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BBenenne

Jlannast pabora mnpejcrapjsger co0Oi IEPBYIO IOIBLITKY B
BHJIe HAYYIHON MOHOrpaduu, JOCTYITHON HAYUHAIOIMIEMY 0JIH30-
BarTeso MATLAB, onmcaTh napasleSIbHYIO TEXHOJIOTUIO BBIYHUCIIE-
HUIi, pea/in30BaHHyI0 KoMIlaHueil MathWorks c¢ momomipio JIByX
B3aMMOCBSI3aHHBIX TAKETOB paciupenuii (npurozkennii): MATLAB
Distributed Computing toolbox [l| u MATLAB Distributed
Computing Engine [2].

B nacrositiiee Bpems He ToIbKO Kommanus MathWorks obJia-
JAeT TEXHOJOTHUAMU, IIO3BOJIAIOIMIMMH PCAJIN30BbIBATL IIAPAJI-
Jiesbible Bhrancsenus. Cieyer yHoMsaHyTb 00 aHAJIOTUIHBIX
CpelCcTBaX, MMEIOIUXCA B MaTeMaTHYeCKHX IaKeTaxX JIpYyIux
dupwm. Tak, Maple, nauunnas ¢ Bepcuu 9.5, UMeeT B CBOEM COCTABE
toolbox HPC-Grid [3], KOTOpBIil IpejiaraeT moIb30BaTeo 1ol
cpejibl aHaJiorudnble Bo3MoxkHocTu. s makera Mathematica
nveercsi Parallel Computing Toolkit [4]. Takke wmmeercs
He3aBUCHMBI toolkit Pooch MPI [5], KoTopsblit paboTaer TOJILKO
II0/1 OIIEPAIMOHHON cucTeMoit MacOS, 4To pe3KO CHUZKAET ero 00-
JIaCTh IpUMeHeHns. JacTo npuMensemblil naker Mathcad na Mo-
MEHT HamnmcaHus paboThl He UMeeT KaKUX-JIN0O CPeICTB, O3BO-
JIAIOIIUX BBINOJHATL PACIPEACICHHBIC BHIYUC/ICHUA.

HecmoTps Ha Hamane 1mo100HOTO pojia NHCTPYMEHTOB B Ia-
KeTax KOMIIbIOTEpHOI ajreOpnl Maple m Mathematica, cpena



Texuudeckux pacueros MATLAB gasiderca, 1o MHEHUIO aBTOPOB,
60J1ee TPUBLIYHOI U yI00HO# JIJ1s IPOTPAMMUPOBAHUS, OTJIAKI
7 pean3alyuyl IapaJlIe/IbHbIX aJIlOPATMOB.

3a mocsegHue TOABl PA3JIMIHBIMA HAYIHBIMUA KOJLJIEKTH-
BaMH OBbLIM CO3/IaHbI MHOIOYHUCJICHHBIC ITaKeThl pacIIupeHuii
(Toolbox) MATLAB, peajm3yIOnuX KaKyO-T00 (DYHKINOHAb-
HOCTBH pacIpejie/ieHHbIX Bbraucsaennit. C ux 00630poM MOXKHO
O3HAKOMUTKCS B [6]. DTu makeTsl B CBOEil peasn3aIliy UCIOIb-
30BaJI pas/IdHble COCOObI (IapaUrMbl):

e llcronb3oBanne MOJE/H Tepegadn COOOIIEeHMIA.
e Pabora ¢ 0obuieil naMAThIO.

e llcronb3oBanue CreuaJbHbIX MPOIELYP, C MOMOIIBIO KO-
TOPBIX IPOU3BOJUTCA OOMEH JAHHBIX MEXKJIy IOC/IeI0-
BaTeJIbHbIMUI ceccudamu MATLAB.

o [lepekommmisitiug kojga MATLAB nHa C u co3jaHue mapaJi-
JIEJIBHOT'O KOJIa y2Ke JJid 1mporpamMm C.

B 3aBucumocTr oT peasin3aliuy IIPU UCIOJIb30BAHUU ITUX
[IAKETOB PAacCIIupeHnii TpeboBajoCh UMETh pa3HOe KOJMIECTBO
JIMIEH3UN Ha 3allyCK KIMeHTCKux ceccuii MATLAB.

[TakeTbl pacmmpeHuil i HapaIeJIbHOTO MTPOrPaMMUPO-
BaHUs CTOPOHHUMHM IIPOUBBOJUTE/IAMU Hadau paspadaTbi-
BaTbCd B TO BpeMs, KOIJ[a HEOOXOJIUMOCTH B IapaJsiiesib-
HOM 1mporpamMmupoBanun g MATLAB He gaBjidjach KPUTHU-
geckoit. C Tex TOp B CBdA3U C HEOOXOJIUMOCTBHIO pacyera
DoJiee CIIOXKHBIX 33J[a9 3Ta HEOOXOJIUMOCTH PE3KO BO3POC/IA.
Hekoropnie toolbox paboTajii TOJBKO IIOJI OIPEICTCHHYIO
olepaIMoOHNyI0 cucremy, darie Bcero — 1oy Unix. [losromy
HACIIOJIb30BAHUE €IMHOTO TIOAXOAA JJId BCEX ONEPAIMOHHBIX



CUCTEM CTaJI0 HeOoOXOMMbIM. BoJibliiasg 4acTh paspaboTaHHbIX
MAKETOB yxKe He mojjepxkubaercda. Ocobo ciejyeT OTMETUTD
naker MPITB (7|, manucanubiii B 2000 T. ¥ IOJYYUBIIHN JI0-
CTAQTOYHO IINPOKOE PACIPOCTPAHCHUEC Ui KJIACTCPHBIX CHCTECM.
B nem peanm3oBano npumeneHne dyHKIuii Message Passing
Interface — wunrepdeiica uepegadn coobiienuit MPI — B
nporpammax MATLAB. Tlocyeasis nHa MOMEHT HAIUCAHUS PAOOTHI
Bepcusi - jsi MATLAB 7.0.1 R14SP1 u Oubsmoreku LAM MPI
v. 7.1.1 [8] - marupyercs 2005 r. OCHOBHBIME €r0O HeJOCTAT-
KaM# SIBJISIFOTCS:

e HeobxommMOoCTh TOJTyHYeHs JIMIEH3UN Ha KarKJI0€ BbIOJI-
HIEMOE sIJIPO.

e HeBo3MoxKHOCTD HHpuMeEeHeHUd ITaKeTa JdJId HEOJHOPOAHBIX
BBIYUC/IUTEJIbHBIX apPXUTEKTYD.

e OrcyrcrBue oMUIMAIBHON IMOIJAEPXKKIA OT KOMIIAHUH
MathWorks, mocrognno passuBatomieil cucreMy MATLAB.

e llckmouenne paboThl I[aKera C OINEPAIMOHHBLIMU CHCTe-
Mamu, orandatonmmucs or OC Unix.

Jlanublii maker ObLI UMIIOPTUPOBAaH B cpeay Windows u peasiu-
saiio MPICH2 [9]. Ero mucrpubyrusbl MoxkHO ckadarb ¢ [10].
[Tocnennss Bepcus ot 02.2006 padotaer ¢ MATLABv. 7.1.0.246
(R14) Service Pack 3, T.e. TakxKe C ycTapeBlleil Bepcueit
MATLAB.

YuurbiBas Bce MEPEUUC/IEHHOE BbIIIe, Pean3alius M0J00HbIX
MAKETOB paciupenuit yxxe camoii hupmoii MathWorks BbITJIsIIUT
BIIOJIHE JIOTHYHBIM ITTATOM.

ABTOpBI cTaBUIN TIEPe T, COOOIT Te/Th HAIMCATD TAKyI0 PaboTy,
KOTOpas Morja Obl 3HAYUTEIBHO YCKOPHUTH IIPOIECC OCBOEHUS
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TEXHOJIOI'AU IapaJslJIeJIbHOTO IPOrPaAaMMUPOBAHUA YUTATEIIEM, KO-
TOPBIIT BOOOIIE He 3HAKOM HU C HABBIKAMU HAPAJIJIEJILHOTO IIPO-
rpaMMupoBaHus B cucremMe MATLAB, HU B IIeJIOM C CUCTEMOIA.

B mepBom paszjiesie ommcanbl OCHOBHBIE IPOIEIYyPbI yCTa-
HOBKM, HACTPOWKHM W KOH(MUIYPUPOBaHUS KJIACTEPHON HacTu
MATLAB Distributed Computing Engine. DTor pazjen Oyjer
AHTEPEeCEeH B IIEPBYIO OdYepelb CUCTEMHBLIM & IMUHUCTPATOPAM
U JIMUHUCTPATOPAM KJACTEPHBIX cucreM. B jganHoM pas-
JieJie aBTOPBI TOIMBITAJIMCH TPEJICTABUTL UH(MOPMAIIAIO, COJIep-
JKaIytocs  "Mex gy cTpodek" B CTaHJIAPTHON TEXHUIECKOI
JIokyMeHTaruu. Kak Ioka3aj OIBIT COTPYJIHUYECTBA C JIPY-
PUMU  UCCJIEJIOBATEILCKUMU  I'PYIIIaMu, UHQMOPMAIUHA, P
CTaBJICHHONH B 39TOM pasJjesie, JOCTATOYHO JJId HACTPONKMU BbI-
COKOIIPOU3BOJUTEJIBHON BBIYUCIATEIBHON CPEIbI.

Bo BTopoMm pa3zjese onucanbl mepBoHaYAIbHBIE CBEJICHUS JIIS
CO3JIaHUs 1TapaJlJIeJIbHBIX IIPOIPAMM C HUCIHOJb30BaHUEM CPEJICTB
oubmorekn MPI u ee peaju3aluu Ha OCHOBE ILIAT(OPMBI
MATLAB. PaccMoTpeHHBIE TTPOCTBIE 38JIa9M TO3BOJISIOT OJIH30-
BaTe/ 0 yOeIUThCcd B MPUPOCTE IMPOU3BOIUTE/IHHOCTU BBIMHC-
JICHUI TIpU yBEJUYEHUH YUCJIa, IIPOIECCOPOB U MOHATH 0a30BbIe
IIPAHIUIILI HAIIICAHUA TTapaJilebHbIX TporpamMM B MATLAB.

B Tperbem pasiene aBTOpbl B KadecTBE IPUMEPA ITPUJIO-
JKEHUd I1apaJulebHbIX Bblynuciaenuit B MATLAB Juig Hay4HBIX
HACCJIEJOBAHUIT pacCMaTpUBaIOT WX NPUMEHEHWE B MaTeMaTH-
YECKOM MOJIE/ITUPOBAHUN YKOHOMUYIECKUX CHCTEM. DTO IIPUJIO-
JKCHHE HM B KOEHl Mepe He OTrpaHuYuBacT IPUMEHEHUE IIa-
PaJlIeJIbHBIX BBIYUC/ICHUNA B MaTEMaTUICCKOM MOJEINPOBAHNN
CJIOYKHBIX CHUCTEM TOJIBKO JIAHHOMN 00/1acTbio HayKu. Bo-1iepBhIX,
PaCCMOTPEHHBIE MPUMEPDBI JIETKO MOTIYT OBbITh 00OOIIEHBI Ha
aHAJIOTMIHBIC 3aJla9i B JPYTUX 00/acTdX 3HaHuil. Bo-BTOPBIX,
9KOHOMMYECKUE TPUJIOZKEHNA K COBPEMEHHON »KU3HA WHTEPECHBI



JUUIsL BCEX JIIODO3HATEILHBIX JIIOJIEH.

Paccmorpenne npuiokenuit mapaJiie/IbHbIX  BbIYUC/IEHUIMA
OYCHb BAXKHO, IOCKOJIBKY B CBA3HM C Da3BUTHEM MHOI'OIIPOIEC-
COPHBIX U MHOIOsiJIepHBIX [11] apXuTeKTyp BBIYHCIUTETbHBIX
CACTEM B HacTOAlIlee BpPeMd IapaJslIeIbHOEC IIPOrPAMMUPOBAHUE
IVIAHUPYIOT MPUMEHSITh IIOBCEMECTHO BO BCeX ODJIACTAX HAYKH,
TexHUKU U Ousneca. B macrosiiee BpeMsi (haKTHIECKUM CTaH-
JApTOM NapaJljIeJIbHOTO IIPOrPAMMUPOBAHALA CJIYZKAT JTOBOJIBHO
CJIOZKHBII JI/I IIEpBOHAYAILHOTO N3ydeHus nHTepdeiic nepeaan
coobiennit MPI — 6ub/imoTeKa Iepejiadu cooOIeHuil, cobpanue
dbyukumit, obserdammux KOMMYHUKAIUIO (OOMEH JIAHHBIME U
CUHXDOHU3AIIIIO 3a/1a4) MeKJIy IIPOIeCCaMy apaJslIeIbHON TIPo-
rpaMMbl ¢ pactpejesnentoii navarsio [12, 13|, Kauecrsennbie
peasmzanun MPI obecriedmBaiOT aCHHXPOHHYIO KOMMYHUKAIIHIO,
apdekTuBHOE yrpaBienne Oydepom coodinenns, 3pOeKTUBHbIE
rpyIibl U 6borarbie PyHKIMOHAIbHBIE BO3IMOXKHOCTU. MPT BKJIIO-
qaeT 00JIbINOi HAOOP KOJIJIEKTUBHBIX OIEPAIlNil KOMMYHUKAIIUH,
BUPTYAJIbHBIX TOIOJIOTHI M PA3JUIHBIX CIIOCOOOB KOMMYHUKA-
oy 1, Kpome Toro, MPI 1ojiiep:kuBaeT HEOHOPOAHbIC CEeTH.

[Ipunoxkenus, pazpaborannbie Komianueii MathWorks s
CO3JaHUd ITapaJlJICJIbHBIX M PaCHIpPeIe/ICHHBIX IIPOIPAMM C HC-
[0JIb30BaHUuEM cpeJicTB Oubsimorekn MPI, u uxX peaj3arius
Ha 1ardopme MATLAB ympoIaioT HPAKTUYIECKOe TPUMEHEHUe
apaJuIeIbHBIX BBIYACICHUNA Ha MHOTOSAJIEPHBIX KOMITBIOTEPAX,
KJacrepax u GRID-cucremax.

ABTODBI BBIpaXKaiOT uckperHio 04a200apHocms  JIenapTa-
MmeHnTy MathWorks kommnanum Softline 3a mpejocTaBjeHHBIC
qucTpudyTuBbl MATLAB 11 BO3MOXKHOCTH O3HAKOMHUTHCS M ITPOTEC-
TAPOBATb TEXHOJIOTUYECKUE BO3MOXKHOCTH, 3aJI02KEHHBIE B IIPU-
soxkennn MATLAB Distributing Computing Engine.



I. AaxvMuHucTpupoBaHue u
KOH(UrypupoBaHue

Nzyuenne HACTOAIIETO pa3je/ia HAYUHAIONIUM I10JIb30BaTE-
jgieM MATLAB macT BO3MOXKHOCTH OILYTHTbL Ha COOCTBEHHOM
OIbITE TPEUMYIIECTBA PEIIeHUs NPAKTUYECKUX 3aJiad C I10-
MOIIIBIO PACIIPE/ICJIEHHBIX BBIYMCJICHAI Ha MHOI'OIIPOIECCOPHBIX,
MHOT'OSJICPHBIX WX JaXKe HEOJHOPOAHBIX apXUTEKTypaX B CpaB-
HEHUU C OOLIYHBIM (HOCJIe;:LOBaTeﬂbHHM) BapUAHTOM pPelIeHUs
9TUX 3aJla4 IIPU UCIHOJIb30BAHUU OJHOT'O KOMIIBIOTEPA.

1.1 Wcnoab3yeMble TEPMUHBI U1 0003HAYEHUS

enp manHOTO pasjena — OMUCATH MPUHIAIIAIBHYIO CXEMY
paborsl jiByX Toolbox MATLAB, KOTOpble peaju3yioT TEXHO-
JIOTUIO PACTIPE/IEJIEHHBIX U TAPAJIIEIbHBIX BHIYUCICHUIT (B 1a/Th-
Heiirem, ecju He OYJIeT OrOBOPEHO OTJIE/ILHO, [0/l TEDMUHOM PaC-
npedenennvie 8vuUCAeHUA OYLyT TTOHUMATHCS KaK Mapasiiesib-
HbIE, TAK U PACIPEJICJIEHHbIE BBIUYUC/ICHUS).
B 2005 r. jyg Toro, 4ToObl 3aHATH OIPEJIC/ICHHBIN Cer-
MEHT PBIHKA WH?KEHEPHOI'O IPOIPAMMHOI0 0OeCIevueHusi, Mpei-
Ha3HAYEHHOT'O JIJIS IPOI'PAMMUPOBaHUs pACIpe/IeIEHHBIX 3a/1a4,
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koMItanueit MathWorks ObLn pazpabOTaHbl U BBITYIIEHBI Ha PbI-
HOK J[Ba HOBBIX IPOJYKTa 1101 HazBanueMm Distributing Comput-
ing Toolbox (DCT) m MATLAB Distributing Computing Engine
(MDCE). DTu nBa nakeTa pPACIIUPEHUil HEIb3s PacCMaTPUBATH
OTJIEJIbHO Pyl OT JIpyra, U IPUMEHSIOTCS OHU TOJIBKO B
cBsazke. Ob6a 31u toolbox m3HAYAILHO OBLIM IIPE/IHA3HAYCHDI
JJ1s pelieHns OJHOM 33/1a41 — YBEJIMYEeHUs IIPOU3BOJUTEILHOCTA
(coKpaleHnst BpeMeH! cdera) MpPU UCIOJIb30BAHUH HECKOJIBKIX
KOMITBIOTEPOB, OOBEIUHEHHDBIX B CETh, BMECTO OJIHOTO.

st masibHEeIero n3JaoxkeHus noTpedyeTcsd JaTh HECKOJIBKO
OIlpeJIeJICHU T OCHOBHBIM IIOHATHAM, KOTOPbIE BCTPETATCA HAM Ha
IIyTH OCBOEHUA NapaJljIeIbHOI TEeXHOJIOIUH.

Client — ceccusi MATLAB, B KOTOPOIi OIIPEIE/IAIOTCS U U3 KOTOPOit
OTHPABJIAIOTCH 3aja4du. IJTo ceccuss MATLAB, B KOTOpOIi
00bIYHO paboTaer paszpaboTINK— HporpamMmuct. Takzke
pacrpocrtpaHeHO Ha3BaHue MATLAB-KJIMEHT.

Client computer — komibioTep, Ha KOTOPOM 3arryiiern MATLAB-
KJINEHT.

Cluster — HaboOp KOMIIBIOTEPOB, KOTOPBIE COEJIMHEHBI B CETh C
IEJIBIO PeliaTh OOIILYI0 BBIYUCIUTEIHLHYIO 3a/1aty. .

Head node — 06bruno 3T0 y3es Kjacrepa, IIpe/iHa3HAYeHHbIN
JIId 3aIlycKa job manager u license manager. Yacro ObI-
BaeT IOJIE3HBIM 3allyCKaTb BCE CEPBUCHbIE IIPOIECCHI JIJId
pacIpe/ieJIeHHBIX BBIUNCIIEHWI, He CBSI3aHHBIE C PAOOUNMHA
IIpoIieccaMu, Ha OJTHOM KOMIIBIOTEDE.

Coarse-grained application — npuioxkenusi, i KOTOPBIX
BPEMsI UCIOJIHEHNS (CIeTa) 3HATUTeILHO GOJIbIIe, YeM Bpe-
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M, Tpe6yeMoe JJId CO34aHuA, OTIIPABKU U IIOJIYHEHUA JTaH-
HbIX pacquHoﬁ 3a/Ja41.

Distributed application -  upusoxkenus, AHAJIOTTIHBIE
coarse-grained application, zarmyckaroTcsd He3aBUCHMO Ha
Pa3IMYHBIX y3J1aX, BO3MOXKHO C PA3JIMIHBIMU BXOIHBIMU
napamerpamu. He coBepimator oOMeH cOOOIEHUAMU, HE
UMEIOT OOIMUX JTAHHBIX WJIM TOYEK CHHXPOHW3AIUN MEKITY
y3iamu. PacripejiesieHnbie BBIMUCICHUS MOI'YT OBITH KakK
coarse-grained, Tak u fine-grained (pa3BeTBJIEHHbIE
38141 ).

Distributed computing — Bbrauc/enusi, TPOU3BOIUMbBIE C 10~
MOIIIBIO PACIPE/IETICHHBIX TPUJIOXKEHUN, 3allyCKAeMbIX Ha
HECKOJIbKUX Y3J1aX OJ[HOBPEMEHHO.

Job - nosHOCTBIO ONKMCaHHAST BBIYUCIUTE/IbHAS OlepPaIis 00JIb-
Io#l pasmepHocTH 1 BbillosiHeHud B MATLAB, cocrogmast
u3 Habopa 10/13a,/1a4.

License Manager — KOMIIOHEHT cepBepa JIMIEH3Uil, KOTOPIil
OTBEYAET 3a IPOBEPKY U IOJJIEPXKKY UMEIONTUXCS JIUIEH-
3uil Ha s1J1po/pa3iuvHbie toolbox.

Task — mojzajada, HEKOTOPBI CEerMEHT OCHOBHOW 3aJiadu.
Vmenno 1o13a/1a1a OTIPABJISIETCA Ha CUeT worker.

Mdce - ciyxba, KoTOpas J0JzKHA ObITH 3allyIlleHa Ha BCeX Ma-
IITUHAX, [IePEeJ] TeM, KAK TaM Oy/IyT 3aIlyIeHbl job manager
MJTH WOrker-1poIecchl. DTO OCHOBOTIOJIATAONIAS CPeJIa, s
3aIyCKa BCEX OCTAJbHBIX ITPOIIECCOB.
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Job Manager — dupmennniii mwianuposiniuk The MathWorks,
9TO MPOIECC, KOTOPBI 06pasyer cucremy ouepejieil u3 3a-
nmaq (job) m pacrpefienseT nojzaaaqdn s workers. Ilox
9TUM TEPMUHOM ITOHUMAIOTCA TaKKe IJIAHUPOBIINKN, Pa3-
pabaTbIiBaeMble CTOPOHHUME (PUPMaMU ITPOU3BOIATEISMA.

Worker - cucremuniii nporecc MATLAB, KOTOPBINl BBLIIIOJIHSET
BBIYHC/ICHUE T0/3a/1a4. TaKkxKe pacipocTpaHeHHoe Ha3Ba-
Hue — MATLAB worker uam worker-mpoiiecc.

Scheduler — mranuposiuk. OcHOBHO (DYHKIIMOHAJ 3aKJTIOUA-
eTcs B NPOIeCCe IJIAHUPOBKU W YIIPABJIEHUS] OUYEPEIAME
3aj1a4, B KkadecTBe IUIAHUPOBIUKA MOXKET BBICTYIIATD
MathWorks job manager mjan IPOJYKTHI CTOPOHHUX (PUPM
pa3pabOTINKOB.

[To mMepe HEOOXOIUMOCTH MBI OYJIEM BBOJIUTDH JIOTIOJTHUTE b
HbIE OIpPEJeCHUS, MMOKa BBEJIECHHLIX TEPMUHOB JIOJIKHO OBITH
JIOCTATOYHO, YTOOBI PACCMOTPeTh mpocreiinyio cxemy (cm. 1.1),
II0JIO?KEHHYIO B ocHOBY Distributing Computing Toolbox. IIpnu
HCIIOJIb30BAHUN IIPOMBIIIJIEHHOI'O KJjacTrepa B KadecTse MATLAB
client MOXKeT BBICTYIATH JIIOOOI KOMIILIOTEP, IMOAKIIOUEHHBIA K
CeTU M UMEIOIINIT JIOCTYII K KJiacTepy, /yid scheduler o6br4H0 BbI-
JEJISIOT OJINH U3 y3JI0B KJIacrepa (B MPUHIIUIE, Ha STOM JXKe y3Je
MOXKHO 3allyCTUThb U IIPOIECC WOrker, 3TO HE JIOJIZKHO CHJIBHO
CKa3aThCsl Ha MMPOU3BOJUTENBLHOCTH), HA BCEX OCTAJIbHBIE Y3JIax
KJIaCTePa MOXKHO 3aIyCTHTH 110 OJJHOMY IIPOIIECCY. 3aIlyCKaTh Ha
OZHOM y3JIe HECKOJIBKO IIPOIECCOB MMEET CMBICTI TOJIBLKO B CIIy-
Jasgx, KOTJla y3e/] MHOTOIPOIECCOPHBIH JTMO0 MHOTOSICPHBI.

Jlerasm 1porecca 3allycKa IIPOIECCOB job manager u
worker, a Takke HEOOJIbININE yXUIIPEeHUs (OMUCAHHBIE B ODU-
[UATBHON JIOKYMeHTAIn! [2]) MbI paccMOTPUM, KOT/Ia Hepeiiaem
K OIMCAHWIO COOTBETCTBYIOIIEIO ITAIIA.
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Worker
Distributing Computing Engine

Matlab Client
Schedular Worker
Distributing Computing Job Manager Distributing Computing Engine
Toolbox

Worker
Distributing Computing Engine

Puc. 1.1. Ilpocreiimasi kouduryparys, peajn3yronas MEXaHU3M
pacopeenennbix Beranciaennit MATLAB

L1t mepBOHAYAILHOTIO 3HAKOMCTBA C PACIPE/IESIEHHOI TEXHO-
Jlorueii — ¢ o0beKTaMu, UX CBOMCTBAMU M METOJAMU, CJIyKOa-
MU ¥ CepBUCAMU — HEODsI3aTe/IbHO MMETh B CBOEM PaCIIOpsizKe-
HUU MPOMBIILJIEHHBINA KJjacTep. Bosiee Toro, jiisg rnepBoHavasb-
HOT'O 3HAKOMCTBA JIOCTATOYHO OyJ/IeT IMepCOHATBHOTO KOMITBIOTE-
pa, pabodeil craniuu win HOyTOyKa. [ljIst TOro 4To0BI 1MOYYB-
CTBOBaTH IMPUPOCT IIPOU3BOJIUTEILHOCTH, Pa3yMeeTcs, HeoOXO0-
JIIM MHOT'OIIPOIECCOPHBIM KOMILJIEKC, COCTOAINIMIT MUHUMYM W3
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JIBYX KOMIIBIOTEPOB. B ero poJsi MozKeT BbICTyHATh KaK OObITHBI
MHOT'OSIJIEPHBIN TTPOTIECCOD, TAK U MHOT'OIIPOIIECCOPHAS CUCTEMA
HE3aBHUCUMO OT CII0coDa opraHm3anuu - Kiaacrep win SMP.

Jnsg nacraanum n padorer DCT KoMmbloTep JT0/KEH Y10~
BJICTBOPSATH HECKOJILKUM YCJIOBUAM. Bo-TIepBBIX, HA HEM BO3MOXK-
Ho 3amycTuTh MATLAB (pas. TpeboBanust K almapaTHOMY U IPO-
rpaMMHOMY obecriedennio). Bo-BTOPBIX, HAKJIABIBAIOTCS OIpe-
nesieHHble TpeboBanust K ceTu (pas3z. TpeboBanus K ceTn).

1.2 TpeboBaHusg K anmapaTHOMy M IPOrpPpaMMHOMY
obecreyeHUnIo

AnmaparHas miardopma (0obinue TpeboBaHms):

e CD(DVD) auckoBos (Ji/11 MHCTAUISIIINE TIAKETA).

e /[j151 HeKOTOPBIX THIOB JinteH3uil FlexLm Manager Bepcun
10.8.0.1 (mocraBisiercs BMecte ¢ MATLAB).

e B ciyuae ucnosibzoBanus Flexlm Tpebyercs npumeHeHnue
npotokosia TCP/IP na Bcex miardopmax, UCIOJIb3YIONIX
cepBep JIUICH3UMA.

o /1 JUIEH3U, NCIOJIB3YIONINX allapaTHbIl K04, Tpe-
oyercs najmmare USB-tiopra.

Munumasibubie TpeboBaHUA K 00bEeMy OIepaTHBHON MaMITH
U JINCKOBOMY IIPOCTPAHCTBY U3JI0YKEHBI B TAOJIAIEC HUZKE.

[Tapamerp Mwunanmym | PekomenoBaHo
JlnckoBoe nipocTpancTo | 460 M6
OmnepaTuBHast MaMsThH 512 M6 116
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MunumasibHoe juckoBoe mpocrpanctso 460 M6 Tpebyercs
JUI WHCTAJUIATIAN S/IPa U CIIPABOYHON CHUCTEMBI.

Jlnsg  32-6uTHOil  apXUTEKTYypbl BO3MOXKHA paboTa Ha
caepyomux Mukporporeccopax dupm Intel w AMD.

Qupma | Mukpormporeccop
Intel Pentium III, Pentium 4, Pentium Xeon, Pentium M
AMD | Athlon, Athlon MP, XPAMD, Opteron

Jnst 64-OuTHOI  apXUTEKTYPbl  MOXKHO — HCIIOJIH30BaTh
mukporporieccopsl: y Intel: EM64T, y AMD: AMDG64.
OmnepalioHHasT CUCTEMA:

e Jlita Windows - Windows 2000 SP3/XP SP1/2003/Vista.
e Jlna Linux: maumnas ¢ sapa Bepcun 2.4.x u GLIBC 2.3.2.
e Jlng Solaris : Solaris 8,9,10 myist SPARC/UltraSPARC.

e /Ina Macintosh: powerPC G4 - Mac OS X 10.4.7, intel -
Mac OS X 10.4.8.

B janmnoit pabore mnpumenenme Solaris um Macintosh me
paccMaTpuUBaeTCsd 10 HECKOJILKUM ITPHIUHAM:

® STU CHUCTEMbI 3HAUYUTEJIbHO MeHee PaCIPOCTPAHEHbI, YeM
Windows m Linux,

® JIJId JOCTUZKCHUA ITOCTaBJICHHDBIX ueﬂeﬁ — OIINCaHUAd TEX-
HOJIOTMU PACIIPEJICJICHHOIO IPOIPAMMUPOBAHUA OT KOMIIa-
nun MathWorks — BIIOJIHE JIOCTATOYHO PACCMOTPETH JIBE
CHUCTEMBI,

e olepanuu JJig Solaris aHAJIOTMYHBI ONepanusaM JJis
Linux.
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O6mmue TpeboBaHUs K amlapaTHON IiaTdopMe U Olepaliu-
OHHOI cHCTeMe OIPeJIeJIEHbl. DTO IO3BOJIET 3AIYCKATDH $1JIPO
MATLAB. /Ina samycka Distributing Computing Toolbox Ha-
KJIa/IBIBAIOTCH TaK2Ke Olepe/iesieHHbIe TPeOOBAHUS K CETH.

