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e That don gian néu thé gi6i chi cé dung hodc
sai. Giong nhu trang, den la hai mau trong
muén van mau sac; thé gidi xung quanh
muon mau va da dang...

*Va cau chuyén cia Logic M bat dau tir do...
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Thanh ngtr

“Mathematics that refers to reality is not certain and mathematics that
is certain does not refer to reality”

Albert Einstein

“While the mathematician constructs a theory in terms of
‘perfect’objects, the experimental observes objects of which the
properties demanded by theory are and can, in the very nature of
measurement, be only approximately true”

Max Black

“What makes society turn is science, and the language of science is
math, and the structure of math is logic, and the bedrock of logic is
Aristotle, and that is what goes out with fuzzy logic”

Bart Kosko
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PENGUINS ARE BLACK AND WHITE.
SOME OLD TV SHOWS ARE BLACK AND WHITE.
THEREFORE, SOME PENGUINS ARE OLD TV SHOWS.

Logic: another thing that
penguins aren’t very good at.
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Thé gidi xung quanh ta...

Thé gidi xung quanh ta duoc “bao boc” bdi cac khai
niem “mo” & “khong chinh xac”.

Co6 ay rat tré.

C6 ay kha cao.

Anh ta vo cung thong minh.

Ong ay 1a mot nguodi dan dng trung nién.

C6 thé 1a anh ta 39 tudi rudi.

Lam thé nao dé biét hinh dang that su cua dau

van tay???
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Khong thé & Co thé...

 Khong thé dung logic c¢6 dién dé suy luan va
sinh ra tr1 thtc trong mod1 truong “mo” nhu
vay.

» Can phai c6 cach thuc hiéu qua, linh dong hon
dé suy luan.

* Fuzzy logic ra do1

Khong ¢ khai niém “khdng thé mai mai”, chi cd khai niém “khdng thé nhét

thai”. Nhiém vu cla chdng ta bién nhiing giac ma tudng chirng nhu la “khong
thé” trg thanh “cd thé”.

Piéu gi dang la “khong thé” véi ban???
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Lich st theé hién nhirng tran tro
cua nhan loai...

 Aristotle dat khai ni€ém cho logic co dién,
phat bi€u luat bai trung & luat phi mau
thuan. Logic ¢ dién 4p dung rat thanh cong
trong toan hoc.

» Plato 1a ngudi dat nén tang cho Fuzzy Logic
khi cho rang con gia tr1 thir ba “khac hon la
dung, sa1”.
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Lich str thé hién nhiing trin tré

cua nhan loai...

* Vao nhting nam 1900, Lukasiewicz dé xuat
Logic “3 gia tr1”, trong do gia tr1 thir ba c6
thé mo ta nhu 1a “co the

o Sau d6, 6ng dé nghi tiép logic “4 gid tri”,
logic “S gia tr1”.

» Lukasiewicz ciling cam thay giira logic “ba
gia tr1” va logic “vo han gia tr1” ¢o rat nhicu
diém tuong dong.
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Nguoi bién cai khong thé tro
thanh co the...

- Nam 1965, Lotfi A.Zadeh di xuat ban bai bdo
“Fuzzy set” trong d0 mo ta toan hoc cua li thuyeét
“Fuzzy set” va “Fuzzy Logic”.

o Zadeh dé nghi dinh nghia tip Mo bdi mot ham
thanh vi€n (membership function) nhan gia tri
trong [0.0,1.0].

 Nhirng phép toan md1 cho tinh toan logic cling
duoc dé nghi.
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Lich su, tinh trang va tuong la1 phat trién
cua Fuzzy Logic

Bai bdo vé Fuzzy Logic cua gido su Lotfi
Zadeh, truong dai hoc Berkeley “Sets the
foundation of the Fuzzy Set Theory”

G161 thieu Fuzzy Logic ta1 Nhat Ban

Kiém tra theo kinh nghiém ctia Fuzzy Logic tai
Chau Au.

Ung dung ban dau vé Fuzzy Logic tai Nhat.

Ung dung ban dau vé Fuzzy Logic tai Chau Au.
Ung dung ban dau vé Fuzzy Logic tai My

Today, Fuzzy Logic Has Fuzzy Logic tré thanh tiéu chuan k¥ thuat va
Already Become the duoc ing dung trong viéc phan tich dir li¢u va

Standard Technique for tin hi€u cam blen Ung dung ctia Fuzzy logic
Multi-Variable Control ! trong Kinh t& va tai chinh
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Fuzzy People |
* Founder of Fuzzy Logic W(\ o8-
— Lotfi A. Zadeh :

 Retired Professor, Computer Science, g
University of California, Berkeley

e Prominent Fuzzy Theorist
— Bart Kosko 1 | i

 Professor, Electrical Engineering, University, A 9
of Southern California
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Fuzzy Applications
* Principal Apps » Emerging Apps
— control

— consumer products — computational theory of

— industrial systems perceptions

— automotive — Natural language

— decision analysis processing

— medicine — financial engineering
— geology . — biomedicine

— pattern recognition .

