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Bsenenue

KoHcTpyupoBanue KOMOWISTOPOB SIBISIETCS OAHOW M3 KIIOYEBBIX oOOacTei
UHPOPMATUKH,  TIOCKOJIBKY  KOMIOWJIATOPHI  O0ECIEYMBAIOT  CBSI3b  MEXKIY
BBICOKOYPOBHEBBIMH ~ SI3BIKAMHU ~ IPOrPaMMHUPOBAaHUSl U HU3KOYPOBHEBBIMHU
anmnapatHbIMU  apxuTekTypamMud. OHHM  MO3BOJSIOT  pa3pabOTUYMKaM  CO3/1aBaTh
nporpaMMHOE OOecreueHue, He BAABasCh B JCTAIW KOHKPETHON BBIYMCIWTEIHHON
w1aTGOpMBbl, U MPEIOCTABISIIOT CPEACTBA JJIsl ONTUMU3ALMHU MPOU3BOIUTEIBHOCTH
Iporpamm.

AKTyanbHOCTb U3yYEHHUS TaHHOW TeMbl 00YCIOBIEHA HECKOIBKUMH (PAKTOPaMH.
Bo-niepBbiX, pa3BuUTHE KOMIBIOTEPHBIX TEXHOJOTMM W pa3zHOOOpa3ue ammaparHbIX
mw1aropM OperbsABISAIOT Bce Oojee BbICOKME TpeOoBaHUsS K 3(D(PEKTUBHOCTU U
aJallITUBHOCTH  KOMIIUJISITOPOB.  BO-BTOpbIX,  pa3paboOTKa  HOBBIX  SI3BIKOB
IPOrpaMMHUPOBAHUS U METOIOB MX MHTEPIPETAIIUU TpeOyeT co3MaHusl COBPEMEHHBIX
NOAXOJOB K Tpoueccy Kommwisuuud. Haxoner, aBTromaruzaius pa3paboTKu
KOMITWJIITOPOB U NMPUMEHEHHUE MAIIMHHOTO O0YUY€HHUsI OTKPHIBAIOT HOBBIE TOPU3OHTHI
B 3TO1 00nacTu, obecrneunBasi 6ojiee OBICTPYIO M KAUECTBEHHYIO T€HEPAIIUIO KOJIA.

llenpto nmaHHOW pabOTBl SBISETCS AaHAJIW3 HCTOPUYECKOTO  Pa3BUTHS,
COBPEMEHHBIX JIOCTUKEHUHN U TpoOJieM B 00JIaCTU KOHCTPYMPOBAHUS KOMITHIIATOPOB.
Taxke uCCIeAYIOTCS OCHOBHBIE JTambl pPa3pabOTKH KOMIWISITOPOB, KIFOYEBBIC
npoOJaeMbl, BO3HUKAIOIIME MPU HMX CO3/JaHUU, U TEPCINEKTUBHbIE HaIpaBICHUS
pa3BUTHA.

B pamkax paGoTsl OyayT pacCMOTPEHBI KaK TEOPETUUYECKUE ACTIEKTHI, BKIIOUAs
UCTOPUYECKUM KOHTEKCT U DBOJIOIHUIO MOAXOJ0B K CO3/IaHUI0 KOMITUJISITOPOB, TaK U
NPAaKTUYECKUE AaCTEKThl, TaKHe€ KaK TEXHOJOTHMH aBTOMATH3AallMM U COBPEMEHHBIC
METO/bl ONTUMHU3ALMU. OTO TMO3BOJUT IMOJYYUTh IIEJIOCTHOE NPEJACTaBICHUE O

COCTOSHHH U IIEPCIICKTUBAX }IaHHOﬁ o0OnacTu.



Hcropuyeckoe pa3BUTHE KOHCTPYUPOBAHUSI KOMIIUISITOPOB

DTarbl CTAaHOBJICHUS KOMITUJIATOPOB

Nnea  co3maHus  KOMIWJISATOPOB  BO3HHMKJIA € Pa3BUTUEM  S3BIKOB
nporpammupoBanus. Ilepssle maru B 3Toi o0nactu Obutn crienansl B 1950-x ronpax,
KOIrZa MOTpeOOBAIUCH CPENCTBA A NPeoOpa3oBaHUs BBICOKOYPOBHEBOIO KOJa B
MalmMHHBIA. OJHUM M3 [EPBbIX 3HAYMMBIX JOCTH)KEHHMI CTajlo CO3JIaHHE
xomnuisitopa juist si3bika Fortran (1957 roxn), paspaborannoro J[xxonom bakycom u
ero komaHzoi B IBM. D10 Obul mepBbIl NPAKTUYHBIA KOMIIHJISATOP, KOTOPBIN
IPOAEMOHCTPUPOBAJI, YTO ABTOMAaTHUYECKUN IIEPEBOJ BBICOKOYPOBHEBOIO KOJa B

MaIIUHHBIA MOXKET OBITh 3()(PEKTUBHBIM.
ITepuon pyunoro mpoektupoBanus (1950-e — 1970-¢ roas)

