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IIpeancaosue

Please write your preface here...

[Turmre Barie npencyioBre 3/1ech... Please write your preface here...Ilumunre Bame mpe-
JIUCJIOBHE 3Jiech... Please write your preface here...Ilumunre Barme rpejuciioBue 3/eCh...
Please write your preface here...Ilummure Bame upeaucioBue 3jech... Please write your
preface here...ITurmure Bate npeuciosue 37ech... Please write your preface here...ITummmre
Ballle mpeaucjioBue 37ech... Please write your preface here...Ilumure Bame mpeauciio-
BHe 371eCh... Please write your preface here...Ilummure Barie npemuciioBue 37ech... Please
write your preface here...Ilumure Barie npejuciioBue 3jech... Please write your preface
here...ITumure Bare npejuciosue 3jech... Please write your preface here...ITumure Bare
[IpEINCIIOBHE 3/1€eCh... Please write your preface here...Ilummure Baie npeaucioBne 3/1ech...
Please write your preface here...Ilumure Bame mpemuciioBue 3jech... Please write your
preface here...ITummure Bate npeuciosue 37ech... Please write your preface here...ITummre
Ballle mpeaucaoBue 3jech... Please write your preface here...Ilummure Barmie mpemuciio-
BHe 3jiech... Please write your preface here...Ilumure Bame npeauciioBue 37ech... Please
write your preface here...Ilummure Bare npejuciioBue 3jech... Please write your preface
here...Ilumure Bare npeauciosue 3jeck... Please write your preface here...Ilumure Bare
[IpEINCIIOBHE 3/1eCh... Please write your preface here...Ilummure Bate npeaucioBue 3/1ech...
Please write your preface here...Ilummure Bame upeaucioBue 3jech... Please write your
preface here...ITumure Bare npeauciiosue 3j1eckh... Please write your preface here...ITumure
Ballle mpeaucaoBue 3jech... Please write your preface here...Ilummure Barie mpemuciio-
BHe 371eCh... Please write your preface here...Ilummure Barie npemuciioBue 37ech... Please
write your preface here...Ilumure Bame npeaucioBue 37ech... Please write your preface
here...ITumure Bare npejuciioue 3j1ech... Please write your preface here...ITumure Bare
IIpe/ICJIOBHE 3/1eCh... Please write your preface here...Ilumure Bae npejuciosue 3/1ech...
Please write your preface here...Ilummure Bame upeaucioBue 3jech... Please write your
preface here...ITurmure Bate npeuciosue 37ech... Please write your preface here...ITumre
Ballle mpeaucjioBre 37ech... Please write your preface here...Ilumure Bame mpeauciio-
BHe 371eCh... Please write your preface here...Ilurmure Bare npemuciioBue 37ech... Please
write your preface here...Ilummure Bare npejuciioBue 3jech... Please write your preface
here...ITumure Bare npejuciioue 3j1ech... Please write your preface here...ITumnure Bare
[IpEINCIIOBHE 3/1eCh... Please write your preface here...Ilummure Baie npeaucioBne 3/1ech...
Please write your preface here...Ilumure Bame mpemuciioBue 3jech... Please write your
preface here...ITurmmure Batme npeuciosue 37ech... Please write your preface here...ITummre
Ballle mpeaucaoBue 3jech... Please write your preface here...Ilummure Barmie mpemuciio-
BHe 3jiech... Please write your preface here...Ilumure Bame npeauciiosue 37ech... Please
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write your preface here...Ilummure Barie npejuciioBue 3jech... Please write your preface
here...Ilumure Bame mnpegucioBue 3jech... Please write your preface here...Ilummunre Ba-
e mpeaucioBue 37ech... Please write your preface here...Ilumure Bare mpemuciioBue
371ech... Please write your preface here...Ilumure Barte npemuciioBue 3/ech... Please write
your preface here...

VIIbsIHOBCK, A. C. Andpees
Nross 2004
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MATEMATUKA

Please write your local preface here...

31ech MOXKHO JIaTh KPATKUil 0030p BKJIIOYEHHBIX CTATell ¢ yKa3aHHEeM, KTO PEKOMEH-
JIOBaJI KaykKJIyI0 CTaThIOo K OIYOJNKOBAHUIO B JAHHOM COOpDHUKE.

MoO>KHO TOMECTUTH KOMMEHTAPHUH K KayKJIOi CTaThe WK MepedeHb BKIIOYEHHBIX CTaTel
(MOXKHO € yKa3aHHeM HOMEpa CTPAHUIBI, [JI¢ HATMHACTCS KazK/as CTAThs).

Tem cambIM 110 KazkJIoMy pa3zjiesly cOopHHKa Oy/IeT IepcoHasibHas OTBETCTBEHHOCTH
JIOKAJIBHOTO peJlakTopa, B To BpeMsa Kak mpod. A.C. AnapeeB ocyIiecTBiseT obiiee pe-
JIAKTUPOBAHME U KOMILJIEKTOBaHME COOPHUKA.

B dynknun jiokabHOTO pegakTopa OyayT BXOIUTh:

— 110/100p PEIEH3EHTOB,

— OpraHm3alldsl IIPOIECCa PEIEeH3UPOBAHUS 1

— OKOHYATEIbHOE KOMILIEKTOBAHIE Pa3/ie/ia U HAIMCAHIE STOTO JIOKAJIHHOTO IIPE/INCIIO-
BUSI.

[Turmure Baile JIOKAJIbHOE MPEIUCIOBUE (K CJEYIONEMY pasjiesy) 3/1ech... [lumure Ba-
1€ JIOKaJIbHOe TIPeICIOBHE (K CIEIYIONeMy pasjiey) 3/ech... [lumunre Baie JOKAIbLHOE
PEeUCIOBHE (K CIIEYIONEMY Pa3Jieny) 3/1eCh...

Eciim vHe HpaBuTcsa Takoe odopMIeHHe 3TUX JIOKAJIbHBIX IPEIUCIOBUI, TO ITOCMOTPHUTE
JIpyToii BapuaHT OOPMJIEHUS, B CJASAYIOMNX Pas3Iesiax:

- «<MATEMATNYECKOE MOJIEJINPOBAHUNE»

- «<MATEMATNYECKOE OBPASOBAHUE»

— «KPATKNE COOBIIEHUNA»

VIIbSTHOBCK, C. II. Muwenxo
Nronws 2004
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MEXAHUKA

Please write your local preface here...

[TummuTre Bate JOKAJILHOE NIPEJAUCIOBHE (K CIEYIOMEMY pa3/iesy) 3/1€ech... [lummre Ba-
1€ JIOKAJIBHOE TIPEJUCIOBHE (K CIIEYIONeMy pas/ery) 3/1ech... [lumure Baiie JoKaabHOe
npeaucsiosue (K CJIEyIONEeMy pasJiely) 3/ech... [lummure Bale JIOKAIbHOE MPEIUCIOBUe
(K cremyrormemMy paszesy) 37ech... [lumunre Bare JIOKAJbHOE TIPEIUCIOBHE (K CIIE/YIO-
MIEMY Pa3JIeny) 3/€Ch... [lummTe Bale JOKAILHOE MPEIUCIOBHE (K CJICIYIOMEMY PasJie-
JIy) 31eCh... Ilummre Baie JIOKAJIbHOE HPEIUCIoBUe (K CJIEYIONEMY pPa3JIesy) 3JeCh...
[TumuTe Bale JIOKAJIBHOE NPEJAUCIOBHE (K CJIEIYIONEeMy pas/ierny) 3/1ech... [lumure Ba-
1€ JIOKAJIBHOE TIPEJUCIOBHE (K CIIEYIONeMy pa3/erty) 3/1ech... [lumure Baiie JoKaabHOe
upe/ucsiosue (K CJIeyIOmeMy pasielty) 3/ech... [lummre Baiie JIOKaIbHOEe IPeIUCIoBUe
(K caemyroreMy paszesy) 37ech... llumure Bare JIOKAJbHOE TIPEIUCIOBHE (K CIIE/YIO-
MIEMY Pa3JIeny) 3/€Ch... [lummre Bale JOKAILHOE TIPEIUCIOBHE (K CJICIYIOMEMY PasJie-
Jy) 37€ech... [lumure Baie JIOKaJbHOE NPEJUCIOBUE (K CIEIYIONEMY DPa3Jeny) 37€eCh...
[Tumure Bale JIOKAJIBHOE NPEJAUCIOBHE (K CJIEIYIONEeMY pa3/erny) 3/1ech... [lumure Ba-
1€ JIOKAJIBHOE TIPEJUCIOBEE (K CIIEYIONeMy pas/ery) 3/1ech... [lumure Baiie JoKaabHOe
upeucsioue (K CJIeYIOMeMy pasielry) 3/ech... [lummre Baie JIOKAIbHOE IPeIUCIoBUe
(K cremyrormemMy paszesy) 37ech... llumunre Bare JIOKAJIbHOE TIPEIUCIOBHE (K CIIE/YIO-
meMy pasjieny) 3/ech... [lumuTe Baie JIOKaJIbHOE TIPEUCIoBre (K CIEIYIOMEMy pas3/ie-
Jy) 37ech... [lumure Baie JIOKaJIbHOE NPEJUCIOBUE (K CIEIYIONEMY DPa3Jeny) 37€eCh...
[TumuTe Bale JIOKAJIBHOE NPEJUCIOBHE (K CJIEIYIONEeMY pa3/eny) 3/1ech... [lumure Ba-
1€ JIOKAJIbHOE TIPEJUCIOBIe (K CIIeyIONeMy pas3/eiy) 3/ech... Ilumure Baiie JOKaabHOe
upe/ucsiosue (K CJIeYIOMeMy pasiesty) 3/ech... [lummre Baie JIOKAIbHOE IPeIUCIoBUe
(K coremyrommeMy pasJiesny) 3/ech...

VIIbsIHOBCK, A. C. Andpees
Nioss 2004
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Awnnorarusi. Cmpamezus pewenus 360a4u 0Uuenky dhdexmusnocmu Kpynmozo npeonpu-
AMUS HACTO 3A6UCUM KAK 0M ONBIMA U CNOCOOHOCMET IKCNEPMa, Mak U 0M UHCTMPYMEH-
MO8, BLIYUCAUMEALHBIT PECYPCO8, HENOCPEICMBENHO JOCMYNHBLL 6 Tode IKcnepmusv. B
OONDWUNHCINGE CAYUAES, CYULLCTNEYIOM HECKOALKO PASAUMHBLT N00T0006, UCNOALIYIOULUL
PABAUNHBIE UHCTPYMEHTBL, HAOOPBL AHHBIT, HOPMYAUPOSKY 36004 IKCNEPMUIbL, KOMO-
pvle MO2AU Ol OBIMD NPUMEHEHDL NPU PEWEHUY 3a4044U. DMaA CMATNDA ONUCHIBAET, NONDLIM -
KY paseums 2ubkyo cpedy IKCNEPMU3b, ¢ NOMOULLIO UHMEZPAUUL IKCNEPMHOT CUCTIEMDL
U CUCTNEMDL NPUHANMUA PEULEHUT HG 0CHOBE MEMOJON02UY MALKUL 6bluucsenut JI. 3ade.



H. I. dpymxkuna, Y. B. Cemymun

1 Bsenenue

Cpemau HOBBIX 3aJad, KOTOpbIE MMOABUJINCH B 3JEKTPOHHOM Om3Hece, oreHKa 3ddek-
TABHOCTHU IIPEANPUATHASA PACCMATPUABACTCA KaK BarKHOE CPEJICTBO YKPEIJICHUA ITO3UIUN
Ou3Heca B COBPEMEHHOM HH/LyCTpHUaJbHOM obInecTBe. B rocresnee pecatuierne MosgBu-
JINCH CIEIUATU3UPOBAHHBIC TPOrPAMMHBIE TTPOJLYKTHI JIJIsi MEHE?KEPOB, KOHCYJIbTAHTOB 1
ayJINTOPOB OU3Heca, TaKne KakK 0a3bl 3HAHMIT; SKCIEPTHBIE CUCTEMbI; NHCTPYMEHTHI aHa-
JIM3a JUHaMMWKMW, OCHOBaHHbIC Ha IIpaBUJIaX; CUCTEMbl IIOAACPZKKHU IIPUHATHA peH.IeHHﬁ;
MHCTPYMEHTHI OIleHKN croumocTu u apyrue |1, 14, 13, 5, 10, 12, 17].

