nporpaMMupoBanue

AN &orggmc; bl ¥ PasHRE
.\Bpe 0EoNEeHO MHE

£

/ m&

Onmmusauua BeTBneHui/branch

BeTBneHus (no-aHrnuiicku branch, oHm xe ycnoBHble/6e3ycnoBs-
Hble nepexombl) OTHOCATCS K (DyHOAMEHTasbHbIM OCHOBaM J1io-
60ro A3blka, 6e3 KOTOPbIX He 06XOQMTCS HWU OfHa NporpaMma.
Haxe «hello, world!»! Befib BbIX0f, M3 oyHKLMM main — 3T0 TOXe
BETBMEHME, MYCTb U HEABHOE (OQHAKO X MPOLIECCOP CUMHTaKCH-
COM f3blka He npoBefeLlb!). A CKOMbKO BETBIEHUA COQEPXUT
cama byHKums printf? A 61énmoteka BPEMEHW UCTIONHEHUA?

CynepckanspHble MUKPONPOLIECCOPbI, MOCTPOEHHbIE MO
KOHBENEPHON apXMTEKTYpeE (a BCe COBPEMEHHbIE MUKPONPOLIEC-
COpbl IMEHHO TaK 1 YCTPOEHbI), BbICTPEE BCETO BLINOHAOT /-
HEMHbIA KOO, M HEHABMOAT BETBNEHUA. B nyywem cnyyae oHu
[Lle30PUEHTUPYIOT NPOLIECCOP, CNerka npuocTaHaBnBas BbINo-
HEHWE NPOrpamMsbl, B XyALLEM Xe — MOMHOCTLI0 OYMLLAIOT KOH-
Benep. A Ha nocnepHux Pentium OH 04eHb AJIMHHBIN (M C KaXx-
[0 nocnegpyoLLen Mogenbto CTaHOBUTCS BCE ANMHHEE U OJINH-
Hee). BbICTPO ero He 3anosHWLLb. .. Ha 3TO MOXET YATU HE 0fHA
COTHS TAKTOB, YTO BbI3OBET 06BaSIbHOE NaEHNE NPON3BOAMUTESTb-
HOCTW.

OnTummnsaums NepexofoB HaeT 3HAYUTENbHbIA BbIUMPbILL,
0COBEHHO €CNM OHW PacnonoXeHbl BHYTPU LMKIIOB (KCTaTh ro-
BOPS, LIMKIbI — 3TO T€ Xe Camble NePexosl), NO3TOMY Ka4ecTBO
KOMMUASTOPa HE B MOCNEHIO 04EPEeab ONpeaenseTcs ero yme-
HMEM MOJSHOCTBIO MM YaCTUYHO M36ABNATLCS OT BETBEHWNA.

BoipaBHHBaHME NEepexooB

lMpoueccopel, ocHoBaHHbIE Ha fgpax Intel P6 u AMD K6, He Tpe-
6YI0T BbIpaBHMBaHWS NEPEXOOB, 3a UCKITIOYEHNEM TOrO CryYas,
Korga Lienesasi MHCTPYKLMS Unn cama KoMaHga nepexopa pac-
LLENNSOTCA rPaHULIEn K3LL-NMHENKM Nononam, B pesyrstare Yero
Ha6M4aeTCa 3HAYMTENBHOE NafeHVe NPOU3BOAUTENILHOCTMU.
Haunbonblumni yuiepd NpUHMHAIOT nepexodbl, Haxodswmecs B
LIMKINax ¢ KOMNaKTHbIM TENOM W 6OJbLUMM YPOBHEM BJIOXKEHMS.

"'CE'I'O,IJHH WL 112001 Oﬂ)l‘(%
BDaBHE NNk inuX-KOMIHTOR08)
OOV HOMEPESK YAl

OIIUINLEE IO CILOE
DDOBSTiIA SWiTE

U JOCFFOYHE
HERSA [10CHEHER
qfa BLIX NAEV,

BOIOMERHELX B KOV Qg bl 3.3.4

n'?‘el G BNEORPAMEHHO (G NOUaONReE A

" Ml 0SSOIt WVt ug (i G (CORDANEHRONTISYS)
'\ CARCLEDLN 1TOEULT GRS TONE crietiie
\‘ b BEO BAGIb INGAABATS csanKy
\

& (16 DBXOL
Wil X

\s\\,,/,

..J

" KPHC KA

Yro6bl NafeHnst NPOM3BOAMTENBHOCTU HE MPOMCXOAWIO, He-
KOTOPbIE KOMMUMATOPbI MPUOEratoT K BbIpaBHUBaHMIO, pacnona-
rasi MHCTPYKUWW Nepexofa Mo KpaTHbIM afpecam W 3arnonHsaoT
06pasytoLLMeCs «abIpbl» HE3HAYALLMMM MHCTPYKLUMAMM, TaKUMM
kak XCHG EAX, EAX (06meH copgepxumoro pernctpos EAX me-
ctamu) unn MOV EAX, EAX (nepeceinka cogepxumoro EAX B
EAX). 310 yBennumMBaeT pa3mep Kofa W HECKONbKO CHUXAET
€ro NpoW3BOAMTENBHOCTb, NO3TOMY 6€30YMHOE (OHO Xe «ar-
PECCUBHOE») BbIpaBHUBAHME TOJSILKO BPEAMT.

Jlerko nokasartb, 4TO MallUMHHas KoMaHza TpedyeT Bbipas-
HVMBaHWA B TEX, U TOMNbLKO TEX Cry4asix, Koraa ycroBue:
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((addr % cache len + sizeof (ops)) > cache len)

CTAHOBUTCA UCTUHHBLIM. 3deck: addr — NUHENHbLIA agpec UHCT-
pykuum, cache_len paamep KaL-NNHENKM (B 3aBUCUMOCTM OT
TuNa npoeccopa paBHbin 32, 64 unn 128 6atam), ops — cama
MaLLWHHAsA UHCTPYKLUMS. KOnn4ecTBOo BbipaBHUBAIOLLMX GaliT pac-
cuuTbIBaETCA Mo hopmyre:

(cache len - (addr % cache len))

VIMeHHO Tak nocTynaioT BCce MPOrpaMMuUCTbl, BragetoLime
Accembnepom, HO Tonbko He komnunaTopel! MSVC u icl Boo6-
Llie He BblpaBHMBAOT NMEPEXOLOB, & gCC BbipaBHWBAET Liesie-
BYIO MHCTPYKLMIO Ha (OMKCUPOBaHHYIO BEMWYMHY, KPaTHYIO CTe-
NEHW OBOVKK (T.e. 2, 4, 8...), 4TO ABNAETCA KpaviHe Headhdek-
TMBHOW CTpaTervei, ogHako Laxe nnoxas cTpaterus Bce Xe
nyuLue, YeM COBCEM HUKakoW. KctaTtu roBopsi, MIMEHHO MO 3TOM
NPUYMHE, KOMIUAATOPbI MSVC U iCl rEHEPUPYIOT HEYCTONYMBLI
KOf, TOYHee Kof C «MNaBaloLLen» NpoM3BOAUTENBHOCTbIO, Obl-
CTPOLEVICTBIE KOTOPOrO rNaBHbIM 06pa3oM 3aBUCUT OT TOrO,
pacLLEeNnNOTCS N Ty60KO BIIOXEHHbIE NEPEXOAbl UiN HeT. A
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3TO B CBOIO O4ePeb 3aBUCUT OT MHOXECTBA TPYLHO NPOrHO3u-
pyembIx 06CTOATENLCTB, BKOYAIOLMX (hasy fiyHbl U KOnu4e-
CTBO OCa[KOB.

