ARZ@ARP AL R REIRFOPIEZRE BN T S 7 g #

>

LA F R R G RITR S G
- F o AN LR RERGTIRZAPMEL S ¥ - &

RAmE S Se & I HWELE ST & I ERFERNE $2 8 45 LA
HEOREL S RS 8 LRI R TR A DB N E D RER L B4 &

=R R = R R = EL T R R =)

FEF LG T RT

PR E Rz e L B A

=
T
(E;]
o

4y

22

: VI N - 4% T -G,
AR R & = .ﬁ-,‘?_;“—:.'; °

2.1 BRI AR R

4 (Fuzzy) — 30 #_ 41965 » o % ®4c -+ < £ 4p 5. % & & (University of
California, Berkeley > f§ #£UC Berkeley s UCB) [23]+L.A. Zadeh (48 ) #&#% >
M F 24 ) (Information and Control ) £ #eflp 7] + #78 £ en¥ L3~ — T
Bk E
TR L™ ZRE AEINEORPE S > ORI AR R S PO A SR
IR A (T 02 g § 1L AT o Al i)Y O i 2 H A B el s B &

| (Fuzzy Sets) [6] #74& d1 ¢ o Zadeh#cd: e dF 3 A g1 et L ¥ EAe?

%,:

EA o ek BRI AL RE TR ARG SR 4 4 L2 2
SRS RIS SUE S LR LN AR T LS - ot N co s i 3 3
Mk B Idl- R AR DT R o R I FE X LG PR
AR ERAT RAFEY > g LA RZP AT HEkE > 2 REREE
2aE 2 AN B ] o AN AT AR A > 12 (FZadeh® i o L
HERUAFEALAS NI PRI RE A P N E P BRI 2R

P e



"Fuzzy ) 3 a3 4 ¢ BT Mmoo THOR A e o ARSI
"ok, ~ T2 R, cFuzzyd 2 L LR s LerAnES S 2P
AN = R R ST

BN AN ARIL AT iy > R AABRLIEApF A E o R

FERA > AFHLEME FRAENEERAEE LG A F AR g o B

hd

LAPLRGHFE Aok d L FEHER D R KFuzzyhRLE £ PF R %

FABY o PAREHSR g 7 - kR rkﬂﬁﬁ e RN .

R FRULARL - bl 40 TER X F R - TR ARG T

FARRGER ) Skt R UER B E BT 203 50 1 H R
g

¥
FUER ?E B AT PORAR b 4 RS F L& F

)

B0 AR A e £ 218 R el i o FlE R R fRR A ag £
P B F R R AP IET IR AA TS FRALEACTANF @
A LErehL B oo X ¥ § PFER A FRIVAF A R A F R E25CRE26C

4 F R i B AE S L183emiB £183 lom> 822 R L H 7 P AR AR A

WHEEpEEFIIRY 2WF T RIT AN > kA Fuzzyit % > Fuzzyb § £ % 3
Ayt o L BT 2 4 bl4e O EIE 5 Senl ¥ (Munakata
and Jani, 1994 ) ~ =41 % %o~ 2 F #8 (Chiu and Tseng, 1997 ) ~ 3§ 7838 (W
and Chen,2001 ) ~ Z %742 5 (Stanly % < ,2003) ~ pF ¥ & 7|5¢ 8] (Mendel, 2000) -

HEAWEA (Wu, 1996) ~ i1 42 ~ ;4K % 58 (Chaneau® £, 1987) ~ F#!
it E[16] -

oW IEAmF 2 S &~ 5o M % (Fuzzy Relation) ~ #6848 (Fuzzy

Logic) ~ it ##] (Fuzzy Control ) ~ #4 € B (Fuzzy Measure) ... & 32 #%2 4
fo A HFH YRS SR EF([11-13,1518] -

9



22 Pred &
s & (Fuzzy Sets) EHOPZwmA#H > i Sk 625 > @ LR 2
Pk & fem s g & (Crisp Sets) 2. FFen7 B [8,11-13] -
PrEE & 1}{“‘ B g jeih o iiengt & 6> - @848 (Binary
Logic) » 7w P gicim 78~ pevi- Bk & o ff2 5 PRl & o A1) B AR AL
FHE L 0 (F) # 1 (1) 5 Bl
T4 o PrachlE f4rk T F TRE ¥ it g > 7 {Fﬁfiﬁi&? o Pown— LA
S ARl B R S AT s EBE R AT GlAc BN F s
BREETE20CHF ERRPIEREZER LRI f%ﬁv@m#& AR K e

TR MY amﬁ*&éﬁgfi ﬂﬂﬁ&& , LET‘{F”: [ LT FHR-ER A NS

_|
(e
L
M
-
!
L
N,
=3
El
¥
=
@;%
\\\_

26°C (]1&%’10%\,—;‘[-) "&L"%} 2-1 L,',_i__/_—l_ o
Fi

(o
fieg !

-

2 RE(C)
Bl 2-1 [ R ifz ﬁk‘m_}i mﬂgﬁ%

23 B Lhirims
BASHRE L2 AELvHETEEE[189] Flafwdevas ¥
BELRE ARSI LB E LA LG WHIRE L £ LR

f

(=
™

W
o

=
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"H &, (Sets) >~ fi P FE (Crisp) & o "Crisp

4 mﬁ;’ﬁ—&’\r’i}%mJ > r/ Frepg 2% 050 A gy, s l—‘}%‘

AE-BREE LG PR 2 e bldeF el §
T T RGF R RS N R LB AE L HE LB
ES MM TRE, - BEE- AP oikd
% 9.

*
{w
Pl
ki
(dm
A
TS

fEL B R G R AT

%ﬂuﬁ&%gowﬁn—ﬁAﬁbs~%¢ﬁﬁ§&»ﬂ4%$~

Eds G E oY EUARNELFADEBE (4, B,C) k¥ Tk L

+ = %
z\’ﬂ“f‘*%’fv_‘o

232 #HE

HEH R BT A ﬁ.—u]}#r}\m?a@ P\f?-\ﬁvm

( Universe of
Discourse )

Gt BN 0 AT AR R R 2R R 0 <
% & (Universal Sets) > — 4£% &

B AmEe I AERE (U V, W, X)
ji%\ /“ °

233 =%

- BHEEY B L2 5% E &~ % (Element) 2 & =
BE* (a,bc) kR A sd S

T RBMaRFRREEADF > T3

(Member) » — 4482123 2 /]

o

Calg A, rwhiaced s E
Ma Tar 34, wiaed-o

2.3.4 FHcsid#kc

"f % itk op R AW @ % 4 S #ic (Characteristic Function )

11



MORET TS PEES STV

(@) 1, ae A
a)=
Ha 0, ag A4

% & %57 (Methods of Describing Sets) "f ¥ & & & £ 2 H ~ & cnjd 7
PRodF ENERDETN G2 AT U KR &P
1.7 8 ;% (List Method)
FHEFABA~F TS 7 BB £ (Countable Sets) » I+
BiEzdamz o mW BRI £ty ~F o bl
B3 chiy = {2, 4, 6
2.4.01;% (Rule Method )

SRR P PR B S A g 0 AL s

MRFEZE S o bldo [ 3 10 cnd F HATe N R E 40T AT

A:{x|0<x<10}
3.8 xS #i;:  (Characteristic Function Method )
Gldr: F R E BT A 05 62 BFend i P
B=p /X, + 1, /%y + 15/ x5 +
=0/0+1/1+0/2+1/3+0/4+1/5+0/6

EREER R I LR S RS R S & S EIL

g g o T gpdez F0 T/ B 7 R mKT,Z IR AN 4

\

PR AF AT AFE A A FR A F TR S E o

ZEARLLAELT AT > e H A Fuzzy B &7 Frigyier o

12



4.5 % B (Venn Diagram )
® Ry ﬁJothenn k3 e o X BT pRILfE ) b
BB Y > 4R 2-282 239757 c iofBA o B AV MIRE B R AT

WALR N kA o e A AR L BB TR * g

U U
B A
Bl 2-24Ac B AcB Bl 2-3Bc A Bc A4
24 #o &
B I2 s 2.0 Zadeh »t1965 £/ 1 B &5 5 14U 43 HO 2% -
1% 3 (Universe of Discourse ) ; #hi ¥ chx B3 & »vita~% > iyt U

den- BT B A Ay @ ELxelU 0 T - B ES,(0)e[01]
PlRAX A BT AGHER 0 EP B G A 0% S i (Membership Function) © 3 4
g B E R = {0, PF 0 f, Bt BT R e AR S -
FEF R b AT PSR LIRS o

TEPT AR E A TR G4 A A BEE o Ra Ak FEenE o
FRLAZL A I RP R DE A PR 0 S A P O~ 3 P R o @
WEE Aok AL AR VA - L F E K- E84E (Binary Logic) #
E % % 5848 (Multi-valued Logic) 104 ] k& T RARERE 2 b Todn

RIA08 1% el kir o

13



vkt ki e Fuzzy 4 F 48 5 6l I Bol g 0 v end|EFe 2 R R B
fEa B 5 BRSOk e MR BIEALS FRENENIE - RS
bede 2-1 977 BAR2ICERER T/, Bt hiaRs 00 217 ) f et
BL 0660 a M, BL&BAR S 033 784 2-1 2% B 2-4 27 « i
FIAF R R DF SARR AR @ RGP TR LR B g 1 B
LFBA AR TR TS -

