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Abstract. This paper tries to establish a minimum state intuitionistic
fuzzy finite automaton with unique membership transition on an input
symbol(IFAUM) for a given intuitionistic fuzzy regular expression(IFRE).
It is considered that IFAUM is a suitable model for implementing intu-
itionistic fuzzy lexical analyzers. An intuitionistic fuzzy lexical analyzer
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1. Introduction

In a conventional fuzzy set, a membership function assigned to each element
of the universe of discourse, a number from the unit interval indicates the de-
gree of belongingness to the set under consideration. Zadeh [16] was the first to
consider the theory of fuzzy sets which had been used in dealing with problems
of imprecision and uncertainty. The concept of fuzzy automata was presented
by Santos [13], Wee and Fu [15], in which there were more than one fuzzy
transition from a state on an input symbol for a membership value. This devel-
opment was followed by the postulation called deterministic fuzzy finite state
automaton(DFFSA) as in Malik and Mordeson [8], in which there can be atleast
one transition on an input symbol. An equivalent DFFSA can be constructed
from a fuzzy finite state automaton. However it only acts as a deterministic
fuzzy recognizer, the fuzzy regular languages accepted by the fuzzy finite state
automaton and deterministic fuzzy finite state automaton need not necessarily
be equal (i.e. the degrees of a string in these systems need not be the same).
Rajaretnam and Ayyaswamy [10] introduced fuzzy finite state automaton with
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unique membership transition on an input symbol. One kind of determinism of
a fuzzy finite state automaton, is that the membership value of any recognized
string in both the systems are the same. Jun proposed intuitionistic fuzzy finite
state machines in [6, 7] . The two IF topologies (also called, intuitionistic fuzzy
topologies) can be associated with the state sets of IF-fuzzy automata whose
level topologies have relationships with the topologies introduced by Srivastava
and Tiwari [14] for fuzzy automata. Using the notion of intuitionistic fuzzy sets
by Atanassov [1, 2, 3, 4], it is possible to obtain intuitionistic fuzzy language [11],
by introducing nonmembership value to the strings of fuzzy language. This is
a natural generalisation of a fuzzy language characterised by two functions ex-
pressing the degree of belongingness and nonbelongingness. Zhang and Li [17]
introduced the notions of intuitionistic fuzzy recognizer and intuitionistic fuzzy
automaton. Ravi and Alka Choubey [12] stated the finite automaton (NDFA and
DFA) with intuitionistic fuzzy transitions. Mateescu and et al. [9] proposed a
model for fuzzy lexical analysis.

In the following, we first review the basic concepts of intuitionistic fuzzy fi-
nite automata with unique membership transition on an input symbol(IFAUM)
and design three algorithms namely EPSILON, IFAUM, MINIFAUM to find the
minimum state IFAUM for a given IFRE. To implement intuitionistic fuzzy lexical
analyzer, we construct an intuitionistic fuzzy finite state automaton recognizing
all tokens of the programming language being considered, using the above men-
tioned algorithms. For two different tokens we may have the same membership
values(degrees), so there is likely a conflict to resolve it. In order to avoid this,
there is a linear order of priorities associated with token names. Finally, we pro-
pose a model to design intuitionistic fuzzy lexical analyzer to recognize tokens.

2. Basic definitions

Definition 2.1 ([6]). Given a nonempty set >. Intuitionistic fuzzy sets(ifs) in X
is an object having the form

A= {(z,pa(z),va(r)) |z € X}

where the functions u4 : ¥ — [0,1]and v4 : ¥ — [0, 1] denote the degree of mem-
bership and the degree of non-membership of each element z € ¥ to the set A
respectively, and 0 < p4(x)+va(x) < 1foreach z € . For the sake of simplicity,
we shall use the notation A = (ua,v4) instead of A = {(z, pa(z),va(x)) | z € E}.

Now we define the following.

