Systematic Hypermedia Design

V. Balasubramanian

E-Papyrus, Inc.,

63E Reading Road

Edison, NJ 08817 and

Graduate School of Management

Rutgers University

Newark, NJ 07102.

Tel/Fax: 1-908-548-7868

Email: bala@pegasus.rutgers.edu

URL: http://eies.njit.edu/~333/bala.html

Michael Bieber

Institute of Integrated Systems Research

Department of Computer and Information Science

New Jersey Institute of Technology

Newark, NJ 07102.

Tel: 1-201-596-2681

Fax: 1-201-596-5777

Email: bieber@cis.njit.edu

URL: http://hertz.njit.edu/~bieber/bieber.html

Tomás Isakowitz

Information Systems Department

Leonard N. Stern School of Business

New York University

New York, NY 10012.

Tel: 1-212-998-0833

Fax: 1-212-995-4228

Email: tomas@stern.nyu.edu

URL: http://www.stern.nyu.edu/~tisakowi

5/10/96

Systematic Hypermedia Design

ABSTRACT

Hyperm edia structuring and navigation requires design m ethodologies different from those developed for standard inform ation system s. T his article details our successful application of

Relationship Managem ent Methodology(RMM), a hyperm edia system s analysis and design m ethodology, to ACM SIGLINK´s LINKBase. LINKBase is a W orld-W ide W eb (W W W ) application, which dynam icallygenerates W W W pages from a relational database containing inform ation about hypertext-related events such as conferences, publications, authors, and sponsoring organizations. W e describe our experience applying RMM in this case study, sum m arize design lessons we learned in the process, present extensions to RMM, and ground our work in the hyperm edia design literature. Our experiences should encourage hyperm edia and

WWW developers to utilize systematic design techniques.

KEYWORDS

Hypertext, Hyperm edia, Relational Database Display, Hyperm edia design m ethodology, Design guidelines, Entity-Relationship Diagram s, Navigation, Indexes, Guided T ours, W orld-W ide W eb database gateways, LINKBase, Information Access.

KSRL categories: AI0102, CB0601.05, CB0902.01, FB04, FC10, HA0903

ACKNOWLEDGMENTS

W e would lik e to thank Bang-Min Ma, Yu Cheng, Sajeev Joseph at the New JerseyInstitute of

T echnology, Joonhee Yoo at Rutgers Universityand Mark Ginsburg at New York University. W e gratefullyack nowledge funding for this project byNJIT under Grant #990967, bythe National

Center for T ransportation and Industrial Productivityunder Grant #990905, grants from the Sloan

Foundation and the AT &T Foundation, and the NASA JOVE facultyfellowship program .

Biographies of Authors

V. Balasubram anian (^Bala~) has nine years experience in developing inform ation system s.

Currently, he heads his own consulting firm , E-Papyrus, Inc., specializing in hyperm edia design ,

W eb-based docum ent delivery, docum ent m anagem ent, groupware and user interface design.

Most recently, Bala was instrum ental in introducing W eb-based inform ation services at

Hoffm ann-La Roche, a pharm aceutical com pany. He has consulted for IBM, Bell Atlantic, and

AT &T before. He is also a doctoral candidate at the Graduate School of Managem ent, Rutgers

University.

Michael Bieber is Assistant Professor of Inform ation System s at the New JerseyInstitute of

T echnology, where he directs the Hyperm edia Inform ation System s Lab. He is a FacultyFellow in the Autom ation T echnologySection at NASA´s Goddard Space Flight Center at NASA. He is active in the hypertext research com m unity. W ith T om ás Isak owitzhe co-organizes the

Hyperm edia in Inform ation System s and Organizations m initrack at the annual HICSS conferences and has co-edited several special journal issues on hyperm edia. He serves as ACM

SIGLINK´s treasurer. He holds a Ph. D. in Decision Sciences from the University of Pennsylvania.

