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Abstract- Mathematical Morphology is the study of the form and structure of objects based on set theory,lattice theory and
topology.Dilation and erosion are the basic operators in Mathematical Morphology.Fuzzy Graph represents relationships that
involve uncertainty.We introduce P, -adjacency of vertices, P,-adjacency of edges, P,-adjacency of dilation, and P,-adjacency
of erosion on Intuitionistic Fuzzy Soft Graph(IFSG). We also present an algorithm for P,-adjacency of dilation on IFSG.
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Intuitionistic Fuzzy Soft Graph,P -adjacency of vertices, P,-

adjacency of edges, P,-adjacency of dilation, and P,-adjacency of erosion on Intuitionistic Fuzzy Soft Graph(IFSG)

I. INTRODUCTION

Traditional Mathematical Morphology is a study of forms
and structures based on Set theory, Lattice Theory and
Topology. It is used to as a powerful tool for image analysis.
The book by Jean Serra [20]“Image Analysis and
Mathematical Morphology” made Mathematical Morphology
popular. Works on Traditional Mathematical Morphology has
been extended to many field,especially in Graph
Theory[7],[13].

After introduction of Graph Theory by Euler in 1736,
Kaffmann[11] put forward the first definition of Fuzzy Graph
in 1973. But ,Rosenfeld[19] introduced another definition of
Fuzzy Graph which is similar to the graph theoretic concepts.
In 1999, Atanssove[1] introduced Intuitionistic Fuzzy Graph.
Karunambigai and Parvathy[9] also did some extension to
Atanassove’s Intuitionistic Fuzzy Graph. Thumbakara and
George[26] put forward the idea of Soft Graph. Mohita and
Samanta[22] first presented the notion of Fuzzy Soft Graph.
Sunitha [24] introduced the Intuitionistic Fuzzy Soft Graph.
Shyla and Mathew Varkey[21] also did their work in
Intuitionistic Fuzzy Soft Graph.

In this paper, we propose definitions of basic
morphological operations such as dilation and erosion in
Inuitionistic Fuzzy Soft Graph in section III using the notions
called P,-adjacency of vertices and P,-adjacency of edges
those we introduce in section 2.Definitions in section II make
this journey to our destination smooth. In section IV, we
proved that morphological operators defined in section III
form an adjunction. We also give an P -adjacency algorithm

to find P -adjacency dilation and P,-adjacency erosion in
IFSG in section V.

II. PRELIMINARIES

Before defining P,-adjacency vertices and P,-adjacency
edges, we recall definitions of intuitionistic fuzzy soft graph
and elementary morphological operators on a lattice.

Definition I1.1
Let G*={X1,X2,X3,.....Xn} be a non-empty set, P be a

parameter set,and ASP,ag 4 g = = x = Let
F(G *) be collection of all fuzzy subsets of " and

F(G %G ™) be collection of all fuzzy subsets of G'xG".
Also let

) pyta: A F(G?)
a = 13 (@) = pyo(say)

and ai=> ¥3 (@) = 14(sy)
where  [dq .= G* — [D,l] such that

X; g o () and
¥ia- G — [':],1]such that X; I—}}’laixi]

l:;":l SHu Y )is intuitionistic fuzzy soft vertex if
0=p,+Va=1, Vi; EVandak A.

such that
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(2) U2,¥2: A — F(G"XG")such that
a1y (@) = py5(say) and
av y(a) = py,(say)
where Lot G'xG" — [ﬂ,l] such that
(xu xj) = (X X;)
Yoa- GxG™ — [':],1]suchthat
(xi; 1}) = Yo (X, X;)
(:1—'1, JIENE: ) is an intuitionistic fuzzy soft edge if
ae A,
Y(x;,x) EE andV¥i,j=12...n

&) #za(xpxj) = Hiq (xa']ﬂ#m(x})
@ Yaa (0, X)) < V1o () V V10 (X))
3 0= #Ea(xuxj) T+ Vaa (xij I-}) =1

Then A(1a, Via, Uz Vag Jis called intuitionistic

fuzzy soft graph(IFSG) is denoted by GA,G g
Let P Dbe a parameter. Let AB= P, aE A. Let
G' = (A pl oyl ¥,) and G = {HJ.“J;.:TL{-:.“{;.:JT:{::] be
IFSG’s. Then
G4 if
(1) ASB
(2) H'(a)is a partial intuitionistic fuzzy sub graph of
Hi(a) for all a< A.

