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ABSTRACT

Model integration problem occurs during the intéigira of enterprise information systems. Models
comparison is an essential step of the integratiod,has been discussed in several domains arausari
models. However, previous approaches have not atyrbandled the semantic comparison. In the
current paper, we develop a comparison hybrid amrowhich takes into account the syntactic,
semantic and structural comparison aspects. Weade@vrule-based system for models comparison. For
this purpose, we use a domain ontology as weltteer sesources such as dictionaries.
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1. INTRODUCTION

The information systems domain has changed draatigtio recent years under the influence
of organizational evolution. This evolution can lé intern origin, generated by the
restructuring of organizations, creation of newssdiaries or new geographic or changes in
business activity. Result of these factors, newrimfition systems with their business models
are created, the need to integrate existing mddefsake them communicate and cooperate.
This evolution may also be of external origin, eipéd by the evolution of two organizations
with the same activity domain who want merge. lis tase, it must merge their information
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systems and more specifically their models. Thd goto integrate these models easily and
efficiently.

Integration has been treated by several authorssefieeral models in different fields and
contexts: the schemas database integration (Spateapnd al., 94) and (Navathe and al.,
86); integration of meta-models independent moflghdL, database schema, ...) (Haddar, 02)
and (Pottinger and al., 03); views models integrafiAnwar and al., 07) and (Rubin and al.,
08); partial UML class diagrams integration (Borbegal.,06), aspect-oriented UML models
integration (Ferut, 06), (Quintian, 04), (Redalyd al.,06), (Lahire and al., 06), (Olivier and
al., 07) and (Fleuregnd al,.07) ; and finally, ontology integration, which Hasen treated in
(Falquetet al., 04), (Ouagneet al., 05) (Dorionet al., 07) and (Bouras et al., 07). We are
interested in our case in the UML models integrattimd more specifically the UML class
diagrams (OMG UML, 09). After the analysis of mtdimtegration existing work, we found
that semantic integration is a crucial problemf&othis problem is still not properly treated.
In this paper, we focus on models’ comparison fifst stage of the integration process). We
propose an hybrid approach which compares modetgacyycally, semantically and
structurally. For that, we use domain ontology atiter resources.

This article is organized as follows: Section 2isintroduction to the general approach of
integration of models. We mention in section 3 tedawork and their limitations. Our
ontology-based proposal is developed in sectiosame research perspectives are finally
developed in the conclusion section.

2. MODELSINTEGRATION

The integration is defined as the combination ohponents in such a way as to form a new
set constituting a unit for creating synergy (Wastb993). Existing research (Batini and al.,
86) (Pottinger and al, 03) has shown that moddkgnation process involves two steps : 1)
the comparison step is based on a set of rules called correspondeunles,ralso called
comparison rules, mapping rules or matching ruleglvidentify the correspondence between
elements of models (correspondences created dthisigtep are stored in a separate model
called correspondence model or mapping model)th@)ntegration step integrates models
mapped in the previous step. The integration gjyatelies on rules that define which and how
elements will appear in the result model. Thesesrare (1) rules for merging the matching
elements (merging rules), and (2) rules for incoaging elements that do not belong to the
mapping model (rules of integration).

3. RELATED WORK

Several studies have proposed models comparisanaiithors (Manning, 99), (Haddar and
al., 02) and (Oliveira, 2009) provided a comparistinmeta-model independent models.
Databases comparison has been treated in (Madlaanbal, 01) and (Reddy and al., 06). The
authors provided a comparison of UML class diagramsnted aspects. In (Anwar and al.,
07), a comparison of views models is proposed. iflJat al., 2008) develop a method to
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compare UML class diagrams. The specification of lUM1 (OMG UML, 09) defines the

comparison of packages.

We found different approaches of models comparison:

- Syntactic approaches: they compare the lettergiofjs of models elements.

- Semantic approaches: they compare the meaningiatezbwith the compared items.

- Local structural approaches: they compare the coemis of the elements. For example,
the comparison of local structure of two classesesponds to the comparison of their
attributes and operations.

- Global structural approaches: they compare elem@entglation with the elements to
compare. For example, the comparison of globatsira of two relations corresponds to
the comparison of the two classes that they connect

- Hybrid approaches: they combine two, three or foyres of comparison (syntactic,
semantic, global structure and local structure).

