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Abstract

This paper describes the AD REM research and development initiative. The concept of ‘exe-
cutablemedia isintroduced as an object-oriented extension of conventional multi media. Based on
executable media, an architectureisproposed to support access to distributedinformation resources.

1 Introduction

Over thelast two or three years, the concept of Multi Media (MM) has aroused a tremendous growth of
interest, bothfrom theside of applicationsand from the side of research and devel opment initiatives. The
inherently multi-disciplinary nature of MM has drawn a host of researchers from various backgrounds
(computer architecture, user interface design, the visual arts, computer graphics) to assess the added
valuesof MM and to enhance the functionality of traditional information mediaby means of integration
and multi-modal access. The AD REM research initiative, to be discussed below, aims at bringing to-
gether research results and proposing unifying paradigms for further development of MM applications.
It derives from known principles and techniques that are used in present day MM-applications, and it
introduces new extensions thereto. The integration of these principles and techniques into a working,
demonstrable, and potentially commercialisable system is seminal to the AD REM project.

In order to describe the central ideas of AD REM, and to contrast these with current MM concepts,
this document first contains a short list of definitions of MM-related concepts in section 2. Next, in
section 3, some properties of current MM are discussed where an emphasis is put on the inherent lim-
itations. Section 4 lists some extensions to the current MM concepts that might alleviate these short-
comings. To contrast the AD REM-view to MM with current MM, we introduce the term * executable
media’, an extension to the traditional information exchange media based on object-orientedness and
distributed resources. This leads the way to an introduction of the AD REM project in section 5. This
section focusses on the organisation of AD REM and the relation between AD REM and other MM-
related research initiatives. Finally, section 6 gives a somewhat more detailed account of the current
state of AD REM and the new sub-projectsthat have been defined now.

*The Latin expression ‘ad rem’ translates to 'to the point’.



2 Presentday MM —asummary of concepts
Present day MM -applications have resulted from some recent technological developments:
¢ high performance PC’s with high resolution raster graphics displays have become available;

¢ the CD-ROM asinformation carrier has been introduced:;

the JPEG and MPEG standards for efficient image and video compression have become widely
accepted;

audio cards based on MIDI and other standardsfor the exchange of digital sound and music have
become a standard devicein most PC's.

Apart from these technol ogical innovations, the development of MM in the commercial market can
be explained by the following observations:

o itisreatively cheap to produce, reproduce, and distribute MM-documents (see bel ow for the def-
initionsof MM-related terminology);

e itrequiresrelatively little specialised technological knowledge to creste MM-documents,
¢ graphical and audible presentation of information is highly appreciated by a broad audience;

¢ interactive computer games aready had gained an immense popularity; many MM-applications
are (deliberately) reminiscent to computer games.

TheMM phenomenon took shapein arelatively short time asaresult of theturbulent interaction be-
tween market and technology. Therefore, nowidely accepted definition of MM has emerged yet. Facing
therisk of ignoring many relevant and promising recent developmentsin the periphery of the MM-field,
in this paper we consider MM as a combination of the following concepts.

MM -platform : acomputer with hardware for high-quality reproduction of image and sound together
with

— aCD-ROM player for so caled loca MM-applications, or

— anetwork accessfor so called remote MM-applications (e.g. Internet accessviaMosaic for
World Wide Web applications).

MM -item : atext, image or sound fragment, a video/animation fragment or an interaction widget. An
interactionwidget isagraphical control device such asapush button or aslidecontroller, allowing
an MM-user (see below) to navigate through an MM-document (see below).

MM-document : acollection of coherent MM-itemsin combination with an MM-dial og structure (see
below) defined on top of them.

MM -player : the computer program running on an MM-platform to disclose the information in an
MM-document to an MM-user. This takes place in a dialogue with the MM-player according
to the dialogue structure encoded in the MM-document.

MM -dialogue structure : aset of rules defining the effect of interaction of the MM-user with each of
the interaction widgets. Also the timing and synchronisation of the several MM-items withinthe
MM-document are controlled from within the MM-dial ogue structure.



