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1 Introduction 
This document presents a proposal of a reference model for intelligent multimedia presentation 
systems (IMMPSs). Many papers in the literature consider these systems, and some large-size 
prototypes have been developed (MM12, WIP, MIPS, and COMET). However, no generic model 
has been proposed so far. Each project began from scratch, relying only on the past experience 
of the members. This has meant a lack of uniform logical approach to the problem. Consequently, 
there is no agreement on the terminology to be used, on the functional definition of an IMMPS and 
on its logical architecture. 

This paper attempts to fill this gap, by proposing a reference model for these systems. There are 
several advantages for an agreement on a reference model. The development and the analysis of 
systems will benefit from a uniform approach to the problem. The modular development of large- 
size programs will be feasible, as each module has a well defined role, with well defined interfaces 
and communication language with the other modules. From a theoretical point of view, the analysis 
and comparison of systems will be made on the basic of a unique, general architecture and by means 
of a common terminology. These considerations are universally valid for any reference model. In 
the case of IMMPSs, however, they assume a deeper significance, as the literature is still confusing 
on the basic terminology. 

What we model is that part of a computational system whose tasks are to present information to 
the user in  an effective way. The presented information and the way it is presented have to be 
tailored to the user, i.e to his needs, knowledge, attention, etc., and to the context. 

The survey by Roth and Hefley [24] provides a first attempt to overview these systems in a uniform 
and general way. However, the aims of this document are different. First of all, we are going to give 
precise definitions concerning the terminology and the architecture, and the background necessary 
to understand them. We start from a definition of presentation systems, and then incrementally 
add the notions of multimedia and intelligence. The latter is characterized by the use of explicitly 
encoded knowledge. 

The reference architecture for IMMPSs is composed of four layers - control, content, layout and 
presentation - and four “expert modules” - application, user, context and design. The generic notion 
of “expert module” is introduced, with the intention to model the provision of shared knowledge 
sources in a client-server (or ask-tell) fashion. 

The guidelines in our proposal are aimed towards: 

0 giving a modular organization of the system, in order to make feasible the development and 
the comparison of practical large-size systems, 

0 introducing a minimum set of explicitly encoded knowledge, called knowledge sources, i n  
order to characterize the term “intelligence” in intelligent multimedia presentation systems, 

0 locating an owner component for each knowledge source - when possible, 

0 separating each shared knowledge source in a distinct component, called “expert module”, 
which provides the knowledge in a client-server - or ask/tell - fashion. These components 
can be shared with other systems. As an example, the component storing the user knowledge 
is likely to be shared among all the applications running on a system ( personal computer, 
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distributed system, or even network.) We model these components taking into account the 
mentioned considerations. 

0 identifying relations with existing or potential standards. On the one hand, some black box 
in it may be filled by existing standards, such as the ones for output devices (ex., Computer 
Graphics Reference Model ([6]), MIDI, etc.), and standards for knowledge exchange (like the 
Ii-nowledge Query and Manipulation Language ([l])). On the other hand, the model can itself 
be a component of other models. For instance, it fills most of the Run-time Layer of the 
Dexter Hypertext Model, or any of its extensions, like the the Amsterdam Hypermedia Model. 

Many concepts in this paper are not totally new. Wherever possible, we consistently adopt ter- 
minology and concepts from other studies on information ([15]), multimedia ([a, 23, 5]), computer 
graphics ([6]), user models ( [ l O ,  IS]), and knowledge based systems ( [ l l ,  32, 301). 

In conclusion, the model is intended to fit real systems, like the cited ones. This is the main a.im 
of this work, and we constantly have been guided towards such a goal. However, this does not 
necessarily mean that the proposed architecture is to be followed in an implementation. It is only a 
logical view of these systems. A reference model cannot be forcing the implementation of a. system. 

The paper is organized as follows. First, we give some basic definitions for media terms a.nd 
presentation systems. Then we add knowledge moving towards intelligent multimedia presentation 
systems. In section 3, a reference architecture is proposed: it is composed of a knowledge sewer 
- specified in section 4 - and four layers - specified in section 5. In the next section, some aspects 
of real systems are described in terms of the reference model. Finally, in appendices A and B the 
MM12 and WIP systems are presented with our terminology and architecture, respectively. 
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2 Presentation Systems 

A way of defining IMMPSs is to start from a definition of presentation systems, and then in- 
crementally add the notions of multimedia and intelligence. In this section, we give a functional 
definition of IMMPSs by means of this strategy. The understanding of the reader should be helped 
by the clarity and relative simplicity of each step, as only one new concept is added at a time. The 
following section will define a reference architecture according to the fundamental notions we are 
going to introduce. 

2.1 Media terms 
First of all, we need to agree on some basic definitions on media terms. Even for the very funda- 
mental notion of media, the definitions presented in the literature do not agree. Very often the term 
is confusing: Most of the times the term is distincted into two components, media and modality, 
which are not clearly perceivable as two distinct concepts. The reason of this misunderstanding 
lies on the fact that the term “media” is used with different meanings in different contexts, such as 
in computer science, psychology and telecommunications. We refer the reader to [24] for a deeper 
discussion of this topic. 

We avoid the distinction between media and modality, since we do not see any way of characterizing 
properly the boundary among these terms. 

medium a single mechanism by which to express information (e.g. spoken and 
written language, tables, maps, photographs, pie charts, graphs, movies, etc.) 
multimedia adj. , referring to the use of multiple media. 

simple exhibit what is produced by a one invocation of a medium (e.g., a 
paragraph of a text, a diagram, a computer beep, a picture etc.) 
exhibit a collection or composition of several simple exhibits. 

information carrier that part of a single exhibit which communicates the 
relevant piece of information. 
carried item that piece of information represented by the carrier. 

context the background to a communication 

substrate the background to a simple exhibit which establishes physical or 
temporal location, and often the semantic context, within which information is 
presented. 
channel an independent dimension of variation of a particular information car- 
rier in  a particular substrate. 
parallelism the number of channels gives the total number of independent 
pieces of information the carrier can convey. This is a measure of the degree of 
parallelism of a medium. 
fission the process of splitting an exhibit into simple exhibits. 
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fusion the process of interpreting a collection of simple exhibits as a whole. 

abstraction a process that transforms information into information whose se- 
mantic content and scope are richer/higher than the content and scope of the 
initial information. 

Discussion 

Other terms 
We do not claim that this list of terms is complete. Several other notions - e.g., cross-media 

references, coherency between media, anaphoru, cliexis, ,redundancy, etc. - are currently used. 
Nevertheless, an extensive characterization of media terms is out of the scope of this paper. We 
restrict ourselves to consider a set of very basic terms, which should be sufficient for our purposes. 

Information carrier, carried item and substrate 
The information carrier of a particular simple exhibit may be different for the producer and 

the consumer of that exhibit. The same can happen for the notions of carried item and substrate. 
When this mismatch arises the communication between producer and consumer is likely to fail. 

2.2 Presentation systems 

In the following we introduce the fundamental notions of gods  and ,wesentation systems, These 
are designed for achieving goals by means of a presentation. 

goal a high level description of a collection of data together with the purpose 
or intention for communicating information. 
achieving a goal presenting to the user the data described by a. goal in a way 
that achieves the purpose or intention for communicating information. 
presentation the result, perceivable by the user, of achieving a goal. 

presentational command a command to the system whose execution affects 
the 'presentation process (ex., any-time interruptions, design constraints, etc.) 
application the external system producing application data as input to the 
presentation system. 
goal formulation the external system producing goals and presentational 
commands as input to the presentation system. 
presentation system a system for achieving goals and executing presenta- 
tional commands. 
rendering function of transforming an internal logical representation of a 
presentation in the primitives of a set of devices. 
devices interfaces between the presentation system and the user. Generally, 
they are the physical artefacts necessary to the system to deliver the presentation 
(e.g., display, speaker, printer etc.) 



2.3 .Adding knowledge 5 

user a person interpreting a presentation. 

multimedia presentation systems a presentation system that generates mul- 
timedia presentations. 

Discussion 

Goal formulation 

system (e.g., let the user be aware of some information, etc.) 
Actually, the purpose to communicate information can be partly embedded in the presentation 

User as a person 
The definition of user could be stated requiring a user to be any external object interpreting a 

presentation. In principle, indeed, it could be another computational system. However, as we are 
dealing with high-level communications it seems correct to assume the user to be a person. 

Presentational commands 
Through these commands, we model requests like interruptions of the presentation process, or 

communications of constraints, etc. These interactions are hardly formalizable in terms of the only 
notion of goal. 

