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Abstract

We introducea genericimplementatiorof symme-
try breakingby dominancedetection. The imple-
mentationusesECL'PS to model and constrain
a constraintsatishction problem. Binary back-
track searchwith propagatioris alsoperformedin
ECL!PS, togetherwith a checkfor a dominating
group elementat nodesin the searchtree. These
checksare performedin the GAP computational
grouptheorysystem,which runsasa sub-process
of ECL'PS. Theresultsof the dominancechecks
areusedto restrictsearcho partsof thetreewhich
are not symmetrically equivalentto a previously
searchedection. A constraintiogic programming
practitionerusingtheinterfacedoesnotneedto im-
plementa dominancecheckfor the problem;given
a smallnumber(typically 2—6) of generatingsym-
metries,the GAP sub-processonstructsa sym-
metry group, performssearchfor dominatingele-
mentswhen required,and provides the ECL'PS
superprocesswith the information neededto re-
strict search. Our implementationis determinis-
tic: all non-dominatednodesare visited during
searchandeachdominancecheckeithersucceeds
or fails in finite time, so that only non-symmetric
solutionsarereturned. The implementatioreasily
handlesproblemsinvolving 10%® symmetrieswith
only four permutationsneededo direct the domi-
nancechecksduringsearch.

1 Intr oduction

Dealingwith symmetriesn constraintsatisctionproblems
hasbecomea populartopic for researchin recentyears.Main
areasof recentstudyinclude

1. the modificationof backtrackingsearchprocedureso
thatthey only returnuniquesolutions,and

2. theuseof computationagrouptheory(henceforthCGT)
methodsto effectively utilise the algebraicstructureof
symmetries.

The modifiedsearchtechniquesurrentlybroadlyfall into
two main cateyories. The first involves adding constraints
whenever backtrackingoccurs, so that symmetricversions

of the failed part of the searchtree will not be consid-
eredin future [Backofen and Will, 1999; Gentand Smith,
200d; thesetechniquesare collectively known as SBDS
(SymmetryBreakingDuring Search). The secondcatayory
involves performing checksat nodesin the searchtree to
seewhetherthey are dominatedby the symmetricequiva-
lent of some state already consideredFahle et al., 2001;
FocacciandMilano, 2001]; wewill collectively refertothese
techniqguesisSBDD (SymmetryBreakingby DominanceDe-
tection). The SBDD approachasimplementedo date(with
one exception)involves the coding of a dominancecheck.
This dominancecheckis bespole, in the sensethat it uses
propertiesof the structureof the problem under consider
ation to detectdominatingsearchnodes. Note that SBDS
and SBDD are closely related;the main differenceis when
and how the symmetry-breakingonditionsareenforced. A
comparisorof SBDSandSBDD, togetherwith a dominance
checkfor a highly symmetricproblem,is givenin [Harvey,
2001].

The useof CGT methodss motivatedby the factthatthe
symmetrief a problemform a group: atuple (S, o) where
S is asetando is aclosedbinaryoperationover S suchthat:

1. o actsassociatiely: (aob) oc = a o (bo ¢) for every
a,b,c€ S;

2. thereis aneutralelementg, suchthataoe =eoa=a
for everya € S;

3. eachelementhasaninverseiaoa=! =a loa =ce.

Modern CGT systemssuch as GAP [GAP, 2000 are de-
signedto exploit this algebraicstructure,and are very effi-
cient; they allow rapidcalculationgo bedoneonlargegroups
without the needto iterateover or explicitly representnore
thana tiny fraction of the group elements. As well as of-
fering a clear benefitin both time and space,usinga CGT
approachcanmake the expressionof the symmetriedy the
programmemucheasiertypically only ahandfulof example
symmetriearerequiredto generatehefull symmetrygroup,
even for very large groups;we provide examplesof this in
Sectionb.