Tomás Isakowitz is an Assistant Professor of Inform ation System s at New York UniversityStern

School of Business. His research interests are hyperm edia technologyand its applications, decision support and tem poral databases. Professor Isak owitzreceived his B.Sc. in Mathem atics at the Hebrew Universityof Jerusalem , his M. Sc. in Mathem atics at the Universityof California at

Santa Barbara, his M. Eng. and Ph.D. in Com puter Science at the Universityof Pennsylvania. He has taught at New York Universitý s Stern School of Business, the International Universityof

Japan, and the Universityof Pennsylvania, and was a visiting scholar at Stanford Research

Institute. Dr. Isak owitz´ software engineering research interests focus on exploring new paradigm s and m ethodologies to facilitate software developm ent, encourage software reuse and encourage solid system construction. He is activelyinvolved in hypertext research, and has written extensivelyabout the design and developm ent of hypertext/hyperm edia applications. His publications have appeared in the Journal of Management Information Systems, Communications of the ACM, Decision Support Systems, ACM Transactions on Database Systems, ACM

Transactions on Office Information Systems, Decision Support Systems and elsewhere. He currentlyserves on the editorial boards of the Journal of Management Information Systems , the

Journal of Electronic Commerce, and as a special issue editor for the Journal of Organizational

Computing and the Communications of the ACM . Dr. Isak owitzhas work ed as a consultant for several international, and is activelyinvolved in the academ ic and practical issues involving the design of hypermedia applications.

Systematic Hypermedia Design

1. INTRODUCTION

Organizations increasingly are seeking to exploit hypermedia 1 to augment users´ access to information. For example, we find hypertext-based information kiosks in museums, airports and other public places. Hypertext techniques help software developers find program segments for reuse (Isakowitz and Kauffman 1997). Hypermedia structuring gives executives and analysts ready access to details and explanations within decision support systems (Kimbrough, Pritchett,

Bieber and Bhargava 1990; Mao, Benbasat and Dhaliwal 1996; Minch 1990; Minch and Green

1996). On the World Wide Web (WWW), organizations are exploring the potential of hypertext access to present themselves to the public, and to sell their products and services. Yet, while the field of hypermedia itself is maturing, methodologies for hypermedia design only now are beginning to emerge. To date, no published work has employed a systematic hypermedia design methodology for WWW development.

This article details our successful application of a hypermedia systems analysis and design methodology to a WWW application. We present a case study using the Relationship

Management Methodology (RMM) by Isakowitz, Stohr and P. Balasubramanian (1995), propose extensions to RMM, summarize the ^RMM design~ lessons we learned in this process, and ground our experience in the hypermedia design literature. Our experiences should help pave the way for other developers to take advantage of hypermedia design and development techniques, both on the WWW and in more traditional applications.

What makes hypermedia so useful? We view hypermedia as the science of relationships and hypermedia techniques as supporting relationship management . Hypermedia concerns structuring, presenting and giving users direct access to the content and interconnections within an information domain. A hypermedia vantage point encourages designers to consider a system in terms of the relationships among its objects and processes, focusing on what users might want to access and how users should access them.

Handcrafting hypermedia interrelationships is tedious at best, and impractical in cases of voluminous or frequently changing information. Furthermore, authoring a hypermedia interface and hypermedia links in an ad hoc format leads to inconsistent design (Garzotto, Mainetti and

Paolini 1995), and the possibility of errors and omissions (Botafogo, Rivlin and Shneiderman

1992; Brown, 1990). Therefore, a systematic design approach with automatic page generation constitutes the only reasonable option in many cases.

(Isakowitz et al., 1995) focused on the first three of RMM´s seven stages and provided initial developer guidelines for these. The current article reviews RMM´s seven stages, extends some aspects of the first three stages, and describes the remaining four stages in detail. We also present the first full case study of a step-by-step application of this hypermedia design methodology. While many WWW applications also retrieve display contents from databases

(see, for example, CommerceNet [URL1] and Johns Hopkins University´s public domain bioinformatics databases [URL2]), ours is the first published description of a WWW application designed with a systematic hypermedia design methodology. Our emphasis in the previous sentence is twofold: on published and on systematic hypermedia design . We assume these other applications resulted from some degree of design. Yet without any published record we do not know how much. And, more important, others can not learn from them.

We begin in §2 by reviewing RMM and our extensions to it. §3 discusses related hypermedia design research. In §4 we introduce our application, LINKBase. §5 presents our case study applying RMM to LINKBase. §6 takes a larger view of RMM and discusses issues such as hypermedia requirements analysis and retrofitting legacy applications. We conclude in §7 with some final motivation.

1 W hile the term hyperm edia nom inallyencom passes m ultiple m edia, we m ak e no distinction between hypertext and hypermedia in this article.

2. The Relationship Management Methodology (RMM)

The Relationship Management Methodology (RMM) addresses the design and construction of hypermedia applications. We begin this section by briefly presenting RMM and its data model,

RMDM. A more detailed discussion can be found in (Isakowitz et al., 1995).

