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1 Motivation

Entity Relationship (ER) diagrams are among the most popular formalisms for

the support of database design [7, 12, 17, 6℄. Their 
lassi
al use in the (usu-

ally 
omputer aided) database design pro
ess 
an roughly be des
ribed as fol-

lows: after evaluating the requirements of the appli
ation, the database designer


onstru
ts an ER s
hema, whi
h represents the 
on
eptual model of the new

database. CASE tools 
an be used to automati
ally transform the ER s
hema

into a relational database s
hema, whi
h is then manually �ne-tuned. During the

last years, the initially rather simple ER formalism has been extended by various

means of expressivity to a

ount for new, more 
omplex appli
ation areas su
h

as s
hema integration for data warehouses [12, 3, 13℄. Designing a 
on
eptual

model with su
h enri
hed ER diagrams is a nontrivial task: there exist 
omplex

intera
tions between the various means of expressivity, whi
h quite often result

in unnoti
ed in
onsisten
ies in the ER s
hemas and in impli
it rami�
ations of

the modeling that have not been intended by the designer. To address this prob-

lem, Des
ription Logi
s (DLs) have been proposed and su

essfully used as a

tool for reasoning about ER diagrams and thereby dete
ting the aforementioned

anomalies [5, 6, 8℄.

In the 
lassi
al ER formalism, elementary properties of entities su
h as their

size, age, or prize play only a minor role: these properties are represented by so-


alled attributes, whi
h the database designer 
an merely list and asso
iate with

a type su
h as integer and string. However, in the a
tual database, there usually

exist various 
onstraints on attribute values that have to be satis�ed. For exam-

ple, if the Employee entity of a 
ompany is equipped with two attributes birth-year

and re
ruitment-year, then we 
ertainly want to enfor
e that, for all instan
es of

Employee, the value of birth-year is smaller than the value of re
ruitment-year.

Su
h \attribute dependen
ies" for relational databases are well-known and have

been investigated in, e.g., [9, 4, 18℄. However, resear
h about this topi
 has



fo
ussed on the 
onsisten
y and impli
ation problems for sets of attribute de-

penden
ies. If reasoning about ER s
hemas (translated into an appropriate DL)

is used to infer properties of the 
on
eptual model, it seems more appropriate

to strive for an integrated approa
h to reasoning with the 
on
eptual model and

attribute dependen
ies. Indeed, the presen
e of su
h dependen
ies 
an have a

severe impa
t on, e.g., the 
onsisten
y of a 
on
eptual model. In this paper, we

propose su
h an integrated approa
h by extending ER diagrams with (various

kinds of) attribute dependen
ies and showing how the extended ER formalism


an be translated into Des
ription Logi
s with 
on
rete domains.

2 ER Diagrams

The basi
 elements of an ER s
hema, su
h as the one depi
ted in Figure 1, are

entities (displayed as boxes), relationships (rhombes), and attributes (
ir
les).

1

Intuitively, an entity des
ribes a set of obje
ts and a relationship des
ribes an

n-ary relation between obje
ts. Attributes represent elementary properties and

their values belong to one of several prede�ned basi
 domains su
h as the inte-

gers, the rationals, or the set of ASCII strings. Sin
e an entity may parti
ipate

more than on
e in a relationship, ER-roles, su
h as employer in Figure 1, are

used to assign names to positions in relationships: the number of ER-roles of a

relationship 
oin
ides with the arity of this relationship. Cardinality 
onstraints

are pla
ed on ER-roles to restri
t the number of times an instan
e of a given

entity may parti
ipate via an ER-role in a given relationship. For example, the

(1;1) 
onstraint on the ER-role employer states that every Company appears

at least on
e in the employer position of the relationship Employs. The links

between Employee and Manager and between Employee and Worker are ISA links

denoting that every Manager also is an Employee and similarly for Worker. More

details on ER s
hemas 
an be found in, e.g., [5, 6℄.

The semanti
s of ER s
hemas is des
ribed in terms of database states. Basi


domains are represented by domain symbols D and asso
iated sets �

D

.

