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Meta podoT — po3poOKa CUCTeMU JIJisi MOJIeTIIOBAaHHS Kiiacudikallii perioHiB 3a

MOKA3HUKAMHU I1HKUTAT13a1il.

MeToau mocjizKeHHsl — arapaTr HEYITKO1 JIOTIKM Ta PETPOCICKTUBHHUM aHai3
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Pe3yabTatn — po3pobieHo iHGopMaIliiHy CHUCTeMY, SiKa 3/1aTHa aHalli3yBaTH Ta
KJIacu(IKyBaTH PETIOHM 3a MOKa3HUKamu Jixurtanmizaiii. Cuctema miarpumye CRUD
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YIOCKOHAJIEHHI CUCTEMHU Ta Ha0Opy MpPaBHIL.
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BCTYII

AKTyajJbHicTh. [HDOpMaIliiHI TEXHOJOTIT TparoTh KIOYOBY pOJib Y
BU3HAYEHHI €KOHOMIYHOTO Ta COIIAJIbHOTO MPOTPECY PETiOHIB. 3 OMIALy Ha IIE,
BOKJIUBICTh JIOCIIDKCHHS Ta PO3POOKH METOJIIB MOJICIIOBAHHS IS Kiacudikarii
pEerioHIB 3a TOKa3HUKAMH JIJDKWTAI3alli HalOyBae OCOONHMBOI aKTyaJbHOCTI.
Buxopucrtanus iH(opmariiiini TEXHOIOTIT I OIIHKK Ta Kiacudikaili perioHiB
JTI03BOJIUTH 3pOOUTH OOTPYHTOBAHI BUCHOBKH IIOJI0 PIBHS iX Ji/KUTANI3AIl].

O0’ext pmocaimxennsi. Knacudikamii perioHiB 3a  MOKa3HUKaMH
MpKATATI3aI.

IIpeamer npocaigxennsi. Cucrema JJisi CTBOPEHHS €(QEKTHUBHOI MOJEI
kJacu(ikarlii perioHiB Ha OCHOBI PI3HUX TMOKA3HUKIB JI/HKUTATI3AIT.

I'imore3a. BuxkopuctanHs HEWITKOi JIOTIKM i Kiacu@ikallii perioHiB 3a
NOKa3HUKaMU JIIJKUTaI3alli OI[IHIOBATH PIBEHb LU(PPOBOTO PO3BUTKY PETIOHIB Ta
M1IBUITUTH €(DEKTUBHICTh TPUUHATTS YIPABIIHCHKHUX PIIICHb.

Crpykrypa. [lana poGora CKIIaJa€eThCs 31 BCTYIMY, aHAJITUYHOTO OIJISIY,
MIOCTAHOBKM 3ajadi, BUOIp METOAYy pO3B’S3aHHS TIOCTABIICHOI 3ajadi, OIHCY
nporpaMHoi  peamizaiii  iHQopMamiiiHOI  CHUCTEeMH, BHCHOBKIB,  CITUCKY

BUKOPUCTAHUX JIKCPCII Ta I[OI[aTKiB.



1 AHAJIITUYHUA OIS

1.1 TocaigxeHHs1 npeaMeTHOI 001aCTi

[Toka3HuKkM miKUTATI3AMIl € 1HCTPYMEHTaMH, IO JO3BOJIIOTH OIIHHUTH,
HACKUIbKM 1H(OpMAIlIifHI TEXHOJOT1l IHTeTpOBaH1 B Pi3HI aCMEKTH KUTTS PETi1OHY.
BoHu BKIIOYAIOTH  PI3HOMAHITHI METPUKH, SKI JIEMOHCTPYIOTh DIHOUHY
BIIPOBA/KEHHS ITU(DPOBUX TEXHOJOTIH y MOBCAKIACHHE >KUTTS, EKOHOMIKY, OCBITY
Ta yNpaBJiHHA perioHis [1].

OpHuM 13 BaXJIMBUX AaCIEKTIB TMOKA3HUKIB JDKUATANI3AII] € OIliHKa PiBHS
mudpoBoi  iHPpacTpykrypu. lle  oxomiaroe  AOCTYMHICTH Ta  SIKICTh
HIMPOKOCMYTOBOTO 1HTEPHETY, pO3ropTaHHs Mepexk SG Ta HasIBHICTh pi3HUX (HopM
1 (ppoBUX KOMYHIKaIii. PO3mIst 1ux MOKa3HUKIB JO3BOJISE 3p0O3YMITH, HACKIILKH
perionu 3abe3reyeHi HEOOX1THOK TEXHIYHOK OCHOBOIO ISl peanizallii udpoBux
1HII[1aTHB.

[Ile oguH KJIIOUOBUHM ACTEKT — 11€ PIBEHb HU(PPOBOT TPAMOTHOCT1 HACEJICHHSI.
BaxxnuBo  aHamizyBaTH, HAacKUIbKM OOI3HaHE HaceJleHHs 3 [UPPOBUMHU
TEXHOJOTISIMHA, SK YacTO Il TEXHOJOTii BHKOPHCTOBYIOTHCS B TTOBCSKICHHOMY
KUTTI, a TaKoXK piBeHb [T-ocBiTH cepen rpomaasH. PiBeHb UppoBOi rpaMOTHOCTI
BIUIUBA€ HA CIPOMOMKHICTh HAaceJeHHs €(EeKTHUBHO KOPHUCTYyBaTHCS LU(POBUMU
MOCIIyTaMu Ta TEXHOJIOT1SIMHU.

BaxnBuM € TakoxX aHasi3 BUKOPUCTAHHS HMUGPOBUX TEXHOJIOTIN y Oi3HECI.
Ile BKIIIOYA€E OIIHKY TOTO, SIK MICIIEBI KOMIaHIl IHTErpyIOTh U(GPOBI TEXHOOTI Y
CBOIO JISJIbHICTh, BKJIIOYAIOYM €JIEKTPOHHY KOMEpIIito, ITM(PpOBHI MapKETHUHT Ta
aBTOMaTH3alliio MpoleciB. PiBeHb BIpoBakeHHS UGPOBUX TEXHOJIOTIN y O13HECI
MOJKE 3HAYHO BIUIMBATH Ha CKOHOMIYHHMM PO3BUTOK PETIOHY.

OcraHHIl acmeKkT — I piBeHb PO3BUTKY HUGPOBUX ypsaoBUX mociyr. Lle
CTOCYETbCA €(EKTUBHOCTI BUKOPUCTAHHS YpPSAOM LU(PPOBUX TEXHOJNOTIN IS
HaJaHHS MOCIyT rpomaasHaMm. [lokazHukH B 11K cdepi BKIOYAIOTh PO3TOPTAHHS
CJIEKTPOHHOTO YpsAY, HasBHICTb UU(PPOBUX JIOKYMEHTIB, OHJIAWH-CEPBICIB Ta

iHImMx QopMm 1mMdpoBoro ympaiiHHSI. PO3BUTOK IUGPOBUX YPATOBUX MOCITYT
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MOXK€ 3HAUHO TOKPAIIUTH €(QEKTUBHICTh Ta JOCTYIHICTh YHIPABIIHHS IS

rPOMA/JISH.

1.2 Bu3HaYeHHS aKTYaJbHOCTi IPOEKTY

[Toka3zHuku aimKUTaII3aIll BIITPAIOTh BaXKJIUBY POJIb y 0ararbox acrleKTax
CYy4aCHOI0 CyCHUIbCTBA Ta E€KOHOMIKH, BiJ IJIAHYBaHHS PO3BUTKY pETIOHIB [0
CTPATEriYHOTO YIPABIIIHHSI.

OuiHka TOKa3HUWKIB JIDKATANI3aMll  J03BOJISIE  ypsigaM Ta MiCIeBii
aJAMiHICTpalli BUSBIATH KIIOYOBI cepu A 1HBECTULIA Ta BIOCKOHAJICHHS.
Hampuknan,  skmio  aHaimi3  TNOKa3ye  HU3BBKUHA  PIBEHb  JOCTYIHOCTI
HIMPOKOCMYTOBOTO IHTEPHETY B IEBHOMY PET10HI, II€ MOXE CTaTH MPIOPUTETOM ISt
po3BUTKY 1H(PpacTpykTypu. Takum UYHHOM, IIi TIOKQ3HUKH JOTIOMAararoTh
dbopMyBaTi OOIPYHTOBaHI PIIIEHHS MO0 PO3MOALIY PECYypCiB Ta MPIOPUTETIB
PO3BUTKY.

AHaJI3 TOKa3HUKIB JIIJPKATATI3AII] MOXKE CIPUSITH BU3HAYCHHIO ITOTEHIIIATY
JUIsl 3pocTaHHs IMGpPoBOro Oi3HECY Ta CTUMYJIOBaHHsS i1HHOBaiii. Hampukian,
BHUCOKHI PiBEHHb MU(PPOBOT rPaMOTHOCTI HACEJICHHS Ta 100pe po3BUHYTA IU(ppoBa
1H(ppacTpyKTypa MOXYTh CTBOPIOBATH CIPUSTIMBI yYMOBH JUIsl CTapTamiB Ta
npUBaOIIOBATA 1HBECTHUII B TEXHOJOTIYHUNA CEKTOp. TakUM YHMHOM, MOKa3HUKU
JDKATATI3AIi BiIICPAIOTh KIIOYOBY POk Yy (DOPMYBaHHI €KOHOMIYHOI CTparerii
perioHy.

BuxopucTtanHs X MOKa3HUKIB J0MIOMArae y BA3HAYCHHI BIUTHBY ITU(DPOBUX
TEXHOJIOT1 Ha SKICTh JKUATTA TrpomaasH. Hampukian, po3BUTOK I1H(PpOBHUX
YPSIOBUX TOCITYT MOXE MHIABUUIUTH JOCTYIHICTh Ta €(EKTHBHICTH MyOIIYHHMX
MOCJIYT, 1110, B CBOIO YEPry, MOJIMNIIy€ 3arajJbHUl piBEHb 33J0BOJICHOCTI TPOMAJISH.
Takox 1€ MOXK€ BIUIMBAaTH Ha OCBITHI MOXJIMBOCTI, 3a0€3IMEUYHOUM IITUPIIHI
JTOCTYM 10 1H(pOopMallii Ta pecypciB.

Jlns  ypsimiB Ta opraizamiidi MMOKa3HUKH Ji/DKUTANi3aIli € BaKIMBUM
IHCTPYMEHTOM [IJIsl PO3pOOKM CTparerii po3BUTKY HUGPOBOi EKOHOMIKH Ta

CyCIJIbCTBA. BOHM [103BONAIOTH 3MA1MCHIOBATH OOIPYHTOBAaHE IUJIaHYBaHHS Ta
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BU3HAYaTH HAMPSMKH, B SKUX MOTPIOHO 30CEPEAUTH 3YCWIUIS NIl JOCSITHEHHS

MaKCHUMaJIbHOTO e(eKTy Bij IudpoBizaliii.

1.3 [TocTanoBka 3axaui

OCHOBHUMU 3aBAaHHSMH ITi€l POOOTH €:

1. IlpoanamizyBaru IiCHYKOYl TEXHOJOTIi, IO 37aTHI BHUKOHYBaTH pOJIb
MaTeMaTUYHOTO arapary.

2. Po3poOutu iH(poOpMaIliiiny cucTemy, 3laTHY BUPIIMIUTU 3a7a4y Kiacudikaiii
pErioHiB 3a MOKa3HUKAMU J1KUTaTI3aIli.

3. Ilig gac po3poOKM BpaxyBaTd HEOOXITHICTH y JIETKOMY BHECEHHI 3MiH JI0
CTBOPIOBAHOI CCTEMH.

4. 3abe3meunTd CHUCTEMY TOTY)KHHMM MaTE€MaTHYHHM amaparoM, 3JaTHUM
MPAIFOBATH 3 CKJIAJTHUMU CTPYKTYPaMH JTaHUX.

5. IlporecTyBaru cHCTeMy Ta OTPUMATH PE3YJAbTaTH PO3PAXyHKY MOKA3HUKIB
IoKATaII3amii.

6. IlpoanamizyBaTu OTpuUMaHi pe3yibTaTy.



2 BUBIP METOAY PO3B’AA3AHHA 3ATAY1

2.1 MaremaTu4Huii anapar

Po3poOka edextnBHOI Momeni kiacudikaiii perioHIB 3a TMOKa3HUKaAMU
JUJKUTANI3a1li BUMarae yBaKHOTO BHOOPY BIJIMOBIAHUX TEXHOJIOTIM Ta IiIXOIB.
Ile 3aBnanHs nependavae CTBOPEHHSI CUCTEMHU, 3[4aTHOI aHaII3yBaTHU PI3HOMAHITHI
naHi, kiacuikyBaTd iX Ta HaJaBaTH TOYHI Ta 00'€KTUBHI BHUCHOBKH. OCOONMBY
yBary IpH IIbOMY 3aCJIyTOBY€ BUKOPHCTAHHS HEYITKOI JIOTIKHA SK MaTeMaTHYHOTO
arapaTy MOZEIIIOBaHHS.

3 omHOro OOKy, € MIOXOIW, Takl SK MallMHHE HAaBUYAHHA Ta IITYYHHH
IHTEJEKT, SKI mnependayaroTh BUKOPUCTAHHS AJTOPUTMIB ISl AHANIZY BEIMKUX
JaHUX Ta 1gAeHTU(IKAIli 3akoHOMIpHOCTeH. IHINI METOAMKH BKIIOYAIOTH
CTaTUCTUYHUM aHai3 IS BU3HAUCHHS TEHJICHINN 1 KOPENAId MIX pPI3HUMU
NOKa3HUKaMU JIJDKUTaNI3alli, a TaKoXK PO3pOOKYy CHUCTEM MPUUHATTS pIIEHb Ha
OCHOB1 BCTAHOBJICHHUX TTPaBUIIL.

Onnak, ocoOnuBYy mepeBary MpEICTaBIse€ BUKOPUCTAHHS  HEYITKOTO
jorigyHoro BuBeneHHs [2] (puc. 2.1). Takuii miaxia 703BOJISE JOCSITHYTH THYYKOCTI
y BHU3Ha4Y€HHI KpHUTEpiiB [6], 0COOIMBO BaXKIMBOI NPH OIHII TaKUX
HEOJHO3HAYHUX TMOKA3HMKIB, K piBeHb LU(POBOI TIpaMOTHOCTI ab0 AKICTh
IHTEepHET-MOKPUTTA. HewiTka sorika eheKTUBHO CIPAaBISETHCS 3 HETOYHUMH a00
HEMOBHUMHU JaHWUMH, HaJalouu 30aJlaHCOBaHI BHCHOBKW. Kpim Toro, momen,
noOyZ0BaHI Ha OCHOBI HEYITKOI JIOTIKHM, JIETHIE IHTEPIPETYBaTH Ta 3pPO3yMITH,
OCKUTbKM BOHM BUKOPHUCTOBYIOTH YMOBHM Ta TpaBWia, OJMU3bKI O JIOACHKOTO

MUCJICHHSI, 1 BOJIHOYAC aIaTUBHI JI0 3MIHHUX YMOB.
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Pucynok 2.1 — Ilpukiag BUKOPUCTAHHS HEUITKOI JIOT1KH

Takum yuHOM, OOMpPAIOYM HEUITKY JIOTIKYy SIK OCHOBHHMH 1HCTPYMEHT IS
po3poOKku Mozeni kimacudikarii, MOXHa JOCSIITH BHCOKOi €()EKTHBHOCTI Ta
TOYHOCTI y BHUCHOBKaX, L0 € KPUTUYHO BaXJIMBUM JUIsi 00'€KTHBHOI OILIIHKU Ta
kJacudikariii perioHiB 3a piBHEM X JIKUTATI3aIIi].

