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SPECIAL ISSUE ON MULTIMEDIA AND ARTIFICIAL REALITY

The growing interest in and importance of multimedia technologies and Artificial Reality, has indicated the need for
a special issue on the subject. In order to increase the circulation of this issue, invited authors have been asked to
send their contributions in English.

The publication of this issue also coincides with the opening of the Conference *‘Palermo 90: Sistemi Multimediali
e loro Applicazioni”’, co-sponsored by the Italian Research Council. This year’s topic focuses on Multimedia Technolo-
gy for Teaching. Two Conference papers have also been included in this Special Issue because of their particular perti- '
nence and as representatives of the quality of the contributions presented at the Conference.

What follows is a short description of the contents of each article, to give the reader a concise overview of the topics
presented by the authors.

The Special Issue opens with an article by Gianni Degli Antoni. After some general remarks about current software
development technology and the software industry, especially in relation to recent trends in OOP’s, graphical interfa-
ces and hypermedia, he presents a prototyping approach to software development, centered on the notion of realistic

prototyping.

The next paper, by Roberto Polillo, is an overview of advanced man-machine interfaces as primary examples of inte-
raction with Artificial Reality, and discusses how the notion of man-machine interaction will change in view of this trend.

Francesco Gardin raises the issue of the need for a model for Artificial Reality and its design principles. A solution,
based on the notion of “‘hard’” and “‘soft’’ agents, and how they can be combined together, is presented together with
a list of design principles and examples.

The contribution by Roberto Grande is about the problem of symmetry in communication between man and computer,
described in syntactic, semantic and pragmatic terms. The use of the ProTalk system of a common language and model
of pragmatics is described.

In her paper, Rita Pizzi describes a formal model of the infinite levels of cognitive reflexion caused by interaction with
Artificial Reality. This results in an “‘equation of Artificial reality”’.

The paper by Marina Bonomi and Marcella Logli contains a detailed report on the Hypermilan project: a multimedia
information system about Milan.

Giorgio Olimpo raises the issue of the reusability of multimedia courseware and lists some guidelines for its production
which should make reusability possible.

In their article, Flavio Argentesi and Nadia Catenazzi address the problem of converting existing paper documents
into hypertext. Super-Library, the conversion environment developed for this purpose, is described.

Stefano Antoniazzi and Mirella Mastretti describe Hyperchip, the prototype of an interactive system which uses a hyper-
text as the navigation metaphor in a hyperspace of representations for the design phase of hardware and software systems.



Carlo Alberto Bosello and Fabio Vitali give an account of RHYTHM, a research project wzth the aim of defining a
general mathematical structure of different hypertexts, based on the notion of “higraph’’ and its ‘‘s-higraphs’’ extension.

The article by Marco Bondi and Maurice Pagnucco presents Hypernet, a multimedia system based on Petri nets, con-
ceived as a representation, analysis and design environment for systems in general.

The contribution by Mario Allegra, Onofrio Di Giuseppe and Silvana Mangiaracina, also included in the Mediterra-
nean Conference Proceedings, describes a hypermedia application developed to assist the management and support
of research activities in a Research Institute.

In their paper Alessandro Campana, Riccardo Cattaneo and Patrizia Ghislandi write about the project for the develop-
ment of the hypermedia CD-ROM “‘The heart: its functions and disfunctions’’. The solutions identified to overcome
some of the problems encountered during the design and implementation phases of the project are presented.

The S2 prototype which Piera Piardi describes in her article is a system based on hypermedia technology, conceived
as an interface to an Office Automation environment, where specialized agents take care of the execution of specific tasks.

Francesco Bonadonna, also included in the Mediterranean Conference Proceedings, ends the paper session of this
Special Issue. The author presents a new theoretical framework for representing the integration of images and text
in Radiology, using image database structures and hypermedia.

The RESEARCH NOTES AND COMMUNICATIONS section groups together a number of contributions which are short
notes about ongoing research and cultural activities related to the main topics of this Special Issue.

Adriano Abbado reports on his performance, as an artist, at the “‘Nuove Immagini e Formazione’’ meeting, held in
Venice last December, where, using a Data Glove to control computer-generated images and sound, he achieved a
new level of interaction.

Armando Lomongiello, Filippo Soresi, Andrea Spinelli and Walter Vannini in their communication present the concept
of metatext, as a new level of description in a document of conceptual structures such as notes, references, glossaries, etc.

Mario di Floriano presents an interactive multimedia prototype for accessing and updating a knoWledge base related
to AIDS.

In his note, Nunzio La Ferlita deals with the issue of blind people performing ordinary activities and how hypertext
and multimedia are failing to accomodate their needs even though they could have a fundamental role in reducing
the effects of this handicap.

Lastly, in their research note, Francesco Gardin, Goffredo Haus, Hlaria Macchia and Gloria Molendi give an account
of the state of the ““SOUNDS WORLD’ project which centres on the introduction of a sound model into Artificial Reality.

“Note di Software”’ wishes to thank Roberta Macchi, for her contribution as co-editor for this special issue and her
work with the Hypertext User Group (HUG) at the Dipartimento di Scienze dell “Informazione (DSI) of Milan Universi-
ty. Finally, special thanks to Prof. Gianni Degli Antoni, DSI, who has been the driving and inspiring force behind
HUG, Artificial Reality and most of the Department’s multimedia research projects.
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GRAPHICAL INTERFACES, HYPERMEDIA,
COMMUNICATION, SOFTWARE TECHNOLOGY

Giovanni Degli Antoni
Dipartimento di Scienze della Informazione
Universita degli Studi
Milano

RIASSUNTO

Lanota presenta una rassegna compatta dello stato dell’arte nello
sviluppo software in relazione alla introduzione di tecnologie ad og-
getti, alle interfacce grafiche ed ai concetti della ipermedialita.
Successivamente viene presentato I obiettivo principale dello scritto:
una metodologia di sviluppo software basata sulla prototipazione,
che sottolinei gia nelle prime fasi I’ottenimento di prototipi realistici
direttamente utilizzabili.

ABSTRACT

The paper presents a compact overview of the actual state of the art
in software development, particularly in relation to the introduction
of object oriented technologies, graphical interfaces and hypermedia
concepts.

The main objective of the paper is then presented: a software metho-
dology development based on prototypes where a strong attention is
placed on obtaining realistic spin-offs even from the earliest stages of
the development.

1. THE CONTEXT

The real world is demanding easily used system deve-
lopment from the computer community in order to
enable people to extend their use of computers to new
subjects, as well as to improve organization and the
quality and productivity of people’s work. Optical me-

mories are offering the possibility of collecting together
as many documents necessary in any activity forrecal-
ling methods or data. Professional work stations are
becoming both cheaper and more powerful. World
competition is increasing as a consequence of the hope-
fully pacific emergence of many new countries that will
compete in information technology. Those on the sel-
ling end are realizing that software represents a challen-
ging opportunity. Meanwhile every one of us has
understood that software is a rather variegated field
whereby different attitudes are taking hold as a conse-
quence of various softlogic (as analog to geologic)
epochs concurrently surviving in the same place, fre-
quently in the same organization. Artificial intelligen-
ce is spreading, taking the shape of expert systems in
many fields helping to make decisions. Increasing labor
costs suggest that development of software should be
minimized to real needs: packages are more and more
preferred in connection with personal workstations.
Workstations are becoming the connection to main
frames, and these are becoming a switching or main
store system. Local area networks are widespread.
Efforts tointegrate every thing move ahead at a fastrate,
consistent with the rather limited technological possibi-
lities and with the high cost of integration in relation to
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its advantages. Organizations are becoming increasin-
gly aware that information systems development requi-
res engineering technologies to put things togetherin an
evolutionary system. Security and reliability are beco-
ming a red lamp in the field. Viruses are teaching the
weakness of networks and systems. The comparison
and synergy between big and small are changing: they
are becoming a comparison and synergy between very
big and a very big small. Those on the selling end are
not very happy with the market. Users want evident
advantages and begin to dislike words such as perfor-
mance, architecture, byte, and virtually every technical
work. Research frequently disregards technology as if
it were a non computing reality, perhaps as consequen-
ce of the fast evolution. Low end software people are
slowly disappearing. Medium software people are
becoming artisans and are going at the low end output.
High end competent people are realizing their inade-
guacy inextending their work to the needs; they are also
too few in number. Standards are slowing down every
thing and complicating competition. The legal aspects
of successful software are making software production
and commercialization a rather legal activity where
creative people, architects, programmers, users and
lawyers work together.

Commercialization is showing the tremendous difficul-
ties in selling and protecting. The diffusion of software
has until now not taken its right path. Advertizing is so-
metime nice to see, but scarcely informative. Computer
shops sell software as a black box with a name, when it
is known. Good people from universities do not always
find the desired work. Industries donot always like high
end people. ‘Low cost offer work’ in software develo-
pement is appearing from countries near and far, and
some one is exploiting that offer to gain competitivity.
High end software development is sometimes funded
by research organizations. The ability to transfer re-
search into aproductisrather limited, at least in Europe.
New technologies are appearing. In the software field
these are: object oriented technologies, cooperative
computing, communication between applications, coo-
perative work, hypermedia, hypertexts, mutimedia. New
markets are developing in the field of electronic publis-
hing, with extraordinary new products that have begun
to understand the real possibility of integrating, many
until now, different cultural as well as technological
entities. Information integration is beginning to show

that the idea of worldwide literary documentation cen-
ters and the distribution of large amounts of documents
through optical memories is an actual reality. Paper is
extending its power everywhere, but the knowledge
worker is devastated by the amount of paper. Bulletin
boards and specialized data banks are not a solution:
they are becoming too many. Shows and conferences
create much confusion hoping to sell more ideas and

products and in order to advertize something, directly or .

indirectly. Schools at every level are no longer able to
synchronize with real needs. Many organizations are
creating anew large market trying to solve the teaching
problem. Unfortunately, teaching is not always geared
in the right direction. Teleteaching and new instructio-
nal technologies seem to have improved in quality and
market. The demand for formal treatment of things is
improving, while the formal systems ability to handle
the new complex entities is rapidly decreasing.

2. SURVIVAL

Certainly guidelines for survival (surviving) are requi-
red. The problems to be faced are rather difficult becau-
se of the contradictory effect of the various solutions
which could eventually be adopted. In many cases, for
example, adopting optimization produces positive ef-
fects in one component, but frequently has a totally ne-
gative effectin another component: the overall is unpre-
dictable. And all the components depend unavoidably
on the all. So, optimization has to be adopted but con-
currently with extensions of applications and solving
the increased demand of integration and quality in
information services that every information entity has
to give. In this way the market will not be limited and a
new dynamic of change could give rise to new growth.
Who will lead such a difficult change is not clear at all.
Everyone who has an interest in computing, in the
quality of life and in society or simply in his/her
company or his/her personal position, can make a
contribution. The quality of systems and services toget-
her with an easy integration is probably the key point.
And quality also means easy usage: without easy usage
the information technology will reach no-one else, and
this will resultin a consistent slow fall of growth. There
are many ways to obtain these results technically, even
without sacrificing the sometimes old main frame. It is
enough to interface it with brilliant personal work
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stations. But if teaching is needed it has to be integrated
into the work place, trying to avoid forgetting the great
importance of user satisfaction for teaching technolo-
gy. But this is not enough: new lines of information
services have to be considered: cooperative work, inte-
grated documentaion for the organizational know-how
management, selective dissemination of information, a
telematic view of the organization for its users, active
catalog of products to be distributed (and sold) as
products for the custom world, executive information
systems, CAD of every kind (organization cad, building
cad, plant cad, work cad, transportation cad, energy
consumption cad, environment impact cad, financial
cad, planning the future cad, marketing cad, data analy-
sis cad, presentation cad....). But what really matters is
that all the new services be designed for the final user:
the employer or the medium level manager. And the
user himself must be able to integrate everything to
build his own applications.

3. PHILOSOPHICAL VIEWS

Good products survive. Product design depends onour
ability to improve products or at least to understand
what is the best development direction taken by high
quality designers. To understand quality in design, a
change in custom has to be accomplished: itisnolonger
certain which company products are the best (this is true
for all companies!) . And itis somewhat irresponsible to
follow management indications without proposing
examples for better solutions. The claim that the market
is the guideline is correct in many cases, but not during
difficult times. Moreover, market analysis has to be
made with reference to all companies, and with the clear
idea that small things grow. Big things not rarely get
smaller.

So a unifying view of technology has to be given to
make the direction of computer technology ideas under-
standable, and in order to synchronize choices in that di-
rection. The view is rather obvious: information tech-
nologies must be considered the natural extension of the
evolution of human communication. Many things have
been proposed in the past for improving human com-
munication in time and space. Data recording and data
transmission systems were invented. Now it is time for
the role of the computer in human communication (not
in data communication or data transmission, even if

without good data communication a good human com-
munication will be impossibile) to emerge strongly.
The role of computing in communication has many
facets: }
-the computer makes it possibile to reuse competence
written in software or knowledge based entities without
knowing the details of the competence, but by using the
results of computations

-with computers it is possible to communicate in pre-
sence of an artificial context in order to make the recall
of meaning to be associated to the communicated signs
easier. This latter possibility is related to the use of
voice, texts, images and software execution, all of these
associated with an improved man-machine interface
implementing an artifical context as a spatio temporal
locus of communication. This ‘spatio temporal” context
creates new artificial or virtual realities. In the case of
virtual realities the user of these new systems will
perceive organizations or real entities exactly as the ab-
straction considered makes possible. Virtual machinery
was once the first technical suggestion. Now we have to
consider virtual plants, virtual offices, virtual organiza-
tions, virtual homes, virtual environments, virtual lec-
ture roooms, virtual design labs........ And if nothing
corresponds to the world evoked by the computer
interactions, purely artificial realities will be displayed.
The artificial realities could be future buildings / offi-
ces/ organizations/ plants, knowledge worlds, future
systems of any kind, even pieces of the world of ideas.
Plato called the world of ideas IPERURANIA. From
this perspective it is quite correct to call the systems we
are drawing as hypermedia systems, even if the more
common name multimedia sytems is not inappropriate.

4. REALISTIC PROTOTYPING

The above picture has some advantages: to design a hy-
permedia system is a clearly understandable activity.
Systems have to modeled. Interactions with those sy-
stems have to specified. Documentation accessible
starting from the various points of a system has to be
selected. Purposes related to the many parts of the
system have to be displayed with the parts (let’s call
this: in context structural analysis). Properties have to
be entered. Locations for the change of parts have to be
predicted..... In short: the system structure helps in
effecting analysis and design, helps in taking account of
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parts, helpsin visualizing problems and solutions...From
a technical point of view, what we said is just an object-
oriented analysis and design. And this approach makes
the building up of complex systems more feasible
where many entities communicate by means of messa-
ges. But, moreover, an object-oriented approach will
make it feasible to design systems whereby the choices
have to be made in suitable palettes (or classes). In this
way it will be possible even for a causal user to build up
extremely complex entities. This simplifying view of
system development is considered essentially for the
final user. For the software technologist the effort of
developing something significant is becoming more
and more complex and difficult. The decreasing distan-
ce between a technology and its successors tends,
moreover, to raise the cost of developments due to the
many changes introduced during development.

A development strategy is required. There are many
suggestions. These have to cope with specifications,
prototyping, testing, evalution specifications and per-
formances, evaluating quality and user interface, selec-
ting a continuously changing software/ hardware plat-
form and standard... Frankly, if something sometimes
happens it has to be considered a miracle. There are too
many variables to take into account. Nevertheless,
increasingly better products are appearing. The ob-
vious thought of using extremely competent people is
not an idea.

The following is a proposal.

Z) Select the medium long range goals of the project as
advanced as you can imagine. Call it UTOPIA. Define
it in a very short document clearly written. Ambiguity
has not to be excluded.

This is notasimple task: itrequires looking outside your
views. Butithas the significantadvantage that you must
look at the best competitors, small or big. But please,
avoid underestimating the existing solutions, and do not
forget that somebody else is working for the future...
AO0) To start the above definition, build up the best ap-
proximation of your UTOPIA using the best hardware
and software platforms, the best similar packages, and
writing the minimum possible amount of software. Call
it the zero realistic prototype.

The advantages are rather evident: it is easy to convince
anybody of what you want to do. Integration problems
will not all be solved. You will have the results in a
shorter time than compared with other methods. You

will be competent, in terms of competition and related
products. Difficult specification writing will be fully

avoided. User can be introduced in the evaluation atan -

early stage. Testing and performance evalutaion can be
done immediately. The evalutaion of feasibility with
other platforms or technologies of the prototype will be
quite simple for an expert. But you require such an
expert for a limited time. The you have to decide what
to do.

Ak) If the zero realistic prototype does not match the
utopiaenough, orif you have not changed idea, then you
have to take a sequence of approximations leaning
towards UTOPIA.

At each step (internal releases) advances will be obtai-
ned, documentation will be produced in relationship
with the foregoing prototypes and in relation with
further functionality or other improvements (perfor-

'mance, software or hardware substitution, better user

interface..). When satisfied, you have to stop, perhaps
never, because intermediate steps of the sequence
towards UTOPIA will at some time match the market
needs, if you were ambitious enough at the UTOPIA
definition stage. A warning: do not let the people write
long specs corresponding to a more extensive software
writing. This is another way to look at the DIVIDE
AND CONQUERE Dijkstra statement, nothing else,
from a perspective that has been suggested by techno-
logy evolution.

It is now important to underline that the availability of
technologies for making applications to communicate
among them makes realistic prototyping an extremely
productive activity. Current efforts to develop those
technologies make realistic prototyping an activity to
be considered carefully with respect to the dimension of
the project. Extremely large projects will be fully feasi-
ble (let me avoid discussing perfomance problems or
platform resources that have to treated in another con-
text) using realistic prototyping if interapplications
communication will be available. If not, care must be
exercized regarding the project dimension in relation to
the high cost of redoing or doing.

RGN AR

INTERACTING WITH ARTIFICIAL REALITIES

Roberto Polillo
Dipartimento di Scienze della Informazione
Universita degli Studi di Milano
and Etnoteam S.p.A. - Milano

“The screen is a window through which one sees a virtual world.
The challenge is to make that worl look real, act real, sound real,

feel real”
LSutherland, 1965

RIASSUNTO

L’interazione con le sofisticate ‘realtd artificiali’, realizzabili con le
workstation di oggi pone nuovi e stimolanti problemi al progettista
di interfacce utente. Nuovi paradigmi di interazione possono essere
pensati e sperimentati. Sebbene questa disciplina sia ancora agli inizi,
numerosi suggerimenti possono essere tratti dai computer games, dai
sistemi ipermediali ¢ dai prototipi sviluppati in molti laboratori di
ricerca. La presente nota contiene una prima discussione di questi ar-
gomenti.

ABSTRACT

Interaction with “artificial realities” implementable on today work-
stations offers new challenges to user interface designers. New para-
digms of man-machine interaction can be devised. The discipline is
at its beginning, but many hints can be found in computer games, in
hypermedia systems, and in prototypes being developed at many
research sites. This note contains a first discussion on these issues.

1. INTRODUCTION

The interaction with “artificial realities” which can be
implemented on today workstations offers new challen-
ges to user interface designers.

New paradigms of man-machine interaction can be
devised: some are based on traditional practices, while

others are suggested by new interaction devices , and
are still to be fully explored and evaluated.

The discipline is at its beginning, and systematic litera-

ture on the topic is practically non-existent. Neverthe-

less, many hints can be found in computer games, in hy-.
permedia systems, and in prototypes being developed at
many research sites.

This note contains a first discussion on these issues,
with the help of some examples from commercial
software products (mainly drawn from the computer
games area).

A shortitalian version of this paper was presented at the
Workshop “Conoscenza per Immagini”, CNR, Rome,
27-28 November 1989 [39].

2. ARTIFICIAL AND VIRTUAL REALITIES
2.1 Artificial reality
“Acrtificial reality” means a world inside a computer,

with which humans can interact.
We can implement many different kinds of worlds
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inside a computer: purely mathematical worlds, worlds
that mirror the physical nature in which we live, oreven
wonderlands with their own peculiar laws of physics or
no laws at all (i.e., chaos).

With today’s workstations processing power, and the
achievements of computer graphics, we are able to
visualize on computer screens complex artificial worlds
with impressive visual details and appeal. In addition,
we can make these visualizations change quickly and
continuously, as we change our point of view on the
scene.

These worlds can be explored and manipulated tho-
rough suitable interaction devices. We can travel in
them, change them, interact with them, and get
accustormned with their laws of nature, which do not ne-
cessarly reflect the laws of our (“real”) nature:

“The computer is amirror inwhich reality comesto life
again, out of space and time: the artificial reality”
[12].

Traditional examples are professional flight simulators,
and many kinds of computer games, ranging from flight
and drive simulators to many arcade games, up to the
celebrated Dragon’s Lair, an interactive cartoon
implemented some years ago on Laservision video-
discs.

Fig.1 shows an example of screen image from the C7'5-
A system, a commercially available top-level simulator
by Evans & Sutherland of the early eighties; fig.11
shows the well-known Chessna Flight simulator from
Microsoft [30}, which inspired a number of fortunate
home computer products (e.g., the more recent Falcon,
aF-16 Fighter simulation by Spectrum HoloByte, [42)).

The above examples may be misleading, as they may
suggest that an artificial reality, by definition, reflects
the real, natural world in which we live (even if in an
oversimplified way, as in many computer games).

This is not necessarily true. We may think, indeed, of
artificial worlds completely different from the one to
which we are accustomed: worlds of mathematical
entities, worlds that represent the physical reality on a
different scale, macroscopic or microscopic, worlds of

fantasy as in many shoot’em up arcade games or in
Stephen Lisberger’s film Tron, oreven worlds made up
of documents and information, in which we navigate,
as in the metaphor used by current hypermedia systems
(e.g., see [15] and [19]).

The reader is referred to [10] for examples drawn from
the scientific modeling area.

2.2 Virtual reality

The terminology which is currently used is not uniform
at all: in the literature, terms such as “artificial reality”,

“virtual reality”, “synthetic worlds”, “virtual worlds”,
... are used more or less interchangeably.

In this paper, following the distinction suggested by
G.Degli Antoni, we will use the term virtual reality
(instead of “artificial reality”’) in all those cases in which

there is some kind of interaction between the'
artificial world and the real world, in such a way that
by interacting with the artificial world it is possible to
interact with the real world, and viceversa

In this way, for example, we can control the real by
controlling a representation of it (and viceversa), as it
happens in classical process control systems, building
automation systems, and so on.

But we can imagine much more complex examples of
virtual realities, in which the interaction between “the
real” and “the artificial” is much tighter that in simple
process control.

For example, in [12] G. Degli Antoni describes an
imaginary application in the area of public services. A
Public Office (e.g., a Ministry) is represented on the
computer screen, with all its corridors, doors, clerks and
archives. The user can enter and move in it, opening
doors with the click of a mouse, consulting the appro-
priate archives and asking questions to the “artificial
clerks” that he encounters. When the artificial clerk
cannot satisfy the visitor needs, it calls the real clerk at
the real Ministry, who in some way appears on the
screen and speaks directly to both of them.

Note that, here, the interaction is threefold: between the

user and the artificial world, between the artificial
world and the real world, and between the user and the
real world.

The distinction between artificial and virtual reality is
schematized in Fig.2.

3. ARTIFICIAL REALITY AND USER INTER-
FACE

To interact with artificial (or virtual) realities, we need
a suitable user interface, through which we can
visualize, explore and change such worlds.

Different interaction paradigms can be devised, de-

pending on the interaction devices that we use, and
possibly on the metaphors that inspire us when desi-
gning the user interface.

Studying and experiencing these possibilities constitu-
tes a new challenging discipline, which is still at its
beginning. The available literature is still very limited.
Nevertheless, many hints can be found in different
application areas, some already well consolidated: com-
puter games, hypermedia systems, new interaction
devices, simulators, and so on.

By examining these examples, we propose in the pre-
sent paper a first classification of interaction paradigms

Figure 1: Evans & Sutherland CT5-A Simulator
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with artificial realities in five classes:

- command languages
- menu systems

- direct manipulation
- navigation

- virtual presence.

These paradigms are summarized in Fig.3, and will be
briefly examined in the following paragraphs.

4. COMMAND LANGUAGES

Command languages were the typical paradigm of
man-machine interaction when the dialogue with a
computer was performed by means of teletypewriters.

In artificial reality related applications, this is the typi-
cal paradigm used in classical text adventure games
(from the early Adventure written by W. Crowther for
the PDP-10in 1975 to the best-selling Infocom games,
beginning from Zork I: The Great Underground Empi-
re by M. Blank and D. Lebling, see [29]).

In these systems (Fig.3a), the artificial reality (i.e., the
world of the adventure) is not visible, but “imagined” by
the player, who controls its own alter ego thatlives and
moves and fights (and possibly dies) in it.

Interaction is performed by means of a pseudo-natural
language, usually with a very simple English-like
syntactic structure (but the lexical structure - i.e., the
dictionary of the game - is often fairly rich). In many

_ VIRTUAL
~ WORLD

. ARTIFICIAL
WoRD

;‘ARTIFICIAL
. WORWD

USER

. <a=—p :INTERACTION
|

REAL
WORLD

b articial reality

: REPRESENTATION

Figure 2: Artificial vs virtual worlds
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cases, the parser will only recognize a number of
keywords, as in the classical example of Elisa, a
“program pretending to be a doctor”, written by Wei-
zenbaum more than 25 years ago [47].

As an example of dialogue, the following is one of the
possible beginnings of Hitchhiker’s Guide to the Ga-
laxy , another well-known Infocom game, [24] (the text
typed by the player is capitalized):

>SWITCH THE LIGHT ON

Good start to the day. Pity it’s going to be the worst of
your life. The light is now on.

Bedroom, in the bed.

The bedroom is a mess.

It is a small bedroom with a faded carpet and old
wallpaper. There is a washbasin, a chair with a tatty
dressing gown slung over it, and a window with the
curtain drawn. Near the exit leading south is a phone.
There is a flathead screwdriver here. (outside the bed)
There is a tootbrush here. (outside the bed)

>GET OUT

(bed)

Very difficult, but you manage it. The room is still
spinning. It dips and sways a little.

>GO TO THE DOOR
1t's here!

>OPEN THE DOOR
1t is already open.

>GO THROUGH THE DOOR
Did you have any particular direction in mind?

>NORTH
You can’t go that way

>SOUTH
You miss the doorway by a good eighteen inches. The
wall jostles you rather rudely.

The main problem with this kind of user interface
(which is evident in the above example) is that the
playeris continuously forced to solve linguistic puzzles
(“How am I supposed to phrase the command that I

11

a) command languages

¢) direct manipulation

d) navigation

......................................

e) virtual presence

Figure 3: The five main interaction paradigms
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want to issue?”), which have nothing to do with the
domain of the adventure. ‘

For this reason, once Ted Nelson called these systems
“guess my command games”.

On one hand, this can be considered a challenge to the
player intellectual abilities (and might have played an
important role in the commercial success of these
games). On the other hand, this kind of dialogue
violates one of the fundamental principles of good
user interface design, i.e. the principle of transparency,
which is well expressed in the following quotation by
Winograd and Flores [48]:

“Inworking with people, we establish domains of con-
versation in which our common pre-understanding lets
us communicate with a minimum of words and con-
scious effort. We become explicitly aware of the struc-
ture of conversation only when there is some kind of
breakdown calling for corrective action. If machines
could understand in the same way people do, interac-
tions with computers would be equally transparent.
(....) Abaddesign forces the user to deal with complexi-
ties that belong to the wrong domain.”

5. MENUS

Menus are one of the simplest and most widespread
paradigms of man-machine communication, from the
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Figure 4a: Quarterstaff: a pull-down menu
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times when the standard interaction device was the
(nonprogrammable) alphanumeric terminal or VDU .

Typical applications used full screen menus: .the vDU
screen displayed only a list of alternative actions, and
the user was asked to select one. The selection typically
resulted in the display of a lower level menu, or of a
form for entering and querying data. (This paradigm gf
interaction has been recently standardized by IBM, in
its Common User Access Entry Model interface, [22]).

The old-fashioned menu paradigm hada new evolu-
tion with the diffusion of personal computers, when the
local processing capabilities of the machine allowed a

faster interaction between the user and the application.
The most of the screen space was then reserved to the
application data (for example, collected in a spreads-
heet), while the menus were confined to a small screen
area, typically a single line (single line menus).

In single line menu systems, two main paradigms
emerged:

- the menu bar paradigm, popularized by the Lotus I-
2-3 spreadsheet;

- the pull-down menus paradigm, popularized by the
Apple Macintosh, and thereafter adopted in a large
number of PC applications, and even on nonprogram-

" & File Edit %

UVerb Door | JLUEY Elbow Passage

150(150)

‘E Bronze Key

G Food Ration

Figure 4b: Quarterstaff: map and iconic menu
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mable alphanumeric terminals (as for example in the
Text Subset of the Graphical Model of IBM Common
User Access standard, [22]).

In artificial-reality related applications, both kinds of
single line menus have been used, from the mid eigh-
ties, in a number of adventure games exploiting the
graphical capabilities of the home computers.

In the first games of this kind, the available commands
were selected from amenu bar displayed (for example)
at the bottom of the screen. In the rest of the screen, the
world of the adventure was visualized (even if still in a
rudimentary way) by displaying a static picture of the
current scene (Fig.3b).

In other cases the available commands are selected
from one or more pull-down menus. This is, for
example, the case of Quarterstaff, recently published
by Infocom for the Macintosh, [25], were a few menus
allow one to specify the desired command. Here the
graphical capabilities of the Macintosh are used to
display a map of the world, showing the current
location of the characters, or the portrait of a new
character, or even pictograms to make the menu items
clearer (Fig.4a and 4b)

6. DIRECT MANIPULATION

According to Shneiderman, the central ideas of direct
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Figure 5: The NeXT Computer workspace
14

NOTE DI SOFTWARE 48/49

S

manipulation interfaces “seems to be the visibility of
the object of interest; rapid, reversible, incremental ac-
tions; and replacement of complex command language
syntax by direct manipulation of the object of interest

[40].

This paradigm probably has its roots in early full-screen
editors, in which the text at the cursor position was
easily manipulated with the help of a variety of func-
tion-keys commands (EMACS, vi, Wordstar,...).
Today, the typical examples of direct manipulation can
be found in the mouse based interfaces of current
workstations or personal computers (Fig.3c).

6.1 “Flatlands”

The best known examples are the systems based on the
so-called desktop metaphor, from the Xerox Star [41]
to the Apple Macintosh Finder [5], the OS/2 Presenta-
tion Manager [23], the Sun Microsystems OpenLook
([43], the OSF Motif [37], up to the sophisticated NeXT
interface [36].

In these systems, with the growing graphical capabili-
ties of current workstations, the original flat, 2D
representations of the desktop objects progressively get
akind of bass-relief look. This is particularly remarka-
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L

Dullsville

Funds : $5,000 1900 Jan

Figure 6: SimCity
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ble in the NeXT interface, for which we could more
properly speak of a control-panel metaphor (Fig. 5).

‘All the above systems were primarily designed for
office use: therefore, the artificial worlds that they
represent on the screen are made essentially of docu-
ments, folders, trashcans, and so on.

An example of a different kind is shown in Fig.6. The
example is taken from SimCity, a recent Macintosh
game published by Broderbund [9], which allows one to
create, change and simulate the behaviour of towns.
The picture shows the top-view of a town during the si-
mulation. The user can manipulate the city in many

ways (e.g., building roads or destroying bridges) with a
number of tools which can be selected, using the
mouse, from the tooltray shown on the left.

Despite the bass-relief appearance of some of them, all
these examples represent essentially 2D worlds, and
therefore we may call them “Flatlands”, asinE. A.Abbott
and C. H.Hinton well-known fantasies [1] and [20].

With them we interact directly with our hand, represen-
ted by the mouse pointer, and through the use of an
elementary gesture language: simple, standardized
gestures denote the actions that we want to perform
(e.g., clicking means “select this one”, double-clicking

Figure 9: The Manhole
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means “open this one”, and so on).
6.2 From the cursor metaphor to the hand metaphor

Starting from the traditional, twenty-five years old
mouse (ENGL67), which may have one, two or three
buttons, new direct manipulation devices can be desi-
gned. Examples are the touch sensitive screen, the
trackball, the data-glove [16], the force and position
sensitive screen [35].

Itis very interesting to observe that direct manipulation
systems show a slow, progressive evolution from the
cursor metaphor to the hand metaphor (see Fig.7).

6.3 Mouses and hand-shaped pointers

A first step can be seen in Hypercard [6], where the
Macintosh mouse-controlled arrow pointer (Fig.7a)
trasforms into an “hand-shaped pointer” (Fig. 7b),
while the gesture language is further simplified: the
small Hypercard hand can only point and click (other
actions, such as dragging or double-clicking are elimi-
nated).

With this simplification, user interfaces can be based on
asingle, elementary but general idea: the button meta-
phor. Buttons may be either visible or invisible, may
have many different shapes and labels, may visually

Spadiad

Examine

Font FontSize

Operate

Untitled

You're in a dark, empty bar. It is nighttime outside and obuiousiy after
hours (either that, or you've scared everyone away).

Figure 10: Deja Vu
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respond in different ways to user clicks, and may be
associated to scripts which are executed when the

button is pressed.
6.4 Data-gloves and virtual hands

A very interesting device, which is already commer-
cially available but still has to be fully exploited, is the
data-glove. This is a thin glove with optical fiber
sensors that detect how the hand is bending, developed
by VPL Reasearch Inc., Palo Alto, California (e.g. [16],

[4s1, [17D.

A number of experiences are being carried on using this
innovative device. For example, in an experimental
user interface developed at Bell Labs [46], the traditio-
nal mouse pointer changes in a small “virtual hand”,
controlled by the user “real hand” wearing the data-
glove and moving on the “real” desktop.

The actions to be performed on the (flat) artificial
objects represented on the screen are expressed with a
simple gesture language, including gestures such as
“picking”, “clutching”, “throttling”, and so on (Fig.7c).

6.5 Sensitive screens and real hands

In Margaret Minsky’s research at MIT Media Lab [35],
also the virtual hand is eliminated, and replaced by a
“real” hand: an experimental type of sensitive screen
can sense single finger gestures in terms of position,
pressure and shear force (Fig.7d).

Examples of applications are fingerpainting: on the
screen, moving virtual buttons around with the finger
pressure (or even “flicking” them), and so on:

“We want to create worlds within the computer that can
be manipulated in a concrete natural way using gestu-
re as the mode of interaction. The effect is intended to
have a quality of “telepresence” inthe sense that, to the
user, the distinction between real and simulated physi-
cal objects displayed on the screen can be blurred by
letting the user touch, poke, and move the objects
around with finger motions” [35]

7. THREE EXAMPLES

Even if we limit ourselves to the mouse as interaction
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M e Wiy W

O TERP ont PRES |

S L oG
aoi LTS

Fig.11: Flight Simulator
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device, the possibilities of direct manipulation interac-
tion with artificial worlds are significantly richer than
those available in command languages or menu sy-
stems, and many different techniques can be devised.

Here below, we shall briefly describe three typical
examples, of increasing complexity, of traveling (and
possibly acting) in an artificial world, visualized through
a number of static pictures. All of them are recently
published (and best-selling) Macintosh games.

The simplest example is the educational game Where in
the world is Carmen Sandiego? from Broderbund [85].
Here the player must travel to different places all over
the world to find and arrest Carmen Sandiego or one of
her criminal fellows. To fly somewhere, he simply
clicks the desired place on a world map, and gets a
picture of the destination site on the screen. Here, a few,

simple actions can be performed, by pressing one of a
small number of buttons (Fig.8).

The second example is The Manhole, an interactive
storybook for children developed with Hypercard and
published by Activision. Here the artificial reality is
visualized by means of a number of static pictures or
“snapshots” (i.e. Hypercard cards), on which many
invisible buttons are layed out.

By pressing these buttons, the scene on the screen
changes, ina way which is often surprising. (Fig.9, [3]).
In this case, the artificial reality is made of a stack of
sensitive pictures, which are linked one another in a
complex, large hypergraph.

Cosmic Osmo, another recent interactive storybook
developed by the same authors, uses the same basic
ideas and technology, with the addition of simple

Edit
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™

Figure 12: The Colony
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animation: some cards display objects (or characters)
which animate, for example when clicked with the

mouse [3].

A third, more sophisticated example of traveling and
acting in an artificial world can be found in Mindsca-
pe’s adventure games Deja Vu [32],U ninvited [33} and
Shadowgate [34].

Here (Fig.10), we find a menu of action buttons, which
can be pressed with the mouse. An action/object
paradigm is used: to open a door, for example, one must
click the “OPEN” button, and then the door in the
picture (or, simply, double-click the door).

Pictures of the world are static, but most objects are
moveable, and can be dragged around the screen with
the mouse, for example to move them to the “Inventory
window” (in which all the objects carried by the player
are shown ).

8. NAVIGATION

This is the typical paradigm which comes to mind when
speaking of artificial reality. According to this para-
digm, the computer screen visualizes a tridimensional
world, in which we are immersed, and in which we
navigate with —continuous movements  using an
appropriate driving system (virtual travel).

INSERT MAP
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Figure 13: The “Movie Map” of Aspen, Colorado
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Figure 15: M.C.Escher, “Perpetual Motion”, 1961

WHAT THE USER SEES

22

NOTE DI SOFTWARE 48/49

Figure 14: Telepresence
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8.1 Driving systems

We can use various devices to drive the virtual travel in
the artificial world: a joystick, a bat (a sort of mouse
which can be moved in the space and not only on a
plane) or even a traditional mouse.

Various metaphors may suggest the driving paradigm:

- in the helicopter metaphor, the “user eye” moves,
rotates and stands freely in a tridimensional space, as if
the user were driving and helicopter;

- in the plane metaphor, the user “flights” as it were
driving a plane. Usually, he looks ahead, butcan, at will,
“turn the head” and look left or right (or even back). A
typical example is the Microsoft Flight Simulator ([30],
Fig.11);

- in the car metaphor, the user moves on the xy-plane,
as it were driving a car, and can, at will, look left and
right (and perhaps back);

- inthe shopping-cart metaphor, the user moves on the
xy-plane, but can only look-ahead, and not look-aside..

An interesting case is the adventure game The Colony,
published by Mindscape ([31], Fig.12), which has a
notably simple driving system.

Here the navigation is performed using a space helmet
metaphor: the player sees the tridimensional world
through an imaginary helmet, in which a cross-hair
indicates the center of the scene (see Fig.12). The
player moves around by moving the mouse pointer in
the cartesian plane of which the cross-air is the origin:
the y-axis is the forward and backward  velocity con-
trol, while the x-axis is the left and right angular
velocity control.

In simpler terms: move the pointer above the cross-air
and you go forward, move it under and you go back-
ward, move it to the left and you turn left, move it to the
right and you turn right. If the pointer is near the cross-
air, you move slowly; if the pointer is far away from the
cross-air, you move fast.

In many of these systems, user orientation is sustained
by a bidimensional map of the artificial world, or
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similar devices (in Fig.12, for example, an overhead
view and a compass can be seen in the lower left
corner).

8.2 “Snapshots” systems

In some (earlier) cases, the travel within the artificial
world is visualized by a sequence of statical, “conti-
guous” snapshots as, forexample, in the classical Movie
Map prototype, developed some years ago at the MIT
Architecture Machine Group [28].

In this system, movie footage was taken of travel down
all the streets of the town of Aspen, Colorado, one frame
per every 9 feet of travel, by a set of truck-mounted
cameras. This footage was then transferred to video-
disk. With special supporting programs to control image
presentation from videodisk, the user can travel about
Aspenatstreetlevel. Leftand right turns at any intersec-
tion can be made by touching left and right arrows gra-
phically overlaid on the touch sensitive screen of the
user’s color TV monitor (see Fig.13).

A tiny insert map at the top-middle of the screen shows
the user’s route with respect to Aspen two main streets.
In addition, a second, horizontally mounted monitor
provides a top-down view of the streets grids of Aspen
like a conventional map. Again, the user’s route is
indicated in red on this monitor [7].

9. VIRTUAL PRESENCE

The final paradigm that we shall consider is still
advanced research area; we shall call it virtual-presen-
ce.

The best-known example is a research system develo-
ped at the Aerospace Human Factors Research Division
at NASA’s Ames Research Center in Mountain View,
California ([16], see also [45] and [17]).

The system is called Virtual Interactive Environment
Workstation (VIEWS), and uses head-tracked and head-
mounted displays, gesture tracking, and voice input and
output in an integrated way.

The user wears a special helmet that contains two small
display screens, one for each eye, so that the image

appears to be three-dimensional. The helmet prevents -
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anything except the image from being seen, immersing

the user in the simulated scene.

