MyTtewectBure no Cteky. YacTb 1/ Bror komnaHum Smart-Soft / Xabpaxabp

& Smart-Soft 100,50

Mpodunb Bnor Moanucunkm +1

25 aBrycra 2014 B 10:41

[NyTewecrsue no Creky. Yactb 1

Bnor koMnanun Smart-Soft, C*, NMporpaMmupoBaHue*

nepesoa  recovery mode

CPU Registers

e e
| esp ebp
: stack frame
I pointer pointer
R
local_buffer locald saved return parami | param2
ebp address
* & @ * & @
f oo b a ree ? eseeeeee @ 82 9@ 89 26 88 o1 09
-12(%ebp) -4(%ebp) (%ebp) 4(%ebp) 8(%ebp) 12(%ebp)
stack growth | | higher memory addresses

B npeablaylwmMx matepmanax Mbl pacCMOTPENM pasMeLleHne NporpaMmMbl B NaMAaT — OAHY U3 L@HTPanbHbIX KOHLENLUWN,
KacaloLMXCS BbINMO/HEHMS NMPOrpaMM Ha KoMnbloTepax. Tenepb obpaTMMcs K CTeKy Bbi3080B — paboueli nowaake
60/bLIMHCTBA A3bIKOB MPOrpaMMMPOBaHUS U BUPTYabHbIX MalMH. Hac oXuaaeT 3HaKoMCTBO C YAUBUTE/IbHbIMU BeLlamu
BpoAe dyHKUNN-3aMblkaHWI, nepenonHeHunin 6ydepa n pekypcun. OgHaKo BCeEMY CBOE BPeMS — B Hayane HYXHO COCTaBUTb
6a3oBoe NpeacraBneHne o0 TOM, kak paboTaeT cTek.

CTek uMeeT Takoe BaxKHoe 3HayeHne, NoToMy 4YTo 6naroaaps emy sr0basi pyHKUMSI «3HAET» KyAa BO3BpallaTh yrnpasieHue
nocne 3aeepLueHust; GyHKLUMS XKe, B CBOIO odepeab — 3T0 6a30BbIli CTpoUTENbHBIN 610K NporpamMel. Booblle, nporpammbl
BHYTPEHHE YCTPOeHbl J0BOIbHO NPOCTO. [Mporpamma coctouT n3 MyHKUMIN, GYHKLUUN MOFYT BbI3blBaTb APYyrve PyHKLMMK, B
npouecce ceoert paboTbl Ntobas PyHKUMS NOMeLLaeT AaHHble B CTEK U CHMMAET UX OTTyAa. Ecnm HyxHO, 4To6bl AaHHbIe
NPOAO/IXMUAN CyLLEeCTBOBaTb NMocse 3aseplueHns dyHKUUKN, TO MECTO MoA HUX BbIAENSETCA He B CTEKE, a B KyYe.
BbilweckasaHHoe B paBHOl‘/'I CTeneHn OTHOCUTCA KaK K nporpamMmaM, HannCaHHbIM Ha OTHOCUTENTIbHO HU3KOYPOBHEBOM C, TaKk
N K UHTepnpeTupyembiM a3blkaMm Bpoae JavaScript n C#. 3HaHue aaHHbIX Bellei obs3aTenbHO NPUroanTcs — U ecnu
NpUAETCA OTNaXuBaTb NPOrpamMMy, 1 ecnu AOBEAETCA 3aHMMAaTbC TOHKON MOACTPOMNKON NPON3BOAUTENBHOCTU, Aa U NPOCTO
A5 Toro, 4tobbl NOHNUMaTb, YTO Xe TaM, BCe-Taku TBOPUTCH BHYTPW NporpamMMbl.

