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TITLE: Implement n-queens problem or a graph colouring problem.

PROBLEM STATEMENT: To Implement a solution for a Constraint Satisfaction Problem
using Branch and Bound and Backtracking for n-queens problem or a graph coloring problem.

OBJECTIVE:

1. To understand how to model and solve problems by representing them as a set of variables, domains,
and constraints

THEORY:
Constraint Satisfaction is a technique for solving problems by expressing limits on the values
of each variable in the solution with mathematical constraints. Constraint satisfaction is a
technique where a problem is solved when its values satisfy certain constraints or rules of the
problem. This type of technique leads to a deeper understanding of the problem structure as well
as its complexity.
Constraint satisfaction depends on three components, namely:

° X: It is a set of variables.

° D: It is a set of domains where the variables reside. There is a specific domain
for each variable.

° C: It is a set of constraints which are followed by the set of variables.

In constraint satisfaction, domains are the spaces where the variables reside, following the
problem specific constraints. These are the three main elements of a constraint satisfaction
technique. The constraint value consists of a pair of {scope, rel}. The scope is a tuple of
variables which participate in the constraint and rel is a relation which includes a list of values
which the variables can take to satisfy the constraints of the problem.

Solving Constraint Satisfaction Problems

The requirements to solve a constraint satisfaction problem (CSP) is:
e A state-space
e The notion of the solution.

A state in state-space is defined by assigning values to some or all variables such as
{X;=v;, X;=V,, and so on...}.
An assignment of values to a variable can be done in three ways:



o Consistent or Legal Assignment: An assignment which does not violate any constraint
or rule is called Consistent or legal assignment.

e Complete Assignment: An assignment where every variable is assigned with a value,
and the solution to the CSP remains consistent. Such assignment is known as Complete
assignment.

e Partial Assignment: An assignment which assigns values to some of the variables only.
Such types of assignments are called Partial assignments.
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Types of Domains in CSP

There are following two types of domains which are used by the variables:

o Discrete Domain: It is an infinite domain which can have one state for multiple
variables. For example, a start state can be allocated infinite times for each variable.

e Finite Domain: It is a finite domain which can have continuous states describing one
domain for one specific variable. It is also called a continuous domain.

Constraint Types in CSP

With respect to the variables, basically there are following types of constraints:

e Unary Constraints: It is the simplest type of constraints that restricts the value of a
single variable.

e Binary Constraints: It is the constraint type which relates two variables. A value x, will
contain a value which lies between x1 and x3.

e Global Constraints: It is the constraint type which involves an arbitrary number of
variables.

Some special types of solution algorithms are used to solve the following types of constraints:

e Linear Constraints: These type of constraints are commonly used in linear
programming where each variable containing an integer value exists in linear form only.

e Non-linear Constraints: These types of constraints are used in nonlinear programming
where each variable (an integer value) exists in a non-linear form.

Note: A special constraint which works in the real-world is known as Preference constraint.
Constraint Propagation

In local state-spaces, the choice is only one, i.e., to search for a solution. But in CSP, we have two
choices either:

e We can search for a solution or
e We can perform a special type of inference called constraint propagation.

Constraint propagation is a special type of inference which helps in reducing the legal number of
values for the variables. The idea behind constraint propagation is local consistency.

Conclusion:

Questions:
1) What is the N-Queen problem in AI?

2) Explain Graph coloring in CSP with an example?
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