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1. Onuc HABYAJBHOI JMCUUILIIHHA

HajimeHyBaHHSI NOKA3HUKA

XapakTepuCcTHKA TUCHUTLTIHU

HaiiMmenyBaHHS TUCIUTUTIHA

Fuzzy models and methods for
computational intelligence

Tudp Kypcy B OCBITHIM mporpami

11114

["any3b 3HaHb

12 IndopmariitHi TeXHOJOTIT

CoeniainpHICTh

122 KoM 10TepHi HAyKH

Crerianizaitis (SKIIo €)

OcBiTHs mporpama

IaTeNnekTyanpHi iHbOpMaIIiitHi CHCTEMU

PiBeHb BUIIOI OCBITH Marictp
Craryc JUCIUTUTIHU Hopmarusha
Kypc HaByanHs 1 xypce
HapuanbHuii pik 2023-2024
Jenna popma 3aouna popma
Homep(u) cemecTpiB (TpuMECTpiB): 1 ceM.
3aranpHa KibKicTh kpeauTiB EKTC/roaun 5,5 kpeauris / 165 roaun
Henna popma 3aouna popma
Crpykrypa Kypey: 165=
—  JeKii 30
— ceMiHapchKi  3aHATTA  (IIPaKTH4YHI, | 45
n1abopaTopHi, MiBIPYIOBI) 90
— TOJWH CaMOCTiHHOi pOOOTH CTYJICHTIB
Bi/1cOTOK ayAUTOPHOTO HABAaHTAXKEHHS 45%
MoBa BUKJIQJIaHHS yKpalHChKa
dopma IPOMI’KHOTO KOHTPOJIIO (SIKILO €) -
®dopma MiJICYMKOBOT'O KOHTPOJTIO Icnut

2. Mera, 3aBJaHHS Ta Pe3yJbTATH BUBYEHHS IMCIHHUILIIHU

Mera BukiagaHHs HaBuyanbHOi gucuumiinn  «Fuzzy models and methods for
computational intelligence» nossirae B HaBYaHHI CTYACHTIB BUKOPUCTAHHIO MOJIENICH 1 METOIIB,
mo 0a3yroThes Ha 3acajax Teopii HEUITKUX MHOXKHMH Ta HEYITKOI JIOTIKM, a TakoX po3podmi i
CUHTE3y BIAMOBIIHUX MoJenel 3aco0aMu 1HTeNEeKTyalnbHOi 00poOKu iHpopmalii. OBOJIOIIHHS
MaTepiajioM Kypcy Ma€ 3aKJIaCTH Y CTYJIEHTIB TEOpPETHYHY 0a3y B 00JIaCTi HEUITKOI JIOTIKH Ta
HITYYHOMY 1HTENIEKTI 1 cOpMyBaTH y HUX OCHOBHI HaBHYKH KOPHUCTYBadiB 1 PO3pOOHHUKIB
CYy4aCHUX HEYITKMX IHTEJEeKTyaJlbHUX CHUCTeM. TakoX MeTOI0 HaBYaHHS € OBOJIOJIHHSA
CTYZACHTAaMH TEOPETUYHUMHU OCHOBAMH Ta METOAAMH, Ha SIKUX 0a3yIOThCSI MTPOIECH TIPOCKTYBAHHS
CHCTEM YyTpaBIiHHSA, TIATOTOBKH 1 mpuiHATTA pimeHs (CIIIIP) Ta ekcriepTHUX CUCTEM B YMOBax
HEBU3HAYEHOCTI.

3aBAaHHAM € BHUBYEHHS Ta 3aCBOEHHSA CTYJIEHTAMH OCHOBHHMX NPHUHIMIIB Ta
0COOIMBOCTEN MOOYMOBH MOJENEH 1HTEICKTyaIbHMX CHUCTEM 3ac00aMH HEUITKOi JIOTIKH Ta
eKCHEepTHUX 3HaHb, 3100yTH HABUYKHU JIOCITIJDKEHHS 1 MPOEKTYBAaHHS CHCTEM Ha OCHOBI Teopil
HEYITKMX MHOXXHH 1 HeUITKOi Jioriku. OCHOBHUMH 3aBJIaHHSIMH BHBYCHHS TUCIHILTIHH “FUuzzy
models and methods for computational intelligence” e BuBYeHHS CTyJeHTaMU OCHOBHHX
OCOOJIMBOCTEHN, TPHUHIUIIIB TMOOYJOBH, METOIB JOCTIHDKEHHS 1 CHHTE3y CHUCTEM Ha OCHOBI
HEUITKOT JIOTIKH, @ TAKOK 300y TTsl HEOOXITHUX YMiHb 1 HABUYOK JUIS TPAKTUYHOT'O BUKOPUCTAHHS
TEOPETHYHUX 3HAHBb MPHU PO3B’sA3aHHI 3a7a4 MPOSKTYBaHHS 1 HaIaropkeHHs Bianosigaux CIITTP
npu iX QYyHKIIIOHYBaHHI B YMOBaX HEBU3HAYEHOCTI.



IlepenymoBamMu BHBYEHHSI JMCHUILUIIHM € TIONEpPEeJHS IIATOTOBKA CTYJIEHTIB 3
mucuuiutin - «HelipoMepexeBi TexHOJOTT O00YMCIIOBAIILHOTO 1HTENEKTY», «lIpoeKkTyBaHHS
inTenekryanbHux CIIIPy», «MeTtonu Ta cucTeMu MalllMHHOTO HABYAHHSD.

OuikyBaHi pe3y1bTaTH HABYaHHS (KOMIIETEHTHOCTI):

3azanvHi KomMnemenmHoCmi:

3K4. 31aTHICTh CIUJIKYBATHCS 1HO3EMHOIO MOBOIO;

Daxoei komnemeumnocmi.