Definition 2.2. An intuitionistic fuzzy finite automaton with unique member-
ship transition on an input symbol is an ordered 5-tuple(IFAUM)
o =(Q,%, A, i, f), where
(i) @ is a finite non-empty set of states.
(ii) X is a finite non-empty set of input symbols.
(iii) A = (pa,v4) is an intuitionistic fuzzy subset of Q x ¥ x Q. The fuzzy subset
pa s QXX x Q — [0,1] denotes the degree of membership value such that
590
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pa(p,a,q) = pa(p,a,q’) for some ¢,q" € Q then ¢ = ¢’ and
va : Q@ X ¥ X Q — [0,1] denotes the degree of non-membership value of
every element in Q X ¥ x Q.
(iv) ¢ = ({u4,%0,) is an intuitionistic fuzzy subset of @, i.e. i,, : Q — [0,1]
and i,, : @ — [0,1] called the intuitionistic fuzzy initial state.
(V) f = (fua, fva) is an intuitionistic fuzzy subset of Q, i.e. f,, : Q@ — [0,1]
and f,, : @ — [0, 1] called the intuitionistic fuzzy subset of final states.

Definition 2.3. Let o7 = (Q, %, A, 4, f) be an IFAUM. Define an ifs A* = (p%,v?%)
in @ x ¥* x @ as follows: Vp,qg € Q,z € ¥*,a € X.

1, ifp=q 0, ifp=gq
0, ifp#gq 1, ifp#gq
wa(g, za,p) = \/{a(g, z,7) A pa(r,a,p)lr € Q}

vi(g za,p) = \{vilg,2,7) Vva(r,a,p)lr € Q}

wa(g e, p) = { , Valge,p) = {

Definition 2.4. Let & = (Q,X,A,4, f) be an IFAUM and = € ¥*. Then z is
recognized by <7, if L, (xz)>0and L, (z) <1

Definition 2.5. Let & = (Q, X%, A, 4, f) be an IFAUM. The behavior of an IFAUM
is Loy =(Ly,,,Ly,,)

3. Construction of an IFAUM from a given IFRE

Definition 3.1 ([12]). Let ¥ be a finite alphabet set and (4 ,v4) be finite sets
of real numbers in [0, 1].

e
1. Let e be a regular expression over Y. Then, we call e = )
m/n

where m € u4 andn € v4 an intuitionistic fuzzy regular expression (IFRE).

2. Lete; and e be two intuitionistic fuzzy regular expressions, then €;+e2, (€1¢2)
and (e;)* are all IFRE’s.

3. An intuitionistic fuzzy regular expression is formed by applying 1 and 2,
a finite number of times.

Definition 3.2 ([12]). Let € be an IFRE, then the corresponding behavior,
i.e. intuitionistic fuzzy regular behavior(IFRB) L(e) is defined by

(i) ife= L, where e is a regular expression,
m/n
then L(e) = {(x,m,n)|r € L(e)}.
(ii) ife=2; + &, € = (e182) ore = (e1)",
then Z(¢) = L(e1) UL(e2), L(€) = L(e1)L(e2) or L(e) = (L(e1)) " respectively.

Note that if m = 1andn = 0 then _c is written as e.
m/n
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3.1. Algorithm EPSILON (e). This algorithm finds an intuitionistic fuzzy finite
state automaton [17] (IFFSA) &/ with e-transitions from a given IFRE € accept-
ing an intuitionsitic fuzzy regular behavior L denoted by €.

Input: An IFRE € over an alphabet Y denoting an intuitionistic fuzzy regular
behavior L.

Output: An IFFSA o = (Q,X U {e}, A, 4, f) such that an intuitionistic fuzzy reg-
ular behavior of </ is L.

Method: Decompose € into its primitive components. For each component, we

construct an IFAUM inductively as follows:-
(&

Case (i): e =
m/n

First, we find an NFA for the regular expression e as in [5].

