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I. INTRODUCTION
The idea of fuzzy sets was introduced by Prof. Zadeh [8] in 1965. Then Rosenfeld [9] laid down the foundation of the concept of
fuzziness in relations and graphs in 1975. Later on the thought of intuitionistic fuzzy sets was proposed by Atanassov [5]. Further
the notion of graph structure was discussed by Sampathkumar in [1]. Dinesh and Ramakrishnan [2] gave the idea of fuzzy graph
structure. The notion of intuitionistic fuzzy graph structure (IFGS) G = (A, B1,By,...By) are defined and discussed by the authors in
[6] and [7]. In this paper some elementary operations on intuitionistic fuzzy graph structure are defined and their phi-complements
are obtained.

Il. PRELIMINARIES
In this section, we review some definitions and results that are necessary in this paper, which are mainly taken from [1], [2], [6], [7]
and [10].

A. Definition (2.1)
G = (V,Ry,R2,...,Ry) is a graph structure if V is a non empty set and R1, Ro,...,Rx are relations on V which are mutually disjoint such
that each R;, i=1,2,3,...,k, is synmetric and irreflexive.

B. Definition (2.2)

An intuitionistic fuzzy graph is of the form G = (V, E) where

i) V={v1,V,...,vn} such that pu::V—[0,1] and y1:V—[0,1] denote the degree of membership and non - membership of the element v;
€ V, respectively and 0 < pa(vi) + y1(vi) <1, foreveryvie V, (i=1.2,....,n),

ii) EcVxVwhere no:VxV — [0,1] and y2:Vx V — [0,1] are such that

1, (Vi V) < mindi (V)1 (Vi) b oand y,(vi,v)) <max{y, (v;). 7, (v;) }
and 0 < o (i, vj) +y2 (vi, vj)) <1, forevery(vi,vj) €EE,(i,j=12,....n).
C. Definition (2.3)

Let G = (V, Ry, Ry,....,Ry) be a graph structure and A, Bs, By,....,Bk be intuitionistic fuzzy subsets of V, Ry, Ry,...,R« respectively
such that

Hg (U,V) <H, (U) AR, (V) and vg (U,V) <v,(U) vy, (V) Vu,veVandi=1,2,..k
Then G = (A, By, Ba,....,Bx) is an intuitionistic fuzzy graph structure (IFGS) of G.
D. Example (2.4)

Consider the graph structure G = (V, Ry, Ry, Rs), where V ={ uo, Uy, Uz, Us, Us} and Ry ={ (Uo, U1 ), (Uo, U2), (U3, Us)}, Ro ={(u, U2),
(uz2, us)}, Rs={(uz, us),(Uo, U4} arethe relationson V. Let A ={<u, 0.5,0.4>, <uy, 0.6,0.3>, <uy, 0.2,0.6 >, <u3,0.1,0.8> , <ua,
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0.4,0.3> } bean IFSon V and B; = { (Uo, Ul), 0.5,03>,< (Uo, Uz), 0.1,0.3>, < (Ug, U4), 0.1,0.2 >}, B, = {< (Ul, Uz), 0.2,0.1>< (Uz,
U),0.1,02 >}, Bz ={< (U, Ug), 0.1,0.5 > < (U, Us)0.30.2 >} are IFRs on V. Here 1 (U,V)<H, (U)AK, (V)

and v (U,v) <v,(U)vv,(v) vuveVandi=123 .. G isanlIFGS,

I11.LELEMENTARY OPERATIONS ON INTUITIONISTIC FUZZY GRAPH STRUCTURES
A. Definition (3.1)
Let G, = (A1, Bi1,Biz,....Bu) and G, = (Az, Bz1,Bzz,...,Ba) be two IFGSs of graph structures Gi= (V, Ruy, Riz,....Ru) and Gz = (V/,
R21, R2z,...,Rak) respectively then the union @1 u@z of @1&1nd@2 is given by (A, UA,, B, UB,,B,UB,,..,B, UB, ) where

A UA, and B, UB, are given by

H, (U) ;if ueV and u g V' v, (U) ;ifueVadugV
Han,(U) = Hy, (1) yfueViaduegV v, ,U) = v, (U) ;if ueViand u gV
wU) v ) ;5 if ueVaV vaUAv, ) 5 if ueVaV
pg (W) if wekE and w ¢E vg (W) if weF and w ¢E
(t, (W) =1t W) if weE adwegE ; (g)W)=1v, (W) if weE adwgeg frali= 1213
g (W) v (W) if w e ENE Ve, (W) A (W) if W e ENE,
k k

B. Example (3.2
Consider @1 = (A1,B11,B12) and @Z = (A2,B21,B22) be two IFGSs of graph structures Gi = (V, Ri1, Ri2) and G2 = (V', Ro1, R2)
respectively where V= {us, Uy, us} and V' ={vi, vy, vs}. Let A; = {< uy, 0.3,0.4 >, <uz, 0.4,0.5 >, <u3,0.5,0.1>}and A, = {< vy,

0.3,0.5>,<v,,0.2,0.6 >, <V3,0.7,0.1>} be an IFS on V and By1= {< (Ul, Uz), 0.2,04>,< (Ul, U3 ), 0.1,0.3 >}, B, = { < (Uz, U3
),0.3,0.1 >} and Bo1 = { (v, V2), 0.2,0.1> ,< (v, v3), 0.2,0.2 >}, Boo = { < (V2,v3),0.2,0.1 >} are IFRs on V as shown in Fig 1. then

the union @1 u@z of @1 and @Z is as shown in Fig.2.