# 2-1Fuzzy # § R RO & & %

BR(C) | ®Es PR [
23 0 0 1
24 0 0 1
25 0 0 1
26 0 0.33 0.66
27 0 0.66 0.33
28 0 1 0
29 0.33 0.66 0
30 0.66 0.33 0
31 1 0 0
32 1 0 0
33 1 0 0

= B (C)

Bl 2-4 Fuzzy 4 § 8 & 0 & &

14



2.5 ﬁ%&g;

ﬁﬁ?% & # (Membership Function) [1,8,9,15,17] » & i@ #H A A4 » 7
PR AP  BEFRIET R R 68 Lo A Al
FEEhie = 2 4 ST R B BB AT c B AT 0 P 10 *F AT AR FRAR
aﬁ&&,%ﬁérﬁ@&&Jo

RGEVEIRI - R o R T SRR R SRS R = L R R R
AP - LA 3 X R hRIEA O N i BRSNS ke
MR REE G EREFI AT Sy e hadaE 2 e T RSP A
AR I R R R g 2 I RIS (FRL FAeT 1 A
e enip o RIGIED THEY ) S e sk EHEF R H
FoRFHI{HNaLs (TR

RO U ok BRI SRR
# ., (Normal) % A AMEF - L ¥ - jFh 3™ 1o+ Tic@E ; (Numerical) 14

L l—[n'lJ (Convex) 1% T

2 U3nfc, (Functional) @ f&= 3% o #icid €& > % fL 3 #ﬁ‘_}{lbﬁfﬁ%ﬁlgt P
BLETFUERPEEPNEF - BAF m&ﬁ%@i (Membership Grade) i 1w £ 3535%
2

-

S B E & N F’_“ i '%’nbﬁp: Sl TR AN chdlic kK B RO B
° "l'ﬁ{h% mF\ vl ¥ 'jﬂ'\ﬂ mﬁ—'ﬁ?‘ & m""% '7% ]*?}E”)i F'&mf’ﬁ:? %4 ¥ 1

o

T4 U R LA Eﬁ%a BBl (4 o fL1S % & AF7 7 % Membership

Function # #- % MF -

251 3Tt ok

AT jF B > dic (Discretization MF) #2% - F & ik 3| 5[ 8 2 4 1
S R LR A AR LA K AR R R F Rk RA
Mo efkiEe AR e RO BRBAITT PR EG M o T B

Wi s B U R AT E 0 Bl4eNBA 2 T f + , (Negative Big) 1%

15



AR EE > FUPHEAF-O6T+6 £ 13 BT T UlikEw £ £
FEBHREL  ENBT iR S
NB=[1.0, 0.8,0.4,0.1,0,0,0,0,0,0, 0]

TI# AT i oo 2 o £ R S AT A ] 225

hl—i——/-‘r °
06 f—
LAKI} B |
Lo Iy P by Py Py by 1y
Bl 2-5 2 ®EA T\W#ﬁiﬁ(ﬁrz B & i
BACH B S B E B L H P g 2 N L 2 T g

Al 2 Sl B e o e AR AT A e B L e
P EARRETE AAEE 2V LR b4 FFEES 4

T g LR RJEAT RV RE S
BEE] BIURE 5 Sen R Bl > 3 3 % B REME > BT A KR B

B350 2 B ehA 27 a0 iRk > i3
B Z R F o

252 @ Fh S
%@ﬁ&mﬁﬁ%ﬁ»ﬂ*@ﬁﬁﬁ%@&(%ﬁmwﬂﬁ)%ﬁﬁﬁ

U & g 2 A P e 2 63545 B Sl (Triangular MF)

§¥ /B & ¥ Trapezoidal MF )~ 47} ¥ i & #( Bell MF )~ § #77 b & #<( Gaussian

MF) S ) 38 (S-shaped MF) ~ Z 2} 3.8 (Z-shaped MF) % -

16



L2 &34 olic (4ol 2-6)

0 , 1If x<a
rd ,ifxe[a,c]
c—a
H(x) = P
,ifxe[c,b]
b-c
0 ,1f x>b

24575 6 T o e (4e ] 2-7)
0 ,if x<a
—a

X

, 1f ,
- if xefa,c]

p(x)=41 0
-X

—d
0

N

,ifxe[c,d]

S

,if xe[d,b]

S

LA x>b

3.3 f‘“rﬁﬁ'?% S e (4-B@) 2-8))

4(x) = exp(~ (xz_ 2
O

44875 65 B S B (o) 29)

(x)=——"—"—"7

)

X

Bl 2-6 = & 75 i

17

X

W 2-7 4754 B o dc

(2.1)

(2.2)

(2.3)

(24)



) (%)
0 0
X
Bl 2-8 & H7EF a0 dic W 2-9 4747 b o

@A i 3 e R 8L 7 s (Differentiable) » $30F & 4% & ¥
WA (dosg ! S i) WUF B i & B 3 RO B S i o
7o Jg’%# ﬁﬁfg@, 3 SRR ST SRR LR R S ARl
Wy e EEE S EKP AT

1.S s #k

S ¥ (S Function) &> ¥ # 1L (Monotonically Increasing)

YFEHod AuBFEhR: 00052 1inihm 1 (25) @iF

4 (Interpolation) & * 1 3 S &2 ¥ 3] ¥ A #21L7 (Monotonically

Decreasing ) 7 ¢ 4 > £ 5 Z ¥ (Z Function) -

0 ,1f x<a
2
2(’“ “J Jif a<x<p
y—a
S(x;a, B,y) =4 , (2.5)
1—2{x_7j if f<x<y
y—a
1 ,if x>y

S S Bche Bl 2-10 T FE Ak e B2 FA DS A @ Log x=4

P S(xa, f,y)=0.5 0 #7112 B % 2 B (Crossover Point) ° S e

18



Fruid TxE Ao SROEPERAL P Z licr i g Tx g
ey O BLA -

&

Z i S

et |y

05 F-mmdm i
0 : I X
a p T
B 2-10 S & e 7 5 i
3 (26) Bl E Z ¥z BB N
Z(x;a,B,7)=1-S(x;a,8,7)
1, x<a
2
1-2|22% | | a<x<p
y—a (2.6)
- 2
2()6 }/j , PB<x=<y
y—a
O: XZJ/

2. 11 S
T S #c (PiFunction) & - 48 S S #c2? Z Soffcd S & A— A
#oo PREL G ER S RREE o  (27) 5 I St g 50

H(x;,B,r)={S(X;7_ﬂ’7_ﬂ/2’7)’ XSJ/ (27>
1-Ssy+ B, y+pB/12,y+B), x>y

#P 2 fAE: I Sdcind % (Bandwidth) o IT Soicd * k4 i

Cx xRy ) R tEs o B 2-11 5 T1 S -

19



0.5

T
1
1
1
1
1
1
1
1
1
1
1
1
i

y-p

B 2-11 II &ndc

y+p

26 HHEE S
Bops 18 8 3 [1,8,9,11-13,15,18] (Fuzzy Operators) 4 B B &4 d @i
EREEHH e ¥ LBRFEFH I P EETIF  LFEI L TE - F Y
- A AR EEFYE 4 E (Complement) ~ % & (Intersection) % P £
(Union) » 827X min frmax i 5 &+ FE R Eand 5 = 2> fr7 ri- a2 2
AERLR LA - BE T EAFD LEEE T Y LA A
CRFASAAET YRR ELAREL T > RELMEERPEED

T-norms ¥ S-norms ( & £ = T-conorms) -

2.6.1 g L enl AFE
i o ARAFB I EN T EHEAATY
14+ &
¥ 1,(x)€[0,1] » A%t & (Complement) A % & 4cT :
p(x)=1-p,(x), VxeU (2.8)
B 2-12 2 nHcl k& hiF B adcu, () e Bat k& aff ok

p(0) =1=p1,(¥) 7 L -

20



0 » X

Bl 212 fioks § & 2 B & ol B licH 14

2. B
R E & A¥ B 38 (Intersection) » M ANB# 7 » GB{BEF B

-

R AND 27 B E > HEE L7408 (29) ¢
Mng(X) =min[ g, g1 = 1, (X) A py(x), VxeU (2.9)
2

B IESY o RBEERAHE Tnorms H P A& mk ] iEE (Min

v e

LB s T ek k& T o 4ot (2.10)
s (X) = 1, (x)- pp(x), VxeU (2.10)

()

1

0

» X

B2-13 bt A BA R L g%

21



3.EE
g s A Bawmi (Union) > WAUBZ% 7 » BiBF 5@ > p
"ORZ7FBEEE » B S 4 7d4ort (2.11) ¢
s (X) =max[p, tp]= p,(X)V py(x), VxeU (2.11)
BRI, o B EE R A H L T-conorms & S-norms> H ¥ v & 7 &
< i# ¥ (Max Operation) » 7 3% % %57 = 3% > 43¢ (2.11) I B~ @2 >
B 2-14 22 7X@ » ¥ 00% Kficde sz k&7 0 4oV (2.12)

Mg (%) = 1, (X) + g (X) = g, (x) - pt5(x), VxeU (2.12)

1(x)

1

0 |

B 2-14 & A2 BA & &amigi ik

262 Hps b L BE B
- R EE R D AT S
1.5 % = (Law of Idempotence )
AUA=A, AN A=A (2.13)
2.4 e & (Law of Distributivity )

AN(BUC)=(ANB)U(ANC)