TpeboBaHusi K ceTu

e Pacmpesiesiennble  BBLIYUCUTEIbHBIE ITTPOIECCHl  JTOJIZKHbI
OBITH CIIOCOOHBI OIPEJIEIATh JPYT JPYyra 110 UMeHAM XO-
CTOB, YTO TpeOyeT HaJUYUSA B CETU CJYKObI pas3perieHusd
mven (DNS, wanpumep). Kpome Toro, nmst xocra, o Ko-
TOPBIM KOMITHIOTED BUJIEH OCTAIbLHBIM KOMIILIOTEPaM CETH,
JIOJIPKHO COBIAJIATL C MMEHEM XOCTa, I10J] KOTOPBIM KOM-
HBIOTEP OIPEJIesIsAeT caMm cels.

e VMg xocTa /sl KaXKJI0r0 y3J/ia KJIacTepa JI0JZKHO OrPaHU-
yuBaTbed [P-ajipecom, KoTopoMy cOOTBETCTBYET a/ipec OJl-
HOI M3 ceTeBBIX KapT. TakKe MOJIEePKUBAIOTCS MAITITHBI
C HECKOJIbKIMHU CETEBBIMU KapTaMH.

e Pekomenjpyerca munumym 5 I'D mckoBoro mpocrpancrsa
JUId  XpaHeHus pabodux QailjioB TpU  UCHOJIH30BAHUT
BCTPOCHHOI'O IIJIAHUPOBIIUKa JobManager.

e PacrpeiesieHable BBIMUCIUTETBHBIE ITPOIIECCHI UCTIOIB3YIOT
neckosbko T'CP mopros. [Ijis y3/1a, Ha KOTOPOM 3aIryIieHo
Bcero n JobManager m paboOvYMX IIPOIECCOB, CIYXKOa
MDCE pesepBupyeT Jjist COOCTBEHHOT'O MCIIOJIBL30BAHU 5411
II0CJIEIOBATE/IbHBIX IIOPTOB.

o Jlonomuurenbabie TCP mopThl OTKPBIBAIOTCS JIST MEXK-
[IPOIIECCHOrO0 OOMeHa MexK/ly pabovYuMu IIPOIEeccaMu BO
BpeMs BBITIOJTHEHUS TIapaJLJIeJIbHOTO 3a/IaHus.
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Yrobn! 3ammyckaTh HapaJiie/ibHble MPUIOXKEHUs, KOTOPbIE
UCIIOJIL3YIOT MEXKITPOIIECCHBIN OOMEH, BCe y3JIbl KJIacTepa,
BBINOJHATOINAE TTPUJIOZKEHUE, JTOJKHBI IMETh OJMHAKOBBIN
pasMep CJIOB U apXUTEKTYPy KOMaHJ, Irporieccopa. l'erepo-
PEHHBIC KJIACTEPHBIC CHUCTEMBI, Ha KOTOPBIX BO3MOKEH
3allycK - Solaris u Macintosh. Cucrembr Windows u Linux
B Bepcun MDCE 3.0 He 0JIePKUBAIOTCS.

Tpe6oBanus k MPI

MATLAB 2006b mocraisieTcss ¢ peanusanueir MPI-2 [13]
mpich2 v. 1.0.3. Bmecro cranmapTHOil OMOIMOTEKH MOXKHO
HOJIK/TIOUYUTH COOCTBEHHYIO peasm3aruio. s sroro ona jo/kHa
YAOBJIETBOPATD CJICYIOIIUM YCJIOBUAM:

BobiTh cobpanHoil Kak JuHaMu4YecKas OubdbJmoTeka.
[TopepxkuBarh Bee pynxmun MPI-1.

[TopynepxkuBaTh 1mmycTble aprymenTbl B MPI_Init, B cooT-
BeTCTBUM C pa3i. 4.2 crangaprta MPI-2.

Nmers 3arosoBounblii (aiiyt mpi . h, HOJIHOCTHIO COBMECTH-
MBI ¢ mpich2.

st paborsl Berpoennoro JobManager or MathWorks
JIOTIOJIHUTEJILHO TpedyeTcs mojiepkka dyukimit MPI-2
MPI_Open_port, MPI_Comm_accept, MPI_Comm_connect.

1.3 MWacranasanusa u 3anyck MDCE

Heﬂb, KOTOPYIO MbI CTaBUM B JaHHOM Da3JeJsi€ - 9TO 3ally-

CTUTb Ha Haleil padodueil CTAHIMU CJIY:KOY, KOTOpas, B CBOIO
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odepelb, IO3BOJIUT 3allyCTUTHL Iporiecc job manager. [locite
3aIIyCKa C €ro MOMOIIBI0 pabOvero mporecca CTaHeT BO3MOXKHBIM
Ha OJIHOM KOMIIbIOTEPE O3HAKOMUTHCS ¢ OCHOBHBIMU CBOUCTBaMU
1 MeTogaMu 00bEeKTOB.

Bo-1niepBbix, HEOOXOIUMO YJIOCTOBEPHUTLCH, YTO Ha BaIlleM
KOMIIBIOTEPE YCTAHOBJIEHBI coOoTBeTcTBYyIoue toolbox. s
sToro, 3amryctus MATLAB, B KOMaH/JHOM OKHE BBEJIUTE KOMAHJLY
>>ver. B crmcke npomnHCTaInpoBaHHBIX toolbox o0bsi3aTe/lbHO
JIOJIZKHBI OBITH CJIeJIyIolue JiBa toolbox:

Distributed Computing Toolbox
Version 3.0(R2006b),

MATLAB Distributed Computing Engine
Version 3.0(R2006D) .

OcranbHble TAKeTbl pACHIMPEHUil B JIAHHBII MOMEHT HAac
HE UHTEPECYIOT.

B 3aBucumocTu ot TOro, KaK y Bac yCTAHOBJIEH JUCTPUOYTHUB
MATLAB, C:\MATLAB\R2006B wuim C:\MATLABR2006B wusm ermie
KaK-TO, Oy/leM Ha3bIBaTh IEPBYIO YacTh MYTH K JUPEKTOPHUH
MATLAB npocTto nmyThb — path.

1.3.1 Pabora B Windows

B karasiore path\toolbox\distcomp\bin\ cojepzKkaTcsa
*.bat (ailyibl, KOTOPBIE MTO3BOJILIOT 3aIyCKaTh CJIyKeOHbIE cep-
BHUCBI 1 Tiporiecchl. JIist 3amycka ciy2k0b1 mdce 1moJib30BaTes b
Jlo/KeH Jinbo B okHe ceance cmd, JiiOO HENOCPEJCTBEHHO B
MATLAB 3amnycruth aiiyi mdce.bat install.

Hamnpumep, B npuBeeHHOM TIpUMeEpe, KOTJa MyTh UM/ BU/T
C:\MATLAB\R2006B wmsu C:\MATLABR2006B 3amyck (MHCTAJLIsA-
must) CcayKOb mdce HermocpejcTBEHHO W3 KOMAHJHOW CTPOKH
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Cnyx6a MDCE,
no3BosIsieT 3anycKkaTb
npouecchl job manager
n worker

4 Caywbm

Koucons  Asvicteve  Bua  Crpaska

[ Coycni (roxanerie) [ v [ onncarme [ Cocroms... [ Tnsanyaxa [ Bxonormem &

menputsa_y( Obecnewnsaer yreepcansiesi aocynx HID-y... Paboraer  Asto Roranen crcrena
image Conypftes iGeo recording mo... Boyemo  okannan oncrens
Roxanswas cucrena
Roxanewas crcrena
Roxanewas cucrena

altheco... Paoraer

Paoraer
IntekR) PROS...  Paboraet
ghéchine Debug Manager Supports local and remote debugging for Visual ... _Paioraet
b {VATLAB Distrbuted Computing Engine  Allws the use of worker MATLAB services on ..
opy Provider P Po——

MSCSPTISRY

P

AVIDIA Display.

Provides system and desktop level support to th...
g 2

PACSPTISUR

Puc. 1.2. Cayx6a MDCE

MATLAB BbIIVIsIZeIa OBI CJIELYIONINM 0OPa30M:

1C:\MATLAB\R2006B\toolbox\distcomp\bin\mdce install

nJjim

>>1C:\MATLAB\R2006B\toolbox\distcomp\bin\mdce install

3HaK ! ykasbiBaeT MATLAB, 4TO BBIIOJHAEMas KOMaHJa CUCTEMHAs.
B oboux ciydastx pesyabTar JOJKEH OBITh OJHUM W TEM Ke, B
cuucke ciyxk6 Windows JroskHa mosBuTcsi HOBast ciryzk6a — MATLAB
Distributing Computing Engine.

AHAJIOTUYIHBIH Pe3yJIbTaT MOXKET ObITh IIOJIy9YeH C UCIIOJIb30BAHU-
em dynkmun eval(coommand). B kadecrBe mapamerpa command
HEOOXOMMO IE€PEJIaTh CTPOKY, COCTABUB €€ TaK, KaK €CJIu Obl MbI
BBO/IMJIN KOMaH/Iy B CeaHCe KOMaH/IHOI CTPOKH.

Kopuesoit karanor ycranoBku MATLAB MOXKHO OIpeNenTh, Ha-
IpuUMep, CJAEAYIONUM 00pa30M:
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>>commandl=matlabroot
commandl = C:\MATLAB15

BareM co37a/ UM ITEpeMEHHY0 command?2:

>> command2=’\toolbox\distcomp\bin\’
Teneps ckjienM HaIlM EpEMEHHbBIE:

>> command=[’!’ commandl command2 ’mdce install’];
U nepenagum dbyuknuu eval 3HavdeHne command

>> eval (command)

AHajiorugHo OyJIeM OCTYIIATh U B JPYTHUX CIydasix, KOIja IoTpe-
OyeTcst 3aIlyCTUTD JIpyrue *.bat dailsibl.

B Tom ciyuae, eciin BaMm TpeOyeTCs MOy IUTh OBICTPYIO CIPABKY
[0 KaKOU-JTM00 KOMAH/IE, JOCTATOYHO BBECTH

>> help function_name

B 9TOM cJjIy4dae OyJIeT BbIBeJieH JIMCTUHT help mHbOpMaImu, paciosio-
2KEHHOH B 3arojioBke (pyHKInu command, WM BBECTH

>> doc function_name

B 9TOM CJIydae OTKPOETCs CTPAHUIIA IIOMOIIHU, HA KOTOPOii OyieT 0To0-
paskeHa 6ojtee UeM moapobHast HHMOPMAIIAS IO TAHHOW KOMAaH/IE.

B Tom cityuae, ecsin BbI 3a0bLTH, KAK TOYHO Ha3bIBAETCs TpeOyeMast
dyHKIMSI, MOXKHO, HaOpaB TOJBKO Ie€pBble OYKBBI, HAXKATh KHOIKY
"Tab", u mepe 1 BaMu OTKPOETCsI HUCIIAIAIONIINNA CIIUNCOK C PYHKITUSIMU,
HAYMHAIOIIMMUCS C BBEJICHHBIX paHee OYKB. Termepb MOXKHO OBICTPO,
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poge
.

o import_physmod

i
=
> importc

importdata

importwin

Puc. 1.3. Hucnamaromast, ObicTpast moacKas3Ka

[epeMeInasiCh 10 CIUCKY, HaliTu Hy»KHYI0 KoMaHy (cMm. puc 1.3).

1.3.2 Pabora B Unix

WNucranmsamus MDCE B Unix IPOMCXOAUT MMPAKTHIECKH AaHAJO-
ruvuno ¢ Windows. Hacrpoiiku MCDE B oTytmune oT Windows HaxoagaTcs
B (paiisie mdce_def . sh.

JIureH3upoBaHue

Metonp! muiteH3npoBaHus B cpegax Windows n Unix OTIMIaIOTCSI.
Ecm B Windows npumensieTcs apa JUIEH3UMOHHBIN KJII0Y + aria-
paTHblil KJIOY, TO B UniX MCIOIB3yeTCs MEXaHU3M JINIEH3MOHHDBIX
daiinos u mupoko m3BecTHbll Flexlm Manager. B sunensnonnom
daiisie, B 9aCTHOCTH, 003aTEJIbHO JOJIXKHBI OBITH IIPOIUCAHBI CTPOKH,
oTHOCcAMMecda K Distributing Computing toolbox u MDCE, nanpumep:

INCREMENT Distrib_Computing_Toolbox MLM 16 10-feb-2007 0 \
CDEGEOABF6779416F1F4 HOSTID=DEMO SN=DEMO

# LicenseNo: DEMO HostID: <mma >

INCREMENT TMW_Archive MLM 16 01-3jan-0000 O \
CD86C100118CC4209A0F \
VENDOR_STRING=908f£75f02aae4679ac61le7ccff HOSTID=DEMO SN=0
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INCREMENT MATLAB_Distrib_Comp_Engine MLM 16 15-feb-2007 16 \
9DE651D0F3651D1D608B HOSTID=ID=0 SN=DEMO

Nucranaaima MDCE

[TokaxkeM mMOCIEIOBATEILHOCTE JEUCTBUN I WHCTAJUISIIAN
mdce. [Ilycts MATLABROOT - KOpHEBO# KaTaJjIor, B KOTOPBIil yCTAHOB/IEH
MATLAB. OrmerumM, uTo 11pu paboTe B KOH(MDUI'YPAIUHU 110 YMOJTIAHIIO
yCTaHOBKa U 3amyck mdce TpebyeT IIpaB CyIIepIIOIb30BaTe st root.

[root@broody bin]# cd $MATLABROOT/toolbox/distcomp/bin
[root@broody binl]# ./mdce start

Creating LOGBASE directory (/var/log/mdce).

Creating CHECKPOINTBASE directory (/var/lib/mdce).
Starting the MATLAB Distributed Computing Engine

in the background.

[TpuszHakoMm HOpMAJILHON PabOTHI CIyKObI Mdce ABJISIETCST CJIeTy-
forree CoODIEHIe [IPU 3aIlPOCce CTaTyca:

[root@broody bin]# ./mdce status

The MATLAB Distributed Computing Engine
is running with PID 13592.

Use nodestatus to obtain more information.

1.4 3anyck IJIaHUPOBIIIUKA

Ob6parumMmcsi Terepb KO BTOPOMY STally KOH(MUIYPUPOBAHUSI, a
MMEHHO K Ipoleype 3armycka mporecca Job Manager. C moMoIsto
daiina startjobmanager.bat, KOTOPBINl PACIIONIOXKEH B JUPEKTOPUH
MATLAB\toolbox\distcomp\bin\ , mpousBouTcs 3aIyCcK CUCTEMHOI'O
[IPOIIECCa, KOTOPBIA OY/IET 110 CYyTU HAIUM IIJIAHUPOBITUKOM. 3aIlyCK
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MOXKHO IIPOU3BECTH TOJILKO B TOM CJIydae, ecjid Ciy»kba mdce yxke
3aIyIeHa.

Crayajia pacCMOTPHUM UCIOJIb30BAHNE BCTPOEHHOTO ILJIAHUPOBIIHU-
kKa orT MathWorks - JobManager. O6 ucmo/b30BaHUN JAPYTUX I[LIAHU-
POBIIIMKOB MOXKHO IIPOYECTb B pas3. 1.7.

1.4.1 3amnyck B Windows

Komanie 3amycka startjobmanager MOXKHO II€PEJIaBAThH PA3JIU-
YHbIE ITapaMeTpbl C UCIOJIb30BaHUEM KJriouei. [IpuBeneM ormcanue
TOJIBKO HEKOTOPBIX Kirtoueil. IlosHoe ommcanme moJib30BaTe b MOXKET
HaflTH B CTAHIAPTHON JJOKYMEHTAIIIH.

-name — unmsa Job Manager, npentudukarop. Ecim aou name
HE 3aJlaH, TO MPOIECCY I[IPUCBOUTCS 3HAYEHHE [E€PEMEH-
noii DEFAULT_JOB_MANAGER_NAME=default_jobmanager, xo-
Topoe ompeneaero B daitiie MATLAB\toolbox\distcomp\
bin\mdce_def. [losnb30Bare/ib MOXKET CaM ITOMEHSITH 3HATEHUST
[IEpEeMEHHBIX B 9TOM aiijie Ha CBO€ YCMOTPEHHE.

-remotehost — nms ynasermnoit paboueii cTanum, y3jia, Ha KOTOPOM
OyIerT NpoM3BeIeH 3aIllycK 3Toro uporecca. O0s3aTe/bHBIM
TpebOBaHUEM $BJISIETCS 3aIyCK CJIyKObI mdce Ha 3TOH yia-
JIEHHOH ceccuu. B KadecTBe 3HaYEHUsI 9TOIO KJII09a MOXKHO IIe-
penasarhb IP ajpec Kommbiorepa (y3ia). Eciau ko4 He ucnosib-
3yercs, Iporecc OyeT 3amynieH Ha JOKAIBHON cTaHmn (¢ Ko-
TOPOIT TPOUBBOJUTCST 3AILYCK ).

-v — pexxum verbose, OApOOHOTO JTUCTUHTA, BO BPEMS 3AILyCKa OTOO-

pazKarTCAd CUCTEMHBIE COO6HL€HHH.

1.4.2 3amyck B Unix

ITpu 3amycke B cpene Unix cuHTakcHC KOMaH b startjobmanager
coBnagaer ¢ 3amyckom B Windows. B npuBenenHoM HEXKe mpuMeEpe

24



npousBoguTcs  3amyck JobManager ¢ umenem MyJobManager
Ha JIOKAJIbHOW Marune. BKJIIOYeH peXXUM BBLIAYHA  OTJIA0YTHOM
MHMOPMAIIHHN.

[root@broody bin]# ./startjobmanager -name MyJobManager -v
Contacting the mdce service on the host broody.ccas.ru

to start the job manager lookup process.

Started the job manager lookup process

on the host broody.ccas.ru.

Contacting the mdce service on the host broody.ccas.ru

to start a job manager process.

Started the job manager MyJobManager

on the host broody.ccas.ru.

1.5 3amyck pabo4mx IIpPOIEeCCOB

NmeHHO crcTeMHBIE TIPOTIECCHI, Has3biBaeMble workers wim "yra-
JeHHble ceccun MATLAB", obecrneunsaror pemienue mojzazad (task).
Banyck worker anajorunuen 3amycky mporecca JobManager. C momo-
mpio Qaitia startworker.bat, KOTOPbIN Tak e, KAK U B IIPEIbIIY-
[eM CJIydae, 3allyCKaeTCsl ¢ MCIOJb30BaHUeM KJTIoJel

-name — ums MATLAB worker. Ecim k04 He 3aJlaH, TO UMs II0
YMOJIYAHHUIO 3TO ITapaMeTp
DEFAULT_WORKER_NAME 3asannbiii B daiiie mdce_def file.

-jobmanager — 3HadYeHHEM STOr0 KJIOYa JIOJKHO OBITH WM
jobmanager, ¢ KoropeiM OyJer acconuupoBaH (0T KOTO-
poro Oyjer moJydaTb [OJ3aJadn) 3allyCKaeMblil IpoIece
worker. Ilo ymosdaHuio npucBamBaerTcs 3HAYEHHE IapaMeT-
pa DEFAULT_JOB_MANAGER_NAME, kotopoe 3amaHo B daiise
mdce_def file.
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-jobmanagerhost — IP ajpec wim uMsi KOMIIbIOTEPA HA KOTOPOM
3aITyTIEH TPoTece jobmanager.

-remotehost — ums ynasennoro kommnbiorepa (IP ajgpec) Ha KOTO-
POM J0J2KeH OBITH 3aIyIeH JaHHbIH [IpoIecc worker.

-v — pexxuM verbose, oapoOHOIO JTUCTHHTA, BO BPEMS 3aIIyCKa OTOO-
PaskaroTCs CUCTEMHBIE COODITIEHMS.

B namem npuMepe HeO6XO,ZLI/IMO BBIIIOJIHUTH KOMaH/LYy

>>1C:\MATLAB\R2006B\toolbox\distcomp\bin
\startworker -name workerl -remotehost mylaptop
-jobmanager MyJobManager -jobmanagerhost mylaptop,

rocJie 4ero OyJIeT 3allyIleH MPOoIece ¢ nMeHeM workerl.

[Tocsie Toro Kak B cern (Ha Kjacrepe) 3aIlylleH XOTs Obl OJIMH
Ipolecc jobmanager, MOXKHO HCIOJIL30BaTh KoMaH/y nodestatus.
JlaHHas KOMaHJIa MO3BOJISIET IOJIyYaTh UH(MOPMAIMIO C PA3JIMIHOMN
Jlerajin3alyeii o0 3aIyIeHHbIX HA KOHKPETHOM y3ie (node):

® TIpoIeccax,
e Job Manager,
e ciyxbax MDCE.

CuHTaKCHC 9TOM KOMaH bl OUeHb IPOCT. ViMeeTcs j1Ba Kitto4da, JIJist
repejadn IapaMeTpoB 3TOU IIpoIeype:

-remotehost — ums ypanennoro komubiorepa (IP asnpec), Ha xo-
TOPOM JIOJI2KEH OBITH 3allyIlleH HaHHbIi Iporecc worker,

-infolevel — yposennb nndopmarusaocTH, 1 - MEHUMAIbHAS THDOP-
Malus, 3 - MOAPOOHAS.

Brimosmus KOMaH/Ty
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>>1C:\MATLAB\R2006B\toolbox\distcomp\bin\nodestatus
-remotehost mylaptop -infolevel 3

IIpA OJHOM 3allyIlleHHOM jobmanager u OJHOM IIpoIiecce wWorker,
ACCOIIMIPOBAHHOM C 9TUM ILJIAHUPOBIIUKOM, Bbl YBUJIUTE CJEAYIOIIEe
CcoODIIIeHIe

Job manager
lookup process:

Status Running
Job manager:
Name MyJobManager
Running on host mylaptop
Number of workers 1
Worker:
Name workeril
Running on host mylaptop
Status Idle
Job manager MyJobManager
Connection with
job manager Connected
Summary:

The mdce service
on mylaptop manages
processes:
Job manager
lookup processes 1
Job managers
Workers 1

IlomensiB 3nadenue infolevel Ha 3, MOJIB30BATEbL MOXKET YBHIETH
boJiee JeTabHYI0 WHGPOPMAIUIO O IIPOIECCaX, KOTOPBIE 3aIlyIeHbI
Ha y3je. BpiBomumoit mHMOPMAIIMN IOCTATOYHO, YTOOLI BBIABUTH
HEKOPPEKTHBIE MOMEHTBHI B paboTe KJjacTepa, HAIPUMED BbIIBUTH
3aIrylieHHble paboyne MPOIECChl, He acColMupoBaHHble ¢ JobManager.
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st Toro 9TOOBI 3aBEPIINTH CO3/AHHME HAIIEr0 MUHUMAJBHOTO
KJlIacTepa, HaM HEeOOXOJIMMO 3allyCTHTh IIpoliecc worker Ha BTOPOM
KOMIIbIOTEpE, KOTODBIi COEJMHEH dYepe3 CeTb € MHepBbIM (Ciryzkba
mdce JI0/KHA ObITH 3allyllleHa U Ha 9TOM KomIiibiorepe Toxke). [lycrb
uMs BTOporo worker Oymer worker2. [lja zamycka worker2 Ha
BTOPOM KOMIILIOTEpe, HYy>KHO B KOMaH/le startworker B KauecTse
KJIro4a remotehost ykaszaTb uMd BTOPOI'O KOMIIBIOTEPA (HyCTb nMsI
KoMIIbIOTEepa Oyjier mydesktop).

Terepb MOXKHO CYUTATH, YTO MUHUMAJIbHBIN KJIACTED CO3/IAH.

1.6 OOBEKTHI-CCHIIIKM HA CUCTEMHBIE IMTPOIECCHI

Nrak, kak y»ke ObLIO CKa3aHO, HAIIM IIPOIECCHl jobmanager u
worker KUBYT OTIEJIbHO OT KiaMeHTCKO# ceccun MATLAB. Ilpu ocra-
HOBJIEHHOM KJIMEHTCKOM Ipujoxkenun MATLAB 3Tu Iporeccbl TemM He
MeHee IIPOJOJIZKAIOT CYIeCTBOBATh B CHCTEME.

Jlist yupaBjieHMs 9THUMHU [POIECCAMHM W3 KJIHEHTCKOW Cceccrun
MATLAB, He0oOXOJIUMO IOJIYYUTh CCHIIKY HA 9TH CUCTEMHBIE [IPOIIECCHI.
B stom ciiygae B paboueit obsact MATLAB MBI MOIYy9IUM II€PEMEH
HYI0O — ODBEKT PAaCIpPeJIeJIEHHbIX BBIUUCICHUI — M C IIOMOIIBIO €e
CBOICTB U METOJOB CMOYXKEM YIPABJISATH STUMHU OO bEKTaAMU.

Ccrlika Ha jobmanager

Jlns moucka CChUIKM Ha Tpolecc jobmanager HeOOXOIUMO
Bocnosib3oBaThest  dyHkiumedn  findResource  (namnas — dynknum
npunajyiexxkut MATLAB Distributing Computing toolbox) B kauectse
mapaMeTpoB Iepe aTh THII KCKOMOI'O IIPOIEcca U UMs y3Jia.

jm = findResource(’scheduler’,’type’,’jobmanager’, ...
’Name’ , ’MyJobManager’, >LookupURL’ , mynote’)

PeSyJH)TaTOM BDBITIOJIHEHM A ,ILaHHOIU/I KOMaH/bI 6y,ZL€T IepeMeHHasd Jm B
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Tekyteit obsactu MATLAB.

>> jm
jm =

distcomp. jobmanager
>>

[Tocmotpers cBOlicTBa 00BEKTA MOYXKHO, KAK U B OOBITHOM CJIyUae,
BOCIIOJIb30BABIINCH I'PADUUECKUM PEXKUMOM, JBAXKJIbI IIEJIKHYB Kyp-
COpOM 110 O0BEKTY jm MJIA BOCIOJIB30BABIIUCH KOMaH[0# get (jm),
KOTOpasl ABJdeTcd IIpeJIolIpelesIeHHOR Jjld BCeX KJIACCOB CHUCTEMbI
MATLAB.

>>get (jm)
Name: ’MyJobManager’
Hostname: ’mynote’
HostAddress: {0x1 cell}
Jobs: [0x1 double]
State: ’running’
Configuration: ’’
NumberOfBusyWorkers: O
BusyWorkers: [0x1 double]
NumberOfIdleWorkers: 1
IdleWorkers: [1x1 distcomp.worker]
>>

Boobitie roBopsi, MeTOBI, KOTOPBhIME 00JIaJIaeT KaKO#-/inbo 00b-
€KT, MOXKHO y3HATh C TIOMOIIbI0 KoMaH sl method. Tak, mampumep,
mepejaB B KadecTBe IapaMerpa OOBEKT jm, Mbl MOYKEM Y3HATh,
KAKAMU METOJIAMU OH 00JIaJIAeT.

>> methods (jm)
Methods for class distcomp.jobmanager:
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createJob demote  pause resume
createParallelJob findJob promote
>>

Ccbuika Ha pabounii mporiecc worker

Amnasornano ¢ momornipio dysknnn findResource MBI MOXKEM
HAWTH CCBUIKY Ha CUCTEMHBIN IPOIeCC UCIOIHUTENA - Worker.

>> worker = findResource(’worker’,’LookupURL’, ’mynote’)
worker =
distcomp.worker

>> get (worker)
Name: ’workerl’
Hostname: ’mynote’
HostAddress: {0x1 cell}
State: ’running’
JobManager: [1x1 distcomp.jobmanager]
CurrentJob: []
CurrentTask: []
PreviousJob: []
PreviousTask: []
>>

Boobiie roBopst, moyunTh 06beKT worker MOXKHO M C ITOMOIIIBIO
obbekTa jobmanager. Tak, y obbekra (mepeMeHHOIT) jm ecThb
coiicrBo IdleWorkers (umciio CBOOOIHBIX DPabOUMX IIPOIECCOB),
3HaYeHue KOoToporo B HamieM ciay4dae [1x1 distcomp.worker]. Jlnsa
TOrO 49TOOBI MOJIyIUTh O0BEKT worker, oOpaTuMCs Uepe3 TOUYKY K
COOTBETCTBYIOIIEMY CBOMCTBY

>> w=jm.IdleWorkers
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W:
distcomp.worker

>> get(w)
Name: ’workerl’
Hostname: ’mynote’
HostAddress: {0x1 cell}
State: ’running’
JobManager: [1x1 distcomp.jobmanager]
CurrentJob: []
CurrentTask: []
PreviousJob: []
PreviousTask: []
>>

B pmamHOM cityuae mepemeHHass w OyJeT PaBHOCHJIBHA I[T€PEMEHHOMN
worker — 00e 9TH IIepEMEHHBIE MIPEJICTABJISIOT CODOI CChIIKM Ha OJMH
¥ TOT YK€ CUCTEMHBII Ipoliecc worker.

Chemyer 3aMeTUTb, UTO 9TU OOBEKTBI — CChLUIKA HA CUCTEMHBIE
pPOIECChI — OOJIAAI0OT 3aHUMATE/JbHBIM CBOWCTBOM, a WMEHHO:
pa3Mep 3TUX IIepEMEeHHbIX B 6aiiTax paBeH HYJIIO.

>> whos jm

Name Size Bytes Class

jm 1x1 distcomp. jobmanager
Grand total is 1 element using O bytes
>> whos worker

Name Size Bytes Class

worker 1x1 distcomp.worker
Grand total is 1 element using O bytes

HecmoTpst Ha TO, 9TO caM CHCTeMHBII IIpollecc jobmanager wuc-
moss3yer 512 M6 oneparuBnoit mamsTu, JOB_MANAGER_MAXIMUM_
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MEMORY = 512 m - Kak 3710 omupeneieHo B ¢aiie mdce_def .bat,
nporieccy worker mocrymuo Bcero 60 M6. Kakum obpazom MoKHO
U3MEHHUTb 3TOT IMapaMeTp - pa3Mep NIPOIEeCCOB, MOXKHO Y3HATh,
BOCIIOJIB30BABIIICH CTAHJAPTHON JoKyMmeHTarumei [2]. B mamewm
CKBO3HOM IIPUMEPE 3TH [apaMeTPbl U3MEHSATCA He Oy/IyT.

B tom ciydae, ecin TpeOyeTcst IPOIPaMMHO 3aIyCTUTD HECKOJIHKO
pabounx IPOIECCOB Ha HECKOJIbKUX y3J1aX, MOXKHO HAIIUCATH IHKJI,
B KOTOPOM OyJIeT IPOUCXOJUTH 3AIYCK COOTBETCTBYIOIIETO MIPOIECCa
worker Ha coorBeTcTByIOIIEM y3Je. IIpuyem TekcT KOMaH/bI OyaeT
dopmupoBaThest (CKIEUBATHCSI) TPOTPAMMHO.

mroot=matlabroot;

% myTh ycranoBku MATLAB

catalog=’\toolbox\distcomp\bin\win32\’;

% KaTalor, B KOTOPOM yCTaHOBIeH toolbox

mdcepath=[mroot catalog]

% coepmmHseM IBe IepeMeHHhe (CKIewBaeM CTPOKY)

nodes=[{’ip1°},{’ip2°},{’ip3°},{’ip4°},{’ip5°}]1;

% MaccumB fdYeeK - Kaxiad W3 KOTOpHX IP agpec mmm mMa y3ia

MyJobManager = ’MyJobManager’;

% M yXe 3amymeHHOrO jobmanager

MyJMhost = ’mynote’;

% uMa y37a, Ha KOTOPOM 3alymeH jobmanager

Yot

for i=1:length(ips)

% LMK AJA 3alycKa worker Ha COOTBETCTBYWIEM y3Ie

name=[’worker’ num2str(i)];

% yHUKanbHOE HMS Worker

command=[’!’> mdcepath ’startworker -name ’ name...
> -remotehost ’ nodes{1}...
> -jobmanager ’ MyJobManager. ..
> -jobmanagerhost ’ MyJMhost ’ -v’]

% CKIemnm KOMaHZy, KOTOpad 3alyCTHT i-iI mpomecc
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eval (command)

% ¢yEKIua eval BHIONHAET KOMAaHAY,

/» KOTOpyl el mepezanu B BuAe CTPOKH - BXOIHOTO IIapaMeTpa,
end

Pesymaprarom paboThl 3TOr0 yuacTKa KOJa SBJSIOTCS 3allyIIIeHHbIE
[IPOIIECCHI Ha COOTBETCTBYIOMINX V3JiaX. AHAJOIMYHBIA KOJ MOMKHO
HallUCaThb, HAIIPUMeED, U JIJIsd KOMaH]l stopworker, nodestatus.

dunckoBbie 3aTparhbl

Cayxb6a MDCE, a rakxke IJIAHMPOBIIUK U pabOUMe MPOIECCHI
worker, renepupyoT pasjaudHble pabodune (ailbl B mpoIecce CBOEi
paborel. Paboune daitsibl ObIBAIOT JBYX THUIOB: (hailyibl KypHaJa H
aiisiel KoHTpOsIBHBIX TOYeK (checkpoints).

oC Jlorm KonTposbHbBIE TOUKT

(LOGBASE) (CHECKBASE)
Windows | "TEMP\MDCE\log" TEMP\MDCE\Checkpoint
Unix /var/log/mdce /var/lib/mdce

Eme paz ormernm, 9TO COIJIACHO IAHHBIM [TPOU3BOIUTENS, JIJIsi
xpaHeHusi (ailjioB Ha YKECTKOM JIMCKE HEOOXOJIMMO UMETH He MeHee
5 T6aiir cBoOOomHOrO MecTa B paboumx Kartajorax. Takxke ciemxyer
UMeTh B BH/IYy, YTO I[ocje cOos pabora pabOYUX IIPOIECCOB U
jobmanager Ha4HeTCd C MOMEHTa IIOCJeIHell KOHTPOJIbHON TOYKH.
Yrobbl 3TOr0 u36€XKATH, HEOOXOJMMO HCIOJIB30BATH IIPU 3AIyCKe
KJII04 -clean.