1 %48 i i g ;

C. Theorem (3.3)
Let G = G1UG, be the union of two graph structures Gi = (V, Ri, Riz..,Ri) and Gz = (V',Ra, Ra,...,Rak). Let @1=

(A1,B11,B12,...,B1k) and @Z = (A2, B21,Boy,...,Bak) be IFGSs corresponding to the graph structures G; and G, respectively, then G =

G UG, = (AJUA, B,UB,,B,UB,,...B, UB,) isan IFGS of G.
1) Proof: Fori=1,23,....k.
Case(i): If u e Vand u ¢ V'andif uv € E; and uv ¢ E,then

(‘uBnUBzi )(UV) =Hg (w) = Hp, (un Hp, (v) = Ha On, (u) A Ha, On, (v)

and (vg g ) (W) =vg (W) =V, (U) AV, (V) =Vh o (U AV, A (V)
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Case(ii)y:- If ueV' and ugV andif uveE, and uv ¢ E, then
(uBliuBZi ) (UV) = Mg, (w) = Hy, (u) A Hy, (V) = Hain, (u) A Hain, (v)
and (v g, ) (UV) =vg (W) =v, (U) AV, (V) =V, n (U) AV, a (V)
Case (iii):- If ueVnNV' andif uve E, NE,then
(He,us, ) (UV) = pg, (UV) v gt (UV) <[y (U) A g (VTV [y, (U) A 2y (V)]

S Lup (W) vy (WIA T, (V) v, (V] =t 08, (U) A pry 00, (V)
S (uBliUBﬁ ) (UV) S HA1UA2 (u) N :LlAlqu (V)
and (v, g, ) (UV) = vg, (UV) A Vg, (UV) <[v, (U) vV, (MIAv, (U) vy, (V)]

< [VAI(U) AVa, (V]v [VAI(V) A VAZ(V)] =Vaua, (u) v Vaua, (v)

o (Ve,us,,) (UV) SVaun (U) Vv, oa, (V)
.. 6=(A,UA, B, UB,,B, UB,,..,B, UB,) isan IFGS of G.
D. Theorem (3.4)
Let & =(A UA,, B, UB,,B,UB,,...B, UB,) be the union of IFGSs & = (Ai, Bi,Bu....Bu) and G,= (Az Ba,
B2y,...,Bak), then every IFGS (A, By, By,....,By) of G is the union of IFGSs of G; and G..
1) Proof: Define 1, and p, as p, (U) = pua(u) if ueV; w, (U)=w,(u) if u eV’
and v, (U)=v,(u) if ueV;v, (U)=v,(u) if ueVv’
Define wg and ug as pg (UV) = pg (UV) if UV eR;; wy (UV) = pg (Uv) if v eR,
and vy (uv) =vg (Uv) if uveRy; vy (UV) =vg (UV) if uveR, fori=123,... .k
For j=1,2, #Bii(ujvj) = #Bi(ujvj) < ,L‘A(Uj) A ,L‘A(Vj) = ,L‘Ai(uj) A /lAi(Vj)
and vBii(ujvj) = vBi(ujvj) <va(u)vv,(vl) = vAi(uj) v vAi(vj).
- 6, = (A}, By, Bpp....By) isan IFGS of G, j=1,2.
Thus an IFGS (A,B1,Bs,...Bx) of G is a union of an IFGSs of G; and G, where A=A UA, and B=B, UB, for i=12...k.

E. Theorem (3.5)

Let G1= (V,R11,R12,...,R1k) and G>=(V',R21,Rz2,...,Rak) be two graph structures with VAV’ = . Let A; and Az be intuitionistic fuzzy
subsets of V and V' and Bs, B be intuitionistic fuzzy subsets of Ri, R respectively for i =1,23,....k If
(A,UA,,B,UB,,B,UB,,...,B, UB,)is an IFGS of Giu G, then (A1,B11,B12,...,.B1) and (Az2,B21,Bz2,...,B2k) are IFGSs of

graph structures G; and G, respectively.
1) Proof: If (A, UA, B, UB,, B, UB,,..,B, UB,)isan IFGS of GiUG,,

(Mg, 8, )(UV) < Hpon, (U) A g p (V) @nd (VBliuszi)(UV) SVaon U) VYL oa (V)
uvoe R,
Let uve R, then ueV,veV and henceug V', veV'.
< Hg, (uv) = (/r‘B“uB2i ) (UV) S Hpon, (u) A Ha o, (v)
= (U) A p, (V) (2 gV veV)
and Ve, (uv) = (VBliuBZi ) (UV) SVaon (u) v Vauna, (V) This is true for 1 =
=vy(U)vv,(v) (- uegV'iveV)).
1,2,3,....k.
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(Al,Bll,Blz,...,Blk) is an IFGS of G1.

Similarly it can be proved that (A2,B21,B2,...,B2x) is an IFGS of G..

F. Definition (3.6)

Let @1 = (A1,B11,B12,...,B1k) and @2 = (A2,B21,B2,,...,Bak) be two IFGSs of Giand G, respectively then the join @1 +@2 of @1 and
@2 is given by (A+A,,B,+B,,B,+B,,...B,+B,) where A+A, and B, +B, are given by

(Haon, ) (U) =maxus, (U), gy, (WFand (v, )(u) =minfv, (U),v, (W} if U eVUV'

(g, 5, ) (W) =15 g (W) and (vg o )(WV)=vy o (W), if WeE UE,

(/Jw%i)(uv):r‘rin{yﬁ(u) i, (V)} and (va%i)(uv):rmX{vAl(u) , Va (W}, if W € E' where E'is

the set of all edges joining the vertices of Vand V', foralli= 1,2,3,....... Koo~

