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= [A8 4-5]= ollXIE S&8t 0§ E0{=Ct.

= [A8 4-3]0IM &= mA| Eleh2 oA slix| 0j7t HEE[0] 5=X[7} HFHQACE.

= 7|17} 185cml HAIS WZIsiE AL 0] HAl= 717t 2 AL £2toll 0.521F Setrt.
aaLt o] EAl= i< 7171 2 =X Eeol= 0.158HF S8tCt.
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4 03_210] #1459} X

< H0{ H=2} 5| X]

= &0 SS0IM A= ALZst= ol %l

= Df(very): &= SH&I0|CE A 2HF

oAl A 5HO| |

s () = [pa(x))” (4.6)
=0| 7|7} 2 =} & gholl 0.862HF SetChH, 0 7171 2 "Xl &etofl= 0.739681F
& 3iC},

= &Al(extremely): D12} HIT8t 2017} =0, I =71 H 3L} 0] AM2pA(X)E
Mixi=et Zioict.
extremely o 3 (4 7)
pa (%) = [pa(x)] :
=0[ 7171 2 =t & eholl 0.8621F f-—‘.-?_* h_‘l oi<> 7171 2 At &etoll= 0.73%68=
&olal, ZAl 7171 2 =4t Eeloll= 0.636181F S8iCt.
« I1SOHR(very very): EE AL F_*-’.-_“-%I grget 210|ct. o] HAZ2 ES HLMS HE e
Zio|ct.
" () = [y 0] = [pa ()] (4.8)
orE, i< 9I7} 2 A} Zetofl= 0.73968 3 &dl= 82
Ct.

717t 2 At el 0.8681F,

Oi<>0i<2717F 2 =4 &et0ll=0.54708t

A=0| &ete] HeE &5l mHA|
= dato|ct.

Ai
—_—
= &ot
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bz 03_210f BiZ=e} Si|x]

< 2101 =2} of|X]|
= &0 SS0IM A= ALZst= ol %l
= L} (more or less): & HLIO0|CL ElElS SIS 2M mX| FLSo| £25ES
=0IC} o] HA2 iS5 3 Z0[ LIEFHCE

uxoreorleSS(x) _ 1A (X) (4.9)

aiek 20| 7171 2 Al & EH0fl 0.862H2 & SICHM CiA 7|71 2 HXI EEHoll=
0.927481Z &siCl,

= EAMS|(Indeed): L3l(intensification) HALOICE 2= 22H2| o|0|E Z 3| SiC].
AEKE710.50|40/H AKEE O =0|1, 052C) R HR0= O WEs HES
SiC}. SllX| EH&l5|= 5 71X WHo = £SE =~ QIC}

pindeed (x) = 2y, (%)) if 0 < pa(x)<0.5 (4.10)
indeed o 2 .
Ha (X) =1- 2[1 — /LA(X)] if 0.5 < /LA(X) = 1 (4,11)
aker 0| 7171 2 HAIE2H0]|0.86 212 =£etCtM =HAl5] 7|71 2 YAl & etoll= 0.9608
a3 &5iCt,
HiCH=2 7|71 2 At &2l 0.24812 &35t= 0103 = 246|771 2 HAl &=
0.1152 O+= &38ic}




iz 03_210{ B9} FIX|

< 0] H2} | K]
= SlIX|0fl CHEt AT} D)= EHO| R : [E4-2]

[# 4-2] IX| =20l SIXIS LtEt= 2

alix| T4 B2 J2Hz He

[a(0)]* /\
[a(x)]™ /\
o [a(x)]? /\
= [1a(x))? /\

10
™

P
oH
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L2 03_210] BiZ=0} SIx|

< 0] H2} | K]
= SlIX|0fl CHEt AT} D)= EHO| R : [E4-2]

020 [pa(x)]* /\

Cha 1a(X) /\

Aozt pa(X) /\

s 2[ pa(x))? 2 if 0<pua<05 /\
1—2[1—pa(x)]? FO5<ua<1
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iz 04_THX| EBH I

< I X| &gt edat
= OMI7| &, AIRED ZHE0{(Georg Cantor)7t BEA|ZI 1H FEIE2 FE|AZ
EletS0]| o{EHA 4=x26l=XIE dYel
= 0|2{st AS=EZSF M (operation)0|2} SHC}.
= X EgtE0ll= of&let, Eet 2, mEl et etElet Wl 71xi7t 24ct
= [O8! 4-6]0] 4| oAM= = A st6H =QU4CT

- aF=ol 7

n'_cl

i x| Elere| AdkS Hlad : [T1§] 4-6]

A Ok
O1EIB T i) B/

[3% 4-6] nFHQI Zigh S
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iz 04_THX| EBH I

< EX| &g A
= 0{&l & (complement)
« J2|Ax Fgh o AT} O EEoll S51X] kS92
= HX| &gk daS0] 1 #etof LojekE £3Ix| 2S7P

- Elghel oiElel2 ol &gl BICHE 2|o]stCt.
= 7171 2 =X &ete] o{Ee2 7171 3| 2 HAIEeolct.

= =2 AWM 7171 2 AL &S i of &S H=Cl.
= A7} HX| &gt 0|2t 0{&l 8t -A= Cl=S 1t Z0]| LIE}E 5~ 2ALC}
poa(x) =1 — pa(x) (4.12)

- O|SHIHM, 717}
20| Al ¢

2 LR} HA| ZIE0] UCHH 717} 37| 42 WA TA| HES e
% olct

7|7} 2 LX) — (0/180, 0.25/182.5,0.5/185, 0.75/187.5,1/190)
7|7} IX| 2 Uxp = (1/180, 0.75/182.5, 0.5/185, 0.25/187.5. 0/190)
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iz 04_HX| Z|gt oM

;'T';3 "F71|(con’rainmen‘r)
- J2|A= EF g} ofH Zgto] CIE Zgtof] KEtp B
- TX| gk o= ZElo| CHE TS K& |

= ST &AL 2A0F OIEEA|FL 1A E EE2 CIE &elS Eghet 5 ULt
- Xptk|= 52 F& &el(subset)0|2} SIC}.
= 7171 2 ©HAY a2 22 7171 2 "HAE ZelteiCh 222 1< 717t 2 "Ak= 7191
2 "xie| £ Ego|ct.
- dHHOj 7171 2 =Xl Ee2 A Egel 5= Elgto] Lt

- QAT FBOIME B2 ZIg0| BE dAs SEIB0 2M5 £511, 25

1 0] =Ic}
- 2Lt HEA| ZeollM 2 flas SEBHECH 22 Fa0l O MA| S8
- TX| S Zg AAS0] B2 FE0) ChE 24742 S B0) ChE 247k} FT
717F 2 =Xt = (0/180,0.25/182.5,0,50/185,0,75/187 .5, 1/190)

0§ 717} 2 L} = (0/180,0.06/182.5, 0.25/185, 0.56/187.5, 1/190)
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iz 04_THX| EBH oIk

« EX| E g 25
= W ¥l el(intersection)

« F2|AZ E gk o= ALT) F EE 250 SEt?

