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Abstract

The Wiener index of a simple graph is defined as the sum of distances between
all vertices of the graph. It is well known that the Wiener index of a tree can be
obtained as an edge additive quantity where edge contributions are given as the
product of the number of vertices closer to each of the two end points of each edge.
Thus the distances between vertices are not used for computing the Wiener index
of trees. In a similar manner we introduce new topological indices which yields
the Wiener, hyper-Wiener, Schultz and modified Schultz indices as special cases for
trees. One advantage of this method is that in computing Schultz and modified
Schultz of trees we need not take in to account the distances between vertices.

1 Introduction

Throughout the paper all graphs are simple, graphs without loops and multiple edges.
Our notations are standard and mainly taken from [1]. Let G = (V, E) be a graph with
vertex set V' = V(G) and edge set E = E(G). We denote by d(z,y), N(z) and d(x), the
distance between vertices x and y, vertices of distance one with vertex x and the degree
of x, respectively. Also for each e = uv € E(G) we use the notations N,(v), n.(v) and
e (v) for the set of vertices t € V(G) with d(v,t) < d(u,t), [Ne(v)] and Yyen, 0 d(t),
respectively.

A topological index is a number related to a graph which is structural invariant, i.e.
it is fixed under graph automorphisms. The Wiener index, denoted by W, is defined

as the sum of all distances between vertices of a graph [2]. Randié¢ [3] introduced the
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hyper-Wiener index, denoted by WW an extension of the Wiener index for trees. Klein
et. al. [4] generalized this extension to cyclic structures as
WW@E) == > (d(u7 v) + d(u, v)z) .
{uw}CV(G)

The graph invariant hyper-Wiener is also a distance based graph invariant. In some
recent papers Dobrynin and Kochetova [5] and Gutman [6] introduced a degree analogue
of the Wiener index defined as

D(G)= > (d)+dy)dz,y)
{zy}CV(G)
which is known as the Schultz index. Gutman [6] also defined
DGy = X [d=)dy)d,y)
{zy}CV(G)
and later in [8] called it the modified Schultz index. The Szeged index, denoted by Sz(G),
is another topological index which is closely related to the Wiener index and is a vertex
multiplicative type index, see [7], defined as
Sz(G)= > ne(un(v) .
e=uweE(G)
In the case of trees, Wiener [2] showed that Sz(G) coincides with the Wiener index W(G).
Hence for a tree T' on n vertices, one can computes the Wiener index of 7" by the formula
of Sz(T') which is distance free and consists of just n—1 summands, but the usual formula
for the Wiener index takes into the account the distance between vertices and has (Z)

summands. More generally, Gutman [9] proved that if G satisfies the conditions
(a) The shortest path between any two vertices of G is unique;

(b) For each edge e = uv € E(G), if v € N.(u) and y € N,(v), then, and only then, the

shortest path between x and y contains the edge e,

then W(G) = Sz(G).
In a similar manner we want to find new formulae for the Schultz and modified Schultz
indices in the graphs satisfying the above conditions (a) and (b), and then extend them

for some topological indices.
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2 New formulae for the Schultz and modified Schultz
indices

A tree is an acyclic graph and so for each pair of vertices, there is exists a unique path
between them. In the general case, for each graph G satisfying the condition (a) above,
we can define P(z,y) as the set of all edges in the shortest path between vertices x and
y in G. In what follows, for a graph G satisfying the conditions (a) and (b), we obtain
formulae for the Schultz and modified Schultz indices in terms of n.(v) and a.(v)’s for
edges e = wv € E(G).

Theorem 1 If G is a graph satisfying the conditions (a) and (b), then

D(G)= > (ne(v)ae(u) + ne(w)oe(v)) .
e=uveE(G)

Proof. For each pair of vertices z,y € V(G) and each edge e € E(G) let

d(z) +d(y) e€ P(z,y)
We(z,y) =

0 otherwise

and

W)= > Wez,y).

