMUTh
CEKIINIO .bss (3TO MOCISHHSS CEKIMsI IIPOTrpaMMBbI, coaepxKalias HeMHUIUATU3UPO-
BaHHbIE MepeMeHHbIe). OTBETCTBEHHOCTh 3a BCIO CBOOOIHYIO U PACIIpele/ICHHYIO B
CeKLMH .bss TaMsITh HECET caM MPOTPAMMMUCT, a He SAIPO OIEePAlIMOHHONW CHCTEMBI.
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Eciu MBI He XOTUM MCIIOJIB30BaTh C-OMOMMOTEKY IUIST pacIpeac/ICHUST TaMSITA, MBI
JOJDKHBI cCaMU TTPOTPaMMUPOBaTh YITpaBJIeHUE TaMSIThIO (ITPOIIe BCETO MCIOJIb30-
BaThb heap.asm u3 Asmutils).

CucTeMHBII BbI30B, IIpeIHA3HAYECHHBII JUIS YBEJIMYECHUS WIK YMEHbBILIEHUST CEKLIN
bss, Ha3bIBaeTcs brk:

void * brk(void *end_data_ segment);

EMy HyXHO mepenaTh BCEero OIvH IapamMeTp — HOBBI KOHEYHbIN aapec CeKIUn
.bss. @yHKIIMST BO3BpallaeT MOCASTHUIM TOCTYITHBINA anpec B CEKLIMU JTaHHBIX .bss.
YT106BI TTPOCTO TOJYYUTh 3TOT AIpec, HYy>KHO BBI3BATh 3Ty (DYHKIIMIO C HYJIEBBIM
ykazateneM. OOBIMHO brk MCITOIB3yeTCsl CACIYIOIMMM 00pa3oM:

sys_brk 0 ;IIOJIydaeM TOCJICOHMUA aapec
add eax,CKONBKO_eclle 0alTOB_MHE HYXHO

;yBeIMUMBAaeM 3TO 3HauyeHUeE
sys_brk eax /ycTaHaBIMBacM HOBBI alpec

IMocne atoro cexius .bss Oyner yBeauyeHa Ha YKa3aHHOE KOJWYECTBO OANTOB.

12.14. Otnapka. OTnaguuk ALD

B UNIX-110m00HBIX OIEepallMOHHBIX CUCTEMAaxX CTaHOAPTHBIM MHCTPYMEHTOM OT-
nanku sieisietcs gdb, HO U3-3a CBOEW TPOMO3AKOCTU OH OOJIbIIIEe TOAXOAUT MIJIst
OTJIagKU IIporpaMm Ha si3bike C, a He Ha sI3bIKe accemOiiepa. B Hamem cirydae
JIy4ille UCTIOb30BaTh 0oJiee KOMITAKTHBIN OTIaauvK, pa3paboTaHHBINA Crielvallb-
HO IUISI TIpOrpaMM Ha sI3bIKe accemOiiepa — ommamunk ALD (Assembly Language
Debugger).

OTO KOMMAKTHBIN, OBICTPBIM M OCCIUIATHBIN OTIAOYMK, PACIIPOCTPAHSIOLINIACS
no CrangmaptHoit O6mecrBeHHo# ymieH3un GNU. Ckadath ero MOXHO C caiita
http://ald.sourceforge.net. [loka OH MoAAEPXUBAET TOJBKO X86-COBMECTUMEIE
nporieccopsl 1 Tonbko ELF B kauectBe (popmara mcnonHsieMbIx (aiiioB, HO Bam
9TOTO JOJIKHO XBATUTh.

HasaiiTe paccMoTpuM paboty ¢ ALD Ha mpuMepe Harleit mporpaMMBbl IJIsT IIpeoo-
pa3oBaHMs CUMBOJIOB M3 HIKHETO PETMCTpa B BEpXHUIA.
3amycTuTe OTIamYMK C TIOMOIIBIO KOMaHIHI aid:
aid
Assembly Language Debugger 0.1.3
Copyright (C) 2000-2002 Patrick Aiken
ald>
Temepsp 3arpy3um Hallly IIporpaMMmy convert:

ald> load convert
echo: ELF Intel 80386 (32 bit), LSB, Executable, Version 1
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(current)
Loading debugging symbols. .. (no symbols found)
ald>

Kak u B moboM apyroM oTiaguuke, BaXKHEWIEH U3 BCEX KOMAHI IS HAC SIBJISI-
eTcs KOMaHZa ITOIIAaroBOTO IPOXOXIeHMsT mporpamMmbl. B ALD oHa Ha3blaBeTCst
s (step). OHa BBITIONHSIET OAHY KOMaHIy MpPOrpaMMbl M BO3BPAILIAET YIpaBJIcHUE
OTJIAMIUKY:

ald> s

eax = 0x00000000 ebx = 0x00000000 ecx = 0x00000000 edx = 0x00000000
esp = OxBFFFF8CC elbp = 0x00000000 esi = 0x00000000 edi = 0x00000000
ds = 0x0000002B es = 0x0000002B fs = 0x00000000 gs = 0x00000000

ss = 0x0000002B cs = 0x00000023 eip = 0x08048082 eflags =0x000000346
Flags: PF ZF TF IF

08048082 5A pop edx

Cremytoiiass KoMaHaa, Kotopasi Oyfer BbiTioiHeHa, — pop edx. OHa pacrosioxeHa
B mamsitu o anpecy 0x8048082. B peructpe mpu3HaAKOB yCTaHOBIIEH (hyar Hyssa —
ZF (ocranbHble diary HaM He HYXHbI). UTOOBI CHOBa BBITIOJIHUTH MOCJIECTHION
BBEICHHYIO KOMaHIy (B HallleM ciy4ae s), Mpocto Haxmute «Enter». Beimonnsiite
MOIIIATOBOE MPOXOXACHUE, TToKa He goimere 1o KoMmaHabl int 0x80, KkoTopast mpo-
YUTaeT CTPOKY co craHmaptHoro Beoma (EAX = 0x00000003):

ald>

eax = 0x00000003 ebx = 0x00000000 ecx = 0x080490C8 edx = OxOOOOO00A
esp = 0xBFFFF8D0 ebp = 0x00000000 esi = 0x00000000 edi = 0x00000000
ds = 0x0000002B es = 0x0000002B fs = 0x00000000 gs = 0x00000000

ss = 0x0000002B cs = 0x00000023 eip = 0x0804808D eflags =0x00000346
Flags: PF ZF TF IF

0804808D CD80 int 0x80

3naueHue perucrpa EDX (O000000A = 10d) orpaHMYmBaeT MaKCUMAJIbHYIO
mHy ctpoku 10 cumBonamu. B ECX Haxomutcst ykasartenb Ha 001acTh TaMSITH,
B KOTOpYIO OyleT 3amvcaHa MpOYMTAaHHAs CTpoka. MbI MOXeM MPOCMOTpPETh CO-
JIEpXKUMOE TIaMsITA C TIOMOIIBI0 KOMaH[IbI € (examing): € ecx:

ald> e ecx

Dumping 64 bytes of memory starting at 0x080490C8 in hex
080490C8: 00 00 00 00 00 00 00 OO0 00 00O 0O 00 00 00 00 00
080490D8: 00 00 00 00O OO 00O 0O 00 OO 00 00 00 00 00 00 00
080490E8: 00 00 00 00 0O 00 00O 00O OO 0O 00 00 00 00 00 00

080490r8: 00 00 00 00 OO OO OO 00 00 00 00 OO0 0O 00 OO OO
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Ternepb CHOBa BBeZIeM KOMaH/Iy OTJIaaurKa S — STUM MbI BBITIOJIHUM KOMaHIY Mpo-
rpammbl int 0x80. I[TporpamMmma Oyner KmaTh, IIOKa BBl BBEIETE CTPOKY M HAXKMETS
«Enter». Ceituac cHOBa BBEIUTE € €CX — MOCMOTPUM, YTO 33 CTPOKY MbI BBEJIU:

ald> e ecx
Dumping 64 bytes of memory starting at 0x080490C8 in hex

080490CS: 61 73 6D 20 72 75 6C 65 7A 0A 00 00 00 00 00 00
asm rulez .. .. ..

