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OnHOM W3 U3BECTHBIX 33[a4 B 00JaCTH BBHICOKONPOM3BOAUTEIBHBIX BBIYUCICHHUI SBISCTCS TIOUCK OIITH-
MaJIbHOTO 0TOOPaKCHHs MPOLIECCOB MMApaUIeIbHON MPOrPaMMBI Ha Y31kl CYIICPKOMIIBIOTEPHON CHCTEMBI. Pe-
IICHHE TAKOM 33034l MO3BOJSICT MUHHMH3UPOBATH HAKIAIHBIC PACXOABl Ha HWH()OPMAIMOHHBIC OOMEHEI
MEKTy BBIIOJIHSIOMINMHCS IIPOLECCAMH I, KaK CIICICTBHE, HOBBICUTH IIPOU3BOIUTEILHOCTD BEIYUCIICHUI. [Ipu
HOKCKE OTOOPaKEHUSI CYIIEPKOMITBIOTEPHAsI CHCTEMa H IapaulesbHas MporpamMMa MpeCTaBISIFOTCS B BHIC
rpadoB.

B Hacrosimeil ctathe 3aa4a 0TOOPaKEHHUSI PEIaeTCs MPUMEHHTEIBHO K CHCTEME KOJUIEKTHBHOTO MOJIB30-
BaHUsI CYMEPKOMITBIOTEPOM, KOTOpast BEIET Ouepe/ib MapaiebHbIX mporpamm. [locie mpoxoskaeHuUs Ouepe i
napajIeNbHOM IporpaMMe BBIIEISIETCS HOBOE, 3apaHee HEM3BECTHOE MOJAMHOKECTBO Y3JTIOB CYIEPKOMITHIO-
Tepa. B 3THX yCIIOBHSIX HEOOXOIMMO 32 TPHEMIIEMOE BPEMsI TIOCTPOUTH rpad BBIICICHHOTO MOIMHOXECTBA
Y3JI0B ¥ HalfTH MOaXoslee 0TOOpaKeHHe MapaielibHOM IporpaMMel Ha 3ToT rpad. [Ipu moucke otobpaxe-
HUS [IPEIUIaraeTcsl 3a/Ie¥iCTBOBATh APAILICIbHBIE AITOPUTMBI, IJIs BBIIIOJIHEHHST KOTOPBIX UCIIOJIB30BATH BbI-
JETICHHbIE Y3JIbI CYIIEPKOMITBIOTEPA.

s WcciemoBaHus CBOWCTB alCOPUTMOB OTOOpakeHHs ObUIO pa3paboTaHO MPOrpaMMHOE CPEICTBO
GraphHunter, mo3BosnuBIIIee MPOBECTH YKCIIEPUMEHTBI C TPEMSI IaPaJUICIbHBIMA AITOPUTMAMH: UIMHUTALIHHN OT-
JKUTa, TeHETHYECKUM aIrOPUTMOM U UX KoMOWHanuel. B Hacrosmieil craTbe paccMOTpeHa CTPYKTypa pa3pa-
6oranHoro mporpammuoro cpeacrsa GraphHunter, mpuBemeHs! pe3ynbTaThl SKCIIEPUMEHTOB C 3aITyCKaMu
GraphHunter na cynepkommbrotepe MBC-10IT OIT.

Knrouessie cnosa: svicokonpouzgooumenvhule 8bl4UCICHUS, NAPALIETbHBIE ANCOPUMMbL OMOGPAICEHU,
UMUMAYUsL OMIICULA, 2EHEMUYECKUTL AN2OPUMM, NIAHUPOBAHUE 3A0AHULL.

CoBpeMeHHBIH CYNEepKOMIBIOTEP MNpeacTaB-
JseT cO00H MapauieNbHyI0 CHCTEMY U3 BBIYHCIIH-
TENBHBIX Y3JI0B, COCIMHEHHBIX BBICOKOCKOPOCT-
HOM ceThl0. Tonosorust ceTn MoKeT ObITh pa3HOH
W BKJIIOYATh JIMHUM CBA3M Pa3sHOW MPOIYCKHON
CMOoCOOHOCTH M JaTeHTHOCTH. CymepKOMITBIOTEp-
HYI0 CUCTEMY MOKHO TMPEJCTaBUTh B BHJE rpada
Gs = (B, Es), rue B — muaOXecTBO y31108B; Es — MHO-
KECTBO JIyT, TMPEACTABISAIOIINAX JIMHUHA CBS3H
MEXIy y3namu. [IpOM3BOMUTENLHOCTh JIUHUH
CBSI3U XapaKTepH3yeTCs BecaMu Iyr rpada Mij,
(i,j=1,...,N), (i,]) € Es.

OcHOBHOE Ha3Hau€HHE CYNEPKOMIIbIOTEpa —
BBITNIOJIHEHUE TPHUKIATHBIX MapajuleNbHBIX MPO-
rpamm. [lapamiensHas mporpaMmma MpeAcTaBiseT
co00H COBOKYITHOCTH MpPOIECCOB, OOMCHHBAIO-

IIUXCSA MEXTy co00i MHPOpMaIei ¢ pa3TuuHON
WHTCHCUBHOCTBIO. [lapamnmensHas mporpamMma
npencrasisiercst Tpadom Gp = (Ap, Ep), Tme Ap —
MHO)KECTBO BEpIINH, COOTBETCTBYIOIIEE IpOIiec-
caM; Ep — MHOXeCTBO JyT, MpeICTaBIAIOMINX HH-
(hopMaImOHHBIE CBSI3U MEX Iy Iporieccamu. Komu-
gecTBO mporeccoB N = |Ap|. Iyram rpada npunu-
ceiBatorest Beca Cij (i, j = 1, ..., N), oTpaxarorue
UHTEHCHUBHOCTh ~ MH(OPMALMOHHOTO  OoOMeHa
MeXy i-M u j-M nporeccamu. Jlanubrii rpad Gy-
JeM Ha3bIBaTh MPOTPAMMHBIM, WK UH(DOPMAIIH-
OHHBIM TpadoM.

OtoOpaxenne nHPOPMAITMOHHOTO Tpada ma-
pamtensHOM 3amaun Gp Ha CTPYKTypy cyrep-
KOMITbIOTEpa, 3aganHoi rpadom Gs, 0003HATAET-
ci ¢: Ap > B um mpencrasmsercs marpuueit
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X ={Xij: i€ Ap, j e B}, rne Xjj= 1, ecitu (i) = j,
u Xij = 0, ecu (i) # j. Kpureprem ontumanibHO-
cTH 0TOOpaXkeHwsI (TPY YCIIOBUU PaBHOM IIPOU3BO-
JIUTENFHOCTH BCEX BBIUMCITHTEIBHBIX Y3JI0B) CITy-
XUT HeKOTOphIN (yHkimonan F(X) [1]:

F(x):ZN:ZN:ZN:ZN:m”ckpXHXm — min. Q

i=1 j=1 p=1 k=1

Pemenue 3agaun TpeOyercs oOecneuuTs B CH-
cTeMe KOJUIEKTHBHOTO MoJbp30BaHuA. Ha Bxox cu-
CTEeMBI IIOCTYIaeT MOTOK MOJIb30BATEIbCKIX 3a/a-
HUM, U3 KOTOPBIX (hopMupyercst ouepens. Kaxmoe
3aJjaHne BKJIIOYACT MapaUICAbHYIO HpOrpamMMmy,
IUTSL BBITTOJTHEHUS KOTOPOH TpeOyeTcs moaMHOKe-
CTBO Y3JIOB CHUCTEMEL [Ipu 3amycke ouepeaHoro
3aJaHusl y3JIBl JUIS HETO BBIAGISAIOTCS M3 4YHCIIa
CBOOOIHBIX Ha STOT MOMEHT, TO €CTh KaKue KOH-
KPETHO Y3IIbI OYAYT BBIACICHBI 3aaHUIO, 3apaHee
Heus3BecTHO. [l Kakaoro 3amaHust Tpedyercs
HalTH ONTHMaJbHOE OTOOpaKEHHE Mporpam-
MHOTO rpada Ha 3apaHee HEM3BECTHBIN Ipad Mmoj-
MHO>KECTBA BBIJICJICHHBIX y3JI0B B COOTBETCTBHUH C
(1). OToOpaxkeHHe AOIHKHO CTPOUTHCS 3a MPUEM-
JIeMoe BpeMsi, TO €CTh OHO JOJDKHO OBITH CyIIe-
CTBEHHO MCHBIIIC BPEMCHHU BBITIONHCHHS 3/IaHIII
(B cpemHeM HECKOJIbKO YacOB) M HE IMPEBBIIIAThH
IIPU ATOM BpeMsI CUCTEMHBIX TaltMayToB (J10 5—15
MHHYT).

B pabote [2] mia cucTeMbl yrpaBlieHUs 3a/a-
HusMHu cynepkomnbiorepa MBC-1000 [3], ycra-
HoBjiaeHHoro B UIIM um. M.B. Kenasimma PAH,
npeioxkeH IByxatansbii mMeroq PI'O (Paspesa-
aue—I eHeTnKa—OTXKUT) OTOOpAKEHHS IIPOTPaM-
MHOT0 Tpada Ha Tpad BEIYACITUTEIBHON CHCTEMBI.
Ha nepBom »Tarne amst oueperHoro 3a1aHus BHIOU-
paroTcsl y3IBI CYNEpKOMITBIOTEpa M3 YHCIa CBO-
0OIHBIX Ha MOMEHT 3aIrycka. Beibop y3moB mpous-
BOJIUTCS C TIOMOIIBI0 MOAU(DUITUPOBAHHOTO AJIro-
pUTMa HAXOXJCHHS MUHHMAJIbHOTO pa3pe3aHws
rpada [2, 4], KOTOPBIH MO3BOJSACT BBIACTUTD IS
3aJJaHus] MHOKECTBO HamOoJee CBSI3aHHBIX Y3IIOB
u3 uyucna cBoOomHbIX. Ha BTOpoM sTame ocy-
IIECTBIAETCS HENOCPEACTBEHHOE OTOOpakeHHE
mporpaMMHOro rpada Ha rpag MOACHCTEMBI U3
BBIOpaHHBIX y3110B. JIJIs1 HaXOoXIeHUS 0TOOpake-
HUS KCITOJIB3YIOTCSI BRIOPAHHBIE Y3761, Ha KOTOPBIX
mepes 3aImyCcKoM 3alaHus paboTaeT mapauieib-
HBII aITOPUTM MOJICITHPOBAHUS OTKHTA C TCHETH-
yeckumu onepauusmu [10IN (ITapamnensapii—-OT-
xur—I'eneruka). [lapaminensHas cxema ajaropur-
Ma, OCHOBAaHHOTO Ha COYETAHWU UMHTAIMOHHOTO
OTXKHUTa ¥ TEHETHYECKOTO aNrOprUTMa, IMO3BOJIMIIA
MOJTY4aTh OTOOPAKEHUS BEICOKOH TOYHOCTH 32 KO-
potkoe Bpems. Anpobarus anroputma [1OT" ocy-
mecTBisuiack Ha cucreme MBC-1000, u qyis psga
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MPWIOKEHUH YAAIOCh MOIYYUTh MPUPOCT OBICT-
poaeiictBust 10 45 %. Cuctema MBC-1000 cocto-
si1a BCEro U3 32 OIHOIPOIIECCOPHBIX Y3JIOB.

