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XI-th International Conference "Knowledge - Dialogue - Solution” I

PREFACE

The scientific Eleventh International Conference “Knowledge-Dialogue-Solution” took place in June, 20-30, 2005
in Varna, Bulgaria. These two volumes include the papers presented at this conference. Reports contained in the
Proceedings correspond to the scientific trends, which are reflected in the Conference name.

The Conference continues the series of international scientific meetings, which were initiated more than fifteen
years ago. It is organized owing to initiative of ADUIS - Association of Developers and Users of Intelligent
Systems (Ukraine), Institute of Information Theories and Applications FOI ITHEA, (Bulgaria), and
[J ITA - International Journal on Information Theories and Applications, which have long-term experience
of collaboration.

Now we can affirm that the international conferences “Knowledge-Dialogue-Solution” in a great degree
contributed to preservation and development of the scientific potential in the East Europe.

The conference is traditionally devoted to discussion of current research and applications regarding three basic
directions of intelligent systems development: knowledge processing, natural language interface, and
decision making.

The basic approach, which characterizes presented investigations, consists in the preferential use of logical and
linguistic models. This is one of the main approaches uniting investigations in Artificial Intelligence.

KDS 2005 topics of interest include, but are not limited to:

Cognitive Modelling Knowledge Engineering

Data Mining and Knowledge Discovery Logical Inference

Decision Making Machine Learning

Informatization of Scientific Research Multi-agent Structures and Systems
Intelligent NL Text Processing Neural and Growing Networks

Intelligent Robots Philosophy and Methodology of Informatics
Intelligent Technologies in Control and Design ~ Planning and Scheduling
Knowledge-based Society Problems of Computer Intellectualization

The organization of the papers in KDS-2005 is based on specialized sessions. They are
1. Cognitive Modelling
2. Data Mining and Knowledge Discovery
3. Decision Making
4. Intelligent Technologies in Control, Design and Scientific Research
5. Mathematical Foundations of Al
6. Neural and Growing Networks
7. Philosophy and Methodology of Informatics

The official languages of the Conference are English and Russian. Sections are in alphabetical order.
The sequence of the papers in the sections has been proposed by the corresponded chairs and is thematically
based. The Program Committee recommends the accepted papers for free publishing in English in
the International Journal on Information Theories and Applications (1J ITA).

The Conference is sponsored by FOI Bulgaria ( www.foibg.com ).
We appreciate the contribution of the members of the KDS 2005 Program Committee.

On behalf of all the conference participants we would like to express our sincere thanks to everybody who helped
to make conference success and especially to Kr.lvanova, |.Mitov, N.Fesenko and V.Velichko.

V.P. Gladun, A.F. Voloshin, Kr.K. Markov
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Section 1. Cognitive Modelling

1.1. Conceptual Modelling of Thinking as Knowledge
Processing during the Recognition and Solving the Problems

KOHUENTYANNbHOE NPEACTABNEHWE OB OMNO3HAHWI OBPA30B W PELLEHWIA
[MPOBJIEM B MAMATW YE/TOBEKA 1 BOSMOXHOCTAX EIO NCIMOJ/Ib3OBAHNA
B NCKYCCTBEHHOM WHTEJIIEKTE

3.J71. PabuHoB®y

AHHOTauns: [laHHoe KubepHeTUYeCcKoe MNPeACTAaBMEHNE BbIPAO0TAHO HAa OCHOBAHWM CBEAEHWA U3
HepohnN3NoNoruK, HeponCUXoNornM, HeiipoKNGepHETUKA, a Takke NpaBgonofobHbIX rMnoTe3 aBTopa,
BOCMO/HAOLLMX UX HEJOCTaTOK. [pexze BCero, yAeneHo BHUMaH1e 06LLMM NPUHLMNAM OpraHn3aLim namaTy
B MO3re 1 NPOVUCXOAALLM B Heii npoLeccam, peanunsytoline Takue neuxmyeckne QyHKLMM Kak BOCpUaTHE U
NaeHTUMKaLNA BXOAHON 06pa3Hoi MHpOpMALMK 1 Kak peLleHre npobnem, 3a4aBaemMoil UCXOAHOM U LieneBoil
cuTyaumeir. Peanusauus BTOPOA (OyHKLWW, COBCTBEHHO MbICAUTENLHON, paccMaTpUBAETCA B acnekTax
06pa3HOro 1 A3bIKOBOTO MbILMIEHUS HA YPOBHAX MHTYMLMN M OCO3HaHWA. BbiCkasbiBalOTCA COOOPAXEHNs O
LienecoobpasHoCTM 1 MpUHLMNAax 6MOHMYECKOro noAxofa B CO34aHWM COOTBETCTBYWLMX CPEACTB
NCKYCCTBEHHOIO UHTE//EeKTA.

KntoueBble cioBa: 06pas, BOCIPUSTUE, ONO3HaHue, PeLLEeHIne, FeHepaTop NPO6/EM, 0CO3HAaHNE, MHTYMULAS.

BeepgeHue

KOHLEeNTyasbHbIii YPOBEHb MOAENMPOBAHNS €CTECTBEHHBIX MEXAHU3MOB NCUXWKN 03HAYAET MPOHWUKHOBEHME B
HUX CBEPXY BHW3 — OT ONMPEAENeHHbIX NCUXMYECKIX (DYHKLMIA K MH(HOPMALMOHHBIM NPUHLMNaM WX (r3nyeckoit
peann3aLym, T.e. 0T NCUXMYECKOTO pesynbTaTa K MH(hOPMALMOHHOMY MEXaHIU3My ero nonyyeHns [1-4].

Takum 06pa3oMm, KOHLENTyanbHas MOAENb YCTaHaBMMBAET (BblpaxasiChb TEPMUHOMOMMe Ton-Tematuku) "the
understanding of the relationships between structure and function in biology".

NHhopmaLmMOoHHbIE MPOLLECChI, MPOUCXOASILNE B UX (IM3NYECKOIA CyOCTAHLMM — HEPBHOW CUCTEME, pasaeneHbl
Ha [Ba [NaBHbIX Krnacca — MPOLECChl YMCTO-KOMOMHALMOHHbIE (Kak HE CBSI3aHHblE C 3amOMUHAHMEM),
NPOUCXOAsLME B OpraHax uyBCTB, YNPaBNEHUS [BWKEHWEM UM T.4. W NPOLECCHl  KOMOGUHALMOHHO-
HakanMBaroLLe, NPOUCXOAALLME B CAMOI NamsTH.

B COOTBETCTBMW C NpeaMeTOM fOKMafa B KauyecTBe MCXOAHOrO MOCTy/ata NMpUMEM, YTO K 3TUM mpoleccam
OTHOCATCS MPOLECChl MbILNEHNS (BKIOYas 06paboTKy BXOAHOW B NamsTb U UCXOLHON W3 Hee WHAopmaLmm),
T.6. NaMATb ABMSAETCA OJHOBPEMEHHO M CPEAON MbIWAEHNS, NOrPYXEHHOW B 06LLYH HEAPOHHYK CeTb BCel
HEPBHOIi CUCTEMBI.

['ie Xe rpaHuLia namsTy, 1 KaKoBa ee opraHn3aums?

HuXe Mbl PacCMOTPUM KOHLEMTyaslbHyl0 MOfE/b MaMsiT 11 MPOLECCOB B HEM, OPUEHTUPYSICh Ha (OYHKLMIO
ONO3HAHMS, OTHOCALLYIOCS K CaMOMy MOHSTUIO NaMSTI U (OYHKLMIO PELIEeHNs NPoBnemM, OTHOCSILLYICS YXe K
LieNleHanpaBEHHOMY MbILMEHMI0 KaK 0COB0 BaXHYH B KUSHEAESTENbHOCTU YenoBeka. [JaHHble (yHKLuM
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ABNANTCSA LOMUHMPYIOLWMMI B 3aa4ax UCKYCCTBEHHOIO MHTENNEKTA, 1 B 3TOM NaHe KOHLEeNnTyasbHas MOAESb
(nanee KM) npeficTaBnseT MHTEpEC Takxe B npobnemartike “obpatHoii — From Nature to Artificial”).

KM — namsiTb 1 ONo3HaHne

B dhyHKUMIO NamsATh BXOAAT Takie MOHATMSA, KakK “y3HaTb”, “BCOMHUTL”, “BO0OPa3nTh” 1 T.0. OCyLLECTBNEHME
BCEX 3TUX [EMCTBUIA, B OT/INYME OT BOCMPUATMSA MHC(DOPMALMM U3 BHELUHEHA MO OTHOLLUEHMIO K NamsiT cpeje,
yAo6HO NpefcTaB/ATb Kak NposiB/IeHNe Tak Has3blBAEMOro YMCTBEHHOrO B3opa’, T.e. B30pa, MHULMWMPYEMOro
W3HYTPW CaMOii NamsATW 1 NPOSIBNSIOLLETOCS B BUAE BO3OYXAEHUS ONpedeneHHbIX CMbIC/IOBbIX 3aNOMHEHHbIX
CTPYKTYP B CETW NaMSATU, UX COYETAHWIA, KOMOUHALLIA U T 4.

Tak 4TO Xe 370 3a CTPyKTypa?

Uto6bl OTBETUTL Ha [aHHbIA BOMPOC M AaTb TEM CaMbIM K4 K MOHUMaHWK TN06a/IbHOr0 Onpeaenstouero
NPMHLMNA OpraHn3aLn namaTi (4To U TpebyeTcs OT KOHUENTyanbHOi MOAEenM), OKasbiBAeTCS HEOOXOANMbIM
0TNPaBNATLCA OT WCXOLHOW TMNOTETUYECKON NPeanoChIIKMA, BbiTEKAIOWE kak Obl 13 “34paBoro cMbicna’ (He
COrNacyolleecs C OMbITHBIMIA AaHHBIMU, M3 KOTOPbIX, OAHAKO, OHa HENOCPEACTBEHHO HE CnedyeT BBUAY
HEOCYLLLECTBUMOCTI AOCTATOUYHO NOSHOM W feTaslbHOI HablogaemMocTy).

I TaKoii NpeanochINKOiA, Kak UCXOHON rNaBHOI rMNOTE30M, ABNAETCA CneayoLLas:

“Bocnpon3seaeHne obpasa B namsTi (BOOOPaxXeHMe, “yMCTBEHHbIA B30p”) ONpeaenseTcs BO30YXAEHNEM BCEX
ee 3/IeMeHTapHbIX KOMNOHEHT, KOTOPble y4acTBOBa/IN B BOCMPUATIN 06pasa’.

3T0 MOXET CUNTaTLCS 3aKOHOM MPUPOAbI, Kak HEMPENOXHBIM, HO HEOOBSCHUMbBIM (hakTOM. [leCTBUTENBbHO, KakK
MoNlyyaeTcs, Yto KonebaHus noTeHuMana KOMNOHEHT HEMPOHHOI CeTu MpeBpallaloTcst B Kak Obl BUAMMbIE
N3HYTPM (TOXE C/bILLMMbIE, OCSi3aeMble 1 T.4.) 06pasbl? A BeAb nonmyyaeTca! 3HaUMT, OT 3TOr0 ABMEHUS 1 HYXHO
OTNPaB/ATLCA (Kak TaHLEBATL OT NMEYkM) B JasIbHENLIMX NOCTPOEHMSIX.

3TV NOCTPOEHNSA [OMKHBI YXKE MPUBECTU K BO3MOXHOCTM 00pa30BaHUsA CUTHANIOB U3HY TPU NamsaTH, KOTOpble Obl
BO36YXa/M KOMMNOHEHTbI BOCMPUHATOTO W 3aiMKCUPOBAHHOTO B NamsTh 0bpasa, MHGopMauus 0 KOTOPOM Ha
BXOZle B NaMATb Y)Xe OTCyTCTBYeT. 10 OTHOLIEHWNHO K 3TOW NEPBUYHONM MH(OpMALMN BO3OYXAAKLLME CUTHAbI
N3HYTPM yXe NPeacTaBnsoT NOTOK MHhopMaumu 06paTHoi, 06pasyemoi B camoii naMaTu.

abcd cdef

ab cd ef

/;\\
a b c d e f
A A A A A

; + CDEF
A B C D E F
ABCD | - b e W e n T o p
OPIrAH 4YyYBCTBA

EEEEEEEEREEEEEEREREE:

L CurHans! U3 BHeLWHen cpeabl )

Puc. 1. dneMeHTapHble CTPYKTYPbI BOCTIPUATMS 06pa3a, 3anoMUHaHIS U pacno3HaBaHus.

CkasaHHoe wnnocTpupyetcs puc.1, rge namatb NpefCcTaBieHa ee rnasHbIMM MofsaMKM (CM. fanee), a
pasrpaHnyeHne npsaMoii M 0bpaTHO MHopMaumn 0603HAYeHO CTpenkamu. TakuMm 06pasoM, NPUXOANUM
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K HEMPEKNOHHOMY BbIBOZY, YTO “NamaThb” COGCTBEHHO HAUNHAETCA Tawm, e KOHYalTCa 06paTHble CBA3N. A
KOHYaOTCSt OHM MMEHHO Ha C/lI0e KOHLIENTOPOB “C”, NOBTOPSIOLX peLenTopsl “r". Ha peuentops! “r’ obpaTHble
CBA3N He [O/DKHbI PacnpoCTPaHsATLCA, MOCKOMbKY NPy “yMCTBEHHOMY B30pe” BO3HWKaM Obl WAMO3MK, T.e.
BMAMMOCTb (C/bILLMMOCTb, 0CA32eMOCTb W T.A4.) TOT0, YTO Ha OpraHbl YyBCTB B HACTOSALLMIA MOMEHT BPEMEHM HE
noctynaet. Takum 06pa3om, rpaHuLa NnamsTy Kak pa3 1 NPOXOANT Mexzy peLenTopamu “r" n KOHLEenTopamu
“C”, BNAa Yero, COBCTBEHHO, W HYXHO Ay6/MpOBaHWe NepBbIX NOCIELHUMM.

9T nocnegHue — KOHUENTOPbl “C’, yXe SBAAKTCA N0 CYTW MENbYaiALUMMM CMbIC/IOBBIMA KOMMOHEHTAMM
BOCMPUHMMAEMbIX 06pa3oB W NpUMeHNTENbHO K O6pasy ero cambiMi 3neMEHTapHbIMU nogobpasamn. 3T
nogo6bpasbl eCTECTBEHHbIM MyTEM MEpapXUYecky rpynnmpyloTcs B 601ee KpynHble nofobpasbl, Te, B CBOW
oyepedb, B elle 6onee KpynHble W T.0. BMIOTb [0 CMbIC/IOBON KOHLEHTpauum Bcero Obpasa B OfHOVA
CTPYKTYPHOIA efuHuLe, 03HaYaloLLeld, COGCTBEHHO, NNLWb €70 CUMBO/. TakuM MyTem, Npu NOCTYNEHUA Ha BXOL,
namsTi CHOPMMPOBaHHbIX MH(HOPMALIMOHHBIX CUTHASIOB 113 BHELLHEI N0 OTHOLLEHUIO K Heii cpeae, hopmupyeTcs
B NamsiT HenuHelHas napamofjasibHasi MOJENb BbIPAXEHHOrO 3TOM WHGopMaunen obpasza. Ho ans ero
3anoMUHaHms, T.e. 415 BO3MOXHOCTI BOCMPOM3BEAEeHMSA 06pa3a “yMCTBEHHbIM B30OPOM”, COrMTaCHO NPUBEAEHHOI
TNaBHON rMNOTE3e, HEOOXOANMbI YXXe HNCXOAALLME 06paTHbIE CBS3M OT BEPXYLUKM 06pa3HO nupamuabl BNIOTb
[l0 ee 0CHOBaHMS (COCTOSLLYIO 3 KOHLLENTOPOB, NOBTOPAIOLMX BXOAHbIE peLenTopbl). CnefoBaTesibHO, MOLENb
KOHKPETHOro 00pasa, Kkak O0ObekTa WAM CTPYKTYpbl B NamsTy, NPeACTaBnseT co60A nupamuaabHoe
nepapxmyeckoe NOCTPOEHWE C BOCXOAALMMMU KOHBEPreHTHbIMI WHAYKTMBHBIMA (OT YacTHbIX K 06Lemy) W
HUCXOAALLMMM AMBEPTEHTHBIMI AEAYKTUBHBLIMI (OT OOLLETO K YaCTHOMY) CBSA3SMM.

13 MHOXeCTBa Takux MoAENeii kak neTnel namsTi, accoLMaTMBHO CBA3LIBAIOLLMX MEXAY COBOI HAMUMEM B HIX
06X KOMNOHEHT U COCTOMT MamsTb B LENOM, NPeACTaBAsowas COBO0K CTPYKTYpHY —peannsaumio
CEMaHTINYECKON CeTH Kak CUCTEMbI 3a(DUKCPOBAHHbIX B HEll 3HaHMWIA.

/3n0XeHHOe Bbile, MOXHO MPOMAMIOCTPUPOBATL MPEAENbHO MPOCTOA NS HArnsAHOCTM ceTblo (puc. 1),
CTOILLEN 13 NOCTPOEHHOrO NOJHOCTLIO, T.€. 3aneyaT/eHHoro B namsati obpasa ABCD 1 BBEEHHOTO B NamsThb,
HO He3ahMKCMPOBAHHOTO ellle B Hell obpasa CDEF.

310 06ycnaBMBaeTCa TeM, 4To nupammaa (1.e. Mogens) o6paza ABCD yxe cHabxeHa 0BpaTHbIMM CBA3AMU, @
nupamnaa obpasa CDEF elwe B NONHOI Mepe He A0CTpOeHa.

3 06pasbl UMEKT ofguH 06wWKiA nofobpas CD, ABNAKOWMIACA accoumaTiBHbIM 3/1EMEHTOM 060MX 06pa3os.
Takoe WuCno/nb3oBaHWe 06X YacTeid 06pa3oB 06ecneunBaeT, BO-NEPBbIX, KOHOMUYHOCTb MOCTPOEHMS
CEMaHTUYECKIX CTPYKTYpP B NaMmsTH, @ BO-BTOPbIX, CMOHTAHHYIO (B CMbIC/IE CAMOBO3HMKAIOLLYI0) NapasiieflbHOCTb
B 06paboTke 06pasHOi MH(hOPMaLMM B HEIA, YTO, KOHEYHO, CYLLLECTBEHHO GnaronpuaTcTByeT 3dhheKTUBHOCTY
06pabotku (cMm. fanee).

[locTpoiika cTpykTypbl 06pasa CDEF o03HauaeT hopMupoBaHMe 06paTHbIX CBA3E B HEM (MOKasaHHbIX
NyHKTUPOM). 3Ta [AOCTPONKa, T.e. MpeBpalleHne MOAENM MOKa3aHHOTO 00pasa B 3anNOMHEHHYH, MOXET
Mpon3BOAMTLCA MyTEM psda Noc/iefoBaTe/NbHbIX MOKa30B 3TOr0 e 06pasa, YTO NPUBOANT YXE K NPOTOPEHMIO
reHeTUYeCKM 3a/10KEHHbIX 06pATHbIX CBA3EN MO0 Aaxe K X NOSBNEHWIO.

CobcTBEHHO 06pasoBaHne CTPYKTYp 06pa3oB B NamsaTh (MOAeneii) SBNSETCA HayYHO YCTAHOB/IEHHbIM (DaKTOM.
Ho Bce e, NpuBeAEHHOE U3/I0XEHNE NOCTPOEHUS 3TUX CTPYKTYP HY)XAAeTcs B Cneaytowen npaBaonoso6Homn
rnoTese, 3aknlyatoLeiics B TOM, YTO POpMUpOBaHIe NPAMbIX BXOASALLMX CBA3EA ANS BOCIPUATUSA NaAMATbIO
KOHKPETHbIX 00pa30B NPEALIECTBYET BO3HMKHOBEHMIO YXE MyTeM 0Oy4eHWst 06PaTHbIX HUCXOASLIMX CBA3ENA,
06ecrneynBaroLLmX 1X 3anoM1HaHue (CM. raBHyt runotesy).

Takum 06pa3om, Npu POXAEHUN YeNoBeKa (1 APYruX CyLLECTB, 06/1ajatoLLmMX COOTBETCTBEHHO Pa3BUTOI HEPBHOM
CUCTEMON) cpefia NamsTi MO3ra YXe HacbllleHa CBS3SMM, HEOOXOAMMbIMM Ans npuema WHdopmauum ot
OpraHoB 4yBCTB, a BOT, COOCTBEHHO, BO3HWKHOBEHWE CaMOii MamsTM B MOSHON Mepe OCYyLLEeCTBASeTCS
06pasoBaHNeM Yxe 06paTHbIX CBSA3EN B MPOLECCE XM3HEAEATENBHOCTI, HAUNHAsS OT POXAEHWS (1 B nopsake
MOATOTOBKI COOTBETCTBYIOLLMX BO3MOXHOCTEN elle 10 Hero). CnefoBaTesibHo, MO3r, Kak MeXaH3M MblLUEHNS,
TBOPUT cam Ce6sl, HO NoJ BAMSIHUEM Ccpefbl. I HECKONbKO OTB/EKASCh, OT MpeaMeTa M3NOXKEHNS MHTEPECHO
3aMeTUTb, YTO, NO-BUAMMOMY, TaK HasblBaeMble BPOX/EHHblE CMOCOGHOCTY 06YCNaBMMBAOTCS CBOEO6GpasneMm
TEHETMYECKN 3a/IOKEHHbIX MPAMbIX CBA3el, HO MPOSBNEHME 3TUX CMOCOBHOCTEN (B CMbicne 06pa3oBaHus B
NamaTM COOTBETCTBYKOLWMX MOMHbIX CTPYKTYp 06pasoB) Yxe NpOMCXOAUT B pesynbTaTe  06yuyeHus.
T.e. (heHOMeHa/IbHbIE TanaHTbl MPOSIBNSIOTCA BCNEACTBME COBMAAEHUs [BYX (aKTOPOB — TEHETUYECKM
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00pa30BaHHbIX MOAXOAALMX CTPYKTYP B Cpefie namsTi 1 nocneaytoLero o6y4eHns ee B CMbIC/e BO3AEHCTBUSA
BHELLHWX (DaKTOPOB.

NTak, namaTb Mo3ra B €e KOHLENTyaslbHOM NMpefCTaBNeHni ABNSETCA NepapXuyeckoii CEMaHTUYECKON CETbI0
OrpaHNYEeHHOI CBEPXY OKOHYaHMEM BOCXOAAWMX (MPAMBIX — B CMbICE UAYLLMX OT OpPraHoB YyBCTB) W CHU3Y —
OKOHYaHMeM 06paTHbIX CBA3EH K CTPYKTYPHbIM efuHMLAM HerocpeACTBEHHO BOCMPUHUMAIOLLMM BXOLHYHO B
namaTb  PELENTOpHYID  WHQopMauMo  (CHOPMUPOBaHHYIO  CneuupuyeckuMm — opraHamm — YyBCTB U3
COOTBETCTBYHLMX CUTHANOB). /1 BCe MbILL/IEHWE OT NPOCTOro OMo3HaHMs 06pasHoii MHKopMaLLK BNNOTbL [0 ee
aHann3a u CMHTe3a 1 aanee npou3BOAMMbIX AEACTBUIA Ha MHOXECTBaMM 06PA30B, CBA3aHHbIX C 06pa30BaHNEM
N npeobpasoBaHUEM pa3/INyHbIX CUTyauuii W.T.4., BCE 3TO OCYLIECTBNAETCA B YKa3aHHOM 3aMKHYTOM
OrPaHMYeHHOM MPOCTPAHCTBE, CBA3AHHOM [ABYXCTOPOHHAMW MH(OPMAUMOHHBIMU CBSA3SIMU C BHELUHEW Mo
OTHOLIEHMIO K Hemy cpefioil. OfHa CBA3b - 418 NOAYYEHUs MH(hopMaumu U3 Cpefpl, BTOpas — Ans Bblhauu
WHChopMaLK, yNpaBnsioLLeid, 0CBELOMNSIOLLEA UM Apyroil, 06pa3oBaHHO B camoil namaTn. W 3pech — B
KOHCOpLMyME “NamMsiTb — BHELIHAS cpefa’, NPOCNEXMBAOTCA NETAN (Tak HasblBaeMble “pedinexkTopHbie”),
KOTOpble OT/MYAKTCA, B NMPUHUMNE, OT “NeT/iell namaTh’ TeM, 4TO B HUX NPSMbIMA CBA3AMW OYLyT yxe Te,
KOTOpble NepefaloT ynpasnsiolee BO3LENCTBUE K UCMOMHUTE bHBIM MEXaHU3MaM (Hanpumep, ABUraTesbHbIM).
ObpaTHbIMM Xe CBA3AMU, KaK B “NeTiax namatin” 6yayT oTpulaTte/ibHble, KOHCTaTUPYIOLLMe UCNIONHEHNE.

Vo VoW

Puc. 2. Pe3ynbTaT paboTbl MOAENM B NPOLECCe pacno3HaBaHus 06pasa;

a) Bxofibl NaMsATh Ha aN1eMeHTapHbIE KOHLLENTOPbI (BbIXOAbI PELENTOPOB);

b) BbIX0Ofbl C 371EMEHTAPHBIX KOHLIEMTOPOB HIKHETO YPOBHS C YYETOM 0BPATHbIX CBA3EH;

C) BbIXO/ibl C 3NEMEHTAPHBIX KOHLENTOPOB HIKHETO YPOBHS C Pa30pBaHHbIMU 0GPATHBIMI CBS3SMM.

Tenepb 06 0MO3HaHWUN, kak NPOCTENALLEN NCUXNYECKol yHKLKM, KOTOpas 3aKMoYaeTCs B YCTAHOBMEHUN HAIMUMS
MO/IE/IN ONo3HaBaEMOro 06pasa B NamATL B BIAAE ONPeAEeNeHHON e CTPYKTYPbI.

Ecnu Takas CTpykTypa ectb (kak, Hanpumep, MoZesnb abed Ha puc. 1), TO noc/e npeLbsBAeHNs ee NpoToTUNa 1
€r0 OTK/OUYEHNS| BO3HWKHET NOBTOPHBbIN BCnneck (!) BO3GYXAEHNS 3TOW CTPYKTYPbI, YXe nepenaBaemoro no
obpaTHbIM CBA3AM, 4YTO M OyfeT O03HayaTb OCYLLECTB/IeHWe “yMCTBEHHOro B30pa’, T.e. OMO3HaHue
npeabsaBIsieMoro obpasa (CornacHo rnaBHOIA runoTese). ECnn xe NOMHOCTbIO 06paTHbIX CBA3EN HET, T.e. 06pas
He 3anoMHeH, (kak, Hanpumep, cdef Ha puc. 1), To 3TOro NOBTOPHOTO BCN/ECKa He BYAET.
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TakuMm 06pa3oM, TUMNOTETUYECKN YTBEPXAAETCA, YTO OMO3HAHWE NPELbSBASEMOr0 06pasa onpefensercs
MOBTOPHbIM BCM/IECKOM BO36YX/AEHNS COOTBETCTBYHOLLEN CTPYKTYPbI, KaK er0 BOCIOMUHAHNEM.

JTa rnoTesa Hawia noAkpenaeHne B MoAeMpoBaHni KOMMNOHEHT 060HATEIbHON NYKOBULI (MPesbABNEHHbIX
Hellpodomanonorom I.C. BopoHkoBbiM (MY, Poccus)), pesynbTaTbl KOTOPOrO NpeAcTaBleHbl Ha puc. 2
(MOBTOPHbLIA BCMNECK OTCYTCTBYET, €C/N MMEKLMe MecTo obpaTHble CBA3W B OOOHATE/bHON NlykoBULE
NpepBaHbl, 1 IBHO UMEET MECTO, eC/I OHW ECTb, T.€. eCTb MOMHAA MOLENb NPeLbAB/IEHHOT0 06pasa B namsTu).

MocKo/bKy NpoLecchbl BO3OYXAEHUS MOTYT ObiTb Kak BEPOSITHOCTHbIE, Tak U BO3MOXHOCTHbIE, TO KOHEYHO, NPy
0no3HaBaH! BO3MOXHbI HE MOTHOCTLIO ONPEAENEHHbIE Pe3yNbTaTbl 1 SIOKHbIE cpabaTbiBaHus (Hanpumep, u3-
3a accoumaTuBHbIx cesseii (cdef) mexay mogensmm Asyx 06pa3oB. Ho 3T0 1 UMEET MECTO B 1E/CTBUTENBHOCTH.

B npeAcTaBNEHHOW WHTEpNpeTauuu  “onosHaHue”  SBNSNOCH — (DYHKUMEN, WCMOMHSEMON  COBEPLIEHHO
aBTOMATINYECKM B NH0ObIX OpraHn3max, 06/1aalolLx COOTBETCTBYHOLLEN HEPBHO CUCTEMOIA.

B LLUMPOKOM Xe NOHMMaHWK 3TOr0 TePMIHA, Kak OXBAaTbIBAOLLENO elle 1 “OCMbIC/IEHNE”, JaHHOE OCYLLECTB/IEHNE
9TO (PYHKUMM YyXe [O/MKHO OTHOCUTbCS K MPOLECCY MbIWAEHNS, B KOTOPOM M3/IOXKEHHbIE AEeiCTBUSA
OCYLECTBASIOTCS NULLb, KaK NepBblii ero stan. Mpu paspaboTke MaTeMaTUYecKX MOfenei 06pasoB B NamsiTy
MOXeET 6bITb 3(hhEeKTUBHO NCMO/b30BaH annapar PacTyLLuX NpamMubanbHbIX ceTeli [5] Kak TR CeMaHTUYecKux
ceTeil.

KM — namaTtb 1 LeneHanpasieHHOe MbliLLIeHne

BBefjeHHOE MOHSATME CTPYKTYp 06pasoB B MamsTW, Kak WX MOAENeid, OCTaeTcs O6WMM Ans BCEX (YHKLMA
MBILLIEHNS — NOCKO/bKY SIBNISIETCA OCHOBOIA 151 OpraHM3aLv Beil namsTu.

Ho ans MoAenMpoBaHMsi MPOLECCOB, UMEHHO, YE/OBEYECKOTO MbILLSIEHUSI OCOGEHHO BaXHO PaccMaTpuBaTh
NamsTh, KaK Lie/bHyt0 CUCTEMY, COCTOSILLYIO U3 NOACMCTEM: CEHCOPHOM, A3bIKOBOI [2] 1 BbICLLEI acCOLMATUBHOI
MOACUCTEMBI, Te XPaHATCS 06pasbl U UX A3bIKOBbIE 0G03HAUYEHMSI 11 MOHATUS. CTPYKTYpbl 3TUX MOACUCTEM
CBA3bIBAKTCS MeXay Co60/ NPsMbIMU 11 0GPATHBIMM CBA3SIMU, ONPEAENAIOLLMMU COOTBETCTBIE MEXAY HUMN U
MX B3aMMOB/MMSHWE 4epe3 TNepefayy BO3BYXAEHWA. 3aMeTUM, YTO MHOTOsi3bluMe  peasnsyetcs
[IONO/HUTENbHBIMI S3bIKOBBIMW MOACACTEMAMM, CTPYKTYPbl KOTOPbIX MOTYT W He WMETb HEnocpeaCTBEHHbIX
CBA3eii CO CTPYKTypaMmi CEHCOPHOM CUCTEMbI, & B3aMMOAENCTBOBATb C Hell NWlb NOCPEACTBOM CTPYKTYP
MOACMCTEMbI OfIHOTO SI3bIKA.

Buz cBA3eit Mexay CEeHCOPHOIA U TOW UK MHOI A3bIKOBOW NOACUCTEMOA, UIMEHHO, 1 ONpesensieT BO3MOXHOCTb 1
YPOBEHb 0CO3HABAEMOTO MbILLNEHNS HA TOM U1 MHOM SI3bIKE.

Mpouecc YenoBeyeckoro MbllieHuss (B paHee YKasaHHOW TPAaKTOBKE 3TOTO TepMuHa) onpefensercs
B3aNMO/e/CTBMEM CEHCOPHOI 1 A3bIKOBOIA NogcucTeM Cpefibl Ha 0CO3HABAEMOM W UHTYUTUBHOM (B NOHUMaHUM
— HEOCO3HaBaeMOM) YPOBHSIX.

Oco3HaBaeMOe MbILL/IEHNE XapaKTePKU3yeTCs TEM, YTO OHO OPraHUYEcK) CBA3AHO C SI3bIKOBbIM BbIPaKEHNEM
MbICNEi, T.e. WHAMBMAYYM Kak Obl pa3roBapuBaeT cam C COO0M (MO3TOMY OCO3HABAEMOE MbILLIEHNE W
Ha3blBaeTCA BepbasibHbIM, XO0TS, B MPUHLMNE, A3bIK MOXET ObiTb U HE peyYeBOi. B nepBOM, AOMUHMPYHOLLEM
cnyyae, HanpuMep, Ha OpraHbl peun Aaxe NOCTyNatT COOTBETCTBYHOLLME UMMY/bLChI).

OTClofa U BO3HWKAET MPUHLMMNANBHO MOC/Ef0BATENbHbI XapakTep 0CO3HABAEMOrO MbIL/IEHNS (OCKO/bKY
OZHOBPEMEHHO 6O/IbLLIE OAHOI MbIC/IN HEBO3MOXHO).

B o6lwem Xe, 0CO3HAaBAaeMble MbICIN MPEACTaBMAOTCA Tak HasblBae€MbIMU “MOMHBIMK  AUHAMUYECKAMY
CTPYKTYpamm, KOTOpble OBBLEAMHSKT COOTBETCTBYHLUME BO3GYXAEHHbIE CTPYKTYPbl CEHCOPHOW M 53bIKOBOW
NOACMCTEM Ha Pa3NMuHbIX YPOBHSIX UX MepapXiu.

Bo3Gyx/eHue Xe MOMHbIX CTPYKTYP OTHOCKTCS K HEOCO3HABAEMOMY MbILLI/IEHMIO, HE OrpaHYEHHOMY CTPOrMM
B3aMMOZEICTBIEM CTPYKTYP CEHCOPHOI 1 S3bIKOBOI NOACUCTEM.

o3TOMy Takue AMHAMWYECKWe CTPYKTYpbl MOTMYT BO3HMKATL OAHOBPEMEHHO Ha Pas/INYHbIX YPOBHAX 3THX
noAcucTem, He NpnuBoaA K “I'IpOI/IBHOCI/IMOCTVI" 3036y>K,qaeMb|x CMbIC/OB.

Takim 06pa3oM, KOMYeCTBO nepepabdatbiBaeMoit MHhopMaumm (MyCTb XOTb W CMIOHTAHHOMN) 34€Cb MOXET ObITb
BO MHOTO pa3 60/1bLue, YeM NPK 0CO3HABAEMOM MbILLNIEHIN.
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Bonee TOro, Ha MHTYUTMBHOM YPOBHE MbILLJIEHUSI MOTYT BO3HWKATL M Takine KOMOGUHALMK, KOTOPbIE HE UMET
13bIKOBbIX 9KBMBA/IEHTOB, 11 MO3TOMY He BbIXOAAT HA YPOBEHbL CO3HAHMS (MPUMEP — MbILLNEHNE AuKapei).

Takum 00pa3oM, W B LE/MeHanpas/ieHHOM MpOLEecce pelleHns npobnem Hapsagy C 0CO3HABaeMoil ero
KOMMOHEHTO WMEeT BecbMa CyLIECTBEHHOE 3HAYeHWe M KOMMOHEHTA HEeOCO3HABAEMOrO WHTYUTUBHOTO
MbILLNEHMA (YenoBeK aymaer!).

B cBeTe U3N0XEHHOr0, BNOJIHE €CTECTBEHHON NPEACTaBSeTCS cneaytowas runotesa [1]:

Pewaemas Mpobnema 3agaeTca B namsty MOAENSMU UCXOLHOM W LIENEBOIA CUTyaUMsIMUM), 1 €€ pELLEHNEM
SBNAETCA aKTMBM3MPOBAHHAA LieNb NPUUYMHHO-CNIEACTBEHHbIX CBA3EN, NPUBOAALMX K NPeobpa3oBaHMo nepeoii
BO BTOpYH0. Mpuyem, cam npouecc 06pa3oBaHns 3TOM Lienu COCTOUT MX ABYX OAHOBPEMEHHO AENCTBYHOLLMX U
B3aIMOCBSI3aHHbIX MPOLECCOB — NOCMEeA0BaTENIbHO O0CO3HABAEMOr0 (TUMa PacCy)XAeHWin) 1 CNOHTAHHON
aKTMBM3aLMM CTPYKTYP B NaMATI N0 aCCOLMATUBHBLIM CBA3AM WX C MOLENSMI UCXOAHOM W LieneBoil cutyauni. (B
[a/IbHEAEeM W3NOKEHWN TepMWH “Mofent’ OGyaem  onyckaTb, TEPMUHONOTMYECKM OTOXAECTBAAA 3TUM
CTPYKTYPbI B NamMsATK C CaMOI cuTyaumei.

MocKoMbKy BOM/OLLEHME peLiaeMoit npobiemb (Mpo6aeMHOI cuTyaLumn) B namsTi CO3AAET B HEll kak bbl Kakoe-
TO HanpskeHwe, TO BeCbMa HarfMsHbIM OKa3blBAETCA /15 WAMOCTPALMM M PACCMOTPEHUSA YKA3aHHOTO B
runoTese npouecca BBEAEHWA CreuuanbHOro TepMuHa ‘reHepatop npo6nemst” (M) [1], nonocamm KoToporo
ABNAITCA WCXOAHAA W Lenesas CUTyauuu, W HarnpsxeHue KOTOpOro NoAJepkuBaeT CyLlecTBOBaHWe
MpobnemHoii cuTyaumu.

O6pa3oBaHue e aKkTUBU3NPOBaHHOI Lieny, 3amblkatoLieid 3TU NOKCKI, 03HaYatLLeli peleHne Mpobnem, ato
“HanpskeHne” NUKBMAMPYET, T.e. Npekpawaer cyulecteoBaHue [T, 3BeHbS Yka3aHHOM Lenu, Mo CyTH,
NpeLCTaBNAOT OO0 NPOMEXYTOUHbIE CUTYaLN MEXLY WCXOAHOW U LeneBoid (puc. 3) U MOryT HaxXoAuTbCS
nyTeM He TO/IbKO OAHOCTOPOHHETO, HO 11 BCTPEYHOTO NPeobpasoBaHns aTUX CUTyaLuii.

Mpobnem Has cuTyauns

! - — > )

e
ucxogHas | m
CUTYyauuna CUTyauua

L J
T

MpomeXyToYHble CUTyaLMm

Puc. 3. Lienb pelenns npobiembl kak npeobpasoBaHne 06pasHbix cUTyaLuid

OfHaKo Lenb 3aMblkaHusi MOXET W He 06pa30BaThbCA B CM/IOLHOM HepaspbiBHOM npouecce (HanpuMep, npy
HeA0CTaTKe 3HaHWI B MaMmsATH), YTO, B CBOK O4epefb, CNOCOBCTBYET 06pa30BaHNK) HOBOTrO MPOMEXyTouHoro IT1,
onpefenstoLLero paspbiB B NONYY4aeMON Lien 3amMblkaHWs €ro nostcoB, T.6. HOBOI Napbl MCXOAHOI 1 LIENEBON
cUTyaLuii.

PeLueHve Mpobnembl MOXET NPUBECTY K 06pa30BaHMI0 HOBOWM CTPYKTYPb! (T.e. HOBOrO 3HaHWS) B NamsTy 3a CYeT
MPOTOPEHNS HOBbIX CBSA3E MEXAy €€ KOMMOHEHTaMW, NpW [OCTATOYHON VHTEHCMBHOCTM W BPEMEHN
CYLLECTBOBAHMSA [AMHAMWYECKON CTPYKTYpbl. Takoii MpoLecc aHasiorMyeH nepexody ANHAMWUYECKM XpaHUMOii
NHchopmaLn (T.e. B BIAE KPATKOBPEMEHHOTO 3aMOMUHAHNA) B CTATUYECKM 3aKPENIEHHY0 B NaMSTL.

Mo mepe COKpaLleHMs “pacCTosHUS” MEXAY WCXOAHOW 1 LeNeBOn CUTyauusMi 3a CYeT 06pa30BaHMs 3BEHLEB
CKOMOIA LiENK NX 3aMblKaHusl, BO3pacTaHWe akTWBHOCTW BTOPOro NpoLIecca 1 06Luii NpoLece MoryT npruoopecTy
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NaBMHOO6PA3HbIN XapakTep BHE3anHoro 3amblkaHus nosocos M1, T.e. pelweHue Mpobnembl, kak pe3ynbTara
o3apeHus. puyem, OHO MOXeT HacTynaTb COBEPLUEHHO HEOXMAAHHO W CryyalHo, a, UMEHHO, B pesy/bTare
JMWb BTOPOrO MmpoLiecca, korga nepsblid, NPeAcTassAg COBOM 0CO3HaBaEMble PACCYX[EHUA, OTCYTCTBYET, a
BTOPOW BCE e NPOMCXOANT, MOCKOMbKY [Tl BCE Xe BO3OYXAEH.

fBneHMe 03apeHus 0CO60 XapakTepHO ANS TBOPYECKWX MPOLECCOB, KOTOPble CXEMATUYHO  MOXHO
paccmatpuBatb kak MOCNef0BaTe/IbHOCTM LWaroB C MOOYEpPedHbIM MpeBa/IMpOBaHWEM B HWUX B PO/
0CO3HABAEMOr0 M UHTYUTUBHOIO MblLLIEHNA [6].

B nepeoM cnyyae OCMbIC/IMBAETCA AOCTUMHYTHIA pe3ynbTaT W BbIABUFAETCS HOBas MPOMEXYTOYHAsA LENb
(noguenb), BO BTOPOM, T.e. Ha CNeLyOLLEM Lare, 3Ta NOALEb YXe AOCTUIaeTCs W, BOIMOXHO, M3MEHSETCA, 1
TaK A0 [OCTUXEHUS KOHEYHOro pesysbTara. Takum 06pa3oM, Becb NMPOLECC pelleHns npobnembl MMeeT
BEPOSTHOCTHBIN (MM BO3MOXHOCTHBII) XapakTep C LUMPOKAM A1ana3oHoM CBOWX KOMMYECTBEHHbIX NokasaTesnei.
Tak, CKOpOCTb M BpeEMS €ro MpPOXOXAEHUS COOTBETCTBEHHO 3aBMCAT OT CTeneHn Bo3byxaeHus M u oT
CNOXHOCTU peLuaemoii Mpobnembl. MepBbiil hakTop onpegenseTcs TeM, HacKoMbko 3Ta npobnema 3aHuMaeT
YenioBeKa, BTOPOIA — A/IMHOM Lieni “B3aMOCBSA3aHHbIX CTPYKTYP, COEAUHSIOLLNX UCXOAHYIO 11 LIENeBYHO cuTyaumun”
(T.e. “paccTosiHMem” Mexay HUMK).

B uenom e, npuBefeHHas KOHUENTyasbHas MOAENb OOBACHAET MHOXECTBO NCUXOMOMMYECKNX (DEHOMEHOB,
CBOICTBEHHbIX MPOLECCAM MbILLNEHNS, N BbICBEUMBAET MaTepUabHY0 CyOCTAHLMIO €r0 MEXaHU3MOB, B TOM
ymcne CNocoBHOCTEl YenoBeka, ero 3pyanL, CO06PasNTENLHOCTb, BAOXHOBEHME 1 T.0.

O 6MoHUYeckom 1cnonb3oBaHUy KM

KM, nocTpoeHHas ¢ ucnonb3oBaHueM uaen “From Artificial to Natural”, noMMMO no3HaBaTENLHOrO 3HAYEHUS,
MMEET W CyLLLECTBEHHOE B1OHMYECKOEe 3HaueHMe CornacHo obpatHoii naee “From Natural to Artificial ”.

Ho faneko He BCe TO, Y4TO eCTb B MPUPOLE, HYXHO NMEPEHOCUTb B TEXHUKY (MPUMeEp: HOrU U Koneca). Taxk,
Hanpumep, BHeApss B apxuTektypy 3BM aHanorn cBOWCTB KM, HyXHO WMeTb B BUAy, NPexae BCEro, ee
HasHayeHve.

[N pasBuTMSt  YHUBEPCA/bHBIX  BbICOKOMPOW3BOANTENbHBIX 1 BbICOKOWHTENNEKTYaslbHbIX  IBM  (T.€.

06nafalolmx — COOTBETCTBEHHO  Pa3BUTLIM  BHYTPEHHWM  MHTENNeKToM [8])  OkasblBaeTcs  BecbMa

LienecoobpasHbiM OTPAXEHNS B UX apXUTEKTypax CRefyloLmMX CBOWCTB (kaK HEKOTOPbIX aHaloroB rNaBHbIX

npuHUmMnoB KM):

- PacnpepieneHHble 06paboTka M OmepaTUBHOE XpaHeHWe uHopmauun (T.e. obpabaTbiBatollas 4acTb
MaLLVHbI JOMKHA NPeACTaB/IATbL COO0N HEKOTOPYHO NaMATHONPOLLECCOPHYH CPEAy).

- [IBYXKOMNOHEHTHbIA BbIYUCNTENbHBIA NPOLECC B MalUMHE: MOC/ef0BaTe/bHbIA, KOTOPbIA BOCHPUHUMAET
3afjaHns  No/b30BaTenell, WHULMMPYET, OPraHW3yeT 1 KOHTPONMMPYET MPOLECC WX BbINOMHEHNS, U
napannenbHbIi, ABNAIOWMACA KOMIOHEHTOM O6LLET0 BbIYMC/IUTENBHOTO NPOLECca U BeaeT BbiNOSHEHNEM
3a[jaHuii B KaX0ii CBOEN BETBY.

- BO3MOXHOCTb MOLIArOBON OpraHM3aLM OGLIEr0 BbIYMC/IUTENBHOTO MpPoOLEcca C ero  AMHAMUYECKUM
NNaHMPOBAHNEM U KOHTPO/IEM Pe3y/bTaToB, NOMYYaEMbIX Ha KaX/IOM Luare.

- TMpefcTaBneHne 3HaHWii B MalLnHE B BIAZE CEMAHTUYECKMX aCCOLNATUBHBIX CETEN, peannayeMslx rpadamu,
W X nepapxuyeckasi 06paboTka, Ha BEPXHEM BXOJHOM YPOBHE KOTOPOIA 3HaHWSI NpeACTaB/eHbl CIOXHBIMY
CTPYKTYPaMM aHHbIX, @ HIXKHEM, COOTBETCTBEHHO, B 1€TANIM3MPOBAHHOM BIE.

YHuBepcanbHas 3BM ¢ apXuTeKTypoid, MOCTPOEHHOW C WCMONb30BAHMEM YKa3aHHbIX MPUHLMMOB, AOMKHA
cnocobeToBaTb APAEKTUBHON peann3aumn pasainyHbIX MHOPMALMOHHBIX TEXHOMOTUIA aslbTEPHATUBHbBIX
KNaccoB — CUMBO/M3MA W KOHHEKLUMOHW3MA, B TOM uWCMe U HelipokommbloTepbl. HO BO BTOpPOM Chyuae
TEXHONOTUWN Peasin3yioTCs Ha NPOrpaMMHbIX CETEBbIX MOAENSX, KOTOpble Mpyu 3TOM MOryT 0bnajatb BeCbMa
BbICOKAMU XapakTepucTukami (Hanpumep, oueHb GOMbLIMM YACIOM HEipONoAOBHBIX 3MEMEHTOB) N YaCTUYHO
CTPYKTYPHO peann30BbIBaTbCA Yepe3 pacnapasiiennBaHne npoueccoB 06paboTki Ha NamATHOMPOLLECCOPHOIA
cpene. bonee Toro, Takas 3BM gomkHa CnocobcTBOBaTb APIEKTUBHOA peanm3aumm U KOMOWHWPOBAHWIO
TEXHONOTUW, TAe MOLAaroBo YepefoBanch Obl MPOLECCHI PA3/IMYHBIX TEXHOMOTMIA, B TOM YWUC/E /IOrNYECKON
06paboTkn 1 0byyeHWs (Hanpumep, peasnsytoLux NociefoBaTe/IbHOCTY “paLyOHaNbHBIX” U “UHTYUTUBHBLIX
BbIBOAOB [6,7]).
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B WHcTuTyTE KMbEpHETUKM UMEeHN akazemuka B.M. InywkoBa HAH YkpanHbl pa3paboTaH (C yuacTuem nepsoro
aBTOpa) HOBbIN KNacc My/bTUMUKPOMPOLLECCOPHbIX KNacTepPHbIx IBM, 06naatoLmx ykasaHHbIMM CBOACTBAMM —
TaK Ha3blBaeMble WHTE/IIEKTyaslbHble pellaroe MalimHbl (IPM) u, B 4aCTHOCTW, €10 MOZENN L1 MaccOBOro
nosb3oBaHnsa. Pabota 6bina nogaepxana rpaHtom CLIA, PykoBogutens Mpoekta — npoceccop B.H. Kosanb.

B cootBeTcTBUM € 3TUM, VIPM coueTtaloT pacnpefenieHHyio 06paboTky MH(OpMaLUU C BHYTPEHHUM S3bIKOM
BbICOKOrO YPOBHS  (06/71aal0LLUM  Pa3BUTLIMU - CPEACTBAMM  NpPeACcTaBneHus 1 06paboTku  3HaHMiA) W
AVHAMUYECKMM LIEHTPa/IM30BAHHO-LELEHTPa/IN30BaHHbIM YNpaB/ieHNEM (COOTBETCTBEHHO NOC/IEA0BATE bHBIM U
napannesnbHbim).

AMEHHO Takasi COBOKYMHOCTb MPW3HAKOB M 06yCNaBMMBaeT NPUHAANEXHOCTb MalumH PM K HOBOMY Knaccy.
WHTepecHo, 4TO K npuHUMnam noctpoexns MPM aBTOpbl NPULLX, B OCHOBHOM, U3 YACTO KMGEPHETUYECKMX
no3VUMiA MaLMHHOTO WHTennekTa. W CywecTBeHHas aHanorMsi 3TUX MPUHLUMNOB C NpefCcTaBneHneM o
MexaHu3Max MbILL/IEHNS, BbIPKEHHBIM B KOHLENTYa/lbHOW MOLENN, NOATBEPXKAAET, YTO, BO-NEPBLIX, NPUPOLa
BECbMa palyioHa/IbHa 1, BO-BTOPbIX, YTO HAMEYEHHbIN NyTb Pa3BUTIS MALLMHHOMO UHTEIEKTa LenecoobpaseH 1
NepCcnekTUBEH.

[laHHas paboTa HaxoguTcs B pycne WCCNeAOBaHWA, B COE BPEMS MHWLMMPOBAHHbIX, BO3TNABMSEMbIX
NpOrHo3upyembix B.M. TNyLIKOBbIM, HanpaB/eHHbIX Ha COBMECTHOE MOBbILLEHWE KaK NPOWU3BOAUTENBHOCTH, TaK
W BHYTPEHHEro uHTennekta 3BM, o6ecneumBarowlero  BbICOKOIMEKTUBHOE — YeNOBEKO-MALLMHHOE
B3anMoAeiiCcTBMe. B 3TOM HanpaBneHnn BbIMOMHEH P (hyHAAMEHTa/IbHbIX NPOEKTOB, OMbIT KOTOPbIX YYTEH B
paspabotke MPM, npuyem, rnaBHbIM 06pa3oM, MakpOKOHBEMEPHOrO BbIYNCAUTENBHOTO KOMMAEKCA, apXUTEKTYpY
koToporo B.M. FnyLikoB Ha3blBas MO3ronog06HON.
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HOBOE COAEPXAHUE B CTAPBLIX NMOHATNAX:
K MOHUMAHWIO MEXAHW3MOB MbILW/EHWNA N COSHAHUA

eHHaawnii C. BOpoHKOB

Abstract: The work is written in the form of glossary. Its extended papers discuss the pairs of notions comprising
the problem of the brain: thinking and consciousness, consciousness and sensation, mind and consciousness,
model and information. The author is developing the approach, based on the paradigm "The brain as neuron
model”, which introduces the new content in these notions.

Keywords: thinking, consciousness, mind, sensation, model, information.

BeepgeHue

C passuTiem ctapbIx U\Inn NOSBEHNEM HOBbIX KOHLIENLMIA COCTABAAOLME UX MOHATUS U3MEHSOTCS. Pa3Butue
NPeACTaB/EHNIA, NMOHATUIA NO CNUpPa/IM NPeanonaraeT  HanosHEHe WX KaYeCTBEHHO HOBbIM COLEPXaHWEM.
HoBoe cofepxaHne MOXeT NOCTENEHHO BbITECHUTL CTapoe, TOrga NoHATUE KOPEHHbIM 06pa3oM npeobpasyeTcs,
3BO/IOLMOHMPYeET. VHorga npeobpas3soBaHHOE MpefCTaB/IEHNE-NOHATE MOXET OKas3aTbCsi, Kak W BETBb
3BOJIOLIMOHHOIO fpeBa, TynukoBbIM. HeobxoauMoCTb BO3BpaTa Hay4HOro noucka K WCXOAHBIM MO3ULMAM, K
NPEXHAM 3HAYEHMAM CTapbiX MOHATUIA BOCMPUHMMAETCS B TakuX Clyyasx kak "HOBOe CyTb 3abbiToe (i
yTpaueHHoe) ctapoe". MosiBneHne abCoNTHO HOBBIX NMOHATUIA — Ype3BbIYaiiHO peakoe cobbiThe. Kaxetcs, B
3BOMIOLMM MOHSATWIA, CBA3aHHbIX C "MpPo6iemoii Mo3ra”, MOXHO HabnAaTb NOYTM BCE 3TU "MPEeBPaTHOCTM
cyap6bl". B pabote paccmaTprBaroTCs Napbl OCHOBHbIX MOHATUIA, COCTaBASOLLMX "Npo6aeMy Mo3ra": MbilLNeHne
W CO3HaHME, CO3HAHME W OLLyLUeHWe, pasym M CO3HaHWe, MOAe/b U MHAOpMaumMs - Kak OHU MOHUMAKTCS B
KOHLeNnuun Mblwnenns [1-7], passneaemoil Ha 6ase "MoaenbHoN napagurMbl” = "MofensHoro nogxoaa” [8-13].
Mpn 3TOM npecnefyeTca Lenb NokasaTb Te W3MEHEHWS U HOBble MOMEHTbI, KOTOPbIE BHOCUT pasBuThE
MogaenbHoro noaxoga (MM) B 3T noHsATMSA. PaboTa HanucaHa B (hopMe pacLUMpeHHbIX CTaTeli K rioccapuio.

"I'noccapun”

1. MblwneHne wn co3HaHue. B "mogenbHom nogxoge" (M) "MbllineHue" W "CO3HaHWe" CTporo
AndhhepeHUMpoBaHHble NOHATHA. Mo MbllwneHem B MI nOHUMAeTCs COBOKYMHOCTbL Onepavuii (C HeipOHHbIMM
MOZENSIMI), SBNSIOLMXCS NO CYTW NpoLieccamn pelleHns 3agad [1-7], B TOM yncie TBOPUECKOro XxapakTepa. Ilog
"co3HaHMeM" (B 3HauYeHWW (PeHOMeH, CyObeKTMBHOE nNpOsBNEHUE [eATeNbHOCTM  MO3ra) MOHUMaeTCs
COBOKYMHOCTb  OLLYLLEHWA, KOPPENuMpYIoWmX C  COCTOSHWEM  akTyannsaumu  (BO3OYXAEHWS) HEAPOHOB,
y4acTBylOWMX B MblneHUM. Mpeanonaraercs, YTo onepawuun ¢ HelipOHHbIMI MOAENSMM MOTYT ObITb ONMUCaHbI
HeMpoK3N0ONOTMYECKAMI TEPMUHAMM, B paMKax MOAenbHOW napagurmbl [8-13]. TMo3ToMy MbilneHue B
NMPUHLMNE MOXET ObITb CMOLENMPOBAHO. TPYAHOCTYU Ha NyTX MOAE/IMPOBaHNUA MbILLNEHUS 3TO, FOBOPS C/I0BAMM
KyHa [14], "ronoBonomku HopMasibHOI Hayku". OLLyLLEHUE Xe 0CTAeTCs A0 CWX NOP B MPUHLANE HENOHSATHBIM
ABNEHNEM, NapagurMasibHble paMku A1s HEro He YCTaHoB/eHbl. MM03TOMy O MOAEMMPOBAHWM CO3HAHWS-
OLLYLLEHMS, KaK aKTyaslbHOi 3aa4e, FOBOPUTH NPEXAEBPEMEHHO.

B nutepatype TEPMMH "MbILIEHME" UCMOMb3YETCA YacTo, MOYTU TPALULMOHHO, KK CUHOHUMUYHBIA TEPMUHY
"co3HaHue" (13 HefaBHWX paboT cM. [15]). 3TO rOBOPUT O TOM, YTO NOHATUA "MbILNEHNE" W "CO3HaHME" B LUMPOKO
pacnpoCcTpaHeHHOM MOHUMAHMK OCTAKOTCA [0 CUX NOpP He AuddepeHLpyeMbIMI NOHATUAMU. (TO Xe OTHOCUTCS
K andpchepeHLmMpoBKe NOHATUN "pasyM” 1 "MbINeHNE"; 0 NOHATUM "pasyM” cM. N. 3). Mpu Takom UX NOHUMaHUK
NPUBOAUMbBIE apPryMeHTbl B OTHOLIEHUW MOLENUPYEMOCTU\HE-MOLENNPYEMOCTN CO3HaHUA\MbILLIEHUS ABNSIOTCS,
C TOUKM 3peHns MI, cnopHbIMU.

O apyrux 3HaYEHUSX NOHATUIA "MbllNeHWe" 1 "co3HaHue" cm. n. 3.
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2. Co3HaHMe Kak oLlyleHne. opm oLLyLleHNiA MHOTO. F004, Xaxaa, paaocTb, nevanb, BUAEHNE, 060HSHNE —
/Wb HEMHOrNe MpUMepbl YyBCTB, OLLyLIEHWA. Kaxgoe w3 HuX KoppenupyeT ¢ paboToil (COCTOSHMEM
aKTUBHOCTW, BO36YXAEHUS) HEPOHOB OnpefeneHHbIX CTPYkTyp Mo3ra. CreflyeT OTMeTUTb OfHako, 4TO
aKTVBMPOBAHWE HEVPOHOB LIENoro psiaa CTPYKTYp He COMpOBOXAAETCS KakMMU-NM60 OLLyLieHnaMn. Hanpumep,
aKTUBHOCTb HEMPOHOB 3(h(DEPEHTHBIX CTPYKTYP, YNPaBASIOLLMX MbILLLAMMY.

A3blK NPAMO Ha3blBAET CO3HAHWE 4yBCTBOM, TO €CTb OLyLleHWeM. Tak, CUHOHWMOM TepMuHa "MpuiiTi B
CO3HaHME" ABNSIETCA TEPMUH "MPUIATA B YyBCTBO"; O MOHMMAHWW, OCO3HAHWM YEro-IM60 TFOBOPST "C YyBCTBOM
MoHUMaHns", "C CO3HaHWeM\YyBCTBOM [OAra"; kak O SpKOM YyBCTBe OOPETEHHONW MbICAM TFOBOPAT 06
"03apeHnn". T pasHble MPOSIBMEHNS CO3HAHWS-YYBCTBA HE MMEKT YETKO BbIPAXEHHON CreLutunieckoi
MOAanbHOCTW. Bugnmo, nocnefHee 3aTpyfaHseT ux AudhepeHunpoBKy. [ledcTBUTENbHO, HanpuMmep, 4acto
NCMOMb3YIOT OfHO U TO Xe CNOBO "MOHWMaHWe" npu MOHUMAaHUM W YMTAEMOrO C/i0Ba, W MPU Y3HaBaHWW
(oCMbICNEHNI) pacCcMaTpUBAEMOr0 00beKTa, XOTA paboTarT Npu STOM pasHble MO3rOBble CTPYKTYpbl MU,
CNefioBaTe/IbHO, YyBCTBA MOHUMAHUA TOrO W LPYroro AOMKHbI Kak-TO pas/nyartbes. TeM He MeHee, A3blK,
BMAMMO, pasfennn, AnMepeHLMpoBaa 3TN OLYLWEHUs - faf UM pasHble MMeHa, 0603Haunn pasHbIMK
cnosamu® (CM. HUXE).

C TOuKM 3peHnst MI, MofasibHble OLLYLIEHNs (BUAEHWE, CrblllaHne U pyrue) CyTb KOpPensTbl akTUBHOCTU
HEelipOHOB, COOTBETCTBYHOLLIX (MOCTABNEHHbIX B COOTBETCTBUE) 3IEMEHTAPHLIM CTUMYy/aMm. Tora kak ¢ paboToil
HEe/iPOHOB, NOCTAB/EHHbIX B COOTBETCTBIME KOMM/IEKCHBIM CTUMY/aM (kaK efuHUYHbIM 06beKTam), KoppenupyrT
OLLYLIEHNS OCMbICNIEHNS, pa3yMeHWs, MOHUMaHWs. Hanpumep, NOTOYEYHOE NpeAcTaBfieHne HelpoHamu
3pUTENLHOTO NOMS OCYLLECTBAEHO, BUAUMO, B HKT; koppensTom paboTbl 3TUX HEiPOHOB ABMISETCS OLLYyLLEHWEe
[ETa/IbHOrO0 BUAEHNS BCETO, YTO HAXOAWTCS B [aHHbIA MOMEHT B 3pUTe/NbHOM nofe. KOMNeKCHble, CroXHbIe
"CTUMyNbI" NpefCcTaBneHbl HelipoHaMy BO MHOXECTBE MOME HOBOW KOpbl; KOppenupytwme ¢ ux paboToii
OLLYLLEeHNs (pasyMeHus, NOHUMaHKS) MO0 NNLLEHbI MOAANBHOCTY, MO0 NOCNELHSN CNabo BbIpaXeHa.

B TunoBoit CTpyKType 3nemeHTapHoro ceHcopuyma [7, 10-12] HeiipoHami, COOTBETCTBYHOLLMMI S/IEMEHTAPHbIM
cTuMynam", ABNAKTCS KBA3UCUMBOMbHBIE HEPOHbI — OHI HE UCTbITBIBAIOT KOHBEPreHLMI NPOEKLMIA PELLENTOPOB
W cOefuHeHbl ¢ HUMKM no Tuny 1:1. TIo NpUYMHE KOHBEPreHUMW peLenTOpHbIX MPOEKUMA Ha CUMBOJSILHOM
HelipoHe, Koppesupytollee ¢ ero paboToil  OLylleHue OT/IMvaeTcs (TEOpeTUyeckn) OT  Koppensata
KBa3WUCUMBO/ILHOrO HeipoHa. OT/IMYMe  COCTOMT B YMEHbLUEHUM MOAAIbHON BbIPAXKEHHOCTY OLLYLIEHNS: YeM
BbllLe MepapX1Yeckuii ypoBeHb TUMOBOW CTPYKTYpbl, TEM MEHEE BblpaXeHa MOAA/IbHOCTb KOPPenmpyLWwmx ¢
paboToii €€ HeiipOHOB OLLYLIEHNA; cneuudnyeckas MOAaIbHOCTb YTPAuMBAETCA MOMHOCTLIO Y HEAPOHOB
HaAMOZaNbHbIX MOMEN.

OLyLLEeHNsIMM CONPOBOXAAETCA Takke paboTa HEMPOHOB A3bIkOBOIA cucTEMbI (FC). [leiiCTBUTENBHO, CbILLMMOE
CMI0BO VAEHTU(ULMPYETCS, OMO3HAETCA WMEHHO KaK [aHHOe Cf0BO; MOC/MefHEe MOXET ObITb MOHATO, Kak
0603HaYatoLLLee YTo-T0 KOHKPETHOE; OHO MOXET OblTb OCO3HAHO W B CBA3N C KOHTEKCTOM AAHHOW peuun. STUM
NepeyYncneHHbIM CUTyaLmMsM COOTBETCTBYET B DIEMEHTAPHON A3bIkoBOIA cucTeme [1-3, 10-12] paboTa HeiipoHoB
TUNOBLIX CTPYKTYp PasHOrO  MepapXuyeckoro YpoBHS; C pabOTOA  3TUX  HEWpPOHOB  KOPPEenvpytT
COOTBETCTBYIOLLME OLLYLLEHUA — TaK Xe, kak B CEHCOpUyME.

B paHHoW paboTe npefnpuHATa nonbitka (CM. n. 3), B MEpBOM MPUBNIVKEHUM, UMEHOBaTb OTAENbHO
nepapxuyeckme (hopmbl OLLYLLIEHUA, KOppenupylolme ¢ paboToil CeHcopyMa M Koppenupytole ¢ paboToil
A3bIKOBOWN CMCTEMbI, COOTBETCTBEHHO C/I0BaMW M3 [ABYX pasHbIX rpynn cnos. B Tabnuue 1 npescTas/ieHb
HEeKOTOpble W3 3TUX CnoB. epByt0 rpynny COCTaBASOT CNOBA, OAHOKOPHEBblE MK 6aM3Ke CNoBy "pasym”,
KOTOPbIMW, Mbl nofniaraem, A3blk 03HAYWMN MPOLECCHI U (heHOMEHbI, XapakTepHble 1S CEHCOpPUyMa; BTOPYIO
COCTaB/IAAKOT C/10BA, OLHOKOPHEBbIe M\nn 6113kne CroBy "CO3HaHNE", XapakTepn3ytoLLme A3bIKOBYIO CUCTEMY.

3. Pasym n CosHaHue. B Tabnuue 2 npeactaBneHbl 3 nepapxnyecknx YpoBHS B CEHCOPUYME (3N1EMEHTAPHOM -
3C un ecTecTBeHHOM - EC) 1 3 ypoBHs B A13bIKOBOIA cucTeme (IAC n EAAC). Cnosom Pasym (¢ nponucHoil 6ykBbl)
00603HaueH "610K" — COBOKYMHOCTb BEPXHWUX YPOBHEW CEHCOpMyMa. 34eCb HelMpOHaMmu, OpraHW30BaHHLIMW B
TunoBble CTPYKTYpbl, NPEACTABNEHA CEHCOPHas Cpeda; 3A4eCb aKTMBMPYKOTCH HElipOHHble  MOgenu,
npeLCcTaBnstoLe akTyasbHylo cpefly (0ObekTbl), M OCYLeCTB/SETCH ONepupoBaHue 3TUMKU MOLENsMu
(MblLLNEHKE; CM. N. 4). B3aTbiMy 13 Tabnuibl 1 cnosamu, NpuHaanexawmmm rpynne Pasym, 3aecb 00603HaueHbI

! VimeeTtca B Buay €CTeCTBEHHbI npouecc MMeHoBaHuA, I'IpOI/ICXO,D.VIBU.IVIVI B 3BOJTIOLUMNN A3blKa YeJI0BEKa.
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nepapxuyeckme (hopMbl OLLYLLEHMIA, KOPPEMpyWmXx C paboTol HEMpPOHOB 3TUX YPOBHEA. CUMMETPUYHO,
cnosom Co3HaHMe 0603Ha4eH 610K BEPXHWX YPOBHEW S3bIKOBOW CUCTEMbI 1M KOPPensThl (OLyLIEHNS)
aKTUBHOCTW HEAPOHOB 3TWX YpOBHe. CneayeTt 3ameTWTb, YTO B 0603HAYEHUsIX [ABYX OMI0KOB WMEET MECTO
HeKoTOpast acMMETPUst: CNOBO PasyM MMeEHYeT TO/bKO 610k PasyM, camo Xe OLylieHne 34ecb 0603HaYeHo
CNOBOM "pasymeHue", Toraa kak C/IoBOM CO3HaHMe 0603HaueH 1 610k Co3HaHKe 1 camo OLLyLLeHre "co3HaHue".
AcummeTpUA NPOSBNSETCA U MEXAY C/I0BaMM ABYX rPynn C1OB B LenoM (cM. Tabn.1), B TOM Yucie npu nonbITke
YCTaHOBUTb MEX[Y HUMW (NOMapHO) aHanoruio (Aga cTonbua cnos B LeHTpe Tabnuupsl 1). ACMMMETPUID MOXHO
0OBACHTL CNELMAMKOI KaXA0N N3 CUCTEM, OTPA3MBLLENCS B A3bIKE.

HaknoHHoi wWwTpnxoBkoiA B Tabnuue 2 BblAeneH 670K, 0ObeAMHAIWMA B eanHoe Lenoe 61okn Pasym
Co3HaHMe. JTOT BblgeNeHHbIn 610K MOXHO 0603HauYMTb C paBHbIM npasomM W cnoBom CO3HAHUE
(NponucHbIMK GykBammn) 1 cnoBoM PA3YM. BeposiTHO, Takoe 3Ha4eHWe, BK/vatolee B cebs, Kpome Toro, no
AiBa Apyrvx 3HaueHus (cM. Bbllle), ckpbiaetcs 3a crioBamm CO3HAHUE 1 PA3YM B 06bI4HOM, TPALANLMOHHOM,
6e3 AndhepeHLMpPOBKIA 1 Kak CUHOHUMBI, X YNoTpebeHny.

3pecb CHOBa MOAYEPKHEM, YTO 06 OLLYLIEHUSIX MOXHO TOBOPUTb MOKa TOMbKO Kak O KoppensiTax, -
cnefoBaTenbHO, 0603HaYeHHble B Tabnuue 2 CTPYKTYpbl He SIBNSIOTCA 06s3aTeNbHO MECTOM JloKain3aumm

OLLYLLIEHWIA.

Tabnmua 1. OHOKOPHEBbIE 1 6/113KIe CMOBA K ciIoBaM Pasym 1 Co3HaHne
M NOMbITKA COCTABUTH U3 HUX Napbl C/10B-aHA/0T0B

Pasym Co3HaHue
pasymeHue, | CO3HaHMe  3HaHWe
pasymeTb, | CO3HaBaTb  3HATb, MOHUMATb
ypasyMmeTb, | 0CO3HaTb MOHSATb
ypasymeBaTb | 0CO3HaBaTb
ypasyMeHue | 0CO3HaHWe,  0CO3HaBaHue
YMeHWe, | 3HaHue,
yMeTb, | 3HaTb
YMHUK | 3HATOK
YMHbI/A | 3HAOLLWIA
yM | 3HaHue ?
OCMbIC/IMBATL | OMO3HaBaTb,  03HAYMBATb, y3HABATb
OCMbICNIEHME, | OMO3HAHWE,  OMo3HaBaHWe, y3HaBaHue
OCMbIC/UTb | OMO3HATb, y3HaTb
CMbIC/INTb | MO3HATb, MOHSATb, 3HATb,
CMbIC/l, | 3HaueHue, MOHATKE, 3HaHWE
MbICNb | 3HaK ? 3HAYEHMe, NoHATHE
MbICITb | 3HAYUTB, NOHMMaTb
MbliwneHve | lNo3HaBaHue
YMHWYaTb, HeJOyMEHNE, HejopasyMeHne
Jymatb, Nogymatb, HaZoyMUTb, ayMa no3HaBaTh, NO3HAHWE, 3HAMEHWE
YCOMHUTBCS, COMHEHWE, MHUTb, MHEHNE NOHMMaHNe
YMBICEJT, 3aMbILLNATb, 3aMblCe, BHSATb, BHUMATb, BHEM/IUTb
CMeKaTb, CMeKaska, CMETKa, BHUMaHMe
HaMEK, MeyTaTb, MeyTa M? H?

4. MbIWWNEHWE. 31um cnosom (nponucHeiMi BykBamu) 34ech 0603HaUYeHa COBOKYMHOCTb [BYX MPOLECCOB B
obbeanHeHHom 6noke CO3HAHME\PA3YM, uMeHHO, npoueccoB MblwneHns u Mo3HaBaHust (cMm. M. 3;
Tabnuua 2). MNpepgnonaraeTcs, 4To 310 06bEMHEHNE He TOMbKO dopMansHoe: 06a 6n1oka, Pasym 1 Co3HaHue
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= CeHcopuyMm 1 A3blkoBas cuctema (AC), 06begnHeHbl B3aMMOOLHO3HAYHBIMI CBA3SIMU 11 paboTaloT B TECHOM
B3anmogeicTBun. CBA3b OCYLLECTB/IAETCH MEXAY UX CUMBO/bHBIMY HEipOHaMU: B NIEMEHTAPHOM CeHCopuyme
nocnefHve npeacTasneHbl HellpoHaMm-CMbICIamMu (CHOHUM — CUMBOJIbHBIE HEWPOHbI), B SneMeHTapHon AC —
HelipoHamu-nonaTuamu [1-3, 10-12]. HekoTopble [aHHble 3aCTaBMSIOT NpeAnonararb, YTo CBA3b MEXZAy Nnapoil
HEe/POH-CMbICN — HEJPOH-NOHATUE OMOCPedyeTCs elle NPOMEXYTOUYHbIM HEAPOHOM.

Tabnmua 2. PopMbl OLLYLLEHUIA KaK KOPPENATbl aKTUBUPOBAHHbLIX HEPOHHBLIX CTPYKTYP
(9nemeHTapHbIX 1 eCTECTBEHHbIX CeHcopuyMoB, 3C 1 EC, 1 A3bIKoBbIX cucTeM, IAC n EAC)

W UX NEKCMYeckme 0603HaueHNs

v y o v
bopMbI OLLYILEHHH HelipoHHbIe CTPYKTYPbI 1t leKcuueckue 0603HaYEHIS OLLLLEHMiA
(onucaHwe B TPaAMUMOHHBIX | P
0 o
TepMUHax), ° | HeliponHie , . 5
- HaueHue UMEepbI HEPOHHBIX
nepapxmnyeckmne yposuu 1-3 " CTPYKTYpbI TepMuHbI PAMED P
TEpPMUHOB ctpyktyp EC n EAC
B 3C, EC un 34C, EAC " 3Cun 34C
MopasibHoe oLLyLLeHHe KBa3VICVI~MBOﬂb-
Hble HEMPOHbI, "BeccMbIC/eH -
BUAEHWS! (CMbILLAHNS, COOTBeTCF;B o FnAges HapyxHoe
060HSHMA U T.4.) 00bEKTOB i Hoe 6nyxpaHve
¥ 1 /e afieMeHT " He B1as KoneHuatoe Teno
aKTyasIbHOM cpesbl y . B30pOM .
(cheHomeH "cmOTpIO, HO He cTMMynam @
" Q
y3Hato, He MoHMalo") e =
=
=<
OulyLieHne pasymeHus O6peTetvte S| =
(NOHMMaHKS, y3HaBaHMS) lMons cum- Ocmbic/igHme MBICTIA. YacTbio =l w
06BEKTOB aKTYa/IbHOIA BO/IbHbIX nepeuuHan | o
) cpegp! ("ru'1'|oc theHoMeH ) 2 HelipoHOB MbllLineHme kopaunona || M
blindsight", "cnenospeHue” - MUHYC OnepupoBaHne | "accouyavs- S|o
He BIKY, HO y3Halo, "curindhmkar” (obpasHoe, MbICASIMM, HOIA" KOpI S IS
NOHUMA =|3
) SMIMPUIECKOE) | & 101 uncre S|S
Pasym TBOpEHUe Bucowrasin  |S | B
OLuyLieHre ocMbIC/IEHNA Mons cum- DpoHTaNbHAS | = ‘%
(NoHUMaHws, y3HaBaHus) BO/IbHbIX - Kopa. = |
aKTyanbHbIX 06BEKTOB B UX | 3 HelipoHoB pasy HaxopnTbes ¢ =
B3a/MOCBSI3 B Cpeje nnKc pasymeHve HyBCTBOM | =
(MOHUMaHWE KOHTEKCTa). "curHncpukar” o6peTerHoit ? S
MbIC/IU. =
OuyLieHne NoHUMaHUs S
TeKyLLeil peun, B TOM Yucre CO3HaHMe, HaxopuTbea co =
BO B3aUMOCBA3M (B Mons 3HaHeM, =
KOHTEKCTE) KaK 3 HelipoHOoB- CO3HaBaTh NOHUMAHNEM S|
npeaLecTBYLWMMI MOHATAN N/TI0C =| Z
= o
n " Q
BbICKa3blBaHNAMM, TaK 1 C curHuchmkar Co3HaHve ONepUpoBaHNeE | gronransibe |= &
NMetoLLMMCS Y CyGbekTa NosHaBatve P =2
3HaHMEM. MOHATUAMM, obnactun =35
=| 4
(Mbiwnenme 3HaHMAMY, B SAbIKOBOI S|¢
TeopeTuyeckoe, | TOM “MCIE nX =2
CUCTEMbI S|~
OLLyLLIEHME MOHMMAHNS noriyeckoe) nopoxaene =4
TOMLKO MPAMOT0 3HAYEHNS! MNons =|0
HelipoHOB- =|s
CNOB peuu, 6e36r|0|-wnv|aHm;4 u ObpeTenmte S| o
KOH6T€‘KCTa u Ge3 yueta 2 | MOHATUA MUHYC 4yBCTBA 3HAHIA S| 3
COBCTBEHHBIX 3HAHWIA "CUrHMcpUKaT” 0CO3HaHUe, E—— ’ S |3
cyobexTa. MOHMMaHe =8
= @D
=| o
— S
I | &
€
"MoganbHoe"oLLyLieHre Nons [orosopka Cnblwan YacTb o
pasnuyeHns cnoB peun 6e3 o "CNblllan 3BOH, | NPU3HECEHHbIE
1 HelpoHOB- nong
WX NOHUMaHs (heHoMeH 108 [a He 3HaeT, CoBa, HO He
"CblwarTh He noHMasn") : rfie oH". MOHAN NX bpoka
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Takasl cBA3b Mexay AByMs Gr0kamu=cucTemamy Moria Obl 0becneumBatb PaboTy KakAol CUCTEMbI TaKKE B
aBTOHOMHOM (O HEKOTOpO/i CTeneHn) pexume. VIMEHHO B aBTOHOMHOM peXWMe AOMKHA NpOosBNSeTCS
cneundmka paboTbl Kaxaoi cuctembl, 610k0B Pasym 1 Co3HaHue. CyllecTBOBaHWE 3TOW Cneuudnku
npegnonaraeTcs He TOAbKO HA OCHOBE TEOPETUYEeCKMX MpeACTaBleHui;, HO U 06OCHOBbIBAETCA
HEeApoNCUX0NOrNYECKMMI AaHHBIMW, NOMYYEHHBIMU B YCNOBUSAX N36MpaTeNbHOI 610Kadbl NEBOTO UK MPABOro
nonywapusa [16]. 3TM [aHHble cOrnacylTcs C NpeanonoxeHnem, 4ro lo3HaBaHue (MbiwneHne B HC)
0T/INYaeTCs (hopMasibHbIM XapakTepoM. Tak, UCMbITyeMble C 610KMPOBaHHbIM NpaBbiM W (B TO e BPeMS) He
6NOKMPOBAHHbLIM NIEBLIMZ NOAYLLAPUEM MPU PELIEHUI CUNNOTU3MOB C JIOXHBIMI NOCHIIKAMW CMOMbL3YIOT TONMBKO
(hopManbHO-nornyeckie onepawyin, He 06palLas BHIMaHNUA Ha abcypAHOCTb MOCHINOK.

Hellpochuanonornyeckne  MexaHu3Mbl  (DOPMUPOBaHUS  HEVPOHHBbIX  MOZeNel, a Takke MexaHu3Mbl
ONepupoBaHNs MOAENAMM, NeXallue B OCHOBE pelleHus 3afdady, MOryT ObiTb, TEM HE MEHee, B MpuUHLMne
CXOAHBLIMM B 060MX 6/10KaX.

OuyeBnaHo, hopMMUpPOBaHME HEMPOHHBLIX MOAENENi cpefd, CEeHCOPHOIA 1 A3bIKOBOW, OCYLLECTBASIETCA CHavYaa no
TEeHETNYECKO NporpaMMe BO B3aMOAECTBUM CO CPEfiaMu, 3aTEM - B OCHOBHOM MyTEM 0By4eHHs, B TOM ynCne
¢ yuntenem. bnarogaps BblpaXeHHON KOMMYHUKATUBHOI (hyHKummu, AC urpaet, BUAUMO, Ype3BbIYaiiHO BaXHYH0
PO/b Kak NOCPeAHVK B hopmmupoBaHii 610ka Pasym npu 06yyeHnn ¢ yuntenem. BoickazaHo npeanonoxenue [7]
0 KNoueBoii ponn AC B upe3sBblyaitHO ObICTPOM (MO 3BOHOLIMOHHBIM MEPKAM) pa3BUTIN MO3ra YeNnoBeKa.

C Toukm 3peHns MI, nepeuncnsemble Hke 6 TMNOB onepaLiii B HEMPOHHbBIX MOAENSX HENOCPEACTBEHHO (6/10KN
Pasym 1 Co3HaHWe) uan C NPUB/IEYEHNEM LOMNONHUTENbHBIX CTPYKTYP Y)Xe LOCTATOYHbI, Y4TOObl 0OBACHUTH
MeXaHW3M peLLeHns, Ui CMOAENMpoBaTb €ro, no KpaiiHeid Mepe, Ans HEKOTOPbIX O4eHb GOMbLIMX KNacCoB
3afay. 1) MoctaHoBKa B COOTBETCTBME HEMPOHOB HEMPOHHOI MOLENM OpUriHaiam cpefpl. ApyriMu crosamu,
(hopmMMpOBaHME UMEepapX1YecKoid, COCTaBfieHHOW W3 TunosbIX CTPYKTYp (TC) HEWpOHHOW Mogenu cpepbl,
thopmmpoBanme [MN. 2) Peanusauusi COOTBETCTBMS. [pyrMu cnosami, W36MPaTENbHOE akTUBMPOBaHWE
HeiipoHoB B TC, COOTBETCTBYIOLMX ONPEeLeNeHHON Cpede, C NOMOLLb MexaHn3Ma peanvsalum CooTBeTCTBIA
(MPC) npn akTyanusauuu 310t cpefbl. 3) Peann3aums "coCTOSAHUA ONO3HaHNA" — AMHAMUYECKOTO aTTpakTopa,
XapakTepu3ytLLerocs YCTONYNBON Ha ONpefeneHHoe BPeMS CUHXPOHHOA PUTMUYHON aKTWBHOCTbLIO HEipOHOB
TUNOBbLIX CTPYKTYpP, COOTBETCTBYIOLUMX [AAHHOMY 0ObekTy (kapTuHe). 4) BbisiBNEHME WAEHTUYHOCTU
aKTya/IM3MpOBaHHON  HEPOHHOW Moaenn 06bekTa-06pasua C  OfHOM M3  MHOXECTBA MOCNEAYHLLMX
aKTya/IM3NpOBaHHbIX HEMpPOHHbIX MOfenell Apyrux 06bekToB. [pyrumu cnosamu, OBHapyxeHue Ccpea
MHOXecTBa O0ObLEKTOB 00bekTa, CXOAHOTO C 06pasuoM. 5) BbifiBNeHe WAEHTUYHOCTU  (CXOACTBA)
COOTBETCTBYHLLMX MEPAPXMYECKUX YPOBHEN (CBOIICTB) BYX aKTyanu3npoBaHHbIX HEMPOHHbIX Mogeneii. Apyrumu
cnoBamy, BbiSiBNIEHWe aHanoruii Mexay obbektamu. 6) [octaHoBka B COOTBETCTBME (06pasoBaHue,
yCTaHOB/EHWE CBA3EIi) HEMPOHOB OAHOI aKTyanM3MpPOBaHHOK MOLENN HEMpOHaM [PYrol  akTyann3upoBaHHOI
Mozgenu.

BO3MOXHOCTb peanu3auun onepaunii 1-3 B INEMEHTApHOM CEHCOpUyMe B OMPEAEeNieHHON  CTeneHu
npoaHan3vpoBaHa B pabotax [6-7]. HekoTopble U3 NepeyncneHHbix onepaumii peasn3oBaHbl B KOMMbIOTEPHbIX
Mogensx. Tak, Npu KOMMbIOTEPHOM MOZE/MPOBaHMA OBOHATE/bHO CUCTEMbI B MPUHLMMNE peasin3oBaHbl
BapuaHTbl onepauuin 1-4 (cMm. ccbinku B [BOpOHKOB, M30TOB; Hactoswwmii c6.]). Peamusauns (B pamkax
MOZIENbHON napaaurMel) npouecca 5 no3sonuna Obl MOAENMpOBaThH "pelleHne 3aday no aHanoruu'.
Peanusauus onepauuv 6 no3sonnna obl, B NPUHLMNE, pellatb 3agady 06pa3oBaHns YCI0BHbIX CBA3ENA, ApyriMu
cnosamu, - peann3oBatb OyHKUMIO "ecin - A, T0 — B, {A, A --> B} => B. 3KCnepuMeHTa/IbHbIe 11 TEOPETUYECKue
[aHHble MCCNeaoBaHUA Helipo3nN0I0roB B 3TOM HarpaB/EHUM Y)Xe NO3BOMAIT MOAEMNPOBATL HENPOHHbIE
MexaHu3Mbl 3TOI onepauum.

5. Mogenb 1 nucpopmaums. "Mogens" - TpauLMOHHO "aHTPONOMOPHOE" NOHATUE: MOAENb — C/Ief0BATE/bHO,
"nwmre Yenoseka', 6€3 ero CO3HaHWA MOLENN He CO3LANTCA U He CYLLECTBYIOT. TakoB KOHTEKCT TO/IKOBAHMS
noHATMS "Mogens" B cnosapsx. C Touku 3peHus MI, MO3r CyTb HelipOHHas MofAefb, OH CO34aH B Xofe
MpOrpeccyBHON 3BO/OLMN HE N0 BOJIE, He B pe3y/ibTare Co3HaTe bHOMA, NNaHoBOI AeATeNbHOCTU YerioBeka — B

2 VIMEeHHO B 1eBOM MOJyLLIApUK IOKaUTU3yeTCA A3blKoBas cuctema
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NPUHLWMNE, Kak 1 Bce Apyrie oprabl.® Cnefys 3Toii NOrvke, - NPpUpOAE CBOMCTBEHHO CO3AaBaTb Mogenu. bonee
TOr0, €cnu cnefoBatb MOHUMaHWI, YTO "MOJenNblo ABNSAETCA BCE, YTO MOCTAB/EHO B COOTBETCTBME", TO B
OTHOLWEHWN N0B0r0 06bEKTA MOXHO CKasaTb, YTO B OfHWX YC/IOBWAX OH BbICTYNAaeT kak 0ObekT-Moaenb, B
APYIuX - Kak 00bekT-opurnHas. Mo3r, Kak LeNIOCTHbIA 0OBEKT, HE ABNAETCS B 3TOM OTHOLIEHUM UCK/IOYEHNEM U
TOXe BbICTynaeT Kak "ABYNMKuiA AHyc*": HanpaBneHue npouecca B CEHCOpUyMe 1 npolecca B apepeHTHON
cUCTeMe NPOTUBOMO/OXHbI, UMEHHO, OT CPefbl B MO3r 1 OT MO3ra B Cpefly, COOTBETCTBEHHO (CM. HIXE; puc. 1).

OfiHaKo, aHa/IM3 MexaHW3MOB, OCYLLECTBASAIOLWMX COOTBETCTBME (MEXaHW3MOB MOCTAHOBKM B COOTBETCTBME —
MTC n MexaHn3mMoB peanu3aumn cootBeTcTBus — MPC), nokasbIBaeT, 4To OO/bLUMHCTBO 06LEKTOB, NOC/E TOTO
Kak OHW MOCTaBNeHbl B COOTBETCTBUE, NiNWweHbl MPC, 1 UX COOTBETCTBME He MOXET ObITb peasM3oBaHHbIM 6e3
CUCTEMbI, CNocobHOI Bocco3aatb MPC (yHMBEpCA/IbHOWA CUCTEMOI B 3TOM OTHOLLEHWN SBNSETCA MO3I; CM. HUXE
NPUBOAMMbIE NPUMEPbI).

[CYEBEKTVBHGIE OWYLERVHA |

| | |
SMOUNOHANTEHAA v MPTWEBAUWMOHHAR CUCTEMBI,

o CHCTEMA LI,EHHDCTEH
OEREKT MOOENB MOOENB P 4: CBEBEKT
-1 HEHFOHHAA HEWFOHHAA ,f“ﬁ_» et
A P TisA € 5 B. 4| B
““—hj 1 \ » -\H:‘:?ﬁ"—\-p ——p
My o
QP :.ﬂ” MPC B CEHCO- PG B SPPEPEHT- MF‘E MOMAENE-
HANEHEIA PITYME HOW CUCTEME HblK
0 =+ I M — I M= 0
CPEOA CEHCOFKYM JPPEFEHTHEIE CUCTEMBI CPEOA

Puc. 1. PedhnektopHas fyra kak nociiefoBaTe/lbHOCTb NMPOLECCOB peasn3aLim COOTBETCTBUS.
MPC - mexaHu3m peasm3auum cootseTcTeus; O — M HarnpasneHue npouecca 0T 06bekTa-opuriHaia
cpefp! K HelpoHHOM Mogenu; M — M - 0T MOAEM B CEHCOpPUYME K MOAENN B AP(EPEHTHON CUCTEME;
M -0 - 0T Mogenn K 06LEKTY-MOAENN CPEAbI.

Ecnn nocmMoTpeTb Ha [1ekapTOBCKYI0 HEMHOrO MOAU(IMLMPOBAHHYKD CXeMy pediiekca (puc. 1) ¢ TOUKM 3peHus
MOZJENbHOr0 NoAXoAa, MOXHO BUAETb, YTO BCA pedpnekTopHas Ayra ecTb, N0 CYTW, NOCNeA0BaTe bHbIA pAaf,
NOCTaHOBOK B COOTBETCTBUE. [eCTBUTE/IbHO, 0OBEKTY-0pUTHaUTy A BHELLHEl Cpefbl CTaBNUTCS B COOTBETCTBIE
HelpoHHast MoAeNb AM B CEHCOPHOI cucTeme, nocneaHeii (AM) CTaBuUTCS B COOTBETCTBUE HEWMPOHHAS MOAENb
BMm B adpdhepeHTHON cucteme, a 3ToM modenu (Bm) cTaBuTCs B COOTBETCTBME 0OBEKT-MOAENb B cpedbl —
onpefeneHHas KOMNO3NUMA MbILEYHbIX COKpaLUEHMA, pedinekc, ABUraTenbHbIl akT, ABuraTenbHblii 06pas,
nosefeHne. ECnn yyectb BO3MOXHOCTW C MOMOLLbIO ABUrATE/IbHBIX aKTOB MaHMMy/MpoBaTb ¢ 06bekTam, TO
OKaXeTCsl, UTO B COOTBETCTBME A B KOHEYHOM WUTOre MOXET BbITb NOCTABNEH B NPUHLMME M1t060 06bEKT (06BEKT-
Mofenb B MOXeT 6biTb BblOpaH M3 O4eHb 6OMLLIOTO MHOXECTBa OOLEKTOB Cpefbl) — BblOOp U3 HUX Oyaet
3aBWCETb OT TOrO, KaK OpraH13oBaH MexaHuam Bbioopa (MPC) mexay mogensto AM (B CEHCOpUyME) 1 MOAENSIMU
B 3(D(DePEHTHOI CUCTEME 1 NOJ, KaKUMW BAMSHUAMW OH HaXOAMTCS. BO3MOXHOCTM MO3ra MOryT nokasaTbCs B

3 TeopeTNyecku, yyacTie Mo3ra B 3BO/TIOLM TKaHEN 1 OpraHoB, Mo-BUANMOMY, HeMb3st Uck/ouaTh [12].
O/IHaKO Npy 9TOM He UAET pedb 06 0CO3HAHHOM YUacTUu.

“B pumckoit Mudbonorin 6or "BXxof0B" 1 "BbIXOLOB"; M306paxacs ¢ ABYMS nLamu, 06paLieHHbIMY B NPOTUBOMOIOXHbIE CTOPOHI.
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KOHTEKCTE M3naraemoro ee 601ee HeOXMAaHHbIMIA, XOTS ABNSKOTCA MOBCEAHEBHOW NPAKTUKONM: C NOMOLLbIO
MO3ra B COOTBETCTBME MOXET ObiTb MOCTAB/EH MPaKTUYECKW MO0/ 0OBEKT (AOCTYMHLIA OpraHam 4yBCTB)
nboMmy apyromy 06beKTy 6e3 OkasaHUsi Ha HWUX Kakoro Obl TO HU GblfO BO3AECTBISA, NOMy4as NMb crabble
BO3[ENCTBIS OT HUX HA OpraHbl YyBCTB. Mpy 3TOM CBS3b COOTBETCTBUS MEXAY 3TUMW 0OBLEKTAMW, OpUTMHAN —
Mozenb, OyAeT CyLiecTBOBaTb B BUAE HEMPOHHON CBA3M MeXAY HEMPOHHBIMU MOAENAMM 3TUX 0OBEKTOB.

BbITb CBA3aHHbIM CBA3bID COOTBETCTBIA O3HAYAET, YTO B CAyyae akTyanusauum A o6bekta (1n ero HelipoHHoM
MOZIENN B CEHCOpUYyME) aKTyanuanpyeTtcs (monyyaeT BO3AeiicTeue, akTueupyetcs) MPC, npuBoasiumii k
akTyanusaumm B 06bekT (Mam ero HeiipoHHylw mogens). MPC (n MMC), ero HeiipoHHasi opraHusauus u
NPUHLMNBI PaboTbI — "r0N10BOIOMKA" HEPOM3NONOTAN 1 LIENOTO KOMM/IEKCA HEMPOHAYK.

TOMbKO YenoBeK (1N MHOMMAHETAHUH) MOXET YBUAETb B CXEMATUYECKOM W306paXEHUN COMHEYHON CUCTEMBI
MOfieNb NocneaHen - 6narogapst CNoco6GHOCTM MO3ra €03/aTb HEPOHHYI0 MOAEb CXEMbI 11 HEMPOHHYI MOAENb
CO/THEYHOI CUCTEMBI M CMOCOBHOCTM pelnTb 3adady "Ha CXOACTBO" ABYX HEPOHHbIX Mogeneii (cm. n. 4), 1o
€CTb YCTAHOBUTb CXOACTBO MOZENeii B HEKOTOPOM acrekTe.

MexaHu3m nocTaHoBKM B cooTBeTCTBUE (MIIC) opurnHasny u3obpaxeHns Ha hoToaMy/bCUN BO MHOTOM CXOZEH C
MMC opurHany usobpaxeHus Ha cetdyartke. OpfHako, cpotorpadus, cama no cebe, He UMEET CBA3N
cooteetcTBus (MPC) ¢ opuruHaniom. Torga kak, B CEHCOpUyMe, MeX[y HEeMpOHHOWA MOAE/bIO (3aNOMHEHHOTO
opurMHana WM paccmarpuBaeMoro (hoTo) M HEPOHHOM MOAENb OpurMHana (B Cly4Yae ero MoBTOPHOW
aKTyanmsauuu), BO3MOXHO YCTaHOB/IEHWE COOTBETCTBUSA, cxoAcTea — 6narogaps MPC (ans 3anoMHeHHoro,
3HAKOMOrO OpWUrMHana) wiu 6narofaps MexaHusmy, OOHapYyXMBatOLLEMYy — COOTBETCTBME MEXZY ABYMS
HEMPOHHbLIMK MoAENAMM (CM. . 4).

MOXHO HaliTh NpUMepbl HEXVBbLIX 06bEKTOB, MetoLwX MPC. TakoBbIMM SBMAKOTCS UCKYCCTBEHHbIE HEMPOCETY;
B kauyecTBe MmexaHnyeckoro MPC BbICTynaeT cuUCTEMA pbl4aroB MeXAy KnaBuaTypol W nuTepamu.
OO6bIKHOBEHHAsA neyaTtb ecTb MOAEsb, cama Xe oHa ecTb U MPC: npu TUCHEHWUM OHa CTaBUT B COOTBETCTBME
OpUrMHaUTy ero Konmi (ero Mofenb). 34ecb OTMETUM BaXHblii MOMEHT. Meuatb 1 konus 06e MOAENN OAHOTO
opuruHana. OfHako, ofiHa 3epkanbHas. Tak e 3epkasibHbl OpUrMHasny n3obpaxeHue (MoAenb) B 3epkasie, Ha
ceTyartke rnasa 1 Ha amynbCun POTONNEHKN.

MaTpuuHblii MexaHu3m BocnpomssoacTea AHK ectb Huuto uHoe kak MPC. B gaHHom cnyvae MPC Toxe
3epKasieH.

3™ npumepbl CBUAETENbCTBYKOT, 4YTO MMC ecTb onepatop, CTaBslWMiA B COOTBETCTBME COIACHO
onpefeneHHoMy npaswuy. B npuHUMne, aTo MOXeT 6biTb filo6as (yHKuna. Moatomy o6bekT-mogens B He
0053aTeNbHO ABASETCA N30MOPMHLIM OpUrMHany A, HanpuMep reoMeTpuyecki. FeomMeTpudeckuid (Man n6oil
ApYroi) n3oMophnam Mexzay MOAENbI0 N OPUTMHAUIOM — YaCTHbI Ciyyai. TeM He MeHee, Yallle BCero MMEeHHO B
3TOM Cflyyae 06BEKT-MOLENb MAEHTU(MLMPYETCS Kak MOAENb B OObIYHOM (Y3KOM) MOHUMAHWK; U UMEHHO
COXpaHeHWe n3omopguamMa B KakoM-nbo ornpefeneHHOM acnekTe CBOWCTB OOBLEKTOB (MPOCTPAHCTBEHHbIX
XapakTepuCTUK, BPEMEHHbIX NOC/NeA0BaTENbHOCTEN UK ApYrMxX) — OAHO U3 OCHOBHBIX TpebosaHuin Kk MMC u
MPC TexH14eckux MH(OPMaLMOHHBIX cucTeM. TepMuH "nepesasarb MH(OPMAaLMI" 03HAYAET, C TOUKM 3PEHNs
M1, cTaBuTb B COOTBETCTBUE OPUrHA/Y (€r0 CBOWCTBaM) M3OMOPMHbIVA B OTHOLUEHWW ONpeAeNeHHbIX CBOCTB
(opurnHana) o6beKT-MoaeNb.

B TO Xe Bpems, BO3HMKAET BOMPOC 00 OCOGEHHOCTAX W rpaHuLax MPUMEHUMOCTI  (BO3MOXHOCTM

OCYLLECTBNEHNSA) 3TUX Onepauuii Ha pasHbIX YPOBHAX OpraHu3auun MaTtepuu - KBaHTOBOM, MONEKY/ISPHOM
(reHOM), KNeTOYHOM (MO3r), MakpOOOLEKTOB (COLMYM) - B YC/IOBUSX 3aJaHHbIX TPE60BaHMI N30MOPGHOCTH.

BbiBoAb!

1. MblLWNEHNE, C OfHOW CTOPOHbI, pasyM W CO3HaHWE, C APYrol, 0603HAYal0T MOHATUS PasHON KaTeropuu.
MbilwneHne CyTb Heipoth3noorYeckie NPOLECCH ONEPUPOBAHNS C HEiPOHHBIMI MOAENSMN, TOTAA Kak
TepMuHamu "pasym" 1 "co3HaHue" 0603HaueHbl COBOKYMHOCTM OLLYLLEHWA, KOPPENMpYLWMX ¢ paboToit
HEMPOHOB 3TNX MOAENEIA.

2. Mpupoda 1 MexaHU3Mbl OLLYLLEHWA, ecrin NOCNefHNe HE OTOXIAECTBASTH C HelipoU3noNornyeckuMm
NPOLIECCaMIA, OCTAKOTCS HESICHBIMM.
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3. TpegnonaraeTca, YTo fge rpynmbl C10B (B PYCCKOM 5A3blKe), O4HOKOPHEBBIX MMM 6/IM3KMX COOTBETCTBEHHO K
cnosam "pasym" 1 "co3HaHMe", BbIN BblAENEHbI A3bIKOM A5 XapaKTEPUCTUKN CYObEKTUBHBIX NPOSIB/IEHNIA,
KOppenmpyHoLLmMx ¢ paboToii, COOTBETCTBEHHO, CEHCOpUYMA 1 A3bIKOBOW CUCTEMBI.

4. PaclumpeHo noHatve "Mogens'. TlpuBefeHbl NpuMepbl MPUPOAHbLIX "onepatopoB” COOTBETCTBUA —
MEeXaHu3MOB NOCTaHOBKW B cooteeTcTBue (MIC) u mexaHusmoB peasusauuu cootsetctsus (MPC).
Hanb6onee yHuBepcanbHbIMU CPeAN HIX SBMIAKOTCA MO3TOBble MeXaH!3Mbl (B TOM YMC/e MO3T Kak Liesioe).

5. "MiHdopmaumsa" (B Hambonee NPUHATOM MOHUMaHUM — Kak "CBeAeHUs") BXOAWUT B MOHATME "MOAENb" Kak
YaCTHbIN C/lyyaii; OHa eCTb M30MOP(IHAA MOAE/b B KAKOM-NIMO0 M3 aCNEKTOB CBOWCTB OpUrnHana.
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®OPMVPOBAHWE HEMPOHHbIX 3/IEMEHTOB B OBOHATE/IbHOW KOPE:
OBYYEHME NYTEM NPOPACTAHW/A

eHHaawii C. BopoHkoB, Bnagumup A. M30ToB

Abstract: The computer model is offered to describe the formation of selective connections of the olfactory bulb
neurons (OB-network) with the olfactory cortex neurons (OC-network) during sensory training. The model is
based on the previously constructed computer model of the olfactory epithelium (OE) — OB. The process includes
the growth of axons from OB-network into OC-network and the establishment the conjunctional input between OB
and OC neurons. Supposedly, the simulated process approximately reflects the natural process in OB-OC.
Likewise, the work concerns some conceptual questions related to the information representation and processing
in the olfactory and other sensory systems, in particular, the "combinatorial explosion " problem.
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BeepgeHue

Hacroswas pabota npofomxaet paboTbl aBTOPOB N0 KOMMbIOTEPHOMY MOZAE/IMPOBAHMIO NPOLeccoB 06paboTku
CEHCOPHON MHopMaLM B 0BGOHATENBHON cucTeME MaekonuTarlmx [1-3]. B OCHOBY 3TuX paboT MOMOXeH
nogaxog, [4-6], cornacHo KOTOPOMY CEHCOPUYM €CTb HEMPOHHAs MOAENb CEHCOPHOTO M1pa (3KONOrMYECKON HULLIK
BUAA) 1, COOTBETCTBEHHO, 06OHATENbHAA CUCTEMA ECTb HEiPOHHAA MOAENb 3anaxoBoil CEHCOPHOIA cpeabl. Mog
HEipOHHON MOAENbI0 3A4eCb MOHMMAETC MepapXMyecku OpraHn30BaHHas CeTb, PELEeNTOPHbIE U HEelipOHHbIe
9NEMEHTbI KOTOPOW MOCTaB/IEHbl B COOTBETCTBME 0OBLEKTAM\CBOMCTBAM Cpedbl: PELENnTOpHble — Hanbonee
MPOCTbIM CBOWCTBAM, & HENPOHHblE - KOMM/eKkcam 3TuX CBOIACTB. COOTBETCTBME MpPOSIBISETCA B
N36MpaTeNibHOCTU  (CENEKTUBHOCTM) aKTUBMPOBAHMA 3TUX 3MEMEHTOB aKTya/lbHbIMU CTUMyNaMu Cpebl.
Peanu3yloT COOTBETCTBME CMELMGNYHOCTb PELENTOPHBIX KNETOK U M30MPaTENIbHO KOHBEPTUPYHOLLME aKCOHHbIE
MPOeKLMN HEPOHOB Ha HeipoHax CrefyloLlero Mepapxuyeckoro YpoBHS. HuxHME uepapXuyeckne ypoBHM
(hOpMMPYIOTCA B OCHOBHOM MO TEHETWYECKOA MpOrpamMMme, BEpXHWEe — [NaBHbIM 06pPa3oM Mpu 0ByuYeHuw.
Mpeanonaraetcs, 4YT0 (POPMUPOBAHNE MOLENN 3KOMOTMYECKOH HUWIKM NPOMCXOAUT [NaBHbIM 06pasoM npu
CEHCOPHOM 06Yy4YeHUn B OHTOreHese. VHMLMMPYIOT NPOLECC CEHCOPHOro 06Y4YeHWUsi BO3AEICTBNA afeKBaTHbIX
pasapaxuTeneii Ha peLenTopi.

MprMepbl KOMNBIOTEPHOTO MOAENMPOBaHUS (HOPMMPOBaHUS OTAE/bHBIX HEAPOHOB, NPEACTaBMANLWMX KaXbIii
KOMMIeKC CBOWCTB C/IOXHOTO 0ObekTa, "myTeM npopactaHus” (CM.HUXeE), HaM He W3BECTHbI, B TO Xe Bpems,
pa3paboTka pacTyLMX MCKYCCTBEHHbIX HeMpoceTeil, (hOPMUPYIOLLMX NOHATUS, - akTyanbHas 3ajaqa B
pa3paboTke KOMMbIOTEPHBIX CUCTEM NOAAEPXKM MbIC/IUTENbHBIX MPOLLECCOB [ 7).

OnncaHHas B npeablayux padoTax [1-3] koMnbloTEPHAs MOAENb 060HATENBbHON NnykoBuLbl (OJ1-CeTb) COCTONT
N3 Tpex OfHOPOAHBIX (CM. HIKE) MOAyNeid. B mogyne cuHanTyecks CoeanHeHbl (B 060HATENBHOM KTy6ouKe)
rpynna u3 4-x TMNoB 060HATE/NbHbLIX PELLENTOPHBIX KNETOK 1 rpynna OCHOBHBIX HEiPOHOB (MUTpasibHble - MK 1
KMCTOUKOBbIE - KK KNEeTKM; y MIEKONUTAIOLMX KOMYECTBO K/yOOUKOB U, CNefoBaTe/lbHO, MOAYNel HECKONbKO
TbicAY). MOCKO/IbKY BOMPOC O KO/IMYECTBE TUMOB PELLENTOPHBIX KIETOK, KOHBEPTUPYIOWMX B OAUH Ky6oyek, 1
xapaktepe ux npoekumn Ha MK u KK ocTaetcs OTKpbITbIM, NpuHATas B 6a30BOi MOAenn opraHu3aLms
CEHCOpHbIX BXOAOB B KNybouke ABMSAETCA NPEANONOXATENbHOA - B CNyyae NOSBAEHUSI COOTBETCTBYHOLLNX
3KCMEPUMEHTa/TbHBIX AaHHbIX OHa MOXET OblTb CKOpPeKTMpoBaHa. Kaxablii MOAE/bHbIA MOAYb COCTOUT U3
yeTblipex MK (MK1, MK2, MK3 n MK4), kaxgas MK nonyyaer Bxofibl OT OAHOrO TuMa PeLenTopHbIX KNETOK.
Kbl TUN peLienTopHbIX KIETOK CneuutnyeH K onpeseneHHoi rpynne 3eMeHTapHbIX 3anaxoB YC/I0BHOM
(BMpTyanbHoii) 3anaxoBoi cpedbl (cM. [8]). B kaxaom moayne Takke umerotes 11 KK, kaxgas M3 KOTOpbIX
nosly4aeT OfIHO W3 COuYeTaHuii peLenTopHbIX Bxogos: uMetoTcs KK12, KK13, ...KK123, ... n KK1234. Takum
o6pasom, MK 1 KK ogHoro mogiyns OJ1-ceTu nocTas/ieHbl B COOTBETCTBUE YETLIPEM TUNAM PeLenTOPHbIX KNEeToK
1 BCEM BO3MOXHbIM COYETaHUAM U3 3TUX TWNOB. B apxutektypy OJ1-CETU BXOAAT TakKe HECKONbKO TWUMOB
NHTEPHENPOHOB. COOTHOLLEHME KonmuecTB HelpoHoB (MK: KK: uHTepHeiipoHbl) B Moayne 6/13k0 COOTBETCTBYET
TakoBOMY, M3BECTHOMY W3 MOPMOOTMYECKMX AaHHbIX [cM. 9]. CMoaenmpoBaHHble mogynu OJI-ceT 0iHOPOAHbI
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— B Kaxfblil NpoeuupyeTcs OAWH U TOT Xe Habop TWUMOB PeLenTopHbIX KIETOK, pasinyMe  COCTOUT B
COOTHOLUEHUWN KONMYeCTB B Habope peLenTopHbIX KNeToK TOro Wiu MHOro Tuna. B cuny nocnegHero npu
NpeLbsABEHNN CNIOXHOTO 3anaxa B kaxaoM U3 OLHOPOAHBIX MOAyNeii n3bupaTesibHo akTUBMPOBUPYHOCS pasHble
KK. 310 obecneumBaeT npefcTaB/fieHUe MHOXECTBA OTTEHKOB OAHOPOAHLIX 3anaxoB (coueTaHuamu u3 KK).
OueBwnaHo, uto B OJ1 MHOrO rpynn U3 0AHOPOAHbIX MOAY/EN, & He 0AHa, kak 3T0 UMEeeT MECTO B MOLE/N.

Mpu npegbssneHn Ha Bxof OJf-CeTM CNOXHOIO 3anaxa BMPTYyalbHOW Cpedbl  MPOMCXOAMT MpoLecce
peasm3aun COOTBETCTBMSA, TO €CTb, MPUBEAEHNE B aKTUBHOCTb TOMbKO Tex MK u KK HeiipoHoB, KOTOpble
NPeACTaBNAKT LaHHbIA 3HAKOMbIA 3anax. OJ1-CeTb UMEET OPUTHASIBHYHO CIOXHYH0 apXUTEKTYPY, YYUTbIBALOLLYO
pazgenenne cyHkunn MK n KK (kaxgas MK npeactaBnser kakoit-nnbo ofuH TWUM PELEnTOPHbIX HEPOHOB,
Torda kak kaxgas KK — Kakoe-nmbo coveTaHue W3 3TUX TWMOB) M CNOXHYH CUCTEMY WX CBSi3el
(BeHapoaeHapuTHbIE  BO3OYXAalowpMe ¥ TOPMO3Hble OMOCPedyeMble BCTABOYHbIM HEMpoHaMm, a Takke
BO3BpaTHble aKCOHHbIE U Apyrie). ITU CBA3N HOCAT BCMOMOraTe/lbHblii XapakTep, OHM 0bGecneunsarT
npeobpa3oBaHne akTUBHOCTW HEMPOHOB B PUTMIYECKYHO, YCUNIEHUE U NOAAEPKaHUE ee Ha HEKOTOPOE BPeMs.