080490D8: 00 00 00 00O OO 00 00 00 OO OO 00 00 00 00 00 OO0
080490E8: 00 00 00 00 00O 00O 00 OO 00 00 OO OO OO0 00 00 00
080490F8: 00 00 00 00 00 00 00 OO OO OO OO0 OO OO OO0 00 00

Hcnonb3yst KOMaHAy C, Mbl MOXEM BBIITOJIHUTH OCTABLIYIOCS YaCTh IIPOrpaMMbl Oe3
octaHoBOK. OHa mpeo0Opa3yeT 1 BBIBEAET CTPOKY M CHOBAa OydeT OXMIaThb BBOZA.
HamnomuHaio, 4To Mbl HaIlMCaaX HIpOrpaMMmy TakK, 4To MpepBaTh €€ MOXHO TOJIbKO
koMmOunHanmein wimasuin Ctrl+C.

Komanma help BEIBOOUT CITMCOK BCEX OTOCTYITHBIX KOMaHI OTjamdyuka, a help
HMS1_KOMAHIBI — CITPABKY IO YKa3aHHOI KoMaHe. B Tabim. 12.3 cBeneHbI HanboJee
rnoJie3Hble KoMaHAbl oTamurka ALD.

Haunbonee nonesHsie komaHabl oTnan4mka ALD Tabnmua 12.3

Komanpa HasHauyeHue

load <filename> 3arpyxaeTt daiin (nporpamMmy) B 0TNagumK

set args <args> YcTaHaBnMBaEeT aprymMeHTbl NporpamMmbl

step [n] BbINONHsAET 04HY MM HECKOMLKO (M) KOMaHA, NnporpaMmbl. Bmecto step MoxHO
MCMOMb30BaTh COKPALLEHVE S

next [n] Mopo6Ha step, HO Kaxaas NoanNpPorpaMmma BbiNOJIHAETCS 3a OAUH Lar
MpeobpasosbiBaeT MALLUMHHBINA KOA KOMAaHA 06paTHO B CMMBOJIMYECKME MMEHA A3bika

disassemble accembnepa. MoxHO MCNonb30BaTb cokpatleHne d. ApryMeHTOM KOMaHAbl CAyXuUT
HayanbHbI agpec B nporpamme, Hanpumep d 0x08048061

continue MpopomkaeT BbINOMHEHME MPOrpamMmbl (MOXHO MCMOMIb30BaTb COKpaLLEHNe C)
Jamn namatn — BbIBOAWT COLEPXMMOE NaMAT HayYMHas C yka3aHHOro agpeca

examine B YKa3aHHOM dopmarte 1 cucteme cuncrieHnmsi. MoxHO MCnonb30BaTh COKpaLleHe
e. B kayecTBe aprymMeHTa MOXHO yKa3aTb HEMOCPEeACTBEHHOE 3HayYeHue aapeca nim
perucTp, cogepxawuii agpec, Hanpumep, e edx i e 0x08048000

register BbIBOAWT 3Ha4eHNs BCEX PErMCTPOB

help BbIBOAMT CNMCOK KOMaHA. ECnn Hy>XHO nony4nTb Cnpaeky No TOW UM MHOW KOMaHAe,
YKaXxuTe ee UMsi Kak aprymeHT, Hanpumep, help examine

break <addr> YcTaHasnvBaeT TO4Ky npepbiBaHns (breakpoint) no agpecy addr

Ibreak BbIBOAMT CMMCOK YCTAHOBMIEHHbIX TOYEK MPEPbIBAHUS

quit Bbixoa. MOXHO MCNOMb30BaTh COKPaLLEHne q

Otnagunk ALD momnepXuBaeT yCTAaHOBKY TOUEK IpephbiBaHUS (OHU XX¢ — KOH-
TpOJIbHBIC TOYKHU, breakpoints). Korma rmporpaMmma Bo BpeMsl BBIITOJTHEHUS «I0XO-
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JIAT» A0 TOYKU TIPEPbIBAHUSI, €€ BHITIOJHEHNE MMPUOCTAHABIMBACTCS U YIIPaBICHUE
repefaeTcss OTaMINKy. TaknuM crmocoOOM MOXHO TPOBEPUTH 3HAYEHUSI PETUCTPOB
WM TIaMSITU B KJTIOYEBBIX TOYKAX MPOTPaMMbl 03 MOIIArOBOTO BBITOTHEHMSI.

IMocnenHsia Ha MOMEHT TiepeBoja KHUTU Bepcus ommagunka 0.1.7 yxke mommepKu-
BaeT paboTy C CUMBOJILHOM MH(MpOpMaLmell (MMeHaMI METOK U TIEPEMEHHBIX), UYTO
OYeHb IIOMOraeT IPU OmIAAKe OOJIBIIMX ITPOTPAMM.

HanomHuM, 4TO cCMMBOJIBHAasE MHMOpPMALIMSI MOXET OBITh «ylakoBaHa» B WCIOJ-
HsIeMbI (Daii ¢ TTOMONIBIO KITIOYA -g KOMITWIATOPA nasm. A MpU KUCITOIb30BaHUN
Asmutils B ¢paitile MCONFIG nyxHo ykazats onumio DEBUG=y.

12.15. AccembOnep GAS

B stoMm maparpade MBI BKpaTie pacCMOTPUM «pomaHoi» accemomnep mupa UNIX —
GAS. OH ucnoib3yercs BMecTe ¢ KOMITIISITOPOM gcc, Koraa B Kome C-TiporpaMMBbl
€CTb acceMOJIEpHBIC BCTaBKU.

Bynyun «3aToueH» 1Mom COTPYIHMUYECTBO C ECC, STOT acceMOiep He MMeeT Pa3BUTBIX
cpecTB 00paboTKM MakpocoB. Ellle omvH ero HemocTaToK: TPy OIMUCAHUK OIIMOOK
OH OYEHb JIJAKOHWYCH.

Cunrakcuc GAS 3amerHo orimyaercsa ot cuHTtakcuca NASM: NASM-1nionoOHbIie
(to ectb MASM u TASM) KOMIWISITOPHI UCITONB3YIOT cuHTakcuc Intel, a GAS
ncnonb3yeT cuHTakcnc AT&T, KoTOpeIii opueHTHMpPOBaH Ha OTIMYHBIC OT Intel
YUTIBL.

Hagaiite paccmorpuM Iiporpammy <«Hello, World!», HammcaHHyo B CHHTaKcuce
AT&T (mactuar 12.7).

Jinctunr 12.7. NMporpamma «Hello, World!», HanucaHHasa Ha accemo6nepe GAS

.data # cexims ODaHHBIX
msg:
.ascii «Hello, world!\n»# Hama cTpoka
len = . — msg # ee mmvHa
.text # Havano ceximm Koma
# MeTka _start — Toyka BxoIa,
# TO ecThb
.global _start # Hadaso mpoTrpaMMel IJiS KOMIIOHOBIIVKA
_start:
# BBIBOOMM CTpPOKY Ha stdout:
movl $len,%edx # TpeTWit aprymMeHT - MJIWHA CTPOKHU
movl $msg,%ecx # BTOpPO# - yKa3aTedb Ha CTPOKY
movl $1,%ebx # mepsblii - meckpunrtop ¢aiima STDOUT = 1
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movl $4,%eax # HOMEp CHUCTEMHOI'O BH30OBa 'write'
int $0x80 # BRHI3BIBAEM SIOPO

# zaBepmaeM paboTy :
movl $0,%ebx # momMemaeM KOom BO3BpaTa B EBX
movl $1,%eax # HOMEp CHMCTEMHOI'O BH3OBa 'exit' B EAX
int $0x80 # 1 CcHOBa BBI3HBAEM SIOPO

12.16. CBoOOAHbIE UCTOYHUKUN UHPOpPMaLNN

Ecnu BBl 3amMHTEpecoBaJIMCh MPOrpaMMHUPOBAaHMEM Ha sI3bIKEe accembiiepa o
Linux, pekomeHmyem caiiT http://linuxassembly.org. 3mech BbI HaiigeTe HE TOJIBKO
CCBIIKM Ha pa3JIMYHbIe MPOrpaMMbl (KOMITAJISITOPBI, PEIAKTOPhI), HO W Pa3InYHYIO
JOKYMEHTALIMIO TT0 MCITOJIb30BAaHUIO CUCTEMHBIX BbI30BOB. Ha 3TOM ke caiiTe BbI
HalimeTe caMblii MaJleHbKUil B Mupe Web-cepBep, 3aHMMAOIIMiA Bcero 514 6aiToB
(ummTe httpd.asm).

