TexHuka ontumu3saumm nog LINUX
yacTtb Il — BeTBNneHus

KPHC KacIllepCKH aKa MBIIIbX, no-email

H paccMOTPHM ONTHMM3ALUI0 YCIOBHBIX NepeXoJ0B M ONepaToOpoB
THnHa switch. MexaHm3smMbl HX TpaHcOpMalH JOCTATOYHO MHOIOYHCJICHHBI H
pa3HooOpa3Hbl. 3a MocjeJHee BpeMsi ObLIO MpeIJOKEHO MHOKECTBO HOBBIX HJeid,
BomJioleHHbIX B komnuiasaTopax GCC 3.3.4 u Intel C++ 8.0 (coxkpamenno icl), ognako,
npesuunii Microsoft Visual C++ 6.0 (coxkpaiieHHOro msve) He ¢1aeT CBOUX MO3MLMIA, Tak
YTO He CIlelINTe CHUCHIBATH €ro B yTHJIb M CAABAaTh HA CBAJKY.

CeroJHsi Mbl HEOHOJDKHM cpaBHeHHe Linux-koMnuiasATOpoB, HayaToe B _

onmumu3ayusi eemesieHuti/branch

Bemenenus (no-anrmmiicku branch, onn xe ycinoenvie/be3yciosnvie nepexoost) OTHOCITCS K
(hyHIaMEHTAJILHBIM OCHOBaM JIFOOOTO s3bIKa, 0€3 KOTOPHIX HE OOXOIMTCSA HHU OfHA mporpamma. [laxe
"hello, world!"! Benp BbIxoa U3 QyHKIMM main — 3TO TOXKe BETBJIICHHUE, ITyCKall M HesBHOE (HO BEIb
MIPOIIECCOpP CHHTAKCHCOM S3bIKa HE MpPOBENeIb!). A CKOJBKO BETBICHHUN COACP)KHAT cama (DyHKIHS
printf? A bubianoTrexa BpeMeHHU HCIIOTHEHNS?

CynepckayisipHble MHKPOIIPOLIECCOPBI, ITOCTPOCHHBIE MO KOHBEHEPHOH apXHTeKType (a Bce
COBPEMEHHBIE MHKPOIIPOIIECCOPEI IMEHHO TaK M YCTPOEHBI), OBICTpEEe BCETO BBHITOIHAIOT JTHHEWHBIN
KOJ W HEHAaBUAAT BETBJCHUS. B IIydmeM cilydae OHM J€30pMEHTHPYIOT IPOLIECCOp, CIerKa
TIPUOCTAHABIINBAS BHINIOJIHEHHUE TPOrPaMMBI, B XY/IIEM K€ — TMOJHOCTHIO OYHIIAIOT KOHBEHep. A Ha
nocienHux Pentium'ax OH OYeHb JUIMHHBIA (M C KaXAOH MOCIEAYIOIIEH MOJENbI0 CTAaHOBHUTCS BCE
JUIMHHEE U JJHuHHee). BbIcTpo ero He 3aloyHUIIb... Ha 9TO MOXKET YWTH HE OJHA COTHS TaKTOB, YTO
BBI30BET OOBATBHOE MAJCHUE TPOU3BOAUTEIBHOCTH.

OHTI/IMI/I?:aI_H/IH MEPEXoA0B nacT 3HAYUTEIIHLHBIN BBIMTPBIII, 0COOEHHO €CJIU OHH PpacnioJIOKECHBI
BHYTPH IIMKJIOB (KCTaTH TOBOPS, LIUKJIBI 3TO TE XKE CaMbIe TIEPEXO/IbI), TOITOMY KaueCTBO KOMITHIIITOPA
HE B IOCIICIHIOI OYEpEeAb OMPEACNAETCS €r0 YMEHHEM MONHOCTHIO WJIM YacTUYHO HM30aBIATHCS OT
BETBJICHUI.

BblpaBHUBaHue nepexonosB

IIpoueccopsl, ocHoBanHble Ha sapax Intel P6 m AMD K6, He TpeOyloT BbIpaBHHUBaHHUS
Mepexo/I0B, HCKIOYass TOT Clly4yaif, Korja IeneBas MHCTPYKIMS WM caMa KOMaHJa Mepexona
pacuieruisieTcsl TpaHuIel KIII-IMHEHKN HarorojiaM, B pe3ysbTare 4ero HaOJlloJaeTcsi 3HaYNTeIbHOe
HaJeHue MPOU3BOANTENbHOCTH. Hanbompmnii ymep6 NpuYuHSIOT NEepexo/bl, HaXOSIINecs] B IUKIAaX
C KOMITAaKTHBIM TEJIOM H OOJBIINM YPOBHEM BIOKEHUS.

UroOBl 3TOTO HE IMPOHMCXOIMIIO, HEKOTOPHIE KOMITWIIATOPHI NPHOETaloT K BBIPABHHBAHHIO,
pacrionaras WHCTPYKIMH TIepexoja IO KpaTHbIM ajpecaM M 3alOJIHSIIOT OOpas3yroUIHecs IbIPBI
He3HayammMu uHeTpyknusamu, TakuMu kak XCHG EAX,EAX (o6meH conepkumoro peructpoB EAX
mectamu) wn MOV EAX, EAX (mepecsuika conepxumoro EAX B EAX). D10 yBennumBaer pazmep
KO/Ia U HECKOJIbKO CHIAET €ro MpOM3BOJUTEIBHOCTb, TO3TOMY 0€3lyMHOE BBIPAaBHHUBAaHHE (OHO XKe
"arpeccuBHOE") TOJBKO BPEIIUT.

Jlerko moKa3aTh, YTO MAIMHHAs KOMaHAa TpeOyeT BBIPABHUBAHUS B TEX, W TOJBKO TEX
cily4yasx, Koraa ycinosue ((addr % cache len + sizeof(ops)) > cache len) CTaHOBHUTCH
HCTHHHBIM. 31ech: addr— nuHEHHBIA ajgpec WHCTpYKUOWH, cache len pasmep Kom-nuHEHKH (B
3aBHCHMOCTH OT THIIA TIpoIleccCOpa paBHBIN 32-, 64- wmm 128 Gaiftam), ops — cama MallIMHHAs
UHCTPYKIHUSL. KomnuectBo ~ BelpaBHMBaromux  Oalit  paccuuthiBaercss 1o Qopmye:
(cacheilen - (addr % cacheilen)).

