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The diffusion of automated information retrieval (IR) ap-
plications and of applications which share many of the
peculiarities of IR applications is increasing. The demand for
these types of applications draws attention to the lack of
methodologies available for IR data design. The data modell-
ing of an IR application, that is, the data modelling of the IR
part of a complete information system, has not yet been
approached and studied as a complete process and in a struc-
tured way.

The first part of this paper introduces the motivations and
the scope of the DIRD (Design of Information Retrieval Data)
project, which is devoted to the development of an environ-
ment for the design of advanced applications of IR.

The second part of the paper addresses the design of the IR
part (or IR application) of an information system. The concep-
tual paradigm necessary for the design of advanced IR applica-
tions is investigated. The Entity Relationship (ER) approach is
compared with that conceptual modelling paradigm and is
examined as a candidate data model for the conceptual design
of IR data. A new ER approach is then introduced: this new
approach extends the constructs of the ER model to manage
the complexity of IR data. Two design examples are given to
present the use of the new ER approach in designing IR data.

1 Introduction

The information retrieval (IR) part (or IR ap-
plication) of an information system is the part
concerned with the management of a databank of
unformatted data; an IR application is related to
the storage, management and associative retrieval
of weakly structured and unstructured data.

In IR applications the objects handled are usu-
ally termed “documents,” where by document we
mean a unit of information such as a book, report
or letter (all textual media), or an image or draw-
ing (both visual media).

The software tool which automatically manages
the descriptions of the information content of the
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documents is usually identified as an information
retrieval system (IRS). The description of the con-
tent of a document does not derive from a de-
terministic process, because the content can be
seen and described in different ways by different
people and must reflect different users’ informa-
tion requirements. The descriptions are created by
an indexing procedure and are managed by an
IRS as subsidiary data to the complete informa-
tion on the documents; they are variously known
in the literature as document representation, aux-
iliary data and paradata [1]; in this paper they will
be called IR data.

The IRS is one of many different information
processing systems which manage data; a di-
agrammatic representation of the spectrum of in-
formation processing systems is given in Fig. 1. In
this diagram, the systems are clustered by nature
of the data they manage. The systems managing a
prevalent proportion of structured data are to-
wards the left of the spectrum, while systems
managing a prevalent proportion of document de-
scriptions are towards the right. The systems on
the left of the scale can be characterized by re-
stricted input selection criteria, fixed-format re-
cords and by the importance of fast access to the
data to get quick answers. In contrast, the systems
on the right are generally less response-time criti-
cal, but are able to retrieve all documents which
might be pertinent to a user’s query. They also
need to be flexible, as they essentially manage
variable format records of descriptive information.

For the design of the data to be managed by
the systems on the left of the spectrum, different
data models have been studied and developed
which can be effectively used during the design
process. The lack of a similar design approach for
the data managed by the systems on the right of
the spectrum was the reason for starting this work.
The authors asked themselves whether data mod-
elling, widely used for the design of the databases
managed by a database management system
(DBMS), can be effectively applied to the design
of IR applications; the paper addresses this cru-
cial problem. Section 2 explains the motivation for
introducing a design methodology for IR applica-
tions and introduces the scope of the DIRD (De-
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DBMS-1 DBMS+D/DS DSS Videotex IRS
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Fig. 1. Spectrum of information processing systems (source: [1]).

Key:
DBMS-1
DBMS-2

indicates database management systems (DBMS) with two levels of data representation; external and internal levels;
implies DBMS with three levels of data representation; external, conceptual and internal; ;

DBMS + D /DS are the DBMS which permit the development of the database by means of a data dictionary system (D, /DS); and the

D/DS can be consulted by the users;

D/DS indicates the data dictionary/directory systems that are used in the enterprise independently from a DBMS, for
documentation purposes;

DSS stands for decision support systems;

OIS is used for automated office information systems;

Videotex indicates all the different viewdata systems;

Online stands for the online bibliographic databases, namely the commercial systems which manage bibliographic refer-
ences;

IRS stands for automatic information retrieval systems.

sign of Information Retrieval Data) project de-
voted to the development of an environment for
IR data design. Section 3 addresses the design of
the IR part of an information system. The concep-
tual paradigm necessary for the design of IR
applications is investigated. In section 4, the En-
tity Relationship (ER) approach is compared with
that conceptual paradigm and is examined as a
candidate modelling paradigm for the conceptual
design of IR applications. Two examples are given
in section 5.