2. 1 Methodological Steps

RMM consists of the following seven steps, some of which can be conducted in parallel: (1)

Entity-Relationship design : models the information domain and its relationships, (2) Slice design :

how information units are sub-divided for display, (3) Navigational design: how users will access information, (4) User-Interface Design: how information will be presented, (5) Protocol Conversion

Design: how abstract constructs are to be transformed into physical-level constructs, e.g., what kind of WWW page corresponds to an index, (6) Run-time behavior: how to populate the application with data, and (7) Construction and testing.

Although first presented as a linear methodology RMM was conceived to be flexible by supporting rapid feedback loops as prescribed in (Nanard and Nanard, 1995). Research in this direction has been embodied in software design tools presented in (Diaz and Isakowitz, 1995).

2. 2 The RMDM Data Model

The Relationship Management Data Model (RMDM) is the cornerstone of the RMM methodology. Figure 1 presents its elements. RMDM includes elements for representing information domain concepts (such as entities and relationships), and navigation mechanisms

(such as links). An application´s design is described via an RMDM diagram (see Figure 9 on page

15 ). The RMDM model is based on the Entity-Relationship model (Elmasri and Navathe, 1990), and on HDM (Garzotto, Paolini and Schwabe 1993) and HDM2 (Garzotto, Mainetti and Paolini

1996).

Because entities may have a large number of attributes of a different nature (e.g., salary information, biographical data, photograph), it may be impractical or undesirable to present all the attributes of an entity instance in one screen. Thus, RMM groups attributes into slices (the symbol for a slice resembles a pizza slice).

Figure 1 : The elements of the RMM Data Model (RMDM)

RMDM specifies navigation via the six access primitives at the bottom of Figure 1 . RMDM´s

most significant access structures are indices, guided tours, indexed guided tours and groupings .

An index acts as a table of contents. A guided tour implements a linear path through a collection

of items allowing the user to move forwards or backwards on the path. Indexed guided tours

combine the functionality of indices and guided tours. Logical conditions qualify these access

structures. For example, a condition ^type= panel ~ attached to an index into a conference_event

entity denotes an index to panels from that conference. The grouping mechanism serves as a

major access gateway to other parts of the system, as often found on many applications´ home

pages or initial screens.

2. 3 Extensions to RMM

Our experience enabled us to identify two useful additions to RMDM (1) minimal slices, and

(2) hybrid slices. A minimal slice is a minimal collection of attributes of an entity type that enable

users to uniquely identify entity instances. Although conceptually similar, RMDM minimal slices

differ from database keys, because the latter usually do not convey relevant information (at a

cognitive level) to users. For example, although an employee´s social security number may serve

as a database key, a minimal slice may instead comprise the employee´s name and department.

In hypermedia applications, minimal slices are used as anchors to entity instances.

Hybrid slices combine attributes from different entities and access structures. RMM´s

original slices are ^pure~ in that they combine attributes of the same entity type. Since every

screen in an RMM application originates in a slice or in an access structure, the purity of slices

severely restricts the allowable pages. For example, using pure slices, it is impossible to combine

into one screen the name of a paper in a conference and an index of its authors. Hybrid slices can be used to that effect. We illustrate the usage of these two new kinds of slices in § 5.3.1 (page

11 ).

3. Related Research

Hypermedia structuring and functionality requires design methodologies different from those

developed for standard information systems. Hypermedia applications involve many different

components, such as content preparation, structure, storage, user-interface, navigation, and

retrieval. As a consequence, data models such as data flow diagrams, entity-relationship (E-R)

diagrams and object-oriented hierarchies cannot represent the design intricacies hypermedia

applications encompass.

Garzotto, Paolini, and Schwabe´s HDM data model (1993) and its successor HDM2 (Garzotto

et al., 1996) describes the structure of a database application domain adequately to support

hypermedia access. HDM and HDM2 describe representation schemes, but provide little

guidance on using those representations in the design process. In other words, while they

describe an application domain; they do not constitute a hypermedia design and development

methodology. RMM builds on HDM and HDM2 to provide this full methodology. Lange (1996)

and Schwabe, Rossi and Barbosa (1996) have proposed hypermedia design methodologies

based on the object oriented paradigm. For database domains, RMM has the advantage of using

tools such as E-R diagrams, with which designers already are familiar. In fact, as we note in § 5.9

designers using RMM especially have lauded this familiarity.

