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NPUMEHEHMUE CYNEPKOMIMbIOTEPHbIX TEXHOJNIOTUW
Anga MOOENUPOBAHUNSA COUMANTbHO-DKOHOMUYECKUX CUCTEM'

K Hacmosuwemy 8peMeHU HAKONJIEH 3HAYUMENBHBLI ONbIM 8 UCCIe008AHUU NpoOAeMamuKu 6 06aacmu
Kauecmeda, OyeHKU cucmem ynpasaeHusl, MOOeaUpo8aHust yCmouuuusocmu IKOHOMUUECKUX CUCIEM.

IIposedeHHble uccied08aHus co30anu 0CHo8Y 0Jisl (POPMUPOBAHUS HOB020 HAYUHO20 HANPABIEHUS — IKO-
HOMUKU Kauecmea, UHCMpPYMeHMbl KOMOpP020 N0380/10M UCNO016308AMb 803MOXCHOCMU UMUMAYUOHHO20
M00enuposaHus npu NOCMpoeHuU mamemamuyeckux modeseil, adekgamHo OMpaxiarwux pojis Kauecmaea
8 ecmecmeeHHbIX, MeXHUUECKUX, COYUANbHBIX 3AKOHOMEPHOCMAX (YHKYUOHUPOBAHUS CJIOHCHBIX COYUANb-
HO-3KOHOMUYECKUX CUCTEM.

Ilupokoe ucnonv3osauue u paspabomra modeneti, a maxkie cCucmemHoe MoOeaUpo8aHue ¢ UCNob306d-
HUEeM CynepKoMnblomepHblx MexHo102ull, o Hawemy 21y60komy yoexcoeHuro, 8vi8edym npogodumsle uccie-
008aHUS COYUATLHO-IKOHOMUUECKUX CUCTNEM HA NPUHYUNUAILHO HO8bLL yposeHsb. Kpome mozo, daHHOe Ha-
yuHOe HanpasJieHue 6HOCUM 3AMeMHblli 8KNA0 8 UMUMAYUOHHOE MOOENUPOBAHUE MYIbIMUAZEHMHBIX COYU-
A/IbHBIX CUCMEM, U, YMO He MeHee 8aHCHO, OHO OMHOCUMCS K NPUOPUMEMHbIM HANPABJIEHUSIM 8 pa3sumuul
HAayKu U mexHuKu 6 Hawleli cmpaxe.

B cmamee ydeneHo 8HUMAHUE 80NPOCAM NPUMEHEHUS] CYyNepKOMNbIOMEpPHbIX mexHoo2uli 8 obujecm-
BeHHbIX HAYKAX, 8 NeP8YH0 ouepedsb, — 8 HACMU MEXHUUECKOU peanu3ayuu KpynHoMacumabHwix azeHm-opu-
eHmuposanHsix modeseti (AOM). Cyms 0aHHO020 UHCMPYMeHMA 8 Mmom, umo 671az200aps yeeaudeHu Mouj-
HOCMU KOMNbI0Mepo8 Cnajio 803MOMCHbIM ONUCHIBAMb N0BEOEHUE MHO2UX 0MOENbHbIX (PPAZMEHMO08 CILOXHC-
HOUI cucmembl, KaKuMm s18J1110Mcst COYUANTbHO-3IKOHOMUUECKUE CUCMeMBbl.

Takae 8 cmamobe 6ydem paccmompeH onsim 3apyOexcHslx YueHslx U npakmukos 8 3anycke AOM Ha cy-
nepkomnosiomepax, a makxce npumep AOM, paspabomanHoii 8 LISMU PAH. IIpoaHanuzuposaHsl 3manst u
Memodvl 3ekmusHoz0 0mobpaxeHus CHemHozo 10pa MyJibmudzeHmHoU cucmemsl Ha ApXUMexmypy co-
8peMEHH020 cynepKkomnelomepd. B 3axnoueHue npedcmasieHsl IKCNePUMeHNMbl HA 0CHO8E UMUMAYUOHHO20
M00enuposaHust N0 mpem CUeHapusimM NPozHO3UPO8aHus yucieHHocmu HaceneHus Cankm-IlemepOypea Kak
00H020 U3 8aXCHETIWUX (haKmopos, eusouUx Ha pa3sumue CoYyuanbHO-IKOHOMUUECKOLl cucmemsl U Kaue-
CMB0 HU3ZHU HACENEHUS.

KnroueBble ctoBa: KaueCTBO KM3HM, MO €/1b, IIPOTHO3, CUCTEMA, CYIIEPKOMIIbIOTEPHbIE TEXHOIOTUIN, 9KOHOMIKA
KadyecTBa

OCHOBHAas 4acTh

IOna yMuTanuy IMOBedeHUs CIO0XKHBIX COIIM-
aJIbHO-9KOHOMMYECKUX CUCTEM, a TaKKe OLIeHKU
MHOTOYPOBHEBbBIX CUCTEM VIpaBjeHUs Kaue-
ctBoM [1] Hambosee ameKBAaTHBIM WMHCTPYMEH-
TOM SIBJISIIOTCSI aKTMBHO pa3BUBAIOIIMecs] B II0-
cJlefiHee BpeMs areHT-OpueHTUPOBaHHbIe MOMIe
(AOM). OcHOBHas upesi, Jexaniasi B OCHOBE MO-
Ileyieit 3TOro Kjaacca, 3aKJII0YaeTcsl B IOCTPOEHUNA
BBIUMCIUTEIBHOTO MHCTPYMEHTA, MPeICTaBIsIo-

' © Okpenunos B. B., Makapos B. JI., Baxtusun A. P, Kyspmu-
Ha C. H. TekcT. 2015.

CraTbs IOATOTOB/IEHA Ha OCHOBe MaTepuasa B.JI. MakapoBa u
A.P. baxtnsuna «IIpumeHeHMe CyIepPKOMIBIOTEPHBIX TEXHOMO-
Uit B OOI[eCTBEHHBIX HayKax», OIyOIMKOBAaHHOIO B >KypHasIe
«IKOHOMMKA U MaTeMATIUECKIE METOIbI», T.49, Ne4, 2013 .

1ero co60¥i COBOKYITHOCTb areHTOB C OTIpe/ieieH-
HBIM HabOpPOM CBOJICTB ¥ ITO3BOJISIONIETO ITPOBO-
IUTh CUMYJISILIMM PeaIbHbIX siBIeHuit. OT 00bek-
TOOPUEHTUPOBAHHbBIX Mozesieli AOM oTinvyarTcs
AKTMBHOCTBIO CBOMX 3JIEMEHTOB, KaXKABIN U3 KO-
TOPBIX 00JIalaeT He TOAbKO 3aJaHHBIM HabOPOM
JIMYHOCTHBIX XapaKTePUCTUK (PECYPCOB), HO U 1ie-
JeBoit GyHKIMeN (MHTepecaMu), Ha OCHOBE Uero
UMUTUPYETCS €r0 peakius Ha M3MeHeHUsT BHelll-
Heil cpenpl, 3aTparuBaione chepy ero MHTepe-
coB (rioBeneHue). [Nosinene AOM MOXXHO pac-
CMaTpUBATh KaK pe3yabTaT 3BOMIOLIUU METOL0/I0-
MY MOJEJMPOBAHMS: Tepexos, OT MOHOMogAeel
(omHa Mopnenb — OOVH aJITOPUTM) K MyJIbTUMOZ,e-
M (OOHA MOAEIb — MHOXECTBO He3aBUCUMBIX
aaroputmoB). Takum o6pasom, AOM mnpemcraB-
JIsIeT co60¥i MUCKYCCTBEHHOE 00IIEeCTBO, COCTOSIIIIEE
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13 B3aMMOJEHCTBYIOIIMX MEKAY CO00I CaMOCTOsI -
TeJbHBbIX aT€HTOB, UTO IT03BOJISIET CMOe/IMPOBaTh
CUCTEeMY, MaKCUMMAaJbHO IPUOIMKEHHYI0O K pe-
QJIBHOCTU. ATEHTHBIN MOAX0H K MOAEINPOBAHUIO
OUeHb YHUBEepCajaeH U yoo6eH AJIsl TPUKIaJHUKOB
B CMJIy CBOJI HAIJISIHHOCTM, HO €r0 TakXKe OTIMYaeT
1 TpebOBaTeNIbHOCTb K BBIUMCIUTEIbHBIM Pecyp-
cam. OueBUAHO, YTO TIPSIMOe MOJIe/IMPOBaHMe 10-
CTaTOYHO JJIMTEIbHBIX COLIMATbHBIX MPOIECCOB B
Maciutabax cTpaHbl (VI TUIAHETHI) B 1I€JIOM Tpe-
O6yeT BecbMa 3HAUUTEIbHON BBIUUCIUTEIHHOM
MOIIHOCTH.

B cBow ouepenp, CynmepKOMIIbIOTEPHI MO3BO-
JISIIOT Ha HECKOJIbKO TIOPSIAKOB YBEIUYUTh YMCIIO0
areHTOB U JIPYTUX KOJIMYECTBEHHbIX XapaKTepu-
CTUK (Y3710B CETU, BeIMUMHBI TEPPUTOPUN) B MO-
Iesx, MIepBOHAvYaJIbHO Pa3pabOTaHHbBIX JIS MC-
T10/Ib30BaHMsI B 0OBIYHBIX HACTOJbHBIX KOMITBIOTE-
pax. [ToaToMy CyniepKOMITbIOTEpHOE MOJIe/IMPOBa-
HMe SIBJISIeTCS IOTMUHBIM U KpaiiHe sKeJlaTeTbHbIM
1aroM JJjis TexX yIpoIIeHHbIX MOZesel, KOTOpble
y3Ke TIPOIIM YCIIENTHYIO MPaKTUUYeCKy arpoda-
LIMI0 Ha OOBIYHBIX KOMIIbIoTepax. OMHAKO CIelu-
(buka apXMUTEKTYpbl COBPEMEHHbIX KOMITbIOTEPOB
He rapaHTUPYeT, UTO IIPOrpaMMHOe obecIieueHue
KOMITIbIOT@PHOI MOJe/IN HeMeIeHHO 3apaboTaeT
1 Ha cymiepKoMIbIoTepe. TpebyeTcst Kak MUHUMYM
pacnapaiieJiuBaHue CUETHOTO SApa, a 3a4acTylo
" ero TIy60Kast ONTUMM3aLMsI, TTOCKOIbKY B MHOM
CJlyyae IpMMeHeHMe TOPOTOCTOSIIIErO CyrlepKoOM-
MIbIOTEPHOTO CYeTa OyIeT He TaK YK OIpaBIaHo.

B 5TOI1 CBSI3M OTMETMM, UTO NMPAKTUYECKM Ha
BCeX MMPOBBIX KOHTpeCccax, MOCBSIeHHbIX pa3pa-
6oTkam AOM, ofHOIt 13 IJIaBHBIX ITPOOGJIEM B 3TOJ
006J1aCcTV 3HAHMIA, CTaBAT TPOb6IemMy 3amycka AOM
Ha CyIlepKOMITbIOTepax.

KomribloTepHOE MoAennpoBaHue — Impoyari-
11asl, MHTepeCcHeIass ¥ MHTeHCUMBHO pa3BUBalo-
asicss 06/1aCTh MCCAeIOBaHMii, BOCTpebGoBaHHasI
CeromHs MpakTUYecKy BO BceX cepax yeroBeve-
CKOV JesITeIbHOCTU. ATeHT-OPMeHTUPOBAHHbIN
MOJX0[, K MOJEJVMPOBAaHUIO YHMUBEPCAIIEH U YA0-
0eH I MPUKIAAHBIX MCCIemoBaTeneit U Ipak-
TUKOB B CWJIYy CBO€J HAISIIHOCTM, HO TIPU ITOM
MIpeIbsIB/IsSeT BbICOKME TPebOBaHMUSI K BbIUMCIN-
TeJIbHBIM pecypcam. OUueBUIHO, YTO AJIs1 MPSIMOTO
MOJIeIMPOBaHMsl AOCTATOUHO JJIUTENbHBIX COIM-
aJbHBIX ITPOIIECCOB B MacIITabax CTpaHbI U TUIA-
HETBHI B 11€JI0M HYKHbI BeCbMa 3HAaUNTEIbHbIE BbI-
YMCIUTEeIbHbIE MOIITHOCTN.

