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Hamming Index of the Product of Two Graphs

Harshitha A, Swati Nayak, Sabitha D’Souza* and Pradeep G. Bhat

Abstract—Let A(G) be the adjacency matrix of a graph G.
Let s(v;) denote the row entries of A(G) corresponding to the
vertex v; of G. The Hamming distance between the strings s(u;)
and s(v;) is the number of positions in which their elements
differ. The sum of Hamming distance between all the pairs of
vertices is the Hamming index of a graph. In this paper, we
study the Hamming distance between the strings generated by
the adjacency matrix of various products of complete bipartite
and complete graph. We also compute the Hamming index
generated by the adjacency matrix of these graph products.

Index Terms—Hamming index, Hamming distance, adja-
cency matrix, strings.

I. INTRODUCTION

ET (Z3,4) be an additive group of integers modulo
2, where Zy; = {0,1}. For a positive integer n,
(Zo)™ = (Z2) (Z2)...(Z2) (n—factors). Each s € (Z2)™
is an n—tuple s = (s1,S2, ..., 8,,) with each s; is either 0
or 1 which is referred as a string. The number of 1’s in
each string is known as weight of that string. The Ham-
ming distance between two strings s = (s1, S2, ..., S,,) and
t = (t1,ta,...,t,) of equal length is the number of positions
at which s; # t;,1 < i < n, denoted by H,(s,t). For the
vertices u;, v; of a graph, Hy(u;,vj) = Ha(s(us), s(vj)). A
graph G is called a Hamming graph [1], [2], if each vertex
u; € V(G) can be labeled by a string s(u;) of fixed length
such that Hy(s(u;), s(v;)) = da(ui,vy),Vus,v; € V(G),
where d¢ (u;, vj) is the distance between the vertices u; and
v; which is the number of edges in the shortest u; —v; path.
Hamming weight analysis of bits has a significant role
in information theory, coding theory and cryptography. The
minimum Hamming distance is used as error detecting and
error correcting codes. The Hamming distance is also used in
biological systematic as a measure of genetic distance. For
more information on Hamming graphs, one can refer [3],
[4], [5]. Motivated by the work on Hamming graphs, in this
paper, we study the Hamming index of the product of two
graphs with respect to its adjacency matrix.
The paper is organized as follows. The authors present the
preliminaries in section 2. The Hamming indices of different
product graphs are evaluated in section 3.
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The research method used is document analysis to study
the previous research. The work is developed from a quali-
tative descriptive approach with deductive reasoning.

II. PRELIMINARIES

Let G be a simple graph. The degree of a vertex u,; €
V(G) denoted as deggu; is the number of edges incident
with u;. We denote two vertices u; adjacent to v; by u; ~ v,
and u; not adjacent to v; by u; o v;. Neighbors of a vertex
u; are the vertices v; such that u; ~ v;. A common neighbor
of two vertices u;,v; is a vertex wy, such that wy ~ u; and
wy, ~ vj, denoted by N(u;,v; : G) and a non-common
neighbor of the vertices u;, v; is a vertex wy, such that wy,
u; and wy, o v;. The adjacency matrix A(G) of a graph G
is a square matrix A(G) of order n, whose elements are a;j,
where a;; is 1 if v; ~ v; and is 0 if v; % v; in G.

Definition 1: [6] The Hamming index H4(G) of a graph
G of order n is defined as

Ha(G)= Y Halui,uy).

1<i<j<n
Example 1:
Uy
Uy
G Us Us
Uy
Figure 1. The Graph G.

Strings generated by A(G) of graph G in Figure II are
s(uy) = 01000, s(uz) = 10101, s(ug) = 01010, s(ug) =
00101, s(us) = 01010. Hamming index of G is H4(G) =
28.

The graph products have been widely studied from differ-
ent perspectives. These have applications in many branches
like coding theory, network designs and chemical graph
theory. Now we give definitions of various graph products.
For more information on graph products, refer [7], [8], [9],
[10].

