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Boolean Set Operators

Fuzzy Set Operators

(Standard)
a, be{0,1} a, be[0,1]
AND(a,b)=11f a:b.zl AND(a,b) =min(ab)
=0 otherwise

OR(a,b)=01f a=b=0
=1 otherwise

OR(a,b) =max(a,b)

NOT(a)=01fa =1

=lifa=20

NOT(a)=1-a

MULTI-VALUED LOGICS
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() AAE9 74 IF 4

STATE DESCRIPTION ACTION STATE DESCRIPTION ACTION
Temperature(T) | Pressure(P) Throttle(H) Temperature(T) | Pressure(P) Throttle(H)
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HX|Ho{e &7\ (Knowiedge Base )A|AE!
‘A A 0 7]9] A 7IREE AAF (PG 24)
o FAR(2EEs A7) 2 Yepie,

RULENO. k: IF(HAE) THEN(EZHE)

k

i

A S & 7 Ak AAAGAE o
M Fedtd, A4 AGAAE Y R
Aol o] HAAAFAE oBA HAG=
| 2k 7HE dA Ak B AE7t
B@H AN Tt AR HHE v
Aotk (& 2)of F&=eld 735 A=
& og =of vyt (F 2)dAe
)b (Pl el & we SA#HE
e A HED
2 7R =R o) -2
T3} vlad Aoty of A, HATHL v

M
[e]
= o,

O
e

7

o

=
ke

é ~—~
Ay
N
=
i<}
o
St
ed

fr Xorfe 2 rfr lo £owE Hzfu
M

o=
=4
D
o

©,
=
)
Ao

RULE NO. k : IF(T 1s A) AND (P1s B)
THEN (His C) (6)

APAaY WE7te] 29 9g) whEolx A
Ao FH7ube] d7} (F 3)e Ueh} Yt o]

)

o

k.

o,

K

b oc

Eale= i

2 o

< o

L OICO
it ol

2
2
>
>
=

12
o flo
puj jaod
ofd 1N
Ao
1o o o
of &
w3
i)
ol
o
2
o
ok
=
D

4 =
e
N
)
mlo
-1
ox,

2
A
BER sk

™y
o
oo
o o
S
+
e
o,
o
lo
-19‘—'4
ol
i
'y

kel
fol
o
Y
{o
Hu
O
N
2
2
=
e
o
it
)
ok
3
)
o,
a

HX|FE7| : HAFEE 1 o glojA] ook
sttt =)k A Fuzzy(Generalized) Modus
Ponens¥ Conjunctive AND9] #]%338l= Trian-
gular-norm(T-norm)# Disjunctive ORol| 3%
8l+= Triangular-conorm(T-conorm %= S-
norm) 0.2 A& o} Q7] wjEe st 34|

Ay, ey, SRR A 7R 24

(E 3) A7) EE B

Rule |Temperature| Pressure Throttle
R1 LOW LOW HIGH
R2 LOW MEDIUM MEDIUM
R3 LOW HIGH MID-LOW
R4 MEDIUM LOW MID-HIGH
R5 MEDIUM | MEDIUM | | MOD-LOW
R6 MEDIUM HIGH LOW
R7 HIGH LOW MID-LOW
R8 HIGH MEDIUM LOW
R9 HIGH HIGH VERY LOW

Presswe| 15w | MEDIUM | HIGH
Temp.
R1 R2 R3
LOW  |Throttle: |Throttle: |Throttle;
HIGH MEDIUM  |MID-LOW
R4 R5 R6
MEDIUM |Throttle: |Throttle: |Throttle:

MID-HIGH |MID-LOW |LOW

R7 R8 R9
HIGH |Throttle: |Throttle: |Throttle:
MID-LOW |[LOW VERY-LOW

(1267)
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Pressure | LQW  MEDIUM  HIGH (1)AAY : Max-Min %4] (Mamdani), Max-Dot
HlAl (Larsen), Sum-Product 4] (Mizumo-
Tempe p to)-
% (2)7P89 : Baldwin ¥4, Tsugamoto 4]
Rule = Rulod, L] - “pe
Low g e (3)284 : Sugeno 4], Simplified 4]
7, ,.,,.:."“’ Sl o] A thEAS o] Max-Min, Max-Dot
MEDIUM Rule =Fy §¢m5 Aule g Hhdlo| 31 AR Ago| Ho] AHEHE Zo] Tl
[/
AR Aoltk. Max-Min #4& (28 6)o] AHg7}
HIGH Aute = Ap Rule Rule Ry L}g} 2)\]:} OZV]H _—8_‘:94— Olﬂﬂ Ci%-"/‘ 1‘?’]_3‘}1
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(08l 5) £x9 % of tia el FHeR FAHE A=pai2) N psiY) (7)
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NORMAL _ Input tor T

g

NORMAL,

H

NORMAL ln w for P
<

10| for 7

i

NORMAL input far P

. {

LOW

;#__—+’_;_

INPUT VECTOR
|/ Input for T ;