1. OnsIT 3apyOesKHBIX YUEHBIX U IPAKTUKOB

PaccmoTpuM Haubojiee M3BECTHbBIE ITPUMeEpBI
3aIyCKOB areHT-OpMEeHTHPOBAaHHbBIX MOjeseil Ha
cynepkomimbioTepax. B centsiope 2006 1. crap-
TOBaJ IPOEKT I10 pa3paboTKe KPyITHOMACHITAO-
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Holi AOM eBpomneiickoii 3koHOMUKM — EURACE,
To ecTb Europe ACE (Agent-based Computational
Economics) ¢ odeHb OOIBIIMM YKUCIOM aBTO-
HOMHBIX areHTOB, B3aMMOJENCTBYIOIIUX B paM-
Kax COIMaJIbHO-9KOHOMMWYECKOM cucremMnl [2].
B mpoeKkT BOBJe€UYeHbl SKOHOMMCTBHI M ITPOTpaM-
MMCTBI M3 BOCBMM HAy4YHO-UCCAeLOBaTeNb-
CKuX 1eHTpoB Wrtanum, @panuumn, l'epmanuu,
Benukobpurauuy u Typium, a Takke KOHCYIIb-
taHT U3 Komymbuiickoro yHusepcutera CIIA —
HoOesneBcKuii taypeat Ixko3ed Cturiunii.

YToObI TIPEONOJIIETh OTPAHUUEHUSI IIUPOKO
pacrpocTpaHeHHbIX Mofeseii, paccMaTpuBalo-
IIMX arperMpoBaHHBIX areHTOB, a TaKKe MPeaIo-
Jaralux UX palMOHAJIbHOE MOBENeHUe U CO-
CTOSIHME DPaBHOBECUS], B OCHOBY MCC/IEIOBaHUS
6b11a monoskeHa Metomosorust ACE (Agent Based
Computational Economics — areHT-opueHTUPO-
BaHHAasi 5KOHOMMKA).

Il Mopmenu MCIONb3yeTcsl reorpaduyeckast
MHGOPMaILMOHHAS CYCTEMAa, OXBAThIBAIOIIAS I -
POKMIT ITepeueHb OOBEKTOB: MPEAIIPUITISI, Mara-
3MHBI, IIKOJIbI, TPDAHCIIOPTHBIE CETYU U T. [I.

Kak oTmeuanT pa3paboOTYMKy, MPaKTUUECKU
Bce cymiecTByone AOM paccMaTpuBaloT Jnbo
OTHEbHYI0 OTpacib, MO0 OTHOCUTEIBHO He-
60mbII0} reorpadmueckmii paioH M, COOTBET-
CTBEHHO, HEOOJIBIIYIO IOITY/ISIIINI0 areHTOB, a B
EURACE mpexncraBieH BeCchb EBpoIeiickuii Como3,
TaK 4TO [0 MaciiTabaM M CJIOKHOCTYU 3Ta MOJIENb
SIBJISIETCSI YVHUKAJABHOM, a ee UMIEHHOEe paspe-
neHne TpebyeT MCIIONb30BAHUS CYIIePKOMITbIO-
TepoB, a TaKke CIELMaJbHOTO IPOrPaMMHOIO
obecrieueHusl.

[1j1s1 HaTTOMTHEeHUST MOZ,e/Y CTaTUCTUYECKON UH-
dbopmarueit UCIOMB30BANCh NAaHHBIE (B BUJE
reonHGOPMAaIMOHHbIX KapT) CTaTUCTUYECKOi
aryk6b1 EBporeiickoro corosa ypoBHs NUTS-21
NpeCcTaB/sIoIINe CBefeHus O 268 pernoHax 27
CTpaH.

B Mogmenu Tpu TuIa areHTOB: JOMAaIllHUE XO-
3aiicTBa (okoso 107), mpenmnpusitus (okono 105) u
6anku (okomo 102). Bce oHM uMeroT reorpaduue-
CKYIO TIPMBSI3KY, @ TaKKe CBSI3aHbI IPYT C IPYyTrOM
MOCpenCTBOM COLIMAMbHBIX CeTell, Ae0BbIX OTHO-
LIeHW U T. 1.

! NUTS (dp. Nomenclature des unités territoriales statistiques)
— Homenxkarypa TeppuTOpHaIbHbIX €UHULL /I LieJIeil CTa-
TUCTHUKM, TIPECTAB/LIONas co60l CTaHAAPT TepPUTOPHUAIb-
HOTO JIeTIeHNsA CTpaH JIA CTaTUCTUYECKUX Ienel, paspado-
TaHHBI EBpONeNicCKMM COI030M M OXBAThIBAIOLMII BXOAAIINE
B Hero crpanpl. Cymecrsylor NUTS-equunnpr Tpex ypos-
Heil, mpu sToM BTOpOIl ypoBeHb (NUTS-2) coorBercTByeT
aJ[MMHJCTPATMBHBIM OKpyraM B IepmaHum, rpadcrsaMm B
Benmkobpuraunu u T. i.

WWW.ECONOMYOFREGION.COM
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EURACE peanu3oBaHa C IIOMOIIbIO T'MOKOI
MacIITabMpyeMoii Cpefbl AJisI MOOEIVPOBAaHMS
areHTHbIX mopmeneit — FLAME (Flexible Large-
scale Agent Modeling Environment), pazpaboraH-
Hoit CumonoM Koakimu u Majikiom XoakoM60oMm!
TepBOHAYAIbHO /IS MOJEIMPOBAHUSI POCTa Kile-
TOK, BBIpAIIMBAeMbIX B Pa3JIUYHBIX YCIOBUSX.
Ucnonwssyembiii B FLAME momxon 0OCHOBaH Ha Tak
Ha3bIBaeMbIX X-MallMHaX, HAIIOMMHAIOUNX KO-
HeuHble aBTOMAaTbl, HO OTIMYAIOIINXCS OT HUX
TeM, UTO Yy Kakmoii X-MallyHbl eCTh Habop JaH-
HbBIX (CBOEro pojia MaMsiTh), a TakKe TeM, UTo Iie-
PEXOIIBI MEKAY COCTOSTHUSIMMU SIBJISTFOTCSI (DYHKIIM -
SIMM He TOJIbKO COCTOSIHMSI, HO ¥ Habopa JaHHbIX
TTaMSITH.

Utak, kaxxapiii areHT B cucteme FLAME mipep-
cTapjieH X-MallIMHOM, IMpUUYeM IPeIyCcMOTPeHO
o0IIeHe MeXKIy areHTaMy IIOCpPeICTBOM IIiepe-
mauy coobiiennii. [Ipy pabore B mapaielbHOM
peXume Ha CylmepKOMIIbIOTepe OOMeH COooO0Iie-
HUSIMM MEXKIY areHTamyu TpebyeT OONbIINX BbI-
YUCIUTENbHBIX 3aTPaT, B CBSI3U C UeM areHThbI 13-
HavaJIbHO OBUIM pacIipenesieHbl 0 Ipolleccopam
B COOTBETCTBUM C UX TeorpaduuecKuM II0JIOKe-
HueM. TeM camMbIM Pa3pabOTUMKM ITPOTPAMMEBI
MMUHUMM3MPOBAIM BBIUMCIUTENbHYIO HarpysKy,
MICXOIS U3 TIPeaIoIokKeH s, UTO B OCHOBHOM 00-
IeHye MeXIy areHTaMMu IPOUCXOOUT B paMKax
HeOOJIBIIOI COLMATbHONM T'PYIIIIbI, TOKAIM30BaH-
HOJi B OIpeneNeHHOl MecTHocTu. TakuM o0pa-
30M, BeCb MOJe/IbHbIN TaHAadT ObUT IIOIEIeH Ha
HeOOoJbINNe TePPUTOPUM U pacIIpenesieH MeKITY
y3JIaMM CyTIepKOMITbIOTEpA.

C mnomomibio paspaboTaHHOM Momenu Obll
MPOBeJIeH psif, 3KCIIEPMMEHTOB C 11eIbI0 MCCIe10-
BaHMS pbIHKa Tpyaa. He paccmaTpuBasi IeTajlbHO
MoyyeHHble YUCIOBblE pPe3yabTaTbl, OTMETUM,
YTO, 10 MHEHMIO aBTOPOB, OCHOBHOJ BBbIBOJ, MC-
CleOBaHMSI 3aK/IIOUaeTcsl B TOM, UTO MaKpOIMo-
KasaTeju JBYX PETMOHOB CO CXOXMMMU YCJIOBUSIMU
(pecypchbl, pa3BUTMEe SKOHOMMUKMU U T.[.) B Teye-
HMe IIPOIO/DKUTENbHOTO niepuoa (10 et u 6osee)
MOTYT 3HAUMUTEIbHO Pa30MTUCh 3@ CYeT epBOHa-
YaJIbHOM HEOTHOPOITHOCTY areHTOB.

B AOM EpiSims, paspaboraHHOii uccieno-
BaTenssMu 13  MHCTUTYTa OMOMHOOPMAaTUKA
Bupmkuuun (Virginia Bioinformatics Institute),
paccMaTpMBaKOTCSI KaK [epeMelleHus] areH-
TOB, TaK ¥ MX KOHTAKTbl B paMKax Cpefbl, MaK-
CUMaJIbHO TIPUOMKEHHOI K peayibHOCTU U CO-
Iepkaieit moporu, 3maHusi u Tpoure uHpa-
CTPYKTYpHbI€ 00BEKTHI. [IJIST TOCTPOEHUS MOIeNn
MoTpeboBasiCcsT GOMBIION MaCcCUB JTaHHBIX, BKIIIO-
yapimuit MHGOpMAaIMI0 O 3[I0POBbEe OTHEIbHBIX

! Boree noppo6uO cm. www.flame.ac.uk.

ntofeii, Ux BO3pacTe, AOXOJe, STHUUYECKO Tpu-
HAIJIeSKHOCTU U T. 1.

VicxonHas 1eib MCCAeq0BaHMs 3aKI04anach B
MOCTPOEHUN [JIS1 3aIlycka Ha CylepKOMIIbIoTepe
AOM 605bI11071 pa3MepPHOCTH, C TTOMOIIbI0 KOTO-
POi1 MOXKHO OyIeT M3yuaTh pacrpocTpaHeHue 60-
Jie3Hel B o61ecTBe. OMHAKO BIIOCIEACTBUM B IIPO-
1ecce paboThI TAK)Ke pelanach 3a/1a9a, CBI3aHHasI
C CO3JaHyMeM CIelnyuaau3upoBaHHOTO ITPOTpaMM-
HOro oGecrieueHuss ABM++, KOTOpoe IO3BOJSIET
OCYILeCTBIATh pa3paboTky AOM Ha si3bike Ct+,
a Takke comepXXuT PyHKIMM, oberyampmnme pac-
npefe/ieHMe UCIIOTHSIEeMOTO MPOrpaMMHOTO Kofa
Ha y3j1ax KJIacTepoB cylepKoMibioTepa. IloMymo
storo, ABM++ mipenoctaBiisieT BO3MOKHOCTb O~
HaMMYeCKOro Iepepacripefie/ieHus IOTOKOB BbI-
YUCTIeHUI, a TaKKe CMHXPOHU3AIMUM TTPOUCXOIS-
LIMX COOBITUIA.

ABM++, nepBasg Bepcusl KOTOPOro MOSIBUIIACH
B 2009 1., mpepacTaBiisieT co60it pe3yabTaT MOAEpP-
HM3aIMM UMHCTPYMEHTA, pa3paboraHHoro B 1990-
2005 rr. B Jloc-A/1aMOCCKOJ HallMOHAIbHOM Ja-
6opaTopuu B Ipoiiecce MOCTPOEHUST KPYITHOMAC-
mrabubsix AOM (EpiSims, TRANSIMS, MobiCom).