B nporiecce paborer pasmep pabodero karajora (/var/lib/mdce
mwin TEMP\MDCE\Checkpoint) crpemuresnsHo pacrer. Urobbl n3be-
2KATh [MEPETOJHEHUS JUCKA, Mbl PEKOMEHJLYEM BBIIOJHSATD [T0CJIE KAXK-
JIOTO 3aITyCKa YHUYITOXKEHWE CO3TAHHOTO 3aJaHus depe3 (QyHKIUO
destroy(job).
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1.7 SxsBuBasientsl Mexay dyakmuavu DCT u MPI

B npusnoxennn Distributed Computing toolbox (DCT) cucre-
™Mbl MATLAB Bepcuu 2006b nmeeTcsi BCTPOEHHBIN HAOOD (PYHKIUT st
repeIadn COOOIEHUI MEXK Ty IIPOIIeCCAMU, OCHOBAHHBIN Ha nHTepdeii-
ce mepemadn coobiennit Message Passing Interface (MPI). DxBu-
BasieHTbI Mexk 1y dyHKimsymu DCT cucrembr MATLAB u 6ubmoreku MPT
[12] puist si3bika nporpammupoBanusi C/C++ npuse/ieHbl B Tadu. 1.1.

Tabmuma 1.1. CpaBHeHHEe OCHOBHBIX (DYHKITHI TIepe/iadn COOOIEHU N B

DCT MATLAB c coorserctByiomnumu dyukiusaymu B MPI

Oyuxnusi/ nepemennas MATLAB

Dyukuust/ nepemennass MPI B C/C++

mpilnit MPI_Init(int *argc, char ***argv)
numlabs MPI_Comm_size (MPI_COMM_WORLD,
int size)
labindex MPI_Comm_rank (MPI_COMM_WORLD,
int rank)
LabBarrier () MPI_Barrier (MPI_COMM_WORLD)

shared_data=...
LabBroadcast (root,buffer)

MPI_Bcast(void* buffer, int count,
MPI_Datatype datatype, int root,
MPI_COMM_WORLD)

LabSend (buf ,dest)
LabSend(data,dest,tag)

MPI_Send(void *buf, int count,
MPI_Datatype datatype, int dest,
int tag, MPI_COMM_WORLD)

data=LabReceive (source)
data=LabReceive(’any’,tag)
data=LabReceive (source,tag)
[data,source,tag]=LabResceive(.)

MPI_Recv(void *buf,int count,
MPI_Datatype datatype,int source,
int tag, MPI_COMM_WORLD,
MPI_Status *status)

is_data_available=...
LabProbe (source, tag)

MPI_Probe(int source,int tag,
MPI_COMM_WORLD,MPI_Status *status)

received=labSendReceive(. ..
labTo,labFrom,data)

received = labSendReceive(...
labTo,labFrom,data,tag)

MPI_Sendrecv(void *sendbuf,

int sendcount, MPI_Datatype sendtype,
int dest, int sendtag, void *recvbuf,
int recvcount, MPI_Datatype recvtype,
int source, int recvtag,
MPI_COMM_WORD, MPI_Status *status)

mpiFinalize

MPI_Finalize()

N3 taba. 1.1 mMoxkHO 3aMeTuTh, 9TO B oTiaumdme oT MPI B mpwu-
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noxxenun DCT cucrembl MATLAB noka He IIpelyCMOTPEHa BO3MOXKHOCTh
paboThI ¢ Pa3IUIHBIMUA KOMMYHHUKATOPAME, Pa3IE/ISIONIUME ITPOIIEC-
Cbl HA TPYMIBL. 3JeCh UMEETCH TOJBKO OIUMH KOMMYHHUKATOP, KOTO-
pbIii BKJFOUaeT Bce mporecchl. COOTBETCTBYOMINI KOMMYHUKATOD B
MPI ma3wiBaercss MPI_COMM_WORLD.

MexaHu3M TerupoBaHusi — UCIOJIL30BAHUE METOK (TEroB) JIJisi pas3-
buenus coobirennii o TunaMm — B MATLAB He siBJIIeTCs 00s13aTEILHBIM,
OJJHAKO OH IIPeJICTaBJIEeH IEJIOYUCIeHHBIMI TeraMd B JHalla30HE OT
uysg 10 32767. Eciu Tern siBHO He yKa3biBaThb, TO MATLAB camocToOsi-
TEJIbHO ITPUCBAUBAET BCEM PADOUUM IIPOIECCAM Ter, PABHBIN HYJIO.

Oyuknus mpigateway cucreMsl MATLAB naeT BOSMOXKHOCTB BXOJIA
BO BHYTPEHHIOI (QYHKIMOHAJIBHOCTH MPI. Oyuknus mpilibConf mo-
3BOJISET JIOKAIU30BaTh peasnn3aruio MPI, Koropas OyaeT HCIIOIb30-
BaTbcsd. Pynknus mpiSettings (option, varargin) MOKeT HCIOJb-
30BaTbCsl I CMEHBI CTaHZAPTHBIX ommmit MATLAB s paboThl ¢
KOMMYyHUuKanuamu MPI.

OTMeTnM, 9TO YacTO UCHOJIb3yeMasi B IapaJuleJIbHOM IIPOTrpaM-
MHUpOBaHUM oreparinsi Sendrecv Obljia peajin3oBaHa TOJILKO B MDCE
Bepcuu 3.0. Takske peasmmzoBanbl Takue (yHKIimn, Kak MPI_Reduce c
omnepareit MPI_SUM u momobHBIE eii.

3a bouiee 1OPOOHOH WHMOpPMAIEl MOXKHO OOPATUTHCA K CTaH-
JapTHO# JoKyMenTanun 110 Distributed Computing Toolbox [1].

1.8 HcnoJsbp3oBaHUE CTOPOHHUX IIJIAHUPOBIIUKOB

MATLAB Distributing Computing Engine noaaepkuBaeT cCiie-
JLYIOIIUE TIJIAHUPOBIIUKH: BCTPOEHHBIH oT MathWorks (JobManager),
Windows CCS - mytanupoBHIUK OT Microsoft g Windows Server
2003 Cluster Edition, LSF, mpiexec Jiub0 IUIAHUPOBIIUK OOIIETO
Buga. llom I1TaHUPOBIIUKOM OOIEro BHIA MOXKET BLICTYIIATD,
HAIIpUMEp, ILUIAHUPOBIIUK cucteMbl PBS [14] wiau Sun Grid Engine
[15]. Cpenu npenMyIecTs BCTPOEHHOTO IUIAHUPOBIIHKA 0T MathWorks
MOXKHO BBIJIEIUTh:
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® IIOJJIEPXKKY I'€TE€POreHHOCTH,
® II0/IJICP?KKY KOHTPOJIBHBIX TOYEK,

e ofecrieyeHne aBTOMATUYECKON JOCTABKU JAHHBIX B IHPOIECCHI
(coiicrBo FileDependencies).

OCHOBHEIM €ro U 8ecbMa CYwWeCMBEHHBIM HEJOCTATKOM ABJIAECTCA
HEBO3MO2KHOCTH COBMECTHOI'O MCIIOJIb30OBaHUA C CYyHIECTBYIOIMUMU Ha
MHOT'OITPOIECCOPHOM KOMIIJIEKCE CUCTEMaMMU YIIPpaBJICHUA 3alaHUAMUA.

1.9 3akJiroueHue

Boobiie roBopsi, IepedrciIeHHble [POIEAYPhl (3allyCK CJIyK-
6b1 mdce, 3allyCK MPOIECCOB jobmanager ¥ Worker) JOJI?KEH Bbl-
[OJIHATH aMUHUCTPATOP KJIACTepa, a He TOT I0Jb30BATE/b-IIPOT-
PaMMHUCT, KOTOPBIil OyIeT 3aHUMATBCS MPOrPAMMUPOBAHUEM CAMUX
BBIUUCJUTE/bHBIX 3ajad. Jljgs mnporpamMmucrta He uMeeT 3Hade-
HUAsI apXUTEKTypa Kjacrepa, eMy He HyKHO 3HATh HMeHa pPabo-
YUX TPOIECCOB, MMEHA y3JI0B, Ha KOTOPBIX OHHU 3allyIIeHbl U T.JI.
Emuncreennbiit 00beKT, KOTOPBIA HyKeH IPOrPaMMUCTY-HCC/IEI0BA~
TEJII0 — 3TO CChLIKA Ha O0BEKT IIAHUPOBIINKA — JobManager. DToro
OyIeT MOCTATOYHO, IYTOOBI CO3/AaTh OOBLEKTHI 33184, MOA3a/1a9, ITOOLI
OTIPABUTH 33JIa9y Ha CUET.

Tem He Menee MaTepuali, U3JI0KEHHBIN B JAHHOM Pas/ie/ie, caM 1o
cebe SABJSeTCs TOCTATOYHO MHTEPECHBIM, YTOOBI €r0 PacCMaTPUBATH
OTIEIBHO.

3amMmeyaHuda

Cremyer 3aMeTUTH TaKXKe, UTO I[PU KCIOJIB30BAHUU PACIPE/Ie-
JIEHHBIX BBIYUCJIEHUNA HeO6XOﬂHMO O6eCHqu/ITb NACHTUYIHOE HaJIn4dnue
HA KaXKJIOM UCIOJHUTELHOM y3Jjie KaK BCeX HEOOXOIMMbBIX (DYHKIIHIL
u3 pasHbix toolbox, Tak u mosb3oBaTebCKUX (aitioB. UTo Kacaercs

36



toolbox, To suien3uda Ha MDCE aBToMaTW4ecKH IIpeIiojiaraeT BO3-
MOXKHOCTBH yCTaHOBKHU BCEX BO3MOXKHBLIX toolbox Ha yseJ.

Craenarb 9TO JJIsl HOJIB30BATEILCKAX (PAMIOB MOXKHO TPeMs IIy-
TSIMM:

e b0 MOJIB30BATENb CAMOCTOATEILHO PACCHLIAET BCe HEOOXOIU-
Mbie aliyibl B COOTBETCTBYIOIINE MECTA,

e b0 MOJIb30BATENb paciojaraerT dailjibl B o0Ieil st cepBe-
pa 1 y3JI0B LallKe; B 3TOM cily4ae [jid Windows mMeeT CMBICJI
¢/iesiaTh ODIYIO TAIKY, a JJjis Linux ucrios30BaTh (hailjioByio
cucreMy NFS,

e b0 I10/IH30BATENb UCIOJb3yeT MEXaHU3M BCTPOEHHOI'O ILJIa-
nupoBmrKa JobManager m MATLAB caMOCTOATE/JIBHO 3aHUMAa-
eTcs pacupeaeienrneM (aitios (npn oTnpaske 3ajaHus, MATLAB
aBTOMATHYECKH YIIAKOBBIBaeT paboune dailiabl B zip-apxus
U PaACHAKOBBIBAET €r0 B COOTBETCTBYIOIIMX CeCcCUsix paboumx
[POIIECCOB ).

HpI/I peasmm3an U3J02KEHHBIX IIYHKTOB MOI'YT BO3HUKHYTL pa3-
HOT'O pOJia IIPOOJIEMBI, KOIJIa HEBO3MOYKHO 3AIlyCTUTh TOT WJIM UHOM
nporiecc. Jlass Toro 9Tobbl m30ekaTh OOJIBIIMHCTBA ITUX IMIPOOJIEM,
TpebyeTCst BBIIOJHEHUE CJIEYIOITNX YCJIOBUIA:

[ ] HOHBSOB&TQHB nmMeeT 1mpaBa aJIMUHUCTPpATOPpa Ha TOM KOMIIBIO-
Tepe, Ha KOTOPOM IIPOUCXOJUT 3AIIYCK COOTBETCTBYIOIIETO IIPO-
1ecca.

e BpanjimMaysp orepanuoHHONR CUCTEMBI JOJIYKEH OBITH JINOO OT-
KJIIOY€H, JI0O CJie/lyeT IPOU3BECTH COOTBETCTBYIONIYIO €My Ha-
CTPOYKY.

e B cpene Windows kejaTebHO MUHUMHU3UPOBATHL KOJIHIECTBO
AHTUBUPYCHBIX IIPOIPAMM, & JIydIlle BCEI'O UX BOODINE OTKJIIO-
qATh.
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II. IIporpamMmupoBanue
rnapaJijieJibHbIX 3a1a4

[Toce m3yvenns HACTOLAINETO pa3jesa HAYMHAIONIWI TOJIH30Ba-
Tesib MATLAB CcMOXKET IPOBeCTH TpeOyeMble IIPOIEHLYyPhl JIsi CO3a~
HUs pacipeieseHHbIX U NapaslIeSIbHbIX 33734 U MOHATh, KAK OIHICHI-
BAIOTCsT caMi OOBEKTHI — 34, 1a4M.

MunumajibHOE 000pY/IOBaHNEe, HEOOXOJUMOE JIJIsi BBIIOJTHEHUS
IPUMEPOB U3 JAHHOTO Pa3/esia — OJIMH KOMIIBIOTED C yCTAHOBJIEHHBIM
ua HeM MATLAB Distributing Computing Toolbox, mporecc jobmanager
1 OIMH pabovuil mpormecc. JToro OyIAeT JTOCTATOTHO, ITOOBI OCBOUTH
TEXHOJIOTHIO CO3/IaHUs 3aJa<dM, ee OTIPABKU Ha OOCYET W BO3BpATA
Pe3yJILTATOB.

B zakmogenune pasje/ia IpUBEACHBI IPUMEPDI, KOTOPbIe TPEOYIOT
yKe JIByX BallyIeHHBIX pabovuux IIPOIECCOB. IJTH JiBa Pabounx
poIecca MOIYT ObITh, BOOOINE TOBOPs, 3AIlYIIEHbI HA OJHOM U
TOM 2Ke KomibioTepe. OJHAKO JJjIs TOrO 9TOOBI OILYTHTH ITPUPOCT
[IPOU3BOJUTE/IHHOCTH IIPHU UCIIOJIL30BAHUE JIBYX PA0OYMUX MPOIECCOB,
OHM JIOJKHBI OBITH 3allyIIEeHbl Ha Pa3HBIX KOMIIbIOTEpaX, JubO B
TOM CJiydae, ecjin y Bac MHOTOSAEPHBI WM MHOTOIIPOIECCOPHBIMA
KOMITBIOTED, BbI MOXKETEe 3aIlyCTUTh UX Ha OJHON W TOU »Ke MAallliHe,
[IpU 9TOM B MOMEHT 3aITyCKa aBTOMATHUYIECKU, 0€3 JOMOJTHUTE/THHBIX
KJIIOYell, OHM OyIyT 3aIlyIIeHbl Ha PA3HBIX SAPaX WUJINA MPOIECCOPAX.
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2.1 Pexum pmode,
rnepBasi MmapajuiejibHas 3aiada

B MATLAB B HacTosiIiee BpeMsi CYyIIECTBYET IBa IIOIXOIA IIJIsi
pelenns! mapaiebublX 3a7a4. 11epBoIil TOIX0 OCHOBAH HEMOCPE/I-
CTBEHHO Ha IIPOIlgAype OTIPaBKU 3aJaHusl jobmanager, B MHCTPYK-
musix (m - aiise) KOTOpoil omnmcana MOC/IEI0BATETLHOCTD KOMAH]I,
KOTOpasi OY/IyT BBIIOJIHATHCS paboammu mporeccamu. B aTom m-daii-
Jie TIOMHMO OCHOBHBIX KoMaHJ, MATLAB MOryT OBITH HCIOJIB30BaHbI
dbyukiun MPI it KOMMYyHUKAIIH MeXKIy pabOUuMM IIPOIECCAMMU.
Bropoit monxon aya perenust mapaJsiebHbIX 33J/1a9 OCHOBAH Ha, pe-
kume pmode. C MOMOIIBIO 3TOrO PEXKUMA, HEIMOCPEJCTBEHHO U3 KO-
MaHTHOTO OKHA MATLAB CcTaHOBHUTCSI BO3MOXKHBIM OOpallleHne K IIPO-
reccaM workers, MPOCMOTP UX JIOKAJBHBIX IIEPEMEHHBIX, OOMEH JIaH-
HbIMU MeXKJy HuMu. B pexknume pmode KOMaH,1bl, BBOJAUMbIE B paboueM
okHe MATLAB, OyJyT HCIOJHSTHCS BCEMH PabDOYUMU  IIPOIECCAMH,
aCCOIMUPOBAHHBIMU C COOTBETCTBYIOIIMM jobmanager.

Peotcum pmode, mo MHeHUO aA8MOPO8, caedyem UCTOAb-
308aMb UCKANOUYUMEABHO C 08YMS Ueaamu: KaK YIooHbLT
NOAB30BAMEALCKUL PEHCUM, NPEOHAZHAUEHHBIT O0asl nep-
680HA1AAbBHO20 3HAKOMCMEBA C IAEMEHMAMU NAPAALEABHO20
NPO2PAMMUPOBAHUS, OASL TOHUMAGHUSL MHO20NPOUECCOPHOT
aprumexmypuv U Napaduzmsv. NAPAALEALHO20 TLPO2PAMMUPO-
8GHUSA U KAK CPEICTBO 0MAGIKYU NAPAAAEADHBLL NPO2PAMM.

B upenpiaymiem pasiesie yke ObLI PACCMOTPEH OJIUH U3 CIO-
coOOB TIOJIyYeHHsSI CCBHLUIKM Ha IJIAHUPOBIUKA. Bropoil crmocod
IIOMCKA CCBbLUJIKA Ha IJIAHUPOBIIUKA 3aKJ/I04YaeTCd B HUCIOJIbL30Ba-
Hnu cpoiicrBa ’configuration’, KOTOpOe €CTh OIHMCAaHue TOrO
IUIAHUPOBIIUKA,  CChUIKY HA  KOTOPBI  HEOOXOJUMO  HAWUTH.
Ilon ommcammem, wMeOTCS B BHIY CJIEIyIONne  CBOMCTBA:
MUHUMAJbHOE U MAKCHMAJIBHOE KOJUYECTBO pabovumx IIPOIECCOB,
FileDependencies, LookupURL wu tT.x. Ilosp3oBaress MoxeT
co3gaTh (ONKMCaTh) HECKOJBKO CBONCTB HEMOCPEJCTBEHHO B m-aiiie
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matlabroot/toolbox/distcomp/user/distcompUserConfig.m, ;aB
UM COOTBETCTBYIOIIME WHMEHa, W B JAJbHENIIeM OCYIIEeCTBIATH
IIONCK CCbUIKA Ha IJIAHUPOBIIUK, WCIOIb3ysd TOJBKO CBOHCTBO
’configuration’, a HEe MM CAMOro IUIAHUPOBIIAKA U y3ja, Ha
KOTOPOM OH 3aIIyIIeH.

Komanma jm = findResource(’scheduler’,’configuration’,
’myconfig’) oOCyIIecTBJIsIET IOUCK CCHUIKM Ha CHCTEMHBIN IIPOIECC
jobmanager, obsaaomniero coiicrsoM ’myconfig’.

ITonb3oBaTes b MOXKET BKJIIOYUTL PeKUM pmode, BBeJisl KOMAHLY:

>> pmode start conf numlabs

riae conf - wUMA KOHKDETHOW KOHMUIYDAIUU ILIAHUPOBIIUKA,
numlabs - KOJUYIECTBO PabOUYUX IIPOIECCOB, KOTOPBIE JOJIXKHBI OBITH
3amyuienbl. JIpyrue BapuaHTbl BKJIOYEHUS DeXKUMa pmode OIMCAHBI
B [1|. Urak, komanjga pmode start myconfig 2 BKJIIOYAET DPEKUM
pmode, acconuupyeT ero ¢ IJIAHUPOBIITUKOM, OINMCAHHBIM B CBONHCTBe
myconfig, HpU ITOM HUCHOJIb3YS TOJBKO JiBa pabodmMx IIPOoIEeCca.
Cremyer oTMeTUTb, YTO MPU UCIOJHEHUU 3TONH KOMAaHJIbI CChLIKA HA
IUIAHUPOBIIUK B paboueM mpoctpancTBe MATLAB He mOSBUTCH.

[Toce BrrOYeHHMs pekuma pmode OOBIYHBIN yKasaTeab Ha
TeKylylo cTpoky MATLAB moMeHsieT IpeACTaBJIEHHE C IIPUBLIYHOTO
">"wa "P>>". Chenyromue nse dbyukmuu MPI 6ymayr paccmorpens
B IIEPBYIO OY€pelib:

labindex — yHukajbHbll WIEHTHMUKATOP, TOPSIKOBBIN HOMED
pabouero mporiecca. labindex mpuHUMaeT 3HadeHHe OT 1 110 n,
rjie n — obIee Yucao pabodnx MpoIeccoB, JOCTYIIHBIX B JIAHHON
ceccun (ACCOIMUPOBAHHBIX € JIAHHBIM IIJIAHUPOBIIUKOM ),

numlabs — obmree gmceao pabounx MPOIECCOB, ACCOIMUUPOBAHHBIX C
JIAHHBIM ILJIAHUPOBIIIKOM.

[Ipu BBOIE B KOMaHHON CTPOKE KOMaHIbl labindex OyaeT moJIy-
YeH CJEAYIOMUI OTBET CUCTEMBIL:
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P>> labindex

1: ans =
1: 1
2: ans =
2: 2
P>>

B namnoMm ciiygae B pabodeM OKHe OTOOparkeH OTBET CHCTEMBI
Tak, KakK ecan Obl KOMaHma labindex ObLia BBemeHA (BBIHOJ'IHeHa)
HEIIOCPEJICTBEHHO B KazKJIOM U3 IIPOIEeCCOB workers.

Beenst komamay numlabs, OY€BHIHO, MBI ITOJIYIUM CJIEILYIOITAI
OTBET CUCTEMBI:

P>> numlabs

1: ans =

1: 2

2: ans =

2: 2
P>>

WubiMu cji0oBaMu, HAXOMSCh B JIIODOW U3 JIBYX CECCHil pabOUUX IPO-
IIECCOB, MOYKHO OIIPEJIEIUTh, CKOJIBKO BCEIO IPOIECCOB JOCTYIIHO B
JIAHHBI MOMEHT.

CozmauM Temeph MepeMeHHyIo a, KoTopas OymeT ompeneneHa B
ceccusix (pabounx IMPOCTPAHCTBAX) BCEX MporeccoB. Ilycrb nepemen-
Has a Oyner npuauMaTh 3uadenne D mporecca, T.e. labindex.

P>> a=labindex

1: a =
1: 1
2: a =
2: 2
P>> whos
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1: Name Size Bytes Class Attributes
1:

1: a 1x1 8 double

1: ans 1x1 8 double

2: Name Size Bytes Class Attributes
2:

2: a 1x1 8 double

2: ans 1x1 8 double

P>>

Komamnmoit whos BBIBOAUTCSI CIIMCOK BCEX ITEPEMEHHBIX, KOTOPbBIE OIl-
peJiesieHbl B TeKyInei ceccuu. B oboux mporieccax B JJAHHOM IIpUMepe
OIIpeJieJICHa TOJIBKO IIePEeMEeHHAdA a.

Cremyer 3aMeTUTh, 9TO B CECCHH PAOOYUX IIPOIECCOB JTOCTYIHBI
TOJIBKO (pyHKIME Tex toolbox, KoTopble yCTaHOB/IEHBI HA KJIUEHTCKO
gacTu (Ha TOM KOMIIBIOTEPE, TJIe TIPOU3BOIUTCS 3aILyCK [apaJjlIeIbHOM
3ajia4u ). Boobiie roBopsi, B ity Toro, 4ro Jioboil pabounii mporecc
€CTb He 4YTO NHOE, KaK cucTeMHbIN Itporecc MATLAB, acconnnpoBaHHbII
¢ ntporpamMmoii MATLAB, yCcTaHOBJIEHHOI Ha COOTBETCTBYIOIIEM y3Jle, B
€ro CecCHUu IOCTYIHBI Bce (DYHKINN BCEX IAKETOB PACIIUPEHUIl, B TOM

qucsae u SIMULINK.

2.2 BpbruucieHue olpeieJIEHHOTO MHTerpaJa

Nudopmariuu, mpepcTaBieHHONR B IPEABLIYIIEM pasjiese, 10CTa-

Al

TOYHO JUIsT pelleHus I[epBoil "KjacCudecKoi napaJiieIbHOIM

3aa4Y¥ - BbLIYHUCJICHUA 3Ha4YCHUA YUCJIa 7. Kaxk N3BECTHO, 3HAYCHUE
YUCJIa 7T PaBHO 3HAQYEHUIO OIIPEAEJICHHOT'O MHTErpaJia:

1

4
/—dx:w.
1+ 2

0

Yrobbl permmuTh 3Ty 3ajady, IIPOUHTErPUPOBaTH (DYHKIUIO
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worker 1 worker 2

Puc. 2.1. Cxemaru4dnblil pUCYHOK K 33Jia9€ BBIYUCICHUS YUCJIA T

_ 4
F(z) = 75,
U3 JIOCTYIHBIX Pab0vInX IIPOIECCOB MOYKET MHTEIPUPOBATD (PYHKITHIO
F(z) Ha cBOEM ydYacTKe MHTEpBaJa (CXeMATHIECKH 9TO IIPOUJIIIOCT-

cjeAyeT BOCIIOJIb30BaTbCsA TEM CBOfICTBOM, q9TO Ka)K,ILbeI

pupoBaHO Ha puc. 2.1).

O4eBWJIHO, YTO MEPBBIM IArOM PEIIeHUs] 3aJa9l JIOJXKHO OBITh
pacipocrpanenuie dyukuuu F(x) cpeau Bcex pabodmx MPONECCOB.
BBomum komamry

P>> F = @(x) 4./(1 + x.72)

1: F =

1: 0(x) 4./(1 + x.72)

2: F =

2: 0(x) 4./(1 + x.72)
P>>

Tenepp dynknuss F(x) CcraHoBUTCS II€PEMEHHOI, OIpeIeIeHHOI
B KasKJIOM pabodeM IIpoIecce.

Bce, uro ocrajiock caenarh mepes TeM, Kak 3alyCTUTh 38181y BbI-
YUCJIEHUS MHTErpaJja, — HEOOXOAUMO OIpPEIeINTh IPAHUIbl HHTEIPU-
poBaHUS I KaxkKI0ro pabdodero mporecca. [lycts a u b — nepemen-
HbI€, KOTOPbIE OIPEEJIAIOT IPAHUIILI MHTEIPUPOBAHUST JIJIA KaXKIO0TO
pabouero mporecca. Beogum KoMamHTy
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P>> a
P>> b

(labindex - 1)/numlabs;
labindex/numlabs;

I

OTu mepeMeHHble OYJIyT OIPEIESEHbl B CECCUSX KayKIOro Pabovero
npoilecca, IpuieM 3HaYeHUsI UX Pa3JInvHbI.

P>> [a, b]
1: ans =
1: 0 0.5000
2: ans =
2: 0.5000 0.1000

Tenepn, Bocrosb3oBasmmch dyukimeit quadl (F,a,b), B mapaMerpbl
KOTOPOU TIepeJIafoTCs TOJbIHTErPaJibHAS (DYHKIMS W T'DAHUIA HH-
TErpUPOBAHUS, BBITUCIUM 3HAYEHUE OIPEICJICHHOTO WHTerpajia B
KaXKJIOM M3 pabOUunX IIPOIECCOB.

P>> myIntegral
1: myIntegral

quadl(F, a, b)

1: 1.8546
2: mylIntegral =
2: 1.2870

Temneps, nocie TOro Kak B KaKIOIl CeCCUU OIIpejleleHa liepeMeHHast
myIntegral, HeOOXOJMMO BOCIIOJIL30BaThCS (YHKIMe gplus u
[IPOU3BECTH IVI00aJIbHOE CyMMHUPOBaHUe IllepeMeHHoil myIntegral 1o
BCEM IIPOLIECCAM.

gplus — gplus(x) Bo3BpalaeT cyMMy 3HAYEHHIl IIEPEMEHHOI X II0
BceM TporieccaM. PesysibrarT THpaXKupyercs Ha BCEX CECCHSX
MIPOIECCOB.

P>> pilpprox = gplus(myIntegral)
1: piApprox
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1: 3.1416
2: piMpprox =
2: 3.1416

Ecnmu Tpebyercsi, mepeMeHHYIO, XPAHMAILYIOCS B ceccuu pabodero
[poIecca, MOYKHO IKCIIOPTUPOBATH B TEKYIILYIO (HOJIb30BATEIBCKYIO)
ceccuio MATLAB. [IpenBapureibHO HYKHO IMEPEKTIOUNTHCI U3 PEKAMA
pmode B 0ObI4HBIN pexkum MATLAB ¢ mOMOIIBIO KOMaH[bI suspend.
Komanma lab2client mo3BosisieT KOIUPOBATL OIPEIEICHHYIO Iepe-
MEHHYIO U3 JIFOOOr0 MPOIECCa B MOJIB30BATEIBCKYIO CECCHUIO.

P>> pmode suspend
>> pmode lab2client piApprox 1

Urorom paccMoTpeHHOI 3aja4m sBJSETCs IllepeMeHHast piApprox,
ompeseneHHasd B JokaabHON ceccum MATLAB. JIna cpaBHeHUS MOJIY-
YEeHHOI'0 3HaUeHHUs CO 3HaYeHUeM KOHCTAHTBI pi, KOTOpOe XPaHUTCS
B cucreme MATLAB, paccMOTpuM pa3sHOCTb piApprox - pi

>> piApprox - pi
ans =
2.4866e-010

Ecan nmonp3osarento mocie paboThl B JIOKAIBHON CECCUU HEOOXOIMMO
CHOBA TIEPEKJIIOYNTCS B PEKUM pmode, TO 3TO MOYXKHO CJIeJIaTh, BBEJIs

KOMAHILY

>> pmode resume
P>>
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3ameyaHuda

CyMMupyst BBIIIE CKA3aHHOE B JAHHOM pasjejie, MOKHO CIEJIaTh
CJIEJTYTOINE BBIBOJIBL:

e PexxuM pmode paboraeT 6e3 CCBLIKH Ha jobmanager B KJIHEeHT-
CKOIl ceccuu.

e CymrecTByeT BO3MOXKHOCTD KOIMPOBATH IEPEMEHHbIE U3 KJIH-
E€HTCKOM Ceccuu B ceccuu pabounX MPOIECCOB U HAOOOPOT.

e Paboune mporeccbl MOryT BBIIOJHATD BCe DYHKIINU, JTUIEH3N
Ha KOTOpPBIE €CTh B KJIMEHTCKOW HacTH.

e PaccmarpuBarh pexkuMm pmode CJeyeT HCKJIIOUUTENTHHO KaK
CPeICTBO I IePBOHAYAJIBHOTO 3HAKOMCTBA C 3JIEMCHTAMU
apaJijieJJbHOro nporpamMuposannd B MATLAB 1 Kak oT/ia704-
HOE€ CPEICTBO.

