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. Ethernet, TCP/IP , NFS,

SCSI) but handled inside UNIX, and therefore not visible to Hyp er-G. Hyp er-G

should not rely on these underlying standards; they can b e c hanged (e.g. FDDI

instead of Ethernet) without effect on Hyp er-G.

It should b e noted that Hyp er-G is not aimed at a single t yp e of computer, nor at

a homogeneous net w ork of computers, but at a heterogeneous net w ork of differen t

t yp es of computers, p ossibly with differen t user in terface devices attac hed etc., as

implied b y requiremen t Req. S.1 .

2.2.3.3 Multimedia Do cumen ts vs. Do cumen t Clusters

A multime dia do cument is a single do cumen t consisting of information items of

v arious t yp es; for example, an image glued in to explanatory text (figure 2.3). The

author of suc h a do cumen t con trols the exact la y out of the do cumen t. This paradigm

is used b y most of the small Hyp ermedia systems (e.g. Hyp erCard [ 185 ]).

In con trast, a do cument cluster is actually a n um b er of do cumen ts of p ossibly dif-

feren t do cumen t t yp es that are seman tically related (in our previous example the

image do cumen t and the explanatory text do cumen t). The individual do cumen ts

are link ed b y so-called cluster links that are pro vided b y the author, th us creating

a do cumen t cluster (figure 2.4). This approac h is adopted b y some existing large

Hyp ermedia systems, lik e the InterMe dia system [ 129 , 189 ]), NoteCards [ 60 ] and

Hyp erties [ 163 ], and also b y Hyp er-G.

4

UNIX is a trademark of A T&T Bell Lab oratories

Figure 2.3: A Multimedia Do cumen t (Windo w Dump)

With do cumen t clusters, the author’s con trol of la y out is limited (for example,

scrolling the text do cumen t do es not affect the image do cumen t). On the other

hand, do cumen t clusters offer a n um b er of adv an tages:

• Do cumen t clusters ma y b e managed b y distributed pro cesses (one kind of do c-

ument manager for ev ery do cumen t t yp e), p ossibly on a n um b er of mac hines,

increasing p erformance.

• This concept (a do cumen t manager for ev ery do cumen t t yp e) mak es the system

v ery extensible. Adding a new do cumen t t yp e means adding a new do cumen t

manager, without affecting the rest of the system, as opp osed to a single

m ultimedia do cumen t t yp e with all the kno wledge ab out all do cumen t t yp es.

• The concept mak es Hyp er-G implemen table b y a n um b er of individual pro-

grammers, programming and iden tifying with their ’p ersonal’ do cumen t man-

ager.

• There is no need for a single, complicated do cumen t standard (lik e ISO’s Office

Do cumen t Arc hitecture (OD A) [ 78 ], Standardized General Markup Language

(SGML) [ 79 ], Abstract Syn tax Notation One (ASN.1) [ 76 , 77 ] standards or

Figure 2.4: A T ypical Do cumen t Cluster

DEC’s Comp ound Do cumen t Arc hitecture (CD A) [ 36 ]) that co v ers all the

do cumen t t yp es and hinders extension [ 13 ].

• This concept eases implemen tation of m ultilingual do cumen ts. An example

application of a do cumen t cluster ma y b e a picture with asso ciated descriptions

of the picture in differen t languages, either as text do cumen ts or as v oice

do cumen ts.

Of course, this approac h has some impact on the user in terface, to o. As opp osed to

m ultimedia do cumen ts, where figures are directly glued in to the text b y the author,

in the case of do cumen t clusters the user w ould find a ’se e figur e x’ in the text (lik e

in most b o oks, b y the w a y). Dep ending on the particular user in terface, the user

w ould ha v e to clic k on this message, or the figure w ould b e displa y ed automatically

b eneath the text. Scrolling or reformatting the text w ould not affect the figure.

A certain user in terface metaphor ma y giv e the user the opp ortunit y to mo v e the

figure a w a y or ma y explicitly forbid to do so, so that do cumen t clusters will lo ok

lik e m ultimedia do cumen ts.

2.2.3.4 Dynamic Links

As required b y Req. G.3.2 , Hyp er-G will supp ort automatic link generation. Au-

tomatic generation of Hyp ertext links has already b een demonstrated in the case of

encyclop edias [ 133 ] and structured text lik e tec hnical b o oks [ 57 ].

In a large Hyp ermedia system with a n um b er of general-purp ose and sp ecialized

encyclop edias and dictionaries (suc h as the Oxford English Dictionary [ 12 , 154 ] or

the Duden for German), it is prett y lik ely that, for an y w ord the user sees on the

screen, there is a do cumen t explaining at least the meaning of that w ord. Because

of automatic link generation, there will b e a link attac hed to that w ord.

Ho w ev er, if there is a link from (almost) ev ery w ord, it do es not mak e to o m uc h sense

to mark all these w ords as ’clic k able’ (exact meaning dep ends on user in terface).

The users are simply allo w ed to clic k on an y w ord on the screen. In most cases, they

will get information on that w ord b y doing so.

If w e assume fast database access, w e can also p ostp one the generation of these

links to run time, i.e. the momen t of the user’s clic k. The system w ould resp ond b y

p erforming a database query , lo oking for en tries of the clic k ed w ord. If found, the

asso ciated do cumen t is presen ted. This dynamic link gener ation offers the follo wing

adv an tages:

• It reduces the n um b er of (static) links, reducing not only storage requiremen ts,

but also link main tenance. F or example, when a do cumen t is deleted, the

do cumen t is just no longer found in the database, so that no dynamic links to

the do cumen t are p ossible an y more. Vice v ersa, no w ords in the do cumen t

just deleted can b e clic k ed an y more, so the ’outgoing’ links are also destro y ed

automatically . Also, when a new do cumen t is inserted, it is automatically

link ed with all the other do cumen ts already in the database or to b e added in

the future.

• The user ma y define an active list of databases to b e searc hed for links, re-

ducing the n um b er of un w an ted links ( link filtering ).

• Access to remote databases in a w a y consisten t with the Hyp ertext axiom

( Req. G.2 ), i.e. b y links, is only p ossible with dynamic links. Because the

information in the remote database ma y c hange at an y time, no main tenance

of static links to or from a remote database is p ossible.

Hyp er-G supp orts automatic, dynamic generation and main tenance of links. Of

course there will b e user-defined links, t ypically attac hed to graphical, video and

audio do cumen ts. In addition, Hyp er-G supp orts automatic, static links that ma y

b e found using algorithms to o complex for run time execution.

2.2.3.5 Asso ciativ e Link F ollo wing

V annev ar Bush is usually credited with first describing a Hyp ertext-lik e system

called memex in his 1945 article “As w e ma y think” [ 15 , 16 ]. He sp eculated to

mo del an information system b y mimic king the op eration of the h uman mind (see

also [ 30 ]):

“The human mind . . . op erates b y asso ciation. [ . . . ] One cannot hop e to

equal the sp eed and flexibilit y with which the mind follo ws an asso ciative

trail, but it should b e p ossible to b eat the mind decisively in rega rd to the

p ermanence and cla rit y of the items resurrected from sto rage.”

And indeed, asso ciative se ar ching seems to b e a ma jor issue in Hyp ertext and Hy-

p ermedia systems, and links to b e the implemen tation of Bush’s ’asso ciativ e trail’.

Ho w ev er, the uni-directional links found in most of to da y’s Hyp ermedia systems

(e.g. Hyp erCard [ 185 ]), cannot b e called fully asso ciativ e. Consider the follo wing

example:

In a do cumen t cluster ’Austria’, there is a link to do cumen t cluster ’Vienna’, e.g.

a static link originating from the appropriate lo cation in the map of Austria, or a

dynamic link originating from the w ord ’Vienna’ in a text on Austria. No w let us

assume that the user got to cluster ’Vienna’ someho w, p erhaps b y a database query

(section 2.2.3.13, page 30). T ypical questions the user migh t ask are:

• Wher e is Vienna? Answ er: Sho w cluster ’Austria’ (with map highligh ting

Vienna).

• What is Vienna? Answ er: Sho w cluster ’Austria’ (with text stating that

“Vienna is the capital of Austria”.

• What other do cuments (do cument clusters) r efer to ’Vienna’ ?

In other w ords, the user w ould lik e to ha v e the abilit y to trace links bac kw ard to the

source when b eing at the target. Ab o v e questions ma y b e generalized to “Sho w me

the do cumen ts with links to the curren t do cumen t.” This ’asso ciativ e searc h’ ma y

b e considered the opp osite of con v en tional (forw ard) link follo wing.

Hyp er-G will supp ort b oth forw ard and bac kw ard (asso ciativ e) link follo wing. Note

that there are no new links or link t yp es in v olv ed; rather the user is giv en the c hoice

of ho w to use them. F or the implemen tation, this has the follo wing consequences:

• Static links are k ept in a database that can b e searc hed equally fast for link

source and destination. Asso ciativ e static links allo w to find all do cumen ts

that (statically) refer to the curren t do cumen t.

• T o supp ort asso ciativ e dynamic links , appropriate data structures that allo w

the fast full-text searc h of text do cumen ts ha v e to b e implemen ted (section

2.2.6.2.1, page 70). Asso ciativ e dynamic links generate answ ers to the question

“What other do cumen ts con tain the w ord I am just clic king on?”

Things get more complicated when considering anchors (section 2.2.3.7, page 24).

2.2.3.6 Link Priorit y

Giv en the differen t link generation metho ds describ ed ab o v e, the relev ance of links

will v ary . A high link relev ance means that with a high probabilit y the user ma y get

to relev an t information follo wing that link. W e get the follo wing hierarc h y of link

relev ance (ordered b y decreasing relev ance):

1. Cluster link

2. User defined link

(a) Defined b y the same user (e.g. annotation)

(b) Defined b y the author of the do cumen t

(c) Defined b y system administration

(d) Defined b y some other user

3. Automatically generated link

(a) Static link

(b) Dynamic link

When there are a n um b er of links to c ho ose from, the system offers the user the link

with the highest relev ance, so link relev ance ma y also b e regarded as link priority .

Alternativ ely , the user ma y get a (sorted b y priorit y) list of links to c ho ose from.

Also, it ma y only b e necessary to lo ok for dynamic links when there are no links of

higher priorit y or the user is not satisfied with them. Note that c ho osing forw ard or

bac kw ard link follo wing (section 2.2.3.5, page 23) do es not affect link relev ance.

2.2.3.7 Links and Anc hors

Conceptually , a link is a connection b et w een t w o do cumen ts. Links are directed, i.e.

there is a sour c e do cumen t and a destination do cumen t. Note that this distinction

do es not prohibit bac kw ard (asso ciativ e) link follo wing (section 2.2.3.5, page 23).

Ho w ev er, w e do not alw a ys w an t to link whole do cumen ts, but rather a part of a

source do cumen t (e.g. a w ord, an area of a picture) to a destination do cumen t or a

part of it (e.g. a paragraph, a p oin t in a map). This do cumen t part is describ ed b y

a so-called anchor . There are source and destination anc hors.

When linking to a destination anc hor, the system should try to p osition the destina-

tion do cumen t in suc h a w a y that the destination anc hor is visible. E.g., in the case

of a destination paragraph in a text do cumen t, the do cumen t should b e scrolled so

that the b eginning of the paragraph is visible. In the case of a destination p oin t in

a map the map should b e p ositioned so that the p oin t is in the cen ter of the visible

p ortion of the map

5

.

Conceptually , anc hors in Hyp er-G are parts of the links rather than part of the

do cumen ts, so that ev en users without the righ t to mo dify the do cumen t ma y tie

links to them (annotation), if they ha v e the righ t to do that. Ho w ev er, the anc hor

description ma y b e used to presen t a visual represen tation of the link on top of the

do cumen t (e.g. an area to clic k on). As anc hors define a certain part of a do cumen t,

the anc hor description can b ecome rather complex:

• In text do cumen ts, an anc hor will most lik ely b e a single w ord, a sequence of

w ords, or a paragraph.

• In image do cumen ts, it migh t b e a rectangular area of the image, a p oin t in

the image, or a generic p olygon.

• In an ob ject-orien ted graphic do cumen t, it migh t b e a group of ob jects (i.e. a

segmen t).

• An anc hor of an audio do cumen t could b e defined b y start and end time.

These marks are esp ecially useful for pla ying only a certain section of the

audio do cumen t (when used as destination anc hor), and for sync hronizing

sound with other do cumen ts (when used as a source anc hor; see section 3.3.4

on page 114).

• Anc hors in animation do cumen ts could b e far more complicated, as they could

b e mo ving with resp ect to time, follo wing a complex path.

Also, the visual app earence of the anc hor ma y v ary with the t yp e of the destination

do cumen t. This feature is used to lead the user to ’rare information’, suc h as video

clips, animation, sound, and images, and is most imp ortan t in the early phase of

Hyp er-G. A t a later stage, e.g., when high-qualit y images are not so rare an y more,

it ma y b ecome partially obsolete.

5

In the case of bac kw ard link follo wing, the w ord ’destination’ in this paragraph is to b e replaced

b y ’source’.

An anc hor that links to a do cumen t (cluster) already seen during the curren t session

is sho wn in a sp ecial w a y (e.g. color) to a v oid un w an ted re-visits of the same

do cumen t.

In addition, anc hors ma y b e active anchors , i.e. there is a piece of co de asso ciated

with them that is executed when the anc hor is activ ated. An example of Hyp er-G’s

pre-defined activ e anc hors is the br anch anchor : Of course, it is p ossible to tie a

n um b er of links to an anc hor. The branc h anc hor tak es an in teger as argumen t and

uses it to c ho ose a link to follo w from the set of attac hed links (see figure 2.5).

Figure 2.5: Activ e Anc hors: The Branc h Anc hor

Observ e the follo wing:

• Dialogs (e.g. Men us, Answ er Judging, Database queries) are most naturally

implemen ted using activ e anc hors.

• Anc hors w ork with all link t yp es (section 2.2.3.6, page 24). As a sp ecial case,

activ e anc hors that generate dynamic links (section 2.2.3.4, page 22) can b e

used to implemen t forms for database queries (section 2.2.3.13, page 30).

• As activ e anc hors require the execution of co de, their definition is not easy .

Ho w ev er, there are a n um b er of pre-defined activ e anc hors supplied b y Hyp er-

G. These include anc hors for dialogs and sp ecial effects (activ e destination

anc hors) for the displa y of do cumen ts.

2.2.3.8 Annotation

W e ma y distinguish b et w een t w o t yp es of annotations:

1. The user creates a new do cumen t, and links it to an existing do cumen t.

2. The user only creates a new link (including anc hors) b et w een existing do cu-

men ts.

Note that in Hyp er-G there is no sp ecial do cumen t t yp e ’annotation’. Rather,

the links (lik e all Hyp er-G ob jects) carry information on who created the link ( link

author ). The annotations of user xyz are simply the links xyz created. Because there

is no sp ecial do cumen t t yp e, annotations ma y b e of an y t yp e, including graphical,

audio or video annotations.

T ruly anon ymous users ma y not create annotations; this feature is reserv ed to fully

iden tified, semi-iden tified and anon ymously iden tified users (section 2.2.3.15, page

32).

2.2.3.9 Na vigation T o ols

Users of large Hyp ermedia systems exp erience na vigation problems, including: get-

ting lost in “Hyp er-space”; ha ving difficult y gaining an o v erview; not b eing able to

find information that is kno wn to exist; determining ho w m uc h information on a

giv en topic exists; ho w m uc h of it has b een seen and ho w m uc h is left [ 139 , 138 ].

T ypical solutions that w ork w ell on small systems fail completely when applied to

large systems. Figure 2.6 (from [ 30 ]) sho ws an exp erimen tal implemen tation of a

gr aphic al br owser displa ying a global map in the InterMe dia [ 129 , 189 ] system. The

displa y sho ws only 80 do cumen ts out of some 1000 total do cumen ts, so one can eas-

ily imagine what happ ens in a mega-do cumen t system...

Hyp er-G will use other metho ds to aid the user’s na vigation, namely the use of user

in terface metaphors, collections, tours, and database queries.

2.2.3.10 User In terface Metaphors

Hyp er-G will not adopt one sp ecific user in terface metaphor. Rather, it will serv e

as exp erimen tal pla yground to test a v ariet y of Hyp ermedia presen tation metaphors

[ 35 ]. It should b e ev en p ossible to configure the preferred presen tation metaphor on

a p er-user basis or ev en switc h metaphors in the middle of a session or to lo ok at

the same set of do cumen ts using differen t metaphors at the same time.

Figure 2.6: Graphical Bro wser of the InterMe dia System

Therefore, the system has to b e designed in a w a y totally indep enden t of the user

in terface. The in ternal functions of Hyp er-G ha v e to b e separated clearly from user

in terface functions. Also, this allo ws to supp ort v ery differen t and unortho do x kinds

of user in terfaces to extract information from the system, e.g. HOT A CT [ 120 ].

2.2.3.11 Collections

In order to ease the use of the system b y un trained users ( Req. U.1 ) the do cumen ts

of Hyp er-G are arranged in so-called c ol le ctions . Collections group together do cu-

men ts or collections of related con ten t (note the recursiv e definition). This yields a

hierarc hical structure of collections (with ’sub collections’). Ho w ev er, this structure

is not a tree, but an acyclic directed graph, i.e. a collection ma y b e a sub collection

of a n um b er of collections. F or example, the collection ’Bio c hemistry’ migh t b e a

sub collection of collection ’Chemistry’ as w ell as of ’Biology’ (see figure 2.7).

This collection – sub collection relation eases the user’s na vigation. E.g., at an y

time the curren t p osition in the collection hierarc h y can b e displa y ed, the user ma y

’descend’ or ’ascend’ in the hierarc h y , finding related collections.

Figure 2.7: A T ypical Collection Hierarc h y

2.2.3.12 T ours

In addition to the collection concept, the user has the p ossibilit y to go on ’guided

tours’ through the information net w ork that ha v e b een pro vided b y some author

(p oten tially an y user). T ours do not care ab out the hierarc hical collection structure,

but link do cumen ts together in an arbitrary w a y . T ours do not ha v e to b e linear lists

of do cumen ts, but ma y use the full flexibilit y of a Hyp ermedia system. Computer

aided instruction is an example application of the tour concept [ 124 , 170 , 171 ].

Tw o useful applications of the tour concept w ould b e:

• T ours that migh t also b e called ’lessons’ in CAI terms. This kind of tours

will t ypically b e authored b y some exp ert in the field, logically structured

and con tain a n um b er of cross-references to other tours (lessons) and Hyp er-G

databases. In fact, the o v er 700 lessons of the COSTOC pro ject [ 110 ] co v er-

ing topics ranging from medicine, ecology , and natural sciences to computer

science, will b e transformed (to Hyp er-COSTOC [ 70 ]) and b ecome an in tegral

part of the Hyp er-G database.

• Other tours ma y b e made b y an y user, linking together do cumen t clusters of

in terest, so the user can easily find them again in future session, v ery similar

to the ’asso ciativ e trail’ of Bush [ 16 ]. These tours ma y b e in tended for priv ate use only , but ma y also b e made a v ailable to the public or sp ecific user groups.

T ypical tours of this class migh t b e “m y fa v orite impressionist pain tings” or

“some in teresting features of UNIX”.

T ours ma y b e implemen ted b y links (v ery m uc h lik e annotations) and b y script

languages, and ma y ’o v erlap’, i.e. do cumen ts ma y b e part of a n um b er of tours,

’sub-tours’ ma y b e used b y a n um b er of tours. A t suc h do cumen ts, the user ma y b e

giv en the opp ortunit y to ’switc h’ tours. Within tours, the user is aided b y na viga-

tion facilities that are not a v ailable at the global Hyp ermedia lev el (e.g. graphical

represen tation of the tour that is supplied b y the author of the tour, sp ecial high-

ligh ting of links to information y et unseen, etc.).

2.2.3.13 Database Queries

Database queries allo w for rapid access to sp ecific information. Hyp er-G supp orts

t w o kinds of Database queries.

• Key queries are most v aluable at the b eginning of a session. Key queries

are simple, p ossibly AND-connectiv e prefix queries that are passed to a user-

defined list of activ e databases. Using k ey queries, the user ma y find out v ery

fast ab out existing information on a giv en topic.

• F orm queries are collection-sp ecific. F or example, the collection ’fine art’,

sub collection ’pain tings’ ma y allo w to fill out forms with fields p ainter, name

of pictur e, ye ar, style, theme, and museum , so that the user w ould easily find

all pain tings of Leonardo da Vinci that are on displa y in the Louvre. F orm

queries ma y b e v ery complex dialogs, including incremen tal form-filling ( flex-

forms ), i.e. the answ er to the query dynamically app ears as the form is filled

out.

2.2.3.14 Multilingual Hyp ermedia

According to Req. U.2 Hyp er-G is a m ultilingual system. This implies that:

• The do cumen ts themselv es ma y b e m ultilingual, i.e. do cument clusters (sec-

tion 2.2.3.3, page 19) that consist of sev eral do cumen ts, storing appro ximately

the same information in differen t languages. This ob viously applies to text

and v oice do cumen ts, but ma y also b e required for pictures, films, animation

etc. in sp ecial situations.

• Sp ecial links b et w een these do cumen ts (so-called cluster links ) allo w the run-

time system to c ho ose from a v ailable languages based on the user’s preferences

( Req. U.4 ).

• The user in terface of the run time system is a v ailable in a n um b er of languages,

to o.

• The user ma y sp ecify an ordered list of language preferences (e.g. ’Hungarian’

– ’German’ – ’English’). This means that if a Hungarian v ersion of a do cumen t

is a v ailable, sho w it, else sho w the German v ersion, else the English one. If

none of the user’s list is a v ailable, the system ma y displa y an appropriate error

message, or displa y whatev er it has.

• The mec hanism describ ed ab o v e ma y b e temp orarily o v erridden, e.g. to see

the do cumen t in its original language, or to see more than one v ersion at the

same time.

F urther complications arise with the use of dynamic links. Supp ose the user has

c hosen language preference ’Hungarian’ – ’German’ – ’English’. No w, for some

reason, a German text is on the screen. The user migh t clic k on an y w ord, whic h

will most probably b e a German w ord, e.g. ’Rec hner’ (computer), so a simple

dynamic link (as describ ed in section 2.2.3.4, page 22) will most probably find only

German do cumen ts that con tain the w ord ’Rec hner’ as k eyw ord. In order to get

existing Hungarian do cumen ts on ’k omputer’ (the Hungarian w ord for computer) as

w ell, there are t w o solutions:

• W e could assume that all do cumen ts on ’Rec hner’ of all languages are link ed

b y cluster links, creating a do cumen t cluster (section 2.2.3.3, page 19) holding

equiv alen t do cumen ts, but in differen t languages. When, in our example, the

run time system gets to the German do cumen t on ’Rec hner’, it w ould see an

equiv alen t Hungarian do cumen t on ’k omputer’ (if it exists) and displa y that

instead. Although this solution ma y b e applicable to small amoun ts of data

(e.g. a single tour), where the author creates the cluster links ’b y hand’, this

approac h do es not generalize w ell, b ecause of t w o reasons:

– F or large amoun ts of data (e.g. a n um b er of encyclop edias in a n um b er of

languages), it is to o m uc h w ork to lo ok for equiv alen t do cumen ts man u-

ally . On the other hand, the decision whether t w o do cumen ts in differen t

languages are ’equiv alen t’ is v ery hard to do for mac hines.

– If in our example a German do cumen t on ’Rec hner’ do es not exist, the

run time system w ould nev er find the cluster with do cumen ts on ’k om-

puter’ and ’computer’. Still the user w ould w an t to see the ’k omputer’

or else the ’computer’ do cumen t, if one exists.

• In order to solv e this problem, the Hyp er-G database will con tain some trans-

lation mec hanisms (translation programs, dictionaries) to translate the w ord

’Rec hner’ to Hungarian b efore searc hing the database. Of course, this trans-

lation pro cess in tro duces further ’blur’ to the database query . F or example,

’Rec hner’ translates to ’computer’, but also ’calculator’, ’arithmetician’ and

’rec k oner’. Without regard to the con text and bac kground kno wledge, the sys-

tem is not able to decide whic h translation is the most ’equiv alen t’ one. This

is a general problem of automatic translators.

T o mak e things ev en more complicated, in order to supp ort n languages and

to b e able to translate from an y language to an y other language, w e w ould

need n ( n − 1) translators or dictionaries. A p ossibilit y w ould b e to translate

first from the source language to an in termediate language (e.g. English) and

then from that language to the target language. This w a y w e w ould need

only 2( n − 1) translators. In our example, w e w ould first translate ’Rec hner’

to English, and the resulting w ords (’computer’, ’calculator’, ’arithmetician’

and ’rec k oner’) to Hungarian. Of course, this translation w ould b e ev en more

inaccurate.

Vice v ersa, it is p ossible that t w o German w ords (e.g. “T aste” – the kind of

k ey that y ou press on a k eyb oard – and “Sc hl üssel” – the kind of k ey that y ou

use to lo c k do ors) translate to the same English w ord ( key ). As a result, to

the surprise of a German-sp eaking user lo oking for information on “T aste”,

information on “Sc hl üssel” ma y b e returned instead. The usual solution is to

ha v e additional attributes in the in termediate language (e.g., k ey (computer)

and k ey (do or)).

With Hyp er-G w e will ha v e the opp ortunit y to exp erimen t with b oth approac hes. T o

our kno wledge, Hyp er-G will b e the first Hyp ermedia system supp orting m ultilingual

do cumen ts.

Of course, languages lik e c hinese, japanese, arabic etc. imp ose ev en more problems.

F or example, a large n um b er of fon ts has to b e supp orted, writing is not restricted

to the usual “from left to righ t, from top to b ottom” w a y , and more.

2.2.3.15 User Iden tification Mo des

As stated b y Req. U.1 , the system can b e use anon ymously . This is to a v oid

the “Big Brother” scenario p ossibly asso ciated with large information systems [ 118 ].

On the other hand, certain system features (e.g. user-sp ecific system configuration)

are imp ossible or undesirable (e.g. anon ymous authoring) if the user remains truly

anon ymous. In order to com bine adv an tages of b oth iden tified and anon ymous user

mo des, Hyp er-G supp orts four iden tification mo des:

1. Iden tified: In this mo de, the iden tit y (name, address, etc.) of users is kno wn

not only to the system, but also to other users. E.g., when y ou receiv e mail or

read annotations or do cumen ts from iden tified users, y ou kno w who they are.

Users ha v e to log in supplying user name and passo wrd. Ob viously , monitoring

of users’ actions is p ossible in this mo de.

2. Semi-Iden tified: The user ma y select a pseudon ym (pro vided that no

other user has already c hosen the same name) and a passw ord in iden tified

mo de. Subsequen tly , the user ma y use semi-iden tified mo de b y supplying the

pseudon ym plus passw ord. This means that the user is still kno wn to the sys-

tem b y full name, ho w ev er, other users see only the pseudon ym when reading

annotations, mail, etc. A user ma y also use more than one pseudon ym.

The fact that the user is kno wn to the system mak es user monitoring p ossi-

ble. Ho w ev er, it retains users from misuse of the comm unication facilities of

the system (as sho wn b y our exp erience with a public mailb o x accessible b y

the austrian videotex system), and requires only minimal soft w are extensions.

Also, accoun ting ma y b e done in the same w a y as for iden tified users.

3. Anon ymously Iden tified: This mo de is simlilar to the semi-iden tified mo de,

i.e. users are iden tified b y pseudon yms and passw ords. Ho w ev er, the iden tit y of

anon ymously iden tified users is not kno wn to the system. E.g., when logging

in at a terminal, the user ma y either en ter a v alid pseudon ym and passw ord

or select (or let the system generate) a new com bination

6

.

The adv an tage of this mo de compared to anon ymous mo de is that the system

is not able to tell who the user really is (no “Big Brother”), but recognize

the user in forthcoming sessions, whic h allo ws to store user preferences and

configurations and allo ws private write op erations (i.e. mo difications of the

database visible only to the same user, e.g. priv ate annotations). Ho w ev er,

public writes (i.e. c hanges to the database visible b y other users) are disabled

in this iden tification mo de.

Accoun ting is still p ossible in this mo de b y use of anon ymous accoun ts, i.e.

the user pa ys a certain amoun t to b e added to a certain pseudon ym’s accoun t.

4. Anon ymous: This mo de will b e used where a user iden tification is to o com-

plicated and time-consuming for the job to b e done (e.g. at public terminals,

m useums . . . ). No user preferences or configurations nor an y write op erations

are p ossible in this mo de. The user’s and configuration and righ ts are deter-

mined b y the terminal profile. Ho w ev er, accoun ting is still p ossible at termi-

nals equipp ed with sp ecial hardw are to accept tok ens, coins, IC-cards and the

lik e.

Also, system monitoring for system administration and tuning purp oses is

p ossible in all iden tification mo des.

6

Of course, passw ords ma y b e c hanged b y the user at an y time, supplying the old passw ord.

Iden tification System Priv ate User Public

Mo de Monitoring

Accoun ting

W rite Monitoring W rite

Iden tified YES YES YES YES YES

Semi-Iden tified YES YES YES YES YES

Anon ymously

Iden tified

YES YES YES NO NO

Anon ymous YES YES a

NO NO NO

a

Sp ecial hardw are required.

T able 2.2: Supp orted F unctions of User Iden tification Mo des

T able 2.2 summarizes the p ossibilities of the four iden tification mo des. Note that

users ma y access the system in an y desired mo de. This enables users to use anon y-

mous or anon ymously iden tified mo de most of the time, and switc h to other mo des

only when necessary (e.g. for a public write op eration).

2.2.3.16 Access Righ ts

As men tioned earlier, ev ery user is also a p oten tial author. The exten t to whic h a

user is allo w ed to mo dify the database is con trolled b y access righ ts. A user ma y

b elong to a n um b er of user groups, eac h group b eing gran ted particular righ ts to do

something with some p ortion of the database.

In addition, there are righ ts asso ciated with the individual terminals and the pieces

of information (do cumen ts, links etc.) The righ t to p erform a particular function

on a particular data item is deducted from the righ ts asso ciated with the user, the

terminal, and the data item itself. A more sp ecific description ma y b e found in

section 2.2.4.3 on page 48.

2.2.4 Implied Requiremen ts

This section con tains additional requiremen ts that are implied b y the basic require-

men ts of section 2.2.2 and the design decisions made in section 2.2.3. Again, they

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

Unique lab els are assigned to the follo wing requiremen ts in suc h a w a y that, if re-

quiremen t b is implied b y basic requiremen t a , the lab el of a is a prefix of the lab el

of b .

2.2.4.1 General Requiremen ts

Basic Requiremen t Req. G.1 in tro duces the notion of do cuments . The design

decisions made in section 2.2.3.3 and figure 2.4, page 21) suggest the follo wing

definition:

Req. G.1.2: Do cument Clusters are groups of do cuments that are seman-

tically equiv alen t or related.

Examples of “seman tically equiv alen t or related” do cumen ts are:

• A text do cumen t in German and the English translation.

• A text do cumen t and a sound do cumen t con taining the v oice of someone read-

ing the text do cumen t.

• A picture and the description of the picture.

A sp ecial t yp e of link (cluster link, see Req. G.2.4 ) is used to link the individual

do cumen ts of a do cumen t cluster.

Req. G.1.3: Do cumen ts, as w ell as links, collections, tours etc. are sub-

classes of the class Hyp er-G obje ct . All Hyp er-G ob jects (and

its sub classes) store attributes in addition to the information.

These attributes include:

Req. G.1.3.1: Author and User Group.

Req. G.1.3.2: Creation/Mo dification/Access/Expiration time.

Req. G.1.3.3: Language.

Req. G.1.3.4: Righ ts for ob ject’s functions, for author, gr oup and world .

Req. G.1.3.5: Price for ob ject’s functions, for gr oup and world .

Basic Requiremen t Req. G.2 ( Hyp ertext Axiom ) in tro duces links . The design

decisions made in sections 2.2.3.7 (page 24) are used to refine this requiremen t to:

Req. G.2.1: The user is offered a visual represen tation of the link, called

anchor . The user ma y ’activ ate’ the link b y activ ating the

corresp onding anc hor.

Of course, the actual meaning of ’activ ate’ dep ends on the user in terface. T ypically ,

the user will p oin t to the anc hor using some p oin ting device and then activ ate it b y

pressing a button. Ho w ev er, other means of activ ation are p ossible with unortho do x

user in terfaces (section 4.3.1, page 129).

Req. G.2.1.1: Anc hors b elong to links rather than do cumen ts. Creation,

mo dification or deletion of anc hors is not regarded as do cu-

men t mo dification.

This implies that ev en users that ha v e no righ t to mo dify a do cumen t ma y create

links (with anc hors) from/to that do cumen t, if they are gran ted the righ t to create

links (annotation).

Req. G.2.1.2: The visual app earance of an anc hor dep ends on the destina-

tion do cumen t t yp e, and on whether the destination do cu-

men t has already b een visited during the activ e session.

This significan tly reduces the n um b er of un w an ted re-visits of the same do cumen t

in a session. Also, the sp ecial app earence of anc hors leading to not-so-common

do cumen t t yp es actually leads the user to suc h ’rare information’ (e.g. video clips,

animation, sound, and images). This feature is most imp ortan t in the early phase

of Hyp er-G, where w e w an t to mak e it easy for users to find suc h do cumen t t yp es.

A t a later stage, e.g., when high-qualit y images are not so rare an y more, it ma y

b ecome partially obsolete.

The concept of forw ard and bac kw ard (asso ciativ e) link follo wing describ ed in section

2.2.3.5 (page 23) motiv ates the follo wing requiremen ts.

Req. G.2.2: Links are directed, i.e. there are sour c e and destination an-

c hors. Ho w ev er, Hyp er-G supp orts forw ard and bac kw ard link

follo wing.

Req. G.2.2.1: When forw ard follo wing a link (i.e. source to destination), on

activ ating the source anc hor, the system will activ ate the des-

tination do cumen t in suc h a w a y that the destination anc hor

is visible (if p ossible).

An example w ould b e a paragraph in a destination text do cumen t that is scrolled

so that at least the b eginning of the paragraph is visible.

Req. G.2.2.2: When bac kw ard follo wing a link (i.e. destination to source),

on activ ating the destination anc hor, the system will activ ate

the source do cumen t in suc h a w a y that the source anc hor is

visible (if p ossible).

An example of this w ould b e a part of a map that is scrolled suc h that the source

anc hor linking to the destination do cumen t (a more detailed map) is cen tered in the

displa y windo w.

Req. G.2.3: Ev ery do cumen t has a default anchor asso ciated with it. The

default anc hor co v ers the whole do cumen t and can b e used

for b oth the source and the destination of links.

The default anc hor is used to link whole do cumen ts, e.g. as destination or when

using cluster links (see Req. G.2.4 ).

Links can b e classified according to a n um b er of classification sc hemes. The follo wing

requiremen ts sp ecify the t yp es of links distinguished b y Hyp er-G.

Req. G.2.4: Hyp er-G supp orts cluster links and r efer ential links . Cluster

links are used to tigh tly couple the individual do cumen ts of

do cumen t clusters.

