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Abstract. W e presen t an information in tegration system called SIN-

T A GMA whic h supp orts the seman tic in tegration of heterogeneous in-

formation sources using a meta data driv en approac h. The main idea of

SINT A GMA is to build a so called Mo del W arehouse, con taining sev eral

la y ers of in tegrated mo dels connected b y mappings. A t the b ottom of

this hierarc h y there are the mo dels represen ting the actual information

sources. Higher lev el mo dels represen t virtual databases, whic h can b e

queried, as the mappings pro vide a precise description of ho w to p opulate

these virtual sources using the concrete ones.

This pap er fo cuses on a recen t dev elopmen t in SINT A GMA allo wing

the information exp ert to use Description Logic based on tologies in the

dev elopmen t of high abstraction lev el conceptual mo dels. Querying these

mo dels is p erformed using the Closed W orld Assumption as w e argue that

traditional Op en W orld DL reasoning is less appropriate in the con text

of database orien ted information in tegration en vironmen ts.

The implemen tation of SINT A GMA uses constrain ts and logic program-

ming, for example, the complex queries are translated in to Prolog goals.

This allo ws us to pro vide functionalities not supp orted b y other in tegra-

tion framew orks.

1 In tro duction

This pap er presen ts the Description Logic mo delling capabilities of the SIN-

T A GMA En terprise Information In tegration system. SINT A GMA is based on

the SILK to ol-set, dev elop ed within the EU FP5 pro ject SILK (System In tegra-

tion via Logic & Kno wledge) [2 ]. SILK is a data cen tered, monolithic informa-

tion in tegration system supp orting semi-automatic in tegration on relational and

semi-structured sources.

The SINT A GMA system extends the original framew ork in sev eral direc-

tions. As opp osed to the monolithic SILK structure, SINT A GMA is built from

lo osely coupled distributed comp onen ts. The functionalit y has b ecome ric her as,

among others, the system no w deals with W eb Services as information sources.



The presen t pap er is ab out a recen t extension of the system whic h allo ws the

in tegration exp ert to use Description Logic mo dels in the in tegration pro cess.

The pap er is structured as follo ws. In Section 2 w e giv e a general in tro duc-

tion to the SINT A GMA system, describing the main comp onen ts, the SILan

mo delling language, and the query execution mec hanism. In the next section

w e discuss the description logic extension of SILan: w e in tro duce the syn tactic

constructs and the mo delling metho dology . In Section 4 w e presen t the execu-

tion mec hanism used when querying Description Logic mo dels. In Section 5 w e

examine related w ork. Finally , w e conclude with a summary of our results.

The examples w e use in the up coming discussions are part of an in tegration

scenario. This scenario represen ts a w orld where w e attempt to in tegrate v arious

information sources ab out writers, pain ters and their w ork (i.e. b o oks, pain tings,

etc.) and presen t this information in the form of abstract views.
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Fig. 1. The arc hitecture of the SINT A GMA system

2 System Arc hitecture

The o v erall arc hitecture of the system can b e seen in Figure 1. The main idea

of our approac h is to collect and manage meta-information on the sources to b e

in tegrated. These pieces of information are stored in the Mo del W ar ehouse of the

system, in the form of UML-lik e mo dels [8], constrain ts and mappings. This w a y

w e can represen t structural as w ell as non-structural information, suc h as class

in v arian ts, implications, etc. The Mo del W arehouse resides in and is handled b y

the Mo del Manager comp onen t.
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W e use the term me diation to refer to the pro cess of querying SINT A GMA

mo dels. Mediation decomp oses complex in tegrated queries to simple queries an-

sw erable b y individual information sources and, ha ving obtained data from these,

comp oses the results in to an in tegrated form. Mediation is the task of the Me-

diator comp onen t.

A ccess to heterogeneous information sources is supp orted b y wr app ers . W rap-

p ers hide the syn tactic di�erences b et w een the sources of di�eren t kinds, b y pre-

sen ting them to upp er la y ers uniformly , as UML mo dels. These mo dels (called

interfac e mo dels ) are en tered in to the Mo del W arehouse automatically . In the

follo wing w e giv e a brief in tro duction to the main comp onen ts.

2.1 The Mo del Manager

The Mo del Manager is resp onsible for managing the Mo del W ar ehouse (MW)

and pro viding in tegration supp ort, suc h as mo del comparison and v eri�cation

(not co v ered in this pap er). Here w e fo cus on the role of the Mo del W arehouse.

The con ten t of the MW is giv en in the language called SIL an whic h is based

on UML [8 ] and Description Logics [12 ]. The syn tax of SILAN resem bles IDL, the

In terface Description Language of CORBA [16 ]. W e demonstrate the kno wledge

represen tation facilities of SINT A GMA b y a simple SILan example sho wing the

relev an t features of the meta-data rep ository (Figure 2).

