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ABSTRACT. Let G be a connected graph with vertex set V' (G). The degree resistance distance of G is
defined as Dr(G) = 3_ ., v(old(u)+d(v)]R(u,v), where d(u) is the degree of vertex u, and R(u,v)
denotes the resistance distance between uw and v. In this paper, we characterize n-vertex unicyclic

graphs having minimum and second minimum degree resistance distance.

1. Introduction

Graph invariants, based on the distances between the vertices of a graph [2], are widely used in
theoretical chemistry to establish relations between the structure and the properties of molecules [7, 8].

Let G = (V(G), E(G)) be a simple undirected graph with n = V(G) vertices and m = FE(G)
edges. In this paper all graphs considered are assumed to be connected. The ordinary distance
d(v,u) = d(u,v G) between the vertices v and u of the graph G is the length of a shortest path
between v and u [2].

The Wiener indez is the sum of distances between all unordered pairs of vertices

(1.1) W(G) = d(u,v) .

This graph invariant is the oldest and one of the most popular molecular structure descriptors [7,
8], well correlated with many physical and chemical properties of a variety of classes of chemical

compounds. For details on its mathematical properties, see the survey [4].
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A modified version of the Wiener index is the degree distance defined as [5]

(1.2) D(G) = [d(u) + d(v)]d(u,v)

where d(u) = d(u G) is the degree (number of first neighbors) of the vertex u of the graph G. The
same quantity was examined in the paper [6] under the name Schultz index.

If G is a tree on n vertices, then the Wiener index and the degree distance are related as D(G) =
AW (G) —n(n — 1) (for details see [6]).

The degree distance of graphs was much studied in the literature. In [1, 13, 14] general graphs
with minimum D were examined. Tomescu [12] determined the unicyclic and bicyclic graphs with
minimum D-value. Yuan and An [18] determined the unicyclic graphs with maximum D-value. Some
further mathematical results on degree distance can be found in [3, 9, 10].

In 1993 Klein and Randi¢ [11] introduced a new distance function named resistance distance, based
on the theory of electrical networks. They viewed G as an electrical network N by replacing each
edge of G with a unit resistor. The resistance distance between the vertices v and v of the graph G,
denoted by R(u,v) = R(u,v G), is then defined to be the effective resistance between the nodes u and
v in N. This new kind of distance between vertices of a graph was eventually studied in detail (see
[15, 16, 17] and the references cited therein).

For the following consideration it is important that R(u,v) = R(v,u), R(u,u) = 0 and that [11]
d(u,v)  R(u,v) with equality if and only if there is a unique path linking the vertices u and v.

If in the expression for the Wiener index, Eq. (1.1), the ordinary distance is replaced by resistance

distance, then we arrive at the Kirchhoff index

which also has been much studied in the mathematical literature.
If in the expression for the degree distance, Eq. (1.2), the ordinary distance is replaced by resistance

distance, then we arrive at the invariant

Dr(G) = [d(u) + d(v)] R(u, v)

which we name degree resistance distance of the graph G.

If G is a tree, then R(u,v) = d(u,v) for any two vertices v and v. Consequently, the Kirchhoff and
Wiener indices of trees coincide, as well as their degree distances and degree resistance distances.

To our best knowledge, the degree resistance distance is being considered here for the first time. In
this paper we study the degree resistance distance of the simplest connected non-tree graphs, namely
of unicyclic graphs.

The paper is organized as follows. In Section 2 we state some preparatory results, whereas in Section

3 we determine the unicyclic graphs with minimum and second-minimum D g-value.
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2. Preliminary Results

Lemma 2.1. [11] Let = be a cut vertex of a graph G, and let a and b be vertices belonging to different
components which arise upon deletion of x. Then R(a,b) = R(a,z) + R(z,b).

Lemma 2.1 has the following important corollary. Let H be a connected graph and let u be its

vertex. Denote

R(v,u H)

by R(u) = R(u H), and

by S (u) =S (u H).

