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EDGE IRREDUNDANT FUNCTION IN INTUITIONISTIC FRACTIONAL
GRAPH

M.G. KARUNAMBIGAI! AND A. SATHISHKUMAR

ABSTRACT. In this paper, the concept of edge irredundant function and max-
imal edge irredundant function in an intuitionistic fractional graph has been
introduced and its parameters such as intuitionistic fractional edge irredun-
dance number and upper intuitionistic fractional edge irredundance number of
intuitionistic fractional graphs are found. Also we introduced the edge irre-
ducible function and maximal edge irreducible function of intuitionistic frac-
tional graphs with suitable illustrations.

1. INTRODUCTION

Let a graph G = (V, E') be a connected graph. The open neighborhood N (v)
and the closed neighborhood N{v] of v are defined by N(v) ={u €V : uv € E}
and N[v] = N(v) Uwv [2] respectively. Let g : E — [0,1] be a function which
weights are assigns to each edge of a graph in the interval [0,1]. We say g is an
edge irredudant function if for every edge e € E(G) with g(e) > 0 there exists an
edge x € N|e] such that g(N|[z]) = 1. An edge irredundant function ¢ is maximal
if for all function f : F — [0, 1] with f > ¢, f is not an edge irredundant function.
The fractional edge irredundance number and the upper fractional edge irredun-
dance number is z‘r}(G) = min{|g| : ¢ is an maximal edge irredundant function
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of G} and / R}(G) = max{|g| : ¢ is an maximal edge irredundant function of G}
in [1]. An intuitionistic fuzzy graph[IFG] or intuitionistic fractional graph[IFG]
G = (V,FE) is a pair (V, F) in which V is a finite set and E is an intuitionistic
fuzzy set of 2-element subsets of V. Alternatively, one might allow V to be an
intuitionistic fuzzy set as well. That is an intuitionistic fuzzy graph(IFG) [3] is
of the form G = (V, E, u,v), where V' = {vy,v,,...v,} such that yu; : V" — [0, 1]
and v; : V — [0, 1] denote the degree of membership and non - membership of
the element v; € V respectively and 0 < 1y (v;) +v1(v;) < 1, foreveryv; € V (i =
1,2,...,n)and E C V x V where ps : VxV — [0,1] and v, : V x V — [0, 1]
are such that s (v;, v;) < minfp (v;), pa(vy)], va(vi, v;) < maxvy(v;), v1(v;)] and
0 < po(vs, v;)+12(vs, v;) < 1forevery (v;,v;) € E(i,j =1,2,...,n).Motivated by
this concept, we introduce the concept of edge irredundant function and edge
irreducible function of an intuitionistic fractional graph. pu—edge irredundant
function, r—edge irredundant function, edge irredundant function, maximal
edge irredundant function, edge irreducible function and maximal edge irre-
ducible function of an intuitionistic fractional graph are defined in Section 2
and also to derived a linear programming problem, for finding out intuitionistic
fractional edge irredundance number and upper intuitionistic fractional edge ir-
redundance number of G. In Section 3, the relationship between maximal edge
irredundant function and maximal edge irreducible function of an intuitionistic
fractional graph have been studied. Section 4 concludes the paper.

2. PRELIMINARIES

Definition 2.1. A function f,, : E — [0, 1] is called a p-edge irredundant function
of an IFG G = (V,E) if for every e € E such that ) f,,(u) = 1 for any

uEN, [w]

w € Ny,lel.

Definition 2.2. A function f,, : E — [0, 1] is called a v-edge irredundant function
ofanIFG G = (V, E) if for every e € E where 15(e) # 1suchthat > f,,(u) <1

UE Ny [w]

for any w € N,,|e].

Definition 2.3. A function f,, ,, : E — [0,1] is called an edge irredundant function
an IFG G if it is p-edge irredundant and v-edge irredundant function of G with
0 < fu,(e)+ fo,(e) < 1foreache € E orA function f = f,,,, : £ — [0, 1] is called
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an edge irredundant function of an IFG G = (V, E) in which V is a intuitionistic
fuzzy set and E is a 2-element subsets of V if for every e € E where ps(e) >
0,5(e) # 1such that > f,(u)=1 >  fi,(u) <1forany w e N|e] with

UE Ny [w] UE Ny [w]

0 < fu(€e)+ fu,(e) <1 foreache € E.