' is an intuitionistic fuzzy soft sub graph of

where H [{aj and HJ"{E!,] are the corresponding intuitionistic
fuzzy graph of G' and G' for each ag A4

Example I1.1

Consider a simple graph G=(V,E), where

V={v,vo, V3 }L,E={(v,v2),(v2,v3),(v1,v3) }

Let A={a;,a,a;} be the parameter set. Then intuitionistic

fuzzy soft graph GA,V, E-
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Table 1
Hyia | N1 Va V3 Yia | V1 Vo V3
a 8 .6 0 a 1 2 0
a |9 | .65 |5 a | 05| 25| 4
a3 2 75 .8 as .6 1 15
Table 2
Ya2a Vi,V2) V1,V3) Vo, V3) Yaa (Vi,v2) (Vl,V3) (Vz,V3)
aj 0.1 0 0 aj 0.1 0 0
& 10151025 0.1 a 02 | 0.1 0.2
a3 0.01 | 0.1 0.2 a3 0.5 0.2 | 0.01
v.(8,.1) PRACRE) o Vi(2 )
(01, .5)

HLTE ) (.8 .15)

IPSC sorresponding to the
DATAIEHeT 4,

Proposition 11.1

Union of two intuitionistic fuzzy soft graph is an IFSG.
Proposition I1.2

Intersection of two intuitionistic fuzzy soft graph is an
IFSG.
Definition I1.2

Any operator 9 acting on a lattice L is called dilation if it is
extensive,increasing and distributes over the supremum. Any
operator € acting on a lattice L is called erosion if it is anti
extensive, increasing and distributes over the infimum.
The pair (g, &) form an adjunction if 5(4) = B & 4 < «(B).
€ and 8 are dual with respect to complementation if = a5y

=0(A).
Theorem II.1

If (€, &) is an adjunction ,then € is an erosion and & is a

dilation.

Now we introduce n-path adjacency vertices(P,-adjacency
vertices), n-path adjacency edges and (P,-adjacency edges).
We also propose path adjacency dilated IFSG which includes
both P,-adjacency vertex dilation and P,-adjacency edge
dilation and path adjacency eroded IFSG which includes both
P,-adjacency vertex erosion and P,-adjacency edge erosion.
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Throughout this paper, let P is the parameter set, A,BS P,
acA. Letgi = (G*, G*, 1 o Via, Mo Via) be an Intuitionistic
Fuzzy Soft Graph(IFSG) ,where G% is the underlying vertex
set,G™ is the set of all elements in G'XG, ut, and y{are the

membership function and non-membership function of vertex

set of IFSG and ,,: s 4.:_are the membership

function and non-membership function of edge set of IFSG.
Let ¢ be the set of all Intuitionistic Fuzzy Softgraphs
6 = (6" 6% st vl thys) _defined on G=(G',G*) ,where each
pair in ¢ satisfies property of subgraph. We define a relation
C on ( as follows : Let 0 be the IFSG in ¢ with all vertices
and edges of membership function 0 and non- membership
function 1 and let 1 be the IFSG in ¢ with all vertices and
edges of membership function 1 and non- membership
function 0. Let ¢ be the empty set. We represent the vertices
of the underlying graph by 4, and the edge between 3, and

u.by e .We represent that 4; . and ;. are P,- adjacency
] Uiy i -

vertices in G asi;P,-adj Hj.
Definition I1.3

Let U; and u}- be two vertices in the IFSG

G' = (G*, G*, tia, Viar Phar ¥ia)€O0 Thenqy is
said to be 1-path adjacency vertex (P;- adjacency vertex) to
i they are connected by at most 1 edge. Then,, is 1-path
j
adjacency vertex of 5, and vice versa. Illustrated example is