B pabore [5] Ha cynepkomnbrotrepe MBC-1011,
YCTAaHOBJIEHHOM B MEXBEIOMCTBEHHOM CyIIep-
KoMmIbloTepHOM 1ieHTpe PAH, ymanochk pemmth
3amauy orobpaxenus st tecta HPCG. [lns 0To6-
pakeHHs OBUT NMpPHMEHEH MapajuIeIbHBIA anro-
put™M mmutanuu omkura PCGA, uues KoToporo
3aKIIIOYAETCS B JIOKAJIH3alUK KOMMYHHKAIIMOH-
HOTO Tpaduka HWHTEHCHUBHO OOMEHHMBAIOIIUXCS
BETBEH MPOTPaMMBI 110 CHIIBHOCBS3aHHBIM Y3JIaM
CYNEPKOMITHIOTEPA.

B nanHOl cTaThe paccMaTpuBaeTCA MPOIOIKE-
HUE paboT [2, 5] ¢ Lenpl0 Co3laHus Mporpam-
MHOT'O CPEJICTBA JUTS SKCIICPUMEHTAIIBHOTO UCCIIe-
JOBaHMs XapaKTCPUCTUK AJTOPUTMOB ITOUCKA
OTOOpaKeHHS TapajUleNIbHBIX  MPOrpaMM  Ha
CTPYKTYPY CYIIEPKOMITBIOTEPA.

MeToabl, aJITOPUTMBI H CPEACTBA PelIeHHUs
3aj]a4i 0TOOPasKeHusl

A HaxOKIOEHHS ONTHMAIBHOTO OTOOpaske-
HUS TPUMEHSIOTCS Ppa3InYHBIE METOMBI, airo-
PHUTMBI M TIporpaMMHBIe cpenctBa. Kiaccuguxka-
s U3BECTHBIX aJITOPUTMOB OTO6pa)KeHI/IH IpuBe-
JicHa Ha pucyHke 1.

Tounsle AJITOPUTMBI BCETJa HaAXOAAT MUHU-
MaJibHOe 3HaueHMe neneBoit ¢pyHkimu (1). K Hum
OTHOCSITCS TIOJNHBIA Tepedop BCEX BO3MOXKHBIX
otobpaxkeHuit U meton BeTBed W rpanwmi. [lo-
CKOJIBKY 33/laya IOMCKa OTOOpPaKeHHUs SIBIISIETCS
NP-mostHOM, BpeMsi paOOTBI TOYHBIX aJTOPUTMOB
JUTS TpadOB CPEAHUX U OOJIBIIUX Pa3MEPOB MOXKET
oKazaTtbcs HempuemieMo 6onpmuM. CokparieHue
BpPEMEHH JI0 IPUEMIIEMBIX BEIMYHH BO3MOXKHO 32
CUET TPUMEHEHHsI MPHUOIKEHHBIX aITOPUTMOB.
OTH anropuTMBI B OOIIEM Cily4ae HaxoIsT cyO-
ONITHMAaJIbHOE OTOOpaskeHHue, obecrednBasi Oyu3-
KO€ K MUHUMAIFHOMY 3HA4YCHHUE IeNICBOH (yHK-
i (1). Cpenu npuOIMKEHHBIX alTOPUTMOB BBI-
JeTSIOT rpadoBble W SBPUCTUYECKHE ANTOPHUTMBI.
J1st yCKOpeHUs! pelieHus 3a1a49u 9acTo MPOBOIAT
pacnapanieTMBaHNe alTrOPUTMOB.

AxTHBHas pa3pabOTKa METOJIOB, aJITOPUTMOB U
cpencTB oToOpakeHus Benercs ¢ 80-X ro10B Mpo-
nioro Beka. B Hacrosiiee BpeMs 3Toit pobieme
MTOCBAIIEHO MHO)KECTBO HAYYHBIX ITyOIMKAIIUI.

I'padoBbie anropuTMBI CPAaBHUTEIBEHO CI0XKHO
pacmapayIeTUBarOTCs, YaCTO BO3HUKACT HEO0XO-
JUMOCTb yJTyUIlIEHUS [10JIy4EHHBIX PELIEHUH C T0-
MOIIBIO JPYTUX METOJOB ONTHMHU3AIIHH.

B pabote [6] aBTOpHI 3a CuUeT MOCTPOEHUS
0TOOpakeHUs] MPOrpaMMHOTO Tpada ONTHMH3H-
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Fig. 1. A classification of mapping algorithms

PYIOT Takue MmapaMeTpbl, KaK CPeIHss 3arpy>KeH-
HOCTh KaHajia IIepeady JaHHBIX U 001I1ee Konude-
CTBO TIEPEXOJOB, BBHITOTHIEMBIX COOOIICHHUSIMHU.
ABTOpBI pa3paboTany >KaJHBIH aITOPUTM MOUCKA
0TOOpaXEeHUs,, OCHOBAHHBIII Ha 00xone rpada B
LIMPUHY C TOCIIEAYIOIINM YIIy4LIeHUEeM pe3yJIbTa-
TOB ¢ nomombto anropurMa Kepuurana—Jluna u
anroput™a obxona rpada B rmyouny. [Ipu pere-
HUU 33J]a41 YMHOXEHHMSI pa3psHDKEHHBIX MaTpPUIL Ha
BekTop Ha cymepkommbiotepe IBM Blue Gene
MPUPOCT IPOU3BOAUTEIBLHOCTH cocTaBui 23 %.

Jns pexypcuBHOTO pa3OueHHs rpada MOXKHO
Ucnob30Bath OubmHoTeky Scotch [7], koTopas
AKTHBHO NIPUMEHSETCSI NCcaeoBaTeNsIMH. Jpyrast
u3BectHas oubauoreka — LibTopoMap [8], B Heit
peann3oBaH psAA AITOPUTMOB OTOOPaKEHHS, B TOM
YHCcIe JKaJHBIH aJrOpUTM IMOHCKA CaMOTo 3arpy-
JKEHHOTO IIpoIecca B KOMMYHUKAI[IOHHOM IJIaHe
U BBIUUCIUTEIBHOTO 3JIEMEHTa, UMEIOLIEr0 Hau-
OONBIIYI0 KOMMYHHUKAIIHOHHYIO CBSI3b, @ TaKXKe
agroputm  Katxwina—Makky, — MO3BOJISIOIIUN
YMEHBIIUTh MHPOIYCKHYIO CHOCOOHOCTB paspe-
KEHHOM MaTpHIIbl paccTOosTHUM. Iy ymydiieHus
pe3yIBTATOB OTOOPAKEHUS MCIIONB3YIOTCS ajro-
PUTMBI UMUTALIUU OTXKUra U aJITOPUTM BOCXOXKJE-
HUSI HA BEPILUUHY.

B pabote [9] aBTOpBHI NpeACTaBUIM JBA JTO-
pUTMa, MUHUMHU3HUPYIOLUX HaKJIaJHbIE PacXobl
Ha KOMMYyHUKauuu. Hucxomsmmii anroput™ pe-
KypCHBHO pa30uBaeT rpad Ha yMEHBIIAIOIINECS
0J10KH, BOCXOJSIIUI HAET B 00paTHOM MOPSIZIKE.

H3BecTHRIM MHCTpYMEHTOM siBsieTcst MPIPP,
MO3BOJISIONIMNA  OCYIIECTBIISITh aBTOMATUYECKUN
MOUCK ONTHMHU3UPOBAHHOTO OTOOpa’kKeHHUsS C Lie-
JbI0 MUHMMU3ALlMHU 3aTpaT Ha CBS3b THIIA TOYKA-
TOYKa JIJISl IPHJIOKEHUH C MTPOU3BOJIBHBIM XapaK-
TepoM obmeHa coobmienusimu [10].

B pabote [11] mpemnaraercst MeTox oToOpaske-
HUS, YUUTBHIBAIOIIMNA TOIMOJIOTUI0 KOMMYHHUKAIHU-
OHHOM CpeJibl ¢ KBaApaTUYHONW BPEMEHHOM CII0XK-
HOCTBIO. 3a CYeT MPUMEHEHHUsS MEeToJa Ha KUTai-
CKOM cymepkoMmbioTepe Tianhe-2  aBTopam
YIIaJI0Ch COKPATUTh BPEMSI BBITIOJTHEHUS PEaTbHBIX
Hay4yHBIX MpUJIOKeHUH (s cimyvas 512 npouec-
coB) Ha 14,6 %.

