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Fuzzy Pr/T Net Representation of Interval-valued Fuzzy Set Reasoning
Sang Yeop Cho'

ABSTRACT

This paper proposes a fuzzy Pr/T net representation of interval-valued fuzzy set reasoning, where fuzzy production rules are used for
knowledge representation, and the belief of fuzzy production rules are represented by interval-valued fuzzy sets. The presented interval-valued
fuzzy reasoning algorithm is much closer to human intuition and reasoning than other methods because this algorithm uses the proper belief
evaluation functions according to fuzzy concepts in fuzzy production rules.

7|9= : =8 ¢1al&E(Reasoning Algorithm), HX| Pr/T HIE(Fuzzy Pr/T Net), HX| A4 7% (Fuzzy Production Rule), T2}t HX|Z&
(Interval-valued Fuzzy Set)
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B = {(w, [bu, bi2), (uz [ba, bzl), -,
= {(uj, [by, b)) {1 <i<n}

(Un, [bn], bn2])}

T HAATY T wyF 293 93 FE 9EH
ol AFodo

AUB = {(uj, [cu, ceD) | cn = Max(aa, ba),

ce = Max(ajz, biz), 28]Z 1 <i<n}
ANB = {{u, [da, di2]) | dix = Min(ay, bu),

diz = Min(ajo, biz), 2832 1<i<n}

A'={(u;, [xi, xid) [ xin = 1-ap, Xp = 1-ay 2L 1<i<n)

T Vi ag = by 22T ap = beBH TIH AXIAT A
% B BA(A=B)elth. 1<i<n

Zwick, R. E& 197tA19] HA 5 FAH S(similarity
measure) & AH B I o5 F%& u|23ATH13]. Chen,
S. M, et al® AR &5 SE A2, 3]

(A9 211
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= <ayag ", an >
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9} bAtolY) FAAEE e 2e
function) S& &A% £ Aok
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SAREE A2 S(a, b)) &l § W F4E Wy
ast b Aleld fAMe o =t

AAAY U = {w,ug - untol AE U #2043 97
Yol siat.

A = {(u[aae) | 1<i<n}

YA 77 HAZNYE A9 sgka A4S ol H A W
A% 1A WE AZ 247 XEE & Uk 7oA

= <ai,az, **, @nl >

> >

= <ajg azm, -, an2 >

0% AAYT Aole) FARES B AFYS
M& B8 2ok AAYH U = (wus o2 ASHB
T U8 gk #AA A Foletn atat. o 7lof A,

A = {(u; [ai, ag) |1 <i<n}
B = {(u, [bi, beD |1 <i<n}

T2k #H=14g A9l B &da A
3 BE Zz @

%S AL A, B 18

= <ai, az, 1, @ >

= <ap, an, 1, an>
= <bn, ba, 1, bu >

= <big, bz, -, b>
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3. XAEHT 28

HAQAFAE ol &8s AMANA Aol Agai
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Rulei : d; = dx (Bel = [ Ba, B2])
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B 1) WA EY7ale 2R

HAA YT

d; = du By, B2l

d; = duA die A - A die [Bar, iz

dit Adp A - Adim = dy B, Bl

din Adpg A s Adim = dia Adig A =+ A diw [Big, Bid
dip Vdi V- Vdjm = di [Ba, Bal

dip Vdi V- Vdm = duAdieA - Adia [Ba, Bl
di= dia Vdie V- V dia B, Bi2

dit Adp A - Adim = duVdieV - Vdia [Bi, Bil
dit Vdp V - Vdm = duVdieV - Vdin [Bi, Bl

O 00 -1 U W N o

HAGHTAE o 88 AAFEL & vlol= WA
L2 AS U HAGYFEC] 489 W AR VeR
Ads] A8 Frsol AR A7l E HAYA
Z83 WERgrol e Tlew

AAGAFE ANU5E A2 e ANAFAL
gt FEE 7] A AW FeFA] AP
golth. HAF4FES WA et 2

e o o

KFA> ixis A =y is B [By, Bel
KAHE» x is A’ [Ba, Bel

KHE» 1y is B’ [Ba, Bl

A7leA A A, B 1813 B'E HAAFGAY ¥HARH
goltt. B, Beal, [Bn, Bl 283 [Ba, Beol® ZH <3 >,
KAMAD 13 KAED Y W&o [Be, bl & T3
A AHgshe b Agaghaol v, 4],

