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Abstract: In this paper, two new models - logical Petri net (LPN) and fuzzy logical Petri net (FLPN)- are defined. The fuzzy
reasoning algorithm based on a sub-fuzzy logical Petri net is presented. This algorithm is backward reasoning according to goal
propositions. It is simpler than the conventional algorithm of forward reasoning from initial propositions. The application of this
model and the reasoning algorithm are discussed.
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1. Introduction

The problem of validation of knowledge bases is an important and difficult problem. Ordinary and high
level Petri nets have been proposed as knowledge representation formalisms where structural and
behavioral properties of the net can be used to prove properties of the system being modeled or to verify
the knowledge base integrity [1-7]. [3] presented a validation method for Horn logic. The validation
problems of Horn logic have been further researched in [4, 5, 6]. The G-net model was based on the
knowledge table representation [7].

In a fuzzy environment, the issues of concern when talking about integrity checking are the definition of
concepts such as inconsistency, redundancy and completeness, and the investigation of suitable similarity
measures for comparison of fuzzy propositions [8-15]. One of the most successful applications of fuzzy
logic has been in the area of processes control [16-18]. A generalized fuzzy Petri net model was
introduced in [19]. A representational model for the knowledge base (KB) of fuzzy production systems
with rule chaining based on the Petri net formalism was developed in [15]. The High-level fuzzy Petri net
(HLFPN) model (introduced by the authors in [20,21]) as opposite to other approaches found in literature,
derived from high-level Petri nets such as predicate/transition nets [22] and colored Petri nets [23]. In [24]
a new reasoning algorithm for high-level fuzzy Petri nets was proposed. The Petri nets models and
reasoning algorithms of neural nets were researched in [25,26]. In [27] the solving method of neural nets
was given for problems of Petri nets.

This paper proposes that a new representational model for a kind of fuzzy production systems is established
and the reasoning algorithms are presented based on Petri net. It is semantics which is mainly considered in this
model. The algorithms procedures proposed in this paper are based on the results of applying the reflection on
the input methodogy [15] to several cases of fuzzy inconsistencies, analysed in [21].
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The organization of the subsequent discussion is as follows. Section 2 introduces the basic notions of
Petri net and the model of logical Petri net based on logical semantics (AND, OR, XOR). The model of
fuzzy logical Petri net is presented in Section 3. In Section 4, the reasoning methods of reflection on the
input proposed in [15] are summarized. In Section 5 a practical problem analysis is done by the given
reasoning algorithm in Section 4.

2. Petri Nets and Logical Petri Nets

Atriplet N = (P, T, F) is called a net iff

WOWPAT =0, PuUT #,

@ Fc(PxT)Yu( xP),and

(3) dom(F)ucon(F)=PuUT.

For Vx ePUT ,'x = {y|(y ePxT)A((y,x) eF)andx" ={y|(y €P xT)A

((x,y) €F)} are called the pre-set and the post-set of X , respectively.

Definition 1

5-tuple LPN = (P, T, F,M,D,h) is called a Logical Petri net iff

(1) N=(P, T, F) isanet;

@ PAD=TAD=0,

Pl=|D];

2

(3) D is a finite set of propositions;

(4 h:P — D isan association function, representing a bijective mapping from places to propositions;

) T=T"OT* UT® UT**® Vi je{l,AND,OR,XOR},i* j. T'nT' =@;

6) VieT:|t° ‘t

=L, Vtel,:

=1, VteT*P: AND d(p),VteT*®:

Vpe'm| *t [>1

OR d(p);VteT*™ . XOR d(p);

Ype'ial®t|>1 Vpe'm‘ ‘t|>1

(7 M, : P— {0,1} is called an initial marking of LPN ;
(8) the following firing rules apply:

t €T, t belong to one of following four cases:

(8.1) te T, M is a marking of T, and ¢ is said to be M-enabled (denoted as M [t >) if
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petnP - M(p)=1larpet'nP M(p)=0,