12.17. Knoun KoMmaHAHON CTPOKU KOMNUAaTopa

Yame Bcero KoMnuisitTop NASM BBI3BIBACTCSI CO CICAYIOIIMMU KITIOUAMMU:

Kniou HasHauyeHue
-v BbiBeCTM HOMEpP BepCUM KoMnunaTopa
-9 «YMnakoBaTb» CUMBOJIbHYIO MHGOPMaUUio
-f <fmt> YctaHoBuTb popmar BeixogHoro davina <fmt> (cm. rnasy 9)
-th BbiBECTU CNNCOK BCEX NOAAEPXMBaeMblx GopmMaTos
-0 <name> 3apaeT nmsa BbiIxogHoro gaina <name>
-l <path> Jo6aBnseT katanor 4nis novcka «ynakoBaHHbIx» (aiinos
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maea 13 KomMnoHoBKa — CTbIKOBKa

acceMOJiepHbIX Nporpamm
C NporpamMmmMmamm,
HanMcaHHbIMM Ha A3bIKaxX
BbICOKOIrO YPOBHS

lMepenaya aprymeHToB

Y1o Takoe ctek-ppenm?

— "~ KomnoHoBka ¢ C-nporpammori

T —{ KomnoHoBka ¢ Pascal-nporpammon

Accembnep Ha npumMmepax.
basoBbin KypcC



o cux Mop Ipu HalKMCaHUX CBOUX MPOrpaMM Mbl UCIIOb30BaIM TOJbKO (PYHKIIUU
OIepaLlMOHHOM CUCTeMbI, He 00pallasch HU K KakuM oubarorekaM. B 3Toii ase
MbI IIOTOBOPUM O «CTHIKOBKE» Hallleil IIpOrpaMMBI C IIpOrpaMMaMu, HalmMCaHHBIMU
Ha s13bIKaX BBICOKOI'O YPOBHSI, a TaKKe C pa3IMYHbIMU OMOInoTeKaMu. I10CKOIbKY
Pa3IUYHBIX SI3bIKOB BBICOKOTO YPOBHSI OYEHb MHOTIO, Mbl OTPAaHUYUMCS TOJIBKO
sa3bikamu C u Pascal.

13.1. Mepenaya aprymeHToB

SI3BIKM pOrpaMMUPOBaHUS BEICOKOTO YPOBHSI MTOMIEPKUBAOT IBa CIIOCO0a mepe-
JIA4W apryMEHTOB TTOAporpaMMaM ((PyHKLMSIM, TTpoLIeAypaM): 110 3HAYCHHIO U 10
cchUTKe. B repBoM ciydae 3HaYeHHME TTOAMPOrPaMMBbl HE MOKET UBMEHUTD 3HAYCHUS
repeJaHHON MePeMEHHOM, TTO3TOMY CITOCOD «IT0 3HAYEHUIO» CIIYKUT AJIs1 Iepeaadn
JAHHBIX TOJILKO B OJIHOM HAIIPaBJICHWU: OT IPOrPaMMBbI K TOATIPOrpaMMe.

Bo BTOpOM CiTy4ae moAmporpaMmMa MOXeT M3MEHUTDb 3HaYCHHE TIepeMEHHOM, TO eCTh
repeaaTh 3HaYeHWE B OCHOBHYIO IIPOrpaMMy. APIyMEHTBI MOAIPOrPaMM B SI3bIKaX
BBICOKOTO YPOBHSI BCerla MepenaloTcs Yepe3 CTeK M HUKOIIA — 4Yepe3 PerucTphl
nporeccopa. [lommporpaMMel pabGoTalOT C MepedaHHBIMUA apryMEHTAMHM Tak, Kak
eci Obl OHM OBUTM PACITOJIOKEHBI B MTAMSITH, TO €CTh KaK ¢ OOBIYHBIMU MepeMeH-
HBIMA — TIPOIPAMMUCTY HE HYXHO HU M3BJIEKATh CAMOCTOSITENIEHO apryMEeHT M3
CTeKa, HU MOMEIIATh €ro B CTEK.

C TOUKM 3peHHUs IPOorpaMMUICTa Ha sSI3bIKe acceMOiiepa, ITOANporpaMMbl BbI3bIBAIOTCS
¢ romo1ibio Komanasel CALL, a BO3BpaT M3 HOAIIPOrPaMMbl OCYILIECTBIISIETCS C IO~
moubto koMaHabl RET. BeizoBy komaHabsl CALL 0ObIYHO MPEIIeCcTBYIOT OQHA WK
HeckoJibko KomaHa PUSH, koTopsle moMelaroT apryMeHThI B cTeK. Ilociie Bxona B
noanporpammy (to ecth nocie BoinoaHeHns1 CALL) B cTeke BbIAEISIETCS OIpese-
JIEHHO€ MECTO IJIsI BpEMEHHOIO XpaHEHMUs JIOKAJIbHBIX NepeMeHHbIX. OIpeaeanTb
MO3ULIMIO apryMEHTa B CTEKE OYEeHb IPOCTO, MOCKOJbKY BO BpeMsl KOMITWISILIMKA
M3BECTEH IIOPSIOK CJAeIOBaHMSI apryMEHTOB.

ITpocTpaHCTBO 151 TOKATBHBIX IEPEMEHHBIX B CTEKE BBIIESIETCSI IPOCTBIM YMEHb-
meHreM ykaszatesist BepiuvHbl creka (E)SP Ha TpeOyemsblit pazmep. [TocKombKy cTek
HUCXO[ISIIINIA, TO, YMEHbIIIAas yKa3aTeIb Ha BEPIIMHY CTEKA, MbI TTOJTydaeM JOIOTHU-
TEJIbHOE TTPOCTPAHCTBO TSI XPAHEHUST JIOKATBHBIX TTIepeMEHHBIX. Hy>)KHO MOMHUTB,
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YTO 3HAYCHUS JIOKAJIbHBIX IIEPEMEHHBIX ITPU UX ITOMEIICHUN B CTEK HE OIIPEACIICHDI,
IIO3TOMY B IOANMPOIrpaMMe HY>XKHO IEPBLIM ACJIOM MX MHUIIWAIN3UPOBATh.

[lepen BBIXOZOM M3 MTOAIIPOrPaMMbI HY>KHO OCBOOOIMTh CTEK, YBEIMYMB yKa3aTellb
Ha BepIIMHY CTeKa, a 3aTeM yKe BBITOJHUTh MHCTpYKIio RET.

PaznuyHble SA3bIKU BHICOKOIO YPOBHA IIO-PasHOMY pa6OTaIOT CO CTEKOM, IIO3TOMY
B 9TOW IJIaBE MbI PacCMOTPMM TOJIBKO C u ITackab.

13.2. Yto Takoe cTtek-ppenm?

JloCTyTI K JIOKAJIbHBIM TIEPEMEHHBIM HETIOCPEICTBEHHO Yepe3 yKa3aTeab BEPIIUHbI
creka (E) SP He oueHb ynoOeH, MOCKOJBKY apryMEHTBI MOTYT OBbITh Pa3IMYHON
JUTMHBI, YTO YCIIOXHSIET Hally 3aaavy. [Ipoie cpady mocjie Bxofa B MOANPOrpaMMy
COXPaHUTh afipec (CMENICHNE) Hayala CTeKa B HEKOTOPOM PETUCTPE U alpecoBaTh
BCE MapaMeTphbl U JIOKAJIbHbIE MEPEMEHHBIE, UCIONb3Ys 3TOT peructp. MneanbHo
nist aToro nomxomut peructp (E)BP.

