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Lecture 1 CS6800 Artificial Intelligence: 
• Introduction and potential Applications 
• Problem Solving 
• The 12 coin problem 
• Production Systems 
• The 8-puzzle 
• Problem Representation 
• Basic Procedure 
• Control 
• Representation schemes 
• Traveling Salesman Problem 
• Backwards & Bi-directional Prod. Systems 
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Introduction 
 
What is Artificial Intelligence? 
Why do we study it? 
What is the scope of this class? 
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Applications 
• Natural Language Processing 
• Expert Systems 
• Robotics 
• Automatic Programming 
• Scheduling Problems 
• Perception 
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Problem Solving 
Consider the problem of finding a counterfeit 
coin among 11 other good coins.  You must 
determine the identity of the bad coin and 
whether it is lighter or heavier than its 11 
brethren in no more than three weighings. 
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Notes from Berkely CS188 
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Production Systems 
Production systems serve as a convenient means 
of describing the structure and operation of AI 
systems.  A production system is composed of a 
global database, which is manipulated by means 
of certain well-defined operations, all under the 
control of some global control strategy. 
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An example: The 8-puzzle 
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Problem Representation 
To solve the representation problem in AI we must 
specify the global database, the rules, and 
control strategy. 
Selecting a good problem representation is one 
of the most difficult parts in applying AI 
problem solving techniques in a given situation. 
In the eight-puzzle, each tile configuration is a 
problem state.  The set of all possible 
configurations is the space of problem states or 
the problem space. 
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The Basic Solution Procedure 
Procedure PRODUCTION 
 DATA ← initial database 
 until DATA satisfies the stop condition do: 
  begin 
   select some rule R, in the set of rules   
 applicable to DATA 
   DATA ← result of applying R to DATA 
  end 
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Control 
Selecting rules and keeping track of those se-
quences of rules already tried and the databases 
they produced constitute what we call the control 
strategy for production systems. 
Control does not have perfect information, 
therefore, there must be a search process for the 
correct rule to use in a given situation. 
Classes of control strategies: 
 Irrevocable 
 Tentative 
  backtracking 
  graph-search control 
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Irrevocable Control 
• Is it appropriate? 
• Local verses Global information 
• Hill-climbing i.e. steepest descent 
• How to apply to the 8-puzzle? 
• Problems with this method 
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Simple Application to the 8-puzzle 
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Backtracking 
Basic idea: 
 1.) Try a rule 
 2.) If no solution, go back to the state at 1,   
 and try another rule 
 
• Backtracking can avoid local minima 
• Backtracking allows alternative paths to be 
 explored. 
• If rule selection is guided by information 
 then the backtracking can be more efficient.  
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Graph Search 
Graphs and trees are very useful data structures 
for keeping track of the effects of the application 
of alternative rules. 
In the 8-puzzle example, we can keep track of 
alternative rules applied by using a structure 
called a search tree.  The root of the tree is the 
initial configuration; the various rules that apply 
to this configuration are the directed arcs to 
descendent nodes.  We can grow the tree until a 
leaf node satisfies the termination condition. 
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Graph-search Control and the 8-Puzzle 
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Representation 
So far we have talked about representation in 
terms of the overall problem.  Often efficient 
problem solution requires a good representation 
for the problem states, and goal conditions.  
Obviously one prefers representations that have 
a small number of states.  This should simplify 
the effort in searching the space. 
In general, there is no known way to effectively 
improve a given representation incrementally.  
Often what is required is human intuition that 
we haven’t yet been able to automate. 
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Some more example problem 
representations 
A Traveling salesman problem 
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Search Tree for the Traveling Salesman 
Problem 
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Search Tree for the Traveling Salesman 
Problem 
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Other types of Production Systems 
 
Backwards production systems 
• Start at goal nodes, and search for initial 
 state(s). 
 
Bi-directional production systems 
• Start at both initial states, and goal states, 
 and search towards each other. 