B stot mepuoxa pazpaboTka KOMOWISATOPOB BeJlaCh BPYUYHYIO, OCHOBBIBASICh Ha
3BPUCTUKAX W SMIMUPUYECKUX Moaxonax. KoMmuusTopsl co3maBainuch AL KaxKI0TO
KOHKPETHOTO S13bIKa IPOTPAMMHUPOBAHUS U ApXUTEKTYPBI POLIECCOPA, YTO JENIAI0 UX
pa3paboTKy noiroil U TpymoeMkoud. Tem He MeHee, B 3TO BpeMs ObUIM 3a710KEHBI
OCHOBBI TAKHUX KIJIIOYEBBIX OTANOB, KAK JIEKCUYECKWW AaHAJIW3, CUHTAKCHUYECKUU

aHaJIM3, ONTUMH3ALMA KOJIa U TeHEepallys MalllMHHOTO KOJIa.
dopmanuzanus u anropurmuzanus (1970-e rossr)

C nosBnenueM pabot Anbdpena AXo W €ro KoJJIer Havaiach (hopmanusarus
IPOIIECCOB pa3pa0dO0TKH KOMIWISATOPOB. [losSBICHNE TaKWUX MOHSATHN, KaK KOHCYHBIC
aBTOMATbl, KOHTEKCTHO-CBOOO/IHBIC TPAMMATHKHU U aJITOPUTMBI TTIOCTPOCHUS JICPEBHEB
pa3bopa (mampumep, amroputM CYK), crmemamo coszmaHue KOMIMIATOPOB Ooiee
CTPYKTYPHUPOBaHHBIM. DTH pabOThl HAIUIA OTPaKCHHWE B TICPBOM H3JIaHUU KHHTH
"Compilers: Principles, Techniques, and Tools" (1977), xoropas cTtana Ba)KHBIM

maromMm B CTaHIAPTU3AIHUH ITOAXOA0B K IIPOCKTHUPOBAHUIO KOMITNJIATOPOB.



[Tepexon k MHOTOIIaTOopMeHHBIM cuctemaM (1980-¢ rospn)

B 1980-x rogax mosiIBUJICS MHTEpPEC K CO3AAHUI0 KOMIMISTOPOB, CIOCOOHBIX
paborats Ha pasHbIX apxutekTypax. Hampumep, mpoext GNU Compiler Collection
(GCC), nauarwnii Puuapgom Cromnmanom B 1987 romy, craj ogHUM W3 TEPBBIX
YHUBEPCAIBbHBIX  KOMIIWJISTOPOB,  NOJAECPKUBAIOIIMX  MHOXKECTBO  S3BIKOB
nporpaMMupoBaHus U miargopM. B 310 ke Bpems Hauaau pa3BUBATHCS TEXHOJIOTUU
npoMexytouHoro mnpenacrasiaeHuss (IR), Takue kak TpexaapecHbId KOH, 4TO

MO3BOJIMJIO PA3/ICNIUTh MPOLECC KOMITWIISIIMU HA 00Jiee HE3aBUCUMBIE ITAIlbI.
Nunycrpuanuzanus u ontumu3zanus (1990-e rossr)

C pocToM NpPOU3BOIUTENIBHOCTH IMPOLECCOPOB M YCIOKHEHHEM apXUTEKTYP
IPOrpaMMHOIO O0€CeYeHUs] MOSBWIMCh HOBBIE TPEOOBAaHUS K KOMIMIATOPAM.
OcHOBHOE BHHMMaHHE CTall0 YAENATHCA ONTUMHU3ALMHM KOJAAa M TeHepaluu
BBICOKOITPOU3BOJIUTEIBHOIO MAIIMHHOTO Kojaa. I[lpumepoM cTainu KOMOWISTOPBI,
UCTOJIB3YyIOIIKME [00aJbHYI0 ONTHMHU3ALMIO, OCHOBAaHHYIO Ha Tpadax IOTOKa
yIOPaBIIEHUS W 3aBUCHUMOCTH JIaHHBIX. B 3TOT mepuoj Hayanach MHTErpalus CPEICTB

paspabotku komruiaTopoB B IDE, uto caenano pa3padboTky O6osee yaoOHOM.
Cospemennbiit aTan (2000-e rogb1 — HacTOsIIIEe BpeMs)

CoBpeMeHHbIE KOMOWIATOpBI, Takue kak LILVM, mnpeacraBiasior coOou
MOIIHbIE, MOJYJbHbIE U MHOTOIIENEBble MHGPACTPyKTypbl. OHU NOAAEPKUBAIOT HE
TOJBKO KOMIWIALIMIO, HO W HWHTEPHPETALMIO, JIUHAMHUYECKYIO0 KOMIUISIUIO
(Just-In-Time, JIT) u pa3znuanapie Tunbsl ontuMmu3anuii. CerogHsT akIeHT CACIaH Ha
CO3/aHUM TUOKUX KOMIIMJISITOPOB, KOTOphIE MOTYT  aJanTHPOBAThCS  TOJ

cnenupuyeckue TpeOOBaHUs S3bIKOB U allapaTHbIX MIaT@opM.

Taxoxe COBPCMCHHBIC TCXHOJOITHMHU, TAKHC KaK MAaIllMHHOC O6y‘-IeHI/I€, Ha4YMHAKT
AKTUBHO IMPUMCHATLCA JJIA OIITUMHU3AIMU KOJa U YIIYUIICHUA pa6OTBI KOMITUJIATOPOB.
910 AacT HOBBIC TICPCIICKTUBLI JISI aBTOMATu3aluyu IpoHeccCa KOMIIMIIOUN W

MOBBIIICHUS €ro 3(PPEKTUBHOCTH.