HcxonHoe 3HaueHue (E)BP coxpansieTcss B cTeke mociie Bxoda B MOIIPOTrpaMMmy,
a B (E)BP 3arpyxaetcs ykazarens BepiivHbl cteka (E)SP. TMocie storo B creke
OTBOIMUTCSI MECTO JJIsI JIOKAJIbHBIX MEPEMEHHbBIX, a MepeAaHHbIe apryMEHThI 10-
ctymHbl yepe3 (E)BP.

(E)SP seplumHa

cTexa
~
BpeM. xpaHeHue
NoK. NepeMeHHbIe
{E}Bp P BROXeHHbLIg

wexoaHui (E) BP —] e
YHKLAW

BO3EP. 3HAYEHWE |

aprymeHTsl

BPEM. XpaHeHne

nokK. nepeaMeHHbLIe

MexoaHeR (E) BP

BO3Bp. 3HaAYeHWne 1
aprymeHTh l
- s w

Puc. 13.1. PacnpeneneHmne cteka (stackframe)
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«OKHO» cTeKa, cojepkalllee apryMeHThbI, BO3BpalllaeMOe 3HaueHUe, JIOKaJTbHbIC
nepeMeHHBIe U ucxonHoe 3HadeHne (E)BP, HazwpiBaeTcst crek-peiiMoM.

Yem Oosbliie TIyOMHA BJIOXEHHOCTH TOAIPOrpaMMbl (TO €CTh KOJIMYECTBO TOA-
MporpamMM, BBI3BIBAIOIIMX ONHA JIPYIyI0), TeM OoJibliie OKOH B cTeke. McxomHoe
snaueHue (E)BP, coxpaneHHOe B cTeKe, yKa3bIBaeT Ha MIPSABIAYIINI CTeK-(peiim.
IMomnyyaeTcst CBSI3HBIN CIMTUCOK OKOH, KOTOPBIN MPH OTJIaAKE CIYyKHT IIJISI OTCIICKM-
BaHUST BbI30OBOB (hYHKIIUIA.

13.2.1. Ctek-ppenm B a3bike C (32-O0MTHaAa Bepcusa)

Paccmotpum nepenayy aprymeHToB dbyHkuuu B s3bike C. Crenyrolasi nporpamma
OTKOMITWUIMPOBaHA B 32-OMTHOM OKPYKCHUM, a UMEHHO B OIICPAIlMOHHON CHUCTEME
Linux:

int addit(int a ,int b) {

int d = a + b;

return d;

}

int main(void) {

int e;

e = addit(0x55,0xAA);

}

OcHoBHast mporpamma rnepesaet asa 3HaueHust 0x55 1 OxAA moamnporpamme addit,
KOTOpasi MX CKJIa[bIBAeT U BO3BpAILlaeT CyMMy. BOT TMCTUHT OCHOBHOI MpPOTpaMMbI
(byHkMm main) Ha A3bIKe accemoOsepa:

080483F4 55 push ebp

080483F5 89E5 mov dword ebp, esp
080483F7 83EC18 sub dword esp, 0x18
080483FA 83C4F8 add dword esp, Oxfffffff8
080483FD 68AA000000 push Oxaa

08048402 6A55 push 0x55

08048404 ESCT7FFFFFF call near +0xffffffc?
08048409 83C410 add dword esp, 0x10
0804840C 89C0 mov dword eax, eax
0804840E 8945FC mov dword [ebp+Oxfc], eax
08048411 89EC mov dword esp, ebp
08048413 5D pop ebp

08048414 C3 retn

®yHK1Mg main MepBbIM AEJIOM coxpaHsieT ucxonHoe 3HaueHre EBP (yka3arenn Ha
npenblnymmii ppeiiM) B cteke. Bropas komanma kormpyer B EBP Tekyiee 3Haue-
aue ESP, HaunHas atuM HOBBIN (peiiM. [IBe crenyromme komanasl, SUB 1 ADD,
otHnMaloT 3HadeHusa 0x18 m (0x8 oT yKazaressl BEepIIMHBI CTEKa, BBIICIISIS MECTO
IUTSL JIOKAJIbHBIX TIepeMeHHbIX. OOpaTuTe BHUMAaHUE, YTO BBIUMTAHUE 8 3aIMCcaHO
Kak MpubaBieHNe OTPULIATEILHOTO YKUC/ia B JONOJHUTEBHOM KOJIE.
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ApryMeHTBI TIepefaroTcsl TIOANporpaMMe clipaBa HajleBO, TO €CTh 0OpaTHO TOMY
MOPSIIKY, B KOTOPOM OHU 3aIlMcaHbl B UCXOOHOM Kojae Ha C. DTo chenaHo st
TOTO, YTOOBI Pa3pellINTh UCITOIb30BaHME B A3bIke C (QYyHKIMI C IIepeMEHHBIM KO-
ymaecTBoM apryMeHToB. ITapa komang PUSH nomemraer Hamm 3HadeHust (0x55 n
OxAA) B ctek. Crienytomiast komanna, CALL, BbI3biBaeT noamnporpammy addit.

PaccmotpuMm okHO cteka nocie Bxona B addit. Cnenaem 310 B TabnmuHOU dopme
(cm. Taba. 13.1).

OkHo cTeka nocsie exoaa s addit Tabnnua. 13.1
Appec cteka 3HaueHue no apapecy
OXBFFFF860 = ESP 0x08048409 (appec Bo3BpaTa B OCHOBHYIO QYHKLUIO)
OXBFFFF864 0x00000055
O0XBFFFF868 OxOO00000AA
OxBFFFF86C-0xBFFFF84 BpeMeHHas namaTb GyHKLUM main
OxBFFFF888 He onpefenieHo: NoKalbHaa NnepeMeHHas e
OxBFFFF88C = EBP OxBFFFF8C8 —uncxopHblit EBP kakoin-To pyHkuun 6ubnmotekn UBC
OxBFFFF890 Ox40039CA2 —anpecBo3BpaTaBOnGNMOTEYHYIO PYHKLNIO

Bepmmaa creka comepkuT 32-OMTHBIIA ampec Bo3BpaTa, TO €CTh aApec TO KOMaHIbI
B TeJie BBI3BIBAIOLIEH (DYHKIIMM, KOTOpast ciaeayeT cpasy nociie koMmanael CALL. 3a
HUM CJICIYIOT ABa 32-OMTHBIX 3HAYCHUSI — 3TO apryMEHTEHI, IIepeaaHHbIe (DYHKIINKI
addit. /Ins nokanbHOU TIEpEeMEHHON € 3ape3epBMPOBAHO MECTO B OKHE CTeKa, HO
ee 3HaueHME IOKa He oIpenesieHo. 3a Heil ciaemyeT 3HadeHue peructpa EBP, ko-
TOpOE OH MMeJT cpa3y Tiepes] BbI30BOM (DYHKIIMM main, a 3a HUM — ajipec Bo3Bpara
B 0ubnuoreky libc, oTkyna Obuta BbI3BaHa (hyHKIMsa main. [TogpoOHOCTH BbI3OBa
caMoi1 main JJ1s1 Hac ceilyac He BaKHBL.