G. Example (3.7)
Consider @1 and @2 be two IFGSs as shown in Figl then join @1 u@z of éand @2 is as shown in Fig3.

H. Theorem (3.8)
Let G = G1 + G, be the join of two graph structures Gi= (V, Ri1, Riz,...,Ri) and Gz = (V', Rz, Rao,...,Rak). Let @1= (A4, By,

Bi2,...,B1k) and @Zz (A2, B21,Ba,...,.Bax) be IFGSs corresponding to graph structures G; and G, respectively then
(A+A,, B,+B,,B,+B,,...,B,+B,) isan IFGS of G.
1) Proof: Fori=1,23,....k
Case (i):- If uv € E,UE,,
(Hg,e, ) (UV) = (Mg, s, ) (UV) = g (UV) v g, (Uv)
SLua (W) A (DIV Lag, (U) A gy, (V)]
STua ) vop, (WIATu, (V) vop,, (V)]
= Haon, W) A paoa, (V) = tipp (U) A pp 0, (V)
(Mg, Y(UV) S gy (U) Ay (V)
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and (v g, )(Uv) = (vg g, ) (Uv)=vg (Uv) A vy (uv)
Sva W) vv, (VIAlv,, (U) vy, (V)]
Sva (W) Avy, (UWIVvIv, (V) Av, (V)]
Vo WV Vo (V) =V W)V Y (V)
e Vayan ) (UV) SV (W) Vv (V)
Case (ii):- If ueV andveV'and uv € E’,
(b, ) (W) = 1y () A 1y ) = 1y (DA 3 O) (UEV a0V V) =y () A 1y (1)
and (Vg .5 ) (W) =v, W) vV, V)=, W)V, o (V) (cueV andveV)=v,, , U)vv,., (V)
Case (iii) : - Similarly, if ueV' and veV and uveE’,
(15,.,) (W) = 1, (W) A 1, () = i (U) A iy (V) (5 UV and v V)
= Hp p (U)A g (V)
and (vg g ) (W) =v, (U)vv, (V) =v, o WVvv, (V) (-ueV' andveV)
=Varn (U VY, (V)
These results hold for i=1,2,3,.....k .
o (AtA,, B,+B,,B,+B,,...B,+B,) isan IFGS of G.
I.  Theorem (3.9)
Let G = Gy + Gy be the join of two graph structures Gy and Gz and G, = (As, By, Biz,....Bu) and G, = (Az, Bot, Bzz,...,Bad) be IFGSs
of G; and Gy respectively Let G = (A, By, By,.....,Bi) be an IFGS of G with the following conditions:
pg (UV) = 11, (U) A (V) @nd vy (UV) =v,(U) viv,(v) VvV uveR,i=12,...k then G = (A,
Bi, Ba,.., By is the join of two IFGSs G, and G, such that
pg (UV) = p, (U) A, (V) 0f uveRy, g (UV)=p, (U)Ap, (V) if uveR,
and vg (Uv) =v,(U)vv,(v) if uwweRy, vy (U)=v, (U)vv,(v) if uveR,
1) Proof: Define w1, and g, as w, (U) = pu,(u) if ueV, w, (U)=p,(u) if u eV’
and v, (U)=v,(u) if ueV, v, (U)=v,(u) if ueV’ Define
pg, and g as pg (UV) = wg (U) if UV e Ry, 1 (UV) = 1 (U) if UV ER,
and vy (Uv) =vg (U) if uveRy, vy (Uv) =vy (U) if UveR, fori=123,...k,
FOr =12, g, (UV!) = gt (UV1) < 1, (U1) A gt (V1) = 1, (1) A gty (V)
and vy (Uv?) =vg (V) <v, (U!) v, (v)) = Va, (u') ViV (vh)
< G, = (A1, B11,Biz,....Bu) and G, = (Az, B21,Bzz,...,Ba) are IFGSs of Gy and Gz .
Case(i):- If uv € R; UR,,
Ha(U) = tp o, (U) = g n, (U) AND VA (U) =V o, (U) = V4 ia, (U)

Heg, (uv) = (,L‘Blin2i ) (UV) = (,L‘BHJrB2i ) (uv)and Vg, (uv) = (VB“yB2i ) (UV) = (VBmle ) (UV) by definition.
Case (ii):- If ueV andveV'and uvekE’,
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(tg, 15, ) (UV) = 12, (U) A gty (V) = g, (U) A g2, (V) = 1 (Uv) by assumption
.g, ) (W) =v, (U)vv, (V) =v,(u) vv,(v) = vg (uv) by assumption
Case (iii) : - Similarly if ueV' andveVanduv € E',

(tg, 6, ) (UV) =ty (U) A gt (V) = g2, (U) A 12, (V) = a5 (uv) by assumption

and (vg .5 )(UV) =V, (U) Vv, (V) =v,(u) vv,(V) = v (uv) by assumption

These results are true for i=1,2,3,.....kK .
= (A, By,By,..., By) isa join of an IFGSs of G1 and G .

and (vg,

J. Definition (3.10)
Let @1 = (A4, By, B1a,...,B1k) and @2 = (Az, B21,B2y,...,Ba) be two IFGSs of graph structures G; = (V, Rii, Riz,...,R1k) and G, =

(V', Ra1, Roa,...,Rok) respectively then the cartesian product @l x@z of &l and @Z is denoted by

(A xA,, B, xB,,B, xB,,...B, xB,) ’ where A xA, and B, xB, are defined by

o, ) =11, (@) A, () a0 v, () =y (@) v ()

Hy s, (UUP, W) = 1, (W) A g, (UPVP) @nd v g (UL, WVP) =V, (U) Vg (UVY), YUeV and UV B,
(b, ) UWVW) = 11, (W) At (UV') AN (v, ) LW VW) =V, (W) vy, (UVY) Y WEV' and UV €B,
(#Bux%)( ulw,vlw) = 11, (W) A g, (U'V') and (VBHX%)( ulw,vlw) =v, (Wvvg (UV) ,VweV and uV' eR;.