B pabote [12] peanu3zoBaH anropuT™ mnapai-
JETBHOTO OJO0KOBOTO OTOOpakeHMs. Ha KaxIIbIit
BEIYUCIUTENBHBIA y3€Nl TOCTymaeT OJoK o0pa-
0oTku moarpada HHPOPMAIMOHHOTO Tpada Mmpo-
TpaMMBbI, COACPXKAIMA CBS3aHHBIC BEPIIUHBI
rpada. B pabote [13] npeacraBieH mapajiesnb-
HbII anroput™ EagerMap, npruMeHsieMbli 715 110-
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Jy4eHHUsT OTOOpaXKeHHs B KJIACTEPHBIX CHCTEMaXx.
ANTOpUTM pa3OMBaeT BETBU MapalICIbHON MpoO-
rpaMMBl Ha TPYMIbl, B OJHY TPYIIy MONaAal0T
HauOosee cBsi3aHHbIe 3anadu. [locne oOwbenuHe-
HUS MaTpulla CMEXHOCTH IEepEeco3aeTcs IUls
0TOOpaKEHUs CBsI3eH y)Ke HE MEeXAY 3afadaMu, a
rpynnaMu 3ajaad. Jlamee MpoHCXOAUT HEHOoCpen-
CTBEHHOE OTOOpaXCHHE TPYHI Ha apXUTCKTYPy
CUCTEMBI.

Jia moucka ONTHMAalIbHOTO OTOOPaXKEHHS B
CITy4dasix OOJNBIINX CHUCTEM U CIOXKHBIX IIPUIOKE-
HUH IPUMEHSAIOT 3BPUCTUYECKUE AJITOPUTMBI, 1103~
BOJISIIOINME HAXOAUTh MIpUEMIIEMOE OTOOpaXkeHue
32 OTHOCHUTEIIFHO KOPOTKOE BpeMs. DBpUCTHYE-
CKHE aJITOPUTMbI MOXKHO Pa3leIUTh HAa UTEPaTHUB-
HbI€ U TOMyJALMOHHBIE. K UTEpaTUBHBIM OTHO-
CSITCS aNTOPUTMBI MOUCKA C 3amperamu (TOHCK
Taly), KaJHOTO CIYyYalHOTO aJalTHBHOTO IIO-
WCKa, UMUTALUU OTXKUTa. K MOMynalnoHHbIM — re-
HETHUYECKHE aITOPUTMBI, aJlTOPUTM ONTUMH3AINH
POst YaCTULl M MypPaBbUHBIA QJITOPUTM.

B pabote [14] cpaBHuBaroTcs 11 3BpHUCTHK,
MIPUMEHSEMBIX AJIs TOUCKa 0ToOpaskeHus. Hanbo-
Jiee TOYHOE pellleHue AaeT IPUMEHEHUE T'eHeTHYe-
CKOTO ajJroputma. AJITOPUTM HUMHTALUU OTXKUIa
HaXOJUT PEIICHHE 32 caMoe KOPOTKOEe BpeMsl, HO
IPU 3TOM CTPagaeT TOYHOCTh OTOOpaKEeHHsI, MO-
CKOJIbKY Ha HaYaJbHBIX dTarax padoThl IMUTALIN-
OHHBIM OTXKHUT MOXKET MPHUHSITh OYEHb IIOXUE Pe-
[IEHHS, OT KOTOPBIX TSKENO YHTH Ha TIO3IHUX JTa-
nax. IlapannenbHas Bepcuss HMHMTALMOHHOTO
oTXxura paccmorpena B [15].

B [16] mpencraBiieH CpaBHUTENBHBIN aHAIHA3
WCIIOJIBb30BaHMsl aIrOPUTMa UMHUTALMK OTKHUIra B
3agade oToOpaxkenus. [IpuBeneHsI ONTHMaNbLHBIE
(YHKIINH TTepEeMEIeHNsT BO BpeMs TeHepaIuy Ho-
BOTO OTOOpayKeHUs, CPABHUBAIOTCS ()YHKIIUU TIPH-
HSITHUA PEILICHHUS, OIMCHIBAIOTCS CIIOCOOBI 3aJaHUs
HayvalbHON U KOHEYHO TeMnepaTyp U crocod BbI-
0opa KOJMYECTBa WTEparMi IpHU 3aJaHHBIX
HayYaIbHBIX TApaMeTpax alropuTMa.

ABTopsl [17] 0OTMEUArOT, YTO MPH ITOKCKE OTOO-
PaXEeHHUS HAWITY4IIUN pe3yabTaT JOCTUTaeTCs Mmy-
TeM NPUMEHEHHUS T€HETHYECKOr0 aJlfOPUTMA, HO
BpeMsI ITOUCKA OTOOpaKEeHHsI OOJIbIIE, YeM Y IPY-
TUX QJITOPUTMOB.

B crartbe [18] cpaBHUBaIOTCS pe3ysbTaThl MO-
HCKa OTOOpa)KEHHSI TIPH ITOMOIIM T€HETHUECKOTO
QITOPUTMA U METOJOB JIMHEHHOTO IPOTrPaMMHPO-
BaHus. B oTiimume OoT METOJ0B JTMHEHHOTO IMpOo-
rpaMMUPOBaHUs T€HETUYECKUH alrOpUTM CIIOCO-
OCH HAXOUTh MPUOIIDKECHHOE PEIICHHUE 32 TIPHEM-
nemoe Bpems. B pabote [19] aBTOpBI NPUMEHSIOT
TEeHETUYECKUIA AITOPUTM JJIs pElleHUs 3aJadyu
0TOOpaKEHHUS HA CHCTEMaX Ha KPHUCTaJlIe.
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[apannensHass Bepcusi TEHETUYECKOTO aIro-
purMa Obuta mpennoxeHa euie B [20]. B pabo-
Tax [21-23] aBTOPHI ONMHUCHIBAIOT HAMOOJIEE YACTO
HCTIONB3YEMYIO0 TIPH PEaTH3alliy IapalIeIbHOTO
reHEeTHYEeCKOro ajroputMma cxemy Master—Slave.
Master oTBeuaeT 3a reHeparyio HOBBIX YWIEHOB I10-
nymsuud. Bee ocranbHbie Bermcautend Slave
JIOJDKHBI TONBKO PACCUMTHIBATH 3HAUEHHE IIe-
JIeBOH (DYHKIMHU JUIS HOBBIX WICHOB ITOITYJISLIUH.
B [21, 23] paccmaTpuBaeTcst napajlieibHbIA TeHe-
TUYECKHI JITOPUTM C KOJIBIIEBOU cXeMO# HH(pOp-
MAaILIMOHHBIX OOMEHOB.

ITosryyenne rpaoB IporpaMmsl
U CYyNePKOMIbIOTEPHOI CHCTEMBbI

BxomHbIME TaHHBEIMU [UIS JIFOOOTO aNTOpPHUTMA
MOWCKa OTOOPaKEHUS SIBILTIOTCS IPOTPAMMHBIN
rpad u rpad BEIYMCIUTENBHOM cucTeMbl. B cucre-
Max KOJUJIEKTUBHOT'O TI0JIb30BAaHNUS 33/IaHUIO0 INHA-
MUYECKH BBIIEIACTCS 3apaHee HEM3BECTHOE TIOJ-
MHOXECTBO Y3JIOB (IIOJCHUCTEMA) CYIIEPKOMITBIO-
tepa. [lomyuuTts rpad BBIAETCHHBIX Y3JI0B MOXKHO
CJICAYIOIUMHU CIIOCOOaMU:

— TIOCTPOEHHE aIMHUHHCTPATOPOM CHCTEMBI
MOJHOTO Tpada BCeH CYNMEpKOMITBIOTEPHON CH-
CTEMBI, U3 KOTOPOTO BBHIACISIETCS HEOOXOIUMBIN
noarpad;

— aBTOMATU3UPOBAHHOE IOCTPOCHHE C WC-
MOJIF30BaHMEM IPOTPAMMHEBIX CPEICTB aHAIN3a
TOTIOJIOTHH BBIICJICHHOTO TOJMHOXECTBA Y3JIOB
(Ib [24], netloc [25]);

— TIOCTPOEHHE Ha OCHOBE TaHHBIX CHCTEM MO-
HUTOPWHTA WM YTHIUT, MPEIOCTABISIEMBIX BME-
CT€ ¢ KOMMYHUKAaIlUOHHBIM 060py,Z[OBaHI/I€M, KO-
TOpbIE TTO3BOJISIIOT MO 33JJAHHOMY CIIMCKY BBIYKC-
JMUTENBHBIX Y3JI0B TOJXYYUTHh Tpad BBIOEICHHOU
MTOJICICTEMEI.

[TepBriii croco® mocTpoeHus: rpada MoICH-
CTEMBbI ABJIACTCA NOCTATOYHO TPYAOCMKHM U HE
HCKITIOYAET MOSBICHHUS OMIHOOK TIPU COCTABICHUU
rpada BEIYUCITUTEIBHON cHCTeMEI. BTopoi u Tpe-
TUH CITOCOOBI 00eCIIeYnBalOT HEOOXOIUMYIO TOY-
HOCTh M YIPOINAIOT MPOIIECC MOCTPOeHHUs Tpada.
Jns peanmuzanuu TpeThero crocoba HE0OXOIUMO
HaJIM4Ynue€ B CUCTEME MOHUTOPUHTA (I)yHKHI/IOHaJ'Ia,
COBMECTUMOI'O C TEIIEKOMMYHHKAIIHOHHBIM 000-
pyIOBaHHEM CYNEPKOMIIBIOTEPHOTO LIeHTpa. Bro-
poHi CIOCO0 JTUIICH YKa3aHHBIX HEJOCTATKOB H MO-
XKeT OBITh MPUMEHEH 0e3 KaKuX-INOo orpaHude-
HUH, oOmHaKo TpeOyeT pETYISIPHOTO 3aIycKa
TECTOBBIX NPOrpaMM Ha BCEW BBIUMCIIUTEIILHON
CUCTEME JUI COCTaBJICHUS U OOHOBJICHUS CBele-
HUW O €€ CTPYKTYpE.
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Hns momydenus rpada TporpaMMBI MOKET
OBITh MCTMONB30BAH OJUH U3 CIEAYIOIIHUX CIOCO-
60B:

— TpemocTaBieHHE Tpada MoIb30BaTeNeM;

— TIOCTPOCHHE Ha OCHOBE JaHHBIX MPOTpaM-
MHBIX CPEJICTB aHAJN3a IBOMIHOTO KO HCIIOTHS-
eMOoro (haiia U anmapaTHbIX CYCTYHKOB MPOU3BO-
murensroctr (HPCToolkit [26], Intel Vtune Am-
plifire [27]);

— TIOCTPOCHHE HAa OCHOBE NAHHBIX HMHCTPY-
MEHTAIBHBIX CPEICTB aHAIW3a MPOTPAMMHOTO
kozxa (VampirTrace [28], MultiProcessing Envi-
ronment [29], mpiP [30]).