L ocal MM -application : an MM-application that runson astand-alone MM-platform, wherethe MM-
document (and optionally a so the required MM-player) are loaded from the locally present CD-
ROM player.

Remote MM -application : an MM-application whose MM-items are distributed and loaded from a
network. At any time, only parts of the MM-document need be resident in the MM-player. Typ-
ically, the required MM-player is part of thelocal environment, but services can be provided by
remote processes.

MM -user : apersonwho retrievesinformation from an MM-document viathe MM-dia ogue structure.

MM -author : aperson who assembles an MM-document, making use of an MM-authoring tool (see
below), which is intended to be played by a given MM-player. Assembling an MM-document
comprises collecting and installing MM-items, and specifying the MM-dial ogue structure.

MM -authoring tool : acomputer program for assembling MM-documents.

Current MM-media : text, (still) images, video/animation, sound, digitally encoded music. These
media are connected in a coherent manner by means of the dialogue as it executes under control
of the MM-player.

3 Propertiesand limitations of current MM -applications

From the previouslist of definitions, we can conclude some properties and limitations of current MM.
Phrased in key words, these are the following.

Statical : an MM-document isencoded in aCD-ROM or on an FTP-server and it cannot change during
an MM-dialogue. Only the order of access of the severa MM-items of the MM-document may
change under control of the MM-dialogue.

Uni-directional : except for the information of the MM-user to direct the MM-dia ogue viathe inter-
action widgets, al information is directed from the MM-document to the MM-user.

2-D : theimages and video/animationfragmentsin most current MM-applicationsare 2-D. Thismeans
that the MM-user has no control over camera standpoints or illumination conditions.

Non-programable : during an MM-session, the MM-player is conceptually the only computer pro-
gram running. The hard wired functionality of this MM-player therefore fully determines the
functionality of the MM-application. Moreover, theinstruction set of the MM-player istypicaly
restricted to instructionsfor showing texts, images or video fragments and playing sound frag-
ments or music scores. Therefore, the action repertoire of an arbitrary MM-application islimited
to a sequence of these kinds of actions, possibly affected only by user commands intermediated
viathe interaction widgets.

Hard-wired data-retrieval structure : to disclose MM-items in an MM-document, the MM -author
installsso caled links in the MM-document, mostly coupled to interaction widgets. These links
comprise (conceptually) a hypertext structure, and thisis the only available structure to retrieve
information from the MM-document.



4 Possible extensions of the MM-concept: executable media

Asan extension of the current MM-concept we proposethe introduction of executable media. The MM-
concept, thus extended, will be denoted as EM to avoid confusion. Executable media are a means to
dleviate the limitationslisted in section 3. The crucial aspects are introduced bel ow.

Dynamic : There exist two ways to escape the invariability of current MM-documents:

¢ by means of computation: in current MM, MM-items contain canned information in the
form of files. By constrast, an EM-item can be seen as a process that may perform com-
putations and thus may exhibit an autonomous behaviour, maybe interacting with the be-
haviours of other EM-items and/or the EM-user. Examples of the resulting enhanced flexi-
bility are computer games, such asflight simulators, where the displayedimagesare not pre-
recorded on CD-ROM, but are computed as a function of the (time-dependent) behaviour
of the player. A standard type MM-player however, is not capable of doing arbitrary com-
putations. Therefore, applications such as flight simulators are not reckoned to be standard
MM -applicationssuch asencyclopediaand moretraditional adventuregames. Withthe EM-
player asintroduced in section 5, however, arbitrary computations and hence arbitrary sim-
ulations can be programmed. Therefore we will use the flight simulator as our running ex-
ample throughout this section.

