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Ha ocnosi ¢ppetimosoi mooeni nodanns suamns ma yrisepcanvhoi mosu npozpamyeanns Python sanpononosano
npuHyunu po3pooKu O6a3 3HAHL MA eKCHEPMHUX CUCTEM 3 NPOOAeM HAOIUHOCHI | 008208IHHOCHT WIMAH20BUX C8epPO-
JIOBUHHUX HACOCHUX YCMaHoB8oK. Posensnymo moocnueocmi PYthon ons nodanns snane. Pospobneno oemoncmpa-

yiuny 6a3y 3HaHb ma NOOAHO NPUKAAOU 3aNUMie 00 Hei.

Kirouosi ciosa: 6asa 3HaHb, MOJaHHA 3HaHb, CKCIICPTHA CUCTEMA, MOBa NPOrpaMyBaHHA Py'thon,IHTaHl"OBa

CBCPJIOBMHHA HACOCHA YCTAaHOBKA.

Ha ocnose ¢hpeiimogoii mooenu npedcmaeienus 3HAHUL U YHUBEPCATbHOO0 S3bIKa npozpammuposanus Python
npeonodcenbl NPUHYUNDL pa3pabomky 6a3 3HAHUL U IKCHEPIMHBIX CUCMEM O RPOOIEMAM HAOEHCHOCU U 00JI208eU-
HOCIU WIMAH208bIX CKEANCUHHBIX HACOCHbIX yemanoeok. Paccmompenut sosmodicnocmu Python ons npeocmaenenust
sHanull. Paspabomana demoncmpayuouHas 6a3a sSHaHUil u OaHbl NpUMepsl 3anpocos K Hell.

KiroueBbie cioBa: 0a3a 3HaHW, NPEACTABICHUC 3HAHUM, JKCIEPTHAS CHUCTEMA, SI3BIK IPOTrPaMMHUPOBAHHS

PythOﬂ,IHTaHI‘OBaS[ CKBaXXMHHAas1 HACOCHAasA yCTaHOBKaA.

On the basis of frames for knowledge representation and general-purpose programming language Python the
principles of development of knowledge bases and expert systems about the reliability and durability of sucker rod
pumping unit have been proposed. The capabilities of Python for knowledge representation have been examined.
The demo of knowledge base and the examples of querying to it have been devel oped.

Keywords: knowledge basknowledge representation, expert system, progragtainguage Python, sucl
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1. Bcryn

Bizomo, 1m0 po3BHTOK Hayku 0OasyeTbCs Ha
OTPUMAaHHI O00'€KTUBHHX 1 CHCTEMHO-OPraHi3oBa-
HHX 3HaHb, FKi IOTIOMAraioTh JIOJAM PalliOHAIBHO
OpraHi3yBaTH CBOIO JisUIBHICTD i BUPILIYBAaTH Pi3Hi
npobaeMu, KOTpi BUHUKAIOTH B il mponeci. Cyyac-
Hi KOMITIOTEPHI TEXHOJOTii 3yMOBHJIM PO3BHTOK
iHkeHepil 3HaHb — 00JaCTi HAYKW NMPO IITYYHHUI
iHTeJIeKT, sIKa BUBYA€ METOAM 1 3aCO0M OTpHUMAaH-
HS, TOJAHHS, CTPYKTYpYBaHHS 1 BHUKOPHUCTAHHS
3HaHb. [H)KEHepis 3HaHb MOB'A3aHA 3 PO3POOKOIO
0a3 3HaHb 1 eKcrepTHUX cucTeM [1,2].

ba3a 3HaHb - e CYKynHICTh (paKTiB i mpa-
BHJI JIOTIYHOT0 BHCHOBKY (BHBeJIeHHsI) B 0Opa-
Hii mpenMeTtHii oOiacti. IlpaBuiaa JjoridyHoro
BHCHOBKY - II¢ IIPaBWIa NEPETBOPEHHS BHXIiIHOI
cucteMu (akTiB (Cy[KeHb) B HOBY CHUCTEMY (ak-
TiB (BUCHOBKIB). HaanKnaz[, 3a TaKMMHU TpaBHJIa-
MH 3 BI/IXII[HI/IX (hakTiB "BCI JHOAM CMepTHl" 1 "Coxk-
part - oauHa" MOXKHA 3pOOUTH BUCHOBOK "CokpaT
cMepTHUH". B maHomy BUMaAKy NpaBHUIIOM BHUCHO-
BKY € IapaMeTpU30BaHE TBEPIKCHHS 'SKIIO BCi
monu cMepTHI 1 X — mromuHa, To X CMEPTHHA .
BracHe HasBHICTH NMPaBWJI BUCHOBKY € OCHOBHOIO
BIIMiHHICTIO 0a3 3HaHb BiJ 0a3 JaHUX.

