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OIITUMUBAIINSA MOIEJINPOBAHIY BEJIKOBBIX
B3AVMOIENCTBUI HA MHOT'OITPOILIECCOPHBIX
CUCTEMAX C IMIPEJOCTABJIEHUEM JOCTVYIIA

K AJITOPUTMY YEPE3 BEB-UHTEP®EVIC!

K.B. Pomanenxos, A.H. Caavruxos

B pa6ote npeacraBientt mapajiebHBIE BEPCHHA TOCIET0BATETLHOM TPOrPAMMEL CO3IAHUS MO-
NeKyIIpHBIX WHTepdeticoB ¢ nmpuMeHerneM Texuomornu OpenMP u MPI. O6e Bepcum mokazann
MOCTATOYHYIO MACIITAGHPYEMOCTE U JIydIliie BpeMEHHbIE TIOKA3ATENN 110 CPABHEHHTO C TOCIeI0Ba~
TeNBHON Bepcueii MpHl 3aIycKe Ha OXHOM mporeccope. MogennpoBanme 6enkoBoro uaTepdeiica ayst
HEKOTOPBIX COeIMHEHUH 3aHnMaeT H6ojee ABAMIATH YACOB CUeTa HA HECKOIBKUX COTHSIX MPOIECCO-
POB, TIOTOMY JIJISI 3a/1a9 MOJETUPOBAHN ST GETKOBBIX COeMHEHNT ¢ GOTBIMTUM KOJTHYECTBOM MOSUITH I
BaYKHO HAJMYIWE HEJETEPMAHIPOBAHHBIX AJITOPHTMOR, TIO3BOJISIONIAX 32 PHEMJIEMOe BPEMST TOJTy-
9aTh GHOJOTHIECKH KOPPEKTHEIA pe3yabTaT. BEIGOP cTOXACTHIECKUX AJTOPUTMOB OTPAaBAAJ cebs:
u Meton, MonTte-Kapio, v aJropuT™ mMIeHHOTO TOWCKA HAILIN MTPOCTPAHCTBEHHOE PACTIONOKEHHE
MOJIEKYJIBI, COOTBECTBYIOIEE MUHUMAIBLHOMY SHEPreTHIecKoMy cocTosimio. [Ipemocrasienue no-
CTYTA K PEATM3AIIE AJropuT™Ma 1o BeG-mHTepdeiicy 0OTBEYAeT COBPEMEHHBIM TEHACHINIM K mepe-
MEIEHNIo BEITHCIEHUI HAa CTOPOHY CEPBEPA W TO3BOJISIET MMTUPOKOMY KPYTY CHENHATHCTOB HCHOTb-
30BATH BBIUUCJIUTETbHBIE MOITHOCTH, TpeIocTaBiasseMble MOCKOBCKIM TOCYIAPCTBEHHBIM YHUBED-
CUTETOM, & C YyIeTOM pacimpenus: cepbl TPUMEHUMOCTH 3389 MOJEKYISIPHOTO MOIETH POBAHUST
HAJIMIHEe OTKPHITOTO BeG-nHTepdeiica, MpeocTABISIONETO YAAJTEHHBIN TOCTYI K BEIYACIATENbHBIM
KJIacTepaM, SIBISIETCS JTOCTATOYHO BAyKHOM 3a1adeii.

Karoueewie caosa: Buun@opmamura, MHOZONPOUECCOPHDBIE CUCTIEMbL, CO30AHUE MOAEKYAAPHBIT
unMepPeticos, NAPAALEABHBIE AAOPUTMbL, CTROTACTUHRECKUE AALODUNMbL.

BBeneunne

CyImecTByIOT 1B OCHOBHBIX IOAX0/a K MOJETNPOBAHNIO OETKOB: OCHOBAHHBIE HA MHQOP-
MAIAK O TENTHIHON TOCTeI0BATEILHOCTH W OCHOBAHHBIE HA WH(MOPMAIIHA O CTPYKTYPE MOJIEKY-
Jbl. KyiaccuaeckuM mpeicTaBuTesIeM 38891 IEPBOTO THITA sABJsieTcs mpobiema domanura. Hamo
3aMETHTh, UTO HA CETOAHSIIITHUN JeHL TMOAXOMBI IS PEIeHns 3aa49 9T0H KATEropun JaieKko
HEe OYEBH/IHDI, JIOCTATOYHO YIOMSIHYTE, ITO PEKOP/IHBIE IJIMHBI HCKYCCTBEHHO CTEHEPHPOBAHHBIX
OEIKOB ¢ 3aJ]AHHBIME CBOWCTBAMHI TPEXMEPHOI CTPYKTYDPBI COCTABJSIOT OKOJO Tpex coreH |1,
MpPU TOM, 9TO, K MPUMEPY, B MOJIEKY/Ie THTHHA KaMOAJOBUIHON MBITIIHI 9eI0BEKA COMEPKUTCIT
6os1ee 25000 aMUHOKHUCIIOTHBIX OCTATKOB.

3aa9a BHIYUCIUTENHHOTO MOJECIUPOBAHNS OENTKOBBIX COETMHEHUI OTHOCHTCS KO BTOPOMY
Tuny 3a7a4. OJHUM U3 BAXKHEHUIUX HAIPABJIEHNH B 5T0H 06/1aCTH CUUTAETCH CO3JAHUE MOJIEKY-
JIIPHBIX HHTEPREICOB [2], TO3BOOMEE, B 9aCTHOCTH, MPEICKA3BIBATE, KAKHE AMUHOKHUCTIOTHBIE
OCTATKM HAJO0 3aMEHHTHh B COEIMHEHUsIX, HE B3ANMOJEHCTBYIONUX B MPUPOJE, HO 001aaI0MIX
38JAHHBIMI CBOMCTBAME, ITOOLI JOOUTHCA HX B3ANMOAEHCTBHS.

