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Abstract

Svjatnyj V.A. Parallel simulation of complex dynamic systems. Parallel
simulation of complex Ilumped-parameter dynamic systems (LPDS) and
distributed parameter dynamic systems (DPDS) is an interdisciplinary problem.
To solve this problem the author suggests a concept of distributed parallel
simulation environment (DPSE). This environment is a new form of simulation
means system organization. The article considers peculiarities of SIMD and
MIMD environment components. The construction of problem-oriented parallel
simulation environments in different problem domains is an important progress
in experience accumulation for solving engineering problems. DPSE
decomposition into subsystems, development of virtual simulation models and
their devirtualization speed up the using of parallel modeling and simulation in
scientific, industrial, business and educational researches. The all-inclusive
solution of parallel simulation problems in cooperation with foreign scientists
and universities is an essential integration factor into European and global
scientific and educational environment.

1. Bcmyn

[Iporpec cywacHux ranmy3ed TEXHIKH, TEXHOJIOTiH Ta OI0TEXHOJOTIH,
TEXHOJIOT1M JOBKULIA 3aleKUTh B PIBHSA Teopii Ta MpPaKTUYHOI peamizarlii
METO/[IB TPOCKTYBAHHS aBTOMATHU30BAHUX TEXHIYHUX 00’ €KTIB, TEXHOJOTTYHUX
YCTAaHOBOK Ta JIHIN, 110 BU3HAYAIOTHCA K cKianHi quHamivHi cuctemu (CJC).
entpansuoto mpobaeMoro mpoekTiB CJIC € rapanTyBaHHs HOBU3HHU Ta SIKOCT1
MPOEKTHUX pilleHb. Y mepeniky (akTopiB O€3yMOBHOIO BHUPIIIEHHS i€l
npoOieMu 4igbHE MicIe 3aiMaloTh METOAM Ta 3aco0M  MOJIEIIOBAHHS
JTUHAMIYHUX CUCTEM, SIKI MOXKYTh BUKOPHCTOBYBATHCh Ha BCIX eTamax MpOeKTy
CIC Bin dopmyrOBaHHS TEXHIKO-€KOHOMIYHHUX BHMOT J10 BUIPOOYyBaHb Ta
MOYaTKy AOCHITHOT eKcIuTyarailii. OCHOBH TaKOTO MOJEIBLHOTO CYIPOBOIKEHHS
CHAC-npoexTiB ~ Oynu B 3HayHIA Mipl BiANpanboOBaHI 3 3aCTOCYBaHHSIM
aHAJIOTOBUX Ta aHAJIOrO-IU(POBUX METOIIB 1 3aCO0IB MOJICNIOBAHHS 2 — 5-TO
MOKOJIiHBb, po3pobOka sikux Benack I[IME [1, 2, 3], HAI ,,Cuermant” (Mockga)
pazoMm 3 ramy3eBoro Jsabopatopiero JloHHTY Tta 3 3aBomom ,,Cuermani”
(KumuniB) [ 4, 5, 6], IK (Kui), IITY (Mocksa), ¢pipmamu EAI (CIIA), Dornier
(®PH) Tta iHmmmu opranizamisimMu. Came Bumoru 3aaad moaemoBaHHs CIC



BHU3HAYalM 3MICT TEXHIYHHUX 3aBJaHb Ha pO3pPOOKY aHaIOro-IuppoBUX
oOuucmoBainbHux cucteM AIIOC-2,-3,-4,-5. 3 cepenunu 80-x pOKIB MmoyaBcs
IHTEHCUBHUN TIepexia 10 3aco0iB 1U(POBOro MOJAEIIOBAHHS: PO3POOJICHO Ta
IMIUIEMEHTOBaHO Ha Bcix tumax mupposux EOM 610koBO- Ta piBHSHHSA-
OpIEHTOBaHI MOBHM TIOCIIAOBHOTO MojentoBaHHs [7, 8, 9, 10], mBumgko
PO3BUBAETHCS amapaTHO-MporpaMHa 0aza MOJENIOBaHHS — NEPCOHAIbHI Ta
cynep-EOM, napanensHi o0uucitoBanbhi cuctemu SIMD- 1 MIMD-apxitektyp,
MOBHM Ta 010mioTeku mapanenbHoro nporpamyBanHs [11,12,13]. Came octanHi
MOKJIMKaH1 KOMIIEHCYBAaTH BIJCYTHICTh HAJIMOTYXHUX MapaelbHUX MPOIECOPIB
B MOJIETIOIOUHNX KOMILIEKCaX, sIKI CBOTO 4acy BilirpaJd BUPIIIAIbHY POJIb Y
po3pobiii aepokocMiunux Ta TexHosoriuHux CJIC. B octanui poku B CIIIA,
Snonii Ta HiMeuunni nobyaoBano HaanoTyxHi oduucatoBanbhi neatpu (HPCC
— High Performance Computer Center), 3acHOBaHO yHIBEpCUTETChKiI Kadenpu
(IHCTUTYTH) TapaJieNbHUX Ta po3nojuvieHux oOuuciens [12]. Po3pobka
napajiebHUX METOAIB Ta aJITOPUTMIB HAIEXKUTh J0 AaKTyaJlbHHX HpoOsem
CydacHOi 00uYMCIIIOBaIbHOI MaTemaTuku [14]. 3acTtocyBaHHs MmapajelbHUX
pecypciB noTpedye HOBOI cHUCTeMHO1 opraHizailii 3aco6iB moaemtoBanHss CJIC,
BIIKpUBA€ MPHUHIIMIIOBO HOBI MOXMJIMBOCTI MMOOYJOBH MOJENeH pealbHOI
cknagHocTi Ta MogenbHoi miarpuMku CJIC-mpoektiB. OcTaHHIM 4YacoM
bopMy€eTbCS HOBHM HAmpsIMOK pO3pO0OK Ta JAOCHIIKEHb — MapayeiibHe
mozentoBanHst (Parallele Simulation Technology) [14, 15, 16]. Posrasaemo
npoOeMaTUKy HNapaieabHOro MOJIETIOBAHHS CKIAHUX TUHAMIYHUX CUCTEM.

2. JuHaMmiyHi cucmemu sik 06°ekmu Modesiro8aHHs

JluHaMiYHUMU TIPUHHSITO HA3UBaTH OO €KTH TEXHIKM Ta TEXHOJIOTiH, B
AKUX BIIOYBAlOThCA  MPOIECH 3MIHIB CTaHy Ha NpoOTA31 neBHoro 4dacy. Lli
Ipolecd MOXYTh OyTH  BUKIHKaHI OPUPOAHUMHU  SIBUIIAMH  abo
[IJIECTIPSIMOBAaHUMH KEPYIOUMMH JISIMH 3 METOIO MEPEeBOIY 00’ EKTIB 3 JIESKOTO
MOYAaTKOBOI'O0 CTaHy B 3a3fayierib BuHaueHuil craH. KoxkHa rainy3p TEeXHIKH,
KOXKHa TEXHOJIOTIS Ma€ MpUTaMaHHI i JuHAMIYHI 00’ €KTHU Ta MPOLECH, SIKI B
paMKax TEXHOJIOTIYHMX CXeM Ta B TMO€JHAHHI 3 3aco0aMu aBTOMAaTHU3aLlll
HaOyBalTh SKOCTeW CckiIagHux auHamidHuUX cucteMm (CJC): MHOXHMHHICTH Ta
0arato3p’S3HICTh XapaKTEpPHUX MapaMmeTpiB, HENIHIMHICT, CTaTUYHHX 1
JUHAMIYHUX XapaKTEPUCTUK KOMIIOHEHT, 1€paxXiuHICTh pO3TallyBaHHS 3aco0iB
PEryIIOBaHHs, 3aJI€KHICTh MPOLECIB Bl YaCOBUX 1 MPOCTOPOBUX KOOPIUHAT,
PI3HOMaHITHICTh (I3UYHOI TMPUPOAU B3AEMOIIIOYUX TPOLECIB, 3MIHHICTh
CTPYKTYpP B 3QJIEKHOCTI BiJl pO3BUTKY IMHAMIYHUX MPOLECIB, HASBHICTH (a3 Ta
30H MMapaMeTpiB, 110 3yMOBJIIOIOTh MEX1 O€3MEeUYHOT eKCILTyaTallii Ta iH.
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Puc. 1. JIunaMiyH1 CUCTEMU IIpeIMETHUX obJiacTel Ta iX popmanbHUM onuc

