Asp ects of a

Mo dern Multi-Media

Information System

Dissertation

for the Aw ard of the Academic Degree

Do ctor of T ec hnical Sciences

at the

Graz Univ ersit y of T ec hnology

submitted b y

F rank M. Kapp e

Institute for

F oundations of Information Pro cessing and

Computer Supp orted New Media (I ICM),

Graz Univ ersit y of T ec hnology

Graz, June 1991

c ◯ Cop yrigh t 1991 b y F rank M. Kapp e

First Reader: O. Univ.-Prof. Dr. Hermann A. Maurer

Second Reader: A. O. Univ. Prof. Dr. V olkmar Haase

Asp ects of a Mo dern

Multi-Media Information System

F rank M. Kapp e

Abstract

This thesis describ es a new, large-scale Hyp ermedia pro ject (“Hyp er-G”)

curren tly b eing dev elop ed at the Institute for F oundations of Informa-

tion Pro cessing and Computer Supp orted New Media (Head: Professor

Hermann Maurer) of the T ec hnical Univ ersit y of Graz. Exp erience gath-

ered from mo dern Hyp ermedia systems, large-scale information systems,

computer aided instruction and user in terface design considerations led

to a n um b er of ideas, features, and examples of applications of Hyp er-G.

They w ere condensed, put in to a logical relationship, and used to for-

m ulate a set of requiremen ts. The requiremen ts, additional design deci-

sions, and a discussion of implemen tation-related issues are part of this

thesis.

Also, a new concept for the creation of real-time, in teractiv e animation

is presen ted. It is essen tially a com bination of Computer Animation and

Hyp ermedia tec hnologies, therefore it is called “Hyp er-Animation”.

This concept is also the basis of some of the more adv anced applications

of Hyp er-G that are describ ed in this thesis. Applications range from

information systems and electronic publishing to exhibits that ma y b e

found in a virtual m useum or exhibition en vironmen t.

Ac kno wledgmen ts

The supp ort of parts of the researc h rep orted in this thesis b y the Austrian F ederal

Ministry for Science and Researc h is gratefully ac kno wledged. In addition, a n um b er

of individuals supp orted me in researc h and preparation of the thesis:

Prof. Hermann Maurer, thesis sup ervisor, in tro duced me to Hyp ermedia and sug-

gested the topic(s) of the thesis. Numerous fruitful discussions with him and others,

including Prof. Iv an T omek from Acadia Univ ersit y , No v a Scotia, Prof. Dieter F ell-

ner from the Memorial Univ ersit y of Newfoundland and institute mem b ers Helm ut

M ülner, Gerald P ani, P eter Sammer, and Rob ert Stub enrauc h led to ideas con tained

herein. Prof. Haase’s fast reading allo w ed last-min ute c hanges and completion

within sc hedule.

Last, but not least, I w an t to thank m y wife Sigrid for her lo v e and patience during

the preparation of this thesis.

Con ten ts

1 In tro duction 1

1.1 What is Hyp ermedia? . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.2 Previous W ork . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.3 Ov erview of Thesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2 Hyp ermedia 6

2.1 Ov erview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.2 The Design of Hyp er-G . . . . . . . . . . . . . . . . . . . . . . . . . . 8

2.2.1 Design Strategy . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2.2.1.1 Definition of T erms . . . . . . . . . . . . . . . . . . . 10