Jlns peamizamii  TexHousorii, 3acHOBaHOI HA  HEYITKIM  Jjorimi 3
BUKOPUCTaHHIM Java, MOXKHA pO3IISIHYTH Kilbka (pedMBOpKIB 1 010710TEK, 110
HAJAI0Th HEOOX1THI THCTPYMEHTH Ta (YHKIIIOHAIbHI MOXKINBOCTI. OCh JIeKiJIbKa 3
HUX:

jFuzzyLogic: jFuzzylLogic € iHI1010 TOTY>KHOIO 010J110TEKOI0 [Tl peatizarii
HeuiTkux cucreM y Java. lleit ¢peiimBopk 3o0cepemxeHuil Ha 3abe3NedeHHi
TOYHOCTI Ta €(hEeKTUBHOCTI B peaiizaiii HeuiTkux cucreM [3]. Bin no3Bossie nerko
1HTErpyBaTH HEUITKI MpaBWia Ta JIOTIKy B Java-porpamu, 3a0e3medytodl BUCOKY

MPOIYKTUBHICTD 1 TOUHICTb.
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PucyHnok 2.2 — Peanizaiiist anapaty HewiTkoi jioriku y jFuzzylLogic

FuzzyLite € BiIKpUTUM IHCTPYMEHTOM Jis peaii3amii HeUITKUX JIOTIYHHX
CUCTEM, SKUM MOXe OyTH BHUKOPUCTaHUN y 0ararboX MNpPOTPaMHUX MOBax,
BKItouaroun Java. Lleit ppeliMBOpK Hamae 3pyyHuil Ta THyYKUI CcOCiO CTBOPEHHS,
TECTyBaHHS Ta BIPOBA/KEHHS HEYITKUX KOHTPOJIEPIB Ta CUCTEM [4].

Fuzzyl] Toolkit € me oguuM BapiaHTOM JjIsi peai3allii HEYiTKOl JIOTIKH B
Java. Lleit ¢peiiMBopk BKiIrOUa€e HaOIp IHCTPYMEHTIB JIi CTBOPEHHS HEUYITKHUX
JIOTIYHUX CHCTEM Ta oOpoOKM HewiTKuX 3anuTiB. Fuzzyl 3abesneuye posmmpeHuit
API nns cTBOpeHHs, Badifalii Ta BUKOHAHHS HEUITKUX MpaBwi [5], a Takox
MiATPUMYE IHTETPAIliio 3 IHITUMU Java-101aTKamu.

IIpu mopiBusinni FuzzyLite, jFuzzylLogic ta Fuzzyl] Toolkit 3 Touku 30py
THYYKOCTI, MPOCTOTH BHUKOPHUCTaHHS Ta €()EKTUBHOCTI, MOXXHA BUIUIMTH PAJ
BAXJIMBUX XapPAaKTEPUCTUK IHUX (HPEHMBOPKIB, SKI JTOMOMOXKYTh BU3HAUYUTH IXHIO
NPUAATHICTB JUISl PI3HUX BUJIIB MTPOEKTIB.

FuzzyLite BHpI3HIETbCA CBOEI0 BUCOKOIO THYYKICTIO, JO3BOJIIIOYHU JIETKO
aJanTyBaTH JIOTIKY JI0 MOTPEO KOHKPETHOTO MPOEKTY. BiH miATpuMye pi3HOMaHITHI
HEUITKl omeparopu Ta MeTtoau BuBeAeHHS. JFuzzylogic Takox Hamae 3HauHy
THYYKICTh, 0coOnmBO 3 Horo minrpumkoro Fuzzy Control Language, skwmii €
KOPUCHUM JJ1s1 onucy HediTkux cucteM. Fuzzyl Toolkit, xoua 1 € THy4YKHUM, MOXe
OyTHM TpPOXM MEHII aJalTUBHUM IMOPIBHAHO 3 JBOMA IHIIMMH (PperiMBOpKamH,
OCKUTBKM HOro OCHOBHUU (DOKyC — Ha OOpOOIl HEUITKMX 3amuTiB 1 BUKOHAHHI

HEYITKUX MPaBUJL.
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3 TOYKM 30py HPOCTOTU BUKOpUCTaHHS, Fuzzylite BUpI3HAETHCS CBOIM
IHTYiITUBHUM 1HTEppEHcOM 1 JErKiCTi0 1HTerpauii, poOusiud HOro iaeanbHUM
BUOOpPOM ISl THX, XTO BIEpIIE 3BEPTAEThCA A0 HeuiTkoi joriku. jFuzzylogic
TAKOX Mae€ MepeBaru y JErkocTli BUKOPUCTaHHS, 30kpeMa 3aBasku niarpumui FCL,
IO JI03BOJISIE KOPUCTyBayaM JIETKO ONUCYyBaTH HewiTki cucremu. Fuzzyl] Toolkit
MOXKE€ BHMAaraTd TpPOXH OUIbIIE Yacy HJisi OCBOEHHS, aje Bce Ie 3abe3mneuye

coJIiIHUM (PYHKIIOHAJ JJIs1 POOOTH 3 HEUYITKOIO JIOT1KOIO.

[ service | | food |
Lzarvice Lfood
(- f T + 7 1
1 I
[ [ fuzzification ] :
: |
5 ! i o
— : Lzervice Lfocd :
E I r ¥ |
3 r - ) 1
g i inference [
! I
oo rule ry ]
)
2 I 1
= |
2 '
I 1
— rule r, ]
- : \ ’, :
=
W - ]
= Yeip '
@, I
I
: |
: [ defuzzification ] :
I I
M e e e e e e e o o e o o e e o o o o 4
.E)rt-i_];t
tip

Pucynok 2.3 — peanizauis anapaTy He4iTKoOi Joriku y FuzzyLite

VY nmnnani eQpexkTUBHOCTI, BCl Tpu (HPEHMBOPKU JEMOHCTPYIOTH XOPOIIi
pesynbratu. FuzzyLite 1 jJFuzzyl.ogic onTuMi30BaHi Jijisi HIBUJIKOTO BUKOHAHHS, 1110
poOUTH 1X MPUIATHUMU I JAOAATKIB, SKI BUMAraiTh BHCOKOI MPOMYKTUBHOCTI.
Fuzzyl] Toolkit Takox epekTuBHUNA y 0OpoOIl HEUITKUX MPaBUJI 1 3aIUTIB, X04a
HAOro NMpOAYKTHBHICTH MOXKE€ TPOXM BIAPIZHATUCS BIJ 1HIIMX ABOX (PpEHMBOpKIB,

3aJIeIKHO B1J] KOHKPETHOTO BUKOPUCTAHHSI.
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3aranoM, 3 YypaxyBaHHSIM TMOTpeOM B 00poOIl CKIAAHUX 1 YacTO
HEOJHO3HAYHUX JIAHUX Yy TMpOeKTax Kiacu@ikallii perioHiB 3a MOKa3HUKAMHU
I IKATAIII3aI], FuzzyLite BHUCTYIIA€ SIK HAIIMHAMN, THYYKUH 1
KOPUCTYBAIbKH-3pyUHHIl iHCTPYMEHT. MIOro MOMIMBOCTI J103BOISIOTH e(hEeKTUBHO
peanidyBaTi CKJIAJHI HEYITKI JIOTIYHI CHUCTEMHU, HEOOXiAHI i TOYHOTO Ta
00'€eKTMBHOTO aHaJ3y J1KATAII3AIlI] pEeT10HIB.

[Tepm 3a Bce, BucOka THyukicTh Fuzzylite mo3Bosisie aganTyBaTH JIOTiKy
HEUITKUX CHCTEM JI0 KOHKPETHHUX MOTPped 1 0COOMMBOCTEN A1IKUTATI3AIlT PETiOHIB.
Ile o3Hauae, MmO MOXKHAa €(pEKTHBHO OOPOOIATH PI3HOMAHITHI Ta HEOAHO3HAYHI
JaH1, K1 4aCTO 3yCTPIYarOThCS MPU aHATI31 PIBHS A1IHKUTai3a1lii.

[IpocToTa BHKOpPUCTAaHHS € IHIIOK BaroMoi mepeBaror Fuzzylite.
[aTyiTuBHMI 1HTEepdeiic Ta Jerka iHTerpamis 3 Java poOnsaTh 1ed pperMBOpK
JOCTYITHUM HaBIiTh JJIA THX, XTO BIIEPIINEC CTHUKAETHCS 3 HEUITKOIO Jjorikoro. Ile
3HMKY€ MOPIT BXO/PKEHHS Ta CIPOILYE MPOLIEC PO3POOKH.

Hapemiri, edpextuBnicts Fuzzylite rapanTye, 1mo cucremu, noOynoBaHl Ha
Horo OCHOBIi, OymayTh MIBHIKO OOpOOJSATH JaHi, HATAIOYM PE3YIbTaTH B PEKHUMI
peajJbHOro 4Yacy, 10 € KPUTUYHO BaXKJIMBHM JJisi JOJAaTKiB, 30pIEHTOBAHHUX Ha

aHaJ3 JaHuX.

2.2 I'pagiunuii inTepdeiic

Y pamkax TpOEKTy po3pOoOKH CHUCTEMH JIsI MOJSTIOBaHHS Kiacuikariii
perioHiB 3a TMOKa3HWKaMHU JDKHATami3aiii ocoOauBa yBara MPUIIISETHCS
¢dyHKIiOHATBHOCTI rpadiunoro iHtepdeiicy. Xoua A0 au3aiiHy iHTepdelicy Hemae
BUCOKHX BUMOT, BXJIMBO 3a0€3IME€YUTH, 1100 BiH OyB 1HTYITUBHO 3pO3yMUIMM Ta
e()EKTUBHUM y BUKOPUCTAHHI.

lonoBHa mera rpadiudoro iHTepdeiicy nomisrae y 3a0e3neueHHi 3pydHOCTI
po0OOTH 3 aHANITUYHOIO MozeiTo. KopucTyBau MOBMHEH MaTH MOXJIMBICTH HE
TUTIBKU B3a€EMOJISATA 3 MOJEIUIIO B ii CTAaHAQPTHOMY BUIVIS[I, aje ¥ MaTu 3MOTy
penaryBaTH mapaMeTpyd Mojeni abo JIOTIKYy pO3paxyHKiB 0e3 HeoOXiTHOCTI

3BepTaTtucs A0 po3poOHuKa. lle HagacTh KIHLEBUM KOpPUCTyBayaM OUIbLIY
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THYYKICTh Ta KOHTPOJb HaJ TMPOIECOM aHaii3y, TO3BOJSIOMH IM ajanTyBaTH
CHUCTEMY I11J1 3MiHIOBaHI YMOBU a00 0COOIMBI BUMOTH JOCIIIIKCHHS.

I'padiunmii intepdeiic cuctemu Oyme CTBOpeHO 3a momomororo JavaFX,
dpeitmBopka a1 po3poOKH OararoyHKIIOHAIBHUX KIIEHTCHKUX JOAATKIB Ha
Java. Bukopuctanus JavaFX o0rpyHTOBaHO JeKIJIbKOMA BaXKJIMBUMU I€peBaramu.

JavaFX 3a0e3neuye IMHUPOKHII CHEKTP MOMXJIMBOCTEH JUIsi CTBOPEHHS
IHTepaKTUBHUX 1HTEp(ENCIB KOpUCTyBaya, IO € OCOOJUBO BAXKJIMBUM IS
IPOCKTY, A€ HEOOXiMHO €(MEKTUBHO B3AEMOIATH 3 CKIAAHUMHU aHATITUIHUMU
MojensiMu. DpeiMBOpK HaJlae MIMPOKI MOXIMBOCTI NI CTBOPEHHs TpadiuHux
€JIEeMEHTIB, y ToMy 4uucii BinoOpaxkeHnHsa 2D ta 3D rpadikis (puc. 2.4), 1o Moxe
OyTH KOPHCHHM JUTsl aHAJI3y pe3yabTariB podoTu cuctemu. Lle 1o3Bosse cTBOpUTH

3py4Hui Ta iIHPopMaTUBHUHN 1HTEep(DEIC 11T KOPUCTYBAUIB.

[ J [ Charts

o M 5 oo = 5 B %
T TR O T S

Pucynok 2.4 — MoxauBocti JavaFX y moOynosi rpadikiB

JavaFX wmoxHa jerko iHTerpyBatu 3 IHIIUMH Java dpeldMBOpKamu, IO
3HaYHO CHOpolrye po3poOKy cucteMu. Ll ocobnusicte JavaFX no3Bonse

edexTuBHO ToenHATH 010mi0TeKy Fuzzylite 3 Bi3yalbHUMHU KOMIIOHEHTAMH, SKi
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0a4nTh KOPUCTYBay. 3aBASKHU I1iH 1HTErpallii, MokHa Oe3MmocepeHbO BiI0OpaKaTH
pe3yabTaTid poOOTH HEYITKOI JIOTIKM Ha rpadiuHoMy iHTepdeiici, 3a0e3neuyoun
KOpUCTyBadaM 1HTYITHUBHO 3pO3yMLiJIe Ta 3pydYHE yIPaBIIiHHS MTapaMeTpaMu MOJIEII.
Takum unnoM, JavaFX He TuUIbKM mojerurye peanizaiiio 6araroyHKIIIOHATIBHUX
iHTEepdeiciB, ane ¥ copuse DHOWINA I1HTErpamli poO3paxyHKOBUX MOAYIIB 3
KOPUCTYBAI[bKUM CEPEIOBHINEM, 3a0e3nedyroun e(GeKTUBHY B3a€EMOII0 MK

JIOT1KOIO IIPOrpaMHu Ta ii Bizyati3aui€ro.