(8.2) te T, M isamarkingof T, and ( is said to be M-cnabled (denoted as M [t >) if
Vpe'tmnP:M(p)=1apet "nP:M(p)=0;

(8.3) t€ T, M isa marking of % , and ¢ is said to be M-enabled (denoted as M [t > ) if
dpetnP. M(p)=1anpet’nP:M(p)=0;and

(8.4) t € T*™® M isamarkingof £, and? is said to be M-enabled (denoted as M [t > ) if

thereisonlyone p € tNP: M(p)=1Anpet’ nP:M(p)=0;

t can be fired from M if t is M-cnabled (denoted as M[7 > ). Firing ¢ from M results in a new
marking A/* (denotedas M [t > M'). For YV p €P , we have

M(p)+1, if per'="t1,
M'(p)={M(p)-1, if pe’t-1’;
M(p), otherwise.
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Table 1. The Petri Nets Description of Logical Rules

IF d, AND d, THEN d,

No. Rules Petri Nets Semantics Logical Petri Nets
1 !
b O—'PD—DO P ‘
IF d, THEN d, P O—PD—PO P,
2

3

IF d, OR d, THEN d,

IF d, XOR d, THEN d,

P
P
P2
2
P
P>
P
P
y 2

XOR

P
3

2
£AND
p
P,
2
{OR
P
28 z :
t
P
25

3. Fuzzy Logical Petri Nets

Definition 2

9-tuple FLPN =(P,T,F,M,,D,h,a,0,1) is called a Fuzzy Logical Petri net iff

(1) LPN =(P,T;F,M,,D,h) isaLogical Petri net;

(2) a:P —[0,1] is an association function, representing a mapping from place to real values

between 0 and 1;

(3) 6,A.T —][0,1] are association functions, representing a mapping from transition to real values

between 0 and 1;

(4) the following ﬁﬁng rules apply:
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.1yt eT", M is amarking of T , and ¢ is said to be M-enabled (denoted as M [t > ) if p

etnP: M(p)=1anpet"nP:M(p)=0:andt can be fired from A if 7 is M-
enabled (denoted as A/[7 >). Firing r from M results in a new marking M~ (denoted as

M{[t >M"). For Vp €P , we have

M(p)+1, ifper "1,
M'(p)=yM(p)-1, if pe’1-1’;
M(p), otherwise,

a(p)=ra(p') ifa 20, npet’ Apet;
@2te TP M isamarking of £, and s said to be M-enabled (denoted as Mt >)if

Vpe'tmnP . M(p)=1anpet” nP:M(p)=0,and!can be fired from A/ if ¢ is A1
enabled (denoted as M7 > ). Firing ¢ from M results in a new marking A/* (denoted as

Mt >M"). For Vp €P , we have

M(p)+1, ifpet’="1;
M'(p)={M(p)-1, if pe’t-1";
M(p), otherwise,

a(p)=4, mna(p') if mn{a(p')}z26,Apet’;
vp'e't vpe't

4.3)te T, M isamarking of T, and ¢ is said to be M-enabled (denoted as M [ > ) if

dpetnP:M(p)=1Apet’ "P:M(p)=0;and canbe fired from M if t is M-
enabled (denoted as M [# > ). Firing  from M results in a new marking A/’ (denoted as
Mt >M"). For V p €P , we have
M(p)+1, ifper’-"1,
M'(p)={M(p)-1, if pe’t-t";
M(p), otherwise,

a(p) =4 maxa(p')  if max{a(p')}=6, Apet;and
vp'e't vp'e't

.4t e T*® M isamarking of I, and f is said to be M-enabled (denoted as M [¢ > ) if
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thereisonlyone p € 1P M(p)=1npet" nP:M(p)=0;andcan be fired
from M if f is M-enabled (denoted as M[# > ). Firing ¢ from M results in a new marking /"