K. Example (3.11)
Consider @1 = (A1,B11,B12) and@2 = (A2,B21,B22) be two IFGSs as shown in Figl then the cartesian product &l x@z of &l and @Z is

as shown in Fig 4 below.

L. Theorem (3.12)
Let G be cartesian product of two graph structures Gi1=(V, Ri1,R12,...,Ri) and G2 = (V' ,R21,R2,...,R2) and @51 = (A1, B11,B12,...,B1k)

and @Z = (A2 B21,B2,...,Bx) be two IFGS of graph structures G: and Gz respectively then
(A xA,, B, xB,, B, xB,,..., B, xB,) isanIFGS of G.
1) Proof: Case(i):- VweV' and u'v'eB,
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(Hey,) ( UWNVW) = g, (W) A ptg, (W) < (W) A [ty () A, (V)]

= L1ty () Aty (WAL 1, (W) A 1, V)] = [ty (UW)T ALty (VW]
(Veys, ) [ UWVW) = v, (W) v vy (UV) < v, (W) v [y (U v vy (V)]

= [V, (W) v v WV LV, (W) vy, (V)] D, (UWIV IV, (VW]
Case (ii) : YueV and u**eB,,
(e, ) (VU UV?) =t () At (UPVP) < ) A, (UF) A, (V)]

= Lot ) Aty WAL 1, () A pty @] = [ty (W) ALty (V7))

(VBHXBH)( uuz,uvz) =v, () Vv (UV) < v, (U) Vv, ) v, (V)]

= [, )V vy @IV v ) vy, (] = Vg (U0 )1V IV, (0°)]
These results hold for i=1,2,3,.....k.
Therefore, (A xA,, B, xB,, B,xB,,...B, xB,) isan IFGS of G.

M. Definition (3.13)
Let &l = (A4, B11,B12,..,Bik) and @Z = (A, B21,B2,...,Ba) be two IFGSs of graph structures Gi and G, respectively then the
composition @l o@z of Giand Gy is given by (A °A,, B,°B,,B,°B,,..,B, B, ) where A oA, and B, -B, aregiven by

(ttaon, ) (U0 ) = 11y (W) A gt () N (v, ) (W) =, (1) Vv (), W (U, U°) €V XV and for i=12,.., k

(ttg, 5, ) (W07, UV ) = g1, (U) A gt (UPVP) AN (v g ) (U7, UV ) =, (U) vV, (UPVP) VUEV, UV €B,
(it 5, ) (UWL VW) = 12, (W) A st (UVY) BN (v ) UW VW) = v, (W) Vv (UV'), VWEV', UV €B,
(bt o5, ) (UU° WV ) = 1y (U7) Aty (VP) At (UVY) @ (g ) (UUPVVE ) = vy (UP) Vv (V) v v, (UVY)

vV (U'W?,Vv?) € B, o B, —[{(uu’,w?): ueV and uv’ B, }u{(u'w,v'w): weV'and u'v' B }]

N. Example (3.14)
Consider @1 and @2 be two IFGSs as shown in Figl then the composition @l o@z of &l and @Z is as shown in fig below.

» Lz
i [

T = o - o,
F-L'cj i {:Iﬁ "fi fﬁﬂ.llyﬂ.e;_&:ljfm ItF ,, J_ﬂ,}
& T e
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O. Theorem (3.15)
Let G be composition of two graph structures G; and G, and @51 = (A4, Ba1, Ba,...,Bi) and @Z = (A2, B21,B2y,...,Ba) be IFGSs of

graph structures G; and G, respectively then (A oA,, B,°B,,B,°B,,...B, °B,) isan IFGS of G.

1) Proof: Case(i): VweV' and u'v'eB,
(ths,e 5, ) UWV'W) = 11, (W) Aty (UNY) <ty (W) At (U1 A gty (V)]
= Loty (€A 0, (WAL pt, (W), (P = [ty (WALt (VW)
(Ve,. 5,) (UWVW) =v, (W) Vv (UVY) < vy (W) [y, (W) v, (V)]
=[v, )V vy WIVL v, W) v v, (D= gy (UWTVIv,,, (VW]
Case(ii) : YueV, and u’v’eB,,
(ths,e 5, ) (U UV7) = g1, (U) A g, (UVP) <ty (U) ALty (U7) Ay (V)]
= [ty A i CNAL g, ) Aty (] = [ )00 )AL, ) (062)]
(Ve,. %)( uuz,uvz) =V, (U) vy (UVY) < v, (U) Vv, (BP) vy, (V)]
=p OV v @DV v () Vv (] = [0 ) IV [0 ) 2]
Case(iii) : V u'u?,v'v* € By o B, —[{(uu’,uv*) :u e Vand u’v* e B, }u{(u'w,v'w) : weVand u'v' € B;}]
(ty 5, ) U V) =g, (W) Ay (V) Ay, (V) <y (U) Aty (V) ALty (U) Aty (V)]
= Loty () A, ALy () Aty (2] = [ty (U] ATt (V2]
(Va,. %)( uluz,\f\/z) =\/Az(u2)vaZ(Vz)vaaj (uvh) < vpz(uz)vvpz(vz)v[vpl(ul)vvﬁ(vl)]
=[vA )V v @)]v[ vy (vl)/\vA )] = [VAOAZ( Ule)]V[VAoAZ( vlvz)] These results hold for i =

1,23,...k
Therefore, (A, cA,, B,0B,, B,°B,...,B, 2B, ) isan IFGS of G.