Jlo cux 1mOop CYUTAI0Ch, 9TO COBEPIICHCTBOBAHUE TAKUX HHCTPYMEHTOB 3aK/II0YACTCS
B JIOCTHXKEHUU OOJIbIIIEell TOYHOCTH U JIE€TAJIHHOCTH Ha KaxKJIoM ypoBHe oreHkn. OjHa-
KO, IIPH IKCIEPTU3E KPYIHBIX MPEIIPUITHIl CKa3bIBaeTCA O0Ias CJI0KHOCTH IIPOIECCa.
OT,ILe.HbeIe JIOKaJIbHBbIC YJIYHYIICHUA B OTAEJ/IbHBIX MHCTPYMEHTaX aHaJl3a HE O3Ha4daloT
YBEJIMYEHUS [TPOU3BOUTETHLHOCTA U IPMEKTUBHOCTU OU3HECA, TaK YTO MPOTHBOPEYUST
BCTpevaroTcst (paKTUIeCKN Ha KarKJIOM dTale aHaansa. [[pranna 3ak/modaercs B TOM, 9YTO
pa3IMYIHbIe HHCTPYMEHTHI OCHOBAHBI Ha Pa3/IMYIHbIX IPUHITUIIAX. Bojiee Toro, oHu UCIob-
3YIOT Pa3/IMIHbIe THUITHI JAHHBIX: YeTKUE W HEYETKHE, KaUeCTBEHHbIC U KOJHMYCCTBEHHBIE.
MHOFOO6pa3I/I€‘ UHCTPYMEHTOB, I'eTEPpOI'¢HHOCTh JaHHBIX M MHOI'OTHUIIHOCTD IIOAXO/I0B AB-
JIAIOTCSA TPENSITCTBUAMU HA IIYTU MIUPOKOTO PACIHPOCTPAHEHUS JIEKTPOHHOIO OM3HEeca.
Takum obpaszom, rposBsieT cebst mMupoko u3BecTHbIi npunmui JI. 3ajge. Cornacuo sTomMmy
[PUHITAITY, TOYHOCTb U CMBICJI BCTYIAIOT B KOH(JIUKT, HAUUHAS C HEKOTOPOI'O MOMEHTa
aHaJIn3a CJIOXKHOrO obbekTa [21].

[Ipobiiema cranoBUTCs e1rie DoJIee CJIOXKHOIM, €CJIN ITPOIECC SKCIIEPTU3bI BKIIOYAET B cebst
B3aUMO/IEHICTBIE PAa3IMIHBIX MeorpauIecKn pacipeie/ieHHbIX napTHepos. Habsomaor-
cd OI_UI/I6KI/I KOOpJAWHaIIU WU YCJIOZKHACTCA IIepeaada u HpeO6pa3OBaHI/Ie JaHHBIX ME2KJTY
Pa3IUYIHBIMA HHCTPYMEHTAMH.

Jlnst yerpaHeHus 9TUX 3aTPYAHEHUN B 9JIEKTPOHHOM OM3HECE BCEX MEHE2KEPOB, ay/Iu-
TOPOB, OIEHIIUKOB 3(Pp(HEKTUBHOCTH, KOHCYJIHTAHTOB-9KCIIEPTOB HEOOXOINMO 00ECIIeInTh
[IPOrPAMMHBIM MHCTPYMEHTapPUEM, KOTOPbI ObLIO OBl JIEFKO HUCIOJIB30BAThH, — HAJIEXK-
HbIM N CHOCO6HI)IM yciiearno B3aI/IMO,ZLeI71CTBOBaTb C ApYyIruMH MHCTPpYMEHTaMK B IIPOIecce
9KCIEePTU3bl. Takum obpasoM, pereHne mpodieMbl — 3TO HE CO3/IAHUE JIYUIIEro HHCTPY-
MEHTa, a MHTerpalus Pa3jndHbIX IO0JIXOJI0B, HHCTPYMEHTOB U TEXHOJIOI'UIl B HEKOTOPOI
crennasimsupoBannoil INTERNET-cpee.

TeOpeTI/IquKI/Ie OCHOBBI [IJId TaKOI'O pelIeHuA 6bI.HI/I II0Ar0OTOBJICHBI MHOI'MMM pa6OTa—
MW B TEOPUH HEYETKUX MHOXKECTB U cucTeM |7, 8|, a TakzKe MCCIeOBAHUIMU B 06aCTH
upuHATHs pertennii [11] u anamurnaeckoro wianuposanus [15]. Bosee Toro, Tekymmue rex-
HOJIOTUYECKHE JIOCTHKEHUS JIC/IAI0T BO3MOXKHBIMU PACIIPE/Ie/ICHHbIC BLIYUC/ICHUA 1 00ec-
[IEYNBAIOT YHUDHUITUPOBAHHBIN c1iocob mybsmmKkarun cepucoB B TakuX HOBBIX INTERNET-
cpesax, kak Hanpumep, FIPER [16].

Y4auTbiBas HEOOXOJIMMOCTH B TAKON cpejie, YIbsHOBCKUI INOCYJIapCTBEHHBIN TEXHUYE-
CKUII YHUBEPCHUTET, YIbAHOBCKUI MOCY/IaPCTBEHHBIN YHUBEPCUTET TPU B3aUMOJIEUCTBUU C
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Poccniickoit accorualiieit ICKyCcCTBEHHOTO MHTEJJIEKTa U IPYIIoi mpeanpusituii [ToBosk-
cKoro ¢ejiepajibHOTO OKpyra pa3pabdbaThbiBaloT HMPOeKT KoMIIOHEHTHO-OPUEHTHPOBAHHO
urTerpupoBantoii cpejibl (Component-based Integration Environment (COMBINE)). IIpo-
eKT TojIep:Kan A MuHuCTpaImeii ropoga YibsHOBCKa 1 YacTuvHO Poccuiickum Ponjiom
Oynnamentaabubix VccnemoBanuit. K nacrodiieMmy MOMEHTY BPEMEHU ITPOEKT Pa3BUBa-
ercst TpeTuil roj. Pe3ynbTaTbl ncce0BaHUN MO3BOJIAIOT ITOCTABUTDL CJIEIYIONLYIO I€/Ib:
paspaboTarh 3HIEKTUBHYIO pean3aluio nmpoekTa KoMIOHeHTHO-OPUEHTUPOBAHHONW HH-
rerpupoBannoit cpegbl (COMBINE) st skcreprusbl 9¢hhEKTHBHOCTH CI0KHBIX TTPET-
npustuii (for Performance Assessment of a Complex Enterprise (PACE), COMBINE-for-
PACE). Texuutdeckast IIocTaHOBKA TaKOil 3a/1a1 CTaJIa BO3MOKHOM, TaK KakK K HACTOSIIIE-
My MOMEHTY BPEMeHH $ICHO HMOHSITBI IPOBJIeMbl U OCHOBHbIE TipenstcrBus (18, 19, 20, 22
23, 24, 25].

[Tocneytomnue 9acTu CTATHU MPEJICTABISIOT COOOI ONMCaHUe TAKOH CPeJIbl, BKJIIOYas
1IeJIA, METOJIOJIOTUIO W TEXHOJIOTHIO PEAIM3aIlNN.

2 Ilenmu uccaenoBaHus

O6bsacuenss ocobernnoctu npoekta COMBINE-for-PACE, nagunem ¢ nepedns mpobsem
oreHKH 3(hHEKTUBHOCTH.

Kora Heckoibko mpeanpusiTiit 00beIMHUINCH B TAPTHEPCTBO, KK bl TApTHED, YKe-
Jlasi UMeTb YCIHeNHbIil Ou3Hec (uu ObITH YCIHENIHbIM B OOIeM Ou3Hece) JIOJIZKEH 3HATh
sICHbIE OTBETBI Ha, CJICJIYIOIIHE BOIIPOCHI:

e Hackosbko sddekTuBHa HeaTEIbHOCTD !
e Hackosibko adpdekTuBHa AeATETIbHOCTE KOHKPETHOTO yYaCTHUKA!

e Kakue ynpasienueckue win (pUHAHCOBbIE JIEHCTBUS PUBELYT K YBEJIMUIEHUIO JTOXO0-
na’

e Kowmy 6ymyT mocrymnmsl jgannbie, mpegoctasieninbie B COMBINE? Kak yoeaurbes B
JIOCTOBEPHOCTU OTBETOB, TOJIYIE€HHBIX HA BBINIEIIEPEINUCTIEHHBIE BOIIPOCHI?

[Tosryuenne oTBETOB Ha MEPBBII M BTOPOIl BOIPOCHI O3HAYAET, YTO KAXKJIbII HapTHED
JIOJIZKEH UMETh BO3MOYKHOCTD JIJIsT CAMOOTIEHKH U JIJI TIEPEKPECTHON OIEHKHU JIPYTHUX MapT-
nepoB. ucrpymenrapuit COMBINE noken npuauMarh B pacdeT BCe JOCTYITHBIE JIaH-
Hble TTAPTHEPOB, — IIPEXKJIe BCEro, yrpapjeHdeckKue u puHaHCOBBIe jaeiicrBus. OTBer Ha
TpeTHuil BOIIPOC MPEJIIOIaraeT, YT0 MHCTPYMEHTApHil Bbl/IaeT KOHCTPYKTUBHBIE PEKOMEH-
Jlaliu IapTHepaM, oopaTuBImuMcd K HeMy. Hakoner, perenne 4eTBepToil 3a/1a49u JOJIKHO
MTOJTHOCTBIO UCKJTIOUNTH HEABTOPU30BAHHBIN JIOCTYT K JJAHHBIM, UCIIOJIb3YEMBIM B UHTET'PU-
posannoii cpege COMBINE.

JlammbIil IpoeKT paspabaThiBaeT MHTEPAKTUBHYIO Internet KoHCaJTHHIOBYIO CHCTEMY,
NpeHa3HAYeHHYIO JIJIsT:

10



H. I. dpymxkuna, Y. B. Cemymun

(1) MeHe/KEepOB BEPXHErO YPOBHsI, YTOObI:
(a) moJly4aTh MHTErPHPOBAHHBIE IKCIPECC-OINEHKH YIPABJIEHUYCCKUX U (DUHAHCO-
BBIX JICHCTBUI,
(b) cpaBHUBATH MHIEKCH 3DHEKTUBHOCTH CBOUX TIPEIIPUATUI CO CPEJHUM YPOB-

HEM TaKHUX UHJIEKCOB MHOXKECTBA BCEX ITapTHEPOB MJIU TOJO00HDBIX IIPEIIPUATHIA;

CHACTEMY, ITO3BOJIAIONIYIO HEIPEPBIBHO YJIYUIIAThH yIIPABJICHYCCKNAE DEIICHUA U yBe-
JIMYUBATDH NOXOJ, KOMIIAHUN U IIPEIHA3HAYCHHYIO JIJIA:

(2) aymuropckux GupM, ITOOBI:

(a) MOJIyYNTH HOBBIN BHJ| CEPBHCA, KOTOPBI OHU MOTYT IIPOJIaBaTh,

(b) mpuBJIeKATH HOBBIX KJIMEHTOB, KOTOPBIE MOIYT IOXKEJATh JeIaTh 3aKa3bl HA
IIOJTHBIN HAOOP YCIIYT ay/InTa U KOHCAJITHHTA TOCTIe IOy YeHUs KCIIPECC-OIEHOK

or COMBINE,

(c) HAKAIIMBATH 3HAHUS O COCTOSHUU OM3HECOB, COCPEIOTOUEHHBIX B OIPEIETICH-
HOM CerMeHT€e PBIHKA,

(d) dopmanm3oBaTH HAKOIUIEHHBIN OIBIT HA TOH OCHOBE, aKKYMYJIHPOBATH CBOH
COOCTBEHHBIE TEXHOJIOTHHM ¥ IPONEIYPhI I YAYUIIeHus] aHaJIu3a W OINEeHKU
3bPEeKTUBHOCTH;

CHACTEMY, IO3BOJIAIONLYIO PACHINPUTH CETh KJINCHTOB U IIPEAHA3HAYCHHYIO JIJIH:
(3) JFOOBIX MHIMBH/IYATBHBIX SKCIEPTOB-KOHCYJIBTAHTOB, ITOOBI:

(a) aBromMarmyecku cobuparTh MHMOPMAIMIO O CErMEHTe PhIHKA UM OU3HECE OIpe-
JIEJIEHHOTO THIIA,

(b) BBIpazKaTh CBOIl OIBIT B KOHCYJIbTUpOBaHUE On3Heca B ¢opme 6a3bl 3HAHMUIA,
OCHOBAHHOW Ha IIpaBUJIax,

(c) paspabarbiBaTh HOBBIE KOMIOHEHTHI 1 11yOsmkoBarh nx B COMBINE-6u6moreke
(TeM caMBIM paCIIHpsist €€ BO3MOKHOCTH),

(d) yBesmuuTH YPOBEHb MACTEPCTBA U CBOIO 3HAYUMOCTD B ITPOMECCHOHATBLHOM CO-
0bIIIeCTBE KOHCAJITUHTA.

3 Metonmosorus
['maBHBIE METOIBI, HCIIOIb30BaHHbBIE B 3T0i cTaThe 1 B mpoekTe COMBINE, ciexyromue:
1. Meros anamusa uepapxuit Caarn [15].