¢ thesecond meansto escape the static nature of current MM-documentsisto offer an ‘ under-
water’ link to the global network. Viathislink, the information in an EM-document can be
updated on-the-fly. For aflight simulator, this may mean for example the following. Sup-
pose we approach JFK Airport in New York. Then in order to give an increased touch of
reality to the simulation, the current weather conditions above New York are obtained via
an automatic query to a meteorologic database in that region. One step further is that the
planes and flight manoeuvres of other players, anywhere on the global network, are brought
into view as well. This option of real-time updates of EM-applications via the global net-
work implies that an EM-document, once purchased, is actually equivalent to a life-long
subscription on an ever-lasting information source. Moreover, since theinformationthat is
communicated to an EM-player consists of executable objects rather than traditiona static
files (see below), the behaviour of EM-applications also may be extended long after they
have been first installed.

Multi-directional : Because an EM-player may execute arbitrary computations (simulations), con-
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trolled by input from the EM-user, and because a transparent link to the global network is part
of the EM-concept, theinformation stream istruly bi-directional. Thismeans that groupware ap-
plications (where several users can explore and modify the same application domain where they
are real-time visually informed about each other’s actions) are inherently supported by the EM-

concept.

. In the case of aflight simulator, it iscrucia that the simulated world may be viewed from arbi-

trary spatial directions. It isnot feasible to offer al possible views as pre-computed 2-D images
in an MM-document. Instead, a 3-D model of the geometry of the simulated scenery is present
as EM-items, and the required views are generated on the basis of thismodel. Thisis possible
if the computer, running the flight simulator, is equipped with sufficiently efficient 3-D graphics
hardware and software to compute a real -time conversion of a 3-D geometric model to a 2-D im-
age. We assumethat the proposed EM-player possesses thesefeatures (which are becoming quite
common nowaday's).



Programmable : In contrast to a conventional MM-player, the EM-player is freely programmable,
changeabl e and extendable even during arunning simulation. To thisaim, an EM-document con-
tains both standard MM-items and code fragments for the EM-player. The code isinterpreted by
the EM-player. It may contain instructionsto do computations, instructionsto redefine existing
functionality of the player, and instruction to extend its functionality. These code fragments may
beread during arunning EM-session from alocal EM-document or communi cated over theglobal
network link.

Effectively, thereisnolonger adistinctionsuch as between an MM-document and an MM-player:
an EM-document may contain extensions or modificationsto a‘standard’ EM-player in order to
customise it for obtaining task-specific behaviour. Conversely, EM-items may be generated on
the spot by dedicated methods, part of acustomised EM-player, and unlikeMM-items, they don’t
have to be resident a priori in the EM-doccument.

For exampl e, consider aconventional MM-document on the classical Greek civilisation. An MM-
item in this context could be a digitised photo of the Parthenon. The EM-eguivalentisa 3-D ge-
ometric model of the Parthenon. This means that the EM-user may enjoy a full walk-through,
zoom in on arbitrary details (as far as they occur in the 3-D model) and ook at them from arbi-
trary directions. He may adjust the light conditions at wish. Next he may want to verify how the
Parthenon would look with Dorian columns instead of lonian columns. All necessary functions
(e.g. to implement interactive walk-throughs to explore 3-D geometric scenes) could be coded
as part of the geometric model, or they could be suitably installed extensionsto the generic EM-
player, to customiseit (in thisexample) for thetask of a*virtual environment viewer’ . In the case
sufficient attributes are present in the 3-D geometric model the MM-user may want to establish
such issuesas the centroid of thetemple or the distribution of the roof’sweight over the columns.
Also, if adequate dynamic simulation and collision handling capabilitiesare installed, he may ex-
periment with the effect of pushing over one of the corner columns. Thisall can be realised by
interpreting code fragments in EM-items from the EM-document. Finally, the exchange format
of these geometric EM-items has to be sufficiently generic in order to import the Parthenon in-
cluding its full behaviour in the flight simulator discussed above, or to let it serve in atraining
application for Urban Design and Planning.