MeKIpoliecCOpHble CBSI3U MEXIY BbIUMCIIA-
TeTbHbIMM y371aMy B AOM uacto TpeGyloT CUH-
XPOHM3AIUU TTPOUCXOISIINUX B MO COOBITUIA.
ABM++ 1103BOJISIET pa3pabaThIBaTh MOIENN, OTBE-
yarolime 3Tomy TpeboBanuio. K npumepy, B comu-
aJbHBIX MOJEJSIX areHTbl YacTO IepeMellaroTcs
MEX[y pas/JMUHbIMM TOUKaMM IIPOCTPAaHCTBA (pa-
60oTa, IOM M T.[.), @ Ha MPOTPAaMMHOM YypOBHE
39TOMY COOTBETCTBYeT CMeHa y3ja KjiacTepa, U
3[€Ch Ba)KHO, UTOOBI MOJEeJIbHOE BpeMsl IPUHMU-
Marlollero ysJja 0blJI0 CMUHXPOHU3MPOBAHO CO Bpe-
MeHeM y3J1a, KOTOPbIif areHT TOIbKO UTO TOKUHYI.

Taxke B ABM++ peanus3oBaHa OubaMoTeKa
MPIToolbox, koTopast coemuHsieT uHTepdeiic
C++ API (Application Programming Interface) u
Message Passing Interface (MPI) cymepkomIibio-
Tepa U YCKOpsieT Tepenadyy JaHHbIX MeXOY Y3-
JlaMU KJIacTepoB.

ABM++ cosmaBanock B Ubuntu Linux — onepa-
IIMOHHOM CUCTeMe C KOMIWISTopamu gecc/g++. B
KavyecTBe MHTETPUPOBAHHON Cpembl pa3paboTKu
pekomenpayetcs naket Eclipse ¢ miaarmHom st
nonaepxku C u C++, a Takke c rarmHom PTP
(Parallel Tools Platform), obecrieunBatommm pas-
pPabOTKY M MHTETPpaUNI0 IPWIOXKEHMI AJIsI TIapas-
JeJTbHBIX KOMITbIOTEPHBIX apxXuTekTyp. Eclipse
nonaepskuBaeT uHTerpauuio ¢ TAU (Tuning and
Analysis Utilities) Performance System — MHCTpY-
MEHTOM JJjisi Pa3HOCTOPOHHEro aHajau3a U OT-
JaKM TIporpaMM [Jisl TMapaiebHbIX BbIUKCIIE-
HUIA, UTO TAKXKe yIPOIIaeT pa3paboTKy areHTHbBIX
Moesen.
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CrienmanucTel APYrol  MCCIeRoBaTeNbCKOM
TPYIIIBI U3 TOTO ke VTHCTUTYTa 6MoMHMOOPMAaTUKA
BupmkuHumM co3gaiu MHCTPYMEHT IJjis u3yde-
HUSI 0COOEHHOCTEN pacipocTpaHeHus MHPEKIN-
OHHBIX 3a00jIeBaHMII BHYTPM Pa3INUYHBIX TPYIII
HaceneHus — EpiFast, K 4OCTOMHCTBAaM KOTOPOTO
MOKHO OTHECTM MAacCIHITabMpPyeMOCTb ¥ BBICOKYIO
CKOPOCTb UCTIONHEeHUS. K IipuMepy, MUMUTALUS CO-
LIMAJIbHOM aKTUMBHOCTHU >XuTeseit bosmbiioro Jloc-
AHJ>keneca (armoMepanyy C HaceJleHEeM CBbIIIIe
17 miH ven.) ¢ 900 MJIH CBsI3eli MeXIY JI0IbMU
Ha Kj1actepe ¢ 96 IByXbsiIepHbIMY ITPOLeCCOPaMM
POWERS5 3aHsla MeHee TSITM MUHYT. Takasi mo-
CTaTOYHO BbICOKAs MTPOM3BOAUTENIBHOCTb 0b6ecIIe-
YYBaeTCs MpeAjioskeHHbIM aBTOpaM OpUTUHAJIb-
HBIM MEeXaHM3MOM pacliapasuienmBanus [3].

Kak mpaBuio, mjisi peanusanyy MOAEIMPOBA-
HMS COIlMyMa Ha TPYIIIe MMPOIeCCOPOB MCMOJIb-
3YIOT HECKOJIBKO eCTeCTBEHHBIX CIIOco60B. K mmpu-
Mepy, OOVMH U3 HUX 6asupyeTcss Ha IpeaCcTaBiie-
HUM COLIMyMa B BuUAe Habopa HECTPYKTYpPUpPO-
BaHHBIX CBSI3eil MeXny MHAuBUAyymamu. I[lpu
pacrapa/uieIMBaHUM 3TU CBSI3U PaBHOMEPHO pac-
MpeIessiioTCS Ha TPYMITbI, KOJIMYECTBO KOTOPBIX
COOTBETCTBYET YMCIYy MPOLECCOPOB. MMHYC Ta-
KOTO IMOJX0Ma 3aK/II0UYaeTCs B CJIOXKHOCTU OTCIIe-
SKMBAHMSI CTATyCa OTHOENbHOTO Yel0BeKa, MHbIMU
CJIOBAMM, €C/IU, K TIpUMepY, MUHQUIIMPOBAH MHIN-
BUAYYM i, TO MHGOPMALMs 06 3TOM AO/DKHA ObITh
CMHXPOHM3MpPOBaHa BO BCEX IrpyMIiax, TaK Kak Mbl
He 3HaeM, B KaKX 3 HUX COePsKaTCS CBI3U TaH-
HOTO vejoBeKka. Heo6XOmAMMOCTh TaKOi CMHXPO-
HMU3aIMM BjIeveT 3a 0007 OOJBIIYI0 BBIUMCIN-
TeJIbHYI0 Harpysky. JIpyroii moaxopd OCHOBaH Ha
pasfeieHun JIIoeil — areHTOB MOOelIu — B CO-
OTBETCTBUM C UX reorpadmuyeckKuM MeCTOIOJI0-
>xeHMeM. OgHAKO B 3TOM CJlydae, MOCKOIbKY Ha-
ceJleHye 0ObIYHO paccesieHO HepaBHOMEPHO, pac-
npefeneHe BbIYMCINTEIbHOM HAarpysku Tpebyer
MMpUMeHeHMsT AOCTAaTOYHO CJIOKHBIX aJITOPUTMOB
JLJIS ee BbIPaBHMBAHMSI, UTO TaKKe CO3aeT OO0 -
HUTEJIbHYIO BBIUUC/INTENbHYI0 HAarpy3Ky.

[IpenymaraeMblii aBTOpaMM METOZ, 3aK/ya-
eTCs B paBHOMEPHOM pachpeeeH areHTOB C
COOTBETCTBYIOIIVIMU UM OGHOCTOPOHHUMM MUCXO-
OSIIMMM CBSI3SIMM MO TPYIIIIaM, YMCIO KOTOPBIX
PaBHO UMCIy NTPOLLEeCCOPOB. BoruMcamTenbHblin an-
TOPUTM OCHOBAH HA B3aMMOAENCTBUU BeOyIIUX
(master) u BemoMBIX (slave) mporeccopoB, opra-
HM30BAaHHOM CJIEAYIOIIMM O00pasoM: BeIyIINiA
IIPOIIeCCOP 3HAET, KaKoii 13 IIPOLeCCOPOB 00CIy-
>KMBaeT KOHKPETHOTO areHTa, a KaXXAblil 13 Beno-
MBIX ITPOI[ECCOPOB 3HAET TOJIBKO 0OCTYKMBAEMbIX
(JIoKanbHBIX) areHTOB. B Mpoiiecce BbIYMCIEHUI
BeZlOMbIe TPOLeCCOPbI MOCHIIANT BEAYIIUM IIPO-
1eccopaM 3ampoChl OTHOCUTEIbHO CBSI3€l C He-
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JIOKanbHBIMM areHTamu. Bemylye mpoueccopsl
He OCYILeCTBJISIIOT HUKaKUX PacyeToB, KpoMe M0-
MCKa HeJIOKAJIbHOTO areHTa JIJIsl KaskI0il BHeIIHel
CBSI3M, M TepechlIaloT 3aIlpoChl COOTBETCTBYIO-
LM IIPOIECCOPaM.

[To MHEHMIO pa3pabOTUMKOB, IPEIJIOKEHHBIN
MU QJITOPUTM TI03BOJISIET TTPOBOAUTH 3P HeKTUB-
Hble ¥ BBICOKOCKOPOCTHbBIE CUMYJISILIUU CUCTEM C
OU€eHb OOJIBIIVM YMC/IOM areHTOB.

Knaccuueckue mogenu paciipocTpaHeHus 3TIM -
JIleMUii IpeuMyIeCTBeHHO OCHOBBIBJIMChH HA MC-
Mob30BaHMM auddepeHIaNIbHbIX YpaBHEHMUIA,
OHAKO TaKOV MHCTPYMEHTapuUii 3aTpygHSIET yYeT
CBsI3eli MeXIy OTHe/IbHbIMM areHTamMy M UX MHO-
TOUMCIEHHBIMM WMHIUBUIYATbHBIMU OCOOEHHO-
ctssmu. AOM TO3BOJISIOT MPeoaoJieTh YKa3aHHbIe
HemoctaTKu. B 1996 r. [Ixko1rya dmireitH u Pobept
AxcTesn ony6IMKOBay OMycaHue OIHOI U3 Tep-
BbIXx AOM, B KOTOpOI1 pacCMaTpPUBAETCSI MPOLece
pacnpocrpaHeHus: snupeMuini [4]. AreHTbl MO-
ey, OTInJaInyecs: Ipyr OT Apyra BOCIIPUMM-
YMBOCTBIO K 3a060jI€BaHMIO, KOTOpAsi 3aBUCUT OT
COCTOSIHMSI MMMYHHOJ CUCTE€MbI, paclipeie/ieHbl
Ha oIrpefeseHHOo TeppuTopun. Ilpu 3TOM B IaH-
HOJ MOZEeM areHTbl, YNCIO KOTOPBIX COCTABISET
BCEr0 HECKOJIbKO TBICSIY, Peanu3yloT JOCTaTOYHO
MIPUMUTUBHOE TIOBe/ieHIeE.

B pmanpHelimem mon pykKOBOACTBOM /[Ikolrya
onTteiiHa u [IykoHa [Tapkepa B LieHTpe colanb-
HOJ ¥ 9KOHOMMYECKOV IMHAMUKMU BpPyKMHICKOTO
unctutyta (Center on Social and Economic
Dynamics at Brookings) 6b11a mocTpoeHa omHa 13
caMbIx Gombimx AOM, BKIIIOUArOIIasi JaHHbIE O
BceM HaceneHun CIIIA, To ects mopsiaka 300 MitH
areHToB [5]. [laHHas1 MOJiesTb MMeeT PsIJT TTPeuMy-
1iecTB. Bo-mepBbiX, OHA MO3BOJISET MpeacKasaTh
MOCJIEACTBMSI  pacIIpoCTpaHeHus 3abosieBaHMit
pasIMYHOro TUMNa. BO-BTOPBIX, OHA OPUEHTUPO-
BaHa Ha MOAAEPKKY ABYX Cpel IJisl BbIYMCIeHWIA:
OfHa cpefa COCTOUT U3 KJIACTEePOB C YCTAHOBJIEH-
HOJ 64-6MTHOI Bepcueii Linux, a apyras — u3s
CepBepOB C UeTbIpeXbsepHbIMIU ITIPOLIECCOPaMU
M yCTaHOBJIeHHOW cuctemoit Windows (B 3Toit
CBSI3Y B KAUECTBE SI3bIKA ITPOTPaMMMUPOBAHMS OB
BBIOpaAH Java, XOTs pa3pabOTUMKY U HE YTOUHSIOT,
KaKyl MMEHHO peajn3aliuio Java OHU UCIO0JIb30-
Ba/iM). B-TpeTbux, MOfe/Nb CIIOCOGHA MOAIePIKI-
BaTh UMCJIEHHOCTh ar€HTOB OT HECKOJbKUX COTEH
MWIJIMOHOB 40 6 MUIIMAPLOB.