Theorem 2.2. Let G1 and Gy be connected graphs with disjoint vertexr sets, with ny and no vertices,
and with my and mg edges, respectively. Let u;  V(Gyp), ua  V(Ga). Construct the graph G by

identifying the vertices uy and ug , and denote the so obtained vertex by u. Then

DR(G) = DR(G1) + DR(GQ) + 2mo R(ul Gl) + 2mq R(UQ GQ)
(2.1) + (n2 — l)S (u1 Gl) + (n1 — 1)5 <UQ Gg) .

Proof. Denote the abbreviations

V1 = V(Gl) ul and V2 = V(Gg) (%)
In view of the structure of the graph G, from the definition (1.2) of the degree resistance distance, we
have
Dr(G) = + + + + [d(z G) +d(y G)|R(z,y G) .
zy V1 zy Vo Z:\g Z=V1% ; \‘//12
Now,
[d(z G) +d(y G)| R(z,y G) = Dr(G1) — [d(x G1) + d(u1 G1)] R(z,u; G1)
z,y \%t x W
= Dr(G1) — d(x G1) R(xz,u1 G1) — d(u; G) R(z,u; Gy)
xz V1 z W
(2.2) = DR(Gl) -5 (U1 Gl) - d(ul) R(u1 Gl)

and analogously

(2.3) [d(l‘ G) + d(y G)] R(.%’, Y G) = DR(G2> -5 (UQ GQ) — d(UQ) R(UQ GQ) .
zy Vo
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Further,

(2.4)
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[d(z G) + d(y G) R(z,y G) = [d(z G1) + d(u G)] R(x,u1 Gh)

Z*V’l} z Vi

= S (u1 G1)+d(uG)R(u; Gy)

and analogously

(2.5) [d(z G) +d(y G)] R(z,y G) = S (u2 G2) + d(u G) R(uz G2) .
2%
Finally,
[d(z G) +d(y G)| R(z,y G) = [d(z G) +d(y G)][R(z,u1 G1) + R(y, uz Ga)]
vV g Vh
= d(x G1) R(z,u; G1) + d(x G1) R(y,uz Ga2)
xz Vi z Vi
y Va y V2
+ d(y Go2) R(z,u1 G1) +  d(y G2) R(y, u2 G2)
xz Vq xz Vq
Yy 1% Yy Va
= (77,2 — 1) S (u1 Gl) + [27711 — d(u1 G1)] R(U2 GQ)
(2.6) + (n1 — 1) S (UQ GQ) + [2m2 & d(UQ GQ)] R(u1 Gl)
because for ¢ = 1,2, the vertex set V; has n; — 1 elements, and because d(z) =2m; — d(u; G;).

z Vi

Adding Eqgs. (2.2)-(2.6) and taking into account that d(u G) = d(u1 G1)+ d(u2 G2), we obtain Eq.

(2.1). d

Let v be a vertex of degree p + 1 in a graph G, such that vvi,vvg,...,vv, are pendent edges
incident with v, and u is the neighbor of v distinct from vy, vs, ..., v,. We form a graph G = o(G,v)
by removing the edges vvi,vva,...,vv, and adding new edges uvi, uva, ..., uv,. We say that G' is a

o-transform of G (see Fig. 1).

FiGURE 1. The o-transformation at v.
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Theorem 2.3. Let G = o(G,v) be a o-transform of the graph G, d(u) 1 (see Fig. 1). Then
Dgr(G) Dg(G) .

FEquality holds if and only if G is a star with v as its center.

Proof. Let T' = wv,v1,v2,...,v, and let H denote the subgraph of G induced by the vertex set
V(G) T. From the definition of Dg(G), we have

Dr(G) = + + [d(z) + d(y)|R(x, y)
zy V(H-u) zy T v z V(H—u)
y T v
+ [d(z) + d(uw)]R(z,u) + [d(z) + d(u)] R(z,u)
z V(H-u) z T v
+ (d(z) + d(v)) Rz, v) + [d(z) 4 d(v)]R(z, v)
z V(H-u) z T v

+ [d(u) +d(v)]R(u,v) .

After the o-transformation, the degree of the vertex w increases by p, while the degree of the vertex v

decreases by p. During the transformation, for ,y = V(H—u)andx,y T v , [d(z)+d(y)]R(x,y)
x7y
does not change.

