
Problem 10 
�
We define the shortest distance from a vertex i  to a vertex j  on a graph as the number of 
edges in a path from i  to j  that contains the smallest number of edges, except that the 
shortest distance is +∞ �when no such path exists and that it is 0 when i  and j �are identical. 
�
(1) Let us consider the directed graph shown below. 

 

 
 
(A) Show the adjacency matrix. 

 
(B) Show a matrix S , whose element ,i js �is the shortest distance from a vertex i  to a 

vertex j . 
�
(2) Suppose we are given a simple directed graph ( , )G V E= , where the vertex set 

{1,2, , }V n= … �and E  is the edge set. E  is represented by a matrix ( )(0) (0)
,i jD d= , where 
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(A) Let ( )

, {1,2, , } { , }k
i jV k i j= … U ��Let ( )

,
k
i jE  be the set of edges in E  that start from and 

end at a vertex in ( )
,
k

i jV . Let ( )
,
k
i jd  be the shortest distance from a vertex i  to a vertex 

j �on a directed graph ( ) ( ) ( )
, , ,( , )k k k
i j i j i jG V E= , and let ( )( ) ( )

,
k k

i jD d= .�Express (1)D  in 

terms of� (0)D . 
 

(B) ( 1)kD + �can be computed from ( )kD �as follows. Fill in the two blanks. 
 

( )( 1) ( )
, ,min ,               +                k k
i j i jdd + = �

 
(C) Given G , show an algorithm to compute the all-pair shortest distances, and find its 

time complexity with regard to n . 
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(1) <A) V V2 Vs V+ V5 Vo V
O I to to to to to

i +o O 1 to to to
+x

1 to 0 to to 1 +x

I to to 0 to textoi
I too / 0 to+x

Y
to +x to 1 to 0 to

1 to to to to 1 10

[B/ V, V2 Vs V4 V5 Vo V,
VI O I 24 +x3 +0

Vz 2 0 1 3 +x 2 +x

I 2 02 +x1 +x

i I 230 +04 +o

I 23104+
V6 2 341 to 0 +x

Vi 2 342110

(2) (A) D = (dij) = min (dig ,
di+diy

=> D'" = min /D1%, Ez + Ex ,g)

(B) d min (d ,
di +di



(2) floyd (GIVE) &
initially dig 10) // operation in (2)
for (k=1 ; k = (v) : k ++ )

for (i=1 ; i < = (1) ; i++

for (j=1 ; jc= (v) : i++ )
(k)di
. j
= min(did

3
time complexity : 0 (n3 (


