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Mandatory Assignment 3, INF 4130, 2013 
Deadline: Friday, November 22 

 
 
Note that the deadline is pretty firm this time! Your solution must get "passed" 

before November 29, as the faculty needs the list of students with approved 
mandatory assignments before December 1! 

 
 
 
General guidelines for mandatory assignments at the department can be found at: 
Norwegian: http://www.mn.uio.no/ifi/studier/admin/obliger/oblig-retningslinjer.html 

English:  http://www.mn.uio.no/ifi/english/studies/admin/mandatory-assignments/index.html 

 
 
 
Especially for this mandatory assignment 
• This assignment consists of two exercises; each student must turn in his/her own, independent 

solution to both.  
• Only exercise 1 requires code. This should be written in Java, and your program must be named 

Exercise1.java. Comment your code properly! (Javadoc is an easy and good way to comment Java 
code, but is not required.) Please make sure your code compiles at the department computers. 

• See Mandatory Assignment 1 for an example of I/O handling in Java. 
• Exercise 2 requires drawings, textual answers and some discussion. It is as important to give good 

answers to this exercise, as it is to program well… 
• Further specifications for handing in your solution are given at the end of this document. Your 

programs are tested automatically, before a more thorough check is done, it is therefore very 
important that your program output is exactly as specified in the text. 

• If additional specification or clarification is necessary, it will be posted on the web page. Check 
regularly. 
 

Exercise 1 (Network flow) 
The exercise is to implement the FordFulkerson-algorithm, using the shortest 
augmentation path in each step (Edmonds and Karp’s version). Given a graph with 
capacities your program must output the value of an optimal flow, the flow over each 
edge, and a cut (the one given by the algorithm) proving that the flow is optimal. 
 
The graph is a directed graph, i.e. the capacity from vertex u to vertex v can be 
different from the capacity from v back to u. All capacities are integer and non-
negative. (We use the term vertex in this exercise; it is sometimes also called a node.) 
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Input 
The program is to read its input from a designated file. The filename is given to the 
program, together with the name of an output file, as command line arguments. The 
input file contains: 

- First a line with the number of vertices m. 
- Then m lines with m numbers each (a matrix) defining the capacities between 

each pair of vertices. The number on line i, in column j is the capacity of the 
flow from vertex i to vertex j, in other words the capacity of the edge (i, j) in 
the graph. 

The vertices are numbered 1 through m, with 1 as the source and m as the sink. Note 
that there may be a positive capacity both from a vertex v to a vertex u, and from u 
back to v. On the diagonal all capacities are 0. There are no edges going into the 
source or out of the sink (the first column and the last line contain only zeros). 
 
Output (make sure your program complies with this format!) 

- First a line with value of the optimal flow. 
- Then m lines with m numbers each (a matrix) where the flow is written, in the 

same format as the capacities of the input (vertical index is from, and 
horizontal is to). 

- Then a separate line with the numbers of the vertices on the source side of a 
cut with the capacity of the flow, in sorted order. The source should be 
included. 

- Finally, also on a separate line, the number of incremental steps. That is, the 
number of times you constructed a new N(f) and found a path through it from 
the source to the sink (not counting the last search, that failed and pointed out 
the cut). This number may vary depending on which path you choose in N(f) if 
there are more than one that have minimum length. 

 
Example input Example output 
5 
0 5 1 0 0 
0 0 1 4 0 
0 2 0 0 6 
0 0 1 0 1 
0 0 0 0 0 
 

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

 
Figure 1 below shows the network of the example input, with capacities on the edges. 
(Vertex 1 is source, and 5 the sink.) 
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Figure 1 Network with capacities 
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Implementation tips 
Memory usage is not critical here; you may very well use three or four m × m-arrays. 
For instance one for the original problem N, one for the flow in this step f , and one 
for the possible flow changes N(f ), like in Figure 14.8 of the textbook (B&P). 
 
Other than that, just go through each step by doing a breadth first search with a FIFO 
queue, and use a Boolean array to indicate whether a vertex has been seen in this 
search. 

Exercise 2 (NP-completeness) 
a) Prove that 2-DIRECTED-HAMILTONICITY (defined below) is  
NP-complete. You may assume that it is known that normal (undirected) 
HAMILTONICITY is NP-complete. We define it in such a way that graphs with only 
one vertex, and graphs with two vertices connected by an edge, are Hamiltonian. 
 
Describe the transformation you use, and explain why it works. Also show what the 
following graph is transformed into. 
 

 
 
 
2-DIRECTED-HAMILTONICITY 
Input:   A directed graph G. 
Question: Are there two directed, simple cycles in the graph, each with at least 

three vertices, that together include all the vertices of G? A cycle is 
simple if it never visits a vertex more than once. 

 
 
Example 
The following graphs show a YES-instance and a NO-instance of  
2-DIRECTED-HAMILTONICITY, respectively: 

 
 

 
b) NP-hard problems are defined as follows (see the text book (B&P), bottom of 
page 103): NP-hard problems can ask for anything (a number, a list, etc); NP-
complete problems can only ask yes-or-no questions. The criterion for a problem to be 
NP-hard is that if it could be solved in polynomial time, then all NP-complete 
problems would be solvable in polynomial time. 
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This implies that all NP-complete problems are NP-hard, but not vice versa. For the 
questions below we also introduce the term properly NP-hard to denote those 
problems that are NP-hard, but not NP-complete. We use the term polynomial for all 
kinds of problems that are solvable in polynomial time (both those that ask yes-or-no 
questions, and those that ask for more complex answers). Classify the following 
problems (polynomial, NP-complete or properly NP-hard): (A simple path is a path 
that never visits a vertex more than once. The length of a path is the number of edges. 
You may assume that it is known that HAMILTONICITY is NP-complete.) 
 
 
1) Find the length of the longest simple path between vertices x and y in a graph. 

 
2) Find the length of the shortest simple path between vertices x and y in a graph. 

 
3) Decide whether there is a simple path between vertices x and y containing at least 

half of the vertices in the graph (including x and y). 
 

4) Find a simple path between x and y in G, such that this path is as long as possible. 
The algorithm must return a sequence of vertices that make up a longest, simple 
path from x to y. 
 

5) Is there a clique in G containing x and y and three more vertices? If so, output this 
clique. 

Handing it all in 

Hand in source code plus one PDF-document (for your textual answers). Comments, 
specifications, assumptions etc. can be included at the start of the PDF. You are 
welcome to write your answers in Norwegian. 
 

• Put the source code (as many files as you like, but do not spread your code 
over several folders) and a document called oblig3.pdf in a folder called: 
oblig3_username. 

 
• Compress the folder into a tar.gz or zip file with the same name, for instance 

like this 
tar -cvzf oblig3_username.tar.gz oblig3_username 
 

• Hand in the compressed file at:  https://devilry.ifi.uio.no 
 
 
 
 
 

[end] 
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