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ABSTRACT

In this paper, we introduce the concepts of Bi-Magic labeling in single valued
neutrosophic graphs. We investigate some properties of single valued neutrosophic bi-
magic labeling on path, cycle and star graphs.
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1. INTRODUCTION

Euler[6] introduced the concept of a graphs in 1736. Zadah[11] introduced the concept of
fuzzy set in 1965. It is a mathematical structure to demonstrate the observable fact of
uncertainty in real life problems. Rosenfeld [9] introduced the concept of fuzzy graph in 1975.
Intuitionistic fuzzy set is an extension of fuzzy zet it was introduced by Atanassov [2]. In
1994, Sovan and Atanassov [3] introduced the concept of intutionistic fuzzy graph.
Smarandache [10] introduced the concept of neutrosophic sets. Kotzig and Rosa [7] defined a
magic labeling to be a total labeling in which the labels are the integers from 1 to |V| + |E]|.
The sum of labels on an edge and its two endpoints is constant. A. Nagoor Gani, Muhammad
Akram and D. Subahashini [8] introduced the concept of fuzzy magic labeling graphs. In this
paper, we introduce the concepts of Bi-Magic labeling in single valued neutrosophic graphs.
We investigate some properties of single valued neutrosophic bi-magic labeling on path, cycle
and star graphs.

2. PRELIMINARIES

Definition 2.1 [1] A Single Valued Neutrosophic (SVN) Graph with underlying set V is
defined to be a pair G = (A, B) where
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1. The function T4:V — [0,1],14:V = [0,1],F4:V — [0,1] denote the degree of truth-
membership, degree of indeterminacy-membership and falsity-membership of the element
v; € V, respectively, and 0 < T, (v;) + 1, (v;) + F4(v;) < 3 forallv; € V.

2. The functions Tg: E €V XV = [0,1],Iz:E SV XV = [0,1],Fg:E €V xV - [0,1] are
defined by T (v;, v;) < min[T4(v;), Ta(vj)], Is (vi, vj) < min[l4(v;), 14(v;)] and

Fp(vi,v;) < max|Fy(vy), Fa(v))].

Definition 2.2 A Path P, in a SVN graph is a sequence of distinct vertices vy, v,,..., v, such
that 0 < Tg(v;, Vi41), I5(V;, Viz1), Fs(Vj,vi31) <1, 1<i<n—1 ; n—1 is called the
length of the path B,. A path B, is called Cycle if v; = v,, forn > 3.

Definition 2.3 A Star in a SVN graph consists of two vertex sets U and V with |U| = 1 and
|[V| =nsuchthat 0 < Tg(u,v;), Ig(w,v;), Fg(u,v;,) <1;1 <i<n.

3. SINGLE VALUED NEUTROSOPHIC BI-MAGIC LABELING
GRAPHS

Definition 3.1 A SVN graph is said to be a single valued neutrosophic bi-magic graph if
Bmy(G) = Ty(w) + Ts(w, v) + Ta(v), Bm;(6) = [a(w) + Is(w,v) + [o(v) and Bmy(G) =
Fy(uw) + Fg(u, v) + F,(v) has two different neutrosophic magic values Bm,(G), Bm,(G) for
all w,v€eV. Where Bm,(G) = (Bmy,(G), Bm,; (G), Bmg (G)) and
Bm,(G) = (Bmr,(G), Bm,,(G), Bmg, (G)). Bi-magic labeling of SVN graph G is Bm,(G) =
(Bmy (), Bmy(6)).

Example 3.1 Consider a SVN graph G=(A,B) such that V = {v;, v,, v3,v,} and

E = {(vy,v2), (V2,v3), (V3,V4), (V4, V1), (V1, V3), (V2, V) }-

The Bi-magic values of a graph G are Bm,(G) = (0.23,0.023,0.0023) and Bm,(G) =
(0.18,0.018,0.0018).
Hence G is a SVN Bi-Magic labeling graph.

