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Abstract. In this paper, we present our study of abstraction

in object based knowledge representations. We distinguish two

kinds of abstractions: forgetting abstractions which ab-

stract objects by forgetting information and synthesis ab-

stractions which abstract objects by synthesizing informa-

tion. Finally, we propose to use these abstractions to generate

concise answers to knowledge bases queries -formalized by ob-

ject based knowledge representations.

1 INTRODUCTION

In object oriented data models, a query is traditionally ex-

pressed as a class description which is classi�ed in the class

taxonomy [1, 2, 3, 5]. The answer is simply the set of all ob-

jects that are instances of the class equivalent to the query.

However, the answer may be too voluminous and provide

too much details than the user desires. Some works [8, 14]

have developed reasoning mechanisms based on knowledge

abstraction in order to generate concise answers to database

queries. The proposed idea is to transform initial information

by forgetting certain details which are not relevant.

We propose to extend abstraction mechanisms to knowl-

edge bases formalized by an object based knowledge represen-

tation with a class/ instance approach. The aim is to allow

users to consult in a synthetic way a large knowledge base.

Our system must be able to generate concise answers by for-

getting irrelevant details, but also by synthesizing relevant

information. In a �rst time, our approach consists in trans-

forming an initial query in an abstract query and in a second

time to abstract in the same way the answer of the initial

query.

Queries are expressed as class descriptions so we �rst present

the di�erent ways to abstract objects and then we describe

generations of abstract answers.

2 OBJECT ABSTRACTIONS

An object O is de�ned by a conjonction of properties. O �

(a

1

: d

1

; :::; a

n

: d

n

). a

i

is a slot, it speci�es the name of a

property. d

i

is the domain of a

i

. An object is a class or an

instance. Classes, organized into hierarchies, ordered by the

specialization relation, modelise generic objects or concepts.

Instances modelise speci�c objects, they are representative of

certain classes.

In the problem solving area, abstraction is de�ned by F.

Giunchiglia and T. Walsh as a total function transforming a

problem in a simpler problem [9].

Let abs(O) be the set of all possible abstract objects of

O. For all O

0

2 abs(O), there exists a total function f such

that f(O) = O

0

. We distinguish two kinds of abstractions:

forgetting abstractions which abstract objects by forget-

ting information and synthesis abstractions which abstract

objects by synthesizing information.

2.1 Forgetting abstractions

If an object O

2

is an abstraction obtained by forgetting infor-

mation of an object O

1

then O

2

description is included in O

1

description. There are two ways to forget information which

could be applied to a slot (a

i

: d

i

). We can forget the whole

slot description (a

i

: d

i

) or a part of the domain description

(d

i

), so a new domain d

0

i

is obtained. If d

i

is an object, d

0

i

is

a forgetting abstraction of d

i

. But if the type of d

i

is simple,

like an integer interval for instance, then d

i

is included in d

0

i

.

The relation between an abstract object and an initial ob-

ject, induced by a forgetting abstraction, is a particular case of

o-subsumption -subsumption in object based representations-

[11]. An object O

2

� (a

1

: d

1

; :::; a

n

: d

n

) o-subsumes an ob-

ject O

1

� (b

1

: e

1

; :::; b

m

: e

m

) if for all slot a

i

, there exists

one slot b

j

such that (a

i

: d

i

) �

a

i

(b

j

: e

j

). �

a

i

is a own

partial order relation of a

i

. The o subsumption relation is a

partial order relation de�ned as a conjunction of the partial

order relations �

a

i

.

Let �

abs

forg

be the abstraction relation by forgetting in-

formation.

De�nition 1 O
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) are two objects.

O
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O

1
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)
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(b

j

: e
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) means that a

i

description is an ab-

straction of b

j

description obtained by forgetting information.
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De�nition 2 (a

i

: d

i

) and (b

j

: e

j

) are two slot descriptions.

(a

i

: d

i

) �

slot

forg

(b

j

: e

j

), a

i

= b

j

;

if a

i

type is simple

then d

i

� e

j

else d

i

�

abs

forg

e

j

The relations �

abs

forg

and �

slot

forg

are both partial order

relations. They are re
exive, antisymetric and transitive.

Examples :

Let the class Child de�ned by

Child � (�rstname : String, name : String, father : Man,

mother : Woman).

If the class Person is a forgetting abstraction of the classes

Man and Woman, the class de�ned by

(�rstname : String, name : String, father : Person, mother :

Person)

is a forgetting abstraction of the class Child.

Let us consider the two following instances :

Child1 � (�rstname : Peter, name : Smith, father : Man1,

mother : Woman1),

and

Man1 � (�rstname : John, name : Smith, job : Bookseller).

The following instances are three possible abstractions of the

instance Child1 :

(�rstname : Peter), (name : Smith), (father : (job : Book-

seller)).

These de�nitions imply that all the surperclasses and all

the components of an object are forgetting abstractions of it.