The table below displays a synthesis of these wdReferences of the approaches are
shown on the first column. The existing types ofmparison are provided on the other
columns. Crosses (X) show which type of comparisarsed by the approach.

Table 1. Comparison of existing work

Approaches Syntactic Semantic Structural
Identity  Abbreviation ~ Acronymy  Inclusion Multilingual Synonymy  Homonymy Disjunction Inverse | Global Local

(Manning, 99) X -

(Madhavan and al, X X X X X

01)

(Haddar and al., X - X X X X

02)

(Reddy and al., 06)] X - X

(Anwar and al.,07) X -

(Uhrig et al., 2008) X - X

(OMG UML, 09) X -

(Oliveira, 2009) X - X X

Let M1 and M2 be two models to compare. Most apgiea compare syntactically models
elements. However, they only tedentity of elements. (Madhavan and al., 01) also detects
other correspondences suchabbreviation (e.g. “Qty” in M1 and “Quantity” in M2) and the
acronym (e.g. "UOM" in M1 and "UnitOfMeasure" in M2). Masger, most approaches
structurally (local and global structure) compdre models elements. Finally, all these works
do not take into account the semantic aspect amdiraited to detection ofynonyms (e.g.
"Book" in M1 and "Work" in M2) anchomonyms (e.g. two classes "Family" (products) and
"Family" (people)).

Our review showed on the one hand that existingksvdio not detect semantic mappings
such agligunction (e.g. two boolean attributes "Single" and "Mart)eahdreverse (e.g. the
relation "Buy" is the inverse of "BoughtBy” relati). Syntactic correspondences such as
inclusion syntactic (e.g. “Student” and “Students”) amdltilingual (e.g. “Nom” (In French)
and “Name” (In English)) are not detected eithemyAapproach is incomplet®ne may also
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emphasize that approaches are complementary, deeigt their union does not cover all
types of comparison and does not detect all matwesespondences).

On the other hand, syntactic approaches are linitsthuse they do not detect elements
that are syntactically identical but do not have Hame meaning (case lidmonyms) and
elements which are syntactically different but whibave the same meaning (case of
synonyms). In addition, non-semantic approaches are limibedause they do not detect
elements that are syntactically different but senaly identical. Non-local structural
approaches are also limited because they do netctdetements which are syntactically
identical but different in local structure (e.g.dvelasses having the same name and no
attribute in common). Finally, non-global strucluepproaches are limited because they
cannot detect elements that are syntactically idiffeand equivalent in global structure (e.g.
two relations that are syntactically different lbahnect two equivalent classes).

Therefore, our goal is to provide an hybrid apphomcorporating syntactic, structural and
semantic aspects in order to detect any mappicgmespondence.

4. PROPOSITION

Our proposal is based on ontological techniques. tiiéeefore briefly introduce ontology
concepts, before developing our approach.

4.1 Ontology

Ontologies are introduced as an”explicit specifaratof a conceptualization” (Gruber, 93).
Domain ontologies are ontologies which are builtaoparticular knowledge domain. Many
domain ontologies exist such as MENELAS (medicahdim) (Zweigenbaum and al., 94) and
TOVE (business management domain) (Gruber, 95)ddmeain ontology is a semantically
rich model (it can express equivalence, inversgudction, symmetry, transitivity, etc.), and
is defined as an exhaustive list of concepts atatioas between these concepts describing a
particular field (Medicine, Business, Library, Rastants, etc.).

We use an OWL ontology (Ontology Web language) bseat is a W3C recommendation
(Smith and al., 2004), and the meta-model OWL wafindd by Ontology Definition
Metamodel specification (ODM, 08) of OMGAn ontology comprises the notion of
"concept”, also called class, corresponding toabstractions of the relevant field. It has a
name and is characterized by data properties. "DPatperty" allows to represent the
relationship that connects the concept to a dqta (ynteger, boolean, etc.). It is equivalent to
an attribute of class. Relationship between comgeglled "Object property”, reflects the
interaction between concepts, it has a name andectsma source concept called "Domain” to
a target concept called "Range". "Subsumption imelat, links a specific class to a more
generally class.