IlepBriii crmoco® He TpeOyeT HCIOIb30BaHM
CHENUATBHBIX TPOTPAMMHBIX CPEACTB, OTHAKO OH
MPUMEHHAM TOJNBKO ISl TIPOTPaMM C PETYISIPHOI
CTPYKTYpOH HH(OPMAITHOHHBIX OOMEHOB HJIH He-
BBICOKOM CTENEHbI0 Napajienu3ma. Bropoii u Tpe-
THH C1IOCOOBI MPUMEHUMBI I IPOTPaMM C JIF000H
CTETCHBI0 Tapajuienu3Ma. Bropoi croco6 mpe-
UMYIIECTBEHHO HCIIONB3YeTCs Ul aHalIu3a OT-
JIENBHBIX 3TAIlOB MapajUIeIbHOTO AIFOPUTMA, T1O-
CKOJIBKY MpeaycMaTpuBaeT o0pabOTKy CTaTUCTH-
YecKoil HHPOpMAIN B HHTEPAKTUBHOM PEKUME.
IIporpaMMHBIE CpencTBa, peaau3yIOIINUe TPETHH
Croco0, MmpenrycMaTpUBaOT HAKOIUIEHUE NaHHBIX
0 paboTe McclleyeMol TIporpaMMbl B BHJIE (aii-
JIOB Tpacc AV UX MOCIEAYIOIIETO aHAN3a.

MapajiejbHbIe AJTOPUTMBI OUCKA
0TOOpaKeHHs

B nanHOM wHccremoBaHUM TSI TPOBEACHHS
CpPaBHEHHUS aBTOPHI peain30BaId TPU IBPUCTHYE-
CKUX TMapaUIeAbHBIX aJrOPUTMa: UMUTALUU OT-
JKUTa, TCHETUYECKUI U KOMOMHUPOBAHHBIN ajro-
PUTMBI.

ANTOpUTM HMMHTAllMM OT)KUIa OCHOBAaH Ha
UMHTAIMH (U3HUUECKOTO IpoIiecca, MPOUCXO.s-
IIero BO BpeMs OoTkura meramioB. CyTp airo-
pUTMa CleyHoIas.

1. 'enepupyercst CTapTOBOE HCXOAHOE peELIe-
HHE, KOTOPOE CTAHOBHUTCS TEKYIIHM.

2. 'eHepupyeTcsi HOBOE peIIeHHE ITyTeM Iepe-
CTAaHOBKM JIByX IPOM3BOJIBHBIX 3JEMEHTOB MaT-
putsl X MecTaMu.

3. Eciu B pe3ysipTaTe nepecTaHOBKH IpHparie-
uue 3naueHus pynkiponana (1) AF(X) < 0, Hooe
perienre craHoBuTcs TekymuM. Ecmu AF(X) > 0,
HOBOE PEIICHHE CTAaHOBUTCS TEKYIIHM C BEpOST-
HOCTBIO, OnpeiensieMoil QYHKIUEH IPUHATHS pe-
mreHus. OYHKIWSI IPUHATHS PELICHUS 3aBUCUT OT
TEKYIIeH TeMrepaTypbl OTXKHUra, TOHMKAOIIEHCS
B IIpoLecce paboThl aAropuTMa.

4. TeMmmepaTypa CUCTEMBI TIOHIXKAETCS B COOT-
BETCTBHH C BHIOM (YHKIIH ITOHIDKECHUS TEMIIe-
patypsL.

5. AITOpUTM OCTaHABJIMBACTCSA IO JOCTIIKE-
HUHM OJHOTO W3 3HAYCHUH: ONPEIeICHHOTO YHCia
uTepanui, (UHATBHOW TEMIIepaTypbl CHUCTEMBI,
qucia MOAPS WAYIINX WUTepanui 0e3 yiyudrie-
HUS 3HaUeHUS 1eneBoil GyHkun. MHaye — nepe-
XOI K II. 2.

B mapamrenpHOW BepcuHM anropuTMa He-
CKOJIBKO TIPOIECCOB (ITOTOKOB) YYACTBYIOT B TIO-
nucke pemrenus. Jlydmiee HaliieHHOE pelIeHHE CO-
oOmraercss BceM TporeccaM (IOTOKaM), IOCIe
Yero KaKIpli M3 HUX BBIOMPAET MOJyYCHHOE pe-
OICHWe B KadecTBe Tekymiero. [lapamrenpHbii
UMHTAIMOHHBINA OTXKHT TI03BOJISIET 33 OJIHO U TO XKE
BpeMsl IIPOCMOTPETH OOJIbIlIee KOJTMYECTBO BapH-
AQHTOB OTOOpaKEHMsI M3 IPOCTPAHCTBA PEUICHUI
M0 CPaBHEHMIO C TMOCJICAOBATENIbHOW BEpPCHEH.
Bbnaronmapst 3ToMy HOJNyYeHHBIE PEIICHUS TOKPBI-
BalOT OOJBIIEe KOIMIECTBO JIOKATHHBIX MUHUMY-
MOB 3HAYEHHH IIeTIeBO (DYHKIUH U MTOBBIIACTCS
BEPOSITHOCTh HAXOXKJICHHSI PEIICHHUsS, MaKCHU-
MaJbHO OJIM3KOTO K MI00aIbHOMY MHHUMYMY Iie-
neBoi ¢pyHkmmH (1).

B TepMuHaxX reHETHYECKOro alropuT™Ma 0co0b
IPECTABIACTCS MAaCCUBOM P, i-i 3JIEMEHT KOTO-
poro (TeH) COAEePIKUT HOMEP y3Jia, Ha KOTOPBIH OY-
JeT HasHayeH I-i Mpolece MapajuieNbHON MHpo-
rpaMMbl. OcOOH COCTaBIISIFOT MOMYJISAIUIO, pa3Mep
KOTOPO# paBeH WK OOJBIIE YHCIa BEPIIUH IPO-
rpaMMHOro rpacga. Onepanusi CKpeIIMBaHUS 3a-
KJIFOYAeTCsl B OOMEHE TeHaMH MEKAY JIBYMS 0CO-
OstMu ommysaue. Onieparys MyTaluy ¢ 3a1aHHOH
BEPOSTHOCTHIO M3MEHSET T'eHBI Y 33JaHHOTO YHCIIa
oco0eil. Onepanus ceneKIiy BEIOUPACT U3 MOITy-
TSI 0COOW ¢ HAMMEHBIIIUM 3HaYCHHEM (YHKITH-
onamna (1).

st B3aMO/IEMCTBYS MPOIIECCOB, PEATU3YIO-
IIMX NapauieIbHbIA TeHETUYECKUH aJITOPUTM, MO-
TYT OBITH IPAMEHEHBI TBE CXEMBI HHPOPMAIIHOH-
HOoro obOMeHa. B mepBoil cxeme moja Ha3BaHHEM
Master-Slave BrIOMpaeTcsi TJIaBHBIA MPOIECC
(Master), Bce ocraibHBIE MPOIECCHI SBISIOTCS
nogunHeHHbIME (Slave). Kakmblii o 4rHeHHBIH
IPOIIECC HA KAKI0H UTepAIUH BBITIOIHACT MOCIIe-
JOBaTEIBHBIA TCHETHYSCKUN aIrOpUTM C 3aJaH-
HBIM YHUCIIOM JIEMEHTOB momyisnuu. [locme 3a-
BEPIICHHS MTOCIE0BATEIFHON UTEPALIN KAk IbIH
MPOIIECC BBHIOMPACT PEIICHUE, WMEIOISe MUHH-
MaJIbHOE 3HAYEHUE IIeJICBON (QYHKIMH, U OTIIPaB-
JSeT 3TO pellieHue TIaBHOMY mporieccy Master.
['maBHBIA MpoIIece MPOU3BOAUT IT'EHEPAIIHIO HOBBIX
YJICHOB MOMYJIIUN U, TepenaBas 3Ty uHpopma-
IIUIO MTOJYMHEHHBIM IIpoIieccaM, 3aIlyCKaeT HOo-
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BYIO UTepaluo anropurMa. IlposeneHHble FKCIe-
PUMEHTHI MTOKa3aJId HEBBICOKYIO 3()PEKTHBHOCTD
cxembl Master—Slave.

AJBTEpHATHUBOIN SABISETCA KOJIbLIEBAs CXeMa
nH(popManoHHoro oomeHna. Ha kaxmoi utepa-
LMY BBIIOJHSIONIUE AJITOPUTM MPOLIECCHl 0OMEHH-
BaIOTCA JIYYIIUMH YJI€HAMU CBOMX MOIYJISIIHIA.
KommdecTBo mepenaBaeMbIX YICHOB HOMYISLIUH
HE JOJDKHO OBITH OOJBIINM, TaK KaK 3TO MOXKET
MIPUBECTU K MAKCUMAJIBHON CX0XKECTH MOMYJISAIIHA
Ha HAYaJIBHBIX HUTEpanusix anroputma. Kaxmsii
MPOIIECC B XOJI€ aJiTOPUTMA BBIIOIHSIET CIIEIYIO-
ye Iary.

1. TI'eneparus caydaiiHoil HauaIbHOM MOMyIIs-
UM U YCTAaHOBKA €€ B KAUeCTBE TCKYyILEH.

2. Tlomy4yeHue HOBBIX TOTOMKOB IPHMEHE-
HHUEM OIlepaliy CKPEIIMBAaHUS K BHIOPAaHHBIM 0CO-
OSIM TEeKYILECH MOIyIISIHH.

3. TlpuMeHeHUE omepalui MyTaIUU K IIOTOM-
KaM, ITOJTy4EHHBIM Ha MpeIbIAyILEeM LI1are.

4. 3aMeHa XyAIUX pEIIeHUH B TEKyIIeH Io-
MyJISIIAN HOBBIMHA TOTOMKAMH.