2.3 Adding knowledge 

The last point towards a full definition of IMMPSs is to introduce the notion of knowledge. This 
is fundamental in  order to characterize IMMPSs as “intelligent” systems and to differentiate them 
within the larger class of presentation systems. 

knowledge justified true beliefs of an abstraction of data. 

knowledge sources the following explicitly encoded knowledge: 

user model knowledge about the user (goals and plans, capabilities, attitudes, 
knowledge or belief.) 

context model knowledge about the context (discourse model, context refer- 
ences .) 
application knowledge knowledge provided by the application and knowledge 
for reasoning about application data (term interpretation, data characteriza- 
tion.) 
design knowledge general knowledge about the design of multimedia present- 
ation (design constraints, cognitive theory, media model, device model.) 
media specific design/realization knowledge knowledge about the 
design/realization for a specific media in a multimedia presentation. 
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system model knowledge about the system’s characteristics relevant to the 
presentation process. 
media selection knowledge knowledge for identifying an effective and co- 
ordinated collection of media for the representation and presentation of applic- 
ation data. 

intelligent multimedia presentation system (IMMPS) a multimedia 
presentation systems that designs a presentation exploiting the knowledge 
sources to achieve goals. 

Discussion 

Other knowledge sources 
The knowledge present in an IR PS may include other explicitly encoded knowledge 1 ian 

those described as knowledge sources. For instance, we will discuss in section 4.2 that a planning 
and a content selection knowledge might be present in a system. However, the classified knowledge 
sources seem to be the most relevant knowledge, and the most used in real application. Therefore, 
we defined IMMPSs as systems exploiting at least the knowledge sources. Additional knowledge 
may be present - and often is - but we do not force it to be in every IMMPS. 

- .  

Intelligence of an IMMPS 
The degree of knowledge exploited in an IMMPS gives an idea of how “intelligent” it is. Unfor- 

tunately, it  is impossible to give a formal definition of a “measure of intelligence”, as it depends on 
how well the goals are fulfilled. This “how well” is related to the user perception and understanding 
of the presentation, and then it is a relative concept. 

IMMPSs and presentation systems 
It is worth noting that there is no difference between IMMPSs and presentation systems with 

respect to their interface with the goal formu1at)ion. This component does not have to know whether 
or not the presentation systems is “intelligent”, in order to generate a goal. The alternative choice of 
differentiating the interface for IMMPSs would not be modular, since it would not allow to replace 
a presentation system with a (further revised) intelligent presentation system. 
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3 Architecture model 
Until now we considered “what” an IMMPS is. From now on, we deal with “how” an IMMPS is 
conceptually designed. Our objective is to give a reference architecture, i.e. a generic model of 
this class of systems. Designing a reference architecture implies relevant practical and theoretical 
consequences. 

The design and implementation of new systems will gain enormous advantages from the existence 
of a reference model. The design process is more clear, the role and the functionalities of each part 
of the systems are well-understood and unambiguous, the life-time cycle of the project needs less 
feedback between design and implementation. Finally, huge-size projects are made feasible by the 
existence of an unambiguous and modular organization of the system. 

Theoretically, a reference model allows for comparing systems, by means of a single terminology 
and a single conceptual architecture. This is a step forward in understanding and characterizing a 

’ class of systems. 

The guidelines in our proposal are aimed towards: 

0 giving a modular organization of the system, in order to make feasible the development and 
comparison of practical large-size systems, 

0 locating an owner component for each source of knowledge - when possible, 

0 separating each shared knowledge source in a distinct component, called “expert module”, 
which provides the knowledge in a client-server - or ask/tell - fashion. These components 
can be shared with other systems. As an example, the component storing the user knowledge 
is likely to be shared among all the applications running on a system ( personal computer, 
distributed system, or even network.) We model these components taking into account the 
mentioned considerations. 

In the following, we give some basic definitions about architecture terms, knowledge and compu- 
tation and client/server architecture. Next, a general view of the IMMPS reference architecture is 
presented. 

3.1 Basic glossary 

reference architecture, layer, module, submodule, component a refer- 
ence architecture is a collection of guidelines and constraint rules for a compu- 
tational system. A layer is a conceptual, gross categorization of building blocks 
for the system. These blocks are either modules or interconnection structures. 
A module is composed of sub-modules and interconnection structures, and so 
on. A component is a layer, or a module or a submodule. 
notification message stating the result of an operation , possibly together with 
additional informations - e.g., what caused the failure, possible repair strategies, 
statistics, etc. 
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3.2 Knowledge and Computation 

First of all, we recall some definitions regarding knowledge based systems (KBSs). The essential 
characteristic of a KBS is that knowledge representation and the means for knowledge manipulation 
are separated. 

knowledge base resource comprising a collection of machine-processable ex- 
plicitly encoded knowledge] often in the form of rules and facts that describe 
relations and phenomena in a domain, and possibly also methods and heuristics 
for problem solving. 
inference engine module managing, storing and retrieving explicit and impli- 
cit knowledge in a collection of knowledge bases. 
integrity checking module for observing a (collection of) knowledge base(s) 
and creating a triggering action when its state changes in an inconsistent way. 
knowledge based system collection of (several) knowledge bases, an infer- 
ence engine and possibly an integrity checking. 

We anticipate that we will be interested in servers which provide knowledge. They will be a basic 
component of our model. Therefore, we need to introduce some concepts related to client-server 
interactions. 

client a component that asks for services. 

server a component that, provides services. 

service function provided by a server for a client, directly or indirectly. Dif- 
ferent sets of services may be provided to different clients or to the same client 
in different times. 
knowledge exchange format a language and protocol for exchanging inform- 
ation and knowledge. In particular, in a communication between a knowledge 
base system acting as a server and a client component, we distinguish several 
classes of messages: ask, tell, assert, unassert, deny, justify, bundle, answer 
f . . .  

ask the client wants to know all the values for which a sentence with possibly 
free variables is true in the knowledge base. 
tell the server reports the answer to an ask request. 

assert the client wants to assert an axiom in the knowledge base. 

unassert the client wants to remove an axiom from the knowledge base. 
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deny the client wants to make a sentence neither an axiom of the knowledge 
base, nor derivable by inference. 
justify the client wants a justification for a sentence which is true in the know- 
ledge base. 
tell-justify the server reports the answer to a justify request. 

ask-do-not-care the client wants to know one value for which a sentence with 
possibly free variables is true in the knowledge base. 
tell-do-not-care the server reports the answer to an ask-do-not-care request. 

Knowledge exchange format 
The exchange of information among the components of the system we will introduce is by 

means of some knowledge exchange format (e.g., the Knowledge Query and Manipulation Language 
[l].) 'This  format is not explicitly dealt with. We only assume it underlies each arrow between 
communicating components. 

Services 
The classification of the messages between a client and a server gives a gross characterization 

of the input-output functionalities of those components. A further phase in the development of a 
formal reference model should investigate, by means of some specification language, more detailed 
the specification of each black box in our architecture. 
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3.3 IMMPS = Layers and Experts 
Figure 1 introduces the IMMPS reference architecture. It is composed of four layers - control, 
content, layout and presentation - which, in addition to their private knowledge, exploit explicitly 
encoded knowledge provided by the knowledge server - composed of four “expert” modules: ap- 
plication, context, user and design. The system receives goals and presentational commands from 
the goal formulation, designs a presentation asking the application for application knowledge, and 
finally communicates the presentation to the user. 

Goal formulation Application 

Content Layer 

I 

t 

Layout Layer 

Presentation Layer 

I 

I Knowledge Serve] 

Application ”1 Expert 

i 1 Context 

Expert 

User 

b Expert 

Design 

Expert 

Figure 1: IMMPS: general architecture 

As a first convention, we stipulate that the arrows that are not pointing anywhere in the charts are 
intended to point to each component of the picture. Moreover, the exchange of information among 
the cpmponents of the system is by means of some knowledge exchange format (e.g., the Knowledge 
Query and Manipulation Language [l].) This format is not explicitly dealt with. We only assume 
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it  underlies each arrow between communicating components. 

IMMPS reference architecture the reference architecture defined in this 
document. Figure 1 shows a gross view of its components. I t  is composed 
of four layers - control, content, layout and presentation - and the knowledge 
server - composed of four expert modules: application, user, context and design. 

Discussion 

Goal formulation. 
Although the goal formulation and the application play different roles, in most real systems 

they are the same object, usually called “application”. 
Our distinction underlines this difference: application is strictly that part of the system concern- 

ing the application knowledge - often consisting of a knowledge based system, or only of a database 
- whereas the goal formulation is that part concerning the use of that knowledge. 

As an example, in the MM12 system - see appendix A and [20] - the application fits the application 
Ii’BS and the goal formulation fits the input-interpretation part of the system. 

External seruers/clients. 
I t  is necessary to formalize some interactions of the system with external servers/clients. This 

is the case, for example, when the user expert acquires knowledge directly from the user, or from 
an input subsystem, or when it is shared with other systems. All the other experts have such kind 
of interactions as well. In the pictures, the interactions with unspecified systems - called external 
servers/clients - are denoted by dashed arrows. Our solution is analogous to the one adopted in the 
Computer Graphics Reference Model [6],  where the unspecified interactions are modeled by means 
of data capture metafiles. 

Knowledge in an expert module. 
We anticipate that the main characteristics required for the knowledge stored in an expert 

module are: explicitly encoded, user and context -dependent, shared. The generic architecture 
of an expert module will be shown in section 5.1. Here, our concern is to make clear that the 
knowledge in the knowledge server is not the only knowledge in an IMMPS. Each component of 
a layer has its own private knowledge; for instance, we will show that the content layer stores the 
media selection knowledge. 
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4 Layers 
The eTpert modules act as servers of knowledge for the four layers of the reference architecture - 
control, content, layout and presentation. In addition to the knowledge provided by the knowledge 
expert, each layer exploits some other private knowledge to the end of carrying out a presentation 
of a goal, and executing presentational commands. 