1
WWW.omg.org
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4.2 Comparison Approach

Our goal is to provide a semantic comparison apgrdaategrating syntactic and structural
aspects as well (Figure 1). We propose a systetadc@OMModel (Complete Comparison
of Models) that takes two models as input and gigesespondence models as output.
COM’Model is syntactic, semantic and structural rulaseu. It detects mappings between
models elements. We used strategies based on serpamperties to take into account the
semantic aspect. Therefore, our system refergdtmaain ontology that will enable to provide
semantic relevant information and decision-makingrdy the comparison. Our system is also
based on other resources to complete syntactic @isgm. We use a multilingual dictionary
(translation) as EuroWordNetan acronym dictionafy an abbreviation dictionatyand a
dictionary of synonyms as WordNetin our approach, we consider that we have at our
disposal the domain ontology and the other ressuré¢e provide a system for decision
support. Our system allows the user to validatéebete mappings automatically created.

Rules
Structural

- Semantic ‘ Mepping
T ¢

Ontclogy
Figure 1.COM?Models architecture

l|

Our comparison process starts with the compari$@ymtactical and semantical elements
(first classes, second attributes, third operatiang fourth relations). It next compares
elements (in the same order as just describedpbabstructures and in local structures.

4.3 Comparison Rules

We provided a first version of rules comparison iimformal (natural) language in
(Benabdellah et al., 10a) and an improved versjaplied to a case study in (Benabdellah et
al., 10b). To specify the language for expresdsimgée rules, we propose a meta-model.

4.3.1MDE

Model-driven engineerin@DE) is a software development approach that hagpbtential to
address the identified challenges of software egging. It offers an environment that ensures
the systematic and disciplined use of models thmougthe development process of software
systems. The essential idea of MDE is to shift dttention form program code to models.
This way models become the primary developmentaatt that are used in a formal and
precise way.

2 http://www.illc.uva.nl/EuroWordNet/

® http://acronymes.info/

4 http://theleme.enc.sorbonne.fr/dico.php
® http://wordnet.princeton.edu/
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The MDE approach identifies tools and materialsessary for the implementation of its
paradigm. We find among others model, metamodeguage.

The most comprehensive definition of model is gibgr(Bézivin et al., 01): "Anodel is a
simplification of a system built with an intendedadjin mind. The model should be able to
answer questions in place of the actual systemcbAting to (MOF, 02)yA metamode is a
model that defines tHanguage for expressing anodel".

In our case, the model is the comparison rules.d&feme a metamodel that defines the
language for expressing these rules.

4.3.2 Models Comparison Rules M etamodel

Call

Rules Parameters 1.7 Belong Set of elements
- Hame : String - MName : String
- Result : Boolean
- Commutative : Boolean

4.% |- MWame :Sting

Syntactic Semantic Structural

Global Loeal

Figure 2. Models comparison rules metamodel

We modeled our metamodel in UML language. The rsileharacterized by a name, a
boolean result (i.e. true or false) and the tygamimutative or not). The rule can be syntactic,
semantic, global structure or local structureslitomposed of parameters that have a name.
These parameters belong to a set of elements.efcanl call one or more other rules.

4.3.3 Comparison Rules

We first established the syntactic comparison rulele of identity, rule of inclusion, rule of
equivalence multilingual, rule of acronym, rule abbreviation and rule of syntactic
equivalence. Then the comparison semantic rulesle: of synonymy of classes, rule of
equivalence of classes (as an ontology), rule ofiasdic equivalence of classes, rule of
hyponymy of classes, rule of synonymy of attributee of disjunction of attributes, rule of
semantic equivalence of attributes, rule of operstisynonymy, rule of semantic equivalence
of operations, rule of synonymy of relations, rofeinverse relation , rule of equivalence of
relations (as an ontology), and rule of semantigivedence of relations. Then the rules for
comparing global structure elements (classes, batgs, operations, relations and
generalization relation). And finally, rules for mparing local structure elements (classes,
attributes, operations and relations).
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Some representative rules in accordance to the aosom rules metamodel are described
below.

