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PaGora N3. OPTAHMBALMS IIAMSTH KOHBEMEPHHX CYIEPCKAJISIPHEIX
SJIEKTPOHHBIX BBYNMCIIMTEJIEHBEIX MAIIWH

Leap padotrbl - ocBoeHHE NPUHIUNOB 3((HEKTUBHOIO HCIOIb30BAHUS I0JACUCTEMBI
IaMsTH COBPEMEHHBIX YHHBepcajdbHbIX DBM, obecneunBaronieii XpaHeHHE U CBOEBPEMEHHYIO
BBIJJa4y KOMaH]l M JaHHBIX B IIEHTPAJbHOE MPOIECCOPHOE ycTpoiicTBO. PaboTa mpoBoauTcs ¢
MCI0JIb30BAaHKUEM IIPOrpaMMBbl /1715l cOopa 1 aHanusa npousBoautenbHoctd PCLAB.

B xozne paboTel HE0OX0MMO 03HAKOMUTHCS C TEOPETUUECKUM MaTepuaioM, KacaroluMCs
0COOCHHOCTEHl  (PYHKUMOHUPOBAHUSA IOJCUCTEMBbl MaMSATH COBPEMEHHBIX KOHBEHEPHBIX
cynepckaisipubix OBM, wu3yuuth Bo3MoOkHOcTH mnporpammbel PCLAB, wusyuuth cpexactsa
UIACHTUPUKAIIIT MUKPOIIPOLECCOPOB, IMPOBECTU UCCIEIOBAHUS BPEMEHHU BBINOJHEHUS TECTOBBIX

MPOTrpaMM, CENIaTh BBIBOJIBI O aPXUTEKTYPHBIX 0COOCHHOCTSIX UCIOJIb3yeMbIx OBM.

I[lopsanok BHIOJHEHMI0 JabopaTopHOM paboTs

3aganue 1. O3HakomuTbCs ¢ BOo3MOXHOCTsIMU mnporpammbl PCLAB B Pazpene 2
MeToanyeckux ykazaHuil. 3anmyctuTh nporpammy PCLAB 1.0. U3yuuths uaeHTUPUKAITMOHHYIO
uHpopmanuio Ha Bkiiagake «ManenTudukanus npoueccopa.

3aganue 2. Ha ocHoBaHuM uaeHTU(PUKAIMOHHON HHGOPMaLUMU O MHUKPOIPOIIECCOPE
OBM, wucnons3yemMoil Mpu MPOBEACHUU JTAaOOPATOPHOW palOThl, OMPEACTUTH CICTYIOIINE
napaMeTpel: pa3Mep JUHEHKH KAII-IaMSTH BEPXHEro YpOBHA M 00beM (M3MUYECKON MaMSTH.
Pe3ynbTarhl 3aHECTH B OTYET.

3aganue 3. O3HaKOMUTHCS C ONUCaHUEM 3KcrepuMeHTa «VccmenoBaHue paccioeHus
JMHAMHYECKON mamsTH» Ha Bkiaake «Omnucanue skcnepumentay. [Iposectu skcnepument. Ilo
pe3ysipTaTaM 3KCIIEpUMEHTa ONPENENIUTh: KOJIMYECTBO OAHKOB TUHAMUYECKOW MHaMsITH; pa3Mmep
OJIHOM CTpaHMIIbl JWHAMUYECKOM MaMATH; KOJWYECTBO CTPAHUIl B JAMHAMHUYECKOM IaMsITH.
Cnenatp BBIBOJBI O UCIIOJIB30BAHHOM CIIOCO0OE€ HapalllMBaHUs TMHAMUYECKON aMaTu. Pe3ynbrarel
3aHECTHU B OTYET.

3aganue 4. O3HaKOMHTBCA C ONUCAHUEM 3KcnepuMeHTa «CpaBHEHHE 3(PPEKTUBHOCTH
CCBUJIOUHBIX W BEKTOPHBIX CTPYKTYp HAaHHbIX». [IpoBectu skcmepumeHT. [lo pesynabTaram
SKCIEPUMEHTA OIPENEINTh: OTHOIIEHWE BpeMeHU paboThl aNrOpPUTMA, HCIOJIB3YIOUIETO
3aBUCHMBbIE JIaHHBIE, KO BpEMEHU 00pabOTKU aHAJOTHYHOTO aJIrOpUTMa 00pabOTKHU HE3aBUCHUMBIX
naHHbIX. Crnenatb BbIBOABI 00 3((EKTUBHOCTU CCHUIOYHBIX M BEKTOPHBIX CTPYKTYpP IAHHBIX U

croco0ax ee IOBLIIICHHS. PC3y.]'IBTaTBI 3aHCCTH B OTYCT.



3aganue 5. Jlns OBM, wucnons3yemoil mnpu NpOBEACHUHM JAaOOPAaTOpHON pabOThI
ONPEAEIIUTh CIIEAYIOIIHE IapaMeTpbl: CTENEHb acCOLMAaTUBHOCTH u pa3mep TLB paHHBIX.
O3HaKOMHUTBCA C OINUCaHUMEM U mpoBecTu HsKcnepuMmeHT «lMccinenoBanue >PQPEeKTUBHOCTU
IIpOrpaMMHOM npeaBbIOOpKU». [10 pe3ynbraraM sKcriepuMeHTa ONpeAEIUTh: OTHOIIEHUE BPEMEHU
MOCJIeI0BATENIbHOM 00pabOTKM 0JIOKa JaHHBIX KO BpeMEHHU 00pabOTKH 0JI0Ka ¢ MpPHUMEHEHUEM
MPeIBBIOOPKU; BpeMsi U KOJIMYECTBO TAKTOB MEPBOro oOpalleHus K cTpaHule aaHHbIX. Chenath
BBIBOJIBI 00 3(PEKTUBHOCTH MPEABBIOOPKH U CIIOCO0aX €€ MOBBIMICHHs. Pe3ynbTaTsl 3aHEeCTH B
OTYeT.

3aganue 6. O3HaKOMMTHCA C ONUCAaHUEM M IpoBecTH sKcnepuMeHT «lccrnenoBanue
croco60B AP GEKTUBHOIO  YTEHMsI onepaTUBHOW namsaTu». llo pesympraTtam sKcrepuMeHTa
ONPEENUTh: OTHOLLIEHHUE BpPEMEHU 00pabOTKH 0JIOKAa MaMsTH HEONTHUMU3UPOBAHHOW CTPYKTYpPHI
KO BpeMmMeHH oO0paboTku OJ0Ka CTPYKTYpbl, oOecneunBaromieil 3¢GQGEeKTUBHYIO 3arpy3ky u
napajuieIbHyr0 00paboTKy mAaHHBIX. CAenarh BBIBOJBI O CIOc00ax MOBHIIICHUs 3(H()EKTUBHOCTH
YTEHUSI ONIEPATUBHOM MaMSITH.

3aganue 7. Jns OBM, wucnons3yemoil npu NOpoBENEHHHM JabOpaTOpHON paboThI
ONpEENUTh CIAEAYIOIINE IapaMeTpbl: pa3Mep OaHKa K3II-NaMsITH JaHHBIX IEPBOIO M BTOPOTO
YPOBHS, CTENEHb aCCOLMATUBHOCTU K3UI-MAMSTH MEPBOTO M BTOPOTO YPOBHSI, pa3Mep JIMHEUKH
KAUI-MIAMSITH [IEPBOTO U BTOPOTO YpOBHA. O3HAKOMUTBCS C OMUCAHUEM U MPOBECTH SKCIEPUMEHT
«UccnenoBanne KOH(MIUKTOB B K3MI-amsATH». Ilo pe3ynbraraMm SKCIEpUMEHTA OIpPEAETUTh:
OTHOIIIEHHE BPEMEHU 00pabOTKHN MaccuBa ¢ KOH(PIUKTaMU B K3UI-IAaMATH KO BPEMEHU 00paboTKU
MaccuBa 6e3 KoHQIUKTOB. Clenath BbIBOJIBI O CLIOCO0aX YCTpaHEHUs KOH(MIMKTOB B KAII-AMSITH.

3aganue 8. O3HaKOMHTHCA C ONUCAaHUWEM M HpoBecTH sKcnepuMeHT «lccrnenoBanue
QITOPUTMOB COPTUPOBKW». [lo pe3ynbraraM 3KCHEpUMEHTa OINpPEAETUTh: OTHOLIEHUE BpPEMEHU
COPTUPOBKHM MaccuBoB anroputmMom QuickSort ko Bpemenu coptupoBku anroputmMom Counting-
Radix, a Taxxe ko BpemeHu coprupoBku Counting-Radix aaropurmMom, onTUMU3UPOBAHHBIM O]
8-MPOIIECCOPHYIO BBIYHCIUTENbHYIO cucTteMy. Craemath BBIBOABI O Hambosee 3)PexTuBHOM

AITOPUTME COPTUPOBKH.

[IpyMeHenne nporpammsl PCLAB npm mcciemoBaHuM NpoMBBOOMTENBHOCTHM 3SBM

[Iporpamma PCLAB mnpemnasnadena [isi WCCIEIOBAaHUS IMPOW3BOIUTEIBHOCTH X860
coBmecTuMblx OBM ¢ [A32 apxutexkTypoil, paboTamolmUX MOJA YIpaBICHUEM ONEpPALMOHHOMN

cucrembl Windows (Bepcuit 95 u crapure). MccnenoBanue opranuzauuun DBM 3akimouaercst B



MIPOBEJICHUU psAJa SKCIEPUMEHTOB, HAIpPaBJIEHHBIX HA IOCTPOCHHME 3aBHCHUMOCTEH BpeMEHU
00pabOTKM KPUTUYECKUX YYacCTKOB KoJia OT H3MEHsieMbIXx mnapamerpoB. Habop peamuzyembix
MPOrpaMMOM AKCHEPUMEHTOB IO3BOJISIET MCCIEA0BaTh OCOOEHHOCTH MOCTPOEHHUS COBPEMEHHBIX
noacucrteM namMatd OBM u mpoueccopHbIX YCTPOMCTB, BBISIBUTH KOHCTPYKTHBHBIE IapaMeTpbl
KOHKpETHBIX MoJieneid DBM.

