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Weighted Fuzzy Reasoning Using Weighted Fuzzy Pr/T Nets

Sang Yeop Cho'!

ABSTRACT

This paper proposes a weighted fuzzy reasoning algorithm for rule~based systems based on weighted fuzzy Pr/T nets, where the certainty
factors of the fuzzy production rules, the truth values of the predicates appearing in the rules and the weights representing the importance of
the predicates are represented by the fuzzy numbers. The proposed algorithm is more flexible and much closer to human intuition and reasoning
than other methods : @ calculate the certainty factors using by the simple min and max operations based on the only certainty factors of the
fuzzy production rules without the weights of the predicates{10] ; @ evaluate the belief of the fuzzy production rules using by the belief eval-
uation functions according to fuzzy concepts in the fuzzy rules without the weights of the predicates[12], because this algorithm uses the weights
representing the importance of the predicates in the fuzzy production rules.

I/ E : HA| MMTE(Fuzzy Production Rules), 7} MX| £EAT2|E(Weighted Fuzzy Reasoning Algorithms), 715 HX| Pr/T
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#HAoAM @2t Aeste 4G A Qo] Hu, #x
7F AEste Z47e F4e MR e A=Y FAEGm-
potance)E Zt=tix . agA o] FQEE A9
AR Jebdes A9 7}%%k(weight)2i kg 3},
ol gt& I 71F A FELuYFE Ak o
i Chen, S.& [lA 715 7t 1 91 HA At
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¥ A Pr/T YIE(Weighted Fuzzy Pr/T Net)E A9y,
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2. X XX

HA Ago]2e 19659 Zadehol s At 11,
A Je HA AA9 ¥ FH2 E 5 dok AAAHY
(universe of discourse) U, U={uy, ug -, unel U= o

A A At 25FF 4z, 4 U— 10,1000 93 Bhea 2
o] 239 + o

A=paup ) uy+ palup)/ug + -+ p5(uy)/u,

AZNNA paw)E HA JE Aol ud 2&HEE 7}

i)

itk 9 Juel, wa(u)=101% A 4§ A= A normal)
ol AAFF Ul v ZE u,wel WA & 9HF
std AP AE 22 (convex)o]th.

pa(Auy + (1—=2)uy) =Min(za(u; ), #aluy))

7194 2€0,1) HA xwAE AAAF UdA EF3ta
B4 #H2 gl
A7t WA A AE A A9 A (2, & w2 E

A%+ Atk A7 WA 23 Ax Bt gol 498 ¢
stk

0, u<a,
(u—a)/(az—a,), a1<u<a,
() =
alu) (as—w/(as~az), a,Su<ay
uU=as

At BE Al By, az, a9 (b, by, b2 27 TS

A2 9A 2ART A 44 WA £A A% B Aole] 4
WL The3} ol Aol 5]

o A7 A5 §3t] © : ABB=(ay, az a3)® (b, by, bs)
=(ai+bi, az+by, az+ba).

o 429 R)%ext W] © 1 ASB =(ay, az, 2)O(by, by, ba)

=(a1-bs, az-be, az-b).

o Azt R $2 F7] ® : A®B=(ay, a3, a3)®(by, by, bo)
=(arxby, azxbs, azxba).

o 429 A 52 UF7] @ AOB=(ay, a3, a)@(by, by, by)
=(av/bs, ay'be, avby).
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2ol Aol
A, ={u;| pAui) 2 2, u; €U}
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vel set;ie, a—cube2 44 & ¢ 71 9o
A = fol aA,,
B = fol aB,
47104 Ae=lar'”, a2 Ba=[bi'”, b2*’), @ €10, 1],

webdl 4z 1A %7 Ask B OR 94+e AQBZ £7)
s, Bhed e ANYTRY Hoz J1eT F Ao

A@B= fola[af‘” Vb?, ai?V b7,
oA7lo)A @ Azt AR Aok
3. XA E# =2
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CED WA Yydizlel 2F

A8 HA) A
1 Rulei : ¢; = d (CF=8))
2 Ruléi © di Adjp A+ Adim = di (CF = 81)
3 Rulei : d = da Adie A Adka (CF = 1)
4 Rulei : di VdigV -+ Vdim = di (CF=8i)

<& >4 Rulgs= FH9 oj&olx [<i<N, N& ¥
A AFHY Foltt 4t dvie 4 HA o] dilxy, x3,
o X% dilyy, vo, o, Y0 B WERATE 1<p<m, 1<q<n
m¥% ng ¥ Agoth x9% y.& L FE YD HUE
FE glon, Wiol Ay Aot 8= HA Y (universe
of discourse) [01]14 FeE HA £AZA 72 Rule
Falz o[ty

Al 12 o HA AAFERI L, AlEl 2, 3, 47 HAR
v B8R =28, veolu =33, AeE 9Z2" #4
HA A E ot

32 7i1E HX| 52

of AME HA A4FHY EHE Nz o 7}
% WA PyT V=AM ALga7] 18 A2te] Aol dg
% WA 2EwEel diste) 7|$ 8L, 5l

At 1:o&3 22 o] fAuolxd kil 7t
SFA}.

