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1. BeedeHue

3agaya NEKOMOWLIIMM IPOrPaMMHOTO KOJia /10 CHX TIOp HE pelleHa B MOJHOM
o0béMe.  XOTA  CYIIECTBYIOT  IIPUMEpPBI  JIEKOMIIMIISTOPOB,  KOPPEKTHO
BOCCTAHABJIMBAIOIINX UCXOJHBIM KOJ JJIsI HEKOTOPBIX THIOB (haijioB (B OCHOBHOM
9TO JEKOMIIMISATOPHl KOJa BUPTYAJIBHBIX MAaIlWH), U1 HCIHOJHSAEMBIX (haiiios,
COJIep’KalllMX MAIIWHHBIA KOJ, BO3MOYKHOCTH BCEX CYIIECTBYIOIIMX peaTn3alii
JEKOMITHIIAITOPOB OY€Hb OTPAaHMYCHBI, YTO 3aTPYAHSAET MCIIOIB30BaHIE PE3yIbTaTOB
ux pabotel Ha mpakTuke. CIOXXHOCTE pPa3pabOTKH TaKHX JEKOMIHIISITOPOB
OOBSICHAETCSI TEM, YTO JJSI TOJHOIEHHOW ISKOMIWIAIMN HCIIOIHSAEMBIX (haiiioB
TpeOyeTcsl pelmMTh TakWe 3aJadd, Kak: pasfelieHne Koja W JAaHHBIX, Y4ET
CEeMaHTUKM MalIMHHBIX KOMaHJ, BBIBOJ THIIOB, pAaCIlO3HABAHUE CHCTEMHBIX
oubmuorek. [Ipm sTOM, HanpuMep, 3amada pa3leicHUs KoJa W JaHHBIX B OOIIEM
cllydae sBIISCTCS aNIrOPUTMHUYCSCKU Hepaspermnmoit [1].

OObekTHBIE (Dalabpl comep)aT WHPOPMAIUIO O MPOrPaMMHOM KOJAE W JIaHHBIX,
HE0oOX0AUMYIO [UIsi COOPKU HCToNIHseMOoro Qaiiia peqakTopoM cBsizeil. Otu daitisl
Oosiee CTPYKTypUpOBaHBI, YeM MHCIIOJIHSIEMbIE: KOJ M JIaHHbIE B 3HAYUTEIBHO
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OombIIIel CTENICHH pa3JIeeHbl, COXpaHeHa HHPopMaIsI 00 UMEHaX MOAMPOrpaMM H
rII00aIbHBIX MEPEMEHHBIX (KaK ONpPEIESIEMBIX, TaK M HCIOJB3YEMBIX), IIPH 3TOM
00BEeKTHBIE (haIIBI coMepKAT TaKOW jK€ MAIIMHHBIA KOJ, 9TO M COOTBETCTBYIOIIHE
ucronHsAeMble Qainpl. TakuM o0pa3om, 3amada JEKOMITIUIAIUH Ui OOBEKTHBIX
¢aiinoB momkHa pemartbest npomie. OmgHaKo 3amadya JEKOMIWIALUM OOBEKTHBIX
(aiioB OOBIYHO HE paccMaTpUBAETCS, IOCKOJIBKY Takue (aijasl B OCHOBHOM
BOCIIPUHHMMAIOTCSL NPOTPAMMUCTaMH, KaK HEKOTOPBIH KAII KOMIIWIATOpAa —
BCIIOMOTaTeJbHbIE JaHHbIe, (OPMHUPYEMbIe KOMITWIISITOPOM B XOA€ PaOOTHl M HE
MPE/ICTABIISIONINE CAMOCTOSTEIbHON [IEHHOCTH.

Ucknrouenue cocraisier popmar DCU [2] oObekTHBIX daitnoB Delphi. Tlomimo
00pa3oB maMsITH MOANPOIPaMM U IJI00aNbHBIX JIaHHBIX, B (ainax .dcu Kogupyercs
Bcsi MH(popMauus u3 MHTepEHCHON 4YacTH MOJIyNs, TO €CThb OHHM COBMEIAIOT
¢yakoun .obj u .h ¢aiimoB, mosTomy odYeHbp dYacTto wucmoidp3yrompe Delphi
pa3pabOTYNKN PACIIPOCTPAHSIOT CBOM MOXYIH M IeJible OMOIMOTEKH MOAyJeH B
tdopmare DCU, 6e3 nmpemocTaBieHNs UCXOMHBIX TEKCTOB. [Ipu sTom dopmar DCU
YaCTHYHO M3MEHSETCS C KaKAOM HOBOM BepcHeil MNpoOAyKTa, IO3TOMY
MPOTPAMMHCTEHI, 3aBUCSIINE OT UY>KUX MOJIYJIEH, HOJDKHBI MOJIaraTbCsi Ha TO, YTO
pa3pabOTUYHK TAaKOTO MOZYJISl HE IIPEKPATUT CBOIO PAOOTY M CKOMITMIIMPYET €ro IS
CIIEIYIOLINX BEPCHH KOMIMJISITOpa, KOTAa 3TO moTpedyercs. Bpems mokasbiaer,
YTO 3Ta HaJAEXKJa OUECHb YacTO HE ONpaBJbIBaeTcsa. TakuM 00pa3oM, JEKOMITUIISIIMS
00bekTHBIX (aitioB DCU siBiisseTcst akTyaabHOM IS TeX pa3pabOTYMKOB, KOTOPHIC
UCTIONB3YIOT 00bekTHBIE (Paitisl DCU 6e3 HCXOHBIX KOIOB.

