...BblYYCTINTElIbHAs MalLHa — HOBbIM MOTYLLIECTBEHHbIV
WNHCTPYMEHT. OnHako HemHorne uMmeroT rpegcrasrieHne
006 VICTOYHVIKE 3TOrO moryLjecTBa.

LDk BevijeH6aym [k

«BO3MOXHOCTU BbIYUCTINTEIbHbBIX MALLIMH 1 YE/I0BEYECKIMM

pasym. OT CYXAEHW K BbIYUCTIEHNSIM»

Y10 HaxoauTcsa nog 4epHOVi KPbILLKOA ONTUMUIUPYIOLLEro KOMAna[Topa? Yem ognH u3 Hux
ornmyaercs ot gpyroro? [pasaa im, y1o Intel C++ HamHoro kpy4e GCC, a cam GCC 6beT 11060/
Windows-komnunarop? Xotute y3HaTb, Kak MoMoYb ONTUMMU3ATOPY CreHepupoBats 060166
ahhexTnBHbI KOL4? CErofHs Mbl 3aiMeMCS UCCIIEA0BAHNEM [BYX HANO0/IE€ MonyapHbIX Linux-
kommunsitopoB: GCC 3.3.4 w Intel C++ 8.0, a KOHKPETHO — CPABHEHNEM MOLLHOCTU UX ONMTUMMN3ATOPOB.
L4 nosiHOTbI KapTuHkI B 3TOT Crincok BktoYeH Microsoft Visual C++ 6.0 — 0anH n3 ny4qLumx

Windows-komnunaropos.

O6wue coobpaxeHus No oNTUMU3ALUN
KauecTso onTUMU3MPYIOLLMX KOMMUIATOPOB 06bIYHO OLeHMBa-
0T MO Pe3yNnbTaTtoM KOMMIIEKCHbIX TECTOB (MyNbTUMELAUMAHBIX,
«06LLECMCTEMHbIX» UIN MaTeMaTU4eckux). YTo MMeHHO onTu-
MU3MPYETCH U KakK — OCTAeTCs HesACHbIM. OCHOBHOW «UHTES-
NEKT» OMNTUMM3aTOPOB COCPEAOTOUEH B BbICOKOYPOBHEBOM rpe-
npoLeccope — CBOE06Pa3HOM «JIMKBUAATOPE» Hanbonee o4e-
BUAHbIX NPOrPaMMMUCTCKMX OLLMGOK. Hem KadecTBeHHee 1Cxop-
HbIV KOf, TEM XY>Xe OH NoaJaeTcs ontummaaumm. ToneKo Befpb. ..
Haf Ka4eCTBeHHbIM KoJoM paboTtaTk Hafo! MHOro 3HaTth 1 oxe-
CTOYMEHHO AyMmaTb, JIoMas KapaHaluv Ui BrpbI3asch B Kna-
BMatypy. Komy-to 310 B pafiocTb, a KTO-TO Npeano4uTaeT nu-
caTb Koe-Kak. Bce paBHo, mon, KOMIUAATop contumMuanpyer!

KenaHvie nepebpocuTb YacTb paboTbl HA TPAHCIATOP — BMOSI-
He eCTeCTBEHHOE W HopMaribHoe (A1 TBOpUYECTBa 60MbLLE Bpe-
MEHWN OCTAHETCA), HO MPU 3TOM HYXHO 3apaHee 3HaTb, 4TO UMEH-
HO OH ONTUMM3MPYET, @ YTO TONBKO NbiTaeTcs. Ho Kak 370 MOX-
HO y3HaTb? Ha dhoHe nonHenwen TepMMHONOMUYECKON Hepas-
6epuxu, Korga OfHV U Te Xe NpUemMbl ONTUMU3ALMN B KaXOOM
Cllyyae HasblBaloTCs No-pas3HoOMy, NPSYach 3a HUYEro He roBo-
PALMMM LUTAMNAMKU TMNa «copy propagation» (pa3amHoxeHue
konui) unu «redundancy elimination» (ycTpaHeHve usbbITou-
HOCTW), TpebyeTcs 04eHb Ka4eCTBEHHAA [OKYMEHTaLMUsA Ha KOM-
MUNATOP, HO OHA — YBbl — 0ObIYHO OrPAHNYMBAETCS TYMbIM Me-
peYnCIEHNEM ONTUMMIMPYIOLLIMX KIKOYEN C KPaTKOW NOMETKOW
33 4YTO Kax[bll U3 HUX OTBEeYaeT. Kakume Konuu pasmHoXaet
KOMMUNSATOP M C Kakom Lienbio? Kakyio M36bITOYHOCTb OH YCT-
paHseT u 3a4eM? He fBNSeTCa N1 pasMHOXEHWE BHECEHWEM
U36LITOYHOCTM, KOTOPYIO CAMOMY Xe ONTUMU3ATOPY M MPUXO-
ouTes ypansats?!

Baatb x0T 661 fOKYMeHTaumto Ha komnunsaTop Intel C++ 7.0/
8.0. 310 NpocTo nepeyeHb KiUeh KOMaHOHOW CTPOKK, pas-
6aBneHHbIN COBECHBIM MYyCOPOM, B KOTOPOM HET HUKAKOMN KOH-
KpeTvkn. CkayanTe Ans cpaBHeHUs JOKYMEHTaLMIo Ha KOMMu-
naTop cupmbl Hewlett-Packard: http://docs.hp.com/en/B6056-
96002/B6056-96002.pdf. [loxon4umBoe onucaHne apxmTeKkTypsbl
npoLieccopa, COBETbI MO KOAMPOBAHUIO, TAKTUKa W cTpaTerus
ONTUMU3MPYIOLLIE TPaHCNALMN HA KOHKPETHbIX nNpumMepax.
HacToswas éubnua nporpamMmumcTal

KPHC KACIEPCKH

OcrTarbHble KOMIUAATOPLI ONTUMU3MPYIOT NPUMEPHO TaKUM
Xe obpa3om, NoaTomy 3Ta 6U6ANsA BMONHE NpUemneMa n ans
HUX. «ODEKTUBHOCTb ONTUMM3ALMM» U3 aBCTPaKTHbIX Ldp
npespaLlaeTcs B CEPUO MPOCTbLIX TECTOB, KAX/AbIA 13 KOTOPbIX
MOXHO NpOrHaTb Yepes TPaHCAATOP W noTporate pykamu. Au-
3accemM6IMpoBaHMe OTKOMMUIMPOBAHHBIX (hanfioB NO3BONSET
OAHO3HAYHO YCTAHOBWTbL — CMIPABWIICA ONTUMK3ATOP CO CBOEW
3afayen Unm Her.

B paHHoWM cTaTbe cpaBHMBAlOTCA ABa Hambonee nonynsp-
Hbix Linux-komnunsatopa: GCC 3.3.4 (cTabunbHas Bepcus, Npo-
BEpeHHas BPEMeHeM, BXOAALLAs B 6OMbLUMHCTBO COBPEMEHHbIX
omcTpubyTneos) 1 Intel C++ 8.0 (anee no TekcTy icl), noanum-
OHUPYEMBIN KaK camblii 3hEeKTUBHbIA KOMIUAATOP BCEX Bpe-
MeHeH 1 HapofoB, 30-AHEBHAsA 03HAKOMUTENbHAS, a Takxe 6ec-
nnaTtHas Ans HeKOMMEepYecKoro NpuMeHeHUs NoHOMYHKLMO-
HanbHas Linux-Bepcust KoToporo nexut Ha ftp-cepaepe Intel: ftp:/
/download.intel.com/software/products/compilers/downloads/
|_cc_p_8.0.055.tar.gz. HekoMMepYeCcKyto NULEH3NI0 MOXHO
0ChOpMUTL MPSMO Ha canTe KOMMNaHWUM (6e3 NULEH3UU KOMMU-
natop pa6oTatb He 6yaeT). [N NONHOTLI KAPTUHLI B 3TOT CNK-
COK BKJIOYEH APEBHUI, HO BCe elle ucnonbayembit Windows-
komnunsatop Microsoft Visual C++ 6.0, onsa kpaTtkocT 0603Ha-
yaeMmbli, kak msvc. Ecnu He oroBopeHo obpaTtHoe, NpuBeneH-
Hble NPUMepbI AOIMKHLI KOMIUIIMPOBATLCS CO CREAYIOLLIMMU KNto-
yamu: -O3 -march= pentium3 (gcc), -O3 -mcpu=pentium4 (icl) n
/Ox (msvc). PagHuua Mexay apxuTekTypamm 06bCHAETCS TeM,
yto GCC 3.3.4 elle He NOAOepXMUBaET pexunma onTUMn3aumnm
ansa Pentium 4, a Intel C++8.0 He umeeT crneumanbHOro Kno4a
ana Pentium [ll, B pesynstate 4ero Mexay HAMU BO3HUKAET He-
KoTOpast «HeCTblkoBka». OfHAKO Ha pe3ynkTaThbl HaWuX SKcne-
PUMEHTOB OHa HUKaK He BIIUSIET, MOCKONbKY HUKaKue cneumdmy-
Hble Ans Pentium 4 BO3MOXHOCTW 3AeCh He UCMOIb3YHOTCS.