VIMEeHHO Tak MOCTYNamT BCe acceONiepIIMKH, HO Tojibko He Kommusitopel!! MSVC u icl
BOOOIIIE HE BHIPABHUBAIOT IIEPEXO/I0B, @ £CC BHIPABHUBAET LIENIEBYI0 HHCTPYKLUIO HAa (PUKCUPOBAHHYIO
BEIMYMHY, KPaTHYIO CTeIeHH ABOMKM (T.e. 2, 4, 8...), 9TO sBisgeTcs KpaiiHe HedPPEKTHBHOMN
CTpaTeruell BBIPaBHMBAHHSA, OJHAKO, AaXKE IUIOXasl CTPATETHs] BCE K€ JIydllle, YEM COBCEM HUKAKOH.
Kcraru roBOpst, HUMEHHO MTO3TOMY, KOMIMJISITOPBI MSVC | icl TeHepHpyIOT HEyCTOHYMBEIA KO/, TOUHEE
KoZ ¢ "IuraBaromiei" IMpOW3BOAUTEIBHOCTEIO, OBICTPONEHCTBHE KOTOPOTO TJIABHBIM 00pa3oM 3aBHUCUT
OT TOTO, PACIIETISFOTCS JIM TITyOOKO BJIOKEHHBIE MEPEXOIbI MIIM HET. A 3TO B CBOIO OYEpE/b 3aBUCHUT
OT MHOJKECTBA TPYHO IPOrHO3UPYEMBIX 0OCTOSTENBCTB, BKIIOYas (ha3y JIyHbI U KOJIMYECTBO OCAIKOB.



YuuThiBas, 4TO CpeAHsA JUMHA X86-MHCTPYKIMI cocTaBiser 3.5 Oaiita, menecooOpasHee
BCEr0 BBIPABHUBATH MEPEXOIBI IO IPaHUIIC YeThIpeX OalT (kitou —falign-jumps=4 KOMIWIATOPA
gee). Kimrou -fno-align-jumps (WM 3KBHBAJCHTHRIH eMy —falign-jumps=1) OTKIIOYaeT
BolpaBHUBaHue. Kimou -falign-jumps=0 3aaelcTByeT BBIpaBHUBAHUE [0 YMOJYaHHUIO,
ABTOMAaTHYECKH BRIOMPAaEMOe KOMITHIISITOPOM B 3aBHCHMOCTH OT THIIa IIpoIieccopa.

if ((addr % cache len + sizeof (ops)) > cache len)

o

align = cache len - (addr % cache len);

Jluctunr 1 ¢popmysia sl pacyeTa oNTUMAJIbHONH KPATHOCTH BHIPABHUBAHMSA [IJIs1 MIPOIIECCOPOB
ot Intel Pentium II n BbIIIe

yacTnyHoe BblvnclrieHne yCﬂOBVIﬁ

"JletaT nBa KpPOKOAWJIA — OIWH KBAIpaTHBIHA, IPYroil Toke Ha ceBep' — BOT XOPOIIHI
IpUMEpP TEXHUKH OBICTPOrO OyIEBCKOTO BBIYHMCICHHS (OHO e "JaCTHYHOE BBIYHMCICHHE YCIOBHil'",
"Partial evaluation of test conditions" mim "short-circuiting"). CobcTBeHHO, HUYEro "ObICTPOro” B HEM
HeT. Ecnm mepBoe M3 HECKONIBKMX YCJIOBHH, cBsA3aHHbIX omeparopoM AND, nmoxso (roe Bumenn
KBaJIpaTHBIX KPOKOIMJIOB?), OCTaNbHBIE Y€ He BBIYHCIAIOTCS. COOTBETCTBEHHO, €CIIM IIEpPBOE U3
HECKOJIBKUX YCIIOBHH, CBA3aHHBIX orepatopoM OR, HCTHHHO, BEIYUCIATH OCTAIBHBIE HET HYK/IbI.

Kcrati roBopsi, 3TO OTHIOAb HE CBOMCTBO ONTUMM3ATOpa (KaK YTBEPXKIAIOT HEKOTOpbIE
pexiIaMHbIe OYKEeThI), a TpeOOBaHHE s3bIKa, 03 KOTOPOTrO BETBJICHHUSA BHAa: if (X && (y/x))
ObuTH OBI HEBO3MOXHBL. Bce TpH paccMaTpuBaeMBbIX KOMITWIIATOPA, HOAJECPIKUBAIOT OBICTpoe OYJIeBO
BBIUHCIICHHE.

JIucTHHr 2 ecau BbIpakeHue (a == b) HcTUHHO, BbIpa:keHue (¢ == d) y:ke He mpoBepsieTcs

vyAaarneHue M30bITOYHbIX npoBepokK

HebOpesxHoe KOAMPOBAaHUE YACTO MPUBOAUT K IOSBICHUIO M30BITOYHBIX WM JAKE 3aBEIOMO
JOXKHBIX ~MPOBEPOK, IOJHOCTHIO WM YACTHYHO AYONMPYIONMX Jpyr Jpyra, Hampumep:
"if (a > 9) .. if (a > 6)..". OueBUAHO, YTO BTOpAs MPOBEpKa JHUIIH:AA H icl OraromomydHo
ee ynmamser. OcTajgbHBIC pacCMaTpUBaeMble KOMITWIIATOPBI TaKOH CIIOCOOHOCTHIO HE 00JIaaroT,
MOCJIYIIIHO TEHEPUPYsI TYMOM KOJI.

if (n > 10) a++; else return O;
if (n > 5) a++; else return 0; // m30HTOUHAas NpPOBepKa
if (n < 2) a++; else return 0; // 3aBemoMoO JIOXHA NPOBEpKa

JIuCcTHHT 3 He ONITUMH3HPOBAHHBIH BADUAHT

if (n > 10) a+=2; else return 0;

JIMCTHHT 4 ONTUMU3HPOBAHHBII BADHAHT

yAaneHue NpoBepokK HyneBbIX yKa3aTernen

IIporpaMMHCTBI A0 CHUX MOP HE MOTYT OIPEAETUTHCS: KTO JIOJKEH OCYLIECTBISATh MPOBEPKY
apryMEHTOB — BBHI3BIBAIOINAs WM BEI3BIBacMas (QyHKIHA. MHOTHE CTaHAapTHl KOAUPOBAHUS
MIPEANMCHIBAIOT BBIMOJHATH TAKyIO MTPOBEPKY OOOUM:

fl(int *p)
{
if (p) return *p+l; else return -1;

}

f2 (int *p)

{
if (p) *p = 0x69; else return -1;
return f1(p);

JIMCTHHT 5 He ONITUMU3HPOBAHHBbIN BAPDHAHT



JluiHMe MPOBEPKH YBEIMYHMBAIOT pasMep Kojaa M 3aMeUIIIOT €ro BBINOJHEHHE (0COOEHHO
€CII HaXOAATCS TIIyOOKO B LUKJIE), TTO3TOMY KOMIIWIATOP gCC IMOJUIEPKHUBAET CIIEHUAIBHBINA KIIIOY,
-fdelete-null-pointer-checks, BbIUMINAIONIMI UX U3 IOporpaMMbl. Bes comb B TOM, 4TO
x86-1porieccoprl (Kak W OONBIIMHCTBO IPYTHX) Ha amnmapaTHOM ypOBHE OTCIICKHBAIOT OOpamieHus K
HyJIEBBIM yKasaTelsiM, aBTOMaTHYECKH BBIOpAchIBash MCKIIOYCHHE, €CIM Takoe oOpalieHue
JIEHCTBUTENbHO Npou3ouwio. [oaromy, ecnu npoBepke Ha "IErUTUMHOCTB" yKazaTensl MpeiecTBYEeT
orepalys YTeHHs/3aiCH 110 3TOMY YKa3aTelllo, 3Ty MPOBEPKY MOXHO HE BBINOIHATH. JlomycTiM, Hall
yKazarellb paBeH HYJII0, TOTa HCKIIIOYEHHUE BINPHITHET IPH NEPBOM XKe 00pallleHnH K HeMy (B HalieM
ciIydae — TpH BBIOTHEHUH *p = 0x69) u 10 mpoBepkHu Aeno mpocto He noiaer. Ecium ke yka3zaTens
HE paBeH HYJII0 — 3a4eM ero NpOBEPATH?

