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Jlekuiud 1. BBegeHue B JUCILIUILIINHY

Il;1aH Jekuuu
MoTuBaliuga
Kak opranmnsoBaHa JUCLIUILIMNHA
N3yuaeMad apXUTEKTypa U UHCTPYMEHThI
Pa3geJibpl AUCIIUIIJIUHBI
OTUYEeTHOCTb.
YueOHUK — OrJIaBJIEeHUS, YKa3aTeJb
CucreMHad cpela LIEHTPAJIBHOIO I[IpPoIieccopa
ApxuTtekTrypa ¢oH HeiimaHa
OnepaTtuBHadg naMATh. EAMHUILIBI JOCTYIIA U aZpeca.
Apxutekrypa IA-32. Ba3oBag cpeaa BbIIOJIHEHUS
KoMIIakTHOe mnpeacTaBjIeHUEe JBOUYHBIX UK CeJl
I103UITMOHHBIE CUCTEMBI CUYHCJICHUS.
IIpeacTaBjieHHUEe IBOUMYHOIO YHCJIa C IOMONIBI0 16-X Iudp.
ITopsagok 6aiiToB B OII 1pu npeacTaBJIeHUH UYKCeJl
BBezeHIE B I3bIK acceMbJjiepa
VicxomHbIl, 00'beKTHBIM, MCITIOJIHAEeMbIN (aiibl, hopmaT ELF
ba3oBada ujged — CUMBOJIbHBIE UMEHA

dopmaTser komaHa AKIIII
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dopmat accembsiepa gas B cuHTakcuce AT&T
dopmMart polieccopa, ero coorseTcrBue popmarty accemobsiepa

VilocTpaliuy KOMaH I, U JaHHbIX 13 ()aijoB 3azaun 1

BBIBOZBI

MoTuBanusa

B pao6ore Peter J. Denning et al. Computing as a Discipline, Final Report of the
ACM Task Force on The Core of Computer Science, PP 62, 1988, iucIiuIJInHa
VHudopmaTHuKa omnpeejieHa Kak cojep-kaiias IeBsITh IIpeIMeTHBIX
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B 1991 r. Ha OCHOBe 3TOro onpezeeHus B padore Allen B. Tucker (Editor
and Co-chair), Bruce H. Barnes (Co-chair) et al. Computing Curricula. Report of
the ACM/IEEE-CS Joint Curriculum Task Force, PP 162, 1991 6111
pa3padboTaHbl peKOMEeHJalluH 110 pa3padoTKe YUueOHbBIX IJIaHOB (curricula)
nJig BY30B, koTopbie 00HOBJIAIKCH B 2001, 2008, 2013, 2020 rogax. B aTom
IIpoliecce KOJIMUECTBO IIpeIMeTHBIX 006J1acTell BBIPOCJIO 10 BOCEMHAIILIATH,
OJHAKO BO BCEX 3TUX JOKYMEHTAaX IIpegMeTHAas 06,1aCTh «KAPXUTEKTypa»
cOXpaHuJa CBOI (PyHIaMeHTAJIbHYIO POJib B YY€OHBIX IIJIAaHAX.

IIprunHaA TAaKOTrO I10JIOKEHHUSA B TOM, UTO KOHIIEIIIVIN, TIOHITUS 1 HABBIKU
3TOU MPeIMEeTHOM 00JIaCTU ABJISIOTCS Ba)KHEUIIINMN KOMIIOHEHTaMU

KBaJu(pukauu npogeccuoHasa o 1T, B ToM uucie, pa3padboruuka I10.

Bo nepBbIX, OHU ABJISIIOTCSA 0a30BbIMU 3JIEMEHTaMU
NMpo@decCruoHAJIbHOIO I3bIKa, HA KOTOPOM (hOpMYJIMPYIOTCS IOCTAaHOBKU
3a7a4 ¥ M3JI0’KeHUe JIPyrux pasaejoB HGopMaTUKH.

B0 BTOPBIX, OHU CyllIeCTBEHHO HCIOJIb3YIOTCA IIPU U3yYEeHUU JPYTUX
IpeaMeTHBIX ob6JjacTeit UHpopMaTUKH, 11, B YaCTHOCTH, JIUCIIUILJIVH,
yuTaeMbIx Kadeapoii UMO:

1. “OneparinoHHbIE 000JIOUKHU .

. “B3auMoielicTBYIOIIYE ITapaJljieJIbHbIe CUCTEMBI®,
“OnepaliioHHbIE CUCTEMBI”.
. “CucTreMHOe IMporpaMmMupoBaHue”.

. “KoMmibloTepHBbIE CETH .

< N2 I R JUR

“ApxUTeKTypa COBpeMeHHbIX IBM*,
7. “dopmajibHbIe I3BIKU U1 METObI TPAHCASIINU
U B TpeThUX, CyLLECTBYET I1eJIbIN P aKTyaJIbHBIX IIPOAYKTOB, KOTOPbBIE

MO’KHO pa3pabaThIBaTh TOJbKO HA APXUTEKTYPHOM YPOBHE C



HCIIOJIb30BaHUEM SI3bIKa acceM0Jiepa, JIn60 sa3bika C Uu APyrux sa3bIKOB

CHCTEMHOIO0 IPOrPaMMUPOBAHUSI.

BOT maJjieKko He MOJIHBIM U IMTOCTOSHHO pacHIupsonuiicsa nepeueHb TaKUX

IIPOAYKTOB:

HavaJIbHbIN 3arpy3uuk, BIOS ua I13Y;

IpaiBepbl yCTPOMCTB M 00paboTUMKa IPEPbIBAHUI;

- I10 BcTpanBaeMbIX CUCTEM, MUKPOKOHTPOJLJIEPOB, I0T-yCcTpPOMCTB, I'ae
KPUTUYHBI KOMIIAKTHOCTH U ITPOU3BOAUTEJIbHOCTb;

- crneuuduueckue AJis Ipoieccopa KOMaHIbl, He peajiM30BaHHbIE B
KoMIuiaTope. HampuMep — KOMaHaa IOGHUTOBOrO BpallleHUS — J1JI4
aJITOPUTMOB U (PPOBAHUS;

« JOHACTPOMKa BEKTOPM30BaHHbBIX (DYHKIIUH JIJISI IPOTrPaMM Ha A3bIKaX
00Jiee BBICOKOTr0 YPOBHS, Takux Kak C, ;o Habopa komaHa SIMD;

* MUJIOTA’KHO-HABUTAIIMOHHbIE CICTEMBI 00€eCcIeunBaloliye nepegavy
YIIPaBJISIONIVIX CUTHAJIOB OT OPraHOB yIIPaBJeHNA B KaOMHEe dKUIMaka K
HMCIIOJIHUTEJIbHBIM ITPHUBOIaM a3POoANHAMUUYECKUX ITIOBEPXHOCTEM
(HepomycTuMa cOOpKa Mycopa, MMOJAKaYKU U T. 11.);

» Kpunrorpaguueckue aJaropuTMbl, KOTOPbIE€ BCEraa JOJIXKHBI
BBITIOJIHSIThCS 3a CTPOro OAMHAKOBOE BPEeMS JIJIS BbITIOJIHEHUS,
MIpeaoTBpalllasi BpeMeHHbIE aTaKU;

Pa3paboTKa MoJ00HBIX ITIPOAYKTOB TPEOYEeT OCBOEHMS CTYAEeHTaAMU
HAaBBIKOB Pa3pab0TKM Ha YPOBHE apXUTEKTYpPhI, GOpMUPOBAHUS Y HUX
KYJIBTYPBbI apXUTEKTYPHOI'0 MbINILJIECHUS.