Each layer acts a transformation of the input, as the following figure sums up. 

Goal Formulation 

Goals 
Present. commands 

Goals 
Present. commands 

Media comm. acts 
Present. commands 

Unrendered pres. 
Present. commands 

Control Layer 

Content Layer 

Layout Layer 

Presentation Layer 

Presentations 

User 

Notifications 

Notifications 

Notifications 

Notifications 

Figure 2 :  Information POW through the layers 

Starting from a goal given by the goal formulation, the control layer transforms it into simpler 
goals. For each of these, the content layer plans a collection of media communication acts, i.e. 
communication acts enriched with semantic/logic content, media selection and relations between 
them. The layout layer designs the layout of the presentation, transforming the media commu- 
nication acts into an internal representation of the presentation - called unrendered presentation. 
Finally, the presentation layer renders the presentation to the user. 

On the other hand, each layer notifies to the layer above the result of its processing - success or 
failure - possibly together with some additional informations - causes of failure, recovery strategies, 
explanations, etc. 

The definitions of the information exchanged through layers are to be understood in a broad sense. 
We will give only an abstract characterization of such “data”. It is not our intention to force any 
implementation. For instance, we do not force, in a real system, the goals passed from the goal 
formulation to the control layer to be of the same type as the goals passed from the control layer 
to the content layer. We require only that they satisfy the definition of goal given in section 2.2 .  
The same reasoning applies to the notifications passed upward by the layers: We do not require all 
of them to be expressed in the same format. 
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4.1 CONTROL LAYER (CL) 
The control layer consistently coordinates the presentation process in time: Its task is to choose 
the next goal to be achieved or the next presentational command to be executed. 

Goals and presentational commands from the goal formulation are analysed - possibly transformed 
or decomposed into simpler ones - and stored in the context model. Then the next goal to be 
achieved is chosen and sent to the content layer. From this, the control manager receives notifica- 
tions, which are analysed and collected to produce notifications to the goal formulation. 

The presentational commands are sent by the control layer to each component of the system involved 
in their execution. In principle, we assume that these interactions happen through the connections 
of the reference architecture. The control layer is directly connected to each expert of the knowledge 
server; the layout and presentation layer are reached by simply passing through the content and 
the layout layers, which will pass forward the presentational commands and backward the related 
notifications. 

Goal Formulation 

Control Manager r 
Content Layer 

Figure 3: The Control Layer 
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Control Layer the task of this layer is to choose the next goal to be achieved 
or presentational command to be executed. It receives goals and presentational 
commands from the the goal formulation, and notifications from the content 
layer. It  notifies to the goal formulation the result of the presentation process. 
GF Interface the interface between the goal formulation and the control man- 
ager, performing simple scheduling operations on the interactions and/or trans- 
formations of the content of the messages. 
Control Manager this modules receives goals and presentational commands 
from the GF Interface. They are possibly transformed - split, decomposed in 
simpler ones - and stored in the context expert. The control manager decides 
which is the next goal to be achieved or presentational command to be executed. 
Then it sends the goal to the content layer, or the presentational command to 
the components involved in its execution. From them and from the content 
layer, the control manager receives notifications, which are analysed - possibly 
generating a recovery strategy in case of failure - and collected to produce 
notifications to the GF Interface. 

Discussion 

Next goal to be achieved 
The goals received by the goal formulation may be split in the control manager in a collection 

of “simpler goals”. Therefore, the goals passed to the content layer may not be the same with the 
ones received by the goal formulation. 

GF Interface 
The intended role of this component is to convert the messages to be exchanged between goal 

formulation and control manager in the appropriate format. This task is not carried out by the 
underlying knowledge exchange format, since the transformation depends on the specific represent- 
ation language(s) used in the IMMPS. 

Knowledge in the control manager 
Deciding the next goal to be achieved can be a very simple task: I t  could involve only popping 

a goal from the discourse model in the context expert. On the other hand, some private knowledge 
may be present in the control manager, if the decision involves more complex reasoning. 



4.2 CONTENT LAYER (CnL) 15 

4.2 CONTENT LAYER (CnL) 
The objective of the content layer is to build up a sequence of actions to the end of achieving a 
goal by means of generating media communication acts. These are communication acts enriched 
by semantic/logic content, media selection and relations between acts. 

Communication acts are an extension of speech acts [25] to multimedia communications. For a 
gross classification of communication acts we refer the reader to [19]. 

Control layer 

Planning 4 

Content Media 
Selection Selection - 

Coordination 

Layout Layer 

Figure 4 :  The Content Layer 
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Content Layer starting from a goal passed by the control layer, the content 
layer generates media communication acts as an input to the layout layer. The 
task is accomplished by means of coordinated planning, content and media 
selection. It receives notifications from the layout layer and notifies to the 
control layer. 

’ 

Media communication acts communication acts enriched with se- 
niantic/logic content, media selection and relations between acts. 

Planning starting from a goal passed by the control layer, a sequence of actions 
is planned to the end of achieving the goal. Communication acts and relations 
between them are produced as an input to content and media selection and 
coordination. From the coordination, the planning receives notifications. If the 
result of the following stages in the presentation process is positive, then the 
notification is passed to the control layer. Otherwise, an alternative strategy 
can be followed in order to achieve the goal. 
Content selection the function of this module is to effectively select a content 
for (parts of ) communication acts, according to the relations between them, 
and in coordination with the media selection. As a result, communication acts 
enriched with semantic/logic content are passed to the coordination. 
Media selection the function of this module is to effectively select a coordin- 
ated collection of media - i.e., a collection of media related by some spatial, 
temporal, cognitive relationships - for (parts of) communication acts, according 
to the relations between them, and in coordination with the content selection. 
As a result, communication acts enriched with the selected media are passed 
to the coordination. This component stores the media selection knowledge. 
Coordination this submodule merges the communication acts passed by the 
content and the media selection, according to the relations between them passed 
by the planning. The results - called media communication acts - are passed 
to the layout layer. From this, it receives notifications, which are passed to the 
planning. 

Discussion 
Planning and coordination 

The strategy followed by the planning module can be influenced by the possibility to perform 
some actions. If an action (selecting the appropriate content/media, structuring the layout in a way 
that any two objects do not intersect, etc.) cannot be performed (there is lack of information to re- 
trieve the correct content/media, the layout has an unwanted structure, etc.) then the coordination 
communicates to the planning the failure - possibly with some additional information. A trade-off 
is initiated among planning, content/media selection, coordination and layout layer. 

Planning and content selection knowledge 
We did not introduce a “planning knowledge” or a “content selection knowledge”. Basically, the 

function of these two components consists of asking the application expert for the interpretation of 
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the goal or the suitable content. However, it may happen that the application expert has not enough 
knowledge to perform the task, or the communication acts and the relations between them are too 
complex to be simply passed forward, or - as in the MM12 system - the planning performs some 
kind of analysis (mainly, plan recognition, heuristics for error detection or uncomplete specification 
etc.) on the goal by exploiting some private knowledge. 
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4.3 LAYOUT LAYER (LL) 
In this layer, a layout for a presentation is designed, according to the media communication acts 
passed by the content layer. The layout layer is composed of the layout manager, the media 
design and realization and the coordination. The Layout manager designs the general layout of 
the presentation. I t  also passes medium specific communicative acts to the responsible generation 
components, eg. for text , graphics, audio, etc. Each generation component is further subdivided 
into a design and a realization part. The result is coordinated to the end of generating an un- 
rendered presentation to be passed to the presentation layer. From this, the layout layer receives 
notifications. Finally, it sends notification to the content layer, to report the result of elaborating 
media communicative acts. 

A trade-off is possible - and in a real system, often necessary - among layout design, media design, 
media realization and coordination. 

Content Layer 

h t ,  oordination 

I -3- 
7 

PresentationLayer 

Figure 5: The Layout Layer 
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Layout Layer the task of this layer is to satisfy the media communication 
acts passed by the content layer by means of coordinated layout design, media 
design and media realization. As a result, (some) unrendered presentations are 
passed to the presentation layer. It is notified by the presentation layer and 
notifies to the layout layer the result of elaborating the media communication 
acts. 

Unrendered presentation an internal representation of a piece of presenta- 
tion, with some presentation instructions. 

Layout Manager starting from the media communication acts passed by the 
content layer, the task of this module is the design of the layout structure of 
the presentation, together with dispatching of the media communication acts to 
the media design and realization involved, and notifying to the content layer. 
Media Design collection of coordinated design components, one for each me- 
dia. Each of these components stores its own media specific design knowledge. 
Media Realization collection of coordinated realization components, one for 
each media. Each of these components stores its own media specific realization 
knowledge. 
Layout Coordination coordination of the resulting media realization and lay- 
out structure, to the end of producing an unrendered presentation as an input 
to the presentation layer. It receives notifications from the presentation layer 
and notifies to the layout manager the result of the presentation process. 