CK6. 3matHicTh 3aCTOCOBYBAaTH ICHYHOYl 1 PO3pOOJISITH HOBI alrOPUTMH
PO3B’A3yBaHHS 3a/1a4 y Trairy3i KOMIT IOTEPHUX HaYK;

CKS8. 3marHicTb po3po0IIsATH 1 peai3oByBaTH MPOEKTH 31 CTBOPEHHS MPOTPAMHOTO
3a0e3neveH s, y TOMy YHCIi B HemepeJ0auyBaHuX yMOBAX, 38 HEUITKUX BUMOT Ta
HEOOXiTHOCTI 3aCTOCOBYBAaTH HOBI CTpaTeriyHi MiIXOAM, BHKOPHCTOBYBATH
MporpamMHi IHCTPYMEHTH JIJIsl OpraHizallii KOMaHIHOT pOOOTH HaJl TPOEKTOM;
CK12. 3partHicTh pO3pOOISATH €JIEMEHTH MPOTPaMHOrO 3abe3meueHHs ISt
peamizaiii iHTENIEKTyalbHUX TEXHOJIOTiH, a caMe HEHPOHHHX MEpEX, METOJIIB
HEYITKOI JIOTIKH, €BOJIOI[IHHUX METOIIB 00UYMCIICHb, OI01HCIIIPOBAHUX METOJIIB B
IHTENIEKTyaIbHUX CUCTEMAX;

CK13. 3patHicTh po3po0isTH Ta peani30ByBaTH MPOEKTH 3 IHTEIEKTyalbHUX
CHCTEM B TOMY YHCII 32 JOIIOMOTOI0 METO/[iB MAIIMHHOTO 1 IIMOOKOT0 HABYaHHS,
iMiTaiiHUX MOJIENIEH, 3aCTOCOBYIOUM HOBI 1HCTpYMEHTaJbHI 3acO0M pO3pOOKH,
cyuacHi 010;110TeKr MOB IPOTPaMyBaHHS Ta Cy4acHi Bi3yalbH1 TEXHOJOTII,

IIpoepamui pe3yriemamu HA8UAHHA:

PH1. Matu cremianizoBadi KOHIIENTYaldbHI 3HAHHS, IO BKJIIOYAIOTH CydYacHi
HAyKOBI1 3100yTKU y cpepi KOMIT'IOTEPHHUX HAyK 1 € OCHOBOIO ISl OPUTiHAIBHOTO
MUCIICHHS Ta MPOBEACHHS JTOCIIKeHb, KPUTUIHE OCMHCIICHHS TpolieM y cdepi
KOMIT'IOTEPHUX HayK Ta Ha MEXI raay3el 3HaHb,

PH8. Po3pobasT MaTeMaTH4HI MOJENi Ta METOAM aHallizy JaHUX (BKJIIOYHO 3
BEJIUKUM);

PH10. IIpoektyBatu apxXiTeKTypHi pimeHHs iHQOpMAIifHUX Ta KOMIT IOTEPHUX
CUCTEM PI3HOTO MpU3HAYECHHS,

PHZ20. Po3po6isiTit Ta 3aCTOCOBYBATH €JIEMEHTH MPOTPAMHOTO 3a0€3MeYeHHs JIIs
peamizanii 1HTEJIEKTyalbHUX TEXHOJIOTIH, a caMe HEHPOHHHMX MEpeX, METOJIIB
HEYITKOI JIOTIKH, €BOJIIOIIMHUX METO/IB 00UMCIeHb, O101HCTIIPOBAHUX METOJIIB B
IHTENEKTyaIbHUX CUCTEMAX;

PHZ21. Po3pobuisiTu Ta peayli3oByBaTH MPOEKTH HA OCHOBI IHTEJEKTYaJIbHUX KOM-
MOHEHTIB B TOMY YHCJI1 32 JJOTIOMOTOI0 METO/11B MAIITUHHOTO 1 IITMOOKOT0 HAaBYaHHS,
IMiTalIHHUX MoOJiesield, 3aCTOCOBYIOUM HOBI 1HCTpYMEHTalbHI 3acO0M pO3pOOKH,
cyuacHi 010;110TeKH MOB IPOTpaMyBaHHsI Ta Cy4acH1 Bi3yalbH1 TEXHOJIOTII.

B pe3ynbrari BUBYEHHS TUCIUILTIHUA CTYICHT

Mae 3Hamu.

— JIHTBICTUYHY alpOKCHMAIlisi Ha OCHOBI HEUITKUX MOJeNeH, MOHATTS Ta 0COOTMBOCTI
JHTBICTUYHUX 3MIHHUX, JIHTBICTUYHI TEPMH Ta iX 3B'A30K 3 QyHKIiAMU HanexxHOCT1 (OH), mpsmi
Ta iHBepcHI Mojeni pisHux tuniB ®H (TpukyTHa, TpameuieBuaHa, ['ayciBcbka, JlammaciBebka,
CUTMOI/THa, TAPMOHIYHA, TTOJIIHOMIaJIbHA);

— THUINU JIOTIYHOTO BHUCHOBKY: JHUCKPETHUH Ta HEMepepBHUN, MeTOaAu (OpMyBaHHS
aHTELEICHTIB Ta KOHCEKBEHTIB B HEYITKAX MOJIEIISX

— ¢az3udikamiio KUTbKICHUX Ta SKICHUX BXimHMX ngaHux Ha JIT, mpuHmmmnm arperartii
AHTEIIe/ICHTIB Ta aKyMYJIAIli1 KOHCEKBEHTIB HeUiTKuX npaBui B CHJIB auckpeTHOro THITY, METO TN
(dhopMyBaHHS KOHCOJIIJIOBAHUX BUCHOBKIB B INCKPETHUX HEUYITKUX MOJEIIAX;



