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Mandatory Assignment 2, INF 4130, 2013 
Deadline: Friday, October 25 

 
 
 
 
 
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 three exercises; each student must turn in his/her own, independent 
solution to all exercises.  

 Only exercise 2 requires code. Your program should be written in Java, and the class with your 
main()-method should be named Exercise2.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. 
 Exercises 1, 2b and 3 require textual answers, drawings, and some discussion. It is equally 

important to give good answers to these exercises 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 we want to give additional specification or clarification of the assignment, it will be posted as a 
message on the course web page. Check regularly. 

Exercise 1 (Leftist and short heaps) 

Leftist heaps keep track of null path lengths and swap left and right children if the null 
path length in the right child is larger than in the left. This is to ensure that the right 
path remains relatively short, so that merging and the other operations based on merge 
are quick.  
 
a)       The following elements are inserted into an initially empty leftist heap: 5, 3, 4, 
1, 2. As usual, a low key means high priority. Draw the tree as it looks after each 
insertion. Base your answer on the implementation of Mark Allen Weiss found on the 
course web page: 
 
   www.uio.no/studier/emner/matnat/ifi/INF4130/h12/obliger/Kildekode.html 
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b) Is there an order (with respect to priority) such that when we insert elements in 
that order, into an initially empty leftist heap (without taking anything out), we at 
regular intervals (when the number of elements is 2n −1), get a perfect binary tree? 
Explain 
 
c) Is there another order that gives us one long (left) path without branches? 
Explain why this is a good situation for leftist heaps. Discuss both further insertions 
and deleteMins. 
 

Exercise 2 (A*-search) 

The exercise is to write a program for solving the 8-puzzle, and 15-puzzle; in general 
the (N×N−1)-puzzle (on an N×N-board). This is discussed in the text book on page 
717. Your program should be made general for an N×N-board, but you can assume 
that N  10. A state for the game with N = 3 can be represented like this: 
 
1 2 3 
0 4 5 
7 8 6 
 
Here 0 indicates the empty square. The program should find a way of moving the tiles 
(a number of moves) that ends up in the final state: 
 
1 2 3 
4 5 6 
7 8 0 
 
(and similar for N×N-boards). A legal move is to let the empty square “switch place” 
with one of the (maximally 4) neighbouring tiles. Such a move can be described by 
how the empty square is moved, with either L, R, U, D (left, right, up, down). Note 
that the solution you find must be optimal, in the sense that no solution with fewer 
moves should exist. Thus, the solution to the problem above would be RRD. Your 
solution should be written to an output file, on the format described below.  
 
a)    Your program should here use the A*-algorithm. A straight forward Manhattan-
heuristic (see exercise 23.7) is OK to use, but you are welcome to try other heuristics 
if you want to. 
 
Your program must be able to solve all instances of the 8-puzzle within reasonable 
time. It is also interesting to see if you can manage to solve at least a few simple 15-
puzzle instances, but it is not required. Please leave a short comment on what your 
program can solve and how long it takes. 
 
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 commend line arguments. The 
first line of the input file is the number N, then follows the start state over N lines, see 
below. 

[CODE] 
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Output (make sure your program complies with this format!) 

The first line of the output file should be the number of moves for your solution; this 
value depends only on the instance. The second line should be a sequence of L, R, U, 
D representing the (optimal) solution you found (multiple optimal solutions are 
possible for some instances). Lines three to five should be: the number of states 
visited, the number of times a new state is created, and the number of times an already 
created state is updated; these values depend on your implementation, choice of 
heuristic etc. More specifically these three values are: 

 
- The number of (different) states you visited, including the start and final states 

(= about the number of calls to extractMin(), depending on details of your 
implementation). 

- The number of times a new state is encountered (= the number of inserts in the 
priority queue of a state that is not already there). 

- The number of times the cost of an already encountered (but not visited) state 
is modified (= the number of decreaseKey/re-inserts in the priority queue). 

 
Example input Example output 
3 
1 2 3 
0 4 5 
7 8 6 
 

3
RRD 
4 
8 
0

 
 
b)     To get an impression of how much better it is to use A*-search than the simpler 
Dijkstras algorithm you shall make a version of your program from 2a) where the 
heuristic h(v) is always zero. You don’t have to deliver that version, but you should 
run it for at least the same test cases as was used in 2a), and make a report telling to 
what extent it can handle them.  Can it handle all 8-puzzels, and what about 15- 
puzzels?  How are the number of states that the algorithm looks at (= the three last 
integers in the output) increasing? 
 
Implementation tips 

The states must be represented in some way. The easiest is to use objects of a class 
State with a two dimensional byte array (and may be also two integers saying where 
the empty square is?). 
 
A*-search requires several quite advanced date structures: you will at least need some 
kind of priority queue, and some efficient way of looking up already visited nodes (a 
hashmap, splaytree or similar). You should use a suitable standard structure or open 
source-library, there is no need to spend time implementing your own.  
 
More hints will occur at the course page after some time. 
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Exercise 3 (Algorithms and decidability) 

a) Describe briefly how you would argue that any algorithm can be implemented 
in Java. Is it possible to prove such a statement formally? 
 
b) Decide whether the following problems (formal languages) are decidable or 
not. Describe a Turing-machine (including states and transitions) to show that a 
problem is decidable, or show a reduction from the halting problem to show that it is 
undecidable. 
 
  
 

1.     L1 = {w ∈ {0 | 1}* | w is a sequence of one or more 1's }    
(corresponding to the problem of checking if the input is a sequence of 
one or more 1's) 
  

2.       L2 = {M | M decides L1} . 

3.  L3 = {M | M decides L2} . 

Handing it all in 

Hand in source code plus one PDF-document (for your textual answers, plain text can 
be converted with the command a2pdf). Comments, specifications, assumptions etc. 
can be included at the start of the PDF. 
 

 Put the source code (as many files as you like, but do not spread your code 
over several folders) and a document called oblig2.pdf in a folder called: 
oblig2_<your username>. 

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

like this: tar -cvzf oblig2_userme.tar.gz oblig2_username 
 

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

[end] 


