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Abstract:

An intuitionistic coloring fuzzy graph can be obtained from two given intuitionistic coloring fuzzy
graphs using tensor product and normal product. In particular cases, we discuss the degree and total degree of
a vertex in intuitionistic coloring fuzzy graphs formed by these operations in terms of the degree and total
degree of vertices in the given intuitionistic coloring fuzzy graphs.
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1. Introduction:

In 1965, Zadeh has introduced the fuzzy graph to describe the uncertainty, considering
everything. It has been various quickly developing and applications in different field. In spite of fact that
Rosenfeld presented one more explained definition, including fuzzy vertex and fuzzy edges, and several fuzzy
analogs of graph theoretic concepts such as path, cycles, connected ness, blocks, forest and etc. Atanassov was
presented intuitionistic fuzzy graph theory. Pathinathan and Jesintha Rosline [6] discussed the vertex degree of
cartesian product of IFG. Nagoor Gani and Sheik Mujibur Rahman [3] developed that the cartesian product
and composition of some IFGs of total degree of vertex. Radha and Kumaravel [7] introduced the concept of

JETIR2205329 \ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ c201


http://www.jetir.org/
mailto:ssathish17@ymail.com

© 2022 JETIR May 2022, Volume 9, Issue 5 www.jetir.org (ISSN-2349-5162)

edge degree of cartesian product and composition and also, we study some properties of IFGs by Sheik
Dhavudh and Srinivasan [9]. Nirmala and Vijaya [5] defined the operations on fuzzy graphs. In this paper, we
find the degree and total degree of vertices of tensor product and normal product of ICFGs under certain
condition. First, we go through some basic definitions in ICFGs.

2. Preliminaries

Definition:2.1[6]:

An IFG is of the form G = (V,E) where (i) V = {x4,x,, ...., x,} such that u,:V — [0, 1] and
v,:V = [0, 1] denotes the membership degree and non-membership degree of the element v, eV respectively
and 0 < py(xy) +vy(xy) < 1forall x, €V.
(i) ECV xV where puyu:VxV—-]0,1]; v4:V XV > [0, 1] such that pg (%, x,) < min(uy (), ta(xn))
and vg (xm, %) = max( x4 (), x4 (%)) and 0 < py (X, X)) + V4 (X, %) < 1 forall (x,,, x,) €EE

Definition:2.2[6]:
Let G* = (V,E) be an IFG. Then the degree of vertex x is defined by d(x) = (d,(x), dg(x))
where d, (x) = TxeyP5(%,) and dg(x) = Tyay 05(x, %)

Definition:2.3[5]:
The normal product of two fuzzy graphs on (a4, 51) on G; = (V;, X;),
i=1, 2 is defined as a fuzzy graph (a ca;, B1°B;) on G=(V,X) where V=V, XV, and X =

{(u, up)(w, v)\u € V3, (up, v2) € X3 U {(uy, w)(wy, w\(uyg, v1) € Xy, w € V53 U {(uyg, up) (v, v2)\
(ug, v1) € Xy, (up, v3) € X5}

Fuzzy set g, © g, and u, - u, are defined as

(g0 a; )(ULUZ) = ay(ug) A ay(uy), if(u1,u2) € VXV,

(B1 ° B2) (W, up)(u,vp) = ay(w) A By (up, vy), ifu € Vy, (up, vy) € X,

(B1 © B2) (ug, w)(wy, w) = B1(ug, v1) Aay(w), if w €V, (uy,vy) € X

(B1 © B2) (ug, uz) (w1, v7) = B1(ug, v1) A B2(uz, v2), if (uy, v1) € Xq, (up,v,) € X,

Definition: 2.4[3]
Let G = (V,E) be an IFG. Then the total degree of a vertex xe V' is defined by
td(x) = (tdy(x), tdy (X)) = Ly Up(X, ¥) + 114 (X), Xy V5 (%, ¥) + va (%),
= (du(x) + ua(x), dy(x) + va(x))

If every vertex of G has same membership total degree k; and same non-membership total degree k, then said
to be a total regular intuitionistic fuzzy graph.

