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Abstract 

This article summarizes the main results of a joint endeavor towards a standard reference model (SRM) for intelligent 
multimedia presentation systems (IMMPSS). After a brief motivation, we give basic definitions for media terms and 
presentation systems. The core of this contribution is a generic reference architecture that reflects an implementation-inde- 
pendent view of the processes required for the generation of multimedia presentations. The reference architecture is 
described in terms of layers, componenrs, and knowledge sewers. Our SRM focuses on the funcG~~ assigned to the layers 
and components, rather than on the methods or communication protocols that may be employed to realize this functionality. 
Finally, we point to some possible extensions of the reference model. 0 1997 Elsevier Science B.V. 
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1.1. The need for intelligent multimedia presentation 
systems (IMMPSs) 

The acceptance and utility of a broad range of 
application systems is substantially affected by their 
limited ability to present information in an effective 
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and appealing way to human users. Rapid progress in 
the development of multimedia technology promises 
more efficient forms of machine/human communi- 
cation. However, multimedia presentation design is 
not just a matter of merging output fragments, but 
requires fine-grained coordination of communication 
media and modalities. This may even become a 
harder and more complex task than solving the appli- 
cation problem. Furthermore, in the vast majority of 
nontrivial applications the information needs will 
vary from user to user and from situation to situa- 
tion. Consequently, a presentation system should be 
able to flexibly generate various presentations for 
one a.nd the same information content in order to 
meet the individual requirements of users and situa- 
tions, the resource limitations of the computing sys- 
tem, and so forth. 

As the need for presentation flexibility grows, 
‘manual’ authoring and preparation of presentations 
becomes less and less feasible. Starting from this 
observation, the development of mechanisms for the 
automated generation of multimedia presentations 
has become a shared goal across many disciplines. 
To ensure that the generated presentations are under- 
standable and effective, these mechanisms need to be 
intelligent in the sense that they are able to make 
appropriate design decisions based on presentation 
knowledge and contextual knowledge, and to manage 
the various interdependencies between choices. 

1.2. ‘The need for a reference model for IMMPSs 

During the last decade, some research and devel- 
opment effort has been directed toward automated 
multimedia presentation generation (e.g. [ 1 I). There 
are already examples of successful technology trans- 
fer from research lab prototype systems to industrial 
applications including, for example, the generation 
of assembly sheets for electrical circuits [2], and 
interfaces for traffic management systems [3]. How- 
ever, no generic mode1 for IMMPSs has emerged. 
Projlects typically begin from scratch, relying only on 
the past experience of the developers and the reports 
of other researchers. Consequently, there is often 
replication of results, limited reuse of previous solu- 
tion:s, and limited synergy among parallel ongoing 
efforts. Furthermore, there is no agreement on the 
terminology to be used, on the functional definition 

of an IMMPS, or on a generic architecture that 
reflects an implementation-independent view of the 
processes required for the generation of multimedia 
presentations. 

By proposing a standard reference model, this 
article tries to fill a major methodological gap by 
providing a sound basis for ongoing and future de- 
velopment of IMMPSs. Throughout the rest of the 
article we adopt ‘SRM’ as an abbreviation for 
‘standard reference architecture/model for 
IMMPSs.’ 

There are several advantages to agreeing on a 
reference model. The development and the analysis 
of systems would benefit from a uniform approach to 
the problem. The modular development of large-size 
programs would be feasible, as each module has a 
well defined role, with well defined interfaces and 
communication protocols with the other modules. 
From a theoretical point of view, the analysis and 
comparison of systems could be made on the basis of 
a single general architecture and by means of a 
common terminology. These considerations are uni- 
versally valid for any reference model. In the case of 
IMMPSs, however, they assume a deeper signifi- 
cance, as the literature is especially confusing with 
respect to basic terminology. 

We also argue that existing general reference 
architectures for user interfaces and user interface 
management systems (UIMSs) are not sufficiently 
detailed to capture the structure of IMMPSs. For 
example, the Seeheim model [4] has gained consider- 
able popularity among user interface designers. As 
shown in Fig. 1, the Seeheim model consists of three 
components: an application interface component, a 
dialogue control component, and a presentation com- 
ponent. The application integuce component repre- 
sents those data structures and functions in the appli- 
cation that are relevant to the user interface. The 

Fig. 1. The Seeheim reference model for UIMSs. 
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dialogue control component oversees the user-appli- 
cation dialogue, mapping information between the 
application interface and the presentation compo- 
nent; for example, by encoding the range of possible 
dialogue as recursive transition networks, BNF 
grammars, or events. The presentation component 
controls the display and interaction devices, deter- 
mining how and where information is presented to 
and obtained from the user. It is the only part of the 
model Ithat has any dependencies on the devices, 
media, and modalities used. 

Other more recent architectures have refined the 
Seeheim model. For example, the ARCH model [5] 
explicit1.y separates the presentation component from 
its general purpose interaction toolkit, and partitions 
the application interface component into a domain 
specific component and an interface with the dia- 
logue component. Because of their generality, how- 
ever, the Seeheim model and its descendants do not 
provide any guidance for describing an IMMPS, 
except insofar as the IMMPS’s tasks would be di- 
vided among the high level components. 

An (early attempt to extend and elaborate the 
Seeheim model specifically for IMMPSs was devel- 
oped and presented at the 1988 Workshop on Archi- 
tectures for Intelligent Interfaces [6]. Its application 
inter$ace component formulates a set of goals to be 
accomplished by the rest of the interface. These 
goals are presented to a knowledge based dialogue 
design component, which replaces the Seeheim 
model’s dialogue control component. The dialogue 
design component plans how to accomplish the goals 
by determining what information to present, working 
at a level above that of generating material in any 
specific modality. Finally, the Seeheim model’s 
monolithic presentation component is replaced with: 
a media coordinator, which decides how to map 
informa,tion to modalities and oversees generation; a 
set of media experts, which design for each sup- 
ported modality; a media layout component, which 
determines the size and position of the material 
designed by the media experts; rendering, typeset- 
ting, and interaction components, which use conven- 
tional graphics, text, and interaction handling soft- 
ware to realize the generated presentation; and de- 
vice-dependent display and interaction hardware 
components, which interface with the actual devices. 
A set of knowledge sources accessible to the compo- 

nents includes: models of the user, the current situa- 
tion, and the display and interaction hardware; a 
history of the current and previous sessions; and 
application-specific knowledge. While some of this 
structure is reflected in the reference model devel- 
oped in this article, the earlier model was proposed 
as a strawman, representing only a single researcher’s 
experience, and doesn’t attempt to formalize the 
internals of its individual components. 