YunTbiBas, 4TO CpegHss AnvHa X86-MHCTPYKUMIA COoCTaBnseT
3.5 6awTa, LenecoobpasHee BCEro BblpaBHMBATL Nepexodbl Nno
rpaHuue YeTbipex 6aunT (kntod -falign-jumps=4 komnunsTopa gee).
Krtoy -fno-align-jlumps (1nv skBuBaneHTHbIN eMy -falign-jumps=1)
OTKNo4aeT BblpaBHMBaHWe. Koy falign-jumps=0 3apgeiicTBy-
€T BblpaBHMBaHWe No yMON4YaHuio, aBTOMaTnYeckun Bbibupae-
MO€E KOMMWUAATOPOM B 3aBMCMMOCTM OT TMna npoLeccopa.

JucTvHr 1. $opMyna mns pacueTa ONTMMANBHON KPaTHOCTH
BHpaBHMBaHMS nnst npoueccopos Intel Pentium II u Bsme

if ((addr % cache len + sizeof(ops)) > cache len)
align = cache_len - (addr % cache len);

«JleTaT gBa Kpokoguna — OavH KBagpaTHbIA, OPYron ToXe Ha
ceBep», — BOT XOPOLUMIA NpUMep TEXHWMKKU BbICTPOro 6ynesoro
BbIYNCNEHUS (OHO Xe «HaCTUYHOE BblYMCIIEHUE YCNOBUMN»,
«Partial evaluation of test conditions» unu «short-circuiting»).
Co6CTBEHHO, HMYero «ObICTPOro» B HEM HET. Ecnn nepeoe 13
HECKOMbKMX YCNOBWIA, cBA3aHHbIX onepatopoM AND, noxHo (roe
Bbl BUOENM KBAAPaATHbIX KPOKOAWIIOB?), OCTasbHbIE YXE He Bbl-
uncnsoTca. COOTBETCTBEHHO €CIM MEPBOE U3 HECKOSBbKUX YC-
NOBWH, cBA3aHHbIX onepatopom OR, MCTUHHO, BbIYUCHATL OC-
TalbHbIE HET HYX[bl. TO 3HAYMT, YTO B BbIPAXEHUAX BUAA
(1 11 f(x)) unm (0 && f(x)) hyHKLMA f(X) NPOCTO He BbI3bIBAETCS.

M 370 OTHIOAB He CBOMCTBO ONTUMM3aTopa (KaK yTBepxja-
I0T HEKOTOPbIE PeKnamHble 6YKNEeThI), a TpeboBaHe A3blka, 6e3
KoToporo BeTBneHus Buga: if (x && (y/x)) Obinm 661 HEBO3MOX-
Hbl, MOCKOJbKY BbIYUCTSATL 3HAYEHWE BbIPXEHWS (Y/X) MOXHO
Torga v TonbKo Toraa, korga x=!0, T.e. BbipaXeHue (X) UCTUH-
HO. B NpoTUBHOM cryyae npoueccop BbIGPOCUT UCKIIOYEHME U
BbIMOSHEHWE NporpaMmbl 6yAeT oCcTaHOBNEHO. [103TOMy Takast
cTpaTervsi NOBeJEHWsI COXPaHsAeTca faxe npu OTKMOYEHHOM
onTumuaaTope. Bce Tpu paccmarpueaemMbix komnunaTopa nog-
OEpPXMBaOT BbICTPOe 6YNeBOE BbIHUCIEHNE.

JucTuer 2. Ecnu BmpaxeHue (a == b) uCTMHHO, BHpaxeHue
(c == d) yxe He npoBepsieTcs
if ((@ ==D) || (c ==d)).

HebpexHoe KoampoBaHue 4acTo NPUBOANT K MOSIBNEHUIO N36bl-
TOYHbIX UMW AadKe 3aBEOOMO JI0XKHbIX MPOBEPOK, MOIHOCTHIO UMK
4acTUYHO Oy6nvpyloLLMX Apyr gpyra, Hanpumep: «if (@ > 9) ...
if (@ > 6)...». O4eBMOHO, 4YTO BTOpAs MPOBEPKA NMULLHASA U icl
6naronony4Ho yganset ee. OcTanbHble pacCMaTpuBaeMble
KOMMNUAATOPbI TakOW CMOCOGHOCTLIO He 06nafdaroT, NOCYLUHO
reHepvpys CregyoLwmii Kog.

JiucTvHr 3. HeonTMMMBMPOBAHHEN BapuaHT
if (n > 10) a++; else return 0;

if (n > 5) a++; else return 0;
if (n < 2) a++; else return 0;

// wmsburouHas npoBepka
// saBemoMo noxHa mpoBepxa

JiucTuHr 4. OnTMMMBMPOBAHHEI BapyUaHT

if (n > 10) a+=2; else return 0;
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npOFpaMMMCTbI 00 CMX Nop He MOryT onpenenuTbCsd, KTo O0I-
)XXEeH OCYLLeCTBNIATL NPOBEPKY apryMeHTOB — Bbi3blBaroLLiaa nnn
BbI3biBaemMas beHKuMﬂ. Mhorune CTaHAapTbl KOOUPOBaHUA npen-
MUCLIBAKOT BbIMONHATE TaKyl NPOBEpKY 06enM:

JiucTurr 5. HeonTMMMBMPOBAHHH) BapuaHT
f1l(int *p)
{

// npoeepka N2

// (MoxeT BHTB yHaneHa KOMOMISTOPOM

// T.x. e}l mpepmmecTBOBana BamMCh NO yKasaTemnmw)
if (p) return *p+l; else return -1;

}

£2 (int *p)

{
// npoBepxa Ml/samuce mo yxasaTeo
if (p) *p = 0x69; else return -1;
return £1(p);

JInHMe NpoBepPKU YBENMUMBAIOT pa3Mep Kofa 1 3amennis-
IOT €ro BbIMOSHEHVE (0COBEHHO eCIN HAaXOOATCA ry6OKO B LK-
ne), NO3TOMY KOMMUAATOP gCC MOALEPXMBAET cneumabHbIN
kntod, fdelete-null-pointer-checks, «BblunLaoLLmMii» X U3 NPO-
rpammbl. Bea conb B TOM, 4YTO X86-npoLeccopb! (Kak U 601b-
LUMHCTBO OpYruX) Ha annapaTHOM YPOBHE OTCEXUBAIOT obpa-
LLeHMs K HyrneBbIM yKasaTensam, aBToMaThyecku BblbpachiBas
UCKJTIOYEHNE, ECNN Takoe obpalleHve OenCcTBUTENBHO Npo-
n3oLwno. MNoatomy, ecnu NpoBepke Ha «NermMTMMHOCTb>» yKasa-
Tensi NPEeALIecTBYeT Onepauus YTEHWUs/3anmMcy no Hemy, aTy
MPOBEPKY MOXHO HE BbIMNOMHATD.

Paccmotpum, nucTuHr 5. CHavana npoxoamT NpoBepKa yka-
3atens (nposepka Nel), MOTOM B Hero 3anucbiBaeTcs YUCHO
0x69, 1 ykazatenb nepegaetcs yHKUMM f1, BbINOAHSIOLLEN MO-
BTOPHYO NpoBepky (nposepka Ne2). Komnunatop BUMAMUT, YTO
BTOpas MpOBepKa OCYLLECTBIAETCS YXXe nocne obpalleHns K
yKasaTento (eCTeCTBEHHO, YTOBbI OH MOT 3TO 0CO3HaTb, (PYHK-
ums f1 gomkHa 6biTb BCTPOEHHOW MM 3a0e/iCTBOBaH PEeXunM
rno6anbHON ONTUMM3aLIMKM) U PaccyXaaeT Tak: ecnv onepauus
npuceoeHuns *p = 0X69 NMpPOXOAMUT YCMELLHO U MpoLeccop He
BblOpacbiBaeT UCKMOYEHWS, TO yKasaTeslb p rapaHTMPOBaHHO
HE PaBEeH HyII0, U B NMPOBEPKE HET HUKAKOWM HyXAbl. Ecnmn xe
yKasaTeNlb paBeH Hymo, Torga npy o6palleHnn K Hemy npo-
LIeCCop BbIGPOCUT WUCKIOYEHME U LO NPOBEPKM OEN0 BCE paB-
HO He gonper.