An interfacebetweenthe ECL:PS [Wallaceet al., 1997
constrainfogic programmingsystemandthe GAP CGT sys-
tem was presentedn [Gentet al., 2004. This interface
provided an implementationof SBDS (alsoin [Gentet al.,
2004) which is capableof handlingmary moresymmetries



thanpreviousimplementationsindprovidesimprovedsearch
performancdor symmetricconstraintsatishction problems.
In this paperwe presentan implementationof SBDD in

GAP-ECL’PS. Theimplementationhasthe novel feature
that it is generic— the constraintlogic programmerdoes
not needto implementa bespole dominancechecler. The
dominancecheckseithersucceedresultingin a backtrack),
or fail supplying a set of assignmentsary of which, if

addedto the current partial assignmenif valuesto vari-

ables, would resultin the dominancecheck succeeding-
this setis usedto reducethe size of domains,thusimprov-

ing searchefficiengy, as describedin [Fahle et al., 2001;
FocacciandMilano, 2001].

Althoughnotsetin constrainsatishctionterms,Bactrack
Seaching in the Presenceof SymmetnfBrown et al., 1988;
1994 containsmary SBDDideasandhasinfluencedour ap-
proach.

We describehe GAP-ECL!PS interfacein moredetailin
Section2. We outline SBDD in Section3, andprovide a de-
tailed expositionof our genericimplementatiorin Section4.
Section5 consistedf someexperimentakesults.We discuss
our resultsand highlight future avenuesof researctin Sec-
tion 6.

2 GAP-ECL'PS

GAP andECL!PS arelarge, matureand widely-usedsys-
temsfor computationahlgebraandconstrainfogic program-
ming respectiely. Both systemsincorporatelibraries and
packagesfor computationin specific areas,togetherwith

tools andresourcedor software development. For our pur-

posesthe GAP permutatiorgrouplibrariesandthe ECLIPS

finite domainlibrariesareof interest.

2.1 Finite Domainsin ECL'PS

ECLPS supportsstandardfinite domain constraints,and,
during search appliesconstraintpropagatiortechniquesie-
velopedby the Al community[Hentenryck1989. Thestan-
dardsearchmethodis depth-first,andassigns/aluesto vari-
ablesat choicepoints. A completeassignmenthat satisfies
the constraintss a solution. If no symmetrybreakingcon-
straintshave beenpostedbeforesearch then ECLPS will
searcHor andreturnall solutionsjrrespectve of any symme-
triesinvolved. For example,considettheillustrative problem
of finding alist [4, B,C, D, E, F, G| of distinctnumbersin
1...50suchthatA®+B3+C3+D?® = E3+F34+G3. A solu-
tionis[1,2, 3,39, 18, 22, 35], but thisis symmetricallyequiv-
alentto thoselists with 1, 2, 3, and39 permutedn ary way,
and/or18, 22 and 35 permuted.Our aim is to restrictsearch
to choiceswhich do not leadto oneof theseotherlists. Re-
stricting searchto avoid symmetricallyequivalentsolutions
hasa larger benefitthan avoiding duplicatesolutions. Sym-
metry breakingmethodssuchas SBDD or SBDS alsoavoid
duplicatingsearchfrom failed nodes. This can have a dra-
maticeffectontime taken,asthe samefailedsearctstatecan
reoccurin mary symmetricguises,only one of which need
beexplored.

2.2 Permutation Groupsin GAP

A permutationis a rearrangemerf elementsn anordered
list S into a one-to-onecorrespondencwith S itself. The
numberof permutationson a setof n elementss n!. Two
permutationganbecomposedy composingheirrespectie
correspondencesith S; sinceall suchcorrespondenceare
bijective,thecompositiorhasaninverse.If we take theiden-
tity mappingon S astherequiredneutralelementcomposi-
tion of permutationgorms a group. GAP containslibraries
for defining,composingandmanipulatingndividual permu-
tations,andfor computatiorwithin permutatiorgroups.