WNTak, HauHeM. Kak TonbKo Mbl Bbi3biBaeM (DYHKLMIO, B CTEKe [/l HEe CO3AAeTCsl CTEKOBbIA kaap. CTeKoBbl kKaap
COAEPXUT JIOKa/IbHbIE epeMeHHbIe, a TaKXKe apryMeHThbl, KoTopble 6binv nepeaaHbl Bbi3biBaloLlwen dyHKuunen. MoMmumo
3TOr0 Kafap COAEPXMUT CnyxebHyto MHPOpMaLNIO, KOTOPas UCMONb3YETCH BbI3BAHHON MYHKUMEN, YTOBbl B HYXHbI MOMEHT
BO3BPaTUTb ynpas/feHue Bbi3BaBllen dyHKUNKN. TOYHOE coaepKaHue CTeKa U CxeMa ero pasMelleHuns B namsaT MoryT 6biTb
pasHbIMK B 3aBUCMMOCTW OT MPOLLECCOPHON apXUTEKTYPbl U UCMOJIb3YeMON KOHBEHLMM Bbi30Ba. B AaHHON cTaTbe Mbl
paccMaTpuBaeM CTeK Ha apxuTekType x86 c KOHBeHUuel Bbi30Ba, NpuHsTol B a3bike C (cdecl). Ha pucyHke BBepXy
nM306paxxeH CTEKOBbIN Kaap, pa3MeCcTUBLUMIACA Y BEPXYLLKN CTeKa.

Cpasy 6pocatoTcsa B rnasa Tpu NpoLEeCcCOpHbIX PerucTpa. Ykasaresb cTeka, esp, npeaHasHadaeTcs 455 Toro, 4tobbl
yKasblBaTb Ha BEPXYLUKY CTeka. BNAOTHYIO K BEpXYLUe BCceraa HaxoauTcs 06bekT, KOTOpbIA 6bi1 406aBEeH B CTEK, HO eLye
OTTYAa He CHAT. TOYHO TakxXe B peasibHOWM XXM3HU 06CTOSAT Aena co CTOMKOW Tapesnok unm nadkon 100-gonnapoBbix
6aHKHOT.

XpaHuMBbIil B perncrpe esp afipec U3MEHSIETCS Mo Mepe Toro, kKak 06beKTbl A06aBNSOTCS U CHUMAKTCSA CO CTeKa, OAHakKo OH
BCEraa ykasblBaeT Ha nocneaHuii Ao6aBNeHHbIl U elle He CHATbIW Co cTeka 06beKT. MHOrne npoueccopHble MHCTPYKLMU
N3MEHSIIOT 3HaYeHNe perncrTpa esp Kak no6oyHbIii pe3ynbTaT CBOEro BbiNoMHEHUs. Peann3oBaTb paboTy co cTekoM 6e3
perncrpa esp 6b1710 661 NpobneMaTnyHo.

B cnyuae c npoueccopamu Intel, poBHO Kak ¥ CO MHOTMMU APYTrMMU apXUTETYpaMu, CTEK PacTeT B HanpaB/ieHUN MEHbLIMX
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aapecos rnamsity. N03ToOMy BepxyllKa, B JaHHOM C/lyyae, COOTBETCTBYET HauMeHbLUEMY aApecy B CTeKe, M0 KOTOPOMY
XPaHATCA BanuAHble UCNONb3yeMble AaHHble: B HalleM cnydae 3To nepemeHHas local_buffer. lymato, A01XHO 6bITb
NOHSATHO, YTO O3Ha4aeT cTpenka oT esp kK local_buffer. 3aecb Bce, kKak roOBOpPUTCS, NO AeNy — CTpesika yKa3blBaeT TOYHO
Ha repBbiii 6aKiT, 3aHnMaemsblli local_buffer, n 3To0 COOTBETCTBYET TOMY agpecy, KOTOPbIN XPaHUTCS B PErUCTPe esp.

[anee Ha oyepeau ewle OAMH PernucTp, UCNonb3yeMblii ANs OTCEXUBaHUSA NO3ULNIA B CTeke — peructp ebp - 6a3osbisi
yKasatesib WNW yKkasatesb 6a3bl CTEKOBOro Kagpa. [aHHbIi perncTp npefHasHayeH Ans Toro, Ytobbl ykasbiBaTb Ha
nosuuMIO B CTEKOBOM kaape. bnarogaps peructpy ebp texywas ¢yHkyusi Bceraa MMeeT CBOEro poga To4Ky OTcYéTa Ans
[0CTyNna K apryMeHTaM W NoKanbHbIM NepeMeHHbIM. XpaHUMbIlA B perncrpe agpec n3MeHseTcs, Koraa @yHKUNS HaumHaeT
WY NpekpawaeT BbiNonHeHMe. Mbl MOXeM [OBOJSIbHO MPOCTO aApecoBaTh N1060l 06bEKT B CTEKOBOM Kajpe Kak CMelleHune
OTHOCUTENbHO ebp, UTo 1 NokasaHo Ha pUCyHke.