(2.14)
AU(BNC)=(AUB)N(AUC)
3.2 # = (Law of Commutativity )
AUB=BUA, A(B=BNA (2.15)

22



N
T
DS
T

( Law of Associativity )

(AUB)UC=AU(BUC)

(ANB)NC=AN(BNC) (216)
5.5 4c = (Law of Absorption )

AN(AUB)=A,AU(ANB)=A (2.17)
6.4p & = (Law of Identity )

AU, AU 1)
742§ % (Law of Involution)

(A)=A (2.19)

263 WM B & it BB §
Bk B & v #i® 5 (Algebraic Operations) 2 & & #£4ri@ & (Sum

Operations ) ¥2#%i& & (Product Operations) o F.p! 4T :
W gk & 4€U,..,4, €U, x,eU,,...,x, €U, >+ % %k F (Cartesian
Product, *) sz % 5
Mg sq (X5 X5500%, ) =min[g, (X)), 4, (x,)] (2.20)
¥ RfriEE e 3
1.~ #icfe (Algebraic Sum )
Mg = M1y (X) + g (xX) = g, (x) 15 (x) (2.21)
2.3 4= (Bounded Sum )

Myop =min {1, 12, (x) + 15 (%)} (2.22)

23



3.8 48{- (Logical Sum)
Haup = Hy (X) Vv p5(x)
4 ;% 7] 4 (Drastic Sum )

My Mg =0

Hyyp = Mp> H;=0
1, otherwise

db e R H R E

Hip S Hip S Hiop < Hyus

] 2-1
A=0.5/3+1/5+0.6/7 » B=1/3+0.6/5

A +B=1/3+0.6/5+0.6/7
A v B=1/3+1/5+0.6/7
A @ B=1/3+1/5+0.6/7
A UB=1/3+1/5+0.6/7

¥AOFEE 3
1.:8 484 (Logical Product)
Hanpg = Hy (X) A p5(x)

2. % % (Algebraic Product )

HUyp = iy (x)- p(x)

3.7 &4 (Bounded Product)

Hyop = MaAX {OuuA () + pp(x) - 1}

24
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(2.26)
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4.% 7 % (Drastic Product)

My =1
Hynp = Hps ty =1 (2.28)
0, otherwise

J AT @
Hing < Hiop & Hip < Hinp
B 2-2
A=0.5/3+1/5+0.6/7 > B=1/3+0.6/5

A B=0.5/3+0.6/5
A -B=0.5/3+0.6/5

A © B=0.5/3+0.6/5
A AB=0.5/3+0.6/5

2] BB LR REE S
TH-Ee AR BEEGHE PEREET > L foRILY B AR
z FHF G sy imyp- £ ER BT - £
?uﬁﬁkzmﬁﬁﬁﬁéﬁﬁﬁﬁaﬁﬁévu@i%ﬁﬁﬁﬁﬁéiﬁﬁﬁ
B EAF G TR REE I LR
B2 [0,1]x[0,1] > [0, 1] P dtenfh hig iz o ¥ eb > e TR R S R AR A BT
B @R AR blhe 0 TR & RS -

2.7.1 T-norms & & 3 %_%
FEEF T 5 T:[0,1]x[0,1]>[0,1] > RI:& & T sig it pF > £ T 3
T-norms » % & T-norms {5 ei8 & fL 5 FFF X o

25



1.:# % i ¥ (Boundary Conditions )
T(0,0) = 05T (11,(x),1) = T(1, 1,(x)) = 1, (x) Vxe X
2.8 3 4+ (Monotonicity )
F M (X)) S pe(x) 2 pp(x) < pp(x) B
T(py(x), 15 (X)) ST (e (%), 1 (x))
3.2 # (Commutativity )
T (e, (x), pag(x)) =T (p15(x), p1,(x))
4. & M (Associativity )

T (g (), T(pap(x), e (%)) = T(T (1,4 (x), p5(x)), 41 (X))

2.7.2 S-norms & & 3 T_&

4

FEEF S L S:[0,1]x[0,1] > [0,1] Bli% & A 2 pFo4E S % S-norms:

% &_S-norms ]i?'fm@g Hs friE § o
1.:# % #£ i* (Boundary Conditions )
S = 1.S(,(x),0) = S(O, 41, (x)) = 1, (x) Vxe X
2.8 3 4 (Monotonicity )
F () S pe(X) 2 pg(x) < pp(x) B
St (60, 1,(3)) < S (1 (), 1y ()
3.2 & 1 (Commutativity )
St (), 1,(3)) = S (1 (X), 12, ()
4. & M (Associativity )
S(y(x), S (g (x), e (x))) = S(S(p, (%), p1p (X)), e (X))
T-norms i&—@%\ FeNLEFEF 0@ S-norms P ER K I EEE F o 4o
5 E i & enE 238 5 5 (Negation Operator ) N(x) > 78 & T-norms £ S-norms
2R T g - i ek B4R g 32 (DeMorgan’s Law ) 0 5 ¥R MR 0

26



Sy (x), pp(x)) = N(T(N(,(x)), N(3(x)))) (2.29)

T(py(x), pg(x))=N(S(N(p,(x)), N(13(x)))) (2.30)

T RE_F AR L RIEE rT-norms 2 S-norms EE F 0 57 i #F & o7
oo RF Y e, () B pp(x) 0 A ET afrb T

1.7l 4= (Drastic Sum) ~ j# 7|4 (Drastic Product)

,b) , if ,b)=0
S, (a, b) = max(a,b) , 1 max'(a ) (231)
1 , otherwise
in(a,b) ., if min(a,b) =1
T.(a, b) = min(a,b) , 1 mln(.a ) (232)
0 , otherwise
2.:# % fv (Bounded Sum) -~ i# % ## (Bounded Product)
S,(a, b) =min(l,a +b) (2.33)
T.(a, b) = max(0,a+b-1) (2.34)
3.Einsten f= (Einstein Sum ) -~ Einstein 4 ( Einstein Product)
S.(a, by =2+ (2.35)
1+ ab
T,(a, b) = ab (2.36)
2—(a+b—ab)
4.1 #ife (Algebraic Sum) ~ # #f# (Algebraic Product)
S;(a, by=a+b—ab (2.37)
Ii(a, b)=ab (2.38)

5.Hamacher fv (Hamacher Sum) -~ Hamacher ## ( Hamacher Product )

S,(a, b)zw (2.39)
1—ab
ab
T,(a, b)=— 2.40
a( ) a+b+ab ( )

27



6.3 48 (Logical Sum) ~ #4&4 (Logical Product)

Ss(a, b) =max(a,b)

(241)
Ti(a, b) = min(a,b) (2.42)
FikegnEE 300 Zadeh {11 emi@ B 3 (T max ¥ min) B Y kS 4 B
$b AFREEFEF T LEFER2EHK ZadehsFH F en2ghd o 2 &>
P A ERF @RS P fre 3 Zadeh IR >EFipEHET &
» H_Zadeh :# & F 4 B} L ey Fl2_ - o
Zadeh e min i& & + §_¢

#t% T-norms i& ¥ + 2_ ¥ .53 ¢f» @ Zadeh s max
FE FPE Snorms FE F 2 ¢ 3o iT®— B S-norms iFE F IRl
T-norms & & 3 53 > H 33335 B 440 T

T,<T <T,<T,<T,<T,
S, <S8

(2.43)

2.8 fRfH T

ECE SIS L R sl SRR 2) SR U R S

HXm—@wH&%EBm BB R R A R T
( Defuzzification ) #4222 Hos (“ 240 F > 1 & LB 1@ o - %
P4 RO B G R P R - A R e g R - YR
e k3 & § {4 € T 352 (Weighted Average Formula) » 4e3¢ (2.44) #15%

FrA @A o
N
Zaiﬂi(y)
y(x) =L — (2.44)
>

Ao () SRR ERERR 0 o s FIRRR SN E > N SRR
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1.£ w2 (Center of Area » COA # Center of Gravity > COG )

2.

AP () R R RRRI

B-=xad gREHETE -
N
Zyi/u(yi)

i=l

Ko u(y)EFIBRRED RS

—=

T RGP B B 2-15 FE R

g

FEFRR  y s B BARD

HOL) HE A

FRERETE %

2

Bl 2-15 COA fAH4 it 7 1. ]

B Aed i (Center of Sums > COS)
M‘fr't* tu/zéo\"vlj'g _;E‘.,.—Eﬁa‘i %%%;

%’@LMﬁéﬁﬁﬁﬁgﬁéﬁ?