A sensor mounted on the helmet keeps track of the
position and orientation of the user’s head. As the head
turns, the computerized scene shifts accordingly. The
system lets the user explore a 360-degree field of vision
(that can be either a simulated or remotely
sensed environment) and have direct interaction
with its virtual components.

To interact with objects in the simulated world, the user
wears a data-glove: so he can grasp an move virtual
objects with his (real) hand (a separate sensor, similar
to the one in the helmet, determines the hand’s position
in space; feedback to the user is provided by displaying
a virtual hand in the simulated scene).

VIEWS also incorporates a commercially available
sound system: with headphones, the user can hear
sounds, either from within or outside his immediate
field of view. In addition, a speech-recognition system
lets the user issue vocal commands.

With this kind of apparatus, a human could, for
example, command the arm of a robot located in a dan-
gerous environment: as the user head moves in the
helmet, TV cameras on the robot would transmit the
robot view of the scene (tele-robotics).

NASA envisions using this technology to allow an
astronaut inside a space station to operate a robot
making repairs outside (telepresence, Fig.14).

10. KINESTETICS, ARTIFICIAL REALITY,
REALISM

In designing the human interface with artificial reality
systems, it is necessary to understand and apply the
principles of kinestetics which are most appropriate to
the chosen paradigm.

The main problem, here, is to avoid thé phenomenon of
user disorientation , which may occur when we find
ourselves in environments which are unfamiliar, or
different, or too complex, or simply, for some reason,
disconcerting to the human being.
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The understanding of these principles is still very limi-
ted (for example, [10] lists a few “rules of thumb”
regarding 3D interfaces). They will have to be systema-
tized in a new discipline, which we may call artificial
kinestetics (“‘the perception of self in the artificial
reality” ).

This new discipline will also have to explore the possi-
bilities and problems raised by the multisensory
interfaces which can be implemented with today’s (and
especially tomorrow’s) multimediasystems ([2],[21]).

Understanding the problems of kinestics and orienta-
tion in “strange” environments will be more and more
important, also because the worlds represented by futu-
re workstations will not necessarily mimic the natural
world according to the principles of realism and to the
laws of perspective.

Nothing, in fact, prevents us from thinking of imple-
menting “impossible” worlds, like, for example, those
visualized in Escher’s fantasies (Fig.15). Quoting
again I.Sutherland (who built the first head mounted
display, more than twenty years ago):

“A display connected to a digital computer gives us a
chance to gain familiarity with concepts  not realized
in the physical world. It is a looking glass into a
mathematical wonder land” .

The possibility of creating, representing, exploring and
changing, interactively, “worlds that are not and never
can be” [10] suggests to our fantasy new, stimulating
scenarios, from inferactive cinemato computer games,
to new forms of computer-based-training, to computer
art, (see, for example, [49]) to the use of computer for
interactive analysis of scientific phenomena.

The emerging discipline of artificial life ([26], [27])
will, in the future, help populating these worlds with
simulated living creatures.

All this opens new and far-reaching possibilities to
computer applications, not only for the development of
new and more interactive apparatus for the control of
systems (process-control, industrial automation, buil-
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ding automation, ...), but also for the design of informa-
tion systems of new conception:

“If artificial reality can be observed, then it is possible
to enter in the artificial reality. If we can enter in the
artificial reality, then we can have at our disposal all
the real, made real/artificial close to us, wherever we
are.” [11]
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A MODEL FOR ARTIFICIAL REALITY

Francesco Gardin
Dipartimento di Scienze dell'Informazione
Universita degli Studi
Milano

RIASSUNTO

In questo articolo viene proposto un modello generale di realta
artificiale basata sul calcolatore.

E’ operata una distinzione tra realta artificiali basate sul calcolatore
e simulatzioni della realta basate su altre tecnologie.

Viene inoltre puntualizzata la distinzione trarealta naturale, estensio-
ne/simulazione fisica dellarealth naturale (Realta Reale), simulazio-
ne software della realtd, Realtd Artificiale e sua integrazione con la
Realta Reale.

Viene anche discusso il contributo che la realta artificiale puo portare
alle scienze cognitive.

1l modello proposto @ incentrato sul concetto di agente, questi si
suddividono a loro volta in agenti ‘hard’ ed in agenti ‘soft’, dove i
primi appartengono al mondo reale e i secondi sono invece modelli
software percepibili. Combinazioni tra due sono inoltre possibili. Gli
agenti sono essi stessi suddivisi in due componenti: la parte percetti-
bile ¢ la parte comportamentale. I comportamenti sono a loro volta
componibili.

La descrizione del modello & corredata da un numero di esempied un
elenco di principi di progettazione di realta artificiali, quali il princi-
pio di simmetria, di auto-percezzione, etc., che sono espressi median-
te le primitive concettuali del modello proposto.

ABSTRACT

In this paper we propose a general model for computer-base artificial
reality.
A distinction is made between computer based artificial reality and
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non-computer based technology simulations of reality.

A distinction is also drawn between natural reality, physical exten-
sion/simulations of natural reality (Real Reality), software-based
simulation of reality, Artificial Reality and its integration with Real
Reality.

The potential contribution of artificial reality to the study of cognitive
science is briefly addressed.

The proposed model is based on the notion of agents: they can divided
in hard and soft agents, where the former belong to the real world, and
the latter are perceivable software models. Combinations of the two
are also possible. Agents are themeselves divided into two compo-
nents: the perceivable aspects and the behavioural aspects, Behaviour
can be compositional.

The description of the general model is then followed by a number of
examples and design principles for artificial realities, such as the
symmetry and the self-perception principles, etc., which are expres-
sed in terms of the conceptual primitives of the proposed model.

1. INTRODUCTION

During recent years, awareness about the importance of
man-machine interfaces and the availability of multi-
media technologies [3] has turned this topic into a
central research issue, and the need for a unifying, basic
paradigm has emerged.

We believe that the answer is represented by the notion
of Computer-based Artificial Reality (referred to he-
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reafter as Artificial Reality [5], unless otherwise speci-
fied), i.e. the ability to develop perceivable software
models, as surrogates/extensions of reality, where users
perform more and more tasks previously done in the
real world [6], [8], [7].

Incidentally this has raised the issue of the distinction
between artificial and real reality, or, what is the real
world.

Although all sort of philosophcal, psychological and
sociological implications follow, we didn’t have to
wait for Artificial Reality, made possible by computers,
in order to witness instances of natural reality modified
by technologies: cars, radios, microscopes etc. are good
examples of surrogate/extensions of natural reality,
where people can move around quicker, sound waves
travel faster and things look bigger.

A theater stage is again a simulated reality (natural, or
extended), which makes use of physical objects.

Computers make possible software simulation of real
objects (or objects with no correspondence in the real
world). Adding to simulation the possibility of being
perceived not only numerically, but also graphically
(e.g. scientific visualization), has given a different
identity to specific simulations. These perceivable
models can be regarded as objects. It is a new reality,
artificial [5], in the sense that its elements are perceiva-
ble computer simulations.

The key element in Artificial Reality is one of a quan-
titative nature: our increased ability to model more and
more complex objects/environments (both the beha-
viour and their perception) and the availability of com-
puters powerful enough to run and display such models.

Software-based modelling, compared to all previous
physical technologies, has put into the right perspective
the concept of physical-based extensions/simulation of
the natural reality performed so far.

More generally, the whole human perception of reality
is under discussion as a result of this. As for other
revolutions, by shifting the center of reference from
reality, (before the advent of computers), to the whole
universe of possible realities as they can exist today, we
might appear to have completely lost the reference.

On the contrary, our ability to perceive has become the
central factor, since human perception has lost its uni-
que relationship with the usual reality, where percep-
tion is intimately related with what is perceived, due to
the uniqueness of reality. (Despite the fact that special
physical devices have been implemented to deceive
human perception, e.g. stroboscopic lights, the order of
magnitude makes the difference.) '
We now have maximum freedom to design and imple-
ment all sorts of worlds. The cognitive factor is there-
fore the fundamental issue.

Therefore, by trying to propose a model of Artificial
Reality, where existing man-machine interface para-
digms {2] and applications are its corollaries, we think
we are indirectly giving a contribution to the understan-
ding of human cognition [6]. The principle of self-
perception described later in the paper is an example of
this aspect.

As for Artificial Intelligence, both the shifting from
human intelligence to intelligence per se, and the gene-
ralization of human intelligence, has been made possi-
ble by the existence of the computer as the most power-
full modelling tool mankind has ever had, and has
helped to clarify the distinction between intelligence
and human intelligence as a specific instance of the
former.

All this raises the question of what the relationship is
between Artificial and Real reality.

The generalization of perception (the cognitive factor),
makes a unified view of artificial and real reality possi-
ble in terms of the universe of possible perceivable
realities.

Inorder to model the above unifying view, we introduce
the concept of the agent and its breakdown into percei-
vable and behavioural components. Agents can be hard
agents (existing physical objects) and soft agents
(computer-based models).By mixing the two aspects of
hard and soft agents the two become part of the same
extended reality. By doing so we can create a bridge
between the two, so that we can naturally move in and
out from Artificial and Real reality.

Essential to this bridging is an intermediate model

whose purpose itis to make the hard agent perceivable
by the soft agent and vice versa.

So, for example, in the case of a keyboard (the model of
the user from a soft agent stand point), the intermediate
model is represented by a sequence of ASCII charac-
ters, while in the case of the printer (the model of the
soft agent from the hard agent stand point), the interme-
diate model is represented by the sequence of printable
characters and the ‘x” and ‘y’ printer’s head movement
directions.

Although the role of the intermediate model could be
hidden as part of the hard or soft agent model, it can be
considered either as the key perception element of the
target agent, or a property of the origin agent. The
difference will be explained in details in the paper.

It is also worthwhile to notice the increasing important
process of ‘being absorbed’ into the artificial world
generated by the computer. This one of the most drama-
tic changes taking place at this very moment. More and
more complex computer based realities, and merges
betweenreal and artificial realities, are being developed
with the consequence that more and more tasks are
performed within these realities as opposed to the real
world. We need to understand in depth how these
realities should be developed, related to real reality and
used to amplify our capabilities.

In a sense this is the basis of a major biological evolu-
tion, because of the radical change in the environment
in which we will live. The rate of this change and its
order of magnitude is growing very rapidly: proportio-
nally to the MIPS of our computers and our modelling
ability.

The effects of the corresponding evolutionary process
are not known, since we don’t know which artificial
realities will occur in the future, but new opportunities
will be created as for any environmental change.

Living ina world where the laws of ordinary physics are
no longer true, will cause a number of fixed points in the
current reality to disappear: forms will be no longer as
static as they are today, for instance. Just the consequen-
ces of this change would be enough to justify a major
change in human communication.
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These points will not be developed in this paper, but are
issues which deserve our attention if we want to under-
stand their effects.

2. NEED FOR A MODEL

Designing artificial realities can only be turned into a
professional activity if we can develop a model of such
a modified/extended version of reality. Such a model
represents the reference point for acoherent approach to
apparently different situations. This is only possible if
we can capture the essential features of an artificial
reality.

As for any model, we expect that it represents not only
a guideline for the designer of man-machine interfaces,
but also a predictive tool for the analysis of cognitive
processes related to the use of an interface for given
tasks, or the consequences of a set of initial design
assumptions of the interface.

The starting point in our definition of a model,is the
notion of agent, broken down into its perceivable and
behavioral aspect (fig. 1a).

An agent can be either real: hard agent (fig. 1b), or
artificial: soft agent (fig. 1¢), so for example, a user, a
printer, a chair and the computer itself are real.

An artificial agent is any perceivable software-genera-
ted behavior which exists only as a result of an active
calculation by a computer, with its own identity over
time. Examples of artifical agents are a word processor,
anicon, asimulated bouncing ball, a synthesized sound,
etc.

Even though the above classification can lead to a
number of ambiguities, in our view it is a convenient
zero-order approximation. Some of the potential pro-
blems of our model will be discussed elsewhere in the
paper (e.g. the border-line between perception and
behavior is very subtle), for the time being the notion of
hard and soft agents is accepted as correct.

3. THE MODEL

The basic components of an Artificial Reality are agents.
Agents are the combination of two components: the
generation function (in charge of behaviour) and the
perceivable parts. Although this is a very approximate
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distinction and a gray area divides the two aspects, we
assume it is acceptable for the degree of approximation
of the proposed model.

Moreover agents can be divided into real agents, soft
agents, or some combination of the two.

A few examples should help to clarify our definitions.
Areal car, according to our distinction, has a generation
function represented by its dynamic and kinematic
properties (max speed, acceleration, max steering an-
gle, etc.) and the perceivables, such as its shape, color/
s, etc.. The car described so far is a real agent (fig. 1b).
A soft car (soft agent, fig. 1c), could be a car whose
dynamic and kinematic properties are defined accor-
ding to some non-real physics: acceleration as a step-
like function (e.g. from 0 to 100 km/hour instantenou-
sly), penetrability with other bodies, etc., whereas its
perceivable aspects are non-existent (i.e. the car beha-
ves according to the dynamic and kinematic defined
model but cannot be perceived by human beings), orcan
be perceived only every ten seconds, or each time the
speed is above 130 km/hour and its colour changes, or
its shape turns from a turtle into a rabbit. Cartoons cars
are a good example.

A hard/soft car is a mixture of the two, where the
perceivable aspects are generated by computer, and the
generation function is performed by the real car. This is
a typical example where a real car, whose coordinates
are detected through radio signals, is then represented
on a computerzied city map showing its position on the
map (fig. 1d). Cars exceeding the speed of 130 km/hour
will start to flash, in order to attract viewer’s attention.
Clearly the mixing could be exchanged, namely the
generation function could belong to the soft agent and
the main feature of the real car could be only its
perceivable aspect. Although it is less intuitive to think
of a sensible example of such combination, we expect
that in some suitable universe such a car exists. Indeed
one particular combination of such a mixture belongs to
a very well known universe, namely the world of car
simulators (similar to flight simulators, fig.1e), where a
driversits in the car and the external environment is pro-
jected outside, so that the effects of the soft generation
function properties are responsable for the changes in
the external views (e.g. the inertial properties of a real
car neglegible, so that 90 degrees changes in trajectory
are possible, even at very high speed, without affecting
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the stability of the car), or are responsable for some
specific tilting or shifting of the body of the car. The two
effects are complementary, as for relative motion in
cartesian geometry: either one moves his/her own point
of reference, or somebody else’s; the final effect is the
same: motion is perceived. '
Different hard/soft combinations, requiring the use of
effectors, could be more difficult to think of and imple-
ment.

In general, when hard and soft components are mixed,
sensors and effectors are required to relate the two.This
brings into the initial model, which represents the first
order of approximation, the first order of approxima-
tion, namely, the intermediate model (filter).

A further corollary of the proposed model is the fact that
agents, either software or hardware, can have more than
one perceivable aspect at the same time, but only one in
the same time-space unit (fig. 1f).

So, for example, a real car has its own perceivable
aspect in the real world (specific space-time unit), but
the very same car can have a different aspect in the
space-time unit of the computerized city map monitor.
The same principle holds also for the behavior aspect,
in the sense that two different behaviors, can be combi-
ned into a single behavior, or a single perceivable (fig.
1g). So, for example we can couple the behavior of two
users to produce their combined behavior, or just the
same perceivable. This example also shows how ambi-
guous the distinction between behavior and its percei-
vables is.

4. MORE ABOUT THE MODEL

The behaviour/perceivables model is infact rather
simple, and couldn’t explain for example the ‘straight
line drawing case’. The following example is used to
introduce the notion of intermediate model (filter), fig.
2, and therefore to prepare the ground for introducing
the subtle cognitive implications of Artificial Reality,
which can be partially extracted by the principles de-
scribed later in the paper.

The example itself is about the ‘perfector’ property of
an Artificial Reality. When the mouse is used to draw a
line within a line editing program, a straight line option
can be selected which allows the user to draw a straight
line, despite the ‘tremulous’ of his hand dragging the
mouse. How do we explain this process within the
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proposed model of artificial reality ?

There is a hard agent, the hand, together with the
associated user, and there is a straight line being di-
splayed. The line is not just the projection of the hard
agent into the artificial reality, since the hard agent
cannot generate the behaviour which would resultin the
drawing of a straight line: something must be missing.
What is missing is the filter (the intermediate model),
which turns an irregular line into a straight line (the
process is actually much more complex since it is
generally incremental and the movement of the hand is
governed by the feedback from the artificial reality,
rather than the usual feed back from the same reality
where the action is taking place: the Real Reality).
This filter is the actual behaviour for the perceivable
component of the straight line in the artificial world. In
general each ‘in” and ‘out’ passage fromreal to artificial
and vice-versa must involve some model. The differen-
ce between the user with and without the linearizing
filter, is the difference in the model that the artificial
world perceives of the user: a sequence of couples of
digits in both cases (x and y coordinates), but with the
linearizing filter the sequence must obey very specific
rules (each couples of digits follows, or is followed by,
a couple so that both are on the same straight line).
Does the filter belong to the hard agent or somebody in
the artificial world ?

In other words is it a way to design super users (who can
draw perfect straight lines), or super worlds where,
under certain conditions, only straight lines can be
drawn ?

We could use both views, but for consistency reasons
let’s assume that this capability belongs to the hard
agent, since every time we admit input from the real
world we must allow for some transformation, both
physical and behaviouristic). The straight line is there-
fore the result of the combination of two behaviours: the
hand and the filter. In such a case we are referring to it
as the behavior functional application, that is the final
behavior can be viewed as the application of a function
(the filter) to the application of another function the
behaviour of the user hand (the domain is represented
by the hand commands and the co-domain is the result
of the mouse movements).

We have decided to attach the filter to the user, although
the filter is actually computed by the machine, on the
other hand the filtering function could also be computed
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by an on board computer in the mouse.

Symmetry holds: for actions performed on real reality
(by means of actuators), where the filtering problem
applies, in the reversed way (from Artificial Reality to
real reality), the filtering model has decided it will
belong to the soft agent.

If we thought that the above would solve some of the
problems we might encounter in the use of the model,
let’s consider the case where the straight line is not
drawn in the artificial reality, but directly onreal reality,
e.g. when we use the mouse to draw a straight line on a
piece of paper, by guiding arobot holding apen. In such
acase, in order to be consistent with our definitions, we
admit the presence of two agents: a hard agent who
draws straight lines in an artificial world, and a soft
agent which draws straight lines in the real world.
Again, for consistency reasons the super agent is the
user, who can draw straight lines not only in the artifi-
cial world, but can also give instructions to a software
agent to draw straight lines in the real world.
Controlling a robot through an Artificial Reality, or in
an Artificial Reality, is a very good example of cogni-
tive body dissociation. Again driving a car is essentially
the same thing, what makes the difference is the order
of magnitude which can be achieved in the dissociation,
which can give rise to phenomena that otherwise would
probably be undetected.

5.DESIGN PRICIPLES FOR ARTIFICIAL REA-
LITIES

The model described so far, has a number of advanta-
ges. Two of these are: a notation for describing Artifi-
cial Realities, a useful framework to explore and state
design principles for such realities.

Similar to architecture and any other design activity
which has been around long enough to forma consensus
about how things should be done (principles) [1], Arti-
ficial Realities, in the form of computer interfaces, are
already in a position where a number of elementary
design principles have already emerged.

A classic text about design principles for man-machine
interfaces in engineering is [9], a good example of how
text books for Artificial Realities engineers and archi-
tects, will be.

The design principles briefly described below, are the
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result of an analysis carried out on existing successful
computer interfaces in terms of the language of the
proposed model.

The reason why we used successful computer interfa-
ces, is based on the assumption that if something is used
successfully (i.e. freely choosed by users) by hundreds
of thousands of people it captures some basic properties
of the users (indirect/reverse engineering). For example
we could study some features of human body through
the carefully analysis of a driver’s operating environ-
ment in a car interior.

Similarly, if pull-down menu’s appear to be more
successful than line-oriented text commands, this gives
an indication of how limited our capability is to
remember text commands (words in general), if they are
not used very often.

It is not our intention here to explore this aspect of
computer interfaces, i.e. relate their success to users’
features; our objective here is instead to show how the
simple proposed model can be used to describe design
principles used in computer interfaces. It should be in-
teresting to notice that some of the design principles
listed below have been implemented in existing sy-
stems but perhaps they are not the result of a delibera-
te analysis, but more something which turned out to be
necessary at that point in the implementation of the
systen.

P1. Principle of Common Space for Interaction

This principle is about the common time-space unit.
It states that any two agents, in order to interact, must
be able to share a common space, either hard or soft.
According to this definition, a user can write a letter on
a piece of paper, or if the system used is a word
processor, he will have to trasform himself into the soft
agent who moves around writing sequences of charac-
ters in the Artificial Reality of the soft letter. In both
cases the interaction requires the two agents to come
into contact in the same hard or soft space.

P2. Priciple of Symmetry
The principle of symmetry states that in the desi gnofan

interface the relationship between any two agents is
symmetrical. By relationship, we mean the capability of
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one agent to perceive and be perceived, or act and be
reacted to. Whenever the symmetry doesn’t hold the
relationship is unbalanced and must be looked after
carefully.

As an example we can use the relationship between the
user and a word processor. The user per se is a hard
agent, the word processor, on the other hand is a soft
agent. In order for the user to access the word processor
he/she must be able to see it, namely it must have a
perceivable aspect. On the other hand, in order for the
word processor to be used by the user, he/she must be
perceivable by the word processor. In general there is
little difference to the word processor whether the agent
on the ‘other side’ is a human being or a cat walking on
the computer keyboard.
What matters in the end is the fact that the behavior
generator (resulting in a sequence of text/commands),
will be perceived as a correct string of ASCII charac-
ters. (It is interesting to note that a pre-coded sequence
of text/commands could have been stored on a file and
used for the word processor, it is arguable to say
whether the user behavior aspect is soft, or hard; the
time-scale is crucial for the answer).

P3. The principle of self perception X.3

A A A S R

Any agent must be able to perceive (him/her)self in the
same form as he/she perceives the agents he/she is inter-
acting with. This is a typical example of the case where
the interaction with an artificial reality has clarified the
role of self perception, that is the continuous feed-back
between the se and the perceivable aspects of the se (the
body). Acting in real reality is quite natural, therefore
we take for granted the fact that we perceive ourselves.
On the other hand, when we deal with an artifical reality
there is a dichotomy between us and our body, since our
body becomes whatever we use to act on reality or
Artificial Reality; and we need to perceive our body to
close the continuous feed-back, in order to control our
acts. The perceivable aspect of the mouse (e.g. the
arrow 18 displayed) is the condition for us to be able to
perceive ourselves and therefore control our actions.
The alternative to self perception, is memory: if one can
remember every action exactly one doesn’t need to see
where one is. Apparently nature has adopted a solution
where the world acts as amemory, and all we have to do
is take a look at it, rather than remembering it.

S

P4. Principle of minimum effort, or maximum per-

formance

According to the principle of minimum effort, or maxi-
mum performance, each time an Artificial reality is
designed, the filter (in both directions), should be con-
ceived so that the effort to perform an action is minimi-
zed, or, conversely, the maximum performance is achie-
ved (e.g. the straight line case described earlier).
Whether the filter belongs to the hard agent, or the soft
agent is an open issue which can be decided only as a
matter of convention.

P5. Priciple of continuity, or spacial positioning

This principle again concerns perception. The under-
lying assumption of our perceptual system is such that
we expect physical objects to maintain their position in
space, unless some specific action is performed on
them, as well as to react to actions in such a way that
continuity in movements is fulfilled.

Theresultin an Artificial reality which doesn’t take into
account this principle is cognitive disorientation.

This principle can be expressed in terms of the primiti-
ves of the proposed model as constraints that we add by
default to the behavior of soft agents and corresponding
filters.

Sometimes it could be convenient to design Artificial
Realities which are not based on this principle (Artifi-
cial Reality doesn’t need to be areplica of Real Reality),
but this should be a deliberate choice.

Icons which disappear when they are dragged around
with the mouse, and re-appear in the final position when
the dragging is completed, go against the principle of
continuity.

P6. Principle of causality in Artificial Reality

The principle of causality is about the physics of Arti-
ficial Reality, and the effects that it causes on percep-
tion. The design of soft agents should be aware of the
physics they obey.

A word processor is a good example of an Artificial
Reality where ordinary laws of physics no longe hold.
The amount of energy required by a user to erase a line
of text is the same as for a page of text. Similarly,
moving a block of text upward or downwards takes the
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same amount of effort: i.e. a word processor is not
subject to gravity.

The absolute freedom in designing a new world which
doesn’t necessarily obey the laws of physics, is on one
hand a great opportunity, and on the other hand a major
cognitive challange, since all sorts of nasty effects
could follow. Acting in a world where objects don’t
penetrate each other represents a source of greater
predictability than a world where everything can be pe-
netrate everything else.

A set of rules to check the consistency of the physics
used, with respect to the cognitive effects on causality
itcan produce, could be added by default both to the soft
agents and the filters.

The above list of principles is by no means exhaustive,
but it is an indication of notions which should be taken
into account when designing an Artificial Reality.
They can be expressed in terms of the primitives of the
proposed model: soft and hard agents, behavior and per-
ception parts and filters (intermediate models).

We leave the reader, as an exercise, to revisit familiar
Artificial Realities (e.g. word processors, iconic inter-
faces, CAD systems, Flight Simulators, Computer
Games, etc.) in terms of the above primitives and prin-
ciples.

7. FINAL REMARKS

As mentioned earlier, more and more objects and rela-
ted functions which used to exist only in the real world
are now being implemented as computer models. Word
processors, CAD systems, electronic mail, icon-based
calculators and watches, video games, etc. are just a
few examples of objects which we use increasingly fre-
quently in our lifes. Our capability to design and imple-
ment models of more and more real objects (or their ex-
tensions, or just completely new ones) will increase
such a trend even more.

We are already in a situation where most ordinary office
operations could be carried out in an artificial reality
running on a workstation.

On one hand the opportunities for the creation of
entirely new worlds is fascinating; on the other hand,
the design of an artificial environment, as for any design
activity, needs a deep understanding of the properties of
the environment itself, the user and how operations are
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performed either by the user in the environment or
among several users.

Existing man-machine interface paradigms (button-ba-
sed, pull-down menus, etc.) cannot be only used forrich
and complex environments, where a number of criteria
taken into account in the design of the real environment
where we live and work are completely left out.

We are aware of the fact that perhaps its is possible to
produce counter-examples in the proposed model, but
the need of amodel, even if approximate (a higher order
of approximation could be added too), represents a
priority at this stage of the development of Artifical
Reality, as a discipline.
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RIASSUNTO

In questo articolo viene riconsiderata la comunicazione tra uomo e
computer alla luce di un promettente paradigma: la simmetria. Pren-
dendo spunto dalle conversazioni tra persone sono confrontati i ruoli
che assumono gli esseri umani nelle loro interazioni e nelle interazio-
ni coi computer. Da qui si suggerisce che ’analogia conversaziona-
le vada estesa per includere la simmetria nella comunicazione. Si
propongono quindi tre proprieta che devono essere soddisfatte da una
comunicazione simmetrica e che riguardano i suoi aspetti sintattici,
semantici e pragmatici. Come esempio di un primo passo verso
I"applicazione di questo paradigma viene presentato ProTalk: un am-
biente di programmazione basato su Prolog in cui interprete ed utente
adottano un linguaggio di comunicazione comune ed un modello
uniforme di pragmatica della comunicazione. Entrambi possono
inviare ¢ ricevere conoscenza su un determinato problema allo scopo
di sviluppare, in modo incrementale, un programma Prolog che lo
risolva. Infine viene suggerito come il paradigma della simmetria
permetta di ridurre la tradizionale separazione tra utente finale e pro-
grammatore.

ABSTRACT

In this paper, man-machine communication is revisited from the point
of view of a promising paradigm: symmetry. Starting from the
analogy between person-to-person conversations and computer-to-
person interactions the roles played by person and computer are
analyzed. It is then suggested to adopt the paradigm of symmetry in
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order to achieve a more conversational attitude in computer interac-
tions. Three properties are proposed as guide-lines for such a para-
digm, concerning communication syntax, semantic and pragmatic.
As a first step toward symmetry ProTalk; a Prolog based program-
ming environment, is presented in which the interpreter and the user
communicate by means of a common language and in accordance
with a common pragmatical model. Each part can send and receive
knowledge concerning a given problem, thus incrementally develo-
ping a Prolog program that will solve it. Finally, it is suggested that
the paradigm of symmetry could provide a way to blur the separation
between end user and programmer.

1. CONVERSATIONS WITH COMPUTERS

Nowadays the role of computer as a communication
medium has reached wide acceptance. People use
computers to communicate ideas, data, experience,
knowledge over time and distance, making them widely
available to other people. They exploit the “reactive”
nature of computer to encode and disseminate not only
passive information but active working knowledge
with which the recipient can interact.

We take the historical view of computers as mere
“computational engines” being a lumpy case in the
previous scenario: at the beginning, computer-media-
ted communication was mainly intended to share re-
sults (and operations by which these were attained)
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within a restricted working group, regardless of the
wealth of communication styles.

After the advent of the first interactive systems and the
diffusion of personal computers, it has become com-
mon to speak of “conversational” interaction with a
computer [1], [2]. This locution was intended to suggest
the analogy between person-to-person conversation
and computers-to-person interaction. The relevant point
of the analogy is that communication with a computer
program is somehow similar to communication with a
person (for instance the person who wrote it) because it
is two-way and interactive.

Computer scientists have not developed the conversa-
tional metaphor systematically; they started with the
first attempts of emulating the human conversational
capabilities, arising from the artificial intelligence are-
na [3], thus focusing on the technological and ergono-
mical aspects involved in computer-mediated commu-
nication. We can recognise the “direct manipulation”
paradigm of current User Interface and their multime-
dia features among the most remarkable achievements
of that effort.

2. THE GAMES PEOPLE (AND COMPUTERS)
PLAY

An underlying assumption has characterized the most
developments in this area: partners involved in the
interaction play a game with assigned roles’ . The user
“uses” (thus his name) the active knowledge encoded in
a program, the program delivers it, under the user’s
control, in order to accomplish some (often unrecogni-
zable) of the user’s intents.

Even when interplaying with those programs that exhi-
bit a more conversational attitude, like Expert Systems
(reminiscent of former Question Answering Systems),
we can recognise the same communication pattern
coming from an explicit roles separation. What charac-
terizes these last programs is a capability of acquiring
new knowledge during user interaction; but throughout
the separated phases of knowledge acquisition and
consultation, the roles of each partner (as knowledge
receiver or knowledge provider) still remain fixed.
Moreover, during the acquisition phases, the user/
expert conveys new knowledge in a purely syntactical
form, as passive information, without any advice about
the live nature it will assume when delivered by the
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program. In the previous schemata it might be conve-
nient to force different communication styles that can
best suit specific assigned roles, though thisis faraway
from what we can observe in everyday conversations.
Here partners’ roles cannot be assigned in a predetermi-
ned way but they are frequently exchanged depending
on the course of the interaction: each partner has the
same chances to play as knowledge provider or know-
ledge receiver on the base of his own competence. This
flexibility typically results in a fine granularity® of the
interaction without hampering its overall effective-
ness; indeed true conversations do not require a heavy
context switching like that we find with a typical
Expert Systems moving from knowledge acquisition to
consultation and back again.

3. COMMUNICATION SYMMMETRY

Because of the above attitude in assigning roles, we are
not surprised if a leading aspect involved in person-to-
person conversation is not adequately covered by the
computer-to-person counterpart. We refer to the promi-
nent symmetry exhibited in human conversations.

As a natural evolution of an idea first suggested by G.
Degli Antoni in [4] we propose, in the following, a
simple guide-line for introducing symmetry in man-
machine communication.

Concerning the communication between two agents we
will state its symmetric nature on the base of three
outstanding properties:

a) (syntactical) the two agents share a common langua-
ge

b) (semantical) they have equal capabilities to attribute
meaning to each construct of this language’

¢) (pragmatical) they have equal capabilities of interve-
ning properly in the communication.

The first property requirement to both agents is a
common syntactical skill. The last two need a shared
background knowledge enabling them to supervise the
interaction. In a more formal setting we should regard
such background knowledge as “metaknowledge”
because it deals with the specific-domain knowledge
object of the communication®. This metaknowledge
specifies how to relate the language’s constructs to
previous (encoded) knowledge, how and when to pro-
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perly ask for missing knowledge, how and when to
provide requested knowledge®.

Specifically the word “properly™ occurring in the third
statement refers to the requirement that both agents
conform to a common pragmatic model of the commu-
nication (i.e. a protocol) as it has been analysed by Le-
vinson [5]. This model structures the interaction as an
alternation of communication acts, each one belonging
to a couple of complementary acts for instance of the
kind Question / Answer. In each couple the former is
referred to as an opening act and the latter as a closure
act; each opening act should be followed, sooner or
later, by its closure. We can have nested couples of
communication acts to any depth level; these couples
should be correctly managed by mean of a LIFO sche-
mata. So attempting to answer a given query of one
agent a further question might arise and so on , in turn,
until all the open queries, starting from the innermost,
are closed by an appropriate complementary answer.

4, WHY COMPUTER CONVERSATIONS LAN-
GUISH

Symmetry in human conversations is so natural as to go
unnoticed. It is demanded by the highly cooperative
nature and the fine granularity of such interactions.
On the other hand, human-to-computer communica-
tion, still being two-way and interactive, could not be
considered really conversational because of its evident
asymmetry.

A simple means to judge the symmetry of such “artifi-
cial conversations” could be borrowed from the Artifi-
cial Intelligence side, adapting the well-known “Turing
Test”: acommunication between twoagents, say Human
and Computer, might be considered symmetrical if we
are not able to distinguish them just by looking at the
form (not at the content) of their communication act.

More analytical ( and perhaps more constructive) jud-
gements could be derived by attempting to apply the
three basic properties stated above.

A primary source of asymmetry can be recognized in
the deficiency of the property a). In fact, during the
same interaction, humans and computer programs com-
municate using languages that have different syntaxes
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and, often, different sets of symbols.

Moreover these languages cannot be translated one into
the other on the basis of a common set of actions or a
shared bunch of meanings to refer to. Depending on the
roles played by human and computer in a specific
interaction context, the sets of actions each one can
undertake and the kind of knowledge they can exchange
are significantly diverse from one side to the other. This
also wipes out the second property.

It is difficult to state a general settlement for the last
property. It could be roughly equated to the degree of
interactivity enabled by the program, thus varying from
great freedom (e.g. in an interactive computer game) to
a strictly predetermined sequence of steps (e.g. in the
install phase of most packages or interacting with a
typical programming environment), to the coexistence
of both tendencies in the same interaction (e.g. remind
the occurrence of “modeless dialogues” and “modal
dialogues™ in a typical Macinthosh session).

At this point a very pragmatic question could arise:
what kind of advantage should derive from imposing a
conversational style, and specifically symmetry, on
interaction with a computer program? Is it just an
aesthetical concern? Or the is reason that we enjoy
conversations more than working with unresponsive
computers?®

5. THE EXAMPLE OF A PROLOG PROGRAM-
MING ENVIRONMENT

In the following we want point out the advantages that
could be gained by adopting a more conversational
attitude in the usual task of programming by dint of
symmetry.

Let us consider programming as a special case of
problem solving. The programmer is concerned witha
task more comprehensive than just the implemention of
an already fully specified algorithm; moreover he has to
deal with the refinement of formal specification suita-
ble for the intended meaning of the program: i.e. what
the program is intended to serve for and sow it is
intended to accomplish that goal.

Deriving executable code from a complete and correct
set of formal specifications could be regarded as a
transformation task (and then it could be automated
once and for all), whereas the specification phase requi-
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res true problem solving skills {6].

Itis mainly in this phase, we believe, that symmetrical
interaction with the programming environment might
enhance the programmer’s problem solving capability
by cooperating towards a satisfactory specification of
the problem.

To demonstrate the previous idea a prototype of an
interactive Prolog programming environment called
ProTalk has been developed that realizes a first step
toward symmetry.

The choice of Prolog as test-bed was determined by
several reasons. Logic Programming enables a decla-
rative technique of specification whichis very suitable
for the descriptive style of thinking typical of most
problem solving tasks. As a practical expression of the
Logic Programming paradigm, Prolog provides an ef-
fective way to completely execute such specifications
[71. Furthermore, from a pretty communicational point
of view, logical languages come closer than other
“artificial languages” to one of the most natural forms
of human utterance: natural language. All these consi-
derations suggest that Prolog could be regarded as good
candidate for putting man and computer in touch as far
as it is quite natural and still executable.

In spite of the above pleasant characteristics, actual
Prolog programming environments do not exhibit a
more evident inclination to conversations than conven-
tional programming environments.

Before showing the peculiarities of ProTalk, it is
worthwhile considering the typical scenario in which
Prolog programs are developed, looking for symmetry.
The programmer and the programming environment
share (to some extent) a common syntactical skill in
Prolog.

The programmer might rely on the declarative
semantics of the language (almost in the first phase,
dealing with more operational concerns in a further
optimization step). The programming environment, on
the other hand, relies on the operational semantics
provided by the Prolog abstract machine encoded into
the interpreter.

These two ways of attributing meaning to the same
language have been demonstrated to be equivalent as
far as we can cut off the effect of some “extralogical”
constructs [8]. On this ground (and assuming a sound
implementation of Prolog) we are granted what the
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programmer recognizes as logical consequence  of
some previous statements, the programming environ-
mentisable todeduce from those same statements, and
vice versa.

Till now the first two properties required by symmetry
seem ready to be achieved.

What is unlikely to be achieved, without a radical
reconsideration of present environments, is an effecti-
ve interactivity. In this context this means enabling both
the programmer and the programming environment to
intervene at each step of the specification process
contributing to the correct and complete development
of the program.

The communication pattern we observe during interac-
tion with a typical Prolog interpreter is as follows:
- from the programmer side:

* load ( consult ) a previously edited program
into the knowledge base
* ask a query to the interpreter

- from the interpreter side:

*answer yes , reporting the successful variable
substitution, or #no , on failure.

* prompt the programmer for a new query

When the interpreter is set to the debug mode it
essentially provide a more verbose account of the yes
/no answer, In the best case the programmer can
interactively ask the debugger to unfold or skip some
parts of that account, but he cannot interactively modify
the program and then resume its evaluation.

In such a scenario there is no means to verify “in itere”
that the program under development behaves the way
we want, neither to have some timely hint about what is
missing or wrong. Indeed, whereas itis often preferable
to specify a Prolog programin a top-down fashion, we
are forced to implement bottom-up whole, self-consi-
stent pieces of program before they can be tested by the
interpreter. In the case of large programs this develop-
ment approach (think top-down, implement bottom-up)
[9] leads to a temporal shift between the specification
and implementation phases thus limiting the advanta-
ges of using Prolog for writing executable specifica-
tions.
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" In order to present

6. PROTALK: A FIRST STEP TOWARD SYM-
METRY

the way ProTalk addresses the
above shortcomings, let us introduce a little bit of
terminology.

Given a Prolog program P we define the meaning of P,
M(P) , as the set of ground unit goals deducible from
P [9] (or, equivalently, the minimum Herbrand model
for P, [8]). Inword, M(P) explicitly contains whatever
P states implicitly.

We also define the intended meaning M, as the set of
ground unit goals that are intended to be true by the
programiner.

We say that a program P is (partially) correct with
respect to the intended meaning M if M(P) OM . We
saythat P iscomplete withrespectto M itM(P) M

Let us denote with Pp the “partial program” as it is
during the current refinement step; the development of
a complete and correct program proceeds through a
succession of partial solutions Pp , incomplete and
sometimes incorrect, that have to be enlarged and
improved until aprogram P isreached such that M(P)
M (totally correct).

Itis worth noting that M cannotbe captured asa whole
in the programmer’s mind as being typically constituted
by an infinite number of elements. Moreover the pro-
grammer is often unable to decide straightway if some
ground unit goal belong toM just by looking atits form
and at the problem analysis’.

What the programmer can do is to recognize the logical
relationships between some elements, or classes of
elements, in M thathe is sure of, and some otherclasses
of elements (each one represented by a nonground unit
goal) that should take part in the intended meaning.
These logical relationships are expressed by Prolog
clauses and constitute, at each step, the current Pp .
Relying on the declarative semantics of Prolog, the
programmer can only grant the local correctness of
each clause unless he wishes to switch his mind to the
“operational” mode and engage himself in a burden of
erTor-prone computations.

What he needs is feedback about the overall meaning
of the current partial program in order to verify its
(partial) correctness, M(Pp) OM . The natural way for
the programmer, to get this feedback, is to query the
interpreter about those goals it guesses should belong

. to both M(Pp) and M, relying on its computational
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skill and on the equivalence of the computer-attributed
meaning and the declarative meaning.