B oTnnuunmn ot esp, MaHUNynauum c pernctpom ebp ocylecrtensercs B OCHOBHOM CaMOlM NPOrpaMMon, a He NpoLLEeCCOPOM.
|/|HOF,CI,a MOXHO ,D,OGVITbCﬂ BbINTpbilla B NPON3BOAUTENTIBHOCTU MPOCTO OTKa3aBLWWNCb OT CTPAHAAPTHOro NCNOJIb30BaHUSA
perncrtpa ebp - 3a 3To oTBeYalOT HeKoTopble hnaru KomnuasTopa. A4po Linux — npuMmep Toro, rae UCNosb3yeTcs Takown
npuem.

HakoHeL, pervcrp eax TpaAuLIMOHHO UCMONb3YETCA AN XpPaHEHWs! AaHHbIX, BO3BPallaeMblX Bbi3BaBlen MyHKLUMN — 3TO
BbICKa3blBaHNe cnpasefvBo Ans 60nblUMHCTBA NOAAEPXMBAaEMbIX B A3bike C TUMOB.

Tenepb AaBaiTe pasbepeM AaHHble, COAEPXKALLMECS B CTEKOBOM Kaape. PUCYHOK NMokasbiBaeT TOUYHOe NobainToBoe
coAepXMMoe Kaapa, C HanpasfeHNeM pocTa afpecoB CIEBO-HaMNpPaBo — 3T0 TO, YTO Mbl 06bIYHO BUAMM B OTMaAunKke. A BOT
M CaM PUCYHOK:

local_buffer local1 saved return param1 param2
ebp address

f o o b a r 8@ ? BB @2 @2 e B2 82 82 e8| o2 2 °1 ee

JNokanbHas nepemeHHas local_buffer — 3To maccus 6ainT, NnpeacTaBnsoWwmii cobol HyNb-TepMUHMPOBaHHY0 ASCII-
CTPOKY; Takue CTpOKM — HeU3MeHHbIi aTpubyT Bcex nporpamMm Ha C. Pasmep ctpoku — 7 6aiiT, 1, ckopee Bcero, oHa 6bina
nonyyeHa B pesyfbTaTe KlaBMaTypHOro BBOAA MM YTeHUsa U3 daina. B HaweM MaccnmBe MOXET XpaHUTbCs 8 6anT u,
cnepoBaTenbHO, OAMH 6alT OCTaeTCs HEUCNONb3yeMbIM. 3HaueHne 3Toro bakTa HeM3BeCTHO. [eno B TOM, YTO, AaHHble TO U
Aeno fob6aBnoTCA U CHUMAKOTCS CO CTeka, U B 3TOM «BeCKOHeUHOM TaHLe onepauvu A06aBNeHUss U CHATUS» HUKOrAa
Henb3si 3HaTb 3apaHee, UTO COAEPXMUT NaMsiTb, [TOKa HE OCyLUECTBULLIb B Hee 3anuck. KomnunsTop si3bika C He obpemMeHsieT
cebs TEM, 4yTObbI WHUUUNN3NPOBATb CTEKOBbIN Kaap Hynamu. |-|03TOMy cogepxawmeca TaM AaHHble 3apaHee HEU3BECTHbI U
SIBNAIOTCS B HEKOTOPOWN CTENEHM CyyarHbIMU. YK CKOJIbKO KPOBW MOMWJIO Takoe NnoBefeHne KOMnuasTopa y
nporpamMMucros!

Npem panee. locall - 4-6ainToBoe Lenoe YACIO, U HA PUCYHKE BUAHO COAEpXMMOe Kaxaoro 6anTa. Kaxercs, 4to aTo
60/bLIOE YNCIO0 — TONIbKO B3M/ISHUTE Ha BCE 3TW HYJIM MOC/e BOCbMEPKM, OAHAKO 3[eCb Halla MHTYULMS COCIYXua HaMm
OYPHYIO Cnyx6y.