Variabledata-retrieval structure : Every EM applicationisembedded in aworld wide network struc-
ture via a transparent global network link, with sources of information that may be valuable for
agiven application. Also, the information fragments that are communicated over the global net-
work from one EM-player to another may posses both a static information contents and a dy-
namic, autonomous behaviour, provided by code fragments. Thereforeit isan attractive optionto
consider sophisticated ways to perform remote data queries. In particular, one can imagine that
queriestrigger agentsthat search the global network in an autonomousway to retrieve desired in-
formation, and, using pattern matching methodsor other (application dependent) techniques pos-
sibly derived from artificial intelligence, interrogate remote information sources. In some cases,
thismay go unnoticed by EM-users who are engaged in EM-dia ogues with some of theinvolved
EM-players.

5 Introduction tothe AD REM-project

The AD REM project hasitsrootsin one of the sub-projectsof an earlier project: amajor joint research
program (the so called DenK project, [Bunt 92], [Ahn 94], [Ahn 95]) by the IPO, TUE and KUB in
multi-modal human-computer interaction based on a cooperative agent model. In the context of DenK,



Eric Peeters and co-workers built the GDP anymation system, and developed the language LOOK S™
(Language for Object Oriented Kinematic Specification, see [Peeters 93a], [Peeters 94], [Peeters 95]).

Many of the proposalsin section 4 depend on the availability of an EM-player that is on-the-fly
extendable, modifyable and freely programmable. A second seminal ingredient is the availability of a
standardised format for the exchange of information (in Object-Oriented terminology: attributes) and
executable code and procedure calls (in Object-Oriented terminology: methods and messages). The
GDP, devel oped in the Eindhoven Computer Graphics group [Peeters 95] isafirst implementation of a
prototype EM-player according to the previously discussed principles. It isasoftware system that inter-
prets and executes fragments of script written in the language LOOKS in order to generate interactive
computer animation sequences.

The LOOK S language is an Object-Oriented prototype of the exchange format for information and
codeasintroduced above. The GDPincombinationwith LOOK Sdemonstratesall of the abovefeatures,
albeit that the current implementation may not be sufficiently efficient, robust, and versatile to accom-
modate with industry standard quality criteria Also, system classes still have to be added to the GDP
in order to support the full 3-D geometry, user interaction, dynamic simulation and network capabilities
wealuded to in section 4.

Some of the most important properties of LOOKSGDP that are implemented thus far include the
following:

¢ Object-orientedness, including genericity, multiple repeated inheritance and redefinition.

¢ Asynchronouscommunication of language fragments, viz. classdefinitions, object i nstantiations,
en method calls. All of such LOOKS fragments may be sent to a running GDP (EM-player) and
they have immediate effect after successfull parsing has been completed. This makes the EM-
player programmable as introduced in the previous section.

¢ Runtime dynamically linkable system classesin pre-compiled code for higher performance. The
exchangeformat hasto be platformindependent, and thereforeit hasto beinterpreted. Thisyields
non-optimal execution performance, which isremedied by compiled code (at the expence of plat-
form independency).

¢ A largeand increasing collection of system classesfor 3-D geometry, including kinematics, some
simple forms of kinematic control (pseudo inverse kinematics, [vO93b]), dynamics (using the
methods from [vO94], [Overveld 94]), user interaction based on traditional windows and (soft-
ware) event processing.

o Multi-user access. a GDP may be wired to several input channelsto receive LOOKS fragments
from several active agents affecting the same running simulation. Moreover, each of these agents
may have hisown window withanindependently controlled synthetic camerato provided multiple
views on the simulation in progress.

¢ Pseudo concurrency with a discrete-time based synchronisation mechanism.

6 Stateof theart of AD REM; detailed description of the sub projects

In order to arrive at aprototype AD REM system with full demonstratabl e functionality, compl etion of
the GDP/LOOK S combination has been adopted as the common prior interest project of the Eindhoven
Computer Graphics Group. Now that the first implementation of the GDP is available and the LOOK S
1.0 language definition has been released, the project definition isbased on amodel of loosely coupled
functional components. These components come in 2 categories: generic and specific components.
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Generic components. The heart of the GDP is a parser/interpreter for the object-oriented language
LOOKS. This subsystem maintains two internal data structures: atable containing all currently
defined classes with, for each class, pre-compiled representations of the methods of that class;
and atable containing al currently instantiated objects.