Letitbe M = (Q,X U {e}, 4, qo, F') with e-transitions such that L(M) = L(e) = L.
Now, define an IFFSA &/ = (Q,X U {e}, A, i, f) with e-transitions,

where pa,v4 1 Q x XU {e} x Q — [0,1] by

i) Vp,ge@Q,aecX

m, ifq € d(p,a) n, if g € d(p,a)

and va(p,a,q) = {

0, otherwise 0, otherwise

1, ifqg € d(p,e)
0, otherwise

0, ifg € d(p,e)

and va(p,€,q) = {1 otherwise

(iii) 7 : @ — [0, 1] is defined by,

() L, ifp=qo and i, (p) 0, ifp=qo
1 = 1y =
Halb 0, otherwise AP 1, otherwise

(iv) f:Q — [0,1] is defined by,

1, ifpeF

and f, =
0, otherwise Joalp)

0, ifpeF
1, otherwise

fMA (p) = {
Let L,,, and L, , be an intuitionistic fuzzy behavior of «/. For all x € ¥*

Ly (@) = \/ {{ina®) A (0,2, 0) A fua(@)lg € QYp € Q}

and Ly, () = \ {{iv.(0) VVilp,2,0) V f1.(0)la € Q}Ip € Q}
592
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Now,

m, ifzeLle)&kqeF

0, otherwise

u%n%@—{

n, freLl(e)&kqeF

and vi(p,z,q) =
Al ) {0, otherwise

Lo (2) IAmAl=m, ifze L(e)
. z) =
He 0, otherwise

0vnVv0=n, ifzxec L(e)
0, otherwise

and L, (z)= {

Thus, L, = L.

Having constructed an IFFSA for e; and €2, we now proceed to combine them
in ways that correspond to an IFRE’s. Suppose « and <% are the IFFSA's
with e-transitions for € and &, with an IFRB’s L, and L., respectively. Let
JZfl = (Qh Yu {6}, Al, il, fl) and % = (QQ, YU {6}, AQ, iQ, fg)

Suppose iHAl (pl) =1, qul (QI) =1land iIJAl (pl) =0, fVAl (QI) =0, iMAg (p2) =1,
fua,(@2) =1andi,,, (p2) =0, f,,,(q2) = 0 where p1,q1 € Q1;p2,¢2 € Q2 .

Case (ii): e =¢; + €2

Constructing an IFFSA for e. Let ¢; and ¢y be two new initial and final states,
Q=0Q1UQ2U{q,qs}. Define an IFFSA & = (Q, %, A, 4, f) such that

(i) Vg€ Qi withi,, (¢ =1andi,, (¢)=0
include pa(gi,€,9) =1 and va(qi,€,q) = 0.
(ii) V¢ € Q2 with iy, (¢) =1andi,, (¢9) =0
include 11 4(¢;,€,q) =1 and v4(qgi, €,q) = 0.
(iii) Vp,q € Q1, a € XU {e} include pa(p,a,q) = pa, (p,a,q)
and va(p,a,q) =va,(p,a,q).
(iv) vpv qe Q2 ;a€ XU {6} include MA(pu a, q) = KA, (p7 a, Q)
and va(p,a,q) =va,(p,a,q) .
(v) Vp € Q1 with f,, (p) = 1include pa(p,e,q7) =1
and f,, (p) =0 include va(p,¢,qr) = 0.
(vi) ¥V p € Q2 with f,,, (p) = 1include pa(p,e,qr) =1
and f,,, (p) = 0 include va(p, ¢, qy) = 0.
(vii) pa(p,a,q) =0and va(p,a,q) =1, for all other possibilities.
i:@Q — [0,1] is defined by