PiBeHb pO3BHUTKY BCiX CydacHUX IMpeaMeTHUX obisactedd (puc. 1) Bif ripHUYOI
CIpaBH, METANYprii, XiMii, MAIIMHOOYTyBaHHS, €JIEKTPOTEXHIKUA Ta €HEPreTUKH,
A€pPOKOCMOHABTUKH J10 MIKPOEJIEKTPOHIKH, MEAUIIMHH, 010- Ta HAHOTEXHOJOT1i
B BHpIIAJbHIA Mipl BHU3HAYAETHCS JOCSATHYTUM pIBHEM 3HaHb TeOpiil,
pPO3YyMIHHS B3a€MOJIi Ta IHTErpamii pi3HUX JUHAMIYHHUX TMPOLECIB, iX
MIPAKTUYHOTO BTUICHHS ekcnepTamu npeaMetrHux obnactet B CHC-nmpoekTH.
Teopiss TMHAMIYHUX CHUCTEM CHpHSIE TOEJHAHHIO PI3HOMAHITHUX MPEAMETHHX
obnacteit (puc. 1) mpu KOMIUIEKCHOMY BHUPIIICHHI TEXHIYHUX 1 TEXHOJOTTYHHX
npooGem.

3 mo3uIii MOJENIOBaHHS AUHAMIYHI CUCTEMH PO3JILISIOTHCS HA CUCTEMH 3
3ocepemxenumu  (JIC3I) Tta posmonimenumu  (JACPII) mapamerpamu.
Tpanuuiiino teopist 1 meroan moxaemoBanua JC3II ta JICPII sBasitoTh coboro
caMocCTiiiH1 HaykoBi aucuuiutin. Ilpaktuka moxasye, mo HCPII Ta JAC3II
YacTO BHUCTYMAIOTh SIK OJMH 1 TOU ke 00’ €KT AOCHIKEHHS: HOTO PO3rsgaloTh
cnoyatky sik PII-00'exT, a motiM anpokcumMytoth 311-00’€KTOM 3 HOTpUMaHHSAM



BIAMOBIAHUX yMOB. Tomy Haspinma mpobnema posrimany HC3IL, JCPIT sk
00'€KTIB MOJICTIOBaHHS Ha 3arajlbHUX METOJMYHUX 3acagax. [lepemymMoBoio
IBOTO PO3rIANY € (OpMaJIbHHM ONUC AUMHAMIYHUX cucTeM. Mu Oynemo
3aiiMaTHCs TUIBKM CUCTEMaMHU peajbHOl CKIAJHOCTI, TOMY Yy (OpMalbHOMY
ONMKCOBI BUAUIUMO JIBl TNPUHIUIIOBO BAXKIMBUX YACTUHU, a caMe —
TOMOJIOTIYHUHN Ta MaTeMaTUYHUI onucu (puc. 1).

Amnani3 nokasye, uo nonpu MUpoky ¢izuuny pisHoMaHITHICTE CHC pi3HUX
peIMEeTHUX 00J1acTel X TOMOJNOris 3aJa€ThCS JOCUTh OOMEKEHOI MHOKHHOIO
3aco0iB:  TexHosoriunumu  cxemamu  (TC), CTPYKTypHUMH  CXEMaMH
aBromatm3aiii (CCA), rpadamu, a Takox koMmOiHarmisMu mux 3aco0iB. [l{omo
CIAC 3 po3noauieHUMH TlapaMeTpaMH, TO BOHU MarOTh, OKpiM 0a30BOi
TONOJIOTII, IO 3aJa€ThCS Ha3BaHHMMH 3aco0aMHM, I€ # HOXIJHI MOJENIBbHI
TOMOJIOTIi, $Ki BHUHMKaWOTh BHacaimok ampokcuMaiii JICPII o6'ektamu 3
30cepeKeHuMH napamerpamMu. OCHOBHAa M€Ta TOIOJIOTTYHOIO0 OMUCY — JaTH
YiTKe OJHO3HayHe ysBiIeHHsA npo crpykrtypy CHC, xapaktep CKIaJ0BUX
€JIEMEHTIB Ta B3a€EMO3B’S3KIB MDK HHUMH, CTHUMYJIOBAaTH aBTOMAaTHU3AIliIO
¢dbopmyBanns marematuuHoro onucy CHC y BUIIISAII CUCTEM PIBHAHb BEIUKOI
MIPHOCTI SIK KOMITO3HUIIII0 OTKCY OKPEMUX €JIEMEHTIB TOIOJIOT 1.

Hns TC- ta CCA-Tomonorii, mo BioOpakarTh JEKOMITO3IIIUI0 CUCTEMHU
Ha €JIEMEHTH, IOCUTh BUBECTH PIBHIHHS JJIsI KO)KHOT'O €JIEMEHTA 3 YpaxXyBaHHIM
BXIIHMX 1 BHUXIIHMX mapaMmerpiB. [IpaBuiabHO BpaxoBaHi 3B’SI3KM MIX
eJIeMEeHTaMH JaloTh €(PEeKT KOMIO3UIlii piBHSHb €JIEMEHTIB B CUCTEMY DPIBHSHD
cknaanoi JIC3II. B 3aranpHOMYy BHIIQJKy cUCTeMa BKJIIOYA€ HEINIHIMHI Ta
JiHIMHI AudepeHIiaabHl PIBHSAHHS PI3HUX MOPSAKIB, anreOpaiuHi piBHAHHSA. s
dbopmanizaiii Ta aBTOMaTMYHOro reHepyBaHHs piBHsIHb JC3II BBOASTHCS:
BEKTOPH HEBIIOMHMX 3MIHHUX, iX MOXIIHUX Ta HENIHIMHUX (YHKINA BiJ HHX;
MaTpulll 3B’s3KiB “Bxoau-Buxoau” BiamnoBigHo g0 TC- ta CCA-TOMONOriH;
MaTpHIli MapaMeTpiB Ta BEKTOPU BITOMHUX (DYHKIIIH (XapaKTepUCTUKN aKTUBHUX
enementiB JIC — TreHeparopiB, HAcociB, TypOOKOMIIpECOpPiB, JABUTYHIB,
BEHTWISTOPIB 1 T. 1H.; JCTEepMIHOBaHI Ta BHUMAJKOBI (YHKIII BIUIUBY
30BHIIIHBOTO CEPEAOBUINA); BEKTOPU TOMOMOXKHIX 3MIHHMX ISl BU3SHAUCHHS
MOXITHUX 3 TOpsAIKamMu n>1.