BoT mucTuHT OyHKIMM addit:

080483D0 55 push ebp

080483D1 89Eb5 « mov dword ebp, esp
080483D3 83EC18 sub dword esp, 0x18
080483D6 8B4508 mov eax, dword [ebp+0x8]
080483D9 8B550C mov edx, dword [ebp+Oxc]
080483DC 8D0C02 lea ecx, [eaxtedx]
080483DF 894DFC mov dword [ebp+Oxfc], ecx
080483E2 8B55FC mov edx, dword [ebp+Oxfc]
080483E5 89D0 mov dword eax, edx
080483E7 EBO7 jmp short +0x7

080483E9 8DB42600000000 lea esi, [esi+0x0]
080483F0 89EC mov dword esp, ebp
080483F2 5D pop ebp

080483F3 C3 retn
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Hauano koma addit BeIssauT TouyHO Tak Xe. CHayaja OHa COXpaHSIET B CTEKe
ucxogHoe 3HaueHre EBP, ykasbiBarolliee Ha cTeK-dpeiiM (yHKLMKU main. 3aTeM
co3JaeTcss HoBoe OKHO cTeka sl ¢pyHkuuM addit: B EBP 3arpyxaeTcst 3HaueHue
ESP. Komanga SUB pezepBupyeT B CTeKe MECTO JUISI JIOKATbHOU MepeMeHHoM d,
KOTOpasi OyZieT UCITOJIb30BaThCS ISl XpAaHEHUST CyMMbI a+b. PaccMoTpuM cocTosiHue
CTeKa IO BBITMOJTHEHUST TIEPBON COOCTBEHHOIN KOMaHAbl moArnporpammel addit, To
€CThb nocJye BbinojHeHus1 koMaHabl SUB (tabmn. 13.2).

CocTosiHue cTeka Ao BbINOIHEHVS [1ePBOY COOCTBEHHOV KOMaHAbl noanporpamMmsi addit Tabamuya 13.2

Appec cteka 3HauyeHue no aagpecy
OxBFFFF844 = ESP HeonpeAeneHo:BbipaBHMBaHUE
OXBFFFF848 - OxBFFFF854 HeonpeAeneHo:BblpaBHUBaHUE

OxBFFFF858 = EBP - 4 (+OXFFFFFFFC)| He onpepeneHo: nokanbHas nepeMeHHas d

OxBFFFF88C — ucxopaHbiii EBP ¢pyHKuMKM main

O0XBFFFF85C = EBP ~
(ykasaTenb HaeecTek-dpeinm)

OxBFFFF860 = EBP + 4 0x08048409 (anpec Bo3BpaTa B GyHKLMIO main)

OxBFFFF864=EBP + 8 0x00000055

OxBFFFF868 = EBP + 0xC OxOOO000AA

OxBFFFF86C - OxBFFFF84 BpPeMeHHOoe xpaHunuue GyHkunm main

OxBFFFF888 He onpefeneHo: nokanbHas NnepeMeHHas e n3 GyHkLuMmM main
OxBFFFF88C OxBFFFF8C8 — ncxonHbiit EBP kakoii-To pyHkunn 6ubnunotekmn UBC
OxBFFFF890 0x40039CA2 — appec Bo3BpaTtaB 6MONMOTEHHYIO DYHKLMNIO

Kak Bumute, B cTEKe €CTh HECKOIBKO IBOMHBIX c10B (dword) — OHU MCIONB3YIOTCS
HCKITIOYMTENILHO JJ1s1 BBIPAaBHMBaHMS TIAMSITU 110 aipecaM, KpaTHbIM CTeNeHU IBOM-
KU. 32 HUMU CJIeIyeT TBOMHOE CJIOBO, OTBEACHHOE ISl TIepeMeHHOoN d, 3HaUYeHue
KOTOpOW TIOKa He ompeneseHo. [locie aToro ciemyer ykasaTeslb Ha OKHO CTeKa
¢yHKUMY main. anee ciaeayloT apryMeHThl IoArnporpaMmsel addit, MecTo s Jio-
KaJTbHOU TIepeMEHHOU (hyHKIIMM main ¥ JaHHbIE JUIST BO3BpaTa U3 caMoi main.

Yrenue aprymeHToB (pyHkumu addit B peructpel EAX 1 EDX BbITIONHSIOT Clie-
NYIOlI1Me KOMaH/bI:

080483D6 8B4508 mov eax, dword [ebp+0x8]
080483D9 8B550C mov edx, dword [ebp+Oxc]

IToyemy mporpamma WIIET MEPBbI apryMeHT UMEeHHO 1o cMeleHuto 0x8? ITo-
TOMY YTO OMMCaHMUE CTeK-¢peiiMa TpeOyeT, YTOObl apryMeHThl MOANPOTrpaMMbI
HAYMHAJIUCh Ha «pacCTOSTHUM» § OaliTOB (TO €CTh /IBa dJIEMEHTa CTeK-(dpeliMa) oT
3HaueHus1 EBP. Crenytonuit aprymeHT Haxoautcst Ha pacctosiHuu OxC 6aiiToBs, TO
ectb 8 + 4 = 12 OaifToB.

B ta6n. 13.3 mepeuniciensl anpeca B creke EBP (cmenieHust otHocurenbHo EBP),
BaXXHbIE C TOYKU 3pEHUST ITPOrpaMMUCTa.
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Masa 13. KOMMNOHOBKA — CTLIKOBKa acCceMBepHbIX NPorpaMm

BaxHbie aapeca B cteke EBP Tabnnuya 13.3
Appec Ha3nauyeHune
[ebp — 4] MecTo ons nokanbHOM nepemMeHHon d
[ebp + 0] OpuruHansHoe 3HadeHve EBP
[ebp+ 4] Anpec Bo3Bpara
[ebp + 8] MepBbiit aprymeHT
[ebp + OxC] BTopOit aprymeHT

Tepsoriit apryment dyHkimn addit paseH 0x55. [ToMelleHHBII B CTEK TTOCIETHAM, TENeph
OH HaxonuTcst ormke K BepivHe creka EBP, To ecTh u3BiieKaeTcst U3 cTeka MepBbIM.

OcraBiasicst yacth (yHKIMM addit BBIYMCISIET CyMMY apryMEHTOB, 3arpy>KeHHBIX B
EAX u EDX, ¢ nomomisio KomaHasl LEA. Pesynbrar nommporpaMMbl OKUIAETCS
B EAX. Tlocne 3aBepmienus addit ee crek-dpeiim OynmeT paspylilieH CIeayIINMU
KOMaHJIaMUu:

080483F0 89EC mov dword esp, ebp
080483F2 5D pop ebp

IlepBass KoMaHaa «TepsieT» JIOKaJbHbIC NMEPEeMEHHbIE U BbIpaBHUBaHME, a BTOpast
BOCCTaHABJIMBAET UCXOMHBIN cTeK-(hpeitM (PyHKIIMKU main. YaaieHre epeTaHHbIX B
CTeK apryMEHTOB BXOAMT B 00sSI3aHHOCTHU BbI3bIBAIOIIEH (DYHKLIMU (main), MOTOMY
YTO TOJBKO €l U3BECTHO WX KOJUYECTBO.

CMelieHue mepefaHHoOro aprymeHTta otrHocutenbHo EBP 3aBucur ot ero tuma.
3HaueHue, TUIT KOTOPOTO MMEET pa3Mep MEHbIIMI JBoiHOro ciosa (char, short),
BbIPaBHUBAETCS MO ajpecy, KpaTHOMy 4 Gaiitam.

13.2.2. Ctek-¢dpeiim B 93bike C (16-6MTHaa Bepcus)

Bce, uT0 GBLTO CKa3aHO O CTeK-(periMe, OcTaeTCs B CHJIe U IS 16-OUTHBIX BepCHid
s3bika C, HO €O CJICAYIONIMMU OYEBUAHBIMUA OTIMYUSIMU:

* MUHUMAJIbHBIA pa3Mep MepeIaBaeMoro 4yepe3 CTeK 3HaUeHUsI — He JBOWHOE
cnoBo (4 Oaiita), a cioBo (2 Gaiita);

* BMECTO 32-OUTHBIX PETUCTPOB UCIOBL3YIOTCS X 16-OutHbIe Bepcuu (T.e. BP
BMecto EBP, SP Bmecto ESP u 1.1.);

* Bo3BpallaeMoe ¢yHKIMer 3HaueHue oxunaercs He B EAX, a B mape DX:AX.
3aMeThTe, YTO B CBOEU acceMOIepHOI MporpaMMe Bbl MOXKETE UCIOIb30BaTh JIIO-

Oble 32-OMTHBIE KOMaHIbI, €CJIM OHU JOCTYIHBI (TO €CTh €C/IM Bbl HE COOMpaeTech
BBITIOJTHATH TporpaMmy Ha apeBHeMm 80286 mpolieccope).