given in Example IL.2.
Definition I1.4

Let 'Hl-and Hj be

Gi = (G*J GXJ #an?IiaJpanrZia )EG- Then?“j is

said to be 2-path adjacency vertex (P,- adjacency vertex) to

two vertices in the IFSG

1L;if they are connected by at most 2 edges. Then u] is 2 path

adjacency vertex of 1f; and vice versa.lllustrated example is

given in Example I1.2 .
Observation II.1

In general ,Let U;and u}- be two vertices in the IFSG

i __ * * i i i i .
G = (G",G", Ui Via) Faa V2a )eG. Then, Ujis
said to be n-path adjacency vertex (P,- adjacency vertex) to

U;if they are connected by at most n edges. Then LL}- is n-

path adjacency vertex of U; and vice versa.
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Definition I1.5

Let euz'—uj and euk—u{ be two edges in the

IFSGGi = (G *, G X, JU'IZILa- }rfa ’ .|u'12 o ?Zia )EG

Then, &, is said to be 1-path adjacency edge (P;-
k— 1,[{

adjacency vertex) to e’“z‘—u if either U; OF u}- is connected
i

to Uyor U; by at most 1 edge. Illustrated example is given in
Example I1.2 .
Definition I1.6

Let eﬂiz’—u and € be two edges in the IFSG

;
G' = (G, Gxuu'llm]/l!a: W32 V20 )EG.
said to be 2-path adjacency edge (P,- adjacency vertex) to
e if either 1; OT HJ is connected to 1L, or 1 by at

Uj_

nrt'—l,[{

Then,E‘uk " is
1

ws
]
most 2 edges. [llustrated example is given in Example 2.2.

~and €
Uj

In general, Let€& i Ug—y;

be two edges in the

: e . : .
IFsG G = (G*,G ,‘u.lm,}rlla,ﬂ;a,?gla)e(ﬁ.Then,

5 is said to-be n-path adjacency edge (P,- adjacency
e T

vertex) to if either U; OT U; is connected to 44,

or 1{; by at most n edge.
Example I1.2
Consider a simple graph G=(V,E), where

V={u;,u, u3,u4,us,us} , E={ &

e e
Uy g’ “Uz—qyg’ Ha-uy

e

21, o0 Eua—uﬁ_’ 6“1—u4} , Let A={a,,a,} be the

parameter set. Then intuitionistic fuzzy soft graph GA,V, E 1s

given in Table-3 and its graph is given in figure 2.

Table 3
P‘" 1a U 185 Uz Uy Us Ug
a; v 4 S| 4 .8 1
a, .5 2 2 1.3 0 0
Fia | W Uy uz | Uy Us Ug
a, |3 |6 4[5 |1 |o
a 4 4 d1 | .4 0 0
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#2 a e’»ﬁ—uz e’“z—u; e“a-\u g“d—us e‘“a—uﬁ e’“l—ua
a; 4 3 2 3 2 1
a, 2 1 2 |0 0 1
Yoa| fuy, | G Ug- Uy -y T
a; 4 .6 4 5 2 5
a 4 4 4 0 0 3

0,2, A4

w2, .1

T corvespontling to s, LEG poreesponding to a;

Fig.2

P,- adjacency vertices and P,- adjacency vertices of each
vertices of IFG corresponding to a; are given below Table-
4:

Table-4
Vertex P,- adjacency P,- adjacency vertices
vertices

up Up,Up, Uy Uj,U; Usz,Uy,Us,Ug

U Uy, Uy up,Up us,Uy

U3 U, U3, Uy Uy,Us U3z, Uy, Us,Ug

Uy U3, Uy, Uy,Us,Ue Uj,Up U3,Uyg,Us,Ue

Us Uy, Us Uy U3, Uy, Us,Ug

Us Uy, Us Uj,U3,U4,U5,Ue

P,-adjacency edges and P,- adjacency edges of each edges
of IFG corresponding to a; are given below Table-5:

Till now, we defined P,-adjacency of vertices and P,-
adjacency of edges in IFSG in detail. So we reached half
way to the journey of our destination. Now we are going to
define the corresponding basic morphological operators in
IFSG in the following section.