The corona product G o H of two graphs G and H is a
graph obtained by taking one copy of G and |V (G)| copies
of H and joining i*" vertex of G to each vertex in i*" copy
of Hit1=1,2,...,n [7].

The Cartesian, tensor, strong and symmetric product of the
graphs G and H consist of V(G) x V(H) vertices.
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In the Cartesian product GOH, two vertices (uy,vg),
(us,v;) are adjacent if and only if either

(i) ur = us and ugv; € E(H) or

(ii) uyus € E(G) and uy = vy.

In the tensor product G x H, two vertices (u,, vg), (us, v;)
are adjacent if and only if u, ~ us and v ~ v; in G.

In the strong product GRH, two vertices (u,, vg), (us,v;)
are adjacent if and only if

(i) u, = ug and vy ~ v; or

(i) vy = v; and u, ~ ug Or

(iii) u, ~ us and vy ~ v; [8].

In the composition which is also called as lexicographic
product G[H], two vertices (u,,vy), (us,v;) are adjacent if
and only if

(i) u, ~ ug or

(i) u, = ug and vg ~ vy [11].

In the symmetric product G @ H, two vertices (u,,vg),
(us,v;) are adjacent if and only if either

(i) u, ~ ug and vg 7 vy or

(1) vk ~ v and u,. oL ug [12].

The hierarchical product G H is the graph with vertices
(z1,22), x1 € V(G), xo € V(H) and edges {x122,y1y2}
where either

(i) x1 = y1 and x5 ~ Yo in G5 or

(i) 22 = 0 and x1 ~ y; in Gy [13].

Theorem 1: [14] If two vertices v;,v; of a graph G have
k common neighbors, then

Hy(vi, v : G) = deggv; + degavj — 2|N(v;,v5 : G)|.

III. MAIN RESULTS

We now find the Hamming index of corona product of two
graphs G and Gs.
Theorem 2: For two graphs G1(ni,m1) and Ga(ng, ms),

HA(Gl o Gz) = HA(Gl) + anA(Gg) + n1n2(2n1n2

+2n1 —ng — 1)+ 2nyma(nine + ny —ng — 2)

—+ 2m1n2(n1 — 2)

Proof:
171 UZ u1 ul
Cy: v v
4 U, 1 U
Vg V3 C4_ o Pz!
Uy Va 7 Uy
Py: Uy Us Uy u;
Figure 2. Corona product of the graphs C4 and Ps.
Let v1,v2,...,v,, € V(G1) and
UL, U2, . .., Un, € V(G2). The Hamming index of G o G
is given by,
H4(G10Gz) = Z Hq(vi, ;)
Vi,Vj EV(Gl)
+ Z Hd(ui, Uj)
ui,u]'EV(Gz)
+ > Ha(vi, ). (1)
UieV(G1)7
uj EV(GQ)

1y

2)

3)

To determine >
v;,v; €V (G1)
From Theorem 1, we have

Hd(’l}i,’l)j).

Hg(vi,vj : Gy o Ga) = degg,vi + na + dega, v + no
— 2|N(’UZ',’U]' . G1)|
= Hd(vi,vj : Gl) + 2712.

Therefore,
Z Hd(vi,vj) = Z(Hd(vi,vj . Gl) + 2n2)
Uri,’UjEV(Gl) ("21)

= H(Gl) + nlng(nl - 1)
2)

To determine >
w;,u; €V (Ga)

There are ny copies of G5 in G o G2 which is of the

form Gg4,1 <17 < ny.

Case(i): Suppose both u; and u; belong to one of

V(vai), 1 S ) S ni.

Then,

Hd(ui,uj).

Hy(ui, u; : Gy o Ga) = degg,u; + 1 + degg,u; + 1
—2(IN(ui, uj : G2)| +1)
= Hd(ui,uj : GQ)

Therefore,
Z Ha(ui, uj) = Z Hg(ui,uj : Ga)
wi,u; €V(Ga,i) ("22)

= H(G).

Since there are n;y copies of Go,
Z Hd(ui,uj) :an(Gg).

ui,u; €V (Ga,q)

Case(ii): Suppose u; € V(G2;) and u; € V(Ga;),

1<i<j<no.

