"Different Perspectives of Metadata for Web-based Information Systems"

Panos Vassiliadis, Yannis Stavrakas

National Technical University of Athens, Greece, {pvassil, ys}@dbnet.ece.ntua.gr

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 fromthe viewpoint three different perspectives: conceptual, logical and physical. T o prove the feasibilityof 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. T his is mainlyachieved through the linkage of different separate networks into an interconnected network , byemploying mainlythe Internet [LL96]. T hus, the information is dispersed over a large number of interconnected repositories. T he World Wide Web (WWW) is an information retrieval tool, mainlyused to provide a uniforminterface for the stored information to the users. Intranets are an enterprisesecure part of Internet technologies, providing securityand performance apart fromthe other benefits of Internet access.

Nevertheless, the access to the information is not always an easytask, neither fromthe part of the information provider, nor fromthe part of the user. Problems of authoring, presentation, securityand performance have to be resolved fromthe part of the former, whereas problems of data location, relevance and credibilityhave to be resolved fromthe 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 alreadycreated. During the software development and maintenance phase of an information system, metadata playthe 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 interpretabilityof the components and information of the systemto the evaluator. Finally, it is obvious that in the presence of rich metadata schemes, the reverse engineering task of a systemis a less painful procedure.

Apart fromthe information theyprovide to people, metadata playa critical role for the interoperability between different systems, since theycontribute 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 commonlyagreed model for the representation of meta-information about Web-based Information Systems. In this paper we will (a) tryto 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.

T he 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 repositoryfor 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 seemto agree on a generic architecture of a Web-based Information System.

We can consider a WbIS as the synthesis of information fromseveral sources in the operational environment of an Intranet. Each Web site consists mainlyof a hypermedia database and a Web server who processes requests for information fromthe hypermedia database and returns answers to the clients. T he hypermedia database 1 is the central data repositoryof a Web site. It stores chunks of information in the formof resources connected bylinks established bythe user. T hese resources can contain text, graphics, sound, full-motion video, or executable programs and can be either static (i.e. having contents which are populated bythe time of authoring) or dynamic

(i.e. whose content is dynamicallypopulated -for example, through a database query- each time a user asks for them). T he most popular wayto present text to users is through the use of a markup language . In a markup language, text is annotated with tags , having either presentational or/and semantical nature. Currently, the vast majorityof text documents found in the WWW are authored with the use of the HyperText Markup Language

(HT ML) [RHJ97]. In the future, it is anticipated that the newemerging standard of eXtensible Markup Language

(XML)[BPS98] will gain more ground, basicallybecause 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.

T he search for information is not done in a pre-determined organized fashion, rather than in a "navigational" way, byfollowing the pre-established links. Clients request information found in the Intranet and receive answers, in the form of retrieved Web pages .

T he 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 fromits 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

WbIS.

1 T he term"database" should not be confusing. T he vast majorityof Web sites store information under a simple file system.

One should note that the information space (in all three levels) is virtual , 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.

D B o f W e b s i t e 1

W e b S i t e 1

G l o b a l I n f o r m a t i o n

S p a c e

U s e r s

E n t e r p r i z e I n t r a n e t

L o c a l I n f o r m a t i o n

S p a c e

A t o m i c

I n f o r m a t i o n

S p a c e

D B o f W e b s i t e 2

W e b S i t e 2

L o c a l I n f o r m a t i o n

S p a c e

A t o m i c I n f o r m a t i o n

S p a c e

D B o f W e b s i t e n

W e b S i t e n

L o c a l I n f o r m a t i o n

S p a c e

A t o m i c

I n f o r m a t i o n S p a c e

. . .

Figure 1. A generic architecture of a Web-based Information System

2.2 Problems during the life cycle of a WbIS

T here 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. T he designer has to come up with solutions to problems such as "Howcan I provide the users with navigational paths which have a meaning for them?", "Howcan I construct myWeb site consistentlywith the context of the overall context of the global information space of myIntranet?" or "Howcan I design the systemso that it is easily maintained?". During the software development and maintenance phase of an information system, the administrator usuallydeals 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?". T he information providers, which usuallyare the people constructing the Web pages, are involved in the Web authoring procedure. T heyusuallyhave to deal with similar problems, involving the location and presentation of information. Questions like "What (and where) is the template for the pages of mydepartment?", "Whyis the link I just added invalid?" are most common to people involved in such an effort. T he users of the information system, are involved in an information retrieval process, which can usuallymake themnervous when dealing with

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

Apart fromthis 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 byapplying sophisticated techniques, in the absence of a standard formalismfor the description of this information. T he most common problem, which furthermore has to be automaticallydealt is the answer to the question: "What is this page reallytalking 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. T herefore, a major claimof both researchers and practitioners is that rich metadata schemes could help eliminate or reduce this kind of problems.

Metadata is instrumental in transforming rawdata 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 specificallyfor 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, mainlyproposed bythe 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 mainlyfocus on the latter approach, since it is closer to the problemwe 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 newformalism, or a detailed standard. We just claimthat 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 repositoryfor 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 fromits higher levels or in relationship with them. Furthermore, each of these levels can be viewed fromthree different perspectives:

conceptual, logical and physical . T he conceptual model provides a description of information with a waywhich is veryclose 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 directlyrepresented in a computer systemin 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 conce ptual perspective

In the conceptual perspective, an abstract, high-level representation of the Information domain is provided.

