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1. EmxArorg

Yty napoloa epyacio UEAETOUUE TN LOVTEAOTONGT TOHAVOEOUNOTE UE aouph VEURKVIXY WovTéla TOTou Takagi—
Sugeno-Kang (TSK). Ta TSK cuvdudlouv acagpy| diopéplon tou xhpou elo6dwy (LEcw cUVIPTACEWY GUUME-
Toyhe xou xovévwy IF-THEN) ue mopapetoxd (ouvidng ypouuixd) ocuvunepdopata otnv é€odo. H mpoxtind
onuaocia Toug éyxerton oty wavotnTa (o) vor tpoceyyilouy un yeouuixés oyéoels e wixpd aptdud xovévey, (B)
vo exoudevovton amodotixd pe vpptdués pedodoue (omoYodiddoon vy Tic MF xouw Ehdylota Tetpdywva yia
TIC TopaETEoUS £E€600L), xau (Y) Vo Topéyouy dlayvwo txég anewxovioels (MFs, xouniheg pdinong, opdipoto)
yenowes yio gpunvela xat pdduion.

Oewpolue dVo cevdpLa:

1. To Airfoil Self-Noise w¢ eloaywynd mopdderyuo Ue b eloddoug, xou

2. To Superconductivity ye VPN dlacTAGWOTNTA, OTOU £PUEUOLOUUE ETLAOYT YOEUXTNELO TIXWY Xat ovoll -
non mhéypatoc (grid search) néve oe 5-fold cross validation.

1.1. IMopadotéa

Ta mapadotéa tng epyasiag anoteAodvTaL ATo:
o Tnv noapoloa avapopd.
e Tov xatdhoyo source, pe tov xwdxa tne Matlab.
e To clvdeouo ue To anovethplo Tou TepIEyEL Tov xwdwa Tng Matlab xadng xou autdv g avapopdc.

2. Y AOIOIHTZH

Thonolnxe X0 LTOBOUT| CUVAPTACEWY YL BLAY WELOWUO CLVOAWYV, tpo-enelepyacia, afloAdynon
XU CUC TNUATIXT] ATELXOVLIOY] ATOTEAECUATOV, OHoTe Vo eEunnpetodvion xou o dvo oevdpia. H ovo-
TopaywYY| Yivetow exTEADVTAS Ta scripts scenariol.m xou scenario2.m, Ta omoiot xoholv T Pondntixéc
CUVOPTNOELS.

2.1.  Awywpeiopds dedopévwy — split_data()

H split_data 8éyetou to mhripeg dataset xan Sty wpilel oe train/validation /test pe nocootd (e8¢ 60/20/20),
emoTeéQovtag Seywotord ta X xan y Yy xdde umocUvolo. Xenowomowlue seed YLl avamagaywyyloTnTa
(rng(seed, 'twister')), Bote TuYOV ouyxploes petalld LovTéAwY va Yivovtar entl Tov (Blwv yweloudtoy.

2.2, Tlpoeneepyaoio dedopévwy — preprocess_data()

H npoeneepyaoio elvon amapaitntn yio otadepn exnaldeuon. Thonojdnxay dVo tpoémol: Min—Max xudxwon
oe [0,1] xou z-score (péon TR/ Tumx andxhion). Xe bha To oevdpla vroloyibovtar ta otatiotid woévo oto
train xou epapuélovion oe val/test (no leakage). Ilepopatiotinope pe z-score, kwot660 xatohilope oe Min—
Max (mode=1), mou anodelyVnxe enapxic xou otadepr| emthoyy.

2.3.  AZwhéynon — evaluate()

H evaluate unoroyilet MSE, RMSE, R?, NMSE xou NDEI doet tov npoBiédewy xou tne ehfdeiec (pred,

truth). O delxine B2 = 1 — %{: xou T xovovixoromnuéve peyédn (NMSE, NDEI= +NMSE) emtpénouv

ouyxploeic petadl puduioewy.


https://git.hoo2.net/hoo2/FuzzySystems/src/branch/master/Work%203
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2.4.  Eugdviorn anoteAeoudtwy

Thonoidnxav o plot_resultsl (Xevdpio 1) xou plot_results2 (Xevdplo 2) mou:

e dnuoupyolv cuVOTTIXG oyfua ue dleg tic MF avd elcodo (rpwv/petd),
o oyedidlouv xopnOAES pddnone (train/val),
e divouv Predicted vs Actual xa ogpdhpo tpdBAedrng (residuals),

o xou amoUNXENOUY GUOTNUATIXG apyEla EbvewY aToug pouxéhoue figures_scnl / figures_scn2.

