South Fast Asian J. of Mathematics and Mathematical Sciences
Vol. 16, No. 1 (A) (2020), pp. 41-48

ISSN (Online): 2582-0850
ISSN (Print): 0972-7752

DISTANCE BASED INDICES FOR COMPLEMENT OF
MYCIELSKIAN GRAPHS

S. Parameswari and K. Balasangu*

Department of Mathematics,
Arignar Anna Govt Arts college,
Villupuram - 605752, Tamil Nadu, INDIA

E-mail : eswarip651@gmail.com

*Department of Mathematics,
Thiru kolanjiappar Govt Arts college,
Viruthachalam - 606001, Tamil Nadu, INDIA

(Received: Mar. 05, 2020 Accepted: April. 21, 2020 Published: Apr. 30, 2020)

Abstract: In this paper, we establish an explicit formula to calculate the several
graph indices based on distance for the complement of generalized Mycielskian of
any graph G.
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1. Introduction and Preliminaries

For vertices u,v € V(G), the distance between u and v in G, denoted by
dg(u,v), is the length of a shortest (u,v)-path in G and let dg(v) be the degree of
a vertex v € V(G). The diameter of the graph G is maz{dg(u,v)|u,v € V(G)}.
A topological index of a graph is a real number related to the graph; it does not
depend on labeling or pictorial representation of a graph. There exist several types
of such indices, especially those based on vertex and edge distances. One of the
most intensively studied topological indices is the Wiener index.

Dobrynin and Kochetova [2] and Gutman [3] independently proposed a vertex-
degree-weighted version of Wiener index called degree distance, which is defined for
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a connected graph G as DD(G) =3 Y (dg(u)+de(v))da(u, v). The additively
u,veV(G)

weighted Harary index(H 4) or reciprocal degree distance(RDD) is defined in [1] as
— (dg(uw)+dg(v))
RDD(G) =1 > S 7w

u,veV(Q)
The generalized degree distance, denoted by H,(G), is defined as H)(G) =
: Z(G)(d(;(u) + dg(v))dd(u,v), where A is a any real number. If A = 1, then
u,veV

H\(G) = DD(G) and if A = —1, then H)(G) = RDD(G). The generalized degree

distance of unicyclic and bicyclic graphs are studied by Hamzeh et. al [4], [5]. Also

they are given the generalized degree distance of Cartesian product, join, symmetric

difference, composition and disjunction of two graphs. The first Zagreb index is de-

fined for a connected graph G as M1(G) = Y. do(u)?= Y. (dg(u)+dg(v)).
ueV(G) weE(G)

The Zagreb indices are found to have applications in QSPR and QSAR studies as

well. In this paper, we establish an explicit formula to calculate the several graph

indices based on distance for the complement of generalized Mycielskian of a given

graph G.

2. Main Results

Let G be (s,e)-graph (that is, G has s vertices and e edges). The complement
of G, denoted by G, is a simple graph on the same set of vertices of G in which
two vertices u and v are adjacent in G if and only if they are nonadjacent in G.
Obviously, F(G)U E(G) = E(K,) and & = }E(a)} = @ — e. The degree of a
vertex v in G is denoted by dg(v); the degree of the same vertex in G is given by
de(v) = s —1—dg(v).

Mycielski [6] developed a graph transformation that transforms a graph G into
a new graph p(G), which is called the Mycielskian of GG, in a search for triangle
for triangle-free graphs with arbitrarily large chromatic number. The generalized
Mycielskian is natural generalization of Mycielskian graph, which is also called by
Tardif cones over graphs. Let G be a graph with vertex set V0 = {v{,09,... 02}
and edge set EY. Given an integer r > 1, the r-Mycielskian of G, denoted by u,(G),
is the graph with vertex set VOUV'U...UV" U {r}, where V' = {v} : V? € V°}

is the i** distinct copy of V° for i = 1,2,...,r and edge set E°U <U§:—01 vév;fl :
Vvl € EO> U{vju:vj € V']

The proof of the following lemmas are easily follows from the structure of the
graph 1, (G).
Lemma 2.1. Let G be a (n,e)-graph. If i, (G) is the generalized Mycielkian graph
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of G, then for any two vertices a,b € V (i1, (Q)),
(1) dg (@)(a,b) =1, ifa=al, b=a} t=12,...,r i,j=12.,s.

= al,
(4) dg,()(a,b) =1, ifa=al, b=w, t=0,1,2,..,r—1; i=1,2..5s.
(4ii) dg ()(a,b) =1, ifa=al, b=af, t,z=1,2,...,r; i=12,..,s t#z

1 if a=af, b=d}, dy((aj,al)>1; i,j=12,..,s,

79 - Y

2, if a=a), b=a}, dy(u,u))=1; i,j=1,2,..,s.