2. O6bEKTHO-OPUEHTUPOBAHHOE TIPOEKTUPOBAHIE U ITporpaMMupoBanue [4].
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3. Tenermueckoe NpOrpaMMUPOBAHIE U MeHETUIECKHE aJrOpUTMbI |2, 3.

Cpesna COMBINE — 3T0 KOMIIOHEHTHO-OPHEHTUPOBAHHAS CUCTEMA, 0A30BBIE KOMIIO-
HEHTBI KOTOPO#i (B KOHTEKCTE JAHHOIO MCCJIEIOBAHNS) CJIELyOIIue:

1. Markas skcneprHas cucrema (MIC), Britouaroas
(a) Heuerkyto neiiponnyio cers (HHC),
(b)
)
)

Heuerkwuii pesisiimonnbiii cepsep nanubix (HPCJI),

Heuerkyio cucremy Jsormaeckoro soisoga (HCJIB),

(c

(d) Tenermueckuit anropurm (I'A) gyt macrpoiiku napamerpos HCJIB u HHC.
2. Tlporneccop anasnusa nepapxuii (ITAI).
3. Cucrema npunsarus perennii (CIIP).

Ona u3 dyHIaMEeHTAIBHBIX 0COOEHHOCTENH CHCTEMBI 3aK/IF0YaeTCsl B TOM, 9TO JIFO00i
OTIBITHBIN SKCIIEPT-KOHCYJIBTAHT WK ayJINTOPCKasd pupMa MOTYT pa3paObIThIBATD, Ty0.I1-
KOBaTh (BCTpamBaTh) COOCTBEHHYIO KOMIIOHEHTY B OHOJIMOTEKY KOMIIOHEHT. Bce komIo-
HEHTBI PACCMATPUBAIOTCS Kak “0bepHyThie” nHcTpyMeHThl (wrapped tools), BKrouaeMble
B OHOJIMOTEKY UCKJIIOUUTENILHO Y€Pe3 ee BXOJIbI U BBIXOJIbI (apamMeTpbl (hOpMabHbIX PO~
neayp). Takum o6pazom, COMBINE — 510 pacuiupsiemasi cucrema, CriocobHast K caMoop-
ranusaruu. Fe ocnoBanHas Ha KOMIIOHEHTaX ITPUPO/IA &JIAIITHPOBAHA K TAKON CUTYaINH,
B KOTOpOfI MHO2KECTBO HE3aBUCHUMbBIX KOMIIOHEHT HMCIIOJIB3YETCA Pa3/IMIYHbIMUA CHOCO6aMI/I
B IIPOIIE/LyPaX IKCIIEPTHON TUATHOCTUKH.

[Iporie/iypa sKCIepTHON MarHoCTuKN peansyercs mnocpejactsom MIOC, koropast obpa-
3yeT MHTE/JIEKTYAJIbHOE /PO CUCTEMbI, B TO BpEMs KaK OCTaJIbHbIC YaCTU ITPEJICTABIISIIOT
coboit cepsep maHHbIX 1 WWW-cepBep. DT0O BBI3BAHO TEM, YTO OOBITHO MCXOIHBIE JIAH-
HBIE, JIOCTYIIHBIE SKCIIEPTaM, IIPEICTABIAIOT COO0I YeTKIe, TOUHbIe BpDEMEHHbBIE PsJIbl. JTa,
BXojHast nH(bOpPMAIHs peobpasyeTcs SKCIEePTOM B HeYeTKHe (KadeCTBEHHBIEC) 3aKJII0Ue-
HUsI, TIPOIHO3BI U PEeKOMeHjaruu. AHa/n3 peajbHbIX SKCIIEPTHBIX 3aKII0YEHUN TOKa3bl-
Baer, uyTo cBbime 80 % M3 HUX 3TO KAYECTBEHHDLIC OICHKHM TPEHJOB IAHHBIX, U TOJBKO
okosio 20 % cocrasisior pekomenganun. CieoBaTesibHO, pabodast MOCIeJI0BATEILHOCTD
SKCHepTHOﬁ ANAardyOCTUKN MOXKET 6bITI) olpeJesieHa KaK MAT'Kagd SKCIIEpTHad AUalrHOCTH-
Jeckas Iporeypa, npusejennas B Tadmure 1.

Onpenenernne. Msrkas sKcriepTHasi HCTEMa - 9TO HeUETKasd SKCIIEPTHAs CUCTeMa, 00-
JIAJIAOIIAs CACYIONUMEA OCOOCHHOCTSMU:

1. Jlns uzsiievenns 3uanuit, MOC nucrosb3yeT cTaTuCTHICCKHIE JIaHHbIE, HHTEIPETUPY
X KaK 00ydYaroliue mpuMephI.
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Tabsmmna 1. Msrkas skcueprHast JuarHocTudeckas Iporeaypa. [IpodieMbr 1 1mojxo bl

[MIar Pemaemast mpobiiema u MaremaTudecknii
Wnmga mara .
+# IVIABHBIN BOIIPOC IIIara IIOJIXOI,
[Ipeobpazosa-
HUE U3 YeTKUX Qazzudukanmsa: Kakue
BPEMEHHDBIX 3HAYCHUA JIOJIZKHBI OBITDH Teopus HeveTknx
1 psiios (BP) B Ha3HA4YEHbl Ha IIepEeMEHHbIE, UHTEPBAJIOB
HEUETKUE BBIOpaHHBIE JJIsI OIMCAHUST 7]
BpPEMEHHBIE cOCTOsIHUST 00O beKTa?
psiel (HBP)
. Arebpa HEUeTKIX
Onenka Ananus HBP u cunres obmeit
uHTepBasos (8.
9 JOUHAMUKHI onenkn HBP: Kakosbr Jiyuriue Teo
. st
COCTOSTHUS OIEHKU JIJIsT TIepEeMEeHHOiT . p .
HEHPOHHBIX ceTeit
o0beKTa cocTosinns 00bekTa? 18]
Cucrema
DopMupoBaHUE IKCIEPTHOIO
HEYETKOI'O BBIBOJIA
Ob6ob1eHne pesiome: Kaxmm obrmm 21
3 OIICHOK U TEPMUHOM MOXKHO ]
Cucrema
daxToB OXapaKTepu30BaTh 0O0bEKT KaK
o NIPUHATHSA
1esoe’ .
perernuit [16]
[Tporuosupona-
P P IIpornozuposanue: Kakon Heiiponnrble ceTn
4 HHUE TeHJIEeHIINN o
) [POrHO3 PA3BUTHS ! 9]
COOBITHIA
dopmupoBaHUe 3aKJIIOYCHUS:
Cucrema
Kakwne pekoMeHganmm MOKHO
5 Pekomenanum IPUHATUSA

[PEIOXKUTE JIJIst JTOCTUZKEHUST
IIEJIEBOTO COCTOAHUA !

perenwuit [15]

13




H. I. dpymxkuna, Y. B. Cemymun

> O6beKT T >

Da3zzuchukarop

v

Heuerkasa
epazzuchuraTop |<H .,
"H d) d) P Cucrema HEHPOHHAas CeTh Cucrema
HEeYeTKOI'O < 9| [IpuHATHA
BBIBOJIA TI'enernyeckmit pernenmii
aJaropuTM

Msrkas sxcrieprHast cucremMa

Heverkuit pensiiuoHHbIH cepBep JJaHHBIX
Basza npasumr
Basza ¢yHkmit npuHaie;kHOCTH
Basza ¢ynkmuit arrperamun

Puc. 1: Uarerpanus kommoneanr B8 COMBINE.

2. MOC npejcrasisger 3Hanust B HhopMe JIMHIBUCTHYECKUX TI€PEMEHHBbIX (Min (DyHK-
it npunajyiexkaoctu, GIT), HedeTKUX TPOAYKIWiA 1 00y IaeMbIX HEHPOHHBIX CETEi.
Penykius muoxkecTBa HeueTKUX mpojrykimii, HacTpoiika @I u 6a3b1 mpaBm BLITIOJ-
ugercs Lenermaeckum amropurmom (I'A).

3. MOC ¢pyHKIMOHUDPYET KaK CHCTEMa B3aUMOJIEHCTBYIONINX KOMIIOHEHT.

OxapakTepusyeM IJIaBHbIE KOMIIOHEHTHI paspaboranHoii Bepcun COMBINE u meroo-
JIOTUIO, UCIIOJIB30BAHHYIO Ipu ux paspaborke (Puc. 1).

3.1 Heuemxas netponnas cemv (HHC)

eUeTKHe BPEMEHHbBIE PAJIbI TeHEPUPYIOTCS KaK Psi/ibl JIMHIBUCTHIECKIX TepMUHOB Pas-
H i y i D

sugpukaropa (Puc. 1) Takux Kak: “ormano”, “xoporno”, “HopMaIbHO”, “IIIIOX0” U TaK JaJiee.
HHC comnocrasnsitor HBP u nmonsiTre Heuerkoit TeHIEHINT, BhIpaskaroliee TPEH ] IOTOKa,

79

coObITHIi, Takoe Kak: “poct”, “nagenne”’, “crabuansanms’, “Kojaedanns’ MM ‘Xaoc .

3.2 Heuwemxul peasyuonnwid cepsep dannvir (HPCJ])

HPCJI pazpaboran Kak MHOXKECTBO TPUITEPOB M IPOIEYp it cepBepa maHHbx Oracle
81, 4TOOBI XpaHUTh (PYHKIUU TPUHAJIEIKHOCTH, JIMTHI'BUCTHYECKHUE OIEHKH, padboune Tab-
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JIMIIBL, coAepzKalliie HeYeTKue JaHHble, YeTKUe U HeYeTKUe BpeMeHHbIe PsJIbl, Pe3y/IbTaThl
OIEHUBAHUs U OICHEHHBIE COCTOAHMA U TeHaeHImn. Tak kak Oracle 81 He nmeer cpeicTB
JIJIS XpaHeHUs] HeYeTKUX JAHHBIX, B JIAHHOM IMPOEKTe pa3padoTaH CIENUaIbHBIN PEro3u-
Tapuil Jyid UX XpaHeHUd.

3.3 Hewemkas cucmema sozuveckoezo eveoda (HCJIB)

HCJIB peanuzoBana Kak HefipoHHAas CETh,CIIOCODHAsT OOYUUTHCA MPOTHO3UPOBATH TIOBE-
nearie HBP u 3a cuer 3T0it criocobHOCTH POrHO3UPOBATH OY/IyIee COCTOsTHUE OObEKTA.
M>C, koMOUHUPYIOIIasd TPAIUIMOHHBIN MEXaHI3M BBIBOJIA 110 IPOLYKIIMAM U OOYIEHHYIO
HEHPOHHYIO CETh, IPEJICTAB/IAECT COOON HOBBIN KJIACC KCIEPTHBIX CHUTEM, OTJIMIAIONIANCS
OT HEHPOHHBIX SKCIIEPTHBIX CHCTEM.

3.4 Ilpoueccop anarusa uepapxud (ITAU)

[Iporecop anasmsa nepapxuii BBITOIHIET MHOTOKPUTEPHAJILHBII BEIOOD perenus (Puc. 2)
ucnosb3ytonuit kpurepun Cjj, oneparopsl arrperayuu ();, GYHKIUH IPHHA/IEKHOCTI
((+), cpaBHUTEJIbHBIE MATPUIIBI KDUTEPHUEB U TIEPEMEHHbIE T; IPEJICTABIISIIONINE PeaTbHbIe
CBOIICTBa, TaKue Kak IeHbI, pa3Mepbl U Tak jajee. Kpome sroro, I[IAW Burauciaser un-
JIEKC COTJIACOBAHHOCTH, OTHOIIIEHUS COTJIACOBAHHOCTH, JIOKAJIbHBIE U TVI00a/IbHbIE BEKTOPbI
IPUOPUTETOB, TO3BOJISIONIIE YKCIEPTY JOCTUYb OIPEIEJICHHOro 3aKkodenus [15].

Kak moxkno Bujiers u3 Puc. 2, nepapxus paccMaTpuBaeTcs KakK IIOJIHOE JIEPEBO B KO-
TOPOM KAazK/JIbIil 9JIEMEHT JIEHCTBYET Ha BCE DJIEMEHTBI CJIC/IYIONIEro YPOBHSI.

Llesnl

SN T

n

CY21 022 CZm
Ckl CkQ ces Ckl
T i) i

Puc. 2: Nepapxust [y TpUHATHS PEIIEHMIA.
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4 Omnucanye TeXHOJIONU

Omnpenenss COMBINE kak koncaiatunrossiit Internet-cepsuc, npeHasnadeHHbId 11
otieHKN 3P HEKTUBHOCTU KPYITHOTO TPEIIPUATUSI, UMEEM BBUJLY, YTO KOHEIHOMY I10JIB30-
BaTEJIIO MPEJICTABISIOTCS CJICIYIONINE TEXHOJOTUICCKUE HHCTPYMEHTHI:

1. IP-cern, noauep:kuBaoiias 6a3oBoe MHOXKeCTBO Web-cepBucoB iis mepeaadn JaH-
HBIX C YHU(UIMPOBAHHOM ajpecarueil, MpoTOKOJIOM poyTuHra, DNS.