III. P,-adjacency Dilated IFSG&P,-adjacency Eroded
IFSG

At first , we define P;- adjacency dilation of each vertices
and edges and then it leads to the P -adjacency dilated IFSG
corresponding to each ae€A in Definition III.1.
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Definition ITI.1
Let P 1is the parameter set, AS P,

i __ # x i i i i
G' = (G ,G J#la!?la!#?a!]’fza)eﬁ
Fuzzy Soft Graph(IFSG)
G*:{ul,uz, ....... JU,,} is the underlying vertex set,G™ is

acA. Let
be an

Intuitionistic ,where

the set of all elements in G*XG*,‘J'.J'_%_ﬂ and }’fﬂ are the
membership function and non-membership function of
vertex set of IFSG and ‘J'J'.lzﬂ and }’21 gare the

membership function and non-membership function of
edge set of IFSG. We define the following:

L. Forall elements in G=,8i_,: G~ — [0,1]by
Ji.a I:uk ) N vuj-ﬂ‘tiar}ffa ):
(Sup,, (o), INfy, (i) =0 B )

where Uy = U o7 Uy Pi-adj Uy,

Then 5; a(u;: ]is the P;- adjacency dilation of each

vertex U, corresponding to the parameter each acA in

the given IFSG.
2. For all elements in G*,

014 6% = 10 Lotk Cupy v, hari

= (s i I i )
{: upe“!—uk I#Za |\€u;_uk)].' nfeu!_uk []”2& {:eu;_uk

Hzg ' Hza

itself or & P,-

where eu!—uk is e’“—z‘—uj- u{_uk

adjacency edge to E’u!. "
—u;

Then 521 a (euz'—uj) is the P;-adjacency dilation of each

edge E’u!. " corresponding to the parameter each a€A in
—u;

the given IFSG.

Thus Gé:(gia ,Szla) or EGiis called P;- adjacency
dilation in IFSG G corresponding to aeA. Illustrated
example is given in Example III.1 .
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Table-4

Vertex P,- adjacency vertices P,- adjacency vertices
lﬁ“l—uz E“i—uz’ E“z—u; ’ E—'ui_u4 Uy —qpq Euz—ug ’eua—uq.’ 'Eua.—uE ’ E“a.—uﬁ’ eui—u4

Uz —ug e’“i—uz’ e’“z—ua ’Eu:;—ud. e’“:l_—uz’ e’“z—ua_ ’Eua—uq.’ €u4—u5 ’ e“a-—uﬁ’ Eui—u4
Eua_udl E-‘uz_ua ,eua_ud, €u4—u5 , €u4_u6, eui—u‘; Us_py’ Euz_ua ,eua_ud, 6“4—1;5 , €u4_u6, e’“i—u‘;
e“d—HE e'ua—ua.’ 8“4—115 ’ €u4_u6, eui—ua. Uy~ Euz—ug ’eua—ua.’ €u4—u5 ’ E“a.—uf.’ eui—u4
€u4_u6 Eua—ua.’ 6“4—115 ’ e’“a.—uﬁ’ eui—ua. e’“:l_—uz’ e’“z—ua_ ’Eua—ua.’ €u4—u5 ’ e“a-—uﬁ’ Eui—u4
l‘g“i—lufa. e’“i—uz’ 6“3—114’ €u4—u5 ’ €u4_u6’ eui—uq. Uy —uy’ IEr’“z—ua ’euﬂ—uq.’ €u4—u5 ’ €u4_u6, eui—uq.

Observation II1.1

It is obvious that we can extend the above formula to P,-
adjacency dilated IFSG corresponding to each aeA.

Now we define P;- adjacency erosion of each vertices
and edges and then it leads to the Py-adjacency eroded IFSG
corresponding to each a€A in following Definition III.2.

