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Abstract

Model-Based User Interface Development Environments (MB-UIDEs)
provide a context within which user interface declarative models can be
constructed and related, as part of the user interface design process.This
paper provides a review of MB-UIDE technologies. A framework for de-
scribing the elements of a MB-UIDE is presented. A representativ e collec-
tion of 14 MB-UIDEs are selected, described in terms of the framework,
compared and analysed from the information available in the literature.
The framework can be used as an intro duction to the MB-UIDE tech-
nology since it relates and provides a description for the terms used in
MB-UIDE papers.

1 In tro duction

The model-baseduser interface development technology aims to provide an en-
vironment where developers can designand implement user interfaces(UIs) in
a professionaland systematic way, more easily than when using traditional UI
development tools. To achieve this aim, UIs are described through the use of
declarative models. There are three major advantages that derive from the
declarative user interface models (UIMs).

� They can provide a more abstract description of the UI than UI descrip-
tions provided by the other UI development tools [51, 35];

� They facilitate the creation of methods to designand implement the UI in
a systematic way sincethey o�er capabilities: (1) to model user interfaces
using di�eren t levelsof abstraction; (2) to incrementally re�ne the models;
and (3) to re-useUI speci�cations.

� They provide the infrastructure required to automate tasks related to the
UI designand implementation processes[47].



A major disadvantage of UIMs is the complexity of the models and their
notations, which are often hard to learn and use[29, 47]. However, it is expected
that an appropriate environment shouldhelp to overcomethe UIM's complexity,
providing features such as graphical editors, assistants and design critics to
support UI designers. In fact, the development of model-baseduser interface
development environments (MB-UIDEs) is still challenging sincesomeessential
problems related to this technology are not completely solved.

� It is hard to demonstrate that UIMs describe the relevant aspects of the
UI required to generate running user interfaces. In fact, there are few
examplesof running user interfacesgeneratedfrom declarative UIMs [50,
43].

� The problem of how best to integrate UIs with their underlying applica-
tions is intro duced in many papers [11, 12] but is not entirely addressed
for running user interfacesgeneratedby MB-UIDEs.

� There is no consensusas to which set of models is the most suitable set
for describing user interfaces. Indeed, there is no consensusas to which
aspects of user interfacesshould be modelled.

After more than a decade, research into model-baseduser interface tech-
nologiesis achieving a level of maturit y that can lead to e�ectiv e development
of good quality UIs integrated with applications. Based on the potential ben-
e�ts these technologies can provide to UI developers, this survey provides a
review of thesetechnologiessummarising related information available from the
literature. Relevant aspects of fourteen MB-UIDEs, as presented in Table 1,
are comparedand analysedthroughout the paper. Details of how speci�c MB-
UIDEs are implemented are not presented here, and nor are speci�c notations
or tools.

MB-UIDE References Lo cal

ADEPT [27, 23, 52] Queen Mary and West�eld College, UK
AME [28] Fachho chschule Augsburg, German y
FUSE [38, 39, 25] Technisc he Univ ersit•at M •unc hen, German y
GENIUS [21] Univ ersit y of Stuttgart, German y
HUMANOID [44, 46, 26] Univ ersit y of Southern California, USA
JANUS [2, 3] Ruhr-Univ ersit•at Bo chum, German y
ITS [50, 51] IBM T.J. Watson Research Center, USA
MASTERMIND [47, 9, 43] Univ ersit y Southern California, Georgia Inst. Tech., USA
MECANO [32] Stanford Univ ersit y, USA
MODI-D [35, 33, 34] Stanford Univ ersit y, USA
TADEUS [13] Univ ersit•at Rosto ck, German y
TEALLA CH [16] U. Manc hester, U. Glasgo w, U. Napier, UK
TRIDENT [5, 4, 6] Facult �es Univ ersitaires Notre-Dame de la Paix, Belgium
UIDE [24, 15, 14] George Washington Univ ersit y, USA

Table 1: Surveyed MD-UIDEs.