2.3 0OO0mbeKT ’napajuiesibHad 3aga4a’’

B nannOoM pasjiesie OyiyT ONUCAHA TEXHOJIOTUS CO3IAHUS ITapaJ-
JIEJIBHBIX IIPOTPAMM C UCIIOJIb30BaHueM m-daitios. /lannas TexHoso-
sl CYIIECTBEHHO OTJINYAETCs OT perkKnMa pmode U IO3BOJISET IMOJIb-
30BaTeJIIO [IPU HAIMCAHUU IapaJlIeJIbHLIX IIPOrpaMM HCIOJIbL30BaTh
pemakTop Koma MATLAB. Ilpm 3TOM MOAXOIE CTAHOBUTCSI BO3MOK-
HBIM IIPOI'PaMMUPOBATh B KJANEHTCKOU ceccnu MATLAB napaJiiesibHbIE
[IPOrpaMMbl IIPAKTUYECKHU JII0D0H CJIOZKHOCTH.

[Tepeiinem HEMmOCPeNCTBEHHO K OMUCAHUIO TEXHOJOTHHU CO3/IAHUS
mapateTbHbIX 3a71ad. OJHUM W3 MeTOM0B OODEKTA IJIAHWPOBIIHKA,
(jm, jobmanager) sBJsIeTCS METOJ createParallelJob!. Me-
ToJIoM  createParallelJob MOXKHO  BOCIIOJIB30BATLCS — JIBYMSI
criocobamu: 1epenaB (yHKnum createParallelJob B KadecTBe

1 METO/IbI 100010 00'bEKTa, MOZKHO y3HaTh, BBeEJIA KOMaH/J1y

methods (var), rie var - nmepemennasi MATLAB.
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BXOAHOI'O IIapaMe€Tpa IIepeMEHHYIO-CCbLIKY Ha OOBEKT  IIJIaHU-

POBIIIUK

pjob=createParallelJob(jm), Jmbo depe3 omepa-

nuto  "rouka', OOpATHBIINCE HAIPSAMYI K 3TOMY METOIy pjob=

jm.createParallelJob. Pe3synpraTbl BBIIOIHEHUsI 0O0EMX KOMAaHT

JOJIZKEeHDbI ObITH NACHTUYIHBIMU.

>> pjob = jm.createParallelJob

pjob =

>>

distcomp.paralleljob

[Tepemennast pjob dABJIsIETCA CCHIIOYHON TEPEMEHHON U CChLIAETCS
Ha OIIPeJesICHHbI y4acTOK OIepaTUBHONU IaMATH, BbIACJICHHON I

CHCTEMHOI'0O MpoIlecca IIAaHUPOBIIMKA. llo ymomdanmio B obbekTe
pjob 3amoJyiensl Caeayolme CBOCTBa

>> get(pjob)

Name:

ID:

UserName:

Tag:

State:

RestartWorker:

Timeout:
MaximumNumberOfWorkers:
MinimumNumberOfWorkers:
CreateTime:

SubmitTime:

StartTime:

FinishTime:

Tasks:
FileDependencies:
PathDependencies:

>Jobl’

1

’your_name’

0

’pending’

0

Inf

Inf

1

’Mon Dec 18 15:20:36 MSK 2006’

)
P

)

[0x1 doublel
{0x1 cell}
{0x1 cell}
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JobData: []
Parent: [1x1 distcomp.jobmanager]
UserData: []
QueuedFcn: []
RunningFcn: []
FinishedFcn: []
Configuration: ’’

Cwmbics  OOJIBIIMHCTBA CBOMCTB IIOHSITEH 110 HA3BAHWIO, C Je-
TaJIbHBIM OIUCAHUEM BCEX CBONCTB MOYKHO O3HaKoMHTCH B [1].
O6paruMest it Hadaja K cBoiicrBam MaximumNumberOfWorkers u
MinimumNumberOfWorkers

B cuny Toro, uro 3amada OyaeT OTIPaBIITHCA HA BHIYUCIEHUE Te-
pe3 IIaHUPOBINUK jm (y KOTOPOro B CBOHCTBAX YKa3aHO, CKOJBKUMUI
3aHATBHIMA U CKOJIBKUMHU CBOOOIHBIME PabOINMU IIPOIECCaMU OH 00-
JlaJlaeT B JIAHHBI MOMEHT BPEMEHN ), yzKe B caMoii 3aja4ue (B o6bekTe
pjob) JOJKHO ObITh yKA3aHO, CKOJIbKO CBODOJHBIX IIPOIECCOB TPEOY-
eTcd TJTAHUPOBIIUKY JJIsl HaYaJja BBIYUCIIEHNH, ONMMCAHHBIX B 33/la4e
pjob.

Suadenne cBoiicTB MaximumNumberOfWorkers u MinimumNumberOf
Workers ecTb MOJIOKUTETBHOE IEJIOE€ YHUCJIO. YCTAHOBUM €0 PABHBIM
ABYM, T.e. BBIYHCJICHUS B 3aJa4ye pjob HaAYHyTCd, KakK TOJLKO Y
[JIAHUPOBIIUKA, jm TOSBITCS JIBa CBOOOIHBIX pabOUMX MPOIECCa.

3aluchiBaTh KOMAHJIBI, KOTOPBbIE YCTAaHABJIMBAIOT CBOMCTBAM
OlIpeJieJIeHHble 3HAYEHUs, MOXKHO KaK B KOMAHJHOM OKHe, TaK U
HEIIOCPECTBEHHO B Mm-(daiie, ITo sBjgeTca 0ojee yI0OHBIM Ha HAI
B3, Hamomumm 4urto ¢ Bepcum MATLAB R2006 pemaxTop Koma
[IO3BOJISIET BBLJIEIATD siY€KU C MOMOIIBIO JBYX CUMBOJIOB %. Tak,
HaIllpIMep, YIaCTOK KOJIa
s
set (pjob, ’MinimumNumber0fWorkers’ ,2)
set (pjob, ’MaximumNumberO0fWorkers’ ,2)

o
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YCTAHABIMBAET HyKHbIe HaM 3HadeHust cpoficrB. i upo-
BEDKU  3HAYEHUs] CBOMCTB MOXKHO  BOCIOJB30BATLCS — KOMAH-
JIoit get u BepHYThL 3HAYEHHE CBONCTBA, HAIPUMED BBIIOJIHUB
get (pjob, ’MinimumNumberQfWorkers’).

2.3.1 O6mbekT ’napaJsiejabHoe 3ajaHue’”’

B nmanHOoM pasjesie ONUCHIBAETCSI, MOXKAIYH, OMH U3 CAMBIX
BasKHBIX 00BEKTOB B PACCMATPUBAEMON HAME APXUTEKTypPe, a UMEHHO
HETIOCPEJICTBEHHO TMapaJuie/ibHoe 3ajanue. [lo cyTn mapajiiesbHoe
3aJIaHUe eCTh HE 9TO UHOE, Kak M-(aiiyl, KOTOPBIi 6y/IeT UCIIOTHATHCST
OJIHOBPEMEHHO Bcemu paboummu uporeccamu. llepemars m-daiin
HANPSAMYIO pabodeMy TpOIeccy HeNb3s, JJisi ITOH e HeoOXOIMMO
ucrosb3oBarb 00bekT - Task (mapasuiesnbHoe 3aganue). O6bexT
Task - gBJsIETCS JOYEPHUM OOBEKTOM IO OTHOIIEHUIO K OOBEKTY
distcomp.paralleljob u MoxKeT OBITH CO3JAH IIOCPEJICTBOM METOA
createTask.

Cosnaaum m-daiin u onuireM B HeM QYHKIWIO (IIPOIELYPY ), KO-
Topast OYJIeT BBIIOJIHATHCS KAXKJIBIM IPOIECCOM (10 CYyTH 3Ta MPO-
1e/lypa COCTOUT M3 KOMAHJ, KOTOPbIe ObLIM BBEIEHDLI IIPU OIUCAHUN
pexkuMa pmode).

IIpu wanucanuu smoz2o0 m-gating caedyem nOCMOAHHO
NOMHUMD 0 MOM, YMo darHbl m-Patin 6ydem 6viNoOAHAMb-
¢ 00HOBPEMEHHO HECKOAbKUMUYU npoueccamu. Ilepemennoie,
Komopoie bydym onpedeaensvt 8 amom m-gaiiae, bydym
AOKAABHBMY, ~ OAs  KadHcdolU ceccuu npouecca, ¥ HUM
He bydem omxpwum docmyn om Jdpy2ux npoueccos be3
UCTIOAB30BaAHUSR coomeememeytowuxr Gynruyuti MATLAB das
nepedavu coobuleHul MeHcldy NPoueccamu.

Curestyromuii y4acTok Kojia npejcrasisier coboit m-daiin (byHk-
IMI0 ), KOTOPbIHi COCTOUT M3 YKE OIMMCAHHBIX KOMAHI;:
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function piapprox=par_pi(F,a,b)

% WHUIMAIU3alus

a=(labindex - 1)/numlabs; b=labindex/numlabs;
' BHUUCIEHHE HHTEerpaia

myInt=quadl(F,a,b);

% cyMMumpoBaHWe II0 BCeM workers
piapprox=gplus (myInt) ;

[Toce Toro kax Hammcanaun m-dails, cileayeTr yKa3aTb B CBOUCTBE
FileDependencies o0ObekTa pjob ums dailna, KoTopeli Oyuer
BBIIOJIHSITHC pabOvInMK IporeccaMu (BMecTo uMeHn daiiia MoxKer
ObITh yKasaHa ¥ JUPEKTOPHd, ecin 3aJada TpeOyeT CO3JaHnsd
JIOTIOJIHUTEJBHBIX M-(aiiios)

hto
set(pjob, ’FileDependencies’, {’par_pi.m’});
hto

ITocste TOTO CO3/MAEM TIEPEMEHHYIO, KOTOpasi OYIeT SBJISIeTCS MOI3a~
nadeii. Bo BxomHbIX mapamMerpax Tpedyercss yKa3aThb IepEeMEHHYIO
- MAPAJUIETBHYIO 3aJ1ady, KOJINYIECTBO BBIXOJHBIX ApPryMEHTOB (B
paccmaTpuBaeMoM mpumepe - 1) u Bxogmble aprymentbl {F,a,b}
(nepeMeHHme F,a,b HO/KHBI yKe ObITh OIPEIe/IeHbBl B JIOKAJIBHON
ceccun MATLAB):

hto
obj = createTask(pjob,’par_pi’,1,{F,a,b})
hto

Ternepb BCe, YTO OCTAJIOCH CHEJATH - 3TO BBIIOJHHUTH CJIELYIOIIN
yYIaCTOK KOJIA:

hte

submit (pjob); waitForState(pjob);

hto
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3mech KoMaHIa submit OTIPABISET 3878y Pjob IIAHUPOBITUKY
jobmanager. 3ajiada HaYMHAET PEIIATHCA PAbOUUMU IIPOIECCAMEU
HE Cpa3y, a TOJbKO TOTJA, KOI/a CBOOOTHBIMU OKAXKYTCS CTOJIHKO
IIPOIECCOB, CKOJIBKO yKa3aHO B cBoycTBe MinimumNumberOfWorkers.
o »Toro momeHnTa 3ajada HAXOIUTCS B odepean. Kak ToOJIBKO
KOJIMIECTBa CBOOOJHBIX IIPOIECCOB OKA3aJ0Ch JOCTATOYHO, 3a/ada
pjob Haumnaer "cumrarbes"(MHBIMU CJIOBaMU, paboOUMe IPOIECCHI
HAYMHAIOT BBINOJHATH OJAMH U TOT Ke m-daiin). B sror moment
cBOficTBO State oObekTa pjob NpHHUMAET 3HAadYeHHe running.
CaoiicTBO 1OMeHsieT cBoe 3HadeHme Ha finished ToJIbKO IMOCIIE
TOro, KaK 3aJiada, olnucannas B m-Qaiijie, BBIIOJIHATCH. Kak TOIbKO
3a7a49a IIOMeHssIa craryc Ha finished, MOXKHO BOCHOJIB30BATBHCA
MeTosioM getAllOutputArguments U NOJYYNTH JAHHbBIE B JIOKAJIbHYIO
ceccruio MATLAB.

s
results = getAllOutputArguments(pjob)
s

Caedyem omdeavHo ommemums, 4MO NpPpu 0mMnpaske
3adanu  MAGHUPOBUWLUK NPEeds8aPpuUMeAbHO YNaxKossvieaem 6
zip-aprus gaiiavt, yrazanHwve 8 ceoticmee FileDependencies,
NOCAE “e20 0MNPAsASemn €20 6CeM npoueccam, 20€ pac-
naxKoesv.eaem €20 6 AOKAADHHBIL CECCUATL, YIMO 2aPAHMUPYE
HAAUNUE UCTLOAHAEMO20 M-Paling Y 8cex padbowuT NPoueccos.

B nemom m-daiis, B KOTOPOM OIMUCAHBI OCHOBHBIE IMATH JIJIsi
coznanusi m-daitia (mporpammbl  Ha  si3bike MATLAB, KoTOpast
HETIOCPEJ/ICTBEHHO OTTIPABJISET 33/ady IJIAHUPOBIIUKY U BO3BpalllaeT
pe3yJIbTaThl Pacyera) BBINISAUT CJIELYIOMUM 0OPA3OM.

%/ TapanmenbHas mporpaMMa AJsf BHYHCIEHUA 4HUCIa pi
jm = findResource(’scheduler’,’type’,’jobmanager’, ...
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’Name’ , ’MyJobManager’)
%% Co3maHme mapaiienbHOM 3amadn
pjob = jm.createParallelJob;
oo
P=2;
set(pjob, ’MinimumNumber0fWorkers’,P) ;
set (pjob, >MaximumNumber0fWorkers’,P) ;
Yot
set(pjob, ’FileDependencies’, {’par_pi.m’});
o

]
I

e(x) 4./(1 + x.72);

a=0;

b=1;

%% CosmaHWe mapayulelbHOM NOA3aLaduu

obj = createTask(pjob,’par_pi’,1,{F,a,b});

oo

submit (pjob); waitForState(pjob);

hto

results = getAllQutputArguments(pjob)
hto

B nanbreiiiem MbI HEe OyaeM CTOJIBb TOIPOOHO OCTAHABINBATHLCS HA,
9TOI MOCJIeI0BATE/ILHOCTH, & 00PATUMCsS HEIOCPEICTBEHHO K CAMOMY
BaykKHOMY, Ha HAIl B3IVIAJ, MOMEHTY, a MMEHHO K HAIUCAHMIO M-
daitios ¢ ucnosibzoBanuem yHKIUi nepesadn coobmenuii (Tex m-
daiios (byukuuii Ha s3bike MATLAB), KOTOpBIE UCIIOJIHSIIOTCSI HENO-
CPEJICTBEHHO PabOUUME IIPOIIECCAMM ).

2.3.2 MarpuvuHoe yMHOXKEHUE

B mammom pazmesie Oyper onmcaHa IIUPOKO M3BECTHAS 3a7ata
[apaJuIeIbHOTO MaTPUYHOTO yMHOXKeHn#a. PaxTudecku OyIer OIu-
CaHo, KaKUM OOpa30M, HCIIOJIb3ysl HECKOJbKO IIPOIECCOB, MOXKHO
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1 |"‘| 2 |' """" numlabs - 1 |_| numlabs

Puc. 2.2. Koabmo 3 numlabs mpomeccopos

PEIIUTh CJIELYIONLYIO 3a/1a4dy:
z=y+ Az, AeR™ x,y,z € R™ (2.1)

Hannasi 3azaua noapobHo omwmcana B pasga. 6.1. [16]. 3Smgecw
MBI OCTAHOBHMCsI HA OCHOBHBIX MOMEHTaX, CBs3aHHBIX ¢ Heil. [lo
CyTH, TE€XHOJIOI'Us, IIpejiaracMasl IIpu uciojib3opannu Distributing
Computing toolbox m MATLAB Distributing Computing Engine, ecTn
CHCTEMa C PACIIPEJIEJICHHON TaMsThIO (Tak KaK KaxKJplii pabodmit
nporece 0bIa1aeT CBOMM aJPECHBIM IPOCTPAHCTBOM). CxeMaTHaHO
9Ta cucTeMa (TOIOJIOrHsl) MpeJICTaB/IeHa Ha puc. 2.2.

Ha magambHOI cTaaum mepen HAYAJIOM BBIUNCICHUN B KayKIOM
ceccn (B KaxKJ0M pabodeM MPOCTPAHCTBE IPOIECca) JOCTYIIEH COOT-
BeTCTBYIOIUI OJI0K MaTpuIilbl A, BEKTOpa T U BEKTOPA Y.

21 Y1 Ay - Ay x1

Zp Yp Apr - Ap Lp

Boruncienust HA9MHAIOTCST ¢ TOTO, YTO KaXKIbIil pabodmii mporecc
OTIpABJIseT JOCTYIHBI eMy 6JI0K BEKTOpa T cocejHeMy (110 HOMepy
ID) nporneccy. Creayromum maroM siBjisieTCst oIy 9eHne ¢ MOMOIIBIO
dyukiun labReceive 0/10Ka BEKTOpa & OT COCEIHEr0 PabOYIEro Impo-
recca, KOTOPBI K 3TOMYy MOMEHTY y»Ke oTupaBuj ero. Ilocie rosy-
YeHUA 6JIOKa I IMPOUCXOAUT HEIIOCPEACTBEHHOE BLIYHNCJ/ICEHUE BEKTOpa
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Yr = Yk + AprT,, THE T — HOMEp JOCTYIHOrO OJIOKa BeKTOpa & (Ha
KaXKJIOM IIare, y KarKJ0ro IPOoIecca pabovero mporecca OrpeiesieHa
cBosi mnepeMenHast 7). CXeMATHYHO HA OpUMEpPE TPEX MPOIECCOB
repeMeInenne moIBEeKTOPa I IMpeacTaBiaeHo B Tabd. 2.1.

Tabmuma 2.1. Ilepemerrienne moaBeKTOpa T I TPEX MIPOIECCOB

[Iar | workerl | worker2 | worker3
1 T3 I i)
2 To T3 T
3 T i) T3

Huzke npusejieH JiucTHHD IporpamMMbl (m-daiisia), BIIOIHIeMOt
KaKJIbIM pabodnM IporeccoM. B 9Toil mporpamme nepemMeHHasi tau
ompeessieT HOMEP TEeKYIIEro JTOCTYIIHOTO O/I0Ka BEKTOPa X.

DyHKNUS NapajljIeIbHOTO MAaTPUYHOTO YMHOXKEHUSA

function z=par_multiplication(A,x,y)
% A - maTpunma
% X,¥,Z BETOpP-CTONOBIE
% z=Ax+y;
g=mod (n,numlabs) ;% 0CTATOK OT LENEHUS
if q==0
r=n/numlabs;
x=x((labindex-1) *r+1:labindex*r) ;
y=y((labindex-1)*r+1:labindex*r) ;
A=A((labindex-1)*r+1:labindex*r,:);
else % memuTCca C OCTATKOM
r=(n-q) /numlabs;
if labindex==
x=x(1:r+q);
y=y(l:r+q);
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A=A(1:r+q,:);
else
x=x((labindex-1)*r+1+q:labindex*r+q) ;
y=y((labindex-1)*r+1+q:labindex*r+q) ;
A=A((labindex-1)*r+1+q:labindex*r+q,:);
end
end
for t=1:numlabs
if labindex==numlabs
labSend(x,1); % mocuemuwii cpas3y OTIPABUI IEPBOMY
else
labSend(x,labindex+1);
% OCTaJbHEHeE OTIPaBIANT CBOMM cocenaM (cmpasa)
end
if labindex==
x=labReceive(numlabs) ;
% IepBHI NONYyYUI OT MOCIELHErO
else
x=labReceive(labindex-1);
% ocTanbHEHE NOJydYawT OT CBoux cocemei (cmema)
end
tau=labindex-t;
if tau<=0
tau=tautnumlabs;
end
y=y+A(:,1+(tau-1) *r:tau*r) *x;
end

Z=Y;
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nevue p 3anau Windows

100% ~

SorpyaraLin

D2 NORAHE  KOHONOTHA HETONe30BaH hing MOAKaHKH

DHakHEckas nanaTs (KE)
Bcera 1046572
247128
194344,

ert 907816
Mpeazn 1731784
i 1330504

64020
44304
19716

Mpoueceoe: 51 arpyakalin: 1% 974 | 6

Puc. 2.3. 3arpyska JIByXbsIIePHOIO IIPOIECCOPa IIPU PEIIeHNN
zazaan (2.1), N = 2000

BpraucinrejapHbie IKCIIEepMUMEHTbI

Kak Bugno usz puc. 2.3, npu pemenun 3amaun (2.1) ¢ no-
Motbio dynkimun par_multiplication, oba sjpa CTAHOBATCH 3a-
rpykenuabiMu Ha 100%. JlanHasi 3ajada He MOKA3bIBAET HA CAMOM
JieJie. IPUPOCT TIPOU3BOUTEIHLHOCTH (IIPH PACCMOTPEHHOM pa3Mepe
3a/1a4u, 10 Kpalinen Mepe), HO ¢ABJIIETCA NOKA3aTEeJIbHOW B IJIAHE
IIOHMMAaHUs TOT'0, KaK MOXKHO IPUMEHSATH pacuapaJiielnBaHnie 3aJa9u
HA HECKOJIBKO IIPOIIECCOPOB, JlaxKe JIJIs TAKOi Ka3aJioch Obl 1IPOCTOM
3aJa4n, KaKk MarpudHoe ymHoxkenue. [lomumo sroro, mannas 3amada
1103BOJISIET yOEUTHCS B TOM, YTO IIPU UCIIOJIb30BaHuu Distributing
Computing Toolbox CTaHOBUTCSA BO3MOXKHBIM JOCTAYDL IIUKOBON IIPO-
U3BOJIUTENBHOCTH BCEX UCIOJIb3YEMBIX HPOIECCOB (IIPOIECCOPOB).

Broranciaurensnas 3amada, mapaJjieabHOe pereHne KOTOpoil JaeT
IIPUPOCT ITPOU3BOIUTETHHOCTH, PACCMOTPEHa B pasm. 2.3.3.
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2.3.3 Pemenne CJIAY meronom I'aycca

CyiecTByer 0OJIBIIOE KOJUIECTBO METOJOB PEIIeHUs CHCTEM
JHelHbIX anrebpanueckux ypasuenuii (CJIAY), B manuoii pabore
pacemorped merog, pernenust CJIAY, zakaodaronmuiicss B 1IOC/Ie10Ba-
TeJILHOM UCKJIF0OUeHnu (MeTo| ¢ BBIGOPOM IVIABHOI'O DJIEMEHTA He Pac-
CMAaTPUBAJICS).

NMeHHO ¢ TIOMOIIBIO 3TOU 3a/1a9U SKCIIEPUMEHTAJIBHO BbIsiBJIEHA
9dPEKTUBHOCTD HUCIIOIB30BAHUS TAPAJIEILHOTO METOa PEeIIeHHUsT
CJIAY, peanuzoBannast ¢ moMombio cpejicts MATLAB Distributed
Computing toolbox. B kadecTBe TECTOBBIX CHUCTEM II€PBOHAYAJILHO
ObLI UCIIOJIB30BaH HOYTOYK € JBYXsiJIepHBbIM MporieccopoM Intel Duo
Core T2300 1.66 I'T'ii. [duist rectupoBatust MATLAB B IIPOMBIIIIJIEHHOM
pexxume, janHas 3agada (pemenne CJIAY) Obuia  3amyiiena
Ha Kjacrepe Boramcamrenbnoro tentpa uMm. A.A. Jlopomaunbiaa
Poccniickoit akagemun nayk (BII PAH) http://www.ccas.ru.

Kparko npusejsiem ornucanue UCIOJIB30BAHHOTO IIPOIPAMMHOIO U
ammmaparHoro obecriedenusi. CucreMa COCTOUT U3 BOCBMU JBYXIIPOIIEC-
copubIx y3yi0B Intel Xeon/2.6 ITi, COEJIMHEHHBIX BBICOKOCKOPOCT-
HBIM MexKcoenuHenueM Myrinet 2000 (HI/IKOBaH CKOPOCTH Iepeaadn
2 TI'6ur/c). Ucnombsyemass ouepammonHast cucrema: Redhat 9.0
(Bepcust simpa 2.4). Bosee moapobro ¢ JAHHBIME O KJIACTEPE MOYKHO
osHakomMuTbcsi B [17, 18|. B mporecce 9KCIepuMEHTOB BBISICHUIIOCh,
qaro mgst sinpa 2.4 Bepcum MATLAB 2006 (A, B) mMeIOTCsT OIMTHOKN
IpU peaJIm3allid OJHON W3 BCTPOEHHBIX OumOmorek. [ljis KoppekT-
HOIT paboThl MOTPEHOBAJIOCH 3ArPY3UTh C MOMOIIbIO Internet u yc-
TaHOBUTH COOTBETCTBYyIOIee OOHOBJIeHHE. Bosiee 1moapobno o6 3Toit
ommbKe MOXKHO y3HATh B Internet 1o aapecy [19]. Hackosbko ussect-
HO aBTOpPaM, 9Ta OIMUOKa y2Ke mcipanyiena B Bepcuu MATLAB 2007A.

OmurieM peayin30BaHHbBIN napasutenbubiii MeTos pemenus CJTAY.
Kaxk uzBectHO, 11pu 11ocIe 10BATEILHOM PEITIEHUN CUCTEMBI C TIOMOIIIBIO
MEeTOJIa IOCTEOBATEILHOIO WCKJIIOUEHUS] HCIOJB3YeTCsl AJITOPUTM,
JINCTUHT KOTOPOI'O IpHUBEIeH HuzKe. JIaHHBI aJropuTM XOPOIIo M3-
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BECTEH U3 Kypca JIMHEHHON ajirebphl.
DyHKIMS TOCJIeJ0BATEIBHOTO UCKJTIOYEHUS

function A=gauss(A)

[m nl=size(A);

for i=1:n
A(i,:)=A(i,:)/A(i,1);
for k=i+1l:n

Alk,:)=A(1,:)*A(k,1)-A(k,:);

end

end

[Monxon, Jsexkamuit B OCHOBE MApAaJUIEJIBHOIO METOJa DPelleHus
IIPEACTaBJICHHON 3a4a4i, 3aKJ/I04aeTCsd B TOM, YTO Ha Ha4YaJIbHOMN
craguu (MHUIUAIM3AIMN), Best MaTpulia A pacnosiozkena B pabodem
[IPOCTPAHCTBE 1IEPBOIO IIporiecca (HA30BEM €ro MaCTep)z. Ilepsobrit
mar - HepBbIi mporece (MacTep) OTIPABIISIET PABHbBIE CJIOM MaTPUIIBI
A BceM OCTaJIBHBIM TIPOIECCaM (Ha30BeM ux pa60qHMH). Boinesenne
COOTBETCTBYIOIIErO CJI0sI MATPUILI A peasnsyercs ¢ MOMOIIHIO QyHK-
muu par_getslice.

[Tocme ormpaBku IpollecC MacTep HOPMUPYET MEPBBIA 3JIEMEHT
B IIEPBOIl CTPOKE CBOEHdl NOoAMATPUIBI U CPady 2Ke OTIpaBJIdeT ee
BCEM OCTaJIbHBIM. Paboume, IOJMYy4YMB JAHHYIO CTPOKY, HAYUHAIOT
[IPUBOJIUTHL K HYJIEBOMY CTOJIOIy COOTBETCTBYIONINII CTOJIOEI CBOEit
nonMaTpunbl. K ToMy MOMEHTY, KaK MacTep 3aBEpIIMI ITPUBOIUTH

2JToBOIBHO YACTO TPH OMMCAHUU PabOThI TAPAIETbHBIX AJTOPHTMOB
UCIIOJIB3YIOTCSl TEPMHUHBI MacTep n paboume. Tak, Hampumep, mMacTepoM
HA3BIBAIOT paboumil IpoIecc, KOTODBI Ha CTaAUU WHANUAIA3AIUH
IIPOU3BOJAUT MACCOBYIO PACCBUIKY 3aJaHuii, a Ha CTaaud OKOHYAHUI
pPabOTHI AIrOpUTMa IIPOU3BOAUT COOP JAHHBIX OT BCEX IIPOILECCOB, KOTOPHIE
Ha3LIBAIOT paboyumu.
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K BepXHEeINaroHaJbHOMY BHUJIy CBOIO IIOAMATPUILY, pabodnme TaK>Ke
3aBEPIIMJIA [OJyYaTh OT HEro COOTBeTCTByIomume cTpoku. llocie
9TOro paboume OTIPABJISIOT OCTABIINECS HEHYJIEBLIE IOIMATPUIILI
[IEPBOMY IIPOIlecCy MacTepy. B wuTore 1mocsje IepBOro mara B
paboueM IPOCTPAHCTBE MacTepa XPAHHUTCH BepxHeIMaroHaAJIbHAs,
IIPsIMOYTOJIbHAS TOJIMATPUIIA U KBaJIpaTHAs HEHYJIeBas MOIMAaTPHUIA
(mostyueHHasi U3 IIOJAMATPHI], NPUCJIAHHBIX paboummu). Coemyroruii
mar 3akjvaercs B TOM, YTO MacTep PACChulaeT (JIeJHUT) COoOT-
BETCTBYIOIINE IIOIMATPUIILI HEHYIEBOH KBAJIPATHOW MaTPHUILI BCEM
mporeccaM pabouuM, BKIIOUas U cebsi. AJITOpUTM MpojoskaeT pabo-
TaTh 70 TEX IOp, IOKA pas3Mep OTIPABJISEMOTO CJIOsT KBaIpaTHOM
MaTPHIb HE CTAHET PaBHBIM €IUHUIIE.

B pesymbraTe mocje mocjiemHero Immara aJiroputMma B pabodem
[POCTPAHCTBE MacTepa OylleT XPAHUThCSH BepXHEIUArOHAJIbHAS
marpuiia U ¢ equHudHON quaroHaibio. menno sta matpuiia u 6yaer
CYNTATBCA HAMU PE3YJIbTaTOM PabOThl MHapaJsjIeIbHOrO ajropuTMa
rayCCoOBOI0 MCKJIIOYEHUsI, JINCTHHT KOTOPOT'O NPUBEJICH HUXKE

IIpoueaypa BbIAeIeHUSI U3 MATPUIILI ONMPEAEJIEHHOTO CJIOsI

function [A q r]l=par_getslice(A,labindex,numlabs)
[n n]=size(A); % pasMep MaTpwmIL
g=mod (n,numlabs) ;% 0CTAaTOK OT LeNeHUS
if q==0 ¥ menuTca 6e3 ocTaTka
r=n/numlabs; A=A((labindex-1)*r+1:labindexx*r,:);
else % DenmuTcs C OCTaTKOM
r=(n-q) /numlabs;
if labindex==

A=A(1:r+q,:);
else
A=A((labindex-1)*r+1+q:labindex*r+q,:);

end
end
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OmnmcaHHblii METOJ, MOXKHO MOIM(PUIIMPOBATH TaKUM 0Opa3oM,
9TOOBI Ha, KOHETHOM IIare aJroputMa mMarpuia U Oblaa pacipeaeaeHa,
MeXK/J1y BCEMU IIPOIeCCaMy, HO JAHHLII BapuaHT IIPOIE/yPhl B JJAHHONU
pabore He IIPUBOIUTCS.

Hmxke npuBesen ucTUHT HapasLIebHON ITPOTPAMMBI TayCCOBOTO
MCKJIIOYEHHsI, KOTOPasl MCIIOJIHAETCS KAXKIbIM IIPOIECCOM.