IV.¢- COMPLEMENT OF OPERATIONS ON IFGSS
In this section, we obtained a relationship between phi-complements of union of two IFGSs with the sum of the phi-complements of
the IFGSs.

Definition (4.1)[7] Let G = (A,By,Ba....,Bx) be an intuitionistic fuzzy graph structure of graph structure G=(V,Ry,Rz....,Re). Let ¢
denotes the permutation on the set {R1,R,,....,Ri} and also the corresponding permutation on {Bs, Bz,...,Bi} i.e., ¢ (Bi) = Bi® = B; (
ie, qui = Mg, and qSVBi = VBJ_) if and only if ¢ (Ri) = R;, then the ¢ - complement of G is denoted G’ and is given by G’=
(A, B1® ,B2,...,B?) where for each i =1, 2, 3,..., k, we have

ﬂBi¢(UV) = Ha (U) A H (V)_z (¢,UBJ. )(uv) and VBi¢(UV) =v,(u) v VA(V)_Z(¢VBJ- )uv) .

j#i j#
Definition (4.2): Let G1 = (V, Rui1, Ru,...,Rw) and Gz = (V',Rz1, R22,...,Rox) be two graph structures such that V and V' are disjoint.
Let @1 = (A1,B11,B1,...,B1x) and @Z = (A2, Bo1, Ba ..., Bok) be IFGSs corresponding to the graph structures G; and G respectively

and ¢ and ¢ be permutations on the sets{ B11,B12,...,Bw} and { B21,B2,...,Bak } respectively. Define ¢ on
(B,+B,,B,+B,,...,.B,+B,) asfollows
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G W) if w eB,; @0, )W) if weB,
W, )(W)=1 A )W) if WeB, ;¢ )(W)=1 ¢0p )W) if weB,
wWAw() if ueV,veV vaWvv,(v) if ueV,veV

Then clearly, ¢ is a permutation on the set (B,+ B,, B,*+B,,,....,B,+B,,).

Theorem (4.3): Prove that ¢- complement of join of &, and &, is the union of &, and @2@ ie., (&1 +@2)¢ =E§1ﬂ U@Z%.
Proof: Fori=1,23,.....k,
(#Bli+82i )’ (UV) = [:uAlJrAZ (u) A Hpin, (V)] - Z ¢(:uB“—+BZi ) (UV)

j=i

i-e-(#sli+82i )’ (UV) = [,L‘Alqu (u) A Hpon, (V)] - Z ¢(,UB“+B“)(UV)

j=i
if uwveB,;uB, ,i=12,3,..,,k
= [:uAlqu(u) N :uAluAZ(V)] - Z [,L‘Al(u) N #AZ(V)]

j=i
if uv joins a vertex u of V, with a vertex v of V,
= [:uAlqu(u) N ‘uA1UA2 (V)] - Z [,uA2 (U) N ,uAl (V)]

j#i

if uv joins a vertex u of V, with a vertex v of V,

(V51,+Bz, ) (UV) = [VA1+A2 (u) v Viasn, )]- Z ¢(VB“+BZJ ) (UV)

j#i

i'e'(vBl,ﬁ-B2I )¢ (UV) = [VAlmA2 (U) Vv VAlmAz (V)] - Z ¢(VB“+BZJ ) (UV)

j#i

if uwveB,uUB, ,i=123..,k
= [Vprn, W VY a (D= D [V, (U) viv, (V)]

j#i
if uv joins a vertex u of V, with a vertex v of V,

= [Varn, (W) V Vi, (D=2 [V, (W) Vv, (V)]

if uv joins a vertex u of V, with a vertex v of V,
Let i be fixed, three cases arises,
Case l: If uv € supp (¢,B,,) or uv € supp (¢,B,,),r=i
If uv e supp (¢,B,,),
(Hg,.5,)" (UV) = [pn (U) A g1y (V] = @ (pt, ) (UV) = [ () A g1, (V1= 1 (1g,) (UV)
(1, )™ (uv) = [atp (U) A 1 (V1= 2 6(ug,) (V) = [p () A 1, (V)] = 1 (115, ) (uv)

(- uv e supp (4,B,,))
o (Mg e,) (W) = 1, * (Uv),
(Ve,re, )’ (UV) =[vy (U) Vv, (V]=(vg ) (uv) =[v, (U) v v, (V] (sg, ) (uv)
(ve, )" (u) =[v, (U) v, (V=D d(ve ) (uv) =[v, (U) vV, (M]=¢ (v ) (uv)

(- uv e supp (4,B,,))
(Ve oe, )’ (uv) = vBﬂ"‘1 (uv)
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Similarly if uv € supp (¢,B,,),

(tg,5, ) (UV) = pg % (uv) and (vg 5 )* (UV)=vg * (uv)

Casell: If uv e supp (4B,) or uv € supp (4,B,)

If uv e supp (4B;),

(b5, )" (UV) = 11, (W) Ay (V) = g * (V) and (v 5, )" (UV) =V, (U) VY, (V) = v * (W)
If uv e supp (4,B,),

(g, 5, ) (UV) = 1 (U) A 1 (V) = 1 * (W) @D (Vg g ) (WV) = v, (U) Vv, (V) =V % (UV)
Case Il If uv joinsavertex of \, witha vertex of V, or if w joins a vertex of \, with a vertex of \/
If uv joins a vertex of \, witha vertex of \,, then