Kommuisatoper msve u icl Takol TEXHMKHM ONTUMH3ALMKM He mojaepxwuBaioT. IlpaBma, B
pexnMe TII00abHOW ONTHMHU3AINH, icl MOXeT yHaisITh HECKONBKO OIS WAYIIUX MPOBEPOK (TIpU
BCTpanBaHUM (PYHKIMH 3TO IMPOMCXOMUT JIOCTATOYHO YacTO), HMOCKOJBKY 3TO SIBISIETCS YaCTHBIM
CllydaeM TEXHHWKH YJaJICHHs M30BITOUHBIX IPOBEPOK, OJIHAKO, CHTYAaIHMIO: "TpoBepKa/Moau(UKaIs-
yKazareisi/o0palleHne-K-yKazartelto/mposepka’, icl y:xe He oclInT. A BOT gcC CIpaBisieTcs ¢ Heil 0e3
Tpynal!

COBMeLLeHne NpPoBepokK

CoBMenieHre IPOBEPOK OUEHB MMOXO0KE Ha TIOBTOPHOE WCIOJIH30BAHUE MOIBBIPAKECHUIT: ecin
OHa W Ta e MpOBepKa MPHUCYTCTBYeT B JBYX WM OoJieeé MeCTax M OTCYTCTBYIOT Mapa3uTHbHIE
3aBHCHMOCTH TI0 TaHHBIM, BCE TIPOBEPKH MOKHO OOBETUHHUTE B OJHY:

if (CPU_TYPE == AMD) // mpoeBepka

x = AMD fl(y);
else

x = INTEL f1l(y);
if (CPU_TYPE == AMD) // eme omHa NpoOBepKa

a = AMD £2(b);
else

a = INTEL £2(b);

JIMCTHHT 6 He ONITHMHU3HPOBAHHBINH BAPHAHT, 2 NPOBEPKH

if (CPU_TYPE == AMD) // TOJNBKO OOHa NpPOBEpKa

{
x = AMD_ f1(y);
a = AMD f2(b);
else
x = INTEL_ f1l(y);
a = INTEL £2(b);

JIucTuHr 7 Ol'lTl/lMl/l3l/lp0BaHHl)lﬁ BapHaHT, TOJbKO O/IHA IIPOBEPKaA

U3 Bcex TPEX KOMITWIATOPOB, COBMCIIATH TPOBECPKU YMET TOJIBKO iCl, Ja U TO HC BCEraa.

COKpalleHue ANWHbI MapLupyTa

Ecimm oguH ycrmoBHBIM Wi Oe3yCIOBHEIM TEpeXOa YyKa3blBaeT Ha APyrod Oe3yCIOBHEIH
HepexoA, TO BCe TPU PAacCMaTPUBAEMBIX KOMIMISATOpAa aBTOMATHUECKH IEpEHANpaBIIIOT MEpPBbIH
LIENIEeBOH afjpec Ha MOCIEIHUM, UTO U IEMOHCTPUPYET CIEAYIOIIUI IpuMep:

goto lab 1 ; // nepexom x MeTke lab 1 Ha 0e3yCJOBHENI Iepexon K MeTke lab 2
lab 1: goto lab 2 ; // nepexon x Merke lab 2
lab 2:

JIucTuHr 8 He ONITUMHU3HPOBAHHBINH BADUAHT

goto lab 2 ; // cpasy mnepexommm K MeTke lab 2, mmHys lab 1

lab 1: goto lab 2 ; // nepexon x Merke lab 2



lab 2:
JIMCTHHT 9 ONTUMU3HPOBAHHbII BAPHAHT

Pazymeercs, oneparop goto HE0OsS3aTENBHO JIOJKEH MTPUCYTCTBOBATH B IIPOIPAaMMHOM KOJIE B
SIBHOM BHJIE 1 OH BITOJIHE MOXKHO OBITh "pacTBOpeH" B IMKJIE:

while(a) //'lab_1: if (a) goto lab_4
{

while(b) //'lab_2: if (b) goto lab_3 /* mepexon Ha 6e3ycJI0BHBII mepexox */

{

/* ko uMKIiIa */

} 1 goto lab_2
} //'lab_3: goto lab 1
// lab_4:

JlucTunr 10 He ONTUMHU3UPOBAHHBIH BAPUAHT

Ilocne onTuMu3anuu STOT KO 6y}1€T BBITJIAJACTH TaK:

while(a) //'lab_1: if (a) goto lab_4
{

while(b) //'lab_2: if (b) goto lab_1 /* onTUMH3HPOBaHO */

{

/* xon uMKiIa */

} 1 goto lab_2

} //'lab_3: goto lab 1
//'lab_4:

JInctuHr 11 onTUMHM3UPOBAHHBIN BAPHAHT

AHaTOrMYHBIM CHOCO6OM OCYHICCTBIIACTCA MW  ONTHUMHU3AIUA yCJ'IOBHBIX/663yCJ'[OBHI)IX
MEePEXOA0B, YKa3bIBAIOIINX Ha IpYroi ycIoBHBINA nepexon. Bot, mocmorpure:

jmp lab_ 1 ; // nepexon Ha YCJOBHHI NEPEexXoxn
lab 1: jnz lab 2

JlucTuHr 12 He ONTUMHM3UPOBAHHBIH BAPUAHT

jnz lab_2 ; // onTuMmsupoBaHO
lab 1: jnz lab 2
Jluctunr 13 onTHMHM3NPOBAHHBI BapHAHT
3aMeTHM, 9TO B CHJTy OTPaHHYEHHOH "ManbHOOOMHOCTH" YCIIOBHBIX IIEPEXO00B, B HEKOTOPHIX

CIly4asx [UIMHY LIEHNOYKH HPUXOAUTCS HE TOJIBKO YMEHBIIATh, HO M YBEJIMYHBATh, IpHOeras K
CIIeIYIOIEMY TPIOKY:

jz far_ far away jnz next lab
——TpaHchopMalma > jmp far far away
next lab:

JIuctuur 14 tpancopmanys yCI10BHBIX EPEX0/10B, 10 KOTOPLIX MPOLECCOP He MOKET
"noTsiHyThHCH"

VYcnoBHBIN MK 0e3yCIIOBHBIN MEpeXo/], YKa3bIBAIOIINI Ha BBIXOJA U3 (YHKIIMU, BCEMU TPEMs
KOMITWJIATOPAMH 3aMEHSETCS Ha HEMOCPEACTBEHHBINH BBIXOJ M3 (YHKIMH, NPHU YCIOBHH, YTO KOJ
SMMJIOT AOCTATOYHO Mall U HAKJIaJHBIE PAcXObl HA €T0 yONnpoBaHNE HEBEIHUKH:

f(int a, int b)
{
while (a--)
{
if (a == b) break; // ycnoBumi nepexopn Ha return a;
}

return a;