— robotics — legal reasoning

— forecasting
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Dinh nghia Tap Mo...
Khai niém
Characteristic function:

Cho tap U = I, A — U ta xay dung ham p,(u#) nhu
sau:

wy: U —> {01}

1 néuu e A
HA(M) = 0

néuu ¢ A
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Dinh nghia Tap Mo...
young = { X € P | age(x) < 20 }

characteristic function:

3 1 :age(x) <20
Hyoung(X) = { 0 :age(x) > 20

lvlyoung(x)

A="young”

X [yéars]
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Crisp Sets

young = { x € M | age(x) <20 }

{ I :age(x) <20
Hyoungt) =0 1 age(x) > 20

uyoung(x ) A= cy oun g”

1

X [yezlrs]
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Crisp Logic

* Crisp logic 1s concerned with absolutes-true or
false, there 1s no in-between.

« Example:
Rule:

If the temperature i1s higher than 80F, it is hot;
otherwise, it 1s not hot.

Cases:

- Temperature = 100F  Hot

~ Temperature = 80.1F  Hot

 Temperature = 79.9F  Not hot

- Temperature = SOF Not hot
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Membership function of crisp logic

True

-
—
R

2y

False

80F Temperature

If temperature >= 80F, it is hot (1 or true);

If temperature < 80F, it is not hot (O or false).
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Dinh nghia Tap Mo...
Khai niém
Membership functions :

Cho tap U = &, A c U.

Ta néi : A 1a tip mo trén khong gian nén U néu A
duoc xac dinh bo1 ham:

w,: U - [0,1]
Trong do:
. l, 1a ham lién thudc (membership function)
. Ha(u) 1a do lién thudc cua u vao tdp mo A.
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Dinh nghia Tap Mo...
Ghi Chu:

* 0, (u) <1

 G14 tr1 cua p,(u) chi ra bac tu cach
thanh vién ctia phan tr X trong tip Mo
A.(Panh gid mirc dd phu thudc cta phan
ttueA)

* U (u) cang lon = tu cich thanh vién
cua x trong A cang cao
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Example: “Young”

Example:
— Ann 1s 28, 0.8 1n set “Young”
— Bob 1s 35, 0.1 1n set “Young”

— Charlie 1s 23, 1.0 1n set “Young”
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Membership function of fuzzy logic

DOM

Degree of
Membership

1 |

0.5 |

Fuzzy values

— T

Young Middle Old

25 40 55 S

l ‘g@lues have associated degrees of membership in the set.
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Crisp set vs. Fuzzy set

Out Out

A traditional crisp set A fuzzy set
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Crisp set vs. Fuzzy set
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Crisp and fuzzy concept “young men”

A="“young” ‘ A="young”

L[N

“Boiling temperature” has value
around 100 degrees (pressure,
chemistry).

x |years]
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Dinh nghia Tap Mo...

Bi€u di€én cua tap mo A trén khong gian nén U

A={ (u, p(w)|u € A}
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Lam bot mo tap Mo....

— B:Tap cac sinh vién nam thir 2.

> B la tap con ro cia X.

— A:Tap céc sinh vién “gi01 Tin” cua khoa Toan-Tin.

> A 1a tap con Mo cuia X.

Tap nén X : tap hop céc sinh vién ctia khoa Toan-Tin.

Tén | Binh | Huy | Anh | Cdc | Mit | Biét

dac | tuodt
Bac | 0.1 | 03 | 0.8 | 0.6 | O 1
trong
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Lam bot mo tap Mo....

Dau van tay “t01 pham” dé lai tai hién troeong
cling la tap Mo.

Vt(x)=1

Vt(z)=0 - it T~

Vi(y)=0.6
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Lam bot mo tap Mo....

Canvzntlisnal (Boalzan) 3ut Thaory:

38.7°C

“Strong Fever”

ruzay St Thaary:

“More-or-Less” Rather Than “Either-Or” !

38°C

39.3°C

37.2°C

42°C.

“Strong Fever”

38.7°C

41470
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Lam bot mo tap Mo....

Khoang gia tri logic trong Boolean va trong Logic
mo

\ 0 \ \ \ \ \ \ \ f
0 01 1 1 00 02 04 06 08 1 1

(a) Boolean Logic. (b) Multi-valued Logic.
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Lam bot mo tap Mo....

The classical example 1n
fuzzy sets is tall men.
The elements of the
fuzzy set “tall men” are
all men, but their
degrees of membership
depend on their height.

Degree of Membership

N ame Height, cm Crisp Fuzzy
Chris 208 ! 1.00
Mark 205 1 1.00
John 198 I 0.98
Tom 181 1 0.82
David 179 0 0.78
M ike 172 0 0.24
Bob 167 0 0.15
Steven 158 0 0.06
Bill 155 0 0.01
Peter 152 0 0.00
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Lam bot mo tap Mo....

Degree of
Membership

1.0

Crisp Sets

0.8
0.6 7
0.4
Crisp and 02

0.0 | | | | | I I

fuzzy Sets Of 150 160 170 180 190 200 210
Height, cm
“tall men » Degree of Fuzzy Sets

Membership

0.8 7

0.6 7

0.4 7

0.2 7

0.0 I I

150 160 170 180 190 200 210
Height, cm
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Lam bot mo tap Mo....

young middle aged old

1.0

0.0 age
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Lam bot mo tap Mo....