dopMaIbHUMU MAaTPUYHO-BEKTOPHUMU ONEPALISIMU MOKHA MPUBECTU
matematnyHuit onuc JJC3II no cucremu piBHSIHB y BUTJISAL, TPUJATHOMY TS
YHUCEJIIbHOT'O BUPIIIECHHS

Y = AY + BX + CF (t)+ DZ
X =9(Y) (1)
Z = ¢(Y,10)

Tyr Y — BekTOp HEBIAOMMX 3MIHHMX; X — BEKTOP HENIHIMHUX (QYHKIIINH;
F(t) — BexTOop (QyHKIIIH BIUIMBY 30BHIIIHBOTO CepeoBUIla, Z =¢(Y,f) — BEKTOP
XapaKTepUCTUK aKTUBHUX eneMmeHTiB; A, B, C, D — maTpuii mapamerpiB ta



3B’SI3KIB, IO B SIBHOMY ab0 TpaHchopmoBaHOMY BHAl BigoOpaxkatote TC- Ta
CCA-rononorii (puc. 1). B mux tononorisax 1o cuctemu (1) 3a3Buuai 104a€ThCS
cuctemMa aireOpaidyHuX pIBHSIHb, SKa OINHCYE CTAaTHYHI B3a€MO3B’SI3KM MIXK
napamMeTpaMu, 10 MOXKYTh YTBOPIOBAaTH MiABEKTOp Y ab0 OyTH BU3HAUECHUMH
ak okpemuit Bektop. Tak, TC cydacHMX XIMIYHHX TEXHOJIOT1H OIMUCYIOTHCS
JEeCATKaMH TUCSY JuepeHianbHuX 1 anredpaiyHux piBHIHB [17].

B nuHaMiuHEX cUCTEMax MEpeXHOI TOMOJIOTT, 110 BU3HAYAEThCS TpadoM,
PIBHSHHS €JE€MEHTIB (BYy3JlM Ta TUIKA) OO0'€AHYIOTHCS TOIMOJOTTYHUMU
MaTpUISIMU IHUUJEHIIA Ta KOHTYPIB B CUCTEMY PIBHSHb, III0 BU3HAYA€ BEKTOP
MOTOKIB B T'NikaxX. Tak, AJi eNeKTpUYHOT Mepexi MAEMO CHUCTEMY 3 N-1 PIBHSAHD
LTSI BY3JIiB

AI=0 2)
Ta y=m-n+1 piBHSAHB ISl KOHTYPIB

SLI+SRI+SC™[ 1dt = SE(L.1), 3)

Jie m, N — BIJIMOBITHO KUIBKICTh TUIOK Ta BY3JiB; A, S — TONoJIOT14H1 MaTpuili, I,
E(Lt) — BekTOpH CTPyMiB B rigkax Ta Hampyr remepatopis, L, R, C' —
JiaroHajabH1 MaTPUIll TapaMeTpiB.

JluHamiuH1 cHCTeMH 3 PO3NOAUICHHMMH IapaMeTpamMu  OINUCYIOThCS
nudepeHIiaIbHIMU PIBHSHHSAMU Yy YacTKoBUX moxinHux. OcobnuBicte JCPII
TC-, CCA-Tomnonoriii monsrae B TOMY, II0 BOHM MalOTh 3MIIIAHY CHCTEMY
pPIBHSIHb: YacTHMHA €JEMEHTIB TOMOJIOTIH MOXYTh OyTu oO0'ekTamu 3
PO3NOJUIEHUMHU TapaMeTpaMi, siKi (YHKIIIOHYIOTh Pa3oM 3 JUHAMIYHUMU Ta
Oe3iHepIIfHUMU 00'€KTaMU 3 30CEpEePKEHUMHU MapameTpamMu. 3 TOUYKH 30Dy
nooynoBu  edektuBHux mojenerd  JICPII  po3ninsgioTh Ha  CUCTEMH
napaboJIiyHOr0, TIMEePOOIIYHOT0, EIIMTUYHOrO Ta CIEiaTbHOTO THUIIB (puc. 1).
Jlo ocTaHHBOrO, SIK MpPaBWUIO, HAJEKUTh OUIBIIICTh CHUCTEM pealbHOI
CKJIQJTHOCTI, /I BIUIMBAIOTh TaKl BIACTUBOCTI, SIK HEIIHIHHICTh, 0araToMIipHICTb,
CKJIAQJHICTh KpaeBHX YMOB, TOOTO Ti ¢akTtopu, siki BuBojath JCPII 3a mexi
THIMHUX cucteM apyroro mnopsanky [14]. [loOymoBa mojeneid cremiaibHUX
JICPII 0a3yetbes Ha GyHAAMEHTANBHUX JOCTIKEHHIX CUCTEM MEPUIUX TPhOX
TUIIIB, MICTUTh Yy CcOO1 TBOpYI 3ajJaui K Yy IOCTAaHOBKax MpoOjieM, BHUBOJAX
piBHSAHB, (HOPMYITIOBaHHI KPa€BUX YMOB, TaK 1 B NOIIYKaX €(PEKTUBHUX METO/IIB
YHICEJIbHOTO BUPILIEHHS PIBHAHB Ta Opraxizaiii yHKI[IOHYBaHHS MOJEei.

3. Bumo2u 0o mMemodie i 3acobie MoldesiroeaHHsI CK/1aOHUX
JuHaMiyHUxX cucmem

AHaii3 10CBIY pO3pOOKH Ta 3aCTOCYBaHHS MOJIeNiel TUHAMIYHUX CUCTEM
[1, 4, 6], HassBHUX MOB MojetoBaHHs [7, 8, 9], TeHAEHIIA Ta 1CTOPii PO3BUTKY
nudposux [10] Ta ananoro-uudpoBux (riopuanux) [2, 5] 3aco6iB MOETIOBAHHS
Oe3rnepepBHUX Ta O€3MEPEPBHO-TUCKPETHUX CUCTEM, BpaXyBaHHS MOXIMBOCTEH



CyyaCHUX OOUYMCIIOBIBHUX CHUCTEM Ta iX MPOTPaMHOTO 3a0e3neueHHs
MOKa3yloTh, 10 Ha CBhOTOJHI Ta HAWUOMMKYY TEPCHEKTUBY MOXKHA
chopMyIIIOBaTH TakKi OCHOBHI BHUMOTH JO METOMIB 1 3ac00IB MOJETIOBAHHS
JAC3II, JCPII:

1. JdpyxHicTb Ta 3amoOIrauBICTh JO KOpUCTyBada — CHeIaizicTa
npeaMeTHoi  obnacti, 1m0 po3polise Ta  JOCHDKYE MOAETi
AUHaAMIYHUX cucTeM. Ll BUMora o3Hadae MEBHUN CTHIIb PO3POOJICHHS
3ac001B MOJIETIOBAHHS: BOHU MMOBUHHI OYTH TaKUMHU, 11100 KOPUCTYBay
MIT' 30CepeKyBaTHCh Ha MpoOJjeMax MOJEIIOBaHHA B CBOiM Tay3i
3HaHb, a HE Ha HEOOXIJHOCTI ONAaHOBYBATH alIapaTHO-NPOTrpamMHi
pecypcH, CKIaJAHICTh SIKUX aJeKBaTHA CKJIAJHOCTI (DOPMAIIBHOTO OMTUCY
00'€KTIB MOJIEIIOBAHHS.

