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Abstract. Metadata can be of extreme value during the lifecycle of a Web-based Information System (i.e.
during its design, development, maintenance, and evaluation phases). Metadata can also provide machine
understandable information for applications which communicate without human intervention on the WWW. In
this paper, we argue that the metadata of Web-based Information Systems can be of added value, if presented at
three levels of granularity (global, local and atomic), further organized from the viewpoint three different
perspectives: conceptual, logical and physical. To prove the feasibility of this approach, we have also

implemented a model which respects the aforementioned separation, in the ConceptBase system.

1 Introduction

In the recent years, the notion of enterprise-wide computing has prevailed in the development of
Information Systems. Enterprise-wide computing is based on the notion of bringing most of the computing power
of an organization on the desktop. This is mainly achieved through the linkage of different separate networks into
an interconnected network, by employing mainly the Internet [LL96]. Thus, the information is dispersed over a
large number of interconnected repositories. The World Wide Web (WWW) is an information retrieval tool,
mainly used to provide a uniform interface for the stored information to the users. Intranets are an enterprise-
secure part of Internet technologies, providing security and performance apart from the other benefits of Internet

access.

Nevertheless, the access to the information is not always an easy task, neither from the part of the
information provider, nor from the part of the user. Problems of authoring, presentation, security and
performance have to be resolved from the part of the former, whereas problems of data location, relevance and
credibility have to be resolved from the part of the latter. Search engine technologies are employed to simplify

the process of seeking meaningful content in the WWW, yet the result is not always satisfactory.

Metadata can be of extreme value during the overall life cycle of an information system. During the design
phase, metadata can provide the designer with valuable information about the structure and meaning of the
various concepts and structures he has already created. During the software development and maintenance phase
of an information system, metadata play the role of a guide through the numerous pre-stored structures and
hardcoded values of such a system. As for the assessment of an Information System, metadata are most useful in
increasing the interpretability of the components and information of the system to the evaluator. Finally, it is
obvious that in the presence of rich metadata schemes, the reverse engineering task of a system is a less painful

procedure.

Apart from the information they provide to people, metadata play a critical role for the interoperability
between different systems, since they contribute to the automatization of the communication of information
between these systems. Metadata provide machine understandable information for applications which
communicate without human intervention and can be used for the automatic processing of Web resources in
application areas such as resource discovery, cataloging, intelligent knowledge agents, content rating, electronic

commerce, etc.



For all these reasons, the presence of metadata describing Web-based Information Systems (WbIS) is of
great importance. Currently, although several approaches have been made, there is no commonly agreed model
for the representation of meta-information about Web-based Information Systems. In this paper we will (a) try to
determine a framework for different perspectives of metadata for WbISs, (b) describe an implementation of such

a model and (c) show how this framework can be used for the efficient querying of a metadata repository.

The structure of this paper is organized as follows: in Section 2, we first give a general architecture of a
WbIS, along with a discussion on the problems occurring during its lifecycle. Furthermore, the role of metadata
in such an environment is also discussed. In Section 3, we present our approach towards the general structure if a
metadata repository for the WWW. In Section 4, we go into more detail on the implementation of our metadata
model in the ConceptBase system. In Section 5, related work is presented and finally, in Section 6, conclusions

and topics for future research are presented.