Dinh nghia ro1 rac:

We(35°C) =0  pgp(38°C)=0.1 pge(41°C)=0.9
Hsp(36°C) =0 Hsp(39°C) = 0.35 pgp(42°C) =1
Hse(37°C) =0 Hsp(40°C) = 0.35 pgp(43°C) =1
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Lam bot mo tap Mo....

Membership Grade
L
Cold \ / Warm
30 60 °F
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Quan sat ¢ nhiét do 38:
Lanh vd1 do tin cay 0.14
Trung binh v&1 d0 tin cay 0.85

M Am vdi d6 tin cay 0

Cold Warm

0.14

3.0 1380 6(.)
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Types of Membership Functions

Trapezoid: <a,b,c,d> Gaussian: N(m,s)
!"L(X) A H(X) A

1 . 1-

0= b ¢ dx 0 m X

Triangular: <a,b,b,d> Singleton: (a,1) and (b,0.5)
u(x) , w(x) ,

1- I 1-

0 0

a b d X
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Types of MIF




o

h
o ::.

e

(¢) z = min(bell(x), bell(y)) (d)z= max(ﬁbell(}())(.. bell(y))

)
|hl -______—_-_

A
D R
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Cac phuong phap biéu dién ...

F=p/x +w/x, +...1/x,
* For example:

TALL = {0/1.0, 0/1.2, 0/1.4, 0.2/1.6, 0.8/1.7, 1.0/1.8}

Edited bv Herne Nouvén



MOt sO cac bicu dién khac ...
 Analog fuzzy sets
A:U->][0,1]

« Discrete fuzzy sets
A :{ul,u2,u3,...,.us}—>[0,1]

« Digital fuzzy sets
A : {ul,u2,u3,...,us } -»> {0, 1/n-1, 2/n-1, 3/n-1,..., n-2/n-1, 1}
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Analog fuzzy sets

A Analog Fuzzy sSet

A
5 10 15 20 =




Discrete fuzzy sets

Let U = {0, 20, 0.5} then the discrete fuzzy set A has a form :

A Discrete Fuzrzy set

|||I||” “I“II
1 3

5 7 2 11 15 15 17 14 hg=
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Digital Fuzzy Sets

Membership Srade Membership Erade
1 ] [1171° 1713
0.8 0.8 o | Il
L L
0.6 0.6 L
o ”” “ o I[
0.2 0.2
=-=r[[ [I‘ . Bl hm .
13 5 7 9111515171921 e s 1115181 1
Membership Grade Membership Grade
1 fEEE 1
0.8 o 0.8
0.6 0.6
0.4 0.4
0.2 I 0.2
epel o :
5 7 81113151 1 5 7 811135151 1
Membership Srade Membership Erade
1 1
0.5 0.5
0.6 0.6

[ R
. .

[ - R ]
[l [l
[ - R ]

5 7 81113151 1U 5 7 81115151 1U
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Ph¢p toan trén tap mo

1. Equality: A=B
Ly (U) = pg (0) forallu e U

2. Complement A’
Ly () =1-pu,(u) forallu e U

3. Containment: A ¢ B
Ly (0) < pg (u) forallu e U

4. Union: A UB
Ly g (W) =max(p, (u), ug (u)) forallu e U

5. Intersection: A N B
Ly N g (W) =min(p, (u), ug (0)) forallu e U
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Cac phep toan trén tap mo

Pinh nghia: Cho A va B 12 hai tip mo trén khong gian nén U,
cO cidc ham lién thudc p,, ug. Khi do ta c6 cac phép toan
sau:

Stt Phép toan trén tap mo Dinh nghia ham lién thudc

1 AcB A (W)<tp(u)

2 AUB Haop(W)=max{p,(u),pug(u)}

3 ANB Ha~p(W=min{p,(u),ug(u)}

4 —A Hoa=1-py

5 A®B Haep=Ha(W)+Hp(W)-p (Wp(W)
6 U Ly(u)=1

7 ¢ 14(W)=0
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Fuzzy Set Operations

 Fuzzy union (U): the union of two fuzzy
sets 1s the maximum (MAX) of each
element from two sets.

* E.g.
— A=1{1.0,0.20, 0.75}
— B=1{0.2,0.45, 0.50}

AU B = {MAX(1.0, 0.2), MAX(0.20, 0.45), MAX(0.75,

0.50)}
- 1.0, 0.45, 0.75)
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Fuzzy Set Operations

 Fuzzy intersection (M): the intersection of
two fuzzy sets 1s just the MIN of each
element from the two sets.

A N B = {MIN(1.0, 0.2), MIN(0.20, 0.45), MIN(0.75, 0.50)}
= {0.2, 0.20, 0.50)
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Fuzzy Set Operations

 The complement of a fuzzy variable with
DOM x 1s (1-x).

 Complement ( _“): The complement of a
fuzzy set 1s composed of all elements’
complement.

A°={1-1.0,1-0.2,1-0.75} ={0.0, 0.8, 0.25}
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Minh hoa...

m,(X) Mg (X)

" Edited bv Hune Nouvén



Minh hoa...

Ma-8(X)

M,(X) Mg(X)
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Example fuzzy set operations
R




Quan h¢ M¢ (Fuzzy Relation.. .)