« X Fgh a0t F EE 250 HojoE S8t

- 0H EE0M = Eele] uEe2 EelS0| Swols ALSS EESC)
= 717} 2 ©AF el 'SSet =HAre| #elto] UACHH wE B2 o] EetS0l dxl= HE

2otCt.
- &, &2 7171 30 S ujjat o] w2 Elgtol Sstct
« gL}t mHX| EetfM= et A2t 5 Eelof ME2 CIE =2 FEE2E £ 5 QI

= A2l Zp H40| HA| E B0l cHet 25232 F &letoll chet &% 2t S 22 40|
EICH

= =2| A XO0IM 5 mX| EetAet B2l wEers HE= mHA| 2L

pars(X) = min [pa(x), pup(x)] = pa(x) N up(x), where x € X (4.13)
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iz 04_HX| gt oAk

< IX| &gt A

= 7191 2 A2t 7171 232 =HAke| m x| &gl
717t 2 EX

— (0/165,0/175,0.0/180,0.25/182.5,0.5/185, 1/190)
7|7} BE01 X} = (0/165, 1/175,0.5/180, 0.25/182.5, 0.0/185, 0/190)

= (4.13)0]l =M o] = Egte| wEe2 cl=ut 2Lt
717 2 YX

— =

b0 77F BEQ1 Yxb = (0/165, 0/175, 0/180, 0.25/182.5, 0/185, 0/190)
- &, Cl=1 ZCt
717} 2 WXk 77} BEOI HX} = (0/180, 0.25/182.5, 0/185)

o

IS =422 LIEILM [O8l4-7]3 ZC}
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Lz 04_mx| &gt A

< I X| &g o4t
= gl&l8t(union)
= Je|AIZ Eleh /T 5

= FE o= Z0IE H@IP
- HX| Mk 247t S He ol H0IS A0S HEp
5 3e|AX Eete| etElel2 5 EEhl Sol=s 22 ALEE 0|0 T

- O|EEIE, 7|7} 2 XIS} 5253 WRtel BHRIBHS 717} AL HEe BE UASE
Ol0{ZIC}

n E, E2

2 7171 37| ulj=20f o] et&letoll &st=0l, ol £0| SS8HX| Ol X|= ArzEH0|
fACH

- mX| oM ghalet2 W&l eke] Hici
= CRA] 2HolM, Z+ A2 siEl o] CHet &

ik% 5 &leholl CHet &5 2k S =2 40Ic}
« HA Fgxol S5t £ HA| Zateo| BEgE B
] X=1

pauB(X) = max [pa(x),

pB(X)] = pa(x) U pp(x),

where x € X (
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iz 04_THX| EBH I

< x| &g A
= CiAl gt 1 717} 2 =5AteL 7171 232 57i2] HA| &S dZolE AL
7|7t 2 X = (0/165, 1/175,0.0/180,0.25/182.5,0,5/185, 1/190)
7|7} HEQI LR = (0/165, 1/175,0,5/180, 0.25/182.5_0.0/185, 0/190)
« (4.14)0] W 0] FEELO| B Ch2at 2ot
717 2 XU 77 BEQ! A= (0/165,1/175,0,5/180, 0,25/182.5, 0,5/185, 1/190)
+ [214-7]2 TX| &g el Clojoj 1S HOiEC,
- AR|AZ Fgta HA| Zgtols SUs S40] UL
- AR|AZ FEe HA| ZEtel S48 422 2 £ Url

- HX| ZIBH0IM MEISHs HE

« W EHHE! (commutativity)

AUB=BUA
ANB=BNA

of 77t2 gXtOR 717} &= Gt = 7|71 2= gXt OR 7|7t 2 At

717t 2 X AND 717t 212 gXt = Z17F &2 JAFAND 7171 2 =X
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iz 04_HX| gt oAk

< HX| gt o1
« HA| ZEtollM Mesk= Y
= Zgt¥H =l (associativity)
AUBUC) =(AUB)UC
AN(BNC)=(ANB)NC

=AHOR 717k 2821 &At) = (717F 2 EXF OR 77 212 A1)

L

rlo

of 717k 2 &Xxt OR (7|7} %
OR 7|7t E&S2! gAt
717t 2 EXFAND (77t 22
AND 7|7} BEQI X}

=X AND 77t 2801 It = (7171 2 EXAF AND 717 &2 A

= EHIME! (distributivity)
AUBNC)=(AUB)N(AUC)
AN(BUC)=(ANB)U(ANC)
O 717} 2 A OR(Z|} &2 HAt AND 77t S0l HiXh) = (717 2 HAt OR 717} K2 7

AND (7|7} 2 Y& OR 7|7} REQI X}
717t 2 HAFAND (7|7} 22 HXF OR 7|7F BE2 HXp) = (717t 2 YA AND 717} &2 HXp

OR (7|7} 2 Xt AND 7|7} HEO| Ix})

41




iz 04_HX| gt oAk

< K| &gt &
= mX| EehollM delst= E
= HSH=E](idempotency)
AUA=A
ANA=A

of 7I7F2 gXxt OR 7|7} 2 Xt = 717t 2 At

L

717H 2 Xt AND 7|7t 2 gXt = 7|7t 2 gXt

AUD = A
ANX=A
ANQ =@
AuX =X
of 7|7 =SAFOR HZ|X| L= = 77t 2 AL

AT AND FOl=|X| 42 = E2l=IX| 4=

(e

=
3 YXFAND 2= = 7|7} 2 At
=
=

dAtOR 25 = 25

- 047|M HOIE|X] 222 TEIBHempty set, null set), T BE ASE7
—

= 2= £557H21 ¥ A Hel(2l7F £5] U2 B2 Z)0[ct.

o
2
e
It
S
K
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iz 04_THX| Z|&H Ak

< IX| &gt A

= CHel(involution)
~(-A) = A
ol NOT(NOT 7|7t & &Xxh) = 77 2 Xt
= O[HM(transitivity)
(ACB)N(BC C)o'HA C
= A AT e A g
of IF (Al 77t 2 Xt ol 7174 2 &xH AND (o<

THEN (&A] 7[7F 2 Xt C 717t 2 5Xb

= ERE7H HZ](de Morgan's laws)
-(ANB)=-AU-B
-(AUB)=-AN-B

of NOT(Z|7t 2 §XtAND 7|7t 2= gXH = NOT 7|7} 2 @At OR NOT 7|7} 2= X}

NOT (7|7t 2 Xt OR 7|7t &2 Xt = NOT 7|74 2 =X AND NOT 7171 &2 =X}
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» TX| ZIgt ¢1a
= mHX] &g ALk} oA EHet 5o 12|11 XS Mot 7|E & etollM
Ci2kst x| EelsS gAl 82 = ULk
= 7|71 2 92| HXIEetALt 7171 =2 YAl X E g 87| UA2H 0i X = 21
0> =X = 242 GAte| x| &gl ¢ Lt i 3XI= J:" ﬂH IS SXIE 42
=A12| x| EetdDVIX|= ChS Sat0flA] 0]Z=01L &= QICL

pe(®) = [1 = pa()*] N1 — (%)%
up(x) = [1 = pa(x)*] N [1 = pp(x)*]

- Uuo= TX| AT} XIS ME510{ KI210{0] Y0{H M2 FEHE 4 U= HA|
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il " A

STl R &2 My
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+ DHHOI P& 7 TX| F2je| RH0IH

= AX72| 73 a1 IF-THEN #&{(0] 2! =2])
T3 1
IF 25 = 100
THEN  AA|7|g]= 4o}

IF 22 = 40

THEN  Az|72]= %)
== 0~220km/h AFO|OH]
= JX|7{el= Ul E2 %

ol Fal2 & i=a|o| o]

O|:= 7}
AA L= HA

0| EIC}.
Ck 5 71X| 2% S StLpat
HOo{= FESistC}.