In G,
By = [d(x) + d(y)|R(x, y) = p [d(z) + D][R(z,u) + 2]
z V(H-u) x V(H*U)
y T v
while in G,
By = [d(z) + d(y)][R(z,u) + 1] =p [d(z) + 1][R(x, u) + 1]
ZVTEH_,UU) x V(H—u)

For the vertex u, in G,
Bs: = [d(x) + d(w)|R(x,u) + [d(x) + d(u)|R(z,u)
z V(H-u) z T v

= [d(x) + d(u)|R(z,u) + 2p[1 + d(u)]
z V(H—-u)

whereas for v in G,

By: = [d(u) +p+d(z)|R(x,u) + [d(u) +p+ d(z)|R(z, u)
x V(H-u) x T v

= [d(u) +p+d(z)|R(z,u) + pld(u) + p+ 1] .
x V(H—u)
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For the vertex v in G,

Bs: = [d(z) + d(v)]R(x, v) + [d(z) + d(v)] R(z, v)
z V(H-u) z T v

+ [d(u) + d(v)]R(u,v)
= [d(z) +p+ 1][R(z,u) + 1] + p(p + 2) + [d(u) + p + 1]
z V(H-u)

whereas for v in G,

Bg: = (d(z) + 1)[R(z,u) + 1]+ 5p+d(u) + 1 .
z V(H-u)

From the above relations it follows

By — By+ B3 — B, + B; — Bg

= p [d(x) + 1][R(z,u) +2] — p (d(z) +1)(R(z,u) + 1)
z V(H—u) z V(H-u)

+ [d(x) 4+ d(u)|R(z,u) + 2p[l + d(u)]
x V(H—u)

- [d(u) + p+ d@)]R(z, u) + pld(u) +p + 1]
x V(H-u)

+ [d(z) +p+ 1][R(z,u) + 1] + p(p + 2) + [d(u) + p + 1]
z V(H-u)

- (d(z) + )[R(z,u) + 1] + 5p + d(u) + 1

x V(H—u)
= p [d(z) +2] +pd(u) —p O.
z V(H-u)
The equality holds if and only if H consists of only one vertex u. This completes the proof. O

Theorem 2.4. Let G be a unicyclic graph. Let u be one vertex on G such that there are s pendent

vertices ui,us, ..., us attached at u. Let v be a vertexr on G such that there are t pendent vertices
v1,V9,...,0; attached at v. Assume that

Gi1 =G — wvvy,vvg, ..., 00 + uvl,uvs,. .., Ul
and

G =G — wuy,uus,...,ulls + VUL, VUL,..., Vs
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Then either Dr(G) > Dr(G1) or Dr(G) > Dgr(G2).

Proof. Let A = wj,ug,...,us , B= wy,ve,...,v; and let H be the subgraph induced by V(G)
A, B . Further, let R(u,v) = ¢.
In the transformation G =~ G for any pair of vertices x,y satisfying either

z,y V(H—u—v),orz,y A,orz,y B,orzx Ay V(H—-u—v),theterm [d(x)+d(y)|R(z,y)
x7y
does not change. Then

Dr(G) = + + + [d(z) + d(y)|R(x, y)

zy V(H—u—v zy A xy B z A
v VI ) y V(H—u—v)

+ [d(z) + d(y)|R(z, y) + [d(z) + d(y)| R(, y)

z A z V(H—u—v)
y B y B

+ [d(x) 4+ d(u)|R(z,u) + [d(x) + d(u)|R(z,wu)
z V(H—-u—v) x A

+ [d(x) + d(u)|R(z,u) + [d(x) 4+ d(v)]R(x,v)
z B x V(H-u—v)

+ [d(z) + d(v)|R(z,v) + [d(z) 4+ d(v)|R(xz,v) + [d(u)+ d(v)]R(u,v)
z A r B

_ + + + [d(z) + d(y)|R(x, y)

zy V(H—u—v zy A xy B z A
v ¥ ) y V(H—u—v)