Then,

Hy(ui,uj : Gy o Ga) = dega,u; + 1 + dega,u;

+1-—2(0)
= degg,u; + dega,uj + 2.

Thus,
Z Hy(vi,v5) = na i 4me + Z 2
V(G2,:) o 2 1 2
Vi€ vi )y ") (T
Ay (1))
= 2n1n(ny — 1)my + nin’
— nlng.
Therefore,
Z Hd(ui7uj) :an(Gg)

wu;,u; €V (G2)
+ 271177,27712(77,1 — 1)

+n2n2 — nini. 3)
To determine Y,  Hg(v;, uy).
’UiEV(Gl),
UjEV(GQ)

Volume 30, Issue 3: September 2022



Engineering Letters, 30:3, EL._30 3 17

Case(i): Consider v; € V(G1) and u; € V(G2 ;).

Hy(vi,uj : G o Ge) = dega, vi + na + dega, u;
+ 1 —2(degg,u;)-
Therefore,
Z Hq(vi, u;) = Z (dega,vi + dega,u;

UiGV(Gl),
u; €V(Gz,i)

nin2

+ ng + 1) -2 Z degczuj.

nin2

Case(ii): Consider v; € V(G1) and u; € V(Ga;)
such that v; ~ v; in G, where v; is the vertex of G
which is joined to G2 ; in G oGy. Now, the number of
adjacent pairs of vertices in (G; is equal to m;. Then,
Hd(Ui; Uj : Gio Gg) = degglvi + no + degGQUj
+1-2(1)
= degg,vi + degg,uj +no — 1.

Hence,

>

dg, (vi,v;)=1

Hy(vi,uj) = Z (dega,vi + degg,u;

2ning

+ no — 1)

Case(iii): Consider v; € V(G;) and u; € V(Gs,,)
such that the distance between v; and v; in G is
greater than or equal to 2, where v; is the vertex of
G which is joined to G ; in G1 o Ga. We observe
that, the number of non-adjacent pairs of vertices of

(1 equals to
Then,

—ma.

Hy(vi,uj : G1 o Gg) = degg,vi + na + degg,u; + 1
—2(0)
= degg,vi + dega,uj +no + 1.

Therefore,

>

dG1 (Ui:vj)ZQ

Hd(vi,uj) = Z
2ma( () -m1)

+ degg,uj +ng + 1).

(degg, vi

Thus,

Z Hg(vi,uj) = Z (degc,v; + dega,u; + no
v, €V(G1),
u; EV(Gz2)

nin2

+1)-2 Z dega,u;

ning

+ Z (dega,vi + dega,u,;

2m1 no

+n2—1)

+ >
2n2(("3) —ma)
+degg,uj +ng +1).

(degg, vi

>

Hg(vi,uj) = Z (dega,vi + dega,uj)

v, €V(Gy), ning
u; €V(G2)
-2 Z dega,u; + n3n’
ning
+ ning — 4m1n2
+ nlng(nl — 1).
But

Z (dega,vi + dega,uj) = 2ninamy + 2nims

nin2z

and > degg,uj = 2nimo.
ning
Hence,

Z Hy(vi,uj) = 2ninamy + 2nmy + ning

viEV(G1)7
Uj eV(Ga2)

+ ning — 4dmang + nina(ng — 1)

— 4n1m2.

“)

On substituting equations (2), (3) and (4) in equation (1) we

get,

HA(G1 o Gg) = HA(Gl) + nlng(nl — 1) + ’I’LlHA(G2)

2.2 2
+ 2ningma(ny — 1) + nins — nini + 2ninamy

+ 2n%m2 + n%n% + ning — dmins
+ nlng(nl — ].) — 4n1m2
= H(G1)+n1Ha(G2)

+ n1n2(2n1n2 +2n1 —ng — 1) + 2’111’”12(711%2

+n1 —ng — 2) + 2mina(ng — 2).

