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ABSTRACT: The Wiener matrix and the hyper-Wiener number of a tree (acyclic structure), higher Wiener numbers of 
a tree that can be represented by a Wiener number sequence 1W, 2W,3W…. where1W = W is the Wiener index, and 

RW
k

K   ,....2,1
is the hyper-Wiener number. The concepts of the Wiener vector and hyper-Wiener vector of a 

graph are introduced for the molecular graph of bi-phenylene. Moreover, a matrix sequence W(1), W(2), W(3),..., called 
the Wiener matrix sequence (or distance matrix sequence), and their sum  H

k
K WW   ,...2,1

, called the hyper-

Wiener matrix are computed, where   DW 1 is the distance matrix, and the sum of the entries of upper triangle of 

W(k) with respect to W(H) ) is just equal to WK with respect toR. A Wiener polynomial sequence and a weighted hyper-
Wiener polynomial of a graph are also determined for the molecular graph of bi-phenylene.  
 
KEYWORDS: Molecular graph, Wiener matrix sequence, hyper-Wiener vector; weighted Wiener polynomial; Wiener 
polynomial sequence;  
 

I. INTRODUCTION 
 

The Wiener matrix and hyper-Wiener number of a tree T (acyclic structure) were first introduced by Randic [1]. The 
present work, based on Klein–Lukovits–Gutman’s definition[5] (Hyper –wiener matrix) for the hyper-Wiener number, 
gives a new definition of higher Wiener numbers, so that it is applicable to any Molecular graph (connected structure). 
The concepts of the Wiener vector and the hyper-Wiener vector of a graph are introduced. Later the definition of hyper-
Wiener number was extended by Klein et al. for application to any graph (connected structureMolecular).Moreover, by 
using the distance matrix  GDD   of a graph G, we introduce a Wiener matrix sequence (or distance matrix 

sequence) W(1), W(2), W(3), . . . , and their sum  H
k

K WW   ,...2,1
, is called the hyper-Wiener matrix, where

  DW 1  is the distance matrix, and the sum of the entries of the upper triangle of W(k) (resp. W(H) ) is just equal to k 

W (resp. R). A Wiener polynomial sequence and a weighted hyper-Wiener polynomial of a graph are also 
introduced.In chemical graph theory and in mathematical chemistry, a molecular   graph or chemical graph is a 
representation of the structural formula of a chemical compound in terms of graph theory. A chemical graph is 
a labeled graph whose vertices correspond to the atoms of the compound and edges correspond to chemical bonds. Its 
vertices are labeled with the kinds of the corresponding atoms and edges are labeled with the types of bonds. For 
particular purposes any of the labeling may be ignored.A hydrogen-depleted molecular graph or hydrogen-suppressed 
molecular graph is the molecular graph with hydrogen vertices deleted.The following Fig1: G is the molecular graph of 
biphenylene.  
(Note that the hydrogen atoms and the double bonds are disregarded in G. This is not necessary, but has proved to be 
very convenient in practice). Recall that a molecular graph is necessarily connected. 
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II. CONCEPTS ON WIENER VECTOR AND HYPER WIENER VECTOR 
 

For a connected graph G with n vertices, denoted by 1, 2... n, let ,...2,1,
,

 
kdW

kdijji ijk . The vector (W1, W2, ...) is 

called the Wiener Vector of G, denoted by WV (G).Clearly; the sum of all components of the Wienervector of G is just equal to the 
Wiener number of G. 
For a connected graph G with n vertices, denoted by 1, 2... n, let  0,1max,  kdW ijkij  where dij is the distance between 

vertices i and j. Then ,.....2,1,,  
kWW

ji kij
k  are called the higher Wiener numbers of G. Thevector .....),( 21 WW is 

called the hyper-Wiener vector of G, denoted by HWV (G). 
Let D be the distance matrix of a connected graph G.  