1 model Art {

2 class Artist:BuiltIns::DLAny {

3 attribute String name;

4 attribute Integer birthDate;

5 constraint self.creation.date > 1900;

6 };

7

8 class Work:BuiltIns::DLAny {

9 attribute String title;

10 attribute String author;

11 attribute Integer date;

12 attribute String type;

13 primary key title;

14 };

15

16 association hasWork {

17 connection Artist as creator;

18 connection Work as creation;

19 }; };

Fig. 2. SILan represen tation of the mo del Art
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The example describ es the mo del Art con taining t w o classes, Artist and

Work . It also con tains an asso ciation b et w een an artist and her w orks. W e will

explain the details of this example within the discussion b elo w.

Seman tics of SILan mo dels The cen tral elemen ts of SILan mo dels are classes

and asso ciations, since these are the carriers of information. A class denotes a

set of en tities called the instanc es of the class. Similarly , an n -ary asso ciation

denotes a set of n -ary tuples of class instances called links .

Classes can ha v e attributes whic h are de�ned as functions mapping the class

to a subset of v alues allo w ed b y the t yp e of the attribute. Classes can inherit

from other classes. The instances of the descendan t class are all instances of the

ancestor class. In our example b oth Artist and Work inherit from the built-in

class DLAny (cf. lines 2 and 8). See Section 3.3 for more details.

Asso ciations ha v e c onne ctions , an n -ary asso ciation has n connections. In an

asso ciation some of the connections can b e named, pro viding in tuitiv e na vigation.

F or example, the connections of asso ciation hasWork corresp onding to classes

Artist and Work are called creator and creation resp ectiv ely (lines 17�18).

Classes are allo w ed to ha v e a primary k ey , comp osed of one or more at-

tributes. This sp eci�es that the giv en subset of the attributes uniquely iden ti�es

an instance of the class. In our example, as a gross simpli�cation, attribute title

serv es as a k ey in class Work , i.e. there cannot b e t w o w orks (b o oks, for example)

with the same title.

Finally , in v arian ts can b e sp eci�ed for classes and asso ciations using the ob-

ject constrain t extension of UML, the OCL language [7 ]. In v arian ts giv e state-

men ts ab out instances of classes (and links of asso ciations) that hold for eac h

of them. The constrain t in the declaration of Artist (line 5) is an in v arian t

stating that the publication date of eac h w ork of an artist is greater than 19001

.

The iden ti�er self refers to an arbitrary instance of the con text, in this case

the class Artist . Then t w o navigation steps follo w. In the �rst step w e na vigate

through the asso ciation hasWork to an arbitr ary w ork of the artist and in the

second step from the w ork to its publication date and state that this is alw a ys

greater than 1900.

In addition to the ob ject orien ted mo delling paradigm, the SILan language

also supp orts constructs from the Description Logic (DL) w orld [12 ]. This, re-

cen tly added new feature of SINT A GMA is discussed in Section 3.

Abstractions F or mediation, w e need mappings b et w een the di�eren t sources

and the in tegrated mo del. These mappings are called abstr actions b ecause they

often pro vide a more abstract view of the notions presen t in the lo w er lev el

mo dels. An example abstraction called w0 can b e seen in Figure 3.

1

This ma y b e so b ecause the giv en information source is kno wn to b e dealing with

w orks of art of 20th cen tury or later.
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This abstraction p opulates the class Work in the mo del Art (line 3) using

classes Product and Description , b oth from the mo del Interface

2

. This means

that the abstraction sp eci�es ho w to create a �virtual� instance of class Work ,

giv en that the other t w o classes are already p opulated (e.g. they corresp ond

to real information sources). In lines 1�3 the iden ti�ers m0 , m1 and m2 are de-

clared, and these will b e used throughout the abstraction sp eci�cation to denote

instances of the appropriate classes.

1 abstraction w0 (m0: Interface::Product,

2 m1: Interface::Description

3 -> m2: Art::Work) {

4

5 constraint

6 m1.id = m0.id and

7 m1.code = 84

8 implies

9 m2.title = m0.title and

10 m2.author = m0.author and

11 m2.date = m0.publication_date and

12 m2.type = m1.description and

13 m2.DL_ID = m0.title;

14 };

Fig. 3. SILan represen tation of the abstraction p opulating class Work

The abstraction describ es that giv en an instance of class Product called m0 and

an instance of class Description called m1 , for whic h the conditions in lines 6�7

hold, there exists an instance m2 of class Work with attribute v alues sp eci�ed b y

lines 9�13

3

. Note that line 6 sp eci�es that the id attributes of the t w o instances

ha v e to b e the same, and th us corresp onds to a relational join op eration. In

our in tegration scenario Product and Description actually corresp ond to real-

w orld Oracle tables con taining b o oks and pain tings. The task of abstraction w0

is to con v ert the records of these tables in to instances of class Work .