CymecTBYIOT pa3nydHble MOAXO/AbI I PEMeHns 3a/1a49 3TOr0 THIIA, U3 MOCIEI0BATETbHBIX
JIETEPMIHUPOBAHHBIX BEPCHIl MOXKHO BBIIENNTH METOJ BeTBeil U rpanur [2] m aaropurm A* [3].
O0b1mieit TpobIeMOit HTUX METOIOB sABJIAIOTCH HOIBITHE BPEMEHHbBIE 32 TPATHI IPH 00PAdOTKE 3HAYH-
TENLHBIX 06HEMOB JAHHBIX. B KadecTBe METOTOB, HCTIOIL3YIONTHX PACTPEIETEHHbIE BHITACIEHHIO,

LCTaThst peKOMeHI0BaHa K MyGIAKAINH TPOrPAMMHEBIM KOMATETOM MeXKIyHAPOIHON CYIePKOMIIBLIOTEPHOH KOH-
depenmnn «Hayanrerit ceppuc B ceTn VHTepHET: TMOWCK HOBHIX pelileHmit — 2012».
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MOXKHO BBIIEIUTH peanusarun, noctpoennbie Ha GRID-cucremax [4, 5], B KOTOPBIX 3apaHee HEH3-
BECTHO, KaKO€ KOJINYECTBO PECYPCOB Ka)K,ZLbeI KOMIILIOTED B CE€THU CMOXKET BLIAC/INTDL IJId DEIICH M
3aJa41, U Pean3aIuio, NCIOAbL3YIONyo Texnojgornio MPI nmsa opranusanum nTepaTuBHOTO TO-
ncKa perenns [6], mpu 3ToM HOJIBITIEE YUCIO TPOIECCOPOB TO3BOJSET MOIYIATH HOIee TOTHBII
PE3YALTAT W HE BEJET K YCKOPEHHUIO PADOTHI.

Crarbs opranuzoBana, cienyromuMm obpaszom. B paszmene 1 omuchiBaercs npeaMerHas 00-
JIACTh U 00CYXKIAITCH OCOOEHHOCTH BBIMHCIUTETBLHOTO MOJAETHPOBAHNS DEJTKOBBIX COEIUHEHUI.
B pazgeiie 2 cogepuTcs KpaTkoe OMUCAHUE UCIOIB3YEMBIX B HCCJIEIOBAHIE AJIPOPUTMOB U T H-
Hbix. Pazzen 3 omuceiBaeT MOIU(DUKAIMIO HCXOIHOM TPOrPAMMBI C IEJIBIO CO3IAHUIO TAPAJIIE hb-
HBIX BEPCUI U MCIONb30BAHUS CTOXACTHIECKUX aJTOPUTMOB. B pasmese 4 onmucniBaeTcs: cucTeMa,
Aligner, B KoTOpyI10 OBLTA MHTETPHPOBAHA CO3MaHHA peanusanus. B pasmaene b mpuBeaeHs pe-
SYJAbTATHI BEIYUCJIUTEILHBIX 9KCIECPUMEHTOB U DE3YJILTATDI pa60T1>1 CTOXaCTHUYICCKUX aJITOPUTMOB.
B SaKJIIOYCHUHN OLHCHUBACTCA BBIUTDLIIT OT HCIIOJIB30BaHNA BbI6paHHI>IX METOA0B OIITUMU3aIIUN U

OIHUCHIBAIOTCs HANPABJIEHUS OYIyITUX HCCIEI0BAHMI.

1. IIpmHOUOBI KOMIILIOTEPHOTO MOAEJINPOBAHNS OEJTKOBBIX
COeJIMHEHNUI

OCHOBHOII [EJIBI0 KOMIIBIOTEPHOTO MOJIETHPOBAHMs OEJIKOBBIX COEIMHEHWH ABIIETCS BBIOOD
AMUHOKHUC/IOT B BOCIPOU3BOIMMOM CTPYKTYPE, MUHIMU3UPYIOMIX ODIIYI0 SHEPIUIO CHCTEMBI [7].
Cunraercsi, 9T0 B KayKJI0M B3aHMOJEHCTBYIOMEM JTOMEHE (CTPYKTYPHO 060CODIEHHOI ennHuIe)
€cTh (DUKCUPOBAHHOE YHUCJIO MO3UIMII, B KOTOPbIE BO3MOXKHO IIOJCTABIATH PA3JIMYHBIE aMITHO-
KHUCJIOTBI ¢ IEJBI0 MOJIYYeHHsT MHHUMAJTBHOTO dHeprerndeckoro cocrosiaus (GMEC — Global
Minimum Energy Conformation). I'nOKocTh AMHHOKHCIOT AMMPOKCUMHUPYETCST POTAMEDAME —
KOH(OPMAIMOHHBIME H30MEPAME, OTIHYAIIUMUACH OT JPYrUX KOH(OPMEPOB yIJIAMHU TOBOPOTA.
[IpunsiTa MOJEH, B KOTOPOH M3BECTHO YMCJIO YIVIOB BPAIIEHUS, TPUHUMAIONINX KOHEYHOE YHUC/IO
3HadeHuil. JlaHHbBIE O CTPYKTYpPax poTaMepoB cOOPaHbI B CHEHAJIbHbIE OUbIMOTEKH, T/IE KaXK 101
COBOKYITHOCTH 3HAYEHWI yIVIOB BpaIIeHHs conocTapjieH kKoudopmep. B pamkax takoit mojenu
00ITIasi SHEPTUS CUCTEMbI CKJIAIBIBAETCH U3 TPEX OCHOBHBIX KOMIIOHEHT:

1) smeprum octosa, ocraimasicss Heusmernoi mpu noucke GMEC n mosTomy He y4acTByIOMAst

B ONITHMU3BAIINAN;

2) SHEPTUU B3AMMOJICHCTBHsI POTAMEPA ¢ OCTOBOM MOJIEKYJIHI;
3) sHEPrUU B3AMMOJICHCTBHS BYX ONPEIETEHHBIX POTAMEPOB MEXKIY COOOI.