2. BucokoiHTenekTyajlbHa  JiaJloroBa  MIATPUMKA  KOpPHUCTyBaya
(po3pobHuKa) Ha Bcix etanax mozaentoBaHHs CIC:

e crnemudikaiiss 00'€KTIB MOJCIIOBaHHS MOBHUMHU 3aco0amu,
3pO3yMUIMMHM  €KclepTaM MpeIMETHUX oOJiacTeld; MIHIMIZallis
00CAriB pyTHHHOT PY4YHOT Mpalll Ha eTanl NepBUHHOI creuidikamii
Ta KOJyBaHHS TOIOJIOTIH;

® TOMOJOTIYHUN aHami3 cnenu@ikanii 1 aBTOMaTUYHE T€HEepyBaHHS
dbopmanbHuX BigoOpaxeHb CTpykTypu Ta mapamerpiB CHC —
¢parmentiB rpadiB, TC, CCA, wMatpuilb 3B’A3KiB, BEKTOpIB
3MIHHUX Ta MaTPUIlb MapaMeTPiB TOIIIO;

e apromaTuyHe reHepyBaHHs piBHIHb CJIC 3a  nmanumu
TOMOJIOTIYHOTO aHaNli3y Ta MpUJAHHA M (GOPMH, MPUAATHOI IS
YHCEJIbHOTO BUPILICHHS;

® BUpIUICHHS pPIBHSIHb YHUCEIBbHUMHU METOAAMHU, L0 BUOMPAIOTHCS
PO3POOHUKOM MOJIEI;

® [IPOBEJCHHS  MOJEIbHUX  EKCIEPUMEHTIB 3a  [pOorpamoro
nocmimkenas CIC;

e Bi3yasi3allis Ta JOKYMEHTYBaHHs pe3yJIbTaTiB MOJEIIIOBAHHS;

e apxiailis mozenei CJIC 3 MeTOI0 iX MOBTOPHOTO BUKOPUCTAHHSI.

3. COpOMOXXHICTh MOJENIOBATH CUCTEMH, CKIAAHICTh SIKUX 3aJa€ThCS
HAyKOBUM a00 1HAYCTpiaJbHUM MPOEKTOM, Ta BUPILIYBATU MPU LLOMY
3a/layl peabHOT O Yacy, BKIIIOYAI0YHM HaMiBHATYPHE MOJEITIOBAHHS.

4. OO’€eKTHO-OpIEHTOBAaHA peaii3allis MOJEIIOIY0ro  MPOrPaMHOTO
3a0e3MeUeHHs.

5. MoxnusicTs iHTerpanii 3 CAIIP npeameTHux obnactel Ha piBHI MOB
cnenugikamiii 00’€KTIB MPOEKTYBaHHSA Ta IiX MOJeENel, MOjelibHa
MIATPUMKA BCIX €TaliB PO3POOKH CKIIATHUX AUHAMIYHUX CUCTEM.

6. CyyacHa CHUCTEMHa OpraHizaiisi Ha OCHOBI HOBUX I1H(GOpPMAIITHUX
TEXHOJIOT1H.



7. MonemoBanns JC3II, JICPII nHa 3aranbHii METOAWUYHINA OCHOBI,
MOXJIMBICTb MOOYNOBH OO'€KTHO- Ta MPOOJIEMHO-OPIEHTOBAHUX
3ac001B MOJIETIIOBAHHS.

8. HasBHicTh 3ac001B HaBUaHHS KOPUCTYBAYiB, 3aCTOCYBaHHS MoJiejeil B
PEXHUMI TPEHAXKEPIB.

CnpoOu 3a710BOJILHUTH 111 BUMOTH BU3HAYAIOTh 3MICT CYYaCHUX AOCHIIKEHb Y
rajiy3i MOAECNIOBaHHS CKJIAIHUX JUHAMIYHUX CUCTEM.

4. KoHuenuisi po3nodineHo20 napasesibHO20 MOOEeJIIo4Y020
cepedosuwa C4cC

[MapanensauMm moaemntorouuM cepenoBuiieM (IIMC, puc.2) nis ckinaaHux
JUHAMIYHUX CUCTEM 3 30CEPEIPKCHUMU Ta PO3MOAUICHUMH MTapaMeTpaMu
OyZeMO Ha3MBaTHU TaKy CUCTEMHY OpraHi3allilo CyMICHOrO (QyKI[1IOHYBaHHS
napajelbHUX anapaTHUX PeCypCiB, CHCTEMHOI'O Ta MOJICIIIOI0YOTO
MIPOTrpaMHOT0 3a0e3MeUYeHHsI, AKa MIATPUMYE BC1 eTanu moOya0BHU Ta
BUKOpUCTaHHs napanenbHux Mojeneit CJIC BinmoBiaHO 10 chOopMyTLOBAHUX
BHUIIIEC BUMOT.

o anapataux pecypciB (IIMC-Hardware) 3ainyueno o0uncitoBaibHi
cuctemu SIMD-, MIMD-apxitekTyp Ta kiactepu nepcoHaibHux EOM.
JlocTym 10 anapaTHUX PeCypCiB BiTOYBA€ETHCS 3 POOOUYUX MICIIb, 110 € TAKOXK
notyxHumu [TEOM, 3a MepexxHOo10 TeXHOJIO0Ti€0. AnapaTypa nepudepiiHux
CUCTEM IpHU3HAYEHA JIJIsl OOYA0BH TpEeHaXepiB, 3aC001B B3aEMO/I1i pecypcCiB
HaIIBHATYPHUX CUMYJISITOPIB, Bi3yali3allli Ta JOKYMEHTYBaHHS pE3yJIbTaTIB
moxemtopannasa JC3II, JICPIL

Cucremne mporpamHe 3abesneueHHsi (System  Software) IIMC
CKJIaJIa€ThCs 3 MapalieibHuX omnepaiiiinux cucrem SIMD- ta MIMD-opienTartii,
napajiebHUX CHUCTEM MPOrpamMyBaHHsS, PO3MOAUICHUX OINEpalifHUX CHCTEM
MEpPEeXKHOI MIATPUMKM Ta CHUCTEMHHUX 3aco0iB  3abe3nedyeHHs poOoTH
nepudepitHoro ycratkyBaHHi. Mojeniooue TmporpaMHe — 3a0e3neyeHHs
(Modeling and Simulation Software) Mae Tpu OCHOBHUX CKJIQJIOBHUX YACTUHH —
st mogemtoBanusa JC3I1, JICPII ta 3abe3nedyenns Bizyanizamnii. B cepepgoBuii
MIPOMOHYETHCS BUAUTUTH MIJICUCTEMY JI1aJIOTy, sIKa Ma€ CUCTEMHO- Ta MOJIENIbHO-
OpIEHTOBAHY YaCTHHHU.

[TapasienbHe MOJEIIOI0YE CEPEIOBUIIE MA€E peai3yBaTUCh BIIMOBIIHO 10
HACTYIMHUX KOHUENTYyaJIbHUX MOJI0KEeHb. PO3poOKu MaloTh OyTH HalpaBieHl Ha
MaKCHUMaJIbHO MOXJIMBE 3aJ0BOJIEHHS BCIX BUMOT, sIKi Oynu copMylboBaHi
Buie. lle morpelye pi3HOPIAHUX amapaTHUX PECYpPCIiB Ta BIANOBIAHUX iM
nporpaMHuXx pimeHb. CbOrojHi Ta B HAMOIMXKYiM MepCcrneKTUBI pO3pOOHUKH Ta
kopuctyBaui monenen [IC3I1, JICPII 3MoxyTh ojepkatu anapaTHi pecypcH 3a
CTPYKTYpOIO pHC. 3, II0 Ma€ YITKO BUPAXKEHUU MPOCTIPHO PO3MOLICHUM
XapakTep: JOCTYIl MOXJIHMBO MaTh K 3  poOOYMX MIClLlb, TEPUTOPIATBHO



HAaOJIMKEHUX JO0 HAAMOTYXHUX oOuucmoBaibHux cuctem (SISD, SIMD,
MIMD), Ttak 1 3 CyTT€BO BimnajJeHuX. B o0OCTaHHROMY BHIQJKYy Ma€
BukopucroByBaTtuch INTERNET-TexHom0r1s 10OCTYITY.