B paboTe npegnonaraetcs, 4To Ha CefyoLIeM CMHANTUYECKOM YPOBHE, B 060HATENbHOI kope (OK), MeHHo, B
nepeaHeii NUPUOPMHON Kope, ABNSIOLLEACH OfLHOI M3 OCHOBHbIX MPOEKLUMOHHBIX 30H MK 1 KK 060HsTENbHON
nykouupl (cm. [9]), MMeeT MecTO [anbHelwas reteporeHHas KoHeepreHuus: KK Bcex wmogyneit Of
KOHBEPr1pyKT Ha nupamugHbix knetkax (MK) nepegHeit nupUcOPMHON KOpbl B PasHbIX COYETaHWsX. Takum
0bpa3om oTenbHble TK npeAcTasiaoT 60/1ee CNOXHbIe 3anaxoBble CoOYeTaHus, Yem oTAesbHble KK. OfHako,
ecnm B Of1 umeetcs cpaBHUTENbHO He6onblioe unucno KK, 1o konudectBo MK, npeactaBnswowmx — Bce
TEOPETNYECKN BOIMOXHbIE coueTaHns u3 KK Bcex mogyneit OJ1, CTaHOBMTCS 04eHb 60/bLnMM. Mbl nonaraem, 4to
B OK npeAcTaBneHbl NMpaMUaHbIMK KNeTKaMu He BCe TEOPETUYECKN BO3MOXHbIE 3anaxu (CoueTaHus), a TobKo
Te U3 HWX, KOTOPbIE COCTAaBNAKT 3KOMOTMYECKYHD HULY [AHHOTO0 BWAA; B TO Xe BPeMs, BCE TEOPeTUYECKU
BO3MOXHbIE 3anaxu npu 3T0M  MOryT 6biTb BOCTPUHATBLIMU (0 pelleHnn 3Toil "npo6ieMbl KOMOUHATOPHOTO
B3pblBA" CM. B rnocnegHem pasgene). ®opmuposaHune 3Tux MK nNpoucxogut, BUAMMO, MyTEM CEHCOPHOrO
06y4eHnst BCAKMIA pa3 npu BO3AENCTBUMN HA PELENTOPHbIE KNETKA HOBbIX 3araxOB B OHTOTEHE3e, a Takke BO
B3pOC/IOM COCTOSHWM. o, popMMpOBaHNEM MOLENN 3KONOTMYECKONW HULIM Mbl MOHAMAEM MOCTAHOBKY HOBbIX
MK B COOTBETCTBME AKTMBMPOBAHHLIM HOBbIM coyeTaHusam KK n co3faHue MmexaHusma, 06ecrneyuBartoLiero
peannsaumio  cootBetcTBuA. [pegnonaraetcs, uUTO MNpPeAbAB/EHUE C/IOXHOMO 3anaxa, paHee He
npeabsABNABLIErocs, NPUBOANT K BO30YX/AEHMIO COOTBETCTBYHOLLMX (CM. Bbilue) MK 1 KK B OJ1 (chopmmpoBaHHO
Mo reHeTn4eckoi nporpamMme). BosbyxaeHne NpuBOANT K akTum3aLmm pocta akcoHoB MK n KK B HanpasneHum
OK. Mpu KOHTaKTe Takoro mpopacTalolero akcoHa C OfHoi n3 cBoboaHbix MK B OK ata MK ctaHoButCs
NCTOYHMKOM HekoToporo chaktopa ("Megmatopa’, cm. [10]), HanpaBNsOLWEro K Heid poCT aKCOHOB ApPYruxX
HEpPOHOB NpopacTatoLLeit rpynnbl. AT aKCOHbI TOXe BCTYNaloT B KOHTAKT ¢ 3Toii MK. B pe3ynbTare, akCOHbI
pasHblx Moayneii OJfl, aKTMBMPOBAHHbIX AaHHbLIM CMOXHbLIM 3amnaxoM KOHBEPripytT Ha 0aHOI MK. dakTnyecku
3TO eCTb OAMH U3 BAPUaHTOB, pea/m3ylowWwyx npuHumn Xe66a. B criyyae npefbsBieHUs HOBbIX OTTEHKOB
OZJHOPOAHbIX 3anaxoB, KoHBepruposatb Ha MK 6yayT KK 04HOPOAHbLIX MOAYNEN; B C/lyyae NpesbsaBIeHNs HOBbIX
PasHOPOAHbIX CMecei, koHBeprupoBatb Ha [K 6yayT KK 13 mogyneii pasHoro poga. B pesynbtare 3toro
npoLiecca CNI0XHbI 3anax Kak Liesoe CTaHOBMTCA NpeAcTaB/ieHHbIM 0TAebHOI MK B OK.

B HacTosend paboTe OnUCbIBAETCA MOCTPOEHHAs KOMMboTEpHas Mofenb hopmupoBanus MK B nepeaHent
NUPUAOPMHOI Kope. Tpn 3TOM Y4nTBIBAIOTCS Cedytole Moptodn3nonorniyeckie faqHble B oTHoWeHnn OK
(cm. [9]). B nepesHtoto nuprchopMHYH0 NpoeumpyroTes 06a Tuna 0CHOBHBIX HelipoHos OJ1, MK v KK (Toraa kak B
3afHi0l0 — Tonbko MK); OK coctout u3 Heckonbkux nonynsumii MK; 8 OK cuibHO passuTbl accoupnaTmBHble
cBasn mexay MK ( kak BHYTpeHHue, Tak U c apyrumn otgenamu OK); WMEKoTCA TOPMO3HbIE BCTaBOYHbIE
HelipoHbl; B OK OTCYTCTBYET BbIpaXeHHbIi MOAY/NbHbIA MPUHLMN OpraHu3auum (M B 3TOM OTHOLLEHWM OHa
nofo6Ha accoumaTuBHbIM 06/1aCTAM HOBOW KOpPbI). MOCKOMbKY (PYHKLMOHANbHAS POMb Pa3HbIX TUMNOB HEAPOHOB
N accoumnatmHblx cBaseil B OK OKOHYaTeNnbHO He ycTaHoBnewa (cm. [9, 11]), npugasaemoe um aBTopamu
MOZeNN (hyHKLMOHa/IbHOE 3HAYEHWE HOCUT B ONpefeneHHoi CTeneHn NpeanonoxuTebHblid xapakrep. Pabora
3aTparvBaeT TaKke P KOHLENTyaslbHbIX BOMPOCOB OTHOCALLMXCS K 06paboTke MHGopMaLM B 060HATENBHOI 1
APYrMX CEHCOPHBbIX cuCTeMax, WMeHHO: 1) kakum 06pa3oM npeAcTaBieHa MHopMaums B OOOHATEbHOM
CUCTEME Ha pasHbIX MepapxmMyecknx ypoBHsX (peuenTopHbiii, O, OK), 2) kakum 06pa3oM AOCTUraeTcsl TOHKOe
pasfinyeHne 3anaxoB (OTTEHKOB), 3) Kakum 06pasoM (HOPMUPYETCA MexaHW3M peannsauun COOTBETCTBUA
HelipoHoB OK K HOBbIM CMIOXHbIM 3anaxam, 4) kakium 06pa3om peluaeTtcsi npobnema "KoMbuHaTOpPHOTO B3pbiBa”.
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ANropuTM CEHCOPHOTO 06YYeHMst NpopacTaHnem

B kauecTBe "mpocTpaHCTBa" KOMbIOTEPHON MOAENN CNYXMT paboyee nosie MOHUTOpa KOMMbloTepa. B BepxHei
yacTu akpaHa pacnonaraotcst MK n KK 060HATENbHOM NIyKOBULbI. BbIXOAHbIE CUrHA/IbI 3TUX OCHOBHBIX HEAPOHOB
ON dopMupyrOTCA B COOTBETCTBUN C anropuTMom [1]. B HXHEI YacTi skpaHa pacnonaratoTcsl nupammaHbie
kneTkn (MK) n BCTaBOYHblE HEWPOHbI NepeaHelt NUPMAOPMHOIA Kopbl. B Mogenn peasnsoBaHa BO3MOXHOCTb
YCTaHOBKM KaX[0ii KNeTkn B Mt060M AOCTYNMHOM MECTe skpaHa MOHMTOpa. Bcs cBo60aHas OT KNeTok 06nacTb
npescTasnseT coboil 30Hy pocTa akCOHOB. KaxaoMy nukceny 30HbI pocTa criy4aiHbIM 06pa3oM npuceanBaeTcs
XapakTepucTuka, HasBaHHas "MNOTHOCTbIO U OTpaxarowas gmsmyeckne cBoicTea cyberpara. Poct akcoHoB MK
1 KK nponcxoauT B pamkax cLeHapus paboTbl komnbTepHoi Mogenu O [2]. Ha Bxof Mogeny nofaeTcs OAunH u3
CTMMY/IOB YC/IOBHOW 0BOHATE/NbHOM cpefbl (CM.[8]). B OTBET aKTUBMpYIOTCS COOTBETCTBYHLLME 3TOMY CTUMYNY
MK 1 KK kaxgoro u3 Tpex mofenbHblx mogyneir OJ. KOHyCbl pocTa aKkCOHOB aKTUBMPOBAHHBIX KNETOK
NPOK3BOASAT "NOMCKOBbIE" AEVCTBUS B NPUNEratoLLem K HuM "npocTpaHcTBe". Onpeaenys NKCEN C HaMMEHbLLEI
MNOTHOCTLK AKCOH MPOPACcTaeT B 3TOM Harnpas/ieHnn. Takum 06pas3oM, B Cnyyae NOBTOPAIOLLErOCS Ha BXojde
cTMyna hopMupyeTcs rpynna 0AHOBPEMEHHO NPOPACTaloLLMX aKCOHOB OCHOBHBIX HeiipoHoB OJ1. Koraa oanH 13
aKCOHOB 3TOM Ipynnbl NPOPACTET JOCTATOYHO 6/IN3KO K Kakoi-nm6o 13 cBo60AHbIX MK NpUdopMHOIA kopbl, OH
nonagaeT B 0611aCTb AEHAPUTHOTO AepeBa 3TON KNETKM W B pe3ynbTaTe 006pasyeT CUMHANTUYECKU KOHTaKT C
OfHUM M3 e€ anukasibHbIX JeHAPUTOB. YCTaHOBMBLLAA KOHTAKT MK HauuHaeT Bblgenats "meguarop”. [Burasch
no rpaguneHty "Meauatopa’, OCTa/bHble pacTyllue akCOHbl BCTYMalT B KOHTAKkT ¢ 3toi xe MK. Mpu
YCTaHOB/MEHUN OMpPefesIeHHoOro Yucna KoHTaktoB K npekpawlaet BbigeneHve "meguartopa’, 3aseplias Tem
cambiM npouecc opmupoBaHus cesseii ¢ Ofl. [anee, Ha BX04 MOAeNW NoAaeTcs APYroid CTUMYN
(hopMupyeTcs HoBas rpynna npopacTatlLmxX akCOHOB, KOTOpas YCTaHOBUT KOHTakT ¢ HoBoW [K. CornacHo
NPeACTaB/IEHNAM, 3a/IOKEHHBIM B MOZAE/b, HEOOX0AMMO, YTOObI akcoHbl 0T MK 1 KK He cmelvsanmch npu
npopacTtaHun. 310 JOCTUraeTCA pa3HeCeHWeM BO BPEMEHU npoLecca NpopacTaHust akCOHOB OT PasHbIX TUMOB
HellpoHOB (pasHoe Bpems co3peBaHusa MK 1 KK). B mogenu nepbimu (kak 1 B OJ1, cm. [9]) npopacTatoT akCoHbI
MUTPaSbHBIX KNETOK.

Hapsgy ¢ npopacTaHuem cesseit ot Ofl-cetn k OK, B MoAenn peann3oBaHo (hOPMUPOBAHME TOPU3OHTASIbHbIX
CcBAi3el Mexay pasnnyHbiMu MK, onocpefoBaHHOe BCTABOYHbIMI HEVipoHamu. Tak, BBEAEHO TOPMOXEHNE MEXIY
MK, umetowmmn naeHtMyHble Bxodbl o1 KK 13 OJ1. Ecnu nocne yctaHoBneHWs KoHTakTa ¢ MK npogonxatsb
nojavy BXOAHOTO CTUMY/a, TO aKCOHbl aKTMBMPOBaHHOW rpynmnbl KK HaumHatoT npopacTatb k apyroi MK. B
pesy/bTare, Nnocne yCTaHoB/IEHUS KOHTaKTa co BTopoi 1K, 06e nupamugHbie kneTku 6yLyT 0TBeYaTh Ha OAWH 1
TOT Xe BXOJHOI CTUMY/ (TakM 06pa3oM NpeLCcTaBUTENLCTBO CIOKHOTO 3anaxa Ly6nupyetcs Heckonbkumu MK).
Mocne ob6pasoBaHusi cesseii ON1 ¢ OK nupamuiHble KNeTKM NOCNefHEN TOXe HauMHaT npopactatb W
YCTaHaB/IMBAIOT KOHTAKTbl C GAMXAWLLMMK K HAM BCTaBOYHbIMW HelipoHamn. BCTaBOuYHble HEpOHbI, B CBOH
oyepefpb, HanpaB/IAKT CBOM aKCOHbI K aKTUBMPOBaHHLIM MK 1 ycTaHaB/NBAIOT C HUMW TOPMO3HbIE CBA3W. TakuM
06pa3om 06e MK okasbIBalOTCS CBA3aHHLIMIA APYT C APYTOM TOPMO3HLIMI CBA3AMI Yepe3 BCTaBOYHbIE HEPOHDI.
JTa chopmMMpoBaHHas CBA3b OCYLIECTBAAET NO CYTU flaTepasibHoe TOpMOXeHue: u3 AByx (unm Gonee) MK,
NOCTaBMEHHbIX B COOTBETCTBME OfHOMY U TOMY X€ CTUMyNy M3 06yuaolleii BbIGOPKW, U3BMpaTeNbHO
akTmempoBatbca byaeT Tonbko "cunbHeiwasn”" MK (ccopmupoBaBwas 6onblie Bxogos). Mpn BbIXOAE 3TOiA
KNeTKM M3 CTPOS, e€ 3amMeHseT kneTka-aybnep u T. 4.

CXOZiHbIiA C ONUCaHHbBIM a/TOPUTM peasin30BaH TaKke Mexay Ayms Tunamu MK, IMEHHO, MeXZy nonyyaioLmmu
Bxoabl U3 mogyneii ON-cetn Tonbko oT MK (0603Haunm ux MK(MK)) n tonbko ot KK (0603Haumm nx MK(KK)).
OpfHako TopMOxXeHve 3pecb ogHoHanpassieHHoe: MK(KK), Topmosut MK(MK). OpraHn3oBaHHoe TakuM 06pasom
TOPMOXEHNE MO3BO/INNO  peasn3oBaTb  anroputM  opMupoBaHns HoBbIX [K  nupuchopmMHO  KOpbl,
(DYHKLMOHMPYIOLMIA Noc/e 3aBepLUeHns "OHToreHesa". VIMeHHo, npu nogaye Ha BXOL YXe CtHOPMMPOBAHHOI
MOZE/SM HOBOrO He3HakoMmoro 3anaxa Hu ofHa u3 MK(KK) He cootetcTByeT 3Tomy 3anaxy (MOCKONbKY
oTcyTCTBYHOT MK € Takvum HOBbIM coyeTaHnem BxogoB ot KK), 1 Takum 06pa3om cpefy aTux MK akTMBMPOBAHHbIX
He Oyger. B 1o xe Bpems, [K(MK), cooTseTCTBylOWMe OTAENbHLIM KOMMOHEHTAM [AHHOTO 3anaxa,
aKTUBMPYIOTCA U HE UCTIbITLIBAKOT TOPMOXeEHNS co cTopoHbl MK(KK). Takum o6paszom, MK(MK) senstotes B OK
"HelipoHamn HoBU3HbI". 3T MK(MK) B KOMMblOTEpHOW MOZENM cBs3aHbl Bo3Oyxgawowum nytem ¢ MK ewe
OZJHOrO TUNa, KOTOPbIE HA30BEM "BHYTPEHHUMN". TOCeAHNe UMEOT BO3OYXAAtOWME BXOALI OT "3MOLMOHAIBHOM
CUCTEMbI" M MOCHINAKT CBOWN aKCOHbI K CBOBOAHBIM MK, He umetowmm Hukakux cesseir ¢ OJ1. Mpu Hanuumm
aktusHocTh oT MK(MK), a Takxe 0T "3MOLMOHaNLHOMO" BXOAA, NOATBEPXAAOLLEr0 BaXHOCTL JAHHOr0 3anaxa,



20 1.1. Conceptual Modelling of Thinking

BHyTpeHHAsA K Bo3byxaaet cBoboaHyto MK. 3ta csBobogHas MK HauMHaeT BblgensTb "Meauartop” U akCoHb
KNCTOYKOBbIX KNeTok OJl, aKTMBMPOBAHHbIX BXOAHbIM CTUMYNOM, NPOPacTatT K AaHHOWA cBo6oAHOA MK,
Hanpas/nfemMble rpaAueHTom "mMeanatopa”. Takum 06pa3oM JaHHOMY HOBOMY 3anaxy CTaBWUTCSl B COOTBETCTBUE
HekoTopas cBobogHas MK w copmupyeTcs peasmsylowpii 370 COOTBETCTBME MeXaHu3M (B Buge
KOHBEPIUPYHOLLMX Ha 3TOi MK aKCOHOB OT HOBOTO aKTUBMPOBAHHOTO COYETAHNS KUCTOUKOBBIX KneTok OJ1-ceTn),
HOBbI 3anax "nepeBoAMTCA B paspsf 3HakoMbIx". [lpu NOCTYNNEHUN LPYrOr0 HE3HAKOMOro 3anaxa npoLecc
MOBTOPAETCS, 1 B COOTBETCTBUE IPYrOMY HOBOMY 3anaxy CTaBuTcs apyras ceobogHas MK.

Mockonbky B onucbiBaemoii Moaenu OJ1-OK oTcyTCTBYET MOAENb 3MOLIMOHANIBHON CUCTEMbI, PO/ib NOCNEAHEN
BbIMO/IHAETCA  3KCMIEpPUMEHTATOPOM. YTO Kacaetcqd 6MOMOTMYeckoro npoToTuna MexaHu3ma BOB/EeYEeHUS
3MOLMOHAIbHON CUCTEMbI, TO MPEANoNaraeTcs, YTo NMOCNEAHION aKTUBMPYKOT "HEMPOHbI HOBM3HBLI', TO €CTb
MK(MK), akTuBMpyloLMECs TOMbKO NpKU NPeAbsBAEHUM HOBOTO 3anaxa; Bxodbl, mogynupyowme OK n ON u
ABNAOLMECS NPOTOTUMNOM BXOA0B OT 3MOLMOHA/ILHOM CUCTEMBI, NOKa3aHbl (cM.[9,11]).

Pe3ynbTaTbl 3KCNEPUMEHTUPOBAHUS C MOAENbIO, 0OCYX/AEHNE U BbIBOAbI

B aKcnepumeHTax B MepByld O4vepedb M3yyanocb CBOWCTBO Mogenu OK ctasutb [K B coOTBETCTBME
NpeAbsB/sieMbIM 3anaxaMm W npoBepssach CrnocobHocTb 3aTuX K M36upaTenbHO pearupoBatb  Ha
npeLbsaBnseMble 3anaxv BUPTYaslbHO O0BOHATENbHOW cpedbl. [is 3Toro (hopMupoBasics onpeseneHHbIi
He60/1bLION Habop 3anaxoB BUPTYasibHOW Cpedbl M nojaBasics Ha BXO4 Mogenu. Mogenb nepesBogunach B
pexum 06yyeHus npopactaHuem. locne 3aseplueHust chopmupoBaHus ceazed MK u KK ¢ MK, mogenb
nepeBoAUIach B PEXUM OMO3HaHUSA CTUMYNOB. B pexuMe Ono3HaHWA Ha BXOLbl 0O0HATESbHBIX PELEenTOPHbIX
KNeTok nojaBasicsi TECTUPYIOLLMIA 3anax 1 PerucTpupoBasiach peakuus NpammaHbIX KNeTok mogenu. Mogenb
nposB/sAna cnedylolie BapuanTbl 0TBETOB. ECM nogasanca OAUH W3 3anaxos, BXOAMBLUMA B 06yvatoLinid
Habop, TO BCeraa akTneMpoBanach ToMbKO oaHa 13 MK(KK). Ecnm ctumyn oTamyancs ot CTUMY/IOB 06y4atoLLEero
MHOXECTBa, TO cpabaTbiBana 6o ofgHa u3 MK(KK), nnbo cpabatbiBann OT OAHOIA [0 YETbIPEX (B 3aBUCKMOCTY
OT KO/IMYEeCTBa KOMMOHEHT, cocTaBnsoLx 3anax) MK(MK); nHoraa He aktueuposanach H1 ogHa u3 MK..

3meHeHne obyvatowiero Habopa 3anaxoB MPUBOANIO K U3MEHEHUIO TOMOOTN aKTUBUPYHOLMXCS KNETOK. Mpu
3TOM BapuaHTbl PearpoBaHnst MOLENN He U3MEHS/IMCb. AHANN3 BapuaHTOB OTBETOB MOLENN HA TECTOBble
cTumynbl nokasan, yto MK(KK), cpabatbiBaloT B TOM Cfiyyae, korga TeCTOBbIA CTUMYN MO KOMMOHEHTHOMY
COCTaBy M KOHLEHTpauusM KOMMOHEHT MonajaeT B OAWH M3 AMana3oHOB, XapakTepHblX ANs CTUMYNOB U3
obyuatoero MHoxecTBa. MK(MK), cpabaTbiBatoT TOrAa, KOrAa BXOAHOI CTUMY/ He NonaAaeT no KOMNOHEHTHOMY
COCTaBY (COYETAHWI0) WK MO COOTHOLIEHUIO KOHLEHTPaLMUM KOMMOHEHT (OTTEHKY) HA B OfWH U3 [uana30HoB
06yualoLLero MHOXeCTBa (TO €CTb, CTUMY/T OMO3HAETCS MOAENbI0 KaK HEe3HAKOMbIA, HOBbIA). Hi ogHa MK He
aKTVBMpyeTCS B TOM C/lyyae, KOrfa NofaeTcs CTUMYJ1, COCTOSALMA U3 KOMNOHEHT, Ha KOTOpble He pearnpyet Hu
OfIMH U3 TUMOB 0OOHATENbHBIX PELENTOPHBIX KNETOK Mogdeni (cM. [7]). OTMETUM 3A€eCh, UTO HelipoHbl Of1-cetn
(MK v KK) He akTUBMPYIOTCS TOMbKO B NOCNEHEM BapuaHTe.

[lnsi n3yyeHns cnocobHOCTM MOAENN K 0BYYeHW0 ONO3HaBaTh "HOBbIE" CTUMY/bI BUPTYaNbHON CPefdbl Ha BXOA
noJaBascs CTUMY/N TaKoro KOMNOHEHTHOTO COCTaBa, YTo6bl HabNtoAaICA BTOPO BapuaHT OTBETA, TO CTb YTOObI
aktuempoBasiucb  Tonbko TK(MK). 3atem nogaBanacb akTUBHOCTb OT  "SMOLIMOHANBHOM  CUCTEMbI",
NOATBEPXJAIOWAA BaXHOCTb CTUMyna f1a mogenu. Cpasy nocre 3Toro Habmofancsi pocT akCOHOB OT
akTmeupoBaHHbiX KK B ctopoHy OK. Mocnie HeKoToporo Konmyectsa NoBTOPEHMIA AaHHOTO BXOAHOTO CTUMYyNa
HauuHa1a aKTUBMPOBATLCA, B OTBET, 04Ha M3 "MosiyaBLwnx" 4o atoro K. Mpu 3ToM BU3yasibHO HabnwAanach Ha
3TOIl KNEeTKe KOHBEPreHUWs npopacTallmMx akCoHOB. Tenepb Npu Nofadye CTUMyNa, aHanorMyHoro mno
KOMMOHEHTHOMY COCTaBYy BHOBb 3anmOMHEHHOMY, Bcerfa oteevana Hoas [K, a MK(MK) npekpaiann yepes
HeKoTopoe Bpems paboTbl MOLENM aKTUBMPOBATLCSA B OTBET HA AaHHBIA CTUMYN — TO €CTb, 3aTOPMaXMBA/INCH
(hOPMUPYIOLLMMICSH  COOTBETCTBYIOLMMA  TOPMO3HbIMM  CBA3AMU. TakuMm 06pa3oM  MOLeNb nepeBoguia
"He3HaKOMbIiA" HOBbII CTUMYN B pa3psf, "3HaKoMbIX".

[lnsi OLEHKM BO3MOXHOCTW TOHKOTO pas/inyeHnst OAHOPOAHbIX 3anaxoB (OTTEHKOB) BUPTYaslbHO OBOHATENbHOI
cpefbl 6bin MPOBEAEH CNEAyOWMA SKCNEPUMEHT C MOAE/bID. B cepum onbITOB Ha BXOA4 MOAENM nofasascs
CNOXHbIiA  cTumyn  "abcfghlmn” npn  onTuManbHoOi "ckopocTW noToka Bo3gyxa'. KOMMOHEHTbI CTUMyna
nogbupannch Takum 06pasoMm, 4Tobbl BO3DYXJaMCh BCE TUMbI 0OOHATESNbHBLIX PELENTOPHbLIX KNETOK MOAENN.

Ha komnoHeHTbI "a", "B" 1 "C" pearpyeT nepsbIii TUN peLenTopHbIX KneTok mogenu, Ha "f", "g", "h" — BTopoid, Ha

", "m" n "n" — TpeTuin; YeTBEPTbIA TUN PELENTOPHbIX KNETOK COOTBETCTBYET B MOAEM NapameTpy "CKOpOCTb
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noTOoKa BO3ayxa". B KaX[0N cepumn M3MEHSANACh TONBKO KOHLEHTPaUMs KOMMOHEHT CTUMYyNa. Beero npefbseneHo
27 COYeTaHUn KOHLEHTpaLWiA (TO ecTb, 27 OTTEHKOB C/IOXHOTO OfIHOPOAHOrO 3anaxa). B OTBET Ha kaxajoe
nNpeAbsB/ieHne CTUMY/a perucTpuposasioch Bo3byxaeHne KK kaxporo mogyns B Of-cetn u MK B OK-cetw.
Pe3ynbTathl 3KCNepuUMeHTa npefcTasfieHbl B Tabnuue 1. Kak BMAHO M3 Tabnuubl, B NepBOM Mofgyne
aktmempoBannch KNetkn KKizas, KKizs, KKi24, KK1s, BO BTOPOM — KK1234, KK234, KKi124, KK24, B TpETEEM — KKi234,
KK13s, KK234, KK34, MOXHO BUZETb, UTO KaX/as U3 3TX KNETOK MOZYNS COOTBETCTBOBA/A HECKONbKIM (0T 3 fo 11)
OTTEHKaM. B TO xe Bpems, Kaxomy u3 27 OTTEHKOB BXOJHOrO CTWMy/a COOTBETCTBOBAsIA aKTUBHOCTb TO/LKO
0fHoVi onpeaenerHoit MK. Takum 06pa3om Moe/b NPOAEMOHCTPUPOBAIa CNOCOBHOCTL K TOHKOMY PasINUYeHMI0
OTTEHKOB C/I0XHOrO 3anaxa.

MpoBogunacb oueHka paboToOCMOCOGHOCTM MOAENN Npu MOBPeXAeHnn HekoTopblx MK. B 3Toil cepum
9KCMEPUMEHTOB BPeMSA NPeAbsAB/IEHNS 00yyalwyux CTUMYNOB YBENMYMBaIM Tak, 4T0bbl 0becneunTtb
(hopmupoBanne 3-4 ay6nupytowmx K, oTBevalWyx Ha WAEHTUYHble BXOAHblE CTUMY/bl. TecTUpoBaHue
nokasano, YTo B 3TOM C/ly4ae npu yAaneHun Kakoii-nnbo aktuempytoweics 3anaxom MK (B mogenu Takas
BO3MOXHOCTb MPedycMOTpeHa) eé 3ameHsna kietka —aybnep, npu BbiBOAE M3 CTPOA  K/IeTku-aybnepa eé
3aMellana cnegyowas knetka-ayonép. Takum o06pa3om Moge/b NPOLEMOHCTPUPOBa/IA BbICOKYI0 HALEXHOCTb
paboTbl NPY NOBPEXAEHUN NpaMUaHbIX kneTok OK.

C Lenblo onpeaenieHns NoporoBbIX KOHLEHTPALMA BXOAHBIX CTUMYNOB ANs MpaMuaHbIx knetok OK mogenn Ha
BX04 nofasancs CTMyn "c" mpu ONTUMasIbHOM "CKOPOCTW MOTOKA BO3Ayxa". MpW 3TOM €ro KOHLEHTpauus
NOCTENEeHHO MoHMXanacb. PUKCUPOBANM KOHLIEHTpaLUWo, NpK KoTopoi cooTBeTcTBytowasn MK npekpailana
aKTMBMPOBATLCA. 3aTeM aHaNIorMyHbIe 3KCMEepPUMEHTbI MPOBOAUNCL CO cTumMynamu “ch” u “"chl", To ecTb, co
CTUMyNamu, OXBaTbIBAKOLMMM ABA M TPW TUNA OBOHSATENbHBIX PELENTOPHBIX KIETOK. SCNepUMEHTbI Nokasasu,
41O ANA "C" NoporoBas KoHLeHTpaums coctasnset 20% oT ontumansHol, ang "ch" — 25,7%, ana "chl" — 34,3%.

To ecTb C yBe/IMYEHNEM CNOXHOCTW CTUMY/a NOPOroBas KOHLEHTpaUusa pacTer.

OueHnBanacb cnoco6HocTn mogenm OK  "mposBnsath” ncuxouanyeckue (HeHOMEHbI, XapaKkTepHble A/is
ODOHSIHNA, Takue KaK CUsiHWE 3anaxos, NoAasneHne cnaboro 3anaxa CUIbHbIM, U3MEHEHWE 3anaxa npu ero
L/MTENLHOM BOCTIPUATUW, NP YMEHbLUEHWW KOHLETpaLuu 3anaxa B LEeMOM UM ero OTAENbHbIX KOMMOHEHT.
Ananu3 nokasan, uto oteeT K nupuopmMHON KOpbl OblN  YHUBEPCASIbHBIM — MPOMCXOAMNIA CMeHa
aKTvBMpoBaHHbIX MK. MpuMep Takoil CMeHbl akTMBMPOBaHHBIX MK NpK YMEHbLUEHWUM KOHLEHTPaLMU KOMMOHEHTHI
nepBoii rpynnbl B NPeAbSBASEMOM CTUMY/e NpeAcTasneH B Tabnuue 1: cHavana aktueuposanack MK16, 3atem
- K30, 3atem — MK20. Kpome TOro, mMofenb BOCMPON3BOAMT XOPOLLO W3BECTHbIA (DEHOMEH NPUBbLIKAHUS K
3anaxy (agantauus).

MpoBeaeHo cpasHeHue KonmyecTa MK nuprdopmMHON Kopbl, (HOPMUPYIOLLMXCA B MOAeNM "nyTeM npopactaHus”
NPy NpeabABIEHNN TOI YacTi BUPTYasbHO Cpefpl, KOTOpas COCTaBNAET 0BOHATENIbHYID 3KOMOMMYECKYH) HULLY
MoZJenu, ¢ TemM KosmyectBoM MK, koTopoe MOrno Obl NPeAcTaBNATb BCE TEOPETUYECKM BO3MOXHbIE 3anaxu (1
OTTEHKI) BUPTyaslbHO cpefibl. B BbIGOPKY 3anaxoB, COCTABASOLLMX BAPTYasIbHYH0 3KOMOMMYECKYHO HUMLLY, BOLL/IN
YeTblpe 3anaxa (MM COOTBETCTBYIOT 4 TUNa PeLenTopHbIX KNeToK 1 4 MK B KaXk[IOM MOAY/e ) 1 BCe COoYeTaHns 13
3TuX 3anaxos (11) — Bce OHW NpeaCTaBeHbl B kaXA0M U3 Tpex Moayneii OJ1-cet ogHoumeHHbIMKM KK, a Takke
27 OTTEHKOB 3TUX 3anaxoB — KaXAbli U3 HWUX NpeAcTaBneH onpeaeneHHbiM couetaHnem 3-x KK (no ogHoii
onpefeneHHoii KK u3 Kaxgoro mogyns; OHu npwBefeHbl B Tabnuue 1). TMpu COCTaBNEHMM OTTEHKOB
YUMTbIBA/IOCb YCNOBME HEOOXOAMMOCTM HAAMOPOrOBOM KOHLIEHTPALMM KOMMOHEHT, BXOAAWMX B 061acTb
pearmpoBaHusi 0BOHSATE/IbHBIX PELENTOPHbIX KIEeToK. Mocne 0byyeHns npopactaHnem copmuposanach OK-
ceTb, coctoswas u3 93 MK, nonyyatowmx Bxofsl ot KK, n 10 MK, nonyyatowwmx exoapl ot MK. Takum o6pasom
0Ka3a/10Cb, YTO [/15 NPeACTaB/eHNs BUPTYaNbHON 3konornyeckoit Huwm B OK goctatouHo 103 nupamuaHbix
KNeToK. B TO e Bpems, YAC/O BCEX TEOPETUYECKM BO3MOXHbIX COueTaHni 13 KK Tpex Moayneii Moaenn MHOro
bonbluee. PacyeT, NpoBefeHHbIN N0 W3BECTHLIM (hopMmynam coyeTaHnin u3 N anemMeHToB no "m", gan unucno
10112. Takum 06pa3om, ChopMUPOBaHHas B "OHTOreHe3e" B CTPOro 3KOM0MMUECKOI HULE MOAEb Ono3HaeT 93
3anaxa (C oTTeHkamu); 13 ocTanbHbIX (10112-93=10019) TeopeTnYeckn BOIMOXHbIX 3anaxoB Kaxpplid, 6yayuu
npeSbsABEeHHbIM, He 0MO3HAETCA Kak Lenoe (cootsetcTsyrowme MK oTcyTcTBYIOT), HO npu aTom B OJI- cetun
aKTVBMpYEeTCS COOTBETCTBYIOLLEE TOMLKO eMy OnpesenieHHoe codetaHne u3 KK Tpex mogynei. Takum ob6pasom,
OJ1-ceTb BbICTyNaeT [/11 HOBbIX HE3HAKOMbIX 3amaxoB B BMAE CBOETO poAa kaneigockona: BCe BO3MOXHbIE
KapTUHbI B Kasieigockone MoryT ObITb BAAUMBI (BOCMPUHUMAIOTCS, OLLYLLAKOTCS), OAHAKO, NMPAKTUYeCKn Kaxzas
W3 HWX He OMO3HAeTCA Kak "3Hakomoe Lenioe", To ecTb, MMEeT MeCTO (DEHOMEH "BWXY, HO He Ono3Har".
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[N ONO3HaHUS 3TWUX HE3HAKOMbIX 3anaxoB, Kak 3HaKOMbIX efMHUL, HEO6X04NMO, YTOOLI BblN LONONHUTENBHO
cthopmupoBaHbl B OK HoBble K, COOTBETCTBYIOLLME STUM KapTMHAM Kak Lie/ibIM eAuHMLaM.

ABTOpbI HaxofsT B Bbllle NPUBEAEHHOW TPAKTOBKE (PEHOMEHA "BMXY, HO He Orno3Haw", (MpOsBISIEMOrO
APYTMI CEHCOPHBIMI CUCTEMaMK) pelleHne "npobaembl KOMBMHATOPHOTO B3pbIBa". B TO Xe Bpems, B CBA3N C
TakUM NOHUMaH1eM paboTbl OBOHATENbHOW CUCTEMbI, BO3HUKAET UHTPUTYIOWMIA BOMPOC, HE MMEIOWMA Mnoka
0TBETa, Kakum 06pa3oM MO3r "MLk MTHOBEHHO 3arOMMHAET HOBbI HE3HAKOMbIA 3anax 1 3aTemM Ono3HaeT
ero B nocnefyrwmx npobax Bosgyxa. Mo-BugumMomy, 3TOT NMpoLEecc AO/MKeH ob6ecneynBaTbCsi B OCHOBHOM
MexaHu3Mamu KpaTkoBpEMEHHOM NaMATI U COAEepXaTb KOMNapaTopHyto COCTABASIOLLYHO.

Ta6I'IVILI,a 1. Ono3HaHue CMOXHOro 3anaxa npn N3MEHEHNN KOHLLEHTpaLLMVI KOMIMOHEHTOB C/10XXHOr0 3arnaxa

KOHLLEHTan'MFl KOMMOHEHTOB AKTMBleOBaHHble
BXOAHOro Ctumy/ia OTHOCUTENIbHO AKTMBleOBaHHble KNCTOYKOBbIE KNTETKN nnpaMmnaHble KNeTkn
TINOB 0OOHATENbHBIX on
peLenTopos NoNo
Tunbl peLenTopos Mogaynb Mogaynb Mogaynb

1 2 3 4 | Il Il
B B B B KK1234 KK1234 KK1234 MNK16
B C B B KK1234 KK1234 KK134 NK67
B H B B KK134 KK1234 KK134 MnK27
C B B B KK1234 KK234 KK1234 MK30
C C B B KK1234 KK234 KK134 MK43
C H B B KK134 KK234 KK134 MNK8
H B B B KK1234 KK234 KK234 MK20
H C B B KK1234 KK234 KKss MK26
H H B B KK134 KK234 KKss MK12
B B C B KK124 KK1234 KK1234 MK37
B C C B KK124 KK1234 KK134 MK14
B H C B KK14 KK1234 KK134 K64
C B C B KK124 KK234 KK1234 MNK23
C C C B KK124 KK234 KK134 MK1
C H C B KK14 KK234 KK134 K32
H B C B KK124 KK234 KK234 MNK38
H C C B KK124 KK234 KKs4 K42
H H C B KK14 KK234 KKs4 K5
B B H B KK124 KK124 KK1234 MNK15
B C H B KK124 KK124 KK134 MNK19
B H H B KK14 KK124 KK134 MK29
C B H B KK124 KKa4 KK1234 MNK18
C C H B KK124 KK2s KK134 MNK28
C H H B KK14 KKo4 KK134 MK57
H B H B KK124 KKog4 KKa234 MK4
H C H B KK124 KKog4 KKss K22
H H H B KK14 KK2s KKsq4 MNK31

MpumeyaHmne. B — BbicOKasi KOHLEHTpaLWs, C — CPeAHSS KOHLEHTPALWS, H — HU3Kas KOHLIEHTpaLs!.

JNntepatypa

[1] BopoHkoB I'.C., 30T0B B.A. KOoMnbloTepHOe MofieNMpoBaHe 06paboTki MHpopMaLmMu B 0GOHATENBHOI cucTeme. |.
Mogenb  CTPYKTYPHO-(DYHKLMOHAbHON  OpraHn3aumu  HEelpOHHbIX  3N1EMEHTOB  OOOHATENbHONW  /yKOBULbLI U
peLenTopHoro anutenus. // Buodmauka. 2001. T. 46, Bbin.4. C. 696-703.

[2] Boponkos I'.C., /i30T0B B.A. KOMnbloTepHOE MOAENMPOBaHMe 06paboTki NHAopMaLmn B 060HATENbHON cucTeme. |,
MexaHn3Mbl OMO3HaHNS W KPATKOBPEMEHHOIO 3arOMUHaHNA B 0GOHATE/NLHON SYKOBULE: Pe3y/bTaTbl KOMMbIOTEPHOTO
aKcnepumeHTuposaHus. // Buodpmsmka. 2001. T. 46, Boin. 4. C. 704-708.



KDS 2005 Section 1: Cognitive Modelling 23

[3] W30T0B B.A., BopoHkos I'.C. KomnbloTepHOE MOfeNMpoBaHe 06paboTku MHhopMaLun B 060HATebHOI cucTteme. I,
Bocnpou3sseseHne ncuxothusmuecknx heHOMEHOB KOMMbIOTEPHOI MOAE/NbH0 060HATENbHOI NyKoBULbI. // Brodmauka.
2002. T. 47, Bbin. 5. C. 914-919.

[4] BoponkoB [.C. CeHcopHas cucTeMa Kak HEMpOHHas CemuoTMdeckas Mogenb afeksatHoid cpegpl. /| C6.:
CpasHuTenbHas (h1310N0rus BbICLLEH HEPBHON AEATENbHOCTM YenoBeka W xuBoTHbIX. M. Hayka, 1990, C. 9-21.

[5] Bopoxkos I'.C. MogenbHbIii NOAX0A Kak HOBaA napagurMa B TEOPUM CBA3W B CEHCOPHbIX cuctemax.// BeCcTH. MOCK. YH-
Ta. Cep.16. buonorua, 1993, sein. 1, C. 3-10.

[6] Boponko . C. Mo3sr n uHcpopmauus. // HayuHas ceccus MU®IA-2002. HeiiponHdopmatuka-2002. Matepuansi
guckycenn. Mocksa 2003, C. 137-147; www.biolog.ru/vnd

[71 TnagyH B.M. MapTtHepcTso ¢ komnbloTepoM. "Port-Royal”, Kues, 2000, c. 119.

[8] MWzotoB B. A., BopoHkoB [.C. OpraHusauns BXOAHOTO BO3AEHCTBMS MpU KOMMbHOTEPHOM MOZE/IMPOBaHNM
06OHATENLHOI cucTeMbl. // Buodmauka. 1999. T. 44, Bein. 1. C. 120-122.

[9] Boponkos I'.C. Heiipomopdhonorus 060HATENbHbIX NyTeid MaekonuTatowumx. // XK. agon. 6uoxum. u gusnon., 1994,
T.30, Ne 3, C. 432-454.

[10] HeiipooHTorenes. Mog pea. Muukesnya M.C. -M. Hayka, 1985, 270 c.

[11] Wilson D.A., Sullivan R.M. Sensory physiology of central olfactory pathways. For: Handbook of Olfaction and
Gustation (Second Edition) R. Doty, Editor, M. Dekker, Inc, New York, 2001, pp.1-49.

NHopmaums 06 aBTopax

leHHaguii C. BOpoHKOB — MOCKOBCKMIA rocyfapCTBeHHbIi yHuBepcuteT um. M.B. JlomoHocosa, 119992,
Mocksa, Poccust, JleHuHckne Topbl, Pocens; e-mail: gsv@comtv.ru

Bnagumup A. 1N30TOB — KOCTPOMCKOIA roCyaapCTBEHHbIA TEXHOMOMMYECKniA yHuBepeuteT, 156021, KocTtpoma,
yn. O3epxuHckoro, 17, Poccus; e-mail: viizotov@yandex.ru

MATHEMATICAL AND COMPUTER MODELLING AND RESEARCH
OF COGNITIVE PROCESSES IN HUMAN BRAIN.
PART |. SYSTEM COMPOSITIONAL APPROACH TO MODELLING AND RESEARCH
OF NATURAL HIERARCHICAL NEURON NETWORKS.
DEVELOPMENT OF COMPUTER TOOLS
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Abstract: System compositional approach to modelling and research of informational processes, which take
place in biological hierarchical neuron networks, is being discussed. A number of computer tools have been
successfully developed for solution of tasks from this domain. A raw of computational experiments, investigating
the work of these tools for olfactory bulb model, has been conducted. The common-known psycho-physical
phenomena have been reproduced in experiments.
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Introduction

Physics, mathematics and modern computer sciences are universally recognized instruments for research of
complex processes and phenomena of the real world. In addition to traditional research domains of these
sciences more and more disciplines are being involved into their sphere of interest. In scientific literature
dedicated to interdisciplinary research the expression “mathematical and/or computer model” occupies the most
prominent place.
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Recently a lot of scientific researches have been conducted, where those phenomena and processes are
investigated, which have never been involved into the sphere of physico-mathematical and computer
applications. The tendency to formalization appears especially in those knowledge domains, where a direct
experiment giving the possibility to collect reasonably complete and objective information about the reality under
research is practically impossible. It is commonly known that e.g. neuron sciences occupy one of the leading
places in modern biology by the number of physicians, mathematicians and computer science specialists
involved, competing with molecular biology, genetics and biotechnologies. While by complexity of appearing
interdisciplinary problems neuron sciences even leave others behind.

Fast accumulation of enormous amount of experimental data, especially in the last decades of twentieth century
and the beginning of a new century prepared a foundation for trying to develop (on a basis of modern
imaginations and possibilities) a new concept concerning the natural mechanisms of recognition, memory and
purposeful thinking. Also alternative approaches exist, which are dictated by queries of both fundamental and
modern practical medicine and by search of new non-traditional ways of “intellectual” technics creation.

The idea, that theoretical constructions can appear only on a basis of wide experimental material reflecting the
subject under investigation completely, is still popular in the scientific society. However, the history of natural
science from one hand does not prove this concept, and from the other hand numerous examples urge as to
think, that the motivating incentive for development and creation of a new concept is usually a limited set of
fundamental facts. Though, the experiment without any doubts feeds theoretical constructions and serves as a
foundation for a future theory. It is worth to underline, that similarly to the theory, which is supported with
experimental facts, the experiment carries useful information only if it is being conducted according to a specific
theoretical concept.

In the present paper we are interested with questions of mathematical modelling and research of cognitive
processes inside the human brain. For this matter computer tools are introduced and discussed. While being
created, they were oriented first of all to networks with complex architecture, namely non-linear hierarchical
neuron networks of interacting neurons and neuron assemblies (which are created in turn from simpler neuron
networks), generally speaking, with taking into account energy dissipation. The last circumstance, as it is known,
lets us to respect and model very important aspects affiliated with self-organization. It is worth to underline that
we will research and model multilevel hierarchical neuron networks with forward (ascending, aggregating),
backward (descending, decomposition) and circular (parallel, positive and negative) connections. At that we will
operate with so-called typical structures, from which, probably, the complex brain-like structures (e.g. memory),
generally speaking, of large dimension are constructed. We hope that developed in cooperation with our
colleagues [1,2] approach will help to achieve dipper understanding of human’s nature and brain activity. Need for
research and modelling of such neuron networks with complex architecture appears when solving the tasks of
multilevel information processing inside the brain and for computer modelling, complex behavior, decision
making, etc.

At the present moment we ought to ascertain, that existing experimental data and imaginations concerning the
neuron activity characteristics and interaction principles have not yet led to complete understanding of such
information processing procedures as memorization, recognition, thinking, etc., inside the brain. The mechanisms
concerning the functioning of attention, distinction of unconscious and conscious psychical processes, impact of
emotions, etc. are still not explained.

Mathematical Model of Elementary Sensorium: Basic Notions

Under the neuron model of sensorium we will further understand a model, consisting of neurons and synapses,
which incorporate a complex hierarchical network structure (generally speaking, of high dimension) of interacting
neurons and neuron assemblies. Synapse will be regarded as a connection between two neurons. Neurons and
synapses will be considered atomic.

Neurons are connected with each other by means of synapses. In turn, synapses and neurons are connected
with pre- and postsynaptic membranes. If a pathway of a signal transmission is from a neuron to synapse, then
the membrane is called presynaptic, if a signal is transmitted in opposite direction, then the membrane is called
postsynaptic.
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Regard the representation of sensory (non-verbal) information inside the brain. Let's consider, taking into account
[3], that:

1. there is a model of outside world in the brain (neuron engram);
2. information about sensory environment is transmitted into the brain being encrypted by sensory systems;

3. the model of sensory environment is represented with sensory systems with their over-modal level (neuron
model);

4. basic units of neuron system, neurons, correspond to the objects of outside environment;
5. objects of sensory environment effect the neuron model;
6. changes inside the model - “informational processes inside the sensory brain part’

The Main Basic Elements and Compositions of the Model of Elementary Sensorium

Let us pay more attention to the discussion of the main basic notions and elements as well as of the compositions
of the model of elementary sensorium.

The model consists of synaptic levels (SL). There are symbol and quasi-symbol neurons (SN and QSN) on every
synaptic level, which form respectively symbol and quasi-symbol fields. The main difference between symbol and
quasi-symbol neurons is in what functions they perform and how their activity is being interpreted, though both
have a similar structure. Symbol neurons correspond to a particular object as a whole. Those quasi-symbol
neurons, which are connected by positive backward links with some symbol neuron, represent properties of
separate object, to which the symbol neuron corresponds. On a higher hierarchical level they are located, a more
complex object (and its more complex properties) they represent [2]. Symbol and quasi-symbol neurons in
aggregate will be defined as principal.

Let us define symbol neurons SL-0 as receptors. It is possible, that on every level both symbol and quasi-symbol
neurons exist. The only exception from this rule is SL-0 — the level of receptor neurons. This particular level does
not contain quasi-symbol neurons. Receptor neurons correspond to indecomposable elementary objects, by
which the system of generative properties of high-order symbol neurons SL is defined. Receptors are symbol
neurons themselves.

Let us distinguish separately quasi-symbol neurons SL-1. They will be defined as quasi-receptor neurons, as long
as they duplicate receptor neurons [2]. The set of quasi-receptor neurons will be denoted as quasi-receptor field.

Inside the model symbol and quasi-symbol neurons are organized into basic structures (BS), which form a
hierarchical neuron network. The notion of basic structure is introduced based on neuron structures defined in
[2-3]. Every basic structure is defined by some symbol neuron, which is located, for determinacy, on SL-i. This
neuron will be defined as determinative for BS. BS consists of the determinative neuron N itself, the set of quasi-
symbol neurons K; on SL-i, which have positive forward and backward connections with SN N, the set of symbol
neurons S;1 from SL- i-1, whose axons converge into the determinative for BS symbol neuron. Also all synapses
and inserted neurons, by which a connection between N and K;, N and S, Ki and Si.1 is realized, belong to the
basic structure. Aforementioned basic structure will be defined as BS corresponding to the neuron N.

It is worth to underline, that the neuron network, which is not provided with mechanisms for new BS creation,
cannot be trained for recognition of new objects. It is capable to recognize only those objects, for which
corresponding symbol neurons exist.

Further the principal parts of basic structures’ components will be defined.

Let us consider the i-th synaptic level. A symbol group corresponds to each SN. Let us define the symbol group of
the determinative neuron of the i-th synaptic level as a part of corresponding BS, which consists of quasi-symbol
neurons, synapses, inserted neurons and synapses, which belong to the i-th synaptic level and mediate
connections between the symbol neuron and corresponding to it quasi-symbol neurons. It is worth to stress,
that the connections of the symbol neuron with other symbol neurons from the same SL are not included here.

Let us define a notion of converging group for the symbol neuron N from SL-i. This group is formed with symbol
neurons from SL- i-1, which alter, most often indirectly via synapses and inserted neurons, the state of N (i.e.
alter its membrane potential), and also with all intermediate neurons and synapses, i.e. neurons whose exit
signals are entrance signals for N. Note, that even though this influence can be mediated with other neurons,
it cannot be mediated with other principal neurons.
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A notion of type of the neuron and single-type neurons is very important. Non-formally, the neurons are single-
type neurons if they react to equal by quality entrance incentives. Let us introduce formal notions. Let us define a
notion of type of a neuron for symbol neurons. On SL-0 the types of neurons are given as initial characteristics of
the network and are taken from some set of elementary types. This set will be denoted as RT. For SL-i (i = 1) the
notion is given inductively. Let us consider the symbol neuron N from SL-i. Let the symbol neurons from the
converging group of neuron N have types ti, tz,...,t. Then the type of neuron N by definition is {t1 t ... ta}.
The type of quasi-symbol neuron is defined with the types of symbol neurons, whose exit signals are entrance
signals for the considered quasi-symbol neuron. It is worth to underline, that inside the model the types of these
neurons coincide. Two neurons are single-type neurons, if their types coincide. Obviously the uniformity relation
of neurons is equivalence relation.

Based on the paper [4] as well as on papers [1,2] for more precise modelling it is worth to take into account, that
before the impulses of single-type symbol neurons reach the target symbol neuron from the next level, the initial
signals will undergo some modifications, while passing through the inserted neurons and the raw of synapses. At
the same time, the signals from single-type neurons are capable to interact independently on the signals of
neurons of other types. As a result a notion of uniform converging group will be introduced. Its definition is just the
same as one of converging group with a single difference, that uniform converging group comprises those and
only those neurons of converging group from SL-i-1, which are single-type neurons. Consequently, for the symbol
neuron its converging group is decomposable into a set of uniform converging groups. It is worth to say, that
there is a particular set of synapses and neurons, by which the uniform converging groups interact. At the same
time these neurons and synapses are not themselves included into any uniform converging group.

A projective group of quasi-symbol neuron N from SL-i is a set of neurons and synapses, which consists of quasi-
symbol neuron N, single-type symbol neutrons from SL-i-1, whose exits are entrances of N, and also synapses
and inserted neurons, by which these connections are mediated.

A descending group of quasi-symbol neuron Ny from SL-i is formed with neuron N itself, all quasi-symbol neurons
from SL-i-1 accepting the input (possible indirectly) from Ny without intermediate principal neurons, and also all
intermediate neurons and synapses (if any). Note, that descending groups appear for neurons on SL-i for i = 2,
as long as quasi-symbol neurons appear starting from SL-1.

Horizontal pair of symbol neuron Ns from SL-i is a neuron N’ from SL-i, N; itself, to which a signal is passed from
Ns" without other intermediate principal neurons. All synapses and inserted neurons, through which the signal is
passed from Ns' to Ns belong to horizontal pair as well. A notion of horizontal co-pair is analogical to one of
horizontal pair with a single difference that N is not a receptor but a source of a signal.

A horizontal group of symbol neuron N is a union of all its horizontal pairs.
A horizontal co-group of symbol neuron N is a union of all its horizontal co-pairs.

Basic Properties of Notions Introduced for Elementary Sensorium

Taking into account neuro-physiological data [4] particular relations should hold between uniform converging
groups, projective groups and symbol group. Let us define them formally. Consider a symbol neuron Ns from SL-i.
Let Ni be a quasi-symbol neuron, which belongs to a symbol group of neuron Ns. By definition for aforementioned
notations the following condition hold:

UCP1. Let n;,n,,K ,n be a set S of all symbol neurons, which are included into projective group of quasi-
symbol neuron N, on SL-i. Then S coincides with a set of all neurons SL-i-1, which belong to a particular
uniform converging group of the symbol neuron N . At the same time N, is included into the symbol group of
N, . The opposite assertion holds as well. The set of symbol neurons S from SL-i-1 of some uniform converging
group N, coincides with a set of symbol neurons, for which such quasi-symbol neuron N, exists, that S is a set

of symbol neurons of the projective group N, , while N itself belongs to the symbol group of N . A projective

group with a set of symbol neurons S and a uniform converging group with a set of symbol neurons S on SL-i-1
will be defined as corresponding.

UCP2. Vertebrates have the following property for some sensory systems, in particular for olfactory system [4]:
often in the corresponding uniform converging and projective groups intermediate elements between the set S
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and target symbol and quasi-symbol neurons are equal. Only the neuron sprouts, diverging at the exit, are
different. Some of them enter the symbol neuron, others — quasi-symbol. Further such corresponding groups will
be referenced as adjacent. Note, that inside the olfactory bulb (OB) exactly the adjacent projective and uniform
converging groups take place.

Let us specify a property, which connects uniform converging and descending groups (UCD1). Let two single-
type symbol neurons NS1 and st from SL-i-1 belong to the converging group of the symbol neuron N from

SL-i. These neurons belong to the same projective group of some quasi-symbol neuron N, (see UCP1). Let

1
k,m

quasi-symbol neurons Niyl,K ,N, ., and Nf’l,K ,N,f]n (and only they) belong to symbol groups N and

NS2 . Then these neurons belong to the descending group of the quasi-symbol neuron N, . Let us define the part

of descending group of neuron N, , which consists of quasi-symbol neurons N,fyl,K ,N!  and intermediate

k,m

synapses and neurons, by which Niyl,K ,N. are connected with N, , as descending symbol subgroup of

k,m
the descending group of quasi-symbol neuron N, corresponding to the symbol neuron N . Defined property is
a generalization of some results from the paper [4].

Correspondence of the Sensorium’s Conceptual Basis for the Olfactory Bulb

Let us give a description of the symbol group presenting in the neuron network described in [4]. Tufted cell (TC)
represents a symbol neuron. Mitral cells (MC), which correspond to TC, represent the quasi-symbol neurons,
while signal transmission is mediated with a granule cell.

Converging group cannot be described with a simplest case in the OB. Synaptic connections; so-called olfactory
zones (OZ) are located between receptors (SL-0) and tufted and mitral cells (SL-1). They interact via inter-
glomerular cells. Also inside OZ a pre-synaptic inhibition takes place. l.e. in general the converging groups on SL-
1 inside OB are much more complex than the simplest case. This is a description of the converging group inside
OB on SL-1 for the tufted cell [4].

Inside OB the uniform converging groups are strictly described — there are tufted cell N, some OZ and also all

receptive neurons, whose axons are connected with this OZ. There are also some additional connections
between different OZ, which belong to the converging group N - this interaction takes place via inter-glomerular

cells. Thus, this fact reveals additional connections between uniform converging groups, which were mentioned
above [4].

Regard the horizontal groups and co-groups presenting in OB [4]. High order tufted cells influence low order
tufted cells via vertical short-axon cells. Hence, high order tufted cell together with some vertical short-axon cell
and synapses between them forms a horizontal pair with tufted cell of low order, which has synapses with
corresponding vertical short-axon cell. In turn tufted cells of low order form co-pairs with high order tufted cells.
Analogically tufted cells of the same order influence each other via the horizontal short-axon cells [4]. Here also
pairs and co-pairs exist, which in turn are parts of groups and co-groups.

The common part of adjacent projective and uniform converging groups is represented inside OB with olfactory
zones - they represent the common part, which is specified in the definition of adjacent groups [4].

Description of Tools for Biological Neuron Networks Modelling

The tools are represented with software, which takes as input data a neuron network and its inputs declared in
XML language [5]. The input neuron network is given with oriented graph.

Oriented Graph of Neuron Network. Vertices and Edges. The first stage of the neuron network construction is
specification of vertices. Vertices are intended to define specific points inside the model. Under “specific points”
we understand locations of the neuron network, where some signal transformation, as a rule nonlinear, takes
place. During the modelling these locations with sufficient precision can be substituted with a single point, i.e.
vertex. The examples of specific points are pre-synaptic and post-synaptic membranes, axon hills, etc. The edges
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of the graph define the direction of signal transmission. They have such attributes as type, length, and coefficient
of signal amplification/decrease.

Neurons and Synapses

To specify the network in a more informative way the basic types of biological neuron network elements are
distinguished. Also with their help the way, how to pass signals through the edges, is defined. In a graph, this
represents a neuron network, neurons and synapses represent its sub-graphs, every edge belonging to a single
network element, neuron or synapse (Fig. 1). Some vertices can belong simultaneously to both neuron and
synapse. In this case vertices model either pre- or postsynaptic membranes. Some vertices inside the neuron
network are entrance vertices. They correspond to the endings of dendrites of receptor neurons in Natural Neural
Network (NNN). For each entrance vertex the input signal is given as a set of pairs (moment of time, level of
signal).
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Fig. 1 Example of neuron network model in computer tools.

For clearness some neurons are rounded with curves. Entrance vertices are marked with squares.
Vertices, where generation of action potential takes place, are marked with circles.

If the level of signal is needed for a particular moment of time, which is not specified in input, the signal is
calculated as a result of linear interpolation. At the same time, the enquired moment of time should be located
between the minimal and maximal moments given in input. All vertices are also exit vertices, i.e. it is possible to
obtain the exit signal from them in any particular moment of time.

The design of data structure for neuron network vertex description provides a possibility to store the history of
signal behavior inside the vertex, which enables to analyze the signal changes inside the vertex during
experiment. Upon completion of simulation of the network behavior the tools enable to monitor the history of
every vertex.

Time Inside the Model. Time inside the model is discrete, tools enabling to define the discretization interval. In
workflow the signal level is recalculated in each point for every discrete moment of time.

Input Data Inside the Model. During simulation of aforementioned processes, which take place inside the
neuron network, there is a possibility of real-time visual representation of signal level in any vertex in every
discrete moment of time. The more intensive signal level is in the vertex in particular moment of time, the bigger
is a circle diameter with a center in this vertex. Also it is possible to view a chart of signal level dynamics in any
point upon the modelling completion. It is possible to visualize a summary signal level of a particular neuron.

Input Data Representation. The input data is being read from XML-document, where the neuron network
structure is defined. Let us refer to three main elements of this document.
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1. ports — vertex description. Each vertex is defined with a title, unique identifier, 2D coordinates, type (regular
vertex or, so-called, generator of action potential (AP), see below). For AP generators the number of vertex
(which stores AP sample), a threshold signal level, coefficients of length and amplitude increment relatively to the
sample is defined. Also a non-obligatory parameter for every vertex is a list, which defines a signal level, as a
rule, of entrance activity by means of pairs <moment of time, the signal level in a vertex in this moment of time>.

2. synapses — signals description. The main characteristics for synapse are its class (chemical or electrical), type
and the list of edges. Every edge is defined with an ordered pair of vertex numbers, length and weight. Note, that
the notions of length and transmission time are similar in tools. In the simplest case synapse consists of two
vertices, which correspond to pre- and postsynaptic membranes, and one edge, which corresponds to synaptic
chink connecting two vertices. Thanks to facilities presented in tools there is a possibility to use several edges for
more adequate synapse description.

3. neurons — neuron description. Each neuron has a particular type. At the moment there is only one neuron type
implemented in tools — simple neuron. Similar to synapse, neuron has a list of edges, the order of which is just
the same as the order of edges in synapses.

Entrance receptor signals of the neuron network are also defined in XML-document, which consists of a list of
elements. Each element defines a signal for one of the entrance vertices as a list of pairs, which specify the level
of entrance signal in a particular moment of time.

Signal Values Calculation. Each vertex of the network is characterized with definite condition in any moment of
discrete time At i, where i [0..n], At - discretization interval. Condition is defined with a current signal

level of the vertex, in which stage the action potential is and with other parameters depending on the type of the
vertex. The network condition in the current moment of time At (i + 1) is defined with conditions of vertices in

the network graph.

Let us define a signal processing, which takes place in the vertices. Two types of vertices are used in tools:
simple vertices and AP generators. Signal values are defined on entrances of simple vertices in discrete
moments of time. Linear spline is constructed based on these points. It can be used for exit signal value
calculation in any moment of time. AP generators have more complex behavior. Dependency of the exit signal
from the entrance signal is just the same as in previous item. The exception, however, is in the following. If signal
power reaches the critical level of depolarization and in this moment the vertex is not in condition of refractor
period, then the action potential with predefined parameters is generated. The type of action potential of the
vertex is determined based on the sample taken from [6, p.27-54], given with a list of pairs of coordinates —
dependency of membrane potential from time. In every moment of discrete time for every vertex the values of all
adjacent vertices are being corrected, taking into account to which object this vertex belongs.

Edges in simple neuron have such characteristics as length and coefficient of signal change, i.e. the signal while
passing through the edge is being processed with linear transformation. We stress on simple neuron (not on just
neuron) to underline the flexibility and extensibility of tools. With a time-flow signals change in vertices depending
on their edge connections with other vertices: v (t) = Z Vs(e) (t - Ie) C, , Where generally v, (t) - the signal

e

value in the vertex k in the moment of time t, | - set of edges entering the vertex j, |, - the time of signal

transmission through the edge e, s(e) - the beginning of the edge e, C, - weight coefficient of the edge e. Note,

that this transformation is inherent for all vertices and is the first transformation, which can be followed with
specific transformations related for every particular type of vertex.

In most simple implementations of synapse models the signals are transmitted in a similar for edges way with
exceptions in regions, where mechanisms of plasticity are represented. Plasticity is fulfilled with change of the
coefficient of signal transmission in synapse according to the following rule:
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weight decrease, V, - constant, which specifies a border between the increase and decrease of weight coefficient

of a synapse. For more precise modelling a more complex synapse type is implemented, where the signal is

described with integral transformation:
t

v, (t + Iij)z C; J'vi () e dr, where v,(7)- signal level in the vertex i in the moment of time 7,
t-At

v, (t + Iij ) signal level of the vertex j at the moment of time t + |, |.. - time of signal transmission through the

i N
edge (i, j), C;; - weight coefficient of an edge, At - time interval, which is taken into account during the exit
signal calculation, A > 0 - parameter defining signal extinction. In such synapses signal level on post-synaptic
membrane at the moment of time t + Iij depends on the level of signal on pre-synaptic membrane during the

time period [t - At,t]. Thus, during the calculation of the current state for a particular network vertex not only

one previous state is taken into account, but all network states, which appeared during a whole period of time.
Consequently, more precise modelling results are obtained. For each neuron the summary level of signal at the

moment of time t is calculated as a sum of signals of all edges of the neuron, where signal of the edge s; is

lj [l /A0

calculated as s (t)=J’v(/\)d/]= ;v(AI k)Al, where Al - step of discretization of numerical
0 =

integration, V(AI k)- the level of signal at the distance Al k from the beginning of the edge, |; - length of the
edge (i, j).

Verification of Correspondence of Tools for Olfactory Bulb Model

In this section the testing of tools’ functionality for olfactory bulb model [4] is described. Testing has been
performed on the precisely described in [4] neuron network. Experiments for OB phenomena [7-8] proof have
been tried.

The neuron network of olfactory bulb constructed with use of experimental data based on [4], in major follows the
basic concept. Aforementioned programming environment has been used for olfactory bulb modelling.
Parameters of OB model are given in XML language.

Entrances are represented with four vertices, i.e. four types of receptors were examined in model, which react
differently on complex scents in adequate scent environment [4]. Let us introduce the results of conducted
experiments. Signals to the entrances 1-3 of groups during experiments 2-3 have been passed with conditional
time intervals 0-5 and 10-15. To the last exit corresponding to mechano-receptors during experiments 1-3 the
signal has been passed continuously. Let us describe conducted experiment and obtained results with more
details.

Testing of Mechano-receptors. Pure air has been passed to entrance. Consequently only one mitral cell has
been excited. Other principal neurons have not generated action potentials.

Recognition of Complex Signal. Incentives a, b, ¢, d have been passed in concentration, which is enough for
excitation [4]. MC1 and TC14 have reached excitation. Cells MC1 and TC14 have generated AP. The rest of
tufted cells have not been activated with exception of TC124, which has given a faint response during scent
recognition.

Recognition of Full Odorant Spectrum. A full spectrum of incentives has been passed to entrances. All
receptors have been in excitation. Consequently, all mitral cells and almost all tufted cells have also been excited.
However with a time-flow all of them have been trigged with TC1234.

Excitation of Principal Neurons not Connected with Mechano-receptors. In condition of low air speed
complex scents TC12, TC13, TC123, and TC23 are able to distribute themselves. A component affiliated with
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airflow is absent in them. This happens only given that air speed is low — faint level of signal at the entrance of
mechano-receptors in compare to other types of receptors.

Synaptic Plasticity. We have implemented plasticity of synapses, which are connected with principal neurons.
Taking into account computer simulation it is possible to conclude, that aforementioned modification of synapses
based on the modelling of plasticity mechanisms leads to the following fact. During repeated passing of inputs to
receptors the reaction of corresponding mitral and tufted cells increases in sequence of generated action
potentials and in duration of rhythmic activity. This evidences, that synaptic plasticity is an important component
of short-term memory.

We succeeded to reproduce all phenomena, which were planed during experimentation. This proves the
correspondence of tools to commonly known morphological, electro-physiological and psychological data.

Conclusions

A system compositional approach to mathematical and computer modelling of the particular type of natural
hierarchical neuron networks is discussed. Primary basic components and compositions of the model of
elementary sensorium are described. Also basic properties of introduced definitions and notions are specified.

Computer tools for modelling of informational processes in biological hierarchical neuron networks are developed.

A series of computing experiments concerning the functioning of tools with a model of olfactory bulb was
conducted, where common-known psycho-physical phenomena are reproduced.
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MATHEMATICAL AND COMPUTER MODELLING AND RESEARCH
OF COGNITIVE PROCESSES IN HUMAN BRAIN.
PART IIl. APPLYING OF COMPUTER TOOLBOX TO MODELLING OF PERCEPTION
AND RECOGNITION OF MENTAL PATTERN
BY THE EXAMPLE OF ODOR INFORMATION PROCESSING

Yuriy A. Byelov, Sergiy V. Tkachuk, Roman V. lamborak

Abstract: Results of numerical experiments are introduced. Experiments were carried out by computer simulation
on olfactory bulb for the purpose of checking of thinking mechanisms conceptual model, introduced in [1]. Key
role of quasisymbol neurons in processes of pattern identification, existence of mental view, functions of cyclic
connections between symbol and quasisymbol neurons as short-term memory, important role of synaptic
plasticity in learning processes are confirmed numerically. Correctness of fundamental ideas put to base of
conceptual model is confirmed on olfactory bulb at quantitative level.

Keywords: thinking phenomena, olfactory bulb, numerical experimentation, model, neuronal network.

Introduction

More and more papers are dedicated to modelling of brain activity and thinking processes in particular lately.
Because of the great complexity of research object, construction of conception, which doesn't conflict with wide
variety of experimental data and conforms to known psychological and psychophysical phenomena, is hard
enough. One of few such conceptions is conceptual model described in [1]. This one is used as a base in
this paper.

Authors of [1] have carried out qualitative analyses of described conceptual model and haven't found
contradictions with experimental materials. That is why authors of this paper have carried out certain qualitative
analysis of conceptual model. A computer toolbox for simulation of informational processes in natural neural
networks was developed for this purpose.

Olfactory bulb was chosen to carry out numerical experiments because of existence of deep research results in it;
detailed data of structure are known [2]. Some essential constituents of thinking such as appearance of learning
and identification, memory, imagination occur in the olfactory bulb [3-4]. Authors’ attention is concentrated just
on them.

This paper introduces experiment statements and their interpretations as well. When carrying out latest ones
authors make their aim to confirm correctness of conceptual model [1] by computer simulation as much as
possible on experimental object chosen.

Correspondence Among Cells of Olfactory Bulb and Conceptual Model

There are unambiguous correspondence among many cells of olfactory bulb and conceptual model proposed by
the reason of conceptual model and olfactory bulb is in relation of abstract— specific respectively. Basic
correspondences between cells of olfactory bulb and ones of conceptual models are listed in Table 1.

Table 1. Basic correspondences between cells of olfactory bulb and ones of conceptual model

Olfactory bulb [2] Conceptual model [1]

olfactory bulb neuronal model, which satisfies conditions of
conceptual model

tufted cell symbol neuron

mitral cell quasireceptor neuron
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Experimentation on Olfactory Bulb Model

Description of every experiment consists of two items:

1. Experimentation. There is description of actions made my experimenters. Construction of neural network for
toolbox, essential input data to former and measurement of network output data were carried out in this part as

well.

2. Interpretation of the experimentation results. What way obtained results fit the conceptual model were

emphasized in this part in.

Every experiment description follows in detail. Note,
planning of experiments and carrying out them have
concurred because of absence of possible difficulties
while experimenting.

Output Signals and Identification. Input signals
enough for activation were being sent to inputs of
receptor neuron, corresponding to one olfactory zone [2],
during the time interval from 0 till 5 time units. Output
was measured from mitral cell corresponding to olfactory
zone above of. As a result action potentials (APs) were
being generated by receptor neurons for period of time
during which input signals were sent. After that formers
finished (fig. 1). But generation of APs was going on in
mitral cell after timestamp 5 as well.

As well as in mitral cell after stopping sending of input
signal to receptor neuron, input generation of AP of
tufted cell was going on too (fig. 3). That may be caused
by large weight of connection between mitral and tufted
cells.

Output signals of mitral cell but not tufted one were
analyzed in this experiment as distinct from [2] it was
performed. Former inconsistency between [1] and [2] is
caused by fact, that authors of conceptual model
described in [1] hold the opinion, which has some
differences with one described in [2-4].

Since mitral cell excited after input signal to receptor
neuron had stopped secondary spikes have been got [1].
It is evidence of identification of input stimulus because
of mitral cell corresponding excited receptor neuron has
excited. The fact of generation of AP after finishing
sending of input signals to model indicates the short-term
memorizing of stimulus as well.

Checking of “Mental View” Existence. Input signal
was sent to postsynaptic membranes of tufted cells (but
not receptor neurons) during the time interval from 0 till
5. Sending input signals was stopped after. During the
time interval from 0 to 5 tufted cell was generating AP.
Some time after timestamp 5 AP was being generated,
after that it stopped (fig. 4).

When input signals was begun to send to input of tufted
cell, tufted cell began to generate APs too. After finishing
sending signal to inputs of tufted cell at timestamp 5
generation of APs in mitral cells was going on (fig. 5).
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Figure 1. Generation of AP in receptor neuron.
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Figure 2. Generation of AP in mitral cell.
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Exciting of mitral cell took place in this experiment,
quasireceptor neurons were excited in other words. In
conceptual model former corresponds to “imagination” of
object in the moment this one is not represented in
environment. In other worlds mental view [1] existence
was confirmed in olfactory bulb.

Short-term Memory as Feedforward and Feedback
Between Mitral and Tufted Cells. Connections from
tufted cells to mitral ones going through granule cells [2]
were broken before this experiment. During
experimenting on olfactory bulb more precise definition
for breaking had to be done since connections between
tufted cells and mitral ones in our case are not direct, but
though the granule cells [2] and are much complicated
than simplest case of conceptual model. As the result
there are possible several implementations. Thus three
cases of breaking connections from tufted cells to mitral
ones were distinguished in neural network modelling
olfactory bulb:

1. by means of removing granule cell and all input and
output connections with former;

2. by means of removing all connections from tufted cells
to granule ones and from granule cells to mitral ones;

3. by means of removing all connections from granule
cells to mitral ones.

In all three cases input signals were been sent to input of
receptor neuron during the time interval from 0 till 5 time
units. In the issue APs were generated by receptor
neurons by the timestamp 5. APs were stopped after of
course. (fig. 6).

Activity of principal neurons (mitral and tufted cells) had
some differences by different means of experiment
realization.

Let consider realization by means of first and second
cases. When sending signals to receptor neuron inputs
AP were being generated by tufted and mitral cells. After
input signal sending stopped generation of AP stopped
there immediately (fig. 7a, 7b, 8).

Breaking connections by means of 3 case when signal
sending to receptor neuron inputs stop tufted cells
generated additional AP as a response to inputs from
themselves which came to from granule cells.

Figure 3. Generation of AP in tufted cell.
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Figure 4. Generation of AP in tufted cell.
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Figure 5. Generation of AP in mitral cell.
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Figure 6. Generation of AP in receptor neuron.

This experiment confirms well known hypotheses adhered by authors as well. It says closed neuronal cycles

realize a function of short-term memory.

Thus repeated spikes in mitral cells didn't occurred cyclic connections above broken. It can be make up a
conclusion that cyclic connection is one of the realization mechanisms of short-term memory.

Learning by the Synaptic Plasticity. Taking into account of modelling of synaptic connection weight growing
when sending input signal to receptor neurons one of the short-term and long-term memory mechanisms are
realized. It is long-term and short-term synaptic plasticity respectively.
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Figure 7. Generation of AP in tufted cell

a) by means of removing connection in 1 and 2 cases;
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Figure 8. Generation of AP in mitral cell by means of
removing connections in all three cases.
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Figure 10. Generation of AP in tufted cells during the
time interval from 0 till 15.

b) by means of removing connection in 3 cases.
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Figure 9. Generation of AP in receptor neurons during
the time intervals from 0 till 5 and from 10 till 15.
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Figure 11. Generation of AP in mitral cells during the

time interval from 0 till 15.

During the time intervals from 0 till 5 and from 10 till 15 units input signal was being sent to receptor neurons.

Output signals of tufted and mitral cells were measured.

Receptor neurons were generating APs during former time intervals (fig. 9).
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When sending input stimuli during time interval from 0 till 5 generation of APs by mitral cells and tufted ones held
after input signals sending to receptors had finished (fig. 9-11).

When sending suitable input stimuli separated by short time interval (5 time units) while using toolbox it is obvious
that output signal spread much longer during the second time interval of input stimuli sending (from 10 till 15) than
during the first one (from 0 till 5) (fig. 9-11)

Synaptic plasticity corresponds to growing of weight of feedforwards and feedbacks in conceptual model. Hence
one of the mechanisms of learning is realized in terms of conceptual model. Since outputs of mitral cells and
tufted ones were spreading longer in presence of growing of synaptic weights in complex neuronal interactions of
tufted, mitral and granule cells, it can be concluded that phenomena of synaptic plasticity conform to its function
expected in conceptual model entirely.

Conclusion

Following hypotheses concerning conceptual model have been confirmed in the issue of carrying out of
experiments by computer simulation: key function of quasisymbol neurons at the time of the identification of the
pattern represented in environment, existence of mental view [1], functions of cyclic connections (feedforward and
feedback) between symbol and quasisymbol neurons as short term memory. Important functions of synaptic
plasticity in learning processes are confirmed also.

Described above experiments confirm principal positions of conceptual model on quantitative level. Former
positions were discussed as credible hypotheses of its authors before. But it must be emphasized that results of
experiments do not ensure the full correctness of conceptual model, they can be treated as partial confirmation of
this one.

Principal positions of conceptual model which could be verified on olfactory bulb model were confirmed in this
paper. They confirm validity of fundamental backgrounds of conceptual model not only on qualitative level, but on
quantitative one too.
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O MOZAENMNPOBAHIN OBPA3HOI O MbILWTEHAA B KOMIMBHOTEPHbBIX
TEXHONOInAX: ObWME 3AKOHOMEPHOCTIW MbILWNEHNA

tOpwii BanbkmaH, Bsavecnas bbikoB

Abstract. This study considers the problems of modelling the creative image thinking in field of computer
technologies. Special attention concentrates on representation of general thinking rules in knowledge bases of
intelligent system. Such rules are well-known to psychologists, but specialists in computer sciences are less
familiar with these matter. The paper to a greater extent is directed to initialize the discussions on the stated
problem with indicating the main topics of subjects.

Key words: Image, thinking, computer technology, artificial intelligence.

BeepgeHue

CNOXHOCTb MOZJENMPOBaHUSA 06pPa3HOr0 MbILLIEHUS B KOMMBbIOTEPHBIX CUCTEMax oveBuMfHa. C Halleid TOuku
3peHnsl, BO MHOTOM 370 06YC/IOB/IEHO OBLMMM 3aKOHOMEPHOCTAMY MbILLEHNS, KOTOPble 4aBHO Onpesenuv
ncuxonoru (cM., Hanpumep, [ApHxeiim, 1973; Knauku, 1978, 3unuenko, 1997; Poten6epr, 1999; MMcux.
npouecchl, 2004]) n KoTopble TPYAHO MOAENUPYEMbI KOMMbITEPHBIMU TEXHONOMMAMW. STU 3aKOHOMEPHOCTM
[OMKHbI HalTU OTpaxeHus B 6aszax 3HaHuii (B3) 06pasHOr0 MbllieHns. 34ecb Mbl PaccMOTPUM 3TU

3aKOHOMEPHOCTH C LIE/bH) aHa/IM3a BO3MOXHOCTEN “NOrPyXeHNs X B BbIYUCAUTENbHYHO cpesy”.

[laHHas paboTa SBNAETCA NPOAO/KEHMEM UCCNE0BAHWA, HEKOTOPble Pe3ynbTarbl KOTOPbIX W3/I0XKEHbl B
[BanbkmaH, 2003a; BanbkmaH, 20038; BanbkmaH, Vicmarnnosa 2004; BanbkmaH, bbikos, 2004; BanbkmaH, 2004].

B COOTBETCTBUW C MHEHMEM W3BECTHOrO AMOHCHLKOrO y4eHoro [Musoryyu, 2000] B cpefe cneumannctoB no
NCKYCCTBEHHOMY UHTENNEKTY MMEET MECTO TPU FMaBHbIX CABWra B OCHOBHOIA Napagurme:

> Nepexo 0T NPOLECCHO-L|EHTPUPOBAHHONO K MH(IOPMALIMOHHO-LIEH T PUPOBAHHOMY,
> Nepexos 0T KOMMbITEPHO-LEHTPUPOBAHHOTO K YENIOBEKO-LIEH T PUPOBAHHOMY 11
> nepexon 0T (hopMO-LiEEH T PUPOBAHHOTO K COAEPKATENbHO-LEH TPUPOBAHHOMY.

C Haweil TOYKM 3peHns, Bce Tpu (hakTopa, onpeaeneHHble P. Mu3oryun, SIBHO M HESBHO OTHOCATCA K
MOZJENMPOBaHM0 06Pa3HOro MbILLIEHNS. MbILL/IEHIE 3TO HENPEPLIBHOE B3aUMOAEICTBIE MbICALLEro CybbekTa
C OObEKTOM MO3HaHWA. JTO B3aWMOAEICTBME BCErfa OCYLWECTBASETCA B LENSAX PaspelleHus Kakoi-To
npo6nembl, OHO OCHOBAHO Ha aHa/M3e 1 CWUHTE3e W WMEEeT CBOWM pe3ynbTaTOM HOBOE 0606LieHne. Takum
06pa3om, NCKXOMOMN CUUTAIOT, YTO O6LLMMI 3aKOHOMEPHOCTAMI MbILLIEHNS SBASIOTCA: MPOGNEMHOCTb, aHaIN3-
CUHTE3, 00600LIEHHOCTb, KOHCTAHTHOCTbL BOCMPUATUA. Kpome 3TOro, npeacTaBnseTcs LenecoobpasHbiM
uccnefosatb  CeflylolMe  3aKOHOMEPHOCTM  MpeAcTaBfeHns 06pa3oB B Mpoueccax — MbllLIeHNs:
Knaccudmkalms, 00beKTUBHOCTb M CYObEKTUBHOCTb 00pa3oB, «ONN30CTb» (€ANHCTBO) Lienei u cpeacTs,
OTKPbITOCTb 06pa30B, UX HEYETKOCTb, 06pa3bl B IEBOM M NPABOM MO/yLLAPUAX FONOBHOMO MO3ra.

1. MP06/1EMHOCTb MbILLEHUS

YE/IOBEK. MbiwneHne Bcerga BO3HMKAET B CBS3M C PELUEHMEM Kakoi-nnbo nNpobnembl, a cama npobnema
BO3HWKaeT W3 NpobaemMHOi cuTyauun. MpobieMHas cutyauns 3To Takoe 06CTOATENLCTBO, B KOTOPOM Ye/i0BeK
BCTPEYAETCA C YEeM-TO HOBbIM, HEMOHATHbIM C TOUKM 3PEHNS MMEKLMXCA 3HaHWA. JTa  CuTyauus
XapakTepu3yeTcs BO3HWKHOBEHWEM OMPEeAENIeHHOro Mo3HaBaTeNibHoro 6apbepa, TPYAHOCTENH, KOTOpble
NPeACTOUT NPEOLO/IETh B pe3y/ibTaTe MblllieHns. B npobnemMHbIX CUTyaumsix BCerga BO3HUKAKT Takue Lenu,
ANs BOCTUKEHNS KOTOPbIX UMEIOLLMXCS CPEACTB, CNOCOO0B 1 3HAHMIA OKA3bIBAETCS HEAOCTATOUHO.

Mpo6nema ocobast pa3HOBUAHOCTb BOMPOCA, OTBET Ha KOTOPbI He COAEPKMTCS B HALIEM OMbITE M 3HAHWAX U
noaTomy TpebyeT COOTBETCTBYHLLMX MPAKTUYECKAX U TEOPETMYEcKuX felicTBuid. Mpobnema cocpefoTounBaeT
HaLlle BHYMaHVMe Ha He0CTaTOYHOCTM N OTCYTCTBIN 3HAHWIA (3T 0 3HAHWE O HE3HAaHWK).
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Mpobnema - 370 0CO3HaHNe HEOBXOAMMOCTI HOBOrO No3HaHUA. He Ntobas yMCTBEHHAA AeATe/IbHOCTb AB/IAETCA
pelleHnem npobiemsl. Hanpumep, pellast 3agady U3BECTHbIM HaM CrOCO6OM, Mbl OCYLLECTBNSAEM YMCTBEHHYHO
[EATeNbHOCTb, HO He pellaem npobnemsl. Mo3HaHne, OTKPbITUE HOBbIX, MOKA Ll HEU3BECTHBIX CTOPOH 06beKTa
BCerga OCyLLEeCTBAETCS Yepe3 OTHOLLEHNS, B3aUMOCBA3MN, B KOTOPbIX 3TW CBOWCTBA NPOABNSOTCA. MbilneHre
3TO NO3HaHWe TOro, YTO He [AHO HEeroCPefCTBEHHO, HO HAXOAMTCA B OMPEeLEe/SIEHHOM OTHOLUEHWW K TOMY,
4YTO flaHo.

KOMMBKOTEP. fIBHO M HesBHO MOAENMPOBAHWMEM WHULMALMM LEACTBUA B BbIMUCIUTENBHONA CUCTEME
3aHMMAKTCA AaBHO: MpoLeaypbl-AeMOHbI B (hpeiimax y M. MUHCKOro, MAeonorus nporpaMmupoBaHus “oT
JaHHbIX", METOAbl KNaccoB B 06bEKTHO-OPUEHTUPOBAHHOM MPOEKTUPOBAHUM, areHTHO-OpPUEHTUPOBaHHOE
nporpammupoBaHue u T.4. [.A.Mocnenos HasBana 3T He0OXOAUMOE CBOACTBO NHTENNEKTYa/IbHbIX CUCTEM
aKTUBHOCTbIO 3HAHWIA.

OpfHako, B MOMHOW Mepe 3Ta 00Was 3aKOHOMEPHOCTb MbIWEHUs TPYAHO MOAenupyeTcs. [10CKOMbky
npeanonaraeTcs, YTO A8 MOPOXAEHUs Npobnembl CHavana Heobxodumo, npoaHann3vposas BCl B3,
onpesevTb CyTb NPOTUBOPEUMS WM HEAOCTATOYHOCTW 3HaHWA (chopmynMpoBaThb 3ajaun B hopme:
[aHo..., HeobXoauMo caenaTb ..), 3aTEeM HalTu pelleHne (KenaTenbHO NOCPeacTBOM KOMMbHOTEPHOI
TEXHONOTWN, C MUHUM&/IbHBIM AXAN0roM C Mo/b3oBaTesNeM). MoCTPOUTb NOMHYI0 MOAENb, Takum 06pa3oM,
03Ha4aeT co34aTb “TBOPYECKMA KOMMbIOTEP”. HO HEKOTOpbIE 3a4a4u B 3TOM NPUIOKEHNN peLLalTCA.

2. B38.VIMO,£IIEI7ICTBVIG aHa/In3a N CUHTE3a

YE/TOBEK. Bcsikuii akT MbILNEHNS, KaX/4as MbICAUTE/bHAsA Onepawuns OCHOBaHbl Ha aHanu3e W cuHTese. Kak
N3BECTHO, OCHOBHBIM MPUHLMMOM BbICLLE HEPBHON AEATENbHOCTU ABNAETCSA MPUHLMN aHann3a U CUHTe3a.
MbILLNEHME KaK (DYHKLMA MO3ra Takke 0CHOBaHO Ha 3TOM MPUHLMNE.

Ha aHann3e 1 CMHTE3e OCHOBaHbI BCE CTYNEHW MbIC/IMTENBHOTO NpoLiecca. Beskuii nouck 0TBeTa Ha kakoit-nnoo
BOMpoC TpebyeT W aHa/M3a W CUHTE3A B UX Pa3/MuHbIX CBA3AX (MPOM3BOAHBLIMM OT aHann3a W CuHTE3a
MbIC/IUTENbHBIMU OnepauusMu ABASOTCA abCTpakLmMs U 0600LIeHNE).

AHanu3 - BblAe/neHNe Tex CTOPOH 00bekTa, KOTOpble CYLLECTBEHHbI AN PELUeHUs [aHHOW 3ajaun; 310
BbISIB/IEHNE CTPOEHWUS UCC/IELyeMOr0 00beKTa, ero CTPYKTYpbl, Pacy/eHeHNe CIOXHOTO AB/IEHNA HA NMPOCTbIe
3/1IEMEHTbI, OTAEeNeHNe CYLLEeCTBEHHOrO OT HecyLlecTBeHHoro. AHanu3 JaeT OTBEeT Ha BOMpOC: Kakad vacTb
Lenoro o6nagaet onpesesieHHbIMU Npu3Hakamu. PesynbTarbl aHan3a 06beUHATCS, CUHTE3UPYIOTCS.

CuHTe3 06beANHEHNE 31IEMEHTOB, YacTeli, CTOPOH Ha OCHOBE YCTAHOB/EHWSA CYLLECTBEHHbIX B ONPeAeeHHOM
OTHOLLIEHWN CBS3E MEXZY HAMM.

OCHOBHbIM MEXaHWU3MOM MbILSIEHNS, €ro 06Lieil 3aKOHOMEPHOCTbIO SBMSETCS aHa/M3 4epe3 CUHTES:
BblJ€/IEHNE HOBbIX CBOIICTB B 0ObEKTE (aHa/IM3) OCYLLECTBNSETCA Yepe3 COOTHECEHME ero (CUHTE3) C ApyrMA
obbektamu. B npouecce MbILLIEHUS 06BEKT NO3HaHWSA NOCTOSHHO BKMOYAETCH BO BCE HOBble CBSA3M W B CUMY
3TOr0 BbICTYNAET BO BCE HOBbIX KAYeCTBaXx, KOTOPble (PUKCUPYIOTCA B HOBbIX MOHATUAX; U3 0OBEKTA, TakuM
00pa3oM, Kak Obl Bbl4EPNLIBAETCA BCE HOBOE COAEPXaHME; OH kak Obl MOBOPAYMBAETCA KaXAblii pa3 Apyroi
CBOEJ4 CTOPOHOM, B HEM BbISIBNSIOTCS BCE HOBbIE CBOWCTBA.

KOMMBKOTEP. B KOMMbIOTEPHbIX TEXHONOrUAX Mbl BbIHYXAEHbl paccMaTpUBaTb OTAENbHO YeTbipe
onepauuu: aHanu3, CUHTE3, CUHTE3 Yepe3 aHa/IN3 1 aHaIn3 Yepe3 CUHTE3. STU Onepauumn B 3Ha4YNTe/bHOV
CTeneHn 3aBUCAT 0T hopMbl U hopmaTa NPeAcTaBNeHNA aHaIM3NPYEMOTO UMK CUHTE3MPYEMOro 0bpasa:
06pasbl MOryT 6blITb rpacguyeckumu, BepbanbHbIMK, 3BYKOBbIMM U T.4. PaHee B BL, PAH cTpounach
cucTema TEKPUC — reHepauun puCYHKOB Ha OCHOBE TEKCTOB (aHa/M3 TeKkcTa — CMHTEe3 rpamueckoro
06pa3a). /3BeCTHbI CMHTE3aTOPbl U aHaIM3aTOPbl PeYn, My3blki. 3HAUMTE/bHbIE YCrexu AOCTUIHYThbI B
NOCTPOEHUM eCTeCTBEHHO-A3bIKOBbIX (Ef) MHTepdeiicos, aHanu3e owmbok B Ef-TekcTax. V3BeCTHbI
apheKTUBHbIE pacno3HaBaTeNM TEeKCTOB M rpaduyeckux 06pas3oB. [ns 3hpeKTUBHON paboThbl Takux
KOMMbIOTEPHbIX aHaNM3aTOpPOB HeOOX0AMMbI 60/bLUINE MHOTOYPOBHEBbIE C0BapK rpatemHblX, (POHEMHBbIX,
MOP(EMHbIX, NIEKCEMHBbIX W MP. KOHCTPYKUWA. B HacTosLlee BpeMs HauMHalOT akTUBHO WCMOb30BATb
NOEONOrN0 OHTONOrNA B PeLleHun npobnem aHannsa. Ycnexu B 06nacTu CMHTEe3a 601ee CKPOMHbI. Tak,
HarpuMep, CMHTe3 pedpepaTa UMM aHHOTaUun 60/bLNX TEKCTOB HEMb3SA HAa3BaTb YCMelHbIM. Ho 3T0 He
YAMBATE/MbHO; NPOM3BOAMTDL CUHTE3 03 aHanM3a CeMaHTUKM HEBO3MOXHO. Mpobnema Menbyyka “TekcT—
CMbIC/I-TEKCT" elle XAeT CBOero peweHns. CBA3aHO 3TO Takke C MOLENMpOBaHUE MOHUMaHUA (CM.,
Hanpumep, [BasibkmaH, bbikos, 2004]). 3ameTuM, 34eCb Mbl TEKCT TPaKTyeM BeCbMa LUMPOKO. 3TO MOXET
6bITb N06ast MHhopMaLs, 0TPaxeHHas Ha HEKOTOPOM HocuTene (N0 CyTU, 3HaKOBbIN 06pas).
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3. 0606LeHHOCTb

YENOBEK. AHanus 1 cuHTE3, B3aMHO Nepexoas Apyr B Apyra, 06ecneynBatoT HenpepbIBHOE ABUMKEHWE MbIC/U
BCe K 60/1ee 1 6osniee ryboKoMy NO3HAHWKO CYLLHOCTU SBAIEHNIA. TpoLece NO3HaHMSA HAYMHAETCA C NePBUYHOIO
CUHTE3a BOCMPUATUA HepacU/IEHEHHOTO Lenoro (fBneHus, cutyauuu). [lanee Ha OCHOBE aHaiu3a
OCYLLECTBNAETCA BTOPUYHBIA CUHTE3. M0Ny4aloTCs HOBbIE 3HAHWA 06 3TOM LieNIoM, a 3T0 NO3HaHHOe Le/oe
BHOBb BbICTYNAET Kak 6a3a Ans AanbHeiiLero ray6okoro aHannsa u T.4.

AHanu3 - BbIYSIEHEHME TakWX CBOWCTB (CTOPOH) OObEKTA, KOTOPbIE WMEIOT CYLIECTBEHHOE 3HAYEHME ANs
nocnefyowero cnHTesa, 0606WeHus. Mpu 3TOM NPOSBAAKOTCA Takue 3akOHOMEPHOCTW MBbILLMEHUS Kak
CENeKTUBHOCTb, N36MpaTENbHOE BblY/IEHEHNE OHOMNAHOBLIX CTOPOH 00bEKTa N PEPIEKCMBHOCTb KOHTPO/b
Haj TEYEHWEM MbIC/IMTENLHOMO MpoLecca (paccyxeHne 4enoBeka C camuM Co6O0i), CamMOOTHYET MbILLIEHNS
nepeg camum coboi. [Mpu aHanu3e pas3BuMBAKOLLMXCA COObITUIA BO3HWKAET 0c06as PasHOBUAHOCTb
aHa/IMTUYECKOTO  MbILLNEHNS aHTUUMNaumMs, NpeABOCXMLLEHNE BO3MOXHOIO HACTYMNEHUS HOBbLIX COBbLITUA,
npesBuAeHNE BO3MOXHBIX Pe3ybTaTtoB OnpeaeneHHbIX AeACTBIIA.

MbILIEHe OCYLLECTBASETCS C LEMbI0 MO3HAHUA TEX WM MHbIX CYLLECTBEHHbIX CBOWCTB 06BEKTA, C Lie/b
nosnyyeHns 3HaHus. CylleCTBEHHOE CBOIICTBO SBNAETCA BCerga OO6WWM A1 [AaHHOWA Tpynnbl OfHOPOAHbIX
npeaMeToB (HO He BCSKOE 00LUee CBOMCTBO SIBNSETCA CYLIECTBEHHbIM). K peLleHnd 0TAEeNbHOA KOHKPETHOM
3afja4n Mbl NpuMeHsieM 0606LLEHHbIe 3HaHWSA, 06LLMe Npasuna.

B npouecce MbIlWNeHUs e HUYHOE BCerja paccMaTpuBaeTCs Kak KOHKPETHOE BblpaXeHue 06LI.[€FO.

KOMMBKOTEP. Mpobnema 0606LIEHHOCTI C OAHOA CTOPOHbI TECHO CBfi3aHA C aHaIM30M—CUMHTE30M, C
[pyroil — c knaccudpukaupein (cm. pasgen 5). B npuknagHoii cemnoTuke paccMaTpusaloTcs [llocnenos,
OcunoB, 2002] onepauun 0606LLEHNS: MO UMEHAM, NO NPU3HaKaM, MO XapakTepucTukam 1 no CTPyKTYpe.
Mepsas onepauusi (yCTaHOB/EHME OTHOLIEHWA “3NEMEHT—-KNAcC”) B HACTOsLEe BPeMs HOCUT Moka He
AOCTYMNHbIA KOMMbOTEPY xapakTep. Mo cyTw, pedb ugeT 06 YCTaHOBMEHWM CUHTarMaTW4eckux
OTHOLLEHWIA, Hanpumep, “CTON, CTYN, KPOBaTb, ..— Mebenb”. Wnn Kak onpesenvTb, YTO OTHOCUTCA K
“UHCTPYMEHTY", “Opyxui”, “ranaHTepee’. O60OLleHMe N0 npu3Hakam (OTHOLWeHWe “pod-Bug") B
KOMMbIOTEPHBIX TEXHOOMUAX YCNEeLWHO NPOM3BOAUTCA C UCMO/b30BAHNEM (DPENMOBbLIX CTPYKTYP MOHAT WA,
MeTOZa runepniockocTel, y3HaBaHns (pacnosHasaHns) M.M. boHrapaa, MeToga pacTyLLMX NupaMuaabHbIX
ceTeii B.M. MagyHa. 0606LLeHre No XxapakTepUcTMKaM WHOrAa OTHOCAT K 0606LLEHMI0 N0 npu3Hakam. Ho
3TO HeBepHo. MpuBefeM NpUMepbl: Kak ONPefennTb MPU3HAKWM MOHATUSA “CUMNATUYHAA XKEeHLMHA" (34eCb
bonee yMeCTHbl HepopMasibHble —Onepauun: PacCyXAeHWs N0  aHaforuW, accouMaTUBHBLIA WK
mMeTadopuyecknii BbiBog). Wnu ycTaHOBNEHME OTHOLIEHUI A “4acTb-LEN0e” MEXAy NOHATUSAMW PasHOro
YPOBHS: M0 HOXKe OMpefenuTb, YTO0 3TO - CTYN; KOpobKa nepefady — yacTb aBTOMOOUNA. PakTUYeCcKn, 3TO
— TOXe CMHTarMaTuyeckne OTHOLIEHUS, KOTOpble C TPYAOM MOLE/MPYeMbl B BbIMUCIUTENBHON Cpese.
Onepauys 0606LieHMs N0 CTPYKTYpPe CBA3aHa C onepawuueid noucka no obpasuy [Mocnenos, Ocunos, 2002].
30ecb UMeTCA HekoTopble ycnexu. Ho B LesoM 3Ta 061as 3aKOHOMEPHOCTb MbILU/IEHUS NOKA TPYAHO
BOCMPOW3BOAUMA B UHTENNeKTYaslbHbIX TEXHONOTUAX.

4. KOHCTaHTHOCTb BOCMPUATUA

UENNOBEK. OfHM 1 Te e npefMeTbl BOCMPUHUMAIOTCA HAMW B Pa3/MYHbIX U3MEHSIIOLWMXCA YCIOBUAX: MPK
Pa3/IMYHOI OCBELLEHHOCTM, C pasHblX TOYEK 3pPEHWs, C pasHOro pacctosHns. OfHako 0ObEKTUBHbIE KayecTBa
npesMeta BOCMPUHWMANOTCA HaMU B HEU3MEHHOM Buie. KOHCTaHTHOCTb BOCMPUATUSA - He3aBUCUMOCTb
OTP@XEHNS O0OBLEKTUBHLIX KauyeCTB MNpeAMeToB (BENWYMHbI, (POPMbl, LBETA) OT BPEMEHHbLIX YC/OBMUIA.
306paxeHne BenMuMHbI NpejMeTa Ha CeTyatke rfasa npyv BOCMPUATAWM ero ¢ BU3KOr0 PacCTOsHMA W C
Jasiekoro paccrosiHug  OyfeTr pasHbiM. OfHako 3T0 VWHTEprpeTMpyeTcs Hamu Kak YAaseHHOCTb  Wiu
NPMBMKEHHOCTb NPeAMETa, a He Kak U3MEHeHWe ero BennyuHbl. Mpu BOCNPUATUM NPSIMOYroNbHOTO npeamMeta
(nanku, nucta Gymarn) ¢ pasHbIX TOYEK 3PEHMSI HA CeTYaTKe rnasa MOryT 0To6pasnuTbCs U KBaapar, U pom6, u
Jaxe npsmas nnHus. OfHaKo BO BCEX CNYYasX Mbl COXpaHsieM 3a 3TUM NPeaMETOM NPUCYLLYI0 eMy hopMmy.

Benblil anct 6y|v|ar14 BHE 3aBMCMMOCTK OT €ro OCBELLEHHOCTU 6y,qu BOCNPUHNMATBLCA Kak Genblii NUCT, Tak Xe,
KakK KyCOK aHTpauuTa 6y,qu BOCMPUHMMATLCA C NPUCyLLM emMy LBETOBbIM Ka4eCTBOM BHE 3aBMCMMOCTW OT
YCJ'IOBVIVI 0CBeLLeHMA. KOHCTAHTHOCTL BOCMPUATUASA He HacneCTBEHHOE KayeCTBO, OHO QJODMMpyETCFI B OMbITE, B
npouecce 06yLIEHVIFI. B HeKOTOpbIX  HenpuBbIYHLIX ~ YC/IOBUAX OHA  MOXET ObITb HapyLleHa.
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BO3HWKAET aKOHCTAHTHOCTb. TaK, €C/M Mbl CMOTPUM BHW3 C GOMbLUON BbICOTHI, TO MPUBbIYHBIE AN1S HAC
npeaMeTbl MOryT BOCTPUHMMATLCS HECKO/IbKO WCKaKEHHO (Hanpumep, nioau, aBTOMOGUIN KaXyTcsi Ham
HEEeCTECTBEHHO YMEHbLUEHHbIMN). Bnaroaaps KOHCTAHTHOCTW BOCMPUSTUS Mbl Y3HaEM NPEeAMETbl B pasHbIX
YCNOBMSIX 1 YCNELLHO OPUEHTUPYEMCS CPeaU HIX.

KOMMBbKOTEP. MOXHO C YBEPEHHOCTHI CKasaTb, YTO NpobsemMa KOHCTaHTHOCTM BOCTPUATHA — OfHa U3
rNaBHbIX B KOMMbIOTEPHOM 3peHnn. HayunTb poboTa pacnosHaBaTh 06bEKTbI HE3ABUCUMO OT Yr/ia 3peHus,
MPOEKLMN, OCBELLEHHOCTW, Aa/IbHOCTW U T.N. (PAKTOPOB Mbl MOKA HE yMeeM. He ACHO, Kak CTpouTb b3
BO3MOXHbIX 00pa30B [aHHOro 06bekTa. KOHeuHo, XenaTenbHO, YTO06bl BO3MOXHbIE MPOEKLMN CTPOUINCH
aBTOMATMYeCKn, HO B Kakoii UMPPOBO/ (hopmMe [O/MKEH XpaHUTbCA OO6BEKT U Kak CTPOUTb
COOTBETCTBYHOLLME ONepaLyy Noka HeMoHATHO.

5. Knaccudpmkauus

YE/NIOBEK. O6pa3Hoe BOCMpuSTUE MUpa — OAHO U3 3araflovHbIX CBOVCTB XWBOTO MO3ra, MO3BONSNOLLEE
pa3obpatbcsi B GECKOHEYUHOM MOTOKE BOCMPUHUMAEMON VHA(OPMaLM 1 COXPaHATb OpUeHTaLMio B OKeaHe
Pa3pO3HEHHbIX [aHHbIX O BHELHEM Mupe. BOCMpUHMMAA BHEWHWA MWp, Mbl BCerga npOU3BOLAUM
KnaccudpmkaLyo BOCIPUHUMAEMbIX OLLYLLEHWIA, T. €. pa3bruBaeM 1x Ha rpynmbl MOXOXMX, HO He TOXAECTBEHHbIX
ABMEHNIA. Hanpumep, HECMOTPS Ha CYLLECTBEHHOE pa3nuune, K OAHOW Tpynne OTHOCATCA Bce OyKBblI A,
Han1caHHble PasNYHbIMK NOYEPKaMK, UK BCE 3BYKM, COOTBETCTBYHOLLME OAHOI 1 TOI Xe HOTe, B3ATOI B Nt060i
OKTaBe 1 Ha /IoBOM MHCTPYMEHTE, a onepaTop, yNpaBnstoLwnii TEXHNIECKUM 0OBEKTOM, Ha Liefloe MHOXECTBO
COCTOSIHWI 06bEKTa pearupyeT OfHOM 1 TOV e peakunei. XapakTepHo, 4To Ans COCTABNEHNUS MOHATIAS O rpynne
BOCMPUATUA  ONpefieNIeHHoro  kfacca [OCTAaTOYHO O3HAKOMWUTBCH C  He3HauuTesNbHbIM KONMYeCcTBOM ee
npescTasuTeneid. PebeHky MOXHO nokasaTb BCETO OAWH pa3 Kakyt-1bo 6ykBy, YTOObI OH CMOT HaWTu 3Ty
OYKBY B TEKCTE, HANUCAHHOM Pa3/IMYHBIMU LUPUAQTAMI, UK Y3HATb e, JaXe eC/I OHA HanucaHa B YMbILLIEHHO
NCKaXXEHHOM BUZe. 3TO CBOICTBO MO3ra No3BONsET ChopMy/INPOBATL Takoe NOHATME, kak 06pas.

O6pasbl 06/1aAaI0T XapakTepHbLIM CBOICTBOM, NPOABASAIOWMMCS B TOM, YTO O3HAKOM/IEHME C KOHEUYHbIM YMC/IOM
ABNEHUIA U3 OAHOTO M TOTO Xe MHOXEeCTBa fAaeT BO3MOXHOCTb y3HaBaTb CKOMb YrOAHO 60/bLIOE YMCIO €ro
npeactasutenei. Mpumepamn 06pa3oB MOryT ObiTb: peka, MOPE, XUAKOCTb, My3blka YaiKoBCKOro, CTUXM
MasKoBCKoro 1 T. A.

KOMMNbHKOTEP. Yenosek B COCTOAHMM MO YacTK 06pasa “yragsieaTh” (CMHTE3MPOBATb B MO3re) BECb 06pa3.
Mpn 3TOM B KQ4eCTBE YaCTW MOXET BbICTYNaTb HEKOTOPbIA (hparMeHT (Mn hparMeHTbl), HEKOTOopas
NPOEKUMs MHOTAa “HeoXuaaHHas", HEKOTOpbIA acnekT (3anax, BKyC, TaKTWUIbHbIE OLLYLLEHNS, 3BYKOBbIE ...).
Tak uenosek no pparMeHTy ropoga MOXeT “BblUCIUTL" BECh FOPOA. Ha 3TOM OCHOBaHbLI MHOTME 3arafku.

Mo3TOMYy B BbIUMCANTENBHON Cpefe Mbl [AO/MKHbIE MO YacTW HEKOTOPOro obpasa “BbITAHYTL" BCE, UTO
OTHOCKTCA K JaHHOMY 06pasy, Ui accoLyaLmi, CBA3aHHbIE C NOUCKOBLIM (parMeHT oM.

OTyacTy 3Ta 3aKOHOMEPHOCTb MbILL/IEHNS CBA3aHA C KOHCTAHTHOCTbH BOCMpuATMA (CM. pasgen 4).
Mo3TOMy MHOrVe CYMTalT COOTBETCTBYOLLYO ONepauuio HeBOCMPOWU3BOANMOI B KoMMbloTepe. OAHako
“thaiiHpuzep” MHOT4a yAa4HO pacno3HaeT MHOrue 6ykBbl HE3aBMCUMO OT LLIPUATOB, pa3MepoB, A3bIKOB U T.[4.

B KOoMMbOTEPE Mbl aBTOMATUYECKN NEPEXOAUM OT “KUpUnmubl” K “apeany”, “roTudeckomy WwWpnudTy” v T.4.
Ho 3T0, KOHEYHO, elle TO/bKO Hauano.

6. O6LEKTUBHOCTb 1 CYyObEKTVBHOCTL 06pa30B

UE/IOBEK. O6pa3sbl 06nafaioT XapakTepHbIMU 06BbEKTUBHbIMU CBOCTBAMM B TOM CMbIC/IE, YTO pasHble
NoaKn, 06yyaroLIMecs Ha pasMYHOM MaTepuane HabnioaeHUA, 60/bLLIEN YaCTbio OAMHAKOBO 1 HE3ABUCMMO ApYr
0T Apyra knaccuuuupytoT OfHM 1 Te Xe 00bekTbl. VIMeHHO 3Ta 0OBEKTMBHOCTL 06pa30B MO3BOMAET JIOAAM
BCEro M1pa noHUmaTtb apyr gpyra.

Cnoco6HOCTb BOCMPUATMSA BHELLHET0 Mupa B (hopMe 06pa30B MO3BOMSET C ONpefeNneHHON [OCTOBEPHOCTbI
y3HaBaTb OECKOHEYHOE YNC/I0 06BEKTOB HA OCHOBAHWUM 03HAKOMIEHWSI C KOHEUHBIM WX YKC/IOM, a8 0ObEKTUBHBIIA
XapakTep OCHOBHOrO CBOWCTBa 00pa3oB MO3BOMSET MOAENMMPOBATH MPOLECC MX pacno3HaBaHusi. Byayuu
OTpaXeHNeM OGBLEKTUBHON peasibHOCTW, MOHATME 06pasa CTOMb Xe 0OBLEKTMBHO, kak W cama peasibHOCTb, a
NO3TOMY 3TO NOHATME MOXET ObITb CaMo Mo cebe 06LEKTOM CNeLNanbLHOro UCCNef0BaHus.
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C pgpyroii  ctopoHbl, OBPA3 — cy6bekTMBHas MpeACTaBNEHHOCTb MPEAMETOB  OKPYXaloWero Mupa,
00yCn0OBNEHHAs Kak YyBCTBEHHO BOCMPUHUMAEMbIMM MPU3HAKaMW, TaK W TMNOTETUYECKMMM KOHCTPYKTaMM.
SIBNASCbL OCHOBOM ANS peann3alun NpakTUYecKX AeNCTBUA N0 OBNAAEHNI0 OKPY)XAIOLWEro Mupa, 06pas Takke
onpefensieTcs xapakTepoM 3TUX [eNCTBINA, B MPOLECCE KOTOPbIX MCXOAHbI 06pa3 Bigou3MeHseTcs, Bce 6onee
YAO0BNETBOPSAA NPAKTUYECKUM HYXX[aM.

HyXHO ckasaTb, YTO NOAO6HbI XOf MbIC/IM MOXHO 0GHAPYXMTb HE TO/bKO Y (OU3MON0r0B, HO M Y MCUXO/OrOB.
CnefcTBIMEM €ro AB/IAIETCA TO, YTO B MCUXOMOMN TEPMUH "0OBEKTUBHOE OncaHne" ynotTpebnseTcs B kauecTse
CMHOHMMa TepMuHa "dom3monornyeckoe onucaHuwe", a "McuxonorMyeckoe” - B Ka4ecTBe  CMHOHMMA
"cybbekTUBHOE",

KOMMBKOTEP. Cy6bekTMBHOCTbL 06pa30oB, Npexae BCEro, onpeaenseTcs pasnnunem “ecTecTBeHHo B3”
(kaKk [eknapaTWBHOW, Tak 1 MNpOLEeyPHON KOMMOHEHT) Yy pasHbIX /iofeid. ECTb A HeobxoaumocTb
O0TpaxaTb 3Ty 06LLyI0 3aKOHOMEPHOCTb B KOMMbTEPHbIX TEeXHOMOrnax? C 0AHOW CTOpPOHbI, Y Nito6oro
MeToda, anropuTMa ecTb aBTop, Kak 4 y nwboid B3. Mo3aToMy COOTBETCTBYHLWAA KOMNbIOTEPHAS
TexHonoruns cy6bekTueHa. C Apyroi CTOPOHbI, MOTPYXEHNE B BbIYMCIMTE/bHYIO Cpedy COOTBETCTBYHLLMX
3HaHWA OCYLLECTBNSETCA TOr4a, Koraa 3Ty 3HaHuUs yxe anpobupoBaHbl 1 “fokazani’” CBO 3PMEKTUBHOCTb
B TEX WK MHbIX NpoLeccax, N03TOMY YXe CTal B HEKOTOPOiA Mepe 00bEKTUBHLIMM.

Pa3fnyHble KOMMbIOTEPHble CUCTEMb (CO3AATENN-TO pasHble!) OfHY 1 TY ke (DYHKUMIO MOTYT BbINOMHATb
pasinyHo. Ho B OT/MuMe OT /Iofeid, Mbl MOXEM OOMEHMBATLCA KOMMbIOTEPHbIMU B3, 06beANHATDL UX,
L0NnoNHATL B3 CBOEro KommnbloTepa “uyMMmn” 3HaHUAMM.