— oOumcmroBanbHi omepatopu T- Ta S-HOPM B HEUITKHX MOJENAX Ta iX  OCHOBHI
BIIACTHUBOCTI;

— TpaJi€HTHI, EBOJIOIIHHI Ta MYJIbTHArCHTHI AJITOPUTMHU OMNTUMI3alii B HEYITKUX
MOJICJISIX CUCTEM YIIPABIIIHHS Ta IPUUHATTS PillICHb;

— METOJM  OOYHMCIIIOBAIBHOIO  IHTEJICKTY  JUIs  3a7ad  IPOrHO3YBAaHHS  Ta
OaraTokpurepianbHoro npuiiHaTTs pimens: DELPHI, FAHP, TOPSIS, VIKOR, DEMATEL,;

Mmae emimu:

— (dopMmyBaTH JIHTBICTHYHI 3MIHHI Ta TEPMH, HEYITKI MPOMYKIIHHI TpaBWwiIa Ta ix
KOMITOHEHTH, PO3POOJIATH CHCTEMH HEYiTKOro joriunoro BucHOBKY (CHJIB) 3 muckperHuM Ta
HENepepBHUM BUBEJCHHIM MaMaaHi-Tuiy,

— 3aCTOCOBYBaTH alropuTMu Jedazsudikanii B HEMEpepBHUX HEUITKUX MOJACIIX Ta
3MIMCHIOBATH 1X TMOPIBHSJIBHUN aHaIIi3, 3IMCHIOBATH aHAII3 Ta TPYIyBaHHS BXIJHUX CHTHAJIB
CHJIB 3a chigbHMMH O3HAaKaM{ 1 BIIACTHBOCTSAMH, (OPMYBAaHHS Ta MOPIBHSUIBHUN aHami3
aNbTEPHATUBHUX HEYITKUX MOJIETIEH 3 1EpapXivyHOIO CTPYKTYPOIO;

— MPOBOJUTH HANArO/DKCHHS Ta ONTHUMI3AI[il0 HEYITKUX MojeJell Ha OCHOBI
EKCIEPUMEHTAIBHUX JTAHHX, 31HCHIOBATH CTPYKTYPHY Ta IapaMeTPUUYHY ONTUMI3aIlil0 HEUITKIX
MOJIETIEN,

— BHKOPHUCTOBYBATHU I'paJli€HTHI, €BOJIOLIIHI Ta MyJIbTHAr€HTHI aJrOPUTMHU ONTHUMI3aIlii
B HEUITKUX MOJIENISAX, HEMPOHHI MEpEeXi Ta HEHpO-HEUITKI MOjei B 33a7ad OOYMCIIIOBAILHOTO
IHTEJEKTY;

— TMPOEKTYBAaTH HEYITKI MOJENI 1 CHCTeMH B OOYHCIIOBalbHOMY cepenoBuili MatLab i
FuzzyTech.

3. IIporpama HaBYAJIbHOI AW CHUILTIHI

Jlenna popma:
[IpakTuusi
Temu Jlexii (ceminap PKL | Camocriitna pobora
nabopaTopHi,
HiBIPYIIOBI)
Topic 1. Concepts and types of fuzzy
1 models. Linguistic and analytical- 5 5 4

linguistic approximation based on
fuzzy models.

Topic 2. Linguistic variables and
2 | linguistic terms (LT). Membership 2 4 4
functions for LT's representation.
Topic 3. Fuzzy inference system
(FIS) with discrete inference. The
3 | structure of production rules in fuzzy 2 2 6
models: antecedents and
conseguences.

Topic 4. Fuzzy knowledge base,
4 | knowledge matrix. Fuzzy logical 2 4
equations.

Topic 5. Fuzzification of input data

on LTs. Methods of forming 6
5 . . L2 2 2

consolidated conclusions in discrete

fuzzy models.
5 Topic 6. Mamdani-type FIS with 9 4 5

continuous output and its main




components: fuzzification,
aggregation, activation, accumulation
and defuzzification.

Topic 7. Defuzzification algorithms
in continuous fuzzy models and their
comparative analysis.

Topic 8. Computational T-norms
operators and their main properties.
Non-parameterized and
parameterized operators for the AND
aggregation operation in fuzzy
models.

Topic 9. Computational S-norm
operators in fuzzy models and their
main properties. Non-parameterized
and parameterized operators for OR
aggregation operation.

10

Topic 10. Algorithmic support of
hierarchical fuzzy models.
Alternative hierarchical structures.

11

Topic 11. Structural-parametric
optimization of fuzzy models based
on computational intelligence
algorithms.

12

Topic 12. Gradient, evolutionary and
multi-agent optimization algorithms
in fuzzy models of control and
decision-making systems.

13

Topic 13. Neural networks as a toolkit
of computational intelligence. Neuro-
fuzzy models. Comparative analysis
of different types of FISs: Mamdani,
Sugeno, Tsukamoto, Larsen, Godel.

14

Topic 14. Methods of computational
intelligence for forecasting and
multicriteria decision-making tasks:
DELPHI, FAHP, TOPSIS, VIKOR,
DEMATEL.

