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t. Some works in progress on �nite domain 
onstraint solvers
on
ern the implementation of a XML tra
e of the 
omputation a
-
ording to the OADymPPaC DTD (for example in GNU-Prolog, Palm,Chip). Be
ause of the large size of tra
es, even for small toy problems,some tools are needed to understand this tra
e. Explanations of valuewithdrawal (or nogoods) during domain redu
tion are used by somesolvers in �nite domain 
onstraint programming. In this paper, we usea formalization of explanations by proof trees in a �xpoint frameworkbased on iteration of monotoni
 lo
al 
onsisten
y operators. Proof treesprovide a de
larative view of the 
omputations by 
onstraint propaga-tion. We show how explanations may be naturally extra
ted from theOADymPPaC tra
e format. Explanations allow a better understandingof the domain redu
tions in the tra
e.1 Introdu
tionFor some years, 
onstraint programming over �nite domains [1, 2℄ has proved itsability eÆ
ien
y to solve diÆ
ult problems. It 
ombines de
larativity of relationalstyle and eÆ
ien
y of �nite domain 
onstraint solvers. These solvers are mainlybased on domain redu
tion by 
onsisten
y notions. It 
onsists in eliminating,from the 
urrent domains of some variables, some values whi
h 
annot belongto a solution a

ording to the 
onstraints and the 
urrent domains of someother variables. These removed values are 
hara
terized by a notion of lo
al
onsisten
y.Several works [3{5℄ formalize domain redu
tion thanks to operators. Theseoperators redu
e the variable domains. In pra
ti
e, operators are applied alongan iteration a

ording to di�erent strategies. Chaoti
 iterations [6℄ have beenused in order to des
ribe domain redu
tion from a theoreti
al general point of? This work is partially supported by the Fren
h RNTL through the OADymPPaCproje
t. http://
ontraintes.inria.fr/OADymPPaC/



view. It ensures 
on
uen
e, that is to obtain the same redu
ed domain whateverthe order of appli
ation of the operators is. In this framework, domain redu
tion
an be des
ribed with notions of �xpoints and 
losures.Other works in the 
onstraint 
ommunity 
on
erns explanations3 [7℄ (or no-goods). The interest of explanations in this paradigm of 
onstraint program-ming over �nite domains is growing. The idea of explanations is to memorizeinformation about the removals of values. They have su

essfully been used fordynami
 
onstraint satisfa
tion problems [7℄, dynami
 ba
ktra
king [8℄, 
on�gu-ration problems [9, 10℄, 
onstraint retra
tion [11℄, failure analysis [12℄, or de
lar-ative diagnosis [13℄.[14℄ is an attempt to lay a theoreti
al foundation of value withdrawal expla-nations in the above-mentioned framework of 
haoti
 iteration. To ea
h lo
al
onsisten
y operator is asso
iated its dual operator. Ea
h dual operator may bede�ned by a set of rules in the sense of indu
tive de�nitions [15℄. A rule expressesa value removal as a 
onsequen
e of other value removals. In this framework, anexplanation is formalized by a proof tree using these sets of rules. The expla-nations de�ned provide us with a de
larative view of the 
omputation. Notethat the single role of a solver is to remove values. In this paper, explanationsare proofs of these removals. Explanations may be 
onsidered as the essen
e ofdomain redu
tion.Some works in progress on �nite domains 
onstraint solvers 
on
ern the im-plementation of a XML [16℄ tra
e [17℄ of the 
omputation a

