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For k = 2.i # j, we have

[X?];; = number of ones in the product of ith row and jth column (or jth row) of X

— number of positions in which both ith and jth rows of X have ones

— number of vertices that are adjacent to both ith and jth vertices

— number of different paths of length two between ith and jth vertices
Also, [X*]i; = number of ones in the ith row (or column) of X

— degree of the corresponding vertex.
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Let us now observe that the i j-th entry of X is equal to the following:
(1) the dot product (inner product) of i-th row of X 2 and j-th column (or j-th row) of X.

(i) ¥ (ik-th entry of X2k j-th entry of X).
k=1

(111) i (the number of all different edge sequences of three edges from i-th vertex to j-th
k=1
vertex via k-th vertex).

(iv) the number of different edge sequences of three edges between i-th and j-th vertices.




"
Theorem: Let X be the adjacency matrix of a simple graph G. Then
the i, jth entry in X" is the number of different edge sequences of r

edges between vertices v; & v;.

Corollary 1: In a connected graph, the distance between two
vertices v; & vj (for i # j) 1s k, iff k 1s the smallest integer for

which the i, jth entry in X* is non-zero.

Corollary 2: If X is the adjacency matrix of a graph G with n
vertices, and Y =X + X+ X3+ .-+ X" 1 (in the ring of
integers), then G is disconnected iff there exists at least one entry
in matrix Y that is zero.
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