Doy (y)

N
i Jj=1

y(x) ="
ZZ#UZ

B L

» RS

29

FBEAF G AT S T

A 2
[Nt

Ju

(2.46)

FUFRR 0y, s B BRI E N



R

= FERERMEEFHIE
£ |
(, =il
]

B 2-16 COS 24 it 7+ 7 B

3.5+ E-T#aE ;2 (Mean of Maximum > MOM )

Fo7 4ot (247) C BI2-17 S HTRB -
1 &~
y(x)==>y, (2.47)
N3

AP e RIBARRE D e S ek BRI -

Bl 2-17 MOM 244 i 7 &, B

29 el
Pow B s oo #073][1,2,8,16] 7 = 4 © Mamdani ( Mamdani = Assilain,
1975 ) Model 4+ Takagi-Sugeno-Kang ( TSK ) Model > 14 2 Tsukamoto ( Tsukamoto,
1979) Model » #* = f&#74] % ¥ * * IF-THEN 0] ¢ > adazhans (5 220) 4
AP en2E 1‘# R HINE (f81E3R) m#ﬁé | % #p ¢ o Mamdani Model .3 3%
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SR IR E LS 47 o m TSK Model 07 & #icdd 3% 4 7 » 3 *> Tsukamoto B 4_*

P Eren#icis & o7 o

2.9.1 Mamdani Fuzzy Model

Mamdani o3 F £d Mamdani & 1974 & #74% 41 > H A
Zadeh #& e B 6 S BB T R * 3 F 0 F a2 Mpidlt
Mamdani 4 -3 205 B 2P 4 s 2 it K R (T RE RO 1 0 4o B 2-18 )

nﬁ-

£ 3
|4

* T-norms & > M E ] B35 A B2 m@?] VR B L BT mﬁ—%‘ﬁﬂ
EREFMEEPN B3 27 UER Y - F st i 2ol e

7_— kiE 7 o Mamdani B chiEhins R E L LT o

min

A Bi Ci
wi
N7y | o
' h w2
i % i % »
| i
I 1
iA2 B2i C
Al K
I 1
_______ | JU | e e e e e |
I 1
xlo xl x20 xﬁ y
l max

] 2-18 Mamdani 5 #-3] 7 &, B

Mg - BH ﬁ;:] I ﬁ%l e Kk 29 Mamdani Fuzzy Model :

R1 — IF X is small then Y is small
R2 — IF X is medium then Y is medium (2.48)
R3 — IF Xis large then Y is large
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2.9.2 Sugeno Fuzzy Model
Sugeno ik #-73)d Takagi ~ Sugeno & Kang(Takagi = Sugeno, 1985 ;
Sugeno {r Kang, 1988) & e 3 & » £ # b Tk 3 & sufhds S0 LR 0
K

- B R B bl f SR A 2 4 & S IF-THEN

HP|ehm 2 IR o @2 R SR B TR R 3R m’-’rﬁw’%ﬁi
Beld > R (S EINhE S Sl o S HOALE Y R Bdpd g e g
® (Terano % ) - Sugeno #7247 T & 5 (2.49) ;¢

IF x, is 4 AND x, is B, THEN y= f(x,,x,) (2.49)

A y= ) 0 AR - AE L S F e el S 15 s
B f(x,x) 5 — = 53N SodkpF > HEAIHE S - =0 Sugeno 0k #-3 (First-order
Sugeno Fuzzy Model) > 43¢ (2.50) ; & f(x,x,) % B 3358 (v 5 ¥ I8

PF) o HEAIHE 5 F = Sugeno #0553 (Zero-order Sugeno Fuzzy Model) >
BPF 5 F = Sugeno BB HCA]L ¥ UAR 5 Mamdani Bk HET) ¢ eh— B4 G

e

R'IF x, is 4 AND x, is B, THEN y=a) +a/x, +ayx,  (2.50)

TSK #73] B] 202 &0 e 3 4 77 {8 #2380 — =x Sugeno Hop -7 4 Sedo B 2-19 -

Min or product
Al Bi1
w1
: ————— T AT T T T A= gty
| |
5l %!
| |
| |
| A2 | B
[, e
I _____
)/:}\_ . 7}|_C¥_ w2 h=pm ety
1 |
x° x4 %" R l Weighted Average

T TN

Wy + W,

B 2-19 Sugeno 4 -4 7+ R B
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2.9.3 Tsukamoto Fuzzy Model

Tsukamoto ## #-3] ¢ Tsukamoto 7 1974 & #1311 » (S 2P £ 7 5
- Hok ET?% & Hc(Monotonical MF) » 48] 2-20 - # — 548 % mﬁs?l AP R
Plgcsd 58 B 2 & I enp FEdici® o B 2-20 ¢ A1 ot e E S ﬁig?l »ERALR & B o
Tsukamoto #-# fi-2] B & = - :’x}%%ﬂ'lﬁ%l M e g ky TR
AT LA GEHLP R O ehp Eélﬁsa] o k'@m Tsukamoto #-# -3 # 4 Mamdani

2 Sugeno ¥ * K F (TR A o

T-norms
Al B1 Ci
N el ol Wt
| N 4
| % ! % 7 z
: I
|
L A2 B2 | Ca
AN
! |
_________ [ N
xlo 4 xgo X A e
Wz Wz,
=i 2
W+ W,

B 2-20 Tsukamoto H#s -7 7 7, B

* - B ﬁ%l - ﬂi%] 41 (Single-input Single-output )7 s %k 2§ Tsukamoto
ok A -

IF X is small then ¥ is C,
IF X is medium then Y is C, (2.51)
IF X is large then Y is C;
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210 BB M
ok B %[11-13,15,18,19] (Fuzzy Relation) & ZBE B & achd bR % > $

HEHFF G ANEB U] o bldot A B A2 Fehnd - FFZFESM G - &

|

Z ?**\ﬁ*ﬁiﬁiﬁﬁ’%%&ﬁoﬁﬁ?uﬂ%ﬁﬁiﬁi@ﬁ%ﬁ
BT ORI NEE R R kF o I“,T*n—q?» S FE & 20+ %k f# (Cartesian
Product) e e > @ ok B % (Fuzzy Relation) PR Gandfritsh > 2 R

HE AR R L et 2 PN GO A M RO GG R e

2.10.1 Bl &ML

% BB &2 B el A5 = <M % (Binary Relation) » e 422

EZlE

jL
7

>

FEREALES B i}ﬁ_; 5 ~ B % (N-ary Relation) - # * # &

LR
m £

e

&‘é‘a

o LB AUBVY chiz s BLtudy » #3058 2l 4

g
=

Jou )
~

B AR R A
lLutvEFMGBR > T wyv)eR -
2uBvA 23 MGBR > T (u,v)eR o
TR AFRLRT - Ba Y R - BE A2 3l E AR RALP Y
A AFEF AT 25 @A RapE okt - A% 55 SN %

SAFFRARALL F L5 0 FUBEU VEW 5060 b &M BRG

LpFlim- 2tuel » 24 uRusfrid .
2HFE A FueUBvel > FuRy o PIVRu -
3@ uelU ~velVBEweW > ZuRvE vRw > BluRw = = o

ERE BT EMARLIELU VAW HE G MG
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2102 #OW H &M

PR G hEF 2B LE s affAm it BB Rhirs aiFd
PEE* 3 N EBIAFES M o KRR P M R 3~ i M R (Fuzzy
Relation) hfe g o i@ * FH ks EH & & 77 P o M & o iR
BEF Lk fieh- BHEORT B 0 TRAT

+ Xk f# (Cartesian Product) UxV ch— BHd+ F ERFZJd U IV 0
- B#As = ~ B % (Fuzzy Binary Relation) o # 12 @ * £ [0,1] % ¥ P~ (& chff
Bl g da B et o o R ST AR 5 (2.52) B R R DEHE -
Foebo Reu# 58 (253) eh- e sait & 0 B2 (w,v) LUXV v~ 4 >
A ply(u,v) 3 RDGFdndice § gy FP0 2 1 = B M BRI
1 Ziehp Fr B i oo

sy U XV —[0,1] (2.52)

iRz{((u,v),,um (u,v)|(u,v)eU><V)} (2.53)

2.10.3 ks M hehs &

ROLA e B % M 2 Wl ALK g AT blde R e g
FURAREA VMG RS —RATM el F 2 W IR A —RATH
il o N A RERFIFORBEG TUBEE TG AL L AEY
[11,13,17] (Composition) "5 & t—Ac > A 2 Irenfiio bl 0 o 37 5 § 4 %
DA FehE SEE S VP LA A RS EE S > 2 12 max-min
TEBREF LY EEF LA E o

B A alcd] o HAEE A ik o DAY PARARLGE
PIGAEZ £ cnpih o L B=XoR 5 bl BB ¥ * 038 Bz pler e »
Fom Bt o TR 3?0 M ARl FEELN PP RA T L AEE
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o

3
>
&
(i}

1. M(A,Vv)E

!
b; = k\il(al.k AT;;)

= max ymin(q,,,7; ;). min(a,,,r),....min(a;,, 7,
{ (11 1j) ( 2 2_]) ( 1 l])} (254)
l .
= nklgx{mm{aik ,rkj}}
i: ) a'“:m j:1923”'9n
- el ﬁﬁiﬂ%iﬂﬂ’%%ﬁﬂﬁﬁJmaa"*’ﬁﬂ

5

=)
-

BT A= HiEr T F > Fp b 225 & F) R

«:‘i-

DL MEHE BT TFIR L AL R

2. M(,v)3E

/

b; = k\:l(al.k “Ti)

:maX{ailrlj,aizrzj,...,aﬂrlj} (2.55)

Lo AR A R & A S A b L0 A B B
B 2 MA TG L LA R ELTE L RGFBRIEFREZ LR
SRR > HBAFIF RN EE > T2 B RF T F S S S
v o
3. M(-,®) 3|

P @ T A R a® B =min(l,a+ )

) /
bij.zmm{l,;aik-r,g} (2.56)

i:1,2,"',m ] :1’2’---,]1
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o R BT B A fE 0 T A T 35T R
WHCAPEZ R G BAE R & T E B R R 0 T
B 22 B]% & e

% o RN BT 0 AR A

4. M(A,®) 3

bij = min{

i=1,2,m j

N LS
L VAR R IE N
i B ik

! ﬁ"]:%“/ﬁ, o

5. M(,+) &

/

k=1

E B

!
bt/ = zaik T
k=1

i=1,

U SR

LR E

RN L SRR

I,Zaik /\rkj}

=1,2,---,n

2)...’m j:l’z’...,n

i’ AL AN 2 — ;g v 55 4L 2] L |2 /,’ KA
MipFlZ ez Lia PEFL LS > R A gE 2

15 F R e

37

e
|§:
qn

R AR =L

A

N

3
Jouit)4
fis
o
s

(2.57)

(2.58)

- T

[~ .