JlucTuHr 15 He ONTUMHU3UPOBAHHBIH BAPUAHT



f(int a, int b)
{
while (a--)
{
if (a == b) return a; //Henocpexncreenumit return a;

}

return a;

JIucTuHr 16 onTMMM3MPOBAHHBII BAPMAHT

YMEeHbLUeHue Kosn-Ba BETBNEHUN

Bce Tpum koMmmisTOpa IMPOCMATPHBAIOT KO B IOKMCKAX YCIOBHBIX IIEPEXOJIOB,
MepenphITUBalONUX 4epe3 Oe3ycimoBHble (conditional branches over unconditional branches) u
ONTUMH3UPYIOT UX: HHBEPTHPYIOT YCIOBHBIN MEPEXO, MEepeHAleInBas ero Ha aapec 0e3yCIIOBHOIO
nepexoia, a caM Oe3yCIIOBHBIN MEPeX0] YAASIOT, YMEHbBIAs TEM CaMbIM KOJHUYECTBO BETBJICHUH Ha
eANHUILY:

if (x) a=a*2; else goto lab_l;// OBOMHOEe BeTBJIeHMe 1f - else

b=a+1
lab 1: c=a*10

JlucTunr 17 He ONTUMHM3UPOBAHHBIH BAPUAHT
if (!x) goto lab 1; // omuHapHOE BEeTBJIEHUE
a=a*2;
b=a+1;
lab _1: c=a*10;
JInctuHr 18 onTUMH3NPOBAHHBIN BAPHAHT

Omneparop goto HeoOsA3aTEIBHO JOJDKEH MPHCYTCTBOBATH B TEKCTE SIBHO, OH BIIOJIHE MOXKET
ObITh yacThio do/while/break/continue. Bot, Hanpumep:

while (1)
{
if (a==0x66) break; // YCIJIOBHBEIL Mepexomn
a=atrand() ;
}i // CKPBITBIM Oe3yCJIOBHBEI MMepexOll Ha Hayvajlo LMKJIAa
JlueTunr 19 He ONTUMHM3UPOBAHHBIN BAPUAHT, 2 BEeTBJICHUS
if (a!=0x66) // "coupaHme" OmHOM MTepaumm LMKJa
do{
a=at+rand() ;
}while (a!=0x66) ; // VIHBEPTHPYEM I[epexXoll, TOJIbKO ONHO BEeTBJIEHUE

JIucTunr 20 onTUMHM3UPOBAHHBIN BAPUAHT, 1 BeTBJIeHUe (BeTBJIEHHE Nepe] HAYaJI0M HUKJIA He
CYUTAETCS, T.K. HCTIOJTHAETCS BCEro JMIIb pa3)

COKpaLleHune KonnyectBea CpaBHeHMVI

IIpomeccoprl cemeiicTBa x86 (kak W MHOTHE JIpyrue) o0ianaloT OJHY O4YeHb WHTEPECHOM
KOHIICTII[UCH, KOTOPOH HET HHM B OJHOM sI3bIKE BBICOKOTO ypoBHsA. Omepammu Buma if (a>b)
BBINOJIHAIOTCS B [Ba 3Tana. CHauajga U3 4ucja a BEIYMTACTCS YUCIO b U COCTOSHHE BHIYMCIUTEILHOIO
YCTpOHCTBa coxpaHseTcss B peructpe ¢(maros. Pasmuunsie komMOWHammu (IaroB COOTBETCTBYIOT
pa3MYHBIM OTHOILLIEHUSIM YHCET W 3a KaXAbld M3 HHUX OTBe4aeT 'CBOM" YCIIOBHBIM MEPEXO.

Hamnpumep:

cmp eax, ebx // cpaBHMBaeM eax c ebx, 3anommHas pesysbTaT BO Quarax
jl lab 1 // nepexom, eciu eax < ebx
jg lab 2 // nepexom, eciu eax > ebx

lab 3: // pas MB 3mechb, eax == ebx

Jlnctunr 21 cpaBHeHHe ABYX YHCe]I HA si3bIKe acceMOJepa



Ha s13p1Kax BBICOKOTO ypOBHSI BCE HE TaK, U ONEPAIUI0 CPABHEHUS MPUXOJUTCS MOBTOPATH
HECKOJIBKO pa3 MOAPS, YTO He CIOCOOCTBYET HM KOMIIAKTHOCTH, HH MPOU3BOIUTeNbHOCTH. Ho, MOXeET
OBITh, CUTYAIIHIO UCTIPABUTh OoNTUMU3aTop? PaccMoTpuM cremyromuii Kom;:

if (a < 0x69) printf("b");
if (a > 0x69) printf("g");
if (a == 0x69) printf("e");

JIucTuHr 22 CpaBHEHHE IBYX YHCEJ HA A3BIKE BBICOKOT0 YPOBHSHA

HH3aCC€M6HHpOBaHHe MOKa3bIBACT, YTO KOMIMUJIATOPY mMSVC HOTpe6OBaHOCB OCIBIX JBa
CpaBHCHUSA, a4 BOT icl 6bL1O JOCTaTOYHO U OﬂHOFO.]<0MHHHHTOp £CC HC 3aMCTHUJII IOJABOXa U YCCTHO
BBITIOJITHUJT BCE TPU CPABHCHU.

ni3baBneHue oT BeTBNEHUMN

Teopuss yTBep»AaeT, 4YTO JIOOOH BBIUUCIUTEIBHBIA aJrOPUTM MOXHO pa3BEPHYTH B
HHHeﬁHyH) KOHCprKHHHL 3aMCHHUB BCC BCTBJIICHUA MATCMATHYCCKUMH OHCpaHHﬂMH (KaK HpaBHHO,
3aIyTaHHBIMU ¥ TPOMO3IKHUMH).

PaccmorpuM (yHKIHIO TMOWCKa MakCHMyMa CpeIH IBYX IeNnbsIx ducen: " ( (a>b) ?a:b)",
JUTSA HATJLITHOCTH 3amucaHHyro Tak: "if (a<b) a=b;". Kak u3baButbcs ot BeTBieHus? B aTromM Ham
MOMOXKET MammHHas komanga SBB, peanusyromas BerauTanne ¢ 3aeMoM. Ha si3pike accembiepa 3To
MOTJIO OBI BBITJISIZICTh, HAIPUMED, TaK:

SUB b, a
SBB ¢, c
AND c, b
ADD a, c

JIncTHHT 23 NOMCK MaKCHMYMa CpeJIH ABYX LeJIbIX Yuces 0e3 HCIO0Ib30BAHUS BeTBJICHUIH

KoMnunsitop msve moaiepKMBaeT 3aMeHy BETBICHHII MaTeMaTHYeCKHMH OIepalisiMy,
OJTHAKO, WCIIOJb3YeT HECKOJBbKO JPYTyl0 TEXHHUKY, OT[aBas INpelrnodTeHne WHCTpykiun SETce,
yCTaHaBJIMBAIOIIAs IEPEMEHHYIO B €AMHHMILY, €CIIM YCJIOBHE CC MCTHHHO. Kak IokasbpIBaeT MpakTHKa,
msvc ONTHUMU3UPYET TOJIBKO BETBIICHUS KOHCTaHTHOTO THIIA, T. €.
"if (n >m) a = 66; else a = 99;" emle onTuMU3Upyercs, a ' !
y¥Ke HeT.