CoBpeMEeHHOE COCTOSIHHE 00JIacTH

OCHOBHBIE 33/1a4U 1 3TaMbl Pa3pabOTKU KOMIUIATOPOB

CoBpeMeHHbIE KOMIWISITOPBI BBIMOJIHSIOT CIOXKHBIN Mporecc mpeoOpa3oBaHust

HCXOIHOTI'0 KOJa B MAIlIMHHBIC MHCTPYKIINUH, p336HTBIﬁ Ha HCCKOJIBKO OTallOB:

I.

Jlekcuueckuil aHajin3: U3BJICUCHHE JIEKCEM M3 MCXOAHOro kojaa. Ha »Tom srtame
UCIIONB3YETCSA JICKCHYSCKUH  aHaJIM3arop, KOTOPBIM IpeoOpa3yeT TEKCT
IpOrpaMMBbl B IMOCJIEIOBATEILHOCTh TOKEHOB.

CuHTakcHMYEeCKHI aHaIu3: MOCTPOCHUE CHUHTAKCUYECKOTO JIepeBa Ha OCHOBE
rpaMMaTUKH  s3bIKA. OTOT OTall TO3BOJSET MPOBEPUTH KOPPEKTHOCTH
CTPYKTYPBI TPOTPAMMBL.

CeMaHTHYECKUM aHalU3: MPOBEPKAa CMBICIOBON MPaBUIBHOCTHU IMPOTPAMMBI,
BKJIFOYAs] TUIIBI JIAaHHBIX, 00J1aCTh BUIUMOCTH MEPEMEHHBIX U CEMaHTUYECKHUE
3aBUCUMOCTH.

[IpomexyTouHOE TIpencTaBICHUE: MPEeoOpa30BaHUE KOJa B MPOMEKYTOUHYIO
dbopMy, y10OHYIO JIJIsl aHAIM3a U ONITUMU3ALIUU.

Ontumuzanust Koja: yJIy4lleHUE MPOU3BOJUTEILHOCTH MPOrPAMMBI 3a CYET
ONTUMU3AIMN, TAKUX KaK YCTPaHEHHE M30BITOYHBIX BHIYMCIICHUHN, WHIAHHUHT
GbyHKIM, aHAIN3 TOTOKOB JIAHHBIX U YIIPAaBJICHUE MAMSITHIO.

I'eneparus MaIIMHHOTO  KOJa: npeoOpa3oBaHue  MPOMEKYTOUHOTO
NpEACTaBICHUS B KOMAaHbI MPOIECCOpPa, YUYUTHIBAI OCOOCHHOCTH IIEJIEBOM

APXUTEKTYPBI.

OcHoBHOM OCJIbO COBPCMCHHOI'O KOMITHJIATOPA ABJIACTCA oOecrneyeHNEe BLICOKOM

IMPON3BOAUTCIILHOCTH  IIPOrpaMMBEI, COXpPaHCHUC TICPCHOCHUMOCTH W  TOYHOC

BBIITOJIHCHHC CHCI_II/I(I)I/IKaI_[I/II/I SA3bIKA.

Pa3BuTre TEXHONOTMM aBTOMATU3ALMU NPOLECCA KOHCTPYUPOBAHUS

PazButne TEXHOJIOTUM aBTOMaTHU3allun Imponecca KOHCTPYUPOBAHHA

KOMIIWISTOPOB ~ MIPAaeT  KIIOYEBYHD  pOJb B COBPEMEHHOM  IIPAKTHKE



IPOrpaMMHPOBAHUS, IOCKOJIBKY 3HAYUTEIBHO YIPOIIAET CO3/IaHUE CIOKHBIX CUCTEM
KOMIWISIUA U MUHUMU3UPYET BEPOATHOCTH OMMOOK. OCHOBHBIMHM HaIpaBICHUSIMHU
pa3BUTHSL JTOM OOJACTH SIBJISIFOTCS HMHCTPYMEHTBHI aBTOMATHYECKOW TeHEpaIluH,
yHUBEpCcaibHble HHOPACTPYKTYpbl I KOMIWISIMKM, BHEIPEHUE MAIIMHHOTO
00y4Y€eHHUs U UCIIOJIb30BaHUE (POPMATIbHON BEpUPUKALIUH.

OpHuM U3 BaXXHEUIINX JOCTHXKEHUN SBISETCS pa3padOTKa MHCTPYMEHTOB IS
ABTOMAaTHUYECKOM IeHEepalnH JIEKCHYECKUX W CHUHTAKCUYECKUX aHaln3aTopoB. Takue
cuctembl, kak ANTLR, Flex u Bison, mo3BomstoT pa3paboTuyMkaM ONHUCHIBATH
rpaMMaTHKY sI3bIKa MPOrPaMMHPOBAHUS B CIICIIMAIIM3UPOBAHHBIX (hopMarax, a 3aTeM
ABTOMAaTHUYECKH TEHEPUPOBATH AHAIU3ATOPbl. OJTH HWHCTPYMEHTBHI 3HAYUTEIIBHO
COKpAIal0T BpeMs pa3pabOTKH U MUHUMHU3HPYIOT BEPOSTHOCTH OIMIMOOK, CBI3aHHBIX
C peanu3alnyeil HU3KOYpOBHEBBIX ATAllOB KOMIWISILMM. biiaromapss aBroMarndeckoi
reHepaly pa3pabOoTYMKH MOTYT COCPEIOTOYUTHCS Ha OOJiee CIOXKHBIX acleKTax
KOMIWISLWN, TAKUX KaK ONITUMU3AIMS U TeHEPAlUs MAIIMHHOTO KOAA.