Discussion 
Reply to a communication act 

A media communication act may require an answer to the content layer - communicated as a no- 
tification message. This way we model those situations in which the planning or the medialcontent 
selection depend on information stored in the layout layer. As an example, if the content layer 
needs to know if two pictures intersect then it has to query - with a media communication acts - 
the layout manager, which will retrieve this information from its own knowledge or from the media 
designlgeneration components. 

Unrendered presentation. 
Achieving a goal means producing a presentation. This could involve splitting the goal in the 

control layer into several simpler ones and separately achieving each of them. In this sense, the 
unrendered presentation cannot be said to be an internal representation of a presentation, but only 
of a piece of it, since at the layout layer we only have a restricted view of the presentation process 
- i.e., achieving simpler goals. 



20 4. LAYERS 

4.4 PRESENTATION LAYER (PL) 
The presentation layer renders a presentation, i.e. transforms an internal representation of it in 
terms of the device primitives, according to some presentation instructions. A coordination module 
dispatches each piece of presentation to the suitable device interface(s) , according to the presentation 
instructions and in an effective way - exploiting the knowledge provided by the knowledge server. 
For each device, a device interface is present, e.g. display, speaker, printer, etc. 

The outputs of the device interfaces are directed to the user. In Fig. 6 the arrows are merged to 
make clear that the result perceivable to the user is the coordinated fusion of those outputs. 
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Figure 6: The Presentation Layer 
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Presentation Layer rendering of an unrendered presentation passed by the 
layout layer, according to its presentation instructions. .At the end of the process 
it notifies the result to the layout layer. 
Coordination coordination of the rendering process, and notification of the 
result to the layout layer. 

Display, Speaker, etc. device interfaces. 

Discussion 

Coordination. 
Coordination has to be understood in a broad sense. As an example, it  dispatches pieces of 

the unrendered presentation to the device interfaces, according to the presentation instructions and 
using the knowledge provided by the knowledge server, such as user’s preferences. Also, another 
functionality might be temporal coordination. 

Notification. 

the control layer for three reasons. 
The result of the presentation process is not directly communicated from the presentation to 

The first is that the two layers are not directly connected. 
Even though they were directly connected, we point out that achieving a goal could involve 

more than just the rendering of only one unrendered presentation, as discussed in the last section. 
Finally, if the rendering process fails, then the content or the layout layer might decide to follow 

an alternative strategy. In this case, they have to be notified. 
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5 

The 
citly 

Knowledge server 
Knowledge seruer provides the layers of the reference architecture with several types of expli- 
encoded context- and user-dependent knowledge which is shared among several (or even all) 

components. 

The Knowledge server consists of four expert modules, designed along the lines of knowledge bases. 
Each of which represents knowledge on a particular aspect of the presentation process: application, 
user, context and design. In addition to the core 
knowledge base system, there are some interfaces with clients - for providing services - and servers 
- for requiring services. 

They all share the same general structure. 

The experts provide the clients with their knowledge in a client-server (or ask-tell) fashion, tailoring 
the a.nswers to the user model and to the context. They may provide and require services from 
external knowledge sources, such as the application or the user himself or other system. In this 
sense, they are independent modules, easily integrable with other systems which share the same 
knowledge. 

In the following, we will present the general structure of an expert module, and will instantiate it, 
for each module of the knowledge server. 

5.1 Expert modules 

The expert modules all sha.re the same general structure in their logical architecture. The overall 
structme is independent from the particular systems we are describing, namely IMMPSs and, i n  
principle, the modules differ only in the knowledge which they store and in the interface operations. 
In the following we present this structure together with a functional definition of its components, 
its instantiation in each layer, and a characterization of its interface operations. 

A generic architecture 

Figure 7 shows the overall logical structure of a generic expert module. 

The core of the expert module is obviously, the knowledge it represents. This knowledge can 
consist of a number of logically distinct knowledge bases, each for a logically different aspect to be 
dealt with, or only a single knowledge base, when such distinction is not relevant. The infereme 
engine provides a uniform and general view of the stored knowledge and of that inferable from it,. 
Maintenance involves incorporating new knowledge, which could be inconsistent with the current 
state. If this is the case, then inconsistency must be resolved by some triggered action performed 
by an integrity checking sub-module. 

The three components - knowledge base, inference engine and integrity checking - are referred to 
as the Knowledge Base System (KBS) of the expert. This is the usual terminology in the literature 
on the KBSs. 

The other components of an expert module are interfaces: server, user expert, context exper and 
acquisition interface. The first one is the interface with the clients, whereas the other three ones 
are interfaces with servers. 

The experts provide services to the other components of the system - the clients - through 
the seruer manager. This module receives requests from clients. The clients a.re the layers of 
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the generation pipeline or other experts or external entities, namely the external sources or the 
application. The server manager transforms the interface operations into (a collection of) messages 
to the inference engine, collecting the answers, and responding to the client. 

On the other hand, an expert module requests services from other servers. 
As its knowledge has to be tailored to the user and context, two interfaces - respectively with 

the user expert and the context expert - allows the inference engine to acquire such knowledge. 
Finally, the acquisition interface supports access to other servers. This is necessary when the 

knowledge of the expert depends on other factors in addition to user and context. As an example, 
the application expert has to interact with the application - as a client - to request or to assert 
application data. 

I Inference Engine 

cn 
.-a C Server Context Expert User Expert 
0 -+ .- Manager 5 Interface Interface 

JI 
t t 

Context Expert User Expert 

Figure 7: General structure of an expert module 
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In the following, a functional definition of each component of the architecture is given. 

Expert module a module for the acquisition, maintaining, and providing of 
explicitly encoded user and context -dependent knowledge shared among the 
components of a system. 
External Knowledge Sources the servers an expert module is connected to 
through the acquisition interface. 
Clients the clients an expert module is connected with through the server 
manager. 

Knowledge Bases a number of knowledge bases storing the knowledge of the 
expert module. They can be logically distincted or not, depending on the degree 
of analysis required. 
Integrity checking the integrity checking component for the knowledge base 
system of the expert module. 
Inference Engine the inference engine for the knowledge bases. It acts as a 
server of the server manager, and as a client for the user, context and acquisition 
interfaces. 
Knowledge Base System of the expert module it is composed of the 
Knowledge Base, the Integrity checking and of the Inference engine. In Fig. 7 
it is surrounded by dashed lines. 
Acquisition Interface interface with servers other than the user and context 
experts. 
User expert interface interface with the user expert acting as a server (of 
course, it is absent in the user expert itself.) The exchange of information is 
necessary to tailor the knowledge of the expert to the user preferences, and to 
communicate inferred user preferences. 
Context expert interface interface with the context expert acting as a server 
(of course, it is absent in the user expert itself.) The exchange of information 
is necessary to resolve context-references, and to communicate new ones. 
Server manager this module provides the clients with the services of the 
expert module, performing some scheduling of the interactions. The interface 
operations with the clients are transformed into (a collection of) messages to 
the KBS. Then the answer(s) from the KBS is collected, re-transformed, and 
sent to the client. 

Discussion 

Several design choices need to be commented and justified. 

Knowledge in an expert module. 

Explicitly encoded, user and context -dependent, shared. 
We want to stress the characteristics required for the knowledge stored in an expert module: 
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Explicitly encoded refers to the fact we are considering knowledge based systems. 
User and context -dependent refers to the two main factors involved in obtaining an effective 

Shared refers to the fact the knowledge is used by more than one components and/or system. 
presentation. 

Therefore, it does not have to be too specific for a particular use. 

The reference resolution is performed in the expert. 
Alternative approaches are to require that the references are resolved by the client, or by the 

interface between the client and the expert. The latter makes the interface too specific to our 
systems, whereas with the current choice we can use any knowledge interchange format. The 
former is a valid solution to the problem but, to our opinion it does not respect the principle of 
modularity of the system. In fact, it implies that a client in a layer should know what to resolve 
and what not to resolve. In other words, it should know the internal knowledge representation 
fornialism of the experts. 

Inside the expert, the reference resolution could have been designed as part of the server man- 
ager, simply connecting the server interface to the context interface. Also in this case, we have 
the same problem; therefore the only modular solution is to let the inference engine resolve the 
context-dependent references. 

Several logically distinct knowledge bases. 
It is sometimes useful, and intuitive, to have a logically structured view of a knowledge base. 

This is the reason of the presence of several knowledge bases. Actually, this is not an implementative 
requirement: We do not require that the logical distinction reflects the real implementation (for 
instance, the implementation could confuse all knowledge in a single knowledge base, or structure 
it under other points of view - i.e., a knowledge base for each user, etc.). In the description of the 
four experts, we will see that it is natural to have such a classification of the knowledge in order to 
have a clear idea and a simpler definition of it. 