B UMUT 3Ta KyabTypa opMupyeTcs ZUCHUILIMHON "BBeieHUE B
apxuTeKkTypy IBM', koTopas uynTaeTCsa Kak 6a30Basd Ha II€PBOM WUJIX BTOPOM

Kypce. IuciuuininHa "ApXuTeKTypa coBpeMeHHbIX IBM" — uuTaeTcd Ha



TPeTheM Kypce, 110 BbIGOPY, ONrpaeTcsa Ha 3HaHMS MoJyYeHHbIe paHee, U
paclIMpseT HaBbIKKM Pa3paboTKH Ha YPOBHE apXUTEKTYPhI 3a CUET
yIJIyO0JIEHHOI0 M3yUeHH1e JeTajle.

ITpu TaKoOM ITOAX0/ie He0OXO0ANMO CTPOUTH CXEMY MEPBOM AU CIUIIJINHBI
TaK, YTOObI, TP MUHUMAJILHOM KOJIMUECTBE JeTaJjiei, JaTh CTYJeHTY

BO3MO>KHOCTb OCBOUTD 6a30BbI€ APXUTEKTYPHbIC IIPUHIIUIIbI.

NBNB. MHCTPYMEHT — SI3BIK acceMobJjiepa

Kak OpraHn30BaHa AUCIIUIIJIMHA.

BorosBieHckuii, 10.A. IludpoBas cpeaa UHCTUTYTa MaTeMaTUKU U
MH(POPMAaIIMOHHBIX TEXHOJIOTUM. [IMCIIUILINHA «BBeeHIe B apXUTEKTYPY
IBM» — MmuHuMagauctTckui noaxon [Texkct] / I0.A. BorogaBjeHcKu //
IIndpoBbie TEXHOJIOTMHU B 00pa30BaHUU, HAYKe, 001ecTBe : MaTepuaJbl XII
BCEPOCCUIMCKOM HayYHO-IIPaKTHU4YeCcKoii KoHepeHIMH (4-6 nekaops 2018

roja). - Ilerpo3aBojck, 2018. - C.31-34. - Pexxum gocTymna:
https://it2018.petrsu.ru/doc/it2018.pdf

V3yuaeMasa apxXUTEKTypa U UHCTPYMEHTBI

« cpega - OpenSuSe Linux;

- apXUTEKTypa — TOJIbKO GoJjiee «komMmakTHas»IA-32, INTEL® 64 — B
OUCHUILINHE “ApXUTEKTypa COBpeMeHHBIX IBM*;

* 33J1a4M [AJI4 [IPOIEeCCOPOB peaibHbIX [I9BM;

* I3bIK CeMelcTBa MHAYCTPUAJbHBIX acceMbJjiepoB gas (man as, CM.

TARGET );


https://it2018.petrsu.ru/doc/it2018.pdf

- mpoeccuoHaNIbHbIM  cuHTakcuc AT&T, KOTOpBIM  HCIIOJIb3yeTCA
KOMITUJIATOPOM (CC IJI 3aIllicu pe3yJibTaTa TpaHCaALuu (gaitia pr.Cc B
(paits Ha a3bIKe acceMbJepa Pr.S koMmaHaon gcc . . .-S pPr.c ecau
OTMEeHUTH (pa3y acceMOIMPOBAHMSA C IIOMOILIBIO KJIoUa — S.

« ZeMoOHCcTpauuu — oTiiaguuk kdbg.

Pa3geJibl AUCIIUIIJIUHBI.
1. BBogHadq yacTbh.
CucTeMHas cpeja IIeHTPaJbHOT0 Ipolieccopa
PerucTtpsl, oniepaTuBHasg NaMATh. I3bIK acceMbJiiepa, IpeacTaBJIeHHue
Ha HeM KOMaH/I, CHMBOJIbHbI€ MMEHa, XapaKTepu3allus orepaH/IoB.
IIpuMep nporpaMmsbl. CCTEMbI CUMCJIEHN, MOPAIKY 6aliTOB
Big/Little endian, mamuuuas apudmMeTHKa, JOIIOJIHUTEIbHBIN
ko, Unicode.
2. [IpocThie IporpaMMmal.
CucreMHbI€ BBI30BBI Ha IpuMepe read/write, nx B3aumopeiicTBue
CO CTaHJAPTHBIMHU cHUCTeMHbIMH (aismamu Stdin/stdout. IIpumepsl
Ha BBOJl CMMBOJIOB C KJIaBHaTypbl M BBIBOJ Ha JKpaH. JIMPEeKTHBbI
oIpeaesieHUs JaHHbIX.
3. Pe:xuMbI aZipecaliii ¥ apXuTEKTYPHBIM CTEK
CTpyKTypa ABOMYHBIX KOMaH]I, PEKUMbI aJipecalyi, IepeMelieHe
(OFFSET) u cmemenue (dicplacement). [Ipumep BhIYUCICHUS
aJlpeCcoB 3JIEMEHTOB MaTPUIIbI, PacII0JI0O}K€HHOM B ollepaTUBHOM
nmaMAaTHu. CTEKOBBIH JOCTYII K ONIepaTUBHOM aMATH.

4. PyHKLIUU



ITapamMeTpsbl QPYHKIMHU, €€ TeJI0, BbI30B, BO3BpaT. CorjianmeHuss 0 CBA3IX
mo craHmapty Application Binary Iinterface (ABI) pasa
1386. Komauapl call, ret, agpec Bo3BpaTa, KOZbI IIpojiora H
JIWJIoOTa, OEeCKOHeuHas  BJIOXKEHHOCTh  BBI30OBOB, JIOKAJIbHbIE
mepeMeHHble, KaJp cTeKa. IIpuMep MCIIOJIb30BaHUSA OMOJHUOTEKH
glibc.

5. Pa3gesibHada TPAHCJAALIUA U BHEIIIHUE UMEHA
Buabl OTJIaJIKH, 00'b€KTHBIN (hailjl, CBA3b MEXK/IY pa3geibHO
OTTPaHCJINPOBAHHBIMU 00bEKTHBIMU (PalijlaMu, MOJYyJIell, BHEIITHUE U
BHYTPEHHNEe CUMBOJIbHbIE UMEHa, peJaKkTop cBa3ei 1d. [IpumeHeHue
corsamenuii ABI i1 B3aMMHBIX BbI30BOB (DYHKIIMI Ha A3bIKaX

accemoJiep u C.