Mot quan hé Mo R gitra hai tap X,Y 1a mot
tap mo trén nén tich Descartes XxY.

Ug: XXY —2[0;1]

Dién ta do lién h¢ gitra cac phan tir cua X va Y.
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Example:

Fuzzy Relations

X = { rainy, cloudy, sunny }

Y = { swimming, bicycling, camping, reading }

X/Y | swimming | bicycling | camping| reading
rainy 0.0 0.2 0.0 1.0
cloudy 0.0 0.8 0.3 0.3
Sl 1.0 0.2 0.7 0.0
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Tich cua hai quan h¢ Mo...

Hai quan hé mo R,S trén XxY va YxZ c6 thé
“tong hop” trong quan hé R.S trén XxZ:

Hr.s (X,z)=maXer{min(MR(X,y)’ MS(y,z)) }
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Chuan hoa — D0 cao...

» Tap Fuzzy A dugc goi 1a chuan néu ham
thanh vién cua n6 dat duoc 1.

* Suppremum (*) duoc goi la d§ cao cua tap
Fuzzy A.
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Support. ..

 Support cua tap Fuzzy A ki hi€u supp(A) =
bao gobm cac phan tur c6 bac tu cach thanh |
vién duong.
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a-Cut

* MOt cach twong tu ta dinh nghia a-cut
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Core...

» Core (nhan) cua tap Fuzzy A gdm céac phan
tir co bac tu cach thanh vién 1a 1.
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Luc luong. ..

 Ban s6 (luc luong) cia tip Fuzzy A ki hiéu 1a Card(A) 1a
tong tat ca cac bac tu cach thanh vién cua cac phan tir cua no.

Vi du: X={1,2,3,4,5,6,7,8}
Tap mo A={(1/0.5),(2/0.3),(3/0),(4/0.6),(5/1),(6/0.3), (7/0),(8/0.1)}

Card(A)=0.5+0.3+0+0.6+1+0.3+0+0.1
=2.8
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Fuzzy Sets (cont.)

(A 1s normal)

Hg(ut)

~
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SO moO

Dinh nghia: Tap mo M trén dudng thang so thuc R!
1a tip s6 mo néu:

a) M la chuan ho4, tirc 1a c6 diém x’ sao cho Hy(x*)=1.

b) g véi moi aeR!, tAp mic {x:py,(X)>o}la doan dong trén
2

Ngudi ta thuong dung cdc s6 mo dang tam gidc, hinh

thang va dang Gauss
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SOA MO® (tt)

e COANG SOA MO®:
[a,b] + [d, e]=[a+d, b+ e]
¢ TRO® SOA MO®:
[a,b]-[d, e] =[a-e,b-d]
e NHAAN SOA MO®:
[a, b] * [d, €] = [min (ad, ae, bd, be]), max (ad, ae, bd, be)]
e CHIA SOA MO®:

[a, b] / [d, €] = [ min (a/d, a/e, b/d, b/e]), max (a/d, a/e, b/d, b/e)]
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SOA HOIC MO®

e So4 hoic moe doia trean hai tinh chaat cufia con sod modg:
— Moidi taip mde cudng nho moii sod mde cou thed f66ic nedu ra boéhi Ol-cuts fiady fiull vao
duy nhaat.

—  Ol-cuts cufia so4 mdo lao khoating fioung thsic VO €(0, 1]
e Goii * lag moit trong 4 {+, -, ., /}
[ab]*[de]={fxg/a<f<b,d< g< e}
e Nhoong hoait fiodng sod hoic mde doia tredn khoaling fioung.

Goii A=[a,, a ], B=[b, b,], C=[c,, ¢ ], O=[o,, 0,], 1=[1,1] ta cour:
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SOA HOIC MO®

A+B = B+A, A.B=B.A
(A+B)+C = A+(B+C), (A.B).C=A.(B.C)

A = 0+A = A+0, A=1.A=A1

A.(B+C) C AB+tA.C

Ne4u b.c 2 0 VbEB,Vc €C thi A.(B+C)=A.B+A.C
0€EA-Avag 1€EA/A
Nedu A C E vag BC F thi:

A+B C E+F

ABCEF

ABCEF

A/BC EJF
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FUZZY LOGIC...

» Pit nén méng cho su suy dién trén nhiing
“phat bieu” khong chac chan.

 Dung cac cong cu,dinh nghia,tinh chat cta
Fuzzy Set (kho1 ngudn tur Zadeh).
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Example: Hepatitis
“Total proteins are usually normal, alboumin is decreased,
alpha globulin are slightly decreased, beta-globulins are

slightly decreased, and gamma-globulins are increased”

The linguistic terms printed in red color are inherently
vague.
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A linguistic variable AGE

T(AGE) = {YOUNG, NOT YOUNG, VERY YOUNG, NOT
VERY YOUNG, ..., OLD, NOT OLD, VERY OLD, NOT
VERY OLD, ..., NOT YOUNG AND NOT OLD, NOT
MIDDLE AGED,..., NOT OLD AND NOT MIDDLE
AGED,..., EXTREMELY OLD,...}

primary terms: YOUNG, OLD,

the hedges : VERY, MORE OR LESS, QUITE,
EXTREMELY...,

connectives : AND, OR, EITHER, NEITHER,
negation : NOT
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Fuzzy variable and fuzzy values

 Fuzzy partitions formed by the linguistic
values “ 7, “Middle Aged”, and “Old”:

—
a

Middle Aged

w
Q
O
S
| .
D
a
L
]
| .
]
s
=
@
p==

oo o O
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Fuzzy Sets & Linguistic Variableé‘

?