Rule; : d;=d(CF = 2;)

7] A RuleE FA ol&olx, % de 42 HA
£o] dilxy, X, -, X dily, vz, o, voOITh m¥F nd
%9 Agolth x.9 yoE S FE YA HE £ Qo
o, Weol ALt Aol 1<p<m, 1<a<n Bie AAH
FHuniverse of discourse) [0, 11o14 Aold HA wARA
T3 Ruled] gAlxo|t} &of 49 & 71542 244 o
5% 32 BAHL, 3,9 F= AAAY [0, 1194 B
HEe HA £Alolth &o] 9 dd HA AE 4z
79 T3 ZHEEAE dY)eiA T e AAIF (0,
A Aoses HA extolet, azid &of &) A =
A7 7= Fi® 82 BHE £ dth ®F AR £29 Fs8t
7] ikAtelt),

A 2: e e 4 HA AT FEH oA
o ltkm AR,
Rule; : djy A dg A = Adjm = 4y (CF = )
Aol B AADE [0, 1014 FA® MR =Rz A

73 Rule®] BAEolth ol dy, dp, -, dim & 7HEF
&z AARY [0, 1M AosE HA =3 oy, dp
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Fd3 &oj7t HAW Qule AXATE E £ Qloh Ap:F
—fs, fs= D 42 71534 &(symbolic sum set). DEP,
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B; {yii.Yiz. . y) O dia

(X1, X, Xm) o Pu

ds o Bi Wiz
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di o) ) Bi Wks
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tis Tk Pks
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| — O dkn
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pll E38 B2 pE E UL, pesll TESH

£29 BRI Te=T,®B. (s=1. 2. =, or n).

(22 6) t A™H 32 71E HX Pr/T HE

~ ~

dir @y Xty Xize = Xit) Bi
Pit _—__’I (Y11, iz, =, Yir)

Tjt ti Wk
Yaio

dJZ@ﬂ)iZ(XNvXZZv'"yXZmZ) Iﬁi {Ya1, Yoo, =, Odk
Di2 Tie i » Pk

w]n Xn1,Xn2, """ Xnmn) BI
— |

“ Ynln)

Tm tin

(32 7) 4 A™H 39 J1E HA| Pr/T HE

dir @y (o, Xi2, , Xim) Bi

Dnb——_—*l {Yir, Y1z =, ym)

dio/ "\ Wia{Xa1,Xe2,* Xemz) Iéi {yar, Yoz, ", Yae dk
Di2 ' » Dk

Tk1 Ikz ‘Ekn
Owln Xnt Xn2,"*" Xnmn) B; Ynln)
—|
tin

(O3 8) 4 A¥H 32 75 HA| Pr/T HIE

ﬁil (N, Nz, Neo)
L W O(ﬂl B

(a) FE7} de

Bil nul! R d;
ti o - O 031‘ P

® FaoE Gk 4
(32 9) &I|AKS| JIE BX| Pr/T HIE

& WX P/T WEE 0183 JHE WX FE 761

1 (X1, X2,**, Xn) Bi
wiQ —> I(l)i

Pi t;
(38 10) Efoiel 7= HA| Pr/T HE

e O
ti t;

LsytsEAR| Pr/T HE

() ¢
4. E HARE Yn2E

v uelE
oA 2 gndE

£ E4(Hom clause)3£[6, 813}
A2 EHFE [10 1218 7hite

2 AEaAant. &3 uni-

fication)= Yzp&ol=gle F8o FFHon. ©dsrts

AAE BE3] qZdsty] A3 7+ Fololx poll WE 3
s RARY U7t Bastth "u(6)EUp), u(8)=(f;

fp 4, 8 v)E mgu{most general unifier) 4 2 ztE @43}

7He3 B (fip, fHry)E XTI A7dA f,= tollA pE
Lol & olZe #F FEFO)L, fuE pilA 62 We
ot} 7]z Froltt. Bt AHunifier)d) FAEE B0t
ZZ(resolution)2 AHE3H7] 8 ddde= Hyr|EE
+ *Hcomplementary signed occurrences)ol At 233}