Cluster links are alw a ys user defined, as the seman tic relation b et w een t w o do cu-

men ts can not reasonably b e detected automatically . Ho w ev er, referen tial links ma y

b e further sub divided:

Req. G.2.4.1: Hyp er-G supp orts user define d links as w ell as automatic al ly

gener ate d links.

Req. G.2.4.1.1: Automatically generated links ma y b e pre-generated ( static )

or generated on demand ( dynamic ).

Dynamic links are generated using hidden database k ey queries (section 2.2.4.2,

page 39). The user ma y sp ecify a list of active datab ases that are searc hed ( link

filtering ), as required b y Req. U.3.4.1.1 .

Note that according to ab o v e definition user-defined links as w ell as cluster links

are alw a ys static. Figure 2.8 giv es an o v erview of the basic link t yp es supp orted

b y Hyp er-G. The set of link t yp es is extensible, whic h ma y b e necessary for certain

applications suc h as Hyp er-A nimation (section 3.5.1, page 117).

Figure 2.8: Basic Link T yp es and their Relativ e Priorit y

Req. G.2.5: A Link Priority is asso ciated with an y Hyp er-G link. The

link priorit y is used to reduce the n um b er of links presen ted

to the user.

Of course, the actual meaning of “priorit y” will v ary with the user in terface. In par-

ticular, a user in terface ma y c ho ose to alw a ys follo w cluster links (highest priorit y)

without user in terference, i.e. to displa y a whole do cumen t cluster at a time. Also,

a user in terface ma y c ho ose not to generate dynamic links (lo w est priorit y) when

there are an y higher-priorit y links a v ailable. Figure 2.8 sho ws the relativ e priorit y

assigned to the basic link t yp es of Hyp er-G.

Req. G.2.6: A ctive A nchors ha v e an asso ciated piece of co de that is ex-

ecuted when the anc hor is activ ated. Hyp er-G supp orts a

n um b er of pre-defined activ e anc hors for dialog do cumen ts

and sp ecial effects.

Activ e anc hors ha v e b een discussed in section 2.2.3.7 (page 24). They are most

useful with dialog do cumen ts (e.g. answ er judging) and for sp ecial effects (e.g. a

sp ecial kind of destination anc hor migh t ’fade out’ the source do cumen t and ’fade

in’ the destination do cumen t.).

Requiremen t G.3.1 (Do cumen ts and links are main tained automatically) motiv ates

the follo wing:

Req. G.3.1.1: All Hyp er-G ob jects ha v e an Expir ation Date asso ciated with

them. Hyp er-G ob jects age. When the expiration date is

reac hed, the ob ject ma y b e deleted.

This is to protect the database from outdated or obsolete information. A t ypical

expiration time of a user-supplied do cumen t migh t b e six mon ths. Tw o mon ths

b efore expiration, the user (i.e. the author of the do cumen t) is notified (b y means

of e-mail) and ma y extend this p erio d. If no resp onse is receiv ed, the ob ject ma y b e

deleted (and with it all asso ciated links).

Of course, some ob jects ma y b e giv en a v ery long life time b y the system adminis-

tration. Also, additional factors suc h as use coun t and time of last access ma y b e

used to decide on whether an ob ject is to b e deleted (section 2.2.9, page 81).

Req. G.3.2.1: Whenev er a new do cumen t is inserted, (static) links are gen-

erated automatically .

This is esp ecially useful for annotations: A new annotation of a user is automat-

ically link ed to other do cumen ts, p ossibly annotations of other users. An off-line

comm unication b et w een users and authors starts.

2.2.4.2 User-related Requiremen ts

Basic Requiremen t Req. U.1 states that Hyp er-G shall b e usable b y un trained users

as w ell as exp ert users. While exp ert users ma y b e exp ected to b e familiar with the

user in terfaces of to da y’s computers, the casual user m ust not. Therefore, Hyp er-G

can b e op erated using a n um b er of differen t user in terfaces (see also section 4.3.1,

page 129).

Req. U.1.1: Users con trol the system with user in terface devices suited to

their bac kground kno wledge and the application.

In terface Device User T yp e T ypical Application section page

Keyb oard Home User Remote terminal access 2.2.3.1.2 18

Keyb oard & Mouse Exp ert Univ. Information System 4.1 121

T ouc h-Screen Visitor Viewseum 4.3 128

Home-T rainer Visitor HOT A CT 4.3.1.3 130

3D input/output Visitor Adv anced 3D-Applications 4.3.4 140

T able 2.3: T ypical User In terfaces, Users and Applications

T able 2.3 sho ws some t ypical com binations of user in terface device, user t yp e, and

application.

Requiremen t Req. U.2 (“Hyp er-G is a m ultilingual system”) ma y b e refined using

the design decisions of section 2.2.3.3 (page 19 and 2.2.3.14 (page 30):

Req. U.2.1: The user ma y sp ecify an ordered list of language preferences.

Req. U.2.2: A do cumen t cluster ma y include seman tically equiv alen t do c-

umen ts that differ only in the L anguage attribute. A user

in terface ma y use this information and the user’s preferences

to select whic h do cumen t to sho w.

Req. U.2.3: The user in terface of the run time system is a v ailable in a n um-

b er of languages.

Req. U.2.4: The language strategy of the user in terface can b e temp orarily

o v erridden.

The last requiremen t is imp ortan t in situations where the user w an ts to see the

original v ersion of a do cumen t. E.g, when lo oking at the English translation of

a German p o em, the user ma y wish to see the original German v ersion ev en if the

p erferred language is English, or ev en see b oth v ersions at the same time.

The Hyp er-G user is supp orted b y high-lev el na vigation to ols ( Req. G.3 ). These

to ols include user in terface metaphors (section 2.2.3.10, page 27), database queries

(section 2.2.3.13, page 30), collections (section 2.2.3.11, page 28), and tours (section

2.2.3.12, page 29). Let’s deal with user in terface metaphors first:

Req. U.3.1: A v ariet y of user in terface metaphors is offered, including:

Req. U.3.1.1: Simple Hyp erme dia (section 2.3.3)

Req. U.3.1.2: Desk-T op (Xero x’ Star [ 81 ], Apple Macin tosh)

Req. U.3.1.3: Stack (Hyp erCard [ 185 ])

Req. U.3.1.4: Bo ok [ 10 ]

Req. U.3.1.5: Holiday T r avel [ 61 ]

Req. U.3.1.6: Libr ary [ 35 , 138 ]

The list of supp orted user in terface metaphors is extensible, as the user in terface is

built up on an underlying ’Hyp er-G Kernel’ that supp orts common functions (section

2.2.5, page 52).

Req. U.3.1.7: Most User In terface Metaphors supp ort simple na vigation

functions, suc h as undo, r e do, help, dr op/goto b o ok-mark,

show c opyright, show links, show annotations, show c ol le c-

tion, show tours...

Other means to aid the user’s na vigation are collections:

Req. U.3.2: Information is structured in Col le ctions . A collection is a set

of do cumen ts or other collections (’sub collections’).

This recursiv e definition yields a hierarc hical structure of collections:

Req. U.3.2.1: The collection hierarc h y is an acyclic directed graph. There

are a n um b er of ’ro ot’ collections.

The collection structure has b een presen ted in section 2.2.3.11 (page 28). T o put it

simple, ’acyclic directed graph’ means that the terms ’ascending’ and ’descending’

the structure are w ell defined lik e in a tree, ho w ev er, a collection ma y b e a sub col-

lection of a n um b er of collections.

Req. U.3.2.2: An y do cumen t in the system is a mem b er of at least one

collection. The user ma y find the collection(s) a do cumen t

b elongs to, get a graphical represen tation of the collection

hierarc h y at that p oin t, ’ascend’ or ’descend’ the hierarc h y ,

and find other do cumen ts b elonging to the collection.

Note that b ecause of the logical definition of the collection hierarc h y , and b ecause

of the relativ ely small n um b er of collections, graphical bro wsing of the collection

hierarc h y seems feasible.

T ours are describ ed in section 2.2.3.12 (page 29) and motiv ate the follo wing require-

men ts:

Req. U.3.3: Guide d T ours allo w to tra v erse the information net w ork in a

w a y sp ecified b y the author (of the tour). Ho w ev er, tours do

not ha v e to b e a linear list of do cumen t clusters to b e visited,

but ma y utilize the full flexibilit y of the Hyp ermedia system.

Req. U.3.3.1: Do cumen t clusters ma y b e visited b y a n um b er of tours.

When the user follo ws tour a and visits a do cumen t clus-

ter that is also visited b y tour b , the user ma y switc h tours at

this p oin t.

That is, the user can get a list of the tours visiting that do cumen t cluster, and

ma y c ho ose a tour to follo w. Ho w ev er, at some later p oin t, the user should ha v e

the opp ortunit y to con tin ue the original tour. It turns out that requiremen t Req.

U.3.3.1 leads to the concept of lab eled links, i.e. links that are lab eled with the

tour name (section 2.2.6.1.5, page 67).

Esp ecially in the case of educational tours the user should b e supp orted in making

sure that nothing has b een o v erlo ok ed:

Req. U.3.3.2: The user is offered information on what parts of the tour ha v e

already b e seen and what parts ha v e not.

In addition to the database queries that are made b ehind the scenes when generating

dynamic links, Hyp er-G offers user con trolled database queries (section 2.2.3.13,

page 30):

Req. U.3.4: Hyp er-G supp orts Datab ase Queries to allo w fast access to

relev an t information.

Tw o t yp es of queries ma y b e distinguished:

Req. U.3.4.1: Key Queries allo w for prefix searc h in the database(s).

This t yp e of query is most useful at the b eginning of a session, when the user w an ts

to gain an o v erview of what is in the database(s) related to a giv en topic (k eyw ord).

Key queries ma y b e com bined b y ’and’, ’or’ and ’not’ op erators.

Req. U.3.4.1.1: The user ma y sp ecify a list of active datab ases . Only these

databases are searc hed.

This not only increases sp eed, but also reduces the n um b er of un w an ted links ( link

filtering ). Note that dynamic links are done b y k ey queries, to o, so that the list of

activ e databases also applies to the generation of dynamic links.

The databases corresp ond to the c ol le ctions of Req. U.3.2 . Th us, a ’meta-

collection’ con taining all collections allo ws to searc h for whole collections instead

of individual do cumen ts, if this meta-collection is the only activ e database. Simi-

larly , a collection con taining all the tours lets the user searc h for tours with a certain

asso ciated k eyw ord instead of individual do cumen ts whic h ma y b e part of the tours.

Req. U.3.4.1.2: The system allo ws for inexact match k ey queries.

This ma y b e done in t w o w a ys:

• Either the user ma y sp ecify a kind of regular expression to b e searc hed for, or

• The system itself tolerates a certain amoun t of sp elling errors (e.g. “nab oleon”

should find “Nap oleon”).

Hyp er-G will offer b oth approac hes. In addition, the use of synon ym databases and

hierarc hical synon ym classification sc hemes will b e in v estigated.

Req. U.3.4.2: F orm Queries are more flexible, but collection-sp ecific que-

ries. The user is allo w ed to fill out a form with a n um b er of

attributes that ma y b e com bined to p erform complex queries.

F orms ma y b e filled out iterativ ely , sho wing after eac h incre-

men tal step the quan tit y of information found and hin ts on

ho w to con tin ue.

As stated in section 2.2.3.7 (page 24), the user in terface for database queries (esp e-

cially form queries) is most easily made b y dialog do cumen ts with activ e anc hors.

Basic requiremen t Req U.4 (“The system is configurable on a p er-user basis...”)

motiv ates:

Req. U.4.1: The system main tains a user profile, describing:

Req. U.4.1.1: Securit y Data (User name, user group(s), accoun t n um b er,

passw ord, access righ ts

Req. U.4.1.2: The user’s system en try p oin t (login men u, starting collection)

Req. U.4.1.3: The user’s language preferences

Req. U.4.1.4: Preferred user in terface metaphor

Req. U.4.1.5: Preferred user in terface metaphor’s options

Req. U.4.1.6: User logging (full/system/off )

Req. U.4.1.7: Default activ e databases for queries

Req. U.4.1.8: Whether user ma y c hange profile

A few explanations are necessary:

The se curity data is used to iden tify the user. Ho w ev er, the system ma y also b e

used anon ymously ( Req. U.6 ), in whic h case the default user profile of the user’s

terminal is applied. Of course, anon ymous users cannot alter the configuration

7

.

In principle, the user’s system entry p oint migh t b e an y Hyp er-G ob ject. Ho w ev er,

to define a ro ot-lev el collection (remem b er, the collection hierarc h y ma y ha v e more

than one ro ot) or a dialog do cumen t that p erforms a database query w ould b e

reasonable.

The user’s language pr efer enc e is an ordered list of languages ( Req. U.2.1 ). The

selection ’Hungarian’ – ’German’ – ’English’, for example, means that if a Hungarian

v ersion of a do cumen t is a v ailable, sho w it, else sho w the German v ersion, else

the English one. If none of the user’s list is a v ailable, the system ma y displa y

an appropriate error message, or displa y whatev er it has. Also, the user in terface

language is to b e set to the language of the first c hoice, if p ossible.

The pr eferr e d user interfac e metaphor’s options are further options sp ecific to the

pr eferr e d user interfac e metaphor . F or example, the user ma y sp ecify to prefer

short v ersions instead of long v ersions of text or v oice do cumen ts, if seman tically

equiv alen t v ersions are a v ailable in a do cumen t cluster; or to prefer hearing a v oice

do cumen t rather than reading a seman tically equiv alen t text do cumen t. In addition,

preferred do cumen t managers (section 2.2.5.2, page 56) that should b e used to

7

Ho w ev er, semi-iden tified and anon ymously iden tified users p oten tially can (section 2.2.3.15,

page 32).

displa y certain do cumen t t yp es can b e sp ecified. An in terface metaphor migh t ev en

allo w to configure the exact la y out (p osition, size) of the v arious windo ws.

User lo gging ( Req. U.5.1 ) can b e turned to ’full’ (full user state logged), ’system’

(only the items necessary for Req. U.5.1.2 logged) or ’off ’.

As w e shall see, the list of active datab ases is actually a list of activ e collections, to

whic h queries are to b e passed.

Basic Requiremen t Req. U.5 (“... user ma y return to a previous user state”)

requires the system to k eep user logs:

Req. U.5.1: F or ev ery user, the system main tains a user lo g . The log stores

a sequence of user states .

The log enables the system to p erform a sort of Undo function, i.e. to return to

a previous state ( Req. U.5 ). The user state records all information necessary to

do this. In addition, some graphical represen tation of the user’s path through the

information net w ork ma y b e displa y ed ( history ).

Req. U.5.1.1: Iden tified, semi-iden tified and anon ymously iden tified users

ma y also na vigate bac kw ards to the user states of previous

sessions.

This is done b y ha ving p ersistent user logs, i.e. b y sa ving the user log across sessions.

Of course, this feature is not a v ailable for anon ymous users.

Req. U.5.1.2: User logs ma y b e used b y authors and/or system administra-

tors to main tain the database.

Sometimes, users get stuc k b ecause of misleading or missing links, etc. The user

logs ma y b e used to find suc h w eaknesses of the database. Not all the information

of the user state is required to b e logged (’User logging’ set to ’system’ w ould b e

sufficien t ( Req. U.4.1.6 ).). F or example, only unsuccessful database queries need

to b e logged for this purp ose. In particular, anon ymous users ma y b e traced also.

In addition to the iden tified and anon ymous user mo de ( Req. U.6 ), Hyp er-G

supp orts t w o more iden tification mo des:

Req. U.6.1: The system ma y b e used in Semi-Identifie d Mo de . In this

mo de, the real iden tit y of the user is kno wn to the system,

but not to other users.

Req. U.6.2: The system ma y b e used in A nonymously Identifie d Mo de . In

this mo de, the real iden tit y of the user is not kno wn to the

system. Ho w ev er, the user’s pseudo-iden tit y p ersists across

sessions.

Adv an tages and disadv an tages of the four user iden tification mo des ha v e b een dis-

cussed in section 2.2.3.15 (page 32).

Requiremen t Req. U.7 states that certain system features and/or information

items are c hargeable.

Req. U.7.1: An y Hyp er-G ob ject ma y b e priced. The price is sp ecified

b y the author of the ob ject ( Req. G.1.3.5 ). The system

automatically tells the user in adv ance the price of the ob ject

to b e accessed, if its greater than zero.

In order to c harge b oth iden tified and anon ymous users, Hyp er-G supp orts t w o

c harging sc hemes:

Req. U.7.2: Hyp er-G main tains user accoun ts for iden tified, semi-identi-

fied and anon ymously iden tified users. Whenev er a priced

ob ject is sho wn, the ob ject’s costs are deducted from the user’s

accoun t.

In theory , ob jects ma y also ha v e a negativ e price, in whic h case the amoun t is

added to the user’s accoun t. Iden tified and semi-iden tified users ma y b e allo w ed to

o v erdra w their accoun t, and will receiv e an in v oice at regular in terv als.

Req. U.7.3: A t sp ecial terminals, anon ymous users ma y b e c harged also.

This is done b y letting the users (anon ymously) buy tok ens of a certain v alue, and

then deduct from that v alue un til the remaining v alue on the tok en reac hes zero.

T ok ens will t ypically b e credit card-lik e magnetic cards or IC-cards. Of course,

anon ymous and anon ymously iden tified users are not allo w ed to o v erdra w their ac-

coun t.

2.2.4.3 System Requiremen ts

Req. S.1.1: F or eac h terminal, there is a terminal profile, describing:

Req. S.1.1.1: T erminal facilities, suc h as:

Req. S.1.1.1.1: Input Devices

Req. S.1.1.1.2: V oice I/O capabilit y

Req. S.1.1.1.3: Digital Sound I/O capabilit y

Req. S.1.1.1.4: Digital Video I/O capabilit y

Req. S.1.1.1.5: Hardcop y capabilit y

Req. S.1.1.1.6: Softcop y (disk ette) capabilit y

Req. S.1.1.1.7: Comm unication capabilities (E-Mail, conferencing)

Req. S.1.1.1.8: Charging of anon ymous users

Req. S.1.1.2: Securit y information, suc h as:

Req. S.1.1.2.1: The terminal’s access righ ts (op erations allo w ed on this

terminal)

Req. S.1.1.2.2: The righ ts of anon ymous users at this terminal

Req. S.1.1.3: The prices of sp ecific terminal facilities

Again, a few explanations are in order:

Useful com binations of Input Devic es are listed in table 2.3 (page 40). Some termi-

nals ma y b e equipp ed with hardcop y or softcop y devices (’softcop y’ means that the

user/visitor can tak e a disk ette bac k home with selected do cumen ts on it).

Hard- and Softcop y facilities are usually priced ( Req. S.1.1.3 ). The c harging

of anon ymous users ma y b e done using tok ens, coins, or terminals equipp ed with

magnetic or IC-Card readers or similar devices ( Req. U.7.3 ). No suc h hardw are is

neccessary for anon ymously iden tified users (section 2.2.3.15, page 32), as they can

b e c harged b y prepa ymen t.

Requiremen t Req. S.2 states that access righ ts con trol whether a certain user on a

certain terminal ma y access a certain ob ject. Considering the design decisions made

(section 2.2.3.16, page 34) and implied requiremen ts Req. G.1.3.4 , Req. U.4.1.1 ,

and Req. S.1.1.2 , w e can further refine this concept:

Req. S.2.1: The righ t of a certain user on a certain terminal to p erform

a sp ecific function of certain Hyp er-G ob ject is deduced from

the ob ject’s protection bits (for author, gr oup and world ,

Req. G.1.3.4 ), the user’s righ ts Req. U.4.1.1 and the

terminal’s access righ ts Req. S.1.1.2.1 . Anon ymous users

get the terminal’s default righ t ( Req. S.1.1.2.2 ). Users of

user group system ma y o v erride righ ts.

T o b e sp ecific, the user’s righ t to p erform a certain op eration is calculated in the

follo wing w a y: F or an y op eration (e.g. read, write, prin t, cop y , link to, link from;

describ ed in section 2.2.6.1, page 60) there is an asso ciated bit, sa y bit n um b er i .

If it’s set to ’1’, this means “allo w ed”, a ’0’ means “not allo w ed”. These pr ote ction

bits are stored together with the follo wing en tities:

• An y Hyp er-G ob ject holds protection bits for:

– Author ( obje ct.author.bits )

– Group ( obje ct.gr oup.bits )

– W orld ( obje ct.world.bits )

• Protection bits are asso ciated with ev ery user ( user.bits ).

• Access righ ts are also asso ciated with terminals ( terminal.bits ).

In addition, a user ma y b e a mem b er of a n um b er of user groups ( user ∈ G

i

).

Mem b ers of group system ma y o v erride an y protection bits with exception of termi-

nal.bits , i.e. system administration can only b e done from a subset of the terminals

as an additional securit y measure. Also, if for example a terminal do es not supp ort

prin ting, it do es not mak e to o m uc h sense to insist on y our righ t to prin t something.

With these prerequisites in mind, the protection algorithm lo oks lik e sho wn in fig-

ure 2.9.

This protection sc heme is somewhat similar to the UNIX approac h, but with the

follo wing mo difications:

• There are terminal protection bits. This serv es for t w o reasons:

– The terminal’s protection bits are tak en in to accoun t for all users, in-

cluding the system administration. This means that the system adminis-

trators ma y login at an y terminal, ho w ev er, the sp ecific righ ts needed to

p erform system administration (e.g. the righ t to delete ob jects) are only

gran ted at sp ecific terminals.

if user ∈ system

then bits := terminal.bits

else if user = obje ct.author

then bits := obje ct.author.bits and user.bits and terminal.bits

else if user ∈ obje ct.gr oup

then bits := obje ct.gr oup.bits and user.bits and terminal.bits

else bits := obje ct.world.bits and user.bits and terminal.bits

if (bits and 2 i

) ≠ 0

then /* function #i al lowe d */

else /* function #i not al lowe d */

Figure 2.9: Hyp er-G Protection Sc heme

– The protection bits also sp ecify certain functions to do with the do cu-

men t that are not a v ailable at all terminals, e.g. hardcop ying. A termi-

nal that do es not supp ort that sp ecific function w ould set the according

protection bit to “not allo w ed”, o v erriding an y differen t settings of user

and/or do cumen t protection bits.

• The users themselv es ha v e protection bits asso ciated with them. This ma y

b e used to sp ecifically den y certain righ ts from a user. F or example, for some

reason a user ma y b e (temp orarily) denied the righ t to annotate something,

without the need to c hange the righ ts of the ob jects or mo dify user groups.

• The system ma y b e used anon ymously , in whic h case users get their righ ts

from the terminal profile ( Req. S.1.1.2.2 ).

As stated in Req. G.1.3.5 , a Hyp er-G ob ject has a price asso ciated with a partic-

ular function (e.g. read, hardcop y , softcop y , link to, link from) for group and w orld

(of course, if the corresp onding function is prohibited b y the asso ciated protection

bit, the ’price tag’ is meaningless; also, the price for the author is alw a ys zero). Cal-

culation of the price to b e paid b y a sp ecific user is done similar to the protection

sc heme describ ed ab o v e. If the user is a mem b er of the sp ecified user group, the

’group’ price tag is used, else the ’w orld’ price is to b e paid.

A t ypical application w ould b e to sp ecify that linking-to an ob ject (e.g. using it in

a tour) costs amoun t w for an yb o dy except users of group myb estfriends , whic h pa y

amoun t g .

It should b e noted that v ariable-length lists ha v e b een a v oided in the design of

Hyp er-G ob ject’s attributes, b ecause of their implemen tation o v erhead asso ciated

with database design. As a consequence, in order to distinguish b et w een a n um b er

of user groups, more database ob jects p oin ting to the same piece of information

(e.g. do cumen t) ha v e to b e established. In our ab o v e example, in order to let users

of user group myse c ondb estfriends pa y amoun t g 1, a second Hyp er-G ob ject with

’group’ set to myse c ondb estfriends has to b e created.

Also, the terminal has prices asso ciated with certain functions, whic h are added to

the price determined b y the ob ject (e.g., the price for a hardcop y is calculated b y

the price the author sp ecified plus the price the terminal’s price for a cop y). Ho w ev er,

the amoun t collected for using the Hyp er-G ob ject is transferred to the author, while

the amoun t collected b y the terminal is for the system (administration).

So, as a conclusion:

Req. S.2.2: The price to b e paid for a certain function on a certain ob ject

at a certain terminal is determined b y the ob ject’s price tags

(for gr oup or world , Req. G.1.3.5 ) and the terminal’s price

for that particular function.

2.2.4.4 Implemen tation Requiremen ts

F rom the design decisions and requiremen ts of previous sections it is quite ob vious

that Hyp er-G will use a set of databases to store its do cumen ts, links, anc hors etc.

Because Hyp er-G’s data items are structured in an ob ject-orien ted w a y (e.g. they

are all deriv ed from a class ’Hyp er-G ob ject’) it w ould b e b est to use ob ject-orien ted

databases to do the job. Unfortunately , only exp erimen tal ob ject-orien ted database

systems suitable for our purp oses exist at this time. Also, a standard relational

database system w ould turn out to b e to o slo w to handle the h uge n um b er of ob jects

Hyp er-G dev elop ed for. In addition, there are legal problems asso ciated with the use

of commercial database systems. Hence w e decided to build our o wn (simple, but

sp eedy) database managemen t system customized to the sp ecial needs of Hyp er-G.

In fact, Hyp er-G will use t w o kinds of databases (some argumen ts for this split are

discussed in sections 2.2.5 (page 52) and 2.2.6 (page 60)):

Req. I.1.1: The Keys & A ttributes Datab ase (KAD) holds the k eys and

attributes of all Hyp er-G ob jects. In order to gain sp eed, the

database is split in to sp ecialized databases holding:

Req. I.1.1.1: do cumen ts

Req. I.1.1.2: links

Req. I.1.1.3: anc hors

Req. I.1.1.4: collections

Req. I.1.1.5: tours

The attributes stored with eac h ob ject are listed under Req. G.1.3 . The k eys

are used to searc h for the ob ject using the simple k ey queries describ ed under Req.

U.3.1.4 as w ell as to link the links to the anc hors and the anc hors to the do cumen ts.

The KAD will b e implemen ted using simple text files with in v erted indices. It do es

not con tain do cumen ts, only p oin ters to the do cumen ts are stored.

The do cumen ts themselv es are stored as part of a collection database. While some-

times this collection database will just con tain p oin ters to the actual do cumen ts

(e.g. to raster images), text do cumen ts (e.g. the en tries of an encyclop edia) migh t

b e group ed together in one file, as this allo ws a collection-wide full text searc h that

is needed for asso ciativ e dynamic links (section 2.2.3.5, page 23) and form queries

(section 2.2.3.13, page 30). Also, the graphical app earance of anc hors is stored to-

gether with the do cumen ts, while their attributes are stored in the KAD.

Req. I.1.2: The do cumen ts and anc hors are stored in collection databases,

while their k eys and attribute are held in the KAD. The actual

la y out of the databases will v ary with the t yp e of collection.

The collection supp orts collection-wide full-text searc h (if ap-

plicable) and/or form queries.

Note that the notion that the collection itself p erforms this actions and the exact

la y out of the database is not to b e kno wn outside conforms to the ob ject-orien ted

design principles of encapsulation and data hiding.

Req. I.1.3: The databases themselv es ensure database in tegrit y .

F or example, if a do cumen t is to b e deleted, also the anc hors of the do cumen t as w ell

as the links to/from that anc hors are deleted. This facilitates database main tenance

as required b y Req. G.3.1 and Req. S.3 .

As stated in section 2.2.3.1.3 and sho wn in figure 2.2 (page 18, Hyp er-G allo ws

access to remote databases.

Req. I.2: Hyp er-G supp orts access to remote databases. Access to suc h

databases shall b e hidden from the user.

This means that users areconfron ted with a consisten t user in terface metaphor

throughout the system, so that they w ould not b e able to tell whether an infor-

mation item is retriev ed from a lo cal or remote database (except, p erhaps, b ecause

of a dela y when retrieving remote information). More on this in section 2.2.6.2.3

2.2.5 Pro cess Distribution

As discussed in section 2.2.3.1 (page 17) Hyp er-G will b e dev elop ed as a distributed

system, running concurren tly on a heterogeneous net w ork of computers. F or the

sak e of simplicit y w e will distinguish b et w een w orkstations and Hyp er-G serv ers,

although the distinction is somewhat arbitrary , as mo dern UNIX w orkstations ma y

also accomplish the tasks that w e will asso ciate with Hyp er-G serv ers.

Hyp er-G serv ers and w orkstations are in terconnected b y a high-sp eed lo cal area net-

w ork (LAN), with optional fron t-ends (terminals) and bac k-ends (remote databases).

In this section, w e will concen trate on the core system (see figure 2.1 on page 17),

and forget ab out fron t- and bac k-ends.

Comm unication b et w een Hyp er-G serv ers and w orkstations is done via the X proto-

col [ 141 ], i.e. the w orkstations run X Servers

8

and the Hyp er-G serv ers run X clien ts.

On the Hyp er-G serv er side, in most cases w e do not access the Xlib [ 142 , 143 ] di-

rectly , but use In terViews [ 97 , 98 ] – an ob ject-orien ted user in terface to olkit written

in C++ [ 169 ] – instead.

The Hyp er-G serv er itself consists of a n um b er of Server Pr o c esses (figure 2.10) that

comm unicate via message passing and ma y b e distributed among a n um b er of serv er

mac hines. This split in to differen t pro cesses offers a n um b er of adv an tages:

• The pro cesses ma y run concurren tly on differen t mac hines, increasing p erfor-

mance.

• Certain pro cesses ma y run on sp ecialized serv er mac hines (e.g. database serv er,

’video serv er’ equipp ed with real-time digitizing hardw are).

• It mak es Hyp er-G implemen table b y a n um b er of individual programmers that

implemen t a single pro cess without needing a lot of kno wledge ab out other

pro cesses. This asp ect is also due to ob ject-orien ted design principles (section

2.2.6.1.1, page 61).

• As w e will see, eac h do cumen t t yp e is handled b y a sp ecialized pro cess. This

allo ws for painless extension of the set of supp orted ob jects ( Req. G.4 ) and

the implemen tation of do cumen t clusters.

As sho wn in figure 2.10, Hyp er-G consists of the follo wing groups of pro cesses:

1. The Session/In terface Manager (S/IM) con trols the session and user in-

terface.

8

Sorry ab out this terminology , but thats the w a y it is...

Figure 2.10: Serv er Pro cesses

2. Do cumen t Managers (one for eac h do cumen t t yp e) con trol the displa y and

manipulation (e.g. scrolling) of the do cumen ts of corresp onding t yp e as w ell

as anc hors tied to that do cumen t.

3. A n um b er of Database Managers (DBM) implemen t the in terface to the

corresp onding databases.

The follo wing sections discuss these mo dules of Hyp er-G in more detail.

2.2.5.1 Session/In terface Manager

The Session/Interfac e Manager (S/IM) accomplishes t w o closely related tasks:

1. It con trols the en tire Hyp er-G session, in v olving the follo wing sub-tasks:

(a) It starts and con trols the other pro cesses (do cumen t managers and

database managers) via remote pro cedure calls (RPC) [ 31 ].

(b) It decides on the do cumen ts of a do cumen t cluster that are to b e dis-

pla y ed. This decision is based on the user’s pr eferr e d user interfac e

metaphor ( Req. U.4.1.4 and pr eferr e d user interfac e metaphor’s op-

tions ( Req. U.4.1.5 ) of the user pr ofile ( Req. U.4.1 , page 44). F or

example, the user ma y sp ecify to prefer short v ersions instead of long

v ersions of text or v oice do cumen ts, if p ossible, or to prefer hearing a

v oice do cumen t rather than ha ving to read text do cumen t. The cluster

links stored in the KAD are used to find the individual do cumen ts of a

do cumen t cluster.

(c) When a do cumen t is to b e ’executed’ (e.g. displa y ed), the S/IM ma y

either start a new do cumen t manager or re-use an existing one (again

dep ending on the user in terface metaphor). Whic h do cumen t manager is

to b e used is determined in the follo wing w a y:

The KAD ( Req. I.1.1 ) stores the do cumen t t yp e of eac h do cumen t. This

do cumen t t yp e is tak en as an index in to the Do cument Manager T able

(DMT) to select an appropriate do cumen t manager for that do cumen t.

Dep ending on the user in terface metaphor and the user’s and terminal’s

righ ts, the DMT ma y b e user-configurable ( Req. U.4.1.5 ), i.e. the user

ma y tell the S/IM whic h do cumen t manager to use for do cumen ts of a

sp ecific do cumen t t yp e. Also, the do cumen t managers ma y b e started

with configurable parameters.

(d) It implemen ts link follo wing, using the information pro vided b y the KAD

(section 2.2.6.2.1, page 70). T o b e sp ecific, the link and attribute concepts

of Hyp er-G are realized as follo ws:

i. Static Links: When the user clic ks on a sour c e anchor (section

2.2.3.7, page 24) of a do cumen t, the corresp onding do cumen t man-

ager returns the anchor ID to the S/IM, whic h in turn uses the link-

anchor r elation of the KAD (via a DBM) to find the links attac hed to

that anc hor. If there is more than one link, the link priority (section

2.2.3.6, page 24) or user in teraction ma y b e used to select a single

link to follo w.

Once the link is iden tified, the corresp onding destination anchor

is kno wn and used to find the destination do cumen t using the

do cument-anchor r elation of the KAD. The new do cumen t is part

af a do cumen t cluster, whic h is then displa y ed as describ ed under

1b.

ii. Asso ciativ e (bac kw ard) link follo wing (section 2.2.3.5, page 23)

of static links: Just exc hange the w ords ’source’ and ’destination’ in

the preceding paragraphs.

iii. Dynamic Links (forw ard and bac kw ard follo wing): When the user

clic ks on a w ord, a database query (describ ed under 1e) is p erformed.

The result is a do cumen t ID, whic h is then used to branc h to the corresp onding do cumen t cluster. There are no links and anc hors

in v olv ed.

iv. Activ e Anc hors: When a do cumen t (e.g. a dialog do cumen t) con-

tains activ e anc hors, the co de asso ciated with them is executed b y

the corresp onding do cumen t manager. The result is alw a ys an an-

c hor ID, whic h is returned to the S/IM. The S/IM sees no difference

to an ordinary static link, so it is treated as describ ed under 1(d)i.

(e) It p erforms Database Queries b oth as a part of dynamic link generation

and under user con trol (section 2.2.3.13, page 30) . Dep ending on the

desired op eration, t w o kinds of lo w-lev el database queries ha v e to b e

p erformed:

i. F orw ard dynamic link generation and k ey queries ( Req.

U.3.4.1 ) require the do cument datab ase ( Req. I.1.1.1 ) of the KAD

to b e searc hed for a do cumen t that has the searc h string in its k ey

list. The user ma y restrict the searc h to do cumen ts of sp ecific col-

lections ( Req. U.3.4.1.1 ).

ii. Bac kw ard dynamic link generation and form queries require

collection-sp ecific database queries, and are therefore passed to the

collections, whic h in turn use the corresp onding collection database

to p erform the searc h. In general, this kind of query will b e slo w er

than a searc h in the KAD (in the case of a collection of text do c-

umen ts – e.g. an encyclop edia – a full-text searc h is required), but

b ecause of pro cess distribution can b e p erformed in parallel on a

n um b er of collections, if the corresp onding DBMs are executing on

differen t mac hines.