7. EQUHCTBO Lieneii 1 cpeacTs

YENOBEK. MpuHuMn pasfenexus CPeAcTs U Lenen, T.e., Ta uaes, YTo OAHa Lenb MOXET ObiTb AOCTUrHyTa
MHOXECTBOM CMOCcO60B, & OAHO CPEACTBO MPUMEHEHO NS AOCTUXKEHMS pasHbIX Lieflel IEXNUT B OCHOBE BCEX
BM/IOB 4eNoBeYeckoin aestenbHocTi. B [Mpyakos, 2004] noguepkmBaeTcs, YTO NPUHLMN pasfeneruns Lenei u
CPeAcTB HENpUMEHUM A1S NOHUMaHUS 4YeNOBEYECKOro MbllieHus. B oTBeT Ha TpebOoBaHWA cuTyauun Mo3r
BCerga OfHOBPEMEHHO (DOPMUPYET Lefb U CpeAcTBa /1 ee LOCTUXEHUS. IT0 MPOUCXOAUT B mpouecce
camoopraHusaumm B ONpefesieHHbIX CTPYKTypax mMo3ra, NMpuyeM Mpouecc camoopraHvsauuy npoTekaeT Takum
00pa3oM, 4To6bl MUHUMU3NPOBATL 3aTpaThl Ha (DOPMUPOBAHME Lienn 1 cpefCcTB. Mog Lenblo, B JaHHOM Cryyae,
He 06s3aTe/lbHO MOHUMAETCS, Kak 3TO [enaeTcs 00blYHO, KakOA-TO OCO3HABaeMblil pe3ynbTaTr, a fio6oi
COCTOSIHME, KOTOpOe [O/MKHO ObITb A0CTUTHYTO. CpeAcTBO - 3T0 Ntob6as akTUMBHOCTb, Heobxoaumas [nnis
LOCTVXXEHNA LieNn: Takas akTUBHOCTb MOXET 0CTaTbCS HEOCO3HAHHOMW, & MOXET BbINTLCS B AUCCEPTALMIO UK B
MeMopaHAym Mo MOAroToBke K BOMHE. CamoopraHu3auusi - MpoLEecc COBEPLIEHHO aBTOMATUYECKUA W He
nojfaeTcs Co3HaTeIbHOMY KOHTPOSI.

rMnoTesa 0AHOBPEMEHHOTO (hOPMUPOBAHMS 0OBSICHAET eXEAHEBHYH PALMOHAIbHOCTL TEM, YTO MO3T MbITAETCS
CTPOUTb JOCTUXMMbIE LEMM C MUHMUMaIbHBIMM 3aTpaTamu, a MpUBbIYHbIE CMOCOOLI AECTBUIA kak pa3 U
MO3BO/ISIOT MUHUMIU3NPOBATL 3aTpaThbl HA CAMOOPraHM3aLuio.

KOMIbIOTEP. OTHoOLeHUs “Uenb—CpeicTBa LOCTKEHUA" HA Pas/NYHbIX YPOBHAX aBTOMAaTW3aLmMmu BCerga
MOZENMPOBASIUCH B UHTENNEKTYaNbHbIX (W MHTENNEKTHbIX) cucTemax ynpasneHus [Bacunbes, 2000].

B HacToslee Bpems npo6nema MOAENMPOBaHWA LenenonaraHs BcTana € 0C060i OCTPOTOM BBUAY
Jeknapaun HOBOr0 HayyHoOro HanpasneHws “LleneycTpemsieHHble cUCTeMbI”. BMecTe ¢ TeM B pamkax
npobnemMaTukn MynbTWareHTHbIX CUCTEM 3TOi npobnemoil (aHain3 pPecypcoB [JOCTWKEHUS Lenen,
NnaHupoBaHne, MpUHATWE pPeLIeHnid, MOoAeMpoBaHNe NOCNeACTBUA COOTBETCTBYHLWMX AeACTBUIA)
3aHMMalTCA AaBHO (CM., Hanpumep, [Tapacos, 2002)).

8. OTKpbITOCTb 06pa30B

YENOBEK. OfHO M3 CaMblX CNIOXHbIX CBOIICTB 06pa3a — €ero OTKpPbITOCTb [3uH4YeHKo, 1997]. Passutue obpasa
GecKoHeuHo. ECTb aBTOHOMHas XM3Hb 06pasa WM Xu3Hb B 06pasax. ECTb HEKOHTPO/IMPYEMOe camopasBuTie
obpasa, NofobHOe camopasBUTUIO MbIC/K. BktoueHne obpasa 1, COOTBETCTBEHHO, BU3YaSIbHOTO MbILUEHUS B
MCUXOMOTAKD 1 NOTUKY Pa3BMTSI TEOPETUYECKOrO MbILMEHUS NPUOAM3AT nocnefHee K pasymy. BusyanbHoe
MbILL/IEHNe — 3TO Ye/ioBeYeckas AeATeNbHOCTb, NPOAYKTOM KOTOPO SBNSETCA NOPOXAEHNe HOBbIX 06pa3os,
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CO3jaHNe HOBbLIX BU3YaslbHbIX (DOPM, HECYLMX OMNpeAesneHHy0 CMbIC/IOBYIO Harpysky W Aenalowmx 3HaueHue
BUAMMBIM. 3TW 06pa3sbl, KaK 1 CNOBa A3blKa, OT/IMYAKTCA aBTOHOMHOCTbIO 11 CBOOO/0M MO OTHOLLEHNIO K 0OBEKTY
BoCnpusTHA. MNopoxaeHne HOBbIX 06pa3oB, MbIC/EN OCyLLeCTBASETCS 6narogaps CnocoO6HOCTM ONEpPUPOBaHNS I
MaHuMyMpoBaHus obpasamn. VX CTONKHOBEHME W KOH(DMKTbI  BbITEKAKOT WCKPbl HOBbIX  CMbIC/IOB.
[lesaTenbHOCTb BU3yanbHOTO MbILLNEHUSt NPeobpasyeT «rna3 BUAALWMA» B «rna3 3Hatowwmiiy [ApHxeiim, 1973].
O6pa3 Kak fonyLueHue, BCerga runotesa u He ToNbKO NepLenTUBHas, HO N UHTENNEKTyasIbHas.

B pasyme paBHOMPOYHO MNpeAcTaBfeHbl AeiicTBMe, CNOBO (MOHATME) M 06pa3, T.e. pasHble, HO
B3a/MOZOMNOMHAKLME W B3aUMOJENCTBYIOLME OfHA C APYrod Npoekuun peasbHOCTW, B TOM uuCe W
BMPTya/lbHO. K B3aMOAENCTBMIO N K OTBETCTBEHHOMY MOPOXAEHMI0 HOBOTO CMOCOGHBI TOMBKO XWBble 06pasbl,
NOHATUA W fieicTBmMsA [3HueHko, 1997].

KOMMBKOTEP. Mpobnema MoaenupoBaHus onepauuii CO 3HakoBbIMW cucTemamu B cpeguHe 90-x rogos
NPOLLIOro Beka NpuBena K 0TKPbITWI0 HOBOrO Harnpas/ieHus B NpobnemMaTyke UCKYCCTBEHHOMO UHTeNekTa
«MpUKNaHOA CeMMOTUKN». HanoMHUM, YTO B MPUKIAGHOA CEMMOTUKE K TPAaAWULMOHHOW YeTBepke,
OnucbIBaloLLEl (hopMasbHylo CUCTeMy, [106aBNSeTCA elle YeTblpe KOMMOHEHTbI: U3MEHEHUS 3NEMEHTOB
6a30BOr0 MHOXECTBA, WM3MEHEHUS akCUOMaTWKW, MOAVCMKALUMM MpaBWI CUHTAKCUYEeCKOro BbiBOAA W
CEMAHTUYECKO KOPPEKTHOCTU. 3HaK SBNSETCA 4YacTHbIM cnyyaem obpasa. [03TOMy, OTKPbITOCTb
3HaKOBbIX CUCTEM MPUKNAAHOA CEMUOTMKA elle B OOMblUeil Mepe XapakTepHa s CUCTeM 06pasHoro
MblneHns. OCHOBHAA CMOXHOCTbL MOAEMMPOBAHUA CMIOXHLIX CUCTEM 3aKMYaeTCa B OTCYTCTBUMW
3aMKHYTOCTM, XapakTepHon s NobbIX AefyKTUBHbIX, IOPMabHbIX CTPYKTYp. 3TO 03Ha4aeT, 4YTO B
obpase Bcerga MoryT MosBUTLCA HOBbIE KOMMOHEHTbI, HOBbIE OTHOLUEHNS KaK «BHY TP HEr0», TaK 1 HOBblE
CBA3M C JApyrumu obpasamu. HekoTopble KOMMOHEHTbl MOryT YAanATbCA (KaKk M OTHOLIEHMS),
MoanchuumposaThes. Bee aTu hakTopsl 3acTasunn B.M.3MHYEHKO Ha3BaTb 06pa3 «ku1BbIM». HO, BMECTE C
TeM, B Kaxfblii MOMEHT BpemeHu o6pasbl 06/1aaoT LeNoCTHOCTb, AOCTATOUHON AN NPOBEAEHNs Haf,
HUMW HEKOT OPbIX Onepauuii uwnn ycTaHoBIEHUS ONpese/neHHbIX O THOLLEHNA.

Mo3ToMy, B BblYMCMTENBHON Cpese MOryT MOLENMpPoBaTbCA HEKOTOpPble /ULb HEKOTOpble (hparMeHTbl
(«0CTPOBKM») (hOPMANbHOr0 NPeACTaBNeHns 06pa3oB 1 onepauuii ¢ HUMW. B Lenom 3Ta npobnema BeposTHO
B 0603puMOM ByLyLLeM pelueHa He OyfeT. 3aMeTuM, OHa CNOXHA W 418 NCuxonoros [3uHueHko, 1997, Menx.
npouecchbl, 2004] .

9. HeueTkoCcTb 06pa3oB

YENOBEK. 3Ta npobnema 06pasHoro MblllieHns aHanm3upoBanack B [BanbkmaH, 2003].

1) O6pa3 B namaTh, YTOObI UM MOXHO GblN0 NOMIb30BATLCS, 0653aTENBHO AO/MKEH BbITh HEYETKUM. ECK Gbl
00pasbl ObIM MOMHOCTHIO AETaNM3NPOBaHbl, Kak hoTorpacdi, OHW He MOrAM Bbl CAYXWUTb ANA XPaHEeHUs
HEMO/HON MH(hOPMALK, KOTOPOIA Mbl B OCHOBHOM Onepupyem. KOHTEKCTbl BCerga OnpeaensitTcs OAHON 1an
HeckoNMbkMM  (hpazamu. C NOMOLLbK AcCOLMATMBHBIX OTHOLUEHWIA Mbl CaMu  «JOMOSHSEMY» U CTPOUM
COOTBETCTBYHOLME 06pa3sbl. CnefoBaTenbHO, 11 KOHTEKCT BCEra HEMosOoH, HEOAHO3HAUEH, HETOYEH.

2) C Hawel TOYKM 3pEHNS 3Ta HEYeTKOCTb 06pa30B (WX TEKCTOB M KOHTEKCTOB) SBNSETCH WX OCHOBHOIA
XapaKkTepuCTUKOIA, OT/IMYaIOLLEN UX OT OCTasIbHbIX BUA0B 06pa30B. /1060i «BHELLHUAY 06pa3, NpesCcTaBNeHHbIN
(3athMKCMPOBaAHHBIA) Ha KakoM-Mb0 HocuTeNe C NOMOLLBID HEKOTOPOrO A3blka WM CUCTEMbI 3HAKOB, BCErga
ABNAETCA YeTKUM. HeueTKoCTb 06pa3oB, KOTOPbIE BO3HUKAIOT Y HAC NPy BOCMIPUATAN (M UHTEpNpeTaLmm) Tex
WM MHBIX laHHBIX ABIAETCA PE3y/bTaTOM UX TPAKTOBKM.

3) AMeHHO HeyeTKOCTb 06pa3oB 06ecneymBaeT BO3MOXHOCTb XPaHEHUS B NaMATU YesoBeka TakuX OrPOMHbIX
00bEMOB 3HaHWA. HEYeTKOCTb M HENosHoTa 06pa30B 06YCNaBNMBAET MHOXECTBEHHOCTb WX CBSI3EN MeXAy
co60i. [103TOMYy MOXHO T[OBOPWUTb O CWMIbHOM B3aMMOCBSA3AHHOCTM pa3fiNyHbIX 06pa3oB. CunbHas WX
B3a/MOCBSI3b MHOXXECTBOM OTHOLLEHWIA SIBNSIETCS OCHOBOIA aCcCOLMATUBHBIX, MHTYUTUBHBIX BbIBOAOB U SBNSETCS
OCHOBOM 06Pa3HOr0 MbILNEHUS. V/IMEHHO MHOXECTBEHHOCTb, HEOAHO3HAYHOCTb M HEOMpEeAeNeHHOCTb
OTHOLLEHWI 06pa30B 06ecneynBaeT IBPUCTUYECKIE MPOLIELYPbI MbILLIEHNS.

4) HeyeTKOCTb, HEMOMHOTA, HEOAHO3HAYHOCTb M HEONPeAeNeHHOCTb OTHOLLEHWIA onepaLnii Mexay coboii
00pa3HOTO  MbIWNEHNS  ABASKOTCA 6a30ii AN HETpPUBMA/IbHbIX PELUEHWA, TBOPYECTBa, NPEOAONEHMS
CTEpeoTHNOoB.
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5) Takue onepauuu, kak KOHLEHTPAUWA W BbITECHEHWE, BbISBNIEHUS CXOACTBa-pasinuva (W, BUAMMO, BCe
«OCTa/bHble» Onepauyum 06pa3HOT0 MbILLIEHUS) B KauyecTBe ONepaHZoB WCMOMb3YHT TOMbKO HEMOMHbIE,
HETOYHble, HEOAHO3HAUHble, HeLoomNpedeneHHble, HeuyeTkue o6pasbl. Takne Xe 06pasbl ABNAKTCA
pe3ynbTaToM 3TUX onepavuii.

6) HeueTKOCTb, HEMONHOTA, HEOAHO3HAYHOCTb U HEOMPedEeNeHHOCTb 06pa30B 0becneynBaeT BO3MOXHOCTb
paboTbl N [OCTUXEHWUS B3AUMOMNOHUMAHNA C OnpeseneHnaMy 0ObEKTOB Ha YPOBHE «OrOBOPHON CEMaHTMKNY.
A TaK onpefeneHHbIX 00beKTOB — 60/bLUMHCTBO.

Cneumanuctbl B 06MACTU KOTHUTWMBHOM NCUXOMOTMN BbIAENSAKT TPU OCHOBHbIX TUMa (CEMAHTUYECKON)
penpeseHTaLMn NOHATUIA B Haleid namMaTi: NOCPEeACTBOM NPOTOTUNA (3TAIO0HA), C MOMOLLbI0 XapakTepHbIX
MpW3HaKoB, NOCPEACTBOM MHOXECTBA TUMNYHbIX 06 bEKTOB.

Bce Tpu TMNa 06pa30B HEYETKMW, HEMOMHbI, HEAOONPEAENEHbl, HETOUYHbI. 3TasoH CTPOUTCS TaK, YToGbl emy
COOTBETCTBOBA/I0 MHOXECTBO «BHELIHNX» 06pa3oB. Mo3ToMy Heo6XoAuMa BapyabeNnbHOCTb ITaNOHHOO
06pa3a. MOXHO rOBOPUTb N O HEOAHO3HAYHOCTM, HETOUYHOCTM, HENONHOTE 3TanoHa. CUHTE3 06pasoB Ha
OCHOBE 6a30BbIX MPVU3HAKOB, NPEANONAraeT CyLLECTBOBAHIE APYTIX XapakTepUCTUK 06bekToB. CrefoBaTeibHO
M 3TOT 06pa3 06N1afaeT HeNoNHOTOI 1 HEJ0ONPeAeNeHHOCTbI0. DaKTUUecku 3TOT TUN 06pasa NpeacTaBnaeT
co6oii arperaTHoe OTHOLLEHIe. TPETMil TUN penpe3eHTaLmi — POf0-BINA0BOE OTHOLLEHNE. MHOXECTBO TUMMUHBIX
06bEKTOB HEMO/HO 1 HE00MPEeaENEHO.

Tenepb OGN BbIBO;:

O6pa3Hoe MblILIEHNE B 3HAYNTE/bHOW CTEneHn (ecsn He MOMHOCTbIO) onupaetcs Ha HE-hakTopbl, kak B
NpesCcTaBfieHMn OOBEKTOB W WX OTHOLIEHUSX, Tak W B onepauusx C HUMU. BbiTb MOXET — 3T0 rnaBHas
XapakTepucTuka 06pasHoro Mbllnesns. HE-aktopel 1 pabota B UX YCMOBUAX HE CNabdocTb (UK HeLOCTaToK)
06pa3Horo MblLLIeHus, a ero cunal

KOMMBbIKOTEP. [Ons wmogenvposauns HE-thakTopoB (cM. [Hapubauu, 2003]) B HacToALee Bpems
pa3paboTaHo HECKONbKO, APEKTMBHBLIX B YACTHBIX MPUIOXEHUAX, (DOPMasbHbIX annapaToB: HeyeTKas
MaTemaTWuKa, HeNpOCe T, UHTEPBaANbHbIA aHanu3, reHeTUieckue anropuTmbl 1 T.4. OAHAKO, HE BCE OHM
aflekBaTHbI PeLLeHnto NpobnemMaTrkn MOAeNNPOBaHNs 06pa3HOro MbILLEHWS, B YaCTHOCTM, NOTPYXeHus B
BblUMCNINTENbHYI0 Cpefy 06pa3os (KoTopble «obpocin HE-thakTopamu BCneCTBIe CBOE NPUHLMIMANBHOI
OTKPLITOCTU»). HO, rnaBHoe, Mbl eLLe He KOHLA pa3obpanuchb, YTO COBCTBEHHO HaA0 34eCb MOLENNPOBATD.
«CnoBecHbIX 3TWKeTOK» Maslo, Hafo YeTKO OnpedennTb WX CMbICN B MPUIoXeHUW K obpasam. Torga
BCTaHeT npobrema — KAK aTO MogenmposaTb. W, BO3MOXHO, 6yayT paspaboTaHbl COOTBETCTBYIOLLME
(hopMaUibHble annapaTbl.

10 «JleBble» 1 «npaBble» 06pasbl

YENOBEK. [lBa TMna MbIlUAEHUs, IBE CTPATErMn nonyllapwii... B HopManbHbIX YCMOBUAX MEXOY HUMU HET
aHTaroOHM3Ma, HET KOHKypeHuun. OHW TeCHO COTPYAHWYAOT, B3aMMOZENCTBYIOT, AONOHAA W oborawas
Apyr apyra.

CornacHo 3Toii KOHLenLUuu, 1eBoe nojyLwapue U3 BCero 06umns peasbHbiX 1 NOTEHLMabHBIX CBA3E BblOUpaeT
HEMHOTIe BHYTPEHHE HENPOTUBOPEUMBBIE, HE UCK/TIOUatoLLMe APy ApYra, U HA OCHOBE 3TWUX HEMHOTMX CBSA3Ei
CO34aeT OfHO3HAYHO MOHMMAEMbIA KOHTEKCT. [peKpacHbIM MPUMEPOM TakKOTO KOHTEKCTa SBNAETCA TeKCT
XOPOLUO HAMMUCaHHOTO y4ebHMKa N0 ecTecTBEeHHbIM HaykaM. OfHO3HAYHOCTb 06eCneymBaeT Takke /I0rMyeckuin
aHa/M3 NpeaMeToB W SBMEHWIA, NOCNe0BaTeIbHOCTL NEPexoAa OT OAHOTO YPOBHS PACCMOTPEHUS K 4pYromy.
Mpn 3TOM BCe OCTa/IbHbIE CBA3M, CMOCOBHBIE YCNIOXHUTL U 3anyTaTb KapTUHY, CAeNaTb ee MeHee onpeAeneHHo
1, ynacu 60xe, BHyTPEHHE NPOTUBOPEUMBOI BCE 3TU CBA3M HEIXANOCTHO YCEKAIOTCS.

MpaBoe nonyLapue 3aHATO NPSAMO NPOTUBOMONOXHOW 3afadeil. OHO «CXBaTbIBaeT» PeasbHOCTb BO BCEM
boraTCcTBe, NPOTMBOPEUNBOCTM N HEOAHO3HAYHOCT U CBA3EI 1 (hOPMMPYET MHOM03HAYHbIi KOHTEKCT. Peub,
BO BCAKOM C/lyyae, peyb He MoaThyeckas, NPUHLUMNUANIBHO He NpedHasHayeHa A1 nepefayun U BbIpaXeHus
Takoro KOHTEKCTa, MOCKO/IbKY CTPOUTCS MO 3aKOHaM /1eBOMOYLIAPHOTO MbILUEHNS. IMEHHO NO3TOMY «MbIC/lb
N3peYeHHan ecTb NI0XKb». HakoHeLl, BCe TO Xe caMoe OTHOCUTCS K MONbITKE ONUCAHWA YyBCTB U MEX/INYHOCTHBIX
OTHOLLIEHWIA, KOTOPbIE Y HOPMasibHbIX, NCUXNYECKN 3[40POBbIX /I0AEl BCerga MHOro3HauHbl [PoTeH6epr, 1999].

06a nonyLapns BbINOHAKT PaBHO BaxHbIe PYHKLMM. SleBOe NonyLiapue ynpowaeT MUp, YTOBbI MOXHO GblNo
€ro nNpoaHasM3NpoBaTb 1 COOTBETCTBEHHO MOBMMATL HA HEro. paBoe Monylapue CXBaTbiBAET MUP TakuM,
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KaKOB OH €CTb, 1 TEM CaMbIM NpeogosieBaeT orpaHN4eHnA, HaknaablBaemble JIEBbIM. bes npasoro nonytapusa
Mbl MpeBpaTUINCb Obl B BbICOKOPa3BUTbIE KOMMbIOTEPbI, B CYETHblE MallWHbl, TLETHO MbiTalOLWNECA
I'IpVICI'IOC06I/ITb MHOr03HaYHbIN 1 TEKyLII/II\/lI MUpP K CBOMM OrpaHM4YeHHbIM nporpammMam.

KOMNbHKOTEP. Mcuxonorn o06pasHoe MbILLIEHNE CBA3LIBAOT C NPOLECCaMi NMPaBonoyLWapHOro MbILLIEHNS.
W, kak npaswuno, onepauun cuHTe3a 06pasa B NaMATH M reHepauun 06pa3os B NpoLEecce KOMMyHUKaLMA He
OTHOCAT K NPaBomno/yLwapHOMy MbILLEHN0. 3aMeTuM, 06e 3TU onepauun 0THOCATCA K MOAEMPOBAHNIO
OTHOLLEHMIA «CUCTEMbI» 06pPa3HOT0 MbILLNEHNSA C BHELLHEN cpeaoi.

B KOMNbIOTEPHbIX TEXHOMOTMSX K MOAENMPOBAHNID 0BPA3HOr0 MbILLJEHUS Mbl OTHOCUM OTpPaXeHue B
BbIYUCNIMTENbHON CPefie BCEX NPOLIECCOB, CBA3aHHbIX C 06pasamu (B LUMPOKOM CMbIC/Ie).

Haw wHTepec K uccnefoBaHuWsM NCUXOM0roB B 3TOW HayyHoW obnacTu 06ycnoBneH Asyms uensmu. Bo-
nepsblX, B MPaBOM MO/ylapuu NPONU3BOAATCA Havbonee 3HauMMble 1S MHTENEKTYasbHbIX MPOLECcCOB
onepauun. Bo-BTOpbIX, Mbl HafEEMCA MCMNONb30BaTb pe3yNbTaThbl PaboTbl MNCUXONMOroB, Tenepb W
korumTonoros [Conco, 1996] B cozgaHny atpdhek TUBHBLIX KOMMbOTEPHbIX KOMI/IEKCOB.

Hanpumep, aHann3 BO3MOXHOCTYW MOAENMPOBAHUA B BbIYUCAMTENBHON Cpefe MOALEPXKM LENOCTHOCTM
Hef00npeaeneHHbIX «npasbix» 06pa3oB W X MyNbTUKOHTEKCTHOCTY (MHOrO3HAYHOCTK) YXe ceityac MOXHO
cchopmynMpoBaTh Kak Npobremy.

CneunanncToB B 06n1acTi MCKYCCTBEHHOrO MHTENNeKTa faBHO MHTepecoBan BOMPOC: Bcerga nu obpas
pacnafaeTcs Ha KOMNOHEHTbI (MPU3HAKM, XapakTepUCTMKIA, CBONCTBA). TaK, OAHO U3 MHOMUX OMpefeneHuil
MoHsTMS obpasa daHo B  [Knaukw, 1978]: «O6pas — 3TO KOH(DMrypaums M3 HECKONbKUX 3MEMEHTOB,
COCTaB/SIOLLMX HEKOE LIeNnoe».

Tenepb MOHSTHO, YTO «€Bble 06pasbl» COCTOST W3 OTHE/bHbIX 3NEMEHTOB (M3 HEKOEro CroBaps,
Hanpumep, rpadem unn Mopgem). 1 aToT o6pa3 BCeraa HaxoauTCs B OAHOM KOHTEKCTE MHTepnpeTauum.
«MpaBble 06pasbl» — HeKas LENOCTHOCTb, CYLIECTBYIOLAsA OJHOBPEMEHHO BO MHOTUX KOHTEKCTax
MOHMMaHMs. I Tonbko nopfepkka TECHOro B3aMMOAEACTBUS «/EBbIX» W «MpaBblX» 06Pa30B MOXET
obecneunTb 3PEKTUBHOE MOAENMPOBAHME 06PASHOrO MbILWNEHNs. MpU 3TOM B3aMMOAECTBIUE [OMKHO
6bITb AELEHTPan130BaHHbIM.

3akntoueHne

Mbl NpU3HaeM OTCYTCTBME B MaTepuanax KOHCTPYKTMBHbIX PELUEHWA MO CO34aHMI0 COOTBETCTBYHOLLMX
nporpamMmMHbIX komnsekcoB. Monaraem, npo6aema cnoxHa, 1 TpebyeTtcs elle 60Mblas aHanmTNyeckas pabora.
MpeacTaBneHHbIA MaTepuan B 60/bLLEH Mepe SBASIETCA NPUTNALLEHUEM K ANCKYCCUN C 0603HAYEHUEM €€ TEM.

P. S. MoNHbIA TEKCT CTATbU COAEPXUT ABAALATL CTPAHULL. XKenatoLme MOryT NoNyYuTb ro 3NEKTPOH. NOYTON.
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MOZE/IN BUOPUTMOB B3AUMOZECTBUS
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Abstract: Models of associative connections of functional sites of a bark of a brain of the person are described
during processing the touch information.

Keywords: a robotics, models, associative connections.

BeefeHue

OOHAM M3 OCHOBHbIX HampaBfieHWA Pa3BUTUS POGOTOTEXHMKNA SIBMSIETCS BO3MOXHOCTb NpuAaHusi poboTam
HaBblkOB M YMEHWA uenoBeka, CrOCOBHOCTEN K CyXAEHWSM C  MOCAedyloWnM BbITECHEHUEM WA
COBEpLLUEHCTBOBAHMEM YXe CYLIeCTBYOLle TexHonmoruu. PelweHne 3Tux 3agady  TpeGyeT  Haimums
MaTemaTuyeckux Moaeneil U3ydaeMblx SIBNEHWIA, NO3BONSIOWMX MPUMEHSITb  KOMNYECTBEHHbIE METOAbI
NCCNeA0BaHMS 11 OLEHNBAHNS.

Heo6X0aMMOCTb  NMPUMEHEHMSI POBOTOTEXHUYECKMX CUCTEM B MPOM3BOACTBE AMKTYETCS, B OCHOBHOM,
CredyoLyMU NPUYMHAMU: 3HEpreTYeckine 3aTpaThl UAM YCMOBMS BbINOSHEHWS PaGOTbl Henpuemnembl Ans
YeroBeka; BbINOMHEHME OMepaLuv BpyyHylo He oGecrneunBaeT TPebGyeMoro KauecTBa; SKOHOMUYeckas
LIeNecoobpasHoCTb  BHEPEHUS B MPOM3BOACTBO 60NeE  COBEPLUEHHBIX TEXHOMOMMIA.  [lns ycnewHoro
(DYHKUMOHMPOBAHMSI  POBOTOTEXHUYECKMX CUCTEM  BblABUraloTCs  06WMe TpeGoBaHWS  MOAENMPOBAHMS,
NEPCNEKTUBHOTO MTAHNPOBAHIS 11 ONEPATMBHOTO YNPaB/EHNs! B PeasibHOM MacluTabe BpeMeHu. Bocnpusitiie u
NHTepnpeTaLus AaHHbIX 06 OKpyXaloLlel 06CTaHOBKE WrparoT BaXHENLLY0 posib NpW ynpaBneHn AeACTBUSMM



46 1.1. Conceptual Modelling of Thinking

afjanTnBHOIO po60Ta [1] OcCHOBHbIE QJyHKLl'I/II/I CeHCOpHOI\/I CMCTEeMbl 4YesioBEKa W XMBOTHbIX COCTOAT B

06ecrneyeHMn BO3MOXHOCTM OBHapYXeHWs, pasnueHus W OMO3HAHWA CUrHA/IOB BHEWHero Mupa, T.e.
(hOpMUPOBAHMM CEHCOPHBIX 06pa30B. B CBOKO 0uepesb, peasim3aums aTUX PYHKLMIA NPUBOANT K Onpese/ieHHOMY
COCTOSIHMIO W (WNW) ABUraTeslbHOMY MOBELEHWNIO XMBOTO OpraHu3ma. Mpu 3TOM OLEeHKa CBOEro NoBefeHWs W
NOBEeAEHUS BHEWHUX OOBLEKTOB SBNAETCA OCHOBOW MblNeHUs. BblaeneHne nonesHoii mHopmaumm 13
CUTHA/IOB [aTuYMKOB TEXHWYECKOrO O4YBCTBNEHWS U ee 06paboTka CnocobHbl Aatb poboTamM BO3MOXHOCTb
cobupartb, OLEHNBATbL 1 aHaIM3MPOBaTh faHHble 06 OKpyXaloLen cpefe B pamkax (DYHKLMOHa/IbHbIX MoAeneii
WHTENNEKTYasIbHbIX CUCTEM, NOBEAEHYECKM aHaNIOTYHbIX YenoBeky [1].

MocTaHoBKa 3aaun. Lienbto paboTbl ABNSETCA CO3AaHNe MaTeMaTUYeckux Moaenei, NPUroAHbIX ANs nporHosa
peakLun MHTENNEKTyanbHO CUCTEMbI POBOTA NPK BOCMPUSTUM W MHTEPNpeTaLmu pasfnyHoii MHGopMalum —
CBETOBOW, 3BYKOBOIA, KOHLIEHTPALMOHHON (3amaxoBoii), a Takke onpeaenieHne BO3MOXHOCTM MCMO/b30BaHNS
MoMyYeHHbIX MOAeNeid ANs yBEeNMYEHUS CKOPOCTW 3TOi peakuun. [Ns peannsauum NocTaBNeHHOW 3afaun
NCNO/Nb3yeTCsl CMCTEMA PErpeccUOoHHbIX MOJIMHOMOB, XapakTepu3yioLlas akTUBaLMI0 Pa3fnuHbIX Y4acTKOB KOpbI
TO/I0BHOTO MO3ra Ye/oBeKa, HampaBfEHHOCTb UM CTEMEHb B3aMMOAENCTBMSI MEXAY YydyacTkamu Kopbl,
MEXMONYLIAPHY (YHKLMOHA/IBHYIO aCUMMETPUIO 11 MEXNONYLIAPHbIE CBSA3N Y4aCTKOB KOPbI, BO3HUKALOLLME NOf,
BAIVSIHNEM Pa3/INYHbIX BHELUHUX Pa3fpaxuTeneil.

OCHOBHas YacTb

CeHcopHas cucTeMa 4enoBeka — 3T0 COBOKYMHOCTb BCMOMOraTe/bHbIX 06pa30BaHuii, peLenTopoB, HEPBHbIX
NyTen 1 LLEHTPOB, PasfpaxeHne KOTOPbIX NPUBOAMT K NOAB/IEHMIO CNELUgNIECKOro YyBCTBa, XapakTepHOro Ans
[laHHON CEHCOPHOM MOAA/IbHOCTH, T.e. /1 [aHHOro Tuna pasapaxutens. CeHcopHas cucTema BbICTynaeT Kak
onpefeneHHas NoKaN30BaHHas aHaTOMUYeckas CUCTEMa, BbINOMHAKWANA Cheunan3npoBaHHyo (yHKLMIO
0BOHapyXeHus 1 npeobpasoBaHns MHOPMAaLMU B HEPBHBINA KOZ, B KOTOPOM 3ak/l04eHa COBOKYMHOCTb OMMUCaHMS
NMPU3HAKOB BOCMPUHIMAEMOTO 06BEKTA UNW AB/IEHNA. B HACTOALLee BpeMs OCHOBHble faHHble N0 hn3nonorum
CEHCOPHbIX CUCTEM MOYYEHbI C NOMOLLbIO ABYX METOL0B — NCUXOU3NYECKOr0 1 3N1eKTpoM3nyeckoro. Mep.biii
13 HUX [aeT NpefCcTaB/eHne 0 paboTe CEHCOPHON CUCTEMbI B LIESIOM, BTOPOIA BbISIBNSIET aHA/INTUYECKME AaHHble
0 paboTe 60/bLIMX COBOKYMHOCTENA WAWN OLWHOYHBIX CTPYKTYPHBIX 3/1EMEHTOB, COCTAB/AKLWMX CEHCOPHbIE
cucteMbl. Kpome 3TuX NMOAXOAO0B faHHble O LEATENIbHOCTU CEHCOPHbIX CUCTEM MOJyHYEHbI C MOMOLLBIO APYriX
aHa/IMTUYECKNX METOZ0B: GUOXMMUYECKMX, (DAPMaKOOrMyeckux i MopgoIorNyYeckiX (HanpuMep, ycTaHoBeHe
CUCTEMbI CBS3EeN MeXAy CEHCOPHbIMM LieHTpami). Mpu 3TOM BCE NEPEYUCNEHHbIE Bbille METO/b! HanpaB/eHb!
Ha BbICHEHME [ABYX [MlaBHbIX BOMPOCOB: @) KaKOBbl BO3MOXHOCTU CEHCOPHOM CUCTEMbI Npu POPMUPOBaHIN
CEHCOPHbIX 06pa3oB 1 UX Ono3HaHuu; 6) kakas 06paboTka MH(hopMaLMU O BHELUHEM CUTHas1e MPOUCXOANT B
CEHCOPHOM cucTeMe /1 3TOro 0no3HaHus. CornacHo on3MooTYeckux AaHHbIX 3a 06paboTky UHGopMaLU,
MoCTynatLLeil OT CEHCOPHbIX CUCTEM U peain3aumio PYHKUMA CO3HAHMS, peunt, MbINEHUS (MOHUMaHUS W
MaHUMy/IMPOBaHNA MOHATUAMM), NaMmAT (BKIKOYas Npouecchbl 06y4veHus), SMOUMIA Y 4YenoBeka OTBEYarT
CTPYKTYpbI, /OKa/IN30BaHHbIE [NaBHLIM 06pPa3oM B HOBOW KOpe rOMOBHOTO MoO3ra (HeokopTekce). lMpouecc
(hOpMUPOBaHMA HOBOW KOpbl CBA3aH C MPEeACTaBUTENbCTBOM BCE COBOKYMHOCTWM CEHCOPHbIX CHUCTEM.
XapakTepHOii 4epTOii KOPKOBOW MPOEKLUWN CEHCOPHBIX CUCTEM SBMSIETCS UX MHOXECTBEHHbIA XapakTep
NPeACcTaBUTENbCTBA B KOpe. PasrpaHnunBaloT nepBuYHble, BTOPUYHbIE U TPETUYHbIE MPOEKUMM. TepBUyYHbIE
NMPOEKLMM ABNAKOTCA OKOHYaHWEM ObICTPONPOBOAALLMX CEHCOPHbIX KaHa/I0B U OTBEYAIOT 3a Npuem n 06paboTky
CUTHANBHON MHGopMaLum. OHM WMEKT [OCTaTOYHO ONpefefieHHble TpaHuuUbl B Npefenax HeokopTekca.
MepBuYHbIe KOPKOBLIE 30HbI OKPYXEHbI BTOPUYHBIMI 30HaMU TOIA e CEHCOPHOM CUCTEMbI, KOTOPbIE NPUHAMAKOT
WHTETPUPOBAHHYI0 MH(hOpMaLMio. BTOpUYHbIE KOPKOBbIE MOMS HE UMEKT NPSMON CBA3W C Nnepudepuen, B HUX
OCyLLEeCTBASAETCS nepepaboTka MH(OpMaLMM 11 ee CPaBHEHUE C paHee HakonIeHHON MHGopMaLmeii (NamsTbio),
4TO onpeaensieT NPUMOOPETEHHbIN OMbIT. BTOPUUHbIE KOPKOBbIE MOMS OTBEYAKOT 3a THO3UC (CMOCOBHOCTb K
y3HaBaHWIO NONYYEHHOI MHhOPMALMKM NO YYBCTBEHHBIM BOCMPUATUSIM HA OCHOBE OMbITa, NPAKTUKW, HaBbIKA) U
npakcuc (LencTBus pasfNyHON CTENEHU CIOXHOCTM, BblpaboTaHHble HA OCHOBE OMbiTa, HaBblka, NPAKTUKKA 1
3aKpen/ieHHble CTepeoTUnom). HakoHel, BbIAENAT 30HbI MEPEKPbITUA Pa3HbIX CEHCOPHBbIX CUCTEM, Tfe
MPONUCXOANT MEXCEHCOPHOE B3aWMOAECTBME — TPETUuYHble 30HbI WM accounatueHble nons [2]. Oww
06ecrneynBaloT Cr0XHbIe BUAbI LEeATENIbHOCTU: NporpaMMuMpoBaHne [eiicTBUiA, NoBefeHue, UHAVBUAYaNbHbIE
XapakTepuCTUKN YenoBeka. BbiBNeHMe CBA3E Mexmy nepeuncrieHHbIM 30HaMK, BO3HMKAKOWWMX B npoLecce
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npuema 1 06paboTkn CEHCOPHON MHAOPMALMM, MOXET CrOCOBCTBOBATL CO3AaHNI0 TPEBYEMbIX MaTeMaTuyeckux
Mogeneii. Pacnonoxexue fonei Kopbl F0SI0BHOTO MO3ra 1 KOPKOBbIX NOAEN B HUX NOKa3aHo Ha pucyHke 1 [4].
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Puc. 1

B cBoI0 0Yepesb NepBuyHble, BTOPUYHbIE 1 TPETUYHBIE 30HbI BKKOYAIOT B Ce65 KOPKOBBIE NONS, OT/IMYatoLLpecs
Mo CBOEMY CTPOEHMIO U (DYHKLMOHANBHOCTA. Ha OCHOBE OCOGEHHOCTEN CTPOEHWS KOpbl U C YYETOM [aHHbIX
UMTO-, MUENo -, [IN0- U aHrNOoapXUTEKTOHUKW B Heil BblgenstoT 11 obnacteid, Bknoyaowmx 52 nons.
LIMToapX1TEKTOHNYeCKas kapTa Kopbl F0/IOBHOTO MO3ra 4esioBeka no bpoamaHy [4] ¢ 0603HaueHnem Ludpamu 1
BblJie/IEHNEM CreLyasibHbIMW CUMBOIAMU Pa3/INYHbIX MO NPUBEAEHA Ha PUCYHKE 2 (415 NIEBOTO nonyLiapus),
Ha pucyHke 3 (418 NpaBoro nonyLapus).

Takum 06pa3oM, K NepBUYHLIM KOPKOBBLIM MOMSM OTHOCATCS: 3puTENbHOE none — 17; cnyxosble nons — 41, 42;
ob6oHATensHoe none — 11; comaroceHcopHble nonst — 1, 2, 3; MOTOpHOe none — 4 (B HeM UMEETCs yeTkas
Tonorpaguyeckas Npoekums MbllLL Tesa, obecneunsaroLLmMx Haubonee TOUHbIE U pasHoobpasHble ABMkeHNs). K
BTOPUYHBIM KOPKOBBLIM MO/AIM OTHOCATCS: 3puTenbHble — 18, 19; cnyxoBble — 21, 22; 060HATENbHOE — 12;
COMATOCEHCOpHbIE — 5, 7; MOTOpPHOE — 6 (OCYyLLECTB/ISIET BbiCMe ABUraTesibHble (DYHKUMW, CBA3aHHblE C
NNaHNPOBAHNEM W KOOPAMHALMEN NPOU3BOSbHBIX ABKEHMIA). K TPETUYHBIM KOPKOBLIM 30HaM OTHOCATCS MONs
nobHoi obnactu — 8-12, 32, 33, 44-47, a Takxe TemeHHble nons — 30, 31, 39, 40. CurHanbHoe 3HauyeHne MeoT
BCE CEHCOPHbIE CTUMY/Ibl, HO CMOCOBHOCTBLIO ONEpeXartoLero BO3AEHCTBIA 061a4atoT 3pUTENbHbIE U CTYX0BbIe,
a TaKke 0BOHATENbHBIE CUTHabI. PACCMOTPUM rpynnbl NONEN, OTHOCALLMXCS K STUM CUTHa/TbHBIM CUCTEMAM.

3puTenbHas CuUrHanu3auus AN 4enoBeka obnagaeT Hanbonblued dmsnonormyeckon cunoit (okono 80%
NHopMaLN O BHELUHEM MWPE), MO3TOMY CTEMeHb KOPTUKaIM3aLMM 3pUTENbHON CUCTEMbl O4YEHb BbICOKA.
lMepBnYHas 3puTenbHas kopa Haxoautcs B none 17 (puc. 2, 3), BTopuuHble nons — 18 u 19, konbLeobpasHo
OKpYXatoT NepBUYHY0 30HY. VHhopmaums o hopme, LBETE, ABWXEHUW, YAANEHHOM PacnonoXeHu 06bekToB
0bpabaTbiBaeTCA YacTAMM 3pUTENIbHOM CUCTEMbI Kak NOCNeAoBaTesbHO, Tak W napannenbHo. Hawbonee
CNOXHble 00bEKTbl 06pabaThiBaloTCs B acCoLMaTUBHBIX 06N1acTsaX Mo3ra — TpetuyHble nons 30, 31, 33, 39, 40,
45, 46 (puc. 1,2,3), C NOAKMIOYEHNEM NPOLECCOB BHWUMaHMA W NamsATh. Ha BbICWIMX YPOBHSAX 3pUTE/bHOM
CUCTEMBbI MapannenbHo (YHKUMOHMPYKOT [IBE CUCTEMbI aHanmMsa: OfiHa Onpeaenser MecTo npeameTa B
NPOCTPaHCTBE, fpyras ONUCLIBAET €ero MnpusHaku. Korga KOHEeYHble pesynbTartbl MOC/efoBaTesbHbIX W
napasinesibHbIX NPOLECCOB UHTErPUPYIOTCS, BO3HUKAET 3aKOHUYEHHbIN 3pUTE/bHBIA 06pa3 OKpyXaloLLero Mypa.

MepBuuHas cnyxoBas Kopa Haxogutca B nonsx 41, 42. 3ta 30Ha 06ecneynBaeT  MexaHu3Mmbl
HEMnocpeACTBEHHOrO BOCMPUATUA U AUAMEPEHLIMPOBKY 3BYKOB. BTOpUYHAA CyxoBas Kopa Npuneraet CHU3Y K
30He NMepBUYHON Npoekuun — B nonie 22, yactuyHo 21. Haubonee CNOXHblE CUTHa/Ibl PEYEBON CUCTEMBI
06pabaTthIBalOTCS B TPETUUHBIX NOBHBIX NONAX 44-47.
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O60HAHME — NepBOoe YyBCTBO, MOSBMBLLEECS B MPOLECCE BOMOLMN, CaMbIii APEBHUIA BIA, CEHCOPHOM peakuuy.
OHO  (byHKLMOHMPYET B TECHOM B3auUMOLENCTBAM C [APYrUMK CEHCOPHbIMK CuUCTeMamy, obecrneynsas
OPUEHTMPOBKY OpraHu3mMa B npocTpaHcTBe. OCHOBHbIE NONA 0GOHATENLHON KOpbI: NepeaHee 060HATEbHOE
A4po (nepBuyHas 060HATENbHAA Kopa — YacTUYHO none 11); rpylweBnaHas kopa — uUrpaet rnaBHYl posb B
pas/MyeHnn 3anaxos (BTOpUYHas 060HATE bHAA Kopa — yacTuyHo nosne 12) [3].

Puc. 3

MepepaboTaHHasi —Pa3fMYHbIMU ~ BTOPUYHBIMM  KOPKOBBIMM  MOMSMIA  MHADOpPMALMs  WMHTErpupyeTcs B
accouMaTMBHbIX 30HAaX (TPETUYHbIX MOMSX) HeoKopTekca. KiacCuuyeckMe CEHCOpHble CUCTeMbl CO Bceid
CNIOXHOCTBIO X MO3rOBbIX KOHCTPYKLWIA HE CMOCOGHbI 0GecneunTb (YHKUWI OMO3HAHMS CUrHanoB. OHM
BbIMO/HSIOT C/IOXHbIE MPOLIECCHI OMMCAaHWS CUTHAMOB, OCYLLECTB/SS OMepaLuio KOAMPOBaHWS MHGOPMaLMK.
Onepauusi OMO3HAHWS CUrHana, T.e. OTHECEHWS ero K OnpeAeneHHOMy KiacCy CUrHanoB, 3anucaHHOMY
B annapatax namsty, TpebyeT AOMOMHUTENBHOTO YYacTUsi aCCOUMATUBHBIX CTPYKTYP Mo3ra. C NOMOLLbK 3TUX
CTPYKTYp CWUrHa/n OLEHMBAETCS KaKk WHTErPUpOBaHHOE LEMoe, HECyliee 3HauMMyl WHGopMauuio  Ans
[eATENbHOCTY OpraH13Ma — BbINOMHSETCS onepauys AeKoAupoBaHus. MpoucxoauT cenekTUBHbIA 0TGOP OAHMX
BIZ0B MHAOPMALWN C OJHOBPEMEHHBIM COMPSHKEHHBIM TOPMOXEHUEM APYTUX CEHCOPHBIX BANSHWIA. BaxHeiwwas
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WHTErpaTMBHas 4YacTb Mo3ra — /I06Has [0S, perynupyrowas nporpaMMHoe obecneyeHre peun u LBKEHWN
Tena. Mo psagy NPU3HaKOB apXMTEKTOHWYEKME NOS NOBHON 06N1aCcTi 06pasyoT accoLmMaTuBHbIE 30HbI — NoNs 8-
12, 32, 44-47. lnnHHbIe accoupaTuBHbIE BOMOKHA CBA3LIBAKT SI0OHYI0 06N1acTb CO BCEMM APYriMW OTAenamu
KOpbl, Y4TO CO3AaeT YCOBUS /11 MHTETPUPOBAHNA UH(hOpMaLmMK. PPOHTa/IbHbIE 06/1aCTI KOPbI Takke 0TBEYatoT
3a raweHne OpUeHTUPOBOYHBIX peakLyin. TeMeHHas kopa SBNSETCA BbICLUMM LEEHTPOM (hOPMUPOBaHIUS B MO3re
«CXEMbI TeNay, ABNAIOWENCS YPOBHEM OTCYETA KOOPAMHAT BHELUHEr0 NPOCTPaHCTBa. HWKHWE TEMEHHbIe Nons
NMElT Hambosiee TeCHOe OTHOLIEHWE K OopraHu3auun TOHKOAM((EepeHLMPOBaHHbIX NpeAMETHbIX AeCTBUN,
peas3auns KOTopbiX BO3MOXHA TO/IbKO HA OCHOBE 3PUTE/IbHOTO KOHTPO/SA W OPUEHTUPOBKM B MPOCTPAHCTBE.
Mona 39 u 40, BO3MOXHO 37, 3aHMMAIOT NEPEXOAHYI0 30HY, COEAMHSIOLLYIO TAKTU/bHYI0 BTOPWUYHYIO KOPKOBYHO
30HY C BTOPUYHBIMU 3PUTENIbHBIMW 11 C/TyXOBbIMU NonaMW. Mpegnonaraercs, YTo TakTU/bHasA, BECTUOYIApHAS,
3puTenbHasa 1 CyxoBas MHGopMaLms, 06paboTaHHas BO BTOPUYHBIX 30HAX, MHTETPUPYETCS Ha BbICLLEM YPOBHE
B 39 1 40 nongx [2]. Heobxo4uMO yuuTbIBATH, YTO NPABOE 1 SIEBOE MOJYLIAPUA BbINOIHAKT pasHble (yHKLuK,
HO COBMECTHO 06ecneyunBaloT LiesieHanpasneHHoe noseeHne. Mpasoe nonyLwapue KOHTPOMPYET U peryinpyet
CEHCOPHO-MOTOPHbIE M ABUraTe/bHbIE (PYHKLMM NIEBOIA NON0BMHbLI Tena (nons 4-12, 17-19, 30-33, 36), a nesoe -
npason (nona 4-11, 17-19, 21, 22, 37, 39-42, 44-47). Kaxpoe nonywapne obnagaet CO6CTBEHHLIMM
OLLYLLEHUSMM, BOCMPUATAEM, MbICAAMA W WAEAMW, XapakTepu3yeTcs pasHoii 3MOLMOHANBHON  OLEHKOV
NOEHTUYHBIX COObITWIA, pacnonaraet CO6CTBEHHON LENb0 BOCMIOMUHAHMIA 1 YCBOEHHbIX 3HaHWiA, HE [OCTYMHbIX
Apyromy nosnyLwapuio. B onpeaeneHHblx OTHOLIEHUSX KaxkAoe noaylwapue UMeeT npeobnafjatllee MblllieHue:
neBoe — peuyesoe (nons 41-47), npaBoe — 3pUTE/bLHO-NPOCTPaHCTBEHHOE (nons 17-19, 30, 31, 37). Nlesoe
nonywapue obpabatbiBaeT WMHOPMALMID aHaUTUYECKM M MOCNEA0BATENbHO, NPaBoe — OHOBPEMEHHO U
LieNoCTHO. XOTA /IeBOE Moslyllapue OTBEYAET 3a A3blK U peyb, NpaBoe ynpas/sfeT MOHUMaHUEM W HaBblkamu,
CBS3aHHbIMU C MPOCTPAHCTBEHHBIM W 3pUTE/IbHBIM BOCTPUATEM, OHO 06/1a4aeT CNOCOOHOCTbI0 NOHUMATL PeYb,
HO He MOXeT ee nporpammupoBaTth (none 36). JleBoe WU NpaBoe MOMyllapus B PABHON CTEMEHM CMOCOGHbI K
pacno3HaBaH1io CTUMY/IOB BHELIHEro MUpa, HO MO/b3YKTCS pasHbIMW Crnoco6amu UK CTPaTErvsiMU peLLeHus
3afjaus M MMEKT pasHble BO3MOXHOCTW B BbIPAXEHUM Pe3yNbTaToB pPeLIeHMs: A3bIKOBYI — AN /IeBOr0
nonyLapus 1 NPOCTPaHCTBEHHO-3PUTENbHYI0 — A1 NPABOr0. B MHTAKTHOM MO3re NoMyLapus B3auMOLenCTBYIoT
n obycnasnMBalT NpUCNOCO6NSEMOCTb YesloBeKAa K OKpYXatLMM YCMOBWAM Cpefbl, NIaCTUYHOCTb ero
noBseeHus, 0becneunsas LIesI0CTHOE BOCTPUATIE BHELLHErO Mupa 1 camoro cebs [2], [3].

Takum 06pa3oM, BCE CEHCOPHbIE CUCTEMbI MOCTPOEHbI MO NPUHLMNY GunatepasbHOi CUMMETPUU. OCHOBHBIM
MeXaH13MOM MapHON 4eATeNbHOCTU CEHCOPHOA CUCTEMbI ABNAETCA MEXaHU3M (PYHKLMOHAIBHON acuMMeTpun
npy [eicTBAM pa3nMyHbIM 06pa30M NOKA/IN30BaHHbIX B MPOCTPAHCTBE 0OBLEKTOB. MapHas AeATENbHOCTb
CEHCOPHbIX CUCTEM 3aK/IO4YAETCA B CPABHEHWUM NPOCTPAHCTBEHHO MOLENM paHee AeiiCTBOBABLUEro CTUMyna ¢
HOBOIA NPOCTPAHCTBEHHOI SI0KaNn3aLmeid Toro xe ctuMyna. Cuctema CBA3E MeXy accounaTuBHbIMKA NONAMM
obecrneynBaeT TECHOE eMHCTBO 06eNX NOMOBUH acCOLMATUBHON CUCTEMbI U CO3LAET BbICOKYI0 HALEXHOCTb ee
(hyHKUMOHMpoBaHNa [2]. Kpome TOro, mpu BCEM MHOTO06pasiM CTPYKTYp W CBA3e/ OBLMMU NpUHLMNaMK
opraHusauun npu 06paboTke MH(OPMALWMKM B HEOKOPTEKCE ABMAKOTCSA NPUHLMN KOHBEPreHLMN — CyLLEeCTBOBAHMS
MOpPCHONIOrMYeckn  00YCMOBMEHHbIX MHOTOYMCIIEHHBIX CBS3el OT HEWPOHOB PasfMyHbIX  MOAANbHOCTEN,
3aKaHUMBAIOLLMXCA HA OLHOM HEMpOHE, U MPUHLMN AVBEPTEHLMM — MHOTOYMCIEHHBIX NapasiieNbHbIX CBA3ei 0T
O[HOTO HelpOHa KO MHOMMM Apyrum 3a cueT Konnatepasieil. TMpuUHUMNLI KOHBEPTEHUMM U AMBEPrEHLUM
obecneynBaT Ly6nnpoBaHNe nepegaun MHOpMaLK, YTO XapakTepHO Ans GONbLIMHCTBA addhepeHTHbIX
CUCTEM, & TakkKe BO3MOXHOCTb CPOYHOI U MHOTOCTyneH4YaToil nepegayn MHGopmaumu. CpouHble nyTu cayxart
ANS Nepefayn CurHana 0 Ha/Muui pasApaxalollero BO3AENCTBMA, a MHOrOCTyMneHdaTble nyTn ¢ 60MbLUMM
YIC/IOM KOHBEPTEHTHbIX CBA3EH HecyT 60nee NOMHYK MH(OPMAUMIo O pasApaxalollem CTumyne. B BbiCLmMX
0TAenax LEHTPaNbHOA HEPBHOW CHUCTEMbI (HEOKOPTEKCE) MNPOMCXOAUT  COMOCTAB/IEHME  MOCTYNAoLLE
athhepeHTHOI MHGopMaLN O BO3AECTBMM CTUMY/A C OTBETHOM 3phepeHTHON peakLyeii Ha HacTynawLlee
pasgpaxeHue (3chhepeHTHas Konus). ITM KoMK 3apaHee COOOWAT O MpeanonaraeMon  MblLEYHOI
aKTMBHOCTM M O CO3JaBaeMOM €t [ABWXEHWW. OHM MOrYT CAYXWTb ANA YCTPaHEHUS HEOAHO3HAYHOCTY
appepeHTHOI  MHGpopMaumn. LlenoctHas ceHcopHas (yHKUMS Mo3ra 06ecneunBaeTcsi COAPYXEeCTBEHHOI
AEATENbHOCTHH) CEHCOPHbIX, MOTOPHBIX 11 aCCOLMATHBHBIX CUCTEM 1 HaMpaB/ieHa Ha OpraH13aumio aaanTuBHbIX
ABWKEHMIA 1 feicTBUA. Jliobas ncuxodmanyeckas qyHKUMA 3aBUCUT OT OJHOBPEMEHHON PaboTbl HECKOMBKMX
CEHCOPHbIX CUCTEM, TO €CTb ABNAETCA MOSMCEHCOPHON M NO3TOMY €e OLieHKa He MOXET ObITb /IOKa/IN30BaHa B
OrpaHNYeHHbIX OTAenax Mosra. Haubonee nonHass CUrHaAbHas 3HAYMMOCTb (haKTOpa  OKPYXatLLEero
MpOCTPaHCTBA MOXET peasin30BbIBATLCA C yyacTUeM TeX CTPYKTYp Mo3ra, Kyda NpUXOAMT WHdopmaums
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0 (hakTopax Cpefbl, PasHbiX NO CEHCOPHbIM kauecTBaM (MOAALHOCTM CUrHana), TO eCTb M0 MeXaHWU3My
OZHOBPEMEHHOTO FeTEPOCEHCOPHOTO  COMOCTAaBMIEHNs. 3HAUMT, CTENeHb COBEPLIEHCTBA MHTErpaTUBHON
[eATENbHOCTI MO3ra TECHO CBSI3aHa CO CTPYKTYPHOI AndpcpepeHumaLmedi u thyHKUMOHaNbHON cnewuannsaumeit
accoUMaTMBHbIX MO3TOBbIX CUCTEM. TakuM 06pasoMm, ocobasi po/ib acCOLMATMBHBIX CUCTEM - B WHTErpaLum
Pa3NMYHbIX MO (hn3NYeckoil Npupoae (PasHOMOAAsbHBIX) CTUMYMOB B eAMHBIA CEHCOPHbIA 06pa3. CTpykTypa
accoLMaTVBHBIX CBA3EN, BO3HMKAIOLIMX MEX[IY y4acTKamu KOpbl B X0Ae 06PaboTKM pasnnuHoi MHopmaLmm,
MOXET BbITb UCMOMb30BaHA NPU MOAENMPOBAHNM UHTENNEKTYASbHBIX CUCTEM.

B kayectBe OAHOTO M3 OCHOBHbIX METOAOB M3Y4YEHWUS MEeXaHW3MOB 06paboTki MHOpMALMW U ynpaBneHns
NOBELEHNEM YesloBeKa B HACTOsLLee BPeMS MPUMEHAETCA 3MeKTpo3HLedanorpaduyeckoe nccefoBaHmne
(93, pe3ynbTarbl KOTOPOrO NO3BO/AIT AenaTb 3ak/IOUYEHNS O COCTOAHUN KOPbI TOI0BHOTO MO3ra U npoLeccax,
npoTeKalWwmMx B  Heih  (peakumy  nNpobyxAeHus, — akTuBauuu,  TOPMOXeHus u  T.4.).  [Mpu
3NeKTPO3HLedhanorpadmyeckoM nccnefoBaHn U3MEPSIOT YPOBHW CUrHa/I0B CIELYIOWMX OCHOBHBIX PUTMOB
3r: d-putm (1-4 T'u), 6-put™ (4-8 T'y), al-putm (8-13 Ty), a2-putm (9-11 'u), B1-putm (13-20 Ty), B2-puTm™
(20-30 'y). CornacHo (h13MONOTMUECKAM AaHHBIM perncTpauus curHanos 31, B2-puTMoB CBUAETENLCTBYET 06
aKTMBaLMN MccnedyemMoro yyactka HeoKopTekca B mpoLecce npuema 1 06paboTki CUrHauIbHOW MHGhopMaLn.
OCHOBHbIE TOUKI PACNONOXEHUS KOHTPO/bHbIX AATYMKOB OTBEYAKOT HOPMaM MeXAyHapoaHoi cuctembl «10-20»,
B KOTOPOIA COOTBETCTBME MEXAY NOMOXEHNAM KaKAOr0 faTunka C aHaTOMUYECKMW CTPYKTYpamu 1 06nactamu
KOpbl FO/IOBHOrO MO3ra TOYHO YCTAHOB/IEHO PEHTTEHOOMMYECKN, ONPEAENIEHbI UCXOAHbIE TOUKM OTCYETa, yYTeHa
BapnabenbHOCTb aHaTOMUYECKUX CTPYKTYp, @ Takke pasmepoB M (Dopmbl depena. TOUKM PacrosioXeHus
[aTuMKoB COOTBETCTBYIOT TeM 06/1aCTAM MO3ra, Ha KOTopble OHU npoeuupyoTcs: nobHas — Fp1, Fp2 (frontalis),
LeHTpasbHas - C3, C4 (centralis), 3atbinounas - 01, O2 (occipitalis), BucouHas - T3, T4 (temporalis), HeyeTHbIe
WHAEKCbl COOTBETCTBYKOT JIeBbIM [0/1SM MO3ra, a 4YeTHble — npasbiM [5]. COOTBETCTBME NPOEKUNA TOuek
pacmnosoXeHNs aTyYMKoOB MOMSM HEOKOpTekca M KpaTkas XapakTepuctuka (PYHKUMOHASIbHOCTU 3TUX noneit
npueefeHs! B Tabnuue 1.

Tabnuua 1
TOYKM
pacnonoxeHns Fpl Fp2 C3 C4 01 02 T3 T4
[1aTYNKOB
| 1 2 3 4 5 6 7 8
nons Kopel 45-47 11,12, 32 4,6 4 18, 19 17 41,42 36
OyHKLMO- Accolpa- Accoupa- nepBuy.M | nepauy. BTOPWY. nepBauy. nepBauy. BTOPWY.
HaJlbHble TUBHas TMBHas 30Ha, | BTOPWY. | MOTOPH. | 3puT.none | 3puT. None | CAyx. none | ciyx. none
XapaKTepucTLKu Kopa nepBny. n MOTOPH. none
nonein BTOPUY. nons
060HSAT. NONS

C Lenblo BbISBNEHUS CTATUCTUYECKIX CBA3EH MEXAY NONSAMU HEOKOPTEKCA, BO3HMKAIOLLMX B NpoLecce npuema u
06paboTKi CUrHa/IbHOW MH(bopMaLuK, 6bin NPOBEAEH 3KCMEPUMEHT MO PerucTpauun 6GUO3NEKTPUYECKOI
aKTMBHOCTW KOpbl TO/IOBHOTO MO3ra YesioBeka MpW BO3LEACTBMM Pa3NYHbIX BHELUHWX pasfpaxutenei ¢
npumeHeHnem metoga 3. B pesynbtate nocneaytouleid 06pabOTKM AaHHbIX METOAOM CTaTUCTUYECKOrO
KOpPPENALMNOHHO-PETPECCUOHHOTO  aHa/M3a, BbISBIEHUM  CTATUCTUYECKM 3HAYMMbIX CBSI3Ei C  y4eToM
NOrpeLLHOCTEl M3MepEHNs Oblfa NoyyYeHa CUCTEMA PErPECCMOHHbIX MO/IMHOMOB NMHERHOro Buaa (1):

7 9 4
yirl?: zbmjymj+zbinyin+ szXp (1)
m=1 n=1 p=1
TA€ X - MPUMEHSEMbIA (hakTOP BHELUHEro BO3AENCTBIS;

yi?—sHaqume YPOBHSI CUrHana i-ro putma (tTabnuua 2) Ha j-om gatuuke (Tabnuua 1)npu NPUMEHEHUN P-TO

thakTopa;
Ymj = 3HaYeHUe ypoBHA CUrHana m-ro putma Ha j-OM JiaTyuke npu NPUMEHEHUM P-TO (hakTopa;

yin — 3HayeHune ypoBHA CUrHaa i-ro puT™Ma Ha n-OM dat4ynke npu npuMeHeHUn p-ro d)aKTOpa;

Bimj +bin +b p — OLIEHKM 3HAUEHNI KO3(MLMEHTOB perpeccy;
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Tabnuua 2.
! 1 2 3 4 5 6 7
perucTpupyemblii puTMm d 8 al B1 B2 02 cpeaHee
(1-4u) | (4-8Mu) | (8-13rw) | (13-20ry) | (20-30ry) | (9-11ru) | (1-30rw)

Tabnuua 3.

p 1 2 3 4

(hakTop BHELUHEro BO3AEKCTBIAS | 3pUTE/bHBIA | CAYXOBOW | 3anaxoBblil | KOMMIEKC BCEX pasapaxuTencit

B KauecTBe CTAaTUCTUYECKUX MOAENeli BblAeneHbl NoMMHOMBI (2) — (16), oTpaxatolue pacnpeaeneHine aHeprum
curHanos 31 1 32-puTMOB N0 y4acTKkam KOpbl B 3aBUCMOCTY OT BUAOB BO3AEICTBHS:

yis = -0.0868 y15 -0.1013 y25 - 0.1169 y35 + 0.2501 y55 - 0.0280 y65 + 0.5973 y75 - 0.1573 y42 -
- 0.2371 y44 + 0.0802 y46 - 0.3959 y48 +1.6981 y49 - 0.0058 x1
yies: -0.1269 y16 - 0.1096 y26 - 0.2665 y36 + 0.1962 y56 -0.0201 y66 + 0.9327 y76 - 0.4376 y41 -

(3)

-0.2139 y42 - 0.5018 y43 + 0.1190 y45 - 0.2912 y47 + 2.0833 y49 - 0.0096 X1

ya, = 03530 y17 - 0.3765 y27 - 0.4188 y37 - 0.1568 Y57 - 0.0287 Y67 + 19787 y77 + 0.2827 y41 + n
+0.1660 y43 - 0.0449 y44 + 0.0471 y45 - 0.1424 y46 - 0.3573 y48 + 0.8419 y49 - 0.0008 x1

yo. = -0.1469 y15 - 02047 y25 - 0.2046 y35 + 0.2541 y55 - 0.0266 y65 + 1.0785 y75 - 0.6463 y41 - 5
- 0.2599y44 0.1788y47 + 2.2187y49 + 0.0156x2

y5s = 01878 y16 - 0.2209 y26 - 0.4304 y36 + 0.1119 y56 - 0.0330 y66 + 1.5050 y76 - 0.1721 y41 - ©)
-0.1113 y42 -0.2702 y43 + 0.0579 y44 + 0.0613 y45 - 0.3504 y4T - 0.2481 y48 + 1.9117 y49 + 0.0021 x2

Y5, = 02539 y17 - 0.2854 y27 - 0.3164 Y37 + 14045 y77 + 0.1629 y43 - 0.0795 y44 - 0.1156 y45 - )
-0.0864 y46 -0.2577 y48 + 1.3507 y49 + 0.0177 x2

yZ, = -0.2438 y17 - 0.3136 y27 - 0.3538 y37 - 0.0454 y47 + 0.0319 y67 + 1.4057 y77 + 0.7053 y51 - @)
-0.2203 y52 +0.2659 y53 - 0.3678 y54 - 0.3161 y58 + 0.7690 y59 - 0.0046 x2

yos = 02022 y15 - 0.2056 y25 - 0.4028 y35 - 0.0060 Y65 + 14005 y75 - 0.2292 y41 - 0.2623 y42 - o)
-0.2062 y43 0.2133 y44 + 0.0705 y46 - 0.3771 y48 + 2.0083 y49 + 0.0066 x3

yos = 01562 y16 - 0.1729 y26 - 0.4146 y36 + 0.3302 y56 - 0.0065 y66 + 1.2803 Y76 - 0.4252 y41 - (10)
-0.1288 y42 0.0763 y43 - 0.0380 y4d + 0.0272 y45 - 0.3261 y47 + 1.9482 y49 + 0.0033 X3

Y5, = 02030 y17 - 0.3014 y27 - 0.3417 y37 + 02188 y57 - 0.0226 y67 + 1.6427 y77 - 0.1419 y42 + (1)
+0.2506 y43 -0.1542 y46 -0.1459 y48 + 0.8199 y49 - 0.0062 x3

yos = 00137 y15 - 0.0747 y25 - 0.1052 y35 - 0.0066 y45 - 0.0085 Y65 + 0.4479 y75 - 0.4321 y51 + 12
+0.2487 y52 - 0.0725 y53 - 0.0322 y54 + 0.3018 y56 + 0.1452 y57 - 0.0107 y58 + 0.3894 y59 - 0.0001 x3

Yo, = 02465 y17 - 0.2714 y27 - 0.3271 y37 + 13579 y77 + 0.4390 y51 - 0.1787 y52 + 0.2493 y53 - 13)
-0.2324 y54 -0.0576 y56 - 0.2367 y58 + 0.8937 y59 - 0.0042 X3

ygs = 01124 y15 - 0.1305 y25 - 0.1737 y35 + 0.2421 y55 - 0.0175 y65 + 0.7332 y75 - 0.1310 y41 - (14
-0.1109 y42 + 0.0344 y43 - 0.2359 y44 + 0.1037 y46 - 0.3347 y48 + 1.6722 y49 + 0.0020 x4

Yas = -0.1343 y16 - 0.1280 y26 - 0.2016 y36 + 0.2198 y56 - 0.0144 y66 + 0.9937 y76 - 0.4756 y41 - 15)
-0.1888 y42 -0.3439 y43 + 0.0909 y45 - 0.3253 y47 + 2.0698 y49 + 0.0110 x4

y§, = 0.2055 y17 - 0.3188 y27 - 0.3354 y37 - 0.0267 y67 + 1.6337 y77 + 0.1906 y41 + 0.2027 y43 - 16)

- 0.0656 y44 -0.1308 y46 - 0.3108 y48 + 0.9604 y49 - 0.0085 x4
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3HaueHns CTaTMCTUYECKMX OLIEHOK NONMHOMOB (2) — (16) npuBeaeHsb! B Tabnuue 4.

Tabnuua 4.
Ne S2 F1 R Ne S2 F1 R
nosHoma nosIMHoOMa

2 0.14179 | 7.07129 | 0.85858 9 0.14571 | 6.91244 | 0.85533
3 0.18462 | 543081 | 0.81587 10 0.17576 | 5.73051 | 0.82550
4 0.19873 | 5.04513 | 0.80179 11 0.17387 | 5.79279 | 0.82737
5 0.16198 | 6.21701 | 0.83915 12 0.19335 | 5.20908 | 0.80803
6 0.19625 | 5.13148 | 0.80512 13 0.16494 | 6.10651 | 0.83624
7 0.19543 | 5.15296 | 0.80594 14 0.14736 | 6.79649 | 0.85287
8 0.16239 | 6.20151 | 0.83875 15 0.18389 | 544612 | 0.81638

16 0.19827 | 5.05117 | 0.80203

Mockonbky MonuMHoMbl (2) — (16) onuCbIBAKT MPOLECC reHepauunm GUO3NEKTPUYECKOW aKTUBHOCTW noneit
HeoKopTeKca B AuanasoHe 31, B2-puUTMOB, TO OHW OTPAXAIOT CTATUYECKIE ACCOLMATUBHBIE CBSA3M, BO3HMKAOLLME
Mexay (PYHKLUMOHANbHBIMI YYacTKaMu KOpbl MOA BAWUSIHUEM BHELHUX BO3AENCTBMIA. Cina 1 HanpaB/ieHHOCTb
9TUX CBSA3EN XapaKTepU3YETCs 3HaKamu U BENMYMHAMM OLEHOK 3HAUEHWH KOID(ULMEHTOB perpeccu by

3HAYEHWI t-KPUTEPUS 3HAYUMOCTI ANS KXKLOW OLEHKM.

13 aHanu3a nosyyeHHbIX AaHHbIX MOXHO CAenaTb creaytoline BbIBOAbI: B NPOLECCe NOMy4YeHus 1 06paboTku
CEHCOPHOIA MHChopMaLMK KOpOid FO/IOBHOrO MO3ra CTaT/4YeCKMe acCOLMATUBHbIE CBS3M BO3HWKAKOT MPU y4acTum
BCEX MCCneayeMbix 06pa3oBaHWii HeokopTekca, T.e. 06paboTka BHELUHErO CurHana /6ol MOAAsIbHOCTY
MPOMCXOANT C UCTO/b30BaHNEM BO3MOXHOCTEN BCEX NoJelt, HE3aBUCUMO OT WX (DYHKLIMOHANIbHOCTM.

3akoyeHne

CratucTyeckoe MoJenmpoBaHne peakLuin HoBOI KOpbI rOIOBHOTO MO3ra Ye/lioBeKa Ha BHELLHWE pasfpaxuTesi,
OTPaXeHHOEe NOJTyYEHHbIMI PETPECCUOHHBIMI NOMHOMaMK, ONpeSeNseT HayuHyo HOBU3HY AaHHOI paboTbl, T.e.
NO3BO/ISIET MPOrHO3MPOBaTL PeakUMi0 YesloBeKa, NEePEHOCH ee Ha afleKBaTHOe MOBEAEHNE UHTENNEKTYaNlbHbIX
cucteM M po6oToB. [pakTyeckoe 3HauyeHue f[aHHOW paboTbl 3aKIYAeTCs B TOM, YTO 3aKOHOMEPHOCTY
COBMECTHOM paboThl (hyHKLMOHA/bHBIX NO/E HEOKOpTEKca B MpoLecce BOCMPUATMSA M 06pabOoTKN CUTrHaIbHOI
WHChOpMALN, OTPAXEHHbIE PErpeccMOHHbIMK nonuHoMamu (2) — (16), MOryT ObiTb MCMOMb30BaHbI MpW
MPOrHO31POBaHMI (HOPMUPOBAHUS acCOLMATUBHBIX CBA3EA B KOPE OIOBHOr0 MO3ra Ye/0BeKa, YT0 MOXET OblITb
YYTEHO NPU NOCTPOEHWM CUCTEM TEXHUYECKOrO O4YBCTB/IEHNA PO6OTa.
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Section 2. Data Mining and Knowledge Discovery

2.1. Actual Problems of Data Mining

ABTOMATU3ALA NMPOLIEECCOB MOCTPOEHWA OHTONOM A

Hukonaia I'. 3aropyiiko, Bnagumup [. l'yces, AnekcaHap B. 3aBepTaiinos,
Cepreii . KoBanés, AHapein M. Hanétos, Hatanus B. CanomaTuHa
AHHOTaums: OnucbiBaeTCA MNPOEKT WHCTPYMEHTanbHo cucTembl “OntoGRID” pns asToMaTU3auum
NOCTPOEHNA OHTO/0r Wit npeaMeTHbIX obnacTell ¢ ucnonb3oBaHneM GRID-TeXHONOoruii 1 aHanm3a TeKCTOoB

Ha eCTeCTBEHHOM f3blke. PaccmaTpuBaeTCA COAepXaHMe W TeKyllee COCTOsHME paspabaTbiBaeMblX
6nokoB cucTembl “OntoGRID”.

KntoueBble CioBa: OHTOMOM S, IMHIBACTUYECKMIA NpoLieccop, NnpamugansHsle Q-ceTw, GRID ceTn.

BeepgeHne

OnTonorueii (O) HasbIBaeTCA KpaTkoe onucaHue CTPYKTypbl npeameTHoii o6nactu (MpO), koTopoe BKIKYaEeT B
cebs TepmuHbl (T), 0603Havawlme 06bekTbl W MoHATUS MpO, OTHOWeHMs (R) Mexay TepMuHamn W
onpeaenenns (D) aTUX NOHSATIA 1 OTHOLIEHWIA:
0=<T,R,D>.

B rpadpmueckom npeacTaBneHNN OHTONOTMA UMEET BWf, CETU, BEPLINHLI KOTOPO 0603HAYEHbI TEPMUHAMM W
oTHowweHnAmMM MpO, a pebpa ykasbiBaT Ha CBA3M Mexay HUMW. HadvasbHas BeplunHa, KOTopas COLEepXUT
Ha3BaHue [pO, cBs3aHa OTHOWEHWEM «Liefoe-yacTby C BepLNHaMU CNefdylLero YpOoBHS, KOTOpble
NpeACTaBNAT cob0i 6a3oBble kateropun AaHHoi MpO. Kaxaas kateropus cesizaHa ¢ BepLUNHaMM CleLyHoLero
YPOBHA (MOHATUAMM) CBOUMI OTHOLUEHWUAMM W T.4. BepLumHbl ceTU MOryT ObiTb CBS3aHbI C COOTBETCTBYHLLMMY
pasgenamu MeTanHhopMaLmm, COAEPXaLLMMM ykaszaH!e Ha NTepaTypHble NCTOUYHMKN. MOCTPOEHHAs OHTONOTMSA
npeaMeTHON 06nacTh OyaeT nonesHa Ans COBEPLLEHCTBOBAHWA CneayoLux 06nacTei AesTeNbHOCTY:

1. Cuctembl 06yueHns. JeidcTBNTeNbHO, 47151 NEPBOro 3HAKOMCTBA C NPEAMETHON 061acTbio ObIN0 Obl O4EHb
NoMe3HO NMETb B Ka4eCTBE «OMOPHOTO CUrHana» fIerko BOCMPUHUMAEMYIO CTPYKTypy 3Toi obnactu. C
NMOMOLLbHO OHTO/IOTUK MOXHO ObICTPO HAXOAMTb CCbITKA HA MCTOUHIKM MHEPOpMALN.

2. TlouckoBble CMCTEMbI. HaMeTUBLLMIACA Celyac nepexos OT noucka WHQopmaLun no KioyesbIM C/10BaM K
NCMONb30BaHNI0 CEMAHTUYECKM 3HAUYMMbIX (hparMEHTOB TEKCTOB CyLECTBEHHO 06/1eryaeTcs, ecau
ucnosnbayerca oHtosorus Mpo.

3. HayuHble wuccnegoBaHus. Bosnbluoe 3HaueHWe UMeeT YHudukauusa TepmuHonoruu MpO. Hanuwe
oHTonorMn MpO NO3BOAMT aBTOMATU3MPOBATb MPOLECC OTC/EXMBAHUSA NOME3HBbIX AaHHbIX U 3HAHWA B
NOTOKE TeKyLLEA MHdopmaLuu.

4. CucTeMHbIA aHaN3 NpeAMeTHOI 06nacTn. OHTONOMMA NPeLOCTaB/INAET CTPYKTYPUPOBAHHYIO 1 YaCTUYHO
(hopMann30BaHHyK0 OCHOBY /151 NPOBEAEHUS CUCTEMHOTO aHan3a nNpeaMeTHOI 061acTy.

5. VHTerpupoBaHve [AaHHbIX U 3HaHWA. Mpu 06beAUHEHUN WH(OPMALMOHHBIX 6a3 OHTOMOrMs 6yaeT
nomoratb yCTaHaB/MBaTb CEMaHTUYECKYI0 3KBMBAIEHTHOCTb OAMHAKOBbIX (DAKTOB W MOHATWIA,
CCOPMyIMPOBaHHbIX B Pa3HbIX TEPMUHAX.
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MoyTn BCe N3BECTHbIE Pa3paboTKM MHCTPYMEHTOB A5 NOCTPOEHNS oHToMOrMiA [Ontology] OpreHTUPOBaHbLI Ha TO,
YTO MCTOYHMKOM 3HAHMIA, KOTOPblE HYXHO 0TOOPa3UTb B OHTOMOTMM, SIBASIETCS 3KCMEPT B [AHHON MpUKnagHou
06/1aCTH, KOTOPOrO HYXHO NMLIb OCBOGOAWTL OT MPOrpaMMUCTCKO paboTbl. Mexay Tem, kak B npouecce
pa3paboTkn, Tak M B XOAe IKCM/yaTaLui OHTOMOTUM HY)XHO MOCTOSHHO OTCNEXWBATb HOBbIE 3HAHMS, KOTOPbIE
NOSBNSAKOTCA B MHKDOPMALMOHHBIX CETAX 0ObIYHO B BUAE TEKCTOB HA €CTECTBEHHOM fi3blke. OTCIOAa BblTekaeT
HE0B6X0ANMOCTb OCHACTUTb MHCTPYMEHTABHYO CUCTEMY IMHIBICTUYECKIM NPOLLECCOPOM.

OHTOMOTUA TOMBKO TOTAA BYAET NPUHATA HAYYHbIM COOBLLECTBOM, ECNW B €€ pa3paboTKe y4acTBOBaIN LUMPOKME
KONNeKTUBbl 3KCnepToB faHHOi MpO. 370 TpebyeT CO3f4aHWs MNOAJEPKKN KOMNEKTUBHON [AEATENbHOCTU
3KCMEePTHbIX TPynM, reorpatnyeckn yaaneHHbIX Lpyr OT Apyra. YA0OHOW TeXHOMOrMYeckoil cpefoit Ans
peann3auMn Takoro MHcTpymeHTa sensercs GRID-ceTb. B cBeTe Cka3aHHOrO AaHHbIA MPOEKT HalefieH Ha
CO3faHNe CUCTEMbl aBTOMATW3aLMN MOCTPOEHUS 1 Pa3BUTUS OHTOMOTMA MpeaMETHbIX 0bnacTeii (CUCTEMb
OntoGRID), koTOpasi OCHalleHa /MHTBUCTUYECKUM MPOLLECCOPOM, PaboTatoemM C PYCCKAMM U aHINACKMMU
TekcTamn, W peann3oBaHa npu nomowm GRID-TexHonoruM. Hike ONMUCLIBAKOTCA OTAE/NbHble  BI0KM
paspabatbiBaemoii cuctembl OntoGRID.

Co3[aHune NMHIBUCTNYECKON 6a3bl 3HAHNIA

Niobble paboThl, CBA3AHHblE C ABTOMATMYECKUM aHa/M30M TEKCTOB, TPebylT OnpeAeneHHoro Habopa
NINHTBUCTAYECKNX U QITOPUTMUYECKIX PECYPCOB, OCHOBY KOTOPbIX COCTAB/ISIOT MalLWHHbIE C/I0BApU (TO/KOBbIE,
CnoBooGpa3oBaTesibHbIE U Apyriie) U NporpamMmbl MOPAOIOTMYECKOTO 11 NIOKASIbHOTO CUHTAKCUYECKOrO aHaIn3a,
Bbl€IEHNS TEPMIUHO/IOTMYECKON NEKCIKIA 1 T. 4.

B HacToALMIA MOMEHT Hamu pa3paboTaHbl U peann3oBaHbl; MOponorMyeckas 6asa Pycckoro f3blka; 610K
MOpPCONIOrMYECKoro aHannsa; 6/10K CTaTUCTUYECKOrO aHanM3a TEKCTOB; NporpamMma BblAENEeHUs YCTONUMBbIX
CNOBOCOYETAHNA B TEKCTE C Y4eTOM WX MOPCOMOTMYECKOA N KOMOWHATOPHOM W3MEHYNBOCTM; Nporpamma
BbISIB/IEHVS1 aHOMa/INiA B MO3ULIMOHHOM pacnpefeneHinn NEKCUYECKX eAUHNL, MO TEKCTY.

Basoil Ans npoueaypbl MOPKHONOMMYECKOTO aHan3a CAYXMT 3MEKTPOHHBIA CnoBapb f. YopTa, cogepxalyni
cebiwe 100 Tbic. KaHOHMYecknx dopm [YopT,1970]. Mpoueaypy MHAEKCauum (no 3annsHsky) 415 60NbLUIeN YacTh
cnosaps yAanochb aBTOMaTU3MpoBaTh, 4ns yero 6bl10 coctaeneHo nopagka 200 npasun. TosyyeHHas Takum
obpasom Mopdonoruyeckas 6asa cogepxut 3,2 MAH. CNOBOMOPM C COOTBETCTBYHOLMMMA 3HAUEHWAMM
rpamMmaTUyecKmx kaTeropuii pofa, Yncna, nagexa, BpeMeHu, amuya v T.0.

OCHOBY CTATMCTMYECKOrO aHasM3a TEKCTOB COCTABNSET NPOLeAypa BbluMcieHns: L — rpaMMHbIX XapakTepucTuk
Tekcta. TepmuH L - rpamma 3aech 03HauaeT Lenouky u3 L nogpsig cneaytowmx CnoB Tekcta. YacToTHo
xapakTepucTukoil nopsigka L Tekcta T 6yhem HasbiBaTb COBOKYMHOCTb BCEBO3MOXHbIX MPeACTaBNEHHbIX B
Hem L -rpamm c ykasaHuem uactoT ux Bctpeyaemoctn @, (T). COBOKYMHOCTb YaCTOTHbIX XapaKTepucTuk

P(T) ={P,(T), P, (T),... & (T)} Oysem HasbiBarb MOMHbIM YaCTOTHbIM CriekTpoM Tekcra T .

COBOKYMHOCTb COBMECTHbIX 4acTOTHbIX XapakTepucTuk co 3HaveHmamm L ot 1 go L. (T) o6pasyer

COBMECTHBI YacTOTHbIA cnekTp rpynnbl TekctoB T . 3aeck L. (T) — AnMvHA MakcuMasibHOM Lienoyku crios,

max

NPeACTaBNEHHOA, Kak MUHUMYM, B nape TekcToB M3 T . COBMECTHbIE YaCTOTHble XapaKTEPUCTWKM CRyXaT
OCHOBOIA NS BbIYMCNEHUS Pa3/INYHBIX TEOPETUKO-MHOXECTBEHHBLIX Mep 6/1M30CTU ANS nap U rpynn TeKCTOB
[Myces, 1983].

BaxHyt ponb MpW aHanu3e TEKCTOB MrparT YCTOMuMBbIE CroBocodveTaHus [benoHoros, 2002]. B ocHose
NPEANOXEHHOTO HamMi anropuTMa BblAENEHUs CNOBOCOYETAHWA NEXMT MOCNeA0BaTeNbHOE BbIYMC/EHNE
4acTOTHbIX xapaktepuctuk (L = 2,3,..., L« ) ¥ unbTpauma nosropawowuxes L — rpamm B COOTBETCTBUM C

Kputepuem yctoiiumsocTu [Fyces, 2004]. AHann3 KOMOGUHATOPHON BApUATUBHOCTM BbIAENEHHBIX «YCTONYMBbLIX»
Lienoyek HaueseH Ha BbISBNIEHNE «yCTOYMBBLIX KOHCTPYKLMiA» TNa 06pa3LoB (Mn WabnoHOB): «HE TOMLKO X,
HO M Y», «LEMbIO ... ABNSIETCA», «OCOOEHHOCTD ... 3aK/OYAETCS ...».

CyLLeCTBEHHOE 3HAYeHME MPW BbISBIEHUM K/TIOUYEBOI NIEKCUKA» UIPaET MH(hOpMaLMs O pacnpeaeneHnm crosa
no AnuHe TekcTa [MauleHko, 1083]. Hamu npeanoxeH HOBbIA METOA BbISIBIEHUS B TEKCTE CBEPX(HPa3oBbiX
€[IMHCTB, 00pa3yeMbIX CryLEHUAMN NEKCUYECKUX eAMHUL, onpeeneHHoro Tuna [yces,2002].
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MoCTpoeHNe ceMaHTUYECKNX CeTei TEKCTOBbIX [OKYMEHTOB

Co3paHune cuctem aHanmsa TekctoB (CAT) B MHTEpecax NOCTPOEHUS OHTOMOIMIA BKIOYAET B cebsi cneaytowime
3afaus: BbIGOP TUMA CEMAHTUYECKO CeTW [NA  NPeACTaBNeHust CMbicna TekcTa;  (hopMuUpoBaHue
JHrBACTMYECKON 6a3bl M HayanbHOrO 06bema 3KCMepTHbIX 3HaHuic 0 [pO; paspaboTky MexaHU3MOB
1CMOMb30BaHNA CEMaHTUYECKIX CeTell AnA NOCTPOEHNSA OHTONOTUN U aHaNn3a TEKCTOB B AaHHoM MpO; co3gaHue
nHTepdeiica, obecneunBatoLLero B3anmogencTame akcnepta n CAT.

B kadyecTBe hopmanmama [N NpeAcTaBNeHUs CMbiCNa TekcTa YA0OHO MCMNOMb30BaTb CEMAHTUYECKME CETH,
KOTOpbIE AO/KHbI YA0BNETBOPATL TpeboBaHUAM OAHOPOLHOCTH, MEPAPXMYHOCTH, (DYHKLMOHANIBHOCTH, NOMHOTHI
11 npo3payHocTi. Hamu paspaboTtaH hopmaniam, yA0BNETBOPSIOLLNA BCEM NPeabsBNEHHbIM Tpeb0BaHMAM. Mpu
3TOM MCNONb30Ba/IUCHL pesynbTathl paboT B.M. MnagyHa u W.M. Kysneyosa. B.M. TnagyHom [FnagyH, 1987] 6bin
paspaboTaH annapar NOCTPOEHMs PacTyLUMX nupamuaansHblx cetei (MC). MupamnaanbHoii HasbiBAETCS CETb,
He CoAepXalliast BEPLUKH C OAHNM BXOAHbIM pebpom. Mupamnaoin B HasbiBaeTCs BeplumHa b 11 Bce Te BepLUmHbI,
13 KOTOPbIX CYLLECTBYHOT NyTH B 3Ty BepLUMHy b. Mpu NOCTPOEHWM CETU B Hell 06pasytoTCa BEpLUMHBI, MpaMmabl
KOTOPbIX COOTBETCTBYIOT OTAEMbHbIM 06bEeKTaM WA 06LMM  YacTsIM HECKONbKUX O06GBEKTOB. BaxHbIM
AocTouHcTBOM [C SBAAETCS TO, YTO B HUX Peann30BaHbl NPOLECChl (HOPMUPOBAHMS NOHATHIA.

B cemaHTM4eCKoM npeaCcTaBneHni TeKCToB, NpeanoxeHHoM WM. KysHewoBbim [Ky3Hel08,1986] BepLUMHbI ceTeil
MOryT COOTBETCTBOBATb 0ObEKTaM, MOHATUAM, OTHOLIEHWAM, fIOTMYECKUM COCTaBASHOLMM  MHKOpMaLuK,
KOMM/IEKCHBIM 00bekTaM 1 fp. Kpome TOro, BBOASATCA BEpPLIMHbI APYroro TWna — BEPLWHbI CBA3N. OHY
COELIMHAIOTCA MOMEYEHHbIMM pebpamu C BepluMHaMK, YNOMSHYTbIMA Bbiwe. B pe3ynbTtare o6pasyetcs
aneMeHTapHbliA parmeHT (F), COOTBETCTBYIOLLMIA 06bEKTAM, CBA3aHHBIM ONpeeNieHHbIMU OTHOLIEHUAMK. 1S
NPEACTaBNEHNA CUTYyauMii, COCTOSILYMX M3 MHOXECTB OOBLEKTOB W OTHOLIEHMIA, WCMOMb3YKTCH MHOXECTBa
(hparMeHTOB, 0Opa3yHLLME CEMAHTUYECKYIO CETb, KOTOpas 3anuckiBaeTcs B Buae F=Fio...oF.

B paspabotaHHoii Hamn  Q-ceT  OObeAMHeHWe  AOCTOMHCTB  060MX  MOAXOAOB  YAOBIETBOPSET
cthopmMynMpoBaHHbIM Bbille TpeboBaHuaM [3aropyiiko,2004]). CtpykTypa Tekcta B Q-ceTu oTOGpaxaeTcs B
Nepapxmyeckyto CTPyKTYpy (DparMeHTOB, KadkAbld W3 KOTOPbIX MPEeACTaB/ISET HEKOTOPYH CEMAaHTUYECKYH
LeNIbHOCTb.

MycTb D — cnosapb MpO, a P — Habop OTHOLLEHWNA, peanu3aLin KOTOPbIX Mbl COBUPAEMCS NCKaTb B TEKCTax. P
=R; Ry, rae Ry — MHOXECTBO OTHOLLUEHWIA C YMCNOM apryMEHTOB PaBHbIM 2 (MX peanusauusMi SBASKTCS
C/I0BOCOYETAHNA W3 [BYX 3HAYMMbIX CNOB), R; — MHOXECTBO OTHOLUEHWA C YMCNIOM apryMeHTOB >2 (WX
peasn3aLm cocToAT 6o/ee Yem 13 ABYyX C/OB).

Mo cnocoby 06pa3oBaHus hparMeHTbl Q-ceTi AeNATCA Ha YeTbipe Tuna:

1) <, r _, a b>=a rb - cnosocouetaHne u3 fByX 3HAUYMMbIX CMIOB a,0 D, CBA3AHHbLIX OTHOLUEHWEM T
(Hanpumep, a rb= (aHaM3 LaHHbIX)).

2) <, 1,8, A b>=Aa rb - pacwwupeHue dparmeHTa A 3a CUeT NpUCOeSNHEHNS 3HAMEHATE/IbHOTO C/oBa b
yepes cBs3b s=a rb, rae a D (Hanpumep, Aa  rb=(MHTeNnekTyanbHbIi (aHannU3 AaHHbIX)), rae A=(aHanu3
[aHHbIX), S=(MHTENNEKTYaNbHbIA aHa3)).

3) <, r, 8, A B>=Aa rbB - obbeauHeHne aByx parmeHToB A 1 B uepe3 cBasb a rb, rae a D, b D
(Hanpumep, Aa rbB=((npouecc TakcoHOMUM) HauMHAETCs) ¢ (HOPMUPOBKA Npu3HakoB)), rae A=((npouecc
TakCOHOMMM) HaunHaeTcs), B=(HopMupoBka NPM3HaKoB), S=(HAYMHAETCA C HOPMUPOBKN)).

4) <d, r, _, al, ..., an> - oparMeHT, COOTBETCTBYIOWNIA OTHOWEHMIO I R2, ay,..., @, — apryMeHTbl 3TOr0
OTHOwWeHNs, d — wuma dparmeHTa. Hanpumep, eciv r- pPOLOBUAOBOE OTHOLIEHVe, as=(3agava
WHTENNEKTYasIbHOrO aHa/3a flaHHblX), a,;=(3afja4ya TakcoHOMUMK), a;=(3ada4a pacnosHaBaHus 00pa3os), TO
(hparMeHT <_, r, _, a, a», as> OyfleT 03HauaTb, YTO 3afa4n TaKCOHOMMM M pacno3HaBaH1s 06pa3oB ABMAKTCA
3afja4amu UHTEeNNIeKTYaIbHOro aHam3a aHHbIX.

Mpu aHann3e ouepefHOro NPes/ioXeHUs BHauase BbIAENAITCA (€CAM OHU ecTb) (oparMeHTbl 4-ro Tuna. B

OCTaBLUENCA YacTV NPEANOXEHNS BbIMOMHATCA CReaytoLLmne AeiCTBuS:

a) O6pasoBaHe thparMeHTOB 1-r0 TUNa MyTem Bblbopa CNOBOCOYETaHNI Buga a rb.

6) O6pa3soBaHne hparmeHToB 2-ro Tuna Aa rb, rae A- coparMeHT 13 pa3obpaHHOii YacTi NPeAnOXeHMs,
b- 3HaMeHaTeNbHOE CI0BO 13 OCTABLUEHCA YacTh NPea/IoKeHNS.

B) O6pasoBaHue (pparmeHToB 3-r0 Tuna Aa rbB, rae A, B- dparmeHTbl M3 pa3obpaHHON 4acTtu
NPEeANOXEHUS.
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Puc. 1. ®parmeHTbl 1-ro, 2-ro  3-ro TMnoB.

B Q-ceTm peanu3oBaHbl MeXaHW3Mbl, MO3BOMSIOLIME OMUCHIBATL KNAcChl OOBEKTOB B TEPMUHAX Kak
pasfenstoLLmx, Tak N 06 beANHAIOLLMX NPU3HAKOB (KPUTUUHBIX (hparMeHThl ceTh). s yao6cTea paboThl, 6asy
KPUTUYHBIX (DparMeHTOB LienecoobpasHo XpaHuTb B BMAE NMUpaMUAanbHON CETU, accoumaTiBHbIe CBOICTBA
KOTOPOIA CBEAYT K MUHUMYMY 3aTPaThl Ha OnepaL|n noucka B Heil.

CAT n 6a3a KpUTUYHbIX (DparMeHTOB MOTYT MCMO/b30BATLCA U ANA MOAAEPKKN CYLLECTBYIOLLEA OHTOMOTUAM.
CoO0THEeCEHMe NOTOKA CEMaHTUYECKMX MOPTPETOB HOBbIX TEKCTOB C 62301 3HAUMMbIX (PParMeHTOB OCYLLECTBAAET
Haro/IHEHNE 3/IEMEHTOB OHTOMIOTUN CCbIfIKAMW HA TEKCTOBbLIE LOKYMEHTHI. [10 CTEMeHn «HarnosHEHNs» JKCnepT
MOXET MPUHAMATb peLleHNe O pPa3feneHnn  «NeperpyXeHHbIX» 3/1EMEHTOB CETU U 06befMHEHUN
«HeAOTPY)XEHHbIX». Bca nuHrBMCTMYECKas 6asa 3HaHWii (JIB3) genutcs Ha cnucok TepmuHoB MpO, 6asy
peanm3aynit oTHoLweHuiA (PO) n Habop npaBu Bbl4eNeHUs OTHOLEHMIA B TekcTe. CMCOK TEPMUHOB COAEPXNT
Kak OAHOC/OBHblE, Tak M MHOTOC/OBHbIE TEPMMHbI. ECAM MHOrOCNOBHbIA TEPMUH MpeAcTaBnseT Cco6oil
HaWMeHOBaHWe LIeNIbHOro MOHATUA — B CETW eMy COOTBETCTBYET OAMH peLenTop.

Mocne HanonHeHus BPO npousBoanTcs (POpPMUpOBaHWe ONpedenieHnidi OTHOLWEHWA. Moh 3TUM MOHUMaeTCs
0006LLUEHHOE NPaBUIO BbIENEHNA OTHOWEHUS, He 3aBuCsLLee OT KOHKPETHbIX flekceM. ITU npasuna
(hOpMy/INPYIOTCA B TEPMUHAX NOTUYECKUX BbIPXEHWA OT NapameTpoB, BXOASLMX B ONUCAHWS OTHOLLEHWH,

HakonneHHbIX B BPO. Mpu aTOM Mcnonb3yeTcs anroput™ MagyHa (POPMUPOBAHNSA NOHATUIA B NMMpaMULANIbHBIX

cemaHT14eckux cetsx. MpegobpaboTka TekcTa BKNKOYAET B Cebs:

1)  rpadpemarnyeckuii aHanns — pasbrenne Tekcta Ha ab3alibl, NpeaIoXeHus, Cnosa.

2) wmopchoaHasM3 (NpUnucbIBaHWe CMoBOGhopMaM  MOPIOMOrMYECKO UHGhopMaLmn) 1 feMMaTu3aums
(NpuBeaeHMe TEKCTOBBIX POPM C/I0BA K KaHOHMYeCKUM). B cucteme CAT ncnonb3yoTcst Mopdonoryeckme
0asbl 419 Pycckoro M aHrnmickoro s3bikoB [CanomatuHa, 2001, Cokupko, 2004]. [Ans ydeTa Takux
OTHOLLEHWIA KaK CMHOHUMMWA, TMNEPOHUMUSA/TUNOHUMIS (POLOBMAOBBIE) U T.4. NPEeLyCMaTpUBAETCA BbIXOL,
Ha Te3aypycbl WordNet, RussNet.
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Puc. 2. PejakTupoBaHue OTHOLLEHMIA
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[lns aBTOMaTM3aLMn NocTpoeHus 6asbl peanmsalnii CEMaHTUYECKX OTHOLLEHWHA, a Takke Ans NocTpoeHns Q-
ceTeil No TekcTam Hamu paspaboTaHa nporpamma «Busyanusatop OTHOLWEHWIA» (B13OT), opueHTUpoBaHHas
Ha noaaepxky paboTbl akcnepta [3aropyiko,1999]. Mpu 3arpyske TekcTa, Bu3OT NpoBOANT €70 HOPMaNN3aLMIo 1
NpeAocTaBNSAeT KCNepTy Habop 06HApYXeHHbIX B TEKCTE SIEKCEM. B BEpXHEM OKHE Ha 3kpaHe Aucnnies (Cm.
puC. 2) aKcnepTy npeAbaBiseTcs Hekotopas nekcema sO, @ B CEpUM OKOH CrieBa MokasbiBaeTcs P Apyrux
NEKCEM S1, Sa,..., Siy..., Sn. DKCMIEPT MOXET yKa3aTb, kakOMy OTHOLLUEHMIO COOTBETCTBYET COYETAHNE ABYX IEKCEM
(So, Si), ¥ C KaKoii BEPOATHOCTBH 3TU [1BE NEKCEMbI, BCTPETUBLLMNCL COBMECTHO B TEKCTE AaHHOi MpO, peanuaytoT
[laHHOe OTHOLUEHME. BeposATHOCTb O(So, Si) Yka3blBaeTCs nosnoxeHuem kypcopa Ha otpeske 0-100 1 yncnosbIM
3HaueHveM (%) B OKHaxX LieHTPasIbHOW YacTi 3kpaHa, a UMs OTHOLIEHUS BbIGMpaAeTCs 13 CnucKa B NpaBoOM OKHE
Ha TOW Xe CTPOKe, rae CTONT Nlekcema S..

B Bn3OT peann3oBaH a/roputM CEMaHTUYECKOro aHain3 TekcTa ¢ 1cnonb3osaHnem bPO v noctpoexne Q-cetw
TeKCTa Nno pesynbTaram 3T0r0 aHanusa.

ABTOMAaTM3aLMN NPOLLECCOB CO3aHunA U pa3BuTusa oHTonorum B GRID-ceTu

CTpyKTypa CUCTEMbl aBTOMATU3MPOBAHHOIO NOCTPOeHMs oHToorMi «OntoGRID» fo/mkHa oTpaxaTb cnewmndmky
TpeX TUNOB ee KNuWeHToB: JkcnepT, Monb3oBatens U AammHuctpatop [3aBepTaiinos,2004]. C Touku 3peHns
MpeLCTaB/IeHUs, CO3aBaeMas OHTO/ONAA - 3TO KOMM/IEKT [AOKYMEHTOB OMpefenéHHoOi CTPpYKTypbl. Mpolecc
NOCTPOEHNS OHTO/IOMMN COCTOUT U3 UTepaLuii N0 JONOHEHUIO N U3MEHEHWIO 3TOTO KOMMN/eKTa [0KyMEeHTOB. Mo
pesynbTatam NpoBEAEeHUs pAafa utepaunil aAMUHUCTPATOP NPUHUMAET PeLLeHWe O 3aBEpLUEHUN O4YEPESHOro
aTana npowecca NoCTPOEeHUs OHTONMOMKN 1 Ny6anKaLmK ee o4epesHoii CTabubHON BepCUU.

Cuctema, NOAAEPXMBALLAA aBTOMATU3NPOBAHHOE CO3AaHne W 06paboTKy [AOKYMEHTOB OHTONOMMM B
pacnpefeneHHOM pexuMme, XxapakTepusyetcs HabopoMm creuuduuecknx TpeboBaHWin, onpefenawmx ee
TEXHOMOMMYECKYH0 OpraHu3aunto. 3T TpeboBaHNs ONpeAenstTCca TeM, YTO B CO3AAHWN OHTONOTMM y4acTBYIOT
MHOTOYNC/IEHHbIE Teorpauyecki pasaeneHHble KONMeKTUBbI AKCMNepToB. TONONOrMs 3aeiCTBOBAHHBIX Y3/10B
CeTu pa3paboTyMKOB MEHAETCA N0 Mepe NOLKNYEHUS HOBbIX KOJIEKTUBOB UNW NPeKpaLleHns paboTsl CTapbIX.
AfieKkBaTHyl0 OCHOBY 4115 MOCTPOEHWS CUCTEM, YAOBMETBOPSIOLMX TakuM TpeboBaHWAM, NpefocTaBAsoT
BbIYNCAUTENbHbIE TEXHO/OIMKM, M3BECTHbIE NOA 06wWwmum HassaHuem GRID [GRID,2003]. /3 Hux Hambonee
pa3BUTbIA MHCTPYMEHTapuiA npegniaraetca koHcopumymom The Globus Alliance. K uncny nocnegHux paspaboTok
3TOr0 KoHcopuuyma otHocutcst apxutektypa OGSA (Open Grid Services Architecture), ocHoBaHHas Ha
KOHLLeNLyum Be6-CepBnCOB.

Mpn paspaboTke NpescTaBNeHns CTPYKTYPbl OHTOOTUM Obl PACCMOTPEHbI Pa3/MyHbIe CYLLECTBYIOWME Ha
CETOAHAWHMIA [ieHb NOAXOAbl W CTaHAapTbl. Kak Hanbonee 06OCHOBaHHbIA 1 NEPCNEKTUBHLIA Gbl MPUHSAT
craHaapT OWL (Ontology Web Language) [Smith,2004], pa3paboTaHHblii 1 peKOMEH/0BaHHbIA KOHCOPLIMYMOM
W3C. OWL obnazgaet 60nbLuUelt BbIpa3nuTe/bHOI CUONA, YeM Takue CTPYKTYpHble A3blki kak XML, RDF n RDF-S,
W MOXET ObITb NpeacTaBneH B ux hopme. OWL-A0KYMEHT NO3BONSET, UCMONb3YS Nexallyt B ocHose OWL
AECKPUNTUBHYIO NOTUKY, BbIBOANTL Takue PakTbl 0 CYLIHOCTAX NpeaMETHON 061acTH, KOTOpble He Coaepxartcs
HenocpefCTBEHHO B 3TOM 0KyMEHTe. B Hallem npoekTe MCrosb3yeTcs NpefCcTaBneHne OHTONOMM B HOTaLM
OWL-RDF.

[na ynpoleHns pa3paboTki HOBbIX OHTO/OTMIA YA0OHO CO3AaBaTh LIAGMOHbI OHTOMOTMIA Pa3IMUHBIX rpynn
npeaMeTHbIX o6nacTeil. [laHHbIA NPOEKT OpPUEHTMPOBAH Ha MOCTPOEHWe LWabsioHa OHTONOTUIA Hay4Ho-
TEXHUYECKUX MNpeAMETHbIX 06/1acTeid, CBA3aHHbIX C Mpoueccamy aHaimsa, CuUHTe3a W npeobpasoBaHms
NHEopMaLN 0 NPON3BOJIbHBIX (parMeHTax peasibHoro Mupa. K uucny Takux npoLeccoB OTHOCATCA U3MEpeHne
1 HaKOM/IEHNe AaHHbIX, 0BHapY)XeHNe 3aKOHOMEPHOCTEN (3HaHWIM), XxpaHeHne, 06paboTka 1 nepeaada AaHHbIX 1
3HAHWA, UCMONb30BaHWE 3HaHW/A ANs NPOrHo3vMpoBaHWA K cuHTe3a [Galunov, 2004]. Ha puc. 3 npusefeH
nepeyeHb 6a30BbIX KATErOpMii OHTONOTIA NPOBIEMHBIX 06/1aCTell Takoro poja.

B LonoNHEHWe K OCHOBHOMY COZLEPXaHMIO OHTO/IOTAN BO3MOXHO (DOPMUPOBAHUE W XpaHeHWe MeTauHgopmaLm
00 eé anemenTax. CofepxaHue MeTauHopMauuu OnpedenseTcs B COOTBETCTBMM CO cTaHgapTtamu Dublin
(Guidelines for Implementing Dublin Core in XML) [Powell,2003], koTopble 06eCneunBatoT 3/1eMEHTbI OHTONOMN
TakMMW  [aHHbIMW, KaK PEKBW3WUTbI aBTOpa M COABTOPOB, BPEMS CO3AaHWA W Nyb6AuKauuu, WCTOYHUKM
WHhopMaLmn 1 T.4.
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B KkauecTBe WHAMBMAYaNIbHOTO CpeacTBa paboThl 3kcnepta C  (PparMEHTOM OHTONOTMM  MaHMpyeTcs
1cnonb3oBaTh PeaakTop, paspaboTaHHblii rpynnoii Protege Project [Protégé,2003]. 310 cpeacTBo obecneunsaet
YA06HbIN BU3yasbHbIil KOHTPO/b 3a MPOLLECCOM Pa3paboTKM (hparMeHTOB OHTONOTMN.

OnucaHHas CTpyKTypa NpeAcTaBfieHnst MHGOpMaLuy M apxuTekTypa KKYeBbIX CEpBUCOB OblIM YCMELIHO
anpobupoBaHbl B X04€ CO3daHWs NpoToTWMa. B HacTosiwee Bpemsi BedyTcs paboTbl MO AasbHEMLeil
peannsauum cuctembl OntoGRID.

MpeameTHasn
obnactb

/\

<< CTpyKTypa >>

[\

“kateropns’ “kateropns” “kateropns” “kateropns” “kateropns” “kateropns”
Habnogaemble Habnogaemble TUNbI 33424 3HaHVA n MeTofbl npuMepbl
06BLEKTHI CBOIiCTBA r1noTesbl peLuaemblix peLuaemblix
3afa4 3afa4
CTPYKTYpa 1cnonbL3oBaHne 1cnonbL3oBaHue peLeHms
CNOJIb30BaHMe peannsaums

Puc. 3. ba3osble KaTeropuy OHTO0TMN

3akntoueHune

MapannenbHo C ONMUCaHHbIMK Bbille UCCNEA0BaHUAMM MO CO3LAHMI0 MHCTPyMEHTabHON cucTeMbl OntoGRID
BEZleTcA MOATOTOBUTENbHAA paboTa Mo OopraHu3auuy BUPTYAsIbHOrO KOJIJIEKTMBA 3KCMEPTOB M3 Pas/inyHbIX
nccnesoBate/bCkux LEEHTPOB, 3aHMMatoLLxes npobaemoi «HTennekTyasbHbli AHann3 JanHbix» (Data Mining)
ANs1 COBMECTHOIA pa3paboTku OHTOMOrMM 3TO NpeAMeTHO 06nacTn. C 3TON Lenbio co3haeTcs 06Lef0CTYNHbINA
ABYA3bIYHbI CaiiT, HA KOTOPOM GyAyT MOMELLEHbl ONUCaHUS KOHLIENLMW 1 NEepBOro BapuaHTa npegnaraemon
OHTONOTMU. B HacTosillee Bpemsi Takol CalT (Ha PyCCKOM W aHI/MIACKOM fA3blkax) CO34aeTcs Ha cepsepe
WHcTutyTa Matemaruku CO PAH.

ABTOpbI BblpaxatoT 6narogapHocte bopucosoit W.A., [tobaHoBy B.B., KytHewko O.A., Cokonosoi A.M.
UypunkoBoii B.A. 3a akTUBHOE 1 NONE3HOE Y4acTie B 06CYXAEHN BOMPOCOB, 3aTPOHYTLIX B 3TON CTaThe.
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APPLICATION OF THE MULTIVARIATE PREDICTION METHOD TO TIME SERIES !

Tatyana Stupina, Gennady Lbov

Abstract: An approach to solving the problem of heterogeneous multivariate time series analysis with respect to
the sample size is considered in this paper. The criterion of prediction multivariate heterogeneous variable is used
in this approach. For the fixed complexities of probability distribution and logical decision function class the
properties of this criterion are presented.

Keywords: the prediction of multivariate heterogeneous variable, multivariate time series, the complexity of
distribution.

Introduction

Let certain object (process) is described by the set of random features X = X,,..., X,,, changing on time. On the

base of analysis information, that presents features measurements in the consequent moments time series
(prehistory), it is necessary to predict a values of features set Y =Y,,...,Y,, at certain future time moment (in
particular, Y X . Distinguishing feature of considered below prediction problems is the measured features
heterogeneity: the variable set be able consist of binary, nominal and quantitative variables simultaneously. In this
case, multivariate time series presents itself a set of binary, symbol and numeric random sequences. Classical
methods are directed to the analysis of numeric sequences basically. Many methods allow analyse univariate
binary or symbol sequences. However the most of important applied problems number are concerned with need
to heterogeneous time series analyse. There is reason to suppose in some problems that time series is the
realization of random processes, in which probabilistic characteristics (distribution) are saved on a time. At other
times such suggestions to do it is impossible under the matter of problem (probabilistic characteristics of process
are changed on time). There is possible to offer a different depending on specified suggestions targets setting
and the different methods of their decision accordingly. The methods of heterogeneous time series analysis for
different targets setting, including the logical deciding functions class for heterogeneous variable are considered
in work [Lbov G.S., 1994].

The Target Setting

One is considered the n — measured heterogeneity random process G ={X;(t),...,X;(t),..., X, (£)}. Let it set
of predictable characteristic is Y; = X;, j=1,...,n. Fix some consequent moments of the time, T<R<N.