KommwisiTop gec, HCHONB3YIOIUI HHCTPYKIMIO YCIOBHOTO IIpuUcBOeHHsT CMOVce,
ONTHUMHU3UPYET BCe KOHCTPYKIUH TUIIA min, max, set flags, abs u T. ., 9TO CyIIECTBEHHO YBEITHUNBAET
MPOU3BOJIUTENBHOCTD, OJJHAKO, TpeOyeT kak MuHUMYM Pentium Pro (nHctpykims SETcc paboTaer u Ha
Intel 80386). 3a a0 orBewaror kimoun -fif-conversion m -fif-conversion?2, KoTopble Ha
miatdpopme Intel skBmBaneHTHBI Apyr apyry. (BooOme roBops, gcc MOAIEpKUBACT MHOMKECTBO
KITFOU€H, OTBEUAIONINX 3a JIMKBHIALMIO BETBICHNUH, OHAKO, Ha aTtdopme Intel oHM MHIIEHBI CMBICTA,
MTOCKOJIbKY B JIEKCMKOHE X86 IIPOIIECCOPOB IPOCTO HET COOTBETCTBYIOIIMX KOMaHJ, 3TO BaM HE
PDP-11, snerantHOCTb KOTOpPOM OCTaeTcsi HENpPEB30MAEHHONM 10 CHUX MOp W KOTOpas HUMeHa
CIELHUaJIbHYI0 KOMaHIy "NPOIYCTUTH CJEYIOIIYI0 MAIIMHHYI0 HMHCTPYKIHIO, €CIIH YCIIOBHE CC
MCTUHHO/JIOXHO", — BOT T'Jie ObUI IPOCTOP /ISt U30aBJIEHHSI OT BETBIICHHH! ).

Kommunsitop  icl — eaMHCTBeHHBIW W3 BceX TpeX, KTO HE 3aMeHseT BETBIICHUS
MaTreMaTHYeCKHMMHU OIllepalusMd (4TO B CBETe aKTHBHOW arurtanuu 3a koMauiusl SBB/CMOVcc,
pa3BepHyTOil KommaHuii Intel, BBEITISINT IOBONBHO CTpaHHO). BO BCAKOM citydae KOMOHISATOP HE

'if (n >m) a = x; else a = y;



JICIaeT 3TOr0 SBHO W B KAa4eCTBE KOMIICHCAIIMU MPEIJIaracT HCIOJIh30BaTh WHCTPUKCHI U (PYHKIIUU
MyJIbTHMEHIHON OnbmroTekn SIMD. B yacTHOCTH, MK BUIA:

short af4], bl4], cl[4];
for (i=0; i<4; i++)
cl[i] = a[i] > b[i] 2?2 ali] : bl[i]l;

JIucTUHT 24 He ONTUMHU3UPOBAHHBINH BAPHAHT ¢ BeTBJCHUSIMHU

MOJKET OBITh TIEPETICaH TakK:

Isl6vecd a, b, c
c = select gt(a, b, a, b); // OYHKLUMS BEKTOPHOTO [IOMCKAa MaKCuMyMa ©Oe3 BeTBJICHMUNA

JlucTuHr 25 yctpaHeHue BeTBJIeHMI MyTeM UcNoJb30BaHusl GyHkuuu select gt Gudamorexun
kJjaccoB Intel SIMD

EcTecTBeHHO, Takoil KOI HEMEPEHOCHM W Ha JAPYTHX KOMIWIATOpaxX OH paboTats He Oyner,
IMO3TOMY, TIPEKJEC YeM MoJcaKuBaThes Ha Intel ciemyer Bce B3BeCHTh W TIIATENBHO 00ayMaTh. Tem
Oosee, 4TO aNbTEPHATHBHEIC MYJIbTUMEANHHBIC ONOIINOTEKA UMEIOTCS M HA IPYTHX KOMITHIIATOPAX.

onmumu3sauyusi switch

OmnepaTop MHOXKECTBEHHOTO BEIOOpa Swifch o0dYeHb TOMYJSIPEH Cpennd MPOTPaMMHUCTOB
(ocobenno, pazpabotunkoB Windows-ipuiaoxeHnii). B HEKOTOPBIX (XOTS M penKdux) CiIydasx,
OIIepaToOphl MHOXKECTBEHHOTO BBIOOpa COAEpKaT COTHM (a TO M THICAYM) HaOOPOB 3HAYECHUH, U €CIH
pewmiaTh 3aady cpaBHEHHs "B 700", BpeMs BBIIOJHEHWs omeparopa switch okaxercs CIHIIKOM
OOJIBIINM, YTO HE JIyYIIHMM 00pa3oM CKa)KeTCsl Ha O0LIel MPOU3BOANTEIBHOCTH IPOTPAaMMBI, TOITOMY
npeHeOperaTh ero ONTUMHU3AIMEN HU B KOEM CIIydae Helb3s.

6anchprBKa JIOrM4eckKoro gpesa

Ecnu oTBieuncst ot ycrosBieics uauomsl "onepamop SWITCH daem cneyuanvhwuiti cnocod
8b100pa 00HO20 U3 MHOSUX 6APUAHINOS, KOMOPbBIL 3aKII0UAEMCs 8 NPOGePKe COBNAOCHUST 3HAYEHUs.
OaHHO20 BbIPAdICEHUsI ¢ OOHOU U3 300AHHBIX KOHCHAHM 6 COOmEemcmeyloujem eemeneHuu", Jerko
MoKa3aTh, 4yTo switch mpesacTaBisier co0o0il 3aByaMpOBaHHBINH ONEPAaTOP MOMCKAa COOTBETCTBYIOLIETO
case-3HaYCHUSI.

IMocnenoBarenbHblii  1epebOp BCEX  BAPUAHTOB, COOTBETCTBYIONIMH  TPUBHAIBLHOMY
JUHEHHOMY TOMCKY — 3aHATHC TOPOYHOEC W KpaitHe HedddektuBHOe. JlomycTuMm, Haml omepaTop
switch BBITIIAANUT Tax:

switch (a)
{

case 98 : /* xom obpaborumka */ break;
case 4 : /* xonm obpaborumka */ break;
case 3 : /* xonm obpaborumka */ break;
case 9 : /* konm obpaborumka */ break;
case 22 : /* konm obpaborumka */ break;
case 0 : /* xonm obpaborumka */ break;
case 11 : /* xom obpaborumka */ break;
case 666: /* xom obpaboTumka */ break;
case 96 : /* xonm obpaborumka */ break;
case 777: /* xonm obpaborumka */ break;
case 7 : /* xom obpaborumka */ break;

JIncTaHT 26 He OHTHMI/I3Hp0BaHHBIﬁ BapHUAHT onepaTropa MHOKECTBECHHO Bblﬁopa

Tornma cooTBeTCTBYIONIEE €My HE ONTHMHI3MPOBAHHOE JIOTHIECKOE IEPEBO OYIET TOCTUTATh B
BBICOTY OJUHHAIIIATH THE3] IIpudem, Ha 1€BOI BeTKe KOPHEBOTO THE3/1a OKAKETCS