ording to theOADymPPaC4 DTD (already implemented in GNU-Prolog [18, 19℄, Palm [20℄and Chip [21℄). Be
ause of their large size, even for toy problems, some toolsare needed to understand tra
es. Sin
e explanations only provide the ne
essaryinformation explaining a value removal, they are a good way to answer this issueand parti
ularly to understand the domain redu
tions des
ribed in a tra
e. Themain 
ontribution of this paper is to show how explanations 
an be naturallyextra
ted from the OADymPPaC tra
e format.The paper is organized as follows: Se
tion 2 (Preliminaries) brie
y providesa formalism for domain redu
tion well-suited to de�ne explanations for the basi
events whi
h are the withdrawal of a value from a domain. Se
tion 3 (Expla-nations) is dedi
ated to the notion of explanation. It de�nes explanations asproof trees built from sets of rules de�ning the dual operators of lo
al 
onsis-ten
y operators. Se
tion 4 (Computed Explanations) �rst des
ribes qui
kly theOADymPPaC XML tra
e format fo
using on the parts whi
h 
on
ern domainredu
tion. Next it shows how explanations 
an be extra
ted from a given tra
e.2 PreliminariesOur framework uses families instead of 
artesian produ
ts be
ause it leads tolighter notations. Indeed, the notion of monotoni
 operators and least or greatest3 See http://www.e-
onstraints.net/ for more details on explanations.4 http://
ontraintes.inria.fr/OADymPPaC/index en.html (OADymPPaC is aFren
h RNTL proje
t, 
onsortium: COSYTEC, ILOG, EMN, INRIA, IRISA, LIFO)



�xpoints are easier in a set theoreti
al framework where the order is the setin
lusion.2.1 Some NotationsLet us assume �xed:{ a �nite set of variable symbols V ;{ a family (Dx)x2V where ea
h Dx is a �nite non empty set, Dx is the domainof the variable x.We are going to 
onsider various families f = (fi)i2I . Su
h a family 
an beidenti�ed with the fun
tion i 7! fi, itself identi�ed with the set f(i; fi) j i 2 Ig.In order to de�ne monotoni
 operators on a power-set, we 
onsider the do-main D = Sx2V (fxg � Dx), i.e. D is the set of all possible pairs of a variableand its value.A subset d of D is 
alled an environment. We denote by djW the restri
tionof d to a set of variables W � V , that is, djW = f(x; e) 2 d j x 2 Wg. Note that,with d; d0 � D , d = Sx2V djfxg, and (d � d0), (8x 2 V; djfxg � d0jfxg). djfxg is
alled the environment of the variable x (in the environment d).A tuple (or valuation) t is a parti
ular environment su
h that ea
h variableappears only on
e: t � D and 8x 2 V; 9e 2 Dx; tjfxg = f(x; e)g. A tuple t on a setof variablesW � V , is de�ned by t � D jW and 8x 2W; 9e 2 Dx; tjfxg = f(x; e)g.2.2 Constraint Satisfa
tion Problem and SolutionsA Constraint Satisfa
tion Problem (CSP) on (V; D ) is made of:{ a �nite set of 
onstraint symbols C;{ a fun
tion var : C ! P(V ), whi
h asso
iates with ea
h 
onstraint symbolthe set of variables of the 
onstraint;{ a family (T
)
2C su
h that: for ea
h 
 2 C, T
 is a set of tuples on var(
), T
is the set of solutions of 
.>From now on, we assume �xed a CSP (C; var; (T
)
2C) on (V; D ).De�nition 1. A tuple t is a solution of the CSP if 8
 2 C; tjvar(
) 2 T
. Wedenote by Sol the set of the solutions of the CSP.2.3 Program and ClosureA program is used to solve a CSP, (i.e to �nd the solutions) thanks to domainredu
tion te
hniques and labeling. Here we fo
us on domain redu
tion. In thispaper, we are interested in only one bran
h of the sear
h tree. In this 
ontext,labeling 
an be 
onsidered as additional 
onstraints. It 
ould be possible todistinguish these two kinds of 
onstraints, this leads to no 
on
eptual diÆ
ultiesand is not really ne
essary here. It 
ompli
ates the formalism and is omitted.[22℄ shows how to introdu
e labeling in the formalism.