2.2.2 Basic Requiremen ts . . . . . . . . . . . . . . . . . . . . . . . . 12

2.2.2.1 General Requiremen ts . . . . . . . . . . . . . . . . . 12

2.2.2.2 User-related Requiremen ts . . . . . . . . . . . . . . . 13

2.2.2.3 Author-related Requiremen ts . . . . . . . . . . . . . 15

2.2.2.4 System Requiremen ts . . . . . . . . . . . . . . . . . 15

2.2.2.5 Implemen tation Requiremen ts . . . . . . . . . . . . . 16

2.2.3 Design Decisions . . . . . . . . . . . . . . . . . . . . . . . . . 17

2.2.3.1 Distributed System . . . . . . . . . . . . . . . . . . . 17

2.2.3.1.1 Core System . . . . . . . . . . . . . . . . . 17

2.2.3.1.2 F ron t-Ends . . . . . . . . . . . . . . . . . . 18

2.2.3.1.3 Bac k-Ends . . . . . . . . . . . . . . . . . . . 18

2.2.3.2 Soft w are En vironmen t . . . . . . . . . . . . . . . . . 19

2.2.3.3 Multimedia Do cumen ts vs. Do cumen t Clusters . . . 19

2.2.3.4 Dynamic Links . . . . . . . . . . . . . . . . . . . . . 22

2.2.3.5 Asso ciativ e Link F ollo wing . . . . . . . . . . . . . . . 23

2.2.3.6 Link Priorit y . . . . . . . . . . . . . . . . . . . . . . 24

2.2.3.7 Links and Anc hors . . . . . . . . . . . . . . . . . . . 24

2.2.3.8 Annotation . . . . . . . . . . . . . . . . . . . . . . . 27

2.2.3.9 Na vigation T o ols . . . . . . . . . . . . . . . . . . . . 27

2.2.3.10 User In terface Metaphors . . . . . . . . . . . . . . . 27

2.2.3.11 Collections . . . . . . . . . . . . . . . . . . . . . . . 28

2.2.3.12 T ours . . . . . . . . . . . . . . . . . . . . . . . . . . 29

2.2.3.13 Database Queries . . . . . . . . . . . . . . . . . . . . 30

2.2.3.14 Multilingual Hyp ermedia . . . . . . . . . . . . . . . 30

2.2.3.15 User Iden tification Mo des . . . . . . . . . . . . . . . 32

2.2.3.16 Access Righ ts . . . . . . . . . . . . . . . . . . . . . . 34

2.2.4 Implied Requiremen ts . . . . . . . . . . . . . . . . . . . . . . 35

2.2.4.1 General Requiremen ts . . . . . . . . . . . . . . . . . 35

2.2.4.2 User-related Requiremen ts . . . . . . . . . . . . . . . 39

2.2.4.3 System Requiremen ts . . . . . . . . . . . . . . . . . 47

2.2.4.4 Implemen tation Requiremen ts . . . . . . . . . . . . . 50

2.2.5 Pro cess Distribution . . . . . . . . . . . . . . . . . . . . . . . 52

2.2.5.1 Session/In terface Manager . . . . . . . . . . . . . . . 53

2.2.5.2 Do cumen t Managers . . . . . . . . . . . . . . . . . . 56

2.2.5.3 Database Managers . . . . . . . . . . . . . . . . . . . 57

2.2.6 Data Distribution . . . . . . . . . . . . . . . . . . . . . . . . . 60

2.2.6.1 Hyp er-G Ob jects . . . . . . . . . . . . . . . . . . . . 60

2.2.6.1.1 Ob ject-Orien ted Design Principles . . . . . 61

2.2.6.1.2 Do cumen ts . . . . . . . . . . . . . . . . . . 62

2.2.6.1.3 Anc hors . . . . . . . . . . . . . . . . . . . . 65

2.2.6.1.4 Links . . . . . . . . . . . . . . . . . . . . . 65

2.2.6.1.5 T ours . . . . . . . . . . . . . . . . . . . . . 67

2.2.6.1.6 Collections . . . . . . . . . . . . . . . . . . 70

2.2.6.2 Databases . . . . . . . . . . . . . . . . . . . . . . . . 70

2.2.6.2.1 The Keys & A ttributes Database (KAD) . . 70

2.2.6.2.2 Collection-Sp ecific Databases . . . . . . . . 73

2.2.6.2.3 Remote Databases . . . . . . . . . . . . . . 74

2.2.7 The User’s View . . . . . . . . . . . . . . . . . . . . . . . . . 76

2.2.7.1 Searc h Strategies . . . . . . . . . . . . . . . . . . . . 76

2.2.7.2 User Configurable Options . . . . . . . . . . . . . . . 77

2.2.8 The Author’s View . . . . . . . . . . . . . . . . . . . . . . . . 78

2.2.8.1 Do cumen t Editing . . . . . . . . . . . . . . . . . . . 78

2.2.8.2 Link Editing . . . . . . . . . . . . . . . . . . . . . . 80

2.2.9 The System Administrator’s View . . . . . . . . . . . . . . . . 81

2.3 Implemen ting a Protot yp e of Hyp er-G . . . . . . . . . . . . . . . . . 82

2.3.1 Purp ose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

2.3.2 Priorit y of Requiremen ts . . . . . . . . . . . . . . . . . . . . . 83

2.3.3 The Hyp ermedia Base System (HBS) . . . . . . . . . . . . . . 87

2.3.4 F rom HBS to the Hyp er-G Protot yp e . . . . . . . . . . . . . . 90

2.3.5 Do cumen t Managers . . . . . . . . . . . . . . . . . . . . . . . 91

2.3.5.1 T ext Do cumen t Manager . . . . . . . . . . . . . . . . 91

2.3.5.2 Dra wing Do cumen t Manager . . . . . . . . . . . . . 92

2.3.5.3 Raster Image Do cumen t Manager . . . . . . . . . . . 93

2.3.5.4 Digitized Sound Do cumen t Manager . . . . . . . . . 94

2.3.5.5 Digital Mo vie Do cumen t Manager . . . . . . . . . . . 95

2.3.5.6 Animation Do cumen t Manager . . . . . . . . . . . . 95

2.3.5.7 Map Do cumen t Manager . . . . . . . . . . . . . . . . 96

2.3.5.8 Comm unications Do cumen t Manager . . . . . . . . . 96

2.3.5.9 Dialog Do cumen t Manager . . . . . . . . . . . . . . 96

2.3.5.10 T our Guide . . . . . . . . . . . . . . . . . . . . . . . 96

2.3.6 User In terface . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

2.3.7 Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

3 Hyp er-Animation 101

3.1 In tro duction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

3.2 Con v en tional Computer Animation . . . . . . . . . . . . . . . . . . . 102

3.2.1 Classification of Computer Animation Systems . . . . . . . . . 103

3.3 Hyp er-Animation Data T yp es . . . . . . . . . . . . . . . . . . . . . . 108

3.3.1 Still Images . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108

3.3.2 Digital Video . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

3.3.3 Computer Animation . . . . . . . . . . . . . . . . . . . . . . . 112

3.3.4 Sound . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113

3.4 F unctionalit y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114

3.4.1 St yles of In teraction . . . . . . . . . . . . . . . . . . . . . . . 116

3.5 In tegration within Hyp er-G . . . . . . . . . . . . . . . . . . . . . . . 116

3.5.1 Hyp er-Animation Links and Anc hors . . . . . . . . . . . . . . 117

3.6 The Hyp er-Animation Editor . . . . . . . . . . . . . . . . . . . . . . 118

3.7 Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118

4 Some Adv anced Applications of Hyp er-G 120

4.1 Univ ersit y Information System . . . . . . . . . . . . . . . . . . . . . . 121

4.1.1 Information Retriev al . . . . . . . . . . . . . . . . . . . . . . . 121

4.1.2 Computer Mediated Comm unication (CMC) . . . . . . . . . . 122

4.1.3 Computer Supp orted Collab orativ e W ork (CSCW) . . . . . . 124

4.1.4 Computer Aided Instruction . . . . . . . . . . . . . . . . . . . 125

4.1.5 Other Asp ects . . . . . . . . . . . . . . . . . . . . . . . . . . . 126

