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Abstract. The generation of hypermedia (or Web-based) presentations playsan
important role in information management on the World Wide Web. In
applications for Web modeling and querying, information extraction and
integration, or Web site construction and restructuring the generation of
hypermedia aspects for given data is essential. Specifically, the design of
dynamic Web pages is an issue that needs more research. The HERA research
project aimsat devel oping software that generates hypermedia presentations for
(semi-structured) data retrieved from heterogeneous, legacy information
sources. While traditionally the target applications use relational databases,
their Web-based successors integrate information from both database and non-
database information sources. In this paper we propose key functional aspects
of the HERA software architecture. Wethusidentify relevant issuesconcerning
the integration involved in automatically generating hypermedia front-endsfor
data from heterogeneous information systems.

1 Introduction

In applications for Web modeling and querying, information extraction and
integration, or Web site construction and restructuring the generation of hypermedia
aspects for given data is essential. The use of modern hypermedia or Web-based
platforms can help information systemsin presenting their information to end-usersin
amore elegant and more effective way than before using the metaphor of the World
Wide Web. The use of hyperlinks enables the addition of different kinds of
relationships to the information, thus offering more semantics to the users.

Take for example an application that areal estate agent usesto show hisclientsthe
properties on sale that satisfy the criteria of the client. Traditionaly, such an
application is based on one or more databases and thusthe information is presented in
tables of records. While these tables contain all the information that is asked for, the
presentation can be improved significantly when using navigation principles standard
in the Web-based context. By adding additional relationships, implemented via
hyperlinks, the user obtains a web of information that allows multiple ways of



navigating through the information. Specifically, in applications where the legacy
records are too large or complex to show in a simple table row, the use of a Web-like
navigation platform can significantly increase the ease with which a user can navigate
through the information. In the real estate example the agent usually asks the system
to show the client a collection of properties on sale: the client navigates through that
collection looking for interesting properties; usually, the client navigates from
property to property based on different parts of the descriptions, fully exploiting the
internal structure of the data.

A typical phenomenon here is that the agent cannot exactly foresee what data to
present. In general, this leaves the system with the task to automatically generate
(derive) a hypermedia presentation for ad hoc data. This generation process should
not only trandate the data into the hypermedia format. The main purposeisto obtain
an added value for the user who is inspecting the query result. This implies that
several kinds of metadata are exploited during the generation process to get to a
presentation of the data that offers this added value.

In the HERA research project we are designing and developing software that
supports this generation process (see [5,6]). In this research we focus on the
functional aspects of the process of (semi-)automatically generating hypermedia
front-ends for a heterogeneous information system with data from multiple (database)
applications: important questions concern the adaptation to queries and data, the
kinds of metadata involved and their specification. In this specific paper we propose
aspects of the design for the associated software tool, also called HERA, as relevant
for the identification of key research issues. These open issuesinclude the integration
aspectsinvolved in dealing with data from a heterogeneousinformation system: while
HERA's main investigations are independent of the integration aspects, the ultimate
goal of the project requires the integration aspects to be covered also.

2 Target Application Data

HERA's target applications contain data with an internal structure that the system can
exploit to provide a suitable hypermedia presentation. Concrete examples are
applications for real estate sales, mail order catalogs, auctions or (used) car sales,
while we use the application of tEdectronic Program Guide (EPG) as the carrier for

our research with Philips and CWI (in the joint Dynamo research project). An EPG
provides descriptions of programs broadcast on different TV channels.

Usually, the data that play a part in these applications do not contain just small
textual values, but they contain typical hypermedia or multimedia values. Moreover,
the structure is not always as rigidly defined as in traditional strongly structured
models. Think of data on a TV program, with the time of broadcasting, the subject,
information on the people involved, references to related programs, background
stories and perhaps a short preview. In this context HERA assumes the data to be
semi-structured in the sense that the data include (part of) their own definition.

This assumption also benefits the next characteristic aspect. Since the information
in the target applications usually is retrieved from different, possibly heterogeneous
sources, the architecture must allow foriategration of the different data sources,
such that the system virtually operates on a single collection of data. Consider our



EPG application where both TV data and EPG data could come from the entire
Internet. That application aims at constructing an EPG based on data available across
the Internet from different information providers.

3 Presentation Generation

3.1 Generating Maximum Structure

The nature of the target data is such that a philosophy of generatimgaérium
structure” benefits the navigation process. In legacy (relational) database applications
data are presented usually in a format close to the storage format, e.g. a list of records.
Then, the user is confined to thmited navigation space implicitly defined by the list
concept. The data in our target applications contain typigadrmedia elements

which makes their presentation a rather complex issue: to help the user navigate
through the information appropriate navigation structures should be made accessible.
By offering a large set of relationships the user obtains a multitude of ways to explore
the data. This represents the requidded value mentioned in the introduction.

