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AHOTALIIS

Y numioMHiE poOOTI po3poldseThes TeMa «Persiiiiina Moaenb JaHuX s
MOJICTIOBaHHS MPOAYKIIHUX 3HAHb B €KCIIEPTHIN CUCTEMIY.

Merta po6oTH — po3po0Kka KOHIIENTYaIbHOT MOJIeNi 0a3u 3HAHb Ta CTBOPCHHSI
CUCTEMHU YIIpaBJIiHHs 0a3aMu 3HAHB JIJIs1 eKCIIEPTHOI CUCTEMHU MPOAYKIIHHOTO THITY.
3HaHHA 1 J1aHl 1 MalOTh CXO0XI1 BJIACTHBOCTI, TOMY JIOT1UHO MPHUITYCTHUTH, IO IS
MPOAYKUIMHUX €KCIEPTHUX CUCTEM, 3aCHOBAHMX HA YSIBJICHHI 3HaHb MpPaBUIIAMU,
edexkTBHO MOXxHa BukopuctoByBaTH CYB/] 3acHOBaHy Ha pensiiiiHOT Mojeni
TAHUX.

B pesynbpTaTi mpoBeneHUX B poOOTI JOCIIKEHb PO3POOJIEHO E€KCIEPTHY
CUCTEMY MPOAYKIIMHOTO THUITy, SIKa Mpaiioe Ha 0a3l pensiiiiHOl MOJel JaHUuX.
ExcnieptHa cuctema po3poOiieHa 3a gomomororo Unreal Engine 4 rta cucremnu
BisyanpHoro ckpuntuary — Blueprint. Cepena po3pooku UE4 — Bkirouae B cebe
persiiHy Mojeiab 30epiraHHg 1 0OpoOKH JaHMX, TOMY 1 HaWOLIBII JOLLIBHO
BUKOPHCTOBYBATH JJI1 PO3POOKH JTAHOTO MIPOEKTY.

[Tpouenypu pob0oTH 31 3HAHHSIMU 3a0€3MEYyIOTh OCHOBHI (DYHKIIIT 0OpOOKHU:
J0/IaBaHHs, KOPUTYBaHHS, BUAAICHHS, NOIMIYK (DAaKTiB 1 mpaBuia Tomo. L1 ¢pyHkuii
peani3ytoTbes uyepe3 BOyaoBanuii miarid B UE4.

Tak sik, cuctema po3pobiieHa 3a gonomororo Unreal Engine 4, ii 3 j1erkictio
MOKHa MaciiTadyBaTu i Oyb-ski MoTpedbu KopucTyBada. TakoX peanizoBaHa
MallliHA JIOT1YHOTO BHCHOBKY, sika BUBOaUTH CYBJl Ha HoBuii piBeHr CYB3:
Cuctemu Ynpanninas ba3zoro 3HaHb.

KittouoBi ciioBa: ekcriepTHa cucTeMa, pessiiiia MoJieib, PeIyKIiHI 3HAHHS,

CUCTeMa YIpaBJIiHHS Oa3amMu 3HAHb.



SUMMARY

The topic of the thesis is "Relational data model for modeling of productive
knowledge in the expert system".

The goal of the work is to develop a conceptual model of the knowledge base
and to create a system of knowledge base management for the expert system of the
production type. Knowledge and data have similar properties, so it is logical to
assume that a DBMS based on a relational data model can be used effectively for
production expert systems based on the knowledge of rules.

As a result of the research conducted in the work, an expert system of the
production type was developed, which operates on the basis of the relational model
of the data. The expert system was developed with the help of Unreal Engine 4 and
visual scripting system - Blueprint. UE4 development environment - includes a
relational model of storing and processing data, so it is most appropriate to use them
for the development of this project.

Knowledge procedures provide the main functions of processing: adding,
editing, deleting, searching for facts and rules, etc. These functions are implemented
through the included plugin in UE4.