Denote the value random variable X; at a moment of the time ¢, xj-’ Dy, . as this xj-’ ,and x? is the value

random variable of X , x’ D, , Dy = []Dx, - The problem consist of that, it is necessary to predict the values
J=1

set y=(Yss¥sny,) at certain future moment of the time tg,,, where vy, =xf” using the data,

characterizing prehistory, b :{xj-’}, j=1,..,n, d=1,.,R. Itis necessary to build decision function, allowing
predict a set of values y = (yy,..., ¥;,...,¥,) on prehistory b.
The set of every possible all prehistory, that have line measure R denote as B, and the set of every possible all

sets y denoteas Dy, b B, y Dy, Dy =[]Dy . Letus understand a prediction decision function as a f
J=
mapping of the B set on the D, set, i.e. f:B — D, . At the building decision functions f is used following

! This work was financially supported by RFBR-04-01-00858
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hypothesis: It is supposed that conditional distribution P(y/b) does not depend on the shift on the time, i.e.
distribution is specified for moments of the time {,,...,tz,tz,, is contemporized with distribution for moments of
the time t, £ AT,...,tg £ AT, t5,, £ AT . If the conditional distribution P(y/b) is known, then it is possible to
find optimum prediction decision function f,. Since specified distribution is unknown, decision function shall be
constructed on the base of multivariate time series analysis.

Let the features Xj,..., X;,..., X, are measured at consequent moments of the time with the gap At =t, —t,_,

for the random process G . Denote this set of moments as T ={t,,...,t,...,ty}. Thus, the empirical information

is presented by n — measured heterogeneity time series q ={x§‘},j =1,...,nk=1,.,N. The set of values

X = (xS x ) will is called prehistory with the number d, correlated with a moment of the time

t,, k=R+1,..,N.The prehistory with line measure R for a specified moment of the time t, is denoted as a
table b* ={x*“}, d=1,...,R. Note that univariate symbol sequence for R =1 is the realization of simple
Markoff process with the transfer probability matrix P(y/x), x A, y A, A -an alphabet of symbols.
Decision function f , constructed on the base of set prehistory analysis with line measure R, is named sample
decision function of prediction.

It is necessary to construct the sample decision function on the small sample in the multivariate heterogeneous
space, so the most proper class is a class of logical decision functions [Lbov G.S., Starceva N.G, 1999]. Methods
of time series analysis propose to decision of problem in two stages: It is constructing decision function for fixed
prehistory with the number d (d =1,...,R) it is constructing the generalise logical decision function (mapping

f:B - Dy). The first stage is consist of decision the prediction multivariate variable problem Y on other
multivariate variable X, i. e. for each prehistory d we have two data tables {x*}, {y*}, k=R +1,...,N, on

base which necessary to construct the sample decision function (mapping D, — D, ). Below it is considered a
decision of this problem, in which is used criterion, introduced in work [Lbov G.S., Stupina T.A., 2002].

The Performance Criterion of Prediction

In the probabilistic statement of the problem, the value (x,y) is a realization of a multidimensional random
variable (X;Y) on a probability space < Q,B,P >, where Q =D, xD, is u-measurable set (by Lebeg), B is

the borel o -algebra of subsets of Q, P is the probability measure (probability distribution) on B, D, is
heterogeneous domain of under review variable, dimD, =n, D, is heterogeneous domain of objective
variable, dim D, =m.

Definition 1. The strategy of nature is c={p(x,y)=p(x)p(y/x))}, where a conditional probability p(y/x) is specified for
any elementson B.

Let us put @ is a given class of decision functions. Class @ is u -measurable functions that puts some subset

of the objective variable £, D, to each value of the under review variable x Dy ,ie. @, ={f:D, - 2"}

This class of decision function is more total than class of logical decision functions [Lbov G.S., Starceva N.G,
1999]. In this paper, we will consider criterion for decision function from total class ®,. So criterion was

considered for logical decision functions in work [Lbov G.S., Stupina T.A., 2002]. But here we will achieve that
class of logical decision functions is a universal class about relative to criterion.

The quality F(c,f) of a decision function f & under a fixed strategy of nature ¢ is determined as follows.
Fe.f)= [(P(E, (x)/x) = H(E, (x)))dP(x),
DX

where E, (x) =f(x) is a value of decision functions in x, P(y E,(x)/x) is a conditional probability of event
{y E,} underafixed x, u(E,(x)) is measurable of subset E, . Note that if u(E, (x)) is probability measure,
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than criterion F(c,f) is distance apart distributions. If the specified probability coincides with equal distribution
than such prediction does not give no information on predicted variable (entropy is maximum). The measure

u(E,) m HE,)
H(E, () == =]~
H(Dy) =i N(Dy/)
account the type of the variable. The measure u(E,(x)) is measure of interval, if we have a variable with

is the normalized measure of the subset £, and it is introduced with taking into

ordered set of values and it is quantum of set, if we have a nominal variable (it is variable with finite non-ordering
set of values). Clearly, the prediction quality is higher for those E, whose measure is smaller (accuracy is higher)

and the conditional probability P(y  E, (x)/x) (certainty) is larger.

For a fixed strategy of nature ¢, we define an optimal decision function f (x) as function for which
F(c.f,) =sup; o F(c,f),where @ is represented above class of decision functions.

As a rule, the strategy of nature is unknown; for this reason, a decision function is constructed from a training
sampling decision function and N is the size of the training sample. The sampling criterion F(f) is empirical risk
of the criterion F(c,f).

When we solve this problem in practice the size of sample is very smaller and type of variables different. In this
case is used class of logical decision function. The logical decision function f is assigned the pair <a,p >,

where a W, and B R,,.The class W, is the set of partitions a ={E!,...,E!,...,EM} of the space D, into
disjoint subsets for which E! = ﬁE;/_ E, Dy,E, # andE, W, where W, isthe setofall possible
intervals if X, is a variable witr;_;rdered set of values and W, is the set of arbitrary subsets of D, if X; isa
nominal variable, i.e. a variable with a finite unordered set of values; we have E! W, , where W, = ﬁWx, .

i=1
The class R,, is the set of decisions (arbitrary subset of the space D, ) [3={E’,...,E;,...,Eﬁ”} for which

m
E, = I‘!E;/_ ,E, D,,E, # and E, # , where W, is defined so as W, . The decision function is
i=

presented in simple form for understanding: if x Ei than y E;. The subsets Ei and E; represented as

above can be described in terms of conjunctions of simple predicates. Such a coarsening of the decision function
is caused by the necessity to construct solutions from small samples. The class of logical decision function ®,,

can be represented as W, xR, .
Under the assumptions made, the complexity of the class @®,, is only determined by the M parameter:

v(®,,) =M. Thus, the larger the number M, the more complex the class ®,,. We achieve important property of
this class by theorem.

Theorem. For a fixed type of the predicate, the class ®,, of logic decision functions is a universal class in the

problem of prediction multivariate heterogeneous value by criterion F(c,f), i.e. for any strategy of nature ¢ and any
£ >0 there exists a number M (M=1,2,3,...) and for some logical decision function f ~ ®,, (it is represented

inthe form of decision tree on M vertices) such that |F(c,f)—F(c,f0)|ss, where f, is optimal function
in class @, .

The proof of this theorem readily follows from the property of u -measurability and P-measurability of space D
and its projections on the space D, , D, correspondingly.

The proof for the case where Y is a discrete variable is given in [Lbov G.S., Starceva N.G, 1994]. The proof for
the case where Y'is a continuous variable is given in [Berikov V.,1995].
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We can introduce a complexity of distribution (strategy of nature c¢) using the class logical decision function. It is
necessary for solving statistical stability problem of decision function.

Statement 1. For any nature strategy ¢ the quality criterion F(c,f) (risk function) of logical decision function f
belonging to ®,, is presented by following expression:
Fle.f)= [ [(T-L(y.F())p(x.y)dxdy = ZPX Py = '),
Dy Dy
P,y B

where the loss function L(y,f) suchas L(y,f) =
1+p, 'y B

P =H(Ey), B=f(a)a Wy

Proof.

Fle.f)= [(P(E,(x)/x) -/J(Ey(X)))dP(X)=Z1 [P(x,y)dxdy = p, [p(x)dx =
b, =1 £ E E}

S [ [Py [ [(-p,)plxy)idy =

=1 B Ey Ey Dy

m

||M§

=1 B E Ey Dy

[ [ (1=po)p(x,y)dxdy + [ [ (=po)p(x,y)dxdy = [ [(=p,)p(x,y)dxdy =
£ ELE

||M§

21 ] (1= po)p(x,y)dxdy + [(=p,)p(x,y)dxdy = [ [(T=L(y,f(x))p(x,y)dxdy.
e} & E By D,

Definition2. To  each  subclass >, we put in  correspondence  the  subset
LM)={c: f o, ,|F(c,f) - F(c,f0)| < e} of nature strategies; ¢ is an arbitrarily small number determining an
admissible error level of this subset of strategies, where f; is optimal function in class @ .

The complexity measure of each subset L, (M) is defined as the complexity measure of the corresponding

subclass of decision functions: v (L, (M)) =v(®,,) =M. Accordingly, the nature strategy ¢ belonging to L, (M)
has complexity measure M. The important statement follows from this theorem and definition.

Statement2. The set of all possible strategies can be ordered according to complexity, i.e.
L) L@ .. LM) .. L, ande""<e" where v(L (M))=M is the complexity and €" is the

admissible error level of the strategy class v (L, (M)) .

Proof. For an arbitrary M, let us prove the embedding L,(M) L,(M+1) ie. show that ¢ L, (M),
f ®,,,; such that |F(c,f) —F(c,fo)|ss . The definition of the class L, (M) implies that g @, such that

F(c.9) - F(c.f,)|<e”. Since ®,, ®,,,,, we can obtain f from g by partitioning some subset E} into two

subsets: if g~<a,p>, a= {E Yot B= {E et than f~<a',p'>,
a ={E]... E;,Eﬁg, ,EM/Et =E” Eﬁg} B—{E’,...,E&,E&,...,EQ”/E‘Y=E$ E{;}, where

H(EY) = p(EY) + u(ES) and p(Ey) > p(EY) + p(EY) .
Therefore, |F(c,f) - F(c.f,)| <& =¢"*" <& itis followed from the definition F(c,f).
We can suppose that the true (optimal) decision function belongs to @, it is followed from this statement 1.

Definition 3. Define a nature strategy c,, (generated by logical decision function f @, ) such as set of
parameters satisfying the following conditions:

¥
) >p =1,
=

2) P(Ey /EY) = p},, (conditional distribution is same forany x E} and y Ey),
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3) P(Ey/EY)=1= Py
where E, o, E, B, <a,B>~f ®,,.The complexity of this strategy is M, i.e. v(c,) =M. Note that c,,
generated by logical decision function belongs to class L, (M) . Clearly, the decision function that generated this
strategy is optimal function in class ®,,.
Statement 3. For a fixed nature strategy c,, L, (M) of complexity M the quality criterion F(c,,, F) (risk function)

of logical decision function f ®,, of complexity M"is presented in following form:

Flow.f)=F(@)= ZPXP -2155'(5}'“-#5),

-t t
where B =P(x EL)= Z pt HEX 0 Ex)
t=1 (Ex)

AR p(Ey N E}) ] u(Ef nEY)
& wEY T pE)

l

(Ef)-H(Ey nEY)
1-p(E)

5;’/)( - +(1_p§//x)u
Proof. Since the decision function f belongs to class ®,, than there exists partition o ={E! E)’(E)“(”}

of space D, and according to it the set of subsets B ={E,....EL,...EM} of space D, . The expression of
~ M , — ~,
the criterion  F(c,f) = ZEX' by, —u,) follows from statement 1, where p; =P(x Ej),
t'=1

Ey",x =P(y E@’/ X Ef('). Since the strategy ¢=c¢,, ¢, L,(M) is generated by logical decision function
f~<a,p> &, there is a partition « ={E}.. ,Eﬁ(, ,EM} of space D, and according to it the set of
subsets B={Ey....Ey,...Ey} of space Dy, the sets of parameters p, =P(E}), p;, =P(Ey/E}) as

provided by definition 3. Late for simplicity we will not write the mark * " and ‘ n " in view of the events. Express
the p; and p,, byway of p; and p},,, take account of the event distribution is inside of subsets Ej, Ey :

« M(EXEY) .

B =PEN =P EED = S PENPELIED=3 P, b

P(E Ex)

Py = P(EY IEY) ==X = — P(EVEY),

X X
~— -~ — M -~ M ~ e~
P(EyEy) = P(DEyEy)=P( E)D,EyEy)= ZP(EtnyEiE&) = Z(P(EQE’yEiE;) + P(EXEVEVEX)),

P(EYELEIEL) = P(ELEL)P(ELEL IELEL) = p!, HUEKEY)  (EXEY))

(ELEL)
! p(ELEL) ] p(ELE))
CuEY T uE)
P(ELELELEL) = P(ELE))P(ELES IEVEL) =
E'E!) n (ELEY ELEL EIEl
:pi(1_p}t//x)u(( X Y)t_(t X Y)) pt IJ( E X) (1_p§//X)IJ( Y_tY),
(E E) (EY) p(E)

where
u(E ) 1 /J(E' )
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Remark. If the nature strategy c,, such that some subset E}, coincides with the space D, , than
Z fu(Et nEy) ; p(Ey NE, v)

P; t=1 pEY) T uEY)

It is followed from that py,x =P, /EY)=1, u(D,)=1.

~p
py/x -

Consequence 1. If the decision function f belonging to @,, coincides with the function f belonging to ®,,,
than F(c,f) = F(c,f).

Consequence 2. For the decision function Fbelonging to @,, we have the expression P(Ej’/l::;) =1 —ﬁy",x.
Really, it is follolvs from the statement 3, where B
MEYEy) _H(Ey)-H(EVEY) WEVEY) _1-p(Ey)-W(Ey)+H(EVEY)
M(EY) WEY)  WE) 1- p(EY ) |
Consequence 3. If we have M = 1 and the optimal function f generating ¢, such that E) =D,
than F(c,,f)=0.

M
Really, for the express of criterion we haveF(c,f) = Z(P(E;E’y) -P, (Ef,))z P,(D,D,)-P,(D,)=0.
t=1
It means that we have the event distribution in D for the nature strategy of the complexity M=1. It is case when
the entropy is maximum.
Consequence 4. If we have M = 1 and the optimal function f generating ¢, such that Ef, =Dy,
than for any decision function f ®,, the criterion F(c,,?) =0.

Really, B, = “(EYT?Y))P(DY/DX) W(EY), Bl = “(fDi’;)P(DX) WED),

F(e,7) = z HEDWEL) - wELD) =0,

Consequence 5. If the decision function Fbelongs to @, and E; =D, , than we have F(cM,F) =0 for any
complexity M > 1.
, u( 39 HOED | g (I=HOE)

E}) W(EY) - pEY)
As stated above when the nature strategy is unknown the problem of statistical stability of sample decision
functions is appeared. The quality F(c,f)of sample decision function depends on the size N of the sample, the
complexity M of the distributions, and the complexity M’ of the class of functions ®,, used by the algorithm

- M
Really, we have p, = Zp =1, Py = ZP'X P;/x
t=1

Q(v) and empirical criterion F(f) for constructing sample decision functions . The empirical criterion F(f)
(empirical risk function) is presented by expression:

AL o MNEY) N(ELEL) Y M
F(f)=> (1-L(dy) = § =2k ==X P (B} 1 -
N2 2N NE.) ALY
where N() is a number of sample spots belonging to the corresponding subset *, ﬁ'zp(Ef,),

f~<d,B> O,

On the one hand, if the constraints on the class of decision functions are too strong, then this class may be
inadequate to the true distribution, and the higher the degree of inadequacy, then poorer the quality of the
decision function. On the other hand, using a complex class of functions on small samples also lowers the quality
for the decision function.
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At present time there are two well-known approaches solving this problem. The Vapnik -Chervonenkis approach
uses the principle of uniform convergence [Vapnik V.N., Chervonenkis A.Ya, 1970]: the quality criterion
F(c,f)depends on VC-complexity of the decision function class @® and the level of empirical risk F(f).
In the case of one discrete variable prediction was provided results [Nedelko V.M., 2004]. When the nature
strategy ¢ belongs to even probability distribution class such problem was decided by the method of statistical
modelling for the case of several heterogeneous variable prediction [Lbov G.S., Stupina T.A., 2003]. It is the
particular case of our problem. Really, we can provide the biased estimator of criterion (risk function)

Eey =E, F(c,f) - F(f)‘ by the statistical modelling method for any nature strategy ¢ belonging to the class

L(M) . Itis follows from the consequence 1-4 that we have the expression Eg,, = EVNF(f) forc L(7).

Another (Bayesian) approach to solving this problem consists in the construction of the evaluation EF(c,f) that

is obtained by averaging over all samples of N-size. Raudys in [Raudis Sh.Yu.,1976] used that (Bayesian)
approach to solving pattern recognition problem that is admitted small samples, but is imposed a fairly strong
constraint on the form of the distribution.

When the nature strategy is unknown, the quality of decision function is assigned by the expectation ECEF(c,f )
of criterion EF (c,f), which is obtained by averaging over all distributions. This problem was solved for pattern

recognition problem in the case of one discrete variable prediction [Startseva N.G.,1995], [Berikov V.B., 2002]
and for regression analysis in the case of one real variable prediction [Lbov G.S., Stupina T.A., 1999].

The problem concerned at this paper generalizes the problem of pattern recognition and the problem regression
analysis. From the presented above properties of the quality criterion is followed that we can use both
approaches solving statistical stability problem.

Conclusion

An approach to solving the problem of heterogeneous multivariate time series analysis with respect to the sample
size was considered in this paper. The solution of this problem was assigned by means of presented criterion.
The universality of the logical decision function class with respect to presented criterion makes the possible to
introduce a measure of distribution complexity and order all possible distributions (nature strategies) according to
this measure. The logical decision function class allows us to introduce such orderings in the space of
heterogeneous multivariate variables. For the fixed complexities of probability distribution and logical decision
function class, the properties of this criterion are presented by means of theorem, statements and consequences.
The approaches to the solution of the statistical stability sampling decision function problem were considered.
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K OMPEAENERHUIO MHTENNEKTYAIBHOIO AHANIM3A JAHHbBIX

Kcenusa A. HaligeHoBa

AHHOTauus: B paboTe paccMaTpuBalOTCA K/oueBble NPO6EMbl MHTENNEKTYaNbHOTO aHanmsa [aHHbIX,
aHa/M3MPyeTCs CoAepXaHne TepMUHA «MHTENNeKTyanbHbll aHanu3 faHHbix (MAL). MokasbiBaeTcs posb
MeTO/0B MalUMHHOTO 06YYeHWs ANs U3BMEYEHNs KOHLENTYa/lbHbIX 3HaHWA M3 flaHHbIX. PaccMaTpuBaeTCs
abCcTpakuyms faHHbIX Kak MeTOog4 OpMMPOBaHNS 3HaHUA. B3aMOCBA3b MeX[y 6a3ami faHHbIX U CPeacTBaMu
MalLMHHOTO 06y4YeHMs BbIAENSETCA Kak KnoueBast npobnema peanuaaumn VAL,

KntoueBble cnoBa: MHTENNEKTYasbHbIA aHa/u3 JaHHbIX, MalnHHOe 06y4eHne, machine learning, n3eneyeHve
3HaHWIA U3 JaHHbIX, data mining.

CopepxatesnbHblii aHann3 VAL

Heckonbko NeT TOMy Hasaf TEPMUH «UHTEN/IeKTyanbHblii aHanm3 faHHbix» (MAL) He 6bln LWMPOKO
pacnpocTpaHeH, HO LUMPOKO YnoTPeb/isanca TEPMUH «UHTENNEKTyaslbHble CUCTEMbI». VHTENeKTyanbHbIMAU
Ha3blBa/IUCb NIt06ble NPUKNaAHble CUCTEMBI, HE3ABICUMO OT UX HA3HAYEHMS, B KOTOPbIX 418 NPUHATUA PeLLeHuii
B SIBHOM BIUZie WUCMOMb30BA/ICH 3HAHWS CNELMaINCTOB, NPeACTaBeHHbIE B BILE NpaBis, NMPOLELYp, IBPUCTHK,
Knaccugpukaumii, mogenein 06bEKTOB W T. 4. MCnonb3oBaHWe 3HaHWA B WHTEN/IEKTYasbHbIX CUCTEMaX
0XBaTblBa/I0 1 OXBATbIBAET HE TO/IbKO MPOG/EMbl M3BNEYEHUS 3HAHWUIA 3KCMepTa, HO W BCKO npobremaTnky
MaLLrHHoOro 06yyenus (Machine Learning)  Lie/iblo aBTOMATU3MPOBAHHOTO M3B/IEYEHUS 3HAHWIA 3 faHHbIX. Tak,
Ha 6-O/ HaUWOHaNbHOWA KOHCbepeHUMn No WCKycCTBEHHOMY uHTennekty (KWIN-98) [Tpyasl, 1998] pabotanu
cnefyowme cekunm: «MpuknagHble CUCTEMbI», «/IHTENNeKkTyaNbHble CUCTEMbI U BUPTYa/lbHaA PeasbHOCTbY,
«/HTEeNnnekTyasIbHble CUCTEMbI U (PopManM3auns CuHTE3a No3HaBaTe/bHbIX npoueayp», «/HTennekTyabHble
npon3soAcTBa W npeanpuatusi». Ho yxe uepe3 ABa rOfa, Ha 7-O HAUMOHa/IbHOWA KOH(bepeHuun no
nckyccteHHomy uHTennekty (KWIA-2000) pabotana cekums «V/HTennekTyanbHblii aHanu3 AaHHbIX» [Tpyapl,
2000]. 3Ta cekuyua 6bina NocBsileHa paboTam B CpaBHUTENLHO HOBOW 06nacTi Data Mining (DM). 3T0T TepMuH
NepeBOANTCA KaK «406blua» NonesHbIX faHHbIX (CPOAHM A06blYe NoMe3HbIX Uckonaemblx) U3 6a3 faHHbIX (BA) v
Mo CYLIECTBY YNOTPEONAETCS Kak CUHOHUM TepMuHa « AL,

Hepezko Hapsgy ¢ Data Mining ynotpe6natotcs TepmuHbl Knowledge Discovery (06HapyxeHne 3Hanuii) n Data
Warehouse (xpaHunuiie faHHbix). VAL v ynpaBneHue 3HaHUAMW NpeLCcTaBnAoT CerofHsA CaMoCTOATe/IbHOE
Hanpas/ieHe B TEOPUN 1 NPUMOXEHNN UHTENNEKTYasbHbIX cucTeM [3abexanno, 1998a].
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WAL Bblgensier nofknacc 3afay, KOTOpble MMEKT [AeN0 C M3B/IEYEHNEM U3 [aHHbIX 3aBUCUMOCTEN
HEeCTaTUCTUYECKOTO Xapakrepa. Takue 3aBMCMMOCTM MO3BOMAKOT [enarb 3akNYeHWs He B CpefHem no
HEKOTOPOMY MHOXECTBY OOBEKTOB, & /191 KaX/A0ro M3y4aemMoro 06bekTa B OTAENbHOCTU. MccneayoTcs 06bekTbl,
ONMCbIBAEMbIE HE MPOCTO COBOKYMHOCTHI0 3/IEMEHTOB, HO UMELOLLME BHYTPEHHIOW CTPYKTYPY, NPeSCTaB/IEHHYIO
HabopOM KayeCTBEHHbIX 1 KOMWMYECTBEHHBIX OTHOLUEHWA MEXMy 3neMeHTamu. lMpakTuyeckas noTpebHOCTb B
WAL oueHb Benmka BO BCex 06n1acTaX, B TOM YUCNE U B MEAUUMHE, Tak kaK K HacToswemy Bpemenu B B,
NOAJEPKMNBAIOLNX Pa3/INYHbIE CUCTEMbI MPUHATUSA PELLEHWA, HAKOMIEHO Takoe KOMMYECTBO MHOpMaLuK,
KOTOPOE HEBO3MOXHO OCMBIC/IUTL U NPUMEHUTL 6€3 MOMOLLM KOMMbIOTEPA.

TPYAHOCTM aHanM3a [aHHbIX B GOMbLUNX XpaHWAULAX OTAFOLIAKTCA HE TOMbKO OGBHEMOM 1 PasHOPOAHbLIM
XapakTepoM AaHHbIX, HO 11 OTKPLITOCTbH 3HaHWIA CneumanmeTa u AUHaAMUYHOCTbI0 NPaKTUYECKUX NOTPEBHOCTEN.
Kakne MMeHHO 3HaHWs HeOBXOANMO NoyuMTh creumanucTy u3 bJ, HEBO3MOXHO cKa3aTb 3apaHee, a Tem 6onee
(hopmann3oBaTh B BiAE CTAHAAPTHbIX 3aMpocoB K B/,

WAL npu3BaH yMeHbllaTb BCE YBEMNUMBAIOLLMIACA pas3pblB Mexay COOPOM [AaHHbIX U UX MOHUMAHWEM.
Mpaktnyeckne uem WAL: XpaHuTb [aHHble, WMETb K HUM [OCTYyNn B Pa3N4HbIX CUTyauusX, MoMyyarb
WH(hopMaLMIo ANs pasHbIX Lieneid, 4acto He orpaHuyMBasch (popmatoM 3anpocos k BJl, co3nasatb HOBblE
KOHL,eNTbl 1 3(PdIEKTUBHO MX MCMO/B30BAT.

MpaKkTU4Yeckne Lenn «U3B/IEYEHUS 3HaHWI M3 [AaHHbIX» NPUBOAAT K TOMy, uTo WAL OxBaTbiBaeT BENNKOE
MHOXECTBO METOJ0B Npeobpa3oBaHus 1 aHanu3a [aHHbIX OT NepBUMYHON 06paboTKM faHHbIX 40  METOAO0B
MaLLVHHOTO 06Y4eHUs ANS BbIABMEHWS KOHLEeNTyasbHbIX 3HaHWA. MeToAbl MALMHHOTO 06Y4YeHWs BKIOYAOT
O[HOBPEMEHHO METOfbl BbISBIEHUS NOTUYECKX NPaBW/ (UMMIVKALMA, NPUYMHHBIX 3aBUCUMOCTEN) U METOZp
annpokcumMauuu pasfMyHblX 3aBUCUMOCTEN, KOTOPble He MOAAANTCA aHa/MTUYeCKoMy onucaHuio. WAL
0XBaTblBaeT TaKke CTaTUCTWKy, pacnosHaBaHWe 006pa3oB, HEMpOHHble CeTW, abeTpakumio fAaHHbIX (data
abstraction), oHTOMOTMW, CpeACTBA BU3yanM3auun ANA NOAJEPXKA aHanu3a AaHHbIX U Ap. TPyAHO Takke
pasrpaHuuuts WAL u obnactb, koTopas 3aHumMaetcs noctpoeHvem b3 Ha ocHose BA. WAL n DM ectb
noasagauun ofHoi obLueii 3anaun — MNpeobpasoBaHne [aHHbIX B 3HaHWS.

PasHble aBTOpbl MPeabABNAKT pasfnyHble, NOAYAC NPOTMBOPEUMBLIE, TPeOOBaHMA K CPeACTBaM aHaiun3a
AaHHbIX. 10 MHEHMIO psga aBTopos, uenb Data Mining COCTOMT B BbISIBNEHUM CKPbITbIX 3aKOHOMEPHOCTEN B
OOMbLINX M O4YeHb 6OMbLINX 06bEMAX [aHHbIX, COAEPXAWWX HECKOMbKO MW/IMOHOB U [jaxe OWNIINOHOB
sanucein [Hand, 1998]. PasBopaumBatoTcs AWCKycCUM MO MOBOAY MPUMEHUMOCTM CTATUCTUYECKUX METOA0B
aHam3a faHHblx B Data Mining. TpaguUMOHHbIE METOAbl CTATUCTUKM CUUTAOTCH OCHOBHBIM WHCTPYMEHTOM
aHa/m3a fAaHHbiX. CTaTucTKa OnepupyeT YCPeAHEHHbIMU XapakTepucTikamu BbIOOPKW, KOTOPbIE 4acTo
ABNAITCA Ma/IOMHDOPMATUBHBIMU BEINYMHAMM NPU PELLEHUM NpaKTUYeckux 3afay. Hanpumep, cpeaHss
NNaTexecnocobHOCTb KAWEHTA He MO3BOASET MPOrHO3UPOBaTh COCTOATENLHOCTb K/MEHTA W €10 HAMEpPEHNs B
YCNOBUSX pUCKa [N NPUHATUS pelueHnid. CpefHsAs WHTEHCMBHOCTb CUTHaNa HE BbISIBNSET XapaKTepHbIX
0COOEHHOCTEl CUrHaua, NOIOXEHUI NuKa CUrHana u T. .

Bot B3rnaa Ha cofepxaHue TepmuHa «MA[» poccuidickoro Bbldatollerocs cneuuanucta H.I. 3aropyiiko:
«MeToabl WHTennekTyaslbHOro aHannsa fJadHblX (Data  Mining) npumeHsatoTcs  Ang  aBTOMATUYECKOTO
OOHapYXEHNs1 AMMUPUYECKUX 3aKOHOMEPHOCTEN M WUCMONb30BaHUS MX MpW PELUeHNN 3adady Knaccudukauum,
pacno3HaBaHusi 06pa30B ¥ NPOrHO3vpoBaHus. OCOBEHHOCTb 3TUX METOAOB COCTOMT B WX OpWeHTauuu Ha
3afjaun, ANA KOTOPbIX WUCMOMb30BAHWE TPAAULMOHHBIX CTaTUCTUYECKMX METOAOB BbI3bIBAET 3HAYUTEIbHbIE
3aTpyfHeHus. VIMetoTcs B BUAY 3afjaus aHaim3a [aHHbIX O4eHb 60/bLIOro 06bema, NN0Xo 06YCNOB/IEHHBIX
Tabmy, (KONMYeCTBO NPU3HAKOB CPABHUMO C KOSIMYECTBOM OOBEKTOB), MOPaXKEHHBIX LWymMamu 1 npobenamu, ¢
NpU3HaKkamu, U3MEPEHHbIMU B Pa3HOTUMHBIX LKanax, Npu OTCYTCTBUW OCHOBaHWUA AN1S BbIABWKEHNS TUNOTE3 O
3aKoHax pacnpegaenenusy [3aropyiiko, 1999].

MOXHO 3aMeTUTb HeKOTOpble NPOTUBOpeuns B TpeboBaHusx K metogam DM, Hanpumep, TpaguLMOHHble
CTaTuUCTUYeCcKue METOAbl aHa/M3a [aHHbIX He MPUMEHUMbl K [aHHbIM TUraHTCKOro 06bema, ABNAKLLMMCA
KOHI/IOMepaToM MH(OpMauMn pasHOPOAHOTO XapakTepa, MOCTYNMBLUEA OT pPasHblX WCTOYHMKOB. ANITOPUTMbI
pacno3HaBaHisi U MaWHHOTO 06Y4eHUsi B OCODEHHOCTU VMEKT 3KCMOHEHLMasbHY C/OXHOCTb U MIOX0
npucnocobeHbl, KPOMe creLnanbHbIX MOAU(DMKALMA, K aHaI3y AaHHbIX TUFaHTCKOro o6bema. TeM He MeHee,
OHY ABNAKOTCA TNaBHLIM UHCTPYMeHTOM B DM.

OG6HapyXeHue 3HaHWii B JaHHbIX 3TO 06/1aCTb UCCIELOBAHMIA, KOTOPAs HAXOAMTCA Ha NepeceyeH TEXHOMOTAN
6a3 [JaHHblX, CTaTUCTWKM, MalwwHHOro o06y4eHus (Machine Learning), pacnosHaBaHus 06pa3os,
KOHCTPYWMpOBaHUS B3 1 MHOMVX APYriX AUCUMNANH, Tak WK WHAYe CBSA3aHHbIX C 06paboTKOI AaHHbIX 1 3HAHWIA.
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Bce aBTopbl 0630poB no WAL [3aropyiiko, 1999], [3a6exaiino, 19986], [PowynkuHa u LWanot, 1997], [Lavrag,
1998] cornacHbl B TOM, YTO 3TO HarnpaB/IEHNE CBA3AHO C aHA/IM30M TUraHTCKUX 0ObEMOB fIaHHbIX, HAKOMNEHHbIX
B Bbfl, C LUENbl0 M3BNEYEHUS W3 HUX 3HaHWiA B (hOPME HEOXMAAHHBIX, MHTEPECHBIX, paHee HEeW3BECTHbIX
3aBMCUMOCTEN, CBA3EiA, accoumaumin, hakToB. BO/bLINHCTBO aBTOPOB COrNMACHbI TaKKe U B TOM, Kakue MeTogpl
06paboTkn AaHHbIX BkMtovaoTcs B VIAL. Hanbonee nonHbIA CNCOK METOZOB MpeACTaBnseTcs Creaytowmm
o6pazom:
1) nepsnyHas 06paboTka fAaHHbIX ((hunbTpauus, BblAeNEHMe OfHOPOAHLIX 06nacTeil, aHanu3
BPEMEHHBIX PSZ0B, U3B/IEYEHNE NPU3HAKOB W OTAE/NbHbIX CTPYKTYPHBIX 3/IEMEHTOB;
2)  [UCKpeTu3aums faHHbIX (OWHapu3auus, LIKaMpoBaHWe, WHTEPBa/IbHbIA aHanu3, Knactepusaums,
KBaHTU(MKaLMS, YKPYMHEHWe Anana3oHoB 1 Ap.);
3) npeobpasoBaHne AaHHbIX (ObiCTpoe npeobpasoBaHMe Pypbe, ObICTpOE NpeobpasoBaHMe Yoniua,
npeobpa3oBaHre NPOCTPaHCTBA NPU3HAKOB U Ap.);
4)  TaKCOHOMWS N METO/bI BblAeNeHUs NPU3HAKOB;
5) BbISIB/IEHNE 3aKOHOMEPHbIX OTHOLLEHMIA CTATUCTUYECKUMM ((DAKTOPHBIA aHanu3, KOppensiuOHHbIN
aHasIn3, perpeccuoHHbIii aHanus) u norunveckumn (Machine Learning) meTogamu;
6) BbISIB/IEHNE H(IOPMATMBHBIX MPU3HAKOB;
7) MeTO/bl aHanm3a CTPYKTYPHbIX 06LEKTOB (4MHAMUYECKOe NporpaMMUMpOBaHUE, CKPbITble MapKOBCKME
NPOLIECChI, Mepapxuyeckne CTPYKTYpbl 1 Ap.);
8) pacnosHaBaH/e 00pa3oB W MPOTHO3MPOBaHME (HEVPOHHbIE CETW; TEHETUYECKMe anropuTMbl,
MO/IENMPOBaHNE NPaBAONOA0GHbIX pacCyXaeHuid, 3anonHeHne npobenos B bA);
9) MeTOo/bl MOZE/MPOBAHNA CIOXHBIX 0O6BEKTOB U CUCTEM;
10)  HeyeTkMe MOLENN U MATKME BbIYUCIEHUS.

O6beanHeHne B OAHOM HanpaB/IeHUK Takoro 60/1bLIOTO KOMYECTBA Pas/IMiHbIX METOA0B TPebyeT 0ObACHEHUS.
Ho, uto camoe BaxHoe - uenb WAL He onpefeneHa fOCTaTouHO ACHO. Kakue UMEHHO 3HaHus U3BMeKaloTcs U3
[aHHbIX, KaXablii uccnefoBateslb NOHUMAET MO-pasHOMY, UCXOAA M3 3afay CBOel cneunasibHoii obnactn. C
TOYKM 3pPEHNs Lienei uccnefoBaHns rnasHbIM SBNSETCS He 06beM AaHHbIX, & NPUPOAa AaHHbIX, CTENEHb UX
reHepanusauum, cTeneHb UX CTPYKTYPUPOBAHHOCTY (OPraHM30BaHHOCTU) U CTeneHb UX aKTUBHOCTU — TO
eCTb BO3MOXHOCTb WX HEMNoCpPeACTBEHHOrO WCMO/Mb30BaHWA, MpY pelleHun 3agay. Takum 06pasoM,
NPOLLECC WN3B/IEYEHUS 3HAHWI U3 [aHHbIX NPW UX aHa/n3e YNpaB/IsSeTcs COAEPXKaHNEM TeX 3HaHWiA, KOTOpble
M0/Ib30BaTE b XOUET NOMYUYUTb U3 JAHHDbIX.

YTo6bl Gonee TOYHO onpefenTb Lenn WAL, paccMOTpUM, Kakue AaHHble OH 06beAuHsieT. ITO AaHHble,
KOTOpbIE UMEIOT Pas/INuHy0 NPUPOAY W PasHyHo CTeNeHb reHepanu3aLun; n3meperus (Hanpumep, 3anucu JKr),
[aHHbIE, NOJTyYeHHbIE OT CEHCOPHbIX AATYMKOB, faHHbIE MOHUTOPUHIA (KOTOPbIE MOTYT BKIKYATb N306paXEHNSs
N BPEMEHHbIE NOCNE0BATENLHOCTU CUTHANOB), HAKOHEL, WH(hopmaums B BJ, (Takas kak uctopumn 60nesHeil,
[laHHbIe NMCMX0N3NONOTMYECKOr0 TECTUPOBAHMS, TEKCTOBAs MHhOpMaLLMS, ONMCaHIUS COXHBIX CTPYKTYp Yepes
npusHakn 1 ap.). NHdopmauns B BJ} 6onee CTpyKTypupoBaHa, YeM [aHHble CEHCOPHbIX AaTuikoB. O6bluHOE
npeacTaBneHne faHHbIX — TabnuLibl, B KOTOPbIX 3an1cK COOTBETCTBYIOT 06beKTaM, a CTONGLbI aTpubyTam uim
XapakTepucTukam 061beKTOB. B 06LieM Cnyyae 3HAYEHUst aTpUbYTOB MOryT ObiTb NpeACTaBneHbl B pPasfnyHbIX
LIKanax — HenpepbIBHbIX, GUHAPHBIX, KATEropUabHbIX U T.4,.

[laHHble pasHOil MpUpOAbl, HakonneHHble B B[l pasnnuyHOro HasHauyeHus, MOTEHUMANbHO CoAepxar
HeorpaHN4YeHHbIE 3HAHWS, KOTOPbIE MOXHO NONYUYUTb, «M3BNEULY, «A00bITbY, HO KOTOPbIE HE COAEPXATCA SIBHO B
3TUX «CKnagax» WHGopmaumu. Hanpumep, Bl moxeT cogepxatb uctopun 6GONesHeld A1 NauyeHTOB,
MPOXOAMBLUNX JNEYEHNe B Pa3NMuYHbIX NEeYebHbIX 3aBEAEHMSX, B Pa3/MuHbIX pernoHax u 1. 4. Llenbto
nccnefoBaHns MOXeT ObiTb 3aBUCUMOCTb BPEMEHW M3/IEYEHWS NalMeHTa npu HEKOTOpPOM 3abofieBaHuM OT
PErMoHa WM BO3pacTa NauueHTa WM HEeKOTOpPOro Apyroro chaktopa. MOHATWE «BPEMSI W3NEYEHUS» He
COLLEPXNTCA ABHO B 3anucsix. OAHAKO ero MOXHO OnpeaennTb No TEM AaHHbIM, KOTOPbIE eCTb B 3anucsX: AaTa
nocTynneHus 60NbHOTO B Nle4ebHOe 3aBefeHne, faTta BbiNUCKA M3 Ne4ebHOr0 3aBefeHns, faTa 3aKpblTus
nocneaHero ONNETEHs nepen BbIXOAOM Ha paboTy. To eCTb HEOOXOAMMO CO3[aTb HOBYH «aOCTpaKUMIOY,
HOBbI MPU3HAK Ha OCHOBE WMEHLWMXCA AaHHbIX. [ns 3Toro notpebyetcs siBHOE (POPMYNMPOBAHME HOBOMO
TEPMUHA, CBEAEHWE €r0 K WMEKLMMCS faHHbIM C MOMOLLb MPOrpaMMHO PeasiM30BaHHbIX 3anpocoB U
BbIYNCNTE/BHBIX  W/WAWN  NIOTMYECKNX onepauuid. Kpome TOro, noTpebytoTcs nporpammbl, hopmupytoLise
Heo6XxoauMble BbIOOPKM 3anuceil, B COOTBETCTBUM C rpafauuami ynpaBnsiowmx (hakTopoB — KOHKPETHOE
3aboneBaHne, pPer1oH, Bo3pacT. MOXeT noHaJobUTLCA BbIAENUTL MHTEPBAbI  3HAYEHWA  (PaKTOpOB.
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B3auMMOCBSi3b MeX[y BPEMEHEM feYeHust N hakTopamm MOXET GbiTb WUCCMefoBaHa pasHbIMU Cnocobamu, B
3aBMCUMOCTY OT TOrO, Kakyto (hopMy B3aMMOCBSI3M BbIGEPET MCCNEf0BaTENb: BEPOSTHOCTHYH) WU NIOTNYECKYH.
Be3yc/oBHO, 3T0 04eHb NPOCTOI NpUMep.

MpoLECC W3BMEUEHNS HYXHbIX KOHLENTYaslbHbIX 3HAHMIA MOXET noTpe6oBaTh CO3faHWs LENoi CUCTEMb
B3aMMOCBSI3aHHbIX MPOLIECCOB, KOTOPbIE BK/KUAT Kak NPeABapuTeNbHYl0 06paboTky «ChbipbIX» AaHHBIX, Tak U
npoueaypbl 06y4YeHUs KOMNbOTepa MpaBuiaM, onpefenstolmMM TPebyemblii KOHLENT. XapakTepHblid npumep
TaKoro 60M1ee CMOXHOO MPOLLECCa MOXHO B3AiTb M3 06/1aCTM aHanM3a M30GPaXEHNI C LIEMbI0 U3BMEYEHMS
re0NIOrYECKIX MPOCTPAHCTBEHHBIX CTPYKTYP, CBS3aHHBIX C PYAHbIMM MECTOPOXAEHUAMN. K Takum CTpyKTypam
OTHOCSTCS @HTUK/IMHANN, CUHKMMHAMN, KOMbLEBbIE CTPYKTYPbl. NS BblAENeHUs CTPYKTYp HEeoBXoAumo Ha
N306paKEHNN BbIAENUTb CHAaYaia /IeMEHTapHble NPOCTPAHCTBEHHbIE COCTABHbIE YacTy, Takue Kak NnHNs. [ns
BbIAAENEHUS IMHWIA MOXHO MATM ABYMS NYTSMM: @) NOCTPOUTL MPOrpamMMy, B KOTOPOIA 3a/10XeHO onpeaeneHne
NVMHAW W NpaBuna eé BbieneHus, 6) 3a4aTb NPUMEPbI IMHWIA Ha N306PAXEHN 1 C NOMOLLLIO UHAYKTUBHOTO
MEeTO/a NOCTPOMTb aBTOMATMYECKM MpaBiNa BblAENEHNS NUHWIA. Koraa NnHAM BblAeNeHbl (NpsiMble MHAN 1
NMHAW, WMEIOLLME KPWUBW3HY, BOMHUCTBIE NIMHAM — MPUMUTUBLI), MOXHO (HOPMMPOBATH «KOMMBIOTEPHOE»
MOHMMaHWe, YTO Takoe «KOMblieBas CTPyKTypa». [ns 3TOro, ONsiTb-TakW, HEOGXOAUMO NMGO MOCTPOUTH
pacnosHaloLLyto MporpaMmy, B KOTOpOIi GyAyT 3an0XeHbl ChOopMyMPOBaHHbIE 3KCMIEPTOM MPaBIA BblaeNeHus
«KO/bL@», NMBO MCMONb30BaTb METO, «0BYYEHWs C MOMOLLbIO MPUMEPOBY 1 MOMYYNTL NPaBUNa BblaeneHns
KONbLEBbIX CTPYKTYP C NOMOLLbIO KOMMbIOTEPA.

WAL — 3T0 MHOTOCTYNeHYaTbIi NPOLECC TPaHChopMaLmm AaHHbIX B 3HAHWS C MHOTO3HAYHbIM BbIGOPOM CPE/CTB
Ha Kax[oM aTane 06paboTki. Kaxablii METOf M3BNEUEHUS 3HAHWI UMEET OMnpefiefieHHble YC0BUS W
npeaenbl NPUMEHEHUs, KOTOpPble BK/IOYAIOT CTEMeHb TeHepasM3aluM  [aHHbIX, CTeneHb WX
CTPYKTYPHOCTU, (DOPMY MX NPEACTABNEHUS], TOUHOCTb, C KOTOPOI OHM OTOBPAXAIOT 06 EKTBI U, KOHEUHO,
pasMepHOCTb. POCT pasMEpHOCTW fiaHHbIX MPUBOAUT K HEOBXOAUMOCTYM AEKOMMO3NLAM aHHbIX 11 MPOLEAYP.
OrpoMHOE 3HaueHue NMpUoGPETAlOT Molarosble npoleaypsl VAL, KoTopble Npu MOCTYMAEHAM HOBbIX MOPLMN
[IaHHbIX KOPPEKTUPYIOT PaHEE NO/YYEHHBIE PELLEHNS.

B LeNoM NpoLEcC W3BNEYEHUs 3HAHMIA U3 AaHHbIX MOXHO MPEACTaBUTb Kak MHOrOCTyMeHYaTblii mpoLecc, Ha
KaXKZ0M CTyMeHM KOTOPOro NpoucxXoauT NpeobpasoBaHie KOHLIENTOB 6o/iee HU3KOTO YPOBHS K KOHLENTam 6onee
BbICOKOTO YPOBHS, MpUYeM 3TO NMpeo6pasoBaHie MPOUCXOANT Ha OCHOBE OfHMX W TEX Xe MPUHLMNOB He
3aBUCYMO OT YPOBHS reHepan13alLn 1 Npupofbl AaHHbIX. KOHLENTbI UK NaTTepHbl 60Nee HIN3KOro YPOBHS C UX
Bbl€/IEHHbIMM MPU3HAKAMK CNYXAT WUCXOAHbIM MAAHOM ANs BbIAENEHWNS KOHLENTOB MK NaTTepHOB Gonee
BbICOKOTO YPOBHsl. [ €CTb MPUHUMNMANLHO [Ba NYTU BbIAENEHUS KOHLENTOB CE/yIOLLEro GONee BbICOKOro
YPOBHSI MEpapXui: WCMo/b30BaHMe YXe TOTOBbIX MPOrPaMMHbIX MOAY/Neid, BOMMOLIAIOWMX U3BECTHbIE
MaTemaTYeckue MeTOobl M 3HaHWS CMELManNCTOB O CBOICTBAX BblAeNsiEMbIX KOHLIENTOB, U MCMO/b30BaHNE
NHOYKTUBHBLIX METOAO0B O06YYeHWs KOHLENTaMm No npuMepam. OTOT BTOPOiA MyTb NoapasymeBaeT 6GOMbLuYH
aKTUBHOCTb 3KCMepTa B YNpaBieHUN NPOLECCOM BbIBOAA HOBbIX 3HAHMA OT 3afaHns 0byyarolleil BbIGOpKK A0
MCNo/b30BaHMS MpOLeayp, MOAENNPYIOLLMX PACCYXAEHNS CNeLNanncToB.

Mpo3payHocTb pesy/bTata f/18 nonb3osarens B DM cuutaetcs o6s3atenbHbIM. [ 3TOr0 npu paspaboTke
METOZ0B aHasn3a [aHHbIX ONMMpatoTca Ha MOAeNnn KOHUEenToB. OAWH U TOT Xe pesy/nbTaT MOXET MoSy4nuTb
pasHyl0 MHTeprpeTaumio Npu pasHbiX KOHUenTyanbHblx 6asax. lMporpamma DM moxeT 6biTb npefcrasfeHa
cnefytolleii CXemoil [AeicTBUiA: (4aHHble + KOHLENT) (nporpamma DM) = (npo3pauHblii pe3ynbTar)
[3aropyiiko, 1999].

DM B kayecTBe npouecca npeobpasoBaHWs [aHHbIX B 3HaHWE WMEeT HeMaso MpUMEHEHMIA kak Ans
KOHCTpympoBaHus B3 Ha ocHoBe B[, Tak M [Ansa opraHusaumn B3anmogeictsus mexgy b3 u B[,
B3anmogencTame ocyLLecTBSETCS He yepe3 (UKCMPOBaHHbIE 3anpochkl, & Yepes KOHLENTbI, TEPMUHbI 1 3ajaun
npo6nemHoi obnactu. Bot noyemy nprobpetaeT BCe 60/bLIEE 3HAYEHWNE HOBOE HANPaBNEHNe B UCKYCCTBEHHOM
WHTEN/EKTE — CO34aHMe OHTONOIMIA ANs pasfinyHbIX NPUKNaAHbIX 061acTeil nccnefoBannin. Mog OHTONOrMEN
MOHNMAETCS CMbICNI0BAS TEOPUS O PA3HOBUAHOCTAX, CBOCTBAX OOBEKTOB M CBA3AX MEXAy HUMM. OHTOMOMN
NPeAOCTaBNAT TEPMUHONOTMIO ANS ONUCaHUS 3HaHMIA B NPeAMETHbIX 06nacTsx [Faspunosa, 2001; /leBaliosa 1
ap., 2002]. OHTOMOMMM HEOOXOAWMbl AN TOro, 4TOObI W3BMEKAEMbIE M3 [AHHbIX KOHLENTbl Of{HAKOBO
NOHMMANNCb MHOTUMK MONb30BaTENSMW. Ha OCHOBE OHTOMOMA BO3MOXHO O6BLEAUHUTb PasHble MCTOYHMKM
[aHHbIX 4ns 60MbLIOTO YMCNa NOMb30BATENEN, MHTETPUPOBATL 3HAHMS, U3B/EKAEMbIE U3 pa3nMuHbIX BJ, Ans ux
MOBTOPHOTO MCMO/L30BAHNS.
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MeTO/ibl MaLLMHHOTO 0BYUEHNS 1 U3BNEYEHNE KOHLENTYasIbHbIX 3HAHWIA U3 JaHHbIX B VAL

OcTaHoBMMCS 6osee NOAPOBHO Ha METOfax MallMHHOro obyuyenmnst (Machine Learning), npeaHasHayeHHbIX 4
MoMCKa B JaHHbIX SIOTMYECKUX NPaBU/ U 3aKOHOMEPHOCTEN, Ha OCHOBE KOTOPbIX (DOPMUPYIOTCS KOHLIENTYa/bHbIE
3HaHWS. 3T METOfbl MO CYLIECTBY MOAENMPYHOT YerioBeveckie Crnocobbl NPaBAonoA06HbIX (MHAYKTUBHBIX,
AeAYKTUBHbIX, abAYKTUBHbIX, MO AHANOMMK U T. [.) PaCcCYXAEHWiA, C NOMOLLbIO KOTOPbIX /060N YernoBek, 1
CMeumanucT B TOM uucnie, NPUOBPETaeT U MOAUCULMPYET CBOM 3HAaHWS. VIMEHHO Ha OCHOBE 3TUX MeTOA0B
OKa3blBAETCS BO3MOXHbIM NOCTPOUTb «MHTEPAECY Mexay McCneaoBaTeneM W UHTENNEKTYaNbHOW CUCTEMON
aHanM3a aHHbIX.

MeToabl MaLIMHHOrO 0BYYeHWs MPUMEHSKOTCS K [AaHHbIM, KOTOpblE UMEKT Haubosee pacnpocTpaHeHHy Ha
npakTuke hopMy NpeaCcTaBneHs B BUAE TaGMNL «OBBLEKT - aTPUBYThI», T aTpUBYThbl MOTYT UMETb Pas/inyHble
YICMIOBbIE U KAYEeCTBEHHbIE 06/1aCTI 3HAUEHMWIA.

MOXHO BbIf€NMTb [BA OTHOCUTENIbHO CaMOCTOATENIbHbIX —HAMpaBleHUs B MalMHHOM  06y4eHuu:
KOHCTPYWpOBaH/e KOHLEenToB unn abetpakumii u3 AanHbix (Data Abstraction) n BbisiBNeHWe 3aKOHOMepHbIX
CBA3eM B [aHHbIX B (DOPME PAa3/MYHBIX 3aBUCUMOCTE BbINOMHAEMbIX HA MHOXECTBE O0OBLEKTOB Mexay
atpubyTamu (3HayeHusmMKU atpubyToB): (DYHKUMOHANbHBIX, WMMIMKATUBHBIX, aCCOLMATUBHbIX, OTHOLIEHW]
«KNacC-NoAKNacey, «4acTb-Lenoey» u T.4.

MawwmHHoe 06y4yeHWe BKIKOYAET TakkKe KNACTEPHbIi aHa/M3  (CUMMBO/bHBIX M YUCMIOBbIX CUTHAJIOB),
BEPOATHOCTHble Kay3aslbHble CeTn, 0bydyeHne Ha ocHose npelieseHToB (Case-Based Learning), metop
bnmxaiiwero cocepa, 6Gaiiecosckuii knaccudukatop. OAHaKo M3BEYEHWEe KOHLENTOB WM abcTpakumin 13
[laHHbIX W BbISB/IEHNE 3aBUCUMOCTEN B [aHHbIX ABNAOTCA OCHOBHbIMM MPOLECCaMM, C MOMOLLbIO KOTOPbIX
NPOUCXOAMT (HOPMMPOBAHME KOHLENTYaslbHbIX 3HAHMIA Ha OCHOBE MMEHLLMXCS AaHHbIX, YTO MO CYTW U €CTb
rnasHoe cogepxanne NAL.

ABCTpaKLMW faHHbIX KaK MeTOoZ (DOPMUPOBAHNS 3HAHWIA

B pamkax 3TOro HanpasneHus Hanbonee passUTbl METOAbl (POPMMPOBAHUS U W3B/IEYEHUS| BPEMEHHbIX
abcTpakumii [Keravnou, E.T. etal., 1996a). BpemeHHble abCcTpakumu BKMOYAOT TPEHAbl, NEpPUOANYECKUe
coObITUSA, BPEMEHHble naTTepHbl. [poulecc opmupoBaHns abCTpakumMii eCTb 3BPUCTUYECKWMA MpoLEecC.
Hanpumep, nyctb Heobxoaumo chopmMmUpoBaTb abCTPaKTHOE MOHATME «nuXopagkar. B 3TOM cnyyae MOXHO
ONMpaTbCA Ha 3HaHWe, YTo ecnn Temneparypa 6osblue 399, TO 3T0 «mMxopagka». Toraa ecnu Temneparypa t =
41°, T0O MOXHO NPUMEHUTb abCTpakLMo «Mxopagka» K 3ToMy faHHoMy. [pyrue npumepsl — OpMUpPOBaHUE
NOHATUA WHTEpBasia BPEMEHU WAWN MOHATUA «AMHAMMKA M3MEHEHWS HEKOTOPOro npusHaka». A1 Kaxkaoro
NOHATUA He06X0AMMO pa3paboTaTb NpoLeaypy ero ONpeaeneHns Yepes UMEKLMNECs AaHHbIe, T.e. OCYLLEeCTBUTb
CBE/EHUE MOHATUSA K JaHHbIM.

PaccmaTpuBatoT reHepaiM3aumoHHyl0  abCTpakumio, OnpesenuTeNbHylo  adcTpakumio, abeTpakumo yepes
C/ISHNE (LAaHHbIE MOXHO CNUTb, UHTEPBA PaCLUMPUTD), PACLLUPUTENBHYI0 aBCTPaKLM0 (MOXHO NPOLOMIKMTL BO
BPEMEHW HEKOTOpOe CBOICTBO, €C/U NPEANOAraeTcs, YTo 3T0 CBOCTBO COXPAHWTCA BO BPEMEHM), TPEHO0BYIO
abCTpakumio (BbISBNAETCA HanpaBneHne W3MEHEHUS HEKOTOpOoro napameTpa W YpPOBEeHb ero W3MEeHeHus),
abCTpakumIo NepUoANYHOCTY (BbISIBIIEHIE NOBTOPSAIOLLMXCA COObITUIA).

ABCTPaKUMN  [aHHBIX CTAHOBATCA KOMMOHEHTAMM CUCTEM MPUHATMS  pelleHnid.  AGCTpakuuu  MOXHO
paccMaTtpuBaTh Kak YacCTHbIi Crlydait OHTONOMIA, TO eCTb ONpeAeneHnii, pasaensemMbix BCeMn cneuuanucTamu B
AaHHoI 06nacTn. Mpumepbl co34aHns abCTpaKLyiA MOXHO HAATI BO MHOTWX UCCNEL0BAHUAX.

CosgaHne abCTpakTHbIX WHTEPBASbHBIX KOHLENTOB U3 BPEMEHHbIX K/MHWYECKUX [aHHbIX paccMaTpuBaeTcs B
pabote [Shahar and Musen, 1996]. B atoii paboTe onpefenstTcs Takue abCTpakumu Kak «COCTOsHWe
nauueHTa», «naTTepH», «cobbITUe», «rpagneHTy, «ypoBeHby». CobbITME BNEUET HEKOTOPOE TepaneBTM4Yeckoe
AeiicTaue. HTepnpeTauus AaHHbIX NaLuueHTa KOHTEKCTHO-3aBUCUMA.

B cratbe [Haimowitz and Kohane, 1996] gaHbl onpefeneHus wabioHOB ANs TPEHLOB MM chevuvdukaLmm
BPEMEHHBIX MOJeneit AN1s AMHAMUYecKuX npoueccoB. VHTepnpeTauus AaHHbIX BOB/ekaeT Bbl6op LabnioHa,
KOTOPbIA Hanayywmm 06pa3oM NOAXOAUT K «CbIpbIM» BPEMEHHBIM [aHHbIM. [MPOU3BOANTCS AETEKTUPOBaHMe
wyma B AaHHbIX. AGCTpaKUMM NPUMEHSIOTCA /18 AMArHOCTUKM HapyLIEHWA LETCKOro pocta, ANs BblSBIEHUS
TPEHJ0B B reMOAMHAMUKE.
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BpemeHHble abecTpakumn  mcnonbsylotcd B cucteme  VIE-VENT  pgna KoHTpons 1 TepaneBTUYecKoro
NMaHNPOBAHNA WCKYCCTBEHHOrO AblXaHus HOBOpOXAeHHbIX [Miksh et. al., 1996]. Wcnonb3yttcs Tpu Tvna
TPEHA0B — O4eHb KOPOTKOrO BPEMEHM, KOPOTKOrO W CpefHero BpemeHu. Ecnin nHTepnpeTauus ykasbiBaeT Ha
TPEBOXHYIO CUTyaLyto, TO BOBNEKAETCA MPOLECC PACCYXAEHWA U NPOM3BOAMTCA OLEHKa Tepanun. Pexum
nauueHTa MOXeT ObiTb M3MEHEH. KonnyecTBeHHble AaHHble NPeobpasylTcs B KAYECTBEHHbIE 3HAYEHWS Ha
YPOBHE OMepaTUBHOIO KOHTEKCTA.

Cuctema M-HTP & T — IDDM ocyLlecTBNSET MOHUTOPUHI MaLMEHTOB C TpaHcnnaHTaumeii cepaua. Cuctema
MeeT BPEMEHHbIE abCTPaKLMM HECKOMbKMX YPOBHEN CNOXHOCTHW, onucaHHble B cTatbsix [Miksh, 1984; Larizza
et. al., 1992].

B pa6orte [Bellazzi et. al., 1998] onucaH WHTEpPHET - cepBep BpeMeHHbIx abcTpakumii (HTTP — based Temporal
Abstraction Server), KOTOpbIA UCNONL3YETCA AN BEAEHUA U NOLAEPXKKA 60/bHBIX AnabeTom. OcyliecTBnseTcs
MOHUTOPUHI WHCY/IMH - 3aBUCUMbIX MAUMEHTOB Yepe3 TeNleMeAMLMHCKYI0 CUCTeMy, KoTopas obecreunBaet
Bpayeil CUCTEMOI pacnpefeneHHbIX YCTPOACTB U CAYX6 ANS XpaHEHWs, aHanm3a 1 MHTepnpeTauun AaHHbIX.
MMeeTca Takxe 1 cuctema NoLLepXK/ PeLueHnin Ha OCHOBE Npasusl.

BblBOgY NepuvoguyHoCTeil B AaHHbIX MOCBALLeHbl paboTbl KepasHoy E.T. (Keravnou, E.T.) [Keravnou, 1996b;
Keravnou, 1996¢; Keravnou, 1997; Gong, 1997; Xia, 1997]. BONbLWWNHCTBO MEANLMHCKNX SIBNEHWIA BO3HUKAET
NepuoANYEeCK BHOBb. BoNe3Hb BHOBb NOAB/ISETCA, CUMMTOMbI BO3BPALLAKTCS, SIEYEHNE UMEET HAYas10 1 KOHEL,
Yacto cobbITMe 13 OLHOrO KIMHMYECKOro 3nu304a AaeT KoY K MOHMMaHWK TOro, YTO MOXET MPOSBUTLCS B
0ofiee OTAaseHHOM nepuoge BpemeHu. CnocOGHOCTb MbIC/UTL O  BO3BpALLAlOWMXCA COObITUAX €eCTb
CYLLECTBEHHAA YacTb peLleHns MeAULMHCKX 3a4ay. Bpems WHTErpupyeT afieMeHTbl peLlaroLx MeauLMHCKAX
cucteM 1 hopmupyeT UX npouecchl. basoBbll 31EMEHT (MPUMUTWB) OHTOIOTMN €CTb BPEMEHHOV OOBEKT,
KOTOPbIA paccmMaTpuBaeTCs kak CBA3b MEXy CBOMCTBOM M €ro CyLeCcTBOBaHMEM BO BpeMeHu. Onpefenstorcs
NOBTOPSIOLLMIACS 3NEMEHT, NOBTOPSIOLLMACS NATTEPH M NPOrPECCUPYHOLLMIA. TTOBTOPSIOLLMIACS 3NEMEHT, B CBOI
oyepesb, MOXET 6bITb NEPUOANYECKUM.

McTopus nauueHTa ecTb KOMMEKLMS KOHKPETHbIX BPEMEHHbIX OGLEKTOB. BbISBNAKTCS BCE MEPUOANYHOCTM B
UCTOPUN MaLMeHTa C MOMOLLbK [BYX 6a30BblX aITOPUTMOB, OAMH W3 KOTOPbIX BbIAENSET MEPUOANYHOCTY
NepBoro nopsfaka, BTOPO/A — NEpUOANYHOCTM 6ONee BbLICOKMX MOPAAKOB. PellatoTcs npoGrembl Lyma,
MPONYLEHHBIX aHHbIX, NPOM3BOAUTCS Ba/MAN3ALMSA U BEPUDUKALMS JaHHBIX.

AGCTPaKUMI NPUMEHSIOTCS TaKke AN reHepas3aLmn aHHbIX NaLmeHTa nyTemM MHAYKTUBHOTO BbIBOAA CBOMCTB
6onee BbICOKOTO YPOBHS W3 3anuceii PenpeseHTaTMBHbIX NPUMEPOB MauueHToB. Mpocdmnn nauyneHToB
CPaBHMBAIOTCA UM ONMPEAeNsoTcs reHepaM3auMn B TEPMUHAX BbIBEAEHHbIX abCTPaKUMiA, Takux Kak
NepuoANYHOCTI, TPEHADI M Apyrie BPEMEHHbIE NaTTePHbI.

CnepnyeT ckasaTb, YTO kaKk MeTof (hopmanuauui 3HaHuiA HOpMUPOBaHNE aGCTPaKLMA N KOHCTPYWUpOBaHME
npoLeayp AN UX Pacnos3HaHWs He SBNSETCS HOBbIM. pUMEpbl MPUMEHEHUS! 3TOTO METOfA MOXHO HaiiTh,
Hanpumep, B NCUXOANArHOCTUKE UM MCUXOMETPUYECKON NCUXOMOTAN: NCUXONOTMYECKas XapakTepucTika ecTb
KOHLIENT, KOTOpbIA, C OAHOI CTOPOHbI, ONpeaensieT HeKOTOpble acnekTbl YeNOBEYECKOro MOBEAEHMS W ero
JMYHOCTU, C APYrOi CTOPOHbI, OH ONpPedensieTcsl uvepe3 He3aBUCHMble HEMOCPEACTBEHHO W3MepsieMble
XapaKkTepUCTUKM. VI3MepeHe NPOMCXOAMT C MOMOLLbK CMeuyanbHO CKOHCTPYWPOBAHHBIX TECTOB, B OCHOBE
KOTOpbIX Yalle BCEro fiexat cepun BonpocoB. OT CcoAepxaHusi BOMPOCOB 3aBUCUT COAepXaresbHoe
«HaNo/IHEHNE» OLIEHMBAEMOTO NCUXO/IOTOM KOHLENTa.

B cnyyae C BpeMEHHbIMM abCTpakuMsiMM peyb WMAET O KOHCTPYMPOBaHUW MOHSATUIA, Onpefensemblx
MaTeMaTnyecku ToUHO. B ncuxomeTpum Aeno 06CTonT uHade. OfHa 1 Ta Xe NcUXonornyeckas xapaktepuctika
MOXET MOHMMAaTbCA pasHbIMW  WUCCMIefoBaTeNAMIN M0-pasHoMy. Tak CyllecTByeT 60/bLIOe KOMMYECTBO
MCUXONOMNYECKMX KOHLENUMiA WHTENNeKTa N COOTBETCTBYIOLMX UM TECTOB: MHTENNEKT «No Bekcnepy», «no
CnupmeHy», «no TepctoyHy», «no Ketteny», «no TapgHepy» # T1.4. OAWMH M3  OCHOBOMO/OXHWKOB
N3MEPUTE/IbHOI NCUXOMOMN KPYMHEILINIA (paHLLy3CKMiA NCUX00r BIUHE Kak-TO Ckasan: «MHTENEKT 3T0 TO, YTO
MEpUT MOIA TECT».

XopoLwmm npuMepoM (OPMUPOBaHNS HOBOTO KOHLIENTa MOXET CayxuTb pabota [Kapnos, 2003], B KOTOpOii
KOHCTpyMpyeTcs KOHUENT «YpoBeHb Passutua PediiekcuBHocTuy (YP®) 1 paspabatbiBaeTcsi BONPOCHUK A5
AMArHOCTUKN 3TOrO MCUXONOTMYECKOro CBOMCTBA. [locne CTaHAapTHOW npoueaypbl CO34aHUs U3MEPUTENbHOI
LUKaslbl BOMPOCHMKA, €€ HopManu3auuu, NPOBEpKW €€ Ba/UAHOCTW, HALEXHOCTU W T.[. aBTOpbl MPOBE/M
nccnefoBaHne C Le/blo NOMyYeHNs HOBbIX 3HAHMIA O CBA3W CBOCTBA PethIEKCUBHOCTY C @) APPEKTUBHOCTbIO
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YNPABNEHYECKOI 11 CNONMHUTENBCKOIA AEATENBHOCTAMM 1 6) IMYHOCTHBIMW KAYECTBAMM UCTIbITYEMBIX. [1S1 3TOMO
OJHOBPEMEHHO C M3MepeHueM pPeqIeKCUBHOCTY OblM  MOMyYeHbl 3KCMEPTHbIE OLEHKM 3h(heKTUBHOCTY
LEATENbHOCTY UCMbITYEMbIX, & TAKKE U3MEPSZINCH C NMOMOLLBIO AMArHOCTUYECKMX TECTOB OKOMO 40 MMYHOCTHBIX
kauecTB. CTPyKTypa IMYHOCTHbIX KAYECTB PECNOHAEHTOB 13y4anach C NOMOLLbIO CTPYKTYPOrpamMm 1 C MOMOLLbH
MaTpuL, MHTEPKOPPENALMA NINYHOCTHBIX  KAyecTB. AHanM3NpoBaiiacb CTEMEHb  MHTErPUPOBAHHOCTU W
ANChePEHLMPOBAHHOCTN MATPUL, UHTEPKOPPENSILMiA: MATPULbI CPABHMBANINCH MO KPUTEPUIO X2 AN1S OLLEHKN UX
OAHOPOAHOCTU. [NS NOMYYeHUs KNAccoB PECMOHAEHTOB CO CTATUCTUYECKM 3HAUMMBIMK Pas/MunsMU  UX
JMYHOCTHbIX CBOIACTB, NMPUMEHANAC TAKCOHOMISI MATPUL, MHTEPKOPPENALMIA. M3yyanich CTPYKTYpHbIe pasnnuns
JMYHOCTHbIX CBOWCTB A5 TPyNn PECMOHAEHTOB C HU3KUM 1 BbICOKM 3HaueHnem YPO.

HoBoe HanpaB/eHve KOHLEeNTyann3auum aHain3a MHeHWA B COLMONOTMN pa3padatbiBaeTcs B Halleil cTpaHe
B.K. ®uHHOM 1 ero cotpyaHukamu [®uHH 1 Muxeenkosa, 2002, M'ycakosa v gp., 2001]. B atoi pabote, aBTopb!
npeAnaraloT onpejeseHne KOHUeNnTa - «PaunoHaIbHOCTby - Kak apryMeHTUPOBAHHOE MPUHATUE PELLeHN
apryMeHTUpoBaHHOe BbiCkasbiBaHWe MHeHuid. Cpegcteamn [ICM — meTofa aBTOMATUYECKOrO MOPOXAEHMS
runoTe3 [®PuHH, 1999] ocyllecTBnseTcA pacno3HaBaHne pauuoHa/IbHOMO NoBefeHns B OT/IMYME OT MOBeAEHMs
HepauuoHasibHoro.  CnewuanucTom — COLMO/OrOM MO KadkAOMY BO3MOXHOMY MHEHUIO KOHCTPpYWpyeTcs Tema
MHEHWS, pacKpblBaemas C NMOMOLLbHO CUCTEMbI BOMPOCOB. B pesynbTare onpoca pecroHLeHTOB (hopmMupyeTcs
IMMUPUYECKOE OTHOLIEHME — «CYObeKT — MHeHue». ACM — MeTof No3BONSET NP aHasmse MoJyYeHHOro
IMNUPUYECKOTO MaTepuana BbIBNATL [ETEPMUHAHTbI MHEHWA, KOTOPble MOryT WCMOMb30BATHLCA A
MPOrHO3MPOBAHNA MHEHWA WU MOCTPOEHUS MOAENN W3yyaemoro couuyma. [pakThyeckoe npUMEHeHue
Npes/IOKeHHOI TEXHONOTAN OCYLLIECTBNIEHO AN aHa/M3a U NPOrHO3a 3M1eKTOPasIbHOTO NOBEAEHUA CTY[EHTOB
Poccuiickoro rocyiapCTBEHHOT0 r'yMaHUTapHoro yHusepcurerta [bypkosckas u gp., 2004].

B pa6orte [Fiorini et. al., 2004] onuckiBaetcs nporpammHas cuctema GEOGINE — oHTonornyeckas mogens Ans
ONTUM&/IbHOTO  CUHTETUYECKOTO  OMUCAHWUA  TEKCTYPHbIX M MOPEO/IOTMYECKNX MPU3HAKOB M300PaXEHMId,
nosyyaemblx Npu JIOMUHECLEHTHOM MUKPOCKOMMYECKOM aHasn3e KOXHbIX MOKPOBOB NPW paHHei AuarHoCTuke
pakoBbIX KOXHbIX 3ab0neBanuii. Cuctema GEOGINE wcnonb3syetcs kak aapo «TeHepartopa OHTOMOTMYECKON
Mogenu», KOTOpbIii CO3AaeT OnMcaHne KOXHOTO y4acTka B MOLIAroBOM pexumMe OT MeHee TOYHOro K 6onee
TOYHOMY YPOBHIO Ha OCHOBE (HOPMa/IbHOTO A3blka (CNIOBaps OHTOMOMWA). Martematuyeckuii annapar Ans
CO3[aHNA  OHTOMOTMIA — TEH30PHbIM  aHanu3, C MOMOWbBK  KOTOPOrO  BbIYUACISKOTCA  MHBAPWUAHTbI,
Xapaktepusytowpe ugeT, qopmy, reoMeTpudeckme npusHakvm n3obpaxenuii. bonee noapobHoe K3NoXeHWe
OHTONIOTMYECKO/ MOAENM AN ANArHOCTUKN PakoBbIX KOXHbIX 3a60neBaHMin MOXHO HaiiTi B [Duta et. al., 2001;
Flusser et. al., 2003, Dacquino et. al., 2002].

KntoueBas npobnema NAL,

LieHTpanbHoi npobnemoii B WAL sBnsieTcs npobnema B3aumogeiicTena B} ¢ cuctemamn U3BeyeHnst 3HaHui
W3 JaHHbIX, U [NaBHbIM 06pa3om, ¢ cuctemamn Machine Learning (ML). C 37Ol TOUKM 3peHUsi OCHOBHOE
npotusopeune B VALl BUAUTCA He Mexny 06beMOM AaHHbIX W BO3MOXHOCTAMM anroputMoB ML adpdekTneHO
obpabatbiBaTh faHHbIe, a MeXAY PENALMOHHON CTPYKTYPOI XpaHeH!s AaHHbIX B B[] u CTPYKTYpOIiA, yA0BHOI Ans
peanu3auum npoteccos ML.

Haw onbiT pelweHuns 3agay ML B pamkax AMArHOCTUYECKOTO MOAXOAA (MOMCK XOPOLUMX KMacCUtUKALMOHHbIX
TECTOB) NOKA3bIBAET, YTO HaMbonee yA0BHOI CTPYKTYPOR ANs peLleHns 3Tux 3adad ABNseTcs anrebpavyeckas
pelleTka Ha MHOXECTBE [aHHbIX, KOTOpble NPeAcTaBnAtoT CO60M ABOWCTBEHHblE OOBLEKTLI, ONpeaenseMble
cnegytowmum obpasom. Myctb S = {1, 2,..., N} — MHOXECTBO MHAEKCOB NPUMepOoB uu 3anucelt, T = {a4, ay, ..., @,
...dm} — MHOXECTBO 3HauYeHWit aTpubyToB, NOABAAKWMXCA B 3anucax. O603HAUNM MHOXECTBO 3anuceii yepes R,
npumMep unu 3anuce Yepes &, i = 1,..., N, rae N — uncno npumepos. Torga npuvep § T eCTb NOAMHOXECTBO
MHOXECTBA 3Ha4eHWi. [aHHOe OnpefensieTca C MOMOWblo AByX OToOpaxeHnd S—T, T-S: (s) =
{nepecevenne Bcex & i s, i TImT-S:s()={i:i S,t &} Kaxgoe gaHHoe ecTb napa {s,f}, Takas, u4to
s(t) = {(s).

Mapa BBEAEHHbIX Hami OTOOpaxeHWii B MaTemaTuke W3BecTHa kak cooTBetcTBus lanya [Ore, 1944].
CootBeTcTBMS Tanya nexar B OCHOBE ONPeAENeHNA KOHLENTa W KOHLENTYasibHOW peleTku, NpeanoXeHHbIX
Pynonbhom Bunne [Wille, 1982].
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MpaKT4eckn BCe asropUTMbl BbIBOAA WMM/IMKATUBHBIX, (PYHKLMOHANbHBIX, aCCOLMATMBHbIX 3aBUCUMOCTEN 13
[aHHbIX ONMPaloTCs Ha reHepauuio anrebpanyeckon peLieTki ABOWCTBEHHbIX 06BEKTOB. Onepauun peweTkn 1
nofsajayn, KoTopble BbIAENAOTCA B MpoOLEcCax BbISB/EHWA 3aBUCUMOCTEN, OKa3blBAKOTCA Onepauusmu w
noasagayamu  npaBAonofo6HbLIX eCTeCTBEHHbIX YenoBeyeckux paccyxgeHuii [Naidenova, 2004b]. Takum
06pa3oM, NpoLEecchl MalWHHOTO 0ByYeHWst NpeAcTaBAAOT CO60M MOAeNb NPaBAONOf0GHbIX WHAYKTUBHBIX
paccyxneHuit [Naidenova, 2004a]. Ho npu ux peanusauum Bo3HWKaeT npobnema co3faHust HOBOW CTPYKTYpbI
JaHHbIX — anrebpanmyeckoil PeLleTK 1 NOCTOSHHOTO 0OMEHA MEXY 3TOW CTPYKTYpOii U Kakoi-HMbyab b, B
KOTOPOIA XpaHNTCA UCXOAHAsA MHOPMALKS.

OfHO M3 pelueHuii npobnembl B3anmogeicTeus mMexay bl 6onblworo obbema v npouesypami MalllHHOIO
00yyeHus npegnaraetca B pamkax Hanpasnenns On-Line Analytical Mining [Han, 1998]. 3ta pa6ota crasut
CBOEN LieNblo MHTerpaumio Aobbium aaHHbIX (Data Mining) ¢ OLAP (On-Line Analitical Processing) TexHonorueit ¢
nonyyeHrem Hosoit OLAM (On-Line Analitical Mining) TexHonoruu.

cTokom 3TOro HanpasfieHnst NOCAYXMU METOAbI aTpUBYTUBHO-OPUEHTUPOBAHHON MHAYKLAN ANS U3BIEYEHNS
3HaHWiA, npeanoxeHHoii B [Cai et. al., 1991]. bbina co3gaHa cuctema n3sneueHns sHaHuii DBMiner [Chiag et.
al., 1997], kotopasi nuterpupyet TexHonornio OLAP ¢ metogamu Data Mining. ®yHkumumu Data Mining Bk/tovatoT:
XapakTepusaupio, CpaBHeHKe, accoupaumio, knaccuiukaumio, npefckasanue, knactepusaumo. M3sneyerne
3HaHWIA NPOUCXOANT WHTEPAKTUBHO, TO €CTb NPW YNpaBieHU! C MOMOLLbI0 MbIK W Npu BGbICTPOR peakumu
cucTembl. Mpu 3TOM AaHHble 41 U3BMEYEHWUS 3HAHWUIA BbIOGMPAKOTCA NOPLMAMM U3 Pa3/INYHbIX YACTEN MHOTO
pasmepHbIX 6a3 faHHbIX 1 Ha pa3/MyHbIX YPOBHAX abcTpakumn. B ocHoBe obMeHa ¢ B[} nexut addekTBHoe
BblYMCNeHe KyboB faHHbIx (data cubes) — noapobHee 06 3Tom MOXHO npoyecTb B [Chaudhuri et. al., 1997; Zha
et. al., 1997]. Pasnnyaiot aBa MeToza noctpoexns Ky6os AaHHbIx: ROLAP (relational OLAP) — npumeHsetcs,
Korfia cTpontcs ky6 He6OoNbLIO Pa3sMEepHOCTU U iaHHbIE FeHepasIN3yTCa K BbICOKOMY YpOBHIO [Zha et. al.,
1997], » MOLAP (multidimensional OLAP) npumeHsieTcs 415 MHOTO pa3MepHbIX AaHHbIX B nocrefHem ciyvae
Hape3aeTcsl MHOTO Kyb0B Manoii pasMepHOCTM W UCMOMb3yeTcs Gpay3ep A1 HaBuralun cpean 3Tux Kybos.
Paspe3aHue W CerMEHTUPOBAHME AaHHbIX BbIMOMHAETCS C MOMOLLBI0 MbILLK, YNpaB/ieHe KOTOPOiA BCTPOEHO B
Bpaysep.
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THE DEVELOPMENT OF THE GENERALIZATION ALGORITHM
BASED ON THE ROUGH SET THEORY

M. Fomina, A. Kulikov, V. Vagin

Abstract: This paper considers the problem of concept generalization in decision-making systems where such
features of real-world databases as large size, incompleteness and inconsistence of the stored information are
taken into account. The methods of the rough set theory (like lower and upper approximations, positive regions
and reducts) are used for the solving of this problem. The new discretization algorithm of the continuous attributes
is proposed. It essentially increases an overall performance of generalization algorithms and can be applied to
processing of real value attributes in large data tables. Also the search algorithm of the significant attributes
combined with a stage of discretization is developed. It allows avoiding splitting of continuous domains of
insignificant attributes into intervals.

Keywords: knowledge acquisition, knowledge discovery, generalization problem, rough sets, discretization
algorithm.

1. Introduction

Many enterprises in the various areas create and maintain huge databases with information about their activity.
However without the productive analysis and generalization such streams of the "raw" data are useless. Due to
the application of methods for information generalization in decision making systems, the construction of the
generalized data models and processing of large arrays of experimental data are possible. There are sources of
such large dataflows in many areas. Application domains of methods for generalization include marketing,
medicine, the space researches and many others. Common for these data is that they contain a great many of
the hidden regularities, which are important for the strategic solutions making. However, the discovery of these
regularities lays outside the human possibilities mainly because of large and permanently increasing size of the
data. Therefore the methods for generalization and computer systems implementing these methods are used to
derive such regularities.
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Concept generalization problem under redundant, incomplete or inconsistent information is very actual. The
purpose of this paper is to consider opportunities of the using the rough set theory for solution of a problem of
generalization, and to propose the methods improving work of known algorithms. The new discretization
algorithm of continuous attributes and the search algorithm of the significant attributes which essentially increase
an overall performance of algorithms for generalization will be proposed.

2. Statement of the Generalization Problem

For the description of object we will use features a, a, ..., ax, which are further called attributes. Each object x is
characterized by a set of given values of these attributes: x={v1, vz, ...,vi}, where v; is value of the i-th attribute.
Such description of an object is called feature description. For example, the attributes may be a color, a weight, a
form, etc.

Let we have a training set U of objects. It contains both the positive examples (which are concerning to interesting
concept) and the negative examples. The concept generalization problem is the construction of the concept
allowing the correct classifying with the help of some recognizing rule (decision rule) of all positive and negative
objects of training set U. Here the construction of the concept is made on the basis of the analysis of a training set.

Let's introduce the following notions related with set U. Let U = {xy, xo, ..., Xa} is @ non-empty finite set of
objects. A = {a1, a, ..., ag} is a non-empty finite set of attributes. For each attribute the set V. is defined which
refers to the value set of attribute a. We will denote given value of attribute a for object x U by a(x). At the
decision of a generalization problem often it is necessary to receive the description of the concept, which is
specified by value of one of the attributes. We will denote such attribute d and call it decision or decision
attribute. The attributes which are included in A are called conditional attributes. The decision attribute can have
some values though quite often it is binary. The number of possible values of a decision attribute d is called

the rank of the decision and is designated as r(d). We will denote the value set of the decision by Vy

={v{ Vj,...V}s}. The decision attribute d defines the partition of U into classes C; = {x U: d(x)=v/},

1<i<r(d).
Generally the concept generated on the basis of training set U is an approximation to concept of set X, where the

closeness degree of these concepts depends on the representativeness of a training set, i.e. how complete the
features of set X are expressed in it.

3. Basic Notation of the Rough Set Theory

The rough set theory has been proposed in the beginning of 80th years of the last century by the Polish
mathematician Z. Pawlak. Later this theory was developed by many researchers and was applied to the decision
of various tasks. We will consider how the rough set theory can be used to solve concept generalization problem
(also see [1-8]).

In Pawlak’'s works [1, 9] the concept of an information system has been introduced. An information system is
understood as pair S = (U,A), where U = {x1, X2, ..., Xs} is @ non-empty finite set of objects named training set or

universe, and A = {a1, ay, ..., ag} is a non-empty finite set of attributes. A decision table (or decision system) is
an information system of the formS=(U,A {d}), where d A is a distinguished attribute called decision or

decision attribute, A is a set of conditional attributes.

Let us introduce the indiscernibility or equivalence relation on the training set U: IND(A) UxU. We will say,
that if (x, y)  IND(A) then x and y are indiscernible by values of attributes from A. A set of equivalence classes
of relation IND(A) is denoted by { X' X7 , ..., X2}. Then we can approximately define set X using attribute
values by the constructing of the lower and upper approximations of X, designated by AX and AX respectively.
As a lower approximation of set X we will understand the union of equivalence classes of an indiscernibility
relation which belongs to X, i.e. AX =J{X"|X! X}. And as an upper approximation of set X we will
understand the union of equivalence classes which part of objects belongs to X, i.e.
AX=U{X"|X nX# }. The set U\AXwill consist of negative objects for X. A set



78 2.1. Actual Problems of Data Mining

POSa(d) = ACy ... ACyq includes objects, which are guaranteed concerning to one of the decision classes,
and this set is called positive region of the decision system S.

Rough set X is formed by pair <AX,AX >. If upper and lower approximations of X are equal then X is
an ordinary set.

The equivalence relation can be associated not only with the full set of conditional attributes A but also with
any attribute subset B A. Further this relation is denoted as IND(B) and is called a B-indiscernibility
relation. Formally the B-indiscernibility relation is defined as follows: IND(B) = {(x, y) UxU. a B
(a(x) = a(y))}.

Thus two objects belong to same equivalence class, if they cannot be discerned by the given subset of attributes.
The concepts of B-upper and B-lower approximations based on IND(B) are similarly introduced.

Since it is not always possible to find a single-valued decision for all objects of a decision system, we will
introduce notion of a generalized decision. We will define function ds: U— P(V4) which is called a generalized
decision of S on a set of atributes B A, as follows: dg(x)={v V,: x" U (x'IND(B)x  d(x)=v)}. The
generalized decision 04 of a system S is simply called the generalized decision of S. Instead of d4 we also
will write 05 . The decision table S is consistent, if |0a(x)|=1 x U, otherwise S is inconsistent.

Since not all conditional attributes are equally important, some of them can be excluded from a decision table
without loss of the information contained in the table. The minimal subset of attributes B A which allows to keep
the generalized decision for all objects of a training set, i.e. 0s(x) = 0a(x) x U, is called a decision-relative
reduction of a table S=(U,A {d}). In the sequel, when considering decision tables, instead of a decision-
relative reduction we will use a reduction.

Now let us consider the methods for concept generalization.

4. Methods of the Rough Set Theory

Generally a work of the algorithm based on a rough set theory consist of the following steps: search of
equivalence classes of the indiscernibility relation, search of upper and lower approximations, search of a
reduction of the decision system and constructing a set of decision rules. Moreover, discretization is applied to
processing attributes with a continuous domain. In the case of the incomplete or inconsistent input information the
algorithm builds two systems of decision rules, one of them gives the certain classification, the second gives the
possible one. Further, we will consider the most labour-consuming steps: search of reduction and
discretization making.

4.1. The Problem of Search of Reduction

Let's consider the process of search of a reduction that is very important part of any method used the rough set
approach. Quite often an information system has more than one reduction. Each of these reductions can be used
in procedure of decision-making instead of a full set of attributes of original system without a change of
dependence of the decision on conditions that is characteristic for original system. Therefore, the problem of a
choice of the best reduction is reasonable. The answer depends on an optimality criterion related to attributes. If it
is possible to associate with attributes the cost function, which expresses complexity of receiving attribute values
then the choice will be based on criterion of the minimal total cost. Otherwise as a rule the shortest reduction is
chosen. However, the complexity of a search of such reduction consists in that the problem for checking
whether exist a reduction, which length is less than some integer s is NP-complete. The problem of searching for a
reduction with minimal length is NP-hard [10].

Thus, the problem of a choice of relevant attributes is one of the important problems of machine learning. There
are several approaches based on rough set theory to its decision.

One of the first ideas was to consider as the relevant attributes those attributes, which contain in intersection of all
reductions of an information system.

Other approach is related to dynamic reductions [2], i.e. conditional attribute sets appearing "sufficiently often" as
reductions of sub-samples of an original decision system. The attributes belonging to the "most" of dynamic
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reductions are considered as relevant. The value thresholds for "sufficiently often" and "most" should be chosen
for a given data.

The third approach is based on introduction of the notion of significance of attributes that allows by real values
from the closed interval [0,1] to express how important an attribute in a decision table.

4.2. Discretization Making

The stage of discretization is necessary for the most of modern algorithms for generalization. The discretization is
called a transformation of continuous domain of attributes in a discrete one. For example, the body temperature
of the human being, which is usually measured by real numbers, can be divided into some intervals,
corresponding to the low, normal, high and very high temperature. The choice of suitable intervals and partition of
continuous domains of attributes is a problem, whose complexity grows in exponential dependence on the
number of attributes to which discretization should be applied.

Let's give formal definition of a considered discretization task. Let S=(U,A {d}) is a consistent decision
system. We will assume that the domain of any attribute a A is areal interval,i.e. V, =[l,,r,) R. Any pair of
the form p2 = (a, c) where @ A andc R, we will call cut on areas V.. For each attribute a A a setP, =

{lcg.c)lef c3).-0lc ,cc q) } where s, is some integer, lo = ¢j < ¢f<.. < ¢ < ¢, =1 and Vs
=[cg.¢f) lef,es) .. e .cs ), we will call partition of a domain Va. Itis easy to notlce, that the partition P, is
uniquely defined by C, = {c; c;, ..., cja }, which is called set of cuts of V.. Therefore in the sequel we often will

name P, by a set of cuts and write down as P, = {a}xC,={(a,c/),(a,c;),...,(a,c; )} . Then full set of cuts P can
be presented as P = | {a}xC, .
a A

Any set of cuts P on the basis of an original decision system S=(U,A {d}) determines a new decision system
S"=(U,A" ({d}),where AP={a" a A}and a”’(x)=i - a(x) [c’,c’,) foranyobjectx Uandi {0, ..., ss}. A
decision table S” is called P-discretization of the table S . Our purpose is that during discretization to construct
such set of cuts P.

It is obvious, that is possible to construct many of sets of cuts. Therefore there is a question how among them to
find set with the minimal number of elements. For this purpose, we will introduce the following concepts.

Two sets of cuts P and P' we will regard as equivalent, if S*=S"". We will say that set of cuts P is consistent
with S, if generalized decisions of systems S and S” are equal, i.e. d¢(x)= 0,(x) x U. The consistent

set of cuts P is irreducible in S if any its own subset is not consistent with S . Finally, the consistent set of cuts
Portwe will call optimalin S if it has the minimal cardinality among sets of cuts, which are consistent with S .

The problem of finding optimal set of cuts P for the given decision system S is NP-complete [11]. This fact
clearly speaks about importance of development of effective heuristic algorithms for search of suboptimal
set of cuts.

The general approach of the most of discretization algorithms is based that any irreducible set of cuts of a
decision table S is a reduction of other decision table S*=(U*,A* {d*}) constructed on a basis of S as

follows [11].

Let S=(U,A {d}) be an original decision table. An arbitrary attribute a A defines sequence
vi <v; <..<v, ,where {v{,v;,...v; } = {a(x): x U} and n, <n. Objects of new decision table S* are all
pairs of objects of S with different decisions, and the set of conditional attributes is defined as cuts of attribute

domains of an original decision table, i.e. A* = U{pf :p? =(a,c’), where ¢/ =(v; +v7,,) /2 1<i<n, —1}
a A

These attributes are binary. Set A* is named an initial set of cuts. We will speak, that the cut p? =(a,c;)
discerns objects x and y of different decision classes, if min(a(x), a(y)) < ¢ < max(a(x), a(y)). A value of the new
attribute corresponding to a cutp; for pair (x, y) is equal to 1 if objects x and y are discerned by this cut, and 0
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otherwise. Moreover a new object  for which all conditions and the decision d* are 0 is added to the objects of
a new decision table. For all other objects of a new decision table, the new decision value is equal to 1.
Reductions of a new decision table S* determine all irreducible sets of cuts of an original decision table S .

On the basis of this general layout the heuristic algorithms finding a suboptimal set of cuts are developed. Often
the discretization algorithm based on straightforward implementation of Jonson's strategy [8,12] is used.
Computational complexity of this algorithm is equal to O(|P| knd). It does its inapplicable for processing large
databases. Thus, the main problem of discretization stage of continuous attributes is its high computational
complexity. Now we propose the effective modification that solves this problem.

4.3. The Modification of the Discretization Algorithm

Our algorithm is directed towards the decreasing of time and memory consumption. It is based on the Jonson's
strategy and extension of idea of iterative calculation of number of pairs of objects, discerned by a cut. This idea
has been offered in [4], however, originally, it is applicable only when some restrictions on the decision table are
imposed. This idea is based on assumption that there is a close relation between two consecutive cuts. So, for
example, it is possible to notice, that in each row of the table S* all the cells with value 1 are placed successively
within one attribute. Therefore some pairs of objects are discerned by both consecutive cuts, and changes in the
number of discernible pairs of objects can be only due to objects which attribute values lay between two these
cuts. In [4], the situation, when no more than one object lies in this interval, is considered. We generalize this idea
on a case of the arbitrary number of such objects. Thus, our algorithm extends idea of iterative calculating
number of pairs of objects discerned by a cut to an arbitrary decision table.

For some cut p; =(a,ci) A* for the attribute a where a A and 1<t<n,, and some subset X U we
introduce the following notation: W* (p?) is a number of pairs of objects from X discerned by a cut p7; I*(p?)
and r*(p7) is the number of objects from X, which have a value of the attribute a less (more) than c¢?;
/;( (p/)and qu (pf) is the number of objects from X, which have a value of the attribute a less (more) than c¢;
and belong to the g-th decision class, where g = 1, ..., r(d); N*(p7,p?.,) is the number of objects from X, values
of the attribute a which lay in an interval (c/,c?,,); N;((pf,pfﬂ) is the number of objects from X, values of
attribute a which lay in an interval (c/',cf,,) and belonging to the g-th decision class, where g =1, ..., r{d).

Now we formulate two our theorems which underlie proposed discretization algorithm. The first theorem will allow
us to derive value W*(p?,) from W*(p?), where p? and p’,, are two consecutive cuts of a domain of the
attribute a.

Theorem 1. Letset X U consists of N*(p?,p:.,) objects which values of the attribute a belongs to an interval
(Cta aCta+1) . Then

(@) 1 (pe) = 1 (P + Ny (PFpf) @ = 1eer(d);
(b) £ (pi) = 1 (P7) = NX (P .pEy) G =1,emar(@);
(c) WX (pl.i)= WX(p)+N*(pf.pf) (r(p0)-1"(p0)) -

r(d)

—r(Zd)N,X (P i) (¥ (7)=1X (p)) + Z (N*(p.p2.0)) = (N (g2 2

Let's consider a case when during discretization we have a set of cuts P A* that defines equivalence classes
Xi, X, ..., Xm of the indiscernibility relation IND(AP) of table S”, and also two consecutive cuts p? and py,, of
the attribute a. Then we can calculate value W, (p;,,) from W,(p;) as follows:

Theorem 2. Let there are K equivalence classes X arX X_ to each of which belongs N (P7pr) 21

a1 Ny

objects which values of attribute a are within an interval (cf,c7,,). Then
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Wp<pf+1>=wp(pf>+§ N (o7 i) (7 (pF) =" (pf)) - ZN (07 pi) (1 (p0) =1 (p0)) +

r(d)

> (N (02.02)) = (N (08 2.

Now we present steps of our algorithm. We will name its GID (Generalized lterative algorithm for Discretization).

Algorithm 1. Algorithm GID.
Input: The consistent decision table S .
Output: Suboptimal set of cuts P.
Used data structures: P is a suboptimal set of cuts, L = [IND(A?)] — the set of equivalence classes of an
indiscernibility relation of the table S”: A*- a set of possible cuts.
1. P:= ; L:={U}; A* =initial set of cuts;
2. Foreach attribute a A do:

begin
Wo(ps)=0;
Foreach X, L do:
rXi :=|X.|' X =0 :

forg=1,..., r(d) assign r, "—‘{x X, :d(x)=v }‘ IX' =0;
For each cut p] =(a,cf) A* do:

For all classes X, which objects have a value of attribute a from an interval (ci_;.c]) to

calculate N** and Nq"/ .

Find W, (p;) according to the theorem 2.

X, X X, X
Count values r™ /"% and e ,Iq”' under the theorem 1.

end;

3. Assume as pmax the cut with maximal value W, (p) among all cuts p from A*.

4. Assign P:=P {p..}; A" = A" (P ;

5. Forall X L do: if pmax divides the set X into Xi n X then remove X from L and add to L two
sets X1 and Xa.

6. If all sets from L consist of the objects belonging to same decision class then Step 7 otherwise
go to the Step 2.

7. End.

Let's estimate computational complexity of offered algorithm. The most labour-consuming steps of algorithm are
the second and the fifth.

On step 2, during calculation of number of pairs of objects discerned by a cut p7 =(a,c]) values e X
N* and @, [‘« N

A ., are changed, where q = 1, ..., r{d). These operations are carried out only for those
equivalence classes X, , even which one object satisfies to the condition of belonging of value of attribute a to

interval (c7_,,c}). For one such equivalence class it will be executed 3 r(d)+3 described operations. We will

¢
designate this number as a. It does not depend on the number of objects n and the number of attributes k. The
number of such equivalence classes cannot exceed the number n; of objects which belong to them and which

value of attribute a are in interval (¢f_,,c] ). Hence, during calculation W;(p7) for one cut p; it is carried out no
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more than a n; operations. Therefore, during processing all cuts of one attribute it will be executed
n—1

Za n; < a n operations. For processing the cuts of all k attributes it is required a kn operations.
<

The second step repeats |P | times. It means, that its total computational complexity is equal to O(|P| kn).

On step 5 splitting equivalence classes is carried out. We take the worse case when finally any class consists of
exactly one object. Since there are n objects then during work of the algorithm it will be executed n-1 splitting
operations. Hence, computational complexity of the fifth step is O(n).

Thus total computational complexity of the proposed discretization algorithm is equal to O(|P| kn) + O(n) =
O(|P| kn). Itis less on two orders than computational complexity of Jonson's algorithm.

Also we estimate the space complexity of our algorithm. It should be noticed that it does not build the auxiliary
table S*. Itis required only k(n-1) memory cells for a storing set of possible cuts from A*, n cells for designating
an equivalence class to which belongs each of the objects, and no more than & n cells for storing numbers r*

1%, N* and r%, 1%, NJ for all equivalence classes X, L where i<n and g=1,..., r(d) and the value o

does not depend on k and n. Hence the space complexity of our discretization algorithm is equal to O(kn). It is
less on the order than space complexity of Jonson's algorithm. For more details about our algorithm see [5, 6].

4.4. The Modification of Algorithm for Searching the Significant Attributes

In the majority of the algorithms which are based on the rough set theory and carrying out splitting of continuous
attribute domains into finite number of intervals, the stage of discretization is considered as preparatory before
search of significant attributes. And consequently at a stage of discretization there is a splitting of the domains of
all continuous attributes, including insignificant. In this work the combined implementation of discretization with
the search of a reduction is offered to make discretization only for those quantitative attributes which appear to be
significant during search of a reduction.

Besides, as significant attributes we will consider the attributes, which are included in approximate reductions with
sufficiently high quality. The concept of an approximate reduction [8] represents generalization of concept of the
reduction considered earlier. Any subset B of set A can be considered as an approximate reduction of set A, and
value

. ( ):dep(A,d)—dep(B,d)=1_dep(B,d)
(Aa dep(B,d) dep(A,d)

is named a reduction approximation error. Here the value dep(B, d) represents a measure of dependence
between B A and d: dep(B, d) = |POSs(d)|/|U|. The reduction approximation error shows how precisely the set
of attributes B approximates whole set of conditional attributes A (relatively d). Application of approximate
reductions is useful while processing inconsistent and noisy data.

Thus, the developed algorithm for search of significant attributes is based on two ideas: 1) combination of
discretization of quantitative attributes with the search of significant attributes, 2) search for an approximation of a
reduction, but no for reduction itself. Let's name it as Generalized Iterative algorithm based on the Rough Set
approach, GIRS.

4.5. Results of the Experiments

The realized experiments show that the developed algorithm allows reducing time for search of significant
attributes essentially, due to combination with discretization stage and use of proposed algorithm GID.

The results of the experiments executed on 11 data sets from a well-known collection UCI Machine Learning
Repository [7] of the University of California are given in table 1.

For all data sets taken into the comparison, the developed algorithm has shown classification accuracy that not
concedes to other generalization algorithms, and in some cases surpasses it. Average accuracy of classification
is approximately 88.9 %. It is necessary to note that the classification accuracy received by our algorithm is much
above that the classification accuracy achieved by methods of an induction of deciding trees (ID3, 1D4, IDSR,
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C4.5) at the solving the majority of the problems. It is explained by the impossibility of representation of the
description of some target concepts as a tree. Moreover it is possible to note that combining of search of
significant attributes and discretization procedure is very useful. Most clearly it is visible from the results received
at the decision of the Australian credit task. It is possible to explain by the presence in these data the attributes
both with continuous and with discrete domains. The modification of search procedure of significant attributes is
directed namely to processing of such combination.

Classification accuracy
Data set

ID3 C4.5 MD Holte-Il | GIRS
Monk-1 81.25 75.70 100 100 100
Monk-2 65.00 69.91 99.70 819 |83.10
Monk-3 90.28 97.20 93.51 97.2 | 95.40
Heart 77.78 77.04 77.04 772 | 78.72
Hepatitis n/a 80.80 n/a 82.7 | 84.51

Diabetes 66.23 70.84 71.09 n/a 81.00
Australian 78.26 85.36 83.69 825 |88.71

Glass 62.79 65.89 66.41 375 | 70.10
Iris 94.67 96.67 95.33 940 |96.24
Mushroom 100 100 100 100 100

Soybean 100 95.56 100 100 100
Average 81.63 83.18 88.67 85.3 | 88.89

Table 1. Comparison of classification accuracy of the developed algorithm
with other known generalization algorithms.

Conclusion

We have considered the concept generalization problem and the approach to its decision based on the rough set
theory. The means provided by this approach have been shown. They allow solving the problem of processing of
real-world data arrays. The heuristic discretization algorithm directed towards the decreasing of time and memory
consumption has been proposed. It is based on Jonson's strategy and extension of idea of iterative calculating
number of pairs of objects discerned by a cut. Computational and space complexities of the proposed algorithm
have linear dependence on the number of objects of decision table. Also the search algorithm of the significant
attributes combined with a stage of discretization is developed. It allows avoiding splitting into intervals of
continuous domains of insignificant attributes.
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EXTREME SITUATIONS PREDICTION BY MULTIDIMENSIONAL HETEROGENEOUS
TIME SERIES USING LOGICAL DECISION FUNCTIONS!

Svetlana Nedel’ko

Abstract: A method for prediction of multidimensional heterogeneous time series using logical decision functions
is suggested. The method implements simultaneous prediction of several goal variables. It uses deciding function
construction algorithm that performs directed search of some variable space partitioning in class of logical
deciding functions. To estimate a deciding function quality the realization of informativity criterion for conditional
distribution in goal variables' space is offered. As an indicator of extreme states, an occurrence a transition with
small probability is suggested.

Keywords: multidimensional heterogeneous time series analysis, data mining, pattern recognition, classification,
statistical robustness, deciding functions.

Introduction

The specifics of multidimensional heterogeneous time series analysis consists in simultaneous prediction of
several goal variables. But the most of known algorithms construct decision function for each goal variable
separately. Such approach looses some information about features interdependencies [Mirenkova, 2002].

The next problem is strong increasing of dimensionality when analysing window length increases. So one has to
either simplify decision functions class or make the window shorter.

The problem of insufficient sample appears much more essential [Raudys, 2001] when rare events are to be
predicted.

! The work is supported by RFBR, grant 04-01-00858-a
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In this work an algorithm of prediction multidimensional
heterogeneous time series based on finding certain partitioning
that maximizes informativity criterion [Lbov, Nedel'ko, 2001] for
matrix of transitions between partitioning areas. This allows to 4 -
avoid increasing complexity when a window get longer, but
prediction looses accuracy.

Extreme situations are characterised by low number of 2 | @ O @
precedents in a period under observation. Therefore, one need
statistically robust methods of multidimensional heterogeneous 1 —— o
time series forecast.

It might be interesting also to predict events having only a few | | I >y
precedents or may be no precedents at all. In this case it !
seems to be impossible to forecast extreme situations 1 2 3
themselves, but one could catch changing a probabilistic model

of time series and consider this as an indicator of abnormal Fig. 1.
process behaviour.

Problem Definition

Let a random n-dimensional process Z(t)=(Zi(t), ..., Zn(t)) with discrete time be given. Features may include
both continuous and discrete (with ordered or unordered values) ones. Suppose that for a time moment t values
of n variables depend on its values in previous | time moments, i. €. on a window of length I.

The most algorithms for prediction multidimensional time series use replacement of time series sample by a
sample in form of data table. This is made via new notation: goal values are designated as Yj(t)=2;(t), and
previous values (prehistory) as Xj(t)=Z;(t-1), Xj+n(t)=2;(t-2), ..., Xjrng-y()=Z;i(t-1) j=1, ..., n.

Now any time series realization Z (t) t=1T, may be represented like a sample v = {_(xi . yi )‘ i=LN } where
N =T-1 — the sample size. Here y' = (y{ yij y;) yi = Y(i), x' = (xix'J x:n) X = X; (i+),
m = nl — predictor space dimensionality. Note that the first | ime moments have no prehistory of length I.

Such notation allows using a data mining methods to predict each feature separately. They may be for example
classification or regression analysis methods in logical decision functions [Lbov, Startseva, 1999]. But this
approach neglects features interdependence, so it is possible to construct an examples where separate decision
functions give incompatible forecast [Mirenkova, 2002].

Let's consider an example that shows the weakness of separate feature forecast. Suppose two discrete features
are given and probabilistic measure on them is like shown on figure 1. Each of black points has probability 0,25;
another points have probability zero. Methods those make decision for every feature separately give predicted
value marked by white circle. But such value combination will never occur.

This example shows necessity in methods constructing a decision rule for all features together because
interdependencies are important. One need also to use decision in form of an area (in the example such area
contains four black points), but not a single point.

In this work, we suggest not to separate features onto X and Y but to build partitioning in space Z directly.

Quiality Criterion

Let's introduce quality criterion for decision in form of areas if goal features space. Such type criteria were
proposed in [Rostovtsev, 1978].

It's suitable now to consider again separately Dy — space of predictors and Dy — a goal features space. Let P(Ey)
and P(EY |x) be unconditonal and conditonal measures for Ey Dy. Suppose a set
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By = {E\ﬁj Dy | d= 1,...,k} of non-intersected areas to be given. Then quality criterion will be
k *
K(BY ) =3 (P(E\fj |x)— P(E\‘(j )) Optimal decision in X will be By = argmax K(BY )
d=1
Quality criterion for conditional probabilistic measure may be defined as K (P[DY |x]) = mBex K(By).

This criterion is some kind of distance between conditional by given x and unconditional measures on goal
features space. There are known modifications those use uniform distribution instead of unconditional one.

If By is a partitioning of Dy one needs to use modified criterion:
k
K'(BY)zdz‘P(Eﬂx)— P(E&)‘. (1)
=1

It differs in taking absolute values.
When the distribution is unknown and we have a sample only we can't estimate criterion for each x Dy , so
need to build some partitioning A of Dy.

Then K(A) = ) K(P[DY|EX]) P(Ey ) will be integral decision quality criterion.
Ex A

All probabilities in expression may be estimated on sample.

Algorithm

n
Suggested algorithm makes partitioning directly in space D, = |‘| D; , where D; - a set of feature Z; all values.
=1

Since partitioning A = {Ei D, ‘ i= 1_k} was fixed initial time series Z(t) may be represented by one symbolic
sequence A(t) {B‘i ‘ i= 1_k} where B; — a symbol correspondent to area E', and B(t) = B; when Z(t) E'.

Criterion (1) may be applied to transition matrix of process B(t):

, Kok k Kook
K(/\):zz Pig.is = 2 Piginiy 2 > Pigipiy | - (2)

i0=1 =1 Jo=1 h=1l ji=1

| . .
where p;, _; =P (,H(t—r):ﬂ'f) =P (Z(t—r) E'T) — the probability of given prehistory of

=0 =0
length I.
To obtain sample estimation of the criterion need to replace p;  ; by Nj / N - a rate of prehistory
appearance in the sample.
Transition probabilities for partitioning areas are a kind of multi-variant decision functions [Lbov, Nedel'ko, 2001].

Note that a partitioning A may be constructed in any appropriate class, e. g. by linear discriminating functions or
by logical deciding functions (decision trees).

Logical Decision Functions

For constructing a partitioning A we shall use algorithm LRP [Lbov, Startseva, 1999] that builds a decision tree.
This algorithm was designed first for classification task and applied then for various tasks of data analysis by
using special quality criteria.

The algorithm builds a partitioning onto multidimensional intervals. Here an interval is a set of neighbour values
when order is defined or any subset of values if feature values are unordered. Multidimensional interval is a
Cartesian product of intervals.
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Algorithm LRP makes sequential partitioning the space D onto given number of areas.

Since partitioning {El,..., E Es}, E D, was constructed on step s— 1, on step s the algorithm goes

over the all areas and selects one that being split by all possible ways onto two sub-areas provides criterion
maximum. Then these sub-areas replace initial area and the process is repeated until k areas been produced.

The partitioning may be represented by decision tree. Each non-terminal node w is correspondent to some

predicate P¥ = (zj Ej") Ej" D . Each terminal node corresponds to an area of the partitioning A.

Rare Events Prediction

Extreme situations are characterised by low number of precedents in a sample. Therefore, statistical robustness
of the methods used is especially actual. Proposed method of multidimensional heterogeneous time series
prediction provide high robustness.

Nevertheless, it may be not enough if there are only several precedents. Moreover, it might be interesting to
predict events having no precedents.

Obviously, in this case reliable prediction is impossible, but one could try to mark time moments where extreme
situation is probable. One of indicators for such time moments may be changing a probabilistic model of
time series.

Since we represent initial time series by correspondent Markov chain, all related mathematical results are
available. So, a moment of changing a probabilistic model can be revealed.

Another indicator of process abnormality might be occurring in correspondent symbolic chain a transition
with small probability.

Conclusion

Methods of simultaneous prediction the all variables of multidimensional heterogeneous time series allows using
features interdependence information in comparison with method of separate constructing a decision function for
each feature. It's possible also to build decision based on partitioning initial features space that decreases
algorithm complexity. As quality criterion the method uses transition matrix informativity that was introduced.

The method proposed represents initial time series by correspondent Markov chain that allows avoiding great
increasing complexity when considered prehistory length increases. This is especially important for predicting
rare events. Such representation also allows applying all mathematical results related to Markov chains.

To predict time moments when extreme situations have higher probability here was suggested using changes in
probabilistic model of time series.
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CO-ORDINATION OF PROBABILISTIC EXPERT’S STATEMENTS AND SAMPLE
ANALYSIS IN RECOGNITION PROBLEMS!
Tatyana Luchsheva

Abstract: Considered in the paper is the method of the recognition problem decision on the base of an empirical
information introduced with either probabilistic expert statements, or the sample, or expert statements and the
sample simultaneously.

Keywords: pattern recognition, logical regularities, probabilistic expert statements.

Introduction

The problem of construction of a decision function of recognition in the class of logical decision functions in the
space of heterogeneous variables is considered [1,2]. In the given class, the probabilistic logical regularities
reflecting cause-and-effect relations of the complex objects under study are constructed by the sample. By the
logical regularity we mean a probabilistic expression (conjunction of values of objects’ characteristics and of their
combinations) having a large forecasting property. The set of such regularities introducing on a language close to
a natural language of logical statements is logical-and-probabilistic model of the complex objects under study. At
the same time, the extensive empirical information in the form of probabilistic expert's statements exists.
Suggested method of analysis and reconciliation of different expert’s statements is direct toward information can
contain contradictions, reduplication, partial contradictions. Basic attention in the work will be given to the
probabilistic expert statements’ reconciliation problem especially when a repeated appeal to the experts for a
contradiction correction is impossible.

Target Setting

Let " be a general population of objects under consideration. An object a [ is described with characteristics
X X5 Dj is a range of variable X i J =1,...,n.The target variable Y is made use of to indicate which

pattern this object belongs to.
Let J (a, Ej) denote as the predicate taking on a value “true” or “false”. Predicate J (a, E j) is equal to the

statement; "Xj E j"; anobject a [ is described with characteristics X,,..., X,,Y; E ; is the subset of

range D, j=1..,n.
Let S(a, E) =] (a, Eh) e J (a, Ejd ) name as the conjunction of length d. For any conjunction S(a, E)

in the table of data v it is possible to determine a number of objects of the first pattern N (1, S) and a number of
objects of the second pattern N (2, S), for which the given conjunction is true; and it can be defined the number
of objects of the first pattern N (1) and the number of objects of the second pattern N (2) in the table of data.

Conjunction S(a, E) we shall name as the logical regularity, describing the first pattern with the large probability

| . o N(LS) N(2,5)
(let it denote as S*), if the following inequalities are fulfilled: >0, < B, where  and {3 are
N() N(2)
parameters; 0 < B < & < 1. The more & and less [3 the stronger the logical regularity is. Let the set of all
regularities denote as S .