1.3. Scope of the SRM 

Our reference model is targeted towards the class 
of systems (or components of superordinate systems) 
whose task is to flexibly present information to the 
user in an effective way. We use the word ‘effective’ 
to mean that the specific information needs of the 
individual user are met, given a set of presentation 
constraints, such as resource limitations and the user’s 
knowledge and stylistic preferences. There are some 
applications that are sufficiently constrained that au- 
tomated presentation design would not provide any 
significant added value. Instead, we focus on appli- 
cations with sufficiently complex presentation tasks, 
such as medical, educational, or industrial systems, 
which present large amounts of complex information 
to users with a wide range of knowledge, skills, and 
tasks, in a variety of changing environments and 
situations. 

We assume throughout that a human user is the 
addressee of a generated presentation. While, in 
principle, the addressee could be any external entity 
that is able to interpret the presentation, we choose to 
ignore the question of whether some other form of 
communication might be more effective and efficient 
if the entity were another computer system. 

We have explicitly decided not to address a more 
general class of systems: intelligent multimedia dia- 
logue systems, which analyze multimedia input from 
the user, in addition to generating multimedia output. 
While we consider this generalization desirable, it is 
beyond the scope of this effort. However, excluding 
full-fledged intelligent multimedia dialogue systems 
from the discussion does not necessarily mean ex- 
cluding interactivity completely. Many interactive 
systems provide interaction facilities that do not 
require deep analysis of user input. Examples include 
hypermedia systems in which pointing gestures are 
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associated with commands, and systems that obtain 
user input through menus or a command language. If 
a multimedia system supports simple input of this 
sort, but performs intelligent presentation processing, 
then wle consider it an IMMPS, rather than an intelli- 
gent multimedia dialogue system. 

Finally, we stress that the reference model is 
intended to fit reul systems. However, this does not 
necessarily mean that the proposed architecture has 
to be followed in an implementation. The reference 
model simply provides a logical view of the generic 
tasks that occur in multimedia presentation genera- 
tion. 

1.4. U,nderlying design rationale 

Having identified the class of systems to be cap- 
tured by the model, we turn our attention to the 
general guidelines that underly our design decisions: 
adequate modularization, appropriate degree of ab- 
straction, identification and classification of knowl- 
edge !sources, modeling of shared sources using a 
client--server paradigm, and openness to other stan- 
dards. 

Adaequate modularization. To facilitate the devel- 
opment and comparison of practical large scale sys- 
tems, the reference model must represent a modular- 
ization of a generic process for multimedia presenta- 
tion generation. Ideally, this modularization should 
break down the generation process into logically 
distinct and computationally feasible subtasks. 

Appropriate degree of abstraction. The reference 
model should reflect the unique characteristics of 
multimedia generation, while remaining general 
enough to capture the whole class of IMMPSs. It 
should be sufficiently abstract that it does not specify 
the exact mechanism needed to accomplish an indi- 
vidual generation subtask, or the exact format needed 
to represent a particular kind of knowledge. 

Identification and classification of knowledge 
sources. Since intelligent presentation design is a 
knowledge-intensive task, the reference model should 
include the basic set of different knowledge sources 
that are required for multimedia presentation genera- 
tion. The reference model should also make clear 
how processes and knowledge sources are related to 
each other. In particular, prinate knowledge sources 
(i.e., sources for which a single owner component 

can be identified), should be distinguished from 
shared sources that are used by several components. 

Modeling of shared sources using a client-semer 
paradigm. To facilitate knowledge sharing (in the 
generic architecture, as well as in concrete system 
implementations) shared knowledge sources should 
be modeled using a client-server paradigm. Such 
sources will be referred to as expert modules, and 
are designed to serve requests from client modules, 
possibly belonging to other systems. 

Openness to other standards. Multimedia genera- 
tion comprises subtasks that have been treated in 
other disciplines. Therefore, the model should be 
open so that it can be used in conjunction with 
existing or potential standards in these disciplines. 
For example, the Computer Graphics Reference 
Model [7] may be used to instantiate the subcompo- 
nent for graphics display in the generic architecture 
of our model. Results from the PREMO [8] standard- 
ization initiative may be used for both the descrip- 
tion of media objects and an object-oriented concep- 
tualization of the proposed reference architecture. A 
standardized language could be used to exchange 
knowledge among components, such as KQML 
(Knowledge Query and Manipulation Language [9]). 
Conversely, the reference model can itself become a 
component of a superordinate model that includes a 
user interface. 

2. Basic notions 

We begin by defining basic terminology ’ for 
multimedia presentation design and corresponding 
computational implementations. 

2.1. Terms related to media and modalities 

There is much confusion in the literature over 
what is meant by the term medium and its plural 

s Caution: The authors are aware that the definitions given here 
may not be compatible with the meanings that other authors have 
assigned to the same concepts. However, most of our definitions 
are borrowed from, or at least in the spirit of, the cited source 
documents. Also, we do not make any claims for completeness, 
but have instead restricted ourselves to introducing only those 
terms that are needed to serve as a basis for defining the reference 
architecture. 
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media. One reason for this misunderstanding is that 
these terms are used with different meanings in 
different contexts, such as semiotics, psychology, 
telecommunications, and computer science. The 
closely related term modality is a similar source of 
confusion. Some authors use medium and modality 
as synonyms, while others tend to reserve modality 
only for input (to be processed by a machine inter- 
preter), and medium only for output (to be produced 
by a machine generator). It is not our intention to 
provide the ultimate solution to the medium/modal- 
ity debate across all disciplines. Rather, our use of 
terms results from a pragmatic ‘merge’ of different 
approaches. Our view of the medium/modality dis- 
tinction is illustrated in Fig. 2. 

The leftmost column represents a human user 
sensing an environment that includes output deliv- 
ered by dedicated display devices. Taking this view, 
we give different meanings to the term medium, 
depending on the particular focus or perspective. 

Medium as physical space to realize perceptible 
entities. With the human sensory apparatus as ‘target 
system,’ we can consider a medium as being a 
certain physical space in which perceptible entities 
are realized. As there are different types of percepti- 
ble entities (e.g., visual, auditory, haptic, and olfac- 
tory), one may use these terms for differentiating 
among media as well. Further refinements can also 
be made (e.g., to differentiate between mono and 
stereo visual or auditory media). Thus, we can char- 

acterize a medium by the physical dimensions needed 
to realize a particular perceptible entity. 

Medium as a type of information and/or repre- 
sentation format. In this view, medium refers to a 
certain type of information and/or the representation 
format in which information is stored. Examples 
include pixmap graphics, 3D scene descriptions, se- 
quences of video frames, and audio data. It is as- 
sumed that for each medium there is a dedicated 
physical device that is able to produce perceptible 
entities. That is, devices serve to display media 
objects to the user’s senses. In addition to conven- 
tional display devices, such as screens, printers, and 
speakers, more futuristic examples are possible, such 
as spatial light modulators for electronic holography, 
or devices that can produce smells. A framework for 
a characterization of media types is proposed as the 
PREMO primitive hierarchy in the PREMO standard 
(Part 4 of [lO,lll). 