B 16-6utHOM MMpe y Hac OyayT HeGOJbIIMe TPOOIeMbI M3-3a PA3IMYHBIX CITIOCOOOB
BbI30Ba (yHKIMA. B C 1CMonb3yloTcsl Tak Ha3bIBaeMble MOJENN MaMsITH, KOTOPbIe
33Ja10T MaKCUMaTbHbIE pa3Mepbl CEKIINIA KOa U JaHHBIX Mporpammbl. Kommusiius
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Accembnep Ha npumepax. Basoshblit kypc

C-mporpaMMEI ¢ MOIENTbIO0 mamMsaTh medium, large nm huge creHepupyeT WISk BRI30Ba
¢yakumii Komaaael CALL FAR, a ¢ ocraneaeiMu Momensimu — CALL NEAR.

«bmkHU» BBI3OB COXpAHSIET B CTEKE TOJBKO CMEILEHUE CIICAYIOIIEH KOMAaHIbI,
TTOCKOJIBKY TIPEIIIOJIaraeTcsl, YT0 CerMeHTHAs 4acTh aapeca CoOXpaHuTcs U Tak. Ot-
cloa CieyeT, YTo «pacCTosiTHMEe» OT BeplMHbI cTeka BP mo mepBoro aprymeHra
Oyzer Ha 2 OaiiTa MEHBIIIE, YeM IIpU MCITOJb30BaHMU Bei3oBa FAR. s Bo3Bpara
n3 FAR-Br130BOB ciayxut kKomanna RETF, a ne RETN.

Komnusitop NASM comepXuT Habop MaKpOCOB, IMO3BOJISIONINX PEIIUTh IIPO-
6J1eMy pasHbIX MOJIE/ICH MaMsITH, YTO 3HAYUTETbHO 06JIerdyaeT KOMITOHOBKY ¢ C- 1
[Tackanp-TiporpaMmmMamu.

13.3. KomnoHoBka ¢c C-nporpammom

BonpmmHacTBO KOoMImisiTopoB C cHaOXaeT ITo0aTbHbBIE CUMBOJIBI M3 IIPOCTPAHCTBA
umeH C npedukcom « ». Hampumep, dynkuus printf Oyaer noctymHa mporpam-
MuCTy Ha accemOiiepe kak _printf. MckmoueHuewm sisiercs Tonbko dopmar ELF
(ucnonp3ytomuiicss B Linux), He TpeOyrommii CUMBOJIA TTOAYePKUBAHUS.

HasaiiTe Hammmiem HeOombpinyio C-mporpaMMy, BBI3BIBAIOIIYIO (DYHKIIMIO printit,
KOTOpasi BBIUUCIISIET CYMMY TJIOOATbHOM TIEPEeMEHHOM plus U eAMHCTBEHHOTO apry-
MEHTA 1 BBIBOIMT ee Ha akpaH. MyHKIMIO printit HaMMILIEM Ha sI3bIKe acceMoOuiepa, a
M3 Hee BbI3oBeM OmomoTeunyto yHkuuio printf. I[Tucate u 3aIryckarh IIporpaMmmy
OyzmeM B OIlepallMOHHOI cucTteMe Linux.

C-4dacTp Halleil mporpaMMbl OY€Hb MTPOCTA:

const int plus = 6;
void printit (int);
int main (void) {
printit (5);

}

Mbl onpeaenniv r1o0aJIbHyI0 KOHCTAHTY plus U MpUCBOWIM €l 3HadyeHue 6. 3aTem
uIeT oObsABICHMEe mpoTroTuna (yHKuuu printit. ITocae atoro — yHKIMsS main,
BBI3BIBAIOIIAsT (PYHKIMIO printit ¢ aprymMeHToM 3.

B acceMObmepHOIf ITporpaMMe HaM HY:KHO OOBSIBUTh UCIIOJIb3yeMbIe HAMU TJIO0AITb-
Hble cuMBOJIBI plus 1 printf:

extern plus
extern printf

IMockonbKy MBI cOOMpaeMcst UCTIONIb30BaTh KOMIUJISITOP geC U (hopmaT UCTIONHSIe-
moro ¢aitma ELF, Ham He HY>XKHO BO3UTBHCS ¢ CUMBOJIAMU MOTYCPKUBAHUSI.

bnaronaps cnenyronieii nupektuse include HaM TOCTyITHBI MaKpOCHI proc, arg u
endproc, KoTopbie 00JIeryaloT HamMcaHue Hameil (GyHKImMu:

%include «misc/c32.mac»
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masa 13. KoOMNoHOBKa — CTbIKOBKa acCeMOJIEPHLIX MPOorpamMmm

Makpoc proc ompenensier Hadaiao (yHKUuM printit. IlomcraHoBKa mpeBpalliaeT ero
B IBe KoMaHabl: push ebp m mov ebp,esp. Cienymoolumii Makpoc arg OIpeacssieT
Halll eIMHCTBeHHBIN aprymeHT. Eciu HyXHO TiepeaaThb HECKOJBbKO apryMEHTOB, TO
IEepBhI arg OyIeT COOTBETCTBOBATh KpaliHeMy cieBa aprymMeHTy B kKome C. Pasmep
apryMeHTa IIo yMoimdaHuio — 4 Oaiita (ompeneiieH B c32.Tac).

proc printit
$Swhat arg

OcTaBlasacd 4aCThb [IPOTPAMMEl TIOHATHA :

mov eax, [ebp + %Swhat]

add eax, [plus]
push eax
push strl

call printf
endproc

;IUTaEM TIEPBHY apTyMEHT U3 CTeKa
;TIpUbaBIIsIeM TIO0aNTBHY

;TIepeMeHHyn plus

; COXpaHgaeM B CTeKe IIOCJIemHUN apTyMeHT
;dyukinmms printf

;TICPBEII apTyMeHT - CTpoka dopMaTa

; BEIBOII&

/BbI3bIBaeM printf

;Makpoc endproc BoccraHaBiauBaeT EBP,
;YHUUTOXAaeT BCE JIOKaJbHbIE TEpEeMEHHbIe
;(y HaC UX HET) U BBIXOAUT U3 IOAIPOrpaMMbI

Bcs mporpamMma rpencTaBieHa B ymcTvHre 13.1.

Jinctunr 13. 1. Mpumep KOMNOHOBKU accemOnepHoro koga ¢ C-koaom

%include «misc/c32.mac»

section .text
extern plus
extern printf
global printit
proc printit
$Swhat arg

mov eax, [ebp + %Swhat]

add eax, [plus]
push eax

push strl

call printf
endproc

section .data

;TOOKIIIOYaeM MaKpOCHhI

;Havyajlo CeKIMM Kojna

;00bABIsIEM TJ100. mepeMeHHYyIo plus
;00baBAsIeM 06, ¢yHkuuio printf
;9KcmopTupyeM (QyHKIuMIO printit

;Havajao (QyHKIUM printit, IpUHUMAIOIIEH
;ONUH apryMeHT Mo MMeHH Wwhat

;YMTaeM M3 CTeKa apTyMeHT

;TIIpubaBasieM rJIo0ajJbHYIO IIepeMeHHYyIo plus
;COXpaHsSIeM B CTE€Ke MOCJeIHUI apTyMeHT
;byHkuun printf

;TIEPBBIN apTyMEHT — CTpoKa ¢dopmaTa BbIBOIA
;BBI3BIBaeM printf

;Makpoc endproc BoccraHaBiauBaeTr EBP,
;YHUUYTOXAeT BcCe JIOKaJbHBIE TMEepEeMEHHBIE
;(y Hac X HET) M BBIXOAUT U3 IOANPOTrPAMMBI
;CEKIUSA TaHHBIX

strl db «SUM = S>d»,0x0A,0x0 ;cTpoka ¢opMaTa, 3aBeplIeHHas

;CUMBOJIOM TepeBoaa
;CTPOKM U HYJEeBHIM OaiiToM
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Accembnep Ha npumepax. BasoBsbiit kypc

CoxpaHuM Hallly IIporpaMmy B (paiiyie printit.asm ¥ OTKOMITIJIIPYEM €TO:

nasm -f elf printit.asm

Wcxomnsiit kom C-mmporpaMMbl COXpaHUM B (paiiyie main.c ¥ OTKOMITIIAPYEM €TI0 C
TTOMOIIIBIO gCC, CKOMITOHOBAB ¢ MOMyJieM printit.o:

IOcc -o printit main.c printit.o

3anycTUB MOJIy4EHHYIO IIpOrpaMMy printit, Mbl YBUAMM, 4TO OHA BBLIBOJUT
«SUM = H».