2 Motivations

The design of IR data has not yet been ap-
proached and studied as a complete process and
in a structured way, as it has in the database area.
Furthermore, suitable design tools for the design
of IR data have not yet been developed. The result
of this is that the designer of an IR application
cannot call upon any complete and proven design
methodology or development environment with
specification languages and prototyping tools.

The authors’ experience in the design of IR
applications has shown that it is necessary to use
suitable methodological tools if all the user’s re-
quirements are to be met. It is common in actual
applications to have more than one type of
user—e.g. an expert user and an end-user. For

different types of user it is necessary to adopt
different views of the application, representing
different levels of abstraction. These views must
be represented by different design tools, called a
“data model” in the database management area.
The use of a data model in the representation of
the application gives a schema which clearly repre-
sents the design decisions to the expert user and
the end-user. Also, for the IR application it is
necessary to have a schema representing the IR
data that are going to be managed by an IRS. The
design tools can correspond to different underly-
ing methodological approaches (e.g. the ER ap-
proach; relational algebra, logic, etc.). Different
methodological approaches can be implemented
with different data model tools.

These motivations led to the starting in 1987 of
the DIRD project at the Department of Electron-
ics and Informatics of the University of Padua.
The aim of this project is the development of an
environment for the design of information retriev-
al applications. Models and methodologies are
studied for the design of IR data.

The project is being developed in different
phases. In [3] an initial proposal for the require-
ments design has been made and the problem of
the conceptual design broached. The project also
addresses the dynamic aspects of the design of IR
applications; some initial findings, related to work
in the office information systems area [9,10], have
been presented in [4].

wf
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3 The design of IR applications

To introduce the design methodology of IR
applications it is useful to recall the experience
and knowledge gained in the database design pro-
cess (see for example [2] for an introductory bibli-
ography of the literature on the subject).

The database design process is used to
transform and organize unstructured information
and processing requirements concerning the ap-
plication, through different intermediate represen-
tations, to a complex representation which defines
schemas and functional specifications. The design
process is usually divided into components which
produce intermediate representations.

The process is divided into four components by
many experts in database design:

(1) information requirements analysis and design;

(2) conceptual database design;

(3) logical (or implementation) database design;
and

(4) physical database design.

The divisions are useful for managing the pro-
cess and permitting the exchange of information
and intermediate results between the designers
and users involved in the design. Errors made
during the design process can affect the entire life
of the application. The process is therefore of
great importance to the enterprise and it is neces-
sary to pay.close attention to it. In this paper it is
shown that the design of IR data can be ap-
proached in a similar way to design in the data-
base management area, but important modifica-
tions have to be made, to take into account the
peculiarities of IR data (see Fig. 2).

Process of database
design

requirernents analysis

and design

L

conceptual design

Process of IR data
design

requirernents anolysis

and design

L

conceptual design

u

LY

logical cesign

evaluation and choice

of an IR =systemn

L

L

physica design

logical and ghysical

design

Fig 2. Database and IR data design process.

Components 1 and 2 of the database design
process are independent of the software system
which is going to be used for the implementation
of the application. These two components are
concerned with the representations of the user’s
general requirements. These two steps are usually
neither well developed nor well designed in IR
practice. Generally, the design of IR applications
starts from component 3, when an IR system has
been chosen for its processing characteristics and
not for its ability to meet the user’s requirements.