T he most commonlyused 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 mostlyprovide 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. T he global conceptual model represents the overall information domain covered bythe 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 bydefinition are semanticallyrelated 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. T his 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.

T he same rule can be applied for the relationship between the conceptual models of Web sites and their resources. T he 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 wayaround. In Figure 2 the conceptual perspective of a WbIS is presented.

W e b S i t e 1

G l o b a l C o n c e p t u a l

M o d e l

G l o b a l

E n t i t y 1

G l o b a l

E n t i t y 2

L o c a l C o n c e p t u a l

M o d e l

L o c a l

E n t i t y 1

L o c a l

E n t i t y 2

A t o m i c C o n c e p t u a l

M o d e l

R e s o u r c e

E n t i t y 1

R e s o u r c e

E n t i t y 2 s u b s e t

s u b s e t

Figure 2. The Conceptual perspective of a WbIS

3.2 The logical perspective

In the logical perspective, one should tryto determine howthe conceptual model of a WbIS can be organized in abstract structures, independent fromthe 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. T he 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. HT ML has mainlypresentational tags; consequentlythe logical structure of HT ML documents (denoted bythe

� parse tree of

each document) mainlyconcerns their presentation. On the other hand, XML is based on a logical scheme (also

denoted bythe 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 seemto be a common agreement on one of them. Consequently, we tried to derive a

common platformfor 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. T his has already

been the approach followed in several other proposals, e.g. [ISB95], [GMP95]. In the sequel of this section, we

will describe the minimumrequirements 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. T he page patterns can be

derived fromthe entities of the conceptual model, as subsets, conjunctions or unions of different entities. T his

stems fromthe 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 maycombine information fromvarious

underlying entities. T he link patterns can be derived fromthe relationships -possiblytransitive- between entities.

T he direction and cardinalityof a link are important, as well as a description of the link. T he links between pages

can be of different types (HT ML 4.0 alreadysupports 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] specifythe waylinks might be provided for the Web pages, if anyXML compliant

language is used (instead of HT ML). Our approach can be customized to these specifications easilythrough a

specialization mechanism.

We believe that a logical model is a keycomponent in the design process of a WbIS, and is mainlyused by

the people involved in this process. T hus, 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

fromvarious sources and the support of navigational paths frompage patterns -in other words, it is veryclose to

the real world structure of the WbIS. Second, such a model is high level enough to avoid the problemof 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 directlyaffect the logical model of the application; on the other hand sometimes this might be

7 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. T o achieve this goal we provide a set

of GlobalQueries . Each global queryrepresents 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 incrementallyover time. We

do not advocate that one should predict all the possible queries fromthe 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. T he 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.

G l o b a l L o g i c a l M o d e l

L o c a l L o g i c a l M o d e l

A t o m i c L o g i c a l

M o d e l

s h a r e s

D T D

P a g e P a t t e r n 1 P a g e P a t t e r n 2

/LQN�SDWWHUQ

+($’

%2’<

3 3

G l o b a l Q u e r y 1

?

G l o b a l Q u e r y 2

?

Figure 3. The logical perspective of a WbIS

3.3 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 anyresource 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 maynot exist at all anyglobal 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.

I n t e r n e t

D B o f W e b s i t e 1

W e b S i t e 1

D i r e c t o r y

S t r u c t u r e

� t a b l e s p a c e s

� i n d e x e s

� r e p l i c a t i o n

D B o f W e b s i t e 2

W e b S i t e 2

F i r e w a l l

� t a b l e s p a c e s

� i n d e x e s

� r e p l i c a t i o n

F i r e w a l l

W e b S i t e k

P r o x y S e r v e r

P r o x y S e r v e r

P r o x y S e r v e r

P r o x y S e r v e r

D i r e c t o r y

S t r u c t u r e

F i r e w a l l

- l a s t m o d i f i e d

- s i z e

- e x p i r e s a t

Figure 4. The physical perspective of a WbIS

4 The ConceptBase implementation

T he model for WbIS metadata is represented in T elos, a metadata modeling language. Its implementation in the ConceptBase system[JGJ+95] provides queryfacilities, and definition of constraints and deductive rules.

T elos is well suited because it allows to formalize specialized modeling notations bymeans of metaclasses. T he

T elos representation can provide the user with the facilityto examine the structure and test the qualityof the represented Information System.

T he set of T elos classes employed corresponds to the description presented in the previous section. A detailed presentation is beyond the scope of this paper. Here, we will onlydemonstrate the power of the query language in order to present the usefulness of our approach.

T he following querydiscovers the conceptual

REMHFW s � of the global conceptual schema

ZLWK�QR�RWKHU�REMHFW

SRLQWLQJ WR� them

,QGLYLGXDO�1RW,PSOHPHQWHG*OREDO&RQFHSWV�LQ�4XHU\&ODVV�LV$�:(QWLW\7\SH�ZLWK

�DWWULEXWH�FRQVWUDLQW

F�H[LVWV�JV�:*OREDO&RQFHSWXDO6FKHPD�JV�KDV&RQFHSWV�WKLV�DQG

�

QRW�H[LVWV�OH�:(QWLW\7\SH�OV�:/RFDO&RQFHSWXDO6FKHPD

�OV�KDV&RQFHSWV�OH�DQG � �OH�UHOHYDQW&RQFHSWV�WKLV�

HQG

9

The next query discovers the entity names related to each web resource.