Definition II1.2
Let P is the parameter set, AS P, aeA. Let

i __ = N i i i
G' = (G ,G JHI@!?laJ#EaJTEajEG be an
Intuitionistic Fuzzy Soft Graph(IFSG) ,where G’
={UUgsenenn ,Uy,} is the underlying vertex set,G™ is the
set of all elements in G xG', }'.Jlila and 'j—’fa are ' the
membership function and non-membership function of

vertex set of IFSG and a}iéﬁ and }’21 g ‘are the

membership function and non-membership function of
edge set of IFSG. We define the following:

Forall elements in G=,6],: ¢G" — [0,1]by
€1a(We) = Ay (Ui Via)=UNS o (Ui ), SUp o (4.

whereuj = U, Oor uj Pi-adj Uy,

Then e:  (a¢,) 1s the Py- adjacency erosion of each

vertex 1Ly, corresponding to the parameter each acA in the

given IFSG.

For all elements in G~

5 _:G* - [0,1]by)= _: i
2a [ ;2 ] y) E:za (e‘u.;-_uj .:"\guliukﬁulzar}’éa)

= D

Unf o, Uba(eu,, )54 o, Wia Couy,,

where is itself or P,-
L —ay Sy oy Cup
4 L 4
adjacency edge to .Then i is the
L= ) =5, (eu57 e, )
P;-adjacency erosion of each edge \ corresponding to
TLg oy
J

the parameter each a€A in the given IFSG.
Thus G;_l;; =(E!1a ,Elz a) 1s called P;-adjacency eroded

IFSG corresponding to a€cA.Illustrated example is given in
Examplelll.1 .
Observation IIL.2

It is obvious that we can extend the above formula to P,-
adjacency eroded IFSG corresponding to each acA.
Example III.1

Given below are the Pj-adjacency dilated IFSG
corresponding to each a; €A and P;-adjacency eroded IFSG
corresponding to a;eA using corresponding formulae in
definition 3.1 and definition III.2 for P;-adjacency dilation
for each vertices and P;-adjacency erosion for each edges in
Intuitionistic Fuzzy Soft Graph corresponding to the
parameter a; €A in figure-2 in the above example I1.2.
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{5, A) w1, ) u,(.4, 6} u; (4, .5)

P, -adjacency Dilated IFSG P, -adjacency Evoded IFSG

Observation II1.3

In the similar manner ,we can find out the P;-
adjacency dilated IFSG corresponding to each a,eA and P;-
adjacency eroded IFSG corresponding to aeA of the IFSG

corresponding to a, A in the given above example I1.2.
Observation I11.4

Further, it easy to find out the P,-adjacency dilated
IFSG and P,-adjacencyeroded IFSG corresponding to each
parameters a; and a,in the given IFSG in example II.2.

Now we have to prove that the above proposed P,-
adjacency dilation and P,-adjacency erosion in definition
III.1 and definition III.2 'is morphological operators. So we
define a lattice on the set of all intuitionistic fuzzy soft sub
graphs and adjunction between the above defined operators
in the following section IV.

1v. P,-ADJACENCY DILATION AND P,ADJACENCY
EROSION AS MORPHOLOGICAL OPERATORS
Definition IV.1
We define the partial order [ on G asgl & G2 s 1

is an intuitionistic fuzzy soft sub graph of == . It is

obvious that this relation is reflexive ,anti-symmetric and
transitive.This leads us to the following:

Proposition IV.1

(G, =) is a poset.

