1

Abstract

1 In tro duction

App eared in: IEEE Data Engineeri ng Bulleti n, V ol. 19, No. 1, pp. 14-23, 1996

Exploiting the F unctionalit y of Ob ject-Orien ted Database

Managemen t Systems for Information Retriev al

1

Gabriele Sonnenb erger

Ubilab, Union Bank of Switzerland

Bahnhofstrasse 45, 8021 Zurich, Switzerland

sonnenb erger@ubilab.ubs.ch

In this p ap er, we pr esent the appr o ach of FIRE to utilizing an obje ct-oriente d Datab ase Manage-

ment System (DBMS) for Information R etrieval (IR) purp oses. First, a c ompr ehensive overview

of pr evious attempts to use DBMSs for implementing IR systems is given. Next, differ enc es b e-

twe en DBMSs and IR systems, with r e gar d to indexing and r etrieval, ar e discusse d. In addition,

some shortc omings of DBMSs with r e gar d to supp orting IR systems ar e p ointe d out. Then, an

overview of FIRE, which is designe d as a r eusable IR fr amework, is given and its appr o ach

pr esente d in mor e detail. Sp e cial attention is given to the design and implementation of an

IR-index and how r etrieval efficiency c an b e impr ove d by using the optimization facilities of the

underlying obje ct-oriente d DBMS.

and

Due to recent adv ances in Information T echnology and T elecommunications, more and more informa-

tion is pro duced and distributed by electronic means. Instead of plain ASCI I texts, information is

increasingly enco ded in different forms, e.g., as graphs, tables or formatted texts. These developments

imp ose additional requirements on the management and retriev al of information. Whereas in the past

the fo cus in Information Retriev al (IR) was on text, which was mostly considered to b e unstructured,

to day’s IR systems have to face information which usually consists of structured and unstructured

parts and which may b e comp osed of different media.

W e observe further changes in the flow and distribution of information. In the past, the user of an

IR system was typically a passive consumer of information gathered at the sp ecial sites of professional

information providers; while nowadays a user is often b oth an information consumer an information

provider, e.g., in a co op eration’s do cument management system. Hence, data management issues like

p ersistent storage of data, concurrency control, and recovery after failures are gaining imp ortance, and

IR systems must cop e with these issues.

Developing techniques for the indexing and retriev al of heterogeneous information units is a de-

manding topic genuine to the IR domain. In contrast to this, data management issues have already

b een investigated extensively by the Database (DB) community

, which has also develop ed theories

and techniques applied in pro ductive systems. Rather than ‘reinventing the wheel’, it is natural for

develop ers of IR systems to try to profit from the results of the DB community by basing IR systems

on Database Management Systems.

2.1 Relational DBMSs

b est match

r anke d list

2 IR Systems Based on DBMSs

In this pap er, we rep ort on our exp erience utilizi ng a Database Management System (DBMS) for IR

purp oses. Section 2 reviews previous attempts to use DBMSs for implementing IR systems. In Section

3, we discuss differences b etween IR systems and DBMSs with regard to indexin g and retriev al, and

p oint out some shortcomings of DBMSs with regard to supp orting IR systems. Finally in Section 4,

we sketch our IR framework, which we call FIRE, and present our approach for using the functionality

of an ob ject-oriented DBMS in an IR system. The pap er concludes with some remarks on future work.

A first approach to use a DBMS for IR purp oses is to consider IR as a DB application. This has

b een prop osed, for instance, by Macleo d & Crawford [Mac83], Blair [Bla88], and Smeaton [Sme90].

Common to these prop osals is that the IR systems are based on a relational DBMS, and SQL is used

as retriev al language. These IR systems do not store full do cuments, but bibli ographic references to

do cuments; these usually provide the title of the do cument represented, the names of the authors, an

abstract, some content descriptors, and the details ab out the date and lo cation of the publication.

This approach of making use of a DBMS has received ma jor criticisms. One factor that has

b een criticized esp eciall y

, e.g., by Schek & Pistor [Sch82], is that the relational DB mo del represents

information in a rather unnatural way by a set of tables (relations). F urther, SQL queries tend to b e

rather complex and difficult to understand; see for instance the examples given in [Mac91]. In addition,

retriev al may b e quite computationally exp ensive, esp ecially when information from different tables has

to b e combined by a ‘join’ op eration.

A severe shortcoming of this approach is the restriction to reference retriev al. This restriction is not

so much voluntary as a matter of the underlyin g relational DB mo del. The relational mo del requires

the fields of a record to b e of a fixed length, thus making it difficult for a relational DBMS application

to manage information units such as ordinary texts, which usually v ary in length. (Of course, there

are work-arounds like follow-up records, but such work-arounds make the mo deling of information

even more awkward.) A second severe shortcoming is that SQL in its basic form is restricted to exact

matching. An exact match is appropriate for many DB applications, esp ecially when information is

structured to a high degree and the vo cabulary used is rather fixed. In most IR applications however,

information units like texts are significantly less structured and the vo cabulary used is usually unre-

stricted. Corresp ondingly

, users of IR systems find it far more difficult or even imp ossible to issue a

query which successfully delivers all information relev ant to a given information need, but excludes ir-

relev ant material. Therefore, more adv anced approaches to IR abandoned the exact matching paradigm

and find instead the pieces of information which the user’s query by applying weighting

schemata. The user receives as result a which is sorted by the assumed probability that a

piece of information is suited to answer the user’s information need.