(.10,.010,.0010) (.08,.008,.0008)
v vo

(.05,.005,.0005)

(.06,.006,0006)

(.01,.001,.0001)

va (.02,.002,.0002) Y3
(.07,.007,.0007) (.09,.009,.0009)

SVN Bi-Magic graph G
Theorem 3.1 For all n > 3, the path P, is a single valued neutrosophic bi-magic labeling
graph.
Proof. Let P, be any path with n = 3. Then vy, v,,v3,...,v, and v vy, v,v3, ..., Vy_1 U, are
vertices and edges of P,. Let [ = min{x:n < 3(10)*,x =0,1,2,...}, & = 10"+, ¢, =
10~*2) and &3 = 10743 where £, ¢, and &; are the set of truth , indeterminacy and
falsity membership degree in single valued neutrosophic labeling.
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The single valued neutrosophic vertex and edge labeling is defined as follows:
Case - (1) When n is odd,

n—1
Ta(var) =(Cn—k)e;1 <k < —

n—1
Li(vy) =(2n—k)ey 1<k < —

n—1
FA(vzk) = (271 - k)gg; 1< k < T

n-— n+1
Ty(Vap-1) = min{T(v2)[1 < i < T} ke;1 <k < —

n-— n+1
[p(Vap-1) = min{ly(vy)[1 < i < T} ke 1 <k < —

n-— n+1
Fy(Vak-1) = min{Fy(vy)|1 < i < T} ke;1 <k < —
n—1 n—1
T (Vk) Vk+1) = (T +h)e;l1<k< —
n—1 n—1
Ig(Vg, Viy1) = (T+ k)ep 1<k < —
n—1 n—1
FB(Vk;Uk+1) = (T + k)€3; 1<k< T

n—1 n+1
)ér;

Tg(Vi, Vk41) = (k — <k<n-1,

n—1 n+1
)€2;

Ig(Vk, Vi41) = (k — <k<n-1,

n—1 .n+1
)63’ 2

Fg(Vi, Viy1) = (k — <k<n-1.

For each edge (v, vi41) the SVN bi-magic labeling are,
. n—1
Bmr, (B) = Ta(Vx) + Te(Vk, Vies1) + Ta(Vi11)1 < k < —

éTnTl(Pn) = (4n — D¢,

— n+1
Bmy, (B,) = Ty(vi) + Tg(Vk, V1) + Ta(Vi1), <ksn-1,

Bing, (R) = (3n)éy.
Similarly we can find,
Eﬁlll(Pn) = (4n — De,, %12 (Pn) = (3n)e,.

§7an1 (P) = (4n = 1)es, E;an (F) = (Bn)es.

Hence single valued neutrosophic bi-magic labeling of a even length path B, are
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ﬁnl(Pn) = (BTnTl (Pn)'ﬁnll (Pn)'ﬁnFl (P.)) and
B7n2 (Pn) = (%Tz (Pn): ﬁnlz (Pn): B?T’an (Pn))

Case - (2) When n is even,

n
Ty(vo) = (2n—k)e; 1 <k < >
n
IA(UZR) = (271 - k)(c:z; 1 < k < E,

Fa(var) =(2n—k)e;;1 <k <

NS

-

IA
NS

n
TA(vzk_l) = min{TA(vzi)ll <i < E} - kgl; 1< k

~

NS

[p(Vap-1) = min{ly(v2)|1 < i < —} kel <k <

IA
NS

Fy(vak—1) = min{Fy(vy)|1 < i < —} kes; 1<k

n—2 n
Tg(V, Viy1) = (T+ k)e;; 1<k < >
n—2 n
Ig(V, Viy1) = (T+ k)ey; 1 <k < >

-2
Fg(Vg, Vg41) = (_+ k)es; 1<k <

NS

n n
Tg(Vi, Vipr) = (k _E)gl;f—i_ 1<k<n-1,

n n
IB(vk,Uk+1) = (k _E)Sz,i'i‘ 1 < k <n-— 1,

n n
FB(Uk,vk+1) = (k _5)83,54' 1 S k S n-— 1

For each edge (vy, vx+1) the SVN bi-magic labeling are,

S

Bmr, (By) = Ta(vi) + Tg (Wi, V1) + Ta(Ws1) 1 S k < >
%Tl (B) = (4n — 2)&;.
By, (B) = Ta(wi) + Ts (Vi Viers) + Ta ()5 + 1<k <m— 1,
By, (P) = (3n — ey,
Similarly we can find,
Wnll(Pn) = (4n - 2)52'377112 (P) = (Bn—1)e,.