4.2 Electronic Publishing . . . . . . . . . . . . . . . . . . . . . . . . . . . 126

4.3 The Viewseum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128

4.3.1 Unortho do x User In terfaces . . . . . . . . . . . . . . . . . . . 129

4.3.1.1 T rac k Balls and Th um b Wheels . . . . . . . . . . . . 129

4.3.1.2 T ouc h Screen . . . . . . . . . . . . . . . . . . . . . . 129

4.3.1.3 HOT A CT . . . . . . . . . . . . . . . . . . . . . . . . 130

4.3.1.4 Sensors . . . . . . . . . . . . . . . . . . . . . . . . . 130

4.3.1.5 3D I/O Devices . . . . . . . . . . . . . . . . . . . . . 130

4.3.1.5.1 3D Input Devices . . . . . . . . . . . . . . . 130

4.3.1.5.2 3D Output Devices . . . . . . . . . . . . . . 131

4.3.1.6 Ey e T rac king . . . . . . . . . . . . . . . . . . . . . . 135

4.3.1.7 Gesture Recognition . . . . . . . . . . . . . . . . . . 136

4.3.1.8 V oice Recognition . . . . . . . . . . . . . . . . . . . 136

4.3.2 n -dimensional Mo vies . . . . . . . . . . . . . . . . . . . . . . . 137

4.3.3 The In teractiv e Mo vie . . . . . . . . . . . . . . . . . . . . . . 139

4.3.4 Virtual Ob jects – Virtual Realit y . . . . . . . . . . . . . . . . 140

Bibliograph y 142

List of Figures

2.1 The Hyp er-G Core System . . . . . . . . . . . . . . . . . . . . . . . . 17

2.2 Hyp er-G and the W orld . . . . . . . . . . . . . . . . . . . . . . . . . 18

2.3 A Multimedia Do cumen t (Windo w Dump) . . . . . . . . . . . . . . . 20

2.4 A T ypical Do cumen t Cluster . . . . . . . . . . . . . . . . . . . . . . . 21

2.5 Activ e Anc hors: The Branc h Anc hor . . . . . . . . . . . . . . . . . . 26

2.6 Graphical Bro wser of the InterMe dia System . . . . . . . . . . . . . . 28

2.7 A T ypical Collection Hierarc h y . . . . . . . . . . . . . . . . . . . . . 29

2.8 Basic Link T yp es and their Relativ e Priorit y . . . . . . . . . . . . . . 38

2.9 Hyp er-G Protection Sc heme . . . . . . . . . . . . . . . . . . . . . . . 49

2.10 Serv er Pro cesses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

2.11 P art of the Hyp er-G Ob ject Class Hierarc h y . . . . . . . . . . . . . . 62

2.12 An Example Do cumen t Ob ject . . . . . . . . . . . . . . . . . . . . . 64

2.13 T ours Implemen ted with Lab eled Links . . . . . . . . . . . . . . . . . 69

2.14 Using the KAD for F orw ard Link F ollo wing . . . . . . . . . . . . . . 73

2.15 Sub-T ours Implemen ted with the Simple Script Language . . . . . . . 97

2.16 The Desk-T op User In terface Metaphor . . . . . . . . . . . . . . . . . 98

3.1 A Simple Hyp er-Animation Example . . . . . . . . . . . . . . . . . . 119

4.1 The DataGlo v e (VPL Researc h) . . . . . . . . . . . . . . . . . . . . . 132

4.2 Dual-Monitor Stereoscopic Displa y . . . . . . . . . . . . . . . . . . . 133

4.3 Blo c k Diagram of V arifo cal Mirror Displa y System . . . . . . . . . . . 135

4.4 The 1-Dimensional Digital Mo vie . . . . . . . . . . . . . . . . . . . . 137

4.5 The 2-Dimensional Digital Mo vie . . . . . . . . . . . . . . . . . . . . 138

4.6 A 2-Dimensional Digital Mo vie Grid . . . . . . . . . . . . . . . . . . 139

List of T ables

2.1 Definition of T erms . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2.2 Supp orted F unctions of User Iden tification Mo des . . . . . . . . . . . 34

2.3 T ypical User In terfaces, Users and Applications . . . . . . . . . . . . 40

2.4 Public Virtual Metho ds of Class Do cumen tManager . . . . . . . . . . 57

2.5 Public Metho ds of Class KADBM used b y S/IM . . . . . . . . . . . . 58

2.6 Public Virtual Metho ds of Class CDBM used b y S/IM . . . . . . . . 59

2.7 Keys and A ttributes of Class Hyp er-G Obje ct . . . . . . . . . . . . . 61

2.8 Keys and A ttributes of Class Do cument . . . . . . . . . . . . . . . . 63

2.9 Suggested Do cumen t File F ormats . . . . . . . . . . . . . . . . . . . . 65

2.10 Anc hor Data Dep ending on Do cumen t T yp e . . . . . . . . . . . . . . 66

2.11 A ttributes of Class Link . . . . . . . . . . . . . . . . . . . . . . . . . 67

2.12 The Link-Anc hor Relation . . . . . . . . . . . . . . . . . . . . . . . . 72

2.13 The Anc hor-Do cumen t Relation . . . . . . . . . . . . . . . . . . . . . 72

2.14 The Do cumen t-Collection Relation . . . . . . . . . . . . . . . . . . . 72

2.15 Soft w are Used to Generate Do cumen ts . . . . . . . . . . . . . . . . . 79

2.16 Priorit y of General Requiremen ts (P art 1) . . . . . . . . . . . . . . . 85

2.17 Priorit y of General Requiremen ts (P art 2) . . . . . . . . . . . . . . . 86

2.18 Priorit y of User-Related Requiremen ts (P art 1) . . . . . . . . . . . . 86

2.19 Priorit y of User-Related Requiremen ts (P art 2) . . . . . . . . . . . . 87

2.20 Priorit y of Author-Related Requiremen ts . . . . . . . . . . . . . . . . 87

2.21 Priorit y of System Requiremen ts . . . . . . . . . . . . . . . . . . . . . 88

2.22 Priorit y of Implemen tation Requiremen ts . . . . . . . . . . . . . . . . 88

3.1 Classification Criteria of Computer Animation . . . . . . . . . . . . . 104

In tro duction

What is this thesis ab out?

T o put is simple: This thesis is ab out Hyp ermedia.

1.1 What is Hyp ermedia?

This question cannot b e answ ered trivially . The origin of the Hyp ermedia idea can

b e traced bac k to 1945, although it w as not called Hyp ermedia at that time. The

idea had no big impact then, b ecause it could not b e implemen ted in a satisfactory

w a y with the a v ailable hardw are and soft w are.

Ho w ev er, Hyp ermedia has more than one ro ot. The term itself is deriv ed from

Hyp ertext and Multimedia, but it seems that a n um b er of differen t disciplines of

computer science (and others) – including Information Retriev al, Computer Based

Learning, Computer Graphics, Human-Computer In teractions, User In terface De-

sign, Electronic Publishing, Comm unication Systems, and Cognitiv e Psyc hology –

ha v e ev olv ed in suc h a w a y that ev en tually they met at Hyp ermedia.

This is wh y no w, after almost 50 y ears, there is so m uc h in terest in Hyp ermedia.

The time of Hyp ermedia has come. And it is also the reason wh y Hyp ermedia means

differen t things to differen t p eople:

• F or some p eople (t ypically those concerned with information retriev al), Hy-

p ertext is a w a y of organizing and retrieving information. The t ypical Hyp er-

text application for this group is encyclop edia-lik e information, with no other

structure other than cross-references (links) imp osed on the data. Hyp erme-

dia is the ob vious extension to this concept (pictures, sound, etc.).