Plugins

pomxml X MANIFEST.MF X Start X Constant X Calculator X

Pucynoxk 2.4 — [lpuknan inTepdeiicy, cTBopeHoro 3a qomomoroto JavaFX

Takox JavaFX € m0BoJii IPOCTUM Yy BUKOPHMCTAHHI JUIsl pO3POOHUKIB, IO
1CTOTHO CITpoIIy€e npoiiec PO3pOOKHU iHTEepdeiicy. 3aBasiKu
oaratodynkmionansHomy APl Ta mmupokomy Habopy BOyZOBaHMX KOMIIOHEHTIB,
PO3POOHUKH MOXKYTh IIBHJIIE CTBOPIOBATH KOMIUIEKCHI rpadiuHi iHTepdeicH,
3HAYHO CKOPOUYIOYHM dYac, HeoOXimHWi st po3poOku. lle mo3Bomisie HE TUIBKU
30eperTy yac Ha eTami CTBOpeHHs iHTepdeicy, ajne i THYYKO pearyBaTd Ha 3MiHU
BUMOI' JO CHCTEMH, MIBUAKO BHOCSYM HEOOXiJHI KOPEKTHUBU JO CTPYKTYpH

iHTEpdEHCy.
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3 ITIPOI'PAMHA PEAJII3AIIIA

3.1 Cucrema CRUD onepaniii Ta MaTeMaTUYHUN anapar

OckuIbKM cucTEMa IPAaBUII Ta HaOIp 3MIHHUX MOXYTh 3MIHIOBAaTHCS 3 4aCOM,
HAJ3BUYAHO BAXKIUBO PO3POOUTH CHUCTEMY 3 MOMKJIMBICTIO JIETKOTO JOJAaBaHHS,
penaryBaHHs Ta BHJAAJIEHHd IuX cyTHocte. lle 3abesnedye TrHYYKICTh 1
aJanTHUBHICTh CUCTEMH JO0 3MIHHMX BUMOI Ta YMOB €KCIuTyarallii. 3 1i€i IpUIrHH,
parioHanbHO B mepiry udepry pospooutu dynkmionan mis CRUD (Create, Read,
Update, Delete) omepamiii. BnpoBamkeHHS Takoro (QyHKIIOHaNy HO3BOJIUTH
MBUAKO Ta €(EKTHUBHO KEpPyBaTH KOMIIOHEHTAMH CHCTEMH, IO € KPUTHYHO
BOKJIMBHM JIJIS MATPUMKH 11 BIJIMTOBITHOCTI 10 aKTyaJlbHUX aHAJIITHYHUX 3aBaHb.

[TouatkoBO HEOOXiMHMI HAOIp MpaBUJI MOXHA JIOJIaTHU 10 TOTOBOI CUCTEMH,
BUKOPUCTOBYIOUM came Iied (¢yHkiionan. Peamizamiss moxiauBocteir CRUD s
YOPAaBIIHHS TpaBWIAMH Ta 3MIHHUMH JO3BOJUTH BBECTHM I[IOYATKOBI JIaHI
0e3mocepelHbO Yepe3 CUCTEeMY, 3a0e3Meuyour MPOCTHH Ta IHTYITUBHUHM CMOCIO
HajamrtyBaHHsA. Takuil miaxig 3a0e3MneduTh OUIBITY THYUYKICTh Ta 3PY4YHICTHh MPHU
HaJallITyBaHHI CHUCTEMHM IiJ] KOHKPETHI MOTpeOH, HAJal0ul MOXKJIMBICTH IIBUJIKO
aganTyBaTH HabOip MpaBWII 10 CErU(IYHAX BUMOT Ta YMOB BUKOPHCTAHHS.

Jlana cuctema Mpairoe 3 JBOMa KJIOYOBUMH CYTHOCTSIMHU: 3MIHHHUMH Ta
HaOopamu npaBui. KoxkHa 3 1UX CYTHOCTEH Mae CBOO cnelnu(iuyHy MoOJemb, 110
JeTallbHO Bi10OpakeHo Ha puc. 3.5.

Moenb 3MIHHOT BKJIIOYA€ KiJTbKa OCHOBHHMX €JIEMEHTIB, 51Kl 3a0€3MeUyI0Th ii
(YHKI10HATBHICTD:

- Ha3pa 3MiHHOI: i1eHTH(]IKY€E 3MIHHY B CUCTEMI.

- ®yHKIIIS HAIEKHOCTI: BU3HAYAE, SIK BX1JIH1 JJaH1 BITHOCITHCSA JO MOXKIIUBUX
3HA4YEHb I[1€1 3MIHHOI.

- Jiana3oH JaHUX: BCTAHOBIIOE MEXI, B IKMX MOXYTb KOJIMBATHUCS 3HAYEHHS
3MIHHOI.

-  MouBi 3HaYeHHS: crenu(iKye KOHKPETHI 3HAYCHHS, K1 MOXKEe TIpUMaTu

3MIHHA.
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Monens HabOpy IIPaBUIT CKIIAIA€THCA 3 HACTYITHUX KOMITOHEHTIB:
- HasBa nabopy npaBuii: Ja€ yHIKaJIbHE IM'sl 17151 TPYIIU TPaBUIL
- Omnmc anropuTMiB KOH'FOHKINI, JIW3'TOHKINI, IMIDIIKAImii, Ta aKTUBAIIii:
BHU3HAYa€ JIOTIYHI oOmepalii, 0 BUKOPUCTOBYIOTbCS JJIi BHUBEACHHS
BHUCHOBKIB 3 JIAHHUX.
- MacuB npaBwi: 30epirae mpaswia, onucani B cuHtakcuci FuzzyLite, mo

J03BOJISIE CUCTEMI 0OpOOJIATH BX1HI AaH1 Ta NPUUMATH PIlLICHHS.

VariableType VariableValue TermDefinition

Id: UUID Id: UUID Id: UUID
name: String name: String name: String
minValue: Double minValue: Double type: String
maxValue: Double max\alue: Double params: List=Double=
termTypeMame: String termType: TermDefinition
variables: Set=VariableValue> variableType:VariableType

RuleSet RuleDefinition
Id: UUID Id: UUID
name: String rule: String
conjunction: String inputVariablelds: List=UUID=
disjunction: String outputVariableld: UUID
implication: String
activation: String
rules: Set<RuleDefinition=

Pucynok 3.5 — CTpykTypa ICHYIOUHX CyTHOCTEH

VY Hamnili cuctemi BCl JlaHI CYTHOCTEH, TakMX $K 3MIHHI Ta NpaBUIIA,
30epiraroThCsl y BUIVISI JTOKAIbHUX (DaitniB. 30epekeHHs JaHUX 3/1ACHIOETHCS 3a
JOTIOMOTOI0 MEXaHI3My cepiaiizaiii, Mo A03BoJisi€ €()EKTUBHO YIPaBISTH
CTpyKTypoBaHMMH naHumu. Jlms poGotu 3  daiimamu  Oymu  po3pobieHi
cnernianizoBani kiacu: FileStorage Ta AbstractStorage.

Kinac FileStorage BiamoBimae 3a B3aeMofito 3 (palIoBUMU MOTOKAMHU Ta
peanizye (yHKIIOHAT 30epeKeHHs TaHUX. BUKOpUCTaHHS MHOTO KIIacy 3a0e3nedye
HaJlliHe 30epiranHs iH(opMmaiii y BUDIAAl (ailiB Ha JOKaJIbHOMY JHUCKY, IO
JI03BOJISIE CHCTEM1 MIBUAKO BIJHOBIIOBATH CTaH CYTHOCTEH NpU TMOBTOPHHX
3aIycKax.

AbstractStorage € aOCTpakTHUM KJIacoM, SIKMUW Hajae 0a30BUM (pyHKIIIOHAT
s o0poOKku naHux cyTtHocteil. Llel kimac 103Boiisie HallagkaM TMpalioBaTH 3

MPEACTaBICHHIMH CYTHOCTEH, MIHIMI3yI0O4M HEOOXIJHICTh Oe3MoCepeaHBOTO
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B3aemomii 3 dainamu. Takuil migxin copusie aOCTpakilii Ta BUIOMY pPiBHIO
YOPABIIHHS JaHUMM, YHHUKAIOUM 3aJI€KHOCTI OI13HEC-JIOTIKM Bl KOHKPETHHX
METO/IB 30epiraHHs JaHHX.

Bci icHyroul qaHi cyTHOCTEH HaIXOoAATh 0 Kiacy Analyser, skuii BiAMOBIa€e
3a 1HTerpailito Ta BUKOpUCTaHHS (yHKIIoHATYy ¢peiimBopky FuzzyLite. el knac
rpa€ KJIIOYOBY POJIb y MIJATOTOBIN Ta 00pOOIIl JaHUX ISl BUKOPUCTAHHS B paMKax
HeviTkoi Joriku. OcHOBHE 3aBiaHHs Analyser mossirae y maroToBili NpeiCTaBICHb

3MIHHHUX Ta MPaBWL, 00 BOHU MOTIU OyTH BUKOPUCTAHI B MPOIECi OOUMCIICHHS.

FileStorage
poSoTa 2 QannoBrMin
NOTOEAMK

h

AbstractStorage
poSoTa 3
NpeaCcTaEneHHAMK

Analyser
——  MaTeMaTiaHri

anapat
L 4

Controller
Podota =3
iHTEphenconm

Pucynok 3.6 — ApxiTekTypa cucteMu

3MiHHI B CHCTEMi 1€pAapXi4HO COPTYIOTHCA 3TIHO 3 IX pOJUII0 B
AHATITUIHOMY TIPOIIECi — BiJl 3MIHHHX JTS BX1THUX JaHHUX JI0 3MIHHOI pe3yJIbTaTy.
Take copTyBaHHs 0a3yeTbCsl HA TOMY, SIK 3MIHHI BUKOPHCTOBYIOTHCSI Y CTBOPEHHX
npaBuiiax, 3a0e3Meuyroun JOT14YHY MOCTIOBHICTh Y MpoIecax 0OUnCIeHb.

[Ticns opranizamii 3MiHHMX Ta HAOOpiB TMpaBWJI, BOHHU IHIMIATI3YIOTHCS Y
joriuHomy siapi 616mioteku FuzzyLite. Ile no3Bosse cuctemi epekTUBHO KepyBaTu
0oOYMCITIOBAIBHUMU TIpOLlECaMU  Ha OCHOB1 HewiTkoi Jjoriku. Ha rpadiunmii
iHTepdeic BUBOAUTHCS CIUCOK ICHYIOUMX BXIJTHUX 3MIHHUX, i€ KOPUCTYBad MOXKE
BBECTH 1iX 3HadeHHsA. [licas BBeNEHHS 3Ha4eHb BIAOYBAETHCS PO3PAXYHOK

pe3ynbrary, sskhii 0a3yeTbcsi Ha BU3HAUCHUX MapaMeTpax Ta NpaBuiax.



3MiHH

AHENI3 3MiHHN,

EWAINEHHA BXIOHKWX Ta
BMXITHME 3MIHHWNX

h 4

h 4

iepapxiuHe
COPTYBEHHA 3MiIKHMX

MNpaewna

23 X BUKOPUCTEHHAM
\___ ynpaeunax

. _ETan ixiujanizau

ETan pozpaxyHky

Pucynok 3.7 — [Ipunmun poGOTH 3 arapaToM HEYITKO1 JIOTIKH

-
i {Hiuiarisaui; GMiHHH).}

IHiLianizauiA npaswn

ry

MPUCEOEHHRA

F Y

3HAYSHb 3MIHHKX
[ —

¥
Po3payHOK BHXIOHHR

ZHaYeHE 23
LONOMOTDHY

Pesynsrar

3.2 I'padiunmii inTepdeiic

BxigHi 2HaueHHA

19

InTepdeiic cuctemu cknagaerbes 3 °ATu BikoH (puc. 3.8-3.12). [Touarkose

BIKHO MICTUTh y €001 CIUCOK BXIJHHUX 3MIHHUX, PEJAKTOp iX 3HAY€Hb, BIKHO 3

pe3ynbTaroM OoOYMCIIeHb. Takok € JB1 KHOIKH, IO BIJIKPUBAIOTh BIKHA JIJIs

penaryBaHHs 3MIHHUX a00 HaOOpPiB MPaBHIL.
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edit rules

edit variables

Edit input value Input variables values Calculations result

46 VAR varl: 0.0 0.8000000000000006

Submit Cancel

Reload context

Calculate

Pucynok 3.8 — ['onoBHE BIKHO

VY BiKkHI penaryBaHHs HaOOpIB MPaBUJI € CIIMCOK ICHYIOYHX HAaOOPiB MpaBuII,
penaKkTop sl CTBOPEHHS, peAaryBaHHs Ta BUJAJICHHS iCHYFOUMX HAOOPiB, a TAKOK

KHOIIKa, 10 BIIKPUBAE PEAAKTOP ICHYIOUHUX IMPABUII ISl BIAIOBIAHOTO HA0OpYy.

Existing rule sets
RuleSet{id=009efa96-4362-441¢c-95e2-bb6a4308d6b7, name=test-ru

Edit rule set

Delete rule set

Edit rules

Rules

Pucynok 3.9 — PenakTop HaGopiB mpaBuiI

Penakrop mpaBui MICTUTh Y €001 CIIMCOK 1CHYIOUMX MPABUII, BIAMOBIIHUX JI0
oOpanoro HaOopy. TyT mnpucyTHIi KOHCTPYKTOp HOBHX TpPaBWI, BIKHO IS
HeperIsily CUHTAKCHCY CTBOPEHMX IpaBWJI, Ta KHONKM g BukoHaHHs CRUD

ornepariii HaJl TpaBUIamMHu.
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Variable values Rule syntax editor

if (var1 is val3) then var_result is val_res2
Edit rule

Delete rule

Existing variables Existing rules

RuleDefinition[id=1c434d07-09c6-4078-b3fc-H

Pucynok 3.10 — Penakrop npaBui

Penaktop 3MIHHMX aHaJOTIYHUN N0 PENAKTOPy IMpaBw, MICTUTh y coOi
¢yukuionan s CRUD onepaniii Haj 3MIHHUMH, CIIHCOK 1CHYIOUHMX 3MIHHUX Ta

KHOIIKY, 1ITO BiI[KpI/IBa€ PCOAAKTOP MOKIIMBUX 3HAYCHDb 3MIHHOI.

Existing variables

VariableType{id=5636032f-0d8d-

Edit variable

Delete variable

Edit values

Variable values

Pucynok 3.11 — PegakTtop 3MiHHHX

Penaktop 3HaueHb BiJNOBIAE 3a pelaryBaHHs 3Ha4€Hb BIAMOBIAHOT 3MIHHOL

Ta ISPy a BKE iCHyI-O‘-II/IX 3HA4YCHBb.
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_ Variable values
Add value VariableDiapason{id=d3cb115e-1e93
VariableDiapason{id=3alad7ac-7425

Pucynok 3.12 — Penaktop 3HaueHb 3MIHHUX

3.3 MoKJIMBOCTI CHCTEMH B 00J1aCTI HEUITKOI JIOTIKH

PeanizoBana cuctema Hajmae MMPOKI MOXKIUBOCTI JJII POOOTH 3 HEYITKOIO
JIOTIKOI0, BUKOPUCTOBYIOuM (pyHkIioHan 6i6miotexku FuzzyLlite. Ha pasi cucrema
HOIATPUMYE TaKl TEPMU:

- Triangle (TpukyTHHK)
- Gaussian (I'ayciBcbkuil)
- Bell (/I3Bin)
- Spike (Ium)
- Rectangle (ITpssMOKyTHHK)
Ha puc. 3.13 3eneHuM KOJIBOPOM BHUIUICHI TEPMH, IO MIATPUMYIOTHCS

CHCTEMOIO Ha JJaHUW MOMEHT [4].
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basic extended
Triangle B=1l PiBhape
Trapezoid Cosine SigmoidDifference
Fectangle Gauszsian SigmoidFroduct

Discrete

Pucynoxk 3.13 — I[linTpumyBani Tepmu

Cucrema Takox miarpumye psg S-Hopm Ta T-Hopwm. IliaTpumyBani S-HOpMH
BKJTIOYAIOTh:
- Algebraic sum (Anre6paiuna cyma)
- Maximum (Makcumym)
- Bounded difference (O6mexena pi3HUIL)
Jlns  oOuucleHHsT TIePETHHIB HEYITKMX MHOXHH CHCTEMa IMIATPUMYE
HacTynHi T-HoOpMH:
- Algebraic product (Anre6paiunuii 100yTOK)
- Minimum (MiHimMyM)
- Bounded sum (OGmexenHa cyma)
Ha puc. 3.14 3eneHuM KOJIBOPOM BHJIIJIEHI HOPMH, IO HIATPUMYIOTHCS
CUCTEMOI0 Ha JaHUN MOMEHT [4]. YOpHUM KOJIBOPOM MO3HAYEHO HAOIM>KEHHS

3HA4YEHb J0 HYJs, a OUTAM - 10 OJUHHUIII.
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Mimimum Maximum AlgebraicProduct  AlgebraicSum
BoundedDifference  BoundedSum DirasticProduct DrasticSum
EinsteinProduct EinsteinSum HamacherProduet  HamacherSum

hl Bl

Pucynok 3.14 — IlinrpumyBasni S-Hopmu Ta T-HOpMU

Cucrema miaTpumye TmOOYAOBY 1€papXiyHOi CTPYKTypH TpaBWJI Ta
ABTOMAaTHYHO PO3IMi3HAE, AKI MpaBUjIa Ta 3MIHHI HaJIeXKaTh JI0 SIKOTO PiBHS i€papXii.
Takok 4acTKOBO MIATPUMYETHCS PeAaryBaHHS MPABUJI 3 MPSIMUM BUKOPUCTAHHIM

cUHTaKcucy npasui FuzzyLite

3.4 TectryBaHHA cUCTEMU

Jlist TecTyBaHHSI CUCTEMH OyJiM BHUKOPHCTaH1 MOKa3HUKH CYOIHIEKCIB YCiX
obnacrert Ykpainu 3a 2022 pik. KoxkeH 3 1HIeKCiB MPEACTaBICHO 3MIHHOIO, SIKa Mae
I'ATh 3HAY€Hb. HU3bKWH, HIDKYE CEPEIHBOTO, CEPEIHIN, BUIIE CEPEIHBOTO Ta

BUCOKHU.