Eme oaHuM BaXHbIM HampaBICHHEM SIBISIETCA CO3/IaHUE YHUBEPCAJIbHBIX
UHOPACTPYKTYp I8 KOMOWJSAMU, Takux kKak LLVM. D3Otu mmardopmsr
NPENOCTABISAIOT TOTOBBIE MOIYJAM [UJIsl pEaJM3aldUd BCEX OCHOBHBIX JTaroB
KOMIIWISLMA, BKJIFOYAs JEKCUUYECKAM U CHHTAKCUYECKUI aHAJIN3, ONITUMU3ALUIO KOAa
U TEHEepallMi0 MAIIMHHOTO KOJa JUIsl pa3inuuHbIX apxuTektyp. LLVM cran ne-daxro
CTaHJApTOM B HMHAYCTpUHU Ojaromapsi CBOEH MOIYIbHON CTPYKType M MHOJACPIKKE
MHOXXECTBA SI3bIKOB MTPOrpaMMUpPOBaHUsl. Pa3paboTunku MOTYT UCIIOIB30BATh €T0 KaK
OCHOBY [JIl CO3JaHUs KOMIOWISTOPOB, AJaNTHpPys JHUIIb TE YacTH, KOTOPBIE
cneuu@UUHbl )11 MX SI3bIKa. DTO CYLIECTBEHHO YIMPOIIAET MPOLECC pa3pabOTKU U
MO3BOJISIET ~ COCPEAOTOYMTHCS ~ HA  YHUKQIBHBIX ~ OCOOCHHOCTSIX  sI3bIKa
pOrpaMMHPOBAHMUSL.

MammnaHoe o0ydeHue CTaHOBHTCS Bce Oojiee BaXXHBIM HHCTPYMEHTOM B
aBTOMaTH3alMK Ipolecca Komnwisuuu. Hampumep, anropuTMbl MalIWHHOTO
00y4eHUsI TOMOTalOT HAXOAUTh ONTUMAaJbHBIE CTPATETUH JJI1 Pa3MEIlCHHS JaHHBIX B
naMsTH, BEIOOpa MHCTPYKIMA WIIM peau3alliy MapajuleIbHbIX BhIUMCICHUN. Takue

moaAXoAbl ITO3BOJIAKOT KOMIIWJIATOpAM aAdallITUPOBATLCA K 0COOCHHOCTIM KOoga H



APXUTEKTYPBHI, YTO TPUBOAUT K 3HAYUTEIHHOMY YIIYYIICHUIO TPOU3BOIUTEIHHOCTH.
HccnenoBanust B 3TOM 00JaCTH aKTUBHO Pa3BUBAIOTCS, M HEKOTOPHIE COBPEMECHHBIC
KOMITHJISITOPBI YK€ UCTIONB3YIOT MAITMHHOE O0yYeHHUE IJIs1 Pean3aliiy MPOABUHY THIX
METO/IOB ONITHUMHU3AIIHH.

®opmainibHasi Bepu(UKaIUs TpeAcTaBiIsieT coOOM emle OAHO MEPCIEeKTUBHOE
Hanpasienue. MHcTpyMenTsl, Takue kak Coq, MO3BOJISIOT CO3/1aBaTh JI0Ka3aTelbCTBA
KOPPEKTHOCTH MPe0oOpa30BaHUA KOJIa, BRIMOTHIECMBIX Ha KaXKIOM dTare KOMITAJISAIINH.
DT0 O0COOCHHO BaXXHO [JII KPUTHYECKHA BAXXHBIX MPUIOKCHHUM, TIE OIIMOKK B
KOMIWISIIAA ~ MOTYT TIPUBECTH K CEPhE3HBIM mociencTBusM. DopmanbHas
BepuUKaKs 00CCIeUnBaCT TapAHTHH KOPPEKTHOCTH KOMIWISIIIMH, YTO JeNlaeT
nporiecc 0oJiee HaJIC)KHBIM U O€30ITaCHBIM.

Takum 00pa3oM, pa3BUTHE TEXHOJIOTHUH aBTOMATH3AI[MU ITO3BOJISECT COKPATHUTH
3aTpaThl Ha Pa3pabOTKy KOMIWISTOPOB, MOBBICHTh MX KAa4eCTBO M HAJC)KHOCTH, a
TaK)Ke YCKOPUTH BHEIPEHUE HOBBIX S3BIKOB IMMPOTPAMMHPOBAHUS. DTH JOCTHKCHHSI HE
TOJILKO YHIPOIIAIOT TMPOIECC KOHCTPYHPOBAHUS KOMITUJISTOPOB, HO M OTKPHIBAIOT
HOBBIE BO3MOKHOCTH  JUUISI  HCCIICJIOBaHUS W  yaydmieHus d(QexTuBHOCTH

KOMITUJISAIINHA.