Tak 3a4em xe Torga ee BbInosHATL? KoMNunaTopbl msve 1
icl Takon TEXHMKM ONTUMM3aLMK He nopgdepXxuBatoT. lNpaeaa, B
pexume rnodanbHOM ONTUMMU3aLMu, icl MOXET yaansTb HECKOMb-
KO noapsag MOyLLMX NPOBEPOK (MpY BCTpamMBaHUM (OYHKLMIA 3TO
NPOVCXOANT JOCTATO4HO YaCTO), MOCKOMbKY 3TO SBMAETCA Yac-
THBIM CITy4aeM TEXHWUKW yaaneHus n36bITOYHbIX NPOBEPOK, OA-
HaKo CMTyaumIo «npoBepka/MoaudukKauus ykasartens/obpate-
HUe K ykasaTeso/mpoBepka» icl yxe He ocunut. A BOT gcc
crnpasnserTcs ¢ Hei 6e3 Tpygal

CoBMeLLEeHMEe NMPOBEPOK 04EHb MOXOXE Ha MOBTOPHOE MCMOSb-
30BaHWe MOABLIPAXEHUIA: €ClIU OfHA W Ta Xe NpoBepka npu-
CYTCTBYET B [BYX U 60nee MecTax 1 OTCYTCTBYIOT napasuT-
Hble 3aBMCMMOCTM MO JaHHbLIM, BCE NMPOBEPKM MOXHO 06bean-
HWTb B OJHY:

87
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JiucTuHr 6. HeonTMMMSMPOBAHHHV BapuaHT, 2 MNPOBEPKM

if (CPU_TYPE == AMD)
x = AMD_f£1(y);
else
x = INTEL fl(y);

// nposepxa

If (CPU_TYPE == AMD) // eme omHa nposepxa
a = AMD f2(b);
else

a = INTEL f2(b);
JucTvHr 7. ONTMMMSMPOBAHHENI BapMaHT, TOJNBKO OfHA NPOBEpKa

if (CPU_TYPE == AMD) // Tonmbko ofHa mpoBepxa

{

x = AMD_f1(y);
a = AMD f2(b);

}
else

{
x = INTEL fl(y);
a = INTEL £2(b);

}

M3 Bcex Tpex KoMNMIATOpOB COBMELLATb NPOBEPKM yMEET
TOMbKO icl, oa n To He Bcerpa.

Ecnu oanH ycnosHbIN unu 6e3yCcrioBHbIA Nepexop ykasbiBaeT
Ha [pyron 6e3ycrioBHbIA Nepexof, To BCe TpU paccMaTpueae-
MbIX KOMMWUIATOPA aBTOMATUHECKW MepeHanpasnaioT nepsbIn
Lienesomn agpec Ha nocnegHui, YTo U AeMOHCTPUPYET crnegyio-
LMK npumep:

JiucTurr 8. HeonTMMMBMPOBAHHHM BapuaHT

goto lab 1 ; // nmepexop x merxe lab 1
// Ha Gesycnosmili nepexon k MeTke lab 2
i;b_l: goto lab 2 ; // nepexop x meTke lab 2
i;b_2:

JucTurr 9. OnTUMMSMPOBAHHEN BapuaHT

goto lab 2 ; // cpasy nepexomum k mMeTke lab 2,
// wmuys lab 1
i;b_l: goto lab 2 ; // nepexopm x merke lab 2
i;b_Z:

PasymeeTcs, oneparop goto He 065i3aTeNlbHO JOMKEH Mpu-
CyTCTBOBaTbL B NporpaMmmMHOM Kofae B ABHOM BuAe. OH BnosnHe
MOXET ObITb «PacCTBOpPEH» B LIMKNE:

Jucturr 10. HeonTMMMBMPOBAHHEN BapMaHT

while(a) // lab 1: if ('a) goto lab 4

while (b) // lab_2: if (!'b) goto lab 3

/* nepexop Ha 6eBSyCnOBHN mepexon */
{
/* xon uuxma */

} // goto lab 2

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

lMocne onTMmM3aLmy 3TOT Kog 6yLeT BhirMsfeTh Tak:

JucTurr 11. ONTUMMBMPOBAHHENM BapMaHT

while (a) // lab 1: if ('a) goto lab 4
{
while (b) // lab_2: if (!'b) goto lab 1
/* onTuMmsupoBaHO */
{
/* xon uuxma */
} // goto lab_2

} // lab_3:

. goto lab 1
// lab_4:

AHanNorM4HbIM CNOCco60M OCYLLIECTBASETCA U ONTUMU3aLMS
YCIIOBHbIX/6€3YCNOBHLIX NEPEXOLOB, YKa3bIBAKOLLMX Ha OPYroi
YCINOBHbIN nepexof. Bot, nocmotpurte:

JiucTyar 12. HeonTMMMBMPOBAHHEII BapuaHT

jmp lab 1 ; // nepexon Ha YCIOBHEHII NMEpPexon

lab_"i: jnz lab 2
JiucTyHr 13. ONTUMMBMPOBAHHEN BapMaHT

jnz lab 2 ; // onTummsupoBaHo

lab_"i: jnz lab 2

3aMeTUM, HYTO B CUJTy OFPaHUYEHHOW «OanbHOBONHOCTM»
(cm. Bpesky «TpaHcnaums KPOTKUX YCMNOBHbIX NepexofoB») yc-
NOBHbIX NEPEXOAO0B, B HEKOTOPbIX CRyYasX ASINHY LEenoYKu npu-
XOQMTCA He TOMbKO YMEHbLUATb, HO U YBENM4YMBATbL, Npuberas
K CregyoLlemMy TpHoKy:

JiucTuur 14. TpaHchopMaumss YCNOBHEX II€PEXOROB, JHO KOTOPHX

MpOLIECCOP He MOXET «HOTSHYTBCS»

jz far_far away jnz next lab

> jmp far far away
next lab:

—rpanchopmauys

YCnoBHbIA UK 6e3YCNOBHLIN Nepexop, YKasbiBalolwmiA Ha
BbIXO[ W3 (PYHKLMK, 3aMEHAETCH BCEMM TPEMS KOMMUNATOPaMM
Ha HenocpeACTBEHHbIA BbIXOA M3 (hYHKLMMW, MPU YCIIOBUK, HTO
KOA-3MuIor AOCTaTO4HO Masl M HaknaaHbIe pacxofbl Ha ero ay6-
NMpOBaHWe HEBENNKW:

JiucTuar 15. HeonTMMMBMPOBAHHHI BapuaHT
f(int a, int b)
while (a--)

if (a == b) break; // ycnoemsit nepexon Ha return a;

}

return a;

}
JiucTvHr 16. ONTUMMBMPOBAHHEN BapMaHT
f(int a, int b)

while (a--)

if (a == b) return a; //menocpegcTeeHHsN return a;

}

return a;

Bce Tpu komnunsTopa npocMaTpuBatoT KO B NOMCKaXx yCnoBs-
HbIX NEPEXOAOB, MEPENPLIrMBAOLLMX Yepe3 6e3yC/OBHbIE
(conditional branches over unconditional branches) n ontumu-
3UPYIOT UX: MHBEPTUPYIOT yCJ'IOBHbIl7I nepexopn, nepeHauenneas
ero Ha agpec 6e3ycrioBHOro nepexoga, a cam 6e3yCnoBHbIN
nepexoa yaanawoT, yMeHbllaa TeM CcaMbiM KOJIM4eCTBO BETB-
NEHVN Ha eduHULY:

JucTuar 17. HeonTMMMBMPOBAHHHI BapuaHT

if (x) a=a*2; else goto lab 1;
// meonuoe BerBnenme if - else

CHCTEMHBIAAMUHNCTPATOP



b=a+tl
lab 1: c=a*10
JiucTurr 18. ONTUMMBMPOBAHHEN BapMaHT

if (!x) goto lab 1;
a=a*2;
b=a+l;

lab 1: c=a*10;

// omuHapHOe BeTBNeHMe

OnepaTtop goto He o6si3aTenbHO JOMKEH NPUCYTCTBOBATh
B TEKCTe SIBHO, OH BOMIHE MOXET 6bITh YacTbto do/while/break/
continue.