+o(e4 2)st 4t (d(x) + [R(z,v) + 1]
z V(H—u—v)

+ [d(x) + s+ 2|R(z,u) +s(s+3)+ (s+3)({+ 1)t
z V(H—-u—v)

+ [d(x) +t + 2] R(x,v) + t(t +3) 4+ (L + 1)s(t +3) + (s + 2+t + 2)¢
z V(H—-u—v)

and analogously,

Dr(G1) = + + + [d(z) + d(y)|R(x, y)

zy V(H—u—v zy A zuy B z A
y VI ) y V(H—u—v)
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+ dst+t [d(z) + 1][R(z,u) + 1]
z V(H—-u—v)
+ d(z) +s+t+2]R(x,u) +s(s+t+3)+t(s+t+3)
z V(H—-u—v)
+ [d(z) + 2|R(z,v) + 3l + 1)t +3({+1)s +(s+t+2+2)C.
z V(H—u—v)
So we get
Dr(G) — Dr(G1) = t 4ls+ [d(x) + 2][R(z,v) — R(x,u)]
z V(H—-u—v)

By a similar reasoning one arrives at

Dr(G) — Dr(Ga) = s 4lt+ (d(x) +2) R(z,u) — R(z,v)
z V(H—-u—v)
Hence, if Dr(G) — Dr(G;) > 0 for i = 1,2, then the result follows. If at least one difference is
negative, say Dr(G) — Dg(G1) < 0, then [d(x) 4+ 2][R(x,u) — R(z,v)] > 4¢s and therefore

r H—u—wv

Dr(G) — Dr(G2) > s(4¢t + 4¢s) > 0. This completes the proof. O

3. The Minimum and Second Minimum Degree Resistance Distance

of Unicyclic Graphs

In this section, for convenience, we represent a unicyclic graph G with the unique cycle Cy =
vivy ... vy as G = U(Cy; Th, Ts, . .., T), where T; is the component of G — E(C}) containing v,
1 ¢ k. Obviously, T; is a tree rooted at v;. We say that T; is trivial if it consists of an isolated
vertex. We denote by H,, j, the graph obtained from C}, by adding n — k pendent vertices to a vertex
of Cj, .

Theorem 3.1. Let G be a unicyclic graph of order n with girth k. Then Dgr(G)  Dg(H,}), with
equality if and only if G = H,, .

Proof. Let G = U(Cy; Th,Ts, ..., T}) as described above. By Theorem 2.3, T; (1 ¢ k) is a star
with center v;. From Theorem 2.4, there exists only one non-trivial star attached at Cp, and this

implies the result. 0

Let Cy = vivy...vgvy be a cycle on k vertices. Then, for 1 i< j k,

G—i)k—j+1i) k-1

R i, Vj) —
(U U]) k ]{7
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and

k2 —1 k3 — k

R(vy Cy) = R(z,v) = 5 , Kf(Cy) = 5

z V(Cyp—v1)

For the graph H, ., in view of Theorem 2.2, let G1 = C}, , G2 = H, ; — C}, + u, where u is the
only vertex on C} with degree greater than 2. It is easy to see that
k3 —k

T -
Note that, when r = n—k+1, then W(Ky,—1) = (r—1)%. It follows that Dg(K1,-1) = D (K1,-1) =
AW (Kqp—1) —7(r—1) = (r —1)(3r — 4) and hence

Dgr(G1) = 4K f(Cy) =

Dr(Gy)=(n—k)(3n—3k—1) .
It is also easy to see that

k-1 k2 —1

R(u Gy) = G , RuGe)=n—k , SuGy)=n—k . S(uGp)= 3
Therefore it follows that
DR(Hn,k) = DR(G1) + DR(GQ) + 2k R(u Gg) N 2(n — k) R(u Gl)
+ (n—k)S(uGy)+ (k—1)S (uGs)
3 _ 2 _
= k3k+(nfk)(3n~3k:fl)+2(nfk:)k 1+2k¢(nfk:)
k2 =1

+ (n—k) + (k—1)(n—k)

1
= 4 In? 4+ (2k? — 9k — 8)n — k* + Tk

Corollary 3.2. Let G be a unicyclic graph of order n 7. Then
1

Dg(G) 3

(9n% —17n —6) .
The equality holds if and only if G = H, 3.
Proof. 1t is easy to see that for 3 &k n,
Di(Hup) — Dr(Hs) = %(k _3)(2kn—3n— K — 3k —2) = f(n, k) .