2. Web-cepBep, obecriednBaroniuii JJOCTYITHOCTh THIIEPTEKCTOBBIX JOKYMEHTOB Yepe3
[P-ceTn B oTBer Ha 3anpoc Web-kiueHra.

3. Heuerkuit pensiuoHHBIN cepBep JaHHBIX, 00ECIEUNBAIONINI XpaHeHNe U IIOUCK B
fazax JaHHLIX OOJILIIOrO oObeMa.

4. MureiiekTyaibHas KOMIIOHEHTa, Ha3BaHHAA MsArkoit KCIEePTHONR CUCTEMOIA.

Nrak, cucrema COMBINE ocHoBana Ha KIHEHT-CEPBEPHOIl TEXHOJOTHH W Pean30Ba-
na Kak kombunaiusa HPC/I (Oracle) u Web-cepsepa. ['taBHast ee dbyHKIMsI — 9KCIEpTH3a
NPEJIIPUATASA — ObLIa B X0/ UCCJACIOBAHUSA MOCTPOCHA KAaK IIPOTOTUII HA OCHOBE IAKeTa
pacmupenus Fuzzy toolbox MATLAB. Ucnonwsasytores panusie ot SQL-cepsepa, dopmu-
pyercs orenka u nepejgaercs na Web-cepsep. Web-cepsep miepeiaer 31oT pesysibrar (Kak
HTML-okymenT) u Bo3spamaer ero Web-K/eHTy, KOTOPBIH 3aTpeboBal [POBEICHUE
9KCIIEPTU3DI.

5 Bwusyasuzanusa pe3yJsbTaTta

B 9KCIICPTHBIX CHCTEMaX, TPaJUIIUOHHO HCIIOJIB3YEMbIX JJIfd IKOHOMMWYECKOI'O aHaJIu-
3a, BU3YAJM3AIUS PE3Y/IHTATOB PEATU3YeTCs TAKUME CPEJICTBAME, KAK CJIOBECHBIE DKC-
[IePTHBIC 3aKJIIOYCHHUS, CTOJIOMKOBBIE JIMarpaMMbl, TUCTOIPAMMBI, KPYTOBbIE JIHAIPAMMOBI,
TPeXMEPHBIE JUArpaMMbl. ITU TPAJIUIIMOHHBIE CPEJICTBA IIPEJICTAB/ICHNS PE3Y/ILTATOB TPe-
OYIOT MHOI'O BPEMEHH I MOHUMaHUsi UH(MOPMAIIUA PYKOBOJUTEIEM HPEIIPUATUS WU
KcrepToM-3KoHoMucToM. [lo 3Toit nmpuuune, mpejcraBisieTcs 0OOCHOBAHHLIM PEIICHUE
UCII0JIB30BaTh Jiuila depHOBa B KAaYeCTBE MHTErPAJILHON OIEHKH, BHIPAXKEHHON B Ipadu-
veckoit dopme [6].

O6bekT (oreHnBaeMoe MpeIpusiTie) OOBITHO UMeeT GOJIBIINYI0 PA3MEPHOCTh, TO €CTh
€ro SKOHOMHUYECKOE COCTOSIHUE OIPEJIEIIeTCs OOJIBIITIM KOJIMIECTBOM IIEPBUYHBIX 9KOHO-
MHUYECKHUX MOKa3aTesell, OTPaXKEHHBIX B OyXraJTePCKUX perucrpax. B nacrosiiee BpeMs,
OyXraJITepCKUil IJIaH CYeTOB BKJ/IIOUaeT B cedd okos10 90 Tunos cueros. Vckimovas u3 pac-
CMOTPEHUA CYeTa PErYJIMPYIOMIEro U KOHTPOJIMPYIOIIErO TUIIOB, MOXKHO PacCMaTpUBaTh
ot 10 70 20 6a30BbIX HOKa3aTe el JjId TPEIIPUATHI PAa3THIHON (POPMbBI COOCTBEHHOCTHI
U BUJA JiedTeJbHOCTH. KOHCTPYKTUBHBIE 3JIEMEHTBHI JIUI[ epHOBa pas3padaThIBAIOTCI C
UCIIOJIb30BaHUEM 00PA30B, MPEJJIOKEHHBIX paHee U aJIalTUPOBAHHBIX JIJIsi OTOOPAXKEHUSI
9KOHOMMYECKOI'O COCTOAHUA ITPEAIPUATHLL.
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6 PesymbraThl
B cymecTBytorieit Bepcun cucteMbl pa3pabOTaHbl CIeyionue yHKITINI:
1. Busyanmszamus nuarpaMM aHaJIUTHYECKUX ITOKa3aTeIel.

2. OmaitHoBOE popMuUpOBaHUe (DYHKIUI TPUHAIEXKHOCTH JIJIsi KOJIMIeCTBEHHOMN OIeH-
KI 9KOHOMUYECKUX JaHHBIX (6a3a 3HaHUil (bYHKIMI TPUHAJJIEKHOCTH ¥ UX IIKAJI).

3. OmaitHoBoe popMuUpoBaHue Oa3bl 3HAHWI JTUHIBUCTHIECKUX TEPMUHOB.

4. T'enepaliusi TUHIBUCTUYIECKUX OIIEHOK OA30BBIX ITOKa3aTe el ¢ UCII0/Ib30BaHEeM (DYHK-
Ui IPUHAJJICIKHOCTU.

5. OunenuBaHue JIMHIBUCTUYECKUX 3HAYCHMI aHAJIUTUYCCKUX IIOKa3aTeIeil Ha OCHOBE
aredbpbl HEYETKUX NHTEPBAJIOB.

6. 'enepalius JUHIBUCTUYECKOI'O ONKUCAHUS TPEHJ/OB JarpaMM U UX aHaJINA3.
7. ®opMupoBaHUE UHTETPAJILHON ONEHKN COCTOAHUS TPEITPUATHA.

8. Jloruueckuii BbIBOJI SKCIIEPTHOI'O 3aKIIOUCHUSI.

9. IIporno3upoBaHue 3HAYUECHUI SKOHOMUIECCKUX ITOKA3ATEICH.

K nacrosimemy Bpemenun cucrema COMBINE ucnonb3oBana st 9KCIIEpTU3bI JIBYX KOpP-
noparuit: 'K “Bosra-/Inenp” u “Homarekc”. B oboux ciaydasx pe3ysbTaTbl aHa/JA3a U
PEKOMEHIAINN OKa3aJ/IuCh BOCTPEOOBAHBI, TaK KaK IMO3BOJIMIN CJlejIaTh Ou3Hec OoJjiee 1mpo-
JIYKTUBHBIM.

7 IIpeumyimmectBa WW W-skcnpecc-cepBuca

KoncagTuHroBelit cepBUC MpeIcTaBisieT coboil 0YeHb j1oporyio yeayry. OcobeHHO BbI-
coKas IeHa 3allpallliBaeTcs 3a MMOJTHOMACIITAOHYIO 3KciepTusy. B aroit cBsa3m, riaBHOe
npeumytiectBo cucrembl COMBINE — 310 cokpartenue 1ienbl KoHCcaaTuHra. Takoe mpe-
UMYIIECTBO OCOOEHHO BayKHO JIJII MAJIbIX U CPEJIHUX IPENPUATHI, KOTOPBIM CTAHOBUTCS
JIOCTYITHBIM depe3 Internet onepaTuBHbI aHAIN3 U ayJIUT COOCTBEHHOI'O OU3HECA.

8 3akirouenue

[Ipoekr COMBINE-for-PACE paspabarbiBaercsi Kak pacIiUpeHHAs CPEJIa BbIIOJIHE-
HUsI ¥ HAKOILJICHUs] O0bEKTHO-OPUEHTUPOBAHHBIX KOMIIOHEHT, IPE/IHA3HAYCHHAS JIJIs Pe-
IIeHnst TPOOJIEM, ONMUCAHHBIX BO BBEJICHUU K JIAHHOM cTaTbe. Takas cpejia mpeocTaBIsier
MAPTHEPCTBY 3J1eKTpoHHOrO 6usneca ynooubit WW W-cepBuc 17151 OlleHKHN JIeITeTbHOCTI
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CJIOYKHOTO TIPEIIPHUSITHsI, TOBBIMAIONIHI 3(pHEKTUBHOCTD U, CJIEOBATEIHHO, JTOXOJ, IPEe/I-
npusitus. Xors cpega COMBINE-for-PACE u sBiisiercst CJI0XKHON MHTEIEKTYAIBHOM Ch-
CTEMOIA, JIJIsT KOHETHOTO TI0JIb30BATE IS OHA IIPOCTa B Ucroab30oBannn. [lomnomacirabuas
peasmzarnus cpegbl COMBINE-for-PACE chopvupyet HOBBI cerMEHT PbIHKA KOHCAJITHH-
TOBBIX YCJIYT W TOCIYZKUT HOBBIM JIOTIOJIHUTE/IBHBIM (haKTOPOM Pa3BUTHS IJIEKTPOHHOTO
ouzHeca.

CIINCOK JINTEPATYPbI

[1] Askers, R., I. Bica, E. Kant, C. Randall, and R. Young (2001). Scifinance: A program
synthesis tool for financial modeling. AI Magazine 22(2), 27-43.

[2] Beasley, D., D. R. Bull, and R. R. Martin (1993). An overview of genetic algorithms:
Part 1: Fundamentals. University Computing 15(2), 56-58.

[3] Beasley, D., D. R. Bull, and R. R. Martin (1993). An overview of genetic algorithms:
Part 2, Research Topics. University Computing 15(2), 170-181.

[4] Budd, T. (1997). An Introduction to Object-Oriented Programming (Second ed.).
Reading: Addison-Wesley.

[5] Chen, S. and S. Chang (2003). Fuzzy economic production quantity model with
quality improvement investment and fuzzy costs. In Proceedings of the 10" IFSA
World Congress, Turkey, Istambul, pp. 523-527.

[6] Chernoff, H. (1973). Using faces to represent points in k-dimensional space graphically.
J. ASA (1), 68-68. See also: Kabulov, B.T. (1991). A method for constructing Chernoff
faces using the interval estimators of parameters. Technicheskaya Cybernetika, The
USSR Academy of Sciences (3).

[7] Dubois, D. and H. Prade (1980). Fuzzy Sets and Systems: Theory and Applications.
New York: Academic Press.

[8] Dubois, D. and H. Prade (1984). Criteria aggregation and ranking of alternatives in
the framework of fuzzy set theory. In H. J. Zimmermann, L. A. Zadeh, and B. R. Gaones
(Eds.), Fuzzy Sets and Decision Analysis, TIMS Studies in Management Sciences, pp.
209-240. North-Holland: Elsevier.

[9] Gorban, A. N. and D. A. Rossiev (1996). Neural Networks on Personal Computers.
Nauka: Nauka. In Russian.

[10] Kahraman, C. and Z. Ulukan (1997). Fuzzy cash flows under inflation. In Proceedings
of the 7" IFSA World Congress, Volume 4, Czech Republic, Praque, pp. 104-109.

[11] Klir, J. (1985). Architecture of Systems Problem Solving. New York: Plenum Press.

18



H. I. dpymxkuna, Y. B. Cemymun

[12] Lakov, D. (1997). Fuzzy neural network structures in credit risk assessment. In
Proceedings of the 7" IFSA World Congress, Volume 4, Czech Republic, Praque, pp.
109-116.

[13] Matsatsinis, N., M. Doumpos, and C. Zopounidis (1997). Knowledge acquisition and
representation for expert systems in the field of financial analysis. Expert Systems with
Applications 12(2), 247-263.

[14] Nolan, J. (1988). An intelligent system for case review and risk assessment in social
services. Al Magazine 19(1), 39-47.

[15] Saaty, T. L. and K. P. Kearns (1985). Analytical Planning. The Organization of
Systems. Oxford: Pergamon Press.

[16] Sobolewski, M. W. (2002). Federated P2P services in CE environments. In R. Jardim-
Gongalves, R. Roy, and A. Steigler-Gar¢ao (Eds.), Advances in Concurrent Engineering,
Proceedings of the 9" International Conference on Concurrent Engineering, Cranfield,
United Kingdom, 27-31 July 2002, Lisse, Netherlands, pp. 13-22. A. A. Balkema. ISBN
90 5809 502 9.

[17] Wang, C., A. Ramer, and S. Chen (1997). Fuzzy maximizing profit model. In
Proceedings of the 7" IFSA World Congress, Volume 4, Czech Republic, Praque, pp.
122-126.

[18] Yarushkina, N. G. (2000). Soft computing and complex system analysis. International
Journal on General Systems 30(1), 71-88.