• Computer Aided Instruction (CAI) exp erts use Hyp ermedia as a medium for

presen tation of coursew are. Ho w ev er, the structure of lessons is often “pseudo-

linear”, i.e. linear or strictly hierarc hical, in order to not confuse the users

(studen ts) and guaran tee that they find their w a y through the material, see

all the material, etc.

• Computer Graphics exp erts tired of defining 2D and 3D graphics standards and

pro ducing realistic images ha v e found a new to y: Multimedia. F or graphics

p eople, Multimedia means basically digital video and/or real-time animation

(“virtual realit y”). T o them, Hyp ermedia is basically Multimedia plus links.

• User in terface designers ma y argue that Hyp ermedia is just a user in terface

tec hnique. A t last, there is a concept for soft w are that lets them forget ab out

k eyb oards and mak es use of new user in terface devices lik e touc h screens, p o-

sition sensors, ey e trac k ers etc., and hea vily relies on graphical user in terfaces.

• Cognitiv e Psyc hology argues that the concept is more suited to the asso ciativ e

nature of h uman thinking than the con v en tional referen tial access to electronic

data (e.g. ha ving to kno w in what directory and file the information is in order

to find it).

• Hyp ertext and Hyp ermedia ma y also b e seen as a concept of electronic pub-

lishing. When compared to a con v en tional b o ok, electronic Hyp ertext and

Hyp ermedia v ersions offer m uc h greater functionalit y . Electronic publishers

w ould probably sa y “Hyp ermedia is what y ou will find on a t ypical CD R OM”.

• Hyp ermedia should enhance comm unication and collab oration of users. In

fact, early systems emphasized this asp ect more than to da y’s mo dern imple-

men tations. “Group w are”, “Computer Supp orted Collab orativ e W ork”, “Elec-

tronic Classro om”, and “Electronic Meeting Systems” are new c hallenges for

Hyp ermedia systems.

• The casual computer users who are no exp ert in an y computer science field

will probably already ha v e seen one incarnation of Hyp ertext: The con text-

sensitiv e on-line help that is built in to most mo dern p ersonal computer soft-

w are. So they also (think to) kno w what is Hyp ertext.

No w what is Hyp ermedia, again?

My opinion is that Hyp ermedia is all of the ab o v e, or at least has the p oten tial to b e.

This thesis describ es the design and some applications of a new Hyp ermedia system

called Hyp er-G. The system is dev elop ed at the T ec hnical Univ ersit y of Graz, and is

designed in suc h a w a y that it serv es as a solid foundation on whic h to build div erse

Hyp ermedia applications.

1.2. PREVIOUS W ORK 3

1.2 Previous W ork

This w ork relies on exp erience gathered at the Institutes of Information Pro cessing

of the Graz Univ ersit y of T ec hnology under the leadership of Professor Hermann

Maurer o v er the last decade or so, as briefly describ ed b elo w.

First, there is ric h exp erience with Bildsc hirm text – the Austrian videotex system,

that can b e considered a simple Hyp ertext system. Information is structured in

“pages” that are organized hierarc hically; ho w ev er, arbitrary links b et w een pages

can b e defined. The pages can also con tain (simple) graphics, so it can almost b e

considered a Hyp ermedia system.

Ho w ev er, the user in terface is cum b ersome: Links are activ ated b y pressing the k eys

“0” to “9”, there is no full-text searc h, transmission is slo w, and so on. Users rep ort

the t ypical problems with Hyp ertext: It tak es them to o long to find information,

they ha v e difficult y finding it again in a later session, get lost in the information,

etc.

Encyclop edias ha v e b een prepared in Hyp ertext form and are no w a v ailable to the

general public. On-line comm unication of videotex users and off-line bulletin b oards,

a sort of E-mail, and access to other databases (e.g. Homebanking, phone directory)

are the comm unication facilities already implemen ted in the Austrian videotex sys-

tem. It is a large-scale, m ulti-user information system and man y the problems of

suc h systems apply and ha v e b een in v estigated.

Second, exp erience with Computer Aided Instruction (CAI) – more than 700 lessons

on v arious topics are a v ailable – has sho wn us some of the user in terface related

problems of presen tation-t yp e CAI systems. Also, the system emplo y ed can b e

regarded as simple Hyp ertext (Hyp ermedia) system. There is some exp erience with

question-answ er dialogs not found in similar systems, and this will b e incorp orated

in to Hyp er-G.

Third, m y p ersonal exp erience is in the field of computer graphics, graphical user

in terfaces, and computer animation. This is wh y c hapters 3 and 4 are a bit graphics-

and user-in terface-biased.

1.3 Ov erview of Thesis

Man y of the ideas that can no w b e found in the design of Hyp er-G are condensed

from discussions with Hermann Maurer, Iv an T omek, Rob ert Stub enrauc h, Helm ut

M ülner, and others. There ha v e b een previous attempts to come up with a clean

design of the o v erall system, based on (sometimes v ague) ideas of what migh t b e p ossible applications of Hyp er-G, but none w as en tirely successful in separating

requiremen t sp ecification and implemen tation details.

I tried to grasp those ideas, structure them in to a set of requiremen ts, and to strictly

separate the sp ecification of requiremen ts from additional design decisions and the

description of the implemen tation mo del. This can b e found in c hapter 2, whic h

certainly constitutes the main part of the thesis. In its clear separation of the v arious

asp ects and its elegan t design using a relativ ely small n um b er of orthogonal concepts

this can b e considered an imp ortan t and no v el con tribution to Hyp ermedia researc h.

Chapter 3 in tro duces a new concept for the creation of real-time, in teractiv e anima-

tion. It is essen tially a com bination of Computer Animation and Hyp ermedia tec h-

nologies, therefore I call it Hyp er-A nimation . A k ey p oin t is that it can b e naturally

in tegrated within the Hyp er-G en vironmen t.

This concept is also the basis of some of the more adv anced applications of Hyp er-G

describ ed in c hapter 4. T ypical applications will b e information systems, electronic

publishing, and exhibits that ma y b e found in a m useum or exhibition en vironmen t.

Chapter 4 also closes the circle of this thesis, as the applications describ ed there led

to the original requiremen ts con tained in c hapter 2.

Finally , a w ord on the structure of the text. In order to mak e this in tro ductionary

c hapter as readable as p ossible, I ha v e delib erately a v oided cross-references, refer-

ences to figures and tables, citations, and fo otnotes.