Taking S to be a position indexing of the list
[A,B,C,D, E, F,G] describedn the previous section,we
have S = [1,2,3,4,5,6,7]). Permutationsn GAP areen-
teredand displayedin cycle notation,suchas (1, 2, 3)(5, 7)
whichdenoteghecorrespondencehich hasasimagethelist
[3,1,2,4,7,6,5]. (A humanmight describethis permutation
as'l goesto 2, 2 goesto 3, 3 goesto 1, 5 and7 areswapped,
4 and6 areunchanged)

Giventhatthereare7! possiblepermutationon S, which
are the permutationswhich presere solutionsto the 43 +
B3 4+ C® + D3 = E3 + F? + G problem?Thisiis straight-
forwardin GAP —we simply supplysomeexamplepermuta-
tions,andlet GAP computetheresultingpermutationgroup.
Swapping A and D and cycling A, B, C and D are so-
lution preservingsymmetries,representedy the permuta-
tions(1,4) and(1, 2,3, 4) respectiely. Similarly (5,7) and
(5,6, 7) denotethe swappingof £ andG andacycling of E,
F andG. Supplyingthese4 permutationgo GAP resultsin
permutatiorgroupcontainingl44elementg3! permutations
of E, F and@ for eachof the 4! permutationof A, B, C
and D). In grouptheoreticterminologythis is known asthe
direct productof the symmetricgroup on 4 points and the
symmetricgroupon 3 points.In orderto useGAP-ECLIPS
with eitherthe SBDSversiongivenin [Gentet al., 2007 or
the SBDD implementatiordescribedn Section3 of this pa-
per, these4 permutationsare the only information that the
constraintlogic programmethasto provide to GAP for this
problem.GAP cannow answemuestionsuchas

e Whatis thecompositionof (1, 4) with (1, 3)(6,5,7)?
- (1,4,3)(5,7,6)

e Which of our 144 permutationslonotmove A4, C or E?
- ()7 (67 7)7 (274)7 (274)(67 7)

e To which pointsis G mappedo by ourgroupelements?
— 7,6,5 (i.e.G ismappedo E, F anditself)

Many of the questiongassedo GAP by ECL:PS during
searchare answeredby (rathermore complicated)calcula-
tionssimilar to thosegivenabove.

2.3 The Interface

In GAP-ECL!PS all constraintsatishction modeling and
constrainthandlingis donein ECL'PS, asis the choosing
of valueto variableassignmentsluring search,andary re-

sulting elimination of valuesfrom domainsby propagation.
GAP runsasa sub-processandis calledasandwhensym-

metry breakinginformationis needed.n effect, ECL'PS is

themasterandGAP theslave.



It is straightforvard to write ECL'PS programswhich
starta GAP subprocessand sendand receve information
which canbe usedto prunesearch. We have implemented
anECL!PS modulewhich exportspredicategor

e startingandendingGAP processes;
e sendingcommanddo a GAP process;

e obtaining GAP resultsin a format which is usableby
ECL'PS;

e loadingGAP modules;and

e receving informationsuchastimingsof GAP computa-
tions.

The key conceptthat motivatesthe interfaceis thatthe sym-
metriesof a constraintsatishctionproblemarepermutations
on a suitableinitial segmentof the naturalnumbers. Since
setsof permutationshave a well known algebraicstructure,
andsinceGAP useghealgebraicstructurgo enhancendex-
tend computationatapability we use GAP to provide sym-
metryinformationto ECL{PS duringsearch.

3 Symmetry Breaking by Dominance
Detection

In orderto dealwith symmetry-relatedjuestionsarising at

nodesin the searchtree,we definean M x N arraywhere

N is the numberof variablesin our constraintsatishction

problem,and M is the numberof valuesthat the variables
cantake. Thei,j-th elementin the array denotesassigning
the values to the variablej, andeachelementis associated
with auniquenumber(point) from 1 to M N. We thendefine

symmetriesn termsof permutation®ntheseM x N points.

It shouldbe notedthat

o this allows us to define symmetrieson both variables
(asin the exampleabove) andvalues(asin, for exam-
ple, a graphcolouringproblemwherevaluesrepresent-
ing colourscanbeinterchanged)and

o the algebraicstructureis presered: for the above ex-
amplewe have 144 permutation®n 50 x 7 points,with
eachpermutationcorrespondingo a uniquememberof
theoriginal groupactingon 7 points.