[Iporpama, sika BUKOHY€E JIOT1YHUI BUCHOBOK 3
nornepeHbpo Mo0ya0BaHoi 0a3u (akTiB i mpaBui y
BIJIMIOBIHOCTI 3 3aKOHaMH (OPMalibHOI JIOTIKH,
Ha3WBAETHCSI MAIIMHOIO BUBedeHHs. ba3a 3HaHb i
MalllfHa BUBEACHHS € OCHOBHUMH KOMIIOHEHTAaMH
eKCIePTHOI CHCTeMU - MIPOTrpaMH, SiKa IMpu3Hade-
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Ha ]IS TIOMIYKY CIOCO0IB BUPIIMICHHS TpoOiieM 3
MEeBHOI MpeaMeTHoi obmacti. s Takoro mouryky
KOPHCTYBad IOJA€ BIAMOBIMHI 3amuTH 10 0a3m
3HAHb.

s 306epexxeHHs 3HaHb B KOMIT IOTEpHIH CHC-
TeMl 3 MOXJIMBICTIO 1X MONAIBIIO] aBTOMATH30Ba-
HOi OOpOOKM BHKOPUCTOBYIOTH PI3HOMAHITHI Me-
Toau ToAaHHs (NMpencTaBieHHs) 3HaHb. [lpu-
KJIaJJaMU METOJIIB MOJaHHs YiTKHX 3HAHb €. JIOTi-
Ka IepLIoro MopsiaKy, MoBa nporpamysanHs [1po-
JIOT, PENSAUilHI CHCTEMH, MPOIYKIiHHA MOJEIb,
¢peiiMmoBa Mozenb, cemanTnuHi mepexi [1,2]. Ili
METOAM MOKHA peallizyBaTh pizHUMH (OpMabHU-
MH MOBaMH MOJAaHHs 3HaHb, HAPUKIIAJ KJIACy OH-
tostorii. ITix oHTOJIOTiEIO B iHOPMATHIII PO3YyMi-
I0Th JAeTajbHy (opmanizamito zgeskoi o0macTi
3HaHb 3a JOMOMOTOI0 KOHIENTYyaldbHOI cxeMu. OH-
TOJIOTisl MOXXE BUKOPHCTOBYBATHCH ISl IIPC/CTAB-
JeHHs B 0a3i 3HaHb 1€papxii MOHATH 1 IX BIJHOCHH.
Hanpuknan, mosa Be6-Onronoriii OWL (ontology
web language) [3§yna pospoGnena ans peanisauii
KOHILICTIIT CEMaHTHYHOI NMAaBYTHHU B MEXaX BCe-
cBiTHBOI naByTuHH (WWW) 1 € po3MIMpeHHsIM Mo-
Bu RDF (Resource Description Frameworkjosu
po3MiTku Ha ocHOBI XML, ska BUKOPHCTOBYETHCS
JUTS TIOJIaHHSI TBEPJIKCHb PO PECypCcH B BUTJISII,
NpUAaTHOMY Uil MalIMHHOI 0OpoOku. [liamexTtu
OWL Lite i OWL DL ocHoBani Ha jecKpimiiii-
HHUX JIOTiKAX — MOBaX TMOJaHHS 3HaHb, 10 JI03BO-
JISTIOTH ONHMCYBATH TOHATTS MPEAMETHOI 00J1acTi B
HEIBO3HAYHOMY, (hopmairizoBaHOMY BUTILImI. J[ms
CTBOPEHHS 3aIUTiB 10 JaHUX, MOAAHUX 32 MOJEILIIO
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RDF, BukopucroByeThcst MoBa 3anuTiB SPARQL. He 3Baxaroun Ha yci nmepeBaru, OWL 1 SPAFQL €
CreIiaIbHUMHI MOBAaMH, 1110 TIEBHOO MipOI0 OOMEKYE TX MOMKIIUBOCTI.

2.IMocTaHoBKa 3ajgaui

Ha manwmii gac Hakonmm4ueHO 0arato 3HaHb, OB’ 3aHUX 3 MPOOJIEMaMU HAIIWHOCTI 1 TOBTOBIYHOCTI
IITAHTOBMX CBEPIIOBUHHMX HacocHHX ycranoBok (IIICHY). Ilpote icHye mpobiaeMa e(heKTHBHOTO BHKO-
pHUCTaHHs LMX 3HAHb JIOABMH, SIKi 3aMalOThCSl MPOeKTyBaHHSIM 4n oOciyroByBanusaMm LLICHY. Jlitepa-
Typa 1 iHIIi JKepena ekcrnepTHOI iHpopmaii 3 mpobaeM HaaiHocTi 1 goBroBiunocti HICHY B ocHOBHO-
MY MICTATh MHOKHHY HayKOBUX (DAaKTIB y BUIJIS/II MPHUMHHO-HACIIIKOBUX 3B’ I3KIB Ta 3aJICKHOCTCH MIXK
(hakTopamu, siki BruinBaloTh Ha HamiiiHicTh LIICHY. Bunukae 3aBmaHHsS ¢(EKTHBHOTO IMOJAHHS TaKHX
3HaHb. OCHOBHOIO 17IC€10 aBTOPIB € 3aCTOCYBAHHA B IKOCTI MOBU MOJAAHHS 3HAHb Ta CTBOPEHHS 3aUTIB
o Gasu 3HaHL MOBH nporpamysanns Python [4,5]axa, Ha BifMiHy Bif CrieliaIbHUX MOB, € MOBOIO 3ara-
JIBHOTO NPU3HAYCHHS, 1 TOMY J]a€ PO3POGHUKY CKCIIEPTHOT CHCTEMH Habarato OUIbIIe MOXKINBOCTEH. Jlist
[IbOr0 MOYKHAa BHKOPUCTATH 00 €KTHO-opieHTOBaHI MoxmBocti Pythonta ii 3aco6m inTpocmnekii,
ajpKe BIZIOMO, IO TaKi METOAM IOJAHHS YITKUX 3HaHb, AK (QPeiMH 1 CEMaHTUYHI MEPEKi, MOXKHA JICTKO
peaiizyBaTu 3acobamu 00’ €KTHO-opieHTOBaHOro mporpamysants (OOII).