De�nition 2.1. A database state is a tuple (�

B

; �

B

), where �

B

is a nonempty

�nite set disjoint from all basi
 domains and �

B

is a fun
tion mapping

� every entity E to a set E

B

� �

B

,

� every attribute A to a partial fun
tion A

B

from �

B

to the union, for all

basi
 domains D, of �

D

, and

� every relationship R to a set of relation instan
es over �

B

, i.e., to a set of

partial fun
tions from the set of ER-roles to �

B

.

1

In the literature, these are frequently referred to as entity types, relationship types, and

attribute types.
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Figure 1: An example ER s
hema

The relation instan
e r that maps ER-role U

i

to e

i

, for i 2 f1; : : : ; kg, is denoted

[U

1

: e

1

; : : : ; U

k

: e

k

℄.

To give a semanti
s to ER s
hemas, it remains to de�ne the set of database

states that they des
ribe.

De�nition 2.2. A database state B is legal for an ER s
hema S if it satis�es

the following 
onditions:

� For ea
h entity E, if E has an attribute A with basi
 domain D, then for

ea
h instan
e e 2 E

B

, A

B

(e) is de�ned and in �

D

.

� For ea
h relationship R of arity k between entities E

1

; : : : ; E

k

, to whi
h R

is 
onne
ted by means of ER-roles U

1

; : : : ; U

k

respe
tively, all instan
es of

R are of the form [U

1

: e

1

; : : : ; U

k

: e

k

℄, where e

i

2 E

B

i

, for i 2 f1; : : : ; kg.

� For ea
h ER-role U asso
iated to relationship R and entity E, and for ea
h

instan
e e of E, it holds that


min

S

(U) � ℄fr 2 R

B

j r(U) = eg � 
max

S

(U);

where 
min

S

(U) (
max

S

(U)) denotes the lower (upper) 
ardinality 
on-

straint on U in S.

� For ea
h pair of entities E

1

; E

2

related by an ISA-link, we have E

B

1

� E

B

2

.



3 Reasoning with ER Diagrams

The Des
ription Logi
ALCQI extends the basi
 propositionally 
losed DLALC

with qualifying number restri
tions and inverse roles. As des
ribed in [6℄, this

logi
 is well-suited for reasoning about entity relationship s
hemas: ER s
hemas


an be translated into general ALCQI TBoxes (also known as GCIs), and

ALCQI reasoning pro
edures 
an then be used to 
he
k, for a given ER s
hema S,

(i) whether an entity or relationship G in S is 
onsistent (i.e., whether there

exists a legal database state B for S su
h that G

B

6= ;) and (ii) whether S

implies ISA links and 
ardinality 
onstraints that are not expli
itly represented.

Throughout this paper, when talking of \reasoning" with a DL, we mean de-


iding the satis�ability of 
on
epts w.r.t. general TBoxes. Observe that, sin
e

database states are required to be �nite, we are usually interested in �nite model

reasoning. It is known that �nite model reasoning with ALCQI is de
idable,

more pre
isely in 2-ExpTime [5℄. In this se
tion, we des
ribe the standard

way of en
oding ER s
hemas as ALCQI TBoxes. Later, this en
oding will be

modi�ed su
h that attribute dependen
ies 
an be taken into a

ount.

The TBox �(S) derived from an ER s
hema S is de�ned as follows: we

introdu
e an 
on
ept name �(G) for ea
h entity symbol, relationship symbol,

and domain symbol G in S, and a role name �(H) for ea
h ER role symbol and

attribute symbol H in S. The knowledge base �(S) then 
ontains the following


on
ept equations:

1. For ea
h entity E with attributes A

1

; : : : ; A

k

, with domains D

1

; : : : ; D

k

,

the equation

�(E) v 9�(A

1

):�(D

1

) u � � � u 9�(A

k

):�(D

k

)

u 9

=1

�(A

1

) u � � � u 9

=1

�(A

k

):

2. For ea
h relationship R of arity k between entities E

1

; : : : ; E

k

, to whi
h R

is 
onne
ted by means of ER-roles U

1

; : : : ; U

k

respe
tively, the equations

�(R) v 8�(U

1

):�(E

1

) u � � � u 8�(U

k

):�(E

k

)

u 9

=1

�(U

1

) u � � � u 9

=1

�(U

k

)