YepracbKa 0,744
|BaHO-PpaHKiBCbKa 0,81
XMenbHULUbKa 0,861
Kuiscbka 0,71
XapKiBcbKa 0,794
BiHHWLbKa 0,9
BoNMHCBKA 0,6
Hutomupcbka 0,38
AHinponeTposcbKa 1
TepHoninbcbka 1
Opecbka 0,9
MNonTaecsbka 0,8
NbBiBCbKA 0,89
PiBHEHCbKa 1
3akapnarcbka 0,571
YepHiseupka 0,37
Kiposorpaaceka 0,213
fNyraHcbka 0,093
3anopi3bka 0,331
Cymcbka 0,44
YepHiriecbka 0,493
XepCcoHcbKa 0,441
[oHeubka 0,325
MuKonaicbKa 0,11
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0,771 0,855 0,803 0,312 0,6 0,759 0,387 1
0,896 0,853 0,162 0,124 0,8 0,78 0,338 1
0,609 0,719 0,653 0,165 0,4 0,596 0,458 1
0,377 0,824 0,711 0,258 1 0,61 021 1
0,615 0,703 0,553 0,152 0,48 0,544 0,325 1
0,743 0,852 0,894 0,778 04 0,696 0,721 2
0,733 0,911 0,928 0,256 0 0,772 0,716 2
0,909 0,895 0,859 0,349 04 0,646 0,403 2
0,993 0,972 0,952 0,694 1 0,754 0,924 3
0,992 0,83 0,933 0,718 1 0,834 0,999 3
0,841 0,705 0,958 0,702 1 0,877 0,308 3
0,894 0,905 0,967 0,88 0,6 0,737 0,56 3
0,833 0,822 0,924 0,562 08 0,68 0,82 3
0,907 0,875 0,891 0,195 08 0,705 0,573 3
0,868 0,841 0,85 0,372 1 0,766 0,504 3
0,633 0,852 0,39 0,13 04 0,59 0,211 4
0,388 0,664 0,531 0,163 0 0,614 0,154 4
0,1 0,743 0,459 0,262 04 0,623 0,224 4
0,405 0,385 0,063 0,155 04 0,595 0,261 4
0,471 0,763 0,569 0,605 0 0,622 0,321 5
0,612 0,629 0,596 0,267 04 04 0,507 5
0,428 0,787 0,693 0,589 04 0,438 0,066 5
0,252 0,631 0,527 0,39 0,68 0,59 0,345 5
0,53 0,467 0,497 0,509 06 0,427 03 5

Pucynok 3.15 — Bxigni 3Ha4eHHs [§]

Ha ocHOBI mmx maHuX Ta ICHYIOUHX CYOIHACKCIB AimKuTaiizarii Oyio

1HII[1a1130BaHO CIMCOK BX1JHUX 3MIHHUX Ta 3MIHHY pe3ynbrary (puc. 3.16).

Existing variables
industry_digital_transformation (5pike)
institutional_capacity (Triangle)
digital_education (Triangle)
mode_without_papers (Gaussian)
business_card_of_the_region (Bell)
basic_services_availability (Bell)
development_of_CPAS (Triangle)
development_of_the_Internet (Bell)

digitalization_index (Triangle)

Pucynok 3.16 — IninianizoBaHi 3MiHH1 Ta iX (QYHKIIIT HAJIEKHOCTI

Cucrema npaBuil ckiaaaeTbes 3 HabopiB mpasui tuny "if var 1 is low then

result is low" 11 KOKHOTO 3HaYEHHSI KOXKHOTO cyO1HaeKkey (puc. 3.17).

MoKa3HWK
H.nan:r{ <! Ingexcy *

0,716
0,683
0,61
0,588
0,571
0,769
0,72
0,692
0,916
0,91
0,836
0,814
0,799
0,794
0,756
0,54
0,431
0,404
0,37
0,534
0,522
0,5
0,469
0,431



Rules

if (development_of_CPAS is lower_then_average) then digitalization_ii

if (development_of_CPAS is high) then digitalization_index is high
if (development_of_CPAS is average) then digitalization_index is aver:
if (development_of_CPAS is higher_then_average) then digitalization_|

if (development_of_CPAS is low) then digitalization_index is low

Pucynok 3.17 — IIpuknaza Onoky npaBui

26

Ile mo3Bojsie cucTemMi BUKOHYBaTH aHajl3 Ha OCHOBI HEYITKOI JIOTIKH,

BpPaxOBYIOYH Pi3HI KOMO1HAII1 3HAY€Hb 3MIHHHUX.

Tabnuis 3.1 — mOpiBHSAHHA OTPUMAHKX Ta (DAKTHUYHUX 3HAYCHD

Oobanactb DakTUYHE 3HAYEHHS OTpuMaHe 3HAYEHHHA
IHIeKCy iHzexcy

Uepkacbka 0,716 0,589
[BanO-®DpanKiBChKA 0,683 0,498
XMeJIbHUIIbKA 0,61 0,534
KuiBchka 0,588 0,57
XapkiBCchKa 0,571 0,512
Binnuipka 0,769 0,574
Boaunceka 0,72 0,504
Kutomupceka 0,692 0,574
JlHimporneTpoBCchKa 0,916 0,64
TepHominbebka 0,91 0,652
Opnechbka 0,836 0,653
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[Tponosxxenns tabm. 3.1

Oobaacrb DaKkTHYHE 3HAYCHHA OTpumaHe 3HAYCHHSA
iHaeKcy iHaexkcy
ITonTaBCchbKa 0,814 0,614
JIpBIBCBHKA 0,799 0,628
PiBHEHCHKA 0,794 0,585
3akapnarcbka 0,756 0,619
UepHiBelbka 0,54 0,505
KipoBorpanceka 0,431 0,503
Jlyranceka 0,404 0,511
3amopi3bka 0,37 0,502
CymMmchbka 0,534 0,505
YepHiriBchka 0,522 0,574
XepcoHChKa 0,5 0,575
JloHenpka 0,469 0,579
MukoJaiBcbKa 0,431 0,515

Tabnuus 3.2 — kinacudikallis perioHiB 3a MOKa3HUKaMU J1HKUTa3a1i

Oobuacrb Kaacudikauis 3a Kuaacugikanis 3a
(paKTHYHHUM iHAEKCOM OTPMMAHHUM IHAECKCOM
Uepkacbka cepenHin cepenHii
[BanO-®panKiBChKa CepenHiii cepenHin
XMenpHULIbKA cepenHin cepenHii
Kuisceka cepenHin cepenHii
XapkiBcbKa cepenHin cepenHii
Binnunpka BUIIE CEPEIHBOTO BUILE CEPEIHHOTO
Bonunceka BUIIE CEPEIHBOTO cepenHin
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[Tponosxxenns Tabm. 3.2

Oobaacrb Kuacudikanis 3a Kuacudikanis 3a
(paKTUYHHMM iHAEKCOM | OTPMMAHUM IHJAEKCOM

Kuromupceka BHUILIE CEPEAHBOIO cepenHiii
JIHImponeTpoBCchKa BUCOKHM BUIIE CEPEAHBOTO
TepHominbCcbKa BHCOKHUI BHUILIE CEPEIHBOTO
Opnecbka BHCOKHUI BHUILIE CEPETHBOTO
[TonraBchka BHCOKHUI BHUILIE CEPEAHBOIO
JIbBiBCBKA BHCOKHI BHIIIE CEPEIHBOTO
PiBHeHChKA BHCOKHI BHIIIE CEPEIHBOTO
3akaprarcbka BUCOKHUI BHILIE CEPEIHBOTO
YepHiBelpka HU3bKUHN HIKYE CEPEIHBOTO
KipoBorpancrka HU3bKUU HUK4YE CEPEIHBOTO
JIyrancbka HU3bKUHI HIKYE CEPEIHBOTO
3amnopi3bka HU3bKUHI HWKYE CEPENHBOTO
Cymchka HWKYE CEPENHBOTO HWKYE CEPENHBOTO
YepHiriBcbka HUXKYE CEPENHBOTO CepenHiii
XepcoHChbKa HUKYE CEPENHBOTO HWKYE CEPENHBOTO
JloHenpKa HWKUYE CEPEHBOTO cepeaHii
MukosnaiBcbKa HWKUYE CEPENHBOIO HWKUYE CEPENHBOIO

VY Xoxi TectyBaHHA OyJiM OTpUMAaHI pe3yJIbTaTH JJIsl KOKHOT MPOaHaIi30BaHO1

obmacti (tabmn. 3.1). Pesynpratu BUSBWINCS BIIMIHHAUMH Bil ()aKTUYHUX 1HJICKCIB,
0 JyX€ CHJIBHO BIUIMHYJIO Ha kiacudikamito (tadm. 3.2). OmHak, oTpumadi
IHIAEKCH ADKATATIZALIT JEMOHCTPYIOTh KOPEJSALII0 3 pEeAIbHUMH NOKa3HUKaMU
[8]. Hampuknan, oOmacTi 3 BHCOKMMHM TIOKa3HHMKaMH CYOIHJEKCIB  (BHIIE
CepeHhOr0 Ta BHUCOKHWH) OTpUMalId BIAMOBIHI BHUCOKI (BIJIHOCHO IHIIHX

OTpUMAaHUX pe3yJbTaTiB) pe3ynsratd B cuctemi. OOmacti 3 HU3BKUMU
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MOKa3HUKaMU CYOIHJIEKCIB (HIDKYE CEPEeHbOr0 Ta HU3bKWN) Malld BIIMOBIIHI
HU3bKI PE3YJIbTATH.

Ile mixTBEepmKYy€E, MO PO3pOOICHA CUCTEMa 3/1aTHA aJIEKBATHO BiOOpakaTh
pealbHUil CTaH JIJDKUTANI3aIli B perioHax, BpPAaXOBYIOUM Pi3HI acCIleKTH Ta
MOKA3HHUKH, X04a OTPUMaHI Pe3yIbTaTh i HE € MPABIUBUMH.

OCHOBHOIO TPUYMHOIO PO3ODKHOCTI MK pe3ylbTaTaMd CUCTEMHU Ta
peaTbHUMU TTOKa3HUKAMU € HEJOCKOHAJICTh iICHYI04YOi cucTeMH npaBwmi. [loTouni
IpaBUJIa HE BPAXOBYIOTh YCIX OCOOJMBOCTEH Ta HIOAHCIB KOXKHOTO CyOiHJIEKCY, 110
BIUTMBA€ HA TOYHICTh aHami3dy. TakoX Ha TOYHICTh PO3pPaxyHKIB BIUTMHYJA
HEMOXJIMBICTb OOpaTh aNropuTMH arperamii Tta aedazudikauii s BHUXITHUX
3MIHHUX Yy cucTemi. Ha nmaHuii MOMEHT y CHCTeMi BUKOPHUCTOBYETHCS arperaris
BUXIJIHUX 3HAUYCHb 32 S-HOPMOI Makcumyma, a Aedasudikaiiis — 3a [EHTPOIIOM.
Ile Takok TOSICHIOE HAOMIKEHHS OTPUMAHUX JTAHWUX JI0 CEPEIHBOTO 3HAYCHHSI, 110
CIPUYUHUIIO TaKy IMOXUOKY.

Jns nmocsarHeHHsT OUIbII TOYHUX Ta HAMIMHUX pe3yJbTaTiB HEO0OX1THO
JIOTIPAITIOBAaTH ~ CHUCTEMY TMpaBWJI, 3pOOWBIIM iX OUIBII JCTaNbHUMHU Ta
crielu(pIYHUMH 1T KOXKHOTO CYOIHJEKCy. Y TONaJIBIIIOMY TaKOX CIIJI JI0/aTh
JOJIaTKOB1 (PYHKIIi JO0 CHUCTEMH, IO JO3BOJUTH MOKPAIIUTH ii THYYKICTh Ta
aJanTUBHICTH, JO pi3HUX yMOB. lle 3a0e3meunTh OLIBIT TOYHHMM aHal3 Ta
Kiacudikaiio perioHiB 3a TMOKa3HUKaMH JiKUTaII3allii, BpPaxOBYIOYH iXHI

YHIKaJIbHI 0COOIMBOCTI Ta TOTPEOH.
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BUCHOBOK

VY xoxi BUKOHaHHS KBaTidiKaiiiHoi poO0TH OyJI0 BUKOHAHO TaKl 3aBIaHHS:
1. IIpoananizoBaHO AOCTYIMHI TEXHOJIOTIi JJisi BUPIMICHHS 3a1adi. Y SKOCTI

MaTeMaTUYHOTO arapaTry oOpaHo armapaT HeYiTKOTO JIOTTYHOTO BUBEICHHSI.

2. Po3pobieno iHdopmalliifiHy cucTemy, 31aTHy BUPIIIATH 3a7a4y Kiacudikarii

PEriOHIB 32 MOKAa3HUKaMU JIiIKATa3allii.

3. BpaxoBaHo HEOOXIAHICTh y JIETKOMY BHECEHHI 3MiH JIO CTBOPIOBAHOI

CUCTEMU.

4. Cucrema Oyna 3a0e3nedyeHa MOTY)KHUM MaTEMAaTUYHUM araparoM, 31aTHUM

MPAIfOBATH 3 CKJIAJTHUMU CTPYKTYpaMu JaHUX.

5. IlporecToBaHO cHUCTEMY Ta OTPUMAaHO PE3YJbTATH PO3PAXYHKY MOKA3HUKIB
ipKUTaI3ari.
6. OTtpumani pe3ynbrartu 0yyo MpoaHasi30BaHO.