[Tpormecc cbopa u ananmza sxkcnepuMeHTaNbHBIX JaHHBIX B PCLAB ocHOBaH Ha mporieaype
NpOQUINPOBKH KPUTHUECKOTO KOJa, T.€. B W3MEPEHUH BPEMEHU €ro 00pabOTKH IEHTpPaIbHBIM
IIPOLIECCOPHBIM yCTpOMCTBOM. IIpH HccieoBaHMN KOHBEMEPHBIX CYNEPCKAIAPHBIX IPOLIECCOPHBIX
YCTpPOICTB, Takux Kak 32-x paspsaaHbie mnporeccopsl ¢upmbl Intel mim AMD, cnocoOHbIx
BBINIOJIHATE ~ TIEPEYNOPSI0YEHHYI0 00pabOTKy MOCIEI0BAaTENbHOCTH KOMAHJ MPOTPaMMBL,
TpeOyeTcsl HUCIOJIb30BaTh CIEHUANbHBIE CPEACTBA H3MEPEHUS BPEMEHHBIX MHTEPBAJIOB U
3arpenieHust nepeynopsa10uuBaHrs MUKPOKOMAaH/I.

Jliia u3mepenus Bpemenu padbotsl nukioB B PCLAB ucnons3yercs Meroauka, onucaHHas B [2]:

e JlnutenbHOCTh O0OOpabOTKM y4yacTKa MNpOPMIMPYEMOHl  MpOrpaMMbl  XapaKTepHU3yeTcs
M3MEHEHHEM BEJIMYMHBI CYETUHKA TAKTOB IIPOLECCOPa, POU3O0LIEANINM 32 BPEMS €ro paboThI.

e Jlns npenoTBparieHus BIUSHUS COCEIHUX YYaCTKOB KOJa Ha Pe3y/lbTaTbl U3MEpPEHUH, mepes
HayajioM 3aMepa U IO0CjIe €ro OKOHYAaHMUS HEOO0XOJMMO BbIIaTh KOMAaHAY YHOPSJOUYEHHOTO
BbinosiHeHus: CPUID, npensTcTByIOIIYIO NEPEyNOpsI0UMBAHNUE TOTOKA KOMaH/ Ha KOHBelepe
poreccopa.

e 3amepbl KOJIMYECTBA TAKTOB IIpoLieccopa HEOOXOAMMO MOBTOPUTH HECKOJIBKO pas3.

e Bs3aumHoe BiIusiHUE MOCIEI0BATENIbHBIX TOBTOPOB AKCIEPUMEHTAIBHOTO Y4acTKa IPOrpaMMbl
MCKITIOYaeTcs Oaroiapsi OUMIIEHUIO KAII-TaMAITH 1 OypepoB mporieccopa.

e UYacTh rpaHUYHBIX PE3Y/IbTaTOB OTOpachiBaeTcs (Kak HauOOJIbLIMX, TaK M HauMeHbINX). 1o
OCTaBLIUMCS PE3y/IbTaTaM 3aMEpPOB ONPEAEIIAETCS CPEAHSIS BEIUYUHA.

Ha pucynke 8 nokaszan BHemHu# Buj nporpammsl PCLAB 1.0.
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Pucynox 8 — Baemnuii Bux nporpammer PCLAB

[Tonp30BaTento mpeacTaBiIsieTCss MHOTOOKOHHBIA MHTEp(enc co CBOOOJHON HaBHUTAIUEH.
OCHOBHOE OKHO COJICP)KUT IJIaBHOE MEHIO M KHOTIKM OBICTPOTO JIOCTYNA K (YHKIIUSM MTPOTPaAMMBI.
[Ipu 3amycke mnporpaMMbl aBTOMAaTUYECKH OTKpbIBaeTcsi OKHO «OmnucaHue J1abopaTOpHO
paboTely, coaepxaiiee JABe BKiIagku: «Meronudeckue ykazaHus» o« neHTHQUKanus
npoueccopa». Ha Bkianke «Metoauueckue ykazaHMs» I0Jb30BaTelb MOXKET O3HAKOMHTHCS C
TEOPETUYECKUM MaTepHajioM, IMOPSAKOM BBIIIOJHEHUSI JabOpaTopHON paboThl, COAEpPKAHUEM
oTyeTa M KOHTPOJILHBIMH BoIlpocamu. Bkianka «peHTHdukamus mnporeccopay MO3BOJSET
03HAKOMHTHCSI C PE3yJIbTaTaMH BBITIOJHEHHST KOMaHbl uaeHTHGuKanuu mnpoueccopa CPUID u ¢
ux pacmuppoBkoi. JlaHHas BKJIaIKa ITO3BOJIET OIPEICIUTh CIEAYIOMIHE apPXUTCKTYpHBIE
napameTpsl uccieayemoin DBM:

1. Wnentndukammonnyo nHOpMaAIuio o GUpMe-IPOU3BOANTENE, HOMEPE MOJCIN H

BEPCHHU TIPOIIeccopa.



2. HalGop moanepxruBaeMbIX KOMaH]I.

3. Hanwume cnenuann3upoBaHHBIX TMOJICUCTEM, TaKMX Kak: MOJJEP)KKa MaITAHHOTO
KOHTPOJIs, aBTOMaTUYECKOr0 MOHUTOpHWHra Ttemmeparypsl, Hyper-Treading wu
TPYTHUX.

4. Hudopmanmio o pazMepe U aCCOIMaTUBHOCTHU KAII-TIAMSITH BCEX YPOBHEH.

5. Hudopmanuro o pazmepax 0yhepoB OBICTPOr0 CTPaHUYHOTO MTPEoOpPa3OBaAHMS.

6. HekoTopyro TOMOJHHUTENbHYIO HHPOPMALIUIO.

HecMotpst Ha 60bII0€ KOTUYECTBO BBIIABAEMBIX MPOILIECCOPOM JAHHBIX, JJIS MOJTHOW €ro
UIEeHTU(DUKAIIMA W OTpPEAENICHUsS BCEX HEOOXOIUMBIX IMapaMeTPOB OKa3bIBACTCS JIOCTATOYHBIM
omnpeneauTh HHHOPMAIHIO, OTHOCSIIYIOCS K TIEPBOMY ITYHKTY.

JIist IpOBEeACHUS HKCIIEPUMEHTOB TOJIB30BATEI0 HEOOX0IMMO B MeHIO «Dailim» BHIOpAThH
nyHkT «HoBeiii skcnepumenTt». I[locime »Toro OyaeT OTKpBHITO HOBOE JO4YepHEE OKHO
AKCIIEPUMEHTa, B KOTOPOM TIOJI30BATENI0 OyIeT MPEIJIOKEHO BBHIOpaTh OAMH W3 JOCTYITHBIX
AKCIIEPUMEHTOB.

[Tocne pgaHHOrO NEWCTBHS B HMKHEHM YacTH OKHA IMOSIBIAETCS BKJIAJIKa C OIMHUCAHUEM
BBIOPAHHOTO SKCIIEPUMEHTA, B KOTOPOW CONEPIKUTCS Cienyromas nHpopManus:

1. Ha3BaHue n Ha3Ha4Y€HHE IKCIIEPUMEHTA.

2. Cnmcok HacTpauBaeMbIX MMAPAMETPOB IKCIIEPUMEHTA U CTUHUIIBI KX U3MEPCHUSI.

3. JlomycTumble Auana3oHbl U3MEHEHUSI HACTPAWBAEMBIX MTapaMETPOB DKCIIEPUMEHTA.

4. JlomoJHUTENbHBIE YKa3aHUs 10 TPOBEICHHUIO H  aHAIW3y MOJIYYCHHBIX
AKCIIEPUMEHTAIIbHBIX 3aBUCUMOCTEH.

[Tocne 3aganust HaCTpauBaeMbIX MapaMETPOB MOJIb30BATEh MOXKET HAdaTh HKCIIEPUMEHT
mo kHomnke «Hauate». B urTore Oyner mocTpoeH 3KCIEepUMEHTAIbHO-TIOyYeHHAs! 3aBUCUMOCTb,
XapaKTepu3ylolas KOHCTPYKTUBHBIE TapaMeTpbl ucciaeayemoin DBM. UucneHHsie pe3yabTaThl B
BHJIC YUTAEMOTO TEKCTa JIOCTYITHBI Ha BKIAJIKE «Pe3yabTaThl SKCIIEPHUMEHTAY.

[Tocne mnpoBemeHUs OSKCIEPUMEHTA IOJb30BATENIb MOXKET COXPAHUTh UHCIOBBIE U
rpaguveckue MaHHble, HAKaB Ha KHONKY «Coxpanuthy. [Ipu 3TOM OyIeT OTKPBHIT CTaHIAPTHBIN
JUAJIOT COXPAaHEHHMS, B KOTOPOM IIPEICTABIIIETCS BO3MOXKHOCTD YKa3aTh MyTh U Ha3BaHUE (aiyioB

tumna *.bmp u *.rtf, B koTOphie OyAYT COXpaHEHbI TpapuecKue U TEKCTOBBIE PE3YIbTaThI.