B

4 N

e oy
.3\

)

W



211 HHsiF L& =2

BREFT CIRBRF AN AFFY ATV EHIETF AR AR
M3 = (BEvaluation) » Glde & 7 S8 B amml  $Hfe i o s
B AL ETE LR E R 0 FR IR A T (Fair) 2 Z B (Objective) en%2] o
dNRIFFAREIDIEFFART TR ERY HE - LR ©

BRET FE L MR ] %ﬁwmﬂ%wﬁﬁaﬁ’%éﬁi

[11-13,15,18] e A 24 ~ 5 ;5 2 R 8 o

2.11.1 @iz &3

N

i

&

PP,
25 = .
TN o ! 7

w

)~ A T FRER Y 42 (Sum Method) # £ 4¢

I 357 (Weighted Averages Method ) » &4 % 0% 7 4038 (2.59)
=35, (2.59)

ﬁﬁS%%ﬁ%i%ﬁ}“ﬂﬁomAa{##@ﬂ%%mﬁ{kiéﬁ

44

G SRR R R P A BRY B0 G ST NiTE EER Y g T im0 47

S
e

e Te, IHE - BFEZRILLERBALAR- PHEDEE E
(Weighting) > % 77 ;% 4c3% (2.60)

E=Yw-S, (2.60)
i=1
BY wa B2 {RBLE ER AT 08 mi e 7L 72RO
EREHZ 2 o T ow & Jf % X F - (Normalizing) i #* 2 24§ (Nonnegative)

‘.Tﬂ\‘
—\
4+

T

ZWI.ZI, w, >0 (2.61)

i=1

B R4 E T30 0 B 2 SN E TR o R AF SR



PR E - TR S A B HE R Y - BA B R A ITE] o Gilde 3T
VRN L PEEH DT R H o o RIS KR
HEREL|FE > A il @ NA panEL % > LR % L I - BT

Glc® o L I LT ARTA SR o it R S L SRR

2112 Hoks 57 & =23 2
ok GF 6 R0 2 0 LRSS B

17 B % H jpe=2)

CEERA=
4.°H F) & {5
5808 5 & =]

6.7% 2 4p 1L
FL RGP LB SRenieE o
FAC LRI R - AR SRR FETA SRR F
T T E G T 0 7od (Colors) ~ # 54 (Styles)

4 & (Longwearing) ~ % & (Cost) % 4rif & (Comfortable) -

¥]% £ U ={Colors,Styles,Longwearing,Cost,Comfortable}
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2. 2L B
FIREd e MR FIROFRBEA SR 0 TS %
2ok AP RIREAE I HR 0 THRVRF £
ARAeEFR T EFA BB E AT

74

| =

] 01 0.1 0.3 0.15 0.35
Colors ’Styles’ Longwearing Cost Comfortable

A4, ={0.1,0.1,0.3,0.15,0.35}

N}

] 03 035 0.1 0.1 0.05
> | Colors’ Styles’ Longwearing Cost Comfortable

A4, = {0.3,0.35,0.1,0.1,0.05}

3. EEiE B

FEE| B PR B RAE L § 2 JRNECIDIRR > BT H i % 0 B3
FLBEHEH pae BER = E (Perfect) ~ 4 (Good) -~
# 45 (Bad) % ##4% (Terrible) - ¢cs™f 7 1147 5 ¢

V ={Perfect,Good,Bad, Terrible}

4. H FZ ok =2
WA E H b ¥ F - HTFF o HERERNTR  FIOE £

AR ]
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R, =[0.2,0.5,0.3,0.0
R, =[0.1,0.3,0.5,0.1
R, =[0.0,0.4,0.5,0.1]
R, =[0.0,0.1,0.6,0.3]
R, =[0.5,0.3,0.2,0.0]

|
]

v

8 5137 R AL L R

[0.20.50.30.0
0.10.30.50.1
R=[0.004050.5
0.00.10.60.3
10.50.30.20.0 |

5. Hop iF & |
FEEIH R R SR S P B R A 0 B=AoR 0 2 D
"o, & max-min fhg XEL o W

[0.20.50.30.0]
0.10.30.50.1
B= [0.1,0.1,0.3,0.15,0.35] 010.004050.5
0.00.10.60.3
10.50.30.20.0

=[0.35,0.3,0.3,0.15]

% 1B 0.35 chE 2 40T > HApr gt i

min(0.1,0.2) 0.1
min(0.1,0.1) 0.1

max 4 min(0.3,0.0) »=max40.0 ;=0.35
min(0.15,0.0) 0.0
min(0.35,0.5) 0.35
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2| 1 0 R
d 0 iEH] R TR B2 rAE 1o TS R - AT

ETILER g RS

{.35@_ 5}

(9%
;_‘

117117117 1.1
=[0.32,0.27,0.27,0.14]

o AR R E 32%hT 2 B r RaEE L TR E | 5 27%:7

2 iR JReaER AT 0 27% T 2 g R AT 2 o
14% e § 24 Lok PRm’I.,% Krjr%

Jek RN F o - b HEE B R T AT - BT

0.20.50.30.0]
0.10.30.50.1
B =[0.3,0.35,0.1,0.1,0.05] | 0.0 0.4 0.5 0.5
0.00.10.60.3
10.50.30.20.0 |

=[0.2,0.3,0.35,0.1]

PR TR - T RJE o TSR AR R L

0.2 03 035 0.1
0.95°0.95°0.9570.95

= [0.21,0.315,0.37,0. 105]

T T 2%k 4 Bipa RamTE LT 2 % 0 31.5%
ik 4 B RATER AT |0 37%ehk 4 B e 20 7

W0 10.5%h4 4 e JRAnER LT o
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212 HoRSRE R AN

XX I M % (FuzzyRelation) "% ..o Bl..., » BZ 7 %% » Rl M
%> 42.3%[1,4,11-13,15,18-20]( Fuzzy Relation Equation- f§ # % FRE) % 77 ;%40 :
XoR=B (2.62)
et (2.62) The M BAAR D BERERAT] TREFLF  SROFA
F R R ER A Gldo— 2B R Fras % » & 5% (Experience)
fedite (Technology) # ¥ i s # L BFI R 7 H- ERFA DL A F 0 &
W RHFE D B @ gtk Ko fofjrd + o ?‘E‘ YoB gt STEEEE T P % Ry
Bk B BRF AL L AR 1 0T frz;].»;'a W RE G A LI E L
TR A FHHERM A B EE R R0 B LY kS h
oo BHRALMY MEIBFF RS EEEL AR E ‘Tfuﬁ‘"}’? Bk B 2 A2 5t
P o A L B i 0 G B R A R ] o i 2
Boko 5 AR5 0 JEd e TR ER B ERA TSR dh D R
i E AL o WM A BN G 0 ARk ik (Fuzzy Inference) ~ Hoksir
#] (Fuzzy Control ) ~ ### % (Fuzzy Appraisal ) - % F 35 %1 (Medical Diagnosis )
FR30 7 FRLDBFFF o
74 (2.62) b 3V H G O M %2 #25% (Fuzzy Relation Equation) - 7*
% W M 25E'L (Fuzzy Relation Matrix ) - @ & B0 Hok b 02 2 f2 58 cnfichs B %
RIHE = "M A N fE | o X s REBZ BaELEE- B o ’FK T
B[O, 12 fF o2 2R 5 X &mxn > RE&nxk » B mxn-§ 27 3 Bt
¢ @ ¥ - A% (Unknown) PF > g 5 AT 7 ARFF 3 @O BE 0% 2 4250
B Ao E 2.2 ez FAEAS o
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% 2-2 BB el 2 BE TR

e 4 A& o =
X ¥R B o
R¥ B X Type I
X#&B R Type 11

§f e g X g R §AE R A (Trivial) w2 R FLF 1% 2.10 & “r3% 7)
SRR M heh 4 238 5 (Composition Operation ) #5 % cnf H4EE B » g3 4e 1434
W TR e & S E Bl TAOR S And A0 S 2R 2 17
IipfEHa PEH A REEYE (Inverse) > 7 7

(XoR)' =B"
R'oX'=B"

(2.63)

G e I AEERE BE o it W KW I A RSBt R o g
# RFE R T 2ERM N i E R H (T DA miE Y 2 2 Fa[l]?
FIFEEAR2ZALE

LT Ok A deie 2 RO M A AR R AL o AT chE & chiE R

X Elxm » REmxn>» BEIxn o ® Fs3% (2.62) ;2B =T A58 ¢

o U
r r r
2 I 2n
[xl,xz,...,xm]o ; ; :[bl,bz,...,bn] (2.64)
_rml rm2 an_

2O HMRE RS 0 AR PO R g A7 0 0 TR TR
ERE UL S

(0.3 0.5 0.7 0.9 0.8]
02 04 0.3 0.6 0.5
R= » B=[0.7 0.4 0.4 0.3 0.6]

0.7 0.4 0.2 0.1 0.6

0.8 0.9 0.7 0.2 0.4
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2121 %G B3 HiE