Bmg, (B,) = (4n — 2)&3, Bmg, (B) = (3n — 1)es.
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Hence single valued neutrosophic bi-magic labeling of a odd length path P, are
Eﬁll (B) = (%Tl (B, B7n,1 (B, Eanl (P.)
and Bm,(B,) = (%Tz (B, B7n,2 (B, Eanz (Po))-
Example 3.2 Consider a SVN Path graph Pg such that V = {v,, v,, v3, V4, v5} and
E = {(v1,v2), (V2,V3), (V3,V4), (V4, V5) }-
Bm,(Ps) = (0.19,0.019,0.0019) and Bm,(Ps) = (0.15,0.015,0.0015).
Hence P; is a SVN Bi-Magic graph.

V1 U2 (04,.004,.0004) Vs Vs
o_(03.003.0003) % ( ) o (01.00L.000D ) (:02.002.0002) %3

(.07,.007,.0007) (.09,.009,.0009) (.06.,.006..0006) (.08,.008,.0008) (.05,.005,.0005)

SVN Bi-Magic labeling of Py

Example 3.3 Consider a SVN Path graph Pg such that V = {v,, v,, v3, vy, s, Vg, V7, vg} and
E = {(171, 172), (172, 173), (173, 174,), (174, 175), (175, v6)r (v6' U7), (177, vS)}'

(.04,.004,.0004) (.05,.005,.0005) (.06,.006,.0006) (.07,.007,.0007) (.01,.001,.0001) (.02,.002,.0002) (.03,.003,.0003)

U M) U3 Uy “Ug T Uy 13

U5 U7
(11,011,0011) (15.015.0015) (.10,.010,.0010) (.14,014.0014) (09,009,.0009 (13,013,0013)  (08,008.0008)  (.12.012.0012)
SVN Bi-Magic graph Pg

Bm,(Pg) = (0.30,0.030,0.0030) and Bm,(Pg) = (0.23,0.023,0.0023).

Hence Pg is a SVN Bi-Magic graph.
Theorem 3.2 For all n > 3, the cycle C,, is a single valued neutrosophic bi-magic labeling
graph.
Proof. Let C,, be any cycle with n = 3. Then vy, v,,vs,..., v, and v vy, VyV3,..., U,V are
vertices and edges of C,. Let | = min{x:n < 3(10)*,x =0,1,2,...}, & = 107V, ¢, =
10~*2) and &3 = 10-¢*3) where £, ¢, and &; are the set of truth , indeterminacy and
falsity membership degree in single valued neutrosophic labeling.

The single valued neutrosophic vertex and edge labeling is defined as follows:
Case - (1) When n is odd,

n—1
Ty(vop)) = (2n—k+1)e;;1 <k < —

n—1
Ia(vy) = Cn—k+1)e;1 < k ST,

n—1

n —
Ty(Vak-1) = min{vy|1 < i < T} — ke,

n
[a(Vap-1) = min{vy|l < i < T} — ke,
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n—1
Fr(Vap—q) = min{vy|1 <0 < ——} — kes.

n n+1
T (Vi) Vies1) = (T +k)ep 1<k <——

n—1 n+1
Ig(Vk, Vigy1) = (T+ k)ey;1<k<

)

n—1 n+1
FB(vk' Vk+1) = (T+ k)83; 1<k ——

n+1 n+3
Tg(Vy, Viy1) = (k — > )EL > <ks<n-1,

n+1 n+3
Ig (U, Vge41) = (k — > )€2; > <ksn-1,

n+1 n+3
Fg(vy, Viy1) = (k — > )Es; > <ks<n-1.
For each edge (v, vx+1) the SVN bi-magic labeling are,

__ n+1
Bmy (Cp) = Ta(vi) + Tg (i, Vir1) + Ta(V41),1 S k <

)

Bmy, (Cy) = (4n + 1)e;.

— n+3
Bmr,(Cr) = Ta(vi) + T (Vk, V1) + Ta(Vie41), > <sksn-1,

Bmy, (Cy) = (3n+ 1)e;.
Similarly we can find,

Bm,; (C,) = (4n+ 1)&y, Bm; (C,) = (3n + 1)e,.

Bmg, (C,) = (4n + 1)es, Bmg, (C,) = 3n + 1)es.