Definition 2.4. An edge irredundant function f = f,,,, of an IFG G is called a
maximal edge irredundant function of G if for all function g : E — [0,1] with
g < f,g is not an edge irredundant function.

Definition 2.5. The intuitionistic fractional edge irredundance number of an IFG

G, denoted by ir;f(G) is defined as, ir;f(G) = min{|f] : f is an maximal edge irre-

dundant function of G} where |f| = > f(e) = (> fu(€), X  fu(e)) or z’r;f(G) =
eck

eck eck
(ir; 1, (G, ir; 1,,(G)) where ir; f,, 18 @ fuy-intuitionistic fractional edge irredundance

number and ir, f,, 18 @ fu,-intuitionistic fractional edge irredundance number of G.

Definition 2.6. The upper intuitionistic fractional edge irredundance number of

an IFG G, denoted by IR, ;(G) is defined as, I R;;(G) = max{|f| : f is an maximal

edge irredundant function of G} where |f| = > f(e) = (> fu.(e), D fu,(e)) or
ecE

ecE ecE
IR;((G) = (IR, (G), IRy, (G)) where IR;; isa f,,-upper intuitionistic frac-
tional edge irredundance number and I R, fon is a f,,-upper intuitionistic fractional
edge irredundance number of G.

Observation 2.1. The problem of finding the u-edge irredundant intuitionistic
fractional edge irredundance number (z’r;fuz) is equivalent to finding the optimal
solution of the following linear programming problem.
Minimize Z = ), fu,(e)
6i€E(G)
Subjectto >, fu(x)>1 and 0< f,,(e;) < 1Ve; € E(G).

zEN [e;]
The problem of finding the u-edge irredundant upper intuitionistic fractional edge
irredundance number (IR, fw) is equivalent to finding the optimal solution of the
following linear programming problem.
Maximize Z = >  fu,(€i)
eiEE(G)

Subjectto Y fu(x)<1 and 0< f,,(e) < 1Ve; € E(G).

€N |e;)
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FIGURE 1. Examples of edge irreducible functions

The problem of finding the v-edge irredundant intuitionistic fractional edge irre-
dundance number (ir;fug) is equivalent to finding the optimal solution of the fol-
lowing linear programming problem.

Minimize Z = >  fu, (&)
e, €E(QG)
Subjectto > f,(x)>1 and 0< f,(e;) < 1Ve; € E(G).

€N e;]
The problem of finding the v-edge irredundant upper intuitionistic fractional edge
irredundance number (IR, fu2) is equivalent to finding the optimal solution of the
following linear programming problem.

Maximize Z = Y,  fi,(e;)
e, €E(QG)
Subjectto > f,(z)<1 and 0< f,(e) < 1Ve; € E(G)
zENe;]
Definition 2.7. Let G = (V, E) be a IFG. A function f : E — |0, 1] is edge irre-
ducible, if for every e € E where v5(e) # 1 such that

S <l Y fuw <l

UEN, le] UENy, le]
for any u € Nlel.

Definition 2.8. An edge irreducible function f on an IFG G, there exist an maximal
edge irreducible function f with f < f such that f(e) < f'(e) for every e € E.

In Figure 1, the IFG G with two different edge irreducible function f and f  as
shown in (a) and (b). Note that f is edge irreducible function and f' is maximal
edge irreducible function of an IFG G whereas f < f.

Remark 2.1. All edge irredundant functions an IFG G are edge irreducible function
of G.
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3. MAXIMAL EDGE IRREDUNDANT FUNCTIONS

Lemma 3.1. If f : E — [0, 1] is a maximal edge irreducible function of an IFG G if
and only if f is a maximal edge irredundant function of G.