Definition:2.5[3]

Let = (V,E) be an IFG. If (d,(x),d,(x)) = (ky,k;) for all x € V that is if every vertex has

same membership degree k; and same non-membership degree k, then said to be a total regular intuitionistic
fuzzy graph.

3. Degree of vertex in tensor product of intuitionistic fuzzy graphs
Definition:3.1

Let Gy = (vi, 945 eijpd, 94) and Gg = (v;, up, 9%; e, up,95) and be two intuitionistic
fuzzy graphs with underlying vertex sets V, and V and the edge sets E4 and E respectilvely. Then the tensor
product of G4 and Gy is a pair of functions

(uy I pg, 94 1 9g) with underlying vertex set V, [ Vg = {(x4, y1): x1€V4 & y1€Vp} and underlying edge set
E [ Ep = {(x1, x2) (1, ¥2): (X1, y1)€Ef&(x2, y2)€ER} With

(ua [ pup)(xq, y1) = pp(xp) A pug(yq)
(94 B 9p)(x1,¥1) = 94(x1) VI5(yy), if x1€V, & y1€Vp and
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(ud B ) (e, x2) (1, ¥2) = i (g, v1) A pp (x2, ¥2)
W4 [ 95) (1, x2) (71, ¥2) = 94 (x4, ¥1) VI8 ( x2,¥2), (x1, y1)€EA&(x, ¥, ) €ER
Definition:3.2
By definition, For any (x4,x,)eV X V
dg am6p (X1, X2) = {d (@) (1, %2, A1 5 91 (X1, X2))

=X (X1,%2) (H,IL\ L] Hg) (x1,X2) (Y1, ¥2), 2 (X1,X3) (19;; ] 19%) (x1,%2) (Y1, ¥2))
(y1y2)€E (y1,y2)€E

= <Z(x1,y1)EEA wp (x1,y1) A Z(Xz,yz)eEB ug (x2,y2), Z(xl,yl)eEA 9 (X, y1) vV Z(Xz,yz)EEB Op (X2,¥2) )
Theorem:3.3
Let G, = (vi,,u;l,ﬁ;l; eij, 1a, 19;1') and Gz = (vi,ug,ﬁg; eij,ug,ﬁg) be two IFG, if

(i) ug = py and 95 < 9, then dg,me, (21, %2) = dg, (1) and
(i)  wa=ppand 9, < Ip thendg,me, (X1, x2) = dg, (2).

Proof:
Let Go = (Vi, 1y, 945 ey, ud, 94) and G = (Vi, up, 95; eij, ug, 95 ) be two IFG,
(i) dGAEGB (x1,x2) = Z(xl,yl)(xz,yz)ezs(llx [ ug) (X1, X2) (y1, ¥2)
= Y xuy)eEqs Ma X1, Y1) A Xixyyp)erg MB (X2, Y2)
= 2(x1,y1)EEA ua (x1,y1)
= dpGA(x1)

And dGADGB (x1,2%2) = Z(Xl,yl)(xz,yz)EE(ﬁil [192) (%1, %2) (Y1, ¥2)
= YxuyeE 91 Ko Y1) V Xix,vy)eE, 92 (X2, ¥2)

= Dy yeE 91 (K, y1)
= dﬁGA (x1)
Thus, dg,me, (X1, x2) = (dyg, (x1), dg ,(x1))
(ii) dGAEch (x1,%2) = 2(x1,y1)(x2,y2)eE(ux [ ug) (X4, %2) (¥1,¥2)
= Yy A (X1, Y1) A X, y,)eEp Mg (X2, Y2)
= Z(xz,yz)EEB ug (X2,¥2) = duGB (x2)
ANd dg,m6, (X1, X2) = Xixyy0)xe)eE@a E198) (X1, x2) (y1,¥2)
= YxuyeEs 9 K1, Y1) V Xix,y)eEs U8 (X2, Y2)
= Z(xz,yz)EEB Vg (X2,¥2)
= dﬁGB (x2)
Thus, dg,meg (X1, x2) = (dyg, (x2), dygy (x2))

In this intuitionistic coloring fuzzy graph G: and Gz and Gix Gz multiplication is given in Fig:1. Here the
author used to magnetic concept for multiplication. Suppose that same vertices color present in multiplication
we can’t multiply the two vertices. If it is different color we can multiply and given the name as which color
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has minimum value. The value of the vertices and edges has minimum and maximum values. In multiplication
we can take only minimum value. Because chromatic number concept used here. Minimum number of color

required so we used this concept.

