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COMPUTING SZEGED AND SCHULTZ INDICES OF HAC,C,C.[p,q]
NANOTUBE BY GAP PROGRAM
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In this research, we give a GAP program for computing the Szeged and Schultz indices of
any graph. Also we compute the Szeged and Schultz indices of HAC,C,C,[p,q]by this

program.
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1. Introduction

Let G be a connected graph. The vertex-set and edge-set of G denoted by V(G) and E(G)
respectively. The distance between the vertices u and v, d(u,v), in a graph is the number of edges
in a shortest path connecting them. Two graph vertices are adjacent if they are joined by a graph
edge. The degree of a vertex i €V (G ) is the number of vertices joining to i and denoted by v (i) .

The (i, ) entry of the adjacency matrix of G is denoted by 4 (i, j). Let e be an edge of a graph

G connecting the vertices u and v. Define two sets NV | (e|G) and N 2(e|G) as follows:

N (e|G)={x €V (G)|d (x ,u)<d (x,v)}and
N,(e|G)={x eV (G)|d (x v)<d (x ,u)}.

The number of elements of N 1(e|G) and N 2(e|G) are denoted by nl(e|G) and
nz(e|G) respectively.

A topological index was introduced by Gutman and called the Szeged index,
abbreviated as Sz [1] and defined as

Sz(G)= Y. ny(e|G).n,(e|G).

ecE(G)

Schultz index (MTI) is a topological index was introduced by Schultz in 1989, as the
molecular topological index [2], and it is defined by:

MTI = > v(i)d(@i,j)+A@,))).

{i.jisV (G)

In this paper, we give an algorithm that enables us to compute the Szeged and Schultz
indices of any graph. Also by this algorithm, we compute the Szeged and Schultz indices of
HAC,C,C,[ p,gq]nanotube .
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2. Result

In this section, we give an algorithm that enables us to compute the Szeged and Schultz
indices of any graph. For this purpose, the following algorithm is presented:

1- We assign to any vertex one number.

2- We determine all of adjacent vertices set of the vertex i, i€} (G) and this set denoted
by N(i). The set of vertices that their distance to vertex i is equal to ¢ (t > O) is denoted by
D, and consider D, , = {i}.Let e = ij be an edge connecting the vertices i and j, then we have
the following result:

a) V=UmD,, ,ieV(G).
b Y d(i,j)zth‘Di,t

jeV (G) t>1

Vi eV (G)

il (G) jeV (G) iV (G) JEN(i)  j&V (G\N (i)

OMTI(G)= D v(i)x Y @@, j)+AG.,j)= D v(i)x{ > 2+ D) d(i,j)]

=> £2v(i)2+v(i)>< > tx\DuJ

i (G)
b) (Di,t \Dj,t ) g(Dj,t—l UDj,t+l) s ! 2 1

o) (D,,ND,, )=N,(e|G) and D,,ND,,,, =N (e|G)t>1.

d) (Di,l U{i})\(Dj,l U{]}) c N, (€|G) and (Dj,l U {]})\(Dzl U{l}) c N, (e|G)-

According to the above relations, by determining D, , ,# > 1, we can obtain N, (e|G) and

L
N, (e|G) for each edge e¢ and therefore the Szeged and Schultz indices of the graph G is
computed. In the continue we obtain the D, ,, ¢ > 1, for each vertex i.
3- The distance between vertex i and its adjacent vertices is equal to 1, therefore
D;, =N(i). For eachjeD
N(j)\(D,,UD,, ) and the vertex i is equal to ¢ +1, thus we have
Di,z+l = UjeDM (N(j)\(Di,z UDm—l) , 121,

According to the above equation we can obtain D,, >2 foreach i e V' (G).

t>1, the distance between each vertex of set

it?

