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Abstact:This paper gives the concept of fuzzy pushdown automata,
and the relation of a fuzzy context—free grammar énd a fuzzy pushdown
automaton is provided. i.e . if and only if a_fuzzy language is prod_
uced by a fuzzy context—free grammar, it can be accepted by a fuzzy push_
down automaton. So fuzzy context—free languages can be recognized automa_
tically.
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0 Introduction

Because of the fuzziness existed in amost of pattern recognition
problem, the reasonable method is to utilize.fuzzy sets to describe and
classify pattern recognition problem. For the need of practice problem,
in 1969 Lee and Zadeh gave the concept of fuzzy grammars based on fuzzy
sets,which brought vigour to pattern recognition.Fuzzy grammars vhave
four types: 0 type;context—sensitive grémmar;context-free grammar;finite_
state grammar.For the four grammars,the-different hardwares (called
automata ) can be designed. Author of this paper has studied the rela_
tion of a fuzzy finite-state grammar and a fuzzy finite-state automaton
in (3).A fuzzy finite—-state automaton is an excellent acceptor to a fuzzy
finite-state language.However, it is unable to accept fuzzy context—free

languages which can be accepted by fuzzy pushdown automata defined in

this paper.



1 Basic Conception ‘
Definition 1.1. 1) A Fuzzy Grammar FG is four—tuple FG=(V ,VT.,P,S),

where Vg is a finite set of nonterminals,VT is a finite set of terminals,

VN{\ V.r =& »S is the starting symbol,S €V, ,P is a finite set.of fuzzy

» A
productions of the forms: ol’——>[3 , X, ﬁé(V”U \%

*»%
T >, Ais called the

production membership.

Note: Fuzzy grammars have four types. If the element in P is the form:
A——9{3,\ﬁhere A&V,v . ﬁe Va U VT) , ME(0,1), then FG is callevd a fuzzy
context-free grammar.

2) The rules of a fuzzy language L(FG) produced by a fuzzy grammar FG:
If O“'—‘>P then Vf Ye (VNUV * , we have)}df—*ytgi' , and ')/,BJ— is called
a derivation of Yetd .. ' _

i.e. LFG)={(x, Acin[ x e'v.: ,S éx,ﬂ(x)?__%”/c((ﬂm,am.../\/gy

Actually,a fuuzy pushdown automaton is a fuzzy finjte-state automaton
adding a pushdown storage,where a pushdown storage is a "fi'rst-in41ater—out"_
storehouse.

Definitionl.2: 1) A fuzzy pusfxdown automatovn is an-eight-tuple
A_j_PﬁCQ,E,r,J',q , F, f) where Q is a. finite set of states, S is a- f1n1te
‘-set of input symbols, r is a finite set of pushdown symbols .Ci.e. storehouse
symbols),F-is a finite set of final states,F<Q, d is a mappipg from
Qx (ZU{AX[T  to finite set of Q %r*x(o,iz,z, is initial storehouse
symbol ,q, ' is initial state.For the threé-tuple of é sta-tAe,a input symbol
or null'string A 'aﬁd a storehouse symbolevery element in <‘I(q'° '.ba,Z) has
a membership fr.om £;2) A fuzzy pushdown'automa'gon accepts _fuzéy context—
free languagés in twoe ways:

First (in final states way) :F& & ,when Aﬂ,scans all symbolfn in x,

X
it stops in a f1na1 state in F, we call Af’P accepts x,and /U(x)'- V/u (X)



where A‘S’P has.mx.paths to accept x,,ﬂ;(x) is membership of the ith path.
. _ * - .
i.e. L(Aﬂ;)— {(x.,u(x)) l Xe= , }l(x)-—;\=/|/a.tn ,when Aﬁ, scans
all symbols in x,it stops a final state in F

Second ¢ in null storehouse way J): when A.S.Pscans x,it stops in a nul
storehouse,we call A'j‘? accepts x

| . iy |
i.e.L o (A-j-? )= 1 (x, A X)) x.ez*, /uatx)=;§__/‘za.',,‘x) ,when Aﬂ’ scans

x, it stops in a null storehouse .t

In this way,we suppose F=5_Z

9 The Relation of a Fuzzy Context—free Crammar and a Fuzzy Pushdown

Automaton

In this way,we suppose A‘S’f’ iaccepts input symbols in null
storehouse way and F.=BZ .

Theorem: A fuzzy language produced by a fu‘zzy context—fre;e
grammar can be accepted by a fuzzy pushdown'automatgn in nuli
storehouse way.

i.e: If G'f is a fuzzy context{—free grammar,a fuzzy pushdown .
automaton A.].P can be produce'.‘d such that L(Gi')::L}‘(Aﬂ’)

Proof:» Suppose G_{_ =Wy ,\l.r ,P,S),we produce A'f'F as follows':

A‘j-P:(Q,Z. r. J,q  Z,,F, f)‘l.whereb Q=(q,) y Z=Vr, r=VN ) Vs
7, =S, F= &, B |
d and f can be obtainé’d as follows:

) 11 A =S5 € P, then (q, , o ,H)is in d¢q,, n +A. i.e. The
right symbol of a producti_o»ri. can replace the first nonterminal in
storehouse, and the membership is A .
1>V ae=, or(q. ,a,ad={Cq, ,~.1}.i.e. a is ejected out of store_
house, and the membership is 1'.

