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Abstract
The Reciprocal degree distance(RDD). defined for a connected graph 7 is
vertex-degree-weighted sum of the reciprocal distance. that is,

RDD(@G) = 3 (dtgc(dlg(:’dsya(v)).

u velV ()

The reciprocal degree distance is a weight version of the Harary index, just as
the degree distance is a weight version of the Wiener index. In this paper. we
present formula for the reciprocal degree distance of multi-star graph, planar
graph. and some new operation é.

Keywords : Degree distance. Planar graph. Tree graph. Regular graph, Star graph,
Reciprocal degree distance.
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1 Introduction

A topological index is a numerical descriptor of a molecule, based on a cer-
tain topological feature of the corresponding molecular graph. A representation
of an object. giving information only about the number of elements composing
it and their connectivity is named as topological representation of an object. A
topological representation of a molecule is called molecular graph. A molecular
graph is a collection of vertices representing the atoms in the molecule and set
of edges representing the covalent bonds. The advantage of topological indices
is that they may be used directly as simple numerical description in compari-
son with physical, chemical or biological parameters of molecules in Quantitative
Structure Property Relationships (QSPR) and in Quantitative Structure Activ-
ity Relationships (QSAR). One of the most widely known topological descriptor
is the Wiener index named after chemist Harold Wiener. The Wiener index of
a graph is defined as the sum of distances between all pairs of vertices in a con-
nected graph. The degree distance[2] of a connected graph G = (V. £) is defined as,

DD(G) = E (dega(u)+dege(v))dea(u. v) and the reciprocal degree distance[3]
u.veV{G)
of G is defined as, RDD(G) = E (dega(u) + dega(v)) . where dege:(u) is the

o) dez(w. v)
degree of the vertex u in G and da(u. v) is the shortest distance between u and o
in 5.

In[3] the reciprocal degree distance of some graphs are obtained. In this paper
we compute the Reciprocal degree distance of some planar graphs and tree graphs.

437 |Page
Www.ijarse.com




International Journal of Advance Research In Science And Engineering http://www.ijarse.com

IJARSE, Vol. No.3, Issue No.9, September 2014 ISSN-2319-8354(E)

2 Multi-Star Graph = 5

btartlng from the star graph K ,, with vertices {vg.vy.v2, . ... 1, }, introduce an
edge to each of the pendent vertices vy.vs. ..., v, to get the resulting graph Ky ,
with vertices {vo. 1, ..., Un. Unt1)se--s l.&"}. again introduce an edge to each of the
pendent vertices ¥(n41).....V2n, to get the graph K ,, n ». Repeating this (m — 1)
times we get a graph K, . . with (mn + 1) vertices
———

me—tines
{L‘o. Uy, V2,0, Un . Vn+1)s - oo V(20) s V(2n+1)s -« - V3ns oo V((m—1)n+1)s---» Umn} and mn
edges[5], as shown in Fig 2.1

Theorem 2.1. Reciprocal degree distance of the Multi-star graph Ky , . o 1S

m—1 2m—1) (m

i n?+n 1 m —k—=1

BODY K ooicoon | = (2n*+4n) Z —-:———+3n(n—l) Z A +4n Z ——F
e ol il
m+1
4 -1
COREU] ) LSS DESSREHD Dt Sew
Proof. Let {vg v1. 1. ..., Un, U(n41)s--=s Vagysasias . U((m—=1)n+1)++ + - + Umn } be the set of
(mn + 1) vertices of the multi-star graph K . Then,
-
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RDD (I\"l_ n.m. ... ,n)
S

={n(n+2)[1+___1).+l+___+ 1 ]+n(n+1)}
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3 (e — 1)
+{4[(n—l)+(n—2)+--.+l][-;—-I-%-I—éﬂ'-.‘-f":)—(ﬁj]}
1 1 1 1
+{4n(n—l)[ +4+ +$ +4n(n—l)[ +6+ (1'71——'}-1).]
1
.+ 4n(n — 1) [—(2_'" — 3)]}

1 1
+{3n(n_l)[(m+l)+(1n+7)+-“ ‘7n1—l]}
+{4n[l+%+.-. m]+4ﬂ[l+i+ +m]+-..+4n[l]}

3 1 1 1 1 1
+{.n[(nz—l)+(nl—2)+(1n—3)+”'+§+ ]}
At 0+ om v ]

m—1 (2r2—1) (tn—2)
=(2n* +4n)z ‘311 +n+¥n(n—l) Z —+4n Z —L_l
k—m+l
=3 IS 1 1
+ 4n(n — 1) §E+£E+...+k=§_lz+2m_3 :

Corollary 2.2.