2 Description of the problem and contributions
2.1 Architecture of a Web-based Information System

Researchers and practitioners seem to agree on a generic architecture of a Web-based Information System.
We can consider a WbIS as the synthesis of information from several sources in the operational environment of
an Intranet. Each Web site consists mainly of a hypermedia database and a Web server who processes requests
for information from the hypermedia database and returns answers to the clients. The hypermedia database' is the
central data repository of a Web site. It stores chunks of information in the form of resources connected by links
established by the user. These resources can contain text, graphics, sound, full-motion video, or executable
programs and can be either static (i.e. having contents which are populated by the time of authoring) or dynamic
(i.e. whose content is dynamically populated -for example, through a database query- each time a user asks for
them). The most popular way to present text to users is through the use of a markup language. In a markup
language, text is annotated with fags, having either presentational or/and semantical nature. Currently, the vast
majority of text documents found in the WWW are authored with the use of the HyperText Markup Language
(HTML) [RHJ97]. In the future, it is anticipated that the new emerging standard of eXtensible Markup Language
(XML)[BPS98] will gain more ground, basically because it allows each author to define his/hers own personal
tags. In either case, the combination of these resources produces a virtual space of information, organized in a
graph. The nodes of the graph represent individual resources and the arcs the user-established links. In Figure

1, this basic architecture is presented.

The search for information is not done in a pre-determined organized fashion, rather than in a "navigational”
way, by following the pre-established links. Clients request information found in the Intranet and receive

answers, in the form of retrieved Web pages.

The information of a WbIS can be examined at three different levels of granularity: (a) at the atomic level
each resource creates its own atomic information space, characterized from its content, structure and physical
characteristics, (b) the interconnection of these resources produces a local information space for a Web site and
(c) the synthesis of all the local information spaces of the Web sites produces the global information space of the
WhbIS.

' The term "database" should not be confusing. The vast majority of Web sites store information under a

simple file system.



One should note that the information space (in all three levels) is virfual, since it can consist of both
dynamic and static resources. Furthermore, the three levels can be considered to be interconnected -in which case

it is interesting to model their interconnection- or in isolation -in the cases where we deal with only one of them.
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Figure 1. A generic architecture of a Web-based Information System

2.2 Problems during the life cycle of a WbIS

There are several processes taking place during the life cycle of a Web-based Information System. During
the design phase, the system must be specified with respect to its structure, software and hardware support. The
designer has to come up with solutions to problems such as "How can I provide the users with navigational paths
which have a meaning for them?", "How can I construct my Web site consistently with the context of the overall
context of the global information space of my Intranet?" or "How can I design the system so that it is easily
maintained?". During the software development and maintenance phase of an information system, the
administrator usually deals with problems regarding the location of information. For example, a typical question
would be "What is the exact path to the index page of the department of electrical engineering?". The information
providers, which usually are the people constructing the Web pages, are involved in the Web authoring
procedure. They usually have to deal with similar problems, involving the location and presentation of
information. Questions like "What (and where) is the template for the pages of my department?”, "Why is the
link T just added invalid?" are most common to people involved in such an effort. The users of the information

system, are involved in an information retrieval process, which can usually make them nervous when dealing with



Web sites having a complex structure, bad performance, strange outlook or hard to use navigational paths.

Apart from this trivial tasks, performed in a regular fashion, a major process taking place in the World Wide
Web is the process of automatic processing of Web resources. Search engines catalogue and rate Web sites for
their content by applying sophisticated techniques, in the absence of a standard formalism for the description of
this information. The most common problem, which furthermore has to be automatically dealt is the answer to the
question: "What is this page really talking about?". No matter what techniques are employed, it is hard to imagine

the case where no improvement of the classification of resources can be achieved.

2.3 The role of Metadata in a WbIS

All of the aforementioned problems have a common source: the lack of knowledge about the content,
structure and location of the information of a Web site. Therefore, a major claim of both researchers and

practitioners is that rich metadata schemes could help eliminate or reduce this kind of problems.

Metadata is instrumental in transforming raw data into knowledge. Without metadata, stored information is
reduced to a meaningless data repository (also known as "data graveyard"). Several proposals exist for metadata
formalisms, and more specifically for metadata customized for Web-based Information Systems. We can classify
the proposals in two major categories: on the one hand, proposals at a high level such as the ones of the Metadata
Coalition [Meta97] or MicroSoft [BHS+97] which deal with non-special purpose metadata specifications; on the
other hand, proposals, which are still in a "work in progress" status, mainly proposed by the W3 Consortium,
which are customized for Web resources [LS98], [GB97]. In the former approach, "metadata is data about data",
or "information about enterprise data" [Meta97]. In the latter [W3C98], metadata are "machine-understandable
information about web objects". We will mainly focus on the latter approach, since it is closer to the problem we

discuss.