B. Cio:kHOCTb pasfesioB HapacTaeT B JIIOOOM pa3slejie HCII0JIb3yeTCs

MaTepHuaJ nu3 rIpeablayIInx.

PBKOMGH,Z[YETCH AKTHUBHO 3a/1aBaTbhb BOIIPOCbI, BE€CTHU KOHCIIEKT,

06pa1uaTbc51 3a KOHCYJIbTAallUAMMN.

OT4YeTHOCTH

I[IMuld, NCuT — 3aueT, [IpAH — 3K3aMeH.

CTtpaHuIla JUCIIUIIIHBI

https://cs.petrsu.ru/~chistyak/architecture/

BbaJjLibl, 60HyChI. 3aueT/9K3aMeH — 0e3 MMCbMEHHOM PabdoTHI.

2020 r. HOBOCTB OT 02.06.2022 Ha


https://cs.petrsu.ru/~chistyak/architecture/

https://cs.petrsu.ru/news/archive.php.ru?
g=news2022.xml#prettyPhoto[asm_exam]/0/

Y4yeOHUK — OrJIaBJIEHUS, YKa3aTeJIb

BorosiBiaenckuii 10. A., JIbsskoHoB M. B., ITeunukoB A. A. lleHTpaJjibHbIE

IIPOLIECCOPHBI [TePCOHAJIBHBIX IBM

https://edu.petrsu.ru/files/upload/2124 1427288068.pdf

CucreMHas cpeja IleHTPaJbHOIO IIPoIieccopa, CTp. 25
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ApxuTtekTtypa ¢oH HeiimaHa

<= - MNopTbl BBOZA/BbIBOAA

J>xoHa (pox HéiiMmaHa — MaTeMaTHK C MUPOBBIM UMeHeM (IIPU POKIEHUH

Suom Jaiiom HeiimaH, mpu pa6oTe B BepJimHCKOM YHUBepcuTeTe - loraHH

¢oH Heliman). OH gBJIIETCS BEAYIIUM aBTOPOM PabOThI:
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Burks A. W., Goldstine H. H., Neumann J. Preliminary Discussion
of the Logical Design of an Electronic Computing Instrument. —

Institute for Advanced Study, Princeton, N. J., July 1946.

B 3Toli paboTe ObLIM cCcOPMYJIMPOBAHbBI OCHOBHbIE ITPUHIIUIIBI
JIoTU4eCcKMi CTpPyKTypa 9BM, Ha3BaHHbIe II03:Ke «apxXuTeKkrypa ¢oH
HeliMmaHa» 1 peaJiu30BaHHbIE B lecATKax IBM mo BceMy MUpYy.

1. /IBou4yHOe KogupoBaHue HHpoOpMaIUU

2. Hepa3jinuMMOCTb KOMaH/I 1 JaHHBIX

3. AapecyeMoCTb OIIepPaTUBHOM IMaMATHU

4. IlocysiegoBaTeJIbHOE BBITIOJITHEHHE KOMaH/I

OnepaTuBHad naMATh. EAMHUIIBI JOCTYIIA U aZpeca.

EnuHuIla mocryna 3To 6Ji0K OIl, KOTOpbIii MOXKeT ObITh 00paboTaH 3a
ogHy komaHay IIII. BaliT — MuHMMaJIbHada eguHUIa goctyna. baitel OIl u
X I0CJieoBaTeJIbHbIEe HOMepa peajii30BaHbl allllapaTHO.

dusnvecKuii aJzipec — 3TO amIapaTHbIli HoMmep OaiTa, (husnueckKoe

aJipecHoe IMIPOCTPAHCTBO — BCS COBOKYITHOCTh GaiiToB OII.

BaiiTel, cocTOosAT u3 (u3nUecKku peajiIn30BaHHBIX JABOUYHBIX IUdp
(Binary digit) — bit — 0/1.Butsi HymepyoTca CIIPABA HAJIEBO
B IIOpS/IKe CTeNneHell pa3ps/ioB B IpPeJCTaBJIeHNY JJBOMYHOIO YKCJIa:

Q = ap-2" + ap1-2"t + . . La;-2t + ap-2°
BaiT. Cyddukc koma komaHasl — b, mpumep — movb

/7 6 5 4 3 2 1 0




CaoBo. Cyddukc koga KoMaHIbI — W, mpuMep - addw

151413121116 9 8 7 6 5 4 3 2 1 0O

IBoiiHoe cj1oBo. Cydhdukc Koga komauabel — 1, mpumep - cmpl

Apxutekrypa IA-32. ba3oBag cpeaa BbIIIOJIHEHUS

MaTepmuaJi 3Toro paszeJia B3aT U3 pykoBoactBa «Intel® 64 and
IA-32 Architectures Software Developer’s Manual.
Volume 1: Basic Architecture»

IA-32 (cokpameHue oT "Apxutektypa Intel, 32-paspagHas"),
Ha3bIBaeMasd Tak:ke 1386 - 3To moaep:kuBamiasa 32-pa3pagHbie
BBIUMCJIEHMS apXUTeKTypa X86, paspa6oraHHas Intel u BrepBbie
peajin3oBaHHAaA B rpoiieccope 80386 B 1985 roay.

A66peBuatypa "' IA-32" ucmosb3yeTca Kak o6iiee 0603HaUYeHUS JJIs
BcexX Bepcuil X86, o0ecrieunBalIIUX TaKyl0 MoamepskKky. IA-32
IIOJIHOIIEHHO IT0AIeP>KHBaeTCs IIPOIECCOPAMU C APXUTEKTYpPOu
Intel®64, onepalinOHHBIMU CCTEMAMHU U CUCTEMAMU
IIporpaMMHUpPOBaHUA.

ApxuTtekTtypa IA-32 nogaepKruBaeT TPU OCHOBHBIX peKruMa PabOThI:

I. Protected mode — saluieHHBII PEKUM C BO3MOKHOCTHIO

MHOro03aJauHoro BeInoiHeHud [10 aJig npoineccopa Intel 8086;

II. Real-address mode — peaausyet cpeny IporpaMMHPOBaAHUS

nporeccopa Intel 8086. IIpomeccop paGoTaeT B 3TOM peKUMe

IIOCJIe BKJIIOUEHU S NMUTAHUI UJIN HAXaTud KHOIIKU Reset.



III. System management mode — pexum ynpaBJjieHHSI CUCTEMOM
(System management mode).
Pe>X1M paboThI onpeneisaeT, KaKe KOMaH/Abl M apXUTEKTYPHbIE
(byHKIIUM JOCTYIIHBI.
JI10601 ImporpaMMe MJIM 3ajJiayue, BhINTOJIHSIONIEMCS Ha IIPOoLleccope
IA-32, npegocTaBiisieTCs HA0OP PECYPCOB AJIS BbIMIOJHEHNA MAIIMHHBIX

KOMAaH/, 1 JJIsI XpaHeHH’s KoJa, JaHHbIX 1 UTH(OpPMaIlu1 0 COCTOTHUU. ITHU

pecypchl COCTaBJISIOT 6a30BYI0 cpeny BeinosHeHHUd (BCB) a4 rmporieccopa
IA-32.