15

Topic 15. Successful examples of
implementation of fuzzy models in
management and decision-making
systems. MatLab and FuzzyTech
computing environments for
designing fuzzy models and systems.
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4. 3MicT HABYAJIBLHOI AMCHMILTIHI

4.1. Tlnau gekuii (1eHna ¢popma)

Ne Tema 3aHATTS / T1aH KinpkicTh
TOJIUH
1 | Topic 1. Concepts and types of fuzzy models. Linguistic and analytical- 2
linguistic approximation based on fuzzy models.
1) Introduction to uncertainty and fuzzy data processing: transformation of Big
Data to fuzzy numbers.
2) Concepts and types of fuzzy models.
3) Linguistic and analytical-linguistic approximation based on fuzzy models.
4) Representation of real-time series and high-frequency data by triangular,
trapezoidal and other fuzzy numbers.
5) Fuzzy data processing using fuzzy inference engine.
2 | Topic 2. Linguistic variables and linguistic terms (LT). Membership 2
functions for LT's representation.
1) Idea of fuzzy sets. Membership functions. Linguistic terms..
2) Difference between fuzzy numbers and linguistic values.
3) Types, characteristics and models of membership functions of fuzzy sets.
4) Piecewise-linear membership functions.
5) Non-linear membership functions of fuzzy sets and their models and
characteristics
3 | Topic 3. Fuzzy inference system (FIS) with discrete inference. The 2
structure of production rules in fuzzy models: antecedents and
consequences.
1) Fuzzy inference engine with discrete output.
2) Main components of fuzzy inference engines with discrete output.
3) Antecedents and consequents of fuzzy rules.
4) Types of input data.
4 | Topic 4. Fuzzy knowledge base, knowledge matrix. Fuzzy logical 2
equations.
1) The structure of fuzzy rules.
2) Fuzzy logical equations.
3) Structure of the intelligent rule base of fuzzy systems.
4) Main properties of Rule Base.
5 | Topic 5. Fuzzification of input data on LTs. Methods of forming 2
consolidated conclusions in discrete fuzzy models.
1) Fuzzification of the input data.
2) Fuzzy data processing based on fuzzification, aggregation, implication,
activation and accumulation algorithms in fuzzy systems with discrete output.
3) Methods for output signal formation in fuzzy systems with discrete output.
6 | Topic 6. Mamdani-type FIS with continuous output and its main 2

components: fuzziification, aggregation, activation, accumulation and
defuzzification.

1) The model of fuzzy system with continuous output.

2) Fuzzy data processing based on fuzzification, aggregation, implication,
activation, accumulation and defuzzification algorithms in fuzzy systems with
continuous.

3) Introduction to fuzzy programming environment in MATLAB.

4) Design of Mamdani-type fuzzy systems using Fuzzy Toolbox in MATLAB.




7 | Topic 7. Defuzzification algorithms in continuous fuzzy models and their
comparative analysis.

1) Defuzzification algorithms in fuzzy data processing.
2) Middle of Maxima (MM).

3) First of Maxima (FM).

4) Last of Maxima (LM).

5) Center of Gravity (CG).

6) Center of Sums (CS).

7) Bisector.

8) Height (H).

8 | Topic 8. Computational T-norms operators and their main properties.
Non-parameterized and parameterized operators for the AND
aggregation operation in fuzzy models.

1) Introduction to fuzzy mathematics.

2) Intersection operation (logic product) for fuzzy numbers.

3) Properties of T-modelling for t-norm operators.

4) Non-parameterized operators of t-norm.

5) Comparative analysis of t-norm’s non-parameterized operators.

9 | Topic 9. Computational S-norm operators in fuzzy models and their
main properties. Non-parameterized and parameterized operators for
OR aggregation operation.

1) Union (logic addition) of fuzzy numbers.

2) Properties of union for fuzzy numbers.

3) Non-parameterized operators of s-norm.

4) Parameterized operators of s-norm. Comparative analysis.

10 | Topic 10. Algorithmic support of hierarchical fuzzy models. Alternative
hierarchical structures.

1) Introduction to programming and fuzzy data processing in FuzzyTech.

2) Introduction to hierarchical structure of fuzzy systems.

3) Fuzzy data processing based on hierarchical structure of fuzzy systems.

4) Peculiarities and differences between implementation of hierarchical fuzzy
data processing in FUZZY Tech and MATLAB.

11 | Topic 11. Structural-parametric optimization of fuzzy models based on
computational intelligence algorithms.

1) Structural optimization of fuzzy systems (signal processing, control and
decision making systems).

2) Parametrical optimization of fuzzy systems.

3) Main stages of fuzzy systems design and optimization.

4) Reduction of fuzzy rule base.

5) Methods of automatic generation and optimization of fuzzy rule base.

12 | Topic 12. Gradient, evolutionary and multi-agent optimization
algorithms in fuzzy models of control and decision-making systems.

1) Optimization methods in computational intelligence problems.
2) Genetic Algorithm (GA).
3) Artificial Immune Systems (AIS).
4) Biogeography-Based Optimization (BBO).
5) Gradient optimization algorithms.
13 | Topic 13. Neural networks as a toolkit of computational intelligence.

Neuro-fuzzy models. Comparative analysis of different types of FISs:
Mamdani, Sugeno, Tsukamoto, Larsen, Godel.

1) Neuro-fuzzy models.

2) The role of fuzzy modelling in fuzzy data processing.




3) Takagi-Sugeno models in fuzzy data processing. Tsukamoto Models.
4) Larsen Models in fuzzy data processing.

5) Goedel Models in fuzzy data processing.

6) Design of Sugeno’s fuzzy systems using Fuzzy ToolBox (MATLAB).

14 | Topic 14. Methods of computational intelligence for forecasting and 2
multicriteria decision-making tasks: DELPHI, FAHP, TOPSIS, VIKOR,
DEMATEL.

1) Fuzzy Delphi method.

2) Fuzzy Analytic Hierarchy Process (FAHP) and its peculiarities in fuzzy data
processing.

3) Fuzzy VIKOR method for multi-criteria optimization.

4) Fuzzy data processing using Fuzzy DEMATEL method.