3. Orusin MoskJIMBocTeii Python niist monanHs 3HaHb

Yomy aBropamu Oyia BubOpana came Python? Python posmoscromkena BHCOKOpiBHEBA MOBa 3ara-
JHLHOTO TIPU3HAYCHHS 3 aKIEHTOM Ha MPONYKTHUBHICTH po3poOHMKa. OCHOBHI ii OCOOJNMBOCTI: mpaioe
Maiike Ha ycixX BimomMux miatdopmax, € BIIKPUTHM 1 BUIBHUM NPOTrpaMHUM 3a0e3MeueHHSIM, BUKOHY€ETh-
Csl IUTSIXOM iHTepIIpeTalii 0aiiT-Koay, MATPUMYE KijbKa MapajnurM mporpaMmyBaHHs (B TOMY YHCII 00'€K-
THO-OPI€HTOBAHE), KOJ| IPOrPaM KOMITAKTHHUH 1 JIETKO YATAETHCS, MOBi XapakTEPHi JMHAMiYHA THITi3allis,
TNOBHA IHTPOCTIEKIIis, 3py4Hi CTPYKTYpH NaHuX (KOPTEXi, CIIUCKH, CJIOBHUKH, MHOXUHH), BEMKA CTaH/Ia-
pTHa 6i6i0TeKa Ta BEIMKA KUIBKICTh CTOPOHHIX 610JIIOTEK PI3HOMAHITHOrO NpU3HAYeHH:. [HTepnpeTaTop
Pythonmae inTepakTMBHUI pexUM POOOTH, P AKOMY BBEJIEHI 3 KIIaBiaTypH ONEPATOPH Bilpasy ik BH-
KOHYIOTBCS, a Pe3yJibTaT BUBOAUTHCA Ha eKpaH. He3Bakaroun Ha BiZHOCHO Maiy IIBHAKOZIIO MPOrpam
Pythonsmaiimmos cBoe 3acTOCYBaHHS B Pi3HOMaHITHHX MOOUTBHEX matdopmax (30kpema B Windows CE
Symbian OS Android).

Pythongsosonie moTyXHHMHU 00'€KTHO-OPIEHTOBAHUMH MOXKJIMBOCTSIMH, HAIIPUKIIAM, YCi 3HAYCHHS B
nporpami € 00’ ektamu [5]. OOIT ocHOBaHE Ha BUKOPUCTAHHI 00’ €KTIB, SKi € aOCTPAKTHUMH MOJCIIMHU
peanbHEX 00’ €kTiB. OO’ €KTH CTBOPIOIOTHCS 32 JOMOMOTOI0 CIEUialbHUX THUINB JaHWX - KiaciB. Koxken
KJIAC OIUCY€E MHOKHHY 00’ EKTIB ITEBHOT'O THITY.

Pythonmiarpumye moBHy iHTpOCHEKLi0 Yacy BUKOHaHHsA. ToOTO mist OyAb-IKOTro 00'eKTa TiJ Yac
BHKOHAaHHS MO)KHA OTPMMAaTH BCIO iHdopMariio mpo ioro crpykrypy [4]. Hanpukman, Haibiasm Bigo-

MHM iHCTpyMeHTOM s iHTpocnekuii B Pythone ¢ynkuis dir() , sika moBepTae cnMcoK iMeH aTpuOyTiB

nepemanoro ii o6 exra. ®@ynkmis type() abo arpubyr _ clasS_ J03BONSAIOTH OTPUMATH THII
00’ exta. @ynkuis vars() abo atpubyr _ diCt__ 103BONSIOTH OTPUMATH CIOBHHK 3 MapaMH aTpH-
Oyr:3HaueHHs 00’ exTa. ®ymkiii hasattr() , getattr() i setattr() JO3BOJIAIOTE BiIIOBIIHO
MEPEBIPUTH HASBHICTH y 00’ €KTa 33aIaHOTO aTpuOyTa, MOBEPHYTH HOTO 1 3MIHUTH 3Ha4YeHHsS. DyHKITISA
issubclass() Ja€ 3MOTy BH3HAUWTH UM YCIIAAKOBYETHCS OIWH Kjac Bif IHIIOrO, a METO.
__subclasses__ () MOBEPTAE CIMCOK migkiaaciB. KoprTesk 0a30BUX KiaciB Ta iX iepapXi0 MOXHA
OTpUMATH 3a JonoMororw atpuOytiB __bases__ i __mro__ . Moayns inSpect  MicTUTh JOAaTKOBI

¢yHKLii, sIKi JOnOMaraloTh OTpUMATH iHPOpMAaLiio Mpo 00’ €KTH MiJl Yac BUKOHAHHA. 3aCTOCYBaHHS 1HT-
pocTeKIIii 103BoIIsIE €(DEKTHBHO MPOTpaMyBaTH MEXaHI3MHU BUBEICHHS Ta 3aITUTH 10 0a3u 3HAHb.