Hecmotpss Ha TO, uto B mocieanux Bepcusx Delphi mmardgopma NET He
NOJJIep)KUBaeTCs, pa3paboTka MeToja  JEKOMIWIALMH Ui OJHOW U3
paznoBuaHocteil popmara DCU oTkpbIBaeT J0pory K pa3paboTKe aHaJOIMYHBIX
METOJIOB JJIsl IPYTHX pasHOBHIHOCTEH 3Toro gopmara. Kpome Toro, 1eKoMIMISILMS
¢aitmos DCUIL MosxeT ObITh HEMOCPEACTBEHHO BOCTpeOOBaHA IPH PEIISHUH 3a/1a4,
CBSI3aHHBIX ~ C  NOJIEP)KKOM  yHAacleIOBaHHOTO  NPOrpaMMHOTO  KoOJa,
CKOMIMJIMPOBAHHOTO /ISt 3TOH MaT(GOopMBI.

2. O6bwas cxema dekomnunsyuu o6 bLeKmMHbIx ¢hatisnoe DCUIL

P 3arpy3usk Qaitnos Juzaccembiep
} OSwexrili kox Delphi = DCU32INT [ obwéxrroro koza DCU
T [
A
T'enepauns N T'enepauns EN Ananm3 rpada oToKoB
TIPOMEXYTOUHOTOKOZA yIpasisiomierorpaga yIpaBIeHHs
, |
\V - ———— -
Viyumienue % I'enepanus xonga %= Wcxonusrii kox Ha :
[POMEXYTOYHOTOKO/[A Delphi 1 s3eike Delphi !

Pucyrnox 1. Cxema dexomnunsyuu obvexmuozo kooa Delphi
Figure 1. Decompilation scheme of the Delphi object code

106



MuxaiinoB A.A., XmenbHoB A.E. [lekommusiuus o6bekTHbIX (aiinoB DCUIL. Tpyoer HCIT PAH, Tom 29, Bbin. 6, 2017
r., ctp. 105-116

Jexommmrsanus kona B ¢arimax DCU MOXET BBITOTHITHCS OTASIBHO JUIS KaXKIIOH
MOIPOTPaMMBI, YTO CYIIECTBEHHO O0O0JerdaeT pemieHne O3Toi 3amaum. Jns
peamm3anuu gexoMmmaTopa o0BekTHBIX (paitmoB DCUIL HeoOXoamMo penmmTs
CIICIYIONINE OCHOBHbIC 3amaud, (puc. 1) BOCCTaHOBJICHHE BBICOKOYPOBHEBBIX
OTIepaTOpOB, TEHEpalUs MPOMEKYTOUHOTO MPEACTABICHUS, TeHepalus Kojaa, M
BBIMOJIHCHWE  ONTHMU3AIMil,  HAICNCHHBIX HA  yIy4dIICHUE  pe3yibTara
JEKOMITHIISLINH.

2.1 3arpy3uuk channa

3arpy3dnk OCyIIecTBISIET pazbop BxomHoro daitma B popmare DCUIL, DCU. B
KauyecTBE 3arpy3uuka ucnonb3zoBaHa nporpamma DCU32INT, kotopast BBIIOJIHSET
pa3bop daiina B coorBercTBHU co cnenupukanueit popmara DCU Ha sizpike FlexT
[3]. 3arpy3uuk cUnuTHIBacT NOCIEIOBATEIHHOCTD TETOB B HCXOAHOM (haiiie ¥ cTaBUT
UM B COOTBETCTBHE CTPYKTYPbl JaHHBIX, OIMCHIBAIOUINE IPOYUTAHHBIC
yTBepXkKIeHHsl. B Xo1e YTeHUs! TeroBBIX CTPYKTYpP HAHHBIX JJSI KaXIOro (aiiia
DCU ¢opmupyercs aBe TaOMUIBL: TaOJMHIIA agpecoB H TaOMWIA THUIIOB.
BonbmmHeTBO CTpYKTYp HaHHbIX (aitna DCU ceputatotest Ha qpyrue CTpyKTYphI 1o
MHJIEKCaM B 3THX TaOIuIax.

OnucaHusi NOANPOTPaMM CoJepKaT MHPOPMAIMIO O CMELICHUH 00pa3a MaMsTH ¢
KOJIOM IOJANPOTPaMMBI B OJIOKE MaMsITH MOIYJ/IS U pa3Mepe 3TOro oopasa.

3a GJIOKOM MaMsATH CIEAYET 3alKch ¢ TabmuIel mepemeniaembix aapecos (FixUp),
KOTOpasi COJIEPKUT MHPOPMAIIMIO O TOM, B KaKhe MecTa OJIOKa MaMsITH JIOJDKHBI
OBITh MOACTAaBJICHBI aJipe€Ca pas3IMYHbIX MpoucaAyp, NEPEMEHHBIX, ONHUCAHUM TUIIOB
JAHHBIX M JPYTHX OINpEEJCHUI MOociie MX Ha3HAa4YeHHs PEIakTOpoM cBsizeil. DTa
HHpOPMAIIUS HCIOJB3YyeTCsA Au3acceMOiaepoM mpu pazdope OaiT-koma yis
KOHTPOJISI ~ TPaBWIBHOCTH  paboTel UM oToOpakeHmst uHopmanmu. Tak,
nepeMeIaeMble ajgpeca MOTYT BCTPEUaThCsl TONBKO B ONEpaHAaX MHCTPYKIUH U HE
MOTYT TIepeceKaThcsi ¢ KogaMu komana. [Ipn Hammuuu mepemMeraeMoro ajpeca B
ornepansie nHGpopManus 06 ITOM aJipece UCTIOIb3YEeTCs IPH BBIBOJIE ONIEPAHIA.