For kK = n,n — 1,n — 2,4,5,6, it can be checked that f(n,k) > 0. For 7 &k n—3, f(n,k)
f(k+3,k)= %(k‘ —3)(k% —11) > 0. Therefore, f(n,k) 0, with equality holding if and only if k = 3.
This implies the result. O

Lemma 3.3. Let Fi(n, k) and Fy(n, k) be two graphs as depicted in Fig. 2,n 8. Then Dg(F;(n,k))
DR(FQ(n, k)), DR(FQ(TI, k)) DR(FQ(TL, 3)), and DR(FQ(TI, k)) > DR(FQ(H, k))
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a»

2 b_j: 2
0 “I
a, Y :

5

F Fi(n,k) Fo(n,k)

FIGURE 2. Graphs mentioned in Lemma 7 and Theorem 8

Proof. For the graph Fj(n, k), let G1 = K1,-1, G2 = Hpy1 ) with common vertex vy and r =n — k.

Assume that the pendent vertex of Gs is w. It is easy to see that

1
Dr(Ki,—1) = (r—1)(3r — 4) , Dr(Hyi1x) = g(k3 +2k% + 8k +1) .

In view of Theorem 2.2,

R(’Ul Gl)

R(U1 GQ)

S (v1 Gy)

S (1)1 Gg)

R(z,v1)=n—k—=1,
V(G1—v1)

8

R(z,v1) + R(v;,v1) + R(w, v1)
V(G2—v1) v

8

R(z,v1) + R(vi,v1) + R(vi,v1) + 1
x V(GQ—Ul) v;

R(z,v1) + R(vi,v1) + 1
z V(Cg)

R(v1 C) + R(vi,v1) + 1,

d(x)R(x,v1) =n—k—1,
V(G1—v1)

8

d(z)R(z,v1)
x V(Gg—vl)

d(x)R(z,v1) + d(v;) R(vs, v1) + d(w)R(w, v1)
z V(Ga—v1) v

2 R(z,v1) + 3R(v;,v1) + R(vi,v1) + 1
V(G2—v1) v

8

2 R(z,v1) 4+ 2R(vi,v1) + 1

2R(’L)1 Ck) + QR(UZ', ’Ul) +1.
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Therefore

Dr(Fi(n,k)) = Dg(G1)+ Dp(G2) +2(k +1)R(v1 G1) +2(n — k — 1)R(v; Go)
+ kS (01 G1) + (n—k —1)S (v Ga)
= (n—k—1)(3n—3k—4)+é(k3+2k2+8k+1)
+ 2k +1)(n—k—1)+2(n—k—1) R(v; Cy) + R(v;,v1) + 1
+ k(n—k—1)+(n—k—1) 2R(v; C) + 2R(v;, v1) + 1

= (n—k:—1)(3n—3l<:—4)+%(k3+2k2+8k+1)

+ Bk+1)(n—k—1)+4(n—k—1)R(v; C)

+ 4(n—k—1)R(vs,v1) +3(n <k —1)

= 3n(n—k—1)+é(k3+2k2+8k3+1)

+ 4(n—k—1)R(vi Cx)+4(n—k — 1)R(v;,v1)
3n(n—k—1)+%(l€3+2k2—|—8k+1)

+ 4(n—k=1)R(vy Cy) +4(n —k — 1)R(v,v1)

= 3n(n—k—1)+%(l€3+2k2+8kz+1)

k2 -1 E—1
+4(n—k—1)T

+ 4n—k—-1)

1
= g (12+43k - 2k* — k* — 12n + kn — 9k®n + 2k°n + 9kn®

= DR(F2(nak))
i. e., Dr(F2(n,3)) = $(9n* — 12n — 26)..