This structureallows usto ask GAP questiongegardingthe
imageof (setsof) variable—alueassignmentsinderpermu-
tations. We write this asp?, wherep is an assignmenpoint
and g is an elementof a permutationgroup. We have, for
example,17(2:5:17:9.8) — g,

Supposehatwe have identifieda symmetrygroup,G, and
that we maintaina recordin alist S of fail sets setscor
respondingo the rootsof completedsubtrees.Eachfail set
containsthe pointsfrom the M x N arraycorrespondingo
the positive decision$ madeduring the searchto reachthe
root of the subtree SupposealsothatPointsetdenoteghe set

1As long aswe try a positive decision(Var = Val) beforeits
negative (Var # Val) we arefree to ignore the negative decisions
[Focacciand Milano, 2001. E.g.looking attheY = b subtree
in Figure1, Y = b hasalreadybeenfully exploredregardlessof
whetheror not X # a, sincethe X = a casewascoveredby the
X = a subtree.

of pointscorrespondingo variableswhich have beensetto a
fixed valuein the currentsearchnode (eitherthroughdirect
assignmenor throughpropagation).This situationis shavn

informally in Figure 1, wherethe circle indicatesthe cur-

rent searchnodeandthe shadedrianglesdenotecompleted
subtrees:S containsthreesingle-elemensetscontainingthe
pointscorrespondindo the assignmentX = a, Y = b and
Z = ¢, andif ary variableshave beengivenfixedvaluesasa
resultof propagatinghedecisionsX # a,Y # bandZ # c,

thecorrespondingpointswill appeaiin Pointset

Figurel: A partialsearchree

We saythatour currentnodeis dominatedoy a completed
subtredf thereexistsag in G andans in S suchthat

s9 C Pointset .

If dominances detectedthenit is safeto backtracksincethe
currentsearchstateis symmetricallyequivalentto one con-
sideredpreviously.

In practice,we passto GAP moreinformationaboutthe
currentstatethanjust the fixed variables,in orderto facili-
tate domainreductionwhendominances not detectedsee
Sectiond).

4 GenericSBDD

Pseudo-codéor our genericSBDD implementatioris given
in Figure2. Theprocedureassumeshatthe searctstateis at
a nodeat a given depthin the searchtree,andthat we have
arecordof thefail setaccumulatean the currentbranchof
the search.We first choosea variable—aluepair, try the as-
signmentVar = Val, andincrementthe depthcounter The
Var = Val choicerepresentsa point, pt, of ourvalue—ariable
array; we addthis to our fail set,asit representshe latest
root nodeof a subtree. We next obtain Doms a list of the
domainsof all the variablesat the currentsearchnode(after
propagatinghe Var = Val assignment)Note thatDomsim-
plicitly containsPointset aswell asinformationaboutwhich
valuescannotbe assignedo particularvariableg(eitherfrom
propagationor from explicit Var # Val assertiongnadeon
thecurrentbranch).

Providedthatthe CSPis still consistentwe arenow ready
to askGAP for adominanceheck,detailsof whicharegiven
in Section4.1. If this checksucceedsi.e. adominatingstate
wasfound),we canbacktrackn ECL'PS aswe have already
exploredanequialentstate.If thischeckfails(i.e.if nodom-
inatingstateis found)thenwe canstill benefitirom thecall to
GAP by domainreduction.GAP suppliesa setof pointsthat,



genericsbdd( Failset, depth) : —

choose( Var, Val)

assert( Var = Val)

depth := depth + 1

pt := Point( Var = Val)

Failset := [pt, Failset]

Doms := [current _domains)

if consistent( CSP)

and askGAP(Doms) = [false, Q] then
reduce_domains(Q))
solution_check
generic_sbdd(Failset, depth)

else
tellGAP(Fuailset, depth)

Fuailset := tail(Failset)

assert( not (Var = val))

Doms := [current_domains]

if consistent( CSP)

and askGap(Doms) = [false, Q)] then
reduce_domains(Q)

solution_check
generic_sbdd(Failset, depth)

endif
else
backtrack(newdepth)

generic_sbdd(Failset, newdepth)

endif
endif

Figure2: Pseudo-codéor genericSBDD

if any oneof the correspondin@ssignments made,would
resultin a successfudominancecheck. Clearly we should
notallow a searchwhich makesary of theseassignmentsso
we remove themfrom the domainsof the variablesinvolved.
Thisnotonly reduceghe sizesof thevaluedomainsput also
allows further propagatiorbasedon the removals. Thisis a
significantbenefitover obtainingamereyes/nocanswetto the
dominancecheck.