5) Fuzzy TOPSIS method for solving multi-criteria problems with uncertain
input data.

15 | Topic 15.Successful examples of implementation of fuzzy models in 2
management and decision-making systems. MatLab and FuzzyTech
computing environments for designing fuzzy models and systems.

1) Fuzzy data processing in fuzzy systems with discrete and continuous
outputs.

2) Successful examples of fuzzy data processing based on fuzzy systems
implementation for solving different real-world problem.

3) Fuzzy data processing in fuzzy system for medical diagnostics of the
coronary artery disease.

4) Example of fuzzy sets applications in transport logistics.

5) Example of Fuzzy DSS for evaluation of diploma and research projects.

6) Fuzzy data processing in fuzzy classification.
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4.2. TlnaH npakTUYHHUX (CeMiHAPCHKHX, JIA0OPATOPHHUX, MiBIPYNOBHX)

3aHATDH

Tema 3anaTT4 / TUIAH

Kinekicte
TOOUH

O3HajlioMJIeHHs 3 004N C/II0BAJIBLHUM cepegoBuiem FuzzyTech pas
npoextyBanHs HediTkux CIITIP. YacTuna 1.

1) OcuorHi ¢yHkii B cepenosuii FuzzyTech.

2) IHcTpyMeHTH Ta cIOCOOU MPOEKTYBaHHS HEUITKUX CUCTEM MIATPUMKHI
npuitasatTs pimens (CIIIP) B cepenosuiii FuzzyTech.

2

O3HajlioMiIeHHsI 3 004N CII0BAJIBLHUM cepenoBuinem FuzzyTech nas
npoexkryBanHs HewiTkux CIIITP. YacTuna 2.

1) CtpykTypa J€MOHCTpAIIfHUX MPOEKTIB HEUITKUX CUCTEM.

2) MojentoBaHHs Ta TecTyBaHHs B cepenosuiii FuzzyTech.

Buo6ip giHrBicTHYHUX 3MiHHUX Ta cuHTe3 0a3 3HaHb HewiTkux CIIIIP.
Yacruna 1.

1) ITocTaHoBKa 3aja4i Ta BUBHAYCHHS JIHTBICTHYHUX 3MIHHHX.

2) Onuc JIHTBICTUYHUX 3MIHHUX JIIHIBICTHUHUMHU T€pMaMHU.

Buo6ip aiHreicTHYHUX 3MiHHUX Ta cuHTe3 0a3 3HaHb HeviTkux CIIIIP.
Yacruna 2.

1) ®opmyBanHs 6a3u MpaBUIL.

2) CunTe3 Ta Haji3 6a3u 3HaHb 3acobamu FuzzyTech.

I'pagiuni 3aco0un Bisyaaizaumii Ta aHa i3y pe3yiabTaTiB B HEYiTKHX
CIIIIP. YacTuna 1.




1) PexxuM BiJUTaJ Ky TIPOEKTY.
2) MacmrtaOyBaHHS TPOEKTY Ta aHAJI3 YYTIMBOCTI CUCTEMHU IO 3MIiHH
3HAYCHb BX1JIHUX KOOPJIUHAT.

I'pagiuni 3acobu Bizyasizaunii Ta aHajizy pe3yabTaTiB B HEYITKHX
CIIIIP. YacTuna 2.

1) Anamizarop 6J0KY IpaBuIL

2) IBoBumipHi Ta TpuBuMipHi nosepxui CHJIB.

3) Anani3 TiMyacoBuX rpadikis.

IIpoexTyBaHHsi  HewiTKHX iepapxiuHo-opranizopanux  CIIIIP.
Maiictep HewiTKOro npoekry. Yacruna 1.

1) [TocraHoBKa 3a1aui.

2) BuzHaueHHs JIHTBICTUYHUX 3MIHHHX Ta TEPMIB.

3) lepapxiuHa CTpyKTypH3allis 3MiHHHUX.

IIpoexkTtyBanHsi  HediTkMX iepapxiuHo-opranizoBanux  CIIIIP.
Maiictep HeuiTkoro npoexkry. Yacruna 2.

1) CunTes 6a3 mpaBUX B KOXKHIN IMiICHCTEMI.

2) Anani3 Ta Bi3yauisailisi pe3yJIbTaTiB.

JocaigxeHHs: BILIMBY MeTOAIB Aeda33udikanii Ha TOYHICTH HEYIiTKOI
moaeai CIIIIP. YacTtuna 1.

1) Po3po6ka iepapxiunoi Heuitkoi CIIIIP.

2) Ouinka 3a merogom CoM

10

JocaigxeHHs: BILIMBY MeTOAIB Aeda33udikanii Ha TOYHICTH HEYIiTKOI
moaeni CIITIIP. YacTruna 2.

1) Ouinka 3a merogom MoM.

2) Ominka 3a metozioM Fast CoA.

3) CymapHe cepeiib0-MOAYJIbHE BiIXUJICHHSI.

11

IlopiBHsiHHA MeToaiB arperauii HeuwiTkux iepapxiuaux CIIIIP B
cepenosuii FuzzyTech. Yactuna 1.

1) HemapameTpuuHi ornepatopH t- Ta S-HOpPM.

2) Ominka 3a merogom Min/Max.

12

ITopiBusinHsa MeToxiB arperaunii HewiTkux iepapxiuaux CIIIIP B
cepenoBuili FuzzyTech. Yacruna 2.

1) Ouinka 3a merogom Min/BSum.

2) Ominka 3a metogom Prod/Max.

3) Ominka 3a MmetogoM Prod/BSum.

13

Application of the Fuzzy Analytical Hierarchy Process for
computational intelligence. Yactuna 1.

1) Problem statement.