While the term multimedia clearly refers to the 
use of multiple media, one has to take into account 
which meaning of media is meant. In the first case, 
one may think of a common physical space in which 
different perceptible entities can be realized (e.g., the 
simultaneous production of visible and audible mate- 
rial). In the second case. multimedia stands for a 
composition of basic media types. For example, one 
may compose a medium tiideo-with-audio from the 
two component media Cdeo and audio. A character- 
ization of composed media may include additional 

User I 

SC 

r 1 

Media I Modalities I Contents 

Devices j Objects 
2D 

“3 

text 3D graphics 

‘7 
graphics “*’ 

-2 ddeo text 7 

raw data 

I 
audible ’ audio 

3D-sound 
. . . . 

video 

dy;ic 

. . . . 

moving 
image 

music 

audible 
i acoustics 

icon 
. . . . -J 

. . . . 

thoughts/ 
ideas 

Fig. 2. The medium/modality distinction. 
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properties such as temporal relationships among the 
involved media. 

A further distinction exists between qpes and 
instances. Again, what we mean by medium is deci- 
sive. When considering medium as a physical space, 
instanti.ations are particularly perceptible entities. For 
example, a beep is an instantiation of an audible 
entity. In the other reading of media, an instance 
corresponds to a particular set of data in a certain 
format; for example, this document’s ASCII source 
file is a. media object. 

Multimedia systems research has concentrated on 
the representation, creation, storage, conversion, dis- 
tribution, and display of media objects. When deal- 
ing witlh IMMPSs, however, the information content 
of a media object and the way it is encoded must 
also be addressed. The rightmost column of Fig. 2 
illustrates what is meant by information content. If 
the author is human, information content may be an 
intellectual entity existing only in the author’s mind; 
if the author is a computer system, there must be an 
explicit representation of the information content. As 
these representations are usually not in a format that 
is directly presentable to human users, we may speak 
of them as raw data, or as knowledge structures in 
the casle of highly structured representation formats. 

To alct as bridge between information content and 
media objects, we introduce the terms modality, and 
multimodality. 

Moa!ulio/ refers to a particular way or mechanism 
of encoding information for presentation to humans 
or mac’hines in a physically realized form. Examples 
include 2D and 3D graphics, written and spoken 
natural language, music, and audio icons (For a more 
fine-grained classification of presentation modalities, 
see [121.X 

Multimodality refers to the use of multiple modal- 
ities to encode information. For example, this article 
is a multimodal presentation since it utilizes written 
text and 2D diagrams to describe the reference model. 
Note that a single medium may be used as a com- 
mon physical realization of several modalities. For 
example, the audio medium is often to convey multi- 
modal information in the form of speech accompa- 
nied by background music. 

Choosing a modality places restrictions on the 
mediurn to be used. Moreover, in many concrete 
system implementations, there may even be a one-to- 

one mapping from certain modalities to certain me- 
dia objects. Therefore, it is hardly surprising that 
modality and medium have often been used inter- 
changeably. 

In the context of this article, the ultimate goal of 
using media and modalities is to communicate to the 
user. However, the use of media/modalities may be 
further distinguished with regard to different aspects 
(e.g., sequential vs. parallel use with regard to 
time, redundant vs. complementary use with regard 
to information encoding, or irzformatiae vs. decora- 
tiue use with respect to communicative function). 

We now introduce some additional terms: pre- 
sentation, multimedia/multimodal referring expres- 
sion, and cross-media/cross-modal reference. 

Presentation refers to any composition of media 
objects that have been created for the purpose of 
communicating information to a user. Depending on 
context, we will use the term ‘presentation’ either to 
emphasize the material collection of media objects 
(i.e., presentation = document), or to emphasize the 
activity of communicating information to a user. 

Multimedia / multimodal referring expression 
means a composition of at least two different me- 
dia/modalities included in a presentation with the 
intention of referring to an object in the application 
domain. 

Cross-media / cross-modal reference means part 
of a presentation intended to refer to another part of 
a presentation, in which the referring part and the 
referenced part are realized in different 
media/modalities (e.g., text in the caption of a 
graphic that refers to a part of the graphic). 

2.2. Terms related to presentation systems 

In this section we introduce some basic terms for 
characterizing presentation systems. 

Presentation system refers to the class of com- 
puter systems that are designed for presenting infor- 
mation to users. Presentation systems perform infor- 
mation transformation processes. Depending on the 
nature and complexity of the transformation, we may 
further classify systems using the intuitively moti- 
vated distinction between those that merely display 
presentations, and those that generate presentations. 
Our focus is on generative presentation systems, 
whose behavior cannot be described by a simple 
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one-to-one mapping of input units to media objects 
that will be displayed to the user. 

Presentation goals have to be achieved by a 
presentation system, and are possibly accompanied 
by a set of presentation commands or presentation 
constraints (e.g., ‘the presentation must not exceed 
one page’) affecting the presentation process. These 
constitute the primary input to a generative presenta- 
tion system. Both goals and commands are assumed 
to be formulated outside the presentation system 
(e.g., by the user, by an external system, or by a 
superordinate component if the presentation system 
is a part of a larger system). Goals and commands 
include high-level references to collections of data 
together with the purposes (or intentions) for com- 
municat:ing information. 

Application data/knowledge provides the seman- 
tic grounding for each presentation that may be 
generated by a system. As with presentation goals 
and colmmands, it is assumed that application 
data/knowledge is part of the input to a presentation 
system (see also the rightmost column of Fig. 2). In 
other words, there must be an external source (e.g., 
an application system or a database) that makes 
available to the presentation system the application 
data necessary for achieving posted goals. 

Multimedia presentation system is a presentation 
system that employs multiple media to present infor- 
mation to the user. Again, the focus of the reference 
model is on generative multimedia presentation sys- 
tems (i.e., systems that transform presentation goals 
into mu1 timedia presentations). 

Intelligent multimedia presentation systems are 
essentially knowledge-based systems, i.e., systems 
that maintain a declarative knowledge representation 
(usually called a knowledge base) and application 
targeted computation processes that exploit the 
knowledlge base. In an IMMPS, the knowledge base 
is used to make presentation design decisions. 

The internal processes that a presentation system 
may perform can be characterized using the terms: 
content selection, media/modality allocation, and 
media/modality-specific encoding. 

Content selection refers to the process of selecting 
specific content (i.e., application data/knowledge) 
for presentation to achieve certain presentation goals. 
Content selection can be regarded as a filtering 
process. 

Media/modality allocation refers to the process 
of deciding which medium/modality or combination 
of media/modalities to choose for presenting se- 
lected content to achieve its associated presentation 
goals. 

Media /modality-specific encoding refers to the 
process of generating media objects conveying a 
specific message in a certain combination of 
media/modalities. For example, a presentation sys- 
tem may comprise dedicated generation modules for 
encoding relational data sets either by formatted 
tables, charts, or pure text. 