[lepenbadeHi CTPYKTYypoOrO JIOKaJIbHI CEPBEPH MOXKYTh MATH MapaliesibHi
pecypcH, MOJEIbHO OpieHTOBaHe mnepudepiiiHe oOJIaHaHHS Ta 3aco0u
moOyJ0BU HANIBHATYPHUX MOJIeNO0YNX KoMiuiekciB. CTpyktypa puc. 3
peanizyeTbesi B paMKax (PYHKIIOHYIOUMX HAAMOTYKHUX

ITapasneasHe Moae/no0ye
cepenosuiue aias J1C3I1, 1CPII

. CucremMHe nporpamue Mozle.momqe nmporpamMHe
AmnapaTthi 3acooun porp porp
3a0e3ne4eHHs 3a0e3ne4YeHHA
MapasebHi 004HCTIOBAILHI MapasebHi onepaniiini Ilapasenbhe Mojemoloye
— cucrevu (SIMD, MIMD | CHCTEMH; CHCTEMH 3a0e3meuenns: aas JC3II
9 9
ParCLUSTER) NapaJIeJIbHOT0 NPOrpaMyBaHHs (DSKP-Simsoftware)
PoznoaiJieni onepauiiini ITapanenbHe MojenIo04e
A . — CHCTEMH TA CHCTEMH 3a0e3nevenns pas JICPII
OpienToBani Ha MojesTIOBaHHST nporpaMyBaHHs (DSVP-Simsoftware)
nepudepiiini cuctemu
N ITIporpamne 3a6e3ne4yeHnst
CucremHa oprasizauis

— IlizcucTema poctymy 10 pecypcis - Bisyanizauii
nepudepii . .
prdep (VisualSimsoftware)

] PoGorie micue 1 Mincucrema aianory (Userinterface Subsystem)

L CucreMHa 4YacTHHA MopenbHO OpieHTOBaHA YaCTHHA

L Po6oue mice N

Puc. 2. CtpykrypHa oprasizaiis napajiebHOI0 MOJIEI0I0Y0r0 CEPeIOBUILA

obuncmoBansHux 1eHTpiB (HPCC) Ta ocepenkie INTERNET. Takum uunoM,
MOBa #ae TMpo TEPUTOPIAIbHO pPO3MOJAUICHE TMapajielbHEe MOJENIoYe
cepenoBuile (PIIMC). TonoBHoo mpoOiaeMor0 € Te, W0 MpOorpaMHe
3abesneueHHst mapanenbHoro  moxaemoBanHs  JIC3II, JICPII motpebye
NOBHOPYHKIiOHAIBLHOI PO3po0KHM. AHaji3 MOKa3ye, MO MapajelbHi CUCTEMHU
SIMD- ta MIMD-ctpyktyp 90-x pokiB Maiud (pipMOBI MOBH HapajieIbHOTO
nporpaMmyBaHHs, 110 0a3yroTbess Ha moBax Fortran, C, C++, Modula-2 Tta iH.
[11]. IHTeHCHBHUI PO3BUTOK MapaielbHUX oOuuciatoBanbHUX cucteM MIMD-
apXITeKTypH, 00 €KTHO-OPIEHTOBAHUX MIJXOJIB CTUMYJIIOBAB CTaHAAPTU3ALIIIO



3aco0iB MapajeabHOro Ta po3nojiieHoro nporpamyBanHd. Tak, ANSI Ta ISO
Bu3Hauuiau C++-cranmaptu 3 6i0miorekamu MPI, PVM Ta Pthreads [12, 13].
HeoOxignicte OyayBatu mapanenbhi wmogem JC3II, HACPII Bumymye
PO3pOOHMKIB MpAIIOBATH Ha PiBHI HAsSBHUX MOB IapajeibHOTO, MOCIIIOBHOTO
MporpaMyBaHHs Ta ix 010J10TeK, a 1ie 03Havae, M0 MporpamMHi 3acoou noOya0BH
napajieIbHUX MOJIEICH 3HAXOIAThCS Ha PIBHI CUCTEM MOJICIIOBAaHHS HE BUIIC
JpYroro MOKOJIHHA 3a Kiacudikailiero, 3amnpornonoanoto B [10]. Konmeniis
NnoBHOQYHKIIOHANBHOT po3poOku Modeling and Simulation Software PIIMC
nependayae 3a0€3MeYUTH KOPUCTYBAUIB Ta pO3POOHUKIB NapaieIbHUX MOJeIeH
MOBHHMMH Ta CHCTEMHO-OpraHi3allifHUMU 3aco0amu, SKi 3a pIBHEM CEpBICY
OyayTh MepeBepIIyBaTH CUCTEMH Ta MOBH MOIEJTIOBAHHS I’ ATOT0 MOKOJTiHHS
[10].

B PIIMC wmae Oyrtu 3a0e3meyeHa CIIAAKOEMHICThL 3 3aco0aMu
MOJICTIOBaHHS TIOMEPEIHIX TOKOJIiHb, 10 Ha ChOTroJHI peamizoBani B EOM
SISD-ctpyktypu. Tum camuM mnapaneiabHe pO3MOJUIEHE MOACNIIOIYE
cepenoBuIle Oyae MaKCUMAaJIbHO JPY)KHIM JI0 KOPUCTYBada, JacTh HOMY 3MOTY
“poctu” BIig Mojened mnpocTtux o0'ekTiB a0 Mopened ckimagHux JC, 1o
noTpeOyroTh mapanenbHoi peanizaiii. Ile Oyae Tako o3HayaTH BIAKPHUTICTH
cepeloBHUIa JUIsl KOPUCTYBaviB Ta PO3POOHMKIB MOJEJEH, IO MPAIMIOIOTh SK
IHAUBINYadbHO, TaK 1 KOJEKTHBHO, B 3aJIC)KHOCTI BiJl CKJIQJIHOCTI TpPOOIeMH
MO/ICJIIOBaHHSI.

SuperSISD SIMD MIMD MIMD- || . 2s0n
Cluster
| - | | I I
iicKCTeMa 0CTYTY /10 INTERNET — LokServer
06qI/ICH}OBaHBHHX PECYPCIB
LokServer RN LokServer —» PM-TTEOM
" » PM-TTEOM > PM-TTEOM .
. . Ly PM-TTIEOM
L s PM-TTEOM Ly PM-IIEOM ®OTI
JouHTY

HLRS, IPVS, UNI STUTTGART

Puc. 3. TeputopianbHa po3nOAUIEHICTh NAapaIEIbHOIO MOJIEIIO0YOTO
CepeoBUILA

PIIMC - ne me mano AochiKeHud o0'eKT po3poOKu Ta peainizarii. 3
METOI0 CHCTeMaTH3aimii po3poOOK HaMHU 3alpolOHOBaHA JACKOMIIO3HIIIS
cCepe/ioBUIIla Ha Takl migcucremu [18]: miamory (I1JI), mapanenbHuX



BupimyBauiB piBHAHb (II[IBP), oOminy indopmamiero (ITOI), GanancyBanHs
3aBaHTaxxeHHs TmporecopiB (I1b3), opranizamii macuBiB nanux (IIOM]),
opranizamii pobotu B pexumax Tteneaoctyny kopuctyBadiB (I[TOPT/I).
Peanizariis mizcucteM Mae TPUHITMIIOBE 3HAYCHHS Y BU3HAYEHHI MOKOJIHHS
3ac001B MOJICNIIOBAHHS, 0 SKOTO HAJIEKUTh MPOIIOHOBAHE CEPETOBHUIIIE.

