
Techniques for Intelligent Systems 

Lab 4: Best-first search 
 

Introduction 
In this lab you will experiment with a program which implements best-first 
search.  You will apply it first to a map searching problem, and then to the 
Jugs problem, and to a variant of the Missionaries and Cannibals problem. 
 

Setup 
First, find the section on Topic 4: Heuristic Search at the site 
 

http://www.comp.rgu.ac.uk/staff/rab/CM3002/ 
 

and download the four files (SearchGraph.java, Map.java, State.java and 
Solver.java) needed to run the Map example. 
 
Once you’ve downloaded the files, load them into your favourite Java 
programming environment and compile them.  Note that the file Map.java 
contains the main method. 
 
If you’re using TextPad, you will need to compile the four files together from 
the command line using javac.  If you are using NetBeans, just load the files 
and compile them using the command Build All 
 

Description of the program 
The program finds a route from a selected city to Rochester; the object is to 
find a route with the minimum number of steps. 
 
The program uses a best-first search, where the heuristic value assigned to a 
city is the straight-line distance of that city from Rochester.  This means that 
low values of the heuristic are considered best; at each step, the program will 
expand the node (city) which is closest to Rochester as the crow flies. 
 
The program knows about the following towns: 
 

Rochester 
Sioux Falls 
Minneapolis 
LaCrosse 
Fargo 
St.Cloud 
Duluth 
Wausau� 
Grand Forks 

Bemidji 
International Falls 
Green Bay 
Madison 
Dubuque 
Rockford 
Chicago 
Milwaukee 
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Run the program a few times, choosing different cities from the above list to 
start from.  It should display routes from your chosen city to Rochester. 

Cost and the size of the search 
The costs for each town are defined in the file Map.java.  The Solution class in 
Solver.java then uses method getCost() to define the cost of a partial solution to 
be equal to the cost of the node at the end of the path. 
 
For all today’s problems, we are interested in how the choice of the heuristic 
function affects the number of nodes searched, and the quality of the eventual 
solution.   To record how many nodes are searched, add a variable to the 
Agenda class to count the number of nodes searched, add a line to the add() 
method to augment this counter whenever a new partial solution is added to 
the agenda, and add a print statement to print the number of nodes searched 
when a solution is found.  (Note that this is different from the code you added 
last week, when you recorded the size of the agenda when a solution was 
found). 
 
Try some different ways of redefining the getCost() method in the Solution 
class.  For example, you could redefine it so that it returns either 
 

1. a constant value, or  
 

2. (-1) * the cost of the state at the end of the solution 
 
The first of these provides no useful information to guide the search; the 
second is actively misleading.  How does the use of these two alternative cost 
functions affect the number of nodes searched, and the quality of the solution 
i.e., the number of steps in the solution? 
 

Other search problems 
There are no other obvious ways of modifying the heuristic for the Journey to 
Rochester problem, so we now move on to the Jugs problem and 
Missionaries and Cannibals.  For each of these problems, you will need to 
download the associated State.java file to replace State.java file for the Map 
problem, and make State.java the file which defines the main method.  The files 
Map.java and SearchGraph.java are not needed for the two new problems, so 
you should either delete them, or move them to another directory. 
 
When experimenting with cost functions for these new problems, note that for 
each problem, two getCost() methods are defined: getCost() in State.java defines 
the cost of a state, and getCost() in Solver.java defines the cost of a partial 
solution, i.e., a path from the root of the tree to the current state.  It is the 
second of these methods that is used when adding new partial solutions to the 
Agenda.  As presently defined, the second getCost() simply returns the value 
of the first getCost(); in other words, the cost of a partial solution is defined to 
be the cost of the state at the end of that solution.  However, you are free to 
re-define both methods as you wish – the instructions below give some 
suggestions. 
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For each of these problems, do the following: 
 

1. The cost function getCost() in the file State.java is initially defined to 
return a constant 0, so it is no help in guiding the search.  Try 
redefining getCost() so that it implements a sensible cost function for 
individual states (this is easier to do for the missionaries and cannibals 
than it is for the jugs problem).  
 
Note that you should define your cost function so that “good” nodes 
have a low cost. 
 
How does your cost function affect the number of nodes that the 
algorithm searches, and the length of the solution found? 
 

2. As I mentioned at the end of the lecture, if you want the program to find 
the shortest path to the solution, it’s sensible to extend the cost function 
to include information about the length of the current partial solution, as 
well as just the current state.  To implement this idea in the program in 
front of you, you will need to modify the method getCost() defined in the 
Solver.java file.  Try modifying this method so that it combines the cost 
of the current state with the length of the partial solution leading to the 
current state. 

 
As in part 1, note whether changes to the getCost() method reduce the 
number of nodes searched, or the length of the solution found. 

 

Note on the Missionaries and Cannibals problem 
The code you have been given actually implements part of the solution to last 
year’s coursework, which concerned a group of 3 Americans and 3 
Frenchmen attempting to cross the desert on a camel that can carry only 2 
people. You must never leave more Frenchmen than Americans at either the 
start or the destination, or else the Americans will suffer from the Frenchmens’ 
sarcasm. 
 
 The structure of this problem is identical to that of the Missionaries and 
Cannibals; the change of domain was intended to make it harder for students 
to find references to the problem on the Web. 
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