�(E

i

) v 8�(U

1

)

�

:�(R) u � � � u 8�(U

k

)

�

:�(R):

3. For ea
h ER-role U asso
iated to relationship R and entity E, the equa-

tions

�(E) v 9

�
min

S

(U)

�(U)

�

�(E) v 9

�
max

S

(U)

�(U)

�

if 
max

S

(U) 6=1:

4. For ea
h pair of entities E

1

; E

2

su
h that there is an ISA link between E

1

and E

2

, the equation E

1

v E

2

.
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Figure 2: The augmented ER s
hema

5. For ea
h pair of domain symbols C

1

; C

2

su
h that C

1

6= C

2

, the equation

�(C

1

) v :�(C

2

):

The 
orre
tness of this en
oding is proved in [5℄. Note that we generally view

attributes to be single-valued rather than multi-valued. In the following, we will

advo
ate a more sophisti
ated treatment of attributes and basi
 domains.

4 Adding Attribute Dependen
ies

In the ER formalism and en
oding des
ribed in the previous se
tions, attributes

and basi
 domains play only a minor role. However, as we have argued in

Se
tion 1, it is rewarding to expli
itly represent attribute dependen
ies if ER

s
hemas are not only used for representing the 
on
eptual model, but also for

reasoning about it.

We propose to extend ER s
hemas with three kinds of attribute dependen-


ies: entity attribute dependen
ies (EADs), relationship attribute dependen
ies

(RADs), and global attribute dependen
ies (GADs). Figure 2 shows an exten-

sion of the ER s
hema from Figure 1 that illustrates all three types of attribute

dependen
ies:

EAD. The dash-dotted edge between the birth-year and re
ruitment-year at-

tributes of the Employee entity denotes an EAD. Note that this edge is labeled

with a predi
ate (\<") whose arity 
oin
ides with the number of involved at-

tributes. The EAD states that every Employee must be born before she is em-

ployed. Observe that, in EADs, all involved attributes are asso
iated with the

same entity.



RAD. The dashed edges between the attribute re
ruitment-year of entity Employee,

the ER-roles employee and employer of the relationship Employs, and the attribute

founding-year of entity Company denotes a RAD. It states that 
ompanies do not

hire employees prior to their founding. In general, all ER-roles parti
ipating in

a RAD must be asso
iated with the same relationship. However, the arity of a

RAD for a relationship R may be smaller than R's arity.

GAD. The dash-doubledotted edge between the wage attribute of the Manager

entity and the wage attribute of the Worker entity denotes a GAD. It states

that every manager earns more than any worker. For a GAD, we make no

assumptions on whether and how the entities of the involved attributes are

related in the ER s
hema.

We do not pose any restri
tions on the arity of attribute dependen
ies. Note that

(unless the involved predi
ate is unary), EADs are not spe
ial 
ases of GADs: if,

for example, we repla
e the dash-dotted edge in Figure 2 by a dash-doubledotted

edge, then the modi�ed dependen
y states that every employee was born before

any employee (i.e., not ne
essarily the same) was hired.

In the following, we re�ne the notion \legal database" to 
apture the seman-

ti
s of attribute dependen
ies. We assume that every predi
ate P appearing in

attribute dependen
ies is asso
iated with an arity n, an n-tuple of basi
 domains

(D

1

; : : : ; D

n

) 
alled P 's type, and with a �xed extension E(P ) � �

D

1

� � � � ��

D

n

.

In the presen
e of attribute dependen
ies, we require that any legal database

instan
e B additionally satis�es the following 
onditions:

� For every EAD of arity k referring to (i) attributes A

i

with basi
 do-

mains D

i

, for i 2 f1; : : : ; kg, of an entity E, and (ii) a predi
ate P

of arity k and type (D

1

; : : : ; D

k

), the following holds: if e 2 E, then

(A

B

1

(e); : : : ; A

B

k

(e)) 2 E(P ).

