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Make sure that your copy of this examination paper is complete before answering. 
  
Read the text carefully, and good luck! 

Assignment 1:  Search in strings with Boyer-Moore  (18%) 

Question 1.a (6%) 
We will work with an alphabet that consists of the nine first letters of the standard a-z alphabet: { a, 
b, c, d, e, f, g, h, i }.   We are given a string P = “abcifbei” to search for in a longer string T.  Set up 
the table of Shift values for the Boyer-Moore algorithm (the simplified version discussed in the 
textbook, which is called Horspool on the slides). You can use the letters themselves as indices to 
the Shift table/array. 

Question 1.b (6%) 
Suppose that we do string search with the Boyer-Moore (Horspool) algorithm, and that m is the 
length of the pattern P and n is the length of the string T (and that n is much larger than m). By 
coincidence in a search, the last symbol of P does not occur elsewhere in P and not at all in T.  
Estimate the number of tests for symbol equality that will be made during the search. 

Question 1.c (6%) 
We will study what will happen if  P consists of the letter ‘a’ repeated m times (that is: am), and T is 
a string that is a repetition r times of  the string  b am-1.  How many test for symbol equality will be 
made during the search? 

Assignment 2:  Flow in networks (18%) 

Question 2.a (9%) 
Consider the network N with capacities given in the picture below. We want to maximize the flow 
from s to t.  On each edge two numbers are written which are the capacity and the current flow, 
respectively. We want to use the Ford-Fulkerson algorithm, but we will (contrary to what Edmonds 
and Karp proposed) use the rule that we in each step use the augumenting path that gives largest 
increase in flow. 
 
What, then, will be the next step from the flow indicated in the figure below?  As part of the 
solution, you should show the graph Nf. 



 
 

Question 2.b (9%) 
Find a maximum flow for the network above. Draw your own copy of the network above with the 
same capacities, but with what you claim is a maximum flow.  You don’t need to show how you 
found that flow, but you should give a proof showing that it really is as large as possible. 

Assignment 3:  A*-search and heuristic functions  (20%) 
 
We want to find the shortest path from A to E in the directed graph given below. For this we will  
use the procedure  A*-SearchMH(…) in the textbook. 
 

 
Here the number on each edge is the length (or cost or weight) of that edge, and the value for h in a 
node is the heuristic value for the distance to E from that node.  
 
Question 3.a (7%) 
Perform the procedure A*-SearchMH to make a search from A, with E as the goal node (and make 
sure you follow that procedure exactly).  Describe the steps you pass through by using one line for 
each time a node leaves the priority queue. Indicate to the left at this line the node that leaves the 
queue and to the right the set of new nodes that then enter the priority queue.  The first step (and 
line) should be to insert A into the priority queue.  
 
Also: Make your own drawing of the above graph, and indicate in it the f and g values you get for 
the nodes. 
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Question 3.b (7%) 
Did the search in 3.a give the correct answer (that is, did it give the length of the shortest path from 
A to E)?  If not, explain why.  
 
Question 3.c (6%) 
There is another procedure described in the textbook that can handle the above case (with all values 
as they are in the figure).  Explain which procedure that is, and show the steps this procedure will 
go through for the above case, in the same way as in 3.a, including the f and g values on a new copy 
of the figure above. 

Assignment 4: Decidability and NP-completeness (22 %) 
 
Question 4.a (11%) 
Determine whether the following languages are decidable. Prove your answers. 
 
1. L1 = { M | Turing machine M writes a $ after no more than100 steps of computation for every 

input } 
 

2. L2 = { M | Turing machine M decides whether the first 100 characters of its input contain a $ } 
 
Question 4.b (11%) 
The four-dimensional matching (4DM) problem is a straight-forward generalization of three-
dimensional matching: An instance of 4DM consists of four disjoint sets X, Y, W and Z of size k, 
and a set Q of quadruples Q = { (x, y, w, z) | x ∈ X, y ∈ Y, w ∈ W, z ∈ Z }. The associated question 
is whether there is a “perfect” matching in Q, i.e. whether there is a subset M ⊆ Q such that each of 
the elements of X, Y, W and Z is in exactly one quadruple in M. 
 
1. Prove that 4DM is NP-complete. Hint: prove that 3DM is polynomial-time reducible to 4PM. 

Can you generalize this result to KDM, where K ≥ 3 ?  Explain. 
 

2. We change the problem above so that we still want a perfect 4D matching M, but we replace the 
set Q of quadruples by three bipartite graphs, e.g. like A, B, and C below.  The requirement for 
M is then that each of its quadruples is a concatenation of edges in A, B and C (ex. x1, y2, w2, z3).  
What is the complexity of this problem?  Explain. 
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Assignment 5: Dynamic programming (22 %)  
 
Question 5.a (6%)  
We shall look at the following simplified version of editing a string S to a string T.  You are now 
only allowed to do one type of edit-operation, which is to insert a symbol into S (and this may be 
done any number of times).  Sometimes (and obviously if T is shorter than S), you cannot obtain T 
from S in this way. It is possible e.g. if S = “abc” and T =“aacbbac”, but not if T = “aacbba”. The 
length of S is m, and the length of T is n. For strings S and T where the above transformation is 
possible, the number of necessary insertions is obviously n - m.  Our job is to decide whether this 
transformation is possible at all, for given S and T. 
 
Describe how you can solve this problem with dynamic programming.  Describe what sort of table 
you will use, and what general rule you will use for filling in the table.  
 
Question 5.b (6%)   
Describe how you, if necessary, will initialize the table.  Sketch a program that first does the 
initialization (if necessary) and then fills in the rest of the table. 
 
Question 5.c (5%) 
Is it possible to solve the problem using less space than for the straight-forward format of the table? 
Explain! 
 
Question 5.d (5%) (You may take this as the last one) 
We make a twist on the problem from 5.a, and extend the allowed possible operations to any 
insertion of 1 or more occurrences of the same symbol consecutively into T. That is, such an 
insertion now counts as one insertion. 
 
Now, the number of insertions cannot be computed in advance. We here ask whether such a 
transformation from S to T is possible at all, and, if it is, we also want to know how many of these 
edit-operations are necessary. Sketch the main steps in a dynamic programming algorithm solving 
this problem. 
 
Hint:  You can try with a table T where each entry (at least) contains a number and a symbol. 
 
 
 
 
                                                                    [ End ] 
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