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Constraint Satisfaction Problems
 Outline

- CSP examples

- Backtracking search for CSPs

- Problem structure and problem decomposition

 Standard search problem
- state, successor function, heuristic and goal test are problem-

specific

 CSP

- state is defined by variables Xi with values from domain Di

- goal test is to satisfy a set of constraints on variables
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Constraint Satisfaction Problem
 Formally:

X1, X2, ..., Xn --variables

C1, C2, ..., Cm --constraints

Each Xi takes values on domain Di

Each Ci involves some variables

A state is an assignment
{Xi = vi, Xj = vj, ...}

such that constraints are satisfied.

A solution or goal is a complete assignment that satisfies 
all the constraints.
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Example: Map-Coloring
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Example: Map-Coloring

- How many solutions are there?
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Example: Map-Coloring
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Constraint graph
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Examples of CSPs

 Place k knights on a n x n chessboard such that no two 
knights are attacking each other, where k <= n2

- Variables

- Domains

- Constraints
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Examples of CSPs

 Sudoku
- Variables – how many?

- Domain – empty vs. full cells

- Constraints
 All different in column
 All different in row
 All different in “box of 9 cells”
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Examples of CSPs

 Cryparythmetic
- Equation among unknown numbers, whose digits are 

represented by letters. 
Goal: identify the value of each letter

 All letters must have assigned different values

T W O
+    T W O
    F O U R
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Varieties of CSPs
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Varieties of constraints
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Real-world CSPs
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Standard search formulation (incremental)
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Backtracking search
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Backtracking search
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Backtracking example
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Backtracking example
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Backtracking example
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Backtracking example
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Improving backtracking efficiency
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Minimum remaining values
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Degree heuristic
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Least constraining value
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Forward checking
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Forward checking
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Forward checking
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Forward checking
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Constraint propagation
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Arc consistency
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Arc consistency
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Arc consistency
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Arc consistency
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Problem structure
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Problem structure contd.
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Tree-structured CSPs
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Algorithm for tree-structured CSPs
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Nearly tree-structured CSPs
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Summary
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