=1 Lk ©2H



© DHHQI F& 2 T Falel XH0IH
= MX|712| =2 mX] A

72 1

IF Z=1z 7} w2 o}

THEN  A#A|#z]l= 2o}

T2 2
IF s 7} 2o}
THEN Az Az2]= Zt

210{ ¥4 HEE 0~220km/h H2I(=2] Ped)oil ULk

2Lt o] Wl =a|ck, BEo|CY, 'uurzl:r 22 WX Hats EaiCt

210{ ¥4 FX|7{2|2| =0 YR 0~300m AO|0| US 2 2T, WL}, "HE0|LY,
Uck 22 WXl Fits Eae 4 Uk

MhEtM HX| FAL2 TXI ZIgha ¢i2kElof It

HX| ME27FAILH2 AESS el 5 S Ea

ol

F 90%E M|7{EtC}.

)
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- HX| Fale] £2 4y
= HX| =2 (fuzzy reasoning)0ll= 5 SHAI7} QACE.
= TH&lo| A (precondition, THEIL| IF FE2)2 HIISt= EH

= EH(postcondition, TFEIS| THEN £2)0]l ZIIE &=, & ME5l= Sl
= I X| A|28I0M=E 0| HZ| 220|HH 2= #£I10] 0= M= fSHE!
= DOl 3=l 7|HE A|AEINAM = EIC| 40| 0| £Z4 AA| F0|2ALCT.
= HZHO| EX Mo A2 Fo|2tH £ A 22 ME=2 Fo|C}
= [O8I4-81°| & mX|Elgt ‘7171 2 LAl 'SRAI £7{2 UYXHE M2 X}
282100 S5 2 ux AREL0M oy
0.8 0.8 Sie
0.6 0.6
0.4 0.4
0.2 0.2
0.0 A N T R 0.0 I I I R B
160 180 190 200 70 80 100 120
7|(cm) =27(kg)
[33 4-8] 7|7t 2 YRRt S2A7t 2HAL YAl HX| &gt
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* EX| TFEl0| 22
+ DX YBES ISR £ BHe| 7|HE HZ
= 0] 22 AlEe] 712t =FAI2| 20| BIEE 0, 0= mX| =] SILIZ LIEIE =

2UCL
IF 717} Act
THEN {57071 24ct
- A $O| £ oI ASEE MU AKUM MY Y 5 US
- HX| £2 HAI2 Bhx Melo|ahs WS 0188
+ [ 4-9100ME HAl 718 LIERH Clkst Zio= Cltst 2RIE REst: S
HOo{ELC}
Adc 1.0 717t 2 "Xt A2z 1.0 FA7E RAZ AL
0.8
0.6
0.4
0.2+
0.0 I . ; I | |
160 180 190 200 70 80 100 120

7|(cm) = ((X6))

[3% 4-9] Exte| SFA| ol Chist Tz e
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 HX| TR0 HHo| 03] F=0| Y= £
- 4 -FP'SIEEM EHX| 2] M2 o] JHY = US.
IF
AND
AND
THEN

IF
OR
THEN

- Mo

= 0{710lIM

1) A]<:7]7k0]
RAE ¢l2jo] ph}

s E x| BEsh}

SRR

&4jo] nkoirt

glo] Falet

DE mEo A0 AMED A SILIE ZREIC
= o X
e I =

OlM &t x| &g LS ALSICt

US T
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b 05_HX| 714

+ HA| 750l 2240 012 $201 9E 2+ US7

= T X| E2] T4 HA| 03 7H -’:‘-
= LI OIE 24t 0] AR0l=

IF 7]3%-0] st

THEN  ©AS 2o =
A| 215} 0.
Mo Eill =71 A|2-2 SIL7} ofL|2} 03] H&l= Sehet.

JEI'

» SEHOZ LI2 x|

% E—l—

FolEr}

ol

—

= II“° =5t M2 FgE ECL

= mHX| &eo|ct.
E'_F’“SE”':'HAI*E“I% = LIEILH =

Zio] ofL|2} Yetet oliE S HE

= HA| MEJtAILBE2 S UM 28t
xlg_ro ciol S X| Z|3lo = E35135iC}

= J2|1 Zuf x| &g

S A} SiLIZ L X|s}siCl.

=X SiLIE E

o4 HsiCt.

&S 01T Zelslo] <A} SILI=

=det off stLiS 2| floll 2

E SIC}

2kt

== =5 mxi
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iz 06_TX| ==

+ HAIFE

m j_j_-lxl 7'. AIAE‘“
Ilﬂ-g I.'.l-Ol xl".'ﬂn-l

- HA| £2 U

ﬁ I'IO
I

< UCIL|S =2 (Mamdani method)

= 7[& =6 A0|= HX| F=E 714,

= 197540f| 81E CHstia w5 ”CIL|(Ebrahim Mamdani)= 22{7} Z&tE 57|
7122 M01517] fleH =2 HX| A|AEIE OHS.
- 017101 ZE Y= TISA MBE TRFEIS ML

« MCILIE K| =8 (Mamdani-style fuzzy inference) IFE2 L] EHAI2 ZISHE!

= 1EHA| . =] 0| K|35}

= 2EHA : =] "ot
© 3EDH: o L2 Fale| B
= 4B . A X[ s}
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ok 06_HZ| =E

< WCIL|S =2 (Mamdani method)
L BICIL| EE of
= 212 291, &8 1H, & 3712 & 2

3 1 31

IF x7} A3 IF n2HE XF0| S5t
OR y7F Bl OR DRHE QI1240| M}
THEN z+=C1 THEN  ${8=7} St

T3 2 T3] 2

IF x7} A2 IF o2ME 50| A 2Eol Uck
AND y7} B2 AND T2RE Q10| BICt
THEN z=(2 THEN  9[8=7} =Z2to|ct

T3 3 T3] 3

IF x7F Al IF DZHE X120| 2=51C)
THEN z=(3 THEN  /E=7} =Ct
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iz 06_HZ| =2

< WCIL|E =2 (Mamdani method)
= & MY
= x,y, 2(ZRYE XZ, Z2HE 01 Q=)= A0 HE
= Al, A2, A3(R*Fsltt, °*71I *°".§.01I QIC}, SESIChE =2 ¥ x(Z2ME X|Z)Al9|
HX| Z&HollA] "sliX|= 210 3k
" Bll-i B2 (ML, BCh= E-°-I °‘°" Y(Z2HE olz)Ato| mHX| EIEH0IA HsliX|l= 2101