Yet, as we shall prove in Section 5 ("Related Work") the W3C approach suffers a serious problem: being
definitely "machine-oriented", it results in a mixed representation of information, which is hard for a person to
understand. One of the contributions of this paper is the introduction of a clear separation of metadata for WbISs
in three perspectives (conceptual, logical and physical) for all their levels of granularity. Note that we do not
propose a new formalism, or a detailed standard. We just claim that clearly separated semantics in the presence
of a repository with enhanced query capabilities, definitely make the work of both people and software agents

much easier.

3 Metadata for the Web

In this section, we will describe the basic architecture of a metadata repository for Web-based Information
Systems. We distinguish three levels of detail for this task: the global level, used to describe the WbIS as a
whole, the local level, used to describe each Web site and the atomic level dealing with each specific resource. It
is important to note that each of the three levels can be viewed either isolated from its higher levels or in
relationship with them. Furthermore, each of these levels can be viewed from three different perspectives:
conceptual, logical and physical. The conceptual model provides a description of information with a way which
is very close to the perception of the user; the physical model deals -more or less- with the details of storage and
access of the information. Between these two extremes, the logical level hides several implementation issues but
can be directly represented in a computer system in order to be able to both give an intuition of the data
organization to the users and be close to the physical details of this organization. In the sequel, we present the

models for each level and perspective in more detail.



3.1 The conceptual perspective

In the conceptual perspective, an abstract, high-level representation of the Information domain is provided.
The most commonly used model for the conceptual representation of an application domain is the Entity-
Relationship (E-R) model [Ch76]. Since the E-R model is a well-documented, established and powerful model,
we choose to use it for the conceptual representation of a WbIS for all its levels. As we will see in the sequel,
entities mostly provide patterns for the organization of information in Web pages, whereas relationships mostly
determine navigational paths between these pages. We will distinguish between the different levels of granularity

of the conceptual perspective.

At the upper level, the global conceptual model exists. The global conceptual model represents the overall
information domain covered by the distributed WbIS. At each site, a local conceptual model exists, representing
the information found at the specific site. Finally, each resource, e.g. Web page, can have its own conceptual
model for the high level representation of its contents and structure. Our approach is open, in order to incorporate
the cases where the information of an organization is distributed across various Web sites -which by definition
are semantically related to each other. We believe that the global conceptual model should be the central
reference model of the organization. Instead of considering it as the union/merge of the conceptual models of the
lower levels, we argue that the inverse approach should be taken: all other models should be expressed with
respect to the central model. This approach provides the organization with the potential to detect anomalies in the
design at each level, since a global conceptual model can capture the relationships between different parts of

information, distributed in different Web sites.

The same rule can be applied for the relationship between the conceptual models of Web sites and their
resources. The relationship between two different Web pages, for example, can be modeled at the local level and
not at the atomic one -therefore it is wiser to deal with the conceptual content of the specific pages in the context
of an overall, local conceptual content, rather to do it the other way around. In Figure 2 the conceptual

perspective of a WbIS is presented.
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Figure 2. The Conceptual perspective of a WbIS




3.2 The logical perspective

In the logical perspective, one should try to determine how the conceptual model of a WbIS can be
organized in abstract structures, independent from the physical attributes, yet close to the actual representation of

the information.

In the atomic level we consider that a logical schema can exist for a resource. We will focus on the logical
schemata of Web pages. The logical schema of a Web page defines its internal structure. In all markup languages
for documents, tags are embedded in the text, either for semantical or for presentational reasons. HTML has
mainly presentational tags; consequently the logical structure of HTML documents (denoted by the parse tree of
each document) mainly concerns their presentation. On the other hand, XML is based on a logical scheme (also
denoted by the parse tree of each document) which is oriented more towards the semantical structure of the

document; in that sense it is very close to the conceptual perspective of the document.