MOoXIUBICTh MOJENIOBATH B paMKax OJHOIO CEPEJOBHILNA CUCTEMHU 3
30CEpPEeKEHUMH 1 PO3MOJIUIEHUMHU TMapaMeTpaMu 00'eIHye, 3 OAHOrO OOKYy, i
JIBI rajy3l MOJCIIOBaHHS, 10 Pa3BUBAIKMCS BIIHOCHO aBTOHOMHO. 3 JIPyroro
Ooky, 1e yHiBepcanizye Ta yckiagHioe PIIMC. 3 ornsay Ha 110 0OCTaBUHY
Ha0yBalOTh BaXJIMBOI METOJMYHOI Bard NMpoOJEMHO OpPIEHTOBAHI MOJENIOHY1
cepeloBuIa, MOOyAOBa SKUX MOXE PpO3TJISIaTHUCh K CKJIaJoBa YacTHUHA
3arajbHOI MpoOJeMu Ta HaOyBaHHS JOCBiy mapanenbHoro moaentoBanus CHC
pi3HOi (PI3UYHOI NpUPOAU. AKTYyaJbHOIO MpOOJEMOI0 TYT € OO0'€KTHO-
OpI€EHTOBaHa pPO3pOOKa MOJACIIOIYNX CEPEJOBHUII, sSKa B HAWOLIBIIINA Mipi
J03BOJINTh BUKOPUCTATH 3arajibHi CHUCTEMHO-IIPOrPaMHI PIIIEHHS CTOCOBHO
3a/IaHUX MPEIMETHUX 00IacTeH.

Pi3Hi mpunmmnu nii Ta piBHI po3mapanemoBaHHs SIMD- ta MIMD-
cucteM [11] 3ymoBII0OIOTE HeOOXiAHICTH mOOymoBu SIMD- ta MIMD-
koMmrioHeHT PIIMC, BupimenHs 3aa4 X B3aeMOJIl Ipu peaizailii napaneabHux
JC3II- 1 ICPII-Mozaeneit Ta aBTOHOMHOTO BUKOPUCTaHHS B paMKaX CTPYKTYp
puc. 2, 3.

5. SIMD- komnoHeHma PIIMC

Macusno napanenbia SIMD-komnonenta PIIMC 3anpornonoBana B [15].
Pazom 3 koneramu 13 ILLTyTTrapTchbKOro yHiBepCHTETY po3poOjieHa CTPYKTypa
MOJICTIOIUOr0  MPOTrpaMHOro  3a0e3MedueHHs,  JOCHIIKeHI  MapalebHi
anroputmu mozemoBanHss JIC3II, JCPII, po3pobnena migcucrema aiajiory,
BUPIIIEHO PsiJ TECTOBUX 3aJad. IMIUIeMeHTalis alropuTMiB BHKOHAHA Ha
SIMD-MoB1 mapanensHoro nporpamyBanHsi Parallaxis, a excrnepumeHTanbH1
nocnipkenHss — Ha SIMD-cuctemi MasPar. PesynbTat 1nmx po3po0Ook
omyOiikoBaHiI fK JgomoBiAl Ha cumnosiymax ASIM’94, EUROSIM’95,
ASIM’96-97 [14]. Pob60oTu NpoAOBXKYIOThCSI B TAKUX HAMpPSIMKaX: y3araJbHEHHS
JIOCBIY TMapajiesibHOrO0 MOJIETIOBaHHS Ha pIBHI MOBHM MpOrpaMyBaHHS Ta
po3pobka SIMD-moBM MozentoBaHHS y B3a€EMO3B’S3Ky 3 10OYA0BOIO
MIJCUCTEMU J1aJIoTy; JOCHIJPKEHHs acleKTIB 00'€KTHO-OPIEHTOBAHOTO MIIXOY;
nmobynoBa  Oi0miorexk  mapanenbHoro — moxaemoBanns  JIC3II,  JICPII;
€KCIIEpPUMEHTAIbHI JOCHIPKEHHSI TMPOOJEMHO OpIEHTOBAHUX MOACIIOI0YNX
SIMD-cepenoBui; 3actocyBaHHsi mnapanenbHux SIMD-moneneit B ripHuyii
rajiy3i Ta HaB4aJbHOMY IPOIIECi.

6. MIMD-komnoHeHma PIIMC



B crpykrypax PIIMC, nokazanux Ha puc. 2, 3, MIMD-koMnoHeHTa
MpejCTaBiieHa  MapajebHUMH OOuYMCIIOBalIbHUMHU cucTtemamu MIMD, ix
CUCTEMHHUM Ta MOJIETIOI0UHUM MPOrpaMHUM 3abe3nedeHHs M. Jloctym 1o

MIMD-napaJiejibHe Moje04e nporpamue 3ade3nevenns ais JC3I1

Komninsitop"IC3I1-MIMD - moBa |, | JC3II -6i6rioTexa:
. . MIMD-napaJjeabHi MOBH MO/ICJIIOBAHHS - MPOrpamMa ijiboBoi napaJjieJibHi YHceIbHi
Ilincucrema aianory > P wos porp P I
MO/IeJIFOBAHH S EOM", Bifjaro:KyBajibHUK MeTO/IH, 10NOMIiKHi
b 9
napaJieJibHHX mporpam T nporpamMu
—|CucTeMHaﬂ 4acTHHA ] L Tenepysannst BipTyaibHOU Bi6.tiorexa 6.10kiB
b 0-OpIEHTOBaHA Mo/ieJli 3aBaHTaKEeHH —{ 6.10x0B0-0picHTOBAHOT
. . M| apajneabHa MoBa || npouecopis MOBH MO/IEJIFOBAHHS
— MPI-incTransiuis MO/IeJIIOBAHHS
- BusnaueHnnst npouecis. Bi61iotexa oneparopis
MPI-cnenndixanin noéyaosa rpad]):;s npm;ecilz i oo
B oo —{ piBHSIHHSI-OPi€HTOBAHOT
IA-pyHKnii p OPiCHTOBAHO!
MOBH MO/IeJIFOBAHHS
I I-pyuxuii, npuramanui Pisnsinus-opicnropana JleBipTyanizauis Mmoxesei
Y . — . 1 i \ 1
00YMCITIOBAIBLHIN Mepeski napajiejbHa MoBa [ saBanTakenns npouecopis Bidtiorexa 00'exriB
MO/1eJII0BAHHS —{ 00'eKTHO-Opi€eHTOBaHOT
. I'enepyBaHHs KOJ1iB MOBH MOJ¢JIIOBAaHHS
MopaenbHO-0pieHTOBaHA Py _ﬂ
— nporpam I iB n
YacTHHA 06’ R porpam npouec MapaJiesibHi MeToaH
€KTHO-Opi€HTOBaHA - — . .
|| N P03l'l0}]l.]'l npouecopis Mixk || BMle.I.lyBaf-lHﬁ 3BHYaUHHX
- napajieJibHa MOBa TIPOIECaMH, GATAHCYBAHS augepeHniaIbHUX
—|  Ipesenrauis PIIMC MOJIeJTIOBAHHS d ! piBnsinn
3aBaHTaKEeHHSI MPOLECOPiB,
— IToGynoBa mopeneit 3anmc npouecis B Npouecopu .
¥ pon T porecop MeToau BUPiLIyBaHHS