OmmcaHme sKCHepmMMeHTa «MCcCllefoBaHMS PaCCIIOeHMS OMHAMUYECKOM

IIaMATN»

Heabp »JkcnmepuMeHTa: ornpelelieHHe crocobda TpaHCIAMH —(QU3MYECKOTO — anpeca,

WCIIOJIB3YEMOTO TIPU OOpAIICHUH K JUHAMUYECKOHN TaMsITH.



Hcxoanble qaHHBbIE: pa3Mep JIMHEHKU KAII-TTAMITH BEPXHETO YPOBHS; 00BbeM (Ppu3nueckon
ITaMSITH.

Pe3yabTaThl 3KCIIEpUMEHTA: KOJMYECTBO OAaHKOB TUHAMUYECKOW MaMsTH; pa3Mep OJHOU
CTPAHMIIBl TMHAMHYECKOU IMAMSATH; KOJIMYECTBO CTPAHUL] B JUHAMHUYECKON NaMSATH.

Onucanue npodaeMbl. B CBfA3M ¢ KOHCTPYKTUBHOW HEOJHOPOJHOCTBIO OIEPaTUBHOM
namsTd, oOpallleHue K IOCJIeI0BaTeIbHO PACIOIOKEHHBIM JaHHBIM  TpeOyeT pa3iudyHOIo
BpeMeHU. B cBs3u ¢ 3tuMm, ansg co3gaHusi 3(PpPEKTHUBHBIX HpOrpaMM HEOOXOJUMO YUUTHIBATh
pacciioeHue maMaTH, XapakTepru3yeMoe crocodoM TpaHCIALuU (PrU3HMIECcKOro ajapeca.

CyTtb 3kcnepumenTa. [[1s onpezneneHus crocoda TpaHCISAIUU (GU3HUECKOTo ajapeca Mpu
(hopMUPOBaHNHU CUTHAJIOB BBIOOPKH OaHKa, BRIOOPKU CTPOKHU U CTOJIOIIA 3aITOMUHAIONIETO MAaCCHUBA
MpPUMEHSIETCST TpolleAypa 3aMepa BpeMEHH OOpalleHuss K JUHAMUYECKOW TMaMsTH 110
IIOCJIENOBATENBHBIM  aJpecaM C HW3MEHSAIOIMMCA 1aroM u9rteHus. JUisi cpaBHEHMS BpEMEH
UCIOJIb3YeTCsl 00pallleHue K OJMHAKOBOMY KOJIMYECTBY Pa3JIMYHBIX SYEEK, OTCTOSILUX JAPYT OT
Apyra Ha ONpEIeNCHHBIM mmar. Pe3ynbrar 3KCIEpUMEHTa NPEICTABISAETCS 3aBHCHUMOCTBIO
BpeMeHH (UM KOJIMYEeCTBa TAKTOB MIPOLIECCOpa), MOTPAYEHHOI'O HA YTEHUE SYEEK, OT I1ara YTeHuUsl.

ILJ'I?I IMPOBCACHUA SKCIICPUMEHTA H€O6XOI[I/IMO 3a1aTb U3MCHACMBIC ITapaMETPhI:

IMapamerp /Jumamazon Macwmrad Onucanue
Ne 1 1..128 K MakcuMalibHOE PACCTOSTHUS MEKTY
YUTaeMbIMU OJJOKaMHU
Ne 2 4..64 b [ITar yBenuueHus: pacCTOSIHUS MEKILY
YUTAaEeMBIMU 4-X 0alTOBBIMHU SUCHKAMHU.
Ne 3 1..16 M Pa3mep maccuBa

Kon npodpunupyemoit nporpammsl Ha sizbike C IpeaCcTaBlIeH HUXKE.

// BBLAEAEHUE ITAMATU
p = (int*)_malloc64(Param_[3]); // AOPEC KPATEH 64

for (int pg_size = Param_[2]; pg_size <= Param_[1]; pg_size += Param_|[2])
{
Start_Count(); // Hauano samepa spemeHu
volatile int x = 0;
for (int b = O0; b < pg size; b += Param_[2])
for (int a = b; a < Param_[3]; a += pg_size)
x += *(int *) (int(p) + a);
Finish_Count();// KoHeuy 3amepa epemeHuU
// Pesynemam:
// Ilo ocu X: pg_size
// Ilo ocu Y: Bpems (Konuuecmeo maxmos)

[Ipumep nosryueHHOTO rpaduka Noka3zaH Ha pucyHke 9.
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Pucynok 9 — IlpumMep pe3yibraTta uccjieJ0BaAHUA PACCI0EHUS] JTUHAMUYECKOI NaMsITH

paduK MOKa3bIBa€T BPEMS WJIM KOJHMYECTBO TaKTOB paboThl amroputMa. Ock adcruce

OTpa)KaeT IIar MPpUpPAIICHHS aapeca YUTaeMbIX MaHHbIX. OcCh opauHAT OoTOOpakaeT BpeMs B

MHUKPOCEKYHJaX HJIN KOJIMYECTBO TAaKTOB (B 3aBUCUMOCTH OT 3aJJaHHOI'0 IapaMeTpa ((EI[I/IHI/IHI)I

U3MEpPEHUs 10 OCH Y»).

Ilo
1.

rpaguKy MOXKHO OTIPEIETUTh CICAYIONINE TapaMeTPhl:

MuHUMaJIbHBIA IIar YTEHWUS AWHAMUYECKOW TaMsTH, TPH KOTOPOM TPOUCXOJUT
MMOCTOSTHHOE OOpalieHne K OJHOMY U ToMy ke OaHky. [Ipy Hamuymm HECKOJIBKHX OaHKOB
MaMsITH JaHHBIA TApaMeTp COOTBETCTBYET IEPBOMY JIOKaJTbHOMY  JKCTPEMYMY
nostyueHHO# ¢pyHkuuu (Touka T1). OTcyTcTBHE XapaKTEpHOTO CTYEHeo0pa3Horo rpaduka
TOBOPUT 00 OJIHOM HE3aBUCUMOM OaHKe AMHAMUYecKol mamstu. ClieyeT y4ecTh, 4yTo Iar
YTEHUS, MEHBIIUN pasMepa JMHEHKH KIUI-MAMATA TOPUBOJAUT K  TOJYYCHHIO
pPEe3YNbTUPYIOIIEH KPUBOW, WMEIOIIEH MUI000pa3HbI XapakTep: KaXI0oe BTOpPOE
oOparieHne OyAeT BBIMOTHATHCA HE K JUMHAMHUYECKOW mamsTH, a K kdm-namard. [lo
MOJTy4eHHOMY 3HadeHuto 1mmara T1 MOXXHO OnpenenuTh KOJIMYECTBO OAHKOB maMsTH: b =
T1/I1, roe I1 — 06beM TaHHBIX, SABISIOMIMICST MUHUMAJIBHON MOPIIUEH 0OMEHa KAI-TIaMsATH
BEPXHETO YPOBHS C OIEPATUBHOW MaMsThIO U COOTBETCTBYET pa3Mepy JIMHEHKH KOIII-
MaMsITH BEPXHEr0 YPOBHS.

[Ipu goctmwxkenus TI00aTBHOTO AKCTPEMyMa, TIOCIE€ KOTOPOTO POCT JIOKAJTbHBIX
KCTPEMYMOB HE MPOUCXOJUT, ONpenessieTcs xapakrepHas Touka T2. CoOoTBETCTBYIONTUI
JAHHOW TOYKE IIar YTCHHS SIBJSETCS HAMXYAIIUM TPU OOpalleHHH K JUHAMUAYECKOU
MaMsITH, T.K. IPUBOJAUT K TMOCTOSIHHOMY 3aKPBITHIO U OTKPBITHIO CTPAHHUIl JUHAMHYECKOMN

namsTH. Takum oOpa3om mar T2 COOTBETCTBYET pacCTOSIHUIO (B OaiiTax) MEXIy Ha4alIoM



JBYX MOCJIE0BATEIbHBIX CTPAaHULl OJHOTO OaHKa. 3Has KOJUYECTBO OAHKOB, OIpEeisieM
pasmep oaHoit crpanunsl: PC = T2/b.
3. 3nas nmapametpsl PC u b, a taxxke monHwni o0beM mamsatu O ompenensieM KOJMYECTBO

cTpanul ¢pusznueckoit oneparuHoit namstu: C = O/(PC*Bb).

OmmcaHme skcnepmMeHTa «CpaBHeHMEe 50DeKTMBHOCTM CCBUIOYHBEIX M

BEKTOPHEIX CTPYKTYpP>»

Ienp 3kcnmepumeHTa: OIEHKA BIUSHUSA 3aBUCUMOCTH KOMaHJ [0 JaHHBIM Ha
3¢ (HEKTUBHOCTH BBIUYNCIICHUH.

Pe3yabTaThl 3KCIEPpUMEHTA: OTHOIIEHHE BPEMEHHM padOThl aJifOPUTMA, HUCIOJb3YIOLIEro
3aBHUCHUMBIE JIaHHBIC, KO BPEMEHU 00pabOTKH aHAJTIOTUYHOTO aJIropuTMa 00pabOTKHA HE3aBUCHUMBIX
JAHHBIX.