3. The reference architecture: Overview 

The core of the reference model is a generic 
architecture for IMMPSs. Following standard archi- 
tectural models, the building blocks of the architec- 
ture are layers, components, and connectors. A layer 
serves as an abstract location for tasks, processes, or 
system components. A component is an objectifica- 
tion of a task, function or computing process in a 
real or abstract system. Components are essentially 
characterized by their particular input/output behav- 
ior. The internal structure of a component may be 
given by means of a set of subcomponents together 
with input/output relations between these subcom- 
ponents. A connector between two entities enables 
(directed) interchange of information between them. 

Fig. 3 outlines the IMMPS reference architecture. 
Its conceptual design reflects a modularization of the 
generation process into five layers, which represent 
particular subtasks: Control Layer, Content Layer, 
Design Layer, Realization Layer and Presentation 
Display Layer. In addition to their private knowl- 
edge, the layers can exploit explicitly encoded 
knowledge provided by a separate Knowledge Server, 
which is composed of four shared knowledge sources: 
Application Expert, Context Expert, User Expert and 
Design Expert. 

The following conventions are used in Fig. 3 and 
all subsequent figures: Rectangular boxes denote 
either layers or components that form the internal 
parts of an IMMPS. Ellipses indicate external enti- 
ties with which an IMMPS may interact. The inter- 
change of information between components is re- 
flected by arrows. Double-headed arrows indicate 
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Design 
Layer 

ReaJization 
:Layer 

Knowledge Server 

Fi::. 3. The standard reference architecture for IMMPSs 

bidirectional information flow. Dashed arrows indi- 
cate optional interaction channels to external parts. 
To indicate exchange of information between some 
interncal components of a layer and another entity 
outside the layer, we use arrows that point to the 
interior of the layer but not specifically to one of the 
subcomponents. Throughout the rest of the article we 
treat references to the SRM’s layers and components 
as proper names starting with capital letters. 

3. I. Inteifaces to external entities 

It is quite common to describe systems with 
respect to their input/output functionalities. As a 
first step, we have to clarify the boundaries between 
the components of the SRM and external entities. 

Presentation goals and commands form the trig- 
gering input to an IMMPS. As goals and commands 
are processed through the layers together with appli- 
cation data/knowledge, they are eventually trans- 
formed into presentations composed of media ob- 
jects. This view is reflected in Fig. 3 through the 
ellips(es labeled Goal Formulation, Application, and 
User (the presentation consumer). 

Although in many concrete system implementa- 
tions Application and Goal Formulation and are 
combined as a single component, we have separated 
them to distinguish between the availability of appli- 
cation knowledge/data, and the use of that knowl- 
edge/data to satisfy presentation goals. While we 
assume the presentation consumer is a human user, 
goal formulation may be done either by a human 
(e.g., using a keyboard to type in goals, or selecting 
predefined goals from a menu) or a computer. We do 
not further distinguish whether or not the presenta- 
tion con.sumer and the goal formulator are identical, 
although this should be reflected in the user model of 
a concrete system. 

As presentation systems are typically not stand- 
alone applications, but parts of user interfaces to 
complex systems, they often have interfaces to exter- 
nal components. For example, an IMMPS may ac- 
quire knowledge from external knowledge bases, or 
directly from the user. Although not explicitly han- 
dled here, interactions with external unspecified sys- 
tems/entities might be modeled by means of data 
capture metafiles, as in the Computer Graphics Ref- 
erence Model [7]. 

4. Layers 

The partitioning of the transformation process into 
five layers reflects a rough grouping of the subtasks 
that are performed by an IMMPS. 

4.1. Control Layer 

The first layer of the SRM embodies components, 
shown in Fig. 4, that handle incoming presentation 
goals, presentation commands, and possibly further 
commands (e.g., start, stop/interrupt, or refine 
goal) that allow the user (or a superordinate system) 
to control the generation process. Control is carried 
out by an external entity via the Goal Formulation 
Interface, a component whose task is to convert 
incoming messages into internal formats understand- 
able by the IMMPS. For example, some systems 
have a menu-based Goal Formulation Interface that 
allows the user to choose from a set of preformulated 



M. Bordegoni et al. / Computer Standards & Inter$aces 18 (1997) 477-496 485 

Goal Formulation 

Goal Selection 

Content Layer 

Fig. 4. The control layer. 

presentation goals, whereas other systems are always 
triggered by the ‘standard goal’ (Present (data)), 
where (data) is a reference to a specific portion of 
applicatiion data. 

External control must not be confused with inter- 
nal control functions that are required to coordinate 
various generation sub-processes in an implementa- 
tion of an IMMPS. While early IMMPSs mostly 
have hierarchical or centralized control structures, 
there are already implementations that are moving 
towards distributed system designs where control is 
hidden in communication and negotiation patterns of 
the distributed components. Since the SRM is in- 
tended ‘to capture the structure of a generic genera- 
tion process, we leave open the architectural organi- 
zation of system components that one may choose 
for a concrete implementation. 

Regardless of how an IMMPS is actually imple- 
mented. it must select from the Goal Formulation 
Interface the next goal to be achieved or the next 
presentation command to be executed. This is the 
task of the Goal Selection component, and it occurs 
in multimedia generation for two different reasons: 
First, it might be the case that the (external) goal 
formulator poses a set of goals to the presentation 
system, either all at once or piecemeal. In the latter 
case, an ongoing generation process may need to be 
interrupted to achieve a new incoming goal immedi- 
ately. !3econd, the presentation goals input to the 

system may be complex, and may need to be split 
into sets of less complex goals. While goal decompo- 
sition will be done by the Goal Refinement compo- 
nent of the Content Layer, the Control Layer still has 
to decide the order in which the subgoals will actu- 
ally be processed. Deciding the next goal to be 
achieved might be a simple task, requiring only that 
a goal be popped from the discourse model (main- 
tained by the Context Expert, described in Section 
5.2). On the other hand, the Goal Selection compo- 
nent may contain some private knowledge if its 
decisions involve more complex reasoning. 

4.2. Content Layer 

Four high-level authoring tasks are grouped to- 
gether in the SRM’s Content Layer, shown in Fig. 5: 
goal refinement, content selection, media allocation, 
and ordering. 

The term goal refinement captures both the de- 
composition of a goal into a set of subgoals and the 
specialization of a goal. The Goal Refinement com- 
ponent is needed because presentation goals are of- 
ten formulated at a high level of abstraction. During 
goal refinement, the content of the final presentation 
will be determined. The Content Selection compo- 
nent assists in carrying out this task. In a concrete 

Control Layer 

Selection - Allocation 

Design Layer 

Fig. 5. Content layer. 