Bot, Hanpumep:

JucTuer 19. HeonTMMBMpPOBaHHHV BapuaHT, 2 BETBIEHUS

while (1)

{
if (a==0x66) break; // ycnoBmmit nepexon
a=a+rand() ;

bi // cKpuTHII 6eSYCNOBHEI NEPEXOf

// Ba Hawano umxna

JncTmer 20. OnTVMMBMPOBAHHEMA BapMaHT, 1 BeTBNeHMe (BeTBNEHME
nepen HavajOM LUMKNIA He CUMTAETCS, T.K. WMCIOJHSETCS BCEro
nuuB pas)

if (a!=0x66)
do{

a=a+rand() ;
}while (a!=0x66) ;

// «cpupanme» OZHOM MTEpauUMM LUKIA

// uHBepTMpyeM nepexof, TONBKO ORHO
// BeTBneHue

lMpoueccopbl cemenctaa x86 (kak u MHorve gpyrue) obnapa-
0T OQHOM OYEHb MHTEPECHOW KOHLLEMUMeENn, KOTOPOW HET HU B
OfHOM $13blKE BbICOKOro ypoBHs. Onepauuun Bupa if (a>b) Bbl-
nonHsitoTeA B ABa 3tana. CHayana 13 yncna a BblHMTaeTcs Huc-
no b n cocTosiHMe BbIYUCAMUTENBHOMO YCTPOMCTBA COXpaHsAeTCs
B perucTpe cnaros. Pa3nnyHble kKOM6MHALMK (hnaros COOT-

Tpancnauna KOpoTKux

YCNOBHbIX nepexopos

OpfHa 13 HemnpusATHbIX 0COBEHHOCTEN MPOLIECCOPOB X86 — or-
paHuyeHHas «4anbHO6OMHOCTb» KOMaHL YCMNOBHOIO nepexoma.
Pa3paboTymkm MUKponpoLieccopa B CTPEMIIEHUN JOBUTLCS Bbl-
COKOW KOMMAKTHOCTW Kofda OTBENu Ha LeNeBoW agpec BCero
OfVH 6aiT, OrpaHNYMB TEM CaMbiM ONMHY NpbDKKa WHTEpBa-
nom B 255 6aiT. 310 Tak Ha3blBaeMbI KOPOTKMIA (short) mepe-
X0fl, aApecyeMmblii OTHOCUTESbHBIM 3HAKOBBIM CMELLIEHWEM, OT-
CYATBIBAEMbIM OT Hayana CregyioLlei 3a UHCTPYKLMe nepe-
xofa KoMaHfon (cM. puc. 1). Takas cxema agpecauum orpaHu-
YMBAET ONMHY MpbbKKa «Briepem» (T.e. «BHU3») Bcero 128 6an-
Tamu, a «Hal3ag» (T.e. «BBEPX») W Toro MeHblie — 127! (Mpbi-
XOK Briepef, Kopo4e NoToMy, 4To eMy TpebyeTcs «nepeceyb» U
camy KoMmaHzy nepexofa). Tux OrpaHUYEHWA ULLIEH GRVX-
HUI (near) 6e3yCIOBHLIV NMEPEXOA, aapecyeMblii AByMs 6anTa-
MU 1 JEeNCTBYIOLLMIA B Npefenax BCero CermeHTa.

KopoTkue nepexofbl YCNOXHSAOT TPAHCAALMIO BETBNEHWA —
Befb HE BCAKMN LENeBON agpec HaxoOuTCcs B mpedenax
128 6ant! CyLuecTByeT MHOXECTBO NyTen 0OOMTW 3TO OrpaHu-
yeHue. Hanbonee nonynsapeH cnenyoLmii NpUem: ecnm TpaHc-
NATOP BUAMT, YTO LIENIEBOM afIpeEC BbIXOQMUT 3a Npenerbl JoCs-
raemMoCTMW YCMOBHOIO Nepexofa, OH MHBEPTUPYET YCNOBUE Cpa-
6aTbIBaHWSA 1 COBEPLUAET KOPOTKMI (short) mepexop Ha METKY
continue, a Ha do_it nepenaeT ynpaBneHue 6avxHUM (near)
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BETCTBYKOT pas3fiMiHbiM OTHOLLEHUAM 4Hucen U 3a Ka)K,ElbIVI n3
HUX OTBEYAET «CBOM» YCMOBHbIA nepexod. Hanpumep:
JucTuer 21. CpaBHeHMe JABYX uMCeNn Ha sSHKe accemGiepa

cmp eax,ebx // cpaBmuMBaeM eax c ebx, BamoMuHas
// pesynwraTr BOo dmarax

jl lab 1 // nepexom, eciu eax < ebx
jg lab 2 // nepexom, ecnu eax > ebx
lab 3: // pas M 3geck, eax == ebx

Ha si3bIkax BbICOKOr0 YPOBHS BCE He Tak, 1 onepauuio cpae-
HEHWA NPUXOOMUTCS MOBTOPATb HECKOMbKO pa3 nogpsig, Y4To He
CMOCO6CTBYET HU KOMMNAKTHOCTM, HY MPOM3BOAUTENBHOCTM. Ho,
MOXET ObITb, CUTYaLMIO UCMPABUT ONTMMU3aTOp? PaccmMoTpumM
CreayoLwmniA Kog;

JiucTuHr 22. CpaBHeHMe [BYX YMCEN Ha SISHKE BHCOKOT'O YPOBHS

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

[uzaccembnmpoBaHve NokasblBaeT, YTO KOMIUASTOPY MSVC
noTpeboBasnoch Lenbix ABa cpaBHeHUs, a BOT icl 6bino gocTa-
TOYHO K 0HOro. KoMnunsaTop gcc He 3aMeTun nogBoxa U Yec-
THO BbIMOMHWI BCE TPU CPABHEHWS.

Teopusa yTBepXAaeT, YTO NO60N BbIYUCAUTENLHBIA anropuT™
MOXHO pa3BEPHYTb B JIMHENHYIO KOHCTPYKLMIO, 3aMEHVB BCE
BETBNEHU MaTeMaTUHEeCKUMU onepaumsamm (Kak npaemno, 3a-
MyTaHHbIMWU U FPOMO3OKUMM). PaccMOTPUM OyHKLMIO noucka
MakcuMyMa cpefu ABYX Lenbix umncen: «((a>b)?a:b)», ans Ha-
rNAgHOCTM 3anucanHylo Tak: «if (a<b) a=b;». Kak usbasutbcs
0T BeTBeHna? B 3ToM Ham NOMOXeT MaLMHHas komaHaa SBB,
peanuayloLlas BblYMTaHUE C 3aEMOM.

NepexofoMm, LEVCTBYIOLLMM B MPeaenax OfHOro CErMeHTa (CM.
puc. 2).