KoHcTaHThl
BblyncneHme KOHCTaHT Ha cTagnun kKoMmnmnaunum (OHO Xe, <<pa3-

MHOXEHWE» UMK «CBEPTKA» KOHCTaHT, constant elimination/
folding/propagation, nnu cokpatyeHHo CP) — nonynspHbIA npu-
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eM onTUMu3aummM, M36aBnALLMIA NPOrpaMMUCTa OT HeobXo-
OMMOCTM MOCTOSIHHO UMETb KanbKynaTop nog pykoi. Bce KoH-
CTaHTHbIE BbIPAXEHMA (KaK LLeNoYnCIIeHHbIe, Tak U BELLECTBEH-
Hble) 06pabaTbiBAIOTCA TPAHCASTOPOM CAMOCTOSATESNBHO U B OT-
KOMMNUIMPOBAHHBIN KOL HE MOnagatoT.

Paccmotpum cnepytowmii npumep: a = 2 * ;b =4 % ¢/ 2;
KomnunsaTopebl, NogAepX1BatoLLme Takyl CTpaTersio onTumm-
3aumm, npeepatar ero B: a = 4; b = 2 * ¢; [pn 3TOM BO3HMKaET
Lenbiii 6ykeT nobouHbIX 3heKTOB: (4+a/2) He IKBUBANEHTHO
(2+a), noToMy 4TO MU (4*a) MOXET HACTYNWUTL NepenonHeHve, a
npu (a/2) yxe MOXeT U He HacTynutb! CkaxuTe, YTO 3TO Hau-
rpaHHbIi npumep? A BoT 1 HeT! MNpu paboTe ¢ 6UTOBLIMM Macka-
MM — 3TO HopMa. BbipaxeHue (kxa/n) 4acTo mcnonb3yercs s
copoca cTapLunx GUTOB NEPeMEHHON C MX NOCNEeayoLLEM COBK-
roM Bnpaso Ha 3adaHHOe KONM4yecTBo no3vumin. Ho nocne Toro
Kak Hag nporpaMmon nopaboTaeT onTMMU3aTop, 3TOT ApdeKT
TepsieTcal C BeLLecTBEHHOW apuhMETMKON elle Xyxe. 3Haqe-
Hue double (4+a/2) BnonHe MoxeT 1 He coBnacTs ¢ double (2+a)
Jaxe 6e30 Bcskoro nepenonHenmsa! B double HaunHaeT wrpatb
3HAYEHNE KOHEYHas To4HOCTb. Ecnm (int)4/(int)2 aTo TouHO 2, TO
double(4)/double(2) — 310 2.0 NAOC-MUHYC YTO-TO O4EHb MareHb-
Koe. B Hay4HOM Mupe 3TO MpaBuno 4acto hOpPMynMPYIOT Tak:
«pe3ynbrat Bbl4ucneHns ¢ double He MoxeT paBHsTbCA 0» (no-
3TOMy BCe KOHCTpYKumm Tuna if(double_function(x)==0) Hago
3ameHaTb Ha if(fabs(double_function(x))<EPS), nHaye He pabo-
TaeT — pe3ynbTar Bbl4UCNEHUIA ByOeT 3aBUCETb OT BEPCUN KOM-
nUnsTopa U KIkue ontummaasmm). Ecniv ontummsaTop npeepa-
Lwaer (4*a/2) npocTo B (2+a) (BbIKMALIBAET OfHY OMNEPALIMIO), OH
TepsieT TOYHOCTb He [Ba pasa, a ofuH. B HopmanbHo HanucaH-
HOW NporpamMme (He ONePUPYHOLLEN C 04eHb MasTbIMU UMM O4EHb
6OMbLUMMY Y/CNAaMW) 3TO HECYLLIECTBEHHO, T.K. MPOrPaMMUCT 13-
Ha4YanbHO NPOEKTUPYET KOA TaK, 4TO6bI OT STWX MOrpEeLLHOCTEN
He 3aBuceTb. Bugnmo, pa3paboTymki KOMMIUIATOPOB Ha 3Ty Ka-
TEropuio NIOLEN U OPUEHTUPYIOTCS, a TOT, KTO YMHOXaeT 10¢308)
Ha 10%397, xenas nony4uTs UMeHHO 0.1, 1, TakuM 06pa3oM, 3a-
BA3bIBAETCA HA MOrPeLLHOCTb, — cam cebe W BuHoBaT!

YnydLleHHas CBepTKa KOHCTaHT, B aHrNoA3blYHON nuTepa-
Type umeHyemas «advanced constant folding/propagation», 3a-
MEHSIET BCe KOHCTaHTHbIE NepeMeHHbIE MX HENOCPEeACTBEHHbIM
3Ha4eHueM, Hanpumep: a = 2; b = 2 * a; ¢ = b - a; npeBpaLLa-
eTcaBC = 2.

CBepTKy KOHCTaHT B MOMHOW MEPEe NOAAEPXMBAIOT BCE TPU
paccmaTtpuBaeMbIX KOMAWUATopa: msvc, icl u gec.

HecKomnbko CTPOKOBbIX KOHCTAHT € MAEHTUYHBLIM COAEPXMMbIM
L1151 SKOHOMUM NAMSTW MOTYT BbITb 06befieHbl («merge») B OfHY.
To Xe caMoe OTHOCUTCA U K BELLECTBEHHbLIM 3Ha4YeHuaM. Lle-
NoYnCNeHHble 32-6UTHbIE KOHCTaHTbI 06LEANHATL HEBbLIFOAHO,
MOCKOMbKY CCbIfKa Ha KOHCTaHTy 3aHWMaeT 6onblue mecTa’,
4eM MallVHHas KOMaHfa C KOmnuew KOHCTaHTbl BHYTPW, Aa U
BbIGOPKa KOHCTaHTbl 13 NamaTit GbICTPOAENCTBUIO, B OOLLEM-
TO, He cnoco6eTByeT. MNokaxeM TEXHUKY 06beMHEHUS Ha cre-
JyloLem npuMepe:

1

JmcTurr 1. He on'rmsupoaaumrﬁ KaHOuMOaT Ha o6menuHeHue
KOHCTAaHT

printf ("hello,world!\n"); // omHa cTpokoBas KOHCTaHTa
printf("hello,world!\n"); // mpyras KoHCTaHTa, MAEHTUUHAS
nepeo

printf("i say hello, world!\n"); // kxoHCTaHTa C MEEHTUYHOM
NOACTPOKOM

KoMnunsTop msvc «4eCTHO» FeHepupyeT BCe TPU CTPOKO-
Bble KOHCTaHThI, @ gcc U icl Tonbko ABe u3 Hux: «hello,world\n»
u «i say hello, world\n». Ha To, 4TO nepBas cTpoka coBnagaeT
C KOHLIOM BTOPOW, HX OAMH 13 KOMMUASATOPOB He 06paTusl BHU-
MaHus. MNpuxoguTca HanpsaratsCa U nucatb:

JiucTuHr 2. YacCTMYHO ONTMMMBMPOBAHHEM BapMaHT

char s[]="i say hello, world!\n"; // pasmemaem cTpoky
B NaMaTy
printf(&s[6]);
printf(&s[6]);
printf(s);

// BHBOZMM NOZCTPOKY
// EBHBOEMM NOZCTPOKY
// BHBORMM BCH CTPOKY LeIMKOM

Ho Beab no3unumio NOACTPOKM B CTPOKe npuaeTcs onpege-
NATb BPYYHYO, TYNbIM nogcyeToM 6ykB! Unun ucnonb3osatb Mak-
pocbl, onpegenss AfMHY CTPOKM C NOMOLLbIO Sizeof, TONbKO...
3TO Xe CKOMbKO KOAUTb Haao!