[19] Yarushkina, N. G. (2002). Data flow distribution in concurrent engineering.
In R. Jardim-Gongalves, R. Roy, and A. Steigler-Gar¢ao (Eds.), Advances in
Concurrent Engineering, Proceedings of the 9" International Conference on Concurrent
Engineering, Cranfield, United Kingdom, 27-31 July 2002, Lisse, Netherlands, pp. 735—
743. A. A. Balkema. ISBN 90 5809 502 9.

[20] Yarushkina, N. G. (2003). Application of fuzzy relational data server for concurrent
engineering. In J. Cha, R. Jardim-Gongalves, and A. Steigler-Garg¢ao (Eds.), Concurrent
Engineering: The Vision for the Future Generation in Research and Applications; Book
2: Advanced Design, Production and Management Systems, Proceedings of the 10"
ISPE International Conference on Concurrent Engineering: Research and Applications,
26--30 July 2003, Madeira, Portugal, Lisse, Netherlands, pp. 87-93. A. A. Balkema.
ISBN 90 5809 524 6.

[21] Zadeh, L. A. (1979). A theory of approximate reasoning. In J. E. Hayes, D. Mitchie,
and L. I. Mikulich (Eds.), Machine Intelligence, Volume 9, pp. 149-150. North-Holland:
Elsevier.

19



H. I. dpymxkuna, Y. B. Cemymun

[22] dApymkuna H. I. (2004). Ocrosve meopuu newemrux u ubpudnvie cucmem. M.: Ou-
HAHCBI U CTATUCTHUKA.

[23] fApymkuna H. I'., Hamectaukos A. M. (2002). DddekTuBHOCTD MeHETHIECKUX AJIN0-
PUTMOB JIJIsI 33149 aBTOMATU3MPOBAHHOIO IpoeKTupoBanus. Uasecmus PAH — Teopus
u cucmemol, ynpasaenus, No 2.

[24] fApymkuna H. I'. (2002). Borancanre bHblii HHTE/IIEKT: CHHEPIU3M CJIOBA U IHCIIA.
Buwucaumenvroe cucmemve u urnbopmayuornnsie mexnosoeuu, Ne 4.

[25] fApymkuna H. I'. (2002). ['uGpumbie cucreMbl, OCHOBAHHbIE Ha MATKUX BBIUHCJICH-
SIX: OIIpeJieJIeHNe, apXUTEKTyPa, BO3MOKHOCTH. [Ipozpammmoie npoodyKmove u cucmemol,

Ne 3.

20



VueHble 3anMCKU YIIbSTHOBCKOI'O I'OCY/IapCTBEHHOIO yHHBEPCUTETA
Cep. PyngameHTaIbHBIC IPOOIEMbI MATEMATHKH H MEXAHUKH
Boin. 1(14), c. 21 - 30.

©VYal'y, Yabsnosck, 2005

YK 519.226.2 : 519.233.2

Ob OITHOM METOJAE BbIYMNCJIEHNA I'PA/ITMEHTA
JIOTAPUOMUNYECKON ®YHKIINU ITPABJIOIIO0BULI C
ITOMOIIIBKO PACHIMPEHHOI'O
KBAJTPATHO-KOPHEBOI'O NTH®OPMAIINMOHHOI'O
AJITOPUTMA ®OUJIBTPAIINN

M. B. Kynukosa*

*Kadeapa Maremarudeckoii KUOepHETHKY 1 HH(MOPMATUKI
ya. JI. Tosicroro 42, YnbauoBcKuil rocynapcTBenubiit yuupepcuret, 432970 YiabsuoBck Poccust
e-mail: mkulikova@cam.wits.ac.za

KuroueBblie ciioBa: rpaJueHT JorapudMuIecKoin pyHKITUT TPaBIOIOI00us, KBaIPATHO-
KOpHEBbIEe MHMOPMAIMOHHBIE AJITOPUTMBI (DUJIBTPAIINN.
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1 Bsenenue

Apngscy ogauMmu U3 Hanbosiee OOMIMX U YACTO UCIOJIb3YEMbBIX, METOJbI OCHOBAHHBIE
Ha BBIYHCIIeHnN Jorapudmudeckoii dyukimn npasaononobus (JIPII) u ee rpagmenrta
IITIPOKO MPUMEHSIIOTCS JIJIs PEIICHUs TaKuX 3aJia9 Kak OOHADPYKeHHe HAPYIIeHUH U ux
quarsoctuka [4], [6] B 3amadax ujaeHTHGUKAIMNT ¥ TApAMETPUIECKOTo oreHuBaHust [1]| u
Jp. Takum obpazom, npobsiema spdexkTuBnoro serauncienns JIPII u ee rpajmenta nmeer
0COOYIO NMPAKTHIECKYIO IEHHOCTh U 3a IOCJIE/IHIE HECKOJILKO JIET ee O0CYKJICHUIO ObLIO
HoCBsAIIEeHo MHOXKecTBO pabot [1], [2], [7], [9], 4ro momduepkuBaeT ee akTyaJbHOCTH U B
HAIIN JTHA.

JluHaMUYIHO Pa3BUBAsChH B IIOCJIEHUE I'OJIbI, JAHHOE HAIIPABJIEHUE UCCJIEI0OBAHUN 11pU-
HECJIO HOBBIE PE3YJIbTATHI: ObLIN pa3paboTaHbl U CHOPMYIMPOBAHBI HOBBIE AJITOPUTMbI
dbubrpanuu [5], obsiagaromnue psiJioM MPEUMYIIECTB [epejl paHee W3BECTHBIME MeTO/a-
mu. Cpein HEX MOYXKHO OTMETHUTH PACHIMPEHHBINH KBajparTHo-KopHeBoil airoputm (PK-
KUD). Ienbio ganHoil craThu gBjisieTcs pa3paboTka HOBOIO METOJIA BbIYUC/IEHUS IDa/Ii-
enrta JIQII na ocnose PKKUN®, npeacrasnennoro B [5]. Ilockonbky PKKU® obiasgaer
PSIOM TIPEUMYIIECTB MePe]] y2Ke M3BECTHBIMU aJIrOPUTMAMU (DUIBTPAIINN, MbI TTPEIII0 A~
raeM, 9TO MeTo/l Beruncjenus rpajuenta JIPII, mocTpoennblii Ha €ro OCHOBe, YHAC/IELyeT
BCE €ro IMPEeHMYIINecTBa U TeM caMbIM Oy/eT Oojiee 3(pEKTUBEH 110 CPABHEHHUIO C YIKe
U3BECTHBIMHU CIIocoOaMu Bbluncienus rpajuenta JIDIL.

2 IlocTanoBka 3aga4du

MeTO,ZL MaKCUMYyMa HpaB,ZLOHO,ZLO6I/IH MOXKeT ObITh IIpUMEHEH K 3a/ia"9€ BbIYUCJICHUA OIC-
HOK ITapaMeETpOB JIMHENHBIX JMHaMUYICCKUX CHUCTEM.
HyCTb JAUCKPETHad JUHaMUYeCKad CUCTEMa OIIUChIBACTCA CJICAYIONIMMU YpaBHEHUAMU

Ti41 = CIDtxt—}-Gtwt, t:(),l,...,N, (1)

Zt:HtIt+Ut, t:1,2,...,N, (2)

e x; € R™ — BEeKTOp cOCTOSAHUS CUCTEMBI, 2; € R — j1ocTylHBINH J1/1s1 HAOJIIOCHUN BEK-
top usmepenuii. {wg, wy, ...} u {vy, vq, ...} — HE3ABUCHMbIE HOPMAJILHO PACIPEICTIEHHbIE
BEKTOPHI IIYMOB C HYJIEBBIMH CPEJIHMMHU W KOBapUAIMOHHBIMU MaTpumamu (Q; u Ry, co-
orBercTBeHHO. Kpome Toro, mocseoBaTesbHOCTH MyMOB {wo, Wy, ... } u {vy,vq, ...} He
3aBUCAT OT HAYAJBHOIO BEKTOPA COCTOAHUSA cucTeMbl Tg ~ N (Zg, Py).

[Iycts ssrementsl matpun ®;, € R™*", G, € R™9, H, € R™*" Q; € R"™™%u R, € R™*™,
xapakrepusytomux cucremy (1), (2), gBJIIOTCS JOCTATOYHO DIAIKUME (DYHKIUAME OT
HEKOTOPOro BekTopa napamerpon € RP. CorjacHoO MeTOLY MaKCHMyMa, IIPaBIOIOI00MsI,
HAWIYIIIIMEA 3HAYEHUSIMIA HEM3BECTHBIX HapaMeTpoB 6;, ¢ = 1,2,...p, SIBIAIOTCI Te 3HAa-
YeHHUsI, IPH KOTOPBIX Pe3yJbTaT HaOJMIOICHU nMeeT HanbOJIBINYI0 BEPOSTHOCTD [3], 11O
sKBHBaJieHTHO Makcumusanuu JIDII Ly (Z{V ), IIOCTPOEHHOM JIJIsT Pe3y/IbTaToB HabJII0/1e-
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mnit ZY = (21,25 ... 2x) 1 B yenoBusx cucrembl (1), (2) npunuMalommeit ciiety oyt Bu;

N
Ly () = %Z {—% In(27) — In(det(R.+)) — e;‘FR;tlet} ,

rie e; = 2 — Hyz, — neBsizka dbuibrpa Kasivmana B MOMEHT BpeMenu ¢, XapaKTepu3yolia-
gcg Kopapuanmonnoii marpuueilt E{eel } = R., = H P, HI + R, u P, — upe/jckasannas
OIIeHKa KOBapualuu OMmMOKM, Beraucagemas B puibrpe Kanivana.

Maxkcumnzanus Lg (va ) SKBUBAJCHTHA MUHUMMU3AIUN (PYHKIUU — Lg (Z{V ) O6o3Ha-
qnm orpurnarebayo JIOII, nocrpoennyio jyist pesynbrata t-ro HaOJIIOACHUS 2; B CUCTE-
me (1), (2) npu ycioBun o6paboOTKY MPEJIBIIYIIUX PE3yIbTaToB Habmoaenuii yepes ly(z).

Torna .
lo(z) = 5 {% In(2r) + In(det(Re,)) + etTR;tlet} . (3)

C 1esbIo0 IPUMEHEHUsT METO/Ia MAKCUMYyMa [IPaBJIONOI00Ms /st OICHKH HEM3BECTHOI'O
napamerpa 6 € RP cucrembr (1), (2), paspaboraeM HOBBIH aJrOPUTM JIjisi BBIYUCJIEHUS
rpajuenta JIDII ly(z), coracHo KOTOpOMy Jiisi KazKJ0ro MOMeHTa Bpemernn t = 1,... N,

ol(z)
00; ’

BEJITINHDI 1=1,2,...p, OlpPeIeNI0TCS PEKYPPEHTHO.
3 AJropuTM BbIYUCJIEHHUS TpajueHTa jorapudmudeckoii PyHKIUN IIPaBIO-
noaoous

Nudopmarmonnbie aaropuT™Mbl (DUILTPAIIUN ABJIAIOTCA OJJHUMU U3 HAMOOJIee BaXKHBIX
U MUPOKO M3BECTHBIX KJIACCOB MeTO/0B. OHU 9acTO MPUMEHSIOTCS JIJIsl PEIeHus 3129 B
YCJIOBUSIX OYeHb CKYJIHOM alrprOpHOl MH(MOPMAIIUK U €€ OTCYTCTBUM, T. €. B T€X CUTYya-
[USIX, KOTJ@ IPUMeHEeHNne KOBAPUAIMOHHBIX aJI'OPUTMOB He CIIOCOOHO PENTUTDH MpobJieMy;,
YTO ellle pa3 MOTIEPKUBAET BaXKHOCTH PAa3padbOTKU MH(POPMAIMOHHBIX TUIIOB METOJIOB.