Some of the reasons for introducing the in-
formation requirements and conceptual applica-
tion design steps in IR application design practice
are:

— the application is studied independently of any
software tool; the data and the relationships
among data are studied independently of any
logical or physical representation and imple-
mentation;

— the user’s requirements play the central role in
the application design;

— the user’s requirements can be transformed into
a conceptual representation (a conceptual
schema), which provides a unique central de-
scription of the various information contents
that may be managed by the application—in
fact the conceptual schema is obtained through
the consolidation of the user’s information re-
quirements specifications;

— the availability of a conceptual schema of the
application allows the software tool adopted to
be changed, if necessary, without the need to
redesign the conceptual level of the application.
The implementation and physical design steps

of an IR application depend on the type of IRS
available. The main difference between the IRS
and the DBMS which are currently available is
that the IRS lack an explicitly defined data model
which can be used for the description and manipu-
lation of the data that will be managed by the
system. '

The IRS available on the market which can be
effectively used for the implementation of real
applications fall into two categories: the tradi-
tional IRS based on an inverted file architecture"
[16]; and DBMS which integrate IR functions
(often referred to as a database management in-
formation retrieval system—DBMIRS). The map-
ping from the conceptual component to the logical
component is beyond the scope of this paper. It
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seems important to note here that the mapping
from a conceptual component to a DBMIRS can
be developed with the extension of available de-
sign tools because the present DBMIRS is based
on extensions of the relational model which allow
the relational model to manage unstructured data
and complex objects [8,14,17]. In any case, the
extensions of the relational model cannot solve the
problems that are addressed in this work.

The introduction of components 1 and 2 in the
design of IR applications requires the identifica-
tion and the development of appropriate tools.

3.1 Information requirements analysis and design

The information requirements analysis and de-
sign is the first component of the application
design. It is the interface between the analysis
process and the design process, and represents the
process of mapping analysis into design. It leads
to the specification of the design requirements for
the relevant part of the information system to
meet the information requirements of the users.

The information requirements design can be
conducted with the support of the relevant part of
an information system design methodology. Prac-
tical experience has been gained in the DIRD
project with the information requirements analysis
and design part of the ISAC methodology [15].
The shortcoming that the designer has to face in
using one of these methodologies for the design of
IR data is that they have been developed for the
representation of “objective” and structured data.
That is, when the relevant data of the application
are identified they have to be represented with a
deterministic process. The IR data are identified
through a non-deterministic process. A simple ex-
ample can clarify this concept: let us assume that
the documents which are going to be managed
with an IR application are an engineering com-
pany’s projects. The description of the informa-
tion content of one of these projects is different if
it has to meet the requirements of a professional
engineer or those of a draughtsman. In this case,
more than one description of the same project
needs to be managed to meet users’ requirements.
The description of the information content of a
project can also be different for two different
users in the same category. For example, a power
station project can be described in a different way
by a civil engineer and by an electrical engineer.

The requirements design of IR applications has
to be more detailed to consider and incorporate
information on IR peculiarities. In fact, the re-
quirements design of structured data can be con-
ducted as it is usually done for common database
applications. The design of unstructured data re-
quires:

— the identification of the characteristics of the
application objects which have to be considered
as documents, that is, the objects that the user
can retrieve through descriptions of their infor-
mation contents; and

— different descriptions able to meet different
users’ category profiles.

This supplementary information can be repre-
sented in any form which is suitable for integra-
tion with the adopted design method.

3.2 The conceptual modelling paradigm

The conceptual design of IR data is more prob-
lematic than the analysis and design of the infor-
mation requirements. In fact to conduct the con-
ceptual design it is necessary to have available a
conceptual modelling paradigm with the abstrac-
tion mechanisms necessary for the classification of
the IR objects and for the design of the relation-
ships among the IR objects. The authors’ experi-
ence in the design of IR applications [3,4] shows
the need for a conceptual design paradigm which
includes certain kinds of abstraction. It seems
important to discuss here all the necessary concep-
tual mechanisms of such a conceptual paradigm.