This paper is structured asfollows. Section2 describesMB-UIDE's evolution
and presents research e�orts. Section 3 intro ducesa framework for comparing



and analysing the architectural components of the UIMs. Section 4 describes
the UI development processusing a MB-UIDE. Section 5 presents how user
interfacesare described through declarative models. Design guidelinesare also
intro duced in this section. Section 6 describes the designenvironment through
the tools usedto model, generateand animate the model-baseduser interfaces.
Conclusionsare presented in Section 7.

2 Background

The literature contains many papers describing MB-UIDEs and their UIMs.
The �rst generation of MB-UIDE appearedas improvements to the earlier user
interface management systems(UIMSs) sincethey sought to executeuser inter-
facesrepresented in a declarative way. The main aim of the MB-UIDEs of this
generation was to provide a proper way to executea UI from the UIM. Exam-
ples of the the �rst generation of MB-UIDEs are COUSIN [18], HUMANOID
[44], MIKE [31], UIDE [24] and UofA* [42]. However, the UIMs of the �rst
generation of MB-UIDEs did not provide a high-level of abstraction for the de-
scription of the UI. For instance, user interface aspects like layouts and widget
customisation appeared early during the UI design process. Therefore, a new
generationof MB-UIDEs appearedproviding mechanismsfor describingUIs at a
higher level of abstraction [52]. Examplesof the secondgenerationof MB-UIDEs
are ADEPT [27], AME [28], DIANE+ [48], FUSE [25], MASTERMIND [47],
MECANO [32], MOBI-D [35], TADEUS [13], Teallach [16] and TRIDENT [5].
With MB-UIDEs of the secondgeneration, developers have beenable to spec-
ify, generate and execute user interfaces. Further, this secondgeneration of
MB-UIDE has a more diverseset of aims than previous one. SomeMB-UIDEs
are considering the use of computer-aided software engineering (CASE) tools
and notations such as OMT [36] in their development environment. Others are
aiming to achieve complete UI development.

Most of the papers describing these MB-UIDEs comparesomeof their fea-
tures with other MB-UIDEs, showing the di�erences among them. However,
they are focusedmore on intro ducing the new approach than intro ducing the
MB-UIDE technology. There are a few papers that provide overviews of the
MB-UIDE technology: Schlungbaum [37], Vanderdonckt [49] and Gri�ths [17]
provide comparisonsamong many MB-UIDEs, and Szekely [47] provides an ex-
cellent insight into what an MB-UIDE is.

3 User In terface Mo del Framew ork

User interfacesconvey the output of applications and the input from application
users. For this reason, UIs have to cope with the complexity of both the ap-
plications and the users. In terms of MB-UIDE's architectures, this problem of
conciliating application complexity and user interaction complexity is re
ected
in parts that MB-UIDEs usually haveseveral modelsdescribingdi�eren t aspects



of the UI. Thesemodels are referred to in this as component modelsor models.
Table 2 presents the four models consideredin the framework, also presenting
which aspects of the user interface are described by each model.

Comp onent Mo del Abbrev. Function

Application mo del AM Describ es the prop erties of the application
relev ant to the UI.

Task-Dialogue mo del TDM Describ es the tasks that users are able to
perform using the application, as well as
how the tasks are related to each other.

Abstract presentation mo del APM Pro vides a conceptual description of the
structure and behaviour of the visual parts
of the user in terface. There the UI is
describ ed in terms abstract ob jects.

Concrete presentation mo del CPM Describ es in details the visual parts of the
user in terfaces. There is explained how the
UI is comp osed in terms of widgets.

Table 2: Component models of a user interface.

As the purposeof this framework is to provide a comparisonamongdi�eren t
UIMs, three points should be considered:

� Taskmodelsand dialoguemodelsareclassi�ed within a singlemodel called
the Task-dialoguemodel. Both, task models and dialoguemodelsdescribe
the possibletasks that userscan perform during the interaction with the
application, but at di�eren t levels of abstraction. The reasonfor classify-
ing them together is that UIMs often only have oneof them. Further, the
possibleconstructors of task and dialogue models may have similar roles.

