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function AC-3( csp) returns false if an inconsistency is found and true otherwise
inputs: csp, a binary CSP with components (X, D, C)
local variables: queue, a queue of arcs, initially all the arcs in e¢sp

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 (x,y) to satisfy the constraint between X; and X; then
delete x from D;
revised «— true
return revised
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(a) (b)
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, BT, B8, B9)

Alldiff (A1, B1,C1, D1, E1, F1,G1, H1,11)
Alldiff (A2, B2,C2, D2, E2, F2,G2, H2,12)

Alldiff (A1, A2, A3, B1, B2, B3,C1,02,C3)
Alldiff (A4, A5, A6, B4, B5, B6,C4, C5, C6)







Prepared by Kazim Fouladi | Spring 2017 | 3 Edition

o
’”’;ﬁb/

Y

TEHR 19D
3 sl (5 gadiun LI o (uad sbd ) (sdliwon (a3 g 58
Sl suls caeas L puiie 0 5 5381 € (g polia Lulaal s L‘;f‘:“
ates
SR
ol 5085 8018 S (5 3 ool o)
(-l s suls o (5 00 aa) {}u'e'“" Initial state 33’
. 3
(A0 GBI JATS (gl LSl b 4S) 6 oAl e i 4 e S oludi! (Sae slagius %
: ) : Auvailable actions I}
38 ]
(i ol SO @G <((5Jl;)) oledy) S J‘ "% Jao 3
R T T " Transition model )
(il sud Blat lawsd gdan ) wib JolS o la Clusl: (implicit) e 838 0 g1 :j)
(48l o Blad Lo gan ) il JalS (ol Ll s (implicit) iasd R ]
s (5458 b s

.&)ldgjmsgﬂu&abgmC@agwdaabw

Path cost function

sl liie 008 (sl )l Blase alad (5153 (saiad 5o08 O

Jol—3as s gt Hleuliiul <=0 gd o ala T Sae ju 135 L ool 5o

LS suliiul Jols—alla (sain] 90 8 31 Gl 53 e < s a5 Jasly s

e

d = max,

Dl| ”!ﬁ)‘..\s‘)..: ’n'dn uf‘).s‘.s.:\ b:(n—ﬁ)d ﬁ)‘.\g&u‘.).\

LS32s




¥ TEHR 19D
«a8 (5L ) Slwen Ja (51 43 0 ylasliwl (5 gaieun
solwsaly

.AlSLs_oL;J‘A.@ﬁ‘JCSP—STATE ébﬂﬂﬁw‘wub;&amcsptg‘fm&)d

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 is 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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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 NT 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 NSW
and SA, 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 i = 1 to max _steps do
if current is a solution for csp then return current
var «— a randomly 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 the
invention of a range of powerful new search methods and a deeper understanding
of problem structure and complexity.

Chapters 3 and 4 explored the idea that problems can be solved by searching in a space of
states. These states can be eval d by domain-specific h and tested to see whether
they are goal states. From the point of view of the search algorithm, however, each state is
atomic, or indivisible—a black box with no internal structure.
This chapter describes a way to solve a wide variety of problems more efficiently. We
use 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
SATISFACTION 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-purpose
rather than problem-specific heuristics to enable the solution of complex problems. The main

Stuart
Russell

Artificial Intelligence

l.‘.IL'] ern /# WO: -L-_h idea is to eliminate large portions of the search space all at once by identifying variable/value

combinations that violate the constraints.
Third Edition
6.1 DEFINING CONSTRAINT SATISFACTION PROBLEMS

H A constraint satisfaction problem consists of three components, X, IJ, and
Stuart Russell and Peter Norvig, o g
Artificial Intelligence: A Modern Approach, D is aset of domains, {Dh,...., Dn ). one for each variable.
.. N (' is a set of constraints that specify allowable combinations of values.
3rd Edlthl‘l, Prentlce Hall, 2010 Each domain [); consists of a set of allowable values, {vi..... v} for variable X;. Each

constraint C; consists of a pair (scape, rel), where scope is a tuple of variables that participate
in the constraint and rel is a relation that defines the values that those variables can take on. A
Chapter 6 relation can be represented as an explicit list of allrluples ofr\ralues that satisfy the constraint,

or as an abstract relation that supports two operations: testing if a tuple is a member of the
relation and enumerating the members of the relation. For example, if X and X, both have
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