Hence single valued neutrosophic bi-magic labeling of a odd cycle C,, are
%1 (G) = (%Tl (Cn), %Il (Cn), %Fl (Cr))

and éTnZ (Cn) = (B-TnTz (G, B-Tnlz (Cn), %Fz (Cn)).
Case - (2) When n is even,

n
Ty(vop—1) = (Cn—k+1)e;;1 <k < >
n

Ia(Vpp—1) = (2n—k+ 1)e;1 <k < >
n

Fa(Vpp-1) = (@2n—k+1)e3;1 <k < >

n
Ty(Var) = min{vy; 1|1 <0 < E} — key,
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n
Iy(vax) = minfvy; 41 <0 < E} — ke,

n
Fy(va) = min{vy 4|1 < i < E} — kes.
Tg(vy, 1) = &,
Ig(vy, V) = &,

Fg(v1,vn) = &3.

n n
Tg(Vi, Vis1) = (E +k)e;1<k< >
n n
(i i) = GHRe 1 sk <5

NS

n
Fg (U, Viey1) = (E +k)eg;1 <k <

n n+2
Tp(Vk, V1) = (K +1— E)El; 5 =

A
==
I
S

I
_

)

n n+2
Ig(Vi, Viy1) = (K + 1 —E)ez; > <ks<n-1,

n n+2
Fg(Vy, Viy1) = (K + 1—5)83; > <k<n-1

For each edge (vy, vx+1) the SVN bi-magic labeling are,

__ n
Bmr, (Cn) = Ta(vi) + Tg(Vky V1) + Ta(Vg+1), 1 < k < >
Bmy, (Cy) = (4n + 1)e;.
n+2
<k<n-1,

Bmr, (Cy) = Ta(vi) + Ts (Wi, Vies1) + Ta(Wis 1), >
Bmr, (C,) = 3n+ 2)g;.
Similarly we can find,
Bm,; (C,) = (4n + )&y, Bmy, (C,) = (3n + 2)e,.
Bmg, (C,) = (4n + 1)&3, Bmg, (C,) = (3n + 2)es.
Hence single valued neutrosophic bi-magic labeling of a even cycle C,, are
Bm; (Cp) = (Bmr, (o), Bmy, (Cp), Bm, (Cp))

and B, (Cn) = (B, (Cy), B, (Cy), Bz, (Co)).
Example 3.4 Consider a SVN cycle Cg such that V = {v,, v,, v3, vy, Vs, Vg, v, g} and

E = {(v1,v2), (2, v3), (V3,V4), (Va, Vs), (U5, V), (Vs, V7), (V7, Vg), (Vg, V1) }-
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Bm,(Cg) = (0.33,0.033,0.0033) and Bm,(Cg) = (0.26,0.026,0.0026).
Hence Cg is a SVN Bi-Magic graph.

(.16,.016,.0016)

U1

(.05,.005,.0005)
vz (.12,.012,.0012)

(.01,.001,.0001)
(.09,.009,.0009) vs

(.04,.004,.0004) (.06,.006,.0006)

(.13,.013,.0013) v~ v3 (.15,.015,.0015)

(.03,.003,.0003)
(.07,.007,.0007)

Ve
RLIG LR 000 e va (.11,.011,.0011)

(.02,.002,.0002) (.08,.008,.0008)

Vs

(.14,.014,.0014)
SVN Bi-Magic cycle graph Cg

Theorem 3.3 For any n > 2, Star graph S ,, is a single valued neutrosophic bi-magic graph.

Proof. Let S, ,, be a star graph with u, vy, v,,v3,..., v, as vertices and uvy, uv,, uvs,...,uv,
as edges. Let [ = min{x:n < 3(10)%,x =0,1,2,...},
g, =107 o =1070*2) gnd e, = 107¢+3) where &, ¢, and &5 are the set of truth |
indeterminacy and falsity membership degree in single valued neutrosophic labeling.