The abstraction mechanisms found necessary
are:

(1) the classification mechanism;

(2) the generalization/ specialization mechanism
(195

(3) the aggregation mechanism [18]; and

(4) the part hierarchy mechanism.

These four mechanisms are illustrated using the
following examples, which are pertinent to an IR
application.

(1) The classification mechanism is a funda-
mental and intuitive mechanism. The identifica-
tion of the document types and of the other
application object types as entities is done by
applying the classification mechanism. With this
mechanism, the application designer identifies the
class of objects which are to be taken into consid-
eration in the automation of the application. An
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entity type and its instances are related with an
“instance of” relation. An example of the classifi-
cation mechanism is the construction of a docu-
ment class from single document instances.

(2) The generalization / specialization mecha-
nism is the mechanism which relates a set to its
subsets or a class to its subclasses. The representa-
tion of the generalization/specialization mecha-
nism is usually given by a “subset of”” or “subclass
of” relation.

An example can be given by considering the
relations between documents of a collection in the
computing science area and the subclasses of
documents that can be created by classifying the
documents of the collection into classes of differ-
ent computing science topics. A classification
scheme of this sort can be seen as a mechanism
which builds a hierarchical tree structure of sub-
classes of documents, which inherit all the char-
acteristics of the document class of the previous
level of the tree but which also have some char-
acteristics which could not have been inherited;
each subclass has one or more distinctive, added
characteristics which make its documents dis-
tinguishable from the document of the class.

The simplest relation among a class and its
subclasses is hierarchical, but a conceptual para-
digm for the design of IR data must have an
abstraction mechanism powerful enough for the
representation of network relations among a class
and its subclasses. In fact, it is possible to extend
the previous example to show the necessity of
network relations among a class and subclasses. It
is quite common to classify specialized collections
of documents using two or more classification
schemes: for a computing science collection it is
common to see the documents classified by a
specialized classification scheme such as the Com-
puting Reviews Classification System, and by a
general classification scheme such as the Dewey
Classification scheme. When all documents are
classified by the two schemes, a network structure
of classes and subclasses is created.

(3) The aggregation mechanism [18] relates ob-
jects of the same or different types, transforming a
relationship between several objects into a higher
level single object. This new object can have
specific individual characteristics. The aggregation
abstraction mechanism is used to model user-per-
ceived relations between objects.

(4) The part hierarchy mechanism is a relevant

mechanism for the conceptual design of IR data.
This mechanism relates different types of objects
with an assembly or composition relationship to
produce a new assembled object. The new object
is a whole and not the simple sum of its parts, so
the characteristics of the whole which are pro-
duced by the assemblage cannot be derived from
the characteristics of the single parts. An example
in the IR situation is an application where each IR
document is the complete documentation of an
engineering project. The documentation is com-
prised of a set of drawings, a set of photographs
and a technical report. The drawing type, the
photograph type and the report type are all parts
of the project type; it is important to note that the
project type is not the simple aggregation or sum
of its parts, but has some individual characteristics
that are not present in its three parts, such as, for
example, a textual description of the project his-
tory. As this example shows, the abstraction
mechanism models different situations from those
modelled by the aggregation mechanism, but it is
not usually supported by the conceptual data
models.

The above presentation of data modelling re-
quirements is a framework which permits the
evaluation of existing conceptual data models as
tools for the conceptual design process of IR data.

3.3 The conceptual design

The conceptual data model which has been
taken into consideration for the design of IR
applications is the ER model [11]. The constructs
of the ER model are semantically powerful and it
has been developed as a technique for producing
ER diagrams, to enhance the communication be-
tween the application designer and the user. The
constructs of the ER model and the associated
diagrammatic technique constitute a complete de-
sign approach called the ER approach [11,12].
This approach has been shown to be sound for the
conceptual design of database applications, mainly
because of its basic simplicity [7].