Hanmani nnanyeThCsi JONMOBHEHHST CUCTEMM JIOMATKOBUM  HEOOX1THUM
dbyHKIIIOHANOM, SKUM 3a0€3Me4nTh OLIBII MIMPOKI MOMKIMBOCTI JUJIS aHaJi3y Ta
BUBEJICHHS BUCHOBKIB. OJIHMM 13 KJIIOYOBUX €TamiB MOAAIBIIOI pOOOTH CTaHe
3aHECEHHS CHCTEMHM TMPABHII Ta 3MIHHUX, sIKI HEOOXITHI JUTsl pO3paxyHKY 1HJIEKCIB
mimkuTanizamii perioHiB. Ile 103BONMUTH cHCTEM1 MOBHOIIIHHO (DYHKI[IOHYBaTH B
3aiadiii  oOnacti, 3a0e3Mme4yyrud TOUYHICTh Ta OO'€KTUBHICTh aHATITUYHUX

PO3paxyHKIiB.



31
CIIMCOK BUKOPUCTAHUX IKEPEJI

1. 3aituenko, Karepuna C. "JlipxuTanizaiis eKOHOMIK Ta CyCIUIbCTBA:
cBiToBl TeHaeHuii." Hamonaneuuit yHiBepcuret "Opechka nonitexnika", Oneca,
VYkpaiHa.

2. Zadeh, L.A.: Fuzzy Sets: Information and Control; Vol. 8, No. 3, 1965
—338-353 c.

3. Cingolani, Pablo. "jFuzzyLogic: A Robust and Flexible Fuzzy-Logic
Inference System Language Implementation." International Journal of
Computational Intelligence Systems, Vol. 6, Supplement 1 (2013), 61-75

4. Rada-Vilela, Juan, PhD. "The FuzzyLite Libraries for Fuzzy Logic
Control." FuzzyLite Limited, Wellington, New Zealand

5. Fuzzy]J ToolKit Documentation [Enexrponnuii pecypc]. URL:
http://rorchard.github.io/Fuzzyl/

6. Kpagemnp, II., Kupkano, P. "Cucremu npuiiHATTS pIillIEHb 3 HEUITKOIO
norikoro." Kadeapa iHdpopMmamiiiHux cucteM Ta Mepex, HarmioHansHui
yHiBepcuTeT “JIbBIBChbKa moniTexHika”, JIbBiB, YkpaiHa.

7. Canr “OpenJFX.i0”, pokymeHramis momo OiGmorekn JavaFX
[Enextponnuii  pecypc], URL: https://fxdocs.github.io/docs/html5  ([lara
3BepHeHHs 19.05.2024)

8. bapuenko, H., JlroO6uak, B., Bemuxomumii, /[. “BUBIP METOJIA
KJIACTEPU3ALII 3 METOIO AHAJI3Y IIOKA3HUKIB IM®POBUX
TPAHC®OPMAILIIM PETIOHIB YKPATHU”, Iudopmanuiiini Texmomorii Ta
cycniibeTBO. Bumyck 2 (8). 2023

9. Kyznmenon, O.b.: Heuitki cucteMun B mpukiIagax 1 3ajadax:
Bupasuunreo XHY imeni B. H. Kapasina; Xapkis, 2006 — 200 c.

10. Bacunsena, T.A., [Tiukyp, B.Jl.: HeuiTke Moze/toBaHHSI B €KOHOMIIIL:
KHEY; Kuis, 2002 — 256 c.

11. Pedrycz, W., Gomide, F.: An Introduction to Fuzzy Sets: Analysis and
Design: MIT Press; 1st edition (September 17, 1998) — 560 c.


http://rorchard.github.io/FuzzyJ/

32

12. KpacinpaukoB, O.A., Ta iH.: Teopis HEUITKMX MHOXHWH 1 HEYITKa
norika: HaykoBa mymka; Kuis, 2003 — 248 c.

13. Pedrycz, W., Gomide, F.: An Introduction to Fuzzy Sets: Analysis and
Design: MIT Press; 1st edition (September 17, 1998) — 560 c.

14. Negnevitsky, M.: Artificial Intelligence: A Guide to Intelligent
Systems: Pearson Education; 3rd edition (April 6, 2011) — 504 c.

15. Klir, GJ., Yuan, B.: Fuzzy Sets and Fuzzy Logic: Theory and
Applications: Prentice Hall; 1st edition (January 1, 1995) — 592 c.

16. Mehdi Rahmani-Andebili: Applications of Fuzzy Logic in Planning
and Operation of Smart Grids (Power Systems): Springer; 1st ed. 2021 edition
(May 25, 2021) — 236 c.

17. Jang, J.-S.R., Sun, C.-T., Mizutani, E.: Neuro-Fuzzy and Soft
Computing: A Computational Approach to Learning and Machine Intelligence:
Prentice Hall; 1st edition (January 1, 1997) — 614 c.

18. HdyOpoBceka, H.I.:  OcHoBuM  Teopii  HEUITKMX  MHOXHH:
Axkanemnepionuka; Kuis, 2005 — 280 c.

19. Mendel, Jerry M.: Uncertain Rule-Based Fuzzy Systems: Introduction
and New Directions: Springer; 2nd edition (September 28, 2017) — 684 c.

20. Bonissone, Piero P., Subbu, Rajendra, Lizzi, Roberto: A Framework
for Decision Making with Incomplete, Uncertain, and Linguistic Information:
Springer; 1st edition (January 1, 2010) — 297 c.

21. Nguyen, Hung T., Walker, Elbert A.: A First Course in Fuzzy Logic:
Chapman and Hall/CRC; 3rd edition (November 15, 2005) — 440 c.

22. Lee, Chuen-Chien: Fuzzy Logic in Control Systems: Fuzzy Logic
Controller—Part I & II: IEEE Transactions on Systems, Man, and Cybernetics;
Vol. 20, No. 2, 1990 — 404435 c.

23. Yager, Ronald R., Zadeh, Lotfi A.: An Introduction to Fuzzy Logic
Applications in Intelligent Systems: Springer; 1st edition (November 1, 1992) —
356 ¢

24. Kosko, Bart: Fuzzy Thinking: The New Science of Fuzzy Logic:



33
Hyperion; Reprint edition (December 1, 1994) — 336 c.

25. Bonissone, Piero P., Subbu, Rajendra, Lizzi, Roberto: A Framework
for Decision Making with Incomplete, Uncertain, and Linguistic Information:
Springer; 1st edition (January 1, 2010) — 297 c.

26. TIlerpenxo, IL.I1.: Cucremu miATPUMKH TPUHHATTS PIllIEHb HA OCHOBI
HeviTKo1 Jioriku: Bumgasuuurso JAHY; Jduinpo, 2013 — 280 c.

27. Onmnexcienko, A.Il.: 3acTtocyBaHHS HEUITKOI JIOTIKM y BUPINICHH]
exkoHoMmiuHMX 3ada4d: Bumauunro XHY imeni B.H. Kapasina; Xapkis, 2016 —
280 c.

28. Jlazapenko, [.B.: HeuiTki Mozpemi B CUCTEMax KEpyBaHHA:
Bunasaunreo YHY imeni FOpis denprouya; Yepnisii, 2018 — 300 c.

29. Omiinuk, B.B.: [IpuHiunu Ta MeTOAM HEUITKOT JIOT1KU: BHUIaBHUIITBO
"Buma mkona"; Kuis, 2010 — 280 c.

30. [dparomup, O.B.: HeuiTke MomemtoBaHHs B €KOHOMIIl: BugaBHUIITBO

KHEY; Kuis, 2015 — 260 c.



JIONATOK

VariableType.class
public class VariableType extends ModelBase ({

private final UUID id;
private final String name;
private Double minValue;
private Double maxValue;
private String termTypeName;

private Set<VariableValue> variables = new HashSet<>();

public VariableType (final String name, final Double minValue,

maxValue, final String term) {
this.id = UUID.randomUUID() ;
this.name = name;
this.minValue = minValue;
this.maxValue = maxValue;
this.termTypeName = term;

public VariableType (final UUID id, final String name,
minValue, final Double maxValue, final String term)

this.id = id;

this.name = name;
this.minValue = minValue;
this.maxValue = maxValue;
this.termTypeName = term;

public UUID getId() {
return this.id;

}

public String getName () {
return this.name;

}

public Double getMinValue () {
return this.minValue;

}

public void setMinValue (final Double minValue)

this.minValue = minValue;

}

public Double getMaxValue () {
return this.maxValue;

}

public void setMaxValue (final Double maxValue)

this.maxValue = maxValue;

}

public String getTermTypeName () {
return this.termTypeName;

}

public void setTermTypeName (final String termTypeName)

this.termTypeName = termTypeName;
}

public Set<VariableValue> getVariables () {
return this.variables;

{

{

{

final Double

{
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final Double



}

public void setVariables (final Set<VariableValue> variables) ({
this.variables

}

= variables;

public void addVariables (final Set<VariableValue> variables) ({
this.variables.addAll (variables);

}

public void removeVariables (final Set<VariableValue> variables) {
this.variables.removeAll (variables);

}

@Override
public boolean equals(final Object o) {
if (this == 0) return true;
if (! (o instanceof final VariableType that)) return false;
return Objects.equals(getId(), that.getId())
&& Objects.equals (getName (), that.getName ())
&& Objects.equals (getMinValue (), that.getMinValue())
&& Objects.equals (getMaxValue (), that.getMaxValue())
&& Objects.equals (getTermTypeName (), that.getTermTypeName ())
&& Objects.equals (getVariables (), that.getVariables()):;
}
@Override

public int hashCode () {
return Objects.hash(getId(), getName (), getMinValue(), getMaxValue(),

getTermTypeName () ,

}

QOverrid

e

getVariables());

public String toString() {
return "VariableType{" +
"id=" + this.id +

}

"
14

name="'"

+ this.name + '"\'' +

minValue=" + this.minValue +
maxValue=" + this.maxValue +

term=""

+ this.termTypeName +

variables=" + this.variables +

’

VariableValue.class
public class VariableValue extends ModelBase {

private
private
private
private
private
private

final UUID id;

final String name;

final VariableType type;
final TermDefinition term;
Double minValue;

Double maxValue;

public VariableValue (final String name, final TermDefinition term, final

VariableType
this
this
this
this
this
this

type, final Double minValue, final Double maxValue) {
.id = UUID.randomUUID() ;

.name = name;

.term = term;

.type = type;

.minValue = minValue;

.maxValue = maxValue;
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public VariableValue (final UUID id, final String name,

term, final VariableType type,

final Double minValue,

36

final TermDefinition
final Double maxValue) {

this.id = id;

this.name = name;
this.term = term;
this.type = type;
this.minValue = minValue;
this.maxValue = maxValue;

}

public UUID getId() {
return this.id;

}

public String getName () {
return this.name;

}

public VariableType getType () {
return this.type;
}

public Double getMinValue () {
return this.minValue;

}

public Double getMaxValue () {
return this.maxValue;

}

public TermDefinition getTerm() {
return this.term;

}

public void setMinValue (final Double minValue) {

this.minValue = minValue;

}

public void setMaxValue (final Double maxValue) {

this.maxValue = maxValue;

}

@Override

public boolean equals(final Object o)

if
if
return Objects.equals (getId(),

&& Objects.equals (getName ()

(this == o0) return true;

(! (o instanceof final VariableValue variable))

{

return false;

variable.getId())

4
4

variable.getName () )

( (
&& Objects.equals (getTerm (), variable.getTerm())
&& Objects.equals (getType () .getName (),

variable.getType () .getName ())

&& Objects.equals (getMinValue (),
&& Objects.equals (getMaxValue (),

variable.getMinValue ())
variable.getMaxValue()) ;

}

@verride
public int hashCode () {

return Objects.hash (getId(),

getMinvValue (),
}

getMaxValue());

@Override
public String toString() {

getName (),

getTerm(),

getType () .getName (),



return "VariableDiapason{" +

"id=" + this.id +

", name='" + this.name + '\'' +

", term=" + this.term.toString() +
", type=" + this.type.getName () +
", minValue=" + this.minValue +

", maxValue=" + this.maxValue +

'}';
}

TermDefinition.class

public class TermDefinition extends ModelBase {

final UUID id;

final String name;

final String type;

final List<Double> params =

private
private
private
private

public TermDefinition (final UUID id, final String type,

this.id = id;
this.type = type;
this.name = name;

}

@Override
public UUID getId() {
return this.id;

}

public String getName () {
return this.name;

}

public String getType () {
return this.type;
}

public List<Double> getParams () {
return this.params;

}

public void addParam(final Integer index,

this.params.add (index, param);

}

@Override

new ArrayList<>();

public boolean equals(final Object o) {

if

if

return Objects.equals(getId(),
&& Objects.equals (getName ()
&& Objects.equals (getType ()
&& Objects.equals (getParams

(this == o) return true;

}

@Override
public int hashCode () {

return Objects.hash (getId(),
}

@Override
public String toString() {

(! (0 instanceof final TermDefinition that))
that.getId())

O

getName (),

that.getName ())
that.getType ())

getType (),

final String name)

final Double param) {

return false;

that.getParams());

getParams () ) ;
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return "TermDefinition{" +
"id=" + this.id +
", name='" + this.name + '\'' +
", type='" + this.type + '"\'' +
", params=" + this.params +

'}".