- Ruleof syntactic inclusion of two elements elt; and elt;

This is a syntactic rule, called “Syntactic_inctusi, compares two elements (parameters)
called Delt; and Delt. The first element belongs to the set of elementhe first diagram
called DE and the second element belongs to the set ofeelsnof the second diagram called
D,E. This commutative rule returns 1 (true) if thestfielements are included syntactically in
the second, and else returns 0 (false).

Syntactic_inclusion : D1E x D2E > {0,1}
Syntactic_inclusion (Dyelt;, Djelt)) =
1. if 3p.s €§| Dyeltyname = p +Dseltp name + 5 ou Dyeltyname = p + Dy elt;, name + s
0 else
Rule explanationA first element is syntactically included in a sadelement if the name of
the first element appended to a prefix and (offbsgives the name of the second element.

- Ruleof syntactic equivalence of two elements elt; and elt;

This is a syntactic rule, called “Equivalence_sygtita elements”, compares two elements
(parameters) called,Plt; and Delt. The first element belongs to the set of elemehtheofirst
diagram called EE and the second element belongs to the set ofeglsnof the second
diagram called BE. This rule called other rules called “Syntacticlusion”,
“Syntactic_ldentity”, “Acronyms_Equivalence”, “Abbviation_Equivalence” and
“Multilingual_Equivalence”. This commutative ruleturns 1 (true) if the two elements are
syntactically equivalent, and else returns 0 (Jalse

Equivalence syntactic elements(Dyelt), Delt)): D1E x D2E > {0,1}
Syntactic equivalence element{D;elt,.Delt)
1.if Syntactic_inclusion (Djelt,.Dgelt)) =1 or Syutacﬁt_[dentity(ﬂlelq,ﬂzelt]] =1
or Acrnuyms_EqnivaleuceI:Dlelti,D;elt]] = 1 or Abbreviation_Equivalence (Dyelt;, Delt) =1
or Multilingual Equvalence (Ujelt;, Dyelty)) =1
0. else

Rule explanation Two elements are syntactically equivalent, if asfethe following
conditions is performed: syntactically identicalfist element is syntactically included in a
second element or a second element is syntacticallyded in a first element, a first element
is acronym of a second element or a second eleimeatronym of a first element, a first
element is an abbreviation of a second elementsecand element is an abbreviation of a first
element, or a first element is the translation gfeaond element or a second element is the
translation of a first element .

Rule of semantic equivalence of two relations R; and R;

This is a semantic rule, called “Equivalence_serarglations”, compares two elements
(parameters) calledB and DQR;.The first element belongs to the set of relatiohthe first
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diagram called ER and the second element belongs to the set dfiam$aof the second
diagram called BR. This rule called other rules called “Synonymgneénts”,
“Inverse_relations” and “Equivalence_Ontology_rielas. This commutative rule returns 1
(true) if the two elements are semantically eq@agland else returns 0 (false).
Equivalence_semantic_relations: D1R x D2R 2> {0,1}

Equivalence_semantic relatons(DyR,, DyRy)

{1 .50 Synonymy elements(DyR,.D;R)) =1 or Inverse relations/D;R,.D;R) =1

or Equivalence_Ontology relations{D4R,.D;R,) =1
0. else

Rule explanation Two relations are semantically equivalent if thaye synonyms,
equivalent (in reference to ontology) or reverse.

Rule of semantic equivalence of two classes C; and C;

This is a semantic rule, called “Equivalence_semaoltasses”, compares two elements
(parameters) called ; and BC;.The first element belongs to the set of classetheffirst
diagram called EC and the second element belongs to the set acfedasf the second diagram
called DC. This rule called other rules called “Synonymgneénts” and
“Equivalence_Ontology classes. This commutative mgturns 1 (true) if the two elements
are semantically equivalent, and else returnsifgfa

Equivalence_semantic_classes: D1C x D2C > {0,1}

Equivalence semantic classes(DyC, D0 =

[1 +if Synonymy_elements(D;C,.D;C) = 1or Equivalence Ontology classes(D4C,. D;C) =1
0. else

Rule explanationTwo classes are semantically equivalent if theysynonyms or they are
equivalent (referring to an ontology).