Ucxonst 3 mesn, nocrasiennoit Boimie, paccmorpum PKKU®, npemioxenusiii B [5].
Osnako, Jiyist yo0cTBa JaabHeiiinero n3aokenus chopMyIupyeM ero B CJIe/IyIONeM BH/IE:

npeanonaras, aro Py > 0, Ry > 0 u F; obpatumsbl, 1o gaHHBIM T, = o, By, = Fp
BBIYUCISIEM:
R, —R"PH T RTPHFETGQI? | —R T
0 0 I, 0
—T/2 _
Re,t 0 0 _6t
= | =(P1) "PKy —(P) 2 0 (Poy) ™ Pag | (4)
* * * *

23



M. B. Kymuxosa

rie Oy — OpTOroHaILHOE IPeoOpa30BaHKue, IPUBOAAIICE K OJI0YHOMY HUXKHEMY TPEYTOJIb-
HOMY BUJIy MATPHILY, CTOAIILYI0 B mpaBoii wactu dbopmymst (4), (P7)Y/? — sepxusas Tpe-
yToJIbHAs MaTPHUIIA, ABJIAIONASICI KBaIpATHBIM KOPHEM MaTpunisl P, T.e. P, = (P_)T/ Zx

t
X (P[)l/Q. Amnasnornuno, P, = (Ptjrl)T/Q(Ptjrl)l/Q, R, = (Rt)T/Q(Rt)l/Q, Q: = (Qt)T/2 X

x (Q)Y? u R.; = (R&t)T/ 2(Re7t)1/ 2. Jl;na BCcex BBIIIE IPUBEICHHBIX MATPHIL UCIOJb3Y-
forca cemyionue obosnadenns: AT/2 = (AVHT A7Y2 = (AY2)~l p ATT/2 = (A7V2)T,
B dopmyre (2.1) K, = FtPt_HtTR;tl u [, — eJuHNYHAs MaTPUIA PasMepa g X ¢.
Beiumem dopmysty muist Borancienus rpajguenta JIOID mag cucremer (1), (2) B Tep-
1/2 . .
vutnax PKKU®. 3amerum, uro marpuna R,/ sBisgercs BepxHeit Tpeyrosbhoit. Cierosa-

TEJIbHO, ClIpaBCAJINBbI YTBCP2KIACHUA

In(det(R,,)) = 21In(det(RY?))

[1n(det(R§{t2))] —tr | R} # , (5)

0
00;
rae tr[-] — coen MaTpurpl.

Tudbdepentupys (3), nogacrasss (5) u npungas Bo suumanue, uto det A~1 = (det A)~1,
HOJIy 4aeM:

—1/2
ol(z) O fley _r0e :
= —tr Ri’/f(ai(%) +€tTaQ:, 221,2.

00;

..D. (6)

Hasee, paboras ¢ GoKaMu MaTpPUIL U UCIOJIB3Ys ujeio [1], pacmmpus ee (1 cxemy
BBIUUC/IEHUI) HA CJIydail MPAMOYTOJbHBIX MATPUIL, cOPMYIUPYEM HOBBINH METOJI BbIUUC-
nennst rpaguenta JIOIL (6) ma ocaose PKKU® (4). s kaxk10ro MomenTa BpeMeHH ¢
JEHCTBYEM B COOTBETCTBUY CO CJICLYIONMM AJTOPUTMOM:

Asaropurm 1

I. IIpumensem opmozonasvroe npeobpaszosarue Oy (4) x mampuye:

o(r77) o(s”) o(s”) o(s”) |
06 06 06 06 Xi Vi M; Ly
O o(s™) a(s?) a(s®) | = | N Vi W K
0 0; 0, 0; ook KX
I 0 0 0 0
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20e 8uIMUCAEHUA NPOU3BOOAMCA OnA Kadtcdozo O;, 1 = 1,2...p, u npunamobL caedyro-
wue 0603HAMEeHUA:

StV = =R H S = R HET G,

S = =Rz, S = (PR

S¥ = —(PO)PEGQ, S = ()T Ry

11. /Jlanree pabomaem ¢ baokamu mampuy. las xaoscdozo 0;, i = 1,2...p, 8biuucriem:
-1

-T
v M R 0 0
(1) 7 7 7 _ _ _ _
Jz‘ = [Ni Vz‘ VVz] _(Pt+1) T/QKp,t _(Pt+1) T/ 0
* * *

II1. /las kaoicdozo 0;, 1 = 1,2...p, npedcmasasem, svuuciernnyro na amane I mampuuy

Jl-(l) 6 caedyrouiem sude:

erﬁJrq
Jz(l) — Lz(l) + DZ(I) + UZ(I) ‘ * % %k ] }ern ,
men
2de Lgl), DZQ) u Ui(l) — COOMBEMCMBEHHO HUMNCHEMPEY20avHaA (0e3 2aa6H0T Juazo-

Haaw), dua2onasbHaA U 6epTHEMPEY20abHas (0e3 2aa6n0l duazonary) wacmu nood-
y 1
MAMPUYDL, CHOPMUPOBAHHOT U3 NEPEHLLT M, + N CMOAOU0S U CMPOK MAMPULDL Ji( ).

1 y
3ee3douramu 06031awUM OAOK MAMPUUDL JZ»( ) pasmepa (m + n) X q, xomopwui e
npedcmasanem 6 daHHOM CAYYae OAf HAC UHMEPECa;

IV. Jlrs xaowcdozo 0;, 1 = 1,2...p, HazoduM CACOYOULUE BENUMUHDL:

a<R;'f/2)
_— 0
‘]i(2) _ 00; _
O(—(P51) "PK,,)  0((Pryy) ")
00, 00;
—T/2
_ LQ)T +pW Ly { R, , 0 } ’
[z % I3 :| _(Ptjrl>7T/2Kp,t (Ptjrl>7T/2
oe
00, 12y 7L 9P L
' _ @ |:Xi Y;:| R, S K N
6 - 3 -
o(5) vl ) |
06 St K;
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V. Buuvucasem epaduerm JIQII coznacro dopmyae (6)
ol(z)

~1/2
2 _tr R1/2 M 4 éT%
90, ot 00, oo,

ol(z) .
U 6b10aeM UCKOMBIT DPE3YNLMAIN, %'), 1=1,2,...p.

(]

Kak npeamnonaraiaoch panee, paspaboTaHHBIN 111 BhraucaeHus: rpajauenta JIOIT, An-
roput™ 1 Hacsieryer Bee mpenmMytecTsa “Gazooro” anropurma duibrpanun (PKKUO):

i=1,2...p, (7)

1. 1OCKOJIBKY BCe BEJIMUMHBI, HEOOXOIMMbIE JIJId BhluncjeHus rpajguenta JIDII B mo-
MEHT BPEMEHH f, a TaK:Ke BCE BEJUYMHBbI, HEOOXOJUMBbIE JIJIT OCYIIECTBJICHHUS CJie-
aytorero (t + 1)-ro mara Asropurma 1, BBIMHCIISIOTCS HE3aBUCHMO M MOTYT OBITH
[TOJTy YeHBI OJTHOBPEMEHHO, TO 9TO JejIaeT ero boJjiee MpucrocobIEHHBIM K TTapaJsiie/b-
HBIM BBIYUCJICHUSIM, 9€M, HAIIPUMED, PaHee U3BECTHBIC aJI'OPUTMbI (DUJIHTPAIUN;

2. 3aMeTHM, UTO JIJIA KazKJI0r0 MOMEHTa BpEMEHN ¢, COTJIacHO AJIropuTMy 1, €/ IMHCTBEH-
HOIl MaTpureit, 1 KOTopoii TpedyeTcss BbIYHUC/ICHIEe 00PATHOM, ABJISAETCS BEPXHE-
1/2
TpeyroJibHas MaTpPUIla Rt/ . (B cayuae ecm Py # 1, TakyKe HEOOXOIMMO BBIUHC-
—1/2
mute By 7). Takum obpasom, paborocmocobnocts Asropurma 1 onpeessercs B
. 1/2
OCHOBHOM TOJIBKO CBOHCTBAMH MAaTPUITHI Rt/ ;

3. HOCKOJIbKY MaTpPHIBI [T, ; U €e TPAJINCHT ABIAIOTCA BEPXHIMU TPEYTOJILHBIMHE, TO JIJI
Boruncienust rpajuenta JIOII cornmacHo dopmysie (7) B KazxK/plii MOMEHT BpeMeHu ¢
HEeOOXOIMMO HaXOAUTh TOJIBLKO UX JUATOHAJIBLHBIE 9JIEMEHTBI. DTO CBORCTBO AJIrOpUT-
Ma 1 no3BosseT u3bexKaTh oOpalleHns MaTPUIBl KOBapHaluu HeBa3Ku IR, , € R™*™
U T€M CaMbIM COKPATHUTh ODOIIEe YNC/I0 apUPMETUIECKUX JeHCTBUN Ha BHITUCICHUS.
Bamernm, 9ro TeM ke cBoiicrBoM obsagaer u “6azosbiit Merox’, T. e. PKKU® (4).

Sameuanue 1 Ommemum, wmo usbesrcamv obpawenus mampuyv, Re, € R™™ moorc-

HO U C NOMOWDBIO CNEUUANLHOT NPOUEIYPLL, U3GECMHOT Kak “cKasapusayua” uameperul.
Anzopummui, paspabomarmvie 0as svuucaenus JIPIL ocnosannvie wa memode “crans-
pusayuu” omana obpabomru usmepenut npedcmasaenve 6 [8], [9]. Odnaxo, PKKU® u,
caedosamenvro, Arzopumm 1, nocmpoennoid na €20 ocnose, 06.4adar0m Imum c80lUCmMeoM
UBHAUANDHO.

KoppekTHOCTH BBITITE TPEIOXKEHHOTO aJTOPUTMa BBITEKAET U3 CJIEIYIONIEN TeOpEMBI.

Teopema 1 Ilycmv saemermo, mampuy, ®, € R™*" T'y € R H, € R™" Q; € R9*9
u Ry € R™ ™ xapaxmepusyrowur duckpemnyo Auretinyto OUHAMUYECKYIO0 CUCTNEMY 6U-
da (1), (2), asasomes docmamouno 2Aa0KUMYU GYHKYUAMU O HEKOMOPO20 6EKMOPA Na-
pamempos 6 € RP. [Ipednonrazaem, wmo mampuuyv, Py > 0, Ry > 0 u F; obpamumwv. Tozda
epaduenm JIDII, nocmpoernoti drs peaysvmama t-20 nabaodenus z; Npu Ycro6ul 0opa-
bomxu npedvidyuur Habarodenutl, Mosxrcem bbimv GvlMUCAeH ¢ NoMowblo Aazopumma 1.
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Tabsmna 1: 3uadenne JIOII u ee rpajuenta, BoraucieHube Ha ocHoBe duabrpa Kamvana n PKKO

3Hadenne orpunareabaoir JIPII snadenne rpajauenta JIDOII
7| K& | PKKID ly1 — ol mubd. KO | Amropurm 1 | |ys — y4]
(y1) (y2) (y3) (ya)
10 || 393.3 393.3 1.1E-14 -0.41 -0.41 6.8E-14
20 || 389.8 389.8 4.0E-15 -0.22 -0.22 1.1E-14
30 || 388.8 388.8 2.0E-15 -0.01 -0.01 3.8E-15
40 || 389.2 389.2 6.9E-16 0.08 0.08 4.9E-15
50 || 390.1 390.1 1.7E-15 0.09 0.09 2.6E-15
60 || 391.2 391.2 5.9E-15 0.10 0.10 8.7E-16

7" = 30, Tmin = 30, Tgrad = 30.

4 BeruuciaurejbHbIE JKCIIEPpMEHTbI

[Tokaxkem Ha mpuMepax Kak paboTaeT HOBBII MeToj BerauciaeHus rpajuenta JIOII. C
9TOH TesIbio puMeHnM AjropuTMm 1 K 3a/1ade HaXOXKIeHUs OIEeHKH HEM3BECTHOI'O Iapa-
MeTpa JIMHEHOW JIMHAMUYECKON cucTeMbl. B KadecTBe TecTa MUCIIOJIb3yeM IPUMED, TTPEJI-
JIO’KEHHBIH B [1].

[Iycrs cucrema Buma (1), (2) onmcsBaeTcs CIEIYIONMMI yPABHEHISIME

1 At 0
L1 = |: 0 efAt/T :| Tt + |: 1 :| W, (8>

Zt:[l O}xt%—vt, (9)

e Qy =1, Ry =1, uxy =0, Py = [, u 7 — HensBecTHbIi TapaMeTp, 3HaUECHIE KOTOPOTO
Heo0X0 MO OIeHUTh. Jjis1 pernenns mocTaBeHHON 3a/[a9i IPUMEHUM METOJ MaKCUMyMa,
IIPaBJIOIIOI00 M.

[Ipex e Bcero mokazkem Kak paborator Ha npaktuke PKKU® u Anropurm 1. C sToii
HeJIbio, BhlaucanM 3Haderue orpuiiaresbHoii JIOIT na ocrope PKKU®D (4), ucrnosnbsys
dopmysty (6), u cpaBHEM TOJIyUYeHHbIH pe3ysbrar co snadenuem JIPII, nmocrpoenHoii Ha
ocuose dhuabrpa Kanvana (K®). lasee, sorancaum suadenne rpajuenta JIPTI, va ocHo-
Be “muddepennuposannoro” KO u Asnropurma 1. Ilposeem sKcIepuMenT 1 B cieryiommx
yeaoBusix: 1) 7% = 30 — peasibHOE 3HAUEHHE MapaMmeTpa T JJis PACCMATPUBAEMOTrO IIPH-
mepa (8), (9); 2) orpunaresnbuast JIOII u ee rpajuent crpostest Ha orpeske T € [10,60].
ITo ero pesyabratam cchopmupyem tabir. 1.