5. Beibop Ha Tekymel WTepaluu JIydIIero
YIICHA TOMYIISIIUH.

6. KoMMyHHMKaIIMOHHBIA OOMEH JIYYITUMH pe-
HICHUSIMU MEKTy COCEAHUMHU IPOLIECCAMHU.

7. 3aMeHa XyAIIEro peleHNus B TEKyIei 1mo-
MyJSIIAN HOBBIM PEIICHUEM, €CIIH OHO JIydIIIe.

8. Ecnu He mpoiiieHo 3ajaHHOe YUCIIO UTepa-
LMW, TEPEXO K 1. 2.

9. BriOop 0c00M ¢ MHHHMATBHBIM 3HAUCHUEM
ueneBoi ¢pynkumu (1) cpenu Becex nmpoiieccos. Bel-
OpaHHas 0cOOb MPUHUMAETCS B KAYECTBE PEIICHUS
3aJla4l OTOOpaKEeHUsI.

CreHeprpoBaHHBIE PEIICHUS B TEHETUYECKUX
ITOPUTMAX 32 CYET ONEPATOPOB CKPEIIUBAHUS U
MYTalli{ TIO3BOJISIIOT OXBATHUThH OOJBIIE JOKAb-
HBIX MHHUMYMOB IICTICBOH (DYHKIMA W MaKCH-
MaJIBHO MPHONH3UTHCS K 3HAYCHUIO TNI00ATEHOTO
MUHUMYMa. [IpeuMyInecTBOM ajaropuTMa UMHUTA-
WY OTXKUTA SBISIETCS MEHBIIIEe BpeMst pabOTHI IMo-
HCKa IIpUeMJIEMOT0 perieHus. [IpogykTuBHOM BU-
JTUTCS 1€ KOMOMHUPOBAHUS IBYX STHX aJlTOPUT-
MOB, 4YTOOBI 0O0ECHEYHTh BBICOKYIO TOYHOCTD
oToOpakeHUs 3a mpuemsemoe Bpems. Paccmor-
PUM TIpeuIaraeMplii KOMOWHHPOBAHHBIN mapai-
JIEJIbHBIA alNrOpUTM.

Ha mepBoM sTame KOMOMHHUPOBAHHOIO AJTO-
puT™Ma paboTaeT nmapayuieabHBII aITOPUTM UMHTA-
UMK OTKura. B oTiauume OT paccMOTPEHHOTro
BBIIIE AITOPUTMA UMUTALUU OTXKHUTa JaHHBIN ai-
TOPUTM HE IMOJpa3yMeBaeT oOMeHa MEXIy Ipo-
neccamu. Kaxxaplil npoliecc reHepupyeT 3ajaHHOE
KOJIMYECTBO pEIIEHUH, KOTOpble AJisl Mapaijielb-
HOTO TeHETHYECKOT 0 AJITOPUTMA CTAHOBSITCS TEKY-
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et nomyssinueid. Beibop TUIIOB onepaTopoB re-
HETHYECKOTO AITOPUTMA OCYLIECTBIISIETCS B COOT-
BETCTBHH C 3a/IaHHON KOH(UTypaIie.

[TapannensHbI KOMOMHUPOBAHHBIN AITOPUTM
MOUCKAa OTOOPa)KEHHS COCTOMT M3 CIEAYFOIINX
LIaroB.

1. IapannenbHbIH NMOUCK PELIEHUH KaXKIbIM
IIPOLIECCOM C NMPUMEHEHUEM UMHUTALHOHHOIO OT-
JKHra.

2. Co3nmaHue TOMYISIMM pEIleHui Uit pa-
0OTHI MapaJIeNbHOTO TeHETHIECKOTO aJITOPHTMa
W3 CTEHEPHUPOBAHHBIX PEIIeHUI Ha mare 1.

3. 3amyck mapaieabHOro TeHETHYeCKOoro ajl-
TOpPUTMa Ha 33JJaHHOE YUCIIO UTEepaLuil.

4. BpI0op JIydIiero pemeHus B KaXIOM Ipo-
necce.

5. Br16op sryumiero riio6agsHOTO penieHus.

OtcyTrcTBHEe 0OMEHa Ha dTare padoThI Mapaj-
JICNIBHOTO aJITOPUTMa UMHUTAIMM OTXKUTA TapaHTH-
pyeT, 4TO KaXKAblH IpOLECC CreHepUupyeT YHH-
KaJIbHYIO TIOMYIISAINIO PEIICHUNA. 3a CYeT MUTpPa-
OUM pelleHUui ynaeTcs IepenaBaTb MEXKAY
MOMYJISIIUSAMHE JTy4IINe IPU3HAKU, KOTOphIE OyayT
HAaCJIeI0BaHbl IOTOMKAaMH.

Buobuaunorexka UGR-Metaheuristics
H €€ JOIMOJITHCHUEC

Jis peanu3anuu pacCMOTPEHHBIX aJITOPUTMOB
npUMEHeHa CBOOOJHO pacmpocTpaHsiemas Ouo-
nunoteka UGR-Metaheuristics [31], nonmonnennas
pa3paboTaHHBIM KOMOMHHPOBAHHBIM ~ AJITOPUT-
mom. bubmrorexka UGR-Metaheuristics nanucana
Ha sI3bIKe TporpammupoBanust C++ U peannsyer
OOJIBITUHCTBO HM3BECTHBIX 3BPUCTHUCCKUX aJro-
PUTMOB PELICHUS 3a/1a4i OTOOPaKCHUSI.

ba3oBeIM  KJTaccOM OHMOJHMOTEKH  SBIISCTCS
kiace Solver, KOHCTPYKTOp KOTOPOro MPHHUMAET
MaTpHIbl PacCTOSHUM rpada BEUUCIUTEIBHOMN
cucTeMsI 1 Tiporpammuoro rpada. Kmace Solution
MPEeICTaBIsIET CO00H YHHBEpCAaTbHOE peEIICHHE,
KOTOPOE Ka)KIBIH AJITOPUTM MOJIy4acT BO BPeMs
cBoeil paboThl. B 3TOM Kilacce B BHJE BEKTOpa
XPaHHUTCS TEKyIIee OTOOpaKeHHE, TCHEPUPYETCs
MIPOHU3BOJIBHOE OTOOPAKECHHUE, MPOHCXOAUT OITH-
MU3UPOBAHHBIN pacdyeT 3HAUEHUs I1eJIeBOi (yHK-
LIUH.

PaccmoTtpum mononaenus k 6ubdarorexke UGR-
Metaheuristics, mokaszanubie Ha pucynke 2. Jlms
napauIebHOr0 aIrOPUTMa HMUTALIUN OTHKUTA 00-
pasoBan kmacc ParallelSA. OmauM u3 dieHOB
KJlacca SIBIISICTCS MACCHB, COCTOSIIUM W3 IK3eM-
wisipoB kiacca SimAnnealing (6a3oBblit Kiacc
6ubmoTexu). KonnuecTBo 211€MEHTOB B MacCHBE
3aJlaeTCsl TOJBb30BATENeM C MOMOIIBIO HACTPOEK.
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Solution

+n:int
+score: int
+ solutionRepL vector

+isValid(): bool

+ CalcCost( distances: Matrix, frequencies: Matrix): int

+ CalcRelativeCost( distances: Matrix, frequencies: Matrix, origin:
Solution, r:int, s: int): int

+ GenerateRandomSolution( distances: Matrix, frequencies: Matrix):
Solution <<STATIC>>

ParallelGA

+proc: int

+rank: int

+ distances: Matrix

+ frequencies: Matrix
+ settings: SettingsGA

+ ParallelGA(...)
+ ParallelSearchSolution(population:
Population): Solution

A
A Y

SimulatedAnnealing

Solver

GeneticAlg

~ coolingTechnique: CoolingTechnique
~ finalTemp: double
~ maxEvals: int

A 4

~ distances: Matrix
~ frequencies: Matrix

~ bestSolution: Solution
~crossProb: double
~ mutationProb: double

~ maxSuccess: int
~ maxNeighbour: int

+ Solve(): Solution

~ populationSize: int

- CauchyCooling(temp: double): double

~ ProportionalCooling(temp: double) : double
+ Solve(initialSolution: Solution): Solution

+ Solve(): Solution

ParallelSA

+ solvers: vector<SimulatedAnnealing *>
+val: RankValue
+rez: RankValue

~ Mutate(original: Population):Population
~ Cross(original: Population): Population
+ Solve(): Solution <<override>>

PGSA

+ proc: int

+rank: int

+ settings: Settings

+ solvers: vector<SimulatedAnnealing*>

A

+ countSolution: int
+ bufferSize(): int

+ buffer: int*
+rank: int

+ ParallelSA(proc: int, distances: Matrix, frequencies:
Matrix, settingsSA: SettingsSA)

+ ParallelSearchSolution( maxEvals: int, step: int):
Solution

Puc. 2. JJonoanenus x 6ubnuomexe UGR-Metaheuristics

Fig. 2. Add-ons for the UGR-Metaheuristics library

+ distances: Matrix
+ frequencies: Matrix

+PGSA(...)
+ ParallelSearchSolution(): Solution

Buyrpu knacca ParallelSA coxpansercs myuriree
pelIeHre, MOIyYeHHOE P MOMOIIH [OCIEI0Ba-
TEIBHOTO AITOPUTMA UMHUTAIMK OTxura. Kimoue-
BBIM METOZOM Kiacca siBisiercs ParallelSA::Para-
llelSearchSolution, B 1HKIIe KOTOPOTO HA KaXKIOM
UTEPAIMH HAXOIMWTCS JIydiliee JIOKAIbHOE pellie-
uue. Jlajee ¢ MOMOIIBIO PEAYKIUN OCYIIECTBIIS-
eTCs MOUCK JIy4Ilero TJ00albHOTO PpelICHUsI
Cpe/iu MapauIeNibHBIX MPOIECCOB, BHIIOIHSIFOIINX
anroput™. HaiineHHoe mnydiiee riodagbHOE pe-
[IEHHE CTAHOBHUTCS TEKYIIUM JUIS KaXJOro Mpo-
Hecca, U Ha CIEAYIOLIeH WTepaluu MOUCK Oy-
JIET OCYIIECTBJIEH OTHOCHTEIBHO JIyUIIEro perre-
HUSL

ITapamyensHBIA TEHETUYECKUN QJITOPUTM B
oudmorexe UGR-Metaheuristics peanusosan 6a-
30BBIM Ki1accom GeneticAlg, B koTopblii ObLIH 110-
6asiensl qBa Merona. CircleSolve u MasterSlave-
Solve. MeTo bl BBI3BIBAIOTCS B KAXKIOM ITPOLIECCE,
peau3ylolieM NapauleIbHblil TeHETUUECKUH ail-
TOpUTM, U HCnoNb3ytoT MeTon GeneticAlg::Solve,
KOTOPBIM B K&XIOM IPOLECCE HIIET JOKAIBHOE
pelleHue 3a1auu 0TOOPaXKEHHs IPH TOMOIIN T10-
CJIEI0BATEIbHOIO TEHETHYECKOr0 alrroputMa. Me-
tox MasterSlaveSolve peanusyer cxemy Master—

Slave u mocie BezoBa metoma GeneticAlg::Solve
C TIOMOIIBIO OTepaIi PEAYKIUHN CPEIN BCEX JIO-
KaJIbHbIX HAXOJUT JIy4lICEC FJ'IO6EUH)HOB peuieHue.