3.2 Adaptation Aspects

The task of theyeneration process is to produce a hypermedia presentation for data

that are generally the result ofjaery that is asked. Whether the user asks this query

explicitly or implicitly is not relevant here. A hypermedia presentation needs to be

constructed for the query result, and this process is influenced by a number of aspects:

e General presentation heuristics. General heuristics embedded in the application
represent the knowledge of the application designer on the generation of relevant
hypermedia presentations. These heuristics contain a number of rules on the
traversal of large collections of objects. For example, in certain situations access
to a set of objects through an index or through a guided tour seems favorable,
while in other cases several objects can be displayed on one page.

* Personal preferences. The end-user can express persqeferences as to how
the generation is performed. If, for example, the real estate client knows that the
system generally produces collections of properties accessed through an index,
but prefers guided tours, then the system could acknowledge this preference.

« Platform information: The generation process can acknowledge the platform
being used. If the real estate client views the information on a novel browser
based information appliance with a small screen, elgDA, it would make
sense to leave out some of the more graphic elements of the data and to
concentrate on the textual elements (leaving the graphics for a subsequent session
on a machine with a suitable screen).

« Application intelligence: The application designer or owner can add knowledge
that does not represent general presentation heuristics, but expresses the specific



goalsthat the application wantsto reach. In the context of our real estate example

the application could add real estate propertiesto the query result for commercial
reasons (of the real estate agent), e.g. “well, the client asked for houses under
200K, but let’'s include some houses slightly over that limit”.

Above we described different kinds @daptation [3] to the data and its
presentation. This adaptation intelligence is represented by a set of transformations
that specify how query and data are transformed into a hypermedia presentation for
the browser. Here the exact heuristics or platform dependencies are less relevant than
the fact that transformations are specified that need to be executed by the system.

3.3 Navigation Generation

We exploit the structure in the data not just as a way to convey a meaning, but also as
a way to navigate through the data when presented in a hypermedia format. Note that
the “additional” relationships serve two purposes. First, they help to add more
semantics to the data: that is a contents issue. Secondly, they can be of a syntactic
nature aimed at producing a more eledaytut andvisual presentation of the data.

One of the starting points for this research MM (see [4,7,8]). The use of
dices (or m-slices) as a way to decompose data records into smaller units designed to
be presented in a hypermedia application matched our approach. Moreover, it inspired
us to consideimter- andintra-record structure as the basis for the user’s navigation.
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Fig. 1. Example slice diagram for the Property concept

The above figure shows thaetra-record structure for the property concept. It
specifies how the data are divided into separate units each designed to be elegantly
presented in a browser’s window. There are sepdiaés for the general data on the
property (its “head” slice), for the financial data, for descriptions of the interior and
exterior and for a video description of the interior. Moreover, it showsstioalinks
(intra-record relationships) relate the different slices within the records on a property.

The data contaimter-record relationships to provide the user with the possibility
of going throughcollections (sets) of properties. Inspired by RMMhe standard

! Notethat in Extended RMM the slice concept, there called m-slice, isslightly more advanced,
but for reasons of presentation we have chosen to use the original slice concept here.



mechanisms for inter-record relationships will be the simple hyperlink, the index, the
guided tour, the indexed guided tour, and the grouping.

Our current heuristics are based on experimental experiences (more elaborate
experiments are being set up) on the traversal of the generated hypermedia objects.

34 AdHoc Queries

In our target applications we assume that for the results of the typical standard
gueries elegant hypermedia presentations have been designed. For ad hoc queriesitis
not possible to foresee exactly how the presentation should look like. Therefore, we
want a system that automatically (or perhaps semi-automatically, with a little help
from an intermediate user) derives a hypermedia presentation for an ad hoc query.
One of the basic heuristics embedded in our software is that the presentation for the
result of an ad hoc query is derived from the presentation for a standard query result.

One aspect is the construction of “new” data elements. Typically in the adaptation
data elements are left out or introduced into the given set of elements, and the system
has to figure out how to construct an elegant presentation. While we assume that we
have designs available for the standard slices, whenever an ad hoc query asks for an
ad hoc slice (called eolatile slice) we need an intuitive and elegant presentation for
that slice: we do not want a slice with some empty spots. This problem will be solved
usingcongtraints that specify the relative position of attributes (see [1]).

3.5 Software Architecture

The current HERA software developments are based on the assumption that the data
are expressed MML. We useXSL(T) to express the different transformations. Note
that we really would want to use the de facto standard for a Web query language, for
example a language like XML-QL. However, waiting for a standard we have chosen
to go with XSL, without too many problems in the first prototyping experiments.
While XSL has been designed primarily to deal with layout and formatting aspects,
the recent changes in the language have given us the possibility to use it also to deal
with the querying aspects.