In thissituation sincetherewasnodominancewe carryon
searchindyy choosingthe next variable—aluepair, usingthe
updatedail setanddepthvalue.A small,butimportant,point
arisesin this situation. The domainreductionby GAP af-
ter afaileddominancecheckcanleadthroughpropagatiorto
settingall variablesandobtaininga completesolution. This
solutionmight turn out to be equivalentto a previously ob-
tainedsolution. Thereforen this situationwe performafinal
dominancecheckto guaranteehatall solutionsreturnedare
distinct.

When the dominancecheck succeedsye backtrackand
asserivar # Val. We tell GAP thatour currentfail setis the
mostup to date,andremove pt from it. Now thatwe areat

adifferentnodein thesearchree,we canobtainDomsagain
and ask GAP to performanotherdominancecheck. If this
checkfails, then, as before, we reducevalue domainsizes
by removing from variabledomainsary elementswve know

would have led to dominanceif they had beenassignedo

the variable,checkthat ary solutionis not dominatedby a
previous one, and carry on searchingoelov the Var # Val

branch.

If, however, theVar # Val dominancehecksucceedghen
we backtracko whereverthe ECL!PS searchmethodis due
to try next. This pointbecomeghe root of a completedsub-
tree,we updatethe fail setaccordingly andcarry on search-

ing.
4.1 DominanceCheckin GAP

We maintainin GAP arecordof fail sets,andthe depthof
their roots. The symmetrygroupis computedfrom genera-
tors suppliedfrom the ECL:PS model of the problem. In
fact, the whole groupis not usually computedexplicitly — a
permutationgroup on n. points canhave n! elements)ead-
ing to a large spaceoverheadunlesstechniquesare usedfor
computinggroupelementsasandwhenrequired.

Thedominancecheckin GAP isimplementedisingatree-
like datastructurewhich encodesll of thefail setscurrently
applicable,while taking maximumadwantageof their over
laps. We canidentify disjoint setsof points A4, ... , Ay and
By, ..., B suchthatthefail setsare4; U---U A4; U B; for
eachi. Theright-pointingedgesof the treearelabelledwith
elementof an 4;, the left-pointing oneswith elementsf a
B;. Eachnodeof thetreecanbeassociateavith thesequence
of labelson thepathto it from theroot.

We performthedominancecheckusingarecursve search,
which descendshis tree, enteringeachnode once for ev-
ery way of mappingthe associatedequencef pointsinto
the currentpoint list. If we reacha left-pointing leaf, then
we have discorereddominance.The implementatiorof the
searchusesthe standardyrouptheoreticmachineryof stabi-
lizer chains,schreiervectorsandtrans\ersals,describedfor
instancen [Seress2003.

We candetectrelatively easilycasesvhereall but thefinal
elementof afail setcanbe mappednto Pointset andreport
them, eventually backto ECL!PS, sothatdomaindeletion
canoccut A few othercasesanalsobe detectedquickly. It
is possibleto enhancehesearcho detectall casesvhereall-
but-oneelemeniof afail setcanbe mappedbut thebenefitof
theextra propagatiomever seemgo outweighthe costof the
extrasearch.

Sincefail setsandpoint lists arenot, in general the same
size, the more powerful machineryof partition backtrack
searchingalso describedin [Seress2004 doesnot appear
to behelpful.