O0bmas sHeprus BeIYUC/IAeTCH 10 QOpPMYyJie

n n—1 n
f(C) =B+ Y E(C)+ Y Y Es(Ci,Cy), (1)
-1

i=1 j=it1

rje ¢ — poTaMmep B i-if MO3UIINH.
BrraunciureabsHoe MoJe M poBaHne DETKOBBIX COEIUHEHUI HMEET CJEIYIONINE KIIOYEBhIE 0CO-
OEHHOCTH:
1. KonuvecTBo MO3UIMil, YIACTBYIOMUX B 0O6pazoBanun wHTEpdEiica He 09eHb BETHKO (MeHee
100).
2. B kax7ao#l mo3unum MOAENTUPYeTCsa MyTalus TPUPOTHOTO AMUHOKUCIOTHOTO OCTATKA, UTO
BjiedeT 3a coDOil paccMmoTpenne HOIBIEr0 KOJHYECTBA POTAMEPOB 110 CPABHEHHIO C Tpa-
JMUIHOHHBIME 38/1a9aMI CTPYKTYPHOTO MOJAETHPOBAHUs (CHHTE3 TOMOJIOTOB, MPH KOTOPOM
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paccMaTprBaeTcs H0JIbIee KOJTMYECTBO MO3HIN, HO ¢ y7Ke M3BECTHBIME PUPOJIHBIMU POTA-
MEpaMU, y KOTOPBLIX H€O6XO,ZLI/IMO PacCMOTPETD JIMIIb BOSMOZKHBIC IIPDOCTPAHCTBEHHBIE N30ME-
pBI).

3. Tak Kak (byHKIHsI SHEPIUH JIONYCKAET HEKOTOPYIO MOIPENTHOCTD, B KAYECTBE PE3yJIbTaTa pa-
0OTHI AITOPUTMA HYZKHO MOJIYYUTh CIIUCOK KOH(MOPMAINI ¢ MUHUMAJIbHBIMEI JHEPTHAMU, JJIsi
KOTOPBIX TPOU3BOJUTCS YECTHOE MOJETNPOBAHNE, ropasio Hosee TpeboBaTeIbHOE K BPEMEH-
HBIM pecypcaM.

4. HeoaHOpomHAS SHEPTETHYECKAS MTOBEPXHOCTD (ITO ONHA M3 CIOKHOCTEH TPUMEHEHUST aJiro-
puT™MOB camocoryacosanuoro moss (SCME) [8]).

5. Ilpobrema GMEC — NP-nosnas [8].

2. IlapameTpbl uccaegoBaHUS
2.1. Onwucanue MUCII0Jb3yEMbIX METO/I0B OLNTUMMU3AIAA

B KkauecTBe CTOXACTHYECKUX AJTOPHTMOB (TO €CTh BBIIAIOMNX DPE3Y/IbTAT, 3aBUCAIIUN HE
TOJIKO OT BXOJHBIX JAHHBIX, HO U OT JATYNKA CIyUIaitHbIX dncen ), Obuin Beiopans MC/Q u SBC,
TaK KaK OHU 00JIAJIAI0T IOCTATOYHO MOTEHITHAIOM JIJIsi BBIX0/A U3 JIOKAJBHBIM MHHUMYMOB, KOTO-
phIMH H300HJIYET 33/1a48 CO3MaHNs MOJEKY/IsipHbIX uHTepdeiicoB. B KauecTBe 6a30BOr0 MeTO/1a
JUCKDPETHOM ONTHMU3AINKA Henoab3opaacs DEE.

DEFE (Dead End Elimination). 1lpocteiimuii MeTo] JUCKPETHOH ONTHUMH3AINH, TO3BOJISET
OTCEKATH 3aBEJOMO HENEPCIEKTUBHLIE POTAMEDPHI, OCHOBBIBASICH HA X BKJIAJE B OOIIYIO HED-
ruio [8].

MC/Q(Monte Carlo / Quenching). HecmoTpst Ha To, 9T0 MeTon ObLT pa3paboTaH B cepe-
jgute 1950-x ToJ0B, YCIEITHO IPUMEHATHCA B 330a49aX MOJIEJIMPOBaHs OEJIKOBBIX COEIMHEHUI OH
wadan b B 1990-x romax [8]. CyTh MeTo[a 3aK/II09AETC B CICAYIOMEM: BHAYANE TOCIEI0-
BATEIbHOCTH POTAMEDOB MHUITMAJIUZUPYETCH CAyUYaiiHbiM 00pa30M. 3aTeM B CJIy4YaiHON MO3UITIY
MPOUCXOAUT TOJACTAHOBKA JAPYIOro POTaAMEPa, IPUYEM 3aMEHbI HA POTAMEDPBI PA3HBIX AMHUHOKHC-
JIOT, BKJIOUAS TY, YTO CTOsJIa B BRIOPAHHON mo3uiiny, papHoBeposdTHBI. [locse nojcranoBku mpo-
HUCXOJUT BBIYUCJIEHUE IHEPTUM KOH(MOPMAIIUN, U €CJIH OHA MEHBINE MPEJbIIYINEro 3HAYEHHs, TO
3aMeHa, npuHuMaetcs. e HoBas sHeprus H60JbINE, TO 3aMEMIEHUE OATBEPKIAETCS C BEPOSAT-
HOCTBIO Bosibivana, k — nocrosinnas Boabivana. Beposgtaocts Bosibiivana 3a/1aeT BEPOSITHOCTD
MOJICTAHOBKH MEHEE IHEPreTHYECKH BBITOJHOIO POTAMEDPA B ONPEISIECHHYIO TO3UIHI0 U PACYUTHI-
BaeTcs 110 hpopMyIie:

poe (2)
Benmuuuna T" B JaHHOM CJIy4ae HUCIOJHHAET POJIb TEMIIEPATYPHI, O3B0 H30€raTh JIOKAJIbHBIX
MuHuMyMOB. llociie 3aBepinenns MOUCKa BO3MOXKEH nepexon K dpaze orxkura. g kaxk o nozu-
1y, BEIODAHHON B CJIyYaiiHOM MOPsiJiKe, NepebuparoTcs BCe POTAMEPHI aMIHOKHUCIOTHOIO OCTAT-
Ka, KOTOPBIN OBbLI HAMIeH B Xo4e paboTsl Meroga Mounre-Kapso. Ecian sneprus nosoit Kondopma-
uu OyJIeT MEHbBIIE, TO MPOUCXOIUT 3AMEIIEHUE POTAMEPA. DTOT ITAI MO3BOJAET YOEeIUTHCH, YTO
B MOJIYyYEHHON CTPYKTYPbI OTCYTCTBYIOT MOJCTAHOBKH OTAEIbHBIX KOH(POPMEPOB, MUHUMU3UPY-
omux 00y 10 sHepruo. OTKUT UMEET MaJIYIO BPEMEHHYIO CJIOYKHOCTD, OJIHAKO MOXKET CEPbE3HO
YIIYUIIUTh HallJEHHOE PEIeHue.