� For every RAD of arity k referring to (i) a relationship R of arity n

equipped with ER-roles U

1

; : : : ; U

n


onne
ting entities E

1

; : : : ; E

n

, respe
-

tively, (ii) indexes h

i

with 1 � h

i

� n, for i 2 f1; : : : ; kg, (iii) attributes A

i

of the entity E

h

i

with basi
 domains D

i

, for i 2 f1; : : : ; kg, and (iv) a

predi
ate P of arity k and type (D

1

; : : : ; D

k

), the following holds: if

[U

1

: e

1

; : : : ; U

n

: e

n

℄ 2 R

B

, then (A

B

1

(e

h

1

); : : : ; A

B

k

(e

h

k

)) 2 E(P ).

� For every GAD of arity k referring to (i) attributes A

i

of entities E

i

with

basi
 domains D

i

, for i 2 f1; : : : ; kg, and (ii) a predi
ate P of arity k and

type (D

1

; : : : ; D

k

), the following holds: if e

i

2 E

i

, for i 2 f1; : : : ; kg, then

(A

B

1

(e

1

); : : : ; A

B

k

(e

k

)) 2 E(P ).

How 
an attribute dependen
ies be 
aptured by Des
ription Logi
s? The

general idea is to extend ALCQI with 
on
rete domains [1, 15℄ and then to

modify the standard en
oding a

ordingly. Re
all that a 
on
rete domain D

is a pair (�

D

;�

D

), where �

D

is a set and �

D

a set of predi
ate names. Ea
h

predi
ate name P 2 �

D

is asso
iated with an arity n and an n-ary predi
ate



P

D

� �

n

D

. Given a 
on
rete domain D, we obtain the DL ALCQI(D) by

extending ALCQI with

1. an additional synta
ti
 type 
alled 
on
rete features; interpretations I map

ea
h 
on
rete feature g to a partial fun
tion g

I

from �

I

to the 
on
rete

domain �

D

.

2. 
on
ept 
onstru
tors 9U

1

; : : : ; U

n

:P and 8U

1

; : : : ; U

n

:P , where P 2 �

D

is

a predi
ate of arity n and the U

i

are paths, i.e., sequen
es R

1

� � �R

k

g, with

R

j

a role name or the inverse of a role name, and g a 
on
rete feature.

Given a path U = R

1

� � �R

k

g and an interpretation I, U

I

is de�ned as

f(d; x) � �

I

��

D

j9d

1

; : : : ; d

k+1

: d = d

1

;

(d

i

; d

i+1

) 2 R

I

i

for 1 � i � k; and g

I

(d

k+1

) = xg:

The semanti
s of the additional 
onstru
tors is de�ned as follows:

(8U

1

; : : : ; U

n

:P )

I

:= fd 2 �

I

j For all x

1

; : : : ; x

n

with (d; x

i

) 2 U

I

i

for 1 � i � n; we have (x

1

; : : : ; x

n

) 2 P

D

g

(9U

1

; : : : ; U

n

:P )

I

:= (:8U

1

; : : : ; U

n

:P )

I

We now modify the standard en
oding of ER s
hemas from Se
tion 3 to take into

a

ount attribute dependen
ies. This time, the target language is ALCQI(D).

For a start, assume that we admit only EADs, but no RADs and GADs. Clearly,

basi
 domains 
an be viewed as 
on
rete domains. However, we assume that all

basi
 domains are represented by a single 
on
rete domain D: if D

1

; : : : ; D

m

are

the basi
 domains, then we have �

D

= �

D

1

[� � �[�

D

m

and �

D


ontains (among

others) a predi
ate >

D

i

for ea
h 1 � i � m su
h that >

D

D

i

= �

D

i

. Unifying all

basi
 domains in a single 
on
rete domain is vital for admitting predi
ates that

have a \mixed type", i.e., predi
ates P with extension E(P ) � D

1

� � � � � D

n

su
h that D

i

6= D

j

for some 1 � i; j � n.

In 
ontrast to what was done in Se
tion 3, we introdu
e a 
on
rete fea-

ture �(A) for ea
h attribute A (instead of a role name). When translating ER

s
hemas S to TBoxes, we repla
e Rule 1 from the translation in Se
tion 3 by

the following one:

1

0

: For ea
h entity E with attributes A

1

; : : : ; A

k

, with domains D

1

; : : : ; D

k

,

add the equation �(E) v 9�(A

1

):>

D

1

u � � � u 9�(A

k

):>

D

k

.