486 M. Bordegoni et ul./Computer Standards & Interfaces 18 (1997) 477-496 

system, the Content Selection component may ap- 
pear a:s a retrieval and filter module that communi- 
cates with the Application Expert. The output of 
Goal Refinement and Content Selection is a set of 
communicative acts and a structural description of 
the relations that may hold between these acts. Com- 
municative acts are an extension of speech acts [ 131 
to multimedia communications (also see [ 14,151). 

As soon as the communicative acts have been 
determined, the Media Allocation component decides 
which modalities and media should be used to con- 
vey thlem. Note that there are different approaches 
for media allocation. One approach is to map spe- 
cific types of data or information onto specific types 
of media (e.g., database entries onto tables or maps). 
A more compositional approach to media allocation 
involves matching properties of information (e.g., 
quantitative vs. qualitative, fixed vs. varying) with 
properties of media (e.g., persistent vs. transient, 
static ‘vs. dynamic, 2D vs. 3D). As the Media Alloca- 
tion component assigns particular media/modalities 
to communicative acts, its output is a set of what are 
now called media communicative acts. 

The Ordering component determines the order in 
which the selected content should be communicated 
to the user. This ordering will be constrained by the 
semantic and pragmatic relationships among the me- 
dia communicative acts. As the semantic and prag- 
matic relationships eventually must be made recog- 
nizable to the presentation consumer, the ordering of 
the media communicative acts will constrain the 
preceding generation steps. While the term ordering 
is related to the term linearization used in the field 
of text generation, it is important to note that multi- 
media. presentations do not necessarily follow the 
linear structures that written text and speech do. 

Since there are many dependencies among 
choices, the components of the Content Layer are all 
conne.cted to each other to make negotiation possi- 
ble. However, actual system implementations often 
do not handle some dependencies, and thus do not 
allow for negotiations among all tasks in the Content 
Layer. 

4.3. LIesign Layer 

An important task of an IMMPS is the transfor- 
mation of media communicative acts into specifica- 

tions of media objects together with a specification 
of an overall presentation layout. While it might 
seem straightforward to have two layers in the SRM, 
one for the production of media objects and a subse- 
quent one for their layout, we have adopted another 
structure that is based on the following observations: 
(a) both media-specific production and presentation 
layout are complex tasks that can each be broken 
down into (at least) a design task and a realization 
task; (b) there is no justification for assuming 
media-specific production must necessarily precede 
presentation layout. 

The SRM’s Design Layer and Realization Layer 
reflect these observations. By design we refer to the 
task of planning how to convey a certain commu- 
nicative act by using a particular medium/modality 
and/or layout structure. The design task itself is 
further broken down into tasks for a Media Design 
component and a Layout Design component, as 
shown in Fig. 6. 

The Media Design Component, shown in more 
detail in Fig. 7, contains a set of Media/Modality- 
Specific Design components, which are dedicated 
modules for designing 2D and 3D graphics, natural 
language utterances, animation, video, music, etc. A 
Dispatching Component is included to represent the 
task of dispatching media communicative acts to the 
relevant Media/Modality-Specific Design compo- 
nents, and to collect and pass on the results of these 
components. While we assume that an IMMPS is 
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Fig. 6. The design layer. 
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Fig. 7. The media design component. 

capable of producing output in at least two different 
media, we do not impose an upper bound on the total 
number of Media/Modality-Specific Design compo- 
nents. Moreover, an IMMPS might even include 
several Icomponents for one medium but different 
modalities (e.g., different graphics design compo- 
nents for different subtypes of graphics). 

For the sake of generality, the SRM does not 
provide fine-grained descriptions of the 
Media/Modality-Specific Design components. How- 
ever, we note that media communicative acts con- 
strain the mechanisms employed for designing media 
objects. For any single medium or modality, differ- 
ent IMMPSs often include components that rely on 
very different design mechanisms (e.g., grammar- 
based, case-based, plan-based, or genetic program- 
ming-based approaches). 

The Layout Design component determines the 
spatiotemporal arrangement of media objects in the 
presentation. The SRM does not further formalize 
the details of the layout task. We refer to the article 
by Graf [16] in this issue, which outlines a reference 
model ffor layout systems. As indicated in Fig. 6, the 
Design ILayer does not prescribe a particular ordering 
in which media design and layout design must be 
carried out. Thus any of the following are possible 
[17]: 
. layout after production: the resulting media ob- 

jects constrain layout decisions. 
. layout before production: layout decisions con- 

strain the production of media objects. 
. layolut interleaved with production: production 

and layout can constrain each other. 

The results of the Design Layer are realization 
plans, which are ordered sets of realization com- 
mands to be executed by dedicated realization com- 
ponents. We assume that the Media Design and 
Layout Design components have counterparts in the 
Realization Layer’s media realization and layout re- 
alization components. Since these realization compo- 
nents handle only media realization commands and 
layout realization commands, respectively, the ex- 
change of information between the Design Layer and 
Realization Layer is indicated by two separate ar- 
rows in Figs. 6 and 8. 

4.4. Realization Layer 

By realization, we refer to the task of creating 
from a design plan the specifications for concrete 
media objects and their layouts. As mentioned above, 
the Realization Layer is structured like the Design 
Layer in that it consists of a Media Realization 
component, and a Layout Realization component, as 
shown in Fig. 8. In analogy to the media design 
component, the media realization component con- 
tains a set of Media/Modality-Specific Realization 
components, which are dedicated modules for realiz- 
ing material in specific media and modalities accord- 
ing to design plans (Fig. 9). 

A Dispatching Component is included in the Me- 
dia Realization Component to represent the task of 
dispatching media realization commands to the rele- 
vant Media/Modality-Specific Realization compo- 
nents, and to collect and pass on the results of these 
components. It is important to note that there is not 
necessarily a one-to-one relationship between the 
Media/Modality-Specific Design components and 
the Media/Modality-Specific Realization compo- 
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Fig. 8. The realization layer. 
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Fig. 9. The media realization component. 

nents in an IMMPS. For example, a Media/Modal- 
ity-specific Design component may rely on several 
Media/Modality-Specific Realization components to 
conve:y design plans, using them in alternation or 
even in parallel. 

It ‘is beyond the scope of the current SRM to 
describe the Realization Layer’s components in de- 
tail. H[owever, we believe that it is important for the 
realization subcomponents to distinguish whether the 
transformation of realization commands to media 
objects is handled as a retrieval task or as a genera- 
tion tLzsk. If it is a retrieval task, the commands serve 
as descriptors that must be matched against descrip- 
tors of available media objects. (See the literature on 
multimedia retrieval and multimedia databases for a 
more detailed treatment of the retrieval task [ 181.) In 
contrast, in a generative approach, media realization 
commands trigger and constrain the mechanisms em- 
ployeld for generating media objects. 