The architecture of an expert module is generic. 
The architecture of an expert module is not directly constrained by the particular systems we are 

describing, namely IMMPSs. This means that the notion of expert module is generic and suitable for 
other applications. We actually constrain its architecture 'when we instantiate clients and external 
knowledge sources. However, we are still in a general setting, since we can model interactions with 
unspecified servers/clients. This is actually the role that the external servers/clients play in our 
architecture: They are supposed to model interactions with unspecified systems. This allows us to 
merge our user expert with a functionally equivalent module of another application - for instance, 
the input system. 
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5.2 USER EXPERT (Ue) 
To present the user expert as an instantiation of the generic architecture of an expert module, we 
only have to instantiate the clients, the external knowledge sources and the knowledge buses. 

The user expert is the maintainer of the user model knowledge (see Fig. 8). This is classified in 
four categories, according to [16, 101. 

Goals and plans (Ugp). The user’s goal is a state of affairs he wishes to achieve, while a plan 
is a sequence of actions or events that he expects to result in the realization of a goal. 

User capabilities (Uca). Physical or mental ability of the user to perform some actions. 
User attitudes (Vat). Preferences of the user. 
Knowledge or belief (Ukb). Modeling of the user knowledge. 

The clients of the user expert are the layers of the presentation systems, and all the other ex- 
perts. In addition, interactions with unspecified components are modeled by means of the externul 
servers/clients. 
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Figure 8: The user expert module 
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User Expert expert module for the acquisition, maintaining, and providing of 
the user model knowledge. 
Clients the layers of the presentation system, the other expert modules, and the 
external clients (other computational systems, the developer, the site manager, 
the user himself.) 
Knowledge Bases the knowledge bases of the user expert are goals and plans, 
capabilities, attitudes and knowledge or belief. 

External knowledge sources they are the external servers ( the application 
developer, the site manager, and the user himself may be asked for services by 
the KBS.) 

Discussion 
Iino w ledge bases 

There is no fundamental reason to justify the chosen classification of the user-model knowledge. 
It seems, however, as a good compromise: A grosser categorization would be too generic and 
helpless in design systems ; a finer one would be too specific and constraining. We point out again 
that, such a classification is only from a logical point of view, and it is aimed to have a clear view 
of what a user-model is. It absolutely does not constraint any implementation or other view of the 
user-model knowledge. 

KBS 
In the case of the user expert module, the KBS is a well-studied component in the literature. 

It is connected with a client - the Ue Server Interface - and with two servers - the Context Expert 
Interface and the Acquisition Interface. Many proposed reference models in the literature [lO] will 
fit this component. 

We are not aware of the existence of any similar proposal for the application, context and design 
experts. It would be interesting to compare this proposal with reference models for those compon- 
ents. 

Interface operations: examples 
Here are some examples of the services that may be offered by the Ue server manager 
ask: user-knows?, userstereotype?, user-preferences? ; 
assert: user-knows!, user-prefers!; 
deny: user-knows!, user-prefers!. 

For instance, a request like ask(user-knows?(mouse)) i s  supposed to ask the KBS .about a user 
knowledge. A reply could be something like tell(user_knows?(mouse), FALSE). 

Role of the Ue in an IMMPS 
The user expert affects the presentation process in many ways. It may interact with 
the application expert, by affecting what is expressed; 



28 5. KNOWLEDGE SERVER 

the context expert, by affecting what is expressed. As an example, the presentation of a particular 

the context expert, the control and content layers, by affecting the way the dialog proceed; 
the design expert, the content, layout and presentation layers, by affecting how the data are 

information could be omitted if the user can easily infer it from the context; 

presented. 
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5.3 APPLICATION EXPERT (Ae) 

Following the same approach of last section, we present the application expert as an instantiation of 
the generic architecture of an expert module. We only have to instantiate the clients, the external 
knowledge sources and the knowledge bases. 

The application expert provides the components in the layers with the application knowledge, i.e. 
knowledge provided by the application and knowledge. for reasoning about application data. 

The knowledge bases are classified accordingly. 
Term interpretation (Atz). Knowledge for interpreting a high level description of a collection 

Data characterization (Adc). Characteristics of application data relevant to the presentation 
of application data. 

design. 

The clients of the application expert are the layers of the presentation systems. In addition, inter- 
actions with unspecified components are modeled by means of the external servers/clients. The 
fundamental external knowledge source is obviously, the application. 
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Figure 9: The application expert module 
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Application Expert expert module for the acquisition, maintaining and 
providing of the application knowledge. 
Clients the layers of the presentation system, and the external clients. 

Knowledge Bases the knowledge bases of the application expert are term 
interpretation and data Characterization. 
External knowledge sources the fundamental external knowledge source is 
the application. In addition, some external servers can play this role. 

Discussion 

Knowledge bases 

straining from an implementation point of view. 
Again, the classification of the application knowledge is arbitrary and not intended to be con- 

Interface operations: examples 
Here are some examples of the services offered by the Ae server manager 
ask: items( X,  costo() < 100 ), type-of-data? ; 
assert: (NOT ALLOWED FOR IMMPSs); 
deny: (NOT ALLOWED FOR IMMPSs). 

For instance, a request like ask(items( X ,  cost(X) < 100 )) is supposed to ask the KBS for the 
items which cost less than 100 units. A reply could be something like tell(items( XI cost(X) < 100 
), { itl, ' ' ' , itk 1). 

It is worth notingno assert or retract service is offered by the application experts, since IMMPSs 
are concerned with presentation of data and not with acquisition of data. 

Role of the Ae in IMPPSs 
The application expert affects the presentation process in many ways. I t  may interact with: 
the content and layout layer, by affecting what is expressed, since most of content selectioii is 

the content layer, by affecting the way the dialog proceed - since different presentation strategies 

the content and layout layer, by affecting how the data are presented - since (media and data) 

guided by application data and knowledge; 

can be followed for different characteristics of the application data ; 

selection and layout design depend on the characteristics of the application data. 
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5.4 CONTEXT EXPERT (Ce) 
To present the context expert as an instantiation of the generic architecture of an expert module, 
we have to instantiate the clients, the external knowledge sources and the knowledge bases. 

The context expert is the maintainer of the context knowledge. This is classified in two categories. 
Discourse model (Cdm). Modeling of the past interactions of the system with the goal formula- 

tion. 
Context references (Ccr). Modeling for the resolution of context-dependent references - like 

anaphora, diexis, ontology etc. 

The clients of the context expert are all the layers of the presentation system, and all the other 
experts. In addition, interactions with unspecified components are modeled by means of the external 
servers/clients. 
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Figure 10: The context expert module 
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Context Expert expert module for the acquisition, maintaining, and providing 
of the context knowledge. 
Clients the layers of the presentation system, the other expert modules, and 
the external clients. 
Knowledge Bases the knowledge bases of the context expert are the discourse 
model and the context .references. 
External knowledge sources external servers. 

Discussion 

Iin ow ledge bases 

ing from an implementation point of view. 
Again, the classification of the context knowledge is arbitrary and not intended to be constrain- 

Interface operations: examples 
Here are some examples of the services offered by the Ce server manager 
ask: reference( Variable ), focus? ; 
assert: reference( Variable, computer ) , dialogue( “interaction-description” ) ; 
deny: reference( Variable, computer ) . 

For instance, a request like ask(reference( Variable )) is supposed to ask the K B S  for the current 
focus of attention of the dialogue. 

Role of the Ce in an IMMPS 

every other expert refer to it for asserting, retracting and resolving context references. 
The context expert is a fundamental component. Every layer of the presentation system and 
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5.5 DESIGN EXPERT (De) 
The fourth expert is the design expert. Like the other experts, it is an instantiation of the generic 
architecture of an expert module. 

The design expert is the maintainer of the design knowledge. This is classified in four categories. 
Design constraints (Dds). Modeling of the design constraints during the presentation process. 
Cognitive theory (Dct). Knowledge on the cognitive impact of multimedia techniques (ex., 

clarity and complexity of the presentation, cognitive issues, how the user attention is attracted, 
etc). 

Media model (Dmm). Modeling of the media characteristics. 
Device model (Ddm). Modeling of the devices characteristics and availability. 

The clients of the design expert are all the layers of the presentation system. In addition, interactions 
with unspecified components are modeled by means of the external servers/clients. For instance, 
we need an external server - namely the operating system - to be the server of the knowledge about 
the devices available at  a certain moment. 
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Figure 11: The design expert module 
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Design Expert expert module for the acquisition, maintaining, and providing 
of the design knowledge. 
Clients the layers of the presentation system, and the external clients. 

Knowledge Bases the knowledge bases of the design expert are design con- 
straints, cognitive theory, media model and device model. 

External knowledge sources external servers. 

Discussion 
Know ledge bases 

from an implementation point of view. 
Again, the classification of the design knowledge is arbitrary and not intended to be constraining 

Interface operations: examples 
Here are some examples of the services offered by the De server manager 
ask: device-available(mouse) , is-visible(c1ock) ; 
assert: visible(c1ock) ; 
deny: visible(c1ock). 

For instance, a request like ask(as-visible(c1ock)) is supposed to ask the KBS whether or not a clock 
is visible on the screen. A reply could be something like tell( is-visible(clocl;), TRUE). 