Ho w ev er, tec hnical texts lik e this thesis are difficult to write as linear text. In the

forthcoming c hapters, y ou will see a lot of constructs lik e “ (se ction 4.3.1.8, p age

136) ”, “ se e figur e 2.1 on p age 17 ”, “

1

”, and “‘ [ 136 ] ”, whic h are t ypical elemen ts of

Hyp ertext (“links”). Because the text con tains also some figures, y ou migh t regard

it as a (p o or) implemen tation of Hyp ermedia.

As a consequence, the text is difficult to read on pap er. I ha v e included page

n um b ers in the “long jump” references to reduce “access time” when follo wing the

link. On some o ccasions, I ha v e a v oided cross-references and duplicated information

(e.g. where it is only one sen tence). This in tro duces a bit of redundancy , but eases

reading.

The text w as written using L a

T

E

X[ 90 , 91 ], whic h lets y ou sp ecify the structure of the

text instead of the app earance. It is easy to decomp ose the text in to its individual

sections, subsections, and paragraphs and then create o v erview do cumen ts that

con tain just links to those pieces of text [ 57 ]. References are not explicit but use

sym b olic names of the target (e.g. Referencing figure 2.1 is done b y sp ecifying

\ref{figCoreSystem} ; at the figure there is a \label{figCoreSystem} ). Suc h

1

This is a fo otnote (or annotation in Hyp ertext terminology).

1.3. O VER VIEW OF THESIS 5

references can easily b e con v erted to Hyp ertext links to the actual figure. The same

is true for cross-references in the text, fo otnotes and citations (if the cited literature

is also a v ailable as Hyp ertext).

As a conclusion, I hop e that so on do cumen ts lik e this one can b e automatically

con v erted to Hyp er-G do cumen ts and links, and b e easier to read and use as a

reference.

Chapter 2

Hyp ermedia

This c hapter constitutes the main part of this thesis. It con tains b oth the sp ecifica-

tion of requiremen ts and an o v erall system design of Hyp er-G. Great care has b een

tak en to strictly separate the sp ecification of requiremen ts from additional design

decisions and the description of the implemen tation mo del.

While most of to da y’s Hyp ermedia systems are designed for a sp ecific purp ose,

Hyp er-G is designed as a general-purp ose Hyp ermedia system that can b e used for

a n um b er of applications. Only relativ ely few ’orthogonal’ concepts are com bined

in a clear design to ac hiev e differen t features found in differen t sp ecial-purp ose Hy-

p ermedia systems.

E.g., the concept of ’ Asso ciative Link F ol lowing ’ of static links resem bles the idea

of bi-directional links found in the In termedia system. ’ Dynamic Links ’ in tegrate

database queries within the Hyp ermedia metaphor. ’ Asso ciative Link F ol lowing ’ and

’ Dynamic Links ’ com bined yield the ’ ful l text se ar ch ’ facilit y found in some Hyp erme-

dia systems related to electronic publishing, without the need for another indep en-

den t concept. The ’ R emote Datab ase ’ concept com bined with ’ Dynamic Links ’ al-

lo ws to imp ose Hyp ermedia structure on non-Hyp ermedia, remote databases, whic h

is a step to w ards the global Hyp ermedia and electronic publishing system en visioned

b y T ed Nelson [ 136 ]. In con trast, almost all curren t Hyp ermedia systems are limited

to w orking with lo cal data [ 139 ] that is under con trol of the Hyp ermedia system.

The failry clear separation b et w een the user in terface and the underlying Hyp erme-

dia engine whic h I ha v e ac hiev ed allo ws to run Hyp er-G with a n um b er of user in-

terface metaphors, whic h is desirable for a general-purp ose Hyp ermedia system that

is to b e used in div erse en vironmen ts b y differen t kinds of users. T o m y kno wledge,

all curren t Hyp ermedia systems stic k to a sp ecific user in terface metaphor, and can

therefore b e considered more or less sp ecial-purp ose systems.

I sp ecifically designed Hyp er-G as a large-scale Hyp ermedia system. High-lev el

2.1. O VER VIEW 7

na vigation to ols and searc h strategies, a m ulti-lingual Hyp ermedia concept, new

user iden tification notions and comm unication facilities ease the use of Hyp er-G

in an in ternational, m ulti-user en vironmen t. My implemen tation mo del allo ws to

implemen t Hyp er-G in a net w ork of standard UNIX w orkstations, and is sp ecifically

designed for extensibilit y of the system (e.g., new do cumen t t yp es, new user in terface

metaphors).

2.1 Ov erview

Generally , the term Hyp erme dia refers to a com bination of t w o other terms that

ha v e b een used quite lo osely in the past 20 y ears for man y differen t collections of

features: Hyp ertext and Multime dia .

The basic idea of Hyp ertext is not exactly a new one: The term, coined b y T ed

Nelson in the 1960’s [ 135 ], describ es a v ast net w ork of text fragmen ts link ed together,

an electronic writing and reading system that uses the p o w er of the computer for

more than editing and displa y . Ho w ev er, the idea can b e traced bac k to the 1940’s.

V annev ar Bush, Presiden t Ro osev elt’s director of the Office of Scien tific Researc h

of Dev elopmen t, is usually credited with first describing a Hyp ertext system in his

1945 article “As w e ma y think” [ 16 ]

1

. He en visaged a mac hine for bro wsing and

making notes, and linking information b y “asso ciativ e trails”, mo deled after the

asso ciativ e w a y of h uman thinking. In general, Hyp ertext is not so m uc h a new idea

as an ev olving concept of the p ossible applications of the computer.

In europ e, Sam F edida – the “father” of videotex – had similar visions concerning

large-scale, publicly a v ailable information systems [ 46 ].

Implemen tations of suc h large-scale information systems ha v e b een pioneered at in-

stitutions lik e Bro wn Univ ersit y ( Interme dia [ 129 , 189 ]), the Univ ersit y of Maryland

( Hyp erties [ 163 ]), Xero x P AR C ( NoteCar ds [ 60 ]) and b y T ed Nelson ( Xanadu [ 136 ]).

More complete surv eys can b e found in [ 30 ], [ 52 ], [ 139 ] and [ 176 ].

Multimedia adds new facets to Hyp ertext. Although the term Multimedia is used

b y a n um b er of p ersons (and companies) with a n um b er of differen t meanings, the

follo wing definition seems to b e the greatest common denominator:

A Multimedia system supp orts at least three out of this list of data t yp es:

T ext, still image, video, and audio information.