Supremum and infimum of two intuitionistic fuzzy soft sub
graphs in @ are defined as follws:-

Definition 1V4.2

For all (7 l,G 26@, we define
GrwW G2

typl_rpe e 42 L1 2,1 y,2 .1 2
=6°UC = LG G g Vg Yia MiglagV g ¥ig A }Ea)
G AGT

sub graphs in @ is the supremum (infimum) of this
collection.
Proposition 1V.2

Let£=(G 1,{;2,....._..Gn)beafamily of elements of
G.
Then Sup £=G* V GV ...V G™and Inf£

=G AN G*AN....AG"

Proof
LetX= G v G2V .. vG"

-GltuGiu..uGn

[:G*, lev?zlpaarv?zl}ffa Jv?zlyéa ! v?:l}rEiaj

For corresponding vertices and edges of

GL,G2,........G™,
i i i i n i
Pia = ViiHia. Via = Vi1 Via
i n i i n i
Haq = Vi:ilu'za’ Vaa % Vi:i]”?a
By definition, (G' X ¥Vi=1.2,...n
Assume that Gi Cvy 1"i’ri=1,2,....n where Y =
* g ¥ o ¥
{:G ’G !#m!f]”m!#m! ?Ea]
i ¥ i ¥ i ¥
= Mg = Hig - ¥ia = Yia> H2a = Ko and
; "
Voo = Vig Vi=12...n
n i Y 7 i ¥
ﬁvizlyfla = -H]_a > v;‘:l]”la = ]”(1'1’

1 i ¥ 1 i i
vi:lluza i:.luga’vi:]_ha E}{ga
for corresponding vertices and edges of

1 2 n
GLES G
= UT:IGEQY
= XE&vy

Since it is true for all IFSG Y , we can conclude that Sup
=GV GEV..VG"

Similarly we can prove that Inf £

=G* A G*A...AG"H

Theorem IV.1

(@, N,V ,0,1) is a complete lattice.

Gl n Gz = (G*; ij #:IJ_-a "h'lu'gax }'lla V}"lzaj.lu'%z A #%a;’."zla v ]‘lzza EVOOZ

The following proposition will prove that union
(intersection )of finite collection of intuitionistic fuzzy soft

Proof follows from the Proposition II.1,I1.2 ,III.1 and
Inm.2
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Now we prove P, -adjacency dilated IFSG and P,-

adjacency eroded IFSG are again IFSG in the following

By definition of dilation, 5{:2 (euz'—u ) is the supremum.
id
theorem IV.2 and IV.3 . !

Theroem IV.2 The membership functions P’ia (1;) and ,I'.J'.iﬂ (Hj) of
(IG*, G* , 515 ’ il i ,515 ’ il i )eG. vertices U; and L; in the given IFSG should be greater
Hig ¥ia Hza Yza 7
Proof than or equal to the membership of the edge in the IFSG
It is enough to prove that whose membership function is 5;1 (Byy_y )
zm J

0<6'; W +6 U ST oo (@)
Hia Yia The membership function of the vertices 1L; and uj and the

8% e, ) < 5;5.:(“1' )y A8, )