C:m Edol2% n EAXAE zt= WFPNY FAHE
Fo: 845 &

1. A = Com, D = Fp, Fu nxn P&,
Bi = fi)E HANNTFEY ARG =1, 2, -, n).

Fa =t 5, 0 0 =~ 0 0 T
ts 0 B, 0O 0 0
tan 0 0 0 - B, O
tn 0o 0 0 - 0 2,

e —

2. Repeat for i = 1 until i = n
wal gi<aold D] AlY WA ol 3l 7 828 008 Fok
3. Repeat fori = 1 until i = m;

31 A 4 AAR [DlA]ﬂW 948t Mt e 4s
o ths] &o] obd M¥Z3Hnonnegative linear combinat-
1on)4 27 28 #& [D] Al Frhgich ow &j7]ef

$she ©d3 QAxe vds Qxte FAEE FHristd
7 e Ao BTk DY B < aold FUEE 7 ge
{AZ 002 A3}

32 [D] Al2l A9 iiAl do| nulle] obd &L [D| AlelA A

Agct,

(¥n218)
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nxn A5 P83 nxm FAIYER FAEY nx(ntm) ¥ P9} AE %9 Parent®} AncestorZ ¥Algch D, J 29
g /AL gaEs AR dnygFe Fyola i M& David, John 283 Michael& Zt7t EAIZTE o
#9 m 9AZ TAEY Z A FAYEY ) ol A} A2 EHE AN FEHE R R0t
Aol do] &o] ofd MyPxFE HPste] AAHHC

R = {Ry, R}
42 o1, 10} A& 7etes) Ri : P(x,y) = Ax,y) [31=(0.80, 0.90, 1.00)]

Re:P(x,z) A Alz,y) — Alx,y) [B2=(0.70, 0.80, 0.90)]

(1)5 '[25

T P, D& P(J, M)& A7 4z T3=(0.80,0.85,0.90)
74=(0.70,0.75,0.80)%) Abdojgta 7FAge) A =028F1 3}
\ z}, Aololy “Who is/are the ancestor(s) of Michael?”.
(x V' \x y) N e aneest
B2 —— t, Z Alx, M)oltt. 7144 FATE 75=(1.00, 1.00,1.00)¢]
T (x.2) o ol cls] WEPNEHH FAZL (1F D@ (18
P 12l Atk o] P A9 AFFE 27 @e= (080,
(:)p 0.85,0.90), @ 2=(0.85,0.90, 0.95)& 2 7}A 3},
(D,J (J,M) _
- - - - sl Wie BART} e wAARE thest 2ok
w3 T3 I3 ts Ts Wa
(a) WFPN X8 @ U(Parent) = {u(81) = (D, ], x,v), O/, J/y) T3,
u( 82 = (D, ], x,2), D/x,]1/2)T3),
- " N u(89) = (.M, &), W/ M7,
c - x )8 v w89 = (0, M), (x,2), I/x, M/2) 7 )}
i IR ® Ulncestor) = (u(99) = ((x,y), (x, M), (W) ),
3 0 (D, D73
t 0 (J, M F4 u( 8 6)=(((x,y), M), (x,y),(z,y),(M/y,2/%) Bv)}
] M 0 __j
b =E C A71oH Bt Aot b3t b A9 W A7 ANEE
(22 12) 01|_| WFPN BT} S A e FalEel.

Fol7 oo] ATAF AP FAYAL o §5tel e} gl ERBF AUk

A P
t:B; B 0O O O (X.y) B —(x.y)
Bz | O Bz 0 0 O (xWBe-(zy) -(x2)
tata| O O Ts O O 0 (D.J)7Ts
tta| 0O O O T4 O 0 (J.M)Ts
tsts | O O O O < —(x,M) 0
4
A

t1(J/x,M/y)§1®%4+t41~:4r(J/x,M/y)l~31®%4 0 0 T 01 (UMB®T, ]
tolJ/%,M/2)Bo @ Tt taTs 0 UXM2E®T 0 Ts 0 (Uy)BBTa-(My)Te
t1(D/% J/y)B1 @ TattaTs| (D/x.J/Y)B1®Ta 0 W0 0 (DIB®T
t2(D/x,J/2) B2 ® Ta+sTa 0 (D/xJ/DB®Ts Ts 0 0 (DY)BBT~Uy)Ta

tsTs i 0 0 0 0 T ~(x.M)




t1(J/X,M/Y)§1®E4+t4'~E4+ (/xMly) 0- 0 oo (U _ 0 ‘
(/)RR T4® s B:1®T4 Y BIRT®Ts
- (I/xM/2) - - (J.)Bo B s
ta(J/x,M/2)Bo R TattaTs 0 Bo®1a 0 Ta 0 ~(M.y) T4
.~ (O/x,J/y) ~ (DJ)
t1\(D/X,J/y)B|®T3+t3'Ea 51871 0 T3 0 0 03T
(/% J/2)(MIy) [ (T:@ wp®_
B1®T4®wa) OwerBwa) ] BP2 +
ta(M/Y) (5@ e ® B @ T Bwn) WMl Dby~ Lrg
~ N s 2o (T @uwed [(TsQuwp®
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