1

Y ou probably w on’t b e able to get the original. Ho w ev er, the article w as reprin ted in [ 15 ] and

[ 136 ].

Hyp erme dia can b e seen as the Hyp ertext paradigm plus Multimedia features. In the

last y ears, significan t researc h has b een undertak en in this field. E.g., [ 123 ] lists some

1400 articles and b o oks on related topics. Hyp ermedia researc h in tegrates metho ds

and ideas from information retriev al, user in terface design, computer graphics, and

cognitiv e science. Although significan t progress has b een made, a n um b er of op en

problems still remain.

T o da y’s Hyp ermedia systems can roughly b e divided in to t w o groups: The large,

m ulti-user information retriev al systems (lik e the ones men tioned ab o v e), that rely

on sp ecial hardw are and are not commercially a v ailable. And there are small but

p opular single-user “Hyp ermedia” systems (e.g. Hyp erCar d [ 185 ]), that lac k a n um-

b er of essen tial features, but are commercially a v ailable. As p oin ted out in [ 116 ],

these systems can not truly b e regarded as Hyp ermedia systems, due to the lac k of

comm unication features and the limitations on database size. Also, the user in ter-

face metaphor of suc h systems is more targeted to w ards bro wsing kno wledge in a

w a y predetermined b y an author than to finding facts [ 112 ].

2.2 The Design of Hyp er-G

Hyp er-G is the name of an am bitious Hyp ermedia pro ject curren tly b eing carried

out as a join t effort b y a n um b er of institutes of the I IG ( I nstitutes for I nformation-

Pro cessing G raz) of the T ec hnical Univ ersit y of Graz

2

and the Austrian Computer

So ciet y . P art of this researc h is carried out in co op eration with other researc h in-

stitutions, including Joanneum Researc h (Graz), the Memorial Univ ersit y of New-

foundland (St. John’s), Acadia Univ ersit y of No v a Scotia (W olfville), and the Uni-

v ersit y of Colorado (Boulder).

Implemen tation of the full system is sc heduled for 1995, but a protot yp e will b e

implemen ted b y end of 1992

3

. A v ery simple protot yp e called Hyp erme dia Base

System (HBS) has b een implemen ted on b oth PC and UNIX platforms.

Also, data acquisition is p erformed parallel to the design and implemen tation stages,

in order to fill the system with real-w orld data from the b eginning on, as one of

the aims of the Hyp er-G dev elopmen t is to test user in terface metaphors and searc h

strategies in v ery large Hyp ermedia systems.

2

Y es, the ’G’ in Hyp er-G stands for G raz.

3

F unding of this pro ject b y the Austrian Ministry of Science, gran t 613.531/5-26/90, is gratefully

ac kno wledged.

2.2.1 Design Strategy

The forthcoming sections describ e the Hyp er-G system as w ell as the protot yp e

system in some detail. But they do not con tain just a descriptiv e sp ecification, but

also the requiremen ts and design decisions that led to certain system features. A

great effort has b een undertak en to not mix up requiremen t and sp ecification.

The rest of this c hapter is structured as follo ws:

1. Section 2.2.2 lists ’axiomatic’ system requiremen ts. These requiremen ts w ere

gathered b y comparing other Hyp ermedia systems and analysis (or require-

men t engineering) of their strengths and shortcomings [ 116 ]. F rom the b egin-

ning on, requiremen ts are classified in fiv e groups and hierarc hically structured.

2. This set of requiremen ts is then refined in section 2.2.4 on the basis of a n um b er

of additional design decisions made in section 2.2.3.

3. This large set of requiremen ts logically leads to a sp ecification of Hyp er-G.

The sp ecification itself is split in to:

(a) F unctional descriptions of the pro cesses in v olv ed and their in tercomm u-

nication (section 2.2.5).

(b) Definitions of the data items the system will handle and the databases

needed to find them (section 2.2.6).

(c) The user’s view of the system (section 2.2.7).

(d) The author’s view (section 2.2.8).

(e) The system administration’s view (section 2.2.9).

4. Ev en tually , a sp ecification of a Hyp er-G protot yp e, based on priorities giv en

to the requiremen ts, ma y b e found in section 2.3.

Ho w ev er, it is not necessary to read this do cumen t in the order presen ted. F or exam-

ple, if y ou are in terested in the features of the protot yp e, but not in the requiremen ts

and design decisions that led to them, y ou ma y skip the corresp onding sections.

Of course, this strict division of requiremen ts, design decisions, and descriptiv e sp ec-

ification in tro duces some redundancy to the text. E.g., y ou ma y read ab out access

righ ts in sections 2.2.2.4, 2.2.3.16, 2.2.4.3, 2.2.6.1, and more.

P art of the information is duplicated (e.g., where it is just one sen tence), and a large

n um b er of cross-references is con tained within the text. Unfortunately , pap er do es

not offer the same functionalit y as Hyp ertext (just clic k on the references), so page

n um b ers ha v e b een added to the cross-references where it seemed reasonable.

Still the do cumen t remains difficult to read. One p ersonal exp erience I got from

writing this text is that ordinary text just isn’t go o d enough to write tec hnical

sp ecifications. With all these cross-references, figures, and tables it w ould ha v e b een

b etter to write is as a Hyp ertext from the b eginning on. If I ha v e not con vinced y ou

b y no w, I hop e that the forthcoming sp ecification of a fine Hyp ermedia system will

do so. Let’s start!

2.2.1.1 Definition of T erms

Before w e b egin, ho w ev er, table 2.1 defines some terms that will b e commonly used

throughout this c hapter, so w e can rely on understo o d basic definitions. Other

definitions are supplied where needed.

System Will almost alw a ys mean the Hyp er-G system. Includes all the

hardw are and soft w are of the run-time system (i.e. the system

the user sees), plus additional hard- and soft w are for authors and

system administrations (to ols).

User User of the system is the p erson that utilizes the run-time system,

e.g. to retriev e information.

Author Author is the p erson that creates information that is to b e included

and ma y b e accessed b y the run-time system. It is the ’electronic’

author, the ’o wner’ of an ob ject (e.g. in the case of a picture of

the ’Mona Lisa’, the author w ould b e the p erson that inserted that

picture in to the System, rather than Leonardo da Vinci).

Editing Will mean preparation of information b y the author. Information

ma y include textual, pictorial, sound, and other data.

T erminal The hardw are the user is w orking on directly .

Session The p erio d of time the user w orks with the system on a terminal.