(f ) It c hec ks the access righ ts of a user to p erform sp ecific functions on an

ob ject ( Req. S.2.1 ), based on the algorithm sho wn in figure 2.9 on page

49.

(g) It main tains the user accoun ts ( Req. S.2.2 ).

2. It implemen ts the user in terface. In particular,

(a) It implemen ts the user in terface metaphor ( Req. U.3.1 ), based on the

user’s preferences ( Req. U.4.1.4 ).

(b) It con trols the v arious input and output devices ( Req. U.1.1 ).

(c) It allo ws simple na vigation functions, suc h as undo, r e do, help, dr op/goto

b o ok-mark, show c opyright etc.

(d) It allo ws to displa y (a subset of ) the collection hierarc h y , relativ e to the

’curren t’ collection, and to na vigate within the collection hierarc h y .

(e) It allo ws the user to go on guided tours (section 2.2.3.12, page 29) and

switc h b et w een tours.

(f ) It lets users configure their user profiles ( Req. U.4.1 ).

(g) It main tains the user logs, whic h ma y b e used for na vigation ( history )

and system administration.

2.2.5.2 Do cumen t Managers

The do cumen t managers are resp onsible for the displa y and manipulation (e.g.

scrolling, zo oming etc.) of the individual do cumen ts. In addition, they handle

the app earance and activ ation of anc hors tied to the do cumen ts. The imp ortan t

p oin t is that for the S/IM the do cumen t managers lo ok all the same, i.e. the priv ate

data of the do cumen ts and anc hors is hidden from the S/IM. This allo ws to extend

and/or c hange the set of supp orted do cumen t t yp es, the w a y the do cumen ts and

anc hors are stored etc. b y c hanging only the do cumen t manager or corresp onding

database manager without impact on the rest of the system.

In Hyp er-G, ev ery do cumen t is a mem b er of at least one collection ( Req. U.3.2.2 ).

Ev ery collection has a sp ecific database manager (DBM) asso ciated with it. F or

example, an encyclop edia collection consisting of thousands of text do cumen ts will

usually b e stored as a single text file with asso ciated index files to sp eed up searc hing.

Ho w ev er, the corresp onding DBM will presen t only one do cumen t at a time to the

text do cumen t manager. Again, c hanging the underlying data represen tation w ould

only affect the DBM and lea v e the rest of the system unc hanged.

By no w it should b e ob vious that the design of Hyp er-G relies hea vily on the ob ject-

orien ted design principles of abstr action and enc apsulation [ 32 ]. In addition, the im-

plemen tation of do cumen t managers utilizes the concepts of inheritanc e and p oly-

morphism . T o put it simple, from outside the do cumen t managers lo ok all the same

(i.e. they implemen t the same set of metho ds), but in ternally they are inherited

from a generic class Do cumentManager . The virtual metho ds of this class get called

from outside and are passed on to the real do cumen t manager that actually imple-

men ts the metho d. T able 2.4 lists the most imp ortan t and public virtual metho ds

of class Do cumentManager , corresp onding to the functions that can b e p erformed

with a do cumen t.

Note that the base class Do cumen tManager con tains no metho ds to manipulate

the do cumen t itself or the attac hed anc hors. Because of the great differences of

the do cumen t t yp es, these metho ds are incorp orated in to the individual do cumen t

managers and are used b y editing to ols that are sp ecialized for sp ecific do cumen t

t yp es. The functions c opy, link to, link fr om etc. can b e p erformed in the KAD

without in terference with the do cumen t manager.

Also, there is no metho d to p oll the state of attac hed anc hors. Rather, the do cumen t

manager comm unicates async hronously with the S/IM in case of an anc hor b eing

activ ated. It calls S/IM’s metho d

void ActivateAnchor(AnchorID, int mode)

to tell the S/IM that an anc hor w as activ ated. The ’mo de’ flag can b e used to

distinguish b et w een mo des of activ ation, e.g. single or double clic k, left or righ t

mouse button, etc.

Metho d Commen ts

in t ReadDo cumen t(P ath) Iden tify the ’curren t do cumen t’. If a curren t do c-

umen t is already read in, it is replaced b y the

new one. Dep ending on do cumen t t yp e, suffixes

ma y b e used to sp ecify p ortions of a file (e.g. file

p oin ter offset).

in t Execute(Anc horID) ’Executes’ the curren t do cumen t. With standard

do cumen t t yp es, this will just displa y the do cu-

men t so that the giv en anc hor is visible. E.g., with

sound do cumen ts, this will (re-)start the sound

at the giv en anc hor. If Anc horID is nil, the whole

do cumen t is to b e executed.

in t SetState(Anc horID,state) Sets the state of an anc hor. State bits include

visible/in visible, clic k able, color, etc.

in t SetGeometry(c har*) Allo ws to mo v e and/or resize the windo w of the

do cumen t manager from outside. E.g. the string

“640x480+20-10” will resize the windo w to 640 ×

480 and p osition it at 20 pixels from the left and

10 pixels from the b ottom.

c har* GetGeometry() Returns the p osition and size of the do cumen t

manager’s windo w.

in t Iconify() T ells the do cumen t manager to iconify itself.

in t DeIconify() T ells the do cumen t manager to deiconify itself.

c har* HardCop y(c har*) Returns P ostScript [ 1 ] co de that con tains a prin t-

able represen tation of the do cumen t. Options ma y

b e passed.

c har* SoftCop y(c har*) Returns an enco ding of the do cumen t suited for

sa ving on user disks. Options ma y con trol the

target format.

in t T erminate() T erminates the do cumen t manager.

T able 2.4: Public Virtual Metho ds of Class Do cumen tManager (C++ -lik e notation)

2.2.5.3 Database Managers

Database Managers allo w to access databases without to o m uc h kno wledge ab out

the actual data la y out. There are a n um b er of database managers, namely the Keys

& A ttributes Datab ase Manager (KADBM) and the Col le ction Datab ase Managers

(CDBMs) . They all are inherited from a generic database manager class Datab ase-

Manager .

Metho d Commen ts

Links* GetLinkBySrc(Anc horID) Uses the anchor-link r elation of the

KAD to find the link corresp onding to

the passed source anc hor. Returns a

list of link ob jects (section 2.2.6.1.4,

page 65).

Links* GetLinkByDest(Anc horID) Same as ab o v e, but the passed anc hor is

in terpreted as destination anc hor (used

for bac kw ard link follo wing).

Do cumen t* GetDo cBySrc(Anc horID) Uses the do cument-anchor r elation of

the KAD to find the do cumen t that

con tains the passed anc hor as source

anc hor. Returns p oin ter to do cumen t

ob ject (section 2.2.6.1.2, page 62).

Do cumen t* GetDo cByDest(Anc horID) Same as ab o v e, but the passed anc hor

is in terpreted as destination anc hor.

Do cList* GetDo cByKey(c har*) Searc hes the do cumen t database for

do cumen ts with the passed k ey in their

k ey list. Returns a list of do cumen t

ob jects.

Do cList* GetDo cCluster(Do cumen tID) Returns a list of all do cumen t ob jects

that are seman tically equiv alen t with

the passed do cumen t b y examining the

link database.

Anc horList* GetAnc hors(Do cumen tID) Uses the do cument-anchor r elation of

the KAD to find all the anc hors at-

tac hed to a giv en do cumen t. Returns a

list of anc hor ob jects (section 2.2.6.1.3,

page 65).

T able 2.5: Public Metho ds of Class KADBM used b y S/IM

T able 2.5 lists the metho ds offered b y the KADBM that are used b y the S/IM to

p erform link follo wing and database queries. Of course, there are more functions

that are used to create and mo dify Hyp er-G ob jects.

The metho ds of the individual collection database managers v ary according to the

t yp e of collection. Ho w ev er, this is not a serious dra wbac k b ecause the only other

pro cesses that need to comm unicate with the collection database are the corre-

sp onding do cumen t manager and dialog do cumen ts p erforming collection database

queries. The S/IM requires only one metho d of the collection database managers

(table 2.6).

Metho d Commen ts

Do cIDList* FindDo cumen t(c har*) Searc hes the collection database for do cu-

men ts that con tain the passed string. Re-

turns a list of do cumen t IDs (used for bac k-

w ard follo wing dynamic links).

T able 2.6: Public Virtual Metho ds of Class CDBM used b y S/IM

Care has to b e tak en in the implemen tation that the database manager co de is

reen tran t, so that it can b e used b y a n um b er of other pro cesses sim ultaneously .

This is most easily done b y offering only atomic functions, i.e. no information

(including state information) is to b e preserv ed b y the do cumen t manager b et w een

function calls.

2.2.6 Data Distribution

Figure 2.10 (page 53) sho ws not only the distribution of Hyp er-G pro cesses, but also

the distribution of Hyp er-G’s databases. In general, three t yp es of data are stored

in separate databases:

1. Keys and attributes common to all Hyp er-G ob jects are stored in the KAD

(section 2.2.6.2.1, page 70). Only the S/IM is allo w ed to access the KAD b y

using the KADBM (section 2.2.5.3, page 57). This w a y , structural c hanges in

the KAD (e.g. c hanging data structures and algorithms) require c hanges in the

KADBM only . Changes in the con ten ts of the KAD (e.g. additional attributes)

are reflected b y c hanges of the S/IM. No other pro cesses are concerned.

2. Collection-sp ecific data ma y b e stored in collection-sp ecific databases, that are

accessed via CDBMs (section 2.2.5.3, page 57). These CDBMs are accessed b y

the S/IM in order to p erform full-text searc hes (table 2.6 on page 59) and

b y collection-sp ecific dialog do cumen ts that ma y p erform more complicated

queries on the collection (e.g. in a geographical collection, the distance b et w een

t w o lo cations ma y b e computed and used to query the database; in order to do

so sp ecial attributes – degrees of latitude and longitude – ha v e to b e con tained

in the collection-sp ecific database). Again, c hanges in the collection-sp ecific

database affect only the corresp onding CDBM and the dialog ob ject.

3. The do cumen t itself is passed to the do cumen t manager without in terpretation

b y the CDBM. Conceptually , it is con tained in the collection’s database as

a binary lar ge obje ct (BLOB), while in realit y the database will just con tain

a p oin ter (e.g. a filename) to the do cumen t and pass it to the do cumen t

manager. Only the do cumen t manager needs to kno w ab out the format of the

do cumen t, restricting c hanges in the do cumen t format to affect the do cumen t

manager’s co de.

2.2.6.1 Hyp er-G Ob jects

Do cumen ts, as w ell as links, anc hors, collections, tours etc. are sub classes of a base

class called Hyp er-G obje ct ( Req. G.1.3 ). The k eys and attributes of Hyp er-G

ob jects are stored in the KAD. T able 2.7 lists the data items a Hyp er-G ob ject

consists of (and hence are stored with an y instance of a deriv ed ob ject class).

The actual represen tation of the individual data items of table 2.7 (e.g., whether

times are stored as seconds past midnigh t on Jan uary 1 st

1970, or in a sp ecific string

format) affects only the KADBM and is of no significance to the rest of the system.

In a first v ersion, all databases are implemen ted as simple text files, so the data

items are all represen ted as strings. Figure 2.12 (page 64) lists an example en try of

Data Item Commen ts

Ob jectID A unique iden tification of the ob ject. When referencing to an

ob ject of a deriv ed class, e.g. do cumen t, w e will call this ID

Do cumentID to emphasize that it iden tifies a do cumen t.

T yp e T yp e of the ob ject. Curren tly one of do cument, anchor, link,

c ol le ction and tour .

Author The electronic author (o wner) of the ob ject.

Group A user group this ob ject is assigned to. Users of this group ma y

p erform certain functions on the ob ject, as sp ecified b y the righ ts

field.

TimeCreated The time when the ob ject w as created.

TimeMo dified The time when the ob ject w as mo dified for the last time.

TimeAccess The time of the last access to the ob ject.

TimeExpire Expiration date of the ob ject ( Req. G.3.1.1 )

Accessed The n um b er of accesses (read or write) to the ob ject.

Language The language of the ob ject (if applicable).

BitsAuthor The access righ ts for the author of the ob ject (see Req.S.2.1 ,

page 48).

BitsGroup The access righ ts for the users of user group Gr oup (see ab o v e).

BitsW orld The access righ ts for the users that are neither the author of the

ob ject nor mem b ers of user group Gr oup .

PriceGroup The prices of individual functions for mem b ers of user group

Gr oup .

PriceW orld The prices of individual functions for users not mem b er of user

group Gr oup .

T able 2.7: Keys and A ttributes of Class Hyp er-G Obje ct

the do cumen t database. Note that the file format can b e c hanged at an y time to

increase sp eed or reduce storage requiremen ts b y just c hanging the KADBM.

2.2.6.1.1 Ob ject-Orien ted Design Principles

T o the reader familiar with the paradigm of ob ject-orien ted programming it m ust b e

quite ob vious that an ob ject-orien ted approac h is ideally suited to the task of implemen ting a Hyp ermedia system lik e Hyp er-G

9

. The design principles of abstr action

and enc apsulation ha v e already b een discussed in previous sections (section 2.2.5.2,

page 56). This and the follo wing section are concerned with inheritanc e .

T o put it simple, inheritance means that a class can b e deriv ed from another class

(the so-called base class) and automatically inherits the v ariables and metho ds of the

base class. In addition, more v ariables and metho ds ma y b e defined, and metho ds of

the base class ma y b e redefined in the deriv ed class. By applying this concept

recursiv ely , a class hier ar chy gro ws. Figure 2.11 sho ws part of Hyp er-G’s class

hierarc h y deriv ed from the base class Hyp er-G Obje ct .

Figure 2.11: P art of the Hyp er-G Ob ject Class Hierarc h y

As men tioned earlier, Hyp er-G will b e implemen ted in C++. C++ supp orts multiple

inheritanc e , whic h allo ws to inherit from a n um b er of base classes. Ho w ev er, this

feature will b e used rarely in order to k eep the class hierarc h y simple. The class

hierarc h y as sho wn in figure 2.11 applies to b oth the data stored in the KAD, as

w ell as to the co de in the S/IM and do cumen t managers.

2.2.6.1.2 Do cumen ts

9

A comprehensiv e discussion of the adv an tages of ob ject-orien ted design and ob ject-orien ted

programming languages is b ey ond the scop e of this do cumen t. F or in-depth information the reader

is referred to [ 32 , 169 , 181 ] and [ 182 ].

As sho wn in figure 2.11, the class Do cument is inherited from the base class Hyp er-

G Obje ct , i.e. in incorp orates all the attributes of Hyp er-G ob jects (table 2.7).

Also, class Do cument is a base class for the individual do cumen t t yp es, i.e. only

information common to all do cumen t t yp es is part of class Do cument .

Data Item Commen ts

Do cumen tT yp e Used b y the S/IM to determine the corresp onding do cumen t

manager.

Name Name of the do cumen t; This field is treated as a primary key

b y the KADBM and S/IM. Names of do cumen ts need not b e

unique; the field should b e set to an expression that most ac-

curately describ es the con ten ts of the do cumen t.

Keyw ords Additional k eyw ords used b y the KADBM to p erform k ey

queries (together with the Name field.

P ath A file name that tells the do cumen t manager where to find the

do cumen t. Dep ending on do cumen t t yp e, suffixes ma y b e used

to sp ecify p ortions of a file (e.g. file p oin ter offset).

Title A short title of the do cumen t (1 line) that ma y b e used b y the

S/IM to giv e the user an o v erview of do cumen ts found as a

result of a database query , etc.

Righ ts Legal information (e.g. cop yrigh t, if applicable).

T able 2.8: Keys and A ttributes of Class Do cument

T able 2.8 sho ws attributes common to all do cumen t t yp e. Only those and the

attributes of table 2.7 are stored in the KAD and can b e used b y the S/IM to

p erform system-wide searc hes for do cumen t, with the exception of full-text searc hes

that are handled b y the CDBMs (section 2.2.5.3, page 57). Figure 2.12 lists an

example en try of the do cumen t database of the KAD, describing an en try of an

encyclop edia on the cit y of Graz. Observ e the follo wing:

• F or the sak e of simplicit y , and according to the UNIX philosoph y , Hyp er-G

databases will b e stored as simple text files. Ho w ev er, it ma y turn out in a

later stage of implemen tation that a c hange in the format is necessary (e.g.

due to sp eed or storage requiremen ts). F ortunately , c hanges in the database

formats are reflected only in c hanges in the corresp onding database managers

and do not influence the rest of the system.

• A ttributes are stored as “ < attributename > = < attributev alue > ” pairs, allo w-

ing a v ariable n um b er of attributes for eac h data set. T o illustrate this, in

figure 2.12 attribute TimeMo difie d is missing (w e assume the ob ject stores has

nev er b een mo dified).

ObjectID=0x30127880

Type=document

Author=hmuelner

Group=iicm

TimeCreated=91/01/10 09:30:01

TimeAccess=91/02/25 22:01:17

Accessed=215

Language=German

BitsAuthor=RWTFHS

BitsGroup=RTFHS

BitsWorld=RS

PriceGroup=TF:0.1,HS:1

PriceWorld=S:2

DocumentType=text

Name=Graz

Keywords=Styria,Austria,City

Path=/usr/iicm/Hyper_g/data/encyclopedias/meyer:0x0002045 0

Title=Graz (Meyer’s Encyclopedia)

Rights=Meyer Verlag

Figure 2.12: An Example Do cumen t Ob ject

• In figure 2.12, the attribute BitsA uthor:R WTFHS sp ecifies that the author

has the righ t to read, write, link to, link from, hardcop y and softcop y the

do cumen t, resp ectiv ely . Again, the clear-text format allo ws for easy extension

of the set of righ ts.

• The attribute Pric eGr oup=TF:0.1,HS:1 sp ecify that mem b ers of user group

iicm pa y 0.1 units for linking to and from the ob ject (e.g. b y incorp orating it

in to a tour), and 1 unit for hard- and softcop ying. Other users pa y 2 units for

softcop ying. Of course, it mak es no sense to sp ecify prices for op erations that

are not allo w ed b y the corresp onding righ ts attribute.

In addition do cumen ts con tain optional collection-sp ecific data (additional at-

tributes) that is used b y the CDMS to p erform collection-sp ecific form queries

( Req. U.3.4.2 ) and data sp ecific to the do cumen t t yp e that is in terpreted b y

the do cumen t manager. These items are stored in the collection databases (figure

2.10). Note that storage format of a sp ecific do cumen t t yp e needs to b e kno wn only

b y the corresp onding do cumen t manager and is of no significance to the rest of the

system. Therefore, the format ma y b e c hanged and/or extended without to o m uc h

effort. Just to giv e the reader an idea, table 2.9 suggests some file formats for the

individual do cumen t t yp es.

Do cumen t T yp e File F ormat

T ext 7-bit format describ ed in [ 132 ].

Dra wing Picture In terc hange Co ding (PIC) as describ ed in [ 50 , 85 ], and

generated b y EDEN-based graphics editors [ 49 ].

Image PIC raster profile (’RAST’) [ 134 , 89 ]. P erhaps in a later stage

JPEG format [ 25 , 26 , 179 ].

Sound Audio In terc hange File F ormat (AIFF) [ 7 ], based on the IFF

format [ 28 ] used b y Commo dore and Apple computers.

Digital Video Extended PIC RAST format. P erhaps in the future MPEG

[ 96 ] format or D VI [ 100 ].

Animation Ma y b e implemen ted as digital video (see ab o v e) or real-time

animation (see c hapter 3). F or the latter the PHIGS [ 6 , 75 ]

Arc hiv e file format is an ob vious c hoice.

Map Ma y b e stored either lik e dra wings or images (see ab o v e).

T able 2.9: Suggested Do cumen t File F ormats

2.2.6.1.3 Anc hors

Anc hor-related data is split in to attributes, whic h are stored in the KAD, and ad-

ditional data (e.g. p ositional information) stored together with the do cumen t the

anc hor is tied to. No attributes b ey ond the generic Hyp er-G Ob ject attributes of

table 2.7 (page 61) are required to b e stored in the KAD. The data that gets stored

together with the do cumen t and is to b e in terpreted b y the corresp onding do cumen t

manager, ho w ev er, strongly dep ends on the t yp e of do cumen t the anc hor is tied to.

T able 2.10 giv es an o v erview of the data required to define an anc hor dep ending on

the underlying do cumen t t yp e.

In addition, ev ery do cumen t has a default anc hor asso ciated with it ( Req. G.2.3 ).

The default anc hor co v ers the whole do cumen t and can b e used as b oth a source

and destination anc hor. It is used to link whole do cumen ts (e.g. with cluster links).

2.2.6.1.4 Links

Other than do cumen ts and anc hors, links are handled en tirely b y the S/IM and

KADBM. T able 2.11 lists the link attributes that ha v e to b e stored in the KAD in

addition to the generic Hyp er-G ob ject’s attributes (table 2.7 on page 61).

Do cumen t T yp e Anc hor Data Commen ts

T ext 2 indices The indices indicate the p ositions of the first

and last c haracter of the text to b e mark ed as

(clic k able) anc hor (e.g. a w ord, a paragraph...).

Dra wing Segmen t ID The name of a segmen t within the PIC file

[ 85 , 50 ]. Clic king on this segmen t will activ ate

the anc hor, if used as a source anc hor. The pic-

ture will b e scaled and/or scrolled so that the

segmen t is visible, if used as a target anc hor.

Image Rectangle A rectangle (2 co ordinate pairs) defines the

anc hor. Source and destination b eha vior lik e

dra wings.

Sound 2 Mark ers Mark ers can b e stored and named using AIFF

Mark er Ch unks [ 7 ]. When used as destination

anc hor, the section defined b y the b egin and

end mark ers is pla y ed. When used as a source

anc hor, the anc hor is activ ated when pla ybac k

reac hes the b egin mark er, whic h can b e use

to sync hronize pla ybac k of sound to displa y of

do cumen ts.

Digital Video n Rectangles Similar to images, rectangles describ e the p o-

sition of anc hors in digital videos. Ho w ev er,

a rectangle p er frame ma y b e defined, whic h

allo ws the rectangle to mo v e during pla ybac k.

Also, b eginning and ending time marks limit

the area of an anc hor.

Animation Structure ID Dep ending on the implemen tation (table 2.9),

anc hors are stored lik e with digital video, or as

PHIGS structur e IDs [ 6 , 75 ].

Map lik e dra wings or images

Dialog F unction The name of a function within the Dialo g Man-

ager that is to b e called when the anc hor is

activ ated ( active anchor ; see section 2.2.3.7 on

page 24).

T able 2.10: Anc hor Data Dep ending on Do cumen t T yp e

The in teraction of links, anc hors and do cumen ts is describ ed in section 2.2.6.2.1

(page 70).

Data Item Commen ts

Lab el Sort of link name that serv es a n um b er of purp oses: It ma y b e

displa y ed to the user when a selection of links is to b e done, it is

used to follo w tours (section 2.2.6.1.5, page 67), and ma y b e used

to implemen t seman tic (t yp ed) links, e.g. so that all links referring

to history are lab eled ”history”, etc.

LinkT yp e One of C (cluster), U (user defined) or A (automatic) (see section

2.2.3.6 (page 24) and figure 2.8 (page 38).

T argetSize One of S (small), M (medium) or L (large). Used (lik e L anguage )

to select b et w een equiv alen t do cumen ts in a do cumen t cluster (e.g.

a long text v ersus a short text on the same sub ject), based on the

user’s preferences.

UseCoun t The n um b er of times this link w as follo w ed since TimeCr e ate d .

Used in conjunction with LinkT yp e and A uthor to calculate link

priorit y (oftenly used links are gran ted a sligh t increase in priorit y).

UndoCoun t The n um b er of times the user follo w ed the link and stepp ed bac k

immediately . Ma y b e used in conjunction with UseCount b y

the system administration to find incorrect and/or outdated links

( Req. G.3.1 ).

T able 2.11: A ttributes of Class Link

2.2.6.1.5 T ours

As sho wn in figure 2.11 (page 62), the T our class is deriv ed from the Do cument

Class . By doing so, tours inherit names, k eyw ords, titles and cop yrigh t info from

do cumen ts, and the S/IM is able to select tours and do cumen ts in resp onse to k ey

queries. Ho w ev er, there are substan tial differences in the execution of tours and

do cumen ts:

• T ours are implemen ted using lab eled links and scripts (implemen tation details

are discussed b elo w) . No attributes or data other than the attributes listed

in tables 2.7, 2.8 and 2.11 are needed.

• A Do cumentT yp e of “tour” indicates that the ob ject is a tour rather than an

ordinary do cumen t. In this case the Path attribute p oin ts to the script.

• A do cumen t manager called T ourGuide in terprets the tour do cumen t script

(section 2.3.5.10, page 96). The script language used dep ends on the T our-

Guide . Therefore, Hyp er-G is not restricted to a single script language, as the

do cumen t manager for a do cumen t (and therefore a tour) is c hosen dynami-

cally (section 2.2.5.1, page 53).

• The T ourGuide pro vides a comfortable user in terface that supp orts the user

in tour na vigation and execution. Within a tour, the follo wing functions are

a v ailable:

– An y tour has t w o sp ecial do cumen t clusters: The start cluster and the

index cluster . A t an y time, the user ma y “jump” to one of these clusters.

The start cluster is supp osed to b e the en try p oin t of the tour, while

the index cluster is supp osed to con tain a graphical represen tation of the

tour, with links to ev ery frame of the tour. If the tour is to o complex to

fit on a single index cluster, sub-indexes ma y b e attac hed.

– A “next cluster” is asso ciated with an y cluster. By activ ating the function

“go to next cluster” (e.g. b y pressing a sp ecial button), the user ma y

pro ceed to the next cluster.

– Similarly , the user ma y step bac kw ards to the previous cluster. Ho w ev er,

unlik e the “next” cluster, whic h is defined b y the author of the tour,

the function “go to previous cluster” is dynamic, i.e. a sort of “undo”

function.

– The user ma y also follo w other links that are pro vided b y the author,

lab eled as b eing part of the tour, and tied to individual do cumen ts. Th us,

a tour is not necessarily a linear list of do cumen t clusters, but ma y also

incorp orate branc hes.

– The anc hors of suc h “branc h links” are highligh ted in suc h a w a y (e.g.

b y the use of colors) that the user receiv es a feedbac k on whether the

destination cluster of the link has already b een visited. This is esp ecially

useful with index clusters, as the user gets graphical feedbac k on what

parts of the tour ha v e not b een seen y et.

– When a do cumen t cluster is executed that is also part of another tour,

the user is giv en the opp ortunit y to c hange tours. A t a later time, the

original tour ma y b e con tin ued.

– In addition, the user ma y select tour-sp ecific help do cumen ts (if pro vided

b y the author), information on the author, cop yrigh t information, visit a

cluster not y et visited, etc.

As has b een stated ab o v e, simple tours ma y b e implemen ted using links. This is

done in the follo wing w a y (see also figure 2.13):

• T ours are giv en a unique name (attribute Name in table 2.8). Because the

author can not b e exp ected to kno w the names of all tours in the system, the

T ourGuide also uses the A uthor attribute to generate a tour name. This w a y ,

only the tours of a single author are required to ha v e a unique name.

• Links that store this tour name in their L ab el attribute (table 2.11) are con-

sidered part of this tour, i.e. the tour is made up b y links lab eled with the

tour name. Only links with this lab el are follo w ed within a tour.

Figure 2.13: T ours Implemen ted with Lab eled Links

• A link that references the default anc hor of a do cumen t (i.e. the whole do cu-

men t) as a source anc hor is treated as the “next cluster” link (links C1 → C2 ,

C 2 → C 3, C 4 → C 2 and C 2 → C 5 in figure 2.13). Links tied to other source

anc hors are the “branc h links” describ ed ab o v e (link C 4 → C 6 in figure 2.13).

Remem b er, only links that are lab eled with the tour name are considered.

• There exist t w o sp ecial links from the tour ob ject to t w o do cumen t clusters

that are lab eled “start” and “index”. These links (that are stored in the link

database lik e all other links) are used b y the T ourGuide to find the start and

index clusters. Optional “help” links reference author-supplied, tour-sp ecific

help do cumen ts.

• When a do cumen t (cluster) has an additional link attac hed with another tour

name in its lab el attribute (suc h as cluster C2 in figure 2.13), the user ma y

switc h to the new tour and follo w the other link. He ma y also select functions

“go to start/index cluster” to gain an o v erview of the new tour, or return to

the old tour b y selecting “go to previous cluster” (remem b er, this is a dynamic

function, i.e. its meaning is generated at run time).

The concept of lab eled links allo ws authors to build tours easily (using the link

editor). Also, it enables the user to “switc h tours”. Ho w ev er, certain adv anced

features call for the script approac h:

• It ma y b e useful to mo dify the tour dynamically (e.g. in educational tours),

based on decisions of the studen t or T ourGuide (e.g. to guess whether the

studen t understo o d the previous section). These mo difications can in general

not b e implemen ted with branc h anc hors (figure 2.5 on page 26), as they lac k

the memory that is necessary to remem b er states during a tour.

• A v ery simple script language allo ws to asso ciate priorities with the lab els of

the lab eled links. This feature can b e used to incorp orate large p ortions of

other p eople’s tours in to one’s o wn tour (see section 2.3.5.10 and figure 2.15

on page 97 for an example).

While in principle it is p ossible to implemen t tours with scripts only (giv en a p o w erful

script language) this should b e a v oided, b ecause the “tour switc hing” feature of

Hyp er-G relies on lab eled links. Scripts should b e used only where the same result

can not b e ac hiev ed with links. In these cases, a user ma y b e required to start the

tour at the b eginning, whereas with the link approac h, the tour ma y b e follo w ed

from an y p oin t. F or the sak e of completeness, Hyp er-G supp orts b oth concepts.

2.2.6.1.6 Collections

Lik e tours, collections are deriv ed from the Do cument class, i.e. inherit names,

k eyw ords, titles and cop yrigh t info from do cumen ts. Also, the S/IM ma y return a

whole collection in resp onse to a k ey query . A Do cumentT yp e (table 2.8) of c ol le ction

indicates that the ob ject is a collection rather than an ordinary do cumen t.

In this case the Path attribute is used b y the S/IM to determine a collection-sp ecific

database manager (CDBM) that is resp onsible for that collection (section 2.2.6.2.2,

page 73), i.e. ma y b e used to p erform collection-wide k ey queries if the collection is

in the user’s list of activ e databases (b y metho ds found in table 2.6 on page 59).

Usually , one or more links attac hed to the collection ob ject and lab eled “query” p oin t

to dialog ob jects that ma y b e used to p erform collection-sp ecific form queries ( Req.

U.3.4.2 ), including men us. Additional referen tial links p oin t to sub-collections. If

a collection is in the user’s list of activ e databases, the sub-collections are searc hed

also.

2.2.6.2 Databases

2.2.6.2.1 The Keys & A ttributes Database (KAD)

In general, the KAD ma y b e implemen ted b y an ordinary relational database. Al-

though it w ould b e p ossible to store all Hyp er-G ob jects (do cumen ts, links, anc hors etc.) in one database, b ecause of p erformance considerations partitioning the KAD

in to a n um b er of smaller databases and relations is preferred.

So, the KAD will in fact b e split in to the follo wing databases con taining Hyp er-G

ob jects:

1. Do cumen ts (and tours) will b e stored in a n um b er of databases (one p er col-

lection) of Do cument ob jects (section 2.2.6.1.2, page 62), in order to b e able

to restrict searc hes to collections in the user’s list of activ e databases.

2. The Col le ction ob jects themselv es get stored in an extra database.

3. Anc hors (section 2.2.6.1.3, page 65) are con tained in an anc hor database.

4. Links (section 2.2.6.1.4, page 65) will b e stored in one of t w o databases:

(a) Cluster links are con tained in an extra database to sp eed up common

searc hes for cluster links only .

(b) Referen tial links (user-defined and automatic) are held in another

database.

As has b een p oin ted out earlier (section 2.2.6.1, page 60), Hyp er-G ob jects will

b e stored as simple (editable) text files (for an example see figure 2.12 on page

64). A n um b er of indices and/or searc h trees ma y b e used in ternally to increase

p erformance of common searc hes, e.g. to find Hyp er-G ob jects b y Obje ctID or to

find links b y source anc hor ID.

In addition to the Hyp er-G ob jects databases, the KAD uses the follo wing relations

to link ob jects

10

:

1. The link-anc hor relation stores the data sho wn in table 2.12 in eac h record.

Its main use is to find the destination anc hor and link data once the source

anc hor is kno wn

11

, i.e. the link-anc hor relation links t w o anc hors.

2. The anc hor-do cumen t relation links anc hors to do cumen ts (table 2.13). Its

main use is to find a do cumen t once the anc hor ID is kno wn.

3. The do cumen t-collection relation links do cumen ts to collections (table

2.14). Its main purp ose is to find the collection(s) a certain do cumen t is a

mem b er of. It ma y also b e used to find all the do cumen ts of a collection.

10

A relational database mo del has b een preferred to a net w ork database mo del, mostly b ecause

of the flexibilit y and simplicit y of the relational concept. Note that no Hyp er-G ob ject con tains

references to other Hyp er-G ob jects (as in a net w ork database), e.g. do cumen ts do not con tain a

list of attac hed links, as with this approac h it w ould not b e p ossible to bac kw ard-follo w links (i.e.

find all do cumen ts linking to a giv en do cumen t), unless information is duplicated.

11

And vice v ersa, in the case of bac kw ard link follo wing.

Data Item Commen ts

LinkID Ob jectID of the corresp onding Link Ob ject. Used to find addi-

tional information (table 2.11) on the link (lab el, t yp e, author,

language, size etc.).

SourceID Ob jectID of the source anc hor of the link. Used to find corre-

sp onding do cumen t with anc hor-do cumen t relation and addi-

tional information on the anc hor.

DestID Ob jectID of the destination anc hor of the link (see ab o v e).

T extID This optional Do cumentID p oin ts to a do cumen t with a de-

scription of the link’s purp ose (preferably a small text do cu-

men t; but ma y b e an y t yp e). Some user in terfaces ma y displa y

this information b efore actually linking to the target do cumen t.

T able 2.12: The Link-Anc hor Relation

Data Item Commen ts

Anc horID Ob jectID of the anc hor. If the A nchorID equals the Do cu-

mentID , it is a default anc hor.

Do cumen tID Ob jectID of the do cumen t.

T able 2.13: The Anc hor-Do cumen t Relation

Let us once again illustrate the use of the t w o relations in the case of forw ard

follo wing a static link, whic h is the main application of these relations (figure 2.14):

1. When the user activ ates (e.g. clic ks on) a source anc hor of a do cumen t, the

do cumen t manager informs the S/IM (i.e. sends the anc hor ID). The link-

anc hor relation is searc hed in order to find links that originate at this anc hor.

2. Additional link attributes and the link description ma y b e used to select a link

to follo w.

3. The destination anc hor is lo ok ed up in the anc hor-do cumen t relation in order

to find the destination do cumen t.

Data Item Commen ts

Do cumen tID Ob jectID of the do cumen t.

CollectionID Ob jectID of the collection. The do cumen t is a mem b er of

this collection.