Crioco6 pacrpeeneHust areHTOB MEXIY aIlra-
PaTHBIMM pecypcaMy COCTOUT M3 IBYX ¢a3s: CHa-
Yyajia areHThl pacIipeiessiioTcs TTI0 KOMITbIOTepam,
3a7eiCTBOBAaHHBIM B PaboTe, a 3aTeM I10 ITOTOKAM
Ha KakIO0M 13 KOMITbIOTEepOB. B mpoiiecce paboThI
MOJeNy KaXObIi ITOTOK MOXET OCTaHOBUTHCA (B
3apaHee OOYCJIOBJI€EHHOE BpeMs) IJIsI Mepemaun
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COO00IIeHNT IpyruM ITOTOKaM. Bce moaroToBiieH-
Hble K OTIIpaBKe COOOIIEHMSI 0 OIpeaesIeHHOTO
MOMEHTA XPaHATCS B ITyJie COOOIIEHM, a 3aTeM
OIHOBPEMEHHO OTIpaBJsioTcsa. Takxke B peann-
3alyM MOJ e MIPUMEHSIIOTCS IBe BCIIOMOTaTe/lb-
Hble YTWJINTBI: TlepBasi yIpaBjsieT MOTOKaMM Ha
OT[LeJIbHOM KOMIIbIOTEpE, BTOpAsl CIEAUT 3a TeM,
YTOOBI BCE COOOIIEHUS MEXKAY IMOTOKaMU ObLIN
BBITIOJTHEHBI O MOMEHTA BO30OHOBJIEHVST BHIUMC-
JIUTEIBLHOTO TIpoliecca.

[Ipu pacnpenmesneHuyu areHTOB IO ammapar-
HBIM pecypcam cjiemyeT YYUTHIBATh JBA 0OCTOS-
TeNlbCcTBa: 1) MPOM3BOAUTEIBLHOCTb y3Jia Hampsi-
MYIO 3aBUCUT OT UMcjia MHOUIMPOBAHHBIX areH-
TOB; 2) KOHTaKThl, MpeaIojarawiimue rnepegavy
COOOIIeHni T MeXIy ITOTOKaMM, TPeOYIOT ropasio
60sTbIlle BEIYMCIUTENbHBIX 3aTPAT, YeM KOHTAKTHI,
OTrpaHMYMBAIOIIMECS JIOKAAbHOM MHMOpMalueii.
Wcxopst U3 3TOT0, BOSMOXKHBI pasjiMuHbIe pacipe-
nmeneHust areHToB. C OAHOV CTOPOHBI, MOKHO MO-
IeJTUTh BCE paccMaTpuBaeMoe Teorpaduyeckoe
MPOCTPAHCTBO HAa paBHbIe YACTU, UMCIO KOTOPHIX
JIOJDKHO COOTBETCTBOBATh UMCIY Y37I0B, a 3aTe€M
OTIpeIeNIUTD JJIS1 KKIOOTO y3J1a KaKo-1mMbo reo-
rpaduyeckuit pernoH. Takoe pacrpeeneHue 1mo-
3BOJISIET COQJIAaHCYPOBATb BbIYMCIMUTEIbHYIO Ha-
I'Py3Ky Mexny y3iaamu. C Ipyroi CTOpOHbI, MOKHO
3aKpenuTh ONpefeNeHHYI0 TepPUTOPHUIO, MHpe-
CTaBJISTIONTYI0 COO07 eIMHYI0 aIMUHUCTPATUBHYIO
eIMHUILY, 32 KOHKPETHBIM y3JI0OM — B 3TOM CIy-
yae BbIYMUINTEIbHYI0 HAarpys3Kky yoacTcs COKpa-
TUTb 32 CUET CHMKEeHUSI UMCIa KOHTAKTOB, TIpe] -
TroJIaralonux mepefady CooOIeHUiT MeXIy II0-
ToKamMu. Eciim mepBblii criocob BiieueT 3a cob6oit
yBe/IMUeHMe BbIUMCIUTENbHON HAarpysku 3a C4eT
pecypcoeMKuX KOHTAaKTOB, TO BTOPOIi B psifie CIy-
YyaeB UYpeBaT 3HAUUTEIbHBIM JMCOATAHCOM MEKIY
anmnapaTHbIMU pecypcamu. K mpumepy, BCIIBIIIKA
KaKkoro-au6o 3a60eBaHNs B OHOM U3 PETVIOHOB
3arpy3uT OAVH U3 BbIUUCIUTENbHBIX y3JI0B, B TO
BpeMSI KaK HEKOTOPBIE IPYTHe OYAYT IPOCTAaUBaTh.

PaccmarpuBaemast mogzenb (US National Model)
BroyaeT 300 M/IIH areHTOB, IepeMelaolXCs
[0 KapTe CTpaHbl B COOTBETCTBUM C MaTpuULiei
KoppecIioHIeHIMii pasmepHocTbio 4000x4000,
crienMUIMPOBAHHO C TOMOIIILIO TPaBUTAIIMOH-
Hoit mopenu. Ha US National Model 6b11 mpose-
JIleH BBIUMCIUTENbHBIN 3KCIEePUMEHT, UMUTUDPY-
o1t 300-IHeBHBIN MPOILeCcC pacIpoCTpaHeHUs
601e3HM, KOTOPAsT XapaKTepusyeTcs: 96-4acoBbIM
MeproAoM MHKybaruu 1 48-4acoBbIM MEePUOLOM
3apaxkeHus1. B vicciemoBaHMm, B 4aCTHOCTHM, OBLIO
YCTaHOBJIEHO, YTO pacIIpoCTpaHeHMe 3aboJeBa-
HMS UIeT Ha Cra, Iocjie TOro Kak 65 % 3apaskeH-
HBIX BBI3ZIOPOBEM U TIPUOOPETV UMMYHUTET. Ty
MOJeb HEeOLHOKPATHO MCIIOIb30BaIM CIielua-

nucThl YHuBepcuTeTa [IkoHca XomkuHca (Johns
Hopkins University), a Takoke [lemapraMmeHTa Ha-
LMOHaIbHOI 6e3omacHocTy CIIA a1 ucciemoBa-
HUI, TTOCBSIIEHHBIX CTPATeruu ObICTPOrO pearu-
pOBaHMS Ha PasjiMIHOrO poAa dnugeMun [6].

B 2009 r. 6puta cosmaHa BTopas Bepcus US
National Model, Bxitouaromiast 6,5 MJIpH, areHTOB,
crierUKanys OeiicTBUII KOTOPBIX ITPOBOIMIIACH
C YYETOM MMEIIIUXCS CTaTUCTUYECKUX HAaHHbIX.
C ee MOMOIIbI0 UMUTUPOBAJIM TIOC/IENCTBUS pac-
npocrpanenus supyca rpunma A(HIN1/09) B mac-
mrrabax Bceit TIaHeThl.

Panee mopo6Hast Momenb Gbuta paspaboTaHa
B JIoc-AJlaMOCCKOJi HallMOHATbHOI JabopaTopun
(CIIA), 1 pesynbTaThl paboThI C Helt GBI Mpef-
cTaBjeHbl B mypokoit nmeyatu 10 anpens 2006 r.
[7]. Onst TeXHUUECKOI peanm3auyy MOIeau Obul
MCIIO/Ib30BaH OAVH M3 MOIIHENIINX 110 TeM Bpe-
MeHaM CYIIepKOMITbIOTepOoB ¢ umeHeM Pink, co-
crostuyii 3 1024 y3710B, ¢ IByMSI IPOLLECCOPAMMU C
yacroToit 2,4 I'Tu u 2 I'b mamsat Ha KaxkgoM. C mo-
MOII[bIO 9TOJ KPYITHOMACIITAOHO MOIEN, BKITIO-
yatomieil 281 MJIH areHTOB, OBUIM PACCMOTPEHBI
ClleHapMM pacIipoCTpaHeHUs] pa3IMUHbIX BUPY-
coB, B ToM umciie v H5N1, ¢ yueToM TeX MY MHBIX
OIepaTMBHBIX BMeEIIATEeNIbCTB: BaKIMHAIMM, 3a-
KPBITHUSI IITKOJT ¥ BBEJIeHMSI KapaHTVHA Ha HEKOTO-
PBIX TEPPUTOPUSIX.

EcTecTBeHHO, A1 TOAOOHBIX 3a/1a4 MOXKHO VC-
MOJb30BaTh HE TOJbKO CYEepPKOMIIbIOTEDBI, HO U
6osee memieBble pelmieHus. [lokasaTeneH mpumep
yuyeHbIX YHMBepcurera Hplookacima u3 ABcTpannn
(The University of Newcastle, Australia), mocrtpo-
MBIIMX KJacTep, BKAovawommi 11 y3jioB — OT-
IeJTIbHBIX TTePCOHAbHBIX KOMITBIOTEPOB, O0BEIM-
HEHHBIX B CE€Th C MPOMYCKHOM CIIOCOOHOCTHIO 0
100 Méwurt/c [8]. [IporpaMmMHOe obecrieyeHue y3-
JIOB KjacTepa ObUIO OIMHAKOBOE: OIEepalyOH-
Hast cuctrema Debian GNU/Linux u JavaParty —
KpoccriaTpopMeHHOe MPOrpaMMHOe — PacIliy-
penue g3bika Java (IIO JavaParty pacnosaraer
cpelcTBaMM AJ1s1 pacipeaeneHsi HOTOKOB BbITION-
HeHMs KOZa I10 y3/JaM KiacTepoB). Iy OLeHKU
MIPOU3BOAUTEILHOCTU KIacTepa ObLIM MCIIOIb30-
BaHbI Tpu Bepcum opgHoii AOM, B paMKax KOTO-
pOJi TeCTMPOBAIUCh pa3/iMuHble CTPATETUM areH-
TOB, IPMHUMAIOIIMX yUacTe B ayKiiuoHe. Bepcun
pasInyaguCh CJI0KHOCTbIO CTpaTeruit areHToB.

OCHOBHOIJ1 BBIBOJ, TECTUPOBAHMS 3aK/II0YAETCS
B TOM, UTO MCIOJIb30BaHME KJIaCTEPOB OIPaB-
IAaHHO JIUIIb TOTZAA, KOr[a BhIUMCIMTE/IbHAS Ha-
I'py3Ka OTHeJbHbBIX Y37I0B JOCTATOUHO MHTEHCUB-
Hasl; B IPOTUMBHOM Cjy4yae paclpepeneHue noTo-
KOB, HA000POT, yMEHbILIAET CKOPOCTb PAbOTHI MO-
memu. OTMeTM OT cebsl, UTO TaKoe ITOBeIeHMe
KJIACTePHBIX IIPUIOKEHUI HECTIeIUPUUHO.
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COBPEMEHHbIN MHCTPYMEHTAPUIA AHANTU3A U YIIPABJTIEHUA...

Paccmorpum RepastHPC, kotopasi siBasieTcst
Cpelloil MPOEKTUPOBAHMUSI areHT-OPMEHTUPOBaH-
HBIX Mofeseil Ajsi BbICOKOTPOM3BOAUTEIbHBIX
BeIuMc/ieHUi1. OTAeNbHOTO BHMMAHMS 3aCTyKU-
BaeT IporpaMMHOe obecrieueHyue, paspaboTaH-
Hoe 17151 TipoeKTrpoBaHus AOM c 11ebio nocieny-
IOLLIero 3arycka Ha CyllepKoMIIbloTepax, — Repast
for High Performance Computing (RepastHPC).
JaHHBI MakeT peaJm30BaH C MCIIOAb30BAHMEM
si3pika C++ 1 MPI — nmporpamMMHoro uHTepdeiica
IUisT oO6MeHa COOOIEHUSIMY MEKIY TPOIeccamu,
BBINIOJIHAOLIMMM 3a8a4yy B IlapajuleIbHOM pe-
KMMe, a Takke OMOMMOTeKM Boost, pacmmpsiio-
mei C++.

B pamkax RepastHPC peanuszoBan OuHammu-
YeCKUIl TUCKPETHO-COOBITUITHBIN IUIaHUPOBIIVK
BBITIOJIHEHMST TPOTPAMMHBIX MHCTPYKLMIA C KOH-
CEepBAaTUBHBIMM aJTOPUTMaMM CUHXPOHU3ALH,
MpenycCMaTpUBAOIIMMU  3a4€PXKKY  TIPOIECCOB
IJIST COOMTIOIeH ST OTIpeieIeHHOM OuepeHOCTH UX
BBITIOTHEHUSI.