A A IR BEHRREFEE TR BARE S 8 AR 2 F QA18]
B H A E ke g2 e 0 Tsukamoto f#i2 ehdk B 3 FdAe ok
P E oo 52 R EN SRR LR ERP .
& 2-4

WA AR D RAEL B o R b 2Dy 22 b, D B { F AL BAL
~RER o A AEL RO TS AR R H o FIHRE ] o R IRT
FE R 22 BheT

0.7>0.6>0.4>0.4>0.3

(0.3 0.8 0.5 0.7 0.9]
0.2 0504 03 0.6
0.7 0.6 0.4 0.2 0.1
10.8 04 0.9 0.7 0.2

B=[0.7 0.6 0.4 0.4 03] > R

L RE B PEAEE gd o 2 D BN DfE o § b =b S dﬂz? T

THALLEER o

FHIES s LRI HE - 7 % b B RY j o T KAt (2.65)

r,=b.,1f r, >b,
{l] J y J (2,65)

r,=¢,if r, <b,
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(4 06 04 04 03]

9 ¢ ¢ ¢ 03

9 ¢ ¢ ¢ 9
07 ¢ 04 04 ¢ |

B TR H S TEELR LR
SRS R R ek FAIRAZ RS T RER LS 1T E T

(4 06 04 04 03] [03]

6 ¢ 4 ¢ 03] |03

¢ ¢ o ¢ 9 1
07 ¢ 04 04 ¢ | |04

I Tk gedl ke Rse 3 TR TR - (70 % b Tk

B ReE 70 ZAkdest (2.66)

Y / (2.66)

r,=b,, if 1, 2b;
r,=¢,if r, <b,

FREFEL R LT RER T 0 B G gk

0.6 0.4 0.4 03] [0.3]

04 03 0.3

0.7 0.6 0.4 1
107 04 04 0.4

H T W B S T PRTAERL R Y 5 B SN A R Y kL T

R % o P|¥ 1@ ET4EE R”

96 04 04 03] [0.3]
94 0.3 0.3
R" = =
07 0.6 04 1
07 04 04 ] 104]
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R m_

J,
=

aw;,%: \

LS

il‘ el
/"—T-

k&

ﬁ%:~i@:%ﬁ%36%@ﬁTﬁ%%{ﬁﬁ%ﬁ%ﬁﬁﬁ&%ﬂ
(0.3,0.3,1,0.4) o £ k FA& ] f3# > KAELR"F - 79 S F T - B2EF T A
I L PR F o HGERENAFEA IR TR R A 00
VLR FIERAE ] R EiEt 2 e L6V AR Y B e e (2X2)
25042 033 (T44HE jéj;f‘r"?rs”ﬁ Tifchad 24T UG E
o 0T
i 0.3
0.3
0.7 0.6 /0.4
i 04/ 04 |
el B0 sV RN SRR R S
0.3 0.31[0.37 0.3
0 0
0.71/0.7 0.6 04 0.7110.7 0.6
104 0.4 1104 04 04 i
o Mo r -
0.3 0.3]]0.3 0.3
0.7110.7 0.6 04 0.7110.7 0.6
104 0.4 1104 04 04 i

j—};g}F NS éﬁ,—l_’g

i) fiE

| &) :

i 037 [0.3]
0.3 0.3
-
0.7 06 04 1
i 04 04 | |04

FEOAS QL GEER S HHT TEELSE - TG AR

S R R R S

DA AR TR R AT G BARD R0 F]S T PR -

IFB#E]“?7 1?"’&?@_@-‘@ lﬁ{m’fs_ﬁﬁé,éx“’: - -H}
{7 EE ﬁr%FJ—"%&ﬁ%Jﬁ*’m 'H}% B s F I A %'ﬁﬁ



wia 2503 0 07 04]#[0 03 07 04]-

BB DAY AR AFE[12] T RN EER M 22 AR50 S fE
L FEERM G AN TR AT et (267) R
RT o X" =BT (2.67)

] 2-5

AR RERRM A RN BLRE BE 211 &7 0 1T 2R
fRiE AT -
f#
HF- FERI ARG R F REGP AR M B S TR 0 R L
ESE S CNIRE S A B ER

HF= o~ Kb R ELryel0]] TARELa R

=y, if x>
xaydt A7) (2.68)
x=1,1fx<y

L) 3 ) 2z, Sy ) o, T
T RO M (2 AN e RE B R BEEC=(c,0pnc,) 0 B P

c.f :/\(I’;] o bz) j:1,2,"',l’l (269>

i=1

ELCET i s o M D AR e R LR THRIRS R o H0y

FREHR M 0 AR BRIR S AT SR R o B RS B R (52 5

0.3 0.2 0.7 0.8] [0.7]
0.5 0.4 0.4 0.9 0.4
R"=10.7 03 0207|> B"=(04
0.9 0.6 0.1 0.2 0.3
0.8 0.5 0.6 0.4 0.6

BT (2.69) PEBIES fE 0 BT RT T A 23 i ik fa o i

48



2R AeT

(1) #ELREBAAZHBEEE » £ 23 ¢ hZ F v &
(2) THZPaiFE > BB EE XL FE7 PHBDEE

(3) Praf LR Hifienb | BIEELCHEiIBAE

Fe 2-3 PR AR fRenA $2

e P R + W
i o " b, mab,  r,ab e 1,.ah,
nhy T o b, rmab,  rpab, 1,ab,
rml sz e rmn bm rmlabm rm2abm e rmnabm

B R B E R AT T EDIERE S R B kR F - 7Y k]

ot

P AN EZ v AP RRENE)E 0 BT UL BEE o

F_*:

03 020.708 07| 1
050404090404
0.7 03 02 07|04 |04

I
I
1
0.9 0.6 0.1 0.2 [ 03 | 0.9 0.9

0.8 0.5 0.6 04|06 |06 1

@A fEC=(03 03 104) » £ ER oCH @R%EB - R 1
C R M = 4255 ik~ 3 o
HI=Z o R EE o § B C=(q,0m0,) B RS ERE S B LRET

RO=(r)) ffi 4R M 5 A28 end]nlaed s B9 ) % Rdest (270)

0
T

b, if r, nc.2b,
v (2.70)

0, else
CAEN R X =BALHOWM A A2 en T n 5 2 - st (270) ¢ &

2-4 ind R door 0 B2 RPHAeT
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(1) #FLREBNAZFHRBREZEE 4247 2T Ffe? RoE2LCH

(2) #EER? thi - BAERFEE > BBRE » 2% FipHneg ;

(3) %4t % 5 2uEE .

F 24 P M uapE g iR

=% ? % T W
¢ G Gy,
0 0 0
i ur by i "o "
0 0 0
Hhy Iy T, b, By Ty ry
0 0 0
ot T2 Fon | Dw | Py o r

B M 05 AR50 § B & 6% 2 R 2Rl R ek - Fl30f 247 A4 o M)

- HAAAEI| LB C 0 B2 (270) sz kR TR

03 03 1 04

0.3 0.2 0.7 0.8
0.5 04 04 09
0.7 0.3 0.2 0.7
09 0.6 0.1 0.2
0.8 0.5 0.6 04

0.7
0.4
0.4
0.3
0.6

0 0 0.7_0

0 o

0 0 0 04
o

0 0 06 O

HFge o 2lulaEd ROEHE TEREE ) R R P E - SlE - G

~EF oA REE AZEREFEE oG Rr e (2X2) EREY
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0 0 07 0][0 0 07 0
0O 0 04 0[O0 0 0 04
0 0 0 04/[0 0 0 04
03 0 0 (/03 0 0
(0 0 06 0[O0 0 06 0|
[0 0 07 0][0 0 07 0]
0O 0 04 0[O0 0 0 04
0 0 0 04/[0 0 0 04
0 03 0 0[O0 03 0 o0
(0 0 06 0[O0 0 06 0|

gﬁﬁ%m\z’Eﬂﬁm%ﬁnkﬁﬁﬁ%@ﬁﬁﬁ+ﬂéﬁo

=[03 0 0.7 04]
X,=[03 0 07 04]
=[0 03 07 04]
X,=[0 03 07 04]

HF = I TR E ] R EE 0 % B s Fard e
Bl fRaver > RS aTE D el Ao M G AN ek 2 o A B A

P A eiE 2503 0 07 04] 2[0 03 07 04] -

2.12.3 George J.Klir #74 2_ * %

G LR F1NE 2 FRIFHCP M 52 4252 3% H R
HwaRIE S TE S AN FmERP o 3 TR D E L fF (Maximum
Solution) - p & #&-] f# (Minimal Solution) - H #5ks B % > A2 5% 2 s B4

B 2-21 757 o fEHCR M 5 4250 0 B4 25§ - & (Unique) - & 48] 2
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VoA h R - o v’%."zfjﬁgﬂ;st‘f o gL, (Lattice) » BRME R 2 B endicin

=l AR e e

Maximum solution

Lattice

(bl /N O [*h}]

Mean solution

Minimal solution

& 2-6

* George J.Klir #7# 2. = 2 RfEH R 22 4258 > 2L R B iE 40 2.11
G0 0 T L RfREAR o
i