We now compute the Hamming index of Cartesian, tensor,
strong, symmetric, and hierarchical product of complete

bipartite graph K, ,, and complete graph K.
Theorem 3:

H (K nOK,) = mnp(2p* + 2mp + 2np —m —n

— 6p +4) + mp(mp* —p* +2p —mp — 1)

+ np(np® — p* +2p — np — 1).

Proof:
Uy Uy Vi
K2,3 Ks:
Uz Uy Us U3
Figure 3. Graphs K2 3 and K3.
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(U1, v )& (up, vy Uz, Vg Uy, V1) MUs, 1)
(uqg, 2 Uz, V2 Uz, v Uy, V) “%(us, v3)
(ug, v3)¢ (uy,v3 Us, Vg Uy, V3) #(Us, V3)

Figure 4. Cartesian product of the graphs K2 3 and K3.

Let wy,ug,..., Um, Um+1, Um—+2, - - -, Uy, be vertices of
K, and v1,vs,...,v, be vertices of K. Then the ver-
tices of Cartesian product K,,,0K, are (u;,v;), 1 =
1,2,....mm+1,m+2,...,nand 1 < j <p.

By adding all the Hamming distances listed in Table I,

H(KmnHKp) = (?)p@p -2)+ (Z)p@p -2)
+ (g) m(2n +2) + (Z) n(2m +2)
+ (?)p(p —1)(2n+2p—2)

n (’;)p<p 1)(2m+2p—2)

+mnp(m+n+2p —2)
+mnp(p —1)(m+n+2p — 6)
= mnp(2p® + 2pm + 2pn — 6p —m
—n+4) +mp(mp® —p? +2p —pm — 1)
+np(np® —p* +2p—pn —1).
|
Corollary 1: Hamming index of a Book graph B,,(G) of

order 2m + 2 is 10m?2 + 4m + 2.
Proof:

Figure 5.

Book graph.

The Book graph B,,(G) is a Cartesian product of star
graph K ,,, and complete graph K. Substituting the values
of m,n and p in Theorem 3, we get

Ha(B,(GQ)) = 10m? + 4m + 2. |

Theorem 4:

Hs(Kppn x Kp) = mnp(mp? +np* —m —n).

Figure 6. Tensor product of the graphs K2 3 and K3.

Let wuy,u2,...,%Um, Um+t1, Um+2,---,Uy, be vertices of
Kyn and vy, v2,...,v, be vertices of K. Then the ver-
tices of tensor product K, x K, are (u;,vj), 1 =
1,2,....mm+1,m+2,...,nand 1 <5 <p.

Thus, from Table 1II,

Ha(Kmn X Kp) = (?)p@p —2) 4 2m (;’)

+p(p—1) (2) (2p —2) +2mn (g)

+ 2np(p — 1) (g‘) +2mn (g)
+2mp(p — 1) (Z)

+mnp®(mp +np —m —n)

= mnp(mp? + np® —m — n).

Theorem 5:
Hp(Kpn RKp) = mnp(2p® + 2pm 4 2pn — 6p — m —n
+4) + mp(mp® — p* +2p —pm — 1)
+np(np? —p® +2p —pn — 1).

Proof:

(U, v v1)

(ug, vy Uz, v1) Ug, V1)

(U v
! (uz, vy usz; Uy, Vq) ’

Us|vy)

Uz, V3) Uy, V3)
vy H¥s v Y wgve)

Figure 7. Strong product of the graphs K2 3 and K3.
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Let wy,ug,..., Um, Um+1, Um+2,---,Uy, be vertices of By adding all the Hamming distances from Table IV,
K, and v1,v9,...,v, be vertices of K. Then the ver- m
tices of strong product K,,, X K, are (u;,v;), i = Ha(Kppn ® Kp) = P( 9 > (2mp —2m — 2p +2)
1,2,....mm+1,m+2,...,nand 1 < j <p.
From Table III, we get +m <§ ) (2m + 2n)
n m
Hy(Kpn KKy = p<2> (2p—2)+ 2n<§> +plp—1) < 2) (2m + 2n)
n n n
+op -1 -2)(, | +p{, )2 -2) +p(2np =20 =2 +2)(
n
+2n (g) +p(p—1)(2p—2) (2) +n(2m + 2n) (g)
2
— 9+ 2 n
+ mnp (mf—i-an p"; ) +p(p_1)< >(2m+2n)
= mnp(np® + mp” — 2p° + 2p) 2
+mp(mp® — p® 4+ 2p —mp — 1) +mnp(mp + np)