The main idea of domain redu
tion is to remove from the 
urrent environ-ment some values whi
h 
annot parti
ipate to any solution of some 
onstraints,thus whi
h 
annot parti
ipate to any solution of the CSP. These removals are
losely related to a notion of lo
al 
onsisten
y. This 
an be formalized by lo
al
onsisten
y operators.De�nition 2. A lo
al 
onsisten
y operator r is a monotoni
 fun
tionr : P(D ) ! P(D )Note that even global 
onstraints 
an be formalized by these operators.As we want a 
ontra
ting operator to redu
e the environment (i.e. r(d) � d),next we will also 
onsider d 7! d \ r(d) 
alled a redu
tion operator . But ingeneral, the lo
al 
onsisten
y operators are not 
ontra
ting fun
tions, as shownlater to de�ne their dual operators.A program R on (V; D ) is a set of lo
al 
onsisten
y operators.>From now on, we assume �xed a program R on (V; D ).We are interested in parti
ular environments: the 
ommon �x-points of theredu
tion operators d 7! d \ r(d), r 2 R. Su
h an environment d veri�es 8r 2 R,d = d \ r(d), that is no value 
annot be removed a

ording to the operators.De�nition 3. Let r 2 R. We say an environment d is r-
onsistent if d � r(d).We say an environment d is R-
onsistent if 8r 2 R, d is r-
onsistent.Domain redu
tion from an environment d by R amounts to 
ompute thegreatest 
ommon �x-point in
luded in d of the redu
tion operators d 7! d\r(d),r 2 R.De�nition 4. The downward 
losure of d by R, denoted by CL#(d;R), is thegreatest d0 � d su
h that d0 is R-
onsistent.In general, we are interested in the 
losure of D by R (the 
omputationstarts from D ), but sometimes we would like to express 
losures of subset of D ,for example to take into a

ount dynami
 aspe
ts or labeling.By De�nition 4, sin
e d � D :Lemma 1. If d is R-
onsistent then d � CL#(D ; R).2.4 Links between CSP and ProgramOf 
ourse, the program is linked to the CSP. The operators are 
hosen to \imple-ment" the CSP. In pra
ti
e, this 
orresponden
e is expressed by the fa
t that theprogram is able to test any valuation. That is, if all the variables are bounded, theprogram should be able to answer to the question: \is this valuation a solutionof the CSP?".De�nition 5. A lo
al 
onsisten
y operator r preserves the solutions of a set of
onstraints C 0 if, for ea
h tuple t, (8
 2 C 0; tjvar(
) 2 T
)) t is r-
onsistent.



If C 0 � C 00 and if r preserves the solutions of C 0 then r preserves the solutionsof C 00. In parti
ular, 
onsidering C 00 = C, we have r preserves the solutions ofthe CSP.For example, in the well-known 
ase of (hyper) ar
-
onsisten
y, ea
h 
on-straint 
 of the CSP is implemented by a set of lo
al 
onsisten
y operators R
.Of 
ourse, ea
h r 2 R
 preserves the solutions of f
g.To preserve solutions is a 
orre
tion property of operators. A notion of 
om-pleteness is used to 
hoose the set of operators \implementing" the CSP. It en-sures to reje
t valuations whi
h are not solutions of 
onstraints. But this notionis not ne
essary for our purpose.In the following lemmas, we 
onsider S � Sol, that is S a set of solutions ofthe CSP and SS (= St2S t) its proje
tion on D .Lemma 2. Let S � Sol, if r preserves the solutions of the CSP then SS isr-
onsistent.Proof. 8t 2 S; t � r(t) so SS � St2S r(t). Now, 8t 2 S; t � SS so 8t 2S; r(t) � r(SS). ut>From now on, we 
onsider that the set of lo
al 
onsisten
y operators of the�xed program R preserves the solutions of the �xed CSP.Lemma 3. If S � Sol then SS � CL#(D ; R).Proof. by Lemmas 1 and 2. utFinally, the following 
orollary emphasizes the link between the CSP and theprogram.Corollary 1. S Sol � CL#(D ; R).The downward 
losure is a superset (an \approximation") of S Sol whi
h isitself the proje
tion (an \approximation") of Sol. But the downward 
losure isthe most a

urate set whi
h 
an be 
omputed using a set of lo
al 
onsisten
yoperators in the framework of domain redu
tion without splitting the domain(without sear
h tree).3 ExplanationsAn explanation is a proof tree of a value removal ([14℄ provides more detailsabout explanations).3.1 Dual View of Domain Redu
tionFirst we need some notations. Let d = D n d. In order to help understanding,we always use the notation d for a subset of D if intuitively it denotes a set ofremoved values.