-1

n +n =9 1 =2 m—FkK—1
={(2n> +4n)ZL _2 + 3n(nr — 1) Z —+4n Z ———
k—m+l
e
(’)k+1 ’)L+7) I. (nt)
[(+)+(=‘:F-*)]

+ Z (rn—k—l)(i+2k—l+l)}, if m is odd
k={=2)

(m—1)
{ ; k(‘lk:-1+2kt,_2)+(%1_l) (m:—l)
[(Z=+1)+(=—3)]

1 1 ’ ;
+ Z (m—Kk+1) (2_k+‘.2L—-H)} if m is even.

L =(%+1)

+ 4n(n — 1) 4
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3 Planar graph

Pl,,. n = 3 is a graph obtained by the join of F,,_, and .

Theorem 3.1. Reciprocal degree distance of Pl,, (n = 5) graph is
RDD(Pl,) = 4n? — 3n — 16.

P g

s

Fig 3.1

Proof. Let G = Pl,,. (n = 5) be a graph and V(G) = {u;, u2, us,...,u,}. Then the
Reciprocal degree distance of (7 is

RDD(G) = Z [deg(ui) ¥ dey(uj )l

= d(u; uj)
Note that, degg(uy) = dega(uz) = n — 1, degg(uz) = degg(u,) = 3.
dege(ug) = ... = degg(un—1) = 4. dg(u,. uj) =1,7=2.3,..., n

dg(uz.u;)=1,37=13.4,....n,
dG(uj.Uj+1) =1, J =3,..., n—1
do(u;u;) =2.i=3.4,...(n—2), (i+2)<j<n

Hence,
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RDD(G) =[n(n—1)+2(3) +4(n —4)] + [(n —2)(n — 1) + 2(3) + 4(n — 4)]

; o N
3
+<3 |1+ 1 1 1| +4 |1+ 1 1 1 +3}
§+3++§ §+E+--+§’ -
N L (n—--!):times _ L (n—:';):h'mes I Jy
¢ o - - B 3
3
+<44 |1+ 1 1 1|l +4|1+1 1 L) Fgaf
T2 ot g g g o gl
g L (n—S):tim:s il L (m —G)th'mcs A J
4 [~ - o - 5
3
+4q44 |1+ 1 1 1| +4 |1+ 1 1 1 +_-2-}
SR R gtgt—+3
\ L (n—ﬁ):ﬁmcn £ ¥ (n—?):timcs e J
1 1 [ 1 3
+"'+{4[1+§+§]+4 l+§]+'_§}

+ {4 [1 + —;—] + 4[1] + -;} + 4(1) + 3(1)
=4n® — 3n — 16.

N Tw

4 New graph operation ¢

Definition 4.1. G1éG2 is a connected graph obtained from G, and G5 by intro-
ducing an edge between an arbitrary vertex of Gy and an arbitrary vertex of G2 [1].
If Gy is a graph with p, vertices and q, edges and G2 is a graph with p> vertices
and q» edges then G16G2 will have (py + p2) vertices and (g1 + g2 + 1) edges. If
Gy = O, and G2 = C,, interesting graph structure G = C,,éC,, is obtained.

Fig 4.1

Lemma 4.2. The Reciprocal degree distance of cycle is

4n [1+%+---+-(—§1715] + 4. ifn is even
RDD(C,) =
-ln[l-f—,‘;-{-..._,.ﬁi_]_ if n is odd.
2 (=)
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Proof. We consider the following cases.
Case(i): n is even.