! This work was financially supported by RFBR-04-01-00858
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Conjunction S(a, E) we shall name as the potential logical regularity for the first pattern (let it denote as SY), if
N(LS) 5 N(2,S)

the following inequalities are fulfilled: > [3. Let the set of all potential regularities

N@ N
denote as S”. Obviously, that from S' S’ it is possible to obtain the regularity S* by a consecutive affiliation of
N(1,S
predicates, ie. S' J (a, Ej) ...; if for some conjunction S(a, E) the inequality ﬁ < J s fulfilled,

conjunction S by definition is not the logical regularity and addition to S of any predicate will not give the regularity
(let the set of similar conjunctions denote as S). Thus, any conjunction S(a, E) can be one of three types:

S,S'.S.

Algorithm

The algorithm of finding the logical regularities consists of the consecutive execution of the following steps.
At the first step all possible conjunctions of the length 1 are considered, i.e. conjunctions of the type
S(a,E) = J(a,Ej), E. - is the subset of range Dj, j=L..,n.If S(a,E) S’ itis included in the list

of the regularities and the appropriate subset E; is excluded from further contemplation; if S(a, E) S’ the

]

appropriate subset E; is left for further contemplation; if S(a, E) S, the appropriate subset E; is excluded

from further contemplation. Let Q} denote as the set of subsets E ; that is left for further contemplation after
execution of the first step of the algorithm.

At the second step all possible conjunctions of length 2, i.e. conjunctions of the type
S(a,E)=J(a,E;)) J(a,E)), j#i, E Q. E; Q} are considered. If S(a,E) S”, the subsets
E,, E ; are excluded from further contemplation and the appropriate conjunction is included in the list of the
regularities; if S(a, E) S', appropriate subsets E;, E; are left for further contemplation; if S(a, E) S,
the appropriate subsets E;, E ; are excluded from further contemplation. Similarly, we denote set sz including
subsets E; which is left for further contemplation after execution of the second step of the algorithm.

Further, similarly, the conjunctions of the length three, four, five etc. are considered.

As the result of the algorithm work, one can obtain the conjunctions of a small length only. For example, the
maximal regularity length in the task described below is not more than 6.

Probabilistic Expert’s Statements. Main Concepts

Let L experts have statements about k patterns. General number of logical regularities is M and each statement
has a large forecasting property. Stage of a primary processing of the statements of an each expert separately is
supplemented with the following co-ordination of the different expert's statements. Let T denote as the true

domain of the logical regularity (statement) S in the space of variables X,,..., X, . Let a priori probability of two
classes denote as P, and P, ; probability of true for the conjunction S as P(S) and conditional probabilities as

1
P(1/8), P(2/S). Weights of experts we denote as b, ...,b, . If a priori information is absent then P(S) = M
b, =...=Db_ =1.In this paper we consider statements co-ordination of two experts (L=2), and all statements will
be processed together.
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One Expert’s Statements Agreement

Let us consider a procedure suggested of statement co-ordination on the sample of the first expert. Procedure is
similar for co-ordination of other expert's statements. All the set of the first expert's statements is divided into
subsets of statements so each one contains statements about the first and the second pattern with the true

domains in one variables' subspace. And procedure is realized separately for each subspace.
Let S;,...,S.; S7,...,S” are the first expert's statements about the first and the second pattern in the one

TRTE)

variables' subspace. The statement S*, 1<i<u will be called a contradictory statement if the inequality is

M1 T))
M(T))
is a true domain for the statement sz, [ is a parameter. We suggest

fulfiled (1) P(2]x  T)) > 3 for some statement S?, 1< j<v, where T, is a true domain for

the statement sz T,
B=6 P(2|x T,) where 8 >0, & =1.The set of similar statements we will denote as c, . The set Q; of
statements of {Sf yeens sz} satisfied inequality (1) we will call as contradictory set for the statement Si1 .

The statement Si1 , 1<i<u we will call as a true statement if the inequality (1) is not fulfilled for any statement

sz , 1< j <v. The set of such statements we will denote as w, .

Let @, ={S; ....5: }, @, ={S -~ S }-

kt+l’” !

The following algorithm 1 is suggested for co-ordination of true statements.
STEP 1. The different pairs {S, , S, }, Sy, S, @,, 1<i< j<t are considered.

Let S, :“if x T, then the first pattern with the probability P*".
Sij :if X T, then the first pattern with the probability P>”.

The Cartesian product T, is compared to the pair {Sﬁi,Sij}, so T, contains T, T,, and T, is a minimal.

H(T\ (T UTY))

If the inequality (2)
(T, UT,)

> £, £ is a parameter, is fulfilled for the pair {Sli,S;j}then the

p(T) P +u(,) P?,
H(T,) + u(Ty)

in the list * of the statements left for further consideration after the first algorithm step. If for the statement

S, and for any statement Sij w,, 1<i< j<t the inequality (2) is not fulfilled then the statement S, is

statement of the type “if X T, then the first pattern with the probability is included

included in the list of a coordinated statements (let us denote such setas ) and is excluded out of W, .

If *# STEP2 Thediferentpairs {S,,S, }, S, ', S, @, areconsidered.

Analogously to the step 1 the list 2 of statements left for further consideration after the second algorithm step is
found.

If *#  STEP3.Thedifferentpairs {S,,S, }, S * S, are considered etc.

We suppose that the number of statements in the set ™ is decreased with the steps number m increased. And
the program stops after execution of a small number of steps.

The following algorithm 2 is suggested for co-ordination of contradictory statements.
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The statements S,ﬁi : Sé w,, t+1<i<u and the corresponding contradictory sets Q, for the statement
Sy, are considered. Let S, : if x T, then the first pattern with the probability P*". Let Q; ={Sy,,...,S7 }
and S,ﬁr, 1<sr<p:fif x Tmr then the first pattern with the probability P™ ”. Let T is a Cartesian product

so it contains T™, 1<r<p and T, is a minimal. Let us denote T, =T, \T . If %2 0, 0 is a
M

parameter, 0<J <1, 0 1, then the statement of the type: “if X T,, then the first pattern with the
probability P*” is included in the list of coordinated statements . Procedures of the true statement's co-

ordination and the contradictory statement's co-ordination (algorithm 1 and algorithm 2) are similar for other
pattern's processing.

Different Expert’s Statements Agreement

At this step, the statements of each expert already have been co-ordinated by the procedure suggested above.
For different experts’ statements co-ordination the following procedure is suggested.

All the set of the L expert's statements is divided into subsets of statements so each one contains statements
about the first and the second pattern with the true domains in the one variables' subspace. The procedure is
realized separately for each subspace.

Let S;,...,S,. - are statements about the first and the second pattern in the one variable subspace. The different
m, Of Sppei Sy
that for any pair {Smi,Smj}, Smi,Srnj {Sml,...,Smp} the inequality is fulfilled:
1 M(T, \Tm,)+u(Fm,m,\(FmiUij)
2 pu(T,) M, UT, )

true domain of statement S, T, m; " is a minimal Cartesian product contained T u ij .Let €’ is a number

.
mj

pairs {S,, Sj}, 1<i< j< L' are considered. We will find such sets of statements Sml s S

<y, y=0, Tmi - is a true domain of statement Smi , ij -is a

of statements of Sml,...,S about the first pattern, e” - is a number of statements of Sml,...,S X about the

mp m

second pattern, T - is a minimal Cartesian product containing T ,...,Tmp . To the statement with a true domain
. . 1 14 mw H 14 n . 1 n r H n 14
T impute weight n (e'-e"),ife'>e ;welghtt (e"-¢"),ife">¢e".

Procedure is similar for other patterns.
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EVALUATING MISCLASSIFICATION PROBABILITY USING EMPIRICAL RISK!
Victor Nedel’ko

Abstract: The goal of the paper is to estimate misclassification probability for decision function by training
sample. Here are presented results of investigation an empirical risk bias for nearest neighbours, linear and
decision tree classifier in comparison with exact bias estimations for a discrete (multinomial) case. This allows to
find out how far Vapnik—Chervonenkis risk estimations are off for considered decision function classes and to
choose optimal complexity parameters for constructed decision functions. Comparison of linear classifier and
decision trees capacities is also performed.

Keywords: pattern recognition, classification, statistical robustness, deciding functions, complexity, capacity,
overtraining problem.

Introduction

One of the most important problems in classification is estimating a quality of decision built. As a quality measure,
a misclassification probability is usually used. The last value is also known as a risk. There are many methods for
estimating a risk: validation set, leave-one-out method etc. But these methods have some disadvantages, for
example, the first one decreases a volume of sample available for building a decision function, the second one
takes extra computational resources and is unable to estimate risk deviation. So, the most attractive way is to
evaluate a decision function quality by the training sample immediately.

But an empirical risk or a rate of misclassified objects from the training sample appears to be a biased risk
estimate, because a decision function quality being evaluated by the training sample usually appears much better
than its real quality. This fact is known as an overtraining problem.

To solve this problem in [Vapnik, Chervonenkis, 1974] there was introduced a concept of capacity (complexity
measure) of a decision rules set. The authors obtained universal decision quality estimations, but these VC-
estimations are not accurate and suggest pessimistic risk expectations.

For a case of discrete feature in [Nedel'ko, 2003] there were obtained exact estimations of empirical risk bias.
This allows finding out how far VC-estimations are off.

The goal of this paper is to extrapolate the result on continuous case including linear and decision tree classifiers.

Formal Problem Definition

A classification task consists in constructing a deciding function that is a correspondence f: X - Y, where X —
a features values space and Y = {1, k} - a forecasting values space. For simplicity let's assume a number of
classes k = 2.

For the determination of deciding functions quality one need to assign a loss function: L:Y? - [0,c0) that for
0, y=y

classification task will be L(y,y’)= ,
(v.y) L y#y

where y Y,y Y.

By a risk we shall understand an average loss:

Re. f)=fL(y, f (x))dr.[D],
where C is a set of probabilistic measures on D= X xY and ¢ C is a measure P;[D]. The set C contains all
the measures for those a conditional measure P;[Y/x| exists x X .

! The work is supported by RFBR, grant 04-01-00858-a
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Hereinafter we shall use square parentheses to indicate that the measure is defined on some ¢-algebra of
subsets of the set held, i. e. P, [D]: A - [0,1],where A 2P —agc-algebra.

For building a deciding function there is a random independent sample v, :{(xi,yi) D ‘i :L_N} from
distribution P,[D] used.

- N
An empirical risk will be sample risk estimation: R(v, )= L5 L(y', f (x' ))
E

For the all practically used classification algorithms an empirical risk appears biased risk estimation, being always
lowered, as far as the algorithms minimize an empirical risk. So, estimating this bias is actual.

Let

Fc.Q)=ERr fgy), F(c.Q)=ER(c, o).
Here Q:{v} - {f} is an algorithm building deciding functions, and fq, - a deciding function built on the
sample v by the algorithm Q.

An expectation is calculated over the all samples of volume N.
Introduce an extreme bias function:

~

SolFo)= FolRo)-Fo. (1)

where IEQ(IEO): _sup_ F(c,Q).

c:F(c,Q):FO

We use a supremum because a distribution ¢ is unknown and we assume the “worst” case.

Multinomial Case

In [Nedel'ko, 2003] there is reported the dependency SQ(IEO) for the multinomial case when X is discrete, i. €.
X ={1,...,n}, and Q minimizes an empirical risk in each x X .
For the further comparison let's remember a dependency Sq (IEO) in asymptotic case: % =M =const, N - o,

n - oo . Though this is an asymptotic case, the results are applicable to real tasks because the asymptotic bias
dependency is close to one for finite samples.

This asymptotic approximation is wholly acceptable already by n =10, herewith it has only one input
parameter M.

. . . ~ , e ™2 M<1
First, consider “deterministic” case when Fy = 0. In this case SQ(O): 1 M 21
2Me =

In general case of IE0 >0 there is no simple analytical formula for SQ(IEO) and this dependence is given by plot.

Estimates by Vapnik and Chervonenkis

Now we can calculate an accuracy of Vapnik-Chervonenkis evaluations for the considered case of discrete X, as
far as we know an exact dependency of average risk on the empirical risk for the "worst" probabilistic measure.

For S(IEO) in [Vapnik, Chervonenkis, 1974] there is reported an estimate S, (Ifo)z 7, as well as an improved

estimate: Sy, (IEO): 2 1+ ,/1+@ , where T asymptotically tends to 1/% M= M/(l—e_'v' )
T

By substitution 7, = 0 there is resulted S{ (0) = 12

.
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Let's perform a simple inference of the last formula.
Consider a difference between risk and empirical risk:

p(‘R—§‘>5): P(IEQ~ =0/R 28):(1‘5)N

Since the algorithm minimizes an empirical risk, it maximizes the distance between risks:
P sup‘R - ﬁ‘ >e <|o|@L-e)"
f o

where @ is a set of all decision functions. This step implies a replacement of a probability of a sum by the sum of
probabilities that makes the main contribution to VC-estimates inaccuracy. Assume right term to be equal to 1 (all
probabilistic levels are asymptotically equivalent) and take logarithms:

Inj|+ N InL- ) =InL.

—exact ----VC
0,7 +
Since || = 2n{e™) gng In(L- &)= -¢ obtain: o SM),
In2 ---j‘---i- -1'* ' H H

S' O)=¢= . : : [ B :

Wo=e=iy s SN e N
Factor 1-e™™ is a non-zero numbers probability ~&* 771N
from Poisson distribution and it appears because i}
only “non-empty” values x contribute to capacity.
A rate: o2
SV(O)zz'V'e',“Z L 2eIn2=377 > SO E Y
SQ (0) M M - oo 0 \—______{

- &N o= -]

16
32
64
128
256
512 -
1024

shows how far VC-estimates are off. 5533853
It is known that VC-estimates may be improved by
using entropy as a complexity measure. Then the
estimate inaccuracy will be:

Fig. 1. Risk bias and VC—-estimation.
Multinomial case, ER = 0,5.

510) =2(e-1)In2=2,38.

5o (0)

But in real tasks, entropy can’t be evaluated and the last improvement has no use in practice.

On figure 1 there are drawn the dependency S(M)=maxs(%),, and its estimation S, (M) = maxsy (F),, =
Fo Fo

In2 . Plots demonstrate significant greatness of the last. Note that the accuracy of Vapnik—Chervonenkis

estimation falls since F, decreases.

By M <1 the “worst” distribution (that provides maximal bias) is uniform on X and the results obtained is
consistent with results for multinomial case reported in [Raudys, 2001]. By M > 1 and restricted IEO the “worst”
distribution is not uniform on X.

Nearest Neighbors Method

This method assigns to each x a class that the most of nearest sample neighbours belongs to.
The number of neighbour objects taken into account is a parameter m that affects a statistical robustness.

Assume a measure on D to be uniform. Then misclassification probability for any decision function is 0,5 and
empirical risk is:

m-1 m-

Fn)=3-Chal
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Here square parentheses denote an integer part of a
value.

Figure 2 shows S(M') for multinomial case (solid
line) and S(m)=05-F(m) for nearest os
neighbours classifier, where m = M.

0.4

Note that though there is no capacity concept
defined for nearest neighbours method the number
of neighbours m plays a role of M .

So the case m=1 corresponds to unbounded oz
capacity (when a sample can be split via decision
functions by all the ways). If capacity is unbounded, o1 A
we can say nothing about expected risk using I e Y
empirical risk only. But it does not mean that ° — —
unbounded capacity methods can not be used, it
means that they must use other risk estimators. Fig. 2. Risk biases for multinomial and nearest
The fact that a risk bias for multinomial case is close neighbours classifiers.

to bias for nearest neighbours classifier is not

accidental, because analytic expression for the first

one appears to be some kind of averaging the bias for the second case.

06 —S(M) 3

—Discrete 4 Neighbors

03

Linear Decision Functions

Let us compare risk bias values for discrete case with bias for linear decision functions.

For simplifying, there was considered uniform distribution on features for both classes. For such ¢
misclassification probability equals to 0.5 for every decision function, but empirical risk appears to be much lower.

Tab. 1. Risk bias for linear decision functions 06 “S(M’)

d[N|M|S [Ss|d|[N|M]|S TR ——

1 |3 [116]04 |04 |1 |10 |231| 027 y

1 120 (375(02]02(1 |50 |753 013

1 | 100{ 1314|0101 2 |4 | 105 047 03

2 |10 | 153]036] 0.27] 2 | 20 | 2.33| 0.27

2 |50 | 444]018] 0.13] 2 | 100 7.53| 0.13 0

3 |5 | 102|048 035 3 |10 | 1.25 0.41 0,1 : : 1 : : :

3 [20|179]032(02]3 |50 |328]022 M
3 | 100| 546 0.16| 0.09] 4 | 10 | 1.11| 0.45 °0 é ; é ,‘3 1'0 1‘2 1‘4
4 | 20|15 |036]019) 4 |50 | 2.66| 0.25

5 |10 | 1.04| 048] 027) 5 |50 | 227| 0.28 Fig. 3. Risk biases for multinomial and linear classifiers.

To find a dependence S(M) for linear deciding functions in X = [0,1]% a statistical modelling was used. By the
modelling there was for each combination of parameters a hundred of samples drawn from uniform distribution on
D, for each sample the best linear classifier built by exhaustive search. Note that the uniform distribution on D

provides maximum of empirical risk bias since we put no restrictions on IEO .

A table 1 shows the result of modelling. Here d — features space X dimensionality, N — sample size,

d
M’ = IogN c sample size divided by VC-capacity of linear functions class (C =2 % CR_; is a total number of
2 m=0

possible decision assignments to sample points by using linear decision functions), S - risk bias.
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The same results are shown (by markers) on fig. 3 in comparison with S(M”) for discrete case (solid line).

Obtained results show that bias dependence on M’ for linear functions is close to dependence for discrete
(multinomial) case.

If an algorithm does not perform exhaustive search then a risk bias appears to be lower. This fact is illustrated in
table 1 by value Sg that is a risk bias for the Fisher’s discriminator.

Decision Tree Classifier

The goal now is to evaluate a risk bias for decision
functions in form of binary decision trees [Lbov,
Startseva, 1999].

Decision tree is a binary tree with terminal nodes
marked by goal class (certain value y) and non-
terminal nodes marked by predicates in form:
X; < a, where o is a value. Two arcs starting from
each non-terminal node correspond to true and
false predicate values.

Each decision tree forms certain sequential
partitioning in X. o1 | . ‘ ‘ ‘ ‘ ‘ ‘ ‘ . .
There was the exhaustive search algorithm M
implemented. The search is performed over the all o i 1 1 1 S 1 1 i .
decision trees with L terminal nodes and the best o 1t 2z 3 4 5 & 7 B 83 10
tree minimizing an empirical risk is founded.

While searching, the algorithm counts C - the

number of different assignments y to sample
objects.

S(M)

+ Trees —Discrete
05 + i ‘ i i

04 -
0.3

0.2

Fig. 4. Risk biases for multinomial and tree
classifiers.

Since C essentially differs on different samples

Tab. 2. Risk bias for tree decision functions one need to evaluate entropy H =E log, C .

d | N|L|M |S |d |N|L|M |S Then m= N

112 [1]2 026 |1 |2 |2 |1 05 H'

115 215 1036 1 15 |3 |112 1044 Table 2 shows statistical robustness of decision
111012 1231 1027 11 110 |3 1153 1034 trees by different parameters while uniform
112012 1376 1019 }1 )20 |3 233 1026 | gistribution on D assumed. The same result is
11205 1150 1034 }2 15 |2 1126 1040 | ghown on figure 4 in  comparison with
2 |5 [3[102 [049 |2 |10 |2 |192 |030 multinomial case.

g ;g 2 1;2 g:g g ig i ?4112 8?; One can see again that risk bias is caused and
305 |2 1147 loa2 13 120 |2 | 202 | 024 determined by M’ (sample size per complexity)
3 12013 177 loss |3 |20 |5 |112 | o045 rather than any other factor.

4 |20|2 |276 | 025 |5 |10 |2 | 157 |0.35 Let's compare complexities (capacities) of

decision trees and linear classifier.

Table 3 shows linear classifier dimensionality d” that provides the same entropy (average number of different
assignments y to sample objects) like decision trees with L terminal nodes in d-dimensional space.

Though decision trees seem to be simple, they have essential capacity. For example if L = d decision trees
capacity exceeds capacity of linear classifier.

But, the most of algorithms do not perform exhaustive search in whole class of decisions and their capacities are
expected to be lower.
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Note that if an algorithm implements good heuristic search Tab. 3. Correspondent dimensionality for ree and

and a]ways_ founds the best decision function, thgn its linear decision functions. Non-integer
capacity will be nevertheless equal to the capacity of values of d’ appears because of
exhaustive search algorithm. So, there is no use to count a interpolation performed.
Eumber o;‘1 ldem&gns.bgmgl] reaItI)f[ testtedI by anltalgorlthm, dINILIl dldINTLT o
ecause this number is irrelevant to actual capacity. 115 2 7 > 15 [ 2 156
Hence, calculation of effective capacity requires different g ;0 g 1-4 :23 EO g 133
approach. Effective algorithm capacity may be estimated by s 110l 2 164 | 3 12| 2 | 147
the following way. 415 | 20209 | 4|22 |15
First one need to perform statistical modelling using uniform f ;0 g ;'93 120 ;0 g g'gg
di.stribution on D. In this case r_nisclassification probgbility 2110131286 1 21201 3266
(risk) equals to 0,5 for any decision function. Expectation of 315 | 3|37 |3 |10 3 |348
empirical risk is estimated by modelling, so risk bias is 31203 (307 | 4|5 | 3399
: 4 110 3 |394 | 2|5 | 4|39
estimated too. s loolalas 1515 |42
Then via comparing the bias obtained by modelling with the 3110 | 4 |58 | 3 20| 4 |51
bias for exhaustive search algorithm, the effective capacity 4 10 4 1677 | 1 10 > |4
of the algorithm under investigation is easily revealed. 2 1015164 311515 |77

Conclusion

Risk estimates by Vapnik and Chervonenkis are known to be excessively pessimistic. But the approach based on
complexity measure is very attractive because of universality. The work presented shows that the reason for such
pessimistic estimates is an inaccurate inference technique, but not the worst case orientation. So, it is possible to
obtain estimates assuming the “worst” distribution and the ‘worst’ sample but these estimates will be appropriate
in practice.

For the multinomial case (a discrete feature) there was found how far Vapnik—Chervonenkis risk estimations are
off. For continuous features the dependence of risk bias on complexity in considered cases is close to multinomial
one that ensures a possibility to apply obtained scaling of VC-estimates to real tasks, e.g. linear decision
functions and decision trees. The results obtained for multinomial case may be propagated on continuous one by
using VC-capacity of decision function class instead of n.

Comparison of linear classifier and decision trees capacities is also performed.

There was also described a method for estimation an effective capacity of an algorithm that does not perform
exhaustive search in the class of decision functions.
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SCIT — UKRAINIAN SUPERCOMPUTER PROJECT

Valeriy Koval, Sergey Ryabchun, Volodymyr Savyak,
lvan Sergienko, Anatoliy Yakuba
Abstract: the paper describes a first supercomputer cluster project in Ukraine, its hardware, software and
characteristics. The paper shows the performance results received on systems that were built. There are also shortly

described software packages made by cluster users that have already made a return of investments into a cluster
project.

Keywords: supercomputer, cluster, computer structure.

Introduction

To solve the most important tasks of an economy, technology, defense of Ukraine, that have large and giant
computing dimensions, we need to be able to calculate extralarge information arrays. Such extremely large
computations are impossible without modern high-performance supercomputers.

Unfortunately, such computational resources are almost unavailable in Ukraine today. This can cause a
precarious situation development in a different country's life areas. We can lose leading positions in a science,
science intensive products' development, complex objects and processes modelling and design technologies.

It is also impossible to import large supercomputers for the above mentioned tasks, because of embargo (for
really powerful supercomputers), their extra-large prices, practically impossible upgrade, requirements to control
the usage of imported supercomputers from abroad. In this situation Ukraine and other countries (India, China,
Russia, Belarus) need to design its national supercomputers [1].

Today in Glushkov Institute of Cybernetics NAS of Ukraine, two high-performance and highly effective
computational cluster systems SCIT-1 and SCIT-2 are running in an operation-testing mode. They are built on the
basis of modern microprocessors INTEL® XEON™ 1 INTEL® ITANIUM® 2.

On the basis of these supercomputer systems, a powerful joint computer resource will be built. It will be available
for access for users from different organisations from different regions from all the NAS of Ukraine. The systems
built are focused to applications from the fields of molecular biology, genetics, science of materials, solid-state
physics, nuclear physics, semiconductor physics, astronomy, geology.

Development Ideology

While developing a supercomputer, system scientists and engineers face, a great amount of questions that
requires to run a different kind of experiments. The experiments are run to understand a performance, features
and characteristics of architecture, hardware platform for computing node solution, node interconnections,
networking interfaces, storage system [2].

To make a right decision on system architecture we have made an analysis of world supercomputer
tendencies. One of major sources we used was top500 list of the largest supercomputer installations. An analysis
we made proves us, that a solution of cluster architecture is a right one.

Cluster computer system — is a group of standard hardware and software components, coupled to solve tasks.
Standard single processor or SMP (symmetric multiprocessor system) are used as processing elements in a
cluster. Standard high-performance interconnect interfaces (Ethernet, Myrinet, SCI, Infiniband, Quadrics) are
used to connect processing elements in a cluster system.
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A development of supercomputer systems with cluster architecture is one of the most perspective ways in the
world of high-performance computations today. The amount of supercomputer clusters installed in the world in
increasing rapidly and the amount of finances spent for this direction is also increased.

Tendencies of a development of supercomputers in the world for MPP (Massively Parallel Processing), PVP
(Parallel Vector Processor) and cluster systems are shown on a Picture 1. As shown on the picture below,
clusters are dominated in top500 list. For the several last years, an amount of cluster systems in the list have
grown and an amount of MPP and PVP systems is going down.
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Picture 1. World supercomputer tendencies

When making a selection of a hardware platform of computational nodes we analyzed price/performance ratio. As
LINPACK is rather narrow test, we choose SPECfp tests understand a performance of nodes on the basis of
different kind of real applications. The prices we calculated were taken from Ukrainian IT market operators. The
diagram received in analysis is shown on a Picture 2.

Ttanium? 1. 4GHz |

Opteron 2GHz |

Feon 24GHz | | |

Xeon 2.8GH:z ) | |

Xeon 3.0GHz | | |

Heen 3.2GHz |
| !
0 100000 200000 00000

Picture 2. Price/performance ratio on the basis of SPECfp analysis

Today also new SPEChpc tests are available, that can give us an understanding of hpc computers performance
for an applications from chemical, environment, seismic area and also OpenMP and MPI applications testing.

Price/performance analysis is made with a calculation of costs of all the main components of a system and its
environment with a focus on a theoretical peak 300 GFlops performance, which is near 120 000 SPECfp. We
have also take into consideration performance downsize for different platforms scaling on the basis of self made
tests.
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After the analysis, we choose an Itanium2 solution as the best scaling and best price/performance solution for
floating point calculation intensive applications. But we understood that the selection of a newest Itanium2
architecture could cause problems with available 32-bit applications porting. So, we decided to build two systems.
For SCIT-1 - a 32xCPU system we choose Xeon 2.67GHz platform and for SCIT-2 - a 64xCPU system we
choose Itanium2 1.4GHz platform as the best one in 64-bit floating-point performer. It was also taken into account
good perspective of Itanium2 architecture and its ability to operate faster with big precision operations and big
memory. The other valued characteristics that cause better price/performance ratio of an Itanium2 systems is its
best power/performance ratio between other well known general usage processors.

Design and a selection of internode communicational interfaces was done from the best performing ones. When making
experiments with one of the software packages (Gromacs), we have found that a low latency is the most important issue for
cluster scalability. We have seen from world published data and our own experiments that some of the tasks which don't scale
more then 2-4 nodes on Gigabit Ethemet scales easily to 16 nodes on low-latency interconnect interfaces [3].

Intercennect throughput
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Infiniband
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Picture 3. Interconnect throughput.

Intarconnect latancy

G, —
Etharnet

Myrinet - B
Infiniband - -
CSNet [ RE
5C1 l 35
il i1 M 31 42 S0 AO T0 BD &0 00 11D 47D
mksec

Picture 4. Interconnect latency

Understanding an importance of latency and throughput of an interface, we have made a price/performance
analysis for interfaces available in Ukraine. The best one for 16x and 32x nodes' clusters we planned to build was
SCI (Scalable Coherent Interface). Performance parameters of communicational interface received on 3 quarter
of the year 2004 for Intel Xeon platforms are shown on Picture 3 and Picture 4. Today these pictures will look
different (because of changes in platforms and interfaces itself), but price/performance leaders for latency
intensive applications are SCI and QSNetll; for throughput intensive applications they are QSNetll and Infiniband.
For small clusters an SCI is a preferable interface. But it has also one more useful feature. An SCI system
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network can be built on 2D mash topologies. Such architecture gives an ability to transfer data into two ways
simultaneously. But to receive an advantage from this technology, software should be written with an
understanding of this ability.

Itis known that performance and intelligence are the most important factors promoting the development of modern
universal high-performance computers. The first factor forced a development of parallel architectures. The
rational base of this development is universal microprocessors, connected into cluster system architectures. The
second factor becomes clear when the notion of machine intellect (MI) is used. The concept of Ml is introduced
by V.M.Glushkov. MI defines “internal computer intelligence” and the term “intellectualisation” is used to define an
increase of machine intellect. During the last 5-6 years, V.M.Glushkov Institute of Cybernetics NAS of Ukraine
carries out the research aimed at the development of cluster based, knowledge-oriented architectures called
intelligent solving machines (ISM). ISM implementing high- and super-high-level languages (HLL and SHLL)
and effective operation with large-size data- and knowledge bases. They operate as with traditional computation
tasks (mathematical physics, modelling of complex objects and processes, etc.) as artificial intelligence (Al)
tasks (knowledge engineering, pattern recognition, diagnosis, forecasting) [4].

Large-size complex data- and knowledge bases in these clusters are displayed as oriented graphs of an
arbitrary complexity — trees, semantic networks, time constrained, etc. In ISM computers it is possible to build
graphs with millions nodes and to represent various knowledge domains. It is also important that the developed
architecture can be easily integrated with distributed database architectures, which are developed in Glushkov
Institute of Cybernetics NAS Ukraine. This database architecture makes search processes and data processing
much faster than solutions with traditional architectures.

The intellectual part of the cluster systems developed together with distributed databases is an advantage of this
solution as compared with the systems developed in the other sites of the world.

Hardware and software of the systems developed. Today the following SCIT (supercomputer for informational
technologies) supercomputers are built in the institute (Picture 5):

Picture 5. Photo of SCIT clusters.

SCIT-1 - 32xCPU, 16xNodes cluster on the basis of Intel Xeon 2.67GHz 32-bit processors. They are oriented to
operate with 64-bit and 128-bit data. The peak performance of SCIT-1 is 170 GFlops with an ability to be
upgraded to 0,5-1 TFlops (right on a photo).

SCIT-2 — 64xCPU, 32xNodes cluster on the basis of Intel Itanium2 1.4GHz 64-bit processors. They are oriented
to operate with 128-bit and 256-bit data. The peak performance of SCIT-2 is 358 GFlops with an ability to be
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upgraded to 2,0-2,5 TFlops. The storage system has capacity of 1 TByte and ability to be upgraded to
10-15 TBytes (left on a photo).

Each of two clusters is an array of computing nodes, connected together with three networks. The first one is a
system network, based on SCI interface. The second one is a file data network, based on Gigabit Ethernet
interface. The third one is a management network, based on Fast Ethernet interface. A general block-scheme of
the SCIT supercomputer is shown on a Picture 6.

file server control gateway
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v

local control network
Gigabit Ethernet, Star Topology

A

local
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computing computing¢_ computing network
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node < node | | node Ethernet,
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i Topology

local data network
SCI, 2D Mash Topology

Picture 6. SCIT cluster structure.

A local data network is based on SCI and is used for a high-performance low-latency inter-node communication
during a calculation process. A local data network is built as 2D mash. For 16x node cluster it is configured as
4x4 or 2x8 2D mash. For 32x node cluster it is configured as 4x8 or 2x16 2D mash. On data transfers based on
MPI the throughput for Xeon E7501 platforms is 250 MB/s, for Itanium2 8870 platforms — 355 MB/s.

A local control network is based on Gigabit Ethernet and is used to handle all cluster-computing nodes and to
transfer data files between nodes and file server.

A local monitor network is used for service information transfer and monitoring of all the cluster system.
On a table 1 performance parameters of SCIT-1 and SCIT-2 systems are described.

Table 1. 64-bit performance parameters of SCIT-1 and SCIT-2 systems.

SCIT-1 SCIT-2
1 Processors P-IV Xeon 2,67 GHz [tanium2 1,4 GHz
2 Peak performance of a single processor
Integer operations per second, 10 °IPS 1,34 5,6
Floating point operations per second, GFLOPS 5,34 5,6
Node system bus performance, GB/s 4,2 6,4
3 Total peak performance of a system
Integer operations per second, 10 °IPS 43 358
Floating point operations per second, GFLOPS 170 358
Total system bus performance, GB/s 67,2 204.8

4 Linpack performance of a system, GFLOPS 112,5 280
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Performance characteristics of developed systems SCIT-1 and SCIT-2 are on the one stage with world best
systems. They are also one of the best systems in a world mathematical supercomputing construction.

The creation of cluster systems SCIT-1 and SCIT-2 and their integration and finally launch was made due to a
fruitful cooperation of Glushkov Institute of Cybernetics NAS of Ukraine with USTAR scientific and manufacturing
company (based in Kiev) and Intel corporation (International). The partners of the institute delivered a technical
support and consulting of a project.

System Level Software

Components of system level software of a cluster support all stages of user-level parallel software development.
They also provide execution of users processes of substantial processing on a solving field. They run on all the
nodes of a cluster and a control node as well. Operating system used are ALT Linux for SCIT-1 and Red Hat
Enterprise Linux AS for SCIT-2. Message Passing Interface (MPI) over SCI is used for programming in a
message-passing model. In addition, system level software includes optimized compilers of C, C++, Fortran
languages for parallel programming, fast Math libraries, etc.

Application Level Software

The powerful hardware, system level, service and specific cluster software integrated in a system is a strong
ground for an application level software development. It gives an ability to solve new extra large tasks in a fields
of science, economy, ecology, agriculture, technology, defense, space industry, etc.

Due to successful implementations of SCIT systems for the several months after the system was installed a lot of
applications were developed and deployed on a supercomputer in Glushkov Institute of Cybernetics NAS of
Ukraine.

The software packages for the following tasks were developed:

- soil ecology problems solution;

- seismic data processing;

- dynamical travelling salesman in a real time;

- modelling a structural-technological changes in a developing economy;
- asearch for an optimal service center placement;

- construction of an interference-tolerant code;

- risk classification and evaluation decisions;

- data clusterization with genetics algorithms;

- decomposition, calculation, verification and solving of a theorems;
- software component for linear algebra;

- low-energy orbit selection;

- software package for a natural and technogenic processes analysis.

Conclusion

The supercomputer cluster project, as a first stage of a national supercomputer resources development, made a
great impact on an intellectualisation of information technologies in Ukraine. The next stage will be devoted to
improvement of performance characteristics of supercomputers designed and their software. This should allow
extending an amount of large complex tasks that would be solved on the systems.
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DISCOVERY OF NEW KNOWLEDGE
IN STRUCTURAL-PREDICATE MODELS OF KNOWLEDGE

Valeriy N. Koval, Yuriy V. Kuk

Abstract: The effective mathematical method of finding new knowledge of structure of complex objects with
required properties is developed. The method comprehensively takes into account the information on properties
and relations of the primary objects, which are included in complex objects. It is based on measurement of
distances between groups of predicates at their some interpretation. The optimum measure for measurement of
these distances with the maximal discernibleness of different groups of predicates is constructed. The method is
approved on the decision of a problem of discovery of the new compound possessing electrooptical properties.

Keywords: new knowledge, predicates, measure, complex objects, primary objects, maximal discernibleness.

Introduction

The given work is devoted to the further development of methods of practical extraction of knowledge from
experimental data. Its purpose - development of an effective mathematical method of discovery of new
knowledge of structure of the complex objects possessing those or other properties. Work is focused on the
decision of the important applied problem - designing of structure of compound with the necessary properties.

In previous our works [1] - [2] for discovery of new knowledge in the form production rules the concept of a
variable predicate which can accept set of values - so-called predicate constants - predicates in the standard
sense and the concept of distance between predicates were used. These both concepts have received the further
development in the present work. However as against the above mentioned works in given article predicates with
the subject domains consisting of objects, having internal structure are considered, that is objects from subject
domains of predicates are assumed complex while earlier they were considered integral. Components of complex
object we shall name primary objects [3], and the predicates designating properties and the relations of primary
objects, we shall name primary predicates. About properties and relations of the primary objects included of
complex objects, as a rule, also some information, which should be used in procedures of discovery of new
knowledge of structure of the complex objects possessing those or other properties, is known. Procedure of
discovery of such knowledge suggested in work is based on measurement of distances between groups of
properties and relations of primary objects, or in language of logic, between groups of predicates at their some
interpretation. The measure entered by us in works [1] - [2] for measurement of a degree of affinity of predicates,
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cannot be directly transferred on groups of predicates. Therefore, in the given work the special measure, optimum
by criterion of the maximal discernibleness of different groups of predicates, for measurement of distances
between them is entered.

1. Structural-predicate Model of Knowledge

It is conveniently knowledge of complex objects to represent in the form which we have named structural -
predicate model of knowledge. It is the further generalization of structural - attributive model of knowledge [3]-[4].
Generalization will be, that their relations, and not just properties of objects are considered also. For example, the
two-place predicate « a difference of temperatures of fusion of two substances more A » describes some relation
between two objects.

The structural - predicate model of knowledge (SPMK) is four-layer columns of a pyramidal network which
separate layers form its tops. For presentation on fig. 1 it is resulted SPMK, containing knowledge of properties of
chemical compounds with various types of structures of a crystal lattice: such as LiCaAIF6 (L-structure of a
lattice), such as Na2SiF6 (N-structure of a lattice), such as Trirutile (T-structure of a lattice). We shall designate
P,A,S, V the following sets of tops SPMK. The first layer P corresponds to predicate constants (values of
variable predicates), designating properties and relations of primary objects. Elements P we shall name primary
predicates. On fig. 1 primary variable predicates are: Tm - a melting point, So - standard entropy for
corresponding simple oxides, H - standard enthalpy formations for corresponding simple oxides, Rs - radius of
ions, C - an isobaric thermal capacity. On fig. 1 each of these predicates accepts on 2 values, and predicate
constants corresponding to them are designated by numbers 1 and 2.

L- structure of N- structure of T- structure of
a lattice a lattice a lattice

P N, A U, A

LiCaCrF6 ‘ LiCaAlF6 LiCalnF6 LIMnTiF6 LiNiVF6 LiNiTiF6
/v \ = v ‘\/\ \

CrF3 CaF2 AIF3 LiF InF3 VF3 MnF2 TiF3 NiF2

Tm1 Tm? So1 Sn? H1 H? Rs1 Rs? C1 c?

Fig. 1 the Example of structural - predicate model of knowledge

The second layer A corresponds to names of primary objects. They make subject domains of primary predicates
at their interpretation. The third layer S corresponds to names of compound objects, the fourth V- to values of
the variable predicates designating properties and the relations of compound objects. Elements V we shall
name predicates of compound objects. Their subject domains are compound objects. On fig. 1 predicates of
compound objects are 3 values of a variable predicate «to have the certain type of a crystal lattice». Arches of the
bottom and top circles connect the tops representing objects, to the tops, representing predicate constants, and
are directed from primary and compound objects to predicate constants. They are used at interpretation of
predicates. Let w designates multiplicity of some predicate constant. Then presence w of the arches
proceeding from w objects and converging in the given predicate, corresponds to logic value of a predicate
"true" at substitution of these objects in a predicate, and to value "lie" - at substitution of object in a predicate in a

case absence of the arch, connecting given object with a predicate. Thus, at substitution of objects A and S
from which to predicate constants arrows proceed from sets P and V , instead of arguments of these predicate
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constants two sets of knowledge R; and R, in the form of true statements about properties and relations of

primary and compound objects are formed. Arches of an average circle connect the tops corresponding to
primary objects, to the tops representing compound. Primary elements, from which arches proceed, are part of
those complex objects in which these arches comes to an end.

2. A Measure of Affinity of Groups of Predicates

Let's consider a problem of construction of a measure for measurement of a degree of affinity of groups of
variable predicates. This measure should possess the following natural property: the distance between groups of
the predicates, measured with its help, should not be equal to zero when these groups of predicates are various.
From here follows, that it should possess property of the maximal discernibleness of different groups of
predicates. We shall construct a measure satisfying this property.

Let's designate N - number of primary predicates in structural - predicate model, M - number of predicates of
compound objects, n(k) - number of the primary objects, which are included in complex object sy . Symbols
p1,L pn Wwe shall designate primary variable predicates of model. In case of numerical values of variable
predicates we shall adhere to the following rule: indexes for their predicate constants get out so that the order of
their following corresponded to the order of following of numerical values of variable predicates. Thus, at dividing
an interval of change of numerical values of predicates into segments (digitization), indexes of predicate
constants, which correspond to them, should coincide with numbers of these segments.

Definition 1. The label X;, of a primary variable predicate p; for complex object sy is understood as an index
of that predicate constant of a predicate p; which accepts logic value "True" at substitution in it instead of
arguments of the primary objects included in s, and connected by arches with this predicate constant.

Distribution of labels Xy = (Xqk, X2k ,L XNk ) Of primary predicates for compound s, we shall name a vector
which elements are labels for complex object s, of all primary predicates which are included in structural -
predicate model of knowledge. Typical distribution of labels for group of complex objects

G = {91(1),551) L ,s&)} we shall name a vector h® = (Yl(l),iél) L ,Yl(\ll)) which coordinates are equal to
average values of components of vectors of labels in the group. We shall name a vector
X, = (X - 711, Xok — X%,L XNk — 7|1\1) a centralized vector of labels of primary predicates for the complex

object s belonging to group of complex objects G; = {51(1) \ sgl) L ’5|(<1)}-

Distributions of labels of primary predicates for some group of complex objects represent set of points in space
Ry - If there are two groups of complex objects, we shall receive two such sets of points, which are mixed

among them in a random way. There is a following problem: it is required to find such characteristics of these sets
that it was possible to measure a degree of affinity of groups with their help. The following decision arises: to take
as characteristics of each of sets of points corresponding points with the average coordinates which represent
that other as typical distribution of labels for corresponding groups, and Euclidean length of distance between
them to take as a measure of affinity for these groups. However, this decision is not optimum. Really, we shall
consider the following example. Let points of distributions of labels of primary predicates for both groups are
located on two perpendicular straight lines symmetrically concerning their center of crossing, and points of each
group lay on a separate line. It is easy to see, that typical distributions of labels for both groups will coincide, and,
hence, the distance between them is equal to zero though groups of predicates are various. It is possible to look
at the above-stated not optimum decision from other point of view, allowing finding the optimum decision. We
shall lead a direct line through two points which are in Ry typical distributions of labels of primary predicates for

complex objects of both groups, and we shall project on it sets of points for both groups. It is easy to see that

average values of projections for both sets of points, the so-called centers of projections 7t and 72

corresponding groups, coincide with the points representing typical distributions of labels. As the measure should
possess property of the maximal discernibleness of different groups of predicates from here there is a following
optimization problem: to construct in Ry the direct line ¢ which is not necessarily taking place through typical
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distributions labels, such that the distance center to center projections of both sets of points was maximal. The

criterion of optimization of the given problem looks like: 7t -z2 _ max. The distance z -z? received as a

result of optimization should be taken as a measure of affinity of complex objects for both groups.

3. The Mathematical Apparatus for Constructing the Measure

From the previous section follows, that for finding the optimum decision of a problem of construction of a measure
for measurement of a degree of affinity of groups of variable predicates it is necessary to construct some auxiliary
direct line ¢ in space Ry and to project distributions of labels for both groups of predicates on it. In result, we

shall receive two crossed sets of points on a direct line. As the choice of a direction of a line ¢ influences
distances between projections of distributions of labels and, hence, on their affinity the direct line should be
chosen so that projections of distributions of labels from different groups of complex objects would be removed
from each other so far as far as it is possible. Such choice of a direction of a line will allow distinguishing different
groups of complex objects in the optimum way. A direct line ¢, on which distributions of labels of primary
predicates for complex objects are projected, we shall name a projective line.

Let's result without the proof a number of auxiliary statements necessary for finding the required projective line.
Lemma 1. The projection of distributions of labels xj = (X1x, X2k ,L , XNk ) of primary predicates for complex
object sy to the projective line ¢, which is taking place through the beginning of coordinates in space Ry, is
defined by the formula Pre x; =¢yX;; +CpX,q +L +CyXyq, Where (c,Co,L ,Cy) - cosines of the corners
formed by a straight line with axes of coordinates.

Definition 2. Disorder concerning any point z of projections of distributions of labels of primary predicates for
group of complex objects G, = %1(1) : 551) L ,s%)} we shall name fotal distance D;(z) .

K
D2 = Y

zl(,l) —z” , where 21(1) =clxﬁ) +L +cCy x,(\})l,...,z(Kl) =clxl(lK) +L +cy x(&

The center of projections for group of complex objects G; = %1(1) : 551) L ,s,(?} we shall name average value of

K
projections of distributions of labels of primary predicates for group Gy : z® :% z zl(,l) .
v=1

Lemma 2. The disorder concerning any  point z of projections of distributions of labels of primary predicates
for group of complex objects G; =%1(1),s£1),L ,s,(?} is minimal, when z is equal to the center of their
K
projections: z = z® ,thus Dy(z) =Dy(2) = z (zl(,l) - 7(1))2 .
v=1
Let G, = {51(1),59)"_ ,s%)} and G, = {51(2)’552)’L ,sl(_z)} - two groups of the complex objects consisting
accordingly from K and L complex objects. For each complex object of these groups, we shall construct on the
basis of structural - predicate model of knowledge distribution of labels of its primary predicates. We shall receive

K + L vectors, which in space Ry will be displayed by two sets of vectors: X, - set of vectors xl(l) xgl) Lo

x&) and X, - set of vectors xl(z) ng)’ x(l_z). We shall project sets X; and X, on a projective line .

On the basis of a lemma 1, we shall find values of projections:

? +c2x§11) +L +cp x{ 21(2) = Pr xl(z) = clxl(f

N1’ ) +02X§i) +L +CN X(2)

1) _ 1) _
zl() =Prg xl() —C1X1( N1

2) _ 2) (2 2 2 2) _ 2) . (2 2 2
zg ) =Prg xg ) ‘C1X1(2) +c2x§2) +L +CNX|(\1%’ ...z(l_) =Prg x(l_) —C1X1(|_) +c2x§|_) +L +ch|(\“2.

Let's designate sets of projections X, and X, accordingly Z; and Z,, and their centers:
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z® :%(21(1) + zgl) +L + z&)), z(? :%(21(2) + Z£2) +L + z(l_z)).

Definition 3. Disorder concerning an any point z of projections of distributions of labels of primary predicates for
the pooled group of complex objects G = Gy U G, we shall name the general disorder of both groups D(z).

K L
It is obvious, that it is equal D(z) = ZHZ‘SI) - 2H+ ZHZ‘(’Z) - z” The general center of the pooled set of
v=1 v=1

projections Z =Z; UZ, we shall name size Z = " L (zl(l) +L + zf? + 21(2) +L + zl(_z)) .

+L

Let's result without the proof the following theorem about the disorder of projections of distributions of labels of
primary predicates.

Theorem 1. The general disorder D = D(Z) concerning the general center Z of projections of distributions of
labels of primary predicates of the pooled group of complex objects G =Gy UG, is calculated under the

formula D = Dy + D, + Dy + D, where
K L
D = Z(Z‘(/l) -7M2 b, = Z(zl(/Z) 72 B =K -72)?, D, =L@? -7)2.
v=1 v=1

From the theorem 1 follows that to maximize a measure of discernibleness of both groups of predicates - distance
'-7% itis necessary to maximize the sum I51 = K(Zl —2)2 and f)2 = L(Z2 - 2)2. We shall name the
sum D, + D, full discernibleness .

We shall receive expressions for the full discernibleness and the sums of disorders of projections of distributions
of labels of both groups of predicates, which are used at the further calculations.

Vector of a difference of typical distributions of labels for groups of complex objects G; also G, we shall

designate h = h@ -h(2) == (il(l) - il(z),iél) - 252) L ,Yﬁ) - 7|(\12))-

Let's construct a square matrix H =h"h where the top index T designates operation of transposing.
Dimension H isequal N x N . It looks like

xY - %92 O -x P -z L @ -z -x@)
o 60 - -5 e -t L e - -
L L L L
xQ -x@)E® -x?) %P -xDyxdP -x?) L P -x@)?

KL

K+L
which columns will consist of components centralized distributions of labels of primary predicates for
corresponding groups of complex objects. They contain N lines and accordingly K and L columns.

h(v, ) and designate AD and A@ matrixes

Let's consider a matrix H' with elements h'(v, ) =

1 (1 1 (1 2 (2 2 (2
o R I

AD = L L L CA@D = L L L
xki-% L x{) -x® x@-x@ L x@-x®?

T T
Let's consider matrixes B = AWAD " ang B() = AR AQ) . They look like:
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K K K
3 () -x)? S o) -xed) -3 LS o) -x o), -x¢)
BW = L v L L V= L
O onm o S m® o SO @2 |
Z(XNV — XNy %) Z(XNV Xy mX7) L Z(XNV ~X\)
=1 v=1 v=l
1 1)\2 L 1 1 1 1 L 1 1 1 1
z<x“ x{") S 0q -0 %) LY o) -0, - %G)
B = L v L L - L
Z(X(l) X(l))(X(l) _ X(l)) Z(X(l) _ X(l))(xglv) _yél)) L Z (X(l) (1)

In the following theorems, the formulas for calculation of the full discernibleness and the sum Dj; + D, of
disorders are resulted. The theorems we shall result without the proof.
Theorem 2. The full discernibleness is equal

kL NN
D, + D, —K—Z zcvcﬂh(v 4,
v=1lu=1

where h(v, 1) - the element of a matrix H which is taking place ina v line and ina wcolumn.

Theorem 3. The sum of disorders of projections for distributions of labels of primary predicates D; + D, is
N N
equal D; + D, = z Ecvcﬂb(v,,u) ,where b(v, 1) - elements of a matrix B =B® + B2
v=1lu=1
We shall result without the proof the basic theorem, which allows distinguishing groups of predicates thus that
full discernibleness was so big as far as, it is possible.

Theorem 4. The full discernibleness Ijl + I52 reaches the maximum at the fixed value of the sum of disorders
of groups when values cosines (cj,co,L ,cy) of the corners formed by the projective line with axes of

coordinates are the components of an eigen vector W for a nonzero eigen value of a matrix BIH".

6. Stages of Designing Structure of Complex Objects

Let's consider stages of the decision of a problem on designing structure of compounds with the set properties
[3]. For presentation with this decision we shall accompany an example based on the data, resulted in [4]. Let it is
required to design the new compounds possessing electrooptical properties. It is known, that electrooptical
property crystals of fluorides, which have crystal structures of types LiCaAlF6 and Na2SiF6 possess, and the
crystals of fluorides having structure such as Trirutile by such properties do not possess. For simplicity, we shall
be limited to consideration of compounds with structures such as Na2SiF6 and Trirutile. At the first design stage
SPMK, describing properties of compounds of fluorides, is under construction. The fragment of such model is
resulted on fig. 1. At the second stage in SPMK the set of predicate constants of compound objects — V  to
which there correspond required properties of projected compound, and set of predicate constants to which there

correspond undesirable properties of projected compound is allocated — V ™. In our example V * is a predicate
«to have structure such as Na2SiF6», and V ™ is a predicate «to have structure such as Trirutile». At the third
stage in SPMK the set of tops of the group G; corresponding to known compounds which have connections with
predicates of set V *is allocated, and have no connections with predicates of set V ™, and set of the tops
G, corresponding to known compounds which have connections with predicates of set V', and have no

connections with predicates of set V ™. Let the first group included 10 compounds which are resulted in the first
column of the table 1, and the second group included 17 compounds resulted in the first column of table 2.
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Table 1
LiMgAIF6 | MgF2 | AIF3 1536 13,68 2687 | 072 14,72 1545 | 158 361 039 | 17,95
LiMnAIF6 | MnF2 | AIF3 1133 22,25 2024 | 083 16,24 1545 | 158 361 039 | 17,95
LiCalnF6 | CaF2 | InF3 1691 16,36 2918 1 16,02 1445 | 335 250 038 15,93
LiMnTiF6 | MnF2 | TiF3 1133 22,25 2024 | 083 16,24 1500 | 21,1 342 067 | 1593
LiMnVF6 | MnF2 | VF3 1133 22,25 2024 | 083 16,24 1679 | 23,1 271 064 | 2162
LiMnCrF6 | MnF2 | CrF3 1133 22,25 2024 | 083 16,24 1677 | 225 277 0,61 18,82
LiMnRIF6 | MnF2 | RhF3 1133 22,25 2024 | 083 16,24 1460 26 175 066 | 1593
LiFeGaF6 | FeF2 | GaF3 1375 20,79 158 0,78 16,28 1225 28 255 062 | 1593
LiColnF6 | CoF2 | InF3 1400 19,59 1591 | 0745 | 1644 1445 | 335 250 08 15,93
LiNinF6 | NiF2 | InF3 1430 176 1572 | 069 15,31 1445 | 335 250 0,8 15,93
h1 1309 19,92 2047 | 0808 | 1599 1496 | 2530 | 2792 | 064 | 17,33

Table 2

LiMgCrF6 | MgF2 | CrF3 | 1536 | 13,68 | 268,7 0,72 14,72 | 1677 | 22,5 | 277 | 0,615 | 18,82
LiMgGaF6 | MgF2 | GaF3 | 1536 13,68 268,7 0,72 14,72 1225 28 255 062 | 1593
LiMgRhF6 | MgF2 | Rh3 1536 13,68 268,7 0,72 1472 1460 26 175 0,665 | 1593
LiNiTiF6 NiF2 | TiF3 1430 17,6 157,2 0,69 15,31 1500 211 | 3422 | 067 | 1593
LiNiVF6 NiF2 | VF3 1430 17,6 157,2 0,69 15,31 1679 231 271 064 | 21,62
LiCoCrF6 | CoF2 | CrF3 1400 19,59 159,1 0,745 16,44 1677 225 277 | 0615 | 1882
LiCuCrF6 | CuF2 | CrF3 1043 16,4 128,5 0,73 16,8 1677 225 277 | 0615 | 18,82
LiZnCrF6 ZnF2 | Crf3 1148 17,61 183 0,74 15,69 1677 225 277 | 0615 | 1882
LiNiFeF6 NiF2 | FeF3 1430 17,6 157,2 0,69 15,31 1300 25 239 | 0645 | 1593
LiNiCoF6 NiF2 | CoF3 | 1430 17,6 157,2 0,69 15,31 1230 27 1872 | 061 | 1593
LiZnCoF6 | ZnF2 | CoF3 | 1148 17,61 183 0,74 15,69 1230 27 1872 | 061 | 1593
LiCoGaF6 | CoF2 | GaF3 | 1400 19,59 159,1 0,745 16,44 1225 28 255 062 | 1593
LiNiGaF6 NiF2 | GaF3 | 1430 17,6 157,2 0,69 15,31 1225 28 255 062 | 1593

LiCuRhF6 CuF2 | RhF3 1043 16,4 128,5 0,73 16,8 1460 26 175 0,665 | 15,93
LiZnRhF6 ZnF2 RhF3 1148 17,61 183 0,74 15,69 1460 26 175 0,665 | 15,93
LiMgVF6 MgF2 VF3 1536 13,68 268,7 0,72 14,72 1679 231 271 0,64 21,62
LiFeCrF6 FeF2 CrF3 1375 20,79 158 0,78 16,28 1677 22,5 217 0,615 | 18,82

h2 | 13528 | 1696 | 1849 | 0722 1560 | 1474 | 247 | 2454 | 063 | 1745
At the fourth stage in SPMK the set of the tops corresponding to primary objects for compounds of groups G;
and G,, and also set of the tops corresponding to primary predicates to which arrows from these primary objects

approach is allocated. Primary objects are submitted in 2-nd and 3-rd columns in tables 1 and 2. Primary object
LiF is included into all compounds, therefore its primary properties do not influence a belonging of compound to
this or that group and consequently it further is not taken into account. At the fifth stage there are distributions of
labels of primary predicates for groups of compounds G; and G, . Each of primary variable predicates accepts

accounting set of values - predicate constants. As their labels numerical values of properties of primary objects,
which correspond to them were accepted. In an example the following of 5 primary variable predicates were
considered: Tm - a melting point, So - standard entropy for corresponding simple oxides, H - standard enthalpy
formations for corresponding simple oxides, Rs - radius of ions, C - an isobaric thermal capacity. Their values are
submitted in 4-8 columns for a primary element of 2-nd column and at 9-13 columns for a primary element of 3-rd
column, thus labels of predicates get out so that they coincided with these values.

At the sixth stage typical distributions of labels hy and h, are calculated by averaging values in columns 4-13
each tables. hy and h, are submitted in last lines of tab. 1 and 2. Further are centralized distributions of labels
by subtraction of the received average values of each column from actual values of their cells. In result in

numerical cells of both tables we shall receive values of the transposed matrixes ADT and AGT At the

T T
seventh design stage matrixes B =AD" g2 = A@AR@" g=p® 4+ B(z), a return matrix B,
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and matrixes H = (h(l) - h(z))T (h(l) - h(z)) and H'=H~* KK+LL , where K =10,L =17 are calculated.

At the eighth stage, there is an eigen vector W for a nonzero eigen value of a matrix BIH' (for example, with
the help of program Matlab). For a considered example an eigen vector looks like W =(cq,co,L ,C19) = (-

0.0002 0.0359 0.0017 0.6283 -0.0276 0.0004 0.0363 0.0015 -0.7754 -0.0242). Cosines of the corners formed by
an optimum projective line ¢ with coordinate corners are proportional to values of this vector; thus, the coefficient
of proportionality does not play any role. At the ninth stage, there are projections of typical distributions of labels

to this line: z® =W*h1T and 7 =w *hg . We have 7 =1.889, 7(?) =1.6201. Their common center

is equal Z= 0.5(2(1) —2(2)) =1.7545. At the tenth stage gets out in SPMK primary objects for projected

compound as follows. The objects having connections with primary predicates with which have also connections
primary objects of group of compounds G, get out, and there are no connections with primary predicates with

which have connections primary objects of group of compounds G, thus possible restrictions on structure of
compounds are taken into account. We shall assume that the compounds submitted in table 3 have been chosen.

Table 3
LiMgInF6 | MgF2 InF3 1536 | 13,68 268,7 0,72 14,72 1445 335 250 08 15,93
LiMnFeF6 | MnF2 FeF3 1133 | 22,25 2024 0,83 16,24 1300 25 239 0,645 15,93
LiMnGaF6 | MnF2 GaF3 1133 | 22,25 2024 0,83 16,24 1225 28 255 0,62 15,93
LiMnInF6 | MnF2 InF3 1133 | 22,25 2024 0,83 16,24 1445 335 250 08 15,93
LiZnInF6 | ZnF2 InF3 1148 | 1761 183 0,74 15,69 1445 335 250 08 15,93
LiCdInF6 | CdF2 InF3 1345 20 1674 0,95 15,93 1445 335 250 08 15,93
LiMgTiF6 | MgF2 TiF3 1536 | 13,68 268,7 0,72 14,72 1500 21,1 342,2 0,67 15,93
LiMgFeF6 | MgF2 FeF3 1536 | 13,68 268,7 0,72 14,72 1300 25 239 0,645 15,93
LiMgCoF6 | MgF2 CoF3 1536 | 13,68 268,7 0,72 14,72 1230 27 187,2 0,61 15,93
LiFeTiF6 | FeF2 TiF3 1375 | 20,79 158 0,78 16,28 1500 211 3422 0,67 15,93
LiCoTiF6 | CoF2 TiF3 1400 | 19,59 159,1 0,745 16,44 1500 211 342,2 0,67 15,93
LiZnTiF6 | ZnF2 TiF3 1148 | 1761 183 0,74 15,69 1500 211 3422 0,67 15,93
LiZnVF6 | ZnF2 VF3 1148 | 1761 183 0,74 15,69 1679 | 23,18 271 0,64 21,62
LINICIF6 | NiF2 CrF3 1430 17,6 157,2 0,69 15,31 1677 225 277 0,615 18,82
LiFeFeF6 | FeF2 FeF3 1375 | 20,79 158 0,78 16,28 1300 25 239 0,645 15,93
LiCoFeF6 | CoF2 FeF3 1400 | 19,59 159,1 0,745 16,44 1300 25 239 0,645 15,93
LiCuFeF6 | CuF2 FeF3 1043 16,4 1285 0,73 16,8 1300 25 239 0,645 15,93
LiZnFeF6 | ZnF2 FeF3 1148 | 1761 183 0,74 15,69 1300 25 239 0,645 15,93
LiCuCoF6 | CuF2 CoF3 1043 16,4 1285 0,73 16,8 1230 27 187,2 0,61 15,93
LiCORhF6 | CoF2 RhF3 1400 | 19,59 159,1 0,745 16,44 1460 26 175 0,665 15,93
LINiRhF6 | NiF2 RhF3 1430 17,6 157,2 0,69 15,31 1460 26 175 0,665 15,93
LiCuGaF6 | CuF2 GaF3 1043 16,4 1285 0,73 16,8 1225 28 255 0,62 15,93

For check of correctness of a choice, the projection z = clxl(g) + 02x§3) +L +cy xf\f’) of distribution of labels
of each chosen connection to a projective straight line is calculated. If ‘Z(l) - z‘ < ‘2(2) - z‘ , than the choice is

considered correct. For compounds of table 3 consistently from top to down we find: z equally 1.8395, 1.9060,
2.0089, 2.1339, 1.8838, 2.0870, 1.6272, 1.6115, 1.5784, 1.7448, 1.6329, 1.6715, 1.6521, 1.6135, 1.7291,

16173, 1.5107, 1.6558, 1.4776, 1.5440, 1.4934, 1.6136. As z) =1.889, z(? =1.6201 only the first 6
compounds according to the given technique are chosen correctly, and the others it is erroneous. The considered
example allows to check up also correctness of the technique as the structure of a lattice of compounds of table 3
is beforehand known: the first 6 compounds have structure of a crystal lattice such as Na2SiF6, and all
subsequent chemical compounds have structure of a crystal lattice such as Trirutile. Thus, we receive 100 % of
right answers that proves a technique while in work [4] 86,4 % of right answers for the same group of chemical
compounds are received.
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Conclusion

In work complex objects with internal structure are considered. The structural - predicate model of knowledge,
which is generalization of structural - attributive model of knowledge is offered. In work the method of reception of
new knowledge of structure of complex objects with required properties which is based on measurement of
distances between groups of predicates at their some interpretation is developed. The optimum measure for
measurement of these distances with the maximal discernability of different groups of predicates is constructed.
Stages of the decision of a problem designing of complex objects are considered.
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CLUSTER MANAGEMENT PROCESSES ORGANIZATION AND HANDLING

Valeriy Koval, Sergey Ryabchun, Volodymyr Savyak, Anatoliy Yakuba

Abstract: he paper describes cluster management software and hardware of SCIT supercomputer clusters built in
Glushkov Institute of Cybernetics NAS of Ukraine. The paper shows the performance results received on systems that were
built and the specific means used to fulfil the goal of performance increase. It should be useful for those scientists and
engineers that are practically engaged in a cluster supercomputer systems design, integration and services.

Keywords: cluster, computer system management, computer architecture.

1. Cluster Complex Architecture

Basis cluster architecture is the array of servers (contains computing nodes and the control node), are connected
among themselves by several local computer networks - a high-speed network of data exchange between
computing nodes, a network of dynamic management of a server array and a network for cluster nodes
monitoring. User access to cluster as a whole can cope by the access server - a gateway on which check of the
rights of access of users to cluster and preliminary preparation of tasks for execution is realized. File services are
given user tasks by a file server through the cluster control node. A file server in a system provides data access
on file level protocols, like Network File System (NFS). A file server is connected directly to a local data network
via high throughput channel. In some cases, the gateway and/or file server functions may be carried out on the
control node.
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Cluster computing node is a server, more often dual-processor, for direct execution of one user task in one-
program mode. Computing nodes are dynamically united through a network in a resource for a specific task,
simultaneously on cluster some problems may be executed, depending on amount of free computing nodes.

The control node of cluster is a server on which are carried out compilation of tasks, assignment of cluster
resources (computing modules - cluster nodes, processors) to the user task, global management of processes
activated on nodes during task execution, granting to task needed services of a file server.

2. Dynamic Management with Cluster Nodes

The role of the dynamic management is to manage access to computing nodes and to provide a dynamic
reconfiguration of a system. Dynamic management of a cluster system is mostly determined by the used logical
systems of a parallel programming (LSPP) (i.e. their architecture and communication libraries). But it can also be
influenced by nodes interconnect architecture, rather, a data communication network (means to connect the
cluster nodes among themselves and with cluster control node).

A basis of a dynamic cluster reconfiguration under a user task is defined by the list of cluster resources allocated
to the task (nodes, processors). After the resources are reconfigured, the system provides a corresponding
handling of a user task only within the framework of the appointed resources.

The element of this list of cluster resources is assigning to task the name of node and quantity of processors,
which are active in the node. A node always is appointed entirely, whereas the request of a task always specifies
necessary amount of processors.

The cluster resources handling system estimates real presence of resources and "collects" the number of
processors necessary to a task from the pool of really active nodes at the moment of free nodes request.
Processors are allocated always in the cluster node staff, i.e. it is impossible to allocate in one node on one
processor to the different tasks, processors of node unused in a task always should stand idle.

In the cluster, where the communication network is based on the switch (Gigabit Ethernet, Infiniband), any of
nodes accessible to a task can cope irrespective of other nodes in this configuration up to full restart. Mutual
influence of cluster nodes upon serviceability of a communication network does not exist as a whole - it is
provided with the switch.

For a network on basis SCI cards the opportunity of a direct handling of the cluster node within the framework of
allocated cluster resources is sharply limited, as the communication network "rises" entirely and serviceability of
separate node can depend on serviceability of connections with the next nodes essentially [1].

Though at application 2D-and 3D-topology, it is possible the dynamic change of routing that supposes detour
short, but defective connection due to working, but longer, connections through other nodes. However if several
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nodes die, then a general cluster performance is going down up to transition to a disabled condition. On the other
hand, when using a central switch (which is not mirrored), the switch causes a death of all the system.

An opportunity of reconfiguration depends also on a usage of local disk memory of the node. For a cluster
systems with a distributed storage based on a local node’s hard drives there is a problem found with an execution
of user tasks in a background batch mode. When a repeated return to a computing process for the task execution
is required, it is necessary to receive the same cluster resources for a task that was provided in a previous stage
of the task execution (it implicitly demands long reservation of disk resources on all cluster nodes, appointed to
a task).

Reduction of negative influence of this restriction is possible only at refusal from the local disk resource for
background tasks for the benefit of network file systems (for example NFS) or the general file systems oriented
on cluster application (GFS) [2]. This allows do not care about granting the same cluster resources for the task
being executed in a background batch mode.

After task is finished, all allocated resources should be returned in a pool of free resources. Rational use of this
pool assumes a regular check of resources' state. The system diagnosis and makes a conclusion about an
unavailable resources in an emergency configuration to exclude their incorrect usage. This part of a management
system is one of the most important parts of all the cluster management software.

3. Management of Cluster Accessibility

There are several approaches known in a field of cluster resources access management. All of them are based
on a standard user authentication on a stage of a system user login. After login is made there are following
general ways possible;

1. A user receive an access to all cluster nodes, assigned as a resource to one’s queued task, i.e. the task is
executed on behalf of the user and a user has a full control over the behaviour of nodes, usage of node own
resources (main memory, exchanges with a file server and other nodes, employment of the processor) is
given to this user.

2. A user receives an access to an interface of a task status control and management of a task execution.
Thus, a user has no real access to cluster nodes allocated.

At the first approach the list of users is exported to all cluster parts or the real system user is dynamically created
for the period of a task execution. The control over access to the system variables, data and command files of
cluster management, nodes essentially becomes complicated, as for communication network SCI this control
should be more rigid, than for cluster on the basis of the switch. On the other hand, granting to the user the full
access to node allows going to the manual management of task execution up to loading into local disk memory of
a node. One of the examples of the mentioned approach implementation is MBC-1000M (Moscow) system [3].

In our opinion, the second approach, despite of considerably big system costs on the organization and support of
user work, is represented to more reliable in preservation of integrity of the system software, its functioning and
cluster security from the non-authorized access. In this case all works on task execution on nodes are carried out
by the specialized pseudo-users existed only on cluster nodes. On behalf of these pseudo-users, the task is
executed. For integrity of the approach, an every LSPP has the unique specialized pseudo-user; i.e. the policy of
safety does not permit a real user, except for repair managers, to log in into cluster nodes. Such a system
provides greater security and reliability of a cluster.

Absence of direct access of the user to cluster nodes is compensated by presence of a specific user interface. An
interface allows users to operate a task execution, task queues, to load the data for a task, to supervise a
condition of the nodes, which are included in a resource of a task, etc. A program of the user interface cooperates
with a demon started on the control node and carrying out all necessary user work. The cluster administrator has
the possibility to execute any of these functions.

4. Task Processes Handling

Users, as with the remote access as taking place in a corporate local network, get access only to a gateway -
access server, the last holds all user catalogues exported from a cluster file server and support user preparations
of the tasks for execution. The subsystem of service of users and their tasks has client-server architecture: the
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client part settles down on a gateway, the server part - on the control node, connection between these parts is
organized under TCP- protocol.

. TCP |
client_request | [v /| client_handlerd
gcompilerd
access server gserverd

control node

Requests from the user are transferred to the control node and executed by a demon client_handlerd, at this
one control node can serve a little clusters with identical architecture. The demon client_handlerd carries out the
requested action and returns result of performance to the user.

One of such actions is the definition of necessity to compile task and queue it up for compilation with the
subsequent placing (at the absence of compiling mistakes) in the execution queue. Each of these queues is
served by the demon, correspondingly, qcompilerd and gserverd, their activities on the control node; their
Status may be change only by the cluster administrator. In the same way the user receives data about queued
tasks, on cluster congestion, presence of free resources, etc.

The gqcompilerd functions are:

- Search of a task (without the control of parameters of task execution);

- Creation of working structure where this task is compiled;

- Start of the compilation manager, monitoring the specified task, and return to search of other task to
compile.

| gcompilerd sleeper

| manager_comp sleeper

v

| exec_compiler

i

The manager of compilation, in turn, starts as independent process a command file of compilation in a mode
chroot, expects the end of compilation and returns after that results of compilation in the user individual
catalogue.

The gserverd functions are:

- Search of a task (with the control of parameters of task execution);
- Updating or creation of working structure of a task for execution;

- Assignment of resources to a task;

- Export of an environment, start of the manager of execution of a specific target and return to search another
task for execution.

The manager of execution (manager), in turn, starts as independent process the command file of execution
(exec_runtask) in a mode chroot, expects the end of execution exec_runtask or the user signal about task
execution stopping - through a demon client_handlerd - and returns after that results of execution to the user
individual catalogue.
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5. Cluster Management System (Base Functions)

Management system — cluster control facilities, used both the system administrator, and various software
systems over the operating system, having for an object "continuous" monitoring of computing process, the
equipment and the software. It contains, at least, three obligatory parts:

- Adirect control of computing process and functioning of the cluster equipment;
- Management of service means of a task stream processing and user works with cluster;

- Monitoring cluster infrastructure (system of power supplies and cooling, a cluster configuration and
availability of the cluster components through its communication networks).

The management system may be resident on one of control nodes with an opportunity to change this place to
another, and may be distributed among them is depends only on the rules of functioning of managing means.

Obligatory functions of a management system are:

» Management of start, stop and restart all cluster equipment, and its separate nodes and also active means
of the cluster system software, in particular, means of a task stream processing;

»  Monitor service of the system administrator needs with results of the analysis of a cluster status, its
configuration and availability of its nodes;

» Management reconfiguration of node connections if it allows the accepted circuit of a configuration;

» User authentication at its local or remote login to the cluster, support of its functioning during task
preparation, granting of help services both online and offline;

»  Support of service means of the user interface at compilation, assembly and task execution, under the
control of intermediate results over long task execution, on preservation of results of the task running,
maintenance of user tasks with services of a file server and DBMS on it;

Support of a message exchange between the system administrator and users;

» Remote user maintenance with means upload/download to transfer the data between its local client
computer and the cluster client individual catalogue.

A\

6. Support of the User Computing Process Means

Cluster oriented tasks should use the communication libraries, more often implementing the MPI interface. In this
interface the task will start on the zero allocated node with the indication of necessary processors quantity, names
of a task code file and some other parameters. For example, mpirun-np 16 /test/test2, where mpirun - standard
command for task start, np - required number of processors, /test/test2 - a path to the task code file.

Implicitly in this start rights of the owner of the catalogue from which start is carried out, and rights of the owner of
a code file are taken into account also. The coordination of these rights and maintenance of start correctness,
and also a correctness of access to the data, dissipated upon cluster file system, are assigned to service means.
Compilation of a task is made on behalf of the pseudo-user, representing chosen LSPP, on the control node
without attraction of cluster resources with the subsequent transferring the compiled task to queue for execution
on cluster nodes under the control of the same pseudo-user determined as the only thing for ordered LSPP.
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Client-server means of user’s interaction are included into means of support of the user computing process with
control facilities tasks also. The accepted principle is the user alienation from executed tasks, that is client, placed
in cluster environment, get access only to the gateway — access server physically separated by network
addresses from the control node and other cluster nodes, and working areas of the tasks started on execution are
placed on the control node. Functioning service means, client-request on the access server and
client_handlerd on the control node, having established connection among them, support it activity till the
moment of the termination of concrete user request.

The direct task start is connected to significant inconveniences by the rights of access. More effectively to add
additional interfacing means to start the task on allocated cluster resources. These interfacing means should
coordinate correctly rights of access during start, estimate and prepare for real use the list of cluster resources,
check their sufficiency and, maybe, real availability. As unification of LSPP is absent, these means are
individually adjusted on each type of LSPP through environment variables of execution PATH,
LD_LIBRARY_PATH and specific ones for concrete LSPP.

Cluster tasks, as a matter of fact, are tasks with great volumes of calculations and consequently, the period of the
maximal uninterrupted execution cannot be uncertain, that is why the monopolization of cluster as a whole or only
some its parts under one task is incorrect, long on time of the task running should represent a chain of
consecutive starts and breaks of the execution (i.e. a set of quantums to run the task), alternated by the idle
periods waiting the reception of quantum. Service that means to support the execution of such tasks should
provide a correctness of the termination of concrete quantum, preservation of the intermediate data and renewal
the execution in the other quantum.

One more service means, facilitated work of users, may be the debugger of cluster tasks, it allows with cluster
resources limited from above receiving reports as task executions on the concrete processor, as characteristics of
data exchanges between cooperating processors. The attitude to such debuggers dual, rough debugging on them
goes conveniently enough and naturally, exact debugging is usually connected to searches of opportunities of
increase of task productivity, searches of memory "leakage" and adjustment of a task for the big number of
processors, that just and cannot really be supported by noncommercial cluster debuggers.

7. System Means for Increasing the Cluster Performance

Among many means to improve the quality of cluster functioning, it is possible to discuss the basic:

7

¢+ To carry out hardware improvements in a communication network of nodes, in particular, using network
adapters SCl-technology instead of switch oriented Gigabit Ethernet, making up the connections on the
basis of 2D-topology (or 3D-topology) and choosing the optimal variant of node switching (i.e., for 16-node
cluster with processors Xeon only transition from the network based on switch with Gigabit Ethernet to a
network based on SCI gives almost 30 % a gain of performance in Linpack test, and replacement of
switching 2x8 nodes on switching 4x4 nodes gives a gain on 4-6 %).

¢+ To maximize the using of node main memory due to exact selection of the used software. So, use only a
necessary minimum of demons on node allows to achieve employment of all 12-16MB on the unloaded
node.

¢+ To use architecturally — optimized libraries and the compilers giving the most effective codes, in particular,
Intel compilers for languages C and Fortran or family compilers GCC, use library MKL (Intel Math Kernel
Labs) instead of library ATLAS.

Total results of consecutive changes for 16-node cluster with processors Xeon 2.66 GHz at 2 processors and
main memory 1 GByte on node (that gives peak performance in 166 Gflops) are resulted in table 1.

The analysis of table 1 shows, that obligatory elements of cluster adjustment, needed for the maximal
productivity, should be - "thin" adjustment of a node main memory for system using, installation, adjustment and
use of the richest noncommercial libraries, even for rather weak communication network on Gigabit Ethernet. In
case of replacement of switch oriented weak network by more powerful (in particular, by SCI as with Infiniband [4]
we did not have experiments) yet it is necessary to choose rational configuration of data connections,
recommended the vendor firms, and to use communication library Scali, instead of MPICH-SCI.
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Table 1
The measured maximal — Ratio max/peak
Changes in structure and the system software performance in Linpack =~ performance
test (Gflops) (%%)
Initial configuration:
Communication network =Gigabit Ethernet,
Accessible MM = 0.83 GByte, 71 43
Compiler = GNU,
Library = ATLAS
Communication network =SCl,
Switching = 2x8, 94 57
Communication library = MPICH-SCI
Accessible MM = 0.99 Gbyte 99 60
Switching = 4x4 104 63
Library = MKL, 112 67

Communication library = SCALI

One more factor influencing the common cluster performance is a rational choice of structure of file system.
Generally, when installation of commercial OS Red Hat Cluster Suite which contains cluster oriented file system
Global File System is not supposed, and there is a local system of a data storage based on a RAID-array in the
structure of control node entering or served by the specialized server, and local disk memory on cluster nodes is
absent, the most effective means may appear export of references to contents of a RAID-array to all points of the
cluster where work with files is supposed. Thus even for the user individual catalogues which formally should be
on a gateway — access server, their physical accommodation in disk memory of the gateway is not supposed,
they only there are exported from a file server by the references. Similar by results of the decision can be offered
for access to files in an executing task - despite of accommodation of the big data files in the individual catalogue
of the user, direct access to which to the absolute address from node is impossible, and copying of data files in
working structure of task execution is comprehensible only to the small sizes of files (for example, tens Mbytes),
indirect addressing through tables of address transformation will provide access to the data of great volume
without their moving to working task structures.

The reference to databases, which are stored in the same RAID-array, actually does not differ from described.
Unfortunately, experiments in this direction just begin, as well as authentic results are absent.

Bibliography

. http://www.scali.com
. http://www.redhat.com/software/rha/gfs

1
2
3. http://parallel.ru/computers/reviews/MVS1000M.html (In Russian)
4. http://www.mellanox.com

Authors' Information

Valeriy N. Koval - Institute of Cybernetics NAS Ukraine; Prospekt Academika Glushkova,40, Kiev, 03680 MCP,
Ukraine; email: icdepval@in.ua

Sergey G. Ryabchun - Ustar Corp., office 1, 16A, Dovzhenko str., Kiev, 03057, Ukraine; email: sr@ustar.ua
Volodymyr V. Savyak — Institute of Cybernetics NAS Ukraine; Prospekt Academika Glushkova,40, Kiev, 03680
MCP, Ukraine; email: Volodymyr.Savyak@ustar.kiev.ua

Anatoliy A. Yakuba - Institute of Cybernetics NAS Ukraine; Prospekt Academika Glushkova,40, Kiev, 03680
MCP, Ukraine; email: ayacuba@voliacable.com




KDS 2005 Section 2: Data Mining and Knowledge Discovery 119

MULTI-AGENT USER BEHAVIOR MONITORING SYSTEM
BASED ON AGLETS SDK!

Alexander Lobunets

Abstract: The paper describes an experience that was obtained during development of multi-agent system using
Java and Aglets SDK. The user behavior monitoring system described in this paper utilizes a neural network
classifier for user processes analysis. The overview of the neural classifier is out of the scope of this article. The
main issues pointed in this paper include software technology evaluation, agent oriented patterns, usage of UML
for software design and brief Aglet API overview. The monitoring system prototype is installed in local area
network of IT Department of Space Research Institute NASU-NSAU, Ukraine.

Keywords: neural network, multi-agent system, network security system, user behavior model, intrusion
detection system, aglet development.

Introduction

Nowadays computer user behavior monitoring is one of the important issues. As a result of agile development in
the field of informational technologies, a computer's user becomes one of the centric objects for observing and
monitoring. The analysis of user activity monitoring can be used in different application areas such as automatic
user's environment adaptation, computer and network security, personnel observing, e-commerce, etc. Taking
into account the urgency of information security issue a number of scientific efforts are focused on intrusion
detection systems (IDS).

A number of innovative approaches and new models for network security assurance system have been proposed
recently [Gorod, 2001]. The basic ideas are to make the IDE more intellectual in terms of attack detection and
data processing by means of rule based networks, neural networks [CannMah], genetic algorithms, human like
immunology systems, variable sized Markov chains [Sokol], etc and make usage of the particular distributed
components of IDS cooperative. Thus, new previously unknown types of attacks compromising computer network
will be detected by IDS. For such an idea, the multi-agent system model proves to be very promising [BGISZ].

It should mention there are two key elements during the process of designing a monitoring system: user behavior
model and implementation technologies evaluation. The article [SKL, 2004] describes user model evaluation in
details. In this paper, implementation issues are pointed.

Despite of existent extension for agent modelling [AUML] a row UML diagrams where used for notation during

system analysis and design. This choice is based mostly on ASDK particularity and its incompatibility with world
accepted standards such as FIPA [FIPA].

Agent-based User Behavior Monitoring System Architecture

The user behavior monitoring system architecture is based on a complex user's model [SK, 2004]. The mentioned
model consists of two parts and considers both dynamic and static properties of user's behavior. Both parts of the
model make use of neural networks for abnormality detection.

It is known that integrated intrusion detection system (IDS) should detect different known attacks and unknown as
well. Thus, IDS should contain various autonomous interactive modules. To meet these requirements the
architecture of such system is designed using agent approach (Fig. 1).

According to [SKL, 2004] the proposed system contains the following types of agents:

! The work is particially supported by the grant of President of Ukraine for the support of scientific researches by

young scientists Ne $8/323, "Prototype of intelligent multiagent security system”.
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User agent. This is agent is used to detect anomalies in user activity which is carried out on the basis of neural
network.

Host agent. Performs system calls processing and detects anomalies and known types of attacks. For example,
it allows detecting ,Trojan horse* attacks.

Network agent. Operates at the firewall and analyze the network traffic. The information extracted from packets
is used to detect known attacks and anomalies in the network. It is expected to be implemented with a help of
neural networks and probability approaches.

Server agents. These agents are responsible for the server security.

Controller agent. This agent is responsible for anomalies' analysis and detection of distributed attacks in the
scale of whole system.

Database. Contains data for different types of agents.

Fequests f Data transfers
Server Agents
A
Met Agent
 J Requests { Data transfers

Requests { Data transfers
g f —————m™  Controller Agent

A Reguests f Data transfers
Requests ,iData transfers
Y
Host Agent lUser Agent H@
Database

Fig. 1 — General system architecture

As a user logs on, Controller Agent instantiates corresponding User Agent. At the same time, User Agent obtains
data about user behavior model. During user’s session agent performs monitoring of user's activity on the basis of
neural network behavior model. At the same time, it aggregates data for further behavior model correction. When
the session is finished, User Agent sends data to database. In case of anomaly detection, User Agent informs
Controller Agent about suspicious activity.

Host Agents and Server Agents detect system anomalies and known attacks.

Implementation Technology Evaluation

Java and Aglets Software Development Kit (ASDK) were chosen for implementation of the monitoring system.
Java as a programming language for agents makes it easier than ever for programmers to build complex agents
and offers the set of unique features for developing multi-agent systems. It should mention such features of Java
as platform independence, secure code execution, dynamic class loading, multi threading and object serialization.

ASDK is open source software, which was developed at the IBM Tokyo Research Laboratory and distributed later
under the IBM Public License. Aglets is a Java mobile agent platform and library that eases the development of
agent based applications. An aglet is a Java agent able to autonomously and spontaneously move from one host
to another [ASDK]. ASDK includes both a complete agent platform with a standalone aglets server Tahiti and a
Java library that allows development of mobile agents. Using ASDK developers can embed the aglets technology
in their applications as well.

An aglet runs as a thread or multiple threads inside the context of a hosting Java application. When aglets travel
across a network, they migrate from one computer running a hosting platform to another. Each aglet host owns a
security manager that enforces restrictions on the activities of the untrusted aglets [Venner, 1997]. The migration
is performed via uploading aglet's code through class loading mechanism. Basic Aglets API classes and
interfaces are shown at the Fig. 1 below:
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Message

AgletProxy AgletProxy
AgletContext

Fig. 1 — Basic classes and interfaces of the Aglets API

Referring to Fig.1 agent is represented by a Java class Aglet that interacts with environment via AgletProxy class
for security reasons. AgletContext plays a role of a sandbox and a runtime environment for the aglet code.

An aglet has defined lifestyle (Fig. 2) and can experience the following events in its life [Oshima, 1998]: creation,
cloning, dispatching, retraction, activation and deactivation, disposal and much more. Most of the activities
involve either duplication, transmission across a network or persistent storage of aglet's state, which is carried out
by one the mention above Java features — serialization.

Contexta ContextB
Dispatch

Dispose
Clone Aglet
1 Retract

Create

ESl—

Secondary storage

Fig. 2 — Aglet object life cycle

The callback-programming model allows developers to make an agent response to corresponding events in its
lifestyle. Thus, it is required to override a few methods that will be called from an external entity (the aglets
runtime environment) during the agent life [Ferrari, 2004]. A detailed documentation, related to aglet
programming, is available at [ASDK].

Requirements and Use Cases

According to general architecture concepts proposed in [SKL, 2004] the system can be divided into two
components. These components communicate with each other via local area network (LAN) with the help of
mobile agents and messages (Fig. 3). The first component provides agent-hosting facilities for Client Node. It
should be installed on every user's workstation in LAN. The second component represents a Server Node. It
serves queries from client agents and is used as an agent code repository.

==agent platform== <=aggent platform==

Client Node Server Mode

=<=device>>

Local Area Network

Fig. 3 — System components diagram

Due to the paradigm, which was used for the development of such a system, agents are the structural functional
elements. Each agent operates in a context of a hosting platform such as Client or Server Nodes. Depending on
concrete set of functions executed by an agent the following types of agents were defined in [SKL, 2004]: a user
behavior agent (UserAgent), a coordinating agent (ControllerAgent).
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The ControllerAgent is responsible for user registration, managing user related data storage such as process logs
and neural network configuration, creating the Server Node agents and further communication with them. This
agent is a Server Node resident (a static agent).

The UserAgent encapsulates a neural network model for a concrete user. The functions of this kind of agent are
aggregation and transfer of process logs from user workstation to Server Node, user’s processes analysis in a
real time with the help of neural network. This agent is a mobile one and migrates to Client Node after its creation
at Server Node.

Aglets development model constates certain limitations related to agent communication. Thus there were
introduced additional types of agents such as: Watcher agent and Host agent (has a similar name as mentioned
in architecture description but performs different operations).

The Watcher agent serves as intermediate agent in communication between Client and Server Nodes. In couple
with UserAgent and HostAgent it implements a well-known Master-Slave pattern [LO, 1998]. In accordance with
mentioned pattern, Watcher agent plays a role of master and creates its subordinates (slave agents). This agent
is a Server Node resident (a static agent).

As for the HostAgent its function is to provide connection reliability facilities via system heart-beat messages. This
agent instantiated by Watcher agent and dispatched to user's workstation. On arrival, HostAgent replies to a
special type of message (if-alive) from its master. Thus, a Server Node knows that client workstation is reachable
and current user is logged in. In case of three failed attempts to query HostAgent, Watcher agent considers this
situation as user’s logout, sends sign off message to ControllerAgent and disposes itself.

TrainAgent encapsulates a neural network training function. The agent activates on a schedule defined by
ControllerAgent. After its initialization TrainAgent walks through user profiles and perform neural model correction
for every user, operating system and workstation. The next time user signs in, an updated neural model will be
loaded and used for analysis. This agent is a Server Node resident (a static agent).

One of the key components of the system is a logging application. For the cross-platform purposes, a custom
process logging application was used. The log format is described below:

TIME | PROC_ID | PROC_NAME | STATUS, where

TIME - process registration time;

PROC_ID - process unique identifier (assigned by operating system);

PROC_NAME - name of a registered process;

STATUS - process status, accepts one of the following values STARTED or FINISHED.

The following packages were defined for system use cases in terms of UML :
- Controller package use cases

- Create user data storage

- Register user sign in/sign out

- Instantiation of Watcher agent

- Instantiation of TrainAgent

- Watcher package use cases

- UserAgent instantiation

- HostAgent instantiation

- Heart-beats generation

- Process logs aggregation and storage

- HostAgent packages use cases

- Heart-beats handling

- User sign out event notification

- UserAgent package use cases

- Launching logging application

- Transferring process logs to Server Node
- User activity analysis
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- TrainAgent package use cases
- Get user processes list
- Perform neural network training

Client and Server Nodes represent separate packages with their own use cases. User Node use cases are
defined as following:

- Create agent hosting environment

- User sign in event notification

- User sign out notification

Server Node use cases are listed below:
- ControllerAgent instantiation

- TrainAgent schedule set up

Programming Agents and Hosting Platform

After the detailed analysis of the use cases defined above the following class diagram can be drawn:

imass. 1Jlatf0rm|

- ServerNode ClientNode
imass. agentsl [
1
Controller Watcher HostAgent
$ ‘H com.ihm.agletsl
—D ServiceAgent > Aglet
TrainAgent L UserAgent —

Fig. 4 — Monitoring system class diagram

Let's make a brief review of each class and package presented on Fig. 4 (Note that diagram was simplified for
better understanding).

ServiceAgent is a derived class of Aglet class from Aglets package (com.ibm.aglets). It inherits all required
methods for agent’s life-cycle handling and defines additional properties and methods to be used by monitoring
system agents. For example, a master-slave pattern was used to simplify the communication scenario. A slave
agent needs to store master's AgletProxy object for sending messages. Thus, Service agent defines a new
property masterProxy of AgletProxy data type.

As it was mentioned above, all system agents extend ServiceAgents functionality. Controller and Watcher agents
implement master-slave pattern in the following way: a Controller creates Watcher agent, assigns masterProxy
property the value pointing to its AgletProxy object and stores Watcher's AgletProxy object for further
communication. The same pattern is implemented by Watcher agent and HostAgent in couple with UserAgent. In
this relation Watcher plays a role of master — creates both agents, assigns masterProxy property and stores their
AgentProxy objects.

The package imass.platform contains classes that implement agent-hosting platform since aglets exist only within
AgletContext. The hosting platform performs the following operations [Oshima, 1998]:

- platform parameters setting

- AgletRuntime instance initialisation
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- user authentication

- creating MAFAgentSystem_Agletsimpl instance

- factory components installation

- creating AgletContext instance

- creating ContextListener instance and adding it to the created context
- security manager installation

- context start up

- communication layer start up

A detailed instructions regarding hosting platform implementation can be found in [Ferrari, 2004] as well.

‘Worlkstation :ClientMNode :Controller :ServerNode

T T T T

L L
<<create>> <<creates>>

- B Idle
| II |
| 1
— registerUser -

Y

registeractivelser()

T I createWatcheragent()

Fig. 5 — System initialization sequence diagram

Fig. 5 and Fig. 6 describe the interaction between system functional elements. A user “sign in” event initiates
Client Node application creation. A ClientNode object obtains remote AgeltProxy object of the Controller aglet
using its getRemoteProxy() method:

AgletProxy massControllerProxy = this.getRemoteProxy(massURL, massController);
if(massControllerProxy == null){

print(*failed to register Client Node at "+ massURL);

shutdown();

i

When Controller's AgletProxy object was obtained successfully the registration message is sent to Controller
agent as shown bellow:

Message msg = new Message("Register");
msg.setArg("senderhostURL", factory.getHostingURL());
msg.setArg("username”, username);

msg.setArg("os", 0s);

Object[] reply = null;

try {

reply = (Object[])massControllerProxy.sendMessage(msg);
} catch(Exception e){

print("failed to send register message”);

shutdown();
}

As shown at Fig. 5, at the Server Node side a Watcher agent is created and corresponding HostAgent and
UserAgent aglets are disposed to Client Node (Fig. 6).
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Fig. 6 — Monitoring system agents interaction sequence diagram

As it was mentioned before, one of the UserAgent functions is process logs aggregation. This operation is
implemented using Aglets messaging. The UserAgent composes a message class if the “store-process-log” type
and attaches latest process logs portion:

Message msg = new Message("store-process-log"”);
msg.setArg("content”, DataPacket);
watcherProxy.sendAsyncMessage(msg);

The composed message is sent to corresponded Watcher agent. The Watcher agent handles all incoming
messages using a common callback method defined in com.ibm.aglets.Aglet class. The signature of the
mentioned method is the following:

public boolean handleMessage(Message msg) {}
The Watcher agent fetches attachment from Message object and appends process logs to user’s data storage.

The architecture of the developed system and its components is presented on Fig. 7:

User Workstation Server host computer

ASDK library Serverhode
ﬁ ASDK library % e - %
|
ClientNode E

Service agents
code repository

Data
r encoders

{7

Meural network
Classifier

i

User Workstation

ﬁ ASDK library

Clienthode

{1

Fig. 7 — Deployment diagram for multi-agent monitoring system
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According To Fig.7, user’s workstation only needs to have installed aglets hosting platform. All service agents are
stored on Server Node and migrate to Client Nodes on certain events described above. In such a way, it is easily
to maintain the monitoring system without additional installations on workstations: update agent functions, add
new types of agents.

Conclusion

In this paper the most suitable in our case technologies were evaluated — Java programming language and Aglets
Software Development Kit — for implementation of a user behavior monitoring system using agent approach and
neural network.

The system has a scalable architecture and minimal requirements for foregoing installation on workstations.

The further development is possible in the following directions: development of new types of agents (for example,
network traffic analysis), implementation of decision making components (for instance, a fuzzy logic controller),
administrative facilities enhancement (web based access, extended GUI).
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DEVELOPMENT OF EDUCATIONAL ONTOLOGY FOR C-PROGRAMMING

Sergey Sosnovsky, Tatiana Gavrilova

Abstract: Development of educational ontologies is a step towards creation of sharable and reusable adaptive
educational systems. Ontology as a conceptual courseware structure may work as a mind tool for effective
teaching and as a visual navigation interface to the learning objects. The paper discusses an approach to the
practical ontology development and presents the designed ontology for teaching/learning C programming.

Keywords: Ontology Design, Knowledge, Educational Ontology, C Programming, Ontology Visualization.

Introduction

The intensity of modern technology development makes exceptional demands of the process of education. The
speed of the knowledge deterioration increases steadily. According to the experts’ reports the “half-value period”
of a modern specialist is from 3 to 5 years. The number and the diversity of students grow up. Programs for life-
long and distance education appear. Students differ in the learning goals, background, cultural aspects, which
increase not only the volume of knowledge but also the ways, how it is taught. Different subjective views on the
same knowledge for different groups of students may exist.

In these conditions a teacher as the main knowledge provider in the framework of modern education is
overloaded. It becomes impossible for him/her alone to preserve the high quality of the knowledge taught. The
solution is now obvious, knowledge should be created in the reusable and sharable form, in a way that once
developed it could be used by anyone as a whole or partially.

Even greater need in making knowledge shareable and reusable is declared in the field of educational systems
development. The knowledge base of a modern computer-based educational system should support the import
and export of the knowledge in a standard format using standard protocols. Even for the domains where
knowledge is pretty stable, like C Programming, such a perspective lead to the exceptional opportunity of using
different systems from different developers in a common framework. The first step in this way is making the
process of engineering of educational knowledge ontology-based.

The term of ontology emerged and became popular (even fashionable) during the last one and half decades.
Though very yang it is yet a quite mature area of research. Ontological engineering inherits the practical and
theoretical results of knowledge engineering, which has about forty yeas of history. According to one of the
definitions “ontology is a hierarchically structured set of terms for describing a domain that can be used as a
skeletal foundation for a knowledge base" [Swartout et al., 1997]. It "defines the basic terms and relations
comprising the vocabulary of a topic area, as well as the rules for combining terms and relations to define
extensions to the vocabulary" [Neches et al., 1991].

In this paper we present the stepwise approach to ontology engineering and describe the experience of ontology
developing for C-Programming. Developed knowledge structure is not just the hierarchy of the C language
standard. It represents the application ontology designed for the purpose of education and accumulates the
authors' experience of teaching several C-based programming courses. Next section gives details of the
proposed algorithm for ontology development as well as a set of recommendations, which may be helpful in
building a “beautiful ontology”. Then in the section 3 we describe our domain, the motivation for the work
presented here and, finally, the developed educational ontology for C programming. The summary and future
work discussion conclude the paper in the section 4.

Stepwise Ontology Design

Generalizing our experience in developing different teaching ontologies for e-learning in the field of artificial
intelligence and neurolinguistics [Gavrilova et al., 2004(a); Gavrilova, Voinov, 1998; Gavrilova et al., 1999;
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Gavrilova, 2003; Gavrilova, 2004(b)] we propose a 5-step algorithm that may be helpful for visual ontology
design.

We put stress on visual representation as a powerful mind tool [Jonassen, 1996] in structuring process. Visual
form influences both analyzing and synthesizing procedures in ontology development process.

Concise Algorithm for Ontology Design:

1. Glossary development: gather all the information relevant to described domain, select and verbalize all
essential objects and concepts.

2. Laddering: define main levels of abstraction and define type of ontology (taxonomy, partonomy, genealogy,
etc.). Reveal hierarchies among these concepts and represent them visually on defined levels.

3. Disintegration: try to detail “big” concepts into a set of “smaller” ones via top-down strategy.

4.  Categorization: group similar concepts and create meta-concepts to generalize the groups via bottom-up
structuring strategy.

5. Refinement: update the visual structure and exclude excessiveness, synonymy, and contradictions. Try to
create beautiful ontology.

Some Precepts to Create Beautiful Ontology:

Conceptual balance (Harmony). It is a challenge to formulate the idea of well-balanced tree, but some tips may
be helpful:

- One-level concepts should be linked with a “parent” concept by one type of relationship (is-a, has part, etc).

- The depth of the branches should be more or less equal (£2 nodes).

- The general outlay should be symmetrical.

- Tryto avoid cross-links.

Clarity:

- Minimal number of concepts is the best tip according Ockham’s razor principle proposed by William of
Ockham in the fourteenth century: "Pluralitas non est ponenda sine neccesitate”, which translates as

"entities should not be multiplied unnecessarily". The maximal number of branches and the number of levels
should follow Miller's number (7+2) [Miller, 1956].

- The type of relationship should be understandable if the name of relationship is missing.

C programming Ontology

Domain Description

During a number of years, we have been teaching C-based programming courses to undergraduate students of
the School of Information Sciences at the University of Pittsburgh and artificial intelligence disciplines in Saint-
Petersburg State Polytechnic University. Several adaptive computer-based systems have been developed for
serving such learning activities as parameterized quizzes, interactive examples and social navigation [Brusilovsky
et al., 2004(a); Brusilovsky et al., 2004(b); Brusilovsky et al., 2004(c)].

The natural development of such tools is an evolvement towards the distributed web-based architecture where
applications share the common students’ profiles (student model) and the ontology of the domain (domain
model). Some progress in this direction has been made [Brusilovsky, 2004]. Ontology of the domain as a
framework for common knowledge base would allow our applications to “speak the same language”. Moreover
applications from side developers can share our knowledge base and become the part of the architecture.

Another motivation to build the ontology of C programming is connected with the attempts to create more
meaningful and effective teaching strategies as there is no predefined way to teach C. Different textbooks and
different instructors (even when using the same textbook) may introduce C concepts, combine them into lectures
and explain them one on the basis of another in very different orders. One teacher may believe that it is better to
teach “while” before “if-else”, when another thinks visa versa. Not only the order of teaching concepts, but also
the emphasis instructors' place on the different parts of the course and didactic paradigms they use could be
different. Students may be required to learn first the structure of C program in details, or may be given “Hello
World” example and immediately asked to code the similar program; the programming patterns for some courses
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(like algorithm design or data structures) might have much higher importance then for the introductory
C course efc.

The advantage of the ontology is that it attempts to unify different views on the domain. Selected parts of the
ontology could be used for different sections of the course. The order, in which a teacher presents the material, is
up to him/her while the basic hierarchical link structure is not violated.

Development of Educational C Ontology

We used the algorithm described above to create the ontology for teaching/learning C programming. Figure 1
demonstrates four top levels of the developed ontology. Lower levels trivially expand the hierarchy therefore we
have hidden them. The main type of relationships is “has part’. That is why this is partonomy.

Naturally, the upper level central node is the C programming; second level represents the abstract meta-
concepts, which combine more concrete entities. The major difficulties were to compose and to name these
intermediate concepts. Figure 1 presents the fourth “release” of the design drafts.

The concepts of the third level are the main parts of the material that students study. They combine very separate
areas of C programming knowledge, where an emphasis needs to be placed. The entities of the third level in their
turn are subdivided into programming topics as sub-concepts. These topics for some branches are already
concrete enough to be the theme of the lecture or the section in a syllabus. However, as we mentioned before,
this level is far from being the last one.

As we told already, the purpose of this ontology is use in education; therefore it attempts to reflect not simply the
standard of the language, but all necessary knowledge that students need to learn, including helpful programming
techniques and compiler usage. It does not mean that we necessary provide a system, which teaches students
for example to work with compilers. However, this branch in the ontology let us to use it, say, for navigating them
in entering the online compiler tutorials.
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Figure 1. Top Levels of the Educaional Ontology of C Programming
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The association link between expression sub kind of statements and expressions as a section of the third level
though adds some irregularity to our ontology, is needed because of the educational purpose. In C standard
expression statement is a kind of statement. That is why expression is a sub concept of statements. However,
from the point of view of teaching/learning C, expressions are totally different area then any other.

The expressive power of the ontology allows us to encode different relations between concepts (by concepts we
mean here entities in the hierarchy, but not the knowledge elements of the lowest level). Besides the link topology
representing the whole-part hierarchical relationships, the order of concepts in a group represent the
interconnection between them and preferred sequence of their study, though the last one is rather a
recommendation then a directive.

As the main source for knowledge elicitation on the stage of glossary development we used
[Kernighan, Ritchie, 1988].

Summary and Future Work

The paper has proposed the stepwise algorithm for ontology development and implementation of this algorithm
for creation of the educational ontology for C programming. Created ontology does not simply replicate the
hierarchical structure of the C language standard, but reflects the authors’ vision on what is important in studying
C and accumulates their experience of teaching C-related programming courses. Following three subsections
discuss the directions of the future research.

Ontology-based Common Domain Model

The developed ontology is going to be used for several computer-based educational systems as a domain
knowledge representation model. The C programming as a domain for adaptive educational systems is "lucky" to
be formal enough for its concepts possess grammatical structure. This is especially true for the sub kinds of the
SYNTAX meta-concept (see figure 1). Traditionally, the extraction of grammatically meaningful structures from
textual content and the determination of concepts on that basis is a task for the special class of programs called
parsers. In our case, we have developed the parsing component with the help of the well-known UNIX utilities: lex
and yacc. This component processed source code of a C program and generates a list of concepts used in the
program [Sosnovsky et al., 2004]. This tool will help us to automatically index the content of our adaptive systems
in terms of the concepts of the developed ontology. This leads us to the exceptional opportunities of implementing
mutual adaptation across different educational application. As a result, the possible set of instructional strategies
increases, since on every step instructional treatments from more applications are available.

Ontology Visualization

As we already mentioned above the ontology is not just a technical instrument but a powerful mind tool also.
Ontology visualization and creation of a student interface for an educational system is one of the authors’ primary
goals. The hierarchical structure of the ontology makes it natural to create a navigable hypermedia interface on its
basis. In 1995 Gaines and Shaw created the WebMap — system integrating concept maps (which can be to some
extend considered as an ontology visualization technique) with WWW, making a first step in this direction
[Gaines, Shaw, 1995]. It seems very natural to use hypermedia as an implementation framework for ontology;
hence we can use different methods of hypermedia adaptation, which are well developed now
[Brusilovsky, 2001].

Ontology Evaluation

One more direction of future research is the evaluation of the developed ontology, from both perspectives: as a
knowledge base framework and as an interface framework. From the first point of view, we can evaluate its
structural consistency as a domain knowledge representation mechanism. Also, the quality of defined concepts
as assessment units might be evaluated.

From the second point of view, the quality of ontology-based interface is to be evaluated on the subjective and
objective levels. Subjective evaluation could be done on the basis of questionnaires filled by students at the end
of the course. To evaluate it objectively we are going to perform the statistical analysis of logs of students’ work
with the system to find: first, how does work with the system correlates with course performance, second, how
reasonable student use the interface, i.e. do they follow our hints and suggestions, and third, if they do, how do
they benefit from it, how reasonably the system adapt its behavior to the specific student.
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HOW CAN DOMAIN ONTOLOGIES RELATE TO ONE ANOTHER?"

Alexander S. Kleshchev, Irene L. Artemjeva

Abstract: Building domain ontologies and applying them to different objectives, researchers faced the fact that
many ontologies are associated with one another by one or another relations. Therefore, the problem arose to
study relations among different ontologies of the same domains as well as of different ones. A formalization of a
relation among domain ontologies is the analogous mathematical relation among mathematical models of these
ontologies. The article considers the case when domain ontology model is represented by logical relationship
system. Relations among domain ontologies give a possibility to reuse one ontology model when another
ontology models are worked out and when new intellectual computer system for same or different domain is
worked out.

Keywords: Mathematical model of domain ontology, ontologies representing the same conceptualisation,
resemblance between ontologies, simplification of ontologies, composition of ontologies, intellectual task solver.

Introduction

Building domain ontologies and applying them to different objectives, researchers faced the fact that many
ontologies are associated with one another by one or another relations. Therefore, the problem arose to study
relations among different ontologies of the same domains as well as of different ones. Although, as noted in [van
Heijst et al, 1996], the field is still in its infancy and many questions are unsolved or even unaddressed (for
example, how can ontologies be compared and integrated?), by now there has been some information in
professional literature related to this problem. Many works studying this problem considered relations among
ontologies within the context of ontology integration.

In [Gangemi et al, 1999] ontology integration is defined as the construction of an ontology C that formally
specifies the union of the vocabularies of two other ontologies A and B. Three aspects of an ontology are taken
into account: (a) the intended models of the conceptualisations of its vocabulary, (b) the domain of interest of
such models, i.e. the topic of the ontology, and (c) the namespace of the ontology. The most interesting case is
when A and B are supposed to commit to the conceptualization of the same domain of interest or of two
overlapping domains. In particular, A and B may be:

Alternative ontologies: "The intended models of the conceptualizations of A and B are different (they partially
overlap or are completely disjoint) while the domain of interest is (mostly) the same. This is a typical case that
requires integration: different descriptions of the same topic are to be integrated.

Truly overlapping ontologies: Both the intended models of the conceptualisations of A and B and their domains of
interest have a substantial overlap. This is another frequent case of required integration: descriptions of strongly
related topics are to be integrated.

Equivalent ontologies with vocabulary mismatches: The intended models of the conceptualisations of A and B are
the same, as well as the domain of interest, but the namespaces of A and B are overlapping or disjoint. This is
the case of equivalent theories with alternative vocabularies.

Overlapping ontologies with disjoint domains: The intended models of the conceptualizations of A and B overlap
while the domain of interest are disjoint. This concerns overlapping theories with different extensions. Actually, it
is often the case that some fragments from an ontology A can be reused as components in another ontology B
that models a different topic.

1 This paper was made according to the program of fundamental scientific research of the Presidium of the
Russian Academy of Sciences «Mathematical simulation and intellectual systems», the project "Theoretical

foundation of the intellectual systems based on ontologies for intellectual support of scientific researches".
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Homonymically overlapping ontologies: The intended models of the conceptualizations of A and B do not overlap,
but A and B overlap. This is the case of two unrelated ontologies with a vocabulary intersection that - if presented
— generates polysemy: this is one of the reasons to maintain ontology modules.

To be sure that A and B can be integrated at some level, C has to commit to both A's and B's conceptualizations.
In other words, the intention of the concepts in A and B should be mapped to the intention of C's concepts. The
authors call this approach principled conceptual integration.

As noted in [Gangemi et al, 1996], the ontological integration envisaged is at a deeper level than representational
integration. In fact, the representational integration concerns heterogeneity of formal languages, or heterogeneity
of data base schemata. Ontological integration concerns the heterogeneity among conceptualizations.

In [Guarino, 1998] it is noted that information integration is a major application area for ontologies. As well known,
even if two systems adopt the same vocabulary, there is no guarantee that they can agree on a certain piece of
information unless they commit to the same conceptualization. Assuming that each system has its own
conceptualization, a necessary condition to make an agreement possible is that the intended models of the
original conceptualizations overlap. Supposing now that these two sets of intended models are approximated by
two different ontologies, it may be the case that the two ontologies overlap while the intended models do not.
Hence, it seems more convenient to agree on a single top-level ontology rather than relying on agreements
based on the intersection of different ontologies.

In [Sowa] ontology integration is defined as the process of finding commonalities between two different ontologies
A and B and deriving a new ontology C that facilitates interoperability between computer systems that are based
on the A and B ontologies. The new ontology C may replace A or B, or it may be used only as an intermediary
between a system based on A and a system based on B. Depending on the amount of change necessary to
derive C from A and B, different levels of integration can be distinguished: alignment, partial compatibility, and
unification.

Alignment is a mapping of concepts and relations between two ontologies A and B that preserves the partial
ordering by subtypes in both A and B. If an alignment maps a concept or relation x in ontology A to a concept or
relation y in ontology B, then x and y are said to be equivalent. The mapping may be partial: there could be many
concepts in A or B that have no equivalents in the other ontology. Before two ontologies A and B can be aligned,
it may be necessary to introduce new subtypes or supertypes of concepts or relations in either A or B in order to
provide suitable targets for alignment. No other changes to the axioms, definitions, proofs, or computations in
either A or B are made during the process of alignment. Alignment does not depend on the choice of names in
either ontology. For example, an alignment of a Japanese ontology to an English ontology might map the
Japanese concept Go to the English concept Five. Meanwhile, the English concept for the verb go would not
have any association with the Japanese concept Go.

Partial compatibility is an alignment of two ontologies A and B that supports equivalent inferences and
computations on all equivalent concepts and relations. If A and B are partially compatible, then any inference or
computation that can be expressed in one ontology using only the aligned concepts and relations can be
translated to an equivalent inference or computation in the other ontology.

Refinement is an alignment of every category of an ontology A to some category of another ontology B, which is
called a refinement of A. Every category in A must correspond to an equivalent category in B, but some primitives
of A might be equivalent to non-primitives in B. Refinement defines a partial ordering of ontologies: if B is a
refinement of A, and C is a refinement of B, then C is a refinement of A; if two ontologies are refinements of each
other, then they must be isomorphic.

Unification is a one-to-one alignment of all concepts and relations in two ontologies that allows any inference or
computation expressed in the one to be mapped to an equivalent inference or computation in the other. The usual
way of unifying two ontologies is to refine each of them to more detailed ontologies whose categories are one-to-
one equivalent.

Alignment is the weakest form of integration: it requires minimal change, but it can only support limited kinds of
interoperability. It is useful for classification and information retrieval, but it does not support deep inferences and
computations. Partial compatibility requires more changes in order to support more extensive interoperability,
even though there may be some concepts or relations in one system or the other that could create obstacles to
full interoperability. Unification or total compatibility may require extensive changes or major reorganizations of A
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and B, but it can result in the most complete interoperability: everything that can be done with one can be done in
an exactly equivalent way with the other.