Proof. The proof is trivial from the Definition 2.4 and 2.8. O

Lemma 3.2. If f : E — [0,1] is not an edge irredundant an IFG G but edge
irreducible function. Then there exists a edge e such that f(e) < 1 and f. is
maximal edge irreducible function.

Proof. We assume that f : £ — [0, 1] is not an edge irredundant function of an
IFG G. Then for every e € E where 15(e) # 1 such that

S @ #L Y ) <1

uEN, [e] UEN, [e]

for any u € Ne]. Since f is irreducible,

Yo few) <1l Y fuw) <1
uEN, [e] UEN, [e]
for any v € Nle]. Consider the values of d; and d, can be determined by the
minimum of some edge whose f-neighborhood sum is strictly less than one and
it’s subtract from one as defined as follows:

dl:min{l_ Z fMQ(u) |UEE7 Z fuz(“) < 1} M)
UEN, [e] UEN, [€]

dQ:min{l_ Z fl/2(u) |U’€E7 Z sz(u) < 1} (2)
UE Ny, €] UE Ny, ]

Now we define
flpa(uw)) +dy ifu=e

Jedlsal) =9 0 otherwise ®
and
) lde = f(re(u)] ifu=e;
ey (velw)) = f(ve(u)) otherwise @

where e; and e; are taken from d; and ds.
Since

fe:(pa(ei)) = fpa(ei)) +di < Z po(u) +dy <1

UE Ny, [e;]
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and

0 < fo,(vale;)) = Ida — f(rale))| < lda— D wma(w)] <1

UENy, [ej]
where f. = fe, ., : £ — [0,1].
Note that since any edge in N, [e] has a f.,-neighborhood sum of 1,

Fa Y pe(w) S 1, fe( Y mlw) <1

UEN, [€] UE Ny, [€]
for every edge u for which f( >  pua(uw)) <1, f( > w(u)) <1.
UEN, (€] uENy, [e]
Thus f. is maximal irreducible of G. O

Remark 3.1. We will define the new function f. constructed from f, shown in
(3), (4). Note however, that f,. is well-defined only if the set on the right-hand side
of (1),(2) is nonempty. That is, there must be some edge whose f-neighborhood
sum is strictly less than one.

Lemma 3.3. Let f be an edge irredundant function of an IFG G that is not maximal
edge irredundant function. Then there exists a edge e such that f(e) < 1 and f. is
edge irreducible.

Proof. Since f is not maximal edge irredundant of an IFG G, then there exist an
edge irredundant function ¢g and a edge e such that g(e) > f(e). Since g is edge
irredundant, there must exist a edge u € N|e] with g(N,,[u]) = 1, 9(N,,[u]) <1

where Nu2[u] = > gu2(w)7NV2[u] = > gu(w). Since g(e) > f(e), it

WE N, [u] WE Ny [u]

follows that f(N,,[u]) < 1 and f(N,,[u]) < 1. Thus f. = fe,., : £ — [0,1] is
well-defined.

Note also that since f(e) + di < f(Ny[u]) +di < 1and 0 < |dy — f(e)| <
|f(Ny,[u]) — ds|, f maps E into [0, 1]. Assume that f.(e) > 0 for some edge e.
Note that f.(e) > 0 implies g(e) > 0 since g > f. Thus there exists z € N[e] with

9Ny [2]) = 1, g(No,[2]) < 1 where
Ny, [Z] - Z 9#2 Z guz
uEN, 7] uENy, [2]
But g(N,,[2]) = 1,9(N,,[2 ]) < 1implies f,(Ny,[2]) < 1, fe,(Ny,[2]) < 1. since if
w € N[z] and g(N,,[2]) = 1, g(N., [])<1thenf( 212]) < 1, f(Ni,[2]) < 1s0

) =
Jer(Nuo[2]) = f(N, H) d<1  Je; (N, [])Zf(Nu2[D dy < land if w ¢ N[z|
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and g(Ny,[2]) = 1,9(Nylz]) < 1 then f, (Ny[z]) = f(Nwl2]) < 9(Nwlz]) =
1, f(V, [ ) = fe]( w12]) < g(N,,[2]) < 1. Hence f. is edge irreducible. O

Lemma 3.4. An edge irredundant function f on an IFG G is maximal if and only
if for no edge ¢, is f. edge irreducible.