Onucanue npodaembl. O6pabOTKa 3aBUCUMBIX JAHHBIX IPOUCXOTUT B TEX CIydyasix, KOTJaa
pe3ynbTaT paboThl OJHOM KOMaH/bI MCHOJB3YETCsl B KauyecTBe ajpeca omnepanaa apyrou. Ilpu
[IPOrpaMMUPOBAHUM Ha S3bIKaX BBICOKOTO YpPOBHS TaKMMHU OIE€paHIaMU SIBJSIOTCS YyKas3aTelu,
aKTUBHO HCIIOJIb3yeMble IpU 00pabOTKE CCHUIOYHBIX CTPYKTYpP AAHHBIX: CIIMCKOB, JI€PEBHEB,
rpagoB. OOpaboTKa MaHHBIX CTPYKTYp NPOIECCOpaMH C JJIMHHBIMH KOHBEWepaMHu KOMaH]
MPUBOJUT K 3aMETHOMY YBEJIMYEHHUIO BPEMEHHM pPabOThl AJITOPUTMOB: aJpec 3arpy:kaeMoro
omepaHJa CTAaHOBUTCA M3BECTHBIM TOJBKO IOciae 0OpabOTKM Hpenplaymieil KoMmasael. B
MIPOTUBOIOJIOKHOCTh 3TOMY, 00pab0TKa BEKTOPHBIX CTPYKTYpP, TAKMX KaK MacCHUBBI, MTO3BOJISIET
3¢ (HEKTUBHO HUCIIOIB30BATH alNIapaTHBIE BO3MOKHOCTH DBM.

Cytb 3kxcniepumenTa. s cpaBHeHUS 3G (HEKTUBHOCTH BEKTOPHBIX U CIIMCKOBBIX CTPYKTYP
B DKCIIEPUMEHTE MpUMEHsSETCs] Mpo(UIMpOBKa KOJa JIBYX aJOPUTMOB IMOMCKAa MHUHUMAJIBHOIO
3HaueHus. [lepBblil adropuT™M HCIOJIB3YET AJIS XPAHEHUS JAHHBIX CIHMCOK, B TO BpeMs KakK BO
BTOPOM IpuMeHseTcss MaccuB. OueBUIHO, YTO BpeMsi pabOThl AJITOPUTMa IMOMCKa MUHUMAJIBHOTO
3HAYEHUS B CIIMCKE 3aBUCUT OT €ro (parMeHTaluH, T.€. OT CPEIHEro pacCTOSHUS MEXAY
JJIeMEHTaMu crnucka. Takum o0pa3oM s NPOBENCHUS OSKCIIEpUMEHTa TpelOyercs 3al1aTh

CJICAYIOIIKUEC HACTPANBACMBIC ITAPaAMETPhI:

IMapametp JAunanmazon  Macmrad Onucanue
No 1 1..20 M KosnndecTBo 371€MEHTOB B CITUCKE
No 2 4..500 K MaxkcumaibHasi pparMeHTaIMH CIIHCKa
Ne 3 1..10 K [lar yBenuuenus: pparMeHTanuu

Kon npodpunupyemoit nporpammsl Ha sizbike C IpeaCcTaBlIeH HUXKE.

// BBIOEAEHUE ITAMATU
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{

struct list{
struct list *next;
int val,
13
int a,b,cur,prev,FF,max_list,max_arr;
struct list *list_,*list_t;
int *arr;
// AIIPEC KPATEH 64
list_= (struct list*) _malloc64(Param_[1]*sizeof(struct list));
arr = (int*) _malloc64(Param_|[1]*sizeof(int));

// CIIMCOK

for (FF = 1; FF <= Param_|[2]+1; FF=FF+Param_[3])
for (a = 0; a < Param_[1]; a++)
{

list_[a].next = O;
list_[a].val = 0;

I
prev = 0;
for (a = 0; a < Param_|[1]; a++)
{
cur = prev + FF;
if (cur>=Param_[1]) {cur=cur-Param_|[1];};
while (list_[cur].next)
{
if (++cur>=Param_|[1]) {cur=cur-Param_[1];};
13
list_[prev].next = list_ + cur;
list_[prev].val = a;
prev = cur;
H

list_[cur].next = O;
list_[cur].val = a;
Start_Count(); // Hauano samepa spemeHu
max_list=list_[0].val;
list_t=list_;
while (list_t = list_t[0].next)

{
if (max_list<list_t[0].val)
{
max_list=list_t[0].val;
}

1
Finish_Count();// KoHey 3amepa epemeHuU
// Pesynemam:
// Ilo ocu X: FF
// Ilo ocu Y: Bpems (Konruuecmeo maxmos)

// MACCVB
for (a = 0; a < Param_|[1]; a++)
{
arr[a]= a;
H

max_arr=arr|0];
Start_Count(); // Hauano samepa epemeHu
for (a = 0; a < Param_[1]; a++)

{

11



¥

if (max_arr<arr[a])
max_arr=arr[a];

Finish_Count();// KoHey 3amepa spemeHu
// Pesynemam:
// Ilo ocu X: FF
// Ilo ocu Y: Bpems (Koruuecmeo maxmos)

[Ipumep nosryueHHOTro rpaduka nokasas Ha pucyHke 10.
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Pucynox 10 — IIpumep nccnenoBanus 3¢p(peKTUBHOCTH CCHIJIOYHBIX U BEKTOPHBIX CTPYKTYP

Kpacupiit tpaduk (BepXHWU) TIOKa3bIBACT BpeMsS WM KOJIMYECTBO TAKTOB PabOTHI

QITOPUTMA, MCIIOJB3YIOLIEro CHUCOK. 3eleHbIl rpapuk (HUKHUN) IOKa3bIBa€T BpeMs WU

KOJIMYECTBO TaKTOB pabOThl anropuTMa, HcHoib3yromero maccub. Ocb abcuucc OTpaxkaer

¢dbparmenTanuio crucka. Och OpAMHAT OTOOpakaeT BpeMsi B MUKPOCEKYHJAX WM KOJIHMYECTBO

TaKTOB (B 3aBHCUMOCTH OT 33JIaHHOTO MapameTpa «EauHuIbI n3MepeHus 1mo ocu Y »).

[MTocne mpoBeeHNs SKCIEPUMEHTA Ha BKIIaJKe «Pe3ynbTaThl SKCIIEPUMEHTa» OTOOpaKaeTcs

OTHOIIIEHUE CYMMapHOTO BPEeMEHU 00paOOTKH CIHCKOB C Pa3IMYHON CTENEHBIO (hparMeHTaIuu K

CyMMapHOMY BpeMEHHU 00pabOTKH MacCHBOB.
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Onmcaume skcnepmMeHTa «MccnepmoBanme sbbexTMBHOCTM NPOTPaMMHON

npenBsbopKM»

Ilenbp 3kcnmepumeHTa: BbBISBIEHHE CIOCOOOB YCKOPEHMsI BBbIUMCICHHM Onaronaps
MIPUMEHEHUIO NPEABBIOOPKH TaHHBIX.

Hcxoanblie JaHHBIE: CTEIIEHb ACCOLMATUBHOCTH U pa3Mmep TLB naHHBIX.

Pe3yabTaThl 3KCIIEpUMeEHTA: OTHOLIEHHE BPEMEHH I0CIEN0BaTENIbHON 00paboTku Ooka
JAHHBIX KO BpeMEeHH 00paboTKu OJ0Ka ¢ MpPUMEHEHHEM MpeABBIOOPKH; BpeMs M KOJUYECTBO
TaKTOB [IEPBOr0 OOpAIIeHHs] K CTPAHULIE JaHHbBIX.

Onucanue mnpodjembl. OO0paboTka OOJBHIMX MacCHUBOB HH(GOpPMAaLUU CONpPSDKEHA C
OTKpPBITHEM OOJIBIIOTO KOJUYecTBa (pusnueckux crpaHul] namsatd. [Ipu mepBom oOpaieHuu K
CTpaHulle NaMsATH HaONIOAAaeTcs  YBEIMYEHHOE BpeMs JIOCTyHa K JaHHBIM. OTO CBSI3aHO C
HEO00XO0UMOCTBIO TIPeoOpa30BaHMsl JOTUUECKOTO ajpeca B (PU3UUYECKUN afpec MaMATH, a TaKKe C
OTKPBITUEM CTPAHULl JAMHAMMYECKON TMaMATH U COXPAaHEHUS JaHHBIX B KJII-[IAMSTH.
[IpeoOpa3oBaHue BBINOJHSAETCS HA OCHOBE MH(OpPMAIMU O HCIIOJIb30BAHHBIX paHEe CTpPaHMIIAX,
coaepxarieiics B TLB Oydepe mpomeccopa. IlepBoe oOpaieHne K CTpaHUIle NMPU OTCYTCTBUHU
unpopmauuun B TLB BbI3bIBaeT [BOHHOE oOpalleHHEe K ONEpaTUBHOM NaMATH: CHayajla 3a
uHpopmanueld U3 TabIUIBI CTPAHUL], a Jajiee 3a BOCTpeOOBaHHBIMU JaHHbIMH. IIpenBbiOOpKa
3aKiIIoyaeTcss B 3a0JIarOBPEeMEHHOM IPOBEJIEHUMM BCEX YKa3aHHBIX JieMcTBUM Onaromaps
JOTIOTHUTEIBHOMY 3aIIpOCy HEOOJIBIIOr0 KOJIMYECTBA JAHHBIX U3 ONIEPATUBHOM MaMSITH.