Usually , the users ha v e to log in (iden tify themselv es to the system)

when starting a session, and log out to stop a session.

Do cumen t An item of information that the user ma y in teract with (e.g.

lo ok at it). Throughout the system, information is structured in

do cumen ts.

User State Conceptually , the system sees the users’ w ork as c hanges of their

user states. The user state records suc h information on what do c-

umen ts the user is lo oking at, etc.

Database A storage mec hanism for do cumen ts and other data items the sys-

tem needs.

A ttribute A piece of information attac hed to do cumen ts. Used to find do cu-

men ts with certain attributes in the database.

Collection A set of do cumen ts that ha v e the same set of attributes attac hed

to them. In some w a y , these do cumen ts b elong together.

Link A connection b et w een t w o do cumen ts. Links pla y an imp ortan t

role in Hyp ermedia systems.

Annotation Sometimes, a user w an ts to (temp orarily) b ecome an author and

add information (priv ate or public) to the system, attac hed to other

do cumen ts.

T our A concept that allo ws to visit do cumen ts in a con text supplied b y

a tour author.

T able 2.1: Definition of T erms

2.2.2 Basic Requiremen ts

This section con tains a list of ’first-generation’ requiremen ts for Hyp er-G. They

are structured in fiv e groups: Gener al, User, A uthor, System and Implementation .

F or ease of reference, a unique lab el is assigned to eac h requiremen t. This set of

basic requiremen ts will b e refined in section 2.2.4 on the basis of additional design

decisions made in section 2.2.3.

2.2.2.1 General Requiremen ts

Req. G.1: The system should allo w access to all kinds of information one

can think of ( Multime dia Axiom ).

Let us refine this to a set of more sp ecific requiremen ts:

Req. G.1.1: Information is organized in do cuments of a sp ecific do cument

typ e . Do cumen t t yp es include (but are not limited to):

Req. G.1.1.1: T extual Information

Req. G.1.1.2: T ec hnical Dra wings

Req. G.1.1.3: Raster Images

Req. G.1.1.4: Digitized Sound

Req. G.1.1.5: Digital Mo vies

Req. G.1.1.6: Animation

Req. G.1.1.7: Maps

Req. G.1.1.8: Electronic Mail, Bulletin Boards, Computer Conferencing

Req. G.1.1.9: Dialogs (e.g. Men us, F orms)

A system able to handle ab o v e do cumen t t yp es is generally referred to as a multi-

me dia system . T o put it simple, ab o v e requiremen ts state that Hyp er-G is suc h a

m ultimedia system. Ab o v e list is b y no means complete; e.g., do cumen t t yp es lik e

syn thesized v oice and m usic ma y b e added in the future.

Req. G.2: Do cumen ts ( Req. G.1.1 ) ma y b e cross-referenced and ac-

cessed b y links ( Hyp ertext Axiom ).

This means that Hyp er-G adopts the w ell-kno wn Hyp ertext paradigm. Require-

men ts Req. G.1 together with Req. G.2 state that Hyp er-G is what is kno wn as

a Hyp erme dia system . More sp ecific v ersions of Req. G.2 will b e giv en in section

2.2.4.1 (page 35).

Req. G.3: Hyp er-G pro vides access to v ery large amoun ts of data.

As stated in [ 35 ], Hyp er-G is targeted to mega-quan tities of do cumen ts and terra-

quan tities of b ytes. This leads to in teresting problems not only for system design,

but – more imp ortan t – for the users and the authors of suc h a large system [ 86 ].

An immediate consequence is

Req. G.3.1: Do cumen ts and links are main tained automatically .

Link main tenance in v olv es suc h problems as deleting all links from or to a do cumen t

that is to b e deleted, in order to a v oid dangling references and to ensure database

in tegrit y . Also, the system should assist the system administration in protecting the

database against obsolete or outdated do cumen ts and/or links.

Req. G.3.2: The ma y orit y of the links is generated automatically .

Esp ecially for text do cumen ts, a n um b er of links can b e generated automatically

either when inserting the do cumen t in to the database, or at run time. More on this

in section 2.2.3.4 (page 22).

A user related consequence ( Req. U.3 ) of Req. G.3 is giv en in section 2.2.2.2

(page 13).

An author related consequence ( Req. A.2 ) of Req. G.3 is found in section 2.2.2.3

(page 15).

A system related consequence ( Req. S.3 ) of Req. G.3 is found in section 2.2.2.4

(page 15).

Req. G.4: The system should b e easily extensible.

This is esp ecially true for the set of supp orted do cumen t t yp es and user in terfaces

( Req. U.1.1 ) and has some effect on the implemen tation mo del (sections 2.2.5,

2.2.6).

2.2.2.2 User-related Requiremen ts

Req. U.1: The system should b e usable b y un trained users as w ell as

exp ert users.

In general, Hyp er-G is lik ely to see a n um b er of scenarios [ 87 , 35 , 121 , 126 ]. One

is a univ ersit y information system (section 4.1) based on Hyp er-G where users are

exp ected to comm unicate with computers on a regular basis, another one is a so-

called viewseum (section 4.3) a v ailable to the general public. Hyp er-G should adapt

to the needs of all user groups. Implications of this requiremen t are discussed in

section 2.2.4.2 (page 39).

Req. U.2: The system should offer a c hoice of user languages.

This not only requires the user in terface to w ork with a n um b er of languages, but also

means supp ort of m ulti-lingual do cumen ts (e.g. translations of the same do cumen t

pro vided b y the author, or simple computer translations).

Req. U.3: The user is supp orted b y high-lev el na vigation to ols.

Ab o v e requiremen t ma y also b e seen as a consequence of Req. G.3 (large n um b er

of do cumen ts). High-lev el na vigation to ols include use of user in terface metaphors,

database queries, collections, tours and scripts. These concepts are discussed in

detail in sections 2.2.3 (page 17 and 2.2.4.2 (page 39).

Req. U.4: The system is configurable on a p er-user basis. It remem b ers

a user’s preferences b et w een sessions.

This means that users ma y configure the system to adapt to their sp ecial needs (e.g.,

language preferences (see Req. U.2 ).). Moreo v er, this configuration is retained b y

the system un til the next session. Of course, this implies that the system is able

to distinguish b et w een users b y some login pro cedure and k eeps configuration files.

It also suggests use of user groups, access righ ts and so on. Ho w ev er, these are not

basic requiremen ts and discussion is therefore p ostp oned un til section 2.2.4.2.