- MopenoBanHst 2 ajredpaiuHUX PiBHAHb
- - BinnaromkeHHs napaJieJbHoOT

Peectpauist pesyabTaTin A

r nporpamu moaeni JIC3I1

MoJe. 5 3 — Iporpamu Bi3yaJizanii

| HaBuanus kopucryBayin DopMyBaHHs 3aNMTy HA

| PiluenHs npoo.em MIMD-pecype puist peanizanii L lonomizkui nporpamu
PeaIbHOro yacy MojeJiei

L Inrerpauis 3 CAIIP

Puc. 4. Cxnan Mmojenowodoro nporpaMHoro 3adesneueHus MIMD-koMioHeHTH
PIIMC nns JC3I1

pecypciB I1i€l KOMIIOHEHTH 3a0€3MeUYy€eThCA 3 THUX K€ POOOUYMX MICIb, 110 1 JI0
SIMD-komnonenT. ['omoBHa mpoGiema nmoOyaoBu MIMD-koMmmoHeHTH — Iie
MOBHO(YHKIIOHATbHA PO3POOKAa MOJENIOIYOro MPOrpaMHOro 3a0e3NeyeHHs,
CTpyKTypa sikoro mnpexacraBieHa Ha puc. 4 (mns HC3II) ta Ha puc. 5 (s
JCPII). Iligcuctema aianory (I1J[) — e cykynHicTh anmapaTHUX, MPOTPAMHUX,
MOBHHMX Ta BI3yaJIbHUX 3aco0iB, M0 3a0€3MeuyloTh AaKTHBHY B3a€EMOJII0
po3poOHuKa Ta kopucTyBada napanenbHux moxaeneit JIC3I1, ICPII 3 pecypcamu
MIMD-komnonenTu. I1J] ckimagaeTbcs 13 CHCTEMHOI Ta MOJEIIOIOYOI YaCTHH.
[Ipu po3pobiienni Ta nooynosi [1J[ BaxinuBuMuU € rpynu GyHKIIH 000X 4acTHH,
o Ha3BaHi Ha puc. 4. ®opmanizauisa uxX (GyHKIIA, TOCTIKEHHS TOBHOTH iX
ckiany tTa MIMD-komnonentu PIIMC sik o6'exta mianory, iMIUIeMEHTAIlis Ta
eKkcliepuMeHTanbHa nepesipka GyHkiionyBanss [1/] — e akTyanbHI HAyKOBI Ta
npakTuyHi 3a1a4i peanizarii PIIMC.



MIMD-napaJieibHe Moje/I004e nMporpaMHe 3adesneuenns aias JCPIT
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MopeJeit

Puc. 5. Cxnan mojentorouoro nporpaMHoro 3abdesnedeHus MIMD-koMioHeHTH
PIIMC nns ICPIT

HaranbHoro notpeboto mpobiiemu napanenbHoro mozaentoBanns JI3KII,
JCPII € noOynoBa MOB nmapaJieJibHOr0 MoAeJI0OBaHHs [16], ki 6 HaOIM3WIH
napajieibHi OOYHMCIIOBaJbHI CHUCTEMH [0 pIBHS, IO BIANOBIZAE I1'ATOMY
MTOKOJIIHHIO CUCTEM Ta MOB MOJI€JIIOBaHHsI, peasiizoBanux B SISD-EOM [10].

BinnosinHo 10 chopMyabOBaHUX BHUIIE KOHIENTYyaJbHUX MOJIOKEHb B
MIMD-komnonenti PIIMC nepen0aueni napanenabHi OJOKOBO-, PIBHSHHSA-, Ta
00'ekTHO-OpieHTOBaH1 MOBU MojemtoBanHs JIC3II (puc. 4, [16]). He3anexHo Bin
TUIY MOBHM KOMIIUIATOP BHUKOHYE TMEPETBOPEHHs crenudikamii Mojeni B
byHKUIOHYI0UY TapalieiabHy nporpamy Ta Gopmye 3anut Ha MIMD-pecype ains
peamizanii Mmopemi. [ns wmonemoBanns JCPII (puc. 5) mnpomoHyoThCs
PIBHSIHHSI- Ta 00'€KTHO- OpIEHTOBaHI MOBHU crenudikailii Mojaesei, Ha OCHOBI
AKUX Moke OyTM BHKOHaHa iHTepakTuBHa mnoOynoBa JICPII-moneneit 3
BUKOpPUCTaHHSAM 0101ioTeyHux KOHCTpYkTHBIB. JIC3II-616/mi0Teka MOBUHHA
oytu cymicHoto 3 JICPII-6161i0Texoro.



7. lMpobnemHo opieHmoeaHi PITMC

Amnari3 nokasye, mo nopsia 3 nooynosoro PIIMC yHiBepcaabHOTO
MpPU3HAYEHHS aKTyalbHUMU 3aJIUIIAI0THCS IPOOJIEMHO OPIEHTOBAHI1
CEpEellOBHUIIIA, B IKMX aKyMYJIIOETHCS JOCB1 MOJIEIIOBAHHS B MEBHUX Taly3sX
TexHIKU. B paMkax 3anponoHoBaHOi KOHIIETI[Ii HAMU BUKOHYIOTHCSI pO3pOOKHU
CepeloBUILI JJI TUHAMIYHUX MEPEKHUX 00'€KTIB 3 30CEPEIKEHUMHU Ta
po3noauieHuMHU mapameTpamu [20], 1t XIMIYHUX TEXHOJIOT1H, I Mpo0ieMu
KEepyBaHHS PIYKOBUMHU CYAHAMHU, IJI1 MOJICIbHOT MIATPUMKH PO3POOOK
NaJMBHUX €JIEMEHTIB Ta iX makeriB. HaykoBy Ta mpakTU4YHY LIHHICTh MalOTh
po3poOKa Ta JOCHIIHKEHHs] HACTYNMHUX (hparMEeHTIB CEpPeIOBHUIL Ta TUTaHb
moOy10BU MapajieIbHUX MOJIeeH: BXiTHI MOBH crienudikarii 00'eKTiB
mozemtoBanHs (JIC3I1, [ICPII) na TexHosoriayHoMy piBHI; popMalibHE
OMMCYBAaHHS TOIMOJIOTH Ta IMHAMIYHUX IPOLIECIB; TOMOJOTTYHI aHAII3aTOPU;
reHeparopu piBHsHb [18, 19]; BuOip, 0OrpyHTYBaHHS METOIB MapajieIbHOTO
pimenns piBHsHb JJC3I1, JICPII, noOyaoBa BupimyBaui [19]; migxoau 10
po3napalientoBaHHs, T00y/10Ba BIpTyallbHUX MapaielbHUX MoJeNel Ta iX
anpiopHuit anani3z [19, 20]; neBipTyanizaiis Ta Bi1oOpakeHHS MOJeieil Ha
LUTBOBI TapasnenabHi apxitekTypu [19, 20]; nexkomnosunis PIIMC na
MiACUCTEMH, TOOYI0BA MiJICUCTEMHU J1aJI0Ty, IPYKHBOI JJO €KCIepTa 3a1aHoi
npeaMeTHOI 00J1acTi, Ta e(peKTUBHUX 3ac001B Bi3yai3alii pe3yiabTaTiB
MozentoBaHHs [18]; aHai3 eheKTUBHOCTI MapaieIbHUX MOJICIEH,
onrTuMmizaiis rnpoiecis oominy iHdopmarieto B PIIMC [14, 16, 18, 19];
iHTerparis Moaeordoro cepeaopuiia 3 CAIIP nuHaMiyHUX cucTeM TaHO1
MpeIMETHOI 00JIACTI.