(lei +B,, )¢ (UV) =Hy ) Ay, v) —[,LtA (u) Ay, (W]=0and

(g5, (W) =v, () vy, V) [v, W) vy, (W]=0

Similarly when uv joins a vertex of \/, with a vertex of \/, we get the results same as above. Theorem (4.4): Let G, =
Combining all the cases,

(yBli*'Bzi )¢(U\/) :(yBliqa U’UBA%)(UV) and (V itByi )¢(U\/) :(V iq1 UVB;&)(U\/)
(6+8) -6" "
(Al,Bll,Blz ..... Blk) and @2 = (Az, B,1,B,..., sz) be two IFGS of G; = (V, Ri11, Ri,..., le) and G, = (V',R21, R2»,..., R2k) respectively

such that VV and V' are disjoint and ¢ is a permutation on the set (B,,+B,,, B,+B,,,....,B, + B, ), then prove that ¢ - complement of
union of & and &, is the join of G," and,” iie. (E;l U@ZY -5"+6"

Proof : (st s, )" (UV) = [itp s, (U) A 150 (V)] —Z(b(,uBHUBZJ)(UV) fori=1,23.....k
Fix an i, three cases arises,

Casel: If uv € supp (¢,B,,)or uv € supp (4,B,,),r =i

If uv e supp (4,B,),

(‘LlBliUBZi )¢ (UV) = [,UAl (u) A Ha, W)]- ¢(,U|3lr ) (UV) = [,u/s1 (u) A Hp (V)]- ¢1(:uBl,) (UV)

(g, )™ (UV) = [ty (U) A 1 (V1= D0 1g)) (UV) = [, (U) A g, (V= (115, ) (V)

(- uv e supp (¢,B,,))
c(tgoe,) (UV) = g * (uv)
(Ve,os,)’ (W) = vy (W) v v, (D] = 0(ve, ) (UV) = [V, (U) v v, (V] = (115, ) (uV)
(Ve,)* (W) = [V (W) v v (1= 2 (v, ) (V) = [V, (1) v vy (V)] = (v, ) (u)

(- uv e supp (¢,B,,))
(Vs ) (Uv) = vBlfl (uv)
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Similarly if uv € supp (¢,B,,),

(e, ) (V) = ti,* (W) and (v, g, )* (W) = v, ()

Casell: If uv € supp (¢B;) or uv e supp (¢4,B,)

If uv € supp (¢B,),

(g, )" (UV) = g1, (U) A g1, (V) = gt * (V) and (v g, )’ (UV) =V, (U) VY, (V) = v * (UV)
If uv € supp (¢,B,),

(g e, )" (W) = g, (U) A 1 (V) = g * (V) and (v g ) (V) =V, (U) Vv, (V) =V, * (UV)
Case I11: If uv joins a vertex of V, witha vertex of V, or if uv joins a vertex of V, with a vertex of V,
When uv joins a vertex of V, with a vertex of V, ,

(g, e, ) (W) = (W) A g1, (V) [t (U) A 1, ()] =0 and

(Vg,)" (V) =V, (W) v, (V) = [V, () Vv, (V] =0.

Similarly when uv joins a vertex of \, with a vertex of \,, we get the results same as above.
Combining all the cases, we get

(1, )" (09) = (s, * 1, ) (00) NG (7, )" (09) = (5, v, ) ()
(@1 |\ @2)¢ = @1¢1 + @2¢2_

Result (4.5): Let ¢ and ¢ be permutations on the sets {Bi1,Biz,...,.Bi} and {B21,Bz,...,Bak } respectively. Define ¢ on
{B,*+B,,B,*+B,,...,B,+B,} asfollows

#(B;+B,) =4(B,;)+%(B,) then ¢isa permutation on the set {B,+B,, B,+B,,,...,B, + B, }.
Definition (4.6): G = (A, By, Ba,...., By) of G = (V, Ry, Ry,....,R) is a Bi- strong IFGS if
Hg (U,V) =l (U) A, (V) and v (U,V) =V, (W) vV, (V) YuveB andi=1,2,..k.

is a Bi- strong IFGS where B, = B, o B,,.

Proof: Let A=A-°A, and B =B,0B,.

Co () e, (1) AN vy (W)=, (U) | ptg (W) = g 5 (W) BN Vg (WV) =V, g, (WV).

Case (i): VweV' and UV eB;

Ho (UWVW) =1 (W) Ay V) =, (W) AT @) Apy (P (2 6 beaB, — strong IFGS)
= [ty (W) Aty WIAL W) Aty W= 1y (UW) AL (VW)
=t UW)IA L, (VW)

v (Uwvw) =v, (W vy (W) =v, W Vv, @) vy, (W] (- G beaB; - strong IFGS)
=[v, W)y, IV v, W) vy, (D] = [y (UWI VIV, (VW]
=VA( ul\N)]/\[vA( VlW)
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Caxe(ii) : VueV, and WA eB,,
(5, WE0P) =24 @ st ()= s DA DA (A (G beaB, - STogIFGY)
=Ly @7 1, @AL, 09 A28, O] = [ty WAL, ) 07
ST
(o5, ) WP W) =1, @)V (PVP) =V @VIV, (D) vy ()] (6 beaB, — stong IFGS)
=V @)V v, (VL Vs, () VY @] =V (WP vy ((07)
= v ) )
Case (i) : u'v' € By, u” # v*
pe ((UUP V) =y (UP) A gty (V) A gt (UV) = gty (UF) Ay (V2 ALty (UF) A gty (V)]
=[uty (W) A g, WAL (V) A g1, (V] = gt (U0 )ALt (VVP)
vg (UUPVVP) =v, () vy, (V) vivg (UVY) = vy (U) v, (V) Vv, (U0) viv, (V)]
=g @)V v @IV v, (P) AV, O] = g (U0 VI s (V)]
@1 0@2 is B, —strong.
holdsfori=1, 2, 3,.....k.
Result (4.8): Let ¢ and ¢ be permutations on the sets {Bii,Biz,...,.Bi} and {B.1,B2,...,.Bok } respectively. Define ¢ on
{B,°B,,B,°B,,..,B,cB,} asfollows
#(B, oB,) =4 (B,)°4,(B,) then ¢ isa permutation on the set {B,, oB,,, B, >B,,,...,B, B, }.
Theorem (4.9): Let G, = (A, Bu, Bu,...Bu) be a By- strong IFGS and G, = (A2 Bz,Bz,...Ba) is a Ba- strong IFGS. Let