(denotedas M [t >M"). For V p €P , we have

M(p)+1, ifpet’ =7t
M'(p)={M(p)-1, if pe’t-1";
M(p), otherwise,

a(p)=Aa(p') if a(p')=6, nthereis only one pe’trnpet’.
Definition 3

Let FLPN=(P,T,F,M,,D,h,a,0,A) be a Fuzzy Logical Petri net. Set
SFLPN = (P T F. Mo Dol 3. 0., ALY, suchihat

52782 05> 52" g2 g2V 52

@ PcP; ’

@ Ll

®) F,=FA(P,xT)u(T,xP,):

@ M, P, —{0,1}, suchthat M,,(p) =M, (p),VpeP,;

(5) D, < D isafinite subset of sets of propositions;

(6) h,: P, — D, is an association function, representing a bijective mapping from places to
propositions, such that &, (p) = h(p), Vp e P,;

(7) a,: P, —[0,1] is an association function, representing a mapping from places to real values
between 0 and 1, such that ¢ (p) = a(p), Vp € P,;

@®) 6,,4,:T, —>[0,1] are association functions, representing a mapping from transition to real
values between 0 and 1, such that €, (¢) = 8(¢), A,(1) = A(?), Vie T ;

(9) The firing rules are the same as in Definition 2.
Definition 4

Let FLPN=(P,T,F,M,,D,h,a,0,4) be a Fuzzy Logical Petri net. Set
=i p|1\./!0 (p)>0AVpe P}, then P, is called places set of initial true propositions. [,
corresponding with F, is called a set of initial true propositions.
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Table 2. The Fuzzy Computing Formulation of Fuzzy Logical Rules

No.
= Rules Logical Petri Nets Fuzzy Computing
1
!
IF d, THEN d, P, C 'D ,O P, a, =Aa if a 26,
2
P
IF dlANDd2 THEN d3 tAND a3 ziofg min{al,az}
P3 ) 4 ;28 o
A2
P
3
Py
{OR a, = ';L,OR anggx {a,a,}
i= lOR
IF d, OR d, THEN d, Ps =102
P
4
p' '?-Ixorzal Ifalzgjxoa
IF d, XOR d, THEN d, O _— na,=0
p3 A,XORag J_fag Zgrmﬂ
p ~na,=0
2

4. The Reasoning Algorithm of Fuzzy Logical Petri Nets

Algorithm SSFLPN (Spanning Sub-Fuzzy Logical Petri Net)
Input: FLPN = (P, LB Ml ho0.4) R, €&
Output: SFLPN = (P, T, F M, ,D_h a0 A4).
Step1 Set P, « P, T, « O, F, « D, R, « O,

Step 2 Let each p, intostack § , for Vp, € P, ;

Step 3 If § # @ then let top element of stack § into x else End.

Step4 If "x % & then for Vye'x do Step S else Py, « F,, w{x}. goto Step 3;
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Step5 If y € P then P, «~ P, U{y} else T, < 1, U{y};

Step6 Set /. «— F. U {(y,x)};Let y intostack .S ; goto Step 3.
Algorithm REASONING (Reasoning of Fuzzy Logical Petri Net)
Input: SFLPN = (P, T, F M, D h a6 1), B.ol
Output: A, (p,),Vp, € P,.

Step1 Let @ (p) <« 0,Vpe P - P, ;b(t) « 0,VieT,

Step 2 Leteach p, into stack S, for Vp, € P,

Step 3 If S # & then let top element of stack .S into x else End.

