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Constraints Satisfaction Problem (CSP)

Constraint Satisfaction problems are a class of problems where variables 
need to be assigned values while satisfying some conditions.
Constraints satisfaction problems have the following properties:
• Set of variables V (x₁, x₂, …, xₙ)
• Set of domains for each variable {D₁, D₂, …, Dₙ}
• Set of constraints C
• A solution X = { ai } i=1,...,n, for ai ∈ Di, is a complete assignment of 

variables in V such that every constraint in C is satisfied. 
• X ∈ D1 × … × Dn which is the Search Space for the CSP
• Sudoku can be represented as a constraint satisfaction problem, where 

each empty square is a variable, the domain is the numbers 1-9, and the 
constraints are the squares that can’t be equal to each other.



Sudoku



Example
• Consider another example. 

Each of students 1-4 is 
taking three courses from A, 
B, …, G. Each course needs to 
have an exam, and the 
possible days for exams are 
Monday, Tuesday, and 
Wednesday. However, the 
same student can’t have two 
exams on the same day. In 
this case, the variables are 
the courses, the domain is 
the days, and the constraints 
are which courses can’t be 
scheduled to have an exam 
on the same day because the 
same student is taking them. 
This can be visualized as 
follows:



CONTD…

• This problem can be solved 
using constraints that are 
represented as a graph. Each 
node on the graph is a course, 
and an edge is drawn between 
two courses if they can’t be 
scheduled on the same day. In 
this case, the graph will look 
this:



Constraint Optimization Problem

• COP = CSP + Objective Function 
• Objective function f  assigns preferences among solutions to the CSP. 
• Goal is to find the solution with the highest/lowest value of f. 
• COP is harder than the CSP 
• Requires completeness



Constraint Graph Representation
•Definition: a graph (V, E) is a set of vertices V and a set of edges E = {(vi , vj )…},  vi , vj
∈ V between vertices. 
•Vertices are represented as nodes and edges are represented as lines between vertices. 
•Graphs are suitable for representing only binary CSPs where the constraints are all of the 
form: ci (vi ) and  cij (vi, vj), for vi , vj ∈ V.



Constraints types



Is it hard to formulate CSP?



A number puzzle



Example: Map coloring



Constraints graph



Real World Problems





Local Search Method



Example: n-Queens
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