In [Wielinga et at, 1994] more general and more special ontologies are considered. Ontologies can have a
recursive structure, meaning that ontology expresses a viewpoint on another ontology. Such a viewpoint entails a
reformulation and/or reinterpretation on other ontology. This multi-level organization raises research questions
such as the required expressiveness of the mapping formalisms for expressing viewpoints between ontologies. At
least two different mapping operations can be identified. The first one is the mapping of terminology in one
formalism onto the terminology of another formalism. The other one is the adding of supplementary commitments
to one ontology by the mapping of the terms of the ontology onto the terms of the other ontology that takes
additional commitments. The first terminology mapping will occur frequently. Since the ontology describes the
meaning of the domain theory, for which it is a meta-model, without commitment to the language, in which this
meaning is expressed, it will be confronted with meta-models, which partially convey the same meaning, but with
different terminology. In this case merging of the two ontologies, or translation of the one ontology into the other is
simply a mapping of terminology (e.g. boat in one ontology can be mapped on ship in another ontology if they
refer to the same type of object in the universe of discourse (note that the knowledge bases described by these
ontologies, even when they describe the same object in the real world, may be totally different!)). The second
type of mapping occurs when it is necessary to provide an interpretation of underlying ontology or to provide a
more specific interpretation that takes additional commitments. If the more restrictive ontology is already available
(such as, sometimes, the ontology of a task or of a method) than it is necessary to map this ontology on the more
general one. An example of this type of mapping occurs when there exists a model of the problem-solving task,
that should be accomplished, and an existing ontology of the domain of the application. In this case, it is
necessary to map terminology from the task (e.g. hypothesis) on terminology of the domain ontology. A simple
mapping will not always be possible. Sometimes the ontology - introducing the additional commitments - needs to
be constructed. This will often be the case with domain-model oriented ontologies.

In [Laresgoiti et al] and [Schreiber et al] a combination of ontologies is introduced. An example of some artifact
such as a ship is considered. One can define multiple viewpoints on a ship. Well-known examples of such
viewpoints are the physical structures (what are the parts of a ship?) and the functional structure (how can a ship
be decomposed in terms of functional properties?). Although these two viewpoints often partially overlap, they
constitute two distinct ways of “looking” at a ship. The purpose of ontology is to make those viewpoints explicit.
For a design application such as CAD application, one would typically need a combined physical/functional
viewpoint: a combination of two ontologies. For a simulation application (e.g. modelling the behavior of a ship),
one would need an additional behavioral viewpoint. Many other viewpoints exist such as the process type in the
artifact (heat, flow, energy, ...). Each ontology introduces a number of specific conceptualizations, that allow an
application developer to describe, for example, a heat exchange process.

In [Studer et al, 1998] constructing ontologies from reusable ontologies is considered. Assuming that the world is
full of well-designed modular ontologies, constructing a new ontology is a matter of assembling existing ones.
There are several ways to combine ontologies. In [Studer et al, 1998] the most frequently occurring ones are only
given. The simplest way to combine ontologies is through inclusion. Inclusion of one ontology into another has the
effect that the composed ontology consists of the union of the two ontologies (their classes, relations, axioms). In
other words, the starting ontology is extended with the included ontology. Conflicts between names have to be
resolved. Another way to combine ontologies is by restriction. This means that the added ontology only is applied
on a restricted subset of what it was originally designed for. The last way to assemble ontologies that is discussed
in [Studer et al, 1998] is polymorphic refinement, known from object-oriented approaches.

It is possible to make some conclusions from this overview.

Many authors consider supporting interoperability as a main objective of ontology integration. But if this objective
is reached, then it is not clear, what properties integrated ontologies and the result of their integration will have.
Before studying these relations and building their formal models, it seems necessary to declare the fundamental
properties, that all the relations among ontologies will have.

Consideration of overlapping but different conceptualizations as a necessary condition for possibility of ontology
integration seems slightly speculative. If a conceptualization is adequate [Kleshchev et al, 2000a], then it must
include the domain reality. In this case, the reality must be a subset of the intersection of these
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conceptualizations. But the conceptualization that is their intersection is adequate, too. And any top-level
conceptualization is worse (wider) than initial ones and especially than their intersection.

Vocabularies (concept systems) are only external structures, by which sets of intended situations, sets of
intended knowledge systems and correspondences between them are expressed. Thus, it is unlikely that the
union of the vocabularies can be considered as a principal property of ontology integration.

In the same way a mapping of concepts between two ontologies can be but one of ways to determine relations
between ontologies. This way cannot be always applied to do this. If there is a mapping between concepts of two
ontologies, then this fact alone does not allow us yet to call corresponding concepts as equivalent. The notion of
equivalence is defined in mathematics as reflexive, symmetric and transitive relation.

When defining relations among ontologies, any references to properties of inferences or computations cannot be

considered as admissible because they darken rather than clarify the meaning of introduced relations. The
condition that all the inferences or computations are equivalent cannot be verified.

Properties of Relations among Domain Ontologies

Any domain is characterized by its reality, i.e. by the set of all the possible situations that have ever taken place in
the past, are taking place now and will take place in the future [Kleshchev et al, 2000a]. Since the reality is known
only partially, the domain knowledge system gives a more comprehensive idea of it. The knowledge system
determines the set of situations admitted by the system, i.e. of such situations that are considered as possible in
the reality by this knowledge system. So an observer comes across only situations of the reality, but a person
possessing a knowledge system is able to imagine situations admitted by the knowledge system. Where does he
or she take these imaginary situations from? They are determined by a conceptualization, that can be imagined
as the implicitly given set of all the intended situations, i.e. all the situations which can be imagined within the
framework of this conceptualization. In this case, the set of the situations admitted by a knowledge system is a
subset of the set of all the intended situations.

An investigation of a domain, i.e. of its reality, is aimed at obtaining such a knowledge system that admits the set
of situations being as near to the reality as possible. So the set of the situations admitted by a knowledge system
is considered as an approximation of the reality, and the investigation of the domain is aimed at obtaining the best
(the most adequate) approximation of its reality. This investigation perpetually gives birth to new knowledge
systems instead of outdated ones. Where does these knowledge systems come from? They are determined by a
conceptualization, too. So a conceptualization can be imagined also as the implicitly given set of all the intended
knowledge systems, i.e. of such knowledge systems that can be formed within the framework of the concept
system introduced by the conceptualization.

Ontology of a domain is an explicit representation of a conceptualization of the domain. Since the ontology can
represent the conceptualization imprecisely, it determines two external approximations both for the set of all the
intended situations and for the set of all the intended knowledge systems.

A relation among knowledge systems of the same or different domains is a relation defined on the sets of the
situations admitted by these knowledge systems. If this relation takes place among these knowledge systems,
and another, more adequate, knowledge system is found instead of one of them, then, in the general case, this
relation does not have to take place among the renewed collection of knowledge systems. But from practical
needs, it is quite desirable to have a possibility to determine with what other knowledge systems the new
knowledge system is in the same relation.

A relation among ontologies of the same or different domains is a relation defined on the sets of all the intended
knowledge systems of these ontologies (i.e. a subset of the Cartesian product of these sets) possessing the
property that only the tuples consisting of knowledge systems belong to the relation that are in the analogous
relation. Thus, if relations among ontologies are determined, then it determines the analogous relation among all
the intended knowledge systems of these ontologies. In this article the relations possessing this property are
considered only.

A formalization of a relation among domain ontologies is the analogous mathematical relation among

mathematical models of these ontologies. The article considers the case when domain ontology model is
represented by logical relationship system [Kleshchev, 2000a, 200b].
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Ontologies Representing the Same Conceptualization

Domain ontology is a collection of agreements. It defines domain terms, determines their interpretations, contains
statements that restrict the meaning of these terms and also gives interpretations for these statements. These
agreements are the result of understanding among some members of the community working in this domain
[Kleshchev et al, 2000a]. Different members of this community can advance different ontologies of this domain.
The question arises: do these ontologies represent the same conceptualization or different ones? Let us discuss
this question on the assumption that the models of these ontologies have the form of unenriched logical
relationship systems [Kleshchev et al, 2000b].

If a conceptualization is considered as a set of all the intended situations, then two ontologies can represent the
same conceptualization only when the sets of terms for situation description in these ontologies are the same. If a
conceptualization is considered as a set of all the intended knowledge systems, then two ontologies can
represent the same conceptualization only when the sets of terms for knowledge description in these ontologies
are the same (they can be empty sets).

Let us consider the case when two different ontologies have the same sets of terms for situation description as
well as the same sets of terms for knowledge description. In this case, to be different, these ontologies must have
different sets of ontological agreements. Two points of view are possible on the condition under that these
ontologies represent the same conceptualization: (1) when both the sets of intended situations and the sets of
intended knowledge systems determined by these ontologies are the same; (2) when, following the definitions of
the previous section, the sets of intended knowledge systems determined by these ontologies are the same, and
for any knowledge system the sets of situations admitted by this knowledge system in these two ontologies are
also the same.

The models of these ontologies have the same sets of unknowns and the same sets of parameters but different
sets of logical relationships. Formalization of the conditions above means that:

1. the sets of logical relationships for the models of these ontologies are equivalent as applied logical theories
(two applied logical theories are equivalent, if they have the same set of models [Kleshchev et al, 2000b]);

2. the models of this domain determined by the models of these ontologies for the same knowledge model
have the same models of the reality, i.e. the models of these ontologies are equivalent as unenriched logical
relationship systems [Kleshchev et al, 2000b].

It is easily seen that both these conditions are equivalent. Thus, equivalent transformations of the logical
relationship set for a domain ontology model (as an applied logical theory) lead to a model of another ontology
representing the same conceptualization. These transformations can be, for example, transformation of an
applied logical theory to a disjunctive normal form, a conjunctive normal form and so on.

Now let us consider the case when two ontologies of the same domain have the same sets of terms for situation
description but different sets of terms for knowledge description. In this case, following the previous section, we
can consider these ontologies as representing the same conceptualization, if there is a one-to-one
correspondence between their knowledge system sets, and for any corresponding knowledge systems the sets of
the situations admitted by these knowledge systems are the same. When passing to models, it means that the
models of these ontologies are equivalent [Kleshchev et al, 2000b].

Now let us consider the case when two ontologies of the same domain have different sets of terms for situation
description but the same sets of terms for knowledge description. In this case, following the previous section, we
can consider these ontologies as representing the same conceptualization if for any knowledge system there is a
one-to-one correspondence between the sets of the situations admitted by this knowledge system in both these
ontologies. When passing to models, it means that the models of these ontologies have the same sets of all
possible enrichments and are isomorphic [Kleshchev et al, 2000b].

Resemblance between Ontologies

In the case when both terms for situation description and terms for knowledge description are different in two
ontologies, it is possible to speak of resemblance between these ontologies only (of the same or different
domains).
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Two knowledge systems related to different ontologies (of the same or different domains) can be considered as
resembled if there is a one-to-one correspondence between the sets of situations admitted by these knowledge
systems. So two ontologies of the same or different domains can be considered as resembled if there is such a
one-to-one correspondence between their sets of intended knowledge systems that any corresponding
knowledge systems are resembled. It means that the models of these ontologies are isomorphic [Kleshchev et al,
2000b].

If terms of an ontology are substituted by different terms (by abstract designations), then, as a result, a resembled
ontology will be obtained. The resemblance between ontologies is a relation of equivalence. It is reflexive,
symmetric and transitive.

Simplification (Coarsening) of Ontologies

Comparing different ontologies of the same domain, one can sometimes say that one of these ontologies is a
simplification (coarsening) of another. In the same way considering ontologies of different domains, one can
sometimes say that an ontology of one of these domains resembles a simplified ontology of another domain. The
availability of more simple and more complex ontologies of the same domain can be important to develop
knowledge based systems for specialists of different qualifications (for example, medical systems for physicians
of high qualification and for doctor’s assistants).

One can say that a knowledge system related to an ontology is more simple than a knowledge system related to
another ontology (of the same or different domains) if for every situation admitted by the second knowledge
system (of the more complex ontology) the only situation admitted by the first knowledge system (of the more
simple ontology) can be set as corresponding. Then one can consider an ontology as more simple than another
ontology (of the same or different domains) if for every knowledge system of the second ontology the only more
simple knowledge system of the first ontology can be set as corresponding. It means that a model of the first
ontology is @ homomorphic image of the second ontology [Kleshchev et al, 2000b].

A domain model <O1, k2> is a simplification (coarsening) of a domain model <O1, k1> if the enriched logical
relationship system <01, k2> is a homomorphic image of the system <O1, k1>. A coarsened model of medical
diagnostics can be obtained, for example, by elimination of a few signs.

The simplification determines a partial order of ontologies. If B is more simple than A, and C is more simple than
B, then C is more simple than A. If one ontology is simpler than another, and the second ontology is simpler than
the first ontology, then they resemble one another.

Composition of Ontologies

When we speak about complex domains, we must usually bear in mind that these domains include knowledge
from other different domains. Thus, when knowledge and reality of complex domains are described, concepts
related to other domains are used. These other domains are components of the complex domain. Ontologies of
complex domains are built from components, which are ontologies of other domains.

We can consider that a (starting) knowledge system related to a complex domain consists of knowledge systems
(components) related to other domains if every component is more simple than the starting knowledge system,
and the transfer from any situation admitted by the starting knowledge system to corresponding situations
admitted by components takes place without the loss of information. The latter statement means that for any two
different situations admitted by the starting knowledge system the two sets consisting of the situations
corresponding to these two situations and admitted by all the components are different. In this case a starting
ontology of a complex domain can be considered as consisting of components which are ontologies of other
domains if every component is more simple than the starting ontology, every knowledge system of the starting
ontology consists of knowledge systems of components, and the transfer from any knowledge system of the
starting ontology to corresponding knowledge systems of components takes place without loss of information.
The latter statement means that for any two different knowledge systems of the starting ontology the two sets
consisting of the knowledge systems of components corresponding to these two knowledge systems are different.
It follows from these definitions that every model of a starting ontology for a complex domain is the product of
ontology models that are components [Kleshchev et al, 2000b].
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Using Relations among Domain Ontologies for Working out Intellectual Solvers for Applied tasks

At present time, a demand arises to develop program systems for different domains having means for adaptation
of problem solving methods to alteration of knowledge in these domains. Such program systems are called the
intellectual solvers for applied problems. The base of developing an intellectual solver is domain ontology.
Intellectual problem solvers on domain should permit experts and specialists to form and edit ontology and
knowledge on domain and to get the programs for solving applied problems in this domain.

If there are alternative points of view on the same domain then we can speak about equivalence or resemblance
between different ontologies of the domain. Recognition of the equivalence between alternative points of view on
the same domain can give a possibility to solve tasks arising within the framework of a point of view using
methods worked out within the framework of another point of view. Recognition of a resemblance between
ontologies of the same domain can give a possibility to solve the tasks described within the framework of one
concept system by methods developed within the framework of the other concept system. Recognition of a
resemblance between ontologies of different domains can give a possibility to solve the tasks of one domain by
reasoning using analogy in the case when methods for solving analogous tasks of the other domain have been
developed.

A mathematical specification of an applied task can contain a domain model, input and output data of the task,
task conditions (a set of formulas), and also criterion of selecting solutions. All the components of the applied task
specification are represented in terms of the domain model. If every value of input data is replaced by a variable
(different variables correspond to different values) in the task specification then the mathematical specification of
the task will be transformed into a mathematical specification of a class of applied tasks. These variables will be
called variables of the class of applied tasks. There is a one-to-one correspondence between the set of tasks
belonging to the class and the set of all the admissible substitutions of values instead of these variables. To get
the mathematical specification of an applied task belonging to a class it is necessary to replace all the variables of
the class by values of input data.

If the domain model is replaced by the domain ontology model and knowledge base of the domain are considered
as another set of input data of all the tasks of the class then the mathematical specification of the class of applied
tasks will be transformed into the mathematical specification of the class of applied tasks corresponding to the
domain ontology. There is a one-to-one correspondence between the set of tasks belonging to the class and the
Cartesian product of the set of all the admissible substitutions of values instead of variables of the class of the
tasks by the set of all the possible knowledge bases for the domain ontology model. To get the mathematical
specification of an applied task belonging to a class of tasks corresponding the domain ontology it is necessary to
replace all the variables of the class by values of input data and to enrich the domain ontology model by an
appropriate knowledge base.

Finally, if domain terms in the mathematical specification of the class of applied tasks corresponding to a domain
ontology are replaced by abstract designations then this mathematical specification of the class will be
transformed into a mathematical task. The transformation of a mathematical specification of a class of applied
tasks corresponding to a domain ontology into a mathematical task is important because different classes of
applied tasks corresponding to ontologies of different domains, generally speaking, can be reduced to the same
mathematical task.

If intellectual solver can solve mathematical tasks then it can be used for any domain which ontology model is
isomorphic or equivalent to ontology model from mathematical task specification.

Let's consider a set of mathematical specifications of applied tasks such that every specification contains the
same domain model. Such a set will be called an applied multitask. Just as an applied task was transformed into
a class of applied tasks, the latter was transformed into a class of applied tasks corresponding to a domain
ontology, and the latter was transformed into a mathematical task, so an applied multitask can be transformed
into a class of applied multitasks, the latter can be transformed into a class of applied multitasks corresponding to
a domain ontology, and the latter can be transformed into a mathematical multitask. An intellectual solver is
intended for solving applied multitasks of a class of applied multitasks or for solving applied multitasks of a class
of applied multitasks corresponding to a domain ontology.

The availability of simpler and more complex ontologies of the same domain can be important to develop
intellectual solvers for specialists of different qualifications. As this takes place, working out methods for solving
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tasks based on a more simple ontology can be a simplification of methods for solving the corresponding tasks
based on a more complex ontology. The same can also take place for ontologies of different domains.

The same methods often can be used for solving a few tasks and subtasks. Abstraction of applied tasks to
mathematical ones gives a possibility of reusing methods for their solving. If different applied tasks can be
reduced to the same mathematical task then a method for solving the mathematical task can be used for solving
these applied tasks too. A decomposition of a mathematical task into mathematical subtasks in working out a
method for solving the mathematical task gives an additional possibility for reusing methods. In this case, the
same mathematical subtasks can be components of decompositions of different mathematical tasks and methods
for solving these subtasks can be components of methods for solving different mathematical tasks.

Ontologies of complex domains are built from components, which are ontologies of other domains. The fact that
an ontology of a complex domain is a composition of other domain ontologies can be used to work out methods
for solving tasks in the complex domain. These tasks can be divided into subtasks corresponding to tasks for
components of the ontology. If methods for solving these tasks have been already known, working out a method
for solving the whole task may be considerably simplified.

Conclusions

In this article, general properties of relations among domain ontologies have been considered. Examples of these
relations can be the relation between ontologies representing the same domain conceptualization, the relation of
resemblance between ontologies, the relation “to be more simple or more complex” and the relation among an
ontology consisting of components, which are other ontologies, and these components. A formalization of these
relations has been suggested. This formalization preserves the properties above. These results show that the
definitions of an ontology and its model given in [Kleshchev et al, 2000a] allow us to recognize these relations
among ontologies. Relations among domain ontologies give a possibility to reuse one ontology model when
another ontology models are worked out and when new intellectual computer system for same or different domain
is worked out.
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DEVELOPMENT OF PROCEDURES OF RECOGNITION OF OBJECTS WITH USAGE
MULTISENSOR ONTOLOGY CONTROLLED INSTRUMENTAL COMPLEX

Alexander Palagin, Victor Peretyatko

Abstract: the ontological approach to structuring knowledge and the description of data domain of knowledge is
considered. It is described tool ontology-controlled complex for research and developments of sensor systems.
Some approaches to solution most frequently meeting tasks are considered for creation of the recognition
procedures.
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Introduction

One of the ambitious purposes of the world civilization is construction of the knowledge-oriented society. In
computer science, a main priority direction thus is intellectualization of computer resources and technologies, in
particular creation knowledge-oriented ontology controlled intelligence systems for various assignments.
Information technologies on their basis are composing components of all high technologies. Except for usage in
spheres of socioeconomic activity (the most difficult) spheres of research and development activity which result
are objects of new knowledge, engineering, high technologies are rather important. The majority of these
applications of intelligent systems is related to the problem solving, recognition (identifications), the diversification
of their settings and implementation which are extremely various. The present material is devoted to usage of the
instrumental ontology-controlled complex for development of sensor systems, and in particular new (and
refinement of already known) methods of recognition.

Productivity

Productivity is the most important parameter for the tasks related to recognition of signals data acquisition from
external sources and their processing. The logical approach to the execution of these conditions is creation of tool
complexes. Instrumental complex (IC) should unite in itself the block of interaction with an environment, the block
of digital signal processing, and the block of interaction with the user. (Fig. 1)

The block of digital signal processing (DSP) contains the ontological component. Recently ontology’s designing
and knowledge processing become the object of steadfast notice of contributors of the various domains mainly
ones operating in the knowledge engineering area. Among others, it is possible to mark such important directions
of their interests:

- Knowledge management. To this directions such sections may be relevant as (intelligent) search, an
automatic information accumulation from various sources (channels of news operating RSS), extract of
knowledge from texts (Text mining) or sets of others - unstructured documents (text, databases, HTML,
XML, etc.). The result of such analysis should become the generated document, which briefly formulates the
maijor positions of the document, or groups of documents.

Attempt to create advanced (system like ontology for WEB) [1]. Two key standards, which subsequently were
used as a basis of the project named Semantic Web are completed. It is possible, that we are on a
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threshold of significant events' variations comparable with those, which have brought the Internet, World
Wide Web and HTML. The given development - attempt to correct an ancient disadvantage of the Internet -
its weak structure ability. New standards are Resource Definition Framework (RDF) and Web Ontology
Language (OWL). They are the part of Semantic Web project and the main idea consists in making the
information transmitted on the Network more clear, having provided possibility of identification, sorting and
processing. Till now Web has been mainly oriented to operation of the person, but Web of the following
generation, by opinion of developers of the project will be designed on the computer processing of the
formation [1]. As a basis of the future WEB is assumed to be not only to search and read, but also to
understand a contents of the Internet - information, and to reach it not through the creation of programs of
the artificial intelligence, simulating activity of the person, but through usage of resources of expression of
semantics of the data and their links [2].

Ontologies designing on the basis of available program systems which are reduced to filling special forms by the
description of this or that data domain. Such developments are carried on more often in the research
(educational) projects, for example [7].

!
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analysis of the data
and results
recognition

Fig. 1 Block-scheme of the tool complex.

Ontology

Ontology (O) as the formal description of the defined data domain can be represented as:

0={X,R, F},
Where:

O - afinite set concepts (terms, quantum’s of knowledge);
R - a finite set of the relations between concepts;
F - set of functions of interpretations of concepts and/or relations.

The set X is frequently bunched as subsets X = {X1, X2, ... Xq}, g=1,2, ..., Q on subsumption to tags, making
tree-like network structure. Inacase R ,F , ontology O = {X} represents the usual dictionary - glossary.

Relation R - are served for association concepts in orderly structure (semantic model of a field of knowledge).
Link is always unidirectional - one of the concepts is a grandparent, and another - the descendant. Link can
define the ratio between quantity of grandparents and descendants 1:1, 1:N, N:1, N:M. Link can be hierarchical
i.e. if Aitis coupled with B, and B - with C and so on.

For effective scientific operation in this or that field of knowledge - it is necessary to fulfill the following standard
procedures: to structure knowledge which concern both to a researched theme, and to adjacent areas, to study
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existing methods of researches, putting forward hypotheses and trying to check them on concrete examples to
develop new methods.

Usually, the contributor fulfils all this, drawing up all logical chains as speak, in mind. In this case, designed in
process of research operations ontology can help him in solution of a lot of the important tasks essentially. It is
correctly and full constructed model of the field of knowledge can become the power factor for research and
development designing operations. Even preliminary constructed variants of ontology give more complete
"imbedding" in a theme researches (general domain). The description of objects and links connecting them will
allow presenting more precisely processes, which occur in this or that system (a fragment of the system).

Ontology in the application to methods of recognition fulfils such functions:
Formalistic - structuring of knowledges;
Information- retrieval - carries out relevant navigation;
Creative- generation of applications;
Transforming- perfecting of the base methods of recognition;
Extension- support of extended model computer ontology.

Computer Ontology

In [7] computer ontology is described which have been created on Lotus Notes platform (though at the given
stage editors of ontology are developed, such as OntoEdit, OlLed, Protege which give a graphic interface and
create an output file according to standards of representation for Semantic Web). The program fulfilled on Lotus-
Domino platform, is non-relational database which has the defined advantages: the convenient system of
replication, the power 128 bit system of encoding, a built-in system of navigation, broadcasting of contents of
base - programs in Web, etc.
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The system is suitable for filling by the information from arbitrary fields of knowledges. In process of creation, the

area of methods of recognition, which can be used, for construction of sensor systems has been selected.

The program will consist of the following blocks:

Categories - the description of categories which concern to a given theme,

Applications — examples of usages (demonstrations) of operations of different kind,
Navigation - relevant navigation by category (both through headers, and internal content),
Glossary — description of general scientific terms of ontology,
The library - storage of necessary files,

Diary - clone of an organizer. Allows to plan the operations and to bring various arbitrary records,
Help for the user.

Ontology represents an outline (see fig. 2). The theme ontology "Recognition” has three main categories: base
concepts, statistical methods and deterministic methods. Inside these subsections also are concepts - quantum’s
of knowledge. It is necessary to mark that each of concepts can be referred to more than one subsection. For
example, some methods of recognition are simultaneously statistical and deterministic ones. It is possible
to connect the derived object of the application in which practical application of some concept is described in
parent concepts to each quantum of knowledge. Besides, from anyone concept the reference to arbitrary others
concepts, units of the application or a glossary can be created.
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For each of concepts, (for each quantum of knowledge) it is underlined:

Theme;

The type of the message (definition, an explanation, an example, efc.)

Category (in a case with methods of recognition - the class of a methods);
Keywords;

Weight coefficient of concept (on a five-point scale);

The language of the message (Russian, English);

Source.

More detailed description of ontological components of the complex is resulted in [7].

The modern level of development of the methods of a multivariate statistical analysis allows to carry out
classification of objects on a wide and objective basis, in view of all essential structural - typological tags and
characters of object allocation in the preset system of tags.

At logical level IC should contain such descriptions:

Common procedures of operation with the complex for various conditions;

Sets of characteristics of the block of interaction with an environment (a set of sensor controls, procedures of
operation with them, errors, separating ability for various sorts of defined objects);

A method (or several methods) of recognition;

Procedures of choice of effective variables, for samplings;

Procedures of choice (automatic or hand-held) of effective methods for operation with each concrete object or
group of objects (fig. 3)

This tool complex is intended, in particular, for research of the gaseous environments, and coupled to a set of the
sensor controls included in the projected instrument (system). Sampling procedure consists in removal of metrics
from sensor controls at heating. The scheme of the procedure of removal of the data with the subsequent
processing is represented on fig. 4.

Classification of Multivariate Objects

There are many methods of classification of multivariate objects with the help of a computer. Methods of the first
group are connected with task of "recognition”, identifications of objects and have received the name of methods
of pattern recognition. The sense of recognition consists in that any object showed to the computer with the least
probability of an error has been referred to one of beforehand-generated classes. Here to the computer all over
again show a taught sequence of objects (about each it is known to what class or "image" ' it belongs), and then,
"having trained", the computer should recognize to what classes from the investigated collection the proposed
object is belonging.

More common approach to the classification includes not only reference of objects to one of classes, but also
simultaneous creation of "images", the number of which can be beforehand unknown. At absence of a taught
sequence such classification is made on the basis of tendency to collect in one group somewhat similar objects
moreover so that objects from different groups (classes) were whenever not similar. Such methods have received
the name of methods of automatic classification.

Now tens and hundreds of the various algorithms realizing multivariate classification automatically are developed.
They are based on various hypotheses about character of allocation of objects in multivariate space of tags, on
various mathematical procedures. Browses of these methods widely represented in the literature.

Various requirements are characteristic for various types and procedures of recognition of the objects to the
measured data. In general, choice given (variables for recognition) is the most challenge in all chain of the
operations coupled to recognition. Thus, it is possible to speak about two types of choice:



KDS 2005 Section 2: Data Mining and Knowledge Discovery 145

About choice of the measured data: the most sensitive for these objects a range, periodicity, etc., that is those
aspects which are defined by a procedure of samplings (and, accordingly, can be modified at this stage);
About choice of variables - tags for recognition.

Input of the initial data:
desirable accuracy, count of
experiments

g

» Devolatilization

¥

n first samplings
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Processing of signals

Choice of the most responsive
tensor contral

Choice significant
temperature range

Method 1 ‘ ‘ Method 2 ‘ ‘ Method k

Result of recognition

v

The analysis of results

Result reasonable (desirable accuracy is achieved) and-or
the indicated guantity of samplings is fulfilled

/ Qutput of results /

Fig. 4 Procedure of sampling

The Requirement of Independence

The requirement of independence of tags is typical of the majority of methods of recognition. The requirement is
logically proved: if the data are dependent, the information contained in one tag, already is presented at the
learning sampling, and in other measured variables the method of recognition can "tangle" its repetitions only. For
example, for method Bayes (posterior probability) this requirement is extremely strict and mandatory.
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For other methods, this rule can be neglected. To such ones the methods based on clusterizations, "cognizance"
objects (a method to the nearest units, a method of measurement standards) are concerned.

However, the independence of tags can be frequently guaranteed by the very sensor subsystem. For support of
independence of tags pertinently takes advantage the check of correlation tags.

For example, for obtaining an independent data set from 3 samplings the same process (object) it is possible to
divide the data into intervals, and to check up on correlation each of intervals. Then the most correlated intervals
are deleted from learning sampling (fig. 5.). Thus, it is possible to investigate, for definition of optimal quantity of
parts.

Fig. 5 Scheme of division of an interval of sampling on 6 parts, for definition of minimum correlation

It is possible also, for the analysis of a digital data to make the various sorts of the intermediate conversions, for
more visual data representation, and, more convenient extract of the information from these data. For example, at
presence of a plenty of the schedules constructed in one range, it is possible to construct a matrix in which to
point that quantity of schedules which passes through each of coordinate squares. This information (fig. 6) can be
used for development and modification of existing methods of recognition. In particular, it carries the information
on potential possibilities of definition of measured objects on various intervals of a scale of argument.
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Fig. 6 Schedules of the data, and a matrix of quantities

Conclusion

Considered tool ontology- controlled complex is the tool for creation and learning of procedures of identification of
objects. Some approaches are resulted in creation of new procedures of the analysis and direct recognition.
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A CONCEPT OF THE KNOWLEDGE BANK ON COMPUTER PROGRAM
TRANSFORMATIONS

Margarita A. Knyazeva, Alexander S. Kleshchev

Abstract: The paper presents basic notions and scientific achievements in the field of program transformations,
describes usage of these achievements both in the professional activity (when developing optimizing and
unparallelizing compilers) and in the higher education. It also analyzes main problems in this area. The concept of
control of program transformation information is introduced in the form of specialized knowledge bank on
computer program transformations to support the scientific research, education and professional activity in the
field. The tasks that are solved by the knowledge bank are formulated. The paper is intended for experts in the
artificial intelligence, optimizing compilation, postgraduates and senior students of corresponding specialties; it
may be also interesting for university lecturers and instructors.

Keywords: Knowledge bank; Ontology; Knowledge base; Ontology editor; Database editor; Knowledge
processing

Introduction

The science, higher education and professional activity are closely linked in knowledge-intensive domains.
Scientific achievements — the foundation of higher education content — are used in the professional activity and
contribute to its progress. Higher education institutions train specialists both for science and professional activity.
The more university graduates are aware of the latest scientific breakthroughs, the more they are in demand both
in science and professional activity which is a validation and utility criterion of scientific knowledge in the last
resort. It also formulates tasks to be solved by science. Finally, it sets up requirements for the training level of
university graduates; the most important of which is a skill to apply obtained knowledge in practice. Progress in
such domains is usually based upon ideas that help to solve problems in all the three areas — science, education
and professional activity. One of the science-intensive domains where those areas are interlinked is computer
program transformation.
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At present the task of increasing processing power is still of current interest. The modern development of
computer science is connected with new parallel architectures. With processors getting more powerful, the
requirements to them are growing. The relevant software is necessary for achieving high efficiency of parallel
machines. Computer architecture getting more complicated, the programming languages are also becoming more
complicated. That leads to poor quality both of source programs and target ones. Therefore, to keep the gain
obtained at the expense of the possibilities of new computer architectures it is necessary to optimize source
programs and improve programming language compilers. A lot of problems connected with systems of program
transformations still remain unsolved (for example, problems of taking context into account and choosing an order
(strategy) of using transformations as any transformation used in wrong environment and at an inappropriate step
may result in the deterioration of program instead of its improvement). Intensive scientific research on program
transformations is to facilitate progress in high-technology professional activity — developing optimizing and
unparallelizing compilers. Universities must train up-to-date specialists to ensure both scientific and professional
activities in this field.

The main achievements in the three spheres linked with program transformations, major problems impeding
progress in the filed and possible solutions are considered in the present paper.

Hereinafter classical transformations, restructuring transformations and transformations for parallel machines are
regarded as program transformations. Classical transformations are those developed for sequential machines but
also useful for parallel ones. Restructuring transformations are transformations that increase the degree of
parallelism in the program at the expense of changes in the program structure. Transformations for parallel
machines follow exclusively from the parallelism of the machine architecture [Evstigneev, 1996].

Some basic notions and scientific achievements in the field of program transformations are considered in the
following part.

This paper was made according to the program of fundamental scientific research of the Department of Power
Engineering, Mechanical Engineering, Mechanics, Control Processes, the Russian Academy of Sciences, within
the framework of the project “Synthesis of intellectual systems of control over knowledge bases and databases”;
according to the program of the Far Eastern Branch of the Russian Academy of Sciences (the project code is
04-3-ZH-01-003).

Modern State on Program Transformations

The necessity of program optimization was first realized almost together with the creation of the first translators of
programming languages. The practice showed that raised level of a source programming language told
negatively on object program efficiency obtained as a result of translating. In this connection at the end of 1950s
the task to increase efficiency with the help of transformations during the process of translating was taken on.
This task will be called program optimizing transformation task. Transformations that increase the program
efficiency are called optimizing transformations (OTs). The system of optimizing transformations is a set of OTs
together with the strategy of their utilization [Kasyanov, 1988].

Program models provide theoretical base for studying and substantiating algorithms of program transformations.
Thus, at present there are models of both sequential and parallel programs in the field of program
transformations. Program transformations are introduced in terms of program models, i.e. over schemas not
programs. The transformation description consists of two parts — the description of contextual conditions of the
transformation, i.e. conditions under which the application of the transformation is possible and preferable, and
the description of the transformation itself that assigns what should be changed in the schema. The same
transformation under various contexts can determine transformations different in their contents. Each
transformation is described in terms of one model and its application, as a rule, does not exceed its limits. It
makes it possible to consider the transformed schema as a source one for further transformations. The
transformation context is described in terms of program model and flow analysis, which is a means of getting
reliable and accurate information about program performance without its execution. There are various
classifications of transformation that are reflected in catalogues and information systems of transformations.
There are means of formalizing knowledge about program transformations. One can state that program
transformations are a developed field of the applied science that has already accumulated/acquired/gained
extensive knowledge.
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The knowledge about program transformations is necessary for using it in the professional activity while
developing optimizing compilers. At present, there are compilers with wide sets of transformations for most
widespread programming languages and types of computers. Thus, optimizing compiler manufacturing is a
practical application of program transformations.

Scientific and practical activities connected with program transformations require training relevant specialists.
Some of these specialists perform practical tasks of developing optimizing compilers; others conduct research on
program transformations. Thus, specialists in the sphere of optimizing compilers are still needed both in science
and practice. They are trained by leading universities of Russia, the Commonwealth of Independent States
(Former Soviet Union), and other countries. Knowledge of modern scientific achievements and ability to develop
optimizing compilers are the essential requirements for the level of their training that is supported theoretically,
methodologically, and instrumentally.

However, there are a few interwoven problems in science, practice and education in the field of program
optimization that are analyzed in the following part.

Analysis of Problems and Possible Ways of Their Solving

The main problem in the sphere of program optimization science is that it is impossible to carry out computer
experiments opportunely. Their goal is to define how often transformations can be applied in real programs and
what effect can be achieved. The only means of conducting such experiments is optimizing compilers. However,
the period between the moment of the publication of the new transformation description and the moment of the
ending of realization of optimizing compiler containing this transformation is so long that the results of computer
experiments with this transformation appear to be out-of-date. Besides, an optimizing compiler usually contains a
wide set of transformations and built-in strategy of their application so it is quite problematic to get results of
computer experiments related to one transformation (not to the whole set).

The heterogeneity of notions and models in the sphere of program transformations, impossibility to prototype
optimizing compilers and their quick moral aging are important problems.

The object of transformation is modeled by a lot of various schemas that are described in different terms, which
makes it difficult to select one program model when designing each optimizing compiler. Describing
transformations authors use different systems of notions, which hampers reading scientific literature by optimizing
compiler developers.

Optimizing compiler is an extremely complicated program system the development of which is quite labor-
intensive and time-consuming. Real characteristics of such a compiler are not quite know until it is used. Usually
when developing it they prototype it to determine its characteristics. However, no prototyping facilities for
optimizing compilers have been proposed yet which makes the risk higher.

Finally, each optimizing compiler is a program that is difficult to modify, i.e. it is virtually impossible to change a
set of transformations in it. Because of a long period of its development, the compiler becomes somewhat
obsolete by the moment of its putting into operation in comparison to the current level of program optimization
science and gets more obsolete during its utilization.

The above-mentioned heterogeneity of notions and models in the sphere of program transformations and
impossibility to use active teaching methods in education are major problems.

This heterogeneity creates difficulties for teachers when they systematically give information on the results
achieved in this sphere and for students when they apprehend it.

Training students needs acquiring logically complicated theory and gaining practical skills of using its results.
Special tools are necessary to let students do practical tasks and carry out research sufficiently within the time
limits set by the curriculum. However, such tools have not been designed yet. Therefore, as a rule, students try to
assimilate program transformations as a theoretical discipline gaining practical skills after their graduation from
the university.

Thus, in spite of significant scientific, practical and educational achievements in program transformations there
are a few problems hampering their development. To solve the above-mentioned problems is a topical task. The
multipurpose computer knowledge bank is used as the general concept within the framework of which these
problems can be solved [Orlov, 2003a].
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The following section considers Specialized Knowledge Bank on Program Transformations (SKB_PT) as the
concept of program transformation information control to solve the problems [Orlov, 2003a].

Concept of Specialized Knowledge Bank on Program Transformations

The general tasks of SKB_PT are centralization of knowledge on program transformations, coordination of their
processing and collective development in order to achieve the most quality and up-to-date knowledge in this
sphere and facilitate its using in science, education and professional activity.

The definition of Multipurpose knowledge bank (MKB) is given in the work [Orlov, 2003a]. According to it, MKB is
a set of specialized knowledge banks (SKB). SKB for support of scientific research, educational and professional
activities in a domain is a resource integrating the relevant information, providing specialists and computer
programs with the access to this information, and containing tools for performing those tasks of information
processing the effective methods of solving them have been already developed.

SKB_PT consists of Information Content (IC), Shell of IC, Program Content (PC) and Administration Block (AB).
IC contains the relevant information. Shell of IC provides computer programs with the access to the information.
Editing tools are necessary to form and develop IC. The work [Orlov, 2003b] proposes the concept of universal
editor of information of different integration levels (Editor of IDIL). Other tools of information processing can be
added to PC as effective methods of solving the corresponding tasks are developed. AB of SKB_PT manages
users and controls the life cycle of SKB_PT. A special user of SKB_PT — Administrator — performs functions of
managing other users and information resources. Shell of IC can be built on; new programs can be developed for
PC. A special user of SKB_PT — Supporter — is responsible for building on Shell of IC and adding new programs
to PC of SKB_PT [Orlov, 2003a]. The work [Orlov, 2003c] describes general methods of realization of MKB and
specialized knowledge banks.

The information contained in IC of SKB_PT includes the ontology of knowledge on program transformations,
ontologies of programming languages, the ontology of Structural Program Models (SPM), the program base
storing source programs represented in the ontology of SPM, the knowledge base storing knowledge about
program transformations, the archive of program transformation histories.

The editing tools are the editor of the ontology of knowledge on program transformations, ontologies of
programming languages and the ontology SPM, the specialized editor of database and editors of programming
languages that are developed using the editor of IDIL.

The users of the editing tools are carriers of the following information: ontologies of programming languages
(linguists), the ontology of SPM, the ontology of knowledge on PT (knowledge engineers), knowledge on a
domain (experts) and programs (programmers).

Besides information carriers, other users solving other IC tasks (connected with program transformations) can
work with SKB_PT: scientists, optimizing compiler developers, teachers, students (users solving training 1C
tasks), and guests (users that are allowed only to view IC).

PC of SKB_PT (i.e. service programs realized through the shell) includes editing tools of SKB_PT, Program
transformer of SKB_PT, Tools visualizing program transformation histories and Code generators on different
platforms. The prototyping tool for optimizing compilers (PT_OC) is also a part of PC. When entering, Program
transformer gets the structural program model (the object of transformations), the data about necessary
transformations from the database; when the processing is over it gives the transformed model of structural
program and the information about the applied transformations - the program transformation history. The
visualizing tools make it possible to view the history. Code generators on different platforms let generate object
programs according to the transformed models of structural programs. The prototyping tool for optimizing
compilers integrates four subsystems into one system (the optimizing compiler prototype): Program transformer,
editors of programming languages, visualizing tools for the transformation history and Code generators on
different platforms.

The following section considers ways of using SKB_PT for scientific, industrial and educational purposes in the
field of program transformations.
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Possible Usage of Specialized Knowledge Bank on Program Transformations for Scientific,
Industrial and Educational Purposes

The proposed concept of specialized knowledge bank allows to support the collective development of information
resources (first of all, databases) and process them with the help of computer programs.

The specialized knowledge bank can be used to support scientific research. It allows to minimize labor costs
when writing scientific reviews, to make it possible to classify optimizing transformations, including new ones, to
form and develop notion systems in this area, to include new transformations in the knowledge system, to
promptly introduce specialists to new results, to conduct computer experiments, to present scientific results in a
form convenient to use in the professional activity, to compare new results with the ones archived before.

Having decided to participate in the activity of SKB_PT, the scientist applies to Administrator of the bank for a
registration. In the application he\she explains which class of users he/she wants to belong to, what tasks he/she
would like to solve, informs of his/her qualification in the sphere of program transformations. After screening the
application (and, possibly, consulting the scientific society in order to get approval of his/her qualification and
whether granting his/her application is desirable), Administrator makes a decision to register the applicant as a
bank user and informs him/her of it via e-mail. Administrator gives Editing tools to scientists and creates theories
for editing in the experimental domain of Information content. Administrator ensures that the information being
edited by one user will be unavailable to other users both for editing and using. After describing and modifying the
given theories, scientists submit an application to store them in the effective domain of IC. Administrator analyses
the theories and makes a decision whether to provide free access to them or send them to be improved.

Together with the application to open the edited theory in IC for free access, the scientist can give his/her articles
(monographs, textbooks, etc.) describing it. That helps Administrator and other scientists to analyze the theory.
When opening the modified theory for free access, Administrator makes a decision if it should substitute the old
one (in case of its existence) or be left as an alternative. The base theories in the knowledge bank are the
ontology and program transformation database [Artemjeva, 2002a] [Artemjeva, 2003b] [Artemjeva, 2003c].
Specialists can develop their own theories using the base ones as a foundation or propose their variants for
storage and collective exchange.

Program transformation experiments can be conducted in the following way. When entering, Program transformer
of the knowledge bank gets SPM. SPM can be designed with the help of high-level language editors and the
program transforming the results of the work of the editors into the structure determined by the SPM ontology.
SKB_PT Program transformer makes a control flow analysis and data flow analysis in SPM. The obtained
information is a source for transformation modelling. First, Program transformer defines saving sectors of SPM on
the base of contextual conditions; then it transforms SPM. Transformations are made on the base of the
transformation knowledge given in the knowledge database. The transformed SPM is a result of work of SKB_PT
Program transformer. Special code generators transform SPM into a representation necessary for further
processing (for example, imperative one). Measuring systems on different platforms allow knowing experimental
results of the transformation efficiency. Visualizing tools provide information on histories of applied program
transformations.

SKB_PT can be used for prototyping of optimizing compilers. The specialist applies to Administrator of the bank
for a registration. Administrator provides him/her with prototyping Tool, with the help of which the specialist
integrates three subsystems of the bank: Programming language editors, Program transformer of the knowledge
bank and Code generators on different platforms. The prototype developer selects a language of a number of
languages having editors in the bank, a code generator on the necessary platform of a number of code
generators in the bank, a set of optimizing transformations from the database and assigns the strategy of
applying these transformations. If an empty set of optimizing transformations is assigned, the compiler prototype
will be non-optimizing. Optimizing compiler prototyping makes it possible to research strategies and
transformation sets in such compilers.

The specialized knowledge bank can be used for self-developing optimizing compilers: a set of optimizing
transformations contains all the transformations from the database both in its current state and in all the future
ones. Since the database is constantly modified — new transformations are added and morally aged ones are
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excluded, characteristics of the compiler prototype are automatically changed according to the changes in
the database.

SKB_PT can also be used for training students. Teachers can use Information content of the bank in their
preparation for lectures on program transformations. Laboratory tutorials on program transformations can be
given on the base of the specialized knowledge bank. Students are to prototype optimizing compilers and conduct
experiments with them, to replenish the bank database. They are supposed to find new optimizing
transformations in the scientific literature, to include them in the database, carry out research. Students are to use
scientific publications on program transformations to find necessary knowledge to fulfill the task, to formalize the
knowledge, and to put it into the database by means of the knowledge editor. To conduct the experiment the
student has to select a lot of structural programs in the source programming language as an experimental
material, to put these programs into the bank Archive by means of language editors and get optimized versions of
the programs by means of Program transformer. Students can get transformation histories of these programs and
study them using the bank visualizing tools.

Students will better understand the subject — program transformations — by solving tasks and carrying out
research. The bank mission is to provide thorough feedback in training and give an opportunity to acquire
practical skills in knowledge formalizing and using; the teacher’s role is to estimate the final result.

Conclusion and Acknowledgements

This paper reviews the present of scientific research, professional activity and education and analyses the
problems in the area of program transformations. The information resource concept based on the modern
paradigm of information computer processing is proposed as an approach to the problems. The introduced
resource is called Specialized Knowledge Bank on Program Transformations. The classes of users, the structure
of its information and program content are described. The paper also describes the possible usage of knowledge
banks in scientific research in the industry and education.
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IMPLEMENTATION OF VARIOUS DIALOG TYPES USING AN ONTOLOGY-BASED
APPROACH TO USER INTERFACE DEVELOPMENT

Valeriya Gribova

Abstract. A new method to implementation of various dialog types using an ontology-based approach to user
interface development is proposed. The main idea of the approach is to form necessary to the user interface
development and implementation information using ontologies and then based on this high-level specification to
generate the user interface. To combine various types of dialog (verbal and graphical) in the framework of the
same interface two ontologies are suggested, the ontology of the graphical user interface and the ontology of
graphical static scenes on a plane.

Keywords: Ontology, interface model, user interface development

Introduction

The user interface is an integral part of most software systems. Experts note that complexity and functionality of
software systems are increasing every year; at the same time the number of users with a wide range of expertise
and, accordingly, requirements to software is rapidly growing. The competition at the software market is
increasing, too. All these factors demand a tool capable of realizing dialog between the user and software in
accordance with his or her requirements, which are subject to changes during the software life cycle.

Modern tools for user interface development — Interface Builders, User Interface Management Systems, Model-
Based Interface Development Environment — are, on the one hand, only oriented to implementation of the GUI
(Graphical User Interface) based on using different interface elements — menus, windows, buttons, lists, etc. On
the other hand, they do not support design of all user interface components.

To solve the problems mentioned above a new ontology-based approach to user interface development is
proposed. The main idea of the approach is to form information necessary for the user interface development and
implementation using ontologies and then, based on this information, to generate the user interface. For
implementation of different types of dialog (verbal and graphical), ontologies of the graphical user interface and of
graphical static scenes on a plane have been developed. They manage design of the presentation component of
the user interface and allow us to implement various types of the dialog.

The aim of the present study is to describe implementation methods of various types of the dialog - verbal and
graphical - within the limits of the ontology-based approach to user interface development.

The Basic Conception of the Ontology-based Approach

Rapid software progress demands that the cost of interface development need to be decreased, and its
maintenance need to be simplified, which is even more important. According to experts, for example, [1] software
maintenance exceeds the cost of its development in 3 or 4 times. These requirements in full measure relate to
user interface development. The user interface has an additional requirement, namely, adaptability for users with
a wide range of expertise.

Taking into account the requirements mentioned above, a new approach to user interface development based on
ontologies is suggested [2]. The approach is a modification of the model-based approach to user interface
development [3].

The main ideas of the ontology-based approach are as follows: aggregation of uniform information in components
of an interface model, formation of information for every component on the basis of the appropriate ontology
model and automated the code generation according to this information.

The interface model consists of a domain model, a presentation model, an application program model, a model of
a dialog scenario and a relation model.
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The domain model determines domain terms, their properties and relations between them. In this system of
concepts, output and input data of the application program and information on the intellectual support of the user
are expressed.

The presentation model determines a visual component of the interface. It provides support for various types of
the dialog.

The application program model determines variables, types of their values shared by the interface and the
application program, protocols for communication between the application program and the interface, addresses
of servers and methods of message transfer.

The model of a dialog scenario determines abstract terms used to describe the response to events (sets of
actions, executed when an event is occurs, sources of events, modes of transfer between windows, methods of
the window sample selection and so on).

The relation model determines relations between components of the interface model.

Fig. 1 shows the basic architecture of the user interface development tool based on ontologies. We show only the
basic one because (the architecture) as a whole involves additional components such as design critics, advisors,
automated design tools, etc. These components are not included in the basic architecture.
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informaticn

Camain ontolegy e

Presentation (GUI
and OG355) L
ontologies

Presentation
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Application Application
e program ontology hl program
Scenario dialog Scenario dialog
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j Relation ontology - informatien
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/

( Implementation tool )

\ Software
Application program I Inputfoutput data | g User Interface

Fig. 1. The basic architecture of the user interface development tool based on ontologies

An Approach to Implementation of Various Dialog Types

When the user interface is developed, it is necessary that information representing input and output data of an
application program be presented in accordance to user requirements and in forms accepted in the domain for
which the software is developed.

In this case time various representation forms of information and types of dialog, for example, verbal and
graphical, are often required in the framework of the same interface. Fig. 2 shows how the information can be
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presented to users in various forms. According to our conception, an ontology model for creating and managing
every component of the model interface is suggested.

In this way, the interface developer creates domain information. It is a verbal description of domain terms, their
properties and relations with other terms. This domain information can be presented in the interface verbally or
graphically in various forms depending on user’s requirements to representation of information, expertise of users
and on their preferences.

Fig. 2 Representation the same information in various forms

The presentation model is responsible for representation of a domain model. The former is the basis for visual
representation of the interface.

To combine various dialog types in the framework of the same interface two ontologies are suggested, the
ontology of the graphical user interface (OGUI) and the ontology of graphical static scenes on a plane (OGSS).

The OGUI is intended for presentation of information in the verbal form using interface elements — windows,
menus, lists, buttons, etc. The OGUI describes interface elements, their properties and relation to one another.
Interface elements permit the user to choose and install values, to start operation and also to move within the
program. At present, the OGUI in the OIL language is available in the Internet [4]. The process of design
information in the verbal form consists in correlating domain fragments with interface elements and specifying
properties of interface elements (dimension, color, location and so on).

The design process in the form of graphical scenes is accomplished by the OGSS. For this purpose terms of the
domain are associated with graphical images and their properties peculiar for a particular interface are specified.
The generation of graphical scenes, their interpretation (input data for an application program) and automated
construction of graphical scenes (output data of a application program are accomplished by the OGSS. Thus, the
OGSS is the managing structure for organization of dialog based on graphical scenes.

To provide flexibility and simplify modification of the user interface the correlation between input and output data
and term values is established on the basis of the domain model, as the output and input data are independent of
the dialog type.

The Ontology of Graphical Static Scenes on a Plane

To implement dialog based on graphical scenes a domain independent the OGSS has been developed.
A graphical static scene S on a plane is defined as: S = <B, F, P>, where B is the base graphic representation,
F - filler, P - primitive. Fig. 3 shows the OGSS model in the URL language [5].

The base graphic representation B, further for brevity named the base, is any graphic figure, scheme, sketch,
etc., being a basis for drawing various images on it. The base B consists of the following elements: B = (NmB,
ImB, Db, Db’), where NmB is the base name, ImB is the base image, Db is the description of the main elements
of the base, and Db’ is the alternative description of the base elements.

The description of the main elements of the base is Db={(b1,nb1), (b2,nb2),...,(bn,nbn)}. Here b1,....bn are
simple elements of the base image, such as B=b1 b2 ... bn, i.e. merging simple elements forms the base
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image; nb1,...,nbn - names of simple elements. The alternative description of elements of the base is
Db'={(b"1,nb"1), (b'2,nb"2),...,(b"f,nb"f)}. Here b'1,b'2,...b'f are compound elements of the base image,

nb'1,...,nb'f are names of compound elements of the base image. Each compound element is some merging of
simple elements of the base image, i.e.

b'1=bi1 bi2 bik, where 1<k<n, bi1,bi2,...,bik, are simple elements of the base image;
b'2=bj1 bj2 bjh, where 1<h<n, bj1,bj2,...,bjk are simple elements of the base image;
b'f=bv1 bv2 bvd, where 1=d<n, bv1,bv2,...,bvk are simple elements of the base image.
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Fig. 3. The model of the ontology of graphical static scenes on a plane

The filler determines possible color and texture options for elements of the base image. A set of possible fillers

can be defined for the base F={f1,f2,...,fn}. The filler is defined as fi=<Nfi, Col, Tex>, where Nfi is the name of the
filler, Col is the color of the filler, Tex is the texture of the filler.

The primitive determines possible images applied on the base image. A set of possible primitives can be defined
for the base: P=p1,p2,...,pn. The primitive pi is defined as: pi=<Npi, Tp, Dp(Tp)>, where Npi is the name of the
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primitive, Tp is the type of the primitive, Dp(Tp) is the description of the primitive. The type of any primitive can be
defined as Tr is predefined, Th is constructed, Tc is compound.

By the predefined primitive is meant a primitive whose image is known. The description Dp(Tr) of the predefined
primitive is Dp(Tr)= < Ip>, where Ip is the image of the primitive.

The constructed primitive it defined by a form, a color of a line and a background. Hence it has the following
description: Dp(Tb)=<F, R(F), Cl, Cb>, where F is the form of the primitive, R(F) is the rule for construction of the
primitive of a specified form, Cl is the color of the line, Cb is the color of the background. The following forms of a
primitive are defined: a circle, a point, a line and a rectangle. For each form, it is necessary to define rules of its
construction. The rule of a circle construction is defined by the circle center coordinates and radius: R(circle)
=<(x,y), r>; the point is defined by the coordinates: R(point) =<(x,y) >; the line is defined by coordinates of two
points: R(line) =<(x1,y1), (x2,y2)>; a rectangle is defined by coordinates of two points, its top left and lower right
vertexes: R(rectangle) =<(x1,y1), (x2,y2)> .

The compound primitive is a set of constructed primitives, connected by themselves by lines of a certain color
and type: Dp(Tc)=< {(Npi, Npj), (Npj Npk),..., (Npn Npv)}, Cl, Lt>. To describe the compound primitive it is
necessary to determine a set of pairs of constructed primitive names (Npi, Npj), that must be connected by lines
of a certain color Cl and type Lt.

The Design Process of Dialog in the Form of Graphical Static Scenes

The design process of dialog in the form of graphical static
scenes is carried out in two phases.

At the first phase, it is necessary for the interface developer to LI

correlate elements the OGSS with the information, specific for
a certain domain. In this way, the developer defines a base,
i.e. its image, name (a term of the domain), as well as names
and images of base components. Further, with the same editor _
the developer determines fillers and/or primitives by specifying @) @)
their possible properties.

At the second phase the developer forms the design of the
interface, namely, specifies location of the base, primitives,
fillers and additional elements of the graphical user interface
determined by the OGUI.

The input data dialog of the user with the applied program

consists in composing the graphic static scenes. Fig. 4 shows

examples of graphical static scenes. According to the

specification of the OGSS for a certain domain, the interface

recognizes a graphic scene and transfers values of the output

data to the applied program in the format assigned by the Fig. 4 Examples of graphical static scenes
developer. Then the interface generates graphical scenes for heat supply and medicine domains.
based on computation results of the applied program in

conformity with the same description.

iickhin 1

Discussion

Development of the user interface combining various types of dialog (verbal and graphical) is a topical problem.
No less important, as noted above, is the problem of reducing the cost of development and simplifying
maintenance of the user interface. In the paper, we have considered how the proposed technology of
development allows the specified problems to be solved.

First, the interface is automatically generated based on the declarative description of its model.

Second, information for each component of the model is formed on the basis of the ontology model offered to the
developer.

Third, the interface developer can generate various types of dialogues according to requirements of users (verbal
and/or graphical on the basis of the OGUI and the OGSS.
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Fourth, information transmitted to the applied program and back (the input/output data) does not depend on the
form of its representation to the user and is formed based on the domain model. Thus, modification of the dialog
does not require any modification of other interface components.
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OHTOMOT NI KAK MEPCNEKTUBHOE HAMPABNEHWE NHTENNEKTYANUSALIAA
MOUCKA NHOOPMALIMN B MYNIBTUATEHTHBIX CUCTEMAX E-KOMMEPLIAN

Axatonuin 4. nagyH, KOnus B.PorywuHa

AHHOTauus. [pegnaraeTcs MCNONb30BaThb OHTONMOIMYECKOE MPEACTAaBNEHNe 3HaHWA 006 MHTepecax
nokynaTens B npoLecce e-koMMepuuu. 3TO MOBbIWAET 3(h(heKTUBHOCTL MouCKa Hambonee npofaBLOB,
Hanbonee MOAXOAALWMX NOKynaTensm, MylbTUareHTHbIMA cucTemamu. Peann3oBaH anropuTM CPaBHEHUS
OHTOMOrMIA NOKynaTenei ¢ OHTOMOrMAMM 3MNEKTPOHHbIX MarasvuHOB (TaKCOHOMMIA) W MynbTUareHTHas
cucTema 3NeKTPOHHOW KOMMEPLMI, UCNONb3YIoLas OHTON0MN ANs Noucka MHAopMaLi B pacnpeseneHHoi
cpege.

KntoueBble CnoBa: OHTO0/0rug, €-KOMMepLUma, MynbThareHTHasa CucTeMa.

BeepgeHue

CerofiHsi Mbl IBMISEMCS CBUAETENSAIMM U Y4ACTHUKAMM 3BOMIKOLMM NOCTUHZAYCTPUANBHOTO 06LLECTBA B 0GLLECTBO,
Ha3blBaeMOe WHOPMALMOHHBIM. B MH(hOpMaLMOHHOM OO6LLECTBE NPUOPUTETHBIM HanpaB/eHNEM SIBSETCS
co3gaHe n aEeKTUBHOE NCNONb30BAHME 3HAHWIA U MHOPMALIMOHHBIX PECYPCOB.

KonoccasibHble MepecnekTMBbl pasBUTUS PblHKA TOBApPOB M YCAYr B CeTW WHTEPHET BneuatnswoT aaxe
CMeLManicToB - TONbKO 3a NOCNeAHNE MECALbI MPOLLOro rofa TOProBblii 060POT CETM BO3POC B HECKO/BKO pas.
CTpeMUTENbHBLIA TEXHUYECKWIA nporpecc B 3TOM 06/1acTV AaeT MOLWHBIA WMNYNbC rnobanusaunn MUpOBON
9KOHOMMKA W [JenaeT Bce 60nee npuBiekaTenbHbIM 00BHEKTOM MHBECTULMIA HOBbIE MH(OPMALMOHHbIE
TEXHONOrNN, HanpaB/IEHHbIE HA PA3BMTUE IEKTPOHHON KOMMEPLN (e-KOMMEpLN).
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OfHaKo NpouCXoAsLume U3MEHEHUst NPUBOAAT K BO3HUKHOBEHWIO psifa HOBbIX Npobniem. MOUCTMHE OrpoOMHbIN
06bEM MpeNoXeHNI, LNPOKOe pasHO0bpasne TOBAPOB M YCNYT, BbICOKAS AMHAMMUKA U3MEHEHWIA PbiHKA — BCe
3TO NMPUBOANT K PE3KOMY BO3pACTaHWI0 C/IOKHOCTI W TPYA0EMKOCTI paboThl Kak NPOAABLOB, Tak 1 Nokynatenei
B CETMW, OTHUMAET WX BPEMS 11 TEM CaMbIM MOBbILLAET CTOMMOCTb AAAHHbIX YCNYT.

HyxHa kapguHanbHas CMeHa camoll KoHuenuun o6paboTku uHopmauum B cetu VHTepHeT, kotopas Obl
nossosuna 6oniee COAepxarenbHO OTBeYaTb 3anpocam KMEeHTOB, 6o/ee OnepaTWBHO pearMpoBatb Ha
N3MeHsLLmecs TpeboBaHus 1 TMbKo aaanTUpPoBaTLCA K YCOBUAM PbIHKA.

BxoxaeHne YkpauHbl B MWPOBOE MH(HOPMALMOHHOE MPOCTPAHCTBO TPEOYET PELIEHWNs  MHOrOACMeKTHOIA
npo6nemMbl aBTOMaTH3aLN COBPEMEHHBIX GU3HEC—NPUNOXEHWIA. 104 3NEKTPOHHBIM BU3HECOM MOHUMAIOT BCe
(DOPMbI 3NEKTPOHHOW BU3HEC-AEATENBHOCTY, Takue Kak e-KOMMepPLUSs, e-KOHCUTTUHT, e-3[aTensCeTeo v T. n. E-
KOMMepLMA ABNSETCS YaCTHbIM CNyvaem 3/IEKTPOHHOrO 6GusHeca. MMof e-koMMepLueid NOHMMAIOT pasnnyHble
(hOpMbl TOProB/IM TOBapamu W yc/yramu nocpeAcTBOM MCMO/b30BaHNA 3NEKTPOHHBIX CPEACTB, B TOM YnC/ie U
NHTepHeTa. Mpu 3TOM 3aKka3 TOBApOB OCYLIECTBASIETCA Yepe3 TenekOMMYHWKALMW, a pacyeTbl Mexay
nokynaresem 1 npo4asLOM - NPV NOMOLLM 31EKTPOHHLIX cpeacTB nnatexa [1].

Ynydwenne 3thheKTMBHOCTM  BbINOMHEHUS 3afay  e-Ou3Heca TpebyloT [AanbHEellero passuTus  METO/OB
asTomarusaum  6usHec-npoieccoB. CUCTEMbI e-KOMMepLMM [O0/MkHbI 0becneuynsatb MOTPeOuUTeNto JOCTyn K
WH(hopmMauuy 0 ToBapaX, MPEeLCTaB/IEHHO B 3MEKTPOHHON (hopMe, U ee ObICTPbIii MOMCK B CETEBOM Cpefe.
CNOXHOCTb TpaH3aKUMA OYeHb Be/nka W3-3a AVHAMWUYHOCTU U OTPOMHOTO KOMMYECTBA WHGhOpMAaLyK, AOCTYMHON
nosib30BarteniaM yepe3 VHTepHeT. VHAycTpuasibHas paspaboTka MporpaMMHOT0 O6ecreyeHus 4jis e-KoMMepLyumn
TpebyeT CO3[4aHMA 1 MCMOMb30BaHWNA COOTBETCTBYIOWUMX MOJENed, CTaHAapToB, A3bIKOB W (HOPMATOB,
OPVEHTMPOBaHHbIX Ha 00pabOTKy 3HaHWiA. [NA pelieHns 3Tux 3afgady C YCMexoM MPUMEHAKTCH  areHTHo-
OPVEHTMPOBAHHbIE TEXHOMOMI, Ba3VpPYHOLLMECS HA UCTIONb30BAHUN MHTENEKTYaIbHBIX MPOrpaMMHbIX areHToB (MA).

CucTeMbl NOAAEPXKM e-KOMMEPLIM

Ceifyac Anst noAaepxKKN SNEKTPOHHOI KOMMEPLIM Pa3paboTaHo MHOMO Pa3HOO0GPAa3HbIX MPOrPAMMHBIX MPO/YKTOB
PA3HOTO YPOBHS CIOXHOCTX. MoaenMpoBaHie peasibHbIX NPUIOXEHNI A JOMKHO 0TOBpakaTb COXHOCTb BU3HEC-
MPOLLECCOB peasibHoro Mupa. MpefCTaBSETCS 04EBIMAHBIM, YTO HEOOXOAMMA UHTENNEKTYANM3ALMS TaKUX CPEACTB,
YTOGbl M36aBNTb NMO/b30BATENS OT HEOBXOANMOCTI CaMOCTOSITE/BHO BbINOMHSATL MOBTOPSIOLLMECS AelicTBus. B
YaCTHOCTW, Haubonee MONYNSPHbIM HA CErOAHAWHWA fieHb SIBNSETCS WUCMOMb30BaHWe B e-kommepuun MA 1
My/ibTUareHTHbIX cictem (MAC). OfiHa U3 rnaBHbIX TPY/AHOCTEN NPAKTUYECKOTO NOAX0Aa CBA3aHa C 06bEAUHEHNEM
CMIOXHbIX MHTENNEKTYasbHbIX CNOCOGHOCTEN B MOGU/bHBIX MA.

MA - 3T0 nporpammHoe ob6ecneueHne, obnajarollee pPsSAOM XapaKTepHbIX CBOIWCTB, MpeAHasHavyeHo ans
YNpOLLEHNS Ananora nosb3oBateNisi Co CMOXHbIM W ANHAMUYHLIM MHADOPMALMOHHBIM OKPYXEeHWeM. MHorue
nccnegosarenu onpefensot MNA Kak nporpaMmMHyI CyLWHOCTb, koTopas (PYHKLMOHMPYET NPOAC/IKATENBHO U
aBTOHOMHO B KOHKPETHOM OKPY)XEHWM, 4acTo BMeCTe C Apyrumu npoeccamu v MA [2]. MpogomkuTenbHOCTb U
aBTOHOMHOCTb M03BO/IAKOT MA TMOKO N MHTENNEKTYaNbHO [eCTBOBATb B COOTBETCTBUM C M3MEHEHUAM Cpefpl
6e3 NOCTOAHHbIX YKa3aHWid U BMeLaTeNnbCTBa Nosb3oBaTesis. B nieanbHOM BapuaHTe areHT, KOTopblid 40NToe
Bpems (DYHKLMOHWPYET B CPeAE, [O/MKEH ObITb CNOCO6EH 06y4aThCA Ha CBOEM OnbiTe. Kpome Toro, MA, KOTopblil
COCyLlecTBYeT B Cpede C [JpyrMW areHtamu W npoueccamu, [O/DkeH OblTb CMocobeH o06wwarbes U
KoonepupoBarbCa ¢ HUMK [3,4].

Mbl npoaHanusupoBasn pag areHToB K. Personalogic [5] oTMNbLTPOBLIBAET CMMCOK TOBApOB, KOTOPbIE
YAO0BNETBOPAOT OrpaHuyeHnsm nonb3osarens. Firefly BbiGupaeT ToBapbl Yepes OLeHkn Apyrux notpeduteneil.
BargainFinder [6] - BMpTyanbHbliA areHT MOKYMOK, CMOCOOHbIA OLEHUTb LEHbI W WX MNPUFOAHOCTb ANs
nonb3osarenisi. OH NpefcTaB/feT BOMPOC NOTPebuTens napasinienbHo rpynne on-line npoAasLoB, 3anosHAS
thopmy Ha kaxgom caitte. Kasbah [7] - on-line MAC ans TpaH3akuuii Tuna "noTpeéutens-noTpedutento”.
Monb3oBaTeNb, Xenawwuii Npogasatb WAKW NOKynaTb TOBapbl, CO3LAET areHTa, 3afaeT 3TOMYy HekoTopoe
cTpaTernyeckoe HanpasfieHMe W OTCbIaeT €ro K LEHTPasM30BaHHOMY areHTHOMY pblHKy. AreHTbl Kasbah
NPOAKTUBHO Pa3bICKMBAIOT NOTEHLMASbHBIX NOKynaTenei unn NpoaaBLoB 1 BeLyT NePeroBopbl C HUMW OT UMEHN
nx cosgarens. Tete-a-Tete [8] ucnonb3yeTca Ans nocpeAHUYecTBa 1 Neperosopos, obecneymsas noTpebHOCTAM
1 NPOAaBLOB, 11 NoKynarenei.



160 2.3. Ontologies

Mpu noucke NpoaykTa nokynate/b BbIOUPaeT HAbop xapakTepucTiK ToBapa, KOTopble NPeLACTaBNAOT AN Hero
nHTepec. Ecnu He HaiiaeH ToBap, NOMHOCTLIO Y/0BNETBOPSIOLLNA BCEM TPebOBaHMAM, Toraa MO0 NosBnseTcs
CO0GLLEHNe, YTO pe3ynbTaT He HalnaeH, 60 CNMCOK TOBApOB, YaCTUYHO YAOBNETBOPAIOLLMX 3anpocy. Mpn 3ToM
MPUHLMMBI PaHXMPOBaHWUA Pe3yNbTaToB MOUCKA YaCTO HEMOHATHbI NONb30BATENM0. 3aKka3uuk He MoayyaeT Hu
4eTKoro 063opa pe3ynbTaToB, HU MPELIOKEHUA ANs AaslbHEedLero uccneoBaHus. MaeanbHoit Gbina Gbl
CUTyauusi, B KOTOPOIA NOKynaTeslo npegfiarannch Obl anbTepHaTUBbI, Hanbonee 6/n3kue K ero NoTpebHOCTAM.
Ho ans atoro cuctema JomkHa obpabarbiBaTh 3HAHUS 0 KOHKPETHOM 3akasuuke.

K coxaneHuio, OOMbLINHCTBA CYLIECTBYIOLINX CUCTEM €-KOMMEPLMM He 06ecneynBanT OoOLWnA  A3bIK
B3aWMOJENCTBISA, CTaHLAPTU3NPOBAHHOE OMMUCaHWe AOMeHa, afanTupyemocTb, CMOCOBHOCTb K 0ByuYeHuto,
nepcoHanM3aumio. AreHTbl  €-KOMMEpLUMM, CO3[aHHble  Pa3/MyHbIMM  pa3paboTunMkami, He  CMOCOOHbI
B3aNMOAeiCTBOBaTb Apyr C ApyroM. Kpome TOro, MCMOMb30BaHWE MHOTMX TEPMUHOB W BbIPAXEHWA kpaiiHe
HEOAHO3HAYHO M B 3HAYNTENLHOW Mepe 3aBMCUT OT TOi npeameTHoi obnacti (MpO), koTopas MHTepecyet
nonb3oBaresns.

ocTaHoBKa 3aza4n

MA, KOTOpbIE WLLYT WHGOPMALLAIO TOMBKO MO KKYEBLIM C/I0BAM, HE UMEOT NPpUKNadHbIx 3HaHWii 0 MpO, koTopas
WHTEpEeCyeT No/b30BaTeNs, a CaMOCTOATE/IbHO U3BNEKATb 3TW 3HAHWA MOTYT TOJIbKO MOC/E NPOAOIKNTENbHOV
paboTbl W NO3TOMY [AalOT  KpaiiHe HepefieBaHTHble pesy/nbTatbl.  [103TOMy  HEOOXOAMMO  HalTu
(hopMann3oBaHHble CpeAcTBa MPEACTaB/IEHWA TakuMX 3HaHWA U pa3paboTatb anropuTMbl, MO3BOMAKLLME
areHTam a(h(PeKTMBHO UCMO/B30BATH X B MOUCKE TOBAPOB W YC/Yr My/IbTUAreHTHbIMU CUCTEMaMU e-KOMMEpPLMK.

B cBA3M C 3TUM Mbl NpejjiaraeM Mcnonb3oBaTb onucaHust MpO, KOTOpble WHTEPECYIOT KOHKPETHOTO
NoNb30BaTens, NPeSCTaBeHHbIE B BIAE OHTONMOMN - CPEACTBO NOCTPOEHUS PAcNpeAeNeHHbIX 1 HEOAHOPOAHbIX
cucTeM 6a3 3HaHuiA. ITO NO3BONSET U3GEXATb PA3HOrNACcUiA B MCNOb30BAHNM TEPMIUHONOMAM U NOMOYb areHTam
YCTAHOBUTL MpPaBW/bHbIE COOTBETCTBUSI MEXAY NPEA/IOKEHUSMI NPOAABLOB M NMOTPEBHOCTAMM MOKynaTenei.
Mpu 3TOM NpegnonaraeTcsi, YTO NPOAABLbI Takke NPefoCTaB/AT NOMb30BATENAM 3HAHWUA O Mpefnaraembix
TOBapax, NPeACTaB/EHHbIE B BUAE OHTO/OMIA.

OHTONOrMYeckoe npeacTaB/eHne 3HaHWA

OHTONOTUSA - 3TO 3HAHMS, (hOpPMasIbHO NPeAcTaB/eHHble Ha 6asbl KOHLENTyann3auum, kotopas npeanonaraet
onucaHne MHOXeCTBa 0GBEKTOB 11 MOHATIIA, CBA3EH MeXAy HIUMU. POpMasibHO OHTOMIOTUS COCTOMT U3 TEPMUHOB,
OpraHi130BaHHbIX B TaKCOHOMMIO, UX ONPEAENEHIA U aTpUBYTOB, & TaKKe CBA3AHHBIX C HUMM aKCUOM 1 MpaBu
BbIBOA.

Yacto HaGop NPearnonoXeHunii, KOTOpble COCTABSIKOT OHTOMONAK, UMEET (HOPMY JIOTUYECKOK TEOpUN NEPBOTO
nopsiaka, rae TEPMUHbI CNoBaps BASKOTCA MMEHAMU YHAPHbIX U GUHAPHBIX NPeANKaToB, KOTOPbIE Ha3biBAOT
COOTBETCTBEHHO KOHLIENTaMM 11 OTHOLLEHUSIMK. B NpocTeiiliem crlyyae OHTOMOTAS ONUCHIBAET TO/BKO MEPAPXMI0
KOHLLENTOB, CBS3aHHbIX OTHOLUEHMSIMM KaTeropusauun. B 60nee CNOXHbIX Clydyasx Kk Hell fo6asnstotes
NOAXOASALLME aKCUOMbI 1St OTOGPAXEHUS AiPYTUX OTHOLLEHMIA MEX/Y KOHLENTaMK 1 A1S TOTO, YTOObI OTPaHNumUTL
WX MHTEpnpeTaumto. OHTONOMMS - 3T0 6a3a 3HaHWiA, oMMCbIBalOWAs (HaKTbl, KOTOPble MPeANonaraloTcs Beeraa
UCTUHHBIMW B pamKax OnpeAeneHHoro coo6LyecTBa Ha OCHOBE OBLLENPUHATOTO 3HAYEHWs CNoBaps, KOTOpbIiA
MCMONb3YeTCs.

dopmanbHas Mmogenb oHtonorun O - ynopsifoyeHHas Tpoiika Buga: 0=<X, R, F>, rae X - KOHeYHOE MHOXECTBO
KOHLLENTOB NpeAMETHOI 0bnacTu, koTopoe npeactaBnset oHtonorns O; R - KOHEYHOE MHOXECTBO OTHOLLEHWIA
MeXay KOHLenTamu 3afaHHOii npegMeTHoi obnact; F - KOHEYHOE MHOXECTBO (PYHKLMIA MHTEpnpeTauum,
3a/laHHbIX Ha KoHLenTax n/unm oTHoleHusx ontosoruu O [9].

Co3paHvie OHTO/I0TMIA NOKynaTenen

Ha cerogHswHWin AeHb pa3paboTaHo [OBO/IbHO MHOMO A3bIKOB NpefCcTaBneHns oHTonorin (Hanpumep, DAML-
OIL, OWL [10]) n cB060AHO pacnpocTpaHseMbIX MHCTPYMEHTASbHBIX CPEACTB UX co3aaHus (Hanpumep, Protégé
[11], OntoEdit [12]).

Bonbluime oHTonorum, Takue kak CYC, co34al0TCs Ha OCHOBE abCTPaKTHOrO M OYEHb OOLLLEr0 OMMUCaHMS MOHSTMIA
npeaMeTHON 06nacTy 1 ces3en Mexay Humu. OcHoBHas Lenb npoekta CYC - pa3 u HaBcerga nocTpouTb 6asy
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3HAHWIA BCEX OBLLMX MOHATUAA, BKIKOUAIOLLYH CEMAHTUYECKYH) CTPYKTYPY TEPMMHOB, CBSI3EN MEXAY HUMU,
npasw/, koTopas 6yfeT AOCTynMHa pasHoO6pasHbIM NPOrpamMMHbIM CPeACTBaM. HO Ha MpakTUKe A5 Kaxaoro
NoNb30BaTeNs BOIMOXEH CBOM KOHTEKCT /NS NPeACTaBNEHNs TEPMUHOB B 3aBUCUMOCTY OT CUTYaLMM U MOAENM
MUpa nob3osatens. Mo3ToMy YacTo NO/b30BATENMN HE HyXHA OFPOMHAst OHTOMONKSA, COAEPXallas onucaHue
BCEro Mupa.

OuyeBWAHO, YTO CO3/iaHNe OHTOIOTUIA ABNAETCA LOCTATOYHO CNOXHBIM U TPyA0EMKUM npoLeccom. OHo TpebyeT
0T N0/1b30BATENS AOCTATOUYHO YETKOr0 W CTPYKTYPUPOBAHHOIO NpeLCTaB/IeHNs N0M1b30BaTeNs 06 UHTEpeCytoLL el
ero obnactm u ymeHus pabotatb C COOTBETCTBYHOLWMM NPOrpamMMHbIM ob6ecrneyeHnem. Kpome Toro, 3T10
LienecoobpasHo TO/bKO B TOM C/lyyae, ecnin nokynartesb BbINOMHAET G0nee-MeHee OHOTUMHbIE 3aKyMKM Ha
NPOTSXKEHUN ANNTENBHOTO NEPUOAA BPEMEHU (CMEeLMannCTbI Mo 3aKynkam B MasioM 1 cpefHem busHece - B2C,
B2B) 1 B 60nbLUINX 0ObeMax (Hanpumep, TOProBble OTAENbI U OTAENbl CHABXEHWS KPYMHbIX OpraHusaLuii - B2B,
rocyAapCTBEHHbIE 3aKynku - B2G).

MpoABUHYTLIA NOMb30BaTENb CO34AET OHTO/OMA0 TOW 06/71aCTH, K KOTOPO OTHOCUTCH €ro 3akas, W 3aTem
ncnonb3yeT ee npu noucke Hambonee MOAXOAAWMX NPOAABLOB. [ MOBbLIWEHUS PENEBAHTHOCTW MOMCKA
nonb30BaTeNto HeobXoAMMO OnuUcaTb CBOM 3HaHUS W NpeAcTaBfieHns 06 o6bektax MpO, CBA3AX MEXAY HUMK U
npaBunax MX npeobpasoBaHus, WCMO/b3yst MpKU 3TOM CTaHAAPTHble CPEACTBA CO3[aHNS M NPeACcTaB/ieHus
OHTONOMMIA. JTO 0becneynBaeT HE3aBUCUMOCTL NO/b30BATENS OT NMPUMEHAEMOrO NPOrpamMMHOr0 obecneyeHus,
T.K. OHA W Ta Xe OHTOMOMNS MOXeT OblTb UCMONb30BaHA NPU paboTe C pasNYHbIMU CUCTEMaMV MOAAEPXKKM
3NEKTPOHHOI KOMMEPLMK.

[Nokynarenb Web-cepBep npogasLa
1 1 Cuctema eneKTPOHHOW KOMMEPLIAN
—
@
:
g '.. ')
2
OHTONOrNA
noKynarens
lNokynatenu WHTepHeT MpoaasLbl
Yﬁ
Mokynatenb __ WeDn-cepaep npoaasLia
0 1 Y [CucTema €NeKTPOHHOW KOMMepLMK
S—
g O)
OHTonor TaKCOHO
TOBapoB
nokynarens P

Puc.1. Vicnonb3oBaH1e OHTONMOTMYECKON MHhOPMAaLMK NpK MonCKe NOKynaTeNsiMi NpoAaBLoB

B JaHHOM noAxode Mbl OPUEHTUPYEMCS Ha TO, YTO CO3AAHHbIE MO/Ib30BATE/IEM OHTO/IOTUA OTHOCUTE/NBHO
NPOCTbI N KOMNAKTHbI. MHOXeCTBO (hyHKLMIA MHTEpNpeTauyun nycto - F= |, a R - MHOXeCTBO OTHOLLEHUI A Mexay
koHuenTamu MpO COAepPXMT TOMbKO HECKO/bKO 6a30BbIX OTHOLEHMIA (" VIMETb 3NeMeHT", "MMeTb LeHy", "MMeTb
CBOWCTBO", "CUHOHNUM", W T.1.).

OHTONOTMM MPOAABLOB TakkKe [AO0BOMbHO MPOCTbI, T.€. AaXEe eCMi OHW COAepXaT MHOr0 KOHLENTOoB, TO WX
CTPyKTypa [AOCTATOMHO CTaHAapTHa. OO6bIYHO OHTO/IOMAW, OMUCHIBAKOLLME TOBApPbl, KOTOPblE MPEeAnaralTcs B
3M1EKTPOHHOM MarasuHe, - 3T0 NPOCTble TAKCOHOMUM - MEPapXMYECKe CUCTEMbI MOHATUIA, CBA3AHHLIX MEXAY
Co6Oii OTHOLLEHNEM “BbITb 3neMeHToM knacca’, T.e.. O = T° = X, {"6bITblanemeHTomIknacca'™}, {} .

OHTO/I0rMM NO3BONSHOT YCTaHAB/NBATbL 06LLYH TEPMUHOMOMMIO 4115 KOMMYHUKaLMK MEXAY NO/b30BaTeNsMM (Kak

NofbMW, Tak M NPOrpaMMHbIMU - CyLLHOCTAMM).  3anpoc  NMONb30BaTeNs [AOMOHAETCA  OHTONOrMYECKOi
nHcpopmawein o Toid MpO, K KOTOPOIA OH OTHOCUTCS (pUC.1).
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CpaBHEHVe OHTO/OrUIA MOKynaTeseli 1 NpoJaBLoB

Mbl 1CNONMBb30BANM OHTONMOrMYECKOE MpeACcTaBNeHne 3HaHWiA B paspabatbiBaemoit MAC e-kommepumy s
NepcoHnMMKaLmMy areHToB MoKynaTesieil 1 areHToB NPOAABLIOB: NPeUMyLLeCTBa NpefoCTaBs/CL TeM
NpoZasLiaM, B OHTO/IOMMAX KOTOPbIX 6bIN0 60/bLLE TEPMUHOB U3 OHTO/OTUIA NOKyNaTeneil.

ConocTaBneHne OHTONOMMA TpebyeT pasHoO0OpasHblX METOAO0B, METOAO/OTUA W TEXHONOTMIA, KOTOpble
HeobX0ANMbI ANS APQEKTUBHOrO MCNOMb30BAHNSA B BbINOMHEHNN PA3/INYHbIX 3afaHuii OHTONOMIA, MOMYYEHHbIX
N3 pasnyHbIX UCTOYHMKOB. Kaxaas n3 oHTonormii MpO MOXET 0XBaTbiBaTb ONpefe/ieHHble acnekTbl 3HaHUS U
MOXET 1CMO/b30BaTb Pa3/INuHYt0 TEPMUHONOMK. JO/MKHbI  ObiTb  CO3A4aHbI  CMELMabHbIE  OHTO/OMN
OTOOpaXeHus AN CBS3N PasNnyHbIX TEPMUHOMOMA M CTUNEA MOAENMPOBAHWA, WCMOMb30BaHHLIX B 3TOM
cneundnyeckoii Ans AOMEHa OHTONOTMN.

CerofiHa CyLLeCTBYIOT NPOrpamMMHbIE CUCTEMbI, MPeAHa3HaueHHble 4N1s 3Toro. Hanpumep, B npoekte Sesame
obecneynBaeTCcs CpaBHEHIe BEPCUiA OHTONOMIA, NpeAcTaBneHHbIX B (hopmate RDF, 1 aHann3 3Tux M3MEHEHMWiA.
Ho Takoe nporpaMmHoe obecrieyeHne CANLLKOM CTIOXHO A1 NONb30BaTeNeid, He creluanmsnpytowmxcs B UT.

o> OdTonorus

OHTONOorNA

nokynaresns I

1 &
WNTS

o 2%

JaHHbIU anemeHm

fpucymcmeyem 8 JaHHbIlt anemeHm

OHMoIo2uU npucymcmesyem &
npodasua OHMornoauu
rnokynamernsi

Puc.2. ﬂpe,qBaleTeanblﬁ Lar cpaBHeEHUA OHTOJIOMUIA — NOUCK OANHAKOBbIX 3/1IEMEHTOB.

Mbl npegnaraem cpaBHWBaTb OHTONOTMM CrefyloLMM 06pas3om: Ans napbl oHTonormid O1 n O2 cTpoutcs
oueHouHast yHkuma f(O1, 02), koTopast onpefensieT ux Mepy 61130cTi. Mpu 3TOM YUMTLIBAKOTCA CneaytoLme
(hakTopb:

—  BXOX[EHMe OfIHOrO 1 TOr0 Xe TepMUHa B 06€ OHTONOTUK;

T0, YTO [jBa TEPMIHA HAXOAATCA B Pa3HbIX OHTO/OTSIX B OAHOM M TOM )€ OTHOLLIEHMM;

— 70, YTO [Ba TEPMUHA HAXOOATCA B Pa3HbIX OHTOMOTMSX B OTHOLIEHWSX OAHOrO TUNA WM PasHbIX
(Hanpumep, B MEPAPXNYECKOM OTHOLLEHIN U OTHOLLIEHWI CUHOHAMANW);

—  CYLLEeCTBYIOT /11 BOOGLLE /106ble OTHOLLEHUS (NPAMbIE UK ONOCPESCTBOBAHHBIE) MEXAY OAHUMU 1 TEMU Xe
TEPMUHAMM.
Ha npeaBapuTenbHOM 3Tane CpaBHEHUS! OHTOMOMUIA (prc.2) hopMUPYETCS MHOXECTBO 3/1EMEHTOB — KOHLLENTOB
MpO , KoTOpbIe BXOAAT B 06€ OHTONOMN.
Y = X01 N XOz

3arem NpoBeEPAKTCA NONapHO BCE OTHOLLEHNWA, B KOTOPbLIX COCTOAT 3TU 3NNEMEHTbI.

Monb3oBaTenb [O/KEH ONPedennTb NS KaKAOro MCMOMb3yeMoro MM OTHOLIEHMS, K Kakoii rpynne OHO
OTHOCWTCA. B OHTOMOMMM npofaBua Takas npo6niema He BO3HMKAET B CBA3N C TEM, YTO MCNO/b3yeTcs
e[JMHCTBEHHOE NepapXYECKOe OTHOLLEHNE.

KoathchuumenTl, onpedensiollye BeC pasnuHbiX (hakTopoB, 3aBUCST OT cneuudmku MpO u onpefenstoTes
nonb3oBatesnem. B Hanbonee npocToM Ciyuae UChosb3yeTcst TOMbKO NepBbIii hakTop.
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MporpaMmHasi peann3aums

B cucTeme e-koMMepUMU BbILENSIOTCA TPU B3aUMOCBSA3aHHbIE NOACUCTEMbI: TOPrOB/S, yNpaB/ieHne Ananorom u
MoVCK TOBApOB Ha OCHOBE OHTO/IOMMIA. B TOProBoii mogcucTEMe MOryT ObiTh areHTbl TOBAPOB W 3aKa30B, a TaKkKe
areHTbl NPOAABLIOB M NOKynaTenei, cknaga, nocTaBLUMKOB U T.4. AreHTbl TOBapOB 1 3aka30B BEAyT NEPErosopbi
CO CTpaTermsmu CKMAOK AN MOCTOSHHBIX MOKynaTenei, CKMAOK 3a ONTOBYK MOKYMKY, CKMAOK MO COCTOSHWIO
KOHKYPEHTOB, CKWAOK MO 3aToBapuBaHM0 cknaga W gp. [py 3TOM HECKONMbKO areHToB MoKynaTteneil
(MOTeHUMaNbHbIX KOHKYPEHTOB) MOTYT 06beANHUTL CBOM 3aKasbl A5 NOMyYeHUs 60MbLUET CKMaKW, T.e. NepeiTn
OT KOHKYPEHLMM K Koonepauuu. B moacucteme e ynpaBneHUs Auanora HyXHO €03AaTb CUCTEMY Bblfaun
pe3ynbTaToB NEPErOBOPOB areHToB. MoAcKUCTEMA OHTONOMM 0BecneunBaeT BbICTPLIA NOUCK B pacnpeaenieHHoN
cpefe peneBaHTHOrO ToBapa A5 nokynarens.

£ Clagent Marketplace Application - B nponeci =13
@ Mepeman Mokyny  Mposaed  Oonomora

(IEIE R

EPEHATIPAEIEHHA Cell NOELOOMIEHHA E10 HUYEr 00 Seller ‘I
2Y¥NKHES :
amgeno Jeller 3 druns cOlBEHOTH
CYHCTHTH EROMeHOOEaHO Seller mma Buyer 3 guitar

EpEHANPAENSHT a3k MoBELOOMIeHHA EID Buyer mo Zeller

By
2T promrrne e PEHANIPARNIeHHL hake-offer NosiOommeHEd E1D Seller mo B

il‘Incepemn-m: IepeHANpasnemd nake-offer nmosimomneHss Binm Buyer mo 3el
il‘Incepemnm: OepeHATPAERIeE accept-offer morimommerma &im Seller mo
ianepe.n:HJum: TepeHATPAETeHHd Lell mosimommenss Einm Buyer mo Seller
E1'I|:|c:|21:|E,l:l;[-l:ruf_m: EMOamacro Seller s guitar CoimeHOTH

v
4 (I
ENekTROHHMA PHHD)
!Seller: Mponozmiid einm Buyer: smicT rarwdt quitar Sellerd 175 -:-l
[Buyer RYTIME 3 WTYVR Za 650
[Buyer mymE 3 wTyR 3a 650
[Buyer mymE 3 wTyR 3a 650
ESeller mac 0 wryr Ha CRIAOi.
lseller sapobue 650.
!Buyer KYIME 3 WTYK zZa 650 J
I .
Ll | o

Puc. 3 OKHO BeleHWs NeperoBopoB Mex/y TOProBLEM M NOKynaTenem Yepes nocpesHuka

Ha ocHoee aHanu3a cyulecTtsyloumx MAC e-kommepuun [5-9] Mbl cdopmynupoBany  TpeboBaHus K

MporpamMHoI peann3awnu:

1. Ob6ecneyeHne NnepeHoCcUMOCTM Kofa Ha pasnmnunble nnatgopmsl (UNIX, LINUX, Windows).

2. [loctynHocTb Apyrux nnatopm B ceTu. IT0 TpeboBaHWe SBASETCA NMPOAO/DKEHNEM MNpeLblayLiero.
MoO6uWbHbIE areHTbl JOMKHbI OCYLLECTB/IATL CBOKO PabOTY B reTEPOreHHO! KOMMbIOTEPHON Cpege.

3. Topmepxka CeTeBOr0 B3auMMOLelcTBUA. [loMAMO — onepauuid, HenocpeACTBEHHO CBSA3AHHBLIX C
rnepeMeLLeHreM Mexay areHTCKUMI CepBepamu, areHT Jo/mkeH 061afarb CpeacTBamut 41 KOMMYHVUKaLMm
C ApyrMMn areHtamu 1 AocTyna K yAaneHHbIM pecypcam. M03ToMy NOAAEpXKKA CETEBbIX YCNYr AO/MKHA
BK/t0YaTb B CE0A LUIMPOKMIA CekTp Bo3MoxHocTel (cnyx6a umeH, RPC, OLE, CORBA, RMI n 1.4.).

4.  MHoronoToyHass ob6paboTka. [ns peanusauui OJHOBPEMEHHOMO BbINOMHEHUS HECKOMbKNX AEACTBUIA
areHTckas cuctema Jo/KHa BKIoYaTh B Ce65 NOALEPXKY NapannesibHOro BbiNOMHEHNS (DYHKLWIA areHTa n
NOAAEPXKKY CPEACTB CUHXPOHM3ALMN.

5. BesonacHocTb. Mo6WU/bHbIE areHTbl, NPUXOAALLME U3 CETU, MOTYT COAepXaTb MOTEHUMaIbHO ONacHbIi,
BPELOHOCHBIA KOZ. Mo3aToMy cucTeMa LOo/mKHA NOAAepXnBaTh cpeacTea 6e30nacHoCTH, [OCTaTouHbIe 418
ee HopMasbHON paboTbl.

[na paspabotkn nornyeckon mogenn MAC ucnonb3osasncs a3blk UML. Ctpyktypa MAC BktoyaeT: Modynb

WHTepdeiica; MoAyNb (PYHKUMA ANs B3aMMOAENCTBUS C Nofb3oBatenemM (06paboTunk COGbITHIA); rNaBHbIN
Mogynb MAC — moaynb KOOpAvHaUMM 1 ynpaBfieHust (B COOTBETCTBAM C MOCTABMEHHON 3afayeil) u MOAY/b
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OHTONOTMIA ANa paboTbl C AaHHbIMM (COPTMPOBKA, (IUNbTPALMS, NOUCK U T.4.); MOAY/b BO3BpaTa pe3y/bTaToB
nonb3oBartento (B Buae log-thaiina - coobLLeHuin Ha MHTepdIeiic Nonb3oBaTens).

Ha ocHoBe Java pa3spa6otaH FacilitatorAgent (areHT-nocpeaHuk), KOTOPbINA YNPaBASET PbIHKOM, a TaKXe areHTbl
BuyerAgents (arenTbl-nokynaresnu) un SellerAgents (areHTbi-npogasLipl), UCNO/b3yeMble AN B3aMMOLENCTBUSA
BHYTPW 3TOr0 pblHKA. BCe 3T WHTENNeKTyaslbHble areHTbl nosyyeHbl u3 6azosoro knacca ClAgent, koTopblid
[eTasibHO onucaH B [14]. AreHTbl keHTa 1 NPoAaBLa pasinyaroTcs, Npexzae BCero, C/IOKHOCTBIO UX CTpaTerui
neperoBopoB. [eperoBopbl HauMHAKTCSA C NpocToii norvkn (B TepmuHax if-then-else), a 3atem nepexogsT k
MeTodam (hopMMpoBaHus Npasws, KOTOpPbIe 6a3npyTCs Ha NPUOBPETEHHBIX (hakTax.

A3blk KQML KOHKpeTusupyeT opmar 1 cofepxaHue B3aMMOAEHCTBUN Mexay NpoAaBLOM U MoKynatesiem.
Mpoueaypa BuySellMessages onucbiBaeT neperoBopbl Mexay NpoAaBLOM W NOKynaTesieM B NPOLEcce Caenku
Ha pblHKe. Tokynatenb ¥ npojasel, HUKOr4a He O6LLAtTCA HEnoCPeACTBEHHO, & WCMONb3YKT ANs 3T0ro
FacilitatorAgent (koTOporo MHoraa HasblBalT areHTOM Opokepa) kak nocpefHWka B Meperosopax 0 kynne-
npogaxe. MeHemxep kommyHukaunin (BaySelMessage) cogepxut B cebe co0bLLEHNS, KOTOPbIE AO/MKHbI ObITh
nocnaHbl ApyriM areHtam, NpejcTaB/ieHHble Ha A3blke KOMMYHUKauWid ¢ npummutBamu Ha s3bike KQML:
00paTUTHCA C NPOCLOON, MPUHATb, OTBEPTHY Th, U3MEHUTb, NPELIOXUTb, NPOUH(POPMIPOBATb, 3ANPOCUTb
[aHHble, 0TKa3aTbCA W NOATBEPANTL. Ha puc.3 npescrtasneHo okHo MAC, npefHasHaueHHoe A1 BeAeHUs
NeperoBopoOB MeX 1y TOPrOBLEM W NOKynaTeneM B NPOLecce NpoLeayps! Kynau-npogaxm.

3akntoueHune

MpencTaBnseTcs LenecoobpasHbiM 1CNo/b30BaTh OHTOMOMMYECKOe NPEACTAB/EHUE 3HAHWIA B 3MEKTPOHHON
KOMMepLUMM N5 aBTOMATU3aLMM YCTAHOB/IEHUS 0BLLEro cnoBapst Ans nokynateneii 1 npoaasLoB. MpuMeHeHe
CTaHAapPTHbIX (DOPMATOB A1 MpeACTaB/eHNs OHTONMOTMIA 0GecneunBaeT WX MHTeponepabenbHOCTb U
BO3MOXHOCTb WX MOBTOPHOTO UCMO/b30BaHIS A1 PELLEHUs APpYruX 3adau.

Mpe/noXeHHbIA B CTaTbe NOAXO0[, 3HAUUTENLHO MOBLICUT PENEBAHTHOCTbL NOMCKA U MO3BONT HaiiTh Hanbonee
BbIFOAHbIE 11 COOTBETCTBYHLLME MOTPEBHOCTAM MOMb30BATENS MPEANOKEHN NPoAaBLOB. Kpome Toro, aTo
CTUMYNMPYET y NPO/ABLIOB CO3/jaHNe ONMMCaHNIA X TOBAPOB Ha CEMAHTUUYECKOM YPOBHE, YTO Camo o ceGe - eLlie
OVH Lar no NpeoGpasoBaHito VIHTEPHET B rioGasibHyto pacnpeaeneHHyto b3.

Peanu3oBaH anroputM CpaBHEHUS OHTOMOTMIA MOKynaTeneid C OHTO/IOTUAMU  3NEKTPOHHLIX MarasvHoB
(TakcoHomuil). PaspabotaHa MAC ans e-koMMepLmu, UCMonb3ytoLas OHTONOMMK Ans noucka MHhopMaumn B
pacnpefenenHoit cpefie. Moaynb npuHATUA pelerns B MAC NOCTPOEH C UCMO/Ib30BAHUEM TEOPUM HEYETKUX
MHOXECTB (COYETAHWE YMCMIOBOTO W JIMHTBUCTMYECKOTO MOAXO0A0B). ANTOPUTM MPUHATUS PELUEHWS MO3BOMNUN
BbIAENNTb TPK TPYNMbl areHTOB B CUCTEME MO YPOBHIO UX “UHTENNEKTYaIbHOCTN,

OnwcaH NpOTOKON NeperoBopoB CObITa, KOTOPbI NpeaocTaBnseT 6osee WHPOKME BOMOXHOCTY KOHTPONS Haf,
MpoLLeccoM Npofaxiu. Kak 1 B Apyrix 061acTsix, B e-KOMMEpLW MoBbilLeHNEe 3(EKTUBHOCTI HENOCPEACTBEHHO
CBSI3aHO C UCNO/b30BAHNEM 3HaHWUI W UX NHTEPONEePa6eNbHOCTLH.

MpeacTaBneHHass MAC MOXET 1CMONb30BATLCS Kak /1St MOZIENIMPOBAHIS CUTYALIMIA, CBA3AHHBIX C PbIHKOM, TaK 1
NS pa3paboTkN TOTOBOTO MPOrPaMMHOr0 MPOAYKTA He TOMbKO Ans e-KOMMEPLWM, HO W ANnst Apyrux 6uUsHec-
NPUIOXEHWIA, HaNpUMep, ANst ANIEKTPOHHOTO 0KYMEHTO060POTa B KOPMOPATMBHBIX CUCTEMAX.

MepcnekTUBbI fa/ibHEMLLMX UCCNEA0BaHNI

YnopsgoueHne OHTO/OMUA 04eHb BaXkHO B KOHTeKCTe Semantic Web. Semantic Web npegoctasut Ham 6onbLuoe
KOSIMYECTBO CBOBOAHO AOCTYMHBIX OHTOMOMNA, CNeuntnyYecknx A1 pasHbiX AOMEHOB. UTO6LI chopMupoBaTh
peaslbHyl0 CEMaHTUYECKyl) CeTb, KOTOpasi MO3BOAMT KOMMbOTEpPAM KOMOMHWMPOBATb M BbIBOAUTL HESBHOE
3HaHWe, 3TV OTAENbHbIE OHTONOTUN A0MKHBI ObITb YNOPSAOYEHDI 11 CBSA3AHbI.

dopmupoBaHNe OHTONOTMM - TPyAHas 3afava, kotopas TpebyeT yraybneHHOTrO 3HaHWst [JOMeHa W, B
OONMBLIMHCTBE C/ly4YaeB, CneLnanbHbIX HAaBbIKOB 13 061ACTW MHXEHEHEPUN 3HAHMWIA. NS TOTO, YTOObI 06NErYNTb
NPOLECC KOHCTPYMPOBaHWSI OHTOMOMAN, HEeobxoauMmo paspabaTbiBaTb METOLOMOMN, KOTOpble NO03BOASAT
aBTOMATN3NPOBATh M3B/IEYEHME CTPYKTYPUPOBAHHOTO 3HAHWIA NOMb30BaTENe 06 06MaCTI UX UHTEPECOB.

Ele ogHM BaXHbIM HanpaBneHUeM [N1s AaibHellnx uccnefoBaHuin npeActaBnsieTcs paspaboTka 6onee
BblpasuTe/bHbIX CPE/ACTB NPEACTABIEHINS OHTO/OMI — KaK A3bIKOB, Tak 1 MPOrPaMMHOT0 06ecrneyeHs.
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IMPLEMENTING SIMULATION MODULES AS GENERIC COMPONENTS

Anton Kolotaev

Abstract: In this paper generic programming techniques applicability to build simulation models library is
discussed. Policy-based design is proposed for implementation simple simulation modules.

Keywords: generic programming, library design, discrete-event simulation, policy-based design.

Introduction

Modular decomposition of a simulation model into a set of interacting components is generally accepted method
and has a long history. Advantages of modular approach are well known. First of all, it allows reflecting the
structure of a model being simulated into the simulation program code that undoubtedly helps in the program
comprehension and makes its maintenance easier. Secondly, the approach gives opportunity for using a module
as a building block for many simulations that is for module reuse. It greatly reduces new simulation models
development and debugging costs. The more complex a model constructed the more evident modular approach
advantages become.

One of the most widely used languages to develop simulations of large and complex systems (such as
telecommunication systems) is C++. This is due to flexibility and efficiency of the language.
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One who develops a simulation program in C++ can use all power of the general-purpose programming language
with its highly developed machinery to build abstractions that proves to be very useful when dealing with complex
data structures and non-trivial algorithms that arise in complex systems simulations.

C++ programming language allows creating highly expressive programs which executables are efficient as
analogous programs written in lower level languages. When using C++ one can minimize penalty due to
introducing abstractions and writing the program on a higher level that is to eliminate abstraction penalty.
Execution slow down is acceptable in case it takes several seconds and efficiency could be sacrificed to easier
model development. Simulations of large telecommunication systems may take hours of execution and a tool that
introduces no abstraction penalty is very relevant to simulating large systems.

General-purpose languages (including C++) don't offer any ready components to build simulation programs. A
platform providing simulation modules coordination have to implemented as well as auxiliary components that are
often used when building simulations (for instance, various random number generators with certain
distribution laws).

Simulation libraries provide frameworks and auxiliary components to build simulations. Some libraries are
delivered together with simulation model libraries for certain domains, e.g. ns-2 simulator [1] is delivered with
large number components that simulate network routers and links. Several libraries come with tools that help in
conducting simulation experiments. For example, OMNeT++ [2] contains graphical module editor GNED, running
the simulation environment Tkenv, Plove for analyzing simulation results etc.

To design a good library is more challenging task than to design a single application. One of the hardest tasks is
to design a library so that it could evolve without making to modify a code that uses the library.

A simulation model library should possess provide interoperable, customizable components. Invalid component
parameter combinations as well as composing components which interaction is not permitted should be detected
as soon as possible (it is advisable to detect and localize such situations before simulation execution).

Simulation model library should be open for interaction with libraries in other domains (e.g. one may need graph
library to deal with network topology; modern random number generators are made as standalone libraries, e.g.
Boost.Random [3]).

Extensibility is an important feature of a simulation library. The library user has to be given an opportunity to create
own simulation model components easily. Such components should be interoperable as native for the library ones.

The main method to achieve these qualities is abstracting a component that could describe in simplified form as a
factoring any non-relevant points as the component's parameters. Binding with the parameters various values, we
can achieve different behaviors of the component. In object-oriented languages, the main way of such
parameterization is applying dynamic polymorphism, which is often presented by virtual functions language feature.

Unfortunately, such parameterization by OOP methods can be performed only to a certain extent, when virtual
function usage overhead becomes unacceptable high. The main impact on performance lies in compilers’ inability
to inline the virtual function body into the invocation point that prohibits many optimizations around the invocation
point. In addition to the loss of performance type safety may be damaged (non-typed containers in Java and C# is
illustrating example) and many checks that could have been performed at compile-time cannot be performed until
run-time. Bounded dynamic polymorphism requires classes which to be used as parameters to be inherited from
some base classes (so called intrusive, or invasive polymorphism) that reduces the components’ adaptability (we
may mention primitive types boxing/unboxing in Java and C#).

The issues stated could be solved if parameters’ binding is made at compile-time, so called static polymorphism,
which is supported in C++ language by very powerful template machinery.

Since language means providing static polymorphism differ from ones providing dynamic polymorphism by
abstractions construction properties, design with static polymorphism requires following to principles that differ
from OOP principles. Such principles are studied in the field of generic programming.

According to [4], Generic programming is a sub-discipline of computer science that deals with finding abstract
representations of efficient algorithms, data structures, and other software concepts, and with their systematic
organization. The goal of generic programming is to express algorithms and data structures in a broadly
adaptable, interoperable form that allows their direct use in software construction.

There are some domains for which generic programming libraries are developed and widely used: linear data
structures (dynamic array, list, deque, balanced tree) and algorithms on them — STL, algorithms and data
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structures for computational geometry — CGAL (Computational Geometry Algorithm Library) [5], graphs — BGL
(Boost Graph Library), matrices — MTL, GMCL (Generative Matrix Computational Library), arrays for numerical
computing — blitz++, iterative numeric methods — ITL++ etc.

OMNeT++ library design makes clear-cut distinction between simple and compound modules in simulation
models library. Simple modules contain the algorithms in the model. All model behaviors are a composition of
simple modules’ behavior. Compound modules govern such composition. They are composed of other modules
(it doesn’t matter whether they are simple or compound) and are to bind aggregated modules parameters and
input and output ports. The valuable idea is that all behavioral aspects of a model are contained in simple
modules while all combinatorial aspects are contained in compound modules.

In this paper generic programming techniques to implement, simple modules are discussed. For this purpose, we
will consider applicability of policy-based design described in [6] in depth.

We are aimed to achieve the following design goals:
1. Simple module should be as stable to changes in simulation library architecture as possible.

2. Models composed from library modules should not be less effective in terms of execution time and
memory consumed than monolithic models.

3. Simulation modules should be very customizable and allow every reasonable customization.

The techniques to be described are used telecommunication systems simulation library Tksym developed by the
author for comparative analysis of various routing algorithms.

Language Features to Capture Variability

Firstly, we should select appropriate language mechanism to capture variability of simple modules. For
throughout discussion of concepts about variability in software the reader is referred to [4].

Object-oriented programming offers two design patterns to capture behavioral variability namely Strategy and
Template Method design patterns [7].

Let's assume that we have component C with variable features f;, .. fv. When using Strategy design pattern each
feature f; will be presented in C by a pointer to abstract base class F1. During run-time, the user binds the pointer
with concrete strategy object. When N is quite big there is memory overhead to store N pointers. On the other
hand, the user needs not to define new classes he/she only configures at run-time the component.

When using Template Method class C has virtual functions F4, Fy for each variable feature. The users bind the
component with certain set of concrete features by defining a class that inherits from C and implements member
functions F4 Fx. In this case, memory overhead is fixed — storing virtual functions table pointer per class object.
User has to implement a new class each time he/she needs to instantiate C with new feature combination.
Without templates, it is very painful task.

When we move from virtual functions to class templates more variability schemes arise.

We may parameterize C by N template parameters F Fn. There are several strategies to access from C to
concrete features. Firstly, concrete features may be implemented as static member functions in F;. There is no
time or memory overhead but this approach doesn't allow associating some state with concrete features.
Alternative approach is to aggregate in C concrete feature objects of type Fi. Features may be accessed as
ordinary member functions. Such approach has the following disadvantage: some memory is needed to store
each object even it has zero size. The disadvantage can be avoided by inheriting class C from features Fy Fy. If
the compiler used supports Empty Base Class Optimization (EBCO), empty base classes will contribute no
memory overhead to class C. This resembles Strategy design pattern except it is done at compile-time.

Instead of parametrizing C by N parameters we may aggregate them as nested types to a single type which will
be the parameter of C.

We may parameterize C by a class derived from it. It is called curiously recurring template. Features are
accessed from C by casting this pointer to derived class. It is very helpful technique in many cases. Suppose
there are set of elementary functionalities E = { e, . en } and there are set of concrete classes C = {Cs, . Cu }
and a concrete class Fi has functionality obtained by combining some subset of elementary features.
An elementary feature embedded in concrete component might want to have access to other elementary features
that constitutes the component. Curiously, recurring template trick is elegant solution to this design problem.
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Unfortunately, it is not advisable to apply it to simulation module construction (it was the main method for
combining elementary functionality in earlier versions of Tksym). Elementary functionality assume existence
certain member functions in derived class that restricts the method scalability (Function member name collisions
may appear as the concrete component is getting more complex and consisting more and more base classes. To
solve such collisions the user has to introduce complicated class hierarchy that greatly reduces the program
understanding).

Policy-based design is chosen to implement simple modules in Tksym.

Implementing Simple Server Module in Policy-based Design

Let’s consider policy-based implementation of simple server s that behaves according the following algorithm.

When an entity e arrives into s, check that s is free is performed. If s is busy then e is stored in a queue g
associated with s. If sis in idle state, s starts processing e for some time f(e). After the processing has complete,
e is to be sent further and s asks q is there are any entities to process. If g contains such an entity it is extracted
from ¢ and is sent for processing to s. If q is empty s returns to idle state.

template
<
class Base,
class World,
class Queue,
class ProcessingTime,
class Sink,
class Events
>
struct Server : Base, World, Queue, ProcessingTime, Sink, Events

{
typedef Base::Entity Entity;
using Queue::queue;
using Events::events;
// input port of the module where it receives messages from other modules
void process (Entity e)
if (being_sent) // if the server in busy state
queue()->push(e); // store e in queue
else // else
startProcessing(e); // start processing it
3
// external clients may want to know state of the server
Entity const & beingSent() const { return beingSent_; }
private:
void startProcessing(Entity e)
{
// evaluate time t to process e
// and schedule to call “release” after t seconds
World: :schedule(ProcessingTime: :get(e),
boost: :bind(&ResourceEx: :release, this));
// go to busy state
being_sent_ = e;
// notify event listeners processing of e has started
events()->0OnStartProcessing(e);
3
void release()
{

// place entity has been processed to output port
Sink: :process(being_sent_);

// notify event listeners that processing of e has finished
events()->0nStopProcessing(being_sent_);

// go to idle state

being_sent_ = 0;

// if there are any entities to process
if ("queue(Q)->empty())
{
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// start processing of the first one
startProcessing(queue()->top());

// remove it from the queue
queue(Q->pop();

}

private:
Entity being_sent_;
}:

At the first place, It is to be noted that template version of Server requires much less from the component's
parameters than if it were designed with virtual functions. Virtual function usage requires exact matching of the
functions’ signatures. Template requires from parameters to have members that have parameters list that can be
matched to call arguments (that is broader since it includes, for instance, type conversions).