. L, ifp=q : 0, ifp=gqy

7 = and 17, =

na(P) {O, otherwise 4(P) {1, otherwise
f:@Q —[0,1] is defined by

1, ifp=gqy 0, ifp=ygs
— and f, =
fua(p) {0, otherwise Jua(P) 1, otherwise
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Thus, Ly, (z) = Ly, () V Ly, (x) and L, (z) = Ly, () A L, (r)Vz € £
Case (iii): e = e1€9
Let Q = Q1 U Q2. Define an IFFSA &/ = (Q, X U {e}, A, 1, f) such that
() Vpe Quwith f,, (p)=1,f,, (p)=0andVqe Q2 withi,, (¢g)=1,
iva, (q) = 0include pa(p,e,q) =1 and va(p, e q) = 0.
(il) Vp,g € Q1, a € U {e},
include p4(p, a,q) = pa, (p,a,q) and va(p,a,q) = va, (p,a, q).
(iii) Vp,q € Q2, a € X U {e},
include /J'A(pv a, Q) = HA, (p7 a, Q) and VA(pu a, q) =Va, (p7 a, q)

i:@Q — [0,1] is defined by

1, if« =1,pe . 0, ifi, =0,p€
i,LLA (p) _ W2y, (p) p Ql and i (p) _ Wiy, (p) p Ql
0, otherwise 1, otherwise

f:@Q —[0,1] is defined by
o) = {1, if fur, ) =1 EQ2 for(p) = {0, if £, (p) = 0,p € Qs

0, otherwise 1, otherwise

Clearly, L,,,, () = \/{Zﬂdl (y) /\fudz (2) |z = yz,7,y € ¥}
and L, (z) = \{Lv,, () VL., (2) | = yz,2,y € %}

Therefore,L.; = L.y, L,

Case (iv): €= (e1)*
Let Q@ = Q1 U {pi,qs}, where p; and ¢, are new initial and final states which are

not in @;. Define an IFFSA & = (Q,X U {e}, 4,4, f) such that
() Vp e Q1 withi,, (p) =1, include pa(pi,e,p) =1
and i, (p) =0, include va(pi,¢,p) = 0.
(i) pa(pi,e,qr) =1and va(ps,€,q5) =0.
(iii) V ¢ € Q1 with f,,, (¢) =1, include pa(q,¢,q5) =1
and f,, (¢) =0, include va(q,¢,qr) = 0.
(iv) Vp,q € Q1 with f,, (¢9) =1,iu, (p) =1, include pa(g,e,p)=1
and f,, (¢9) =0,1,, (p) =0, include va(g,e,p) = 0.
) vpv qe Qlu aeXU {6}' include /J'A(pv a, Q) = pa, (p7 a, Q)
and va(p,a,q) = va, (p, a, q).
Forall z € ¥*, L, (z) > 0 and L, (x) < 1if and only if = z1z2---zp,
Ly, (r;)>0and L, (x;) <1,i=1,2,...,n.

Moreover,
Ly, (CL‘) = fﬂdl (‘Tl) A Zﬂdl (.%'2) N Zﬂdl (xn)
and L, (z) = Ly, (21) V Ly, (z2) V Ly, (xn)
Clearly, L., (z) = \/ {Ty., (#1) ALy, (w2) A+ ALy, (2n)
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|x:x1x2-~-xn,IiEZ*,izl,Z...,n}

/\ {Lud 1'1) \% LIJQ/ (1'2) \/Lle( )
Tn, Ti € X7, 1= 1,2,...,71}

and L, ,

|z = z1290 - -

Hence Ly = L, .

Example 3.3. Consider an IFRE € =

Following the Algorithm EPSILON (€),an IFFSA & =

where Q = {qo,q1, 62,93, .-, q15}, 2 = {a,b}, i,,(q0) = 1 and i, (q0) = 0,

ba

0.7/0.2

0.3/0.5

Jualqis) =1, fu.(q15) = 0 and A is shown below:

+( a n ab
0.6/0.1

)