W e note that other abstractions can also p opulate class Work . In this case

the set of instances of Work will b e the union of the instances pro duced b y the

appropriate abstractions. Note that if a new information source is added, w e

only ha v e to sp ecify a new abstraction corresp onding to this source, while the

existing abstractions can b e left unc hanged.

Notice that the abstraction in Figure 3 tak es the form of an implication

describing ho w the giv en sources can con tribute to p opulating the high lev el class

Art::Work . This is c haracteristic of the Lo cal as View in tegration approac h [4].

2

In SILan double colons (::) separate the mo del name from the name of its constituen t

(class, asso ciation, etc.).

3

A ttribute DL_ID has a sp ecial role as explained in Section 3.3.
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2.2 The W rapp ers

W rapp ers pro vide a common in terface for accessing v arious information source

t yp es, suc h as relational and ob ject-orien ted databases, semi-structured sources

(e.g. XML or RDF), as w ell as W eb-services.
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A wrapp er has t w o main tasks. First, it extracts meta-data from the informa-

tion source and deliv ers these to the Mo del Manager in the form of SILan mo dels.

F or example, in case of relational sources, databases corresp ond to mo dels, ta-

bles to classes, columns to attributes, as sho wn in Figure 4 (cf. class Product in

abstraction w0 presen ted in Figure 3).

The other principal task of a wrapp er is to transform queries, form ulated

in terms of this in terface mo del, in to the format required b y the underlying

information source, and th us allo w for running queries on the sources.

2.3 The Mediator

The Mediator [1 ] supp orts queries on high lev el mo del elemen ts b y decomp os-

ing them in to in terface mo del sp eci�c questions. This is p erformed b y creating a

query plan satisfying the data �o w requiremen ts of the sources. During the exe-

cution of this query plan the data transformations describ ed in the abstractions

are carried out.

Whenev er w e query a mo del elemen t in SINT A GMA, the Mo del Manager

basically pro vides the follo wing t w o kinds of information to the Mediator:

1. the query goal itself, i.e. a Prolog term represen ting what to query;

2. set of mediator rules, using whic h the mediator can decomp ose the complex

query in to primitiv e ones (i.e. queries that refer only to in terface mo dels).

F or example, let us consider the query sho wn b elo w in v olving class Work .

query RecentWork

select *

from w: Art::Work

where w.date > 2000;
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This query is lo oking for recen t w orks, namely those instances of the class

Art::Work that w ere created after 2000

4

. In this case, the query goal is sim-

ilar to the follo wing simple Prolog expression:

:- 'Work:class:220'( DT , [A, B, C, D, E], DA), C > 2000. (1)

Here, the �rst Prolog goal corresp onds to an instance of Art::Work . The

v ariables in this term will b e instan tiated during query execution. The pred-

icate name 'Work:class:220 ' is comp osed from three parts: the kind of the

mo del elemen t ( class ) and its unique in ternal iden ti�er ( 220 ), preceded b y

the unquali�ed�and th us non-unique�SILan name ( Work ), pro vided for read-

abilit y . Mo del elemen ts are often referred to b y hand les of form Kind(Id) , e.g.

class(220) . The ab o v e predicate name in fact represen ts the static typ e of the

instances queried for.

The �rst argumen t of the goal is the dynamic t yp e of the instance, i.e. the

handle of the class whic h, in case of inheritance, can b e di�eren t from the static

t yp e. The second argumen t con tains the v alues of the static attributes, in this

case w e ha v e �v e suc h v ariables (cf. declaration of class Work in Figure 2), e.g. C

denotes the v alue of the attribute date . The third and last argumen t of the query

term carries the v alues of the dynamic attributes. These represen t the additional

attributes (not kno wn at query time) of the instance if it happ ens to b elong to

a desc endant class of Art::Work . Note that in the curren t implemen tation of

SINT A GMA, as a simpli�cation, the third query argumen t con tains the list of

b oth static and dynamic attributes.

The second part of the query goal corresp onds to a simple arithmetic OCL

constrain t, whic h uses v ariable C represen ting the date attribute of the w ork in

question.

The mediator rules represen ting the abstraction w0 sho wn in Figure 3 tak e

the follo wing form:

'Product:class:1 90 '(_ ,[ A, B,C ,D ], _),

'Description:cla ss :19 1' (_ ,[8 4, E, B], _) --->

'Work:class:220' (c la ss( 22 0) ,[D ,A ,C, D, E] ,[D ,A ,C ,D, E] )

The sp eci�c rule ab o v e describ es ho w to create an instance of the class Work

whenev er w e ha v e t w o appropriate instances of classes Product and Description

a v ailable. If there w ere more abstractions, the Mediator w ould get more rules as

there w ould b e more than one p ossible w a y to p opulate the giv en class.