For example, the requirement on parameter Base is to contain inner type Entity. Type Entity must have default
constructor, copy constructor and cast operator to a type that can be condition in is-statement. An entity
constructed by default designates empty entity and serves to indicate idle state of the server.

There are syntactic and semantic requirements. If syntactic requirements are violated a compile-time error is
reported. Semantic requirement violation may be detected only at run-time by assertions, pre- and post-
conditions checking.

Let’s discuss some features of the policy-based design.

A component is derived from a set of policies that are template parameters. If policy has several member
functions they are composed into single class (see, for example Queue and Events policies). It helps to
implement policy classes, which delegate their functionality to other classes.

Each of the class parameters can be implemented in different ways.

For example, class Server can operate with different queues. They may differ by queuing discipline: simple
queues with principles first come - first served (FCFS_QueueHolder) or first come - last served
(FCLS_QueueHolder), priority queues for which comparison criteria is to be provided (PriorityQueueHolder).

template <class QueueStorage>
struct QueueHolder

{
typedef QueueStorage queue_type;
queue_type const & queue() const { return queue_; }
queue_type & queue() { return queue_; }
private:
queue_type queue_;
}:

template <class Entity>
struct FCFS_QueueHolder : QueueHolder <std::queue<Entity> >

{3

template <class Enity>
struct FCLS_QueueHolder : QueueHolder <std::stack<Entity> >

{:

template <class Entity, class ComparisionCriteria>
struct PriorityQueueHolder :
QueueHolder<std: :priority_queue<Entity, ComparisionCriteria > >

4

Server may use exclusive queue (classes that make use of QueueHolder) or shared queue (QueuelnDerived or
Queuelndirect).

// We assume that Derived has member function QueueType & getQueue()
// and QueuelnDerived is base (perhaps, indirect) for Derived
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template <class QueueType, class Derived>
struct QueuelnDerived

{
typedef QueueType queue_type;
queue_type const & queue() const
{ return static_cast<Derived const *>(this)->getQueue(); }
queue_type & queue()
{ return static_cast<Derived *>(this)->getQueue(); }
}:

// accessing a queue placed somewhere else
template <class QueueType, class Holder>
struct Queuelndirect

{
typedef QueueType queue_type;
void setHolder(Holder * h) { holder_ = h; }
queue_type const & queue() const { return holder_->queue(); }
queue_type & queue() { return holder_->queue(); }
private:
Holder * holder_;
}:

Note, since Queue should expose only queue() method there is no need to implement 4 queue_type members
(push, pop, top, empty) in every delegating queue.

A queue may have infinite or limited capacity. In case of limited capacity, several strategies are possible when an
entity is being inserted into a full queue: to ignore the entity, to replace another entity, to move the entity to
special handler. Each of the options can be easily implemented as a strategy class.

Conclusion

We have discussed simple module implementation using policy-based design. We have made server class highly
customizable without sacrifying its efficiency. We have minimized the module’s dependency from simulation
platform (The only call to the simulation kernel is World::schedule with nullary callable entity as second
argument). A question that remains open is how to compose together different modules, or in OMNeT++
classification how to create compound modules. It requires some kind of metaprogramming: static
metaprogramming in C++ or writing special generator or even dedicated CASE tool that supports generic
components description. We suggest that compound modules should be binders — metafunctions that bind
several parameters with concrete values leaving the rest ones free. Currently in Tksym is being used manual
component configuration that looks very awkward and ways to implement compound elegantly are
being searched.
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MCNONb30BAHWNE SEMANTIC WEB TEXHONIOT N
MPUN AHHOTVPOBAHUI NMPOIPAMMHBIX KOMMOHEHTOB
Muxann PoumH, Anna 3a6oneeBa-30ToBa, Banepuii Kamaes

Abstract: B jaHHOi CTaTbe ONUCbIBAETCSA MPUHLANMATBHO HOBbIA NOAXOA NPY aHHOTUPOBAHUM KOMMOHEHT OB
C UCMO/b30BaHNEM IOrNYECKOro hopmani3ma.

Keywords: Semantic Web, KOMNOHEH T bl, MOAENMPOBAHME, CEMaHTKa, I0r1YeCKIiA (hopMasT3M.

Bctynnenne

Llenb Hawei nccnefoBatenbckoin paboTbl 3aK14aeTcs B COAEACTBUM CO3AaHNs NPOrpaMMHOr0 06ecneyeHus ¢
NCMONb30BAHWEM 3apaHee CO3[aHHbIX KOMMOHEHTOB, MPEAOCTAaB/AS CEMAHTMYECKU MOMHOE OMMCaHWe 3TUX
KOMMNOHEHTOB, COBMECTHO C METOAaMi W TEXHWYECKAMM NpUeMamit 415 ynpaBieHus U MaHUnynsuun umu,
BHeApAs Semantic Web TexHonorun B Tak HasblBaemyl CTPYKTYpy aHHOTMpOBaHUS (KoTopas SBAseTcs
YHWBEPCA/bHOM NPOrpamMMHOIA CMCTEMON, NPeAOCTaBNSIOLIEA CEMAHTUYECKOEe OnUCaHWe KOMMOHEHTOB MO
OTKPbITBIM TMOKAM 1 LEHTPa/IN30BaHHbIM MpUHLMNAM, afanTMpOBaHHbIM K CTaHAapTaM CUCTEMHbIX PeLLEHWiA).
Mpwn 3TOM CTPYKTYpa aHHOTMPOBAHUS NPUOBPETET HOBbIE CBOICTBA W TEXHUYECKE BO3MOXHOCTW /151 NYULLETO
pPeLleHns 3afay /lorMyeckoro BbiBOA4A (Hanpumep, NpoBepka Ha HEMpOTMBOPEUMBOCTb MH(hOpMaLum), AN
aBTOMaTM3aumy MPOLECCOB M3BMEYEHMS! 3HAHMIA Ha OCHOBE COAEPXaHUs OMMUCaHusi, AN 06ecneyeHms
aBTOMATM3MPOBAHHOIO MOMCKA M KOHCTPYMPOBAHMN CNOXHbIX 3aNPOCOB, a TakKe A8 peannsaumn MexaHmsma
No/y4YeHNs NHOPMALN 11 €€ UHTEPNPETALMM C PA3/INYHBIX TOUEK 3PEHUS.

OCHOBHas YacTb

B HacTosiLiee Bpemsi, KOMNOHEHTbI U UX UCMOMb30BaHNe ABNSIOTCA K14EeBOi Npobnemoii B 061acTv co3aaHns
nporpaMMHoro  o6ecneyeHnsi. CUCTEMbI, OCHOBaHHble Ha KOMMOHEHTaX, NIerko MOAATCA MOHUMaHWIO,
NOCTPOEHUI, CUCTEMHOI pa3bopke, B OT/INUMM OT MOHONUTHBIX cucTeM. CBA3ytoLLmMe TexHonoruu (middleware),
accoynmpytowmecs ¢ komnoHeHtamu (CORBA, COM, JavaBeans, 1 7.4.), 06ecneynBatoT cTaHAapTU3npoBaHHble
HE3aBUCUMbIE PELUEHMS [N  B3aMMOCBSA3N  KOMMOHEHTOB, CMOCOOCTBYS! MPUOMKEHMO  MPOTPaMMHOTO
obecreyeHnss Kk craHgapTam plug-and-play u nydwemy nOBTOPHOMY NEPEUCrONb30BaHMI0 OTHOCUTESIBHO
CUCTEMHbIX PELUEHNA. Kpome Toro, aTi TEXHOMOTM NpefiaratoT Takue MOAENM KOMMOHEHTOB, KOTOPble YEeTKO
COOTBETCTBYKT PELIEHNIO NPO6aEMbI pa3BUTUS CUCTEMbI. B pesynbTate, Nepeuncnonb3oBaHe KOMMOHEHTOB
npuobpeTaeT BCe 6OMbLUYK NONYASPHOCTL B Pa3INYHbIX NPOEKTax.

Ha paHHux 3Tanax nepeucnosib3oBaH1i0 KOMMOHEHTOB MPUAABANIOCh YpPE3MEPHOE BHUMAHWE, HO NOAXOZ Obln
C/MLWKOM ynpoLueHHbIM. Celfyac, cepa NpakTMYecKoro MpUMEHEHUS W Cxema MOBTOPHOTO WCMO/b30BaHus,
MPUHATbIE B 06718CTU TEXHOMOTMU CUCTEMHBIX PELUEHW (C COOTBETCTBYIOWMMMU CPEACTBAMM WU MeToAamu
noAAepxkn cosganna M0), AenatT NOBTOPHOE UCMO/b30BAHNE KOMMOHEHTOB W Pa3BUTIE CUCTEMHbIX PELLEHUI
[0CTATO4HO 3PEKTUBHLIM. [pOBEAEHHbIA aHas3 MOATBEPXAAET, YTO OCHOBOW 3TOr0 ycnexa SABMSeTC
COOTBETCTBYIOLLEE OMUCAHME CEMAHTUYECKON WHKOPMALMN O KOMMOHEHTE (Hanpumep, (yHKLMOHANbHbIE W
He(hyHKLMOHaNbHbIE CBOWCTBA KOMMOHEHTA, €r0 MOBEAEHWE, BPEMEHHble TpeboBaHUA W  OrpaHU4YeHus,
Heobxo4umoe 06C/yXMBaHWe 1 T.1.).

CTaHfapTHas CTPYKTypa aHHOTUPOBaHWS SIBNSETCH YHUBEPCAIbHO NPOrpaMMHON  CUCTEMON, koTopas
NO3BO/SIET ONUCHIBATL KOMMOHEHTBI (CO3/aBaTb aHHOTALWM, aHHOTMPOBATb) W WHTEpPMENiCl, KaK OTAENbHbIX
KOMNOHEHTOB, Tak 1 MX rpynn. AHHOTALMKU MOTYT ObITb NPEACTaBNEHbI HA MPOTSKEHUM BCeX (ha3 KM3HEHHbIX
LIMK/I0B KOMNOHEHTOB — OT NpeAbsBNEHUs TPEOOBAHWIA K AN3aiiHy 1 ero paspaboTke [0 MapKETUHIOBBIX LUAroB 1
BHEZpeHUs. [Ns TOro, yTobbl YNpOCTUTL MPOLECC aHHOTAUMM W 06eCneunTb afiekBaTHOCTb €e COAepXaHus,
aHHOTaUMs MpedocTaBNseTcs Ha OCHOBE Mofenn. Mofenb aHHOTauMK OnpedensioTcsl COOTBETCTBYHOLLEN
MPOEKTHOI rpynnoii. Korga Tun onucaHus OnpejenieH, HeobXOAMMO OnpedenuTb (hOpMy, COLEPXaHue U
CEMaHTWKy NOHATUA, NCNO/b3YeMbIX B aHHOTALMM. AHHOTALMK UCMOMb3YIOTCS B Pa3BUTAM 061ACTU CUCTEMHBIX
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PELUEHUiA, YTOBbI BbIAENUTL HauGonee NOAXOAAWMX KaHAMAATOB CPeau KOMMOHEHTOB A1 BK/KOYEHUS UX B
paspabaTbiBaeMyi0 CUCTEMbl, @ OHM B CBOKW Ouvepedb COAepXaT WHKOPMALMIo HeobXoaumylo ANs WX
WHTETPUPOBAHWS. AHHOTAUMM MOTYT TaKke C/lyXuTb CPEACTBOM [OCTUXEHMS| aBTOMATWU3MPOBAHHOIO
KOHCMrypUPOBaHMS CUCTEMDI.

MapannenbHo C AUCKYCCUAMU O MOBTOPHOM MCMO/Ib30BaHWM MPOrPaMMHOr0 KOZa U PasBUTUM KOMMOHEHTHO-
OPWEHTMPOBAHHOTO MOAX0AA, AEMOHCTPUPYHLLME HEOBXOANMOCTb CEMAaHTUYECKOro OnMcaHusi KOMMOHEHTOB,
Semantic Web TexHonorun nonyuunu ceoe passutie B Internet. Semantic Web o3HauyaeT accouumpoBaHue
CEMaHTUKM C web uHpopmaumeii, KOTOpYld B CBOW O4Yepefb MOXHO WCMOMb30BaTh A1 Pas3BUTUA
WHTENNEKTYaIbHOTO NMPOrpamMMHOro obecneyeHns, cobuparoLLero MHopMaLmMio U3 Pas/iMuHbIX He3aBUCUMbIX
NCTOYHWKOB B Internet n aBTOMATMUECKN MHTETPUPYIOLLETO 3Ty WHOPMALMI0, HECMOTPSA Ha TO, YTO 3HAuYeHue
3TOiA MHEOpPMALN B 3aBUCUMOCTI OT MECTOPACTOIOKEHNS U TPYNN NOMb30BaTENEe MOXET ObITb NPeACTaBNEHO
no pasHOMy, 4TO 3apaHee He oroBapusaetcd. OCHOBHaA Lenb Semantic Web 3akniouyaeTcs B onucaHuu
Pa3/IMYHbIX CNeLMpUYecknx 061acTeid 3HaHUiA C MOMOLLLK OHTONIOMIA, APYTUMU COBAMW NONYYEHUE 3HaHWIA 1
XapakTepucTuka 061acTi cneuntuyeckux OTHOLEHUA W npaswun. TlocnesHUM CTaH4ApToOM A1 OnMUcaHWs
oHTONOrMA, NpeanoxeHHoiM W3C, sBnsetcs asblk onucaHus web oHtonornii OWL (Web Ontology Language),
KOTOpbIii OCHOBaH Ha cuHTakcuce XML. OWL 6asupyetcs Ha norudveckom cpopmannsme Description Logics
(Norvka OnucaHwit), KOTOPbLIA NpefHasHa4YeH 1S ONUcaHWA NpaBusf, NMPUMEHSIEMbIX 41 Pa3/INyHbIX 3agay
nornyeckoro BbiBofa. Maes Semantic Web obecneuvsaer Hawnydume pesy/btarthl, KOrAa pedyb WAET 0
CpaBHEHUN U COOTHECEHUWM MH(OPMALMU W3 Pa3/INYHbIX MCTOYHWKOB, B OT/IMYMW OT MPOCTOTO Moucka Mo
K/I04EBbIM C/I0BaM, KOTOPbIV TEPSET BCAKMIA CMbIC/ Tam, rae 06beM MHOpMaLLMK pacTeT 3KCNOHeHLMabHO. Mo
Semantic Web TexHonoruam focTynHo 60/1bLLI0E KONNYECTBO Pe3y/bTaToB UCCNEA0BaHMIA, HO O CUX NMOP HUKTO
He obpawan BHMMAHMA Ha OCOBGEHHOCTM W cneuuduueckne TpeboBaHWsi MO CEMAHTUYECKOMY OMUCAHMIO
KOMMOHEHTOB AN NOBTOPHOIO UCMO/b30BaHMS.

OueBungHo, uto nogxofsl Semantic Web 1 xenaemble MexaHu3Mbl paclMpeHnsi CTPYKTYPbl aHHOTUPOBAHMS
NMEIT OAMHaKoBble 3afauu. pu COOTBETCTBYIOWEM NOAXOAE 3afava 3akioyaeTcsl B PeLleHnn npobnembl
MaHUMyNALAN aHHOTAUMAMU B CTPYKTYpE aHHOTUPOBAHWA MyTem A06aBNneHust Noruyeckoro opmaimama Ans
NpeAcTaBNeHns 3HaHuii (Mcnonb3ys cuHtakeuc OWL Bmecto XML) 1 MexaHu3ma OHTOMOMIA B Ka4eCTBe OCHOBI
MOZJENMpoBaHus 0611aCTh 3HaHWA. JTOT NOAX04 06eCcneynT BO3MOXHOCTb aBTOMATU3MPOBAHHOIO CYXAEHUS O
CBOICTBAX KOMMOHEHTOB (aHanu3, npoBepka Ha HEeNpOTUBOPEYNBOCTb, W3BMIEYEHME WHKOpMaLM W ee
NPeACTaB/IEHNE B pa3/IMuHbIX popmax). B gasibHelwem, 3T0 06ecneymT Nouck KOMNOHEHTOB (YTO O4YEHb BaXHO
ANs Nepencnob30BaHns KOMMNOHEHTOB), OCHOBAHHOM Ha MEXaHWU3Max JI0TM4ecKoro BblBoAa, MyTem CPaBHEHMS 1
HaUI0XEHNS NpeBapUTENbHBIX 1 OKOHYATE/bHbIX YCOBUIA HA CEMAHTUYECKOE ONUCaH1e KOMMOHEHTOB.

[lo cux mop OTCYTCTBOBA/IM Kakie-NBo MCCMefoBaHUs B 06N1ACTM UCMONb30BaHNs TexHonoruii Semantic Web
[L1S aHHOTMPOBAHMS KOMMOHEHTOB B 06/1aCTV CUCTEM NMPOrPAMMHOT0 06€CTeUeHIs.

CTaHgapTHas CTPyKTypa aHHOTMPOBaHMS MpeanaraeT OnuCaHne KOMMOHEHTOB, OCHOBAHHOE Ha MOAENSX W
nHTepdeiice, ¢ TOUKM 3PEHNS CNIOKHO ONUCbIBAEMbIX CBOMCTB, TakuX Kak NOBeAeHWe i HedhyHKUMOHa/bHbIE
CBOiicTBa, TpeboBaHWs. BeegeHue TexHonorn Semantic Web n03BOMMT  YCOBEPLLEHCTBOBATL  BCE
XapakTepucTuk1, bnarogaps MexaHusmam, KOTOpble COAECTBYIOT MOSIBMIEHMIO psifa BaXHbIX HOBbIX CBOVACTB.
OHM BKNKOYAIOT B CEOS CneaytoLee:

a) Cuctematusaums onucaHns 061acTi 3HaHmiA:

- 370 NO3BOMNT paspaboTaTb OHTOMOMMM CrEeLUtUYECKNX 061aCTel 3HAHWIA, HANUCAHHbIX C MOMOLLbIO
OWL, npegocTasnsas hopMasibHOe ONpeAesieHne KnaccoB, PoNiell W OTHOLIEHUIA MeXZy HUMK, W
COOTBETCTBYHLL/E aHHOTaLMKU. TO 06ECMeUNBaET CO3aHNE MEPAPXMYECKOIi CTPYKTYpbI (OnpeaeneHne
KNaccoB C MOMOLLbH ApYruX KNaccoB W posieit) u onpegeneHne CBOCTB posieit (Hanpumep, CUMMETPUS,
TPaH3MTUBHOCTb W T.4.).

- OHTONOrN 06NErYaloT ONpPeAeNieHne TUNOB aHHOTaLWIA U, COOTBETCTBEHHO, NPEAOCTABASOT MyuLLYH
CTPYKTYpU3aL0 COAEPKaHNA aHHOTaLWIA 1 6ONee YETKOE BbIPAXEHNE KOTHUTUBHBIX MOHATUIA.
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0) ABTOMATV3MPOBaHHbIE NPOLeaypbI:

ABTOMATU3MPOBAHHAA MOTKBALMA Ha OCHOBE 3HaHWIA M3B/IEYEHHBIX U3 aHHOTaLLMVI (T.e. CBOIiCTBA
KOMI'IOHEHTOB) Ana MHOrOYMCEHHbIX u,ene17|, B YaCTHOCTW ANnA nonyyvyeHns ajekBaTHOro KOMMOHEHTa B
3aBWCMMOCTU OT XeaeMblX CBOMCTB, KOTOPbIE HE nogaarTCA TOYHO CﬂELI,VI(*)VIKaU,VIVI. 310 06ecneynt
0T60p KOMMOHEHTOB U UX Ha/10XEHNE U/ CpaBHEHKUE C Bbl6paHHOI7I CXEMOI MoaennpoBaHus Mno.

ABTOMATM3MPOBAHHbI MOUCK KOMMOHEHTOB C MOMOLLbI0 aHHOTaLWIA. Mof06HbIN NouUCK HeobA3aTeNbHO
[0MKEH BbITb OrpaHYeH OfHOM 061aCTbI0 3HaHWiA (6narofaps CNOCOGHOCTU CPABHUBATL CEMAHTUKY).

Mcnonb3oBaHue 1 ajantauus yxe W3BECTHbIX CEMaHTUYECKWX ONUCaHWiA. TO MCMONMb3yeTcs Ans
WN3B/IEYEHNS 1 PEOPraHN3aLMy COAEPXaHNs aHHOTaLN, B YaCTHOCTM MPU UCMO/b30BaHNN Pa3/INYHbIX
A3bIKOBbIX FPYNn (HanpumMep, A3blK MapKETONIOMOB 1 Pa3paboTunKoB).

B) Jlornueckuin chopmannam:

o

BkntoueHne [AononHUTENbHOW MHAOpMaUmMK (Hanpumep, opMmanbHoe onucaHwe ausaiHa MO ¢
nomolypsto UML) B npoLiecc noucka, 0CHOBAHHOMO Ha aHHOTaLMSX.

ObecneyeHne aBTOMATN3MPOBAHHOI KOHUIypaLm KOMNOHEHTOB.
MpoBepka aHHOTaLuii Ha HeNPOTMBOPEUMBOCTb.
TpaHcopmaLs aHHOTaLWI U3 0HOM 06/1aCTM ONUCaHMS B APYTYIO.

Bce 3TV HOBble kauecTBa OyfyT COAENCTBOBATb YMEHbLUEHMIO CTOMMOCTM pPa3paboTkn W BHeApeHUs
MpOrpaMMHOro 06ecneyeHnst OCHOBaHHOTO Ha KOMMOHEHTAX.

3akyeHne

Mpefnaraemblii MOAXOA NMPU aHHOTUPOBAHMM MPOTPaMMHbIX KOMMOHEHTOB MpeanonaraeT WCnosb3oBaHue
NIOrNYeckoro hopMasnama, 4to camo coboii nofpasymeBaeT HETpUBMA/bHBIE PeLLeHUs NPo6IeM OrMYeckoro
BbIBOJA 1 BbIPA3NTE/IHOCTY Si3blka ONMCaHMS. B fjaHHbIi MOMEHT Mbl paboTaem Haf CO3faH1eM MeTamoaeni
Ha BEPXHEM YpOBHe abCTpakuMW M NPOBOAMM OMbIThI A1s NOATBEPXKAEHWS MPEA/IOKEHHbIX peLueHnit. B
YaCTHOCTW Mbl MPULAM K BbIBOAY O HEOOXOAMMOCTM BBOAA MeXaHW3Ma Tak HasblBaeMoro «npobaeMHo-
OPVEHTMPOBAHHOTO /IOTMYECKOTO BbIBOAA», MOAPA3yMEBAlOLET0 pa3bueHne CeMaHTMYeckoro OMMCaHMs Ha
PONeBbIE TPYNMbl U UCMO/b30BaHNE COOTBETCTBYHOLINX MEXaHU3MOB /IOTMYECKOrO BbIBOAQ, B 3aBUCMMOCTM OT
NCNO/b3yeMbIX SIOTNYECKIX ONepaTopoB.
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DIAGARA: AN INCREMENTAL ALGORITHM FOR INFERRING IMPLICATIVE RULES
FROM EXAMPLES (PART 1)

Xenia Naidenova

Abstract: An approach is proposed for inferring implicative logical rules from examples. The concept of a good
diagnostic test for a given set of positive examples lies in the basis of this approach. The process of inferring
good diagnostic tests is considered as a process of inductive common sense reasoning. The incremental
approach to learning algorithms is implemented in an algorithm DIAGaRa for inferring implicative rules from
examples.

Keywords: Incremental and non-incremental learning, learning from examples, machine learning, common
sense reasoning, inductive inference, good diagnostic test, lattice theory.

Introduction

Our approach to machine learning problems is based on the concept of a good diagnostic (classification) test.
This concept has been advanced firstly in the framework of inferring functional and implicative dependencies from
relations [Naidenova and Polegaeva, 1986]. But later the fact has been revealed that the task of inferring all good
diagnostic tests for a given set of positive and negative examples can be formulated as the search of the best
approximation of a given classification on a given set of examples and that it is this task that all well known
machine learning problems can be reduced to [Naidenova, 1996].

We have chosen the lattice theory as a model for inferring good diagnostic tests from examples from the very
beginning of our work in this direction. We believe that it is the lattice theory that must be the mathematical theory
of common sense reasoning. One can come to this conclusion by analyzing both the fundamental work in the
psychological theory of intelligence [Piaget, 1959], and the experience of modelling thinking processes in the
framework of artificial intelligence. The process of objects’ classification has been considered in [Shreider, 1974]
as an algebraic idempotent semi group with the unit element. An algebraic model of classification and pattern
recognition based on the lattice theory has been advanced in [Boldyrev, 1974]. A lot of experience has been
obtained on the application of algebraic lattices in machine learning: the works of Finn and his disciples [Finn,
1984], [Kuznetsov, 1993], the model of conceptual knowledge of Wille [1992], the works of the French group
[Ganascia, 1989]. The following works are devoted to the application of algebraic lattices for extracting
classifications, functional dependencies and implications from data: [Demetrovics and Vu, 1993], [Mannila and
Raiha, 1992], [Mannila and Raiha, 1994], [Huntala, et al., 1999], [Cosmadakis, et al., 1986], [Naidenova and
Polegaeva, 1986], [Megretskaya, 1989], [Naidenova, et al., 1995a], [Naidenova, et al., 1995b], and
[Naidenova, 1992].

An advantage of the algebraic lattices approach is based on the fact that an algebraic lattice can be defined both
as an algebraic structure that is declarative and as a system of dual operations with the use of which the
elements of this lattice can be generated. This approach allows us to investigate the processes of inferring good
classification tests as inductive reasoning processes. In the following part of this chapter, we shall describe our
decomposition of the inductive inferring process into subtasks and operations that conform to the operations and
subtasks of the natural human reasoning process.

This paper is organized as follows. The concept of a good diagnostic test is introduced and the problem of
inferring all good diagnostic tests for a given classification on a given set of examples is formulated. The next
section contains the description of a mathematical model underlying algorithms of learning reasoning. We
propose a decomposition of learning algorithms into operations and subtasks that are in accordance with human
reasoning operations. In the second part of this paper, the concepts of an essential value and an essential
example are also introduced and an incremental learning algorithm DIAGaRa is described. The paper ends with a
brief summary section.
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The Concept of a Good Classification Test

Our approach for inferring implicative rules from examples is based on the concept of a good classification test. A
good classification test can be understood as an approximation of a given classification on a given set of
examples [Naidenova, 1996]. On the other hand, the process of inferring good tests realizes one of the known
canons of induction formulated by J. S. Mille, namely, the joint method of similarity-distinction [Mille, 1900].

A good diagnostic test for a given set of examples is defined as follows. Let R be a table of examples and S be
the set of indices of examples belonging to R. Let R(k) and S(k) be the set of examples and the set of indices of
examples from a given class k, respectively.

Denote by FM = RIR(k) the examples of the classes different from class k. Let U be the set of attributes and T be
the set of attributes values (values, for short) each of which appears at least in one of the examples of R. Let n be
the number of examples of R. We denote the domain of values for an attribute Atr by dom(Atr), where Atr ~ U.

By s(a),a T, wedenotethesubset{i S:aappearsint,ti R}, whereS={1,2,.,n}.

Following [Cosmadakis, et al., 1986], we call s(a) the interpretation of a  Tin R. It is possible to say that s(a) is
the set of indices of all the examples in R which are covered by the value a.

Since for all a, b dom(Atr), a # b implies that the intersection s(a) n s(b) is empty, the interpretation of any
attribute in R is a partition of S into a family of mutually disjoint blocks. By P(Afr), we denote the partition of S
induced by the values of an attribute Atr. The definition of s(a) can be extended to the definition of s(f) for any
collection t of values as follows: fort,t T, ift=a1a; ... am, then s(f) = s(a+) N s(az) N ... N s(am).

Definition 1. A collectiont T (s(f) # ) of values, is a diagnostic test for the set R(k) of examples if and only if
the following condition is satisfied: t  t*, t*, t* FM (the equivalent condition is s(f) ~ S(k)).

To say that a collection f of values is a diagnostic test for the set R(k) is equivalent to say that it does not cover
any example belonging to the classes different from k. At the same time, the condition s(f) ~ S(k) implies that the
following implicative dependency is true: ‘if ¢, then k.

It is clear that the set of all diagnostic tests for a given set R(k) of examples (call it ‘DT(k)") is the set of all the
collections t of values for which the condition s(f) ~ S(k) is true. For any pair of diagnostic tests £, f from DT(k),
only one of the following relations is true: s(t)  s(f), s(t)  s(t), s(t) = s(t), where the last relation means that
S(f) and s(t) are incomparable, i.e. s(t)  s(t) and s(f)  s(t). This consideration leads to the concept of a good
diagnostic test.

Definition 2. A collection t T (s(f) # ) of values is a good test for the set R(k) of examples if and only if the
following condition is satisfied: s(f)  S(k) and simultaneously the condition s(f) ~ s(t*)  S(k) is not satisfied for
any t*, t* T, such that t* #t.

Good diagnostic tests possess the greatest generalization power and give a possibility to obtain the smallest
number of implicative rules for describing examples of a given class k.

The Characterization of Classification Tests

Any collection of values can be irredundant, redundant or maximally redundant.

Definition 3. A collection t of values is irredundant if for any value v ¢ the following condition is satisfied: s(f) s(t/v).
If a collection t of values is a good test for R(k) and, simultaneously, it is an irredundant collection of values, then
any proper subset of t is not a test for R(k).

Definition 4. Let X — v be an implicative dependency which is satisfied in R between a collection X T of
values and the value v, v T. Suppose that a collection t T of values contains X. Then the collection ¢ is said
to be redundant if it contains also the value v.

If t contains the left and the right sides of some implicative dependency X — v, then the following condition is
satisfied: s(f) = s(t/v). In other words, a redundant collection t and the collection t/v of values cover the same set
of examples.

If a good test for R(k) is a redundant collection of values, then some values can be deleted from it and thus obtain
an equivalent good test with a smaller number of values.
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Definition 5. A collection t T of values is maximally redundant if for any implicative dependency X — v, which
is satisfied in R, the fact that t contains X implies that t also contains v.

If tis a maximally redundant collection of values, then for any value v f, v T the following condition is
satisfied: s(f) s(t  v). In other words, a maximally redundant collection t of values covers the number of
examples greater than the collection (t  v) of values.

Any example ¢ in R is a maximally redundant collection of values because for any value v t, v Ts(t v)is
equal to

If a diagnostic test for a given set R(k) of examples is a good one and it is a maximally redundant collection of values,
then by adding to it any value not belonging to it we get a collection of values which is not a good test for R(k).

For example, in Table 1 the collection ‘Blond Blue’ is a good irredundant test for class 1 and simultaneously it is
maximally redundant collection of values. The collection ‘Blond Embrown’ is a test for class 2 but it is not good
test and simultaneously it is maximally redundant collection of values.

The collection ‘Embrown’ is a good irredundant test for class 2. The collection ‘Red is a good irredundant test
and the collection ‘Tall Red Blue’ is a maximally redundant and good test for class 1.

It is clear that the best tests for pattern recognition problems must be good irredundant tests. These tests allow
construction of the shortest rules of the first type with the highest degree of generalization.

Table - 1. Example 1 of Data Classification. (This example is adopted from [Ganascia, 1989]).
Index of Example  Height  Color of Hair  Color of Eyes  Class

1 Short Blond Blue 1
2 Short Brown Blue 2
3 Tall Brown Embrown 2
4 Tall Blond Embrown 2
5 Tall Brown Blue 2
6 Short Blond Embrown 2
7 Tall Red Blue 1
8 Tall Blond Blue 1

An Approach for Constructing Good Irredundant Tests

LetR, T, s(t),t T be as defined earlier. We give the following propositions the proof of which can be found in
[Naidenova, 1999].

PROPOSITION 1.
The intersection of maximally redundant collections of values is a maximally redundant collection.
PROPOSITION 2.

Every collection of values is contained in one and only one maximally redundant collection with the same
interpretation.

PROPOSITION 3.

A good maximal redundant test for R(k) either belongs to the set R(k) or it is equal to the intersection of q
examples from R(k) for some q, 2 <q <nt, where nt is the number of examples in R(k).

One of the possible ways for searching for good irredundant tests for a given class of examples is the following:
first, find all good maximally redundant tests; second, for each good maximally redundant test, find all good

irredundant tests contained in it. This is a convenient strategy as each good irredundant test belongs to one and
only one good maximally redundant test with the same interpretation.

It should be more convenient in the following considerations to denote the set R(k) as R(+) (the set of positive
examples) and the set R/R(k) as R(-) (the set of negative examples). We will also denote the set S(k) as s(+).

The following Algorithm 1 solves the task of inferring all good maximally redundant tests for a given set of positive
examples. The idea of this algorithm has been advanced in [Naidenova and Polegaeva, 1991].
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By sq = (i1, i, ..., Iy), we denote a subset of S, containing g indices from S. Let S(test-q) be the set of elements
s={i1, ia, ..., g}, ¢ = 1,2, ..., nt, satisfying the condition that {(s) is a test for R(+). Here nt denotes the number of
positive examples.
We will use an inductive rule for constructing {i1, iz, ..., iq+1} from {i1, ix, ..., ig}, ¢ = 1, 2, ..., nt-1. This rule relies on
the following consideration: if the set {i1, iz, ..., iq+1} corresponds to a test for R(+), then all its proper subsets must
correspond to tests too and, consequently, they must be in S(test-q). Thus the set {i1, iz, ..., ig+1} can be
constructed if and only if S(test-q) contains all its proper subsets. Having constructed the set sq+1 = {i1, ko, ..., ig+1},
we have to determine whether it corresponds to the test or not. If {(sq+1) is not a test, then sq+1 is deleted,
otherwise sq+1 is inserted in S(test-(g+1)). The algorithm is over when it is impossible to construct any element for
S(test-(g+1)).
We use in Algorithm 1 the function to_be_test(t): if s(f) n s(+) = s(f) (s(f)  s(+)) then true else false.
Algorithm 1. Inferring all Good Maximally Redundant Tests (GMRTSs) for a set R(+) of positive examples.

1. Input: g =1, R(¥), s(+)={1,2,..., nt}, S(test-q) = {{1}, {2}, ..., {nt}}.

Output: the set TGOOD of all GMRTSs for R(+).

2. Sq = S(test-q);

3.While Sq =qg+1do

3.1 Generating S (g + 1) = {s={i1, ..., iig+}: ( (A <F<q+1) (i1, ooy gty I+ 1) oo g+ 1)} Sahs

3.2 Generating S(test-(q + 1)) ={s={i1, ..., g+ 1}: (5 S(q + 1)) & (to_be_test(t(s)) = true)};

3.3 S(test-q) :={s={i1, ..., ig}: (s S(test-q)) & (( $')(s’ S(test-(g+1))s )}

34.qu=q+1;

3.5.max = q,

end while

4. TGOOD:= ;

5. While g < max do TGOOD::= TGOOD  {{(s): s = {i1, ..., s} ~ S(test-q) };

51qi=q+1;

end while

end
The following Table 2 gives an illustration of inferring GMRTSs for the examples of class 2 (see, please, Table 1).

The set Sq, g = 2 consists of 10 elements {{2,3}, {2,4}, {2,5}, {2,6}, {3,4}, {3,5}, {3,6}, {4,5}, {4,6}, {5,6}}. But
1({2,4}), t({2,6}), t({4,5}), and t({5,6}) are not tests for class2, hence we can construct only two elements of the next
level for g = 3: S5 = S(test-3) = {{2,3,5}, {3,4,6}}.

As a result, the tests obtained correspond to the following implicative rules: “if COLOR of HAIR = Brown, then
Class = 2" and “if COLOR of EYES = Embrown, then Class = 2”.

Algorithm 1 is also used for inferring all good irredundant tests (GIRTs) contained in a good maximally redundant
test.

Now lett={as, a2,..., an} T be a collection of values that is a GMRT for R(+).

We will use a rule of inductive transition from an element {; = (A1, Ay, ..., Ag) to another element fy+1 = (A1, Az, ...,
Ag+), B, 1 £ But now we are interested in obtaining irredundant collections of values. If ty+1 = (A1, Az, ..., Ag+1)
is irredundant, then all its proper subsets must be irredundant too.

Table - 2. Example of inferring logical rules for Class 2 (Table 1) with the use of Algorithm 1.

S(test-1)  #(s), s S(test-1) S(test-2)  #(s),s Sftest-2)  Sftest-3) f(s),s Sftest-3)
{2} ‘Short Brown Blue’ {2,3} ‘Brown’ {2,3,5} ‘Brown’

{3} ‘Tall Brown Embrown’  {2,5} ‘Brown Blue’

{4} ‘Tall Blond Embrown’  {3,4} ‘Tall Embrown’ {3,4,6} ‘Embrown’

{5} ‘Tall Brown Blue’ {3,5} ‘Tall Brown’

{6} ‘Short Blond Embrown’  {3,6} ‘Embrown’

{4,6} ‘Blond Embrown’
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Having constructed the set tq+1 = (A1, Ay, ..., Ag+1), We have to determine whether it is an irredundant collection of
values or not. If {1 is redundant, then it is deleted, if {;+1 is a test, then {1 is inserted in the set TGOOD of all
good irredundant tests contained in t. If &4+ is irredundant but not a test, then it is a candidate for extension.
The following Algorithm 2 solves the task of inferring all GIRTs contained in a maximally redundant test for a
given set of positive examples.
We use in Algorithm 2 the function to_be_irredundant(f)::= if for ( a) (& {) s(f) # s(t/ a ) then true else false.
Algorithm 2. Inferring all GIRTs contained in a given GMRT for R(+).
Input: g =1, R, R(¥), S, t = {a, ay,..., am} — a collection of values — a GMRT, F(irredundant - q) = {{a1}, {a2}, ...,
{am}} — the family of irredundant subsets of values with g equal to 1.
Output: the set TGOOD of all the GIRTs for R(+) contained in {.

1. Fg::= F(irredundant — q );

1.1 Generating F(test-q ) ={t = {ai, ..., aig}: (t  Fq) & (to_be_test({) = true)};

1.2 Fq = Fq\ F(test-q) ;

2.While F; =q+1do

2.1. Generating F(g + 1) =

={t={an, ., a0k ( N(1<jsq+1)(@n, ..., a1, agen, - diqr1}  Foby

2.2. Generating F(irredundant — (g +1)) :

F(irredundant - (g+1)) =={t F(q + 1): to_be_irredundant(t) = true };

23.q:=q+1;

24.max = q,

end while

3. TGOOD := ;

4 While g < max do

41.TGOOD ::=TGOOD {tt F(test-q)};

42.q:=q+ 1,
end while
end

The Duality of Good Diagnostic Tests

In Algorithms 1 and 2, we used (without explicit definition) correspondences of Galois G on SxT and two relations
S o> T, T - S[Ore, 1944], [Riguet, 1948]. Lets S,t T. We define the relations as follows:

S - T {(s) ={intersectionofall f: t, T,i syandT - S:s(f)={:i S,t ¢}

Extending s by an index j* of some new example leads to receiving a more general feature of examples:

(s J) simpliest(s Jj) s).

Extending ¢ by a new value A leads to decreasing the number of examples possessing the general feature ‘tA’ in
comparison with the number of examples possessing the general feature ‘¢

(t A) timpliess(t A) s(b).

We introduce the following generalization operations (functions):

generalization_of(f) = t' = {(s(t)); generalization_of(s) = s" = s(f(s)).

As a result of the generalization of s, the sequence of operations s — #(s) — s(f(s)) gives that s(f(s)) s. This
generalization operation gives all the examples possessing the feature #(s).

As a result of the generalization of ¢, the sequence of operations t — s(f) — #(s(f)) gives that #(s(f))  t. This
generalization operation gives the maximal general feature for examples the indices of which are in s(t).

These generalization operations are not artificially constructed operations. One can perform mentally a lot of such
operations during a short period of time. We give some examples of these operations. Suppose that somebody
has seen two films (s) with the participation of Gerard Depardieu ({(s)). After that, he tries to know all the films
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with his participation (s(f(s))). One can know that Gerard Depardieu acts with Pierre Richard (f) in several films
(s(f)). After that, he can discover that these films are the films of the same producer Francis Veber f(s({)).

Namely, these generalization operations will be used in the algorithm DIAGaRa.

The Definition of Good Diagnostic Tests as Dual Objects

We implicitly used two generalization operations in all the considerations of diagnostic tests. Now we define a
diagnostic test as a dual object, i.e. as a pair (SL, TA), SL S, TA T, SL=5(TA) and TA = t(SL).

The task of inferring tests is a dual task. It must be formulated both on the set of all subsets of S, and on the set
of all subsets of T.

Definition 6. Let PM = {s1, Sy, ..., Sm} be a family of subsets of some set M. Then PM is a Sperner system
[Sperner, 1928] if the following condition is satisfied: s; sjand's; s, (i), iZj,i,j=1, ..., m.

Definition 7. To find all Good Maximally Redundant Tests (GMRTS) for a given class R(k) of examples means to
construct a family PS of subsets s1, Sy,..., Sy Of the set S such that:

s Sk), j=1,..,np;
2) PSis a Sperner system;

)
3) each s;is a maximal set in the sense that adding to it the index i of the example i such thati s, i S implies
s(t(s; 1) S(k). Putting it in another way, {(s; i) is not a test for the class k, so there exists such example t*, t*
R(-)thatt(s; 1) t*
The set of all GMRTs is determined as follows:
{tts), s PS, jj=1,.,np}

Definition 8. To find all Good Irredundant Tests (GIRTs) for a given class R(k) of examples means to find a
family PRT of subsets t, t,..., thq Of the set T such that:

et t j,j=1..,nq, tt R(+) and, simultaneously, & j=1,.., nq, s(t)# there does not exist such a
collection s* # s(t), s* S of indices for which the following condition is satisfied s(t) s*  S(k);
2) PRT is a Sperner system;

3) each f — a minimal set in the sense that removing from it any value A belonging to it implies s(t without A)
S(k).

Decomposition of Good Classification Tests Inferring into Subtasks

The Algorithms 1 and 2 find all the GMRTs and GIRTs for a given set of positive examples but the number of
tests can be exponentially large. In this case, these algorithms will be not realistic. Now we consider some
decompositions of the problem that provide the possibility to restrict the domain of searching, to predict, in some
degree, the number of tests, and to choose tests with the use of essential values and/or examples. This
decomposition gives an approach to constructing incremental algorithms of inferring all good classification tests
for a given set of examples.

We consider two kinds of subtasks (please, see also [Naidenova, 2001]:
for a given set of positive examples
1) given a positive example ¢, find all GMRTs contained in t;

2) given a non-empty collection of values X (maybe only one value) such that it is not a test, find all GMRTs
containing X.

Each example contains only some subset of values from T, hence each subtask of the first kind is simpler than
the initial one. Each subset X of T appears only in a part of all examples, hence each subtask of the second kind
is simpler than the initial one.
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Forming the Subtasks

The subtask of the first kind. We introduce the concept of an example’s projection proj(R)[f] of a given positive
example t on a given set R(+) of positive examples. The proj(R)[f] is the set Z = {z: (z is non-empty intersection of
tand t) & (' R(+)) & (zis a test for a given class of positive examples)}.

If the proj(R)[f] is not empty and contains more than one element, then it is a subtask for inferring all GMRTs that
are in t. If the projection contains one and only one element equal to t, then ¢t is a GMRT.

To make the operation of forming a projection perfectly clear we construct the projection of t, = ‘Short Brown Blue’

on the examples of the second class (Table 1). This projection includes t; and the intersections of t, with the other
positive examples of the second class, i.e. with the examples t, t4, t5, s (Table 3).

Table - 3. The Intersections of Example f, with the Examples of Class 2.
Index of Example  Height ~ Color of Hair Color of Eyes  Test?

2 Short Brown Blue Yes
3 Brown Yes
4 No
5 Brown Blue Yes
6 Short No

In order to check whether an element of the projection is a test or not we use the function to_be_test(f) in the
following form: to_be_test(f) = if s(f)  s(+) then true else false, where s(+) is the set of indices of positive
examples, s({) is the set of indices of all positive and negative examples containing . If s(-) is the set of indices of
negative examples, then S=s(+) s(-)and s(t)={i:t i S}

The intersection f, N 14 is the empty set. Hence, the row of the projection with the number 4 is empty. The
intersection t, N ts is not a test for Class 2 because s(Short) = {1,2,6}  s(+), where s(+) is equal to {2,3,4,5,6}.
Finally, we have the projection of t, on the examples of the second class in Table 4.

The subtask turns out to be very simple because the intersection of all the rows of the projection is a test for the
second class: {({2,3,5}) = ‘Brown’, s(Brown) = {2,3,5} and {2,3,5}  s(*).

The subtask of the second kind. We introduce the concept of an attributive projection proj(R)[A] of a given
value A on a given set R(+) of positive examples.

The projection proj(R)[A] = {t: (t  R(+)) & (A appears in )}. Another way to define this projection is: proj(R)[A] =
{tr. i (s(A) n s(+))}. If the attributive projection is not empty and contains more than one element, then it is a
subtask of inferring all GMRTs containing a given value A. If A appears in one and only one example, then A
does not belong to any GMRT different from this example.

Forming the projection of A makes sense if A is not a test and the intersection of all positive examples in which A
appears is not a test too, i.e. s(A)  s(+) and t"={(s(A) n s(+)) is not a test for a given set of positive examples.

Denote the set {s(A) n s(+)} by splus(A). In Table 1, we have:
S(+) = {2,3,4,5,6}, splus(Short) — {2,6}, splus(Brown) — {2,3,5}, splus(Blue) — {2,5}, splus(Tall) — {3,4,5},
splus(Embrown) — {3,4,6}, and splus(Blond) - {4,6}.

Table - 4. The Projection of the Example £, on the Examples of Class 2.
Index of Example ~ Height  Color of Hair ~ Color of Eyes  Test?

2 Short Brown Blue Yes
3 Brown Yes
5 Brown Blue Yes

For the value ‘Brown’ we have: s(Brown) = {2,3,5} and s(Brown) = splus(Brown), i.e. s(Brown)  s(+).

Analogously for the value Embrown’ we have: s(Embrown) = {3,4,6} and s(Embrown) = splus(Embrown), i.e.
s(Embrown)  s(+).
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Table - 5. The Result of Reducing the Projection after Deleting the Values ‘Brown’ and ‘Embrown’
Index of Example  Height  Color of Hair ~ Color of Eyes  Test?

2 Short Blue No
3 Tall No
4 Tall Blond No
5 Tall Blue No
6 Short Blond No

These values are irredundant and simultaneously maximally redundant tests because t({2,3,5}) = ‘Brown’ and
t({3,4,6}) = ‘Embrown’. It is clear that these values cannot belong to any test different from them. We delete
‘Brown’ and ‘Embrown’ from further consideration with the following result as shown in Table 5.

Now none of the remaining rows of the second class is a test because s(Short, Blue) = {1,2}, s(Tall) = {3,4,5,7,8},
s(Tall, Blond) = {4,8}, s(Tall, Blue) ={5,7,8}, s(Short, Blond) = {1,6}  s(+). The values ‘Brown’ and ‘Embrown’
exhaust the set of the GMRTSs for this class of positive examples.
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DIAGARA: AN INCREMENTAL ALGORITHM FOR INFERRING IMPLICATIVE RULES
FROM EXAMPLES (PART 2)

Xenia Naidenova

Abstract: An approach is proposed for inferring implicative logical rules from examples. The concept of a good
diagnostic test for a given set of positive examples lies in the basis of this approach. The process of inferring
good diagnostic tests is considered as a process of inductive common sense reasoning. The incremental
approach to learning algorithms is implemented in an algorithm DIAGaRa for inferring implicative rules from
examples.

Keywords: Incremental and non-incremental learning, learning from examples, machine learning, common sense
reasoning, inductive inference, good diagnostic test, lattice theory.

Introduction

In the part 1 of this paper, we considered the decompositions of inferring all good classification tests for a given
set of examples into the subtasks of the first kind and of the second kind. We also considered the operations of
forming the subtasks of both kinds. Now we continue by introducing the rules of reducing the subtasks.

Reducing the Subtasks

The following theorem gives the foundation for reducing projections both of the first and the second kind.
The proof of this theorem can be found in [Naidenova et al., 1995b].
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THEOREM 1.

Let A be a value from T, X be a maximally redundant test for a given set R(+) of positive examples and s(A)
s(X). Then A does not belong to any maximally redundant good test for R(+) different from X.

To illustrate the way of reducing projections, we consider another partition of the rows of Table 1 (see, please
Part 1 of this paper) into the sets of positive and negative examples as shown in Table 6.

Table - 6. The Example 2 of a Data Classification.
Index of Example  Height  Color of Hair  Color of Eyes  Class

1 Short Blond Blue 1
2 Short Brown Blue 1
3 Tall Brown Embrown 1
4 Tall Blond Embrown 2
5 Tall Brown Blue 2
6 Short Blond Embrown 2
7 Tall Red Blue 2
8 Tall Blond Blue 2

Let s(+) be equal to {4,5,6,7,8}. The value ‘Red'’ is a test for positive examples because s(Red) = splus(Red) ={7}.
Delete ‘Red’ from the projection. The value ‘Tall’ is not a test because s(Tall) = {3,4,5,7,8} and it is not equal to
splus(Tall) = {4,5,7,8}. Also t(splus(Tall)) = ‘Tall’ is not a test. The attributive projection of the value ‘Tall' on the
set of positive examples is in Table 7.

In this projection, splus(Blue) = {5,7,8}, t(splus(Blue)) = ‘Tall Blue’, s(Tall Blue) = {5,7,8} = splus(Tall Blue) hence
‘Tall Blue’ is a test for the second class. We have also that splus(Brown) = {5}, but {6}  {5,7,8} and,
consequently, there does not exist any good test which contains simultaneously the values ‘Tall' and ‘Brown'.
Delete ‘Blue’ and ‘Brown’ from the projection as shown in Table 8.

However, now the rows t5 and t; are not tests for the second class and they can be deleted as shown in Table 9.
The intersection of the remaining rows of the projection is ‘Tall Blond'. We have that s(Tall Blond) = {4,8}  s(+)
and this collection of values is a test for the second class.

Table - 7. The Projection of the Value ‘Tall’ on the Set R(+).
Index of Example ~ Height Color of Hair Color of Eyes Test?

4 Tall Blond Embrown Yes
5 Tall Brown Blue Yes
7 Tall Blue Yes
8 Tall Blond Blue Yes

Table - 8. The Projection of the Value ‘Tall’ on R(+) without the Values ‘Blue’ and ‘Brown’.
Index of Example  Height  Color of Hair  Color of Eyes  Test?

4 Tall Blond Embrown Yes
5 Tall No
7 Tall No
8 Tall Blond Yes

Table - 9. The Projection of the Value ‘Tall’ on R(+) without the Examples t; and t;.

Index of Example ~ Height ~ Color of Hair ~ Color of Eyes  Test?
4 Tall Blond Embrown Yes
8 Tall Blond Yes

As we have found all the tests for the second class containing ‘Tall’ we can delete ‘Tall’ from the examples
of the second class as shown in Table 10.
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Table - 10. The Result of Deleting the Value ‘Tall’ from the Set R(+).
Index of Example  Height  Color of Hair  Color of Eyes  Test? Class

1 Short Blond Blue Yes 1
2 Short Brown Blue Yes 1
3 Tall Brown Embrown Yes 1
4 Blond Embrown Yes 2
5 Brown Blue No 2
6 Short Blond Embrown Yes 2
7 Blue No 2
8 Blond Blue No 2

Next we can delete the rows ts, t7, and ts. The result is in Table 11.
The intersection of the remaining examples of the second class gives a test ‘Blond Embrown’ because
s(Blond Embrown) = splus(Blond Embrown) = {4,6}  s(+).

Table - 11. The Result of Deleting ts, t7, and s from the Set R(+).
Index of Example  Height  Color of Hair  Color of Eyes  Class

1 Short Blond Blue 1
2 Short Brown Blue 1
3 Tall Brown Embrown 1
4 Blond Embrown 2
6 Short Blond Embrown 2

The choice of values or examples for forming a projection requires special consideration.

In contrast to incremental learning, where the problem is considered of how to choose relevant knowledge to be
best modified, here we come across the opposite goal to eliminate irrelevant knowledge not to be processed.

Choosing Values and Examples for the Formation of Subtasks

Next, it is shown that it is convenient to choose essential values in an example and essential examples in a
projection for the decomposition of the problem of inferring GMRTSs into the subtasks of the first or second kind.

An Approach for Searching for Essential Values

Let t be a test for positive examples. Construct the set of intersections {t n t: ' R(-)}. It is clear that these
intersections are not tests for positive examples. Take one of the intersections with the maximal number of values
in it. The values complementing the maximal intersection in tis the minimal set of essential values in t.

Return to Table 6. Exclude the value ‘Red’ (we know that ‘Red’ is a test for the second class) and find the
essential values for the examples 14, ts, ts, t7, and ts. The result is in Table 12.

Consider the value ‘Embrown’ in ts: splus(Embrown) = {4,6}, t({4,6}) = ‘Blond Embrown’ is a test.

The value ‘Embrown’ can be deleted. But this value is only one essential value in ts and, therefore, t; can be
deleted too. After that splus(Blond) is modified to the set {4,8}.

We observe that t({4,8}) = ‘Tall Blond' is a test. Hence, the value ‘Blond’ can be deleted from further consideration
together with the row ts. Now the intersection of the rows ts, t7, and ts produces the test ‘Tall Blue’.

Table - 12. The Essential Values for the Examples t, t5, t6, {7, and ts.
Index of Example  Height  Color of Hair  Color of Eyes  Essential Values  Class

1 Short Blond Blue 1
2 Short Brown Blue 1
3 Tall Brown Embrown 1
4 Tall Blond Embrown Blond 2
5 Tall Brown Blue Blue, Tall 2
6 Short Blond Embrown Embrown 2
7 Tall Blue Tall, Blue 2
8 Tall Blond Blue Tall 2
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An Approach for Searching for Essential Examples

Let STGOOD be the partially ordered set of elements s satisfying the condition that {(s) is a GMRT for R(+). We
can use the set STGOOD to find indices of essential examples in some subset s* of indices for which #(s*) is not a
test. Let ™= {ii, i, ... , lg}. Construct the set of intersections {s* n s>’ STGOOD}. Any obtained intersection s*
n s’ corresponds to a test for positive examples. Take one of the intersections with the maximal number of
indices. The subset of s* complementing in s* the maximal intersection is the minimal set of indices of essential
examples in s*. For instance, s* = {2,3,4,7,8}, s’ = {2,3,4,7}, §  STGOOD, hence 8 is the index of essential
example fgin s*.

In the beginning of inferring GMRTSs, the set STGOOD is empty. Next we describe the procedure with the use of
which a quasi-maximal subset of s* that corresponds to a test is obtained.

We begin with the first index iy of s* then we take the next index i, of s* and evaluate the function to_be_test
(t({i1, i2})). If the value of the function is frue, then we take the next index i; of s* and evaluate the function
to_be_test ({({i1, iz, is})). If the value of the function is false, then the index i, of s* is skipped and the function
to_be_test ({({i1, i})) is evaluated. We continue this process until we achieve the last index of s*.

For example, in Table 6, s(+) = {4,5,6,7,8}. Find the quasi-minimal subset of indices of essential examples for
s(+). Using the procedure described above we get that t({4,6}) = ‘Blond Embrown’ is a test for the second class
and 5,7,8 are the indices of essential examples in s(+). Consider row ts. We know that ‘Blue’ is essential in it (see,
please, Table 12). We have t(splus{Blue}) = t({5,7,8}) = ‘Tall Blue’, and ‘Tall Blue’ is a test for the second class of
examples. Delete’Blue’ and ts. Now t7 is not a test and we delete it. After that splus(Tall) is modified to be the set
{4,8}, and t({4,8}) = ‘Tall Blond’ is a test. Hence, the value ‘Tall' together with row ts cannot be considered for
searching for new tests. Finally s(+) = {4,6} corresponds to the test already known.

An Approach for Incremental Algorithms

The decomposition of the main problem of inferring GMRTs into subtasks of the first or second kind gives the
possibility to construct incremental algorithms for this problem. The simplest way to do it consists of the following
steps: choose example (value), form subproblem, solve subproblem (with the use of Algorithm 1 or Algorithm 2),
delete example (value) after the subproblem is over, reduce R(+) and T and check the condition of ending the
main task.

A recursive procedure for using attributive subproblems for inferring GMRTSs has been described in [Naidenova et
al., 1995b]. Some complexity evaluations of this algorithm can be found in [Naidenova and Ermakov, 2001]. In the
following part of this chapter, we give an algorithm for inferring GMRTSs the core of which is the decomposition of
the main problem into the subtasks of the first kind combined with searching essential examples.

DIAGaRa: An Algorithm for Inferring All GMRTs with the Decomposition into Subtasks of the
First Kind

The algorithm DIAGaRa for inferring all the GMRTs with the decomposition into subproblems of the first kind is
briefly described in Figure 1.

s¥ « s(+)={1, ,nt}h
t* T,
Do
Begin
1. to find allthe GMRTs for a given setof positive examples with
the use of the basic algorithm of solving subtask of the first
kind;
End

Figure - 1. The Algorithm DIAGaRa.
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The Basic Recursive Algorithm for Solving a Subtask of the First Kind

The initial information for the algorithm of finding all the GMRTSs contained in a positive example is the projection
of this example on the current set R(+). Essentially the projection is simply a subset of examples defined on a
certain restricted subset t* of values. Let s* be the subset of indices of examples from R(+) which have produced
the projection.

It is useful to introduce the characteristic W({) of any collection ¢ of values named by the weight of t in the
projection: W(f) = ||s* n s(f)|| is the number of positive examples of the projection containing ¢. Let WMIN be the
minimal permissible value of the weight.

Let STGOOD be the partially ordered set of elements s satisfying the condition that #(s) is a good test for R(+).
The basic algorithm consists of applying the sequence of the following steps:

Step 1. Check whether the intersection of all the elements of projection is a test and if so, then s is stored in
STGOOD if s* corresponds to a good test at the current step; in this case the subtask is over. Otherwise the next
step is performed (we use the function to_be_test(t): if s(f) n s(+) = s(f) (s(f)  s(+)) then true else false).

Step 2. For each value A in the projection, the set splus(A) = {s* n s(A)} and the weight W(A) = ||splus(A)|| are
determined and if the weight is less than the minimum permissible weight WMIN, then the value A is deleted from
the projection. We can also delete the value A if W(A) is equal to WMIN and t(splus(A)) is not a test — in this case
A will not appear in a maximally redundant test { with W(t) equal to or greater than WMIN.

Step 3. The generalization operation is performed: ¢ = {(splus(A)), A t* if tis a test, then the value A is deleted
from the projection and splus(A) is stored in STGOOD if splus(A) corresponds to a good test at the current step.

Step 4. The value A can be deleted from the projection if splus(A)  s’for some s’ STGOOD.

Step 5. If at least one value has been deleted from the projection, then the reduction of the projection is
necessary. The reduction consists of deleting the elements of projection that are not tests (as a result of previous
eliminating values). If, under reduction, at least one element has been deleted from the projection, then Step 2,
Step 3, Step 4, and Step 5 are repeated.

Step 6. Check whether the subtask is over or not. The subtask is over when either the projection is empty or
the intersection of all elements of the projection corresponds to a test (see Step 1). If the subtask is not over, then
the choice of an essential example in this projection is performed and the new subtask is formed with the use of
this essential example. The new subsets s* and t* are constructed and the basic algorithm runs recursively.
The important part of the basic algorithm is how to form the set STGOOD.

We give in the Appendix an example of the work of the algorithm DIAGaRa.

An Approach for Forming the Set STGOOD

Let L(S) be the set of all subsets of the set S. L(S) is the set lattice [Rasiova, 1974]. The ordering determined in
the set lattice coincides with the set-theoretical inclusion. It will be said that subset sy is absorbed by subset s,
i.e. 81 < &, if and only if the inclusion relation is hold between them, i.e. s;  s2. Under formation of STGOOD, a
collection s of indices is stored in STGOOD if and only if it is not absorbed by any collection of this set. It is
necessary also to delete from STGOOD all the collections of indices that are absorbed by s if s is stored in
STGOOD. Thus, when the algorithm is over, the set STGOOD contains all the collections of indices that
correspond to GMRTs and only such collections. Essentially the process of forming STGOOD is an incremental
procedure of finding all maximal elements of a partially ordered set. The set TGOOD of all the GMRTs is obtained
as follows: TGOOD ={t: t=1(s),( s)(s STGOOD)}.

The Estimation of the Number of Subtasks to Be Solved

The number of subtasks at each level of recursion is determined by the number of essential examples in the
projection associated with this level. The depth of recursion for any subtask is determined by the greatest
cardinality (call it ‘CAR’) of set-theoretical intersections of elements s STGOOD corresponding to GMRTs: CAR
=max (|sin sjll, (s, s)s,S STGOOD). In the worst case, the number of subtasks to be solved is of order
O(2 CAR),
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CASCADE: Inferring all GMRTs of Maximal Weight

The algorithm CASCADE serves for inferring all the GMRTs of maximal weight. At the beginning of the algorithm,
the values are arranged in decreasing order of weight such that W(A1) = W(A,) ... = W(An), where As, Ay, ..., Am
is a permutation of values. The shortest sequence of values A1, A, ..., A, j < mis defined such that it is a test for
positive examples and WMIN is made equal to W(A;). The procedure DIAGaRa tries to infer all the GMRTs with
weight equal to WMIN. If such tests are obtained, then the algorithm stops. If such tests are not found, then
WMIN is decreased, and the procedure DIAGaRa runs again.

Conclusion

In this paper, we used a unified model for inferring implicative logical rules from examples. The key concept of our
approach is the concept of a good diagnostic test. We define a good diagnostic test as the best approximation of
a given classification on a given set of examples. In the framework of our approach, we show the equivalence
between implicative rules and diagnostic tests for a given set of examples. The task of inferring good diagnostic
tests from examples serves as an ideal model of inductive reasoning because this task realizes the canons of
induction that has been originally formulated by English logician J.-S. Mille.

We have given the decomposition of inferring all good maximally redundant tests for a given set of examples into
operations and subtasks that are in accordance with main human common sense reasoning operations. This
decomposition allows, in principle, to transform the process of inferring good tests (and imlicative rules) into a
“step by step” reasoning process. Incremental algorithms of inferring good classification tests from examples
demonstrate the possibility of this transformation in the best way.

We consider two kinds of subtasks: for a given set of positive examples 1) given a positive example ¢, find all
GMRTs contained in f; 2) given a non-empty collection of values X (maybe only one value) such that it is not a
test, find all GMRTs containing X. The decomposition of good classification tests inferring into subtasks implies
introducing a set of special rules to realize the following operations: choosing examples (values) for subtask,
forming subtask, deleting values or examples from subtask and some other rules controlling the process of good
test inferring. The concepts of an essential value and an essential example are introduced in order to optimize the
choice of subtasks of the first and second kinds.

We have described an inductive algorithm DIAGaRa for inferring all good maximally redundant tests for a given
set of positive examples. This algorithm realizes one of the possibilities to transform the searching of diagnostic
tests (implicative logical rules) into “step by step” learning procedure.

Our approach is also applicable for inferring functional and associative dependencies from data.
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Appendix

The data to be processed are in Table 13 (the set of positive examples) and in Table 14 (the set of negative
examples).

An Example of Using the Algorithm DIAGaRa

We use the algorithm DIAGaRa for inferring all the GMRTs having a weight equal to or greater than WMIN = 4 for
the training set of the examples represented in Table 13 (the set of positive examples) and in Table 14 (the set of
negative examples).

We begin with



188 2.4. Computer Models of Common Sense Reasoning

S* = S(+) = {{1}, {2}, ceey {14}}1
t=T={A, Ay, ..., A},
SPLUS = {splus(A): Ai ~ t'} (see SPLUS in Table 15).

Please observe that splus(A+2) = {2,3,4,7} and 1({2,3,4,7}) is a test, therefore, A1z is deleted from t* and splus(A1z)
is inserted into STGOOD. Then W(As), W(As), W(A13), and W(A+g) are less than WMIN, hence we can delete As,
Ag, A13, and Ase from t*. Now t1o is not a test and can be deleted. After modifying splus(A) for As, A1g, Az, As, A4, Ae
Az, A1, and Az we find that splus(As) = {1,4,7} and t({1,4,7}) is a test, therefore, As is deleted from t* and
splus(As) is inserted into STGOOD. Then W(A+s) turns out to be less than WMIN and we delete Ass, which implies
deleting t13. Next we modify splus(A) for A1, Atg, Ass, A4, Az and find that splus(As) = {2,3,4,7}. A4 is deleted from
t*. Finally, W(A+) turns out to be less than WMIN and we delete As.

We can delete also the values Az, Ao, and As because W(A2), W(A19), and W(As) are equal to 4, t(splus(Az)),
f(splus(A1q)), and f(splus(As)) are not tests and, therefore, these values will not appear in a maximally redundant
test t with W(t) equal to or greater than 4. After deleting these values we can delete the examples t, t5 because
Asg is essential in fs, and Az is essential in 5. Next we can observe that splus(Azs) = {1,2,12,14} and #({1,2,12,14})
is a test, thus Az is deleted from t* and splus(Azs) is inserted into STGOOD. Now t14 and t; are not tests and can
be deleted. We can delete the value A because W(A) is now equal to 4, {(splus(Az2)) is not a test and this
value will not appear in a maximally redundant test with weight equal to or greater than 4.

Table - 13. The Set of Positive Examples R(+). Table - 14. The Set of Negative Examples R(-).
index of index of
example R(*) example R()
1 A1 A2 As As A21 A2z Azs Az 15 Az As A1s A2z A
2 Ag A7 As Ag A12 A4 Ats Az A2z A2s A2s 16 A7 As Ag At Arg
3 A3 Ag A7 Ar2 A1z Arg Ats Arg A9 Aog Azs 17 A1 A2 A2z Aos Ads
4 A1 Az As As A7 A2 A1a A1s A1e A2 A21 A2s Aze 18 A1 A7 As Ag A13 Ats
5 Az As A2z A 19 A2 As A7 Ag A21 A3
6 A7 A2 A21 A2 20 A10 A1g A2 A1 A2z Aos
7 Az Az As Ag A12 A4 Ats Azo A2z A2s A2s 21 A1 At Az A21 A2z A2z A
8 Az As A7 As Ag A13 A1a Ats Avg A2 At Az 22 A1 As As A7 Ag A1 Ate
9 A1 A1 A1g Ao A21 A2 A 23 A2 As As Ag A14 Ats Ats
10 Az As Ag As As As Ag A1z Ats A2 A2t Ass 24 A1 Ag As As A7 As A1 Ats
11 A1 Az As A7 Atg Ao A21 A2 Ass 25 A7 A10 A11 A3 Arg A2 A2z A
12 A2 Az At A2o Az1 Aoz Ao Az 26 A1 A2 A3 As As A7 A1o Ats
13 A1 As A1g Atg A2z Az 27 A1 Az As As As Ao A13 Ats
14 A2z Aos Az 28 A1 A3 A7 Ao A11 A13 A19 A2

29 A1 A4 As As A7 As A13 Ats

30 A1 A2 Az As A11 A1z A1s Ars Avs

31 A1 Az As Ae A11 A4 A1s Ate Azs

32 A1 A2 A3 A7 Ag A0 A1 Arz Ass

33 A1 As As As Ag A0 A1g Az A2z

34 A2 As Ag Ats Azo A1 A2z Azs Azs

35 A1 Az As As As A7 Ag A1 Avs

36 A1 A2 As A7 As A1o A11 A13 Avg Ats

37 A1 A2 A3 As As As A7 A12 A1a Avs Ase

38 A1 Az A3 As As As Ag A11 A2 A1z Ase

39 A1 A2 A3 Ag As As Ava At1s Avg A2 Azs Azs

40 A2 A3 Ag As A A7 At1 A12 Avs A1a Ars Avs

41 A2 Ag As As A7 Ag A1o A11 A12 A1z Avg Ars Arg

42 A1 A2 A3 As As As A1z A1e A1g A1g A2 A21 Aze

43 A4 As As A7 As Ag A1o A11 A12 A3 Avg Ars Ase

44 Az A4 As As As Ag Avo A11 Arz A3 Arg Avs Arg Avg
45 A1 A2 A3 As As Ae A7 As Ag Ao A11 A12 A1z Avs Ais
46 A1 A3 Az As As A7 A1o A11 A12 A3 Avg Ars Are A2z Az
47 A1 A2 A3 As As As As Ao A1o A11 A12 A1a At A1g A
48 Az As Ag Ao A11 A1z A1a Ats Ate
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Table - 15. The Set SPLUS of the Collections splus(A) for all A in Tables 13 and 14.
SPLUS = {splus(Ai): s(A) n s(+), A T}

splus(A?) - {2,8,10} splus(Az) - {2,7,8,9,11}
splus(A13) — {3,8,10} splus(Azs) — {1,2,5,12,13,14}
splus(A+e) — {4,9,12} splus(As) - {3,7,8,10,11,12}
splus(A+) - {1,4,11,13} splus|

)
splus(As) - {1,4,7,10} splus|

(

(A1

(A

( As) - {1,4,5,7,8,10}
splus(A12) - {2,3,4,7} splusi

(

(

(

(

A7) - (2,346,811}
Az) - {1,2,34,5.7,12,14)
Ax) - {4,6,7,89,10,11,12}
Az) - {1,4,6,89,10,11,12}
As) - {1,2,3,4,6,7,9,10,11,12,13,14}

3
) -
As) - {2,3,4,7,10,13}
)
)

> >

splus(Ats) — {3,9,10,13} splusi
splus(A2) - {1,5,10,11,12}  splus
splus(A+) - {2,3,4,7,8} splus
splus(Ar) — {3,8,9,11,13}  splusi

|2 A2 A A A A A A A A

2 = 2 =

Now choose ts as a subtask because this positive example is more difficult to be distinguished from the negative
examples. By resolving this subtask, we find that fs produces a new test t with s() equal to {4,6,8,11}. Delete .
We can also delete the value Az because W(Az) is now equal to 4, {(splus(Az21)) is not a test and this value will
not appear in @ maximally redundant test with weight equal to or greater than 4.

Now choose 5 as a subtask because it is essential in the current projection with respect to the subset {2,3,4,7}
that corresponds to one of the GMRTs already obtained. By resolving this subtask, we find that t; does not
produce any new test. Delete ts After that we can delete the values A., A7, As, and Az and these deletions imply
than all of the remaining rows f, t3, ts, 7, t11, and ti2 are not tests.

The list of all the GMRTSs for the training set of positive examples is given in Table 16.

Table - 16. The sets STGOOD and TGOOD for the Examples of Tables 19 and 20.

Ne STGOOD  TGOOD Ne STGOOD  TGOOD

1 13 A1 As Arg A9 Aoz Azs 9 2,78 A+ A2

2 2,10 As A+ Az 10 15,12 A2 A2z A

3 3,10 Az As A1z A1g Az 11 4,712 A20 A2 A2s

4 8,10 As As A+ A13 A2 A21 12 3,712 A3 Az Az

5 9,11 A1 Azo A21 A2z Azs 13 7,811 As A Az

6 3,11 As A7 A19 A2 14 2347 Az A12 A+ Aos Azs
7 38 Az A7 A1z A+ Ao 15 4,6,8,11 Ar A Az

8 14,7 As As A2 Ao 16 1,2,12,14 A2s A2 Az
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[MPOrPAMMHBIE CUCTEMbI N TEXHOOT W 013 WHTENNEKTYAIBHOIO
AHANTN3A JAHHbBIX

AnekcaHgp E. Epmakos, Kcenusi A. HailieHoBa

AHHOTauws: PaboTa 3HaKOMUT C HECKO/IbKUMI MPOrPamMMHbIMU CPeACTBaMM, UCTIONb3YEMbIMI 1S PELLEHNS
3a/la4 MHTENNeKTYyanbHOro aHasn3a faHHbIX. B nepsom pasgene paccMaTpuBaloTCs CreLmanin3npoBaHHble
nakeTbl NporpaMm, npefHasHayeHHble AN PeLleHns pasnnyHblX 3adad aHasnsa faHHbIX, OnbIT NPUMEHEHUS
KOTOpbIX CBUAETENLCTBYET O MEPCreKTUBHOCTYW UX WUCMOMb30BaHUA B COBpPEMEeHHbIX ycnosusax (OTIKC,
OMUC 1 fp.). Bo BTOpOM pasfene OnuCbIBAIOTCA HECKONBbKO MHCTPYMEHT&/IbHbIX MPOrpamMMHbIX CUCTEM,
NOMOratoLLux NoMb30BaTENO CO3AaBATb CBOM COOCTBEHHbIE TEXHONOrUN W3BNEYEHUA 3HAHWA W3 [aHHBIX,
afjanTupoBaHHbIE K Pa3/INYHbIM YCNOBUAM, JaHHbIM W LENaM aHan3a B KOHKPETHBIX NMPOBIeMHbIX 06nacTax
nccnefoBaHus. MpUBOAATCA NPUMEpPbI NPUMEHEHNS NPUKNAAHBIX CUCTEM aHauIn3a faHHbIX B MEAULHE.

KntoueBble cnosa: MHTeﬂﬂeKTyaﬂbeIVI aHaUIM3 aHHbIX, U3Bne4yeHne 3HaHWii 13 [JaHHbIX
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1. MakeTbl NPUKNaAHbLIX NPOrpaMM AN HTENNEKTYabHOro aHann3a aHHbIX

1.1 NakeT npuknagHbix nporpamm OT3IKC

OT3KC npefHasHaueH Ans pelleHus 3afad, KOTopble BCTPevatTcs B npakTuke 06paboTki WHGopmMalum
Hanbonee yacto [3aropyiiko, 1986; 3aropyiiko u ap., 1999]:

1) TAKCOHOMMUS. B nakeTe uMetoTcs pasHble BapnaHTbl nporpamm 13 cemeiictea FOREL 1 KRAB;

2) BbIBOP CUCTEMbl MIHOOPMATUBHBIX NMPU3HAKOB. B aToM pasgene ecTb NporpamMmbl, peanmsyioLme
ngen anroputMoB NTPP (Hanpas/iieHHbIA TaKCOHOMUYECKWIA NOMCK Npu3HakoB) [3aropyiiko, 1999] n anroputmos
MovCKa JIOrNYEeCKMX PeLLatoLLmX npasus.

3) BbIAENEHWE MPYMN CBA3AHHbLIX MPU3HAKOB.

3) PACNO3HABAHME OBPA3O0B. lMporpamMmbl OCHOBaHbl Ha pasHbIX BapuaHTax runoTesbl KOMNAKTHOCTY:
YHUMOAANbHOI, NOMMOAANbHOIA, NIOKa/IbHOM W MPOEKTUBHOA YHUMOAAbHON. Peanu3oBaHbl npasuna u3
JIMHEHBIX, TOTUYECKUX 1 TAKCOHOMUYECKIX KaccoB npasui.

4) 3ANONHEHME NPOBENOB I OBHAPY)XEHVE OLUNBOK B TABNNLIAX. B nakeTe uMerTCs NporpaMmbl 13
AByx cemeiicTs: ZET n WANGA [3aropyiiko, 1999].

5) MPOrHO3MPOBAHNE. MpogomkeHue AMHaMUYeckux psifoB oCyLiecTBaseTca nporpammoit ZET.

lNepBble BepcuMM 3TOr0 naketa OblnM peannsosaHbl 6onee 20 net Tomy Hasag. Mo Mepe NOSIBMEHWUA HOBbIX
BbIUNC/IUTE/bHBIX MallWH CO34aBa/IMCh OYepefHble Bepcun naketa. B Hero Jo06aBnsnnch HOBbE MPOrpamMMbl,
peasmsytowiye 6onee ahPeKTUBHbIE arTOPUTMbI, COBEPLLIEHCTBOBA/IOCH CEPBUCHOE COMPOBOXAEHME NAaKeTa, HO
OCHOBHO## Kpyr peluiaeMblx 3afay OCTaBasiCA MPaKTUYECKN HeW3MeHHbIM. KOM4ecTBO 0OBLEKTOB OrpaHnYeHo
00bEMOM NamATK KOMNbloTepa. Yncno 06bEKTOB MOXET BbITb CPABHUMO C YMC/IOM NPU3HAKOB. MprU3HaKK MOryT
ObITb  PA3HOTUMHLIMK, JOMYCKAOTCH OWMOKM W npobenbl B faHHbIX. [OCTOMHCTBA Mnaketa - €ro
OPWMEHTUPOBAHHOCTbL Ha MO/b30BaTeNs, He ABMAILLErocs nporpaMMUCTOM U XOpoLwas LOKYMEHTUPOBaHHOCTb.
AnroputMmbl, peanusoBaHHble B cucteme OTIKC, onucaHbl B MOHorpadun «lpuknagHble MeTofbl aHaniusa
[aHHbIX 1 3HaHuid» [3aropyiiko, 1999]. Maker OTIKC npuMeHANCs BO MHOTUX 061acTsX — COLMOMOTAN,
9KOHOMMKE, Te0/IOrN, TEXHOMOTUN, MefuLMHe, 61onorMn. PacCMOTPUM TpW NpUMepa M3B/IEYEHNS 3HaHWIA B
reHeTuKe, COOTBETCTBYIOLMX Pa3/INyHbIM YPOBHAM OpraHv3auun MonekynspHo-reHetuyeckux cuctem (MPHK,
OenokK, reHHas CeTb).

Mpumep 1. NPEACKA3AHVE KONMYECTBEHHOIO YPOBHSI TPAHCAALIMOHHOM AKTUBHOCTW MPHK:
anroputMm ZET [3aropyiiko, 1999; 3aropyiiko u fp., 1986]. BbIfBAAAMCH 3HAYMMbIE KOHTEKCTHBIE XapakTepUCTUKA
reHOB, KOPPE/NMPOBaHHBIX C BE/INYMHON UX TPAHCNALMOHHON akTuBHOCTW. Anroputm ZET npedHasHadveH s
MPOrHO3MPOBAHUA 3HAYEHMIA MPOMYLLEHHbIX 3/1IEMEHTOB B Tabnuuax AaHHbIX Tuna «06bLEKT-CBOWCTBO». Ha
nepBoM 3Tane paboTbl anropuTMa A1s 3afaHHoro npobena BblbupaeTcs «kOMMETEHTHas» NOAMATPULA B BULeE
CTPOK, Hambonee NOXOXMX Ha Ty CTPOKY, B KOTOPOIi NIOKaNN30BaH 3afaHHbIil Npoben, u cTonbLos, Hanbonee
KOppenMpoBaHHbIX CO CTOMBLOM, B KOTOPOM /I0Ka/IN30BaH 3adaHHblil npoben. Ha BTOpoM aTane aBToMaTnyecku
onpesensioTcs napameTpbl POPMy/ibl, UCNIONb3YEMOI 418 NpescKka3aHns NpomnyLLEeHHOro 3HaueHns. Ha TpeTbem
aTane BbIMNOMHAETCA HEMOCPEeLCTBEHHOE MPOrHo3npoBaHve. KomneTeHTHas marpuua umena pasmeps 3*3.
MonyyeHbl NpeAckasaHnst akTMBHOCTW Ana 171-ro reHa [poxoked. TOYHOCTb NpeAcKas’aHus pas/inyHa.
HaumeHbluas owwmnbka nporHosa — 20% 6bina nonyyveHa ans 30% reHos.

Mpumep 2. PACMNO3HABAHME CAWTOB: anroputm  AddDel [3aropyitko, 1999]. ABTOMaTM4eckoe
pacno3HaBaHue CUrHabHbIX NENTUAOB M CaNTOB paspesaHns B Genikax ABNSETCS akTyanbHOW 3agaydei kak Ans
pacrno3HaBaHisi UX BHYTPUKNETOYHON NoKanu3auuu, Tak W AN PelleHns NpuknagHbiX 3a4ad B MeauLmMHe W
bnotexHonorui. B uccnegosanum ucnonb3oBanuch 10 ceoiicTB Kidera n 434 CTPYKTYpHbIX U (PU3MKO-
XMMUYECKNX CBOICTBA aMUHOKIC/OT (60/1ee NOAPOBHO peLLeHre 3afaqun N3NoXEeHOo B [3aropyiko u ap., 2002]). B
KayecTBe peluatoLLero npasuia UCnosb30Basoch NPaBUNO «k Gnuxaiilumx cocefeil». [4ns Bbibopa NpUsHaKos
ncnonb3osasica anroputm AddDel, koTOpbld coveTaeT maeu nocnefoBaTeNbHOro Aob6aBneHns Hawbonee
LIEHHbIX MPU3HAKOB W NOCNEAOBATENbHOTO YAANEHNS! HAUMEHEE LIEHHbIX. TECTUPOBAHNE 3KCNEPUMEHTANbHBIX
[aHHbIX NOKa3asio, YTo CaliTbl pa3pe3aHns NpaBnIbHO 06HAPYXMBAKOTCA W okann3ytoTcs B 85% cnyyaes.

Mpumep 3. PACMO3HABAHVE TUMA MYTALNOHHBIX HAPYLLUEHWIA B TEHHbIX CETSX. MosiBuBLLMECS B
nocneaHne rofibl HOBbIE 3KCMEpUMEHTasNbHblE TexHonorn (Laboratories-on-a-chip) N03B0NS0T aBTOMATAYECKN
nonyyaTb KUHETUYECKINE XapaKTEPUCTUKL (OYHKLMOHUPOBAHUS B KNIETKAX COTEH W ThICAY FEHOB W WX NPOAYKTOB.
AkTyanbHOIi 3aia4eil aHa/3a aTUX AaHHbIX ABNSETCSA pacno3HaBaHne TUna MyTauUoHHbIX HAPYLUEHNIA B TeHHbIX
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ceTax. PelleHne 3TON 3afaun NO3BOMMT pa3pabartbiBaTb METOAbl AMArHOCTUKM 3a00NeBaHWiA, CBA3AHHBIX C
HapyLLeHeM paboTbl reHHbIX CETel, U lekapCTBEHHbIE npenaparbl Y3K0 Creuuanm3npoBaHHoro Bo3aencTemns Ha
3aflaHHble MOJNeKYNAPHO-TeHeTUYecKMe M BUOXMMUYECKUe MpOLEeCChl, NpoTekawwpe B knetke. B pa6ote
[bopucosa u ap., 2002] nccnegoBanack reHHas CeTb perynauun AuddepeHLpoBkN 3pUTPOULHONA KNEeTKA Nog,
Jeictemem aputponpotenHa. C nomollbio Mogenu atoit cetu [Ratushny et. al., 2002] 6bi1n nonyyeHsl faHHbIe
00 W3MEHEHWN KOHLEHTPALMiA pasNyHbIX BELEeCTB, Y4acTBYHOLMX B OMOXUMUYECKMX peakumsx. bbino
npomMoaennpoBaHo 19 MyTaumii, HapyllaoWmx paboTy onpeaeneHHoro 3BeHa B reHHoii ceti, no 10 Bapuauuid
ANS Kaxaoi MyTaumu. PaspabotaHa MeTOAVKa pacno3HaBaHus NpUHaANEXHOCT HEKOTOPOro COCTOSHUSA CETH K
OZHOMY M3 19 TUNOB MyTaumii. B OCHOBY pelleHns 3afjauu pacno3HaBaHus Ner NPUHLMN NapHOro CpaBHEHWs
aTanoHos [3aropyiiko, 2000]. B pesynbTare paboTbl anropuTMa BbISICHIIOCh, YTO A5 NOCTPOEHUS PeLLaoLLero
npaBuna, NpejHasHa4eHHOro ANs pasInyeHns BCeX TUNOB MyTaLid, HEOOXOAMMA UHCHOPMALMS O KOHLLEHTpaL
TO/MbKO 3-X KOMMOHEHTOB TEHHOW CETW: rema, PeLEenTopoB, CBS3aHHBIX HA MOBEPXHOCTU C TPaHCHEPPUHOM K
MPHK GATA-1 Ha wHTepsaniax BpemeHu fnauHoii 11, 23 u 2 yaca COOTBETCTBEHHO. [10 BblGpaHHbIM
XapaKTepPUCTVKaM BCE KOHTPObHbIE MyTaLMK Bblfin pacno3HaHbl 6e30LLMO0UHO.

1.2 WHTennekTyasibHas nporpaMma Asisi AMarHocTUKKM G0/bHbIX C 3a00NeBaHUAMM NpeacTaTesbHoM
Xenesbl

Astopamn (CowwHvkos [.B., Nlykbanos V1.B., 3asefees V.A.) pa3paboTaH 1 BHELPEH B K/IMHUYECKYIO NPaKTUKy
NPOTOTMN WHTENNEKTYaNbHON YYETHO-ANATHOCTMYECKOI CUCTEMBI B 06M1aCTI YPONOMAK, KOTOPbIA OnNMpaeTes Ha
NPaKTUKy NeveHns 3aboneBaquii npeacTaTeNbHoOR Xenesbl B yponoruyeckoii knuHuke MKb um. C.M.boTknHa.

Cuctema cogepxut 6a3y gaHHbix (BL) nauneHTos (B HacTosLlee BpeMs 156 60/bHBIX), BKIOUAOLLYIO NOMUMO
CUMNTOMOB W pe3ynbTaToB 06CNeAoBaHUs 6O0/bHbIX, YYETHbIE AaHHble W CBELAEHUS O NEYEHUW, a TaKke
WHTENNEKTYasIbHY0 KOMMOHEHTY, 06ecneynBaroLLyio BbIpaboTKy AMarHo3a 1 PekOMEHAaUuMii no SIeYeHno Ha
OCHOBaHuK MHchopmaummn 13 BJl. Hannune cpefcts AvarHOCTUKW, BCTPOEHHbIX B CUCTEMY, BbIFOAHO OTAMYaeT
[aHHyK CUCTEMY OT CYLUECTBYIOLLMX aHanoroB (Hanpumep, ydeTtHas cuctema NMPOCTATA, paspaboTaHHas B
HUW yponorun M3 P®) n no3so/SeT HauMHaLEeMy Creuuannucty WCnonb30BaTb Ha HauasibHbIX 3Tanax
AVarHOCTUPOBAHNA 3HAHMA W METOAMKY Bpaya-aKcrepTa BbICOKOM kBasmdukauun. [uarHoctuka npoBoauTCS
CUCTEMOI B 5 3TanoB: Ha OCHOBaHMM Xano6 60/1bHOTO (CUMNTOMOB) (hOPMUPYETCA NPeABapUTENbHBIA AnarHos,
3aTeM Ha OCHOBAHWUW MHCTPYMEHTa/IbHbIX TECTOB (DOPMUPYETCS OKOHYATENbHbIA AMarHo3 W BbipabaTbiBatTCA
PEKOMEHALMM 1O JIEYEHWIO C YYETOM BO3pacTa, kayecTBa XW3HU U COCTOSHWUA 60/1bHOr0. Ha kaxzaom atane
paboTaeT OTfenbHas 3KCnepTHas cuctema. [lepBOHaYaUIbHLIA BapuaHT CUCTEMbI MpeAHasHadveH Ans
aBTOHOMHOTO MCMO/b30BaHNA Ha paboyeM MecTe Bpaya. [uarHocTika MOXET OCYLLEeCTBAATLCS Kak C MOMOLLbH
BCTPOEHHOrO Mofyns ¢ (hMKCMpOBAHHOM 6a30l 3HaHuii (B3), Tak u npu nomolyn BHewwHeid CYB3 Diet.
BCTPOEHHbIi MOAYNb AWArHOCTUKA peann3yeTcs Npy NOMOLLM aBTOMATUYECKON reHepauun koga no UCXoaHbIM
npasunam 6asbl 3HaHWIA, KOTOPbIE 3anucaHbl Ha s3bike Object Pascal. Bbino paspaboTaHo cpefcTBO reHepaLum
Koja AN HECNOXHOr0 MPOAYKUMOHHOTO MPEeACTaB/MeHNs 3HaHWA C UCMONb30BaHMEM O06PATHOrO BbIBOAA.
MoMlyYeHHbIN UHTENNEKTYasbHbIA MOLY/Ib KOMMUIUPYETCH BMECTE C CUCTEMOM U He [oMycKaeT AasbHeiilero
npocmoTpa 1 Mofudhmkaln npasun. Vicnonb3oBaHue BHelwHeir CYB3 Diet, gonyckatowein pacnpefenéHHoe
XpaHeHe W WCMONb30BaHWEe 3HaHWIA, NO3BOMSIET OPraHM30BaTb LEHTPaIM30BaHHYD MoAuuumMpyemyo b3,
KOTOpas MOXET MOAAEPKNBATLCA HECKOMbKUMU — CMeupManmMctaMm 1 UCnonib30BaThCA  ANS  BblpaboTky
ONTUMaNbHOTO AMarHosa. Takoi MOAXOf YAoGeH NS rpynn CheuwasncToB, padoTalolmx C OAHUM YYEeTHO-
AVarHOCTUYECKUM KOMMJIEKCOM.

1.3 OMUC - cuctema MHTENNEKTYasIbHOTO aHaNn3a MeauLMHCKNX AaHHbIX

OMWC - coBpemeHHast KOMMbIOTEPHASA TEXHONOIMSA CUCTEMHOTO aHasIn3a U 0606LLEHNS KNMHUKO-NabopaTopHBbIX
AaHHbIX [FeHknH, 1999]. B 1988 rogy ans pelueHns 3agay aBToMaTU3auumn Hay4HbIX CCNeaoBaHmMin B 061acTh
hM3nonorMm N MeauUyHbl 6biN0 OpraHM3oBaHO Manoe npeanpusaTue. B koHue 1988 roga npeanpusitue
nonyunno 3akas ot LKA 1 JleHMHrpafckoro MeAMHCTUTYTa Ha pa3paboTky CUCTEMbl aHain3a [aHHbIX B
obnactu rematonorum — FEMA. B 1990 rogy FEMA Hauana akcniyatuposatecd. B cucteme TEMA
nccnefoBaTebCkUii MOAYb /1 aHa/M3a KIMHWKO-N1abopaTopHbIX LAHHbIX Obli CONPSXEH C KOMMbIOTEPHOI
nctopuein 60Ne3HN U C IKCNEPTHBIM MOZYNIEM. 3HAHWA AKCMEPTHOrO MOAYNsA (POPMUPOBA/IUCL KOMMbIOTEPHON
NporpamMMoi Ha OCHOBaHWK Pe3y/bTaToB UCC/ef0BaHNIA, NPOBOAUMBIX B Auasiore ¢ nonb3osaresnem. Cucrema
FEMA co3gaHa Ha 6ase KIMHUKM (hakynbTeTckoid Tepanun 1-ro JIEHMHrPaACcKoro MeAuHcTUTyTa. B Heil
peasn30BaHbl HOBbIE BO3MOXHOCTW aHa/n3a CPefHNX TEHAEHLMIA, KOPPENALMOHHBIX CBS3EN, METOAb! OLEHKN
NHAOPMATNBHOCTU N1a60PATOPHBIX W WMHCTPYMEHTASIbHBIX MPU3HAKOB, aHa/IM3 WHTEPBASIbHBIX 1 OUHAPHBIX
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CTPyKTYp, 0becneunBanachb MH(OPMALMOHHAA NOAJEPKKa KIMHMYeckux pelenunii. B 1993 rogy 6bina

paspaboTaHa nepeast BEpCKsi 060/104KN ANS CO3AaHNS HTENNEKTYaIbHbIX MEWLIMHCKAX CUCTEM (MPOrpamMMHbIi

komnnekc OMWC). OMUC npefocTaBnseT KAMHULMCTY BO3MOXHOCTM CaMOMy FEHepuUpoBaTb KOMMbIOTEPHYHO

UCTOpUI0 BONE3HN U MCMOMb30BaTb PECYPChbl UCCNEA0BATENLCKOTO U 3KCMEPTHOr0 MOAyfell He TONbKO B

remMaronoruu, HO W B [PYrMX MpeaMeTHbIx obnactax meauuuHbl. C nomowpto OMWC  nposogunnch

uccnefoBanus B 0611aCTU reMaronoruu, nynbMOHOMOMN, KapAuoorin, YPOsOTAN, OHKONMOTUM, KMHUYECKON

NabopaTopHOii AMArHOCTUKKM, Pe3ynbTaTbl UCCNEN0BAHMIA OTPAXEHBI B PSAE AMCCEPTALMOHHBIX paboT [Bupyns,

1998; flyanHa, 1995; Kupeenkos, 1998; Knumenkosa, 1997; Kpytukos, 1996; Kyty3os, 1996; MaHb /o JlaH, 1996;

CrenaHoBa, 1996; ®ununnosa, 1997; XupmaHoB, 1994]. BbiCoKkoe Ka4ecTBO aHann3a KNUHWKO-1ab0paToPHbIX

A@HHBIX NPY MOMOLLW nporpammHoro komnnekca OMUC focTuraeTcs 3a cyer:

1) ConpsxeHus uccneaoBaTesibCkoro Mogys ¢ KOMMbIOTEPHOI UCTOpUeli 6oNe3HN.

2) Bbibopa TpaaULMOHHBIX CTATUCTUYECKUX (PYHKLIMIA, OPUEHTUPOBAHHBIX HA aHANN3 C/IOKHO OPraHN30BaHHbIX
[J@HHBIX.

3) Vcrnonb3oBauns psAfa  AOMOMHWTENbHBIX  (OYHKUMA, CreupnaibHO NpefHasHayYeHHbIX And  aHanusa
(h131ONOTMYECKON 1 KTMHUYECKON MHhOpMALIN.

4) OpraHusauuy aHann3a [UHaMUKU [aHHbIX, B YaCTHOCTW, CpPaBHEHWEM WH(OPMALMOHHbIX 06pa3os,
MPUYPOYEHHBIX K Pa3HbIM BPEMEHHbIM Cpe3am.

5)  BbIIBNIEHNS OTHOLLEHMI MEXAY 3NeMeHTamMu (PU3NOI0TMYECKIX NPOLLECCOB pasHblx TUNOB (33, IKI u gp.)
W OTHOLLIEHWIA (DN3MOIOTNYECKNX MPOLIECCOB C KIIMHUKO-NabopaTopHbIMI faHHbIMU.

6) Ypo6Horo uHTepdheiica, akTMBHOTO Ananora KIMHULMCTA C KOMMbIOTEPOM 11 aBTOMATUYECKOr0 NOCTPOEHMS
nocneLoBaTeNbHOCTU (OYHKLMIA, MPUBOLALLUX K Lienn UcCeoBaHus.

7) ABTOMaTM3aumu BBeAEHWS BEPOATHOCTHO Mepbl B MPOCTPAHCTBE MPU3HAKOB  (dhopmupoBaHue
WHTEPBa/IbHbIX 1 BUHAPHBIX CTPYKTYP) 1 hopmupoBanns B3 B npouecce 06yyeHus (NpruobpeTeHre 3HaHNi
W3 [aHHbIX UCTOPUN BONE3HN 1 NPOTOKO/IOB 3KCNEPUMEHTA).

8) ABTOMATWU3MPOBAHHOW pa3paboTKM KOHCUAMyMa (KONNEKTUBA) anropuTMOB MPUHATUS PeLeHnid (6
pa3/IM4HbIX CTpaTeruii).

9) OpraHn3aum 3KCNepTHOM CUCTEMbI, MO3BONALLEHA NPUHUMATL AUtepeHLnaIbHO-ANarHoCTYeCKe,
MPOrHOCTUYECKME 1 ApYTUE PeLLeHNs.

WccnefoBatensckuit Mogynb cuctembl OMUC oTnnyaeTcs NpocTOTOR WMHTepdieiica U HABOPOM  PYHKLWNIA,
KOTOpbIiA MO3BO/SET NPOBOAUTL KOJIMYECTBEHHbI aHa/M3 NaTonormin y 6O/bHBIX KAUHULMCTY, HE UMEIOLLEMy
cneuyanbHON  MaTemaTuyeckoid noarotoBku. [locTuraeTcs 370 ChneUWanbHOM OpraHu3auuein MeHw, npu
0bpalLeHn K KOTOPOMY OT K/MHULMCTA TpebyeTcs BbIOOP He KOHKPETHOM (hyHKUMM, Hanpumep, t-kputepus, a
/MWL MHTEpecyloLeil ero 3agaun. MHtennektyanbHas cuctema OMUC ocyllecTBuT npefBapuTenbHblii aHanus
[aHHbIX 1 cama BblbepeT cTaTucTuyeckme (yHKUMW (kak napameTpuyeckue, Tak W HenapameTpuyeckue),
KoTopble obecrnevyar pelleHne BblOpaHHOK 3agaun. B cucteme OMUC aBTOMATU3NPOBAHO (HOPMMPOBaHUE
WHTEPBA/IbHbIX M OMHAPHbIX  CTPYKTYP — HOBbIX MOHATUA  MEAMUMHCKOM  MHC(pOpMaTukK  [CMOTPH
www.intels.spb.ru/pr01.html]. WHTepBasibHble CTPYKTYpbl fydile, Yem fpyrue CTaTUCTUKW NpeAcTaBAsioT
NHhopMaLMo 0 BapnabenbHOCTW MpU3Haka, a GUHapHble (MATPUYHbIE) CTPYKTYPbl OLIEHMBAKOT CBSI3N MEXAy
AByMS npusHakamu. OHU /1erko MOAMCULMPYIOTCA B npoLecce 06Y4YeHWs Npu yBENUYEHWUM 3MMMPUYECKOTO
Matepuasia. MoMHOCTbI0 aBTOMATU3MPOBAHbI B CUCTEME U BCE 3Tanbl pa3padoTkm AUarHOCTUYECKIX anropuTMOB:
(hopMupoBaHMe 0OyYatoLLMX W KOHTPOJIbHbIX BbIOOPOK, BBELEHWE BEPOSTHOCTHOM Mepbl B MPOCTPAHCTBE
MpU3HaKoB, OLEHKA MH(OPMATUBHOCTU OLHOMEPHBIX 1 ABYXMEPHbIX NMPU3HAKOB, (DOPMMPOBAHNE ONTUMASIBHOIO
NOAMHOXECTBa  MH(DOPMALMOHHO-LEHHbIX  MPWU3HAKOB NP  UCMOMb30BAHUM  ONPELENIeHHOr0  anropuTMa,
(hopmupoBaHue b3, cpaBHeHWEe pe3y/bTaTUBHOCTY Pa3/IMyHbIX a/IrOPUTMOB, CO3LaHNe KOHCUINYMA PeLaroLmnx
npaBun 1 OLEHKa pe3yNbTaToB ero paboThbl.

2. VIHCTpyMeHTa/IbHble NPOrpaMMHble CUCTEMbI A8 UHTENNEKTYaIbHOTO aHan3a aHHbIX

2.1 NHTennekTyanbHbIi MOMOLLHMK ANS U3BeYeHNs 3HaHui [Bernstein, Provost, 2001]

Data Mining B 3T0i4 CUCTeMe paccMaTpuUBAETCA Kak MpoLecc aHanus3a [aHHbiX, B KOTOPOM Ha pasHbiX 3aranax
NPUMEHAKOTCA pas3nnyHble MeTobl. MpoLecc aHasm3a JaHHbIX BKIKOYAET 5 OCHOBHbIX MOANPOLECCOB: BblGOpKa
[aHHbIX, pa3BefouHblil aHanu3, 06paboTka 1 TpaHC(opMaLns LaHHbIX, 3aJaHne U NpUMEHeHe MOAENN UK
BUfA aHanu3a, aHaM3 pesynbTatoB. AHaNN3MPYs pPe3sy/bTarbl KaXIOr0 3Tana, MOXHO B MpUHLMMe
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nepeHacTpouTb MOAEe b UMW CTPYKTYPY Credytowleid ctaguu. MoXHO BEpHYTbCS Has3az M NpOBECTU HEKOTOpble
CTagun aHanu3a 3aHOBO. VHTennekTyasibHbI NOMOLLHUK AN M3BMeYeHus 3HaHuii — cuctema IDA (Intelligent
Discovery Assistant) cozgaHa /15 1010, 4T00bl NOMOYbL PasHbIM NMO/L30BATENAM (HOBUUKAM W NpodeccuoHaam)
OCYLLLeCTBUTb BbIGOP METOL0B 06pabOTKM AaHHbIX M 0BHAPYXEHWS 3HAHWIA Haumbonee NOAXOAALMM 06pa3oM ¢
TOYKM 3pEHUs BUAA UCXOAHbIX LAHHbIX, Liesei ccnefoBanns, TeX UK UHbIX OrpaHuyeHuii U Nosib30BaTeNbCKIX
npeAnoyTeHnin. Cuctema oTBeYaeT Ha BOMPOCHI C/IeAYHOLLEro TUna: kako MeTos, Bblopathb - NOCTPOEHWE fepeBa
pelleHnin, metoq baileca mnu noructTudyeckyo perpeccuio? HyxHa nu auckpeTtusaums? Kakum MeTogom?
Mpouecc OBHapyXeHUs 3HaHWi NpoxoauT 3 CTaduw: npefsaputenbHas 06paboTka AaHHbIX, NPUMEHeHWe
WHAYKTMBHbIX anroputMoB W 06paboTka pesynbTatoB. Cuctema noayyvaeT OT Mo/b30BaTeNs OnucaHue ero
[aHHbIX, Leneidl n xenaemble napameTpbl MPOLECCOB, TakMe Kak CKOPOCTb M TOYHOCTb. BbiGop npoueayp
OCYLLECTBASAETCA ANA KaXAOW CTafguu, Onpeaensietcs nOpsfoK WX BbINOMHEHUS Ha OCHOBE XapaKTepuCTuK
BXOAHbIX [aHHbIX, OrpaHU4YeHuid Nosb3oBaTeNs U OHTOMOMMIA, TO eCcTb (hOPMasIbHbIX OMpeseneHnid Kaxaoro
npouiecca (oneparopa). Cuctema hopmmpyeT BO3MOXHbIE MaHbl MPoLEecca 1 No/b30BaTEN0 NPeSoCTaBAETCS
BO3MOXHOCTb Bbl6opa niaHa. Cuctema HacTpanBaeT Bce napameTpbl npouesyp no chopMUpoBaHHOMY MaHy,
OCYLLLeCTB/NAET HACTPOIAKY NpoLecca v reHepupyeT COOTBETCTBYIOLLMIA KOZ AN1S1 €r0 BbINOMHEeHUs. OHTOM0TUS Ans
KeDKZ0ro oneparopa COAepXuT:

1) WHdhopmaumio 415 nonb3osaTens o Kax/aoM onepatope.

2) CneundukaLmio YCNOBWIA, NPU KOTOPbIX KaXabl OnepaTop NpUMEHsIETCS; 3Th cneuudukaumin coaepxar
NPeAyCNoBNs, He TOMbKO CBS3aHHbIE C TEKYLMM COCTOSIHUEM MpOLEcca 06paboTKM AaHHbIX, HO 1 YCOBMS
COINIacoBaHMs OnepaTopa ¢ npe/blayLLymM NpoLECCOM.

3) CneuudvkaLo BO3LENCTBIN LAHHOIO onepartopa Ha COCTOsHIe NpoLecca U AaHHbIX (NOCTYCI0BUA).

4) OueHKM BNWSHAA onepaTtopa Ha TakMe XapakTepuUCTWKM MpoLecca Kak CKOpOCTb, TOYHOCTb, MOAESb
NOHMMaHWs npolecca 1 T.4.

B [ono/MHeHWe K OHTONMOrMM BCE OMepatopbl pasbuTbl Ha JIOTMYECKMe KMacChbl, YTOObl YMEHBLUMTbL YKUC/IO
paccmaTpuBaeMblX OMepaTopoB Ha KadkAoi CTaguu nnaHWpoBaHMs npouecca. B CTpykType Knaccudpmkaumm
0nepaTopoB MALIMHHOTO 06Y4eHUs B CUCTEME MOXHO BbIAEMNTL TP [/1aBHble TPynMbl ONepaTopoB —
NPeANPOLeCCHI, MHAYKLMSA 1 NOCTNpoLEecchl. Kaxaas n3 aTux rpynn nogpasaensercs Ha nofknaccel. B nmctbax
Knaccu(uKaLMOHHOrO  [iepeBa  HaxXOAATCA  HEMOCPELCTBEHHO WCMOMHSEMble — onepaTopbl.  Hanpumep,
WHAYKTVBHbIE &/ITOPUTMbI MOAPA3LENATCA Ha Knaccutukatopbl, ONeparopbl OLEeHKN BEPOSATHOCTM Knacca U
610K NOCTPOEHMSA perpeccuii. Knaccuukatopsl ganee AensTcs Ha peliatolime AepeBbs U NOCTPOEHWE npasin
no npumepam. fencteylowmm npototunom cuctembl IDA cnyxut cuctema IDEA. CkopocTb paboTbl 3TOM
CUCTEMbI O4YeHb Benmka. Mpu uucne OHTOMOMMA HEMHOTUM 60/ee [HOXWHBI MIAHWMPOBLLMK FEHepupyeT Bce
BO3MOXHbIE NPOLECChI A1 HECKO/bKIX COTEH NPO6/EM C HEGO/bLUIMMI OTPAHNYEHNAMU MEHEE YEM 3a CEKYHY.
B cucteme npegycMOTPeHbl 3BPUCTUYECKME (PYHKLMM OLEHKM W PaHXMPOBAHWA OMNepaTtopoB C MOMOLLbIO
BECOBbIX KO3((hMLMEHTOB, (hOpMUPYEMbIX MOsb3oBaTesneM. [pakTuyeckas akcnnyatauus cuctembl IDEA
nokasana, uto ¢ eé NoMOLLbI0 LEeACTBUTE/IbHO TEHEPUPYIOTCA MOJE3HbIE U UHTEPECHbIE AN NONb30BaTenei
MPOLLECChI M3BIEYEHNSA 3HAHMIA. [TpryeM cucTema okasasacb HeOXAAHHO NoNe3Ha Kak Ans HOBWUYKOB, Tak U AN
NPOtheCcCUOHaIbHBIX NO/b30BATEEl MO TOW NPUYMHE, YTO B HEW FEHEPUPYIOTCA COTHM NIAHOB M OHA NO3BONSET
nonb30BaTento YT OT NPUMEHEHUS TOSIbKO TPUBMASbHBIX, MPMBbLIYHBIX NOCNEeA0BaTEbHOCTEN 06paboTki U
nepeiiTn K MUCCNefoBaHN0 HOBbIX MHTEPECHbIX 1 paHHEee He MPOCMATPUBAEMbIX BO3MOXHOCTEN W3BEYEHUS
3HaHUi1. Ha 0CHOBE OHTO/IOMMIA CUCTEMA NPEeA/araeT He TOMbKO NPAMblE MyTU 06paboTKM JaHHbIX C 3afaHHbIMU
XapakTepucTukamu, HO 11 y4nNTbIBAET BO3MOXHbIE TpaHC(OPMALN AaHHbIX U3 OfHOM (DOPMbI NpeLCcTaBNeHus B
Apyryt. Hanpumep, cuctema MOXeT npeobpas3osarb [epeBo PeLleHuii BO MHOXECTBO NpaBu/ U NPUMEHUTL K
3TOMY MHOXeCTBY ONTUMW3VPYIOLLYIO MPOLEAYPY COKpaLLeHWs npasusl, KOTopas He MPUMEHUMA K peLuatoLLm
fepeBbsAM. banecoBckuiA Knaccutukatop NPUMEHUM TOMbKO NS KATEropuasibHbIX AaHHbIX, HO MIaHUPOBLLMK
BK/IIOYAET MPOLECC TpaHc(opMauun AaHHbIX B HeoOXOAUMYyH (hopMmy npefcTaBfeHus. bbiv npoBeseHb
nccnefoBaHns no OLEHKE 3BPUCTUYECKMX (PYHKLMIA paHXMPOBaHUS NNaHOB W NPOLECCOB U3BNEYEHMS 3HAHWI B
cucteme IDEA, koTopble nokasann O4YeHb BbICOKYHO COr/IaCOBAHHOCTb CUCTEMHbIX OLLEHOK MO PaHXu1pOBaHMIO
M71aHoB C OLEeHKaMM He3aBUCUMbIX akcnepToB. MHOXeCTBO OHTOMOMMA B IDEA npefcTasnser co6oii MoLLHOe
CPeLCTBO B3aMMOJECTBIA MeXY CreusanncTamMmi B pasBuTu MeTOLOB OOHAPYXEHWUS 3HaHWUIA B aHHbIX. To,
4YTO pa3paboTaHO OfHUM WCCNefoBaTeneM, NpK BKIOYEHUM B OHTOJIOTMIO MOXET OblTb JOCTYMHO W LAPYTUM
no/b30BaTeNIAIM CUCTEMbl. ITO OCOBEHHO BaXHO Npu paboTe MHOMMX Nonb3oBaTeneill B CeTW. Hanpumep,
OHTONOTM BbIN MOMOMHEHbI METOAOM ABOWCTBEHHOrO WkanuposaHus [Nishisato, 1994]. 310T MeTod ObIN
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HaiifleH OfHWUM U3 CneuManncToB no nuTeparype, onpo6oBaH /18 Npeobpa3oBaHns KaTeropuaibHbIX AaHHbIX B
YMCNOBbLIE M OKA3asicA Mose3eH A1s HEKOTOPOro kiacca 3afay knaccudukauun. HeoleHUMble BO3MOXHOCTY
cuctema IDEA npegocTaBnsieT ans 06y4eHns cneLmanncToB B 061acTy M3BMEYEHNS 3HAHWIA U3 jaHHbIX.
Cuctema IDEA reHepupyeT kof A4/ MHCTPYMEHTaNbHOW cucTeMbl 13BneyeHns sHanuin WEKA [Witten, Frank,
2000]. WEKA npeacTtaBnsieT co60il KOMMEKLUMIO anropuTMOB MALLMHHOTO OBYYEHWst AN pPelleHnst npobnem
n3BneyeHns 3HaHuii (data mining problems) peanbHoro mupa (3agayus ¢ faHHbIMM GOMbLUIOW PasMEPHOCTH).
MporpammHoe o6ecreyeHne HanmncaHo Ha A3bike Java n paboTaeT noyTh Ha BCEX KOMMbLIOTEPHbIX N1aT(opMaXx.
ANTOPUTMbI MOXHO HENOCPESCTBEHHO MPUMEHATb K AaHHbIM WKW OHU MOTYT BbI3bIBATLCA U3 MPOrpamMMbl
nonb3osarens. bubnuoteka nporpamm WEKA Takke XOpOLLO NOAXOAUT 415 Pa3BUTIS HOBbIX NO/b30BATE/bCKUX
METOZ0B MaLlWMHHOTO 00y4eHusi. Kpome 6ubnmotekn nporpamm cuctema WEKA xpaHnT 6nbnunoteky Habopos
[aHHbIX, MONYYEHHbIX W3 pasHbIX WUCTOYHMKOB. O6e 6MOMOTEKM MOMONHSAIOTCA  MO/b30BATE/IbCKUMY
nporpamMmamu U Habopamu AaHHblx. Mporpammel 1 faHHble WEKA poctynHbel yepe3 INTERNET, Bmecte ¢
nporpammamm 3arpyxaercs yuyebHuk WEKA u okymeHTaums 18 0CBOEHWS CUCTEMbI. MCnonb3oBaHne 3T0ro
pecypca MOXeT BbITb 04eHb MOMIE3HO, Tak kak B HEM COCPEAOTOUEHbI MPOrpamMMbl, peasinsyioLlme npakTYecku
BCe 13BECTHble METOAbl 06paboTKM aHHbIX U U3B/IEYEHNS 3HAHWIA.