RuleSet.class
public class RuleSet extends ModelBase {

private final UUID id;

private String name;

private String conjunction;

private String disjunction;

private String implication;

private String activation;

private Set<RuleDefinition> rules = new HashSet<>();

public RuleSet (final String name, final String conjunction, final String
disjunction, final String implication, final String activation) {
this.id = UUID.randomUUID() ;
this.name = name;
this.conjunction = conjunction;
this.disjunction = disjunction;
this.implication = implication;
this.activation activation;

}
public RuleSet (final UUID id, final String name, final String conjunction,
final String disjunction, final String implication, final String activation) ({
this.id = id;
this.name = name;
this.conjunction = conjunction;
this.disjunction = disjunction;
this.implication = implication;
this.activation = activation;

public UUID getId() {
return this.id;

}

public String getName () {
return this.name;

}

public String getConjunction () {
return this.conjunction;

}

public String getDisjunction () {
return this.disjunction;

}

public String getImplication() {
return this.implication;

}

public String getActivation() {
return this.activation;

}
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public Set<RuleDefinition> getRules() {
return this.rules;

}

public void setName (final String name) {
this.name = name;

}

public void setConjunction(final String conjunction) {
this.conjunction = conjunction;

}

public void setDisjunction(final String disjunction) {
this.disjunction = disjunction;

}

public void setImplication(final String implication) {
this.implication = implication;

}

public void setActivation (final String activation) {
this.activation = activation;

}

public void setRules (final Set<RuleDefinition> rules) {
this.rules = rules;

}

public void addRules (final List<RuleDefinition> rules) {
this.rules.addAll (rules) ;
}

public void removeRules (final List<RuleDefinition> rules) {
rules.forEach(this.rules: :remove) ;

}

@Override
public boolean equals(final Object o) {
if (this == o) return true;
if (! (o instanceof final RuleSet ruleSet)) return false;

return Objects.equals(getId(), ruleSet.getId())
&& Objects.equals (getName (), ruleSet.getName())
&& Objects.equals(getConjunction (), ruleSet.getConjunction())
&& Objects.equals(getDisjunction (), ruleSet.getDisjunction())
&& Objects.equals (getImplication(), ruleSet.getImplication())
&& Objects.equals(getActivation (), ruleSet.getActivation())
&& Objects.equals(getRules (), ruleSet.getRules());

—~ e~ o~~~ o~

}

@Override
public int hashCode () {
return Objects.hash(getId(), getName (), getConjunction(),

getDisjunction (), getImplication(), getActivation(), getRules());

}

@Override
public String toString() {
return "RuleSet{" +

"id=" + this.id +
", name=" + this.name +
", conjunction=" + this.conjunction +
", disjunction=" + this.disjunction +
", implication=" + this.implication +
", activation=" + this.activation +



", rules=" + this.rules +

'}';
}

RuleDefinition.class
public record RuleDefinition (
UUID id,
String rule,
List<UUID> inputVariableIds,
UUID outputVariableId) implements Serializable {

public RuleDefinition(final String rule, final List<UUID> inputIds, final

UUID outputlId) {
this (UUID.randomUUID(), rule, inputlIds, outputld);
}
}

FileStorage.class
public abstract class FileStorage<T extends ModelBase> {

static final File STORAGE = new File ("storage");
protected final File subStorage;
private final T emptyInstance;

public static void preInit() {
STORAGE .mkdir () ;
}

public List<T> readAll() throws IOException, ClassNotFoundException {
if (subStorage.exists () && subStorage.isDirectory()) {
if (!this.subStorage.exists()) {
this.subStorage.mkdir () ;
}
ArrayList<T> entities = new ArrayList<>();
for (File record : subStorage.listFiles()) {
FileInputStream fis = new FileInputStream(record);
ObjectInputStream oin = new ObjectInputStream(fis);
T entity = (T) oin.readObject();
entities.add(entity);
fis.close();
oin.close();
}
return entities;
} return new ArrayList<T>();

public T read(T record) throws IOException, ClassNotFoundException {
if (subStorage.exists () && subStorage.isDirectory()) {
if (!this.subStorage.exists()) {
this.subStorage.mkdir () ;

}

FileInputStream fis = new FileInputStream(getFileName (record));

ObjectInputStream oin = new ObjectInputStream(fis);
T entity = (T) oin.readObject();

fis.close();

oin.close();

return entity;

}

return this.emptyInstance;

public void write(T record) throws IOException {
FileOutputStream fos = new FileOutputStream(getFileName (record))

ObjectOutputStream oos = new ObjectOutputStream(fos);
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oos.writeObject (record) ;
oos.flush{();
oos.close();

}

public void delete(T record) {
new File(getFileName (record)) ;

File recordToDelete =
if (recordToDelete.exists()) {
recordToDelete.delete();

}
}

public String getFileName (T record) {

return
STORAGE .getName () +"//"+this.subStorage.getName () +"//"+record.getId () .toString()

+".record";

}

protected FileStorage (final T emptylInstance,
this.emptyInstance = emptyInstance;
new File (STORAGE.getName () .concat ("//") .concat (dir));

this.subStorage =

final String dir) {

}

AbstractStorage.class
public abstract class AbstractStorage<T extends ModelBase> extends

FileStorage<T> ({

protected final HashMap<UUID, T> buffer;

public void init () throws IOException, ClassNotFoundException {

this.subStorage.mkdir () ;
super.readAll () .forEach(t -> this.buffer.put(t.getId(), t));

}

protected AbstractStorage (final T emptyInstance,

super (emptyInstance, dir);

this.buffer = new HashMap<>();

final String dir) {

}

@Override
public List<T> readAll() {

return
Collections.unmodifiablelist (this.buffer.values().stream().toList())

}

public boolean existsById(final UUID uuid)
return this.buffer.containsKey (uuid) ;

{

}

public T readById(final UUID uuid) {

return this.buffer.get (uuid);

}

@Override
public T read(final T record) {
return this.buffer.get (record.getId());

}

@Override
public void write(final T record) throws IOException {
this.buffer.put (record.getId(), record);

super.write (record);
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@Override

public void delete(final T record) {
this.buffer.remove (record.getId());
super.delete (record) ;

RuleSetStorage.class
public class RuleSetStorage extends AbstractStorage<RuleSet> {

public RuleSetStorage (final RuleSet emptyInstance, final String dir) {
super (emptyInstance, dir);

}

VariableTypeStorage.class
public class VariableTypeStorage extends AbstractStorage<VariableType> {

public VariableTypeStorage (final VariableType emptyInstance, final String
dir) {
super (emptyInstance, dir);

Analyser.class
public class Analyser {

private final Engine fuzzyLogicEngine;

private final List<VariableType> inputVars = new ArrayList<>();
private final List<VariableType> outputVars = new ArrayList<>();

private final Set<InputVariable> initedInputVars = new HashSet<>();
private final Set<OutputVariable> initedOutputVars = new HashSet<>();

private final List<Set<UUID>> variableldsBylevellList = new ArrayList<>();

private int totalVariables = 0;
private int totallevels = 0;

public Analyser () throws InvocationTargetException, NoSuchMethodException,
InstantiationException, IllegalAccessException {
this.fuzzylLogicEngine = new Engine();
this.fuzzylLogicEngine.setName ("mainLogicEngine") ;
this.setUp();
this.preInitVariables();
this.postInitVariables();
this.initRules();
}

public Set<String> getInputVarNames () {
return this.initedInputVars.stream()
.map (Variable: :getName)
.collect (Collectors.toSet());

}
public Engine getFuzzyLogicEngine () {
return this.fuzzylLogicEngine;

}

private void setUp() {



43

final List<RuleSet> ruleSets =
App.getContext () .getRuleSetStorage () .readAll () ;

final List<VariableType> variables =
App.getContext () .getVariableStorage () .readAll () ;

final List<RuleDefinition> allRules = new ArrayList<>();
ruleSets.forEach(rs -> allRules.addAll (rs.getRules()));

final Set<UUID> inputs = new HashSet<>();
allRules.stream()
.map (RuleDefinition::inputVariableIds)
.forEach (inputs::addAll) ;
final Set<UUID> outputs = allRules.stream()
.map (RuleDefinition: :outputVariableId)
.collect (Collectors.toSet());
final Set<UUID> varsIntersection = inputs.stream()
.filter (outputs::contains)
.collect (Collectors.toSet());

outputs.removeAll (varsIntersection) ;
inputs.removeAll (varsIntersection);

this.inputVars.addAll (variables.stream()
.filter (v -> inputs.contains(v.getId()))
.toList ());
this.outputVars.addAll (variables.stream()
.filter (v -> outputs.contains(v.getId()))
.toList ());
}

private void prelInitVariables () {
final List<VariableType> variables =
App.getContext () .getVariableStorage () .readAll () ;
for (VariableType variable : variables) ({
if (this.inputVars.contains(variable)) {
final InputVariable initedInVar = new
InputVariable (variable.getName (), variable.getMinValue(),
variable.getMaxValue()) ;
variable.getVariables () .forEach (invarValue -> {
final Optional<? extends Class<? extends Term>> termType =
App.TERMS.stream()
.filter(t —>
variable.getTermTypeName () .equals (t.getKey()))
.map (Pair::getValue)
.findFirst () ;
if (termType.isPresent()) {
final Term term =
TermFactory.createTerm (inVarValue.getName (), termType.get(),
inVarValue.getMinValue (), inVarValue.getMaxValue())
initedInVar.addTerm(term) ;
}
1) ;
this.fuzzyLogicEngine.addInputVariable (initedInVar) ;
this.initedInputVars.add (initedInVar);
} else if (this.outputVars.contains (variable)) {
final OutputVariable initedOutVar = new
OutputVariable (variable.getName (), variable.getMinValue(),
variable.getMaxValue()) ;

initedOutVar.setDefuzzifier (new Centroid());
initedOutVar.setAggregation (new Maximum()) ;
variable.getVariables () .forEach (outvVarvalue -> {
final Optional<? extends Class<? extends Term>> termType =
App.TERMS.stream()



.filter(t -—>
variable.getTermTypeName () .equals (t.getKey()))
.map (Pair::getValue)
.findFirst () ;
if (termType.isPresent()) {
final Term term =
TermFactory.createTerm(outVarValue.getName (), termType.get (),
outVarValue.getMinValue (), outVarValue.getMaxValue()):;
initedOutVar.addTerm (term) ;
}

1) ;
this.fuzzyLogicEngine.addOutputVariable (initedOutVar) ;
this.initedOutputVars.add (initedOutVar) ;
} else {
final OutputVariable initedOutVar = new
OutputVariable (variable.getName (), variable.getMinValue(),
variable.getMaxValue()) ;
final InputVariable initedInVar = new
InputVariable (variable.getName (), variable.getMinValue (),
variable.getMaxValue()) ;
variable.getVariables () .forEach (varvValue -> {
final Optional<? extends Class<? extends Term>> termType
App.TERMS.stream()
.filter(t ->
variable.getTermTypeName () .equals (t.getKey()))
.map (Pair::getValue)
.findFirst () ;
if (termType.isPresent()) {
final Term term =
TermFactory.createTerm (varValue.getName (), termType.get (),
varValue.getMinValue (), varValue.getMaxValue());
initedOutVar.addTerm (term) ;
initedInVar.addTerm (term) ;

1)
this.fuzzyLogicEngine.addOutputVariable (initedOutVvar) ;

this.initedOutputVars.add (initedOutVar) ;
this.fuzzyLogicEngine.addInputVariable (initedInVar) ;
this.initedInputVars.add (initedInVar);

}
this.totalVariables++;

}

private void postInitVariables () {
final Set<RuleDefinition> allRules = new HashSet<>();
App.getContext () .getRuleSetStorage () .readAll () .stream()
.map (RuleSet: :getRules)
.forEach (allRules: :addAll) ;
final VariableType resultVar = this.outputVars.get (0);

this.variableIdsByLevellist.add (0, Set.of (resultVar.getId())):
int variablesSorted = 1;

int currentlLevel = 1;

while (variablesSorted != this.totalVariables) {

final Set<VariableType> currentlevelVars = new HashSet<>();
final int fcl = currentlLevel -1;
allRules.stream/()
.filter(r ->
this.variableIdsByLevellList.get (fcl) .contains (r.outputVariableId()))
.map (RuleDefinition: :inputVariablelds)
.forEach (ivs -> ivs
.forEach (iv ->
currentLevelVars.add (App.getContext () .getVariableStorage () .readById (iv))))
variablesSorted += currentlevelVars.size();
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currentLevel++;

}

this.totallevels = currentlLevel;

}

private void initRules () throws NoSuchMethodException,
InvocationTargetException, InstantiationException, IllegalAccessException {
final List<RuleSet> ruleSets =
App.getContext () .getRuleSetStorage () .readAll () ;
for (RuleSet ruleSet : ruleSets) {
final RuleBlock ruleBlock = new RuleBlock (ruleSet.getName ()) ;
final List<Rule> rulelist = ruleSet.getRules () .stream()

.map (rd -> Rule.parse(rd.rule(), this.fuzzyLogicEngine))
.toList ()

ruleBlock.setRules (rulelList) ;
final Optional<? extends Class<? extends TNorm>> conjunction =
App.T NORMS.stream()

if

.filter(cjn -> cjn.getKey () .equals (ruleSet.getConjunction()))
.map (Pair::getValue)

.findFirst () ;

(conjunction.isPresent()) {

ruleBlock.setConjunction (conjunction.get () .getConstructor () .newlInstance());

}

final Optional<? extends Class<? extends SNorm>> disjunction =
App.S NORMS.stream/()

if

.filter(djn -> djn.getKey() .equals (ruleSet.getDisjunction()))
.map (Pair::getValue)

.findFirst () ;

(disjunction.isPresent()) {

ruleBlock.setDisjunction (disjunction.get () .getConstructor () .newInstance());

}

final Optional<? extends Class<? extends TNorm>> implication =

App.T NORMS.stream/()

if

.filter(djn -> djn.getKey() .equals (ruleSet.getImplication()))
.map (Pair::getValue)

.findFirst () ;

(implication.isPresent ()) {

ruleBlock.setImplication(implication.get () .getConstructor () .newInstance()):;

}

final Optional<? extends Class<? extends Activation>> activation
App.TRIGGERS.stream()

if

.filter(act -> act.getKey() .equals(ruleSet.getActivation()))
.map (Pair::getValue)

.findFirst () ;

(activation.isPresent ()) {

ruleBlock.setActivation(activation.get () .getConstructor () .newInstance());

}

this.fuzzyLogicEngine.addRuleBlock (ruleBlock) ;

}

public Double analyse(final Map<String, Double> inputs) {
inputs.keySet ()
.forEach (input -> this.fuzzyLogicEngine

.getInputVariable (input)
.setValue (inputs.get (input))) ;

this.fuzzyLogicEngine.process() ;
if (this.totallevels > 2) {

for

(int level = this.totallLevels - 1; level > 0; level--) {
final Set<UUID> varlds =
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this.variableIdsByLevellist.get (level);
final int fl1 = level;
final Set<VariableType> levelVars = varlds.stream()
filter(vi -—>
this.variableIdsByLevellList.get (fl) .contains(vi))
.map (vi ->
App.getContext () .getVariableStorage () .readById(vi))
.collect (Collectors.toSet());
levelVars.forEach (v -> {
final double outputValue =
this.fuzzylLogicEngine.getOutputValue (v.getName ()) ;
this.fuzzyLogicEngine.setInputValue (v.getName (),
outputValue) ;
}):

this.fuzzyLogicEngine.process() ;

}
final double result =

this.fuzzyLogicEngine.getOutputValue (this.outputVars.get (0) .getName ()) ;
return result;

}

Context.class
public class Context {

private final VariableTypeStorage variableStorage;
private final RuleSetStorage ruleSetStorage;

public Context (
final RuleSetStorage ruleSetStorage,
final VariableTypeStorage variableStorage) {
this.ruleSetStorage = ruleSetStorage;
this.variableStorage = variableStorage;

public VariableTypeStorage getVariableStorage () {
return this.variableStorage;

}

public RuleSetStorage getRuleSetStorage() {
return this.ruleSetStorage;
}

}
App.class

public class App extends Application {

public static final VariableType EMPTY VAR TYPE = new VariableType (null,
null, null, null);

public static final VariableValue EMPTY VAR DIAPASON = new
VariableValue (null, null, null, null, null);

public static final RuleSet EMPTY RULE SET = new RuleSet (null, null, null,
null, null);

public static final RuleDefinition EMPTY RULE = new RuleDefinition(null,
null, null);

public static final List<Pair<String, Class<? extends Term>>> TERMS =
List.of(
new Pair<>("Triangle", Triangle.class),
new Pair<>("Bell", Bell.class),
new Pair<>("Gaussian", Gaussian.class));
public static final List<Pair<String, Class<? extends TNorm>>> T NORMS =
List.of(
new Pair<>("Algebraic product", AlgebraicProduct.class),
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new Pair<>("Minimum", Minimum.class),
new Pair<> ("Bounded difference", BoundedDifference.class));
public static final List<Pair<String, Class<? extends SNorm>>> S NORMS =
List.of(
new Pair<>("Algebraic sum", AlgebraicSum.class),
new Pair<> ("Maximum", Maximum.class),
new Pair<> ("Bounded sum", BoundedSum.class));
public static final List<Pair<String, Class<? extends Activation>>>
TRIGGERS = List.of(
new Pair<>("Lowest", Lowest.class),
new Pair<>("Highest", Highest.class),
new Pair<>("First", First.class),
new Pair<>("Last", Last.class),
new Pair<>("General", General.class));

private static Context context;