The fundamental constructs of the ER model
are the entity and the relationship. An entity is a
class of (real or conceptual) objects or individuals
which share common characteristics; an entity is
identified through the classification mechanism.
Different entities can be related in the reality
which has to be designed, so it is necessary to have
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a construct to express the relationship between
different entities: this construct is called a re-
lationship in the ER model. The relationship is an
association between two or more entities. An en-
tity can be connected with itself, with another
entity or with more entities.

In an ER diagram, an entity type is represented
by a rectangular box and a relationship type is
represented by a diamond box. A name is associ-
ated with each rectangle and with each diamond
to identify respectively the corresponding entity
and relationship. Since the entity and the relation-
ship are the two main constructs of the model, the
reason for the name of the model is evident.

The reality can be represented with the ER
model as a collection of entities which are con-
nected together through a network of relation-
ships.

Entities and relationships may have properties
which need to be taken into consideration during
the design process and which have to be repre-
sented in the conceptual schema. These properties
are expressed in terms of attribute/ value-set pairs.
In an ER diagram the value sets are expressed by
arcs. When an attribute has the same name as the
value set, the name of the attribute is omitted to
simplify the diagram.

Many extensions have been proposed to the
original ER approach to make it more powerful in
capturing the semantics of the information
managed by the applications. The extensions which
have introduced the category concept to represent
generalization hierarchies and subclasses [13,20]
are fundamental to the use of the approach in the
design of IR applications, as is shown in the
examples in section 5. Nevertheless, the ER ap-
proach which incorporates these extensions is not
yet adequate for the design of IR applications,
although experience has been gained in its use as
an abstract tool for the design of applications of
information retrieval [3,4]. The use of the ER
approach has shown that it lacks the semantic
power to represent the unstructured data of IR
applications, mainly for two reasons:

(1) the model does not support a part hierarchy;
and

(2) the value sets are pre-defined and the model
does not support the definition of new data
types; that is, the model does not have type
mechanisms for the construction of new data

types.

A new use of the ER approach is considered
here, in an effort to enhance its ability to repre-
sent data in the IR application domain. The find-
ings obtained through the development of the ER
approach to make it suitable as a conceptual
design tool of IR applications are presented in the
rest of the paper.

4 The ER approach

In the ER approach, an entity is a (real or
conceptual) object or event which can be distinctly
identified through the values of its attributes
[11,12]. For IR applications, the entity which car-
ries the IR peculiarities is the entity “document,”
and a document has the characteristics previously
defined in section 1 of this paper. But an IR
document cannot be identified through key attri-
butes; the identification of a document has to be
possible independently of the values of some
specific attributes.

An attribute is a key attribute of an entity
when the entity which carries the attribute can be
identified unequivocally through the value of the
key attribute. The constraint of the key attribute is
too limiting for the IR objects; it seems necessary
to remove this constraint to be able to model the
IR objects.

An IR document is a real object which can be
represented as an ER entity and which can be
connected to other entities through relationships.
In an application it is necessary to represent the
characteristics of each type of object; in fact an
application has to support the access to each
object type through its particular characteristics.

In the ER approach the characteristics of the
entity DOCUMENT can only be expressed in
terms of attribute/value-set pairs. If the DOCU-
MENT entity represents technical reports, some
value sets can be: AUTHOR-NAME, TITLE,
NUMBER-OF-PAGES, PUBLICATION-YEAR.
But the crucial property of the entity DOCU-
MENT is its information content. As has been
shown in section 3.1, the requiremenis of the
different users can require the management of
different descriptions of the information content
of a DOCUMENT. The ER approach has only a
pre-defined (or built-in) set of value sets; in this
pre-defined set there is not a value set that can be
used for the representation of the information

o
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content of an IR document. To represent the
information content of a DOCUMENT it is nec-
essary to consider the information content as an
entity itself and not as an attribute, because for an
IR system the managed document is not the docu-
ment itself but a token object which is the descrip-
tion of the information content of the document.