Moreover, we need additional 
on
ept equations to deal with EADs:

6. For every EAD of arity k referring to (i) attributes A

i

, for i 2 f1; : : : ; kg,

of an entity E, and (ii) a predi
ate P of arity k, add the equation �(E) v

9�(A

1

); : : : ; �(A

k

):P:



It is rather straightforward to prove the 
orre
tness of this en
oding by slightly

modifying the 
orre
tness proof of the original en
oding given in [5℄. But is

reasoning with ALCQI(D) still de
idable? Let us defer this question for a

moment and instead note that the des
ribed en
oding uses only a restri
ted

variant of the 
on
rete domain 
onstru
tors, as introdu
ed in [11℄: only 
on
rete

features are used inside these 
onstru
tors, but no paths of length greater one.

We use the name ALCQI

�

(D) to denote the fragment of ALCQI(D) that

is obtained by restri
ting the 
on
rete domain 
onstru
tors in the des
ribed

way. The restri
tedness allows us to make some 
laims about reasoning with

in�nite models: as proved in [2℄, the extension of any de
idable Des
ription

Logi
 with the restri
ted 
on
rete domain 
onstru
tors is again de
idable if the

employed 
on
rete domain satis�es some minor 
onditions. Moreover, it seems

possible to prove an ExpTime upper bound for in�nite model reasoning with

ALCQI

�

(D) analogous to the proof of Theorem 2.15 in [15℄. But what about

�nite model reasoning? It is not hard to see that, analogous to the proof of

Theorem 2.14 in [15℄, we 
an redu
e reasoning with ALCQI

�

(D) to reasoning

with ALCQI (at the 
ost of an exponential blow-up in the 
on
ept/TBox size).

Sin
e �nite model reasoning with ALCQI is known to be in 2-ExpTime [5℄,

we thus obtain that �nite model reasoning with ALCQI

�

(D) is de
idable in

3-ExpTime, at least if the satis�ability of �nite 
onjun
tions of predi
ates from

D 
an be tested in 3-ExpTime (testing the satis�ability of su
h 
onjun
tions is

part of the redu
tion).

If RADs are admitted, we 
an neither o�er general de
idability results for

in�nite model reasoning nor for �nite model reasoning. Let us 
onsider the

obvious way of en
oding RADs:

7. For every RAD of arity k referring to (i) a relationship R of arity n

equipped with ER-roles U

1

; : : : ; U

n


onne
ting entities E

1

; : : : ; E

n

, respe
-

tively, (ii) indexes h

i

with 1 � h

i

� n, for i 2 f1; : : : ; kg, (iii) attributes

A

i

of the entity E

h

i

, for i 2 f1; : : : ; kg, and (iv) a predi
ate P of arity k,

add the equation �(R) v 8�(U

h

1

)�(A

1

); : : : ; �(U

h

k

)�(A

1

):P:

In this en
oding, paths of length 2 appear inside the 
on
rete domain 
onstru
-

tors. Thus, we 
annot use ALCQI

�

(D) but have to resort to ALCQI(D).

Unfortunately, it is well-known that reasoning with ALCQI(D) and general

TBoxes is unde
idable for a large 
lass of 
on
rete domains [16℄. Does this

mean that reasoning with RADs and GADs is not possible? Certainly not! It

just means that we have to be very 
areful in 
hoosing our basi
 domains.

For the remainder of this se
tion, assume that there exists only a single

basi
 domain: the rational numbers. Moreover, assume that only the follow-

ing predi
ates are available for EADs and RADs: (i) unary predi
ates P

q

for

P 2 f<;�;=; 6=;�; >g and q 2 Q, and (ii) binary predi
ates <, �, =, 6=, �,

and >. Call the 
orresponding 
on
rete domain Q. We 
an then translate EADs



as before and RADs as follows: For ea
h pair (A;E), with A attribute and E

entity, introdu
e a 
on
rete feature g

A;E

. Then augment the en
oding by the

following rule:

7

0

: For every RAD of arity k referring to (i) a relationship R of arity n

equipped with ER-roles U

1

; : : : ; U

n


onne
ting entities E

1

; : : : ; E

n

, respe
-

tively, (ii) indexes h

i

with 1 � h

i

� n, for i 2 f1; : : : ; kg, (iii) attributes

A

i

of the entity E

h

i

, for i 2 f1; : : : ; kg, and (iv) a predi
ate P of arity k,

add the equations

�(R) v 8�(U

h

i

)�(A

i

); g

A

i

;E

i

: = for i 2 f1; : : : ; kg

�(R) v 9g

A

1

;E

1

; : : : ; g

A

i

;E

i

:P

Note that k must be either 1 or 2 sin
e we admit only unary and binary

predi
ates. In this en
oding, the 
on
rete domain 
onstru
tors appear only

in the forms 8Rg

1

; g

2

:P and 9g

1

; : : : ; g

n

:P . Let ALCQI

�

(D) be the restri
-

tion of ALCQI(D) to this form of 
on
rete domain 
onstru
tor. In [14℄, we

show that in�nite model reasoning with Q-SHIQ, of whi
h ALCQI

�

(Q) (i.e.,

ALCQI

�

(D) instantiated with the 
on
rete domain Q) is a fragment, is de
id-

able in ExpTime. A de
idability result for �nite model reasoning is not known.

Let us now 
onsider GADs. As we have already noted, unary GADs are

nothing but EADs and 
an thus be translated using Rule 6. To deal with binary

GADs, we have to exploit the 
onne
ted model property of ALCQI

�

(Q): if an

ALCQI

�

(Q)-
on
ept is satis�able (�nitely satis�able) w.r.t. a general TBox T ,

then C and T are satis�able (�nitely satis�able) in a 
onne
ted model, i.e., in

a model that has a \root node" from whi
h every other node 
an be rea
hed

by travelling along role relationships. The idea for dealing with binary GADs

is now as follows: for ea
h attribute A of an entity E, we introdu
e two new


on
rete features g

min

A;E

and g

max

A;E

. Our 
on
ept equations will ensure that, for

every 
onne
ted model I, there exist q

1

; q

2

2 Q su
h that g

min

A;E

(d) = q

1

and

g

max

A;E

(d) = q

2

for ea
h d 2 �

I

. Moreover, we enfor
e that �(A)

I

(d) � q

1

and

�(A)

I

(d) � q

2

for every d 2 �(E)

I

. Finally, we 
an use the g

min

and g

max

features to ensure that the GADs are satis�ed. For te
hni
al reasons, we must

also introdu
e an additional 
on
ept name X

E

for every entity E. Intuitively,

X

E

holds at every point of a 
onne
ted model if the entity E has at least one

instan
e in this model.

Let R be the set of all roles (role names or inverses of role names) used in

the en
oding. Then we add the following rules:

8. For every attribute A of an entity E, add the following 
on
ept equations:

> v 9Rg

min

A;E

; g

min

A;E

:= for all R 2 R

> v 9Rg

max

A;E

; g

max

A;E

:= for all R 2 R

�(E) v 9g

min

A;E

; �(A):�

�(E) v 9g

max

A;E

; �(A):�



9. For every entity E, add the following 
on
ept equations:

�(E) v X

E

9R:X

E

v X

E

for all R 2 R

X

E

v 8R:X

E

for all R 2 R

10. For every binary GAD referring to (i) attributes A

1

; A

2

of entities E

1

; E

2

,

respe
tively, and (ii) a binary predi
ate P , add the equation

X

E

1

uX

E

2

v 9g

max

A

1

;E

1

; g

min

A

2

;E

2

:P if P 2 f<;�g

X

E

1

uX

E

2

v 9g

min

A

1

;E

1

; g

max

A

2

;E

2

:P if P 2 f>;�g

X

E

1

uX

E

2

v 9g

min

A

1

;E

1

; g

min

A

2

;E

2

:= u 9g

min

A

1

;E

1

; g

max

A

1

;E

1

:= if P is \="

u 9g

min

A

2

;E

2

; g

max

A

2

;E

2

:=

In Rule 10, there exists no equation for the \ 6=" predi
ate. This is not by

a

ident: it is not hard to see that the pursued approa
h to en
oding GADs

does not work for this predi
ate. Indeed, we have to leave the en
oding of \ 6="

as an open problem.