Theclasstableisinitialised with al so called system-classes: the classesthat implement the ba
sic functionality of the GDP (including standard variable types, vector algebra, geometric model
representation, kinematics, dynamics, user interaction, viewing, rendering, etc.). Duringruntime,
the contents of the class tableis extended with new class definitionsthat are communicated to the
running GDP as fragments of LOOKS code. These new class definitionsmay inherit from earlier
classes, methods may be redefined, etc.

The abject table contains al instantiated objects. Objects may be instantiated as a side effect of
the execution of amethod, or afragment of LOOK S code may contain an instructionto instantiate
anew object during runtime. The time dependent behaviour of objectsisdictated by the (pseudo
concurrent) execution of methods. Again, a method may start execution as a result of another
method or as the effect of afragment of LOOKS code, issued during runtime.

Generic components of the AD REM project include:

¢ systemintegration (i.e. sufficiently versatile and coherent system classes),

¢ softwareengineering aspects (separating platform dependent functionality, modul arity, port-
ability aspects),

¢ softwareinterfacing and file format conversionsto accommodate linksto other systemsthat
offer conventional MM-services and/or 3-D geometric data exchange,

¢ testing and (small) demo applications,
¢ communication with possible customers and/or users.

Specific components. The specific components include: (1) management of (geometric) constraints;
(2) geometric datastructures for efficient management of large 3-D scenes, including the detec-
tion of collisions of moving geometric objects; (3) more sophisticated methods for user interac-
tion with complex geometric scenes where objects may be moving; (4) kernel engineering (the
internal execution mechanism, inter-process communication, event management, the internal as-
pects of constraint management); (5) dynamic simulation (the simulation of kinematic and dy-
namic systems, rigidity and inertia effects, collision response, dynamic constraints); (6) network
aspects (data encapsulation, i.e. the way to embed traditional MM-items in LOOKS fragments,
protection for multiple writable data, protocolsfor negotiation and communication between two
possibly differently configured GDFP's, information hiding issues, synchronisation).

In the roughly 10 man-years of development effort of GDP/LOOKS, most of the above items have
received attention, and the current GDP implementation contains at |east rudimentary functionality in
most of the above areas. Below we give a more detailed account of the current status and the initiated
sub projects of AD REM:

(1) geometric constraints Asyet, alimited class of geometric constraints to govern the motion of ar-
ticulated linked rigid objects is supported. Both hard constraints ([Overveld 92] [vO934]) and
soft constraints ([vO93b]) for the six main types of object-object connections (telescope joint,
revolute joint, cylinder joint, sphere joint, helix joint and planar joint) are solved by relaxation.
Some added functionality includes range limitsand (rel ative) vel ocity limits, and non-trivial con-
trol agorithms can be built on these functions. The new research encompasses the design and
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implementation of a framework for the management of different types of constraints, loops in
the constraint network, and overconstained and underconstrained specifications [Veltkamp 94].
Theideaisto exploit the structure of the constraint network [Freuder 94] by grouping clusters
of constraints and variables into higher-order constraints [ Tyugu 94] which may be satisfied by
specialized solvers.

(2) geometric datastructures The current datastructurefor geometric scenes supportsdynamic hierar-
chies. That is, hierarchical relations(similar to PHIGS [Blake 93], [(ANSI) 88]) may be specified
between rigid components. The geometric relations between parents and children can be any of
the abovejoint types plusarbitrary affine transforms. Moreover, these hierarchical relations may
be dynamically changed. In the proposed research, efficiency aspects of this data structure will
be taken into account, where we focuss on two main issues:

e paging strategiesto restrict thesize of theresident datastructureto contain only the currently
visible portions;

¢ spatial indexing strategies to support rapid overlap detection (cf. [Boyse 79], [Dobkin 83],
[Hopcroft 83], [Uchiki 83], [Preparata 85], [Hahn 88], [Moore 88], [ Samet 90], [Zyda 93],
[Garcia-Alo 94], and variationsthereof) and collision detection of the (assumed polyhedral)
rigid componentsin a scene.

