Advances in Polytime Isomorph Elimination for
Configuration

Laurent Hénocque, Mathias Kleiner and Nicolas Prcovic

LSIS - Universités d’'Aix-Marseille Il et [l
Faculté de St-Jérdme - Avenue Escadrille Normandieviéie - 13013 Marseille
laurent.henocque,mathias.kleiner,nicolas.prcovitgigy

Abstract. An inherent and often very underestimated difficulty in sadvcon-
figuration problems is the existence of many structural isgrhisms. This issue
of considerable importance attracted little researchréstedespite its applicabil-
ity to almost all configuration problems. We define two seamaitedures allow-
ing the removal of large portions of the search space thatfy solely contain
non canonical solutions. The tests performed on each nadnae polynomial.
Experimental results are reported on a simple generic cordigpn example.

1 Introduction

Configuring consists in simulating the constrained reéiimaof a complex product
from a catalog of component parts, using known relations/ben types, and instan-
tiating object attributes. The industrial need for confagion applications is ancient
[1], and has triggered the development of many configurgirograms and formalisms
[2-8].

The main objective of this research is to reduce the undueomatorial effort in-
curred by isomorphisms during configuration search. We $amuthe dynamic nature
of configuration, which consists in generating the struetfrpossible solutions.

This difficulty is one among the most important to tackle imfiguration, if one ex-
pects to solve problems having highly variable solutiordv&s cannot currently han-
dle the search space of these problems because of the exi@abnember of isomorphs
that they generate for each canonical solution struétWie propose a general search
procedure eliminating a great number of such isomorphisresnfiguration problems.
More precisely, we first present a complete, non redundardguture restricted to the
generation of typed tree structures which also efficierlilyieates any non-canonical
structure. Starting from this procedure, we generalize @nother able to generate all
type of structures (DAGS), in a complete and non redundawptwiaile still avoiding the
generation of an important number of isomorphic structuféss work is based upon
the results obtained in [9] and [10], which demonstratecssary existence conditions
for such procedures but did not explicit any of them, leawimg crucial point of how
defining them unmentioned.

! Industrial problems currently solved with configuratorgyoinvolve models of limited size.



Plan of the article

Section 2 describes the formalism used throughout the ppenotion ofstructural
sub-problemsnd the problem of generating them. We also briefly recall vefpyesent-
ing the structure of a configuration problem as a graph is raffigient than defining it
as a CSP. Section 3 presents a complete procedure for gegeratonical structural
problems when they have a tree structure. Section 4 presevdy to extend the proce-
dure so that it applies to any configuration problem. Sedidescribes how to exploit
the symmetries of covering tree structures so as to reject isomorphisms. Section
6 provides experimental results on the benefits of using sunchpproach. Section 7
concludes.

2 Configuration problems, structural sub-problems and
isomorphism

A configuration problem describes a generic product, in trenfof declarative state-
ments (rules or axioms) about product well-formednesdd\@nfiguration model in-
stances (called¢onfiguration} involve objects and their relationships, notaliyypes
(unary relations involved in taxonomies) and binary relas. Some binary relations
arecompositiorrelations having stronger functional semantics (an obgatcompo-
nent of at most one composite).

Here is a very simple example of a configuration problem whidhallow us to
illustrate notions throughout this paper. The problem isdofigure a network of com-
puters (C) and printers (P) (as illustrated in Figure 1). a&vork involves up to three
computers, each of which being connected to at most twogsgntConversely, each
printer must be connected to at least one and at most threputers. Besides this, we
have two global constraints: there is only one network, drede are only two print-
ers available. In a real problem, computers and printerddcbhave specific attributes
that would be instantiated while obeying other constraifités can be left aside as we
solely focus on structural constraints.

Solutions to configuration problems involve interconndaibjects, as illustrated in
Figure 1, which makes explicit the existence of structwsafiorphisms.

