CS 348: Introduction to Artificial Intelligence

Lab 2: A-star Search


THE PROBLEM

Chapter 3 in R&N describes search problems. The classic example of a search problem is that of finding the shortest path from one point on the map to another. For example, one might want to find the shortest path from Bucharest to Arad on a map of Romania. A search problem is formulated by defining the following four components: 

· The initial state – where you begin

· The successor function – this defines what action you are allowed to perform in a given state 

· The goal test – This is a method for determining if you are in a goal state.

· A path cost function – This assigns a total cost to a particular sequence of actions.  
In the case of traveling from Bucharest to Arad, one must first define a level of abstraction at which to operate. For the purpose of this lab, we will work at the level of cities and roads. Below is a map, based on figure 3.2 in the textbook. Here, Romania is represented as a graph where cities are nodes (vertices) and roads are edges. The connectivity of the graph defines the successor function (assume roads are two-way). At each step one may travel from a city to another city to which it is directly connected by a road. The cost of that step is the distance traveled on that road. Here, distances are shown for every road in the graph. The path cost for a trip from one city to another is the sum of the distances between the cities along the path.
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For this assignment you will write a program to solve the least-cost-path problem using A* search, as described in Section 4.1 of the textbook.
The program will read in two text files. The first will defined the connectivity of a map. The second will define the heuristic function for each node in the map.  Given these, the program will solve the problem. By “solve the problem” I mean that it should write the optimal path (should one exist) to a text file in the format shown in the sample output file on the course web site.  Note that it may be that no solution exists. In this case, your program should terminate gracefully after a fixed period (say, one step farther than the longest possible path in the map) and report failure.
CONNECTIVITY INPUT FILE FORMAT

Each line in this file specifies two cities and the path cost between them. Thus, you can assume that each line is of the format:

<start city> <distance> <end city>

…Cities will always be alphabetic. Path costs will always be integers. Cities and path costs are separated by an unspecified number of blanks.
Here is an example connectivity file.

Oradea 71 Zerind

Oradea 151 Sibiu

Zerind 71 Oradea

Zerind 75 Arad

Arad 75 Zerind

Arad 140 Sibiu

Arad 118 Timisoara

Timisoara 118 Arad
Timisoara 111 Lugoj

Lugoj 111 Timisoara

Lugoj 70 Mehadia

Mehadia 70 Lugoj

Mehadia 75 Drobeta

Drobeta 75 Mehadia

Drobeta 120 Craiova

Sibiu 151 Oradea

Sibiu 140 Arad

Sibiu 99 Fagaras

Sibiu 80 Rimnicu-Vilcea

Rimnicu-Vilcea 80 Sibu

Rimnicu-Vilcea 97 Pitesti

Rimnicu-Vilcea 146 Craiova

Craiova 146 Rimnicu-Vilcea

Craiova 120 Drobeta

Craiova 138 Pitesti

Fagaras 99 Sibiu

Fagaras 211 Bucharest

Pitesti 87 Rimnicu-Vilcea

Pitesti 138 Craiova

Pitesti 101 Bucharest

Bucharest 101 Pitesti

Bucharest 211 Fagaras

Bucharest 90 Giurgiu

Bucharest 85 Urziceni

Giurgiu 90 Bucharest

Urziceni 85 Bucharest

Urziceni 142 Vaslui

Urziceni 98 Hirsova

Neamt 87 Iasi

Iasi 87 Neamt

Iasi 92 Vaslui

Vaslui 92 Iasi

Vaslui 142 Urziceni

Hirsova 98 Urziceni

Hirsova 86 Eforie

Eforie 86 Hirsova

HEURISTIC INPUT FILE FORMAT

The heuristic input file will define the value of the heuristic function h(n) for each city in the map. The first section contains the Initial state. Each line in the file will contain a single city name, followed by the heuristic cost to the goal. Heuristic costs and city names will be separated by an unspecified number of blanks. An example for the Romania map (assuming a goal of Bucharest) is given below:
Arad 366
Bucharest 0

Craiova 160

Drobeta 242

Eforie 161

Fagaras 176

Giurgiu 77

Hirsova 151

Iasi 226

Lugoj 244

Mehadia 241

Neamt 234

Oradea 380

Pitesti 100

Rimnicu-Vilcea 193

Sibbiu 253

Timisoara 329

Urziceni 80

Vaslui 199

Zerind 374

OUTPUT FILE FORMAT

Your program should output a file that tells whether a solution to the problem exists, how many steps it took to find the solution, and what that solution is.  
The first line in your file must contain:
Initial State = <name of city>