CMP A B CMP AB MHBEPCHA YCNOBHA
Jx do_it = JNX continue
continue: g JMP do_it—
"o E continue: . B
} oyeHb o ‘ .. KopoggggigﬂoaHbIH
H MHoro % {f oueHb
i kopa g /' MHoro
... = H Koaa
do_it: ...
do_it:

-t
BRVHUA BeaycnoEHEld Nepexog
LERCTEYET B Npeenax BCera cermMeHTa

Pucynok 1. BHyTpeHHee mpefcTaBleHMe KOPOTKOro (short) mepexoma

0006 : 3BC3 cmp ax, bx
0p0e2. 748 je ai
0ea4s : 33C ®or ax, ax
: retn
mov ax, 0] ——=—=—o-:
retn

PucyHox 2. Tpchnzumz KOPOTKUX MEepexonoB

HauunHas c Intel 80386 B nekcukoHe npoLieccopa NosiBUANCH
NATUOANTHbIE KOMaHbl YCMOBHbIX MEPEXOOOB, «ObloWne» B
npegenax BCEro YetblpexrurabaiTHOro agpecHoro NpocTpaH-
CTBa, OOHAKO B CUMY CBOEN OTHOCUTENIbHO HEBBLICOKOW MPOMU3-
BOAWTENBLHOCTU, OHU Tak M OCTanMCb HEBOCTPEOOBAHHBLIMM.
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Ha Accembnepe 3T0 MOrno 6bl BbIFSAETb, HANpUMeEp, Tak:

Jiucturr 23. lloMck MakCuMyMa Cpefyu OBYX LEJBX uMuCen
6e3 MCNONBLBOBAHMS BETBIIEHUN

SUB b, a

; OTHATB OT comepxmuMoro 'b' sHaueHme 'a', sammcaB pesyabTaT
; B 'b', ecim a > b, To npoueccop ycraHoBuT ¢nar Zaema

; B emguHMIOy

SBB ¢, ¢

; OTHATBL OT comepxumMoro 'c' BsHaueHme 'c' c yueroM ¢nara

B3aeMa, BammucaB pesyabraT obpaTHo B 'c' ('c' - BpeMeHHas
nepemeHHast) . Eciu a <= b, To ¢mar saema cGpomer, u 'c'
6ymer paBHo 0. Ecoim a > b, To ¢nar saema ycraHoBieH u 'c'
6ymeT paBHO -1

AND c, b

; BHIONHATL GUTOBYI onepamymo (c & b), samcas pesymerar B 'cC'
; Ecnim a <= b, mo dnar saema paBer Hymw, 'c' paBHO 0,

; BHaumr, ¢ =(c & b) == 0, B npoTuBHOM cnyu¥ae: ¢ == b - a

;
ADD a, c
; BHIOJHWTEL CJIOXEHME cCOofepimMoro 'a' co BHauemueM 'c', Bammcas
; pesynbrar B 'a'.

;ecmma<=b, roc=0wua

=a
;ecmma>b, roc=b-a, ua

= a + (b-a) ==

Komnunatop msvc noaaepXxuBaeT 3aMeHy BETBIIEHWIA Ma-
TemaTuyeckumMy onepauusM, 0OHaKO UCMONb3YeT HECKONbKO
LPYryto TEXHUKY, OTAABast NPEANOYTEHNE MHCTPYKUMM SETCC XxX,
YCTaHaBIIMBAIOLLYIO XXX B €OMHWLYY, €Cin YCNOBUE CC UCTUHHO.
Kak nokasblBaeT npakTuka, msvc OonTUMU3UPYET TONbKO BETB-
NEHNs KOHCTAHTHOro Tuna, T.e. «if (N > m) a = 66; else a = 99;»
eLLie onmmummanpyeTcs, a «if (N > m) a = x; else a = y;» yXe HeT.

KomnunsaTtop gcc, UCNonb3YoLWmMn MHCTPYKLUMIO YCIOBHOMO
npuceoeHns CMOVce, onTMM3NpyYET BCe KOHCTPYKLAM TvMa min,
max, set flags, abs un T. A., 4TO CyLLECTBEHHO YBENMYMBAET MPO-
M3BOOUTENbHOCTb, OOHAKO TpebyeT Kak MuHuMyM Pentium Pro
(nHcTpykuma SETcc paboTaeT u Ha Intel 80386). 3a aTo oTBe-
yaroT kntoum -fif-conversion u -fif-conversion2, kotopble Ha nniat-
thopme Intel akBMBaneHTHb! apyr apyry. (BoobLue roesops, gec
noadepXMBaeT MHOXECTBO Kio4el, OTBeYaloLwmx 3a IMKBK-
[aumio BeTBIIEHWI, ogHako Ha nnatgopme Intel oHu nuLeHsbl
CMbICNa, MOCKObKY B NTEKCUKOHE X86-NpoLieccopoB NnpocTo HeT
COOTBETCTBYIOLLMX KOMaHA!).

KomnunaTtop icl — eQnHCTBEHHbIA U3 BCEX TPeX, KTO He 3a-
MEeHsIeT BETB/IEHMS MaTeMaTUYECKUMM onepaLmsaMm (4To B CBe-
Te aKTUBHOM aruTaumm 3a komaHgbl SBB/CMOVcc, pa3sepHy-
TO koMMaHuel Intel, BbIrNSQMT DOBONMLHO CTpaHHO). Bo Bes-
KOM Cnyyae KOMNUIATOP He AenaeT 3Toro SIBHO U B KayecTse
KOMMeHcauuu Npeanaraet UCronb30BaTh MHTPUHCKKM (OT aHr-
nunckoro «intrinsic», GyKBanbHO «BHYTPEHHWI»; HecTaHAapT-
Hble OrepaTopbl A3blka, HEMOCPEACTBEHHO TPAHCMPYIOLLMECs
B MaLUWHHBIA KOf,.

3a 6onee nogpobHbLIM onMcaHneM obpaLlanTech K pyko-

Cosertbl

B |136erainTe Ncnonb3oBaHWs rnodanbHbIX U CTAaTUYECKUX Me-
PEMEHHBIX — NIOKasbHbIE MEPEMEHHBIE KOMNUAATOPY HAMHO-
ro mpoLle onTMMM3NpPoBaTh.

B He vcnonb3yinte nepeMeHHble TaMm, rae MOXHO MCMob30-
BaTb KOHCTaHThI.

B Bespe, roe 310 TOMBKO BO3MOXHO, MCMONb3YNTe 6€33HaKO0-
Bbl€ NMEePEMEHHbIE — OHW HAMHOrO Jierye OnTMMU3NPYIOTCS,
0CO6EHHO B TEX CNyyasx, Koraa KOMNMAATOP NbITAaeTcs us-
6aBUTLCA OT BETBMEHUNA.

BOACTBY Ha KOMMWNATOP) U PYHKLMM MYyNbTUMEOUAHON 61b-
nuotekn SIMD. B yacTHOCTW, UMKN BUAa:

JiucTuHr 24. HeonTMMBMPOBAHHHM BapuaHT C BETBJIEHUSMA

short a[4], b[4], c[4];
for (i=0; i<4; i++)

c[i] = a[i] > b[i] ? a[i] : b[i];

MOXET 6bITb nepenncaH Tak:

JiucTuHr 25. YCTpaHeHMe BETBJIEHWII NYTeM MCHONL30BaHMS
dynxummu select gt 6mGmmorexu xnaccos Intel SIMD

Islévecd a, b, c
// QyHKUMS BEeKTOPHOTO NOMCKA MakKCMMyMa 6e3 BeTERIEHUI
c = select gt(a, b, a, b);

EcTecTBeHHO, TakoM KOO, HENEPEHOCUM U Ha ApYruX KOM-
nunsTopax oH paboTtaTb He BydeT, NO3TOMY, Mpexae Yem nog-
caxmBatbca Ha Intel, cnegyet Bce B3BECUTb M TLATENBHO 06-
gymatb. Tem 6onee 4TO anbTepHATMBHbIE MYNbTUMEOWHbIE
O6UONMOTEKN UMEIOTCA M Ha APYTUX KOMMMAATOPAX.