As far as the local level of a Web site is concerned, although there exist several proposals for logical
models, there does not seem to be a common agreement on one of them. Consequently, we tried to derive a
common platform for such models. Our approach is based on the assumption that a logical model, based on page
patterns and navigational paths can (and must) be the cornerstone of the design of a WbIS. This has already
been the approach followed in several other proposals, e.g. [ISB95], [GMP95]. In the sequel of this section, we
will describe the minimum requirements we believe a logical model for a WbIS should fulfill and present the

minimalistic approach we have taken towards this specifications.

Our logical model consists of page patterns and link patterns between them. The page patterns can be
derived from the entities of the conceptual model, as subsets, conjunctions or unions of different entities. This
stems from the fact that the Web pages are not normalized relational tables rather than structures used for the
presentation of information to the user; consequently, their content may combine information from various
underlying entities. The link patterns can be derived from the relationships -possibly transitive- between entities.
The direction and cardinality of a link are important, as well as a description of the link. The links between pages
can be of different types (HTML 4.0 already supports two different types of links, namely "anchor" and "link").
In our quest for an open architecture, we do not constraint the model to a single type of links, rather present a
generic. In the future, it is anticipated that more types of links will exist in the WWW. XML [BPS98] and its
XLink specification [MD98] specify the way links might be provided for the Web pages, if any XML compliant
language is used (instead of HTML). Our approach can be customized to these specifications easily through a

specialization mechanism.

We believe that a logical model is a key component in the design process of a WbIS, and is mainly used by
the people involved in this process. Thus, it should be concerned, on the one hand with the representation of
conceptual entities and on the other with their internal structure. Consequently, we attach an inherent structure to
each page pattern: a Document Type Declaration (DTD) is used to define the syntax of markup constructs

through of element definitions, to deal with the combination of information within the page pattern.

A logical model with the characteristics we have prescribed, offers several advantages to the designer and
administrator of a WbIS application. First of all, it is oriented towards the presentation of mixed information
from various sources and the support of navigational paths from page patterns -in other words, it is very close to
the real world structure of the WbIS. Second, such a model is high level enough to avoid the problem of mixed
representation of schema and instance information. This is the main reason for which we have chosen to separate
our models in different levels: schema information should be present at the local model, whereas instance
information should be present at the atomic level. Furthermore, under this light, updates on specific pages do not

always have to directly affect the logical model of the application; on the other hand sometimes this might be



inevitable.

As far as the global level is concerned, the objective of a logical model should be to detail the global search
space of the organization, based on the global enterprise conceptual model. To achieve this goal we provide a set
of GlobalQueries. Each global query represents a possible request for information and is related to a set of
concepts of the global conceptual model. Obviously, the set of global queries grows incrementally over time. We
do not advocate that one should predict all the possible queries from the first moment of the WbIS operation.
Rather, we claim, that based on the global conceptual model, one can create a first basis for search on the global
information space. The answers to the queries (which can be either page patterns, or atomic resources) can be

obtained by relating the involved global conceptual entities to the respective patterns or pages.
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Figure 3. The logical perspective of a WbIS

33 The physical perspective

In the physical perspective, the objective is the description of the physical characteristics of the WbIS. At
the atomic level, the physical instance of any resource on the WWW covers two issues: on the one hand, it deals
with the location of the resource in the WWW; on the other hand it deals with its physical characteristics (e.g.

size, date of last modification, type, transfer protocol).

As far as the local level is concerned, there exist two main groups of information about the physical
characteristics: on the one hand there is the specification of hardware and middleware supporting the Web site
(machinery, Web server, proxy, DBMS etc.). On the other hand, there is a description of the physical
characteristics of the local information space (e.g. the directory structure served from the Web server).