2.2 MNpouenypa an3accemo6nMpoBaHus
B nporpamme DCU32INT peannzoBaH NpUMUTHBHBIN CTaTHUECKHU Au3acceMoIep,
KOTOpBIA yMEeT:

e OMpeAeNATh pa3Mep, 3aHUMaeMbli OJTHON MalTMHHON KOMaH/I01;

e  OIpeaeNsTh, YTO KOMaH/1a 0e3BO3BPATHO MepeaaéT yrnpaBiIeHue;

e OOHapY)XHMBaTh CCHUTIKM W3 MAIIMHHOW KOMAaHJbI (IIEPEeXOIbl HA APYyTHE
KOMaH/Ibl);

L4 0T06pa)KaTL MallMHHBIC KOMAaHbI.

Takux BO3MOXKHOCTEH HEIOCTATOYHO UIA pealu3alliii IeKOMITMIATOPA, KOTOPOMY
HEOOXOMMMO HWMETh BCIO HHPOPMAIMIO O CEMaHTHKE KOMAaHJBI, IOCTYIHYIO
BUPTYaJIbHOW MAIIMHE UCTIOJHSIOMIEH e€.
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Jns monmydeHHs CEMaHTHKH WHCTPYKIMH OBLI ¥MCHOJB30BaH IpoekT Mono,
peamm3oBaHHBI Ha s3eike C#. [ 3TOrO OBLT MOAM(UITMPOBAH IEKOMITHILITOP
ILSpy Takmm oOpa3zom, 9TOOBI Ha BEIXOJE OH IPOM3BOAMI KOA ONU3KUN S3BIKY
Delphi.

B pesynpraTe gexoMmuinuu dacté OmOmmoTekd MONO OBUIM TOMYYEHBI ABE
Tabmume! onkoxos CIL:

e OneByteOpCodes — onko 1! ATUHON OJUH OANT;

o TwoByteOpCodes — omkop! InHO# 1Ba OaiiTa.

Kaxmoe 3nauenune B Tabiuie mpeacraBiser co00il 00bEKT, KOTOPHI COAEPKUT B
ceOe BCIO HEOOXOAMMYIO HH(POPMAIIHIO O CEMAHTUKE OIKOJIA!

e UM OIKOJA;

e  uHDOPMALHUIO O TUIIE IEPEAAYH YIIPABICHHUS;

e  THII CAMOI0 OIKOJA;

. TUIIBI ONICPAHIOB,

e  HHGOPMAIIHIO O COCTOSIHAU CTEKa JI0 BBITIOJTHEHUS KOMAH/IbI U TIOCIIC;
B aexoMmmisTope CTamus IU3acCeMOJIMPOBAHMS CBOJUTCS K COIMOCTaBJICHHUIO
MOCJICIOBATEILHOCTH 0alTOB, KOMUPYIOIIUX MAIIUHHYI0 KOMAaHIy HEKOTOPOTO
BhIpaXEHUsI, omuchiBaromero e€ cemantuky. Komanma CIL mpencraBiseT coOoit
3aKOJIMPOBAHHOE TI0 OMpPEACIEHHBIM TpaBuiaM [4] ykasaHwe Ui BHPTyaIbHOU
MAaIllMHbl Ha BBITOJHEHHE HEKOTOpOW omepamuu. KomaHaa Bceraa HaA4MHACTCS C
koma koMaHisl. KoJ KOMaHIpl MOXET 3aHMMaTh OT OJHOrO 0 JABYX 0alTOB, Y
JIByXOaHTOBBIX KOZOB IEPBBIN OalT Bcerma OyaeH paBeH OxFE (T.e. psa KOMaHJ
3aKOJIMPOBAH B JOMOJIHUTEIHLHON Ta0JIUIE, T.K. OHH HE MOMECTHIIUCh B OCHOBHOH).

2.3 NeHepaumsa NPOMEXYTOYHOro NnpeacTaBreHuA

Ipomexyrounoe mpencrapnenne CILIR [5] (CIL Intermediate Representation),
paspaboranHoe apropamu B aexommuisitope DCUIL2PAS [6] peannzosano B Buze
uepapxum KiaccoB (puc. 2), ¢ HCIOIB30BAHWEM TEXHHUKH IIO/ACYETA CCBIIOK.
CuéTUNKH CCBUIOK UCIIOJB3YIOTCA i1 DKOHOMUMU IIaMATH U B )IaJ'lBHCﬁIHeM 11
BBIYUCJIICHUA PE3YJIbTATOB BBIpa)KeHPIﬁ.