T able 2.14: The Do cumen t-Collection Relation

Figure 2.14: Using the KAD for F orw ard Link F ollo wing

4. The destination do cumen t is displa y ed so that the destination anc hor is visible.

5. The Do cumentID (whic h is also the default anc hor ID) ma y b e used to find and

select b et w een cluster links originating or ending at the do cumen t, in order to

find the other do cumen ts of the destination do cumen t cluster.

F or the time b eing, relations will b e stored as simple text files, lik e Hyp er-G ob jects.

Sp ecial indices and trees are used to reduce access time.

2.2.6.2.2 Collection-Sp ecific Databases

As stated in Req. U.3.2 , Hyp er-G’s information database is structured in a col-

lections. Ev ery do cumen t is a mem b er of at least one collection ( Req. U.3.2.2 ).

The hierarc h y is an acyclic directed graph with a n um b er of ’ro ot’ collections ( Req.

U.3.2.1 ). This allo ws a n um b er of classification sc hemes for Hyp er-G’s collections,

e.g.:

• According to the ar e a of know le dge , e.g. as sho wn in figure 2.7 on page 29. In

this case, the collection-sp ecific database w ould con tain additional attributes

and searc h criteria that are only significan t in this field. F or example, the database of collection ’pain tings’ w ould store attributes lik e p ainter, name of

pictur e, ye ar, style, theme, and museum (section 2.2.3.13, page 30).

• According to the do cument typ e of the ob ject. E.g., all raster images ma y b e

group ed in one collection, allo wing database queries sp ecific to this data t yp e,

e.g. to find images b y c ho osing b et w een small v ersions (icons) of the images.

In this example, the collection-sp ecific database w ould con tain information

related to the ph ysical represen tation of the images, suc h as size, numb er of

c olors and file format .

• Other “Stand-alone c ol le ctions” ma y b e used to allo w for form queries of in-

formation that do es not find in to ab o v e classification sc hemes.

Note that b ecause a do cumen t ma y b e a mem b er of a n um b er of collections, and

b ecause a n um b er of ’ro ot’ collections (i.e. a n um b er of collection hierarc hies) are

allo w ed, Hyp er-G can supp ort all the classifications sc hemes describ ed ab o v e sim ul-

taneously . The user has the c hoice.

Also, the attributes and la y out of the collection-sp ecific databases need not b e kno wn

b y the S/IM or the do cumen t managers. Only the collection-sp ecific database man-

agers (CDBMs, figure 2.10 on page 53) and collection-sp ecific dialog do cumen ts that

p erform form queries need to kno w ab out these attributes.

2.2.6.2.3 Remote Databases

As sp ecified b y Req. I.2 , Hyp er-G supp orts access to remote databases (section

2.2.3.1.3, page 18). Ho w ev er, in order to confron t the user with a consisten t user

in terface, access to suc h a database shall b e hidden from the user, i.e. the remote

database lo oks lik e an in tegral part of Hyp er-G.

This can b e ac hiev ed most elegan tly b y presen ting the remote database to the user as

an ordinary Hyp er-G collection. The dialog do cumen t usually attac hed to collections

handles the user’s form queries and passes them on to a CDBM, as in the case

of a standard collection. This CDBM, ho w ev er, comm unicates with the remote

database, i.e. translates the queries in to a form the remote database understands,

retriev es the information, and passes it to a do cumen t manager that displa ys the

information. Either the information of the database can b e easily translated to an

existing do cumen t t yp e (e.g. text), or a sp ecial do cumen t manager is needed.

This w a y the remote database is fully in tegrated within the Hyp er-G en vironmen t,

i.e. the user w ould not notice an y difference to other collections

12

. Also, the col-

12

Of course, the time to retriev e and transfer the information could b e significan tly longer than

with lo cal collections (databases).

lection can b e searc hed using k ey queries b y implemen ting the CDBM metho ds of

table 2.6 (page 59).

2.2.7 The User’s View

As has b een p oin ted out in previous sections, the user in terface of Hyp er-G will

b e configurable to a large exten t. A n um b er of user in terface metaphors can b e

supp orted b y Hyp er-G ( Req. U.3.1.1 - Req. U.3.1.6 ). Also, the user in terface

devices used to comm unicate with the system will v ary dep ending on the application

and en vironmen t (see table 2.3 on page 40). Clearly , an in-depth sp ecification of the

v arious user in terfaces is b ey ond the scop e of this do cumen t. Also, user in terfaces

metaphors will b e tested, ev aluated and mo dified on the basis of a first v ersion

of Hyp er-G. During this ev aluation pro cess, it ma y v ery lik ely turn out that some

metaphors are not suited for use with large systems lik e Hyp er-G, as susp ected in

[ 86 ]. So, let us concen trate on some general features of Hyp er-G’s user in terface(s)

in this section.

2.2.7.1 Searc h Strategies

In general, the user lo oks for information. Hyp er-G offers the user a n um b er of

p ossible strategies to find that information:

• If users kno w exactly what they are lo oking for (e.g. “I w an t information on

UNIX file systems”), the fastest metho d is to issue a k ey query to searc h for

k eyw ords. Key queries are a v ailable in t w o fla v ors:

– The fast v ersion generates dynamic links to do cumen ts con taining a com-

bination ( and, or, not ...) of these k eyw ords in their Keywor ds attribute

(table 2.8 on page 63). The user ma y sp ecify additional attributes (e.g.

do cumen t t yp e, author) in a query-b y-example manner to reduce the

n um b er of links generated.

– If to o few do cumen ts are found with ab o v e metho d, the user ma y consider

to use the slo w er v ersion that actually p erforms full-text searc hes (e.g.

“what do cumen ts con tain the w ord UNIX?”) on the do cumen ts. Here

the users ma y sp ecify a list of databases (collections) they are in terested

in, in order to reduce the time required and n um b er of links generated.

• Alternativ ely , the user ma y explore the collection hierarc hies. This strategy is

b est if y ou lo ok for things lik e “some prett y pictures from pain ters” etc., and

y ou just can’t think of an appropriate k eyw ord. Once a promising collection

is found, the user ma y use form queries to reduce the n um b er of p ossible

do cumen ts.

In ab o v e example, the user migh t find a collection p aintings , and fill in a form

con taining p ainter, name of pictur e, ye ar, style, theme, museum and the lik e,

again in a query-b y-example manner.

• If accurate information retriev al is not the primary goal, but users w an t to

explore the system in a bro wsing manner, they migh t go on a guided tour, e.g.

“m y fa v orite pain tings” b y author xyz .

An imp ortan t feature of Hyp er-G’s tour concept is the abilit y to switc h tours

whenev er a do cumen t cluster is reac hed that is part of another tour. Th us if

another author has prepared a similar tour, it is lik ely that the tours share a

few do cumen t clusters (unless the sets of fa v orite pain tings of the t w o authors

are completely disjunct), and the user ma y visit the union of the t w o tours.

Also, the na vigation aids a v ailable within a tour are quite comfortable (section

2.2.6.1.5, page 67).

• The abilit y of an y user to (p oten tially) create priv ate links – a sort of annota-

tion facilit y; remem b er, there is no explicit annotation (section 2.2.3.8, page

27) – allo ws to create a priv ate list (or tour) of do cumen t clusters that are

considered in teresting but w ere difficult to find. These do cumen t clusters can

then easily b e found in future sessions.

• With all of ab o v e strategies, once the users find an in teresting do cumen t, they

ma y follo w the links attac hed to the do cumen ts and freely w ander around the

Hyp ermedia system. Ho w ev er, in this mo de the na vigation facilities are limited

and restricted to rather simple functions lik e undo, r e do, dr op/goto b o ok-mark,

show do cument info, show link info , etc.

Note that a particular user in terface metaphor do es not need to supp ort all of ab o v e

strategies, but ma y offer a subset of them. Also, they ma y b e hidden from the user

and com bined b y the metaphor to offer the user a differen t metho d of information

retriev al.

2.2.7.2 User Configurable Options

The user in terface ma y b e fine-tuned on a p er-terminal and p er-user basis b y the

terminal profile and user profile, resp ectiv ely . A flag in the user profile sp ecifies

what parts of the profile ma y b e c hanged b y the users themselv es ( Req. U.4.1.8 ).

Most notably , the user ma y (p oten tially) c hange:

• The user’s system en try p oin t, whic h ma y b e an y Hyp er-G ob ject. Ho w ev er,

to define a ro ot-lev el collection or a dialog do cumen t con taining some men u

or form w ould b e reasonable.

• The user’s language preference (explained in section 2.2.3.14 starting page 30).

• The preferred user in terface metaphor.

• Dep ending on the user in terface metaphor, additional parameters ma y b e con-

figured, e.g.:

– Preference of short, medium or long v ersions of seman tically equiv alen t

text do cumen ts.

– Preference of digitized v oice do cumen ts or seman tically equiv alen t text

do cumen ts.

– A list of preferred do cumen t managers that is used b y the S/IM to gen-

erate the Do cument Manager T able (DMT) (section 2.2.5.1, page 53).

– P arameters describing the visual app earance of the user in terface (e.g.

windo w p ositions and sizes, colors, windo w manager b eha vior etc.). Con-

figurations of these parameters is most easily managed using the X R e-

sour c e Manager concept of the X windo w system.

2.2.8 The Author’s View

As has b een p oin ted out previously , an y Hyp er-G user is a p oten tial author, i.e. is

allo w ed to insert information in to the database. Dep ending on the kind of infor-

mation (do cumen ts, links, tours), a n um b er of steps ha v e to b e p erformed b y the

author preparing that information. Eac h step is made using a sp ecialized editing

to ol.

2.2.8.1 Do cumen t Editing

Do cumen ts are prepared using a n um b er of do cumen t editing to ols, dep ending on

the do cumen t t yp e. The philosoph y of Hyp er-G is not to supply a to ol for ev ery

do cumen t t yp e. Rather, do cumen ts are prepared outside the Hyp er-G en vironmen t,

using standard soft w are where p ossible. This approac h offers the follo wing adv an-

tages:

• W e do not ha v e to write lots of editing soft w are ourselv es, sa ving manp o w er

for the implemen tation of the Hyp er-G run time system and other utilities.

• There is a n um b er of go o d commercial soft w are pac k ages a v ailable, eac h one

suited for the generation of a certain do cumen t t yp e. T able 2.15 lists pac k ages

that are used at our institute to prepare do cumen ts

13

.

• Authors can incorp orate their o wn do cumen ts (e.g., raster images in ab out

an y p ossible format, from whatev er source) instead of ha ving to generate do c-

umen ts on-line, with a single editor.

Do cumen t T yp e Soft w are P ac k ages used

T ext An y text editor will do. Curren tly , w e use GNU EMA CS [ 165 ]

on UNIX w orkstations, b ecause of its a v ailabilit y on a large

n um b er of platforms. On PC’s a large n um b er of go o d text

editors is a v ailable. Because of em b edded con trol sequences

for text formatting, text has to b e con v erted to the format de-

scrib ed in [ 132 ] to b e incorp orated in to the Hyp er-G database.

Dra wings EDEN-based graphics editors [ 49 ] are a v ailable on b oth w ork-

stations [ 4 ] and PC’s [ 11 , 84 ]. Because of the abilit y to con v ert

CGM’s [ 74 ] and GEM metafiles [ 38 , 37 , 153 ] to PIC format

[ 50 , 85 ], w e can also use the PC-based editors Cor elDr aw!

a

and Designer b

and other soft w are capable of pro ducing CGMs

or GEM metafiles.

Images Images are stored as PIC file that con tain pixel arra ys. Images

can b e con v erted from a v ariet y of formats, including PPM

[ 150 ], TIFF [ 34 ] and GIF [ 29 ].

Sound Sound is curren tly digitized on a MacIn tosh c

equipp ed with

the A udioMe dia b oard and soft w are.

Animation F or time b eing, w e use the Wavefr ont A dvanc e d Visualizer d

running on a Silic on Gr aphics Personal Iris 4D/35 [ 164 ] to

generate the individual frames of a computer animation clip.

The frames are then con v erted to digital videos for pla ybac k.

Digital Video A t this time the creation of digital videos other than computer

animations is a tedious pro cess using a single-frame digitizer

(w e currenlt y use a pro duct called Scr e en Machine for this

purp ose). In the future, w e will probably use frame compres-

sion hardw are (e.g. the NeXTDimension b oard [ 8 ],[ 17 , page

159]) for real-time digitizing of analog video.

a

c ◯ Corel Systems Corp.

b

c ◯ Micrografx. Inc.

c

c ◯ Apple Computer Inc.

d

c ◯ W a v efron t T ec hnologies

T able 2.15: Soft w are Used to Generate Do cumen ts

Of course, there are also some disadv an tages:

• W e need to write a n um b er of con v erters to con v ert other p eople’s do cumen t

formats to Hyp er-G’s format. Alternativ ely , a do cumen t manager ma y b e able

13

F ortunately , soft w are gets b etter all the time, so this list is sub ject to c hange.

to in terpret a n um b er of do cumen t formats. Ho w ev er, in most cases, writing

suc h a con v erter is far easier than writing a go o d editing pac k age.

• W e need to kno w ab out commercial soft w are pac k ages that are commonly used

and p erio dically up date table 2.15.

After the do cumen t is prepared, in can b e en tered in to the database. A t this stage,

the attributes of the do cumen t are determined. Some of them (e.g. author, creation

date) are automatically assigned, other (e.g. k eyw ords, title) ha v e to b e supplied b y

the author. Also, the author has to decide in what collections the do cumen t should

b e inserted, and supply additional collection-sp ecific attributes. After this has b een

done, the do cumen t is accessible via database queries, but is not part of a do cumen t

cluster (strictly sp eaking, it is a do cumen t cluster con taining only one do cumen t),

nor can it b e reac hed via links or tours.

2.2.8.2 Link Editing

In order to group do cumen ts in do cumen t clusters, or to reference it from other

do cumen ts and use it in tours, links ha v e to b e added to the do cumen t. These links

ma y b e generated automatically b y the system (static automatic links), ho w ev er,

this approac h w orks only for some do cumen t t yp es (e.g. text) and the link priorit y

is lo w (section 2.2.3.6, page 24). Therefore, higher-priorit y links ma y b e generated

“man ually”, follo wing these steps:

1. Anc hor Placemen t requires a sp ecial to ol for eac h do cumen t t yp e, as the

app earance of anc hors v aries (see table 2.10 on page 66). If the source or

destination of the link is the whole do cumen t, this step is skipp ed (e.g. the

case with cluster links that group do cumen ts to do cumen t clusters).

2. Link Definition in v olv es the sp ecification of link attributes as w ell as the

source and target anc hors. This is done using the link to ol that allo ws to see

the t w o do cumen ts while defining the link and to test the link.

3. T our Generation is done using the tour e ditor . Basically , links are defined

with the link to ol, but additional capabilities allo w con v enien t editing of the

tour. Most notably , a graphical represen tation of the tour is created that is

then also incorp orated in to the tour as the index cluster (section 2.2.6.1.5,

page 67). Also, the author needs to sp ecify a start cluster , a next cluster for

an y cluster, and optional tour-sp ecific help clusters.

2.2.9 The System Administrator’s View

In addition to the to ols describ ed in section 2.2.8, the system administration is

equipp ed with to ols that allo w:

• The bulk up date of do cumen ts and whole collections (e.g. when adding a new

encyclop edia).

• The automatic generation of static links [ 133 ].

• Chec king the database to find and remo v e bad links.

• The deletion of links and do cumen ts (including the remo v al of referencing

links, anc hors, etc.).

• The automatic main tenance of ob jects ( Req. G.3.1 ) is needed to get rid of

obsolete or outdated information. Sev eral metho ds are p ossible:

– Use of the expiration date asso ciated with eac h ob ject ( Req. G.3.1.1 ).

A t ypical expiration time of a user-supplied do cumen t migh t b e six

mon ths. Tw o mon ths b efore expiration, the user (i.e. the author of the

do cumen t) is notified (b y means of e-mail) and ma y extend the lifetime

of the ob ject. If the case of resp onse, the ob ject ma y b e deleted (and

with it all asso ciated links).

– Use of the time of last ac c ess and numb er of ac c esses (table 2.7 on page

61) ma y b e used to gather statistics of the ob ject’s usage and relev ance.

Ob viously , it w ould b e a bad idea to delete ob jects that are used fre-

quen tly .

– The Undo Count asso ciated with eac h link records the n um b er of times

the user follo w ed the link and stepp ed bac k immediately . If this happ ens

v ery often (in relation to the link’s use coun t), this indicates an incorrect

or badly placed link. The system administration w ould then consider to

remo v e the link.

– The user logs also ma y b e used to find w eaknesses of the database Req.

U.5.1.2 ). F or example, unsuccessful database queries indicate missing

information (esp ecially if a n um b er of users cannot find the same things).

Also, the undo and help actions of users p oin t to difficulties using the

system.

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

2.3.1 Purp ose

In order to ev aluate the ideas and sp ecification presen ted in the previous sections,

a protot yp e of Hyp er-G is b eing dev elop ed. The aim of this pro ject, whic h will b e

finished b y end of 1992, is to ha v e a “demonstratable” v ersion of Hyp er-G running

on b oth PC’s and UNIX-W orkstations, with the follo wing goals:

1. The UNIX v ersion will serv e as a base on whic h the “real” Hyp er-G system

can b e built on, i.e. it should b e p ossible to create Hyp er-G b y incremen tal

c hanges to the protot yp e.

2. The PC v ersion will b e used to demonstrate some of the features of Hyp er-G.

Because it runs on standard PC’s w e will b e able to send demo disk ettes with

small Hyp ermedia applications (e.g. a single tour) to in terested organizations

or p ersons.

3. In addition the protot yp e can b e used to create some small “real” Hyp erme-

dia applications as spin-offs. Because of the widespread a v ailabilit y of PC’s,

the PC v ersion will b e adapted to publish Hyp ermedia material on disk ettes

(for small applications) or CD-R OM’s (for larger applications). More on this

electronic publishing asp ect of Hyp er-G can b e found in section 4.2 (page 126).

4. By-pro ducts lik e HOT A CT (section 4.3.1.3, page 130) and other demonstra-

tions of unortho do x user in terfaces ma y b e used in a “Viewseum” (section

4.3, page 128).

5. F rom a more scien tific p oin t of view, the p ossibilit y to ev aluate and mo dify

certain features and options of Hyp er-G (e.g. user in terface, na vigation aids,

database design) at an early stage in the system dev elopmen t ( r apid pr ototyp-

ing ) is tempting and will con tribute to the success of the real system.

Ho w ev er, the implemen tation of suc h a protot yp e is not sufficien t. In order to test

the abilit y to handle large amoun ts of data and to create real-w orld demos and

applications, large amoun ts of real-w orld data has to b e prepared and incorp orated

in to the protot yp e system. The bac kb one of the protot yp e system will b e formed b y

a n um b er of general-purp ose and sp ecialized encyclop edias [ 132 , 133 ], some 10,000

raster images (for a short discussion of the problems asso ciated with the preparation

of images see section 3.3.1 on page 109), and a few sound and digital video clips.

2.3.2 Priorit y of Requiremen ts

In order to deriv e a reasonable subset of requiremen ts for the Hyp er-G protot yp e,

tables 2.16, 2.17, 2.18, 2.19, 2.20, 2.21, and 2.22 list the requiremen ts of sections

2.2.2 and 2.2.4, with asso ciated priorities. As the system of priorities is organized

in an hierarc hical w a y , only the highest lev el with a unique priorit y is listed (e.g.

the lo w priorit y of Requiremen t Req. G.3.1 implies the lo w priorit y of Req.

G.3.1.1 , so it is not listed. Also, Req. G.3 needs not to b e listed, as all of

its implied requiremen ts are con tained in table 2.17). Ev ery requiremen t has one of

three priorities asso ciated with it:

H: Requiremen ts of this priorit y are absolute m usts. They are implemen ted in a

v ery early stage named HBS (section 2.3.3, page 87) of protot yp e dev elopmen t.

M: These requiremen ts are classified as medium-priorit y . They are implemen ted

in the protot yp e, at least in a simplified w a y .

L: These are lo w-priorit y requiremen ts that will b e implemen ted in the “real”

Hyp er-G, but not in the protot yp e.

A few explanations of the c hoice of priorities seem to b e necessary:

• The protot yp e should implemen t the Hyp er-G Core System (section 2.2.3.1.1,

page 17) as sho wn in figure 2.1, i.e. a system of serv ers and w orkstations in

a reasonable-sp eed lo cal area net w ork. Access from remote terminals (sec-

tion 2.2.3.1.2, page 18) and to remote databases (section 2.2.3.1.3, page 18)

is p ostp oned to the implemen tation of the “real” Hyp er-G, except for demon-

stration of access to “in-house remote” databases.

• Only one user in terface metaphor (“Desk-top”) is a v ailable in the protot yp e.

This metaphor is b est used with standard mouse and k eyb oard user in terface

devices, so these are the only input devices supp orted, except for some sp ecial

applications (section 4.3, page 128).

• As the protot yp e is not going to b e used b y the general public, no pro visions

concerning access righ ts ha v e b een made. Also, no truly anon ymous use of the

system is p ossible.

• There is no c harging for sp ecific functions in the protot yp e.

• Multilingual Hyp ermedia (with use of user-sp ecific language preference) is al-

ready implemen ted in HBS and will b e a v ailable with the Hyp er-G protot yp e.

• The same is true for the T our concept.

• Key queries will b e implemen ted in the protot yp e; complex form queries and

dialog do cumen ts for collection-sp ecific database queries will not.

• No user logs will b e main tained. As a consequence, the Undo function is

a v ailable only within a session, and automatic main tenance of the database is

limited.

Requiremen t Priorit y

ID Short Description H M L

G.1.1.1 Do cumen t T yp e: T ext H

G.1.1.2 Do cumen t T yp e: Dra wing M

G.1.1.3 Do cumen t T yp e: Raster Image H

G.1.1.4 Do cumen t T yp e: Digitized Sound M

G.1.1.5 Do cumen t T yp e: Digital Mo vie M

G.1.1.6 Do cumen t T yp e: Animation M

G.1.1.7 Do cumen t T yp e: Maps M

G.1.1.8 Do cumen t T yp e: Electronic Mail, Bulletin Board, Com-

puter Conferencing

M

G.1.1.9 Do cumen t T yp e: Dialog a

L

G.1.2 Do cumen t Clusters M

G.1.3.1 Ob ject A ttribute: Author and Group M

G.1.3.2 Ob ject A ttribute: Creation/Mo dification/Access/Expira-

tion time

L

G.1.3.3 Ob ject A ttribute: Language H

G.1.3.4 Ob ject A ttribute: Access Righ ts L

G.1.3.5 Ob ject A ttribute: Price L

G.2.1 User ma y activ ate link b y activ ating anc hor. H

G.2.1.1 Anc hors b elong to links rather than do cumen ts M

G.2.1.2 Visual app earance dep ends on do cumen t t yp e and already

visited

M

G.2.2.1 F orw ard F ollo wing of links & Anc hor P ositioning H

G.2.2.2 Bac kw ard F ollo wing of links & Anc hor P ositioning M

G.2.3 Default Anc hor M

G.2.4 Cluster Links b

and Referen tial Links H

G.2.4.1 Referen tial Links: User Defined and Automatic M

G.2.4.1.1 Automatic Links: Static or Dynamic M

G.2.5 Link Priorit y M

G.2.6 Activ e Anc hors L

a

This applies to complex dialog ob jects. Simple ones lik e men us are implemen ted in the proto-

t yp e.

b

Cluster links are implicitly defined b et w een text and image do cumen ts in HBS.

T able 2.16: Priorit y of General Requiremen ts (P art 1)

Requiremen t Priorit y

ID Short Description H M L

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

G.3.2 The ma jorit y of the links is generated automatically M

G.3.2.1 Automatic generation of static links for new do cumen t L

G.4 The system should b e easily extensible M

T able 2.17: Priorit y of General Requiremen ts (P art 2)

Requiremen t Priorit y

ID Short Description H M L

U.1.1 Application-sp ecific user in terfaces (table 2.3 on page 40) L

U.2.1 User ma y sp ecify language preferences H

U.2.2 System selects do cumen ts b y language H

U.2.3 Multilingual user in terface a

H

U.2.4 T emp orarily o v erride language strategy L

U.3.1.1 User In terface Metaphor: Simple Hyp ermedia (HBS) H

U.3.1.2 User In terface Metaphor: Desk-T op M

U.3.1.3 User In terface Metaphor: Stac k L

U.3.1.4 User In terface Metaphor: Bo ok L

U.3.1.5 User In terface Metaphor: Holida y T ra v el L

U.3.1.6 User In terface Metaphor: Library L

U.3.1.7 Simple Na vigation F acilities M

U.3.2.1 Collection Hierarc h y M

U.3.2.2 Adv anced na vigation in the collection hierarc h y L

U.3.3 Guided T ours H

U.3.3.1 T our switc hing M

U.3.3.2 Adv anced tour na vigation functions H

U.3.4.1 Key Queries M

U.3.4.1.1 List of activ e databases (collections) M

U.3.4.1.2 Inexact matc h k ey queries L

U.3.4.2 F orm Queries L

a

Implemen ted in the PC V ersion of HBS b y use of pictorial icons.

T able 2.18: Priorit y of User-Related Requiremen ts (P art 1)

Requiremen t Priorit y

ID Short Description H M L

U.4.1 The system main tains a user profile, con taining:

U.4.1.1 Securit y Information L

U.4.1.2 The user’s system en try p oin t M

U.4.1.3 The user’s language preferences H

U.4.1.4 Preferred user in terface metaphor a

L

U.4.1.5 Preferred user in terface metaphor’s options b

M

U.4.1.6 User logging (full/system/off ) L

U.4.1.7 Default activ e databases for queries M

U.4.1.8 Whether user ma y c hange profile L

U.5 User ma y return to previous state b

H

U.5.1 The system main tains user logs L

U.6 The system ma y b e used anon ymously c

L

U.7 Some system features and information items are c harge-

able

L

a

Only one user in terface metaphor (“Desk-T op”) is a v ailable in the protot yp e. Ho w ev er, options

of this metaphor are configurable.

b

Supp orted only within a session (no user logs needed).

c

Not applicable in the protot yp e (Core System only).

T able 2.19: Priorit y of User-Related Requiremen ts (P art 2)

Requiremen t Priorit y

ID Short Description H M L

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

M

A.2 Editing to ols for authors (section 2.2.8, page 78) M

a

In the protot yp e, only text do cumen ts (annotations) and links ma y b e created b y the casual

user.

T able 2.20: Priorit y of Author-Related Requiremen ts

2.3.3 The Hyp ermedia Base System (HBS)

The Hyp erme dia Base System (HBS) w as implemen ted as an attempt to demonstrate

some ideas of Hyp er-G, and to create to ols, libraries and platforms on whic h the

Hyp er-G protot yp e can b e built. This section con tains a brief o v erview of the

Requiremen t Priorit y

ID Short Description H M L

S.1.1 F or eac h terminal, there is a terminal profile, describing: M

S.1.1.1 T erminal facilities, suc h as: M

S.1.1.1.1 Input Devices M

S.1.1.1.2 V oice I/O capabilit y L

S.1.1.1.3 Digital Sound I/O capabilit y M

S.1.1.1.4 Digital Video I/O capabilit y M

S.1.1.1.5 Hardcop y capabilit y L

S.1.1.1.6 Softcop y (disk ette) capabilit y L

S.1.1.1.7 Comm unication capabilities (E-Mail, conferencing) M

S.1.1.1.8 Charging of anon ymous users L

S.1.1.2 Securit y information L

S.1.1.3 The prices of sp ecific terminal facilities L

S.2 Access righ ts con trol whether a certain user on a cer-

tain terminal ma y p erform a certain function on a certain

ob ject.

L

S.2.2 A similar mec hanism is used to determine the price for a

certain function p erformed b y a certain user on a certain

terminal with a certain ob ject.

L

S.3 The system a v oids uncon trolled gro wth of information L

T able 2.21: Priorit y of System Requiremen ts

Requiremen t Priorit y

ID Short Description H M L

I.1.1 Keys & attributes Database (KAD) M

I.1.2 Collection-sp ecific Databases (CDBs) L

I.1.3 The databases themselv es ensure database in tegrit y L

I.2 Hyp er-G allo ws access to remote databases a

L

a

Ma y b e demonstrated for some cases b y the protot yp e.

T able 2.22: Priorit y of Implemen tation Requiremen ts

functionalit y of HBS, compared with the functionalit y of the Hyp er-G protot yp e.

F or a complete description of HBS the reader is referred to [ 71 ].

HBS utilizes the so-called “Simple Hyp ermedia” Metaphor. The user ma y follo w pre-

defined tours, but b ecause tours do not ha v e to b e organized as a linear succession

of scenes, the user has the p ossibilit y to select from the offered information b y

activ ation of referen tial links. Despite the limited functionalit y , HBS ma y already

b e used to realize some real-w orld applications, suc h as electronic publishing of

instructional or adv ertising material.

HBS is implemen ted in b oth a PC (MS-DOS) and W orkstation (UNIX) v ersion. Al-

though the b oth op erate on the same data, there are minor differences in functional-

it y and ma jor differences in the user in terface. F or example, the PC v ersions alw a ys

sho ws full-screen raster images and a single text windo w, while the UNIX v ersion

imp oses no restriction on the n um b er of windo ws op ened sim ultaneously and allo ws

individual placemen t, resizing and iconification of windo ws b y the user. Ho w ev er,

w e do not see these differences as a disadv an tage; rather, it allo ws us to ev aluate the

differen t user in terface metaphors and to demonstrate access to the same material

via differen t in terfaces.

Concepts of the Hyp er-G protot yp e that are already extensiv ely implemen ted in

HBS are:

• The T our concept. In fact, tours are the only w a y of na vigation supp orted

b y HBS. The tour description is con tained in a con trol file that sp ecifies the

next links, as w ell as referen tial links. All of the adv anced na vigation features

(except tour switc hing) describ ed in section 2.2.6.1.5 (page 67) are a v ailable.

• The idea of Multilingual Hyp erme dia . T ext do cumen ts are c hosen according

to a list of language preferences supplied b y the user. While the UNIX v ersion

also c hanges the lab els of buttons and other user in terface widgets, the PC

v ersion circum v en ts the problem b y extensiv e use of pictorial icons.

Concepts that are in part found in HBS are:

• The Do cument Clusters are simplified to Sc enes . T ours are made out of

scenes; scenes con tain exactly one raster image and a n um b er of equiv alen t

text do cumen ts that differ only in their language. HBS selects one of the text

do cumen ts based on the user’s languages preferences, i.e. the user sees one

image and one text do cumen t at a time. Displa y of the text do cumen t ma y

b e switc hed off b y the user.

• T ext and R aster Image are the only do cumen t t yp es supp orted. In the UNIX

v ersion, the R aster Image Do cument Manager allo ws to resize and scroll im-

ages. T ext can b e scrolled and is automatically reformatted and h yphenized.

• Cluster links are con tained implicitly in the scene description. Only author-

defined, static r efer ential links are supp orted in HBS.

• Only forw ard follo wing of links is p ossible (as there is no link database).

• A nchors are con tained within text do cumen ts, but are sp ecified together with

the link for raster images.

Concepts that are missing in HBS, but will b e implemen ted in the Hyp er-G proto-

t yp e are discussed in the next section.

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

The Hyp er-G protot yp e is created in an ev olutionary pro cess b y incremen tal c hanges

and extensions of HBS

14

. In particular, things that ha v e to b e c hanged or added are:

• The follo wing additional do cumen t t yp es are supp orted: Ob ject-Orien ted

Dra wing, Digitized Sound, Digital Mo vie, Animation, Map and Comm uni-

cation. Animation ma y b e sim ulated b y digital mo vies, maps will b e im-

plemen ted on top of raster or ob ject-orien ted images. Comm unication will b e

demonstrated b y electronic mail and on-line comm unication b et w een Hyp er-G

users.

• The Sc ene concept will b e generalized to the Do cument Cluster concept. Suc h

a cluster will con tain an arbitrary set of do cumen ts of the do cumen t t yp e listed

ab o v e. Cluster links are used to configure do cumen t clusters.

• A strict separation of do cumen ts, links, and anc hors will b e enforced.

• All Hyp er-G ob jects will b e stored in the KAD. This serv es to implemen t the

follo wing features:

– A prefix k ey query for do cumen ts will b e p ossible.

– All link t yp es and priorities (section 2.2.3.6, page 24) are supp orted,

including static and dynamic automatically-generated links.

– F orw ard and bac kw ard follo wing of links is supp orted.

• The pro cess structure of figure 2.10 is partially implemen ted, making the sys-

tem v ery extensible.

• The user in terface metaphor ev olv es from “simple Hyp ermedia” to “Desk-T op”

(section 2.3.6, page 97), with simple na vigation functions (e.g. Undo, Drop

Bo okmark) a v ailable throughout the system.

14

An in termediate stage – called HBS-I I – is curren tly b eing dev elop ed at the Institute for

Multi-Media Information Systems of Joanneum Researc h, Graz, Austria.

• Information will b e organized in a collection hierarc h y . The user ma y sp ecify

a list of activ e collections for k ey queries.

• L ab ele d links are used to implemen t tours (section 2.2.6.1.5, page 67), so tour

switc hing b ecomes p ossible. In addition, a simple script language that allo ws

to incorp orate sub-tours b y asso ciating priorities with lab els, is implemen ted.

• The user will b e able to extensiv ely configure the user in terface of the desk-

top metaphor (implemen ted b y means of the X resource concept).

• The user ma y also b ecome an author. Ho w ev er, in the protot yp e authoring of

standard users is restricted to creating text do cumen ts and links (annotations).

Creation of do cumen t t yp es other than text is still more complex and reserv ed

to “real authors”.

Although not fully implemen ted, demonstration of hidden access to remote data-

bases will b e p ossible in sp ecial cases, suc h as access to the institute’s in-house

videotex database. This computer can also b e reac hed from middle-europ ean public

videotex net w orks, so this connection can b e used to demonstrate a n um b er of the

comm unication asp ects of Hyp er-G.

2.3.5 Do cumen t Managers

Do cumen t managers will b e implemen ted as individual pro cesses (section 2.2.5,

page 52). A lot of the functionalit y and app earance of the system is therefore in the

hands of the do cumen t managers. This section briefly describ es the features of the

do cumen t managers that will b e used in the protot yp e system.

2.3.5.1 T ext Do cumen t Manager

T ext is stored in a format similar to T

E

X[ 90 , 91 ] as defined in [ 132 ], whic h means

that the text is not en tered in a manner that directly implies do cumen t la y out (e.g.

where to break a line); rather, con trol sequences sp ecify la y out information (e.g.

paragraphs, tabs, headings), and the do cumen t is formatted (i.e. line breaks and

h yphenations are determined) on the fly b y the do cumen t manager. This approac h

has the ob vious disadv an tage of consuming more computation time than formatted

en try or pre-formatting, but offers the follo wing adv an tages:

• The authors need not care ab out the size of the target text displa y . In fact,

this size (i.e. c haracters p er line) ma y v ary on a p er-terminal or p er-user basis,

and is difficult to tell with prop ortionally spaced fon ts.

• The user ma y at an y time resize the text windo w, whic h initiates a re-

formatting of the text b y the text do cumen t manager.