[Ipob6ieMHBIE aCTIEKThI

CI10)XKHOCTD OIITUMU3AIIUHU KOAA OJIsI COBPCMCHHLBIX CUCTEM

OnTuMu3aIms Kofa Ul COBPEMEHHBIX CHCTEM MPEACTABIIICT COOOH OHY M3 CaMBbIX
CJIOKHBIX 3a/lad B pa3pabOTKe KOMIWISATOPOB. DTO CBS3aHO C BHICOKOW CIIOKHOCTBIO
¥ Pa3HOOOpa3ueM apXHUTEKTYP COBPEMEHHBIX MPOIIECCOPOB, a TAKXKE ¢ TPEOOBAaHHEM

K MaKCHUMaJbHOM IMPOU3BOAUTCIbHOCTH IIPOIPaMMHOI'O oOecreyeHHs.

3a,uaq1/1 H MCTOABI OIITUMH3allNN

OnTuMu3aims Koja BKIIOYAET KakK JIOKAJbHbBIE (Ha YPOBHE OTIEIbHBIX MHCTPYKIUH

wiH (PyHKIHI), TaKk 1 I100abHBIE IPeoOpa3oBaHus (Ha YPOBHE BCEH MPOTPaMMBbl).

e Pa3BopaunBaHKE LIMKJIOB IT03BOJSET YMEHBIIUTH KOJIMYECTBO UTEPALIMI U
YMEHBIIUTh HAKJIAIHbIE PacXo/ibl, HO TPeOyeT yueTa pa3mepa Kauia.

® AHaiu3 OTOKA JaHHBIX IOMOTAET ONPEAETUTh 3aBUCUMOCTH MEXIY
UHCTPYKIUSAMU, 4TOOBI N30€kKaTh KOH(MIMKTOB U OOECIIEUUTh Mapajliesiu3M.

e OnTuMu3alys A0CTyna K NaMATH, HaIpUMED, Yepe3 OJOKUPOBAHUE LIMKJIIOB,
IIOMOT'a€T YMEHBIIUTh KOJUYECTBO MPOMAaxXOB K3IIIa.

e ABTOMaTHMyecKas BEKTOpU3alLus MO3BOJSET KOMIMIATOPY MPeoOpa3oBbIBATH
[IOCJIEZI0BATENIbHBIE BHIYMCIECHUS B BEKTOPHBIE MHCTPYKLIUH, OTHAKO €€

peanmu3arys TpeOyeT CI0KHOTO aHAJIN3a 3aBUCUMOCTEH B KOJIE.

ApPXUTEKTYpHBIE 0COOCHHOCTH COBPEMEHHBIX MTPOLIECCOPOB

CoBpeMeHHBIE MPOLECCOPbl UMEIOT MHOTOYPOBHEBYIO apXUTEKTYPY, BKIFOYAIOIIYIO
CJIOKHBIE TIOJICUCTEMBI KAIIIEH, MHOTOSJIEPHbIE M MHOTOIOTOYHBIE KOMIIOHEHTHI, a
TaKXke CHelualIn3upoBaHHble MHCTPYKUUU (Hampumep, SIMD). Ontumuzanus koaa

AOJDKHA YUHUTBIBATDH CIICAYIOIMUC aCIICKThI:

1. Hepapxus namsaru: [Ipon3BOIUTENIBHOCTD KOJA CUIIBHO 3aBUCUT OT
3¢ deKTUBHOCTH pabOoThHI ¢ MamsAThI0. Eciu manHbIe 4acTo 3arpyxaroTcs U3

OHepaTHBHOﬁ namMsTH, 3TO CO3AACT Y3KOC MCCTO B ITPOMU3BOJUTCIbHOCTH.
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KomnunsTops! JOJKHBI UCIIOIB30BATh CTPATETUU Pa3MEILICHUS JaHHBIX B
K2IIaX U ONTUMHU3UPOBATH IOCTYII K MaMSTU C YYETOM JIOKAJIbHOCTH TaHHBIX.

2. IMapamnenusm: CoBpeMEHHBIE NPOLIECCOPHI MOAIEPAKUBAIOT PA3TUUHBIC
dbopMbI napasienu3ma, BKIodas ypoeHb HHCTpyKiui (ILP), ypoBeHb JaHHBIX
(DLP) u MHOTrONOTOYHOCTH. KOMIUIATOP NOMKEH BBISBISTH BO3MOXKHOCTH JJISI
pacnapaieTMBaHus BBIYUCICHUN U A(Q(HEKTUBHO paCIIPENEIIATh 3814l MEXTY
SAIpaMH MPOoLECcopa.

3. Bexropuzamus: McnonszoBanue SIMD-uHCTpyKInii 103BONISIET 00padaThIBaTh
HECKOJIBKO JTAHHBIX OTHOBPEMEHHO B OIHOW MHCTPYKIMU. OgHAKO
KOMIIWJISITOPY CJIOXKHO OTNPEETUTh, KOTAa U Kak 3P(EeKTUBHO MPUMEHSITh
BEKTOPH3AIMI0, 0COOCHHO JJIS CIIOKHBIX IUKJIOB WJIH KOJa C TMHAMUYECKUMU
3aBUCUMOCTSIMU.

4. Tlpenckazanue BetBieHU: COBpeMEHHBIE MPOLIECCOPHI UCIIONB3YIOT CIOKHbBIC
MEXaHU3MBbI JIJIs1 TpEACKa3aHus BETBICHUN B Koae. KoMnuisitop omxeH
ONTUMU3UPOBATH CTPYKTYPY BETBJIEHUN, YTOOBI MUHUMHU3UPOBATH MOTEPU

IMPOU3BOAUTCIbHOCTH HU3-3a OITMOOYHBIX npencxasaHHﬁ.