Unfortunately, when program development proceeds
top-down, the most significant goals, the “top” ones,
cannot be tested until we have firmly stated the lower
goals they depend on.

ProTalk implements an extension of the idea of QtU
proposed in [10], providing the programmer with an
insightful feedback about the current partial program,
whatever the development approach.

This feedback is realized by means of enhanced inter-
action with the programmer that accomplishes a com-
mon pragmatic model of communication, as required
by the property c).

The most relevant point in such a model consists in
letting ProTalk ask the programmer a question in the
very same way he asks ProTalk: through Prolog
queries. In [11],Vannini refers to the way ProTalk
queries the programmer with the term EQtU, acronym
for Extended Query the User.

Besides extending the interpreter’s communication
capability that of the programmer has also been exten-
ded, towards the definition of a full set of couples of
complementary communication acts shared by both the
agents.

Let us exemplify a typical interaction pattern with
ProTalk pointing out the structure of nested couples of
communication acts. We will refer to the programmer
(Human) and ProTalk, with the labels H and PT,
respectively, and with (open) and (close) to the
corresponding opening and closure act of each couple.
After H has provided a set of clauses Pp that should
cover a goal 9, he verifies his guess by querying PT

H(open) : ?-Q

Aslong as PT knows enough to fully expand @, it will
act like any other Prolog interpreter. But, if it recogni-
zes that it lacks some clause to expand a given subgoal
Q’ (which Q dependson)itsuspends @’ and, before
backtracking, asks through an EQtU if H can expand

0 :
PT(open) :canyou expand @’ -?

PT relieson M as a model for the completion of Pp.

In this way it tries to take on  as an alternative way
to solve a goal just relying on the programmer’s capa-
bility of recognizing the local correctness of logical
relationships that might relate @ with some other
elementsin M .

At this point H can open a further nested couple (if it
is not persuaded of the need to expand @’ in order to
solve the original goal Q ), asking PT to provide a
“why explanation” about the last EQtU:

H(open) :why ?
Pt will replay showing the path, on the current proof
tree, from the goal being subject to EQtU (@’ ) toward
the original root goal (@ ).

PT(close) R
Some_intermediate_Subgoal to prove Q

lO_pi'OVE

Inthis way PT retrospects, inaforward chain fashion,
the clauses it has used in attempting to solve @ , letting
H verify if some of them are ill-defined.

As another choice, H cansuspend the goal @” and then
ask for a new query to get further advice on the actual
meaning of Pp, (returning lateron @’ ).

Otherwise H can close the nested couple either letting
@’ fail and, thus, allowing PT to backtrack:

H(close) : fail

or providing some clauses (facts orrules) useful to solve
(’ ,and then letting PT toresume its evaluation (taking
into account the last provided knowledge):

H(close) :add: @’ :- Body.

The above sampling should be enough to get a feeling
about what interaction with ProTalk is , and how it
could evolve.

All the relevant knowledge exchanged between the
partners is conveyed using basically Prolog clauses:
queries, facts and rules. Nevertheless, in the previous
example, we can observe the occurrence of some non-
Prolog statements such as the add and why command
issued by the programmer or some accompanying natu-
ral language explanations, like can you expand., issued
by ProTalk. Furthermore, during a real session, on user
request, help menu is presented, listing all the actions
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available in replay to the last opening act raised by
ProTalk.

These features serve to support easy readability of
dialogues from the user’s point of view. Indeed, with
some minor extensions (for instance, including built-in
predicates for why and how explanations), the form
of each Prolog communication act (query, fact, rule)
and the context in which it occurs, should be enough for
a correct understanding by both the agents.

The adoption of a “pseudo natural” logical language?®
might rule out any need to accompany commands or
natural language explanations further enhancing the
communication symmetry.

In a second implementation a new feature has been
added to ProTalk for dealing with typical unfriendly
behaviour of Prolog Systems: the cryptic Stack Over-
flow message that sometimes interrupts an evaluation,
This extension called LQtU (for Loop QtU) enables
ProTalk to prevent the occurrence of a possible infinite
loop interrupting the evaluation and asking the pro-
grammer if there is something wrong or missing, or if
he want to resume the evaluation. This kind of feedback
is particularly suitable during the interactive definition
of recursive programs in which some end condition is
likely to be omitted.

The friendly interaction provided by ProTalk has been
demonstrated to be valuable either in the extreme situa-
tion in which the programmer begins a working
session asking queries with Pp empty. In this case the
interpreter will reply with the request to specify all the
subprograms needed to give an answer to that question,
thus forcing the programmer to think in a strictly top-
down fashion, about all different subproblems involved
in the solution process. The feedback so provided is a
helpful guide-line towards the problem decomposition
task that must be undertaken in the early phases of
program development.

The implementation of ProTalk is actually realized as
a metainterpreter on top of Quintus™ Prolog which
encodes the metaknowledge required for assuring the
property c¢) of a symmetric communication.

7. CONCLUDING REMARKS
In our approaches, Prolog (with opportune extensions)

accomplish two different communicational functions at
the same time: interacting with the programming envi-
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At the present several points are left open to verify : to
what extent the paradigm can be applied to other pro-
gramming environments either declarative or procedu-
ral; if it can be adapted to general purpose User Inferfa-
ces; if it can be supported by different media or form
of utterance.
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! Here we refer to communicational roles regardless of the
diverse skills, objectives and credit that each partner have in
a specific task-domain

>Granularity refer to the amount of time and operations that
occur between two subsequent communication acts.

*From a mere communicational point of view we shall not
require that both agent attribute exactiy the “same”™ meaning
to cach construct: nevertheless, in order to obtain a meaning-
full communication, it is highly desirable that thc} can refer
to a couple of somehow corresponding meanings with the
samie language’s construct.

* Let us remark that the initial sharing of specific-domain
knowledge is not a communicational requirement whereas it
should be the very result of interaction.

5 Some basic knowledge can be considered included in the
background knowledge, likewise most programming langua-
ges encode some built-in functions.

®Let we say that this reasons should be enougth.

" For instance it is not easy to decide if prime (15485863)
belong to the intended meaning of a primality-test program,
even if the problem is well stated and a simple solution
(perhaps not efficent) is easy to recognize.

¥For a complete account on all the complementary couples of
communication acts available in the actual ProTalk imple-
mentation and on their sintax, we remit to [12] and [13].
°The inclusion of imperative statements should be reduced as
far as possible.
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SELF-OBSERVATION IN ARTIFICIAL REALITY
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RIASSUNTO

Poiche la Realtd Artificiale, in quantorappresentata sullo schermo di
un calcolatore, & a sua volta parte della realta, ogniqualvolta tale
schermo & compreso nello spazio di osservazione del soggetto si
ottiene unariflessione infinita di livelli cognitivi. L"articolo formaliz-
za tale situazione in un’ “equazione della Realtd Artificiale”, che
viene dimostrato essere un’equazione al punto fisso. Questo risultato
¢ confortato empiricamente da esperimenti sul videofeedback, dai
quali emerge che la riflessione infinita da luogo ad un’immagine di
equilibrio che corrisponde ad un punto fisso - o ad altri aitrattori - nello
spazio delle immagini.

Vengono ciog generate strutture dissipative che implicano un aumen-
to globale del contenuto informativo del sistema e sottolineano la
natura temporale - oltre che spaziale - dell’autoosservazione.
L’autoosservazione quindinon & circolare perche ogni riflessione si
riferisce ad un tempo differente, che pud osservare una realta modi-
ficata.

Dunque un sistema in grado di autoosservarsi pud trarre nuova
informazione da questo procedimento, evitando situazioni di loop e
potenziando le proprie capacita di problem solving.

ABSTRACT

As Artificial Reality, represented on the computer screen, is in its turn
a part of reality, we obtain an infinite reflexion of cognitive levels
whenever the screen is included in the subject’s observation space.
The paper formalizes such a situation with an “equation of Artificial
Reality”, which can be shown to be a fixed-point equation.
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This result is empirically supported by experiments on video-feed-
back, which show that infinite reflexion gives rise to an equilibrium
image that corresponds to a fixed point - or other attractors - in the
image space.

Therefore dissipative structures are generated, which imply an in-
crease of the system’s information content and stress the temporal
nature of self-observation, apart from the spatial one.

Thus self-observation is not circular because every reflexion refers to
adifferent time, therefore it can observe a different reality. A system
able to observe itself can draw new information from this procedure,
in such a way as to avoid loop situations and potentiate its problem
solving capabilities.

The theoretical aspects of Artificial Reality make it
possible to reconsider the deepest aspects of knowled-
ge, of conceptual entities which constitute it, and their
reciprocal connections.

In fact Artificial Reality reproduces on the computer
screen in ameaningful way not only the reality image,
but also its structural and cognitive connections [1].
Actually we note that Artificial Reality, represented on
the screen, isin its turn a part of reality. Knowledge
becomes this way a part of reality and as a part of
reality it can be dealt with and elaborated.

Besides, we note that whenever the screen is included
in the observation space, an infinite reflection takes
place between cognitive levels.

The investigation of the concept of reflexive architec-
ture can help to develop a realistic artificial model of
intelligence. In fact intelligence can be defined as a
system able to manipulate knowledge and to manage
the reflexive interaction between different represen-
tation levels.

Many authors believe that interaction between repre-
sentation levels and ability to manage this interaction
are the key for the development of authentically intel-
ligent systems [2].

In fact it is well-known that computational problems
can arise when computers have to deal with complex
recursive situations, like self-observation problems.
It is possible to show that such limits can be seen
as computational implications of Goedel’s Theorem.
The philosopher J.R. Lucas maintains that non-
paradoxal self-observation takes place in human brain
thanks to its ability to observe reality and its modifi-
cations, and to the following comparison with its
internal computational version [3].

This way the brain can attribute truth values otherwise
indefinite .

As a matter of fact, a conscious being can look into
himself and examine his own actions without being
different from the person who acts. On the other hand,
a machine has to add new instructions to its program
in order to examine it, and this way it becomes a
different machine, which has to be examined in its turn,
and so on.

The conscious mind can interrupt this circularity be-
cause meta-knowledge and knowledge are mixed into
a single observer, and they are not an infinite tower of
self-observers. It is a “fold-back”, i.e. a feedback
between different knowledge levels [4].

It is to be noted that an advanced computer program
could perform this procedure, too: as the human brain
can find out a propositional truth by comparing it with
reality it perceives, as a computercan be endowed with
a supervisor which compares the results of an internal
subroutine with the external reality.

Therefore computational circularity can be avoided by
endowing the system with the possibility of observing
the modifications which occur in time in the reality it
is part of.

We can analyze now these considerations according
to the Artificial Reality approach.

Once we define an observation space on the screen -
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i.e. the portion of reality with whose artificial model
the subject can interact -, we can put inside of the
observation space a portion R of reality:

r(R)
A screen visualizes such a reality:
s(R)

Let us consider the situation where the screen s, which
is depicting the reality R contained in the observation
space, becomes itself inserted in the observation space.
This modified reality may in its turn be visualized on
the screen, and so on, originating the following infinite
sequence

@ | ®)
r (R) —— s (R)
r(s(R)+R) — s(s (R)+R)

r(s(R)+R)+R)

(where we use the operation “+” between elements of R
to represent space juxtaposition), so obtaining the re-
currence equation

R, =s (R, +R)
R,=R

If the resulting sequence admits limit, we denote it as
RA=1im R,
and we rewrite the equation of Artificial Reality [5]

RA=s (RM +R

It is to be noted that the equation of AR is a fixed-
point equation.
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In fact, it is possible to consider the realities {R, } asa
set ordered by the relation of approximation ¢ ,where
information increases monotonically, i.e. the informa-
tion content of R, is included in that of R, :

R c R C e ¢ R C

0 i

because at each step a new screen is inserted in the
observation space of reality:

step k —> r(s(R)+ ... + R)
step k+1 —> r(s(R+¢g)+... +R) where
€ =s(R).

The order relation generated this way satisfies the
necessary conditions:

1) reflexivity:

R, ¢ R

k k

2) antisymmetry:

R, ¢ R ¢ R ===>R_R,

k
3) transitivity:

RCRKHCR ===> R, ¢ R

k k+2 k k+2

Now it can be easily shown that { R, } is a complete
lattice (6).
In fact,

- it is a chain, because Vk Rk c R, .
Anyway , itis easy to show thateach pair R, , R,
of the set {R,} has both a meet and a join ,

consequently { R,} is a lattice.

- it is a complete lattice because it can be easily
seen that every subset has a join.

c) if we put now
s'(R) =s(R)H+R
we see that s’ has the necessary features:
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- monotonicity, because due to the information
content we have

VR R, ,R ¢ R ==>5s(R) ¢ s'(R,)
- continuity, because it maintains the limits.
In fact, due to the lattice completeness, it is possible to
write

s'(UR, = Us’(R)

where U R, is the limit of the sequence R,.
It is in fact

S(R)=s(R)+R=R,
and it follows that
s(UR, )= Us"(R)= Us(R,)
i.e. the information content of s’(R, ) increases
with continuity with respect to the information content

of R, .

The following fixed-point theorems are now easy to
prove:

I) Due to the monotonicity of s’, a unique
minimal element RA exists such that

S’(RM = RA
i.e.
s(RA"+R)= RA

IT) Due to the continuity of s’, a unique minimal
element RA exists such that

RA=Us"()

where

=m (M (..., m( )+R)....... +R)+R)

and is the least element of R:
c R, Vk.

Here it is
=R.

We can now observe that this result has been
empirically supported by interesting studies of J.P.
Crutchfield [7].

Crutchfield developed a system where a camera placed
in front of a monitor converts the optical image on the
monitor into anelectronic signal thatis then converted
by the monitor into an image on its screen. This image
is then electronically converted and inits turn displayed
on the monitor, and so on.

The author proposes a continuum model of this video-
feedback similar to the reaction-diffusion equations of
chemical dynamics and biological morphogenesis.
Video-feedback proves to be adissipative dynamical
system.

In fact, if we consider a single state of the video-
feedback (an entire image), the state is specified by the
intensity function I(x), and it follows that

In+l = T(In)
where 1 consists of two parts: the old image and
the incoming image from the monitor screen. If we
compute even the spatial diffusion which contributes to

the intensity at a point, due to a spatial coupling to
neighboring pixels, we have

L,@=LI@+sf (bR
®

where L is the decay factor of the old image, R is the
possible image rotation, b the zoom factor, f ¢ [0,1] the
parameter f/stop, s ¢ [+1,-1] the possible luminance
inversion.

Crutchfield observes that Turing’s equation for the
evolution of the field I=(I,....I ) of concentration
variables for biological morphogenesis

dl/dt=F(D)+D? 1
)

(where E is the “reaction” dynamics of the concentra-
tion variables and D the matrix of spatial coupling and
diffusion rate of the concentration variables) is analo-
gous to the continuous form of (.)

dl/dt=LIx) +sfI(bRX)+s?1(x)

where s is the matrix of the spatial diffusion rate.
Now, Turing showed that the equation (..) gives rise
to spatial patterns that can oscillate.

Actually, the activated video-feedback gives rise to an
equilibrium image which corresponds to a fixed point
in the image space.

This image can be shown to be an attractor if we note
that whenever we perturb the system slightly (forexam-
ple by waving a finger between monitor and camera),
the system gives rise to transients which are shortly
replaced by the original fixed point.

Depending on the parameter settings (rotation, contrast,
magnification, and so on) we always obtain attractors,
in particular limit cycles or chaotic attractors.

In conclusion, the video-feedback behaviour emphasi-
zes the temporal nature of self-observation, apart from
the spatial one.

It can be asserted that reality in video-feedback isnot an
endless iteration of identical images, but it generates
dissipative structures, which imply an entropy decrea-
se, therefore an increase of the information content.

It is obvious that the information increase becomes
really meaningful to the observer if the reality R
visualized by the screen is not static but dynamic.
Thus the iteration included in the equation of Artificial
Reality is not inconsistent because at each step it refers
to modified realities.

Self-observation is not circular because every reflex-
tion includes at each step a different time, thus it
observes a different reality.

Such a conclusion agrees with the theories above
mentioned, which maintain that computational circula-
rity can be avoided if the system is able to observe its
own modifications.

A system able to observe itself can continuously com-
pare its present state with the past states and draw new
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information from the comparison.

Such new information can be enough both to avoid loop
situations, and to potentiate the problem solving capa-
bilities of the system.
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RIASSUNTO

Con HyperMilan si sono pose le basi per lo sviluppo di un sistema
informativo di largo impiego per le informazioni su Milano, le quali,
seguendo la logica della multimedialita, si presentano in forma
testuale, grafica, spaziale, topografica.

Ilprogetto, inserito nel paradigma della realta artificiale e nell’ambito
deisistemi ipertestuali, permette una grande semplicita d’accessoalle
informazioni sulla citta, cercando altresi di contribuire allo sviluppo
disistemi cognitivi che utilizzino modelli iconici delle entita coinvol-
te direttamente come elementi centrali della comunicazione uomo-
macchina.

ABSTRACT

HyperMilan is a multimedia informative system about the town of
Milan. Itis based on the hypertext paradigm and the “artificial reality”
metaphor that makes it a new way of communicating in the field of
urban informative systems.

The methodology used during the development of the project has
involved the formalism of semantic networks. These fit well the
description of a particular reality or subject, which could be imple-
mented in a hypertext environment.

The idea of HyperMilan has grown up together with the goal of
implementing an informative system and setting up an experimental
electronic enciclopedia were a lot of information could easily be
accessed by everyone who needs or who has to have relations with the
town, in order to know public, artistic, business, legal, economical,
cultural life aspects, reducing the access time.

HYPERMILAN

Marina Bonomi, Marcella Logli
Dipartimento di Scienze dell’Informazione
Universita degli Studi
Milano

1. WHAT IS IT

HyperMilan is a Multimedia Information System about
the town of Milan. Itis based on hypertext paradigm and
the Artificial Reality metaphor that make it a new way
of communicating in the field of urban informative
systems.

Itis implemented with Apple Hypercard and developed
with Hypertalk and LPA Prolog language. The choice
of these tecnologies is due to their flexibility on buil-
ding creative hypermedia and hypertext projects.

2. AIMS

The idea of HyperMilan has grown together with the
purpose of realizing an informative system and setting
up an experimental electronic enciclopedia were a lot of
information should easily be accessible by everyone
who needs or who has to have relations with the town,
in order to know public, artistic, business, legal, econo-
mical, cultural life aspects, reducing the access time.
An effort has been done to make the man-machine
interface the more intuitive, immediate and universal as
possible.

Another important aspect considered has been the re-
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search on the topographical and cartographical know-
ledge of the town of Milan.

The traffic problem has been involved in the work to
offer a tool that promotes a better use of public transport
and that can become a model for other related subjects
in the urban and viability field.

Atthe end it was thought to give the users the possibility
to take themselves in a personal way stand inside Hy-
perMilan reality.

3. PROJECT DESCRIPTION

3.1 Methodologies and Architecture
3.1.1 Semantic networks

At the beginning it was necessary to do an informative
exploration and a general research on the various aspects
of the town to get a panoramic view about the project’s
interest domain: Milan reality.

Therefore a town representation was studied, which
was the as exhaustive as possible for the citizen who has
to interact with the town life and its institutional struc-
ture. The need to reach a system knowledge, as part of
aworld, is equivalent of doing a structure analysis of the
system itself. Following this aim the semantic networks
descripting formalism was used because it fits in repre-
senting a large Data Base knowledge well.

A semantic network is an oriented graph made by nodes
which represent classes of entities, concepts, objects.
situations of the considered domain, and arcs between
these nodes which represent the relations existing bet-
ween nodes. An arc connected with a single node deter-
mines a property of that node. By means of this kind of
formalism, itis possible to represent a taxonomic know-
ledge where each level of taxonomy is a node linked
withanis_a relation, as regard the concept of hierarchy.
The semantic network of Milan defines blocks of reality
which become the hypertextual nodes of the project. In
fact an analogy between semantic networks and hyper-
text does exist: hypertextual nodes can be imagined as
representations of single ideas or concepts, links bet-
ween nodes can be imagined as representations of
semantic interdipendences between these ideas.
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In this way the manifold aspects (“informative worlds™)
which build up the city life have been loomed and
placed, with the respective interactions, in the whole
context, including how the government system inter-
acts with these aspects, so that the common citizen P
could navigate and interact whith a transparent reality .
of the city. |
In fig.1 it is showed the scheme of the global semantic
network which has been the starting point of the entire
project.
In this picture an italian terminology is used to describe.
the political and administrative life as regards an Italian
town. :

3.1.2 Hypertext

An hypertext can be built to represent a semantic
network. Hypertext nodes become single ideas or con-
cepts and links become conceptual interdependences
between nodes as said before.

All the project architecture is based on an hypertext
structure. Let’s see the hypertextual structure used in
HyperMilan. Above all the hypertext is the instrument
which lets support and manage different information
elements and multimedia environments, as anavigation
by users.

The informative domain of HyperMilan is the town
considered in its wholeness, all the aspects are touched
and there is no particular point of view. The user to
which the project is oriented is either the citizen or the
visitor.

The hypertext structure is organized in two parts: some
hypertext nodes are linked together following a hierar-
chical predefined logic and some others following a-
cognitive and conceptual logic association.
The links are organized in a way that allows one to get-
the same information through alternative paths.

The navigation criteria used is intended to be represen-
tative of the various types of search related to the
different kind of users.

3.1.3 Artificial reality
[t is possible to represent the knowledge through the

Artificial Reality metaphor, that is a conceptual instru-
ment which allows one to give a model of the reality in

AMBIENCE
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CULTURE 8
FDUCATION CONSIGLIO
L COMUNALE

SOCIAl STV e rsm, sport &
: Sure time

culture &
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~agith & ”y’]li‘m

Figure 1: Semantic network on the general aspects of the city of Milan

a shape which is closer to the way it is perceived.

Till now anyone who wanted to know something had to
choose between two alternatives: physically go to the
involved place, or get information through other fonts
(above all paper or computing ones). The Artificial
Reality paradigm permits the integration of both these
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possibilities: the user moves in an Artificial Reality,
reaching the desidered places (a street, a square, a mo-
nument, a museum, a building, the townhall and so on)
which appear time by time on the screen becoming
objects where he can get the required information.

In such a way the real town, made interactively a
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Figure 2: Istances of “informative worlds”

computer, becomes the artificial town.
3.1.4 Iconic Language

Describing a data base through icons, graphical and
photographical pictures allows the user to perceive the
town exactly asitis because of the immediateness of the
comunicative message.

In this way each object in HyperMilan becomes a
symbol of its significance.

3.1.5 Knowledge organization

To organize the HyperMilan knowledge meant to inte-
grate all the concepts previously mentioned: this led us
to represent the town with textual, visual and topografic
information.
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Therefore three environments have been created: an in-
formative, a grafical and a cartographical one.
Besides three basical levels of informative abstractions

have been pointed out related with citizens’ points of

view over the town.
The highest level corresponds to a general view of the
town, the intermediate level is related to a local and
more detailed area and the lowest level represents the
most detailed information, both in pictures and textual
information (fig.3).

3.2 Multimediality

HyperMilan has been organized so that the artificial
town can be explored and consulted by the user with
different approaches. Such different approaches are the
ones usually referred to in daily life, according with the

different demands: for example “Tutto Cittd” catalogue
is used to find a street (cartographic approach), the
“Yellow Pages” can be consulted to know addresses
and telephonic numbers informative approach), to visit
monuments a person walks in the town streets (visual
approach), and so on.

All these different approaches are available. This un-
folds the creation of three ambiences:

1 - information
2 - the artificial town
3 - cartography

1 - Information

The “informative worlds” seen before in paragraph
3.1.1 are symbolically represented by the icons that
appear in the main menu surrounding a schematic map
of the town (fig.4).

The connections between the “informative worlds” and
their accesses are made with buttons using words and
pictures which users are familiar with.

Each icon button leads to a new menu concerning the
icon subject itself.

Following the whole structure of the project, informa-
tion is found starting by a more superficial level down
to a deeper one, through menu buttons (fig. 5 and fig. 6),
and viceversa, through an expansion button (the button
down in the right corner of fig.6).

2 - The artificial town

The artificial town is the visual ambience whose main
media is the photographical one. It is entered through
the central highlighted area on the map (fig. 4).

The intermediate level is organized with city zone maps
surrounded by icon buttons symbolizing some services
available in that area. Through these maps the user can
reach the desired place (a street, a monument place),
that is the third level.

In fact the third level is characterized by digitalized
images which visual reproduce the place (fig.7), flan-
ked by icon buttons alowing an interaction with the
image, overcoming films and photographs’ limitations
(fig. 8).

The user can follow some direction indicator buttons to
move from a place to another of the artificial town, buil-
ding his own path. Then, with the report button the user
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can get a list of the places he visited and the objects he
encountered (monuments, shops, museums). This new
method of browsing allows a kind of “history manage-
ment”, both regarding the user navigation and a way to
communicate it.

3 - Cartography

A method has been developed to manage the maps in the
computer in an interactive way.

Maps management is hypertextual and from a general
map it is possible to go to a single zone enlargement
(directly selecting it) constituted by toponymic maps.
Here it is possible to get topographical information, for
example to have the location of the streets on the map
(fig.9). It is also possible to pass from a map to a
contiguous one selecting a border area of the map. Some
interface expedients have been studied to maintain the
urban orientation.

Inside the cartographic environment a way to make
maps thematic spaces has been developed: the aim is to
give the locations of services or other interesting ele-
ments belonging to the same group (hospitals, gardens,
transports, etc..) appearing on the general map in a
whole vision.

For example, in the transport thematic map, it is signi-
ficant to see the underground schematization that beco-
mes an interactive object to make the user know how to
use the tube choosing the best path to go from a stop to
another one (fig.10). This function, in particularly, was
developed in LPA Prolog language to solve the problem
related to the best minimum path.

3.3 Interaction with the user k

Concerning the interaction with the user one thing has
to be underlined: in the informative ambience, there is
a method for a dynamic information management that
allows its updating and the personalization of it by a
super user who could act with specific options. For
istance he can make a dynamic link between pictures
and information (that is to join together two different
ambiences).

Therefore this means inserting peculiar information of
a single object

(a shop, a gallery, an hotel, etc..) creating a special
personal space.
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Figure 9: Topographic map

3.4 Navigation

Till now the project in its components and environ-
ments has been considered. Now let’s see how they are
related and so how the user can navigate in HyperMi-
lan.

The navigation takes place both in vertical and horizon-
tal directions: the former is the navigation through the
three information levels, the latter is the possibility for
the user to pass from an ambience to another one which
is cognitively associated or to go along the same level
of the same ambience.

Here is the network which shows how HyperMilan
organizes its hypertextual links enabling the navigation
into the artificial town seen as domain of knowledge
(fig.11).

4. POSSIBLE APPLICATIONS

HyperMilan is a system for giving information, for
providing deeper knowledge, and this is why it has
numerous and various possible applications.

In fact the systems involves as many different type of
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questions as many differentkind of users, because of the
width of its informative field referred to every urban
argument.

Waiting for such instruments being into everyone’s
house, amiddle step is to find some useful places, where
the citizens can meet them and enjoy them. ‘
The places might be the following ones:

- Public places, that is interesting points spread in the
town such as stations, aereoports, city centre, and so on.

- Public places as most attended as the previous ones,
but less risked

(not being open air), such as town turist offices, mu-
seums, and so on.

- Institutional places, like Telegraph Offices, Municipal
Offices, Consulates, Embassades, Health Service points,
with the idea to create purpose information in order to
improve the relationships between the citizens and the
Institutions.

- Private places, that provide services for their clients
and by the other hand advertize themselves: shops;
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Figure 10: The underground map can be interactively queried

hotels, travel agencies, teatres, and so on.

- The system could be used for city appointments and
events, shows, meetings, expositions, as a support and
an integration, to the presentation and the organization.

- It could be very interesting and looking ahead, to
suggest and support HyperMilan diffusion through an
electronic publishing medium.

The updating of the time variable events would be
published periodically.

In this way the system could reach everyone who has
got a fitting computer: private houses, industries, pro-
fessional offices, public and private organizations.

- Another kind of more specific and at the same time

largely usable application could be giving a urban
public transport information service to people moving
in the town.

The topic of transports’ has already been approaced
starting with the underground. Now it could get a
system that receving two entries, a starting city place
and an arrival city place, gives back the public transport
involved and their path through the town.

Such an instrument could be strongly supported by Ad-
ministration, fitting the actual promotion policy of
public transport use very well.

- With some purpose choices, the system could be
managed to obtain a knowledge feed-back from the
users’ navigation paths, for studies and statistics.

In the same point of view, HyperMilan could also be

60

1 e —

thematic
maps

general
maps

topographic
maps

general
Information

central
map detalled

+ Information

services

P

~3gpe- HoOrizoNtal links

——p Vertical links

Possible information at
intermediate levels

‘peculiar
informa\ﬂon?

Figure 11: Scheme of HyperMilan hypertext

used in preparing some questions set about actual
problems (the ambience, the pollution,and so on) to
know what citizens think about. In this way it’s possible
to make the collaboration between citizens and Istitu-
tions improve; therefore it would become possible for
the town council to choose new political strategies,
directly based upon the people’s needs and behaviour.

Making an instrument like HyperMilan means being
advanced in the studies about new communication
media, and walking along the development way, which
in a few years shall lead to obtain, in an international
scale and in a familiar diffusion, the add-value services,
that are the tomorrow’s HyperCities.
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5. CONCLUSIONS

The problems met involved a data base management
system more suitable to such a huge amount of urban
information as a metropolis rather than one where it is
possible to build with the Hypercard tools.

For the great importance and presence of maps and
pictures in HyperMilan, some difficulties arose in rea-
ching the images high precision degree expected.

The transport model developed in Prolog has risen
many questions regarding the minimum path problem
solving and the communication between Prolog and
Hypercard environments.

With new technologies (Supercard and Plus) it could be



NOTE DI SOFTWARE 48/49

Wt

possibile to have a colour version of HyperMilan.
Some arguments that make HyperMilan an innnovative
instrument are:

o the idea of appling hypertext paradigm to a metropo-
litan space

» the topographic research and its management

« the study of transport subjects with A.I. methods

» the developing philosophy of an iconic, cognitive and
metalinguistic interface for the navigation in the infor-
mation, for the carthographic consultation and for the
choice of urban paths

e the navigation in the artificial town

« the possibility of becoming a part of HyperMilan
reality with a personal informative space.

The project is the Graduation thesis of Marina Bonomi
and Marcella Logli, guided by Professor Giovanni
Degli Antoni.

Roberto and Gualtiero Carraro have contributed to the
realization of the graphic design of the project.
Roberta Macchi, HUG coordinator, has followed the
developement of the work entirely.
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RIASSUNTO

L'articolo illustra alcune problematiche relative al concetto di riusa-
bilita per il software didattico multimediale. Viene tracciato un
parallelo con quanto avviene in altri settori ed in particolare con
quello dell'ingegneria del software e succesivamente vengono di-
scusse le principali classi di requisiti per I'effetiva riusabilita dei
componenti multimediali (proprieta logiche e didattiche, accessibili-
ta, modificabilita, interoperabilita, proprieta di gruppo).

ABSTRACT

The concept of reusability, which is already well established in
several branches of engineering, is still little understood and practised
in the field of educational software. The paper makes an attempt to
model the concept of reusability in the educational field by describing
the basic requirements for the actual reusability of multimedia educa-
tional components (logical and educational properties, accessibility,

interoperability, modificability and group properties).

1. THE NEED FOR REUSABILITY IN MULTI-
MEDIA COURSEWARE

The amount of effort which goes into producing high
quality multimedia material is usually very large and
the level of skills required very high. This is the reason
why it is extremely important for the future of the field
of the application of multimedia interactive technology
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to education to find efficient ways to share the efforts of
couseware development. One very appealing approach
is that of reusability. The word reusability evokes the
idea of adapting and combining already existing reusa-
ble components of learning material instead of starting
every new authoring effort from scratch.

The reasons for reusability may be summarized as
follows:

- reducing the development cost

- improving the quality

- being able to give quick answers to educational needs.
In fact the concept of reusability goes hand in hand with
the concept of rapid prototyping.

1.1 Reusability in other fields

The concept of reusability is widely known
and practised in several fields of engineering (even if
often they do not use the term reusability). Civil, me-
chanical and electronic engineering have a long tradi-
tion of designing by using existing and commercially
available components. Catalogues of components are
commonly available. Sometimes these components may
be very complex as in the case of an integrated circuit
in electronic engineering.

In the field of software engineering, reusability is a
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more recent phenomenon. The first attempt of reusabi-
lity was based on functional abstraction and the first
practical tools to implement this concept were libraries
of subroutines. The next step was data abstraction
which supported a variety of linguistic tools (classes,
clusters, modules, packages,...). The most recent achie-
vement has been object-oriented programming which,
by enhancing data abstraction with inheritance, provi-
des a sound mechanism for supporting reusability.

In the field of education, reusability is little more than
a dream. It is true that there are already some examples
of reusing educational material. A typical case is the re-
purposing of existing videodiscs, i.e. adapting a video-
disc to meet an objective which is different from the
original by building a new delivery software. However
cases such as these implement only a very restricted
concept of reusability as it will become clearer below.
1t is true that in building the concept of reusability in
education several ideas may be borrowed from the field
of software development and from object-oriented
programming. However, the specific characteristics of
the fields of multimedia and education require that, to
some extent, the concept of reusability be remodelled.
Major problems arise from the difficulty of building de-
contextualized learning components and the interope-
rability of different, possibly very complex, compo-
nents.

1.2 Decontextualization of learning components

In this area it is very easy to make comparisons with the
field of software development. Classes such as collec-
tion or linked list can be thought of as objects which are
reasonably independent from any specific application
and it is highly likely that they will be reused in many
different contexts. Unfortunately no equivalent situa-
tion can be found in the field of education where the
degree of complexity is much higher. In education,
most concepts are not completely understood and for-
malized; the concept of correctness is much more
blurred than in the field of software development; and
sofarno equivalent for the concept of class, which is the
basis of the object-oriented approach, as been found.
Not only do all these factors make it almost impossible
to define context-independent components but, even
within the same learning domain, it is very difficult to
define components which can be easily reused by diffe-
rent applications. :
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1.3 Interoperability

One of the key aspects of reusability is the design of new

applications by linking together existing components or
applications which, in most cases, were not originally

built for working together and, in some cases, were even

designed to work as independent applications.

2. REQUIREMENTS FOR REUSABILITY IN

EDUCATIONAL DESIGN

Some of the obstacles to reusability are at least partially -

of a psychological nature. “The not invented here syn-
drome is well known. The implication of this in practice
is that reusable components should bring a significant

advantage over home-brewed ones in terms of quality,
ease of access and cost. A marginal advantage will not
be enough to convince authors to use somebody else’s
mousetrap rather than invent their own.” (adapted from.

Bertrand Meyer).

The following are some of the requirements for the
actual advantageous reusability of learning compo-

nents:

- Logical and pedagogical properties

- Accessibility

- Modificability

- Interoperability

- Database properties

- Multilinguality

These properties are briefly discussed below.

3. LOGICAL AND PEDAGOGICAL FEATURES
OF A REUSABLE BLOCK OF LEARNING:

MATERIAL

Following are some of the logical and pedagogical

properties of a reusable multimedia component. The list
is not intended to be exhaustive.

a. usability :
To be reusable, a block must first be usable, not perfect
but usable. This means that a component should exhibit
properties like understandability, correctness, quality;
etc.

b. coherence

The presence of different conceptual, independent or 1

loosely coupled aspects within the same component
makes the component itself difficult to use without mo-

dification, and difficult for the user to manage from a

MULTIMEDIA COMPONENT

CONTENT

PEDA-
GOGICAL

Figure 1: The structure of a Unit of Learning Material (ULM)

logical point of view.

c. completeness

Each block should exhibit a unique communicative,
informative or educational function (ranging from very
simple to very complex) and perform it completely. The
completeness of the educational function allows the
author to use a block without needing to retrieve another
complementary block.

4. ACCESSIBILITY

“The best reusable components in the world are useless
if nobody knows they exist, if it takes a long time to
obtain them or if they cost too much. The practical
success of reusability techniques requires the develop-
ment of an adequate database of software components,
which may be searched by appropriate keywords so that
a potential user will find out quickly whether some
existing componentsatisfies a particular need(Bertrand
Meyer)

As a further enhancement, “network services should
also be available, allowing electronic ordering and
immediate down loading of selected components”. These
statements, which refer to the field of software develop-
ment apply equally well to the field of courseware
development. However, in the later case, it is important
to make some refinements. In fact, in the field of
educational design, a traditional query mechanismmight
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not be sufficient to cope with the needs of the authoring
process and might need to be integrated with a naviga-
tion mechanism. For example, when acomponent X has
been retrieved by an author via a query on the database,
it may be very helpful to reach the next useful compo-
nent Y by navigating a link network. This is especially
useful if it is highly likely that Y is directly linked, or at
least very close, to X. In fact, in this case, even if the
author does notexactly know what he/she wants, through
navigation he/she may reach something that is helpful.
In other words, to build a really efficient mechanism of
access, we have to merge the concepts of database and
hypermedia. “The information in the database should
be heavily cross-referenced by links, the majority of
which should be created and maintained by the system,
rather than being explicitly maintained manually. This
automatic linkage-creating mechanism will be crucial
in producing databases of highly reusable material.”
(Maurer).

Fig. 1 shows, in principle, the structure of a Unit of
Multimedia Learning Material (ULM). A ULM should
include, beside the physical description of amultimedia
component, a set of links to support navigation and sets
of attributes to support queries. It should be noted that
one of the sets of attributes refers to the pedagogical
qualification of a multimedia component, i. e. the de-
scription of its pedagogical features. This set of attribu-
tes may be very important in supporting both the autho-
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Figure 2: Personalized views of the same database

ring process (an author may be looking for a particular

component with given educational features) and lear-
ning processes based on guided navigation (an intelli-
gent system, for guiding the learner towards a specific
educational goal, may need a component with given
educational features). The definition of the educational
features characterizing a component is critical and
much experimental work is needed to assess the exi-
sting proposals. Some examples of pedagogical attribu-
tes are educational function, learning objective type,
knowledge type and approach type. Some of these
attributes, such as learning objective type, are characte-
rized by a set of values which are domain independent
while others, such as approach type, have a set of values
which are partially dependent on the teaching domain.
It should be noted that, in some cases, widely tested
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learning objectives for example, there are many taxono-
mies, of which Bloom’s is certainly the most well-

known. For other attributes such as educational func--

tion or knowledge type the definition of similar taxono-
mies requires further research.

5. MODIFICABILITY

Each author or user of the database should be able to
modify existing blocks to adapt them to his/her actual
needs. This could simply be considered as an editing
problem, easily dealt with by a good multimedia editor:
However, we believe that another factor, which deeply
affects the structure of a database of reusable blocks,

should be mentioned. Atany given moment, auser may

taxonomies are already available, as in the case of

‘ want to personalize some of the blocks in a DBLM by
_ adapting them to his/her needs, and then later refer to
 this personal version of the database, which now con-

sists of the original version enhanced by the modifica-
tions he/she has made. Since a database can be accessed
by different authors having different personalization
needs, some provision has to be made to support perso-
nalized views of the same database. The most natural
solution seems to be to organize a database as a hierar-
chical structure endowed with some kind of inheritan-
ce mechanism (see fig. 2). In object-oriented program-
ming the inheritance mechanism provides the basis for
personalization. Fig. 2 illustrates a mechanism which is
rather different from the class inheritance typical of
object-oriented programming. Here each personalized
view inherits the knowledge of the reusable compo-
nents in the parent view. However, the user has the right
to modify some of them or add new ones to them.

6. INTEROPERABILITY

This property refers to the possibility of exchanging
multimedia material between different hardware/soft-
ware environments and the possibility of linking com-
ponents or applications which were not originally built
to live together.

The solution to the first problem is dependent on docu-
ment interchange standards for multimedia documents.
At the moment, comprehensive proposals are still to
come. ODA/ODIF, POSTSCRIPT, RTF (Rich Text
Format), VEX (Video Extension for X-Window) are all
existing, de facto or proposed standards which are
mostly oriented to textual or graphic material or, as in
the case of VEX, try to extend existing standards to
multimedia documents. An ISO commission is presen-
tly working on this problem which is crucial to the

process of sharing multimedia material.

The second problem is more complex since, at the
moment, it is not realistic to think of standards or a
uniform discipline accepted by application developers
(which would also exclude most of the existing applica-
tions). Therefore specific research is needed to define
protocols and tools for interoperability.