Note that the mediator rules are also used to describ e inheritance b et w een

mo del elemen ts. In suc h a case the dynamic t yp e of the mo del elemen t on the

righ t hand side of the rule is a v ariable (as opp osed to the constan t class(220)

ab o v e). This v ariable is the same as the dynamic t yp e of the mo del elemen t on

the left hand side. The dynamic attributes are propagated similarly .

4

W e could ha v e created a class named RecentWork and p opulated it b y an appropri-

ate abstraction. Then, instead of form ulating a SILan query , w e could ha v e simply

directly ask ed for the instances of this class. The question whether to use a query or

an abstraction is a mo delling decision.
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Finally , let us men tion that an n-ary asso ciation is implemen ted as an n-ary

relation, eac h argumen t of whic h is a ternary structure corresp onding to a class

instance, similar to the one app earing in (1). F or example, a query goal for the

asso ciation hasWork (cf. Figure 2) has the follo wing form:

:- 'hasWork:associa tio n: 22 7'(

'Artist:class:218 '( DT1 ,[ A, B,C ], DA 1), (2)

'Work:class:220'( DT 2,[ D, E, F,G ,H ], DA2 )

).

3 DL mo delling in SINT A GMA

Let us no w in tro duce the new DL mo delling capabilities of the SINT A GMA

system. First w e discuss wh y w e need Description Logic mo dels during the in te-

gration pro cess and w e pro vide an in tro ductory example. Then w e presen t the

DL constructs supp orted b y our system and discuss the restrictions w e place

on their usage. Finally , w e summarise the tasks of the in tegration exp ert when

using DL elemen ts during in tegration.

3.1 In tro duction

In the Mo del W arehouse w e handle mo dels of di�eren t kinds. W e distinguish

b et w een applic ation and c onc eptual mo dels . The application mo dels represen t

existing or virtual information sources and b ecause of this they are fairly elab o-

rate and precise. Conceptual mo dels, ho w ev er, represen t men tal mo dels of user

groups, therefore they are v aguer than the application mo dels.

W e argue that to construct suc h mo dels it is more appropriate to use some

kind of on tological formalism instead of the relativ ely rigid ob ject orien ted

paradigm. A ccordingly , w e extended our mo delling language to incorp orate sev-

eral description logic constructs, in addition to the UML-lik e ones describ ed

earlier. In the en visioned scenario, the high-lev el mo dels of the users are form u-

lated in description logic and via appropriate de�nitions they are connected to

lo w er-lev el mo dels. Mediation for a conceptual mo del w orks in the same w a y as

for an y other mo del: the query is decomp osed, follo wing the abstractions, un til

w e reac h the in terface mo dels (in general, through some further in termediate

mo dels) whic h can b e queried directly .

Before going in to the details, w e sho w an example to illustrate the w a y ho w

DL descriptions are represen ted in SILan (note that Writer and Painter are

b oth descendan ts of class Artist , but otherwise they are normal UML classes.

model Conceptual {

class WriterAndPainter {};

constraint equivalent { (3)

WriterAndPainter,

Unified::Writer and Unified::Painter };

};
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Here w e de�ne the class WriterAndPainter b y pro viding a SILan constrain t.

This constrain t can b e placed an ywhere in the Mo del W arehouse: in the example

ab o v e w e simply put it in the same mo del that declares the class WriterAnd

Painter itself. The constrain t actually corresp onds to a DL c onc ept de�nition

axiom : W riterAndP ainter � W riter u P ainter . Namely , it states that the instances of

class WriterAndPainter are those (and only those) who b elong to the unnamed

class con taining the individuals who are b oth writers and pain ters. Th us, DL

concepts are de�ned using the Global as View approac h [4], as opp osed to when

p opulating high-lev el classes using abstractions (cf. Section 2.1).

Note that the class WriterAndPainter could b e created without DL supp ort.

Ho w ev er, in that case the in tegration exp ert w ould ha v e to go through a m uc h

more elab orate pro cess of (1) creating the high lev el class WriterAndPainte r ,

sp ecifying all its attributes and (2) p opulating it with an appropriate abstraction

in v olving a join. No w, with DL supp ort, she simply form ulates a v ery short and

in tuitiv e DL axiom. W e argue that this is easier for the exp ert to do, and it also

mak es the con ten t of the Mo del W arehouse more readable to others.

3.2 DL elemen ts in SILan

F rom the DL p oin t of view, SINT A GMA supp orts acyclic Description Logic

TBo xes con taining concept de�nition axioms form ulated in the extension of the

ALCN (D ) language (see more b elo w ab out the extension). Only single atomic

concepts, so called name d symb ols can app ear on the left hand side of the axioms,

suc h as WriterAndPainter in example (3). The remaining atomic concepts, not

app earing on the left hand side are called b ase symb ols . Suc h a TBo x is de�nito-

rial, i.e. the meaning of the base sym b ols unam biguously de�nes the meaning of

the named sym b ols. The base sym b ols, in our case, corresp ond to normal SIN-

T A GMA classes and asso ciations, e.g. Writer and Painter in the example (3).