2) The pair wise comparison of the criteria (Step 1).

14

Application of the Fuzzy Analytical Hierarchy Process for
computational intelligence. Yacruna 2.

1) Calculate the geometric mean (Step 2).

2) Calculate the vector summation (Step 3a).

3) Calculate the inversion vector (Step 3b).

4) Calculate the fuzzy weights for each criterion (Step 3c).

15

Application of the Fuzzy Analytical Hierarchy Process for
computational intelligence. Yacruna 3.

1) Defuzzificate the fuzzy weights for each criterion by Centre of area
method (Step 4).

2) Normalize weights.

3) Determining weights of alternatives with respect to criteria.

4) Resulting scores of each alternative.




5) To make a comparative analysis and conclusion.
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4.3. 3aBaaHHs AJA caMOCTiiiHOT podoTu (1eHHa ¢opma)

Ne Tema a1 caMOCTIHHOTO ONIPAIFOBAHHS Kinekicte
TOJIUH

1 | Oco06auBOCTI aHATITUKO-TIHTBICTUYHOI alfpOKCHUMAITii 4

2 | Boms napametpiB @H Ha iX npeacTaBieHHs 4

3 | HeuiTki npoaykiiitHi mpaBuiIa Ta iX KOMIIOHEHTH. 3aJI€KHICTh YKCIIa TPaBUI 6
BiJI YKCJIa BX1IHUX ITApaMETPIB

4 | HeuiTka 6a3a 3HaHb Ta crocodu ii popmyBanHs. [loBHOTAa HEUITKOI MOEII. 6
HecynepewuBicTh Ta 3B 3HICTh 0a3u IPABHII

5 | Eranm da33udikanii KiIbKiCHUX Ta AKICHUX BX1IHUX daHuX Ha JIT 6

6 | OcobnuBocTi npoektyBanns CHJIB 3 nHenepepBHuM BHBeneHHAM MawmiaHi- 5
TUITY

7 | Meronu nedassudikaliii: METOJI IIEHTPa CYM 6

8 | OcobumBocCTi 3acTOCYBaHHA Oneparopis t-HopMH 7

9 | Ocob6aMBOCTI 3aCTOCYBAaHHS ONEPATOPIB S-HOPMH 5

10 | ITinxoau mo rpymyBanHs BXigHux curHanis CHJIB. BusBnenns cyrreBux i 9
HECYTTEBUX BXOJIIB MOJIEI1

11 | Meroau orrruMisanii HEYITKAX MOJIENIEH 5

12 | HewiTki MynbTUMOIEIT] 5

13 | Heuitka knacudikaris 7

14 | OcobmuBocrti 3actocyBanns HediTkux meroais VIKOR, DEMATEL 9

15 | HeuiTki Mozieni i cucTeMU B 3a7ja4ax MPOTHO3yBaHHS 6
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MeroauuHi peKOMEHIAIISIMH 1010 BUKOHAHHS MPAKTUYHUX poOiT 3HaxomsaThess B Moodle3.

4.4. 3abe3nevyeHHs] OCBITHHOIO MpoLECY

ﬂa6opaT OpHi pO60TI/I 3 ,Z[I/ICI_II/IHJ'IiHI/I MMpOBOOATHCA Y KOMH’IOTepHI/IX KJIaCaX 3 BUKOPpUCTAHHAM
nporpamuoro 3adesneuenus FuzzyTECH, MatLAB Trial Version, Microsoft Visual Studio,
Java SE.

5. IHiacymKoBHii KOHTPOJIb
5.1. [denna ¢opma

Ilepenix numans niocymMKo8020 KOHMPOIO:

1. OcHOBHI BH3HAYEHHS Ta ITOHATTS.

2. Buau HediTKHX MOJIEIEN.

3. JIinTBiCTUYHA alIPOKCUMAITisSl Ha OCHOBI HEYITKHUX MOJIETIEH.

4. AHaMITHKO-TIHTBICTUYHA allPOKCUMAIIIS.

5. IToHITTS Ta 0COOIMBOCTI TIHTBICTHYHUX 3MIHHHUX.

6. JlinreictuuHi Tepmu Ta iX 3B's130Kk 3 ®H. [Ipuknaau popmyBaHHS JTIHIBICTUYHUX 3MIHHHUX Ta
TEPMiB.

7. Iloniron kyco4yHo-niHiitHIX OH.

8. Ilpssimi Ta iuBepcHi Mozem pizHux TumiB ®H (TpukyTHa, TpameuieBumHa, ['ayciBchbka,
JlammaciBcbka, CUTMOITHA, TAPMOHIYHA, TIOJIIHOMIalIbHA).



9. Tumnu NOTIYHOTO BUCHOBKY: AUCKPETHUH Ta HemepepBHUM. CHUCTEMH HEUITKOTO JIOTTYHOTO
BrucHOBKY (CHJIB).

10. CHJIB 3 quckpeTHUM BUBEICHHIM MamaaHi-THITY.

11. HeuiTki npoayKIiiiHi mpaBuiia Ta iX KOMIIOHEHTH.

12. Metoau hopmyBaHHS aHTEIEJCHTIB Ta KOHCEKBEHTIB B HEUITKUX MOJIEIAX.

13. HeuiTka 6a3a 3HaHb Ta criocobu ii popmyBaHHS.

14. Tlepexin Bix 6a3u 3HaHb 0 MaTPHIl 3HAHb.

15. ®opmyBaHHS HEHITKHUX JIOTIYHUX PiBHSIHb.

16. daz3udikaris KUTbKICHUX Ta AKICHUX BXigHUX qaHux Ha JIT.

17. [lpuHumny arperamii aHTeIeIEHTIB Ta aKyMYJISIi1 KOHCEKBEHTIB HewiTkuxX npasui B CHJIB
JUCKPETHOIO THILY.