[IpomexyTouHblii Kox 1t 0a30BBIX OJOKOB CTPOMTCS MYTEM CHMBOJIBLHOM
uHTepnperanun  Kaxaoii komanabel CIL w  comocraBieHuss el BBIpaKeHUS
(3K3eMmuIsipa KJilacca), peau3yIolero ceMaHTHKy. HadanbHoe COCTOsIHHE KaXIoro
JMHEHHOTO  ydYacTKa  KOJa  XapakTepu3yeTcsi  3HA4YeHHsIMH  IapaMeTpoB
HOATNPOTPaMMBI  JIOKATBHBIX TIEPEMEHHBIX, a TaK)Ke COCTOsIHMEM cTeka. KoHeunoe
COCTOSIHHE OTIPEJIEIISIETCS B PE3YJIbTaTe CUMBOJIHOIM MHTEPIIpETalnH.

Janee npUMeHSETCS WTEPalMOHHBIA AJTOPUTM AaHAIN3a IIOTOKOB JAHHBIX I
JocTUraomux onpeneneHuil. CocTosHHUE JTOKAJIbHBIX NEPEMEHHBIX M apIyMEHTOB
MOIPOTPaMMBI  SIBISIFOTCS  OOLIMM KOHTEKCTOM [UIS BCEX O0a30BBIX OJIOKOB, W
UCIIOJIB3YEeTCSl TOJBKO Ul XPAaHEHHs Pe3yJIbTaTOB, a He BBIYUCIICHHS BBIPAKCHUH.
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ITosToMy B KauecTBe BXOJHOTO M BBIXOJHOTO MHOXKECTBA JUI IMEPEAATOYHOU
(YHKIINH paccMaTpPHUBAETCS TOJILKO COCTOSTHHE CTEKa.

TCILExpr

TCILUNOp TCILBinOp| |TCILSemOp| |TCILRegion TCILArgs

TCILIfThen
Region

TCILNeg |H TCILAdd TCILPop TCILLocal

TCILDup |H TCILMul

Pucynox 2. Hepapxus kiaccos npomedqcymouno2o npeocmagneHust
Figure 2. Intermediate Representation Class Hierarchy

2.4 YnpolieHne COKpaLlleHHbIX JTOrMYECKUX BblpaXKeHUn

Jnst JorMyeckux BBIPAXKEHHH, BKIIOYAIONIMX JIOTHYECKHE CBS3KM and H Or,
KOMITHJISITOP MOXKET T'€HepHUpOBaTh KOJX JUIS OINEpaTOpOB YCIOBHOTO Iepexoia
JBYMS pa3HBIMH CIIOCOOaMH:

e [lomHOEe BBIYKCIEHHE BBIPAKECHUNA. YCIOBHE  TpeoOpasyeTcs B
[IOCJIEI0BATEILHOCTD MHCTPYKLUH BBIYUCIICHUSA BBIPAYKEHUS,
NOMEIIAIONIMX BBIYUCICHHBIA Ppe3ylbTaT Ha CTEK Ul IMOCICAYHOLIEro
U3BJICYCHUS B KaYECTBE apryMEHTa JJIsl ONIKOJA YCIOBHOTO Mepexoa.

e  CoxpaméHHOe BRIYHCIICHHE JIOTHUECKUX BhIpaxkeHuii (short-circuit boolean
evaluation) ¢ TOMOLIBIO YCIOBHBIX BBIPAXKEHMI, OCHOBaHHBIX Ha
CIIEYIOIINX MPaBHIaX:

1. Aand B=if Athen B else False,
2. AorB=if AthenTrue else B.

OT0T PEXHUM HCIOJIB3YETCA KOMITWJIATOPOM T1I0 YMOJIYaHWIKO W TIO3BOJIAICT HE
BBITIOJIHATH 4aCThb BLIQHCHCHHfI, €CJIM CTAHOBUTCA U3BECTHO, YTO OHU YIKE HC MOT'YT
IMOBJIMATH HAa PE3YJIbTUPYIOIICC 3HAUCHUC BbIPAKCHUA.

Cnyqaﬁ IIOJIHOT'O BBIYHMCJIICHHUSA JIOTHYCCKUX BLIpa)KCHI/Iﬁ SIBJISICTCS  HanboJee
MPOCThIM JId ACKOMIIUJIATOPA, [MOCKOJIbKY PE3YJIbTATOM BBIYUCICHUSA BBIPDAKCHUS,
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U3BJICYEHHOTO CO CTEKa B KAadeCcTBE OMNEpaHIa KOMAaHIbI YCJIOBHOTO IEpexXoja,
OyzneT NCXOIHOE JIOTHIECKOE YCIOBHE.

[Ipn nmeKOMOWISINMU JIOTHYECKOTO BBIPAXKEHHS, BBIYUCISEMOIO COKPAIIEHHBIM
crmocoboM, Ha JTame YIydIIeHHs MPOMEXYTOYHOTO KOJA  BBIMOIHACTCS
00BEANHEHNE JTOTHIECKUX YCIOBHUH IO 3apaHee ONpeneiéHHOMY HaOopy IpaByiI:

1. if Athen B else False = A and B,
2. if Athen True else B= A or B.

2.5 NeHepauua ynpasnswouwero rpacga

OpHoit u3 Hambosice BaXKHBIX 3a7ay JCKOMITHIIAIUM SIBJISETCS BOCCTAHOBJICHUC
BBICOKOYPOBHEBBIX OIEPATOpPOB, TakuX Kak if-then-else, if-then, while,
for, casewur.n.