The ABo x is a set of concept and role assertions, as determined b y the instances

of the classes whic h corresp ond to the base sym b ols participating in the TBo x.

The DL concept constructors supp orted b y SINT A GMA and their SILan

equiv alen ts are summarised in T able 1. Note that this table actually describ es the

p ossible concept formats on the righ t hand side of a de�nition axiom, assuming

that w e ha v e exp ande d the TBo x

5

.

The only non-classical DL elemen t in T able 1 is the concrete domain restric-

tion (the last line in the table). Suc h a restriction sp eci�es a subset of instances

of the base concept A for whic h the giv en OCL constrain t holds. This is a gener-

alisation of the idea of concrete domains in the Description Logics w orld. Belo w

w e sho w an example of a concrete SILan restriction describing those w orks whose

t yp e (i.e. the v alue of the attribute type ) is � painting �.

{class constraint Art::Work satisfies self.type="paint in g" }

The reason w e allo w only concept de�nition axioms is that w e aim to use DL

concepts to describ e executable high-lev el views of information sources. In this

5

The expanded v ersion of an acyclic TBo x is another TBo x where ev ery named sym b ol

on the righ t hand side of the axioms is substituted b y its de�nition.
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Name Syn tax SILan equiv alen t

Base concept A UML class

A tomic role R UML asso ciation

T op > DLAny

Bottom ? DLEmpty

Negation : C not C

In tersection C u D C and D

Union C t D C or D

V alue restrictions 8R:C slot constraint R all values C

Existen tial restrictions 9R:C slot constraint R some value C

Num b er restrictions on nR slot constraint R cardinality i..j

Concrete restriction � class constraint A satisfies OCL

T able 1. (extended) DL concept constructors supp orted in SILan

sense a DL concept is actually a syn tactic v arian t of a SILan query or a SILan

class p opulated b y an abstraction.

Note that this also implies that w e use the Closed W orld Assumption (CW A)

in DL query execution. W e argue that this is appropriate b ecause of the follo w-

ing three reasons. First, CW A automatically ensures that our DL constructs are

seman tically compatible with other constructs in the SINT A GMA system. Sec-

ond, w e argue that the Op en W orld Assumption(O W A) is applicable when w e

ha v e only partial kno wledge and w ould lik e to determine the consequences of

this kno wledge, true in ev ery univ erse in whic h the axioms of this partial kno wl-

edge hold. In con trast with this, in the con text of information in tegration, our

users w ould lik e to consider a single univ erse, in whic h a base concept or a role

denotes exactly those individuals (or pairs of individuals) whic h are presen t in

the corresp onding database. T o illustrate this issue, let us consider the follo wing

example: the concept of no vice pain ter is de�ned to con tain pain ters ha ving at

most 5 pain tings (for example, b eing a no vice pain ter ma y b e a precondition for

a go v ernmen t gran t). T o mo del this situation, the in tegration exp ert creates the

DL axiom sho wn b elo w.

NoviceP ainter � P ainter u (6 5 hasP ainting )

Ho w ev er, querying this concept, using O W A, will pro vide no results in general

as an op en w orld reasoner w ould return an individual only if it is pr ovable that

it has no more than 5 pain tings. Practically , this is not what the information

exp ert w an ts.
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The third reason wh y w e decided to use the closed w orld assumption is the

fact that w e ha v e h uge amoun ts of data in the underlying databases. T raditional,

tableau based DL reasoners do not cop e w ell with large ABo xes [10 ]. Resolution

based DL pro ving tec hniques [13 ] do m uc h b etter, but they are either still not

fast or not expressiv e enough [15 ]. By using CW A w e can implemen t DL queries

using the w ell researc hed, e�cien t database tec hnology .

3.3 Mo deling metho dology and tasks of the in tegration exp ert

The in tegration exp ert is resp onsible for creating the DL axioms. Although

these are represen ted in SILan within the SINT A GMA system, the exp ert can use

an y a v ailable O WL editor to create O WL descriptions. These descriptions then

can b e loaded b y the O WL imp orter of the SINT A GMA system that basically

realises an O WL-SILan translation (cf. the �Mo del Im(Ex)p ort� b o x in Figure 1).

One thing the exp ert should tak e care of is to matc h the names of the base

sym b ols and the corresp onding SINT A GMA classes and asso ciations. This is

often done in t w o steps: �rst the in tegration exp ert creates concept de�nition

axioms using the widely accepted terminology of the domain, not pa ying atten-

tion to the names of the mo del elemen ts in the Mo del W arehouse. Next, the

exp ert pro vides additional de�nition axioms for eac h base sym b ol connecting it

with the prop er mo del elemen t. F or example, w e could use names A and B instead

of Writer and Painter in (3), pro vided that w e ha v e the follo wing axioms:

A � Writer

B � Painter

Another imp ortan t issue is to decide ho w to iden tify the instances of the base

concepts, e.g the instances of the class Writer and class Painter . Without this,

it is not p ossible to determine the instances of class WriterAndPainter .