Finally, at the global level, there may not exist at all any global physical interconnection other than the
Internet. In this case, there is no need for physical description of the WbIS at the global level. If, on the other
hand, the different Web sites are connected with private lines (e.g. in the sense of a Virtual Private Network),
then there can also be a model for the physical description of the overall organization. In Figure 4, the physical

perspective is graphically presented.
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Figure 4. The physical perspective of a WbIS

4 The ConceptBase implementation

The model for WbIS metadata is represented in Telos, a metadata modeling language. Its implementation in
the ConceptBase system [JGJ+95] provides query facilities, and definition of constraints and deductive rules.
Telos is well suited because it allows to formalize specialized modeling notations by means of metaclasses. The
Telos representation can provide the user with the facility to examine the structure and test the quality of the

represented Information System.

The set of Telos classes employed corresponds to the description presented in the previous section. A
detailed presentation is beyond the scope of this paper. Here, we will only demonstrate the power of the query

language in order to present the usefulness of our approach.

The following query discovers the conceptual objects of the global conceptual schema with no other object
pointing to them -i.e. not mapped to something in the Web Sites.

Individual NotImplementedGlobalConcepts in QueryClass isA WEntityType with
attribute, constraint
c: $ exists gs/WGlobalConceptualSchema (gs hasConcepts this) and
not (exists le/WEntityType ls/WLocalConceptualSchema
(1s hasConcepts le) and (le relevantConcepts this)) $

end



The next query discovers the entity names related to each web resource.
Individual EntitiesForPage in GenericQueryClass isA WEntityType with
parameter
p: WResource
attribute, constraint
c: $ exists als/WAtomicLogicalSchema (p logical als) and
(als hasConceptual this) $
end

Finally, although Telos is based on a deductive object base formalism, our approach can be also exported to
other formalisms, e.g. semi-structured data, or the RDF approach proposed from the W3C [LS98]. We do not
advocate that ConceptBase should definitely be the central metadata repository of a WbIS; rather we argue that

rich metadata schemes can provide extended query facilities.

5 Related Work

A lot of effort has been spent on the standardization of meta data. A promising approach is the Metadata
Interchange Specification [Meta97], proposed by the Metadata Coalition, an open group of companies such as
IBM, Sybase, Informix, etc. The Metadata Interchange Specification (MDIS) should provide a standard access
mechanism and a standard application programming interface to control and manage metadata with interchange
specification-compliant tools. The MDIS is character-based and platform-independent. Furthermore, it is
extensible because the contents of what is considered as metadata will be evolved. In a commercial approach, the
repository system of Microsoft [BHS+97] is found. This metadata repository is extensible and evolvable, so that

customers and independent software vendors can store any kind of (meta-) data in the repository.

As far as proposals customized for the WWW are concerned, the major proposal is the one made by the W3
Consortium [LS98]. RDF - the Resource Description Framework- is a foundation for processing metadata,
providing interoperability between applications that exchange machine-understandable information on the Web.
RDF uses a graph-based model for representing metadata and a specific syntax for expressing and transporting
this metadata in a manner that maximizes the interoperability of independently developed web servers and
clients. The syntax employed uses the eXtensible Markup Language (XML). RDF has re-used the results of
several previous efforts for the standardization of metadata out of which we can contribution to the employed
model is found in [GB97].

A very interesting fact about this model is its simplicity. The model is based on a simple graph, where
entities, concepts, attributes and types are all modeled as nodes on a graph and any relationship between them
(including isA, hasA relationships) is modeled as a labeled arc. Research work in semi-structured data has been
based -more or less- on the same basic assumption about an underlying model [Abit97]. Yet, the problem of
mixed representation is also present in the research in semi-structured data, since the model is composed just of

nodes and arcs.

6 Discussion and Conclusions

The main results of this paper can be summarized as follows: (a) a clear separation of different aspects of



Metadata for WbIS, as far as the level of granularity and perspective are concerned and (b) the proof of the

usefulness of our approach through the query facilities of ConceptBase. Future work involves the research on

quality aspects of WbISs as well as the evaluation and completion of our model.
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