ANTOpUTM JUTS TOCTPOEHUs 6a30BBIX OJIOKOB, MpeACTaBiIeHHBIH B [8], monyyaer Ha
BXO/I MOCJIEIOBATENILHOCTh TPEXAAPECHBIX KOoMaH. Jlamee B MOCIE0BaTeIbHOCTH
KOMaHJl BBIICISIFOTCS JIMJACPBI, KOTOpbIe pa30MBalOT ©€ Ha JIMHCHHBIC
TIOIIPOTPaMMBI, KOTOPhIC HAYMHAIOTCS C KOMAaHIBI-THIEPA.

Jist pa3OueHus qu3acceMOIMpyeMoi IIPOrpaMMbl Ha 0a30BbIe OJIOKU HCIIOJIB3YETCS
HH(POPMAIIUS O THIIC NEpeay YIPaBICHUSA, KOTOPask COACPIKUTCS B OMUCHIBAIOIICH
WHCTPYKIHUIO CTPYKTYpE TaHHBIX.

T'enepanus ynpassitoniero rpada coBepiiaeTcss B OJWH MPOXOA U OObEeIUHEHA C
MpoIeCCOM au3acceMOMupoBanus. B kadecTBe mapamerpa B (yHKIHIO pa3dopa
nepemaéTcs yKka3zaTellb Ha TpPOIEIypy, KOTopas IMPOW3BOAUT pa3dmeHue Oioka
MaMITH Ha TIOCIIEIOBATEIFHOCTH MHCTPYKIUH, KOTOPBIE COOTBETCTBYIOT 0a30BBIM
OJIoKaM yTIpaBITIOMIETO Tpada, U HAXOAHUT TEePEXOIbI MEXKY HIUMH.

B mpomecce moctpoeHus rpada MOTOKOB YIIpaBJICHHUS KaKIbIA y3ell cHabXaeTcs
METKOW CO CYETYHKOM CCHUIOK M BCE HHCTPYKIMH YCIOBHOTO H 0€3yCIOBHOTO
nepexo/1a MPUBOIATCS K SAMHOMY BHUILY:

e [fxopy Then goto label — nepexox 1o ycloBuio;

e goto label — 6e3ycnoBHbIN nepexo/.
Ocoboro  BHUMaHHUS  3aciHyXHBaeT o00paboTka  omepaTopoB  0O0PabOTKH
UCKITIOYUTENbHBIX cuTyarmid. B Delphi 11 06paboTki HCKITIOYUTENBHBIX CHTYalni
UCIIOJIB3YETCs IBA OTEpaTopa:

o try/finally — npumensiercs, korjaa HeoO6xoaUMO, YTOOBI KO/ B cekiuu finally
BBITIOJTHWJICS B JIIOOOM CITydae.

e try/except — npu BOSHUKHOBEHHUH UCKIFOYHUTEIBHON CUTYAllnH UCIIONHEHUE
OCHOBHOT'O (pparMeHT Ko/ia IPEKpallaeTcs, 1 BHIIOJIHEHHE TIepeaaeTcs B
CEKLIHIO except.
Jnst kaxzmoro 6710ka Koja MOANPOTPAMMBI, €CJIM B HEM HCIIONB3YIOTCS ONEPaTOpHI
00pabOTKN HCKIIIOYHMTENLHBIX CUTYallMid, B OOBEKTHBIX M HWCIIOJHAEMBIX (aiinax
XpaHWTCA crenuanbHas Tabnuna. B Hell coamepxurcst Besi  HeoOXoaumast
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nHpOPMAIUS I UX 00pabOTKH: CMENICHHE 10 try; pa3Mep 3alluiiaeMoro 0jJoka
KOJa; aapec W pa3Mep Kojaa oO0paboTYMKa HCKIFOUUTEIBHBIX CHUTYallUd; THUI
omepatopa (finally, except). B 3aBucuMoctn OT pasMmepa Koja
MOIPOTPaMMBI MOTYT TPHMEHATHCA Oollee KOMIAKTHBIC BEPCHH KOIUPOBAHHS
sanmcei Tadbnuiel Small unu Mmenee xomnaktasle Fat.

IIpu reneparmu ynpasistomero rpaga omeparop try/finally oOpabaTsiBaeTcs
JOCTaTOYHO MPOCTO: HEOOXOIMMO pa3dMBaTh MOCIENOBATENHLHOCTh ONEPATOPOB Ha
YacTH, COOTBETCTByIOmME OJokaM try ®m finally, B COOTBETCTBUH C
undopmanmeid 006 agpecax M pasMepax 3aluIiaeMoro Ojoka M 00paboTyHKa
UCKIIIOUNTENbHBIX cuTyauuit. Ilpm o0Opabotke try/except HeE0OXOIUMO
chopMupoBaTh HOBBIH 0a30BBEIA OJOK, MOCKOJBKY IOTOK YIPABICHUS B Clydae
OIIMOKH HE OCTUTAET KOJIa, CJICIYIOLIETO 3a OIEPaTOpOM except.