• The user ma y configure a certain fon t family and size to b e used to displa y

the text. Ob viously , c hanging the size requires re-formatting.

The text do cumen t manager is able to highligh t anc hors, determine the user’s clic k

on an anc hor and pass the anc hor ID to the S/IM. In addition, when the user clic ks

on a w ord that is not part of an anc hor, this w ord is passed to the S/IM, whic h

in turn initiates a k ey query with this w ord. Other in teractions with the user are

handled b y the text do cumen t manager itself, suc h as:

• V ertical scrolling (no horizon tal scrolling is needed b ecause the text is alw a ys

formatted to fit in to the width of the text do cumen t manager’s windo w).

• Mo ving and resizing the windo w. Mo ving is handled b y the displa y manager,

but resizing requires reformatting, whic h is the task of text do cumen t manager.

• Selecting fon t family and size. Requires re-displa y of the text; if the fon t size

is c hanged, the text has to b e re-formatted also.

• P ortions of the text ma y b e mark ed and put in to the system-wide past buffer of

the X windo w system, so that it can b e copied to other windo ws (lik e terminals

or text editors).

When the text do cumen t is displa y ed and the target anc hor is not the default anc hor

(i.e. the whole do cumen t), the text is scrolled v ertically so that the b eginning of the

anc hor is near the top of the displa y . No text editing is supp orted in the do cumen t

manager.

2.3.5.2 Dra wing Do cumen t Manager

Dra wings are stored as PIC files [ 50 , 85 ]. Anc hors are represen ted b y lo cal segmen ts

within the picture. Because of the ob ject-orien ted nature of the picture, it ma y b e

scrolled and/or rescaled so that the target anc hor is visible. If the target anc hor

is the default anc hor (i.e. the whole picture), the picture is scaled to fit in to the

windo w of the dra wing do cumen t manager.

The user ma y clic k on a segmen t (b y clic king in the in terior of the segmen t’s b ound-

ing b o x), in whic h case the dra wing do cumen t manager informs the S/IM b y sending

the anc hor ID. The S/IM will then activ ate the corresp onding link.

The dra wing do cumen t manager is built on top of the EDEN k ernel [ 4 ], whic h allo ws

the user to p erform a n um b er of in teractiv e op erations, suc h as:

• Horizon tal and v ertical scrolling.

• Zo oming.

• Rescaling.

• Changing colors.

P oten tially , the user could ev en edit the dra wing, ev en while other users w atc h the

same do cumen t. Doing so, a graphical comm unication is p ossible.

2.3.5.3 Raster Image Do cumen t Manager

The raster image do cumen t manager is able to displa y raster images of v arious kinds.

Dep ending on the kind of terminal and the user’s preferences the follo wing image

t yp es can b e displa y ed:

• F ull-color (24 bits/pixel) images offer the b est qualit y , but need m uc h storage

space and can only b e view ed on w orkstations with 24-bits (or more) p er pixel

frame buffers.

• 8 bits/pixel images with v ariable color table offer go o d qualit y , can b e view ed

on most w orkstations, and require less storage. Ho w ev er, only one image of

this kind can b e sho wn at a time, as the ’optimal’ colors are c hosen image-

dep enden tly using a mo dified Me dian-Cut algorithm [ 64 ].

• 8 bits/pixel images with 216 fixed colors still offer reasonable qualit y (if the

resolutions of the image and displa y are high enough). Basically , the R GB

cub e is split in to 6 slices in eac h of the three directions, resulting in 6

3

= 216

colors. Then, eac h image is dithered to this set of colors using the Flo yd-

Stein b erg algorithm[ 54 ]. The adv an tage of this metho d is that a n um b er of

images ma y b e displa y ed sim ultaneously . On a w orkstation with 8 bits/pixel

displa y memory , this lea v es 2

8

− 216 = 40 colors for other applications.

• Also, the images ma y v ary in size. F or p erformance reasons, a user migh t

c ho ose to lo ok at the smallest a v ailable image (“icon”) first, b efore displa ying

the full-size image. This is esp ecially v aluable when connected with Hyp er-G

via a slo w-sp eed net w ork (e.g. phone line).

Anc hors of raster images are defined as rectangular areas with optional icons (small

raster images). When the user clic ks on suc h a rectangle, the anc hor ID is sen t to

the S/IM. Other user in teractions handled b y the raster image do cumen t manager

include:

• Horizon tal and v ertical scrolling.

• In teger Zo oming (i.e. ev ery pixel is displa y ed as a rectangle of n × n pixels).

• In teger Reducing (i.e. ev ery n th

pixel in ev ery n th

ro w is displa y ed).

• Color c hanges (e.g. gamma correction).

When the image is first displa y ed, the windo w automatically adapts to the image’s

size. If the windo w cannot b e made large enough, the image is scaled do wn to fit

or the user ma y scroll the image (this option is user configurable). When the target

anc hor is not the whole do cumen t, the image is scrolled so that the target anc hor is

visible.

2.3.5.4 Digitized Sound Do cumen t Manager

The digitized sound do cumen t manager is able to repla y sound that w as recorded

and digitized in adv ance. As with raster images, sound ma y b e stored in differen t

qualities:

• CD-qualit y sound means stereo, 44.1 KHz sampling rate, 16 bits/sample, and

giv es the b est results. Ho w ev er, m uc h storage space (176 KB p er second) is

required.

• F or most cases, mono hi-fi qualit y sound (22 KHz, 8 bits/sample) will do.

Ob viously , only an eigh th of the storage of CD qualit y sound is needed (22

KB/sec.).

• F or ordinary sp eec h the qualit y of an ISDN phone line (8 KB/sec.) ma y b e

considered. If ev en less space is required, a n um b er of compression algorithms

are a v ailable [ 187 ].

Anc hors of sound do cumen ts are b eginning and ending time marks. When the

do cumen t is “displa y ed” the p ortion b et w een the t w o marks is pla y ed bac k (the

whole do cumen t in case of the default anc hor). When used as a source anc hor, the

users are visually informed during pla ybac k when an anc hor is reac hed. They ma y

then press a button, in whic h case the sound do cumen t manager sends the anc hor

ID to the S/IM.

The user is giv en a visual represen tation of the do cumen t (a sort of a scrollbar that

sho ws ho w m uc h has b een pla y ed), and ma y:

• Increase/Decrease the v olume (if the hardw are supp orts it).

• T erminate the pla ybac k.

• Mo v e the scrollbar bac k and forth, in order to re-pla y parts of the do cumen t.

2.3.5.5 Digital Mo vie Do cumen t Manager

Digital mo vies are stored as a sequence of differen tial raster images. Because of

limitations of storage and I/O bandwidth, the actually mo ving parts of the mo vie

are limited (up to 400 × 300 pixels) in order to ac hiev e reasonable frame rates.

Ho w ev er, this approac h allo ws to mo v e relativ ely small ob jects o v er a large but

stable bac kground.

Anc hors in mo vies are a com bination of the rectangular areas of raster images (one

p er image, so the anc hor ma y mo v e also) and the b eginning and ending time marks

of sound do cumen ts. When used as a destination anc hor, pla ybac k of the mo vie is

started at the b eginning mark. During pla ybac k, anc hors are highligh ted and ma y

b e clic k ed b y the user, in whic h case pla ybac k stops and the anc hor id is passed to

the S/IM.

Lik e with sound pla ybac k, the user is sho wn a sort of scrollbar that sho ws ho w m uc h

has b een seen. The user ma y in teractiv ely:

• Mo v e the scrollbar bac k and forth, in order to re-pla y parts of the do cumen t.

• Additional buttons (similar to a standard video pla y er) allo w the follo w-

ing functions: Pla y forw ard, pla y bac kw ard

15

, fast forw ard, fast bac kw ard,

slo w er/faster, still image.

• When a still image is displa y ed, the standard image op erations (section 2.3.5.3,

page 93) ma y b e p erformed on the image.

• Of course, the user ma y at an y time terminate the pla ybac k of the mo vie.

Sync hronization of audio and video is a rather complex task (section 3.3.4, page

114). In the Hyp er-G protot yp e, b oth sound and digital mo vie do cumen ts are

sync hronized with resp ect to time, i.e. pla y ed bac k with correct sp eed and therefore

remain sync hronized as long as no user in terv en tion tak es place. Ho w ev er, e.g.,

stopping the mo vie do es not stop the sound.

2.3.5.6 Animation Do cumen t Manager

F or the time b eing, animations are implemen ted as digital mo vies, so the same

do cumen t manager is used for pla ybac k. In the future, animation ma y b e p erformed

b y a do cumen t manager implemen ted on top of PHIGS. Ho w ev er, this approac h

requires high-p erformance 3D graphics hardw are and will not b e a v ailable on all

w orkstations of the system.

15

Because differen tial images are used to enco de the mo vie, pla ying bac kw ard ma y result in

strange effects if no bac kw ard c hannel is supplied with the mo vie (section 4.3.2, page 137).

2.3.5.7 Map Do cumen t Manager

In the protot yp e, maps are displa y ed as either raster images or ob ject-orien ted dra w-

ings, so the standard do cumen t managers for the appropriate do cumen t t yp e ma y

b e used. Ho w ev er, in the “real” Hyp er-G system it is planned to supply additional

functionalit y to maps (e.g. displa y of information dep ending on the zo oming lev el).

2.3.5.8 Comm unications Do cumen t Manager

Comm unication will b e p ossible via electronic mail and on-line comm unication b e-

t w een Hyp er-G users. The Comm unications Do cumen t manager is therefore just a

la y er on top of the corresp onding UNIX to ols (’mail’ and ’talk’) that is compatible

to Hyp er-G’s user in terface metaphor.

In addition, comm unication with users of middle-europ ean videotex systems is

demonstrated b y using a la y er on top a a videotex deco der running under UNIX.

2.3.5.9 Dialog Do cumen t Manager

While in Hyp er-G, dialog ob jects ma y b ecome v ery complex (e.g. flex-forms ), in

the protot yp e only v ery simple dialogs (lik e men us) are implemen ted. In addition,

a sp ecial answer judging do cumen t manager is needed to p ort some 700 existing

lessons of the COSTOC pro ject [ 110 ] to Hyp er-G tours [ 70 ], as w ell as adv anced

features describ ed in [ 69 ].

2.3.5.10 T our Guide

As stated in section 2.2.6.1.5 (page 67), a sp ecial do cumen t manager called T our-

Guide is used to in terpret the tour (i.e. the tour’s script), and to presen t a suitable

user in terface that pro vides the adv anced na vigation facilities p ossible within tours

( Req. U.3.3.2 ). While in HBS the script implicitly con tained the tour’s links, the

Hyp er-G protot yp e relies on lab eled links stored in the KAD.

In addition, one v ery simple script language is implemen ted that consists of an

ordered list of lab els. The meaning is that the order defines a priorit y for follo wing

lab eled links. F or example, the script

MyFavouritePictures, FineArtPictures

allo ws the author of the tour MyF avouritePictur es to include large p ortions of the

existing tour FineA rtPictur es b y creating links to an en try cluster and from the exit cluster(s) of the desired subset of tour FineA rtPictur es (figure 2.15). When

executing the tour (script), the T ourGuide follo ws the links MyF avouritePictur es

where they exist, else the links FineA rtPictur es .

Figure 2.15: Sub-T ours Implemen ted with the Simple Script Language

Of course, the author could ha v e ac hiev ed the almost the same b y creating new links

lab eled MyF avouritePictur es parallel to the existing FineA rtPictur es links. Ho w ev er,

with the priorities approac h, the tour MyF avouritePictur es automatically c hanges

when the sub-tour of FineA rtPictur es is mo dified (e.g. new clusters are inserted).

2.3.6 User In terface

The user in terface of the protot yp e adopts the Desk-T op metaphor that has b een

around since Xero x’ Star [ 81 ], w as refined b y the user in terfaces of computers lik e

Apple’s MacIn tosh, the Commo dore Amiga, the NeXT, and – with the adv en t of

the X Windo w System – made its w a y to to da y’s UNIX w orkstations. T o put it

simple, this metaphor allo ws the user to sim ulate a desk on the computer’s screen.

Eac h application op ens a windo w that usually can b e mo v ed, resized or iconified.

Comm unication with the applications relies hea vily on mouse, buttons, pull-do wn

and p op-up men us, and the lik e. A ma jor disadv an tage of this metaphor is that

it allo ws the user to cram the screen with lots of windo ws (lik e the piles of sheets

found on some real desks). No matter ho w large the n um b er of pixels, the screen is

alw a ys to o small. Figure 2.16 sho ws the t ypical w orking en vironmen t of the author.

Figure 2.16: The Desk-T op User In terface Metaphor

Consequen tly , ev ery do cumen t manager op ens its o wn windo w. The windo w ma y b e

placed and sized according to the user’s preferences. Also, the user ma y at an y time

mo v e, resize or iconify the windo w. The S/IM uses its o wn windo w to comm unicate

with the user.

In order to reduce comm unication o v erhead b et w een the do cumen t managers and

the S/IM, most user in terface functions are handled lo cally within the do cumen t

manager (section 2.3.5, page 91). This requires the do cumen t managers to b e

equipp ed with buttons, men us as w ell as k eyb oard and mouse bindings. T o guaran tee

that the user is not confron ted with inconsisten t user in terfaces of the do cumen t

managers, some rules ha v e to b e ob ey ed in the design of them:

• The left mouse button is alw a ys reserv ed for the clic king on anc hors, buttons

and the lik e.

• The righ t mouse button ma y activ ate a men u sp ecific to the do cumen t man-

ager.

• The middle mouse button ma y b e used for scrolling.

• There is alw a ys a ’Quit’ and an ’Undo’ button a v ailable. Alternativ ely , the

user ma y use the k eyb oard accelerators ’Q’ and ’U’.

• The lab eling of the buttons is alw a ys in the user’s preferred language (if a v ail-

able). Alternativ ely , icons ma y b e used consisten tly throughout the system.

The lo cal Undo function is in terpreted b y the do cumen t manager. In addition, there

is a global Undo a v ailable in the S/IM’s windo w.

2.3.7 Data

In order to ev aluate the suitabilit y of the prop osed na vigation to ols (database

queries, collections, tours), a large n um b er of do cumen ts is needed already in the

protot yp e phase. P articularly , w e plan to in tegrate the follo wing databases:

• A n um b er of German encyclop edias

16

:

– Mey er’s encyclop edia in 10 v olumes (51300 do cumen ts)

– Duden V ol. 8 (German synon yms; 57900 do cumen ts)

– Duden V ol. 10 (definitions of German w ords; 15600 do cumen ts)

– Duden Informatics (600 do cumen ts)

– Eulenspiegel (an arc hiv e for a science magazine in co op eration with ORF,

the Austrian Broadcasting Organization; 1000 do cumen ts)

– Human diseases (300 text do cumen ts plus 300 pictures)

– T ec hnology (300 text do cumen ts plus 300 pictures)

• W e ha v e not y et decided on what English encyclop edias to include in the

protot yp e.

• A n um b er (appro ximately 10000) raster images, from areas lik e:

– Geograph y (e.g. illustrations for an electronic map of the w orld)

– Science (e.g. space science, biology)

– Art (e.g. m useum-lik e exhibitions)

– Illustrations of encyclop edias

• Some ob ject-orien ted dra wings, mostly tec hnical illustrations in encyclop edias.

16

Mey er’s encyclop edia, Duden V ol. 8 and 10, Duden Informatics, Eulenspiegel are already

accessible from videotex, plus other similar databases.

• A small n um b er of digital videos and animations.

• Some sound do cumen ts (e.g. CD qualit y samples of famous comp ositions, hi-fi

qualit y v oices of animals and famous p ersons, v oices reading text do cumen ts).

• Maps of the w orld, all coun tries of the w orld and regions of in terest.

• Some 700 existing COSTOC lessons [ 110 ] co v ering topics ranging from

medicine, ecology , and natural sciences to computer science.

Chapter 3

Hyp er-Animation

3.1 In tro duction

In this c hapter w e in tro duce a new concept for the creation of real-time, in teractiv e

animation

1

. It is essen tially a com bination of Computer Animation and Hyp ermedia

tec hnologies, therefore w e will call it Hyp er-A nimation . A k ey feature of Hyp er-

Animation is that it ma y b e in tegrated within the Hyp er-G en vironmen t.

Hyp er-Animation is not limited to traditional computer animation, but com bines

still images, digital video, computer animation and sound together with non-

standard input devices to ac hiev e a high degree of in teractivit y . In Hyp er-G, links

from an animation sequence to all kinds of information, including other animation

sequences can b e defined. Suc h links ma y b e follo w ed b y explicit c hoice of the user,

or b y some random or external mec hanisms.

Hyp er-Animation is a general approac h, allo wing complex animation sequences (in

terms of complexit y of ob jects, n um b er of ob jects, complexit y of motion), and – most

imp ortan t – can b e edited con v enien tly . The Hyp er-A nimation Editor (section

3.6, page 118) acts lik e a cutting desk, where prefabricated animation sequences are

link ed together.

After a short o v erview on the state of the art of con v en tional computer animation

(section 3.2, page 102) w e will discuss some of the more complex data t yp es (i.e.

do cumen t t yp es) supp orted b y Hyp er-Animation (section 3.3, page 108). Then, the

Hyp er-Animation functionalit y (section 3.4, page 114) and the in tegration within

Hyp er-G (section 3.5, page 116) are addressed. Example applications are only

sk etc hed (section 3.7, page 118). Ho w ev er, this c hapter serv es as a foundation for

the more concise descriptions of applications that ma y b e found in c hapter 4.

1

An early outline of the Hyp er-Animation concept has app eared in [ 88 ].

3.2 Con v en tional Computer Animation

The term Computer A nimation co v ers a n um b er of systems, applications and con-

cepts, ranging from computer generated mo vies, commercial graphics, video games,

and education to fligh t sim ulators and scien tific visualization. The greatest common

denominator of animation systems is that computer generated images c hange with

resp ect to time.

A n um b er of p ossibilities exist to create suc h c hanges:

• App earance and disapp earance of ob jects.

• Motion of ob jects.

• Change of the shap e of ob jects (metamorphosis).

• Change of an ob ject’s attributes (e.g. color, texture, transparency).

• Changes of the ligh ting (e.g. shado ws).

• Change of camera parameters (e.g. p osition, direction, ap erture angle, exp o-

sure time).

All these c hanges o ccur and m ust b e view ed in a con tin uous w a y , but are really

computed for a discrete n um b er of instan ts. The visual effect of a con tin uous c hange

is created b y displa y of individual images ( fr ames) at a rate high enough to fo ol the

h uman ey e (appro ximately 20 frames p er second).

Computer animation is sometimes deriv ed from traditional (“carto on”) animation,

and some of the terms are b orro w ed from there. The pro duction of a computer

animation as w ell as traditional animation can b e divided in the follo wing phases:

1. Pre-pro cessing: The Story is defined in v arious lev els of detail. The Sto-

ryb o ar d con tains comic-strip-lik e snapshots of the film. The film consists of

se quenc es , whic h in turn consist of sc enes .

2. Scene editing and ob ject mo deling: The individual scenes and ob jects

are en tered. Dep ending on the system, ob jects ma y b e program-generated,

extracted from a database, scanned or edited man ually . Also, an ob ject’s

material (color co efficien ts, shininess, texture, dissolv e, etc.) is defined at this

stage.

3. Animation: No w the motion of ob jects, cameras and ligh t sources are defined.

As w e shall see, there are a n um b er of p ossibilities at this stage.

4. Rendering: The time domain is cut in to discrete steps and the individual

frames are rendered. The pro cess ma y b e v ery time consuming when real-

istic images ha v e to b e deliv ered. Therefore, impro v emen t of algorithms and

hardw are used to generate the frames ( Image Synthesis ) are a main area of

researc h.

5. P ost-pro cessing: This stage includes sho oting on film or video, sync hroniza-

tion with sound, and cop ying.

6. Analysis of the Results: Is necessary in sim ulations and scien tific visual-

ization applications.

3.2.1 Classification of Computer Animation Systems

Computer animation systems can b e classified in a n um b er of differen t w a ys.

Magnenat-Thalmann and Thalmann [ 105 ] define fiv e lev els of animation systems:

Lev el 1: are basically graphic editors that do not tak e time in to accoun t.

Lev el 2: can compute in-b et w eens and mo v e an ob ject along a tra jectory . These

systems do tak e time in to accoun t.

Lev el 3: pro vide op erations whic h can b e applied to ob jects (e.g. translation,

zo oming). These systems ma y also include virtual camera op erations lik e

zo om, pan or tilt [ 109 ].

Lev el 4: pro vide a means of defining actors; i.e. ob jects whic h p ossess their o wn

animation. The motion of these ob jects ma y also b e constrained.

Lev el 5: are extensible and can learn as they w ork. With eac h use, suc h a system

b ecomes more p o w erful and ”in telligen t”.

Puey o and T ost [ 151 , 178 ] prop ose a more complex classification sc heme based on

v arious criteria (table 3.1):

1. Historical:

Because computer animation originally dev elop ed from traditional animation,

stages of dev elopmen t can b e distinguished:

(a) Early systems w ere in tended primarily to mec hanize the long and tedious

task of dra wing so-called “in-b et w eens”, i.e. the frames b et w een the

imp ortan t ones (“k ey frames”), and the coloring of pictures. This kind

of animation system is generally called Computer Assiste d A nimation .

Historical: • Computer Assisted Animation

• Computer Mo deled Animation

Application: • pro duction of commercial or en tertainmen t films

• industrial or scien tific sim ulation

Motion Con trol: • guiding

• program lev el

• task lev el

Dimension: • 2D

• 2

1

2

D

• 3D

Scene Generation: • b y dra wing

• b y instan tiation of primitiv es

• b y reconstruction of a real mo del

Animation Mo del: • based on kinematic data

– in terp olation of k ey-frames

– definition of geometrical transformations

• dynamic data (forces and torques)

Rendering: more or less realism

Time P erformance: • real time animation

• batc h animation and sho oting

P ost-pro cessing: necessary or not

T able 3.1: Classification Criteria of Computer Animation

(b) In the new er Computer Mo dele d A nimation instead, the h uman part is

ev en more reliev ed. Mo dels of the film’s ob jects are stored within the

computer, whic h is able to p erform differen t actions on them.

2. Application:

Tw o classical applications of computer animation can b e distinguished.

(a) Pro duction of films for commercial purp oses, education and presen tation.

Suc h films utilize highly realistic images, while the motion is not required

to conform to ph ysical la ws.

(b) Industrial or scien tific visualization. Here the animation is not supp osed

to yield a realistic impression; rather, the in terpretation of real-w orld

data shall b e facilitated. Ob viously , only computer mo deled animation

(see ab o v e) is suited for this purp ose.

3. Motion Con trol:

The animator is the h uman b eing that defines th motion of ob jects (including cameras and ligh t sources). Dep ending on the effort necessary to sp ecify

motion, three classes of systems can b e distinguished:

(a) In so-called guiding systems , the animator m ust kno w ”a priori” the dif-

feren t p ositions the ob jects of the scene will ha v e at eac h momen t. Guid-

ing motion con trol (also referred to as in teractiv e motion con trol [ 183 ])

usually adopts the kinematic animation mo del, whic h pro duces motion

from p ositions, sp eeds and accelerations and is used b y most of to da y’s

animation systems. Guiding systems corresp ond to the ”Lev el 2” systems

of the hierarc hical classification sc heme men tioned ab o v e.

The earliest, but still one of the most common, guiding motion con-

trol tec hnique is keyfr aming . In these systems, the user defines a set

of frames and the times when they o ccur, and the computer in terp olates

in termediate frames, generally using some splining tec hnique to pro vide

first-deriv ativ e (v elo cit y) and sometimes second deriv ativ e (acceleration)

con tin uit y to the motion. Keyframing has the adv an tage that the user

sees the total scene at giv en times, easily noting collisions or undesirable

in teractions. The disadv an tages are that it is lo w-lev el and requires a lot

of user input.

Another guiding tec hnique is path sp ecification. In con trast to k eyfram-

ing, where the user has to sp ecify all ob jects at particular time p oin ts,

path sp ecification lets the user sp ecify the en tire path (usually some sort

of spline) of a particular ob ject o v er time. The disadv an tages are that

it is lo w-lev el and do es not allo w easy visualization of the configuration

of all ob jects at a particular time instan t, making it difficult to detect

collisions.

(b) In the pr o gr am level systems , the computer has sufficien t kno wledge in

order to in terpret a formal program (the script ) and carry out all later

stages of the animation indep enden t of further user input. Some script

languages, suc h as MIRANIM [ 108 ] and ASAS [ 156 ] can b e considered

high-lev el. ASAS is a complete LISP-based structured programming lan-

guage including pro cedures, recursion and t yp ed data structures.

The main dra wbac k of program-lev el systems is that they require the

user to ha v e certain kno wledge of computer science, th us their use b y

artists is limited. On the other hand, high-lev el animation languages can

b e in terpreted to lo w-lev el languages b y means of parameterization, finite

state mac hines, command libraries or hierarc hies, pro viding the user with

higher lev el motion con trol. Program-lev el systems corresp ond to the

”Lev el 3” systems of [ 105 ].

Muc h researc h has b een carried out in con trolling the motion of the h u-

man b o dy [ 106 , 104 , 151 , 178 ], esp ecially the h uman face. It turns out

that dance notations (Labanotation, Benesh notation) can b e used to de-

scrib e motion for computer graphics. Human b o dy motion con trol lan-

guages are also of in terest in rob otics.

(c) In task level systems (also referred to as motor c ontr ol systems [ 191 ]

or ”Lev el 4” animation systems [ 105 ]), the ob jects (also called actors )

p ossess their o wn motion and ”mo v e themselv es” based on global data,

their in ternal state, and information ab out other ob jects. Motion ma y

also b e restricted b y a set of constrain ts.

T ask-lev el systems ha v e the c hoice of adopting the kinematic or the dy-

namic animation mo del. In the kinematic mo del, motion is pro duced

from p ositions, sp eeds, and accelerations, whereas dynamic mo dels de-

scrib e motion b y masses, forces, and torques, from whic h kinematic data

are deriv ed using ph ysical la ws and constrain ts. Most of the curren tly

op erativ e computer animation systems use the kinematic mo del, whic h

has the adv an tage of b eing more in tuitiv e and requiring less computation

time. On the other hand, dynamic mo dels are useful to describ e complex

mo v emen ts of in teracting ob jects and result in realistic motion, making

them suited for sim ulation purp oses.

T ask-lev el systems in general are con v enien t to use, b ecause most of the

w ork is done automatically b y the actors, and complex animations can b e

sp ecified with minimal user input. The ma jor disadv an tage is the lac k of

fine con trol o v er the mo v emen ts of individual elemen ts. F urthermore, it

is imp ossible to define motions not matc hing la ws and constrain ts kno wn

to the actors.

4. Dimension:

(a) 2D- and

(b) 2

1

2

D-Systems are usually computer assisted animation systems.

(c) 3D-Systems are more complex and usually computer mo deled animation

systems.

5. Scene Generation:

Similar to motion con trol, three kinds of mo dels ma y b e distinguished, accord-

ing to the effort on b ehalf of the animator:

(a) In 2-dimensional animation, a 2-dimensional graphics editor is used.

(b) In 3-dimensional animation, a geometric mo del of the scene is stored in

the computer (lines, faces, surfaces, b o olean op erations, etc.), and used

in the generation of images.

(c) Real images can b e en tered using scanners (section 3.3.1, page 108). 3D

ob jects can b e en tered using 3D digitizers [ 148 ].

6. Animation Mo del:

As sho wn in table 3.1 t w o main metho ds of sp ecifying action of a scene can

b e distinguished:

(a) Most of to da y’s animation systems use kinematic data to sp ecify motion,

in one of t w o fla v ors:

i. In the key fr ame metho d, the animator m ust en tirely edit some of the

frames of the sequence to b e displa y ed. The computer in terp olates

in termediate ones ( in-b etwe ening ). This metho d is used in computer

assisted animation systems.

ii. Another w a y is to edit only the ob jects of the scene, and to sp ecify

elemen tal actions to b e p erformed b y eac h ob ject, suc h as translation,

rotation etc. Most mo dern animation systems use this approac h.

(b) In the dynamic mo del, the animator asso ciates masses, forces and torques

with ob jects. The ob jects then ma y generate their o wn motion, based

on ph ysical la ws and other constrain ts ( c onstr aint b ase d systems ) or life

la ws ( sto chastic p article system ). Although this approac h is not adopted

b y most commercially a v ailable systems, a lot of researc h is undertak en in

this field. Ideas include more ’in telligence’ for the ob jects (whic h are then

called actors ; see e.g. [ 2 , 106 , 156 , 66 ]), dynamic analysis and in v erse

kinematics (e.g. [ 183 ]), path planning and collision a v oidance (e.g. [ 83 ,

101 ]), particle systems (e.g. [ 155 ]), visual programming (e.g. [ 173 ]), and

learning of actors [ 113 , 188 ].

7. Rendering:

Most of to da y’s animation systems concen trate on creating realistic images.

As the tec hniques used to render suc h images are v ery time-consuming, m uc h

researc h effort is sp en t on dev eloping faster algorithms that allo w ev en more

realistic images of increasingly complex scenes. V arious topics in image syn-

thesis suc h as shading tec hniques, complex ligh t sources, aliasing, shado ws,

ra y-tracing and optimization, texture and bump mapping, fractals, particle

systems and sp ecial natural phenomena ha v e b een discussed in this ma jor

researc h area of computer graphics ([ 107 ] lists 381 researc h pap ers plus some

b o oks and tutorials on image syn thesis). Effects a v ailable in most animation

systems are:

(a) Remo v al of hidden surfaces.

(b) Shading mo dels (reflections, shado ws, transparency).

(c) T exture mapping

(d) An ti-aliasing.

(e) Differen t ligh t sources, atmospheres.

(f ) Reduction of the str ob e effe ct of fast mo ving ob jects using temp oral an ti-

aliasing ( motion blur ).

(g) Sim ulation of a real camera (fo cal length, depth of fo cus).

8. Time P erformance:

(a) Real-time animation deliv ers frames at a rate high enough to pro duce

the sensation of con tin uit y for the h uman ey e (more than 20 frames p er

second). This is only p ossible with high-p erformance 3D Hardw are and

losses in image qualit y (section 4.3.4, page 140).

(b) “Realistic” mo vies need more rendering time, and are then copied on film

( sho oting phase ) and pla y ed bac k with high sp eed ( r e al-time play-b ack ).

9. P ost-pro cessing:

Dep ending on the application, p ost-pro cessing can b e necessary . E.g, the

mo vie ma y ha v e to b e copied on film or video. The pro cess of sync hronization

of sound and pictures can b ecome difficult with computer mo deled animation

systems.

3.3 Hyp er-Animation Data T yp es

Animation in Hyp er-G ( Hyp er-A nimation ) includes classical computer animation,

but in addition

• Still images (either dra wings or digitized images)

• Digital Video

• Computer Animation mixed with digital video

• Sound

will also b e supp orted. Ab o v e data t yp es will b e explained in some detail in sections

3.3.1 to 3.3.4.

The do cumen t t yp es listed ab o v e are treated in a sp ecial w a y when they are part

of a Hyp er-Animation do cumen t cluster (section 3.4, page 114). Note that other

do cumen t t yp es ma y also b e part of a Hyp er-Animation cluster, but are treated the

usual w a y , i.e. displa y ed b y their corresp onding do cumen t manager (section 2.2.5.2,

page 56).

In Hyp er-G, links from an animation sequence to all kinds of information, including

other animation sequences can b e defined. Suc h links ma y b e follo w ed b y explicit

c hoice of the user, or b y some random or external mec hanisms. More on this ma y

b e found in section 3.4.

3.3.1 Still Images

Usually still images are not co v ered b y the term ‘animation’. Ho w ev er, they ma y

certainly b e treated as a sp ecial case. Vice v ersa, animation is mostly generated b y

just displa ying a series of still images fast enough to fo ol the h uman ey e. Therefore w e will first discuss still images, in order to allo w the description of true animation

in terms of still images.

Hyp er-G will supp ort t w o t yp es of still images (see also c hapter 2, e.g. sections

2.3.5.2 and 2.3.5.3):

1. Ob ject-Orien ted Dra wings are most often used for explanatory purp oses

together with text in encyclop edias and computer aided instruction. T ypi-

cally , some kind of tec hnical dra wing is displa y ed. Suc h items will b e stored

as PIC files [ 50 , 85 ] generated b y EDEN-based graphics editors [ 48 , 49 ]. The

main adv an tage of ob ject-orien ted graphics is the size-in v ariance of the pic-

ture definition. In other w ords, suc h images can b e displa y ed in an y resolution

on an y graphical output device; the user ma y zo om in in teractiv ely , etc. F ur-

thermore, the definition of ob ject-orien ted dra wings requires significan tly less

storage than other metho ds.

2. Digitized (Scanned) Images will b e used to store information not suited for

ob ject-orien ted graphics. T ypically , suc h images are the digital represen tation

of a picture or photograph. There are four p ossibilities to obtain a digitized

represen tation. One can use:

(a) a scanner to digitize images on pap er,

(b) a sp ecial kind of scanner for scanning transparency slides,

(c) a video digitizer for pro cessing of video sources (V CR, CamCorder, CD-

V),

(d) or one can generate the image b y computer

Digitized images are also stored in PIC files [ 89 ]. This allo ws the com bination

with ob ject-orien ted dra wings (bac kground – foreground etc.).

While the storage of ob ject-orien ted dra wings represen ts no difficult y , the storage of

digitized images requires careful atten tion, b ecause of their h uge memory require-

men ts and their inabilit y to adapt to differen t resolutions without loss of informa-

tion. If for instance an image w as scanned at 3000 × 2000 pixels, eac h in one of 2

24

colors, some pro cessing has to tak e place b efore it can b e displa y ed in a 640 × 480

windo w with only 256 colors.

The four image sources iden tified ab o v e yield images of differen t resolutions:

• A t ypical scanner (e.g. MICR OTEK MSF-300 Z) scans at 300 dots p er inc h,

i.e. the resolution dep ends on the size of the original. A full DIN A4 page

(ab out 8” b y 11”) giv es a maxim um resolution of 2400 × 3300 pixels, out of 2

24

(16,777,216) colors or 256 gra y v alues. This is also the resolution of a t ypical

laser prin ter.

• The NIK ON LS-3500 slide scanner (on the upp er end of the sp ectrum of slide

scanners) deliv ers 4096 × 6144 dots, also with 2

24

colors. This is inciden tly

the resolution of professional color graphic recorders used to output computer

graphics to slides or mo vie film.

• The resolution of video sources is substan tially less. The europ ean P AL stan-

dard uses ab out 600 horizon tal lines, the north american NTSC TV standard

ev en less than that. The n um b er of pixels p er line is not sp ecified, b ecause

curren t TV standards are analog signals, but is ab out the same magnitude.

Ev en w orse, a standard VHS or Video-8 V CR records only ab out 250 lines of

video information, b etter S-VHS or Hi-8 recorders mak e it up to 400 lines.

• Computer generated images ma y ha v e arbitrary resolution and n um b er of col-

ors.