Let us spend a few more words on the X

E


on
epts. They are needed to deal

with the \non-transitivity" of GADs. Suppose, for example, that there exists a

<-GAD between a pair A

1

; E

1

and a pair A

2

; E

2

and another <-GAD between

A

2

; E

2

and a pair A

3

; E

3

. From this, we 
an not infer a <-GAD between A

1

; E

1

and A

3

; E

3

: let B be a legal database state su
h that E

B

2

= ;; by the semanti
s

of GADs, there may exist e

1

2 E

B

1

and e

3

2 E

B

3

su
h that A

B

1

(e

1

) � A

B

3

(e

3

). In

the translation of GADs to ALCQI

�

(Q) using the g

min

and g

max

features, we

must be 
areful to preserve this property. This is a
hieved by using X

E

1

uX

E

2

as the left-hand side of the 
on
ept equations in Rule 10: only if E

1

and E

2

do

both have instan
es, whi
h is represented by the fa
t that X

E

1

u X

E

2

holds at

every point in the (
onne
ted) model, the GADs 
on
erning these two entities

do have an \e�e
t".

Similar to the en
oding of RADs, the en
oding of GADs uses only 
on-


rete domain 
onstru
tors of a rather parti
ular form, namely those o�ered by

ALCQI

�

(Q). Thus, in�nite model reasoning with EADs, RADs, and GADs for

the basi
 domain based on the rational numbers is de
idable in ExpTime if the

\ 6=" predi
ate is not used inside GADs. Again, we 
annot o�er any de
idability

or 
omplexity results for �nite model reasoning.

5 Con
lusion

In this paper, we proposed an extension of entity relationship diagrams with at-

tribute dependen
ies and showed how the extended formalism 
an be translated

into Des
ription Logi
s with 
on
rete domains. This is only a �rst step towards



reasoning with attribute dependen
ies sin
e the de
idability and 
omplexity of

reasoning with the involved Des
ription Logi
s is in many 
ases unknown, and

\pra
ti
al" algorithms (i.e., algorithms that show an a

eptable run-time be-

haviour if implemented) are still to be found:

� A tight 
omplexity bound for �nite model reasoning with ALCQI itself is


urrently not known. The best known lower bound is ExpTime while the

best known upper bound is 2-ExpTime [5℄.

� The de
idability and 
omplexity of �nite model reasoning with Des
ription

Logi
s providing for non-trivial 
on
rete domains su
h as Q has never

been formally investigated. It would be interesting to 
he
k whether the

te
hniques developed in [5℄ 
an be generalized in this dire
tion.

� As long as there exist no algorithms for �nite model reasoning, in�nite

model reasoning 
an be used as an approximation. However, for several

interesting 
on
rete domains, it is 
urrently unknown whether they 
an be


ombined with general TBoxes without losing de
idability of in�nite model

reasoning. Examples for su
h 
on
rete domains are the spatial 
on
rete

domain introdu
ed in [10℄ or an analogue of our 
on
rete domain Q that

uses the natural numbers instead of the rationals.

As the above points indi
ate, if taken seriously, attribute dependen
ies are likely

to stimulate interesting future resear
h on Des
ription Logi
s with 
on
rete do-

mains.

Furthermore, it would be interesting to 
ompare the expressive power of

the attribute dependen
ies proposed in this paper with related formalizations

developed, e.g., in [9, 4, 18℄. On �rst sight, it seems that our proposal is, at

least in some aspe
ts, orthogonal to existing proposals:

2

our EADs and GADs


an be expressed as logi
al formulas as proposed in [9℄ and [4℄, but it seems that

our RADs 
annot. Moreover, the formalism in [9℄ and [4℄ 
an be used to de�ne


onditional dependen
ies of the form \if employee e1 is younger than employee

e2, then e1 earns less than e2", whi
h 
annot be expressed by our attribute

dependen
ies in their 
urrent form.
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