ITporieccopnl Intel®64 nmopmep:xuBaioT BCB apxutexktypbl IA-32 u
aHAJIOTUUYHYIO0 cpeny B pexume IA-32e, KoTopas MOKeT BBINIOJIHATD 64-
pa3psaaHbie IporpaMmbl (64-pa3psaaHbIN IIOAPEXKUM) U 32-pa3pAHbIe

IIporpamMmal (IT0JIpe>K1UM COBMECTUMOCTH).



Bocemsb 32 6uToBbix POH

EAX

EBX

ECX

EDX

ESI

EDI
EBP
ESP

32 6uToBslii EIP

32 6uToBniii EFLAGS

IllecTh 16 OUT cer. PETUCTPOB
CS
DS
SS
ES

FS
GS

Per. x87 FPU, MMX, XMM, YMM

PerucTpsbl yripaBjieHU

Il1ockas (flat) mogesb
azpecHoro npocrpaxcTtsa OII - 4 T'6 - 2°2 GaiiT

JInHEeHBbIN JINHEeHbIN
IeCATUYHbBINA BaiiTel OI1 16-TUPUYHBIN
azpec 76543210agpec
0x00 00 00 00
0x00 00 00 01
2 0x00 0000 10
4294967293 OxFF FF FFFD
4294967294 OxFF FF FF FE
4294967295 OxFF FF FF FF
ApXUTETYPHBIN
CcteK B OII
Iopter 1/0

B aJIPECHOM

npoctpaHctBe OI1

Puc. ba3oBas cpeja BBINIOJIHEHUS B apxuTekType 1A-32




BCB ucnoJib3yeTcda NpUKJIaJHBIMU IIPOTPaMMaMM U OIlePaIriuOHHOM

CHCTEMOM U COEPKUT CJIEIYIONINE DJIEMEHTHI.

I. AmpecHoe nmpocTpaHCcTBO OIl

» du3nUecKoe aJjpecHoe MPOCTPAHCTBO 00 beMOM JI0 64 I'caliT (23 GaiiT).

* Mogeau namartu [A-32
e [Ipu ucroJib30BaHUU CPEACTBA YIIPABJIEHUA IIaMATHIO ITPOIIECCopa,
IIporpaMMbl HAIIPSIMYI0 He oOopaniaTcs K ¢pu3nueckoi namMsaTu a
HCIIOJIb3YIOT OAHY U3 TPexX MojeJiei mamMaTu: miockyio (Flat
memory model), cermenTupoBaunym (Segmented memory
model) unu peanbHoro agpeca (Real-address mode memory
model ), koTopasg COOTBETCTBYET MOJIeJIM MaMsTH IIpoiieccopa 8086.
* MbI 6y,Zl,6M pa60TaTb TOJIBKO B MOJ€E€JIN TIJIOCKOU IMaMATU — €INHOM
HeITPEePbIBHOM T. H. IUHENHOM aJIpeCHOM IIPOCTPAHCTBe 00beMoM 4 I'0,

coIep:KalleM KoJi, JaHHbIe U CTEKU. AJipeca 6aiiTOB Ha3bIBAIOTCA

JIMHEMHBIMU aJipecaMi 1 3a/1al0TcA B Auamna3oHe 0 — (232-1). T. 0. MBI
HE PACCMAPHBAEM ucCIoJib30BaHUE CETMEHTHBIX bPEerucTpPOB.
I1. bBa3oBbIe PEeruCTPhI BBITIOJIHEHUA [IPOrpaMM

* BoceMb 32 OMTOBBIX PETrHCTPOB 001ero Ha3HaueHuda (POH);

* IIeCTh 16 OMTOBBIX CErMEHTHBIX PETUCTPOB;

« 32 ouTtoBbie peructpbl EFLAGS u EIP (yka3aTesib KOMaH/I).
COCTAaBJISIOT CPely B KOTOPOI BHIIIOJIHSETCS KOMaHIbI O0IIETO
Ha3HaueHUs — IleJIourcJeHHass apudMeTHKa, YIIPaBJIeHUE MOPSAIKOM
BBIIIOJIHEHM S, OIIEPaIlH C OMTOBBIMHU 1 0aliTOBBIMU CTPOKAMU,
azpecaliys naMaTu. 3T perucTpsol (KpoMe CEerMeHTHBIX) Oy

paccMOTpPEHBI Ha CJIeAyIoulel JIeKIUH.



« BBCB IA-32 BX0oAsT TaK:Ke HE paccMaTPHUBaeMble HAMU PETUCTPHI X87
FPU (onepamuu HaJ, yKcjaMU C IJIaBalolleil ToOuKoli), peructpbl MMX,
XMM, YMM paa noaaep:kku oneparuiit SIMD (single-instruction,
multiple-data) c pa3anuHbIMY JaHHBIMU

* PaszinuHbIe PEruCTPhl yIPaBIeHU.

I11. ApxuteKkTypHbIil cTek (OC BoigenseT 6J0K B OIT).

IV. ITopThl BBoza/BeiBoza (I/0) B agpecHoM npocTpaHcTBe OIN.

KoMmakTHOe IpeacraBJI€EeHUE IBONYHbBIX UHCEJI

» Be6-pa3paboTka — 1iBeTOB B CSS, #FF5733 — opaH>KeBbIi.

« Kpunrorpadus — npeacTaBjeHUA Xell-3HaUEeHU.

» CeteBbie TexHoJoruu — IP-azpeca, 2001:0db8:85a3 — B mpoTokoJie IPv6.

« CucTeMHO€e IMporpaMMupoBaHne — OMMOKU U cocTOoAHUA — 0x0000FFFF
yKa3bIBaeT Ha TUII COO0A.

* A,u,peca IMIaMATH 1 KOMAaH/bI, HAIIPUMEDP B (pai/’me JINCTUHTIQA

« 57 0000 29090000 n: .long 2345 # int n = 2345;
4MCno

« 73 0006 A1000000 movl n, %eax # roToBMM K KOMaHae
AeneHuns

 A3b1ku C, C++, Python u T.11. — pa6oTa c GUuTaMMu.

I103UIITMOHHBIE CUCTEMbI CUHUCJICHUS.

Bec uudpbl 3aBUCUT OT MMO3ULIUU 525 = 5 102 +2 1@1 +5: 100
Oo6mas opMyJia MO3UIMOHHOM CUCTEMBI CUMCJIEHUS.

n n-1 1 0]
Q = ap'p + ap-1'p + . . .a1'p * ap'p

ai — uu@pbI CUCTEMBI, P — €e OCHOBaHUE.