� User models are supported in someUIMs (i.e. ADEPT, MECANO and
TADEUS). Indeed, user models are important for the model-baseduser
interface technologiessincethey can provide a way to model user interface
preferencesfor speci�c usersor groups of users. However, they are a chal-
lenging aspect of the UI not well-addressedin MB-UIDEs, and especially
not clearly described in the literature. Moreover, in thoseUIMs that have
a user model it appears that the user model can be replaced by design
guidelines. In fact, designguidelinesusually contain user preferencesthat
can be consideredas a model of a group of users.

� Platform models, or environment models, are not contemplated in the
framework for the samereasonsthat user models are not contemplated.

Models are composedof constructors. Table 3 shows the constructors con-
sidered in the framework. The table also shows a possibledistribution of these
constructors into the component models,a concisedescription of each construc-
tor, and abbreviations for future reference.The distribution of the constructors
into component models, as presented in Table 3, helps to clarify their function
in the framework. De�nitions of application model constructors are partially
extracted from UML [8]. De�nitions of task model constructors are partially



extracted from Johnson [22]. De�nitions of abstract and concrete interaction
objects are partially extracted from Bodart and Vanderdonckt [6].

Comp. Constructor Abbrev. Function
mo del

AM class CLASS An ob ject t yp e de�ned in terms of attributes,
operations and relationships.

attribute A TTR A prop ert y of the thing mo delled by the ob jects
of a class.

operation OPER A service pro vided by the ob ject of a speci�c
class.

relationship RELA T A connection among classes.
TDM task T ASK An activit y that changes the state of speci�c

ob jects, leading to the achiev ement of a goal.
Tasks can be de�ned at di�eren t levels of
abstraction, whic h means that a task can be a
sub-task of an abstract class.

goal GO AL A state to be achiev ed by the execution of a
task.

action A CTION A behaviour that can be executed. Actions are
the most concrete tasks.

sequencing SEQ The temp oral order that sub-tasks and actions
must respect for carrying out the related
high-lev el tasks.

task pre-condition PRE Conditions in terms of ob ject states that must
be respected before the execution of a task or
an action.

task post-condition POST Conditions in terms of ob ject states that must
be respected after the execution of a task or
an action.

APM view VIEW A collection of AIO's logically group ed to deal
with the inputs and outputs of a task.

abstract in teraction AIO A user in terface ob ject without any graphical
ob ject represen tation and indep enden t of any

environmen t.
CPM windo w WINDO W A visible and manipulable represen tation of a

a view.
concrete in teraction CIO A visible and manipulable user in terface ob ject
ob ject that can be used to input/output information

related to user's in teractiv e tasks.
layout LA Y An algorithm that pro vides the placemen t of

CIOs in windo ws.

Table 3: User interface model constructors.

One point that should be consideredin terms of constructors is that MB-
UIDEs do not needto haveall constructorspresented in the framework. Further,
constructors can be distributed in a di�eren t manner from that proposed in
Table 3.

4 User In terface Dev elopmen t in a MB-UIDE

The UI development processis normally an incremental processin a MB-UIDE.
User interface designand implementation can easily be repeatedhowever many
times are required to re�ne the UI speci�cation and code. In reality, someMB-
UIDEs are not 
exible enough in terms of code re�nement. Considering the
UI development process,two distinct subprocessescan be identi�ed. The �rst
one is the UI design, that results in the creation of a UIM. The secondone is



the UI implementation, that results in an executable UI. Section 4.1 presents
an overview of how possible UI design processesin a MB-UIDE. Section 4.2
presents how parts of the UI design processcan be automated. Section 4.3
presents an overview of the UI implementation process.

4.1 User In terface Design Pro cess

In a MB-UIDE, the UI design is the processof creating and re�ning the UIM.
As stated in Section 3, there is not agreement on which set of models are the
best for describing UIs in a declarative manner. In terms of UI design, there is
also a lack of agreement as to which is the best method for UI modelling.