This implementation produces good performance on
moderate-sizedxamples(up to about10?? symmetries)put
theinternalsearclcanbecomeboggeddowvn whenasubsebf
someF hasalargestabilizer sothatwe canfind elementsf
G mappingfi,..., fr top1,...,pr in ary order, but none
of theseallow usto map fr.1 to anything in Pointset Ac-
tually computingthe setstabilizersof initial segmentsof F,
while possible,seemdo be prohibitively expensve in mary



casesbut suchsituationsusuallyarisewhenthegroupG pre-
senesa systemof imprimitivity (for examplethe rows and
columnsof a matrix-structuredproblem)andthis condition
canberecognizectheaply Exploiting this informationwill
beanimportantpartof futurework.

5 Examples

In this sectionwe provide someresultsof computationaus-
ing genericSBDD in GAP-ECL!PS . All theexampleswere
run on a 1 GHz pentiumlll processowith 512 Megabytes
of memory andtimesarereportedin seconds.We compare
the performanceof our SBDD implementatiorwith that of

the GAP-ECL‘PS SBDSimplementatiorgivenin [Gentet
al., 2004, which provided full symmetrybreakingin a few

secondgor problemshaving up to 10° symmetries A major
costin dealingwith larger symmetrygroupsin SBDSis the
communicatiorof informationbetweenGAP and ECLPS

— the constraintspostedduring searchare basedon large
scalegrouptheoreticstructuresvhich have to be returnecdto

ECLPS from GAP. In SBDD, however, we expectto be
ableto dealwith muchlargergroups sinceinter-proces€om-

municationconsistsof theword true, the word false or lists

of pointsof lengthat mostM x N.

5.1 Example: A+ B>+ C3+D3=E+F3+G?
We first considerthe illustrative problemgivenin Section2.

Clearly, breakingsymmetryin this problemis achievableby
addingthe constraints

A<B<C<D and E<F<G

We includethis exampleto demonstratehat out implemen-
tation breaksall 144 symmetrieswith performancecompa-
rableto thatof SBDSin GAP-ECL'PS. Theresultsfor all
solutionswith domainsl . . . 20 aregivenin Tablel.

SBDD | SBDS | ECL'PE
Solutions 265 265 38,160
Backtracks 38,703| 38,483 1.5x10°
GAP cpu 1,040 973 n/a
ECLPS cpu 272 482 4,037
¥ cpu 1,312| 1,455 4,037

Tablel: Sevencubesproblem—comparatie results

We seethat SBDD and SBDSbhoth eliminateall the symme-
triesin roughlythe sametime.

5.2 Example: Balancedincomplete Block Designs

We now presentresultsfor exampleswith muchlargersym-
metry groups. Considerthe problemof finding v x b binary
matricessuch that eachrow hasexactly r ones,eachcol-
umn hasexactly k ones,andthe scalarproductof eachpair
of distinctrows is A. Thisis a computationakersionof the
(v,b,7,k, ) BIBD problem[ColbournandDinitz, 1994.
Solutionsdo not exist for all parametersand resultsare
usefulin areassuchas cryptographyand codingtheory A
solutionhasw! x b! symmetricequivalents:onefor eachper
mutation of the rows and/or columnsof the matrix. Gent

et al. [2009 reportedthe resultsgivenin Table 2, with the
largestsymmetrygrouphaving 6! x 10! ~ 3 x 10° elements.

Parameters GAP-ECL'PS (SBDS)
v b r k X[ Sols. GCPU ECPU XCPU
7 7 3 3 1 1 0.71 0.68 1.39
6 10 5 3 2 1 0.89 5.57 6.46

Table2: Balancedncompleteblock designs- SBDS

The results for our generic SBDD implementationare
givenin Table 3. We seethat the implementationis faster
than SBDSin both the problemsgivenin Table 2, and can
dealwith muchlarger symmetrygroups: the (7, 21,6, 2, 1)
BIBD problemhasT! x 21! = 2.5 x 1022 symmetries.