Hapaﬂﬂem)Haﬂ InmporpaMma rayCcCoBoro UCKJIIO9YeHUu:A

function U=par_gauss(A) [M N]l=size(A);

r=0;s=0;
while r=1 s=s+1; % cueTuyuk
if labindex==
[m n]=size(A); % pa3Mep MaTpHIIH

% Ha BTOpoW uTepamuu MaTpuna A obHOBIsIETCH,
% yMeHbIlaeTCs B pasMepe,
% CRIeWBaeTCs W3 IOLMATPWI], BHUUCIEHHHX paboyuMu
qg=mod (m,numlabs); % OCTATOK OT [eNeHUST
for otherLab = 2:numlabs
% OTmpaBKa COOTBETCTBYOWLUX CJIOEB MATpUIE A
labSend(qq,otherLab,6); % ocTaTok OT IeneHUsS
[Asend q rl=par_getslice(A,otherLab,numlabs);
labSend (Asend,otherLab,3);
end
[A q r]=par_getslice(A,labindex,numlabs);
% MacTep moxydmi CBOH 610K MaTpuusl A
[m nl=size(A);
for i=1:m
% DOaHHBM [VKJ IPUBOILWT IOAMATPHUIY B MacTepe
% K BepXHEIWATOHAILHOMY BHULY
A(i,:)=A(i,:)/A(,1);
% cTpoka A(i,:) momxHa OHTBH OTIpaBleHa BCeM paboduM
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for otherLab = 2:numlabs
labSend(A(i,:),otherLab,1);% cTpoka
labSend(i,otherlLab,?2); % HOMep CTpORHZ
end
% Tmony4YeHWe HYJEBHX SJIEMEHTOB Ion siyeMenToM A(i,i)
for k=i+l:m
A(k,:)=AC,:)*A(k,i)-A(k,:);
end
end
% A - BepxHemwaromambHas IOLMATPHUIA,
% BHYKMCJIEHHAS MaCTEpPOM
if s==1 Y, mepBH#l mar
U=A;
else
U=[U;zeros(m,N-n) A];
end
% Ckielixa HOBOM MaTpuill A, Kaxmas NOAMaTPHUIA
% KOTOpOX BHYUCIEHA COOTBETCTByOWLUM pabodmm
A=[1;
for otherLab = 2:numlabs
Arecive=labReceive(otherlab,4);
A=[A;Arecive] ;
end
if (r==1 && qq==0)
U=[U;zeros(1,N-r) 1];
end
else
A=labReceive(1,3); % mommaTpuua
g=labReceive(1,6); %
[m nl=size(A);
r=m;
for i=1:m+q
Arow=labReceive(1,1); %cTpora
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j=labReceive(1,2); YuHEDEeKC
for k=1:m
Ak, :)=ArowxA(k,j)-A(k,:);
end
end
A=A(:,j+1:n); % oTmpaBKe MacTepy LOLIEXaT

% TONBKO HEHYJIEeBHE CTOJOIE
labSend(A,1,4);

U=[1;
end
700 T
O 1 worker
O 2 workers - theory
6001 : |
# 2 workers — practically
)
©
c
o
(]
[}
K22
[0}
£

Puc. 2.4. Tpadbuku cpaBauTesbHOll  3DPEKTUBHOCTH  IIPH

UCTIOJB30BAHUN  OJHOTO W JBYX sJep TIpoIeccopa, rpaduk

JIMHEHOrO  yCKOpeHus (OpU  OTCYTCTBUU HAKJIAJHBIX PACXOJ0B
TPAHCIIOPTUPOBKHY )
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Puc. 2.5. I'padukn 3arpysku AByX sifep IPOIECCOpa IIPU PEIIeHUN
3asadn raycoBoro uckirodenus ¢ N = 2048 Ha aByx paboumx
nporteccax. ['paduku moydeHbl B KOHCOIU TPOU3BOIUTEILHOCTH

BpraucianrejapHbie IKCIIEepUMEHTbI

st ucenenoBanus 3bMEKTUBHOCTH NapasliebHON peaTu3alium
raycCoOBOIO MCKJIIOYEHUsI ObLIM IIPOM3BEIEHBI 3aIlyCKH AaJrOPUTMA
HapaJsIeIbHOrO  TI0C/IE0BATEILHOTO HMCKIIOUEHHsT TPU  PA3JInIHBIX
pasmepax marpuisl A. JIjis mepBoro skcnepumenTa 6bLT KCIIOJIb30BAH
JIBYX'bSJIEPHBIN TIpOIieccop (€ JBYMsl 3allylleHHbIMI PabOIMMU IPO-
1eccamu), pesyJbTaThbl TECTHPOBAHUSI aJIlOPUTMa Par_gauss Ipejl-
cTaBJIeHbI B Buje rpadukos Ha puc. 2.4, 2.5.

Kak u cjie1oBajio oxKuaTh, n3-3a HAJINIUs HAKJIAHBIX PACX0JI0B,
CBA3AHHBIX C IEPECBLIKON JAHHLIX MEXKJy PabodInMu IIPOIECCaMH,
JINHEHOTO YCKOPEHUsI NIPU MCIOJIb30BAHUN JIBYX IPOIECCOB JIOCTUYh
He yjasoch (cM. Mapkepbl [ u * Ha puc. 2.4). Tem He MeHee npupocT
POU3BOIUTEIHHOCTU TIPU UCIOJIB30BAHUN JBYX PabOUUX IIPOIECCOB
SIBHO €CTb, O Y€M CBHUJETENLCTBYET TpaduK ¢ MAPKEPOM *.

Puc. 2.5 npejcraBiieH MCKIIOYATENILHO IS UJLIIOCTPAIMA TOTO,
YTO IPHU UCHOJBL30BAHUM JBYX IPOIECCOB 00a s/1pa JOCTUTAIOT ITHKO-
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BOIi 3arpy3KH. CH&,ZL NMHTEHCUBHOCTHU 3aI'PY3KH OJHOT'O U3 AJeP BIIOJIHE
O6’bHCHI/IM, TaK KaK C yBeJn4YeHueM 4Yucjia I/ITepaL(I/IfI yMeHbIIaeTCA
00 beM nepecblylaeMbIX JTaHHDBIX.

size(A)=1024

140 ‘
¢ 0 Optimal (no communicate)
120 o Real (communicate) 1

100

80

60

time (seconds)

401

201

workers (nodes)

Puc. 2.6. 'paduku onrumasibaoro (63 KOMMYHUKAIMIT) 1 PEaJbHOIO
(c  KOMMYyHUKAIMSIMU) BPEMEHH DelleHHsl 3aJadd  [ayCCOBOIO
uckovenust Ha kiaacrepe BIL PAH, N = 1024

Jlomo/THUTEIbHO B KAYECTBE BBIYUC/IUTEIBLHOIO TecTa ObLI Ipo-
U3BEJIEH 3allyCK paccMoTpeHHoi 3asaqu npu N = 1024 Ha kjacrepe
Bl PAH. HamoMHuM, 9TO IpU UCIOJb30BAHUN BCTPOEHHOW peaJiu-
zanuu MPI ob6MeH JaHHBIMU TPOUCXOIUT C KUCIOJIB30BAHUEM IIPOTO-
kosia TCP/IP B oObrunoii ceru na 6aze FastEthernet 100 M6ut/c.
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Pezynbrarer npencrasienst na puc. 2.6-2.8.

Speedup

3.5f ‘ ?

3, 4

__25¢ E
S
=

= 7 ]
g

g 1.5+ 9
%)

-( |

0.5F i

o 2 4 6 8

workers (nodes)

Puc. 2.7. locturnyToe yckopeHnue

Ananus pe3yabTaroB

Ha puc. 2.7, 2.8 npuBe/ilenbl pe3y/IbTaThbl PeIeHus 3aJa4dd Ha 2,
4, 6 u 8 mporeccopax COOTBETCTBEHHO. AHAIU3UPYs I'PadUK, BUIHO,
9To 1pu paboTe cBbile 4 TporeccopoB 3PhHEKTUBHOCTD MMaIaeT HUKE
50 %,49T0 NI MAHHOW 3a/Ia4K SIBJISETCA He JIYUIIUM [T0KA3aTeJIEM.
DT0 MOXKET OBITH CBSI3HO CO CJIEAYIOMNMUA TPUIAHAME:

e mtoxast peanmsarust oubsmorekn MPI ¢ mcnonpzoBanmeM mpo-
tokosia TCP/IP u cern na 6ase FastEthernet,

® JTCKOMIIO3UIMS 3aJa91 Ha CJIMIITKOM MeEJIKUEe IIOA3a/1a4H,

e peajm3arus JacTu Koja MATLAB c ucriosib3oBaHueM Java, 4To
PE3KO MOBBIIIAET BPEMsl pacyueTa.
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Efficiency
et .

E(n)=S(n)/n
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Puc. 2.8. Jlocrurayras 3¢dbdpeKTUBHOCTD

B zakmouenue pasm. Il ciaeayer oTMeTHTH, UTO TEXHOJIOTHUS
IapaJuleJIbHbIX BbIYNCIEeHNH, peasm3oBannas B MATLAB Disrtibuted
Computing toolbox, 103BOJILET CO34aBaTh HE TOJIBKO IapaJlle/IbHbIe
IIPOrpaMMBIl, IIpeAHa3HaUYCHHbIe [Jld PelleHUds 3aJa4 JUHEHHON aJi-
reOpbl, HO U PeIaTh BBIYUCIUTEIbHBIE 3aa9, TPEOyIOIue OOIbITIX
BBIYUCJUTEJLHBIX MOITHOCTEN, BOSHUKAIONINE B PA3JINIHBIX 00/IaCTAX
HAYKM U T€XHUKN (MMHUTAIMOHHOE MOJeJIMpoBaHue MerojoM Momnre-
KapJsio, ontuvmusariust moprdesisi WHBECTUIINI, COAEPIKAIIEr0 OOJIb-
I110€ KOJIMYECTBO MHCTPYMEHTOB, UJIeHTU(DUKAIUS TaPAMETPOB JIMHA~
MUYECKON CHUCTEMBI, pacdeT IVIOOAJIbHBIX OMOreOXUMUYECKUX ITUKJIOB
9JIeMeHTOB (HalpuMmep, a30Ta W YIJIepoja) Jyisl IPOCTPAHCTBEHHO -
pacIpeIeJICHHBIX MOJIETIe SKOCHCTEM U T.1I.).

006 omHOM M3 TAKHMX KJIACCOB 3aJad MOMIET Pedb B CJICHIYIONEM
paszere.
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I11. I1apaJjuiesibHbIE BHIYMACJIEHUS
B MOJEJIMPOBAHUN SKOHOMUKM

MoxKHO TPUMEHATDH IMAPAJIIE/IbHBIE BLIYUC/ICHUS [JIsT PEITeHUs
TPaJUIIAOHHBIX 337249 MaTEeMATUYeCKOI'0 MOJEJIUPOBAHUS CJIOKHBIX
CHCTEM, HallpUMep TaKWX, KaK YCKOPEHHE PacdeTOB IIPU IIPOBECHUN
YHUCJIEHHBIX SKCIEPUMEHTOB C MOJEJBI0O SKOHOMUKN CTPaHbl WU pe-
THOHA, 8 MOXKHO U HE IPUMEHSTH, €CJU B ODIIEM BPEMEHH IIOCTPO-
€HUs MOJIeJI HEeINOCPEJCTBEHHBIN pacdeT COCTaBJIAeT OTHOCUTEJIBHO
HEDOJIBIIOE BPEeMsI U COBepIIaeTcs peako. HyKHO nmpuMeHsITh mapaJi-
JIeJIbHbIE BBIYUCJIEHUS JJIA PEIleHus TaKUX 3aJa4, KOTOpble APYyTUM
CII0COOOM PEITUTD JIUOO HEBO3ZMOXKHO, JIUOO UPE3BBIYAHO TPYIHO. DTO
pacimmpsieT TPaHUIlbl 00JIACTH HAYIHBIX UCCJIEIOBAHUN U IPUIOKEHII
B OM3HECe, B KOTOPBIX 9P HEKTUBHO NPUMEHSITH METOIbI MaTeMaTHIe-
CKOI'0 MO/JICJIMPOBAHUS.

Haunnaroruii rmoJyib3osaTesib MATLAB, OCBOUBIIUI U3 ITPEIBIILY IIAX
IJIaB TEXHOJIOIMIO paclpe/iesieHHbIX Bbrunciaennii B MATLAB, nocse n3-
YYEeHHs JTaHHOU IJ1aBbl CMOXKET IPUMEHUTH JaHHYIO TeXHOJIOTHIO JJId
pelrenns NpaKTUYeCKUX 3aJad [0 OIIPEJICJICHUIO IIapaMeTpOB MaTe-
MaTHYECKUX MoJleslell CJI0KHBIX CUCTEeM, BO3HUKAIOIINX B PA3/IMYHBIX
obJracTsIX HAYKU U Ou3Heca.

Nnentudukaius CI0XKHOI MaTeMaTHIeCKON MOJEeIN TOH Wu
WHOM 3SKOHOMHMYECKON CHUCTEMBI, 3aKJIIOYAIoIadAcCsad B OIPEICJICHUN
BHEIIHUX [apaMeTPOB ITON MOMEJH, dABJSIETCSA OIHON M3 OCHOBHBIX
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3324, e apaJjule/ibHble BBIYUC/ICHUS [I03BOJIAIOT HAXOJAUTHL pellle-
HUsI, KOTOpble 0e3 IPUMEHEHUsT HaPAJIIeIbHBIX BBIYUCJIEHUI OBLIO
HEBO3MOXKHO HaiiTu TounO. [IpobjieMbl, BOZHUKAIOIIME IPU PEIIeHUN
9TOM 3a71a49m, OYIyT 37€Ch PACCMOTPEHBI Ha IIPUMEPE CIIEIINAILHO 10~
CTPOCHHOH IIPOCTEeHIIel 9KOHOMETPUYECKON JIUHAMUYECKOU MOJeJin
COBPEMEHHON POCCUMCKON 3KOHOMUKMU.

N nenTudukarmst MOIeIN 3aK/I0IAETCA B OIPEIE/ICHIN ee BHEII-
HUX [TapaMeTPOB Ha OCHOBE MCTOPUYECKHMX JAHHBIX. JacTb ITapaMmeT-
POB OIEHUBAIOT IPAMBIM O00OPA30M HA OCHOBE MMEIOIIUXCSI CTATHCTHU-
YeCKUX JAHHBIX. DOJIBITYI0 YacTh TapaMeTpoOB OIEHUBAIOT KOCBEHHBIM
00pa3oM, cpaBHUBAsI PacIeTHbIE BpEMEHHbBIE PsIJIbI ITOKa3aTe el Moie-
JIU C UX CTATUCTUYCCKUMU aHAJIOraMU.

OrpomHBIii BO3MOXKHBII HabOp codeTaHWil 3HAYEHUN Iapamer-
POB He IIO3BOJIAJ JI0 IOABJICHUS BLICOKOIIPOU3BOAUTEIbHLIX IIapaJl-
JIEJIBHBIX aPXUTEKTYP TOYHO OIPENe/IATh 3T 3HadeHus. Mcnonmn3osa-
HUE BBICOKOIIPOU3BOJIUTE/IFHBIX ITaPAJIIEIbHBIX BBIYUCJIEHUN OJ1aro-
Jlapsi JOCTATOYHO TIOJIHOMY 11epebopy MO3BOJISIET TOYHO PEIIUTD 3a/a-
9y UAeHTU(DUKAIIIT [TapAMETPOB CJIOXKHBIX MATEMATHIECKAX MO
9KOHOMUYECKUX cucTeM. JIej1o B TOM, ITO B MOJIEJISIX SKOHOMUKY UMe-
€TCd HeMaJlo IapaMeTpPOB, KOTOpbIe He yJaeTcd HAWTH HAIPAMYIO U3
JAHHBIX YKOHOMHUYECKON CTATUCTHKHU. B ciaydae, Korja JaHHBIX CTa-
THCTUKHM XBATaeT, KA4ECTBO MCXOJHBIX CTATUCTUYECCKNX NAHHBIX, KAK
IIPaBUJIO, TAKOBO, YTO UX XBaTaCT TOJBKO JJIsl OIIPEJIeICHUsI UHTEep-
BaJIOB, B KOTOPbIE IOIAIAI0T MapaMeTpbl Moaeu. Kpome Toro, n Ha-
JaJ/IbHble 3HaYEHUA HEKOTOPDLIX HEePEMEHHBIX MOIEIN YaCTO TOYHO He-
U3BECTHBI U [IOTOMY JIOJIZKHBI PACCMATPUBATLCA KaK TaKOr'o poja Ma-
paMeTphl.

Dynem omnpenensTh HeM3BeCTHbIE NIapaMeTPhl SKOHOMUYECKOMN
MOJIe/TM KOCBEHHBIM 00Pa30M, CpaBHHBAs PACCIMTAHHBIE C ITOMOIIHIO
MOJEJIN BBIXOJAHBIC BPEMEHHBIC PAIbl €€ IePEMEHHBbIX C JIOCTYIIHLIMU
CTATUCTHYECCKAMH BPEMEHHBIMU PAJAMU JJIA 9TUX IIePEMEHHBIX B N3Yy-
JaeMoil 9KOHOMUYIECKO# cucteMe. MaTepuasibl nccieIoBaHus 3J1ara-
IOTCA TAKUM 00Pa3oM, 9TOOBI MX JIETKO MOXKHO OBLIO 0DOOIIHUTD J1/TsT
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HCIIOJIb30BaHUS B 3aJladax WaeHTUUKAINA 00J1ee CIOKHBIX MoAesei
9KOHOMUYIECKHUX CHCTEM M BOODOIIE B 3amadaxX HMACHTH(MUKAIINT MaTe-
MaTHUYECKUX MOJlesIeil CJIOXKHBIX IIPOIECCOB U CUCTEM.

3.1 IIpobiema maeHTM(UKAIIUY BHENTHUX ITapaMeTpPOB
MOJIEJ I SKOHOMUKM

PaccmoTpum mrpocTeiiinyo Mofe/ib SKOHOMUKHU CTPAHBI, 9TOOBI
Ha HEHl IPOJEeMOHCTPUPOBATL BCE T€ OCHOBHBIE 3aa49H, KOTOPDIE
[MPUXOJUTCS PEIIATh UCCIEJIOBATEIO IPU UACHTU(MUKAIIUA BHEITHUX
mapaMeTpoB MATEMATHIECKUX MOJEIeH SKOHOMUKU C IIOMOIIBIO IIa-
PAJUIEJIBHBIX BBIYUCJICHHIA. DTa MOJEIb Oy/IeT HECKOJIBKO OTJIMIaTh-
ca ot upemiokennoit B 1928 1. @psukom [lrnammrornom Pamceewm,
AHIIUHCKIM MATEeMAaTHKOM, (DUIOCODOM U IKOHOMUCTOM, CTAHJA-
PTHOIl 3aMKHyTOIl IpocTeifiiell Mojenan KOHOMHKH cTpanbl |20],
BapUAHTBI KOTOPOIl MPEJCTABJIEHBI BO MHOIMX y4YeOHHUKAaX 110 Ma-
TEMATUYIECKONH 9SKOHOMEKe |[21-24] Tpu TeopeTHdYeckoM aHaJn3e
IIPOIIECCOB  PACIIPEICJIEHNs HAIMOHAJJIBLHOTO JI0XO/a Ha 1oTpedJie-
HUE U HAKOILUIEHHE. YdTeM B MOJIEJU BHEITHETOPIOBbIA 060pOT
CTPAHbI U U3MEHEHHE OTHOCHUTEbLHBIX I€H Ha COCTABJISIONINE OCHOB-
HOTO MAKPOIKOHOMUYECKOI'O OajlaHca ¢ MOMOIBI0 HEKMX 33/ IaHHBIX
GyHKINH, TapaMeTpbl KOTOPBIX OIIPEIEUM U3 JAHHBIX 3KOHOMUIEC-
KOI CTaTUCTUKU.

Takoe sKOHOMETPHUIECKOE PACIIMPEHUE IPOCTEHIIEN MOIEN KO-
HOMUKU JIA€T BO3MOXKHOCTH OIEHHTH €€ BHEITHUE MapamMeTpbl (UeH-
TuUIUPOBATh MOJIEJIb) 110 CTATHCTHYECKUM BPEMEHHBIM psijiaM
MaKpOIOKa3aTesell, KOTOpble XapaKTEePU3YIOT U3MEHEHHUE CTPYKTY-
PBl HCIIOJIb30BaHUsI BAaJIOBOIO BHYTPEHHErO IIPOAYKTa B COBPEMEH-
Ol sKoHOMEKe Poccuu. U nenTudunupoBanuyo MOIEIb MOYXKHO HC-
[I0JIb30BaTh HE TOJIBKO JIJIsi TEOPETUIECKOIO aHAJN3a [POIECCOB Pac-
[IpeJIeJIeHNsI, HO U JJIsI CIIEHAPHDBIX IIPOTHO3HBIX PACIETOB M3MEHEHUSI
SKOHOMMYECKUX MAKPOIIOKA3aTeJel.

ITycrs Basosoit BayTpenunii npoaykr (BBII) Y (¢) oupenensiercs
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OJIHOPOJIHOI TPOUBBOJICTBEHHOI (yHKIMel 00beMoB Kanuraja (0c-
HOBHBIX (o 10B cTpanbl) K (t) u Tpyna (cpeHeromoBoro aucia 3aHs-
THIX B HAPOJIHOM Xo3siiicrBe crpanbl) L(t) ¢ MOCTOSHHON 3j1acThY-
roctbio samemenns®, (CES - dbynximmeit)

vo-nfo(22) " sa-a (B0) 7, 6y

rje HavajbHble 3HaueHUst (HUKHUIT wHIEKC (0 COOTBETCTBYET t =
2000 r.) u mapamerpbl obsajarT cpoiicrBamu Yy > 0, Lo > 0,
Ky>0,a€(0,1),b>—1.

OpanHopoaHast MpOU3BOACTBEHHAsA (DYHKIUS C ITIOCTOSTHHON 3Jac-
TUYHOCTBIO 3aMENICHNs YCIEIIHO IPUMEHIACh IPU HCCJIeI0BAHUI
skonomuku CCCP u CHIA (cm., manpumep, [25]), ee MOxKHO 1pu-
MEHNTDb JIJI1 MCCJIeIOBAHUsS SKOHOMUKHM coBpemenHoii Poccum. [list
ydera Hay4IHO-TEXHHUIECKOIO mporpecca B [25| mpumensiiach Moju-
ukanus npoussojcreenHoii dyukuu (3.1), B KOTOPyIO 7100aBIIsLI-
csl COMHOXKHTEJIb B BHJIE NOKa3aTe/bHOI (dyHKINU BpeMenu exp(At).
31ech MBI paccMaTpUBaeM KOPOTKHI Ieproj; BpeMeHU U MOoKa abCT-
parupyemcs OT y4eTa Hay4HO-TeXHHYIECKOIO IPOrpecca.

OO6bIMHO mapaMeTpPhbl IPOU3BOACTBEHHON (DYHKIINU ONPEAE/ISIOT C
HOMOIIBIO HEJIMHEHHOr0 METOJa HAUMEHBIINX KBAJApaToB 110 JAHHBIM
SKOHOMUYECKOH CTATUCTHKU JJIsi BPEMEHHDLIX PAJIOB IEepEeMEeHHBIX,
HEIOCPEICTBEHHO BXOISIIUX B IPOU3BOACTBEHHYIO (DYHKIIHIO.

Ho, Bo-nmepBBIX, Takoil IOAXOM, IOJHOCTBHIO ONPAaBIAH TOJIBKO
IPH OTCYTCTBUM MOJIEJIN, B KOTOPO MCIIOJIb3yeTCs JTaHHAsA IPOU3-
BOJICTBEeHHAs (DYHKIUS, HOCKOJIbKY BCE HNApAMETPbl MOIEIU JOJIK-
Hbl OBITH corylacoBaHbl. HaiiTm mnapamMeTpsl IIPOM3BOACTBEHHOI
QYHKIMM, BHYTpPEHHE COIVIACOBAHHLIE C IIOBEJCHHMEM JPYLUX Iepe-
MEHHBIX MOJEIN, BECbMa CJIOKHO B CHJIy YPE3BLIMAiHO GOJBIIOro

33 J1aCTHIHOCTD 3aMeIIeHus TPYAa u KanuTasa € 1y CES-byakmum (3.1)
BhIparkaercs depe3 mapamerp b: € = 1/(1 4+ b).
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YUCIa BO3MOXKHBIX BapuaHTOB. OJIHAKO HCIIOJB30BAHUE BBICOKOIIPO-
MU3BOIUTEIbHBIX BBIYUCJIEHNN HA COBPEMEHHOM BBIMUC/IATEHHON TeX-
HUKe [TO3BOJISIET HAWTH MapaMeTPbl ITPOU3BOJICTBEHHON (DyHKINHU, CO-
[JIacOBaHHBIE C IOBEJEHWEM JPYIUX IEPEMEHHBIX MAaTeMaTHIeCKON
MOJIEJI SKOHOMUKH.

Bo-Bropbix, uro GoJiee CYIIECTBEHHO, IPU PACCMOTPEHUHU COBpE-
MEHHOI POCCUICKOII 3KOHOMHUKHU HY>KHO HMMETb BBHJY, 4YTO 3HaJe-
HEsI BTOpOro (akTopa Mpou3BOACTBeHHOI (dyHKkimu, kanurtaua K (t),
[IPEJICTABJISIEMbIE CTATUCTUYECKUMHU OPraHAMM, BBI3BIBAIOT OOJIBIIIOE
coMmHeHue (cM., HanpuMmep, [26]).

CrarucTudyeckue JlaHHbIe 110 KanuTasly (OCHOBHBIM (hOHIAM CTpa-
HbI) TPAKTUYECKH HE MEHSIIOTCS OT Iojia K TOJy, a WX CTOU-
MOCTBb Upe3BbIYaiiHO 3aBbillieHa. PaKTHUIeCKH ITU JAHHBIE OTHOCSIT-
¢t K OCHOBHBIM boHmaMm, co3mpaHHbiM BO Bpemena CCCP, a onm
B HACTOsIIIIee BpeMsI B OOJBIMON CTEIEHW IIPEICTABJSIIOT CODOit
"6ecmtaTHbie" pecypebl, MOIOOHBIE HEKOTOPBIM IPUPOJHBIM PeCcyp-
caM, KOTODbIE ellle MOXKHO WCIOJIb30BaTh 0e3 omiarhbl (BO3/yX, a B
HEKOTOPBIX CJlydasix BoJa M 3eMiisi). Ha BBIIYCK OKasblBaeT BJIH-
sSIHUA€ TOJIBKO KAIMTAJI, BOBJIEYEHHBIH B IIPOTIECC TPOU3BOICTBA, UMEIO-
Uil OObEKTUBHYIO CTOUMOCTb, HeKuil "s3ddekTuBHBI"
KOTODBIil 1pu ujieHTuUKAIIT MOJe I Oy/leT BbIPpa>*keH B IIOCTO-
AHHBIX IeHax 2000 r'. U KOTOPBIA MbI U IIBITAEMCS 3J/1€Ch OIEHUTD.

Takoe npejicraBienne 06 OCHOBHBIX (DOHJIAX (COBOKYITHOM (hu3u-
9YEeCKOM KallUTaJle CTPAHbl) COOTBETCTBYET OOIIENPUHITOMY B SKOHO-
MUYECKON TeOpHUn OIPEIEIEHUI0 (PUBUIECKOTO KAITUTAIA, KAK BEJTUIU-
HBI, PABHOI 3aI1acy MPOU3BeJeHHBIX TOBAPOB, YIACTBYOIINX B IIPOU3-
BOJICTBE TOBAapOB U yciyr (cM., Hanpumep, [27, ¢.322]).

3/1echb MBI U3MEpsieM TPYJL CPEJHErOJIOBBIM YHUCJIOM 3aHSTBIX
B HapOJIHOM XO3sdiicTBe, YTO OTaM4aer Hamry pabory or [26], rme
TPy, U3MEPsICA ODIIUM YHCJIOM OTPADOTAHHBIX YACOB I ydera
€ro CEe30HHBIX KoJiebaHmii OT KBapTaja K Kpapraiay. Ha ocHose
CTATUCTHYECKUX JAHHBIX (CM. HuKe Tabi. 3.1) Oyiem mosararh, 4To

KaIluTaJl,
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pyx L(t) pacrer ¢ nmocrosiuabiM TemmoM y > 0.

dL
L @), L) = Lo. (3:2)
dt

Bynem cumrars, uro kanutan (3¢dbdeKTuBHAs CTOUMOCTD IPOU3-
BozicTBeHHBIX (hoHioB) K (t) MeHsieTcst B CHIly OOBIYHO MPUMEHSIEMOTIO
B MaKPO9KOHOMHUYECKUX MOJIEJISIX ypaBHeHus (cM., Hapumep, [28])

U~ I - K@), K(©) = Ko, (3.3)
e ¢ — Temn® BRIOLITHA KanuTasa, a J(t) — cKopocTh IpHpocTa HO-
BOIO KanmTtasa (MHBECTHIMN B OCHOBHON KaIlUTAJI).

ITycth B KaK/blii MOMEHT BPEMEHHU f BBIIOJHSIETCS OCHOBHOIL
MaKpPOIKOHOMUYECKUIT ITIPOJyKTOBBI 0ajlaHC B TEKyIIUX IIeHaX:
cymma Boimycka BBIT py ()Y (t) u umnopra pr(t)I(t) pasna cymme
KOHEYHOIO [OTpeO/IeHNs] HACEJIHYs, IIPABUTEIbCTBA 1 HEKOMMEPUec-
KUX [PEJNPUATHI ¢ 100ABI€HHEM YHCTOrO HAKOIUICHHsT GOraTcTB U
[PUPOCTa MaTepHaIbHbIX 3anacos, pcC(t), nHBeCTHIMI B OCHOBHOM

karuras py(t)J(t) u sxcnopra pgr(t)E(t).
pyY (t) +prl(t) = poC(t) +psJ(t) + peE(), (3-4)

rae uepe3 py(t), pr(t), pc(t), ps(t), pe(t) obosnadensr gedisiTop
BBII u unjekcol 11eH Ha UMIIOPT, KOHEYHOE [TOTPEO/IEHNE, MHBECTUIIAN
u srciopr, py(2000) = p;(2000) = pc(2000) = ps(2000) =
pp(2000) = 1 . IockoabKy HAC HMHTEPECYIOT 3HAYEHUs BEJUUUH

4O6BITHO STOT TEMIT OTOYKIECTBIAIOT C TEMIOM AMOPTH3AINH KAITHTAJIA.
IIpu paccmorpennn 3h@EKTUBHONO KamuTa a, PEAJTHHO BOBJIEIECHHOTO
B IIPOIECC IIPOU3BOJICTBA B COBPEMEHHON SKOHOMHYECKON CHUTyallud B
Poccun, sToT TeMI OyjerT HUXKe TeMIla aMOPTU3AIUU, IIOCKOJBKY B
[IPOIIECC IIPOU3BOJCTBA BOBJIEKAETCSI YACTh IIPOM3BOJICTBEHHBIX (DOHJIOB,
JIOCTABIINXCsT HBIHEITHEH 9KOHOMUKE OT COBETCKUX BPEMEH.
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BBIIIYCKA, WHBECTUIINM, SKCIIOPTA U UMIIOPTA, BBIPAaXKEHHBIE B ITOCTO-
stHHBIX 1eHax (meHax 2000 r.), To yJo0HO mepeidTH K HIPOYyKTOBOMY
baJiaHCy, BBIDAXKEHHOMY B MHIEKCAX OTHOCHTEJIbLHBIX IE€H

Y(t) +mr(t)I(t) = Q) +ms(t)J(t) + () E(?), (3.5)

rJge MHAEKCbI OTHOCUTEJ/IbHBIX IEH UMIIOpPTa, I/IHBGCTI/IU,I/IIL/’I 1 9KCIIOPTa
3a/JaHbl OTHOIIICHUAMM

~ pr(t) ~ py(t) ~ pe()
O YT 0 e GY
a BbIpayKeHue, DaJlaHCUPYIOIee paBeHCcTBo (3.5), JaeT BeJIudIuHy
_ C(t)
Qt) = Pc(t)m- (3.7)

Mot perenust cucrembr ypasaenuii (3.1) - (3.7) HyzkHO ompeje-
JuTh obbeMbl uHBecTHIwMil J(t), sxcnopra E(t) u umuopra I(t) B mo-
crosiaHbIX meHax 2000 r. ITpengmosaraem 3mech, 9TO 3T 0O BEMBI OIIpe-
JIEJISIOTCS TOCTOSTHHBIME TTapamerpaMu. O0beM UHBECTHUIUI B II0CTO-
SHHBIX TeHax J (t) olpeesigercsd NoJIed o TeKyIIel CTOMMOCTU UHBeC-
TUIWIH B CyMMe TEKYIIUX CTOMMOCTE BBIILYCKa U UMIIOPTA:

my(t)J(t)

T YO +m0IQ) (38)

O6beM sKcIopTa B MOCTOSHHBIX IieHax [E(t) ompenessiercs posieit §
9KCIOPTA B BBILYCKE (0 UX TEKYIMM CTOMMOCTSIM ):
5 = me(t)E(t) (3.9)
Y(t) '
O6beM uMIOpTa B IIOCTOSIHHBIX TieHax [(t) onpenesisieTcst OTHOIIEe-
aueM p umnopta K pasuuie BBII u skcropra (110 UX TeKymumm cTou-
MOCTSIM):

p = . (3.10)



U3 (3.8)-(3.10) Bummo, uro obbemsl sKxcnopra F(t), umuopra I(t) u
unBecTunuii J(t) B HOCTOSIHHBIX IEHAX OIIPEJIEJISIOTCS [IapaMeTPaMu
0, p,0, orHOCHTeIbHBIME IeHaMu Tg(t),7(t),77(t) u BbIIyCcKOM
(BaJIOBBIM BHYTPEHHUM IIPOJyKTOM) Y ().