7. PROPERTIES OF A DATABASE OF REUSA-
BLE BLOCKS

A user should be able to find in a pool or database of
reusable components a significant portion (hopefully
the majority) of the material he/she actually needs. A
DBLM should not be only a marginal help, but a
substantial help to the work of the author. A database
may be oriented either to a specific content domain and
to several classes of users or to several domains and to
a specific target population. In any case the author
should only need to add a little glue to link together the
blocks found in the database. In other words a database
should be as rich and as complete as possible with
respect to a given domain.

8. MULTILINGUALITY

This factor is typical of the field of education and has no
equivalent in the field of software. In no country is
language a serious obstacle to software reusability,
while educational material is usually dependent on a
specific language and often on a specific national cul-
ture.

Differences in languages and cultures should not be a
major obstacle to reusing the same design effort. This is
especially important for European countries, which in
order to obtain a market which is large enough, must
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Figure 3: Tailoring a multilingual component for a specific user
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think in terms of a European rather than national mar-
ket.

A reusable component, when delivered to its final user,
should refer to a specific language and to a specific
culture. However, a reusable component, when desi-
gned, should be considered as a broad structure which
can host equivalent multilingual or multicultural ele-
ments.

This means that, at the time of delivery, a generic
multilingual component should be tailored to the speci-
fic linguistic background of the user by a sort of dyna-
mic binding process (Fig. 3). This solution has intere-
sting implications on the design process, which could
be carried out by the author in a specific language and
be extended almost automatically to all the languages
represented in the database. Of course provision has to
be made in the design process for different time/space
requirements of equivalent language dependent ele-
ments.

9. CONCLUSIONS

From the above discussion it should be clear that the
concept of reusability for educational software has
several complementary components which make it
very complex to put into practice. From the conceptual
standpoint, most of these components are not yet fully
clear and require further research both on the technical
and on the pedagogical side. However we already have
enough both conceptual and technological instruments,
to start applying the concept of reusability to real world
cases. Concrete experiences will be the best tool for
refining existing concepts and methodologies.

The merging of multimedia and computers is a recent
phenomenon; in the next few years it will be a wide-
spread reality integrated into all pc’s and workstations.
Reusability will be a key factor to the success of the po-
tential of multimedia in the field of education.
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SUPER-LIBRARY: AN ENVIRONMENT FOR THE CONVERSION
OF TEXT INTO HYPERTEXT

Flavio Argentesi, Nadia Catenazzi
KBS Laboratory
Joint Research Centre (JRC)
Ispra (VA), Italy

RIASSUNTO

Super-library & un ambiente progettato per supportare la conversione
di documenti esistenti su carta in ipertesto. Il processo coinvolge due
attivita principali: I'identificazione delle componenti logiche nel
testo sorgente e I’identificazione delle relazioni tra tali componenti.
Il livello di automazione & fortemente dipendente dall’organizzazio-
ne dei documenti e dal dominio applicativo; il processo di conversio-
ne non pud essere completamente automatizzato a causa delle impli-
cazioni semantiche coinvolte; tuttavia si possono sviluppare strumen-
ti per facilitare il suddetto processo.

Alcune caratteristiche rendono Super-Library qualcosa di pilt di un
semplice ipertesto: I'interfaccia utente, il modello di navigazione,
Pindicizzazione su tutto il testo e la possibilita di definire dei sinonimi
forniscono un potente insieme di funzioni per localizzare ed accede-
re alle informazioni e facilitare I’ orientamento dell’utente all’interno
del documento.

ABSTRACT

Super-Library is an extensive environment designed to support the
conversion of existing paper documents into hypertext. The process
involves two main activities: the identification of the logical compo-
nents in the source text and the identification of the interrelationships
among these components.

The degree of automatic transformation is strongly affected by the
organization of the documents and by the application domain; the
conversion process can not be completely automated because of the
semantic implications involved; however, tools can be developed to
facilitate the process.
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Some features make Super-Library an extended hypertext system: the
user interface, the model of navigation, the full-text indexing and
synonyms definition provide powerful functions for locating and ac-
cessing information and facilitate the user orientation in the docu-
ment.

1. INTRODUCTION

Super-Library has two main goals: to facilitate the
conversion of existing paper documents into hypertext,
to create a flexible and rich environment in order to
provide efficient retrieval facilities and an interface
which can guarantee user orientation.

In section 2 we will describe some basic features of the
system, i.e. possibility to manage a library of docu-
ments, multimedia capabilities, user interface and a
model for document navigation.

In section 3 we will approach the problem of the
conversion of text into hypertext; general steps of the
conversion process are defined; specific capabilities of
Super-Library are presented which enrich the basic
hypertext structure: full-text indexing, synonyms defi-
nition and management.

Insection 4 we will introduce and discuss an application
which serves to test and improve the Super-Library
techniques and to present important aspects of the sy-
stern.
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Section 5 will conclude the paper and will present some
interesting ideas in the field of automatic generation of
transversal links. The process will be approached as a
knowledge engineering problem.

2. SUPER-LIBRARY: AN EXTENDED HYPER-
TEXT ENVIRONMENT

As starting point Super-Library makes reference to the
Superbook project [2].

It deviates from Superbook on the following points:
1) it is designed to manage a library (a large group of
interrelated documents, indexes and semantic referen-
ces are treated as a whole);

2) itconsiders the problem of defining transversal links;
3) it also provides full multimedia support (graphics,
pictures, text);

4) the user interface is developed starting from Super-
book interface ([2], [8]) and provides all the extensions
required to cope with multiple documents and multime-
dia management.

The Super-Library interface consists essentially of three
windows (see figure 1):

- the Text Window, which contains the currently
selected page of text; embedded links are put in eviden-
ce by special active markers, search terms are automa-
tically highlighted; it can hold high resolution pictures
and graphics;

- the Search Window
queries;

- the Dynamic Table of Contents Window; docu-
ments are hierarchically organized; users can dynami-
cally navigate in the table; they can open an entry up to
the desired depth, maintaining higher level information
visible for contextual orientation. When the user selects
a Table of Contents entry, representing an item at the
lowest level of the hierarchy, the corresponding text is
automatically displayed in the Text Window.

The Table of Contents Window is also used to show
the results of a search: the frequency of occurrences of
search terms is posted next to each entry (see figure 2).
At this moment user can select a text in a similar way as
described above. This is a more efficient way for the
user to access the terms searched for, because the results
of a search are shown in the context of the Table of
Contents and not in a list of page numbers [2] or as the

to define Boolean search
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next occurrence of the search term from the curren
position in the text.
Other windows specify: the topic heading of the di-
splayed page and the title of the current document; a
menu with a complete list of the available documents
allows to open another document and to show the
corresponding Table of Contents in the appropriate
window.

Typical text navigation functions such as “next page”,
“previous page”, “back at the last page”, complete the
configuration.

This type of interface provides users with the possibility
to navigate, maintaining the sense of location and
direction with a low cognitive overhead, partially sol-
ving a common problem of the hypertext systems: the
disorientation problem ([1], [7]).

3. THE CONVERSION OF PAPER DOCUMENTS
INTO HYPERTEXT

The development of conversion techniques for existing

documents into hypertext is a new interesting research
area; not all applications are appropriate for this tran-
sformation. Specific characteristics are required: the
original body of information has to be organized into
fragments, the fragments are related to each other, the
user needs only a small fraction of them at any time [5].
The problem of converting text into hypertext is a very

difficult task to be automated, the reason being the need

of an extensive human assistance because of the seman-
tic implications involved.

A definition of the steps of the conversion process is

given in Furuta, Plaisant and Shneiderman [5] . .

The first problem to be addressed is the identification of
the logical components of the source text; normally it
consists of capturing the hierarchical structure (nodes

correspond to paragraphs in the text) which is text

intrinsic and is typically represented by markers
(SGML). A parsing program is developed to extract the
components and to create the basic structure of the
hypertext [4]: nodes and hierarchical links.

The second problem is the definition of transversal
links. The automation of the design of the links network
requires special care because incorrectly-formed links
as well as not created links destroy the integrity of the
hypertext. The automation process can only suggest a
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certain number of transversal links which have to be
accepted by the user. This is why we need human
intervention.

Other addressed problems are useful to complete the
system: the addition of new nodes to provide indexes,
the reformatting of the text with indentations, different
fonts, etc., the addition of relevant material such as
preface, introduction, summary, etc.

These are the basic steps of the conversion process.
Super-Library expands this model providing a series of
new capabilities: one of these is the full-text indexing
(every occurrence of every word in the document,
except stop-words, is indexed).

Automatic tools for indexing have been integrated
within the chosen hypertext platform (Hypercard):
indexes can be built for the single document and for the
library permitting a simultaneous search on the whole
documentation; the system offers a range of search
criteria available individually or in combination and
may use the Boolean AND, OR, and BUTNOT connec-
tives: individually word search, adjacent word search,
word search using truncation, exact order search make
the search process very powerful.

We intend to add the possibility for users to define their
search synonyms, i.e. terms that will be associated to
words used by the author of the document [2], and con-
stitute in this way a thesaurus.

Every word acts as a “hot link” to other potential related
parts of the text; users can browse through a document
without following the organization schema (full-text
indexing) and terminology (synonyms) proposed by the
author in order to get the required information; this is a
big limitation of the conventional paper documents and
of many hypertext systems: the lack of a thesaurus leads
to a very poor search performance (poor recall) alt-
hough the target information is available.

4. THE TEST PROBLEM: DOCUMENTATION
ON THE IAEA SAFEGUARDS SYSTEM

A group of interrelated hierarchical documents in the
area of Nuclear Safeguards is used as test application
for the system.

This work is part of a more general project “ISS”
(Intelligent Safeguards System) that deals with the
control and the management of nuclear material. It con-
cerns the design and implementation of a system able to

manage all the related documentation: Treaties, Regu-
lations and Informative Booklets. Appendix | contains
a description of the contents of each document. \
We will first outline the basic objectives and role of the
Safeguards System, then we will consider this applica-
tion as a test problem for the system described above,

4.1 The IAEA Safeguards System

Safeguards are essentially the technical means of veri-
fying the fulfilment of political obligations undertaken
by different States in concluding international agree-
ments relating to the peaceful use of nuclear energy.
Today most of these obligations flow from the NPT
(Treaty on the Non-Proliferation of Nuclear Weapons)
and similar agreements. :
The International Atomic Energy Agency (IAEA) in
Vienna is an organization responsible for the applica-
tion of the non-proliferation policy; it verifies that no
significant quantity of nuclear material is diverted from
peaceful activities.
The IAEA safeguards approach is based on nuclear
material accountancy as fundamental safeguards mea-
sure; the purpose is to establish the quantities of nuclear
material present within defined areas and the changes in
these quantities; these activities are undertaken by the
operators of the facilities in the State and by a Safe-
guards Authority (IAEA inspectors) who verify the
information received by the State. :
In Europe safeguards operations, which are under the
control of IAEA, are delegated to the DCS (the Control
of the Security of Euratom) in Luxemburg,
The ISS is a complex system aimed at the support of all
DCS operations; it will be used for purposes such as
storage, retrieval and checking of accountancy and
inspection data, comparison of accountancy and in-
spection data, report generation and automatic distribu-
tion, surveillance support (collecting video data), stora-
ge and access to related documents.

4.2 Conversion process for IAEA documents

The documents were already available in a computer -
readable form; few manipulations were applied to the
original text. The criterion used to define the logical
components is suggested by the documents structure: a
component could be:
- an article, for books such as the Treaty, the Agree-

3. SAFEGUARDS APPROACHES AND IMPLEMENTATION
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ments,

- a term, for the glossary,

- the smallest unit having an heading, for the other
documents.

A special purpose program has been implemented which
takes as input the original text in ASCII and builds the
basic hypertext structure.

Figures were acquired separately with a scanner and in-
tegrated in a second time; a particular treatment was
made to include footnotes and figures captions and to
manage links inside figures or tables; the text was
slightly reformatted to improve the readability: better
identation, empty lines, etc.

Specific tools are developed for definition of transver-
sal links; I identity different types of links arising from
explicit references in the text to:

- bit map images (figures or tables);

- other part of text (in the same or in another document);
- notes;

These tools allow the author to define: the starting point
of the link (simply selecting a string in the text), the type
of the link, the level (we will explain later), the end point

of the link; the button “new link” in figure 3 activates
this process; a confirmation has to be done with the
button “accept link™: the system controls that the same
starting point has not previously been used and saves
the new link properties in a list which contains all the
links information; the button “put markers” inserts
markers in the text to show the active words, i.e. the link
starting points.

Links are associated to words or strings, not to the terms
position in the page; this reduces redundancy when
multiple occurrences of the same term exist; butitcould
produce some problems when the same word has a
different meaning in a different context; the adopted
solution is to use two levels: the document level and the
page level; terms having always the same meaning are
put at the document level; the page level is used for
terms valid only for one page or having a different end
point in comparison with the document level.

The indexing process is automatic; it only requires the
definition of text(s) on which it has to operate and, in a
second time, to associate the index to the document
name so that transparency for users is achieved during
the browsing phase; changing the document causes an
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automatic change of the index.

When the preprocessing is complete, documents are ac-
cessible through the configuration display described
above. Figure 1 shows the typical display: a partially
expanded Table of Contents, a page of text loaded in the
window with markers for “active words”. Figure 2
represents the effects of a search: the results are directly
visible on the Table of Contents Window and on the
Text Window.

5. CONCLUSION

It clearly results from this experience that a fully auto-
matic conversion of paper-document into hypertext is
difficultand not always achievable; the process is easier
when “documents are regularly and repetitively struc-
tured” [5], but requires a deep study of documents and
the domain area. We do not agree with Egan’s opinion,
when he states that “the purported advantages of human
intervention in developing hypertext systems have not
been demonstrated”. For our application the human
assistance was indispensable, although automatic tools
proved to be useful for some tedious activities such as
loading the source document, creating the indexes.
While the construction of hierarchical hypertext struc-
ture is quite easy to automate, special care is required
for the definition of transversal links; in our future
studies we intend to focus our interest in this direction:
our idea is to build the hypertext network incrementally
by successive definitions of semantic layers; the scope
is the generation of a backbone of transversal links for
further editing and extensions by users. The link gene-
ration will be proposed as a knowledge-based problem
solving task.

The process will consist of: the identification of con-
cepts relevant to the application area, the association of
them to the hypertext nodes, describing nodes in terms
of these concepts, the definition of a set of rules for
connecting nodes in different semantic layers. Domain
experts will be required to build the metalevel and
define rules and knowledge structure.
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Appendix 1

The documents used for the application are: three
Informative Booklets (an introduction, a glossary and
guidelines for the control of nuclear material), the NPT,
the “BLUE-BOOK?”, the Agreement between EURA-
TOM and IAEA, the Commission Regulation.

The Introduction [IAEA/SG/INF/3] provides a picture
of the objectives and methods of IAEA safeguards and
their role in the non-proliferation policy.

The Glossary [IAEA/SG/INF/1] is aimed to facilitate
the understanding and standardization of the meaning
of the safeguards terminology within the international
community. The terms have not been arranged in alpha-
betic order but they are collected following the internal
relation of the subjects treated; the organization of the
document results hierarchical.

The “Guidelines for States’ Systems of Accounting for
and Control of Nuclear Materials” (SSAC) [IAEA/SG/
INF/2] presents guidelines for the organization and
functions of SSAC with respect to obligations arising
from Safeguards Agreements concluded by a State with
the JAEA.
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The United Nations” NPT [NPT] is the most
important political instrument for preventing the
spread of nuclear weapons and it is the reference
document for the IAEA safeguards system. It entered
into force in 1970. It states:

“Each nuclear weapon State party to the Treaty under-
takes not to transfer nuclear weapons or other explosive
devices, and not to support manufacture or acquisition
of such weapons by any non-nuclear weapons States”;
“Each non-nuclear weapons State undertakes not to
acquire nuclear weapons or other explosive devices;
they also bind themselves to conclude an agreement
with the IAEA for the application of safeguards”;
inreturn, the Treaty recognizes the right of all Parties to
participate in the full exchange of equipment, material;
information on peaceful uses of nuclear energy. The
Parties also undertake to pursue negotiations towards
nuclear disarmament.

The “BLUE-BOOK” is an IAEA document entitled:
“The structure and the content of agreements between
the Agency and States required in connection with the
Treaty on the Non-Proliferation of Nuclear Weapons”
[INFCIRC/153]; the agreement contains, according
with article 3 of the Treaty, an undertaking by the State
to accept safeguards on all source or special fissionable
material in all peaceful nuclear activities for the purpo-
se of verifying that such material is not diverted to
nuclear weapons.

The BLUE-BOOK is the standard NPT safeguards
agreement; substantial additions to the standard text
have occurred in the case of a group of States (Euratom
States), which are performing specific safeguards acti-
vities (DCS) in their territories.

The specific document, included in the list, is the
Agreement between Euratom and the IAEA in imple-
mentation of the NPT (1973) [9].

The Commission Regulation (EURATOM) of 19 Octo-
ber 1976 [15] concerns the application of the provisions
on Euratom Safeguards; it’s a practical description on
the modality of applying safeguards in the Euratom
States. It is published on the Official Journal of the Eu-
ropean Communities.
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HYPERCHIP:
A SYSTEM ENGINEERING ENVIRONMENT
WITH HYPERTEXTUAL FRONT-END

Stefano Antoniazzi, Mirella Mastretti
Central Research Laboratories, ITALTEL SIT
Castelletto di Settimo Milanese (MI) - Italy

RIASSUNTO

Hyperchip & un prototipo di ambiente interattivo il cui obiettivo &
proporre un nuovo approccio metodologico alla progettazione di
sistemi hardware e software. Particolare enfasi & stata attribuita alla
modellazione ad alto livello e all’applicazione di tecnologie softwa-
re innovative quali interfacce utente ipertestuali e programmazione
object-oriented in ambito CAD. 11 processo di progettazione pud
essere considerato, infatti, come navigazione in un ipertesto di rap-
presentazioni cosi come un sistema ad ipertesti supporta la naviga-
zione in un data-base testuale o grafico. Il concetto di ipertesto pud
suggerire la base di un nuovo paradigma di interazione tra utente e
data-base in ambienti di system-engineering. In particolare, gli iper-
testi introducono il concetto fondamentale di “astrazione” e le
possibli relazioni fra oggetti astratii e grafica.

ABSTRACT

HYPERCHIP is aresearch prototype intended to propose a new met-
hodological approach to the design of hardware and software sy-
stems with emphasis on high-level modeling and to explore innova-
tive software technologies, such as hypertext user interfaces and
object-oriented programming, in the framework of computer-aided
design. The design process can be considered as a navigation in a
hyperspace of representations, in the same way as a hypertext system
supports the navigation in a textual or graphical database. The con-
cept of hypertext can suggest the basis of a new paradigm for user-
database interaction in system engineering environments. In particu-
lar, hypertext introduces the fundamental concept of “abstraction”
and possible relationships between abstract objects and graphics.
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Behavioral Domain

1. INTRODUCTION

A new generation of tools is needed to support the |
increasing complexity of the design process, in particu-
lar for hardware and software systems.
The ultimate goal, in our opinion, should be based on the
following key requirements:

\/

Physical/Geometrical Domain

Physical Partitions

Structural Domain

Processors, Memories

- =K
:Alu, Registers

. . - . ; Figure 1: Design Hyperspace
- full integration of tools through a unified environment

(design framework) ted programming and hypertext user interfaces, in the
computer-aided design area.

Although the first version of HYPERCHIP is mainly
concerned with VLSI design tasks, the application
range of the proposed methodology can be generalized
to support mixed hardware/software systems.

The first version of the prototype was built in the
Smalltalk environment.

Currently, for our research work we have chosen amore
industry-oriented development platform based on UNIX
workstations networks, the C++ language and the stan-
dard X-Window/Motif graphical environment.

- better integration between user and design tools
- more suitable data models (object-oriented databases)

- full automation (wherever possible) of each process,
translating the human intervention to more abstract and
creative tasks

- availability of tools for correctness verification, per-
formance evaluation and “what-if” analysis ateachlevel |
of abstraction. \
HYPERCHIP is aresearch prototype intended to propo-
se amethodological approach to the design process with
emphasis on high-level system modeling, and to explore
innovative software technologies, such as object-orien

2. NAVIGATION IN THE DESIGN HYPERSPA-
CE

The design process for hardware and/or software sy-

71

stems is a very complex activity.

To approach the problem from a theoretical point of
view, D.Gajski has proposed a graphical representation
named “design hyperspace” (Fig.1).

This chart shows three orthogonal domains.

The behavioral domain is only concerned with the
functional specification of a system.

This domain captures the “essential model” of a system
with no reference to implementation details.

In the structural domain a system is described as a
network of connected entities.

It forces an architectural partitioning but the description
is still uncommitted to a specific technology.
Technological details, such as layout for VLSI chips or
PC boards, are handled in the physical domain.

The relationship between behavior and structure, as
well as between structure and physical representation,
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is in general a one-to-many mapping where a lot of
known or unknown alternative paths are possible, so
trade-off problems are very common.

Moreover, each domain can be explored at many diffe-
rent levels of abstraction.

Therefore the design process can be considered as a na-
vigation in a hyperspace of representations, in the same
way as a hypertext system supports the navigation in a
textual or graphical database.

Each design representation can be associated with a
graphical view.

Conventional VLSI/CAD systems already apply this
idea to the lower levels of design (schematic entry,
geometrical layout for full custom ICs).

Our goal is to extend this approach to the architectural
level and the functional specifications.

The concept of hypertext can suggest a new paradigm
for user-database interaction in system engineering en-
vironments.

In particular, hypertext introduces the fundamental
concept of “abstraction” and possible relationships
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Figure 3: Hierarchical View

All the views of an object are synchronized through the
Model-View-Controller (MVC) paradigm.

The views share a common database, in this way a
change in a view automatically updates related views
through a specific message-passing protocol.

The designer interactively describes the system as a hy-
pergraph whose nodes can be either primitives or “black
boxes”. Edges model the message flow between nodes.
A special view (Fig.3) can be opened to show graphical-
ly the hierarchical structure of the model.

This kind of description has also an object-oriented
nature.

Eachnode is aninstance of a parameterized class and all
classes are stored in specific libraries.

An instance keeps its private information, such as
values for parameters and references to related instan-
ces.

Each primitive node is associated with a timed finite-
state-machine behavioral model, and it always repre-
sents a leaf in the hypergraph hierarchy.

The behavior is shared by all instances of the same
class. Instances communicate through message-pas-

between abstract objects and graphics.

3. A VISUAL BROWSER FOR SYSTEM SPECI
FICATION

In HYPERCHIP, at the upper level of abstraction, th
user has to enter a model for the system to be designed
The model is built through a visual editor/browse
(Fig.2).

This tool supports an object-oriented and direct-mani
pulation graphical interface.
We have also designed an original auto-routing algo
rithm, so a user should specify only two related objects,
while the graphical connection is fully automated.
The same algorithm automatically handles connectivi-
ty information when objects are moved or resized.
After the selection of an object with the mouse, the user
can request a large set of actions. He can change
parameters, open a different view of the object (for
example a structural or physical view), associate a
behavior, and so on.
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sing.

A black box node is intended to be expanded with a
lower level subgraph and so on, recursively, until leaves
are reached.

Black boxes are so general that any kind of system can
be described in an a very abstract way.

The visible directed edges propagate messages between
nodes at the same hierarchical level. Invisible links
handle the bi-directional message flow between a black
box and its subgraph nodes.

While point-to-point communication has a more natu-
ral graphical representation, broadcasting is also allo-
wed through special primitives, called “buses” or
“mailboxes”.

An important concept here is that edges have no physi-
cal semantics, they are not “wires” as in conventional
CAD schematic entry tools.

While this kind of representation can be used for archi-
tectural or register-transfer level modeling, it is more
attractive for very abstract descriptions at the functional
specification level.
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Therefore we should not attribute a structural semantics sociated data.
to this description in any sense. The simulator plays the “token game” using the hyper

graph description.
4. EXECUTABLE SPECIFICATIONS AND GRA- This process is useful to collect preliminary statistics o
PHICAL ANIMATION performance without putting a detailed behavioral de

tion, but it keeps its hierarchical structure. Through an explode/implode mechanism the user can
Another very important point is the timing model. open or close black boxes.

In hardware design, as well as in real-time software In this way one can navigate in the model and explore
design, a precise timing control is essential. the behavior of any particular subsystem.

scription into each node. For this reason, the simulator uses time delay parame- 5. LINKS TO LOGIC SYNTHESIS AND PHYSI-
A data-driven semantics was chosen for the hypergraph Important parameters of performance are, for example ters, local to each node, for a correct scheduling of firing CAL LAYOUT
model built with the visual editor. utilization and latency. events.
A data flow graph is similar to a Petri network. A node Through symbolic simulation the user can quickly In HYPERCHIP the simulation process is visual and in- HYPERCHIP was built as an open system and integra-
can fire when all the input edges have tokens (data localize possible bottlenecks in the system model. teractive (Fig.4). ted environment.
items) and no tokens are placed on output edges. Functional simulation is more precise but it requires a The user can control the execution through an iconic For this reason a link is provided to other lower level
After firing, tokens are removed from all input edges behavioral description for each entity. menu supporting useful options such as single-step, design tools, to support, for instance, logic synthesis
and are placed on all outputs. This kind of analysis is required when data-dependent programmable step, continuous mode and so on. and physical layout processes.
The advantage of this formalism is that the visual behaviors must be modelled. Each simulation event has a visual feedback. To demonstrate a possible integration, we have inclu-
hypergraph representation also allows an execution In its first version, HYPERCHIP supports behavioral Following a hypertext approach, objects such as nodes ded in HYPERCHIP a layout editor for Manhattan-
(simulation). descriptions written as Smalltalk code and finite-state- or edges can be selected with the mouse to get simula- style full custom chips in NMOS technology (Fig.5).
HYPERCHIP supports both symbolic and functional machine tables. tion statistics or history information. Geometrical data are automatically derived through
simulation processes. A particular feature of the HYPERCHIP simulator is The execution is carried out simultaneously at each cell generators and are manually modifiable.
During symbolic simulation tokens have no specific as- that the hypergraph is not flattened during the execu level of the hierarchy. Design rules check is supported though message-pas-
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sing and constraint propagation techniques.

The main purpose of this tool is to show a general
object-oriented approach to all levels of abstraction in
system design.
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HYGRAPHS FOR HYPERTEXT MODELLING#*

Carlo Alberto Bosello, Fabio Vitali
Computer Science Laboratory
University of Bologna

RIASSUNTO

In questo lavoro si tratteggia brevemente la struttura matematica sot-
tostante alcuni sistemi ipertestuali, e si riassumono le principali ca-
ratteristiche di RHYTHM (Research on Hypertext Theory and
Management), il progetto ipertestuale attualmente in sviluppo al La-
boratorio di Scienze dell’Informazione dell’Universita di Bologna. Se-
guendo il lavoro di Harel ([Har88]), viene introdotta una struttura
derivata dal grafo, chiamata higrafo, € ne viene discussa la conve-
nienza nel rappresentare vari oggetti ipertestuali. Viene discusso inoltre
un arricchimento dell’higrafo, chiamato s-higrafo, e ne viene spiega-
to I'uso in RHYTHM. Viene infine data una specificazione degli hi-
grafi ed s-higrafi come oggetti algebrici.

ABSTRACT

In this paper we briefly outline the underlying mathematical structure
of several hypertext systems with a short summary of RHYTHM (Re-
search on Hypertext Theory and Management), the hypertext project
presently under development at the Computer Science Laboratory of
the University of Bologna. A graph-like structure called higraph is
introduced following the work of David Harel [71, and its suitability
for the representation of various hypertextual objects is discussed. An
enrichment of higraphs, s-higraphs, is also discus-sed along with its
use in RHYTHM. A specification of higraphs and s-higraphs as al-
gebraic objects is finally given.

* This work has been done within the subproject #7, “*Sistemi di
supporto al lavoro intellettuale’ of the Progetto Finalizzato CNR **Si-
stemi informatici e Calcolo Parallelo’.
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RHYTHM, and not simply as an informal psychologi-
al model, and the willingness to precisely isolate and
qualify the base objects that ought to constitute
RHYTHM led us to propose a definition of higraphs
as abstract data types, and to give, after Ehrig and Mahr
[4] terminology, its algebraic specification.

It then became clear that - in at least one case - not
even higraphs were enough: documents are not a sha-
k peless agglomerate of bytes, but they own an internal
linear structure that higraphs could not cope with. Con-
sequently we conceived s-higraph, an enrichment of hi-
graphs that could. We give an algebraic specification
of it as a completion of the one for higraphs.

HIGRAPHS AND S-HIGRAPHS

Higraphs are graph-like diagraming objects which we-
re first introduced by Harel and used for a variety of
applications. In this paragraph we will give a short de-
scription of how higraph are used, that is, of what they
_actually mean, rather than a mathematical definition for

them.

1. INTRODUCTION

Hypertext systems (h.s. in the following), born to aug-
ment and free human capabilities, are nowadays suffe- *
ring from many of the drawbacks they were created to

solve. The rigid, graph-based structure of nodes, the
insurmountable separation of passive users (readers) an
active users (authors), the use of many different data
formats are clear evidences of this fact.
RHYTHM was therefore born to outdo these problems
to be slightly more than a hypertext, to be rather a sy:
stem for hypertext publishing, i.e. a system which i
not to be limited to didactic or tutorial ambitions, bu
allowing support of intellectual work of all kinds.

Figure 1: A typical Euler-Venn diagram. The intersec-

We thought that graph theory was not enough for our : :
tion of the circles may be interpreted as conjunction.

aims, so we found an enrichment of it in Harel’s work
higraphs [7]. They allow both binary relations (or n
ary, if we talk about hypergraphs) and set-theoretical
relations, like union, intersection, etc., and, like graphs,
have an immediate graphical visualisation.

A higraph is a set of objects, called blobs, connected
by edges . The set of blobs is required to be finite; the
edges (hyperedges) may connect two (or more) blobs
at a time; this means that they show a binary (n-ary)
relationship among the nodes. In the following we will

Three are the implementations of higraphs to be stu- : ) .
‘ restrict ourselves to ordinary, i.e. binary, edges.

died in RHYTHM: groups, or arbitrary sets of users
networks, arbitrary sets of machines, and mainly docu-
ments, arbitrary sets of bytes.
This need to have higraphs right at the foundations o

The basic property of higraphs that makes them diffe-
rent from graphs is the capability of blobs to intersect
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each other. This property, together with the usual re-
presentation of blobs as rounded rectangles, makes hi-
graphs look very similar to standard Euler-Venn
diagrams used to represent sets and their intersections
(figure 1). A blob totally enclosed in another blob is
called a subblob - cleatrly resembling the more usual
term subset - of the enclosing blob, while a blob con-
taining no other blob is said to be atomic.

Another way in which higraphs differ from Euler-Venn
diagrams is the convention that every set of interest be
explicitly identified by a suitable closed curve (a roun-
ded rectangle in Harel’s notation, which we follow).
This convention is mainly aimed at avoiding ambigui-
ties which arise in connection with the use of Euler-Venn
diagrams as shown in figure 2 below.

Following the above convention, an area which is not
encircled by an atomic blob represents nothing at alll.

)

Evidentiate:
DA&-B&-C
2)B &+-A &-C
PHC&-A&-B
HA&B&-C
5)A&C&-B
6)A&B&C
but not.
NB&C&-A

We mean that
this is empty

Figure 2: This higraph clearly shows that the set (B &
C & -A) is empty by the fact that there is not a corre-
sponding blob, while in the analogous Euler-Venn dia-
gram the ambiguity can not be avoided because it strictly
depends on the geometrical position of the contours.

(1) Another feature of higraphs is that a partitioning function is defi-
ned over blods, thus giving rise to an unordered cartesian product
but, since as for now we make no use of such a feature, we will omit
to describe it (see [Har88]).
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Figure 3: A simple s-higraph. Do note that every blod has its (first generation) subblobs structured in a chai

We conclude our brief account on higraph by obser-
ving that while graphs and hypergraphs are well suited
to describe relationships among elements of a given set,
and so are Euler-Venn diagrams with respect to set-
theoretical relationships in a given collection of sets,
higraphs seem to capture the advantages of both repre-
sentations. In our opinion this shows that there is a cru-
cial advantage in higraph-based formalism, especially
in computer science.

In dealing with certain uses of higraphs - e.g. the re-
presentation of documents - the need of an enrichment
to higraphs has arisen. Informally speaking, blobs in
a standard higraph are completely identified by their sub-
blobs so that two blobs having exactly the same blobs
are actually the same object - just as two sets obtained
as unions of the same family of sets are equal regar-
dless of the order in which the sets are considered.

On the other hand, if a document is to be represented
by a blob then an order does exist within its subblobs
(e.g. the order of the pages within a text). Therefore
a visual and mathematical feature ought to be added to
higraphs in order to represent a total, linear order among
the subblobs of a given blob: in other words we must
express the fact that such subblobs are actually elements
of a chain.

However, Harel himself developed higraphs keeping
statecharts in mind - that is, objects visualising a pro-
cess or a finite states machine - and in such context he
used arrows starting from nowhere in a given blob and
pointing to a subblob of that same blob, thus indicating
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such subblob as the default state within the state sym:
bolised by the outer blob: the starting state. By makin
the assumption that (a) in each non-atomic blob the
is a first subblob and that (b) all other subblobs are co
nected so as to form a chain (avoiding circularity), wi
obtain what we have called a s-higraph.

It must be noticed that while chains of blobs are nor-
mally visualised by means of arrows - and so are edges |
- the nature of the edges will, in general, be different !
from that of the links between a subblob and its succes- |
sor, the latter being precisely an order relationship.

3. RHYTHM

RHYTHM is a hypertext system project under dev:
lopment at University of Bologna. Its aim is to allo
the reader to modify, associate and annotate any data
We tried to bypass the distinction between author-creato:
and reader-user, and enforce the distinction between ori
ginal version and subsequent alterations instead.

The RHYTHM system is distributed: it is to allow tran
sparent access to all data independently from their po-
sition in the network. There are two main modules to
obtain this, called server and browser. The server runs
on a multitasking machine and takes care of the loa-
ding, preparation and shipment of data; the browser is
the only interface of the system with the user and ma-
nages all presentation and visualisation of data.

Hypertextual features are guaranteed independently from
the data format: the server stores hypertextual data i

3 6
(3,0) (3,2}
4 7
{4,0) (3,2).(1,0)
8
(3,2).(2,0)

Figure 4: A delta tree of a document and the corresponding higraph: higher numbers gives chronological order
of the insertions, and lower numbers give the address of the tree nodes for the system.

Figure 5: A path introducing some subpaths.

separate files and can accept links and modification in-
dependently of the data format; the original data is left
intact, and it is the browser’s duty to show it at its best.
All browsers can show elementary types of data (ASCII
texts, bitmaps, etc.), and enhanced browser may be able
to accept other data formats, as decided during its de-
velopment. Special software filters can be activated to
convert an unacceptable data format.

We manage full authoring and full versioning by sepa-
rately saving the original document and its modifica-
tions. By versioning we mean showing the document
in all saved versions that contributed to its actual state
and by authoring we mean activating together or sepa-
rating the original version document and all modifica-
tions made by others than the first author2. We obtain
them through intensive use of delta versioning: all mo-
difications made to a document (additions, deletions,
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moves), i.e. all differences between this and the old ver-
sion, are saved in a different file, called delza; all delta
forming the chain (or generally the tree) of modifica-
tions to a document are then applied sequentially to the
original document to get the desired version.

The RHYTHM system easily manages non-linearity and
hierarchies in information structure: strictly hypertex-
tual information (such as links) are saved in a separate
document, called parh. The path document is indepen-
dent from the data to which it refers; it is possible to
have a path connecting many documents, so that a ge-
neral overview over a certain subject can be given, or
to have many paths over the same document, so that
(2) As it can be seen, there is not a big difference between authoring
and versioning: they both are modifications to a document, but ver-
sioning is said to happen when the modifier is the original author.
In this case, the history of the document goes on, and so does its title,
all links pointing to it.
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it be possible to have many different ways to show the
same data. What's more, the path is subject to autho-
ring, versioning and, mainly, it can be origin and de-
stination of links. In this way hierarchic paths of
increasing specificity can be created, just like folders
or directories in hierarchical file systems.

RHYTHM has a precise structure of its internal docu-
ments: all known documents are made of three parts
(two of which may be empty): the server script (or .s),
the browser script (or .») and the raw data (or .d). The
server script contains all the information needed by the
server to find, load and reorganise the content and the
links starting from the document.3. The browser script
contains all instructions needed to show the data (for-
matting, margins, font, style, etc.), and the third part
contains the data to be shown. The .b and .d parts are
of exclusive interest of the browser. The server just
needs to understand and manage the .s part.

Literary Machines Ted Nelson

I and think 9|

computer. For instance, we are going to look at
ways of dealing with text based on its "true”

are going to create a service that simply stores and

sends back different excerpts from this "true”

structure of text. That structure is![it rel
-18- i=Computer Lib !

Figure 6: A document for RHYTHM.

AN ELECTRONIC LITERARY SYSTEM{ Here is the
right way to do something by computer: first

figure out what you really want to do and think
about, instead of staying bogged down in what you
usually do and think about when you don'tuse a
computer. For instance, we are geing to look at
ways of dealing with text based on its "true”
structure, if we can figure out what that is. And

we are going to create a setvice that simply.

stores and sends back different excerpts from this
"true” structure of text. That structure is

literature.§

Figure 7: Part .d of the document in fig. 6.

(3) A path is clearly a document made only of the .s part.
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tions, every document had one owner and was stored
in one disk of one machine. This, it has been seen, is
severely limiting: a main feature of RHYTHM is to sup-
port work group; another is the total distribution of re-
sources so that their use be as elastic and transparent
as it is possible.

l * Header * |
| *TITLE* |

words: from 5th to 45th

Later on, the decision of using higraphs let us build a
more elastic model for those problems. We try there-
fore to treat as blobs not only arbitrary chunks of data,
but also strongly structured database records, such as
information about users or machines.

words: from 46th to 97th

]

Figure 8: Part .b of the document in fig. 6.

A group will then be an arbitrary set of users. A group
is born after explicit request, or automatically when star-
ting an argument(4) among two or more users. This ena-
bles us to consider the argument as a single document,
which can then be shown by one icon and few links,
rather than lots of separate documents (document XXX,
Notes to document XXX, Notes to the notes to docu-
ment XXX, etc.). Edges among nodes may be used to
represent free relations among users’ groups, such as
cooperate or depend, etc.

Analogously, arbitrary sets of machines we call net-
works. A network may effectively represent the physi-
cal connection among machines (LAN, WAN, etc), but
allows us also to manage co-existence: a very common
document, for example the main text on a subject, may
be stored on many different machines, leaving the sy-
stem to decide which machine is free enough or com-
fortable enough to get the data from(5). Edges may
represent physical connections, phone lines, administra-
tive dependencies or other things.

Figure 9: Part .s of the document in fig. 6.

For example, a single line with the file name of the do-
cument is the only .s data necessary to add a simple
document (ASCII text) to the database: this shows that
it should be really easy to introduce generic paper do-
cuments in the database, as books or newspaper arti-
cles: they just have to be scanned and OCRed.

This three-parts document division helps keeping the

three issues relative to data entry disjoint: composition, 5. ALGEBRAIC SPECIFICATION OF HIGRAPHS

visualisation and content; modification of one does not
alter in any way any of the others. All modifications
are made with absolutely no content copying: though
it be shown in myriads of different ways, a certain con-
tent has to be present on disk just once.

| higraph |

| Figure 10: The TYPES section of the A.S. of higraphs.
4. HIGRAPHS AND S-HIGRAPHS IN RHYTHM su © section o the A.s. ol higrap

(4) We say we have an argument when a comment to a document
gets an answer by the author of the original document himslef.

(5) The only condition to co-existence is the stability of the document
with regard to versioning: that is to ask the document to be stored
in the definitive form. .

Higraphs, though they have mainly been sought to ma-
nage documents better than graphs do, were found useful
also for other problems. In our preliminary specifica-

The TYPES section

Our algebraic specification (AS) for higraph uses two
well known ADT: natural numbers and boolean values
with their usual operations; besides, we use the newly
introduced type content, about which we will talk la-
ter. We also introduce two new sorts - blob and higraph
- which are the main objects dealt with in the present
AS, and a derived type, string[blob], used to cope with
finite sets of blobs of arbitrary (i.e. variable) cardinali-

ty.

What we are actually defining is a higraph with content
and not just a higraph in Harel’s sense. In other words,
Harel’s higraphs are, like graphs, objects of a mainly
geometric nature while our use of higraphs involves a
remarkable amount of explicit use of their set-theoretical
properties. This happens because we are above all in-
terested in knowing what happens to the items (bytes,
users, machines) contained in a higraph’s blobs when
certain modifications of such higraph take place.