A Wiener matrixSequence ........, ),2()1( WW  is defined as follows: 

Let 
  DW 1

 for k=1, 2. . . )1( kW  is obtained from )(kW  by leaving zeroes in place and replacing each nonzero entry x of 
)(kW by x -1. Let D be the distance matrix of a connected graph G, and let ........, ),2()1( WW  be the Wiener matrix sequence of 

G. The hyper-Wiener matrix )(HW of G is then defined as  


,...2,1
)()(

k
kH WW . From the above definitions, we can see 

that(i, j)-entry of )(kW  is just equal to 1 kdij  , so the sum of entries of upper triangle of )(kW  is just equal to Wk . 

Moreover, the sum of entries of upper triangle of the hyper-Wiener matrix )(HW  is just equal to the hyper-Wiener number R.  
However, the hyper-Wiener matrix is applicable for any connected structure. 

 
 

Fig 1: Molecular graph of biphenylene 
 

For graph G in Figure 1, its Wiener matrix sequence, Wiener vector, and hyper-Wiener vector are determined and given 
below. 
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WV (G) = (14, 36, 48, 40, 30, 12), HWV (G) = (180, 114, 62, 28, 10, 2) 
W = 180, R = 396 

 
III. WIENER POLYNOMIAL SEQUENCE AND HYPER-WIENER POLYNOMIAL 
 

The Wiener polynomial of graph was first introduced by Hosoya[27]. Let D be the distance matrix of a graph G, let l be 
the largest entry of D, and let 2dk be the number of such entries of D that are equal to k. The Wiener polynomial 

),( xGW  of G is then given by k
l

k
k xdxGW 




1

),( . Later Sagan and Yeh et.al[19]defined a generating function 
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),( xGW  related to the Wiener index of a graph G, called the Wiener polynomial.
 




)(,

),(),(
GVvu

vudxxGW , where

),( vud  denotes the distance between vertices u and v. The above two formulae give the same polynomial of G that

)1,(''
2
1)1,('),1,(' GWGWRGWW   

A hyperHosoya polynomial is given by [18] k
k

l

k
xdkxGHH 






 


1 2

1),(  and showed that )1,(')( GHHGR 

Itcan be found that the Wiener vector ....),( 21 WW consists of the coefficients of the derivative ),(' xGW  of the 

Wiener polynomial, where kW  is equal to the coefficient kkd k of xk-1 in ),(' xGW . However, the hyper-Wiener 
vector cannot be obtained from the hyper Hosoya polynomial HH (G, x). 
In a hyper-Wiener vector, WWI  so we can call WWI   the first Wiener number and Wk the kth Wiener number. 
According to the Wiener polynomial, we will introduce a Wiener polynomial sequence ).....,(),,( 21 xGWxGW of a 
graph G, where the kth Wiener polynomial of G is closely related to the kth Wiener number. 
Let G be a connected graph with n vertices. The kth Wiener polynomial of G, 1 ≤ k ≤dia (G), is defined by 

),( xGWk
 

,
)(,

]0,1),(max[




GVvu

kvudx where dia (G) is the diameter of G. The polynomial sequence W1(G, x), W2(G, 

x), W3(G, x) ... is called the  
 

IV. WIENER POLYNOMIAL SEQUENCE OF G 
 

It is not difficult to verify that ),(),(1 xGWxGW   and WGW k
k )1,(' . The constant term of Wk(G, x) is equal to 

the number of the pairs of vertices with distances less than k. For the hyper-Wiener vector of a graph G, its components 
iW and jW might have different contributions in some research for the structure–property relationship. We can weight 
the kth Wiener number by yk and define a weighted hyper-Wiener number as follows.  
The weighted hyper-Wiener number )(GRW  of a graph G is defined a k

k

k
W WyGR 




,.....2,1

)( ,Where ky  is the 

weight of Wk .Inaddition; we will introduce a novel weighted hyper-Wiener polynomial ),,( yxGHW of a graph G, 
so that the hyper-Wiener vector and the weighted hyper-Wiener number can be obtained from the polynomial. 
The weighted hyper-Wiener polynomial ),,( yxGHW  of a graph G is defined as 

k
k

k yxGWyxGHW ).,(),,(
,...2,1




 ,where y = (y1,y2…).From the above definition we have that

  k
k

k
w WyGRxyxGHW

dx
d 




,...2,1

)(1/),,( where the coefficients of ky in the weighted hyper Wiener 

number )(GRw  are equal to the kth Wiener number. Hence, the hyper-Wiener vector can be given by coefficients of