PaccMoOTpuUM CHCTEMbI C OCHOBaHusAMHUu 2, 8, 16.

P U pbI
2101

8
16 ©/1/2 3 4/5 6|7 89 AB|C|/DEF
10/11{12/13/14/15

©
[
N
w
AN
o1
o
~

IIpenacTaBjieHHE IBOMYHOIO YKcJa ¢ IOMOIIbI0 16-x 1mudp.

9TO 0COGEHHO YA00HO JIJIsI BOCbMHU OUTOBBIX 0aliTOB (OKTETOB) B KOTOPBIX
Ka)K/I0l1 JBOMYHOU TeTpaze — moiay6aity (nibble, nybble) Bsaumuo
OZHO3HAYHO COOTBETCTBYIOT IlleCTHaAUarepuuHasa uudpa. Tak, 32

pa3psgHOe JBOMYHOE YHCJIO — C BechMa AJIMHHOM ¥ HEMOHSATHOM 3aIIK1ChIO:

100160011111016016060600011601060111111

(TeTpagbl — 1001 0011 1110 1010 00600 1101 0011 1111)

OyZeT IIpeIcTaBJEHO B ueThbIpex OalTax (BocbMH IoOJiy0aliTax) B
ecTecTBeHHOM mnopaake kak OX93EAOD3F (OX yka3piBaeT, YTO YMKCJIO

IIpeJiCTaBJIEHO B IIECTHAJIIaTEPUUHOM CHCTEME).

ITopsgok 6aiiToB B OIl rmpu npeacTaBJIeHUY UKCeJT

B TOM cJiydae, eCJIM YMCJIO HEe MOXKET ObITh IPEJICTABJIEHO OJTHUM 0aliTOM,
HY>KHO 3a)MKCHPOBATh B apXUTEKTypPe CHUCTEMbI, B KAKOM ITOPsIIKe O0aMThI
oyayT xpaHuTbcsd B OIl uiu nmepeaaBaThCs 110 JUHUSAM CBA3U. [IpUHATO ABa
TaKUX IMOPSAIKA.

OT miajiero K crapmemy - Little endian (ocTpoxkoHeuHblit) - 6GalThI
MiIaamux 1ucgp uMmeet MmeHbmuk agpec. Yucjao 93EAOD3F B 3TOM NMoOpsaKe

OyZeT nmpeAcTaBJIeHO TaK:



Anpec OII a+t@ | a+l  a+2 | a+3
BaliThI UncJa 3F oD EA 03

[IpeuMyIlIeCTBO. AIpec ABOMHOr0 CJI0OBa, MJIAJIIEro CJ0Ba M MJIAJIIEr0
GaiiTa COBIaJalOT M PaBHBI, IJIT 9TOro npumepa - a+0. Jljaa nmopagke Big
endian sTo He TakK.

OT crapmero K mijaamemy - Big endian (TynmoxkoHe4dHbIi) - GalThI
MJaamux mudp umeet ooabpmuii aapec. Yrcio 93EAOD3F B 3TOM Hopsake

OyZeT nmpeAcTaBJIEHO TaK:

Anpec OII a+o a+l a+2 a+3
BaliThI YKUCIIa 93 EA oD 3F

ITopssmok 6aiTOB BbIOMPAET KOHCTPYKTOP apXUTEKTYPbl IBM.
IMopsamok Little endlian mpuHar a apxutektypax Intel, Big
endian - B cerax TCP/IP (network byte order), apxurekrypax

Motorola, COOTBETCTBYET NOPSAKY JECATUUYHON CUCTEMbI CUMCJIEHUSI.

SKIIIT — Habop ABOMYHBIX KOMaH/, oCHOBHOM 1tukJ III1, cTp. 29.

1o HauaJsia 50-X rogoB NpOrpaMMUpPOBAJIA B ABONYHBIX KOJZAX HUCIIOJIb3YyA

8 uyiu 16 nipeacTaBjieHNEe JBONYHBIX KOMAaH/ U JaHHBIX.

BBegeHue B si3BIK acceMoOiiepa.

W cxonHbIN, 00BLEKTHBIH, HCIOTHsAeMbIH (aiinl, popmat ELF

Assembly Language - cuMBOJIbHOE IpeACTaBJIEHNE KOMaH/I, alPECOB

N JAaHHDbIX.



NBNB. Assembly language may also be called symbolic

machine code

Accembriep — TpaHCaITOp C A3bIKA accembOiepa Ha AKIIII.

P.S — HMCXOAHBIN CUMBOJIBHBIN KOJ, Ha SI3bIKE acceMOJIepa;

P.0 —o00beKTHBIN (aiia — komaHabl AKIIII, K MCIIOJTHEHNS HE TOTOB;
P — HMCHOOJHSIEeMbIU (paiijl, TOTOB K 3aMyCKYy IIpoliecca 3arpy3unKoM;
p.lst - daiin auctunra, kog AKIIII, TaGauIila CHMBOJbHBIX UMEH.

ITosryyeHMEe BBIMMOJIHSIEMOT0 (haiiia

BxomHou (paiia VIMS MIporpaMMbI BbixogHOM (haiii
AccemoOJiep p-0
p.S
as

p.lst (mmo kirouam)

PenakTop cBsA3el

p.o (KOMIIOHOBIIMIK) P
1d

daiiypl P . O U P B HamIei cpeae umerot popmar ELF - (Executable
and Linkable Format - WcnonHsaewmblin U cBA3biBaeMblii ¢popmar)
— o0mMH cTaHAaPTHBIN (hopMaT aJig aiijioB:
* 00bEKTHBIX;

* UCIIOJIHAEMBbIX;

00LINX OMOJINOTEK;

aaep UNIX-nmogooHbix OC;
* OCHOBHBIX JIaMIIOB.
ELF — kpoccraTdopMeHHbIN, IoaepKuBaeT 32 1 64 pa3psaHbIe

PEXKUMBI, IIPUMEHACETCA B HECKOJIBKUX NECATKaX OCwu aIlliIapaTHbIX



miaTdgopmM ¢ coorBeTcTBYOIUMY ABI (Application binary interface —
JBONYHBIN MHTep(delic MPUI0KEHUI), KOTOPbIM pacCCMOTPUM B pasjeiie
«Pyukiumn». Onucanue ELFaano Ha pecypce: Linux Foundation.

Referenced Specifications, URL: https://refspecs.linuxbase.org/ B pa3zaee
ELF and ABI Standards.

ba3oBadg ujged — CMUMBOJIbHbIE UMEHA

BceM 00'beKTaM, ICIIOJIb3yeMbI€e IIPU pa3paboTKe MPOrpaMM Ha sI3bIKe
accem0Jiepa Jal0TCs CUMBOJIbHbIE IME€HA, HAIIOMUHAIONUIYE CMBICJ 3TUX
00'bEKTOB B €CTECTBEHHOM s3bIKe. CyIIeCTBYIOT CJIeIyI0liie OCHOBHbBIE

TPYHIIbI 00 BEKTOB.