fzg iU Mg ] edge Euz'—u _in the P,-adjacency dilated graph are the
]
.............. b . . .
; ®) ; i supremums of membership functions of the corresponding
Y i (E‘ui_u ) = o ; (U;) v ; (u}- ) P,-adjacency vertices and P -adjacency edges.
Hza ] Yia Fia Hence the assumption (f) will occur only when the
~~~~~~~~~~~~~~~ (©) membership functions
i i 5 ;
0< 5#5—;0_(6“5—11;) + 6#5-,“1(6“;‘—1;}-) % 1 oo (d) MY () and [, (U;) of vertices U; and U; in the
Case 1 given IFSG are less than the membership function of the
i 5 edge in the IFSG whose membership function is
If possible let, 8 ; (U; )+ 0 ; (W) >1 .o, (e) ;
Hig Fia 0; (e ).

i Pty
Hzg U
This leads to a contradiction to the fact that given graph is

) IFSG.
5;2- (2L; ) is the infimum. Then one of the P,- adjacency This proves (b).

1 The same argument used in the proof of (b) for non-

By definition of dilation, a if (LL; ) is the supremum and
Hig

. 5 g i
vertices to  1{; must have membership function as o -

ul g membership functions proves (d). H

Theorem 1V.3
GG e »E;z‘ ,Elfa)dz*-

or equal to 5;1 (U;)- Hia ¥ia za ¥z

ia Proof

Hence by our assumption (e), the sum of  membership

(UL;) ,where the non- membership function is greater than

Proof is obvious from the proof of the above Theorem . W

function and non-membership function of vertex LL; must
K Remarks

be greater than lin the given IFSG.

As sum of membership function and non-membership
function should be in between 0 and 1,this contradicts the
fact that the given graph is IFSG.

From the definitions,it is clear that G' S i—}or

G S 55 i.Hence EGE is extensive.

Since membership function and non-membership function Similarly , }E c Gt or €41 c Gi.Hence Egl is
of each vertices are greater than zero,0 < 5:1:_ (U; )+ anti-extensive.
51‘ TR The following theorem proves the operations ") gland €1
i i
Via are increasing.
This proves (a). . Theorem 1V.4 . . . _
The same argument used in the proof of (a) proves (d). Let Gi= (6°,6%, €, €' .\ .€'; )e®,i=12Then
Case 2 Rig Tiae HRizz Fiz
If possible let, (1) G0 Gt = Gh U Gh
st (Bu_ >0 W)HAG Uy )i (H2) G'[ G* = G [ G
ba iy fig fia 3)

All Rights Reserved © 2018 IJARTET 957



S8 Vol 5,Special Issue 12, April 2018

Proof:

(1) Let u; be any vertex. Let A be the parameter set.
Suppose G G* ,then for any acA ,
Big(wS wi (u) and yig(w) = vip(ug)

If possiblelet G £ G§ ,then either 5[1'1 (ui} = 5:§ (uj)
or ¥y, () 2,3, ()

At first assume 'Eci-i,(u":] = 5:; ()

Then 3 a P,-adjacency vertex uy of wu; in ' whose
membership function is .5:1:(11[].
Since ﬁ:is(u[] is the supremum of membership function of
P,-adjacency vertices of u;,
Hig(ti) =8 () > b3 (W) > s, ()

= ut (ug) = p* (u;) ,which is a contradiction to
our assumption G+ % .
S GHEGE

(2)  Similarly we can prove that the operator i is
increasing. Wl

Now we are going to prove the operator & s
distributive with respect to union and e.: is distributive

with respect to intersection.
Theorem IV.5 _ _ _ _
Let G'=(G*.6*, ', . ,e'; .€'; )e@, i=1,2.Then
- Big ¥ig Hiz VFia
1. Spypr=bp U b2
2. Egipg? =gt M eg2
Proof: Let ¥, S G"and E; € ™ be vertex set and edge
set of IFS subgroups of G*and ¥, E " and E; S 67 be
vertex set and edge set of IFS subgroups of * in G.
Let A and B be parameter set and A[JB
Suppose 'ﬂ'_ul_}:i = '53;_»':_:-::
(1) By definition of union of IFSG’s ,the possible cases are
a) ae B\A and v W\ 1]
b) ae B\A and ;¢ ¥, NV,
¢) ae BNA and v;e LA
d) ae BNA and ;e ¥V, N,
Since ¥, = ¥, and A[IB ,all membership functions and non
membership functions of vertices and edges of G*UG* in
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cases (a),(b) and (c) will be corresponding membership and
non membership functions of vertices and edges of (72.

In the case of (d), by definition of union of 2 IFSG’s