U . . |
A linguistic variable combines several fuzzy sets.

linguistic variable : temperature
linguistics terms (fuzzy sets) : { cold, warm, hot }

u(x)
1

Heold Hwarm Hhot

60 x [C]

. A
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Linguistic Variables

> Bién ngon ngu thé hién gia trl cua no de
mo ta ca chat luong 1an s6 luong

Chat luong thé hién boi thuat ngir ngén ngir nghia 1a mot
ky tu thé hién bo1 tén cua mot tap mo

S6 lugng thé hién boi ham lién thude twong ing-thé hién y
nghia cua tap mo

Vi du: if Trading Quantity 1s Heavy
Tap mo Heavy mo ta s6 luong cua viée kinh doanh
stock market trong 1 ngay.
Bién TradingQuantity thé hién bién ngon ngir.
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FUZZY LOGIC...

Bién ngdn ngir 12 1 bién x4c dinh trén
mién cdc gia tri ngdn ngit M. Moi gi4 tri
ngon ngt la 1 tap mo va viec xu i thong
thuong 1a xu i trén tap mo.

A Linguistic Variable Defines a
Concept of Our Everyday Language!
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Qua trinh mo hoa
Xét bién “toc d6”

Moi gia tri bién s6 x(km/h) duogc dit tuong tmg d6i voi
ham p cua nhirng mo1 gia tri ngdn ngir

Myt cham(X)’ “cham(x) ’ Htrung binh(X)a
“nhanh(X)’ Hrét nhanh(X)
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Qua trinh mo hoa

Mg cham(X) =0

Hepam(X) = 0.67
= sl Htrung binn(X) = 0.33
Mahann(X) = 0

it nhanh(X) =0
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Ham chan tr1 trong Logic M¢

Cho bién ngon ngit u. Néu bién u nhan gia tri mo 1a
A thi bi€u thirc u = A duoc goi 1a 1 ménh dé trong
logic mo.

Ki hiéu cac ménh dé 1a: P, Q, R....

Moi ménh dé tmg véi chan tri v(P) € [0,1]
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Ham chan tr1 trong Logic M¢

Hoi va tuyén theo Zadeh:

v(PAQ) = min {v(P), v(Q)}
v(P v Q) =max {v(P), v(Q)]

Ho1 va tuyén theo Lukasiewicz:

V(PAQ) = max {0, v(P) + v(Q) - 1}

v(Pv Q) =min {1, v(P) + v(Q)}
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Ham chan tr1 trong Logic M¢

Hoi va tuyén theo tich va tong:

v(PAQ) = v(P). v(Q)
v(P Vv Q)= v(P)+v(Q) - v(P)v(Q)

Hoi va tuyén theo Einstein:

V(P AQ) - v(P)v(Q)
2-[v(P)+v(Q)—v(P)v(Q)]
P
Sro o) PV (©)
1+ v(P)v(Q)
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Ham chan tr1 trong Logic M¢

Phép phu dinh:

Edited bv Herne Nouvén



Cac phep toan cua Logic Mo...
nép phu dinh.
1ép hoi.

nép tuyen.

ép kéo theo.
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Logic mo

Dé giam bdt sy phu thude vao cac phép tinh min max, do d6 1am
ting mém déo va linh hoat trong viéc giai cac bai toan thuc té
nguoi ta mé rong phép lay min max thanh 2 16p

t-norm va t-conorm cé ting cidp phan tr doi ngau.

Nhu vay ching ta sé khong c6 mot dai so tap mo duy nhat, vi
trong dinh nghia dai s6 tdp mo ta ludn c6 thé thay min , max bang

t-norm va t-conorm ddi ngau nhau va thu duge mot tap dai sO mo
khac
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Pheép phu dinh

Pinh nghia:

Ham n:[0,1]—[0,1] khong tdng théa man diéu kién n(0)=1,
n(1)=0, goi 1a ham phu dinh.

Mot vai vi du:

- Ham phu dinh chuan n(x)=1-x

- Ham phu dinh n(x)=1-x>

- Ho phu dinh (Sugeno,1997) N, (x)=(1-x)/(1+Ax) , vo1 A>-1
Ham n la phép phi dinh manh, néu n gidm chit va n(n(x))=x
moi x.
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Phép hoi (t-norm)

Phép hoi (van quen goi 1a phép AND) 1a 1 trong cac phép toan logic co ban
nhat. No cling la co s¢ d€ dinh nghia phép giao cua 2 tap mo.

Dinh nghia: Ham T:[0,1]> —[0,1] 1a mdt t-norm néu théa man cac
di€u kién sau:

a) T(1,x) = x, véi moi 0 < x <1 (Tén tai ph?ln ti don v1)

b) T(x,y) = T(y,x), vo1 mo1 0 < x, y <1 (T c¢o6 tinh giao hoan)

c) T(x,y) <T(u,v), v6imo1 0 x<u<],0<y<v<l]

(Khéng giam theo ting bién)

d) T(x,T(y,2))=T(T(x,y),z) v6i moi 0<x,y,z<1 (T c6 tinh két hop)
T nhiing tiéu dé trén ching ta suy ra ngay T(0,x). Hon nira tién de
d) dam bao tinh thac trién duy nhat cho ham nhiéu bién.