: Cl cz, C3('-’E} SZHO0ICH =Che =2 89 z(flg=)de] HA| EetolM Hollxl=
O-IO-I
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= 06_THZX| £

& UCILIS =& (Mamdani method)

- BICILIS HA| £20| 7|2 X

Fa|Am 92

F2|AIZ Qi
yil

Y HX|8t
Wix=a1) = 0.5 Wy=81 = 0.1
Wix=42) = 0.2 Wy=82 = 0.7
V4 72 &
1 1.0
A3 B1 (0x 1 c2 C3
| 0.0 01 [ or 01
0 x1 X 1 y | ek 7
=& 1:0IF x71 A3 (0.0) OR y7t B1 (0.1) THEN 7o €1 (0.1)
1 1
. Cc1 (0 c3
AND \0.2
_~>_,__... -
(min)
0 0 V4
2! 2: IF x7F A2 (0.2) AND y7t B2 (0.7) THEN Z= €2 (0.2)
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= 06_THZX| £

» BCHLIE &

£ (Mamdani method)

1 1
Al 1 )
\ ______________ ogoscycw
0 x1 X (0] V4
& 3:IF x7t A1 (0.5) THEN z7} €3 (0.5)
1
Cc1 §
0.1
0
z= €1(0.1) ~ 7= €2 (0.2) ~ z=C3 (05)| —> |,

[23 4-10] »TiU mX| F22| 7|12 7% 56




ok 06_HX| &

< BUCILIE =2 (Mamdani method)
= 1EHA|: X[}

A EHAI2] EHX|S}(fuzzification )HIM=E F2|A= 23 x11} yI(Z2HE Xz 1}
Z2ME QI))Z W 0|F Aatst x| &gt 2120l 0= F=E SeX|E ZYsoL

Je|A = o]

Je|AZ 2 HALE =2 HH2 = sHYEl X2k 0[Ct.

O GllOIIAM x13t y12] 2}2 Z4Zt =2 B Xe} YE sHHEICE

=2| Y| YHel= =7t ErErofl w2t ZHEICEH

O|SH|M, 'HA] ZEMES J{esl= O FHtel= $1&lS ZAlsl0F etCHH ZZI710]| Al

Z2ME AZ0 TRUE 1S 22} 0~100% AI0| X222 MAISl2ln 238 5 9lct

CIAl 26HM METH0A] o= o =2 HE X|Z 8 =Z2HE 2IE{0] M= A SHK]
EISI=S A}

F2|A= 21 x11} y1E oM A5t 210 EHX| £ &toll CHol x| S}stCt.

Fe|AZ Q|3 x|(HM2II7I135%2 "HIlst Z2MHE K22 L% gt ALl A2

(5 5oICtet shAl =2{Fofl ACHol ZHZ} 0.52} 0.20HF CLHSSHCY.

2|3 Je|Aa= 3 yI(HM2II60%E "It Z2HE XIF)2 445 &5 Bl
B2(=CIet ®CHofl 2+t 0.11} 0.7212 CHSSICE.

Zt |3 E mHX| 0] AIRSl= BE &% &8 mXIgsiol
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iz 06_TX| ==

< BUCILIE =2 (Mamdani method)
= 2B #E! "I rule evaluation)

= & It BAIOIM= HA] &= y(x=Al) = 0.5, p(x=A2) = 0.2, u(x=B1) = 0.1,u(x=B2) =
0.72 o} wWX| #=]e| Zz2i0f| =ZsiC}.

= 02! W X| =]of] £1240] 02] 7 ACHM m{ x| 242X (ANDLIOR)E AlZ510{ Z1zZ19|
7} ZIE LIEHHE 2K SILEE $I=Ch 1213 0] 2AKERIZE 22| A% S0
Mgt

. 72| F740| =2 BE HIIsI2{E OR HX| SIME AIBEIL} YBo= Hx| HE)
A2 2 aXMEOI mX| 401 BHE|eS ALZSEICE. 0|F [C1E'I4-10]2] 3] 10f|A{

HO0{=C}.
paus(X) = max [pa(x), pup(X)]

ba

= J2{L} OR A2 EHR5IH SAS
Toolbox= 5 71X LHE OR &t+& MSEtCt.
= max2t &% ORI proborLC}.
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iz 06_HZ| =2

EEXMOR [H4El(algebraic sum)0|2t = St0{ C}21} ZH0| A AHEICE
paus(x) = probor [pa(x), pp(X)] = pa(x) + pp(x) — pa(x) x pp(x)  (4.15)

HIZ5HA| & HzZ242| =2|5S "Ilst2{™ AND m x| 4101 wEBlS ALS L.
0] Al [O1El4-1012] #&E{20{|A{ 20{ELC}.
pang(X) = min [pa (x), pp(x))]

Fuzzy Logic Toolbox SA| & 7}X] AND &£ X|8iC}.
minkt Z(product)2! prodCl. &2 CIS 1} Z0| AlAHEICE

pan(x) = prod |pua(x), pp(X)] = pa(x) x pp(x) (4.16)

59



& 06_HZX| ££

= 2EH|: 1% EIt - ME CE mA] gt gl= CIE Z1E Y7t
= HX| HAFXIS2 ANDS} OR IA| S £3sl= 012] 71X RS MLhstn HE3UCE.
- =& ZJ7| CIE YE2 ME CIE Z1lS & = %L
« I X| If7|X] CHREES ALZXI7IANDRIOR HX| g14ke] SZt2 HIE 5= U SiCt.
TS CHA| &T{EAL

A1
IF x7} A3 (0.0)
OR y7FB1 (0.1)

THEN Z+—= (1 (0.1)
uct (z) = probor [paz(x), ps1 ()] =0.04+0.1 —0.0 x 0.1 = 0.1

CCiX—
e

pc1(z) = max |paz(x), pp1(y) = max |0.0,0.1] = 0.1
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iz 06_HZ| =2

« 2EHA|: TR W} - ME CHE HX| QA B4 C1E ZIHE Wt

T3 2
IF x7F A2 (0.2)
AND y7FB2 (0.7)

THEN 22 (2 (0.2)
Hez (Z] min [,‘i-,qg(l’]: ;Lﬁg{}‘:]] min (}2 U?] 0.2

CLC
—

rir

,u,(_jz(?.') = proa' [;_Lﬂgl:X),Hﬁz[]f')] =02x0.7=0.14

= OlMl MA2| It ZuE T4 &5 g0l HETe =+ QUL
- 22O &% Blr= & HAUQ ZE|ak +E22 F2l¥(clipping) El71LE

A AU (scaling)EICE

1
A2 . N c3
.\ ] TR ! >
0

0 x1 X
2! 2: IF x7} A2 (0.2) AND y7t B2 (0.7) THEN Ze= C2(0.14)
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iz 06_TX| ==

[
nN

lr-'n-

A: & "o} - 2157 L 2AILEECH = T2 F& L

A £} 78| MO FI2ZHS HBXIS W 74 23] A0l Y2 B3| $2)
A% BISE MO F2|Zt £Z0IM 2= ZHoICt

Ol WS Sa|F = M £A7H012} S}

A% Bio| MEH0| 27| 20| S2TE HE| e YRE o= YE Yi=r
J2Lt 22T Y ST AA0| B2 HHK|SET| 42 EHES BHET| W20

x}= Molr}.

