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Search is one of the operational tasks that characterize AI 
programs best. Almost every AI program depends on a 
search procedure to perform its prescribed functions. 
Problems are typically defined in terms of states, and 
solutions correspond to goal states. Solving a problem 
then amounts to searching through the different states 
until one or more of the goal states are found. In this 
chapter we investigate search techniques that will be 
referred to often in subsequent chapters. 

PRELIMINARY CONCEPTS 

Problem can be characterized as a space consisting of a 
set of states and a set of operators that map from one 
state to other states. Three types of states may be 
distinguished one or more initial states, a number of 
intermediate states, and one or more goal states. A 
solution to a problem is a sequence of operators that map 
an initial state to a goal state. A “best” or good solution is 
one that requires the fewest operations or the least cost to 
map from an initial state to a goal state. The performance 
of a particular solution method is judged by the amount of 
time and memory space required to complete the 
mapping. Thus, a solution based on some algorithm A1 is 
consider better than one using algorithm A2 if the time and 
space complexity of A1 is less than that of A2. It is 
customary to represent a search space as a diagram of a 
directed graph or a tree. Each node or vertex in the graph 
corresponds to a problem state, and arcs between nodes 
correspond to transformations or mapping between the 
states. The immediate successor of a node is referred to 
as children, siblings, or offspring, and predecessor nodes 
are ancestors. An immediate ancestor to a node is a 
parent. 

Search can be characterized as finding a path through a 
graph or tree structure. This  requires moving from node to 
node after successively expanding and generating 
connected nodes. Node generation is accomplished by 
computing the identification or representation code of 
children nodes from a parent node. Once this is done, a 
child is said to be generated and the parent is said to be 
explored. The process of generating all of the children of a 
parent is also known as expanding the node. A search 

procedure is a strategy for selecting the order in which 
nodes are generated and a given path selected.  

Search problem may be classified by the information used 
to carry out a given strategy.  In blind or uninformed 
search, no performance is given to the order of successor 
node generation and selection. The path selected is 
blindly or mechanically followed. No information is used to 
determine the preference of one child over another. 

In informed or directed search, some information about 
the problem space is used to compute a preference 
among the children for exploration and expansion. Before 
proceeding with a comparison of strategies, we consider 
next some typical search problems. 

WATER CONTAINER PROBLEM  

There is a 4l container and 3l container; neither has any 
measuring markers on it. There is a pump that can be 
used to fill the containers with water. Problem to solve is to 
get exactly two liters of water in the 4l container. 

SOLUTION  

From initial state to goal state through appropriate 
sequence of moves or actions such as filling and emptying 
the containers.  

Content of the two containers at any given time is a 
problem state.  

Let : 

                  x - Content of the 4l container  

                  y - Content of the 3l container  

Then :  

(x,y) - Problem state represented by an ordered pair.  

The set of all ordered pairs is the space of problem states 
or the state-space of the problem.  

        State-space :  { (x,y) | x = 0,1,2,3,4  y = 0,1,2,3 }  
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        Data structure to represent the state-space can be :  

o vectors  

o sets  

o arrays  

o lists  

etc... 

Problem statement:  

Initial state (0,0)  

Goal state   (2,y) where y = any possible number.  

Moves transform from one state into another state.  

Operators determine the moves.  

Operators for the problem state-space:  

1.  Fill the 4l container  

2.  Fill the 3l container  

3.  Empty the 3l container  

4.  Empty the 3l container  

5.  Pour water from 3l container into 4l conatiner until 
4l container is full  

6.  Pour water from 4l container into the 3l container 
until the 3l   container is full  

7.  Pour all the water from 3l container into the 4l 
container  

8.  Pour all the water from 4l container into the 3l 
container  

       Preconditions need to be satisfied before an operator 
can be applied.        

 EXAMPLE:   
# 1 can be applied if there is less than 4l water in the 
container.  
IF there is less than 4l in the 4l container THEN fill the 4l 
container.  
Adding pre-conditions to operators => generation of 
production rules.  
Forwarded form of rule # 1:  

           IF (x,y| x?4) THEN (4,y)  

 

EXAMPLE:   

(4,0) satisfies the preconditions of R2,R3 ? R6  

4.6 PRODUCTION SYSTEM 

Since search forms the core of many intelligent processes. 
It is useful to structure AI programs in a way that facilitates 
describing and performing the search process. Production 
systems provide such structures. A definition of a 
production system is given below. Do not be confused by 
other uses of the word production, such as to describe 
what is done in factories. A production system consists of: 

 A set of rules, each consisting of a left side (a 
pattern) that determines the applicability of the 
rule and a right side that describes the operation 
to be performed if the rule is applied. 

 One or more knowledge/databases that contain 
whatever information is appropriate for the 
particular task. Some parts of the database may 
be permanent, while other parts of it may pertain 
only to the solution of the current problem. The 
information in these databases may be structured 
in any appropriate way. 

 A control strategy that specifies the order in which 
the rules will be compared to the database and a 
way of resolving the conflicts that arise when 
several rules match at once. 

 A rule applier. So far, our definition of a production 
system has been very general. It encompasses a 
great many systems, including water jug problem 
solver. It also encompasses a family of general 
production system interpreters, including: 

 Basic production system languages, such as 
OPS5 and ACT. 

 More complex, often hybrid systems called expert 
system shells, which provide complete (relatively 
speaking) environments for the construction of 
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knowledge base expert systems. 

 General problem-solving architectures like SOAR, 
a system based on a specific set of cognitively 
motivated hypotheses about the nature of 
problem solving. 

All of these systems provide the overall architecture of a 
production system and allow the programmer to write 
rules that define particular problems to be solved. 
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