Edited bv Herne Nouvén



Mot vai vi du :

- Min (Zadeh 1965) T(x,y)=min(x,y)
- Dang tich : T(x,y)=xy
- t-norm Lukasiewiz : T(x,y)=max{x+y-1,0}

Min nilpotent (Fodor 1993): T(x,y)=min(x,y) néu x+y>1
=0 néu x+y<l1

t-norm yéu nhat (drastic, product):

Z(x,y)=min(x,y) néu max(x,y)=1
=0 néu max(x,y)<1
Khéng kho khin dé chi ra rang véi moi 1-norm T thi

Z(x,y)<T(x,y)<min(x,y) vo1 moi 0<x,y<1
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Phép tuyén (t-conorm)

Giong nhy phép hoi, phép tuyén (hay todn tir OR) thong thuong can théa man
cac tien deé sau:

Dinh nghia: Ham S:[0,1] goi1 1a phép tuyén (OR suy rdng) hay 12
t-conorm néu thoa man cac tién de sau:
a) S(0,x) = x, véi mo1 0< x <1 (Tén tai phan tir don vi)

b) S(x,y) = S(x,y), vo1 mo1 0 < x,y <1 (S ¢6 tinh giao hoan)

¢) S(x,y) < S(u,v), voimo1 0 < x<u<1,0<y<v<]
(Khong giam theo tung bié€n)

d) S(x,5(y,2))=S(S(x.,y),z) v&i moi 0<x,y,z<1 (S c6 tinh két hop)
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Luat De Morgan

Dinh nghia: cho T la t-norm, S 1a t-conorm, va n la phép phu dil}h
chdt. Chung ta n6i bo ba (T,S,n) 1a mot bd ba De Morgan néu
n(S(x,y))=T(nx,ny)
Chung ta n6i bo ba (T,S,n) 1a lién tuc néu T va S 1a hai ham lién tuc.
Sau day la hai 16p bo ba quan trong
Pinh nghia: bo ba‘De Morgan (T,S,n) 12 by ba manh (strong) khi va
chi khi c6 mot tu dong cau o: [0,1]—[0,1] sao cho:

a) T(x,y) = ¢ "' (max(e(x) + ¢(y)-1, 0))

b) S(x,y) = ¢ ! (min(p(x) + @(y), 1))

ONX) =0 (1- 9(x))
Pinh nghia: bo bq De Morgan (T,S,n) 1a bd ba chat (strict) khi va
chi khi c6 mot tu dong cau ¢: [0,1]—[0,1] sao cho:

a) T(x,y)=¢ ' (¢(x)(y))

b) S(x,y) = ¢ "' ((¢(x) + ¢(y) - ¢(x)0(y))

) NX) = @' (1- (X)) gdited bv Huno Nouvin




Phép keéo theo

D3 c6 khd nhiéu nghién ctiru vé phép kéo theo. Picu d6 ciing tu nhién
vi day la cong doan mau choét cua qua trinh suy di€n trong moi lap
luan xap xi, bao gbm ca suy luan mo.

Pinh nghia: Phép kéo theo (implication) 1a mot ham s6 I: [0,1]—[0,1]
thoa man cac diéu kién sau:

a) Néu x < z thi I(x,y) = I(z,y) v61 mo1 ye[0,1]
b) Néu y < u thi I(x,y) < I(x,u) v&i moi ye[0,1]
¢) I(0,x)=1 vo1 mo1 xe[0,1]

d) I(x,1)=1 v61 mo1 x€[0,1]

e) 1(1,0)=0

Tuy don gian nhung muc e) van can vi khéng thé suy ra muc e) tir 4
tien dé dau.
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Dé tinh toan dugc, ching ta can nhitng dang cu thé ctia phép kéo
theo. Sau day 1a mot s6 dang ham kéo theo, xay dung dwa vao cac
phép toan logic mo da suy rong trén

Cho T la t-norm, S 1a t-conorm, va n 1a ham phu dinh manh

Dinh nghia: Dang kéo theo thu nhat. Him I,(x,y) x4c dinh trén [0,1]?
bang biéu thuce 1 (x,y)= S(n(x),y)

R& rang an y sau dinh nghia nay 1 cong thurc logic co dién P=>Q=| PvQ.
Dinh ly: Vi bat ky t-norm T, t-conorm S va phép phu dinh manh n nao,
I, 1a phép kéo theo thoa dinh nghia phép kéo theo.

Phép kéo theo thtt hai sau day lay tir 16gic truc cam (intuitionistic logic)

Pinh nghia: Cho T 1a t-norm, ham I(x,y) xdc dinh trén [0,1]2 bang biéu
thirc

L(x,y)= sup{u:T(x,u)<y}
Dinh ly: Véi bat ky t-norm T nao, I duoc dinh nghia nhu trén 14 phép kéo
theo thoa dinh nghia phép kéo theo.
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Phé¢p phu dinh. ..