(3) user interaction with changing scenes The interaction functionality in the system classes of the
GDP consists of the traditional window, panel, menu, and button style interaction, together with
the associated event management and callback machinery, plus selection and navigation in the
synthetic image by means of a 3-D geometric manipulation widget (3-D cursor) [vO89]. In the
proposed research, thefunctionality of thiswidget will be significantly enhanced with arepertoire
of navigation, selection and manipul ationmodes. The control of thewidget will be madetranspar-
ent with respect of the applied physical device (either mouse, 3-D mouse, 6-D bat, or data glove).
Earlier work on interaction with dynamic animationsis[Ball 94]; see also [Strauss 92].

(4) kernel engineering The GDPkernel isengineered round avirtual machinewhich drivesthe pseudo
concurrent method calls, and the mai ntenance of classand object tables. In the proposed research,
the kernel will aso be responsible for constraint maintenance. We are working the friction be-
tween the global and compelling nature of constraints and the data encapsul ation and information
hiding principles of Object-Orientedness [Blake 91]. To solve this friction, we propose a strict
separation of the communication schemes for constraint handling from the normal communica-
tion between objectsby message passing [Veltkamp 93] [ Ve tkamp 95]. Communi cation between
constraint and the object is done via events and data-flow. The LOOKS interface to define con-
straintsin adeclarative stylehasto beelaborated. Furthermore, somere-engineering will improve
the memory efficiency of the GDP aswell as reduce the call overhead due to the dynamic alloca-
tion of intermediate internal objects.

(5) dynamics For some types of dynamics constraints (point-to-point, point-to-world and line hinge
joints), the current GDP supports numeric machinery based on relaxation that evaluates the mo-
tion equations associ ated with the effects of inertia, external forces and reaction forces (based on
[vO94], [Barenbrug 94]). Still, much can be gained both in terms of compuational efficiency and
(language) interface versatility. The proposed research will focuss on, on the one hand, enhanc-
ing the repertoire of dynamic simulation features (e.g. massless components, friction, collision
handling, ropes, more sophisticated dynamics constraints) and on the other hand on more effi-
cient numerical techniques (iterative techniques, approximations based on perturbation methods)



to handle the sets of coupled agebraic differential equations that implement the dynamic simu-
lation. Earlier work on the simulation of dynamical systemsincludes[Witkin 90], [Metaxas 92],
[Barzel 88|, [Herr 90], [Isaacs 87], [Isaacs 88], [Haumann 88], [Wilhelms 88], [Armstrong 85],
[Haug 84], [Platt 92].

(6) networking Currently, multi-user access to the GDP has been implemented via a software switch
internally based on UNIX pipes. This supports configurations where one GDP communicates
with 2 separate users. For a much more advanced multi-GDP network, the connection between
these switch boxes and the underlying global network requires protocolsfor synchronisation, data
encapsulation, remote procedure calls, and routing. Other relevant aspects are protection against
method calls to non-existing remote objects, instantiation of objects from non-existing remote
classes, and attempts to define classes that inherit from non-existing remote classes. Earlier work
on distributed interactive systemsis reported in [Buchanan 92], [Gibbs 92], [Brondmo 91], and
[Liestol 94].

The current AD REM development team (the Computer Graphics group of Eindhoven University
of Technology) possesses sufficient knowledge and experience to handle all of the above design and
implementation issues. Nevertheless, a much faster progress of the development of afull-fledged AD
REM system, abroader functionality, and more advanced implementation technology for such issuesas
network aspects and system architecture, can be assured if connections with other research initiatives
can be established.
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