D@ Sy v JA447Ee 2&gs Add
W ARgEE UEakds B0 ([Ba, Brl, [Br, Bral) = [Ber, Beal©]
W e AARIL v RS By = BaXBa B = Be
XBE AHEEHI, AAR7E HRA e AP} v A EE
Ba = BnXBu XMt B2 = BpXBoXME Abg-3tch, M ol
Aotk HAARY HERI EF A By = Bax
R® B = BuXReg AHE-3CH Ryt 917 28438 7}
T AHs q2dste HAFA Y.

DEATAEST T4 A 7HY 2 &qe Frhe)
A3 o & LEAFAEFE S

ﬁcl = ﬁcump(ﬁ(ﬁfl, Brl)) = mgn(mgX(B(Bf]p, Brlpq)))
BCZ = Bcump(B(ﬁfZ BrZ)) = min(mgx(ﬁ(ﬁfzp, ﬁﬂpq)))

q

71 1<p<m 1<q<n m% nd Z7 AAPE}
R A HAzo]e] Folt
PERAREF ANELFE 587 68 Fad 13
T 232 AR T8 FE 28 B £ =&, & 2
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Al Atatr] g8 AMgdhe 397 R A R gl

_ﬂ‘ g r|0 ok

Ber = Beomb(Ber, BCIOId) = max{Be1, Bclmd)
BC2 = Bcomb(Bc’Z, Bc201d) = maX(BcZ BcZOld)

T HAEE FE229 WA P/T UE EH 785

A7 A Ba®9} B olm] REERZE 23 Tad A
29 g degoln, fud Bos E FEEZE EHA
=gd E ga 5%4 ".8-zto|ch,

4, T x| Pr/T W E

AT S BEsy] &3 2L FPN(fuzzy Pr/T
net)& A9 gcHil]

FPN = (P, T, F, D, V, n, Ap, Ar, A¥, f, a, Mp)

o714 P, TS Fe 747t ol EWAAA agu
FEARAY FaPFolth. PUT =0, PNT=0, F< (PXT)
U(TXP), dom(F)Uran(F) =PUT. D& Zd¢e] old &
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o VE DYY "5 Eelth ne DAY &9 Aol
Av:Po1, Ape AWMtk pep, Tl Ap(p)7}
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ERAA A3 97 P/TUEANA ENRHe] HaY =
AL ggd 2ok (1) 9l peE -t Mlp) = 1o]8td EU
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7F Mol A A 87bssldd to] A3ge ME M2 v M
o2 HWEAZY F M2 MelA T271s3Hreachable).
Yp € Pojal WY pEt' a8 pg etolEhd M (p) =M(p)
+1; %Y pe ot 23 p& teolFH M (p)=Mp)-
1,384 ¥od M'(p)=Mp)elty. ol#&EL A Pr/T
HES T3 578 AoAdrh ot g tev t9 ZE o
gEgolag HHEY o)~ Y-S 747 BAG

FAE FPNel mile Z#olx9 nlle EdxA
2= Py/T vlEdn 8kx} FPNe $AH H(incidence ma-
trix)< nxm AFPE Ci=[eiplt Co=Ilcipl Ci=leqldl
& FPNY] lEr"]’sg 22 cij = wits, pj) - wipg, t) = (Ar(t;, py))B

Ab(pj C>—[c.p]°ﬂ & FPNS FAMYE L o= wit
i p,) = (As(ty, p))Biz - Arlp;, ti). &17191A 9} pie
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(g 1-3)2 18 AR FHA g HA Pr/T
EZo|th B = BB, Bi)3 Bre =B (i, B)olt} (ZH 4-6)
28 AAQYATHA F #Hx Py/T vEZH|TE poll &l
'—' EEL_Q. Px & z —Q-Z‘} §l—-140ﬂ U}- 1’}":/}"\’_"‘:} Bksl :Bcomp(B(Bj,B
) =B(Bi1, Bist) ¥ Brsz = Beomp(B(By, B)) = B(Biz, Bis2). 1 < s <n.
(29 7-9% 38 HAAYFH dF HA Pr/T UEERE
#o|th. Byt = Beomp(B(B;, B)) = min(max(B(Bipy, Bi)) T Biz =B
comp(B(B;, B1)) = min(max(B(Bipz, bi))). 1 <p <n. (¥ 10-12)