JiucTuHr 3. [OMHOCTBO ONTVUMMBMPOBAHHHI BapMaHT

char *sl = "I say hello,world!\n";

char *s2 = sl+sizeof("I say ")-1; //"hello, world!\n"
printf(s2);

printf (s2);

printf(sl);

B oTnmume ot cuTyaumm ¢ 06beAeHMeM ABYX MOMHOCTbIO TOX-
LECTBEHHbIX CTPOK, MPaKTU4ecKas LEeHHOCTb KOTOPON COMHMU-
TenbHa, 3afaya 06bLeAMHEHVs NOACTPOKM CO CTPOKOW BCTpeya-
eTCcs f0BOMbHO YacTo. Kofd Ha NNCTUHre 3 npeanoyTuTenbHee,
YeM «HaCTUYHO OMTUMU3NPOBAHHBIN BapuaHT» (IMCTUHT 2), no-
CKOJIbKY B HEM OTCYTCTBYET ABYKpPaTHOE BbIYUCIIEHWE afpecoB
(&s[6]), kKOTOPOE KOMNUAATOP MOXET M HE [OrafaThCA CBEPHY T,
a yyeT cMelLeHus Ha sizeof(«| say »)-1 == 6 6alT Npon3BoAMTCA
eLlle Ha aTane TpaHCnauun.

lNepemeHHble, NCMoMNb3yIOLLMECS ANS «MPUHATUS PELLIEHNs» O BET-
BfIEHMM, B K&X[OW U3 BETOK MMEIOT BMOMHE npefckasyemble 3Ha-
YyeHus, 3a4acTylo aBnfLwWwmnecs KoHctaHtamu. Kop supa:
if @=4)b=2 * a;MoxeT6bITb Npeodpa3oBaHB:if (@ == 4) b= §,
YTO KOMMWUMATOPbLI MSVC/JCC M OCYLLECTBIAOT, M36aBNsAsiCL OT
NULLIHEN onepaLy YMHOXEHWS, a BOT icl 3Toro caenatb He gora-
AblBaeTcs.

Ecnn Bce aprymeHTbl (OYHKLMM — KOHCTaHTbI U OHA He MMeeT
HKaKu1X NO604HbIX 3PCHEKTOB THMa MOAUMUKALMM rNoBaNbHbIX/
CTaTUYECKMX MEPEMEHHBIX (M HE 3aBUCUT OT MX 3HAYEHUs), pe-
3ynbTaT BbIMOMHEHWS (OYHKLMM Takxe ByaeT KOHCTaHTon. Kowm-
MUNATOPLI B NOAABNAIOLLEM GOMLLUMHCTBE CNy4aes 06 3TOM He

B 32-paspsgHoM pexume ccbinka 3aHuMaeT 32 6uta Mmmioc OT OAHOro [0 LiecTy 6aiToB Ha nons agpecauwu (0guH 6anT «cbepaet» ModR/M,

3aparoLLee cnocob agpecauyu 1 BoibuparoLLiee perucTpebl, Apyrov 6anT npuxoamTes Ha dakynbtatmeHoe none SIB — Scale-Index-Base, ncnone3y-
emoe Ans MacLuTabupoBaHus, 1 elle YeTbipe 6aiiTa OTBOAATCS NOA HEMOCPEACTBEHHOE CMELLIEHWNE KOHCTaHTLI B NaMATH), MOITOMY CChIIKM CTaHO-

BATCSA BbIFOAHLIMU TONMBKO HaunHas ¢ 64/80-OUTHbIX KOHCTaHT.
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poragpiatotcs. [one 3peHns onTMMU3aTopa orpaHnyeHo TeNIoM
yHKumK. «CkBO3HasA» MOACTAHOBKA aprymeHToB («CBepTka
(PYHKLWIA») OCYLLECTBAAETCA NULWLbL B Clly4ae BCTpamBaemblX
(inline) dyHKUMIA MK rNo6ansbHOro pexvma onTUMU3aLmK.
Komnmnatop icl umeeT cneumanbHbIi HAabop KIoYen -ip/-ipo,
thopcupytoLLmnid rnobanbHyo ONTUMM3auUMIo B TEKYLLEM haine
1 BCEX MCXOQHBIX TEKCTaxX COOTBETCTBEHHO, YTO NO3BOSISIET EMY
BbIMOMHATb KOHCTAHTHYIO MOACTAHOBKY B CMEAYIOLLEM KOAe:

JncTuur 4. KaHOMZAT Ha KOHCTAHTHYKW IOLCTAHOBKY

fl1(int a, int b)
{

}

£2 ()
{

}

return a+b;

return £1(0x69, 0x96) + 0x666;

Komnunsitop gce JoCTraeT aHanorm4Horo peaynsrara Jiiilb
3a CYeT TOro, 4To Ha ypoBHe onTuMu3auum -O3 oH aBToMaTH-
YECKM BCTPaMBAET BCE MeSIKMe PYHKLMM B TENO NPOrpammMsl, B
TO BpPeMsi Kak msvC BCTPamBaeT NLLb HEKOTOPbIE M3 HMX. U
[axe ecnu yHKUMs 06bsABIEeHa Kak «inline», onTumusaTop oc-
TaBnseT 3a Co60W NpaBo peLlaTh: OCYLLEeCTBNATb SiM BCTpau-
BaHWE B JAHHOM CITy4ae WUim HeT.

Kon v nepemenHbie

«MepTBbIM KOZOM» (dead code) Ha3blBaeTcs kof, HAKOraa He
MoMy4aroLLniA yNpasieHus U BNyCTYIO0 TPAHXMPALLMIA ANCKOBOE
MPOCTPaHCTBO M onepaTvBHyto NamsaTb. B npocTelwem cnyyae
OH NpefcTaBnseT cobom YyCnoBue, TIOXXHOCTb KOTOPbLIX 04eBUI-
Ha eLLle Ha CTagum TPaHCNAUMK, UK KOA, PacroNoXeHHbIN noc-
ne 6e3yCoBHOr0 BO3BpaTta U3 (PyHKLWM.

Bot, Hanpuwmep: if (0) n++; else n--. 3T0 HecnoxHas 3aga-
4a, U C Helo ycnewHo CnpasnsaloTes BCE TPM paccmartpusae-
MbIX KOMIUAATOpA. A BOT B ClefytoLLem cryyae 6ecnonesHocTb
BbIP@XEHUs «N++» yXe He CTonb o4esugHa: for (@ = 0; a < 6;
a++) if (@ < 0) n++. Ycnosue (a < 0) Bcerga NoXHO, NOCKONbKY
LMK Ha4nHaeTcs ¢ 0 u npopomxkaetcs fo 6. V13 Bcex Tpex pac-
cMaTpuBaeMbIX KOMMUIATOPOB 3TO MO «3y6am» TOMbKO icl.