3. XENAPIO 1 — E&®APMOTH sE AIIAO Dataset (Airfoil Self-Noise)

[ty topovoa epyacia exnadedtnxay 4 TSK povtéha pe bell-shaped cuvaptiioeic ocuppetoyic (gbellmf)
wéow genfis (Grid Partition) xou anfis (uBpduxr BeAtiotomoinon, 100 epochs). Ta povtéla eivou:

e Model 1: TSKO-2MF — constant ¢Zodoc (singleton), 2 MF avd elcodo.

e Model 2: TSKO-3MF — constant, 3 MF avd gicodo.

e Model 3: TSK1-2MF — linear é£odoc, 2 MF avd sicodo.

e Model 4: TSK1-3MF — linear, 3 MF avd slcodo.

[Mo xdie poviého, we tedned emAEYeTaL AUTO UE TO WXEOTERO GYdAua 6To validation.

3.1. Xuvopthoelg cupueToYhc

O cuvapTAoE CURUETOYNG TPV Xl UETH TNV EXTABEUOT) QalvoVTaL TOQUXATE.

Membership Functions — Model 1

4 BEFORE training — x2 4 BEFORE training — x3 4 BEFORE training — x4
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Exhure 1t Tuvapthoeic ouppetoyhic mpv/uetd yio to Model 1 (TSK0-2MF).
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4 BEFORE training — x1

Membership Functions — Model 2

4 BEFORE training — x2
\

4 BEFORE training — x3
\

3 BEFORE training — x4

4 BEFORE training — x5

Membership
o
&

Membership

ExAue 2: Tuvapthoelc ouppetoyfic tpv,/uetd yio to Model 2 (TSK0-3MF).
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Exhue 3: Tuvapthoelc ouppetoyfic tpv,/uetd yio to Model 3 (TSK1-2MF).
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4 BEFORE training — x1
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ExAue 4: Tuvapthcelc ouppetoyhic npv,/uetd yio to Model 4 (TSK1-3MF).

Input x2

Input x3

Input x4

Input x5

Ané to napandve napatnpolue 6t on ME avanpocapuélovton opahd petd tnv exnaidevon. Me 3 MF /elcodo
auEVETAL N EXPEACTIXOTNTA, 0AAE evd€yeTon vor auéndel To ploxo umepexmaldeuong av dev LTdEEel emapxéC
regularization /early stopping péow validation.

3.2.

Yo oyt 5 xou 6 Topadétouye

Avorypdypato pdinone

Learning Curves | Model |
T T T

o Sty edupator pdinone.

46

44

42

Error
-

Ny

10 20

()

I
a0 40 50 60
Epoch

70 80 %0

Learning curves — Model 1

100

Learning Curves | Model 2
T T T

(B) Learning curves — Model 2

ExApa 5: Kaunvdes uddnons (train/validation).
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E
o |
% o £ % w0 % w 7 w0 w
,,,,,,,
(') Learning curves — Model 3 (B") Learning curves — Model 4

SyApna 6: Kaumdles uddnone (train/validation).

[opatneolue yio otodepr] anoxAMudxwaon Tou train error xou eMA0YY enoywy P€ow Tou ehayiotou validation.
To povtéla pe linear éZodo (Wiwe ye 2 MF) cuyxhivouv tayltepa.

3.3.  Xgdhparta npéBredne (residuals)
Yo oyfuato 7 xou 8 BAémovye tar opdipota TedBredng.

PredicionError . predictionEror

| . Il V‘ “‘

\ \ m | \ (
H H I §°W il v‘f"‘ '\”\“W w 1 "\/ il M« '(\J ~rf / w W‘“‘r"'
! ‘ L H‘v M‘H / u t ‘ *
I h‘“ J \J\ w \/ i W }W 1’ ,\

0
L L L L L 20 L L L L
50 100 150 200 250 300 o 50 100 200 250
Tteration

Teration

(o) Residuals — Model 1 (B") Residuals — Model 2

EyxAue 7: Xpovooeés opdiparoc mpdfleync ota Sedopéva eAéyyov.
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Prediction Error
Mean absolute error: 2.569384.
T

Prediction Frror
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Prediction Error

iction Error
an absolute error: 1.867028
T

<40

ONV 0/ Vw\ml

J

Tteration

(B’) Residuals — Model /

YxAro 8: Xoovooeés opdluaros mpdpfleyns ota dedopéva eléyyov.