Th us, although it migh t b e desirable to ha v e a standard resolution for the storage

of all Hyp er-G images, it is not feasible. Another issue is image compression. Go o d

compression tec hniques (in terms of compression rate), suc h as Color Cel l Compr es-

sion [ 18 ] or JPEG [ 24 , 25 , 179 ] lead to loss of information (let us call suc h tec h-

niques a destructive c ompr ession , whic h means that the original image can not b e

fully reconstructed from the compressed image). T o cop e with these problems, the

follo wing organization for storing images will b e used in Hyp er-G:

All images are stored in a so-called long term ar chive in their nativ e (full) resolu-

tion, with full color, using a non-destructiv e compression (e.g. LZW [ 180 ]) or no

compression at all. Because of the exp ected size and n um b er of images, the long-

term arc hiv e will t ypically reside on slo w but large mass storage media, suc h as

remo v able optical disks or magnetic tap e (e.g. D A T [ 99 ]).

Whenev er an image is to b e inserted in to the Hyp er-G database, a program called

the Image R etriever creates a v ersion of the original image, whic h is inserted in to

the fast, random-access storage of the execution system. The Image Retriev er offers

the follo wing features:

• Using image pro cessing tec hniques, the image ma y b e reduced (or enlarged)

to an y desired target resolution.

• Lik ewise, the n um b er of colors ma y b e reduced to a desired v alue (e.g., b y the

Median-Cut Algorithm [ 64 ] with Flo yd-Stein b erg [ 54 ] error propagation).

• The image ma y b e compressed using a suited image compression metho d, ev en

a destructiv e one, e.g. Color Cell Compression.

This strategy offers the follo wing adv an tages:

• The amoun t of storage needed in the run-time system serv ers is k ept to a

minim um. E.g., a 640 × 480 frame with 256 colors, co ded using Color Cell

Compression needs less then 80KB run-time storage, while the original 4 K ×

6 K slide scan image with full color needs 75MB of long-term arc hiv e, if stored

uncompressed.

• Whenev er another run-time image of the same image is needed, with a differ-

en t resolution or a differen t windo w, it can b e generated from the long-term

arc hiv e, without re-scanning the original slide.

• The high resolution of the long-term image allo ws to generate ‘zo omed in’

views of the original image. A t ypical Hyp ermedia application could allo w the

user to get detailed views of some (pre-determined) in teresting areas of the

whole image, and real-time zo om effects in some isolated and sp ecial cases.

The n um b er of suc h cases increases with the further dev elopmen t of storage

capacities and pro cessing sp eeds.

• The long term arc hiv e ma y ev en tually b ecome part of Hyp er-G if external

storage devices with go o d access sp eeds and capacities in the tera-b yte range

b ecome a v ailable. Th us, arc hiving at high resolution will a v oid rapid obsoles-

cence of the picture material.

The searc h for a sp ecific image in the arc hiv e is eased b y gal leries , whic h act as di-

rectories of the arc hiv e. In a gallery , small v ersions of the original images are used

to select the latter (lik e file names used in standard directories). Clev er organiza-

tion of these galleries helps to find the desired image. In addition, k eyw ords and

attributes assigned to the images allo w database queries.

3.3.2 Digital Video

Digital vide os are video (or film) sequences that ma y b e sho wn in a windo w of Hyp er-

G. In order to allo w their displa y and manipulation without sp ecialized hardw are

(suc h as video mixing adapters), they are stored in digitized form. T ypically , they

are generated from standard video sources, suc h as V CRs, CamCorders or CD-V.

Suc h video sources ha v e a comparably lo w resolution (see section 3.3.1). Th us,

displa ying them on a whole w orkstation screen with, sa y , 1280 × 1024 pixels w ould

not mak e to o m uc h sense, b ecause of a blurred picture. Also, the width-to-heigh t

ratio of video is constan t (4 : 3). A lo w-resolution digital video w ould use 320 × 240

pixels p er frame, 640 × 480 pixels w ould define a high-resolution video image.

In con trast to the lo w resolution, video offers a high color capabilit y (b ecause of the

analog transmission of color). In addition, 25 frames p er second are displa y ed,

whic h is not p ossible on curren tly used computers b ecause of their limited I/O bandwidth. A state-of the art graphics w orkstation (the DEC 5000/200) allo ws to

displa y only ab out 10 frames p er second at a resolution of 320 × 240. Ho w ev er, the

next generation of w orkstations is lik ely to eliminate these problems.

F or the time b eing, digital videos in Hyp er-G will b e stored as a sequence of still

images, using a compression tec hnique called CCC [ 18 , 160 ]. The refresh rate will

b e limited to 20 frames p er second, and a maxim um of 216 colors (out of 2

24

) will b e

a v ailable in a single frame. A t ypical lo w-resolution frame (320 × 240) is stored in

ab out 40 KB, a high-resolution frame (640 × 480) will need 160 KB. A one-min ute

sequence (20 × 60 = 1200 frames) stored in differen tial run-length format [ 89 ] will

need ab out 25 MB (lo w-resolution) or 100 MB (high-resolution), assuming that only

an a v erage of 50 % of the pixels c hange in comparison to the previous frame.

Recen tly , an Extende d Color Cel l Compr ession (ECCC) algorithm has b een pro-

p osed [ 147 ] that ac hiev es compression ratios from 0.6 % to 3 %, with real-time de-

compression on standard hardw are. In the future, ev en b etter compression metho ds

will b e implemen ted in hardw are (e.g. the JPEG/MPEG standards [ 24 , 25 , 96 , 179 ]

b y C-Cub e Microsystem’s CL550 c hip [ 26 ] that is built in to the NeXTdimension

b oard [ 8 ][ 17 , page 159], or Digital Vide o Inter active (D VI) [ 100 ] implemen ted b y

In tel’s i750 c hipset [ 63 ]). When suc h hardw are b ecomes a w orkstation standard,

Hyp er-G is prepared to utilize it.

With the adv en t of HDTV exp ected in the mid 90’s, higher qualit y video sources

will b ecome a v ailable, allo wing displa y of full-screen digital video. The con tin uing

dev elopmen t of hardw are mak es it lik ely that the fast displa y and the arc hiving of

suc h pictures will b e, nev ertheless, easier than to da y’s handling of smaller resolution.

3.3.3 Computer Animation

Tw o kinds of computer animation will b e a v ailable in Hyp er-G:

• Real-Time Animation requires execution on p o w erful w orkstations with

dedicated hardw are (3D-accelerators, double buffering, sp ecial input devices

etc.). P ossible in teractivit y is the main adv an tage of this kind of animation.

The main dra wbac k of this kind of in teractiv e computer animation is the dif-

ficult y of editing the animation in adv ance. Therefore, in teractiv e real-time

animation in Hyp er-G will b e carried out b y executing some kind of ‘custom’

program, i.e. a sp ecial do cumen t manager.

• Real-Time Pla ybac k of computer animation allo ws the displa y of more com-

plex scenes that w ere computed previously (e.g. b y ra y tracing) and recorded

in digital form, v ery m uc h lik e digital videos (see section 3.3.2). In addition,

these pre-recorded sequences ma y b e mixed with actually digitized videos, yielding high-qualit y results without to o m uc h effort on b ehalf of the editor.

The p enalt y paid is a decrease in in teractivit y .

Because of its generalit y , w e will no w concen trate on the second approac h. A piece

of soft w are, the Hyp er-A nimation Editor acts as a p ost-pro duction to ol. It allo ws

the com bination of animation sequences with digital video, still images, and sound,

as w ell as the definition of some standardized na vigation mec hanisms to allo w a sort

of in teractivit y b et w een the user (view er) and the animation. The Hyp er-Animation

Editor will b e discussed in more detail in section 3.6.

3.3.4 Sound

Animation in Hyp er-G will include sound to mak e it more realistic. The sync hro-

nization of the sound with the pictures leads to some in teresting c hallenges whic h

w e w an t to men tion briefly .

Computer sound output ma y ha v e differen t sources. The sound ma y b e generated

b y the computer itself, b eha ving lik e a syn thesizer. As a sp ecial case, a sp eec h

syn thesizer (e.g., a phoneme generator) ma y generate sp eec h at run-time.

Ho w ev er, the most flexible approac h is to record (’sample’) natural sound. T o ha v e

sound a v ailable on computers, it has to b e con v erted to digital form. This in v olv es

discretization b oth in time ( sampling ) and in amplitude ( quantizing ), called pulse

c o de mo dulation (PCM) . The fundamen tal sampling theorem states that the origi-

nal signal can only b e reconstructed from a sampled v ersion if it do es not con tain

frequencies greater than half the sampling rate. T elephone qualit y sp eec h do es not

con tain frequencies ab o v e 4 kHz, so a sampling rate of 8 kHz is sufficien t (and used in

ISDN). Ho w ev er, to ac hiev e high-qualit y sound suited for m usic, noise etc. a higher

sampling rate is required (e.g., CD’s are sampled at 44.1 kHz). Also, the n um b er of

a v ailable quan tization lev els v aries from 8 to 16 bits (section 2.3.5.4, page 94).

When repla ying sound on mo dern m ulti-user, m ulti-tasking w orkstations, the fol-

lo wing problems arise:

• The digital signal has to b e passed to a D/A con v erter exactly at the sampling

rate. This is a real-time pro cess, i.e. it ma y not b e in terrupted for a p erio d

of time longer than the sampling p erio d (e.g. 23 μs with 44.1 kHz sampling

rate). This is not p ossible in a standard UNIX-based m ulti-tasking system.

The solution is the use of sp ecial hardw are for sound output (it is not enough

to just ha v e a w orkstation with a built-in loudsp eak er). This hardw are will

ha v e a small pro cessor for itself, and is fed from the host computer via an

input queue b y a host program. The input queue has to b e large enough to hold the digitized sound for the largest exp ected time that this host program

gets in terrupted b y other pro cesses, sa y n seconds.

• In general, sound will ha v e to b e sync hronized with other ev en ts. In particu-

lar, w e will w an t to sync hronize sound with animation. T ypically , it ma y b e

required that a certain frame of the animation corresp onds with a p ortion of

the sound repla y ed together with the images (the sound tr ack ). As the image

displa y sp eed ma y v ary with the w orkload imp osed on the w orkstation, and

b ecause the sound cannot easily b e slo w ed do wn or sp eeded up, the images

ha v e to b e sync hronized b y the sound, i.e. the sound is the master of time

(and the images are the sla v es). This ma y b e ac hiev ed b y skipping a frame

if the images are b ehind, and b y extending the displa y p erio d of an image

if the images are ahead. Again, the increase of sp eed of graphic pro cessors

and comm unication c hannels should ev en tually ease this problem at least for

”standard applications”.

• Using the men tioned approac h to ab o v e problems leads to a new problem.

Whenev er the host program gets activ e, it completely fills the sound output

buffer. As a consequence, a dela y of up to n seconds b et w een the filling of the

buffer and the actual output of the corresp onding sound is in tro duced. This

means that the sound to b e sync hronized with an image has to b e fed in to the

sound output buffer up to n seconds b efore the corresp onding image is dis-

pla y ed. This not only complicates the run-time sync hronization of sound with

images, but also the editing of sequences with sound attac hed to them, esp e-

cially , if the order of sequences is determined at run-time (b y user in teraction,

random c hoice etc.).

T o mak e things ev en more complicated, Hyp er-G supp orts m ulti-trac k sound as-

signed to a certain animation. This feature ma y b e used for high-qualit y stereo

sound, as w ell as for m ulti-lingual sp eec h. E.g., a certain animation ma y b e used

sim ultaneously b y a n um b er of users in differen t languages.

3.4 F unctionalit y

Lo oking bac k at section 3.2, w e ma y distinguish b et w een real-time animation and

real-time pla ybac k of animation. While real-time animation allo ws virtually an y

t yp e of user in teraction (e.g. games), in teraction is somewhat limited with real-time

pla ybac k. Ho w ev er, real-time pla ybac k is a more general approac h, allo ws arbitrarily

complex animation (in terms of complexit y of ob jects, n um b er of ob jects, complexit y

of motion), and can b e edited con v enien tly .

Hyp er-Animation is based on the real-time pla ybac k approac h, but tries to push the

(user) in teraction features to the limit. In addition, the concept com bines in teractiv e

3.4. FUNCTIONALITY 115

computer animation with Hyp ermedia paradigms. T o b e sp ecific, the follo wing

do cumen t t yp es ma y b e com bined in an Hyp er-animation sequence:

1. Still Images : These are either digitized images or ob ject-orien ted dra wings

(section 3.3.1). A t ypical application of digitized still images is use as bac k-

ground, while dra wings ma y b e used as titles.

2. Digital Video : This is probably the easiest w a y to generate animation, al-

though the features are nothing more than those of video film.

3. Computer Animation : Animation sequences generated b y computer ani-

mation soft w are (the A nimation Editor ) allo w virtually ev erything one can

think of. Ho w ev er, it turns out that realistic rendering of some ob jects (e.g.

clouds) or realistic motions (e.g. of h umans) are not easily handled b y a pure

computer animation system. In suc h cases it is more con v enien t to ha v e a dig-

itized image of the cloud or a digital video of the mo ving h uman, and com bine

them with the computer-generated animation.

4. Sound : Sound is recorded (sampled) from natural sources and digitally stored

b y another stand-alone program (the Sound Editor ). It is the task of the

Hyp er-Animation Editor to link and sync hronize these prerecorded sound

trac ks with the animation sequences.

5. Custom Program: A program ma y b e used to generate graphics on the

screen, based on some algorithm or under user con trol. A t edit-time, the

b eha vior of the program is not kno wn to the Hyp er-Animation Editor, ex-

cept, that program has to ob ey certain rules. This feature is in tended as a

‘last recourse’, if the desired effect cannot b e ac hiev ed using other in teraction

features of Hyp er-Animation (see section 3.4.1).

With the exception of sound, the data t yp es ma y b e com bined in the follo wing w a ys:

1. The most ob vious com bination is concatenation in the time dimension. I.e.,

individual animation sequences of t yp e still image, digital video and computer

animation are link ed together and ma y b e repla y ed in sequen tial order. Ho w-

ev er, the sequence do es not ha v e to b e static (see section 3.4.1), hence allo wing

some in teraction or non-determinism in the succession of sequences.

2. Animation sequences ma y also b e com bined in the z -dimension, assuming that

the z -axis gro ws out of the computer screen ( layering ). T ypical applications

are bac kground-foreground t yp e animations (of course, an arbitrary n um b er

of la y ers is p ossible), sup erimp osing of titles etc.

La y ering ma y b e done directly b y the Hyp er-Animation Editor. A certain color

or a n um b er of colors of the foreground-la y ers is defined to b e ‘transparen t’.

Then, the full image can b e generated similar to the ’blue b o x’ tec hnique

of TV. In some situations (e.g., the foreground is c hanged under algorithmic

con trol), it ma y b e necessary to p ostp one la y ering un til execution at run-time,

facing a p ossible decrease of p erformance.

3. W e can also com bine animation sequences in the x - y -dimension. I.e., t w o or

more sequences ma y run sim ultaneously side b y side. Again, this ma y b e done

at edit-time or at run-time, dep ending on the scene. If w e ha v e a small video

sequence running in an en vironmen t with a large still image, p erformance will

b e b etter if the com bination is done at run-time.

3.4.1 St yles of In teraction

The aim of Hyp er-Animation is to allo w con v enien t editing and in tegration within a

Hyp ermedia en vironmen t, without sacrificing in teractivit y . In principle, the abilit y

to include ’custom’ programs allo ws an y kind of in teractivit y; ho w ev er, ha ving to

write programs is not exactly what w e w ould call user-friendly animation editing.

T o aid the author of a Hyp er-animation sequence, there are a n um b er of ’built-in’

p ossibilities to ac hiev e in teractivit y without ha ving to write programs.

• The ’standard’ links and anc hor concepts of Hyp er-G allo w the user to clic k

on anc hors, mo difying the succession of sequences.

• In addition, the sequence (or app earance) ma y v ary at random, based on

external ev en ts (sensors), or on previous animation sequences.

• An animation is implemen ted based on the Hyp er-G T our concept, giving

the user all of the adv anced na vigation facilities a v ailable in tours (section

2.2.6.1.5, page 67).

3.5 In tegration within Hyp er-G

After the preceding in tro ductory sections w e will no w concen trate on the in tegration

of Hyp er-Animation within Hyp er-G.

Animation is decomp osed in to so-called se quenc es . A sequence is a group of el-

emen tary data t yp es (still image, digital video, computer animation, sound). The

sequences are represen ted and stored as Hyp er-G do cumen t clusters (section 2.2.3.3,

page 19), i.e. do cumen ts of do cumen t t yp es HA image, HA dr awing, HA vide o,

HA animation , and HA sound group ed together b y cluster links.

3.5. INTEGRA TION WITHIN HYPER-G 117

Unlik e other do cumen t t yp es, ab o v e ones are not in terpreted b y a do cumen t manager

of their o wn, but b y a single Hyp er-Animation do cumen t manager. This is necessary

to com bine, o v erla y and sync hronize the displa y (execution) of the do cumen ts.

Hyp er-Animations are implemen ted on top of Hyp er-G’s tour concept, i.e. using

lab eled links and/or scripts. The na vigation facilities p ossible in tours apply (section

2.2.6.1.5, page 67); also, sequences that are part of more than one Hyp er-Animation

ma y b e used to ’switc h’ to another Hyp er-Animation.

3.5.1 Hyp er-Animation Links and Anc hors

In teraction with – or, in Hyp ermedia terminology: Na vigation in – the Hyp er-

Animation is p erformed using Hyp er-G’s link and anchor concepts:

• The most common op eration is to pro ceed from one sequence to another.

This ma y b e ac hiev ed in teractiv ely b y clic king on an anc hor, whic h in turn

activ ates a referen tial link, pro ceeding to another do cumen t cluster (animation

sequence). Lik e with tours, the link is c hosen based on the link’s lab el , allo wing

to use a single animation sequence in more than one Hyp er-Animation.

• In addition, activ e anc hors (section 2.2.3.7, page 26) can activ ate links without

user in teraction, e.g. after the end of the animation sequence, after some

(random) p erio d of time, based on more complex user input, etc.

• The Hyp er-Animation Do cumen t Manager is able to o v erla y still images, dig-

ital videos and animation sequences in the z or x − y dimension (e.g. a digital

video or animation of bird flying o v er a still image bac kground). This func-

tion is also initiated b y anc hors (activ e or in teractiv e), with links p oin ting to

sp ecial destination anc hors that con tain o v erla y and co ordinate information.

Do cumen ts that (ma y) ha v e to b e pla y ed bac k together are in the same do c-

umen t cluster.

• A sp ecial kind of activ e anc hor – the R ep e at A nchor – allo ws to rep eat a certain

animation sequence a n um b er of times sp ecified b y the r ep e at c ount , or un til a

user in terrupt. Again, the t yp e of the destination anc hor determines whether

(and where) the target is to b e o v erla y ed on the curren t animation, or replaces

the curren t animation sequence. If the source sequence is only a single still

image, the animation just stops and w aits either a n um b er of seconds sp ecified

b y the rep eat coun t, or un til user input o ccurs. The rep eat coun t ma y also b e

generated as a random n um b er, or could b e based on external data on a file or

a set of sp ecial programs (e.g. using the time of da y or un usual input devices

to generate the n um b er).

• The Br anch A nchor (section 2.2.3.7, page 26) selects a target sequence from

a n um b er of p ossibilities, either b y user input, or based on random n um b ers

or external data (e.g. sensors).

• The Asynchr onous A nchor is not attac hed to a sp ecific sequence, but to a

kind of ev en t and is handled in ternally b y the Hyp er-Animation Do cumen t

Manager. If the ev en t o ccurs (e.g. user in terrupt, timer, at random), a certain

sequence is executed. Additional attributes con trol whether the new sequence

replaces what w as going on (lik e a ‘goto’), or is executed lik e a subroutine and

returns to the original sequence afterw ards. Again, the link is not restricted to

the time domain. F or example, an async hronous anc hor ma y b e used to let a

plane fly o v er the screen ev ery n seconds, no matter what is on the screen. T o

further enhance this concept, async hronous links ma y b e enabled and disabled

for individual animation sequences.

3.6 The Hyp er-Animation Editor

The Hyp er-Animation Editor adopts the metaphor of a cutting desk. In terminology

of con v en tional film or video pro duction, this is the p ost-pro duction stage: The

sequences of film generated b y the cameras ha v e to b e cut and glued together, the

sound trac k is sync hronized, and sp ecial effects and titles are added.

The same is true for the Hyp er-Animation Editor: It do es not generate the ani-

mation; instead, prefabricated animation sequences are link ed together b y defining

link t yp es. Therefore, Hyp er-G’s tour editing pac k age (section 2.2.8.2, page 80),

equipp ed with a few extensions (e.g. an animation preview er) will do the job.

3.7 Examples

This section only sk etc hes some of the applications of the Hyp er-Animation concept,

as a detailed discussion is con tained in c hapter 4.

A simple examples migh t b e a single animation sequence (i.e. do cumen t cluster)

that ma y b e used in instructional lessons (tours), e.g. a bac kground dra wing with

a sc hematic diagram of some electrical circuit, stating “Press Button A to see what

happ ens when the switc h S

1 is closed”, “Press Button B to see what happ ens when

the switc h S

1 is op ened”, and “Press Button C when y ou ha v e seen enough”. The

do cumen t cluster lo oks as follo ws (see also figure 3.1):

It consists of 3 do cumen ts: One of t yp e HA dr awing and t w o of t yp e HA animation .

They are link ed b y cluster links. On activ ation only the dra wing is displa y ed, b e-

cause the the cluster links to the animation do cumen ts origin at the buttons A and

3.7. EXAMPLES 119

Figure 3.1: A Simple Hyp er-Animation Example

B, rather than at the default anc hor (the whole do cumen t). When the user presses

buttons A or B, the corresp onding computer animation is o v erla y ed on top of the

dra wing, as defined b y the destination anc hor. Button C activ ates a standard la-

b eled link to the next do cumen t cluster. Links to other do cumen t clusters can b e

added, allo wing this animation sequence to b e incorp orated in to a n um b er of tours

(animations, lessons).

Additional sound do cumen ts could ha v e b een attac hed to buttons A and B, resulting

in pla ybac k of the sound while the animation is running). Also, an additional activ e

anc hor could ha v e b een attac hed to the dra wing. This anc hor could activ ate other

do cumen ts (e.g. animations) at random, or resp onding to external ev en ts.

More complex examples of Hyp er-Animations ranging from unortho do x user in ter-

faces to virtual realit y are discussed in c hapter 4.

Chapter 4

Some Adv anced Applications of

Hyp er-G

This c hapter describ es some of the more adv anced applications of Hyp er-G that led

to the requiremen ts form ulated in c hapter 2. Roughly , these applications can b e

divided in to three groups:

1. Information Systems are a t ypical application of Hyp ertext and Hyp erme-

dia Systems that w ere en visioned b y pioneers lik e Bush [ 16 ], Engelbart [ 44 ]

and Nelson [ 135 , 136 ]. Hyp er-G is supp osed to b ecome the basis of a Uni-

versity Information System whic h com bines concepts of information retriev al

systems, do cumen tation systems, comm unication and collab oration, and com-

puter supp orted teac hing and learning.

2. Electronic Publishing through CD-R OM hardw are tec hnology and Hyp er-

media soft w are tec hnology seems to b ecome more and more imp ortan t (section

4.2, page 126).

3. The Viewseum (section 4.3, page 128) co v ers a broad sp ectrum of applica-

tions that are to b e used b y the general public, t ypically in a m useum or exhi-

bition en vironmen t. Applications range from public information systems to in-

teractiv e mo vies, utilizing unortho do x user in terfaces from trac kball to virtual

realit y (section 4.3.4, page 140). Esp ecially tha applications ” n -dimensional

Mo vie” (section 4.3.2, page 137) and ”In teractiv e Mo vie” (section 4.3.3, page

139) are new concepts within the Hyp ermedia en vironmen t.

4.1 Univ ersit y Information System

The creation of a mo dern Univ ersit y Information System is b oth one of the most

imp ortan t and most am bitious Hyp er-G pro jects

1

. Suc h a system should help the

scien tist in the pro cess of information retriev al (e.g. finding literature), ease the

comm unication and collab oration of scien tists, and supp ort computer aided instruc-

tion of studen ts. The motiv ation for suc h a to ol is not exactly a new one. In his

1945 article “As w e ma y think” [ 15 , 16 , 136 ] V annev ar Bush writes:

“There is a gro wing mountain of resea rch. But there is increased evidence

that w e a re b eing b ogged do wn to da y as sp ecialization extends. The inves-

tigato r is staggered b y the findings and conclusions of thousands of other

w o rk ers - conclusions which he cannot find time to grasp, much less to re-

memb er, as they app ea r. [ . . . ]

Mendel’s concept of the la ws of genetics w as lost to the w o rld fo r a gen-

eration b ecause his publication did not reach the few who w ere capable of

grasping and extending it; and this so rt of catastrophe is undoubtedly b e-

ing rep eated all ab out us, as truly significant attainments b ecome lost in the

mass of the inconsequential.[ . . . ]

Publication has b een extended fa r b ey ond our p resent abilit y to mak e real

use of the reco rd.”

Since 1945, the situation has b ecome ev en w orse. W e are no w not only confron ted

with an increasing n um b er of b o oks and p erio dicals, but also with electronic media.

On the other hand, the a v ailabilit y of kno wledge in electronic form p oten tially allo ws

us to lo ok for sp ecific information and bro wse through it more efficien tly b y use of

computers and information retriev al systems.

4.1.1 Information Retriev al

Information retriev al is one of the most imp ortan t asp ects of a Univ ersit y Informa-

tion System. T o da y , there are sev eral on-line information services (e.g. DIALOG,

BIX, CompuServ e) a v ailable. These services are highly in teractiv e, c harging users

on the basis of min utes sp en t on-line, and eac h has a unique user in terface. Also,

connectivit y b et w een suc h services is limited. These limitations will hop efully b e

reduced b y the Wide-Area Information Serv er (W AIS) pro ject curren tly b eing p er-

formed b y Thinking Mac hines, Apple Computer, and Do w Jones News/Retriev al

1

Of course, the T ec hnical Univ ersit y of Graz w ould b e the first one to use this system

[ 166 ]. By defining a public W AIS proto col whic h should then b e adopted b y in-

formation serv ers and end-user user in terfaces, W AISes should b ecome connected,

usable in a consisten t w a y , and c heap er.

The “remote database” concept of Hyp er-G (see figure 2.2 on page 18 and section

2.2.6.2.3 on page 74) allo ws to in tegrate suc h information serv ers and to mak e them

accessible using the Hyp ermedia paradigm (i.e. links). It is p ossible to create

b oth links to and from suc h remote databases b y means of dynamic links (section

2.2.3.4, page 22), ev en when the remote database do es not adopt the Hyp ermedia

paradigm. Moreo v er, it is p ossible to create links b et w een Hyp er-G-based Univ ersit y

Information Systems installed at differen t lo cations (univ ersities), if this should ev er

b e the case.

While access to remote databases is p ossible, the Univ ersit y Information System at

the T ec hnical Univ ersit y of Graz will ha v e stored information lo cally that is b oth

accessed on a regular basis and not sub ject to frequen t c hanges, including:

• A n um b er of general-purp ose, scien tific, and tec hnical encyclop edias in b oth

English and German.

• Dictionaries for b oth English (W ebster’s Dictionary or Oxford English Dictio-

nary [ 12 , 154 ]) and German (Duden).

• T ranslators b et w een English and German.

• Geographic information, including pictures from lo cations throughout the

w orld, maps, etc.

• Access to the univ ersit y’s library .

If a v ailable, b o oks and p erio dicals a v ailable on CD-R OM can b e in tegrated also.

More on-line data is describ ed in the forthcoming sections.

4.1.2 Computer Mediated Comm unication (CMC)

As sho wn in figure 2.1 on page 17 the Hyp er-G Core System includes a n um b er of

w orkstations attac hed to a high-sp eed LAN. Additional terminals (see figure 2.2 on

page 18) ma y b e connected via lo w-sp eed (up to 64 kbits/s) phone lines. While

simple textual comm unication is a v ailable on an y terminal, the w orkstations will

allo w v oice and (in theory) ev en video comm unication b et w een Hyp er-G users. Users

that are logged in sim ultaneously ma y comm unicate via an on-line comm unication

system [ 119 ].

Hyp er-G users ma y annotate an y do cumen t (pro vided that access righ ts allo w it).

In particular, annotations ma y b e annotated, starting an electronic discussion ab out

some do cumen t; similar to bulletin b oards. The users need not b e logged in sim ul-

taneously .

In addition to this “lo cal comm unication”, Hyp er-G users ma y comm unicate with

computer users throughout the w orld using Ele ctr onic Mail (E-mail) . E-mail do cu-

men ts are incorp orated in to the Hyp er-G database as priv ate text do cumen ts, and

ma y b e link ed (either static or dynamic) with other do cumen ts (including other

E-mail, e.g. questions and answ ers). In order to find E-mail, k eyw ords ha v e to b e

attac hed or extracted (automatically), allo wing links to b e targeted to the piece of

mail in question. Of course, E-mail ma y b e annotated.

T o da y , cost and sp eed of hardw are are no longer limiting the use of CMC systems.

Ho w ev er, mec hanisms with whic h the user can organize information to a v oid infor-

mation overlo ad [ 67 , 68 ] ha v e to b e pro vided [ 152 , page 155]. It is b eliev ed that

Hyp ertext is a promising mec hanism for this purp ose, and there are Hyp ertext im-

plemen tations lik e NLS/Augmen t [ 45 ] and gIBIS [ 9 ] addressing the E-mail problem.

According to In ternational Data Corp (F ramingham, MA), the n um b er of electronic

mailb o xes will soar from 17.4 million in 1990 to 64.7 million in 1995 [ 157 ], and so

will increase the amoun t of mail to b e handled. Information L ens , a researc h pro ject

at MIT’s Sloan Sc ho ol of Managemen t, addresses electronic information o v erload b y

semistructured message templates and rules that define what to do (automatically)

with mail of certain t yp e and con ten t [ 157 ].

An ev en larger amoun t of data (appro ximately 20 MBytes a da y) is distributed

b y a comm unication system kno wn as Usenet News [ 152 , page 235]. There are

more than 2000 hierarc hically structured newsgroups (discussion topics) a v ailable

co v ering computer science, other sciences, so cial issues, recreational activities and

other topics. Unfortunately , the sheer amoun t of data mak es it v ery time-consuming

to follo w ev en only a few newsgroups regularly .

Ho w ev er, if the individual news (whic h, b y the w a y , conform to certain standards)

can b e automatically supplied with k eyw ords, stored, and cross-referenced in a Hy-

p ertext system, the user could later on searc h for news co v ering a sp ecific topic,

whic h w ould b e a v aluable to ol for the scien tist. A protot yp e of a system that au-

tomatically constructs h yp ertext links b et w een news articles based on a similarit y

rating has already b een implemen ted at the T ec hnical Univ ersit y of Denmark [ 3 ].

W e will try to incorp orate a similar mec hanism in to the Univ ersit y Information Sys-

tem, i.e. in tegrate news articles in to the Hyp er-G database.

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

Computer Supp orte d Col lab or ative Work (CSCW) , sometimes also referred to as

Gr oupwar e is one of the buzzw ords of the b eginning 90’s. While some p eople use

Gr oupwar e as a rather general term [ 59 ] that refers to an ything from electronic mail

to distributed databases, Ellis et al. [ 42 ] define Gr oupwar e as:

“computer-based systems that supp o rt groups of p eople engaged in a com-

mon task (o r goal) and that p rovide an interface to a sha red environment”

and giv e an o v erview of concepts and commercial pro ducts. Engelbart and Leh tman

[ 45 ] define CSCW and Group w are as:

“Computer Supp o rted Co op erative W o rk (CSCW) deals with the study and

development of systems that encourage o rganizational collab o ration. Most

Group w a re p ro ducts fall under this classification.”

They distinguish b et w een three groups of CSCW pro jects:

1. T o ols for augmen ting collab oration and problem solving within a group geo-

graphically co-lo cated in real time.

2. Real-time to ols for collab oration among p eople who are geographically dis-

tributed.

3. T o ols for async hronous collab oration among teams distributed geographically .

The sp ectrum of Group w are pro ducts ranges from simple or “in telligen t” [ 33 , 157 ]

E-mail systems [ 144 , 186 ] to “join t editing” of do cumen ts (text or picture).

“Electronic Meeting Systems” can b e used to prepare or ev en carry out meetings.

The semi-identifie d user mo de of Hyp er-G supp orts a (semi-)anon ymous discussion

during the “brain-storming” phase of a meeting, whic h encourages discussion. A

similar application – the “Electronic Classro om” – is discussed in the next section.

According to ab o v e definitions, Hyp er-G is a piece of Group w are or CSCW, b ecause

of its comm unication facilities describ ed in the previous section. In addition, w e will

ev aluate the feasibilit y of distributed editing of tec hnical dra wings within the Hyp er-

G en vironmen t, made p ossible b y use of the “Distributed EDEN” as describ ed in

[ 4 ] and [ 47 ].

4.1.4 Computer Aided Instruction

As teac hing is one of the resp onsibilities of a univ ersit y , a Univ ersit y Information

System can b e exp ected to also supp ort the pro cess of teac hing and learning. Hyp er-

G addresses this problem in t w o w a ys:

• Computer Aided Instruction (CAI) is supp orted b y o v er 700 COSTOC

lessons [ 110 ] co v ering topics ranging from medicine, ecology , and natural sci-

ences to computer science, that will b e con v erted to Hyp er-G tours (section

2.2.3.12, page 29). New lessons can b e edited (as tours) with m uc h greater

flexibilit y . Also, studen ts ma y at an y time consult additional material from

other tours, encyclop edias, b o oks, etc. using automatically generated links

(section 2.2.3.4, page 22).

• The Electronic Classro om is a more collab orativ e approac h to computer as-

sisted learning. Suc h a classro om is equipp ed with a n um b er of Hyp er-G w ork-

stations. A utilit y built in to Hyp er-G called “shared X” that w as dev elop ed

b y Mic hael Altenhofen at CEC Karlsruhe allo ws “WYSIWIS” (What Y ou See

Is What I See) distribution of the output of an X Windo ws clien t to a n um b er

of X Windo ws serv ers (w orkstations) and has b een tested in learning/training

en vironmen ts to pro vide online help from remote tutors. Tw o scenarios are

p ossible:

– The teac her sho ws something to the studen ts b y distributing his output

to their terminals. Input is tak en from the teac her’s terminal. A t some

p oin t, the teac her ma y ask questions. Then, studen ts ma y grab input and

p erform some op eration (e.g. answ er a question, clic k on some anc hor).

Output is distributed to the other studen t’s and the teac her’s terminal.

So the whole class w orks together to solv e a problem.

– Studen ts w ork on their o wn. When they get stuc k, they ma y ask other

studen ts or the teac her for help b y sending them a cop y of their screen’s

con ten ts. The teac her or tutor ma y then grab the input in order to

p erform the necessary steps while the studen t w atc hes. Studen t and

teac her ma y switc h con trol o v er the input as often as they lik e to complete

the task.

Note that it is not necessary that the terminals of the electronic classro om

reside in the same ro om, or ev en building. P oten tially , the electronic classro om

ma y b e distributed o v er the whole w orld.