Role of the Ae in an IMMPS 
The design expert plays a central role in the presentation process. The layers of the presentation 

system interact implicitly through this expert, simply by stating design constraints to be followed. 
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Expert Ext. Know. Sources Clients 
Application Application Layers 

Context External servers Layers Other-Experts 

User External servers Layers Other-Experts 

Design External servers Layers 

External servers External clients 

External clients 

External clients 

External clients 
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5.6 The Knowledge Server 

Ati 
Cdm 
Ugp 
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In the previous sections we described the four expert modules - application, user, context and 
design - as instantiations of the presented generic structure. 

Here, we briefly sum up this instantiation process by giving a broad view of the overall knowledge 
server. Next table shows the fundamental differences among experts, namely their knowledge and 
the clients/servers they are connected to in the architecture of an IMMPS. 

Term interpretation Adc Data characterization 
Dialogue model Ccr Context references 
User goals and plans Uca User capabilities 
User attitudes Ukb User knowledge and belief 
Design constraints Dct Cognitive theory 
Media model Ddm Device model 

Knowledge Server collection of four experts - user, application, context and 
design - connected as shown in Figure 12, each of which acts as a server to the 
layers of the presentation system. Unspecified interactions are modeled through 
the external servers/clients. 
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Figure 12: The Knowledge Server 



5.7 Knowledge sources location 37 

5.7 Knowledge sources location 

The knowledge sources introduced in section 2.3 are.stored partly in the knowledge server - if they 
are shared among several components - and partly in components of the layers. The following table 
sums up where they are located. 

user model user expert, 

context model context expert, 

application knowledge application expert , 

design knowledge design expert, 

media specific design/realization knowledge media design/realization in 
the layout layer, 
system model split in several components: user expert, design expert, layers. 

media selection knowledge media selection in the content layer. 

We tried to set an owner component for each knowledge source. However, it is difficult to force 
the system model in a unique component. For its own nature, the system model is split among the 
user expert, the design expert and many components in the layers. In fact, user model and system 
model are not disjoint knowledge sources. Neither are design knowledge and system model. 
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6 Relating the model to real systems 
The objective of this section is to relate the model described in this paper with aspects of real 
systems. For example, we will show how to express in terms of our reference architecture phenomena 
like integration with other reference models, interactive systems, acquisition of user preferences, 
and other discussions. 

Computer Graphics Reference Model 

The Computer Graphics Reference Model [6] defines the notion of computer graphics as the creation 
of, manipulation of, analysis of an interaction with pictorial representation of objects and data 
using computers, and defines a logical architecture of computer graphics interfaces. 

The architecture for computer graphics is logically distincted in five layers: construction, virtual, 
viewing, logical and realization. Each of them applies a transformation on its input, starting from 
application data provided to the construction layer and obtaining a complete definition of the imuge 
as result from the realization layer. 

We can integrate such a model in the black box graphics realization in the layout layer, and in  
the black box display in the presentation layer. In the former, the graphics generation produces as 
input to the computer graphics reference model the data necessary for developing an unreiidered 
presentation. Since at this stage the generated text is not yet available, the graphics realization 
deals only with. graphics objects, and produces only an abstract complete definition of the im.uge. 
Further, in  the display module of the presentation layer, the text and other generated object are 
integrated with the graphics by means of another instance of the computer graphics model, whose 
output is now directly perceivable to the user. 

Acquisition of user’s preferences 

In all practical system, there is a window in which the user can modify his preferences, together 
with some other parameters. This interface is not directly related to the presentation system. How 
can we model its interactions with the IMMPS in our model ? There are two ways we can do that. 

The first one is to model the interface as an external client, which acquires the user’s preferences 
and then communicates them to the expert modules involved. 

The second way is to assume the interface to be part of the goal formulation and then interpret 
the user’s preferences as presentational commands, which are sent through the control layer to the 
components involved. This second possibility is slightly more general. Whereas the first one allows 
only to modify knowledge in the expert modules, the second way allows to reach every compoiient 
of the system - through the control manager. 

Coping with Interactive Presentation Systems 

The IMMPS reference architecture does not allow to pass inforinatioii directly from the user to the 
presentation layer. The way we can model interaction with the user - like anytime interruptions, 
active’ participation in the presentation, browsing, etc. - is to assume the goal formulation to 
interpret the appropriate user inputs as preseiitational commands or goals to send to the IMMPS. 
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F’unctionalities of the components 

A further phase in the development of a complete formal reference model is to express in a semi- 
formal notation the functionalities of each black box component of the system. For instance, an 
analogous work is under construction for the Computer Graphics Reference Model, and it is called 
PREMO [23] - Presentation Environment for Multimedia Objects. The specification language 
employed is Object Z [27]. 

However, we point out that a complete formal specification can take place only after a strong 
agreement on the reference architecture. 

As an example, let us consider the control manager module in the control layer. Below we report 
a semi-formal specification of parts of its interactions (in the style of CSP [14]). 
I 

0 GF-Interface?Goal(goal) + 
goal’ = Decompose(goa1); 
ContextExpert ! Push (god’) 

com‘ = ElaborateCom(com); 
Context Expert! Push (cdm’) 

i f  OK(not) then 

0 GF-Interface?Command(corn) + 

0 ContentLayer?Notification(not) + 

not’ = ElaborateNot(not); 
GF-Interface!not’; 

rep = Repair(not); 
ContextExpert !Push(rep) 

else 

0 ContentLayer?Ready(), 
ContextExpert?NeztGoal(goal) + 

ContentLayer!Goal (goal) ; 

Intuitively, the control manager nondeterministically receives goals, and presentational commands 
from the GF-Interface, Notifications and Ready messages from the content layer. When receiving 
goals, these are decomposed and stored in the context expert. Also, the commands are elaborated 
and stored. The notifications are analysed: if they report success then they are elaborated and 
eventually sent to the GF-Interface. If any problem occurred then a repair strategy is extracted 
from the notification and pushed into the context expert. Finally, if the content layer is ready to 
start with a new goal and the context expert has a goal to be achieved, then the goal is sent to the 
content layer. 
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A MM12 in terms of the model 
In this and in the next appendix, we will show how two real systems fit our model. On the one hand, 
the broad applicability of the model is checked. On the other hand, the two systems are described 
by a common reference architecture and terminology. 

MM12: A Multi-Modal Interface for Man Machine Interaction with Know- 
ledge Based Systems 
The MM12 system was developed with the purpose of demonstrating the architecture and develop- 
ment method required to produce large scale co-operative interfaces to Knowledge Based Systems 
[33]. The system supports multiple channels, parallelism, abstraction, fission and fusion, and the 
use of rich contexts. Within the project, two demonstrators about local and wide area network 
design were produced [20]. The first one - released in October 1991 - is a tool to design local area. 
networks for institutions such as hospitals, universities or offices. The architecture of the second 
demonstrator was a subset of that of the first since it did not include all the interaction modes, nor 
a detailed user model. 

The main concerns with the MM12 project were the architecture notion of “expert” and the use of 
a common meaning representation (CMR). By “expert” it is meant a module performing specific 
tasks and with its own private data structures, and which allows a sufficiently coherent set of 
processes to be gathered in a single module. This corresponds to our notion of “module”. 

CMR is the common communication language among the components of the system. Conimunica- 
tion between the application and the application expert is i n  the language of the application. With 
our terminology, the CMR is a Knowledge Exchange Format. It is used to support fission and fusion 
of information between media and to supply a common discourse context through which to resolve 
references made within and between media. Each CMR packet contains one or more CMR-acts, 
along with the status, mode and time for those acts. Each CMR-act contains an utterance type, one 
or more CMR-expressions, and a slot for mistakes. Each CMR-expression represents a possible 
interpretation of an ambiguous utterance. Each CMR-expression then contains annotations, a logic 
formula, and syntactic information. The status field is used for internal error checking and the 
time field to co-ordinate output. A media field identifies the media through which the packet wa.s 
received as user input, or the one for which it is destined as system output. The utterance type is 
used to define the further processing of the CMR-act. 

The MM12 systems was devised for co-operative dialogues. This implies that its components are 
designed for input-output - or two-way - interactions with the user and the application. As we are 
dealing only with the output generation, we will isolate and describe this part of the system, even 
though actually it is strongly merged with the input subsystem. 

Goal formulation 

The goal formulation manages input acquisition and application data updating. In MM12, a goal 
is not directly specified by the user. The goal formulation processes the (multimedia) inputs from 
the user, building up a goal (or a presentational command) as the result of the fusion of several 
coordinated i inputs concerned with output generation. Using the terminology of [26], only the 
“attitudes” User wants to know and User wants are passed to the presentation system. They 
respectively correspond to goals and presentational commands. They are represented as CMR 
packets. 
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Control Layer 

The control manager (called dialogue controller) classifies the CMR passed by the goal formulation 
into goal or presentational command. A pair consisting of a CMR and its classification is called 
user-desire. The classification is done on the basis of the form of the CMR, and the form of previous 
system presentations. 

The discourse model - stored in the context expert - is structured simply as a stack. The control 
manager simply pops the top of the stack - if not empty - to decide the next action - achieving a 
goal, executing a presentational command, or notifying to the goal formulation. 