* Phép phu dinh 1a mdt phép tinh co ban cua
Logic.

« Ham n:[0,1] = [0,1] khong ting thdéa man
cc diéu kién n(0)=1 va n(1)=0 duoc goi 1a
ham phu dinh.

» Ham n duogc goi 12 phii dinh manh néu n
giam chat va n(n(x))=x.
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Ph¢p hoi...

 Phép hd1 (and) la phép toan co ban cua
logic va thoa man cac tién dé sau:

» Ham T:[0,1]x[0,1]=>[0,1] goi 12 1 t-chuan
néu thoa:
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Phép tuyén. ..

» Phép tuyén 12 mot phép todn logic co ban. N6
phai thoa man cic ti€n de sau:

« Ham S:[0,1]x[0,1]>[0,1] goi 1a 1 t-doi chuan
néu thoa:
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Mo1 lién he...

« Néu T 12 mét t-chuan va n 1a mot phu dinh
manh thi S xac dinh nhu dud1 day 1a mot t-
do1 chuan:

S(x,y)=n[T[n(x),n(y)]]
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Ph¢p keo theo...

e Phép kéo theo la mot ham
[:[0,1]x[0,1]=2[0,1] thoéa cac diéu kién:
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Luat mo la gi...?

Mot luat mé c6 thé dugc dinh nghia dya trén phét biéu diéu kién
nhu trong dang sau:

IF XisA
THEN yis B

Vi x, y 12 nhitng bién ngén ngit;
A va B la nhitng gia tr1 ngébn ngt xac dinh bo1 nhitng tap mo
trén X, Y
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Sw khac biét giira hé luat co dién va hé luat
mo...

Luét c6 dién IF-THEN st dung logic nhi phan
vi du
Rule: 1 Rule: 2

IF speed is > 100 IF speed 1s < 40
THEN stopping_distance is long ~ THEN stopping_distance is short

Bién speed c6 thé lay gia tri trong khoang tir 0 dén 220 km/n nhung
bién ngdn ngit stopping distance chi cé thé 14y gia tri 1a long hoic
short. N6i mot cach khac, hé luat co dién duoge thé hién béi 1 hay 0
trong logic Boolean
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He Luat Mo

Bay gio ta biéu dién stopping distance rules trong hé luat

mo:
Rule: 1 Rule: 2
IF speed 1s fast IF speed 1s slow

THEN stopping_distance is long THEN stopping distance 1s short

Trong hé luat mo, bién ngdn ngit speed ciling cé gia tri trong
khoang 0 dén 220 km/h, nhung khoang nay cé chtr tip mo nhu :
slow, medium va fast. Mién gid tri cia bién ngdn ngit
stopping distance nam trong khoang 0 dén 300 m va c6 thé chua
tap mo : short, medium va long.
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A A N\
Hé Luat Mo
Chu y:
1. Hé luat mo c6 lién quan dén tap mo

2. Néu vé trai dung véi vai degree of membership thi vé
phai cling phai dang vd1 cung degree
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Fuzzy sets of fall and heavy men

Degree of Degree of
Membership Membership
1.0 1.0
Tall men Heavy men /
0.8 7 0.8 7
0.6 7 0.6
0.4 0.4
0.2 7 0.2 7
0.0 | | | | | 0.0 | | | | |
160 180 190 200 70 80 100 120
Height, cm Weight, kg

Nhiing tdp mo nay cung cap co s& cho mé hinh danh gia trong luong.
Mo hinh nay dua trén mo1 quan he gitra chi€u cao va trong luong.

IF height is tall
THEN weight is heavy
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Heée Luat Mo

Gia tri dau ra dugc danh gia truc tiép tir gia tri membership grade
tuong ung trong vé tral. Cach suy dién nay dung 1 phuwong phap goi
12 monotonic selection.

Degree of Degree of
Membership Membership
1.0 1.0
Tall men > >

0.8 0.8 Heavy men

> >
0.6 4 0.6 \
0.4 0.4

>
0.2 % 0.2
0.0 ; | ; | 0.0 ; |

160 180 190 200 70 80 100 120
Height, cm Weight, kg
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He Luat Mo

Mot luat mo ¢é thé ¢6 nhiéu thanh ph?m trong vé trai:

IF project_duration 1s long
AND project_staffing 1s large
AND project_funding 1s inadequate
THEN risk 1s high

IF service 1S excellent
OR food 1s delicious
THEN tip 1s generous
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Hé Luat Mo

V¢ phai cua luat mo cting ¢6 thé c6 nhi€u phan vi du:

IF temperature 1s hot
THEN hot water 1s reduced;
cold water 1s increased
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He Luat Mo

« Hé luat mo kha htru ich cho viéc mod hinh
héa suy nghi, nhan thtc, ¥ kién ctia con
nguo1

e MOt luat mo: if-then c6 dang:

— “If x1s A then y is B”

—vO1 A and B 1a nhiing gia tr1 ngdbn ngr dugc
dinh nghia tir h¢ tap mo trong X and Y.