2.2 MakeT nporpamm Statistica Data Mining

Komnanueii StatSoft 6bina paspaboTtaHa cuctema Statistica Data Mining. [laHHas cucTeMa CnpoekTMpOBaHa Kak
YHUBEpPCA/IbHOEe CPefCTBO aHa/M3a [AaHHbIX (0T B3aumogeiicTeus ¢ B[] [0 CO34aHMS TOTOBbIX OTYETOB),
peanusyioLlee rpadnyeckn-opueHTUPOBaHHbIA noaxod. Statistica Data Mining npeactaensieT coboii Haubonee
nonHblii naket metogos Data Mining Ha pblHke nporpammHoro obecneyenuns [bonbluakos, 2003]. 10T naket
obnagaet 60MbWKUM HABOPOM TOTOBLIX PELIeHUA, YAOOHbIM MOMb30BATENLCKUM MHTEP(IENCOM, NOMHOCTHI
nHTerpupoBaHHbiM ¢ MS Office, MOLWHbIMM cpeAcTBaMu pasBefoyHOro aHannsa. Statistica Data Mining -
ONTMManbHOE CPeAcTBO AN paboTbl C OrPOMHbIM 06BLEMOM WHOPMALMK, UMetoLiee TMOKWIA MexaHM3M
ynpasneHus. MakeT Takke 06ecrneynmBaeT MHOr03a4a4YHoCTb ¥ UMEET OTKPbLITYH apXuTekTypy. [ns NoAAepxKu
no/b30BaTENbCKUX NPUIOXEHUA UCNONb3YETCA NPOMbILLIEHHBIA cTaHgapT VB, Java, C/C++. OcHOBOW naketa
Statistica Data Mining siBnsetca 6paysep, cogepxawiuii 300 OCHOBHbIX MPOLELYP, ONTUMU3MPOBAHHBIX NOZ,
3agaus Data Mining, n cpefctBa NOrMyeckon CBA3W Mexzdy HUMKU. B nakeTe npedycMOTPeHbl CpeacTsa
ynpaBneHus NoToKkamm [aHHbIX, KOTOpble NO3BOMIAKT KOHCTPYMPOBATb aHa/IMTUYECKME METOAbI NONb30BaTEeNS.
Paboyee NpoCTPaHCTBO NakeTa pasgeneHo Ha 4 yacTu:

Data Acquisition - C6op AaHHbIX. 34ecb N0Nb30BaTe b MAEHTU(ULMPYET UCTOUHWK [AHHBIX /19 aHain3a
(chaiin faHHbIX Mnm 3anpoc K bJ).

Data Preparation, Cleaning, Transformation — MogroToska, Npeo6pa3oBaHue u OuuCTKa fLaHHbIX. 34ecCb
[laHHble NpeobpasyoTcs, (UNbTPYIOTCS, FPYNMUPYIOTCS.

Data Analysis Modelling, Classification, Forecasting — AHanu3 faHHblX, MogenuposaHue, Knaccugmkaums,
MporHosupoBaHue. 34ecb No/b3oBaTe/lb MOXET NpU NOMowWM 6Gpay3epa WM TOTOBbIX MOAeneil 3ajatb
Heo6X04uMble BUZbl aHan3a LaHHbIX.

Reports — PesynbTatbl. B faHHO 4acTu nonb3oBaTe/lb MOXET NpOCMOTPeTb, 3afaTb BWA U HACTPOUTH
pe3y/bTaTbl aHa/IM3a (Hanpumep, OTYET UK ANEKTPOHHAsA Tabinua).

B nakeTte npegnaraeTca LIMPOKMiA Habop Npouedyp M MeTOZOB Bu3yanu3auwn AaHHbix. Cpefcta aHanusa,
npeAnaraemble NakeToM, MOXHO pasfennTb Ha [Be rpynnbl — CPeACTBA aHa/IM3a NPerMyLLECTBEHHO Ha OCHOBE
METO/0B CTaTUCTUKM 1 Creluanm3mpoBaHHble cpeactsa Data Mining.

CpefcTBa aHanM3a Ha OCHOBE METOZI0B CTATUCTUKN pa3feneHbl Ha 5 OCHOBHBIX KaccoB.

Pa3meTka/pa3bueHue 1 yrnybneHHblii aHann3. Habop npouedyp 3TOro knacca no3sosisieT rpynnupoBath
nepemMeHHble, BbIUUC/IATL ONUCaTe/IbHbIE CTATUCTUKK, CTPOUTL UCCIeA0BATENbCKUE TPatUKA.

Knaccudmkauus. 310 Habop npoueayp knaccudmkaLmm Takux, kak 0606LLEHHbIE NMNHENHbIE MOAENN, AEPEBLS
Knaccuukalmm, perpeccuoHHbIe AepeBbs, KNacTepHbIN aHams.

OG6O06LLEHHbIE NUHEWHbIE U HEIMHENHbIE PErpPecCUOHHbIE MOAENW. [aHHblii knacc npoueayp COLEepXUT
006006LLEeHHbIE PErPECCUOHHBIE MOAE/N 1 AIEMEHTLI aHaNn3a AepeBbeB KnaccuukaLmy.

MporHo3upoBaHue. Bknouaer mogenu APMCC  (aBToperpeccust NPOMHTEPTMPOBAHHOIO  CKOMb3SAILLETO
cpegHero), ce3oHHble mogenu AMPCC, 3KCMOHeHUManbHoe CraaxuBaHue, cnekTpasbHblii aHanms dypbe,
Ce30HHas 4eKOMMOo3uULMS, NPOrHO3MPOBaHME NPY NMOMOLLY HERPOHHBIX CETEN U Ap.

CneuvnanusnposaHHble npouesyps! Statistica Data Mining Bkntovarot:
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1) HeiipoceTeBoii aHanms.

2) CreuuasbHyo BbIGOPKY U (DUAbTPAUMIO fAaHHbIX (415 6ONbLUMX 0OBLEMOB AaHHbLIX). Mofynb MOXeT
06paboTaTb OKO/I0 MUNIIMOHA BXOLHbIX MEPEMEHHbIX C Lie/bio OnpejeneHns npefukTopos L1 perpeccum
W Knaceugoukaumm.

3) Mpasuna accoumaumn. Mogynb peanusyet WHAYKTUBHbIE METOAbl OOHApYXeHus npasun accounauun B
[JaHHbIX.

4)  VHTepaKTUBHbIA Yrnyb6NneHHbIii aHasM3 ¢ MOMOLLbIO CPeACTB rMOKoro uccnefoBaHus 60NbLNX 06bEMOB
[JaHHbIX.

5)  O6006LLEeHHbI METOZ MakcUMyMa CpefHero u knactepusauus Metogom K - cpefiHux. MeTog, opueHTMpoBaH
Ha knactepusaumo 60MblUMX HAOOPOB [aHHbIX Kak HENpPepbiBHOWA, Tak W KaTeropuanbHoi Npupoabl.
Ob6ecneunBaeT NpeAnockInkA 415 pacno3HaBaHus 06pa3os.

6) OO0006LIEHHbIE afANTUBHBLIE MOAENN.

7)  OO0O0OLiEHHbIE  KNACCU(UKALMOHHBIE W pPerpeccuoHHble  fepeBbs. Mofynb  peasiusyeT  MeTofpl,
paspa6oTaHHble B [Breiman et. al., 1984].

8) 06o6uleHHble CHAID (Chi - square Automatic Interaction Detection) mogenn (Xu - kBagpat
aBTOMaTMYeckoe OOHapyxeHue B3auMofeicTBus). Mogenb npefHasHauyeHa Ans 60/bLUMX 06bLEMOB
[JaHHbIX.

9)  WHTepakTUBHAA Knaccuukaums n perpeccuoHHble LepeBbs.

10) Pacwupsiemble npocTble fepeBbsi (Boosted Trees) - cnewuuanbHblii METOZL NOCTPOEHUS PacCLUMPAEMbIX
[epeBbeB.

11) MHOromepHble afanTuBHbIe PErpeccuoHHble CrjlaiiHbl. B nakete 3Ty anropuTMbl NPUCNOCOB/IEHbI /1S
3afa4 06paboTKM HEeNPepbIBHBIX U KATEropuanbHbIX JaHHbIX.

12) KpuTepuu cornacus kak A1 HenpepbIBHbIX, Tak U 418 KaTeropuanbHbIX AaHHbIX.

13) BbICTpble NPOrHO3MpYtoLLME MOAENN ANS 6ObLLIOTO YMCIa HABMIOAAEMbIX 3HAUEHNIA.

[lna nonb3oBatenen, KoTopble €1abo pas3dupatoTcs B METoax aHanusa AaHHbIX, MPeayCMOTPEHbI BCTPOEHHbIE
MOZYNN AN peLleHnst Hanbonee BaxHbIX WU NOMyNspHbIX 3adady. bonee AeTasbHOE ONMCaHWE Naketa MOXHO
HaliTi B KHurax [boposukos, 2001; boposukos, MBueHko, 1999].

2.3 WHCTpymMeHTa/IbHOE CPeACTBO  O/1A  CO34AaHMSA W U3MEHEeHUS  KOMMbIOTEPHbIX  CUCTEM
NcUxon3n0oNorMYeCcKomn AnMarHoCTUKM

MepBas Bepcus MHCTPyMeHTanbHoro cpeactea (MC) 6bina paspabotaHa B 1996 rogy Ans aBTomatmsaLuu
npouecca Co34aHnsi KOMMbITEPHBIX MCUXO/IOTUYECKUX TECTOB M MpoLedyp COBMECTHOW WHTepnpeTaLmuu
(o6paboTkn) pe3ynbTaToB NpPUMEHeHUs KomniekcoB (6atapeit) atux TectoB [Naidenova, Ermakov, 1996;
EpmakoB n gp., 1996]. B nocnepgytowmx pegakumax B AC 6biiv fob6aB/eHbl BO3MOXHOCTW aBToMaTu3aLmm
afjanTuBHbIX (BETBALLMXCA) AMArHOCTUYECKMX TECTOB M MPOLEAyp MHTepnpeTauun pesynbTatoB [EpMakos,
HaiinéHosa, 1998]. C camoro Hauyana WC co3gaBanochk kKak 3M1EMEHT TEXHOMOTMM, B KOTOPYH BXOAMT Takxe
YHUBEPCA/IbHbIA MHTEPNPETATOP ONMCaHuiA, CHOPMMPOBAHHbLIX KCNEPTOM C nomoLybto MIC. 3HaHus (onucaHus)
CTPYKTYPHBIX 1 (DYHKLMOHA/bHBIX NapaMeTpoB AMarHOCTUYECKO NpoLeaypbl (CUCTEMbI) NPeACcTaBnsioTcs B
BUAE 0ObEKTHO-OPUEHTUPOBAHHON 6a3bl, 0CDOPMIEHHOH COBOKYMHOCTLIO (DAlOB ChneLmanbHoii CTpykTypbl. C
W VHTEpNpeTaTop OnucaHuii cofepxar CUCTeMy MeTa-3HaHuiA O npasunax paboTbl C  OMUCAHMAMM
ANarHoCTUYECKUX CUCTEM MPK MX CO34aHWN M npumeHeHun [HainpgéHosa w ap., 1997]. B xode ganbHemimx
nccneaoBaHuii 6bIN0 YCTAHOBNEHO, YTO NPEA/IOXEHHAsA MOAenb 3HaHWi [HaiigéHosa u ap., 1996] Hapsgy
NCUXOL4NArHOCTUKOI MOXET YCMELLHO MCMO/b30BaTLCA U AN PELUEHNs psaga 3afay OLEHKN (h3nonornyeckoro
COCTOSAHNA YenoBeka. Mpu hopMupoBaHUM ONUcaHWiA CO34aBaeMO AnarHoCTUYECKoi cuctemMbl B IC BO3MOXHbI
[iBa pexuma paboTbl aKcnepTa: no CLeHapuio, aBTomatnyeckn opmupyemomy MC Ha 6ase cogepxalimxcs B
HEM MeTa-3HaHWiA 1 pexum BbIOOPOYHOTO M3MEHEHWS 3NMEMEHTOB 6asbl ONMCaHWA No BbI6Opy 3kcnepta. C
NOMOLLbHO aHHOI TeXHOMOorM 6biN pas3paboTaH psf NPUKNaHbIX CUCTEM NCUXONOTMYECKON 1 (PM3MONOTNYECKOI
[VarHoCTVKW, B TOM 4MC/le B MHTEpecax NpodecCOHaNbHOMO 0T6opa CreunanncToB U NPOrHO3MPOBAHMS UX
NPOtheccoHasbHO PaboTOCNOCOBHOCTN B 3KCTPEMaIbHBIX YCOBUAX LeATeNbHOCTU. OAHUM U3 06BEKTOB 6asbl
ONMCaHUii Co3AaBaeMbIX AWNarHOCTUYECKUX CUCTEM, kKak MpaBuio, SBASIOTCS NPOLEeAypbl NepeBoja 3HaueHui
n3MepseMbIX 1 (MK) BbIYUC/SAEMBIX MCUXOMOTUYECKUX U (DU3NONOTMYECKNX NOKa3aTeNnell B U3MEPUTE/IbHbIE
LKasibl, 6onee yAo6HbIE A5 aHaM3a CneLmancTami — NPOLEHTUbHYI0, CTEHOB, CTaHaNHOB, T-6a1108B 1 psif
Apyrux. B paHHux Bepcusax UC ans nepeBofa 3HAYEHWA MEPBMUYHbIX LKasl B MpOM3BOAHble (fanee —
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(hopMMpOBaHMS NPOMU3BOAHBIX LLKa) UCNONb30BANIOCH ABHOE 3aJaHne 3KCrepToM Tabnuy nepecyeta. B ABHOM
Xe BUAe 9KCMepT fo/KeH Obln 3ajaBaTb M npasuia NPOLYKUMOHHOTO TWMa, WCMONb30BaBLUMeCs Ans
ynpaBneHus AUarHoCTMYeCKon npoueaypoit 1 06paboTki pe3ynbTatoB o6cnegoBaHus. OAHako B npolecce
COBEpLLEHCTBOBAHNA TexHOMOMMN B VIC 6binn 406aBNeHbl BO3MOXHOCTI UHTENIEKTYANIbHOTO aHa/n3a AaHHbIX
(MAL). Bo-nepBblX, 3T0 aBTOMATU3MPOBaHHOE (HOPMUPOBAHME PSALA MPOM3BOLHbLIX W3MEPUTESbHBIX LKA Ha
OCHOBe 00yyatoLiMx BbIGOPOK 3HAYEHMIA AMArHOCTUYECKUX mnokasarteneid. Mpu aTom B Xxo4e (DOPMUPOBaHMS
CTaHAapTM3MPOBAHHbIX LUKan (CTEHOB, CTaHalHOB, T-6a/iinoB W fp.) NPOM3BOAWTCS OLEHKA COOTBETCTBUS
pacnpefeneHns NepBUYHbIX 3HAYEHW NokasaTens HOpMaslbHOMY 3akOHY MO KPUTEpUKo COrnacus Ha OCHOBE
acMMMETpUM 1 3Kcliecca B moandomkauun Guiepa [finoia, Negepmad, 1989]. Ecnm obyuarouias Bbibopka
COrnacoBaHa C HOPMaslbHbIM 3aKOHOM, TO MO CheLuasibHbIM (DOpMy/iam NMPOU3BOANTCA HENOCPeLCTBEHHOE
(hopmupoBaHue Tpebyemoii CTaHAaPTU3MPOBAHHON LKabl, B MPOTUBHOM C/lyyae BbIMOMHAETCA HOpMaM3aums
BbIOOPKM 3@ CYET HENMHENHOTO Npeobpa3oBaHus €€ 3HaUYeHWii — Nepexoa K Lkane npoLeHTUENR, Nocne Yero
Heobxogumas Lwkana opMupyeTcs Ha 6a3e MOMYyYEHHO MPOMEXYTOUYHOW LKanbl. OMMMO OMMUCAHHOI
npouesypbl  (hopMUpOBaHUs W3MepUTESNbHBIX LWkan B HOBOWM Bepcun WC peann3oBaHa BO3MOXHOCTb
aBTOMATU3MPOBAHHOTO VHAYKTUBHOTO (DOPMUPOBAHMNSA KBA3MONTUMa/IbHLIX KOMM/IEKCOB NpaBu — NPOAYKLMA Mo
obyvyarowum Bbl6opkam. [ns  3TOr0  WUCMOMb3YeTCs aIropuT™M, OCHOBAHHbIA Ha MOMCKE  HauMyuLwnx
[VarHoCTUYeCKX TECTOB, annpoKCUMUPYIOLLMX 3a/aBaeMble MONb30BATENEM  Knaccugvkaumym npumepos
obyvatoweii Bblbopkn [Naidenova, 1992]. lMpuMeHeHWe nepeynciIeHHbIX Npoueayp MHAYKTMBHOTO BbIBOAA
3HaHW 13 [aHHbIX MO3BO/M/IO YCKOPUTb (DOPMUPOBAHME 3KCMepToM 6a3  OnucaHuii  co3AaBaeMblX
AMArHOCTUYECKMX CUCTEM U MOBbLICUTL WX afeKBAaTHOCTb pellaeMbiM 3afavam. B HacToslee Bpems BedyTcs
paboTbl N0 HapawuBaHM0  OMUCAHHOW  KOMMOHEHTbI VAL WHCTPYMEHTa/IbHOrO  CpefcTBa  psaom
LONONHUTENIbHBIX METOAO0B, PaCLUMPSIOLLNX €r0 BO3MOXHOCTW: PErpecCUOHHOr0 aHanusa, (opMUPOBaHMS
WHTErpasibHbIX MOKas3aTeneil Ha OCHOBE B3BELIEHHOW CBEPTKM YaCTHbIX AWarHOCTUYECKUX MoKasaTeseil
[Epmakos, HaigéHosa, 2001] n psgom apyrux.
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MOLYNb ®OPMUPOBAHNA TABNNL, COOTBETCTBUA USMEPUTE/TBHBIX
LLUKAN B NMOACNCTEME NHAYKTVBHOIO BbIBOAA SHAHWW NMPOBJ/IEMHO-
OPUEHTVPOBAHHOIO MHCTPYMEHTAJIbHOIO CPEACTBA

AnekcaHgp E. Epmakos, Bagnm A. HUTKUH

AHHOTaums: OnucbIBaeTCA paspaboTaHHbIii aBTOpaMu noaxoa K hopMMpoBaHIio Tab/nL, COOTBETCTBYS
3HAYEHMIA NEPBUYHBIX U CTaHAAP TU3MPOBAHHBIX N3MEPUTENbHBIX LKA MCUXONIOTMYECKUX U (DU3NOOMMYECKIX
nokasaTeneii C y4eTOM CTATUCTMYECKOTO 3aKOHAa pacnpefeneHust 3TWUX 3HAYeHWid, peanu3oBaHHbI B
MOACUCTEME MHAYKTUBHOTO BbIBOAA 3HaHMIA NPOGNEMHO-0PUEH TUPOBAHHOTO MHCTPYMEHTaNbHOTO CPEACTBa,
MCMONb3yemMoro ANs  aBTOMATW3MPOBAHHOTO CO3AAHUS  KOMMbOTEPHbIX CUCTEM MCUXONIOTMYECKON 1
(hM3NONOTNYECKOIi AMArHOCTUKA. PaccMOTPEH anropuTM 1 0COGEHHOCT Y (hOPMMPOBaHMS 3TUX TabauL,

KntoueBble cnoBa: cTaH4apTWU3vpoBaHHas LWkana, Tabamua COOTBETCTBUA 3HAYEHWUA U3MEPUTENbHbIX
WKaN, MNPOLEHTWIb, [AMArHOCTMYECKWA MOKa3aTerb, 3MMMPUYECKWIA 3aKOH pacnpefencHns 3HaueHuil
nokasaTens, o6yvyawllas BblIOOPKA 3HAYEHWI MNOKa3aTens, KPUTEpuid HOPManbHOCTW pacnpefeneHus
3HaYeHWI NoKasaTens

BeepgeHue

PaccmatpuBaeMblii MOAYNb (hOPMUPOBaHUS Tab/nL, COOTBETCTBIA M3MEPUTENBHBIX LUKAST BXOAUT B MOLACUCTEMY
WHAYKTMBHOrO BbIBO4A 3HAHWA U3 [aHHbIX NPO6JEMHO-OPUEHTUPOBAHHOMO WHCTPYMEHTAIbHOTO CpeAcTBa
[Ermakov, Naidenova, 1998; Epmakos, HaiinéHoBa, 1999], npegHasHauYeHHOro AN aBTOMATM3MPOBAHHOIO
CO34aHNa onpefeNeHHOT0 Knacca KOMMbIOTEPHbIX CUCTEM MCUXOMOMNYECKOI 11 (PM3MONOTNYECKOI ANArHOCTUKN.
TN  [narHocTMyeckne CUCTEMbl WMCMOMb3YITCA ANA  PeLleHnss AuarHoCTUYecKux 3ajay € afanTUBHOIA
(BeTBSILLEIACS) CTPYKTYPOI AMArHOCTUYECKOI NpoLeaypb!.

Kpome gaHHOro mogyns B NOACUCTEMY WHAYKTWBHOIO BbIBOAA 3HAHMIA WHCTPYMEHTA/IbHOTO CPEefCTBa BXOAUT
MOAyNb aBTOMATK3MPOBAHHOTO (HOPMMPOBAHUS MUHUMabHbIX HAOOPOB MPaBU-NPOAYKLMIA, OMMCHIBAKOLLMX
3aKOHOMEPHOCTW B 06yualoLleii BbIOOPKE W MPUMEHSEMbBIX NPU BbIYMC/IEHUN 3HAYEHWIA AMArHOCTNYECKMX
nokasaresnieil B npoLeAypax, CTPOSLLMXCSA Ha OCHOBE KOMM/IEKCOB NpaBu.

NHCTpyMeHTaNlbHOe CpefCcTBO CHabGXEHO NpPOo6/EMHO-0pPUEHTUPOBAHHBIM NO/b30BATENLCKAM MHTEPHETACOM,
obecneunBaeT IKCMEPTY BO3MOXHOCTb ObICTPON CreuucukaLm Co3aaBaeMblX AUArHOCTUYECKUX CUCTEM W
aBTOMATW3MPOBAHHOTO (HOPMUPOBAHMS 6a3 3HAHMIA, MCYEpPMbIBalOLLE OMUCHIBAKOLWNX WX CTPYKTYPHblE U
(hyHKLMOHA/bHbIE NapameTpbl.

CdpopmupoBaHHas 6asa 3HaHWiA (OnucaHWii) 3aTeM WUCMONb3YETCS MPOrPamMmMoii - WHTEPNPETaTOPOM OnMUCaHWiA
Ans cbopa AuarHocTU4eckol MHgopmauun 1 eé obpaboTki No coAepxalmcs B 3Tol 6ase npasunam U
anroputMam. MHCTpyMeHTaslbHOE CPEACTBO W MHTEpNpeTaTop OnMCcaHWi cofepkar CUCTeMy MeTa-3HaHWi o
npasunax pabdoTbl C OMUCAHMAMM [WArHOCTUYECKUX CUCTEM MPU UX (HOPMUPOBAHUM U MPAKTUYECKOM
npumeHeHun [HaiigéHosa v gp., 1997]. Vcnonb3yemas Mofenb 3HaHWA ONUCLIBAET BCE CTPYKTYPHblE W
(hyHKLMOHa/IbHbIE NapaMeTpbl AUarHoCTUYECKNX 3afay, PeLlaeMblx CO3AaBaeMOoi ANarHoCTUYECKO CUCTEMOIA.

OfHUM M3 HUX SIBNSIETCS MHOXECTBO W3MEPSIEMbIX M BbIYMCISIEMbIX MCUXOMOTMYECKAX U (DM3NOMOTUYECKIX
nokasarenen, kaxablil U3 KOTOPbIX CBA3aH C OHOMN N HECKOMbKUMU M3MEPUTENbHBIMM LKanamm (NepBUYHOI 1
[ONOHUTENbHBIMK). [lpyruM 0GBEKTOM MOAENM 3HAHWIA, UCMOMb3YEMON MU (hOPMUPOBAHMN 6a3sbl OMMCaHMIA
[NarHOCTUYECKON CUCTEMbI, SBNSAKOTCA NPOLEAYPbI NEPecYeTa 3HaYEHUIA NCUXONOTMYECKNX U (DN3MOIOTNHECKNX
nokasareneil U3 NepBUYHbIX M3MEPUTENBHBIX LKA B LKasbl, 60Nee YA06HbIE 415 BOCIPUATUS NCUXON0raMu U
BpayamMmu — NPOLLEHTUNENA, CTaHaliHOB, CTEHOB, T-6a/1N10B U PSS APYTHX.

PaccmatpuBaeMblii MOAyNb NO3BOIAET AKCNEPTY, (HOPMUPYIOLLEMY 6a3y OnMCaHWiA, aBTOMATK3MPOBATh NPOLECC
MONYYEHUs HOBbIX 3HAHWA (TabMML, COOTBETCTBUS 3HAYEHWIA M3MEPUTENbHBIX LUKan) M3 AaHHbIX 00YyYaroLImMX
BbIOOPOK M BK/IIOUYNTb 3TU Tab/MLbl B COCTaB 6a3bl 3HaHMIA CO3[4aBaEMOI ANarHOCTUYECKON CUCTEMBI.
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CTaHAapTU3NPOBaHHbIe LiKaslbl

MpakTuka nokasbiBaeT, YTO NepPBUYHbIE Pe3y/ibTaTbl Pa3/IMUHbIX NCUXOMOTUYECKUX TECTOB U NPOLEAYP OLEHKN
(PU3NONOTUYECKNX XapaKTEPUCTUK OObIYHO BbIPAXAKTCA B Pa3HOTUMHBLIX M3MEPUTENbHBIX LiKanax. bonee
HarnaaHbIA BUA pe3ynbTaTbl 3TUX TECTOB 1 Mpouedyp npuoGpeTatoT npu MCMoMb30BaHWM OHOTUMHBbIX,
COMOCTaBUMbIX LUKas, A5 Yero nepBuYHble pesy/bTaTbl NMOABEPraoT onpefenéHHbIM NpeobpasoBaHusM.
OpfHMM 13 Takux NpeobpasoBaHnii ABNSETCA CTaHAapTM3aLMS - NPUBEAEHNE NEPBIUYHbIX 3HAYEHWIA NokasaTenei
K cneuynanbHON eauHOi M3MepuTENbHONM LKkane: T-6annos, cTaHaWHOB, CTEHOB Wau Ap. [AHactasn, 1982;
Inywko, 1994; Kynarvx, 1984; Ocunos, 1976]. Mcnonb3oBaHne CTaHAAPTU3MPOBAHHBIX U3MEPUTESNbHBIX LKA
obneryaet u (HOPMMPOBAHWE PA3NUHBIX MHTETPasibHbIX OLEHOK MCUXO(DM3MOMOTMYECKOTO  COCTOAHNA
obcneayembix.

Ecnn 3aKoH pacnpefeneHns NepBuYHbIX 3HAYEHWIA TECTOBbIX MOKa3aTesiel MOXET CUMTATbCH HOPMaslbHbIM B
pamKax UCMonb3yemoro kputepus (kputepues) cornacus [/inoiid, Negepmad, 1989], To npuBefeHNe 3HaYEHMIA
3TUX MoKasaTenien K CTaHAapTU3NPOBAHHOI LUKasie OCYLLECTBASETCA NP NOMOLWM JIMHENHBIX Npeobpa3oBaHmii
[AHacTasm, 1982]. Mpu 3TOM 06LIYHO NEPEXOA K CTaHAAPTU3MPOBAHHOI LKane OCYLIECTBASETCA Yepes Lkany
CTaHZAPTHbIX Z-0LEHOK, MOYYEHHYI0 B pe3ynbTate Z — npeobpa3oBaHis, BbINOMHAEMOr0 No (opmye:

z=(x-M)/0,
rfe z - CTaHAapTHasA BEIMYNHA, X - EPBUYHBIN Pe3y/bTaT TECTOBOrO N3MepeHus, M - cpefiHee apuhMeTnyeckoe
3HaYeHWiA NePBUYHBIX PE3yNbTaToB, O - CTAHAAPTHOE OTKNOHEHME 3TUX 3HAYEHMNIA.

HepgocTaTkoM LWKanbl Z-OLEHOK SBNSIETCA TO, YTO B HEii MPUXOAMTCS OnepupoBaTb OTPULATENIbHbIMK ¢
APOGHbIMK BENMUMHaMK. [103TOMY OT LKaslbl Z-OLEHOK 0ObIYHO NEepexoasT K Gonee yAoGHON B obpalleHuu
HOPMa/IM30BaHHOI LWKane. [Ins 3Toro UCnonb3yeTcs 4OMyCTUMOe Ha YPOBHE MHTEPBa/IbHOI LUKabl MHERHOE
npeobpasoBaHue TMna
s=az+b,

rie a u b - [eicTBUTENbHbIE YMCA, BbIOOP KOTOPbLIX ONpeAenseTcs yA06CTBOM fanbHeliwen paboTbl €O
LKas10id. TMpu NCUXONMOrNYECcKOM TECTUPOBaHUM OObIYHO WMCMOMb3YITCA CNedytlime CTaH4apTU3MPOBaHHbIE
n3MepuTenbHble Wrasbl [AHacTasn, 1982]:

1) wkana T-6annos (T-wkana Mak-Konna): T=50 + 10 (x - M)/ o =50 + 10z;

2) wKana cteHoB Katrenna: ST=55+2 (x-M)/ 0 =5,5+ 2z

3) wkana craHaiHos Mndgoppa: C=5+2 (x-M)/0=5+ 2z

4) wkana CTpykTypbl nHTENNEKTa AMTXayapa: Z = 100 + 10 (x - M) / o= 100 + 10z

5) wkana Bekcnepa: JQ =100 + 15 (x - M) / =100 + 15z;

6) wkana oueHok /innepta: SN =3 + (x-M) /0 =3 + z.
[lns npoBepkn MNOTE3bl O HOPMALHOCTW 3IMMMUPUYECKOr0 pacnpeaesneHns, kak W3BECTHO, MOXET ObiTb
NCNONb30BaH Lenblii psif KpUTEPUEB COTNacUs: KpUTEPWIA acCUMMETPIK 1 3kcLiecca, Dy - kputepuii Konmoroposa,
Kputepuid X2 MupcoHa, kputepuin Wanupo-Yunka v ap. [inoig, Negepman, 1989]. Mocne npeggapuTenbHOMO
CpaBHUTE/IbHOTO aHa/n3a 3THX KpUTEPUEB /151 OLEHKN HOPMA/IbHOCTU 3MMUPUYECKIX pacripefe/ieHnin 3Ha eHuii
AVarHoCTUYECKUX NokasaTeneii B Mogyne (hopMuUpoBaHMs TabnnL, COOTBETCTBNS M3MEPUTENbHBIX LUKAT Mbl
BbIOpanu KpUTEPUiA, 6a3MpyHOLLIMIACA Ha pacyeTe BbIGOPOUHO aCUMMETPUM 1 3KCLIecca B Moaudmkalum duepa
[noiig, NepepmaH, 1989], B cuy ero anropUTMIUYECKON NPOCTOThI U BbICOKOHA NPOTHOCTUYHOCTMU.

Mpu HECOOTBETCTBUN pACNpefeneHnst NepPBUYHbIX 3HAYEHUI AMArHOCTUYECKOTO nokasaTens HopMasibHoMY

3aKOHy B pamKax 1Cro/ib3yeMOoro KpUTepist COracusi, MOXHO AT ABYMS MyTAMN.

1. A3MEeHUTb camo AMarHoCTMYECKOe CPeACTBO, HAMPUMEpP NCUXONOMMUYECKUii TECT UM TECT OLIEHKI 3HaHMIA
TakiM 06pa3oM, YTOObl [06UTHCS COOTBETCTBUS PACTpeAeNieHns 3HaYeHuii nokasatens HopmasbHOMY
3aKOHY.

2. BbINONHUTL NPUHYAUTENBHYIO HOPMAIN3ALMIO UCXOAHOTO, OTAINYHOTO OT HOPMAasIbHOTO pacnpefeneHus, ¢
MOMOLLbH0 HEKOTOPOTO HENMHEITHOTO NPe06PAa30BaHNs NEPBNYHBIX 3HAYEHNIA NOKA3ATENS.

MepBbIil MyTb, MO MHEHWKO GOMbLUMHCTBA aBTOPOB [AHacTasw, 1982; Fnywko, 1994], npegnoyTUTeneH, HO ero
PacCMOTPEHME BbIXOAMT 3a pamki AaHHO PaboTbl. Ha npakTuke Hepeako BO3HWKAET cuTyauus, Koraa TecT
3aflaH 3apaHee W ero no KakuM-To NpUYMHaM Henb3s 3aMeHUTb ApyruM, Boniee afiekBaTHbIM 06cnesyemomy
KOHTUHIEHTY.
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MpoaHaNN3MpoBaB N3BECTHbIE HENMMHENHbIE NPe06Pa3oBaHUs AMArHOCTUYECKUX AaHHbIX, IPUMEHSIEMbIE AN UX
HOpMann3auum, Mbl OCTAHOBUMNCH HA MpoLeaype pacyeta MpOLEHTUNen, SBAAKLWMXCA NPOCTOi 1
cofiepxaTenbHO J0CTaTOYHO NOHSTHOMN YMC/IOBOI XapakTepUCTIKOIA. Mo3TOMY anroputM (hopMUpOBaHUS TabuL
COOTBETCTBUSI MEPBMYHbIX 1 CTAHAAPTU3NPOBAHHBIX M3MEPUTENbHBIX LUK [AMArHOCTMYECKUX nokasaTenei,
NCMONb3yeMbli  HamMW B MOAyNe WHAYKTMBHOTO BbIBOAA 3HAHWA W3 [aHHbIX, MOXHO oOmucaTb
nocneoBaTeNbHOCTbIO 113 5 Laros.

1. Ecnm ueneBas (Tpebyemas Ha [aHHOM 3Tane BbIMWCMEHWIA) LWkana - NPOLEHTUbHAA, TO Tabnuua
COOTBETCTBMS 3HAYEHWA NMEPBUYHONM LUKaNbl 3TOW Lukase opmupyeTcs cpasy Mo NPUBOAUMbLIM Janee
(hopmynam.

2. Ecnv uenesasi Lukasa SBMSETCA OAHOM M3 BbIlle NEPEYUCIIEHHbIX CTaHAAPTU3MPOBAHHBIX LUKas, TO MO
KPUTEPMIO COTacns OLEHMBAETCH COOTBETCTBME IMMMPUYECKOrO 3akOHA pacnpeferneHus nokasarens
HOPMasIbHOMY 3aKOHy.

Ecnn amnupuyeckinii 3akoH pacnpeseneHnsi MOXHO CUMTaTb HOPMasibHbIM B paMKax MCMosb3yeMoro Kputepus
cornacus, To NnepexoAum K wary 3, uHade — K wary 4.

3. Tlo paHee npuBeaeHHbIM (hOpMyNnamM NepBUYHbIE 3HAYEHMS OLLEHMBAEMOTO NoKasaTeNs NpeobpasyoTcs B
Z-OLUEHKN, a 3aTeM - B OLEHKN TpeGyemoill CTaHAapTU3MPOBaHHOK Lkanbl W paboTa anropuTMa
3aBepLIaeTcs.

4. Tlo npuBefeHHbIM aanee hopmynaMm MPOU3BOAMTCA NEPEecyeT MepBUYHbIX 3HAYEHWI nokasaTens B
MPOLEHTUNN (3HAYEHUS NPOLIEHTU/IBHON LLIKA/bI), NOC/E YEro Nepexoaum K Lwary 5.

5. Bcerga HOPMa/ibHO pacnpefeneHHble NPOLEHTUNbHbIE 3HAYEHWS OLEHMBAEMOrO AMArHOCTUYECKOTO
nokasarens npeobpasytTcs B 3HaUeHUs TpebyeMoii CTaHAaPTU3NPOBAHHO LKA,

Kputepwii HOpMasIbHOCTM AMMMPUYECKOTO PacnpeaeneHus

[lns  oueHkM COOTBETCTBMS BbIGOPOYHOTO pacnpefencHns 3HaueHuid  AMarHoCTUYECKOro  nokasatens
HOpPMasIbHOMY 3aKOHy, COFflacHO pekomeHauusm [/inoia, Nlegepmad, 1989], Heobxoanmo chopMMpoBaTh
00yyatoLLyto BbIGOPKY M /151 HEE paccunTaTb CneaytoLLme xapakTepucTukm.

1. CpepaHee apudpmMeTnyeckoe mq 3HaUeHuiA nokasarens.

2. LeHTpasibHble MOMEHTbI (MOMEHTbI BbIOOPKA OTHOCUTENIbHO CpefHero) 2-ro, 3-r0 U 4-ro nopsgka,
COOTBETCTBEHHO 0603HAYEHHbIE M2, M3 U M4.

3. MoandhnumpoBaHHble B COOTBETCTBUM C PEKOMEHAAUMsMM Ouiiepa OUEHKM g1 W go BbIGOPOUHBIX
KO3(h(HNLIMEHTOB aCUMMETPUM U AKCLeCca.

4.  CraHgapTHble OTKIIOHEHWS O 11 G2 OLEHOK g1 U Q2.

[lnsi pacyeTta nepeumncieHHbIX BENYMH UCNONMb3YTCA cnefytowme hopmybl [Jlnoiig, Nleaepman, 1989]:
k
mi =Z (fixx)/n,
i=1
rfe Xi— i-Toe 3Ha4eH1e OLeHNBAEMOro nokasartens, fi — yactota nosBneHns 3Ha4eHns x; B 00y4aloLLeil BbIGOPKE,
n — 06beM 06yyaloLlenn BbIOOPKM, K — KONMYECTBO Pas/NyHbIX 3HAYEHWA X; B BbIOOPKE, i — MOPSAKOBLIA No
3HaYeHus nokasaresns X, X 1 / - 0603HaYeHNs onepaLuii yMHOXeHNs 1 feneHns. O4eBUaHO, YTO
k
n=2x fi.
i=1
O6yuvatowieil 6yaem HasblBaTb BbIGOPKY NEPBUYHBIX 3HAYEHMIA OLIEHMBAEMOrO NokasaTens, UCNoab3yemMyl Ans
(hOpMUPOBaHUSA Tpebyemoil CTaHLAPTU3MPOBAHHON N3MepUTENbHOI Lkasbl. COTacHo MTEPATYPHbIM AaHHbIM
[Ocunos, 1976; Nnoidg, NegepmaH, 1989] kaxAblA KpUTEPUIA cornacus UMeeT rpaHuLbl NPUMEHEHNS B NnaHe
obbema 00yvaroLleii BbIOOPKW, AOCTATOMHOTO AN NOMAYYEHUs YAOBMETBOPUTENBHBLIX MNOTPELIHOCTEA npu
OLiEHNBAHNM CTATUCTUYECKIX XapaKkTepUCTUK reHepabHOM COBOKYMHOCTW. [l UCNO/Ib3yeMOr0 Hami KpuTepus
MUHAManbHbIA 06beM BbIGOPKM cocTaensieT 30 HabnoaeHniA. OUEHUTb MOrPELIHOCTH, BO3HUKAKLIME MPK
(hOPMUPOBAHUM CTaHLAPTU3MPOBAaHHbIX LLUKaJs1, MPOW3BOAMMOM Ha OCHOBE 0OyyatoLluxX BblIGOPOK Pas/iMyHOro
00bema, [40CTaTOMHO CMIOXHO. MMO3TOMY Mbl NPUAEPKMBAEMCSA Crefyolen UTEepaLNoHHO CXeMbl pacyeTa
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Tabnuy, COOTBETCTBMA NEPBUYHLIX W CTAHAAPTU3MPOBAHHbLIX W3MEPUTENbHBIX LUKAA MCUXONOTMYECKNX U

(h13MONOrNYECKIX MOKA3aTeNel, UCNONb3YeMbIX NPU OLEHKe NCUXON3N0I0TMYECKOro COCTOSHNSA 06CIeLyemblX.

1. TIpouU3BOANUTCSA HaKOMMEHWE [AHHbIX O 3Ha4YeHUsiX TpebyeMoro nokasaresisi, YactoTax WX MOSIB/IEHUS W
thopmupyeTcs nepBoHavasnbHas obydatollas Bbloopka AOCTYNHOro o6bema 13 He MeHee 30 HabMoAeHNIA.

2. Mo paHHbIM 06yYaroLLen BbIGOPKM NPOM3BOANTCA (POPMUPOBAHNE Tab/NL, COOTBETCTBUA U3MEPUTESbHBIX
LKan.

3. CdopmupoBaHHas Tabnmua WCNONMb3YeTCs B TEYEHWe ONpefeneHHOro WHTepBasla BPEMEHU |
O[JHOBPEMEHHO OCYLLECTBNAETCA HAKOM/IEHWEe HOBbIX [AaHHbIX A5 (hOPMUPOBaHUS  paclUMpPeHHON
06yuatoLLeli BbIGOPKU.

4,  T1pou3BOAMTCA NEPEXOA K M.2 U T.A.

MpoLecc yToUYHeHNs TabmnLbl COOTBETCTBUSA LUKAST MOXET ObITb OCTAHOB/IEH NOC/IE NPEKPaLLEHNs €& U3MEHeHNs

B pesy/bTaTe OYEpeAHOro PaclUMpeHns OOyvatolleii BbIOOPKA WKW NPOLOMKEH MPU HAMMYMU OOBEKTUBHBIX

NPEANOCLINOK K €€ fanbHeiLlemMy U3MEHEHIHO.

3HaueHne my — HeCMELLEHHO OLLEHKM AMCrepcum BbIGOPKIM PacCUUTLIBAETCS N0 (OpMYIe:

k
my= 2 fi X (xi-my)2/ (n-1).
i=1
3HayeHNs BbIOOPOUHbLIX MOMEHTOB M3 1 My BLIYUCASIOTCS MO HOPMY/IE:

k

ms=2Z fi x (xi-my)s/n, s=3,4.
i=1

3HaueHuns OLEHOK g1 1 g2 paccunTbiBaOTCA No hopmynam [/noiia, Neaepman, 1989]:
91=ks/ k¥, go=kalko?, ko=ma/(1-1/n), ks=ms/{(1-1/n)x(1-2/n)},
Ka=ma/{(1-2/[n+1])%(1 - 2/n)x(1-3/n)}- 3xmz2 / {(1-2/n)x(1-3/n)}.
3/echb yepes n, kak 1 paHee, 0603Ha4eH 06beM 00yvatoLLeii BbIGOPKM; Ko, K3 ks — NPOMEXYTOUHbIE BE/IMYMHDI,
(hopMupyeMble Ha OCHOBE MOMEHTOB My, M3 1 M4. [NA pacyeta 3HaYeHW CTaHLAPTHLIX OTKIOHEHUIA O1 U O
ncnonb3ytotes dopmynbl [finoia, Nleaepman, 1989]:

01 = [6xnx(n-1) / {(n+3)x(n+1)x(n-2)}]"2, 02=[24%nx(n-1)2/{(n+5)x(n+3)x(n-2)%(n-3)}]"2.
Kputepnem HOpMaslbHOCTW  aHaNM3Mpyemoil BbIGOPKW ABNAETCA COOTHOWEHME abCONMKTHBIX 3HAYEHWN
(MoAyneii) OLeHOK g1 1 g2 C aBCOMOTHBIMI BEINYMHAMY CTAHAAPTHBIX OTKNOHEHWA G1 U G2 [/1n0iig, Nlegepman,
1989]. Mpun atom ecnu |g1| < |o1| U |g2| < |02, TO g1 W g2 HE ABNAKTCA 3HAUYMMBIMW U AaHHbIE 0BYyYaroLLen

BbIOOPK COrNacoBaHbl C r1UnoTe30i 0 HOPManbHOCTU. ECnn xe |g1| = |o1| unn |gz| = |02|, To AaHHbIe 0ByyatoLLeit
BbIGOPKM CUMTAIOTCS HE COTNIACOBaHHLIMM C TMNOTE30i 0 HOPMASIBHOCTH.

PacueT npoueHTUNell

MpoUeHTUb - NPOLEHTHAas LONA W3MepeHnid 13 obyvyaroLleit BbIGOPKW, BEINYMHA KOTOPbIX HIMKE WK Bbille
[aHHOr0 3HaYeHNs NePBUYHOTO NokasaTens (B 3aBUCKMOCTI OT (IN3MYECKOrO CMbIC/1a Nokasatens). MpoyeHTImn
YKa3blBalOT Ha OTHOCUTE/IbHOE MOJMIOXEHNE [AaHHOrO 3HayeHus B BbIGOpPKe. MO MHEHW CheuuanucTos
[AHacTasm, 1982; KynaruH, 1984] pacueTt npoueHTue MOXHO NPOBOAUTL NpK 06beME 06yyatoLLeil BbIGOPKN He
meHee 100 yenosek.

Mpu paspaboTke anropUTMa Mbl WCXOAMAWM W3 NPEANOOXEHNs, 4TO obyvarwas Bbl6OpKa 3HAYEHWIA
AMArHOCTMYECKOTO NoKasaTens MOXeT ObITb Kak MOJHOM, T.e. COAepXaTb BCE €r0 BO3MOXHblE 3HauyeHus (B
cnyyae [ANUCKPETHbIX BENMYWH), MOSBMBLUMECS C HEKOTOPbIMKM YacToTamu, Tak W HEMOMHOM - COAepXaTb NNLLb
HEKOTOpOe MOAMHOXECTBO MHOXECTBA BO3MOXHbIX 3HAYEHMiA. MpW 3TOM, UCXOAA M3 MPAKTUKW, Mbl CUMTAIN
BO3MOXHbIMI CUTYyauum, KOrAa NPOLEHTUbHAsA LKana, chopMUpOBaHHas Ha OCHOBE HEMOJIHOW 06yyatoLleit
BbIGOPKM, 3aTEM MCNO/b3YETCS 418 NepecyeTa NePBUYHbIX 3HAYEHMIA NOKA3ATENS, HE BOLIEALIMX B 00yYatOLLyH
BbIGOPKY. M03TOMY B peasin30BaHHOM airOpuTMe Hamu NpeaycMOTPEeHa BO3MOXHOCTb INHEHOI MHTEPNONALMN
C MPOM3BO/bHBLIM LUArOM A5 OTCYTCTBYHLMX B 06YyuatoLleii BbIOOpPKE MEPBUYHBIX 3HAYEHMIA NOKasaTeneii 1
(hopMMPOBaHMA TabNKLbI COOTBETCTBMUS 3HAUEHWIA NEPBUYHOIA LLIKa/TbI NOKA3ATENS LKane NPOLEHTUNEN, a Takke
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NOCTPOEHHbIM HA €6 OCHOBE M/ HaMPAMYK CTaHAAPTU3MPOBAHHLIM U3MEPUTE/bHLIM LKanaMm faxe B clyyae
HenosiHbIX 06y4aloLMX BbIOOPOK. s 3TOr0 MCMO/Mb30Ba/IOCh W3BECTHOE B aHa/IMTUYECKOHA TreoMeTpum
ypaBHEHUe NPAMOiA, NPoXoAsLLeii yepes ase Touku A(xq, Y1) 1 B(xz, y2) [LimpkyHoB, 1966]. B faHHOM cnyyae B
kauecTBe Touek A 1 B Gpannch cocefHne nepBryHbIe 3HAYEHUS MOKA3ATENSN X1, Xz, MMEILLMECS B 00yyatoLLeii
BbIOOPKE, 1 COOTBETCTBYIOLME UM YXe pacCyuTaHHble 3HayeHus npoueHTuneil Py, Po. ®opmyna ans pacyeta
3HAYEHWS ICKOMOTrO MPOMEXYTOYHOTO MPOLEHTUNA P, COOTBETCTBYIOLLET0 NEPBUYHOMY 3HAYEHUIO X,
OTCYTCTBYHLLEMY B 06y4atoLLEN BbIOOPKE, UMEET BUL;

P = Round {(x - x1)X(P2- P1) / (X2- x1) + P4}.
3peck yepe3 Round{C} o603HaueHa (PyHKLMSA OKpyrneHns 3HadeHns C fo 6namxaiilero Lenoro (B 60/bLUy0 U
B MEHbLLYO CTOPOHY).
MpoueHTUNb /19 NEPBUMYHOTO 3HAYEHUs MokasaTtens, UMEKLWerocs B 06yyatolleil BbIGOpKe, BbIYMCNSETCS MO
thopmyne:

P = Round {100 x fem / n},

rae foum — KyMynaTUBHAA (HAKONNEHHAA) YacToTa, COOTBETCTBYIOLAA NEPBUUHOMY 3HAUEHUIO NokasaTens X, Ans
KoToporo wuwetcs npoueHTunb P. Yactota fum paBHa Cymme 4acTOT BCEX 3HA4YeHWid nokasatens,
NPeALIECTBYIOLMX AaHHOMY, N/KC YacToTa NosAB/IEHNS B 00yYatoLLeil BbIGOPKe LAHHOTO 3HAYEHUS X.
JINHeMHasA  WHTEPNONAUMS  WUCMONb3YeTCa  Hamu, ecnin  Heob6XoguMo, W Mpu  MPAMOM  pacuete
CTaHAapPTM3MPOBaHHbIX LUKas, KOrAa 3aKOH pacnpefeneHis NepBUYHbIX 3HaYEHWIA - HOPMasbHbI.
Mpn nepexofe OT MEPBUYHbIX 3HAYEHMIA MokasaTens K MPOLUEHTUNAM, C MOCMEeLyoWwmUM WX NepecyeTom B
3HAYEHWS CTaHAAPTM3MPOBaHHbIX LKA WM Ge3 TakoBOro, Hamu NpefycMOTPeHa BO3MOXHOCTb COPTUPOBKM
NEePBUYHbIX 3HAYEHWIA {X} NO BO3PACTAHWIO WM YObIBAHWIO B 3aBUCMMOCTW OT TOrO, AO/DKEH SN HAUBOMbLLINA
NPOLEHTUNb COOTBETCTBOBATb HanNbOMbLIEMY MEPBMYHOMY 3HAYEHMIO MOKa3aTens UM HaumeHblueMy. Bblbop

TMNA COPTUPOBKM ONpPedensieTcs cofepxXarebHbiM CMbIC/IOM MokasaTenst U 0COBEHHOCTSMM  pelLaemoit
[MarHoCTUYECKON 3aaun.

. Pacuer wkan M=l E3

llexonHe e OaHHEIE ~Pafn naHHEX FezyneTarTe pacueta
[1.dat

PesyneTtar [YacroTa HactoTta | I'Ipou,eHTMnb| Z—Du,eHKa| T-wkana

2 OTKpEITE graiin | 2 4 -1.84 32
3 3 11 -1.59 34
1 Sonoanute | 0 1 159 34
3 0 11 -1.549 34
z CoxpaHMHTb | 0 11 -1.59 34
o 0 11 -1.549 34
B CoxpaHMTL Kak | 0 11 -1.549 34
7 0 11 -1.59 34
4 BoiuHcnaemMan wkana 0 11 -1.549 34
3 IT-SannDB LI 0 11 -1.59 34
a vl JoGaEWTE OTCYTCTEYHIL ME g " -1.59 34
3 PESYNETATE 1] 11 -1.549 34
v uenaa wkana 0 1z -1.56 34
0 12 -1.56 34
0 13 -1.53 35
— COXpaHMTL Pe3ynLTaT Kak 1 13 -1,63 35
rerer DBF | 0 14 -1.49 35
0 15 -1.46 35
Al 0 16 -1.42 36
A - aoSaEHTE CTPOKY 0 17 -1.34 36
D - yoanuTe cTpoKY 0 18 -1.35 37
S -  CopTMpOEKA Mo BOSP u] 149 -1,32 37
Z -  CORTUROBKS Mo Yobis. 3 20 -1.78 37

z

24 -1.14 39

JakpuTh | <]

Puc.1 SkpaHHas (hopma NporpaMmMHOro MOAY/1St MHAYKTUBHOTO (hOPMUPOBAHMS TaBNML, COOTBETCTBIS 3HAUEHMIA
N3MEpPUTENbHBIX LUK
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Ha puc. 1 npuBegeHa 3kpaHHas hopma NMPOrpaMMHOTO MOZAYNSA WHAYKTUBHOTO (pOpMUpOBaHUs Tabniny,
COOTBETCTBMSI  3HAYEHWIA  MEPBUYHBIX LUK  MCUXOMOrMYECKMX W (DU3KMOMOrNYECKMX  MoKasaTenei
CTaHLApPTU3MPOBaHHbIM Ha npumepe opmupoBaHns  T-wkasbl Mak-Konna. ®opmupoBaHue  T-Lukasbl
NPOM3BOAMTCA HA OCHOBE HEMO/IHOW 06yvatollel BbIGOPKM NEPBUYHLIX 3HAYEHW NoKasaTens (CM. TabauLly
«/cxogHble AaHHbIE»), He MOAUMHSIOLLMXCS HOPMAsIbHOMY 3aKOHY pacnpefeneHus. Kak u apyrue npouegypbl
WHCTPYMEHTa/ILHOTO CPefCTBa, MOAY/1b 3anporpaMmmmpoBaH Ha asblke Visual Basic 6.0.

BbiBoAb!

1. TpeanoxeHHblii NOAXOf4 K aBTOMATW3MPOBAHHOMY (DOPMMPOBAHMIO TabMNL, COOTBETCTBUS 3HAYEHMIA
NEPBUYHbIX W CTaHAAPTU3NPOBAHHBIX N3MEPUTENBHBIX LKA MCUXOMOTMYECKIX U (DU3MONOTNYECKIX NOKa3aTE el
N03BO/SIET 0GECNEUNTb X KOPPEKTHOE (DOPMUPOBAHIE aXe B C/lyuae, C/M 3aKOH pacnpeeneHinsi NepBuUHbIX
3HaueHWid nokasaTeneil He COOTBETCTBYET HOPMaslbHOMY, 3a CYET mnepexofa K MPOMEXYTOUHO Lukane
MPOLIEHTUNEN - MHOXECTBY MPOLIEHTU/bHBIX 3HAYEHIUA NOKA3aTens, BCeraa pacnpefeneHHbIX no HopManbHoMy
3aKOHY.

2. /cnonb3oBaHne MeTofa NMHEN HOW MHTepnonsumMmM 06ecneynBaeT Nosb3oBaTeN0 BOIMOXHOCTL nepecyeTa
MEPBUYHbIX  3HAYEHWA  [AMArHOCTUYECKMX NoKasaTenell B MPOLEHTWbHYID 1 CTaHAAPTU3NPOBAHHbIE
N3MepUTENbHbIE LLKa/bl JaXe NPy HEMOJHbIX 06y4aloLLVX BbIGOPKaX.

3. Pacyer Tabmny COOTBETCTBMSA 3HAYEHMIA MEPBUYHBIX W CTAHAAPTU3MPOBAHHBIX U3MEPUTE/bHbIX LKA
LienecoobpasHo OCYLLECTBNATb HA UTEPALMOHHON OCHOBE, MEPUOAMUYECKM YTOUHAS WX NO Mepe YBelMYeHus
06bema 06yyatoLLeii BbIGOPKN.
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The possible stopping criteria of the empirical decision forest synthesis process are
1. r-correct empirical decision forest has been built up;
2. the attempts of new decision trees synthesis have been performed more than given repeats number;
3. Computer resources needed for decision forest trees location have been limited.
The picture 2.1 illustrates the main stages of the empirical decision forest synthesis process.
The decision trees as components of the constructed empirical decision forest contain two types of the terminal

nodes: the terminal node with class label typically named leaf and the terminal node corresponding to the
rejection set named cut (pruned node) or reference.

The empirical decision forest correctness condition will be met if some conjunctive regularity of the predetermined
admissible rank is found for each object from the noncontradictory training table.

Theorem 2.1 The r-correct empirical decision forest according to the training table T,y exists if and only if
there exists the interval N§ with rank value that does not exceed the predetermined admissible rank value such

that X N§ and the set N§ N Tmnp contains the training objects belonging to only one class.
The decision rules (disjunctive normal forms) synthesis algorithm
generated from the empirical decision forest
10, The conjunctions corresponding to the all branches of first decision tree as forest component with classes’
label are “written out” and the disjunctive normal form Dl(a) j) is formed for each class @j, J=11 as the

logical description of the class with number j .
0. Let Di_l(a) j ) Rj—1 have been built up (let Rj_1,1 #1 be the rejection sets intersection as the logical

description of all i —1 decision trees generated from the empirical decision forest). For the decision tree d; the
logical description construction for class with number | is given as recursive procedure
Di(wj)=Dialwj) R Dilwj)):

The decision derived from the empirical decision forest according to the recognition algorithm with references
switching out is made on the basis of only one conjunction of the bounded rank but possibly in condition when all
previous decision trees from the empirical decision forest are rejected to decide. The main property of each such

conjunction is its correctness according to the training table Ty, i.e. it is implemented only for one class
objects.

The appropriateness of further recognition rules complication for building up decision making correction
procedures is grounded on the basis of VCD evaluations for recognitions class algorithms that are defined by the
empirical decision forest, i.e. the decision trees family using special pruning procedure.

Compared VCD evaluation for decision rules class generated from the decision tree with Simon’s bounded rank
[Simon, 1991; Qronnuesa H0.HO., 2003] VCD(rDTn ) = O(nr) with VCD evaluation for the decision rules class
generated from the decision tree with bounded leaves number VCD(BDT (1,n))=0(log, n) it is valid to

say that the decision tree structure optimization on the basis of leaves number is more effective than the decision
tree structure optimization on the basis of Simon’s bounded rank. The conclusion novelty concludes in grounding
of the decision tree structure optimization on the leaves number according to Vapnik-Chervonenkis’ theory.

The evaluations of VCD of the decision rules class generating from the empirical decision forest were derived:
M

2
VCD(BDF(n, ,r,q)) = ©(log, n) where r, 41, = const, n - oo

max (4, log, n) <VCD(BDF(n, 1, r,q)) < rzm logs n - g log,

The evaluations show that the recognition algorithms class based on the empirical decision forest synthesis has
the same degree of complexity as the class of algorithms that are based on the single decision tree use and is

equal to G)(|092 n) where n be the attributes space dimension.
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3. Decision Forest Based Technology. Some Experiments Result

The worked out program software so called Forest Based Learning (FBL) system is intended to solve the training
and recognition problems based on the single decision tree and the empirical decision forest synthesis according
to the same attributes choice principle with using the new decision tree branches pruning strategy.

FBL system allows users to compare the quality characteristics of the single decision tree and the correct
empirical decision forest. In particular it is possible to obtain information about the number of control objects that
are correctly classified by the single decision tree and the empirical decision forest, the number of objects in the
rejection sets formed in each synthesis stage of the decision tree as next component of the empirical decision
forest, the number of leaves in each decision tree as forest's component, the decision tree branches’ rank values
that lead to “error” in recognition process, i.e. the redundant branches’ rank values and to obtain the logical
description of classes as disjunctive normal forms.

The table demonstrates that 6-correct (the branches’ ranks are not more 6) empirical decision forest facilitates to
significant decrease of the recognition errors percent compared to the single correct BDT (the average branches’
ranks are not more than 8 and the average number of leaves are 20).

the average errors percent on the control sample
correct BDT 6,1
EDF with rank 5 6,18
EDF with rank 6 5,5

The practical confirmation of the theoretically grounded results was obtained in the recognition problem solving
process of the pathogenic vibrios and aeromonads that provoke the different gastrointestinal sicknesses. The
experiments that allow to evaluate the reliability of the constructed empirical decision forest were carried out on
the training samples with size m =310 selected randomly and independently from real database of size 465.
The correct decision tree and the r-correct empirical decision forest were built up according to these randomly
selected training samples. In each such experiment BDT and EDF were evaluated on control set of size 55. The
experiment were repeated n=100 times. As the experiments result such outcomes as events A, B, C were
considered. Let A was the event that EDF performed less errors on control than BDT; B was the event that
EDF and BDT performed equal number of errors on control; C was the event that BDT performed less error on

control than EDF. The event A was appeared mp =24 times in 100 experiments; the event C was

m m
appeared mg =5 times in the same 100 experiments. The frequencies —A= V(A) and —2 = V(B) were
n n

corresponded to the probability evaluations P(A) and P(B) of the recognition accuracies on the arbitrary
control set for EDF and BDT accordingly.

Based on the criterion [FmypmaH B.E., 2001] a hypothesis Hy: P(A)> P(B) was checked versus a
competitive hypothesis Hy: P(A): P(B)

Uy = ma/N-mg/n <37
mA+mB 1_mA+mB 1+1
n+n n+n n n

The evaluations (1-2a)/2=0,49;®(U,,)=0,49;U,, =2.32; Uy, =232<37=Uy (3.1) were
obtained on the basis of the significance level @ = 0,01. Based on the obtained inequality (3.1) the hypothesis
Hq was taken up. Thus, it is valid to say that on the significance level 0.01 the empirical decision forest will
make less recognition errors on control than the binary decision tree in average.

The picture illustrates the synthesis fragment of the single correct decision tree and the correct empirical decision
forest with branches’ rank 5 on the basis of Forest Based Learning Technology.
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Conclusion

The major results of the paper done are as follows. The probabilistic decision tree pruning criterion was worked
out which applies to the branches with the number of internal nodes exceeding the predetermined admissible
value of r rank. The grounding for the pruning as viewed as non-randomness of detecting r rank conjunctive
regularity in the empirical training sample is suggested in the paper. The methods for building up a correct
decision tree family so called empirical decision forest were worked out which offers a possibility for accurate
fitting on the training sample, with the restriction applying to BDT rank branches being observed. The
appropriateness of further complication of recognition rules for building up decision making correction procedures
is grounded on the basis of VCD (with the decision rules complexity according to Vapnik-Chervonenkis theory
[BanHuk B.H., 1979]) evaluation for recognition class algorithms that are defined by the binary decision tree with
the pruning applying to the number of nodes. The algebraic correction model of the incorrect empirical decision
trees family was worked out which gives way to more accurate classification Kypasnes, 1978, [loHckoit B.W.,
1986]. The software was created to implement the algorithms introduced in the paper, and experiments had been
carried out with real data involved that justified the theoretical results reached.

The procedural technique of pruned BDT correction so called empirical decision forest that is introduced in the
paper enables one to achieve a much more recognition algorithm compared to the algorithms that are realized by
the single correct BDTs. Along with that the EDF is still available for logical description of objects as disjunctive
normal forms. The appropriateness of applying the empirical decision forest in modern intellectualized
informational systems is justified by Forest Based Learning - the program realization that was tested and
approved in the paper.
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GENERALIZED SCALARIZING PROBLEMS GENS AND GENSLEX
OF MULTICRITERIA OPTIMIZATION!

Mariyana Vassileva

Abstract: Generalized scalarizing problems, called GENS and GENSLex, for obtaining Pareto optimal solutions
of multicriteria optimization problems are presented in the paper. The basic properties of these scalarizing
problems are described. The existence of single-criterion problems with differentiable objective functions and
constraints, which are equivalent to GENS and GENSLex scalarizing problems, are pointed out.

Keywords: multicriteria optimization, interactive methods, decision support systems.

Introduction

Various real problems can be modelled as multicriteria optimization problems. In multicriteria optimization
problems, several criteria are simultaneously optimized in the feasible set of alternatives. In the general case,
there does not exist one alternative, which optimizes all the criteria. There is a set of alternatives however,
characterized by the following: each improvement in the value of one criterion leads to deterioration in the value
of at least one other criterion. This set of alternatives is called a set of the Pareto optimal alternatives (solutions).

! This paper is partially supported by the National Science Fund of Bulgarian Ministry of Education and Science
under contract Ne | — 1401\2004.
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Each alternative in this set could be a solution of the multicriteria optimization problem. In order to select one
alternative, it is necessary to have additional information set by the so-called decision-maker (DM). The
information that the DM provides reflects his/her global preferences with respect to the quality of the most
preferred alternative.

The general problem of multicriteria optimization (MO) can be represented in the following way:
‘max’ { f, (x)k K}

subject to X X
where:

- f, (x) k K={1,2,...,p} are different criteria (objective functions) of the type fk: R" - R, which must
be simultaneously maximized;

- X=(x e X ,...,Xn) is the vector of variables, belonging to the non-empty feasible set X R";

- Z=f(X) R’ is the feasible set of the criteria values.

The scalarizing approach is one of the main approaches in solving MO problems. The basic representatives of
the scalarizing approach ([Wierzbicki, 1980], [Sawaragi, Nakayama and Tanino, 1985], [Steuer, 1986], [Narula
and Vassilev, 1994], [Buchanan, 1997], [Miettinen, 1999], [Vassileva, 2004], [Ehrgott and Wiecek, 2004]) are the
interactive algorithms. The MO problem in these algorithms is treated as a decision-making problem and the
emphasis is placed on the real participation of the DM in the process of its solution. Each interactive algorithm
consists of two procedures in the general case — an optimization one and an evaluating one, which are cyclically
repeated until the stopping conditions are satisfied. During the evaluating procedure the DM estimates the current
Pareto optimal solution obtained, either approving it as the final (the most preferred) one, or setting his/her
preferences in the search for a new solution. On the basis of these preferences a scalarizing problem is formed
and solved in the optimization procedure and a new Pareto optimal solution is obtained with its help, which is
presented to the DM for evaluation and choice. The main feature of each scalarizing problem is that every optimal
solution is a Pareto optimal solution of the corresponding MO problem. The scalarizing problem is a single-
criterion optimization problem, which allows the application of the theory and methods of single-criterion
optimization. A number of scalarizing problems and a set of interactive algorithms developed on their basis have
been proposed up to now. The different algorithms offer different possibilities to the DM in the control or in
stopping the process of the final solution finding. On its hand, this searching process can be divided into two
phases. In the first phase (the learning phase), the DM usually defines the region, in which he expects to find the
most preferred solution, whereas in the second phase (the concluding phase) he is looking for this solution
namely in this region.

The present paper describes generalized scalarizing problems, called GENS and GENSLex. They are extensions
of the generalized scalarizing problem GENWS [Vassilev, 2004] and enables the obtaining of Pareto optimal
solutions. Almost all scalarizing problems known up to now can be obtained from GENS and GENSLex problems,
as well as new scalarizing problems with different properties can be generated from these problems.

Generalized Scalarizing Problems GENS and GENSLex

For easier description of the topic further on, the following definitions will be introduced:

Definition 1: The solution x X is called a Pareto optimal solution of the multicriteria optimization problem, if
there does not exist another solution X X , satisfying the following conditions:

f, (K)z f, (x) k Kand f, (K)> f, (x) for at least one index k K.

Definition 2: The vector Z = f(X) = (fl(X),..., fp(X))T Z is called a Pareto optimal solution in the criteria

space, if x X is a Pareto optimal solution in the variables' space.

Definition 3: The current preferred solution z = (f,..., f, ..., fp) Z is a Pareto optimal solution in the
criteria space, selected by the DM at the current iteration.



KDS 2005 Section 3: Decision Making 299

Definition 4: The most preferred solution is the current preferred solution, which satisfies the DM to the highest
extent.

Definition 5: The criteria classification is called the implicit division of the criteria into classes, depending on the
alterations in the criteria values at the current solution, which the DM wishes to obtain.

In order to obtain Pareto optimal solutions starting from the current preferred solution, GENS scalarizing problem
is proposed. It has the following type:

Minimize

(1) T=max (max(F? - f, (x))G} R, max( )G R, max( - f (x))e?

k K?

R.max(F - (o) + z( ()e; +
(Y (R - 1,0t + z( (x))ef+sz<(Fs—fk(x))GS+

k K= k K=

DY FRRAC) D EAC

subject to:

2 f.(x)=f,k K> K-~
@) f,(x)=f —-D,k K=
4 fx)=f -tk K>
6 f,(x)<f, +tk+,k K™
6) x X

where:

G,,G?,G?,G,,G; are scaling, normalizing or weighting positive coefficients;

F',F2,F’, F', F> are parameters, connected with aspiration, current or other levels of the criteria
values;

R,,R,, R, are equal to the arithmetic “+" or to a separator *, *;

D, is the value, by which the DM agrees the criterion with anindex k K = to be deteriorated ( D, > 0);
t, and t,; are the lower and upper bound of the feasible for the DM interval of alteration of the criterion
withanindex k K™ (t, >0; t; >0);

f, is the value of the criterion with anindex k K in the current solution obtained;

K is the set of all the criteria;
K = is the set of criteria, the current values of which the DM wishes to be improved up to desired by him/her
levels F';

K > is the set of the criteria, the current values of which the DM wishes to be improved;
K = is the set of the criteria, for which the DM agrees their current values to be deteriorated up to set by
him/her feasible levels sz , but not more than certain values D, (D, >0);

K = is the set of criteria, for which the DM agrees their current values to be deteriorated;
K ~ is the set of criteria, for which the DM agrees their current values not to be deteriorated;



300 3.2. Decision Support Systems

K > is the set of the criteria, for which the DM agrees their values to alter in defined intervals;

K ° is the set of criteria, for which the DM does not set explicit preferences concerning the change of their
values;

- pis asmall positive number.

The constraints (2) - (6) define a subset of X, containing Pareto optimal solutions.

Theorem 1: The optimal solution of GENS scalarizing problem is a Pareto optimal solution of the multicriteria
optimization problem.

Proof :

Let K> Z @ andlor K Z@, or K=K and let X X be an optimal solution of GENS scalarizing
problem. Then the constraints (2) - (6) are satisfied for X~ X , together with the following condition:

7 T(X)ST(X),x X

Let us assume that X~ X is not a Pareto optimal solution of the multicriteria optimization problem. Then there
must exist another X X, for which the constraints (2) — (6) are satisfied, as well as the conditions given below:
8 f.(x)=f, (x),k K and f (x)> f,(X") foratleastoneindex k K.

Inequality (8) follows from the definition of a Pareto optimal solution.

Using constraint (8) and the definitions of R;, R,, R, the objective function T(x ) of scalarizing problem GENS

can be transformed, obtaining the following inequality:
@ T(x)=max(max(F}! - f, (x )Jo R, max(F? - f, (x )6
k K? k K*

R, LnEK‘Z((FkS - (X))Gk3 R, TEZ((st - f X))G;)+
+ kZKo(st - £ (X))Gli3 +
o) (Fk1 - f (X))Gi + Z(sz - f (X))sz + z<(':k3 - f (X))Gka +

K= k K= k K

+
=M =
<L
|
—
=
—
><_

* ~—
=~ n
|
™M
—
=
—
>
=~ o
~—

1

(2 - 6 ) 1, 6)- .6 ) &,
Lnaz(((Fkg =1 0D+ (R )= £k sl R
ik )
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S b s
< max (ma>x(Fkl - f, (X) « R, TE’;(FKZ - f (X))sz
R, max(F3 - f(x )l R, Lng))((Fk?’ - (¢ )i )+

+Z(F —f(x)

k K°

+ p(szz (R~ £, (X))Gi + kZKS (R - 1. )oe + Z((Fk3 - (¢ ))ei +

k K

:T(x*).

It follows from (9) that T (x')< T (x*), which contradicts to (7). Hence, X X is a Pareto optimal solution of the
multicriteria optimization problem.

The scalarizing problem GENS guarantees that Pareto optimal solutions are generated. The common drawback
[Miettinen, 1999] is how to select the coefficient o . An alternative way is to use a lexicographic approach. The

following GENSLex problem in two phases is a lexicographic variant of scalarizing problem GENS.
The first problem GENSLex1 to be solved is the following:

Minimize
(10) T, (x) =max max(F - £ ( )G R, max(Fk2 )G R, max(F - (x ))Gk

R, rknﬁvf(Fk - fed) 3 (R~ by
subject to:
1 f(x)=f k K” K~
(12) f,(x)=f, -D,,k K=
(13) f.(x)=f -t ,k K=
(14) f . (x)<f, +t; ,k K™
(15 x X

Let us denote the optimal objective function value of (10) by Tl*. The final solution is obtained by solving the
following problem GENSLex2:

Minimize

(16) T,(x)= Z Fl ))Gi + . (Fk2 - f, (X))sz +kZK<(Fk3 - f, (X))Gli3 +
+ Z(F“ - ¥ fboed

subject to

(17) T, =max (max(F! - , (<)o; R, max(F - £, (x))o] R, max(F? - £, (x))e:
R, LT]E))((FKA - fi (X)blf)-l- ZO(FkS - f (X))Glf < Tl*

k K
and constraints (11) - (15).
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Theorem 2: The optimal solution of GENSLex scalarizing problem is a Pareto optimal solution of the multicriteria
optimization problem.

Proof :

Let K> Z@andlor K> Z @, or K=K andlet xX° X be an optimal solution of GENLex scalarizing

problem. Then the constraints (11) - (15) are satisfied for X~ X , together with the following conditions:
T,(X) <T,(X)and T,(x") <T,(X),x X

Let us assume that Xx* X is not a Pareto optimal solution of the multicriteria optimization problem. Then there
must exist another X' X, for which the constraints (11) — (15) are satisfied, as well as the condition given below:

(18) f(x)=f (x),k K
and f (x)> f _(x) foratleastoneindex k K.
Itis clear that independently of defined values of R, R,, R; and from (18) and (10 - 17) follows that:

T,(X)ST(x7) and T,(x) <T,(x")
or
T.(x) <T(X7) and T,(x) <T,(x"),

which contradicts with X" being an optimal solution of GENLex scalarizing problem.

Scalarizing problem GENS is in the general case an optimization problem with a non-differentiable objective
function. Every GENS scalarizing problem (defined values of R;, R,, R;) can be reduced to an equivalent
optimization problem with a differentiable objective function on the account of additional variables and constraints.
The equivalency of each pair of optimization problems is in relation to the obtained values of the objective
functions (criteria) and the main variables. Different types of equivalent problems are obtained at different values
of Rl s R2 ,R3 .

Each equivalent problem can be presented as follows:
min g+ > ¥ +p 3 Y
k K k KWK

and satisfies two groups of constraints.

The first group of constraints is equal for all types of equivalent problems and has the following form:
19) az ()Fkl -t (x)let Kk K?

(

) B=(F2-f ()62 k K*
en yz(R-f ()6l k K
2 o=(F'-f()lf k K
(23) (Fkl - f, (X)bi =y, k K*
(24) (Fk2 - fi (X))sz =y k K=
(25) (Fk3 - f, (X))Glf =Y.k KT
) (F!-f (X6’ =y, .k K
e (R -1 ()6 =y .k K
2 -f (x)c¢=y, .k K* K>
290 f (x)=f .k K> K-
30 f.(x)=f -D, k K=

31 f(x)=f, -t , k K
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32 f (x)sf +t] k K
(33) x X
a,pB,y,Qy, /k K -arbitrary

The second group of constraints has different type and number of constraints depending on the values of
R, R,, R,. The constraints from the second group for one equivalent problem of scalarizing problem GENS,

“n

which is obtained when R is equal to the separator *,”, R, and R, are equal to the arithmetic operation “+”,
have the following form:

(34) uza
(35) u=p+y+Q
M - arbitrary

The constraints from the second group in the other equivalent problems can be stated in a similar way.

Scalarizing problems GENSLex1 and GENSLex2 are in the general case optimization problems with a non-
differentiable objective functions and constraints. Every scalarizing problem of both types GENSLex1 and

GENSLex2 (defined values of R;,R,,R;) can be reduced to an equivalent optimization problems with a
differentiable objective functions and constraints on the account of additional variables and constraints.

Different types of equivalent problems of scalarizing problem GENSLex1 are obtained at different values of
R;,R,, R,. Each equivalent problem can be presented as follows:

(36) min p+ Ny,

szO
satisfying two groups of constraints. The first group of constraints is equal for all types of equivalent problems and
has the following form:

6n az(F-f,(x)el k K>

@) B=(F2-f(x)e? k K*
(39) yz(FkS—fk(x) 2k KT
o) o=(F'-f (xlef k K>
@) (- ()6 =y k K
42) f(x)=f .k K> K-
@) f (x)=f -D ,k K=
@4 f(x)=f -t .k K™
5 f (x)<f +t7 k K
(46) x X

a,B.y.Q Y,k K°-arbitrary.

The second group of constraints has different type and number of constraints depending on the values of
R,,R,,R;. The constraints from the second group for one equivalent problem of scalarizing problem

“

GENSLex1, which is obtained when Ry is equal to the separator “,", R, and R, are equal to the arithmetic

operation “+”, have the following form:
@4n uza

(48) uzp+y+Q
M - arbitrary
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Different types of equivalent problems of scalarizing problem GENSLex2 are obtained at different values of
R, R,, R;. Each equivalent problem can be presented as follows:

49)  min

(49) kggk

and satisfies two groups of constraints.

The first group of constraints is equal for all types of equivalent problems and has the following form:
50) (R - f (e =y, kK

(

(51) (Fz—f X)GZ=y, . k K
62 (F-f(ei=y, .k K
63 (- =y k K
(54) fk(xG,f=yk,k K= K™
55 f (x)=f .k K> K-
s6) f, (x)=f -D , k K=

67) f,(x)=f -t .k K™

58) f, (x)<f +t7 k K~

(59) x X

y. 'k K\K? -arbitrary

The second group of constraints has different type and number of constraints depending on the values of
R,,R,,R;. The constraints from the second group for one equivalent problem of scalarizing problem

“w

GENSLex2, which is obtained when R; is equal to the separator *,

operation “+”, have the following form:
60) a=(Fi-f ()6t k K>

, R, and R, are equal to the arithmetic

(
6) B=(F2-f (x)e2 k K*
6 y=(F-f(x)ed k K*
63 o=(F'-f (x)le! k K
(64) (Fk5 - f, (X))Gf =Y,k K®
65 u=a
(66) uzpB+y+Q
67) p+ Sy ST

k K

a,B.y,Q u,y lk K°-arbitrary.

Conclusion

The interactive algorithms solving different types of multicriteria optimization problems use different scalarizing
problems. The features of each scalarizing problem are defined by the possibilities offered to the decision-maker
to set his/her preferences, as well as by the quality of the Pareto optimal solutions obtained. Altering the
parameters of the generalized scalarizing problems GENS and GENSLex, a great part of the already known
scalarizing problems can be obtained and also new scalarizing problems can be generated. In connection with
this, generalized interactive algorithms with alterable scalarization and parameterization can be designed, which
expand to a great extent the possibilities of the decision-maker in describing his/her preferences.
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INFORMATION SYSTEM FOR SITUATIONAL DESIGN

T. Goyvaerts, A. Kuzemin, V. Levikin

Extended Abstract:

From the standpoint of the system analysis the quantitative simulation of the information-technological complex (a
situational center — SC) as an object of simulation and management requires consideration of a simulation object
as a complex multilevel stochastic and self-developing system; its current state imitative modelling also requires
the use of the fuzzy media description.

To build an informational model of a “situation” development and to manage it there is a good reason to use the
informational technology of integration of aerospace monitoring and ground contact measurements by the
minimization criterion of expenditures of time T and material resources S.

Equipment of different type for information recording through remote sounding can be placed on the mobile
platforms (space, flying, aerostat vehicles). With the initial information obtained with these methods it is possible
to solve various problems of monitoring and prompt detection of important abnormal events on the earth surface.

In the general case time trecogn for recording and recognition of the sought objects necessary for practice can vary
from a month to fractions of a minute. In this case

frecogn =tk + e +th + e
where:;
t« — is “Camera” time, i.e. time of the launch-control command to an approach to the object mapping photography
t. — is “Mapping photography” time, i.e. time of the object image recording process duration;
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t, — is “Post” time, i.e. duration of time from the moment of the recording end to the moment of transmission to
the user;

te — is “Experiment” time, i.e. duration of time from the moment of reception of the picture by the user to the
moment of its recognition by experts and identification of presence or absence of the sought information
parameters on it.

In case of detection of the pictures necessary for the recognition problems the so-called time of search ts of the
needed picture should be distinguished in the already existing distributed data bases with the results of remote
sounding. In this case the recognition time will be calculated in the following way:

trecogn = min {tk +1; ts} +ihtte.

The decision-making system is a methodology for a complex solution of the problem making it possible to
simulate problematic situations of unlimited complexity and therewith providing a high quality of the made
decision. In other words, this system is the main direction in complex decision-making; it performs one of the
main functions of the situational center (SC).

Making of the right decision is realized using many parameters being measured with corresponding sensors. SC
realizes the decision making in the automatic regime when indeterminate parameters and features appear.
Moreover, it is necessary to make a decision in the real time with a high probability that this decision will be made
right. This decision is defined by the ratio of the measured values to the standard ones. As the information being
obtained represents clear and fuzzy set then such a set is the universal one and it can be presented as:

X ={X1, X2,..., Xn} Where x; are the parameters being measured.
In this universal set there are both clear A and fuzzy By sets, f44(%)and Ly are membership functions.
Ai={x X Hai(x) =1}
Bi={x X tm(x)Z1}
The system performs polling of all sensors and analyses the obtained values comparing them wit the standard.
Initially the polling is carried out using the clear set features and then it is performed with the fuzzy set. The fuzzy
set should be divided into a number of fuzzy sets each of them having their own features. This will make it

possible to take a decision close to a real time and increase the probability of the right decision making as the
probability of a right decision-making is equal to the sum of probabilities obtained with all clear and fuzzy sets.

Decision-making with a clear set is performed by comparison of the obtained value with the standard.

With a mutual action of separate elements of the system on each other uncertainty in a right decision-making
concerning a particular parameter arises. A totality of such uncertain parameters comprises a fuzzy set Bi. A
complicated situation arises as a membership function in addition to the interval [0, 1] can assume its values in
the interval [-1, 1]. With & (x) >0 there is a possibility to make a right decision. If -1 < 1 (x) < 0 then a false
decision is made. A right decision-making by fuzzy sets is defined by a-cut,i.e. Bk={x X & (X)= a}.

To build a membership function for a right decision-making three approaches should be taken: the objective,
subjective and statistical ones.
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IMPLEMENTATION OF THE SYSTEM APPROACH IN DESIGNING INFORMATION
SYSTEM FOR ENSURING ECOLOGICAL SAFETY OF MUDFLOW
AND CREEP PHENOMENAE

E. Petrov, A. Kuzemin, N.Gusar, D. Fastova, |. Starikova, O. Dytshenko

Abstract: In this assignment pit into practice the researching of language identification of the information analytic
system of the situation center for the region energy safety. This method proposes the creating of the scientific
grounded and economically sound information system to control situations that are built on the base of wide
application new information technologies. Also, there are given foundation of choice of the context-sensitive
language for the simulation of the system and instrument application of fuzzy logic. And has developed the
mathematics model of the system that reflect main point of manage process especially tariff manage for energy
safety.

1. Introduction

The creating of situation centers is one of the most relevant effectiveness increase problem of the management.
There are few hundred situation centers in the world, but the quantity is growing up. Organs of government, first-
rate corporations, Enterprises of oil-gas field, power engineering, machine building, airplane building, atomic
industry need in the creating of such centers.

Most important factors, that guaranteeing the inculcation of the situation centers into practice, are:

- Need in the perfection of the managerial procedures by force of including the management not only on the
stage of decision, but also on the stage of making of the decision;

- The possible optimization of the decisions by force of expert valuation and modelling situation by using
modern information technologies;

- The possible improving of the information and output decision pilot analysis by force of using modern
information technologies that guaranteeing agglomeration of communications facilities, analytical
treatment and visualization of information;

- Need in providing persons firsthand and full information about this problem;

- The possibility of surgical approach first persons to all information

So, situation center is the aggregate of the technical software tools, scientific-and-engineering methods and
engineering decisions for the automation of the representation, modelling, analysis of situation and management
processes.

There are a lot of problems for each region that can change living conditions and the development of inhabitants,
provoke different conflicts and crises. We could put to such problems next problems: the problem of peace
conservation, impoverishment, demographic, energy, and ecological problems.

Keeping of energy safety should view as one of primary object in regional energy politics.

Experience study of application situation centers permit to claim that situation centers can be used as instrument
of energy control, on the state level and on the regional level. Prerequisites of such application are:

- High importance of power engineering for the economics of the country and life sustenance;

- Complexity of achievement of the balance between consumer interests and concern of producers, when

actually producer is monopolist;

- Using of the situation center technology to manage in the power engineering, especially in tariff manage,

can help to develop decisions taking into account next changing in economics;

- Big quantity of subjects, that take a part on the energy market, generates corresponding size of

technical, economic and lawful information.

Tools of the situation center permit to analyze this information and make it available for all interested persons.

The object of research automation is building information analysis system, which can used for effective decision
in the managing of power engineering. In the base of this system lying the problem of the building expert model
that can imitate the specialist behavior upon he decide practice tasks. This method could help to safe knowledge
of the specialist and could help specialist to work in different fields.
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2. Target Setting

We have to build information analysis system to achieve the target:
- To gather information about all energy safety organizations, industry buyer and population;
Monitoring of this information
Automation of formalized part of the calculation process
- Approval in decision-making when tariffs are changed (attraction of interested persons)
- The defense of approved tariffs
- Composition of report
For the creating of such systems, first you have to decide few tasks, which are primary:
- To organize input data’s: creating of knowledge base, rules of deduction;
The choice of system description language;
Description of the system and the building of mathematics model;
The choice of decision devise;
- Data analysis and decision

After this, we receive tools for the regulation of the control process in power engineering, which guarantee
stability of the market and development of the region.

3. Model of the System

The main target when you plan the system of automatic manage is making of optimal decision for very short
period. Let's view next task, the task of guaranteeing of region energy safety and the process of making-decision,
which we could put into the base of the system. Let's make the diagram 1:

In the diagram 1 you can see next symbols:
- Guaranteeing of energy safety (GES)
- Safety criteria (SC)
- Information about energy market (IEM)
- Tariff valuation (TV)
- Human resource (HR)
- data domain (DD)
- Region administration (RA)
- Economic objects (EO)
- Producers of energy (PE)

Diagram 1

From diagram we can image model system in the following way: S = F(U,V,K,R,G,S)

Manage system is the interaction function of all components:
U - information about energy safety organizations, industry buyers and population, region budget;
V - decision about control of tariff;
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K — Set manage criteria’s: the dynamics of energy production; energy intensity; diversification of energy
carrier export; social and politics stability in the regions; national financing of research engineering; structure
of energy using and stocks of basic fuel kinds efc;

R — customers, suppliers, service personnel;

G - producers of energy, inhabitants, region administration, economic objects; S — collection, treatment and
keeping of information; analysis of information; making-decision.

4. Representation and Description Language of the System

We should mark very important detail on this step. As you know, manage system are lying on the making,
structuring and exchanging of information. So, How we should present the information in manage system. The
main feature of these systems is that most information for the mathematics description exists in the form of
presentations and wishes of experts. But on the language of traditional mathematics, we don’t have those
objects, which could adequately describe fuzziness of expert’s presentation.

Representation and description language of the system, language of management is prime characteristics, from
which depends valuation of the level of approach to the contact with the system. Context-free language it is
description of the system using the standard mathematics methods, therefore it is most suitable for the closed
systems that don’t change in time and where the final result is predefined. In our case, we have system that has
constant cooperation with outward things and she always change in time. At that we don’t know the kind of this
changing, their character and result.

The main character of concerned system it is that intelligence about object of management, criteria of
management and set possible decisions could be submission in the form of pronouncement on usual natural
language. These systems are open and the process of their management training never ends by creating of
formalize model.

The classic method is unacceptable for management in conditions of impossibility of creating certain
mathematics, algorithmic and other model object. So we have to go aside from apparatus of context-free
languages to the side of searching waives improvement of making-decision quality. This improvement can be
reach only thanks to context-dependent language.

Context-dependent language (natural human language) we will present like language, in which meaning of
certain pronouncement depends from previous pronouncements on this language, i.e. we have logic chain of
inferences.

So, we proceed to real system in their outside circle. We can present them using languages, which represent
semantics of cooperation this system with outside world.

As a result of these remarks, we choose language of fuzzy logic in the role of context-dependent language. This
method has three distinguishing features:

1. we use fuzzy values and “linguistic” variables instead of or further to numerical variables
2. simple ratios between variables are presented with the help of fuzzy pronouncements — predicates;
3. Difficult ratios are described by fuzzy procedures.

This language give us possibility to reflect adequate the main point of the making-decision process in fuzzy
conditions for multilevel system, operate with fuzzy limitations and targets, and to specify them using linguistic
variables. Therefore, the mathematics apparatus of the fuzzy set theory can be viewed like basic description
apparatus of multistage hierarchy system, of making-decision process and of engineering procedure control. So,
we will think that all input sets are fuzzy.

5. System Description

Let's do the decomposition of our task, divide it on two subgoals. They are part of the making-decision process.
The decomposition will be in functional meaning, because main interest for our investigation presents in
examination like functional object. Each function is built using the principle of gradual refinement of information. It
permits to localize all deflection from normal work.

As a result we'd receive components of the system, which will maintain the functionality, integrity and also will
represent functional objects lower level of decomposition.
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The system could be represented like S = S;,i =1,2,...where S; - set of elements that could be composed.

For description of cooperation of the system components, we use next apparatus.

We have three algebras: operation algebra (AO), condition algebra (AU), connection algebra( AS). Like we
know, concept of algebra involves concept of set and operation fixed on it.

Thus we have operation algebra AO ={O, , }, where {O} - set of operations, O; and O; - elements of
this set - operations; O;  O; - operation of conjunctive, O;  O; - operation of disjunctive.

Thus we have condition algebra AU ={E, , ,E} , Where { E } — set of conditions, E; and E; - elements of
this set — conditions; E; E; — operation of conjunctive, E; E; - operation of disjunctive, E - operation of
negation.

Connection algebra AS ={T, , ,'F}, where {T } - set of connections, T; and T; - elements of this {T } set
- connections; T;  T; —operation of conjunctive, T; T - operation of disjunctive, T - operation of negation.

Connections between elements and elements of the system can be expressed like aggregate of operations,
conditions and connections.

Element of the system can be expressed next way: S; =(E;T; JO,(E;T;), where (E;T;)- input data,
(E;T;) —output data, Oy - operation.

So, system S can be expressed like composition of owns elements and connections between they self, i.e.
S={S0,5,..0,5:,0,S,}=S; S ... S, S,, where §;.S;,...S,S,correspond next element
Si =(E{T; O (E;Tj).

Otherwise, this we can show by next pronouncement: if S; and S, and ... and S, and S,,, so DECISION.

Decomposing further all elements and analyzing them, as a result we receive set of elementary components of
the system next form S; = (E;T; JO, (E;T; ), suitable for pronouncements IF "inputs”, THEN “outputs”.

Then producing this expressions, beginning from elementary parts to larger we will receive full description of the
system on natural language, mathematically shown by combination S; = (E;T; JO, (E;T;)

At that time, we will use these axioms:
1. ldempotentive S; S; =S;, S; S =5;.
2. Commutative S; S;=S; §;,5 §;=3; §;.
3. Associative (S; Sj) S;=S; (S; ). (Si Sj) Si=S (S5 S§).
4 Distributive (S;  Sj) S;=S;S; S;S;, (SiS;) S =(Si Si)S; Si)-
5. Elimination(absorption) S;  S;S; =S;, S;(S; S;)=S;.
6.Folding S; S;S;=S;, Si(S; S;)=S;.

7. Double negation. S=I =S;.

6. Fuzzy Logic

So, this model of the system would be present as set of the elements like S; =(E;T; JO,(E;T;), where
(E;iT; ) - input data and (E;T; ) -output (transformation) data.

Let's do some comments. This expression means, that every element of the system S; would be present like
predicate — pronouncement, which shows some element state of the system S; = P((E;T; ),(E;T;))

Let's look next statement. Increasing of quantity energy sellers entailed to decreasing of energy price. We see
that this pronouncement could be divided on two earthier sentences: “Quantity of energy sellers increases” and
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“Energy price decreases”, which are predicates too, but they have lower order. However, we will be think that
components of the system present predicates of first order, i.e. (E;T; )= P(E;,T;) correspond to: “Quantity of

energy sellers increases” and (E;T; )= P(E;,T;) - “Energy price decreases”.

As a result, we could say, that the system would be present like predicate same order. We should to mark, that
there are some properties for every predicate:

ReﬂeXiVity: P(( EiTi ),( EiTi )) =1

Symmetry P((ET;).(EjT;)=1  P((E;T))(ET;)=1;

Transitivity: P((E;T; ).(E;T;))=1and P((E;T;)(EnTy))=1,50 P((EiT; ),(EnTy))=1

Reflexivity means, that equal inputs entail equal outputs.
Symmetry of predicate means that after input data change their place, then result will be same.

Transitivity means that if results of the first and second pronouncements are equal, and result of the second and
third pronouncements are equal too, then result of the first and third pronouncements will be equal.

We should to mark that every predicate will be given on data domain - DD, i.e. for example, arguments E;, T, of
P(E;,T; )predicate are givenon {E } and {T } sets correspondingto E;, E n T, T

How we said earlier, these sets are fuzzy, every variable (for example E;,T;) is as linguistic. In this case,
DD presents fuzzy set, which rounds all problem area.

For fuzzy subset, we bringing not functional, but characteristic function on object’'s dimension A={a}, which

gets for all elements degree of presence some property by this property they are belong to B subset. This
characteristic function is membership function for fuzzy subset.

Fuzzy subset B of the A described by membership function 1 : A - B, which put into accordance to every
element a A number p(a) from interval [01] . This number defines degree of membership element a to B

subset. At that, 0 and 1 correspond to the lowest and the highest degree of element membership to some subset.
Numerical value of membership function describes degree of element membership to some fuzzy set. This fuzzy
set is elementary characteristic of event on natural language.

Form of membership function defines according to concrete problem. It would be next:
1. pj(ai )=1/C,where C™* =1+((a —bj)/c; )z,j =1,..m;i=1,.n.
where b;,c; — parameters of the function, which we have to attune, m - quantity of terms in system.

2

2.p5(3; ) =€, where k = —(a; — o )*/ 05, o - Midiine, o - dispersion

and other.
Thus, P,P;,...,R, are elements of the system, which realizing some predicate P(E;,T;), n - quantity of
elements, E J-,TJ- -arguments of predicate.

From experimental study elements behavior P,P;,...,R,, we are concluding their characteristic properties,

which are system of logic equations:
F(PPs,..., Py ) =1,

F(P,P,...,P ) =1
r - quantity of equations, F;,F,,...,F, - predicates from predicates. This logic conditions are axioms of

elements...
Aggregate of true pronouncements about objects P,,P,,...,R, is T theory of these elements. Aggregate of any

pronouncements of the T theory, from which we can logically conclude any true pronouncement of the T theory
we will identify as system of axioms T theory.

Composition of the concrete (individual, fixed) predicates (Pl* ,Pz* P: ), which satisfy the axiom of T theory,
we will identify as model of T theory.
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General model form we received as a result of system decision of the logical equations.

Conclusion

Presented method, which suppose organization and mechanism of the representation language choice and
description of the system for energy safety of the region, permit to accelerate the process of modelling of this
system. It unifies next ideas: the modelling of the system based into apparatus of fuzzy logic; the system is open
and always changed.

Scientific novelty of received results concludes in special point of view to the building of the system and to the
creating of unified language area, in which all elements are cooperating.

Practice significance of developed system exceeds on 35% per-existing systems. In case of full evolution of the
situation center tariff policy will be agree with higher echelon. And the region will receive active instrument to
control the power engineering, which ensure the stability of energy market and development of region economics
as a whole.

In future, we see sense in deeper investigations for improvement of this method and potential realization it in
different areas of local, regional and national management.
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AMETHOD OF THE SPEAKER IDENTIFICATION ON BASIS OF THE INDIVIDUAL
SPEECH CODE

M.F. Bondarenko, A.V. Rabotyagov, M.I. Sliptshenko

Abstract: A new method for speaker identification is being offered. The base of the method lies in new theoretical
statements and non-traditional views on the questions of formal voice signals transformation and voice objects
classification. These views rest upon the concept of heuristic simulation. The novelty of the method is that the
identification is carried out on basis of the individual speech code, which is assigned to each voice code during
the classification of voice objects adaptive search for informative signs. The digital code pattern of a personal
voice code as an informative signs combination represents a set of elements with significant functions.

Introduction

It is generally accepted by the scientists that among the numerous scientific problems of today, one of the leading
roles is played by the automated speech processing, and, in particular, the development of effective methods for
the speaker identification on basis of the acoustic-phonetic analysis. During the last 15 years, there's been a
tendency for more speech researches. Most of the researches are based on the spectral ideology [1]. However,
the progress in this branch was not as rapid as expected. What caused this situation? Analyzing the speech
research, the famous linguist scientist R.K. Potapova concludes, "The main complication for both speech
identification and its understanding is the definition of durable signs on the acoustic-phonetic level" [1, p. 295].
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Objective

The work is directed to the development of a new speaker identification method based on the new knowledge
about speech signals, ways of their transformation, and further processing.

The method will allow the identification research of extremely limited and distorted speech material.

To solve the problem, two hypotheses are introduced. The first hypothesis involves the possibility to perform the
speaker identification on basis of so called structural signs of vowel elementary segments [2] as a set of primary
informative differentiation signs defining the individual quality of the speaker. The second hypothesis lies in the
possibility of speaker identification on basis of so called individual speech code as a set of secondary (global)
informative differentiation signs defining the individual quality of the speaker.

Problem definition

The research problems directly follow the introduced hypotheses:
- research the identification ability of structural signs of vowel elementary segments;
- research the identification ability of an individual speech code;

- if the introduced hypotheses are proved to be true, develop a method for the speaker identification based
on limited and distorted speech material.

Content

In special literature concerning the field of applied linguistics, it is stressed that the problem of informative signs
definition appears when the researcher faces “difficult” vocal signals during, for instance, an identification
research. This category of speech objects (signals) includes objects characterized in particular by little voice
information (for example, 1 to 3 seconds), various range of distortion (for example, the objects are recorded from
different transmitting channels). The inefficiency of the “traditional” spectral signs base causes the search for
new, non-trivial signs.

Table 1 Functional description of ISC digits

Digit - , Digit value
S
pace | "y Digit function 0 1 5 3 2 5 5
0 constructive line k1 position "0" | "2" | "4 - - - -
1 constructive line k2 position "0 "2t gt 2t | 4
2 constructive line k3 position "0" | "2" | "4" - - -
Vr 3 constructive line h1 position "0" | "2" | "4" - - -
4 constructive line h2 position L A A
5 constructive line h3 position "0" | "2" | "4 - -
6 number of windows in constructive part 2" | "4" | "6" | "8" - -
Ve 7 exclusion of constructive part "A" | 'B" | "C" | "D" | "E" | "F"
8 exclusion of constructive part signs "M "St ISt ] -
9 - signs trarlsf'ormatlon R TR P i )
vm ("a" — by rows, "b" — by columns)
10 transformation rule ngr | ngn | s |-
("s" — subtraction, "d" — division)
normalization rule R N .
vd 1 ("l"="by length", "h" - "by height") ! h In i
12 value of normalization coefficient "I" "4" | "6" [ "8" | "10" | 5" | "20" | "25"
13 value of normalization coefficient "h" "2" ) "4" | "6" | "8" | 0" | 5"
vw | 14 |Si9ns trans"f(?'rmahon rulg (sglb}'ractllop min, ranking) wgn | ngr | nsgr |-
("s" — subtraction, "d" — division)
71 15 setting sound fragment for comparison "M - -
16 value of closeness measure &' "10" | "20" | "30" | "40" | "50" | -
2 |17 value of closeness measure &’ "10" | "20" | "30" | "40" | "50" | -
Z3 | 18 value of closeness measure &° "10" | "20" | "30" | "40" | "50" | -
The "-" mark means that “the value is not used in the code combination digit".
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What is the novelty and peculiarity of our signs? According to their quality the introduced identification signs are

characterized as multilevel interconnected signs that make a so called (according to the accepted terminology)

individual speech code (ISC). We fill the ISC notion with the following meaning:

1. ISC represents an information structure complementary to the voice signal properties, which define the
individual vocal features of the speaker.

2.

ISC is the basis for the classification of etalon speech objects and speaker identification.

3. A digital decimal combination of ISC code is assigned to a particular etalon object during the adaptation,

4.

optimization, and selection procedure.
ISC is a code with its every digit representing a pointer to the type of specified speech processing

procedures and the conditions of their implementation. From the factual point of view, the procedure types
and the conditions of their implementation are realized as separate subprograms having their
mathematical and logical ground in simple mathematical equations and logical functions (predicates) of

mathematical logic.

EO classification

EO bank

!

Set preliminary conditions

_,l

1SC matrix

UO to EO identification

he limit ISC code combination yes -
no
EO description
| Select EOfromEObank |
[ Space Vr |
¥ |
[ Space V¢ | [ EO description |
- |
Space Vm —
| i | [ UO description |
[ Space Vd | 1
k2 Compare UO to EO
[ Space Vw | | i I |
l no .
Limit EO reached
Two-by-two EO comparison
yes
[ Space Z1 |
¥
[ Space Z2 | [ Identification result
¥
[ Space Z3 | =
Selection
no
The criterion met
l yes
Save EO comparison results
Optimization
no
The criterion met
l yes

| Form ISC for each EO

_|

Next 1SC code combination

|._

Pic. 1. Structure functional model scheme.

Thus, to authenticate speech objects as
differentiation identification signs, there
are  individual  processing  rules
(procedures) that correspond to a
specified speech object during the
adaptive search; i.e. the identification is
not carried out according to the primary
signs as accepted in existing identification
methods, but is based on the set of
individual optimal rules selected from a
large initial set for each object.

According to the classification accepted in
the coding theory, ISC is characterized as
a 19-bit uniform code (see table 1).

To prove experimentally the consistency
of the introduced hypotheses, we set the
following problem: when the identification
signs are not exactly, but partly, known a
priori, develop an adaptive model able to
find the optimal identification signs and
the rules ensuring the EO set
classification between a finite number of
classes and identification.

The formalizaton of an adaptive
modelling problem lies in mathematico-
logical description of the model stages
and uniting them into a single system
whole on basis of pattern recognition
theory, heuristic analysis, and some ideas
of neurophysiology. The model consists of
two basic stages: 1) etalon objects
classification and 2) identification of the
unknown object with the etalon ones.
Each stage includes substages involving
the execution of specified subprograms
(see pic.1)

The EO classification stage is oriented to
the definition of the optimal identification
signs and rules ensuring the classification
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of an EO set. An object is called etalon, because the researcher and, therefore, the model, know beforehand
which class the object belongs to. Each EO is an audio file of a special format containing a vowel pronounced by
a specific announcer.

To realize the adaptive-coding concept, an ISC matrix is introduced. The code matrix is a table of digits and
possible digital values of code combinations, among which a specific ISC code combination is selected during the
adaptive search.

ISC code combination digits are denoted as FG, (x) , where the r subscript represents the number of the digit, x
- the numerical value of the digit. For example, FG,(3) says, ‘the value of the 2" digit is 3”. The full number of
code combinations N is defined by the following formula: N = [ n(FG, ), where n(FG,) s the base of digit .

On the EO description stage, the images of all EO are formed. EO description is carried out due to a uniform
algorithm and includes several stages (in spaces Vr, V¢, Vm, Vd, Vw), during which the ISC digit functions are
realized (see table 1).

In spare Vr, the primary description objects are vowel elementary segments (VES) [2]. VES is represented as a
geometric object (see pic. 2). On the acoustic level, we agreed to take analytic geometry elements as primary
signs: straight line (chord) and complex plain figure. Such representation (“speech geometry” in a way) and signs
definition appeals to the researcher’s intuition and is guided not only by linguistic knowledge, but also by other
sciences, like neurophysiology. Forming the primary image means changing the values of length and area for the
mentioned geometric elements that make the vector of sign values.

A 4

B C D E |l F
255

192

Pic.2. primary VES description in the model.
The abscissa axis (T) shows the time scale (milliseconds). The ordinate axis (A) shows
the scale of digital speech signal amplitudes. VES duration (L) is 6 milliseconds.

As shown in pic. 2, VES structure consists of 6 constructive parts: A, B, C, D, E and F. Each of the parts is
“divided” into several constructively simpler elements. The “dividing” element is a rectangular window limited by
horizontal h and vertical k constructive lines. Each window has two geometric structural elements: a complex
figure and a horizontal straight line (chord) created by the window dimensions and the VES form. For instance, in

constructive part A, four windows are marked: w1, w2, w3 and w4; in window w1, the complex figure area S, and
the chord length 1, are defined.

In space Vr, the adaptation is realized through the repositioning of constructive lines | and h, which directly affects
the window dimensions and, therefore, the primary signs [3]. The position of constructive lines is “manages” by
the specified ISC digits. Contentwise, the “management” is carried out due to the fact that some of the ISC digital
values (see table 1) call corresponding subprograms ensuring adaptive properties of the computer model.
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For example, FG,executes adaptive function “constructive line h1 position”, its numerical value defines a

particular position of this line for corresponding windows of all constructive parts of VES: by FG, (1), constructive

line h1 moves 2 units up. The “centerline” value is calculated as maximal number of situations when the speech
signal crosses “0” in a “noisy” section.

Since each EO is represented with one vowel formed by a VES sequence, then the description of an EO as a
whole is reduced to the description of all VES. As the result of primary description, a square matrix is formed, its

rows are the VES vectors, and its columns are the vector coordinates. Considering the FG, values, the
dimension of each VES is 24 to 96.

During the next modelling stages, there appears a necessity to perform some mathematico-logic operations over
the acquired values of primary signs. It depends on the existing values of ISC digits (see table 1):

- ineach vector of space Vc, particular VES constructive parts and Vr vector coordinates are excluded;

- in space Vm, according to some rule, the minimal value of the matrix column (row) coordinate is subtracted
from (divided by) all coordinates of the same type located in the matrix row (column) in space Vc;

- inspace Vd, the Vm vectors are normalized according to some rule;

- in space Vw, according to some rules, in each vector of space Vd, the minimal coordinate value is
calculated considering the VES constructive part and the type of structural signs (“S” and “I"); coordinate
values are ranked.

EO classification on basis of decision rules is carried out in so called state spaces Z1, Z2 and Z3. The
classification is carried out due to the two-by-two comparison of all EOs according to the “all-to-all” rule on basis

of distance d’defined in the normalized metric space, and the values of closeness measures. Distance
d * between two EQs is calculated according to the following algorithm:

1. Each EO vector of a greater facility is in turn compared to all EO vectors of less facility. During the two-by-
two EO comparison, each pair of coordinates is threshold confronted: if the distance between coordinates is

less than the closeness measure £, then the result is assigned logical value “1”, otherwise it is “0”. As a

result of one comparison, vector Z* is formed, the values of its coordinates belong to the binary set of {0,
1}. As a result of comparing an EO vector of greater facility to all EO vectors of less facility, the Z ., vector

is found (vector Z'with the maximal number of “1”s). Comparing all the vectors results in a set of
Z,.. vectors.

2. Grounding on the number of “1” coordinates in vectors Z the dimension and number of vectors Z
one vector Z is formed. The values of its coordinates belong to the binary set of {0, 1}. Z coordinates are

defined by a threshold comparison of the number of “1” coordinates in vector Z . with the dimension of

max ’ max ’

X
vector Z . : if the distance between them is less than the £°closeness measure, then the result (a Z

coordinate) is assigned a value of “1”, otherwise it is “0". The dimension of vector Z is equal to the
number of vectors Z_. .

3. Distance d* between two compared EQs is calculated as the result of threshold comparison of the number
of “1” Z vector coordinates and the dimension of vector Z : if the distance between them is less than the

£’ closeness measure, then the result (distance d *) is assigned a value of “1”, otherwise, it is “0”.

Two compared EOs are regarded as identical, i.e. belonging to the same EO class, if distance d * between them
is “1”: if it is “0”, then the EOs are not identical.

The objective of the “Selection” stage is finding the selective code combinations, i.e. the ISC code combinations
containing no classification errors: | and Il type errors [2] (in a different interpretation, they are “target omission”
and “decoy lock-on”). If an EO classification provides only the EO identities, then the model saves the results of
EO two-by-two comparisons in a table.
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The “Optimization” stage is oriented to finding the optimal ISC code combinations in the set of selective code
combinations, and assigning them to the EOs. Code combinations are regarded as optimal if they provide the
minimal value of optimization criterion for each EO pair.

The model supports various ways of solving the EO classification problem. The adaptive search for optimal
solutions is carried out automatically due to the step-by-step modification of the ISC code combination values,
and the current model state analysis on basis of the selection and optimization criteria. Within the “EO
classification” stage, N = 124.002.900.000 iterations can be carried out. After all the iterations have been carried
out, the adaptive search defines the final form of the optimal code combination for each EQ. This combination
makes the EO individual speech code (ISC).

EO characterized by its individual ISC code combination has the following symbolic notation in the model:
O; (FG, (), FG,(X),..., FG,(x)) or O (X,,X,,..., X,,) , where O is the symbolic notation of the object, k is the EO

class number, | is the EO number, X, is the numerical value of digit r. For example,
0;,(1,0,2,2,01,0510,0,0,3,31132,1).

In this model, the identification is carried out according to the “classic” scheme - the “one-to-all” rule. The
unknown object (UO) is compared to all EOs in turn. The identification includes 3 essential stages: 1) EO
description, 2) UO description and 3) comparing UO with EO by the “one-to-all” rule. The description and
comparison on the stage of “Identification” are similar to those of the “EO classification” with the only difference:
the comparison and identification of UO with EO is carried out due to the rules that correspond to the values of
the ISC code combination digits for etalon objects.

For the experimental check up of the model, 190 EOs were selected from the EO bank. Each EO was
represented by the only vowel, for example, o surrounded by cl in word cold. Every fourth vowel was purposely
pronounced in a distorted way. Every four vowels were recorded from a different transmitting channel and under
different conditions. The identification result was in advance known to the researcher: the researcher knew which
class the “unknown” object belonged to. This object was called a testing object (TO). One testing class of objects
was represented by 8 TOs. Identification results were the following: the model identified the testing objects as
objects that belonged to the corresponding (known in advance) EO classes. When establishing the identity (non-
identity) of the UO and EO, no Il type errors occurred on the whole EO set.

The method has the following limitations:
1. vowel segmentation to VES is organoleptic (manual);
2. the number of experimental objects is not large;
3. the whole identification process requires much time.

Conclusion

The work presents a new solution to the scientific problem of speaker identification relying on the speech
parameters. The solution is based on the new knowledge about speech signals, ways of their transformation and
further processing. The work shows an empiric research of communicative properties of speech signals and the
development complementary ways of analysis.

To complete identification, the speech signal is separated into special relevant fragments, so called vowel
elementary segments, which are the minimal functional vowel units, objective and regular acoustic micro events.

The primary informative signs are accepted to be the structural signs of elementary segments, which are the best
to represent regular features of the speaker’s speech. The structural signs are defined by the smoothing effect in
hearing. This allows refusing the spectral methods of speech description and using the methods describing
elementary areas under the signal curve, which completely correspond to the processing method applied in the
auditory analyzer.

The ISC-based identification method makes it possible to perform identification research, first, on an extremely

limited and distorted speech material and, second, on a set of objects. This raised the reliability and effectiveness
of the method, and expanded the area of its application.
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MATHEMATICAL MODEL FOR SITUATIONAL CENTER DEVELOPMENT
TECHNOLOGY

V.M. Levykin

Extended Abstract:

As the experience shows there are general systems problems emerging when creating an information-analytical
system (IAS) (a situational center - SC) regardless of its complexity [1]. These problems are associated with
developers’ and customers’ functions due to incomplete understanding of both the object domain and the
structure (components) of the future system. Among these problems there are: IAS customers definition,
functional complexes and problems detection according to the SC activity direction, the customers information
requirements when solving managerial problems in accordance with requirements of the functional complex and
required resources.

Realization of these problems envisages the development of technology and creation of such a system, which
would take into account peculiarities of the object domain in the system structure. Such technology envisages
definition of the object domain in the framework of the information resources necessary for the customers with a
transition to the functional structure of the system and its enveloping components. Assigning the list and aspect of
the output documents (messages), the conditions of their reception according to the offered technology there is a
possibility to realize the SC development with the preset parameters as these conditions should be the basis for
formation and implementation of the requirements to every covering complex and its elements. It is practically
impossible to use classical methods of this technology starting from the specific character of the object domain
and peculiarities of the SC being developed. So, the most acceptable approach in this case is the criteria theory
use with a further description of the given technology in the form of the composition of the functors [2]. Derivation
of the mathematical model of customers’ requirements to the functions and the system interface, functional
structure, information and hardware-software complex gives the possibility of transition to the element by element
development of every complex and the system as a whole.
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