A notification from the content layer can contain some recovery strategies if the presentation process 
fails. These strategies are organized as a collection of sub-goals to be achieved and notifications to 
the goal formulation, which are pushed in the discourse model. As an example, let us suppose that 
the goal formulation asks for presenting to the user the cost of a computer, and the system does not 
know the cost of the monitor. Then the recovery strategy can be to notify to the goal formulation 
that the system is expecting that the application database being correctly updated. 

Finally, the control layer replaces anaphoric expressions in a CMR packet through relating it to an 
appropriate antecedent. Anaphoric expressions are resolved in the context expert. 

Content Layer 

The role of the content layer is to convey the system’s intentions to the user in such a way as to 
follow the rules of cooperativity in dialogue. 

The planning module performs first an analysis (called informal semantics) of the goal in input - 
exploiting some private knowledge - in order to provide pragmatic, dialogue oriented functionalities 
beyond the narrow range of selecting the data described by the goal (called formal semantics). 
The main functionalities are repair (identification of error condition which prevent straightforward 
handling of goals) by means of task plans, explanations (the determination and provision of present- 
ation that are more informative than formal semantics alone would give), and clarification (assessing 
goals, checking their validity, etc.). A notification to the control layer is reported if problems occur, 
together with a recovery strategy in the form of a collection of goals and notifications. 

After this analysis, a strategy tailored to the user and the context is planned (by a sub-module 
called communication planner) producing communication acts - grouped in a CMR packet -, to the 
content selection and media selection modules. 

The content selection interprets the communication acts by decomposing them in terms of simple 
predicates directly interpretable by the application expert, and then collecting and composing the 
answers from it. It can ask the layout manager - through the coordination and the planning - for 
the meaning of media objects, whose knowledge is stored in the media design and realization of the 
1a.yout layer. 

Media selection exploits its media selection knowledge based on cognitive studies (see [7] for an 
overview), operationalized by means of several rules for media selection. Finally, coordination 
collects the media communication acts from media and content selection and send them - as CMR 
packets - to the layout layer. The notifications from it are sent to the planning. 
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To some extent, it  is correct to say that planning, content and media selection, and coordination 
are three sequential tasks. Instead, content and media selection work concurrently, with some 
synchronization. 

Layout Layer 

The layout manager (called interface expert) maintains a record of window positions and provides 
locations for new windows. It  passes media communication acts received from the content layer to 
the media design, media realization and coordination. From these, it receives notifications about 
the presentation process, possibly together with additional information, which are collected and 
passed to the content layer. 

The media in the MMI’ are: english language, french language, Spanish language, graphics (ac- 
tually, in addition to these output media, the gesture and command language - input media are 
present). Let us briefly overview the english language and the graphics. The former was not 
developed within the MM12 project. It was lifted out from the Loqui system, BIM’s English nat- 
ural language interface to relational databases, and ported to the MM12 application domain. This 
involved building a new lexicon and defining the interfaces for communication with other MMI’ 
modules. The graphics media design and realization is supervised by a graphics manager, which 
has at  its disposal a number of graphics tools. The graphics manager 

0 translates the CMR packets representing media communication acts passed by the layout 
manager into a graphical action by requesting a change on one of the existing window graphics 
tools (e.g., displaying a new network on the network tool, moving a machine from one room 
to another.) or by displaying a new graphics tool (e.g., the system tries to generate a new 
chart whose carried item is more effectively perceivable by the user.); 

0 manages a library of graphical data structures used in some of the tools; 

0 provides a library of functions that all the graphical analysis tools use; 

0 provides an interface to answer to media communication acts asking about the graphics media 
(e.g., objects currently visible, relative position of machines, etc.) 

The graphic tools include tables, bar chart, pie chart, scatter plots, and network tools 

Presentation layer 

The coordination module ma.inly consists of a window manager (SunView/X-windows) together 
with a component dispatching the unrendered presentations to the suitable device interface. The 
only (output) device is the display. 

User expert 

The user expert dynamically acquires and stores knowledge about the users. This knowledge 
enables the MM12 system to respond more cooperatively to the current user. The knowledge of the 
current user that is acquired and stored is the user’s general knowledge of the domain of application 
(e.g., which domain objects the user knows about), the user’s knowledge of the MM12 system (e.g., 
which MMI’ commands the user knows about), and user’s preferences (e.g., which currency the 
user would prefer). 
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Information about the current user is derived from the discourse - stored in the context expert 
, or even by the user himself (e.g., changing his stereotype) through a graphical interface to show 
the inheritance network of user stereotypes, the knowledge within a particular user model, the 
predicates permitted in user models, and any inconsistencies between beliefs in a user model, or 
derived from its parents. The graphical interface is modeled as an external client of the user expert. 

From the information in the user model, it may be possible to categorise the user as a certain 
type of user. Further knowledge is available because of the assumptions that can be made based 
on stored knowledge about different types of users. The hierarchy of user types allows multiple 
inheritance from different stereotypes. 

From studies on how to obtain knowledge from human experts and users in the application domain, 
the following knowledge was obtained and used within the user expert: 

the stereotype hierarchy of users in the domain, 

what domain knowledge would be known by a member of a particular user stereotype, 

the rules that allow a human expert to infer the state of knowledge of an interlocutor from 
the dia.logue, 

0 the way that human experts decide that an interlocutor belongs to a particular stereotype. 

Application and Application expert 

The role of the application expert is to provide the data described by a (part of a) goal and the 
denotations of the symbols used in the CMR packets, by exploiting the application knowledge, 
according to the user preferences (e.g., currency, unit of measure preferred etc.) and the con- 
text. Moreover, it communicates to the context expert the relations in the reified world of the 
application. The application is an expert system (called NEST: a Network design Expert SysTeni) 
providing knowledge on network design (location of machines, graphics objects, etc.) In particular, 
its knowledge base contains all the definitions of the needed objects, i.e. both the various network 
components and the topological information relative to the buildings. 

Context  expert 

This module provides contextual functionalities - essentially anaphora and ellipses resolution - 
which are involved in the contextual processing of each move, and joins an MM12 standard reified 
world with a reified world of the application. The MM12 standard world contains conceptual 
labels representing the reified objects of the layout, the graphics objects, and the word sense 
representatives that are relevant to the communication for english, french and Spanish languages. 
The world of the application is represented by means of the relevant terms of the application and the 
word senses representatives that are relevant to the communication for english, french and Spanish 
languages. 

Utterance containing anaphorical or elliptical phenomena are represented by the so-called incom- 
plete CMRs. The context expert contributes to their resolution by proposing possible candidates 
for completing them. These candidates are extracted from the stored discourse model. Contextual 
functionalities are accessed through a focusing mechanism, which emphasizes the role of phrases 
and relations that link together (anaphora and ellipsis) in discourse. 
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Design expert 

The design expert provides knowledge about design constraints, cognitive impact of the used media, 
device model, and media characteristics. The knowledge is tailored to the user preferences and to 
the context. 
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B WIP in terms of the model 
The current prototype of WIP [3] (WIP stands for Knowledge-Based Presentation of Information - 
in German) generates multimedia explanations and instructions on assembling, using, maintaining 
or repairing. physical devices. WIP is currently able to generate simple German or English explana- 
tions on using an espresso machine, assembling a lawnmower, or installing a modem, demonstrating 
the claim of language and application independence. 

The major design goals of the WIP [3] system are the generation of coordinated presentations from 
a common representation, the adaptation of these presentations to the intended target audience 
and situation, and the incrementality of all processes constituting the design and realization of the 
multimedia output. 

It is an important objective not to simply merge the verbalization results of a natural language 
generator and the visualization results of a knowledge-based graphics design component, but to 
carefully coordinate natural language and graphics in such a way that they generate a multiplicative 
improvement in communication capabilities. In addition, page layout is addressed as a rethorical 
force, influencing the intentional and attentional state of the reader. 

WIP is a highly adaptive interface since all of its output is generated on the fly and customized 
for the intended target audience and situation. Another important design goal was that the incre- 
mental generation of a multimedia presentation should be supported. Incremental generation is the 
immediate realization of parts of a stepwise provided input. The authors claim that for systems 
like WIP incrementality is essential. On the one hand, WIP must be able to begin outputting 
words and graphical elements before the input is complete, when the information to be expressed 
arrives in a stream from the backend system. On the other hand, the system should be prepared 
for cases when the goal and the media communication acts are changed in the course of the media 
generation process. Such a change might be due to new high priority goals, or the user’s reaction 
to the presentation generated so far. 

In WIP, the design of multimedia presentation is viewed as a subarea of general communication 
design. The fact that communication is always situated (i.e., depends on some context) is taken into 
account by considering user’s preferences and design constraints (called generation parameters.) 
The current system includes a choice between user stereotypes (e.g., novice, expert), target language 
(German vs English), layout formats (e.g., hardcopy of instruction manual, screen display), and 
output modes (incren~ental vs complete). 

One of the important insights in the development of WIP is that it is actually possible to extend 
and adapt many of the fundamental concepts developed to date in artificial intelligence and com- 
putational linguistics for the generation of natural language - like coherence, speech acts, anaphora, 
rethorical relations - in such a way that they become useful for the generation of graphics and 
text-picture combinations as well. A basic assumption behind the WIP model is that not only 
the generation of text and dialog contributions, but also the design of graphics and multimedia 
presentations are planning tasks. 

