
SearchAlgorithmsContinued

SearchAlgorithmsContinued

LeenaSalmela

25thMarch2004

Basedon:
KrzysztofR.Apt:PrinciplesofConstraintProgramming

Pages332-347

25thMarch2004LeenaSalmelaSlide1



SearchAlgorithmsContinued

Outline

�Constraintpropagationinthebacktrackingalgorithm

�Searchingforallsolutions

�Finiteconstraintoptimizationalgorithms

�Heuristics

�Searchinthegeneralsearchtrees
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Reminder:Backtrackingalgorithm
voidback_track_prop(intj,domainsD,boolean*success)

whileD[j]notemptyandnot*success

choosedfromD[j]

D[j]=D[j]-d

ifconsistent(inst,j,d)

inst[j]=d

*success=(j==n)

ifnot*success

failure=prop(j,D)

ifnotfailure

backtrack_prop(j+1,D,success)

booleansuccess=false

failure=prop(0,D)

ifnotfailure

backtrack_prop(1,D,&success)
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Constraintpropagation:Forwardchecking

�����������	
containsthevaluesofalreadyinstantiatedvariables

�Revisethedomain���
ofeachfuturevariable��:

���
��������
�������������
������ ���������	
 �� ���� ���

isaconsistentinstantiation�

�Thepropagationproceduregoesthroughallthefuturevariablesand
revisestheirdomainsaspresentedabove.Ifthedomainofavariable
becomesemptytheprocedurereturnsfailure.

�Backtracksearchwithforwardcheckingaspropagationalgorithmdoes
searchintheFORWARDCHECKINGsearchtree.
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Constraintpropagation:Partiallookahead

�Propagationconsistsofforwardcheckingandmaintainingdirectionalarc
consistency

�Thepropagationproceduredoestwothings:

1.Runthepropagationprocedureforforwardchecking

2.Iftheforwardcheckingdoesnotfailrunthedirectionalarc
consistencyalgorithmforthefuturevariables.

�Backtracksearchwithpartiallookaheadpropagationdoessearchinthe
PARTIALLOOKAHEADsearchtree.
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Constraintpropagation:Maintainingarcconsistency

�Nowpropagationconsistsofforwardcheckingandmaintainingarc
consistency

�Againwefirstruntheforwardcheckingprocedureandthenthearc
consistencyalgorithmforthefuturevariables

�BacktracksearchwithMACpropagationdoessearchintheMACsearch
tree
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Findingallsolutions

�ThesecondcaseofCSPproblems:Insteadoffindingonlyonesolution
wewanttofindallsolutions.

�Thebacktracksearchiseasilyadopted:

–Whenasolutionisfounditisprinted.

–Thesearchisnotterminatedwhenasolutionisfound.Insteadall
valuesinthedomainofavariablearetried.

�Thisiscalledbacktrack-allalgorithm
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Constraintoptimizationproblems

�WearegivenaCSPandafunction��	�� !"#$%,where !"isthesetof
solutions

�Wewanttofindthesolution�forwhich��	���ismaximal.

�Usuallyaheuristicfunction&�'��(�*)+++ )'��,�#$%-�.�is
alsogiven.Thefollowingrestrictionsapplyto&:

1.Monotonicity:if/�0/1then&� /��2&� /1�

2.Bound:��	�������� �,�2&������������,��

�ThealgorithmshereassumethattheCSPisfiniteandthuslabelingcanbe
usedforsplitting.
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Branchandbound

�Wemodifythebacktrack-allalgorithm

�Wenowkeeptrackofthebestvalueofthefunction��	foundsofarand
thecorrespondingsolution

�Theideaisthatafterinstantiatinganewvariablewecheckusingthe
heuristicfunctionifbettersolutionscanbefoundbycompletingthis
partialinstantiation.

�Ifconstraintpropagationisusedthevalueoftheheuristicfunctionis
checkedafterthepropagation.
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Branchandbound:Costconstraint

�Supposethattheconstraint��	���������,��3��4��isdefinableinthe
CSPlanguage.

�Whenanewbettersolutionisfoundtheconstraint

��	���������,��3�� 4��cannowbeaddedtothesetofconstraints.

�Thismighthelptheconstraintpropagationalgorithm.
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Heuristics:Variableselection

�Whichvariableshouldbethenexttobeinstantiated?

�Possibleheuristics:

–Variablewithsmallestdomain:Thesearchtreeislikelytohaveless
nodes.

–Mostconstrainedvariable:Theconstraintpropagationislikelyto
workbetter.

�Fornumericalconstraints:

–Variablewithsmallestdifferencebetweenitsdomainbounds.
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Heuristics:Valueselection

�Whichvalueshouldthevariablebeinstantiatedwith?

�Inconstrainedoptimizationproblems:

–Thevaluewhichgivesthehighestvaluefortheheuristicfuntion

�Numericdomains:

–Smallestvalue

–Largestvalue

–Middlevalue
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Searchingeneralsearchtrees

�Inpreviousalgorithmsweassumedthatthesplittinghappensthrough
labeling

�Inthearbitrarysearchtreessplittingmighthappeninsomeotherway.
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Branchandboundingeneralsearchtrees
voidbranch_and_bound(searchtreechildren,CSP*solution,

double*bound)

whilechildren[P]notempty

chooseRfromchildren[P]andremoveRfromchildren[P]

ifnotfailed(R)

P=R

ifsolved(P)

ifobj(P)>bound

*bound=obj(P);*solution=P

else

P=next(P)

ifnotfailed(P)andh(P)>bound

branch_and_bound(children,solution,bound)

solution=NIL;bound=-inf;P=next(PInit)

ifnotfailed(P)

branch_and_bound(children,&solution,&bound)
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Conclusion

�Thebacktrackalgorithmcanbeinstantiatedwithseveraldifferent
constraintpropagationalgorithms.

�Thebacktrackalgorithmcanalsobeusedforfindingallsolutions.

�Usingthebranchandboundprinciplealgorithmsforconstraint
optimizationproblemscanbedeveloped.

�Heuristicscanbeusefulinchoosingthevariable,whichisnext
instantiated,anditsvalue.

�Thealgorithmscanalsobeadoptedtoothersearchtreesthanlabeling
trees.
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