Example 3.4

Consider G, = (v;, w945 €, 14, 94) and Gz = (v;, up, 955 eij, up, 95 ) be two ICFG in fig.

U, (0.3,0.4) U, (0.5, 0.4) U U,(0.3,0.4) U, ¥,(0.3, 0.4)

T

U, (0.2, 0.4)
U, (0.3, 0.4)
V, U,(0.4, 0.5) V, V,(0.4, 0.5)
V1(04,0.) V,(0.3,04) Figure.1 1
Ga Gr Ga X Gp

FIG: 1

If ug = py and 95 < 94, then dg ,q6, (ug, uz) = dg, (uq)
dy6,m65 W Uz) = 0.2; dyg,me, (U, uz) = 0.4; = dg, 56, (Ug, uz) = (0.2,0.4); and
dyc, W)=0.2, dyg,(u,)=0.4, = dg,(w;) = (0.2,0.4)
Thus, dg,me, (W, uz) = dg, (uq)
3.5 Total degree of a vertex in tensor product of intuitionistic fuzzy graph
Definition:3.5.1
For any (py, p2)€Vy X Vg,
tdy(6am65) P1 P2) = Zpran®aaneE(Ma L 1) (01, 02)(q1, 42) + (W [ 1) (1, 12)
= Yxiy)eEa Ma (X1, Y1) A Xy ym)ebs Mg (X2, ¥2) + (WA) (P1) A up(p2)
= Xpraeea Ma (P 1) + (Ha) (1)
= tdyuc,(P1)
tdoc,m65) D1 P2) = X(pra)aa)eE@a [195) (01, 02)(q1,42) + (4 [195) (p1, 02)
= Y xyy)eba VA K1, Y1) V Xy ypees 98 (X2, ¥2) + (94)(01) V 95(p2)
=Y praneEs 94 (P1,q1) + (Fa)(p1)
= tdy,H(P1)

Thus, td ¢ ,m6,) (01, P2) = (tdy6,)P1), tdee,HP1))
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Example 3.6
Consider G, = (vi, uy, 945 €, 14, 94) and Gg = (v, up, 95; eij, up, 95 ) be two ICFG in fig. 2

If ug = py and pg = py; 95 < 94 and 9p < U, then tdg, o6, (Ur, up) = tdg, (uq)

U, (0.3,0.4) U, (0.4, 0.4) U, U,(0.3,0.4) U, V,(0.3,0.4)

(0.2,0.4)
(0.3. 0.4
V,U, (0.4,0.5 V, V,(0.4,0.5
V1(04,05) v, (0.5, 0.4) i B 1 Va )
F
GA GB GA X GB
FIG: 2

td,g,m6s (W, uz) = 0.2 + 0.3 = 0.5; tdyg,me, (U1, uz) = 0.4 + 0.4 = 0.8, then tdg,m6, (W, uz) =
(0.5,0.8) and td,g, (uy) = 0.2 + 0.3 = 0.5; tdyg, (uy) = 0.4 + 0.4 = 0.8, then tdg, (u;) = (0.5,0.8)

ThUS, thAE]GB (uIF uZ) = thA(ul)
4. Normal products of intuitionistic fuzzy graphs:

Definition:4.1

Let GA = (VA! EA) and GB = (VB,EB) be two IFG, Here VA = (#IA,'@A), EA = (,uX,ﬁX), VB =
(ug,9g) and Eg = (ug, 95 ), then the normal product of G, and Gy is defined as
(Va % Vg, Ep % Eg), Where Va % Vg =(up * g, 95 ¥ 9g) and E, % Eg = (ujx % ug, 95 % 9g

(ua * up) (p1, p2) = wa(P1) A up(p2);
(94 * 95) (p1,02) = 9a(p1) V 95(02); p1€Va, P2€V5 and,