OO6bsABNEHHbIE, HO HU Pa3y He BbI3BaHHbIE YHKLMN KOMNUAS-
TOPY He Tak-TO NPOCTO yAanuUTh. TeXHONOorusa pas3gesibHon Kom-
nUAALMKY (OOMH haiin NCXOJHOMO TEKCTA — OAMH O6BEKTHBINA MO-
Oynb) npefnonaraet, Y4To PYHKUWS, He MCMosb3yloLwascs B Te-
KyLLieM Mogyne, BMOMHE MOXET Bbl3bIBATLCS U3 OCTasbHbIX. Pe-
anbHbIA packnag BbISBASETCS NULWb HAa CTaauMW KOMMOHOBKM.
BbixoguT, Hencnonb3yemble yHKLMM JOMKEH YAANUTb fIMHKep?
Ho «Bbluapanatb» MepTBYyO (OYHKUMIO U3 06bEKTHOrO haina
ele cnoxHee! [ina 3TOro KOMMOHOBLLMKY HEOOXOAMMO UMETb
MOLLHbIN O13accem61ep U HEXUIbIA UCKYCCTBEHHBIN MHTENNEKT
Bnpugady. Komnunsarop icl B pexume rnobansHoi ontummaa-
LMK (KNto -ip0) OTCNEeXMBAET HeMcnonb3yemMble OyHKLMM eLle
Ha 3Tane TpaHCNAUMM U B 0OBEKTHBIN MOAYSb OHW He nonaga-
toT. OcTanbHble KOMMUNATOPbI HUYEM NOLOGHBIM NOXBacTaTb
He MoryT. [103TOMY KaTeropu4eckun He peKoMeHLyeTcs fepxatb
BECb NPOEKT B 0OHOM ¢hainie (0CO6EHHO ecnu Bbl NULLINTE G16-
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NWOTEKY), MHa4e nocne KOMMNOHOBKKM Ball Kof, 6yAeT nepenon-
HEH HEHYXHbIMU NPUNOXeHWo dyHKuuamMK. Momellante B
dhain TOMbKO «pOACTBEHHbIE» OYHKLMM, KOTOpblE BCerga uc-
MONb3YyIOTCS B Nape W No OTAENBHOCTU He UMEIOT HUKaKoro
cMbicna. OpHa hyHKLMS Ha O6BEKTHBIA (hain — 3TO BMOMHE HOp-
manbHo. [1Be-Tpy eLle Tepnumo, a BOT GorbLIe — YXe nepe-
60p. MNpucMoTpuTECH, Kak YCTPOEHbI CTaHAapTHbIe 6ubnmoTe-
kn a3bika Cu, 1 BaLLM NporpaMmbl cpasy NoxXyperoT.

O6bsABNEHHbIE, HO HEWCMOb3YyeMble NMEPEMEHHbIE YOANATCA
BCEMWU COBPEMEHHLIMM KOMMUAsTopaMu. [lpeBHMe onTuMmnsa-
TOPbI YOananu NuLb NepeMEeHHbIe, K KOTOPbIM HE Npoucxoau-
10 HX OJHOro O6paLLEHNs, ceidac e ONTUMU3aTop CTPOUT
cBoeobpasHoe «abCTpakTHOEe OepeBo», U BETBM, Bedyliue B
HUKyZa, NOSHOCTLIO 06pybatoTes. B npuBegeHHOM Huxe npu-
Mepe msvc, icl 1 gce yaansioT Bce TPU NepeMeHHble —a, b 1 c:

JmcTuer 5. [lpuMep NPOTPaMMEl C HEMCHONBLSYEMHMNM NEepPEeMEeHHHMI

main(int n, char **v)

{

int a,b,c;
a =n;
b=a+1;

c = 6*b; // nepeMeHHas C He MCHNONBBYeTCS, a BHAUUT
nepeMeHHHe a ¥ b JmuHMe
return n;

Heucnonbayemble BblpaXeHust yoansioTcs BCEMU TPEMs pac-
cMaTpuBaeMbIMU KoMnunsTopamu. Hanpumep:

JmcTurr 6. [puMep NPOTPaMME C HEMCHNONbLSYEMHMN BHPAXESHMSIMI

main(int n, char** v)
{
int a,b;
a = nt+0x666; // He mcnonbsyercs, nepekpmBaeTcs (2*n)

b = n-0x999; // mepsiercs npu BHXOZe U3 OGyHKIM
a = 2*n; // emMHCTBeHHOE MCHONBSYeMOe BHpaxXeHUe
return a;

}

BbipaxeHue (n+0x666) He ucnonb3yeTcsi, NOCKOMNbKY nepe-
KpblBaeTCs cnefytoLlei onepaumnen npuceoeHus (2+n). Beipa-
xeHue (n-0x999) TepseTca npu Bbixoge U3 yHKumu. Cnepo-
BaTesIbHO, Hal Kofg 3kBuBaneHTeH: return (n — 0x999).

He Bcerga Takasi ontuMusaLms npoxogut 6e360/1€3HEHHO.
KomnunsaTopb! «3a6bIBAKOT» O TOM, YTO HEKOTOPbIE BbIYUCIIEHUS
MMetoT Nobo4Hble 3eKThI B BUE BbiGpoca UCKIoYeHus. Koa
BUOa: @ = b/c; a = d, MOXHO ONTMMU3MPOBATL B TOM, U TONBKO B
TOM Cflyyae, ecnv nepemMeHHas ¢ 3aBefjloMO He paBHa Hyn. Ho
HW OZWH M3 TPeX paccMaTpuBaeMblX KOMMUASTOPOB TakoM Mpo-
BEPKM He BbiNomnHseT! 3a6aBHO, HO B COKpALLEHUM apudMeTu-
YECKUX BbIPaXEHW (0 KOTOPbIX peyb eLle Brepeau) ontuMmusa-
TOpbI BEAYT Ce651 HAMHOIO 6051e€ OCTOPOXHO — HAKTO U3 HUX He
PUCKYET COKpaLLiaTh BbIpaXXeHWe (a/a) 0O €AVHULbI, [aXe ecrnu
nepemMeHHas a 3aBefoMO He pasHa Hynto! bapgak, B o6LLeM.

KoMnunsaTopbl CTPEMSATCS pa3meLlarb NepemMeHHble B perucT-
pax, nsberas «4oporocTosLLMX» onepaumii obpaLleHus K nams-
TW. B3aTb x0Ts Obl TaKOM KOf: «i ="p+C; b = *p - d;». O4eBnaHO,
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4TO BTOpPOE OOpaLLEHMe K *p INLLIHEE U KOMMWUAATOPL! NOCTY-
nawT Tak: t ="p; i = t+c; b = t-d, npn 9TOM HesIBHO monaraeTcs,
YTO COOEPXKMMOE AHENKN *P HE UBMEHSIETCS HUKAKUM BHELLHUM
KOZOM, B MPOTUBHOM Crly4ae ontummaaums oygeT HOCUTb au-
BEPCUOHHO-pPa3pyLUMTENbHLIA XapakTep. YTo ecnu nepemeH-
Hasi Mcnonb3yeTtcs Ans 06MeHa AaHHBIMW/CUHXPOHM3ALMM He-
CKOJIbKUX NOTOKOB? YTO, ECNM KAaKON-TO ApaviBep BO3BpaLLaeT
yepes Hee pesynbraT cBoen paboTbl? HakoHel, YTO ecnu Mbl
XOTUM MOSYHYUTb UCKIKOYEHNWE MO 06paLleHnio K cTpaHuLe na-
mMatTu? Ons ycMupenus ontuMmusaTopa BO BCEX 3TUX Chyyasx
Heo6xoAnMo 06bABNATL MEPEMEHHYI0 Kak volatile (6yksasnbHO:
«N3MEHYYBbIA», «HEYNOBUMbIN»), TOr4a NPU KaxaoM obpatle-
HUM OHa ByZdeT nepeynTbiBaTbCa U3 NaMATU.