@Override

public void start (Stage stage) throws IOException, ClassNotFoundException ({
initContext () ;
FileStorage.preInit();
FXMLLoader fxmlLoader = new

FXMLLoader (App.class.getResource ("main-view.fxml")) ;

Scene scene = new Scene (fxmlLoader.load(), 650, 450);
stage.setTitle ("test");
stage.setScene (scene) ;
stage.show () ;

}

private static void initContext () throws IOException,
ClassNotFoundException {
context = new Context (
new RuleSetStorage (EMPTY RULE SET, "rules"),
new VariableTypeStorage (EMPTY VAR TYPE, "variables"));
context.getVariableStorage () .init () ;
context.getRuleSetStorage () .init () ;
}

public static Context getContext () {
return context;

}

public static void main (String[] args) {
launch () ;

}

MainMenuController.class
public class MainMenuController implements Initializable {

private Analyser analyser = null;
private VariableView selectedVariable = null;

@FXML

private ListView<VariableView> inputVarsList;
QFXML

private TextField inputValField;

@FXML

private TextArea resultLog;

public void editVariableType () throws IOException {
FXMLLoader fxmlLoader = new
FXMLLoader (App.class.getResource ("variables-view. fxml")) ;
Scene scene = new Scene (fxmlLoader.load(), 400, 310);
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Stage stage = new Stage():;
stage.setTitle ("Variable type manager");
stage.setScene (scene) ;
stage.setMaxHeight (330) ;
stage.setMaxWidth (420) ;

stage.show () ;

}

public void editRules () throws IOException ({

FXMLLoader fxmlLoader = new

FXMLLoader (App.class.getResource ("ruleset-view. fxml")) ;
Scene scene = new Scene (fxmlLoader.load(), ©20, 420);
Stage stage = new Stage();
stage.setTitle ("Rule sets manager");
stage.setScene (scene) ;
stage.setMaxHeight (420) ;
stage.setMaxWidth (620) ;
stage.show () ;

}

public void reloadAnalyser () throws InvocationTargetException,
NoSuchMethodException, InstantiationException, IllegalAccessException {
this.analyser = new Analyser();

this.inputVarsList.getItems ().setAll (this.analyser.getInputVarNames () .stream()
.map (vn -> new VariableView (vn) .setValue (0.0D))
.toList ());
}

public void selectVariable () {
this.selectedvVariable =
this.inputVarsList.getSelectionModel () .getSelectedItem() ;

}

public void submitChanges () {
if (this.selectedVariable != null) {
final double value =
Double.parseDouble (this.inputValField.getText ());
this.selectedVariable.setValue (value);
this.selectedVariable = null;

}

public void cancelChanges () {
if (this.selectedVariable != null) {
this.inputValField.clear () ;
this.selectedVariable = null;

}

public void analyse () {
final Map<String, Double> inputMap = new HashMap<>();
this.inputVarsList.getItems () .forEach(vw -> inputMap.put (vw.getName (),
vw.getValue()));
final Double result = this.analyser.analyse (inputMap) ;
this.resultLog.setText (result.toString());
}

@Override
public void initialize(final URL url, final ResourceBundle resourceBundle)
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public static class VariableView {

private final String name;
private Double value;

public VariableView(final String name) {
this.name = name;

}

public VariableView setValue (final Double wvalue) {
this.value = value;

return

this;

public String getName () {

}

return

this.name;

public Double getValue () {

}

return

@Override
public String toString() {

}

return

this.value;

"VAR " + this.name + ": " + this.value.toString();

RuleSetViewController.class
public class RuleSetViewController implements Initializable {

private RuleSet selectedRuleset = EMPTY RULE SET;

QFXML
private
@FXML
private
@FXML
private
QFXML
private
@FXML
private
QFXML
private
@FXML
private
@FXML
private
QFXML
private
@FXML
private
QFXML
private
@FXML
private
@FXML
private
Q@FXML
private

ListView<RuleSet> existingSetsList;

ListView<RuleDefinition> rulesList;

TextField idField;

TextField setNameField;

ComboBox<String> conjunctionBox;

ComboBox<String> disjunctionBox;

ComboBox<String> implicationBox;

ComboBox<String> activationBox;

Button

Button

Button

Button

Button

Button

addSetButton;

editSetButton;

deleteSetButton;

editRulesButton;

submitButton;

cancelButton;
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@Override
public void initialize(final URL url, final ResourceBundle resourceBundle)

this.loadRuleSets () ;
this.resetFields () ;
this.idField.setVisible (false);

this.conjunctionBox.setItems (FXCollections.observableList (T NORMS.stream/()
.map (Pair: :getKey)
.toList())):

this.disjunctionBox.setItems (FXCollections.observablelList (S _NORMS.stream()
.map (Pair: :getKey)
.toList ()));

this.implicationBox.setItems (FXCollections.observableList (T NORMS.stream/()
.map (Pair: :getKey)
.toList ()));

this.activationBox.setItems (FXCollections.observableList (TRIGGERS.stream/()
.map (Pair: :getKey)
.toList ()));
}

public void addRuleSet () {
this.selectedRuleset = null;
this.existingSetsList.setDisable (true);
this.addSetButton.setDisable (true) ;
this.setNameField.setDisable (false);
this.conjunctionBox.setDisable (false);
this.disjunctionBox.setDisable (false);
this.implicationBox.setDisable (false)
this.activationBox.setDisable (false);
this.submitButton.setDisable (false);
this.cancelButton.setDisable (false);
this.idField.clear();
this.setNameField.clear () ;
this.conjunctionBox.getSelectionModel () .clearSelection();
this.disjunctionBox.getSelectionModel () .clearSelection();
this.implicationBox.getSelectionModel () .clearSelection ()
this.activationBox.getSelectionModel () .clearSelection();

’

’

}

public void editRuleSet () {
if (this.selectedRuleset != null) {

this.existingSetsList.setDisable (true);
this.addSetButton.setDisable (true) ;
this.setNameField.setDisable (false) ;
this.conjunctionBox.setDisable (false);
this.disjunctionBox.setDisable (false);
this.implicationBox.setDisable (false)
this.activationBox.setDisable (false);
this.submitButton.setDisable (false) ;
this.cancelButton.setDisable (false);
this.idField.setText (this.selectedRuleset.getId () .toString());
this.setNameField.setText (this.selectedRuleset.getName () ) ;

’

this.conjunctionBox.getSelectionModel () .select (this.selectedRuleset.getConjunct
ion());
this.disjunctionBox.getSelectionModel () .select (this.selectedRuleset.getDisjunct

ion());
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this.implicationBox.getSelectionModel () .select (this.selectedRuleset.getImplicat
ion());

this.activationBox.getSelectionModel () .select (this.selectedRuleset.getActivatio
n());
}
}

public void deleteRuleSet () {
if (this.selectedRuleset != null) {
App.getContext () .getRuleSetStorage () .delete (this.selectedRuleset) ;
this.selectedRuleset = null;
this.resetFields () ;
this.loadRuleSets () ;

}

public void selectExistingRuleset () {
this.selectedRuleset =
this.existingSetsList.getSelectionModel () .getSelectedItem() ;
this.idField.setText (this.selectedRuleset.getId () .toString());
this.setNameField.setText (this.selectedRuleset.getName()) ;

this.conjunctionBox.getSelectionModel () .select (this.selectedRuleset.getConjunct
ion());
this.disjunctionBox.getSelectionModel () .select (this.selectedRuleset.getDisjunct
ion());

this.implicationBox.getSelectionModel () .select (this.selectedRuleset.getImplicat
ion());

this.activationBox.getSelectionModel () .select (this.selectedRuleset.getActivatio

n());

this.addSetButton.setDisable (true);

this.editSetButton.setDisable (false);

this.deleteSetButton.setDisable (false);

this.editRulesButton.setDisable (false) ;
}

public void editRules () throws IOException {

if (this.selectedRuleset != null) {
RuleViewController.ruleSet = this.selectedRuleset;
FXMLLoader fxmlLoader = new

FXMLLoader (App.class.getResource ("rule-view.fxml")) ;

Scene scene = new Scene (fxmlLoader.load(), 700, 450);
Stage stage = new Stage();
stage.setTitle ("Rule manager");
stage.setScene (scene) ;
stage.setMaxHeight (450) ;
stage.setMaxWidth (700) ;
stage.show () ;

}

public void submitChanges () throws IOException {
if (this.idField.getText () .isBlank()) {
final RuleSet newRuleSet = new RuleSet (

this.setNameField.getText (),
this.conjunctionBox.getSelectionModel () .getSelectedItem()
this.disjunctionBox.getSelectionModel () .getSelectedItem(),
this.implicationBox.getSelectionModel () .getSelectedItem(),
this.activationBox.getSelectionModel () .getSelectedItem())

4

’



App.getContext () .getRuleSetStorage () .write (newRuleSet) ;

} else {
final RuleSet editedRuleSet = new RuleSet (
UUID. fromString (this.idField.getText ()),
this.setNameField.getText (),

this.conjunctionBox.getSelectionModel () .getSelectedItem (
this.disjunctionBox.getSelectionModel () .getSelectedItem(
this.implicationBox.getSelectionModel () .getSelectedItem (
this.activationBox.getSelectionModel () .getSelectedItem ()
App.getContext () .getRuleSetStorage () .write (editedRuleSet) ;

}

this.selectedRuleset = null;
this.resetFields ()
this.loadRuleSets () ;

public void cancelChanges () {
this.selectedRuleset = null;
this.resetFields () ;
this.loadRuleSets () ;

private void resetFields () {
this.selectedRuleset = null;
this.existingSetsList.setDisable (false);
this.addSetButton.setDisable (false);
this.editRulesButton.setDisable (true) ;
this.deleteSetButton.setDisable (true) ;
this.setNameField.setDisable (true);
this.conjunctionBox.setDisable (true);
this.disjunctionBox.setDisable (true);
this.implicationBox.setDisable (true);
this.activationBox.setDisable (true);
this.submitButton.setDisable (true);
this.cancelButton.setDisable (true) ;
this.idField.clear():;
this.setNameField.clear () ;
this.conjunctionBox.getSelectionModel () .clearSelection();
this.disjunctionBox.getSelectionModel () .clearSelection();
this.implicationBox.getSelectionModel () .clearSelection();
this.activationBox.getSelectionModel () .clearSelection();

private void loadRuleSets () {
final List<RuleSet> ruleSets =
App.getContext () .getRuleSetStorage () .readAll () ;
this.existingSetsList.getItems () .clear();
this.existingSetsList.getItems () .setAll (ruleSets);

RuleViewController.class
public class RuleViewController implements Initializable {

private RuleDefinition selectedRule = EMPTY RULE;
private VariableType selectedVariable = EMPTY VAR TYPE;
private RuleBuilder ruleBuilder = null;

private RuleDefinition rule = null;

static RuleSet ruleSet = null;

QFXML

private TextField idField;
@FXML

private TextArea editor;

)
)
)
)

4

4

4

’
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QFXML

private ListView<VariableType> variablelist;
QFXML

private ListView<VariableValue> valuesList;
QFXML

private ListView<RuleDefinition> existingRulesList;
QFXML

private Button addRuleButton;

Q@FXML

private Button editRuleButton;

QFXML

private Button deleteRuleButton;

Q@FXML

private Button ifOperatorButton;

QFXML

private Button thenOperatorButton;

QFXML

private Button andOperatorButton;

Q@FXML

private Button orOperatorButton;

QFXML

private Button notOperatorButton;

QFXML

private Button submitButton;

QFXML

private Button cancelButton;

@Override
public void initialize(final URL url, final ResourceBundle resourceBundle)

this.ruleBuilder = null;
this.resetFields ()
this.loadRules();

public void addRule () {
this.ruleBuilder = new RuleBuilder();
this.existingRulesList.setDisable (true);
this.variablelList.setDisable (true);
this.valueslList.setDisable (true);
this.addRuleButton.setDisable (true);
this.editRuleButton.setDisable (true);
this.deleteRuleButton.setDisable (true);
this.ifOperatorButton.setDisable (false);
this.thenOperatorButton.setDisable (true);
this.andOperatorButton.setDisable (true);
this.orOperatorButton.setDisable (true);
this.notOperatorButton.setDisable (true);
this.submitButton.setDisable (true);
this.cancelButton.setDisable (false);

public void editRule() {}

public void deleteRule() {
if (this.selectedRule != null) {

ruleSet.removeRules (List.of (this.selectedRule));
this.selectedRule = null;
this.existingRulesList.setDisable (false);
this.variablelist.setDisable (true);
this.valuesList.setDisable (true);
this.addRuleButton.setDisable (true);
this.editRuleButton.setDisable (false);
this.deleteRuleButton.setDisable (false);



}

this.ifOperatorButton.setDisable (true);
this.thenOperatorButton.setDisable (true);
this.andOperatorButton.setDisable (true);
this.orOperatorButton.setDisable (true);
this.notOperatorButton.setDisable (true);
this.submitButton.setDisable (true);
this.cancelButton.setDisable (true);

public void addIfOperator () {

this.
this.
this.
this.
this.
this.
this.
this.

ruleBuilder.initStatement () ;
variablelList.setDisable (false);
valuesList.setDisable (true);
ifOperatorButton.setDisable (true) ;
thenOperatorButton.setDisable (true) ;
andOperatorButton.setDisable (true) ;
orOperatorButton.setDisable (true) ;
notOperatorButton.setDisable (false);

public void addThenOperator () {

this.
this.
this.
this.
this.
this.
this.
this.

ruleBuilder.finalizeCondition () ;
variablelist.setDisable (false);
valuesList.setDisable (true) ;
ifOperatorButton.setDisable (true) ;
thenOperatorButton.setDisable (true) ;
andOperatorButton.setDisable (true) ;
orOperatorButton.setDisable (true) ;
notOperatorButton.setDisable (true) ;

public void addAndOperator () {

this.
this.
this.
this.
this.
this.
this.
this.

ruleBuilder.and (new AndOperator());
variablelist.setDisable (false) ;
valuesList.setDisable (true) ;
ifOperatorButton.setDisable (true) ;
thenOperatorButton.setDisable (true) ;
andOperatorButton.setDisable (true) ;
orOperatorButton.setDisable (true) ;
notOperatorButton.setDisable (true);

public void addOrOperator () {

this.
this.
this.
this.
this.
this.
this.
this.

ruleBuilder.or (new OrOperator());
variablelList.setDisable (false);
valuesList.setDisable (true);
ifOperatorButton.setDisable (true) ;
thenOperatorButton.setDisable (true);
andOperatorButton.setDisable (true) ;
orOperatorButton.setDisable (true) ;
notOperatorButton.setDisable (true) ;}

public void addNotOperator () {

this.
this.
this.
this.
this.
this.
this.
this.

ruleBuilder.not () ;
variablelList.setDisable (true);
valuesList.setDisable (false);
ifOperatorButton.setDisable (true) ;
thenOperatorButton.setDisable (true) ;
andOperatorButton.setDisable (true) ;
orOperatorButton.setDisable (true) ;
notOperatorButton.setDisable (true) ;