(Q,2U{e}, Ayi, f),

palqo,€6,q1) =1.0  valgo,6,q1) =0.0  pa(q1,b,q2) =0.7  va(q,b,q2) =0.2
pa(qz, € q3) = 1.0 Alq2,6,q3) =00 pa(gs,a,qa) =0.7  valgs,a,q4) =0.2
11a(qa,€,q3) = 1.0 A(qa,6,q3) =00  pa(qa,6,q5) =1.0  va(qa,€,q5) =0.0
pa(ge, €,q5) = 1.0 A(q2,6,945) = 0.0 palgs,€,q15) = 1.0 va(gs,€,q15) = 0.0
ra(qos€,q6) = 1.0  va(qo,€6,q6) = 0.0 palge,6,97) =1.0  va(ges, € g7) = 0.0
pa(gs,€,q1a) = 1.0  valge,€,q14) = 0.0 pa(gr,e,g8) =1.0  valgr,e,q8) =0.0
pal(gqr,€,q10) = 1.0 va(gr.€,q10) = 0.0  pa(gs,a,q9) =03 va(gs,a,q9) = 0.5
pa(qio,a,qi1) = 0.6 valqio,a,qi1) = 0.1 pa(qii,b,q12) = 0.6 va(qi1,b,¢12) = 0.1
(q ) €, qlg) =1.0 I/A(C]g,e,qlg) =0.0 /LA(qlg,E,qlg) =1.0 (qlg,e qlg) =0.0
pa(qis, €,qia) = 1.0 va(qz,e,q14) = 0.0 pa(qis,€,q7) =1.0  va(qz, e,q7) =0.0

HA((J14,€,Q15) =10 va(qa,€,q15) =0.0

Clearly, an intuitionistic fuzzy behavior of &/ and an intuitionistic fuzzy regular
behavior denoted by an IFRE ¢ are the same.

3.2. Algorithm IFAUM (). This algorithm constructs an IFAUM &’ from an
IFFSA « which is obtained using Algorithm EPSILON ().

Input: Let & = (Q,X U {e}, A, 4, f) be an IFFSA with e-transitions, which is
the output of Algorithm EPSILON (e) i.e. & := EPSILON (€). In an IFFSA &/
there is only one state with non-zero initial and final intuitionistic fuzzy value.
Let qo, ¢ € Q such that tpua (qO) =1, (qO) =0, qu (Qf) =1land f,, (Qf) = 0.
Output: IFAUM &7’ with L/ = L.

Method: For s € (), we define

s*={q € Q|ua(s,e,q) =1and vj(s,e,q) =0}

i.e. the set of all reachable states from s by means of e-transitions with mem-
bership value 1 and non-membership 0. Clearly, s is a member of s¢, Vs € Q.
If T is a set of states, then T¢ = U{s¢|s € T'}. We present the procedure in the
following Algorithm 1 ,to obtain 7, using data structure stack called STACK.
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Algorithm 1. EPSILON e
begin
push all states in T into STACK;
T =T,
while STACK # @ do
begin
pop s; the top element of STACK;
for each t € Q with pa(s,e,t) =1, va(s,e,t) =0 do
if ¢ is not in T° then
begin
add ¢ to T°¢;
push t onto STACK;
end
end
end

Construct &’ = (Q', %, A, ', f). Each state of &7’ is a set of states of «7.
QQ’, the states of .’ and their intuitionistic fuzzy transitions on input symbols
are defined as follows:
Step 1: Let sg = ¢§. We assume that sy € @' and is initially unmarked.

Algorithm 2. [FAUM

begin
while there is an unmarked state s = {s1,$2,...,5,} do
begin
mark s;
for each input symbol a and for each membership value m
and non-membership value n do
begin
T:={rj|pa(si,a,r;) =mandva(si,a,rj) =n, s; € s};
y:=1T°;
if y ¢ Q' then include y an unmarked state of Q;
set pas(s,a,y):=m and va/(s,a,y) :=n;
end
end
end

Step 2: Do the procedure given in Algorithm 2.
Thus Q' , pa : Q' x X x Q' — [0,1] and v : Q' x X x Q" — [0, 1] are defined.
Step 3: Define i : Q' — [0, 1] by

(D) 1,if p = s9 diy . (p) 0,if p = s
Ty g0 = andz, ,, =
nar P 0, otherwise ar P 1, otherwise
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and f': Q" — [0,1] by

Lifgrep 0,ifgr €p

f;tA/(p):{ andqu/(p):{

0, otherwise 1, otherwise

Clearly, ./’ is an IFAUM without e-transitions with L = L.