Yrobbl coOpaTh 16-OMTHYIO BEpCUIO IMPOrPAMMbI, HY>KHO IOAK/IIOYUTH APYrOil 3a-
rOJIOBOYHBIA haiin — c16.Tac. Makpockl proc 1 endproc caMu peliamT IpodaemMy
¢ NEAR un FAR-BemoBamu. Ilpm ncnonb3oBanum FAR-momenn maMstu HyXXHO
yKas3aThb:

%define FARCODE
000 BceM OCTATLHOM I03a00TSTCSI MAaKPOCHI.

Ecnu BbI vcnionb3yeTe KOMITWISITOP, TPEOYIOIIMI CUMBOJIOB TTOMYEPKUBAHUSI, BaM
TMOMOXET HEOOJbIION MaKpOC:

%macro cglobal 1
global %l
%define %1 %1
%endmacro
%macro cextern 1
extern %l
%define %1 %1
%endmacro

IMocne aTOro Bl MOXKETE UCTIONBL30BATh AMPEeKTUBHI cglobal 1 cextern BMecTo OObIU-
HbIX global u extern. HoBbie Bepcun nupeKTUB aBTOMaTUYEeCKU OymyT 10OABISITH
CHMBOJTBI TIOAYEPKUBAHMS.

13.4. KomnoHoBka ¢ Pascal-nporpammom

B 00mmx yeprax MexaH/3M Iiepenadn apryMeHToB B [1ackare He oTIMyaeTcsl OT TOJIBKO
YTO PaCCMOTPEHHOTO MexaHu3Ma B s13bike C. ApryMeHTBI IepeIaloTcst yepes CTeK, oba
TUIA HOANPOrpaMM (IpoLeAyphl ¥ (YHKIIMK) UCIOJIb3YIOT CTeK-(peiiM (1 ero 16-
outHyI0 Bepcuio). IlepeMeHHBIC 1 apryMEHTBI JOCTYITHEI Yepe3 peructp BP.

IMackayb M3HAYAIBHO pa3padaThIBAJICS KaK SI3bIK /15T O0yJYeHUS TIPOrpaMMUPOBAHUIO,
IMO3TOMY OH He TOJIEepPXKMBAET HEKOTOPBIX KOHCTPYKLIMIA sisbika C — Harpumep,
GYHKIMI ¢ IepeMEHHBIM KOIMYecTBoM aprymeHToB. [1osTtoMy Kommusitop TTackaist
MOMEIIIAeT apryMEHThI B CTEK CJIeBa HaIpaBo, a He B 00paTHOM Mopsiake, Kak B C.

Br13oB BHemrHUX moamporpaMM Ha Ilackane u3 acceMOJIepHOM ITPOrpaMMBbI YIIPO-
meH, noroMy 4To B [lackane ncnonp3ytorcst Toabko FAR-BeI30BEL «['eHepanbHast
ybopKa» cTeka — 3a00Ta He BbI3BIBAIOIICH NTPOrpaMMBbI, a BbI3bIBAEMOM (DYHKIINH,
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KOTOpasl I0JIKHA BBITIOJIHUTL KOMaHMy retf ¢ apryMeHTOM, YKa3bIBalOIIMM, CKOJBKO
0aliToB BBIOPOCUTH U3 CTeKa. PaccMOTpuM TabauIly pa3MelleHMsI CTeKa ITOAIIPO-
rpaMMbl OTHOCUTENIbHO BP (1261, 13.4).

Tabnuvuya pazmMmelLleHus cTeka rnoarnporpaMmMbl OTHOCUTE/IbHO BP Tabnvuya 13.4

Anpec HasHaueHue

[BP-...] JlokanbHble NepemMeHHble

[BP + 0] NcxopHoe 3HaveHne BP (2 6aiiTa)

[BP + 2] Anpec Bo3epaTta — perucTp IP (2 6aiiTa)

[BP + 4] CermeHT agpeca Bo3sparta — peructp CS (2 6aiita)

[BP + 6] MepBbIit aprymeHT

[BP+...] Cnepyowime aprymeHTbl

Hagatite HanuiieM Ha [Tackasie mporpamMMy, MOIOOHYIO TOJIBKO UTO PACCMOTPEHHOM.
HoBas Bepcus Hailieit iporpaMMbI JIJIsl BbIBOA 3HAYEHUST CyMMbI OyJIeT BBI3HIBATH
byHKIMIO Writeln 13 OCHOBHOI TTPOrpaMMBbI, TO €CTh MoArporpamma addit tomkHa
TOJIBKO TIOACYMTATh CyMMYy W BEpHYTh €€ B OCHOBHYIO ITPOTpaMMy.

{$L addit.obj}

uses crt;

var plus:integer;

function addit(x:integer):longint;far;external;

begin

plus := 6;

writeInCSUM = ', addit(5));
end.

®yukimio addit, kak ¥ B TIpeAbIayIleM MTpUMepe, HalMIIeM Ha sI3bIKe acceMoJiepa.
ITporpamme Ha [lackajie oHa CTAaHOBUTCSI U3BECTHA MOCPENICTBOM KJTIOUEBOTO CJIOBA
external. B Toi1 >xe cTpoke Aekyiapalivii Mbl 00bsIBIIsIEM, uTo (hyHKIMH addit Hy>XHO
repenaTh OWH LIEJTOYUCIICHHBIN TTapaMeTp, OHA BO3BpalllaeT 3HaueHue Tuma longint
(4 Gaitra) u BhI3bIBacTCs Kak FAR. He 3a0ymsre Takke Hamucath gupekTuBy $L,
YKa3bIBAIOIIYI0 MMsI OOBEKTHOrO (haiiia ¢ OTKOMIUIMpOBaHHOU dyHKIiuel addit,
KOTOPBI HY>XKHO TIOIKJTIOUUTH TIPU KOMITOHOBKE.

Teneps HanuieMm (yHkimio addit, KoTopylo Mbl coxpaHuM B (aiiie addit.asm.

Borland Turbo Pascal ucnonb3yer He cTaHAApTHBINM (hopMar 0ObeKTHOTO aitna
obj, a cBOIf COOCTBEHHBIH, YTO HAKJIAJBIBAET CTPOTME OTPAHUUYEHUS] HA UMEHOBAHUE
cexkuuii mporpamMmbl. Cekuust koma mopkHa HaseiBaTbess CODE, CSEG wi nme-
HeM, 3akaHumBapmMcs Ha « TEXT», cekuusa gaHHeIx — CONST unu umeHewM,
3akaHuymuBaommMcs Ha « DATA», a ceKlusi HEMHULIMAIM3UPOBAHHBIX JAHHBIX —
DATA, win DSEG, wimm nMeHeM, 3aKaHUYMBAIOIIMMCS Ha « BSS».

Ecnu BBl yXe NIPUBBIKJIM Ha3bIBaTh CEKIIMM MpOrpaMMbl MMeHaMu .text, .data u .bss,
TO B MpOrpaMmax, MpeaHa3HaYeHHbIX JIsi KOMIIOHOBKU ¢ TlacKanb-KomoM, TIpocTo
J00aBbTe 3HAK TMOMAYEPKUBAHUS TOC]E TOUYKU, U KOMIUJISITOP OyAeT JOBOJIEH.
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Accembrnep Ha npumepax. basosbili kypc

®yukimsa addit OygeT BhI3BIBATLCS B 16-OMTHOM cpede, Ie pa3Mep THUIA JaHHBIX
integer paBeH 2 OaiitaM. BosBparaeT ¢pyHkumsa 3HadeHue Tuma longint (4 Oaiita)
¥ Tepemaer ero 4depes mapy peructpoB DX:AX. Bce st Bompockl, B TOM 4HCIIE
BOIIPOCHl KOMITOHOBKM ¢ [lackanmb-KomoM, pemnaetr mMakpoc cl6.tac. Kom Harmieii
noarnporpammbl addit mpencraBneH B jauctunre 13.2.