The single valued neutrosophic vertex and edge labeling is defined as follows:
Case - (1) When n is odd,
Ty(uw) = 2n+ 1)gy,
Li(uw) =(2n+ ey,
Fy(u) = (2n+ 1)es.
Ta(vp) = Ta(w) —ke; 1 <k <n,
IA(vk) = IA(u) - kgz; 1< k < n,
FA(Uk) == FA(u) _— k83; 1 S k S n.
n+1 n+1
Tg(u,vy) = (T+ k—1e;1<k< —

n+1 n+1
Ig(w,vy) = (T+k —Dey1<k < —

n+1 n+1
Fg(u,vy) = (T+k—1)e3;1SkST.
n+1 n+3
Tg(u,vy) = (k — > )EL > <k<n,
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n+1 n+3
Ig(u,vy) = (k — > )Es; > <k<n,

n+1 n+3
Fg(u,v) = (k - > )éEs; 5 <k<n

For each edge (u, vi) the SVN bi-magic labeling are,

— n+1
B'rn'r1 (Sl,n) = TA(u) + TB(u vk) + TA(Uk),l S k S T;

In+3

BmT1 (S10) = ( )&

— n+3
BmTZ (Sl,n) = TA(u) + TB (u vk) + TA(UR)I < k <n

)

n+3

BmT2 (S1n) = ( )€
Similarly we can find,

7n+3

Bm11 (S1n) = (

)EZIBmIZ (S1n) = ( )&s.

7n+3

BmF1(51 n) = ( )53:Bsz (S1n) = ( )€s.

Hence single valued neutrosophic bi-magic labeling of a star graph S, ,, are
B?H S1n) = (%Tl (S1.n)s %Il (S1,n)s %Fl (S1)) and

1§7n2 (Sl,n) = (%Tz (Sl,n)'ﬁnlz (Sl,n)'%Fz (Sl,n))-
Case - (2) When n is even,
Ty(u) = (2n+ 1)g,

Li(uw) = (2n+1)e,,

Fi(u) = (2n + 1)es.
Ta(vg) =Ta(w) —ke;; 1 <k <n,
Li(vp) =14(w) —key; 1<k <n,
Fy(vp) = F4(u) —keg; 1 <k < n.

n n
Tg(u,vy) = (E‘F k)e;;1 <k < >
n n
Ig(u,vy) = (§+ k)e,;; 1<k < <2
n n
Fg(u,vy) = (§+ k)e; 1<k < >

n. n+2
Tg(u,vy) = (k—z)el; > <k<n,
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n n+2
Ig(u,vy) = (k _E)Szi 5 <k<n

n n+2
Fg(u,vy) = (k — 5)531
For each edge (u, v;) the SVN bi-magic labeling are,

<k<n.

n
BmT (1) =Ta(w) + Tp(w.vy) + Ty(vg),1 <k < >
on + 4
BmT1(51n) = ( )€
— n+2
Bmy, (S10) = Ty(u) + Tp(u. vy) + Ty (vy), <k<n,
n+4
BmT2 (S1n) = ( )€
Similarly we can find,
n+4
Bm11 (S1n) = ( )EZ:BmIZ (S1n) = ( )€z
n + 4
BmF1(51 n) = ( )53,Bsz (S1n) = ( )é&s.

Hence single valued neutrosophic bi-magic labeling of a star graph S, ,, are
Bm, S1n) = (BATInTl (S1.n)) B’Tnll (S1n) %Fl (S1,n)) and

%2 (Sl,n) = (%Tz (Sl,n)' %12 (Sl,n)r %FZ (Sl,n))'
Example 3.5 Consider a SVN star S; o such that V = {u, vy, v, v3, vy, Vs, Vg, V7, Vg, Vg } and

E = {(u' vl)l (u, vz), (u, 173), (u, 174,), (ur 175), (ur v6)' (u' 177), (u' vB)' (u' 179)}.
Bmy(Sy9) = (0.42,0.042,0.0042) and Bm,(S; ¢) = (0.33,0.033,0.0033).
Hence S; o is a SVN Bi-Magic graph.

(.18,.018,.0018)
P vy

(.10,.010,.0010) vg

v2 (.17,.017,.0017)

(.05,.005,.0005)

(.07,.007,.0007)

(.11,.011,.0011) vs 3*( 03.003.0003) ® 73 (.16,.016,.0016)

(.12,.012,.0012) vz 4 (.15,.015,.0015)

(.13,.013,.0013) Vs (.14,.014,.0014)

SVN Bi-Magic star graph S; o
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4. CONCLUSIONS

In this paper, the concepts of Bi-Magic labeling on single valued neutrosophic path, cycle and
star graphs have been discussed. In future we can extend this Bi-Magic labeling on some
single valued neutrosophic special graphs.
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