Example 3.4. Consider an IFFSA & = (Q,X U {¢}, A, 14, f) which is obtained in
Example 3.3. Systematically applying the Algorithms 1 and 2, we obtain

' =(Q, 58, A", 7, '), where Q" = {qo,q1, 92,43, 44, 45 }, i, (q0) = 1,

iy, (q0) =0, fu, (@) =1, fu, () = 0,i=0,1,2,4,5 and intuitionistic fuzzy tran-
sition is shown in the diagram below.

a/.7/.2

3.3. Algorithm MINIFAUM («/’). The number of states in an IFAUM &/’ which

is constructed using Algorithm IFAUM .o/ is not the smallest possible. This algo-

rithm gives a more general way of reducing the number of states of &’ as few

as possible.

Input: An [FAUM &' = (Q',%,A’,7, f') which is the output of Algorithm

IFAUM (&) i.e. o' := IFAUM ().

Output: An IFAUM &" = (Q",%, A”,i", f") such that L.~ = L. and having

as few states as possible.

Method:

Step 1: We construct a partition II of the set states of . Initially, II consists
597
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of three groups, Q}, Q5, Q% such that

Q1 ={¢€Q iy, (¢)=1andi,,(¢) =0},
Qy={q€Q | fu, (q¢)=1and f,,,(q) =0} — Q},
Q5 =Q) —Q1UQsy.

Then we construct a new partition Il,ey using the procedure given in Algorithm
3 and followed by the procedure given in Algorithm 4.

Step 2: From the final partition II, which is the output of the procedure given
in Algorithm 4, pick a representative for each group. The representatives will
be the states of the reduced IFAUM «/”. Let s be a representative state and
pnar(s,a,t) == m and va/(s,a,t) := n in &', then the set pa/(s,a,r) := m and
var(s,a,r) :=mn, if r is the representative of ¢’s group (r may be ¢).

Algorithm 3. MINIFAUM &’
begin
Ilnew := H;
repeat
begin
II := 1_[new;
make all groups of Il are unmarked;
while there is an unmarked group G in II do
begin
mark G;
new := oJ;
for each input a € X do
begin

if ((;J,A/(p,a,r) =mu, vas(p,a,7) =n1 and
/

MA’(Z) 7(1,7",) = mz2, VA’(pl7a7 Tl) = n2)7 p7p, € G7
mi # ma, ma > 00rni Zn2, ne <1 and r,r’ are in the same
group Gp of II(Gimay be G)) then

new := new U{r};
/* thus r and v are placed in different groups x*/
end
end
place new as a group in Ilje;
end
until (11 := Tl,ew);

end

Step 3: Formally, we define the initial intuitionistic fuzzy values (i, ,, %y, )
and final intuitionistic fuzzy values ( Soan fvan ), using the procedure in
Algorithm 5.
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Algorithm 4. MINIFAUM &’
begin
repeat
II .= 1_[ne\u;
for each group G of II do
begin
partition G into subgroups such that two states s and
t of G are in the same group if and only if for each
input symbol a and each m >0 and n <1 such that
par(s,a,8') = par(t,a,t’)y =m, &var(s,a,8) =va(t,a, t') =n
and s’,t' are in the same group of II
end
place all subgroups so formed in Ilpew;
until (IT := Ilnew);
end

Step 4: If &/ has a dead state d i.e. there exists no d € Q" such that
par(d,a,d) > 0 and vav(d,a,d’) < 1, for each a € ¥ and f,,,(d) = 0 and
fu,n(d) =1, remove d from Q" and set j14(p,a,d) := 0 and va»(p,a,d) :==1
Vpe Q" ,aeX.

Step 5: If s € Q" and for any string z € £*, ¥, (¢,z,s) = 0 and v}, (q,z,s) =1
forqe Q",i,,, (¢g) = 1andi,,,(q) = 0, then s is not reachable, remove s from
Q" and set par(p,a,s) :=0and var(p,a,s) =1, p€ Q" ,a €.

