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Abstract - A novel graph invariant: degree distance index was
introduced by Andrey A. Dobrynin and Amide A. Kochetova
[3] and at the same time by Gutman as true Schultz index [4].
In this paper we establish explicit formulae to calculate the
degree distance of some planar graphs.

Index terms— Degree distance, planar graph, tree graph,
regular graph, star graph.

I. INTRODUCTION

Topological indices are numbers associated with molecular
graphs for the purpose of allowing quantitative structure-
activity/property/toxicity relationships. Wiener index is the
best known topological index introduced by Harry Wiener to
study the boiling points of alkane molecules. By now there
exist a lot of different types of such indices (based either on the
vertex adjacency relationship or on the topological distances)
which capture different aspects of the molecular graphs
associated with the molecules under study. For a graph

G=(V,E)the degree distance of Gis defined as
DD(G)= > (degg(u)+degs (v))dg (u,v) where degg(u)is
{uvjceVv(G)

the degree of the vertex uin Gand dg(u,v)is the shortest
distance between uand v. Klein et al. [5] showed that if G is

a tree on nvertices then DD(G)=4W(G)-n(n-1)where
W(G)= > dg(u,v)is the Wiener index of the graph G.
{uvieVv(G)

Thus the study of the degree distance for trees is equivalent to
the study of the Wiener index. But the degree distance of a
graph is a more sensitive invariant than the Wiener index.

In this paper we compute the degree distance of some planar
and tree graphs. In Section Il, we introduce multi-star graph
Kinn..n [2] and calculate its degree distance, in Section IlI,

m times

we calculate the degree distance of planar graphs PI,(n>5)
and B, xC,(mx2nx>3)and in Section IV, We introduce the
graph operation éand compute the degree distance of

(Pml xcnl)é(sz xC,, )

Il. MULTI-STAR GRAPH

“Lon..n
m times
In this section we give the construction of multi-star graph and
calculate its degree distance.
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2.1 Construction

Starting from the star graph Ky , with vertices {vy,v;,V,,...,V, }
introduce an edge to each of the pendant vertices v;,v,,...,v, to

get the resulting graph Ky nn With vertices

{vo,vl,...,vn,v(n+1),...,v2n}, again introduce an edge to each of
the pendant vertices Vinsg)s- Vs 10 get the graph Ky p-

Repeating this procedure (m-—1)times the resulting graph

K1,n,n,...,n With’

N
m times

(mn+1) vertices

{Vo,Vlsz’---an,V(M)---,Vzn:V(2n+1)1---1V3n----’V((m,l)ml)v---,an}and mn

edges is obtained as shown in Fig. 1.

Fig. 1. Multi-star graph K, .

m times

Result 2.2: Degree distance of the Multi-star graph K, is

m times
DD[

Proof: Let the (mn+1)vertices of the multi-star graph

Kl,n,n,.“,n

m times

] = %[szn—4m2 +3mn +1]

Kinn,..n e {vo,vl,vz,...,vn,v(ml),...,v2n,...,v((mfl)ml),...,vmn}
Ll

m times
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Then, DD[KLn,n,...,n] dG(U?‘ ) 1j=l.. nJ¢2dG(J J+1) Lj=3..n-1
 Gives d(u;,u;)=2i=34,.,(n-2);(i+2)< j<n.
_Z(deg +deg( )) (vi,vj) DD(PI,)
< =[n(n-1)+2(3)+4(n-4)]+[(n-2)(n-1)+2(3)+ 4(n-4)]
[ N+2)(1+2+...+(m- 1))+n(n+1)m]+ - .
[ 2><1+2><2+ +2x(m- 1))(( 1)+(n-2)+. +1)J +H 314242442 [+4| 1+2+2+..42 |+2(3)
| (n-4) (n-5)
an(n-1)(2x1+1+2x1+ 2+...+ 2x1+(m=2)) + .
an(n-1)(2x2+1+2x2+2+...42x2+(m=3))+ +41+2+2(+---+2, +4142+2+.421+2(3)
n-5) (n-6)
+4n(n-1)(2x(m-2)+1) -
[3n )(2x1+(M=1)+2x 2+ (M=2)+...+ 2x(m- 1)+1)]+ +41+2+2+-;-+2 +4 1+2+T+-;-+2 +2(3)
L (n-6 n-7 ]
[4n(1+2+ H(m=2))+4n(1+ 2+ (m=3)) 4.+ dn(1) |+ +[4(1+2+2)+4(1+2) + 2(3)]+ [4(1+2) + 4(1)+ 2(3) ]+ 4(2) +3(1)
[3n((m-1)+(m=2)+..+2+1) | +[ 2x2mx((n-1)+..+1) ] 100 — 48014 68

Result 3.2: Degree distance of structured web 3-regular graph

=m (6mn 4m? +3mn+1)
P, xC,(Mm=2,n>3)is

I1l. PLANAR GRAPHS

3 2 2 2 2 :

In this section we compute the degree distance of planar graph OD(P, <C,) = o mn(n® ~1)-+mn? (m? 1) when n s odd

with maximal edges [1], PI,(n>5)(Fig. 2) and structured meTne §n3m2+mn2(m2—1) whert 1 is even
4

web graph B, xC, (m=>2,n>23) (Fig. 3).

Result 3.1: Degree distance of P, (n>5)graph is
DD(PI,)=10n” —48n +68

b

Fig. 3. B, xCggraph.

Proof: Case (i) when n is odd.

DD(meCn)=Z(deg( )+deg( ))d(ui,uj)

u
n i<j

Fig. 2. Pl,(n=>5) graph.