O0DbeKT Kto hopmupyer | I[Ipumep (a4 gas)
CHMBOJIBHOE UMSI
JIBOMYHBIN KOJ KOMaH/IbI Pa3paboTuukK addb — caoxurtsp
AKLII APXUTEKTYPHI MOVW — riepecJjarhb
Ipolieccopa cmpl — cpaBHUTH

Pa3paborumk | %eax (32 6uTta)

%ax (16 oeuT
PerucTp mporeccopa apXUTEKTYPHI 6 ( )

mporeccopa %ah (8 6uT)

%eip (32 6uta)
JlipeKTuBa acceMoJjiepa ABTOpBI 93BIKa | .DYyte

.word

.data

text

.align
Pa3HooG6pa3Hbie apTedakTsl, | [Iporpammuct | length:
co3aBaeMbIe Next_digit:
IIPOrpaMMUCTOM, HAIIPpUMep: n.
«JIBOoUYHBIH afpec (MeTKa) B Finish

OIl:
- JaHHOTIO;
- IIepexoa;



https://refspecs.linuxbase.org/

- hyHKIIUU.
KoHCTaHTA.
MaKpoKOMaHA.
*CeK1us.
*B1GJINOTKA.

CUMBOJIbHbIE UMEHA MCII0JIb3YIOTCS PeJaKTOPOM CBSA3€el IJIs
00'beIMHEHMA Pa3JeIbHO TPAHCIUPYEMBIX 1 OMOGJINOTEYHBIX MOYJIEH, a

TaK>XKe OTJIaJUNKOM.

CTpyKTypa [IporpaMmMel.

VIcXOoHbIN MOJIYJIb COCTOUT, KaK IMIPaBUJIO, U3 TPEX CEKIIUM :

- JAQHHBIX — COAEPKUT AUPEKTUBBI ONpeaeieHUs JaHHbIX, CJIeAYIole
I0cJIe KasKJIoro BXOKJeHUs JUpeKTuBbl . data;

« HeMHUILIMAJN3UPOBAHHBIX JaHHBIX HE IIOMENIAaEMbIX B 00 b€KTHBIN (hBILI,
COEPKUT OUPEKTUBHI, CJeAYIONIYiEe MOCJIe KaXK/I0T0 BX0XKIeHUS
IUPEKTUBHI . bSS;

- KOMaHJ, ITpoIleccopa — COAEPKUT KOMaH/Ibl, CJIEAYIOIINE IT0CIe KaXKI0T0
BXOKIeHUA oupeKTuBnbl . text.

XoTs ObI OJIHA CEeKLMA JoJIKHa MPHUCYTCTBOBaTh. [Ipu acceMOIMpoBaHUU
HCXOoHOro (paiiyia, cogeprKaliero TEKCThI CEKIIUIM OHU TPaHCIUPYIOTCS B
MallIMHHbIE IIPEJICTaBJEeHNA JaHHBIX 1 KOMaHJ, 1 00beJUHAITCA B OUH
00bEKTHBIN (haii.

NBNB. Cexkuug . bss B 06beKTHOM (paiijie mpeacTaBIieHa TOJBKO €€
3aroJIOBKOM U He 3aHUMAaeT MecTa B (paiiie. [IaMATh A1 Hee BblJeJIsAeTCA

3aIrpy34UMKOM IIPHA 3aIIYyCKE Ha BBITIOJTHEHMHE.



CuMBOJIbHBIE UMEHA I10JIyYaloT P acCeEMOJINPOBAaHNY 3HaUYEHHE U THII,
HEKTOpbIe M3 HUX YKa3bIBAaeT Ha CEKIIHIO, IJie onpeaegeHoumsa —t, d, b
nju a (Bo3MoKHbI Takke T, D, B, A, KoTopble paCCMOTPHM II032Ke€.).
3HaYeHHs CUMBOJIbHBIX UMEH MOTYT ObITh ajgpecamu OIl (aapecHBIMU) U
a0COJIITHBIMU (PAaCCMOTPUM I1032Ke).

B KoHIIe (paiijia JUCTHHT BBIBOJAUTCSA TAOJIMIIA OIIPEIeJIEHHbBIX B

1CcXoJHOM (paiijie CMMBOJIbHBIX UMeH. IIpumep a1 3agauu 1.

DEFINED SYMBOLS

taskl.S:57 .data:0000000000000000 n
task1.S:58 .data:0000000000000004 length
task1.S:59 .data:0000000000000008 ten
taskl.S:66 . Text:0000000000000000 _start
task1.S:75 . text:000000000000000b nextdigit

AnpecHble 3HAUE€HMHSA BBIUHCJAIOTCA B IIpoIlecce IIepeBoJa C A3bIKa
acceM0OJiepa KOMaHJ, IIpoileccopa u AupeKTuB B koMmaHabl AKIIII u njaHHbIE
1 pa3MelnleHuss MX B O0beKTHBbIN ¢daiiya. Ilpu 3ToM ABOMYHBIE 00pa3bl
OaHHBIX B cekuuu .data m xomama B ceKuUUM .text pasmemaroTcs
II0CJeJ0BaTe/IbHO HAuMHasA C azpeca OXOO0O0OO000. 3arem pegakTop
cBaga3eil 1d nmepeMeniaeT 3TH 3HaUEHN IJis PaGOT B BbIZIEJIEHHOM YUYacTKe

OIl.

dopmaTel komMaHa AKIIII

dopmat accembyepa gas B cuHTakcuce AT&T

B sToM mnpexacraBjeHuu kKoMaHzaa AKIIII moxeT umeTh Tpu (POPMBI:

(cuntakcuc AT&T cMm. B

http://kappa.cs.petrsu.ru/~chistyak/architecture/docs/gas/gas-8.html#ss8.1 )

- kon{b |w| 1} onepaual (McTOUYHUK), oriepaHa2 (IPUEMHUK — PE3YJIbTAT

orepalyn);


http://kappa.cs.petrsu.ru/~chistyak/architecture/docs/gas/gas-8.html#ss8.1

kor{b|w|1l} onepang;
KOII.
0603HaUYMM MECTOII0JIOKEHME 1 CIT0C00 3aJJaHKA OIlePaH/ 0B:
R — B perucrpe, CMMBOJIbHbIM UMEHEM PETHUCTPA;
M — B OII, cuMBOJIbHBIM UMeHeM JaHHOrO B OIl ¢ agpecHbIM 3HAUEHHEM;
I — B KoMaHAe (HeIlOCpeICTBEHHbIH oOIepaH]]), 3HaueHHeM WJIHn
CHMBOJIbHBIM UMEHEM.
NBNB. [IlIo cuHTakcucy AT&T HenocpeacTBEHHOY OIIepaHAy IOJIXKEeH
IIPeIIecTBOBATh CUMBOJI «$»

EcJyiy oniepaH0B Ba, TO BO3MO>KHbI JIIOObIe MX KOMOMHAaIuu kpome M, M,

Tax>ke HeJIb3sI MCII0JIb30BaTh ONepaH, TUia I Kak IPUEeMHUK .