De�nition 6. Let r be an operator, we denote by er the dual of r de�ned by:8d � D ; er(d) = r(d) (see [15℄).De�nition 6 provides a dual view of domain redu
tion: instead of speakingabout values that are kept in the environments this dual view 
onsider the valuesremoved from the environments.We 
onsider the set of dual operators of R: let eR = fer j r 2 Rg.De�nition 7. The upward 
losure of d by eR, denoted by CL"(d; eR) exists andis the least d0 su
h that d � d0 and 8r 2 R, er(d0) � d0.Next lemma establishes the 
orresponden
e between downward 
losure oflo
al 
onsisten
y operators and upward 
losure of their duals.Lemma 4. CL"(d; eR) = CL#(d;R).Proof. CL"(d; eR) = minfd0 j d � d0;8er 2 eR; er(d0) � d0g= minfd0 j d � d0;8r 2 R; d0 � r(d0)g= maxfd0 j d0 � d;8r 2 R; d0 � r(d0)g utIn parti
ular, CL"(;; eR) = CL#(D ; R) is the set of values removed by theprogram during the 
omputation.3.2 Dedu
tion Rules and ExplanationsNow, we asso
iate rules in the sense of [15℄ with these dual operators. Theserules are well suited to provide proof trees of value removals.De�nition 8. A dedu
tion rule is a rule h B su
h that h 2 D and B � D .Intuitively, a dedu
tion rule h  B 
an be understood as follows: if all theelements of B are removed from the environment, then h 
an be removed.A very simple 
ase is ar
-
onsisten
y where B 
orresponds to the well-knownnotion of support of h. But in general (even for hyper ar
-
onsisten
y) the rulesare more intri
ate.Note that the whole set of rules is only a theoreti
al tool to de�ne explana-tions. But in pra
ti
e, this set does not need to be given. The rules are hiddenin the algorithms whi
h implement the solver.For ea
h operator r 2 R, we denote by Rr the set of dedu
tion rules Rr =fh  B j h 2 er(B)g. This set de�nes er, that is, Rr is su
h that: er(d) = fh 2D j 9B � d; h B 2 Rrg. Rr 
ontains a lot of redundant rules. There possiblyexists many other sets of rules de�ning er. For 
lassi
al notions of lo
al 
onsisten
yone is always smaller and natural [14℄. But here it is easier to 
onsider Rr. Notethat dedu
tion rules 
learly appear inside the algorithms of the solver.In [23℄ the proposed solver is dire
tly something similar to the set of rules(it is not exa
tly a set of dedu
tion rules be
ause the heads of the rules do nothave the same shape that the elements of the body).