Additional b enefits related to teac hing are that the studen ts ma y call the system

via phone lines from home, th us ha ving access to, e.g. the univ ersit y’s library , exam

results, e-mail exc hange with professors and other studen ts, etc.

4.1.5 Other Asp ects

The user of a Univ ersit y Information System can b e exp ected to ha v e some exp eri-

ences with computers and comm unication systems, and b e familiar with k eyb oard

and mouse. Therefore, the standard Desktop User Interfac e Metaphor (see figure

2.16 on page 98) seems feasible.

Additional features ma y include a “Hyp er-Calendar” whic h is similar to the calendar

found in most DeskT op en vironmen ts. Ho w ev er, the Hyp er-Calendar allo ws to tie

links to certain dates and times whic h p oin t to other do cumen ts. Also, a links ma y

origin at other do cumen ts and p oin t to the calendar.

4.2 Electronic Publishing

Electronic Publishing b y means of Hyp ertext and Hyp ermedia has alw a ys b een on

the minds of Hyp ertext pioneers lik e T ed Nelson [ 135 , 136 , 137 ] and others [ 190 ].

Already in 1978, Maurer and Angstmann ha v e implemen ted an electronic encyclo-

p edia [ 5 ]. Basically , electronic publishing – i.e., distributing electronic Hyp ertexts

or Hyp ermedia do cumen ts from “author” to “customer” – can b e done in the fol-

lo wing w a ys:

• By allo wing customers to log in to a Hyp ermedia system and to “read” the

do cumen ts in teractiv ely .

• By sending the do cumen ts to customers electronically (lik e E-mail).

• By sending or selling storage media to the customers that con tain the do cu-

men ts.

The first approac h is easily implemen ted with public phone lines and mo dems. Ho w-

ev er, throughput is v ery lo w so that access to images, mo vies and sound do cumen ts

tak es prohibitiv ely long and costs to o m uc h.

The same is true for the second solution. In addition, missing Hyp ertext and Hy-

p ermedia do cumen t standards hinder the distribution of suc h do cumen ts. Although

some standardization attempts ha v e b een made (see, e.g. [ 130 ] and [ 80 ]), m uc h w ork

remains to b e done in this area.

Distribution of (parts of ) Hyp ermedia databases b y means of storage media also

suffer from the standardization problem. Ho w ev er, the Hyp ermedia system itself

(or v ersions of it) can also b e distributed on the same medium together with the

data, so that no in terface to other soft w are is required.

4.2. ELECTR ONIC PUBLISHING 127

With the exception of v ery small applications that could b e distributed on flopp y

discs, the CD R OM seems to b e the optimal medium for the (Hyp ermedia) message.

Without getting to o m uc h in to detail (see, e.g., [ 94 ]), the c haracteristics of the CD

R OM medium are as follo ws:

• CD R OM tec hnology is an offspring of audio CD tec hnology , and as a conse-

quence is v ery c heap: driv es cost ab out $500, the pro duction costs p er disc

are ab out $2 to $5. Ho w ev er, mastering costs are high.

• A CD R OM can store ab out 600 MB of user data. This is the equiv alen t of

appro ximately 300 1,000-page b o oks, 10,000 lo w-resolution (320 × 200 pixels,

256 colors) raster images, or 1,000 high-resolution (1000 × 600 pixels, 256

colors) raster images, without an y kind of data compression in v olv ed.

• CD R OM data is practically error-free. A sophisticated sc heme of Error Cor-

rection Co des (ECC) giv es an o v erall b yte error rate of one p er 10

13

b ytes,

corresp onding to a single-b yte error in ev ery 20,000 discs [ 62 ].

• Throughput is appro ximately 150 KB p er second, whic h is b etter than a flopp y

but less than a Winc hester hard disk. Data compression is required to pla y

liv e video off a CD R OM [ 100 ].

• Access time is mo dest: Radial access time is ab out 500 ms or more (compared

to ab out 10 ms of a go o d Winc hester), latency (the time to w ait un til the disc

has rotated so that the desired sector is under the head) is b et w een 60 and

150 ms a v erage (compared with 8 ms for Winc hesters). As a consequence,

sophisticated indices are required to allo w access to databases without to o

m uc h random access to the CD R OM [ 12 ].

• CD R OMs are read-only , i.e. the end user cannot mo dify the data. This ma y

b e considered an adv an tage, ho w ev er, it complicates annotations, tours, etc.

And the future for CD R OMs lo oks brigh t: In 1988, Bill Gates forecast that b y

Christmas 1991, the t ypical $1,000 PC w ould come equipp ed with a CD R OM driv e

[ 111 ]. Link Resources, a New Y ork researc h firm estimated a total installed base of

85,000 CD R OM pla y ers (1988) and predicted a total of 220,000 for y ear-end 1989

and 1.3 million for y ear-end 1992 [ 111 ]. While these figure ma y b e a bit optimistic,

there is no doubt that CD R OM tec hnology is b ecoming mature.

Also, Philips and Son y ha v e announced Comp act Disc-Inter active (CD-I) , that is

basically a sp ecification of a deliv ery system based on the CD-R OM standard, but

pro vides a tigh tly sp ecified soft w are and hardw are framew ork for dev eloping and

presen ting data, images, and sound [ 93 ]. A CD-I pla y er is a self-con tained lo w-cost

computer plus a CD-R OM driv e in tended to plug directly in to home television and

hi-fi sets. The big Japanese companies see CD-I as customer electronics more than

a computer application.

F or the h uge amoun ts of storage t ypically asso ciated with Hyp ermedia do cumen ts

(encyclop edias, images, digital mo vies, sound . . . ), the CD R OM is the optimal

distribution medium. W e in tend to distribute parts of the Hyp er-G database on CD

R OM, together with a CD R OM v ersion of HBS (section 2.3.3, page 87). T o b e

sp ecific, the follo wing collections of data are lik ely to b e published this w a y:

• An in teractiv e map of Austria with pictures of sigh ts in Austria (to b e pre-

sen ted at the W orld EXPO ’92 in Sevilla, Spain).

• T rips around the Himala y a region (ab out 2,000 high-qualit y images).

• A hierarc hical collection of maps of the w orld including pictures (similar to

the EXPO pro ject).

• A n um b er of hiking trips (maps plus sigh ts) in Austria.

• An electronic encyclop edia (mo dified Mey er’s encyclop edia) with images.

4.3 The Viewseum

A Viewseum is a new kind of m useum, a virtual museum where the exhibits are not

on displa y as suc h, but are virtual ob jects that can b e view ed and manipulated b y

the visitor b y means of computers and audio-visual tec hniques. The term has b een

coined b y Maurer [ 117 ], and it turns out that Hyp ermedia systems are w ell suited

for the task [ 127 ].

With its abilit y to adapt to differen t user in terface devices (see table 2.3 on page 40)

and user in terface metaphors (section 2.2.3.10, page 27), its anonymous and anony-

mously identifie d user mo des (section 2.2.3.15, page 32), m ultilingual do cumen ts

(section 2.2.3.14, page 30) and c hargeable system functions ( Req. U.7 ), Hyp er-G

can also serv e as a solid foundation on whic h to build a Viewseum en vironmen t.

Exhibits in suc h a m useum are pieces of audio and video information (video clips,

computer animation, pictures) in com bination with encyclop edias, comm unication

facilities, sp ecifically designed soft w are and unortho do x user in terfaces. A descrip-

tion of the kind of information that ma y b e found in a Viewseum is con tained in [ 127 ].

In the follo wing sections, w e will concen trate on adv anced features of suc h a m u-

seum: First, w e will discuss some of the not-so-common user in terfaces, then w e will

describ e w a ys of presen ting complex (higher dimensional) ob jects b y n -dimensional

mo vies, in teractiv e mo vies, and virtual realit y .

4.3.1 Unortho do x User In terfaces

4.3.1.1 T rac k Balls and Th um b Wheels

A T r ack Bal l is a device similar to an upside-do wn mouse: A ball is moun ted so

that it can b e rotated freely in an y direction. It is t ypically mo v ed b y dra wing one’s

palm or th um b across it. In addition, there ma y b e buttons moun ted on the same

device. In ternally , the balls turns p oten tiometers, whose output is con v erted in to

digital form. Adv an tages in a Viewseum en vironmen t (when compared to a mouse)

are:

• T rac kballs can b e made v ery resistan t to user abuse.

• They can b e fixed in place.

• They need less space than mice.

• They are more easily handled b y no vice users than mice.

Thumb Whe els are more simple devices: Here the p oten tiometer is rotated directly

b y one’s th um b. Therefore, only unidirectional mo v emen t is p ossible.

4.3.1.2 T ouc h Screen

A touch scr e en is a device that usually is understo o d b y p eople who ha v e nev er

touc hed a k eyb oard b efore. Although there are a n um b er of tec hnologies used to

implemen t touc h screens (infrared ligh t, gold wires, inductiv e), the one considered

most mature consists of a sp ecial kind of coating that is moun ted on top of the

CR T’s glass, and is able to detect the c hanges in capacit y created b y a h uman finger

touc hing the coating, to translate that information to 2-D co ordinates of the user’s

finger, and to transmit the data to the computer (usually via a serial in terface).

Dep ending on the application, the user ma y c ho ose b et w een men us, clic k on anc hors,

and ev en dra w directly on the screen. Occasional text input ma y b e handled b y

displa ying a k eyb oard on the screen.

Ho w ev er, there is a small disadv an tage: The screen is rapidly co v ered with finger

prin ts and app ears blurred. Still, exp eriences at other m useums (e.g. EPCOT

Cen ter in Orlando, Florida) sho w that the touc h screen can b e op erated b y most

no vice users and therefore is an ideal candidate for a Viewseum en vironmen t.

4.3.1.3 HOT A CT

HOT A CT (an acron ym for HO me T rainer A nd C omputer T ec hnology) is curren tly

dev elop ed at the IMMIS (implemen tation details ma y b e found in [ 120 ]) and con-

sists of a stationary bicycle fitness mac hine connected to a MS-DOS PC with high-

resolution graphics. The bicycle trainer has t w o switc hes attac hes to eac h side of

the handlebars. The user can p edal this com bination on a virtual trip through a

tour pre-determined b y some author. It is actually just a sp ecial kind of user in ter-

face to Hyp er-G tours. By pressing one of the t w o buttons, the user can na vigate

within the tour (e.g. turning left, en tering a building).

The p ossible tours are not restricted to the ob vious “T rip through Austria” lik es, but

also “A guided tour through the Louvre”, “A trip through the Solar System”, “A

Journey in to the Human Bo dy”, “A Journey through Time”, etc. ma y b e pro vided.

4.3.1.4 Sensors

A n um b er of sensors installed in the Viewseum can detect p ositions of visitors in

order to activ ate exhibits when visitors come close to the exhibit. More sophisticated

systems are ev en able to recognize the visitor based on an anon ymous ID card (suc h

as the ELIS from the Austrian compan y ELIN or the Keyw atc h bi Skidata), th us

allo wing to fine-tune the exhibit’s user in terface according to the user’s language,

in terests, preferences and whether the user already visited the exhibit.

Other sensors ma y detect temp erature, ligh t, the n um b er of users w atc hing and the

noise lev el in the exhibit’s ro om, to let the exhibit to resp ond to that data. Pressure

sensitiv e flo ors ma y b e used to detect the p ositions of users in the exhibition ro om.

4.3.1.5 3D I/O Devices

T o in teract with exhibits lik e virtual ob jects (e.g. a statue that can b e view ed from

all directions; see also sections 4.3.2 and 4.3.4), 3D input and output devices ma y

b e attac hed to the system.

4.3.1.5.1 3D Input Devices

Digitizers that deliv er 3D p osition information ( x, y , z ) of a p oin t in space ha v e b een

a v ailable for some time. They usually w ork on an ultrasonic or mec hanical basis

[ 82 , 128 ].

More p o w erful are devices w orking with lo w frequency magnetic fields. The “3Space

T rac k er” of P olhem us [ 40 , 148 ] deliv ers not only the p osition ( x, y , z ), but also

th orien tation ( Azimuth, Elevation, R ol l ) of a sensor in relation to a source, so it

is actually a 6D input device. The same holds true for the “Spaceball” of Spatial

Systems. It is essen tially a force sensitiv e device that relates the forces and torques

applied to the ball moun ted on top of the device, and sends them to the computer

[ 103 ].

The “Dataglo v e” of VPL Researc h can also considered a 3D input device. It consists

of a ligh t w eigh t n ylon glo v e with optical sensors moun ted along the fingers that mea-

sure the b ending angles of the join ts of the th um b and the lo w er and middle kn uc kles

of the other fingers (see figure 4.1; from [ 55 ]). In conjunction with the 3Space T rac k er

the absolute p osition and orien tation of the hand can also b e detected, allo wing

for a new kind of user in terface [ 14 , 55 ]. The users ma y directly manipulate virtual

ob jects in a w a y they are used to in the “real w orld”. This device is commonly used

together with the “Ey ePhone” in virtual realit y en vironmen ts (section 4.3.4, page

140). There are c heap er v arian ts (e.g. the “P o w erGlo v e” of Mattel [ 41 ]) that w ork

on an ultrasonic basis and are less accurate.

4.3.1.5.2 3D Output Devices

Output devices capable of pro ducing depth p erception in the ey es (more accurately

the brains) of view ers b y means of ph ysiological depth cues are usually referred to

as true 3D displa ys. Ph ysiological depth cues are A c c omo dation, Conver genc e , and

Bino cular Par al lax [ 145 ]:

• A c c omo dation is the m uscular tension needed to adjust the fo cal length of the

ey e in order to fo cus on an ob ject in space. This is a mono cular depth cue

and is effectiv e only for near-situated ob jects.

• Conver genc e refers to the m uscular tension necessary to rotate the ey es sligh tly

so that the viewing axes of eac h ey e cross at the p oin t of in terest.

• The retinal images in b oth ey es differ sligh tly due to sligh tly differen t view-

p oin ts. They are fused b y the brain, and the difference b et w een them is used

to pro duce depth p erception. This effect is kno wn as Bino cular Par al lax , and

is the depth cue used b y most true 3D output devices to pro duce depth p er-

ception.

W e can distinguish b et w een the follo wing groups of 3D output devices [ 53 , 145 , 158 ]:

Figure 4.1: The DataGlo v e (VPL Researc h)

1. Stereoscopic Systems:

In stereoscopic systems, the ey es of the view er are directly pro vided with dif-

feren t views of the ob ject or scene. T ypically , they are p ersp ectiv e views tak en

with virtual cameras [ 109 ] with a rotational difference of ab out 6

∘

. T o en-

sure that eac h ey e sees only the image that it is mean t to see, a n um b er of tec hniques can b e used:

(a) Time-P arallel Systems:

The easiest approac h is to use differen t colors (e.g. red and green) for

the t w o images, and to supply the view er with colored glasses that filter

out the “wrong” image for eac h ey e. This is the solution with the lo w est

hardw are costs, ho w ev er, there are disadv an tages: Pictures ha v e to b e

mono c hrome, and the tec hnique causes ey e strain and fatigue due to

conflict in our visual system when eac h ey e is exp osed to a differen t

color. Also, color-blind p ersons cannot use the system.

A differen t tec hnique uses p olarizers moun ted in fron t of t w o monitors.

A half-silv ered mirror com bines the t w o images (figure 4.2; from [ 145 ]).

The view er w ears p olarized glasses that filter out the “wrong” image for

eac h ey e. A ma jor disadv an tage of this tec hnique is the limited viewing

p osition imp osed b y the mec hanical arrangemen t, so that only one p erson

can use the system at a time.

Figure 4.2: Dual-Monitor Stereoscopic Displa y

The “Ey ePhone” of VPL Researc h is a so-called “Head-Moun ted-Displa y”

[ 53 ]. Eac h ey e lo oks in to its o wn displa y , ac hieving p erfect image separa-

tion. Ho w ev er, hardw are costs are high and only one p erson can use the

system.

(b) Time-Multiplexed Systems

In time-m ultiplexed systems, there is only one monitor, and the t w o views

are presen ted one to eac h ey e alternately (one field p er ey e on in terlaced

screens). Some t yp e of sh uttering mec hanism is required to prev en t the left ey e from viewing the monitor while the righ t ey e image is b eing

displa y ed, and vice v ersa.

The curren tly most promising tec hnology is based on liquid crystal sh ut-

ters that are incorp orated in to glasses the user has to w ear. Switc hing im-

ages has to o ccur fast enough to a v oid flic k ering, and it has to b e sync hro-

nized with the monitor. While older systems used sync hronization cables

for this purp ose, mo dern devices (e.g. “CrystalEy es” of Stereographics

Corp. [ 158 , 167 ]) use infrared receiv ers in the glasses and transmitters at

the monitor for sync hronization. A n um b er of users can use the system

sim ultaneously , pro vided that eac h one w ears a pair of glasses, and w atc h

the monitor from within a wide area.

The critical factors of this tec hnology are brigh tness and con trast of the

image, sync hronization, flic k ering, image separation, and equal illumina-

tion of b oth images. Also, the view er has to k eep his head strictly v erti-

cal. According to [ 145 ] appro ximately 8 % of the p opulation cannot fuse

stereo pairs. Ho w ev er, this deficiency can b e impro v ed with practice.

2. Auto-Stereoscopic Systems

Auto-stereoscopic systems are systems that do not require the view er to w ear

glasses of an y kind. Also, the ob ject or scene can b e w atc hed from arbitrary

viewing angles b y a n um b er of p ersons sim ultaneously . Ob viously , this kind of

3D displa ys is b est suited for the Viewseum en vironmen t. Unfortunately , the

tec hnology is curren tly still immature and v ery exp ensiv e. W e can distinguish

b et w een three kinds of auto-stereoscopic devices:

(a) V arifo cal-Mirror Displa ys

V arifo cal mirror displa ys com bine a vibrating circular mirror with a CR T.

The mirror is vibrated 30 times a second b et w een con v ex and conca v e

b y a hi-fi sp eak er driv en b y a sine w a v e generator. A CR T displa y can

b e seen in the mirror (figure 4.3; from [ 145 ]). Vibrations of the mirror

are sync hronized with the displa y of the ob ject on the CR T so that eac h

p oin t on an ob ject is reflected from the mirror at a p osition corresp onding

to the depth of that p oin t. Th us, the image has to b e redispla y ed 30

times a second, limiting resolution. On the other hand, the observ er

can c hange p osition to see the image from a differen t viewp oin t and no

sp ecial glasses are necessary . The tec hnique has b een used successfully

in medical imaging [ 145 ].

(b) Laser Systems

The Omniview of T exas Instrumen ts [ 184 ] uses laser b eams that “write”

on a translucen t double-helix disk that is moun ted on a rotating shaft.

When prop erly sync hronized, an y p oin t within a cylinder v olume can b e

highligh ted b y the lasers. The observ er’s ey e fuses the discrete p oin ts of

ligh t to 3D ob jects. Only protot yp es are a v ailable at this time, for prices

of around $200 , 000.

Figure 4.3: Blo c k Diagram of V arifo cal Mirror Displa y System

(c) Auto-Stereoscopic Displa ys

New liquid crystal displa ys dev elop ed b y Dimension T ec hnologies, Inc.

[ 39 , 158 ] use tin y lenses to let the view er’s ey es see differen t pixels at the

same lo cation. No glasses are required, ho w ev er, the user’s head has to

b e within a certain area in fron t of the displa y . A similar tec hnique is

curren tly b eing dev elop ed for CR T’s in com bination with LCD sh utters

[ 175 ].

4.3.1.6 Ey e T rac king

A tec hnology called Eye T r acking mak es the h uman ey e a computer input device b y

determining the direction in that the user lo oks. With a resp onse time of 20 to 30

milliseconds the ey e could b e a v ery fast input device. A n um b er of attempts ha v e

b een made to utilize this (a short o v erview can b e found in [ 174 ]):

Of course, one of the first organizations to sho w a serious in terest in ey e-trac king

tec hnology w as the U.S. Air F orce, and used it in fligh t sim ulators for figh ter jets.

Basically , a sp ecial camera “lo c ks” on the ey e, emits a b eam of ligh t on to its cornea

and records the direction in whic h ligh t is reflected. The resolution is high enough

to determine on whic h w ord on a computer screen the user is fo cusing on.

A t T exas A&M Univ ersit y , the user has to w ear a set of ey eglasses equipp ed with

infrared-emitting dio des and phototransistors. The p osition of the ey e determines

the amoun t and in tensit y of the ligh t emitted to the phototransistors.

Sen tien t Systems T ec hnology of Pittsburgh, P A, dev elop ed the “Ey e-T yp er 300”

in tended to b e used b y handicapp ed p ersons. It lets y ou en ter information b y

fo cusing y our ey es for a sp ecified p erio d of time on a certain p oin t. The system sends

the input to the computer o v er a standard RS232C in terface, and sends feedbac k to

the user using an em b edded sp eec h syn thesizer.

Another system called O ASIS (Ocular A tten tion Sensing In terface System) uses a

com bination of ey e and v oice input to presen t information without the users ha ving

to tak e their hands off, e.g., the con trols of an airplane or car.

As a conclusion, the tec hnology is new, immature and exp ensiv e. Also, the users

ha v e to w ear glasses or helmets or ha v e to stand in certain p ositions without mo ving

their heads. On the other hand, ey e trac king is an extremely fast y et natural user

in terface. In the Viewseum en vironmen t, the user could almost sub consciously select

b et w een items (e.g. pictures) presen ted on the screen and th us influence the course

of ev en ts.

4.3.1.7 Gesture Recognition

Another exp erimen tal user in terface tec hnique is that of gesture recognition, esp e-

cially hand gesture recognition.

T ak ahashi and Kishino [ 172 ] p erformed real-time hand gesture recognition exp eri-

men ts with a DataGlo v e (see figure 4.1 on page 132), in order to recognize the 46

gestures of the Japanese k ana man ual alphab et (similar to the gestures used b y the

deaf ). The exp erimen ts sho w ed that ab out 30 gestures could b e distinguished with

their co ding metho d in v olving join t angle and hand orien tation measuremen ts.

Simple gestures lik e raising the left or the righ t hand should b e distinguishable more

easily , e.g. b y infrared motion detectors or ligh t b eams.

4.3.1.8 V oice Recognition

While v oice output seems to b e a solv ed problem, v oice recognition still isn’t. Ho w-

ev er, there are adv ances: Kurzw eil Applied In telligence in W altham, MA, has pro-

duced a 5000- to 10000-w ord v oice recognition system that consists of sp ecial hard-

w are and soft w are for use with a 80386-t yp e p ersonal computer [ 174 ]. Unfortunately ,

the system has to b e trained to recognize individual users’ v oices.

In the Viewseum, a large n um b er of differen t users will comm unicate with the ex-

hibits. Therefore, sp eec h recognition m ust b e sp eak er-indep enden t. On the other

hand, the set of w ords to b e recognized is relativ ely small. Siemens has dev elop ed a protot yp e of a sp eak er-indep enden t w ord recognizer based on phoneme recogni-

tion. The system c ho oses b et w een a n um b er of generated h yp otheses and recognizes

ab out 98 % [ 159 ]. Unfortunately , a lot of hardw are (2-3 b oards) is needed to recog-

nize sp eec h in real time.

4.3.2 n -dimensional Mo vies

The R aster Image Do cument Manager (section 2.3.5.3, page 93) of Hyp er-G allo ws

the displa y of images that are larger than the w orkstation screen. In that case the

user can shrink the image (with loss of information) or scroll horizon tally and/or

v ertically . This feature allo ws to incorp orate some panorama (360

∘

) images, creating

the illusion of rotating a camera on the sp ot.

T o some exten t the opp osite problem is to rotate a (virtual) camera ar ound an

ob ject, e.g. a statue, to get views from all sides. Here the solution is to tak e images

from a n um b er of angles and comp ose a Digital Movie represen ting a fligh t around

the ob ject. As the Digital Movie Do cument Manager allo ws to pla y digital mo vies

bac k and forth if a “bac kw ard c hannel” is supplied (section 2.3.5.5, page 95), the

user gets the illusion of b eing able to mo v e around the ob ject and lo ok at it from

all sides.

Figure 4.4: The 1-Dimensional Digital Mo vie

Figure 4.4 illustrates the concept of suc h a “1-dimensional” mo vie, where the user

can mo v e a “windo w” o v er the mo vie in one dimension. When mo ving the windo w

forw ard, the “forw ard c hannel” (i.e. the differen tial images for the step from frame

F

i to F

i − 1

) is used, when mo ving the windo w bac kw ard, the “bac kw ard c hannel”

(i.e. the differen tial images for the step from frame F

i to F

i − 1

) is used. Alternativ ely ,

the mo vie ma y ha v e b een recorded using full images for eac h frame.

Things get more complicated if the user w an ts to see the ob ject from ab o v e. In

other w ords, the camera mo v es on a sphere surface during recording, creating a

2-dimensional digital mo vie. No w, ev ery frame has not only a predecessor and successor, but is stored in a matrix with frames to the left, righ t, up, and do wn

(figure 4.5). When repla ying the mo vie, the user ma y step in either direction.

Figure 4.5: The 2-Dimensional Digital Mo vie

More dimensions ma y b e added b y allo wing the ob ject itself to mo v e (e.g. a sim u-

lation of a running car engine), not restricting the camera p osition to a sphere, or

sp ecial camera effects [ 109 ]. This leads us to the generic n -dimensional mo vie.

One big problem with n -dimensional mo vies is the explo ding storage space required

for eac h additional dimension. The problem can b e reduced b y the approac h sho wn

in figure 4.6 for a 2-dimensional mo vie: Not all frames F

i,j are supplied, only a grid,

e.g. 5 frames wide, is a v ailable. This essen tially means that the user’s na vigation is

a bit limited, ho w ev er, there are still enough images to guaran tee a smo oth motion

in an y direction.

Applications of n -dimensional mo vies include visualizations of 3D ob jects, mo v-

ing ob jects, panorama views of ro oms and landscap es, and the lik e. Note that

n -dimensional mo vies cannot b e implemen ted using laser discs, b ecause of their

high access time to frames not in sequen tial order.

Figure 4.6: A 2-Dimensional Digital Mo vie Grid

4.3.3 The In teractiv e Mo vie

The Inter active Movie is a concept ev en more in teractiv e than n -dimensional mo vies

describ ed in ab o v e section. Unlik e a con v en tional (linear) mo vie, the con ten ts of an

in teractiv e mo vie are not pre-determined, but ma y b e differen t at an y time the user

w atc hes the in teractiv e mo vie.

The course of ev en ts, the app earance of ob jects and other parameters of an in terac-

tiv e mo vie ma y b e influenced b y:

• User in teraction

• Random n um b ers

• Data from sensors

• In teraction with other in teractiv e mo vies or programs

Dep ending on the story , an in teractiv e mo vie ma y actually b e one of 100,000 p ossible

mo vies. This leads to fundamen tal prop erties of in teractiv e mo vies:

• An in teractiv e mo vie cannot b e w atc hed off a film or video tap e. It has to b e

executed on a computer.

• Theoretically , in teractiv e mo vies can b e implemen ted as n -dimensional mo vies

(see ab o v e section). Ho w ev er, an in teractiv e mo vie with m frames p er sequence

and n decisions b et w een k sequences eac h w ould require m × k n

frames, whic h

is to o m uc h for a reasonable in teractiv e mo vie.

• In teractiv e mo vies are b est implemen ted using the Hyp er-A nimation concept

(see c hapter 3) b y defining appropriate Hyp er-Animation links b et w een se-

quences of the in teractiv e mo vie.

In the Viewseum en vironmen t, an in teractiv e mo vie will b e seen b y the user as a

computer monitor with high-resolution graphics. It will react to the user’s presence

(detected b y one of the sensors describ ed in section 4.3.1.4 on page 130). Comm uni-

cation with the user will probably tak e place using a touc h screen (section 4.3.1.2,

page 129), sp eec h syn thesis and p erhaps sp eec h recognition (section 4.3.1.8, page

136). With the use of ID cards, the in teractiv e mo vie migh t ev en recognize its ob-

serv er, c ho ose the appropriate language and in teraction lev el, etc.

The in teractiv e mo vie is not totally in teractiv e, ho w ev er. Ev ery p ossible sequence

has to b e prerecorded in adv ance. Only the com bination and succession of sequences

is determined at run time. In teractiv e mo vies are not as flexible as virtual realities

(discussed in the next section); on the other hand, no exp ensiv e hardw are is required

(“p o or man’s virtual realit y”). Still, in teractivit y is high when compared to similar

systems found in m useums no w ada ys, and image qualit y is m uc h higher as in to da y’s

virtual realit y systems. Also, users do not ha v e to w ear sp ecial equipmen t, whic h

w ould b e rather incon v enien t in a m useum en vironmen t.

4.3.4 Virtual Ob jects – Virtual Realit y

“Virtual Realit y”, “Artificial Realit y”, “Cyb erspace” are buzzw ords of these da ys.

P ap ers on it ma y not only b e found in almost an y computer magazine (e.g., [ 14 , 40 ,

41 ]), but it also dra ws the atten tion of the general (American) public, as evidenced

b y articles in TIME [ 43 ], Scientific A meric an [ 55 ] and ev en on the fron t page of the

New Y ork Times [ 149 ].

Virtual realit y uses some of the 3D user in terfaces describ ed in section 4.3.1.5 plus

p o w erful and exp ensiv e 3D w orkstations, and enables p ersons to mo v e in a virtual

w orld. There are m ulti-user systems; ho w ev er, b ecause of the need for a 3D w ork-

station for ev ery ey e, the t w o-p erson v arian t (“RB2”, for “realit y built for t w o” [ 40 ])

cost $ 430.000 (in 1989). Because the image qualit y is still to b e considered p o or,

prices will remain high as pretensions increase. But there are efforts to bring virtual

realit y do wn to inexp ensiv e hardw are (PCs) [ 146 ], deliv ering ev en p o orer qualit y

(e.g. wire-frame rendering).

Serious applications include remote con trol of rob ots planned b y NASA [ 149 ] (the

user’s motion data is gathered b y the sensors and transmitted to the rob ot), and

mission planning.

In the Viewseum, visitors could “exp erience” and “in teract with” 3D ob jects that

are virtually exhibited in the Viewseum, e.g. statues, living dinosaurs, molecules,

the solar system, etc. T o ac hiev e this, the do cumen t t yp e “3D ob ject” has to b e

incorp orated in to Hyp er-G, i.e. a do cumen t manager capable of displa ying suc h an

ob ject on one of the 3D output devices describ ed in section 4.3.1.5.2 on page 131

and in teracting with it b y means of 3D input devices (section 4.3.1.5.1, page 130)

has to b e supplied.

In addition, a user in terface metaphor suitable for virtual realit y has to b e dev elop ed.

Once again, XER O X P AR C has un v eiled a new user in terface, one that incorp orates

color and real-time, three-dimensional, in teractiv e animation. It is called Informa-

tion Visualizer [ 20 , 27 ], is implemen ted on Silicon Graphics platforms, and consists

of an en vironmen t of ro oms, p ersp ectiv e w alls [ 102 ], data sculptures, and floating

trees that the user can view from an y side and w ander around in. It is b eliev ed that

this in terface eases the managing of large quan tities of information.

Bibliograph y

[1] Adobe Systems I. : PostScript L anguage R efer enc e Manual . Addison-

W esley , Reading, Mass., 1985.

[2] A gha G. : “An Ov erview of Actor Languages”. A CM SIGPLAN Notic es ,

21(10):58–67, Octob er 1986.

[3] Andersen M. H. , Nielsen J. , and Rasmussen H. : “A Similarit y-based

Hyp ertext Bro wser for Reading the UNIX Net w ork News”. Hyp erme dia ,

1(3):255–265, 1989.

[4] Andrews K. : Distribute d EDEN – Obje ct-Oriente d Design of the EDEN

Kernel as a Distribute d System . Master’s thesis, T ec hnical Univ ersit y Graz,

Austria, June 1991.

[5] Angstmann R. : Implementation einer elektr onischen Enzyklop¨ adie . PhD

thesis, Univ ersit y of Karlruhe, German y , 1978. In German.

[6] ANSI . : Computer Gr aphics – Pr o gr ammer’s Hier ar chic al Inter active Gr aphics

System (PHIGS); F unctional Description, A r chive File F ormat, Cle ar-T ext

Enc o ding of A r chive File; ANS X3.144 . ANSI, Septem b er 1988.

[7] Apple Computer, Inc. : A udio Inter change File F ormat: ”AIFF”. A Stan-

dar d for Sample d Sound Files. V ersion 1.2 . Apple Computer, Inc., June 1988.

[8] Baran N. and Linderholm O. : “F ast New Systems from NeXT”. Byte ,

15(12):165–168, No v em b er 1990.

[9] Begeman M. L. and Conklin J. : “The Righ t T o ol for the Job”. Byte ,

13(10):255–266, Octob er 1988.

[10] Benest I. D. : “A Hyp ertext System with Con trolled Hyp e”. In Pr o c. of the

Hyp ertext II Confer enc e, Y ork , 1989.

[11] Blaschitz P. , Fellner W. D. , Hofba uer A. , Jones W. , Kandler G. ,

Kappe F. , Kessler M. , Klinger E. , Rap a tz K. , and Y a ganaki N. :

VTX EDEN – User’s Manual . INF ONO V A Ges.m.b.H., Graz, Austria, 1990.

[12] Bo wers R. A. : “The Oxford English Dictionary on Compact Disc”. Ele c-

tr onic and Optic al Publishing R eview , 8(2):88–91, June 1988.

[13] Br o wn H. : “Standards for Structured Do cumen ts”. The Computer Journal ,

32(6):505–514, 1989.

[14] Bur gess P. : “Head of VPL Researc h Virtually Mak es His Own W orld”.

MacWEEK , 38–39, August 2, 1988.

[15] Bush V. : “As W e Ma y Think”. In Lamber t S. and R opiequet S. (editors),

CD R OM – The New Papyrus , pages 3–20, Microsoft Press, 1986.

[16] Bush V. : “As W e Ma y Think”. The A tlantic Monthly , 176(1):101–108, July

1945.

[17] Byte . : “The 1990 Byte Aw ards”. Byte , 16(1):147–165, Jan uary 1991.

[18] Campbell G. , DeF anti T. A. , Frederiksen J. , Jo yce S. A. ,

Leske L. A. , Lindber g J. A. , and Sandin D. J. : “Tw o Bit/Pixel

F ull Color Enco ding”. A CM Computer Gr aphics (Pr o c. SIGGRAPH ’86) ,

20(4):215–223, August 1986.

[19] Card S. K. , Mor gan T. P. , and Newell A. : The Psycholo gy of Human-

Computer Inter action . La wrence Erlbaum Asso ciates, Hillsdale, N.J., London,

1983.

[20] Card S. K. , R ober tson G. G. , and Ma ckinla y J. D. : “The Information

Visualizer: An Information W orkspace”. In Pr o c. CHI ’91: Human F actors

in Computing Systems , pages 181–188, A CM Press, New Y ork, Ma y 1991.

[21] Carlson P. A. : “The Rhetoric of Hyp ertext”. Hyp erme dia , 2(2):109–132,

1990.