18. Metonu hopMyBaHHS KOHCOJIIOBAHUX BUCHOBKIB B IUCKPETHUX HEYITKUX MOJICTISX.

19. Ctpykrypa CHJIB 3 HenepepBHUM BHBEACHHSIM.

20. CHJIB 3 HenepepBHUM BUBEACHHSAM MaMIaHi-TUITY.

21. XapakTepucTuka Ta aHaii3 ocHOBHUX komroHeHTiB HJIB Mawmpani-tuny: ¢aszsudikaris,
arperailisi, akTUBI3aIlisl, aKyMyJISIIIis Ta qeda33udikartis.

22. Metox BHUCOT.

23 Metop ueHTpy Bard (LIEHTPOIN).

24. Meton nieHTpa tutont (0icekTop).

25. Metoau JiBOTO, CEpeTHBOTO Ta MPABOT'0 MAKCHMYMIB.

26. TlopiBHsubHHI aHami3 MeToiB aedasz3udikaiii Ta iX BIUIMB HA TOYHICTh HEUYITKHX
MOJECIIECH.

27. OcHOBHI BJIacTUBOCTI onepaTopiB T-HOpMH.

28. [Napamerpuuni oneparopu T-HOpMH.

29. HenapameTpuuHi onepatopu T-HOpMH.

30. [Mapametpuuni onepatoprt AND Ha 0CHOBI cepeHpOTO (apu(hMETHIHOTO, TEOMETPHUIHOTO,
TFapMOHIYHOTO).

31. OcHOBHI BJIaCTUBOCTI ONEPATOPIB S-HOPMH.

32. [TapameTpuyHi oniepaTopu S-HOPMH.

33. HenapametpuuHi orepatopu S-HOpMHU.

34. ITapametpuuni onepatopu OR Ha 0CHOBI cepeAHbOro (apu(pMETHUHOrO, FEOMETPUUHOTO,
FapMOHIYHOTO).

35. AHani3 Ta rpynyBaHHs BXiiHuX curHaniB CHJIB 3a cniilbHUMU 03HaKaMH 1 BIACTUBOCTSMU.
36. Iepapxiuna cTpykTypa 6aratoBxomosux CHJIB.

37. Crpykrypa 6a3 npasun Ta HJIB B iepapxiuaux CHJIB.

38. ®opmyBaHHS Ta MOPIBHUILHUI aHAIII3 aTbTEPHATUBHUX HEUITKUX MOJIEIIEH 3 i€papXidHOIO
CTPYKTYPOIO.

39. HanaromkeHHs Ta ONTUMI3allis HEUITKIX MOJIEJICH Ha OCHOBI €KCIIEPUMEHTAIbHUX JaHUX.
40. CTpyKTypHa ONTUMI3aIlisl HEUITKHX MOJEIEH.

41. ITapaMeTpryuHa ONTUMI3Allisl HEYITKUX MOJEINIEH.

42. I'paziieHTHI aNTOPUTMH ONTHUMI3aLlii JJIS HAJIAroJKEHHS HEeUiTKUX MOJIeNIEH.

43. EBodioniiiH1 adrOpUTMH ONTHUMI3Allll B HEUITKUX MOJEIISX.

44, MynpTHareHTHI AJITOPUTMHU CTPYKTYpPHO-TIApaMETPUUHOT ONTUMI3allii HEYITKUX MOJEIeH.
45. Oco01MBOCTI 3aCTOCYBAaHHS HEHPOHHUX MEPEX B 33]1a4 OOUUCITIOBATIBHOTO 1IHTEIEKTY.

46. CTpyKkTypa HEMpO-HEUiTKUX MOJIENIEH.

47. TlopiBusibHuM anami3 pizHux tunie CHJIB: Mampani, Cyreno, Llykamoto, Jlapcena,
I'sonens.

48. 3aranpHa XapakTepUCTHKA 1 OCHOBHI BiactuBocTi Metoay DELPHI.

49. Heuitkuit metoq DELPHI a5 3a1a4 1OBrocTpOKOBOTO MTPOTHO3YBAHHS.

50. TlopiBHsUIBHHMI aHai3 HEYITKUX METOAIB 0araTOKpUTEPIaIbHOTO MPUHHATTS PIillIeHb:
DELPHI, FAHP, TOPSIS, VIKOR, DEMATEL.



51. Anami3 ycmimHUX 00JIacTei 1 MPHKIAAIB 3aCTOCYBaHHS HEUITKHUX MOJENEH B CHCTeMax
YIPaBIiHHSA Ta TPUUHATTS PillIeHb.

52. HediTKi CUCTEMH IS MEAUYHOIL J1arHOCTUKH.

53. HeuiTki cucteMu aj1s 3a/1a4 TPAHCIOPTHOT JIOTiICTHKH.

54. HediTKi cUCTeMH JIJIs OI[IHIOBAaHHS HAYKOBUX Ta KBaTi(iKAIIHHUX TIPOCKTIB.

55. Oco0AMBOCTI MPOEKTYBAHHS HEYITKUX MOJIEJIEH 1 CUCTEM B OOUMCIIIOBATILHOMY CEPEIOBHILI
MatLab.

56. Oco0aMBOCTI MPOEKTYBAHHS HEYITKUX MOJIEJIEH 1 CUCTEM B OOUHMCIIIOBATILHOMY CEPEIOBHILI
FuzzyTech.

Tunosa 3adaua 015 po3e6’sa3y8aAHH.

1. [ano: u, (X) =0,6; uy (X) =0,2; u (X) =0,4 . PeanizyBatu oneparito AND  (A)3

BUKOPHCTAHHSM HETapaMeTPHU30BaHUX OIEPATOPiB t-HOPMH.