CyThb 3KkcnepuMeHTa. OKCIEpPUMEHT OCHOBAaH Ha 3aMepe BpPEMEHH JABYX BapHAaHTOB
MOANPOrpaMM IOCIIEA0BATEILHOTO YTEHUsI CTPAHUI] OllepaTHUBHON mamsTH. B mepBoMm Bapuante
BBITIOJIHSAETCS MOCIIEA0BaTENbHOE YTEHUE 0€3 JOMOJIHUTENbHON ONTUMHU3ALMH, YTO MPHUBOJIUT K
JIOTIOTHUTEIbHBIM JBOMHBIM OOpaiieHusiM. Bo BropoMm BapuaHTe nepe] HUKJIOM YTEHUSI CTPaHUIL
UCIOJIb3YETCSl  JIOTIOJIHUTENIbHBIM LMK IPeIBbIOOPKH, O0O0ecrneynBaoluil CBOEBPEMEHHYIO
3arpy3ky unpopmaiuu B TLB nanHbIX.

ILJ'I?I IMPOBCACHUA SKCIICPUMEHTA H€O6XOI[I/IMO 3a1aTb U3MCHACMBIC ITapaMETPhI:

Ilapamerp Jlmanmazon  Macmrad Onucanue

Neo 1 1..4096 b Hlar yBenuueHus: pacCTOSHUS MEXTY
YUTAEMbIMU JAHHBIMU

No 2 4..8192 K Pa3zmep maccuBa

CoxkpaiieHue BpeMeHH pabOThl alrOpUTMa, UCIOJIB3YIOLUIEr0 MPEABBIOOPKY MPOUCXOIUT B

TOM ciy4ae, korjna uHdopmaius o BocTpeOoBaHHBIX cTpaHuiax ymemaercs B TLB. Tloatomy
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HEO00XOMMO OTIPEJICIIUTH pa3Mep U CTETICHb aCCONMATUBHOCTH TLB 1 yduThIBaThH €€ B alropuTMe.

Kon npodpunupyemoit nporpammsl Ha sizbike C IpeaCcTaBII€H HUXKE.

// BBIOEAEHUE I[TAMATU
p = (int*)_malloc64(Param_[2]); // AOPEC KPATEH 64

// BE3 IIPEIBBIBOPKU
for (int a = 0; a < Param_[2]; a += Param_[1])
{
Start_Count(); // Hauano samepa epemeHuU
x += *(int *) (int(p) + a);
Finish_Count();// KoHey 3amepa epemeHuU
// Pesynemam:

// ITo ocu X: a
// Ilo ocu Y: Bpems (Koruuecmeo maxmos)

// C TIPEABBIBOPKO
for (int i = 0; i < Param_[2]; i += 4*K) x += *(int *)((int)p + i);
// Cuumaem, umo 8csi uHgopmayusi nomecmumest ¢ TLB
for (int a = 0; a < Param_[2]; a += Param_|[1])
{
Start_Count(); // Hauano samepa epemeHu
X += *(int ¥) (int(p) + a);
Finish_Count();// KoHeuy 3amepa epemeHuU
// Pesynemam:
// ITo ocu X: a
// Ilo ocu Y: Bpems (Koruuecmeo maxmos)

[Ipumep nosryueHHOTO rpaduka nokasas Ha pucyHke 11.
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Pucynox 11 — Ilpumep nccnenosanus 3¢ (peKTHBHOCTH NPeABBIOOPKH

KpacHslii rpaduk (BepXHHI ¢ OCTPBIMH MUKaMH) MOKA3bIBAET BPEMsI UM KOJIMYECTBO TAKTOB
paboTel anroputMa 0Oe3 mnpeABbIOOpKH. 3eneHbld Ipaduk (HOKHUA 0€e3 3HAYMMBIX IHKOB)
MTOKa3bIBAET BPEMsI MJIM KOJIMYECTBO TAKTOB pabOTHI aJITOPUTMA C UCHIOJIB30BAHUEM IPEABBIOOPKH.

Ocp abcrmucc  OTpakaeT CMEIEHHWE YWTAaEMBIX JaHHBIX OT Havana Omoka. Ock opauHaT
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0oTOOpakaeT BpeMs B MHKPOCEKYHJaxX WM KOJHMYECTBO TAaKTOB (B 3aBUCHMOCTH OT 3aJaHHOTO
napameTpa «EanHUIBI u3MepeHus mo ocu Y»).

[lo okoHYaHWM S3KcriepuMEHTa Ha BKIagKe «Pe3ymbraThl SKCHEpUMEHTa» OTOOpaskaeTCs
uHpopmanusg o6 >¢pdextuBHOCTH npeaBpiOopku. Hanpumep: «O6paboTka 6e3 3arpy3ku TaOJIULIbI
ctpanui] B TLB npousBoaunace B 1,54 pasa nomsiiey.

KoHkpeTHbie 3HaueHHs 3a/JCPKEK, XapaKTEPHBIX IS MEPBOTO OOpamieHus K CTpaHUIIE,
OTIPENENAIOTCA 10 YHCIOBBIM  pE3yJbTaraM OJKCIIEPUMEHTOB Ha BKJIanke «Pe3ynbTarhl

IKCIIEPHMEHTA.

Onmcaume skcnepmMeHTa «HcciepmoBaHme CHoco6oB 30OeKTMBHOIO YTEeHUS

onepaTMBHOM IaMATHU»

Leap 3xcnepuMeHTa: HCCIEIOBAaHUE BO3MOXHOCTU YCKOPEHMsI BBIYMCIEHUN Onaronaps
HCI0JIb30BAHUIO CTPYKTYP JaHHBIX, ONTUMHU3UPYIOLIUX MEXaHU3M UYTEHUS OTIEPATUBHON MaMSTH.

Hcxoanbie naHHBbIe: AJpeCHOE pacCTOSIHME MEXIy OaHkamu mamstu, pasMmep Oydepa
YTEHHUS.

Pe3yibTraThl 3KCHEpMMEHTA: OTHOILEHHWE BpeMeHUM 00paboTku OJoka mHaMsATu
HEONTUMM3UPOBAHHOM CTPYKTYPBI KO BpeMEeHH 0OpabOTKH OJIOKa CTPYKTYphI, oOecreunBaomen
3¢h(heKTHBHYIO 3arpy3Ky U MMapauiebHyI0 00paboTKY JaHHBIX.

Onucanue npodaembl. Ilpu o00paboTke wHbOpPMAIUK, HAXOIAMICHCS B HECKOJIBKHUX
CTpaHuLaX U 0aHKaX ONEPAaTHBHON NMaMATH BO3HUKAIOT 33/I€PKKH, CBA3aHHBIE C HEOOXOIUMOCTHIO
OTKpPBITHS U 3aKpbIThs cTpaHull DRAM mamsaTu. IIpu nporpamMmmupoBaHuM Ha sI3bIKaX BBICOKOTO
YpOBHS Takas CUTyalus HaOJ0JaeTcsi MpU WHTEHCUBHOM 00pabOTKE HECKOJBKUX MAacCHUBOB
JAHHBIX WJIM 00pabOTKe MHOTOMEpPHBIX MaccuBOB. llpu 3TOM mpoueccoprsl, B KOTOPBIX
peayin30BaHbl MEXaHU3Mbl allllapaTHOM MpeABBIOOPKM, YACTO HE MOIYT OpraHu30BaTh
3¢ deKTUBHYIO 3arpy3Ky AaHHbIX. KpoMe 3TOro, oObeMbl 3alpolIEeHHBIX AAHHBIX OKAa3bIBAKOTCS
3aMETHO MEHBUIE pa3Mepa MakKeTa, IepeJaBaeMoro M3 ONEpaTUBHOM MaMsATd. TakuM 00pazowm,
s dekTuBHas 00pabOTKa HECKOJIbKUX BEKTOPHBIX CTPYKTYp HAHHBIX 0€3 UX JOMOJIHUTEIbHOU
ONTUMM3ALIMH HE UCIIOJIB3YET B IOJDKHOM CTENIEHH BO3MOKHOCTHU aIlllapaTHBIX PECYPCOB.

JUis co3maHus CTPYKTYp [aHHBIX, ONTUMHU3UPYIOUIMX HX 00pabOTKy  COBpEMEHHBIMU
npoLeccopaMu, TpeOyeTcss MaKCUMaJIbHO MCKIIIOUUTh HECBOEBPEMEHHYIO Iepeiady JaHHbIX, T.€.
neperaBaTh B KaX/JOM IIaKeTe TOJIbKO BOCTPEOOBAaHHYIO Uil BbIYHMCIEHUN HHpopMmanuio. B
pe3yiabTaTe TaKOW ONTUMU3ALMKM CHHXKAETCS KOJUYECTBO KAII-IPOMAaxXoB, COKpallaeTcs
KOJIMYECTBO OTKPBITHH M 3akpelTuil crpanuly DRAM-namstu, obecrieunBaeTcsl napasuieiabHas

00paboTKa JaHHBIX U BHINOJIHEHHE OTIepalluii 3arpy3KU U BBITPY3KH.
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CyTb IKCIIEpUMENTA. 21.]'[5[ CpaBHCHHA IMPOU3BOAUTCIBHOCTH aJITOPUTMOB, MCIIOJIB3YIOIIUX

ONTHUMU3HUPOBAHHBIC U HCONITHUMHU3HUPOBAHHBIC CTPYKTYPbI JAHHBIX HWCIIOJB3YCTCA HpO(bI/IJ'II/IpOBKa

KOJa ABYX HOAIpPOrpaMm, KaxJaasd M3 KOTOPBLIX OOJIKHA BBIIIOJHHUTDH 06pa60TKy HECKOJIbBKHUX

050KOB omnepaTuBHOM mnamsATH. B anroputmax o0pabarbiBaroTCs ABOMHBIE cloBa MaHHBIX (4

OaifTa), 94TO CYIIECTBEHHO MeEHbIEe pa3mepa makera (32 — 128 Oaiit). HeonTumusnpoBaHHBIN

BAapUaHT CTPYKTYPHI JAHHBIX MPEACTABISIET COO0N HECKOJIBLKO MaCCHBOB B OTIEPATHBHOM MaMsITH, B

TO BpPEMA KaK OINTUMHU3HUPOBAHHAA CTPYKTypa COCTOUT M3 YCPCAYIOIIUXCSA JAHHBIX KaXXAOTO

MacCcCHBa.