4. TIpukaaa 6a3u 3HAHD i 3anuTiB 10 Heil MoBoIO Python

lonamo mpukmaj cTBopenHs MoBoro Python nemoncrpauiiinoi 6asu 3HaHb, sKa MlCTI/ITB TOHSTTS
BimMoB IIICHY Ta ¢akropiB, sIKi BIUIMBAIOTH Ha IIi BIIMOBH, I IPUYMHHO-HACIIIKOBI 3B’ I3KH MIX I[HMHU
nousTraMa. Jlist nobyoBu 6a3u 3HaHb 3aCTOCYEMO (PEHMOBY MOJEIIb [IOJAHHS 3HAHb.

EnemenTtn po3po6ieHoi aBTOPaMH OHTOJIOTIi YaCTKOBO BiIOBIAAIOTh OCHOBHUM enementam OWL
Lite [3, 6]: kmacu (3 MOXIIMBICTIO CTBOPEHHS Mi/IKIIACIB), BIACTHBOCTI (AKi MOXKYTh OyTH (yHKIIiOHAIIb-
HUMH, iHBEPCHMMH, CAMCTPUYHUMH i TPAH3UTUBHUMH) 1 iHAMBIAH. ToMy MOXKIMBAM € IMIIOPT i eKCHOpT
Takux onronorii B OWL. Moxyns Python sikuii mMicTuth 6a3y 3HaHb i 3aIMTH /10 HEi OBUHEH MATH
O5104Hy CTPYKTYpY - CIIOYATKY CTBOPIOIOTBCS KIIACH, MOTIM IHAMBI/M, MOTIM 33/Ial0ThCsL BIACTHBOCTI iH-
JMBIIB, @ B KIHL{i BUKOHYIOTBCS 3aIIUTH.

Knacu oHroJorii BiAnoBifaroTe kiacaM MoBH Python,a miakimack MokKHa CTBOPIOBAaTH 3a JIONIOMO-
roro MexaHizmy ycnaakyBanHs Python.Tax po3po6ieno 6azoBuii kiac Base (ommcye yci 00’ ektH, siKi
MAroTh iM’ SI) Ta KJIaCH, sKi YCIaaKoOBYIOTh oro: Factor  (ommcye daxrop, skuii BILTUBAE Ha HAMIMHICTH
CIIHY), Fact (ommcye dakt y B TPUILIETY Cy0'ekT-TipennkaT-00'ext), Reference (ommcye mo-
CHJIaHHS Ha JpKepeno ¢akrty), Dependence (ommcye 3anexHicTh BennunHHA X BijJ BeMUuHA Y).
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# -*- coding: UTF -8 -*-
class Base( object ):
" BasoBuM kjac oHTOojJOoTrii"

def _ init__ sel f ,name):# xoncTpyxTOp
sel f .name=name # wnassa 06' exTa
# I_I,i BJIACTUBOCTL JO3BOJIAKTE CTBOPIOBATNU HOB1 MoHATTSHA
# 3a OOMOMOTOK JIOTIUHUX OIepalin
Property (subj= sel f ,name="And") # BrnacTusicrs '‘And'
Property (subj= sel f ,name='0r") # BrnacTusicTs 'Or
Property (subj= sel f ,name='Not) # BracTusicTs 'Not'
if self.name not in KB.keys () :# saxmo Hazeu Hemae B 6asi
KB [sel f.name] =sel f # noGaBuTn cebe B Hazy 3HaHb

class Factor( Base):# ycnanxosye xnac Base
" Kmac, sikum ommucye bdpaxrop"

def __init_( self,name):# xoucrTpyxTop
Base. init (self,name) # BukIMK KOHCTPyKTOPa Ga30BOTO KJACY
# TPaH3UTMBHA BJIACTMBICTL ' € MNPUUMHOD
Property (subj= sel f, name= 'isCause'
inverseName= 'isEffect’ , transitive= True)
# TPAH3UTUBHA BJIACTUBICTL ' € HaCJinkoMm
Property (subj= sel f, name= "isEffect' ,
inverseName= 'isCause’ |, transitive= True)

class Fact( Base):
"  Knac, sikmiz onmcye daxT ( Tpunier) y BUIIISAL
cy6' exT- npeamukaT- 06' ekt

def _ init__ sel f ,subjName,propName,objName ):# xoncTpyxTOp
sel f .name=subjName+ "' +propName+'' +objName # wnasBa 06' exra
Base. init (self,self.name) # BuxIMK KOHCTPYKTOpPa Ga30BOTO KJACY

sel f .subjName=subjName # HaszBa cy®' exTa
sel f .propName=propName # nasBa npemnmxata ( BIacTuBiCTb)
sel f .objName=objName # =nasBa 06' exTa

# no6aBUTM 3HAUEHHS B BJACTUBIlCTH, HKIO HeMae

KB [ subjName]._ dict [ propName] .add ( KB[ objName])

#

BJIACTUB1CTL ' Mae MNOCHIIAHHS

Property ('subj= sel f ,name="hasReference' ,inverseName= ‘isReference’)
# BJacTMBicTe ' Mae 3ajexHicTh' ) )
Property (subj= sel f ,name="hasDependence' ,inverseName= 'isDependence’)

class Reference( Base):
" Kjmac, sSIKMM OMNMCY€ IOCMJIAHHSI Ha mxepeso"

def __init_( self,name):# xoucrTpyxTop

Base. init (sel f ,name)