2|82 O ®20| AIZ6HX|0E, AF|2l = Az 50| HX| &etel dEsS o &
HESICH

& Z20f| Cist H2fe] A% gte=DE A & Mo Zi2|gt 2 JSEcEM
ZEHEICE

0] HHHE QIbE O R FE 2A10] Of H0f HX| ME7} AIAHOIA 1S SE517
=10

- [AB4-12]= &% g0l S22/ 2F|UZ S HS st AoICt
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1

06_m{X| =

~
4w
7%

0.2 >

AN
A

AN
A
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iz 06_HX| &=

» ICIL|E =& (Mamdani method)
« 3EM: S8 2= L2 &S St

- El2 R E [Elo| S CrsksE BHHO|CEH

= CIAl 2H5HA, 2 B0 S2[TE[HLE 2HUYE BE 73] 42| &% 8-S HX|
£lgf siLi= Zghetrt.

- [M2IM Sat akde| o % S2|E|7{LL 2 U E FH 25 o] £50[|11, E82
=2 B ZEZE0)| EHoI- ciel x| Elgto|cC}.

= [8l 4-10]2 7% ztzto| £E{0] o{E A 2= wX| S&{0f| et Bt wX| Eete=
SelEl=XIE 2o =Lt
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iz 06_TX| ==

< UCIL|E =2 (Mamdani method)
. 4B STIX|EH

= IX| £2 2tde| oiX|2} EHAl= A X|2l(defuzzification)Ll.

- HX|E2 &S FUhsh= ol =30[ IX[2, EHX] Al

= AI0{0F StC}.
= AHu{Xl=t 2HHoAM

SetEl 58 ux| #

rlo

- SEiE x| E&ghE oEA HEX|SHE7}

m

0|2, &

LR

= A X2t W2 0{2] 7IX|7} ALK Cox, 1999). 2Lt A S&l(centroid

technique)& 7+ B0| AL EIC}.
= O] W2 =FM0o| SetEl Eels FAHEZE2

- £SO 2 B ZSA(COG, Centre Of Gravity)2 CIS1f 20| LIEFH

b
/ pa (X)xdx

b
pa(x)dx

a

COG =

= Jde
FHF=E2

= =1

(4.17)

b L=
=
A
H

=Lt

ALt
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& 06_HZX| ££

« 4EB: S|}
[ 4-13)0M B 2 SHES HAl Yate FA SAS LIEHHE B AS 72 o,
bJOAY BtopLiC

A2 1.0

0.8

06/ A

0.4}

02~

0.0 a V. b
150 160 170 180 190 200 210

X—

[ 4-13] SmRlat 2 3 il 2 S
- OIEH2E Y| SA2 SatE &8 &= g0l U= E2 ASH|oll Chall AlAHEICE

= de{Lt MM2= (OB 4-13]0M 2 HS2| EE2S F5610{ A2 gl F2l
FYxSH=C0L
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= 06_THZX| £

- 4EHH|: AE |3}

= 0] A=R0= (4.18)E HISICL

(4.18)

= Oldl 22| 2M0IM FAH SHE Foll=EAL [ARi4-14]01AM ZHIS = 2IclE XL

(04+10+20) x0.1+(30+40+50+60) x0.2+ (70 +80+90+100) x 0.5

COG =

01+014+014+02+4+024+02+02+0.54+05+0.5+0.5

=674

A&E 1.0
0.8
0.6
0.4
0.2

0.0

0O 10 20 30

40

(33 4-14] sff H4 X 2o Amx|st

50 60 |70 80

Y

67.4

90 100

—>Z
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iz 06_TX| ==

S 2HEE FE

= 0] SRI2 L=2 xihiEtal E2|= 23 0|x| 271 1985H 0] =&HS.
« 2= 1L1II -"F—EE .=.E}LI 28 b 0> H|=<gt
s AJiis THE! ST HIFLS BOICE THA| ZIE CHA ANl 212 W0 CHE 3t
s+ A2t
- A A0 hE A% BEEM, L0 SILIR B BUHMS 2 5 Uk
- EFIH), Of MEH5| 25HE, HA| BIUAIE A4 347} =0] 39 910 S HollME

0
10|31, CHE B HofIM= 021 HA| .=Ia_f0||:}

« 2H =8 T X| 1Elo] Z*&IE Cl=2at ZC}.
« 0{7|M x,y, z= S10] W A9} BE 2+t i=o| Aoz xe} Y& dh= HX| Z &to|Ch
- 3|3 f(x, y)= 48 oMcr
IF x7} A
AND v’} B

THEN  z+=f(x, )
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iz 06_HZ| =2

]
r
l:ll
pa]
o
2
rlo
El
pa]
=1
J
ffo
ul
mjo
|

IF x7} A
AND v7} B
THEN 2k

- 0] A2 2 Tx| THEIQ| HES ALt
- CHAI 25N, BE $2 2% 842 |
+ [D8 4-15]= 0% ANz BYO| TX| £2 BHYS Holrt
- [O& 4-15]9} [23 4-10]2 H|ZSHE A}
- Aot BICIL| WOl RARMS NP =S8 Brsic
C

= AI0|H2 & FH0| L= SH M= Bt A= EEEoICt

rlo
ogk
[¢]]

=
Hu
13
00
ret
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iz 06_TX| ==

o3 ﬁ}“ -3 X2

S T =

: HIHFRAE SB)E o= Wy

= [O8 4-15]0IAM E == U< S&l L2 EleSH| 2E SUHIE =

= EFAFH|O| JIZH T (WA, Weighted Average).

w(k1) % K1+ u(k2) x K2 + pu(K3) x k3 0.1x20 +0.2x 50 1 0.5x 80
(k1) + n(k2) + 12(k3) - 0.1+0.2+0.5 B

gk
ro

Ct.