Since the system was developed using Unreal Engine 4, it can be easily scaled
to suit any needs of the user. A logical analysis machine was also implemented,
which brings the DBMS to a new level - the level of KMS: Knowledge Base
Management System.

Key words: expert system, relational model, reductive knowledge, database

management system.
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[TEPEJIIK CKOPOYEHbL, YMOBHUX IIO3HAYEHD I TEPMIHIB

DDL — Moga omnucy ganux - (Data Definition Language)

DML — Moga manimymroBanus gJannmMu - (Data Manipulation Language)
RDB — Pemsmiina 6a3a qannx

b3 — ba3za 3HaHb

UE4 — Unreal Engine 4

JN3TC — I)xepena 3HaHb PO TAOJIUYHI CTPYKTYpHU

EC — ExcnepTtHa cuctema

OB3 — OHros0r1uHI 023U 3HaHb

CVYB3 — Cucrema ympaBiaiHHs 6a3010 3HaHb
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BCTVII

EdexTuBHICTh TpOrpaMHHMX CHCTEM TPUUAHSITTS PIIMICHHS 3aJCKUTh BIJ
CHCTEMHU 3HaHb, IKHMMH MPOTpaMa OMEpye, a He JIMIIE BiJ CXEM BUBOIY, SIKI BOHA
BUKOpPUCTOBYE. To0TO, 100 3poduTH TIporpamy IHTEICKTyaIbHOO, ii TMOTPiIOHO
HAITOBHUTU MHOKHUHOIO BUCOKOSIKICHUX CHEI[lalbHUX 3HAHb MPO MEBHY MPEIAMETHY
rany3b. KoMmIuiekc Takux mporpaM, KOXKHa 3 SIKHX € €KCIIEpTOM y TepBHHHIN
IpeIMETHIM Tanmy3i, OTpUMaB Ha3By ekcnepTHux cucrteMm. IHtepec a0 EC
BUKJIMKAHUH, MPUHANMHI, TpbOMa NMpUYMHAMU. BOHM Opi€HTOBaHI Ha BUPIMICHHS
IMIMPOKOTO KoJa HehOopManbHUX 3aBJaHb, BUPIMICHHS SKAX 0 HEAABHHOTO Yacy
BBaXkasnocs ManogoctynHuM Juisi EOM. 3a gonomororo EC cnemianictu, skl He
3HAIOTh MPOrpamMyBaHHS, MOXYTb CaMOCTIHHO poO3poOJIATH MOTPIOHI  iM
3aCTOCYBaHHS; Y MPOIEC pillIeHHs MpakTUUHKUX 3a7a4 EC nocaraioTh pe3ybTaris,
K1 HE TIOCTYMAIOThCSI, @ IHKOJIU 1 IEPEBUILYIOTh MOKJIMBOCTI JIOI€H-EKCIIEPTIB.

ExcniepTHi cucTeMH € OAHUM 3 HAWMOUIMPEHIIIUX THUIIB CUCTEM LITY4YHOIO
1HTENeKTy. BoHU po3po0suincs K HAyKOBO-IOCHIIHI 1HCTPYMEHTAJbHI 3ac00U 3
1960-x pokiB 1 po3rIAmaiucs SAK IITYYHUH IHTENEKT CHeIiaIbHOTO THITY,
MPU3HAYEHOTO ISl YCHIITHOTO BUPIIEHHS CKJIAJHUX 33/1a4 Y BY3bKiil IpeAMETHIN
rajry3i, TaKui sIK MEIUYHA JIIaTHOCTHKA 3aXBOPIOBAHb.