In WIP, no recovery strategy is provided to the goal formulation when the presentation process 
fails to achieve a goal. 

In the following, we discuss more in detail the WIP system in terms of the components of our 
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reference model. 

Goal formulation 

In WIP the goal formulation is a menu-guided interface with the user. This interface allows the 
user to modify the generation parameters and to choose a goal to be achieved (in MM12, instead, 
the goal is a built up by the goal formulation as a function of the user’s inputs.) A goal is expressed 
in terms of a modal logic for modeling believes and intentions. For instance, the goal 

(Goal. P (BMB P U (LOCATION SWITCH-2 ?LOCATION))) 

stands for: the presenter P has the goal to inform the user U of the location of the switch denoted 
by the constant SWITCH-2. (BMB P U I) is the predicate of mutual belief, i.e. P believes I and 
P believes that U believes I, etc. 

Control Layer 

Control tasks such as choosing the next goal to be achieved from an input queue or the decom- 
position of presentation goals are performed by WIP’s component for presentation planning (see 
also next paragraph Content Layer). The presentational commands are sent to the components 
involved. For instance, the generation parameters are sent to the design expert. Differently from 
MM12, no recovery strategy is provided by the content layer when the it fails to achieve a goal. 

Content Layer 

At the heart of the presentation system is a parallel top-down planning module. I t  tries to find 
a presentation strategy for the given goal by incrementally generating a refinement-style plan in 
the form of a directed acyclic graph (DAG) - stored in the context expert - by means of some 
presentation strategies. They reflect general presentation knowledge - stored in the planning module 
- or they embody more specific knowledge of how to present a certain subject - knowledge provided 
by the application expert. 

An example of a presentation strategy is shown below: 

Header: (Introduce System User ?object Graphics) 
Effect: (BMB System User (Isa ?object ?concept)) 
Applicability Conditions: 
(Be1 System (Isa ?object ?concept)) 

(S-Depict System User ?object ?pic-obj ?picture) 
Subsidiary Acts: 
(Label System User ?object ?medium) 
(Provide-Background System User ?object ?pic-obj ?picture Graphics) 

’! Main Acts: 

The header is a complex communicative act, its effect refers to an intentional goal. The applicability 
conditions specify when a strategy may be used and constrain the variables to be instantiated. The 
main and subsidiary a.cts form the kernel of the strategies. The slot reporting the media allows to 
define medium-independent presentation strategies simply by filling it with a variable, which will be 
instantiated only when stronger constraints are required (for instance a strategy - like that shown 
- which instantiates the media slot.) 
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The leaves of the planned DAG are specifications for elementary multimedia communication acts, 
which are elaborated by the media design and realization in the layout layer. From these, through 
the coordination, the planning module can acquire’knowledge about relative position of objects, 
etc. 

Since the planning module has no direct access to the knowledge of the media design and realization 
components in the layout layer, it cannot consider this information when building up a candidate 
strategy. Consequently, it may happen that the results provided by the generators deviate to 
a certain extent from the planned strategy (e.g., they are unable to perform the required task,  
etc.) Such deviations are handled by dedicated mechanisms which are: output sharing - part of a 
presentation is reused for different purposes - , structure sharing - part of a DAG is shared - and 
structure adding - split of part of the DAG. Restructuring methods are applied by the coordination 
module. 

Whereas in the MM1’ system the planning, selection and coordination tasks are performed sequen- 
tially, in the WIP system they are performed concurrently. This is due mainly to the concerns for 
incremental processing. 

Layout Layer 

The WIP layout manager stores a set of document types, together with some layout constraints for 
each, which constrain the media design and realization. In addition, communicative acts asking for 
reply - e.g., is-visible(object) - are answered by the layout manager, after dispatching the request 
to the appropriate media design and realization. 

The media design and realization include the following media: graphics, German natural language 
and English natural language. In illustrated instructions for technical equipment, graphics are used 
in order to accomplish presentation tasks, such as depicting a domain object in a certain state, 
showing an object’s location, or visualizing the course of an action. The authors operationalized 
certain 2D and 3D illustration techniques frequently used by human illustrators: the formalization is 
based on a compositional semantics of pictures. Using graphical design strategies, graphics design 
is in principle a goal-driven planning process. However, it does not seem feasible to strictly separate 
a graphics design and realization phase, as some realization operators have side effects which are 
computationally expensive to anticipate. A solution to this problem is to interleave graphics design 
and realization and to allow for feedback. 

As for graphics, the design and realization of English and German natural languages are strongly 
influenced by the quest for incremental reasoning. Thus the form and size of basic processing 
units, data flow, and the interaction between the components were determined by this incremental 
processing scheme. 

Finally, coordination between text ad graphics generation - namely, multimedia referring expres- 
sions and crossmedia referring expressions - is performed in order to express cross-media deictic 
assertions like 

The on/off switch is located in the upper-left part of the picture 

or the multimedia referring to world objects like 

The switch on the frontside. 
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The authors developed a model of referring which takes into account that user’s and system’s 
knowledge about the identity of objects doesn’t necessarily coincide. In order to describe the 
links a user has to infer in understanding a referring expression, the predicates (Coref rep1 repi?), 
(Encodes means information context-space) and (EncodesSame p l  p2 context-space) are stored in 
the context expert. 

Note that in the publications on WIP the term ”layout” is used for describing the spatial arrange- 
ment of text picture blocks* on a page (either paper or screen) only. Thus, the component called 
”Layout Manager” in WIP performs a subset of the tasks which are to be accomplished by the 
modules ”Layout Manager” and ”Layout Control” in Fig. 5. Tasks such as the monitoring of media 
generators, or the design of crossmedia references are done by WIP’s presentation planner. 

Presentation layer 

The output of WIP’s Layout component (which is a specification of text/picture blocks together 
with constraints for their spatial arrangement) can be sent either to a window manager, or to a 
(postscript) printer. Furthermore, the incrementally generated text output can be sent to a speech 
synthesizer. 

User expert 

The WIP stereotype user model distinguishes novice and expert users. User’s goals, preferences 
and knowledge are stored in the knowledge bases. 

The user can modify his stereotype and preferences. This can be inodeled either as a presentational 
command given through the goal formulation, or by modeling the interface for acquiring the user 
preferences as an external client of the user expert. 

The user model is updated after a goal has been achieved. From that time on, the user is supposed 
to know the information conveyed by the presentation of the goal. For instance, the user model is 
updated after the goal “instruct how to fill the watercontainer” has been achieved, since the user is 
assumed to know that concept. 

Finally, the user model is not supposed to be integrated with other systems. Therefore, no ex- 
ternal client is present. There is, however, a context expert interface to resolve context-dependent 
references. 

Application and Application expert 

WIP’s application knowledge comprises knowledge about physical domain objects (eg. a modem, a. 
lawninower, an espressomachine), and knowledge about operation procedures for that objects. The 
representation of this application knowledge is hybrid. While the ontology of the domain objects 
and the operation procedures are represented in RAT [13] - an extension of a Terminological Logics 
- wireframes are used to represent geometrical information of objects and object constellations. 

The knowledge represented in RAT is used both for the generation of text and graphics as the 
main source of knowledge about the domain. Besides the domain plans the entire information 
concerning the domain terminology is represented in RAT. In order to support the user modeling, 
a partitioning mechanism is provided to reason about the potentially conflicting views of the world 
the user an the system may have. 
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Many of WIP’s presentation strategies are general in nature, however, there are also strategies which 
are application dependent. In the current reference model one may therefore distinguish between 
the general strategies which form a private knowledge source of WIP’s presentation planner, and a 
set of application dependent strategies stored in the application expert .” 

To a certain extend, the same goes for the knowledge sources of WIP’s medium specific generators. 
For example, there is also application dependent knowledge how to choose a suitable view of an 
object if it’s depiction has to meet standards in the area of Technical Drawing. 

Context expert 

The context knowledge consists of a document design plan, and some predicates for managing 
referring expressions. 

The former is a directed acyclic graph incrementally built by the planning module in the content 
layer, and restructured by the coordination module in the same layer. The leaves of the document 
design plan are specification for elementary acts of presentation, namely graphics and text design 
and realization. 

The predicates for managing referring expressions are 

0 coreference relations - like coref(rep1, rep2) - to express that two representations - rep1 and 
rep2 - refer to the same world object, 

0 semantic relationships - like (Encodes means information context-space) - between a textual 
or graphical means and the information the means is to convey in a certain context space, 

cohesive relationships - like (EncodesSame p l  pi? context-space) - between two presentation 
parts p l  and p 2 ,  satisfied if and only if p l  and pi? encode the same object. 

Design expert 

The WIP design expert stores knowledge on generation parameters - constraints on the document 
layout, like short/long presentation, etc. - given by the user, layout constraints dynamically inferred 
from the context and the user preferences, and finally knowledge on device availability - acquired 
from the operating system modeled as external server/client. 
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