We isolate configuration sub-problems callstuctural problemsthat are built
from the binary relations, the related types and the stratttonstraints alone, and
study their isomorphisms. For simplicity, we abstract framy configuration formal-
ism, and consider a totally ordered §20f objects (we normally us® = {1,2,...}),

a totally ordered s€ef of type symbols (unary relations) and a totally orderedizet
of binary relation symbols.

For any binary injective relatiof®, we will use eithefz,y) € Rory = R(z).

Definition 1 (syntax). A structural problemis a tuple(t, T¢, Rc, C), wheret € T
is the root configuration type, an@' is a set of structural constraints applied to the
elements of ¢ and Rc¢.

2 This is the Figure data, our experiments involve more coemsuand printers.
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Fig. 1. A network connection problem. On the left, the model for tbenponents types (network,
computers and printers) and their relations. On the riglex&mples of possible structures. The
two structures at the bottom are isomorphic and therefgreesent equivalent solutions.

In the network problem of Figure 1, we haveN, T ={N, C, P}, Rc = {(N, O,
(C, P) } andC is the set of structural constraints which enforce the minmimand
maximum number of objects that can be connected for eaciyhiaktion.

Definition 2 (semantics).Aninstanceof a structural problen{t, T, R¢c, C) is an in-
terpretation/ of ¢ and of the elements @i and R¢, over the se© of objects. If an
interpretation satisfies the constraintsd it is a solutionof the structural problem.

We use the termstructureor configurationto denote a structural problem solution.

A configuration can be represented using a vertex-colore® Ddirected acyclic
graph) G=(t,X,E,L) with X € O, EC O x O and LC O x T¢. The symbok is the
root type, X the vertex set, E the edge set and L is the funetibich associates each
vertex to a type.

As an example, the upper solution of Figure 1 can be repredédnt the quadruple
(N.{1.2,3.4,{(1,2), 2,3), (1.4, {(1N), 2,0, (3P), (4,0}).

For those who are not familiar with configuration problems, recall now why it
is more efficient to solve the structural problem by definingd the construction of a
graph rather than using the CSP formalism. Indeed, with C&Esvould have to con-
sider the maximal number C of PC’s and P of printers to defieed8P variables. One
possible model is to assign a variable to each PC and eadkip(@+P variables). The
domain of a variable assigned to a PC (resp. a printer) wooitdain all parts of the
set{1, ... P (resp.{1, ... C}) and therefore would be of siz¢” (resp.2¢). The search
space would then be of size”)¢ x (2¢)F = 4¢P, This is the option chosen in [8]
with the ports concept implemented using set variablestiiergpossibility is to define
a variablee; ; that represents the choice of connecting the machinigh the printer
j. Those Px C variables are boolean. The search space is ofXiz& There is how-
ever a drawback in using standard CSPs: generally, a solatiatains fewer objects
than the maximum number you had to define at start. Unusedtsbjeeld unwanted
combinatorics and filtering. This is why extensions to théPG8rmalism have been
proposed [3, 5] that allow to add variables during the retsmu The construction of a
vertex-colored DAG that we consider in this paper captunesin an abstract way.



Definition 3 (Isomorphic configurations). Two configurations &(t, X, E, L) and
G'=(t', X', E’, L) are isomorphic iff =t’, L=L" and there exists a one-to-one map-
ping o between X and X’ such thatx,y € X, (x,y)€ E < (a(x), o(y)) € E'andV (x,l)
eL, (e(x),)el.

For instance the two solutions at the bottom of Figure 1 ammarphic sincer =((1,1),
(2,4),(3,5), (4,2), (5,3), (6,6)) is a one-to-one mappiissying the definition criterias.