ILJ'I?I IMPOBCACHUA SKCIICPUMEHTA H€O6XOI[I/IMO 3a1aTb U3MCHACMBIC ITapaMETPhI:

IMapamer [Imanmazon Macmrad Onucanue
p

Ne 1 1.4 M Pasmep maccusa

Ne 2 1..128 1 KoanuecTBOo MOTOKOB TaHHBIX

Kon npodpunupyemoit nporpammsl Ha sizbike C IpeaCcTaBIIEH HUXKE.

// BBIOEAEHUE ITAMATU
int *p, *px[32];
for (a = 0; a < Param_[1]; a++)
px[a] = (int *) _malloc64(Param_[1]); // AOPEC KPATEH 64
p = (int*) _malloc64(Param_|[1]*Param_[2]); // AOPEC KPATEH 64

// HECKOABKO MACCHBOB
for (r=1; r <= Param_[2]; r++)
{
x=0;
Start_Count(); // Hauano samepa spemeHu
for (int a = 0; a < Param_[1]; a += sizeof{(int))
for(b=0; b < r; b++)
x += *(int *)((int)px[b] + a );
Finish_Count();// KoHey 3amepa epemeHu
// Pesynemam:
// HoocuX:r
// Ilo ocu Y: Bpems (Konuuecmeo maxmos)

}

// OAVH OIITUMUN3UPOBAHHBIM MACCHB
for (r=1; r <= Param_[2]; r++)
{
x=0;
Start_Count(); // Hauano samepa spemeHu
for (int a = 0; a < Param_[1]*r; a += (sizeof(int)*r))
for(b=0; b < r; b++)
x += *(int *)((int)p + a + b*sizeof(int));
Finish_Count();// KoHeuy 3amepa epemeHu
// Pesynemam:
// HoocuX:r
// Ilo ocu Y: Bpems (Konruuecmeo maxmos)
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[Ipumep nosryueHHOTO rpaduka noka3aH Ha pucyHke 12.
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Pucynox 12 — IIpumep ncciaeqoBaHusi ONTUMHU3UPYIOIIUX CTPYKTYP AAHHBIX

Kpacubiii rpaduk (BepxHHMiIl) NOKa3bIBa€T BpeMs WM KOJUYECTBO TAKTOB PAOOTHI
QITOPUTMA, HCHOJb3YIOIIEr0 HEONTUMHU3UPOBAHHYIO CTPYKTYpY. 3eleHblid rpaduk (HUKHUK)
MOKa3blBaeT BpeMsl (WM KOJIMYECTBO TAaKTOB) pabOThl alropuTMa C UCIHOJB30BaHHUEM
ONTUMM3UPOBAHHOW CTpyKTypbl. Ocbhb abcuucc OTPaXKaeT KOJIMYECTBO OJHOBPEMEHHO
oOpabaTeiBaeMbIX MaccuBOB. OCch OpAMHAT OTOOpa)kaeT BpeMsl B MUKPOCEKYH/IaX MU KOJIHUYECTBO
TaKTOB (B 3aBUCHMOCTH OT 33/IaHHOT0 NapameTpa «EIUHUIBI U3MEPEHUs 0 OCH Y »).

[lo oxoHuUaHMHM SKCHEpPUMEHTa Ha BKJIaaKe «Pe3ynabTaTbl SKCIEPUMEHTa» OTOOpaXKaeTcs
uHpopmanus 00 3(PHEKTUBHOCTH MCHOIb30BAHUS ONTHUMHM3UPYIOIIMX CTPYKTYp JaHHBIX.

Hanpumep: «HeontumusupoBanHas cTpykTypa odopabdareiBanachk B 5,14 pasa qosblie».

Onmucaune SKClIepMMMeHTa «ccnegoraHne KOHQIMKTOB B KBW-IIaMSITMU»

Ienp 3IKcnmepuMeHTa:  UCCIEIOBAaHUE  BIMSAHUA  KOH(QIMKTOB  K3II-IAMSATH  Ha
3¢ (HEKTUBHOCTH BBIUYNCIICHUH.

Hcxoanbie nannble: Pa3smep OaHka KdII-aMSATH JaHHBIX MEPBOrO M BTOPOTO YPOBHS,
CTENEeHb AaCCOLMATUBHOCTH KA3UI-MIaMATHU I[EPBOTO M BTOPOTO YPOBHS, pa3Mep JUHEHKH K3III-
MaMsTU IIEPBOTO U BTOPOTO YPOBHS.

Pe3yabTaThl 3KCepuMeHTA: OTHOLIEHHE BpeMEHH 00pabOTKH MaccuBa ¢ KOH(JIUKTaMU B
K3UI-MIaMSITH KO BpeMeHH 00paboTKH MaccuBa 0e3 KOH(IUKTOB.

Onucanue npodjembl. HabopHo-acconnaTuBHas K3II-IaMATh COCTOUT U3 JIMHEEK JaHHBIX,
OpraHM30BaHHBIX B HECKOJIbKO HE3aBUCHUMBIX OaHKOB. BpiOop OaHka uis KaxIoW HOpLUHU

KOIIHUPYEMBIX JAHHBIX BBIIMMOJIHACTCA IO aCCOMMATHUBHOMY IIPUHOUITY, T.C. U3 YCIOBUA YIIYUILICHUA

17



[IPE/ICTaBUTEIBLHOCTH BBHIOOPKH, B TO BpeMs Kak IieJieBasl JIMHEHKA B KaKJIOM U3 OaHKOB >KECTKO
ompezensercs mo miaimend yactu ¢usnueckoro ajapeca. COBOKYIHOCTh TaKuUX JIMHEEK BCEX
0aHKOB MPUHATO Ha3bIBaTh HabopoM. Takum 0Opa3oM, MONBITKA YUTATh JaHHBIE U3 ONEPATUBHOMN
MaMsATHU C 1IAaroM, KpaTHbIM pa3Mmepy 0aHKa, IPUBOJUT K UX MMOMEILICHUIO B OJJUH U TOT k€ Ha0op.
Ecnu ke KonIMuyecTBO 3ampocoB MPEBOCXOJUT CTENEHb AaCCOLMATHUBHOCTH K3LI-NAMSTH, T.€.
KOJIMYECTBO OAHKOB WJIM KOJIMYECTBO JIMHEEK B HA0ope, TO HaOII01aeTCsl MOCTOSIHHOE BHITECHEHUE
JTAHHBIX U3 KAI-TIAMSITH, IpUYeM OOJIBIINN ee 00bEeM OCTAaeTCsl He3a1eHCTBOBAHHBIM.

CyTtb 3kcnepumenTa. J[1s onpeieieHns CTENEHN BIUSAHUS KOHQIMKTOB B KAII-MaMSITH Ha
3¢ (GEeKTUBHOCTD BBIYUCIEHUN UCIIOJIb3YeTCsl MPOPUIMPOBKA JBYX MPOLENYp YTCHUS U 00pabOTKH
naHHbIX. llepBas mponeaypa mocTpoeHa TakuM OOpa3oM, YTO YTEHUE JAHHBIX BBIMOJHSAETCS C
iaromM, KpaTHbIM pa3Mepy OaHka. DTO HOpOKIAET IMOCTOSHHbIE KOHQUIMKTBI B KIUI-MIAMSTH.
Bropas npouenypa onTUMU3UPYET pa3MelleHUEe JaHHBIX B KAII C MOMOIIbIO 33aJaHUsI CMEIIEHUS
BOCTpEOOBAHHBIX JAHHBIX HA HEKOTOPBIM IIar, JOCTATOYHBIN sl BEIOOpa Apyroro Habopa. ITOT
11ar COOTBETCTBYET pa3Mepy JTUHEHKH.

ILJ'I?I IMPOBCACHUA SKCIICPUMEHTA H€O6XOI[I/IMO 3a1aTb U3MCHACMBIC ITapaMETPhI:

ITapamerp [uamazon Macmrad Onucanue

No 1 1..256 K Pa3mep Ganka Ka1I-namMsaTi

No 2 1..128 0 Pasmep nuHENKN K3II-IaMsATH
No 3 2..512 1 KonndecTBo unTaeMbIX JTUHEEK

Kon npodpunupyemoit nporpammsl Ha sizbike C IpeaCcTaBII€H HUXKE.