In a traditional DL ABo x, an instance has a name that unam biguously iden-

ti�es it. Unam biguit y is guaran teed b ecause DL reasoning systems use the so

called unique name assumption, i.e. they assume that t w o di�eren t instance

names denote di�eren t elemen ts in the domain.

In SINT A GMA, similarly to databases, an instance is iden ti�ed b y the subset

of its attribute v alues, e.g. t w o writers could b e considered to b e the same if their

names matc h. In other w ords, this means that name is a k ey in class Writer .

The problem is that suc h k eys are fairly useless when w e compare instances

of di�eren t sources. This is b ecause, in general, w e cannot dra w an y direct con-

clusion from the relation of the k eys b elonging to instances from di�eren t classes.

F or example, databases con taining emplo y ees often use n umeric IDs as k eys. Ha v-

ing t w o emplo y ees from di�eren t companies with the same ID do es not mean

that w e are talking ab out the same p erson. Similarly , if the IDs of the emplo y ees

do not matc h, they are not necessarily di�eren t p ersons.

What w e need is some kind of shared k ey that uniquely iden ti�es the instances

of the classes participating in DL concept de�nitions. Luc kily , the ob ject-orien ted

paradigm w e use in SINT A GMA pro vides a nice w a y to ha v e suc h iden ti�ers.

W e ha v e men tioned earlier that in SINT A GMA the notion of DL concept

is a syn tactic v arian t of SINT A GMA class. This also means that the result of
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a DL query is an ordinary instance that has to b elong to some class(es). F or

example, when w e are lo oking for the instances that are in b oth classes Writer

and Painter w e are actually in terested in an artist instance b elonging to these

classes sim ultaneously . This is true in general: whatev er DL concept constructs

w e use to describ e a DL concept the result m ust b elong to some class that is a

common ancestor of the classes in v olv ed.

Instead of asking the in tegration exp ert to de�ne suc h common ancestor

classes in an ad ho c w a y , w e in tro duce the built-in class DLAny . This class cor-

resp onds to the DL concept top ( > ) and it has only one attribute called DL_ID

whic h is a k ey . W e require that all the classes participating in DL concept de�ni-

tions are the descendan ts of DLAny

6

(cf. lines 2 and 8 of Figure 2). Because of the

prop erties of generalisation attribute DL_ID will b e a k ey in all of the descendan t

classes, i.e. it will exactly serv e as the global iden ti�er w e w ere lo oking for.

No w, the task of the in tegration exp ert is to assign appropriate v alues to

the DL_ID attributes: she needs to extend the existing abstractions p opulating

the base sym b ols (classes) to also consider the attribute DL_ID . By appropriate

v alues w e mean that the DL_ID s of t w o instances should matc h if these instances

are the same, and should di�er otherwise. An example for this can b e seen in

Figure 5 p opulating the class Writer .

1 abstraction ap (m0: Interface::Member ->

2 m1: Unified::Writer) {

3

4 constraint let n = m0.fname.concat(" ").concat(m0.lname) in

5 m1.name = n and

6 m1.birthDate = m0.date and

7 m1.id = m0.iwa and

8 m1.style = m0.style and

9 m1.DL_ID = n;

10 };

Fig. 5. P opulating the DL_ID attribute of a base concept

This abstraction p opulates the class Writer from an in terface class called

Member (lines 1�2). Let us assume that the mem b ers of this asso ciation ha v e

some kind of a unique iden ti�er, suc h as the mem b ership n um b er of an imaginary

�In ternational W riter Asso ciation� (IW A), presen t in the underlying database. It

ma y b e w orth bringing this k ey to the class Writer (line 7) as it mak es p ossible

to �nd writers e�cien tly if they happ en to b e IW A mem b ers. Ho w ev er, the

unique iden ti�er from the DL p oin t of view has to b e di�eren t: in fact it is the

concatenation of the �rst and last name of the writer (line 4 and 9).

This is b ecause the class Writer can also b e p opulated from other sources

where the IW A n um b er mak es no sense. F urthermore, w e ma y w an t class Writer

to b e a descendan t of class Artist , together with some other classes, suc h as

6

Note that this is a necessary condition. As for an y concept C , C v > holds, an y DL

instance has to b elong to the class corresp onding to > , i.e. to DLAny .
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Painter . This requires a k ey that can b e computed from all the underlying

sources, suc h as the name of the artist

7

.

