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Fuzzy Reasonings based on Fuzzy Petri Net Representations
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Abstract This paper proposes a fuzzy Petri net representation to represent the fuzzy
production rules of a rule-based expert system. Based on the fuzzy Petri net
representation, we present a fuzzy reasoning algorithms which consist of forward and
backward reasoning algorithm.

The proposed algorithms, which use the proper belief evaluation functions according to
fuzzy concepts in antecedent and consequent of a fuzzy production rule, are more closer
to human intuition and reasoning than other methods. The forward reasoning algorithm
can be represented by a reachability tree as a kind of finite directed tree. The backward
reasoning algorithm generates the backward reasoning path from the goal to the initial
nodes and then evaluates the belief value of the goal node using belief evaluation
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13 | IF da THEN d. (8i)
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33 || IF daiAda2A- - Adam THEN de (8

43 || TP daiAdaz A< - Adam THEN daiAdeeA - Aden (80)
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AREE YTPFE NPS 3 2Rl gl A%
AR WEgke Aok she i3] ¢3S
o} Az gelola pol VR 1= (p)E U

X ZHlo)x peoll e if__’"—/] ‘ﬂ—%} Tg= r(pg)a
5’37}@' % sl % ’ﬂ—ri
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’\]'?'5}7‘] WE xx F 2 k=5 QAR 4L
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’4 XeF o]u] MAZ =& FHAwstm, GOALSE
EFveE Ak gaEolt) Ak AIgtelzm
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[ (o) | & F8o)x poll e B9 & vepith

Forward_Reasoning 2&318]&
48 ARtxe pr FY: F¥;xcO] WEG o,

1. OPEN « (ps)
II. repeat until (OPEN == @)
do for each pi in OPEN

1 OPEN -= (p)
2 if (pi == pg) then GOALS « (py)
else {
if (|DRS(ps) | ==0) then CLOSED « (p)
else { v
) 2.1 if ( | DRS(p) | =1 && NPS(p) == @)

then if (z;= 1 && p,=DRS(p))
then {rg Beom( zi, Big):
GOALS « (pg)}
2.2 if (| DRS(p) | =1 && NPS(p) |= )
then { .
do for each px in NPS(p;)
(I} ==0

22 3= HRAFE 57

then { input rx: CLOSED « (py)}
if (z;22 && Yrx= 4 && p,EDRS(p)
then {z¢=Beomp( zi. Big): GOALS « (py))
N ) .
2.3 do for each p; in DRS(py)
if (p;&CLOSED)
then {
5= Beomp( T3, Bi):
if (p;€0PEN)
then 7;= Beom( ), 7;
else OPEN « (p)

old)

)
}
3 CLOSED « (p)
. return 7,=max{r4 ] rECOALS}

5.2 00 1

di, do. ds, da4, ds, dg, d7, ds, do 28] ded ¥
AwAle]az, dAF A = 0.20012, 4 d2 UL
@ A7 0.90019 FEesE dotm AR, A
Aol el ATl thesh Dok )
3,

IF d; THEN ds A ds (8=0.90)
IF d2 A ds THEN ds A ds (8
=0.80) ‘
IF d¢ THEN dr (8=0.85)

IF ds A ds THEN ds (8=0.95)
IF d7 A ds THEN ds (8=0.95)

RuleName;:
RuleNamezi

RuleNames:
RuleNamey:
RuleNames:

o] Aol e] HAlHELE TS (7Y 13)
F 23, AA=GA ;g =948 a8n o] -EH
ol& AL 747 (R 3} (X H9} 2o} (29 13)
ol p  ARfxzoelm, pyd EHwrzold
NPS(ps) = {pa)elBZ to7} A7) shde (p2)
9 U3ZE AR 3 sjobdi) %‘l’ﬂ—’;‘—% o5
&g ARt F AEe =t e (0¥ 149
2t gk A4re] HeA HA) FAFAY AR
ot AER7} visiRsidm 7M. GOALS = («
(poa). 7(pa). z(pa) }olBZ ro9] REZLE WL
g Aol A8 o233 o] AAkeAlEIc)

r9 = max(z (poa), 7(pw), 7 (pa))
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max(0.63, 0.63, 0.69)
0.69

ARNFE dxe]&Y F8I 4 Fo shivh &
22Ze] f3Adelt. dmelEe] FIAEL T
7} fsichs AAE o8t 9% & g A
AFE g F4 9L (2), (54 £ =+
At

(£ 3) AH=248st =23

E#el~ pi || DRS(p) RS(pi)

P1 P3. P4 P3. P4, P5. Dé. D7, P8, P9
P2 Ps. Ps Ps, D6, P8, Py
p3 Ps. Ps Ps. Ps, Ps. P9
P4 p1 pi. Do
ps || ps Ps. P9
Ps ps Ds, P9
p7 pe P3
P8 Ps pe
Ps 2 7]