WA = 65

= H}2IA O 27| A|2HI2 227} El= EX2] =2S SE25] BHSAIE Zo|CL
- Cils| BhdA| =8 gtes F0{T 2X12] 27 =4S HFAI7I= E71 BCL

= BICIL|2F 2|, 01 YW E MZetX| oY A Z-™ et}
- LCIL| Y2 M E 12| XAl = O] 20| A20ICt.
= 0] 2= AIZSIH XME X|AIZ2 [ 221X 0|11 lZio| WAlo 2 MW st o~ QIC}.
= 2L} B B X 22 7|4 H|=0] B&0| =C}.
= HIHOj| A 22 JAIS SSHoE et = Q11 X[ XSILL HMSES 7|Hat ey &
&S SICT.
= [}2}AM 2 A gy

rlo

Mol 22X, S5l SH MY AILHM 0§ 0HZZ0][C}.
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S 2 FE
- 278 HA| 2o 7|2 =

A Qe

HX|S}
Uix=a1) = 0.5
Uix=na2) = 0.2
& Eot
1 1
A3 B1
| 0.0
0 x1 X 0 i v L A 7
A= 1:IF x7F A3 (0.0) OR y7} B1 (0.1) THEN Z= k1 (0.1)
1
0.7 1
st » SR dacei
/ B2 AND \0.2
& (min) oy
0 yi Y 0 k2 Z
& 20 IF x7+ A2 (0.2) AND y7} B2 (0.7) THEN z= k2 (0.2)
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1 1
0.5 0.5
Al N\ B B e S e S P [ S iy
X 0 k3
T2 3t IF x7t A1 (0.5) z= k3 (0.5)
7% &2
1 1
— o [ |
' ] 0.1
0 0 z 0 ki k2 k3
z= k1 (0.1) ~| z& k2 (0.2) z= k3 (0.5) | —> | ),

{} Hmx|3t

[O23 4-15] 27 S mX| F29| 7|2 =




S O7_HZ| BT} AIAH 75

» HX| HET}AIAH 25
= IHX| ME7AILH MAIE dYet od=2, iX 5 Mu[A ME{S] 2H EHMHE
M2 HXH(Turksen 2], 1992).
= MU|A ME{E= OflH] £E2 22510 QUC7| 1 E L R E2 £a| i}
= N2 TFLLREES MM 21 22 FER2| of|H] 5= HOfZICE
- DE L EES £8]513 LM 1240] oy £EFo| EICt
- W 20| S0{12+= ff ofjH] £F0| UCIH D2 TS o} MH[A ME{E HLic),
= 2L} ofjH] £F0| gieM T2 st BE0| S0{= W7IX| 7|ct2{o} stic}.
= 0] 2X|2] SH2 DHS OEEA|Y AH Fes MU|A ME] 2HXIA| =H5H=

Zioict.
= HX| MZ2I} ALEIE JiRels X2 Exl= Cls HAIL 23

= 1. 2MIE deho| stal Ao M-S FosiCt
- 2. x| Ees Ayl

. HX| 7S Fdstal =S8t}
X Eet EHA oA, A =E2EE 8ol BASE mAl A28 0 £==2)6l E=Ct.
. A2HS oot =FsBICt

——

o b~ w
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S O7_HZ| BT} AIAH 75

<+ EHX| 27t ALE =5

« 1EH: EHIE TS| 512 0] WAE Ho|
|

-

EHl= E28E d&s| sl= B

MBI} AIAES PEH= X CSHA0IX 71E S8
2xile| UEe ti4) 1 HIS HASC)
S0l Al 2101 47} 470 QUCH B2 Ch7| AIZHE S XI2 AIZH m, MH|A ME{2]
22| IS8 p, H@S s, OlH] £Z0o| £7| % nolc.

IMo| W C)7] AlZt m MHIA ME{Q] MTHE BIIsHE 718 SR8t 7|=0Ic),
Mz MHIA B2 K| A[ZHS 0| HHOFEY 4 9l SIS oM of Eic}

MH|A ME{o| £2] JISE p= T0| HEsH= FE A2 A0 ML= HE 2|
Hlgolc}.

A%} po| A7 izt REO| TAS(TH AIZHY T 312)T} 2212 (T AIZH 22
514)2 7}2lzIct

22|82 25| 2@l £ s0f vl

MH[2 ME{o] MAME =0]2{H SUAH= £2| JHSSS ZICHE £0{0} i)

=9l £ 59} OflH| £= £7| 4 n T2Me| W Cf7| AlZHoll AF FatS 0jFIC)
[t AHIA ME{Q] AT B gatg =ri

s9l n2 SHUSEM I 7| Al & 5 ULk

J2iLE0l2} B M| ARl TRSHE HIRD} oflH] RES FH|H S HIST} AH[A
ME{2| |1 5|23 Sal= HIRO| So{Lic).
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LC 07_HE| MET} AR &

o HX| HET}H ALY TS
- 2E0: HX| gte B

= X £el2 Ci2ret el S TiCt

« gLt AZTEO0[Lt AICI2|ES2 ME XIS LIEILH7 [0l &St A& 3R 0] ZHE SO

= [A8l4-16]~[184-19]= o] EMIM ALE5= 2= 2101 H=0f| CHSt m X| & etS
HOj=C}.

= 0{7]0f|AM SHa2 mX| AlLH|0] AESHA| SESIES 2UE S x| Ee7igl=s S35l
dx[A stck= ®olct.

[¥ 4-3] 210{ -2 1 He

HristEl x| HHA

O & VS [0, 0.3]
BC S [0.1, 0.5]
So|ct M [0.4, 0.7]

HstE 47| Bl

X S [0, 0.35]
s¢o|ct M [0.30, 0.70]
Tt L [0.60, 1]
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o 07_HX| MBI AIAH 7S

< HX| M2} A|LH 5
- 2CH: mX| Fgls A

21of Ha: 2| 7HSE(p)

A

St L [0, 0.6]
s¢o|ct M (0.4, 0.8]
=Lt H [0.60, 1]

A HrslE +x| He
i =t VS [0, 0.30]
Xt S [0, 0.40]
= Mot RS [0.25, 0.45]
S7Holct M [0.30, 0.70]
=z oot RL [0.55, 0.75]
ot L [0.60, 1]
04 o} VL [0.70, 1]
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Sl 07_HZ| M27) AL P

» X HET} AL 75
« 2B | Fete By

AEE 1.0

0.8

0.6

0.4

0.2

0.0 | | I
0O 01 0.2 03 04 05 06 0.7 08 09 1

YrtetE o XA Azt

[T 4-16] B XIA AlZE me| mx| &gt
A4 1.0
0.8

0.6

0.4

0.2

0.0

0O 01 0.2 03 04 05 06 0.7 08 09 1
HRslE 2 4

(3% 4-17] 2E & 52 TX| &g
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LC 07_HE| MET} AR &

<X 27t AL 75
- 2EH: W] gt B

AAE 1.0
0.8/
0.6 s
0.4}
0.2}
oo—1 1 | |
0O 01 02 03 04 05 0.6 0.7 0.8 0.9
22| IS8
[O3 4-18] 22| 7ISE ro| MX| ZEt
A25 1.0
0.8
o6l vs A\s RS M RL L
0.4
0.2
|
01 02 03 04 05 0.6 0.7 0.8 0.9

0.0 | '
0 oO. )
st o] 22 i
[aZ! 4-19] ojH] 8= 4 ne| MX| &E
S

VL

1
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S O7_HZ| BT} AIAH 75

> HX| M2} AIAY &

- 3B HA| RIS P

il ==

(o]]]

HX| =S S8t

0|F ol ZZ710f|A| 2HollAM Aefst x| 2io] i MM EHIE 0{E A sHZSI=X|
aldsl Sl slof SiCt.

st X|A2 M, HFE olEH0|A, SEE, 2IZE S 2 S 0i2] EXE Sall
&g = ULt

X2 CIRE= 2HolE o7 =2 (Turksen |, 1992)0IA HMotst &2 & £ ULt
o] EMloll= &= WI13%0, & WIHIH UCH HX| #=lS HE = LIEILHH 2|t
47t ©LCL