With the dedu
tion rules, we have a notion of proof tree [15℄. We 
onsiderthe set of all dedu
tion rules for all lo
al 
onsisten
y operators of R: let R =Sr2RRr.We denote by 
ons(h; T ) the tree de�ned by: h is the label of its root and Tthe set of its sub-trees. The label of the root of a tree t is denoted by root(t).De�nition 9. An explanation is a proof tree 
ons(h; T ) with respe
t to R; it isindu
tively de�ned by: T is a set of explanations with respe
t to R and (h  froot(t) j t 2 Tg) 2 R.Finally we prove that the elements removed from the domain are the rootsof the explanations.Theorem 1. CL#(D ; R) is the set of the roots of explanations with respe
t toR.Proof. Let E be the set of the roots of explanations wrt R. By indu
tion onexplanations E � minfd j 8er 2 eR; er(d) � dg. It is easy to 
he
k that er(E) � E.Hen
e, minfd j 8er 2 eR; er(d) � dg � E. So E = CL"(;; eR). utIn [14℄ there is a more general result whi
h establishes the link between the
losure of an environment d and the roots of explanations of R[fh ; j h 2 dg.But here, to be lighter, the previous theorem is suÆ
ient be
ause we do not
onsider dynami
 aspe
ts. All the results are easily adaptable when the startingenvironment is d � D .It is interesting to note that explanations are de�ned by rules asso
iated withthe dual operators and that the dual operators are duals of lo
al 
onsisten
yoperators, they are not duals of redu
tion operators.4 Computed ExplanationsThe solver 
omputes CL#(D ; R) by 
haoti
 iterations (introdu
ed in [3℄) of lo
al
onsisten
y operators. The prin
iple of a 
haoti
 iteration [24℄ is to apply theredu
tion operators one after the other in a fair way, that is su
h that no operatoris forgotten. In pra
ti
e this is often implemented thanks to a propagation queue.In our framework, the redu
tion operator asso
iated with a lo
al 
onsisten
yoperator r is the 
ontra
ting operator d 7! d\r(d). That is, at ea
h step the solver
hooses a lo
al 
onsisten
y operator r and removes from the 
urrent environmentd the values whi
h are not in r(d).The well-known result of 
on
uen
e [6, 3℄ ensures that the limit of every
haoti
 iteration of the set of lo
al 
onsisten
y operators R is the downward
losure of D by R. Sin
e � is a well-founded ordering (be
ause D is a �nite set),every 
haoti
 iteration is stationary. So in pra
ti
e the 
omputation ends whena 
ommon �x-point is rea
hed (or when an environment of a variable be
omesempty). Moreover, implementations of solvers use various strategies in order todetermine the order of invo
ation of the operators. These strategies are used tooptimize the 
omputation.



4.1 The OADymPPaC XML Tra
e FormatSome works in progress on �nite domain 
onstraint solvers 
on
ern the des
rip-tion of a tra
e format of the 
omputation. The tra
e is intended to fa
ilitateadaptation of visualization tools and debugging tools on di�erent �nite domainsolvers. It enables these tools to be de�ned almost independently from �nite do-main solvers, and 
onversely, tra
ers to be built independently from these tools.The tra
e format is a des
ription of the tra
e events that tra
ers should generatewhen tra
ing exe
ution of a �nite domain solver.Tra
es are en
oded in an XML format using the OADymPPaC DTD. Itdes
ribes all the events of the solver [17℄. This tra
e format is already tested inGNU-Prolog, Palm and Chip. The purpose of the tra
e format is to fully de�nethe 
ommuni
ations between solvers and tools ensuring full 
ompatibility of allthe tools with all the solvers.In general, tra
es are very large with thousands of events. Thus they areneither understandable nor readable by a human. Explanations are a good ab-stra
tion (visualization) of the tra
e to understand domain redu
tion and tounderstand why a value has been removed from a domain. Ea
h event of thesolver [17℄ is des
ribed by an XML element in the tra
e. The event 
orrespond-ing to a domain redu
tion by the solver is des
ribed by the <redu
e> elementin the XML tra
e. Sin
e it is the only interesting element to extra
t explana-tions from the tra
e, we will only des
ribe the part of the OADymPPaC DTD
on
erning this element. The other elements are not presented in this paper.Note that, in the tra
e, the sear
h tree is des
ribed by the two elements<
hoi
epoint> and <ba
k-to>. Sin
e we only fo
us on one bran
h of the sear
htree, we do not need to 
onsider all the <redu
e> elements of the tra
e but onlythose in
luded in this bran
h. Thanks to the <
hoi
epoint> and <ba
k-to>elements, it is easy to �lter the <redu
e> 
orresponding to the 
on
erned bran
hbut this is not in the s
ope of this paper.<!ELEMENT redu
e ( update?, explanation*, state? ) ><!ATTLIST redu
e%eventAttributes;
ident CDATA #IMPLIEDvident CDATA #IMPLIEDalgo CDATA #IMPLIED >The %eventAttributes of the <redu
e> element is a set of optional at-tributes ex
ept the 
hrono attribute whi
h is an integer indi
ating the eventnumber in the tra
e. The algo attribute provides the name of the algorithm usedto redu
e the environment. This 
orresponds exa
tly to the notion of lo
al 
on-sisten
y operator of our framework. In the ar
-
onsisten
y 
ase, the 
onstraintand the variable whose environment is redu
ed are suÆ
ient to know this lo-
al 
onsisten
y operator and this attribute is rather used for global 
onstraints,for example in Chip. The 
ident attribute identi�es a 
onstraint. The lo
al
onsisten
y operator (algo attribute) 
omes from this 
onstraint. The videntattribute identi�es the variable whose environment is redu
ed. The <redu
e>