QX JIecATh APYTHX THE3J, a Ha MpaBoil — BOOOIIe HU 0MHOTO. UTOOB! HCIpaBUTH "TIepeKoc', pa3pexeM
OJHY BETKYy Ha JIBE€ M IpPHIENNUM 0Opa3oBaBIIMECS IOJOBHHKH K HOBOMY THE3Ay, COAEpKameMy
yCIIOBHE, OIIpeeNstoliee: B Kakoi U3 BETOK CJelyeT UCKaTh CPaBHUBaeMyIo NepeMeHHyro. Hanpumep,
JeBasl BETKAa MOXKET COAEp’KaTh I'He3/la C YETHBIMHU 3HAYEHUSMH, a INpaBas — ¢ HedeTHsIMH. Ho 310
IUIOXOM KPUTEPHH: YETHBIX M HEYCTHBIX 3HAYEHHUI peiKko ObIBaeT IOPOBHY M BHOBH OOpasyercs
nepekoc. I'opa3no Hage)xxHee NOCTYIUTH Tak: OepeM HauMeHblee U3 BCeX 3HaueHuil u OpocaeM ero B
Kydy A, 3aTeM OepeM HanOoJplee u3 BCeX 3HaUeHUI U OpocaeM ero B Ky4dy B. Tak moBTopsieMm 110 TeX

10p, TI0Ka HE PaccopTHpyeM Bee, nMerommecs 3Haucnys. (SNPHCHNCHDIn])



[MockonbKy, oneparop switch TpeOyeT YHUKaIbHOCTH Ka)KAO0TO 3HAYEHUS, T. €. KaKA0€ YHCIO0
MOJKET BCTPEUAThCS JIUIb OJHAXKIBI, JIETKO IOKAa3aTh, YTO: a) B 00X Kydyax OYyIeT COAepKaThCs
paBHOE KOJMYECTBO YMcel (B XyJIIEM Cllydae — B OJHOW Kyde OKa)XXeTCsl Ha YUCIIO Oojblie); 0) Bce
yuciia Kydu A MEHbIIIE HAUMEHBIIETO U3 YMCEII Ky4un B. CJ'[CI[OBaTeJ'[I)HO, JOCTAaTOYHO BBIIIOJIHUTH
TOJIBKO OJTHO CPaBHECHHE, YTOOBI ONMPEHICIHUTh: B KaKOM U3 JBYX Kyd CJIEIyeT MCKAaTh CPaBHHBAECMOC
3HAYCHUS.

Pucynok 1 HecoanancupoBanHoe (cjieBa) U coataHcupoBanHoe (crpaBa) switch/case-gepeBo

Bricota BHOBH 00pa3oBaHHOTrO aepeBa OyneT paBHa , rAe N — KOJMYECTBO THE3J CTaporo
nepeBa. JlelCTBUTENBHO, MBI )K€ JISTIMM BETBb J€peBa Ha/IBOE M J100aBIsieM HOBOE THE3/I0 — OTCIO/A U
6epercst u +1, a (N+1) HeoOX0OMMO AJIs1 OKPYTIIEHHSI pe3ynbTara JeJIeHUs] B OOJIbIIyro cTopony. T. e.
€CII BBICOTA HE ONTHMH3HPOBAHHOTO jepeBa nocturaia 100 rHe3s, To Tenepbh OHA YMEHBIIMIACh 10
51. Yto? I'oBopure, 51 Bce paBHO MHOTO? HO KTO Ham MeImiaeT pa3OUTh KaX/IyIO W3 JABYX BETBEH eIie
Ha 1Be? DTO yMEHBIIUT BBICOTY JAepeBa 10 27 THe3n! AHAIOTHYHO, MMOCTERyomee YIUIOTHEHNHE NacT
16> 12> 11>9->8... u Bce! Bojee mioTHas ymakoBKa JepeBa Yyxe HeBO3MOHa. Ho,
COTJIaCHUTECh, BOCEMb THE3] — 3TO He cTo! ONTHMHU3MPOBaHHBINA BapHaHT omeparopa switch B Xymmem
cirydae oTpeOyeT JHIIb ISTH CPABHEHMH, HO M 3TO €IlIe He mpeed!

VYunTeiBas, 4To X86 MPOLIECCOPHI BCE TPU ONEpaIMy CPaBHEHUS <, =, > COBMEILAIOT B OJJHOM
MaIIMHHON KOMaH/Ie, IBOMYHOE JIOTMIECKOE JIEPEBO MOXKHO MPeoOpa3oBaTh B TPOUYHOE, TOTAAa HOBBIX
THE3]] [UIs ero OanaHCHPOBKH A00aBIsATh HE HYKHO. [IpocTednmii anropuT™, Ha3bIBaeMbIil Memooom
ompe3sKoe, paboTaeT Tak: COPTHPYEM BCE YKCIA 110 BO3PACTAHUIO U JEIUM MOIYYHBIIHHCS OTPE30K
HarmonojaM. YuCio Haxomsmieecs IMocepeauHe (B HameM ciaydae 370 11), oOBsBIsieM BEpIIMHON
JlepeBa, a 4YHCla PacloIOKEHHBIE ClIeBa OT HEr0 — €ro JIEBBIMH BETBSMH M IIOJBETBSIMH (B HalleM
ciaydae 310 0, 3, 4 m 7). OcrampHble wncna (22, 96, 98, 666, 777) uayt HanpaBo. [loBTopsieM 3Ty
OTIEpaIMIO0 PEKYPCUBHO /10 TEX IOp, MOKA JUIMHA TTOIBETBEH HE COKPATHUTCS 10 €AWHHIEL. B KoHEYHOM
cYeTe, BRIPACTET CIICAYIOIIee IePEBO (_):



o]
F)

—

a<=r4 a <=> 98\
a<={ L a»>=7 a<=96 L a>J=_66E~
a==0 L L a L - 777

i
—
—

PucyHok 2 TponyHoe gepeBo, 4aCTHYHO cOATAHCHPOBAHHOE METOI0M OTPE3KOB

OueBHIHO, YTO 3TO HE camoe JIydIle JIEPeBO U3 BceX. MaKCHMaIbHOE KOJIWIECTBO CPaBHEHHUN
(T. e. KOIMYECTBO CPaBHEHHMH B XYJIIEM CIIyyae) COKPATHWJIOCh C MATH A0 YETBIPEX, a KOJIMYECTBO
BETBJICHUI BO3pOCIIO BJOBE, B pE3yJbTaTe 4Yero, BPeMsl BBINOJHEHMs omeparopa switch Toibko
Bo3pocio. K ToMmy ke, CTpyKTypa TOCTPOCHHUS JAepeBa sBHAa He onTHMainbHa. I 'He3ma (a<=3), (a>=7),
(a<=96), (a>=666) uMeroT cBOOOJHbIC BETBH, YTO YBEIMYHMBAET BBICOTY JepeBa Ha eauHuiy. Ho,
MOJKET OBITh, KOMITHJIITOP CyMEET 3TO ONTHMH3HPOBAThH?