HF- > FARA R o THEREA X =R

5 =mino(r.by) i=1,2,,m (2.71)
by =0 1> (2.72)

o(r,,b,)= .
v 1 , otherwise

Fp4adp e rauE R RE BE »  r F 3R E i 12X

% =min(1,0.4,0.4,0.3,0.6) = 0.3

%, =min(1,1,1,0.3,1) = 0.3

%, =min(1,1,1,1,1) =1

%, =min(0.7,0.4,0.4,1,1) = 0.4

X =[%,%,%,%]=[03 03 1 04]

hod X 7% R R AR o RIS RO M A RN E R o
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B e AR fER S FAREL B F d 4 5] (Permute )

'J’J‘ s "TII—FF'“E.R# XA /F' lﬂ*gé&]{%—m%*ﬁ ¥ i ;LJ:P J_@Ig m;‘r—ﬂ?" l”_ R

(0.3 0.8 0.5 0.7 0.9]
0.2 0504 03 0.6
0.7 0.6 0.4 0.2 0.1
10.8 04 0.9 0.7 0.2

B=[0.7 0.6 0.4 0.4 03] > R=

HEZ R ke =00 HI R E T Y /ﬁ"f ( Eliminate ) %" R %
P73 by =0 0 HN KL G T PR RS T I
Fé i (Decreasing Order) « A XL X, £ b, ¥ 5 F e~ d » #T 0 @2 e dic o

HFe FEEL o ahF- @HR2 G flr rEEFERE LX) &

J;(X)={i=1,2,,m|min(%,r,) =b,} (2.73)
T % & v e+ L3k (Cartesian Product) %

(X = ;IJJ()A() (2.74)

AN S i JmX’bE’bfrm—rF'“in Bigts » ¥ ¥

J(X)={i=1,2,~-,m|min(%,,r,) =b,}
= {min()%l’rll) = b, min(X,,r,) = b, min(x;,7,) = b, min(x,,7, ) = bl}
{min(0.3,0.7) =0.3#b,,min(0.3,0.2)=0.2 £ b,
min(1,0.7) =0.7 = b, min(0.4,0.8) = 0.4 = b1}

min(X,,7,) = b,,min(x,,r,) = b,,min(x,,r,) = b,,min(x,,7,,) = bz}
min(0.3,0.8) = 0.3 # b,,min(0.3,0.5) =0.3 = b,,
min(1,0.6) =0.6 =b,,min(0.4,0.4) =0.4 = bz}

-3

{
J(X)={i=12,~-,m|min(%,,%,) =b,}

={

={

53



J(X)={i=1,2,--,m|min(%,,7,) =b,}
{min(0.3,0.5) = 0.3 # b,,min(0.3,0.4) = 0.3 # b,,
min(1,0.4) = 0.4 = b;,min(0.4,0.3) = 0.3 b, }
3}
J(X)={i=12,--,m|min(%,,r,) =b,}
{min(0.3,0.7) = 0.3 % b,,min(0.3,0.3) = 0.3 % b,,
min(1,0.2) =0.2 # b,,min(0.4,0.7) = 0.4 = b, }
{4)
Js(X)={i=1,2,--,m|min(%,,75) = b}
={min(0.3,0.9) = 0.3 = b;,min(0.3,0.6) = 0.3 = by,
min(1,0.1) =0.1# b;,min(0.4,0.2) =0.2 = b5}
={1.2}
J(X) = J,(X)x T, (X)x Jy(X)x J,(X)x J(X)
= {3px {3} x {3} x {4} x{1.2}

={(3,3,3,4,1),3,3,3,4,2)}

HII KB o B Pel(X) 0 K(Boi) T AT
K(B,i)={k=12,n| B, =i} (2.75)
AT 80 F={(3,33,41),3,33,4,2)) » & 25 5 K(B,0) ip 4

% 25 K(B,i) crp 4

i

K(B.0) 1 2 3 4

f=3 3 3 4 1| {5} ¢ {1,2,3} {4}
3334 2| ¢ {5} {1,2,3} {4}

PERF NI IAEER IR ALIVRB R B ERAF I E 0 A
Fnt T hEBE RS R L ek B EiIES RiTREES
#H A TR g(B) o g(f) BEAT
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g(ﬁ) ={g,(ﬁ)|l=1,2,,m}

max b, if K(f,i)#¢
g,(f)=</KFD -

0 , otherwsie

RN K hg(B)F s e RIS FRS BE 0 B g iR

koo M- B IME T BB T HE

2((3,3,3,4,1)) =(g,(3,3,3,4,1),2,(3,3,3,4,1),25(3,3,3,4,1),2,(3,3,3,4,1))

ma b., if K((3,3,3,4,1),1) #
g,(3,3,3,4,1) = J'EK((3,3,§§4,1),1) J (( ), 1) # ¢
O 5 OtherWiSe

= max b.
jeK((3.33,4,1),1) 7

= max (b)
JeK((333,4,).0)

=0.3
max b, if K((3,3,3,4,1),2) #
2,(3,3,3,4,1) = { /eK(©G334D.2) J (( ),2) # ¢
0 , otherwise
=0

max b, if K((3,3,3,4,1),3) #
g3(3,3,3,4,1)_{jeK((3,3,3,4,1)’3) J (( ),3)# ¢
0

, otherwise

= max b.
jeK((333,4,D,3) 7

= max (blabzab’j)

jeK((3,3,3,4,1),3)
= max(0.7,0.6,0.4)
=0.7
max b, if K((3,3,3,4,1),4) % ¢

2.,(3,3,3,4,1) = JEK((3.3,3.4,1),4)
0 , otherwise

= max b.
jeK((3,33,4,),4) 7

= max (b))
jeK((3,3,3,4,1),4)

=04

951 g((3,3,3,4,1))=(0.3,0,0.7,0.4) + 1% dpke ek B > 7 LA T

2((3,3,3,4,2)) = (0,0.3,0.7,0.4) °

55

(2.76)

(2.77)
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F=F /ﬂ“f (Eliminate ) %' ¥ X — 7| g0 (% »

FilAE gL 00 F
304 1E

HF= BB oAk
AESHEE IR S L R
PAALRG R A B A B LA e R LR

A % eia | 3 ¢

JiELX T F

[03 0 0.7 04]
[0 03 0.7 04]

X
X

2124 % T ik
%/zﬁcﬁlé_;&ﬁk J[g;J

EoR G AT R LA R Ry

2 [19] #4995 B f 302 se 2 chfR ok M
o B 2-22 #7oT 5 RN M

l/‘{-" ﬁi’\ 7 ”v = =S
N2 R ER ] BT LB Rt BT R fRando] B R &
Wy ] Rk S B o
X (R i e §0
<
X (R ) o §L 17D
—%
X (R, ) iy 4 ]
< :
X (R, e >
o W B ALER
min X ) mras(Y )

J‘\ N;_:-

B 2-22 4B+ B4R/ B 25 F
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&) 2-7

U 3% KRR M (2 A2 0 B RS B igde 211 & 97 KRB

ij ij ij i
M, =1, m;=b, if r, =b, (2.78)
;=1 m; =0, if , <b,

HF o WHRL B o M 5 AR RN UAEL > m b R ] fRend| u]4E

o MEmAu s M, Em, ) RBR L A BT LM

%)
g My

1 1 1 0.7] 0 0 07 0.7]
04 1 1 04 04 04 04 04
M=/04 1 1 04|°>m=[04 0 0 04
03 03 1 1 03 03 0 0
06 1 1 1| 06 0 06 0 |

Koz~ KR R o HRt (Rl R E L) RAEEM ¢ - (Fehdo] B o Lakde
T
X, =min(M ), j=12,,m (2.79)
TR R A 2 X
X =(0.3,0.3,1,0.4)
H I L L o Em? L AR E o hok R X, 2 B

e F &4 L w o] f2agp d B (The Degree of Freedom) > JE3K 5 % o &
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Hde

(2.80)

HIT ~ H|urE - GRS A N AEL o 3 S R R R > ek §
$HcE B oRfE > TPt ¢ ghE - 5% - Bpd B (The Degree of
Freedom) o 33|z ¢ &5 - B2 7 5% Plv A4k | @R~
FovE- fEo S Teb- R F A S 2N AT BB 5 R A E B
PEEGATAREOPE 0 BT IF“mIE.‘F"?J{ = F o - FTERAEGNE
(Modified Column) ; @ iZd Flle (7d % pd B~ hle 7|9 3 5 F 0¥
~AFos REFEAp I ROAFET POES L 5 IR 7] (Modified

Row) « E A EFEFBE « 1T 5 Vit v Fehm §,

~

0 o 0o LR EF

0 0 |04]04 T
REsm=l0 0|0 |04

03 03| 0 ,

0 0 [06] 0 gk

i 0.7 0]

0 0

Birtim=l0 0 0 04

03 03 0 0

(0 0 0 0|
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I

\v
\N

T~ 2IEE R EH AN RO RE o R R Fem e F R
FadBEASBPUIAAEALEF oINS EF - BAd R AT
TR - Bpd R fE 5 T2 (Coexistences) ik o B 7 I K
EPFo RIZ R Ae s R f2T iR f2 e AT 7T R

PR 3 S L -

0 0 07 0
0 0 0 0
m=| 0 0 0.4
03 03—0—01> v Hki
0 0 0 |
B is 7| At faenie s o ¥ B 125

[03 0 0.7 04]
[0 03 0.7 0.4]