Several attempts have b een made to provide b etter DB supp ort for the development of IR systems

by extending the relational mo del, or by adding new features to SQL. T o provide more natural external

views of information, Schek & Pistor [Sch82] have prop osed a generalization of the relational mo del

which allows nested relations. Lynch & Stonebraker [Lyn88] have intro duced abstract data typ es,

which make the formulation of content-based search conditions more convenient, although retriev al is

still based on the exact matching paradigm. An extension of SQL allowing a ‘similar-to’ comparison

op erator has b een prop osed by Motro [Mot88

]. F urthermore, v arious approaches have b een develop ed

for dealing with uncertain information, for instance by Garcia-Molina & Porter [Gar90 ].

2.2 Coupling an IR System with a DBMS

2.3 Ob ject-orien ted DBMSs

A different approach to making use of a DBMS for IR purp oses is to couple an IR system with a

DBMS. Croft et al. [Cro92] attempted a lo ose coupling b etween the IR system INQUER

Y and IRIS, a

prototyp e version of an ob ject-oriented DBMS. They chose an ob ject-oriented DBMS since the ob ject-

oriented mo del allows one, in contrast to the relational mo del, to store complex textual information in

a quite natural way

. The IR and the DB system are coupled externally by a control mo dule. There are

links from the information units stored by INQUER

Y to the corresp onding textual ob jects of the IRIS

database. The integrated system provides the functionality of b oth underlyin g systems. Thus, the user

may issue content-based queries as well as DB queries. However, a severe problem of this coupling

approach is that information is stored twice, by the IR system as well as by the DBMS. This may

cause consistency problems when information is mo dified. F urthermore, there is no full integration of

content-based queries and DB queries.

Gu et al. [Gu93] have chosen an alternative way to couple an IR system with a DBMS. They have

emb edded the functionality of the IR system INQUER

Y into the relational DBMS Sybase. F urthermore,

they have extended SQL by a function which takes an INQUER

Y query as input and allows one to

cho ose the INQUER

Y database to b e consulted for ev aluating the query

. This system avoids storing

information twice: textual information is stored and managed by the IR system and other kinds of

information by the DBMS, which also provides p ointers to the textual information stored and managed

by the IR system. The main drawback is that two different approaches for managing and retrieving

information are used, which makes the management of information more difficult. F urther, the b est

match retriev al paradigm is restricted to textual information, whereas an application of this retriev al

paradigm to other kinds of information would b e highly desirable, as for instance p ointed out by F uhr

[F uh92].

Bearing in mind the shortcomings of the relational mo del, it has b een prop osed to use other mo dels,

more appropriate than the relational DB mo del, as a basis for developing IR systems; e.g., an array

mo del [Mac87

] or an ob ject-oriented DB mo del [Har92p]. The ob ject-oriented DB mo del is esp eciall y

app ealing, since ob ject-oriented technology is maturing and the first commercial systems are already

av ailable.

The ob ject-oriented approach has also b een adopted for developing our IR framework FIRE. The

framework is implemented using Ob jectStore [Lam91], a commercially av ailable ob ject-oriented DBMS.

In Ob jectStore, p ersistence is not part of the definition of an ob ject, but a matter of allo cation at the

time of ob ject creation (‘p ersistency by allo cation’). Thus, ob jects of the same typ e can b e allo cated

p ersistently as well as transiently . F urthermore, it makes essentially no difference whether we deal with

a transient or p ersistent ob ject. These features of Ob jectStore enable us to design and implement an

IR system in a problem-adequate way

, mostly neglecting data storage details. Thus the develop er of

an IR system can rely on the DBMS’s means for p ersistent storage, concurrency control, recovery after

failure, etc., without having to accept severe restrictions, as exp erienced from relational DBMSs.

Ob ject-oriented DBMSs provide a useful basis for the development of IR systems, yet could supp ort

IR systems even further with regard to p erformance issues. Ob jectStore, for instance, allows one

to improve retriev al efficiency by buildi ng sp ecialized indexes and by optimizing queries. However,

indexing and retriev al in an IR system differ in certain asp ects from indexing and retriev al in a DBMS,

as describ ed in the following section. Consequently these facilities cannot b e used directly for IR

purp oses. Mo difying the core functionality of a DBMS for exploiting these facilities is not in the range

of a regular user of a DBMS, thus we cannot exp ect a solution from the DB side — at least not in the

•

•

3 Some Differences b et w een IR Systems and DBMSs

3.1 Index

3.2 Retriev al

3.3 Indexing and Retriev al F unctionalit y short term. Y et, the optimization facilities of ob ject-oriented DBMSs can b e utilized in IR systems by

a prop er design on the IR side, as is shown in Section 4.