4- In the start of program we set SZ and Sc equal to zero and T equal to empty set. In the
end of program the values SZ and Sc are equal to the Szeged and Schultz indices of the graph G
respectively. For each vertex i,1<i<mn, and each vertex j in N(i), we determine
N, (e|G) and N, (e|G) for edge e =ij, then add the values of n, (e| G).n, (e| G) toS Z . Since the
edge ji is equal to ij, we add the vertex i to T and continue this step for the vertex i+1 and for

each vertex in N(i+1)\7.

GAP stands for Groups, Algorithms and Programming [3]. The name was chosen to reflect
the aim of the system, which is group theoretical software for solving computational problems in
group theory. The last years have seen a rapid spread of interest in the understanding, design and
even implementation of group theoretical algorithms. GAP software was constructed by GAP's
team in Aachen. We encourage the reader to consult Refs. [4] and [5] for background materials
and computational techniques related to applications of GAP in solving some problems in
chemistry and biology. The molecular topological index studied in many papers [6-9]. In a series
of papers, the Szeged and Schultz indices of some nanotubes computed [10-13], another
topological indices are computed [14-18].
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3. Disscussion and conclusions

A C,C,C, net is a trivalent decoration made by alternating C,C; and C,. It can cover
either a cylinder or a torus. In this section we compute the Szeged and Schultz indices of
HAC,C.C,

nanotube by GAP program.

129 130 i3 132 133 134 135 136

Fig. 1. HAC,C,C,[4,2] Nanotube

We denote the number of pentagons in the first row by p . In this nanotube the three first
rows of vertices and edges are repeated alternatively; we denote the number of this repetition by g .
In each period, there are 16p vertices and 2p vertices are joined to the end of the graph and
hence the number of vertices in this nanotube is equal tol6 pg + 2 p .

We partition the vertices of this graph to following sets:

K, : The vertices of first row whose number is5p .

K, : The vertices of the first row in each period except the first one whose number

isSp(g-1).

K : The vertices of the second rows in each period whose number is 6 pq .

K, : The vertices of the third row in each period whose number is 5 pq .

K, : The last vertices of the graph whose number is2p .

We write a program to obtain the adjacent vertices set to each vertex in the sets K, ,

i=1...5. We can obtain the adjacent vertices set to each vertex by the join of these programs.
The following program computes the Szeged and Schultz indices of HAC,C,C,[p,q]