Algorithm 5. MINIFAUM &/’
begin
for each group G in II do
begin
let s be the representative of group G;
if (i, (r)=1 and iy, (r) =0) for each r € G then
set i,,,(s):=1 and i,,,(s) :=0;
else set i,,,(s):=0 and i, ,,(s) :=1;
if (fu,, (r)=1and f, , (r)=0) for each r € G then
set fu,.(s):=1and f,,,(s):=0;
else set f,,,(s):=0 and f.,,(s):=1;
/* thus i and f” are defined x/
end
end

Example 3.5. Consider an IFAUM &/’ obtained in Example 3.4, Using the pro-
cedure given in the Algorithm 3, 4, 5 we get

M” — (Q// E A// 7:// f//)
where Q" = {qo,q1, 92,93}, % = {a,b}, i, (q0) = 1,4, (q) =0,

fHA// (Qz) = 17fVAu (Qz) = 072 = 07 17 2.
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Clearly, the behavior of /"’ is same as the intuitionistic fuzzy regular behavior
denoted by the given IFRE in Example 3.3.

4. Intuitionistic Fuzzy Lexical Analyzer

The function of the lexical analyzer is to read the source program, one charac-
ter at a time, and to translate it into a sequence of primitive units called tokens.
Keywords, identifiers, constants, and operators are examples of tokens.We pro-
pose the intuitionistic fuzzy lexical analyzer to recognize strings with degrees in
[0,1]. According to the degree of the input string, any of the four actions may
be taken which is described in this section with an example.

Definition 4.1. Let L, be an intuitionistic fuzzy behavior, T is a finite set of
names with a linear order <, and n : ¥* — T a function. Then we call the
set {(z, Lo (2),n(z)) | € ¥*} a marked intuitionistic fuzzy behavior, denoted
(Lo, m), where 1 is the marking function of the behavior.

Definition 4.2. Let (L., n) be a marked intuitionistic fuzzy behavior then (L., 7)
is called a marked intuitionistic fuzzy regular behavior, if L. is an intuitionistic
fuzzy regular behavior.

Definition 4.3. Let (L.,,n1) and (L., n2) be two marked intuitionistic fuzzy
behavior. A marked intuitionistic behavior (L., n) is called the marked union of
(Lo ,m) and (Leg,,m2), if Ly = Loy, U Ly, and i) : X* — T is defined by

m(z), if (L,W1 (x) > Ly, (x) and Ly, (2) < Ly, (x))
n(z) = or (Ltgzg1 = Lo, andnz(x) < m (x))
n2(x), otherwise

Note that if L, ,(z) =0 and L, (z) = 1, for some z € ¥*, then the value of n(x)

is unimprotant.
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Example 4.4. Consider the token “identifier” which is described by the follow-
ing IFRE. Let &; = {a,b,c...,2z}, %5 = {0,1,2,...,9}, ¥, = ¥; U X,, where [
denotes any letter belonging to ¥; and d denotes any digit belonging to ;.

Si((H)Zr TgniXl NgXgxl

0.9/0.1 0.7/0.2 0.3/0.5
Following the three algorithms, EPSILON, IFAUM, MINIFAUM systematically,
we obtain an IFAUM corresponding to the IFRE is shown below: & = (Q, %, A, 1, f)
with intuitionistic fuzzy regular behavior L., where Q@ = {j | 1 < j < 8},X is the
character set of the programming language.
i:@Q — [0,1] is defined by

o Lifj=1 o 0,ifj=1
iua(j) = { and i,,(j) = {

X+

0, otherwise 1, otherwise

f:@Q —[0,1] is defined by

. 1,if j =2,4,6,8 . 0,if j =2,4,6,8
= and f, =
Jua ) {0, otherwise Juald) {1, otherwise

ta,va s Q x X x Q — [0,1] is shown in the following transition diagram,

We assume the following actions for different ranges of degrees:
(0.9,1
[0.8,0.9
[0.7,0.8) : {question}
[0,0.7) : {reject}

{accept}

{warning; accept}

]:
]:

The classification of strings with some examples, to be an identifier is illus-
trated below.
(i) Let z = maz,thenl,  (z)=1, L, (z) =0
.. max is accepted as the token identifier.
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(ii) Let x = m(az,thenL,  (z)=0.9, L, (xz) =0.1
.. m(ax is accepted as the token identifier with warning.