Mpoueccopbl Intel ncnonb3yoT NpsmMori NopsAoK 6aKiToB (AOCNOBHO «OCTPOKOHEYHbIN»), N 3TO 3HAYMT, YTO YMCIa XPaHATCA
B NaMSATU HauymHas ¢ maaguwero 6asita. VIHbIMW crioBaMu, CaMblii MNaALWIMM 3HaYaLWMI 6alnT XpaHUTCS B siYelike namsTn ¢
HavMeHbLUMM aapecoM. Ha pucyHkax u cxemax 6anTbl MHOro6anToBbIX YMcen TpaauLMOHHO n306paxatoTcs B nopsiake
cnesa-Hanpaso. B cnyyae ¢ npsAMbIM nopsakoM 6anT, cambii MNaaLlMi 3Havawmii 6anT 6yaet nsobpaxeH B KpanHen
NEeBoN NO3MUMK, YTO OTIMYAETCS OT NPUBLIYHOIO HaM cnocoba npeacTaBNeHUsA U 3anucn yncen.

Hensoxo 3HaTb 0 TOM, YTO BCSl 3Ta «OCTPOKOHEYHas / TYNOKOHEYHas» TEPMUHOMNOIMUS BOCXOAUT K NPOU3BELEHUIO
[xoHaTaHa CeudTa «lMyTewectsusa MNynnusepa». MofgobHO TOMy, KaK XUTenu JIMAMnyTum YMCcTunm SinLo ¢ ocTporo KoHLa,
npoueccopsbl Intel Toxe o6pabaTbiBaloT uncia HaumMHas ¢ mnagwero 6anTa.

Takum obpasomM, nepemeHHas locall B AeliCTBUTENBHOCTU XpaHUT uncio 8 (Aa-Aa, NpsiM Kak KOMMYECTBO Wynaney, y
OCbMMHOra). 4to kacaetca paraml, To TaM BO BTOPOM OT Hayana oKTeTe nsobpaxeHa ABOWKa, NO3TOMY B pe3synbTraTe
nony4yaem umcno 2 * 256 = 512 (Mbl yMHOXaeM Ha 256, NOTOMY YTO KaxAbl OKTET — 3TO AmanasoH ot 0 o 255). param2
XpaHuT umcno 1 * 256 * 256 = 65536.

CnyxebHas MHdopMaLus CTEKOBOro Kazpa BKoYaeT B cebs ABa KOMMOHEHTa: aApec CTEKOBOro Kajpa Bbi3BaBLues
@yHKynn (Ha pucyHke — saved ebp) n agpec MHCTPYKUUK, Kyaa Heo6XoAMMO nepeaaTh ynpasieHue Mo 3aBepLueHnn
OaHHON dyHKUMK (Ha pucyHke - return address). 3Ta nHbOpMaums AenaeT BO3MOXHbIM BO3BpaLleHWe ynpaBneHus, v
cnefoBaTenbHO, AanbHellee BbINOIHEHME NMPOrpaMMbl kKak 6yATO HMKAKOro Bbi30Ba U He 6bi10.

Tenepb AaBaiiTe pacCMOTPMM MPOLLECC «POXAEHUS» CTEKOBOro kaapa. CTeK pacTeT He B TOM Harnpas/ieHUM, KOTOpoe
06bIYHO OXUAAKT yBUAETb, U CHayana 3To MOXeT cbmBaTb C ToNKy. Hanpumep, 4tobbl YBENUUNTL CTEK Ha 8 6awnT,
NpOrpaMMUCT BbIYUTAET 8 U3 3HAUEHUS!, XPaHVMOro B PErUCTPe esp. BblumTaHne — CTpaHHbIi cnocob uTo-nnbo yBenMumnTh.
3abaBHo, He npasaa nu!
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Bo3bMeM Ans npumepa NpocTeHbKylo nporpaMmmy Ha C:

Simple Add Program - add.c

Mpeanonoxum, nporpamMmy 3anyctunum 6e3 napaMeTpoB B KOMaHAHOW CTpoke. Mpu BbIMOMHEHUU «CULLHOW» NPOrpaMMbl B
Linux, nepBbIM AeNOM ynpaB/ieHne nony4vaeT Koa, CoaepXalwmincsa B ctaHaapTHon 6ubnunoteke C. OTOT KOA BbI3OBET
dyHKumMo main() Hawel nporpamMMsbl, U, B J@aHHOM Cllyyae, nepeMeHHas argc 6yaet pasHa 0 (Ha camom gerne,
nepemeHHasi 6yeT paBHa «1», UTO COOTBETCTBYET NapaMeTpy — Ha3BaHuio, o4 KOTOPbIM 3arylyeHa nporpamMmMa, Ho
Aasasite 47151 MPOCTOTbI 3TO MOMEHT cesivac onyctum). Mpwu Bbi3oBe GyHKUMM main() npoucxoauT cneayolee:

1. call main # nomewaem agpec Bozsparta B CTek, NepefaeM yripasrneHiie Mo MeTke

return argc
address

1ib
tart main)ee 0@ oo 6o

2. pushl %ebp # coxpansem Texylee sHauenve pervictpa ebp B cTex

esp

ob £F £7 4

ved ebp| return arge

address
null

libc
@ 88 8@ 88|start_main @@ 86 88 ee

3. movl %esp, %ebp # rkomupyem sHaueHue pervictpa esp B perictp ebp

ebp

main(0)

ob £f £7 fa@b £f 7 f4

saved ebp| return arge

address
null

0 00 00 00/start sainlee 60 6o @0

L

LWar 2 u 3, a Takxe 4 (onucaH HUXE) COOTBETCTBYIOT MOCIEA0BaTE/IbHOCTM MHCTPYKLMIA, KOTOpasi HasbiBaeTcs
«MPONIOrOM>» U BCTPEYaeTcs NpakTU4eckn B N1o6on QyHKLMK: TeKyllee 3HadYeHue peructpa ebp nomeuwaercsa B crek,
3aTeM 3HauyeHue perncrpa esp Konupyetcs B peructp ebp, uto dakTuyeckn NpMBOAUT K CO34aHMIO HOBOrO CTEKOBOIO
kaapa. Mponor dyHKuMM main() Takol xe, Kak U Apyrux yHKUWUIA, C TON NULIb pasHuLEN, YTO NpM Hadane BbiMOHEHUS

nporpamMMbl peructp ebp coaepxuT Hynu.
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Ecnu B3rnsiHyTb Ha TO, UTO pacriofiaraeTcsl B CTeKe noj argc, To 6yAyT BUAHbI €Lle HEKOTOpbIE AaHHbIe — yKasaTesb Ha
CTPOKYy-Ha3BaHue, Noj KOTopbIM nporpaMMa 6bina 3anyleHa, ykasaTenun Ha CTPOKU-napaMeTpbl, nepeaaHHble Yyepes
KOMaHAHYI CTPOKY (TPaaMUMOHHbIN C-MaccvB argv), a Takxe yKasaTe/n Ha NnepeMeHHble cpefibl U HEMOCPeACTBEHO CaMu
3TW nepeMeHHble. OAHaKo, Ha AaHHOM 3Tane HaM 3TO He 0co60 BaXXHO, Tak YTO MPOAOSIKAEM ABUFaTbCS MO HanpaBneHuto K
BbI3oBY pyHkumm add():

MyTtewectBure no Cteky. YacTb 1/ Bror komnaHum Smart-Soft / Xabpaxabp

4, subl $12, %esp # sbigernsieM MecTo oA AaHHbDIE

esp ebp

main{0)

@b ff £7 e8 @b ff 7 f4

b answer ved ebp| return arge
address
null
1lib
22 22 22 @ 00 00 @8/start main @e 8o 8o 8o

movl $2, 4(%esp) # npucsausaem b znauenue 2
movl $4@, (%esp) # npuceavsaem a 3HaueHve 40

6. call add # nomewaem agpec BosBpata B CTEK, NepenaeM yrnpasneHe no MeTke add

OyHkuMsa main() cHavana BblyeTaeT 12 13 TeKyLlero 3Ha4YeHMs1 B perucrpe esp ANs BblAENEHUS HYXHOro el Mmecra u
3aTeM NpuUCBavMBaET 3HAaYeHUs NepeMeHHbIM a U b. 3HaueHnsa, XpaHuMble B NaMATU, U306 paxeHbl Ha PUCYHKE B
LecTHaauaTepuyHon GopMe 1 C NpsMbIM NOpaAKOM 6aiiToB — Kak 1 B ntoboM oTnaguuke. Mocne NpuCcBOEHUSA 3HAYEHUN,

esp ebp
main{0)
ob £ 7 e8 ob £f £7 4
answer ved ebp| return arge
address
null
8 @0 08 2 00 ee L2} ea ee ee tartbmam 9 00 68 88

ebp

main{0)

ob £f £7 4

return a b answer ved ebp| return arge
address address
null
" libec
main.c:1@ J28 @e ee 08|02 ee e ee ? @ ee 8e 8e|start_main|ee 0o ee eo

dyHkuma main() Bbi3biBaeT dyHkUMo add(), n Ta HaUMHAET BbINOMHATLCS:
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7. pushl %ebp # coxparsiem Texyuee snauenne pervcipa ebp 5 crex
esp ebp