Meron CircleSolve peanusyer KoJbIEBYIO
cxemy wuH(popMarmonHoro obmeHna. Cosznaercs
HavaJibHas MONyJIAns, KOTOpasi CTAHOBUTCS TCKY-
mieid. BHyTpu nukia K Tekylel MomyJisiLuy Ipu-
MEHSIOTCSI OIIEPATOPBI CKPEIIUBAHUS M MYTAllNH,
3aTeM B TEKYIIEH MOMySAIHUA 3aMEHSIOTCS XYII-
e wWieHbl. B KaxxJaoM mporecce BbIOMpaeTcs
Jydlliee JIOKAIbHOE pPEeleHHe, MOCie Yero ocy-
HIECTBIBIETCS KONbIeBoil oOMeH. [locie oOmeHa
MPOUCXOJUT 3aMCHa XyAIIUX YJICHOB U HOBas I10-
MyJSIIAS CTAHOBUTCS TEKyNIeW Ha CICIYIOMIeH
uTepanuu aaroputMa. Ilocie Toro xak ajaroputM
IpoIIeN 3alaHHOE YHCIO MTEPAIHid, C TOMOIIBIO
orepanuii penyKIMH BBIOMpAECTCS Jydilee TJIo-
OanbHOE peLIeHHE.

KoMOuMHMpOBaHHBIA aIrOpUTM  peaTn30BaH
kiaccoM PGSA, KoTopsIii cHavasa B KaXI0M Ipo-
[ecce 3amycKaeT MOCIeAOBAaTEIbHBIA aIrOpUTM
AMHUTAllUA ~ OTXKHUra. Pe3ympTaroM  sSBISETCS
HayaJlbHasl MOMYJISIUS,, C KOTOPOM 3aIycKaeTcs
MapajieIbHBIA TeHETUYECKUA alTOPUTM C KOJb-
nesoit wim Master—Slave cxemoit oOMeHa.
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ITporpaMMHoOe CPeACTBO MOCTPOCHHUS
otodpaxenusi GraphHunter

B ocHOBy pa3paboTaHHOTO HpPOrPaMMHOTO
cpenctBa GraphHunter, pemraroriero 3agady mo-
CTpOEHHsI 0TOOpaxKeHusl, jerau TexHonaoruu MPI
u OpenMP, a taxke 6ubIMoOTEKA TOMCKa 0TOOpa-
xennst UGR-Metaheuristics u 6ubimorteka pro-
gram_options makera boost, ¢ moMoIpI0 KOTOPO
MOXXHO OCYIIECTBJIATh B3aUMOJEHCTBHE C (haid-
JaMH HAaCTPOEK H apryMeHTaMH KOMaHIHOU
CTPOKH.

Ha pucynke 3 npezacrasieHa cxema pa3pabdo-
TaHHOU MPOTPaMMBL.

B cocraB mporpaMMHOTO cpeacTBa BXOIAT He-
TBIPE OCHOBHBIX MOJIYJIA.

1. Moaynp 3arpy3kd HacTpoeK IPOTrpaMMBL, B
KOTOpPOM TIPOHMCXOIAT YTEHHE W 00paboTKa KOH-
¢urypannonHoro ¢aitna. K ocCHOBHBIM HacTpoii-
KaM OTHOCSTCSl BBIOPaHHBIH aJITOPUTM OTOOpaxke-
Husi, mapameTpsl oubimorexkn UGR-Metaheuris-
tics [31] mms mapamIeNbHBIX TE€HETHYECKOTO
aJITOPUTMA M aITOPUTMa IMHUTAIIMU OT)KUTa, Tapa-
METpBI pa3pab0TaHHOTO KOMOHWHHPOBAHHOTO ajl-
TOpHUTMA.

2. Moayns HOCTpOCHUSI MaTPHILBI PACCTOSHUN
rpada BBIYMCIUTENHHON CHCTEMBI MO3BOJISET aB-
TOMATHYECKH ONPENENIIATh KOMMYHHUKAIIMOHHBINA
rpad BBUICTICHHON mMapayieNbHOW Mporpamme
MOACUCTEMBI  CyNepKoMIbloTepa. HamnoMHuM,
MOJICHCTEMAa BBIJENSACTCS CHCTEMOH KOJIICKTHB-
HOTO TIOJIb30BaHMS TOCJE MPOXOXKICHUs Mapa-
JIEIbHOW IIPOrpaMMBl B COCTaBe 3aJaHus uepe3
ouepenb. [ mOCTpOeHHsI MaTPUIBl PACCTOSHHMN
HCTIONB3YIOTCS. METOJ] U TIPOTPaMMHBIE CPEICTBA,
OIIpE/ICNIAIONINE JIATCHTHOCTh KAaHAJOB  CBS3H

MEXKY BBIICIICHHBIMA MapaJUIeIbHON MporpaMMe
y3I1aMH CyIiepKkomibroTepa [5].

3. Mopaynb mOCTpOEHHS MaTPHUIIBI PACCTOSHHIA
nporpaMmMHoro rpada. s mocTpoeHUs MaTPUIIBI
MpPUMEHSETCS aHamu3 (aillloB TPACCHPOBKH —
JKYPHAJIOB COOBITHIA, MPOU3OUICIININX BO BpEMs
BEINONTHEHUsT TIporpammel. [Ipeamonaraercs, 4To
TOJIL30BATEINb MPEJOCTABUT (PaMIIBI TPACCHI CBOCH
MIPOTPAMMBI, JUISL 9ETO BOCIOIB3YETCS CIICIHAIH-
3UPOBAHHOM mporpamMmoii, Hampumep Vampir-
Trace [28]. ®aitns! TPACCUPOBKH COACPIKAT YMCIIO
U pa3Mep cOOOIIeHNH, TepeaaBacMbIX MEXIY Y3-
namu. DnemenToM (i, j) MaTpuIlbl paccTosiHuiA Oy-
JIeT BpeMs Mepeiaun COOOIICHUH 1jj MEXKIy COOT-
BETCTBYIOIIMMH Y3J1aMH, KOTOPOE pPacCUUTHIBA-
ercst mo popmyse tij = L x Nij + D;j/S, rme L —
JATeHTHOCTH ceTH; Njj — JICII0 ImepeaaBaeMbIX co-
o0uieHui Mexxay y3iaamu i u j; Dij — obmuit pas-
Mep HepeaBaeMbIX COOOIIEHNH; S — mpomycKHas
CIIOCOOHOCTB CETH.

B wncxomHBIl KOO MPOrpaMMHOrO CpPENCTBA
igtrace, ocyiecTBIsIONEro Yrenue (Gaiios Tpac-
CUpPOBKH, Oblna jao0OaBieHa (yHKIMs tracestat
get_taskgraph, pe3ynbTaToM paboOTBl KOTOPOH SIB-
JISIETCSL TIOCTPOCHHAST MaTpHIla PACCTOSHHUMA MpPO-
rpaMMHOTrO Tpada.

4. Monyns moctpoeHus otroopaxkenwust. [1pu 3a-
NyCKe pa3paboTaHHOIO MPOTPaMMHOIO CpPEICTBA
OyZeT UCTIOJIBL30BAThCS YKAa3aHHbBIN B KOH(UTrypa-
OUOHHOM (pailiie OMUH W3 TPEX PacCMOTPEHHBIX
BBILIC MAapaJlJICJIbHBIX aJITOPUTMOB: UMUTAIIUN OT-
JKUTa, TEHETHYECKUI MIM KOMOMHUPOBAHHBIN.

K cpenctBam 00paOOTKH BBIXOJHBIX JTaHHBIX
CJIelyeT OTHECTH MOJYJb co3/aHus (aiiina oToo-
paxenus. PesynbraToM ero paboThI ABISETCS TEK-
cToBbIii (aitn B crangapre machinefile, mommep-

GraphHunter
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MaTpuLbl paccToSAHUIA
rpada Bbl4UCNIUTENBbHON
cucTeMbI

Bx00Hble OaHHble

Ob6pabomka 6bIX00HbIX
OaHHbIX

Mogaynb co3gaHus
Mogaynb noctpoeHus Ay A

oTobpaxeHus

oTobpaxeHus

nporpaMmHoro rpada

1| KoHdpurypaumoHHbin | i Mopynb 3arpy3sku

1 daiin ' HacTpoek
Tpacca Mogynb noctpoeHus
; nporpamMmmeil , MaTpuLbl PaccTosIHWI

:
:

:

:

:

:

:

H o

. canna
:

:

:

:

:

:

:

:

:

Puc. 3. @ynxyuonarvnas cxema npoepammo2o cpedcmsa GraphHunter

Fig. 3. A functional diagram of the GraphHunter tool
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JKHBaeMOM OONBIIMHCTBOM peanusaiuii MPI [32].
®aiin 3agaer pacnpenenenue MPI-miporieccos o
BBIJICIICHHBIM 33/IaHUO BEIYMCIUTEIEHBIM Y3JIaM.