We therefore introduced type content, which may be
seen as a set algebra with an empty set (EMPTY), a
union operation (UNION) and a difference (DIFF); a
predicate SUBCONT also exists and represents the set-
theoretical inclusion.

Finally, standard operations are assumed to exist for type
string[blob], such as NULL, the empty string, CON-
CAT, the concatena-tion of strings, RESTOF, INSTR
and LADD, the adding of an element at the left end of
a string; simple properties of strings are assumed to be
known, e.g. a string is either empty or of the form
LADD(element, string).

The FUNCTIONS section

We put some bracketed equations among the functions
in the above table; this was aimed at helping to distin-
guish between definitions of functions solely in terms
of other functions, and real, non-tautological equations
which are listed in the AXIOMS section and which ex-
press non-trivial properties of the functions and types
we are talking about.

We have two blob-constructor functions: BLOB and
BGROUP. BLOB takes a "piece’ of content and returns
an atomic blob having precisely that content; BGROUP
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DELATOM higraph blob — higraph
SUPPRESS higraph blob — higraph

SUBBLOB blob — string{blob]
ATOM blob - bool

IN_HIG higraph blob — bool
LINKED higraph blob blob - bool

MAKELINK higraph blob blob = higraph
DELLINK higraph blob blob — higraph

[ATOM(b) = if (SUBBLOB(b) = NULL) then True else False]

ARE_LINKED higraph string{blob] string(blob] — bool

NUMBLOB higraph — nat

Figure 11: The FUNCTIONS section of the AS of higraphs.

takes an arbitrary set of pairwise disjoint blobs and re-
turns a blob having such blobs as direct (i.e. first gene-
ration) subblobs. These two functions reflect the
geometrically obvious fact that a blob be either atomic
or built by surrounding other blobs with a rounded rec-
tangle.

The accessor functions for blobs are CONTB, SUB-

90

BLOB and ATOM; CONTB returns the content of a
blob and requires an auxiliary function for its defini-
tion, CONTS, returning the overall content of an arbi-
trary number (string) of blobs; the two functions call
each other recursively. This is due to the intrinsically
recursive nature of blobs, as stated above: the content
of a non-atomic blob has to be ascertained by checking
all of its subblobs that, in turn, may be atomic or not,
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and so on. SUBBLOB returns a string of blobs: the di-
rect subblobs of its argument. ATOM returns True
when its argument is an atomic blob.

The only transformer function for blobs is BSEP(6).
BSEP takes an atomic blob and part of its content and
returns a new blob having exactly two subblobs, one
of which contains the part of content used as argument

~ and the other contains what is left of the content of the

previous blob; BSEP is actually a mean to isolate a cer-
tain portion of content of a blob.

_ The only constructor function for higraphs is the con-
stant VOID: it represents the trivial (empty) higraph.

. Accessor functions for higraphs are CONT, NUM-
_ BLOB, IN_HIG, LINKED and ARE_ LINKED. CONT
_ is the homologous of CONTB and returns the whole
- content of a higraph. NUMBLOB returns a natural num-
~ ber expressing of how many blobs its higraph argument

is made of. IN_HIG takes a blob and a higraph and
checks to see whether the blob belongs to the higraph.
LINKED checks the existence of a link starting from
a blob and ending in another in a given higraph.

ARE_LINKED performs the same check between each
element of a certain string of blobs and each element
of another; the need for such a function is the same for
having CONTS together with CONTB; in this case too
we have a form of mutual recursive calls between LIN-
KED and ARE_LINKED.

Generic Higraph G_‘_er"xeric Higraph

i
|
i
I
: GROUP
I
I
|
|

Figure 12: How GROUP works.
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G_._eneric Higraph

Figure 13: How HAUGMENT works.

The transformer functions for higraphs are HAUG-
MENT, GROUP, HSUBST, DELATOM, SUPPRESS,
MAKELINK and DELLINK. HAUGMENT adds a
new blob to a higraph (figure 13); GROUP draws a
rounded rectangle around some specified blobs (figure
12); HSUBST substitutes an atomic blob with a new
one, possibly non-atomic but having the same content
as the former blob (figure 14); DELATOM deletes a
specified atomic blob from a higraph (figure 15), while
SUPPRESS does the same thing with more general (i.e.
non-atomic) blobs; here, again, a two-function approach
is required by the recursive nature of blobs.

The above described functions are all that is needed to
express the set theoretical relationships among blobs and
their content in any higraph, possibly with the aid of
blob related functions (BGROUP, CONTB, etc.). Ne-
vertheless it is extremely useful to define functions
which perform the most common tasks in the use of hi-
graphs; such functions are precisely those whose defi-
nitory equations appear in the functions section:
AUGMENT and SEP.

(6) It is technically possible to define BSEP in terms of other func-
tions, and we did, but for the sake of clarity we will often refer to
BSEP as a primitive function.
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Generic Higraph

The PRECONDITIONS section

the understanding of the subject.

Figure 14:

How HSUBST works.

G_eneric Higraph

DELATOM

~

Figure 15:

destroys it.

Finally, MAKELINK builds a link from a blob to ano-
ther (the order is relevant, of course) while DELLINK

How DELATOM works.

of several supporting functions having no other use.

While some of the preconditions in figure 16 are ex
pressed by means of boolean functions, others are not.
We did so because writing all preconditions as boolean
predicates, though possible and rigourous, would hay
been exaggerately complicated(7) and unnecessary fo

The precondition for BLOB is mainly aimed at avoi
ding trouble should an attempt be made to refer to-
content that does exist in a given higraph but that is sha-
red among disjoint blobs, which means that no blob ha:
ving exactly the named content exists in the said higraph
besides, the assumed precondition has the advantage o
allowing us to postulate some useful properties of BLOE
(see the AXIOM section below) that would otherwise
be false in the cases excluded by the precondition, an
all this is achieved without loss of generality: we mean
that every conceivable blob may be built using BLOE
and the other blob-valued functions respecting the gi

|
!
!
) : ven preconditions. This is also true for all other func- |
w | tions and preconditions we are going to discuss. 1]
! .
The precondition for BGROUP is also due to our will :
to have BGROUP be the ’inverse’ function of SUB-
BLOB, in the sense that grouping a set of blobs an
then asking what the subblobs of the newly built blo
are should result in returning the original set (string

of blobs. BSEP requires its argument to be atomic, s
that the content to be manipulated is unambiguously de-

(7) The rigorous writing of all preconditions implies the introductio

fined as a whole; on the other hand, a request to isolate
3 portion of content shared among different subblobs
of a certain blob can be handled by repeatedly calling
BSEP on the different subblobs. The request that the
portion of content to be separated be part of the content
of the manipulated blob is obvious but nevertheless ne-

cessary.

 For the use of HAUGMENT the blob to be added to
_ the higraph must actually be new. HSUBST needs its
two blob-arguments to have the same content because
this is the very reason of its definition: it has to be a
tool for substituting an unstructured (i.e. atomic) bob
_with another, more richly structured one without alte-
 ring the higraph’s overall content. DELATOM is meant
_to delete atomic blobs only, since the destruction of
_structured blobs may be recursively defined on this ba-
_se (see SUPPRESS below).

_ All other functions simply require their arguments to
exist in the higraph they are being applied to.

The AXIOMS section

Axiom (B) expresses the fundamental geometric pro-
perty of higraphs (especially versus s-higraphs): when
grouping blobs, the order is irrelevant; in other words,
blobs having the same direct subblobs are equal.

Axioms (C1), (C2) and (C3) should be regarded as a
whole; they express the fact that an atomic blob (see
also (A1) and (A2)) has the content it was explicitly built
to hold by means of BLOB, while the content of a non-
atomic blob is the UNION of the contents of its sub-
blobs. The recursion determined by the way blobs are
built clearly appears here and explains why CONTS is

PRECONDITIONS:

BLOB(c)=(content must be new or belonging to an atomic blob)

HAUGMENT(h,b) = (not IN_HIG(h,b))

BGROUP(sb) = (blobs of sb must be pairwise disjoint)

GROUP(h,sb) = (blobs of sb must exist in h)

BSEP(b,c) = (SUBCONT(¢c, CONT(b)) and ATOM()) .
HSUBST(h,b1,b2)=(IN_HIG(h,bl) and ATOM(b1) and EQUAL(CONT(1),CONT(b2)))
DELATOM(h,b) = (ATOM(b) and IN_HIG(h,b))

LINKED(h,b1,b2) = (IN_HIG(h,b1) and IN_HIG(h,b2))

ARE_LINKED(h,sb1,8b2) = (strings must be non-empty and their blobs exist in h)
MAKELINK(h,b1,b2) = (IN_HIG(h,b1) and IN_HIG(h,b2))

EEEEEEEEERE

DELLINK(h,b1,b2) = (IN_HIG(h,b1) and IN_HIG(h,b2))

needed. Note that, since the only true blob-valued func-
tions are BLOB and BGROUP, every time a function
with blob-arguments is defined for all arguments of the
BLOB(c) and BGROUP(sb) form, it is then defined for
all blobs,

Axiom (C4) tells us about the effect of the various co-
structor and transformer functions on the content of a
higraph: it actually is the definition of content of a hi-
graph. The trivial higraph (VOID) turns out to be emp-
ty; HAUGMENT increases the content of the higraph

Figure 16:

The PREOCONDITION section of the AS of higraphs.
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itis applied to by an amount equal to the content of the
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new blob being added; DELATOM takes away from
the higraph’s content the content of the blob being de-
leted; all other functions leave the higraph’s content un-
changed.

The same task is performed by (N1) with respect to the
changes occurring to the number of blobs of a higraph
that is being created or modified. The VOID higraph
has no blobs; HAUGMENT and GROUP both add one
new blob to the higraph; HSUBST enriches the higraph
with as many new blobs as the subblobs of the newly
added blob are(8). DELATOM obviously causes a de-
crease of one in the number of blobs of the higraph.

Axioms (A1) and (A2) are self-explaining: blobs of the
BLOB(c) form are atomic; all other blobs, which are
necessarily of the BGROUP(sb) form, are not.

Axiom (LI) reports about the existence of a link bet-
ween two given blobs in a certain higraph: it is actually
an explicit definition of the LINKED function; is a bit
complex and we will only informally describe its mea-
ning; the main concept is that if two blobs are linked
we also consider the first blob to be linked to each sub-
blob of the second, as well as each subblob of the first
is considered linked to the second; in other words, a
link starting from (ending in) a blob is totally equiva-
lent to a set of links starting from (ending in) all sub-
blobs of that same blob and ending in (starting from)
the same place as the previous link. Therefore three are
the possible causes of the existence of a link between
two blobs: it may have been explicitly created by MA-
KELINK; it may have been generated by grouping cer-
tain blobs all of which are already linked with a certain
blob, in which case the same link exists for the new
blob; it may have been implicitly created by HSUBST,
because the introduction of a new blob in the place of
an old one implies the existence of a link between (any
subblob of) the new blob and any other blob with which
the substituted blob was previously linked.

Axiom (S1) expresses the key property of atomic blobs:
they have no subblobs. Axiom (S2) that of non-atomic
blobs: they may be thought as having been built by grou-

(8) A much more frequently used function, defined after HSUBST,
is SEP. It'implies the creation of fwo new blods: the one with the
content one wanted to isolate and the one containing the rest of the
content of the manipulated blob.
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LINKED(h,b1,b2) = case
(h = MAKELINK(h1,b1,b2))
~ (h = DELLINK(h1,b1,b2))
. (h HAUGMENT(hI b))

LI
2 True

s False

3 if (b1=b) or (b2=b)) then False

\ else LINKED(h1,b1,b2)

: (h GROUP(hI sb)) scase
(b1=BGROUP(sb))
(b2=BGROUP(Sb))
(else)

(h = HSUBST(h1,b,b3))
(b1=b3) ; case
(b2=b3)
(INSTR(b2,SUBBLOB(b3)))
(else)
(b2=b3) ;&

i ARE_LINKED(h,sb,"b2")
i ARE_LINKED(h,"bl",sb)
i LINKED(h1,b1,b2)

i case

:: LINKED(h1,b,b)

:: LINKED(h1,b,b)

:: LINKED(h1,b,b2)

if INSTR(b1,SUBBLOB(b3)
then LINKED(h1,b,b)
else LINKED(h1,b1,b)

if INSTR(b2,SUBBLOB(b3))
then LINKED(h1,b,b)
else LINKED(h1,b,b2)

LINKED(h1,b1,b2)

: LINKED(h1,b1,b2)

(INSTR(b1,SUBBLOB(b3)))z:

 (else)
: (h DELATOM(hI b))
SING HIG(h b) = g_gg_e
\ S (h=VOID) e
th= HAUGMENT(hI bl))
(h = GROUP(h1,sb))
(h = HSUBST(h1,b1,b2))
b=b2) 1 True
(b=bl) :: False :
(else) i IN_HIG(h1,b)
(h = DELATOM(h1,b1))

i False
s if (b=b1) then True else IN_ HIG(h1,b)
% if (b=BGROUP(sb)) then True else IN_HIG(h1,b)

1 if (b=b1) then False else IN_HIG(h1,b)

Si
2

SUBBLOB(BLOB(c)) = NULL
SUBBLOB(BGROUP(sb)) ='sb

- ARE_LINKED(,LADD(b1,s1),LADD(b2,52)) =
if's1 = NULL then
if s2=NULL

A3

then LINKED(h,b1,b2)

else LINKED(h,b1,b2) and ARE_LINKED(h,"b1",s2}
then LINKED(h,b1,b2) and ARE_LINKED(h,s1,"b2")
else LINKED(h,b1,b2) and ARE_LINKED(h,"b1",s2) and
ARE LINKED(h s1,"b2")

SUPPRE‘SS(h b) = 1f (ATOM(b)) &hgn DELATOM(h b) else
L SUPPRESS( SUPPRESS(h,FIRST(SUBBLOB(b)), b)

else if s2=NULL

Figure 17: The AXIOMS section of the AS of higraphs.
9
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ping their direct subblobs.

Axiom (IH) tells us that no blob belongs to the VOID

higraph and that there are only three ways for a blob

to have become part of a higraph: it may have been ad-
ded to the higraph by HAUGMENT, it may have been

. generated by GROUP in order to surround other blobs
~ or it may have been brought in by HSUBST (either ex-

plicitly or as subblob of the introduced blob) in substi-
tuting a blob with another; a blob may disappear only
by means of DELATOM (or its repeated use in the ca-
se of SUPPRESS); MAKELINK and DELLINK have
no effect in this respect.

Finally, axiom (S3) explains how the destruction of any
blob may be performed by first destroying all of its ato-
mic subblobs and finally destroying the blob which has
in turn become atomic (and empty).

6. ALGEBRAIC SPECIFICATION OF S-HIGRAPHS

The main property we want s-higraphs to have is that
the building of a blob from other blobs (performed by
a function homologous of GROUP) be anti-
commutative, an order having been imposed on the sub-
blobs of the newly built blob. In our AS, such crucial
difference between s-higraphs and higraphs appears in
that the former always posses labeled links, usually of
at least two different kinds, while the latter are not re-
quired to; this allows us to define a function SGROUP
(the homologous of GROUP) which uses one specific
type of labeled link to construct a chain of blobs while
grouping them. The chain of the subblobs of any blob
is thus made of actual links, and these links can be told
from the usual ones thank to their special label.

Of course, the additional feature of labeled links may

be easily added to higraphs as well and probably will

in most applications.

The TYPES section is therefore modified as follows:

s-higraph = nat +bool + content +
TYPES: blob :
string{blob]
s-higraph
label

: Figurg 18: The TYPES section of the AS of S-higraphs.
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The FUNCTIONS section is almost identical to that of
higraphs with only a few, though fundamental, chan-
ges; we therefore list these changes only.

The first change is that each function of the previous
AS having higraph-type arguments or value is substitu-
ted by a similar function having s_higraph-arguments
(value) instead. All such functions have a name obtai-
ned by that of their old (higraph) homologous functions
by adding a ’S_’ as a prefix to remind the reader of s-
higraphs. Moreover, as a second change, the three func-
tions dealing with links have to have new signatures (and
new names, of course) to take into account the existen-
ce of several link types: S.MAKELINK and S.
DELLINK are to make and destroy links of specified
type, while S_IS_LINK has to ascertain the existence of
links bearing a specific label.

One exception to the above established notation is that
function GROUP becomes OLD_GROUP.

A new important function, S_.GROUP, is introduced:
it (not OLD_GROUP) is the homologous of GROUP.
MAKECHAIN is also a new function and is used in
strict connection with S.GROUP: it represents the buil-
ding of a sequence of links of the CHAIN kind orderly
connecting all blobs in a given string so as to form a
chain.

The last change is that one constant for type label is in-
troduced, in order to ensure the existence of the "order
links’ we want: CHAIN.

All functions that do not have type higraph in their si-
gnature are transferred unchanged to the new AS.

The preconditions section undergoes no relevant chan-
ge: its only modification is that the new signature has
to be used in writing the preconditions. Besides, a sim-
ple precondition is required for MAKECHAIN.

The modification of the AXIOM section, apart from the
new signature being used, lies in the first equation main-
ly but is of outmost importance. Another axiom, (M),
is also added in order to define the new MAKECHAIN
function.

Axiom (B) of higraphs is substituted by axiom (SG) as
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s

follows:

_ [4] Ehrig H., Mahr B., FUNDAMENTALS OF AL-

 GEBRAIC SPECIFICATION, Springer Verlag, 1985

[FUNCTIONS:
CHAIN - label

S_MAKELINK s-higraph blob blob label — s-higraph
S_DELLINK s-higraph blob blob label — s-higraph
S_IS_LINK s-higraph blob blob label — boolean
S_GROUP s-higraph string[blob] — s-higraph
MAKECHAIN s-higraph string[blob] — s-higraph

[5] Guttag J., ABSTRACT DATA TYPES AND THE
DEVELOPMENT OF DATA STRUCTURE, Commu-
nications of the ACM, June *77

[6] Halasz F.G., REFLECTION ON NOTECARDS:

SEVEN ISSUES FOR THE NEXT GENERATION OF

Figure 19: The FUNCTION section of the AS of S-higraphs.

HYPERMEDIA SYSTEMS, Communications of the
ACM, July ’88

PRECONDITIONS:
pre MAKECHAIN(h, sb)=(not sb=NULL)

[7] Harel D., A VISUAL FORMALISM, Journal of

the ACM, May ’88

Figure 20: The PRECONDITIONS section of the AS of S-higraphs.

[8] Liskov B., Guttag J., ABSTRACTION AND SPE-

AXIOMS:
SG S_GROUP(h,LADD(b,sb)) = MAKECHAIN(OLD_GROUP(h,sb),sb)
M MAKECHAIN(h,LADD(b,sb))=if (LENGTH(sb)=1)

then S_MAKELINK(h,b,FIRST(sb), CHAIN)

else MAKECHAIN(S_MAKELINK(h,b,FIRST(sb)),sb, CHAIN )

CIFICATION IN PROGRAM DEVELOPMENT, The
MIT Press, 1987

[91 Meyer B., OBJECT ORIENTED SOFTWARE
CONSTRUCTION, Prentice Hall, 1988

It should be clear that axiom (B) of the previous speci-
fication is false with respect to s-higraphs. Axiom (M)
simply states the properties of MAKECHAIN already
mentioned above.

7. CONCLUSIONS AND FUTURE WORK

We think that RHYTHM addresses real problems wi-
thin the hypertext publishing field. We hope that this
overview has shown how higraphs can help solve them
in an elegant way, though all matters about efficiency
have (intentionally) not been taken into account.

Higraphs are a powerful tool for hypertext and lots of
other problems, and ADT have shown to really help
implementors in getting things straight with less pain
and more speed.

Lots of things have been left out, clearly. We will con-
sider some of them in future works; we will mainly fo-
cus on the specification of typed links and will get deep
into s-higraphs.
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Figure 21: The AXIOMS section of the AS of S-higraphs.

[10] Micelli V.L., Maioli C., GRAFI E HIGRAPH CO-
ME STRUTTURE DI BASE DI SISTEMI IPERTE-
STUALI, Quaderno n°11, Laboratorio del Corso di
Laurea in Scienze dell’Informazione, Bologna, 1989
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RIASSUNTO

HYPERNET & un sistema multimediale, basato sul formalismo delle
Reti di Petri, che pud essere utilizzato per la rappresentazione, 1’ana-
lisi ed il design di sistemi (dalla specificazione di sistemi industriali
alla ingegneria del software) descrivendone le attivitd. La multime-
dialita permette un pily alto potere di specificazione rispetto a quello
che deve essere mostrato quando il modello del sistema viene esplo-
rato e consente all’utente di applicare le tecniche di analisi sviluppa-
te per verificarne le proprieta. Il sistema osservato & organizzato ge-
rarchicamente su pit livelli e le diverse informazioni (testi, grafici,
suoni) sono associate ai nodi della rete in base al loro significato; i
connettori della rete permettono di correlare queste informazioni,
utilizzando precise relazioni che risultano dal modello del sistema che
Putente sta analizzando.

ABSTRACT

HYPERNET is a multimedia system, based on Petri Net formalism,
which can be used for the representation, analysis and design of
systems (e.g. from the specification of industrial systems to software
engineering) exhibiting activities within them. The multimedia sy-
stem permits a more powerful specification of what is to be displayed
when the model of a system is browsed, and allows the user to apply
developed analysis techniques to verify properties of the system. The
observed system is organized hierarchically on several levels and the
different information (text, graphics, sound) is associated to the nodes
of the net according to the meaning. The connectors allow to correlate
this information through precise relationships which result from the
model of the system that the user is analysing.
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lete user interface for the creation, selection, move-
sent and manipulation of graphical objects, providing
simple scheme of dialogs necessary for the acquisition
of data to associate to the nodes and connectors.

For the analysis of the net properties, the Net Analyser
provides the following options : (for Condition Event-
nets only) concession, firing, step, contact, conflict,
reachability, case class of a net, reachability graph,
_enlogic structure, liveness, cyclicity and safeness; (for
Predicate Transition-nets only) transformation matrix,
and; (for both) pre-set and post-set, simplicity, purity,
ncidence matrix, name S-invariants and name T-inva-
_riants.

 The Hypertextual environment provides a series of
eatures that permit the user to associate, to the nodes of
the net, information (text, graphics, sound) that may be
organised hierarchically on several levels and whose
_contents may be inserted using the associated Net
Editor or obtained directly from a text or graphics file
created by any Macintosh application (MicroSoft
- Word™, SuperPaint™, Mathematica™ , MathType™,
etc.). The images and text may also be obtained using a
scanner or similar device.

The information associated to the nodes of the net are
related to connectors. They identify towards which
node and in which direction the flow of information
moves. The mechanisms which allow the user to enter
the hypertextual structure are typical mechanisms utili-
zed to the hypertextual models: the double click and the
items of the menu as “Child”, “Parent”. These mecha-
nisms operate on any node of the net and allow the user
to verify if a node exists and allow the user to associate
to the node the same textual/graphic information or a
subnet. If the same textual/graphic information exists,
then the tool shows if there is a subnet then the tool
allows the user to continue the “browsing” selecting a
new node or verifying properties of the net or of the
current subnet.

1. INTRODUCTION

HYPERNET is a multimedia system which utilizes the

Petri Net formalism for the modelling of system. Petri
nets, first introduced by C.A. Petri [18], are essentially
designed for representing and analysing systems.
HYPERNET possesses several important features which
make it particulary suitable for system design in a wide
range of fields (eg. applicable to building, office auto-
mation, communication protocols, distributed databa-
ses, etc.). Seme of these features include the ability to
describe systems at various levels of detail, their graphi-
cal and precise nature and their structural generality.
The multimedia system is essentially concerned with
three diverse aspects: the realization of the graphical
environment (Net Editor), the analysis of the properties
of the net (Net Analyser) and the information to associa-
te to the nodes (Hypertextual Features).
The Net Editor has a number of functionalities that
permit the creation of syntactically correct nets (verifi-
cation of node connections, and parse of arc annotations
to confirm their validity) with various levels of detail
(net morphisms) and with a variety of styles and forms
for the graphical objects: nodes and connectors, accor-
ding to the requirements. Moreover, it realizes a com-

2. HYPERNET - THE APPLICATION

In this chapter a description of the features made avai-
lable, to the user, by HYPERNET is given. To better
understand the options provided by the application we
begin with a brief description of the theory underlying
Petri Nets. Readers who desire a more thorough expla-
nation of net theory can consult the Appendix or the
texts by Best [1] and Genrich [11].
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2.1 Basic Theory

A Petri Netis a triple, N=<8,T,F> in which 8={s,.....,s_}
is a finite set of places with n20, T={t,,.....t } is a finite
set of transitions withm>0e ST=,and F (Sx T) (T x
S) is the flow relation, a mapping representing arcs
between places and transitions.

The arcs represented by F prescribe pre- and post-
relations for places and transitions. The set of places
that are incident on a transition t is termed the preset of
t,and is denoted by °t={ sl (s,t) F }. The set of places
that follow a transition t is termed the postset of t, and
is denoted by t°= { s | (t,s) F }. The preset and postset
foraplace s are defined similary as the sets of transitions
incident on s and following s, respectively.

A marking M of a Petri net N=<8,T,F> is a function M
M: S—> {0, 1 }, mapping each place in the netinto a
nonnegative integer. Each integer in a marking indica-
tes the number of tokens residing in the corrisponding
place.

2.2 The Net Editor

The graphical functionality of HYPERNET permits the
user to create graphically complex nets. In fact, these
allow the user to allign the graphical objects to any
determined angle of inclination (horizontal, vertical,
oblique, etc.), to spread the nodes proportionally, to
drag the nodes without the need to redesign the connec-
tors and to set default values for the creation of nodes
and connectors using any type of style, shape and
colour. Moreover, they allow the user to “zoom” the
pages from 400% to 25% of their standard dimensions,
to curve a connector (selecting the angle of curvature),
to effect the update of the current page and to load or
construct, dynamically, “palette” pages.

Acquistion of the data that is to be associated to the
nodes and connectors of the net is effected through
dialog boxes that appear on the screen. The user has the
option of entering this data while constructing the
object or he can choose to allow HYPERNET to auto-
matically generate a label for the object. At any mo-
ment, the user can modify the labeling of an object of the
diagram by simply selecting it.

To each object of the net (CE-net or PrT-net) we can
associate diverse types of information. Every object
must be assigned a name. This is always perfomed
implicitly (ie. assigned an internal identifier) by HY-
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PERNET and may also be specified explicitly by the
user.

For CE-nets, while events and arcs may only have a
name, the conditions may also have a mark. If a mark
exists in a given condition then it will be shown graphi-
cally. This mark may be assigned interactively by the
user by selecting the appropriate condition with the
mouse or by entering it in the condition’s dialog.
However, if the user is using the PrT-net formalism,
then he may associate a formula to each transition, a
predicate to each predicate and a symbolic sum of tuples
to each arc of the net. Before any calculation is perfor-
med on the net each arc must be assigned a tuple, other-
wise the calculation cannot proceed. As the validity of
most results are based on the correctness of the arc
labels, HYPERNET also performs a syntax check of all
arc labels. If this parse is unsuccessful then the applica-
tion cannot proceed with any calculation.

The Net Editor permits the user to generalise the net on
many hierarchical levels (morphisms). This generali-
stion may be realised in two different ways: selecting
the group of nodes that are to be placed on a lower level
(onanew page) and substituting them with anode of the
appropriate type or selecting one node and constructing
anempty lower level which the user may define later on.
The morphism operation is performed only if the group
of nodes selected respect the definition of morphism
(see previous section).

In the eventuality that the user needs to duplicate part of
the net (eg. to save time) he may do so, utilizing copy
and paste, and the application will ask if he wishes to
maintain the data structure (ie. labels and other associa-
ted data), of the duplicate part, or modify it. If the user
decides to modify the data structure, this may be perfor-
med either automatically by the application or manually
through dialogs.

Tomake the tool more flexible, HYPERNET allows the
user to import nets designed with MetaSoftware’s Me-
taDesign™, This feature automatically controls the
syntax of the net, associating to each graphical object
the suitable data structure. In the case that an object of
the net cannot be classified, the application asks the user
to supply additional information.

2.3 The Net Analyser

The properties that are analysed by the Net Analyser are
essentially of two types: static and dynamic. Static pro-
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perties regard the structure of the net (graphical rep
sentation of the connections and adjacency of the n
des) and are applicable to both CE-nets and PrT-ne
Dynamic properties are related to the evolution of the
tokens (PrT-nets) and marks (CE-nets) in the net.
To make the tool more interactive, the selection of the
graphical objects, on which the properties are verified,
is performed using the mouse and the results are di-
splayedin the status bar (window lying directly beneath
the menubar) and/or evidenced graphically using
particular graphical feature. The Net Analyser verifi
a property by specifying, as input, a single node or
group of nodes and responds, in ouput, graphically an
or textually. If nothing is selected as input then t
property is verified using every object (of the appr
priate type) of the net one by one.
The static properties analyzed by HYPERNET consi
of: pre-set, post-set, purity, simplicity, incidence m;
trix, name S-invariants and name T-invariants. The
properties will now be discussed with the use of exa;
ples.
The pre-set and post-set of the selected node are retur-

nedin the form of a string in the status bar and evidenced

graphically on the net.

The purity of the net is acknowledged in the status bar 1
and if the net is not pure the offending condition/event

(predicate/transition) pair(s) is highlighted on the net.
The simplicity of the net is also acknowledged in the
status bar but, in this case, the offending pair(s) of
conditions (predicates) and/or events (transitions) ar
evidenced graphically.
To give an example of invariant calculation we utilize
anet which models part of the law n. 898 (1970): “I casi.
di scioglimento del matrimonio in Italia” (Circumstan-
ces in the dissolution of a marriage in Italy) [20].
The incidence matrix of the net is output, on anew page,
in the form of a matrix indexed by the names of the
conditions (predicates) and events (transitions) of the

net. For a CE-net the entries consist of 0’s or 1°s but for

a PrT-net the entries are either O or symbolic sums of
tuples.

The system invariants are calculated by determining a ;\ﬁ 1
basis for the relevanthomogeneous system of equations . |
(C".i = 0 for S-invariants and C.i = 0 for T-invariants,
where C represents the incidence matrix of the netand |

CTits transpose). In fact the invariants generated are

calculated using the ring product and are known as

name invariants (see [13] - especially for PrT-nets
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The Pre-set of c4 is: {el}
ci c2
et
c4 c5

The Post-set of et is: {c4,¢c5}

Figure 1: The highlighted event shows the Pre-set of the
selected condition

Figure 2: The highlighted conditions show the Post-set
of the selected event ,

The net is not pure.
The node ¢l is a side condition of the

nodeel

cl

el

c4 e2 cS

The net is not T-simple: { el, e2 }.

SO

Figure 3: The couple of nodes which let the net be
non-pure
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Figure 4: The couple of events which let the net be
non-simple
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Condition A

The matrimony has
been celedrated.

\C\

Oe—

Evento 1

81 verifica wno dei
casi dicud alls D) del
testo di leggen’ 898
1970 srticolo 3 sulla
Disciplina dei casi &
scoglimento del
matrimonio.,

Condition L

The complainant has decided
to ask for a divorce

Event 4

Al least 3 years Dave
passed sfker the appesrsnc
of the married couple

divorce tribunal

Figure 5: The net that models the third article of law n® 898 - 1970 “Casi di scioglimento del matrimonio in Itali

Moreover, for PrT-nets, the resulting invariants may
contain symbolic components and, as a result, further
manipulations and calculations (eg. projection [10)
may be applied to transform these invariant vectors into
a form where all components are integer quantities
(thus giving a merely quantitative view of the net).
The mathematical calculations involved are actually
performed using Mathematica™. Any invariant vec-
tors derived are displayed in matrix form and the user is
also given the option of seeing them highlighted, gra-
phically, on the net and written in the status bar in the
form of an equation.
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The dynamic properties that the user may choose fro

is dependent on the formalism adopted for designing
the net: CE-net or PrT-net formalism. The analysis of
the properties of CE-nets is based on the calculation of

the reachability graph while the analysis of the proper-

ties of PrT-nets is based on the calculation of certain |

system invariants as described above.

For CE-nets the user has the following choices athisdi- |

sposition: concession, firing, step, contact, conflict, re-
achability, case class of a net, reachability graph, enlo-
gic structure, liveness, cyclicity and safeness.
Concession, contact and conflict of the selected event(s
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Figure 6: This figure shows the incidence matrix and an S-invariant

are confirmed (or not) in the status bar in the form of a
message. Also, in the case where contact (conflict)
exists the offending conditions (events) are evidenced
graphically.

The operations of “firing” and “step” are realized gra-
phically by moving the tokens from the conditions in
the pre-set of the selected events (one event only in the
case of “firing”) to the conditions of the relevant post-
set.

The case class of the net is listed in the status bar while
the reachability graph is designed on a new page in the
form of a graph whose nodes are the cases of the net and

whose arcs represent the firing of an event.

The operation of “reachability” may be effected in three
different ways (each taking the current marking as the
initial case): the user may specify a list of events and a
case to reach and HYPERNET will display a message
in the status bar after having verified if the case is
reachable or not with this set of events; the user may
specify alistof events and HYPERNET will display the
final case, or; the user may specify the case to reach and
HYPERNET will display the list of events that permits
it to be reached.

The objects that belong to the enlogic structure of the
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net (fact, violation and process) may be inserted into the
net using the Net Editor and then verified. In the case
where this verification fails (the object does not belong
to the enlogic structure) the object is deleted from the
net.

Liveness, cyclicity and safeness are confirmed (or not)
by a message in the status bar. In the case that one of
these properties is not verified, the offending event(s) is
highlighted. For PrT nets we may also obtain the tran-
sformation matrix of the net. This matrix gives the user
a totally quantitative view of the net as all its entries are
integer quantities.

2.4 Hypertext Features

An HYPERNET document consists of one or more
pages in which graphical objects (nodes and arcs) and
text are created. Each page corresponds to a window
that has all the characteristics of a standard Macintosh
window, Pages and objects may be linked hierarchical-
ly (morphisms and graphical/textual information) or
not (nets that belong to the same document but that
specify systems, or parts of asystem, thatdonotinteract
with each other).

To navigate within this hierarchical structure the user
may utilize diverse functionalities. The functions “Page
Structure”, “Child” and “Parent”, selectable directly
from the menu, permit the user to move within the
hierarchical structure of the document by selecting the
sub-net or by selecting a node that has an hierarchical
structure associated to it. The “double-click” on a node
and the “click” in the “close-box” of a window, allow
the user to pass from one level of the document hierar-
chy to another (if it exists) or to evidence the graphical/
textual structure (if any) associated to the node.

In the above figure, the user can choose the hierarchical
level in which to enter by clicking on the name of the
relevant page.

The previous figure displays a morphism that has two
hierarchical levels in which the second is dependent on
the first (in particular, on event e1). To pass from one
level to the other it is sufficient to “double-click” on the
event, el.

Toincrease the descriptive and modeling power of Petri
Nets, HYPERNET allows the user to associate, to the
graphical objects of the net, information that is graphi-
cal and/or textual in nature. This graphical/textual in-
formation may be imported from any Macintosh appli-
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cation by using the Scrapbook and/or Clipboard. ‘
Using the standard Macintosh operations of Copy and
Paste information may be transferred from an applica-
tion to the net via the Scrapbook (or Clipboard). The
user may then select, with the mouse, anode with which

this information is to be associated. Our experience has |

shown that this type of operation is most easily perfor-

med using the Macintosh in Multifinder mode (to
switch between applications) and utilizing the Clip-

board. Another method that may be used to associate
textual information (only) to objects of the net is to
digitize it directly by using the Net Editor.
To view the information associated to an object of the
net it is sufficient for the user to position the pointer of
the mouse on the object and “double-click”. Any gra-
phical/textual information associated to the object, and
not visible to the user, will appear. The same operation
can be used to hide any visible graphical/textual infor-
mation that is associated with an object. A piece of
graphical/textual information can also be made to d(ppear
by “double-clicking” inside it.
The objects of the net to which graphical/textual infor-
mation has been associated are automatically highligh-
ted by HYPERNET. This allows the user to quickly and
easily see where information may be contained.

3. THE DEVELOPMENT ENVIRONMENT

HYPERNET has been developed on an Apple Macin-
tosh II utilizing MetaSoftware Corporation’s Design/
OA™ [4] environment with THINKs LightspeedC™
compiler and Wolfram Research’s Mathematica™,
Design/OA™ provides the user with procedures that
allow him to proceed rapidly toward the realization of
an application, concentrating his attention on high-
level problems, directly related to the application, rat-
her than on low-level problems concerning the graphi=
cal interface. In this way it has been possible to associa-
te, to the graphical and hypertextual flexibility of De-
sign/OA™ , a series of procedures that add, to Design/
OA™, the analysis a voriety of Petri Nets properties.
Mathematica™ [24] is a powerful application which
allows the user to perform both numerical , symbolic

and graphical calculations as well as providing a high-
level programming language for defining new func- |

tions. In order to save time while developing HYPER-
NET we have created an interface between our pro-

gram, written using Design/OA™, and a small Mathe-

NOTE DI SOFTWARE 48/49

The nodes ei, e2 are in conflict.

The node e2 is in contact: [c1].

c5

e2

c3

Figure 7: The highlighted events are in conflict

Figure 8: The highlighted selected event is in contact
with the highlighted condition

Lo

The possible steps are:
[e3.e6], [e3.e7], [e6,e7], [e3,e6,e7].

[e3], [e6], [e7],

c2 e2

(;'E

e7 e6

O}

c6 e5 c5 ed

c3

ed

c4

Figure 9: Show the possible steps which can occur in the current case of net
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Initial case: {c1.c2.c3}.
Event list: [e1.e5.e4].
Final case: {c4}].

l el c2 e2

The final case {c4] is reachable by the
event list [e1.e5,e4].

Level 1.1

Level 1.1.1 Level 1.1.2

Level 1 ( principal net )

The net select by the mouse is on Level 1 ( principal net ).

Level 1.1.2.1

Level 1.2

Level 1.2.1

Figure 13: The hierarchical levels of a net

Figure 10 and Figure 11: Show the path which has to be followed to reach a particular case of the net

matica program for calculating the system invariants.
Currently this interface has been implemented using the
Macintosh in multifinder mode. This allows us to calcu-

The net is live.

el c3

e5

eb

Figure 12: Shows the safety property of the net

late and output the incidence matrix (or transformation
matrix) using the program written with Design/OA™,
switch to the Mathematica™ package and read the
matrix, calculate the invariant vectors and output them
to a file and then switch back to the first program and
interpret the results. This method functions quite sati-
sfactorily but requires that the user manage the file
input/output and the running of the correct Mathemati-
ca™ procedures. This of course may lead to errors.

~ Infuture it is hoped that this interface can be rendered
more invisible to the user, therefore making the appli-
cation easier to use and less error prone. It is also
- possible to write these procedures for the mathematical
calculation in C and include them as part of the applica-
tion written under Design/OA™. Efficient algorithms
for this purpose already exist, for example see [12]. We
- are not considering this approach currently as Mathe-
matica™ has proved itself quite efficient to date, in this
type of calculation.

4. CONCLUSIONS AND FUTURE DEVELOP-
MENTS

HYPERNET has been conceived and realized, with
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regard to the data structures utilized and the organiza-
tion of the program code, in such a way to facilitate
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future development. The foreseeable extensions have a
double aspect: in terms of graphical functionality (Net
Editor and the Hypertextual Features) and in terms of
the analysis of the properties of Petri Nets.

To increase the efficacy of the Net Editor and facilita-
te the construction of graphically complex nets we
forsee the realization of a graphical feature that allows
the user to create diagrams, according to a predetermi-
ned shape (star, rombus, hexagon, etc.).

To aument the power and flexibility of the Hypertextual
interface we forsee the strengthening of the Net Editor
so that, especially when editing the textual information
associated to objects, it resembles more closely a word-
processing environment.

Regarding the Net Analyser, we forsee the extension of
the existing algorithms plus the addition of new ones.
We expect to extend the analysis of CE-nets to P/T-nets
and the extension of the PrT-net formalism used for
annotating nodes and arcs thus increasing the abbrevia-
tion and modeling power of this type of net. Also, for
CE-nets, we hope to implement an automatic simula-
tion that allows the user to better visualize the dynamics
of the net.