Jlm3acceMOIMpOBaHUE MOKA3bIBAET, YTO KOMIMIISITOP MSVC T€HEPHPYET TPOMUYHOE NIEPEBO,
cOanaHCHPOBaHHOE MO YJIYYLIEHHOMY JITOPUTMY OTPE3KOB, COJEpIKalllee BCEro JIMIIb 7 onepaunui
cpaBHEHHs, 9 BeTBIeHWH u Tabnmiy mepexoqoB Ha 10 smeMeHTOB (cM. "ﬁ
h"). B xymiem ciydae, BeITOJHEHUE oriepaTopa switch TpeOyeT 3 cpaBHEHHI U 3 BETBICHHIA.
TpondHoOe NepeBO MOCTPOEHHOE KOMITHIISITOPOM gCC, COATaHCUPOBAHO T10 KJIACCHYECKOMY aJITOPUTMY
OTpe3KOB U cocTouT u3 11 cpaBHeHUH U 24 BeTBiIeHHMH. B Xynmem ciydae, BEIIOJHEHHE OIlepaTopa
switch pactsaruBaercsi Ha 4 cpaBHeHus1 ¥ 6 BeTBieHH. Komnuisitop icl, paboTaroumii o NpUHIUITY
MPOCTOr0 JUHEMHOTO MOMCKA, CTPOUT ABOUYHOE AepeBo U3 11 cpaBHeHuil u 11 BerBienuil. B xyamem
ciIydae, Bce y3IIBI epeBa "mepeskeBhIBatoTCsA" enukoM. BoT Tak "onrumuzaris'!

co3aaHue Tabnuubl nepexonos

Eciau 3HavyeHus BeTBeil BBIOOpa MPENCTABISIFOT COOOH apU(METHYECKYI MPOTPECCHIO
(_), KOMITWJIITOp ~ MOXET  c(hOpMHpPOBAaTh  MAAuUYy  NEpexo006 —  MaCCHB,
NPOUHICKCUPOBAHHBINA Case-3HAYCHHUSAMU W COJEPIXKAIINil yKa3aTean Ha COOTBETCTBYIOIIHE MM case-
o0Opaborunku. B 3TOM ciydae, ckoiibko Obl omepartop switch HHM cojepail BETBEW, — OJUH WJIH
MHJUTMOH — OH BBINIOJIHSIETCS 32 OIHY Hrepanuto. Kpacora!

switch (a)

{
case
case
case
case
case
case
case
case
case
case
case

/* kom obpaborumka */ break;
/* xom oBpaborumka */ break;
/* xom oBpaBorumka */ break;
/* kom obpaborumka */ break;
/* kom obpaborumka */ break;
/* xom oBpaborumka */ break;
/* xom ofpaBorumka */ break;
/* kom obpaborumka */ break;
/* kom obpaborumka */ break;
/* xom oBpabBoruuka */ break;
/* xom oBpabBoruuka */ break;
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JIuctuHr 27 He ONTUMU3HPOBAHHBII switch, opraHn3oBaHHBII M0 NPUHIIUIY YIOPSIA0YEHHOMH
apudmeTnuyecKoi nporpeccuu

cmp eax, O0Bh ; switch 12 cases
; cpaBHuMBaeM a c 11

ja short loc_80483F5 ; default
ecimm a > 11 BHxOOMM M3 omneparopa switch



;

jmp ds:off 804857C[eax*4] ; switch jump

; HepenaeM ympaBJIeHME COOTBETCTBYIEMY case-o00paboTumky

; TakmM o6pasoM, Ms MMEEeM BCETO JMb ONHO CPaBHEHME M OBa BETBJICHUS

; // mabiuua cMemeHurt case-obpaboTuMKOB
off 804857C dd offset loc 80483F5 ; DATA XREF: main+lltr
dd offset loc 80483ES8 ; jump table for switch statement
dd offset loc 80483F9
dd offset loc 8048402
dd offset loc 804840B
dd offset loc 8048414
dd offset loc 804841D
dd offset loc 8048426
dd offset loc 804842F
dd offset loc 8048438
dd offset loc 8048441
dd offset loc 804844F

JInctuHr 28 qu3accemOJIepHbIii JUCTHHT ONITHMHU3UPOBAHHOI0 BADHAHTAa onepaTopa switch

COS,I[aBaTB Ta6J'II/IL[BI Nepexoq0B YMCIOT BCE TPU paCCMATPUBACMbBIX KOMIIWIATOPA, AAXKE CSCIIN
OJICMCHTBI IPOTrpeCCUU HEKOTOPHIM o6pa30M nepeMeianbl:

switch (a)

{

case 11 : /* xom obpaborumka */ break;
case 2 : /* xom ofBpaborumka */ break;
case 13 : /* xonm obpaborumka */ break;
case 4 : /* xom obpaborumka */ break;
case 15 : /* xonm obpaborumka */ break;
case 6 : /* xonm obpaborumka */ break;
case 17 : /* xonm obpaborumka */ break;
case 8 : /* konm obpaborumka */ break;
case 19 : /* xon obpaborumka */ break;
case 10 : /* xom obpaboTumka */ break;
case 21 : /* xom obpaborumka */ break;

JIucTuHr 29 He oNTUMHU3NPOBAHHBII switch, oprann3oBaHHbBII 0 NPUHIUIY YIOPSIA0YEHHOMH
apudpmeTnyecKol Nporpeccuu

Ecnm oauH wnM  OAMH WIM  HECKOJNBKO 3JEMEHTOB IPOTPECCHH  OTCYTCTBYIOT,
COOTBETCTBYIOIINE UM 3HAYCHUS JONOIHAIOTCA (GUKTUBHBIMH nepexonuaukamu K default-o6paboTaunky.
Tabmuma mepexomoB OT 3TOro, KOHEYHO, pacilyXaeT, OIHAKO, Ha CKOPOCTH BBINOJHEHMS OIeparopa
switch 3TO mpaKTHYECKH HUKAK HE OTOOpakaeTcCsl.

OnHako, NpH JOCTMIKEHHMHM HEKOTOPOH IOPOroBOi BeIMYMHBI "paspexeHus", Tabiuia
MEpeX0JI0B BHE3AITHO TpaHC(HOPMHUPYETCS B ABOMYHOE/TpoMdYHOE aepeBo. Kommwiatop msve
€/IMHCTBEHHBIH W3 BCEX TpPEX, CHOCOOHBIH KOMOMHUPOBATH TAaOJUIBI TEPEXO/]0B C JIOTHYECKUMHU
JIepeBbsIMU. Pa3pspkeHHbIE y4acTKH, C JaJIEKO OTCTOSLIMMHE JAPYT OT Jpyra 3HaueHHUSMH, MOHTHPYETCS
B BHUJIE JIEPEBA, a I'YCTO HACEIECHHbIE 00JIACTH YITAaKOBBIBAIOTCS B TAOIUIIBI TEPEXOJIOB.