Parameters GAP-ECL'PS (SBDD)
v b r k M| Sols. GCPU ECPU XCPU
7 7 3 3 1 1 0.58 0.10 0.68
6 10 5 3 2 1 1.31 0.50 181
7 14 6 3 2 4 13.84 246 16.30
9 12 4 3 1 1 4.75 0.47 5.22
13 13 4 4 1 1 4412 1.63 45.75
8 14 7 4 3 4 200.18 29.11 229.29
6 20 10 3 4 4 164.82 18.00 182.82
7 21 6 2 1 1 23.50 1.50 25.00

Table3: Balancedncompleteblock designs- SBDD

We canseefrom theseresultsthatthe absolutenumberof
symmetrief a problemis not necessarilya guideto the dif-
ficulty in eliminatingthemfrom solutions.The (8,14, 7, 3, 4)
BIBD problemhas*“only” ~ 3.5 x 10'® symmetriesjut is
harderto solve thanoneswith O(10?') and O(10%®) sym-
metries.As well astheinherentdifficulty of the original con-
straintproblem,muchdepend®nthesizeandnatureof struc-
tureswithin the algebraicstructureof eachsymmetrygroup,
which is anotherreasonfor utilising a specialisedCGT sys-
tem suchas GAP, which are designedto find and exploit
thesesub-structures As a generalrule, though,it is harder
to eliminatesolutionsymmetriedrom alargermatrix model.

It alsois worth noting that the entire symmetrygroupfor
ary BIBD canbe generatedrom just four permutationscy-
cling the rows and columns,and swappingthe first andlast
row andthefirst andlastcolumn.Thesepermutationgretriv-
ially implementedandcomprisetheonly informationneeded
by GAP-ECL!PS to breakall the symmetriesof the prob-
lem.

Thetimings obtainedarecomparablevith thosepresented
for the sameproblemsin [Fleneretal., 2004, wherelexico-
graphicorderingconstraintswere useto breakthe row and
columnsymmetriesTheadwantageof usingSBDD is thatall
symmetriesare broken,whereasa lexicographicsolutionfor
the(6, 20, 10, 3,4) BIBD problemreturns21 solutions.

6 Conclusions
We have presente@nimplementatiorof SBDD which
e usesspecialistCGT techniquedo detectdominance.



e guaranteego return only symmetricallydistinct solu-
tions.

e doesnot requirea new dominancecheclerto beimple-
mentedor eachnew problem-theuseronly hasto sup-
ply asmallsampleof symmetries.

e allows value domainsto be reducedat searchnodes
whereno dominanceoccurs. We do this by remaoving
valuesof variableswhich, if set,we know would leadto
asuccessfulominancecheck.

e eliminatesall symmetriesin large scale combinatoric
problems.

We believe that the use of CGT techniquesin SBDD
solversis animportantcontribution. In comparisorwith other
recentsymmetrybreakingimplementationsit is truethatwe
arenot currentlyreportingthe bestrun times. While thereis
scopefor further optimisationof our techniquesye already
have significantadvantagever relatedwork. Comparedo
otherimplementation®f SBDD, we have the key advantage
of avoidingtheneedfor aseparateélominancecheckto beim-
plementedeitherdirectly [Fahleetal., 2001] or asa separate
constraintsatishctionproblem[Puget,2004. Thisis anex-
tremelyimportantstepforwardin the applicationof SBDD.
Comparedo the useof GAP for SBDS[Gentet al., 2004,
we avoid the large spaceoverheadmeaningthat— aswe re-
portedhere— we areableto solve completelyproblemswith
groupsmary ordersof magnitudelarger Sometechniques,
suchas|[Fleneretal., 2007, do notguaranteéo eliminateall
symmetriesyhile we do.

Our implementationis robust: both the ECL'PS and
GAP searchesre deterministic,andwill breakall the sup-
plied symmetries,since a dominancecheck is performed
at eachnode visited during search. This robustnessmay
have a negative effect on efficiengy. Thereis evidencethat
performancecan be improved by making full dominance
checksat a subsetof the visited nodes[Fahle et al., 2001;
Puget, 2004, or by usingasubsebf thefull symmetrygroup
of the problem[McDonaldand Smith, 2002. Both of these
approacheslependon the size and structureof the problem
beingaddressedandwe will investigatetheir applicabilityto
ourimplementationn thefuture.
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