element may 
ontain an <update> element, a list of <explanation> elementsand a <state> element.The <state> element is not useful here and is not des
ribed.<!ELEMENT update %valueList; ><!ATTLIST updatevident CDATA #REQUIREDtype (ground | any | min | max |minmax | empty | val | nothing ) #IMPLIED >The vident attribute of the <update> element identi�es the variable whoseenvironment is redu
ed. Note that this attribute is redundant with the videntoptional attribute of the <redu
e> element. The optional type attribute is notuseful here. The <update> element may 
ontain some %valueList elementswhi
h provide the values removed from the environment.<!ELEMENT explanation ( valueList, (
ause)*, 
onstraints? ) >The <explanation> element has no attribute. It 
ontains some %valueListelements, a list of <
ause> elements and it may 
ontain a <
onstraints> ele-ment. The <
onstraints> element is not useful here. The <explanation> el-ement explains the removal of the %valueList elements (the %valueList is asubset of the %valueList given in the <update> element). The list of <
ause>elements provide the reason why the values of the %valueList have been re-moved.<!ELEMENT 
ause %valueList; ><!ATTLIST 
ausevident CDATA #REQUIREDtype (ground | any | min | max |minmax | empty | val ) #IMPLIED >The type attribute is not useful here. The vident attribute identi�es a vari-able and the %valueList elements provide a set of values removed from theenvironment of the vident variable. The values in the %valueList elementsof the <explanation> element have been removed from the environment of thevident variable of the <update> element be
ause, for ea
h <
ause> element, thevalues in the %valueList elements have been removed from the environment ofthe vident variable. Next, an example, together with dedu
tion rules, will 
learup the semanti
s of these elements.<!ENTITY % valueList "( values | range )*" ><!ELEMENT values (#PCDATA) ><!ELEMENT range EMPTY><!ATTLIST rangefrom CDATA #REQUIREDto CDATA #REQUIRED >The %valueList entity is a sequen
e of <values> and <range> elements.



