
COL 758: Advanced Algorithms 
Lecture 09




































































Given: A directed graph   with  ver$ces.  
 
Find: Es0mate size of transi0ve closure, for each . 

           If  ( ) = no. of ver0ces reachable from , then  

           the es0mate ( )  must lie in 

G=(V,E) !

v in V

p v v

̂p v [ p(v)
c

, c ⋅ p(v)]

Approximate Transitive closure

For ( ) do:
Assign to each   a uniformly independent random number from .
For each ( ):    = Label of smallest label vertex reachable from .

For each ( ):  
let  =  largest element from the set .

Output   = 

i = 1  to   k
v ∈ V [0,1]

v ∈ V wi[v] v

v ∈ V
w[v] (k/e)th {w1[v], …, wk[v]}

̂p(v) 1
w[v]

Algorithm


























































































































































































Given: Two Boolean square matrices   of size .  
 
Find: The product matrix   . 

           The matrix  sa0sfies 

A, B !

C = (A B)

C Cij = {1 if  ∑n
i=1 AikBkj > 0

0 otherwise

Boolean Matrix Product

1 1 0 1
0 0 0 1
1 1 1 1
1 1 0 0

=
1 1 0 0
0 0 0 1
1 1 1 1
1 0 0 0

×
1 1 0 0
0 0 0 1
0 1 1 0
0 0 0 1

Example

C A B



Given: Two Boolean square matrices   of size .  
 
Find: A matrix   sa0sfying 

                            

A, B !

W

Wij = {k if   AikBkj > 0   where  k ∈ [1, n]
0 otherwise

Boolean Product Witness Matrix (BPWM)

  =  BPWM  for  

1 1 0 2
0 0 0 4
1 3 3 2
1 1 0 0

1 1 0 0
0 0 0 1
1 1 1 1
1 0 0 0

,  

1 1 0 0
0 0 0 1
0 1 1 0
0 0 0 1

Example

C A B



Scenario I: Single Witness

Ques.on: Compu0ng witnesses for pairs  with single witnesses? (i, j)

x x x 0 x x
x x x 1 x x
x x x 1 x x
x x x 0 x x
x x x 1 x x
x x x 0 x x

x x x x x x
x x x x x x
1 0 1 0 0 0
x x x x x x
x x x x x x
x x x x x x

Keerti Choudhary