(v) dg,(c)(a,b) = { .
1 if a=ai, b=d}, duela,ai)>1;

t#£z, i#7; t,z=0,1,2,...r; i,r=1,2,...)s.
2, if a=aj, b=ai d,aa)=1

t#£z, 1#7;, t,z=0,1,2,...,r; i,r=1,2..s.
(vi) dg ()(a,b) =2, ifa=a], b=w, i=12,..s.

Lemma 2.2. Let G ba a graph with s vertices. Then for any vertex a € V (i, (G)),

(v) dg,(e)(a,b) =

rs if a =w;
dz )(a) = s(r+1)=2dg(a), if a=al; t=0,1,2,..,r—1; i=1,2,...,s.
s(r+1)—dg(a) —1, if a=al; i=1,2,..,s.
Theorem 2.3. Let G be a (n,e)-graph. If diameter of G is 2, then H)(1i,.(G)) =
[r(r = 1)+ 2]My(G) +r(2r + 1)(s* — 2e) + s(r + 1)(rs(r+1) —e) —der(s — 1) —

der + 221 [38(7“ +1)+2s(rP —1) — 2} -2} [(7"(7“ — 1) +4)M(G) —es(r+1)(4r +

1) —s(2rs+s— 1)+46]
Proof. To find H,(f,(G)), we consider the following cases of adjacent and nonad-
jacent pairs of vertices in 1, (G).

Case 1. If {a,b} C V(1z;(@)), a=a)

7

b= aj € V°, then by Lemmas 2.1 and

2.2,
. 1
HE@) =5 Y (dme(ad) + dio (@) ) deal. )
a=ay, b:age\/o
1
= 3 Z (s(r +1) —2dg(ad) + s(r +1) — 2da(a?)>
a:a?7 b:a?EVO; a?,a?(;éE(,ur(G))
1
+ 3 Z (s(r +1) —2dg(a)) +s(r +1) — 2dG(“2)> 2°

a=a?, b:a?EVO; a?,a?EE(ur(G’))
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% Z 2(5(7‘ +1) — (dg(a?) + dG(a?)))
a=af, b=alEV; o0,a0¢E(ur(G))
% Z 2(2%) (s(r +1) — (da(a?) + dGW?)))

a=a?, b:a?EVO; a? 7G?GE(IM(G))

[(S 52_ b _ e) (r+1)s — 2e(s — 1) — Ml(G)] + 2 [(r +1)se — Ml(G)]

Case 2. If {a,b} C V(i (G)), a=al, b=at €V t=1,2,...r, then by
Lemmas 2.1 and 2.2,

J

_ 1
Hy\(7r(G)) = 5 > (dmc)(aﬁ) + dm(c)(a§))d%(c)(a§7 a$)
a=al, b:a;GVt, t=1,2,...,7
1
= > [0 +1) = 2dc (@) + s(r + 1) - 2dg (a5

a=al; b:a;:evt; t=1,2,...,r—1

% S [str 1) —doa?) 1+ s+ 1) — do(a) ~ 1]

a=al, b:a;EVT

1

3 > 2(s(r +1) — (da(a)) + da(af)))
a=al; b:aj-éVt; t=1,2,...,r—1

% S 2(s(r+ 1) - (de(a?) + da(ad)))

—a” bearel/r
a=ay, b_ajEV

2[3(32—1)

s(s—1)
2

(r—1)s(r+1) — 2e(s — 1)(r — 1)] n 2[ (s(r+1)—1) —e(s — 1)]

s(s — 1)(s(r — D)+ 1) 4 (s(r 1) — 1)) —2e(s — 1)(2(r — 1) + 1).

Case 3. If {a,b} C V(i (G)), a=al € V", b=wandi=1,2,..,s, then by
Lemmas 2.1 and 2.2,

HA\((G)) = = (dmc;)(a?) + dm@(w))d%(c:)(af’ w)
- (s(r +1)—1—da(a®) + rs) 2"
2>\71( Z (rs+s(r+1)—1)— Z dG(a?))

a=al€V", b=w, i=12,..,s a=a;€V", b=w, i=1,2,..., s

22-1(9) <5(27’5 ts—1)— 2e) — 2 (s(2rs ts—1)— 26).

Case 4. If {a,b} C V(5(G)), a =al € V', b=w, t=01,.,r—1,
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1=1,2,...,s, then by Lemmas 2.1 and 2.2,

. 1
A (G)) = 5 > () (@) + dizr) () ) - ()
a=ateV?t, b=w, t=0,1,...,r—1, i=1,2,...,s
_1 3 (s(r +1) — 2(de(a)) +7s))
2 K3

a=ateVt, b=w, t=0,1,....,r—1, i=1,2,...,s

1 o 1
il (21"5 + s —2dg(a; )) b <2rs(2rs +s)— 4(267’)) =rs(2rs + s) — der.