S W” AL Mw ﬁv =i VAMW " /’w’/\/\,/R’\W/AW(”’W*ﬁjw"M.P
|

300

A6 o Sorypdupata TopaTtNEOUHE OTL, Yiol T XahOTEPA HOVTEAR, Tol o@dApota tpdBhedne (residuals) xorto-
végovton Tuyola YOpw amd Tto Undéyv, ywels vo eugaviCouv cuyxexpwévo potlBo. Avtideta, av o opdipota
Tapouctalay xdmola EYpovy) dour| 1 CLUC TNUATIXY TAoT), aUTO Yo GHUAVE OTL TO HOVTEAO BEV TEQLYPAPEL ETAUPNDC
™ oyéon eww6dou-eE6dou xan mdavov Yo ypewoldtay yeyahitepn tohunhoxdtnta (). TEPLooOTERES CUVAETY-
oelg oLPPETOYNG).

3.4. XUyxpwon Actual-Predicted

‘Oowv agopd ) cUYxELoN HETAEY TOU LOVTEAOU TEOBAEdYNE omd TNV eXTEREOT) TOU SCript €youue To amoTEAEGUATA
Tou oyfuatog 9 xou 10:

140

Predicted vs Actual | Model 1
T T T

135

130

1251

Predicted

(o) Predicted vs Actual — Model 1

Predicied

Predicted vs Actual | Model 2
T

135 -

15

10

I I L I I I
100 105 10 15 120 125 130
Actual

(B") Predicted vs Actual — Model 2

ExApo 9 Dvoysrion moofAdpewy pe e moayuatinés tuéc (ideal: yoauun y = x).

I
135 140
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100

(') Predicted vs Actual — Model 3 (B’) Predicted vs Actual — Model 4

YyApa 10: Yvoyérion mpoplépewy ue tic moayuatinds wués (ideal: yoauun y = x).

3.5, XUVOoAXd amoTeAEoUATA
YUVOAMXE €y OLpE:

Metrics Model-1 Model-2 Model-3 Model-4

MSE 16.926 17.141 12.895 30.475
RMSE 4.1142 4.1401 3.5910 5.5204
R? 0.66468 0.66043 0.74454 0.39627
NMSE 0.33532 0.33957 0.25546 0.60373
NDEI 0.57907 0.58272 0.50543 0.77700

ITivaxcag 1: Asixrec andboons oo test set ya ta 4 poviéda tov Xevapiov 1.

Hoapotnpotue e o Model 3 (TSK1-2MF) netuyaiver Ty xolltepn wooppomia (younidtepa MSE/RMSE,
ubmhétepo R?), emPBeforivoviac 6t yoauuxt é50dog e petoromad Siauéoon (2 MF) elvon emapxic yie To
Airfoil. H ab&non oe 3 MF (Model 4) au&dver tnv molumhoxdtna xon ETBEWVGDVEL T YEViXELOT.

4. YENAPIO 2 — Dataset ME TWHAH AIATTATIMOTHTA (Superconductivity)

4.1.  Xtoyo¢ xan yevodohoyia

Ye autd To CEVAPLO 0 GTOYOS WS £lvol 1) AmOdOTIXY| UOVIENOTONOT UE TEPLOpLoUs TG exdeTinc adEnong
xavovewy. Axoloudolye:
1. Split 60/20/20 ot Train/Val/Test xou Min—-Max xAwdxwon pe otatotxd train.
2. 5-fold CV grid search mdvw oc 800 eleditepes napauétpouc:
e mAfdoc yopaxtnpiotixwy k_feat € {5,8,11,15} (emhoyt, pe ReliefF),
o axtiva empporic SC r, € {0.25,0.5,0.75,1.0} (xadopiler nepinou #xavévwy).

3. Teluwxn exnaidevon ue ta Bértiota (kf,,,rh) o o€lohéynon oo test.
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4.2.  Awyvwotixd Grid Search

Mean CV Error
Numbers show mean #rules

#Features

02 03 0.4 0.5 0.6 0.7 08 0.9 1 11
Cluster radius r_\alpha

YxAwe 11: Heatmap péoov opdiuaroc CV avd (k_ feat,r) — pe emxdlvyn tov #xavévwy.

Ecror vs Rules Bost CV Error vs #Featuros
T T

(') Méoo CV opdiua we mpos tov aguiud xavévwy. (B) Kalvrego CV opdipa avd adfoc yapaxtnootidy.

Yy Ao 12: Yyéon opdluaros pe motvmloxdtnra (ravives) xar pelwon daotaoudrnras (yagaxtnoiotixd).