These abstractions are similar in spirit to predicate abstrac-

tions that have been discussed by J.D. Tenenberg [12, 13].

The notion of point of view is traditionally used to make a

partition of an object slot set [4, 7, 6, 10]. Each subset groups

together slots which are known by a given expert. Any object

which is obtained by applying a point of view to an object, is

a forgetting abstraction of it.

2.2 Synthesis abstractions

If an object O

2

is an abstraction obtained by synthesizing

information of an object O

1

then O

2

description is obtained

by applying functions to O

1

description.

To be more precise, if an object O

2

is a synthesis abstrac-

tion of an object O

1

then for all slot a, its description is ob-

tained by applying a function synt to a slot subset fb

k

; :::; b

l

g

of O

1

. The function synt maps the semantics of b

k

; :::; b

l

onto

that of a. So a function synt is expressed by the term :

synt : (b

k

: d

k

) � :::� (b

l

: d

l

)! (a : d)

If d type is simple, it is calculated from d

k

; :::; d

l

domains.

Otherwise d is an object and then it is a synthesis abstrac-

tion of the object formed by the conjunction of the domains

d

k

; :::; d

l

.

Functions synt induce a partial order relation, written �

slot

synt

,

between a slot and a slot set. Let �

abs

synt

be the abstraction

relation by synthesizing information.

De�nition 3 O
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synt

((b
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); :::; (b

l

: e
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)) means that a

i

de-

scription is an abstraction of the conjunction of b

k

; :::; b

l

de-

scriptions by synthesizing information.

De�nition 4 (a : d) is a slot description and f(b

1

: d

1

); :::; (b

m

:

d

m

)g is a slot description set.

(a : d) �

slot
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)! (a; t);
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The relations �

abs

synt

and �

slot

synt

are both partial order

relations. They are re
exive, antisymetric and transitive.

Example :

The class

blood-preasure-measure � (1

st

-number : integer, 2

nd

-number

: integer, date : date)

can be synthetized by the class

blood-preasure � (value : fnormal, high-blood-preasure, low-

blood-preasureg)

using the total function

f : (1

st

-number : integer) � (2

nd

-number : integer) ! (value

: fnormal, high-blood-preasure, low-blood-preasureg)

In the object based representation, there isn't any relation

between objects which may be interpreted as a synthetis ab-

straction relation. We propose to introduce two kinds of rela-

tions : synthesis slot relations and synthesis class rela-

tions. A synthesis slot relation links a slot set fb

k

; :::; b

l

g to a

slot a. It means that (a

i

: d

i

) �

slot

synt

((b

k

: e

k

); :::; (b

l

: e

l

)).

A synthesis class relation links a class set fC

1

; :::; C

n

g to a

class C. It means that the class C is a synthesis abstraction

of the class C

0

formed by the conjunction of C

1

; :::;C

n

, i.e

C �

abs

synt

C

0

.

3 ABSTRACT ANSWER

GENERATIONS

A query answer is the set of objects which are instances of the

class equivalent to the query. In order to generate abstract

answers, we have to generate abstract instances.

In a �rst time, we propose to abstract a query Q in another

query Q

0

by a total function f such that f(Q) = Q

0

. Q

0

may

be a forgetting or a synthesis abstraction of Q. In a second

time, the total function f is used to abstract the initial query

answer.

The instanciation class Q

i

of any instance i of the query Q

answer is a subclass of Q. So Q is a forgetting abstraction of

Q

i

, i.e there exists a total function f

i

such that f

i

(Q

i

) = Q.

Then any instance i of the query Q answer can be abstracted

by the total function f �f

i

. The result of f �f

i

(i) is an instance

of Q

0

.
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An abstract answer must interest the user, i.e it must be

composed of relevant information. There are many di�erent

abstractions of one object. To determine which abstractions

the user would like, we need more information than the initial

query description. For example, it will be possible to indicate

which slots must absolutely appear in the abstract answer,

or on the contrary which slots mustn't in any case appear

in the abstract answer. It will also be possible to choose in

the class taxonomy, some classes which would be interesting

abstractions of the query, or to indicate di�erent points of

view which would give interesting restrictions on query slots.

4 CONCLUSION

To allow users to consult in a synthetic way a large knowledge

base, our system must be able to generate concise answers by

forgetting irrelevant details, but also by synthesizing relevant

information. These reasoning mechanisms are typically based

on knowledge abstractions. In the object oriented knowledge

representation area, we distinguish two kinds of object ab-

stractions: forgetting abstractions and synthesis abstractions.

To generate an abstract answer, we �rst abstract the query

in a new query by a total function and in a second time this

total function is used to abstract the initial query answer.

The kind-of, point of view and composition relations be-

tween classes may be interpreted as forgetting abstraction re-

lations. These relations are used to provide query forgetting

abstractions. In the object based representation, there isn't

any relation between classes which may be interpreted as a

synthetis abstraction relation. So we propose to introduce two

new relations to modelise this kind of abstractions.
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