The above result

Hp = Hp.a, @Nd v, = v, , and B, =B, °B, for [ = 1, 2, 3,....k . Then

B/ (uv) = (B, 0 B,’2)(uv) ¥ uveVxV' where ¢isa permutation on the set{B,, oB,, B, B,,,...,B, o B, } defined

as above.
Proof : Given A=A -A, and B =B, °B,.
“ i (U) Ty, (U) a0 v, ()= () g (W) = g, (V) N v (V) =g g, (V).
Case(i) : YueV and u’v’eB,,
) 2 2\ _ 2 2 2 2\— 2 2 2 2
Hg, ( uus, uv )_ Ha (UUT) A p, (UV )_Z(¢HBI)( uu-,uv )_ HA( uu )/\HA( uv )'[IUA( uu )/\IUA( uv )]
ji
(- Puig, = Hg, for some j =i using case ii of theorem (4.6))

“a¢( uuz,uvz):O

(o, ") WP WP) =1ty (D, * (WP) = 11, () ALy () At (F) = ity UV ]

=l WA 1, YA g )]y WA 11, ) A 1, (F)]
(- UV B, g =pp forsome iand G, beaB, —strong)
o (g o) WP, W) =0
=" [ WP W) =(1g, o )| W)
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o) ) i o o

(-.qié =y, forame)A argeil dreamid)
o
N ( uf,uf) =0
=14 WFW7) =(tg o, ) uf 0/
AT EAT MDY (G E AOMAG MIATNA S DI [T
=, @V v, )V v, (A1, Vi, )W) forsnepin{L.23... K
=, V[VAZ(LF)W&(\%)—Z@V%)(W)] =v, ()15, () =15, ovg, )| uf, )
o 0807 ) ),
(o, ufaof] =3OV )=y QM D) V]

7

Qv v OV v OHR OV v v 4 ()]
(VB ¢y, =y TreiatlG teaB g0y
.'.(‘éf o‘éi‘é)( u},uf) =0
=>¢{ uf] =g o) ub
=y uf) vy o]
Gl Vuevad (W eB f47
w/{ uf ) #A(HF)M(WZ%J_#Z%)( uf.w/) %(@A%(Lﬁ]ADA(@NA(\f)]—hZ%)( uf. /)

4O DA OHL OB ) V] repingl23. . R
=4 QA DA 0D Y T4 Qg Rty org ) ufiw]
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Case (ii): VweV' and u'v' eB,
#° (u'w,v'w) =0 as shown in case (i)

(g, o pte, ™) (UWVW) = 11, (W) A ptg, P (UVY) =, (W) ALt (U1) Aty (V) = 3 (it ) (UV)]

j=i

= [ty (W) A, (U) Aty (0] = Lt (W) A Dt ) (U]

= [t () ity (01) 7ty )] Laty, (W) A 1 (0F) A 1, (4)] =0

= ’uBi¢ (U1W’V1W) = (’uBu¢1 ° ’uBzi‘ﬁz)( U1W' VlW)

ve ! ( U'w,v'w) =0 as shown in case (i)

(v, ove, ) (UW, VW) =v, (W) v vy f(UV) = v, (W) V[V, (U) Av, (V) —Z(qﬁlvBm)(uzvz 1
= [V, (W) vy (U) v v, (][, (W) v Y (v, ) (UV2)]
=[v, (W) vv, (u)v Va BE [Va, (W) vV, (u) v Va (V)]=0

:>VBi¢ (ulw, vlw) = (va ° vBZi‘”Z)( u'w, vlw).

Case (iv): VweV’' and  u'v'¢B,

ps? (UWVW) = g1, (UMW) A, (Vi) - D (dus) (u'w,v'w)]

j=i

= Laty, (U1) A sty (W] A Lty (V) A gty (W] = D (et ) (W, v )]

= [aay, (U) Aty (V) A 1y (W)= L2t (W A it ) (UV' )] for some g e{i=1,23,....k}

(g, © g, ) (W VW) = g1, (W) A g, B (UVY) = gt (W) ALt (U) A g1y (V) = D (it ) (UV')]

j=i

= [aty, (W) A, (U1) Ay, (V)= [y, W) A D (i ) (UV)]

= [ty (") A g, (V) A g, (W) = [, (W) A qﬁl,uBm)(ulvl )1 forsomeq e{i=123,...K}
= (W)= G 1, 2) )

Ve ¢ ( utw, vlw) =v,(U'W) vv,(V'w) — Z(qilij ) (ulw, Vlw)]

j#

= [y (W) v W]V [V, (4) v vy (W= 3 (v, ) (U v

j#

= [V (W) vy, (V) vy, (W) —[v, W]V v, )(uV')] forsomeq efi=123,...k}

0, 0, 2)| LWV} =1 (Vg PV = v, VIV, () Ay ()= T (U]
 AUMAGNMAG EIADICTG)