{zy}CV(G)

Using these notations we have

Y Welwy)= > (@) +d(y) = (d(z) +d(y))d(z.y) -

e€P(x,y) e€P(x,y)

Hence, by definition of D(G), we obtain that

D(G)

> (d@) +d(y)d(z,y)

{zy}CV(G)

> S Welw,y)

{zy}CV(G) eeP(w,y)

= > > Wny)

{z,y}CV(G) e€E(G)

= > X X Welny)

e=uveE(G) x€Ne(u) yeNe(v)

= 2 X > ld@)+dy)

e=uveE(G) x€Ne(u) yeNe(v)

= > > |newd@)+ Y dly)

e=uveE(G) 2€Ne(u) yENe(v)
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= S [ne(v)ae(u) + ne(w)ae(v)] - |
e=uveE(G)
In order to prove a similar result for the modified Schultz index, for each vertex pair
(z,y) and each edge e of graph (G), we set
d(x)d(y) e € P(x,y)

Wz, y) =
0 otherwise

and
W)= Y W)
{zy}SV(G)
Theorem 2 If G is a graph satisfying the conditions (a) and (b), then
DNG)= > a(u)ae(v) .
e=uwweFE(G)
Proof. Using the above notations it is easy to see that
Y. Wilwy) = > dx)d(y) = d(z)d(y)d(z,y) .
e€P(z,y) ecP(z,y)
Therefore, by the definition of modified Schultz index, we get that

DG = > ld@)d(y)d(z,y)
{4ISV(©)

> > Wixy)

{z.y}CV(G) e€P(z,y)

= > > Wiy

{z,y}CV(G) e B(G)

= X > > Wiy

e=uwvE€FE(G) x€N,(u) yeENe(v)

= X X > ddy)

e=wvE€E(G) z€N,(u) yeNe(v)

= X2 X dx) X dy)

e=uveE(G) x€Ne(u) yENe(v)

= > ae(woe(v) . ]

e=uveE(G)

It is easy to see that, for a graph G = (V, E) satisfying the conditions (a) and (b)

two formulae in Theorems 1 and 2 for the Schultz and modified Schultz are distance free

and each of them consists of |E| summands, but in the main formula for the Schultz and

4

modified Schultz indices there are ( 9 summands which each of them also contains the

distance between some vertices of G.
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Remark 3 If, for an arbitrary simple graph G, we define D;(G) and Dj(G) as,
Di(G) =Y [ne()ac(u) + ne(w)oe(v)]
e=uveE(G)

and

Di(G)= >  oa(u)ae(v) .

e=uveE(G)
Then Dy (G) (respectively D;(G)) is a topological index which is equal to D(G) (respec-
tively D*(G)) if and only if W(G) is equal to Sz(G).

3 The general case

Let © be the class of all the graphs and for each G € Q denote by o(G) the class of
all complex valued functions ¢ : V(G) x V(G) — C with the property that ¥ (z,y) =
Y(p(z), #(y)) for each automorphism ¢ of G and each pair of vertices z,y € V(G). Also,
let ¥ = Ugeq o(G).

Definition 4 Let f : @ — W be a function with the property that f(H) € o(H) for
every H € , and for each G' € Q define the number D;(G) as
DG =3 > (G y)dzy)
ael {z,y}CV(Ga)

where G, ’s, a € I, are all of the connected components of G.
Now by properties of the functions f and the elements of its image, it is easy to see that
the function Dy(.) is a graph invariant, i.e. a topological index.

Let Qg be the class of all the graphs which satisfy the conditions (a) and (b). Thus,
in particular, €, contains all the trees and Qq;, C Q. Let Wop, := Ugeq,, o(G). Hence
for each G € Qg4, 0(G) contains all constant functions on V(G) x V(G) and ¥, is

non-empty.