The concept of an entity in the ER approach
needs to be extended to make the entity concept
more powerful, so as to be able to identify the
information content of a document as an entity.
In fact, the information content cannot be identi-
fied through a deterministic process, but has to be
distinctly identified for different categories of
users. The identification of the information con-
tent as an entity permits distinct properties to be
associated with it.

The INFORMATION-CONTENT entity needs
to be related to the DOCUMENT entity through
a relationship named CONTENT. The INFOR-
MATION-CONTENT entity is a weak entity be-
cause it cannot be uniquely identified by the val-
ues of its attributes; in fact it is necessary to use
the relationship CONTENT to identify it. IN-
FORMATION-CONTENT can be uniquely iden-
tified by the values of the attributes of the
DOCUMENT entity. The INFORMATION-
CONTENT entity is identifier-dependent (ID) on
a DOCUMENT entity. Since the INFORMA-
TION-CONTENT entity cannot exist if the
DOCUMENT entity does not exist, the INFOR-
MATION-DOCUMENT entity is also existence-
dependent (E) on a DOCUMENT entity. In an
ER diagram this is represented by E&ID.

Some value sets for the INFORMATION-
CONTENT entity are not of the ER pre-defined
set; the new value sets must be defined by the
designer; these new value-set types are user-de-
fined types and they are application-dependent;
for each application or each application type, it is
necessary to define the data structures and the
operations that are admissible on the data. Two
intuitive examples of value sets to be used for the
representation of the INFORMATION-CON-
TENT entity can be TEXT and KEYWORDS;
the data structures and the operations on TEXT
and KEYWORDS depend on the specific applica-
tion. For example, the value set TEXT can be
defined similarly to the full-text management of
many operational IR systems. The value set
KEYWORDS can be defined as the set of words

of a pre-defined list of terms which are pertinent

to the domain of the application.

In the ER approach the information about an
entity or a relationship is obtained by observation
or measurement, and is expressed by a set of
attribute-value pairs; values are classified into dif-
ferent value sets [11]. Each class defined as a value
set has occurrences which are values of a pre-
defined set: that is, the set of occurrences of a
value set is a set of pre-defined values; any class
that is a value set is a pre-defined class; and the
extensional level of one of these classes is com-
pletely characterized [6]. In the conceptual design
of IR data, it happens that an attribute maps from
an entity into a value set, but the entity has
unstructured characteristics. The corresponding
value set, for example TEXT, cannot be a pre-de-
fined class, but has to be a “variable” class. A
variable class is a class which groups occurrence
sets that are different for different database in-
stances.

To use the ER approach in the context of IR
applications, it has been necessary to extend the
approach to incorporate value sets which have to
be defined by the application designer. For this
reason it has been necessary to extend the con-
structs and the notation to allow the possibility of
incorporating attributes which map into value sets
that are not pre-defined. An extension of the ER
approach has been developed to enhance the
semantic power of the ER model for the design of
IR data.

The fundamental concepts of this new ER ap-
proach are:

— anew type of attribute, the unstructured descrip-
tor; this new type of attribute maps from an
entity which represents information content into
a value set which is not pre-defined; and

— the part hierarchy abstraction mechanism.
These new concepts are depicted in Fig. 3,

which extends the ER concept representation given

in [20]. This new representation incorporates the
unstructured descriptor; for the graphical repre-
sentation of the unstructured descriptor a rectan-
gular box in a circle is proposed. The circle is

always used for the representation of attributes; a

rectangular box is inserted in the circle to denote

that this new type of descriptor is similar to an
entity. The new ER approach includes also the

part hierarchy abstraction mechanism. Figure 3

also includes the part hierarchy abstraction mech-
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Fig. 3. Concept representation of the extended ER approach for the conceptual design of IR data.

anism in a graphical representation. The next sec-
tion shows in two detailed design examples the use
of the proposed extensions.

5 Use of the proposed extensions

The proposed extensions will now be treated in
two real-life design examples: the design of a file
of projects for an engineering company where the
documents are highly structured; and the design
of a file of bibliographic references and support-
ing abstracts where the documents are simpler and
well known.