(ll% % ug) (1, 02)(q1, q2) = ppa(p1) A ug (P2, q2), _
(9 *95) (1, p2)(q1,92) = 94(p1) VIE (P2, q2), if p1 = qq; and (p,, q2) € Ep

(ua * 15) (P, P2)(01,42) = #a(P1, 41) Ap(P)
(9 *95) (1, 02)(q1,q2) = 94 (p1,q1) V95 (p2), if p; = q; and (p1,q1) € Ey

(u% % 15) (p1,02) (@1, 42) = HA(P1, q0) At (P2, 42)
4 *98) (P1, 02) (@1, q2) = 94 (P1,q1) V95 (P2, q2), if (p1,q1) € Ex and (p,,q,) € Ep

4.2 Degree of vertex in normal product of intuitionistic fuzzy graphs:
Definition: 4.2.1
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Let Gao = (Va,Ep) and Gg = (Vg Eg) be two IFG, Here V= (up,94); Ean=
(1, 94); Vg = (up, 9p) and Eg = (ug, 9g) Forany (uq, u;) € Vy X Vg,

de yxcp (U1, U) = (d(#g*”g) (uy, uz), d(g/’{*gg’)(ul,uz))
d(#;{wg)(upuz) = Z (na * pg) (uy, v1) Uz, v5)
(X1,¥1)(X2,Y2)EE
= Z(u:l:Ul)(uZ,Uz)EEB u"A(ul) /\ “”é (uZ' UZ) + Z(u2=v2)(u1 Ul)EEA “”B (UZ) /\ U”A(ul’ Ul) +
XUy vy)EEA(upvy)eEg Ma(Ur, V1) A g (U, v3)
dogeop @) = ) (8% %95y, v0) (g )
(X1,¥1)(X2,Y2)EE

= Z(u1=v1)(u2,v2)€EB 19’A(u1) V ﬁé’ (u2’ vZ) + Z(u2=v2)(u1 Ul)EEA ﬁé (u2) V ﬁg(ulJ vl) +
Z(ul Ul)EEl(uZ,Uz)EEB ﬁ’A’ (ul‘ vl) V 1‘9,B, (u2' UZ)

Theorem: 4.3 Let Gy = (Va, Ex) and Gg = (Vg, Eg) be two IFG, Here Vy = (up,94); Ea = (Ua,94); Vg =
(ug, Yp) and Eg = (ug, 9g).

(i) s = pp;s vp = pas Hp < pp, then dyg s 6z (U1, Uz) = dyee)(U2) + p2dye ) (Ur)

(i) If 9y <Up; 9 < 94 94 = g, then = dyg,) (Uz) + P2dye,)(Ur)

Proof: By definition (4.2.1),

() du(GAaze GB)(UL uy) = 2(x1,y1)(x2,y2)eE(HA * ug)(ug, v1) (uy, v2)

= Z(ul=v1)(uZ,U2)EEB IJ‘,A(ul) A I"l’é (uZ' UZ) + Z(u2=v2)(u1 UI)EEA IJ'IB(uz) /\ H‘:A(ul’ vl) +
Z(u1 v1)EE 4(Uz,v,)EER ua(uy, v1) Apg (uz, v2)

= Z(u1=v1)(u2,v2)EEB ug(uZ: Vz) + Z(u2=v2)(u1 V1)EE4 MX(up Ul) +
Z(ul Ul)EEA(uZ,vZ)EEB MX(ull vl)

= dyep) (u2) + |vzldye,(ur)
= dp.(GB)( uz) + pzdu(GA)( ul)
(i) dyGux 65 U1 U2) = X(xyy0)(xpy)eE@Da %95 ) (g, v1) (Uz, 1)

= Z(ulzvl)(uz,vz)EEB 7-9;\(“1) \4 19],3’ (uZJ Uz) + Z(u2=v2)(u1 V,)EE4 19],3 (uz) v ﬁg(ull Ul) +
Z(u1 v1)EE 4(Up,02)€EE, 9 (ug, v1) VI5 (uz, v2)

= Z(u1=v1)(u2,v2)eEB 19]’3’ (uz,vp) + Z(u2 =v,)(uy v1)€EE4 ﬁX (ug, v1) +
124
11 202
2 (uy v1)€E 4 (upvy)eEg VA (U1, V1)