+mnp(p — 1)(mp + np — 4)

= mnp(2p® + 2pm +2pn — 6p —m —n
+4) + mp(mp?® — p* +2p —pm — 1)

+ np(np? — p* +2p — pn — 1).

+ np(np2 —p*+2p—np— 1).

|
Remark 1: The composition and strong product of K,, ,
and K, are isomorphic since every pair of vertices of K,
are adjacent. Therefore, H (K, n[Kp]) = Ha(Kpm nXK)). [
That is, Theorem 7:
Ha(Kmn N Kp) =p*(p = 1)(m* +n%)
+mn(m+n)(2p —1)
—p(p—1)*(m +n)
+2mn(p — 1)(p* — 2).

HA(Kpn[Kp]) = mnp(np2 +mp? — 2p% + 2p)
+ mp(mp* — p* + 2p — mp — 1)
+ np(np® — p® +2p —np — 1).

Theorem 6: Proof:

Ha(Kpn @ Kp) = mnp(mp? +np> + mp+np—m—n
—4p 4 4) + mp(2m3p — 2m? — 2mp

Uy, V1) (u3, v1) (Uy, 1) (
v Uy Uy Us, V1)
+2m +p—1) +np(2n®p — 2n? — 2np ) o
+2n+p—1).
Proof:
,(up v3) J(U2,V2) (U3, v2) WUy, V2) W(us, v3)
(. (uz, vy U3, V1) Uy, Vy) A
(w1, v3) (2, v3) (us,v3) .(u4, v3) (s, v3)
(s (uz, ’)“_\-\( & Uy, V! ’ Figure 9. Hierarchical product of the graphs K2 3 and K3 with w1 and
5,v2) w1 as the root vertices.
Let wy,ug,..., Um, Um+1, Um+2,---,Uy, be vertices of
K., with any one vertex say, u; as the root vertex and
v1,V2,...,Vp be vertices of K, with any vertex say, v as
¢ Y (v @S v ) . the root vertex. Then the vertices of hierarchical product
Uy, v , , Uy, V , .
s B >3 73 5:V3) K n MKy are (u;,v5), i =1,2,...,m,m+1,m+2,....n
and 1 <5 <p.
Figure 8. Symmetric product of the graphs K2 3 and K3. Thus from Table V,
HA(Kmn M EKp) = 2p*(p — 1)(m® +n®) + mn(m +n)
KLet uld, Uy + v ey Uy umg_l, umtﬂ_g, .. .f, IIL? b’;hvertt:ifes of (2p—1)—p(p— 1)2(m +n)
and vq,vs,...,v, be vertices o . Then the ver-
tm.n 15 27. s Up P ) —|—2mn(p_1)(p2_2)
tices of symmetric product K,,, & K, are (u;,v;), i =
1,2,....mm+4+1,m+2,...,nand 1 < j <p. |
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HAMMING DISTANCE BETWEEN ALL PAIRS OF VERTICES OF K n K.

Table T

Pairs of vertices Degree of Number of pairs Number of common Hamming distance between
vertices of vertices neighbors vertices