8. OpzaHizauyia po3pob6ok PIIMC. [oceid MixHapoOHO20
cniepobimHuymea

[Ipobnema nobynosu PIIMC € mpeaMeToM HayKOBOTO CITIBPOOITHHUIITBA
¢dakynprety OTI 3 iHCTUTYTOM NapanenbHux 1 posnofuieHux cuctem (IPVS),
dbenepaibHUM IIEHTPOM HAJMNOTYKHUX oOuncmoBaibHUX cucteM (HLRS)
TyTTrapTchkoro yHiBepcuteTy. BoHa BXOIUTh TaKOXK B JIepkKaBHY MpPOrpamy
VYkpainu “Po3poOka KOHKYPEHTOCIIPOMOXKHHUX 3aC001B MOJIEIIOBAHHS CKIIAIHUX
cucteM”. B pamkax npo0OiieMH BHUKOHYIOTBCS TEMHU JUCEPTALIMHUX pOOIT
acHipaHTiB, KYpCOBHUX, TUIJIOMHHX Ta MariCTepchbKiX poOIT CTYJIEHTIB. ACHEKT
no0yaosu MIMD-koMnoHeHTH MpoOJIEMHO-OPIEHTOBAHOTO CEpPeIOBUILA Ha 0a3i
Kjactepa napaienbHo npaiorunx [IEOM nocnikyeTbest pa3oM 3 IHCTUTYTOM
MozentoBanHsl Ta rpadiku (ISG) Marnebyp3pkoro yHiBepcutery.  Po3poOka
MpOoOJIEMHO OPIEHTOBAHUX CEPENOBUI BUKOHYETHCS 3 THCTUTYTOM CHCTEMHOI



IuHaMiki ~ Ta  aBromMatuyHoro  kepyBanHa (ISR)  IlryrTraprcekoro
yHiBepcuTeTy, Makc-II1aHK-IHCTUTYTOM JUHAMIKM CKJIQJHUX TEXHIYHUX
cuctreM (Marneoypr) 1 CHIIIT “Azotr” (M. CiBepcbkoaoHenbk). IIpoGnema
iHTerpamii moaemorounx cepenouny 3 CAIIP  gocmimkyerbcss paszom 3
IHCTUTYTOM  aBTOMaTtu3allii Ta  mporpamHoro  3a0e3nedenHs  (IAS)
TyTTrapTChKOro yHIBEPCUTETY. 3a CIPHUSHHSA MIHICTEPCTBA OCBITH Ta HAayKH
(BMBF) ®PH Tta xadenpu aBTOMaTHUyHOro KepyBaHHA EpiaHreHChbKOro
yniBepcutety (akynbrerom OTI JouHTY Ta IIIME HAH VYkpainu BUKOHAHO
JOCHIPKeHHS] MUTaHb MOJEIbHOT MIATPUMKHU MPOEKTYBaHHS aBTOMATH30BaHUX
cucreM s JCPII (mpoekt PROAUT). ExcniepuMeHTaIbHI JOCTIIKCHHS
BUKOHYIOTbCSI Ha emynaropi SIMD-cuctem, Ha 10-By3noBomy MIMD-
koMt torepi Intel Paragon Ta Ha napanensuux cucrtemax [PVS, HLRS B pexumi
tenenoctymy (puc. 3), skuil yemimuo QyHkiionye 3 1992 poky. 3a neit nepioa
HaMyd Ha0yTO NpaKTUYHUN JOCBIA peajizalii napajelbHUX Mojelell Ha
cuctremax MasPar (16K PE), Intel Paragon, CRAY T3E. 3 rpyaus 2005 poky
PIIMC miaxmoueHo po pecypeiB cuctemu NEC SX8 (576 By3simiB).
MacmTabHuM 1HAYCTPIadbHO-OPIEHTOBAHUM HAyKOBUM IPOEKTOM € po3poOKa
MOJICJIIOI0YOI0 1 CEPBICHOTO LIEHTPY Il BYTUIBHOI MPOMHUCIOBOCTI YKpaiHH
[21].

9. BucHosku

[Tapanensue mopemoBanHsa (Parallel Simulation Technology) cknagnux
nuHaMmiuHuX cuctem 3 3ocepemkeHumu ([C3II) ta posmoainenumu (JJCPII)
napamMeTpaMM € IHTEepPAMCLUMIUTIHAPHOIO MPOOJIEMOI0, HaJl BHUPIIIEHHSAM SKOI
aKTUBHO TMpAaIlOl0Th 1H(OOPMATUKHU, CIEUIATICTH 3 MOJEIIOBAHHS, EKCIEPTH
PI3HUX IpEeIMETHUX 00JacTeil. 3aponOHOBaHa HAMH KOHIIETIIIISI pO3MO1LIIEHOTO
napajienpHoro wmojenmworoueoro cepenoBuma (PIIMC) sk HoBoi (opmu
cucteMHoi opradizaimii 3aco0iB moxaemoBanns JIC3II, HCPII Binkpusae
MO3UTUBHI NMEPCHNEKTUBU €()EKTUBHOTO BUKOPUCTAHHS HASBHUX MapajelbHUX
O00YHCITIOBATFHUX PECYPCIB Ta KOMIUIEKCHOTO BUpileHHs npobsemu. [loGynoBa
npoOJIEMHO OPIEHTOBAHUX MapajebHUX MOJETIOIUUX CEPEJOBUIL B PI3HUX
rajry3sX TeXHIKH € BaXJIUBUM METOAUYHUM KPOKOM B BUKOPUCTaHHI 3arajibHO1
KOHIIEMIIi, HarpoMaj/pKeHHs [OCBIAy pIIIEHHS TMPUKIATHUX 3a4ad, MHoro
y3araJibHeHHsI Ta BUKOPUCTaHHS B YHIBEpPCAIIBHOMY cepeoBUlll. JleKkoMIo3ullis
PIIMC Ha migcucteMu Ta peanizallis HIACUCTEM MPUCKOPSATh BIPOBAIKECHHS
napajieIbHOTO MOJICNIIOBAHHS B HAYKOBUX JOCHIIKEHHSX, B IPOMHUCIOBOCTI,
NIANPUEMHHIITBI Ta B HaBYaJbHOMY IMpOIECi BY31B, 30KpeMa, B TEXHOJIOTISAX
aucTaHTHOi  ocBiTH. KowmruiekcHe BUpilIEHHS TpoOsiieM  mHapaieiabHOro
MOJICJIIOBaHHS B TICHIM cHiBMpalll 3 3apyO1>KHUMHU BUEHUMH Ta YHIBEPCUTETAMHU
BIIKpUBA€ TEPCIEKTUBA HAYKOBOTO 3pOCTaHHS CTYACHTIB-MariCTpaHTIB,
acmipaHTiB, BUKJIAJayiB BY3iB, € CYTT€BUM UYMHHHUKOM IHTerpamii YkpaiHu B
€BPOINENUCHKUI Ta CBITOBUN HAYKOBUM 1 OCBITHIN IPOCTOPHU.
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