At the other extreme, Marshall and Shipman (1995) discuss authoring in spatially oriented

hypermedia environments. In spatial hypertext, relationships may be left implicit, inferable only

from the proximity of content with each other on the display. In addition, authors do not have to

commit to a structure and its enforced consistency in advance. One could view this as an excuse

to bypass consistency guidelines proposed by RMM and HDM; alternatively, time may show that

the best spatial applications evolve to a state consistent with these guidelines. It is possible, in

principle, to produce spatial designs from an underlying RMDM diagram. The interaction

between the structured RMM methodology and spatial hypertexts remains to be explored.

Our experience follows Nanard et al., (1995) observation that hypermedia design ^is an

incremental and opportunistic human activity that takes place in a two axes space,~ in which one

axis represents the technical aspect and the other axis represents the design process. Employing

RMM certainly had both aspects. Nanard and Nanard also identified fast feedback loops as a

fundamental requirement of a hypermedia development environment. As we shall describe

starting in the following section, throughout LINKBase´s design and development, we reiterated

through design-implementation loops.

We also direct the reader to our prior research in systematic hypermedia user interface

design (Balasubramanian and Turoff, 1995) and in automatically generating hypertext based on

an application´s internal structure (Bieber and Kimbrough, 1992; Bieber 1995). Neither has the

breadth of RMM.

4. LINKBase

LINKBase is a new implementation of ACM SIGLINK´s bibliographic application using

information stored in a relational database management system. LINKBase contains information

on events (conferences, workshops, special issue of journals, etc.), event items (actual articles),

event publication(s) containing the articles (conference and workshop proceedings, books, URL

addresses), the organization(s) sponsoring the event (e.g., ACM, INRIA, etc.), and people

(authors, event managers, and organization officers). LINKBase is more than a database, it is a

full-fledged hypermedia application which processes and reformulates data extracted from a

relational database. The WWW was chosen as the delivery platform so the widest possible

audience could access LINKBase easily and free-of-charge.

4. 1 Using LINKBase

The following scenario illustrates LINKBase. A user interested in information about hypertext

reaches ACM SIGLINK´s LINKBase 2 . After traversing some introductory material, he or she

selects ^conferences~ from a list of event types. The user arrives at the dynamically generated

page shown in Figure 2 a, which contains an index of hypertext related conferences. Upon

selecting ^ECHT `94~ (European Conference on Hypermedia Technology 1994) the system

generates the WWW page shown in Figure 2 b, containing basic conference information including

name, date, location, sponsor (^ACM~), and related publications (^ECHT `94 Proceedings~). Other

navigation choices include ^previous conference~ and ^next conference~ for the index. Other links

(not visible here) can lead to photographs taken at the conference, trip reports, a list of committee

members, etc. At any time, the user has access to all major system entry points (^groupings~) for

events, authors, organizations and publications.

The user then traverses the link ^Table of Contents~ to the page shown in Figure 3 a,

containing a list of papers, posters and demos, etc., presented at ECHT `94 along with author

names. Note that the ^Navigation Path~ reflects the user´s movement deeper into the information

space. Selecting ^Adding Multimedia Collections to the Dexter Model,~ the user arrives at Figure

3 b. From here the user can select author names and navigate to details about their affiliation and

contact information.

4. 2 Why use RMM for the re-implementation of LINKBase?

Like many Web applications, LINKBase´s original version was designed in an ad hoc manner

without following a methodology. In retrospect, this resulted in a system too limited in scope,

containing only conference-related event items and co-author cross references. Source

information was kept in flat files. The system administrator executed utilities to periodically update

WWW pages in Hypertext Markup Language (HTML) and to re-generate navigation indices.

When it came time to upgrade LINKBase, the haphazard, semi-planned nature of the original

system convinced us to use a systematic design methodology to facilitate a more comprehensive,

consistent and robust product. We decided to use Ingres, a relational data base management

system (RDBMS) as the back-end. Although industry-strength full-text retrieval engines such as

WAIS� [URL3] or BASIS WEBserver� [URL4] or Topic® WebSearcher [URL5] successfully

support good indexing and searching facilities on variable length text strings, they neither support

the design process nor the management of relationships.

2 Readers will be able to access LINKBase on the W W W through URL

< http://www.acm.org/siglink/>.

Note to Review ers: Due to changes in our com puter system s, we currentlyare changing the

platform on which LINKBase executes. W e shall com plete the conversion som etim e during

Sum m er 1996, until which tim e LINKBase (unfortunatelyand frustratingly) will be inaccessible.

During our final testing of the conversion, reviewers will be able to access LINKBase from

<http://space.njit.edu:5080/cacm/overview.html> by selecting the ^ LINKBase~ button.