Anzopumm nueaunozo noucka (Simulated Bee Colony). Anropurwm, nosisusmuiicst B 2005
roJly, XOpOIIo 3aPEKOMEHIOBAN ce0s KAaK B 33a4aX HEIPEPBIBHOMN, TAK U JUCKPETHOH ONTHMU-
zamun [9]. KpaTrko ero MOXKHO OMHCATH CAEAYIONM 00pPA30M: B Hadajte PAOOTHI CIydailHBIM
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00pa3oM BEIOUpaeTCd M PeIeHnii, KaXK10e 03 KOTOPBIX IIPEeJICTaBIdeT coDoil ey pasBelinKa.
3areM MUKINYECKH JIydIIne 1 PemeHnii HecaeayoTes 0oree TIATENbHO: B 32aBUCHMOCTH OT TOT'O
ABJIAETCA JIN TOYKA «3IUTHOI» NN NPOCTO BLIOPAHHOI, B €€ OKPECTHOCTH HCCIEAYETCA S, WIH
Sp CAYYAIHBIX DereHnii, a ocTagbHble (1 — M) PENeHnii 3aMeHSIOTCS Ha, CAyYailHble TOYKH U3
IPOCTPAHCTBA PEIIeHuil. 3aBepIIeHne aJIroOpPUTMa MPOUCXOANUT JHOO B PE3yIbTaTe JOCTHKEHU
OTIIPEIETICHHON TOYHOCTH, JIHOO0 MO0CIe HCUEPIAHNd YNC/a HTepanuii.

2.2. OnucaHue BXO/JHbIX JAHHBIX JJII MCCJICA0BAHUSA B3aMMOICHCTBUS

CTPYKTYPpP

st uccnenopanus ObBLIM MCIOJIb30BAHBL JIBA THIIA OEJKOBBIX CTPYKTYP, OTPAXKAIOIINX Pe-
AJNBLHYIO 38189y MOJeNupoBanus 6eTKoBbIX HTepdeiicos. IlocTanoBKa 3a184m Ay ONpeJieIeH-
HBIX GeTKOB cOpPMeIpPOBaHa HHCTATYTOM (DUIHKO-XuMuUecKkoit OGuomorun mmenn A.H. Beo-
zepckoro. Beuin uccnenosanbr: Genkosbiit Komiieke LAGLIDADG suuonykieas u GelKOBbIi
KOMIIJIEKC aHTUTEN0 — AHTUTEH.

DHIOHYKIeA3bl — OeIKN M3 ceMeilcTBa HyKJeas, Y3HAIOMNe JJINHHBIE MOCIEN0BATENHLHOCTI
HAHK u BHOCsmIHE B HallleHHbIH (hparMeHT ABYyHUTEBOH pazpbiB. OHU Y4aCTO HCIOJIL3YIOTCH B
FEHHOH MHXKeHepuU Jjid co3nanus pekomOunanTHbX JIHK, KoTOpBIE 3aTEM MOTYT BBOAUTHCH B
KJIETKH JIPYTUX OPTraHu3MOB. JHA0HyKIeas3a cemeiictsa LAGLIDADG coctonT U3 ABYX JTOMEHOR,
U 3a/1a9a, CBA3aHHAs ¢ HUMU, COCTOSIA B KOMOMHUPOBAHUHT OTAENBHBIX JIOMEHOB U3 PA3TUIHBIX
OEJIKOB ¢ IeNbIO MMOTYYeHns HyKIea3 ¢ HOBOH cnenmpuaHOCTHIO.

AuTuTena npeactaBasioT coboil crienuanbHble OeIKN CHCTeMbI UMMyHUTeTa. OHU CBSA3BIBA-
10TCsI ¢ OOJIBITION CUIOH B3aMMOJCHCTBHSI ¢ AHTUTEHOM (C BBICOKOl CTEMEHBIO JUCCOMMAINN) —
XapaKTePHON YacThIo MATOTeHa, HApUMeD OENKOBBIH KallCu BUpyca, — U Jnb0 HERTPANTU3yIOT
AHTUTEeH, TUOO MAPKUPYIOT €ro JJisi APYTUX KIeTOK UMMyHuTeTa. OCOOEHHOCTh CTPOEHNs aHTHU-
TeJ 3aK/II0YaeTCsl B TOM, YTO OCHOBHOH KapKAaC MOJIEKYJbI HE MEHSETCs, PasinvaloTcs TOIHKO
BapuabeIbHble METIN, HEOCPEACTBEHHO OTBEYAIONINE 38 B3aMMOAENHCTBIE ¢ aHTUTeHOM. OCHOB-
HBIM CIIOCOOOM TIOJIydeHHsl AHTUTEN HA CETOJHMANTHUN AeHb SABJISETCS MMMYHU3AINs »KUBOTHBIX,
9TO AOCTATOYHO J0POTasd W HeyIoOHAas NPONEypa, MOITOMY CTAHOBUTCH aKTyaldbHON 3a/1a4a Oll-
TUMH3AINH KaK (hapMOKHHETHIECKUX CBOMCTB aHTHTENA (PACTBOPHMOCTD, CTAOMILHOCTS ), TaK U
ero addurHOCTH (TPOYHOCTH CBSA3M ¢ aHTUTEHOM ). MOYKHO BBIIEIUTDH JBA HAIIPABJICHUS PA3BH-
TS B UCKYCCTBEHHOM MOJHOPE aHTHTEN:

1) onTuMu3aNsT KOMILIEKCA AHTUTEI0 — AHTHTEH CPEICTBAMH KOMIBIOTEPHOTO MOJIETHPOBAHMST

JUTst IOBbIeHs1 adp(PUHHOCTH aHTHTEIA K aHTHIEHY;

2) Jau3aiiH HOBBIX AHTUTET K YKA3AHHBIM aHTHTeHAM «de NOvOo», MMUTHPYIOMU CeTeKTHBHBI
0TOOP UMMYHHOM CHCTEMBI.