Bepuemcs k _ 3navenus 9, 11 22, 74, 666, 777 ynops1ounBaroTCs B BUJE JIEPEBa,
a0, 3,4, 7,9 noxarcs B TabiMIly HepexonoB, Omarojaps 4eMy AOCTUTACTCS NMPENeNbHO BBICOKAs
CKOPOCTB BBITIOJIHEHNS, JAJIEKO OTIEPEXKAIONIasi KOHKYPEHTOB.

ceobo0Hass mabnuya

o KOMITHIIATOp Microsoft Visual C++ 6 Intel C++ 8.0 GCC3.34
JACUCTBHUEC
BbIPAaBHUBAHUE [1E€PEX0/I0B HE BbIPABHUBAET HE BbIPABHUBAET BBIPAaBHUBAET 110 IPAHULIE
CTENECHH JBOUKN
ObIcTpoe OYJIeBO BBIYHCIICHHE I10JICPIKUBACT I10//ICPIKUBACT I10/ICPIKUBACT
yaaJeHne H30bITOUHBIX TPOBEPOK HE yaajsier yaassier HE yaajsieT
yJIaJICHHE MIPOBEPOK HYJICBBIX yKa3zaTelel HE yJajsier HE yJajsieT yiansier
COBMEIIICHHE TPOBEPOK HE COBMEIAeT COBMeEUIAET HE COBMEIAeT
COKpAIIIEHHE JTHHBI MAPIIPyTa COKpAIIaeT COKpAIIaeT COKpAIIaeT
YMEHbIIICHHE KOJI-Ba BETBJICHHUIA YMEHbIIAET YMEHbIIAET YMEHbIIAET
COKpAIIICHHE KOJIMYECTBA CPABHEHHI COKpaIlaeT YACTUYHO COKpAIaeT HE COKpalaer
n30aBliCHHE OT BETBJICHUMN M30aBIISIETCS OT HUKOT/1a He n30aBIseTCs u30aBIIsIeTCSI BCETIa,
BETBJICHUI KOLJIa 9TO BO3MOXKHO




KOHCTaHTHOT'O THIIA
OaIaHCHPOBKA JIOTHYECKOTO IpeBa TPOHYHOE JIePEeBO, JIBOUYHOE, TPOUYHOE JIPEBO,
cbanaHCHpOBaHHOE HecOanaHCHPOBAaHHOE cbaraHCHPOBaHHOE
YIIy4IICHHBIM METOI0M ZIepeBo METOJIOM OTPE3KOB
OTpE3KOB

CO3/J1aHNe Ta0JIMIIBI [IEPEX0JI0B co3jaer co3ziaer co3zlaeT

HOJJICP)KKA Pa3psKEHHOH TaOIMIIbI HOJUICPXKUBACT HOJUICPKHBACT HOJUICP)KUBACT

EePEX0/I0B

COBMEILCHNE TaOIIHIIBI IEPEXO/I0B C CoBMeIaeT HE COBMeIIaeT He COBMeIaeT

JIePEBOM

3aKJ/ilo4eHue

CrpaBe[uIMBOCTH pajay, OJMBKAa BETBb MAJbMBI IEPBEHCTBA HA ATOT pPa3 HE IOCTAHETCS
HUKOMY. Bce Tpu KOMIWIATOpa ITOKAa3bIBAIOT BICUATIMIONIMN pPE3ylbTaT, HO IPOKAIBIBAIOTCS B
Menodax. [To3umus icl BRITTIAAUT JOCTaTOYHO CHIIBHOHN, OTHAKO, HAa 0€3YCIIOBHOE TOCIIOJICTBO HUKAK HE
TsHeT. Kak MUHHMYM €My MPEICTOUT HAYYHUTHCS BBIPABHUBATH IEPEXOJbI, 3aMCHSATH BETBIICHUS
MaTEeMaTUYECKUMU OTICpaIMsIMH U IIEPEeBapUBATh orepaTop switch.

Komnunsitop gec, ¢ yderoM ero OeCIUIaTHOCTH, IO-IIPEKHEMY OCTAeTCsl HaWIy4IIHM
BbIOOpOM. OH peanu3yer MHOTHME HOBOMOJHBIE CIIOCOOBI ONTHMH3allMM BETBICHUH (B 4acTHOCTH,
ncnoip3yer uHCTpyknmioo CMOVcee), omHako, 1O psoy MO3WLOWAN TPOUTPHIBAET HACKBO3b
KOMMEPYECKOMY MmSVC, JUIIHUN pa3 MOATBEpKIas OCHOBHOH Jo3yHT Microsoft: "Bill always win".
I[Ipu mepexome oOT BeTBIEHWA K OWKIaM (a, LUK, Kak W3BeCTHO, 'chemaror' mo 90%
MIPOU3BOAUTEIFHOCTH IPOTPAMMBI), 3TOT pa3phIB JHIIH yCHIMBaeTcsa. Ho 0 mukiax B Ipyroi pas. I1o
CIIMIIKOM OOBEMHas, XOTS W yBiekarenbHas TemMa. COBpeMEHHBIE KOMIWISATOPHI HE TOJBKO
BEIOPACHIBAIOT W3 IMKJIA BCE HEHYKHOE (HAIpHUMep, 3aMEHSIIOT [IUKJI C IIPEIYCIOBUEM Ha IIUKJI C ITOCT-
YCJIOBHEM KOTOPBI Ha OJHO BETBIICHHE KOPOYE) HO U TPAHCPOPMHUPYIOT CaM alrOPUTM, ITOJITOHSs
MOPSIIOK 00PaOOTKHU TAaHHBIX T10]] OCOOCHHOCTH apXUTEKTYPhl KOHKPETHOTO MUKPOIIpOIieccopa.

>>> MUHU-8pe3Ka coeemabl

* y30eraiiTe UCHOIBb30BaHUS INIO0ATBHBIX M CTATHYECKUX IIEPEMEHHBIX — JIOKAJIbHbIE IIEPEMEHHBIE
HaMHOTI'O MPOIIE ONTUMHU3UPYIOTC,

* HE HCHOHL3yﬁTC NEPEMECHHBIC, TaM I'I€ MOKHO HMCIIOJIb30BaTh KOHCTAHTEI,

* Be3Jie NCIOJIb3yHTe 0€33HAKOBBIE IIEPEMEHHBIE T/IE 3TO TOJIBKO BO3MOKHO, OHM HAMHOTO JIeT4e
ONITUMH3HUPYIOTCS, OCOOCHHO B TEX CIIydasX, KOTIa KOMIHIISATOP MBITAETCS N30aBUTHCS OT BETBIICHU;
* samenstiite int a; if ((a >= 0) && (a < MAX)) Ha if ((unsigned int)a < MAX), — mocieaass
KOHCTPYKIIHS Ha OJHO BETBJICHHE KOPOUE;

* BEeTBJIGHUE C IIPOBEPKOH Ha HYJb ONTHMHU3UPYETCSl HAMHOTO MpoIIe, YeM Ha Jiodoe apyroe
3HAYCHUE;

* xoHcTpykuun Trna x = (flag?sin:cos)(y) He 30aBJISIOT OT BETBJICHHUI, HO COKPAIAIOT 00beM
KOJUPOBaHU;

* He IpeHeOperafTe oImepaTopoM goto — 3a4acTyIO OH TI03BOJISET MMPOSKTHPOBATh 00JIee KOMITAKTHBIN
H 3JICTaHTHBINA KOJI;




