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Sudoku: Problem Definition

A Sudoku square of order n consists of n4 variables formed into a
n2 x n2 grid such that:

1 Each row of cells contains the integers 1 through n2 exactly
once.

2 Each column of cells contains the integers 1 through n2

exactly once.

3 Each of the major n x n block contains the integers 1 through
n2 exactly once.
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Motivation

All Sudoku puzzles are not logic-solvable; many involve
guesswork

Proved to be an NP-complete problem: a polynomially bound
algorithm for solving all problem instances is not possible

It is claimed that even for order-3 Sudoku puzzles, there are
6,670,903,752,021,072,936,960 valid arrangements (!)

After being mesmerised at stochastic algorithms overpowering
the deterministic ones for NP-complete problems, we were
motivated to dig deeper and test this ”superiority’ on the
Sudoku problem
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Stochastic Search

Typical SS algorithms first generate a complete initial variable
assignment and repair the assignment by heuristic local search
with reference to a cost function until a solution is found.

Problem: Might get stuck on a plateau or in a local optima
Repairs:

Random Restart: Information gained in the search process is

lost at each restart

Use heuristics and associate weights with the constraints

violations and define the cost function as a weighed sum of

these violations: Learning heuristics may be difficult
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Step 1

Pick up the head cluster O of queueQ.
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Step 2

conflictsO2 = o2b1 + o2b3 + o2b4 + o2c4 6= 0
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conflictsO1 = o1a1
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Step 4

valueO := O1
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Step 5

o2b1 := o2b1 + 1 o2b3 := o2b3 + 1

o2b4 := o2b4 + 1 o2c4 := o2c4 + 1
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A simple illustration of PSS

Step 7

Append A1 to the queue
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Progressive Stochastic Search

Maintains a list of variables, which dictate the sequence of
variables to be repaired

When a variable is designated to be repaired in PSS, it always
chooses a new value even if its original value gives a better
cost

Search paths slightly marked by worsening at every point on
the paths

Intuitively, it’s driven by a ”force” so that the search is able to
”rush through” the local minima and plateaus
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Random restarts are no longer necessary

Expensive heuristic learning is replaced by simple path marking
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Problem modelling

Modelling Sudoku as a CSP

The Sudoku puzzle will be modelled as a grid of n4 cells -
each of which represents an integer variable which initially will
have a domain of 1 through n2

Constraints can be added in the form of ”alldifferent”
constraints and using the pre-filled cells in the grid

Domain sizes of some variables reduced

The problem remains to finding a bijection between n2

variables and n2 values satisfying the constraints
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Initially, logically-deductible values are filled in their
correspoding squares

This reduces the search space to the point where only
guesswork can lead to progress

It is here that PSS takes over the reign and completes the
partial assignment to completeness
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A simple illustration of PSS

Order-N Sudoku Puzzle

Only-guesswork-solvable Puzzle

Filter domainsInitial MCV fill

Solution

Progressive Stochastic Search
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