To increase the analysing power of HYPERNET we
hope to generate more invariant vectors and invariants
of diverse types. Once we have more invariant vectors
at our disposition it would be interesting to automate
their interpretation, helping the user to understand their
significance with regard to the designed net and using
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_ [5] MATHTYPE, Design Science Inc., Long Beach,
CA 90803, 1987

[6] Genrich, H.J., THE ANALYSIS OF DISTRIBU-
TED SYSTEMS BY MEANS OF PREDICATE/
TRANSITION-NETS. Lecture Notes in Computer
Science Vol. 70: Semantics of Concurrent Computa-
tion, Kahn, G. Springer-Verlag, 1979

[7] Genrich, H.J and Lautenbach, K, ELEMENTS OF
GENERAL NET THEORY, Lecture Notes in Compu-
ter Science Vol. 84: Net Theory and Applications,
Brauer, W. (ed.) Springer- Verlag, 1980

1st Hierarchical Level.
After morphism operation.

e3 c6

O

cil

O

Figure 15

them to demonstrate properties of the net

Finally, a future improvement of the current program
structure, that was hinted at earlier, would be to improve
the current interface with Mathematica. It is hoped that
with the release of version 7.0 of the Macintosh Opera-
ting System which provides for inter-process commu-
nication or with the release of a linkable version of the
Mathematica™ shell that the current situation may be
improved. This would help to “hide” the existing inter-
face with Mathematica™ , to some extent, thus impro-
ving the ease of use and efficiency of the application.

1st Hierarchical Level. 2st Hierarchical Level.
Before morphism ‘
el c3 e5
ci c6
e2 c5 ed
Figure 14 Figure 14, 15, 16: Show how morfisms are handled;
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APPENDIX

Definitions
CE-net A triple N=(B, E; F) is called a CE Petri net iff:
(@B NE=1D;
(b)F & (BxE) U(ExB);
© B UE) * J;
(d) dom(F) U cod(F) = (B U E).
F F is the flow relation di N.
Arc The elements of F are called arcs.
Conditions The elements of B are called Conditions.
Events The elements of E are called Events.
dom(F) dom(F)=Z={x13y:(x,y) € F}=F N (BxE).
cod(F) codF)=Q=(xl3y:(y,x) € F} =F N (E xB).
X Theset X = (B U E) is the set of elements of the net.
P The set P= (Z U Q) is the adjacency relation.

Grafical representation of a net

Condition are representéd by circles O

Events are represented by squares D
The flow relation F is represented by arrows between the elements of X, in such a way

that:
(x.y) € (F O (B xE)) O—L]
(x,y) € (F N (ExB) | —O

Definitions

Let N=(B,E;F) anetand x € X. Then
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Pre-setofx {°x={yl(y,x) € F }.
Post-setof x {x°={yl(x,y) € F}.
S-simple net N is S-simple iff V ¢q,cy) € B:
((°cy = °02) A (e1°=¢%) T (e =¢p).

T-simple ner N is T-simple iff V eq,ey € B:

(Cep =) A (e1°=¢2%)) = (e =¢p).
Simple net N is called simple iff is both S-simple and T-simple.
Indep Let eq,€y € E. Then €1 indep ) iff

(e Veyn Cep Ve’ =g,

Side Condition Ife € Eand ¢ € (°e M ¢°) then c is called a side condition of e.

Pure net A net N 1s called a pure net iff
V (c,e) € BxE): (c,e) € F= (e,c) € F.
Case k & Bis called a case.
K The set of cases is denoted by K= P (B), where P (B) is the powerset of
B.

Concession lete € Eandk € K. Then e has concessionin k
(or e is enabled at k) iff ¢ & kande° M k= .
Follower case Lete € E and k € K. If e is enabled at k then

k'=(k\°e) U e°is called the follower case of k under e.
We also say that k' results from the occurance of e in the case k and
we write k[e>k'.

Step LetG & E and k, k' € K. We say that k' is reached from k by'the step G
and we write k[G>k' iff:

(i) V eq,ep € Gi(e* ep) = (e indep ey).
(i) V e € G:eisenabled at k and k'=(k\°G) U G°.

Reachability Let (k,k') € r.risarelation < 3 G & E : k[G>k'.
Then R = (r U r"U*is called full reachability relation.
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Case class

Contact

Conflict

Cyclic

Live

Safe

Definitions

Morphism

C, called the case class of the CE-net, 1s an equivalence class

of the reachability relation R such that:

(i) A kl,kz I K, ifkl e Cand (kl,kz) e 1 then k2 e C.
(i1) A kl’k3 e K, 1fk3 e Cand (kl’k3) e rthen kl e C.

(i) Ifk e K-Cthen V ce C(k,c) € r A (¢, k) € 1.
(iv) V cl', ¢ e C (cy=cy) VvV 3 n>1
such that (¢, ¢p) € W D"
lLete € Eand ¢ e C, then e is in contact iff:
cesc AN (N *E I
Leteq,ep € Eand ¢ e C, theneq and ey are in conflict at ¢
iff c[eq > and c[ey > but not c[{e}, ey} >.

Anet Nis called cycliciff V ¢q,¢y € C: ¢p () ¢y

AnetNiscalledliveiff V. ce Cand V ee E, 3 c'e C:c (™) ¢ and

e is enabled in ¢'.
AnetNiscalledsafeiff V ce Cand V ee E:

Ce S ¢c=e" S Bc) A (S c= %< B-o)

Let P;=(F; v Fi'l) M (S; x T;) a adjacency relation and
f: Xy -> X5 a function. The tern (Ny, N, f) is called morphism
iff f observes P and F, that is preverse (P U id) and (Q W id) :
@ f(Py) & (P v idXz).
i) f(F{) & U i
(1) f(Fy) = (Fp W idy,).
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is a solution of linear system of equations (CT ® 1)= Aiscalled

a name S- invariant.

(Name) T-Invariant 1f C is the incidence matrix of a Pr/T net then every vector j which

Definitions

PriT net

predicates

is asolution of linear system of equations (C ® j) = Aiscalled a

name T-invariant,

Let L be a first-order language. Then the class PRTY, consists of marked

annotated nets MN = (N, —, A, M), where:

1. N = <8, T;F> is the underlying directed net, where:

(a) S # D is the (finite) set of places,

(b) T# J is the (finite) set of transitions,
©TuS=0

(d) F € (S x T)U(T x S) is the flow relation,

2. —1is a structure for L (i.e. a support for N)
3. A = <Ag, AT, Ap> is the annotation of N, where:

(a) Agis an injective mapping of S into the set of variable

Y belongingto L

(b) Aris a mapping of T into the set of formulae of L constructed
from P and W only,

(¢) Af is a mapping of F into the set of symbolic sums of tuples of
LX such that for an arc (x,y) € F leading into or out of a place s
and n being the index of the predicate annotating s, AR(x,y) is in
LXn

4. My is a mapping from S into the set of symbolic sums of tuples
of constants, LU, such that if n is the index of the predicate
annotating s, then Mo(s) € LU
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follows: '

- AF(s, t)

A_Gt)
cs =1 &

0

.

Self loops are not possible.

a name S- invariant.

name T-invariant.

A F(t, s)—- A F(S’ t)

if (s, t) eF\ gl

if G t)eF N
if s5t)eFNF

otherwise

denoted with | C1, is the transformation matrix of a PrT net.

Incidence Matrix Let MN = < N, —, A, Mo > be a Pr/T net. The incidence matrix of
MN is a matrix C such that foralls € Sand t € T, C(s,t) is defined as

1

Tranformation Matrix Let C be a incidence matrix. Then the total projection of C,

(Name) S-ITnvariant If C is the incidence matrix of a Pr/T net then every vector i which

is a solution of linear system of equations ( CcT e )= Adiscalled

( Name ) T-Invariant 1f C is the incidence matrix of a Pr/T net then every vector j which
is asolution of linear system of equations (C ® j) = Ais called a

SOMMARIO

In questo articolo presentiamo un sistema ipermediale per la gestio-
ne delle attivitd di un istituto di ricerca. Il sistema si basa sulla
metafora della realta artificiale, per cui anche un utente che non abbia
alcuna competenza d’informatica, pud visitare I'interno dell’istituto
e conoscere le sue attivitd e la sua storia, navigando attraverso la
libreria, 1’organigramma, il bilancio, i progetti scientifici, ecc. De-
scriveremo prima la struttura delle attivita, mettendo in evidenza gli
aspetti che si prestano ad essere automatizzati, sia della vita ammini-
- strativa che di quella scientifica. In secondo luogo si vedra come &
stato possibile tradurre la struttura formale in un sistema ipermediale
¢ si discuteranno le soluzioni adottate, !'interfaccia utente ¢ le
“utilities” ipertestuali che consentono I’aggiornamento ed il manteni-
mento del sistema senza alterarne la struttura. Infine si metteranno in
luce le prospeitive e le possibilita di utilizzo future.

ABSTRACT

Dynamic hypermedia up to today have been used in cooperative
writing, collaboration work, on-line publishing and authoring course-
ware. In this paper we present an example of information system for
managing and supporting activities in aresearch institute. The kind of
information used in an institute is of different types; furthermore,
some data have to be updated frequently. The system helps the
workers to fill, to update and to have access to information. We
believe hypermedia is suitable in managing these data effectively and
in this paper we’ll examine how it can be used in this kind of organi-
zation, instead of stating hypermedia technology per se. We’ll then
describe the structure of HyperITDF system and its use in the
institute.
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A HYPERMEDIA INFORMATION SYSTEM
TO MANAGE THE ACTIVITIES
IN A RESEARCH INSTITUTE

Mario Allegra, Onofrio Di Giuseppe, Silvana Mangiaracina
Istituto di Tecnologie Didattiche e Formative - CNR
Palermo

1. INTRODUCTION

As part of an on-going effort to develop computer appli-
cation appropriate for automation in a recently establis-
hed institute of the National Research Council (CNR)
and to make its aspects well known to the new staff, the
Istituto di Tecnologie Didattiche e Formative (ITDF)
has developed a prototype hypermedia information
system to manage a research institute of CNR.

The hypermedia system is based on artificial reality me-
taphor. With the increase in computer quality the inter-
action between the computer and its users increasingly
resembles aninteraction of the users themselves with an
artificial reality. The users take actions, send messages,
modify things, and receive commands and messages
exactly as in the ordinary world. Moreover, with the
increase of graphical capability, the computer world is
frequently very similar to the real one. The artificial
reality metaphor offers a methodology of interaction
between the communication system of man and that of
the computer [1], and [2]. In a sense, the user, even
without any ability in computer science, enters the
reality projected on the computer screen and navigates
through it, or directly modifies it. In accordance with
this model, the user of our hypermedia system can visit
the interior of the institute [3], and get to know its
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activities and its history, navigating through the library,
the staff of the institute, the budget management, the
present and past scientific projects,....

In this paper we will first describe the frame of the
activities in a research institute, underlining those acti-
vities which are suitable for automation, both in the
scientific and in the administrative field. Next, we will
describe how it is possible to translate the formal frame
to a hypermedia system, and we will discuss the intro-
duced solutions, the user interface and hypertext utili-
ties which allow updating and maintenance of the
system without altering its structure. Finally, we will
focus on perspectives and future development and use.

2. THE FRAME OF THE ACTIVITIES

The range of activities in a CNR Institute is wide and
various; we can roughly distinguish five areas of activi-
ty: the management, the administration, the research,
the secretarial, the scientific advisory committee. We
present in figure n.1 a scheme of the main activities of
eacharea. These activities are related one to the other by
different kind of links, and we will see how they are
suitable for automation later on. During some of these
activities, it is necessary to make previsions (in a
variable range of time) and, at the end or during the esta-
blished time, to carry out the revision of the work done.
These activities, such as budget estimate and final
balance, which include forecasts and revisions are
highlighted in the figure with a double rectangle.

As illustrated in the figure, the management is respon-
sible for coordinating the activity of the institute, for
supervising the scientific research, for planning human
resources and funds. Besides that. the management is
responsible for the institute staff, divided into research
staff (technicians, researchers, grantees, external colla-
borators), administration and secretarial staff.
Research activity is carried out by groups which work
on one or more projects; the group leader has to evaluate
the resources needed and presenta description of the ac-
tivity for each project, containing information about
new publications, new technologies, collaborations with
other centers or universities, estimated or obtained
funds .

The administration deals with personnel management
(that is, it calculates personnel attendances, manages
travelling expenses, fills in the personnel data base...),

the management of general expenses, that is expens
of common interest, not assigned to a single project, the
elaboration of an inventory of the institute property,
maintaining relationships with suppliers.

The Scientific Advisory Committee, made up of the
management, and several internal and external mem-

bers, is the organ that supervises the scientific activity

of the institute : it has to promote new research trends

and approve the research relations supplied by the
management and the group leaders, discuss the balance
of the institute and award temporary contracts. Thi
committee meets at least twice a year, and its activity i
reported and sent to the central board of management
of the CNR. Members of the committee are nominate
every four years.
The secretariat supports the management, and deal
with the incoming and outgoing mail. Mail is filed usin
inward-outward mail registers, where every letter i
givenaprogressive number. The arrival/departure date,
the type, the subject, the sender/addressee is recorded

3. HYPERMEDIA SYNTHESIS THROUGH
FRAME IMPLEMENTATION

In this section of the paper we’ll show how the descri-
bed frame has been translated into the informative
system HyperITDF, using Hypercard™ [9].
Still with reference to fig. n.1, in symmetry with th
areas of activity, there are in the system the sam

number of access points, which allow users to carry out

their assigned activities.

A first cluster of homogeneous information is obtained

in the system using the stacks of Hypercard in symme-

try with each activity. Another correlation among the -

information is obtained through several kinds of links
which allow both the navigation into the system and the

flow of information. The first ones are called “cold

links”, while the second ones are “hot links”. Further

more, using the terminology introduced by Catlin [4],

there are “warm links”, which allow a user not only to
traverse a link from a selection in one document to a
selection in another document but also to transport data
across the same link.
The user can navigate through the system across the in-
formation regarding his duties; can update them; fill
new data, or require their elaboration. Such operations
leave the hypertext structure of the system unchanged:
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Figure 2: Links between scientific council and abstracts

In fact, when new data are added. new context depen-
dent links are made, in an automatic and entirely tran-
sparent way to the user.

Besides, in HyperITDF there is information which
guides you to the knowledge of the institute, what it
contains and how it is physically structured. Using the
metaphor of navigation through the layout of the insti-
tute, there is a representation of the building, of the
rooms, of the objects and people that are in each room.

3.1 The user interface

In order to make the user interface intuitively simpler,
we have chosen a homogeneous graphic representation
in all parts of the system. Just as books have a unity of
interface because everything is printed on the same
paper, in the same way hypertext should preserve such
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[71.
In HyperITDF the user always has available on th
screen the same kind of information, that helps him t
solve the location problem (we adopted some conven
tions of print paper as titles, subtitles and pagination)
Also available is the same set of iconic buttons, divided
into two groups of action: in the first group there are
navigation buttons, accessible from anywhere in the
system, as address-book, library, map of the institute,
browsing and backtracking buttons, while the second
group provides utility buttons, as print of reports, on-
line help, a command window. The command window
is used by the user who not only browses, but may also
update information; it contains a set of differentiated
buttons (not all possible actions are allowed in eve
part of the system) which allow a new page to be added,
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Figure 4: Links between the inventory, the map of the institute and the personnel

to cancel it, to switch from read to write mode, to add or
cancel annotations.

Some hypertext utilities are also available to the user, to
allow him to attach annotations over the text or data, or
to create, activating warm links, abstracts from a text
linked to the text itself. This is achieved by means of
buttons (to which scripts and text fields are automatical-
ly associated) positioned where the user desires.

3.2 The Scientific Advisory Committee: the mem-
bers, the minutes, the convocations

HyperITDF contains a file of the members of the
scientific advisory committee and a minutes file.

The file of the members: it contains recorded informa-
tion aboutmembers, i.e. their positioninside the S.A.C.,
and regards both members in charge at the moment and
members that have been in charge in previous years. It
is possible to navigate both through the past members
and through the present members.

The minutes management: in HyperITDF we develo-
ped a tool to edit and print a new minute according to a
determined outline and help to create abstracts, contai-
ning only the most significant actions of the committee
meeting.

The user always enters the most recent minute and can
choose, selecting an item from a list of meetings, the
minute or the abstract he wishes to read. A new minute
and its related abstract are created using the buttons of
the command window. After a last review of the minu-
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tes it is in fact possible to extract the most salient
passages and generate the summary. Using the “ex-
tract...” button, selected parts of text will be automati-
cally copied in the abstract stack. We introduced the
button “end of extract...” which is used after one or
more “extract...” operations, to allow the creation of
paragraphs, containing pieces of selected text about the
same subject. It brings about the creation of a navigatio-
nal link between the paragraph just extracted and the
initial page of the minute, from where the extraction had
started. ‘
The user can browse in the stack of abstracts, generated
and augmented by further extractions, and he can obtain
an immediate view of all the decisions taken by the
advisory committee during any meeting, and, whenever
he wants to know the reasons, or, generally, more
detailed information, to straightly look up in the minute
of the meeting.
One of the problems in dynamic hypertexts is the fact
that a piece of text, with a source or target link attached,
could be updated, cancelled or moved. In the creation of
our abstract stack, this problem does not arise because
links are created from static text that cannot be modi-
fied.

HyperITDF also supplies a tool to help to convoke the
meetings of the advisory committee : it is a note-book
where it is possible to store information regarding the
days in which each member can attend the meeting. The
list of members to be convoked is automatically taken
from the file of present members. This tool is not a file

of meetings, in fact, when anew meeting is required, the
old one is cancelled.

3.3 The management and the research: the balance,
the expirations, the scientific activity, the research
groups, the projects

The balance sheet - The management of the balance
sheet is made up of 5 stacks: Balance, General Expen-
ses, Total Expenses for the Projects, Research Expen-
ses, Project Expenses.

Inside every stack, the cards are put in order by year; the
user directly reaches the current year, but he can easily
look up the previous years’ information. The stacks are
connected to each other by means of cold and hot links.

The links between the various stacks directly connect
information concerning the same year.

The Balance contains resumptive information about the
available funds of the institute, about the totals of the
general expenses, about the totals of the expenses for
research and the eventual cash in hand.

General Expenses and Project Expenses contain instead
more detailed information about the expenses, divided
into 4 classes: working, property for inventory, mis-
sions and representation.

As you can see in fig. n.1., while the navigation gives
you the possibility to examine the balance from general
to detail, the information flow goes from detail to
general; when you update or add information into the
stack General Expenses or Expenses for Project, all data
depending from it are updated automatically, not only
into the present stack but also into the others.

Infig. n.3 you can see an example of navigation through
the balance in HyperITDF. The management directly
reaches the resumptive information about the balance,
but he can however arrive at the details of the expenses
through one or two deepening levels. In fact through a
direct link he can reach the details of the expenses,
while for the details of the Project Expenses there is an
intermediate step, given by the cards for each total of the
expenses for the projects.

In the budgeting phase the system gives the person re-
sponsible for the projects and the administrator the
possibility to fill the estimate of general expenditures
and the estimate of necessary expenditures for each
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project and can immediately verify the whole effect.
When real expenses are filled, the users will be able to
reach the corresponding estimate, verifying in this way,
the cash in hand, at any time.

The expirations: to have a general view of the expira-
tions to observe, the management can use the stack
“expirations”. Each project, or object, has a final expi-
ration which is made up of several intermediate steps,
that have exact expirations too.

Thus “expirations’ is an “ad hoc” annotation system for
the management. On these annotations, divided by
object, there are a couple of functions of “intelligent
note-book™”: every time a page, concerning one objectis
opened, the nearest (compared to today) expiration is
pointed out.

Another function allows a resumptive page (the first) to
be reached, where the list of all objects present in the
stack appears, and to each object is associated the
expiration date of the closest sub-object. Besides, in the
first page you can select by means of the mouse one of
the objects of the list, and you can go, by means of a
dynamic link, to the page concerning that object.
Besides it is possible to add notes to the text of every
page [6]. Which means that you can annotate in a hidden
field, explicative notes relating to the text, or something
that you have to remember relating to a particular
action. The note can be inserted in an exact point of the
page, deleted, restored visible or hidden by means of an
iconographic button that indicates its presence. The two
functions of filling and cancelling of a note are recalled
by the window control.

The scientific activity, the groups andresearchprojects:
Like in the balance management, the scientific activity
has two deepening levels.

The first level gives an over-all vision of the institute
activity and helps the management to present programs
and reports on the work done. The system gives infor-
mation about research trends, eventual future joint-
projects, organization of training activities, such as
schools, courses, seminars, organization of conferen-
ces, publishing of papers, technical reports and internal
memories, collaborations in scientific magazines. A ge-
neral table of the tasks of all the scientific personnel is
present; this table is obtained from the single project
data, using hot links.

The second level examines carefully the groups and
project activities and the planning of the tasks over any
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or, through the institute map, to see where that person megabytes of information. In order to give the user the
physically is inside the institute. possibility of more articulated queries (in particular for
The inward/outward letter-book: the inward/outward the library and the inventory) we plan on integrating the
letter-book in HyperI TDF system has the same functio- system with a data base management system.
nality of the paper one. It is divided into two registers. It will be necessary to analyze the problem of periodi=
The pages of the letter-book are graphically like the cally saving information in mass storage, while preser-
ones in the paper letter-book and it is not possible to tear ving navigation through the system. Optical memory

HYPERMEDIA THROUGH ARTIFICIAL REALI-
TY, Educational Media International, vol.26, n.3,
Sept.1989, pp.149-152

[2] Giovanni Degli Antoni, IL COMPUTER, IL
REALE, LARTIFICIALE, Note di Software n.40,
1988

[3] P. Valcher, M. Locatelli, D. Bianchi, R. Morandi,
UN SISTEMA INFORMATIVO COGNITIVO PER
IL DIPARTIMENTO DI SCIENZE DELL’INFOR-
MAZIONE, in Prime applicazioni di Realta Artificiale
(nota interna dello Hypertext User Group)

[4] T. Catlin, P. Bush, N. Yankelovich, INTERNOTE:
EXTENDING A HYPERMEDIA FRAMEWORK TO
- SUPPORT ANNOTATIVE COLLABORATION,
 Proc. of Hypertext’89, november 5-8, Pittsburgh,
 pp.365-378

them; when a new page is required the system automa- support and the use of a scanner will become essential ~ [51E.Yoder, USINGHYPERTEXTIN ALOW FIRM,
tically assigns the next new numbers. Classification by toeventually introduce a archive of all the documents of _ Proc. of Hypertext’89, november 5-8, Pittsburgh,
correspondence types is available on request. the institute: in this way, by means of the inward/ - pp.159-168

It is possible to create, and then to go through, a corre- outward letter-book, the user can directly have access to

spondence path of inward/outward letters related to the documents. [6] L. De Young, HYPERTEXT CHALLENGES IN
same subject. Each letter is associated to three reference THE AUDITING DOMAIN, Proc. of Hypertext’89,
numbers; two numbers are the references to a previous 5. CONCLUSIONS _ november 5-8, Pittsburgh, pp.169-180

or a following letter, and the other one is the reference

to an answer letter. In the first case, for example, when HyperITDF is an example of hypermedia office infor- [7]1 T.Oren, THE ARCHITECTURE OF STATICHY-
the user writes the previous reference number of a letter mation system. It allows for integrating and linking in PERTEXTS, Proc. of Hypertext’87, november 13-15,
in the book, the system automatically updates the refe- the navigational space distributed or connected activi- Chapel Hill, pp.291-306

rence of the “following” number in that previous letter. ties and, according to the model of artificial reality, it

Selecting these numbers the user can navigate through provides a natural and anthropomorphic interaction [8] P. Kahn, N. Meyrowitz, GUIDE, HYPERCARD
the next (or previous) letter and back. This is an exam- with the user. Dynamic updating and maintenance of  ANDINTERMEDIA: A COMPARISON OFHYPER-
ple of bidirectional dynamically created link. the system leave unchanged its hypertext structure. TEXT/ HYPERMEDIA SYSTEMS, IRIS Technical
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“THE HEART: ITS FUNCTIONS AND DISFUNCTIONS”:
LESSONS LEARNED AND OPEN QUESTIONS
FROM A CD-ROM PROJECT

Alessandro Campana, Riccardo Cattaneo, Patrizia Ghislandi
Centro Televisivo Universitario
Universita degli Studi
Milano

RIASSUNTO “finding the way” in the universe of the information made available
by hypermedia; new models of navigating through knowledge; met-
hods for the treatment of multimedia information in a digital environ-

Multimedia, ipermedia e interfacce amanipolazione diretta che usano . .
ment and methodologies of design and production of hypermedia.

metafore della vita quotidiana stanno modificando radicalmente il
modo con cui comunichiamo e trasmettiamo conoscenza.
Ancoramolto é da fare per definire una grammatica ed una sintassi del
linguaggio che le nuove tecnologie e metodologie inducono ad
utilizzare.

Le ricerche possibili riguardano i campi pid disparati: strumenti per
reperire nel modo pit efficiente e rapido Iinformazione desiderata;
modalita per ritrovare la via nell’universo dell’informazione reso di-
sponibile dagli ipermedia; modelli nuovi di navigazione nella cono-

scenza; metodi per il trattamento dell’informazione multimediale in Multimedia means the pOSSibilit for the personal
ambiente digitale; metodologie di progetto e produzione di iperme- ) y p -

dia. computer to communicate using, in addition to the
software, different information such as text, images
(natural still images or moving images, graphics or
animated sequences) and audio.
“Hypermedia” means a multimedia with hypertext
navigation paradigm.
Multimedia or hypermedia programs can be produced

Only Memory): “The heart: its functions and disfunctions”, which has

listed above and has allowed the concrete application of ideas sugge-
sted by other authors. 3

1. INTRODUCTION

Ii presente lavoro descrive il CD-ROM ipermediale: “The heart: its
functions and disfunctions”, Ia cui realizzazione ha portato ad alcu-
ni risultati innovativi nelle ultime tre aree di ricerca elencate, ed ha
consentito di verificare in concreto idee proposte da altri autori.

ABSTRACT

Multimedia, hypermedia and direct manipulation interfaces which
use metaphors taken from everyday life are radically changing the
way in which we communicate.

A great deal remains to be done before a grammar of the language
which the new technologies and methodologies are leading us to use
can be defined.

Possible researches cover widely varying fields: tools to find the
information required in the most efficient and rapid way; methods of

make available. Up to the present time, the most sophi-
sticated projects have been produced in an analogical
environment, that is on videodiscs.

shortcomings, such as the poor resolution of the images,
linked to the standards established for television; th
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This paper describes the hypermedia CD-ROM (Compact Disc read

led to a number of innovatory results in the last three areas of research k

using optical memories, thanks to the high capacity they

This technology has however highlighted a number of

lack of a standard for the delivery stations and the fact
that the information recorded cannot be manipulated.

_ The digital alternative, which we have explored, over-

comes these shortcomings and integrates all the diffe-
rent types of information in a single environment.
Consequently this is surely the forthcoming solution for
the treatment of information and transmission of know-
ledge.

The digital solution entails, however, a number of
problems, for example a significant part of the mass
memory is occupied by the multimedia information and
certain difficulties are encountered in reproducing
moving sequences on the whole screen and processing
the audio synchronized with the images.

These problems, together with a proposal for a new
model of navigation and an interface for hypermedia,
will be discussed below.

2. THE HYPERMEDIA CD-ROM: “THE HEART:
ITS FUNCTIONS AND DISFUNCTIONS”

The project was carried out by the CTU (University of
Milan Television Centre) in conjunction with the De-
partment of Pathology ,University of Milan, for a
COMETT 1 (Community Programme in Education and
Training for Technology) programme.

The contents are:

- ANATOMY: exposure of the heart, atria, ventricles,
valves (mitral, tricuspid, aortic), conduction system,
sinoatrial (SA) node, atrioventricular (AV) node, AV
junction, HIS bundle (HB) , bifurcating HB

- PATHOLOGY: mitral stenosys, stenosys of aortic
valve

The final CD-ROM should also include the topics of
embryology and physiology of the heart.

The material on the topics listed above was taken from
two publications:

- Cardiac conduction blocks and pacemaking. An ana-
tomoclinical color atlas.

By: Lino Rossi, Luigi Matturri, Antonio Lotto
Published by CLAS International

- The CIBA collection of medical illustrations.

A compilation of paintings on the normal and patholo-
gic anatomy and physiology, embryology and diseases
of the heart.
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Prepared by Frank H. Netter. Edited by Frederick F.
Yonkman

Commissioned and published by CIBA.

The final programme has been designed for users who
already have a basic theoretic knowledge of the subjects
and who wish to gain more specialized knowledge. The
ideal users are students in the early years of a degree in
medicine and surgery as well as training courses for
paramedical staff.

The requirement of the project was an integrated mana-
gement of objects of a multimedia type, in various
combinations. Let us first consider a description of the
different types of information under examination.

2.1 Images

There are two categories of images: highly detailed
colour anatomical plates and reproduction of hystologi-
cal slides obtained using a microscope. All the images
are present in colour and in black and white. This has
been done in order to improve the performance of the
product in the consulting phase. Given the average
access time of the CD-ROM player and its low transfer-
rate, navigation within the data base through colour
images, with the sole aim of reaching the information
required, can be very slow.

It is therefore possible to navigate through the informa-
tion in a black and white mode and activate colour only
once the destination has been reached.

In order to take full advantage of all the potential
offered, the following are necessary: a Macintosh II,
with colour monitor and graphic card, and at least 4
Mbyte of RAM, mainly because the presence of colour
images and animated sequences occupies a large quan-
tity of memory. As all the images are also available in
black and white, it is also possible to consult most of the
data base with a Macintosh SE with 2 Mbyte of RAM,
which is a much more common configuration.

2.2 Texts

Textual information has been considered an element of
support which is necessary but not one of priority. Ithas
in fact been preferred to leave the task of transmitting
the information to the images, animated sequences and
audio. However, the user has the faculty, if he/she so
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Figure 1

wishes, to read the text accompanying the images
instead of listening to the commentary. It is possible to
recall the images to which the text refers from the text
itself.

It is also possible to have a print-out of the texts of the
subjects available for consultation, which is automati-
cally illustrated by the main image of reference.

2.3 Animated sequences

Some animated sequences have been created to illustra-
te the movement of the cardiac muscle during the
systolic and dyastolic phases. The audio commentary
associated with the animated sequences refers to the
phenomena connected with the cardiac muscular activi-
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) ) Figure 2
ty and circulation of the blood and is synchronized with

the images. The simplest way of explaining the project is perhaps
that of simulating a hypothetical navigation in its con-
2.4 Audio tents.

After a short introduction, the user is positioned on the
image.shown in figl

In order to understand the active links, the command
“SHOW” is available.

Let us activate the button clicking on the mouse: some
areas are highlighted (fig 2). When the mouse is relea-
sed, the image reacquires its initial appearance.

It is possible to select one of the highlighted areas. Let
us select the area corresponding to the “Right Atrium”
(fig 3).

All the images of the database are present both in colour

A commentary accompanies all the images, both still 0
animated sequences.
This enables the user to listen to the description of what
he can simultaneously see in detail on the monitor.
A number of typical murmurs of various cardiac mal-
formations are present in pathology and can be control-
led interactively by the user.

3. NAVIGATING IN “THE HEART: ITS FUNC-
TIONS AND DISFUNCTIONS”
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and in black and white. Let us activate the “COLOURS”
button.

Through the activation of the “TEXT” command, it is
possible to gain access to the text relative to the image
being consulted (fig 4).

It was decided to use relatively large and well defined
characters in order to try and facilitate reading on the
monitor, which can be a tiring operation. For the same
reasons, it was also decided to allow the user to browse
through the pages one at a time instead of using scroll-
bars. The text can also be printed with the “PRINT”
command. The main illustration to which the text refers
and subsequently the whole text is printed, made up of
the union of all the pages in the section. The “PRINT”
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command is also present for the images (black and
white only) in this case it produces the print of the image
displayed at that time on the monitor.

Through the text it is possible to navigate inside the data
base. If references exist to the images present in the data
base, an icon appears in correspondence with the line of
text where such a reference is present. If the icon is
activated, it allows access to the section relative to the
subject quoted.

With the “IMAGES” button, let us now return to the
previous image (fig 3). Let us activate the AUDIO
command; a pop-up menu is offered to us (fig.5):
selecting the option PLAY, it is possible, while the
image remains on the screen, to listen to the information
shown in a textual form in the previous card.
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Clicking the button at the top right (fig. 6) we go from
“anatomy”, now being consulted, to “pathology”. If we
choose the AUDIO button, we now have the recording
to the murmurs of a number of cardiac pathologies. In
other words, the four sections, anatomy, pathology, em-
bryology and physiology, activate a grid of consultation
of the data base, so that the interface buttons make dif-
ferent information available according to the section we
are in.

After having listened to the audio, which can be suspen-
ded and begun again at will, let us activate the ZOOM
command. Here again a pop-up menu (fig 7) offers us
the possible alternatives of enlarging the image. Choo-
sing one of the possible options, a scrolling window
appears on the monitor, showing the image with the

factor of enlargement requested by the user.

Let us close the window in which the enlarged image
has been displayed to return to the image in a 1:1 ratio
with the original.

Let us activate the MOVIE command (fig. 8) and select
MOTION 2. Through the panel located on the left part
of the card (fig. 9), it is possible to control the animated
sequence and the associated audio commentary.

To return to the consultation of the data base, we have
to activate the BROWSING command.

With MAP we go to the map, where ablack arrow marks
the point from which we have arrived, namely the
subject being consulted. Choosing “Conduction Sy-
stem” from the Anatomy section, we are taken to anew
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section of the map. This represents the subjects dealt
with in the section dedicated to the conduction system.
Letus now select the icon named SA-NODE and we are
now once again in the data base.

Up to this moment, from the beginning of our work
session, we have navigated inside the browsing envi-
ronment. Let us see, then, what happens if we activate
the TUTORING button. Fig. 10 represents what is di-
splayed on the monitor.

We can note that the interface, going to this second
mode of consultation, has changed. The subjects that
we ought to know as pre-requisites of the section
requested, are shown. We can choose one of them, more
than one, or all of them, and confirm our choice with
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OK. We obtain the image presented in fig. 11

An actual lesson can begin from this point, like those
obtained from a videotape. With the PLAY and PAUSE
commands we can activate or suspend the lesson which
is offered to us with sequence of still images and an
audio commentary. To return to the browsing environ-
ment we use the relative command. The programme
takes us back to the section of the data base correspon-
ding to the subject in consultation in the tutoring mode.
At this point it is possible to start the navigation again
through the multimedia data base, activating the com-
mands available through the programme, as the fancy
takes us.

4. TOOLS FOR “FINDING THE WAY AGAIN”

A greatdeal of the literature on hypermedia systems un-
derlines the problems of disorientation and getting lost
in the hyperspace of information.

The problem of disorientation is described as the non
knowledge of where one is in the information space or
the non knowledge of iow to have access to something
which in all probability is present. The problem of dis-
orientation is thus linked to the non knowledge of the

Anatomy
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Phisiology
Embriology

Full Page
d HB ®2
Z0OM-IN | HB u4

U n2

U x4

Figure 7

spatial arrangement of the nodes within the hypertex
network.
All this is aggravated by the fact that the compute
screen and resolution are limited. The fact of being abl
to have several overlapping windows allows the spac
available to be multiplied, but certainly does not ai
orientation. -
We have implemented some tools for “finding the way’
in our programme.

Let us have a look at them.

4.1 History

A scrolling window is inserted, showing the position of
the user with respect to the general data base.

In other words, the shortest path leading to the informa-
tion in consultation is shown, through the hierarchical
levels necessary to reach it only, even if the user has
followed a much more complex path.

In the future implementation, this window will show the
whole succession of units visited before the current one
dynamically updating this sequence at every significan
command of the user.

Other functions which we consider fundamental exist
First of all, the history must be interactive. That is, it
must be possible, clicking on the name of the informa-
tion unit visited, to gain direct access to it, without
passing through the map.

Furthermore, the history must in one way or another

communicate the nesting of the subjects visited, thatis

AfD [™MoTioN
o [ MoTion 2

Figure 6
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the hierarchical relationship with the other nodes, when
it exists, and/or the position in the network when the
connections are at the same level.

A history with icons could be useful, also to recall in
graphic form the information explored.

Finally, it should be possible to save the history, or to
build up a library of personalized paths which can be
recalled at will. This obviously requires making an
authoring environment available to the user, allowing
him/her to easily take advantage of this possibility.

4.2 Back
A back command exists which allows the user to go
back one step and retrace the whole path, one step back

at a time.

4.3 Map
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The map shows the relations existing between the
system’s documents.

A general map exists, illustrating the relations existing
between the macro-contents. Some of the nodes of the
map are buttons, that is, it is possible to obtain a more
detailed view of the node in terms of other subnodes and
links.

The black arrow indicates the position of the user inside
the data base.

The map should have the possibility of supplying local
views of the nodes and links of the data base, modified
according to the user’s position. This last possibility has
not been implemented in our work.

4.4 Bookmarks

Like classic bookmarks, these indicate a piece of infor-
mation that has been visited, in order to be able to find
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itagainimmediately, if so desired. They normally allow
access toa path from other points, as well as from the be-
ginning. We have not implemented this tool in the
hypermedia.

5. THE INNOVATORY ASPECTS OF “THE
HEART: ITS FUNCTIONS AND DISFUNC-
TIONS”

From the technological point of view, the realization of
the project meant tackling several problems, the solu-
tions to which were, at times, highly innovatory. Let us
consider them.

5.1 Audio CD-DA on two mono channels

After several evaluations of the characteristics of the

audio formats that could be used, it was decided to
record the information in the CD Digital Audio format
(Red Book). This format represents the standard sup-
ported by multimode players for CD-ROM. The rea-
sons that led us to this choice can be summarized as
follows:

I) Possible parallelism in the execution of the opera-
tions.

The PCM processor dedicated to the decoding of the
audio files and resident on the CD player, is indepen-
dent of the CPU of the personal computer being used.
This allows a real parallelism in the execution of the
operations, on condition that the CPU does not require
access to the data recorded on the CD-ROM whilst this
is being used to play the audio.

II) No RAM required.

None of the RAM is occupied for the audio decoding
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operations. The PCM processor carries out the “digital
toanalog” conversion inreal time directly from the disc.
In this case, therefore, the limitations on the length of
the audio cuts to be reproduced depend on the physical
space available on the CD-ROM and no longer on the
RAM.

IIT) Addressing accuracy.

Itis possible to address the player to any point whatsoe-
ver of an audio cut, with an accuracy of 75th of asecond.
The major problem caused by having adopted the CD-
Audio format is the large amount of memory occupied
on the disc, about 172 KByte per second. This value,
however, is relative to the recording on two STEREO
channels which in our case (only spoken commentary)
led to an excessive quality of reproduction.

If the original source of the information is in MONO, as
is our case, the two channels are the exact copy of one
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another, and the same information must therefore be
duplicated.

In producing the CD-ROM we have consequently
exploited the two STEREO channels as though they
were independent.

Recording different information on the two channels, it
is possible to optimize the amount of memory occupied
on the disc. This method in fact allows up to 144
minutes of MONO audio to be recorded on a single CD-
ROM. _
This procedure, however, entails a greater complexity
in designing the application as well as in developing its
software.

5.2 Synchronization of audio/video cuts

As well as a commentary to the still images, the audio
has also been used in association with sequences of still
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. BROWSING AND TUTORING

Navigation in search of the required information through
_ awide set of data using hypertextual paradigms can be
a good approach to finding the information.

As far as navigation through the information is concer-
ned, our approach presents some innovatory aspects
| with respect to standard hypertextual systems.

In the CD-ROM “The Heart: its functions and disfunc-
_ tions” two possible modes of consultation are possible:
f ROWSING, the classic mode of hypertexts, and
 TUTORING. We have considered the latter mode,
which is seldom found in hypertextual applications,
ssential in order to meet the didactic goals of the
rogram. The BROWSING mode guarantees that the
ser has complete freedom, with the possibility of buil-
ing up a personalized path through the contents. This
is the mode in which the user is at the beginning of a
- work session.

In this mode, which has a hypermedia architecture, all
 the tools necessary to move through the information are
supplied, but no predefined paths exist.

The tools offered by the interface in the BROWSING
mode are dynamically connected with the environment.
In the TUTORING environment a consultation is sug-
gested which has the aim of reaching pre-established
didactic goals. In this mode, the user is offered “les-
sons” on the subjects previously selected. The program
lets the user konw, at the beginning of each tutoring ses-
sion, which kind of subject he/she has have mastered to
be able to fully understand the lesson.

The lessons are made up of sequences of images with a
synchronized audio commentary. On each image the
parts commented upon by the speaker are highlighted in
turn.

A very interesting aspect is that the TUTORING modu-
les are contextual with respect to the BROWSING
mode. When a lesson in TUTORING is interrupted,
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images (slide show, in tutoring) and with animated
sequences. In the latter case, the problem was even
more complex. It was decided to produce some anima-
ted sequences with a synchronized audio commentary
which could be controlled interactively by the user.