Anaymsupys MojiydeHHble JaHHBIE, JIETKO BHIETh, UTO BCEe YIOMSHYTBIE BBIIIE aJIro-
pUTMBI i Bhraucyienus orpunaresibioit JIOII u ee rpajimenta npon3BogdT OJUH U TOT
ke pesysbrar. Takum o6pa3om, Ha MPAKTUKE MOITBEPAKIACTCT PADOTOCIIOCOOHOCTE AJITo-
putMa 1, pazpaborannoro g Boraucienus rpajuenta JIPII na ocnoe PKKUO®.

1BCe BBIYIUCJIUTEJIbHBIE 9KCIIEPUMEHTHI IIPOBOAUINCH C UCIIOJIB30BaHUEM KOMHI)IOTQI)HOﬁ CHUCTEeMbl MaT-

puaHBIX Bhrancaennit MatLab
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Tabsmna 2: OneHka MakCHMyMa IPaBIONOA00us mapaMeTpa T, moaydeHHas ¢ nomormbio K@, “mudde-
penrupoBanaoro’ K@, PKKU® u Anropurma 1

DKcIre- K® u PKKU® u

pument || “muddepenmupoBannbii’ KO Autropurm 1

N T 7A_min 7A—grad €a €r, % 7A_min 7A—grad €a | Er, %
1130 29 29 1 3,33 29 29 113,33
21 30 30 30 0 0,00 30 30 010,00
31 30 31 31 1 3,33 31 31 113,33
41 30 30 30 0 0,00 30 30 0| 0,00
51 30 31 31 1 3,33 31 31 1] 3,33
6| 30 29 29 1 3,33 29 29 1] 3,33
71 30 29 29 1 3,33 29 29 1] 3,33
81 30 29 29 1 3,33 29 29 113,33
91 30 31 31 1 3,33 31 31 113,33

10 | 30 31 31 1 3,33 31 31 113,33

CpeiHssl OTHOCUTEIbHAA ONIMOKa OleHUBAHUA €, = 2, 7%

Brenewm ciemyromnue obo3HatueHus: 7 — peasibHONM 3HAUEHUE HapaMerpa T Jijisd CUCTe-
MBI (8), (9); Tiin — 3HAUECHHE HAPAMETPA T, COOTBETCTBYIOIIEE MUHIMYMY OTPHUIIATEIHHOMN
JIDII, 1. e. MmuauMYyMYy QyHKIIH — Ly (va ); Tgrad — 3HAYEHHE, TP KOTOPOM TI'DaJUeHT
JIDII pasen nyo.

Anaymsupys jgannable TabJ1. 1, cesiaeM erne OIuH BayKHBII BBIBOJ, TAKZKE MTOITBEPK 1A~
oruit paborocrocobnocTs AjiroputMma 1: 3HaMeHne MapaMerpa 7, Ipu KOTOPOM I'DaUeHT
JIDII coBnajaer ¢ HysieM, paBeH OIEHKE, TOJIYIEeHHON UCXO/IsI 13 MUHUMYMa, OTPHUIIATE b~
noit JIOII, nau B NpUHATHIX HaMM ODO3HAYEHUAX Tgrqd = Tmin. DOJIEE TOTO, B JAHHOM
9KCIIEPUMEHTE OIeHKa MaKCHMyMa IpaB/OIoI00Us COBIIQJIACT C PEAJbHBIM 3HAYCHUEM
napamerpa T, T. €. Tgrad = Tmin = 7 = 30.

Jlajee, mpoBegeM cepuio, cocTodAItyo n3 10 BBIYUC/IUTETbHBIX SKCIEPUMEHTOB, 110 pe-
3yJsibTaTaM KOTOpbixX chopmupyem tabir. 2. Beegem cieyromue obo3Hadenus: e, = |7° —
Tyrad| — @OcCOIOTHAS OMIHOKA OLEHUBAHULA; €, = |T* —Typqq|/|T*| — OTHOCHTEIBHAS OIIHOKA
OlleHMBaHUsI. AHAJIN3 MPEJICTABIEHHBIX B TaOJ/I. 2 JJAHHBIX O3BOJISIET CJIeJIaTh CJIeIyIONne
BBIBOJIBI:

1. omeHKa MaKCUMyMa IIPaBIONOI00Ns TapaMeTpa T, MOJIyYeHHasl ¢ TIOMOIIBIO OPraH-
3allil BRIYMC/IeHUil Ha ocHOBe “muddepeniuposanaoro” K@ cosiaaer ¢ OIEHKOI,
[TOJIy9eHHOM ¢ ToMoIbio Ajropurma 1;

2. st 0DOMX, IPUMEHEHHBIX B JIAHHOW CepUU SKCIEPUMEHTOB METOJIOB BBLIYHCIEHUIA,
OICHKA Tmin = Tgrad;

3. Bce OIEHKU MaKCUMyMa, [IPaBJIONo 1001 OJIM3KN K Pea/ibHOMY 3HAUEHUIO ITapaMeTpa
cucrteMbl, T. €. K 7% = 30: cpeliHdsd OTHOCHUTeIbHas OIMMUOKa oleHuBaHudA €, B 10
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9KCIIEPUMEHTax He mnpesbimaer 3%.

Takum obpazoM, JlaHHBIE TabJI. 2 elle pa3 IOITBEPXKIAIOT CJIeJIAaHHbIE PaHee BhIBOJIbI O
paboOTOCIIOCOOHOCTH HOBOI'O MeTOjia BbluuceHnus rpajguenta JIDII.

5 3akJroyenue

B crarbe upejioxken HOBBIN 3hdeKTUBHBIN criocod Bbrauciaenusd rpajuenta JIDII,
copmymupoBannbiii Ha ocHoBe PKKN®. Bee Teopermyeckue BBIBOJIBI TOTBEPIK ICHBI
MPAKTUIECKIMU BBIIUCICHUSMH.

ABrop Gnaromapur HayuHoro pykoojutess mpod. .B. CemyriuHa 3a mocTaHOBKY
pobJIeMbl ¥ BHUMaHUE K padoTe.

CIINCOK JINTEPATYPBI

[1] Bierman, G. J., Belzer M.R., Vandergraft J.S., and Porter D.W. Mazimum Likelihood
Estimation Using Square Root Information Filters, IEEE Trans. on Autom. Contr. ,
Vol. 35(12), pp. 1293-1298, 1990.

[2] Bierman, G. J.: Factorization Methods for Discrete Sequential Estimation. Academic
Press, New York, 1977

[3] Bau-gep-Bapuep, Mamemamuueckas cmamucmura. M.: VI31-Bo nHOCTpaHHOM JTTE-
parypsl, 1960.

[4] P.M. Newbold, Yu-Chi Ho, Detection of Changes in the Characteristics of a Gauss-
Markov Process, IEEE Trans. on Aerosp. and Electron. Systems, Vol. AES-4(5),
pp. 707-718, 1968.

[5] Park, P., Kailath, T.: New square-root algorithms for Kalman filtering. IEEE Trans.
on Automatic Control. 40(5), 895-899, 1995.

|6] Kailath T., Poor H.V., Detection of Stochastic Processes, IEEE Trans. on Inform.
Theory, Vol. 44(6), pp. 2230-2259, 1998.

[7] Schweppe F.C., Evaluation of Likelihood Functions for Gaussian Signals, IEEE Trans.
on Inform. Theory, Vol. IT-11(1), pp. 61-70, 1965.

[8] U.B. Cemymun., FO0.B. Ipranosa., M.B. Kymukosa, O swwucaenuu gynrkyuu npas-
d0n0dobus 0L 2aYCCOBCKUT MAPKOBCKUT nocaedosamesbhocmeti, Y YeHble 3aIlliCKN
VibsiHOBCKOTO TocyapcTBeHHOr0 yHHBepcuTeTa, Cep. “@yHpmaMeHTa/IbLHBIE TPOOJIEe-
Ma MareMaTuku u Mexanuku”, Boim. 2(9), c¢. 93-100, 2000.

[9] Semoushin, I.V., Tsyganova, J.V. An efficient way to evaluate likelihood functions
in terms of Kalman filter variables. In: Murgu, A., Lasker, G. E. (eds) Adaptive,
Cooperative and Competitive Processes in Systems Modelling, Design and Analysis,

29



M. B. Kymuxosa

67-74. The International Institute for Advanced Studies in Systems Research &
Cybernetics, University of Windsor, Windsor, Ontario, Canada, 2002.

30



VueHble 3anMCKU YIIbSTHOBCKOI'O I'OCY/IapCTBEHHOIO yHHBEPCUTETA
Cep. PyngameHTaIbHBIC IPOOIEMbI MATEMATHKH H MEXAHUKH
Boin. 1(14), c. 31 — 43.

©VYal'y, Yabsnosck, 2005

YK 519.226.2 : 519.233.2

STOCHASTIC CONTROL ITERATED DESIGN
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KuaroueBnie cioBa: Applications for CE, iterated design optimization.

Awnunorarusi.  This paper proposes and experimentally examines application of Genetic
Algorithms (GAs) to the problem of open and closed loop stochastic control optimization
under uncertainties. A comparison is made of GAs and conventional numeric methods.
All the work findings have been made on the basis of experimental data with the help of a
specially designed software product.
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1 Introduction

Control engineering often must consider the control of poorly understood systems
such as chemical, industrial or economic processes for the benefit of society. The present
challenge to control engineers is the modeling and control of complex, interrelated systems
under uncertainty such as traffic-control systems, robotic systems, and industrial automa-
tion systems. The necessity to maintain high system performance under uncertain and
contingent changes in the model of operating conditions, has led to development of great
many numerical methods, now often called “classical.” They provide the solid basis for
change point detection, for change isolation, for after-change model identification, and
lastly, for system accommodation (adaptation) to the newly emerged operating conditions
[2].

Implementation of the classical methods is generally an intricate problem. The classical
numerical and mathematical programming methods are not able sometimes to guarantee
good results: reliable detection and quick-acting adaptation for low computational cost.
The fact that sometimes they cannot provide the satisfactory results in terms of benefit-
cost ratio or performance-cost ratio or quality-cost ratio has heightened the need for
borrowing the adaptation mechanisms from the natural evolution.

Evolutionary algorithms are relatively new, but very powerful techniques intended to
find solutions to many real-world search and optimization problems [4]. Evolutionary
Computing and other non-standard approaches such as Fuzzy Technology and Neural
Networks, are merged in the area of “Intelligent Techniques” or “Computational Intellige-
nce” (CI). The last three decades have witnessed a very strong growth of CI.

The genetic methods within CI are of special interest because of their potential ability
to handle complex optimization problems using a simple and relatively inexpensive model.
Motivated by genetics, the basic idea of GAs is to select the best performer (in our case,
the best filter) from a population and thus to improve control from trial to trial. Such
remedial actions can be treated as system iterated design optimization, or system re-design
over life-cycle years.

In this paper, we solve the problem of filter optimization for stochastic control under
uncertainties in a class of systems known as trackers |7]. Two approaches to filter optimiza-
tion are experimentally compared: the classical one and that based on GAs.

The outline of the paper is as follows. Section 2 describes the problem including
the monitored system, Kalman filter and adaptive filter. A system example and a brief
description of applied genetic algorithms are given in Section 4. Some computational
results are presented and discussed in Section 5. Finally, Section 6 concludes the paper.

2 Problem statement

Let a given system (1)—(2) be parameterized by a vector §# € RP and available data
z= [Z] be a vector composed of two parts: the control input u € R? and the measurement
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output y € R™. The control system is described for ¢ € Z by the equations:

r(tiv1) = Pox(ts) + Vou(ts) +w(t;) (1)
y(t;) = Hpx(t;) +v(t;), © € R" (2)
To(tsy) = PoZo(t)) + Yoult;), o € R" (3)
To(tF) = @o(ty) + Kov(ts) (4)
v(t:) = y(t:) — Hoo(t;) (5)
u(ty) = frl@o(t])] = —Goio(t)) (6)

with {w(-)}, {v(-)} being zero mean i.i.d. sequences of covariance @)y and Ry respectively.
The state difference equation (1) is propagated forward from the initial condition x(¢_)
of the finite expectation E {||z(t_,)||*} < co. The initial state is placed at some t_, € R!
where s > 0 determines what is termed settling time 7y =ty — t_, needed to think of all
processes in (1)—(6) as wide-sense stationary for ¢ > 0. As usual, equation (1) represents a
given plant, equation (2) a given sensor, and (3)—(6) a feedback to be iteratively designed.
The initial feedback design is to be composed of Kalman Filter (KFy) with the Kalman
gain Ky, (3)—(5), cascaded with Regulator (Ry), (6), described by a given function fy[']
of the measurement updated estimate #,(¢;") or chosen according to the second equality
in (6) with a given (or initially designed) regulator gain matrix G§.