// BBIOEAEHUE ITAMATU
// AIIPEC KPATEH 64
p = (int *)_malloc64((Param_[1]+Param_|2])*Param_[3]);

// YTEHUE KOIUI-TIAMATU C KOHOAUKTAMU
for(int a=0; a < Param_|[3]; a++)
{

Start_Count(); // Hauaao 3amepa BpemeHHU
x+=*(int *)((int)p + a*Param_[1]);

Finish_Count();// Kouer 3amepa BpemeHH

// Pesynemam:
// Ilo ocu X: a*Param_[1]
// Ilo ocu Y: Bpems (Konuuecmeo maxmos)

i
// YTEHUE KOUI-TTAMATU BE3 KOH®ANKTOB

for(int a=0; a < Param_|[3]; a++)
{
Start_Count(); // Hauaao 3amepa BpemeHHU
x+=*(int *)((int)p + a*(Param_[1]+Param_[2]));
Finish_Count();// Kouer 3amepa BpemeHH
// Pesynemam:
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// Ilo ocu X: a*(Param_[1]+Param_[2])
// Ilo ocu Y: Bpems (Koruuecmeo maxmos)

[Ipumep nosryueHHOTO rpaduka nokasaH Ha pucyHke 13.
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Pucynok 13 — Ilpumep ucciienoBanus KOHYPIUKTOB B KIUI-AMSTH

Kpacubiii rpaduk (BepxHHMiIl) NOKa3bIBa€T BpeMsS WM KOJUYECTBO TAKTOB PAOOTHI
MPOLEAYpbl, YUTAIOLIEH JaHHble ¢ KOHQIMKTaMH B K3UI-MAMSTH. 3eleHbld Trpaduk (HIKHUN)
MTOKa3bIBAa€T BpEeMs WJIM KOJIMYECTBO TAKTOB pabOThI MPOLEAYPHI, HE BhI3bIBAIOIIECH KOH(IIUKTOB B
Kou-namsaTi. Ock adbcuuce oTpaxkaeT CMEIEHNE YUTaeMON YEeHKHN OT Hayasa 0yioka AaHHbIX. Och
OpIvHAT OTOOpakaeT BpeMs B MUKPOCEKYHJAaX MM KOJUYECTBO TAKTOB (B 3aBUCHUMOCTU OT
3aJlaHHOTO MapameTpa «EIuHUIBI n3MepeHus 1o ocu Y»).

[lo oxoHuUaHMHM AKCHEpPUMEHTa Ha BKJIaaKe «Pe3ynbTaTbl SKCIEpPUMEHTa» OTOOpaXKaeTcs
uHpopmanusg o0 3pdexTuBHOCTU uTeHUs 0e3 KOHGIMKTOB K3uI-nmaMsti. Hanpumep: «Utenue c

KOH(}IUKTOM 0aHKOB IIPOU3BOAMIOCH B 12,8 pa3a qoJibLiey.

Ommcanme skcnepmMeHTa «CpaBHEHME aJI'OPUTMOE COPTMPOBKM»

Leap 3xcnepuMenTa: ucciae0BaHue coco00B AIPPEKTUBHOIO UCIOJIb30BAHUS MaMATH U
BEISIBIICHHE Hanbosee 3((HEeKTUBHBIX AITOPUTMOB COPTUPOBKH, TPUMEHUMBIX B BBIYHCIHTEIHHBIX
CHCTEMaXx.

Hcxoanble JaHHbIE: KOJMYECTBO MPOILIECCOPOB BBEIUMCIUTEIBHON CHCTEMBI, pa3Mep MaKeTa,
KOJINYECTBO JIEMEHTOB B MacCCUBE, P3PS THOCTH JIEMEHTOB MacCHBa.

Pe3yabTaThl IKCNEPUMEHTA: OTHOIIEHHE BPEMEHH COPTHPOBKH MAacCHBA aJTOPUTMOM
QuickSort ko Bpemenu coptupoBku anroputMoMm Radix-Counting Sort ¥ K0 BpeMEHH COPTUPOBKHU

Radix-Counting Sort, onTUMH3UPOBAHHON MOT 8-IPOIIECCOPHYIO BEIYUCIUTEIBHYIO CUCTEMY.
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Onucanue npodsembl. CyliecTByeT HECKOJIBKO JIECATKOB aIrOPUTMOB COPTHUPOBKH. Mx
MOXXHO KJIacCU(QUIMPOBATh MO TaKUM KpPUTEpUsM, Kak: Ha3HaueHUE (BHYTPEHHSS W BHELIHSSA
COPTUPOBKH), BBIYMCIUTENbHASA CJIOKHOCTb (QJTOPUTMBI C BBIYMCIUTEIBHBIMU CIIOKHOCTSIMU
O(n%), O(n*log(n)), O(n), O(/log(n))), eMKOCTHAsI CIIOKHOCTH (QJITOPUTMBI, TPEOYIOIIHE U He
TpeOylolye  JOMOJHUTEILHOTO  MacCuBa),  BO3MOXHOCTb  pacnapajuieuBaHus  (He
pacnapaieIMBacMble, OIPaHUYEHHO paclapajjieIuBaeMble, MOJHOCThIO paclapalljieIuBaeMble),
INPUHIMI OINpeAeTeHUs] NopsAaKa (IrOpUTMBI, HCIOJb3YIOLIUME MapHbIE CPABHEHUS U HeE
HCIOJIb3YIOLIUE TIapHbIE CPAaBHEHUS).

Cpeny M3BECTHBIX QJTOPUTMOB HE BBIJECJIEHO OJHO3HAYHOIO JIMJIEPA, BBIMOIHSIOIIETO
COPTUPOBKY 4HUCEN JII0OOW pa3psIHOCTH 32 MUHMMAaJIbHOE BpeMs C MUHUMAaJbHOW €MKOCTHOM
cioxHocTho. Cunraercs [5,6], 4To xopoiiue pe3yapTaThl 00eCHeurnBaeT aJrOPUTM BHYTpPEHHEH
coprupoky QuickSort, NMeIoNHil BEIUANCIHTENBHYIO CITOKHOCTE B cpenaeM O(n*log(n)) u O(n?)
B xyaweM. Teopernuecku A0Ka3aHO, YTO aJTOPUTMBbI, KCIIOJIb3YIOLIUE IapHbIE CPABHEHUS HE
MOT'YT UMETh BBIYUCIUTEIBHYIO CII0KHOCTh MEHbIIIyI0, yeM O(n*log(n)).

OcoOblil uHTEpeC MPEACTaBISAIOT aITOPUTMbI BHYTPEHHEH COPTUPOBKH, HE HCIOJb3YIOIINE
napueie cpaBHeHUs: Counting Sort, Radix Sort u npyrue. B paborte [4] mpemnioxkeH alropuTM,
SBISIONUNCA codeTanreMm anroputMoB Counting Sort (coptupoBka mojcdetoMm) W Radix Sort
(mopaspsiiHasi COpTUPOBKA), JIMIIEHHBIN HEKOTOPHIX MPUCYIIUX UM HeA0CTaTKoB. B [4] momydeHbt
OILICHKHU BBIUMCIUTENBHOU ciokHocTH Radix-Counting anropurma (O(n/log(n))), T.e. oHa MeHee
yeMm JinHerHa. O/IHaKo, BBIUMCIUTENbHAS CJIO0XHOCTh aJIrOpPUTMa CYHIECTBEHHO 3aBHUCHUT OT €ro
HAaCTPOMKM Ha ONpPENENICHHYIO Pa3psIHOCTb YHCEI U Pa3MEpPHOCTb MACCHUBOB. JlJ1s1 BBINOJHEHUS
COPTUPOBKM Ha MHorompoueccopusix OBM Tpebyercs HUCHOJB30BaTh ONTHUMU3HPOBAHHYIO
crpareruto Radix-Counting COpTUPOBKH, YYUTHIBAIOIIYIO KOJIMYECTBO IPOLECCOPOB, a TaKkKe
MAKETHBIN pexuM 0OMeHa Mpolieccopa U ONepaTUBHON MaMSITH.

/ /Aaroput™m QUICK-SORT

/ /BbloeaeHye TaMsaTH

QMAS = (unsigned __int64 *) _malloc128(Param_[0]*sizeof(unsigned __int64));
RMAS = (unsigned __int8 *) _malloc128(Param_[O]*sizeof(unsigned __int64));
TMP = (unsigned __int8 *) _malloc128(Param_[0]*sizeof(unsigned __int64));
TMP_A64 = (unsigned __int64 *)RMAS;

TMP_B64 = (unsigned __int64 *)QMAS;

for (b = Param_|[1]; b <= Param_[0]; b += Param_[1])
{
Start_Count(); // Hauaao 3amepa BpemeHHU
QuickSort(QMAS,0,b-1);
Finish_Count();// Kouer 3amepa BpemeHH
// Pesynemam:
// Ilo ocu X: b*Param_[1]
// Ilo ocu Y: Bpems (Konuuecmeo maxmos)
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void QuickSort (unsigned _ int64* A, int iLo, int iHi)
{

int Lo, Hi;

unsigned __int64 Mid,T;

Lo =iLo;

Hi = iHi;

Mid = A[(Lo + Hi)>>1];

do

{ while (A[Lo] < Mid) {Lo++;};

while (A[Hi] > Mid) {Hi--;};

if (Lo <= Hi)

{
T = A[Lo];
A[Lo] = A[Hi];
A[Hi] = T;
Lo++;
Hi--;

}
} while (Lo < Hi);
if (Hi > iLo) {QuickSort(A, iLo, Hi);};
if (Lo < iHi) {QuickSort(A, Lo, iHi);};
}

