
CSE 5311 Homework #2 Solutions 
 

Fall 2002 
 

1. Problem 26.2-2, also solve using preflow-push 
 
Figure 1 gives the results using Edmonds-Karp. Augmenting paths are indicated 
by dashed lines. 
 
 

 
Figure 1: Edmonds-Karp Solution 

 
 



6 10 
  0 1 16 
  0 2 13 
  1 3 12 
  1 2 10 
 2 1 4 

  2 4 14 
 3 2 9 

  3 5 20 
 4 3 7 
 4 5 4 

 
Table 1: Input File for preflowPushFIFO.c 

 
For the preflow-push results you may use preflowPushFIFO.c located in the 

web site (http://reptar.uta.edu/NOTES5311/preflowPushFIFO.c). Table 1 gives 
an input file which encodes the figure from the book into the proper format for 
that program. The source is assigned a node number of 0 and the sink a node 
number of 5. The other node numbers correspond to the numbers in the 
diagram. The output is as follows: 

 
vertex height excess 
   0      6    -29 
   1      0     16 
   2      0     13 
   3      0      0 
   4      0      0 
   5      0      0 
 tail head capacity    flow 
   0    1       16      16 
   0    2       13      13 
   1    2       10       0 
   1    3       12       0 
   2    1        4       0 
   2    4       14       0 
   3    2        9       0 
   3    5       20       0 
   4    3        7       0 
   4    5        4       0 
debug: lifting 1 from 0 to 1 
debug: pushing 10 units from 1 to 2 
debug: pushing 6 units from 1 to 3 
debug: lifting 2 from 0 to 1 
debug: pushing 14 units from 2 to 4 
debug: lifting 2 from 1 to 2 
debug: pushing 9 units from 2 to 1 
debug: lifting 3 from 0 to 1 
debug: pushing 6 units from 3 to 5 
debug: lifting 4 from 0 to 1 
debug: pushing 4 units from 4 to 5 
debug: lifting 4 from 1 to 2 
debug: pushing 7 units from 4 to 3 

http://reptar.uta.edu/NOTES5311/preflowPushFIFO.c


debug: lifting 4 from 2 to 3 
debug: pushing 3 units from 4 to 2 
debug: lifting 1 from 1 to 2 
debug: pushing 6 units from 1 to 3 
debug: lifting 1 from 2 to 3 
debug: pushing 3 units from 1 to 2 
debug: pushing 13 units from 3 to 5 
debug: lifting 2 from 2 to 4 
debug: pushing 6 units from 2 to 1 
debug: lifting 1 from 3 to 5 
debug: pushing 6 units from 1 to 2 
debug: pushing 3 units from 2 to 4 
debug: lifting 2 from 4 to 6 
debug: pushing 3 units from 2 to 1 
debug: lifting 4 from 3 to 7 
debug: pushing 3 units from 4 to 2 
debug: lifting 1 from 5 to 7 
debug: pushing 3 units from 1 to 0 
debug: lifting 2 from 6 to 7 
debug: pushing 3 units from 2 to 0 
total flow is 23 
flows along edges: 
0->1 has 13 
0->2 has 10 
1->2 has 1 
1->3 has 12 
2->4 has 11 
3->5 has 19 
4->3 has 7 
4->5 has 4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



2. Lattice for Stable Marriage Problem 
 
Figure 2 shows the male-oriented lattice. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Stable-Marriage Lattice 
 

3. Problem 22-1 
 

 

2134 1243

1234

2143

3142 2413

3412

4312 3421

4321



 
• Same as a) 2 above. 
• Same as a) 2 above. So, d[v] ≤ d[u] +1. 

 
 
 
 
 
 
 
 
 



4. Max Flow Using Preflow-Push 
The following output was obtained by using preflow-push located in the web site 
(http://reptar.uta.edu/NOTES5311/preflowPushFIFO.c). The source is assigned 
a node number of 0 and the sink a node number of 3. The nodes labeled A and B 
are given labels of 1 and 2, respectively. 
 

 

http://reptar.uta.edu/NOTES5311/preflowPushFIFO.c


 



 
 
 
 



5. KMP Fail Links 
 

 
S[3]: case 1 
S[4]: case 1 
S[5]: case 1 
S[6]: case 1 
S[7]: case 1 
S[8]: case 1 
S[9]: case 2, kprime=2 
S[10]: case 2, kprime=3 
S[11]: case 3 
1 a 11 
2 b 0 
3 r 0 
4 a 1 
5 c 0 
6 a 1 
7 d 0 
8 a 4 
9 b 0 
10 r 0 
11 a 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



6. Complexity of Recursive Matrix Multiplication 
 

 
7. Rectangle-Fit Problem is NP-Complete 
 

 
as can be seen from the diagram given in Figure 5. 
 



 
Figure 5: Rectangle Fit and Bin Packing 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



8. Graph Transitivity Problem is NP-Complete 
 

 
 
9. Problem 34-1 
 

 
 
 



proof is very similar to the vertex-cover problem proof on p. 1006. Using the       
same examples as given in the book (figure 34.15 on p. 1007) we have G yielding 
the clique V’ = {u, v, x, y} and   yielding the independent set V’ = {u, v, x, y}. 
 

 
 
d)  Using figure 26.7 on p.665, it can be seen that when graph G is bipartite, then 

 
 
10. Problem 35.2-2 

  c(u, w) ≤ c(u, v) + c(v, w). Using the example from p.1013 (reproduced here in fig 
6) we find that (x)max = 5-1-2=2. Adding 2 to each edge yields the second graph in 
fig 6 which satisfies the triangle inequality.Since the same number is added to each 

 
 

 



Figure 6: Triangular Inequalities 
 

Now we explain why such a polynomial-time transformation does not contradict      
theorem 35.3 (p. 1031), assuming that P ≠ NP. The TSP with triangle inequality has 

transformation does not contradict theorem 35.3. 
 

11. Problem 35.2-3 
Figure 7 shows how the closest-point heuristic works on the graph used in the example 
on p. 1029. 

From the manner in which nodes are added to the cycle in this heuristic, it can be 
observed (comparing with figure 35.2 on p. 1029) that the final cycle has an inherent 
MST within it and that its length will be less than the length of the full walk which 
traverses every edge of the MST twice. Hence, from analysis in theorem 35.2 (p. 1030) 

       
 

12. Problem 35.2-4 

 

Fig 8



Figure 7: Closest-Point Heuristic 

 
Figure 8: Traveling Salesperson Problem  

 
13. Problem 35.3-1 
Here X= {a,d,e,h,i,l,n,o,r,s,t,u} (see p. 1033-1034) and each of the given words is a 

       
14. Problem 35.3-2 

where X and F are as defined on p. 1033. 

       (with a proof very similar to the vertex-cover problem proof on p. 1006). 



        
 
 