This led to the production of a Control Panel for the

BROWSING is entered at the point where the TUTO-
RING session has been interrupted. In the same way,
when TUTORING is accessed from BROWSING, the
user is automatically inserted in the module on the sub-
jects being explored. However, the passage from
BROWSING to TUTORING is not as simple as vice
versa, i.e. from TUTORING to BROWSING. TUTO-
RING differs from BROWSING from the didactic
point of view, as at the end of each module it is supposed

animated sequences, which allowed the user to carry
out the operations of PLAY, PAUSE, STEP and RE-
WIND. This was possible thanks to some software
routines which allowed the file of animated sequences
to be treated as a list of frames which could be addresse

individually via the software.
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that the user has acquired a series of skills and that in the
subsequent module these skills are considered acqui-
red. This is obviously not possible in BROWSING;
where the user is left completely free to explore the
contents and where normally extemporaneous links are
followed rather than a rigorous logical sequence. Con-
sequently, the skills that the user is expected to have or
in other terms, the prerequisites for the module about to
be consulted, are shown at the entrance to each TUTO-
RING module.

The relation existing between the information units
contained in the BROWSING mode and the TUTO-
RING modules is of a “many to one” type, as shown in
the diagram (fig. 12).

The diagram shows how the various transitions from
BROWSING to TUTORING are made. The arrows
indicate the direction of the path.

When the user makes the request using the appropriate
command to go to the TUTORING mode, the program
first identifies the information unit and environment
currently being consulted in BROWSING; transition
then takes place to the TUTORING module in which
the subject is treated.

It is obvious that all the possible links have been pre-
defined and make up part of the information associated
to each individual unit of information.

The inverse relationship, namely between the TUTO-
RING modules and the BROWSING units, is of a “one
to one” type. A main subject exists for each lesson in
TUTORING. The information unit corresponding to
this main subject represents the entry-point to the
BROWSING mode.

7.LESSONLEARNED ANDFUTUREDEVELOP-
MENTS

A number of points have emerged from the creation of
“The Heart: its functions and disfunctions” program,
first of all from the methodological point of view.
Our goal was completely new and it was difficult to find
an appropriate model for communicating between the
designers and the experts on the subject.

“The Heart: its functions and disfunctions”, which has
translated an idea into a product, has simplified our
approach to the university teaching staff with whom we
collaborate as the program gives a practical demonstra-
tion of the limitations and possibilities of the technolo-
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gy. The object cannoteffectively be described by words,
and even less by a paper.
We also now have a clear idea of the costs and times
required for a product of this kind.
A further problem to be faced is the lack of design and
production methodologies fitting the technological en-
vironment and the model of navigation which we wan-
ted to implement.
One of the results of “The Heart: its functions and di-
sfunctions” has also been the definition of a possibile
methodology of work.
In the meantime, software tools for design and produc-
tion have appeared on the market, which will simplify
our work for the forthcoming titles.
In order to create a hypermedia product, we then saw
that it was essential to have software which could
integrate and process different types of information.
Other important considerations relate to the software
for the hypermedia applications. The complexity of
these applications requires the use of sophisticated
software tools dedicated to this purpose, in order to
avoid developing a large amount of software in pro-
gramming languages such as C, Pascal or Assembler.
The ideal situation consists in having available software
and a high level programming language supplying a set
(as wide as possible) of predefined procedures for:

- processing of multimedia data (text, images,
audio)

- the control of external devices such as CD-
ROM or video-disc players

- the creation and control of hypertextual struc-
tures

- the creation of graphic interfaces and the ma-
nagement of windows, pop-up menus, buttons etc.
In addition, it is fundamental to have the possibility of
expanding the set of predefined functions and procedu-
res according to the user’s individual requirements.
This should be possible through the production of
software modules written in the commonest program-
ming languages, which can be recalled by the applica-
tion at the appropriate time. The hypermedia software
should thus allow:

- parameter passing from and to the external pro-
cedure

- maintaining the environment (state of the va-
riable and screen interface) in which the application is
located at the time of the recall

- communication between the application and
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the external module during the execution of the latte
If the software used for the multimedia application doe;
not respect the parameters as mentioned above, it
necessary to develop a lot of complex software routines
in order to solve each specific problem, increasing the
complexity of the program and greatly decreasing pro- |
ductivity.
From the technological point of view, it should be
pointed out that today digital multimedia on PC is still
at a very primitive stage. Or we can say that there are
two aspects of the problem: video professionals find
frustrating when trying to produce applications thatuse
a great deal of images and audio in a digital environ-
ment. On the other hand, computers professionals find
the possibilities offered today by multimedia exciting.
However, when it is possible to combine the treatmen
of multimedia on analogical and digital supports,
whole new world of possibilties is opened up.
The treatment of moving images, which is very simple
on videodiscs, can be accompanied by alarge amountof
audio, now possible on CD-ROM XA and still image
with a degree of resolution and stability (that is, withou
any flickering which is a classic disturbance in an ana-
logical environment) never before attained.
This idea of combining analog and digital brings withit,
however, very high costs for delivery systems.
CD-1 and DVI could represent a solution, but it will be
crucial, for the possibility of carrying out routine pro-
ductions, to have authoring tools which support, in
these environments, all the phases of production, from
design to simulation. Some of these tools were seen
the last conference on CD-ROM held in San Francisco
at the end of last February.
From the didactic and communicative point of view,
digital multimedia has opened up exciting prospects
offering the final user the possibility of manipulating
the data. :
This means that there is the possibility of a real exchan-
ge of roles between the author and the user, the latter
passing from an attitude of spectator to that of actor..
The concrete possibility exists that the person using the
program suggests a new navigation through the data, or
their modification, in a sort of work of cooperation
which, stimulating an active participation in the con-
struction of the meanings, allows effective learning.
“Computers are not just for computing!
We are beginning to use computers, videodiscsand CD-
ROM:s to communicate in new ways. Computers are not

merely for manipulating numbers in a spreadsheet or
words in a word processor; they can be used to access,
manipulate and display information in many forms
(including motion pictures, animations, music and sound
effects.). It is the combination of these forms that will
evolve into a new medium of expression-the multime-
dia composition” (Sueann Ambron, 1990)
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HYPERMEDIA SECRETARY FOR DO-
CUMENT MANAGEMENT (*)

Piera Piardi

tion between Theme and Discipline determines specific
procedures activation. Since the communication ele-
ments in an office are conspicuous, itis very difficult to
define the Theme. However by restricting our attention
to the electronic communication of texts, we can - by
recognizing a sequence of words having special mea-
ning in specific contexts - locate the Themes.

This recognition will take place during the text editing.
Actions (procedures) can be associated to every identi-
fied Theme: simply by writing his document, the user
will activate procedures [3].

On the basis of the Communication Theme and Disci-
pline concept one research project and some degree
theses have been carried out at the Dipartimento di
Scienze della Informazione.

Dipartimento di Scienze della Informazione
Universita degli Studi di Milano

RIASSUNTO

11 presente articolo descrive S2, un prototipo realizzato nell’ambito
dell’automazione d’ufficio, utilizzando sistemi ipermediali. Tale
prototipo rappresenta, attraverso un’interfaccia cognitiva, parti del
mondo reale sulle quali I'utente pud agire e fornisce meccanismi per
Pesplorazione di questo mondo artificiale. Uno di questi & I’ Agente.
L’Agente opera in questo mondo ed esegue per I’utente operazioni
specifiche su oggetti di questa realtd artificiale di cui & esperto. Il
sistema realizzato S2, in cui ’utente dispone di oggetti a lui noti e di
collaboratori, si propone di risolvere alcuni problemi relativi alla
comunicazione, di tipo epistolare, in un’ufficio, offrendo sia criteri di
classificazione di documenti, sia un insieme di funzionalita per lo
svolgimento delle attivitd connesse.

ABSTRACT

This paper describes S2, a prototype created within the sphere of
Office Automation utilizing Hypermedia Systems.

This prototype represents by means of a cognitive interface some real
world fragments with which the user can interact in his usual way and
also supplies interesting tools for the exploration of this simulated
world.

One of these particular tools has been named agent.

The Agent operates in this world and executes, justas the user would,

(*) This article represents a further development of the paper: “S2:
Una segreteria cognitiva intelligente per la gestione di documenti di
ufficio” (G. Caja, P. Piardi, C. Testero) presented at the ALC.A.
conference “Text Processing IV", December 1989 [1].
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specific tasks on the objects in the simulated world of which it is ex-

pert.
S2, the system implemented , makes well known objects and colla-
borators, available to the user with the aim of resolving problems,
such as office mailing, inherent to communication.
S2 offers documents classification criteria as well as a group of func-
tionalities for the development of the relevant activities.

1. INTRODUCTION

S2 is the natural followup to a lot of research and
activities developed and implemented at the Diparti
mento di Scienze della Informazione of the University
of Milano, in the sphere of Office Automation, all based
on the Theme and Discipline concept.
It is widely known that some human activities can be
more or less efficiently simulated by computers. Howe-
ver, in reference to Automation, one problem is to find
out who or what activates mechanical activities.
Therefore it is important to analyze not only the events,
such as the execution of more or less complex procedu-
res, but also the conditions which cause the occurrence
of specific events [2].
An office can be thought of as a communication system
in which Theme and Discipline concepts result. Theme

is the meaning of the communication and Discipline is
the way this communication is carried out. The interac-.

The research [4], based on internal and external mana-
ger’s correspondence, has allowed the following :

- to define a logic structure of documents

- to detect an elements classification based on the
concepts expressed in the documents or based on words
used to write them

- to define the associations between the recognized
elements in a text and the executed actions (or those that
will be executed).

Among others, the degree thesis entitled : “Il Sistema S”
- [5] and [6] - has been of particular interest for the
development of the project.

This thesis, done on a Unix system, rendered automatic
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the execution of procedures triggered by the recogni-
tion of meaningful words in a text.

The present work which follows the same philosophy,
makes use of the advantages provided by the new
technologies of hypermedia systems.

If we keep in consideration the Artificial Reality para-
digm [7], the realized system is a tool that is able to
model, through a metaphor, some aspects of office
reality, using suitable multimedia representations of
real environment and behaviors.

Using Hypercard, which allows appreciable graphic re-
presentations, we have been able to make an intelligent
secretary system in which the user has at his disposal
collaborators and known objects [8].

NOTE DI SOFTWARE 48/49

This kind of representation notably reduces the difficy
ties caused by the huge difference existing between t]
solidity of an objective, familiar real world and the al
stractness of usual soft-packages.

2. THE AGENT

“What is “The Agent” ?

The Agent is a program which according to the context
in which it is working, performs different actions on the
entities of which it is expert: such entities can be files,
documents, information and so on.

Every Agent has its own particular knowledge and
works only on the objects of which it is expert (otherwi-
se it works on the objects that it knows). Therefore there
~ are some different types of Agents characterized not
only by the work that they have to do or by their world
of knowledge, but also by the entities on which they do
their work.

Forexample, let us assume we have an Agent whose job

An effective example of this difference reduction is
provided by the representation on the screen of an |
office-room in which the user has, as in the real world,
a writing-desk, a printer, a bookcase and many other
objects at his disposal.
Every object is represented as it is in the real world, and
its activation causes the execution of different proced
res.

The Agent operates in this office.

it is to retrieve letters throughout a selection of subject
items criteria: this one surely will not be able to retrieve
documents throughout addresses. Analogously, the
Agent that has taken up transferring a letter from one
archive to another, will not be able to identify the
receiver of that letter. These Agents are all of the same
kind and every one is called Elementary Agent.

The Agents employed on different jobs and objects can
communicate together by exchanging messages.

The exchange of information and results allows the
execution of a complex program, called by the com-
pound of Agents.

Because the Agent works under an heuristic algorithm,
itis necessary that the user always controls the situation
confirming or cancelling the proposed activity or the
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running activity.

The Agent may intervene upon a specific call of the
user, who needs collaboration, or upon a system call
that needs to communicate the activities that are to be
developed or the consequences of operations already
made by the user.

The Agent is characterized by an icon, representing a
face and by a name that allows the unambiguous iden-
tification of that agent. This kind of representation
allows the user to associate naturally and immediately
the capacity for performing a specific job to a particular
shape.

Finally the user can delegate to a specific Agent the
development of the activities for which it has been
accomplished, as in the real world it is possible to

delegate specific functions to a co-worker.
In practice, the Agent can be considered as an assistan

some of his activities [9].
3. THE PROJECT

The system is made up of 8 different contexts, every
one of which is a node related to the others, following
a hypertext structure [10] [11] [12].
Each contextis characterized by the presence of object
related to the activities that the user can develop in tha
environment. .
Those objects are Hypercard buttons: that is, they are
screen-sensible areas associated to a script; otherwise
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or a clerk, helping the user during the development o

they are a program that performs actions when events
occur.

Some buttons, being a link for navigation in the hyper-
text net, allow the user to display, at his wish, the other
job’s environments.

Other buttons perform more complex functions related
to officeactivities. For the above it is evident that the
buttons’ functions differ due to the context in which
they are activated.

The graphic representation has been carefully designed
in order to avoid all possible ambiguity about the
meaning of the operations that it’s possible to do on
behalf of the identified object. It can be done by anicon,
selected so that it can be consistent with the real world,
as in the case of Macintosh representation; otherwise, if

a sufficiently expressive icon could not be found, a
name can be used.

Here below we will examine the differentenvironments
realized in the present project: the buttons, the objects
and the Agents.

4. THE DESK-TOP ENVIRONMENT

The Desk-top environment, representing an office room
onthe screen, is the main one because from here the user
has the global perception of all those in which he can
perform actions.

Many of the real world objects are represented in this
room; every object is a button that, if activated by a
mouse or other, performs the function it represents.
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For example, the Bookcase, shaped as a bracket on the
wall, allows the user to enter Hypercard external docu-
ments, whose headings correspond to the titles di-
splayed. So it is possible to define not only the links in
the system’s hypertext net, but also the connection link
between the system and external applications.

The Help, represented by a Question mark, establishes
a link with the environment in which all the system
functions are explained, displaying not only the infor-
mation related to the job’s environment (into which the
help has been called), but also the explanations of the
last action performed in this environment.

Activating the Magnifying Lens, the user can retrieve,
using a specific key, a document from the system
archives.

The retrieval of at least one letter allows the execution
of the print procedure, the transfer from one archive to
another, the cancellation of one or more documents,
The script associated to waste-basket executes the
cancellation request only when it recognizes that a
selection of one or more letters in the system archives
has been done; otherwise, the script informs the user
about the necessity of a retrieval activity on the archi-
ves.

The printer button works in the same way: the user is
informed whether or not a document has been selected
for printing. Opening the desk’s drawers, makes it
possible to go to the corresponding archives and per-
form different actions on the documents, such as tran-
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sferring or displaying one or more letters with common

elements.

The desk’s drawers can be taken also as navigation
buttons, because they allow the user to go into the
hypertext, defined by system nodes and links; therefore
the user is able to move from one environment to
another, following the way determined by links and
nodes, defined by the scripts and going through it in any
direction, activating specific buttons, and so allowing a
backtracking of activities.

The drawer’s choice defines the archive, whose index is
displayed. From within the Index Environment it is
possible to display, upon criteria selected by the user,
information regarding the letters. It is also possible to

perform some operations, such as:

- selecting a document

- modifying a document

- transferring a document.

Incoming mail makes the incoming-mail’s drawer ac-
tive, and then it becomes open. By clicking on the icon
drawer, the user can obtain the display of the arrived
documents’ list.

Many other objects lie on the desk, such as:

- the Agenda, an object that creates a link between the
actual working environment and the Agenda Environ-
ment. This environment, dedicated to the annotations of
meetings and expiring dates, is represented like an
agenda of the real world.

Entering Agenda, coming from different job environ-

creazione
nuava

Figure 7: Desk-drawer
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ments, can be done either by the user or by a particular
system agent (the Secretary Agent). Then information
can be inserted, appointments can be checked, notes can
be added or modified.

A good example of this procedure is offered by the
recognition of a meaningful date during the analysis of
a document’s text. Due to this the Secretary Agent
informs the user about the possibility of inserting text
parts, referring to that specific date or any other parts
which have something to do with it. On the user’s
acceptance, this operation is automatically done by the
Secretary Agent.

Even in this environment it is possible to perform
retrieval activities upon receiving information in diffe-

rent fields. As a result, a weekly page carrying th
retrieved information is displayed on the screen.

The address archive: when activated, it requests th
user to insert the name that has to be found and retrie.

ved. If the search is successful then the card bearing all

the information is displayed. Otherwise, the user is
informed and advised to add the name in the address
archive. This new name will automatically be inserted
in the newly created card.

A script, performing orthographic and syntactic correc
tions of the data inserted by the user, is associated to
every field.

In this environment it is possible to memorize general
personal data; and, throughout the activation of specific

Seleziona la faccia del tuo assistente, dagli il nome che
preferisci e termina con ok .

Figure 8: Assistants’ definition
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 icons, additional information about the names can be in-
serted. This information can later be used by other
environments.
The card is formed by these three textual fields:
- name
- address
- telephone number
and by buttons providing different functions.

Selecting the telephone number field, the execution of
a telephone call is made possible.

The buttons, represented by arrows or by one alphabetic
letter, allow the navigation into the stack.

There is also the magnifying lens that, as previously
said, allows a retrieval activity, even on the fields

hidden to user.

On the desk there is another class of buttons, which are
operative buttons. They are:

- the telephone: this button, represented by the telepho-
ne icon, performs the following tasks:

- retrieves the telephone number of the name
inserted by the user from the address archive. If this
information is lacking, the system informs the user
and allows the insertion in the telephone Archive wit-
hout changing either environment or the context;

- dials the telephone number, executing the call.

Block-notes and pencil is only one object that allows

Ricercadi un Stampa di un
indirizza indirizzo

Scegli i compiti del tuo assistente e termina con OK

Cancellazione

Reperimento lettere
pEr categoria

di un indirizzo

Telefonste

Spedizione Archiviezione

Cancellazione

Figure 9: Assistants’ tasks definition
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the user to enter the document’s creation environment.
We will discuss this further on.

The Secretary agent: this object represents a button
classifiable in different ways: this one, in fact, depends
on the contextand it is simultaneously an operative and
a signal button. The functions performed by this agent
in the Desk environment are different from those per-
formed in other environments:

- telephone call booking
- alarms booking
- assistants’ activities

The Assistants: the buttons representing the collabora-
tor agents defined by the user are displayed in two
different situations:

- activating the Interphone button
- asking the Secretary Agent to show the list of
assistants and their  jobs.

The operations done by assistants are defined by the
user in the environment dedicated to the composition of
assistants’ jobs. Activating the agents through Inter-
phone, the operations defined in the associated script
are carried out, one by one.

In the desk environment there are some other buttons,
defined as signal-buttons because they inform the user
about the system change status as the result a particular
event. Often the user does not see these buttons until the
system, upon recognition of an event that can be impor-
tant for the user’s activity, displays them (e.g.: the geo-
graphical globe and the envelope).

5. THESECRETARY AGENT ANDITS ACTIVA-
TING EVENT

In the previous chapter we described a first brief analy-
sis of functions provided by this system. Now we will
introduce anew concept, the agent intended as alter-ego
of the user’s collaborators [4].

We can easily imagine a manager who, arriving in the
office to do his normal job, would like to know what
happened during his absence.

For this the secretary’s assistance is necessary.
Therefore the system proposes the collaboration of the
Secretary Agent, who “shows up at the door”, commu-
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nicating to the user the information useful for his job.
The Secretary Agent can be activated by :
D the need to inform the user about events which
have taken place, = Here are some examples :

- incoming (arrived) mail: if the user so chooses,
a list of information relative to incoming letters is di-
splayed in a window. Activating with the mouse a
selected document’s heading , the document’s comple- ‘
te text will be displayed. ;

- meetings or activities of the day.
At any time the user can enter the Agenda environment
but, it is the secretary’s task to inform him about
appointments. In this way no useless movements will be.
made between environments. Therefore the Secretary
Agent proposes, in a window, the view of an agenda’sf
page only if there are appointments during the da
Activating with mouse the specific signal arrows, the
user will be able to see the activities to be made, without
changing the environment.

- the update to be made on the current archive:
the secretary agent, after checking the existence in the
current archive of documents created or modified da-
ting back more than two months, proposes to transfer
them to old-document archive, so that retrieval activi-
ties will be easier. The user, after having examined the
texts, can select letters that have to remain, for different
reasons, in the current archive. The secretary agent will
go back to her tasks, at the end of this session.

2) by user’s explicit request,through hand-bell activa-
tion.

The hand-bell is present not only in the Desk Environ-
ment, but also in the document’s creation one, allowing
the user to call the secretary and proposing the list of
those activities which she is able to perform in this
specific context.
The scripts associated to the Secretary button can be
defined as “elementary agents”, because they perform,
upon the system requests, only one activity, depending
on the context. Hence it follows that the secretary is not
an elementary agent, because she performs many acti-
vities. Rather she may be considered a supervisor anda
coordinator of one or more elementary agents.

6. OTHER COLLABORATOR AGENTS

Describing the secretary agent, anew metaphor of the
real world’s assistant has been defined. The agents
created in the present system, as we will describe later,
are able to perform more than one function defined by
the user. The newly created agent, a collaborator’s alter
ego, represents a versatile way to improve the system’s
working capability in terms of office activities.

The user, in the Desk Environment, can call his collabo-
rators through the two following ways :

-directly, clicking on the interphone icon, placed on the
desk. On the interphone’s screen the face of the first
collaborator and a strip are displayed. By clicking on
him both his name and his readiness to carry out the jobs
he is able to perform will be displayed. Upon the user’s
confirmation, he starts his job.

-indirectly, through the Secretary Agent’s help. Howe-
ver, in any case, the agents’s capabilities can always be
displayed in a summary card.

7. DOCUMENT CREATION ENVIRONMENT

It is possible to enter this environment from the desk by
activating the block-notes button or by means of a letter
existing in the current or in the old-document archive.
The letter’s environment presents a central portion, like
a sheet, for the document composition, and a part in
which the different buttons’ icons available to the user
are represented. Among them, we can find many but-
tons already seen in the Desk Environment, that here
perform other activities, because the context in which
they work now is different : hand-bell button and
delivery button, not yet examined.

For a better understanding of the functions of the
different buttons, we will discuss further the letter and
its significant elements.

7.1 The letter

For making the documents recording-and-retrieving
easy, it is necessary to identify every document by
means of a numeric code and some significant ele-
ments.

Taking into consideration that the system has to take
care of the handling of literal documents, following the
Empiric Research done at the Department [4], we have
first of all considered the documents’ logical structure,
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generally recognizable as follows:

- Heading
- Text
- Greetings sentences

In this structure, research has allowed us to identify the
document’s significant elements. Among them, for the
carrying out of this project, the following have been
considered primary :

- creation date
- address

- subject

- expiration

- priority

Every new letter, created through the block-notes acti-
vation, is presented with the creation date already
inserted, modifiable by the user. This date is automati-
cally associated to the document by the system, as a
classification element. Other significant elements, such
as address or subject, are inserted by the user during the
letter editing.

The attributes are recognized by the system upon the
activation of specific procedures of analysis. Obviou-
sly, the same can be activated also when the user enters
the letter from an existing document, retrieved in one of
the archives. He can make any modifications and, after
confirming to the system the new document’s creation,
he files this one while the original document text will be
preserved unchanged in the archive in which it has been
found. The letter analysis can also be made upon the
user’s request, during the editing or at the end of a
document, calling the secretary by means of the hand-
bell.

We have just examined some activities performed by
the secretary agent in the desk environment and we have
explained that these activities are different depending
on the environment, because different are the contexts
in which she is called to work. Therefore in the letter
environment, besides the functions for booking alarms
or telephone calls, she proposes : ‘

- information retrieval
- letters retrieval
- analysis
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By activating the last function, those elements on which
an analysis can be performed will be listed in a window.
Once the choice is made, one element is selected and the
agent whose specific role is to perform on that type of
analysis is called.

It will look into the text for those elements which are
meaningful to the letter classification and to its relation
to other documents having common attributes. The
types of analysis offered by the system are the follo-
wing:

- receiver analysis

Inorder torecognize in aletter the name or the forename
of receiver, a search for key-words for identifying the
requested string takes place. The system provides a dic-
tionary containing some of the possible strings, such as
the title that can precede the receiver’s name. The
analysis is then performed by examining any word one
by one and checking if it is in that dictionary. The
following string is taken as the receiver’s name and is
compared with the list of those known to the system
receivers. During this operation an orthographic check
is also performed to verify if name and forename
inserted in the letter are correct: if the system finds an
error, even if it is a partial correspondence with an
existing string in such a list, then it proposes to modify
it. Upon confirmation by the user this correction will be
performed every time the error is found. After having
retrieved in the receivers’ list the one corresponding to
the analyzed letter, the system looks for its address into
the Address Environment. The same will then be inser-
ted into the letter, always upon the user’s confirmation.
An address modification performed by user causes the
address archive to be automatically updated. Similarly,
new names or addresses can be inserted into the address
list or into the address archive, respectively.

- priority analysis

The system looks into the text for all occurrences of
words whose root is “urgent” in order to classify the
analyzed letter under a letters’ category having “urgent
priority”. If no one word containing this root is found,
then the letter is automatically classified into the “nor-
mal priority” letters’ category.

- subject analysis
During this kind of analysis, the system looks in the text
for a string allowing it to classify the letter on the basis
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of a specific subject.

- expiration analysis
A date can be looked at as an expiring event to be
inserted into the agenda or as a container (a name) of all
the events related to it. The analysis made by the system
first considers the date as an information to be inserted
into the agenda. As in the case of receiver analyses,
there is a dictionary of stored strings that are compared
with this information and eventually an association is
made.
In this way it is possible to recognize an expiring event
even if it is not a numeric date: for example, the
expression “‘at the end of the month” is automatically
associated with the last day of the current month. Upon
a successful comparison, the secretary agent proposes
to the user the insertion into the agenda of a note
referring to that date.

- letter analysis ~
This function allows us to analyze all information
which is in a letter, following modalities previously
described. The elements recognized in a text by means
of analysis functions, allows us to classify, torecord and
later to retrieve documents much more carefully than
we could by using only the creation date or protocol
number assigned by system.

7.2 Categories

Every previously described element corresponds to a
category to which all letters having defined element are
associated.
Beyond elements identified through document analy-
sis, the system offers the possibility of creating new
categories that may identify further classification ele-
ments of a letter.
This function is present either in the letter environment,
which is activated by clicking on the associations but-
ton as well as in the index, activated by the categories
button. In both ways the activation produces a system
card visualization on which those categories eventually
previously by the user are duly displayed in a window.
Here below is an example:

Organization (meeting, seminary, conference)
where the string preceeding brackets is a categories
name while words in brackets form further specifica-

tion in order to recognize, within a letter, those keys that
allow the user to classify the letter under a specific
category.

The category’s name itself is a classification element.
In the same window the one into which the categories
list is displayed there is the “new category” button,
which - if activated - allows the user to insert the name
that is to be assigned to the new category. After the
definition of a new category’s name, the system propo-
ses to the user the optional insertion of one or more
specification.

They can be defined by:

- characters string (key-words) that will be looked at in
a letter text

- by the negation of a category’s name previously
defined

- by (), whenever some specifications are not yet defi-
ned, but may be inserted later.

When the letter’s analysis is performed, the system
verifies whether a significant element of the letter is
present as a definition in any category. This is done by
comparing notonly the names of categories, but also the
specifications of the category, provided that the same
are not preceded by the logic operator “NOT”. As a
matter of fact, these kinds of specifications are classi-
fied differently.

If we supposed, for example, that a category “CAT” has
been defined, and item1 plus item2 specifications are
associated to it, we can then make a new category,
“CAT?2”, defined as CAT negation:

CAT2 (notCAT) CAT2 (notitem1, notitem?2)
To this new category (CAT2) all those letters inio
which, during analysis no specification belonging to the
other category (CAT) has been identified will be asso-
ciated.

However, itis always possible, in the Documents Crea-
tion Environment, to associate a letter to a specific
category, even when the analysis has not identified any
correspondence with the name or with specifications.
The user can make associations. Afterwards, the Secre-
tary Agent has notified him about the absence of signi-
ficant elements in the letter. In this case the system
proposes in the window the selection of the category to
which the user may like to associate that letter. At this
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time it is also possible to créate a new category without
changing the context.

Moreover, the user can modify the name or the specifi-
cations of the category: this operation may cause the
loss of the relation that was assocating one or more
letters to such category. Therefore, in this case, the
Secretary Agent informs the user and, upon his request,
again performs the analysis of letters associated to the
modified category. This activity is carried out also
when the user decides to delete the name of specifica-
tions of a particular category.

7.3 Delivery

A letter can be forwarded to one or more addresses. In
the environment representing undelivered mail, there is
always a button, represented by a mailbox icon, that
allows the user to choose whether or not to send the
letter to one or more addresses.

In the letter case the user is asked to choose in “Recei-
vers” the names to which the letters are to be sent: the
system then provides the printing of the document after
this insertion.

Letter-sending does not incude its filing. In fact, the
user may like to save only the letter’s paper-copy. For
this reason the system, after sending, asks the uesr to
confirm or not the letter filing.

7.4 Filing

The system offers two functions for letter filing, both of
them depending on the context in which the user is
developing his activity:

- after letter sending: through activation of “Delivery
button”, the Secretary Agent proposes to file the sent
letter; in this way the user can file only the letters
important for his activity.

- before sending: through activation of the “Associa-
tions button”, the letter delivery is proposed to the user.
The letter filing causes the updating of the letter’s
informative record, which - if no analysis has been
performed - retains only the system automatically inser-
ted values. The script related to “associations” button
performs a letter analysis, inserting in the record all
values necessary to define the letter associations. Du-
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ring this analysis the Secretary Agent takes care of
informing the user of the values which have not been
identified in the letter so that they will not be considered
as document classification elements.

8.ARCHIVINGFILES AND RETRIEVING TECH-
NIQUES

During the editing of letters it is sometimes useful to
enter an archive of previously created documents, one
which can be used as a model for composing the letter.
To solve the problems of managing many documents
the following three archives have been created:

- Mail Undelivered archive, containing letters or mes-
sages not yet sent or those that need further changes.

- Current archive, storing letters or messages which are
relevant for user’s activity.

- Historical archive, in which letters or messages prece-
ding certain date are filed (or that are not important for
the user)

The user, by activating the graphic representation of
desk drawers, causes the execution of two different
functions:

the retrieval of one or more documents, or their transfer
from one archive to another.

The letter’s significant elements and related informa-
tion memorized on record, allow the user to find the
letters in the archives under different criteria.

The retrieval of one or more letters may occur from
more than one working-environments, by means of
different techniques depending on the context:

- from the Desk Environment: here as we know the
“magnifying lens button” which allows the user to find
letters specified by the user is always present. The key-
word retrieval begins from Undelivered Mail in the
current archives because they contain the most signifi-
cant letters for user’s activity. If no retrieval is perfor-
med in those archives, the Secretary asks the user to
confirm whether or not to continue the retrieval in the
historical archive: this kind of retrieval will request
more time because this archive is very big. When the
letter is retrieved a new icon representing a closed
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under “priority” criteria, the retrieval of the letters
© bearing a priority equal to the one in the creating letter
will be proposed. Of course, the user may insert another
kind of priority, under which itis possible toretrieve the
associated letters.

The list of documents found is displayed, also forming
alink to all other letters which are in the same list. Now
the user can, using the mouse, select a letter.

That letter, to avoid the context change, is displayed on
the same Hypercard card from which the retrieval has
been carried out. In this way the user can copy parts of
the selected letter and insert them in the letter that is
being created. Clicking twice on the line of a chosen
letter causes its activation. Thus a relation to the one
which the user is working on is made.

The possibility of creating links between letters allows
the connection with hypertextual methodology of docu-
ments stored in the three archives. So the user, during
the editing of his document, can examine letters, wit-
hout knowing their allocations in the archives.

envelope is displayed. This envelope, following the
desk objects management methodology of the system,
can be moved with the mouse, on the screen, that have
some areas which can be “recognized” by the envelope
itself.
When it is moved to a screen area that is not recognized
by the envelope, it moves again to its original position.
Otherwise, some procedures are activated so it is possi-
ble to delete, toprint or to find the retrieved letter simply
by moving the envelope button onto the relevant icon,
such as waste-basket, printer or desk-drawer.
Clicking on the envelope icon makes it possible, as
the real world, open the envelope and visualize of the
whole document in a specific window.
Now the user can directly enter the letter or, at will, he
may continue the retrieval without selecting again the
key-word but simply by acting a button script.

- from address card-index: activating one of the three
buttons represented by sending mail’s desk drawer
icons, the corresponding index is displayed : this one is
formed by the list of letters and related information.

9. ASSISTANT WORKS DEFINITION

After having discused agents as user collaborators, we
talked about the user’s possibility to create new colla-
borators, and specifically to instruct them about parti-
cular more or less complex task . Here below we will see
how this is made possible. Activating the specific
button, the user can enter the environment into which he
can define a collaborator agent, satisfying his needs in
aparticular context. Every system’s agent is universally
defined by:

- aname: defined by the user, to identify it and recall it
from other environments

- aface icon: chosen by the user, to define it and recall
it from different environment.

In this way the system allows the user to personalize his
collaborators, avoiding in every kind of environment in
which he is working any ambiguity about the choice of
assistant to be recalled. The collaborator’s definition
environment is divided into two subenvironments. In
the first one the user can select a sequence of elementary
jobs, among those displayed, and assign it to his assi-
stant. The proposed jobs will help the user in two
different job’s environments:

In this context it is possible to visualize the letter under
selective criteria. For example, selecting a receiver’s
name, the list of letters sent to the same address, and re-
lated information will be displayed. Obviously, this will
happen for every field of the index structure.
By activating the arrow icon, placed at the left of the
letter information, it is possible to directly enter that
letter.
The document retrieval, under selective criteria, is
useful not only for this opportunity (i.e. entering a let-
ter, without browsing the whole archive), but also for
some other different functions offered to the user.

In fact, from the index environment it is possible to
select more letters and then to execute their deletion,
printing or transferring (procedures).

- letter creation environment: in this one, letter retrieval
is one of the tasks performed by the secretary agent. By
activating the hand-bell, a list of functions that the
secretary is able to performs “letters retrieval” inclu-
ded, is displayed. The retrieval, as we have already
seen, is executed under the letters’ classification criteria
: this means that, for example, on selecting a retrieving

- address card index: in this environment the
assistant can make telephone-calls, retrieve names or
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addresses, upon use of a specific key-word chosen by
the user and then, a user’s will, print and/or delete them.
If the user by mistake selects the deletion as first
activity, the following choices will be disabled (becau-
se it is not possible to perform activities on deleted
data).

- in the letter environment: in this environment too the
first task that the agent performs is a retrieval activity.
The retrieval can be carried out on different criteria :

- key-word
- category
- archive

By selecting one of those entries, the following possible
tasks will be displayed :

- sending
- filing

- printing
- deleting

Like in the addresses index-card environment, here too
there are some rules which disable wrong operation
sequences :

- delivery disables printing, because it is included
in a selected activity

- deletion disables all other activities, provided it
has been selected as the first item

- filing disable delivery, because it is a part of an
activity performed by itself

After the selection of activities that are to be assigned to
collaborators, it is possible by clicking on the “OK”
button to enter the second subenvironment.

Here the user can choose the face icon that will repre-
sent his assistant and, later, insert the name assigned to
him in a specific field.

Upon conclusion of these operations, the user, pressing
the “OK” button, completes the personal assistance
definition.

At this point the desk environment is shown, and the
user can recall his assistant for giving him confirmation
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about the carrying out of the jobs for which it has been
defined.

Every one of these assistance-agents is nothing but an
assembly of procedures that the user can combine,
using also logical operators, as long as he likes. Sub-
stantially it is a new way of user-programming. There-
fore, even an unexperienced user will be able to create
suitable functions for different situations according to
his needs.
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RIASSUNTO

La radiologia una disciplina in cui I'integrazione delle immagini e
della loro descrizione simbolica assume un'importanza fondamenta-
le. In questo lavoro viene analizzata la struttura logica dei database
per immagini esistenti nei moderni sistemi di diagnostica per imma-
gini, con particolare riferimento ai tomografi a risonanza magnetica
(MR).

Viene quindi proposto un nuovo inquadramento teorico, proveniente
in parte dalla struttura dei database per immagini e in parte dai sistemi
ipermediali.

Infine viene presentato un prototipo funzionante, realizzato in lin-
guaggio Pascal su una personal workstation, ¢ vengono discusse le
sue e i possibili contesti di utilizzazione.

ABSTRACT

Radiology is a discipline in which the integration of images and their
symbolic description reaches a fundamental importance.

In this paper the image database structures as existing in the modern
imaging devices are analyzed, with particular reference to the MR
tomographs.

Thenanew theoretical framework is proposed coming partly from the

(*) This work was the subjet of a degre thesis "Un sistema ipermediale
per la gestione della conoscenza visiva in Neuroradiologia" by
Giovanni Fulantelli. The thesis was discussed at the Dipartimento di
Scienze della Informazione of Milano on the 30th april 1990. The
advisors were G. Degli Antoni and F. Bonadonna.
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image databases structures and partly from the hypermedia systems.
A working implementation of this theory, implemented in the Pascal
programming language on a personal workstation, is presented and its
performance and utilization scenarios are discussed.

1. INTRODUCTION

Radiology is characterized by a peculiar integration
between visual knowledge, i.e. images, and symbolic
knowledge, i.e. image descriptions, diagnosis and rela-
ted information. Computer science offers useful tools
for dealing with the specificity of the diagnostic ima-
ging language. In the simplest case this corresponds to
an electronic version of conventional approaches, re-
sulting in CD-ROM based electronic textbooks or PACS.
An evolution toward modalities impossible to reach by
conventional media comes with the hypermedia, whose
fundamental innovation, for what concerns the visual-
symbolic integration, is the possibility to create, inside
the images, active regions to be used for establishing as-
sociative links to other images or texts. ‘

This paper is centered on the generalization of this
concept. A first step implies the integration of complex
symbolic structures to the image regions, such as de-
scriptions with several fields, logical links and also
programs.
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Further steps, now at an experimental stage, imply a 3D
extension of the visual-symbolic integration, characte-
rized by a smaller granularity than the active region
method. Moreover, the labelling techniques, necessary
to instantiate the visual-symbolic integration structu-
res, such as the semiautomatic edge detection by thres-
hold or gradient method, evolve from simple image
processing techniques to more sophisticated image
understanding ones or to the self-organizing approach
of neural networks.

Finally, the software and hardware factors that limit the
practical implementation of these techniques are di-
scussed, and a possible utilization scenario is outlined.

It’s very important to note that the system proposed
relies on the interaction with the user as a fundamental
resource. In other words, it could be considered as en-
hancer of human thinking and not as emulator. This is
also referred to as “man-machine joint reasoning”
and is similar to a typical team work situation in which
a set of software tools perform as specialized assistants
that work together with the head of the team.

2. LOGICAL STRUCTURE OF VISUAL AND
SYMBOLIC DATA IN COMMERCIAL IMA-
GING DEVICES

The logical structure of images and symbolic (textual)
data in the commercial imaging devices is very impor-
tant to know because it is something the radiologist is
used to seeing and hence it’s a convenient starting point
for any new organization. The “conceptual consisten-
ce” with the imaging devices (such as MR and CT
tomographs) and also the textbooks that are commonly
used by the radiologist is a key feature for a system that
has to be of practical use. Obviously the conceptual
consistence exists just for common concepts and ends
where new structures begin.

As sketched in figure 1, the organization of images in a
commercial tomograph is typically a hierarchic one.
The whole database contains a set of “examinations”,
each corresponding to a complete patient study perfor-
medin asingle session. Patient data such as age, weight,
height etc., belong to this level and are contained in
specific database fields.

Database

A

Examination

A

Scan

A AKX

Z sequence Echo T sequence

W AA

Slice

4 Part of

Figure 1: The MR tomograph database hierarchy. Ex
mination is a complete patient study. Scan is a particu-
lar acquisition, with a specific set of parameters. Echo
is specific for NMR and consists of one set of images
for each echo. T (temporal) sequence is the result of
dynamic studies. Z sequence is a sequence of 2D ima
ges along the third spatial dimension (Z axis). Slice is
a single 2D image

One examination includes a set of “scans” each corre-

sponding to a particular acquisition identified by a
unique set of parameters like anatomical orientation
(Sagittal, Transferral, Coronal), tilt angle, resolution,
stimulation (SE, IR etc).
A scan may include one or more “echo sequences’ that
are a particularity of MR acquisitions and consist of
different images obtained in the same region and at the
same time but with different “echo times”.
A temporal sequence is the result of a dynamic acquisi-.
tion. A Z sequence includes one or more bidimensional
images (slices) in spatial sequence along the third (Z)
axis.