4.2 Extra
tion of Explanations from a Tra
eIn order to fa
ilitate understanding, let us 
onsider the XML tra
e of Fig. 1([...℄ indi
ates some removed parts of the tra
e).The <new-variable> element de
lares a variable x2 whose environment 
on-tains the integer values from 0 to 10. The <new-
onstraint> element de
laresa 
onstraint 
3(x7; x4; x2). The <post> element 
orresponds to the addition ofthe 
onstraint 
3(x7; x4; x2) to the store.Dedu
tion rules 
an be extra
ted from the <redu
e> element using the infor-mation provided by the <explanation> and <
ause> elements. As said before,<explanation> elements express the 
ause of value removals. A set of values Ais removed from the environment by a lo
al 
onsisten
y operator r be
ause othervalues B were removed, that is A � er(B).For example, from the <redu
e> element of the tra
e given by the �gure, it
an be 
on
luded that (where r5 is the lo
al 
onsisten
y operator used to redu
ethe environment, and d is the environment before the redu
tion):f(x4; 0); (x4; 1); (x4; 2)g � er5�� (x2; 0); (x2; 1); (x2; 2); (x7; 3);(x7; 4); (x7; 5); (x7; 6); (x7; 7); (x7; 8)��f(x4; 3); (x4; 7); (x4; 9); (x4; 10)g � er5�� (x2; 2); (x2; 3); (x2; 4); (x2; 4);(x2; 5); (x2; 6); (x2; 7); (x2; 8) ��f(x4; 4)g � er5(;)f(x4; 5)g � er5(D jfx2 ;x7g n (djfx2g [ djfx7g))Note that for the value (x4; 4), there is no <
ause> element in the <explanation>element. When no <explanation> element is given for a removed value, forexample (x4; 5), the meaning is di�erent. In the tra
e format, it is not mandatoryto give an explanation for ea
h removed value. If there is no <explanation> for avalue h, it is always true that h 62 r(d), where r is the lo
al 
onsisten
y operatorused by the <redu
e> and d is the environment just before this redu
tion. Thatis to say h 2 er(d). In the example, as r5 
omes from the 
onstraint 
3(x7; x4; x2)and redu
es the environment of the variable x4, it only depends on the 
urrentenvironment of the variables x7 and x2. Thus we have (x4; 5) 2 er5(D jfx2 ;x7g n(djfx2g [ djfx7g)), where d is the environment before the <redu
e>.An in
lusion A � er(B) provides the set of dedu
tion rules: fh B j h 2 Ag.Note that these rules are members of Rr. In the example, this provides thefollowing dedu
tion rules of Rr5 :(x4; 0)  f(x2; 0); (x2; 1); (x2; 2); (x7; 3); (x7; 4); (x7; 5); (x7; 6); (x7; 7); (x7; 8)g(x4; 1)  f(x2; 0); (x2; 1); (x2; 2); (x7; 3); (x7; 4); (x7; 5); (x7; 6); (x7; 7); (x7; 8)g(x4; 2)  f(x2; 0); (x2; 1); (x2; 2); (x7; 3); (x7; 4); (x7; 5); (x7; 6); (x7; 7); (x7; 8)g(x4; 3)  f(x2; 2); (x2; 3); (x2; 4); (x2; 4); (x2; 5); (x2; 6); (x2; 7); (x2; 8)g(x4; 7)  f(x2; 2); (x2; 3); (x2; 4); (x2; 4); (x2; 5); (x2; 6); (x2; 7); (x2; 8)g(x4; 9)  f(x2; 2); (x2; 3); (x2; 4); (x2; 4); (x2; 5); (x2; 6); (x2; 7); (x2; 8)g(x4; 10) f(x2; 2); (x2; 3); (x2; 4); (x2; 4); (x2; 5); (x2; 6); (x2; 7); (x2; 8)g(x4; 4)  ;(x4; 5)  D jfx2 ;x7g n (djfx2g [ djfx7g)



<oadymppa
 xmlns="http://
ontraintes.inria.fr/OADymPPaC">[...℄<new-variable 
hrono="15" vident="x_2"><range from="0" to="10"></new-variable>[...℄<new-
onstraint 
hrono="73" 
ident="
_3(x_7,x_4,x_2)"></new-
onstraint>[...℄<post 
hrono="82" 
ident="
_3(x_7,x_4,x_2)"></post>[...℄<redu
e 
hrono="735" 
ident="
_3(x_7,x_4,x_2)" algo="r_5"><update vident="x_4"><range from="0" to="5"/><values>7 9 10</values></update><explanation><range from="0" to="2"/><
ause vident="x_2"><values>0 1 2</values></
ause><
ause vident="x_7"><values>7 6 8</values><range from="3" to="5"/></
ause></explanation><explanation><values>3 7</values><range from="9" to="10"/><
ause vident="x_2"><range from="2" to="8"/></
ause></explanation><explanation><values>4</values></explanation></redu
e>[...℄</oadymppa
> Fig. 1. An extra
t of a XML tra
e



