
COMP 251 2016, Assignment 4, due 
Monday December 5th 2016 23:59 

1. Maximum Deadline 

 

 

 
2. Critical edges 
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3. Blood Bank  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4. Escape Problem (26-1) 

An n × n grid is an undirected graph consisting of n rows and n columns of 
vertices, as shown in Figure 26.11. We denote the vertex in the ith row and 
the jth column by (i, j). All vertices in a grid have exactly four neighbours, 
except for the boundary vertices,  which are the points (i, j) such that  i = 1, 
i = n,  j = 1, or  j = n.                                                        . 

"
Figure 26.11: Grids for the escape problem. Starting points are black, and other 
grid vertices are white. (a) A grid with an escape, shown by shaded paths. (b) A 
grid with no escape.                . 
 
Given m ≤  n2 starting points (x1, y1), (x2, y2), . . . ,(xm, ym) in the grid, the 
escape problem is to determine whether or not there are m vertex-disjoint 
paths from the starting points to any m different points on the boundary. 
For example, the grid in Figure 26.11(a) has an escape, but the grid in 
Figure 26.11(b) does not. 

a) Consider a flow network in which vertices, as well as edges, have 
capacities. That is, the total positive flow entering any given vertex is 
subject to a capacity constraint. Show that determining the maximum flow 
in a network with edge and vertex capacities can be reduced to an 
ordinary maximum-flow problem on a flow network of comparable size. 

b) Describe an efficient algorithm to solve the escape problem, and 
analyze its running time.  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5. CFL  

In the Canadian Football League, teams can either win a game (2 points), tie a 
game (1 point) or lose a game (0 point).  The table below shows the East division 
of the CFL at some point in time. The columns are explained as caption under 
the table. Notice that R > O+H+M+T because each team has more games to play 
against other teams outside the East division. 

The question you should answer is wether Toronto is currently eliminated or not 
as candidate for finishing with the largest number of points in its division. 

a) Write the general formulation of this situation as a Max Flow problem as we 
did in class for baseball. 

b) Give a general formula for exhibiting that a team is eliminated (a certificate of 
elimination). 

c) Show that Toronto is now eliminated. 

GP = Games Played 
W = Wins 

L = Losses 
T = Ties 

pts = Points = 2W+T 
R = Games Remaining

• teams • G
P

W L T pts R Details of R 
O    H    M    T

Ottawa 18 9 8 1 19 12 • 2 3 3
Hamilton 18 7 11 0 14 12 2 • 5 2
Montréal 18 7 11 0 14 12 3 5 • 1
Toronto 24 5 19 0 10 6 3 2 1 •
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