The second line in your file must contain:


Goal state = <name of city>

The third line in your file must contain:
Path found = <”true” or “false”>

The fourth line in your file must contain:

Steps to solve = <number of items removed from search queue>

If no path was found, the file should contain only these lines. If there is a solution, the file should contain a Path Cost line:
Path cost = <length of path>

If there is a solution, the file should contain a Path section where each line gives a step in the lest-cost path:

<start city> <distance> <end city>

Here is an example output file where a solution exists.
Initial State = Oradea

Goal State = Timisoara

Path found = true

Steps to solve = 3
Path cost = 264

Oradea 71 Zerind

Zerind 75 Arad

Arad 118 Timisoara
THE EXECUTABLE

Your program must be written in C, C++, Java, or Lisp.  The executable requirements for the varying languages are outlined below.  

If your program is written in C, C++, or Java: 

Your executable must run in Windows XP and must be callable from the command line. It must be named astarsearch.exe (in the case of a native windows executable) or astarsearch.jar (in the case of a Java byte code executable). The executable must accept the parameters shown below, in the order shown below.

astarsearch.exe <connectivity file> <heuristic file> <start city> <end city>
The previous line is for a Windows XP executable, compiled from C or C++. Your windows executable must conform to this specification. 
If you have chosen to create your program in Java, we require that you create an executable .jar file so that we may call the file using the following syntax.

Java –jar astarsearch.jar <connectivity file> <heuristic file> <start city> <end city>
This .jar file must run under J2SE 5.0. If you do not know how to create a .jar file, there is an excellent tutorial available at the following URL.

http://java.sun.com/docs/books/tutorial/jar/
If your program is written in Lisp:

Your code should be written in a file called astarsearch.lisp.  Within this file, you should include a function called “astarsearch” which takes the parameters as mentioned above (connectivity file, heuristic file, start city, end city).  Your code will be tested using “Allegro CL,” so you should make sure that it runs in that environment.  

When run, your program should output a file whose format is described in the previous section. It should also DISPLAY THE FULL PATH TO THE OUTPUT FILE on the command line, once the run is completed.

QUESTION TO ANSWER

A* search depends on an admissible heuristic. This means h(n) should never overestimate the cost to the goal. That said, the heuristic should be as CAUTIOUSLY optimistic as possible.  
1. Create an admissible heuristic file from the example heuristic file for the distances to Bucharest by rounding down the values in the example file to the next lowest multiple of  100. Thus h(Fagaras)= 100 and h(Giurgiu) = 0.  Call this file h100.txt.
2. Now create a heuristic function file where h(n) = 0 for all cities.  Call this file h0.txt.
3. Pick a start city and run A* to find a path from your start city to Bucharest three times, once for each of the three heuristic files. Note the results. 
Question 1: How is the performance of A* search affected by the increasing optimism of the heuristic (no more than 100 words)?
Question 2:  What kind of search (use one of the names listed in the textbook) is equivalent to A* search using h(n) = 0 for all cities?
Question 3: Does h0.txt contain an admissible heuristic for finding a path between any two cities in the Romania map? Is it a consistent heuristic?

Question 4: Does h100.txt contain an admissible heuristic for finding a path between any two cities in the Romania map? Is it a consistent heuristic?
WHAT TO HAND IN

Note that we will not grade programs that do not meet the criteria listed below.

You are to submit the following things:

1) The Source Code for ALL programs: Your code may be written in C++, C, Java or Lisp.  It should be sufficiently modular and well commented. If it is not well commented, don’t be surprised if you lose points.  

2) An Executable for the program:  You must submit an executable of your code that runs on Windows XP as specified in the section titled “The Executable.” 
3) Output Files: You are required to provide the output file produced by your code running on the Romanian Map Problem from some start city to Bucharest.
4) Heuristic Files: You must provide the two heuristic files you made to answer the questions in the lab.

5) A .txt, .pdf, or MS Word file containing the answer to the question in the “Question to Answer” section.  
HOW TO HAND IT IN
To submit your lab, compress all of the files specified into a .zip file. The file should be named in the following manner, lastname_labnumber.zip. For example, my second lab submission would be called Owsley_2.zip. Submit this .zip file via email to cs348@cs.northwestern.edu. 

*NOTE* given the issue of .exe files being stripped from email attachments, please rename your executable “astarsearch.txt”  in the .zip file sent to us. 
Due by the start of class on Monday April 24, 2006.
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