OTHOCHTENBHO HEJABHO OLIMM OTKPLITHI M ceffdac aKTUBHO MCCIEAYIOTCS HAHOAHTHTE-
na [10, 11]: MoJIeKy/IBI, CXOAHBIE O CTPYKTYPE ¢ AHTHTEIAME, HO MEHBIIEro pasmMepa (B 4acT-
HOCTH, MEHBITIE 00bEM U KOJHIECTBO BAPUADEIBHBIX TIETEil ), 9TO JaeT UM CEPhe3HbIE TTPEUMYIIe-
CTBa B CHHTE3€ JEKAPCTB Nepejl aHTUTeNaMUu OOBIYHOTO Pa3Mepa. B KadecTBe BXOJHBIX JTaHHBIX
JITs 33718491 OBLT NMPeIoKeH KOMIUIEKC HAHOAHTUTENA € JIM30IUMOM, KOTODPBIH HCIOJHSIA POIb
aHTUreHa. CTOUT OTMETUTH BBIYMCIUTENLHYIO CIOKHOCTH 3TON 3a184M: MCXOMsl U3 TOTO, UTO
KOJIMYECTBO ONepaluil, Heobxonumbix mjisi 0bpaborku 1 kordoOpMallMM, 3aBUCHT OT KBaJpara
YUCaa MO3UININ, U 3HAs 00Iee KOJNIECTBO KOMOMHAIWI, MOJydaeMoe NMePEMHOKEHHEM YHUCIa
BCEBO3MOXKHBIX POTAMEDPOB B MO3UIULX, MOJYIAEM, I MOJETUPOBAHNS HAHOAHTUTENA JAXKe B
6 mosumusx (X0Tst MOXKeT OBITH 3ajeiicTBoBaHO Hosee 20) Tpebyer 6-6-191-308-190-106- 196 - 326
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OTlepaInii ¢ MIABAIOIMIEN TOYKON, TO eCTh TPeOyeTCs KOMIBIOTED ¢ IPOU3BOAUTENBHOCTLIO Hostee
2,7 I1®aomc.

3. IIporpamma FitProt

Konnekrusom uncruryra M. A.H. Benozepckoro B pacmopsizkeHne aBTOPOB ObIIa TPEI0-
CTaBJICHA MOC/IEJ0BATEIbHAST TpoTpamma, FitProt [12], HamncanHast Ha sI3bIKE TPOTPAMMUPOBAH ST
Python, koropast ocyiecTBisiia noJHbIH epebop KoHpOpMaIuil A1 YKA3aHHBIX T0JIb30BATEIEM
MO3UIHI, TPEABAPUTETHHO TpuMeHsist K HuM (unbrp DEE (em. mynkT 2.1). Ha Bx07 mporpammve
nojamTed npa Qaiiaa: co cTpyKTypoil coequuenus B popmare PDB u ¢ onucanmem B Kakux
MO3UIMAX U Y KAKHX POTAMEPOB HAJI0 MOJEIHPOBATH MyTalnuio octarka. Bropoii daitn umeer
TEKCTOBBIN (hOpPMAT.

C 1nenpio yeckopenust paboThl MOCIEI0BATEIBHON Peasn3any u Jijis 00ecedYeHnsi BO3MONKHO-
CTH pacrnapaJjiienBanns Kojaa B FitProt Obliun BHECEHBI HEKOTODBIE u3MeHeHus. s xpaHeHus
CIUCKA, JIYYIUX KOH(pOopMaInili, MUHUMHU3UPYIOMUX JHEPIHIO CUCTEMBI, ObLJIA peATN30BaHa Ky4a
(heap), 9To 6BIJIO OOYCIOBICHO MEHBITIME BPEMEHHBIME 32TPATaMi Ha J0OABICHHE HOBOTO 3Jie-
MEHTA U IOJJIEPXKAHUS CTPYKTYPBI KYUH 110 CPABHEHWIO C JPYTHMHU CIIOCOOaMU MPEeACTABICHIS
JIAHHBIX, 8 TAKXKE CKOPOCTbhIO COPTUPOBKHU. BhINOIHEHA pean3aus MPOrpaMMbl, HCIIOJIb3YOMAs
MaCCHB JHEPIUi, CreHEPUPOBAHHBIN porpaMmMoit FitProt ¢ ucnonszopanueM duibrpa DEE, Ha
s3bike C/C-++, KoTopasi 3aTeM ObLIa pacnapajieseHa ¢ UCnoab3oBanneM Texuoornii OpenMP
u MPL.

ApTopamu 6b1a TPOU3BeAeHA MOINMUKAINA TporpaMMbl FitProt Tak, 9To0b! ee OBITI0 BO3-
MOXKHO 3aIyCKATh HA MHOTOIMPOIIECCOPHBIX CHCTEMAX KaK C ODINEl maMsaThiO, TaK U KJIACTEPHO
apxurekTypbl. B OpenMP peasuzanuu Bce nanHbie 06 SHEPrusxX POTAMEPOB XPAHSATCH B 00IEit
namsTu, a B MPI pacnpenensiorcs o nporeccopaM. B oboux ciyyasx napasiieibHO paccMar-
PUBAIOTCS PA3JIMYHble KOH(DOPMAIIMN; 3aTEM U3 CIIMCKOB, cchopMupoanubix paziudabiva MPI-
npoieccopamu, 1 OpenMP-HuTs MU, CTPOUTCSH CITUCOK MHHHUMAJIbHBIX SHEPIHIL.

st naibHeero cOKparieHist BDEMEHH TOUCKA PEMIEHUsi KO BXOJHBIM JTAHHBIM ObIJTH TIPH-
MeHeHbl Mouduimposantsie anroputMbl MC/Q u GMEC. Hecmorpst Ha 10, 9T0 06a aaroputma
[PeIHAZHAYEHBI JJIsi BBIJIAYH €JIHHCTBEHHOIO PEIEHNs, TPU CO3AAHUN PEAJU3aAINN OHU OBLIH MO-
JUDUITHPOBAHBI I TOJIYYEHHSs CIUCKA MUHUMAJIBHBIX KOH(poOpMatuit. OueBuaHo, 9T0 HOIBIIOE
3HAYEHHE HA PE3YJIbTATHl X PADOTHI OKA3BIBAET TOYHBIN BBHIOOD MAPAMETPOB, MOIXOMSNHX O,
permaeMyio 3a/1a4y.