5.1 The design of a file of engineering projects

The company examined in this example is an
engineering company which develops and imple-
ments public utility projects such as roads, bridges,
canals and gasworks.

The company has been active for more than 20
years. Around 1,700 projects have been developed
by the company, a critical number according to
management. The documentation on each project
is a thick folder divided into three parts. The first
is a technical report on the project; the second a
set of drawings that represent the works of the
project; the third contains photographs of the area
around the works.

All the folders are classified by year and kind
of work and are stored in different places within
the company; a copy of the drawings is classified
by year, size and type of work and is stored in the
drawing office; copies of the photographs are

stored in the documentation centre of the com-
pany and each photograph is classified by type of
work. All the information retrieval work is carried
out manually and it is only possible to retrieve the
document entity by its deterministic attributes; for
example, a drawing can only be retrieved by year,
size and kind of work.

The company management has judged the
number of projects to be critical in the sense that
it is no longer possible to re-use parts of previ-
ously developed projects because the staff are not
able to recall to mind the relevant contents of the
projects. For this reason, management has decided
to consider the project collection as a subsystem
of the information system of the company and to
automate it as an IR application.

There are three categories of users in the appli-
cation: the documentalist, the draughtsman and
the manager. Each of them needs to retrieve, for
different purposes, different parts of the projects
by information content.

Three external views of the same application
need to be developed at the beginning of the
design. When the different views are consolidated,
they have to be integrated in a global conceptual
view of the application. '

For each of the above views it is necessary to
develop an ER diagram to represent it. It is as-
sumed that the requirements design has been com-
pleted with the ISAC methodology [15]; the map-
ping from the ISAC to the ER representations is
done following the method proposed in [5].

The documentalist stores the technical reports
of the projects and photographs of them. He has
to be able to retrieve a project through the TECH-
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Fig. 4. External view of the documentalist.

NICAL INFORMATION-CONTENT, the pho-
tograph attributes or the PHOTOGRAPH IN-
FORMATION-CONTENT. Figure 4 shows the
external view of the documentalist.

The draughtsman stores the drawings of each
project. He needs to be able to retrieve the draw-
ings through structured and unstructured repre-
sentations of the work depicted by a design. Fig-
ure 5 shows the external view of the draughtsman.

The manager needs to be able to see the eco-
nomic aspects of the projects; Fig. 6 shows his
external view.

project

= e

[techrical i
repert rawings
., selected
drawings
drawing
content
E&
drawing
inf.—cart.,

Fig. 5. External view of the draughtsman.

technical - :
report —) | project 0 sfecorom
content 7
assigned—to
design
division
staff
employee

ﬁ flg‘b_% rél‘:.

manager | | engneer | |technician| | others

Fig. 6. External view of the manager.

Figure 7 shows the global conceptual schema
which is derived from the previous external views
after consistency checks and resolution of conflict-
ing views.

Figure 8 expands the part of Fig. 7 that repre-
sents the PROJECT entity and its relationship
with the CONTENT entity. In Fig. 8 all the value
sets and attributes of the entities, together with
the representation of the new type of attribute, are
shown. The user has access to the PROJECT by
means of the attributes of the INFORMATION-
CONTENT, the TECHNICAL INFORMA-
TION-CONTENT or the ECONOMIC INFOR-
MATION-CONTENT entities. For example, the
user can retrieve data about the ECONOMIC
INFORMATION-CONTENT entity through the
ECONOMIC DATA, KEYWORDS, DATA-
BUDGET and COST-CLASS attributes; the
ECONOMIC INFORMATION-CONTENT en-
tity is the starting point for accessing the PRO-
JECT entity through the CONTENT relationship.

5.2 The design of a file of bibliographic references

It has been thought necessary to supplement
the previous example with a simpler one; a com-
mon example of a file of bibliographic references
and supporting abstracts was chosen.

The file of bibliographic references is supposed
to be used by students and research staff (re-
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Fig. 7. Conceptual schema for the management of the file of engineering projects.

searchers, professors, etc.) who are involved in a
research project in a university department.