ImaBHasg CHOXHOCTh 3aKJIKOYAETCAs B TOM, YTO KOMIWJISTOP HE BCErnua
pacnosiaraeT Bceil nH(popmalueil o mporpamMmme Ha MOMEHT KoMmnwisanuu. Hampumep,
IIOBEJICHUE NTPOTPAMMBI MOYKET 3aBUCETHh OT JIAHHBIX, KOTOPBIE CTAHOBATCS U3BECTHBI
TOJILKO BO BPEMs BBINIOJTHEHMS. B TakuX ciydasx cTaTUYECKHUE ONTUMHU3ALUN MOTYT
OBITHh HEOCTATOYHO A(HEKTUBHBIMU. J[J1s pereHus 3Toi mpoOIeMbl HCTIOIB3YIOTCS
TEXHOJIOTMM JMHAMUYECKOM omntumusanuu, Takue kak Just-In-Time (JIT)
KOMITWIAIMSA, KOTOPBIE aJanTUPYIOT KOJA TOA pEajJbHYK) HArpy3Ky BO BpeMs
BBITIOJIHCHUSL.

Eme oqna 0coOeHHOCTH CBs3aHa ¢ MHOrooOpasueM apxuTektyp. [Ipoieccopsl
oT pasubix mpousBomuteneit (Intel, AMD, ARM u ap.) umerotr cBou 0COOCHHOCTH,
TaKhe KaK CHeNU(pUYSCKUe WHCTPYKIMH, Pa3HbI pa3Mep KJIIEeH U YUCIO SIep.
KoMnunsatopsl JTOMKHBI aAanTAPOBATh KO MO KXYy KOHKPETHYIO apXHUTEKTYpY,

4TO YCJIOXHACT IMPOLCCC ONITUMU3AIINN.
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Bonpocskl 3¢ dhekTuBHOCTH COOPKHU MycOopa U YIIPaBICHUS TaMSAThIO

DddextuBHocth coopku mycopa (Garbage Collection, GC) u ynpaBieHus MaMsThIO
SBIIICTCSI OJTHOM W3 IIEHTPAIBHBIX 3a/lad B Pa3pabOTKE COBPEMEHHBIX SI3BIKOB
IpOrpaMMHUPOBAaHUSI W TPOTPAMMHBIX IUTaTGOpM. ODTO CBA3aHO C TEM, YTO
YOPaBIICHUE TaMATHIO HAMPSAMYIO BIHMSICT Ha MPOU3BOAUTEIBHOCTH MPIIOKCHHM,

noTpebeHrne PECypPCOB U CTAOMILHOCTD Pa0OTHI MMPOTPAMM.

OcHOBHBIE aCTIEKThI COOPKHU MycOpa M YIIpaBJICHUS MaMsIThIO BKIIOYAIOT B CEO:

1. PydHoe ympaBieHHe NaMSATHIO B €T0 CJI0KHOCTH
B s3pikax, Takux kak C m C++, ynpapieHre MaMsThiO BO3JIaraeTcsl Ha
IPOrpaMMHUCTa. ITO MO3BOJIAET JTOOUTHCS BHICOKOW MPOU3BOIUTEIHLHOCTH, TaK
KaK MPOTPAMMHUCT CaM KOHTPOJHUPYET BBIJCICHHE W OCBOOOXKIICHHUE TAMSTH.

OpnHako Takoi MOAX0[ CBSA3aH C PSAIOM MPoOIeM:

® VYTEeuKkH MaMsITH BO3HUKAIOT, €CJIM OCBOOOXKIACHHUE MaMSITH 3a0BITO, UTO MOXKET
IIPUBECTH K YBEIUYCHHUIO TTOTPEOJICHUS PECYPCOB.

e J[BoifHOE OCBOOOXKICHHE MMAMATH WIIH pab0oTa ¢ 0CBOOOKICHHON aMSATHIO
MOTYT BBI3bIBaTh HEMPEACKA3yEMOE MMOBEICHNE TPOTPAMMBI U KPUTHYECKHE
OIIIHUOKH.

e (CnoxxHOCTh MacuITabupoBaHus: B 00ibIIMX MPOEKTaX PyUyHOE YNpaBICHUE
MaMSATHIO CTAHOBUTCS TPYIHBIM JIJIST KOHTPOJISL.