T o summarise, the in tegration exp ert has to p erform the follo wing tasks when

DL mo delling is used during the in tegration pro cess:

1. declare DL classes and for eac h pro vide corresp onding de�nition axioms;

2. ensure that eac h base concept app earing in the de�nition axioms is:

(a) inherited from class DLAny ,

(b) p opulated prop erly , i.e. its DL_ID attribute is �lled appropriately .

4 Querying DL mo dels in SINT A GMA

No w w e turn our atten tion to querying DL concepts in SINT A GMA. As

describ ed in Section 2.3 our task is to create a query go al and a set of me diator

rules . When w e query a DL class, w e only generate mediator rules for the base

sym b ols. As these are ordinary classes and asso ciations, this pro cess is exactly

the same as the one w e use for cases without an y DL construct in v olv ed.

Recall that a SINT A GMA instance is c haracterised b y three prop erties, as

exempli�ed b y (1) on page 7: its dynamic t yp e DT , its static attributes SA and

its dynamic attributes DA . A DL class has only a single static attribute, the

DL_ID k ey . Ho w ev er, in con trast with an ob ject orien ted query , a DL query

ma y return an answ er that has m ultiple dynamic t yp es. F or example, when w e

en umerate the class WriterAndPainte r w e get instances that b elong to b oth

classes Writer and Painter . A ccordingly , an answ er to a DL query tak es the

form of a pair (ID, DTAs) , where ID is the v alue of the DL_ID , while DTAs =

[DT

1

-DA

1

,DT

2

-DA

2

,...] is the list of the dynamic t yp es of the answ er, eac h

paired with the corresp onding dynamic attribute list.

The algorithm sp ecifying what goals to create from a DL concept description

is summarised in Figure 6. Here w e describ e a function � C whic h, giv en an

arbitrary concept C , returns the corresp onding query goal with t w o argumen ts,

ID and DTAs . W e de�ne this function case b y case.

If w e ha v e a base class, w e simply create a query term represen ting the

instances of the class, similar to the one in goal (1). If w e ha v e the in tersection

of t w o concepts C and D , w e recursiv ely transform concepts C and D and put

them in a Prolog conjunction. The union of classes is similar: w e create a Prolog

disjunction. Negation : C is implemen ted b y en umerating the DLAny class, and

remo ving those instances whic h b elong to C . The exp ensiv e DLAny en umeration

can b e a v oided when the negation app ears in a conjunction (whic h is normally

the case).

The more in teresting cases in v olv e asso ciations. Here R denotes the asso cia-

tion itself, while RD
and RR

denote the classes that are the domain and the range

of asso ciation R , resp ectiv ely . Recall that a binary asso ciation is represen ted b y

a binary relation with ternary structures as argumen ts as in (2).

7

This is also a simpli�cation. More realistically , the k ey could b e the name together

with the birth date.

13



� A (ID, DTAs) = A (DT, [ID|_], DA), DTAs = [DT-DA]

� C u D (ID, DTAs) = � C (ID, DTAs1) ; � D (ID, DTAs2) ; DTAs = DTAs1 � DTAs2 ;

where � denotes the (compile time) concatenation of lists

� C t D (ID, DTAs) = ( � C (ID, DTAs) ; � D (ID, DTAs))

� : C (ID, DTAs) = DLAny(ID, DTAs), n+ � C (ID, _)

� 9 R:C (ID, DTAs) = R ( RD
(DT, [ID|_], DA), RR

(_, [ID2|_], _)),

� C (ID2, _), DTAs = [DT-DA]

� 8 R:C (ID, DTAs) = RD
(DT, [ID|_], DA), DTAs = [DT-DA] ;

n+ ( R ( RD
(DT, [ID|_], DA), RR

(_, [ID2|_], _)),

n+ � C (ID2, _))

� on nR (ID, DTAs) = aggregate([DT, ID, DA], [S=cnt(0)],

R ( RD
(DT, [ID|_], DA), RR

(_, _, _))),

condition on (n, S), DTAs = [DT-DA]

Fig. 6. T ransforming DL constructs in to query goals

The existen tial restriction 9R:C is simply transformed to a query of the

asso ciation R and the concept C . The goal corresp onding to a v alue restriction

8R:C �rst en umerates the domain of R and then uses double negation to ensure

that the giv en instance has no R -v alues whic h do not b elong to C . Finally , a

n um b er restriction (on nR) is transformed in to a goal whic h uses a bagof -lik e

Prolog predicate aggregate/3 to en umerate the instances in the domain of R
together with the n um b er of R -v alues connected to them, and then simply applies

the appropriate arithmetic comparison.