Anropurm MC/Q peanuzosan ¢ npumenenuem texxojorun MPI) B KoTopom Mexkmy mpo-
[ECCAMHU PACIIPEIEISETCsS TPOCTPAHCTBO MMOMCKA, TO €CTh DOJIbIIee KOJMYECTBO MPOIECCOPOB HE
BEJIET K YCKOPEHHIO ITPOrPAMMBI, 384T0 TEOPETHIECKH MOXKET 0DECIIEYHBATH HAXOXMKIEHHE JIy YITIEr0
pertenus 3a T0 e BpeMs. Moguduxalius ajropuTMa, Ajist MOy YeHUs CITMCKA MUHIUMAJIbHBIX KOH-
dopmMaIuii COCTOUT B CJIEAYIONEM: COIVIACHO KaHOHHUYeCKOMY srany MC Ha KaxKJIoM IIPoIeccope
UITIETCS ONTHMaAJIbHAS KOH(MOpPMAlKs, MMOCIE ITON0 HA ITAlle OTXKUTA MPH PACCMOTPEHHH BCEX
BAPUAHTOB POTAMEPOB AMUHOKHCJIOTHOIO OCTATKA, CTOSINEIO B BHIODAHHON MO3UILNE, BCE HOJIY-
YeHHbIE KOH(opManun 106aB/siioTcs B CiMcOK perennit. C yBelnueHneM KOJIMYeCTBa MO3UITHit
Cpe/iHsis DHEPrUs PEMIEHUS UMEET TEHICHITNIO K CHUXKEHHUIO, YTO IOBOPUT O XOPOIIEM HOTEHIIHATIE
Juts Macimrabuposanus. Pasnesienne npocTpaHCTBa MTOUCKA, MEXKTY MTPOIECCOPAMH UMEET IEIBIO
ONTUMU3AINIO HaleHHbIX permennit momumo GMEC, korpa Ha kakoM-T0 nporeccope uKCHpy-

€TCH JIOKAJIbHBIHN MUHUMYM 1, BOSMOXKHO, YJIYyHIIa€TCA Ha IMare oTzKura.
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PeanmmzoBan mocnenoBaTeNbHBIN AATOPUTM MUEIWHOTO TMOWUCKA, B KAYECTBE OKPECTHOCTH
3JIUTHBIX TOYEK PAacCCMATPUBAJINUCh BCE BAPUAHTHI POTAMEPOB AMUHOKHCJIOTHOTIO OCTATKA B CJIY-
4aiiHO BLIOPAHHON ITO3UIHH, B KAYECTBE OKPECTHOCTH BHIOPAHHBIX TOUYEK OPANChH BCE POTAMEPHI
B CJAyYallHON MO3UIMKM C PABHOH BEPOATHOCTHIO. KOIMYECTBO JIUTHBIX, BBIOPAHHBIX U OCTAJb-
HBIX TOYEK cooTHOCcHTCs Kak 10:25:100 coorBeTcTBEHHO, TaKkue u(Phl, CONIACHO IMINPHYECKIM

UCCIE0BaHUsAM, IMTO3BOJJLIOT ITOJIYYaTh OTITUMAJTbHBII pesyiabTaT.

4. Onucanme cuctremsbl Aligner

C nenbio obecrieyeHus TPOCTOTHl MCIOJb30BAHMS CO3ABAEMOI0 MPOTPAMMHOIO KOJa Obl-
JIO DEINeHO MHTErPUPOBAThH CO3MAHHYIO MapajielbHyio Bepcuio B cuctemy Aligner [13]. Usna-
JaJbLHO cucTeMa, Aligner cozgaBanachk Kak WHTEPHET-CEPBUC [T MOCTPOEHUST MHOKECTBEHHOTO
BBIDABHUBAHUS [OCJIEI0BATEIbHOCTEN Ha KJIACTEPE M BKJIOUYAJA B cebsd CHCTEMY aBTODU3AIIMM,
6&3}7 JaHHBIX, BOSMOXKHOCTL 3arPY3KHN MOJL30BATC/ILCKUX JaHHBIX, MOJAEPKKY YBG,ZLOMJ'IGHI/Iﬁ (€]
craryce 3amanuii mo snekTponHOi moure [14]. Ilpeumymectso Aligner Ham ocTanbHBIMU BEO-
uHTepdeiicaMu K MHOIOMAITHHHBIM KOMILJIEKCAM 3aKJII0YAETCd B OTCYTCTBUE Y II0JIb30BATEIS
H€O6XO,ZLI/IMOCTI/I perucrpalniuii Ha BbIMHCJIHUTEHIbHBIX KJjlacTepaX, K KOTODBIM IPEJOCTaBIAET d0-
cryn Aligner. BmecTo 9TOTO M0CTATOYHO 3aBECTH YIETHYIO 3AMUCH B CHCTEME, MO3BOJISIONTYIO
CTABUTH HA CYET 38/7Ia4W HA BCEX CYNEPKOMIBIOTEpax, CBazaHubix ¢ Aligner. CTpykTypa cucte-
MBI Aligner mpencraBiena Ha puc. 1.

Hactpoiikm,

AdHHBlEe K 3adaqam aafaqa BeMUcnuTENb

(Bash-crounT)

peaynerar

BeMucnuTens
(Bash-crpounT)

CTaryChl

3ajava 3anay

Pacnucanwe
3anycKos

Ouepesb
ELEGIT

peayneTar

[Monb3oBaTent

Ouepegb
pobaenenne aagaun 3afaHuii

B odepelb

Basza gaHHbIx
(MySQL)

Puc. 1. Crpykrypa cucrembr Aligner

B criucok ajropuTMoB, JOCTYIHBIX JJis VAAJEHHOTO 3aIyCKa Ha KjacTepe, ObLT J00ABJIEH
FitProt. Ilpu BrIDOpE 3TOrO ajnropuTMa, BeO-mHTEPQEHC NpearaeT MOJIb30BATEII0 3aIPY3UTh
daitn crpykTyphl B opmare PDB u rexcrororo paitia, yKasbIBaIOIMErO B KAKHX MO3UIIHIX
cJieJlyeT MpOBECTH WHKUHUPHUHTL. lloc/ie yecnemnHoro canTbiBanus 3a0aHus 13 6a3bl JAHHBIX TPO-
HCXOJIUT BbI30B HCXOMHOTO MOCIEI0BATEIBHOTO PEMEHs, KOTOPoe ¢ mpuMenenneM ¢puibrpa DEE
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rerepupyer ¢aiiyi 3HaUYEeHnH cOBCTBEHHBIX M MAPHBIX DHEPIHil, KOTOPBIH OTIPABIAETCH HA KJa-
CTep, I/ie CTABWTCS Ha CYET MPOrpaMMa, HCIOML3YIoNas €ro Kak napaMerp. B caydae ycmermHo-
I'0 3aBEPIICHNd 3a0aHNd [TOJIL30BATENIO IPEIOCTABILETCI BO3MOKHOCTL IPOCMOTPETD U CKAYaTh
BBIXO/IHBLIE HaHnble. [loBemenne mporpaMMHON CUCTEMBI B 3TOM CJIy¥ae TPOULTIOCTPUPOBAHO Ha,
puc. 2.