It follows that Dr(F;(n,k)) Dgr(Fa(n,k)) and Fa(n, k) = Fi(n, k). Therefore
1
T3k
Let f(k) = —4 — 11k — 3k? — k3 + 4n — 3kn + 2k*n. Then f(k) > 0 forn 8 and k = 4,5,6,7,8.
Note that, for k' 8 and n k+ 1, one has

‘Ud(:) = —11-6k—3k>—3n+4kn

Dr(Fy(n,k)) — Dr(Fy(n,3)) (k—3) (-4 —11k — 3k* — k* + 4n — 3kn + 2k*n .


www.sid.ir

38 I. Gutman, L. Feng and G. Yu
—11 -6k —3k*+ (4k —3)(k+1) = (k+2)(k—7)>0.

It follows that f(k)  f(8) > 0.

From above, we have Dr(Fs(n,k)) — Dr(Fa(n,3)) 0, with equality if and only if £ = 3.

For Fy(n, k), let Gi = Fy(n, k) — Cx + v1, G2 = Ck. Assume that the vertex of degree 2 in G is u
and its pendent neighbor is w.

In view of Theorem 2.2, we have

Dr(Gy) =4W(Gy) —r(r—1)=3r> —3r—8 , wherer=n—k+1,

and
k2 —1
R(UlGl):n—k-i-l , S(UlGl):n—k-l-Q s S(U1G2):2R(’01G2): 3 .
Hence
DR(Fo(TL,k')) = 3 —|—3(n—k+1) —3(n—k+1)—8
k?—1
+ 2k(n—k+1)+2(n—k)
k*—1
+ (E=1)(n—-k+2)+(n-k) 5
1
= g(—30+7k—k3—|—4n—9kn+2k2n—l—9n2
which finally yields
1
Dr(Fy(n, k)) = Dg(Fy(n,k)) = - (-4 — 11k +3k* +4n+kn >0.
This proves the result. O]

Theorem 3.4. Let G = H, j be a unicyclic graph of order n ( 8). Then Dr(G)  Dg(Fa(n,k)).
Equality holds if and only if G = Fa(n, k).

Proof. Suppose that G has the second minimal degree resistance distance among all n—vertex unicyclic
graphs. Suppose that the girth of G is k. Then G has the form U(Cy;T1,T5,...,T)) as described
above.

First, we claim that at most two of T1,75,..., Ty are not trivial. Assume the contrary, namely
that 11,75, T3 are not trivial. By Theorem 2.3, they must be stars with centers vy, vg, v3, respectively.
Let V(T1) = wy,a9,as3,...,a, , V(Ta) = wa,bo,bs,...,bs , V(T3) = ws,ca,¢3,...,¢ . Then by
Theorem 2.4, Dr(G) > min Dr(G — vebs + v1be) and Dr(G — viag + veaz) > Dg(Hg). This
contradicts to the choice of G.

Next, if exactly two of 11,75, ..., Ty are not trivial, then without loss of generality we may assume
that these are 77 and T; , 2 ¢ k. Then by Theorems 2.3 and 2.4 these are stars with centers
v1, v;, respectively. In other words, G is the graph of the form F' as shown in Figure 2. Let V(T}) =

v1,a2,03,...,a, , V(T;) = v;,ba,b3,...,bs ,wherer+s+k=n+2r 2ands 2. From Lemma
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3.3, we have r = 2 or s = 2. Without loss of generality, assume that s = 2, i. e., that G = F;(n, k) is
the graph shown in Figure 2. Then r 4+ k = n. From Lemma 3.3, we have i =2 or ¢ = k.

If exactly one of 11,75, ..., T} is not trivial, then without loss of generality, we assume that it is 7.
Since G = Hy, j, and T} is not a star, from Theorem 2.3 it follows that G must be the graph Fy(n, k)
as shown in Figure 2.

From Lemma 3.3, Dr(Fo(n,k)) > Dr(Fa(n, k)), so we get the result. O

Corollary 3.5. Let G = Hy, 3 be a unicyclic graph of ordern  12. Then Dr(G)  3(9n® —12n—26).
Equality holds if and only if G = Fy(n,3).