Step 4 If x € P, then goto Step 9 else do Step 5

Step5 If x € 7, then do Step 6 else goto Step:/

Step 6 If «. (p,) =0, (x) then &, (p,) « max{a,(p,), A, (X)a (p;)}, goto Step 12

Step 7 If x € 7**" then do Step 8 else goto Step 9

Step 8 If r;nn a,(p;)=6,(x) then &, (p;) < max{a (p;),4,(x) g‘un a,(p,)}, goto
Step 12

Step 9 If x € 7°% then do Step 10 else goto Step 12

Step 10 If f;}g’ias(Pf) >0, (x) then a,(p,) « max{a, (pj),ﬂs(x)r}?‘lg a,(p;)}, goto
Step 12

Step 111f (¢, (p,) 2 6,(x)) A(a,(p) =0, pe'x —{p,}) then a,(p,) < max{a,(p,),

A (x¥)a, (p,)}, goto Step 12
Step 121f x" = thenfor Vy e x* if (y € 7.) A(b(y) = 0) thenlet y into stack .S
Step 13 Goto Step 3.

S. Application of Fuzzy Logical Petri Nets

Table 3 shows the set of rules for representing a partial fault model of a car engine described in [28]. The
analysis of this problem proceeds according to our methods.
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Table 3. Rules Set and Corresponding Transitions

No. Rules Transitions
1 IF pist-ring-state(worn) OR pist-state(worn) THEN oil-cons(incr) z 10 i
2 | IF oil-cons(incr) THEN ex-smoke(black) f
3 | IF oil-cons(incr) THEN lack-of-oil(sev) 1
4 | IF lack-of-oil(sev) THEN eng-temp(incr) ) 1
5 | IF lack-of-oil(sev) THEN oil-light(red) Zs
6 | IF eng-temp(incr) THEN temp-ind(red) L
7 | IF eng-temp(incr) THEN accel-resp(del) 1,
8 | IF road-cond(poor) AND ground-clear(low) THEN oil-sump(holed) t:‘\ D
9 | IF oil-sump{holed) THEN lack-of-oil(sev) l,
10 | IF pil-sump(holed) THEN hole-oil-sump(yes) o
11 | IF spark-plug-mileage(high) THEN spark-plugs(used-up) {,
12 | IF spark-plugs(used-up) THEN spark-ign(irr) | t,
13 | IF spark-ign(irr) THEN accel-resp(del) 1,

Table 4. Propositions Set and Correspondence With Places Set

No. Propositions Places No. Propositions Places
1 pist-ring-state(worn) P 9 | accel-resp(del) Py
3 pist-state(worn) 28! 10 | road-cond(poor) P
3 oil-cons(incr) P; 11 | ground-clear(tow) P
4 | ex-smoke(black) Py 12 | oil-sump(holed) Pu
5 lack-of-oil(sev) Ps 13 | hole-oil-sump(yes) Pis
2 eng-temp(incr) Ps 14 | spark-plug-mileage(high) P
7 oil-light(red) P Prs
15 | spark- plugs(used-up)
8 temp-ind(red) Py Pis
16 | spark-ign(irr)
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Piy

#

tys Pis £

Figure 1. A Fuzzy Logical Petri Net LFPN ;

Figure 2. A Sub-net SLFPN ; of the Fuzzy Logical Petri Net LFPN ;
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Table 5. Given Values of Fuzzy Rules

{ i FAR 1, 1 t, i { 1 L,
A | 0.82 0.67 0.75 0.77 0.95 0.88 0.83 0.71 0.86
o) | 0.34 0.55 0.29 0.51 0.45 0.56 0.42 0.39 0.40

Table 6. The Computing Results of Fuzzy Reasoning Based on Fuzzy Logical Petri Nets

P

I P Puo | Pu Pia Ps Pu Pis Ps Ps P P

a(p,) 092085 [088 |079 | 082 [075 [0.53 | 058 {062 | 048

6. Conclusion

This paper proposed that a new representational model for a kind of fuzzy production systems is
established and the reasoning algorithms are presented based on Petri net. It is semantics which is mainly
considered in this model. The algorithms procedures proposed in this paper are based on the results of the
reflection application on the input methodology [15] to several cases of fuzzy inconsistencies as analysed
in [21]. The application of this model and the reasoning algorithm are discussed.
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