¢ main{0)
eb £f £7 e@ eb £f £7 f4

ved ebp) return a b answer ved ebp| return arge
a address address
main(0) null
1ib
4 7 £f Bb) main.c:18 |28 @0 80 0822 00 89 P8 ?? @ 2@ ee ea tar%_rﬁain @ 82 00 2a

8. movl %esp, %ebp # wonupyem sHauenwe pervctpa esp B peructp ebp

ebp
add(40, 2)
@b ff 7 edleb ff 7 e@

esp

ved ebp| return a b answer ved ebp| return arge
i address address
main(0) null
1ib
4 7 £f 8b main.c:18 |28 @0 80 0822 60 89 80 ?? @ 8@ pe 2a tar%_rﬁain @ 89 80 28

L 3 _

9. subl %4, %esp # ebigensem MecTo nog nepemMedHyto result

esp ebp
add(40, 2)

@b ff 7 dc @b ff 7 ed

result ved ebp| return a b answer ved ebp| return arge
i address address
main(0) null
1ib
?? 4 7 £f 8b main.c:18 |28 @0 80 0022 00 89 PO ?? 9 8@ Pe 2a tar%_rﬁain 9 89 80 28

| 3

Yem panblue, TeM nHTepecHei! MNepea HamMu elle oAWH MPOMor, OAHAKO Temnepb yXXe YeTKO BUAHO Kak Noc/iefoBaTenbHOCTb
CTEKOBbIX KaApOB B CTEKE OKa3blBAETCS OPraHM30BaHHOM B CBSA3HbIN CMWUCOK, M pernctp ebp XpaHuT ccbiiky Ha nepBsbiit
3/IEMEHT 3TOro crnvcka. BoT ¢ onopoii Ha 3To 1 peann3oBaHbl TPAacCMPOBKa CTeKa B oTnagumkax u Exception-o6bekTbl
BbICOKOYPOBHEBbIX 513bIKOB. O6paTvM BHUMaHWE Ha TUMUYHYIO AN Hayana BbIMNOMHEHUS hYHKUMU CUTyaumio, Koraa
pernctpol ebp 1 esp ykasbiBatoT B O4HO M TO e MecCTo. U eLle pa3 BCMOMHWUM, YTO A5 HAapalmBaHWs cTeka
OCYLLECTBISIETCS BblUMTAHUE U3 3HAUEHWS, XPAHSLLEroCs B PErucTpe esp.

BaxkHO 3aMeTuTb cneaylolee — npu KONUPOBaHWW AaHHbIX U3 pernctpa ebp B NaMsTb NPOMCXOAWUT HEMOHSATHOE Ha
nepBbIit B3rns4 UsMeHeHve nopsaka xpaHeHus 6aiToB. [leno B TOM, YTO AN PErMCTPOB TaKoro NMOHATUS Kak «MopsifoK
6aiMToB» He CyllecTByeT. MIHbIMX C1OBaMK, paccMaTpuBasi permcrp, Mbl HE MOXEM FOBOPWTL O TOM, YTO B HEM €CTb
«CTaplwuve unu Maaawmve agpeca». No3ToMy OTNIaUMKN NOKasbIBalOT 3HAaUYEHMs, XpaHUMble B perucTpax, B Hanbonee
YyLO6HOM AS1S YeN0BEYECKOro BOCNPUSATUS BUAE: OT 60/1ee 3HauMMbIX K MeHee 3HauvMMbIM Ludpam. TakuMm o6pasoM, uMes
CTAHAAPTHYIO HOTaAUMIO «CneBa-Hanpaso» U «little-endian» MalwmHy, co3gaeTcs o6MaHuUMBOE BrneyaTieHne, yTo B
pesynbTaTe onepauum KonMpoBaHUS U3 perucTpa B NaMsaTb 6aiiTbl MOMEHANM NOPSAAOK Ha 06paTHbIN. S XoTen, YTo6bl
KapTWHa, NoKasaHHas Ha pUCyHKax Hblsla MakcMManbHO NPUBIMXKEHA K PeanbHOCTU — OTCoAa U Takne PUCYHKM.