Proof. From Theorem 3.4, we have Dr(G)  Dgr(Fa(n,k)). By Lemma 3.3, Dr(F2(n,k)) Dgr(Fa(n,3)),
which implies the result. O

Acknowledgments

Feng and Yu were supported by the Natural Science Foundation of China (No. 11101245) and Natural
Science Foundation of Shandong (Nos. ZR2011AQ005 and BS2010SF017). Gutman was supported
by the Serbian Ministry of Science and Education, through grant No. 174033.

REFERENCES

[1] O. Bucicovschi and S. M. Cioab&, The minimum degree distance of graphs of given order and size, Discrete Appl.
Math., 156 (2008) 3518-3521.
[2] F. Buckley and F. Harary, Distance in Graphs, Addison—Wesley, Redwood, 1990.
[3] P. Dankelmann, I. Gutman, S. Mukwembi and H. C. Swart, On the degree distance of a graph, Discrete Appl. Math.,
157 (2009) 2773-2777.
[4] A. Dobrynin, R. Entringer and I. Gutman, Wiener index of trees: theory and applications, Acta Appl. Math., 66
(2001) 211-249.
[5] A. A. Dobrynin and A. A. Kochetova ,Degree distance of a graph: A degree analogue of the Wiener index, J. Chem.
Inf. Comput. Sci., 34 (1994) 1082-1086.
[6] I. Gutman, Selected properties of the Schultz molecular topological index, J. Chem. Inf. Comput. Sci., 34 (1994)
1087-1089.
[7] I. Gutman and B. Furtula (Eds.), Distance in Molecular Graphs — Theory, Univ. Kragujevac, Kragujevac, 2012.
[8] I. Gutman and B. Furtula (Eds.), Distance in Molecular Graphs — Applications, Univ. Kragujevac, Kragujevac,
2012.
[9] A.1li¢, S. Klavzar and D. Stevanovié¢, Calculating the degree distance of partial Hamming graphs, MATCH Commaun.
Math. Comput. Chem., 63 (2010) 411-424.
[10] A. Ili¢, D. Stevanovié, L. Feng, G. Yu and P. Dankelmann, Degree distance of unicyclic and bicyclic graphs, Discrete
Appl. Math., 159 (2011) 779-788.
[11] D. J. Klein and M. Randié, Resistance distance, J. Math. Chem., 12 (1993) 81-95.
[12] A. L. Tomescu, Unicyclic and bicyclic graphs having minimum degree distance, Discrete Appl. Math., 156 (2008)
125-130.
[13] I. Tomescu, Some extremal properties of the degree distance of a graph, Discrete Appl. Math., 98 (1999) 159-163.


www.sid.ir

40 I. Gutman, L. Feng and G. Yu

[14] 1. Tomescu, Properties of connected graphs having minimum degree distance, Discrete Math., 309 (2009) 2745-2748.

[15] W. Xiao and I. Gutman, Resistance distance and Laplacian spectrum, Theoret. Chem. Acta., 110 (2003) 284-289.

[16] W. Xiao and I. Gutman, On resistance matrices, MATCH Commun. Math. Comput. Chem., 49 (2003) 67-81.

[17] W. Xiao and I. Gutman, Relations between resistance and Laplacian matrices and their applications, MATCH
Commun. Math. Comput. Chem., 51 (2004) 119-127.

[18] H. Yuan and C. An, The unicyclic graphs with maximum degree distance, J. Math. Study, 39 (2006) 18-24.

Ivan Gutman
Faculty of Science, University of Kragujevac, P. O. Box 60, Kragujevac, Serbia

Email: gutman@kg.ac.rs

Lihua Feng

Department of Mathematics, Central South University, Changsha, P. R. China, 410075, and School of Mathematics,
Shandong Institute of Business and Technology, Yantai, P. R. China, 264005

Email: fenglh@163.com

Guihai Yu

Department of Mathematics, Central South University, Changsha, P. R. China, 410075, and School of Mathematics,
Shandong Institute of Business and Technology, Yantai, P. R. China, 264005

Email: yuguihai@126.com


www.sid.ir