Req. U.5: A t an y time, the user ma y return to a previous user state.

This applies to all the previous states of an activ e session, whic h yields sort of

an undo function. As a sp ecial case, when en tering a new session, the user ma y

return to where the previous session w as left. Req. U.5 requires the system to

remem b er user states, k eep user logs etc. Again, the details are related to the actual

implemen tation and are discussed in section 2.2.4.2.

Req. U.6: The system can b e used anon ymously .

An information system that is to b e used b y a large n um b er of users on a regular

basis raises a data securit y problem. If users are kno wn b y name, the system migh t

b e used to find out who lo oks for certain information, monitoring users w orking time,

etc. T o a v oid suc h problems from the b eginning on, users ma y login anon ymously , as

in the Austrian videotex system [ 118 ]. The mo des semi-identifie d and anonymously

identifie d (section 2.2.3.15, page 32) still allo w to p erform most op erations of the

system.

Req. U.7: Certain system features and information items are c hargeable.

F or example, prin ting a screen dump or sa ving it to disk ma y cost some (small)

amoun t of money . In addition, information pro viders ma y c harge something for

the access to certain pieces of information, remote databases, etc. In conjunction

with Req. U.6 this implies that a rather tric ky c harging mec hanism has to b e

implemen ted.

2.2.2.3 Author-related Requiremen ts

Req. A.1: An y user is a p oten tial author.

The database ma y b e manipulated b y p oten tially ev ery user, either b y manipulating

do cumen ts or links ( annotation ). Of course, access righ ts con trol the user’s abilit y

to c hange existing data items or create new ones (section 2.2.3.16, page 34).

Req. A.2: The author is supp orted b y high-lev el information editing

to ols.

These information editing to ols divide in to do cumen t preparation to ols and link

editing to ols. They are not part of the Hyp er-G run time system, so the details are

p ostp oned to section 2.2.8.

2.2.2.4 System Requiremen ts

This section describ es basic requiremen ts related to system administration.

Req. S.1: A n um b er of terminals is attac hed to the system. On an y

terminal a Hyp er-G session ma y b e started. The capabilities

of the terminals ma y differ.

That is, the terminals are not all the same. There ma y b e terminals with sp ecial

user in terfaces, comm unication features, hard/softcop y capabilities etc. As a conse-

quence, Hyp er-G m ust not rely on the presence of sp ecific terminal facilities.

Req. S.2: Access righ ts con trol whether a giv en user on a giv en terminal

ma y p erform a certain function on an ob ject.

After describing some design decisions related to access righ ts (section 2.2.3.16), this

concept is elab orated in more detail in section 2.2.4.3.

Req. S.3: The system should a v oid uncon trolled gro wth of unimp ortan t

or outdated information.

The system administration should b e supp orted in finding suc h information and

deleting it at regular in terv als.

2.2.2.5 Implemen tation Requiremen ts

Req. I.1: Access to information should b e reasonably fast.

This requiremen t is someho w con tradictory to Req. G.3 (large amoun t of data).

Ho w ev er, it is w ell-kno wn that a resp onse time larger than ab out 250 milliseconds

confuses users [ 19 ]. A lo w er resp onse-time v ariance seems to b e more imp ortan t than

absolute resp onse times [ 23 ]. Also, users are willing to accept, e.g., to w ait a few

seconds for a database query , if the system supplies them with immediate feedbac k

of acceptance of the query . W e ha v e seen systems (e.g. videotex [ 46 , 114 , 115 ])

whose acceptance b y the public has b een damp ened b y less than optimal resp onse

time.

Ab o v e requiremen t has significan t impact on the design of the databases (sp eed vs.

space tradeoffs) and the computers used. More on the database design ma y b e found

in sections 2.2.4.4 (page 50) and 2.2.6.2.1 (page 70).

2.2.3 Design Decisions

2.2.3.1 Distributed System

Requiremen ts Req. G.3 (large amoun t of data) and Req. S.1 (n um b er of termi-

nals) suggest to implemen t Hyp er-G as a distributed system running concurren tly

on a heterogeneous net w ork of computers. T o ac hiev e high p erformance, Hyp er-G

is split in to concurren t pro cesses (section 2.2.5, page 52) that ma y execute on a

n um b er of mac hines sim ultaneously .

Also, the data is distributed among the mac hines (section 2.2.6, page 60). Data

includes do cumen ts of v arious t yp es, links, log files etc. The use of ob ject-orien ted

design eases the task of distribution of data and pro cesses.

2.2.3.1.1 Core System

The Cor e System of Hyp er-G will consist of a high-sp eed lo cal area net w ork (LAN)

of Hyp er-G Serv ers and W orkstations (see figure 2.1).

Figure 2.1: The Hyp er-G Core System

Hyp er-G Serv ers will t ypically b e supplied with gigab ytes of fast mass storage

(harddisks), but there ma y b e sp ecial-purp ose Hyp er-G serv ers equipp ed with, e.g,

CD-R OMs, Video or Audio Discs or T ap es.

W orkstations will not b e all the same. Most of them will b e standard graphic

w orkstations, but some of them ma y ha v e additional audio/video capabilities or

sp ecial user in terfaces.

2.2.3.1.2 F ron t-Ends

In addition, Hyp er-G will b e accessible from remote terminals o v er a wide area

net w ork ( W AN , see figure 2.2). In most cases, this W AN will b e slo w (t ypically

dial-up phone lines or telematic services net w orks; up to 64 kbits/s), and the facilities

of the terminals will v ary , so the access to certain t yp es of do cumen ts will b e limited.

Figure 2.2: Hyp er-G and the W orld

2.2.3.1.3 Bac k-Ends

Also, it will not b e feasible to k eep all the data in the core system. Therefore,

Hyp er-G will supp ort access to remote databases (e.g. official airline guide, phone b o oks, an y kind of data that k eeps c hanging), but this access will b e hidden from

the user. In particular, that kind of data will b e em b edded in to the user in terface

metaphor (section 2.2.3.10, page 27) and will b e accessible b y links.

2.2.3.2 Soft w are En vironmen t

W e decided to implemen t the Hyp er-G core system within the follo wing Soft w are

En vironmen t:

1. Op erating System: UNIX

4

.

2. Graphical I/O: X Windo w System [ 141 , 142 , 143 , 161 ], CGI [ 51 , 73 ], In ter-

Views [ 97 , 98 ].

3. Programming Language: C++ [ 169 ].

There are more standards that are used implicitly (e.g.