The term ‘index’ is used b oth by the DB community and by the IR community

, however with different

meanings. While the function of a DB-index is to improve p erformance, an IR-index typically also

provides additional data. In detail, we can observe the following differences:

A typical IR-inde x is an inverted file with index entries, each consisting of a key representing a

feature derived from a source and a set of p ostings. A p osting may include information ab out the

frequency of the given feature within the source, or may sp ecify its p osition within the do cument

in more detail. A DB-index, however, only maintains the paths to the ob jects where an attribute

has a certain v alue.

In an IR application, information ab out the characteristics of the collection represented by an

index is required when computing the relev ance of an information unit to a user’s query

. An

example of such information is the maximum frequency of a term in a collection of texts or the

mean v alue and standard deviation of a set of numb ers. Since a DB-index serves only to optimize

access, no such collection information is needed.

Due to the differences, typical IR-indexes are not supp orted by DBMSs. Optimized access to

information — as is done by a DB-index — is, however, crucial for implementin g efficient IR systems.

Thus, how we can use DB-indexes to build IR-indexes is an op en research problem.

A typical DBMS provides a retriev al interface which allows one to check whether two v alues are equal,

and to determine whether a v alue is smaller or greater than another v alue. Usually such queries can

b e optimized, e.g., by instructing the DBMS to create and maintain appropriate indexes.

Adv anced IR systems are supp osed to supp ort approximate (‘b est’) matching. Unfortunately

, ap-

proximate matching is not supp orted by DBMSs. This is a severe shortcoming, since approximate

matching is far more time-consuming than exact matching, and therefore demands optimization facil-

ities. T o deal with the additional complexity

, we urgently need sp eciall y tuned matching metho ds and

techniques to avoid a linear search through an index. These metho ds and techniques should ideally

work hand in hand with av ailable DBMS techniques.

In the case of a conventional IR application, i.e. one which is not based on a DBMS, the application

develop er has to provide all the indexin g and retriev al functionality needed. Developing an IR system

on top of a DBMS might save design and implementation effort, since DBMSs already provide indexing

and retriev al functionality

. The task of the application develop er would then b e to cho ose appropriate

functionalities and to instruct the DBMS corresp ondingly

. In order to index a set of ob jects for instance,

the application develop er would have to state which ob ject attributes are to b e indexed in which way ,

and to select the index structures b est suited for the attribute v alues. Indexes would then b e set up

automatically under control of the DMBS. Unfortunately

, the options provided by DBMSs do not cover

F

I

Figure

4

4.1

R

R

R

R

Title

InfoObje

InfoObje the

a

w

FIRE

ev

basic

b

nformation

Gordon

The

mo

of

of

in

FIRE

used

comp

w

w

its

t

Ov

Concrete

are

ma

mo

sp

and

date,

of

sub

an

F

Figure

4.2

Index

Index

Index

Index

Index

Index

DB-Col

IndexingF

IndexingF

IndexingF

IndexingF

IndexingF

Index

Index

Index

addIFs

IndexingF

Index

up

Index

Index

r

cle

Index

R e.g.,

The

indexing

the

whic

concrete

sc

In

more

Then,

to

An

with

consists

The

addition,

for

‘highligh

information,

w

that

w

w

all

s

added

Structure

The

in

set

lik

an

for

class

b

a

an

conditions.

ob

6

Figure

Figure

4.3

Index

Index

supp

Index

IndexingF

Index

Index

Index

Index

Index

Index

DB-Col

DB-Col

IndexingF

Index

IndexEntry

DB-Col

DB-Col to

Op

FIRE

retriev

whic

matc

ma

at

ones.

of

of

b

The

whic

example

w

A

The

can

an

An

serv

and

An

comp

whic

an

ma

in

is

7

Figure

IndexEntry

DB-Col

DB-Col

IndexEntry

IndexEntry

DB-Col

r

IndexingF

DB-Col

IndexingF

DB-Col

DB-Col

Index

IndexingF

IndexingF

Matcher

key

IndexingF of

In

A

the

do

tec

of

not

optimization

In

ob

is

searc

matc

this

condition.

is

the

s.

same

require

metho

through

The

kno

DB-index

b

bro

they

algorithms

imp

from

the

8

•

•

•

Figure

Conclusions

Ac

References

Matcher

Matcher

Index

Index

Matcher

Information

Pr

Pr

Int.

Class

The

metho

of

the

In

p

w

system.

to

to

to

In

facilities

The

for

Thanks

dev

[Bla88]

,

[Cro92]

Retriev

,

1992

9

Pr

Int.

Pr

Information

Information

R

The

International

Bases

Information

Journal

Journal

So

A

Pr

Data

Pr

Pr

A

[F

,

1992

[Gar90]

,

[Gu93]

a

,

Konstanz/German

[Har92m]

,

[Har92p]

Retriev

[Lam91]

Comm

[Lyn88]

T

,

[Mac83]

,

[Mac87]

Do

(3),

[Mac91]

,

[Mot88]

In:

[Sc

Information

,

[Sme90]

Relational

[Son95]

,

49-57,

[Son96]

F

W

10