[Tpumepsl (YacTh U3 ucxoxauoro daiia taskl.S)
movl $0, %ebx — mnepecaarp 3HaueHume 0 pgauHON 32 6HTA
(HemocpecTBEeHHBIH olepaH], ) B peructp ebx;
mov1l n, %eax — mOepecjatb 3HaueHue wu3 oo6jgactu OIl,
pacrpeeieHHO# 1Jis1 CHMBOJIBHOTO HMEHU N B PETHUCTP €ax;
movl %ebx, length — mepecnath 3HaueHHUe u3 perucrpa ebX auHomi
32 outa B ob6Jjgacte OIl, pacnpenejieHHYI [OJi9 CHMBOJIBHOTO HMEHU
length;
movw %bx, %dX — mepeciaTh 3HaueHNe U3 peructpa DX AuHOM 16 GUT B
peructp dx;
movb %bh, %cl — mepeciaTrh 3HaueHHE U3 cTaplIero 6aiiTa perucrpa
ebx paunoii 8 6uT B Mtagminii 6aliT perucTpa eCxX;
incl %ebx — yBeanuuthb Ha 1 3HaueHMeE B 32 GUTOBOM PETHCTPE;

Sstl — mpucBouTh 3HaueHue 1 diary npepbIiBaHUIA.



NBNB. Komanapr u onmepaHjabl (cTp. 74 KHUrM) 3ajaHbl B CHHTAKCHC
Intel:
Kom omepaHal (IpueMHHMK — pe3yJabTaT ), onepaHAa2 (MCTOUHUK ), B

cuHTakcuce AT&T — Ha000pOT, He TakK, KaK B KHUTE.

IIpyuMeuaHue.

BugHo, yTOo KOMaHJa 00bIyHO mMeeT 0, 1 mam 2 omepanzga. KomaHza
YMHOKeHHA 1mul MmokeT uMeTh Tpu onepaHaa. [Ip1 3ToM B CHHTaKCHCe

AT&T ee HY:KHO 3aJJaBaTh B BUJI€:

imul i,rl1,r2 — r2

1*riumwmmimul i, m,r — r =

rae 1 — HemmocpeACTBEHHbIN onlepaH, I,

— CHMMBOJIBHO€ MM OoIIepaHJa B ITaMATH.

i*m,

rl, r2 —uMeHa perucTposB, M

dopmMaT mpoiieccopa, ero COOTBETCTBHE (popMaTy acceMbiiepa

B ¢hopmaTe mpoiieccopa KOMaHIa MMEET CTPYKTYPY:

Mpedmkc | TMpedmke . u
Mpedwmkc Da3PAIHOCTM | PA3PAIHOCTI Mpedwnkc Kog Bant Baint CwmelLeHme OnepaHg,
KOMaHAbI anpecaLmm onepaHza cermeHTta | onepauuun | ModR/M | SIB B KOMaHae
0/1 6ant 0/1 6anT 0/1 6ant 0/1 6aint  1/2 6ant 0/1 6anT 0/1 6anT 0/1/2/4 6anT 0/1/2/4 6ant

Puc. 14 B kHure «lleHTpajibHbIE [IPOLIECCOPHI IIePCOHAJBHBIX IBM»

NB He ncnoJjib30BaTh pUC. Ha CTP. 75.

NBNB. HeckoJibKoO yrpoiasa 3appukcupyem, UTo rnpu

hopMUpPOBAHUY JBOMYHOM KOMaHIbl 13 acCEMOJIEPHOM YKa3aHHbIE

B II€PBOM CTOJIOIIE TaGJJIHILbI 3JIEMEHTHI ITI0CJIeTHE 3aMeHSII0TCSI

COOTBETCTBYIOLIIMMHA ABONYHbIMHU KOJJaMH, YKa3aHHBIMHA BO BTOPOM

CTOJIOIIE ¥ Pa3MeNal0TCs B YKa3aHHbBIX B TPEThEM CTOJIOIIE ITOJISIX

,Z[BOPI‘-IHOfI KOMAaH/IbI.



ITosie KoMaHIbI

JJIeMEeHT acceMOJIepHOI .
JIBOMYHBIN KO, IIPOILIECCOPHOTO

KOMAaHIbI

¢dopmara
korr{b |w|1l} ABouuHbIit KOII Kog omepanyu
R omepan, - CMHMBOJIbHOE Ko percrpa JJIEMEHT I0JId
UM perucTpa P p ModR/M
M omepaHy - CHMBOJIbHOE | AZpECHOE 3HaUYeHNe
CMellleHHe

HMs ollepaHa B IaMATH | CHMBOJIBHOTO UMEHH
I onnepaHg, -

P . JBoMuHOE 3HaueHue | Onepan B
HeMoCpeICTBEHHBIH

ormepaHza KOMaH/e
orepaH/]i, B KOMaHie

OcTaJibHBbIE I10JISI IBOMYHOM KOMaH bl (JOPMUPYIOTCA aBTOMaTHUUECKHU B
3aBHCUMOCTH OT cy(ddrKca Koja acceMOJePHON KOMaH/IbI U JIPYTUX €€
ImapaMeTpPoB.

NBNB. Y>xe Ha 3TOM YPOBHE ITPOSIBJISIOTCSA IIPENUMYIIIECTBA A3bIKA
acceMoJiepa.

CUMBOJIBHBIM UMEHAM KOMaH]I COOTBETCTBYET, KaK IIPaBUJIO, HECKOJIBKO
kKomaH AKIIII c pa3dHbIMU IBOUYHBIMU KOJAaMU, HAalIpUMep KoMaHaa MOV
(cTp. 85) umeeT 20 pa3IMUYHBIX KOJOB B 3aBUcUMOCTH OT Tuna (R, M uyu I),

pasmepa {b|w|1l} omepangoB 1 KOMOMHALIMY TPHUEMHUK/UCTOUYHUK.

VilocTpaliyy KOMaH I U JaHHbIX 13 ()aijoB 3azaun 1

1. Cexuusa .data — ¢pparmeHT daiiia taskl.lst

55 .data # ceKUuMa paHHbIX, pacnpegeneHne namaTwu

56 # COOTB. KOHCTpyKUMA A3blKa C N KOMMEHT.