The result of the Realization Layer is a specifica- 
tion of displayable media objects together with lay- 
out information. It entails all the information re- 
quired to ‘run’ the presentation properly. To repre- 
sent this information, one could use a specification 
language as proposed in [19], or rely on an object 
oriented approach for describing multimedia objects 
such .as MHEG [20], or the more general PREMO [8] 
framework. Note that the output of the Realization 
Layer cannot be said to be the complete internal 
repre:sentation of a presentation. Rather, it is only 
one piece of the representation, since the Realization 
Layer has only a restricted view of the presentation 
process and may be asked to achieve goals that are 

less complex than the overall one. On the other hand, 
there is a clear distinction between the media objects 
as such and their presentation (or display). This 
distinction is reflected in the SRM by separating the 
Realization Layer from the Presentation Display 
Layer that follows it. Moreover, it might be the case 
that presentation generation (as described by the first 
four layers of the SRM) is completely separate from 
presentation display because these tasks might occur 
at different times and places, and on different uncon- 
nected machines; for example, consider the auto- 
mated generation of a multimedia presentation that 
will be distributed to users on a CD-ROM. 

4.5. Presentation Display Layer 

As the output of the Realization Layer is an 
unrendered presentation, at least one additional mod- 
ule is needed that takes this representation as input 
and converts it into a presentation that is perceivable 
by the user. This part of a presentation system is 
often called the ‘presentation display component’ or 
‘presentation runtime environment.’ The SRM’s Pre- 
sentation Display Layer, shown in Fig. 10, embodies 
this functionality. An Output Coordination Compo- 
nent dispatches each part of the unrendered presenta- 
tion to the interface of a suitable Media-Specific 
Display component. The Media-Specific Display 
components serve as abstract references to any of the 
devices that can be used for the display of a media 
object of a certain type. 

Realiza!ion Layer 

‘I-f_ 
Output Coordination Component 

User (i.e. presentation consumer) 

Fig. 10. The presentation display layer. 
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In Fig. 10, the arrows emanating from the 
Media-Specific Display components are merged to 
illustrate the fact that the result presented to the user 
is the sp.atiotemporal coordination of these outputs. 
Note that solving this task may require intelligent 
decision making, because resource limitations must 
be taken into account. Therefore, the Presentation 
Display ILayer also has access to the SRM’s Knowl- 
edge Server. 

As reference models for multimedia runtime envi- 
ronments are currently under development, we do 
not repeat this work here. Instead, our strategy is to 
refine the Presentation Display Layer with appropri- 
ate concepts from emerging standards such as 
PREMO 

5. Knowledge Server 

The Knowledge SerL:er provides the layers of the 
SRM with several types of knowledge. It consists of 
four expert modules, designed along the lines of 
knowledge bases. Each of them represents knowl- 
edge on a particular aspect of the presentation pro- 
cess: application, user, context, and design. They 
all share the same general structure. 

5.1. Generic structure of expert modules 

The overall structure of an expert module is not 
specific to the class of IMMPSs. Rather, the notion 
of expert module is generic and suitable for other 
applications as well. Each expert is accessed by other 
components using a client-server approach. Re- 
quests will be granted taking into account the user 
model and the context. Experts may require/provide 
services from/to external knowledge sources, such 
as the application and the user. 

Fig. 11 shows the overall logical structure of a 
generic expert module. The core of the expert mod- 
ule is the knowledge it represents. This knowledge 
can consist of a number of logically distinct Knowl- 
edge Ba.ses (depicted by cylindrical icons in Fig. 1 l), 
each fo:r a logically different aspect of the expert’s 
knowledge, or only a single Knowledge Base, when 
knowledge partitioning is not needed. The Inference 
Engine provides a uniform and general view of the 
stored knowledge and of that which can be inferred 

External knowledge sources 

Context Expert ’ User Expert 

Fig. 11. General structure of an expert module. 

from it. Maintenance involves incorporating new 
knowledge, which could be inconsistent with the 
current state. If this is the case, inconsistency must 
be resolved by some triggered action performed by 
an Integrity Checking component. 

An expert provides services to other components 
of the system through its Server Manager. Its clients 
are the layers of the IMMPS, other experts, or 
external entities (i.e., the External Clients or the 
application). The Server Manager transforms the in- 
terface operations into (a collection of) messages to 
the Inference Engine, collects the answers, and re- 
sponds to the client. Two interfaces allow the Infer- 
ence Engine to acquire knowledge from the User 
Expert and the Context Expert. Finally, the Acquisi- 
tion Interface supports access to other undefined 
servers. This is necessary when the knowledge of the 
expert depends on other factors in addition to the 
user and context. For example, the Application Ex- 
pert has to interact with the application to request 
application data. 

It is often useful and intuitive to have a logically 
structured view of a knowledge base, as indicated in 
Fig. 11. Real systems are not required to satisfy this 
logical distinction in an implementation. For in- 
stance, the implementation could combine all the 
knowledge in a single knowledge base, or structure it 
under other points of view. We also stress that this 
SRM is not concerned with the proposal of specific 
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formats, languages, or protocols for the representa- 
tion of knowledge or the exchange of knowledge 
between a knowledge base and other components. 
Such issues are treated, for example, in the ongoing 
standardization effort for KQML [9]. 

5.2. Expert modules of an IMMPS 

The knowledge present in an IMMPS may be 
located in a number of conceptually distinguishable 
knowledge bases that are difficult to explicitly char- 
acterize. However, based on the design of previous 
IMMPSs, some knowledge bases seem to be indis- 
pensable and therefore are represented here as shared 
resources rather than as local or private resources. 
These resources are four expert modules in the 
Knowledge Server that represent knowledge of the 
application domain, the user, the context, and the 
design tasks. 

The knowledge present in an IMMPS often in- 
cludes explicitly encoded knowledge sources other 
than those listed here. For example, when designing 
a presentation system as a self-reflective system, one 
may add a knowledge source that comprises met- 
alevel knowledge. However, for the purpose of this 
SRM, we will classify a multimedia presentation 
system as an intelligent system, if it exploits knowl- 
edge sources, as those mentioned above, to achieve 
presentation goals. 

5.2.1. User expert 
The User Expert maintains the knowledge that 

forms the IMMPS’s user model. As suggested by 
[21,22], a user model may include representations of 
a user’s: 
. goals and plans; 
. physical or mental abilities; 
. attitudes and preferences; 
* knowledge and beliefs. 

With the current SRM, however, we only intend 
to pmvide a conceptual location for such knowledge. 
Issues concerning completeness of user models, rep- 
resentation forms and reasoning processes are not 
addressed. However, it is worth mentioning that 
there are already multipurpose tools for building and 
maintaining user models (e.g., the user modeling 
shell system BGP-MS [23]), and a standardization 
effort for user modeling is underway within the 
research community. 