Ykasatenu — Hactoawmn 6ud ontummusauyum. Komnunarop
HUKOrga He MOXET ObITb YBEPEH, afpecytoT N ABe nepemMeH-
Hble pa3fnnyHble 0611acT NaMAT UM 06paLLAOTCA K OQHON U
TOW xe a4elike namatu. Bot, Hanpumep:

Jmcruur 7. [puMep C JMUHMMYM OCpPalMeHMsIMM K NaMSITH,
OT KOTOPHX HeNb3s M36aBUTBCH

f(int *a, int *b)

{
int x;
X = *a + *b; // cnoxeHMe COREPXMMOTO HABYX sUeeK
*b = 0x69; // usmeHenue siweiku *b, agpec KOTOpOIt
He MBBECTEH KOMIUJISTOPY
X += *a; // Her rapaHTMM, UTO BamuCh B SUeHKy *b
He MBMEHuNa sueiKy *a

KoMnunatop He MOXeT pa3MecTUTb COAEPXMMOe *a BO
BPEMEHHOW NepeMEeHHOM, MOCKONbKY, eCin f4eikun *a un *b va-
CTWMYHO UNW MOMHOCTLIO NEPEKPbIBaOTCA, MoaMdMKaLUus auen-
KV *b nprBOAUT K HEOXMOAHHOMY U3MEHEHMIO AYENKKM *al

To Xe camoe OTHOCWTCS U K CriedytoLemy npumepy:

Jmcruur 8. [lpuMep C JMUHMMM OCpPaWeHMsIMM K NaMSITH,
OT KOTOPHX MOXHO M36aBMUTBCS BPYYHYI

f(char *x, int *dst, int n)
{

int i;

for (i = 0; i < n; i++) *dst += x[i];
}

KomnunaTop He MOXeT (He UMEeET npaea) BbIHOCUTbL nepe-
MeHHy1o dst 3a npegenbl UMKna, 1 obpalleHns K namat 6yayT

NMPOMCXOAUTL HA KaXKaon mtepauun. Ytobbl aToro nabexars,
nporpamMMmuCT OOMMKEH NepenncaTb Kog Tak:

JucTuHr 9. ONTMMMBMPOBAHHEI BapyUaHT

f(char *x, int *dst, int n)
{
int i,t =0;
for (i=0;i<n;it++) t+=x[i]; // coxpamenme cymmst
BO BPEMEHHOV MepeMeHHOM
*dst+=t; // BamMce KOHEWHOTo pesynbTaTa B NaMATb

[ns 9KOHOMWMM NaMAT KOMAUAATOPbI 06bIYHO COKPAaLLAoT KO-
NNYECTBO UCMONb3YEMbIX NMEePEMEHHbIX, BbINOMHAA anrebpau-
4eCKOe pa3BepTbIBAHWE BbIPAXEHWA U YAANSAN IULLHWE KOMUW.
B aHrnossbl4yHOM nuTepatype 3a faHHOW TEXHUKOW onTUMM3a-
LMK 3aKpenneH TepMUH «copy propagation», cyTb KOTOPOro
NOSICHAETCS B CeayroLleM npumepe:
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Jincruur 10. llepemenHse a u b - mmuHne

main(int n, char** v)
{
int a,b;
a = ntl;
b = 1-a; // nsBaBnsercss or nmepemerHoin a: (1 - (n + 1));
return a-b; // us6aBnsercs OT nepeMeHHO! b:
(n+1) - (1-(n+1)));

OuyeBnAaHO, 4TO €ro MOXHO Nepenuncartb, Kak (2+n+1), nda-
BMBLLMCb Cpady OT ABYX nepemMeHHbIX. Bce Tpu paccmatpusae-
MbIX KOMMUNATOPA MMEHHO Tak 1 nocTtynatoT. (C TeXHUYECKON
TOYKU 3PEHUS [iAHHbINA MPUEM ONTUMU3ALMU ABNSETCS HACTHBIM
crnyvaemM 6onee o6LLero MexaHu3ma anrebpanmyeckoro ynpo-
LUEHNS BbIPAXEHUNA U pacnpefeneHns perucTpoB, KOTOPbIVA
6yOeT pacCMOTPEH HUXe.)

Ha npoueccopax ¢ KOHBENEPHOW apxXUTEKTYPOM yOaneHue «JuLL-

HWX>» KOMWI NOPOXAAET TIOXHYHO 3aBUCUMOCTb MO AaHHBIM, NPU-

BOISLLYIO K NafieHM0 MPON3BOANTENBHOCTU U NEPEMEHHBIE NPU-

XO[UTCS HE TOMbKO «CBOPAYMBaTh», HO U pa3MHOXarThb!
PaccmotpumM npumep:

Jucturr 11. JloxHas SaBMCHMMOCTB NO JHaHHEIM

a=x+y;

b=a+ 1; // b saBucur or a

a=1i-7j;

c =a-1; // c saBucur or a, TOYHee, OT ee BTOPON «KOMUM»

Onepaumm (X + y) U (i — j) MOTyT 6bITb BBIMOHEHBI OJHO-
BPEMEHHO, HO YTOObI COXPaHUTL PE3YNbTaT BbIYMCIEHUI, HacTb
MPOLIECCOPHbIX MOAYNeN BbIHYXAeHa npocTavBaTth B OXuAaa-
HUW, NMOKa He 0CBOBOAUTCA NepemMeHHas a.

YT106bI YCTPaHUTb 3Ty 3aBUCUMOCTb, KOO HEOOXOAWUMO ne-
penucatb Tak:

JiucTuHr 12. PaBSMHOXEHME NEPeMeHHOV a YCTPaHseT B3aBUCHMMOCTB
1O RaHHEM

’

// b saBucur or al

o

I

A
1+ +

y
1;
ji
1;

// ¢ saBucur or a2, HO He BaBucur oT al

MpocTeiiume 3aBUCMMOCTY NO AaHHLIM MPOLEeccopbl OT
Pentium Pro v BbiLLe ycTpaHsoT camocTonTeNbHO. PyyHoe pas-
MHOXEHWEe NepeMeHHbIX 34eCb TOSNbKO BPeauT — KONMYeCcTBO
perucTpoB O6LLEro Ha3HaYeHUs OrpaHNYEHo 1 KOMIUNATOpaM
NX KaTacTpoduyecku He xBaTaeT. HO 3TO TONMbKO CHapYyXW.
BHyTpu npoueccopa cogepxXuTcs 340POBbIA perncTpoBbIv
(hann, aBTOMaTUYECKM «pacCLLEnnsoLLMiA» PerucTpbl No Mepe
HEeo6X0AUMOCTH.

CnoxHble 3aBUCMMOCTY MO AaHHLIM Ha MUKPOYPOBHE YXe
HepaspeLLMMbl U 4TO6bI CNPaBUTCS C HUMMK, HEOOXOAUMO UMETb
[OCTYN K UCXOQHOMY TEKCTY nporpammbl. Komnunatop icl ycT-
paHsieT 60SbLUMHCTBO 3aBUCUMOCTEN, OCTanNbHbIE Xe OCTaBfs-
IOT BCE KaK eCTb.

Pervctpos o6LLero Ha3Ha4eHKs BCEro CeMb, a YalLle U TOro MeHb-
we. Peructp EBP ucnonb3yetca ans opraHvsauum dpeimMos
(Tak e Ha3blBaEMbIX CTEKOBbIMM Kagpamu), peructp EAX no
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O6LLENPUHATOMY COrnaLleHU0 UCMOMb3yeTcs A BO3BpaLlLe-
HUA 3Ha4YeHus yHKUMM. HekoTopble KOMaHAbl (CTPOKOBbIE
onepauwmu, yMHOXeHWe/AeneHne) paboTatoT ¢ (PUKCUPOBAHHBIM
HabopOM PErucTpoB, KOTOPbIA HA NPOTSXEHNN BCEN (DYHKLMM
NpMXoaMTCS AepXaTb «Mnof CYKHOM» UMM MOCTOSHHO MOHATb
OaHHble OT OQHOMO perucTpa K Apyromy, 4To Takxe He fobas-
nseT Npou3BOAMTENBHOCTM.