  .1/),,( xyxGHW
dx
d

In particular, we have   )(.......)1,1,1(,1/),,( GRyxyxGHW
dx
d

 For graph 

G in Figure 1, the Wiener vector, the Wiener polynomial sequence, the weighted hyper Wiener polynomial of G is 
given  

143648403012),(' 2345  xxxxxxGW  
180),12,30,40,48,36,14()(  WGWV  
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xxxxxxxGW 1418161062),( 23456)1(   

1418161062),( 2345)2(  xxxxxxGW  

32161062),( 234)3(  xxxxxGW  

481062),( 23)4(  xxxxGW  

5862),( 2)5(  xxxGW  

642),()6(  xxGW  

65
2

4
23

3
234

2
2345

1
23456

)642()5862(

)481062(
)32161062(

)1418161062(
)1418161062(),,(

yxyxx

yxxx
yxxxx

yxxxxx
yxxxxxxyxGHW











 

  654321 21028621141801/),,( yyyyyyxyxGHW
dx
d

  

  396)(.......)1,1,1(,1/),,(  GRyxyxGHW
dx
d

 

From the above example, it can be found that if the kth Wiener polynomial is given, the thk )1(  Wiener polynomial 
can be obtained from W(k) (G, x) by replacing exponent k of xk by k- 1 for k =  1, 2, . . . . 
 

V.  CONCLUSION 
 

In the present work, we intended a series of novel topological invariants such as the Wiener vector, the hyper-Wiener 
vector, the Wiener matrix sequence, the Wiener polynomial sequence, the weighted hyper-Wiener number, and the 
weighted hyper-Wiener polynomial for molecular graph bi-phenylene. These sequences will be helpfulfor similarity 
research analysis and multiply regression analysis in the study of structure-property relationship.  
 

REFERENCES 
 

[1] Randic, M. Novel molecular descriptor for structure-property studies. Chem. Phys. Lett.  
 Vol.211, pp.478-483,1993. 

[2] D. H. Rouvray, R. B. King (Ed.), Chemical Applications of Topology and Graph Theory,  
Elsevier, Amsterdam,pp. 159–177,1983. 

[3] Randic, M.; Guo, X.; Oxley, T.; Krishnapriyan, H. Wiener matrix: Source of novel graph  
invariants. J. Chem. Inf. Comput. Sci., Vol.33, pp.709-716,1993. 

[4] Lukovits, I.; Linert, W. A novel definition of the hyper-Wiener index for cycles. J. Chem. Inf.  
Comput. Sci. Vol.34, pp.899-902,1994. 

[5]  Klein, D. J.; Lukovits, I.; Gutman, I. On the definition of the hyper Wiener index for cycle- 
      containing structures. J. Chem. Inf. Comput. Sci., Vol.35,pp. 50-52,1995. 
[6] Gutman, I.; Klavzar, S. A method for calculating Wiener numbers of benzenoid hydrocarbons  

and phenylenes. ACH Models Chem. Vol.133, pp.389-399,1996. 
[7] Gutman, I. A property of the Wiener number and its modifications. Indian J. Chem.  

Vol.36A, pp.128-132,1997. 
[8] Gutman I, Kortevlyesi T. Wiener indices and molecular surfaces. Z Naturforsch.; Vol.50,issue7,pp 669–71,1995. 
[9] A.T. Balaban. Applications of Graph theory in Chemistry. J. Chem. Inf.Comput.  