The User Expert’s clients are the IMMPS’s layers 
and all the other experts, since there are many deci- 
sion points in presentation generation process at 
which the user model must be taken into account. 
For example, presentation content should be selected 
according to the user’s information needs, and the 
determination of which media to use should be made 
based on the user’s perceptual abilities and prefer- 
ences. 

5.2.2. Application Expert 
The Application Expert provides the IMMPS with 

application-specific knowledge. The following tasks 
are assumed to be carried out by this component: 
* interfacing with the application system(s); 
* information/data format conversion; 
* provision of information/data; 
* information/data characterization. 

The first two tasks always occur when information 
has to be transferred from one system to another, say 
from an application to an IMMPS. By 
‘information/data provision,’ we mean the process 
of making accessible the pool of information from 
which content can be selected. This task may involve 
reasoning processes and thus goes beyond pure in- 
formation/data storage. Finally, we assume that the 
Application Expert is able to characterize the incom- 
ing information/data. 

5.2.3. Context Expert 
The Context Expert serves as a container for 

knowledge concerning the context. It may be struc- 
tured into generation context and presentation con- 
text. 

Generation context, i.e., a representation of what 
has been generated so far. For example, the context 
expert may comprise a lookup table that contains the 
encoding relations holding between the media ob- 
jects and their underlying semantic concepts. 

Presentation context, i.e., a representation of what 
has been presented to the user so far, and, if applica- 
ble, in which way the user has interacted with (inter- 
active) parts of the presentation. 

The task of the Context Expert is similar to the 
role a discourse model plays in a natural language 
generation system or a dialogue system. In particu- 
lar, this component is responsible for the resolution 
of context-dependent references. 
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5.2.4. Design Expert 6. Flow of information in the SRM 
The Design Expert complements the other experts 

in the sense that it provides a container for all other 
knowledge which: (a) is relevant for decision making 
in an IMMPS, (b) does not fit into one of the above 
expert modules, and (c) should be modeled as a 
shared source as it will be accessed for solving 
different tasks. It may include: Media/Modality 
Model; IDesign Constraints; Device Model-a (par- 
tial) model of the computational environment; for 
example, comprising knowledge about the character- 
istics and availability of the output(/input) devices. 

In the previous sections, not much has been said 
about the flow of information in the SRM, including 
control, knowledge, and intermediate representations 
employed during generation. These details have been 
omitted because the current SRM is not intended to 
promote a particular processing model. While the 
builder of an actual IMMPS may have reasonable 
arguments for choosing a particular architecture, we 
remind them that the dependencies that exist be- 
tween the SRM’s layers and components must be 
taken into account by whatever processing model is 
adopted. 

5.3. Acquisition of knowledge 
6.1. The pipeline ciew 

The proposed SRM does not make particular as- 
sumptions about how knowledge is fed into an 
IMMPS.. With regard to the expert components of 
the knowledge server, we note that there are several 
different ways to fill them with knowledge. As a 
portion of the knowledge stored in the expert mod- 
ules is static in nature, it may be directly coded by 
the system builder, or read in only once from an 
external source (via the Acquisition Interface). How- 
ever, it may also become necessary to acquire some 
knowledge during runtime (e.g., from the user). 

In an IMMPS such interactions can be handled in 
at least two different ways. One approach is to equip 
an expert’s Acquisition Interface with its own user 
interface, so that the module can itself initiate a 
clarifica.tion dialogue. For example, there are sys- 
tems that pop up forms for the user to fill in when 
some knowledge is missing. While it has the advan- 
tage of being simple, this method has the drawback 
that the clarification dialogue is not well integrated 
into the presentation, and thus can be rather disturb- 
ing. A more ambitious approach to the problem is to 
handle the acquisition of missing knowledge as an 
additional presentation task. Basically the idea is to 
design ;an interactive presentation in such a way that 
the user will provide the missing information when 
interacting with the presentation. For example, if the 
user can walk around a 3D graphics scene that is part 
of a multimedia presentation, the system may learn 
about the user’s information needs and viewing pref- 
erences without explicitly asking her/him. 

Structuring the SRM into a pipeline of five layers 
implies that the flow of information in an IMMPS 
follows the pipeline. At a first glance, this is the 
case. Presentation goals and commands form the 
triggering input to an IMMPS. As they are processed 
through the layers, goals/commands are transformed 
into presentations composed of media objects to be 
displayed to the user. Thus the flow of information 
during this transformation is primarily ‘top-down.’ 
On the other hand, many interactions can occur 
between the layers. As indicated by the notification 
arrows in Fig. 12, the SRM also supports bidirec- 
tional interactions between layers. Each layer can 
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Fig. 12. Information flow through the layers of the SRM. 
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notify the layer above it about the result of its 
processing, possibly together with additional infor- 
mation, such as causes of failure, recovery strategies, 
or explanations. For example, the task division be- 
tween Goal Selection and Goal Refinement requires 
bidirectional information flow between the Control 
Layer and the Content Layer (see Sections 4.1 and 
4.2. Alternatively, consider the generation of cross- 
media references. To make a textual reference to the 
location of a picture or to part of a picture, the 
Content Layer needs to know the spatial attributes of 
the particular location. However, these attributes may 
becomle available only after the layout has been 
realize:d. Thus the Content Layer has to wait for 
notification from the Layout Realization component 
before it can accomplish the reference. Generally 
speaking, bidirectional communication between lay- 
ers becomes necessary when decision making in a 
layer also depends on decisions to be made in one of 
the layers shown in Fig. 12. 

6.2. Information flow in real IMMPSs 

Lik;e the SRM, the pipeline view abstracts from 
actual system implementations, too. That is, in a real 
system, the flow of information not only depends on 
the lo’gical task structure but also on the particular 
mechanisms employed for generation. As generation 
entails many combinatoric issues, most existing 
IMMPSs rely on a generate-and-test approach, at 
least for solving some of the generation subtasks. 
The basic idea is to have a mechanism that allows 
the withdrawal of earlier decisions (e.g., a choice 
among alternative candidates) in case the proceeding 
computation does not lead to satisfying results, or 
any result at all. For example, a system may have 
generated a graphic that turns out not to fit properly 
into the overall presentation layout. To fix the prob- 
lem, rhe system may withdraw the layout design, the 
graph.ics design, or may even decide to use text for 
presenting the information instead of graphics. 

To precisely characterize the flow of information 
in a concrete system, one has to look at: (a) decisions 
that are subject to backtracking; (b) the architectural 
organization of the components performing the deci- 
sion making; (c) the generation, testing, and back- 
tracking mechanisms themselves, as this can be done 
in a Imore intelligent way than exhaustively enumer- 
ating combinations [24,25]. 

7. Discussion 

This article has outlined a reference model for 
IMMPSs that is meant as a step towards broader 
agreement among members of the scientific and 
industrial community. The core of the resulting SRM 
is a generic reference architecture that may be sum- 
marized by the equation: 

IMMPS = Layers + Experts. 