Remark 5 Every graph is a disjoint union of its connected components and evidently
the graph invariant Dy(.), for a suitable function f described in the above definition, can
be obtained as the sum of its values on connected components of the graph. So in what

follows we consider connected graphs.

Definition 6 Let [ : Q,, — ¥, be a function with the property that f(G) € o(G) for
every G € Q. For each (connected) graph G = (V, E) € Qqup, v,y € V and e € E define
[f(G)(z,y) e€ Px,y)

0 otherwise

fc (6; z, 7,/) =
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and

fole) = Z folex,y) .

{zy}CV(T)
Using this notations, for graphs G € Qqj;, Df(G) can be computed by a simpler
formula which is also distance free and has fewer summands than its usual formula. In

fact, for each G € Q,; by a direct computation we see that

Dy(@) [F(&)](x, y)d(z,y)

{ay}TV(G)

F(@)](z,y)

{z.y}CV(G) eP(z,y)

= X X fudszmy)

{z,y}CV(G) e€E(G)

= > > > filaay)

e=uvEE(G) z€Ne(u) yeNe(v)

= X X flemy)= > file).

ecE(G) {z,y}CV(G) ecE(G)
For every function f mentioned in the Definition 4, Dy(.) is a topological index. But for
some suitable choices of the function f we can obtain some well known indices as the

following corollary shows.

Corollary 7 Let f,: Q — U, 1 <4 < 4, be functions defined by [f,(H)|(z,y) =1 and

()]G ) = d(@) + d(w), (D)) = d(@)d(y), (D)) =~ 000

for each H € Q and =,y € V(H). Then we have
Dy, (G) = D(G), Dy,(G) = D*(G), Dy,(G) =W(G), Dy, (G) =WW(G)
for each G € Q. [ ]

Using Corollary 7 we can easily deduce Theorems 1 and 2, and the distance free formula

Sz(T) = W(T) for trees T and more generally for graphs in Q,;. Let G € Q. Since G

satisfies the conditions (a) and (b), so for every e = wv € E(G) we have

(Fale) =" > (Ralezy)= > > [d@)+dy)] = ne(u)oe(v) + ne(v)ae(u)
{zy}V(©) €N, (u) yENe (v)

and

(Fale) = > (Klalezy)= > > d@)d(y) = ac(u)ac(v)

{zy}CV(G) €N (u) yENe (v)
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and

(fs)(;(e) = Z (fa) exy Z Z [fl

{z,y}CV(G) 2ENe(u) yENe(v)

S0> 1=n(u)n(v)

2E€Ne(u) yeNe(v)

which yield

D(G) =Dy, (G)= > (f = D [ne(u)ac(v) +ne(v)ae(u)],
ecE(G) e€cE(G)
and
DYG)=Dp(G)= > (f)ele) = D aclv)ac(u)
e€E(G) e€E(GQ)
and

W(G) =Dy, (G)= 3 (flale)= > ne(une(v) .

e€B(Q) e€E(G)

For the hyper-Wiener index we have the following corollary, which extends a result of

Gutman [10]

Corollary 8 If G € Qg, then

WW(E) =W(E) +2 Y [re(w)Be(v) + ne(v)felw)

e=wveE(G)
where 6, (1) = Sen, @) and 5,(0) = e, dy,0).

Proof. Let G € Q,;. Then for each e = uwv € E(G) we have

(f)a(e) > (flelez,y)

{zy}CV(G)

= > 2

2€Ne(u) yENe (v)

- ¥ oy ey

2ENe(u) yeNe(v)

— % SN ld(mu) 4+ 2+ d(v,y)]

2ENe(u) yENe (v)

= e)Be) 4 mef)ne(v) + gre(w)u(v)
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Above equation using Corollary 7 yields

WW(G) = DiG) = > fle)

ecB(G)

S [5re@)Bte) + neuna(o) + Sncu)(v)

e€E(G)

W(G) + 1 S [nu(w)Bo(v) + ne(v)fe(w)

ecE(G)

which completes the proof. ]
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