2.6 BocctaHoBneHue BbICOKOYPOBHEBbIX onepaTopoB

Ha npakTrike B 00JBIIHHCTBE PabOT, MOCBSIICHHBIX JCKOMITHISAIIAH, UCIOIb3YIOTCS
JIBa TOAXO0Jla K aHalu3y MOTOKa YIpaBleHUs OTHEIbHBIX mpoueayp. I[lepBsiii
MOJXO0J UCTIOJIB3YET JIepeBO JOMUHATOPOB Ul NMOHUCKA €CTECTBEHHBIX I[UKIIOB, U B
JMAIBHEHIIIeM HCIONB3yeT MX I ONTHMH3alUU. BTOpol moaxon, Ha3bIBaeMBIH
WHTEPBAIBFHBIM aHAJN30M, BKITFOYAaE€T METOMBI, KOTOPBIE TIO3BOJISIIOT aHAIM3UPOBATh
CTPYKTYpY TpOIEAyphl B IeJIOM W pa30uBaTh € Ha BIOKEHHBIC YYaCTKH,
Ha3bIBaeMble UHTepBasaMu. Teopust HHTepBalloB ObUTa npeanoxeHa Amierom [9] B
Havaie 1970-X roJjoB u HCMOIB30BAIACh TS MIPOBECHUS ONTUMHU3AINHA TP OoIree
TIIATEJILHOM  aHalW3e II0TOKOB JaHHBIX. Haumbosmee rioyOoxmii  BapHaHT
WHTEPBAJILHOTO aHAlN3a, HAa3bIBAEMBIH CTPYKTYPHBIM aHAIM30M, OBUT MPEITIOKEH
Hudyenrec [10]. JlanHbiii MeTon KIacCUPUIUPYET aOCONIOTHO BCE CTPYKTYPHI
MOTOKA yIpaBlIeHUs B poueaype. Ha mepBom sTame MeToa pOU3BOIUT BBIICICHUE
U CTPYKTYpHpOBaHue IMKJIOB. Jlanee, B nopsake, oOpaTHOM 00X0/y B ri1yOuHY, Ha
rpad  HakianpIBalOTCS  IIAOJOHBI,  COOTBETCTBYIOUIME  BBICOKOYPOBHEBHIM
oreparopam, U ¢ IOMOIIBI0 CEMaHTHYCCKH SKBUBAJICHTHBIX MpeoOpa3oBaHuii rpad
CBOIUTCS K OJNHOW aOCTpaKTHOW BEpIIMHE, KOTOpas COICPKUT B cebe BCIO
HEPApXUI0 BIIOKCHHBIX WHTEPBAJIOB. B TEOpHHM KOMIWISAIMKM METOIBI aHAIU3a
MOTOKA JIaHHBIX Ha OCHOBE aHaJM3a WHTEPBAJIOB HA3BIBAIOTCS METOJaMU
yCTpaHEHHUs.

Ha ocHOoBe aHanmm3a nepeBa JOMHHHUPYIOIIMX BEpIIMH pa3paboTaH aaropuTMm
CTPYKTYPHPOBaHHs  YIpPAaBIAOmIEro rpada, B  OCHOBE KOTOPOTO  JICKUT
npeiokennsiii  Jkonconom ¢ komteramu  [11] B 1994 romy wmeron
CTPYKTYPHPOBAHH YIPABIIONICTO Tpada IyTeM IpPEJICTABICHUS €ro B BHUJE
nepapxuu SESE-pernonos (Single Entry Single Exit).

B pabore [11] ormeueno, uto nBa mo0bix SESE-pernona B ympasinsitonieM rpade
JIOJDKHBI OBITh, JINOO BJIOKEHHBIMH JAPYr B JApyra, JuM00 HENEPeCeKAIOIIAMUCS.
CrpykrypHblii aHaimu3 Ha ocHoBe SESE-peruonos u PST (Program Structure Tree)
OOBIYHO WCTONB3yeTcs ISl 3PQPEKTUBHOTO TIOCTPOCHHUS IPOMEXYTOUHOTO
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npencraBienns B SSA (Static Single Assignment) dopme, a Takxe it Oornee
3¢ EeKTUBHOTO aHalIKM3a MOTOKOB JAHHBIX B MpOILEcce KOMIMISLUH, M B HEM He
MpeTycCMaTPUBACTCS KIACCU(PUKALS BBIACTAEMBIX PErHOHOB. Iyl pemeHust 3Tux
3a/ad CyIecTBEHHBIM sBiseTcsl TpeboBanue, uto SESE-pernon obpa3yer MMEeHHO
mapa IyT, T. €. y3€Jl CXOXAEHHUS HMMeEeT TOJNbKO OIHY BXOIAINYIO AYTY, a Y3el
PAaCXOKACHUS — TOJIBKO OJJHY UCXOJSILYIO IYTY.

B nmamHO#t paboTe BBHIOEISAIOTCS OBYXTepMHHANbHBIE peruoHbl (T T-perunon),
KOTOpBIE COOTBETCTBYIOT CXOXKACHHIO IIOTOKAa ympaBieHuss B yrpade u ero
nocienyoueMy pacxoxaeHuto. Tpeboanus k TT-permony sBisitoTcs Ooinee
cnabbiMu, yem TpeboBanus k SESE-pernony. Ilpu stom, kaxneiii SESE-pernon
aBisiercs U TT-pernoHoM, HO He HA0OOPOT.

[Tocie TOro, Kak BbIIEIEHBI BCE T |-PErHMOHBI, ITIOJMYy4YEHHBIH rpad C TOMOIIBIO
CEeMaHTHYECKH AKBHUBAJICHTHBIX IPeoOpa3oBaHMIl CBOIUTCS B OJIHY aOCTPaKTHYIO
BEPIIKHY, COJEPIKaIlyl0 B ceOe MepapXHio MOAIporpaMMsbl. J{jist 3Toro mpumeHsieTcs
UTEPATHBHBIH AJITOPUTM HAJIOXKEHUsSI MIA0NOHOB, Ha KaXJOH HWTEpalMyd KOTOPOTO
paccmatpuBaeTcsi T T -perHoH, IMEIOIIHii HanOOIIBIINIA YPOBEHb BIIOKEHHOCTH.