B RepastHPC areHTbI pacnpeensiioTcs MeXIy
MpoLeccaMu, U KaKAbIV IMPOLeCcC CBSI3aH C areH-
TOM, SIBJISIIOLIMMCSI JIOKAJIbHBIM T10 OTHOIIIEHMIO K
JaHHOMY Iipolieccy. B cBO0 ouepenp, areHT J10Ka-
JIEH K IIPOIIeCcCy, BBITIOTHSIONEMY TPOrPaMMHbIA
KO/I, ONIMChIBAIOIINIT TTOBe/ieHMe JaHHOTO areHTa.
[Ipy 3TOM KOTNMM OCTa/IbHBIX — HEJIOKAJbHbIX —
areHToOB MOTYT IIPUCYTCTBOBATh B JIIOOOM ITpO-
1iecce, 4TO MO3BOJISIET arT€HTaM BCeli Mozenu B3a-
MMOZeMCTBOBATh ¢ 3TuMu Konusamu. K npumepy,
IIyCTh IIOJIb30BaTe/lb B CBOEV MOZeNI, Npenro-
Jlararouiei rnapasieabHble BbIYMCIEHUS, UCTIONb-
3yeT [Ba mpoiecca — P1 u P2, kaxkapiit U3 KOTO-
pBIX CO3JaeT OIlpele/leHHOe KOIMYeCTBO areH-
TOB ¥ MMeeT COOCTBEHHbBIN IIJITAHMPOBIIUK BbI-
TIOJTHEHUSI TIPOTPaMMHbBIX MHCTPYKU M. AT€HTHI,
TOBeJleHNe KOTOPbIX PaCcCUYMTHIBAETCS HA MPO-
ecce P1, aBasitoTCs IOKaJAbHBIMU 110 OTHOIIEHUIO
K JaHHOMY ITPOIleccy, ¥ TOJIbKO B paMKax JTaHHOTO
npoiiecca MPOTPaMMHBIN KOJ, MOXXeT M3MEHUTb
MX COCTOSIHME (AaHAJIOTMYHO U IJs Tipoliecca P2).
[Ipenmonoxkum, miporecc P1 3arnpainnBaeT KOTIUIO
arenTta A2 u3 npouecca P2. AreHT A2 He gBisieTcs
JIOKaJIbHBIM IO OTHOLIEHMIO K Tpoueccy P1, u, co-
OTBETCTBEHHO, IMMPOTPAMMHbI KOJ, BBIMOJHSIE-
MBIV B paMKax Ipouecca P1, He MOXeT M3MEeHUTh
cocrosinMe areHTta A2. IIpu 3TOM areHTbl, peann-
3yeMble B paMKax Ipoiiecca P1, mpu Heobxomm-
MOCTHU MOTYT 3aIllpOCUTh COCTOSIHME areHTa A2, HO
KOst A2 OCTaHeTCsl Heu3MeHHON. VM3MeHeHNe
OPUTMHAJIIBHOTO A2 BO3MOXHO TOJBKO B paM-
kax npouecca P2, HoO B 3ToM cinyuae RepastHPC
CUHXPOHU3UPYET M3MEHEHMSI COCTOSIHUSI areHTa
MeKIy BceMu IMpoieccamu.
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2. Apanrauus AreéHT-OPpMEeHTUMPOBAHHBIX
Mozesien ajs CYyIIepKOMIIbIOTEDA:
HamIl 1moaxon,

Ha cynmepkommbioTepe «JIOMOHOCOB» Oblja 3a-
NyljeHa MOJe/lb, UMUTUPYIOLAsl Pas3BUTHE CO-
[IMaJIbHO-9KOHOMMUYECKOI cuctembl Poccuu Ha
MpOTsKeHUM nocienyouumx 50 set. Ita AOM oc-
HoBaHa Ha B3ammomercTBuu 100 MJIH areHTOB,
YCJIIOBHO TPEACTABSIONINX COLMATbHO-3KOHO-
Muueckyo cpeny Poccuu. [loBemeHMe Kaxkaoro
areHTa 3a/JlaHO HAGOPOM AJITOPUTMOB, KOTOPbIE
OTIMCBIBAIOT €ro OeJiCTBUS U B3aMMOMENCTBUE C
IDPYTMMM areHTamMy B peajibHOM Mupe.

B mpoekTe yyacTBOBa/iM crienyaanctel LIIMU
PAH (B.JI. Makapos, A.P.BaxtusuH) u co-
TpygHuku MIY (B.A. Bacenmn, B.A.PoraHos,
W.A. TpudonoB). JJaHHbIe [JiI MOIETUPOBAHMS
OBV IpemocTaB/ieHbl PemepabHOI CITyk0071 ro-
CYIApCTBEHHON CTATUCTUKU U Poccuiickum mo-
HUTOPUHIOM 5KOHOMMUYECKOTO MOMOKeHUS U 30,0~
pPOBBSI HaceyeHusI. Mogenb [T 0OBIYHOTO KOM-
MbloTepa ObUIa KOHBEPTUPOBAHA B CYIE€PKOM-
IbIOTEpHYI0 Bepcuio [9]. Huke MBI paccMOTpUM
OCHOBHbBIE 3TANbl ¥ METObI 3(PHEKTUBHOTO OTO-
OpaskeHMsI CYETHOTO SIpa MY/IbTMAreHTHOM CU-
CTeMbI Ha apXUTEKTYPY COBPEMEHHOTO CylIepKOM-
nbloTepa, HapaboTaHHbIe HAMU B MTPOILIecce pere-
HMSI COOTBETCTBYIOIIEN 3a1aun.

IIpobnema macuimaduposarus. BaskHO TOHU-
MaTh, YTO MacIuTabMpoBaHye IIPOrpaMM sl Cy-
IIePKOMITBIOTEPOB  SIBJIsIeTCST (yHAAMEHTATbHOIM
po6iemorii. XOTs OObIYHAS M CYIIEPKOMITBIOTEP-
Hasl IPOrPaMMBbl PeaIM3yIOT OIMH U TOT Ke (yHK-
LIMOHAJI, 1lejieBble (PYHKIMM UX paspabOTKM, KaKk
MpaBUJIO, pa3HbIe.

[Tpu HavanbHOI pa3pabOTKe CIOKHOTO IIPU-
KJIAJJHOTO IPOrPaMMHOTO obecIieyeHusl B Iep-
BYIO OUepe/ib CTapalTCsl COKPATUTh U3OEePKKM Ha
MporpaMMKUpOBaHKe, obydeHMe TepcoHasa, IMo-
BBICUTb I€PEeHOCUMOCTh MEXIY IUIaTGopmMaMm
MUT. [., 2 ONTUMMU3ALUIO OTKIAbIBAIOT Ha TTIOTOM.
W 3TO BIIOMIHE pa3yMHO, TaK KakK Ha paHHUX CTa-
OUSIX IIPUOPUTETOM pa3pabOTKM SIBJISETCS MC-
KITIOYNTETHHO (PYHKIIMOHAI.

OpHako Korga pa3paboTaHHOEe MPOrpaMMHOe
obecIieueHne yke Hayaio BHEIPSThCS, YaCTO BbI-
SICHSIETCSI, UTO Ha OOJBIINX peaJbHbIX JAHHBIX HEe
XBaTaeT MPOU3BOOUTEIbHOCTU. A MOCKOIbKY CO-
BpPEMEHHbIE CYIIePKOMIIbIOTEPBI — 3TO BOBCE He
pa30oTHaHHbIE B THICSIUM pa3 MepCOHATbHbIE KOM-
NbIOTEPBI, AJIS1 3allyCcka Ha CylepKOMIIbIOTepe
MporpaMmy NPUXOOUTCSI CYIIeCTBEHHO BUAOU3-
MeHITb. [IpuueM 3 ¢peKTUBHO chenaTh 3TO 6e3
CIelMaJbHbIX 3HAHUIA M HABBIKOB yJaeTCs JaJIeKO
He BCeraa.
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[Ipy rpaMOTHO TMPOBEIEHHOI paboTe 3HAUMU-
TeTbHOE TMOBbIeHNe 3(POEKTUBHOCTU OOBIYHO
IOCTUTAETCS] Ha TPeX YPOBHSIX:

1) pacnapamienuBanue cyera;

2) crienManm3anis BbIYMCINTENbHbIX 6M6I10-
TeK 110 3a,a4aMm;

3) HU3KOYPOBHEBAsI ONITUMMU3ALUSI.

Cneyuanusayus u HU3KOypoeHesas onmumu3sa-
yus. TIpeske yemM Bcepbe3 TOBOPUTD 00 MCTIOTbh30-
BaHUM CYIIepKOMIIBIOTEPOB, MPOTPaMMy CaeAyeT
MaKCUMaJIbHO ONITUMU3UPOBATh U aJaTUPOBATh
K 1Ie/IeBO ammapaTHo# ratgopme. Ecimu 3Toro
He cfenaTh, Mapa/uiefbHas Bepcusi O6yIeT JUIIb
XOpOILIMM TeCTOM JJisl CYyIlepKOMIIbIOTepa, a cam
cuet O6yneT BecbMa HeahDeKTUBHBIM.

Vcnonb30BaTh CYIepKOMITbIOTED 6€3 ONTUMMU-
3alUMy M ajanTaluy IporpaMmbl K 1efeBoii ar-
napaTHoii naaTdopmMe — Bce PaBHO, UTO MOCAATh
Ha 60€eBOe 3aJjaHMe MOJIK HOBOOPAHIIEB: X HYKHO
CHAYajia XOpOIIO OOYYNTD BBITIOIHSTDH UX 3a4a9y
(crienanu3anys, ONTUMM3alUS MPOTrPAMMHOTO
obecrieueHust), a Takke 3(PGEKTUBHO BIAIETh
opykueM (HU3KOYpPOBHEBasi ONMTUMM3AIUS IPO-
rpaMMHOTO 0becrieueHus), ¥ BOT TOTHa 3TO OymeT
3¢bderTUBHBIM UCTIOTH30BaHNEM PECYPCOB.

B yHHUBepcanbHBIX CUCTEMaX MOAEIUPOBa-
Hus1 tuna Anylogic mpenocTaBiisieMble MpOLie-
Iypbl YHUBEPCAJIbHBI. A YHMUBEPCAIbHbBIN KOJ, Ya-
CTO MOXHO ONTMMMU3MUPOBATH [JiI KOHKPETHOTO
ceMelicTBa 3a1ad4.

Boibop cucmemsl no0oepxcku MoO0equposaHusl.
BesycnoBHo, AOM MOXHO NpPOrpaMMMpPOBATh U
6e3 crenyaabHO cpebl, Ha TI000M 06BeKTOOPU-
€HTUPOBAHHOM si3bIKe. [IpM 3TOM OCHOBHBIM He-
JOCTAaTKOM CYLIEeCTBYIOLIMX ITaKeTOB IJis CO3[a-
Husg AOM, kpome RepastHPC, sBnsiercs HeBO3-
MOXXHOCTb DPa3pabOTKM IPOEKTOB, BBITIOTHSIIO-
MIVXCSI HAa BBIYMCIIUTENBHOM KiacTepe (TO eCTh He
NpefyCMOTPEH MeXaHU3M paclapalieIMBaHusI
MpoLiecca BhIMOJHEHMSI TPOrPaMMHOI0 KOZa).

OpHako 60siee pa3yMHBIM ITOIXOIOM OyIeT 1c-
M0JIb30BaHNMEe OIHOI U3 XOPOILIO 3apeKOMeHIO-
BaBIIMX cebst cucreM it AOM 1o IpUYKMHE YHU-
buIMpoBaHHON peann3anuy TUIMUIHBIX CITOCO-
60B B3aMMOJeICTBIUS areHTOB. B 11e/I51X 9KOHOMMUMU
MecTa 3[eCb Mbl PacCMOTPUM TOJbKO CUCTEMY
ADEVS!.

ADEVS mpepncraBisieT coboit Hab0p HMU3KOY-
pPOBHEBBIX OMOIMOTEK JJIST AVICKPETHOTO MOZEN-
pOBaHMSI, BBITIOJIHEHHBIX Ha s13bIKe C++. VI3 mocTo-
MHCTB CTOUT OTMETUTh:

— IPOCTOTY peannusalumu;

! Cucrema ADEVS u ee ommcanve [ImeKTpoHHBIT pecypc].
URL: http://www.ornl.gov/~1qn/adevs, cBoGomHbIi. 3ari. c
9KpaHa. f3. aHrI. (fara obpamienys: Mait 2014 r.).