Rule for comparing global structure of two relations R; and R;

This is a global structural rule, called “Equivatenstructure_global_relations”, compares
two elements (parameters) calledRpand DR;. The first element belongs to the set of
relations of the first diagram called® and the second element belongs to the set diarega
of the second diagram calleg® This rule calls other rules. This commutativie meturns 1
(true) if the two elements are equivalent in gloftalicture, and else returns 0 (false).
Equivalence_structure_global relations D4R x DoR = {01}
Equivalence structure global relations (DR, D;R;) =
il | _.i.-f [[El chk-' D]_l:m E DIE_. 3 chl-' DZEI:I E DZE|D1R1[D1Ek,D1Em]et DzR][DzE]__. chm}:'
and (Equivalence semantic classes(DqCy, D7 ) = 1 or Equivalence_syntactc_elements(D G, D7 )]
and (Equivalence semantic classes({DyCy.D; C,) = 1 or Eqguivalence_syntactic elements{D,Cy. Dy C07]
Or [3D4Cy. DyCy. DyC, € D4C 3 D5C;,D,C, € DyC. 3 D46, € DyG| DyR,(D4C, D4Cyy). DyR,(D5C, D, C,) and
DGy super class = Dy C; et DyGy. sub_class = DG and (Equivalence_semantic classes Dy, Dy ) =1
ou Equivalence_syntactic elements(DyCp. Dy )] and (Equivalence semantic_classes(DyC, Dy C) =1
or Equivalence syntactic_elements(D,C. Di; T 1]
\ 0. else
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Rule explanationTwo relations DR; and DR; are equivalent in global structure if: [There
is two classes [T, and DC,, such as ER; links them and there is two classesCD D,C,
such as ER; links them and BC, and C, are syntactically or semantically equivalent] Or
[There is two classes By and DC,, and there is BT, class such as,Q, is the super class of
D;C¢ and DR; links D,C, and DC,, and there is two classes®, D,C, such as BR; links
them and BC, and BC, are syntactically or semantically equivalent an€Rand BC, are
syntactically or semantically equivalent]

Rule for comparing global structure of two classes C; and C;

This is a global structural rule, called “Equivatenstructure_global_classes”, compares
two elements (parameters) calledCand D,C;. The first element belongs to the set of classes
of the first diagram called {T and the second element belongs to the set adedasf the
second diagram called,D. This rule calls other rules. This commutativie meturns 1 (true)
if the two elements are equivalent in global sutet and else returns 0 (false).

Equivalence_structure_global classes DyC xD2C = {0,1}
Equivalence_structure global classes(D;C,, DyC))
1.if [(3DRxED;R 3IDyR € DR, 3 DyCy € D4C and 3 Dy Gy € DoC. [DyRy(D1C, D1Cyy) and DoRy(DoC;, D2Cy))
and (Equivalence_semantic relations(D Ry, D2 R;) = 1 or Equivale nce_syntactic_elements(D,R .. DR}
and (Equivalence_semantic_classes(D,Cy, D3 C,;) = 1 or Equivalence_syntactic_elements (DyCy, D3 C,))]
Or [3D;R, e D,R 3D,R, £D,R, 3 D€, D,C, £D,C 3 D€, ED,C
3 D46, € D16| D1Ry(D4C, D4Cyy). DoRy(D5C, Dy C,) and D46, (D4C, D4Cy)
and (Equivalence semantic relations(D Ry, DyRy) = 1 or Equivalence_syntactic elements{DyjRy. DaRy) = 1)
and (Equivalence semantic classes(DyCy. D7 C;) = 1 or Equivalence syntactic_elements(DCp, D7 Cy) = 1)]
0. else

Explanation: Two classes BC; and QC; are equivalent in global structure if : [(There is
D;Ry relation and BC,, class such as By links D;C; and DC,, and there is ER, relation and
D,C, class such as B, links D,C; and DC,) And (DR« and DR, are syntactically or
semantically equivalent) and {O,, and QC, are syntactically or semantically equivalent)] or
[(There is QR relation and BC, class and BC,, class such as By links D;C, with D;C,,
and DG, is a subclass of {T, and there is ER, relation and BC, class such as B, links
D,C; with D,C,,) And (D;Ry and DR, are syntactically or semantically equivalent) ABJC,,
et D,C, are syntactically or semantically equivalent)].