O1eHKa TOUHOCTH 0TOOpaskeHHs A1 pacCUUThI-
BaeTcs Kak

A1 = 100(f1 — fo)/fo, 2
rae fi — 3HaYeHue 1eaeBol PYHKIUM IS TOCTPO-
eHHOro oroOpaxenus; fo — 3Ha4YeHHe LeNeBOit
(yHKIIMH OoNTHMAaIbHOTO oToOpakeHus. OleHka
A1 TIOKa3bIBaeT OTKIOHCHUE 3HAYCHUS LEICBOU
(DYHKIIMHE TIOCTPOEHHOTO OTOOpPaKCHHS OT OITH-
MaJIFHOTO 3HAYCHUSL.

MeTtoauka npoBegeHuUsI H Pe3yabTAThI
JKCIEePHMEHTOB

IIporpammy GraphHunter skcrepumMeHTaIbHO
3amyckanu Ha paszgene Broadwell cymepxommbio-
tepa MBC-10IT OIT [33], yctanoBnenroro B MCL]
PAH. Pazgen cocrout u3z 136 nByXmpoIriecCopHbIX
y310B Ha 0Oasze 16-smepHbIx mporeccopos Intel
Xeon E5-2697Av4.

B kxauecTBe BXOZHBIX JaHHBIX HCIIOIB30BAJICS
nabop taiXeyy [34, 35] rpadoB pa3THUHBIX TOPSII-
KOB, T1ie X — NOPAAOK TpadoB, YY — BapUaHT rpa-
(oB 3amanHOrO MOpsIKa. B Habope Mg Kaxkaoro
MOpAAKAa YKa3aHbl Trpad BBHIYUCIUTETBHOW CH-
CTeMBbl U HH(OPMAIMOHHBIN Tpad MmporpaMmmsl,
IIPEJICTABIICHHBIE B BUJIE MaTPUL] pacCTOsHU. [
Ka)KI0H mapsl rpadoB M3BECTHBI MATPHUIIBI PacCTO-
SHUI ¥ MUHUMAaJbHOE 3HAYCHUE IENIeBON (DyHK-
uu (1). Habop taiXeyy ucronbs3yercs yueHbIME
JUTS TECTHPOBAHUS aJITOPUTMOB OTOOpaKEHHS MIPU
pelIeHny 3amad O KBaJAPAaTHYHOM Ha3HAYECHUH,
YaCTHBIM CJIy4a€M KOTOPBIX SBJIACTCA 3aJa4da
OTOOpaKCHUSI.

B skcnepuMeHTax HCIONB30BAIMCH HAOOPHI
rpadon tai27e0l1, tai45e01, tai75e01, tail25e01,
tail75e01, tai343e01, tai729¢01. Kaxnaplii sKxcre-
PHMEHT COCTOSUI B ITOUCKE OTOOpaXKEHUs IS 3a-
JaHHOW maps! TpadoB ¢ (PUKCUPOBAHHBIMU ITapa-
MeTpaMH alTOPUTMOB W YHCIIOM TIPOILIECCOB,
y4YacTBYIOIMX B TIIOMCKe oToOpaxkenms. [lns
YCpeIHEHHsI Pe3yJIbTaTOB Ul KaKIOTO IKCIEePH-
MeHTa ObUT0 TIpoBeAeHO 1o 10 3aIyCKOB ¢ OJHUMHU
¥ TeMU K€ TTapaMeTpaMH.

Ha mnepBom srame ObUTH OmNpeneneHbl ONTH-
MaJibHbIE [TapaMeTPhl aIrOPUTMOB, 00eCIIeUHBaO-
mue Hanbonee TouHble pemeHns. [lonbop mapa-
METPOB OCYIIECTBIISIICA B (hopMaTe MpOBEICHUS
BBIYUCIUTEIIBHOI'O 3KCIICPUMCEHTA. BKCHCPI/IMCHT
3aKJIFo4ajIcs B MHOTOKPATHOM ITOMCKE OTOOpaxe-
HUA 171 TrpadoB 3aJaHHOTO IMOPSKa C Pa3HBIM
YHUCIIOM BETBEH MapaieIbHOW MPOTPaMMBI ¢ (hUK-

CHpPOBAaHHBIMH TapaMETPaMH, 32 HCKIIOYCHHUEM
o0 PaeMOro ImapaMeTpa — ero 3HaYCHUS BapbH-
pOBaUCE.

[IpuBeaem nmpumep moadopa napamerpa. B pam-
KaXx OIHOTO 3HAUCHHs TEMIIEPAaTyphl alTOPHTM
MMUTAIIH OTXKUTA TPOCMATPUBAET HECKOIBKO IO~
TEHIMAJHFHO BO3MOXHBIX pemeHuid. [Ipu Bo3pac-
TAaHWM YUCJIA TPOCMATPHUBACMBIX DPEIICHUA MpU
OJTHOM 3HAYEHHH TEMIIePATYPhl YBEIHMYHBACTCSI
BpeMsI ITONCKA 0TOOPaKEHHUSI. DKCIIEPUMEHTHI 0~
Kaszalld, 4TO JIy4llee cpelHee 3HAUYeHHUE IIeJIeBOi
(YHKIIUH JOCTHTAETCs MIPH YHCIIE TIPOCMAaTpPHBae-
MbIX pemieHud, papaoM 50. [Ipu stom anroputm
UMEET MpUeMIIeMOe CpeHee BpeMs TIOUcKa 0To0-
pasKeHHUSL.

JpyruM BayKHBIM ITapaMeTPOM SBISIETCS PYHK-
I¥sI TOHMDKEHHS TeMIlepaTyphl. PaccMoTpeHs! 1Be
peanuzoBannbie B Onbamoreke UGR-Metaheuri-
stics (hYHKIMH: TPONOPIMOHATBLHAS W (YHKIIHAS
Komm. B skcnepumentax ¢ynkius Komm moka-
3aJla MUHUMAJIBHOE CpeIHee BpeMsI BEITIOTHEHNUS U
MUHHMAJEHOE CpelHee 3HaUeHHUE IIeTIeBOi (yHK-
101708

ITapannensHbIN aNrOPUTM 3aKJI0YaeTCs B OA-
HOBPEMEHHOH paboTe HECKOJIBKHUX MPOLECCOB,
KaXIbli M3 KOTOPBIX BBIMOJHICT HEKOTOPOE
YHCIO TOCIEI0BATEIFHBIX UTEpalnil anropuTMa
UMUTAIIUN OTXUTIA. Ilo ucreyeHnu 3>TOro 4mcia
UTepalil mpoiecchl OOMEHUBAIOTCS JIyYIIMMHU
HaiineHHbIMU pernenusiMu. [t nabopa tai343e01
Tydillee KauyeCTBO PEIICHUS JOCTUTAETCsI TIPH MPO-
xoxaeHnu 100 mociieqoBaTeNbHBIX UTEpAIUil Ha
onuH nH(popMaIoHHbIH 0OMeH. Ha rpadax apy-
TUX TOPSAKOB CpENHee JIydlliee PelieHHe JOCTH-
raercst ipu 1 000 mocnemoBaTenbHBIX UTEpALIAN
Ha OJTUH WH(OPMAIIMOHHBIH OOMEH.

O6mee uncio ureparmii (N) mapamiensHOTo
QITOPUTMA CBSI3aHO C YHCIOM MOCICAOBATEIBHBIX
uTepanuii mo cienyromeit popmyne: N = cn, rae
C — KOJIMYECTBO MH(POPMAIIMOHHBIX OOMEHOB; N —
YHCII0 MOCIEAOBATENbHBIX HTeparuid. [Ipu ¢pukcu-
POBaHHOM YHMCJI€ UTEPALMH TapaIeIbHOTO aJro-
pUTMa YMEHbBIIIEHHE YHCNa MOCIeI0BaTEIbHBIX
UTepalliii TPUBOAUT K YBEJIUYCHUIO OOMEHOB.
Yucio 06MeHOB BJIMACT Ha BPEMs BBIITOJTHCHUA
QITOPUTMA.

B 3aBucumocTH OT mopsaka rpada MoKeT 1o-
HAJIOOUTHCS Pa3ITUYHOE YHCIIO UTEpaIyid mapai-
JenpHOro anroputMa. B xoxe noabopa 3HaueHMIA
mapameTpa OBLIO BBISBICHO:

— Juia rpadoB nopsiaka He Oonee 256 mocra-
touHo 50 000 ureparuii;

— g rpados nopsiaka He 6osee 1 024 mocra-
touno 100 000 nrepanmii.
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OueHKa TOYHOCTH NOJYYEHHBIX pelieHui
Accuracy estimation of the obtained solution
Aaroputm
Habop IMapannenbHbIi IMapannenbHbIi IMapannenbHbIi OnTumaibHOe
JAHHBIX | MMHUTANMOHHBIN OTKUT reHeTHYecKui KOMOMHHPOBAHHBIH pelieHne

F T Ay F T Ay F T A Fo To

Tai27 2558 0,05 1 3176 01 |24 2600 027 |2 2558 0,02

Tai45 6724 0,3 5 8564 0,45

34  |7332 05 |14 6412 0,03

Tai75 19380 10,6 34 18268  |0,7

26 |18810 0,75 |29 14488 |8

Tail25 50780 |1,6 43 47816 |2

35 |50792 |1,75 |43 |35426  |166

Tail75 72688 12,8 26 74602 |5

29 74880 (3,1 |29 |57540 |181

Tai343 200856 |3,5 37 168120 12,8

15 172466 10,1 |18 |145862 |1026

Tai729 724820 |18,2 54 514846 |50

9 498454 |53,2 |6 469650 [1187

[Ipu BHIMONHEHUH WMHUTAIIIOHHOTO OT)KUTA B
Ka)XJIOM IIpOIlecce OJHOBPEMEHHO PabOTaloT He-
CKOJIBKO pemIaTeneii, KOTOpbIe MBITAIOTCA YIyd-
IIUTH TEKYyIIee pelIeHrne. DKCIIEPUMEHTH MOKa-
3anmu, yto i rpadoB mopsaka He Oomnee 100
YHCIIO pelIaTeNeil COBIANAeT C MOPSIIKOM Tpada.
Jliis rpadoB opsinka 1o 1 024 xomuvecTBoO pera-
TeJIed JOKHO COCTaBIATh 125.