It’s important to note that the information contained in
fields (at the patient, examination and scan level) could
be considered as symbolic “knowledge” for differentia-
tion with the visual knowledge represented by the
images, but it should be better indicated as symbolic
“data”, because a more complex organization is requi-
red to justify the transformation from data to knowled-

ge.
A typical example of such complex structure is th

Main
hierarchy
Patient
Anatomical
object hierarchy
Examination Anatomical
concept
Scan L = ’ /
;’ \ Volume
/ /Y\ N

A

Part-of

Instance-of

A
t

Temporal ~ Spectral  Spatial (Z)
sequence . sequence - sequence
Slice
Region

Figure 2: The main “examination oriented” hierarchy. Patient contains all the examination of a patient. Examination
contains a complete patient study. Scan contains a particular acquisition, with a specific set of parameters. Spectral
sequence corresponds to an “echo” in MR, hard/soft rays or before/after contrast media in Xray CT, to different.ra—
diotracers in Nuclear medicine etc. A group of spectra is also called a “spectral sequence” Temporal sequence is a
slices or a group of slices acquired in the same time. Spatial Z sequence is a series of slices ordered along the Z axis.
Region is a part of a slice and is a complex structure containing graphic information, database fields and also exe-
cutable code (activities). Volume represents the intersection of the main database hierarchy with the anatomical one

network of logical links, typical of a knowledge base.

Images as a whole in the MRI databases: Images
are the bottom of the hierarchy in figure 1 because there

are no parts of an image that could be addressed indivi-
dually in the database. Of course it’s possible to draw
regions of interest (ROIs) into the images, but there is
no possibility of including them into the database as
specific objects with their own names and to recall
them.
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One of the main reasons for developing a new image
database structure is the extension of the hierarchy to
the image regions identified by ROIs. The presence of
this new level will allow database searches based on
region specific data such as area, mean density, spatial
position, shape etc.

3. VISUAL-SYMBOLIC INTEGRATION

In figure 2 a hierarchy is represented that includes
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regions on the images and new structures such as
“patient”, “region” and “anatomical concept”.

The “region” is the key feature of this system because
represents the link between image areas and their
symbolic description [1,2]. Regions, manually or semi-
automatically drawn on the image, are generally corre-
sponding to an anatomical structure or to a specific
alteration or sign in the contest of a structure.
Patientis alevel thatcontains all the examinations made
by a given patient. This level is not necessary in small
databases that cover just a few days of work like that
included into the MR tomograph, but is useful for large
databases where is possible to find more than one
examination for the same patient.

In the system proposed, there is another hierarchy
together with the “scan centered” one: the anatomical
concept hierarchy. It reproduces the common anato-
mical description, with classes for normal or abnormal
anatomical objects etc (fig 3).

The bottom of this hierarchy is the volume i.e. an
instantiation of an anatomical concept belonging to a
particular scan. A volume is composed by one or more
2D regions which, extending what was said before,
represent the connection between the image database

4. ACCESS TO EACH HIERARCHY LEVEL
WINDOWS

Ergonomy is very important for a system that overco-
mes the experimental phase and has to be used in the |
routine work. An application of ergonomic concepts is
the use of specific windows for exploring each hierar-
chy level.

Figure 4 shows the directory window that allows user
interaction with the scan-centered hierarchy. After
opening this window, the radiologist sees just the pa
tient list. He selects one patient from the list (name;
have been reduced to initials for the figure) and the lis
of all the examinations for that patient appears. Then th
user chooses one examination and the correspondent s
of scans appears. Finally a scan is selected and sever.
things happens:

1)The spectra list (echoes for MR images) appears i
more than one spectrum has been acquired.
2)The temporal sequence appears if a dynamic stud
has been done
3)The spatial Z sequence appears if more than one slice
has been recorded.

structure (the scan-centered hierarchy) and the concep- 4)The list of volumes defined for that scan appears (if | . i i
tual network whose presence transforms a large but almost one volume has been defined). Spedm Times Z Coord. : V I
unstructured set of image and region data to a knowled- Echo 30 L7 & atderior Lo = a1
ge base that could be explored following logical rela- Figure 4 shows a case of a multi-echo acquisition with 900 sec Eorpus Ea::osum, ge?u .
tions. three slices, repeated after 15 minutes Echo 90 orpus Lallosum, Spienium
Crus Cerebri
s - - - Dorsal Thalamus
- Anatomical object , o Medial Geniculate body
3 1 ; . : : Occipital Lobe
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By default, the first of each spectrum, time and Z
coordinates is selected and the user can go directly to
that slice using the “see slice” button. The user can also
choice another slice by clicking on the appropriate
items of the list, as shown in the figure 5.

The slice appears in the “slice window” (fig 5).

In the slice window several navigation tools are present
for exploring the image itself and the other in the same
scan:

1) Spectral navigation. The four arrows brings to (in
order) the first, the previous, the next and the last of the
spectra(echoes for MR images) for the same spatial and
temporal position. In practice, if the user starts from the
slice at 12 mm at time zero, in echo 30, he or she will
obtain all the other echoes at 12 mm and time zero.
2)Temporal navigation. Uses the same logic of the
spectral and Z navigation. A special command “cine se-
quence” shows sequentially all the images belonging to
the same spectral and spatial position .

3)Z navigation. The arrows drive the navigation in the
spatial series, maintaining the same spectrum and time.
Note that slices may be contiguous or separated by a gap
that varies from 10% of the slice thickness to several
times the slice thickness. Obviously Z sequences with
gaps bigger than about 50 % of slice thickness couldn’t
be considered as continuous sequences, also if this fact
affects mostly the 3D reconstruction rather than the
direct observation.

4)XY navigation. This and the region navigation have
no commands because the actuator of the navigation is
the pointer driven by the mouse. In XY navigation are
reported the 2D spatial coordinates of the pointer over
the image and the corresponding pixel value.
S)Region navigation. This is an exploration of the
symbolic description of a particular pixel. If the pixel
corresponding to the pointer belongs to aregion defined
on the slice, the region perimeter is enhanced and its
name is displayed in the “region navigation area”. If the
user clicks the mouse button when a region is selected,
then a special “region window” for more complex
interaction appears.

5. REGIONS AND VOLUMES

As shown in figure 2, aregion is a part of a 3D structure
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called volume. A volume is “instance of” an anatomi-
cal concept. The relationship instance of links an ab-
stract concept to its particular realization: i.e. the con-

cept “left frontal homn” to the left frontal horn of the |
patient BF, seen in the coronal scan in date 20 Jan 90, ]
The presence of this link is very important because it
allows the particular instance to inherit all the knowled-

ges belonging to its class.
5.1 Object oriented database search

Database fields: Together with links, regions and volu-

mes also have database fields for recording their speci-

fic parameters. In this implementation, mean density
and area are the fields for the regions, and mean density

and volume are the fields for the volumes. Fields are

used in database searches aimed to identify the regions
or volumes matching a given set of constraints.

Hierarchical list: The anatomical object hierarchy may
be used for constraining the search to a given class of
objects or just to find all the instances of a concept.

Interaction with the anatomical object hierarchy is

based on the hierarchical list that is shown on the left of
figure 6. On the top of the scrolling list there is a pop up
menu that shows a path through the IS-A hierarchy.
When an item, corresponding to a class, is selected all
the components of that class are displayed in the list.
For example, in figure 6 the class “brain structure”,
subclass of normal anatomical object, is selected and all
the brain structures defined into the system are shown
in the list.

Regional procedures: a third type of search on the image
content is based on region specific data that are not

recorded in the database fields but calculated during the -

searchitself. The areas “overlapping” and “contiguous”
in figure 6 are examples of this kind of data. Because
regions may be defined in each moment and in each
order, the list of the structures that are contiguous to a
given one is changing, so it is calculated just when
needed.

6. UTILIZATION SCENARIOS
The system may be used in different ways:

+As a database it complements those present in radio-
logical dedicated workstations. The possibilities of
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‘ defining and search for regions give a lot of new

possibilities. Moreover the performance/price ratio of
magnetic and optical disks is the most convenient due
to the large diffusion of personal computers.

«As a didactical tool it behaves like an active radiolo-
gical textbook in which the regions shows their name
and are enhanced when touched. It’s also possible to
search for the images in a given pathology, for the
pathologies in a given region and much more using the
object database tools.

+As a diagnostic support system, it could be used in a
way similar to that described for didactical use. Moreo-
ver it’s possible to search for a lesion which has similar
features to that found in the patient. Is important to
stress that the routine diagnostic work, with the little
overload of creating and labeling regions around patho-
logical or interesting objects, may become a continuous
building of a radiological image knowledge base [3].

7. TECHNICAL NOTES

This program has been written by Giovanni Fulantelli
in object Pascal for the Apple Macintosh Ilci personal
workstation with 25 megahertz clock, 8 megabytes
RAM and 80 megabytes hard disk. The images come
from aMicrovax Il which is part of the Philips Gyroscan
T5 Magnetic Resonance tomograph. The personal
computer is linked to the Microvax viaan RS 232 cable
at 19200 baud and emulates a terminal VT100.
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RESEARCH NOTES AND COMMUNICATIONS

DATAGLOVE AND AUDIO VISUAL ART

Adriano Abbado
Independent Artist
Milano

RIASSUNTO

Fra le tecnologie emergenti che si offrono ad un artista, il DataGlove
e’ certamente una delle piu’ eccitanti. Sono quindi descritti gli
strumenti utilizzati per realizzare una performance di immagini e
suoni controllati da un DataGlove. Sono infine trattati ulteriori mi-
glioramenti, in parte realizzati, dell’idea originale.

ABSTRACT

Among the emerging technologies that are offered to an artist, the
DataGlove is certainly one of the most exciting. The tools to create a
performance of images and sounds controlled by a DataGlove are
described. Further improvements, in partrealized, of the original idea
are also exposed.

1. INTRODUCTION

Among the emerging technologies that are offered to an
artist, the DataGlove is certainly one of the most exci-
ting. At the meeting “Nuove Immagini e Formazione”,
held at Venice’s Palazzo Fortuny at the beginning of
December 1989, I had the opportunity to create a short
performance of images and sounds controlled by a
DataGlove. This has been possible thanks to the Milan-
based company ARS, that gave me the possibility to use
a DataGlove. The Venetian experience has led me to
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further improve the original project. This paper shortly
describes my work with the DataGlove and the conse-
quent perspectives.

2. THE TOOLS

In order to create my performance in Venice, I interfa-
ced my software “AV”, that I had written before, with
a DataGlove. The software “AV”, written in Light-
Speed C, runs on a Macintosh II, and permits the
creation of 2-D abstract objects, that can be either
animated or static. It is divided in two major parts: the
editor and the player.

The editor allows the user to create an object at the time:

An object is made of a shape filled with a colored

pattern. The pattern, in turn, is made of n polygons.
Each polygon can be of different color, and can be
drawn with the 8 pen modes allowed by ColorQuick-
Draw. In the case of animated objects, both the pattern
(i.e., each polygon of it) and the containing shape are
created by interpolating a starting and an ending frame.
Afterwards, a trajectory can be defined, linear, curved,
or both combined. The object is animated on a back-
ground that can be either a flat color, usually black, or
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Figure 1,2, 3

aPICT image imported through the clipboard (fig. 1, 2,
3).

A fundamental feature of this program s thatit can play
a MIDI musical instrument through a MIDI interface.
MIDI, as known, is a standard protocol for the
communication between computers and digital musical
instruments. Because of this feature, the objects are
usually modelled on an already existing synthetic sound,
that is then retrieved again, in synch with its object, in
the player section.
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The player section in fact, as the name suggests, do€s
nothing but assemble the different objects and sounds
previously created, and play them together. Several ob-
jects can be played at the time, their number depending
on their size.

The connection between the player section and the
DataGlove allowed the interpreter to control a few short
audio-visual sequences through finger movements. For
example, bending the index triggered a first sequence,
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DataGlove

Macintosh |1

Screen

TX 802

Stereo System

Figure 4

while bending the middle finger triggered a second
sequence, and so on, repeating this process at will. The
images could be seen on a monitor of a Macintosh Ilcx,
while the sounds, created on a Yamaha TX802 synthe-
sizer, were heard through a traditional stereo system
(fig. 4).

3. DEVELOPMENT

In this sense, the DataGlove has been used only as a
switcher.

The performance in Venice, though, was only a first
step, the embryo of a more complex idea, now in part
completed. Infact, the performance is now organized so
that the interpreter, wearing the glove, moves his hand
in an audio-visual hyperspace.

The hyperspace can be imagined as a 1 meter wide cube,
placed in the real world (i.e., the hand moves in the air).
The hyperspace is divided in many tiny cells, each
“containing” an audio-visual microsequence (0.5 - 5
sec.), actually stored in RAM. Moreover, cells adjacent
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on the three axes x, y, z are related one each other. The
performer therefore moves his hand and navigates in

this artificial world, creating coherent audio-visual

events. The images are projected on a big screen by
means of a videoprojector.

4. CONCLUSION

The experiences with the DataGlove have been extre- ‘

mely interesting. As always, I have accumulated seve-

ral kinds of feedbacks, that in turn can lead me to further =

improvements.

For example, a modification to this project can be
represented by the creation of 3-D animation, mainly
because we are better accustomed to the ideas of navi-
gation and exploration in a 3-D rather than in a 2-D
world. An Rb2 stereoscopic display can also enhance
the effect of 3-D images. However, a multitude of
Macintoshes would be necessary to reach a relatively
huge audience, making the performance a show for few
people. On the contrary, if the images are to be video-

projected, the stereoscopic effect would be lost, but a
larger number of people could enjoy the performance.
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FROM TEXT TO HYPERTEXT THROUGH METATEXT

A. Limongiello, F. Soresi, A. Spinelli, W. Vannini

Direzione Studi

Sistemistici Avanzati

Bull HN Information Systems Italy

The prefix ‘hyper‘ generally refers to ‘something ha-
ving more than three dimensions‘. Using this observa-
tion as a starting point, we address the issue of where
and how to find these extra dimensions in documents.
“Traditional® documents are usually said to be ‘linear
or ‘sequential. This indeed refers more to how reading
can be applied to such documents than to how they are
structured. Anyway, hypertext systems propose to by-
pass ‘linearity’ by more or less refined ‘linking‘ capa-
bilities.

The hypertext dimension is added to linear texts by the
mechanism of links.

We identify the ‘metatext’ component in the usual text
that gives one more dimension to traditional text. The
term metatext wants to address all those components that
yield a description of the text like Table of Contents.

With metatext, new dimensions are added to documents
through smart use of those traditional tools (see litera-
ry devices), whose effectiveness has been perfected
througt centuries of use by the scholar community.

In other words, metatext are all those literary devices
which act as descriptions or references (at a metalevel)
of the conceptual structure embedded in the document,

such as: notes, references, glossaries, thesauri, tables

of contents, analytical indices.

As said above, such literary devices have a deep-rooted
tradition. The first well-structured Table of Contents is
contained in the first book of the ‘Historia Naturalis*
by Plinius the Elder. The first known glossaries, on the

other hand, date back to the Greek Age, and were used

as an aid in the reading of Homeric poems.

In the following paragraphs, we outline how to migra-
te from traditional ‘linear’ documents to computer-
supported hypertextual ones, through the methodologi-
cal adoption of metatext.

The traditional division of documents into chapters, sec-

tions and paragraphs must be captured by an appropriate
formalism, such as (5) or (6).

In our model, margin notes summarise the meaning of
concepts presented in the corresponding paragraphs and,
if read in sequence, may yield a summary of the whole
document (the Table of Concepts).

The role of the Table of Contents is twofold: on one
side, it shows pointers into the hierarchical document
structure; on the other side, it reveals the conceptual

168

organisation of the document, as originally intended by
the author.

Glossaries, thesauri and analytical indices create net-
works of text items. Bibliographical references and foot-
notes are interpreted as standard hypertextual links.

Graphical descriptions of conceptual nets should be ex-
pressed using a suitable geometric (object-oriented) gra-
phic language in order to interpret graphic links as
hypertext links.

Given a document and its metadescription, the inherent
network of concepts is easily extracted and mapped onto
hypertext structures. This is the basic step to allow sen-
sible migration from textual to hypertextual systems.

Several useful tools can be devised to exploit this ex-
tended interpretation of documents: first of all, a Tran-
slator able to interpret standard document and
metadocument descriptions into hypertext format.

A Conceptual Outline Processor may give a unifying
view of different representation schemas. Syntactical
(chapter, section, paragraph...) as well as conceptual
structures (conceptual relations) can be browsed (and
edited) at different levels of detail, through both tex-
tual or graphical representations.

Hypertext is not a tool, but a technology, applied to evol-
ving documentary systems; so we claim that the achie-
vement of a standard for hypertext must arise from:
1) adopting of a standard format for traditional docu-
ments as a lingua franca among hypertext systems and
2) adopting a precise bijection of current hypertext struc-
tures to well-known documentary structures.
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BROWSING IN KNOWLEDGE
THROUGH ANIMATION:
AN APPLICATION TO THE A.L.D.S. CASE

Mario Di Floriano
Hypertext User Group
Dipartimento di Scienze dell’Informazione
Universita degli Studi
Milano

This short note presents a multimedia interactive pro-
totype for accessing and updating a knowledge base re-
lated to A.I.D.S. desease.

One of the aims was to analyze the use of interactive
animated interfaces for browsing particularly in the ca-
se of the A.ID.S. knowledge.

The work was developed at the Dipartimento di Scien-
ze dell’Informazione (Computer Science Departement)
of Milan University jointly with H.U.G. (Hypertext
User Group) and I.T.B.A (Istituto Tecnologie Biome-
diche Avanzate) of C.N.R. (Comitato Nazionale Ri-
cerche).

In a previous work an A.1.D.S. knowledge base system
was organized around a Petri net model of some clini-
cal and biological processes related to that desease [2]
and [3]. In that system the Petri Net model was a for-
mal guide for accessing informal documentation as well
as software tools associated to the net elements (condi-
tion and events). Starting from that implementation, the
Hypermedia interactive system described here was de-
veloped, whereby a continuous animated model has been
used as an interactive interface for accessing the for-
mal knowledge (and also the informal one). In this Hy-
permedia system, the animated model is fully exploitable
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as a set of sequences of animated moving pictures. The
sequences are selected by the user in its exploration of
the desease. When the user requires a formal or infor=
mal documentation of the process presented by the ani-
mation, he stops the animation. As a consequence a Petri
Net is shown with tokens indicating the corresponding
conditions or events actually occuring in the animated
simulation. By clicking the net elements presented, the
user can access various documents or notes (even per-
sonal ones) associated with the net elements. If nets ele-
ments are elements of an high level net, then the user
will be able to access to the detailed version of the pro-
cess (another net) through clicks. In some cases soft-
ware tools are associated with the net elements;-
corresponding to states of the animation. Particularly

interesting are the information retrieval tools that can

be used to haveaccess in a large bibliographical data base

(actually the Compact Library: AIDS and the Medline

CD-ROMs) the documents that justify or refute the se-

lected formal model. The motivations to the project

were:

- the hope to find the way to improve the productivity

in research in AIDS through an easier access to the do-

cumentation.

- an investigation to a novel approach to knowledge

browsing.

- a fairly simple and a systematic new approach to eli-

citation of formal bases and informal documents staring
form large data bases.

With this system, previous efforts in information retrie-

val or modelling are tightly associated to the results of
the work (actually a Petri Net). In such a way, upda-
ting new documents can be done from the previous mo-
del elements to which information retrieval procedures
are associated: if the underlying hypothesis will be con-
firmed modification will not be needed, otherwise mo-
dification have to be introduced, according a critical

analysis. The adoption of a net representation imply that
causal reasoning is used to model the deseases details.
So, updating in the formal knowledge base means a mo-
dification that the user must introduce in the underlying
net and eventually, if needed, in the animated view. In
the actual prototype the AIDS-expert user can by itself
modify the nets while, if animated sequences have to
be modified, some support by an animation creator is
probabily required, given the difficulties in designing
animated sequences.

Figure 1: The snapshot corresponding to the animation related to the AIDS virus life cicle. The snapshot shows

the situation in which the virus binds on the cell.
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Susceptible cell HiV virion

| HIV binds to the outstde
of the cell and fuses with it

Reverse
Trascriptase
Activation
New virions are
released in extracellular
fluids

Hiv injects core
proteins and two
strands of viral RNA

RNA is copied
into a single
strand of DNA

The cell is
spared

The strand of DNA
is duphicated
{provirus)

Virions bud
from the cell
Provirus migrates
to the nucleus and is
tntegrated into the
cell’s own DNA

The proteins
and additiona)

New RNA is produced
RNA are

from DNA provirus

Provirus
rernains latent
giving no sign
of its presence

Provirus takes
control of cell's
replication

Viral specific
proteins are preduced
from provirus

Figure 2: The net related to the virus life cicle. The token indicate the state related to the snapshot of Fig.1

Buesceptivle oel) virien

Reverse
Trascriptase
Aotiyation

Stz Acquired Immunodeficiency Syndrome
OR HIV Seropositivity

§2= HIV OR (HTLV AND #11) OR (Human ARD
T AND Cell AND Lymphotropic AND
virus AND 111)

53= Pathogenesis

S4= Viral AND (Adhesion OR penetration)

§5= Cb4 OR (Cell AND Receptor)

$6= T ARD Lymphacyle

§7= 53 AND (54 OR (S5 AND S6))

SB= {S1 OR $2) AND 57

Figure 3: The search path associated with the net state modelling the virus life cicle. This search path selects inside

the CDs the documentation about the binds of the HIV virus on a suscettible cell.

172

ACKNOWLEDGEMENTS

Thanks to Prof. Giovanni Degli Antoni for the basis idea
of this project and for his precious suggestions, Prof.
Antonio José Rodriguez Selles for his contribution to
the analisys and implementation of animation, H.U.G.
(Hypertext User Group) and specially to Roberta Mac-
chi for her support and encouraging during these
months. I would also like to thank Marco Bondi for the
constant collaboration during the develope of the part
related to Petri nets, Wilma Barcellini, Monica Attoli-
ni and Paola Varesco for the realization of the Petri nets
AIDS model and Paolo Valcher for his help during the
development of this project.

Finally, thanks to Maria Luisa Villa for her medical

support.

REFERENCES

[1] Annals of internal medicine, COMPACT LIBRA-
RY: AIDS: MEDICAL LITERATURE MOVES TO-
WARDS ITS FUTURE, november 1988

[2] Attolini Monica, Varesco Paola, ORGANIZZAZIO-
NE DELLA CONOSCENZA SULL’A.I.D.S (SIN-
DROME DA IMMUNODEFICIENZA ACQUISITA)
IN UN AMBIENTE IPERTESTUALE, Atti del con-
vegno ‘‘Verso la comunicazione elettronica’’, Grande
Fiera d’Aprile, Milano 1989

[3] Attolini Monica, Varesco Paola, STUDIO E
REALIZZAZIONE DI UNA STAZIONE DI LAVO-
RO INTEGRATA PER LA RICERCA SUL-
L’A.LD.S., tesi di laurea, Dipartimento Di Scienze
dell’Informazione, Milano 1989

[4] Bondi Marco, PROPRIETA’ DELLE RETI DI PE-
TRI CON UNO STRUMENTO IPERTESTUALE, Atti
del convegno ‘Verso la comunicazione elettronica’,
Grande fiera d’Aprile, Milano 1989

[5] Bondi Marco, LO STUDIO DELLE PROPRIETA
DELLE RETI DI PETRI CON UNO STRUMENTO
IPERTESTUALE, tesi di laurea, Dipartimento Di
Scienze dell’Informazione, Milano 1989

[6] Degli Antoni Giovanni, IL. COMPUTER, IL REA-
LE, L’ARTIFICIALE, Note di software N. 40

173

[7] Degli Antoni Giovanni, ARTIFICIAL WORLDS,
secondo incontro HUG, Dicembre 1988

[8] Degli Antoni Giovanni, ORGANIZZAZIONE DEL-
LA CONOSCENZA, Atti del convegno ‘Verso la co-
municazione elettronica‘, Grande Fiera d’ Aprile, Milano
1989

[9] Degli Antoni Giovanni, FROM REALITY TO HY-
PERMEDIA THROUGH ARTIFICIAL REALITY,
nota interna al Dipartimento di Scienze dell’Infor-
mazione

{10] Gallo R.C., IL VIRUS DELL’AIDS, Le scienze
1988, N 223, pag. 31-40

[11] Haseltine W.A., Wong-Staal F., LA BIOLOGIA
MOLECOLARE DEL VIRUS DELL’AIDS, Le scien-
ze 1988, N 244, pag. 28-37

[12] Hopgood F.R.A.,COMPUTER ANIMATION
USED AS A TOOL IN TEACHING COMPUTER
SCIENCE, The Auerbach annual 1975 Best Computer
Paper Isaac L. Auerbach Editor, pag. 185-196

[13] Matthews T.J., Bolognesi D.P., VACCINI PER
L’AIDS, Le scienze 1988, N 244, pag. 134-142

[14] MacUser Features Staff, MULTIMEDIA, MacU-
ser, March 1989, pag. 88- 137

[15] MacroMind, DIRECTOR STUDIO MANUAL
and DIRECTOR OVERVIEW

[16] Ransom Rob, TAKE ACTION, MacUser Euro-
pe, November 1989, pag. 36-42

{17] Ransom Rob, ANIMATION IN SCIENZE TEA-
CHING: VIDEOWORKS AND HYPERCARD,
Wheels for the mind europe, February 1989, pag. 5-11

[18] Wartow Ronald, INSIGHTS ON HYPERCARD
ANIMATION: LIVEN ANY STACK WITH SIMPLE
BUT STRIKING GRAPHIC EFFECTS, Macworld,
February 1989, pag. 79-92

19) Whitby Max, BRAVE NEW WORLDS, MacUser
Europe, June 1989, pag. 28- 35



NOTE DI SOFTWARE 48/49

HYPERMEDIA AND BLIND PEOPLE TODAY

Nunzio La Ferlita
Redco Informatica
Milano

““Multimediality”” is a term which has not yet been well
defined in the world of computers. It is agreed that this
term signifies a harmonious fusion of Images, Voice and
Data; but on how to realize this harmony, which media
to use, on the ideal applicative outlets for this tool of
the near future, discussions are still continuing.

If the concept of ‘“Multimediality’’ is to be gone into
further, we arrive at ‘‘Hypermediality”’. In the incan-
descent magma which pours out of the crater of com-
puter science, one can catch but a glimpse of the glow
of the most brilliant solutions, and one can identify the
directions in which it is confusingly leading us; but the
lucid certainty of a solution or a series of well defined
solutions is still lacking.

One thing though seems indisputable: the path of com-
puter science is the same as the path of Man; the ove-
rall direction of the magma is towards a future where
computers are increasingly integrated and increasing like
their makers. Computers, therefore, which manage
sounds and voice will be more in evidence and impro-
ved; they will accept high resolution images and will
be able to process them more and more easily; they will
combine increasingly large and better organized quan-
tities of data with sounds and images; and, lastly, they
will be increasingly able to transfer sounds, voices, ima-
ges and data from one computer to another at increa-

sing distances apart and at increasing speed.

But computer science is a product of civilization, and
there is no civilization worthy of that name which does
not take into consideration its social minorities and the
weak which are part of them; there is no civilization,
and cannot be, which does not protect these minorities,
and which does not adequately help them, drawing the
best from its discoveries to help also, and perhaps abo-
ve all, the needy.

At this point we wonder: ‘‘Multimediality’” or ‘‘Hy-
permediality’’, how do they stand in relation to these
minorities and in particular, what is computer science
doing today for one of these minorities, struggling with

one of the most feared handicaps: blindness? Let us the-

refore look at ‘“Multimediality’” in terms of this serious
physical disability. It is natural to think that the relative
importance of images in this ambit must necessarily de-
crease enormously in favour of sounds, or words, ge-
nerated by the computer precisely in order to sustitute
images. Given this, the advantages of ‘‘Multimediali-
ty”” are totally on the side of those who cannot see but
who use a computer.

The important concept to highlight is the following:
wherever there is a serious physical disability like blind-
ness, computer science must study and solve only the
problem of the ‘‘differences’” to be resolved and not
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ture tend to exclude the blind person from whatever new
technology which, developed from market forces, suc-
ceeds in creating yet another step on which to trip up.
In other words, attention must only be given to the tools
which help overcome the handicap and the temptation
must be resisted to study ‘Ad Hoc’ solutions, perhaps
more profitable or desirable, which for obvious
technical-economic reasons would end up excluding the
blind person from progress reached. This would be un-
just - and thus uncivil - and not just wrong.

There are organizations which have already taken this
path, with success which proves the worthiness of the
approach just mentioned. And Italy, we are proud to
say, is amongst the nations which have better under-
stood this task. There still remains a lot to do, above
all if one considers how ‘‘Multimediality’” and ‘‘Hy-
permediality”’, gauge and symbol of the direction in
which the computer science of tomorrow is going, tend
to put more and more emphasis on images, and there-
fore by their very nature become more difficult for the
blind person to use.

What is to be done?

Simply this: remain faithful to the concept of ‘Diffe-
rences’ to resolve, and find other solutions for those who
cannot and will never be able to see the marvel of co-
lours in high definition.

In order to better understand what we are talking about
it is a good idea to look at what the blind person can
do today with his computer.

There are software products, based on unlimited voca-
bulary voice synthesis, which simply substitute ears for
eyes: which thus permit a sighted person and a blind
person to use the same hardware and software without
noticeable differences (without considering that indivi-
dual propensity often makes the blind person a more
brilliant and quicker user than a sighted person). On this
basis, at least in Italy, much has been built: to the first
personal computer, learnt with difficulty and used to
write and make every day notes, many blind people have
added a modem, and have therefore learnt to link up
to traditional data banks and to the numerous new ones
which are continually springing up in Italy and abroad;
they have therefore been able to consult the databases
available to VIDEOTEL users; they have then added

undertake research for solutions which by their very na-
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an optical reader in order to gain access to the most wi-
despread compact discs; they have recently even been
able to access the most sophisticated character recogni-
tion technology (ICR: Intelligent Characters Reading)
so as to directly read vocally books written in black and
white, neglecting in some cases the irreplaceable lan-
guage developed by BRAILLE at the beginning of the
last century.

Today in Italy, we are proud to say, the blind person
is not discriminated against in any way with respect to
the sighted person in the use of personal computers; on
the contrary, we can state that this important work tool
is for the blind person a visual prosthesis - indispensa-
ble in overcoming the visual handicap, and thus also
for personal and professional realization just like and
better than the sighted person, in all fields of activity
and work. Today in Italy the blind person can happily
consider abandoning the activities traditionally assigned
to him such as switchboard operator.

Let us quote the example of the switchboard operator
from Trieste, G. L. UGO who would like to be a wri-
ter and who has already written and published his first
book based on a historical subject; or of the young and
brilliant lawyer from Salerno, S. SALVATI, who with
his personal computer is rapidly scaling the heights of
a brilliant, muchdeserved legal career; or of A. MAR-
TINELLI, a language student from Milan who is wor-
king as a translator.

Therefore what must be done is to resolve the differen-
ces in a strict, constant symbiosis with computer scien-
ce in its continuous and untidy growth, and not to look
for ‘Ad Hoc’ tools which increase humiliation by high-
lighting deficiency; to smooth out the corners with con-
stant and competant research and not to build cathedrals
in the desert; and all this with the vigilant presence of
the various organizations for the blind.

It remains to be understood which path must be taken
in the future. We have spoken of Voice Synthesis as
an initial element of research, meant to resolve the dif-
ferences imposed by Nature on the blind. ‘Hyperme-
diality’ leads us though towards the increasingly perfect
processing of images. The paths therefore coincide. Just
as the increasingly tight fusion between sounds and ima-
ges decisively shows which path to take in order to rea-
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lize ‘hypermediality’, also the social aspects of compu-
ter science dedicated to the blind person must veer to-
wards solutions in which images increasingly embrace
sound, or voice: with one importance difference which
clearly defines the confines of research: the Voice which
accompanies the images must describe the images them-
selves, besides making comments. It is therefore neces-
sary to study other software tools besides those which
have already been developed in the past which succeed
in an automatic way in describing to the blind person
the images which are shown on the screen together with
words, chosen and delivered opportunely even today.

It is a problem of civility and good will. All those who
directly or indirectly influence the tumultuous progres-
sion towards the future of computer science today; all
those who contribute to the formation of the concept
of “Multi” or ““Hypermediality’’; all those working in
the field must be aware of this need for civility, and
set the path towards it so that blind people can fully en-
Joy the fruits of their work: without difference, without
discrimination and therefore without injustice.

Despite the unjust punishment inflicted on the blind by
Nature.
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A PROJECT ON SOUNDS IN ARTIFICIAL REALITIES*

Francesco Gardin, Goffredo Haus,
Tlaria Macchia, Gloria Molendi
Dipartimento di Scienze dell’Informazione
Universita degli Studi di Milano

RIASSUNTO

Questo articolo descrive un progetto di ricerca, denominato *'SOUNDS
WORLD’, in fase di realizzazione, che ha per obiettivo 1’aggiunta
di suoni ad una realta artificiale, inizialmente una stanza tridimensio-
nale, in modo che la maggior parte degli aspetti cognitivi relativi alla
percezione dei suoni nel mondo reale, siano resi possibili nella stanza
artificiale. Il modello di propagazione del suono utilizzato & stato vo-
lutamente tenuto molto semplice, in maniera da poter essere calcola-
to in tempo reale, ma si & tentato di mantenere il pili possibile le
caratteristiche percettive di base del suono in un ambiente reale.
La comunicazione verbale tra due, o pil, utenti che condividono la
stessa stanza artificiale, ognuno sulla propria stazione di lavoro, per-
tanto percependo visivamente I’un I"altro nella stanza artificiale, sara
basata sul modello di propagazione dei suoni sopra citato.

Questa & la prima parte di un progetto di dimensioni pil vaste che
ha come obiettivo la creazione di mondi artificiali complessi dove le
persone possono muoversi e parlare tra di loro, come se fossero nel
mondo reale.

ABSTRACT

This paper describes an ongoing project called 'SOUNDS WORLD’,
where the goal is to add sound to an artificial reality, initially a 3-D
room, so that most of the cognitive aspects of sound perception in
the real world are made possible in the artificial room. The sound
propagation model used has been kept extremely simple, so that it
can be computed in real time, but the basic perceptual features of sound
in real world are maintained as much as possible.

Speech communication among two, or more, users sharing the same
artificial room on different individual workstations, perceiving each
other visually in the artificial room, will be based on the above men-
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tioned model of sound propagation.

Extensions to the properties of sound as it behaves in the real world
will be explored through modifications of the basic proposed sound
model.

This is the first part of a larger project which aims at the creation
of a complex artificial world where people can move around and talk
to each other as if they were in the real world.

1. INTRODUCTION

Artificial realities (GDA 89) are synthetic worlds whe-
re users perform operations which differ in manner and
goals. Laws of real world come to be simulated, exten-
ded or simply changed according to necessity.

The project we are carrying out experiments with the
use of sound in an artificial reality. Until today much
has been done about spacial features of artificial reali-
ty, but little attention has been paid to sound, which is
a basic cognitive factor in human perception.

Our aim is to build a simple 3D artificial environment
where we can add objects as they become necessary.
A simple model of sound propagation has been propo-
sed and its cognitive soundness is being tested.

* This project is partially funded by the Italian National Research Coun-
cil in the frame of the ““MUSIC Goal: Intelligent Music Worksta-
tion”’, Finalized Project *’SISTEMI INFORMATICI E CALCOLO
PARALLELQ’, Subproject 7 “‘SISTEMI DI SUPPORTO AL LA-
VORO INTELLETTUALE
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Association of sound to space makes possible the ...,
All this will be carried out as a prototype on a Silicon
Graphics workstation which is connected with a Ma-
cintosh equipped with MIDI devices. The user will be
given headphones to perceive sound, a microphone for
voice communication and a Joystick to move inside the
artificial environment.

2. A SIMPLE SOUND PROPAGATION MODEL

The proposed model of sound propagation should cap-
ture the properties of sound according to our needs: ba-
sic cognitive soundness i.e. the elementary features that
we experience and are used to in the real world: 80,
for instance, if we get closer to a sound source we ex-
pect to hear it louder, if we hear a sound we should
be able to locate its spatial location, etc.

Although from the theoretical point of view it would
be possible to implement a very detailed model of sound
propagation and interference, using techniques which
are similar to ray-tracing ]x], this would be difficult to
compute in real time, and might be over-detailed for
the minimal cognitive quality that we are aiming at ini-
tially.

Moreover, we have chosen a hybrid modelling techni-
que, namely a combination which attempts to minimi-
ze the computation required and maximize the quality
of the sound generated. The propagation model that we
are implementing is based on a simple calculation of
the relative distance and orientation, in the artificial
room, between the source and the receiver. The expec-
ted amplitude of sound is therefore calculated only for
the spatial coordinates where the receiver is positioned.
Since for the sake of simplicity we constrain our envi-
ronment to be anechoic, the interference between sounds
is not calculated, instead each individual sound is ge-
nerated as it should be perceived at the receiver posi-
tion as if it was the only one. Combination of
simultaneously generated different sounds takes place
in the real world of the user, therefore drastically redu-
cing the computation required.

A sequence of experiments has been planned, with in-
creasing levels of properties to be tested in the propo-
sed sound propagation and interference hybrid model,
in order to study its cognitive aspects.

We begin with a still single sound source and one user
(the receiver) (Fig. 1).
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Figure 1: The screen displays the artificial environment
from the user viewpoint.

The second level is represented by the addition of a wall
between the sound source and the receiver (Fig. 2,
Fig. 3).

X

Figure 2: By inserting a sound-wall between the user
and the sound source, sound perception should change.
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Figure 3: The room is soundproof.

We then add another still source to test interference (Fig.
4) as proposed above in our hybrid model.

Figure 4: A second sound source has been added.

Then we must extend the model in order to deal with
moving sound sources, so that we can study soux?d in-
teraction among several agents. In order to do this ?he
environment has to be shared: each user will perceive
sounds and images of the artificial reality accgrding to
his own position as an agent inside the artificial room
(Fig. 5). This is made possible by the use of a 3-D in-
teractive real time navigation system developed by {1]
and substantially improved by [8], on a Silicon Gl‘:&phl(fs
workstation. The system has been extended to give si-
multaneous access to two users, so that each one of them
is sharing the same artificial room from his own view-
point, as shown in (Fig. 5).

Figure 5: Two agents share the same environment.

The ability to handle sounds and images, togethe‘r wi.th
the possibility of having several users physically in dif-
ferent places, simultaneously sharing the same Vn:tuell
space, is an interesting metaphor of communication.

Congress Hall

Cinema

so that they can speak, hear and move around.

Figure 6: Several agents can interact in the same artificial environment through microphone, headsets and joystic
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Figure 7: System architecture

Moreover the limits and failures of traditional commu-
nicating systems, such as videophone and telelectures,
are overcome (Fig. 6).

A fundamental aspect of artificial realities are the co-
gnitive relations connecting the user to the artificial
world. The laws governing these connections, given the
artificial nature of the environment, can be chosen in
an arbitrary way. We therefore believe that such reali-
ties might be used as laboratories in the study of beha-
vioural features of Man in communication, perception
and cognition (Gardin 90).

Moreover, the basic sound propagation model can be
modified, so that additional properties can be added to
sound. As an example of what we mean by this we can
think of sound waves propagating along contours of ob-
jects, so that each time we get close enough to an ob-
ject we perceive such waves and can follow along the
surface of the object the propagation paths. A second
example can be represented by the notion of sound
tracks, namely sounds that stick to the first object they
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hit, and are reflected repeatedly only for a very limited
distance: a room will store all conversations that took
place within it. By changing the properties of the mo-
del we can generate familiar objects such as tape re-
corders, or megaphones, but also completely new
objects such as

3. SYSTEM ARCHITECTURE

The architecture which has been devised for the system
is shown in (Fig. 7). Since a MIDI interface for the Si-
licon Graphics workstation wasn’t available, control has
to be transferred to a Macintosh, which in turn is inter=
faced to the MIDIL

The next step, after the conclusion of the experiment
with the current sound propagation model, will proba-
bly be developed on a single workstation directly inter-
faced with the MIDI.

4. CONCLUSIONS

The project described in this article represents a first
step towards the creation of realistic artificial realities,
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where sound is combined with 3-D images, making in-
teraction possible among users sharing the same envi-
ronment. Although the proposed sound propagation
model is very simple we hope it will capture the essen-
tial cognitive features of sound as we experience it in
the real world. As for any component of an artificial
reality, sound can be modified in such a way that
unique properties are made possible.

Eventually a network of sound worlds, soon not just
confined to rooms but also encompassing buildings and
small towns, will represent a first step towards a new
form of human communication.
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