54



55

public void submitChanges () throws IOException {

if (ruleSet != null) {
ruleSet.addRules (List.of (this.rule));
App.getContext () .getRuleSetStorage () .write (ruleSet);
this.rule = null;
this.ruleBuilder = null;
this.resetFields () ;
this.loadRules () ;

}

public void cancelChanges () {
this.rule = null;
this.ruleBuilder = null;
this.resetFields () ;
this.loadRules() ;

}

public void addVariableToRule () {
final VariableType variableType =
this.variablelList.getSelectionModel () .getSelectedItem() ;
if (variableType != null) {

this.selectedVariable = variableType;

this.valuesList.getItems () .setAll (variableType.getVariables());

if (this.ruleBuilder.isFinalized()) {
this.ruleBuilder.initConclusion (new

ConclusionStatement (variableType)) ;

this.variablelList.setDisable (true);
this.valuesList.setDisable (false);
this.ifOperatorButton.setDisable (true) ;
this.thenOperatorButton.setDisable (true);
this.andOperatorButton.setDisable (true);
this.orOperatorButton.setDisable (true) ;
this.notOperatorButton.setDisable (true);

} else {
this.ruleBuilder.when (new PredicateStatement (variableType))
this.variablelList.setDisable (true);
this.valuesList.setDisable (false);
this.ifOperatorButton.setDisable (true);
this.thenOperatorButton.setDisable (true);
this.andOperatorButton.setDisable (true);
this.orOperatorButton.setDisable (true);
this.notOperatorButton.setDisable (false);

}

public void addvValueToRule () {
final VariableValue variableValue =
this.valuesList.getSelectionModel () .getSelectedItemnm() ;
if (variableValue != null) {
if (this.ruleBuilder.isFinalized()) {
this.rule = this.ruleBuilder.then (variableValue);
this.submitButton.setDisable (false) ;
this.variablelList.setDisable (true);
this.valuesList.setDisable (true);
this.ifOperatorButton.setDisable (true);
this.thenOperatorButton.setDisable (true);
this.andOperatorButton.setDisable (true);
this.orOperatorButton.setDisable (true) ;
this.notOperatorButton.setDisable (true);
} else {
this.ruleBuilder.is (variableValue) ;
this.variablelList.setDisable (true);



this.valuesList.setDisable (true);
this.ifOperatorButton.setDisable (true);
this.thenOperatorButton.setDisable (false);
this.andOperatorButton.setDisable (false);
this.orOperatorButton.setDisable (false);
this.notOperatorButton.setDisable (true) ;

}

this.selectedVariable = null;

this.valuesList.getItems () .clear();

public void selectExistingRule () {
final RuleDefinition rule =
this.existingRulesList.getSelectionModel () .getSelectedItem() ;

if (rule != null) {
this.idField.setText (this.selectedRule.id () .toString());
this.editor.setText (this.selectedRule.rule());

this.selectedRule = rule;
this.existingRulesList.setDisable (false);
this.variableList.setDisable (true);
this.valuesList.setDisable (true);
this.addRuleButton.setDisable (true);
this.editRuleButton.setDisable (false);
this.deleteRuleButton.setDisable (false) ;
this.ifOperatorButton.setDisable (true);
this.thenOperatorButton.setDisable (true);
this.andOperatorButton.setDisable (true) ;
this.orOperatorButton.setDisable (true);
this.notOperatorButton.setDisable (true) ;
this.submitButton.setDisable (true);
this.cancelButton.setDisable (true);

public void finishManualChanges () {}

private void resetFields () {
this.existingRulesList.setDisable (false);
this.variablelist.setDisable (true) ;
this.valuesList.setDisable (true);
this.addRuleButton.setDisable (false);
this.editRuleButton.setDisable (true);
this.deleteRuleButton.setDisable (true) ;
this.ifOperatorButton.setDisable (true) ;
this.thenOperatorButton.setDisable (true);
this.andOperatorButton.setDisable (true);
this.orOperatorButton.setDisable (true);
this.notOperatorButton.setDisable (true);
this.submitButton.setDisable (true) ;
this.cancelButton.setDisable (true);

}

private void loadRules () {
this.existingRulesList.getItems () .setAll (ruleSet.getRules());
final List<VariableType> variableTypes =
App.getContext () .getVariableStorage () .readAll () ;
this.variablelList.getItems () .setAll (variableTypes);
}

VariableDiapasonController.class
public class VariableDiapasonController implements Initializable ({
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static VariableType selectedVariable = EMPTY VAR TYPE;
private VariableValue selectedValue = EMPTY VAR DIAPASON;

@FXML
private ListView<VariableValue> existingValuesList;

QFXML

private TextField idField;
Q@FXML

private TextField nameField;
QFXML

private TextField minValField;
Q@FXML

private TextField maxValField;
QFXML

private Label termTypelabel;
QFXML

private Button addValButton;
Q@FXML

private Button editValButton;
QFXML

private Button deleteValButton;
QFXML

private Button submitButton;
QFXML

private Button cancelButton;

@Override
public void initialize(final URL url, final ResourceBundle resourceBundle)

this.loadValues() ;
this.resetFields ()
}

public void addvalue () {
this.selectedValue = null;
this.addValButton.setDisable (true);
this.editValButton.setDisable (true);
this.deleteValButton.setDisable (true) ;
this.nameField.setDisable (false);
this.minValField.setDisable (false);
this.maxValField.setDisable (false);
this.submitButton.setDisable (false);
this.cancelButton.setDisable (false)
this.idField.clear () ;
this.nameField.clear();
this.minValField.clear () ;
this.minValField.setText ("0") ;
this.maxValField.clear ()
this.maxValField.setText ("1");
this.termTypelabel.setText (selectedVariable.getTermTypeName ()) ;

’

public void editValue() {
if (this.selectedvValue != null) {
this.addValButton.setDisable (true);
this.editValButton.setDisable (true);
this.deleteValButton.setDisable (true);
this.nameField.setDisable (false);
this.minValField.setDisable (false);
this.maxValField.setDisable (false);
this.submitButton.setDisable (false);
this.cancelButton.setDisable (false)

’
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this.idField.setText (this.selectedValue.getId() .toString())
this.nameField.setText (this.selectedValue.getName () ) ;

this.minValField.setText (this.selectedValue.getMinValue ().toString()):;

this.maxValField.setText (this.selectedValue.getMaxValue () .toString());
this.termTypelabel.setText (selectedVariable.getTermTypeName () ) ;

}

public void deleteValue() throws IOException {
if (this.selectedValue != null) {
selectedVariable.removeVariables (Set.of (this.selectedValue)) ;
App.getContext () .getVariableStorage () .write (selectedVariable);
this.selectedvalue = null;
this.loadValues();
this.resetFields ()

}

public void selectExistingValue () {

this.selectedValue =
this.existingValuesList.getSelectionModel () .getSelectedItem() ;

this.idField.setText (this.selectedValue.getId () .toString())
this.nameField.setText (this.selectedvValue.getName()) ;
this.termTypeLabel.setText (selectedVariable.getTermTypeName ()) ;
this.minValField.setText (this.selectedValue.getMinValue () .toString());
this.maxValField.setText (this.selectedValue.getMaxValue ().toString());
this.addvValButton.setDisable (true) ;
this.editValButton.setDisable (false) ;
this.deleteValButton.setDisable (false);

}

public void submitChanges () throws IOException {

if (this.idField.getText () .isBlank()) {
final UUID id = UUID.randomUUID() ;
final TermDefinition termDefinition = new TermDefinition (
id,
selectedVariable.getTermTypeName (),
this.nameField.getText () + "-" + id);

termDefinition.addParam (0,
Double.parseDouble (this.minValField.getText ()));
termDefinition.addParam(1,
Double.parseDouble (this.maxValField.getText ()));
final VariableValue newValue = new VariableValue (
id,
this.nameField.getText (),
termDefinition,
selectedVariable,
Double.parseDouble (this.minValField.getText ())
Double.parseDouble (this.maxValField.getText ()))
selectedVariable.addVariables (Set.of (newValue)) ;
} else {
final TermDefinition termDefinition = new TermDefinition (
UUID. fromString(this.idField.getText ()),
selectedVariable.getTermTypeName (),
this.nameField.getText () + "-" + this.idField.getText()):;
termDefinition.addParam (0,
Double.parseDouble (this.minValField.getText ()));
termDefinition.addParam(1,
Double.parseDouble (this.maxValField.getText ()));
final VariableValue editedValue = new VariableValue (
UUID. fromString(this.idField.getText()),
this.nameField.getText (),



}

termDefinition,
selectedVariable,

Double.parseDouble (this.minValField.getText ()),
Double.parseDouble (this.maxValField.getText ()));
selectedVariable.addVariables (Set.of (editedValue)) ;

App.getContext () .getVariableStorage () .write (selectedVariable);

this.
this.
this.

selectedValue = null;
resetFields () ;
loadvalues () ;

public void cancelChanges () {

this.
this.
this.

selectedValue = null;
resetFields () ;
loadValues () ;

private void resetFields () {

this.
this.
this.
this.
this.
this.
this.
this.
this.
this.
this.
this.
this.
this.
}

existingValuesList.setDisable (
nameField.setDisable (true);
minValField.setDisable (true);
maxValField.setDisable (true);
addValButton.setDisable (false)
editValButton.setDisable (true)
deleteValButton.setDisable (tru
submitButton.setDisable (true);
cancelButton.setDisable (true);
idField.clear () ;
nameField.clear () ;
termTypelabel.setText ("");
minValField.clear () ;
maxValField.clear () ;

private void loadvalues() {
final Set<VariableValue> variables
this.existingValuesList.getItems () .setAll (variables);

VariableTypeMenuController.class
public class VariableTypeMenuController implements Initializable ({

private VariableType selectedVariable =

QFXML

false);

’
’

e);

= selectedVariable.getVariables() ;

EMPTY VAR TYPE;

private ListView<VariableType> existingVariablesList;

@FXML

private ListView variableValuesList;

QFXML

private TextField idField;

@FXML

private TextField nameField;

QFXML

private ComboBox<String> termSelector;

Q@FXML

private TextField minValField;

@FXML

private TextField maxValField;

Q@FXML

private Button addButton;

@FXML



private
QFXML
private
@FXML
private
@FXML
private
@FXML
private
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Button editButton;

Button editValButton;
Button deleteButton;
Button submitButton;

Button cancelButton;

QOverride
public void initialize(final URL url, final ResourceBundle resourceBundle)

this.loadVariables();
this.resetFields () ;
this.idField.setVisible (false);

this.termSelector.setItems (FXCollections.observableList (TERMS.stream/ ()

.map (Pair: :getKey)
.toList ()));

public void addVariable () {
this.selectedVariable = null;
this.existingVariablesList.setDisable (true);
this.addButton.setDisable (true);
this.nameField.setDisable (false);
this.termSelector.setDisable (false);
this.minValField.setDisable (false);
this.maxValField.setDisable (false);

this.submitButton.setDisable (false);
this.cancelButton.setDisable (false)

’

this.idField.clear();
this.nameField.clear () ;
this.minValField.clear () ;
this.minValField.setText ("0");
this.maxValField.clear ()
this.maxValField.setText ("1") ;

public void editVariable () {

if

(this.selectedVariable != null) {

this.existingVariablesList.setDisable (true);
this.addButton.setDisable (true) ;
this.editButton.setDisable (true) ;
this.editValButton.setDisable (false);
this.deleteButton.setDisable (true);
this.nameField.setDisable (false);
this.termSelector.setDisable (false) ;
this.minValField.setDisable (false);
this.maxValField.setDisable (false);
this.submitButton.setDisable (false) ;
this.cancelButton.setDisable (false);
this.idField.setText (this.selectedVariable.getId().toString());
this.nameField.setText (this.selectedVariable.getName ()) ;

this.minValField.setText (this.selectedVariable.getMinValue () .toString());

this.maxValField.setText (this.selectedVariable.getMaxValue () .toString());

}

public void deleteVariable() {

if

(this.selectedVariable != null) {
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App.getContext () .getVariableStorage () .delete(this.selectedVariable);
this.selectedVariable = null;
this.resetFields () ;
this.loadVariables() ;

}

public void editVariableValues () throws IOException {

if (this.selectedVariable != null) {
FXMLLoader fxmlLoader = new
FXMLLoader (App.class.getResource ("variable-diapasons-view. fxml")) ;

Scene scene = new Scene (fxmlLoader.load(), 440, 310);
Stage stage = new Stage();
stage.setTitle ("Variable values manager");
stage.setScene (scene) ;
stage.setMaxHeight (330) ;
stage.setMaxWidth (440) ;
stage.show () ;
VariableDiapasonController.selectedVariable =
this.selectedvVariable;
}
}

public void selectExistingVariable () {
this.selectedvVariable =
this.existingVariablesList.getSelectionModel () .getSelectedItem() ;
this.idField.setText (this.selectedVariable.getId () .toString());
this.nameField.setText (this.selectedVariable.getName ()) ;

this.termSelector.getSelectionModel () .select (this.selectedVariable.getTermTypeN
ame ()) ;

this.minValField.setText (this.selectedVariable.getMinValue () .toString());
this.maxValField.setText (this.selectedVariable.getMaxValue () .toString());

this.addButton.setDisable (true);

this.editButton.setDisable (false);

this.deleteButton.setDisable (false);

this.editValButton.setDisable (false);
}

public void submitChanges () throws IOException {
if (this.idField.getText () .isBlank()) {
final VariableType newVariableType = new VariableType (
this.nameField.getText (),
Double.parseDouble (this.minValField.getText ()),
Double.parseDouble (this.maxValField.getText ()),
this.termSelector.getSelectionModel () .getSelectedItem()) ;
App.getContext () .getVariableStorage () .write (newVariableType) ;
} else {
final VariableType editedVariableType = new VariableType (
UUID. fromString (this.idField.getText ()),
this.nameField.getText (),
Double.parseDouble (this.minValField.getText ()),
Double.parseDouble (this.maxValField.getText ()),
this.termSelector.getSelectionModel () .getSelectedItem()) ;
App.getContext () .getVariableStorage () .write (editedVariableType) ;
}
this.selectedVariable = null;
this.resetFields () ;
this.loadVariables () ;



public void cancelChanges () {

this.
this.
this.

}

selectedVariable = null;
resetFields () ;
loadVariables () ;

private void resetFields () {

this
this
this
this

this
this
this
this
this
this
this

this
this
}

.existingVariablesList.setDisable (false);
.nameField.setDisable (true) ;
.termSelector.setDisable (true);
.minValField.setDisable (true);

this.
.editButton.setDisable (true) ;
.editValButton.setDisable (true) ;
.deleteButton.setDisable (true) ;
.submitButton.setDisable (true) ;
.cancelButton.setDisable (true);
.i1dField.clear () ;
.nameField.clear () ;

this.
.minValField.clear () ;
.maxValField.clear();

maxValField.setDisable (true) ;

termSelector.getSelectionModel () .clearSelection() ;

private void loadvVariables() {
final List<VariableType> variableTypes =
App.getContext () .getVariableStorage () .readAll () ;

this

.existingVariablesList.getItems () .clear();
this.existingVariablesList.getItems () .addAll (variableTypes) ;
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