# BJIACTUBICTE ' € MNOCHJIAHHAM

Property ('subj= sel f ,name="isReference' ,inverseName= ‘hasReference’)

class Dependence( Base):
" Knac, sIKmi onmucye sanexHicTs"
def __init_( sel f, name, xy, relative= None, xXName=

X', yName=y")

def plot( self):

"  Pucye rpadpik sanexmocTi"

def interp( sel f x,reverse= False)
"' BrHaxoauTe BHaueHHs JNiHiNHOKH iHTepnonsuien™

IamuBian onTONOTIT BiAmOBia0Th 00’ €kTam Python —smauennsm cmosunka KB. Takwmii croci6 mo-
3BOJISIE€ 3BEPTATHCH J0 IHIWBIIB 32 iX iMeHeM y BUTIAl FOHIKOA-psiaka. [HIUBIAM MOKYTh MaTH BIIACTH-
BOCTI y BUTIIAAI arpuOyTiB Python,ski 103BOIIAIOTE ONMCYBAaTH BiIHOIIEHHS MiXK iHAMBIZamMu. Biaactuso-
cTi € 06’ extamu kiaacy Property , marots atpubyTtr SUDj  (cy6'eKT BIacTHBOCTI - 1€ iHIUBIA, IKUi Mae
JlaHy BJACTHBICTH), Name (Ha3Ba BiacTUBOCTI), iNverseName (Ha3Ba iHBEpCHOI BIACTHBOCTI),
functional (BM3HaYae UM BJIACTHBICTL (DYHKIIOHAABHA), Symmetric  (BM3Hada€ Yd BIIACTHBICTH
cuMeTpuyHa), transitive (BM3HAYa€ UM BIACTUBICTH TPAH3UTHBHA), S€t (MHOXMHA 3HAYCHb BIIACTH-
BOCTi) Ta Meromu __init_ () (xoHCTpYKTOD, cTBOprOE BiactuBicTh), add() (mobaBnsie 00'ekT abo
KopTek 00'ekTiB B MHOKuHY) i call_ () (moBepTae MHOKHMHY 3HaueHb BIacTHBOCTI). OCTaHHI [Ba
METOJH Peali3yIOTh €JIEMEHTH MAaIlTUHU BUBEACHHS. Taki eeMeHTH MOXYTh OYTH MPUCYTHI TaKOXK B 3a-
nuTax 10 0a3u 3HaHb.
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class Property( object ):
" Kjac, sIKMM ommcye BJacTuBicTe 06' exTa
def init sel f, subj, name, inverseName= ,
functional= False , symmetric= False , transitive= False)
" KoncrpyxkTop"
sel f .subj=subj # cy®' exT BiacTMBOCTI
sel f .name=name # wnassa BRACTHMBOCTL
sel f .inverseName=inverseName # Has3Ba 1HBEPCHOI BJIACTUBOCTL
sel f .functional=functional # BJIacTuBicTe QyHKIioHaNBHA
sel f .symmetric=symmetric # BJIACTMBiCTH CHMMETpMUHA
sel f .transitive=transitive # BJIACTUBICTbL TPAH3UTUBHA
sel f .set=set () # wMHOXMHA 3HaUeHbL BJACTMBOCTI
# YCTAHOBUTU aTpubyT BJIACTUBOCTI mja cy®B' ekra
sel f .subj.__setattr (sel f.name, sel )
def add( self *args ):
" Jo6aBnsie 06' exT abo kopTex 06' eKTiE B MHOXMUHY'

# NoBEpPTAE MHOXMHY BHAUeHb BJIACTUBOCTL
def _ call_( self, showTransitive= False)
" [loBepTae MHOXMHY BHaueHBL BJIACTUBOCTL
(showTransitive=True - TPaHBMTUMBHOL BJIACTMBOCTIL)

Ba3a 3HaHb MICTHTb IHAMBIAKM "BTOMA", "KOpO3is", "KOHLUEHTPALIsl HANPY)KEHb", "UKIIYHE HAaBaH-
TKEHHA', "arpecuBHE cepefoBuiIe” 1 T.X. - 00’ €KTH BiANMOBiAHUX KinaciB. CTBOpeHHH 00’ €KT iHAMBIIA
aBTOMATHYHO N0/aeThes B cIoBHUK KB. Bi1ok cTBOpeHHs 00’ €KTIB iHIMBIAIB BUTTISIAE TAK:

KB={} # crnoBHuMK Gas3u 3HAHb

Factor (' Broma’) # crBOpuTUM 00 exT- pakTOop ' BTOMA'
Factor (' xoposist')

Factor (' xonumenTpaniss HanpyxeHs')

Factor (' mmxniuHe HaBaHTaXEeHHS')

Factor (' arpecuene cepepomuue')

Factor (' smowymanus')

Factor (' Tepws')

Factor (' Teprss i xoposist')

Reference (' OnTmmisanist napamMerpiB pisb6oBuMx 3’ efgHanb. 3BiT npo HIP/
B. B. Konest, B. B. Muxammok, H.B. Wlaruacekmiz/ ISHTYHI.-2010.-143 c.')