G* and G* and since ¥, € ¥ and A[B, the membership
and non membership functions of vertices and edges of
G*UG? will be corresponding to membership and non
membership functions of vertices and edges in &Z.

o In all cases , (1) GE* will be 2.

Lbgt, =04 (D
By definition of IFS sub graph, G1lUG? = &1 S &gz
~lgtye2 = 02 @)

From (1) and (2), 8zt 52 =651 U G52

(2) Let V= WNVW,and E; =E; NE, andC=4ANE
By definition of intersection of IF5G 5, V3 is the set
all vertices and Ex is the set of all edges in G*[1G>.

Since G S G¥ = GIMNGE =G, 5tpp? =ep1 3)
Since G* € 6% = et S e = ep1pp? =ept 4)
From (1) and (2), €5152 =e5t M £52 [ |
Observation

We can extend the Theorem IV.5 to finite number of
IFSG’s.

The following theorem proves an adjunction between the
proposed operators P -adjacency dilation and P,-adjacency
erosion.

Theorem IV.6

Let &' = (G*.6 % ulo.vis. ube v )@ ,i=1,2 be an
Intuitionistic Fuzzy Soft Graphs(IFSG). Then &Gni E & ‘e
G'S Epi.

Proof:

Casel

Consider, for u;in G,

fet € 67 = 5% () = i Gepanddy (u)z v (ug)

e Vu}ﬂ'%a [u}) = P%a (ui)andvuj }Illa (uj) = }Ilza (ui)

& where u; = w,0r Pi-adj U;

pi.() = pz.wo®™ s 0y = 4z Geover, A0

where w, —u,0ru, Pi-adj 14,

&

)and?'lla (i) = "‘\--u._,- Via (uf)

Pl-adj U;

plau) < Ay pia(yy

where U; = LU; 07 1;
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® plaCy) = €2 (u)
1 2

]”la (ui] :—:? E}":%a (ug)

& Gl ; EGZ

Case 2

For edge euz'—uj-

4
5.1C G2 . 6. [e ){z(e )and
& e |\ u;-_uj =y uz-_uj

1 2
5}-’%.:1 (U; )= Vza {:Euz'—uj] ®
Vo ph () SHBaley, Jana
By 2a\ "y —MFla “z’—uj

1 2
veuI_R Yia (eu;_uk) = Via (euz-_uj]

where E'w_ukis euz'—uj itself or -E!w_uk P.-

adjacency edge to e“i!'—u
1 2
Q#Ea(gu;_k) = H3g (E‘uz__uj_)and

1 2
Via (eu;_uk) “28Y7n (euz- _uj.) Vﬂuz__ujand

where E'w_ukis euz'—uj itself or

Uy

&

1
Uz q (euz'—uj) =

1 2
]"{2:1 (Euz'—uj) = ﬂguf—uk ]"{Ea (Eu;_uk)

where eu!—uk is euz'—uj itself or e’“!—uk P.-

e . P,- adjacency edge to e“z‘—u

2
heuf—uk H3g Eeulr_ukjand

adjacency edge to euz'—u

1 2
& #2& (euz__uj) i: E#%a {:e.ui_uj) and
1 2
U;) = € e,.
F]”Ea( 1) = },%a{: uz_uj)

& Glg EGZ

Hence the result is proved.
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Observation
The pair of operators (EGE ,5 1) form an intuitionistic

fuzzy soft adjunction.
Proposition IV.3

If iel and n > i, then P -adjacency dilation IFSG and
pﬂ+i-adjacency dilation IFSG are isomorphic if and only

if the corresponding vertices and edges have same
membership and non-membership functions.
Proposition IV .4

If iel and n > i, then P,-adjacency erosion IFSG and
-adjacency erosion IFSG are isomorphic if and only if

P

n+i
the corresponding vertices and edges have same
membership and non-membership functions.

V. P,-ADJACENCY ALGORITHM

The path adjacency concept in Morphology can apply in the
field of Medical Imaging. This helps to identify the region
of interest. We propose an algorithm for P,-adjacency
dilation in the following.

Step 1. Convert the image into graph structure with vertex
and edge.

Step 2. Perform Intuitionistic soft fuzzification of graph
structure in step 1.

Step 3. Use the two formulae given in definition 3.1 to get
P, -adjacency Dilation
on the IFSG in step 2.

Step4.  Compare the obtainedmembership and non-
membership degrees of P,-adjacency Dilation in
IFSG in step 3withIFSG having threshold
membership and non-membership degrees.

Step 5. This graph generates a particular area of interest in
the graph.

VI. CONCLUSION

In this paper, we have introduced the path adjacency
vertex,path adjacency edge, P,-adjacency Dilation, P,-
adjacency Erosion, P,-adjacency Dilated IFSG, and P,-
adjacency Eroded IFSG. The algorithm presented in this
paper is applied to the other areas of knowledge.
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