As said before we only 
onsider a bran
h of the sear
h tree. Let us 
onsider thesequen
e of <redu
e> elements 
orresponding to this bran
h. They are orderedby the number of the 
hrono attribute.The set of 
omputed explanations extra
ted from the tra
e is de�ned indu
-tively as follows:Let n be the 
hrono of a <redu
e> element, the set of 
omputed explanationsextra
ted at the step n is Sn:Sn = 8>>>><>>>>:
ons(h; T ) 









 h froot(t) j t 2 Tg is a dedu
tion rule asso
iatedwith the <redu
e> elementof 
hrono nandT � Sm<n Sm 9>>>>=>>>>;where Sm<n Sm denotes the set of all the 
omputed explanations extra
tedfrom the <redu
e> elements of 
hrono m, m < n (it is also possible to 
onsiderSm = ; when m is the 
hrono of an element di�erent from a redu
e).Theorem 2. Let n be the 
hrono of a <redu
e> element, let dn be the environ-ment at the step n: dn = [m�nfroot(t) j t 2 SmgProof. By indu
tion on n. utLet k be the 
hrono of the last <redu
e> element of the 
onsidered bran
hof the sear
h tree, it is important to note that: Sm�k Sm denotes the set ofall the 
omputed explanations extra
ted from the tra
e. Ea
h t 2 Sm�k Smde
laratively explains the withdrawal of root(t).The link between the set of explanationsSm�k Sm and the 
losure CL#(D ; R)is given by:{ if CL#(D ; R) 6= ; then we haveCL#(D ; R) = [m�kfroot(t) j t 2 Smg{ if CL#(D ; R) = ; then there exists x 2 V su
h thatD jfxg � [m�kfroot(t) j t 2 SmgThis result is similar to (and 
an be seen as an adaptation of) a result in [14℄whi
h shows the equality between CL#(D ; R) and the set of root of explanations
omputed at the limit of every 
haoti
 iteration.



5 Con
lusionThis paper shows how to extra
t explanations from a 
onstraint program tra
e(using the OADymPPaC tra
e format). The dedu
tion rules used to build ex-planations 
an be obtained thanks to the <explanation> element in the tra
e.The linking of these rules allows to build an explanation for ea
h element whi
his removed during the 
omputation.It is important to note that if a tra
er is not able to provide the <explanation>element, explanations 
an nevertheless be obtained. Indeed, the <redu
e> ele-ment indi
ates the domains of variables used by the operator at this step. Thebody of the dedu
tion rule used 
an then be repla
ed (with a loss of informationof 
ourse) by all the elements whi
h have been removed of theses domains duringthe 
omputation.Explanations provide us with a de
larative view of the tra
e and domainredu
tion. They 
an be used for debugging: in [13℄, an adaptation of algorithmi
debugging [25℄ for 
onstraint programs is proposed. This adaptation is based onexplanations and their tree stru
ture. It will be possible to provide a de
larativedebugging tool, using explanations and algorithmi
 debugging, to lo
ate errorsin a 
onstraint program from a tra
e of a 
omputation giving an erroneousresult. As the tool will use in input an OADymPPaC XML tra
e, it 
ould beplugged in all the solvers that use this tra
e format (a
tually GNU-Prolog, Palm,Chip). It is also possible to adapt existing tools based on explanations to usethe OADymPPaC tra
e format.This paper does not take into a

ount the sear
h tree of the labeling. Inthe OADymPPaC tra
e format, the sear
h tree is 
oded by the two elements:<
hoi
epoint> and <ba
k-to>. A <
hoi
epoint> element de�nes a node of thesear
h tree and a <ba
k-to> element indi
ates the start of a new bran
h from anode previously de�ned by a <
hoi
epoint> element. It is suÆ
ient to removeexplanations built between a <
hoi
epoint> and a <ba
k-to> referen
ing thesame node in order to 
ompute the explanations of a new bran
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