A concrete restriction in v olving a base concept A and an OCL constrain t O
is transformed in a straigh tforw ard w a y in to the query goal as sho wn b elo w

8

:

� A (ID, DTAs), DTAs = [DT-DA], 	 O (ID, DA)

In all form ulas so far, ID denotes the v alue of the attribute DL_ID con taining

the unique name of the DL instances (see Section 3.3). Here w e mak e use of the

fact that these attributes are alw a ys placed �rst in the static attribute list of an

instance. T o illustrate the general algorithm, t w o example transformations are

sho wn in Figure 7. The second example in v olv es an asso ciation hasPainting

and a class Modern (represen ting, sa y , con temp orary pieces of art).

8

Here, 	 O (ID, DA) is the Prolog translation of the OCL constrain t O . This is an �old�

feature, implemen ted b efore the in tro duction of DL extension in to SINT A GMA.
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Class to query: WriterAndPainter

DL de�nition: Writer u Painter

Query goal: 'Writer:class:234'(DT1,[ID|_], DA1),

'Painter:class:236'(DT2,[ID|_],D A2),

DTAs = [DT1-DA1,DT2-DA2]

Class to query: ModernPainterWriter

DL de�nition: Writer u 9 hasPainting.Modern

Query goal: 'Writer:class:234'(DT1,[ID|_], DA1),

'hasPainting:association:142'(

'Artist:class:218'(DT2,[ID|_ ],DA2 ),

'Work:class:220(_,[ID2|_],_) ),

'Modern:class:237'(_,[ID2|_], _),

DTAs = [DT1-DA1,DT2-DA2]

Fig. 7. T ransformation examples

5 Related w ork

The t w o main approac hes in information in tegration are the Lo cal as View

(LA V) and the Global as View (GA V) [4]. In the former, sources are de�ned

in terms of the global sc hema, while in the latter, the global sc hema is de�ned

in terms of the sources (similarly to the classical views in database systems).

Information Manifold [14 ] is a go o d example for a LA V system. Examples for

the GA V approac h include the Stanford-IBM in tegration system TSIMMIS [6 ].

In SINT A GMA w e apply a h ybrid approac h, i.e. w e use b oth LA V and GA V.

When using abstractions to p opulate high-lev el classes w e emplo y the LA V, while

in case of DL class de�nitions w e use the GA V approac h.

There are sev eral completed and ongoing researc h pro jects in the area of using

description logic-based approac hes for b oth En terprise Application In tegration

(EAI) and En terprise Information In tegration (EI I) as w ell.

The generic EAI researc h stresses the imp ortance of the Service Orien ted

Arc hitecture, and the pro vision of new capabilities within the framew ork of Se-

man tic W eb Services. Examples for suc h researc h pro jects include DIP [11 ] and

INFRA WEBS [9 ]. These pro jects aim at the seman tic in tegration of W eb Ser-

vices, in most cases using Description Logic based on tologies and Seman tic W eb

tec hnologies. Here, ho w ev er, DL is used mostly for service disco v ery and design-

time w ork�o w v alidation, but not during query execution.

On the other hand, sev eral logic-based EI I to ols use Description Logics and

tak e a similar approac h as w e did in SINT A GMA. That is, they create a DL

mo del as a view o v er the information sources to b e in tegrated. The basic frame-

w ork of this solution is describ ed e.g. in [5,3 ]. The fundamen tal di�erence com-

pared to our approac h is that these applications deal with the classical Op en

W orld Assumption, therefore their task can b e view ed as an ABo x instance re-

triev al task. Ho w ev er, as already discussed in Section 3.2, one problem with this
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is that the ABo x is distributed among the underlying heterogenous databases

whic h therefore can b e extremely big. W e argue that existing DL reasoners are

not usable when this amoun t of data and complex DL queries are in v olv ed.

6 Conclusions

In this pap er w e presen ted the DL extension of the information in tegration

system SINT A GMA. This extension allo ws the information exp ert to use De-

scription Logic based on tologies in the dev elopmen t of high abstraction lev el

conceptual mo dels. Querying these mo dels is p erformed using the Closed W orld

Assumption o v er the underlying information sources.

W e ha v e presen ted the main comp onen ts of the SINT A GMA system: the

Mo del Manager whic h is resp onsible for the Mo del W arehouse, the W rapp er,

whic h pro vides a uniform view o v er the heterogenous information sources and

the Mediator, whic h decomp oses complex high-lev el queries in to primitiv e ones

answ erable b y the individual information sources.

Next, w e ha v e describ ed the DL mo delling elemen ts the in tegration exp ert

can use when building conceptual mo dels and w e ha v e also discussed the mo d-

elling metho dology she has to follo w. W e ha v e presen ted the w a y ho w DL queries

are executed within the SINT A GMA system. Finally , w e ha v e illustrated our ap-

proac h b y pro viding a use case ab out artists.

W e argue that our solution for com bining DL and UML mo delling in a uni�ed

in tegration framew ork pro vides a viable alternativ e to existing systems. The

usage of DL constructs in building high-lev el conceptual mo dels has substan tial

b ene�ts, b oth in terms of mo delling e�ciency and main tenance.
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