Dependence(name— BanexHicTe exB. HanpyxX. Bijg Besmu. paxn. CKpyIJyl. 3Bapiss6oBOi
xanaexu' , xy= [(3.0 ,675), (3.2 ,620), (3.4 ,630), (3.6 ,650), (38 690)] , relative= 'e
MiHimyM)

# ©yox cTBOpPeHHA GAaKTiB
# cy0' exT' kOHUeHTpalls HampyxeHp'' e npuumHOO 06" ekTa' BTOMA'
Fact (' xonumenrTpaniss mampyxens', 'isCause’ ,' Broma’)

Knac Base mictuts atpudyr hame (im's 06’ exra) ta Biractusocti And, Or, Not , siki 103BOJISIOTH
CTBOPIOBATH HOBi 00’ €KTH 32 JOTIOMOTOIO JIOTiYHHX onepatiii. Kiac Factor wmictuTh Takox BIacTUBOC-
ti isCause (e mpuumHoto) i iSEffect (e macminkom). Kimac Fact mictuts atpudyt SUbjName (Ha-
3Ba cy0'exta), propName (uasBa mpemmkata - BiacTuBocTi), ObjName (ma3ea 00'ekta) Ta BIaCTHBOCTI
hasReference (mae nocunanns), hasDependence (mae 3anexnicts). Knac Reference  mictutsb
BiaactusicTh iISReference (e mocumanusam). Kimac Dependence wictuts atpubytu Xy (maHi 3aex-
Hocri), relative (BimHOCHHIT XapakTep 3aJI€KHOCTI), BiacTuBicTh iSDependence (e 3anexwHicTio) Ta
¢ynkuii plot  (pucye rpagik 3anexxHocTi) i interp  (3HaXOAMTH 3HAUCHHS JITHIHHOIO 1HTEPIIOJIALIEI0).

BriacTuBiCTh CTBOPIOEThCS MiJ] Yac CTBOPEHHS IHAMBIZA NUIAXOM BHKIHMKY ii KOHCTpYKTOpa
_init_ () 3 mapametpamu Subj , name, inverseName , functional , symmetric , transi-
tive , sxi ommcyroTs ii xapakrepuctuku. Tak BiractuBocti iSCause i isEffect € B3aemHo inBepc-
HuMmu. Lle no3Bonsie, HapuKIam, 3 TBEPIKCHHS "IMKIIIYHE HABAHTAXKEHHS € MPUYNHOIO BTOMH' POOUTH
JIOTIYHHAY BUCHOBOK "BTOMAa € HACIIIKOM ITUKJIIYHOTO HABAaHTAXCHHS . BOHN TakoXX € TPAH3UTHBHUMM.
Ie mo3Bosie, HAPHUKIIAI, 3 TBEPIKEHD "TIIOPCTKICTH € MPUIMHOIO KOHIICHTpAIlil HAIlpy»eHb" 1 "KOHIIEH-
Tpalisl HAPY>XeHb € MPUYNHOIO BTOMH" POOUTH JIOTIYHUI BUCHOBOK "IIOPCTKICTH € MPUYUHOIO BTOMH'.
BriactuBocTi MOXKYTh OyTH (PYHKIIOHAJIHHUMH, TOOTO MAaTH YHIKaJbHE 3HAUCHHS, U CHMETPHYHUMH,
110 TO3BOJIATHUME, HANPUKIIAL, 3 TBepkeHHA "X € Y" pobutn noriuamii BUCHOBOK "Y € X".

3HayeHHS B BIACTHBICTH M00aBIAIOTECS 3a qomoMororo Metony add() . Biok momaBaHHS 3HAYEHB
710 BIIACTUBOCTEH 1HJIUBIJIIB BUTIISIA€ TaK:
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#' mepra'' e npuumHon'' =BHOmMyBaHHS'

KB' weprsa] .isCause.add (KB[' sxowysanus)

KB' mmxniune mapaunraxennst] .isCause.add (KB' mroma'])

KB' xoposis'] .isEffect.add (KB' arpecusne cepegnosmue'])

KB' wopcrkxicre noeepxui'] .isCause.add (KB' sumowyesanus'| ,KB[ xonuenrpanis
HanpyxeHs'])

KB' weprssi i xoposis’] .And.add (KB weprs’] ,KB[ xopozisal)

KB' xouumenTpauiss manpyxernn.isCause. mroma'l .hasReference.add (KB[' OnTumMisanis
napamerpis pisn6oBux 58’ enHams. 3BiT npo HIOP/ B. B. Kone#t, B.B. Muxainok,

H. B. laTuucexmit /| IPHTYHI.-2010.-143 c.7)

KB' xouumenrpaniss mampyxens.isCause. mroma'l .hasDependence.add (KB Banexuicrs
€KB. HampyX. BiJ Benmu. paj. CKpPyIvl. 3apisb60BOl kaHaBKM)

3anmuTy 10 0a3W 3HAHL CTBOPIOIOTHCS NMUIAXOM ITONIYKY 00’ €KTiB B MHOXKHHAX. /[ boro mMoskHa
BUKOpUCTOBYBatu oneparopu Pythonfor Ta if . [lns noctymy 1o MHOKHH BUKOPUCTOBYIOTH 00’ eKT KB,
meron kimacy Property  call_ () Ta CTaHIAAapPTHI MaTeMaTH4Hi oIeparii HaJx MHOXHHAMH. MeTo
_call_ () 3 mapamerpom showTransitive=True MOBEPTAE MHOXHMHY yCiX 3HaYCHb TPAH3UTHUB-
HOI BiacTUBOCTI. Hanpukinazn, 3anuT, SKuil BUBOJAUTH YCi MPUYUHM (aKkTopa "BTOMA':

for x in KB[ Broma' .isEffec (True)
print x.name+ '|"