Testing whether two graphs are isomorphic is an NP probletihtoday unclassi-
fied as either NP-complete or polynomial. The correspongmagh isomorphism com-
plete class holds all the problems having similar complekityor several categories
of graphs, like trees of course but also graphs having a bedindrtex degree, this
isomorphism test is polynomial [11]. The graph iso problsrkriown as weakly expo-
nential, and there exists practically efficient algorithimssolving it, the most efficient
one being Nauty[12]. This being said, we must emphasizesdtidtiat Nauty cannot be
used in our situation. The reason is that we must maintaiptbperty that all canoni-
cal structures can be obtained from at least one smalletigolitself being canonical.
Using Nauty from within an arbitrary graph enumeration gdere yields a generate
and test algorithm: the portions of the search space thabeaxplored by adding to
a non canonical structure must still be generated, in casevtlould contain canonical
representatives which cannot be obtained differentlys Bituation will be explained in
more detail in a forthcoming section.

An isomorphism claseepresents a set of isomorphic graphs. All the graphs from a
given isomorphism class are equivalent, therefore a grapleigtion procedure should
ideally generate only oneanonicalrepresentative per class. This is of crucial impor-
tance since the size of an isomorphism class containinghgrasith n. vertices can be
up ton! (the number of permutations on the vertex set that actuadlgite a different
graph). Isomorphism classes are huge in size in most casass® counter-intuitively,
the less symmetrical a graph is, the more isomorphic graiphas. This means that
when current configurators (which do not avoid isomorphisms a very restricted
way) generate a solution, partial or complete, they alsegee an often exponential
number of isomorphic solutions.

Most graph generating procedures rely upon the centrabbiperof adding an edge
to an existing graphupit extensioh Starting from a graph, the unit extensions that are
valid wrt. the model constraints yield a new set of graphs céfesider two distinct sit-
uations for inserting an edge in a graph:iaternal edgeconnects two existing vertices,
whereas amxtraneous edgeonnects an existing vertex to a newly created one. Hav-
ing an efficient canonicity test is of little help for genéngtcanonical graphs. Testing
graphs for canonicity can be used to reject redundant swisitbut in so doing one has
to explore the entire search space. Ideally we should betall@ectly reject graphs
for which we know that all extended supergraphs are not daabnfo achieve this,
the canonicity criterion must be defined in such a way #mt canonical graph has at
least a canonical subgraph resulting from the removal of ohiés edgesWe call this
thecanonical retractability propertyThis condition is necessary (but not sufficient, see
below) to allow for backtracking as soon as a non-canonicgbly is detected during

% For instance, the vertex-colored DAG isomorphism problem.



the search. Indeed if there exists a canonical graph notraliiie via extension of a
canonical subgraph, the extension of a non-canonical grélphe needed to reach it.
Such a canonicity criterion is not trivial to find, and mosbkm canonicity tests, Nauty
inclusive, do not respect it. There exist isomorphism-fyesph generation procedures
that impose conditions on the canonicity test, as for irctatheorderly algorithms
from [13] which however do not propose an efficient canowitast. To the best of our
knowledge, such an efficient test has not yet been found ige¢heral case (if ever one
exists). Specialized and efficient procedures for genggatanonical graphs exist for
trees, for cubic graphs [14] and more generally, for grapdsdrtg hereditary proper-
ties* [15]. Configuration problems unfortunately do not complytwthese restrictions,
which led us to develop specific procedures. In order to aettiais, we have based our
research upon existing work around configuration problems.

2.1 Related work in CSP and configuration

There exists a large body of work on symetry elimination rodghfor CSPs (eg, [16—
20]). Unfortunately, transposing those techniques to lyggneration is far from obvi-
ous. The common principle for symmetry breaking in CSP isvimichgenerating two
isomorphic partial solutions: either by adding additiooahstraints to the problem, or
by checking during resolution whether an isomorphic pasiidution has already been
generated. Our approach would be close to the first methodrasaaonicity criteria is
defined beforehand according to the particular context aplyrgeneration. However,
if we were to transpose the graph generation problem to tHe 68nalism we would
have to deal with a dynamic CSP containing particular cairss (the structual con-
straints), and this would make the comparison with symmaieaking methods in CSP
very difficult. This work is connected to graph isomorphisetettion techniques rather
than CSP symmetry breaking methods.