(iii) Let z = 1y,thenL, (x) =0.7, L, (z) = 0.2
.. ly is accepted if the user wants to accept it as an identifier, by answering
“yes”, otherwise 1y will be rejected as non-identifier.

(iv) Let 2 =123z,thenL, () = 0.3, L, (z) = 0.5 .. 123z is rejected.

4.1. Algorithm MIFRB (tq,to,...,t,). The algorithm uses the input alphabet
%, the character set of the programming language and {¢1,t2,...,t,}, n > 0, the
set of all tokens with linear order of priorities of their names n;, 1 = 1,2,3,...,n.
It computes IFAUM for each token and then marked intuitionistic fuzzy regular
behaviors are generated. It returns the marked intuitionistic fuzzy behavior for
eachtokent;, 1 =1,2,3,...,n.

Algorithm 6. MIFRB
begin
for i:=1 to n do
begin
Let e, be the IFRE that denotes ¢t;;
/* Now find an IFFSA for the IFRE € x/
of;:= EPSILON (e€);
/* Now find an IFAUM for the IFFSA < =/
o= IFAUM ();
/* Find the minimum state IFAUM for the IFFSA & x/
o 1= MINIFAUM (&);
/* We consider the final IFAUM for € as < x/
Let % := 4" and Lo, be an intuitionistic fuzzy regular behavior;
end
for ::=1 to n do
Let (L, ,m:) be the marked intuitionistic fuzzy regular behavior
for token t;;
end

4.2. Algorithm IFLEX. The algorithm uses the marked intuitionistic fuzzy reg-
ular behaviors (L., ;) for each token ¢;, ¢ = 1,2,3...,n. These are generated
by calling the Algorithm MIFRB. It determines the degree of the input string
x € X* and decides the action to be taken.

Algorithm 7. IFLEX
begin
Let Ly, (z) :=V{Ly,, (z)|i=12,...,n}, for some k, 1 <k <n;
/* thus the degree of z is defined x*/
if(Ly,, (x) # L;dej (z), j # k) then
begin
/* no conflict, maximum is unique x/
Lot (@) = (L, (@), Lu,y, (2));
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(@) = ne(x);
end
else if (L, (z)= Lum3($)) then
begin
if (Lo, (z) < Lymv(x)) then
begin
n(@) = i (@);
end
else if (Lydk(z):>‘Lyg9(x)) then
begin
n(z) == n;(x);
end
else
begin
if(nus, (2) < nur; () then
n(z) = n;(x);
else
n(@) = mi(a);
end
end

/* deciding the action to be taken x/
if(0.9 < Ly (x) < 1) then
begin
write (“accepted”);
write (“Token name=",n(x));
end
else if(0.8 < Lo (z) <0.9) then
begin
write (“warning; accepted”);
write (“Token name=", n(x));
end
else if(0.7 < L (z) <0.8) then
begin
write (“degree is low”);
write (“Do you want to accept? yes/ no”);
if ( yes ) then
begin
write (“accepted”);
write (“Token name=", n(z));

end
else
write (“rejected”)
end
else

write (“ERROR, the string is rejected”);
end
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5. Conclusions

Authors have investigated by designing three algorithms namely EPSILON,
IFAUM, MINIFAUM in order to find minimum state IFAUM for a given intuition-
istic fuzzy regular expression. They are thoroughly discussed by implementing
the notion of an intuitionistic fuzzy lexical analyzer.
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