ABTOpHM BIJ3HAYAIOTh: peajizalis KOHUENuUli Mmpo Te, MO e()EeKTUBHICTb
KOMIT'FOTEPHOI TIPOrpaMu MpHU BUPIIIEHH] 3a7]a4 3aJICKUTh Bl 3HaHb, IKUMHU BOHA
BOJIOJIIE, @ HE JUIIe BiJ (opMai3aMiB 1 CXeM BUBOJY, SIKI BOHa BHKOPHCTOBYE,
IpuBeNia 0 PO3BUTKY CIIEHialli30BaHUX MPOTPAMHUX CHUCTEM, KOXKHA 3 SKUX €
"ekcriepToM" B JIesIKiM By3bKiil IPEIMETHIM ramy3i — Il IporpaMu OTPUMAII Ha3BY
EKCIIEPTHUX CHCTEM.

Tomy, MeToro poboTH po3poOKa KOHIENTyadbHOI Mojeii 0a3u 3HaHb Ta
CTBOPEHHS CHUCTEMHU YIpPaBIiHHA 0a3aMu 3HaHb I EKCHEPTHOI CHUCTEMH

MPOAYKIIIHHOTO TUITY.
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I[J'Iﬂ JOCATHCHHA MCTHU H€O6Xi,Z[HO BHUKOHATH HaCTYHHi 3aBJaHHA:

O3HAHOMHUTHUCh 3 EKCIePTHUMU CHCTEeMaMH, iX TMPU3HAYCHHIM Ta

KJ1acudiKaIiero,

- BHU3HAYUTH NPUHIMIHA PEIAIIAHOTO MIIXOAy 10 MOJSTIOBaHHS Ta ix
MIPaKTUYIHE 3aCTOCYBaHHS;

- MpoaHai3yBaTH ICHYIOUl peJAIiiHI MOJeNl 3HaHb B EKCIIEPTHUX
CUCTEMaX, iX TIepeBaru Ta HeJOJIKH,

- OXapakTepusyBaTu IIaTGOpMy A PO3pOOKH EKCIIEPTHOI CUCTEMU,

- BHU3HAYMTH crenudikaiiito BUMOT J10 0a3u 3HaHb;

- PO3MIAHYTH KOHIIETITyaJIbHY MOJCITb 0a3H 3HAHb,

- copmyBaTu 3araibHy CTPYKTYpPY CUCTEMH YIIPaBIiHHSA Oa3aMu 3HAHb;

- BigoOpa3uTu peainizaiiro 6a3oBux koMnoHeHTIB CYB3 nnsa exkcnepTHOi

CUCTEMU NPOLYKUIAHOTO TUITY;

BU3HAYNTHU MEPCIIEKTUBH 1 MOKJIMBOCTI TTOJAJIBIIIOTO PO3BUTKY CUCTEMH.
O0'ekTOM JOCIIIKEHHS € KOHLETTyallbHa MOJIC)Ib 0a3U 3HaHb Ta €KCIIEpTHA
CHUCTeMa MPOAYKIIHHOTO THUITY.
[IpeameTrom pocnimpkeHHs € nusixu crBopeHHs CYDB3 ana ekcnepTHoi

CUCTEMU NPOLYKIIAHOTO TUITY .
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BUCHOBKHA

OnHuM 3 HampsIMKIB 1HTENEKTyalbHUX CHUCTEM € €KCIEPTHI CUCTEMH, IO
0a3yloThCs Ha JIESAKii MOJeNl MOoJAaHHA 3HaHb. BUKOpucTaHHS ISl TIpeICTaBICHHS
3HaHb MOB NPOTPaMyBaHHS BHCOKOTO PIBHS BUKJIMKAE CEPHO3HI TPYIHOIIl Yepes3
BIJICYTHICTh CITeLIAIbHUX POOJIEMHO—OPIEHTOBAHUX CTPYKTYP 1 METOIIB pOOOTH 3
HUMH. TOMy aKkTyallbHOIO cTae mpobieMa BHOOpY MOJIeTIi 1 MOBH MTOIaHHA 3HAHB IS
EKCIIEPTHOI CUCTEMH.