= dy(e) (U2) + [v21dy H ()
= dy(ce) (U2) + P2dy,n(ur)

Example 4.4 Consider G, = (v;, ), 945 €, 14, 94) and Gz = (v;, up, 955 eij, up, 95 ) be two ICFG in fig. 3
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U, (0.6,0.3) Uy Up (0.4,04) Uy V,(0.2,0.4)
@) (€

U, (0.4,0.4) V; (0.2,0.4)
® (0205 @

Gp

(0.1,05) 0.5)

® V, Uy (0.3,0.4) 9, 1702, 0.4)
Vag (03 Qs > s Wi < plt and 9 < 0%; 9% < 9%; 94 = 9%, then

X G
d(%*Gz)(ul;UZ) = dg,)(Up) + pad ey (W) G 5
A Fig 3
(6 uxG) (U1 Uz) = 0.1+ 0.1 + 0.2 = 0.4; and dy g, xg, (U1, Uz) = 0.5 + 0.5+ 0.5 = 1.5
d(GA*GB)(uliuZ) = (0.4,1.5) --------- 0

dyep)(Uz) = 0.2; pody6H(ug) = 2(0.1) = 0.2; dygp)(u2)(uy) + pady,y = 0.2+ 0.2 =0.4; and
dy(g) (Uz) = 0.5 pady,(ug) = 2(0.5) = 1.0; dyg,)(uz) +p2dyi,H(u) = 05+1.0=15
Ay (Uz) + p2d(GH(uy) = (0.4, 1.5)-------- (1)
Therefore, (1) = (11)
Thus, d g ,«c5) (U1, Uz) = dg)(Uz) + D2d (6, (Ug)
4.5 Total degree of a vertex in normal product of intuitionistic fuzzy graph
Definition: 4.5.1
By definition 4.1, For any (u,, u,) € V4 X Vg,
tdg,xap (U, uz) = (td, (py * up) (g, up), tdy (94 * 95)(uy, uz))
(s p) ) = () (e, vty ) + (% ) ()
(%1,¥1)(%2,¥2)€EE
= X (uy=vy)(upvy)eEp Ma(U1) AU Uz, v2) + Xuy=v,)u, v)ek, Mp(U2) A pp(ug, vp) +
YUy vy)EE AUy eEg Ma(Ur, V1) A g Uz, v2)+(Ha) (ug) A pp(uy)
tdo (0 % O ) = ) (K % OF) (s, 1) (g, v2) + (9 % 9ty 02)
(%1,Y1)(%2,Y2)€EE

= Z(u1=v1)(u2,v2)eEB 19A(u1) v 19],3, (uZJ 172) + Z(u2=v2)(u1 V1)EE4 19]’3 (uz) v 19;&(”1' vl) +
2 (uy v1)€E 4(upvy)eEp Ua (U1, V1) VIg (Ug, v2)+(04) (uq) V 9p(uyp)

Theorem:4.6 Let Gy = (Va, En) and Gg = (Vg, Eg) be two IFG, Here Vy = (up,94); Ea = (Ua,94); Vg =
(up, 9p) and Eg = (ug,9g). Forany (p1,p2)eVy X Vg,

(i) If Wy = pg; pp = py; wa < pg , then
tdy 6 x65) (1, 12) = tdy ) (12) + Patdy (1) — (P — Dup(ry) — pa(r) V up(r2)
(i)If 94 < Oy; 95 <94; 9y = 94, then

tdg(c axcp) (T 72) = tdyce)(12) + Patdyg (1) — (P, — 1)9x(r1) — 9p(r1) AIp(12)
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Proof: By definition, 4.5.1,

(i) tdu(GA%GB)(rlrrZ) = Z(rl,sl)(rz,sz)EE(UX % up)(ry, 51)(12,52) + (ua * up) (11, 72)

= 2(r1251)(r2,52)EEB ulA(rl) A ug(rZ' SZ) + Z(FZ=SZ)(F1,51)EEA u’B (rz) A ulA(rll Sl) +

= D(ry5)€Es B (12, 52) + Xy syer, M1, S1) + Xy sep, Ma (T, 51) + Ha(ry) +
up(rz) — Ha(ry) V pp(rz)

