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while queue is not empty do
(Xi, X;) < REMOVE-FIRST(queue)
if REVISE(csp, X;, X;) then
if size of D; = 0 then return false
for each X, in X; NEIGHBORS - { X} do
add (X, X;) to queue
return true

function REVISE( csp, X;, X;) returns true iff we revise the domain of X;
revised < false
for each z in D; do
if no value y in D, allows (z,y) to satisfy the constraint between X; and X ; then
delete x from D;
revised «— true
return revised
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Figure 6.4  (a) A Sudoku puzzle and (b) its solution.

Alldiff constraints: one for each row, column, and box of 9 squares.

Alldiff (A1, A2, A3, A4, A5, A6, AT, A8, A9)
Alldiff (B1, B2, B3, B4, B5, B6, B7, B8, B9)

Alldiff (A1, B1,C1, D1, F1,F1,G1,H1,I1)
Alldiff (A2, B2,C2, D2, E2, F2, G2, H2, I2)

Alldiff (A1, A2, A3, B1, B2, B3,C1,C2,C3)
Alldiff (A4, A5, A6, B4, B5, B6,C4,C5,C6)
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datatype CSP-STATE
component: UNASSIGNED, a list of variables not yet assigned
ASSIGNED, a list of variables that have valued

datatype CSP-VAR
component: NAME, for i/o purposes
DOMAIN, a list of possible values
VALUE, current value (if any)
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function BACKTRACKING-SEARCH( ¢sp) returns a solution, or failure
return BACKTRACK({ }, csp)

function BACKTRACK (assignment, csp) returns a solution, or failure
if assignment is complete then return assignment
var <— SELECT-UNASSIGNED-VARIABLE(csp)
for each value in ORDER-DOMAIN-VALUES(var, assignment, csp) do
if value 1s consistent with assignment then
add {var = value} to assignment
inferences < INFERENCE(csp, var, value)
if inferences # failure then
add inferences to assignment
result «— BACKTRACK(assignment, csp)
if result # failure then
return result
remove {var = value} and inferences from assignment
return failure
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WA NT 4 NSW V SA T
Initial domains | RGB|RG B|RGB|RGB|RGB|RGB|/RGB
After WA=red |R GB/RGB/RGB|/RGB| GB|/RGB
After Q=green ® Bl @© |[R B|RGB BIRG B
After V=blue |B Bl @ |[R RGB

Figure 6.7 The progress of a map-coloring search with forward checking. WA = red
is assigned first; then forward checking deletes red from the domains of the neighboring
variables N'T' and SA. After () = green is assigned, green is deleted from the domains of
NT, SA,and NSW. After V = blue is assigned, blue is deleted from the domains of NS

and SA4, leaving SA with no legal values.
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function MIN-CONFLICTS(csp, maz _steps) returns a solution or failure
inputs: csp, a constraint satisfaction problem
mazx _steps, the number of steps allowed before giving up

current < an initial complete assignment for csp
for : = 1 to max _steps do
if current is a solution for csp then return current
var «— arandomly chosen conflicted variable from csp.VARIABLES
value < the value v for var that minimizes CONFLICTS(var, v, current, csp)
set var = value in current
return failure
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CONSTRAINT SATISFACTION
PROBLEMS

In which we see how treating states as more than just little black boxes leads to new search
methods and a deeper understanding of problem structure.

Chapters 3 and 4 explored the idea that problems can be solved by searching the stale space:
a graph where the nodes are states and the edges between them are actions. We saw that
domain-specific heuristics could estimate the cost of reaching the goal from a given state,
but that from the point of view of the search algorithm, each state is atomic, or indivisible—
a black box with no internal structure. For each problem we need domain-specific code to
describe the transitions between states.

In this chapter we break open the black box by using a factored representation for each
state: a set of variables, each of which has a value. A problem is solved when each variable
has a value that satisfies all the constraints on the variable. A problem described this way is
called a constraint satisfaction problem, or CSP.

CSP search algorithms take advantage of the structure of states and use general rather
than domain-specific heuristics to enable the solution of complex problems. The main idea
is to eliminate large portions of the search space all at once by identifying variable/value
combinations that violate the constraints. CSPs have the additional advantage that the actions
and transition model can be deduced from the problem description.

6.1 Defining Constraint Satisfaction Problems

A constraint satisfaction problem consists of three components, X', D, and C:
A is a set of variables, {X,,.... Xy}

D is a set of domains, {Dy,..., D}, one for each variable.
C is a set of constraints that specify allowable combinations of values.
A domain, D;, consists of a set of allowable values, {v,...,w }, for variable X;. For exam-

ple, a Boolean variable would have the domain {true,false}. Different variables can have
different domains of different sizes. Each constraint C; consists of a pair (scope, rel), where
scope is a tuple of variables that participate in the constraint and rel is a relation that de-
fines the values that those variables can take on. A relation can be represented as an ex-
plicit set of all tuples of values that satisfy the constraint, or as a function that can compute
whether a tuple is a member of the relation. For example, if X, and X both have the do-
main {1,2,3}, then the constraint saying that X; must be greater than X; can be written as
{(X1,X2),{(3,1),(3,2),(2, 1)}) oras {(X;,X2). X >X3).