2. ABTOMaTHyYeCKO€ YIpPaBICHHE NaMSAThIO

CoBpeMeHHbIE S3bIKM MPOrpaMMHUpOBaHus, Takue kak Java, C#, Python
u GO, UCTIONB3YIOT aBTOMATUYECKOE YIIPaBICHUE MaMSThIO, TIe COOpKa Mycopa
OCBOOOXK/IAaeT mMamsiTh, 3aHATYI0O OOBEKTaMH, KOTOpble OOJbIIe HE
UCIIOJIB3YIOTCSI. DTO YIIPOIIaeT pa3pab0TKy W CHHUIKAET BEPOSTHOCTH OIIHUOOK,
CBSI3aHHBIX C TMamAThI0. OgHako 3(PGEKTUBHOCTh TAKMX CHCTEM 3aBHCHUT OT

ucnosbzyemoro airoputma GC u ero HaCTPOUKH.
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Anroput™Mbl COOPKH Mycopa

Mapxkuposka u ouuctka (Mark-and-Sweep)

Knaccuueckuit anroputm GC, xoTopbiii paboTaeT B /Ba dTama: cHaJyaa
OH TOMeYaeT Bce OOBEKThI, KOTOPbIE JOCTYIHBI U3 KOPHEBBIX CCHUIOK, 3aTEM
OCBOOOXJIa€T MaMsTh, 3aHATYI0 HEMOMEUEHHBIMH OOBEKTAMU. DTOT METOJ]
IpocT B pealu3aluy, HO  BBI3BIBAET  OCTAHOBKU  MPUIIOKEHUS
("stop-the-world"), 9yTo cHI>KAET MPOU3BOAUTEINHHOCTD.

Kommupytomuii cooprmk mycopa (Copying Collector)

OTOT aNropuT™M JACNUT JOCTYIHYIO TMaMsTh Ha JiB€ OOJIACTH.
Ucnonb3yemble OOBEKTHI KOMHMPYIOTCA M3 OJHOM 00JacTH B JApPYrylo, a
HEHUCIOJIb3yeMasl MaMsITh TOJHOCTBIO ounIaeTcs. Takoi moaxon b deKTuBeH
JUIS. KOPOTKOXKUBYIIIMX OOBEKTOB, HO YBEIMYHMBAET HAKJIATHBIE PACXOJbl MPU
nepeMeIeH 0ObEKTOB.

Co6opka noxonennit (Generational GC)

DTOT MOAXON NENUT OOBEKThI Ha TOKoJIeHHs: moioabie (short-lived) u
crapeie (long-lived). Momonasie OOBEKTHI COOMpAIOTCA dYalle, TaK Kak
OOJIBIITMHCTBO OOBEKTOB "yMUpPAIOT" BCKOpE IMOCIE CO3/IaHMs. DTO COKpallaeT
HaKJIaJIHbIE pPacxXolibl, TaK Kak cOopka Mycopa JUisi CTapbiX OOBEKTOB
npoucxonut pexe. bompmuHcTBO coBpemeHHbIX JVM (Java Virtual Machine)
UCIIONIB3YIOT UMEHHO 3TOT METO/I.

NHkpeMeHTHas U napaielibHas cOopka Mycopa

OTU aNTOpPUTMBbI NMpPEAHA3HAYCHBI JUIsl YMEHbIICHUS Tay3, CBA3aHHBIX CO
coopkoii mycopa. MHkpeMeHTHbIe cOOpIIMKU BBIMOIHAIOT GC HEOONBIIMMU
YacTsIMU, YTO CHUXKACT BIMSHUE HA MPOU3BOAMTENBHOCTH. llapannenbHbie
COOpIIUKK HCIOJIB3YIOT HECKOJIBKO TOTOKOB, YTOOBI YCKOPUTH MPOILIECC
OUYHUCTKH.

Peanuzanus B peasibnom Bpemenu (Real-Time GC)
Anroputmsl, Takue kak ZGC u Shenandoah B Java, npennasnauens! 1iis

MUHUMHU3AIUH 33ICPIKEK, CBI3AHHBIX CO COOpKOi Mycopa. OHU 00ecrednBaoT
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HHU3KHC IIAaYy3bl JAXKC JIA HpHJIO)KGHHﬁ, YYBCTBHUTCIIbHBIX K 3aJICPKKaM, TAKHUX

KaK CUCTCMBI p€aJIbHOI'O BPEMCHHU.

HOI[XOI[BI K ONITUMH3AIMU YIIPABJICHUA IIaAMATBIO

Breienenne mamsatu Ha creke: MHOTHE SI3BIKHM M TUTAT(OPMBI CTaparoTCs
MUHHUMH3UPOBATh Harpy3ky Ha GC, UCIONb3ys CTEK JJIs1 OOBEKTOB ¢ KOPOTKHM
BpPEMEHEM KU3HH. DTO TIO3BOJIICT aBTOMATUIECKH OCBOOOKIATh MAMSTh TIPH
3aBepIICHUN 00JIaCTH BUAMMOCTU OOBEKTA.

Pernonanbnpie coopruku: O0IacTH MaMATH Pa3CNISIIOTCS HA PETHOHBI, YTO
MIO3BOJISICT IMMPOBOIUTH OYUCTKY B OTACIBHBIX PETHOHAX, a HE 110 BCEH MaMSATH.
DTO yCKOpsET COOPKY Mycopa M YMEHBIIIACT May3bl.

CoxkparieHue KoaudecTBa 00bekToB: ONTHMHU3aNS MPOTPAMMHOTO KO C
17110 MUHUMHU3HUPOBATh CO3/IaHNE BPEMEHHBIX 0OBEKTOB CHIIKAET HArpy3Ky
Ha GC.