Hactynuuii 3anut BUBoAUTH (HaKTH, SKI HOB'I3aHi 3 3aJaHUM JIKEPEIOM:

for x in KB[ OnTmMisanist napamMeTpiB pisb6oBux 3’ efnHaub. 3BiT npo HIP/
B. B. Konern, B. B. Muxarmox, H.B. llarmucexmiz/ ISHTYHI.-2010.-
143¢c.] .isReference () :

print x.name+ '(" +x.subjName,x.propName,x.objName+ N

A00 cKIIaIHIMINK 3aMuT, IKUH BUBOJUTH JKepena, siKi MoB's3aHi 3 GpakTopom "BroMa" Ta MICTATH B
Ha3Bi psIIOK "pi3n0":

# 0OMEeXMMO MHOXMHM MOIYKY

p=[l
m=]
for x in KB.itervalues 0O :
# axmo kJjac o6' exra 'Reference’ i B HazBi € pamok' pizbb'
if Xx. _class_. name_ == 'Reference’ and x.name.find (' pis®s6') != 1:
p.append (X) # npoGaBuTu B COMCOK P
if x._class_. name_ == 'Fact’ :# gaxwo ksac o6' exra 'Fact
if x.objName== '=®roma' or X.SubjName== ' eToma':
m.append (X) # npoGaBuTu B CnmMcox m

for x in p:# 1na ycix o6' exTiB cnucky p
for y in m:# 1na ycix o6' exTiB cnmcky m
if X in y.hasReference () :# saxmoX e cepeny.hasReference()
print Xx.name# BuBecTu HaszBy X

Ha Bigminy Bix OWL, B Ki1acax Takoi OHTOJIOTII MOXYTh OyTH BIaCTHBOCTI, 5IKi HE 30epiraloTh KOH-
KpPETHOTO 3HAuYeHHs, a MJ03BOJIAIOTH Horo oOumciautH. Hampukian, meron kimacy Dependence
interp() 3a 3aJaHUM 3HAYCHHIM X 00YHCITIOE 3HaUYCHHS Y IIUISIXOM JIIHIHHOI IHTEPIOIAIIIT.

# chnmcok 3ajilexHoCTel GakTy' KOHLUeHTpallis Hanpyxenb.isCause. Broma'
dep=list (KB' xouuenrpaniss mampyxens.isCause. sroma'l .hasDependence ())
print dep [0] .interp (3.3) # BuBecTu 3HauenHsa Y mIAXOM 1HTeEpPnoJsauniil
print dep [O] .interp (660 ,reverse= True) # BuBecTr 3HaueHHA X IJIAXOM
iHTepnogysanii

dep[0] .plot () # nobymyeaTm nepwy 3ajexHicTb

INepen 610KOM 3aMUTIB MOXKHA CTBOPUTH OJIOK 3 MpaBUIIaMU BUBEACHHS. J[JIsl MpUKIaLy, CTBOPUMO
MPaBWJIO BUBEACHHS: "sKII0 Y € 3HaueHHsM BiaacTuBocTi Or X i X € npuunHoio Z, To0 Y TeX € NPUUH-
Hoto Z".

for x in KB.itervalues 0 :
if X. class_. name_ == 'Factor' :# gns ycix dakTopis
for y in x.Or () :# &1nna ycix o6' exris B BractusocTi Or 06" exra X
for z in x.isCause () :# o1nma ycix o6' exris B Biactueocri isCause
06" exra X
# no®aBuTM HOB1 dakTm B 0aly S3HAHb
y.isCause.add (z) #y € npuumbHowL Z

)
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7€ Rods.xml
File Edit Text] OK

[[1{baza 3HaHb}

[[1{Reference}
[F1{OnTUMizawia napaMeTpie pi
[HFact}

[[l{koHUEeHTpawia HanpyYxeHs.i
[[l[koHUeHTpaLis HENPYXEHL
[[l[koHUEeHTpauia HaNpYXEHb

[*]1{Dependence}

 |class Factor{Base): # ycnanroeye knac Base

[+l{Property} "Knac, Ak onucye dakTop
[ {Base} def _init_ (self name) # KoHCTRYKTOD
Base.  init_ |

(self,name) # BUKNWK KOHCTpyKTOpa BazoBoro KNacy
# TpaHaUTHEHA BNACTHEICTE '€ NMpUYkHOH'

Froperty(subj=self name="'
# TpaHaWTMBEHAE BNAcTVIBICTE '& HACMIZKOM'
Property(subj=self name="isEffect’ inverseMame="IsCause' transitive=True)

isCause'inverseMame="IsEffect transitive=True)

FHacocki wrakru 7 File 7% Edit | Text !EI
[+]WlTaHru cTaneei ]
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[[IMyd¢ToBE pizLGoBe 3'EAHAH Save . Paste
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[+]BepcTarv-roinanku Exit Copy
[+]Hacocu PasteBefore
[[[3anuT1]

Pucynok 1 —I'padiunnii inTepdeiic excnepTHoi cucreMu

HasBHICTE BeMMKOi KIIBKOCTI TaKWX ITPABUI
MOY€E CYTTEBO YIMOBUILHUTH BUKOHAHHS MIPOTPAMH,
ToMy OakaHO BUKOHYBATH IeH KOA TIMBKH OJUH
pa3 i 30epiratu o0'ekTu 0a3u 3HAHb B TOCTIHHIN
maM’ iTi 3a JIOIOMOTOI0 CTIOCO0IB cepiamizamii na-
aux Python fromymis pickle  a6o shelve ).