TE()E() = §Y(b), (3.11)
mOIE) = p(1— )Y (), (3.12)
7 (O)JE) = o(1+p(1—8)Y (). (3.13)

Urak, njst uaeaTudukanny MOJIEIN HAIO0 3aJaTh N3MEHEHIE BHE-
IIHAX WHTEHCUBHBIX IIapaMETPOB MOJIEJU: TPEX OTHOCHTEILHBIX IEH
mE(t), mr(t), m7(t), - a Tak:Ke ONpPeJEeUTh CEMb [IOCTOSIHHBIX IIAPAMET-
pPOB a,b,7, i, 0,6, p U TPU HaYAJIBHBIX 3HavYeHUs Yy, Ko, u Ly Takum
obpa3oM, UTOOBI pacdeTHble BpPEMEHHBbIE Ps/ibl MAKPOIIOKa3aTe e
(mepeMeHHbIX MOJesin) ObLIN OJIN3KU K CTATUCTHYECKHM BDEMEHHBIM
PsiZIaM COOTBETCTBYIOIIUX MaKpOIoKazaTe el SKoHoMuKu Poccun.

Tabsmna 3.1. Crarucruyeckne NaHHLIE

rof 2000 2001 2002 2003 2004 2005 2006
L(t) 65.273 65.124  66.358  67.247  67.244  68.719  69.600
mE(t) 1 0.84442 0.76610 0.72863 0.68475 0.69651 0.67010
wr(t) 1 0.89204 0.82339 0.73075 0.59196 0.52193 0.45556
m(t) 1 1.02043 1.00752 0.97393 0.93350 0.88821 0.85997

Y (t) 7305.6 7676.9 8039.3  8625.8 9268.8 9817.6 10478.0
I(t) 1755.8 2084.1 2388.4 2811.2 3466.2  4055.4  4878.3
J(t) 1165.2 1265.7 1300.0 1462.2 1633.6 1807.2 2051.7

) 3218.9 3354.1 3699.6  4162.0  4653.1 4950.9 5297.5
Q(t) 4677.3 5412.2 5861.9  6223.4 6609.5 6880.7  7386.3

Ucnonb3yeMble  CTATUCTUYECKHUE JIAHHBIE IMIPEJCTABJIEHBI B
tabs. 3.1. Ucrounuk namaeix: PemepasibHas CiIyzKba TroOCydapCT-
BenHoit craructuku PP http://www.gks.ru. Cocrasisiomue BBII
npuBeZieHbl B mocrogHHbX meHax 2000 r., B mupa. py6. Mnmexco
OTHOCHUTEJIBHBIX II€H IIOJIyYeHbl pPacdeTOM Ha OCHOBE JIAHHBIX II0
n3Menennio coctapjgiomux BBII B Tekymux u MOCTOSHHBIX I[EHAX
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u ummmnutHoro gedisropa BBIIL lanuble st Bemuuansbt Q(t)
oupeesenHoii (3.7), paccunranbl u3 Gasanca (3.5).

Ha ocnoBe wumeromuxcs B Tabi. 3.1 CTATHCTHYIECKUX JAHHBIX
MOKHO HEIIOCPEICTBEHHO OIPEIEINTh YaCTh MapAMETPOB MOJIEJIN, BO
BCSKOM CJIyYae HEKOTOPbIe I'DAHUIbI UX m3MeHenwus. 11o xomy Takoit
uJIeHTUDUKAIITE [1APAMETPOB Mbl YTOUHUM W CAMO OIUCAHUE MOJIEJIN.

OrnpeiesiuM 9KCIIOHEHIUAIBHY IO JIMHUIO TPEHIA JJIsT IUC/Ia 3aHs-
ThIX L(t) COrsIacHO CTATUCTUIECKUM JAHHBIM 110 3aHSITOCTH, IPEJICTAB-
JieHHbIM B Tabu1. 3.1 (Kak cpejiHeKBapaTHIecKoe OTKJIOHEHNe pacyer-
HBIX U CTATUCTUYECKUX 3HadeHuil). Hurke npuseieH JUCTHHT yYacTKa
Kojia Ha a3bike MATLAB, B KOTOPOM peain30BaHa IIOJI'OHKA METOJI0M
HaUMEHDBINX KBaJPATOB CTATUCTUYECKUX MTAHHBIX JIJI UHUCJIA 3aHs-
TeIX B 9KoHOMEKe Poccuu B 2000-2006 rr. L(t) K 9KCHOHEHIMAILHON

dyHKIIN.

IToaronka L(t) sKcrioHeHIMAIbHOU byHKUME

%/ ToAroHKAa SKCIOHEHUWAIbHON MOLEINBI

L=[65.273 65.124 66.358 67.247 67.244 68.719 69.6];
t=[2000 2001 2002 2003 2004 2005 2006];

tm2000=t-2000;

% expl - umMa Momenu u3 6ubnumoTeku Mogzexneir cflibhelp
[Lfit,expgodness] = fit(tm2000’,L’,%expl’);

% mony4YeHHas IOATOHKA HCIONb3YeTCS B WUOEHTUPUKAIUN
Lestim = Lfit(tm2000);

Lfit

% XapaKTepUCTUKHU IOLT OHKU

expgodness

% pucyHox "CpaBHeHWe pacdyeTa CO CTATUCTHUKOHE mo Tpyzmy L"
figure

plot(t,L,’ob’,t,Lestim, ’or’, ’LineWidth’,2); hold on

h = legend(’L stat’,’L estim’,2);title(’L’)
plot(t,L,’-b’,t,Lestim,’-r’,’LineWidth’,2);
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B pesysbrare SKCHOHEHIIMAIBHON IIOJIOHKH B KOMAHJIHOM OKHE
HOJIY UM JAHHBIE, IIPEJCTABICHHBIC HUXKe, UTO JAeT CJEIyIoliee 3a
HUME cooTHomeHue Jyist L(t):

Pesynbrar noarouku napamerpos dyHkuun L(t)

Lfit =
General model Expl:
Lfit(x) = a*exp(b*x)
Coefficients (with 95% confidence bounds):
a = 64.84 (64.14, 65.55)

b = 0.01122 (0.008283, 0.01419)
expgodness =
sse: 0.8313
rsquare: 0.9502
dfe: 5
adjrsquare: 0.9403
rmse: 0.4077
L(t) = 64.840-01124(t=2000) (3.14)
Hns ypasuenust (3.2) coornommenue (3.14) maer 3HadeHue reMuna
pocTta 3aHdToro Hacesjenus mapamerpa v = 0.01124 wu 3navenune
HAYAJIBHOM BeJIMYIMHBl 4ucIa 3aHATBIX Lo = L(2000) = 64.84,

[P STOM IIOCJIE[HEE HECKOILKO MEHbIIE CTATUCTHYECKOIO 3HAYEHHsI
u3 rtabs. 3.1. JIasi JUCKPETHOro ¢ eJMHUYHBIM IIAroM BapUaHTA
ypasuernst (3.2): Liy1 = Li(1 +7), - mmeem 7 = exp’O24 1 =
0.0113, Ly = 64.84. B pajbHeiimieM IIpU COBOKYIHOM OIlEHKE
[apaMeTpoB MOJEJNM B JIMCKPETHOM BDEMEHH MOKHO, HAIIPUMED,
HCKaTh /1B JAHHBIX IapaMeTpa, UCXO/A U3 JOBEPUTEJIbHBIX IPAHUI] B
95%: Lo € [64.14,65.55), 7 = [0.00832,0.01420].

Mozkno TakKe HAWTH JMHAM TPEHJA JJIsA MHJIEKCOB OTHOCHTEIb-
HbIX neH 7g(t), m7(t) u my(t) cormacuo ganubiM tabur. 3.1 (kak cpej-

76



L, correlation=0.9748

70+ -0 -L sta?
—6— L estim

2000 2001 2002 2003 2004 2005 2006

Puc. 3.1. I'paduk sxcnonennmanibHoii moarouku tpyaa L(t) Ha ocHoBe
JAHHBIX TabJ1. 3.1

HEKBa/IpATHIECKOE OTKJIOHEHNE PACUYETHBIX W CTATUCTHYECKNX 3HAUE-
HUi), HAIpUMEp 10 (hbopMysIaMm

me(t) = ap+ (1 —ag)e trE=2000) (3.15)
mr(t) = 1—az(t—2000)2br(t=2000) (3.16)
T;t) = ay+(1—ay)(1+t—2000)e 72000 (3717)

B srux ypaBHeHusix ycsoBust HopMmupoBku 7gp(2000) =
m7(2000) = 77(2000) = 1 cobmonaiorcst apromarndeckn. PparmeHt
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KOJIa JIJIl BBIUUCJICHUs TapaMeTpoB (yHKuuu 7g(t) npeacraBieH
HIXKeE.

IToaronka mHAEKCA OTHOCUTEJIBHBIX I1eH T g (1)
dyukuueii (3.15)

%% Toxgromka piE mozmemsio x(1)+(1-x(1))*exp(-x(2)*(t-2000))
piE=[1 0.84442 0.76610 0.72863 0.68475 0.69651 0.67010];
t=[2000 2001 2002 2003 2004 2005 2006] ;

tm2000=t-2000;

ydata=piE;1b=[0 -inf]; ub=[inf inf];

[xE resnorm]= lsqcurvefit(@funE, [0 0],tm2000,ydata,lb,ub)
piEestim=funE(xE, tm2000) ;

figure
plot(t,piE,’ob’,t,piEestim,’r-’, ’Marker’,’s’)
title (’piE’)

function piX=funE(x,xdata)

piX=x(1) + (1-x(1))*exp(-x(2)*xdata);

%okl PesympTaT, oTob6paxaeMiil B KOMAaHIHOM OKHE hhh
>>
xE =
0.6684 0.6142
resnorm =
4.2293e-004

HeobxonuMmblit Koz i1 BBIYHUC/EHUAS IapaMeTpoB (YHKINit
mr(t), my(t) Jserko HamEcaTb [0 AHAJOIMH, YTO HAYHHAIONIEMY
nonb3oBarenio MATLAB pekoMeHayeTcs cheaaTb CaMOCTOATEIbHO.
Hmxe npespcraBiieH KOJ, COOTBETCTBYIOIINX 3TOMY KOJy BCIOMOTa-
TeJIbHBIX QyHKIMI Ha ga3biKe MATLAB.
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- B - Satistic data
0.95¢ —o— Fitted data | ]

0.97

0.85}

0.8

'2000 2001 2002 2003 2004 2005 2006

Puc. 3.2. Iloaronka oTHOCHTEILHON IIEHBI TR MO JaHHBIM Tabs. 3.1

Bcniomorarenpubie pyHKIIUMN A1 OIEHKN WHIEKCOB
OTHOCHUTEJIBHBIX II€H HAa UMIIOPT 7; U HA UWHBECTUIIUU T j

b

function piX=funI(x,xdata)

piX=1-x(1) *xdata.*xdata.*exp(-x(2)*xdata);% x(1)>0

b

function piX=funJ(x,xdata)

piX=x(1) + (1-x(1))*(1+xdata).*exp(-x(2)*xdata);% x(1)>0
h
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- B - Satistic data
0.9}t o —e— Fitted data | -

0.8

0.7t

0.61

0.57

0.4 ‘ ‘ ‘ ‘ ‘
2000 2001 2002 2003 2004 2005 2006

Puc. 3.3. Iloaronka oTHOCHTEILHON IIEHBI T IO JAHHBIM Tabj. 3.1

PGSYJII)TaTbI IIOJAI'OHKM OTHOCHUTEJIbHbIX IIECH

me(t) = 0.6684 4 0.3316¢0-6142(t-2000) (3.18)

mr(t) = 1—0.0712(t — 2000)2e0-2602(¢-2000) (3.19)

my(t) = 0.811 4 0.189(1 + ¢ — 2000)e~0->276(:=2000) (3 90)
IpeJcTaBIeHbl Ha puc. 3.2 - 3.4.

CpeﬂHee 3Ha4YC€HUEe OTHOUIECHUA o61;eMa I/IHBeCTI/IH‘I/Iﬁ B OCHOBHOI1

karmrasi K cymme BBIT u ummnopra (3.8) ¢ 2001 1. mo 2006 1. ocraercs

npaktuieckn nocrosgHubiM: 0 = 0.1346 £+ 0.0026 (mepsasi mudpa -
cpejlHee 3HAYEHUe, BTopas - CPe/HeKBaIPATUIHOe OTKJIOHEHUE), TaK
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1.05

- B - Satistic data
—o6— Fitted data

0.85 ‘ ‘ ‘ ‘ ‘ )
2000 2001 2002 2003 2004 2005 2006

Puc. 3.4. Ilonronka oTHOCUTEILHON IIEHBI 7 j IO JAHHBIM TabjI. 3.1

qro o € [0.1320,0.1372]. 3uavenne sroit Beamaunel 3a 2000 r., o =
0.1286, 4yTb-4yTh HE YKJIAJBIBAETCSA B ITOT WHTEPBAJ, YTO MOXKHO
00bsicauTh TeMm, ato 2000 r. ere ciejyeT OTHOCUTH K IMEPEXOTHOMY
[IePUOJTy SKOHOMUKH K HOBOHI CTPYKType mocie maedosra 1998 r.

st nepuona ¢ 2001 r. o 2006 r. mosist § sxcropra B BBIT (3.9)
6 = 0.3511 £ 0.0103, a mus nepexomuoro 2000 . § = 0.4406. Eciau
YUUTBIBaTh TOJIbKO Itepuoji BpeMenu ¢ 2001 r. mo 2006 r., nuaTEpBaJI
JUTsT TIOMCKa Hambosee OMU3KOTO K CTATHCTHKE ¢ OyaeT MeHbIIe:
0 € 10.3407,0.3614].

To xe camoe KacaeTcs mmapameTrpa p OTHOIIEHUsS HMIIOPTa K
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ocrarky or BBII, nociie Bbiuera u3 mero obbema sxcnopra (3.10)
¢ 2001 1. mo 2006 1. p = 0.3532 % 0.0264, a Ajs MEPEXOTHOTO st
ycranosyierus ummaopra 2000 r. p = 0.4296. Eciau yIuThIBATD TOJIHKO
nepuoa Bpemenn ¢ 2001 . mo 2006 1., mHTEpBAJ A5 IONCKa Hanbosee
6M3KOr0 K craTucTHKe p MeHblie: p € [0.3268,0.3796].

st TOYHOrO Olpejiesienus MATHAAIATH TapaMeTpPOB MOJIEN
a,b, K(0), u, L(0),7,ag,bg,ar,b(I),az,by,0,0,p MOXKHO HCIOIB3O-
BaTh KOCBEHHBII TIOJIXO, CPABHUBAsI PACCUUTAHHBIE 110 MOJIEJIA SKOHO-
MUKH Poccuu BBIXOIHBIE BPEMEHHBIE Pl €€ IEPEMEHHDBIX C JIOCTYII-
HBIMH CTATUCTUYECKIMU BPEMEHHBIMU PAJAMUI STUX MEPEMEHHBIX JIJTsT
2000 - 2006 rr. Bpemennbie psiibl CIATAIOTCS ITOXOXKUMH, €CJIA OHHU
63k Kak (DYHKIMM BpeMeHU (JIPYIUME CJIOBAME, MEXKJy 3Hade-
HUSIMH BPEMEHHBIX PsIJIOB CyIIECTBYET CH/IbHASI, BO3MOXKHO HEJUHEH-
Hasi, CBs3b). [IOCKOJIbKY JIJIMHBI CTATUCTUYECKUX BPEMEHHBIX DsiJIOB,
KOTOPBIM MBI JIOBEPSIEM, COCTABJISIIOT 3/1€Ch HEOOJIBIIYIO BEJIUYUUHY B
[IeCTh 3HAYEHUU, Mbl He OyJeM 3/1eCh HUCIOJb30BATH UHIEKC I0XO0-
2KECTH, BBEJCHHBIN Ha OCHOBE BEiBJIET-KODMUIIMEHTOB Jjist CpaBHe-
HUsI HeJMHEHHbIX BPEeMEHHBbIX psijioB B [29-31|. Bmecro nero Gymem
ucnosb3oBarh Koadduiuent koppessinuu [Tupcona D(X,Y), koro-
PBIil gABJIAETC MEPO CUJIBI U HAIIPABJICHHOCTH JIMHENHON CBA3U MEXK-
Jly CpPaBHHBAeMbIMU BpeMeHHbIMU Dpsijiamu X, Y, U 1ueM OH OJimke
K eIuHuIe, TeM 0oJjiee CXOXKe IOoBeJeHue 3TuX psagoB. [lpm sTom
CJIYeT YIUTHIBATH, IYTO WHMJIAIUOHHAS COCTABJISIONIAS MOYXKET IIpe-
VBEJIMYUBATL JIMHEMHYIO CBSA3b PSJIOB, MO3TOMY NPU HCIOJIb30Ba-
HUU KO3 UITMEHTa KOPPEJSIUU HY>KHO CPABHUBATH [MOKA3ATEIU B
peaIbHBIX BeJImIuHaX. e/ ImHbI CPABHUBAEMBIX BPEMEHHBIX PSIIOB
PABHBI N, TO UMEEM CJIEIYIOIIee BhIPayKeHue st KO3 puimeHTa Kop-
pessiiium 1Tupcona:

e A g p— (Exn)-(5x) (£9)

n 2 N
nX; X! — <t21 Xt) nY Y, — (tzzl Yt>

,(3.21)
2
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rjie T — 3HaK TPAHCIIOHUPOBAHUSI.

Unpeke Teiia F(X,Y) wusMepsier HecoBHAJEHHE BPEMEHHBIX
psainoB X; u Y; m dyem OJimke OH K HYJIIO, TeM OJinke CpaBHUBa-
emble psaipl [32]. st yaoberBa 1poBejieHus] pacdeToB €O CBEPTKOI
KPUTEPUEB B JaJbHEHIIeM BMeCTO mMHueKca Teiya OymaemM HCIIOJb30-
Bath K03 durment 6imsoctu U(X,Y) =1—- E(X,Y):

> (X —Yp)?
UX,y)=1- | = — (3.22)
PIPGEDI O

t=1 t=1

Yem Bblirie OH (4YeM GJIMzKe OH K €JIMHUIIE), TeM 0oJiee GJIM3KU Psijbl.

[Ipu cpaBHEHNN IKOHOMUYECKUX BPEMEHHBIX PsiJIOB UCIOJIB3YETCS
uHgekc Teiia, a He CpeJHEKBAPATHIECKOE OTKJIOHEHNE. DTO CBsI3a-
HO C T€M, YTO SKOHOMHUYECKNE MAaKPOIIOKA3ATETN MOTYT SKCIIOHEHIIH-
aJIbHO PACTHU, HAIPUMEP, HA PeKuMe COAIAaHCHPOBAHHOIO POCTA, U B
SKOHOMMKE ITOT PEXKUM CUUTAETCS BIIOJHE HOPMAJIBHBIM, XOPOIIUM.

Jljist OIHO3HAYMHOCTH BBIOOPA ONTHUMAJIBLHOIO BAPHAHTA MOXKHO
WCIIOJIb30BATh Ty WM HHYIO CBEPTKY KOI(MDIUIMEHTOB Ou30CcTH
U(X,Y) u xoppessuu D(X,Y'); nanpumep, ecjii HOArOHKA PacdeT-
HBIX M CTATUCTUIECKUX TAHHBIX I BCEX MAKPOIIOKa3aTeseill mMmeer
[IPUMEPHO PABHYIO BaXKHOCTb, MOYKHO MAKCHMHU3UPOBATH CPEIHEreo-
METPUYIECKYIO BeJIUINHY BCEX KOI(PDUIIMEHTOB.

B dopmanbHoii 3amucu

F (@) — max, (3.23)
acA
IJIe MHOKECTBO TIAPAMETPOB 33/JaHO HA TAPAJIIETIETIUIIE e

A = {@eRV:a; <a;<af,1<i< N}, (3.24)

a (PYHKIIMOHAJ IIPEJICTABIISIET CODOI CPETHEreOMETPUIECKOE BCeX KPH-
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TepueB OJIM30CTU U KOPPEJISIIUN:

F = = [][Di@U;@). (3.25)
j=1

3jecb M - YUCJIO MAKpOIIOKa3aTeJeil; j - HOMEP MaKpOIIOKa3aTeJs,
j=1....m.

[Ipu sToM 11pu 1Iepebope CeayeT pacCMaTPpUBaTh TOJIBKO T€ BapU-
AHTDHI 3HAYEHUI [TAPAMETPOB, IIPU KOTOPBIX KoddduimenTs! 61u30cTH
U KOPPEJISIUU BbINE€ HEKOTOPBIX 33 AHHBIX IOJIOXKUTEJHHBIX BEJIHU-
IMH; HAIPUMED, B HAIEM CJIyYIae MOYKHO UCIOJb30BATD OTPAHUICHUST
D; >0.7,U; >085, rne j=1,...,m.

B mepBom npubsimkeHun mpu Onpee/ieHHN IapaMeTPOB MOIEIN
MOKHO JIJIsl TAPAMETPOB 7, 0, p B3ATb UX CPEJIHUE 3HAYECHUSI U UCIIOJIb-
30BaTh BbIpakernus (3.14), (3.18)-(3.20) jyist 3a/jaHUs BHEIIHUX BEJIH-
ann L(t), mg(t), 77(t), 7 (t). Torma BMecTo nsiTHAAIATH HEOLPE IE/ICH-
HBIX [APAMETPOB OCTAHETCsI TOJIBKO 4erbipe, a,b, K(0), p, Koropbie
MOYKHO HANTH TPOCTBIM TEePebOPOM.

[Tocsie orpenesieHust 3TUX YETHIPEX MTAPAMETPOB [IJIsi YTOUYHEHUS
perrreHns 3a/1a91 UIeHTUMUKAIINT MOXKHO BEPHYTHCS K TEPBOHATATb-
HOIl TIOCTAHOBKE 3aJa9l, COCTOSINEHl B OIPEIEJICHUN USTHAJIATA
MapaMeTpOB, WHTEPBAJILI M3MEHEHUST KOTOPBIX MOXKHO 33JIaTh Kak
HEOOJIBIIINE OTKJIOHEHUSI OT PEIIeHUsi YIPOIIEeHHON 3ajadn. Haum-
HaomeMy Ioyb3oBaTeato MATLAB, nocsiie m3ydeHusi YUCJIECHHON pe-
aJIM3aIy 381290 UICHTU(DUKAIIMK JIJI 9eThIpEX IIapaMeTpoB, Oyjer
[IOJIE3HO HAINCATH MaPAJIEJbHYIO IPOrPAMMY JIJIsi IEPBOHAYAJIBHON
3a/Ia7N B KAYeCTBE YIPAYKHEHWsI, BLIOPAB MO TPU-YETHIPE TOUKH HA
UHTEpBaJie M3MEHEHUsI KayKJIOI0 UCKOMOT'O IapaMeTpa.

B cay4ae cloxKHBIX MOJIENIEH, COMEPAKAIITUK TECATKA U COTHU HEM3-
BECTHBIX IAPAMETPOB MOXKHO HCIIOJB30BATH JEKOMIIO3UIIAIO MOJIEJIN
Ha OTIEJbHBIC OJIOKH, 3aaBasi BHENTHUE JJIsT OJI0Ka TePEMEHHBIE Bpe-
MEHHBIMU DPsJIAMHU, B3SITBIMU U3 CTATUCTUYECKUX JAHHBIX, a [PU UX
OTCYTCTBUM — U3 JAHHBIX, TMOJYIEHHBIX TIPH pacdeTe ApyTux OJOKOB
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MOJEJIN. Takoit IIOAXOI JaCT BOBMO2KHOCTDL 3a pa3yMHO€ BPEMA OlIpe-
JeJINTh HE3aBHUCUMDbIE ITapaMeTpPhbl 6J1aro;Lap5{ IIapaJijieJIbHbBIM BBIYIHC-
JICHUAM JIJIA Hepe60pa IHapaMeTPpOB MO/I€/IN Ha 3aJJaHHbIX HHTEPBaJlax
X UMSMEHeHMA.

3.2 YwucaeHHas peaJjmu3aiusd 3a/1a4U UAeHTUDUKAITAN

CoXKHBIE MaTeMaTHIeCKIEe MOJIEN SKOHOMUIECKAX CHCTEM, KaK
[IPaBUJIO, PACCYUTBIBAIOT 110 YHUCJIEHHOI CXeMe C TUCKPETHBIM BpeMe-
meM. IlockobKy Halma 3ajada — IOKa3aTh OCHOBHBIE TPOOJIEMBI U
[yTA WX PENIeHUsI B OOIIEM CJIyuae, Mbl U JIJIsi pacdera Halleil mpo-
creiimreit Mojiesin Oy/ileM IPUMEHSTh JIUCKPETHYIO cxeMy. Bosee Toro,
J1J11 IPOCTOTHI U3JI02KEHUS MBI ITIAl' 110 BDEMEHU IIPUMEM PaBHBIM €/11-
uune. Torya ypasaenue (3.3) B JUCKPETHOM BHJIE BBIMVISIAT TAK:

Kt+1 = (1 - /,L)Kt + Jt7 KO = Kg (326)

3/ecb JMCKpETHBIE MOMeHT Bpemern t = (0 COOTBETCTBYeT
2000 1., Bemmumna K paBHa WCKOMOMY HAYaJbHOMY 3aIlacy
KaluTajga, a IapaMerp [, €CJId OH IIOJIOKUTEJIEH, OIIpeJesisdeT
JIOJTII0 aMOPTU3UPYEMOI0 B TeUeHHME IoJa KalluTaj a. 3aMeTHM, UTO
€JIMHUYHBII IIar 10 BpeMeHU yjo0eH i CpaBHEHUS pacCyu-
TBIBAEMbBIX MO MOJEIN TOKazaTeleil ¢ WX CTATUCTHIECKUMHU AHAJIO-
ramu, mpejcTaBjeHHbIMU B Tabs1. 3.1.

st ocTa/IbHBIX YpaBHEHWI JUCKPETHAs U HEIPEPLIBHAS 3aIIUCH
COBIAJAIOT (JIsi OTM4msi JBYX (DOPM 3alMCH Mbl B JMCKDPETHOMN
3allICH MOMEHT BPEMEHM YKAa3bIBaeM C IIOMOIIBIO HUXKHETO WHJIEKCA,
a 4YNC/IeHHble 3HAYeHWs Ha4YaJbHBIX JAHHBIX IIOMeYaeM BepxXHel
3Be3104Koil). [IpocThie ajsrebpandeckue npeobpa3oBaHust ypaBHEHUIT
(3.4) - (3.20) nmaror BbIpakeHHe BCeX MaKpoOIOKasaresieii mpocreiiiieii
MOJEeJ B MOMEHT BpeMmeHu t — skcnopra F;, mmmopra [;, mHBec-
THUIUI B OCHOBHO KanuTaJ J;, 6ajJaHCcupyoleil BeTHInHbI KOHETHOI'O
noTpebJIeHUST JTOMAIITHIX XO3SHCTB U IIPABUTEILCTBEHHBIX OPTraHU3a-
it Q¢ — KakK BEJUYNH, MPOIOPIINOHAIBLHBIX BAJTOBOMY BHYTPEHHEMY
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OPOJAYKTY (BBIMYCKY) Y; U JIEJIEHHBIX HAa COOTBETCTBYIOIINE UHJIEKCHI
OTHOCHUTEJIbHBIX TIEH.

5 = 2, (3.27)

o= PR (3.25)
o(1 1-9))Y;

g = (+pr£, DY (3.29)

Qi = ((1-0)(1+p(1-8)— o)V (330)

LISt TTOJIOXKUTETBHOCTH BEJTMIUHBL (), B KOTOPYIO BKJIFOYEHO KO-
HEYHOE TIOTpeb/IeHre, TPEOYETCsi BBIIOJHEHUE YCJIOBUST TIPOJTY KTUBHO-
CTH CHACTEMBI.

o

15— 7
1+p(1—-0)

> 0. (3.31)

Ornocurenbusie uHjekces! nen B (3.27) - (3.30) ompenesnsiorces
coornomernusmu (3.18) - (3.20).

Temneps Jy1st yuporeHust paboThl ¢ MOJEJIbIO IiepeiiieM B BbIparke-
HUSIX Uit TpyJda Ly, kanurana K w BbIycKa Y; K OTHOCHTEJIBHBIM
BestmIuHaM l¢, Ky, 1y COOTBETCTBEHHO:

Ly Ky Yy
i =—kt = —,yt = —. 3.32
t Lo’ t Ko,yt Y, ( )

HauasbHble 3HAUeHUs] BCEX 9TUX BEJMYUH DABHBI eIUHUIE: [o =

ko = yo = 1. Torga (3.1) u (3.32) nator

w = |l + (1= 0k " (3.33)

s (3.14), (3.26), (3.32) oy«
L, = et Iy=1, (3.34)
ke = (1= ke 4+ %, ko = 1. (3.35)

t
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B (3.34) v =0.01124. B (3.35) BBeeHbl 0603HaUEHNST

B=oc(l+p(l-09)), (3.36)
7l =a’ + (1 -a’)1 + t)e_th, T =1, (3.37)

rie a’ = 0.811, b7 = 0.5276.