(ur, vg), (us,v), m

1<r,s<m, p< ) n 2p — 2

1<kl<pk=l 2

(uT7UI€)7 (u57vl)7

1<r,s<m, n+p—1 m(p) p—2 2n 4+ 2

1<kl<pr=s 2

(’LLT,U )’ ('LLS,U[), m

1<rs<m, p(p_l)( ) 0 2n+2p — 2

1<kl<prs#hk,l 2

(ur, vg), (us,vy), n

m+1<rs<n, p<> m 2p—2

1<kl<pk=l 2

(ur, ), (us, vr),

m+1<rs<n, m-+p—1 n(p) p—2 2m + 2

1<kl<pr=s 2

(ur, vg), (us,vr), "

m+1<rs<n, p@,n<> 0 2m + 2p — 2

1<ki<prs#kl 2

(ur,vg),

1<r<m,1<k<p n+p—1 0 Hamming distance between one
mnp vertex of degree n +p — 1

(us, vr), and another vertex of degree

m+1<s<n 1<I<p m+p—1 m+p — 1 with v, = v;

ism+n+2p—2

o ok Hamming distance b

1<r<m,1<k<p n+p—1 _ amming distance between one
mnp(p —1) 0 vertex of degree n +p — 1

(us,v1), and another vertex of degree

m+1<s<n1<I<p m+p—1 m + p — 1 with vg # v,

ism+n+2p—2
Table II

HAMMING DISTANCE BETWEEN ALL PAIRS OF VERTICES OF Km’n X Kp.

. . Degree of Number of pairs Number of common Hamming distance between

Pairs of vertices . . . .
vertices of vertices neighbors vertices
(UT,Uk), (US,’UL), m
1<rs<m, p( ) np 2p — 2
1<kil<p k=1 2
(’U“” Uk)’ (us’ vl)7
1<r,s<m, np+p—1 m(p) p—2+np 2
1<kl<pr=s 2
(uT7U )’ (Us,fvl), m
1<rs<m, Mp—n() np 2p—2
1<kl<p rs#k,l 2
(u’l‘zvk)’ ('LLS,U[), m
1<r,s<m, ;D( ) n(p—1) 0
1<kl<p k=1 2
(ur, k), (us,vr),
1<r,s<m, n(p—1) m(p) n(p —2) 2n
1<kl<pr=s 2
(UT7U )’ (U37'Ul)7 m
1<r<m, p(p—l)( ) n(p —2) 2n
1<k<prs#kl 2
(u’l‘7vk)’ ('LLS,’UZ)7 n
m+1<rs<n, p<) m(p—1) 0
1<kil<p k=1 2
(ur, k), (us,vr),
m+1<r<n, m(p—1) n(p) m(p —2) 2m
1<k<pr=s 2
(u’l‘zvk)’ (US7vl)7 n
m+1<r<n, ro-1)(}) m(p —2) 2m
1<k<prs#kl 2
(u’l‘vvk)7
1<r<m, n(p—1) Hamming distance between
1<k<p mnp? 0 one vertex of degree
(us, Ull)% < (>—1) n(p — 1) and another vertex
m+1<s<mn, m(p — - .
1<1<p .01 degree m(p — 1)
Ismp+np—m-—n
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HAMMING DISTANCE BETWEEN ALL PAIRS OF VERTICES OF Ky, n M K.

Table III

. . Degree of Number of pairs Number of common Hamming distance between
Pairs of vertices . . . .
vertices of vertices neighbors vertices
(ur, ), (us, vi), n
m+1<rs<n, p<> mp 2p — 2
1<k il<p k=1 2
(ur, vg), (us,v),
m+1<rs<n, mp+p—1 n(p) p—2+4+mp 2
1<kl<pr=s 2
(ur, k), (us,v), "
m+1<rs<n, p(p71)<> mp 2p — 2
1<kl<p rs#kl 2
(i 08, (s, 1), -
m+1<rs<mn, p(> mp 2p — 2
1<ki<p k=1 2
(ur,vg)s (us,v1),
m+1<rs<n, mp+p—1 n(p) p—2+4+mp 2
1<kl<pr=s 2
(ur, vk), (us,v1), n
m+1<rs<n, p(p71)<> mp 2p — 2
1<k l<p,r,s#k,l 2
(uT7 Uk)’
1<r<m, np+p—1 Hamming distance between
1<k<p mnp? 2p —2 one vertex of degree
(us, ), np + p — 1 and another vertex
m<+ll<§ s<m, mp+p—1 of degree mp +p —1
1<i<p is mp+np—2p+2
Table IV

HAMMING DISTANCE BETWEEN ALL PAIRS OF VERTICES OF Km’n D Kp.