JImcTymr 13.2. [IpuMep DOAIpOrpaMMEl Iiid IIacKalIeBCKOM IIporpaMM

SECTION ._TEXT
%define PASCAL
%include «misc/cl6.mac»
extern plus

global addit
proc addit

%Swhat arg

xor dx,dx

mov ax, [bpt+%Swhat]
add ax, [plus]

adc dx,0

endproc

Havajo CeKLMM Koma

OymeM UCIIOJIB30BATEH FAR-BH3OBH
TIONKJI0YaeM MaKPOCH

IoJlydaeM OOCTYII K BHEIHeMN
IIepeMeHHOM plus

sKCcriopTupyeM oyHkimo addit
Havano oyukimm addit

MaKpOC BKJIOYaeT CO3HOaHue CTeK-dpenMa
OOBSABIIAEM €OUHCTBEHHBM apTyMeHT
10 MMeHM what

cbpacwuBaem DX

AX what

AX AX + plus

He 3abymbTe diar mepeHoca
yIansgeM TIOIyYeHHHEe apTyMeHTH U
BEIXOIVIM M3 IIOOIIPOTPAMMEL

Makpoc arg mpyHMMAaeT B KadecTBE HeO0s3aTeJIbHOrO IMapameTpa pa3Mep Iiepe-

JaBaeMoro aprymenra. Pasmep mo

YMOJIYaHUIO B 16-0UTHOI cpee paBeH 2 OaiiTam.

Ecnmu Ob1 MBI mepenaBanyu aprymeHT Tuma longint wiaum ykasartesib, HaM MPUILIOCH
OBl SIBHO 3a/IaTh €r0 pa3Mep, TO eCTh 4 Oaiira.

Tenepb MOCMOTPUM, BO UYTO TIPEBPATSITCSI MAKPOChI TIOCTIE MOACTAHOBKU:

cs 0076 55 push bp ;MakKpoOC proc
cs 0077 89E5 mov bp, sp ;MaKpoOC proc
cs 0079 31D2 XOr dx,dx ; DX=0
cs 007B 8B4606 mov ax, [bp+0 6] ;nomyyaem 1-i1
; APIYMEHT
cs 007E 03065200 add ax, [0052] ;crnoxeHue apryMeHTa
;U TIepeMeHHOM plus
cs 0082 81D20000 adc dx, 0000 ; CIIOXEHMEe C TIepeHOCOM
cs 0086 89EC mov sP/bp ;Makpoc endproc
cs 0088 5D pop bp ;Makpoc endproc
cs 0089 CA0200 retf 0002 ;Makpoc endproc

;BCE

IMocne xoMmusiiMM U 3amycka MPOrpaMMbl OHA BBIBEAET TPEOyeMyIO CyMMY Ha

9KpaH.
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'nasa 14 3ak4yeHue

HecmoTpst Ha TO, 4TO BBl JOYUTANU 3Ty KHUTY J0O
KOHIIa, Ballle U3ydyeHMe sI3blKa accemMbjiepa Ha 3TOM
He 3aKaH4YUBaeTcs, a, HA000POT, TOMBKO HAUMHAETCSI.
BbI 3a10XUnM TOJMBKO (PYHIAMEHT NaTbHEWIEro W3-
Y4YeHUs, TO3HAKOMUBIIKCH C OCHOBHBIMU MOHSTUSIMU
Y KOHCTPYKIIUSIMU $I3bIKA acceMOJiepa, KOTOPhIX TOJIK-
HO XBaTUTb JJII HAMUCAHUsI TTPOCTEHbKUX MPOTPaMM.
Ecnu Bl 3aMHTEpECOBAIUCh U XOTUTE pa3padaThiBaTh
CJIOXKHBIE acceMOJIEpHbIE MPOTPAMMbBI, PEKOMEHIyeM
03HAKOMUTLCSI ¢ pacUIMpPeHHbIMU HabOpaMU KOMaH]
npoueccopo (MMX, SSE, 3DNow), onucaHust Ko-
TOpBIX Bbl HaiineTe B MMHTepHeTe. A Takke MpoYyUuTaTh
KHUTY, TIOCBSIIIIEHHYIO MPOrpaMMUPOBAaHUIO Ha S3bIKE
acceMOiiepa ol KOHKPETHYIO OINEPAIlMOHHYIO CHUCTE-
my — DOS, Windows unu Linux.

Bce mporpamMmel M pparMeHTBI TTPOrpaMM, TPEACTaB-
JICHHBIC B 3TOM KHUTE, PAaCIPOCTPAHSIOTCS CBOOOIHO
0e3 JTMICH3NOHHBIX OrPaHUYCHMIA.

Bce TOProBbIE MAapKMW 1 HAMMECHOBaAHUA IPpOrpaMMHBIX
IIPOOYKTOB ABJIAIOTCA 3aperuCTpUpPOBaHHBIMU TOPIO-
BbIMHU MapKaMH HX BJIaA€JIbLICB.

Accembnep Ha npumepax.
Ba3zoBbin KypcC



[maBa 15 YacTto

NCNOJIb3yEMble
KOMaHObl

Accembniep Ha mpumepax.
basoBbln KypcC



15. YacTo ucnonb3yemblie KOMaHgb

F'pynna komaHpg,

HasHauyeHune

KomaHnapl nepemMelleHmsa 3HadeHunin

MOV — ckonupoBaTtb

XCHG — noMeHaTb MecTamu 3HavyeHus

PUSH — coxpaHuTb B CTEKe

POP — n3Bneyb 13 cteka

ApudmeTnyeckne KoMaHabl

ADD — cnoxeHwue

SUB — BblyuTaHne

MUL — yMHOXeHune

DIV —penenune

INC — uHKpeMmeHT (yBenuyeHve Ha 1)

DEC — pnekpemMeHT (yMeHblueHune Ha 1)

Jlornyeckune KomaHabl

AND — noruyeckoe U (normyeckoe yMHOXeHue)

OR — nornyeckoe UM (noruyeckas cymma)

XOR — wuckniountensHoe U

NOT —oTpuuaHue

CpaBHeHne

CMP —cpaBHeHne

TEST — nopaspsigHoe CpaBHeHue

Cosur n potauus

SHR — noruyeckuii (nopa3psiaHblin) cOBUT BNPaBo

SHL — noruyeckuin (nopa3psigHelil) cOBUT BNEBO

RCR — poTtauus 4yepes dnar nepeHoca Bnpaso

RCL — poTauus yepea dnar nepeHoca BleBo

KomaHgpbl nepexona

JMP — 6e3ycnoBHbIli nepexos,

LOOP — nepexoa, noka (E)CX He cpaBHsaeTcs ¢ 0

YCnoBHble nepexopbl

JZ — ecnu dnar Hyna (ZF) yctaHoBneH

JC — ecnu dnar nepeHoca (CF) yctaHoBneH

JNZ — ecnu ¢nar Hyns (ZF) He ycTaHOBNEH

JNC — ecnu dnar nepeHoca (CF) He ycTaHOBnEH

Mopnporpammel

CALL — BbI30B NOANPOrpaMmsl

RET — BoO3BpaTt 13 noanporpaMmmebl

INT — BbI30OB NpepbIBaHNSA

Onepaumu Hap cTpokammn

REP — noBTOpSiTL CneaytoLyo komaHay, noka (E)CX He 0

MOVSx — konupoBaHue CTPoK

CMPSx — cpaBHeHne cTpok

SCASx — nowuck B CTpoke
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