Harma ocrHoBHas 3amada — momodpaTh TAKON BPEMEHHOW DIl JI/Tst
KalluTaja, KOTOPbI HAWIYYIIUM OOpa30M NPHOINKAET BpPEMEHHbBIE
PAMBI IS MaKpOIoKazaTesell, PACCINTAHHDIX MO MOJETH, K UX CTa-
THCTUIECKUM aHAJIOTaM, IPEJICTaBJIeHHBIM B Tabur. 3.1, oIToMy dmc-
JIEHHYIO Peasin3alinio uieHTuduKanny (HaX0XKIeHUsl BHEIHUX Iapa-
METpPOB) MOJEIM Mbl U HAYMHAEM C BAPHAHTA C HAUMEHBIIUM YHC-
JIOM TIapaMeTpoB. MBI IpeAmnosaraeM, 9To mpeICTABIeHHbIE HIKE T1a-
pamerpnl dukcupoBaubl: Ly = 64.84, Yy = 7305.6, v = 0.01124,
p=0.3532, § = 0.3511, ¢ = 0.1346,a” = 0.811, b’ = 0.5276. Torxa,
B coorBercrun ¢ (3.36) 4 = 0.1569.

Urak, nmeem coornomenusi mozenn (3.33)-(3.35), koropele mpu
KaXKJI0M 3aJaHHOM HaDOpe IapaMeTpoB a,b, i, & C IOMOIIBIO BHIPaA-
skennit (3.32)-(3.35) u (3.27)-(3.30) maroT HCKOMBIE BPEMEHHBIE Dsi/Ibl
Makponokazareneir Yy, Ly, Ky, I, Q¢, Jy, By. s cpaBruenust 6jmm3ocTu
PACUETHBIX BPEMEHHBIX DsiJIOB YKA3aHHBIX MAaKpOIIOKa3aTejeil ¢ mx
CTATUCTUIECKUMHI AHAJOTAMU HAJIO BBIMUCIUTL KPUTEPUH KOPPEJIs-
muu (3.21) n 6msoctu (3.22) a1 BblycKa, TOTpeO/IeHNs], HHBECTH-
Ui, SKCIOPTa U UMIIOPTa - Yz, Q¢, Ji, B, Iy - 3a mepuox 2001-2006 rr.
U BBIUUC/IUTH CBEPTKY 3TUX Kpurepues (3.25).

Bosmoxnubiit mHTEpBa WM3MEHEHHsI OINEHUBAEMBIX TTAPAMETPOB:
a € (0,1), b € (-1,2), p € (-0.2,0.1), « € (0,3). s nounc-
Ka [apaMeTPOB C MOMOIIBIO APAJIIE/IbHBIX BBIYUC/IEHUN HAJI0 B3SThH
CeTKY TIO KaXK/IOMY U3 WHTEPBAJIOB, YCTPOUTDH MepebOp BCEX BO3MOZK-
HBIX COYETaHUil, pacuapasje/iMTh ITOT epedbop Ha JOCTYIHOE UUC-
J10 TIporieccopoB. Ha KasKIoM u3 mporeccopoB OTOPOCHTH BAPUAHTHI,
B KOTODPBIX KO3(MD@MUIMEHTHI KOPPEIAuu U OJU30CTH HE IIPEBBIIIa-
0T 0.4. Cpeqin ocTaBIUXCS BAPUAHTOB BHIOPATH BAPUAHT C HAMOOJIb-

87



mieii cepTkoii (3.25), coBOKyIHbIM Kpurepuem F'(&), OTIpaBuThH €ro
HOMED IIPOIECCOPY-MACTEPY, BLIYUC/IUTHL CaMbIil OOJIBIION KpuTepuit
CPe TOJIYYEHHBIX HaubOJIBIIMX Y HPOIECCOPOB-pabounX, a 3aTeM
JUIST TIOJIy 9eHHOTO ONTUMAJIBHOTO BapUaHTa PACCIATATH BCE BPEMEH-
Hble psijbl Makpolokaszareseii mojean no dopmynam (3.27)-(3.30),
(3.32)-(3.35), BBIBeCTH BCe rpaduKi, CPABHUBAIOIINE PACUET CO CTa-
tuctukoit. Cxema aJropuTMma IpUBEICHa HIKE.

Cxema ajropurma

1. B mumkae mo cerkaMm [Jjisi MHTEPBAJIOB 3aIaHNS IIapaMeTpPOB
3aJIAI0TCsl MX 3HAYEHUs] Yepe3 PABHBIA MHTEPBAJ (9TU IUKJIBI
¥ HAJO pacHapaslIe/IuTh I Pacdera pa3HbIX TPyl HAOOPOB
napaMeTpoB B IIapaJijIeJIbHBIX MIpolleccax, UIAYIINX Ha PasHbIX
nporeccopax MHOTOIPOIECCOPHON BBbIYUCIATEIbHON CUCTEMbI
WJIA PA3HBIX SJIPaX MHOTOSJIEPHON CHCTEMBI).

2. Jljst Kaxk7a0ro HabOpa MapaMeTpPOB PACCUNTHIBAIOTCS BPEMEH-
HbIe psiJibl Bcex Makponokazareneir L, Y, I, Q, J, E.

3. st KaxK10ro MakpoliokasaTesis, y4acTBYIOIIEero B CpaBHEHUN
pacUYeTHLIX W CTATUCTUYECKUX JAHHBIX, PACCUYUTHIBAIOTCS
kpurepnn (3.21)-(3.22) 6mmsoctn U u koppessiiun D mex ity
pPAaCYETHBIMA U CTATUCTHUYECKUMU BPEMEHHBIMU psJaMU Ha
npomexkyTke BpemeHu 2001-2006 rr., jyis KOTOpOro, Kak Mbl
[IPEJIIIoJIaraeM, CIPABE/JINBbI BbIJIBUHYTbIE HAMU TUIIOTE3BI O
nocrosiHHOCTH joJeit (3.8)-(3.10).

4. PaccunrbiBaeM cBepTKy kpurepues (3.25).

5. B kaxKk10M Iporiecce orpeje/sieM JIydinuii Homep Habopa napa-
MeTpoB 10 Kpurepuio (3.23).

6. Ha mpomecce-macrepe BuIiOMpaeM JIydminii HOMEp U3 JIydIInX,
[TOJIyYEHHBIX OT PabodmX IPOIECcCoB. PaccuumThiBaeM U pac-
revaThiBaeM JjIs HETO BpPeMeHHbIEe PIbl BCeX IOoKazaTesell u
3HAYEHUsI BCEX KPUTEPHUEB.
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3.2.1 JluctuHru nporpamMmm

OumcaHHblii aJICOPUTM HJIeHTUMDUKAIUNA JUHAMAYECKON CUCTEMbI
peaIn30BaH B BHJIe OCHOBHOI'O (aiijia creHapusi, B KOTOPOM IIPOMCXO-
AT WHANAAJIN3AINS TIepEeMEeHHBIX, [ePBUYHAsT CTATUCTUIECKAS
[IOArOHKa JAHHBIX M KJACTEpHO dvacTu, Habopa m-daiiios,
HCIIOJTHSIEMBIX Ha KJIACTepe.

OcHoBHOIT m-(aiij, BLIIOJIHAEMBIN Ha KJIacTepe, COCTOUT U3 TPex
JIOrMYeCKUX OJIOKOB:

1. Mnunmanuszanusi ceTKu Jyis KaxkJaoro pabodero mporecca (cM.
KO/ Ha si3bike MATLAB Huxe).

Nuaunmannsamnusi ceTKu

slice=(0.9-0.1)/numlabs; % y9acTOK LIA KaXIOTO
% pabodero yHuKaIEH
al=0.1+(labindex-1)*slice;% Ha9amo oTpe3Ka
a2=0.1+labindex*slice; % ¥ KOHel| OoTpe3ka
% mna Kaxmoro pabouero
% TaKxXe YHUKaJbHH
for a = linspace(al,a2,slice) % BepxHUI LUKI
indexl=index1+1;

2. HemocpenacTBeHHO BJIOXKEHHBIN IHMKJ, B KOTOPOM IIPOUCXOINT
BBIUUC/ICHUE 3HAYeHUs IesieBoil dbyHkimn F (cM. HUKe KOJ| Ha

s3pike MATLAB).
OcHOBHOIT BJIO>KE€HHBINA TUKJI
for a = linspace(al,a2,slice)
indexl=index1+1;
index2=0;

for b = linspace(-0.9,-0.6,n)
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index2=index2+1;
index3=0;
for alphaa=linspace(0.04,0.9,N)
KO=Y0/alphaa;
index3=index3+1;
index4=0;
for muu= linspace(-0.2,0.05,N)
index4=index4+1;
[Yestim Kestim]=...
forecastYK(Y0, KO, YO, KO, LO, a,...
b, 1, alphaa, muu,...
betaa, Lestim, piJestim);
Jestim = betaa * Yestim ./ piJestim’;
Eestim = deltaa * Yestim ./ piEestim’;
Iestim = rho * (1 - deltaa) *...
Yestim ./ pilestim’;
((1-sigmaa) * (1 + rhox*...
(1-deltaa))- deltaa) * Yestim;
Ycor=pearson(Y’,Yestim) ;
Yomt=omth (Y’ ,Yestim) ;
Jcor=pearson(J’,Jestim);
Jomt=omth(J’,Jestim) ;
Yres=[Ycor Yomt Jcor Jomt];
if sum(Yres<0.4)>=1
F(index1,index2,index3,index4)=-1;
else

Qestim

F(index1,index2,index3,index4)=. ..
geomean (Yres) ;
end
end
end
end
end
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BayTpn nukJsia mponcxoauT BbI30B BCIIOMOTATEILHBIX (DYHKIINT
(byskrmit qyis pactera Koaddurmenta 61M30CTH O HHIEKCY
Teitna, woaddunuenta xkoppesnsiuu [lupcona u mnporaosa
BBIIyCKA W KallUTaja [0 YPABHEHHAM MOJEJN), KOTODBIE
JOCTYIIHBI KaXXKJIOMy pabodeMy IpPOIeccy, B CHJIy TOIO €TO
IUIAHUPOBIUK aBTOMATHYECKU JOCTABJISET U PACIAKOBBLIBAET
UX B KaXKI0if ceccnu pabodero mporecca. Kom 9Tux BCIOMOTa-
TeJIbHBIX QyHKIUI Ha s3bike MATLAB mipejicTaB/ieH HUXKE.

PyuKInsa 6Ju30CcTU paAa0B 1o nHAeKcy Teiina

function omth=omth(x,y)

% omth = One minus Theil’s index
numerator=sum((x-y)."2);
denominator=sum(x."2)+sum(y."2);
omth=1-sqrt (numerator/denominator) ;

Dyuknus koppeasinuu [Iupcona

function pearson=pearson(x,y)

n=numel (x) ;

numerator=n*(sum(x.*y))- sum(x)*sum(y);

denominator= sqrt((n*sum(x."2)-sum(x)~2)*. ..
(n*xsum(y.~2)-sum(y)~2));

pearson=numerator/denominator;

DyHKIUS NIPOTHO3a BBINYCKA W KalnuTajla

function [Y K]=forecastYK(Yt, Kt, YO, KO, LO,...
a, b, ¢, alphaa, muu, betaa, L, PiJ)
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if length(L)==length(PiJ)
N=length(L) ;
else
warning(’In function forecastYK
time-series L and PiJ have
different lengthes’)
end
1=L/L0;
y=zeros(N,1); Y=zeros(N,1);
k=zeros(N,1); K=zeros(N,1);
y(1)=Yt/Y0; k(1)=Kt/KO; % Yt, Kt for forecast
for i=2:N
k(i)=(1-muu)*k(i-1)+alphaa*betaa*xy(i-1)/PiJ(i-1);
% to avoid 1/0 error

%  Cobb-Douglas production function
y(i) = (Q(@)~a) * (k(i)~(1-a));
else
% CES production function geterogenity c
y(1)=(a*1 (i)~ (-b)+(1-a)*xk(i)~(-b))~(-c/b);
end
end
Y=y*Y0; K=k*KO;

. Ounanuzaius — STOT Al PEAJM30BAH B BUJE HEDOIBIIIOTO
ydacTKa Koj/ia, B KOTOPOM BCe pabovue HPOIECChl OTIPABIISIOT

CBOU pac4deTHble JaHHbIE, MaKCHUMaJIbHOE€ 3Ha4YC€HHE HeJIeBOfI

byukiuun F u 3HadYeHHsS IApaMeTPOB, HA KOTOPBIX 3TO
3HaYeHne JOCTUTHYTO, mpoleccy-macrepy. Ha mociemnem

IIPOUCXOIUT BbI60p MaKCUMaJIBHOT'O U3 IIPUCTaHHBIX 3Ha‘leHHI71,

YTO M dBJIdEeTCAd KOHEYHBbIM DPE3YyJIbTaTOM, — T.€. BBIXO/HBIM

3HaveHreM (DyHKImU (CM. Koj Ha si3bike MATLAB HI/DKe).
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PuHaIN3aIMS
(Macrep BbIGUpaeT HanGoOJIbIIIEE 3HAYEHUE)

OptimMatrix=...
[FFoptim aoptim boptim alphaaoptim KO muuoptim];
if labindex “=1 Y, oTmpaBnsieM mepBoMy worker (MacTepy)
for otherLab=2:numlabs
labSend (OptimMatrix,1);
% 1- momep (ID macTepa)
end
OptimParams=0;
% mepeMennas OptimParams 6yzeT oTaw¥aTbCs
% OT HyNs TONBKO y MacTepa
else I, MacTep IpuHUMAET NaHHHE
for otherLab=2:numlabs
OptimMatrixGet=labReceive (otherLab)
OptimMatrix=[0OptimMatrix;OptimMatrixGet];
end

%BHOUpaeM Hawbonbliee 3HadYeHHE HO F
[FFoptim I]=max(OptimMatrix(:,1));
OptimRow=0ptimMatrix(I,:);% BexTOp ComepXamuii
%OITUMaNbHbE IapaMeTpH
% VHunmamusupyeM CTPYKTYpPy, KOoTopas OyZeT
% SBIATHCS BHXOLHEM 3HAYCHHEM
% OptimParams oTawdyHA OT Hyis TONBKO y MacTepa
OptimParams.FFoptim=0ptimRow (1) ;
OptimParams.aoptim=0OptimRow(2) ;
OptimParams.boptim=0ptimRow(3) ;
OptimParams.alphaaoptim=0ptimRow (4) ;
OptimParams.K0=0ptimRow(5) ;
OptimParams.muuoptim=0ptimRow (6) ;

end
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Hekoropeie BcriomoraresibHbie (DYHKIINU, BBEJECHHBIE DaHEE, WC-
[IOJIL3YIOTCH B IUKJIE Tlepedopa BAPUAHTOB BMECTO BCTPOEHHBIX (DyHK-
nnii MATLAB, 9T00bI yCKOpHUTDH pacdeT. Berpoennbre dyakiun MATLAB
(manpumep, kodddunuent roppessimun  [Iupcona  corr(x’,y?)),
VI0OHO WCIIOJIb30BaTh B IOCIEIOBATEIbHBIX YACTAX ITPOIPAMMEBL,
€CJIN HYKHO TOJCYUTATL JONOJHUTEIbHbIE XaPAKTEPUCTUKH CPaB-
HUBAEMbBIX BPEMEHHDLIX PsI0B. B dacTsax mporpaMMbl, KOTOPbIE
00pabarhiBalOTCd  OOJIBIIOE KOJUYIECTBO pa3, MOJIOTOBKA OBICTPO
HCITOJTHSIEMOTO KOJIA JTA€T CYIIECTBEHHBIN BBLIUTPLIIT BO BPEMEHH.

N3 koma i OCHOBHOT'O BJIOZKEHHOT'O IIUKJIA BUJHO, 9TO KOI(D-
durmenTs 6JIM30CTH U TOXOYKECTH PACIETHBIX U CTATUCTHIECKUX Bpe-
MEHHBIX PsJIOB HCIIOJIB3YIOTCS B CBEPTKE KPUTEPHUEB U CaMU 10 cebe
TOJIBKO JIjIS JIBYX MAKPOIIOKA3aTesell, BLIPAYKEHHBIX B IOCTOSHHDBIX
nenax 2000 r.: BAJIOBOro BHYyTPEHHEro mnpojykra Y (t) u mHBeCTUIMi
B OCHOBHOjI Kamutas J(t). DTo CHOBa c/eaHO Jisi yCKODEHUsI
pacdera ImapajuleJIbHON YacTu MpOrpaMMbl. 37eCh YUTeH TOT (DaKT,
9TO0 OJIU30CTH PACUYETHBIX U CTATUCTUYECKUX PSIJIOB JIJIsi OCTAJIBHBIX
okazaTeseil 00ecreunBaeTCsi aBTOMATUYIECKA B CHJLYy COOTHOIIEHUI
(3.27)-(3.30), ecam GuIM3KH pacUeTHBIE U CTATUCTUYECKHE BPEMEHHBIE
psJIbl JUIst Makporokasaresst Y (t).

B kome na aspike MATLAB (m—(bafmax) JIJIA  UHUUAJIU3AIANA
U OCHOBHOTO BJIOXKEHHOT'O IIMKJIa IPUBEJEH IMPUMED paclapaJ-
JIeJIMBAHUS TOJILKO CAMOT'O BepxHero mukJia. MoKHo pacnmapasieanTsb
u OOJIbIlIee YUCJIO NUKJIOB, HAIIPUMED OOBEIANHUB 3TU IUKJILI B OIUH
[UKJI U pacnapaJsileSinB MOCJIeIHIH 10 TPUBEIEHHON BBIIIE CXEME.

Haumuarormuit moab3oBaTtensb MATLAB MOXKeT MpomeaTh TaKoe
yIpaXKHEeHne Ha paclapaJjuiejiiBaHue — OObeIMHEHNe HECKOJIbKUX
[IUKJIOB B OJINH U pa3bueHue obIIero mMuK/a Ha IOPIUHU JIJIs UCIIOJIb3ye-
MbBIX TapaJJIeIbHO MPOIECCOB — CAMOCTOSTEIBHO, €CIU JIjId pacdeTa
381291 UJIEHTU(DUKAINY [TaPAMETPOB MATEMATUIECKON MOJIEN CJI0XK-
HOI CHCTEMBI Y HETO €CTh BO3MOXKHOCTH MCITOJIB30BATH MHOI'OIIPOIIEC-
COPHYIO TeXHUKY, HAIIPUMeP KJIACTEPHBIN CyNEePKOMITBLIOTED, C IUCIOM
IIPOIIECCOPOB, UCUUCISIONMNXCS JTeCATKAMY WA COTHIMH.
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3.2.2 PesyabraTrbl njeHTUUKAIAA MOJAEINA, UX
rpaduvdeckKoe mnpejicTaBJIEHUE

Pesynbrarel npeHTUUKAIIMA MOJEJHM IIPEICTaBJIEHbI B I'padu-
9ecKOM BHJIe Ha puc. 3.9 - 3.7, rie JaHO CpaBHEHUE PACCUUTAHHBIX I10
MOJIEJIN U CTATUCTUIECKAX BPEMEHHBIX PSJIOB JJIsi MAKPOIIOKa3aTe e
skoHOMUKN Poccumn.

1.5 ‘ ‘ 7000 ‘ ‘
2000 2002 2004 2006 2000 2002 2004 2006

Puc. 3.5. Hdaunsle ;s xammrana K(t), paccunranHble Ha OCHOBe
mogesn (Kestim), u nannble Jyist Beiycka Y (t), paccuuTaHHble 110
mozesu (Yestim) u crarucrudeckue (Y stat)

B pesynbrare naentudukaimn Moje i SKOHOMUKE Poccun mosry-
YeHa ONTHMAaJbHasl B CMbICsIe cBepTKH (3.25) Kpurepues 61M30CTH U
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Puc. 3.6. McTopuueckue JaHHble U JaHHbLIE, pACCUATAHHBIE HA OCHOBE
mogtestn, juist umnopra (Istat, Iestim) u sxkcuopra (Estat, Eestim))

KOPPEJISIIUK CPaBHUBAEMbIX Makpornokasaresneil Y (t) u J(t) onenka
ee mapamerpoB a = 0.84, b = —0.78, 4 = —0.175, o = 0.41. Ha
OCHOBe 3TuX IapamerpoB u3 (3.36) onpeseseHo HaYAIbHOE 3HAUEHUE
s kammrana Ko = Yp/a = 17819 wupa. py6 2000 r., 1o
ypaBrenuio (3.26) BocCTaHOBJIEH BpeMEHHOiT psiyt Jyist Kamntasa K (1),
a ¢ nomomipio ypasrenuii (3.1), (3.27)-(3.30) BoccraHOBIIEHBI Bpe-
MEHHBIE PsijIbl PACCMATPUBAEMBIX B MOJIEJIM MaKpOIOKasaTesel st
BBII Y (t), uuBecrnnmit J(t), norpebiennss Q(t), mmuopra I(t) u
skcropra E(t).

[Ipescrasiennslii Ha puc. 3.5 KanuTas siBjsiercs: 3GQEeKTUBHBIM
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Puc. 3.7. VicTropuieckue JaHHbIE U JaHHBIE, PACCUNTAHHBIE HA OCHOBE
MOJIeJIH, Il MHBeCTUIMii B OocHOBHOI Karmras (Jstat, Jestim) u
norpebnenus: (Qstat, Qestim)

KAIIUTAJIOM, PeaJibHO HCIOJIB3YeMbIM B rpou3BojictBe. OH ObLT 110-
JIyIEH TIPU WUISHTUDUKAINNA pPACCMOTPEHHONW 3/1eCh MOJENN KO-
HOMUKH. DPDEKTUBHBIN KaluTajg OTIMIAETCH OT 3HadeHus, (Gop-
MaJIbHO PACCUYUTBIBAEMOIO0 CTATUCTUYECKMME OpraHaMU Ha OCHOBE
MHOTOKPATHBIX HEPEOIEHOK B YCJIOBHUSAX OIPOMHO#N MHQJISIMU CTOU-
MOCTH CYIIECTBYIOIIUX TPOU3BOICTBEHHBIX (DOHJIOB.

Kak panee y»ke yImOMUHAJIOCH, OTPUIIATEILHOE 3HAYMEHHUE I1apa-
MeTpa [t O3HAYAET, UYTO KAIUTAJ IIPUPACTAET C OOJIBIINEN CKOPOCTHIO,
TeM 9TO OOYCJIOBICHO MHBECTUIIMSIMHE, 38 CUET BOBJEUEHUST B MPOIECC
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[POU3BOJICTBA [IPOCTANBABIIETNO PaHee KAnUTala ([IPOU3BOJICTBEHHBIX
dongos). Ho sToT mporecc BOBjI€UEHUs] HE MOXKET IPOJIOJIZKATHCS
JIOJITO, TIOCKOJIBKY 00'bEM HEUCIIOJIB3YEMOr0 B IIPOIECCE TPOU3BOICTBA
KaluTaJsa, JOCTABIIETOCS COBPEMEHHON SKOHOMHUKE OT COBETCKUX Bpe-
MEH, OI'DAHUYIEH.

Onenum Bpemsi T ¢ 2000 r., 3a xKoTOpOE OyJET BOBJIEUEH BECH
HEUCITOJIb3YeMbIIl [0 KOHIIA 3TOTO roja KanurTaj. BymeM ucxomuTb
U3 CJIEJLYIONIMX [IPABIONOA00HBIX Hpenoioxkenuii: (1) o6bemM HOBBIX
WHBECTHUIIAI COBIIAIAET ¢ 00bEMOM KaIUTaJIa, BBIOLIBAIOIIETO BCJIEI-
crBre (BU3MIECKOrO U MOPATBHOIO M3HOCA; (2) 3a BECh MPOIECC BO-
BJIEUEHUST KAIMTAJ MOXKET BBIPACTU B YEThIPE pa3a B CPABHEHUU C €0
nauasibHbIM ypoBHeM B 2000 r. Torja obiree Bpemst mporiecca BOBJIe-
4yeHns craporo Kamnurasia ucreder depes T = (1/|u|)in(Kr/Ky) =
In(4)/0.175 ~ 8 ner mocsie 2000 r., T.e. B 2008 1. UCUYEPIAETCS JIUMUAT
BOBJIEUEHUSI ITPOCTANBABIINX TPOU3BOJACTBEHHBIX (POHIOB.

Ipyrast npobjieMa, CBsi3aHHAs C BOBJIEYEHUEM CTAPBIX MTPOU3BOJI-
CTBEHHBIX (DOHJIOB, COCTOUT B TOM, YTO OHU UPE3BBIYANHO U3HOIIECHBI.
DT0 03HAUAET, YTO MIOCJIE€ BOBJIEUEHUsT BCEI'O CTAPOT0 KAITATAJIA, TEMITBI
busnIecKoil Aerpagaun ero J10Jroe BpeMst MOTyT ObITh UYPe3BbIIaiiHO
BEJIMKH, I0KA CUJILHO H3HOIIEHHBIN KAUTAJI He Oymner 3aMeHeH Ha
HOBBII KaluTaJj, UAYIIAHA OT HOBBIX UHBECTUIIUNA.

Ha puc. 3.6 - 3.7 mpencTaB/ieHbI CTATUCTUIECKNE U PACCINTAHHBIE
10 MOJIEJIN BPEMEHHBIE PsAIbI MAKPOIIOKa3aTe e, XapaKTePU3yIoNnuX
CTPYKTYPY HCIIOJB30BaHUS PEAJLHOTO BaJOBOTO BHYTPEHHETO IIPO-
naykra B rienax 2000 r. (sxcriopra E(t), nmmnopra I (t), unsecruiuit J ()
u norpebsernst Q(t)). B 2000-2006 rr. Bce paccMOTPEHHBIE MAKpO-
nokasaresu pactyrt (cm. puc. 3.5 - 3.7). IloBenenne sTux mokasareseit
nocsze 2006 I. MOXKHO OIIEHUTD, 3a/1aB CIEHAPUHU OyIyIIero pa3BUTHUSI.

3.3 Cuenapnble pacyeTbl C MOJEJIBIO

B CIIeHapHbIX pac4deTaX ¢ MOAECJIBIO ITPOrHO3 N3MEHEHN A BHEIITHUX
mapaMeTpoB MOJE/JIN 3a/aeTCd CHEHaApPpUEM. By,ZLGIVI cauTaTrb, 4YTO HUH-
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JIEKCHI OTHOCUTEIBHBIX TIEH BO BCEX PACCMATPUBAEMBIX CIIEHAPUAX 3a-
naubl Gyskimsvu (3.18)-(3.20), rak 9ro Mbl umeeM puc. 3.8 - 3.10.

T
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0.85¢

0.8 ‘ ‘ ‘
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Puc. 3.8. 3ajaHHblii MHIEKC OTHOCUTEJLHBIX 1I€H HA UHBECTUIUHU B
OCHOBHOI1 KarmraJ 7y (t)

3.3.1 DBa3zoBblil, OH Ke IIeCCUMUCTUYEeCKNil ClieHapuii

OO6BIYHO B KavdecTBe 6A30BOTO CIEHAPUST PA3BUTHSI SKOHOMUKH
paccMaTpUBaIOT TaKOil clieHapuil, B KOTOPOM Ha IIPOTI'HO3HBII IEePUO/T
BPEMEHU IIPEJIIOJIaraloT MPOJAO/IKEeHNEe TEHJEHIINH, BBISBJIEHHBIX 34
[IEPUOJ] BDEMEHHU, Ha KOTOPOM OIIEeHUBAJIACh MoJiesih. OIHAKO B HAIIIEM
cllyqae TaK CIeJaTh HeIb3s, IMOCKOJBKY Ha IPOTHO3HBIA IEPUOT,
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Puc. 3.9. 3ajannblil MHIEKC OTHOCUTEIBHBIX TI€H Ha SKCIOPT 7 g (1)

Bpemenun ¢ 2007 r. mo 2020 r. MO MHEHWIO MHOTHX 3SKOHOMUCTOB
BBIIIOJIHAIOTCS CJIEAYIONINE YCIOBUSI.

1. Wcrounuk BOBI€UEHHUs IIPON3BOACTBEHHBIX (DOHIOB U3 HACEI-
CTBAa, JIOCTABIIEIOCSI OT COBETCKUX BPEMEH, BOT-BOT OyieT Hc-
JepIaH.

2. ITpoussoacTeennbie (OHILI, HCHOJL3yeMble B IPOU3BOJICTEHE,
CUJILHO M3HOIIEHBLI — JI0JIs IPOM3BOJCTBEHHBLIX (DOHJIOB, KOTO-
pble CKOPO BBLIIYT U3 CTPOs U KOTOPBIE HOITOMY HAJI0 CPOTHO
MeHSITh, B GOJILIIMHCTBE OTpacJieil HApOJHOrO XO3AHCTBa Ipe-
Boicmta H0%.
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Puc. 3.10. Bajanublii MHIEKC OTHOCUTEIBHBIX IIeH Ha uMIopT 77(t)

3. Ilpupoct 4wncia 3aHATBIX B SKOHOMUKE, HADJIIOJABIIUICST B
[IEPUOJ, OIEHKHU, B IIPOTHO3HBIN IEPHUOJT, IPAKTUIECKH HEBO3MO-
2K€H, TaK KaK HAYHET CKA3BIBATHLCS JIeMOIPAUIecKuil KPU3UC,
B KoTOphIil Poccust monasta B Havatse 90-x rr. XX B.

ITosTomy 6azoBBIil BapuaHT MPOrHO3a OKA3BIBAETCI MMECCUMHUCTUIEC-
KHM.

Bagaaum 6a30Bblii crienapuit poruosa ¢ 2007 1. 1o 2020 1. (oH ke
[EeCCUMUCTUYECKUIT) CJICYIONMMU YCIOBUSAME, HAKJIABIBAEMBIME Ha
BHEIITHUE TTapaMeTPhl MOJIEIN:
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Puc. 3.11. Hannsle mis kamnrana K (t) (6asosblii crienapmii)

1. Cumraem, 49ro mapamerpol a,b,a,d,0,p OCTAIOTCS TOCTOSH-
HBIMU, [IPUHAMAIOIIMME OIpeJe/IeHHbIE paHee 3HAYEHUS JIJIst
2000-2006 rr.: a = 0.84,b = —0.78,a« = 0.41,6 = 0.3511,0 =
0.1346, p = 0.3532, Tax aTo = 0.1569.

2. ITapameTp p pe3KO MeHsieT CBOe 3HAUEHWe W SKOHOMUYECKUIA
cvbica ¢ 2009 o p = —0.175 < 0 mo 2008 1., a HaYMHAsA C
2009 T. OH CTAHOBHUTCs MOJOXKUTEIbHBIM [ = off = Jo/Ky =
0.0678 m os3HaAUaeT TEMII BBIOBITHSI MOIIHOCTEH BCJEICTBUE
u3Hoca. IIpenmnonaraeM, 9T0 KCTOYHHUK, U3 KOTOPOIO B IIPOU3-
BOJICTBO BOBJIEKAJINCH OECILIATHBIE MPOU3BOICTBEHHBIE (POH/IDI,
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Puc. 3.12. TIporuos no 6a30B0My (LIECCUMUCTHYIECKOMY) CLIEHADHIO
nmnopra I (t) u sxcropra E(t)

K Havgary 2009 r. uccakuer. Kanuran MeHseTcd B CHIy ypaBHe-
Hust (3.26) WM B OTHOCUTEIBHBIX BEJIMIMHAX B CHJLY YDABHEHUS
(3.37), HO | B HEUX 3aBHCUT OT BPEMEHH t.

3. CumraeM, 9T0 00BEM HCIOJB3YEMOI'O B IPOU3BOJCTBE TPYIA
10 2008 r. Bo3pacTaer B cuiy coorHortenust (3.14), nocruraer
MakcuMmabHoro 3uavenust Lg = 70.94 mH. gemoBek B 2008 1.
I JaJiee He MEHSeTCs” .

4. VI3meHeHne OTHOCUTEJBHBIX IeH 3ajaercst dyHkiusMu (3.18)-
(3.20), uneHTHhUIMPOBAHHBIME [0 CTATUCTHYECKUM JIAHHBIM
aiist iepuogia 2000-2006 rr.