— BBICOKYIO TTPOM3BOAUTEIbHOCTb MOZeNelt;

— MOAIePsKKY OCHOBHBIX UMCIEHHBIX METO/IOB
IIPY ITIOCTPOEHUY MOJIeJIel;

— BCTPOEHHOEe pacrapajie/iuBaHue CUMYIISI-
uyu ripu momoiy OpenMP;

— BO3MOXXHOCTb ITIpMMEHEeHMSI CTaHIapTHBIX
CpenCTB pacrapalieIMBaHNs;

— IIOCTATOYHO OBICTpOe pasBUTHE OUOIMOTEK
B TeKYIIMii MOMEHT;

— KpoccriaThopMeHHOCTb;

— HM3KOYPOBHEBOCTh (TEKyIIMit (QYHKIUO-
HaJl He HaK/Ia[bIBA€T HMKAKMUX OTPAaHMUEHUIT Ha
MOJIeNb);

— He3aBUCUMOCTb CKOMIMIMPOBAHHOTO KOIA
OT HECTaHIAPTHBIX OUOINOTEK;

— OTKPBITBIN UCXOLHBIN KO,

OpnHaxko CyleCTBeHHbBIMY HeJIOCTaTKaMM 3TOTO
MIPOAYKTA SIBJISIIOTCS TIOJTHOE OTCYTCTBME CpenCTB
Tpe3eHTalUM U TOCTATOUHO CJI0KHAasI, TI0 CPaBHe-
HMIO, HampumMep, ¢ AnyLogic, pa3paboTka mome-
neii. [I0o3TOMY 3TOT IPOLYKT He MOXKET UCIIOIb30-
BaTbCS /I TIOCTPOEHUs Mogesieli Ha YpOBHe 3a-
Ka3uMKa, OTHAKO TpecTaBisieT co6oit aphekTuB-
HYI0 TU1aThOpMy JISI pean3aiuy mapaaieabHbIX
CUMYJISITOPOB.

OCHOBHBIMM 3JIeMEHTaMM IIPOTPaMMbl C UC-
rosib3oBaHMeM 6moanoTeku ADEVS mpu moctpo-
ennt AOM OGBIUHO SIBJISTIOTCSI:

— cumynsgTop adevs:: Simulator < X >;

— IIPpUMMTUB areHToB adevs:: Atomic< X >;

— Momenb (KOHTeliHep areHToB) adevs::
Digraph < VALUE, PORT >.

B cuny mnepeuyncieHHbIX Bblillle TOCTOMHCTB
cuctembl ADEVS cyrnepKoMNObIOTEPHYI0 BEpPCUIO
OTIMICHIBAEMOI HVKE MPOTPaMMbl ObUIO pElIeHO
peasnM30BbIBATh MMEHHO Ha ee 6a3ze. B pamkax
IaHHOI paboThl ObLIM paspaboTanbl MPI-Bepcus
cumyngtopa ADEVS, a Takke cucteMa BU3yan-
3a1Mu rporiecca cuerta Ha 6ase 6ubmoreku Qt —
KpoccruiaThOpMeHHOTO MHCTPYMEHTapusl pa3pa-
60tky I10 Ha s13bIKe TPOTpaMMUPOBaHMST C++,

Ilanee MblI TlepexoauM K KPaTKOMY OMNMCaHUIO
pa3paboTaHHOI MOJENM U TPOIIeyPhI ee Mmocie-
IYIOIIEro 3aIycka Ha CyIepKOMITIbIOTepe.

HcxooHas azeHm-opueHmMupo8aHHas Modesb.
ITepBoIii 9Tam paspabOTKM OIMCHIBAEMON HIKe
AOM 3akiroyancs B IOCTPOEHUM MHCTPYMEHTA,
3(pdexTUBHO pemraouero 3amavy MCCIeIOBaHMS
Ha 0OBIYHBIX KOMITBIOTEPAX, a TAK)KE B HACTPOIIKe
rmapaMmeTpoB Mogenu. [Toce ee yCIelHo ampo-
Gaiuy ¢ HeGOJIbIIMM UMCJIOM areHToB (0Komo 20
TBIC. — TAKOBA YMCAEHHOCTb areHTOB, HaJ, KOTO-
pOi1 CrIoco6eH MPOM3BOAUTD BBIUMCIIEHMS C YIOB-
JIeTBOPUTENbHO CKOPOCTHIO ITePCOHATbHBI KOM-
MbIOTEP C XOPOIllelt MPOM3BOAUTENbHOCTHIO, YUU-
TBIBasl CJIOKHOCTH areHTOB) OBLIO PeIleHO KOH-
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COBPEMEHHbIN MHCTPYMEHTAPUIA AHANTU3A U YIIPABJTIEHUA...

BEPTUPOBATh MOZEJb IJIS1 CYIIEPKOMITbIOTEPA — B
9TOM COCTOSII BTOPOJi 3Tam paspaborku. Ha mep-
BOM JTame ObUI MCITONb30BaH MakeT AnyLogic,
TeXHMUUYeCcKre BO3MOKHOCTY KOTOPOT'O MO3BOIMIIN
IIOCTaTOYHO OBICTPO OTIAAUTH MOJEIb ¥ HAaCTPO-
UTh ee TIapaMeTpbl. 3aTeM MOZEb JJIs 0ObIYHOTO
KOMIIbIOTepa 6blIa KOHBEPTMPOBAHA B CYII€PKOM-
MTbIOTEPHYIO BEPCUIO.

V3o6paskeHne paboyero okHa paspaboTaHHOI
AOM npencraBisieT co60it KAPTUHKY, Ha KOTOPOJA
OTOOGPAXKAIOTCSI TOUKAMM areHThbl, OTOeIbHOI 00-
JIACTBIO TIPeIOCTaBIISIETCS B IPABOM BepPXHEM YTy
MHGOpPMaLMSI O KOJMUYECTBE areHTOB, a TaKKe
KapTorpaduueckas MHopmalus U IapameTpbl
BBIOPAHHOI'O PeruoHa, a MMEeHHO: Ha3BaHMe, UmC-
JIeHHOCTb HaceneHus, BBII u npyrue gaHHble, KO-
TOpbIE 3aJa€T JIJIT OTOOPasKEeHNS Ha 9KpaHe I10JTb-
30BaTejb. B mpoliecce paboThl CUCTEMBI MOKHO
MOJIy4aTh OMEepaTUBHYI0 MHGOPMAIIMIO O COLM-
aJIbHO-5KOHOMMYECKOM TII0JIOXKEHUM BCEX peruno-
HOB Poccuu, B TOM 4mciie ¢ MCIOJIb30BaHMEM Kap-
Torpaduyeckoit MHGOpPMaIMM, MEHSIOUEeics B
pekuMe peasbHOTO BpeMeHM B 3aBUCMMOCTU OT
3HAUeHMI1 9HIOTeHHbIX TTapaMeTpOB.

CrieruKaIyst areHTOB MO/ OCYIIECTBIISI-
Jlach C yuyeTOM CJIeAYyMIIMX OCHOBHBIX Iapame-
TPOB: BO3PACT; IMPOJO/KUTEIbHOCTD KU3HU; CITe-
LMaau3anms poauTeneit; MecTo paboThl; PerMoH
MIPOKUBAHMUS ; LOXO[, U [IP.

Cneuydukrainusi permoHOB OCYIIECTBISIIACH C
Y4EeTOM CIeOyIOIIUX MapaMeTpoB: reorpaduue-
CKVe TPaHUIIbI; YMCJIO SKUTEJIEeN ; YMCJIo paboTHM-
KoB (110 Tunam); BPII; BPII Ha mymry HaceneHus;
06beM MHBECTULINIT; 06bEM MHBECTULINI HAa DYIITY
HaceJIeHUs; CpeqHsIs 3apaboTHas IjIaTa; CpemgHsIs
MPOJO/KUTENIbHOCTDh KM3HM; IIOKasaTelb IIpU-
pocTa HaceneHus u Ap. Bce aTu nmapameTpsl yuu-
THIBAJIMCh TIPU aImpodalyy MeTOHOIOTUUECKIX
MOJIXOMIOB K YIIpaBJIeHII0 3KOHOMUUECKUMU CU-
cremamu [10], ompepneneHNI0 COLMAIbHBIX 3a-
KOHOMepHocTeit [11], a Takke mpu paspaboOTKe
Crpaterunu — 2030 c 1iebi0 onpemeneHus: 3Haue-
HUI TIOKa3aTesnen, BAUSIOIUX HA IVIABHYIO Liejb
Crpareruu — KauecTBO XM3HM HaceJIeHus.

[ns HaromHeHUs MOAEeNM AaHHBIMU MCIIOJb-
30BaJIMCh CTaTUCTHUUeCcKMe c6opHMKM Poccrara, a
TaKyKe COLMOJIOrMuecKye 6a3pl JaHHbIX RLMS.

Kongepmayust modenu 8 cynepkomhvlomep-
HYI0 npozpammy. Belllie MbI yske 06CYKIaan Impo-
671eMbl, CBSI3aHHBIE C MCIIONIb30BaHMEM CPENICTB
paspabotku AOM mjia peanusaiuy IMPOEKTOB,
BBITIOJTHSIIONIMXCSI Ha BBIYMCIUTENIbHBIX KjacTe-
pax cymepkomiibioTepa. Y AnyLogic BBUAY TpyA-
HOCTeV OTHe/IeHNsI CUETHOM YacTyu OT Mpe3eHTa-
TUBHOM U M3-3a peanu3aly Koia Ha sSI3bIKe BbI-
COKOT'0 YPOBHS Java MpOM3BOAUTEIbHOCTD BBITION-
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HeHMS KOAa CyIlleCTBEHHO HIpKe, yem y ADEVS, i,
KpOMe TOTr'0, OUeHb CJIOKHO (J6O OUueHb TpyHo3a-
TPaTHO) IlepepaboTaTh reHepUpyeMblii KO, B I1a-
paJiyieJIbHO BBITTOMHSIEMYIO IIPOTPaMMYy.

Hwke mpuBeneH  aaropuTM  KOHBepTa-
uuu mopenu AnyLogic B CymepKOMITbIOTEPHYIO
Mporpammy.

Tpaucnsyus modenu. Mogenn B TPOEKTe
AnyLogic xpausTcs B Bume XML-daiina, comepska-
IIEro IepeBO HEOOXOAVMBIX /ISl FeHepalyy Koma
rapaMeTpoB: KJIAacChl areHTOB, apaMeTphl, dJie-
MEeHTBI Tipe3eHTanuu, onvcanuss UML-guarpamm
MOBEIEHNSI aTEeHTOB.

B mpoiiecce paboThl KOHBEpTepa 3TO IEPEBO
TpaHcaupyeTcs B Kon, C++ MporpaMmbl, BBIYUCIISI-
o1eit 3Ty mopenb. [Ipoxon mepeBa coBepiiaeTcs
«B TIIyOMHY», TIPY 9TOM BBIZESIOTCS CIeIyIOIINe
KJII0YeBbIE CTaUU, U TIPOUCXOAUT UX COBMeIle-
HMe C BbIIIOJIHEHMEM 337 auyl TPaHC/SILUN.

1. Tenepaumsi OCHOBHBIX INapameTpoB. [Touck
KODHS JepeBa M CUMUTbIBAaHME MapaMeTpPOB O0-
YyepHUX BEPIIMH, TAKMX KakK MMSI MOJeNN, aJpec
COOPKM, TUTT MOJIEJTH, TUTI TIPe3eHTaIUN.