7

(a) (b)

Figure 3 : Screenshot (a) shows the table of contents for ECHT `94 selected from Figure 2 b. This lists all papers, posters, demonstrations and videos presented at the conference. When the user selects the paper ^ Adding Multimedia Collections to the Dexter Model, ~ the system generates screenshot (b). It shows paper details such as authors, keywords, its abstract, etc.

LINKBase satisfied the criteria for an RMM-based design specified in (Isakowitz et al., 1995).

The domain´s structure contains no ad hoc relationships (except for our manually added

introduction and acknowledgments, etc.˙see § 6.1.1 ), and can be expressed clearly and

succinctly in terms of entities, relationships, and navigation structures based on these.

Furthermore, we frequently add, and sometimes modify, information about authors and

conferences, etc. While not a large system by industrial standards (Malcolm, Poltrock and

Schuler 1991; Parunak, 1991), LINKBase does contain several hundred event items and authors.

Although manual page generation would be possible, doing this in a controlled manner proves to

be more efficient and robust. This also allows us to provide a controlled interface for updates (see

§ 6.1.1 on page 22 ) instead of letting (numerous) people update HTML pages at will and potentially

degrading the consistent layout and integrity of LINKBase.

5. LINKBase Case Study

This section describes LINKBase´s design and development using RMM.

5. 1 Requirements Analysis

Through interviews with users we arrived at the following major criteria for LINKBase´s

reimplementation :

(1) Incorporate information missing from the original LINKBase system.

(2) Use a com m on W orld-W ide W eb browser as the interface, so our users (academ ics,

researchers and graduate students around the world) have easy access to the system.

(3) Store the information in a database for flexible access and easy update.

(4) Autom aticallygenerate the HT ML pages from the database contents so no one updates

pages manually, and so no one has to write HTML manually.

(5) HT ML pages need to be generated at run-tim e (as opposed to periodicallyupdating

them ), since we have no control over when people update the system and it always needs

to be up-to-date.

(6) Much of the system content would be incom plete. For exam ple, the authors them selves

would have to sign onto the system to add and update address inform ation onlyafter their

articles were entered into the system . Practically, it could be quite a while, if ever, until

they got around to this.

We determined the final set of entities in an iterative fashion. When we wrote the

requirements documents, we only planned to add author contact information. But as we thought

about the two main entities: authors and conference proceedings articles, we realized that we

could provide users with additional useful information. Discussing the system with prospective

users resulted in further entities and relationships.

5. 2 Entity-Relationship Design

The first step, entity-relationship (E-R) design, involves identifying the entities and

relationships that make up the application domain. These entities and relationships will become

nodes and links in the resulting hypermedia application. This step is familiar to most systems

analysts with experience in developing applications employing relational databases. It results in

an E-R diagram for the entire application.

Entity/Relationship Attributes

Organization OrgNam e, OrgT ype (university, SIG, professional organization, etc.),

Address, Phone, Fax, Email, Homepage, MiscInfo

Event EventNam e, EventT ype (conference, work shop, book , special issue),

Series Nam e, Date, Location, Description, List of Referees, T rip

Report, Event Photo, MiscInfo

Event_item EventItem T itle, EventItem T ype (introduction, paper, panel, video,

dem o, poster, work shop_related, technical briefing, cultural briefing,

com m ercial sym posium , tutorial, k eynote speech), Categoryor

Grouping within Event, Subject Classification, Abstract, Keywords,

Content, Full reference, Page #, MiscInfo

Person PersonLastNam e, PersonFirstNam e, Affiliation, Address, Phone, Fax,

Email, Biography, Homepage, MiscInfo

Publication PublicationNam e, Publisher Nam e, Location, ISBN, Foreword,

MiscInfo

Organizes OrgName, EventName, EventType

Manages PersonLastName, PersonFirstName, EventName, EventType

Produces PersonLastName, PersonFirstName, EventItemTitle

Edits PersonLastName, PersonFirstName, PublicationName

Officer_of PersonLastName, PersonFirstName, OrgName

Belongs_to PublicationName, EventName, EventType

Consists_of EventName, EventType, EventItemTitle

Contains PublicationName, EventItemTitle

Table 1 : Entity and relationship attributes in LINKBase´s domain.

5. 2 .1 LINKBase Example

In our scenario the user was interested in aspects of the ECHT´94 conference, such as its

location, sponsoring organization, proceedings, committee members, any trip reports, and details

of items presented (papers, posters, demonstrations, videos, etc.). Similarly, a user looking at a

paper abstract may be interested in more details about it, background information about its

authors, and general information about the conference at which it was presented.