(£ 4) o] REslolx Y

EHel~pi|fp1 | p2 | P3| pa| Ps| P | P7i| Ps| ps

NPS(pi) | pa|p2| D|ps|pPs|ps|pr| D

+A A 109 A 4 5

Pt 0.95
t1 0.90

0.90 t2
pz ?
0.80 t3 /L
ts 0.80 ts 0.85
ts 0.95
i O
\y7 0.95
> O
(29 13) sHAs=gvE B8
D °
0.90 0.90
b3 P4
0.80 0.80 0.85
Ps @ Pé p7
0.95 10.95 l 0.95
\ 4
Ds Ps P9c
0.95@ e0 95 e
Poa b Pgb

(29 14) =5
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5.3 FXFE 2F

FA2Z d7e]E&e EFrcoi AztrcriA|g
222322 olFE Find Backward_Path®} ZX
k=9 2g3ks sk Evaluate_Beliefd! ¥ 7}
2 dx=Fez FAL

5.3.1 Find_Backward_Path 12|15

Find_Backward_Path ¥¢32]&E Foiz uix]#
E2lE FPNE o)43le BEFvmojd] Aztixzcrt
A FAFEZERE FolEd F Folal FPNelA
FAFEE2NE ZE £4% FPNE £33} o
dwe|Zolla FPNS FHAAAFAE B3 HAH
EgvEo]y7, GOALS EX¥:coltl, DRSS+ AA
Eg3glolnd, N& FPNUY Edolxrs Feolr}
OPENg #2xc g 7] S8} &4 Azlg &4
ola & hre) glxEet) A HelFe ke
¥RycE Aol Ay AR HPxEv)
PARENTS%} PARENTSHIPelt} PLACESs}
TRANSITIONSE FPNS o]83le] 38 U3
ol Eeeolas}  EdxAEZe gAEe|r
Find_Backward_Path &3zg]&Ze] ZF83 Fd
PLACES#%} TRANSITIONS9l+ FR£2 Al gle
Edflo]29l ElAAETY Fer) pot pe EHla
olm, ty= Eellolx pigl py Aleldd Sl EWAAE
vehde},

Find_Backward_Path ¥32&
]l Ha)dl=]v]E FPN, 53X GOAL,
AY=2A¢ DRS, Elel2s] & N
24 EXx sy AafxcsiAe §2
I. OPEN = GOAL .
O. repeat until (OPEN == @)
1. PARENTS = @
2. do for each p; in OPEN
2.1 OPEN -= (p)
2.2 PLACES « (pj)
2.3 PARENTSHIP = @
2.4 do for i from 1 to N
if (p; € DRS(pi))
then (PARENTSHIP « (pi);
TRANSITIONS « (ty))
2.5 PARENTS < PARENTSHIP

3. OPEN = PARENTS
M. return PLACES, TRANSITIONS

5.3.2 Evaluate_Belief ¥D2|1E

Evaluate_Belief %22}&& Find_Backward_
Path ¢xejZoe] zlopd 44 HAHEHUEE
ol43le] E¥w o] wlggt 8 At ¥
T} d7e]ZoA STARTS+ £4¥ HAHEZUWE
Yol gle AlFxee 2]2Eo]a, TRANSITIONS
£ $23 HAHENIE Yo e EWAAAY g
20|}, TOKENPLACESE 49 #z #HEz]M
E U EES /R e FU0l2EY giE
olt}. ENABLESE ¥} A3r53 =l 2
2Eojr} pig} pe EHo)lX0lT, t,u EMAAolH
s=c(p)eltt, e o $2§ S84 94 A
At=le] TOKENPLACESWol olu] &Aj3l= Eelo]
2 pi®] Y&gkelch

Evaluate_Belief ¢32Z
]13: Ajzfe= STARTS,
EWN=)4343 TRANSITIONS
Exvce] 9agt o,

4

I. TOKENPLACES = STARTS
0. if (pg) € TOKENPLACES
then GOALS « (p;)
else {
repeat until (TRANSITIONS == &)
1. do for each ta in TRANSITIONS
if (I1(ta) € TOKENPLACES)
then { ENABLES « (t.):
TRANSITIONS -= (t.)}
2: do for each ta in ENABLES
2.1 do for each pi€Il(t.)
if (| (p) | == 0) then input z;
2.2 if (min{r; | ri=c (p), p€lta)} = A2)
then do for each p; in Of(ta)
{ 77 = Beom(zi, Ba)
if {pj==pg) then GOALS « p;
if (p; € TOKENPLACES)
then 75 = Beoms(7j, l'jow)
else TOKENPLACES « (p;)
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2.3 ENABLES -= (t.)
}
. return r,=max{rg | raEGOALS}

540 2

di, d2. d3. d4, d5, d6, 47, d8, d9 z=lx di0
£ Ao, 4AZ A = 0.200)x, dis} d29) @
232 ZHzE 09001y BEx=E 492t3 FHAREHAL
a3 HRAPAFEL o 2ol 7R

RuleName;: IF d&i A d3s THEN ds A ds (8
=0.90)

IF dz THEN ds A d4 (8=0.80)
IF d4 A ds THEN djo (8=0.90)
IF ds THEN d7 (8=0.70)

IF ds THEN d; (8=0.80)

IF d7 THEN ds (8=0.90)
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6. 48
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