Case 5. If {a,b} C V(i (G)), a=at, b=a?, t#z t,z€{0,1,..,r—1}
1=1,2,...,s, then by Lemmas 2.1 and 2.2,

_ 1 z
Hy\(7r(G)) = 5 > (4 (ah) + dirc) (7)) o (a F)
a=al, b=a?, t#2€{0,1,...,r—1}, i€{1,2,...,s}
1
5 > (s(r+1) — 2d5(a?) + s(r + 1) —2dc(a?) )
a=al, b=a?, t#z, t,ze{0,1,...r—1}
1
+3 3 (s(r +1) = 2dg(a?) + s(r +1) - 2dg(a) ~ 1)
a=af, b=al, t=0,1,..,r—1, i=1,2,...,;s
1
=3 3 (25(7’ 1) - 4dc(a9))
a=al, b=a?, t#z, t,z€{0,1,..,r—1}
1
+5 Z <2s(r +1) = 3dg(al) — 1)
a=al, b=al, t=0,1,...r—1, i=1,2,...,s

= (r(r —1)s*(r+1) — 4r(r — l)e) + <T8(2s(7’ +1)—-1)— 6re>
=rs3(r+1)% = 2re(2r + 1).

Case 6. If {a,0} CV(i:(G)), a=aj, b=d;, t#z t,2€{0,1,..,r—1},
J,i € {1,2,...;s}, then by Lemmas 2.1 and 2.2,

HA(7(G)) = 5 >

a=al b=a%, t#2€{0,1,...,r—1}

(0 +1) = 2dc(ad) + s(r + 1) = 2dg(af) ) & (ol )

1
+ 5 Z

b:a§7 t=0,1,....,r—1, 1,7=1,2,...,s

(0 +1) = 2dg(a?) + s(r + 1) = 2d(af) — 1)y (af, af)
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1
o >
a=a}, b=ai, t#z, i#j, 1,j€{0,1,...s}, t,2€{0,1,..,r—1}, ajai¢E(ur(G))

(2s(r +1) — 2(dc(;) + dc(aj)))

1
3 2.
a=al, b=a?, t#z, i#j, 4,5€0,1,..,s, t,2€{0,1,....r—1}, ataZGE'(,uT(G))

(2s(r +1) = 2(dc(a7) + dc(a})))(2")

1
3 2.
a=al, b=a”, t#r, i#j, 4,j€0,1,.,s, t,re{0,1,..,r—1}, azaggéE(ur(G))

(2s(r +1) = 1 = 2(de(q;) — de(a))))

1
+ 5 Z

a=at, b=aj, t#r, i#j, 1,j€0,1,...s, t,re{0,1,...,r—1}, ataTGE( ~(G))

(2s(r+1) =1 —2da(a]) — (a ))( )
= ((s(s—l)#—( 1)26)23 (r+1) ( e)(s—1)
— Ml(G)>> n 2)‘<(r 1)2e(2s(r + 1)) — 2" ; 1>Ml(c:))

+ <(s(s 1) = 2e 4 (r— Ds(s — 1)(2s(r + 1) — 1) — 2(r(s — 1)2¢ — My(G))
—(r(s = 1)2e = My(G))) + 2 (2e(2s(r + 1) — 1) = 2M(G) — My(G5))

- (r(r 1)+ 3>M1(G) +s(r+ 1)(5(5 1) —1)(r +2) — der + 25(s — 1))
—2er(s — 1)(r —4) +de — rs(s — 1) + 2’\<4esr(r +1) =2 — (r(r — 1) +3)
My(G)) + 2 (desr(r +1) = 26 = (r(r = 1) + 3)M (G) ).

Summarizing the total contributions of above cases of adjacent and non-adjacent
pairs of vertices in 1, (G), we can obtain the desired result.

Using A = 1 in Theorem 2.3, we obtain the degree distance of complement of
generalized Mycielskian of a graph G.

Corollary 2.4. Let G be a (n,e)-graph with diameter 2. Then DD(n.(G)) =
2es(r+1)(4r +1)+2s(2rs+s—1)+r(2r +1)(s* —2¢) + s(r + 1)(rs(r+1) —e) —
de(r+2) = der(s — 1) + 252 (3s(r + 1) + 25(r2 = 1) = 2) = (r(r = 1) + 6)My (G).
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Using A = —1 in Theorem 2.3, we obtain the following.
Corollary 2.5. Let G be a (n,e)-graph with diameter 2. Then RDD(f;(G)) =
es(r+1;(4r+1) + S(Qrsgs_l) +r(2r+1)(s*—=2¢)+s(r+1)(rs(r+1)—e) —2e(2r+1) —

der(s —1) + @ (3s(r +1)+2s(r? —1) — 2> + @MI(G).

3. Conclusion:
In this paper, we have computed the general results related to degree and
distance for generalized Mycielskian graph.
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