2 2 2492
RDD(C,) =n (-lﬁ) +n (HT“) +n ~-*-")

242 n\ (2+2
+ ik N ] + ;2') T
=4n |1+ : T +4
I A R
Case(ii): n is odd.
242 2+2 2+2 242
RDD(C,) =n (%) +n(%) +n(%) +...+n( 5: )
1 1
=4n [1+§+---+ (2;_,)]
O
Remark 4.3. Let G be a graph obtained by adjoining a vertez to a cycle C,, then
dege(u) + dege(v)
RDD(G) -
-.u;'(c). de(u.v)
’ vE(Cn)
(4n+2) 1+§+-~+(;‘:ﬂ]+(4+§). if n is even
= { -
in+2 T 1 fni
‘(4n+-)_1+2+ +I3§-r)] if s odd.
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Theorem 4.4. The Reciprocal degree distance of the graph G = C,,éC, is

(m-l) (n-l)
1
(4m+2) Z '+(4n+2 Z l.+6
k=1 k=1
EFI g
+10 §Z+§E

RDD(G)={ =

+16 }: k
k=1

k+2+[%ﬂ—k1+["-zﬂ1]

8-y, (-
14+ (m+2) ) T+ (n+2) Z

k-

2L+ ‘]+1oz; +ZA (m+, %)

Www.ijarse.com
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1 (3- l)1 ('";) 9
(4n+2) Z =+ (4m +2) Z +-
(L) (+) (7)
+8 Z (A +m 1+ Z JrzlL ("+n)
(m-a
| 1
‘ k
+lbz [k+2+[ﬂﬂ-k]+2]
+16 (2 — 1) [—1—'1'—%1':;‘*' +,,+(§_l)]}. if n-even and m-odd

+16(% - 1) [?13++¥13]} if mn are odd;

(3-1) =
"‘*"*"+Z( +1)+ ; +3
3-3 .
+16 ) k[‘ — ]
o Lk+2 ['—‘]1‘[]
! +16(§‘1)[@—}m+'--+ﬁ;1—,]}, if m,n are even.
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Proof. Let {wy.wa,..., wy} and {vy.va,....v,} be vertex sets of C,, and C,,, re-
spectively. By the operation defined above. we get the resulting graph

G = CrpréCly.

RDD(G) = Z dege(u;) + dega(u;)

uiu; €V(G) d('.'(u..uj)

ws 0, €V(Com) dG (wi. w; )
. Z degg(vi) + dege(w; )

v, €V(Ca)s dG('U.‘. u;])
wiEV(COm)

v EV(CR)

Case(i): m is odd and n is even.

RDD(G) =(4m + 2) [l + -+ (ml?,)] + (4n + 2) [l

: 2 dege(v;) + deg(,(w,)
+(4+;)+ > e
v EVIC,). 7
w; EV(Cm)

1| =

.- Z dege(w;) + dege(w;) n Z dege(v;) + degg(v;)

de(vi, ;)

(4.1)

+l+--.+;]
2 -1

(4.2)

Here. dg(v;.w;) is the distance between the vertices of ', to those of (,,, in G. as

given in Table 4.2. We calculate Z dega (vi) + dega(

u.'_,-)

S EV(C,), de(vi, w;)
w, EVI(Cm)
procedure.

From each of the 279 row to m"

using the following

rows, add reciprocals of elements of 2™ and n*®
columns, 374 and (n — 1) columns... ., (:’21)”‘ and (5 + 2)"‘

columns, and multi-

plyving by the sum of degrees of corresponding vertices we get,

1 1
{(4)(4)[>+1 3+1 0 T EE—Dy1 (B

1 1
+(4)(4)[,+9 H—2+"’+(aét~_l-1)+2+(ﬂéu +2)] S
1 1 X
W [2+<§—1)+3+(§—1) T EE DG oD

1
+(%L‘)+(§—l)]}'

From each of the 27? row to m'"

(4.3)

row. add reciprocals of elements of 1 column,

and multiplying by the sum of degrees of corresponding vertices we get,
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{(3 +2)(2) [

From each of the 2" to n'* columns. add reciprocals of elements of 1* row, and
multiplying by the sum of degrees of corresponding vertices we get.