5. Bbliyck BaJIOBOrO BHYTPEHHEro IpOAyKTa Y () paccauThiBacM
II0 OHOPOIHOI (PYHKIMH C IIOCTOSHHOI 3JIACTHYHOCTBIO 3aMe-
menust (3.1). Makponokasaresn — unsecrunun J(t), skcrmopr

5Mo3KHO OBLITO ObI B IECCHMUCTUIECKOM CIIEHADHH 33,1aTh NIa[eHIe TCJIa
3aHATHIX, HO OYJIEM CYUTATH, 9TO YJIydllIeHIe KaUeCTBa TPYIa (1eI0BEYeCKO-
ro kanurajia [33]) Bce-Taku komeHcupyer geMorpadbudeckuil cua.
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E(t) n mmuopr I(t) — oupenensiem Gsarogapst COOTHOIIEHNSIM
(3.11)-(3.13), a norpebienne Q(t) — U3 OCHOBHOIO MAKPOIKO-
HOMUIYECKOro Oasamca (3.5).

Ha puc. 3.11 nokazan rpaduk sddexrusnoro ramurana K (t).
Buano, aro, maunnas ¢ 2009 r., KanuTa He PacTeT, a JIerpaaupyer.
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Puc. 3.13. IIporuos no 6a3oBoMy (II€CCUMUCTHYECKOMY) CIIEHAPUIO
qresa 3aHAThIX L(t) U BAJIOBOro BHYTpeHHero npojykra Y ()

Ha puc. 3.12 - 3.14 nokazana quHaMuKa MaKpoIoKa3areyeil poc-
cuiicKoil SKOHOMUKH 115t 6a30BOro clieHapust. Bujso, uro Tpyy L(t),
HayuHag ¢ 2009 r., He Bo3pacTaeT, a OCTaJIbHbIE MaKPOIIOKA3aTeIn —
unsecrunun J(t), sxcrnopr E(t), umuopt I(t) u norpebsenue Q(t) —
[aJIAI0T, BCJIe]] 3a BhIyckoM Y (1).

[TeccumucTuveckuii crieHapUil IPELyIPEXRIAET, I9TO OYJIET ¢ Ha-
MU, C Halllel 9KOHOMUKOM, €C/II He IIPEIIPUHUMATh HUKAKUX YCUIUNA
K MEPEXOIY OT CJIOYKUBIIIEHCS] SKOHOMUYECKON CTPYKTYPBHI — C JIOMU-
HUPOBAHUEM CBIPHEBOTO CEKTOPa, OBICTPBIM PA3BUTHEM YKCIIOPTHO-
UMIIOPTHBIX YCJIYT B TOPOJAX-MUJUIMOHEPAX, OTCTaBaHUEM Iepepa-
OaTBIBAIOIIUX CEKTOPOB U JEIPECCUBHLIM COCTOSHHEM OOJIBINIMHCTBA
PErnoHOB — K HOBOl, MHHOBAIIMOHHON CTPYKTYype KOHOMUKU, K IIe-
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Puc. 3.14. IIporuos 1o 6a30BoMy (IIECCUMUCTUYIECKOMY ) CIIEHAPUIO
JJTsl MHBECTHUINiT B OCHOBHOM KanuTas J(t) u norpebierns (Q(t)

Pexoy, KOTOPBIN TPEOYET MOCTOAHHBIX YCUINNH BCETO POCCUIICKOTO 00-
IIIeCTBA.

3.3.2 OnrumMmucTuvdeckuili creHapuii

OOBIYHO B KAIECTBE ONTUMUCTUIECKOTO CIIEHAPHS pacCMaTpuUBa-
IOT TaKO# creHapuil, B KOTOPOM MOJE/IbL OCTAaeTCsd TOH Ke CaMOW, a
HEKOTOPbIE MMapaMeTPbl MEHSIOTCs. JIjIs MCIo/Ib30BaBIIeiicss MOAe N
MOXKHO OBIJIO OBl IIPEIOJIOXKHUTD, YTO UCTOYHUK OECIIATHBIX IPO-
M3BOJCTBEHHBIX (DOHIOB OCTAHETCS BCErJA W PACCIUTATH MaHUJIOB-
ckuil poruo3. PeasmcTuyHblil onTuMuCTHYECKUN CIieHapuil Tpedyer
HeOOJIBIION TTePeCTPORKHN MOEN, BepHee, NAeHTH(MUKAIINN ee IO Ha-
6opy Jpyrux mnapamerpos.

B omnrtumucrudeckoMm crienapun mporuosa ¢ 2007 1. mo 2020 .
IIpeAroJaraeM BbIIOJHEHHBIMU CJICAYIOINEe YCAOBUA.

1. Pocr pOCCHfICKOﬁ 9KOHOMMKMN HJET HE CTOJIBKO 3a CYET BOBJIE-

YeHUsT CTAPBIX (POHIOB, CKOJIBKO 33 CUeT WHHOBAIUN, HAYIHO-
TEXHUIECKOTO Iporpecca. B pamMKax MOJIeJId 9TO O3HAYAET, UTO
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3.15. CpaBHeHue CTaTUCTHYECKUX JJAHHLIX C PACYETOM IIO

OIITUMUCTUYIECKOMY CHEHAapHUIO Ha HHTEPBaJi€ OIEHKU [JIsd UMIIOPpTa

I(t) u sxcnopra E(t)

MBI IM€EEM BO3PACTAIONIYIO OTIAYY Ha UCIOJIL3YeMbIe IIPOU3BOI-
crBeHHble (DAKTOPBI. 3HAYUT HAJ0 BMECTO coorTHolreHus (3.1)
IJIsl IPOU3BOACTBEHHON (DYyHKINU HCIOJL30BATH OJHOPOIHYIO
crernenu ¢ > 1 Mpou3BOACTBEHHYIO (PYHKITUIO C IIOCTOSTHHON /18~
CTUYHOCTBIO 3aMEIICHH:

L)\~
To

_c
b

—-b
Kt
+(1—-a) K(t) (3.38)
Ko
Ho takoe nsmenenue ue JaeT BO3MOZ2KHOCTHU OJHO3HAYHO Hai-
TH IIapaMeTpPbl MOJEJH, JaIoIue Jydllee 3HaUYCHUEe KPUTepUst
6mmzoctu (3.25). HyKHO j1esiarh JOMOJHUTEIBHbBIE TPEIOJIO-

ZKeHUd.

IIycts mapameTp BBIOBITUS U3HOIIEHHBIX 3P PHEKTUBHBIX TPOU3-
BOJICTBEHHBIX (DOHJIOB OIPEJE/ISeTCs] COOTHOIIEHUEM, TIOJTy YeH-
HBIM IIPU IIPEJIIOJIOXKEHNNA OTCYTCTBUAS IIPUPOCTA KAaIUTaIa B
6azosom 2000 r. — BbIIET U3 yrnorpebsenus (6bLI aMOPTU3NU-
poBaH) Takoil ke 00beM 3(hdEKTUBHBIX MPOU3BOICTBEHHBIX
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3.16. CpaBHeHue CTaTUCTHYECKUX JAHHLIX C PACYETOM IIO

OIITUMUCTUYIECKOMY CIl€HapHUIiO Ha MHTEPpBaJI€ OIEHKUW JJIg I/IHBGCTHU,I/IIZ

B OCHOBHOI{1 Karmras J(t) u norpebiennst Q(t)

dbonos (3ddexTrBHOrO KanuTaia), KAKoil IIOCTYINI BHOBb B
pesyibrare uaBectuimii: 1 = Jo/Ko = af (cm. (3.35)). 3ua-
YUT, /IS ONTUMHCTHYIECKOTO CIIEHAPUS BMECTO BapbUPOBAHUST
10 TapaMeTpy ji NPH HICHTUMHUKAIMT MOJIEIH MOSBUIOCH Ba-
pbupoBanue 110 napamerpy ¢ € (1,6).

CumraeM, 4TO Ka4eCTBO TPyIa B MHHOBAIMOHHON SKOHOMUKE
BO3PACTAET, JI0JIsI KBAJIN(PUIMPOBAHHOrO Tpyaa pacrer. OobeM
HCIOJIL3YEMOI0 TPyIa B Iepecuere Ha IIPOCTOH TPYH MOXKET
YBEIIMINBATHCA JazKe IIPpU CHU2KEHUU YHUCJIa 3aHATBIX. HOSTOMy
cudTaeM, 4YTO TPYI BCE BpeMsl IIPOrHO3a 3SKCIOHEHIUAJILHO
BO3pACTaeT B CHJIy cooTHomenust (3.14).

Tak ke, Kak 1 B 6a30BOM CIIeHAPUH, MBI 3JI€CH IIPE/IOJIAraeM,
9TO M3MEHEHHe OTHOCUTEJIbHBIX II€H 3a BECh IIePHO/] IPOTHO3a
sajaercsa dysknusamu (3.18)-(3.20), mosryYeHHBIMEI ISt IEPHO-
ma 2000-2006 rr. MbI BBIHYKIEHBI CI€IaTh 3TO IIPEIIIO-
JIOZKEHNE, [OCKOJIbKY pacCMarpuBaeMasi MOJE/Ib He OIHCHIBAET
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3.17. CpaBHeHue CTaTUCTUYECKUX JJAHHLIX C PACYETOM IIO

OIITHUMUCTHYECKOMY CIIeHAPDUIO Ha WHTepBaJle OIEHKU JJIsd YHUC/Ia
3aHATHIX L(t) 1 BBIIIyCKa BAJIOBOIO BHYTPEHHEro IpojaykTa Y (1)

SKOHOMUYECKNE MeXaHU3MbI (popmupoBanus IeH. Canrasi, 9TO
TEHJIEHIIUN U3MEHEHUsI WHJEKCOB IIeH COXPAHSIIOTCsS, MbI TE€M
CaMbIM B OITUMUCTUYECKOM CIIEHAPUU IIPEJIIojaraeM, ITo MH-
HOBAITMOHHBIE TTPOIeCcChl B 3KoHOMUKe Hadaauch ¢ 2000 .

Makporiokazarenu Mojean B IOCTOSHHBIX IteHax 2000 1. —
MHBECTUINK B OCHOBHBIE (boubl J(t), skcuopr F(t) 1 uMnopr
I(t) — ompenensiem cornacHo coornomenusM (3.11)-(3.13), a
norpebienne Q(t) — U3 OCHOBHONO MAaKPOIKOHOMUIECKOIO Oa-
nanca (3.5).

Ha puc. 3.15 - 3.17 nokazanbl pe3y/IbTaThbl UACHTUMUKAIIITHT MO-

Jesn

JJIgd OIITUMUCTUYIECCKOI'O CIleHapud — JAWHaAMHKa MaKpPOIIOKa-

3aTesiell POCCUUCKON SKOHOMWKHN HA WHTEpBaje OIeHKU. B pe3yib-

TarTe I/IILeHTI/ICbI/IKa.LI‘I/II/I ImapaMeTpoB [JaHHOT'O BapuaHTa IIOJIYY€HbI

clle/lyIolliie 3HAUYEHUs [1apaMeTpPOB, JIOCTaBJAIONINe MaKCUMYyM KpU-
repuio (3.25): a = 0.9316,b = 0.82,a« = 0.9899, ¢ = 5.0268, Tak uroO

Ko =

7380.4 mupaz. py6 2000 1., 9T0 cocTaB/IgeT IyTh MeHee IOJIOBUHBI

OT 3HaYCHHA HATAJIBHOI'O KalluTaJla B IIECCUMUCTUYICCKOM CII€HAapHn.
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Puc. 3.18. IunavMuka KanuTajaa B ONTUMUCTHYECKOM CIIEHAPUU

Ha pumc. 3.18 moxkasama mguHamuka wun3MeHeHHs 3(DEPHEKTUBHOTO
KaIlTaJIa B ONTUMUCTUIECKOM clieHapuu. Kanurasr sKCIoHeHITHATIBHO
BO3PACTAET BCE BPEMHI.

[Iporuos jist OCTAIBHBIX MaKpOIOKa3aTeseil SKOHOMUKHN Poccun
[0 ONTUMHUCTUYIECKOMY CIIEHAPUIO MoKa3zaH Ha puc. 3.19 - 3.21. U3
puc. 3.18 - 3.21 BujHO, YTO MHBECTUIMU B OCHOBHOII Kamuras J(t),
skcopr E(t), mmunopr I(t) u norpebienne Q(t) pacryr Beiex 3a
BoiryckoM Y (t), tpymom L(t) u kammraisom K (t). Ilpu srom BHAuase
IPOrHO3HOIO TI€pHojia peabHblil obbem mmnopra I(t) e pacrer,
a BCe OCTaJIbHbIE II0KAa3aTeJd, BKJIOYas KOHEYHOe NOoTpebiieHne
Q(t), SKCIOHEHIMAIBLHO pACTYyT BCe BpeMs. Takoe IOBejeHUe

109



8000 16000

- B-|stat
—oe— | forecast

- B -E stat
7000 14000 | —e— E forecast

6000 12000

5000 10000
8000
6000

4000
3

1 2
0020000 2005 2010 2015 2020 002%00 2005 2010 2015 2020

Puc. 3.19. IIporuos 1o onTuMUCTHIECKOMY CIIEHAPHUIO U UCTOPUIECKUE
JaHHble i uMnopra [ (t) u skcriopra E(t)

MMIIOpTa OOYCJIOBJIEHO IIOBEIEHHEM HHIEKCA OTHOCHUTEIbHON IIE€HbI
Ha UMIOPT 77(t), KOTOPBIi HA [IPOIHO3HOM IIEPHOJIEe yBEIMINBACTCS
(cm. pue. 3.10) B COOTBETCTBUM C HAIIUM [PEJIIOJOKEHUEM O
Bugie dbyHkmu s sroro unjekca (3.16). HyxHo mmerb BBuiy,
9TO 9TO IPEIIOJIOKEHNE JOBOJBHO IIPOU3BOJILHO. MOXKHO OBLIO
OBl TPEINOJIOKNATh HAIIPUMEDP, YTO WHIEKC OTHOCHTENbHBIX IIEH Ha
AMIIOPT OyIeT W Jajbllle IaJaTh, KAaK OH I1aJaJ paHee, HO TOIJA OH
CHUBMJICS OBl IPAKTHIECKH 0 HYJIS.

Brosiee BO3MOXKHO, 9TO IIPOIIECC TIEPEX0Ia K NHHOBAIIMOHHOMN KO-
HOMUKE YK€ HadJaJiCsl, IIOCKOJIbKY C TOr'O yPOBHSI, HA KOTOPOM HaxoO-
JmTest 6osbllas 4acTh 9KOHOMUKHU Poccuu, korna 6osiee 60% nacelie-
HUs B TVIyOHMHKE YKHBET 3a CYET HATYPAJHLHOTO XO3AMCTBA B YCIOBUAX
6e310p0XKbsI — TO CAEIATH HETPYIHO: Iy Th-IyTh TOMOYb C JIOPOTAMH,
¢ apyrumu nadpacTpyKrypamu (IpeoCcTaBuTh OeCIUIATHBIN JIOCTYII B
WurepHer, HAIIpUMED), — 1 JIEJIO CIABUHETCS ¢ MepTBOii Touku. Tpy/iHee
cleIaTh TOT IIPOIECC HeOOPATUMBIM. A TYT elre MHOI'O IIPEICTOUT
cIenaTh, KaK, BIPOYeM, U JJIsI IIOCTPOEHUsT O60JIee COBEPITEHHBIX MO-
Jeneit SKOHOMUKH.

110



x10* Q

-8 -Qstat
—e— Q forecast

6000

-8 -Jstat
—e—J forecast

5000

4000

0.5

20000 2005 2010 2015 2020 20000 2005 2010 2015 2020

Puc. 3.20. [Iporuos 1o onTuMUCTHIECKOMY CIIEHAPHUIO U UCTOPUIECKUE
JIAHHbIE JiyIsi  MHBECTUIMI B OCHOBHOW Kamutas J(t) wu s
norpebsienust Q(t)

3.3.3 CpaBHeHUe, BBIBObI

Chenyer MOIIEPKHYTb, YTO K IOJYYEHHBIM Pe3yJIbTaTaM
CJIeJlyeT OTHOCUTLCST OCTOPOXKHO. MBI paccMOTpesn TOTHKO SKOHOMET-
pUuYecKuili BapuaHT HPOCTEHUIIed AUHAMUYECKON MOJIe/Ib SKOHOMUKU
coBpemennoit Poccun. Hasznadenune takoro BapuanTa MOJIEINA — CJIy-
KUTh WUIIOCTpAIMeil JJisi TeX WIM WHBIX Ipenookenuii. Bo-
jiee TayOboOKme pe3y/abTaThl MOXKHO IOJYYHTbL C IIOMOIIBIO OoJiee
OPOJBUHYTHIX Mogeseil (cMm., nampumep, [35]), B KOTOPBIX ONUCHI-
BalOTCS SKOHOMUYECKNE MEXaHU3MBbI, IIO3BOJIAIONINE CJIeJIAHHbBIE 3/1eCh
[PEJINOJIOKEHNs] TI0JIyaTh BHYTPH MOJIEIN (IHIOTEHHO).

OcHoBHAS 11eJIb B PACCMOTPEHUN IIPOCTEAIIEH MOIEIN SKOHOMUKHI
3aKJ/I0Yajgach B TOM, YTO OHA JIaeT BO3MOXKHOCTH Ha 0003PHUMOM
MaTrepuaje IPOAEMOHCTPUPOBATH BCe T€ TPYIHOCTH, C KOTOPBHIMU
CTaJIKABAIOTCA HUCCJIEJIOBaTe/ M, CTPOdIe W 3IKCILUIyaTUPYIOIue
HOBbIE MaTeMaTU4YeCKHue MOJIeIN, U MOKA3bIBaeT IIYTHU PelleHus ITUX
pobJieM ¢ IIOMOIIBIO HOBBIX MPOrPAMMHBIX TexHosioruii MATLAB Ha
COBPEMEHHOI BBICOKOIIPOU3BOJAUTEJILHON TEXHUKE.
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Puc. 3.21. IIporuos 1o onTUMICTHYECKOMY CLEHAPHIO U HCTOPHYECKHE
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Puc. 3.22. Onenka ob6beMa KaluTajaa B POCCUICKONR SKOHOMUKE
(pasi4Hble ClieHApUH)
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SaKJII0OUeHne

Jlamaas paboTa sIBIsI€TCsI MEPBON IOMBITKON OIMCAHUS IapaJi-
senpHOro mporpammupoBanust B cucreme MATLAB. Tosisierue Ho-
BBIX APXUTEKTYPHBIX PEIIEHU: MHOTOSIIEPHBIX ILJ1AT(OPM, — ITOIBUT-
myso cozmareneii cucrembl MATLAB u npyrux cucreM yjaensTh 60J1b-
e BHUMAHHUS [aPAJLICJIbHBIM ACIEeKTaM BBIUUC/IEHU, YTO BJedeT
ObIcTphle X n3MeHeHusi. COOTBETCTBEHHO yBEJUYIUBAIOTCS MOTEHITH-
aJIbHBbIE BO3MOXKHOCTH HCIIOJIb30BAHUS TaPAJIIeIbHBIX BBIYUC/ICHUI B
PA3JIMYHBIX MPUKJIAIHBIX 007acTsX. Vcxo/ist u3 UMEIONUXCs TeHICH-
[, aBTOPBI HACTOAIIEN MOHOTpadUH IJIAHUPYIOT €€ MOAN(MUKAIIAIO
KaK I y9IeTa ObICTPOTO Pa3BUTUS TEXHOJOTMIECKUX BO3MOXKHOCTEI
cucrembl MATLAB B obiacTu mapaJuteIbHBIX BBIYUCICHWIA, TaK U
JUIsl ydera ObICTPOIO pacIIUpeHusi OOJIACTH KCIIOJIH30BaHUS I1apaJi-
JIEJIbHBIX BBIMHUCJICHUH.

Kpome Toro, B KaxKJioM U3 pa3jiesioB OCTAJINCH HEPACCMOTPEHHBI-
MU MHTEPECHBbIE U BayKHbIE BOIPOCHL. B 1epBoM pasjiesie He ObLI pac-
CMOTPEHBI TaKN€ BOIIPOCHI, KaK:

e pabota ¢ mpou3BOIbHON peanuzarmeit MPI,
e pabora MATLAB c cymecrByoomuM cucreMaM OYepeiei.

Bo BropoM pazzeite He 6611 pacCMOTPEH BOIIPOC, CBA3AHHLIIA ¢ pac-
HpeJie/IeHHbIM XPaHeHHeM UCXOAHbBIX JAHHBIX HEeKO BbIYUCIUTEebHOI
3aj1a4u (B TOM CJIydae, ecjid pa3Mep UCXOJHBIX JIAHHBIX He [O3BOJIseT
XPaHUTb ee Ha paboveil CTaHIUN).
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B rtperbem pasjiesie He 3aTPOHYTHI BBIMUCIUTENLHBIE 3a/IadM,
CBSI3aHHBIE C TPOCTPAHCTBEHHO-PACIPEIEICHHON 9KOIOT0-9KOHOMMU-
YECKOH CHCTEMOH, B KOTOPOW MOI'YT HCIIOJIb30BATHCS HE TOJIBKO
MPOCTPAHCTBEHHO-PACIIPEICIEHHBIE  TAHHBIC, HO W OTIMIAIONIHECS
MOJICJIA JIJISI SKOJIOTMYECKOI'0 M SKOHOMHYECKOro OJI0KOB. B Takmx
3aJ/ladax IPUMEHEHHE IapasuleJIbHBIX BBIMUC/IEHUN CYyIIeCTBEHHO,
9TU BBITHCJIEHUS TPEOYIOT MPOBEICHNST OMHOTUMHBIX BBIUUCICHUN B
OIPOMHOM HYHUCJI€ TPOCTPAHCTBEHHO-PACIIPEIEJIEHHBIX TOUEK.

Ermme omamm THmOM 3a/a9 IS TPUIOXKEHUS MapasIebHBIX Bbi-
YUCJIEHUIl ABJIAIOTCS 381891 HEJMHENHO! MaTeMaTHIeCKOl SKOHOMHU-
KU, BKJIIOYAIONINE MOUCK perenust AU epeHimaabubIX ypaBHeHn
C YACTHBIMH IPOMU3BOJHBIMHU. ODTH 3aJIa4d U METOJIbl HUX DelleHHs
MOXOYKN HA COOTBETCTBYIONINE 3TN MATEeMATHIeCKON (DU3NKU, u
IpHUMeEp TaKoil 3a/a4n HyKHO OyJIeT PACCMOTPETb.

OTH 1 HEKOTOPBIE APYTHE BOIPOCH IJIAHUPYETCST OCBETUTD B CJIe-
JIYTOIIEM M3/IAHWH.

Jlydime npuMeneHus: NMapaulebHBIX BBIYUCIEHUN B MOJEJINPO-
BaHUN SKOHOMHUKN PACIITUPSIIOT BO3MOXKHOCTH PA3pPabOTIMKOB MOJIE-
sieii. [losiBuiiach BO3MOYKHOCTb UJEHTH(MUIMPOBATL BHEIIHHE I1apa-
METPBI CJIOKHBIX HOPMATHBHBIX OATAHCOBBIX TUHAMUIECKUX MOJIEIeit
9KOHOMHYECKUX cucTeM. MOxKHO uIeHTHhHUINPOBATL —CJIOYKHBIE,
MPOCTPAHCTBEHHO-PACIIPEICIEHHBIE MOJIETN YKOJIOTO-9KOHOMUIECKUX
CHCTEM, HYTOOBI HCCJIEJOBAThL HA HHUX IIOCJIEJCTBUS HM3MEHEHUsI
KJIUMATa Ha TMPOTEKAHNE IKOHOMHUIECKUX U IKOJOTUICCKUX
IPOIECCOB B PAa3/IMYHBIX PermoHax M crpaHax. Jjas srToro pas-
pabaThIBAIOTCS  CIIEIUATBHBIE KPUTEPUH OJM30CTH W TIOXOXKECTH
JUIsT  CTATUCTUYECKUX U PACCUUTAHHBIX 110 MOJEJM BPEMEHHBIX
PSIJIOB  MaKpoOIlOKasaTesefl H3ydaeMOil SKOHOMHYECKOH CHCTEeMbI
crpanbl wim  peruoHa [34]|, upumensitorcss uHGOPMAIMOHHbIE
TEXHOJIOTHMHM CO3J[AHUSI MAaTeMaTUYeCKUX Mofesieil ¢ IOMOIIBIO
cucrembl  OKOMO/l g  yMeHbIIEHUsT YHUCTa  HE3ABUCUMBIX
BHEIIIHUX I1aPaMEeTPOB, COBEPIIEHCTBYIOTCS METOJbI IJI00aIbHOMN
ONITMMMU3AIINN, COKpaIaonme Bpems pacdera. llocrpoenne cre-
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[UAJILHON 9KOHOMETPUUIECKON MOJIE/TH YIIPOIIAET U3JIOXKEHUE.

[Tpu m3yuennu paccmorpennoit B paszm. 111 mpocroit skonomerpu-
YeCKOIl MOJIe/In COBPpEMEHHO# 9KOHOMUKHN Poccuu 1oty dyeHbl HHTEpec-
Hble pe3ysabrarhl. llosiydena orneHka BeUYIUHLI 3PHEKTUBHOTO Ka-
[HTAJIA M €ro JIMHAMUKH JIsl PA3JIMUHBIX CIEHAPUEB Pa3BUTHUs (CM.
puc. 3.22). UarepecHo To, 4TO mapamerp [, CPEIHUil TeMIl BbIObITHSI
CTapbIX IPOU3BOACTBEHHBIX (DOHIOB, B 6A30BOM CIIEHAPUU IPUHIMAET
oTpuriaTesbHoe 3Hadenue, 1 < 0. B pamkax paccmoTpeHHoil Momean
9TO O03HAYAET, UYTO YaCTh JOCTABIIMXCA OT COBETCKOIO BpPEMEHHU
[IPOM3BOJICTBEHHBIX (DOHJIOB BOBJIEKAETCSA B IIPOIECC IIPOM3BOICTBA C
OOJIBIITIM TEMIIOM, YeM aMOPTU3UPYIOTCS ITPOU3BOICTBEHHDBIE (DOHIHI,
y2Ke BOBJIEUEHHBIE B IIPOIECC Mpou3BojcTBa. Ho Takoit mporecc He
MOXKET IIPOIOJIZKATHCsT OeCKOHETHO j10r0. OObeM HEHCIIOJIb3YeMbIX
dOHIOB COKPAIIAETCS, U HACTYIIUT MOMEHT, KO8 O0JIbIIle He BHINOIHO
OyeT BOBJIEKATH B IPOIECC MIPOU3BOJICTBA CTapble, MOCTABIINECS C
coBeTckux BpemeHn doujbl. PocT TpymoBeix pecypcos mocie 2008 .
TaKKe He MOXKET IIPOI0JIKATHCA M3-38 JAeMOrpadHUIecKuX IIPOOJIEM.
9710 omnuchiBaeT 0A30BBIA MECCUMUCTUYECKHUI CIieHApUil OyyIiero
pa3BUTHS SKOHOMUKHU Poccuu Ha OCHOBE CJIOXKHMBIIMXCS B HEH KO-
HOMUYIECKUX CTPYKTYP.

PaccMoTrpen 1 onTuMucTHYECKUi ClieHAPUil, B KOTOPOM ITPEIIoia-
raercs, 4TO yKe HAYAJICsId POCT IKOHOMHUKHU 38 CUeT HHHOBAIUI.
B Mozenu 310 BbIpakaeTcs B IHOBBIINIEHHON OT/Iade OT BJIOXKEHHBIX
[IPOU3BOJICTBEHHBIX (DAKTOPOB. B MHHOBAIIMOHHON IKOHOMUKE TPV
VBEJIMYUBAET CBOE Ka4deCcTBO, II09TOMY MOXKHO CYHTATh, HUTO
KOJIMIECTBO IIPOCTOTO TPYAA, YIUTHIBAEMOIO B IIPOU3BOICTBEHHOM
GYHKIIUN B KadecTBe OJHOrO u3 (PaKTOPOB, BO3pACTaeT HaykKe IIPHU
YMEHBIIEHUN YHC/Ia 3aHATBIX. XOTeJI0Ch Obl HAJIEeAThCS Ha JIydIlee,
HO TakKme BBIBOIBI JeIaTh IpexkaeBpeMeHHO. st GoJsiee IMOJHOTO
ydera IIPOIECCOB, IIPOUCXOIAIINX B peaIbHOI SKOHOMUKE, U 11151 DoJjiee
000CHOBAHHBIX PEKOMEHIAIINI JINIAM, IIPUHUMAIOIITUM PEIIeHUsT, HAJI0
CTPOUTH M HUCCIEI0BATH 00JIee CJIOXKHBIE MOJEH CUCTEMHOIO aHAJII3a,
pa3BHUBAIOIIEHCS SKOHOMUKH [35].
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Muorue, 1oka He HOJJIAIONIAECS PENIEHUIO 3aJ[aUH MaTeMaTHIe-
CKOM ¥ TIPUKJIATHOM SKOHOMUKHU MOTYT OBITH PEITeHbl Garomapst mc-
[OJIL30BAHUIO COBPEMEHHBIX CYIIEPKOMIIBIOTEPOB, TaK K€ KaK U CJI0XK-
Hble MaremMarudeckue 3agaqdu |36].

Hano sameruTh, UTO 3HaUnTedbHasds dacThb Koma MATLAB, ot-
BEYAIOIEro 3a 3allyCK I[POIECCOB C IOMOIIBIO ILUIAHUPOBIIUKA,
HammcaHa Ha sa3bike Java. Hapsiay ¢ TakuM TpemMyInecTBOM, Kak
KPOCCILIAT(MOPMEHHOCTD, 3TOT A3BIK 00J18/1aeT CYIIECTBEHHBIM HeI0C-
TATKOM — HHU3KOH CKOPOCTBIO PEATM30BAHHOTO MPOTPAMMHOTO KOJA.
Ho pasBurne MHOrOsIIEpHBIX APXUTEKTYD B CKOPOM OyJLyIleM IpHBe-
JIET K TOMY, 9TO 9TOT HEJOCTATOK CTAHET HECYIIECTBEHHBIM.

Wcnonp3oBanne BLICOKOIIPOM3BOIUTENbHBIX BBIMACIEHUN PaCIIU-
psieT 00JIaCTb MPUMEHEHUsT U UCCIETOBAHUS JJIT MATEMATHICCKUX Me-
TozioB. Tak, 3HaYNTEIHLHOE yBeJIHMYEeHUue CKOPOCTU OIEHKHU IapaMer-
POB MATEMATHYIECKON MOJEN CIOXKHOM CHCTEMBI MOXKHO JTOCTHYb 38
cYeT NPUMEeHEeHUs] HAIIPABJIEHHOI'O 1epebopa, Peajn30BaHHOIO B YUC-
JIEHHBIX MeToJ[axX IIobasbHOl onrumusarmu |37].

Web-crpanudka  JaHHONW  KHATH — HaXOAWTCA 10 QJIPECy:
http://www.ccas.ru/olenev/parmatlab.html.

Hosoctn n manbHeiime mianbl aBTOPOB KHATH MOXKHO Y3HATH TT0
yKa3aHHBIM HI2Ke Web-ajipecaM nx JIOMAITHUX CTPAHUIL.

http://www.ccas.ru/olenev/
http://pechonkin.pochta.ru
http://www.ccas.ru/chernetsov/

3aMedeHHbIe Oll€9aTKH, II02KEe/IaHUusA, KOMMEHTAapUN HpOCb6a
BBICBLJIATH Ha YKa3aHHBIE HUZKE aJipeca SHGKTpOHHOﬁ IIOYTHI, JJid HaC
OHH 6y,ZLYT O4Y€Hb NE€HHBbIMM.

Ouenés Hukosait Hukomaesnu olenev@ccas.ru

[Teuénkun Pycnan BukropoBua  ruslan.pechenkin@mail.ru
Yepuenos Aunapeit Muxaiijiopua chernetsovam@mail.ru
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