Person

Event

Publication

Event_Item

Organization

Officer_of Officiated_by

Within Contains

Edited_by

Edits

Part_

of

Consists_

of

Associated-

with

Belongs_to

Organized

_by

Organizes

Produces Produced_

by

Managed_

by

Manages

Figure 4 : E-R Diagram for LINKBase application.

Based on these requirements, we identified five entities Organization , Event , Event_item ,

Person , and Publication and eight associative relationships 3 . Figure 4 shows our E-R diagram.

Table 1 lists the entity attributes. Each entity has a general ^catch all~ attribute MiscInfo for

including additional information at a later date. A person can be an officer of many organizations.

Conversely, an organization can have many officers. Thus the relationships Officer_of and

Officiated_by relate the Person and Organization entities. These are the sole time-sensitive

relationships in our system, as they reflect an organization´s current status. In our bibliographic

domain, information is mostly of archival nature. An organization can organize many events (both

simultaneously and over time). Conversely, organizations can jointly-sponsor an event. Thus

relationships Organizes and Organized_by relate Organization and Event . Many people

manage an event and, over time, a person can manage many events. The remaining

relationships in Figure 4 follow a similar pattern.

5. 2 .2 Lessons Learned

During the E-R design step, we learned the importance of thinking about entities from the

point of view of their interrelationships, and how much information a user possibly could want to

access. This led us to include additional attributes and additional entities we did not anticipate

originally. This user-access focus also prompted us to add additional direct navigational

3 In this section, for distinction we write entityand relationship nam es in boldface and entity

attributes in italics. In later sections it suffices to write both in italics. Also note that relationships

are shown in both directions.

relationships when the granularity or units of information would not give users direct access to

what we believed they wanted.

5. 3 Slice Design

The second step, slice design , involves grouping entity attributes for display. This task is

unique to hypermedia applications. It involves slicing an entity´s set of attributes into different

overlapping but meaningful subsets, displayed one per page. A head slice is the default target of

access structures entering an entity; it usually connects to all other slices via structural links,

which carry semantic labels and may be uni-directional or bi-directional. Labeling the links well

highlights the nature of the target slices. As described in section 2.3 , designing LINKBase led us

to extend RMM´s data model by introducing minimal and hybrid slices.

5. 3 .1 LINKBase Example

Since they are unique contributions of this case study, we describe how minimal and hybrid

slices were used. Figure 5 shows the slice diagram for the Event entity. Its minimal slice

contains two attributes: EventName and EventType , for example, ^ECHT´94 Conference~, which,

for most purposes, suffice to identify an event. The six regular slices contain (1) general

information, (2) a description, (3) trip reports, (4) photographs, (5) a list of referees, and (6)

miscellaneous information. The general slice, which contains basic information such as the

entity´s name, type, series name (e.g., ACM hypertext conferences), date and location, is the head

slice.

Event

General *

Misc Info Trip Report

Misc(Gen)

General * : EventName, EventType,

SeriesName, Date, Location

Minimal: EventName, EventType

Description: EventName, DescriptionText

Trip Report: EventName, TripReportText

Referees: EventName, List of Names

Photo: EventName, EventPhoto

MiscInfo: EventName, MiscInfo Text

Description Referees

Photo

Descr(Gen)

Trip(Descr)

Trip(Gen) Referee(Gen)

Photo(Gen)

Minimal

Figure 5 : Slice diagram for the Event entity showing its slices and their attributes. The general

slice serves as the head slice. The minimal slice contains the minimum set of context

information necessary to identify this entity when embedding it within hybrid slices of

other entities.

Displaying information about Event_Item illustrates the use of hybrid slices . Figure 6

shows an instance of an event item as seen on a Netscape browser. Its schematic screen, as

shown in Figure 7 , incorporates attributes of different entities. Event_Item -> General , for

example, refers to the General slice of the Event_Item entity, while {Produced_by} Person ->

Minimal , refers to the minimal slice of the Person entity related to the Event_Item via the

Produced_by relationship from Figure 4 ´s E-R diagram. More generally, the format is: ^{relation}

entity -> slice name.~

A hybrid slice is conceptualized as a composition of slices (pure or hybrid) from other entities,

that is anchored in one specific entity . Figure 8 shows the design of the hybrid slice we have been

discussing. It is anchored in Event_ Item. Figure 8 illustrates how its design combines slices from

the Person, Event_Item, Event and Publication entities.

12