B KauecTBe BBbIENSEMBIX LIA0JIOHOB B OCHOBHOM HCIIONB3YIOTCA MOArpadsbl,
KOTOPbIE COOTBETCTBYIOT BBICOKOYPOBHEBBIM KOHCTPYKIHMSIM si3bika  Delphi:
block, while, repeat, if-then, if-then-else, case,
unresolved

Jns BblYMCIICHMS JepeBa JOMHHATOPOB M MOCTIOMHHATOPOB HCIOJIb30BAJICS
anmroput™ [12]. XOoTsS OH HMeeT He caMyl JIYYIIYI0 TEOPETHYECKYIO OLICHKY
CIIOKHOCTH W3 aIrOPUTMOB, MpejicTaBieHHbIX B paborax [13][14][15], Ho Ha
MPaKTHKE UCTIOJIb30BAHUE €T0 OKa3bIBAETCS IPENIOUTHTENbHEN Ha Tpadax ¢ MeHee
30 000 BepiMH KM3-32 MAJIEHBKOI CKPBITOW KOHCTAHTBI U MPOCTOTHI PEeaIU3alNH.

2.7 Pe3ynbTaTbl TECTUPOBaHUSA

Paspabotannsiii nekommmsrop DCUIL2PAS Osut mpoTecTHpoBaH Ha CHENHANBEHO
MOATOTOBJIEHHOM Habope Npolenyp, B3STHIX M3 Mojaudukanuu anroputma LZW
[16], wammcamnoro Ha s3bike Delphi.  TlockonbKy TpSIMBIX — aHAJIOTOB
JEKOMITHIIATOPY OOBEKTHBIX (aifinoB dcuil HeT, OBIIIO MPUHSATO pEIIEHHE MPOBECTH
CpaBHUTEIHHOE TeCTHpOBaHHE ¢ MHCTpyMeHTOB ILSpy, mockomeky oH Hamboiee
6mm3ox mo cBomMm xapakrepuctukam kK DCUIL2PAS u pacmpoctpassercs 1o
CBOOOIHOM JIMIICH3UH, [UTS OIIEHKH Ka4eCTBa — Mepa KadecTa aekoMmmsiimu [17]:

Z max(0, K’ — K)
KLOC (prog) ’

Caecom =
prog €TS

rae TS — TecToBEI HAOOP Mporpamm; prog — ucxoanas nporpamma; KLOC(prog) —
KOJIMYECTBO THICSY 3HAYMMBIX CTPOK KoJa mporpammsl prog; K — cymma mrpados
ucxoxaHod mporpammsbl; K' — cymma 1mTpadoB BOCCTaHOBICHHOM HCXOIHOM
HPOTPaMMBI.

112



MuxaiinoB A.A., XmenbHoB A.E. [lekommusiuus o6bekTHbIX (aiinoB DCUIL. Tpyoer HCIT PAH, Tom 29, Bbin. 6, 2017
r., ctp. 105-116

[Tpader 3a apTedakThl TPAHCISAIUN W HEMOJHOTY BOCCTaHOBICHHS (Tabn. 1) ObLm
W3MEHEHbl B COOTBETCTBHU C TPEOOBAHUSIMHU JEKOMIWISIUK OOBEKTHOIO KOJa
Delphi. IToncueT Meps! kagecTBa MPOU3BOIIIICS IS KXKIOW MPOIETyPHI OTACIBHO,
[P 3TOM HE YIHUTHIBAJIOCH KAY€CTBO BOCCTAHOBJICHHSI HHTEP(EHUCHOW YacTH MOIYJIS.

Taon. 1. mpager 3a apmegaxmer mpanciayuu u HenoaIHOMmMy 60CCMAHOBNEHUS
Table 1. Penalties for translation artifacts and incompleteness of restoration

KoHcTpyKknuu nporpaMmmbi Hasnavaemblie mrpadnl
HeBoccranoBnenue nMeHu nepeMeHHON 1
Omnepatop nepexoa goto 3
Boixon u3 cepenuubl mukiia break 1
Ormeparop npepbiBaHus UKIa continue 1
HeBoccranosnenHsiii oneparop for 1

[omydeHHBIE OLICHKM KauyecTBa ACKOMITWIIMY IpencTaBieHsl B Tabn. 2. Ha Bcex
IpUMEpax Mepa KadecTBa pa3paboTaHHOTO JEKOMITMIATOPA OKa3alach BBINIE, YEM Y
ILSpy. DT0o cBsi3aHO B TEpPBYI OUYepenh C TeM, YTO B Iporecce 00pabOTKH
OOBEKTHBIX MOAYJIECH JHMHKEpOM TepsieTcs YacTb WH(POpPMAmuud 00 HCXOIHOH
nporpaMMme, a TakKke C TeM, 49rto JjaexkoMmmiastop ILSpy w3HawaneHO
paspabaTbIBajcsi, MCXOIs M3 COOOpaXKEHHWH, YTO MCXOJIHas HporpaMma Oblia
HarucaHa He Ha si3bike Delphi.