[22] Carlson P. A. : “Square Bo oks and Round Bo oks: Cognitiv e Implications

of Hyp ertext”. A c ademic Computing , 16–19; 26–31, April 1990.

[23] Carson G. S. : “Graphics, Net w orking, and Distributed Computing”. In

Pr o c. Workshop on Gr aphics and Communic ations (ESPRIT Pr oje ct 2463 -

AR GOSI), Br eub er g, Germany , Springer, Octob er 1990.

[24] Ca vigioli C. : “Image Compression: Sp elling Out the Options”. A dvanc e d

Imaging , 64–85, Octob er 1990.

[25] Ca vigioli C. : “JPEG Compression: Sp elling Out the Options”. A dvanc e d

Imaging , 44–48, Marc h 1991.

[26] Clark D. : “C-Cub e’s JPEG Image Compression: Where’s It Headed?”.

A dvanc e d Imaging , 50–71, Septem b er 1990.

[27] Clarkson M. A. : “An Easier In terface”. Byte , 16(2):227–282, F ebruary

1991.

[28] Commodore Business Ma chines . : A miga R OM Kernel R efer enc e Manual:

EXEC . T e chnic al R efer enc e Series , Addison-W esley , Reading, Massac h usetts,

1985.

[29] CompuSer ve . : Gr aphics Inter change F ormat (GIF) – A standar d defining a

me chanism for the stor age and tr ansmission of r aster-b ase d gr aphics informa-

tion . CompuServ e Inc., June 1987.

[30] Conklin J. : “Hyp ertext: An In tro duction and Surv ey”. IEEE Computer ,

20(9):17–41, Septem b er 1987.

[31] Coulouris G. F. and Dollimore J. : Distribute d Systems: Conc epts and

Design . International Computer Scienc e Series , Addison-W esley , Reading,

Mass., 1988.

[32] Co x B. J. : Obje ct Oriente d Pr o gr amming – A n Evolutionary Appr o ach .

Addison-W esley , Reading, Mass., 1986.

[33] Cr o wston K. and Malone T. W. : “In telligen t Soft w are Agen ts – Using

AI tec hniques in group w are has the p oten tial to dramatically alter the w a y w e

organize our w ork”. Byte , 13(13):267–272, Decem b er 1988.

[34] D a venpor t T. and Vellon M. : T ag Image File F ormat (TIFF) – R ev.

4.0 . Aldus Corp. & Microsoft Corp., April 1987.

[35] D a vies G. , Ma urer H. , and Preece J. : Pr esentation Metaphors for a very

lar ge Hyp erme dia System . I IG Rep ort 282, I IG, Graz Univ ersit y of T ec hnology ,

Austria, April 1990. T o app ear in: Journal of Micro Computer Applications

14(2), 1991.

[36] Digit al Equipment Corpora tion . : Comp ound Do cument A r chite ctur e

Manual, Ultrix V ersion 3.0, Or der Numb er AA-L Y28A-TE . DEC, No v em b er

1988.

[37] Digit al Resear ch . : GEM Pr o gr ammer’s Guide . Digital Researc h, 1985.

[38] Digit al Resear ch . : GEM Pr o gr ammer’s Guide . Digital Researc h, 1985.

[39] Dimension Technologies, Inc. : “New Displa y Pro duces Stereoscopic 3-

D Images Without Glasses”. Jandel Scientific Newsletter , 4(2):2, 1990.

[40] Ditlea S. : “Inside Artificial Realit y”. PC/Computing , 91–102, No v em b er

1989.

[41] Eglo wstein H. : “Reac h Out and T ouc h Y our Data”. Byte , 15(7):283–290,

July 1990.

[42] Ellis C. A. , Gibbs S. J. , and Rein G. L. : “Group w are: Some Issues and

Exp eriences”. Communic ations of the A CM , 34(1):39–58, Jan uary 1991.

[43] Elmer-Dewitt P. : “Through the 3-D Lo oking Glass”. TIME , 65–66, Ma y

1, 1989.

[44] Engelbar t D. C. : “A Conceptual F ramew ork for the Augmen tation of

Man’s In tellect”. In Ho wer ton P. D. and Weeks D. C. (editors), Vistas

in Information Hand ling, V ol. 1 , pages 1–29, Spartan Bo oks, W ashington

D.C., 1963.

[45] Engelbar t D. C. and Lehtman H. : “W orking T ogether – The h uman

system and the to ol system are equally imp ortan t in computer-supp orted co-

op erativ e w ork”. Byte , 13(13):245–252, Decem b er 1988.

[46] Fedid a S. : “An In teractiv e Information Service for the General Pub-

lic”. In Pr o c. Eur op e an Computing Confer enc e on Communic ation Networks ,

pages 261–282, 1975.

[47] Fellner W. D. , Andrews K. , Kappe F. , and Leitner H. : Distribute d

EDEN – A Distribute d Gr aphics Editing Envir onment . T ec hnical Rep ort 9104,

Memorial Univ ersit y of Newfoundland, St. John’s, NF, Canada, Ma y 1991.

[48] Fellner W. D. and Kappe F. : EDEN – A Gener al-Purp ose Gr aphics

Editor Envir onment . I IG Rep ort 266, I IG, Graz Univ ersit y of T ec hnology ,

Austria, F ebruary 1988.

[49] Fellner W. D. and Kappe F. : “EDEN – An Editor En vironmen t for

Ob ject-Orien ted Graphics Editing”. In V andoni C. E. and Duce D. A.

(editors), Pr o c. Eur ographics ’90 , Montr eux, Switzerland , pages 425–437,

Eurographics Asso ciation, Elsevier Science Publishers B.V., The Netherlands,

Septem b er 1990.

[50] Fellner W. D. and Kappe F. : “PIC – A Metafile F ormat for Distributed

Graphics Applications”. In Pr o c. Workshop on Gr aphics and Communic ations

(ESPRIT Pr oje ct 2463 - AR GOSI), Br eub er g, Germany , Springer, Octob er

1990.

[51] Fellner W. D. , Kappe F. , and Schaeffler J. : CGI’ Interfac e V ersion

1.0 (b ase d on CGI 2 nd

DP) . I IG Rep ort 292, I IG, Graz Univ ersit y of T ec hnol-

ogy , Austria, No v em b er 1990.

[52] Fiderio J. : “A Grand Vision – Hyp ertext mimics the brain’s abilit y to

access information quic kly and in tuitiv ely b y reference”. Byte , 13(10):237–

244, Octob er 1988.

[53] Fisher S. S. and T azelaar J. M. : “Living in a Virtual W orld”. Byte ,

15(7):215–221, July 1990.

[54] Flo yd R. W. and Steinber g L. : “An Adaptiv e Algorithm for Spatial Gra y

Scale”. SID 75 Int. Symp. Dig. T e ch. Pap ers , 36–37, 1975.

[55] F oley J. D. : “In terfaces for Adv anced Computing”. Scientific A meric an ,

127–135, Octob er 1987.

[56] Frei H. P. and Stieger D. : “The Retriev al View, a Comp onen t of the Do c-

umen t Arc hitecture”. In Ma urer H. (editor), Pr o c. of Hyp ertext/Hyp erme dia

’91, Gr az, A ustria , pages 99–108, Springer, IFB 276, Ma y 1991.

[57] Frisse M. : “F rom T ext to Hyp ertext”. Byte , 13(10):247–253, Octob er 1988.

[58] Gloor P. A. : Hyp erme dia-A nwendungsentwicklung – Eine Einf ührung

mit Hyp er c ar d Beispielen . L eitf¨ aden der angewandten Informatik , T eubner,

Stuttgart, 1990. In German.

[59] Gr udin J. : “P erils and Pitfalls – T o succeed with Group w are, y ou m ust first

clear these h urdles”. Byte , 13(13):261–264, Decem b er 1988.

[60] Halasz F. G. : “Reflections on NoteCards: Sev en Issues for the Next Gener-

ation of Hyp ermedia Systems”. Communic ations of the A CM , 31(7):836–852,

July 1988.

[61] Hammond N. and Allison L. : “The T ra v el Metaphor as Design Principle

and T raining Aid for Na vigating Around Complex Systems”. In Diaper D.

and Winder R. (editors), Pe ople and Computers III , Cam bridge Univ ersit y

Press, 1987.

[62] Hard wick A. : “Error Correction Co des – Key to P erfect Data”. In

Lamber t S. and R opiequet S. (editors), CD R OM – The New Papyrus ,

pages 73–83, Microsoft Press, 1986.

[63] Harney K. , Keith M. , La velle G. , R y an L. D. , and St ark D. J. :

“The i750 Video Pro cessor: A T otal Multimedia Solution”. Communic ations

of the A CM , 34(4):64–78, April 1991.

[64] Heckber t P. : “Color Image Quan tization for F rame Buffer Displa y”. Pr o c.

SIGGRAPH ’82, A CM Computer Gr aphics , 16(3):297–307, July 1982.

[65] Helander M. (editor). : Handb o ok of Human-Computer Inter action . Noth-

Holland Publ. Co., Amsterdam, 1990.

[66] Hewitt C. : “Viewing Con trol Structures as P atterns of P assing Messages”.

A rtificial Intel ligenc e , 8(3):323–364, June 1977.

[67] Hil tz S. R. and Tur off M. : “The Ev olution of User Beha vior in a Comput-

erized Conferencing System”. Communic ations of the A CM , 24(11):739–751,

No v em b er 1981.

[68] Hil tz S. R. and Tur off M. : “Structuring Computer-Mediated Comm u-

nication Systems to Av oid Information Ov erload”. Communic ations of the

A CM , 28(7):680–689, July 1985.

[69] Hol weg G. and Huber F. : “Creating Highly In teractiv e Lesson Material

or Learning b y Doing”. In D al ton D. W. (editor), Pr o c. 32 nd

A nnual.

Confer enc e, Asso ciation for the Development of Computer-Base d Instructional

Material, San Die go, Ca. , pages 184–191, No v em b er 1990.

[70] Huber F. , Makedon F. , and Ma urer H. : “Hyp er-COSTOC: A Compre-

hensiv e Computer-Based T eac hing Supp ort System”. Journal of Micr o Com-

puter Applic ations , 12:293–317, 1989.

[71] H

¨

utter M. : Design und Implementierung eines Hyp erme dia Basis Systems .

Master’s thesis, T ec hnical Univ ersit y Graz, Austria, June 1991. In German.

[72] Irler W. J. and Barbieri G. : “Non-In trusiv e Hyp ertext Anc hors and Indi-

vidual Colour Markings”. In Rizk A. , Streitz N. , and Andr

´

e J. (editors),

Hyp ertext: Conc epts, Systems and Applic ations; Pr o c. ECHT ’90 , pages 261–

273, Cam bridge Univ ersit y Press, 1990.

[73] ISO . : Information Pr o c essing Systems – Computer Gr aphics – Interfacing

T e chniques for Dialo gs with Gr aphic al Devic es (CGI), Parts 1-6, ISO DIS

9636 . ISO, Decem b er 1989.

[74] ISO . : Information Pr o c essing Systems – Computer Gr aphics – Metafile for

the Stor age and T r ansfer of Pictur e Description Information (CGM), ISO IS

8632 . ISO, August 1987.

[75] ISO . : Information Pr o c essing Systems – Computer Gr aphics – Pr o gr ammer’s

Hier ar chic al Inter active Gr aphics System (PHIGS), Parts 1-3, ISO DIS 9592 .

ISO, Octob er 1987.

[76] ISO . : Information Pr o c essing Systems – Op en Systems Inter c onne ction –

Sp e cific ation of A bstr act Syntax Notation One (ASN.1), ISO DIS 8824 . ISO,

July 1986.

[77] ISO . : Information Pr o c essing Systems – Op en Systems Inter c onne ction

– Sp e cific ation of b asic enc o ding rules for A bstr act Syntax Notation One

(ASN.1), ISO DIS 8825 . ISO, July 1986.

[78] ISO . : Information Pr o c essing Systems – T ext and Offic e Systems – Offic e

Do cument A r chite ctur e (OD A) and Inter change F ormat, Parts 1,2,4-8, ISO

IS 8613 . ISO, 1989.

[79] ISO . : Information Pr o c essing Systems – T ext and Offic e Systems – Standar d

Gener alize d Markup L anguage (SGML), ISO IS 8879 . ISO, 1986.

[80] ISO . : ISO/IEC JTC1/SC2/WG12 – Multime dia and Hyp erme dia informa-

tion c o ding Exp ert Gr oup (MHEG) – Co de d R epr esentation of Multime dia and

Hyp erme dia Information – MHEG Working Do cument ”S”, V ersion 3 . ISO,

No v em b er 1990.

[81] Johnson J. , R ober ts T. L. , Verplank W. , Smith D. C. , Irby C. ,

Beard M. , and Ma ckey K. : “The Xero x Star: A Retrosp ectiv e”. IEEE

Computer , 22(9):11–26, Septem b er 1989.

[82] Jo yce E. : “A Three Dimensional Space T ablet”. PC Magazine , 4(12), June

26 1984.

[83] Kant K. and Zucker S. W. : “Planning Collision-F ree T ra jectories in

Time-V arying En vironmen ts: A Tw o-lev el Hierarc h y”. The Visual Computer ,

3(5):304–313, Marc h 1988.

[84] Kappe F. : Design und Implementierung eines EDEN-b asier enden Bild-

schirmtext-Editors . Master’s thesis, T ec hnical Univ ersit y Graz, Austria,

F ebruary 1988. In German.

[85] Kappe F. : Pictur e Inter change Co ding (PIC); F unctional Sp e cific ation and

Enc o ding of Pr ofile ’2D’ . I IG Rep ort 266, I IG, Graz Univ ersit y of T ec hnology ,

Austria, F ebruary 1989.

[86] Kappe F. : “Sp ezielle Eigensc haften großer Hyp ermedia-Systeme”. In

Ma urer H. (editor), Pr o c. of Hyp ertext/Hyp erme dia ’91, Gr az, A ustria ,

pages 164–173, Springer, IFB 276, Ma y 1991. In German.

[87] Kappe F. : “Unortho do xe An w endungen v on Hyp ermedia-Systemen”. In

W allmannsber ger J. (editor), Hyp ertext – State of the A rt , R. Olden b ourg,

Vienna, Munic h, 1991. In German. T o app ear.

[88] Kappe F. and Ma urer H. : “Animation in Hyp er-G – An Outline”. In

Haase V. and Zinterhof P. (editors), Pr o c. F utur e T r ends in Information

T e chnolo gy ’90, Salzbur g, A ustria , pages 235–248, Austrian Computer So ciet y ,

R. Olden b ourg, Vienna, Munic h, Septem b er 1990.

[89] Kappe F. , Na gler G. , Sammer P. , and Sigl H. C. : Pictur e Inter change

Co ding (PIC) A ddendum 3 - Pr ofile ’RAST’ . I IG Rep ort, I IG, Graz Univ ersit y

of T ec hnology , Austria. In preparation.

[90] Knuth D. E. : Computers and T yp esetting. V ol. A: The T

E

Xb o ok . Addison-

W esley , Reading, Massac h usetts, 1986.

[91] Knuth D. E. : Computers and T yp esetting. V ol. B: T

E

X: The Pr o gr am .

Addison-W esley , Reading, Massac h usetts, 1984.

[92] Kuhlen R. : Hyp ertext – Ein nicht-line ar es Me dium zwischen Buch und

Wissensb ank . Springer, 1991. In German.

[93] La ub L. : “Information Deliv ery Systems”. In R opiequet S. , Ein-

ber ger J. , and Zoellick B. (editors), CD R OM – Optic al Publishing ,

pages 11–30, Microsoft Press, 1987.

[94] La ub L. : “What Is CD R OM?”. In Lamber t S. and R opiequet S.

(editors), CD R OM – The New Papyrus , pages 47–71, Microsoft Press, 1986.

[95] La urel B. (editor). : The A rt of Human-Computer Interfac e Design .

Addison-W esley , Reading, Massac h usetts, 1990.

[96] le Gall D. : “MPEG: A Video Compression Standard for Multimedia Ap-

plications”. Communic ations of the A CM , 34(4):46–63, April 1991.

[97] Linton M. A. , Calder P. R. , and Vlissides J. M. : “The Design and

Implemen tation of In terViews”. In Pr o c. USENIX C++ Workshop, Santa F e,

New Mexiko , No v em b er 1987.

[98] Linton M. A. , Vlissides J. M. , and Calder P. R. : “Comp osing User

In terfaces with In terViews”. IEEE Computer , 22(2):8–22, F ebruary 1989.

[99] Lion K. : “D A T’s a Solution”. Byte , 15(12):323–328, No v em b er 1990.

[100] Lo viera G. and Kinstler D. : “Multimedia: D VI Arriv es”. Byte , 15(11,

IBM Sp ecial Edition):105–108, 1990.

[101] Lozano-Per

´

ez T. and Wesley M. A. : “An Algorithm for Planning

Collision-F ree P aths Among P olyhedral Obstacles”. Communic ations of the

A CM , 22(10):560–570, Octob er 1979.

[102] Ma ckinla y J. D. , R ober tson G. G. , and Card S. K. : “The P ersp ectiv e

W all: Detail and Con text Smo othly In tegrated”. In Pr o c. CHI ’91: Human

F actors in Computing Systems , pages 173–179, A CM Press, New Y ork, Ma y

1991.

[103] Ma gnena t-Thalmann N. : “Multimedia, Virtual Realit y and Computer

Animation”. In Ma urer H. (editor), Pr o c. of Hyp ertext/Hyp erme dia ’91,

Gr az, A ustria , pages 1–17, Springer, IFB 276, Ma y 1991.

[104] Ma gnena t-Thalmann N. and Thalmann D. : “Abstract Muscle Action

Pro cedures for Human F ace Animation”. The Visual Computer , 3(5):290–297,

Marc h 1988.

[105] Ma gnena t-Thalmann N. and Thalmann D. : Computer A nimation: The-

ory and Pr actic e . Springer, T oky o, Berlin, Heidelb erg, New Y ork, 1983.

[106] Ma gnena t-Thalmann N. and Thalmann D. : “The Direction of Syn thetic

Actors in the Film R endez-vous à Montr ´ eal ”. IEEE Computer Gr aphics &

Applic ations , 7(12):9–19, Decem b er 1987.

[107] Ma gnena t-Thalmann N. and Thalmann D. : “An Indexed Bibliograph y

on Image Syn thesis”. IEEE Computer Gr aphics & Applic ations , 7(8):28–38,

August 1987.

[108] Ma gnena t-Thalmann N. and Thalmann D. : “MIRANIM: An Extensi-

ble Director-Orien ted System for the Animation of Realistic Images”. IEEE

Computer Gr aphics & Applic ations , 5(3):61–73, Marc h 1985.

[109] Ma gnena t-Thalmann N. and Thalmann D. : “Sp ecial Cinematographic

Effects with Virtual Mo vie Cameras”. IEEE Computer Gr aphics & Applic a-

tions , 6(4):43–50, April 1986.

[110] Makedon F. and Ma urer H. : “COSTOC – Co mputer S upp orted T eac hing

of C omputer Science”. In Pr o c. IFIP Confer enc e on T elete aching, Budap est ,

pages 107–119, North Holland Publ. Co., Amsterdam, 1988.

[111] Manes S. : “Arc hiv es in Miniature”. PC Magazine , 8(2):185–200, Jan uary

1989.

[112] Mar chionini G. and Shneiderman B. : “Finding F acts vs. Bro wsing

Kno wledge”. IEEE Computer , 21(1):70–80, Jan uary 1988.

[113] Ma ulsby D. L. , Witten I. H. , and Kittlitz K. A. : “Metamouse: Sp ec-

ifying Graphical Pro cedures b y Example”. A CM Computer Gr aphics (Pr o c.

SIGGRAPH ’89) , 23(3):127–136, July 1989.

[114] Ma urer H. : Bildschirmtext muß ein Erfolg wer den . I IG Rep ort B42, I IG,

Graz Univ ersit y of T ec hnology , Austria, F ebruary 1984. In German.

[115] Ma urer H. : Bildschirmtext¨ ahnliche Systeme . I IG Rep ort B11, I IG, Graz

Univ ersit y of T ec hnology , Austria, 1981. In German.

[116] Ma urer H. : “Hyp er-G – Ein ec h tes Hyp ermedia System”. In W allmanns-

ber ger J. (editor), Hyp ertext – State of The A rt , R. Olden b ourg, Vienna,

Munic h, 1991. In German.

[117] Ma urer H. : The Viewseum – A n Intr o duction . I IG Rep ort 279, I IG, Graz

Univ ersit y of T ec hnology , Austria, April 1990.

[118] Ma urer H. , R oszenich N. , and Sebestyen I. : “Videotex without Big

Brother”. Ele ctr onic Publishing R eview , 4:201–214, 1984.

[119] Ma urer H. , Schinnerl W. , and Tomek I. : “Komm unik ation in einem

Hyp ermedia-System”. In Gloor P. A. and Streitz N. A. (editors), Pr o c.

of Hyp ertext/Hyp erme dia ’90; IFB 249 , pages 124–133, Springer, Berlin, 1990.

In German.

[120] Ma urer H. and Soral G. : HOT A CT: HO me T r ainer A nd C omputer

T e chnolo gy . I IG Rep ort 283, I IG, Graz Univ ersit y of T ec hnology , Austria,

August 1990.

[121] Ma urer H. and Tomek I. : “Broadening the Scop e of Hyp ermedia Princi-

ples”. Hyp erme dia , 2(3):201–221, 1990.

[122] Ma urer H. and Tomek I. : “F rom Hyp ertexts to Hyp eren vironmen ts”. e

& i , 107(12):614–616, Decem b er 1990.

[123] Ma urer H. and Tomek I. : Hyp erme dia Biblio gr aphy . I IG Rep ort 286, I IG,

Graz Univ ersit y of T ec hnology , Austria, No v em b er 1990. An up dated v ersion

app ears in: Journal of Micro Computer Applications 14(2), 1991.

[124] Ma urer H. and Tomek I. : “Hyp ermedia in T eleteac hing”. In Pr o c. IFIF

Congr ess WCCE ’90 , pages 1009–1015, North Holland Publ. Co., Amsterdam,

1990.

[125] Ma urer H. and Tomek I. : “A Mo del for a Next-Generation Hyp ermedia

System”. In Pr o c. A CM/CSC ’91, T exas , 1991.

[126] Ma urer H. and Tomek I. : “Some Asp ects of Hyp ermedia Systems and their

T reatmen t in Hyp er-G”. Wirtschaftsinformatik , 32(2):187–196, April 1990.

[127] Ma urer H. and Williams M. : Hyp erme dia Systems as Infr astructur e for

Museums . I IG Rep ort 279, I IG, Graz Univ ersit y of T ec hnology , Austria, 1991.

T o app ear in: Journal of Micro Computer Applications 14(2), 1991.

[128] McA vinney P. : “T elltale Gestures: 3-D applications need 3-D input”. Byte ,

15(7):237–240, July 1990.

[129] Meyr o witz N. K. : “In terMedia: The Arc hitecture and Construction of

an Ob ject Orien ted Hyp ertext/Hyp ermedia System and Applications F rame-

w ork”. In Pr o c. OOPSLA 86, Portland, Or e gon , pages 186–201, Septem-

b er/Octob er 1986.

[130] Moline J. , Benigni D. , and Bar onas J. (editors). : Pr o c. Hyp ertext Stan-

dar dization Workshop , NIST Sp ecial Publication 500-178, Jan uary 1990.

[131] M

¨

uhlh

¨

auser M. : “Hyp erinformation in Instructional T o ols En vironmen ts”.

In Norrie D. H. and Six H. W. (editors), Computer Assiste d L e arning:

Pr o c. 3 r d

International Confer enc e ICCAL’90 , pages 245–264, Springer, LNCS

438, 1990.

[132] M

¨

ulner H. : Die Behand lung von T extdatenb est¨ anden in einem Hyp erme di-

asystem . PhD thesis, T ec hnical Univ ersit y Graz, Austria, 1991. In German.

[133] M

¨

ulner H. : “A System of In ter-Activ e Encyclopaedias”. In Pr o c. 4 th

A ustrian-Hungarian Informatics Confer enc e, Budap est , pages 181–190, John

v on Neumann So ciet y for Computing Sciences, Hungary , 1989.

[134] Na gler G. M. : Inte gr ation digitalisierter Bilder in Editiersysteme . Master’s

thesis, T ec hnical Univ ersit y Graz, Austria, Septem b er 1990. In German.

[135] Nelson T. H. : “A File Structure for the Complex, the Changing, and the

Indeterminate”. In Pr o c. 20 th

A CM National Confer enc e , pages 84–100, 1965.

[136] Nelson T. H. : Liter ary Machines, Ed. 87.1. (1987) . The Distributors,

South Bend, IN, 1981.

[137] Nelson T. H. : “Managing Immense Storage: Pro ject Xanadu pro vides a

mo del for the p ossible future of mass storage”. Byte , 13(1):225–238, Jan uary

1988.

[138] Nielsen J. : “The Art of Na vigating through Hyp ertext”. Communic ations

of the A CM , 33(3):296–310, Marc h 1990.

[139] Nielsen J. : Hyp ertext & Hyp erme dia . Academic Press, San Diego, CA, 1990.

[140] Niever gel t J. : “Errors in Dialog Design and ho w to Av oid them”. In

Niever gel t , Cora y , Nicoud , and Sha w (editors), Do cument Pr ep ar ation

Systems , North Holland, 1982.

[141] Nye A. (editor). : X Pr oto c ol R efer enc e Manual . V olume 0 of The X Window

System Series , O’Reilly and Asso ciates, Inc., 2 nd

edition, 1990.

[142] Nye A. : Xlib Pr o gr amming Manual . V olume 1 of The X Window System

Series , O’Reilly and Asso ciates, Inc., 1989.

[143] Nye A. (editor). : Xlib R efer enc e Manual . V olume 2 of The X Window System

Series , O’Reilly and Asso ciates, Inc., 1989.

[144] Opper S. : “A Group w are T o olb o x: These pro ducts pro v e that p ersonal

computer group w are is real”. Byte , 13(13):275–282, Decem b er 1988.

[145] O w czar czyk J. and O w czar czyk B. : “Ev aluation of true 3D Displa y

Systems for Visualizing Medical V olume Data”. The Visual Computer , 6:219–

226, July 1990.

[146] P a usch R. : “Virtual Realit y on Fiv e Dollars a Da y”. In Pr o c. CHI ’91:

Human F actors in Computing Systems , pages 265–269, A CM Press, New Y ork,

Ma y 1991.

[147] Pins M. : “Extensions of the Color-Cell-Compression-Algorithm”. In

Ma gnena t-Thalmann N. and Thalmann D. (editors), pr o c. Computer

A nimation ’91, Geneva, Switzerland , pages 241–251, Springer, 1991.

[148] Polhemus . : 3SP A CE Isotr ak – User’s Manual . P olhem us – A Kaiser

Aerospace & Electronics Compan y , Colc hester, V ermon t, Ma y 22, 1987.

[149] Polla ck A. : “What Is Artificial Realit y? W ear a Computer and See”. The

New Y ork Times , 138(47836):1, April 10, 1989.

[150] Poskanzer J. : Extende d Portable Bitmap T o olkit. Beta T est Distribution of

F eb. 5 . 1991.

[151] Pueyo X. and Tost D. : “A Surv ey of Computer Animation”. Computer

Gr aphics F orum , 7(4):281–300, Decem b er 1988.

[152] Quar terman J. S. : The Matrix – Computer Networks and Confer encing

Systems Worldwide . Digital Press, Bedford, MA, 1990.

[153] Rap a tz K. : Maßschneiderung von EDEN auf GEM-Komp atibilit¨ at . Master’s

thesis, T ec hnical Univ ersit y Graz, Austria, 1989. In German.

[154] Ra ymond D. R. and Tomp a F. W. : “Hyp ertext and The Oxford English

Dictionary”. Communic ations of the A CM , 31(7):871–879, July 1988.

[155] Reeves W. T. : “P article Systems – A T ec hnique for Mo deling a Class

of F uzzy Ob jects”. A CM Computer Gr aphics (Pr o c. SIGGRAPH ’83) ,

17(3):359–376, July 1983.

[156] Reynolds C. W. : “Computer Animation with Scripts and Actors”. A CM

Computer Gr aphics , 16(3):289–296, July 1982.

[157] R obinson M. : “Through a Lens Smartly – MIT’s Information Lens pro ject

has laid the foundation for in telligen t assistan ts for y our E-mail system”. Byte ,

16(5):177–187, Ma y 1991.

[158] R obinson P. : “Stereo 3D”. Computer Gr aphics World , 68–74, June 1990.

[159] R umpf C. , Harke U. , Leiner U. , and Niem

¨

oller M. : “Nat ürlic he

Sprac he und Computer-Animation – Eine m ulti-mediale Dialogob erfl¨ ac he”.

In Ma urer H. (editor), Pr o c. of Hyp ertext/Hyp erme dia ’91, Gr az, A ustria ,

pages 238–248, Springer, IFB 276, Ma y 1991. In German.

[160] Sammer P. : Erweiterungen des klassischen c omputerunterst ützten Unter-

richts . PhD thesis, T ec hnical Univ ersit y Graz, Austria, Ma y 1989. In German.

[161] Scheifler R. W. and Gettys J. : “The X Windo w System”. A CM T r ans-

actions on Gr aphics , 5(2):79–109, April 1986.

[162] Sch

¨

utt H. A. and Streitz N. A. : “A Hyp ermedia Engine Based on a

Relational Database Managemen t System”. In Rizk A. , Streitz N. , and

Andr

´

e J. (editors), Hyp ertext: Conc epts, Systems and Applic ations; Pr o c.

ECHT ’90 , pages 95–108, Cam bridge Univ ersit y Press, 1990.

[163] Shneiderman B. : “User In terface Design for the Hyp erties Electronic En-

cyclop edia”. In Pr o c. of Hyp ertext ’87, TR88-013 , pages 199–205, Univ ersit y

of North Carolina, Dept. of Computer Science, Marc h 1988.

[164] Smith B. : “P ersonal Iris: The Dream Mak er”. Byte , 15(7):174–178, 1990.

[165] St allman R. : GNU Emacs Manual. 5 th

Edition, Emacs V ersion 18 for Unix

Users . Octob er 1986.

[166] Stein R. M. : “Bro wsing through T erab ytes – Wide-area information serv ers

op en a new fron tier in p ersonal and corp orate information services”. Byte ,

16(5):157–164, Ma y 1991.

[167] StereoGraphics Corp. : “3-D Viewing in Tw o St yles”. Byte , 16(1):50,

1991.

[168] Streitz N. A. , Hannemann J. , and Th

¨

uring M. : “F rom Ideas and

Argumen ts to Hyp erdo cumen ts: T ra v elling through Activit y Spaces”. In Pr o c.

Hyp ertext ’89 , pages 343–364, A CM Press, New Y ork, No v em b er 1989.

[169] Str oustr up B. : The C++ Pr o gr amming L anguage. A ddison-Wesley Series

in Computer Scienc e , Addison-W esley , Reading, Massac h usetts, 1987.

[170] Stubenra uch R. : “T ouring a Hyp er-CAI System”. In Ma urer H. (editor),

Computer Assiste d L e arning. Pr o c. of 2 nd

Int. Conf., ICCAL ’89, A ustin, TX,

USA , pages 541–551, Springer, LNCS 360, Ma y 1989.

[171] Stubenra uch R. and Tomek I. : “Na vigation and Bro wsing Through

Lessons in a Hyp er-CAI System”. In Pr o c. 7 th

International Confer enc e on

T e chnolo gy and Educ ation, Brussels, Belgium , pages 125–127, CEP Consul-

tan ts Ltd., Marc h 1990.

[172] T akahashi T. and Kishino F. : “Hand Gesture Co ding Based on Ex-

p erimen ts using a Hand Gesture In terface Device”. A CM SIGCHI Bul letin ,

23(2):67–74, April 1991.

[173] T animoto S. L. and R uny an M. S. : “PLA Y – An Iconic Programming

System for Children”. In Chang S. , Ichika w a T. , and Ligomenides P. A.

(editors), Visual L anguages , pages 191–205, Plen um Publishing Corp oration,

1986.

[174] Tello E. R. : “Bet w een Man and Mac hine”. Byte , 13(9):288–293, Septem b er

1988.

[175] Theoharis T. A. , Tra vis A. R. L. , and Wiseman N. E. : “3D Displa y:

Syn thetic Image Generation and Visual Effect Sim ulation”. Computer Gr aph-

ics F orum , 9(4):337–348, Decem b er 1990.

[176] Tomek I. , Khan S. , Muldner T. , Nassar M. , No v ak G. , and Pr oszyn-

ski P. : “Hyp ermedia – In tro duction and Surv ey”. T o app ear in: Journal of

Micro Computer Applications 14(2), 1991.

[177] Tomek I. and Ma urer H. : “The Analyst as a Staring P oin t for a Hyp er-

media System”. T o app ear in: Journal of Micro Computer Applications 14(2),

1991.

[178] Tost D. and Pueyo X. : “Human Bo dy Animation: A Surv ey”. The Visual

Computer , 3(5):254–264, Marc h 1988.

[179] W alla ce G. K. : “The JPEG Still Picture Compression Standard”. Com-

munic ations of the A CM , 34(4):30–44, April 1991.

[180] Welch T. A. : “A T ec hnique for High P erformance Data Compression”.

IEEE Computer , 17(6):8–19, June 1984.

[181] Wiener R. S. and Pinson L. J. : The C++ Workb o ok . Addison-W esley ,

Reading, Massac h usetts, 1990.

[182] Wiener R. S. and Pinson L. J. : A n Intr o duction to Obje ct-Oriente d

Pr o gr amming and C++ . Addison-W esley , Reading, Massac h usetts, 1988.

[183] Wilhelms J. : “T o w ard Automatic Motion Con trol”. IEEE Computer Gr aph-

ics & Applic ations , 7(4):11–22, April 1987.

[184] Williams D. : “OnmiView – A Real-Time, Auto-Stereoscopic, Multiplanar

3-D Displa y System”. Byte , 16(12):19, No v em b er 1990.

[185] Williams G. : “Hyp erCard”. Byte , 12(14):109–117, Decem b er 1987.

[186] Winograd T. : “Where the Action Is – Group w are brings clarit y and simplic-

it y to the co ordination of h uman action”. Byte , 13(13):256A–258, Decem b er

1988.

[187] Witten I. H. : Principles of Computer Sp e e ch . Academic Press, London,

1982.

[188] Witten I. H. and Ma ulsby D. : “I, Metamouse”. In IIG R ep ort 260 ,

pages 198–210, I IG, Graz Univ ersit y of T ec hnology , Austria, June 1988.

[189] Y ankelo vich N. , Haan B. J. , Meyr o witz N. K. , and Dr ucker S. M. :

“In termedia: The Concept and the Construction of a Seamless Information

En vironmen t”. IEEE Computer , 21(1):81–96, Jan uary 1988.

[190] Y ankelo vich N. , Meyr o witz N. K. , and v an D am A. : “Reading and

W riting the Electronic Bo ok”. IEEE Computer , 18(10):15–30, Octob er 1985.

[191] Zel tzer D. : “Motor Con trol T ec hniques for Figure Animation”. IEEE

Computer Gr aphics & Applic ations , 2(11):53–60, No v em b er 1982.