OnTumun3auus switch

Onepatop MHOXeCTBEHHOro Bbibopa switch o4eHb monynspeH
cpeov nporpammmcToB (ocobeHHo paspaboTynkos Windows-
NpUIoXeHunin). B HEKOTOPbIX (XOTS M pedkux) cnyyasx, onepa-
TOPbl MHOXECTBEHHOIO BblGopa codepXar COTHU (a TO U Thics-
4n) HabOPOB 3HAYEHUI, U ECNK peLlaTh 3afady CpaBHEHUA «B
no6», Bpems BbINOMHEHWA onepaTopa switch okaxeTtcs cnuw-
KOM 6OMbLLUMM, YTO HE NYYLUMM 06Pa3oM CKaXeTcs Ha obLuei
NPOV3BOAMTESIBHOCTM NPOrpaMmbl, MO3TOMY NpeHebperaTb ero
ONTUMU3ALMEN HN B KOEM CllyHae Henb3s.

Ecnun oTBneybCcs OT yCTOsBLUENCS MOUOMbI «onepaTtop switch
[aeT crneumarnbHbli cnocob BbiIGopa OQHOMO U3 MHOMMX Bapu-
aHTOB, KOTOPbIN 3aKIK04aeTcs B NPOBEPKE COBMNAaLeHMs 3Haue-
HUS JAHHOIO BbIPaXeHWs C OQHOW 13 3aaHHbIX KOHCTAHT B CO-
OTBETCTBYIOLLIEM BETBMIEHUM», NETKO NOKasaTb, 4To switch nped-
CTaBnsieT CO60M 3aByannpoBaHHbIN OnepaTop noucka CooTBeT-
CTBYIOLLEro case-3HayeHus.

MocnepoBaTenbHbIN NEpebop BCEX BapvaHTOB, COOTBET-
CTBYIOLLMIA TPUBUANTBHOMY NIMHEAHOMY MOUCKY — 3aHsTWe no-
poYHOe U KparHe HeadpekTuBHOe. JonycTum, Hall onepaTtop
switch BbIrnaguT Tak:

JiucTuHr 26. HeonTMMBMpPOBaHHHM BapMaHT omepaTopa
MHOXECTBEHHOT'O BHOOpPa

switch (a)
{

case 98 : /* xopm oBpaBorumka */ break;

B 3ameHsante int a; if (@ >= 0) && (a < MAX)) Ha if ((unsigned
int)a < MAX), — nocnegHsast KOHCTPYKLMA Ha OQHO BETBIE-
HVE KOpoYe.

B BetBreHne ¢ NpoBEPKON Ha HyMb ONTUMU3UPYETCH HAMHO-
ro npoLLe, Y4eM Ha nboe Apyroe 3Ha4YeHue.

B KoHcTpykumm Tuna x = (flag?sin:cos)(y) He usbaBnsoT oT
BETBJIEHU, HO COKpALLAOT 06LEM KOAMPOBAHUS.

B He npeHebperavite onepatopom goto — 3a4acTyto OH MO3BO-
NSET NPOEKTMPOBATL 60Mee KOMNAKTHBIN U AMEraHTHbIN KO,

CHCTEMHBIAAMUHNCTPATOP



case 4 : /* xom obpaborumka */ break;
case 3 : /* xom obpaborumka */ break;
case 9 : /* xom obpaborumka */ break;
case 22 : /* xop obpaboruuka */ break;
case 0 : /* xom obpaborumka */ break;
case 11 : /* xop obBpaBorumka */ break;
case 666: /* xopm obpaborumka */ break;
case 96 : /* xopm obpaborumka */ break;
case 777: /* xop obpaBorumka */ break;
case 7 : /* xom obpaborumka */ break;

}

Torga cooTBETCTBYIOLLEE MY HEONTUMU3NPOBAHHOE NOMK-
yeckoe aepeBo BydeT AoCcTUraTb B BbICOTY OOQMHHAALATMU rHe3n
(cm. puc. 3 cnesa). MNpuyem Ha NeBOW BETKE KOPHEBOrO rHE3-
[la OKaxeTcsa ax AeciTb ApyruX rHe3f, a Ha npasoi — BoobLue
HW OAHOrO. YTOObI UCNPaBUTL «MEPEKOC», Pa3peXxem OfHY BET-
Ky Ha e v npuuenuM o6pa3oBaBLUMECS MONIOBUHKM K HOBOMY
rHesgy, cogepxallemy ycnosue, onpegensiollee, B KaKon u3
BETOK CrefdyeT uUcKaTb CPaBHWBaEMYIO nepemMeHHyto. Hanpu-
Mep, NIeBas BETKA MOXET COAEpPXaTb rHe3ga € YeTHbIMMU 3Ha-
YeHUsMU, a NpaBasi — C HeYeTHbIMU. Ho 3TO NoXoi Kputepuii:
YETHbIX U HEYETHbIX 3HAYEHW PeAKO OGblBaEeT NOPOBHY U BHOBb
obpasyeTtca nepekoc. [opa3fgo HagexHee NOCTYNUTL Tak: be-
Pem HavMeHblLee 13 BCeX 3HaYeHW 1 6pocaeM ero B Ky4vy A,
3aTeM 6epeM HanbosbLLee U3 BCEX 3HAYEHUIA 1 BpOCaeM ero B
Kydqy B. Tak nosTopsieM Ao Tex nop, nMoka He paccopTupyem
BCE MMEILLMECH 3Ha4eHns (CMm. puc. 3 crpasa).

lMockonbKy, onepartop switch TpebyeT YHUKaNbHOCTU Kax-
[O0ro 3Ha4eHus, T. €. KaXKA0e YMCNO MOXET BCTpeYaTbCs NULLb
OfHaxnbl, Nerko nokasarb, 4TO:

B B 06emx Kyyax 6ymeT CoepXaTbCs PABHOE KOMMYECTBO Y-
cen (B XyaLeM cnyyae — B OOHOM Ky4e OKaXeTcs Ha YMcno
601bLUe);

B Bce uMcna Ky4n A MeHbLLIE HAMMEHbBLLIErO U3 YnCen Kyuu B.
CnepoBatesbHO, OCTATOYHO BbIMONHUTL TONBKO OAHO CpaB-
HEHWe, YTOObl ONPEeaenuTb: B KAKOM U3 ABYX Ky4 cregyet
MCKaTb CpaBHMBAEMOE 3HAYEHME.

a=!g, M >5// N 97
a a=>
a/==/k ) a==/ a>=7 a==9§ a==77
a==9 g 0\7 y % K&
£ -z =-Z =£ 666
a ==2z\y 7 @ 1, > %»a 21» y Yy
Z =<1 a=%og
T 2L NN
a==11
\7 (
a =< 666 *
9 ¥ l
TN
a==77]
Y

-

Pucynox 3. Hecbanamcmpomanhoe (cmeBa) u c6anmaHCMpPOBaHHOe
(cnpaBa) switch/case-gepeBo

BbicoTa BHOBb 06pa3oBaHHOro gepesa 6ydeT paBHa
1+(N+1)/2, roe N — Konm4ecTBO rHe3p craporo aepesa. deit-
CTBUTENBHO, Mbl Xe [efMM BEeTBb iepeBa HaaBoe U fobasns-
€M HoBOe rHe3fno — otctopa u 6epetca N/2 n +1, a (N+1) Heob-
X0OMMO ANS OKPYrieHWs pesynbtaTa AefieHus B 60MbLUy0 CTO-
poHy. To eCTb ecnn BbICOTa HEONTUMU3NPOBAHHOIO Aepesa fo-
cturana 100 rHesd, To Tenepb OHa yMeHbLIMnack o 51. Moeo-
pwTte, 51 BCe paBHO MHOro? Ho KTO HaMm MeLuaeT pa3butb Kax-
Ly10 U3 BYX BETBEN €Ll Ha [Be? ITO YMEHBLUWT BbICOTY Ae-
pesa fo 27 rHesn! AHanoruyHo, nocrnepyroliee ynnoTHeHne
pacti16 —» 12 » 11 » 9 > 8...nBscel bonee nnotHas ynakoska
[iepesa yxe HeBo3MOXHa. Ho, cornacutech, BOCEMb rHesf —
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370 He cTo! ONTUMM3UPOBaHHLIN BapuaHT oneparopa switch B
Xygwem cnyyae notpedyeT NWlb NATU CPABHEHUN, HO U 3TO
eLle He npegen!