AOMAGNMACEIAC VS0
:>V3¢(LE‘N\’]V") (" °"qu§)( LEWV]W)
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Case(v) : u'v' e By and u?v? e B, u? #V?
15 (U'u?,vv*) = 0 as shown in case (i)

(15, © g, ") (UUP VVP) =y (U) A gty (V) A st * (UVY) = pty (W) Aty (V) ALty (U1) A g (V) = D (it ) (UV)

j#

=ty (U) A 41, () A i (U Ay () =L, (W) A g1, (V) A D (it ) (U]

j=i
= 1, (W) A (V) A gty (U) A gt (V) = [, (W) A gty (VP) A gt (U) A (V)]

(v UV € By, 4ty = g, for some jiand G, beaB, —strong)
S (g, Oﬂ52|¢2)( uluz,vlvz) =0
= yef’( uluz,vlvz) = (g, " o yBZI‘”Z)( uluz,vlvz)

and v, *( u'u?,v'v*) =0 as shown in case (i)

(vt ovsfz)( uluz,vlv2) =v, () vy, (V) Vg 2 UV) =v, U°) v, (V) vIv, ) vv, (V) —Z((AVB“ )(ulvl)

j#

=v, () vv, (V) vy, ) vy, (V) =v, (W) vy, (VZ)VZ(@VB“)(UIVI)]

=i
=v, () vy, (V) vy, ) vy, (V) =[v, W) vy, (V) vy, (u) vy, (V)]
(- UV € By, vy, =V, forsome j=iand G, beaB, —strong)
so(ve °VBZ,¢Z)( uluz,vlvz) =0
=>vg’ ( uluz,vlvz) =(vg "o vBZI‘Z‘Z)( uluz,vlvz).
Case(vi) : u'v' ¢B, ,u* =V

p (U V) =, (UUP) A g (V) = (gt ) (U0 VAV )]

= [up (U A g, (WAL, () A 1y (V)] = [ty (W) A g1, (V) A it ) (UV')] For some p e{i=1,2,3,....K}
(ttg,* o 1, ) (W02 VVP) =, (UP) A gy (V2) A g, (UV)
= fy (U) & g, () A Laty (W) A g1, (V) = 3 (st ) (V)]

=ty W) Aty (V) Aty (U A gty V) = L1t (W) A 11, (V) A it ) (UV)]
yef’( uluz,vlvz) = (g, o yBZI‘”Z)( u1u2,v1v2)

and v,’ ( uluz,vlvz) =v,(U'U?) vv,(V'v?) - z(¢"s, )(uluz,vlv2 )]

= [vAi(ul)vaz(uz)]v[vAi(vl)vaZ(Vz)]—[vAZ(uz)vaZ(vz)vqﬁlvBlp)(ulvl)] for some p e{i=1,2,3,....k}
(v, ovg, ®) (U WV =v, (U vy, (V) Vg * (UV)

=v, (") vv, (vz)v[vAi(ul)vai(vl)—Z(qﬁlvB“)(ulvl)

=V (F) vV, (V) Vg (W) vy () =V, () Vv (V) v v, ) (UV]
:>vE,f( uluz,vlvz) = (v, " oszf’Z)( uluz,vlvz).

Case(vii) : u'v'¢ B, , UV’ ¢B,,

g (U072 ) = g0, (UU%) A g (VW) = 3 (g ) (U107 WV )]

= [y (W) A sty (W ALty OF) Aty ()] =it (0%) A 1, (V) A it ) ()] for some g e{i=1,23,....k}

If u®=v?=w,asin case (iv),
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(tag, ™ o p1g, *) (UPUP V'V ) = [aty (U') A gty (V1) A gty (W)1= [, WDT A Gt ) (U]

If u?=V?, asin case (vi),

(tg,* o t1g, ™) (U VP ) = g () A g1y, (V) Aty (U1 A gt (V) =Lt (U A, (V) A it ) (U]
,uBf( uluz,vlvz) = (up. o,uBZi"’?)( uluz,vlvz)

and v, ! ( U, VW) :vA(u]uz)va(vlvz)—Z(qﬁvBi)(uluz,v’vz)]

j#

If u®=v*=w,asincase (iv),
(et oV, M) UV ) =L, (W) v, (V) vy, W=V, WV v ) (1))
If u®=V? asincase (i),
(v, ove, ) U2 VVP) =v,, (W) Vv, (V) vy, (W) vy (V) [y, (W) vy, (vz)vqﬁlvBm)(ulvl)]
:>VB‘¢( uluz,vlvz):(vsnd’1 oszfz)( uluz,vlvz).
Combining all the cases, we get,
te (W)= (g o gy #)(wv) and vy ? (W)= (v * oV #) (W), Vv eV xV".
Definition (4.10): If an IFGS G = (A, By, By,....,B) of G = (V, Ry, Ry,....,Ry) is a Bi- strong for all i = 1,2,3,....,k then G is said to be

a strong IFGS.
The following result is clear from theorem 4.9.

Corollary (4.11): Let @1 = (A1,B11,B12,...,B1) and @Z = (A2, B21,B2y,...,B2k) be two strong IFGS, then @1 ° @2 is a strong IFGS and
(@;1 oG, )¢ - @1'7& o@fwhere ¢ is defined as in (4.8).

V. CONCLUSION
Since intuitionistic fuzzy sets have more advantages in handling vagueness and uncertainty than fuzzy sets so the study of
intuitionistic graph structures is more powerful than the study of fuzzy graph structures. Here in this paper, some elementary
operations on IFGSs and their ¢ - complements are defined and discussed which will play a prominent role in the future study of the
subject.
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