57 0000 29090000 n: .long 2345 # int n = 2345; 4wucno

58 0004 00000000 length: .long 0 # int length =0; pe3ynbTar
59 0008 OAOOOOO0 ten: .long 10 # onpepenseMm KoOHCTaHTy $BHO
60 # HeT aHanora B C

2. Tabsan1a CMMBOJIOB 00'bEKTHOTO0 (haiijia



ybgv@ybgv-home:~/GnuAS/Labs/1> objdump -t -j .data taskl-exe-S.o

taskl-exe-S.o: ¢opmaT ¢anna elf32-1386

SYMBOL TABLE:
00000000 1 d .data 00000000 .data

00000000 1 .data 00000000 n
00000004 1 .data 00000000 length
00000008 1 .data 00000000 ten

3. Ta6Jiniia CMMBOJIOB HCIIOJIHsIEMOTro (haiiia

ybgv@ybgv-home:~/GnuAS/Labs/1> objdump -t -j .data taskl-exe-S

taskl-exe-S: dopmaT ¢danna elf32-1386
SYMBOL TABLE:

080490a2 1 .data 00000000 n

080490a6 1 .data 00000000 length
080490aa 1 .data 00000000 ten
080490ae ¢ .data 0000O0OOO _ bss_start
080490ae ¢ .data 00000000 _edata
080490b0 ¢ .data 00000000 _end

3. CooTBeTCTBHE acCeEMOJIEPHBIX U JBONYHBIX KoMaHz AKIIIT

ybgv@ybgv-home:~/GnuAS/Labs/1> objdump -dS taskl-exe-S

taskl-exe-S: ¢opmaT ¢aina elf32-1386

An3accembnupoBaHue pasgena .text:

08048074 < start>:

.text # cekuus komaHg npouecopa

.global _start # Touka Bxoga - rnobanbHas MeTKa
_Sstart:
nop # nycTas onepauuss - no operation
8048074 : 90 nop

# HyXHa, 4T0Obl 3ajaTb OT/Ia4UYUKY KOHTP. TOUYKY OCTaHOBa Ha Clnefywolen,
nepsow
#  copepxaTenbHOW KOMaHZe nporpamMmbl

movl $0, %ebX # counter = 0; cueTunk geneHuit



8048075 bb 00 00 00 00 mov $Ox0, %ebx

movl n, %eax # roToBMM K KOmMaHae pgeneHms idivl
804807a: al a2 90 04 08 mov Ox80490a2, %eax

0804807f <nextdigit>:

# HeT aHanora B C

nextdigit:
movl $0, %edx # elwe roToBuUM, Yyxe B UUKAe
804807 : ba 00 00 00 00 mov $OX0, %edx

# 0. T[ocne BbLINOMHEHMS 3Ta KoMaHaa

# nomewaeT B EDX - ocTaTok, B EAX - yacTHOe, 4TO

#  HAPYWAET WHTEPNPETALMIO 3HayeHwii napsl EDX, EAX. Mepen CrAeaylWwuMm AeneHnem
Ty

#  WHTepnpeTauuiw Hago BOCCTAHOBMTbL, npuceBouMB EDX 3HaueHue 0.

idivl ten # pgenum ob6beAuHEeHHble perucTpbl edx:eax Ha 10
8048084: f7 3d aa 90 04 08 idivl 0x80490aa
# yacTHOe B eax, OCTaToK B edx
incl %ebx # ++counter; cueTuMK AeneHuin + 1
804808a: 43 inc %ebx
# ABEe cnegywuwme KomaHgbl COOTBETCTBYWT YC/I0BHOMY oOnepaTopy

# if (quotient) goto nextdigit;

cmpl $0, %eax # yacTHoe > 0 ?
804808h: 83 f8 00 cmp $OX0, %eax

Jg nextdigit # [IA, npoposKaem
804808e: 7f ef jg 804807f <nextdigit>

KomaHga cmpl ycTaHoBuna B peructpe ¢naros 6uTb, yKasbiBawwue, 4YTO 3HayeHue B
pernctpe %eax,T.e. yacTHoe nocne geneHunda, CTPOI0 BOJIbILE HynA.

*/
movl %ebx, length # length = counter; HET,coxpaHsem pesynbTaT
8048090 89 1d a6 90 04 08 mov %ebx, Ox80490a6
Finish # KoHel, paboThl,
8048096 bb 00 00 00 00 mov $0x0, %ebx
804809Db: b8 01 OO0 00 06 mov $0x1, %eax
80480a0: cd 80 int $0x80

BBIBObI



1. Heo6xoauMo BJIaZieTh IEPBUYHBIMM HaBbIKaMH1 Pa3pad0TKU HA YPOBHE
apXUTEKTYpPbl, UMETh KYJIbTYPY aPXUTEKTYPHOT0 MbINILJICHUS.

2. Ucmiosb3yeTcst cpeqa - OpenSuSe Linux, apxutektypa IA-32,
ceMeicTB acceMb6JiepoB gas, cuntakcuc AT&T, otmaguuk Kdbg.

3. IIpoueccop mmpeaocTaBJsgIeT IIporpaMMe 0a30ByH0 Cpedy BbIIIOJIHEHUS
IA-32, copep:Kallyl0 PerucTpbl M OINEepPaTUBHYK IIaMATb, HUMEIOILYIO
eIUHUIIbI JOCTYIIA.

4. JIBOMUYHBIE uHCJIa YA0OHO IpPeACTaBJsATh B 16-HOM cCHCTEME
cuucijeHud, B OIl B apxutektypax Intel npuHAT mopAmoK 6GaliTOB «OT
MJIazIero K crapmemy» - Little endian.

5. Ucxomubpii ¢aitsmt pP.S accembjepoM asS accemojiepuyercsi B
00BEKTHBIN (haiiyi P.0 M3 KOTOPOro peJaKkTop cBA3eil (kommoHoBmMK) 1d
II0JIyJaeT UCIIOJHAeMbIl (pani pP. Paujbl P.O0 U P B Hallled cpee UMEIOT
dopmat ELF.

6. BceM 00'b€KTaM, MCII0JIb3yeMbI€ ITPU pa3paboTKe MPOrpamMm Ha SI3bIKe
acceMmbJiepa Jal0TCSA CUMBOJIbHbIE NMEHAa, MMeIolie 3Ha4YeH1e U TUIIL.
AnpecHble 3HaUE€HUS BBIVUUCIIAIOTCA B IIPoIiecce IepeBoia ¢ A3bIKa
acceMoOJiepa KOMaH/I, Ipolieccopa u JupeKTuB B KomaHabl AKIIII 1 jaHHBIE
1 pa3MellleHuAa UX B 00beKTHBIN (paiijl.

7. UcxomHblii MOZYJIb COCTOMT U3 Tpex cekiuii: .data, .text, .bss.

AcceM0OJyiepHBIM U TIpolieccOpHbIM (opmarbl KoMaHza SKIIII umeroT
COOTBETCTBUE IT0JIEH.

8. B onmepaTUBHOI MaMSITH MOXKET HAXOAUThCSA TOJIbBKO OOWH OIEpPaH],

KOMaH/bI.



9. IIpu acceMGJIHPOBAHUM IT0Jie «CMeleHre» KOMaHIbl IIPOLEeCCOPHOTO
¢opmMaTa 3aMeHseTCA [JBOMUYHBIM aJipeCHbIM 3HAUE€HHE CHMBOJIbHOIO

MMEHMU U3 acceMbyepHoro ¢opmara.