Bapianm 3anikosozo/icnumosozo binemy 3 3a3HA¥eHHAM MAKCUMATbHOL
KLIbKOCMI 0ali6 3a KOM#CHe BUKOHAHEe 3A80AHH L.

1. OcnoBHi Bu3HaueHHs Ta MOHATTS. (10 GauniB)

2. CTpyKTypHa onTHMi3aIlis HediTkux Moeneid. (10 6amis)

3. Hano: u, (X) =0,6; 1 (X) =0,2; uc (X) =0,4. PeanizyBaru omnepaiito AND (A) 3

BUKOPHCTAHHSAM HeTlapaMeTpU30BaHUX oreparopis t-Hopmu. (20 GamiB)
6. Kpurepii ouiHioBaHHs1 Ta 3aCO0HU AiarHOCTUKH Pe3yJIbTATIB HABYAHHSA

6.1. Jlenna ¢opma

Ne Bua nisieHOCTI (3aBIaHHs) MaxkcumaibHa KUIBKICTE OasIiB
1 | Ipaktuyna po6ora Nel. Yactuna 1 4
2 | lIpaktruna po6orta Nel. Yactuna 2 4
3 | [Ipaktuuna po6ora Ne2. YactuHa 1 4
4 | IIpaktnuna poborta Ne2. Yactuna 2 4
5 | [Ipaktuuna po6ota Ne3. Yactuna 1 4
6 | [Ipaktnuna po6orta Ne3. YactuHa 2 4
7 | Ilpaktnuna po6ota Ne4. Yactuna 1 4
8 | [Ipaktnuna po6orta Ne4. YactuHa 2 5
9 | Ilpaktruna pobota Ne5. Yactuna 1 4
10 | IIpaktuyna pobota Ne5. Yactuna 2 5
11 | Ipaktuyna po6ota Ne6. Hactuna 1 4
12 | IIpaktuynra poboTa Ne6. Yactuna 2 B
13 | [Ipaktuyna po6ota Ne7. Hactuna 1 3
14 | Ipaktuyna pobota Ne7. Yactuna 2 3
15 | IIpaktuyna pobota Ne7. YactuHa 3 3
16 | Pa3om 3a cemecTp 60
17 | Icnut 40
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Kpumepii oyintoeanns 3a60anv 011 00CsicHEHH MAKCUMATILHOT KiIbKOCMI
oanis

Maxcumanvha xinekicms 6anie (6i0no8ioHo 00 nonepeorboi mabauyi) — CTyICHT 3 BUCOKOIO
SKICTIO CaMOCTIfHO BHKOHAB BeChb 00cCAT poOIT, BIANOBiJAa€ Ha BCi NMUTaHHA, MOB'A3aHI 3
BUKOHAaHUMHU pPOOOTaMH, Ta pOOUTH JOJATKOBI PO3PaxXyHKH, sIKi MOMY INPOIOHYE BUKJIamad. Y
BUKJIaJlaya HEMAae TPEeTeH3i I10J0 peamizalmii CHCTeM HEUYiTKOTO JIOTIYHOTO BHCHOBKY a0o
HEYITKUX METO/1IB 0OUMCIIIOBAIILHOTO 1HTEJIEKTY Ta BUMOT JI0 BUKOHAHHS pOOOTH.

3-4 6anu - CTyIEHT 3 JOCTAaTHHOIO SKICTIO BUKOHAB BC1 3aB/IaHHS, aje B Mpolieci poOOTH BiH
pPOOMB JesIKi TIOMIJIKH, SIKi, TICJIs BKa3yBaHHS Ha HUX BUKJIaJaueM, CaMOCTIiHO BurpaBiisiB. Ha
JIesiKi TMTaHHS BiH BIAMOBia€ 3 MOXMOKOI0. 3amporoHOBaHi1 BUKJIaJaueM J0AaTKOBI PO3paxyHKH
POOHTS 3 JeSIKOI0 OTYror. He Bci BUMOTH 10 BHKOHAHHS pOOOTH IOTPUMaH.

1-2 6anu - cTynEHT CaMOCTIHO BHKOHAB BCi pOOOTH, aje SKICTh pealizaiii HeAOCTaTHS
(moMuIIKM TpH pO3paxyHKax, HEe BCi BUMOIW 10 pobOoTH noTpuMani). Ha mutaHHs 1110710
BUKOHAHHS POOIT BIAMOBII HE 30BCIM YiTKi. € IOMUIIKY TIPH BIAMIOBIAX.

0 6anis - CTyIEHT HE BUKOHAB BeCh 00cAT pobiT, a00 BUKOHAB 3 TPyOMMH IMOMUJIKaMH. Bin
Mae MMpoOIeMH 3 pOo3paxyHKaMH, HEe 3HA€ TEOPETUYHOTO MaTepially, peasiailisi CHCTEM HEUiTKOTO
JIOTIYHOTO BHCHOBKY a00 HEYITKMX METOMIB OOYHMCIIIOBAJILHOTO I1HTEJICKTY HE BIINOBITAE
MIOCTABJICHUM BUMOTaM.

[Ipu oTpumaHHI HE3aAOBUIHHOI OIIIHKK CTYJIEHT MAa€ MpPaBO BUIIPABUTH BCl MOMUJIKHA ab0
BUKOHATH HOBI BapiaHTW 3aBJaHb, SKIIO BUKIAJa4 HEBIIEBHEHWH, IO CTYJCHT BHKOHAB IX
caMocTiitHO. Takuil BapiaHT IPONIOHYETHCS, KOJIM CTYICHT Ma€ 0arato MpOITyCKiB 3aHSTh.
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