?%] ﬂ'i—qoﬂ EH?} ﬂxl Pr/T ]:]]EE%_O]E]- BkleE‘comp(B

(B;, B)) = min(max(B(Bipt, Bist) N Busz = Beomp(B(B;, B)) = min(max

BBz, Bis2))). 1<p<n 1<s<o
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pi [Bin. Bil ti Px
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ti [Bri. Bual Dk
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[Bin1, Bin2] (a1, Yoz, **, Vain) din
Pxn

(38 4) 28 P/THE

Edzdoltt HjE& EAXAL £7 FHoj2E 7HAA ¥
t}. 1%‘ 15)= 9 3Hunification)”} 7Hs3 #AE E

[Bin. Bisz] (yui, vz, -, ym) di1
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tie Px2
[Bir. Biz]
Di
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| > O Pkn
tin

(72 5) t, A8 28 Pr/T HE

[Birs, Bi2] (v, viz, -, yu) dx1

'—"Q

(X1, X2, ***, Xm) ta Pk

dj [Bis1. Bis2] dis

O X1, X2, "7, Xm)~I(YS1, Vs2, YSIS [ﬁkﬂ Bsal
tis Pks
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(22813 pP/T HE
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(x11, X12, ***, X1m1) [Bir, Biol

(y1,y2, -,y O dx
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piz (B, Bizel
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P [Bjn1, Binzl
(3% 8) 1 ™A 3= P/T HIE

a2

O OO0

(x11, X12, 7, X1m1) [BirBizl

(y1,y2, -, y) . dx
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Xnma)
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(02 9) t 8% 3 Pr/T HE
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O[Bm Bite] (Xu, Xuz, =, Xam1) (Y11, yiz, 7, yin) dis
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—_— T e
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(2 10) 48 Pr/T HE
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O
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tiz O
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Bin (Xa1, Xn2, ***, Xomn) tio Do

Pin [Bin, Binz}
(31t Hed 48 P/T HE

dis [Bir, Birz]
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bjz2
djn [ﬁml Bl (¥at, Yoz, =, Ya) Odkn
__—>
(Xat, Xn2, ***, Xnmn) tio  Pko
Pin

(A% 12) t ME8F 48 Pr/T HE

[Bi1. Bi2] (N1, Ng, =+, Nm) d;
i I > O Pj

(@) Fetelezt e d

[Bir, Bio] null .
ti I > Q Dj

b) BeHE} R d;
(3% 13) =7|AKS) Pr/T HE

d; (X1, X2,*, Xn) [Bi1 Biz]
Pj O > I ti

(38 14) Zelole] P/T HIE

[Bir. Bi] I Wiip Wod
—_— _—
ti P O I t

(38 15) SedsksaAlel Pr/T HE

g HRIEE =89 WXl Pr/T WE B 787
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T
ne
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g HARY AR dudEs MNds) A8 &
é 207,91, 94 %’S—?%[ll 16 71¥te 2 st

9 sHunification)® daleoleele] F8d AFHolt) o
dsprbsaAE BEs qdshy] A8 24 Edolx pol o)
3 SUssAALF Up)7h Besttk Yu®) € Ulp), u®)
= (Wiip, Wptj, BV)3= mgulmost general unifier) 68 zt= o

37t THe T BMwhp, Wog)E BEETE 97)60A wipE b
A pR EolE ol #HE 7EFola, wyus pollAl

2 Uik otas 7lzgteltt. drdstel AHunifier)] W&

ZEE (v, viadlolth, EZ(resolution)S AH&&H7] 93 @
sl= 47|38 72HE Acomplementary signed occurren-—
ces)ol| A gF A g,

Ci Coim Fdlol=% n EANAEL 2 FPN) $A9E ; Fu,
Fo: WEAESE;

Repeat for k=1 until k=2
1. Ak = Coamio Dx = Fuk, Faed nxn 3.
vik = fit)E AT HS 2EAEG=1,2 -, n).