Proof. Let f be edge irredundant, and assume no f, is edge irreducible of an IFG
G. By Lemma 3.3, f must be maximal. Conversely, assume f is maximal edge
irredundant. Then by Lemma 3.1, f is maximal edge irreducible, and so no f,
can be edge irreducible. O

Theorem 3.1. In any IFG G, the non membership value of fractional edge irredun-
dance number ir, 5., (G) is always zero.

Proof. Follows from the definition 2.2 and observation 2.1. O

Theorem 3.2. In any IFG G, the membership value of fractional edge irredun-
dance number z’r;fuz (G) and the non membership value of upper fractional edge
irredundance number IR;; (G)is always equal. That is ir;; (G) =IR;; (G).

vy n2 v2

Proof. Follows from the observation 2.1. O
Ilustration:
@ (0.25,0.2) _ @(0502)
= =
e4(0.25,0.1) . e;(0.25,0.2)  eg(0.25,0.1) \ e;(0,25,0,2)
: ael ] u.z‘;\ : * g;{u,u.n\ :
e3(0.25,0.2) e3(0.25,0.2)
(el (e}
FIGURE 2

Now we formulate L.P.P. for the graph in Figure 2(c), to finding the intu-
itionistic fractional edge irredundance number ir; +(G) and upper intuitionistic
fractional edge irredundance number IR, +(G) of G, which is equivalent to find-
ing the optimal solution of the L.P.P. for the Figure 2(c). Consider the graph in
Figure 2(c), we formulate the following L.P.P.:
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Minimize Z = Y f.,(e:)
e €E(G)

Subject to fuz (61) + fuz <€2) + fu2 (63) + fm (64) + f/tz (65) Z 1
and 0 < f,,(e;) < 1forall e; € E(G)
That is

Minimize Z = f,,(e1) + fu,(e2) + fu,(e3) + fu,(ea) + fu,(es5)

=

fuz 64)

fm 65)
and 0 < f,,(e;) < 1foralle € E(

Then z’r;fHQ(G) = 1. Similarly we have to find ir f (G
IRy, (G) =1. Hence ir;;(G) = (1,0) and IR;;(G) = (1,1).

)+ fa
2(61)
2(62)
Subjectto<1 111 1 fus(e3)
(
(
G).
) =20

IR, ,(G) =1and

Edge|f in Figure 2(c), d; = 0.25(e;) and dy = 0.1(e5) fe = fe1,e; in Figure 2(d)
(€i) |fua(ei)| s (€i)|f (Nugle])|f (Nug[€i])|dr |da fer, (ei) fer, (€i)|fer (Nus[€3]) | fes (N [e3])
e; 10.25 0.2 |0.75 0.7 0.25/0.3 0.5 0.2 1 0.6
€s 0.25 (0.2 0.75 0.8 0.25/0.2 0.25 0.2 1 0.7
e3 [0.25 (0.2 |0.75 0.7 0.25(0.3 0.25 0.2 0.75 0.6
es 10.25 0.1 0.75 0.7 0.25|0.3 0.25 0.1 1 0.6
es |0 0.2 |1 0.9 - 0.1 0 0.1 1.25 0.8

For an IFG G with an edge irredundant function, maximal edge irredundant
function such as f its shown in Figure 2(c) and no f. can be edge irreducible
function its shown in Figure 2(d) of the above Figure(Refer:Table).

4. CONCLUSION

The study of intuitionistic fractional edge irredundance parameters is a rela-
tively new and rapidly developing field. In this paper, we introduce the concept
of intuitionistic fractional edge irredundance number, upper intuitionistic frac-
tional edge irredundance number and maximal edge irreducible function for an
intuitionistic fractional graphs have been discussed. Further real life problems
can be premeditated and solutions can be predicted by using these intuitionistic
fractional graphs. In future we will study some more properties and applications
of edge irredundant function in intuitionistic fractional graphs.
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