Several approaches were experimented to tackle configariatbmorphisms, mostly
by reasoning at a single level. One possibility is to prevedundant connections of in-
terchangeable objects during search. Also experimentinisubstitution of connect-
ing actual objects by counting them according to their targges [8]. A pseudo-linear
time canonicity test that complies with the canonical i&tthility property is given in
[9] when the configuration problem only involves compositielations (in which case
all structural solutions are trees). This result was gdirs@ to generic configuration
problems in [10], by describing a weak canonicity criterammpatible with canonical
retractability, in the case of DAGS. However, not all confafion generation proce-
dures are compatible with this canonicity criterion. Thigoiortant aspect was left un-
mentioned in our previous papers in order to simplify oumpdiy restricting ourselves
to explaining the main ideas. Now, we go into the details &f finactical aspect.

2.2 State graph of a configuration problem

Let us consider thetate graphGp = (Xp, Ep) of a configuration problem. The state
set X p contains all structures (vertex-colored DAGS) correspogdo the structural

4 A graph property is hereditary if all its subgraphs respect i



model, andEr are all the pairs (g, h) such that gehX p and h is the result of a unit
extension from g.@ p is itself a DAG for which the root is the state {tL}, @, {(1,t)})).

A structure generation procedure must be complete and ednAdant, i.e able to gen-
erate all structures of p only once while exploring-». The search can be represented
with a covering treel’» of Gp. Let us consider now the state gra@h,, which is the
subgraph oty p containing only canonical structures. The canonical otstaility prop-
erty ensures that’, is connected and therefore the existence of at least oneletenp
search procedure able to backtrack on non-canonical grajhsever, this does not
imply that all search procedures will meet the requireméfrttse intersectiorl’;, be-
tweenT» andG’, is not a connected graph, backtracking on non-canoniaadtsires
will yield an incomplete procedure. As a consequeffgemust be a covering tree of
G p. We will now present procedures respecting these criteria.

3 Isomorph-free tree structure generation

We present a generation procedure for canonical configurathat can be used when
the structural model only contains composition relatiohscompositionrelation be-
tween typeT; (calledcompositg and another typés is a binary relation specifying
that any7; instance can connect to at most dfie As an example, the relation be-
tweenN andC in Figure 1 is of the composition kind, although this is nat dase for
the relation between andP. In the composition case, solutions to the configuration
problem can only be trees.

proceduregenerate T, F')
if canonical(TYhen output T;return ; endif
I generate the set Ef{x1,y1), ..., ¢| 5|,y |)} Of acceptable unit extensigns
E = extensions(T, F)
for i:=1to|E|do
generate(TU {(z:,y:)}, FU {(z1,L(y1)),... , @i—1,L(yi-1))})

Fig. 2. The procedurgenerate To generate all trees, the initial callgenerate((t, {1},

0, {(L,t)hH.{H

The procedure listed in Figure 2 is complete, non-redundadtgenerates exclu-
sively canonical structures. The functiert ensi ons( T, F) returns the sequence
E of unit extensions for T that are compatible with the stuuatmodel and not forbid-
den by F. Then, set E contains extraneous edgksking two vertices of the object set
O: one vertex was already in the tree T whereas the other eityréims been created.
All unit extensions that must be discarded are stored inmater F. This avoids gen-
erating the same tree multiple times. Such a redundancydimappen if starting from
T, we first produced’ by addinge; andT» by addinges, then later addings to 7}
ande; to T, resulting in producing the same tree twice. In order to @vbis, we split
the search into extensions ofT{e; }, and extensions of T {e2} with e; removed



from possible extensions. In more precise terms, not ef#(x, y): for all z, we forbid

to add edge (X, z) if L(y¥-L(z). Even if those two trees are different, they are isomor-
phic since swapping y and z yields the other. All such paird.(x)) are members of

F, which forbids adding an edge connecting an object x to a sigect of type L(y).