Rulefor comparing local structure of two classes C; and C;

This is a local structural rule, called “Equivalenstructure_local_classes”, compares two
elements (parameters) called@and BC;. The first element belongs to the set of classes o
the first diagram called {T and the second element belongs to the set (fedasf the second
diagram called BC. This rule calls other rules. This commutativie meturns 1 (true) if the
two elements are equivalent in local structure, @lsd returns O (false).
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Equivalence_structure_local_classes: D1C x D2C > {0,1}
Cquivalence structure_local_classssDyC), DaC)

L.y [vO4G I EDLT.I0GT E'U;L;] 1| Equvalence_semantic_atributes DyL 1y, U, 1) = 1

or Equivalence syntactic elements(D;C T;. D2 G ) and (vDaG T EDGT. 3 D40 T, € D4G T

Equivalence semantic attributes(D;C, Ty,. D2 G Ty) = 1 or Equivalence syntactic_elements{D;C T;. D2C T))
= and [ vD)C,DF € D,C, 0P.3 D;C 0P D;C OF|Equivalence_semantic attributes(DyC, 0P, D;C,0F) = 1
ur Eyuivalenve_syutactic elements (D€ 0Py, DGy 0P et [ vD3C OF € D3C DF,3 DyC, 0P = [ OP|
Equivalence semantic atiributes(U; G Py D20 UF) = 1ou Equvalznce syntacic elements Ly C UPL DG 0R))
0. else

Rule explanation;Two classes are equivalent in local structure dirthattributes and
operations are syntactically or semantically egeint

Rulefor comparing local structure of two attributes T; and T;

This is a local structural rule, called “Equivalenstructure_local_attributes”, compares
two elements (parameters) calledTPand DBT;. The first element belongs to the set of
attributes of the first diagram called; D and the second element belongs to the set of
attributes of the second diagram called DT his commutative rule returns 1 (true) if theotw
elements are equivalent in local structure, anel idturns 0 (false).

Equivalence structure_local atwributes(DyT, D3 T)) : D1T x D2T > {0,1}

1,if DyT, =D,T,
Equivalence _structure local attributes(D4T, D, T)) = 0 if DiTptype z ]t!';l;:g

Rule explanationTwo attributes are equivalent in local structurthdy have the same
type.

Rule for comparing local structure of two relations R; and R;

This is a local structural rule, called “Equivalenstructure_local_relations”, compares
two elements (parameters) calledRPand DBR;. The first element belongs to the set of
relations of the first diagram called® and the second element belongs to the set dforda
of the second diagram calleg® This commutative rule returns 1 (true) if theotelements
are equivalent in local structure, and else retQr(false).
Equivalence _structure local relations(D;R, D;R;) : DiRxD:R > {0,1}
Equivalence structure local relations(DyR, L)R,)
r . if Rptype =D3R,.type and DyR,Multiplicityl Multiplicity2) = D;R,(Multiplicity1 Multiplicity2)

ond Ry.Navigability(source target)= D;R, Navigability(source target)
0, else

Rule explanationTwo relations are equivalent in local structdréhey have the same
type, the same multiplicity and the same naviggbili
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5. CONCLUSION

Any approach of model comparison must take intmant syntactic, semantic and structural
aspects. The semantic integration of models is mptex task because it requires
understanding the semantics of linking conceptse Main contribution of this paper is to
compare syntactic, semantic and structural aspecteo models. The development of our
application is done in Java because this langudlgsvsa the use of several APIs for
manipulating OWL ontologies as Jena (http://jenarseforge.net/) and Sesame
(http://jena.sourceforge.net/). Other resourcestidiaries) are managed in tables. We are
currently achieving an interactive user interfaéeoar system. In fact, the user validates or
delete mappings created. Validated correspondemitidse stored in a MySQL database. The
integration can be applied to "n" models=fMi| i=1..n}. In this case, we can integrate;M
and M, then integrate their result model Mfand M, etc.., until the M model. Our research
will be a further study on the definition of rule$ integration and fusion, which will thus
enable to realize the whole process of model iatém.
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