= Yrs,)ebg Mg (12, 52) + Up(12) + Xy s )er, Ma (11, S1) + Ha(ry) +
Yrs)eE, Ma (11, 81) — Ha(ry) V pp(rz)
= du(GB)( 15) + |v,| Z(rl,sl)EEA wa(ry, s1) + pp(ry) — pa(ry) V pp ()
= tdyy) (72) + P2|Z(rysnrer KA, 51 + 1A ()] = (P = Da(ry) = pa(ry) V pp(r)

= td, 65)(12) + Patdy (1) = (P2 — Dpp(ry) — pup(ry) V pp(rz)

(i) tdz‘)(GAazeGB) (r,mp) = Z(xl,yl)(rz,sz)EE(ﬁX %95 ) (r1,51) (12, 52) + (p % 9p) (11, 72)

= Z(r1=51)(r2,sz)eEB 19;&(7”1) A 19]’3, (er 52) + Z(r2=sz)(r1,sl)EEA 19],3 (rz) A 19,A(r11 51) +
X (r1,51)€E, (upv)eEp VA (11, S1) AOg (12, 52)+95 (1) V 9p(12)

= Yrps)eEp OB (12, 52) + Xiry s)ern OA (11, 51) + Xryser, Oa (11, 51) 9p(re) +
Op(rz) — 9a(ry) A 9g(rz)

= X(rps,)eEp U (12,52) + 9p(12) + Xy s)er, Oa (i, S1) + 95(ry) +
Yrs)eE, Oa (1, 51) — 9p(ry) AOp(rz)
= dy(cp)(12) + V2| Xrys)ep, Oa (11, 51) + 95 (1) — Ia(r1) A 9p(r2)
= tdyg,) (1) + ple(rl,sl)EEA 5 (11,51) + 19;;(7”1)| = (P, — 1)I9p(1r1) — 9a(ry) A9g(r2)

= tdy(gy)(12) + Patdyc (1) — (P, — 1)Ip(r1) — Ip(ry) V I9p(r2)

Example: 4.7

Consider G, = (vi, uy, 945 €ij, 1, 94) and Gg = (vi, up, 95; eij, up, 95 ) be two IFG in fig. 4
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U 06,03) Uy Uy (04,04) Uy V (0.2,04)

U, (0.4,0.4) v, (0.2,0.4)
® (0205 @

(0.1,05) G,

® v, U, (0.3,0.4)
v, (0.3,04)

Ga Fig 4 Gy XGp

(i) If pp = pg; wp = pys ma < pg , then
td (6 x5 (U1, Uz) = td gy (Uz) + Potdy gy (u) — (P — Dua(uy) — pa(uy) V up(uy)
td,u(6 56, (1) Uz) = 0.1+ 0.1+ 02 + 0.4 = 0.8

tdy ) (Uz) + Potdyg () — (P2 — Dpa(ug) — up(uq) V ug(uy)
=04+02+205+0.1)—-(2-1)(0.5)—0.5
= 0.6 +2(0.6) —1(0.5) —0.8=10.8
(i) If 95 < 9g; 95 <94; 94 = Ig, then
tdoc x5 (U1 Uz) = tdyey)(Uz) + Patdyg,y(ug) — (P, — 1)I9x(uq) — 9a(uy) A9p(uy)
tdoG %65 (U1, Uz) =05+ 0.5+ 05+ 0.4 =19
tdgce) (Uz) + Patdycg,)(ur) — (P — 195 (ug) — 94 (uq) Adp(uz)

= 0.4+ 0.5+ 2(0.3+0.5) — (2 — 1)(0.3) — 0.3
=09+1.6—06=19

Thus, td(GAieGB)(ulyuZ) = (tdu(GAazeGB)(uLuz); tdﬁ(GAazeGB)(upuz)) =(0.8,1.9)

Conclusion:

In this paper, we have found the degree and total degree of vertices in G4 [-] Gg and G, * Gg in
terms of the degree and total degree of vertices of G, and Gz under some condition and illustrated some
examples. This will be very useful in studying the various properties of tensor product and normal product of
two intuitionistic fuzzy graphs.
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