Jns  mapajulelbHOr0  TeHETHYEeCKOro  aliro-
pHUTMAa OBLTH IPUMEHEHEI ITApaMETPHI, PEKOMEHITY-
emble aBTopoM 6ubnorekn UGR-Metaheuristics,
3a HCKJIIOYEHHEM pa3Mepa MOIyJISIUH.

Ha BTOpOM 5Tame anropuTMbl CpaBHUBAIUCH
0 TOYHOCTH, OIpEAeIsieMOd B COOTBETCTBUHU
¢ (2), u Bpemenu BbwinodHeHud. [lapamnenbHas
CXeMa aJlrOpUTMOB TaKOBa, YTO YBEJIUYCHUE
YHCIa MPOIECCOB MPUBOAUT K PACIIMPEHHUIO TIPO-
CTpPaHCTBA paccMaTpUBaeMbIX pereHuii. CooTBeT-
CTBEHHO, M3MEHEHHE YHCIIa TIPOLIECCOB BIUSACT HA
TOYHOCTHh OTOOPaKEHUS, MPAKTHUSCKH HE CKa3bl-
BasICh Ha BPEMEHH Pa0OTHI aJITOPUTMOB.

DKCMEePUMEHTHI MOKa3ajiH, YTO TeHEeTHUYECKHM
QITOPUTM TIPH TIOMCKE OTOOpa)KeHUs OONBIIHX
rpadoB B cpelHEM NOJIy4aeT pelIeHHe Jydlle,
yeM I/IMI/IT&L{HOHHLIﬁ OTXXUTI', HO ITPU 3TOM Ha rpa-
(ax OONBIINX MOPSAKOB HMEET CYIICCTBCHHO
OoutbIiee BpeMs BBIIOJHEHIS, HEMPUEMIIEMOE IS
JMHAMHYECKOT0 TIOMCKA OTOOPaKEHHS B CHCTEMaX
KOJJICKTUBHOTO ITOJIE30BAHUSL.

B rtabnume comepikaTcs OIEHKH TOYHOCTH H
BPEMCHH BBIMNIOJHCHUA aAJITOPUTMOB II0 HTOTI'aM
MPOBEICHHBIX YKCIIEPUMEHTOB. ONITHMANBHBIE pPe-
IICHUS U1 HAaOOpOB MAHHBIX OBUTH B3STHI U3
http://mistic.heig-vd.ch/taillard/problemes.dir/
gap.dir/summary_bvk.txt. B cron6ue F ykasansr
MOJYYEHHBIE B XOJI€ KCIIEPUMEHTOB JTy4IlIHe 3Ha-
YeHUS LesieBol pyHKINH, B T — BpeMs B MHHYTaX,
3aTpaueHHOe Ha IOJyYEHHE JIyYIIEero pPelleHHs.
B cronbue Fo ykazaHel onTUMalibHBIC 3HAYCHUS
neseBod (YHKIUH Ui KaXIOro U3 HabOpoB,
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B To — BpeMs MOJIydeHHUs ONTHMAIBHOTO 0TOOpa-
seHus u3 pabotel [36]. B cTonbie A1 mpuBeneHbI
OLIEHKH TOYHOCTH MOJTYIECHHOTO PEIICHHUS B COOT-
BeTCTBUH ¢ (2).

Ha tpetheM sTame ObUIa MPOM3BEICHA OICHKA
MacIITa0MPYEMOCTH TIPOTPAMMHOTO  CPEACTBa
GrpahHunter. OcobGeHHOCTS paccMaTpUBAEMBIX
QITOPUTMOB B TOM, YTO YBEIIUUCHHE YUCIIA PEaI-
3YIOIIUX aJTOPUTM IMPOIIECCOB IO ONPEIEICHHBIX
MIPEeTIOB MPUBOAUT K IOyISHUIO 00JIee TOTHOTO
pewenusi. ns HaGopa tai343e01 3aBUCHUMOCTB
TOYHOCTH OTOOPAKEHHUS OT YUCIIa MPOIIECCOB MPO-
rpammbl GraphHunter mokazana Ha pucynke 4.
HetpynHo 3aMeTHTH pPOCT TOYHOCTH C yBEIHUYe-
HHEM YHKCIIa IPOIIECCOB.

Jliis 256 miporieccoB onpeienieHa MacmTadupy-
eMocTh mporpammer GraphHunter mpu 3amycke ee
Juist Habopa tai343e01 Ha pa3HOM YHKCIIe Y3JI0B pas-
nena Broadwell cynepkommbeiorepa MBC-10IT
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Fig. 4. The mapping accuracy for the tai343e01
instance depending on the number
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OII. [IpexncTaBneHHbIe HAa PUCYHKE 5 pe3yiIbTaThl
MO3BOJISIIOT CAETATh BBEIBOZ O JOCTATOYHO XOPO-
mreit MacmTabupyeMocTH pa3paboTaHHOTO IPHJIO-
KEHUSL.
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cpeocmesa GraphHunter npu noucke
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tai343e01

Fig. 5. The GraphHunter tool scalability while
mapping by 256 processes for the tai343e01
instance

3ak0uenue

3amady ONTUMAIBHOTO pa3MEIeHUs MpoIec-
COB NapaJuIeJIbHOW TPOrpaMMbl Ha y3Jax Cymep-
KOMIIBIOTEPHBIX CUCTEM MOKHO PEIIUTH C ITOMO-
B0 OONBIIOTO KOJIUYECTBA METOJOB M aJTOPHT-
MOB. /1711 MCTIONB30BaHUS B CUCTEME YIIPABICHUS
3aJaHusAIMH  cymepkoMnbiorepa  MBC-10IT1 OIT
ObUTM peani30BaHbl MapaIeTbHBIE AITOPUTMEL
MOKMCKAa OTOOpa)keHWsl MporpaMMHOro Tpada Ha
rpad CynepKOMIBIOTEPHOI CHCTEMBI C pasiiiy-

HBIMH XapakTepucTHKamu. VccrnenoBars xapakTe-
PUCTHKH 3THX aJTOPHUTMOB IIO3BOJISIET pa3pado-
TaHHOe Tporpammuoe cpenctso GraphHunter.
Iporpamma GraphHunter 6azupyercs Ha 6ubHO-
Teke anroputMoB otobpakenus UGR-Meta-
heuristics, koTopas OblIa JOMOJNHEHA KIACCaAMH,
PEeATU3YIOMIMMY apaJUICTBHBIC aITOPUTMBI: HMU-
TAIlMOHHOTO OT)KHUTa, TeHETHYSCKUA W KOMOMHH-
POBaHHBIA aITOPUTMBI. JKCIIEPUMEHTAIIBHEIE HC-
crnemoBanust nporpammbel GraphHunter mpowusse-
neHsl Ha cymnepkommneiorepe  MBC-10I1 OIT
(pasmen Broadwell). Tlo pesymbraTam 3Kcrepu-
MEHTOB MOKHO CIIEJIaTh CJICIYIOIIHE BBIBOJIBL:

— GraphHunter mo3Bomnsier mogobpaTh ONTH-
MaJbHBIE TapaMeTphl PEATU30BAHHBIX aJTOPHUT-
MOB, 00€CIICUNBAIONIUE BEICOKYIO TOUHOCTH OTO0-
paKEHUS TIPHU TIPHEMIIEMOM JJIsI CHCTEM KOJIICK-
THUBHOTO ITOJIF30BaHSI BPEMCHH BBIITOJTHECHUS;

— GraphHunter mosBonseT peanu3oBath |
CPaBHHUTH 110 TOYHOCTH W BPEMEHH BBIITOJHEHUS
MIPOM3BONBHBIN ITapaUICIBHBIN ANTOPUTM MTOUCKA
0TOOpaKEeHUs], B YACTHOCTH, B XOJIe IKCIICPUMECH-
TOB TTOJIY9ICHBI OLIEHKH JUIS PEATM30BAHHBIX aJro-
PUTMOB MMHUTALUH OT)KUTA, TCHETHUECKOTO M X
KOMOMHAIINH;

— TOYHOCTH OTOOpaKCHHUS 3aBHCHUT OT YHCIa
mporieccoB nmporpamMmsr GraphHunter, BeimosHsro-
HUX AJITOPUTM;

— GraphHunter mokaszan 61u3Ky0 K JTHHEH-
HOM MaclITabupyeMoCTh MPH 3aJaHHONH TOYHOCTH
0TOOpaKeHUSI.

B nameneiimem GraphHunter moxer GbITh
MPUMEHEHA B CHCTEMax YIIPABICHHS 3aJaHHSIMU
JUTSL peanu3aiuu ApyxstanHoro merona PT'O, ko-
TOPBIH IpeAIoIaraeT 3amycK alrOPUTMOB 0TOOpa-
JKCHUS Ha BBIJCIICHHBIX JJIS1 OYEPEIHOTO 3aJaHus
y3l1aX CYHepKOMITbIOTEpa.

Paboma svinonnena 6 MCL] PAH 6 pamxax cocyoapcmeennozo 3adanus no meme FNEF-2022-0016.
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Abstract. One of well-known problems in high-performance computing is optimal mapping of parallel
program processes to supercomputer system nodes. A solution for this problem minimizes the overhead for
information exchanges between the processes of a parallel program and thus increases the performance of
calculations. When solving a mapping problem, both a supercomputer system and a parallel program are rep-
resented as graphs.

The paper shows solving the mapping problem in relation to a system for collective use of a supercomputer
that handles a queue of parallel programs. After passing the queue, a new previously unknown subset of super-
computer nodes is allocated to the parallel program. In this case, it is necessary to construct a graph of a selected
subset of nodes and find a suitable mapping of the parallel program onto this graph in a reasonable time. It is
suggested to run parallel mapping algorithms on the supercomputer nodes allocated for parallel program.

To study the properties of mapping algorithms, the GraphHunter software tool was developed. This tool
makes it possible to conduct experiments with three parallel algorithms: simulated annealing, genetic algo-
rithm, and their combination. This article discusses the structure of the GraphHunter software tool, and presents
the results of experiments with GraphHunter runs on the MVS-10P OP supercomputer at the Joint Supercom-
puting Center of the Russian Academy of Sciences.

Keywords: high performance computing, parallel mapping algorithm, simulated annealing, genetic algo-
rithm, job scheduling.
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