Tenepb, KOraa camas C1I0XKHas 4acTb Y Hac No3aau, OCYLUEeCTBASEM CITIOXKEHME:
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movl 12(%ebp), %eax # nomewaem sHaueHue 13 b B pervictp eax
10. movl 8(%ebp), %edx # nomewaem zHaueHue Uz a B pericip edx

add]l %edx, %eax # cknagwiBaen 3HauyeHvIR pericTpos edx i1 eax, MoMeujaes pesynntar 42 B eax

esp ebp
add(40, 2)

eax
42

@b £f 7 dc,@b ¥f 7 e 20 20 80 2a

result ved ebp| return a b answer ved ebp| return arge
' address address
main(0) null
1ib
?? 4 7 £f 8b main.c:18 |28 @0 80 0022 00 89 PO ?? 9 82 Pe 2a tar%_rﬁain 9 89 80 28

11. movl %eax, -4(%ebp) # nomewaem coaepyairoe pervicipa eax B result

esp ebp
add(40, 2)

eax
42

@b ff 7 dcjeb f 7 e

©0 20 80 2a

result ved ebp| return a b answer ved ebp| return arge
¥ address address
main(0) null
1ib
a 00 2@ 4 7 £ 8b main.c:1@ |28 @0 @0 0082 00 89 Pe ?? @ 82 pe ee tar%_rﬁain @ 82 pe 2a

34ecb y Hac NosiIBNAETCS HEM3BECTHbIV PerucTp, YTobbl MOMOYb CO C/IOXKEHUEM, HO B LLle/IOM HUYero oco6eHHOro unm
yamsutenbHoro. ®yHkumnsa add() BbinonHAeT Boo paboTy U, Ha4YMHas C 3TOr0 MOMeHTa BCe AeNCTBUSA B CTeke 6yayT
OCYLLEeCTBNSATLCA B 06paTHOM nopsiake. Ho 06 3ToM pacckaxeM kak-HuMbyab B Apyrow pas.

Bce, KTO AounTan A0 3TUX CTPOK, 3aC/yXXMBaeT NOAAPOK 3a CTOMKOCTb, NO3TOMY S C OFPOMHOW MMKOBCKOW FOpPAOCTbIO
npeseHTyto BaM BOT 3Ty eAnHYO0 CXEMKY, Ha KOTOpOI‘/‘1 M306pa)KeHbI BCe BbllLIEONUCaHHbIE Warun.

He Tak yX BCe U C/IOXKHO, CTOWUT TOSIbKO PasnoXuTb BCe MO NosoykaM. Kcratv, ManeHbkue KBaapaTuKu OYeHb CUTbHO
rnoMoratoT NoHUMat. bes «ManeHbKUX KBaApaTMKoB» B MH(pOpMaTUKe BoobLle HUKyAa. Hazlelocb, MOU PUCYHKU MO3BOSIUIIU
COCTaBUTb SICHYH KapTUHY MPOUCXOASLLEr0, Ha KOTOPOW UHTYUTUBHO MPOCTO MOKa3aH M POCT CTeKa, U U3MEeHEeHUs
CoAepXKMUMOro namsaTu. Mpu 6amxaiiluemM paccMOTPEHUM, Halle NPorpaMMHoe obecreyeHne He TaK Y U CUIbHO OT/IMYaeTcs
OT MPOCTOI MaLWWHbI ThlOpUHra.

Ha 3ToM 3aBepluaeTca nepsas 4YacTb Hallero NyTelwecTBns No cTeky. B 6yaylwmnx cTaTbsix Hac XAYT HOBblE MOrPYXeHUs B
«barToBble» febpun, Nnocsie Yero NOCMOTPUM, YTO XKe Ha 3TOM pyHAaMeHTe CNOCOOHbI BbICTPOUTbL BbICOKOYPOBHEBbLIE S13bIKN
nporpaMMupoBaHns. YBUAMMCS Ha CleayloLlei Hegene.
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