Sci., Vol.25, pp.334–343, 1985. 
[10] R. Balakrishna, N. Sridharan, and K. Viswanathan Iyer. Wiener index of odd Graphs. J. Ind.  

Inst. Sci., Vol.86,pp.527–531,2006. 

http://www.ijirset.com


 

        
          ISSN(Online): 2319-8753 

          ISSN (Print):   2347-6710 

International Journal of Innovative Research in Science, 
Engineering and Technology 
(A High Impact Factor & UGC Approved Journal) 

Website: www.ijirset.com 

Vol. 6, Issue 8, August 2017   

Copyright to IJIRSET       DOI:10.15680/IJIRSET.2016.0608186                                          17005 

                      

[11] M.V. Diudea and I. Gutman. Wiener-type topological indices. Croat. Chem. Acta,, 
Vol.17,pp.21–51, 1998. 

[12 I. Gutman, Y.-N. Yeh, S.-L. Lee J.-C. Chen, Wiener numbers of dendrimers, Comm. Math.  
Chem., Vol.30 ,pp 103–115,1994 

[13] O. Ivanciuc and D.J. Klein. Building-block computation of Wiener-type indices for the  
 virtual screening of combinatorial libraries. Croat. Chem. Acta, Vol.75,pp.577–609,2002. 

[14] S. Klavzar and I. Gutman. Wiener number of vertex-weighted graphs and a chemical  
 application. Disc. Appl. Math. Vol.80,pp 73– 81,1997. 

[15] D.J. Klein. Partitioning of Wiener-type indices. Ind. J. Chem., Vol. 42A,pp.1264–69, 2003 
[16] S. Klavzar, A. Rajapakse, and I. Gutman. The Szeged and the Wiener index of graphs. Appl.  

 Math. Lett., Vol.9,pp.45–49, 1996. 
[17] Hosoya, H. On Some Counting Polynominals in Chemistry. Discrete Applied Mathematics,  

 Vol.19, pp.239-257,1998.  
[18] S.G. Wagner. A class of trees and its Wiener index. Acta Appl. Math., Vol.91,issue2,pp.119–132,2006. 
[19] H.Wiener. Structural determination of paraffin boiling points. J. Amer. Chem., 

Vol.69,pp.17–20,1947. 
[20]  L. Xu and X. Guo. Catacondensed hexagonal systems with large Wiener numbers. MATCH  

Commun. Math. Comput. Chem., Vol.55,pp.137–158,2006. 
[21] I. Gutman, A new method for the calculation of the Wiener number of acyclic molecular  

graphs, Journal of Molecular Structure, Vol.285 ,pp.137–142,1993 
[22] I. Gutman, Y.-N. Yeh, S.-L. Lee J.-C. Chen, Wiener numbers of dendrimers, Comm. Math.  

Chem., Vol. 30,pp. 103–115,1994. 
[23] R.C. Entringer, J.E. Jackson, and D.A. Snyder. Distance in graphs. Czech. Math. J.,  

Vol.26,pp.283–296.1994. 
[24] Guo, X.F., Klein, D.J., Yan, W.G. and Yeh, Y.-N. Hyper-Wiener Vector, Wiener Matrix  

Sequence, and Wiener Polynominal Sequence of a Graph. International Journal of  
Quantum Chemistry,  Vol.106, pp. 1756-1761,2006. 

[25] Diudea, M. V.; Gutman, I. Wiener-Type Topological Indices. Croat. Chem. Acta, Vol.71,  
 pp. 21-51,1998. 

[26] Wiener, H. Relation on the Physical Properties of Isomeric Alkanes to Molecular Structure:  
 Surface Tension, Specific Dispersion and Critical Solution Temperature in Aniline. J. Phys.  
Chem., Vol.52, pp.1082-10,1948. 

[27] Diudea, M. V. Walk Numbers e WM: Wiener-type Numbers of Higher Rank. J. Chem. Inf.  
 Comput. Sci. Vol.36,pp. 535-540,1996. 

 

http://www.ijirset.com