/ /AaroputMm RADIX-COUNTING (pa3MepHOCTH BCEX TPYII pa3psaoB: 8 OuT).
for (b = Param_|[1]; b <= Param_[0]; b += Param_[1])
{
TMP_A64 = (unsigned __int64 *)RMAS;
TMP_B64 = (unsigned __int64 *)TMP;
Start_Count(); // Hagaao 3amepa BpeMeHHU
for (i=0; i<=7; i++) {
/ /3all0AHUTE MAaCCHUB C HyAIMH
for (j=0; j<=255; j++) {c[j]=0;};
/ /Hakonuts B MmaccuBe C KOAMYECTBA IOBTOPEHU pa3psiaoB
for (j=0; j<b; j++) {[RMAS[i+j*8]|++3};
/ /Coxpanuts B MaccuBe C KOAMYECTBO YHCEA, MEHBIITHUX JAHHOTO
for (j=1; j<=255; j++) {c[j] += c[j-1];};
for (j=b-1; j>=0; j--) {
/ /MomudurnpoBaTts MaccuB C [as JaHHOTO 3HAYEHHUS pas3psaa
c[RMAS[i+j*8]]--;
/ /3amucaTh YUCAO U3 UCXOJHOIO MacCHBa BO BPEMEHHEBIN MacCUB
temp = TMP_A64{j];
TMP_B64[c[RMAS[i+j*8]]] = temp; }
/ /T1oATOTOBUTECS K COPTHPOBKE I10 CAEAYIOIIEMY Pa3psiy
p=TMP;
TMP=RMAS;
RMAS=p;
TMP_A64 = (unsigned __int64 *)RMAS;
TMP_B64 = (unsigned __int64 *)TMP;
}
Finish_Count();// Konen 3amepa BpemeHHU
// Pesynemam:
// Ilo ocu X: b*Param_[1]
// Ilo ocu Y: Bpems (Konruuecmeo maxmos)
H
/ /AaroputMm RADIX-COUNTING, onTUMH3UPOBaHHON O 8 IPOIIEeCCOPOB
for (b = Param_[1]; b <= Param_[0]; b += Param_[1])
{
TMP_A64 = (unsigned __int64 *)RMAS;
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TMP_B64 = (unsigned __int64 *)TMP;
Start_Count(); // Hagaao 3amepa BpeMeHHU
for (i=0; i<256*8; i++) {copt[i]=0;};

j=0;

for (k=0; k<b; k++) {

/ /TlapaaaeabHOe oGpalieHHe K 8 yacTaMm copt
copt[RMAS[j+0]*8+0]++;
copt[RMAS[j+1]*8+1]++;
copt[RMAS[j+2]*8+2]++;
copt[RMAS[j+3]*8+3]++;
copt[RMAS[j+4]*8+4]++;
copt[RMAS[j+5]*8+5]++;
copt[RMAS[j+6]*8+6]++;
copt[RMAS[j+7]*8+7]++;
j+=8;

}
for (j=1; j<256; j++) {

/ /TlapaaaeabHOe oGpalieHHe K 8 yacTaMm copt
copt[j*8+0] += copt[j*8-8+0];
copt[j*8+1] += copt[j*8-8+1];
copt[j*8+2] += copt[j*8-8+2];
copt[j*8+3] += copt[j*8-8+3];
copt[j*8+4] += copt[j*8-8+4];
copt[j*8+5] += copt[j*8-8+5];
copt[j*8+6] += copt[j*8-8+6];
copt[j*8+7] += copt[j*8-8+7];

}
for (i=0; i<=7; i++)
{

for (j=b-1; j>=0; j--)

{
ii=(RMAS[j*8+i])*8+i;
jj=--coptlii];
temp = TMP_A64{j];
TMP_B64{jj] = temp;

}

p=TMP;

TMP=RMAS;

RMAS=p;

TMP_A64 = (unsigned __int64 *)RMAS;

TMP_B64 = (unsigned __int64 *)TMP;

}
Finish_Count();// Konen 3amepa BpemeHHU
// Pesynemam:
// Ilo ocu X: b*Param_[1]
// Ilo ocu Y: Bpems (Konruuecmeo maxmos)

CyTh 3KcnepuMeHTa. OKCIHEPUMEHT OCHOBAaH Ha 3aMepe BPEMEHHU TpPEX BapHAHTOB
anroputmoB coptupoBku (Quick Sort, Radix-Counting Sort, OntumusupoBanubiii Radix-Counting
Sort) .

ILJ'I?I IMPOBCACHUA SKCIICPUMEHTA H€O6XOI[I/IMO 3a1aTb U3MCHACMBIC ITapaMETPhI:

IHapamerp /luamazon Macmrad Onucanue
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No 1 1..20 M KonnuecTBo 64-X pa3psigHbIX 2JIEMEHTOB MAaCCHBOB

No 2 4..1024 K [lar yBennuenus pasmepa MacCuBa

[Ipumep nosryueHHOTO rpaduka noka3aH Ha pucyHke 14.

10 SW000 00 S e et e e b e i Siazze e
10000000 000 :
9500000000
9000000000
8 500000 000 cmemmeen- Seseemsscesoefencioec s == e e i wmmemeepeoes
000000000
7 500000000
7000000000 :
/500000 0001} SESSSEREEaRaSaRos SeRsEEeEEEs S— i S i e
6000000000
5 500 000 000
5000000000
4 500 000 000
4000000000
3 500 000 000
3000000 000
2 500 000 000
2000000 000
1 500 000 000
1000 000 000
500 000 000

a

a 1000 000 2000 000 3000000 41000 000 5000 00O 6000 000 7000 000 8000 000 9 000 000 10 000 000

Pucynox 14 — IIpumep nccieqoBaHusi aJITOPUTMOB COPTHPOBKH

®uosieToBbIii TpaduK (BEPXHHI) TOKA3bIBACT BPEMs WM KOJIUYECTBO TAKTOB PAOOTHI
anroput™ma QuickSort. Kpacuslii rpaduk (cpeaHuil) mokasbiBaeT BpeMsi UM KOJMYECTBO TaKTOB
paboTel HeonTUMHU3uMpoBaHHOro anroputma Radix-Counting. 3eneHblii rpaguk (HIKHHN)
MTOKa3bIBAET BPEMsl WJIM KOJUYECTBO TAKTOB PadOThl ONTUMHU3UPOBAHHOTO IOJ 8-IPOLIECCOPHYIO
BBIYMCIUTENbHYIO cucTeMy anropurma Radix-Counting. Ocp abcuucce oTpaxkaeT KOJIMYECTBO 64-
paspsAHBIX JJEMEHTOB COpTUpPYeMbIX MaccuBoB. Ocbhb  opaMHaT oToOpakaeT Bpems B
MUKPOCEKYHJIaX WM KOJUYECTBO TAaKTOB (B 3aBHCHUMOCTH OT 3aJaHHOro rnapamerpa «EanHuIbI
U3MEpPEHUs 0 OCH Y»).

[lo oxoHuUaHMHM SKCHEpPUMEHTa Ha BKJIaaKe «Pe3ynabTaTbl SKCIEPUMEHTa» OTOOpaXKaeTcs
uHpopmanug o6 3¢d¢dekTuBHOCTH anroputMoB coptupoBku. Hampumep: «QuickSort paboran B
1,4161678 pa3 nonpmie Radix-Counting Sort. QuickSort padotan B 1,7967811 pa3 gonsie Radix-

Counting Sort, onTUMH3UPOBAHHOTO O §-TIporieccOpHyI0 DBM.».

Conepxaumue oTdueTa

B oruere, momMuMo Ha3zBaHMs J1abopaTOpHOW pabOThI, HOMEpa TpyIIbl, (aMUWIMH U

WHUIHMAIOB CTYACHTA, JOJKHA COJIep)KaThCsl  cienymoomas HHpopMmanus: g KakIoro
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IIPOBEJCHHOIO HKCIIEPUMEHTA YKa3bIBAIOTCS HCXOJHBIC JaHHBIE, HACTPAWBAEMbIE MapaMeTphl,
rpadyuKy MOJIyYEHHBIX XapaKTEPUCTHK U pe3yibTaThl 3KcriepuMenTa. [1o kaxaoMy sKCEepUMEHTY
JIOJIKHBI OBITH CJIeNIaHbl BBIBOJBL. B KOHIle oTdeTa mpuBoauTCS HHGOpMalus o0 uAeHTUPUKAIIIT

IpoLeccopa, UCIOIb30BaHHOTIO IIPU MTPOBEIEHUH IKCIIEPUMEHTOB.

KoHTpOJBHEIE BOIIPOCEH

1. Ha3oBuTe npuunHbI pacciioeHus ONepaTUBHOMN MaMSTH.

2. Kak B coBpeMeHHBIX IIpolieccopax peann30BaHa anmaparHas IpeiBbIoopKa.

3. Kakas unpopmanus xpauutbest B TLB.

4. Kako#i Tum acconmaTUBHON MAaMATH UCHOJIB3YETCS B KAUI-IIAMSATH BTOPOTO YPOBHS

coBpeMeHHbIX OBM u nouemy.

5. [IpuBeaute nmpumep NpOrpaMMHON NPEABBIOOPKH.

Cnmcok JImTepaTypsl

1. Hwibkep b.5., OpnoB C.A. Opranuzanuss 9BM u cucrem: YueOHuUK ISl BYy30B. —
CIIO.: [Turep, 2004. — 668 c.: u.

2. Kacnepcku K. Texnuka ontumuzanuu nporpamm. ¢ (eKTHBHOE UCIOJIb30BaHUE
namsit. — CI16.: BXB-Ilerepoypr, 2003. — 464 c.

3. TA-32 Intel® Architecture Software Developer's Manual

4. KoxotoB B.3. Ilopa3psgnas copTupoBKa MEHEE 4YeM JIMHEHHOHN CJIOXKHOCTU. —
Nudopmanronnsie Texnonoruu, 1998, NelO, c. 14-21

5. Kuyr J. UckycctBo mporpammupoBanusi. T. 1.: OcHOBHbIE aJIFOPUTMBI. 2-€ U3L.:
IIep. ¢ anrn. — M.: U3parensckuit nom «Bunbssme», 2001. — 720 c.

6. Kopwmen T., Jleitzepcon Y., PuBect P. Anroputmsel: nocrpoenue u aHaiaus. — M.:

MIIHMO, 2000. — 960 c.

24