Matrices defining the feedback (3)—(6) are assumed to be initially given as ®q, ¥y,
Qo, Hy and Ry for a nominal mode of operation, i.e., for a nominal value 6y € © of the
uncertainty parameter # € © taken from a set © of possible modes.

However, parameter € is subject to abrupt changes. Each single change occurs at an
unknown time point t., > to. This can be viewed as a switch of § from 6y to some other
unknown value #; € ©. To keep the feedback close to optimal for the newly emerged mode
(defined by 6;), it is necessary to correspondingly re-design the feedback. The optimal re-
design would be Kalman Filter number 1 (KF;) corresponding to 6, with Kalman gain K
and outputs #;(¢;, ;) and 2 (¢;"), cascaded with Regulator number 1 (R;) described by the
same function fgr|[-] of #1(¢]") or chosen similarly to the second equality in (6) as —G7} with
the correspondingly re-designed regulator gain matrix Gj. The feedback so re-designed
(and marked by subscript ;) would have to be substituted for the above described initial
feedback (marked by subscript o). This can be figuratively expressed by the following
assignment operators:

KFO = KFl, RO = Rl, to = tcl (7)

The challenge is that the above optimal re-design cannot be performed because #; €
© and t. are unknown and so in reality can be only replaced by estimates 6, € ©
and t., produced by an applicable practical parameter estimation algorithm for re-design
(APPEAR). The problem is to construct the APPEAR such that it could be applied
iteratively when the next change occurs. Undeniably, the next change is supposed to
occur at a next time point £., > ty such that the time interval ¢., — ¢y would be enough
for completing the operation of the APPEAR.
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u(t;) y(t:) (do, -+ ,dk) K
SP FP F8

SF (9:07"'73’[()

7, k=1{je{0,....K}: dt,) =0}
Fe

Puc. 1: The general framework for change point detection and filter selection. Legend: 8P stands for
system population, each member of 8P being in reality the system (1)—(2) with a particular value 05 € ©,
ke€{0,1,...,K}, K € N. FP stands for filter population of size K; each member F;, of FP is the Kalman
filter KFy, being the optimal one with respect to system (1)—(2) with a particular value 0, € ©. For each
single KFy, , decision d;, = 0 is made in support of KFy, or decision d; = 1 is made in refusal of KFy, .
F8 stands for filter selection based on the all partial decisions {dy}. The stopping rule generated by the

DG is defined by the alarm time t, = min{tk : (Eln Dde(tr) =0 & V dj(te) = 1)} FE stands for
J#n

feedback effector to implement the desired action (7) in the system feedback 8F. The only filter selected
and uploaded to 8F is Fy.

In fact, one has two problems to be solved:

1. Detection. It is necessary to detect the every change point t., for low cost and with
a reasonable delay and required reliability, i.e., a decision gemerator, DG, is needed. It
makes its decision at the alarm time ¢, in support of an abrupt change thus assigning
te, = ta.

2. Selection. After the above decision has been made, a system population, 8P, should
be assumed to approximately reflect the set © of possible (after-change) modes of operation,
so that the corresponding Kalman filter population, FP, could be built. Then it will be
necessary to select from FP the only one filter, F,, that could be recognized as the best
performer in the sense that it most closely matches the newly occurred mode of system
operation, according to Figure 1.

These problems can be solved by one of many existing methods [1], for example, by
using the weighted square innovation as a fitness function (FF) [11]. In this paper we
assume that these problems must be solved using another type of FF proposed in [8] in
the context of the so called “Statistical Orthogonality Principle”.

To guarantee existence of the steady-state Kalman gain Ky for each single mode of
operation (uniquely predetermined by a # € ©), we assume the pair (@g,Qé/ 2) to be
stabilizable, the pair (®g, Hy) observable, and the pair (®y, ¥y) controllable [5]. Then the
matrix G can be designed to be LQG optimal for each single mode of operation, too,
(i.e., optimal for each 0 € ©) [7].
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3 Decision generator for detection

Given the k-th mode of operation (6 = 6y), for a filter KF; with the design parameter
6 € RP, to be optimal, i.e., equal to KFy,_ minimizing a mean square criterion

J(6) & ;E {5(@, )7 =(t;, é)} (8)

with a residual &(¢;, é), it is necessary (and, in most practical cases, sufficient) that all the
expectations
R O=(t;,0 R
CE(t;,0) = E M,g(ti,e) ’ 0 =0, (9)
00;
of the dot product (-,-) lie in the immediate vicinity of zero (Vk € {0,1,...,K}, j €
{1,2,...,p}). Consequently, it is possible to base the DG (Fig. 1) on the following partial

decisions: .
g0 05—
1 otherwise

<7 (10)

with a threshold 7y where nf is the number of negative outliers of the process éf (t;), an
estimator of (¥(t;), in the current sample of size M.

Thus, the DG implementation boils down to construction of a workable residual e(;, é),
— “workable” means available and such that the above necessary and sufficient property
of the performance index (8) concerning the process (9) holds. The useful solution of this
problem known as “Auxiliary Performance Index” (API) approach can be seen in |9, 7]
or in [10]. Using this approach, we construct the desired “signal functions” (9) in the form
of their exponentially smoothed estimators

(t0) = all(ti1.0) + 5 <M c(t é)) (1)
00;
with the smoothing factor o, « + 3 = 1.
Remark 1. In the avove, 6 stands for any particular value 6, in the FP.
Remark 2. The same signal functions (11) we use in the following conventional numerical
methods chosen to compare with them the GAs as a concurrent engineering tool for the

control systems iterated design optimization: (i) Simple Stochastic Approximation (SSA),
(ii) Simplified Least Squares (SSA) [3].

4 GA based filter selection

To test the use of GAs for filter selection, we take in this work a special case of the
system (1)-(6) known as trackers and designed to regulate the tracking error e(t;) to zero,
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[{3h]

with the following notations where “p” stands for “plant” and “r” for “reference signal”:

T 0] 0
:1::{ ‘:}ERQ, q)g:q)0:|: Op CIDr]

e[ 4] e [% 8]

H, 0 R, 0
HQ:HO:{OPO]’ RQ:{OPR}

6(@) = Cp.pr(tl) — Cr.fEr(tl)

uti) = —Ghpop(t") — Grdor(t])
For simulation, the tracker described in [7| has been chosen where

®, =082, & =061, ¥,=018, C,=1
Ce=1,  Gp=036, G.=-0.19

For the Kalman filter design, we have

H,=1, @Qp,= 0.0840§, Q. = 0.6302
ol =war, o} =wvar, R,=wvar, R,=wvar
where “var” stands for the variable quantities. In this example the design parameter K=
K, | K,]" is a pair of real numbers each belongs to (0; 1).

The basic element processed by a GA is the string (chromosome) formed by concatenat-
ing a substring (gene) each of which is a binary code of a parameter of search space [6].
Thus each string represents a possible solution to the problem. The GA works with a
set of strings, called the population. This population then evolves from generation to
generation through the application of genetic operators. A GA in its simplest form uses
three operators: Selection, Crossover and Mutation.

We investigate the following possibilities to construct the genetic operators:

ENCODING

1. A chromosome is a binary code of the fractional part of K . For example, 1011
represents K =1-27140-27241-27341.27% = 0.6875.

2. A chromosome is a binary code. The range (0;1) is divided by 2! — 1 intervals where
[ is the chromosome length. Each interval has a number represented by binary code. The
parameter is the middle point of the interval representing the chromosome.

3. A chromosome is a Gray code. The range (0; 1) is divided by 2! — 1 intervals, where
[ is the chromosome length. Each interval has a number represented by Gray code. The
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parameter is the middle point of the interval representing the chromosome.

FITNESS FUNCTION

The method used in (10) is sometimes called “polar correlator” method. We extend the
use of it to include the fitness function F(k) construction as follows:

1.VkE=1,2,...,K;5=1,2,...,p compute

k_

nk
0.5 — —J'

2.Vk=1,2,..., K compute
p
=30
j=1

3. Find
A= max O

4.Vk =1,2,..., K obtain
F(k) =[-6, +A+0.1] x 10

The F(k) is assigned to each individual & in the population where high values mean
good fit. The assignment is made at the end of a sample with number [ = 1,2,..., L, each
sample of size M.

SELECTION

There are a number of ways to do selection.

1. Roulette wheel. Each individual is represented by a space that proportionally corres-
ponds to its fitness. By repeatedly spinning the roulette wheel, individuals are chosen using
“stochastic sampling with replacement” to fill the intermediate population.

2. Remainder stochastic sampling. For each string k where F'(k)/F is greater than 1.0
(F is the average fitness), the integer portion of this number indicates how many copies
of that string are directly placed in the intermediate population. All strings (including
those with F(k)/F less than 1.0) then place additional copies in the intermediate popula-
tion with a probability corresponding to the fractional portion of F(k)/F. For example,
a string with F(k)/F = 1.36 places one copy in the intermediate population, and then
receives a 0.36 chance of placing the second copy. A string with F'(k)/F = 0.54 has a 0.54
chance of placing one string in the intermediate population.

ELITISM
Elite factor is a number of chromosomes passing from current population into future
population without any operations as being the best ones.

CROSSOVER
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The main operator to work on the parents is crossover, which is applied with a certain
probability, called crossover rate p. (in our case p. = 1).

1. Single-point crossover. The crossover takes two individuals from intermediate popula-
tion, and cuts their chromosome strings at some randomly chosen position, to produce
two “head” segments, and two “tail” segments. The tail segments are then swapped over
to produce two new full length chromosomes:

000:0000 0001111
X =

111:1111 1110000

2. Two-point crossover. This operator uses two randomly chosen crossover points.
Strings exchange the segment that falls between these two points:

00:000:00 0011100
X =

11:111:11 1100011

3. Uniform crossover. Each gene in the offspring is created by copying the corresponding
gene from one or the other parent, chosen according to a randomly generated crossover
mask. Where there is a 1 in the crossover mask, the gene is copied from the first parent,
and where there is a 0 in the mask, the gene is copied from the second parent. A new
crossover mask is randomly generated for each pair of parents.

mask 1001011
parent 1 0000000

IR
offspring 0110100

(AR
parent 2 1111111

MUTATION

Mutation is applied to each child individually after crossover. It randomly alters each
gene with a small probability (typically 0.001). Following example shows the third gene
of the chromosome being mutated.

00:0:00 = 00:1:00
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5 Experimental results

The stochastic tracker described in Section 3 was simulated. While simulating, we
specify the two phases named “before” and “after” (before and after a parameter change).
The phase “before” takes 300 time instants and phase “after” takes 3000 time instants. In
totality, simulation parameters comprise:

1. Number of Tterations ........... . 3000
2. Number of Samples to average results, L ........... ... ... ... 20
3. Sample size, M ..o 150

4. Numerical algorithms and their parameters:

(a) Robbins-Monroe procedure ................ooeiiiiiiiiiiiiiiiiiiiae. SSA
(b) Simplified Least SqUares ............c.oeiiiiiiiiiiiiii i, SLS
(c) Exponential smoothing parameter, ov .......... ... .. .. i 0.5

5. Simulated genetic algorithm:

(a) Chromosome Length (bits) ... 7
(b) Power (size) of population, K ........... i 50
(c) Elite Factor ... ... 2
(d) Mutation Probability Rate ..............ooiiiiiiiiiii i, 0.100
(e) Selection Mode ..........ccooiiiiiiiiii. Remainder stochastic sampling
(f) Crossover Mode ... ..o Two-point crossover

Figures 2 to 5 demonstrate the experimentally observed results averaged over 100
program runs for the following tasks:

(1) Determine the convergence of GA-estimates f(p and K, for the plant and reference
model (Fig. 2).

(2) The same but in more detail for K, (Fig. 3).

(3) Compare the cumulative integral percent error for the plant between SSA, SLS and
GA (Fig. 4).

(4) The same but for the reference model (Fig. 5).

As revealed by the graphs for the controlled plant, the settling time defined as the time
required for the estimates to settle within the band of 7% error, ranges up to 750 time
instants, i.e., 5 samples of M = 150 readings needed to make a decision on updating the
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Zenetic algorithm
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Puc. 3: Genetic algorithm performance: K.
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IPE for controlled plant

change of IPE for Robbins-Maonroe procedure
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Puc. 4: Integral Percent Error for the controlled plant. Comparison of three methods: SSA, SLS, GA.
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Puc. 5: Integral Percent Error for the reference signal model. Comparison of SSA, SLS and GA.
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filter population. In another way, it has taken only 5 generations of FP for the error to
enter the band. However, another experiments show that this quantity may increase from
5 to 15.

According to simulation studies, GAs appear better capable for the closed loop, than
for the open-loop, control systems re-design. Probably, this is due to the generic advantage
of feedback systems to decrease the sensitivity of the system to parameter disturbances
within the system.

6 Conclusions

In this paper, new data on the behavior of the Genetic Algorithms in the problem
of open and closed loop stochastic control design optimization under uncertainties are
reported.
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