2 X 1A LB(=20l, E=5H1H)2 2] HEoM X N
9| SiLh= 7125 21012}, CIE e W9 HOo{Z2 =

At Ho| wxfst= XIFHl= =5 W2 20{2S ==Ll

=8 V)2 3xH dEM XN x K)2 ®SEICE o]2]st 3 SA|S mx| A2
HIZ22|(FAM, Fuzzy Associative Memory) 2} SIC}.
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» X HET} AIAH 7
= 3EH|: x| HEE Fdolil =5

= CHE 8 Ho DFEIQUCHD TFYstA, 2| 713 E o2t o] 225 1= n AlO]2] D

7lE2H21 ZAIS MK 0|l EAL.
= 0] A= p7t SOILIH n2

X1 A5 A
S £ T ULt

1. If (2] 7FSE0] L) then (0H] = J£E= S)
2. If (2| 7ZFKEE0| M) then (0H] £F JiF= M)
3. If (=8| 7F=E0]| H) then (0fiH] ££ZF = L)
= O|N| LI X| #2lS HEE LIEIH= 3 X 3 FAMZ BHE = QILCL
= A= (8] 4-20]38F ZL}

= {2 CHS Ml 7

E0{E%I

S A
Llm| s |vs
M/ RL|RS | s
slve| L | m
VS S M m

[22] 4-20] 2xI FAM B3

L 07_EHX| BEILAILH TE

2= 20[|2t= 222 LIE}

« B XA AlZHm)

* 2 2(s)

A



iz 07_HX|

< HX| M2} A|LH 5
- 3CHA: HX| REIS MG =&

HEIL AL =5

= HH ‘HEJIC| £&Z’ (Turksen 2|, 1992)S MA{ AM{H|A MIE
Al0|Q]

HET} AIARIOIA AFRSHE BE H4

0|Z=01L 5= UL},

Sist

S0i=
E%:lE

XtMIs| 241612

ZHAIS LIEILH=277HX| &S

= O] &S [# 4-4]0 2|20, [O8] 4-21]0IM 3XHA(3 x 3 X 3) FAM EEIS

HO{ECl.
(% 4-4] 72lm
™™ m s P n 7= m s P n T m s P n
1 VS S L VS 10 VS S M ) 19 VS S H VL
2 S S 8 VS 11 S S M VS 20 S S H L
3 M S L VS 12 M S M VS 21 M S H M
4 VS M L VS 13 VS M M RS 22 VS M H M
5 S M L. VS 14 S M M S 23 S M H M
6 M M L VS 15 M M M VS 24 M M H S
7 VS Ll L 16 VS L M M 25 VS L H RL
8 S L L 17 S L M RS 26 ) L H M
9 M L L VS 18 M L M S 27 M { H RS
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Sz 07_HX| BT} AIAY PE

< HX| M2} A|LH 5
- 3CHA: HX| REIS MG =&

SA
sA ; 7 7] « HF X AIZHm)
| L|RL| M RS « X1 2(s)
S| S |vs - 32| 7tSE(p)
MM M| s
M| VS Vs | Vs
\/p slve|L m| 7P
s|vs vs|vs| [ H s H
M VS S M
—>m
W 5 M Ll M Rs|s
S s
M|RS| s |vs
s|s vs|vs
SA M
————— N8 5 M
LR -
L|s s |vs
M|vs|vs|vs
s|vs | vs | vs
Vs s M L
B

[a2! 4-21] 3xFY FAMZ} 1 ©HH

- 22| MA 1274813 + 3 x 3) RIS YWD, I CHS0I 277HKI3 < 3 x 3) THAIS
2194}

bl

19|

{ ZTHE HIZE £ UL Ol= F0| 2K 27 AIAE
|

82




Sl 07_HZ| M27) AL P

< HX| M2} A|LH 5
- 3EM: HX| RES ML =&

718k 7211
1. If (p2] 7FsE°] L) then (¢ 1Hl$l%7H s)
2. If =2] 7FsE°] M) then (o]¥] §-5 75==M)

3. If (=8| 7Fs-&°] H) then (7] H-3% H"l—':

4, If (Hat A9 A)7ke] VS) and (B9 427} S) then (o] 543 7§9== VL)
5. If (Hat A9 AJ7Fe] S) and (A9 427} S) then (&fH] 35 7i4+= L)
o A A Al7Eo] M) and (2] =7} S) then (o8] 555 7= M)
. w A A|7Fe] VS) and (B¢ <=7} M) then (¢fv] K55 7<==RL)
8, If (H++ A AJ7te] S) and (A1 <=7} M) then (¢f|v] H35 7l4== RS)
ot A1 A7l M) and (29 <=7} M) then (o]v] 535 7i9== S)
10. If (B A4 A17H0] VS) and (2191 <=7} L) then (o]v] F5& H =M)
11, If (B4t A4 AJ7Fo] S) and (219 =7} L) then (o]v] - 7H =S)
12, If (Hyt A1 A7kl M) and (A9 =71 L) then (ofjH] & 7j=+= VS)

83



Sl 07_HZ| M27) AL P

< HX| M2} A|LH 5
- 3CHA: HX| REIS MG =&
7Iat A 2

1. If (3t A4 AFte] VS) and (A9 =71 S) and (72| 7Fs-E©] L) then (1] 5% 7i5==VS)
2. If (33t A|A Al7te] 8) and (A1) <77} S) and (78] 7Fs-5©] L) then (¢]B] 535 7H =VS)
3. If (Ht 21 AIZFo] M) and (31 557} S) and (R2] 7Fs-50] L) then (V] ¥ 7<= VS)
4, If (Bt A1 A)ZEo] VS) and (4191 7} M) and (2] 7}Fg-5°| L) then (9H] -5 7H =VS)
5. If (F+t |4 AlZte] 8) and (19 =7} M) and (2] 7F5-5°] L) then (4] 5% 7§4==VS)
6. If (B3t A/ AJ7te] M) and (B¢ =7} M) and (2] 7}a-5°] L) then (o]¥] 5% 7}<==VS)
7. 1f (B5F A4 A)71] VS) and (A1¢] #7}L) and (7] 7}-E°] L) then (¢]l8] & 7H S)

8. If (Hat A9l A7to] 8) and (A9 7} L) and (422] 715-59] L) then (9v] F-5 7=

9. If (H<t A4 AJ7Fo] M) and (4191 <=7} L) and (72| 7F5-5°] L) then (1] H-3% 7= VS)

10. If (Hyt A< A7to] VS) and (A1 =71 S) and (72] 7F5-8°| M) then ( llﬂl F == 8)
11, If (<t A4 Aol S) and (A1 =7} S) and (2] 7Fs-E°| M) then (o]H] 555 7lj4==VS)
12 If (But A/ AlZFo] M) and (2191 =7} S) and (2] 7F&-E°] M) then (@8] 555 74== VS)
13, If (Bat A AZE0] V) and (B¢ 47 M) and (2] 7146-5°] M) then (9] H-5% H RS)
14, If (B3t A|¢1 Al7to] 8) and (291 <=7} M) and (2] 7Fg-E°] M) then (¢]8] 5% 7}5==S)
15. If (Bt A|¢1 A7l M) and (391 5=7F M) and 2] 7Fs-50] M) then (9] 5% H Vs)
16. If (Ht A9l AJ7F] VS) and (2191 4271 L) and (78] 7F5-5°] M) then (©]l8] 535 7<= M)
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< HX| M2} A|LH 5
- 3CHA: HX| REIS MG =&