In the general case, starting from a given tree there ¢Kispossible extensions. We
hence split the search int@| parts by calling

generate(T U {(x;,y:)}, FU{(x1,L(y1)),-.. (i—1, L(yi-1))})

The edge sequence in E could be arbitrary if we didn’t nee@maove non canonical
trees. However, as seen at the end of section 2, it has to tseclaxcording to the
canonicity criterion to ensure completeness. We hencetrg@m$ according to the total
order= from [9], and define as canonical a tree being#minimal in its isomorphism
class. [9] proves that this canonicity criterion has thearacal retractability property.
To ensure completeness, the edges of E must be sorted asfodidger; is beforee;;
INEiff TU{e;} X TU{e;}.

Proposition 1. The procedurgener at e is complete.

Proof. (sketch) We first inductively show that the edges are addecbbyecting new
vertices to the rightmost branch of a tree, starting fromdbepest vertex, and going
up to the root vertex. This is true of the tree made of a singlgex (the start of a
configuration). If the property holds for any tréehavingn vertices, it means that the
vertexy connected to am in the right branch of the previous tree to foffiow is the
extremity of this branch. By inserting, we lost the capacity to perform unit extensions
to vertices located below (by completing the sef’). The sole remaining possibilities
are parent nodes tg, as well asc andy, hence all the vertices in the right branchiof

Now, from Proposition 6 in [21], we know that removing a nodenfi the right
branch preserves canonicity. As a consequence, since fngriree?’, the procedure
gener at e produces alll’ extensions such that the removal of their rightmost branch
would yieldT', it produces all the canonical trees that can be obtainechihextension
from T'. The procedure is hence complete.

In our network example, if we restricted printers to be cartad to at most one
computer, it would become a composition relation. Then,stmactural solutions of
our problem would necessarily be trees. Figure 3 helps viensearch tree that would
result from this. The procedure would backtrack on non c@@itrees 6, 13 and 17.
As a consequence, the non canonical trees 10, 12, 16, 18 amalud® not be generated
either.

4 Isomorph aware DAG generation

We now present an instance of a procedure generating only wdavill call weakly
canonical DAGsdefined as DAGs for which the minimal covering tree for thdewr
=< is canonical. As the permutation that would make its coygtire canonical is the
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Fig. 3. A portion of the state graph for the network configurationkjjeon. Nodes are labeled
with their type alone. Trees framed in dotted lines are nabo&al. Dotted lines joining nodes
inside frames denote possible complementing internaledgjeedges of the state graph denote
unit extensions. Edges between non canonical trees aedd®old edges are explored by pro-
cedure without canonicity check. Only continuous and balges are transitions explored by the
procedurggener at e.

same that would make the DAG weakly canonical, this avoidegeing all non weakly
canonical DAGS.

The leading idea is to first generate a canonical tree, ctilesdtructure treethen
perform unit extensions that solely create internal edgsgresented before, we can
generate all canonical trees very efficiently. From sucloo#ral trees, we generate all
the DAGs sharing it as a structure tree, by adding interngésd

Figure 4 illustrates this idea. We start from a structuratigl@ontaining general bi-
nary relations, from which we extract a sub-model havingy@amposition relatiorfs
The trees solution of this sub-model can be completed toym®dolution DAGs of the
original problem.

This procedure must however be implemented carefully tegarefrom generating
the same DAG multiple times. First, the possible extensaire tree are ordered ac-
cording with some ordeg. Edges are always added according wittand an edge e
cannot be added anymore if there exists an edge e’ alreadydaaitl e< e’. As for
trees, it is obvious that this discards a certain amount dfimelancies. Leh be the
set of possible internal edges on a tree T, the number of DA@&sdan be generated
from T will be 2/2| instead ofia|//. This however does not suffice to remove all DAG

5 The tractable generation of only one DAG per isomorphisms<la an open problem.
8 This sub-model is a covering tree of the original model!
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Fig. 4. Generating DAGs from trees. To the upper left, a structuratleh. To the upper right, a
composition covering tree of the model. To the bottom righpossible solution of the relaxed
model. To the bottom left, a corresponding real solutiopraftee completion.

redundancies. To achieve this, and for each newly genef24¢] we search for the
existence of a covering tree being)less than the current structure tree, but not nec-
essarily canonical. If such a covering tree exists, it mahas the current DAG can
be discarded whether the found covering tree is canonicab8r Our procedure for
finding such covering trees has the complexity of depth-§iestrch in the worst case:
O(n).

