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Problem Solving,  

Search and Control Strategies 

 
What are  problem solving, search and control strategies  ?  

 
• Problem solving is fundamental to many AI-based applications. 

There are two types of problems. 

 The Problems like, computation of the sine of an angle or the square  

root of a value. These can be solved through the use of  deterministic 

procedure and the success is guaranteed. 

 In the real world, very few problems lend themselves to  

straightforward solutions. 

Most real world problems can be solved only by searching for a solution. 

AI is concerned with these type of problems solving. 

• Problem solving is a process of generating solutions from observed data. 

 a problem is characterized by a set of goals, 

 a set of objects, and 

 a set of operations. 

These could be ill-defined and may evolve during problem solving. 

• Problem space is an abstract space. 

 A problem space encompasses all valid states that can be generated by  

the application of any combination of operators on any combination of  

objects. 

 The problem space may contain one or more solutions. 

Solution is a combination of operations and objects that achieve the goals. 

• Search refers to the search for a solution in a problem space. 

 Search proceeds with different types of search control strategies. 

 The depth-first search and breadth-first search are the two common  

search strategies. 



1  . General Problem solving 

 
Problem solving has been the key areas of concern for Artificial Intelligence. 

■ Problem solving is a process of generating solutions from observed or  

given data. It is however not always possible to use direct methods (i.e. go  

directly from data to solution). Instead, problem solving often need to use  

indirect or model-based methods. 

■ General Problem Solver (GPS) was a computer program created in 1957  

by Simon and Newell to build a universal problem solver machine. GPS was  

based on Simon and Newell's theoretical work on logic machines. GPS in  

principle can solve any formalized symbolic problem, like : theorems proof  

and geometric problems and chess playing. 

■ GPS solved many simple problems such as the Towers of Hanoi, that could  

be sufficiently formalized, but GPS could not solve any real-world  

problems. 

■ 

To build a system to solve a particular problem, we need to 

Define the problem precisely – find input situations as well as final  

situations for acceptable solution to the problem. 

■ Analyze the problem – find few important features that may have impact  

on the appropriateness of various possible techniques for solving the  

problem. 

■ Isolate and represent task knowledge necessary to solve the problem 

■ Choose the best problem solving technique(s) and apply to the particular  

problem. 



1. Problem Definitions  :  

 

A problem is defined by its elements and their relations. 

 
To provide a formal description of a problem, we need to do following: 

a. Define a state space that contains all the possible configurations of  

the relevant objects, including some impossible ones. 

b. Specify one or more states, that describe possible situations, from  

which the problem-solving process may start. These states are called  

initial states. 

c. Specify one or more states that would be acceptable solution to the  

problem. These states are called goal states. 

 
d. Specify a set of rules that describe the actions (operators) available. 

The problem can then be solved by using the rules, in combination with an  

appropriate control strategy, to move through the problem space until a  

path from an initial state to a goal state is found. 

This process is known as search. 

 Search is fundamental to the problem-solving process. 

 Search is a general mechanism that can be used when more direct  

method is not known. 

 Search provides the framework into which more direct methods for  

solving subparts of a problem can be embedded. 

 
A very large number of AI problems are formulated as search problems. 



• Problem Space 

A problem space is represented by directed graph, where nodes  

represent search state and paths represent the operators applied to  

change the state. 

 

To simplify a search algorithms, it is often convenient to logically and  

programmatically represent a problem space as a tree. A tree usually  

decreases the complexity of a search at a cost. Here, the cost is due to  

duplicating some nodes on the tree that were linked numerous times in the  

graph; e.g., node B and node D shown in example below. 

 

A tree is a graph in which any two vertices are connected by exactly one  

path. Alternatively, any connected graph with no cycles is a tree. 

 
Examples 

Graph Trees 

A B 

C D 

A 

D B D 

D 

B C 



• Problem Solving 

The term Problem Solving relates analysis in AI. Problem solving may 

be characterized as a systematic search through a range of possible 

actions to reach some predefined goal or 

methods are categorized as 

solution. Problem-solving 

special purpose and general purpose. 

 Special-purpose method is tailor-made for a particular problem, often  

exploits very specific features of the situation in which the problem is  

embedded. 

 General-purpose method is applicable to a wide variety of problems.  

One general-purpose technique used in AI is "means-end analysis". It is  

a step-by-step, or incremental, reduction of the difference between  

current state and final goal. 

Examples : Tower of Hanoi puzzle 

 For a Robot this might consist of PICKUP, PUTDOWN, MOVEFORWARD,  

MOVEBACK, MOVELEFT, and MOVERIGHT—until the goal is reached. 

 Puzzles and Games have explicit rules : e.g., the Tower of Hanoi puzzle. 

(a) (b) 

Start Final 

Tower of Hanoi puzzle. 

◊ This puzzle may involves a set of rings of different sizes that can be  

placed on three different pegs. 