CTopoHa KNMeHTa : CTopoHa cepeepa

Hapo cuctemel
aligner (python)

@ain co CTpYKTYpoi
COBOMHEHWA
e FDB dopmaTte

3arpy3Ka faHHBIX,
3anyck Ha Hux fitprot
ANA NONYYeHWA
MacCHEa IHEeprui

Pann c
MaccHBOM
IHe pruil

B TEKCTOBOM hOpMare

@ain, oNWCeIBaWWIA
no3nLIN ! Aoctyn no ssh
ONA MOZenUpoRaHNA, 3arpyaxka 3arpyska no scp

MNocTaHoBKa Ha cYeT

aagaun, B Beluncnutens
i fropmupoeanne daina
! C peaynLTatom

/ Daiin c E'b'rPYSKﬂ: JaHHBIX
pe3ynLTaTomM ...-—_

Daiin ¢
pE 3T ETaTOM

Daiin ¢ Maccueom Brirpyaka gaHHbIX

3HE pruit

Puc. 2. [IyTs maHHBIX, IPN YJAJTEHHOM 3aIycKe 38 aHUi

5. PesyabTaThl

st uccnenopanus 3HEKTUBHOCTH NAPAJLIEIbHOM Pean3allui 1 KAK CPEJCTBO JIJIs YA eH-
HOT'O 3aIyCKa, IporpaMMbl yepes3 Beb-unTepdeiic Obiia BriOpaHa cucrema Regatta, obsagaomas
16 npomneccopamu Powerd, pacnosnaratomumu 64 1'6 obmeit namsaTu, u goctynuas uz ceru MITVY.
st pacueToB MOJIEKYJIsIpHOTO HHTepdeiica HAHOAHTUTENA MCIOIb30BaICH KoMIieke « IEBbI-
ITEB», paboratomuii Ha npoieccopax Intel Xeon E5472 3.0 I'l'n u uMeromuii MUKOBYIO TPOU3-
Bogurenbrocts 60 Tdmormc.

Tabs1. 1 cogepxxut BpeMena paborsl (B cekyHmax) MPI sepcun nporpamMmbl, TPOU3BOAABINE
MOJIEJIMPOBAHIE MOJIEKYJIsspHOTO nHTEepdeiica mis 3 nosunuit suaouykaeassl, 1 OpenMP Bepcun
MPOTPaMMBI, MOAETUPOBABINEH MOJEKYIAPHBIH uHTepdeiic st 4 nosunuii SHAOHYKJIea3bl. Ha
puc. 3, NpUBEIEHHOM HIXKE, VKA3aHbI YCKOPEHUs MaPAJIEIbHBIX BEPCHIl JI€TEPMIUHUPOBAHHOTO
AJITOPUTMA, MCXOAsd U3 AaHHbIX Tabur. 1.

Bo Bcex ciayuasx croxactudeckue anroputvbl Hammn GMEC (korndopmanus, cooTBeTCTBY-
I0MAsi MUHUMAJIbHON DHEPruM, 3aHUMAET MEPBOE MECTO B CIIHCKE, OTCOPTHPOBAHHOM 10 BO3pAac-
TAHWIO YHEPTHUH) W BBIJAIHN HECKOJIBKO PE3YJIBTATOB U3 MEPBOIl JECATKH MUHUMATBHBIX KOH(OP-
Maruit. JIydmue pe3ysibTarsl aJrOPUTMa MYETHHOTO MOMCKA 00bACHSIOTCH CIIOCODOM Oy YeH IS
CIUCKA ONTHMABHOI ocenoBaTenbHocTH poramepos: B MC/Q pesyabrar hopMupPYeTCst B PO-
[ECCE OTKUTA U3 JIYUIIero HaiJeHHoro permenns Ha rane MC, korja nepebupaiorcs koudop-
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Tabauma 1
Bpems paboThl napasiebHbIX BepCHii mporpamMmsl (¢)
Yucao npoueccopos | Bpems paborbl | Bpems paborbi
MPI Bepcun OpenMP Bepcun

1 6,86 312
2 3,43 159
4 1,73 80
8 0,92 43
16 0,56 22

16

14

12
o 10
=
h
o 8
o
o
S 6
P

£

%]

B MPI
H OpenMP
1 2 4 8 18

Mpoueccopel

Puc. 3. Yckopenne njisg mapaalelbHBIX BEPCUil JeTEPMIHUPOBAHHOTO AJTOPUTMA

MEPbI aMHHOKHCJIOT, CTOAINNX B PEHICHHUN, 9YTO OIrPDaHUYNBACT BapHaTUBHOCTL OTBETA. AHFOpI/ITM

MYEJUHOro MOMCKa JIMIMEH 3TOr0 HEAOCTaTKa, HO CYIIECTBYET ONaCHOCTDL CXOXKACHUNA BCEX DElie-

HUH K OTHOMY €IMHCTBEHHOMY TVIOOATBLHOMY MUHUMYMY MPHU CIMINKOM JIOJITOM BPeMeHU PaboThI.