. . Degree of ver- | Number of pairs of | Number of common Hamming distance between
Pairs of vertices . . . .
tices vertices neighbors vertices

(UT,Uk),(Us,Ul), m

1<rs<m, p( ) n+p—1 2mp — 2m — 2p + 2

1<kl<p k=1 2

(UT7 Uk)’ (uS’ ’Ul),

1<r,s<m, n+m(p—1) m(p) m(p —2) 2m + 2n

1<kl<pr=s 2

(uT7vk)’ (Us,fvl), m

1<r,s<m, p(p_l)( ) m(p —2) 2m + 2n

1<kl<p rs#kl 2

(Ur,Uk),(us,Ul), n

m+1<rs<n, p() 2np —2n — 2p+ 2

1<kl<pk= 2

(uT7 Uk)’ (’U,57 ’U[),

m+1<rs<n, m+n(p—1) n(p) n(p —2) 2m + 2n

1<kl<pr=s 2

(UT7U]€)’ (U37'Ul)7 n

m+1<rs<n, p(p—l)( ) n(p —2) 2m + 2n

1<kl<prs#k,l 2

(u'mU )7

1<r<m, n+m(p—1) Hamming distance between

1<k<p one vertex of degree

( ) mnp 0 n + m(p — 1) and another vertex

Us, V), f d

m+1<s<n, m+n(p—1) of degree '

1<1<p m+n(p — 1) with
v = vy is mp + np

(Ur,l)k),

1< r<m, n+m(p—1) Hamming distance between

1<k<Zp one vertex of degree

( ) mnp(p — 1) 2 n+m(p—1) and

Us, U

»UL)» another vertex
T<+ll<§ s<m, m+n(p—1) of degree m +n(p — 1)
=t=Pp with vy, # vy is mp+np — 4
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HAMMING DISTANCE BETWEEN ALL PAIRS OF VERTICES OF K, p M Kjp.

Table V

Pairs of vertices Degree of ver- | Number of pairs of | Number of common Hamming distance between
tices vertices neighbors vertices

(ur,v1), (us,v1), _ m _

1< < m 2+ 2p — 2 <2> n 2(p — 1)

(UT,UI),(U57UI)7 _ n _

m+1<rs<n 2m+2p—2 (2> m 2(p—1)

(u”‘vvl)’ (us,vl),

1<r<m, m+n—+2p—2 | mn 0 m+n+2p—2

m+1<s<n

(uT7Uk)’ (uT7vl)7 1

1<r<n, 2p — 2 (m+n)(p_) p—2 2

2<ki<p 2

(u’l‘7vk)’ ('LLS,’UZ)7

1<rs<nr#s, 2p — 2 (p_l)z("”r") 0 2(p— 1)

2<kI<p

(ur;v1), (ur,vr),

1<r<m, n+2p—2 m(p—1) p—2 n+ 2

2<i<p

(u’f‘7vl)’ (uT‘7vl)’

m+1<r<n, m+2p — 2 n(p—1) p—2 m+ 2

2<I<p

(ur,v1), (us,vr),

1<r,s<m,r#s, n+2p—2 m(m—1)(p—1) 0 n-+2p—2

2<1<p

(’U,T7U1), (U’S?Ul)?

m+1<rs<n,r#s, m+2p — 2 nn—1)(p—1) 0 m+2p— 2

2<1<p

(ur,v1), (us, vr),

1<r<m,

mt1<s<n, n+2p—2 mn(p — 1) 1 n+2p—4

2<1<p

(ur,v1), (us,v1),

m+1<r<n, m+2p—2 mn(p—1) 1 m+2p—4

1<s<m,2<I<p

IV. CONCLUSION

The results of this article give the sum of Hamming
distances between all pairs of strings generated by the
adjacency matrix of a graph. Hamming distance between
the pair of vertices depends on the degree and number of
common neighbors. In this paper, we have studied Hamming
index of Cartesian, tensor, strong, symmetric and hierarchical
products of complete bipartite and complete graphs.
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