Proof: Let the nvertices of the Pl (n>5)graph be

{Up,Up,..,u ). Then the degree distance of Pl is

DD(PI,)= Z(deg( )+deg(uj))d(u,,uj) Note  that

i<j

degG(ul)zdegG(uz):n—l'degG(u3)=degG(un):
degG(u4)=...:deg(( )) 4dg (W,uj) =L j=2...n;
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DD(R,xC,)=

)

_12n[m(n;1)(nz—lj +(m-1) (nzg—l)] +

12n[<m—2><m—1>(n1]+(m-2>

2 2

..+12n{b<22[nz_1)+(1)(nzg_1)]

+[6(n+2n+...+(m—1)n)+6(n+2n+...+(m—_2)n)+...+6(n)]

:%mzn(n2 —1)+mn2(m2 —l)
Case (ii) when nis even.

DD(PR, xC,)

—Z(deg +deg( ))d (ul,uj)

i<j

i b
RN SRR
{351 S Gn-2 e |

+,,,+[6n[2(g—ljzcz+[g—1j( +g(1)+zczﬂ+mn(m2—1)

:%n3m2+mn2(m2—1)

n

§j<1)

IV. NEW GRAPH OPERATION €

In this section we introduce new graph operation € and
establish the degree distance of (Pm1 xCp, )é(Pm2 xC,, ) :

Definition 4.1: G,€G, is a connected graph obtained from G,
and G, by introducing an edge e between an arbitrary vertex
of G, and an arbitrary vertex of G, .

If G,(p;,0p)has pyverticesand g edgesand G, (p,.d,) has
p, vertices and qg,edges then GéG, will have (p,+p,)
(o +0, +1)edges. If G =R, xC, and
interesting graph structure G =G;G,

vertices and

G2 = sz Xan an

(example shown in Fig. 4) is obtained by using the new graph
operation defined above and we prove the following result.

Result 4.2: Degree distance of G = (Pml anl)é(sz anz) is
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DD(G) = DD(Gy )+ DD(G, ) +(6n, +2) Dg, (uy, )
+(6n, +2) Dg, (vp,v)+ng +n, +6nn,

Where,
2
%ml(mlcz) when ny is even
D, (u,u)= Zv 0o, (1 )= (2 -1)m,
uztyeV(Gy) +nl(m1C2) when n is odd

XCB)‘

Fig. 4. Graph (pml sz)é(sz

n,m
M+n2(mzcz) whenn, is even

Y g, (wy)=

v2yeV(Gy)

Ds (Vl'v) -

Proof: Let an edge be introduced between the arbitrary vertex
u,of Gand the arbitrary vertex v;0fG,, then the degree

distance of G =GéG, :(Pml xC,h)é(sz xC,, ) is given by
DD(G)

= Z(degGl

i<j
+ Z(degG
i<j

M many

+IZ£ JZ_; (degGl
2

=DD(G,)+
u#ty eV (Gy)

+ degGl

J))dGl (ui.u; )
v))+deg, (v;)de, (%.v;)

)+ degg, (v ))de(ui,vj)

dGl(u,ul)Jr DD(G,)+

>

vy eV (Gy)
)+ degg, ( ))[del(ui,ul)+1+dGz (vl,vj)}
de, (Up,u > dg, ()

vy eV (Gy)
dg, (ug,u)+6n,n;

dez (V)

mh meny
> (deg(31
i=1 j=1
2

DD(Gy)+
u#th eV (Gy)

2

u#y eV (Gy)

> dg (upu)+(m—1)+2+(n, -1)
u#ly eV (Gy)
)y

> dg, (V) +
vy eV (Gy) V£V eV (Gy)

DD(G)=DD(G,)+DD(G,)++(6n, +2)Dg, (u,u)
+(6m +2)Dg, (v,

+
)+DD(G,)+
+6n,
+

+6n, dg, (v1,V)

V)+n,+n, +6npn,
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Tofind Dg (u;,u)when nis even,
Dg, (uy,u)

Z dGJ U1vu)

uzu eV (G,

o +(“; 4)-3]
oo figies

+

+

+

+(m -1)
_ nym (m, —1) N mn,’
2 4
Similarly,

D, (vi,v)= > dg, (Vi,V)

Ve, eV (G,)

_nm, (;n2 -1) N m,n,?

Tofind Dg, (uy,u)when nis odd,
D, (uy,u)= Z d (u,u)

uzl eV (G

DGl(ul,u)

oz (5]
+[2[(1+1)+(2+1)+...+[(n12_ j+1m+1
{2[(“ 2)+(2+ 2)+...+[[”1; j+ 2m+ 2

[ERN

[ERN

7 {(1+2) (2+2)+. +[ D %+2ﬂ+2+_..
o3 ]

when n, is even

+...+H(1+(m 1)+ ...+((”12*1)+(m1 1)m +(m,—1)

_ nm, (m, —1) . ml(nl2 ,l)
2 4

Similarly,
Y dg (Vv
vy eV (Gy)
_ nzmz(m2 —1) . mz(nz2 _1)
2

Using Result 3.2,

§m12n1(n12 _1)+ mln12(m1

DD(G,)=DD(P, xC, )= .
Zm e (m -y

DD(G,)=DD(P, xC, )= 4

3
ansmz2 +myn,’ (m,’ -1)

§mzzn2 (n?-1)+mpn,*(m -1

when n, is odd

~1) when, is odd

whenn, is even

) when n, is odd

when n, is even

57

International Journal of Computing Algorithm
Volume: 03, Issue: 01 June 2014, Pages: 54-57
ISSN: 2278-2397

V. CONCLUSIONS

In this paper we have computed the degree distance index of
some planar graphs. Nevertheless, there are still many classes
of interesting and chemically relevant graphs not covered by
our approach. So it would be interesting to find explicit
formulae for computing the degree distance and other
topological indices for various classes of chemical graphs.
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