X=
X

2125 &3~ @Rk iR

I RBPEIFIE S BB P H[4] AR 2 ARl
B R o MFEANIHE 2123 G H 2 P FEAaFE 2 > F oA BAeT o
&) 2-8

PR 2 G2 > REEORM 2 A > L RE BE AT AT
oo T A A fRiEAR o

(05 0.7 0

04 0.6 04 0
R= » B=[0.5 0.5 04 0]
02 04 0.5 06

101 02 0 038

5?" W LELTE T T ARG fE o5 REPPFF > R B % 4730
TR, o F 2L TR, 2212282 HF- Tk
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HHZ S PRT RS E o RAEL B2 AR R < ] SR B RS
RS ot RRZE 2123 &2 HF- F k0 £ 51 232123

I

A RRLUAPABTLRER AR HF 8 S8 BB % - jpd
Penf &4 2123 2 HB- AHEIIHH- 5 o FHELfEX G

%, = min(1,0.5,1,1) = 0.5

x, =min(1,0.5,1,1) = 0.5

%, =min(1,1,0.4,0)=0

%, =min(1,1,1,0)=0

X =[%,%,,%,%]=[0.5 05 0 0]

B ~E2EEAR o B M AL B Y (Matrix Pattern) > 5B M
E R & LR
M =[m,], i=12,--,mj=12,-,n (2.81)
m; = (%,r;) (2.82)

R AN TN A hEE A M

[(0.5,0.5) (0.5,0.7) (0.5,0) (0.5,0)]
(0.5,0.4) (0.5,0.6) (0.5,0.4) (0.5,0)
(0,0.2)  (0,0.4)  (0,0.5) (0,0.6)
| (0,0.)  (0,02) (0,00 (0,0.8)

A s Rie o LA RS (2.83) B fom, iz ¥ T 2 4Ris (Mark) o

ra\?jamij

min(x,,7;) = b, (2.83)
%"}'&% *fE’K_é——MXE-f‘T*EL— Uﬁf@ ’?] "J% —T_F_'_é‘.M,

(05,05 (05,07 (0.50) (0.5,0)]
(0.5,0.4) (0.5,0.6) (0.5,0.4) (0.5,0)
(0,02)  (0,04) (0,0.5 (0,0.6)
(0,0.1)  (0,02) (0,00 (0,0.8)
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HII hok j Rk this chmy ) 2 Bo) o) 0P8R R x, Lt i m,

Vo2 bl g o kPpEE 0 T E ARG =1
=min(0.5,0.5) =0.5,i, =1

HIA AFELM S 057

o
1—3
=1
=

=5
oy
N

e
3
=
Ny
Lig
I
-
(R
3

G- etk Wy o FRRIGER > T EIIT 6 et M

0 faNwAY 04 o\l
I U7) (U O5U) U, U)
(0.5,0.4) (0.5[0.6) (0.5,0.4) (0.9,0)
0,02)  (0,p4) (0,05 (0,0.6)

O.p.)  (0,02) (0,00 (0,0.8)

K= S EAFHIT 5 o G FIRE AdRiechm, ¢ 0 Tk ) AP wARR

i, ¢ L hol ) B R R Ay, LRI m, ¢ 2 bo] A g o ]
/LSS N E T AR SRILER SIS T PSR

ey, =
= min(0.5,0.4) = 0.4,i, =2
/o slnsy  asla (05 NN o4 o]
(OO )9O o779 7) (UP7U) (U35 0)
asloay oslogy aosloday 094 0y
M,: \U.J U_l'/ \U.J UU} \U.J U_I'} \U. ,U}
0,0.2)  (0,04)  (0,0.5 (0,0.6)
O,p.) (0,02 (00 (0,9.8)
HFN ~F G Rsehm o RIFITRATL RO ERKL R T H

Befo £ AL AR RS
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23 2 R E REHEM G N Y E 0 &t

$
N

EATHGEGIF - 0 B RE Bl Ao 2,11 § 9557 o TELH

Bb]2-8 ¢ PR 0 14T RPFIEARM-A L A o

%, =min(1,0.6,0.4,0.4,0.3) = 0.3
%, =min(1,1,1,1,0.3) = 0.3

%, =min(1,1,1,1,1) =1

%, =min(0.7,1,0.4,0.4,1) = 0.4
X =[%,%,,%,%,]1=(0.3,0.3,1,0.4)

%,57%3 ~

AT~ R

LB A M

(0.3,0.3) (0.3,0.8) (0.3,0.5) (0.3,0.7) (0.3,0.9)]
(0.3,0.2) (0.3,0.5) (0.3,0.4) (0.3,0.3) (0.3,0.6)
(1,0.7)  (1,0.6) (1,0.4)  (1,02)  (1,0.1)
(0.4,0.8) (0.4,0.4) (0.4,0.9) (0.4,0.7) (0.4,0.2)

Iz et M i R R 5 0 7 9 BRI M

(0.3,0.3) (0.3,0.8) (0.3,0.5) (0.3,0.7) (0.3,0.9)]
(0.3,0.2) (0.3,0.5) (0.3,0.4) (0.3,0.3) (0.3,0.6)
1,0.7)  (1,0.6)  (1,04)  (1L02)  (L0.D)
(0.4,0.8) (0.4,04) (0.4,0.9) (0.4,0.7) (0.4,0.2)

HBT AL, =1

x, =min(1,0.7) =0.7,i, =3

B = 7 % -

7Ry > TR - Foagos i n A
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[(0.310.3) (0.3/0.8) (0.3]0.5) (0.3,0.7) (0.3,0.9)]
(0.310.2) (0.3[0.5) (0.3]04) (0.3,0.3) (0.3,0.6)

Al 7 (1 0O-6) A (WA 02 TAIAIAY
\l’ -I/ \1’ .U/ \1, .‘I’/ \1’\].&} \l,\l.l/

(0.4[0.8) (0.4{0.4) (0.4]0.9) (0.4,0.7) (0.4,02)]

# B KFIEZm o B, =4
=min(0.4,0.7)=0.4,i, =4

[(0.310.3)  (0.3l0.8) (0.3]0.5) (0.3]0.7) (0.3,0.9)]
(03[0.2) (0.3]0.5) (0.3]0.4) (03[0.3) (0.3,0.6)

’_

M = A07) A 0.6) 404 (L0 2 4.0.H
D U5 997 \ED Ty \EAERY/
04108y (0404 (04109 (O040 7N (04 0N
(0408 (04104 (0-410.9) (0407 (0. .VH,

IS R R BAAR om0 =50 RRARHEEY TR G
RA)enfddi> 8 o ek PE 5 - 2 Ms -7~ 288 7 g FT
—.fsgﬁ’i’i‘%")”l Fob— ¥ kot @EZMF TR X R fERE kb

HUE o Aok f B - B A B e m

3
14
=
)
e
E>
+=
(7
a0

SR RN 4 £y AR R
X=[03 0 0.7 04]
X=[0 03 0.7 04]

2.12.6 4&f% ;2
SR E TR AT 0 B - EECRARE 0 T L b AR AR ] 2 ¥
Benfrs gl o 5 (2.84) B8 A LG R R £ 42[12]
ilei:Al*Az*...*An’ A #¢ (2.84)

A77fﬁ-é~ééder§J o'é;li‘] ) f%’ff’,AgAjp‘;‘i,?u%‘Ajﬁf\égé /}J-i o ¥ 4}

TR (285) 54 BHCW B L4 FEE 5
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*A4U*B =+ *(4UB) (2.85)
OB A @R RIS TG4 -
&) 2-10
11w 48133 ORI M 75 A2 H FaeT -
i :
HB- IHBZ o F Y 212252 HF- IHB= > RE- o 2R NA

Bk 4o ¥ HIDT g | BAEE

0 0 07 0] 0.7/u,
0 0 04 04| 04/u;%0.4/u,

R°={ 0 0 0 04 0.4/u,
03 03 0 0| 03/u,%*0.3/u,

0 0 06 0 0.6/u,

HFE R LI f 4P TIER T W

Chain = (0.7/u,) U (0.4/1, 0.4/u,) U (0.4/u,)
U(0.3/u,%0.3/u,)U(0.6/u;)

=[(0.7/u; U0.4/uy)*(0.7/u; U0.4/u,)]

U0.4/u, U0.6/u,)U(0.3/u,%0.3/u,)

L FONEY 35BS RTINS S VU

Chain =[(0.7/u; U0.4/u,)*(0.7/u; U0.4/u,)]

U0.4/u, U0.6/u,)U(0.3/u,%0.3/u,)

=[(0.7/us)*(0.7/1, U0.4/u,)]
U0.6/u,U0.4/u,)U(0.3/u,*0.3/u,)

=[(0.7/u;)U(0.6/u; U0.4/u,)|U
[(0.7/u;U0.4/u,)U(0.6/u; U0.4/u,)]
U(0.3/u,%0.3/u,)

= (0.7/u,U0.4/u,)U(0.7/u, U0.4/u,)
U(0.3/u, %0.3/u,)

=(0.7/uy; U0.4/u,)U(0.3/u, #0.3/u,)
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=(0.7/u,; U0.4/u, U0.3/u,)*
(0.7/u; U0.4/u, U0.3/u,)

=(0.3/u; +0.7/u; +0.4/u,) *
(03/u, +0.7/u; +0.4/u,)

PR SRR ATUT L AE G S k) RS
X
X

[03 0 0.7 04]
[0 03 0.7 0.4]

G b B e BRRROR M R AR 2 18 R RO M %
Rl G LFEr EIRT o MY AR R R BRI S 4 S 0
BB AL 260

226 LABFRHCRM B0 AR L HE
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