KommakTHbie CTPYKTYpHI aHHBIX: VICIIONIb30BaHNE CTPYKTYP JaHHBIX,

KOTOPBIC 3aHUMAIOT MCHBIIC ITAMATH, CHHUXKACT 00BeM pa60TBI GC.
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3aKIroucHue

KoHcTpynpoBaHne KOMOWIATOPOB, SABISASACH (YyHIAMEHTAIBbHOM 001acThio
MH(OPMATUKH, MPOLLIO AOJATHM MyTh Pa3BUTUS — OT NEPBBIX PYUYHBIX pealu3aluid
70 COBPEMEHHBIX aBTOMATU3UPOBAHHBIX CHCTEM. AHAJIN3 UCTOPUYECKOTO KOHTEKCTA
[OKa3aj, 4TO HadajbHbIE 3TAlbl pa3pabOTKU KOMIMWIATOPOB ObUIM OPUEHTUPOBAHBI
Ha penieHue O0a30BBIX 3aJady TPaHCISIMM, a JalbHeWmas QopManu3auus Hu
AITOPUTMU3ALMUS TPOLECCOB 3aJOKWIA OCHOBY JUISl CO3JAAaHUS YHHUBEPCAJIBHBIX
m1aT(opM U HHCTPYMEHTOB.

CoBpeMeHHOE COCTOSIHUE O0JIACTH XapaKTepU3yeTCs IIMPOKUM UCTIOIb30BaHHEM
ABTOMAaTU3UPOBAHHBIX MOAXOJ0B, TAKMX KaK MHCTPYMEHTHI I€HEPALMM aHAJIN3aTOPOB
U YHHUBEpcallbHble MH(ppacTpyKTypbl, Takue kak LLVM. Ilpu 3TOM 3HauuTenbHOE
BHUMaHHUE YAEJSAETCS TMOBBIIIEHUIO S(PPEKTUBHOCTH KOMIIWISATOPOB 3a CYET
BHEJPEHUSI TEXHOJIOTMI MAIIMHHOTO OOy4YeHHs, pa3pabOTKh HOBBIX aJTOPUTMOB
ONTHMHU3ALMA W HCHONb30BaHUA (OpPMaIbHOW BepUPUKAIUU 7S TOBBIIMICHUS
HaJCKHOCTH.  OTH  JOCTHXKEHHsSI  TIO3BOJIMIM  3HAYUTENBHO  YJIYYIIHUTH
IPOU3BOJUTENBHOCTh KOMIIWJISIUMHU, aAalTHUPOBaTh KOMIMJIATOPBI K Pa3iIU4HbIM
apXUTEKTYpaM U CHU3UTH BEPOSTHOCTH OIIMOOK.

Tem He wMeHee, aHanu3 IMOKaszajl, 4YTO B 00JACTH KOHCTPYMPOBAHMS
KOMITHJIAITOPOB OCTAETCS psAJl MPOOJEMHBIX ACHEKTOB. JTO BKIIOYAET CIIOKHOCTH
ONTHUMM3aLNN KOJA JUIsl COBPEMEHHBIX MHOTOSIIEPHBIX M BBICOKOIIPOU3BOIUTEIBHBIX
IIPOLIECCOPOB, OrPAaHMYEHHOCTh CYLIECTBYIOIIMX METONOB aHalIu3a, a TaKxKe
HEOOXOAMMOCTh B TMOBBIIMICHUU 3((HEKTUBHOCTU YHPABICHUS MaMATHIO, BKJIIOYas
cOOpKy Mycopa. DTH pobseMbl TpeOyIOT JadbHENIINX UCCIEOBAHUN U pa3paboTKu
HOBBIX TMOJXO/OB, CIOCOOHBIX aJalNTUPOBATHCSI K JWUHAMHYHO H3MEHSIOIUMCS
TpeOOBaHUSIM MPOTPAMMHOTO 00ECTICYEHUS U anmnapaTHbIX MIaTgopm.

Hayunbiii u oOpa3oBaTelibHbIM MOTEHIMAT O0JaCTH  KOHCTPYMPOBAHUS
KOMITWJIAITOPOB  TaK)K€ 3aciIy’KMBaeT BHUMaHuUA. V3ydeHne »HTONH JUCHUIUIMHBI
CHOCOOCTBYET DPAa3BUTHIO Yy CTYACHTOB HABBIKOB CHUCTEMHOIO MBIIUICHUS, 3HAHUSA
aApXUTEKTYpbl KOMIBIOTEPOB M METOJOB ONTHMMH3AlUMU MporpamMm. bonee Toro,

TanbHEHIINE WCCICOBaHUS W pa3pabOTKH B ATOW 00JACTH MOTYT MPUBECTH K

14



CO3/IaHHI0 0OJiee YHUBEPCAIBbHBIX U MPOU3BOAUTEIBHBIX KOMIIMISATOPOB, CIIOCOOHBIX
YIOBJIETBOPATH MOTPEOHOCTH KaK MHIYCTPUH, TaK U aKaJEMHUYECKOTO COOOIIECTRA.
Takum 00pa3oM, KOHCTPYUPOBAHHE KOMITMJISTOPOB OCTAETCA BAXKHOW U
aKTyaJIbHOM 0O0JacThIO MCCIEIOBAHUM, pa3BUTUE KOTOPOW OTKPBHIBAET HOBBIE
NEPCIEKTUBBI I COBEPIICHCTBOBAHMS SI3BIKOB MPOrPaMMUPOBAHMUSI, TMOBBIIICHUS
IPOU3BOUTEIHLHOCTH MPOTPAMMHOTO O0ECTI€YeHUs W PACHIMPEHUS] BO3MOXKHOCTEH

aBTOMaTHu3alum.
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