TeKkCTOBHI PeKUM POOOTH 3 TAKUM MOAYJIEM
CTBOPIOE TIEBHI HE3PYYHOCTI CTBOPEHHS BEIUKOI
0a3u 3HaHb. ToMy Ui €(PEKTHBHOTO BHKOPHCTAH-
HS TIporpama moTpedye HaaOyIOBH y BUTIISII Tpa-
¢ignoro imTepdeiicy xkopucrysada (GUI), nampu-
KJaz, po3pobieHoi aBropamu mnporpamu 3 GUI na
ocHoBi Tkinter [5]. Tkinter —cranmaptHa 6i0io-
teka Pythonua ocuosi Tcl/TK mis po3pobxu kpoc-
mwiar@opmuux mnporpam 3 GUI, ska MICTUTh MiHi-
MaJIbHUK HaOip KOMIOHEHTIB ajis nmoOymoeu GUI,
IpoTe JyKe MPOCTa y 3acTocyBaHHi. [HTepdeiicom
(puc. 1) pospobuena nporpama noai6Ha Ha Tpauu-
uiinni ayriainep (outliner) —nporpamy, sxa no-
3BOJISIE OPTaHI3yBaTH TEKCT B JIEPEBOBHUJIHY CTPYK-
Typy abo iepapxiro. CripaBa y BiKHiI ITporpaMu 3Ha-
XOJIMTHCS IEPEBO TMOHSITH 3 KJIacaMH, 1HJWBIIaMH,
ckpuntamu (To6To iHmIMM kKomom Python)Ta Py-
thonkomenrapisimu. TyT KiIacH MO3HAYAOTHCS
nyxkamu {}, imgusign — (), ckpuntu — []. 3miBa
nmogaetecss Pythonkom BuOpanoro moHATTSA. 3a
normoMoror komanau Pythonexec , ska 3abesme-
yye NWHAMiYyHE BHKOHAHHA koay Python,moxha
BUKOHATH BECh KO/ 0a3M 3HAHb Pa3oOM 3 3allHUTaAMU
mo mei (memio File/Run). IIporpama € xpocrmiat-
¢dopmuoro  (mpamroe 'y Windows, Linux Ta
Windows CE) nanucana Ha ynctomy Python 2.6
BUKOPUCTAaHHSIM CTaHAAPTHUX Oi0miOTeK Ta Mae
HU3KY JIOJJATKOBUX MOJJIMBOCTEH, TaKUX SIK €KC-
nopT 0a3u 3HAHb y 30BHIIIHIA (aiij, rineprnocH-
JIaHHSI Ta BCTaBKa IA0JIOHIB KOTY.

5. BucHoBKH

3anpornoHoBaHi aBTOpaMU METOAM MOOYI0BU
0a3 3HaHb 1 GKCIEPTHHUX CHCTeM MoBoro Python
MaloTh TIepeBaru y MOpiBHAHHI 3 icHyrounmu. Oc-
HOBHOIO TIEpEBAroko € Te, Mo PO3pOOHUKY JTOCTYII-
Hi yci mmpoki moxknmBocti MoBu Python.ITix vac
po3mmpeHHst (PYHKIIOHATBHOCTI CUCTEMH HEMae
NOTPEOU BHUHAXOIUTH LIE OJHY CHELiaIbHy MOBY
OIMCY 3HaHb 1 MOBY 3aITUTIB JIO HUX. 3aBJSIKH YHi-
BepcabHOCTI Python 6asa 3HaHb € THYYKOO J10
3MiH, ICHy€ MOMKJIMBICTb JIETKOTO Y/IOCKOHAJCHHS
KJIaciB, aTpUOYTiB, MPAaBUJ BUBCICHHS 1 3alUTIB.
i npuHIMIK MOKHA BUKOPUCTATH Ui PO3POOKH
NIOBHOUIHHMX €KCIIEPTHUX CHCTEM B HAYII 1 TEXHi-
1.

B Takomy mimxosi 1o mooynoBu 6a3 3HAHBG € 1
TICBHI HEMOMIKU. 30KpeMa, KOPUCTYBad TOBUHEH
no6pe Bonozith MoBoto Python.Henonikom € Ta-
KOXK CKJIaJHICTh MPOTpPaMyBaHHS MAaIlMHUA BUBeE-
nenns. [Ipote, SIKIITO OHTOJIOTIST MOXKEe OYTH €KCTO-
proBana B OWL, TO 10 mporpamMu MOKHA I KITFO-
yatd Bimomi Mamuuu BBeneHus FaCT++, HermiT,
Cwm (peanizosana ma Python), Pe”ethKl MAaroTh
e(eKTUBHI alropuT™Mu 1 JOCTYNHI y BUXIZHOMY
KOJIi.
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