Furihermore,we prove L, (Aﬂ’ )?L(G{_? as follows:



V(x. Mx)) € L(G_f),x=a,a,...ar , then there exist fuzzy p;oduc'tions-

~ U U A : |
in P such that =54, § b ==X a,a, §b, =2 o EESa e, g by

*
éa,a, ..+ ay =x,and /U(x)=/ll./\,a>/~~-,\/lr,where as € Vo b, 5, €V, U V),
i=1,2,...,r1

From rule i) and ii) we know::

;(qc v X a8)={(q,,a, § b, M}, the string in storehouse i‘s a, §| b, ;

X(q° v, )={lq ,x , 1)}, a, is ejected oﬁt of storehousé,and the

string in storehoﬁse becomes ¢, b, ;

A-(qd , );’ {ib0=((q,,a, gz b, , 4}, the string in storehouse Becomle‘vsv azf,_bz;
J(q, » 85, a,)={(q,, A » 1)}, a, is ejected out of sto'rehouse;__the string in

-

storeéhouse becomes’ ;,,b, A B

J'(qc N g,_,br_z)=((q° By ;r.,br-v » A O}, the string in storehouse becomes
3 pq 3y b
J-(qo,.ar_' varg)={la,, N, D}, ay, is ejected out of storehouse, the string

in storehouse becomes gmb,_, H

8§eq,, A, §,_,b,,,_, )=1{(q, ,a, ,MHd},the string in storehouse becomesb ap ;
J"qu,ar y By )='{(q¢,;)\,1)), a, is ejected out of storehousé,and svtor‘e__
house becomes null. - * _ | ,

\*Jh;re AMCapayiay )= Miar A laay - AMeAl = AU A o A,

So (x, Mx)) €& L,\(Aﬂ,)

So L(Gf) = L,\(A.ﬂ;)
Similarly,we can prove L(G,)‘,) 2 L;\(Aﬂ,)

So L(G+)=L%(A_j.|,).
3 Example

’Here‘ » the example shows that a fuzzy context—'free grammar how to

produce a fuzzy pushdown automaton

Example: Give a fuzzy context—free grammar C_f_ =Wy ,VT P, S,



where V=5, X, ), VT-—(a b} A
0-5 0-6 0-3

P: S > aSbs s 26, vxb X —= XbXb
x 253, ba x 21, asbyb
y 212, bx v 28, vaby

We produce A-ﬂ’ as follows: |
Agp =C (a2, [ 8.0, . %, & . Fwhere  Z=fa,b), [=(a,b,5,X 1,
Z, =S . .
From rule i) we have d(q, , A ,.S)=((q,', aSbs,0.5), (¢ ,bXb, 0.6}
3(q, , N, X)=1{(q, ,aba,0.53), (q ,éSbe,O. 7, (q ,XbXb;O. K N
dCa,, N,Y)={(q ,abX,0.42>, (¢ ,Yaby,0.8)}.
From rule ii): >.c)-(~q°,a,a)= ;(qo,b,‘b)=‘((q°,)\', 1}
Now let a iﬁput string x=babab. From G,‘_ x can be derived és

follows: S o"\bXb‘ 253, babab, and AL(x)=0. 6 A 0. 53, 50 (babab, 0. 5D E L(Gj_)

From A‘h’ x can be derived as follows:

5(q, s N»S)={(q,,aSb, 0.5, (qo,bXb,(to. 6)},we select the narrow‘part.
i.e.when A‘f‘[’ scans. the first symbol b in x, the string in storehéuse
becomes bXb:

(Y(qo,b,b)=((q“>\ ,13},b is ejected out of storehouse,and the string

in storehouse becomes Xb;

Jqu , )\,X)=((q,,ab£‘, 0.53), (¢ ,aSb¥b,0.7), (¢ ,XbXb,0.3)},we select
the narrow part, then the string in storehouse becomes abab;

;(q,,a,a)'—'((q,,)\ , 12}, a is .ejected out of storehouse, the string in
storehouse becomes bab;
dCq,,b,b)={(q,, N, 1D}, b is ejected out of storehous_e,thé string in
storehouse becomes ab;

X(qo,a,a)={(q,, A,D)Y, a is ejected out of storehouse,th'e string in



storehouse becomes b;
JTq,,b,b)={(q°, AL.1)}, b is ejected out of‘storehouse,the string in
storehouse becomes null.

Where MU(x>=0.6A0.53A1A1A1A1=0.53

so (babab,0.53) & L, (A{'_'P).
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