Fao - vk 0 O 0
t2 0 vk O 0
tn 1 0 0 0 - Vo 0
tn 0 0 0 0 Vi

2. Repeat for i=1 until i=n
W vy <AelH [Dy | Aclel iMAl 8o = 4 248 0o
Ci4=3

3. Repeat for i=1 until i=m

3194 d< A% [D | AclolM g3} 7h5e g gE
of dha] £ obd X8 ZF%(nonegative linear combination)
o] AAQA BE #g [Dy | Axlel F7H@th ofm of7]q of
&3t 293t AAe Bdd) <Az BEE vikE 4 9
Aol BRItk W vy <Ao)d F7HHE 4 89 848 0o
2 @it
[Dx | Al Akl iA Qo] nullo] obd #& [Dy | Axlol
A1 Az
L& WS E ol gty V& vE AN

3.

[y}

(212E)

nxXn B54% FEH} nXm FAEEZ FAE nx(n+

mAEE 7t G EFE AP dagdELS Zd o
29 2 mBAZ FAEY 4 dAA FAEEY
N AL Fol o] ofd MYP2FE APl AAHL

52 of

Ps} AE 9] Parent®h Ancestor® EA &tk D, ] 18
3 M€ David, John 783 Michael& Z+z} FA]3), o
A4 ALg3h= AT R1d R2oith
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R = {Ry, R}

Ri : P(x,y) = Alx, y) A B(x,y) [vi1 =0.80, vizg=0.90]
Rz P(x,2) A Alz, y) = Alx, ¥} [va =0.70, vz =0.80]

JAIF r=0200th PO, DI PO,Me 2732 47
[var = 0.80, vy =0.9010) 3L [va =070, va2 = 0.801¢1 A}2lo]e},
AojojE “Who is/are the ancestor(s) of Michael?”. 3,
A(x,M)eltt. 7] A BE&3ke [vs = 1.00, vsz = 1.00]o] T
o] o9l FPNE &I FAYEL (11 16)a)~ (2" 16)(c)
o slth drjoAE Wk At HJF T HAF
gt AEF HAANG] Qe Aoz HgEn.

[vs1, vs2] ts

(x, M)

[vi, vial

[vai, vzl [Vai vael

oo dig ddart shsd BAIES

(1) UParent) = {uBu) = (D, ]), (x, v), (D/x, J/yIva),
u(B) = (D, ]), (x, 2), (D/X, J/z)var),
uBy) = ((J, M), (%, y), (J/x, M/y)var),
uBq) = ((J,M), (x, 2), (J/x, M/z)va)}

(2) U(Ancestor) = {u(@1) = ((x,y), (x, M), M/y)}va),

u@) = ((x,y), (x, M), ((x,y), (z, ),
(M/y, z/x)voi)}

(3) U(Parent) = {u(B2) = (D, ]), (x,y), (D/%, J/y)va),
u@») = (D, ), (x, z), (D/X, J/2)va),
uBx) = ((J,M), (x, ), (J/x, M/yIve),

P
Ci =1 (x, y)Vu -(x,y)
tz (x, y)V21 (z,y) -(x,z)
ts (D, J)va1
ty (J, M)va
ts —(x M) 0
(by FALE Cy
P
C =t (x, y)V12 -(x,y)
tol (%, y)sz (z,y -(x,2)
t3 (D, J)V32
ty (J, M)vaz
to _(X M) O

(a) FPN ¥4 (c) FAHEE C
(32 16) o2l FPN E3n FAlHH
7o Aol B 2uABe) AP FARLL o Sa4el 1D gol BT 4 Ak
A P
tva [ ve 0 0 0 0 0f (xyw -(x,y)
tavay 0 va 0 0 0 0 {&xyva-lzy -(x,2)
t3vay 0 0 V31 0 0 0 : 0 (D, Dva
tava 0 0 0 wva O 0} 0 (J, Mjvag
tsvsi 0 0 0 0 wa 0} -xM 0
U
. A
WlJ/x M/yva +tva | (J/x, M/y)vava 0 0 va 0 0 (J, Mbviva
(taA J/%, M/2)var + talvgy 0 J/xMzvava 0  va 0 0 | U yvava- (M, yva
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