RAESULTING ACTION

e

g

(2 6) Max-Min #3244 9] o

ﬂc(Z):g{/L N pe(2)}

oty ¢ Aol A¥ T-norme 4F<¢I Min ¢
A

A | Je T-conorm® «dZel Max Hitelth
(E )= 7 0] ofs BAFee 4g aokd

2 1) 9229 el WA
SAEETH FMPA EEEREEES N3
I\l\;llzfn—é\ﬁz #c(Z)ZQI{/L A 1e(2)) IF---THEN “z is C” Defuzzifier 28
NII;);-SESL IJC(Z):iL:Jl{/l' % 10(2)) [F---THEN “zis C” Defuzzifier 2 &
S‘ﬁ;jﬁ’i‘ft m(z)zgui ¥ 1(2)) IF---THEN “z is C” Defuzzifier 28
. 2=N""(4;)
o | i | GEERNS | e
Sugeno 222(/1.*21)/2/1, mle_la‘;i b;/FIiEN a, b, cHEE FHo] HQ
Simplified =300 2)/ 24 rule ZHi CITHEN
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Y

Projected
valusol Y

nput in X X

(38 7) 9dyi&8 ¥ Fuzzy Mapping

TAA) = Max ( min (My, 00, Kg: )))

(b)
(28 8) WA#A R J&d X, Yo i3 229
3245

Aot} o} zkdWl gl E3MHS Defuzzifierd] #)
A 9 g3t Ao

(3" 7)ol v} e AN ddgEe A A8
of 7t o & So] HAFEY wFUES Ay
A Fuzzy Modus Ponense Y={(X)&= &4
odlA X Az F7te] s B&4e Ao it Y
of AFzre} ZAE Fae EAolH oA&
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“Fuzzy Mapping”ojgtz st} (28 8)d=
Max Min ¥2]9] B2 digt ZalHel sy
& Hol (a)dllAle= TG o AR
-71‘—%0 (b)ollMe e FEo et 7sAEEe
MAZEES HABA L] HarYe agze o}

ERd Zlojt}.0w

XA  HRAFERHE T2A|A9 Aoj
UREE FAE Wt AT gk HAFEY
A%, HAMFE Crispdt AA oz uppe=
Defuzzification 34& X8ttt oj= HZE ¥7
AolgE Foke Aoz oy 744 FF7F doy

B4 ZHoegE Mean of Maxima(MOM),
Center of Mass(COM){(144 Centroid), Hei-

LE e R |

ght Method(ol/\}x—'l Centroid) 5-¢] H Héol i},

_1‘5,’,1_1_

A
Af

(28 9ol ot WPES vwatda, A4
e o @o] 2088 4 9k
Defuzzification of rule outputs
: ( v Crisp Throtile Valus
f
e [0 LN
2 X xy
m:ﬂmud =S . Crisp Throftie Value
vae antaer
!
- 04 G?lvlty D l_dl
Crisp Throttle Value
Height-
Mactghod O
\

(3@ 9) Al 7kA Defuzzification ¥ 9] ]

= 2 (e Aggn

% Mean of Maxima ; z*

A (9)

% Center of Mass ; z* = % (10)
* Height Method : z* = /13 ijc (ee AT %
9] (11)
flel Al 74 W oz % Fuzzy-PD Ao)7]
o JEEFFAA AlojFHE (2 10)9] H]
wsled Hoelx gleh (a)+ Height Method, (b)

+ Center of Mass, (c)= Mean of Maxima ¥
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g 11)o) Jehd AHH ik PlAloX 28l o) 72+
K,, K@% Ziegler-Nichols #2}7|E}& Transient-
Response oL} Stability-Limit -2 o] &3] Fx2§
oza Ao E4E ?ZJO}Ur“” ¥ A PlA|ojA] 252

PPN PPN 2 =3 o} -3}0:1 a@tie] 939l 939

(a) Height Method (b) Center of Mass {c) Mean of Maxima t‘ﬂiﬂ_goﬂ EHEH % ] ]O]E‘?i% ‘ir'%ﬁﬂlﬂ—‘ Z}-
ool 9

(gl 10) 4} 7}4] Defuzzification HHol <] (72 12) (a)o] UERY Y= AAY Q4 PlAlo]

S Al AR F 958 dud A9,
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Canventional Pl Controllers Fuzzy Pl Controllers

satpoint

(3@ 11) Uyt PiA0}7]¢} #A| PiAo}7]e] T2

Conventional Pl Controliers Fuzzy Logic Pl Controllers

® — fuzzifier

(a) (b)

(7@ 12) sk PiAlo}719} 92 PIAIo)7]¢] Aeigk 4% < vl
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& AAQY) e AR FHS dusl A
Qojiisel A% ala:nom AREE Bol BE
of & %7} glk. vho] akd, Aol B

+4520] Folu, 424 IAEE Fols] 99
54 RG99l HATFHE HIAIA Tran-
sient ResponseE Z7| %ciEX|, Steady-State
Aefell A vlAlgE AFFte] e AT S B
o wEolq A2l Hael 0HE JEF 4
A 47} ke 2o Ak

fo151712(Sensitivity vs.