Tak sIk ICHYIOTB Pi3H1 peNsIiiiHI MOJE, TaKi SK:

— MoJieJb JaHUX Yy BUIJISA1 BIAHOCHUH;

— MOJIeJIb JaHUX Y BUIJISIAI CyTHOCTEH 1 3B’ s13K1B (Mojienb EL);

— MOJEJNb Y BUIJISII TaONHIb 1 HOCKUIIaHb TOOY0BaHa Ha (PI3UYHOMY

pIBHI.

Mu moxxkemMo oOpatu Oylib-Ky B 3aJ€XKHOCTI BiJ 3a]a4, IO CTOSTh MEpen
HaMH IpH N00Y10B1 €KCIepTHOI cucteMu. BuOpaB Mozenb npeacTaBieHHs JaHUX,
OyJI0 pealli30BaHO €KCIEPTHY CUCTEMa 3 3a37aJIeT1/Ib 3aJJaHUMHU MOJISIMHU I11]1 OKpeMi
TUINOBI (PYHKIIi, fKa B MOAAJIBIIOMY MOKe OyTHM MacmTaboBaHa MiJ MOTpedu
KopucTyBauda. Bci 3anmutu 6a3u 3HaHb MICTSThH OIEPAIiio CENEKIli, M0 T03BOJISE
pobuTtn BuOIpKy AaHux 3 Tabmuilk b3 (06a3u (axTiB) 3a nesikoro yMOBOI0. B 3anutax
TaKOK BUKOPUCTOBYIOTHCS OTIEpAIlil pETSIIHHOT anreOpu MpoeKilisi Ta 00’ €THAHHSI.

B cnipoekToBaHiif eKCIEpTHIN CUCTEM1 3aKJIaJICHO MOKIIMBICTh CTBOPEHHS Ta
penaryBaHHs BIANOBIAHUX MpPaBWI, MpaBuUil MOIIYKy Ta ¢akrtiB. Cucrema, sika
po3po0iieHa y JlaHOMY TMPOEKTI MOXKHAa BHKOPHUCTOBYBATH Y PI3HUX Tay3sX.
Hanpuknag B megunuui, CTO, y mkinbHi 06a31 1 T.4. Tak sk gaHa cucrema
po3pobiteHa 3a gonomoror Unreal Engine 4, ii Mo)kHa 3 JIETKICTIO MacIITa0yBaTH
mijg pi3Hi ToTpedu KopucTtyBauda. Po3mmput 06a3y 3HaHb Ta 0a3y mMpaBuil.
Po3upuT cucteMy MONIyKy Ta J0JaTH HOBI (DYHKIIIT, HAPUKIIAJ — APYK 3BITIB 1

T.H.
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[Iporpamna peaizaiiisi eKCIIEpTHOI CUCTEMHU OyJia po3po0IieHa 3a JOTIOMOT OO
Unreal Engine 4 Tta cuctemm Bi3yampHoro ckpuntunry — Blueprint. Cepena
po3pooku UE4 — Bkimtouae B cebe pensiiiiHy Moienb 30epiradis 1 00poOKH TaHuX,
TOMY i1 HAMOLTBII TOIITFHO BUKOPUCTOBYBATH JIJIS1 PO3POOKH JTAHOTO MPOCKTY.

[Ipouenypu poOOTH 31 3HAHHAMHU 3a0€3MEUyIOTh OCHOBHI (DYHKIIIT 0OpOOKH:
JI0JIaBaHHsI, KOPUTYBaHHS, BUAAJIICHHS, TOMyK (GakTiB 1 mpaBuil Tomo Ll dyHkiii
peani3yoThes uyepes nporeaypae posmupennas MoBu SQL nis konkpernoi CYB/I.

Peauizariiss MamHu JIOT19HOTO BUCHOBKY BMBOIUTh CYBJ] Ha HOBUT piBEHB
— piBenb CYB3: Cucremu Ynpanninas bazoro 3Hanb.

3a pe3yibTaTaMu J1aHOi poOOTH OMyOJIKOBAaHO TE€3W Ha BCEYKPaiHCBHKIM

KoH(pepeHiii.
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