Alternative structure tree search algorithm

At each newly created DAG (generated from tree T), we buikldanonical covering
tree T’ by doing a depth-first search on the DAG. If at one pdiné¢ selected edge
differs from T, the DAG is rejected as it means the currentkirgg tree T is not the
canonical one anymore. For instance, in the tree number Fgure 3, the internal
edge connecting the fir@to the second® must not be inserted, since the smalles} (
covering tree becomes the tree number 14.

Proposition 2. Our procedurggener at e with a calltoconpl et i on (see fig. 5) at
each canonical tree generates only once each weakly caaldDfG.

” There exists a canonical tree that is isomorphic to it, ang the current DAG (or an isomor-
phic one) is already obtained by completion when this cazadniee is generated (and our tree
generation procedure ensures that it has been or will bergienkeduring the search).



procedurecompletion(G, F)
output G
I generate the setHe:, ... z|) of acceptable unit extensions not in F
E = internal-extensions(G, F)
for ¢:=1to|E|do
completion(GU {e;}, FU {e1, ...ei—1})

Fig. 5. The procedureompletion.

Proof. (sketch) The procedureonpl et i on never generates the same DAG twice
from a given canonical tree and never a DAG that would resafhfthe completion of
another tree.

5 Exploiting symmetries

The procedureonpl eti on( G can be further improved to eliminate some isomor-
phic DAGS resulting from unit extensions. The intuition & fallows: if the internal
edgese; ande, that can complete G lead to two isomorphic graphs G1 and @2, th
we forbid the unit extensioey.

For example, adding the edge (4,3) to the DAG on the bottoim g Figure 1
produces a DAG isomorphic to the one obtained by adding e8i@e. (We might want
to avoid one of the two extensions.

One expensive approach is to consider each pair of graphgleted with an edge
from the set E of valid extensions, and test whether theyssmmorphic or not (using
Nauty for instance). In case they are, we delete from E onbeaxdd edges. The major
drawback of this method is that there are potentiallg € unit extensions for a graph
with n nodes, that is G%) that can be canonicaly labelled (thanks to Nauty for in-
stance), thus leading to @) pairs of canonical graphs to be compared (orn®Q6g n)
comparisons if we sort the graphs). In addition, even if Newds a polynomial be-
havior on most graphs, it still has an exponential compjexitthe worst case which
disqualifies its use for large configuration problems.

We henceforth use an incomplete method for removing suchasphisms, by us-
ing the automorphism group (ie, the set of symmetries) ofthreent DAG: the covering
trees of the DAGS are canonical, hence all their subtreeaerted. Henceforth, at
any level in the tree, there may exist nodes equal #rfThey are interchangeable, and
are immediate neighbors, and all their sub-trees are psgrimterchangeable.

Although node interchangeability is costly to detect in teneral case of unre-
stricted graphs, it is fast and obvious in the case of cambtriges. Testing whether two
sub-trees having the same parent are interchangeableystmpsists in testing if they
are identical, an operation of time linear complexity. Aasequence, marking which
node pairs are interchangeable in a tree is an operationsif)difat can be done at
once before the completion of a structure tree.

To account for the fact that interchangeability is lost byles newly connected by
an internal unit extension, we introduce a Boolean markiee donnected nodes must



be marked, as well as the whole list of their parents up to tue of the tree. The
marking is illustrated in Figure 6 by small circles around titodes. A search procedure
can reject all DAGs in which a newly inserted internal edgailes in marking a node
not being the leftmost in its equivalence class of intergeability.