uJIv-

1 1
TEo) T ED } (=9

1 1 : 1 =
{(3'*‘ 2)(2) [ + - ,3 +--vot H—(ng)] +(3+2)m} P (4.5)

For the vertices w; and v; we get,

(3+3)‘ (4.6)
1
Using (4.3), (4.4). (4.5) and (4.6) in (4.2) we get.
S ”
(2-1) (=% 5
RDD(G) =(4n+2) >_ — + (dm +2) R nd
k=1 k k=1 k vz
(=F7) =, @B, X
+SZ (L+")+10 1 2 ‘E+L_=2E+‘(2-}-—n)

(=F=) 1
+16 3 s mr— @]

+16 '"+1—1 D e T ey -
2 =il 1 =il 2+(3—1))°

Case(ii): m is even and n is odd.
By interchanging the roles of mz and n in Case(i). we obtain,

(-1 25, (=) .
RDD(G) =(4m +2) > E+(4n+2)z 75"':7‘”32 (=)
k=1 — ! k=2

?~|-

(=) (=) 1
+ 10 |1 + — _—
BB A

=) 1
“GZ"[HZ g Ea ey

n+1 1 1
-5 —=1) "—;,L‘+1+mzﬂ+2+" 2+( —1)
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Case(iii): m and n are odd.

(=) (=5%)
1 i AU d ~ j
ROD(G)=@Hi+3) 3 ~+@n+2) 3 = & 3y Zsal) tdesaliy)
=k =k ; de(vi, wy)
= == wWEV{(Cnl,

w EV(Cpm )

By constructing the distance matrix D and using the similar procedure (as in
dege(v;) + dege (w;)

Case(i)) to evaluate . we obtain.
e, €EV(Cp). de(vi, wj)
w EVICm)
(=5 1 (=5) 1
RDD(G) =(4m+2) Y ++@n+2) 3 7 +6
k=1 k=1

+16§k : + -
P2 A

1
n+1 1 1
F16(=5——1) [—“—+---+—+—1—]-
= +1 e

W -——mw

Case(iv): m and n are even.

Ry (-1 , 2
RDD(G) =(4m + 2) Z -+ [4+ —l] + (4n +2) Z =+ [4+ i]
=1 k=1 '
degc,-(v,v) + dege{w;)

T s de(vy, wy)
w E VAT

+

Consider.

Z dege(v;) + dege(wy)
= EVICTn), de(vi, w;)
=y €V ICm)

S
= =2k =k m+ 2 n—+2

2= 1 1
16 2 "'[k+2+ %—(k-l)]+[%-ll]

n 1 1
+16(§—1)[m+"'+(%—+1)].
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Hence.
(3—1) 1 (#—1) 1
RDD(G) =14+ (4m +2) > 7 tn+2) > =
k=1 k=1
1 1 ¥ 1 L 1 1 1
| —ip = = =
+_[1n+n]+lo kg,k'+kz_2k+(nx+2+n+‘2)
1 (2-—1) 1 =
+8|——+ e TE R iE
mt-mk2 g (F+1)+k k;_,k—f-g
(F—2) 1 1
+16 > k[ + ]
- 1 D mo__ . n
= k2 [F K+ (E]
n 1 1
+16(= —1) | =—— 4 i —em—=].
G-v|[gEn+ @)
-_—
Table 4.2
vy vy v? "(94'1) Yyt vy
vt ( ! (1+1) 1+ (2 -1 [+ 2] (t+2) (1+1)
v 2 (241) [2+(% - 1) [2+ B 2+2) (241) \
& S (3+1) B+(g -1 [5+ 8] (3+2) 3+1)

Ep -t (B -y (- 2 -+ (3 -0 (2 -n4+3)

"mp g qEhen - (@he@-o @BFhen o B
“mil g (=) W=F 41 - (BB -y =5 + 31 1=+
i \ 2 (241) 2+ (3 =) 2+ B @+2)

Distance matrix : distance between the vertices w; in (', and v; in €, in the
graph Cp,,éC',. when n is even, m is odd.

Www.ijarse.com
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O

(= 44

m<1

[== +1]

(2+1) )
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