CrpaTterus onTMManbHoro pacnpefeneHus nepeMeHHbIX no
peructpam (global registers allocation) — cnoxHas 3agaya, ko-
TOPYIO eLLe NPeAcTouT pemnTb. MycTb cnoso «global» He BBO-
LVMT Bac B 3a6nyxaeHue. 31a rnobansHOCTb Cyrybo NnokKanbHo-
ro macwutaéa, orpaHuyeHHas OgHOW-eAUHCTBEHHON OyHKLM-
el, a To 1 ee YacTblo.

Komnunsatopel CTpemsTCs nomeLlaTtb B perucTpobl Hanbonee
WHTEHCUBHO MCMOMNb3yeMble NepeMeHHble, OOHAKO, Nof «UMHTEH-
CVBHOCTbIO» 3[0€Cb MOHUMAETC OTHIOAb He YacToTa UCMoMb30-
BaHWS, a KONMWUYECTBO «yMOMUHaHWi». Ho Bedb He BCe «ynoMu-
HaHWsi» paBHO3HauHbI! Bot, Hanpumep, if (++a % 16) b++; else
C++; obpalleHne K nepeMeHHoN ¢ npoucxoaut B 16 pa3s vatue!
CratncTka obpaLLieHuin He BCeraa MOXET ObITb MolyyeHa nyTem
MPSIMOro aHanM3a UCXOLHOMO Kofda NporpaMMbl, Tak YTO XAaTb
MOMOLLIM CO CTOPOHbI MaLLHbI — HAMBHO.

A3blkn Cu/Cu++ nopaepXuBatoT creumanbHoe KIo4YeBoe
CNOBO «register», ynpasnsioLLee pa3meLLeHNEM NEPEMEHHBIX,
O[HaKO, OHO HOCWUT XapaKkTep peKoMeHZaLmu, a He umnepaTu-
Ba M BCE TPW paccMaTpyBaEMbIX KOMMUNATOPA ero UrHopupy-
10T, MPEOnoYMTas UHTENNEKTY NporpaMMucTa CBov COBCTBEH-
HbI MaLLMHHBIA MHTENEKT.

MpencTaBnseT UHTEPEC CPaBHUTL pacnpepenieHne nepe-
MEHHBIX MO PErUCTPaM B riy6OKO BIOXEHHBIX LIMKAaX, MOCKOMb-
Ky ero BKnap B 06LLyt0 NPOM3BOAMTENBHOCTL BECbMA 3HAYNTE-
neH. PaccmoTpum cnegyrowmin npumep:

Jnctuur 13. I'myGOKO BIIOKEHHEN! LMK YYBCTBUTENEH K KaueCTBY
pacnpefieneHust NEpeMeHHHX IO PerucTpaM

int *a, *b;
main(int n, char **v)
{

int i,j; int sum=0;

for (1 = 0; 1 < n; i++)

for (j = 0; j < n; j++)
sum += sum*a[n*i + j] + sum/b[j] + x++;
return sumtx;

Komnunsatopy msve perncTpoB O6LLEro Has3HadeHWs yxe He
XBaTWIO M TPU NEPEMEHHBIX, 06pabaTbiBAEMbIX BHELUHUM LIMK-
noM, «BbIneTenu» B cTek. Komnunsatop icl «ynoxwuncsa» B 14 (1)
CTEKOBbIX NepemeHHblx, 5 (1) U3 koTopbix obpabdaTbiBaloTCs BO
BHYTPeHHeM Lykne! O Kakoi Mpou3BOAUTENBHOCTM MOCNE 3TOro
MOXHO roBopuTtb?! BTopoe mMecTo 3aHsn gcc — 3 10 CTekoBbIX
MepeMeHHbIX 5 pacnonoXeHbl BO BHYTPEHHEM LKIie. A Bbl eLle
Microsoft pyraere...

3a cyeT Yero gocTuraeTcs Takoi BbiMrpbiw? O6bIMHO Anis
pacnpeneneHus perMcTpoB NCMosb3yTes rpadibl, KOTOpPbIE B
3aBMCMMOCTW OT MHTEHCMBHOCTM MCMONb30BaHWA PErMCTPOB
pacKpaLlMBaloTCs B pasnuyHble LBeTa — OT «XONOAHOro» A0
«ropsiyero» (MO3TOMy 3Ta TEXHMKA 4acTo HasbiBaeTcs color-
map). OpHako 310 B Teopun. Ha npakTuke xe anis OCTUXKEHUS
MPUeMNeMoro Ka4ecTea pacnpegeneHuns npuxogutcs npube-
raTb K HEKOTOPOMY Habopy 3BPUCTUHECKMX LLAGNOHOB, Aena-
OLLMX «UHTYUTUBHBIE» MPELNONOXEHUS O peanbHON «3arpy-
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XXEHHOCTU» TOW UNM MHOM nepemeHHoi. Cyasa no BCemy, KOM-
MUAATOP MSVC UCMONb3YeT GOMbLLOE KONUYECTBO 3BPUCTUYEC-
KMX LIABIOHOB, NO3TOMY C 60MbLUMM OTPLIBOM U No6exaaeT
BCEX OCTallbHbIX.

[na npeogoneHus KatactpoM4eckon HexBaTKU PerucTpos,
HEKOTOpble KOMMUAATOPbI CTPEMSTCA COBMELLATb CHETYMK LIMK-
na ¢ ykasaTenem Ha obpabaTbiBaeMble faHHble. Koa Buaa
«for (i = 0; i < n; i++) n+=a[il;» npespaLlaerca umm B «for (p= a;
p < &a[n]; p++) n+="p;» SKoHOMMS HanmLo! BriepBble (Hackonb-
KO MHE M3BECTHO) 3Ta TexHWuka 6blna NpUMeHeHa B KOMMUASATO-
pax cupmbl Hewlett-Packard, roe oHa dpurypuposana nog tep-
MUWHOM register reassociation. A 4To e KOHKypeHTbI?! PaccmoT-
pUM criedytoLLmiA Ko (KCTat, B3ATbIA U3 JOKYMEHTaLMN Ha KOM-
mvnsTop HP):

JiucTuur 14. HeonTuMMBMPOBaHHEM KaHAMAAT Ha PEeIVCTPOBYI
pe-accouuanmio

int a[10][20][30];
void example (void)
{

int i, j, k;

for (k = 0; k < 10; k++)

for (j = 0; j < 10;j+4)
for (i = 0; 1 < 10; i++)
a[i] [3]1[k] = 1;

[pamOoTHbIM ONTUMM3ATOP AOSKEH Nepenucatb ero Tak:

JiucTuar 15. OnTMMMBMPOBAHHEN BapMaHT — CYETYMK LMKIA
COBMENlEH C yKasaTejleM Ha MacCHB

int a[10][20][30];
void example (void)
{

int i, j, k;

register int (*p)[20][30];

for (k = 0; k < 10; k++)

for (j = 0; j < 10; j++)
for (p = (int (*)[20][30]) &a[0][3j][k],
i=0; 1< 10; i++)

: *(p++[0][0]) = 1;

3KCI‘IepVIMeHT NnokKasbIBaeT, YTO HM MSVC, HU gCC He BbINos-
HSIOT PErMCTPOBLIX peaccoumaLyii HA B CIOXKHBIX, HU Aaxe B
npocTenmx cryyasx. C npMBefeHHbIM NPUMEPOM CrpaBuIcs
OAWH nuwb icl. Bnpo4em, 310 ero Bce paBHO He CnacaeT, M msve
OKa3blBaeTCA Brepeayn 3a CYET 605iee ONTMManbHOro pacnpe-
JleneHns perncTpos.

BbipaxxeHnus

BbinonHATb anrebpanyeckue ynpoLLeHus onTMMn3aTopbl Ha-
YYUNUCH NULLb HedaBHO, HO AHEKT, Kak rOBOPUTCS, NPEB30-
Luen Bce OXuaaHuns. Pedkuin nporpaMMMCTCKWIA Kof He Coaep-
XXUT BbIP@XEHMUIA, KOTOPbIE HEMb3s 6bIN0 6bl COKpaTUTL. OTKPOW-
Te pokymenTaumo no MFC B pasgene «Changing the Styles of
a Window Created by MFC» u noyuntecb, Kak HyXHO nucatb
nporpamMmb..