— “x 18 A” duogc go1 la antecedent

— “y 1s B” dugc goi la consequent.
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e If pressure 1s high, then volume 1s small.

e If the road 1s shippery, then driving 1is
dangerous.

e If the fruit 1s ripe, then it 1s soft.
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Hé Luat Mo
« Luat mo “If x is A then y is B” c6 thé dugc

rut gon nhu sau: 4— B va duogc ki hi€u
A X B.
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1f-then-rules

e general form:
i f <antecedent> then <consequence>
e examp

if t¢mperature is cold%l is cheap

tfen hegiing i s high

linguistic variables  linguistic values/terms (fuzzy set:
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Heating | Temperature :

Oil price: cold warm hot
cheap high high medium
normal high medium low
expensive medium low low

if temperature is cold and oil price is low then heating is high

if temperature is hot and oil price is normal then heating is low
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= Fuzzy systems F: R" > R" use m rules to
map vector x on the Output F(x), vector or

= Cal}/ﬂ. A R

Functionf: X =Y

Singleton model:
R;: IFxis A, Thenyis b,



-
J L @
=
)
g
%
L—
s
[ g—
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g™

IF Temperature=freezing and Heating-price=cheap THEN heating=full

IF Temperatura=chilly and Heating-price=expensive THEN heating=no
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HEA LUAAT MOQ
IF ... THEN

Theo luait rod: If t > 30, a > 15 then v = 300

D66 liedu vago rod - moo houa fed tim luait aup duIng - too

fiou rod houa fiea aup du'l'ng. Ros =2 mog - 106
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° Nhait lao quoéc qua faau tiean taou filean ngaém ol

Tokyo 9 ra nooi thed hei maily mouc thoéng minh — intelligent machine 9 system

e  Vidui:
— Nedu quaan atio bain + nhieau thi xae pho@ng nhieau + mauy quay ladu
— Nedu quaan atio saich+ nhieau thi xae pho@ng it+ mauy quay ladu
— Nedu quaan atio baan + it thi xae pho@ng nhieau + mauy quay voga

- ot 36 luait
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Systax:

Taxonomy

Semantics

He Luat Mo

if XisAthenYis B
if XisAthenYis B
unless Z is C

categorical

if Xis then'Y
is B
qualified

if Xis A then
usually (Yis B)

single rule
collection of rules
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TAXONOMY OF RULES

categorical (examples)

XisA (fact)
if Xis A then Y is B or equivalently Y is Bif X is A

if Xis Aand Yis B then Uis C and Wis D

if Xis A then Yis f(A)

if Xis A then Action is B (command)
if X is A and Context is B then replace X is A with X is C
(replacement)

if Xis A then delete (if X is B then Y is C) (metarule)
if Xis A then add (if X is B then Y is C) (metarule)
the more X is A the more Y is B (gradual)
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TAXONOMY OF RULES IN FDCL

* qualified (examples)

if Xis A then Y is B unless Z is E (exception)

if X is A then usually (Y is B) (usuality qualified)
usually (if X is A then Y is B)

if Xis A and Prob {Y is B|X is A} is C then Action is D

if X is A then possibly (Y is B) (possibility qualified)
(if X is A then Y is B) is possible a (possibilistic)

(if Xis A then Y is B) is true (truth qualified)

* hybrid (examples)

usually (the more X is A the more Y is B)
If X is A then very likely (Y is B) unless Z is E
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HONDA FUZZY LOGIC TRANSMISSION
F uzzy Set Not Very Low

High
N

N
Low Not Low

Close
AW High

High

o Grade =
o Grade =
o Grade =

30 130 180

Control Rules:

If (speed is low) and (shift is high) then (-3)
If (speed is high) and (shift is low) then (+3)
If (throt is low) and (speed is high) then (+3)
If (throt is low) and (speed is low) then (+1)
If (throt is high) and (speed is high) then (-1)
If (throt is high) and (speed is low) then (-3)
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Suy luan bang Fuzzy Logic...

Xét phat biéu:
» Néu “gdc tay ga quay” 16n thi “xe chay
nhanh”.

> can phai biéu dién nhitng luit “mod” nay
trong Fuzzy Logic
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Bi€u dién luat...

Goc quay tay ga lon
x: bién ngdn ngit biéu dién géc quay tay ga.
Khong gian nén géc quay U=[0,360°]

Tap A goc quay Ion 1a 1 tap Fuzzy trén U.
P=Go6c quay tay ga lon:x 1s A
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Bi€u dién luat...

Xe di nhanh

y: bién ngdn ngit toc do xe.

Khong gian nén toc do: V=[0,150 km/h]
Tap B “toc d6 nhanh” 13 mot tap mo trén V.
Q=Xe dinhanh : y 1s B
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Biéu dién...

e Luat mo co dang -

» Biéu dién bang modt quan hé mo trén khong
gian nén U x V v61 cong thirc xac dinh boi
phép kéo theo...

= A
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tt. ..

Bay gio suy dién mo da c6 thé xdc dinh

Lt P—>Qla 1 quan hé mo

Su kién dau vao P’={xis A’} , A’ 1a tip mo

Két luan Q={yis B’}

B'=A"R

(A,B)
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Operation of Fuzzy System

Crisp Input

A 4

A

Fuzzification

A 4

Fuzzy Input

A 4

A

Rule Evaluation

A

Fuzzy Output

A 4

A

Defuzzification

Crisp Output
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Input Membership Functions

Rules / Inferences

Output Membership Functions



|
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