AA
Fig. 6. Adding an internal edge and marking

In the canonical tree represented by Figure 6, the treegddatnodes 6, 7 and 8 are
identical, and so are the trees rooted in nodes 3 and 4. Ifithiee of interconnecting
nodes from this two groups must be made, the search procedarselect only nodes
within the trees 3 and 6. No node appearing within the substreoted in 4, 7 and 8
can be connected by a newly inserted internal edge. Oncereection between 3 and
6 is established for instance, node 3 loses its interchdnilggavith 4, and 6 loses its
interchangeability with 7 and 8.

6 Experimental Results

Our experiments were conducted for the computer-printmpihg problem illustrated
in Figure 1, ona 1.7 Ghz PC with 512M RAM, under Linux. We halresen this simple
problem because it is generic: itinvolves a cardinalitystaained relation between two
types, which occurs very frequently in configuration probde It must not be seen as
a real application example, but rather as a way to revealntegdast and efficiency of
such a procedure for eliminating isomorphisms. Indeedréiselts on real problems
involving many relations would benefit from the gain on eaglation. For each choice
of numbers of printers and computers, we have generated@idusing two algorithm
variants:Covering Treeor ct (generation of canonical trees, each being completed to
DAGs using an ordered set of possible extensions and bakktra DAGs that have
a covering T-tree less than the current) dalll (ct + backtrack on equivalent internal
edges for interchangeability). We compare the number oplisagenerated by both
algorithms with the number of graphs that are a solution efggtoblem. There are as
many of them as the number of bipartite graphs (canonicaldrjoining a set ofc
vertices top vertices:2¢-?,

From Table 1 we see that the number of DAGs is significantlyeksed when using
the ct algorithm, due to the large number of avoided isomorphic BAThefull algo-
rithm provides a good cut in the number of isomorphic DAGs] awerall computation



Table 1.Results for the@) PC - P) printers problem. (times in seconds, "/” = time60 seconds)

CclP ct full

all graphg|structure tregggraphgtime| graphs|time
13 8 4 4 0 4 0
2|3 64 16 32 0 30 0
3|3|| 512 46 273 | O 262 0
4/3|| 4096 109 2234 (0.0 2078 |0.02
5|3| 32768 219 17099|0.12 13095| 0.1
6|3|| 262144 393 1304041.01 69757 | 0.64
7|13] 2.1 10 649 9931978.34 329495 3.43
8[3|| 1.6 10 1006 / / [1.451G6(17.2

time is also noticeably decreased.

Existing configurators are restricted to problems of lidigze. Using these strategies
lets us address larger problems, while avoiding the geioeraf useless solutions. Our
computer/printer test problem should not be seen as aafifi@hy binary relation in an
object model implies that a certain number of structuredaiarbipartite sub-graphs.
The canonicity test for such graphs is graph iso completd,@mrent configurators
would generate the graphs corresponding toathgraphscolumn of Table 1. These
early results show that we can generate significantly few&G®when the model in-
volves only one binary relation. Should there be more thas (this is the common
situation), the overall gain factor would benefit from indiwal gains, and in the partic-
ular case of a tree structural model it would be the produthefyains on each relation.

Insertion in a general configuration search

A configuration problem statement normally involves classelations, and constrained
attributes. Generating the configuration structure is benitagment of the whole prob-
lem. Our approach is interesting in several respects inghigeral case. On the one
hand, once a structure has been generated, the problem tanoue standard CSP,
hence amenable to usual techniques (including incompéstees methods). Also, as
shown before, the automorphism group of the structure lsudasily exploited. Further

search may benefit from this in the process of instantiatitripates as well.

7 Conclusion

This work greatly extends the possibilities of dealing witinfiguration isomorphisms,
until today limited either to the detection of the intercheability of all yet unused in-
dividuals of each type or to the use of non configurable olgjeanters. The generation
procedures for tree-shape and vertex colored DAG strustiivat we have presented
addresses the structural isomorphism problem of configuratand allows for impor-
tant gains for any configuration problem, even of small sitet all the non canonical
structures are discarded in the general case of DAG stregtiolytime methods for
eliminating more isomorphisms probably exist.
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