4. HX[H 0= o
Robustness)
HAA o o] 54 dAoJhFE2| sl ZAH
o7 AFE AouFtiEE AHEEIE7] il
Tetrje] o] Wsteh FH5of Tl “*E Rl7atA) &
T Hof gtk 7“”‘6} HAFELE thgol 7hde

(R £

oA A & F Uk %?:l%‘%ﬂ—ﬂ.(SISo 32|
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0 02 05 08 1
Y= 03 03 05 07 07
07 07 05 03 03
1 08 05 02 0
g, o= A=[1 0.8 0.2 0]d g Zde&

Fuzzy Modus Ponens B=A « M| A
B=[0.30.3050.81]

o] dojxict. HAPE B o]itA e ot

My yo] giggto] 44 1, 2, 3, 4, 5849 Cen-

0 401 0 0 0
0 0 0 +01-02
+01 0 0 -01+403
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0 03 05 08 1
B 03 03 05 08 05
08 07 05 02 0.6
08 05 05 02 0
d AL, B=A+M'=[03 03 0.5 0.8 1]¢] ¥
o], A3 y*=CRISP(B) =~ 2.1039] #& &
ZHA k. ol A& ez £10%~30%
Halgle o 22245 Jehd ASod, HA
AlzE e 975y J2 gefule e 2 Wil df
e Fdd 549 2=t
(i) Yzt 5 o] o] e 7l .
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9 0.3 0] wagidn 71483l o A$E HA
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=t w2k, HA A 2E o] oY “A] Z2 ) o
3 AT A2 B dojue 2= A
FAGE 4ol Utk

.
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5. Stability & CH&st= HX A|AEIO| MA|
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ty) & ILefstolob gt Ao 149] QFAA o]

B AL sEon QAN W B
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http : //http.cs.berkeley.edu/projects/Bisc/bisc.
welcome.html

Berkeley Initiative in Soft Computing(BISC)

http : //al.iit.nrc.ca/subjects/Fuzzy html

Fuzzy logic index in I[IT

http : //al.iit.nre.ca/fuzzy/fuzzy.html

Fuzzy CLIPS-Fuzzy logic Expert Systems shell
developed at NASA

http ; //www.cs.tamu.edu/research/CFL/

Center for Fuzzy Logic and Intelligent Systems
Research(CFL)-Fuzzy Logic Research
Center in Texas A&M University.

http . //www.mathworks.com/fuzzytbx.html

MATLAB’s Fuzzy Logic Toolbox

http : //seraphim.csee.usf.edu/nafips.html

North American Fuzzy Information Processing
Society (NAFIPS)

http : //analogy.ie.utoronto.ca/fuzzy.html

University of Toronto-Intelligent Fuzzy Syste-
ms Laboratory

http ; // www.neuronet.pitt.edu / len / research.
html

Laboratory for Computational Neuroscience,
University of Pittsburgh

http : // www.dst.unimi.it / Users / Labs / LAC/
softcomp/index.html

Soft Computing Group in Milan University

http : //life.anu.edu.au/complex-systems/fuzzy.
html

Fuzzy systems tutorial-complex systems at the
Austrailian National University

http : // www.cs.cmu.edu / Web / Groups / Al /
html/fags/ai/fuzzy/partl/faq.html

FAQ of fuzzy logic and fuzzy expert systems

http : / / www.quadralay.com / www / Fuzzy /
Fuzzy html

Fuzzy logic archive

http : //www.oas.omron.com/

Omron Advanced Systems-company specializ-
ing in factory automation and fuzzy logic
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control systems

http : //www.digi-net.com/Fuzzy/Home.html

Fuzzy Logic : Destination Everywhere-Visit
Fuzzy and his friends as they explore
space, the net and more!

http : //www.yahoo.com /Science / Computer —
Science / Artificial-Intelligence / Fuzzy-
Logic/

Science . Computer Science . Artificial Intelh-
gence . Fuzzy Logic

http : / / www.cs.cmu.edu / Web / Groups / Al/
html/fags/al/fuzzy/partl/faq.html

FAQ-Fuzzy Logic and Fuzzy Expert Systems

http : //viking.cie.cau.ac.kr/homepage.html

Laboratory of Fuzzy Systems & Neural Net-
works at Chung-Ang University

ftp : //rtfm.mit.edu/pub/usenet/news.answers/
fuzzy-logic

FAQ of comp.ai.fuzzy

ftp : //ftp.cs.cmu.edu/user/ai/areas/fuzzy /0.
html

Fuzzy logic softwares

ftp : //ntia.its.bldrdoc.gov/pub/fuzzy/

Fuzzy logic repository

ftp : //ftp.hiof.no/pub/Fuzzy/

Fuzzy logic collection

news . comp.ai.fuzzy

Usenet-comp.ai.fuzzy-fuzzy set theory and

fuzzy logic.
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