B tabs. 2 u Tabs. 3 npuBeieHBl PE3YJIBTATHI PpAOOTHI AJIFOPUTMOB, YHC/I0 HAllIEHHBIX KOH(OPMa-

Tabauma 2
Pesynbrarer paborer anropurma MC/Q
CrpykTrypa Yucao nmosunmii | Haiigeno kondopmarimii
DHIOHYKJIEA3bI 3 3
DHIOHYKJIEA3bI 4
DHIOHYKJIEA3bI, YBEINIEHHOE 4
YHUCTIO POTAMEPOB
Hanoantureno B xoMIIeKkce 4 4
€ JIU30IHUMOM
Hanoantuteno B xoMIIeKkce 5 4
€ JIU30IUMOM
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Tabanoa 3
Pezyabrarsl paboThl aJIrOpUTMa, MTYETHHONO TOUCKA
Crpykrypa Yucao nmosunmii | Haiigeno kondopmaiimii
DHIOHYKJIEA3bI 3 3
DHIOHYKJIEA3bI 4 4
DHIOHYKJIEA3bI, YBEIMYEHHOE 4 3

9HCIJI0 POTaMEPOB

HanoanTureno B KOMILJIEKCE 4 3
C JIU30LIMOM

HanoanTureno B KOMILJIEKCE 5 4

C JIU30LIMOM

it ykazauo 6e3 yuera GMEC, koropbiit Ob11 00HAPYKEH BO BCEX ciyyasx. ducsio ureparuit npu
paboTe anTOPUTMa, MUETMHOTO MOUCKA € 3 TO3UIHSIMHA HAOHYKIEA3hl YMEHBIIEHO HA MOPSIOK,
4T00bI H30EXKaAThH Cx0XKAeHus Beex permenuit K GMEC.

3aKJII0UYeHue

B pa6ore 6buin npeacTaBieHbl HAPAJJIEIbHBIE BEPCHH TOCIEI0BATEIBHON MPOTPAMMBI CO-
3JaHIs MOJIEKYIIAPHBIX nHTEpdeiico ¢ npumenenneM Texuojorun OpenMP u MPI. O6e Bepcun
MOKA3AJH JIOCTATOYHYIO MACHITAOHPYEMOCTb U JIYUINHE BPEMEHHBIE MOKA3ATENHN 0 CPABHEHUIO
¢ TOCJeN0BaTeNIbHON Bepcueil. Bribop croxacTuyecKux aJrOpuTMOB onpapaas cebsi: u MouTe-
Kapso, u ajaropurM IM4eJIMHOTO MOKUCKA MTPOJAEMOHCTPHPOBAJIM BBICOKYIO CIIOCODHOCTH K BBIXO-
JIy U3 JIOKAJIbHBIX MUHUMYMOB. CTOUT YyIIOMSHYTb, YTO MOJAETUPOBAHUN OeJIKOBOTO nHTEp(deEiica
JUI HAHOAHTHTEIA B 6 mo3unusx 3anuMaer Oosiee 20 4acoB cuera Ha HECKOJbKUX COTHSX MPO-
[IECCOPOB, MO3TOMY JIJis 38J1a9 MOJIEIMPOBAHNS DEJIKOBBIX COEJIMHEHMN ¢ OOJIBITUM KOJMIECTBOM
MO3UIKK BAXKHO HAJTHYHE HEJETEPMUHUPOBAHHBIX AJTOPHUTMOB, O3BOJISIONINX 38 MTPHEMJIEMOE
BPEMs TOJIYUYaTh OMOJOTHYECKH KOPPEKTHBIH pe3yibrar. lIpenocrarienue gocTyia K ajropur-
My 110 BeO-uHTEPdECY OTBEYAET COBPEMEHHBIM TEHJAEHIUSAM K MEPEMENIEHIIO BIYHCICHUN HA
cTOpoHy cepiepa. Wurerparus B cucremy Aligner MO3BOJSIET TMHPOKOMY KDPYTY CIEIHAJNCTOR
HCIIOJIB30BATH BHIYUCIUTE/bHBIE MOIITHOCTH, ITPEAOCTABIAEMbIE Y HUBEPCUTETOM, & C yYETOM Pac-
mupenus cepbl NPUMEHHMOCTH 33189 MOJIEKYJIsPHOTO MOJIETHPOBAHUS, HAJTHYHE OTKPBITOrO
BeO-unTepdeEiica, MPeIOCTABIAIONIErO VAAJEHHBIH JOCTYI K BEIYHCAUTEIbHBIM KJIACTEPAM, SBJIsi-
eTcs JOCTATOYHO BAXKHOU 33Ia4€eid.

B kauecTBe HanpapseHuit Oy Iymux UCCAEIOBAHUN MOXKHO YKA3aTh MOUCK ONTHMAJIBHBIX KO-
spduruerToB B (QYHKIUN SHEPrUM, HAIPUMEDP, C IMOMOIIBIO METOM0B MAINMHHHOIO OOYYEHUs U
HCCJIEI0OBAHNE IPUMEHMMOCTH IPapUUIecKnX MPOIECCOPOB Jjisd YCKOPEeHHs PabOThl MPOTPaAMMBI.
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OPTIMIZATION OF MODELING IMMOBILIZED PROTEIN
INTERACTIONS ON COMPULATIONAL CLUSTERS WITH
THE SUPPLYING OF ACCESS TO THE ALGORITHM VIA
WEB-INTERFACE

K.V. Romanenkov, Lomonosov Moscow State University (Moscow, Russian
Federation),

A.N. Salnikov, Lomonosov Moscow State University (Moscow, Russian Federation)

In this work were introduced parallel versions based on OpenMP and MPI technologies of
sequential program for modeling immobilized protein interactions. Both versions have shown good
scalability and better time indices to compare with the sequential version when running on single
processor. Need to mention that modeling of immobilized protein interactions for some compounds
have taken more than twenty hours of computations on several hundreds of processors, that’s
why for such modeling tasks with the great quantity of positions availability of nondeterministic
algorithms, providing biologically correct result in reasonable time, seems to be rather important.
Selection of stochastic algorithms has proved its value: both Monte-Carlo and simulated bee colony
algorithms had found conformation corresponding minimal energy state. Supplying of access to the
algorithm via web-interface measures up modern specifications of remote computations and allows
the wide circle of specialists use computational power of Moscow State University and, taking into
account extending the sphere of application tasks of molecular simulation, the presence of open
web-interface providing remote access to the computational clusters is quite an important task.

Keywords: bioinformaitics, multiprocessor systems, immobilized protein interactions, parallel
algorithms, stochastic algorithms
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