The current developments for the HERA software aim at an architecture that is
illustrated by Figure 2. In this paper we will not go into the details, but the figure
shows the separation of concerns inRhesentation Manager and theData Manager.

Current software developments try to accommodate the other aspects that were not

considered in a previous version of the software. The first experiences from this

development show that it is vital that the different parts of the process are very well

separated. In the spirit of [3] we now distinguish:

¢ A domain model (DM) that describes the user-independent details of the data
being used in the application.

« A user model (UM) that stores the relevant aspects of the user that the system
uses to produce a presentation that suits the user.

« An application model (AM) that stores the application intelligence, both general
intelligence (heuristics) and application or domain specific intelligence.
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Fig. 2. Conceptual architecture HERA

4  Multiple Heter ogeneous Sour ces

As stated in the introduction this paper describes key aspects of the HERA
investigations, identifying problems to solve concerning the integration of data from
different sources. Currently, the investigations try to deduce what the consegquences
are of using a heterogeneous information system (instead of one single data source).

4.1 Interface Heter ogeneity

The nature of the target applications implies the use of a heterogeneous set of
information sources, e.g. in the EPG application. While we neglect the technical
aspect here, we concentrate on the interface heterogeneity and the logical
heterogeneity.?

Assuming that different sources require different access methods, the presentation
generation process has to decide which data are to be retrieved from the respective
sources in order to compose the complete presentation. Thisinterface aspect will be
dealt with by a layer containing mediators and wrappers. Their task is to hide the
heterogeneity from the core generation process. In the current developments we
assume that restrictions associated with the differencesin access do not influence the
generation process.

2 For adefinition of terminology on aspects of integration, see[2].



The data and the metadata describing their properties are in XML. The task of the
wrappers is to trandate the data from the individual sources to the universal format
that can be exploited in the rest of the process. In a given application domain-
dependent XML tags could be used to capture domain-specific elements, providing a
way to efficiently construct afile with the appropriate meta-data, for example through
domain-related interpretation of the tags.

General HERA research questions concerning this wrapping process are:

* Does an effective wrapping process require an interaction with the core

presentation generation process?

* Do we want to facilitate the end-user or expert user in changing or overriding

the wrapping process on an ad hoc basis?

4.2 Logical Heterogeneity

Logical heterogeneity, semantic, schematic or structural, causes problems for the
presentation generation process. Since we assume that the schemas of the data
elements are not always available beforehand, and are carried inside the (semi-
structured) data, we alow for the possibility that after the retrieval the retrieved data
is transformed to deal with this heterogeneity. This means that this heterogeneity is
partially dealt with in the wrapper layer, but also partially in the (tight) federation
layer. In the core HERA architecture we have first a phase of query transformation,
then the actual dataretrieval, and then a phase of data transformation. Thefirst phase
applies the right adaptation to the query. The second phase adapts the actual data, the
query result, based on the information included in the data. If, for example, some TV
programs do not contain the expected short preview video, the system might decide to
offer a photo instead.

While we do consider semi-structured data (within some restrictions), we do not
plan to use unstructured data. The core of the generation process depends on the
availability of metadata representing information on how the data are to be used.

For HERA this subject implies general questions like:

«  Specifically with the Web, data sources can be integrated in an information
system without them being aware of this. What are the consequences of this
kind of autonomy, e.g. in relation to changes to the data?

e The end-user expresses queries on the basis of an Application Diagram that
represents a conceptual structure. How does this global Application Diagram
relate to the data structures involved? Does the end-user or expert user have to
know anything about this relationship?

« What are the consequences of design choices regarding materialization of
intermediate query results and presentations, specifically regarding the EPG?

4.3 Metadata

In the core generation process metadata on the data are exploited to decide on how to
adapt the query and its result. This primarily concerns the already mentioned user-



related metadata, infrastructure metadata and semantic metadata. Several other kinds
of metadata, e.g. technical metadata and semantic metadata, play arolein integration.
Two related research questions for HERA are:

*  Should the integration-rel ated metadata influence the presentation generation
process, or should there be transparency for this process?

«  For Internet EPG sources what kind of metadata should be available in order
to be able to use the data effectively in the creation of the EPG?

5 Conclusion

In this paper we have considered an important aspect of applications that manage
information on the World Wide Web: the automatic generation of hypermedia
presentations (front-ends). We have proposed a number of key issuesfrom the HERA
research project. That project aims at developing software to deal with semi-
structured data retrieved from possibly heterogeneous, legacy information sources.
We have addressed characteristic aspects of the software, and thusidentified subjects
of investigation regarding the integration aspect, e.g. heterogeneity and metadata.
Current software developments aim at serving more of the purposes identified in
this paper. This implies that several existing software tools are integrated into one
new tool. In the context of the Dynamo project this tool will be applied for the
automatic generation of EPGs, which |eads to a more domain specific approach.
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