YyuTbiBas, 4To x86 npoueccopbl BCe Tpu onepauum cpas-
HEeHUs <, =, > COBMELLAKT B OOHON MaLUMHHOW KOMaHae, ABO-
MYHOe Normy4eckoe AepeBo MOXHO Npeobpas3oBaThb B TPOMHHOE,
TOrfa HOBbIX FHe3[ Ans ero 6anaHCMpPoBKY J06aBNATb HE HYX-
HO. lNpocTenLwnii anroput™, Ha3blBaeMbI METOLOM OTPE3KOB,
paboTaeT Tak: CopTMpyeM BCe Yucna no BO3pacTaHuio 1 OenuM
MONyYMBLUMIACA OTPE30K nomonam. Yucro, HaxodsLleecs no-
cepenvHe (B Hawem cnyvae 3to 11), 06bABNAEM BEPLUUHOMN
LepeBa, a 4ucrna, pacrnonoXeHHbIe Creea OT Hero, — ero feBbl-
MM BETBAMU U NOABETBAMU (B Hawlem cny4vae 310 0, 3,4 n 7).
OcTtanbHble yucna (22, 96, 98, 666, 777) uoyT Hanpaeo. [lo-
BTOPSIEM 3Ty onepaumio peKypcuBHO A0 Tex Mop, noka AnvHa
NOABETBEN He CoKpaTuTCA A0 eauHuubl. B KoHeyHom cyeTe,
BbIpacTeT creayloLlee Aepeso :

I
/a<i>

11

/

22 a==777
1

Pucynok 4. TpouuHOe HepPeBO, YaCTMYHO CBajllaHCHPOBaHHOE
METOIOM OTPEeSKOB

OueBuMaHO, YTO 3TO HE CaMoe NyuLLee AepeBo M3 Bex. Mak-
CVManbHOe KONMYECTBO CPaBHEHMIA (T.€. KONMYECTBO CpaBHe-
HWUI B Xy[OLLEM CIy4ae) COKpaTUoch C NATU A0 YETBLIPEX, a KO-
NNYECTBO BETBNIEHUI BO3POCIIO BABOE, B PE3yNnbTaTe Yero, Bpe-
MS BbIMOSIHEHMA onepaTopa switch Tobko BO3pocno. K Tomy
Xe CTPYKTypa NOCTPOEHUs fiepeBa SABHO He onTuManbHa. MHes-
na (a<=3), (a>=7), (a<=96), (a>=666) MMetoT CBOGOAHbIE BET-
BW, Y4TO YBENIMYMBAET BLICOTY [iepeBa Ha eauHuuy. Ho, MoxeT
ObITb, KOMOUAATOP CYMEET 3TO ONTUMM3NPOBATL?

[n3accembnmMpoBaHme NokasbiBaET, YTO KOMNUAATOP MSVC
reHepupyeT TPOMYHOE OepeBo, cOanaHCMpoBaHHOE No yny4-
LUEHHOMY anropuTMy OTPE3KOB, COofepXallee BCEro NuLlb
7 onepauwii cpaBHeHWs, 9 BETBMEHWIA U TabNULY Nepexofos Ha
10 anemeHTOB (cM. «Co3paHve Tabnumubl Nepexoaos»). B xya-
LleM cny4ae BbinonHeHWe oneparopa switch TpebyeT 3 cpas-
HEeHUN 1 3 BeTBNeHU. TpouyHoe AepeBo, NOCTPOEHHOE KOM-
MUNATOPOM gCC, C6aNaHCpPOBaHO MO KNacCU4ECKOMY anropuT-
My OTPE3KOB M COCTOMT U3 11 cpaBHeHWn n 24 BeTBnEHWA. B
XyOLweMm criydae BbINOMHEHWe onepartopa switch pacTtarveaert-
csl Ha 4 cpaBHeHus 1 6 BeTBneHWA. KomnunsaTop icl, pabotato-
LW MO MPUHLMMY NPOCTOrO JIMHEWHOrO MOWCKA, CTPOWUT ABO-
nyHoe gepeso 3 11 cpaBHeHu 1 11 BeTBneHMA. B xyawem
Cly4ae BCE Y3rbl [epeBa «MNEPeXeBbIBAOTCA» LENMKoM. Bot
TakK «onTummnsaums»!

Ecnu 3HayeHns BeTBel Bblbopa NPeacTaBnsoT cob6oi apud-
METUYECKYI0 MPOrpeccuto (CM. JIMCTUHI 27), KOMNUAATOP MO-
XET chopMmnpoBaTh TabauLy NepexofoB — MaccuB, NPOUHAEK-
CUPOBaHHbIN case-3Ha4YeHUsIMU 1 codepXallunii ykasaTenm Ha
COOTBETCTBYIOLUME UM case-06paboTynku. B aTom cnyyae
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CKOMbKO 6bl onepatop switch Hu cogepxan BeTBe — OgHy Umu
MWIIMOH, — OH BbIMOMHAETCS 3a 0gHy uTepaumio. Kpacora!

JucTuar 27. HeonTummsupoBaHHENM switch, opranmsoBarHENT
[0 NPMHUMIY YHIOPSMOYEHHOM apuMpMeTMyeCKOM NpOTpeccuu

switch (a)

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

: /* xom oBpaBorumka */ break;
: /* xom obpaBorumka */ break;
: /* xom obpaborumka */ break;
: /* xom obpaBorumka */ break;
: /* xom oBpaBorumka */ break;
: Kof obpaborumka */ break;

: /* xom obpaBorumka */ break;

: /* xom oBpaBorumka */ break;

: /* xom obpaborumka */ break;
0 : /* xop obpaborumka */ break;
1 : /* xop obpaborumka */ break;

PPRPRoOoJdJouolse WK
~
*

}

JucTvHr 28. [usacceMOGIEpHHM JMCTHMHT ONTYUMMSMPOBAHHOTO
BapuaHTa omneparopa switch

cmp eax, OBh ; switch 12 cases
; cpaBHMBaeM a c 11

ja short loc_80483F5 ; default
; ecmu a > 11 BuxoxumM mus omeparopa switch

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

; TmepemaeM ympaBlieHMe COOTBETCTBYKIeMYy

; case-ofGpaboTumky, TakuM OGpasoM, ME MMEeM BCETO JMUb
; ONHO CpaBHEHME M ZHBa BETBIEHNMS

; // mabnuua cMemenmit case-o6paBoTuMKOB
off 804857C dd offset loc 80483F5 ; DATA XREF: main+11Tr
dd offset loc 80483E8 ; 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

Cosnasatb Tabnuubl NEpPexoaoB YMEKT BCe TPW paccMmar-
PUBAEMbIX KOMMUMATOPA, OaXe €CNn 3NIeMEeHTbI MPOorpeccum
HEKOTOPbIM 06Pa3oM MepemMeLLaHbI:

JucTuar 29. HeonTummsupoBaHHENM switch, opranmsoBarHENT
[0 NPMHUMIY YHIOPSMOYEHHOM apuMeTMyeCcKOM NpOTpeccum

switch (a)
{

case 11 : /* xopj oBpaborumka */ break;

case 2 : /* koj oBpaborumka */ break;
case 13 : /* xom obpaboruuka */ break;
case 4 : /* koj oBpaborumka */ break;
case 15 : /* xogj oBpaborumka */ break;
case 6 : /* xom obpaboruuka */ break;
case 17 : /* xoj oBpaborumra */ break;
case 8 : /* koj oBpaborumka */ break;

case 19 : /* xom obpaboruuka */ break;
case 10 : /* xoj oBpaborumra */ break;
case 21 : /* kopj obpaborumka */ break;

}

Ecnu oouH v HECKONBKO 3MEMEHTOB MPOTPECCUM OTCYT-
CTBYIOT, COOTBETCTBYIOLLME UM 3HAYEHWUS JOMOMHATCA (PUK-
TUBHbIMK nepexodHukamu K default-o6pa6oTumky. Tabnuua
nepexofoB OT 3TOro, KOHEYHO, «pacryxaeT», OfHAKO Ha CKO-
POCTU BbIMOMHEHMS onepartopa switch 3TO MPaKTUYECKM HUKaK
He oTpaxaertcs.

OpHako npW JOCTUXEHUM HEKOTOPOI MOPOroBOW BEUYM-
Hbl «pa3pexeHus» Tabnuua nepexofoB BHe3anHoO TpaHcgop-
MUPYETCS B IBOUYHOE/TPOMYHOE fepeBo. KoMnunsTop msve —
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€[MHCTBEHHbIA U3 BCEX TPEX, CMOCO6HBIN KOMOMHMPOBATL Tab-
NI NepexofoB C NOrMYeckMMK OepeBbimMu. PaspsikeHHble
y4yacTKu C Janeko OTCTOALMMU Opyr OT Apyra 3HaYeHUsaMu
MOHTUPYIOTCA B BUAe OepeBa, a rycto HaceneHHble 061actu
YNaKoBbIBAIOTCA B TabnuLbl Nepexomos.

BepHemcs Kk nucTuHry 26. 3nauenna 9, 11, 22, 74, 666, 777
ynopsoYmBaroTea B Buae aepesa, a 0, 3, 4, 7, 9 noxarcs B
Tabnuuy nepexodos, 6narogaps Y4emy OocTUraeTcs npegenb-
HO BbICOKasi CKOPOCTb BbIMOSIHEHWA, AANIEKO ONepexaroLLas KoH-
KYPEHTOB.

Csob6ogHas Tabnuuya

Komnuasitop| Microsoft Visual
C++ 6

Intel C++ 8.0 GCC3.34

JleiicTBHe

BeipaBHuBaet
TI0 TPaHHIIe CTENeHN
JIBOWKH

BeipaBHUBaHUE

He BBIPABHUBAET
[EPEX0/10B

He BBIPABHUBAET

Beictpoe Oyneso

IMognepskuBaer Ionnepxusaer IMoanepxuBaer
BbIYHCIICHUEC ep ZIED) ep
YV nanenue u30bITOYHBIX
& He ynanser Vnanser He ynanser
IPOBEPOK
VY nanenue npoBepox
A POBep . He ynanser He ynanser Vnanser
HYJIEBBIX yKazaTtenen
Coswmemienne npoeepok | He coBmemniaer CoBmernaer He coBmemiaer
CoxpalleHue JUTHHBI
. ou Coxparraer Coxkparaer Coxkparaer
MaplipyTta
‘VMeHbIIIEHHE KOJIMYECTBA
. YMenbmaeT Ymenbiaer YMenbaeT
BETBJICHHIT
CoxpallieHue Koau4ecTBa
Coxpatiaet Yactuuno cokpamaer| He cokparaer

CpaBHEHHI

W36asnsiercs
N3z6asnsiercst

N36aBneHne OT BETBJIEHUI Huxkornga
- Bcerza, Korua
OT BETBJICHUH KOHCTAHTHOTO He u30aBsieTcs
9TO BO3MOXKHO
THIA
TpouuHoe nepeBo.
p AcpeEo, JlBon4HOe, TpownuHoe nepeBo,
Banancuposka cOanaHCUPOBaHHOE
HecOalaHCHPOBAHHOE| cOAaNaHCHPOBAHHOE
JIOTHYECKOTO JIpeBa YITydIIeHHBIM
ZIepeBo METOJIOM OTPE3KOB
METOJIOM OTPE3KOB
Coznanue TabauLbI
A Co3snaer Cosyaer Cosnaer
TIEPEXO/I0B
Tonnep:xka paspsKeHHOH
ULEP: pasp: IMonnepxuBaeT IlonnepxuBaer Ionnep:xuBaer
TaOJINLBI IEPEXOI0B
CoBMenieHHe TabIMIIbI
CoBmemaer He coBmermaer He coBmemaer

TNEPEXOI0B € NEPEBOM

3akniouenne
CnipaBennMBoCTY pagm ONMBKOBAs BETBb NasibMbl NEPBEHCTBA
Ha 3TOT pa3 He JocTaHeTcs HUKOMY. Bce Tpu komnunatopa
MOKa3bIBalOT OAMHAKOBO BNeYaTnsaoWmin pesynstar, Ho npo-
KanbiBatoTcs B Menoyax. oauums icl BbIrSAUT AOCTaTOHMHO
CUNbHON, OAHAKO Ha 6e3YyCNOBHOE roCnofACTBO HUKaK He TH-
HeT. Kak MUHUMYM eMy NpedcTOUT Hay4uTbCs BblpaBHUBATb
nepexofbl, 3aMeHATb BETBMIEHUS MaTeMaTUYeCK1Mu onepauu-
fIMU 1 nepeBapuBatb onepatop switch.

Komnunsarop gcc, ¢ y4eToM ero 6ecnnaTHocTu, No-npexHe-
My OCTaeTcs Haunyywum Bbi6opoM. OH peanuayeT MHoOrue
HOBOMOfHbIE CNOCOObI ONTUMM3aLMN BETBEHUI (B HACTHOCTY,
ucronb3yet MHcTpykumto CMOVcc), ogHako no psagy nosvuui
MpourpbIBaeT HAaCKBO3b KOMMEPYECKOMY MSVC, NIULLHUA pa3
noaTeepxaas ocHoBHOM no3yHr Microsoft: «Bill always win».
Mpu nepexofe OT BETBMIEHWI K LMKNaMm (a LMKIbl, KakK U3BecT-
HO, «cbefatoT» 0o 90% NpoM3BOAMUTENILHOCTU MPOrpamMbl),
3TOT paspbIB NKLLL ycunmeaeTcs. Ho o uMknax B apyrow pas.
3710 cnmwkom o6beMHas!, XOTa U yBrekaTtenbHas Tema. CoBpe-
MEHHble KOMMUMATOPbI HE TONLKO BbIGPACKIBAIOT U3 LiMKNa BCE
HEHYXHOe (Hanpumep, 3aMeHSIIOT UMK ¢ npedycnoBuem Ha
LMKN C NOCTYCNOBUEM, KOTOPbIN HA OOHO BETBMEHUE KOPOYE),
HO ¥ TPaHCOPMUPYIOT CaM anropuTM, NOAroHAs NMOPSQoK 06-
paboTKu AaHHbLIX N0 OCOGEHHOCTU apXUTEKTYPbl KOHKPETHOMO
MuKponpoLeccopa.
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