JucTuHr 16. 3ro Tak Microsoft Hac yumT nmcaTe nmporpaMMs

BOOL CMainFrame::PreCreateWindow (CREATESTRUCT& cs)
{
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// Create a window without min/max buttons or sizable
// border
cs.style = WS_OVERLAPPED | WS_SYSMENU | WS_BORDER;

// Size the window to 1/3 screen size and center it
cs.cy = ::GetSystemMetrics(SM CYSCREEN) / 3;
cs.cx =

: :GetSystemMetrics (SM_CXSCREEN) / 3;
cs.y = ((cs.cy * 3) - cs.cy) 7 2;
cs.x = ((cs.cx * 3) - cs.cx) / 2;

// Call the base-class version
return CFrameWnd::PreCreateWindow(cs) ;

HeyausutensHo, 4to Windows Tak TopMo3ut! HTo6bl NOHATH
o4eBmaHoe, napHsm u3 Microsoft notpebosanock ase onepauuu
YMHOXEHWS, 1Be — AeneHus 1 ABe — CroxeHus. toro: wectb
onepauun.

NpoBepuM, CMOXET N ONTUMU3ATOP U36ABUTHCS OT MYCOP-
HbIX onepauuii, NpeasapuTernbHO Nepenncas Kog Tak:

JincTurr 17. HeonTuMMBMPOBAHHHM KaHAMZAT Ha anrebpandeckoe
ynpouexue

struct CS{int x;int y;};
f(int n,)
{

struct CS cs;

Cs.y = n; ¢s.X = n;
y = ((cs.y * 3) - cs.y) /
x = ((cs.x * 3) - cs.x) /
return y - x;

2;
2;

Komnunatop msvc BblbpackiBaeT Nvlb 4acTb OnepaLui,
HO YEM OH PYKOBOACTBYETCS MPU 3TOM — HEMOHATHO. OnTUMK-
3aTOp NEerko packpbiBaeT CKOOKM ((CS.y*3) — cs.y), HO danblLue
3TOr0 OH He MAET, NOCAYLUHO BbIMOSHAS 6€CCMbICTIEHHYIO One-
pauuio (cs.y*2 / 2). U TyT Xe, CNOBHO OBYMaBLUWCh, MPWUHYAN-
TenbHO 06HynseT perncTp EAX, Bo3BpaLLias KOHCTAHTHbIV HOSb.
Co3pnaetcs ycToM4MBOE BreYaT/IEHNE, YTO Pe3ynbTaT BbipaXxe-
HUS BbIYUCTIAETCH KOMMUASATOPOM eLLe Ha CTaaumM TPaHCHAaLUmK,
HO OH HWKaK He peLlaeTcsl UM BOCMOMb30BaTLCS:

JimcTvHr 18. BarafouHENf KOX, CT'eHEPMPOBAHHHN KOMIMISTOPOM MSVC
mov eax, [esptarg 0]
; Barpyska n

add eax, eax
; n *= 2; ( Bes yueTa 3BHaKa)

cdg
; IpeoBpasoBaTh ABOHOE BHAKOBOE CIJIOBO

sub eax, edx
; y4ecTb BHaK

sar eax, 1
;n/=2;

xor eax, eax
;n=0;

KomnunsaTop icl BbibpacbiBaeT MyCOPHbIA KOL MOSHOCTbIO,
reHepupys vecTHbii XOR EAX,EAX, a BOT gcc Boo6LLe He Bbl-
MONHSIET HMKaKUX ynpoLueHui! OnHako MOryLIEeCTBO icl 04eHb
nepemMeH4uBO.

BosbmeM Takow npumep:

JucTuar 19. Eme oAMH KaHAMZAT Ha anreGpanyeckoe YNpoleHue

f(int n)
{
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int x,y;
X = n-n; y = n+n;
return x+y-2*n+(n/n);

Kasanocb 6bl, 4ero B HEM CIOXHOro? KoMnunsTopbl msve
1 gCC BbIKMOBIBAKOT BCe KPOMe (n/n), OCTaBNsA €ro Ha ToT Chny-
yan, ecnv NnepemMeHHas N OKaXeTCs paBHOM Hynto. [MopaauTens-
HO, HO iCl BbINOMHSET BCE BbIYUCIEHNS LIENMKOM, HE NMPOU3BO-
O HAKAKWX YNPOLLEHMIA.

Takum 06pa3om, BbINOHEHME anrebpanyeckux ynpoLle-
HUA — BeCcbMa KanpuaHas U Henpenckasyemas onepauus. He
HafenTech, 4TO KOMMUAATOP BbINOMHUT ee 3a Bac!

HanbonbLumin NpupoCcT NPOU3BOAUTENBHOCTU SAET MMEHHO an-
ropuTMMyeckas onTMMmU3aums (HanpuMmep, 3ameHa My3bipbKo-
BOW COPTUPOBKM Ha COPTUPOBKY BCTaBKamu). H1kakoi komnu-
NATOP C 3TUM CNPaBUTLCS HE B COCTOSIHWW, BO BCAKOM Clly4ae,
noka. Ho nepsbin war yxe caenaH. CoBpeMeHHbIe KOMMuns-
TOPbl PAcnoO3HatoT (UM BO BCSKOM CIlyvae MbITaloTCs pacnos-
HaTb) CMbICIIOBYIO Harpy3ky TpaHCrmMpyemoro koga v npuv He-
06X0AMMOCTU 3aMEHSIIOT UCXOAHBINA anroput™ ApyruM, HaMHo-
ro 6onee aHHEKTUBHbLIM.
Bor, Hanpumep:

Jncruur 20. KanmampaT Ha ynpomeHMe anropuTMa

main(int n, char **v)
{
int a = 0; int b = 0;
for(i=0; i<n; i++) a++; // MHOTOKpaTHOe ClOXeHue -
B3TO YMHOXEHMe
for(j=0; j<n; j++) b++;
return a*b;

[na yenoBeka 04eBMOHO, YTO 3TOT KOO MOXHO 3anucatb
Tak: (n*n). Mol NOOGUMbIA MSVC UMEHHO TakK W MOCTynaeT, a
BOT iCl M gCC HaKpy4MBalOT UMKIIbI HA KapdaH.

Xopolune onTUMU3aTOPbl HUKOTAA He BbIYUCHSIOT 3HAYEHUE
OHOrO M TOTO Xe BbIPaXEHUS ABAXAbI.
PaccmoTpuMm cnegytomin npumep:

Jncruur 21. Nomempaxenue (x*y) - obmee
= x*y + n;

a
b = x*y - n; // Bupaxenue (x*y) yxe BcTpeuanocs! M X,y
C Tex mop He MeHsmMCh!

YT106bI M362BUTLCS OT NMULLHENO YMHOXEHUS, 3TOT KOA, He-
06X0AMMO nepenucatb Tak:

JiucTuHr 22. ONTUMMBMPOBAHHEN BapMaHT

t = x*y; // BuuMCINTE BHpaxeHMe (x*y) M BanOMHUTBL PeSyJbTaT
a =t + n; // nogcraHOBKa yXe BHUYMCJIEHHOTO BHauYEHMS
b =t - n; // noacraHOBKa yXe BHUMCIEHHOTO BHAUEHMS

AMepVKaHLbl Ha3blBaOT 3TO «yAaneHneM U36bITOHYHOCTH»
(redundancy elimination) unu «CoBMeCTHbIM MCMONb30BaHNEM
06LLUMX BbipaxeHuin» (Share Common Subexpressions). MonHoe
ynanexve nsbbitoqHocTn (oHo xe Full Redundancy Elimination
nnm cokpatleHHo FRE) npegnonaraet, YTo COBMECTHOE MUCMOSb-
30BaHMe BbIPaXeHWA NPOUCXOOMT TONMbKO B OCHOBHbIX MyTAX
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(path) BbINOAHEHUs NporpamMbl. BeTBneHWs npu 9ToM UrHopu-
pytotcs. HYacTnyHoe yaaneHue n3bbITo4HOCTH (OHO e Partial
redundancy elimination unu cokpaweHHo PRE) oxsatbiBaet
BECb MPOrpamMMHbI KOG — Kak BHYTPY BETBEHW, TaK U CHa-
pyXu. To ecTb YacTM4HOE ydaneHue u3bbITOYHOCTU yaanset
M36bITOYHOCTb HAMHOrO fyYLUe, YeM NOIHOE, XOTS NPK NOSTHOM
nporpaMma KOMIUnupyeTcs YyTb-4yTh 6biCTpee. BoT Takas Tep-
MUHOJIOrMYecKas nyTaHuua.