2. Tenepanusi kmaccoB. [eHepanus KiaccoB
(6onee moapoOHO):

1) mocTpoeHue CIyMcKa KJIaccoB;

2) cunThIBAaHME OCHOBHbBIX [TApaMETPOB KJI1acca;

3) cuMThIBaHME TTIePEMEHHBIX;

4) cuuTBHIBaHME TTAPAMETPOB;

5) cunThiBaHMe QYHKITNIL;

6) TeHepanus crMcka GyHKIuit;

7) cunThIBaHMeE Kofa (YHKIMIA;

8) mpeobpa3oBaHme Koma (QyHKIMIT Java ->
C++;

9) cunTHIBAHME WCIIONb3YEMBIX GUTYp U 3Jle-
MEHTOB yIIpaBJIeHNS;

10) renepaumsi Koga MHULMAIU3AMUU QUTYP
U 57IeMEHTOB yIIpaBJIeHNS;

11) reHepauys Koga KOHCTPYKTOPA, LECTPYK-
TOpa, BU3ya/IN3aTopa;

12) reHepanus CTPYKTYypBI KJIacca;

13) reHepamusi Kofa 3arojiOBOYHOTO U
source-¢ainos.

3. l'enepanyusi cumynsitopa. ITouMck BepHIVHBI,
Xpausieir MHGOPMAIMIO O MTPOoIlecce CUMYJISILIN
(yripaBigioiniye 3jJ1eMeHTbl, 3Ha4eHUs Ba’kKHbBIX
KOHCTAaHT, 3JIEMEeHThI ITpe3eHTalu U T. J.).

4. Tereparus o6mux (aiaoB mpoekra (main.
cpp, mainwindow.h, mainwindow.cpp u T. 11.)

HmnopmuposaHue 8xX00HbIX daHHblx. B KauecTBe
BBIXOJHBIX TaHHBIX B MOJEJb 3arpy>kKaloTCsl JaH-
HbIe 13 reonHGOPMaIMOHHOM COCTABJISIONIEN UC-
XOomHOM Mopenu (kKapTbl Poccun), comepskaleii
BCIO0 HEOOXOAVMYIO MH(GOPMAIINIO.

TeHepayust Knaccos u npeobpasosamue Koda
@yHxyuii. Tipu reHepanyy GYHKUMI U3 JepeBa
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CUMTHIBAIOTCSI: MMST (YHKIMM, BO3BpallaeMblii
TUII, TTapaMeTPhI U ee TeJo.

Ha ocHOBaHMM TIOCTPOEHHOrO paHee CIMCKa
KJIACCOB B apryMeHTax (MYHKIIMIA TTPOMU3BOIMUTCS
3aMeHa «TSDKeJIOBECHBIX KJIacCOB», TO €CTb BCeX
CreHepUPOBAHHBIX KJIACCOB, KIIACCOB PUTYP U ITPO-
YMX KJIaCcCOB, He BXOISNIIMX B CTaHJAPTHOE MHO-
>KeCTBO, Ha COOTBETCTBYIOLI/E YKa3aTey C LeJbl0
SKOHOMMUM MTaMSTH U BO U36eXKaHMe OIMMOOK ITpu
pabore ¢ Helo. [lajiee TeHEPUPYIOTCS 3aroj0BKU
(byHKIIMI, KOTOpBIE BIIOCIENCTBUM BCTABJISIIOTCS B
3aroJIOBOYHBIE U source-daiiibl. [Tpy TakoM cumn-
TBHIBAHUMU TeJNO (QYHKIMM TTOCPENCTBOM COOTBET-
CTByIOLIEl QYHKIMM (JIMCTUHT 5) mpeobpasyercs
u3 Java-koga B aHaJIOTuuHbIA et C++ Kopn (3TO
BO3MOXHO BBUIY IOCTaTOYHO y3KOIO Kjacca MC-
TT0JIb3yeMbIX (DYHKIIWIA, a B CJTydae 6oJiee CII0SKHBIX
dbyHKLIMIT TpebyeTcs pyuyHast fopaboTKa TpaHCIN-
POBAHHOTI'0 KOJIa), TIOC/Ie Yero OHa J00aBJIsIeTCs B
CIMCOK TeJ /i1 JaHHOTO Kacca.

B xome TpaHCISUMM HEOGHOKPATHO BO3HUKAET
3a7ava MpeoOpa3oBaHMsI MCXOMHOIO Koaa (yHK-
1M1 U3 s13bIKa Java B s13bIK C++. Er0 MOXKHO mipe[i-
CTaBUTb B BUJE MOC/eOBaTeIbHbIX 3aMeH KOH-
CTPYKLMIA, HAIpUMep CJIeYIOINX:

1. TIpeobpa3oBaHue HUKIOB: Java-popmar.

2. [Ipeobpa3oBaHue ykasaTeneit. B Java HeT
CTOJTb SIBHOTO, Kak B C++, pa3nnuusi Mexxay 00b-
€KTOM M yKa3aTeJeM Ha OOBEKT, T03TOMY CTPYK-
TYpbI paboThI C HUMU He pas3inyvarorcs. IToaTomy
BBOAMTCSI CIIMCOK KJIACCOB, B KOTOPBIX BaYXKHO MUC-
T0JIb30BaTh OIepaIyy C yKazaTejaeM Ha OObeKT, a
He C caMMM OOBEKTOM, ¥ OTCIEKMBAIOTCS BCe TTe-
peMeHHbIe 3TUX KJIACcCOB C MOCIeAyoIeii 3ame-
HOIt B Tipefienax NaHHOM GYHKIMM TIPU obpaiie-
HUM K HMM Ha COOTBETCTBYIOIIME OOpaIeHus K
yKa3aTessiM.

3. PackpbITHe yepHbIX SIIMKOB. B Java, 1 KoH-
KpeTHO B 6ubnmoreke AnylLogic, ecTb HeKOTOpoOe
yucao (GYHKIOMIA M KJIACcCOB, aHAJIOTOB KOTOPHIM
HeT HU B camoM C++, Hu B 616nmorexke ADEVS.
B cBsI3M ¢ 9TUM ObUIM CO3[AHBI JOMOTHUTEIbHbIE
6mbmmorexu shapes.h, mdb-work.h, B koTopbix u
peasn30BaHbl HefoCTaoIe GYHKIINA.

4. Ha orame reHepanuy OCHOBHBIX Ilapame-
TPOB CHMCKA KJIACCOB IOTYYalOTCsS Ha3BaHMe OC-
HOBHOTO KJjlacCa ¥ Ha3BaHUSI MOAeIMpPyeMbIX
KJIaCCOB-areHTOB. B Ko 0OCHOBHOTO KJ1acca 06aB-
JITeTCS TIpoleaypa J06aBIeHs areHTa B 30HY BU-
IVMOCTU CUMYJISITOpA.

T'enepayus eéHewHux 00sexmos. B mpotiecce re-
Hepalyuy BHEITHUX 0ObEKTOB CO3AeTCSI OTHENTb-
Has dyHKIMsT Main::initShapes(), B KoTopoii co-
IepskuUTcs Bcsl «rpaduueckast MHbOpMaus», TO
€CTb B paMKax (YHKLUMM IPOMUCXOAUT MHUIIMA-
nu3anus Bcex QUryp, KIacchl KOTOPBIX peannso-

BaHbI Takke B shapes.h. CooTBeTCTBYIOMMI MTpK-
Mep MPUBEMIEH B CIEIYIOIIEM OTPBhIBKE KOAA.

T'eHepayus knaccos, Koda 3da20/10804H020 U
source-¢atinos. Ha ocHOBe BCeX CUMTAHHBIX U Cre-
HEPUPOBAHHBIX AAHHBIX CO3[AIOTCS 3aroJI0BOY-
HbIiT ¥ source-Qaii COOTBETCTBYIOIIETO KIacca.

TI'enepayus cumynayuu. [nasi reHepanuu Cu-
MYJIIIIMM  OKa3ajoCh OCTAaTOYHO 3apaHee Ha-
MMCcaHHBIX (aityioB main.cpp, mainwindow.cpp,
mainwindow.h, B KOTOpbIX IIaGJIOHBI 3a7al0T
TUIT OCHOBHOTO Kjlacca U TIOAK/II0YaeMble 3aro-
JIOBOUHbIe (aiiabl. IIpy KOMIIOHOBKE MCXOTHOTO
Kofia 1ab/IOHbI 3aMEHSIOTCS Ha MOJTyYeHHbIe pa-
Hee (Ha CTaAuy reHepalyy) Ha3BaHMSI KIaCCOB.
OTOro JOCTATOYHO IJISI ABYXIIOTOUHONM CUMYJISI-
MY, KOTOPYIO MO3JHEee MOXHO 3aMEeHUTh Ha CO-
OTBETCTBYIOIIMIA MOIY/Ib AJISI MHOTOIIPOIIECCOP-
HOW CUMYJISIIIN.

JononHumenvHole napamempel. Ha sTame pas-
6opa mepeBa (CM. BbIlle) TapauieTbHO (HOpMM-
PYeTCsT CXOHOE 0 CTPOEHUIO AEPEBO JIJIsI TeHe-
pauuy C++ Koza, ¢ IIOMOIIbI0 KOTOPOTO Ha JTarle
IIOATOTOBKM K TPAaHC/SILIMM MOXHO 3a7aTh HE0O-
XOOMMbIe TIapaMeTpbl KOMOMJISIIUK (BU3yaIn3a-
LIMIO TE€X WIM WHBIX YacTeil, BU3YyaJTbHYIO Basi-
JIalyI0 PacIO3HaBaHMSI KOMAA, AOMOJTHUTEIbHbIE
(naru c60pKu U T. 1.).

[Tocme aToro mpu KOMaHAe TpaHchopmanum
C YYEeTOM [JAaHHBIX TapaMeTPOB U ITPOVCXOAUT
OKOHYATEeTbHAasT KOMITMJISILIVSI.

COopka 20mo8o2zo npoekma. I COOPKM TpaHC-
JIMPOBAHHOTO IMpoekTra mnpumensiercs QtCreator
— KpoccrtaThopMeHHast CBOGOHO pacIpocTpa-
HsieMasi MTHTerpupoBaHHasl cpea pa3paboTKy AJisl
paboThI ¢ dppeiimBopkom Qt.

Kod azenma. TIlpu TIOMOIIM OIMCAHHOTO
BBIIIIE TPAHC/ISITOPA M3 JaHHBIX (ailyioB MpoeKTa
AnyLogic (model.alp u ap.) 6bUI CreHEpPUPOBAH
MUCXOOHBIV KOJ (32 UCKIIOUEHMEM XapaKTepa Io-
BeeHNS areHTa).

XapakTep TMOBeIEeHMs] areHTa JOJKeH ObITh
CreHepUpOBaH M3 AMarpaMMbl COCTOSTHIIA, OTHAKO
Ha ITaHHBIII MOMEHT aBTOMATU3aLMs 3TOTO IPO-
1ecca eme He peann3oBaHa. Takum ob6pas3om, K
CreHepUpPOBaHHOMY KOIy He06X0muMOo ObLIO J0-
0GaBUTh ellle HeKOTOPbIii 00beM KOfa.

[Toce BHeceHMSI HEOOXOOMMBIX M3MEHEHU
B pe3yibTaTe KOMIIWISIIMYM TIOMYYMIIOCh KpOC-
crtaTOpMeHHOe TPUJIOKEHME, TIOBTOPSIOIIEe
OCHOBHYI0 (DYHKIIMOHAJIBHOCTD TaHHOM MOJIEIN.

Cmamucmuxka u 8usyanusayusi 8pemMeHHbIX cpe-
306. BBUOy HEMHTEPAKTMBHOCTM 3aITyCKa IIPO-
rpaMMbl Ha OOJBIIMX CYIIepKOMIIbIOTEpax cHop
BBIXOIHBIX JaHHBIX M BU3yaaM3alysl ObLIM pas-
Ile/ieHbl (3TO CBSI3aHO C HepPaBHOMEPHOCTHIO Ha-
TPY3KM Ha KJIacTepbl B Pa3HOe BpeMsl CyTOK, a
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Ta6muna 1
JocTyIHbIe A/ NCCIeF0BaTeNbCKON IPYIIIBI
CYHepKOMITBIOTEPbI
27
5 5| CynepxommnbroTepn CPU | Appa | TFlops
=
= =
«JTomonocos» (MTY) 12422 (82 468 | 902
3 |MBC-100K (MCILI PAH) | 416 |(28704| 376
«Je6pimen» (MLY) 256 | 6400 | 320

MOHOIIOJIBHBIN [OCTYIT MOIIPOCTY HEBO3MOXEH).
[Tociie mepecueTa Mozeny MOMYYMBIIASICS HA BbI-
xope uH(opMaluss MOKeT ObITh CHOBA BU3yaJll-
3MPOBaHa C yYeTOM IIPOU3BELEHHBIX PAaCueToB U
U3MeHeHul B cucteme. [Ipy 3TOM Ha dKpaHe Ha-
[JISITHO MOKHO OTOOGpa3uThb areHTOB TOUKaAMM
Pa3/IMYHBIX IIBETOB, TAKXKE MOKHO OTOOpPAasUTh B
LBeTe U OTHe/bHble PerMOHbI B 3aBUCUMOCTU OT
IIOJTyYeHHBIX pe3yJbTaTOB, UYTO II03BOJSIET Ha-
[JISAHO TIPENCTaBUTh AMHAMMKY MPOU30MIEN X
B IIPOIlecce MOAEeIMPOBaHMS M3MeHEeHMIA.