◊ The puzzle starts with the rings arranged as shown in Fig. (a) 

◊ The goal of this puzzle is to move them all as to Fig. (b) 

◊ Condition : Only the top ring on a peg can be moved, and it may  

only be placed on a smaller ring, or on an empty peg. 

In this Tower of Hanoi puzzle : Situations encountered while solving the  

problem are described as states. The set of all possible configurations of  

rings on the pegs is called problem space. 



• States 

A state is  a representation of elements at a given moment. A problem is  

defined by its elements and their relations. 

At each instant of a problem, the elements have specific descriptors and  

relations; the descriptors tell - how to select elements  ?  

Among all possible states, there are two special states called  :  

 
 Initial state is the start point 

 
 Final state is the goal state 



• State Change: Successor Function 

A Successor Function is needed for state change.  The 

successor function moves one state to another state. 

 
Successor Function  :  

 

◊ Is a description of possible actions; a set of operators. 

◊ Is a transformation function on a state representation, which converts  

that state into another state. 

 
◊ Defines a relation of accessibility among states. 

◊ Represents the conditions of applicability of a state and corresponding  

transformation function 



• State Space 

A State space is the set of all states reachable from the initial state. 

 
Definitions of terms  :  

◊ A state space forms a graph (or map) in which the nodes are states  

and the arcs between nodes are actions. 

◊ In state space, a path is a sequence of states connected by a sequence  

of actions. 

 
◊ The solution of a problem is part of the map formed by the state space. 



• Structure of a State Space 

The Structures of state space are trees and graphs. 

 
 Tree is a hierarchical structure in a graphical form; and 

 Graph is a non-hierarchical structure. 

 
◊ Tree has only one path to a given node; 

i.e., a tree has one and only one path from any point to any other point. 

 
◊ Graph consists of a set of nodes (vertices) and a set of edges (arcs.) 

Arcs establish relationships (connections) between the nodes;  

i.e., a graph has several paths to a given node. 

 
◊ operators are directed arcs between nodes. 

Search process explores the state space. In the worst case, the search  

explores all possible paths between the initial state and the goal state. 



• Problem Solution 

In  the state space, a solution is a path from the initial state to a goal  

state or sometime just a goal state. 

◊ A Solution cost function assigns a numeric cost to each path;  

It also gives the cost of applying the operators to the states. 

◊ A Solution quality is measured by the path cost function; and  An 

optimal solution has the lowest path cost among all solutions. 

 
◊ The solution may be any or optimal or all. 

◊ The importance of cost depends on the problem and the type of  

solution asked. 



• Problem Description 

A problem consists of the description of  :  

 current state of the world, 

 actions that can transform one state of the world into another, 

 desired state of the world. 

 
◊ State space is defined explicitly or implicitly 

A state space should describe everything that is needed to solve a  

problem and nothing that is not needed to the solve the problem. 

 
◊ Initial state is start state 

 
◊ Goal state is the conditions it has to fulfill 

 A description of a desired state of the world; 

 The  description  may be complete or partial. 

 
◊ Operators are to change state 

 Operators do actions that can transform one state into another. 

 Operators consist of : Preconditions and Instructions; 

 Preconditions provide partial description of the state of the world  

that must be true in order to perform the action, 

 Instructions tell on how to create next state. 

 Operators should be as general as possible, to reduce their number. 

 
◊  Elements of the domain has relevance to the problem 

 Knowledge of the starting point. 

◊ Problem solving is finding solution 

 Finding an ordered sequence of operators that transform the current  

(start) state into a goal state; 

 
◊ Restrictions are solution quality any, optimal, or all 

 Finding the shortest sequence, or 

 Finding the least expensive sequence defining cost , or 

 Finding any sequence as quickly as possible. 

  



Recall : Algebraic Function 

  



  

  



1.2  Examples of Problem Definitions 

 
• Example 1  : 

A game of 8 –Puzzle 

 
◊  State space : configuration of 8 - tiles on the board 

 
◊ Initial state : any configuration 

 
◊ Goal state : tiles in a specific order 

 
◊ Action : ―blank moves‖ 

Condition: the move is within the board 

Transformation: blank moves Left, Right, Up, Dn 

 
◊ Solution : optimal sequence of operators 

Solution 

1 2 3 

4 5 6 

7 8 



• Example 2 :  

A game of n - queens puzzle; n = 8 

◊ State space : configurations n = 8  

queens on the board with only one  

queen per row and column 

◊ Initial state : configuration without 

queens on the board 

◊ Goal state : configuration with n = 8  

queens such that no queen attacks any  

other 

◊ Operators or actions : place a queen on  

the board. 

Condition: the new queen is not 

attacked by any other already  

placed 

Transformation: place a new queen  

in a particular square of the board 

◊ Solution : one solution (cost is not considered) 

a b c d e f g h 

8 8 

7 7 

6 6 

5 5 

4 4 

3 3 

2 2 

1 1 

a b c d e f g h 

One Solution 