7. 1f CH+F A A1710] S) and (A1 427FL) and 2] 7F550| M) then (9]¥] - 7[5~ RS)

18, If (Hat A1 Al7Fe] M) and (219 <=7} L) and (72| 7Fs5°| M) then (oH] 55 7<= S)
19. If (CB5+ A/ Al7F0] VS) and (B¢ =7} S) and (2] 7F5-5°] H) then (¢][H] % 7H VL)
20. If (Het A A|7to] 8) and (2191 <=7} S) and 2] 7F5-50] H) then (8] 7% 7i4==

21, If (3t A AlZke] M) and (2191 5=7FS) and (2] 7Fs-E©°| H) then (¢]|9] 55 7}== )
22, If (H+t A A]7te] VS) and (A1 <=7t M) and (72| 7}5-5°] H) then ( lHl H M)
23, If (Hat A AJ7to] S) and (A9 5=7FM) and (2] 7Hs-E©] H) then (¢]H] 5% H

24 If (Hyt A1 ATkl M) and (A1 427} M) and (2] 7Fg-E©°] H) then (8] 5% H

25. If (Bt A/ A7t VS) and (A9 <=7} L) and (=2] 7Fs-5°] H) then (o¥] & 7)== RL)
26, If (A<t A/ AJ7to] S) and (A9 <77} L) and (2] 7Hs-E°] H) then (8] 555 7i4==

27. If (Bat 2191 A17ke] M) and (A9 =7} L) and (5=2] 7F5-8©] H) then (o]H] 55 741 RS)
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~ EX MBI AAHE HBsHs 2ZEg0]

< MathWorks2| MATLAB Fuzzy Logic Toolbox
 H XA A HXL]{ZIALL] Fuzzy Knowledge Builder(TM)
» FuzzyJ Toolkit with JESS

% jFuzzyLogic (Open Source Fuzzy Logic library and FCL language
implementation)
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http://jfuzzylogic.sourceforge.net/html/index.html

4= JFuzzylogic

% Fuzzy Control Language (FCL) 22 XHHI2 7815111 U= 1w K|
=2| I{7 %]

» Fuzzy Control Language (FCL) 28! - TEC 61131 part 7

“» Parameftric optimization algorithms: Derivate, Gradient descent,
Jump

“» Membership functions:

= Continuous: GenBell, Sigmoidal, Trapetzoidal, Gaussian, PieceWiseLinear,
Triangular, Cosing, Dsigm

= Discrete: Singleton, GenericSingleton
< Defuzzifiers

= Continuous: CenterOfGravity, RightMostMax, CenterOf Area, LeftMostMax,
MeanMax

= Discrete: CenterOfGravitySingletons
» Rule aggregation : BoundedSum, Max, ProbOr, Sum, NormedSum

+0[EEL S2H2IE M=

ook
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& jFuzzyLogic &8 4

+H2E 27| IHM= jFuzzylogic_v2.1a.jar & CIREEWR2 5
JSEETERSE
= java -jar jFuzzylogic_v2.1a.jar demo

<+ FCLE +ME HX| #&] 0|2~ E &13517] fIsHAM= ClS 1t 20|
B

= java -jar jFuzzylogic.jar file.fcl
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.»;'— jFuzzyLogic¥| tipper.fcl

FUNCTION_BLOCK tipper

VAR_INPUT
food : REAL;
service : REAL;
END_VAR

VAR_OUTPUT
tip : REAL;
END_VAR

FUZZIFY food
TERM delicious := (7.0, 0.0) (9.0, 1.0) (10.0, 1.0) ;
TERM rancid := (0.0, 1.0) (1.0, 1.0) (3.0, 0.0) ;
END_FUZZIFY

FUZZIFY service
TERM excellent := (6.0, 0.0) (9.0, 1.0) (10.0, 1.0) ;
TERM good := (1.0, 0.0) (4.0, 1.0) (6.0, 1.0) (9.0, 0.0) ;
TERM poor := (0.0, 1.0) (4.0, 0.0) ;

END_FUZZIFY

DEFUZZIFY tip
TERM average := (10.0, 0.0) (15.0, 1.0) (20.0, 0.0) ;
TERM cheap := (0.0, 0.0) (5.0, 1.0) (10.0, 0.0) ;
TERM generous := (20.0, 0.0) (25.0, 1.0) (30.0, 0.0) ;
METHOD : COG;
DEFAULT := 0.0;
RANGE := (0.0 .. 30.0);

END_DEFUZZIFY

RULEBLOCK Nol

ACT : MIN;

ACCU : MAX;

AND : MIN;

RULE 1: IF (service IS poor) OR (food IS rancid) THEN tip IS cheap;

RULE 2 : IF service IS good THEN tip IS average:

RULE 3 : IF (service IS excellent) AND (food IS delicious) THEN tip IS generous;
END_RULEBLOCK

END_FUNCTION_BLOCK
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.»3 jFuzzylLogic 02 =& 21}

Service: 0.00 food:0.00  =>tip: 5.00 %
Service: 0.10 fo00d:0.10  =>tip: 5.00 %
Service: 0.20 fo00d:0.20  =>tip: 5.00 %
Service: 0.30 fo00d:0.30  =>tip: 5.00 %
Service: 0.40 fo0od:0.40  =>tip: 5.00 %
Service: 0.50 food:0.50  =>tip: 5.00 %

Service: 950 fo00od:9.50  =>tip: 25.00 %
Service: 9.60 fo00d:9.60  =>tip: 25.00 %
Service: 9.70 fo00d:9.70  =>tip: 25.00 %
Service: 9.80 fo00d:9.80  =>tip: 25.00 %
Service: 9.90 fo00od:9.90  =>tip: 25.00 %
Service: 10.00 foo0d:10.00  => tip: 25.00 %
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.

g- jFuzzyLogic Ald} OfiM] - TestTipper.java

=28 ¢

import net.sourceforge.jFuzzylLogic.FIS;

/**

* Test parsing an FCL file

* @author pcingola@users.sourceforge.net

*/

public class TestTipper

{

public static void main(String[] args) throws Exception
{
String fileName = "tipper.fcl"; // Load from 'FCL' file
FIS fis = FIS.load(fileName,true);
if( fis == null ) // Error while loading?
{
System.err.printin("Can't load file: " + fileName + "'");
return;

}
fis.chart(); // Show
fis.setVariable("service", 3); // Set inputs
fis.setVariable("food", 7); // Set inputs
fis.evaluate(); // Evaluate
fis.getVariable("tip").chartDefuzzifier(true); // Show output variable's chart
System.out.printin(fis); // Print ruleSet
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