JocmynHsle 01 pacuemos cynepKomMnsomepoi.
Ha MoOMeHT mpoBe[ieHMsT PacueToB I HaC ObLIU
IOCTYITHBI TPU CylepKoMIIbioTepa (Tabs. 1), BXo-
JsII/e B MEPBYIO NSITEPKY CyNepPKOMITbIOTEPHOTO
peritunra tor-50 B crpanax CHI' (B pemakuuu ot
23.09.2014 r.).

[Ipn mpoBemeHMUM uUCCIEAOBAHUI MCIIOIb30-
BajqM [Jis pacueToB [Ba CYIEepKOMIIbIOTEpa —
«JlomoHocoB» 1 MBC-100K.

Peszynomamol. 3a cUeT IpUMeEHEeHMS CyIIepKOM-
MbIOTEPHBIX TEXHOJIOTUI ¥ ONTUMM3ALUU MPO-
rpaMMHOI0 KOJa YAAa0oCh HOCTUYb OYEHb BBICO-
KOV TPOU3BOAUTEBHOCTU.

Cama 1o cebe onTMMM3aIMs KOAA U MCIOJb-
30BaHMe C++ BMeCTO Java IMO3BOIUIN YBEJINYUTD
CKOPOCTb BBITIOJIHEHUST ITporpaMmel. Tak, MOZeb
TeCTUPOBAJIACH MPHU CIeAYIOIINX HauaabHbIX YCI0-
BusX: 1) uncio areHToB — 20 ThIC.; 2) TPOTHO3U-
pyembliii nepuog — 16 net (mo 2030 r.). ITo utoram
pacyeToB OKa3aJoCh, UTO BpeMs CYeTa MOIEIN C
mucnonb3oBanneMm ADEVS cocraBmio 22 cek. Ha 0f-
HOM ITIpOLIeCCOpe, a BpeMsI CYeTa MOJe/M TaKkke Ha
OIHOM IIPOIIeCcCOpe C UCIob30BaHMeM AnyLogic
COCTaBWJIO 2 MUH. 18 CeK., — a 3TO 3HAUUT, UTO
cpema pa3paboTKy 6blyia BbIOpaHa yaauHoO.

Kak oTMeuasoch BbIllIe, OObIUHbBIN TIEPCOHAITD-
HbI/i KOMIIBIOTEDP C XOpOIIei IMPOU3BOAUTEb-
HOCTbIO CIIOCOGEH OCYIIECTBJISITh BbIUMCIEHUS C
YIOBJIETBOPUTENIBHOM CKOPOCTbIO HAJ, COBOKYII-
HOCTBIO areHTOB YMCI0M OKoJIo 20 ThIC. (TTOBene-
HMe KaKIOro M3 HUX 3a7aeTcs MPUOIM3UTETbHO
20 pyHKIMAMMK), U TIPU ITOM CpefHee BpeMs Iie-
pecyeTa OAHON eIMHUII MOAEJIbHOTO BpeMeHMU
(omyH TOI) COCTaBIISIET OKOJIO MUHYTHI. IIpy 60JTb-
1emM 4muciie areHToB, K npumepy 100 TbIC., KOM-
NbIOTEP MOIPOCTY 3aBUCAET.

3agericrBoBanye 800 MpoueccopoB CyIepKOM-
MbIOTEPA U BBINIOTHEHME ONTUMMU3VMPOBAHHOTO
KOZIa IT03BOJIMJIO YBEJIMYUTD YMCIO areHTOB 10 5
MJTH. [IpM 9TOM TaKkoii MacCUB BBIYUCIEHUI ObUT
BBITIOJIHEH 34 MePuoj], BpeMeH!, TPUOIU3UTETbHO
paBHbIIT 1 MMH. 12 ceK. (3TOT MOKa3aTe/lb MOXeT
HECKOJIbKO MEHSITbCS B 3aBUCUMOCTY OT TUIIA UC-
[10/Ib3yeMBbIX IIPOLIeCCOPOB).

B pamkax uccienoBaHMsl MPOBOOMINUCH pac-
YeThl 110 TpeM cueHapusMm. [lepBblii 3 HUX Mpeq, -
rojiarajl pa3BUTHe TeKylllei cuTyauuu (C Heus-
MEHHBIMM 3HAQUEHMSIMM I1apaMeTPOB MOJEIN)

Tabmuua 2

PacyeTsl YMCIEHHOCT HaCeleHIA CaHKT—HeTep6ypra IO TpEM CII€HAPUAM, ThIC. Y€,

Ton, basoBbiii cienapmii CHIpKeHMe 3apaboTHOI IIAThI JI3sMeHeHMe MUTPAIIOHHON IOMUTUKI
2015 5180,03 5150,02 5145,98
2016 5251,19 5148,02 5143,88
2017 5322,72 5144,17 5141,18
2018 5395,20 5133,57 513491
2019 5468,38 5133,23 5123,12
2020 5542,41 5125,41 5121,50
2021 5617,37 5122,19 5114,65
2022 5693,14 5120,09 5097,87
2023 5769,18 5101,64 5087,11
2024 5845,51 5094,12 5077,02
2025 5921,90 5092,93 5052,44
2026 5998,31 5083,76 5052,23
2027 6075,31 5056,77 5029,27
2028 6153,12 5041,34 5023,12
2029 6231,06 5034,31 5011,92
2030 6309,54 5023,77 4989,83
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— 0a30BbINi ClleHapuii. BTopoil cuieHapuit mpen-
rmosyiaraj CHuskeHue 3apaboTHO tuiaThl B CaHKT-
IMetep6ypre Ha 15 % OTHOCUTENBHO CpemHEPOC-
CUIICKOTO YpoBHS. TakMM 06pa3om, y aTeHTOB MO-
Jlenu, Tpelronaralimum Murpuposarb B CaHKT-
IeTepOypr U3 APYIUX PETMOHOB C IEJbI0 MOUCKA
60Jiee BBICOKOOTIJIAUMBAEMOIT pabOThI CHUKAETCS
CTUMYJI K Tiepee3ny. Tpetuii cieHapuit npegycma-
TPUBAJI IIPUHSITHE MeD, HallpaBJIeHHbIX Ha yxXe-
CTOUEeHMe MUTPDALMOHHONM IMONUTUKM, UTO TaKKe
CHIDKAeT BepOSITHOCTD Iepee3sia areHTOB U3 ApY-
TUX PeTMOHOB. B Momenn 3TO BbIpaskaeTcsl B CHU-
SKeHUU CpeHUX 3HaueHM) BepOSITHOCTHBIX I1apa-
METPOB, OIpee/SIIUIMX BOSMOXHOCTb llepee3na
Ha 30 % OT uxX Haua/IbHbIX 3HaueHuii. [loryueHHbIE
pe3ynbTaThl IPUBEIEHBI B TAO. 2.

PesysnbTaThl MOIenMpOBaHMS I10Ka3aau, 4TO
[IpY COXpaHeHMUM TeKYILMX TeHAeHIIIi HaceleHye
Caukr-Iletep6ypra K 2030 r. IpMpacTeT IOUTH Ha
22 %. Mexxpy TeM, MHOTO€ 3aBUCUT OT SKOHOMMU-
YeCcKMX yUIOBMIA (B YACTHOCTM, YPOBHS 3apaboT-
HOJ IUIaThl) ¥ MUTPALIMOHHON momuTuku. Tak,
06a Ipyrux clieHapus JeMOHCTPUPYIOT CHYDKEHME
YMCJIEHHOCTY HacejaeHus Ha 2,5 % u 3,1 % coort-

BeTCTBEeHHO. BooOime roBopsi, mocjiegHue creHa-
pUM TIPELCTaBISIOTCS MalOpealuCTUYHBIMU, HO
M OHU OeMOHCTPUPYIOT HEKPUTUYHOE CHIDKEeHMe
KoJIMuecTBa npokuBaomux B CaHkT-IleTepoypre
yeJioBeK, B TO BpeMsl KaK 6a30BbIil ClleHapWUii
TpezronaraeT OUTYTUMbII TPUPOCT.

TakuM 06pa3oM, TOTyUYE€HHbIE PE3YIbTAThI UC-
CJieloBaHMIT BO3MOSKHO MCITO/Ib30BaTh [,151 COBEP-
[IEHCTBOBAaHUSI TEOPUM U TIPAKTUKM yIIPaBIEHUS
COLIMATbHO-9KOHOMUYECKUM DPa3BUTUEM peruo-
HOB, B TOM uucie MakpoperuoHa Cesepo-3anap,
TOBBITIeHUST 3(PHEKTUBHOCTM YIIPABIEHYECKIX
pellleHnii, 5KOHOMUM BCEX BULOB pecypcoB [12].
9T0, B CBOIO 0oYepe[b, OyJeT Crioco6CTBOBATH TMO-
BBILIEHNIO TEMIIOB COLMa/IbHO-9KOHOMUYECKOTO
pa3BUTUSI BBIOPAHHOTO pErvoHa, TOBBIIIEHNIO
YCTOMUMBOCTU Pa3sBUTHUSL, CHUKEHUIO DPUCKOB U
yAy4llIeH!MIo TapaMeTpoB KauecTBa ku3Hu. Taoke
TIOJTyYeHHbIE Pe3y/IbTaTbl MOTYT HAWTU IPMMeEHEe-
HMe TIpU OlpelesieHNM CTpaTernyeckKux Harpas-
JIeHUI pa3BUTHUS permoHa Kak ColagbHO-IKOHO-
MMYECKO} CUCTEMBI, ONpeleseHUs] TepCleKTUB
TaKOTO Pa3BUTUS U €TO POJU B 00IIEeM SKOHOMMU-
YyeCKOM Pa3BUTUM CTPAHBI.
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V. V. Okrepilov, V. L. Makarov, A. R. Bakhtizin, S. N. Kuzmina

Application of Supercomputer Technologies for Simulation Of Socio-Economic Systems

To date, an extensive experience has been accumulated in investigation of problems related to quality, assessment of management
systems, modeling of economic system sustainability.

The performed studies have created a basis for development of a new research area — Economics of Quality. Its tools allow to use
opportunities of model simulation for construction of the mathematical models adequately reflecting the role of quality in natural,
technical, social regularities of functioning of the complex socio-economic systems.

Extensive application and development of models, and also system modeling with use of supercomputer technologies, on our deep
belief, will bring the conducted research of socio-economic systems to essentially new level. Moreover, the current scientific research
makes a significant contribution to model simulation of multi-agent social systems and that is not less important, it belongs to the
priority areas in development of science and technology in our country.

This article is devoted to the questions of supercomputer technologies application in public sciences, first of all, — regarding technical
realization of the large-scale agent-focused models (AFM). The essence of this tool is that owing to the power computer increase it has
become possible to describe the behavior of many separate fragments of a difficult system, as socio-economic systems are.

The article also deals with the experience of foreign scientists and practicians in launching the AFM on supercomputers, and also
the example of AFM developed in CEMI RAS, stages and methods of effective calculating kernel display of multi-agent system on
architecture of a modern supercomputer will be analyzed.

The experiments on the basis of model simulation on forecasting the population of St. Petersburg according to three scenarios as
one of the major factors influencing the development of socio-economic system and quality of life of the population are presented in the
conclusion.

Keywords: Agent-based model, demographic projection, model simulation, quality of life, quality management methods,
socio-economic system, supercomputer technologies, scenario estimates, economics of quality.
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