Each bibliographic reference has some de-
terministic attributes (for example, year of pub-
lication and title), and some attributes which have
to represent the information content of the refer-
ence (for example, index terms and abstract).

The number of bibliographic references has
grown so large that it has been decided that it is
necessary to manage automatically the collection
of bibliographic references as an IR application.

There are two categories of users of the applica-
tion: the student and the research staff of the
department. Both types of user need to be able to

I
Gz Project
cate content
generc{ N E&D
informative— =)
———- content || ==

tech.
E&D E&D
=

—werc) . Ttom
N technied economic
(i ]y inf.—cont.

inf.—cont.

Fig. 8. Usual and new types of attributes.

retrieve the bibliographic references by informa-
tion content, but the users’ profiles are different
and suggest the need to produce different views of
the application. During the requirements design
phase, the needs of the two different categories are
evaluated, and at the end it is decided to provide
different views. Two external views need to be
developed during the design, and these views must
be integrated in the conceptual schema of the
application. For each external view, it is necessary
to develop an ER diagram to represent it. It is
supposed that the requirements design has been
completed with the ISAC methodology and the
mapping has been done from the ISAC to the ER
representation. The two external views are repre-
sented in Figs. 9 and 10.

Different information requirements will be ex-
pressed by the use of different types of abstracts:
one for the student and one for the research staff.
The research staff, in addition, have index terms
which represent the information content of the
bibliographic reference in detail and with a con-
trolled vocabulary; the connections between index
terms of the controlled vocabulary are made visi-
ble to the research staff as an aid for more precise
retrieval. A bibliographic reference needs to be
retrieved through the bibliographic reference at-
tributes (e.g. year of publication) or by the infor-
mation content, which can be ABSTRACT and
INDEX TERMS, for the research staff, or AB-
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Fig. 9. External view of the research staff.

STRACT, for the student. The user can retrieve
data about the ABSTRACT entity through the
" WORDS attribute; the WORDS attribute is an
unstructured descriptor and therefore its value set
is defined by the application designer. In this case
the designer will specify the algorithms for extrac-
tion of the significant words from the abstract in
the input phase and for the use of words in the
retrieval technique. The user can retrieve data
about the INDEX-TERMS entity through the
KEYWORDS and the RELATIONSHIP-BE-
TWEEN-KEYWORDS attributes. Since the RE-
LATIONSHIP-BETWEEN-KEYWORDS  attri-
bute is an unstructured descriptor, the designer
will need to specify the specific use to which this
attribute will be put, as has been necessary for the

quthorship
bibliographic * author

reference
content ‘

Fig. 10. External view of the student.

WORDS attribute. Figure 11 shows schematically
the conceptual schema of the entire application.

6 Conclusions

The reasons for proposing a methodology for
the design of IR data were discussed at the begin-
ning of this paper; the second part addressed the
conceptual design of IR data. The conceptual
paradigm necessary for the design of that type of
application was presented. The Entity Relation-
ship approach was compared to the conceptual
paradigm introduced and was examined as a pos-
sible modelling paradigm for the conceptual de-
sign of IR applications.

To use the ER approach in the context of IR
applications, it was necessary to extend the ap-
proach in order to incorporate value sets, which
have to be defined by the application designer,
and to include the part hierarchy abstraction
mechanism. The new ER approach described ex-
tends the constructs of the model to manage the
complexity of IR data. This new approach has a
new type of attribute, the unstructured descriptor,
which maps from an entity which represents infor-
mation content into a value set which is not
pre-defined and which has to be defined by the
application designer during the design process.
The new ER approach also includes the part
hierarchy abstraction mechanism. Two design ex-
amples have been given to present the use of the
new ER approach in designing IR data.
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Fig. 11. Conceptual schema for the management of the file of bibliographic references.

The work presented here is part of work in
progress on the formulation of a complete design
methodology for IR applications.
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