Bcs 3akoBblipKa B TOM, 4TO BblpaxeHue «Partial redundancy
elimination» nepeBoguTCA Ha PYCCKWA A3bIK OTHIOAb HE Kak
«4aCTUYHOE yaaneHue 3bbITOYHOCTU» (XOTb 3TO M 06LLenpu-
HATBIA BapWaHT), a «yaaneHue 4acTUHHOW M3ObITOYHOCTU», U
«full redundancy elimination» — «yganeHue nonHon U36bITOY-
HOCTMW», YTO COBCEM He OOHO U TO xe!

Bce Tpu paccmaTpuBaeMbIx KOMNMASTOpa NOOAepXuBatoT
COBMECTHOE MCMOMNb30BaHME BbipaXeHuiA. C NpuBEAEHHbIM Npu-
MEpOM OHU CnpaBnsTCs nerko. Ho gasaiite yCrnoXHWM 3aga-
4y, NPeLsiokMB UM KoL NofcyeTa CyMMbl COCEHUX SNEMEHTOB
maccuBa:

JucTurr 23. llpuMep C HEOYEBMAOHON PaBGMBKON Ha MONBHPaXEeHMUS

/* Sum neighbors of i,j */

up = af(i-1)*n + 3 ];

down af(i+l)*n + § ];
left a[i*n + j-11;
right a[i*n + j+1];
sum= up + down + left + right;

[Jaxe 4enoBeKy He Bcerga O4EBMAHO, YTO €ro MOXHO ne-
penucaTb CrefytolmmM o6pa3oM, COKpaTMB KONMYECTBO one-
paumii YMHOXEHWs C YeTbipex A0 OOHOW:

JucTvHr 24. NONHOCTBEK ONTVUMMBMPOBAHHHM BapuaHT (pyuHas
ONTUMMUBALUS)

inj = i*n + j; // opHOKXpaTHOe BHUMCIEHME NOABHPAKEHUS
up = val[inj - n]; // usBaBneHue OT NMUHErO CIOXEHUS
// msBaBneHMST OT OJHOT'O CJIOKEHMS M YMHOXEHMS

down = wval[inj + n];

// usbaBneHMe OT OFHOTO CHOKEHUS ¥ YMHOXEHMUS

left = wvall[inj - 1];

// msBaBneHMe OT OJHOT'O CJIOKEHMS M YMHOXEHMS

right = val[inj + 1];

sum = up + down + left + right;

KomMnunatop msvec ycnewHo yaanun NMHee BblpaxeHue
(i*n), N36aBMBLLNCL OT OJHOr0 YMHOXEHMS, U CreHepupoBa
LOBOSIbHO TYMaHHbIA U MEONEeHHbIA KO, HE OnpaBLabIBaoLLIMiA
BO3/1araembIx Ha Hero Hagexa. AHaorMyHbIM 06pa3om NocTy-
nun n gcc. Ero ocHOBHOW KOHKYPEHT — icl XOTb U COKpaTun Ko-
NINYECTBO YMHOXEHMWIA HANOMOBWHY, CTEHEPUPOBaN O4YeHb Ipo-
MO3[KWUI KOf, CBOAALLMIA Ha HET BECb BbIUIPbILL OT ONTUMM3A-
umu.

Kopou4e roeops, ¢ NpegnoXeHHbIM MPUMEPOM B MOMHOW
Mepe He CrpaBuUICs HUKTO W ANs AOCTVMXKEHUS HAVBbICLLIEW NPO-
U3BOOMUTENBLHOCTM NPOrpaMMMUCT JOMKEH BbIMONHATL BCE Npe-
06pa3oBaHns camocTonaTenbHO. o KpanHen mepe Heobxoau-
MO [06MTBCS, 4TOObI BCE COBMECTHO UCMOSb3YeMble BbipaXxe-
HUSA B UCXOLHOM TEKCTE MPUCYTCTBOBANM B IBHOM BUTE.

A Kak 06CTOAT fena ¢ yganeHmem YacTu4HON U36bITOHHOC-
™?

Bot, Hanpumep:

JncTuur 25. Cnydyan ygzaneHMs YaCTUUHOM MBOHTOYHOCTH

if (n) a = x*y + n; else a = x*y - n;

74

KomnunsaTop msve yxe He CripaBnsieTcs U reHepupyeT aBe
onepaunyM YMHOXEHMWS, BMECTO OAHON. A BOT KOMMUASATOPSI icl
1 gCcc NOCTYNaK0T NPaBUIbHO, BbIYUCIIAS BbIPAXEHME (X*Y) BCEro

OVH pas.

CsopHas Tabnuua Ka4ecTea onTUMU3auumn
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CoBpeMeHHble METOAMKM ONTUMU3ALMU HOCAT JOBOSbHO Mpo-
TUBOpPEeUVBLIA XapakTep. C OQHON CTOPOHbI, OHW YAYHLLAIOT KOf,
C Apyrov — CTpagatoT HenpeackasyembiMy NO60YHbIMU SPdeK-
Tamu. OnbITHBIE NPOrPaMMUCTLI NOJOBHBIX «BOMLHOCTEN» He
0f06pPSAIOT U PEXMMOM arpeccMBHON ONTUMMU3ALMM NONb3YIOT-
Csi C 6OJIbLLION OCTOPOXHOCTbID. OfHAKO MOMHOCTLIO OTKa3bl-
BaTbCA OT MaLUMHHOW ONTUMU3ALMM Jaxe CaMble 3aKopeHe-
nble KOHCEpPBATOPbI YXe He peluaioTcs. Py4Hoe «BblunsbiBa-
HUe» Kofa 06X0amUTCs CAMULLKOM JOpOoro, npasga, nocneacTauns
MHOW ONTUMM3aLMK BbIXOOAT eLle gopoxe. Hapalyusas MoLLb
ONTUMU3ATOPOB, Pa3PabOTUMKM KOMMUASTOPOB AOMYCKalOT BCE
60nbLUe OLMOOK 1 B OTBETCTBEHHBIX CAy4Yasx nporpamMucTam
NPUXOAUTCS MOTU Ha KOMNPOMMUCC, nopy4yas onTuMM3aTopy
TONMBbKO Ty 4acTb paboThl, B pe3ynbrate KOTOPOW MOXHO 6bITb
MOSIHOCTBIO YBEPEHHbIM (CBEPTKA KOHCTAHT, KOHCTAHTHas nog-
CTaHoBKa M T. 4.).

CobCTBEHHO rOBOPS, Halle MCCefoBaHMe KOMMUNSTOPOB
eLle He 3aKOHYEHO, W MepeyncreHHbIe NPUEeMbl ONTUMU3aLK
3TO Jaxe He BepxyLUKa avicbepra, a HeOOMbLLION ero Kyco4ek.
B cnegytoLlen ctaTbe 3TOr0 LMKa Mbl pACCMOTPUM TpaHcop-
Maumio LMKIOB U Npoyve BUAbl BETBNEHWA. YBEpPSAIO Bac, 3TO
0YeHb MHTEepecHas TeMa W 3[4eCb eCTb YEMY MOYy4UTLCA!

4AaAMUHUCTPAToOP