IMopatneoiye mwe undpyel to TuTixd U-oxnua we mpog Toug xavovec: Aiyol xavoveg utonpocapudlouy, urepfo-
Axd moAlol 0dnyolv oe unepexTaldeLoT). (2¢ TEOC ToL YUEUXTNELO TIXG, Wia uéTota TN k_feat Siver tnv xokltepn
wwoppotia Yoplfou/mhnpogopliag.

4.3. Tehxd povtéro: xaumiies, tpofiédelc, residuals

It T0 Tehxd povtého Yetd tnv exnoddeuot xou olohdYnam €y ouyeE:
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Learning Curves
165 g
16
165 e
£ 15 -
&
145
n 3
155 I I I I I I I I
o 10 20 30 a0 50 60 7 80 % 100
Epoch

YyxApa 13: Kaundleg pddnons tov tediob povtéhov (train/validation).

Predicted vs Actual

250
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100 —
:
£
50— =
0 |
50 —
100 I L I L I I
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EyApo 14: Yiyxpion Predicted vs Actual oto test set.
Prediction Error
Mean absolute error: 9.797307
150 T T
100 —
50 —
g i
g o
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-100 -
150 1 1 1 1 ! 1
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YxAue 15: Residuals (oeiod opdAuarog) oro test set.
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4.4. Evbewtixéc ouvapthoeic oupuetoyfc (subset)

Membership Functions (subset)

BEFORE x_{66} BEFORE x_{63} BEFORE x_{31}
Y
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o
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X_{66} X_{63} x_{31}

AFTER x_{66} AFTER x_{63} AFTER x_{31}

Membership
Membership

. X . 04 06
X_{66} x_{63}

YxApo 16: Evlextinés MF ya emileyuéves eioddovs mow/petd tny exmaidevon.

4.5.  Acixtec anddoone tehxod povtélou (Test set)
Yy extéheon mou TopaIETOUUE, TO TEAXO HoVTEND Tpoéxude ue 12 xavdves xou 1) enidoon oTo test elvou:

Metric  Twn

MSE 208.506
RMSE  14.4397
R? 0.820108
NMSE  0.179892
NDEI  0.424137

IMivaxac 2: Andboon telixov povtélov oto test (Superconductivity).

Hapatnpolpe Twe 1 exidoon eivan oyuph (R? ~ 0.82) ue oyetind wxpd aprdpd xavéveyv, emPefouddvovtoc 6L
o ouvduaouog ReliefF + SC ehéyyel anoTEAEOUATIXG TNV TOAUTAOXOTNTO.

4.6. Xuyunepdoyota

H emhoyy| yopoxtnolotixmy xou 1 pLiuon e oxtivag 7o elvon xplowec. To grid search ye 5-fold CV napelye
o&LOTIo TN eXTUNOT GQANUATOS XU OONYNOE OE UOVTENO WUE xaln] yevixevon xa. meploglopévo TAHYOSC XAVOVGY.
Av vioVetoloope Grid Partition ye 2-3 MF /elcodo yia (o mhidoc yopoxtnetotixody, o aptiuds xovdvey do
IOPowvoTay exdetind (~ me), xodioTdhvTag 10 Loviého BuoxohdTEPO GTNY eXTAdeuaT X0 My dTepo eEAEYELO.
To SC anogedyel auth TV «Exenin xavovevy dnuiovpyovtag data-driven xovéveg ue cupmayr xdiudn tou
YWEOL ELGOBOL.

10
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4.7. Enihoyog

Avanti&oue plor ohoxhnpewuévr dodixacia takvdpounone ve povtéha TSK, n omolo xohintel 6Aa to 6 TddIar —
and ToV 6O TO dlaywpeloud xou TNV TeoeneEepyaoior TV SeBoPEVKY, Y€yl TNV EXTUBEUGCT), TNV AELOAOYNOT Xat
TNV AVIAUGT) TV ATOTEAEGUATWV.

Y10 Xevdpro 1 @dvnxe OTL éva JOVTENO UE Ypouuxr €£000 xou Uixpd aptdud CUVORTHACEWY CUUUETOYNG
unopel Vo amoBHOEL IXAVOTIONTIXG. 2T0 LEVAELO 2 BLaTLC TOOUUE OTL O GUVOUACUOS EMAOYNG YAQaAXTNOLOTIHWY,
Subtractive Clustering xar diaoravooiueyns emxiowons (cross validation) emitpénel Tn dnuovpyia anodoTixmy
xa €0XOAA EPUNVELCLUWY UOVTEAWY, ywpeic Ty exdetey adénon tne molumhoxdtnTag mou epgoavileton oTIg
Tapadocloxés uedodoug grid partition.

11
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