The design of this architecture reflects a decom- 
position of multimedia generation into logically dis- 
tinct subtasks (represented as Layers) and a separa- 
tion of these tasks from the knowledge sources (called 
Experts) that are exploited to accomplish them. 

7.1. Using the SRM 

The current model is intended to provide a frame- 
work for analyzing and comparing existing IMMPSs, 
and guidance for the development of new ones. For 
illustration, we derive from the SRM a list of ques- 
tions that one may answer to set up a profile for 
some existing concrete system S. 

Input: 
- What are the presentation goals and com- 
mands to be handled by S? 
- What kinds of application data/knowledge are 
assumed? 
- Are there any further input parameters for S? 

output: 
- What kinds of presentations are delivered? 

- Which types of media objects, and which 
combinations? 
- Which modalities? 

- Is the realization of media objects uncoupled 
from displaying them? 

Generation: 
- Which of the subtasks specified by the layers 
(and their components) are handled by S? 

- Which mechanisms are used to handle them? 
- Does S assume a fixed order in which 
subtasks are carried out, or is the ordering 
dynamically determined based on some 
knowledge? 
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- How well are these tasks performed? 
- Which knowledge sources are exploited? 

- Which sources are private, which are shared’? 
. . . 

Performance: 
- To what extent are variations in the input to S 
reflected as variations in the output? 
- Hlow much interaction between system com- 
ponfents is required when generating cross-media 
references? 
. . . 

When describing a complex IMMPS with the 
SRM one may realize that there is not always a 
one-to-one mapping from system modules to the 
layers of the SRM and their components. For exam- 
ple, some concrete implementations of IMMPSs in- 
corporate media-specific generation components that 
can also be operated in a stand-alone fashion. Such 
generators actually do some goal decomposition and 
content selection by themselves, and thus perform 
tasks located outside the SRM’s Design and Realiza- 
tion Layers. For example, COMET’s graphics gener- 
ator IBIS [26] selects objects for inclusion in the 
generated pictures (e.g., ones that were needed to 
disambiguate objects or avoid false visual implica- 
tures). To describe such IMMPSs strictly in terms of 
the SRM, one would have to identify these content 
selection tasks and ‘move’ them to the SRM’s Con- 
tent Layer. However, in order to achieve a descrip- 
tion that is closer to the actual modularization of a 
system and the distribution of tasks among its mod- 
ules, one can also treat the generation component 
itself as a special case of an IMMPS in which media 
allocation always returns the same single medium. 
Following this approach, the SRM can be used twice, 
firstly to describe the overall IMMPS, and secondly 
to describe embedded generation components and 
reflect all tasks that are performed locally in these 
components. 

7.2. Possible refinements of the SRM 

There are a number of possible refinements and 
extensions to the current SRM. Two of them are 
sketchetd below. Further ones are discussed in the 
contributions by Hardman et al. [27] and Graf [16]. 

7.2.1. Mocing towards a formal specification 
A further phase in the development of a complete 

formal reference model is to express in a semiformal 
notation the functionality of each black box compo- 
nent of the system. As an example, consider the Goal 
Refinement component in the Content Layer. Below 
we sketch a semi-formal specification of parts of its 
interactions (in the style of CSP [28]). 

The specification expresses the following: The 
Goal Refinement component nondeterministically re- 
ceives goals from the Control Layer’s Goal Selection 
component (line 1). Received goals are decomposed 
(2) and stored in the context knowledge in the 
Context Expert (3). 

If the Content Selection component is ready to 
proceed with a new goal (4), and the Media Alloca- 
tion component is also ready (5) and there is such a 
new goal reported from the Context Expert (6), then 
the goal will be actually forwarded to the Content 
Selection (7) and Media Allocation (8) components. 

Goal Refinement also receives notifications (9), 
from the Ordering component. Notifications are ana- 
lyzed: if they report success (IO) then they are 
elaborated (11) and eventually propagated upwards 
to the Control Layer (13). If any problem occurred 
then a repair strategy should be determined (14) 
which is pushed into the Context Expert (16). Fi- 
nally, if no repair strategy is applicable, then an 
elaborated version of the notification (17) will be 
forwarded to the Control Layer (18). 

0 Control Layer?Goal( goal) 
-+ 
goals: = Decornpose( goal); 
ContextExpert! Push( goals) 
q ContentSelection?Ready(), 
MediaAllocation?Ready(), 
ContextExpert?NextGoal( goal) 
-3 
ContentSelection!Goal( goal); 
MediaAllocation!Goal( goal) 
0 Ordering?Notifcation(not) 
-+ 
if OK(not) then 
not’: = Elaborate( not); 
if Notifable(not’) then 
ControlLayer! Notification( not’) 

(1) 

0) 
(3) 
(4) 
(5) 
(6) 

(7) 
(8) 
(9) 

(IO) 
(11) 
(12) 
(13) 
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endif 
else 
if Repairuble( not) then 
rep: = Repair(not); 
ContextExpert! Push( rep) 
else 
not’: == Construct Notification( not); 
ControlLayer! Notifcation( not’) 
endif 
endif 
0 

(14) 
(15) 
(16) 

(171 
(18) 

found at the layers that correspond to Realization 
and Design. Instead of Media Allocation, one would 
have a component for fusing media-specific commu- 
nicative acts in order to bring about the underlying 
semantics and eventually the user’s communication 
goals. Future work will show to what extent such a 
reversibility approach will lead to useful results. 

Acknowledgements 

7.2.2. Mouing towards multimedia dialogue systems 
As already emphasized in Section 1, the current 

SRM is rather limited in its abilities to handle user 
interactions. To be more precise, the SRM covers 
only interactions of the following types: direct trig- 
gering of presentation goals, and presentation un- 
rolling. 

Direct triggering of presentation goals, i.e., there 
is a direct mapping from a user input to a presenta- 
tion goal. For example, the system may provide 
menu:s from which the user can select presentation 
goals for the system to accomplish. 

Pr,esentation unrolling, i.e., the system designs a 
branching presentation structure and lets the user 
determine how this structure is traversed. Examples 
of such presentations include hypermedia documents 
with statically linked parts, as well as presentations 
in which the target of a link is generated when the 
link is selected. 

A full-fledged multimedia dialogue system would 
allow the user to enter information through the full 
range of supported modalities and media. Such inter- 
actions are obviously beyond the scope of the current 
SRM. However, if one considers multimedia analysis 
as the inverse of multimedia generation (see also 
Ref. [29]), one can obtain a rough task decomposi- 
tion just by turning the SRM upside down, and 
replacing the generation subtasks by analysis sub- 
tasks [6]. For example, at the counterpart to the 
Presentation Display Layer one would find media 
input devices and a component that tracks the spa- 
tiotemporal relations of user input in different modal- 
ities. Medium/modality-specific analyzers will be 
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