nanotube for arbitrary p andgq .
p:=9; q:=9;#(for example)
n:=16*p*q+2*p;
N:=[]; K1:=[1..5%p]; V1:=[2..5%p-1];
foriin V1 do
if i mod 5 =1 then N[i]:=[i-1,i+1,(i-1)*(6/5)+1+5*p];
elif (i mod 5) in [0,2] then N[i]:=[i-1,i+1];
elif i mod 5=3 then N[i]:=[i-1,i+1,(i-3)*(6/5) +3+5*p];
elif i mod 5=4 then N[i]:=[i-1,i+1,(i-4)*(6/5)+5+5*p]; fi; od;
N[1]:=[2,5%p,5*p+1]; N[5*p]:=[1,5*p-1];
k:=[5*p+1..16*p*q];
k2:=Filtered(k,i->1 mod (16*p) in [1..5*p]);
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foriink2 do
x:=1 mod (16*p);
if x mod 5=1 then N[i]:=[i-1,i+1,(x-1)*(6/5) +1+i-x+5%p];
elif x mod 5=2 then N[i]:=[i-1,i+1,i-5*p+1];
elif x mod 5=3 then N[i]:=[i-1,i+1,(x-3)*(6/5)+3+i-x+5%p];
elif x mod 5=4 then N[i]:=[i-1,i+1,(x-4)*(6/5)+5+i-x+5%p];
elif x mod 5=0 then N[i]:=[i-1,i+1,i-5*p];fi;
if x=1 then N[i]:=[i+1,i-1+5%p,i+5%*p];fi;
if x=5%p then N[i]:=[i-1,i-5%p,i-5*p+1];fi; od;
k3:=Filtered(k,i->1 mod(16*p) in [5*p+1..11%*p]);
foriink3 do
x:= (i-5*p) mod (16*p);
if x mod 6=1 then N[i]:=[i-1,i+1,(x-1)*(5/6)+ i-x-5*p+1];
elif x mod 6=2 then N[i]:=[i-1,i+1,(x-2)*(5/6)+2+i-x+6*p];
elif x mod 6=3 then N[i]:=[i-1,i+1,(x-3)*(5/6)+3+i-x-5*p];
elif x mod 6=4 then N[i]:=[i-1,i+1,(x-4)*(5/6)+4+i-x+6*p];
elif x mod 6=5 then N[i]:=[i-1,i+1,(x-5)*(5/6)+4+i-x-5*p];
elif x mod 6=0 then N[i]:=[i-1,i+1,x*(5/6)+1+i-x+6*p];fi;
if x=1 then N[i]:=[i+1,i+6*p-1,i-5*p];fi;
if x=6*p then N[i]:=[i-1,i+1,i-6*p+1];fi; od;
k4:=Filtered(k,i-> i mod (16*p) in Union([11*p+1..16*p-1],[0]));
foriin k4 do
x:=(i-11*p) mod (16*p);
if x mod 5 =1 then N[i]:=[i-1,i+1,(x-1)*(6/5)+i-x-6*p];
elif x mod 5 =2 then N[i]:=[i-1,i+1,(x-2)*(6/5)+2+i-x-6*p];
elif x mod 5 =3 then N[i]:=[i-1,i+1,i-1+5*p];
elif x mod 5 =4 then N[i]:=[i-1,i+1,(x-4)*(6/5)+4+i-x-6*p];
elif x mod 5 =0 then N[i]:=[i-1,i+1,i+5%p];fi;
if x=1 then N[i]:=[i-1,i+1,i-1+5%*p];fi;
if x=5%p then N[i]:=[i-1,i-5*p+1,i+5*p];fi; od;
K5:=[16*p*q+1..n];
foriin K5 do
x:=1-16*p*q;
if x mod 2=0 then
y:=(5/2)*x +16*p*q -5*p;
else y:=(5/2 )*(x-1) +3+16*p*q -5*p; fi;
N[i]:=[y]; N[yl[3]:=i; od;
Sc:=0; v:=[]; D:=[];
foriin[1..n] do
D[i]:=[]; w:=[i]; D[i][1]:=NI[i]; v[i]:=Size(N[i]);
u:=Union(u,D[i][1]);
Sc:=Sc+v[i]*2*Size(D[i][1]);
r:=1; t:=1;
while r<>0 do
D[i][t+1]:=[];
for j in D[i][t] do
for m in Difference (N[j],u) do
AddSet(D[i][t+1],m);
od; od;
u:=Union(u,D[i][t+1]);
Sc:=Sc+v[i]*(t+1)*Size(D[i][t+1]);
if D[i][t+1]=[] then r:=0;fi;
ti=t+1;
od; od; T:=[]; sz:=0;
foriin[l..n-1] do
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NI:=[];
for j in Difference(N[i],T) do
N2:=(];
N1[j]:=Union(Difference(N[i],Union([j],N[j])),[i]);
N2[i]:=Union(Difference(N[j],Union([i],N[i])).[j]);
for t in [2..Size(D[i])-1] do
for x in Difference(D[i][t],Union(D[j][t],[j])) do
if not x in D[j][t-1] then
AddSet(N1[j],x);
elif x in D[j][t-1] then
AddSet(N2[i],x);
fi; od; od;
sz:=sz+Size(N1[j])*Size(N2[i]);
od; Add(T,i); od;
sz; # (The value of sz is equal to Szeged index of the graph)
Sc; # (The value of Sc is equal to Schultz index of the graph)

Tablel. Szeged and Schultz indices of HAC,C,C,[ p,q] nanotube

Szeged Schultz
213156 183522

668817 504438

1630276 1009944

23666605 | 10253380

12971040 | 5618280

41602488 | 15656184

=N O O | | W W T
WD N | O W W N

39636947 | 14297514

154028763 | 47942944

8 |8 232136832 | 65446528
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