Tabn. 2. Mepa xavecmea 0eKOMRULAYUY
Table 2. Measure of decompilation quality

Ha3Banmue DCUIL2PAS ILSpy
BitWise 62.5 133.3
Compression 18.6 146
LZRW1KHCompressor 75 140
GetMatch 0 166.6

ITomumo CPaBHHUTECIIBHOTO aHalin3a ACKOMIIHIIATOPOM B ITAKETHOM PEKHUME ObLIa
pa3oOpana cranmaptHas Oumbnmmorexka VCL Delphi 8. PesymeraTsl, KoTOphle B
OopIIel CTEeNeHN AEMOHCTPUPYIOT MTPOU3BOAUTEIFHOCTE PAaOOTHl AEKOMIMIIATOPA,
MpUBEICHBI B Ta0M. 3.

Tabn. 3. Pesynomam naxemnoti 06pabomku (npouzeooumenbHoCmy)
Table 3. Batch processing result (performance)

Ha3Banue Koa-Bo ¢aiinos Pa3smep (M0) Bpems o0padoTku (c)

Delphi 8 VCL 325 39 396

Jis onleHKH KadecTBa AeKOMIWIsIMK ctaHnaptHod oubmmorekun VCL Delphi 8 B
ABTOMATHYCCKOM PEKUME OBLJIO MPOCYUTAHO KOJMYCCTBO TPOLEAYP U (DYHKIIHIA,
BOCCTAaHOBJICHHBIX B CTPYKTYpHOM Buje (0€3 HCIOJb30BaHUsI OIeparopa goto).
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TectupoBanne mokazano (tabn. 4), uro B 98,7% cinydasx ymaercsi BOCCTAaHOBHTH
nporpammy 0e3 orepaTopoB goto.

Tabruya 4. Pezynomam nakemnoii obpabomku (Kauecmeo)
Table 4. Batch processing result (quality)

Ha3spanue KoJui-Bo npouenyp Bbe3 goto C goto %
Delphi 8 VCL 9003 8879 124 13

Paspabotannbii  mekommuisTop  00BekTHBIX  ¢aitmoB  DCUIL  mo3Bomser
BOCCTaHABIIMBATh HCXOAHBIA KOX Ha s3bIke Delphi, koTopbrii B OoNbOIMHCTBE
CIIy4aeB MPUTOACH JUIsl JAJIbHEHIIeH ero KOMIIMIALKMY M HOJHOCTBIO CEeMaHTHYECKU
9KBHBAJICHTCH HCXOJHOMY MPEICTABICHUIO NPOTrpaMMBL. JlaHHOE HpOrpaMMHOE
CPE/ACTBO TMO3BOJSET CYLIECTBEHHO COKPaTHTh BpeMs Ha pELIeHHe 3ajad,
CBSI3aHHBIX C TIONACPKKOW M MepepaboTKO YHACIEIOBAaHHOTO W CTOPOHHETO
NPOTPAaMMHOT0 OOECIIEUYEHUsI, UCXO/AHBIE TEKCThI KOTOPOrO HE MPEJI0CTaBIISIUCH
Ui 6I)IJ'II/I YTpaucCHbl; IMO3BOJACT HAXOAWUTH 3aKIaJlKh B T'OTOBBIX MOAYJIIAX H
komronenTax Delphi mog .NET; uckars 1 uctpasisiTh OIIMOKY.

3. 3aknoyeHue

Pesynprar nexommwisuun ¢aiinos .dcuil okaseiBaeTcs OoJjiee KaueCTBEHHBIM, Oolee
MOHSATHBIM JUISl MCCIIEIOBATENS KOJIa 10 CPABHEHHIO C Pe3yJbTaTaMU JICKOMITHIISILIUH
ucnonaseMsx ¢ainos .NET, mockonbky B HEM OTOOpakaeTcsi JOMOTHHUTEIbHAS
uHdopMalus, He T[oNajamuas B HCHOJNH’IEMble (ailiibl, HampuMmep, HMeHa
nepeMeHHbIX. Kpome Toro, y4€r Takmx OCOOEHHOCTEH KOMIMJIATOPA, Kak
COKpAaIIEHHOE OICHUBAHWE JIOTMYECKMX BBIPOKEHHWH, HA CTAAWHM YITy4IICHUS
MPOMEXYTOYHOTO TPEACTABICHHS TT03BOJISIET MOIYIHUTh O0JIee TOHATHBIIN KOJI.

MHuorue 3Tambsl pa3padOTaHHOTO METOAa M peajM30BaHHBbIC JUIA WX PabOTHI
MOJIPOTPaMMBI  HE 3aBUCAT OT ocoOeHHocTed koma ansa tmiardopmer NET.
OCHOBHYIO CIIOKHOCTH JJIsI PaclpOCTpaHEHUs METO/a Ha JApYyrue IIaThOpMBI
OpeACTaBIsieT ONMCAHHE CEMAaHTHKM MAalIMHHBIX MHCTPYKLUH  pealbHbIX
IPOLIECCOPOB, CHCTEMa KOMaHJ KOTOPBHIX CJIOKHee OalT-Koja BHUPTYaJIbHOM
MAIIKHBI, KaK 110 KOJIMYECTBY HHCTPYKIHH, TaK U 1O UX 3¢ dexram.
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Abstract. The work is devoted to solving the problem of decompiling one of the types of
DCU - .dcuil format files created by the compilers of those versions of Delphi that worked for
the .NET plat-form. A method for solving this problem is developed, consisting of a number
of steps: syntactic analysis of the CIL code; control flow graph generation; intermediate
representation generation; structuring control flow graph; dataflow analysis; intermediate
representation optimization; code generation.
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