According to Figure 11, somemodelling tools can be provided by MB-UIDEs
for editing the models, and modelling assistants can be provided to support UI
developers. Thesemodelling tools usually provide a graphical environment that
may facilitate the complex work of constructing UIMs. It is expected that
these modelling tools can prevent UI developers for worrying about details of
the models and their notation, focusing their attention on the designof the UI.
Additionally , someMB-UIDEs have modelling assistants that can perform some
functions, such as model checking, that provide feedback to developers about
the designprocess.

presentation model
Concrete

Application
model

User interface model

Developer

Modelling

Modelling
assistants

tools

presentation model
Abstract

Task-dialogue
model

Abstract
design tool

Concrete
design tool

Design
Knowledge

Presentation
Guidelines

Figure 1: The user interface design in a MB-UIDE.

MB-UIDEs basedon textual UIMs optionally may not require any special
editor or assistant. This may bean excellent approach for expert developersthat
could build and re�ne modelsusingany text editor. In fact, MB-UIDEs basedon
textual UIMs that o�er model editors and assistants give freedomto developers
to use or not the model development environment provided. The problem of
MB-UIDEs based on textual models are that they may not o�er any special
facilities for model management. In this case, the cost of constructing UIM
descriptions might be higher than the bene�ts provided by such environments,
specially for non-expert developers.

There are MB-UIDEs that use existing graphical editors and CASE tools

1Traditional diagram describing the user interface development process in MB-UIDEs,
presented in Szekely [45], Schlungbaum [37] and Gri�ths et al. [16].



as their model editors. In this case,the problem is that tools could not accept
modi�cations to accommodate speci�c requirements for editing UIMs.

As UIMs can describe UIs at di�eren t levels of abstraction, it is expected
that the design processshould be incremental. Thus, UIs could initially be
described by a very abstract model that can gradually be transformed into a
concrete model. Considering this iterativ e design process,developers can edit
the models using the modelling tools, and check the model using the design
assistants, until the UIM reachesa point wherethe relevant details are modelled
into the UIM. Further, developers can at any time return to the MB-UIDE to
re�ne the model, even after the implementation of the UI. The problem, in
this case,is that the UI should be modi�ed only through the MB-UIDE since
modi�cations not described in the UIM are obviously not regenerated,in the
new version of the UI.

4.2 Automated Tasks in User In terface Design Pro cess

Somepapers claim that the real advantage of the model-basedUI technologies
is the support they provide to automate the UI design [30]. Indeed, it is a
powerful characteristic of the UIMs that they can describe UIs at di�eren t levels
of abstraction.

Figure 1 shows how UI design automation �ts into the development activ-
it y. An abstract design tool can generatethe abstract presentation model from
application models or task-dialoguemodels, using a designknowledgedatabase
to supply information required during the UI design process. Additionally , a
concrete designtool can generatethe concretepresentation model from the ab-
stract presentation model, and using a design guideline database. The design
guidelines are not part of the user interface model, but they are part of the
MB-UIDE.

Most of the research related with UI development concernsthe \lo ok and
feel" aspects of the UI. For this reason, there are many well-known guidelines
concerning the presentation of the UI [40]. On the other hand, there are some
research e�orts that analysehow to model tasks during human-computer inter-
action. However, the guidelines provided by these studies are not established
enoughto be usedas a proper designknowledgedatabase[52]. Therefore, part
of the automated UI design processrelated with the task-dialogue model is
a�ected by this lack of well-establishedtask modelling guidelines.

At the sametime such automated design facilitated the work of UI devel-
opers, it also createsa new problem: how UI developers can interfere in this
automated processto designUIs with di�eren t characteristics to thoseprovided
by designknowledgedesignguideline databases[47].

4.3 User In terface Implemen tation Pro cess

Figure 2 illustrates three approaches to generating and executing a user inter-
face, in the context of a MB-UIDE. In the �rst approach shown in Figure 2a,



the sourcecode of the user interface is generatedbasedon the toolkit classli-
brary. In this approach, the MB-UIDE generatesthe sourcecode of the user
interface, and sometimesit generatesthe skeleton of the application. In the
secondapproach shown in Figure 2b, the UI is executedby the UIMS runtime
system linked with the application. A UIMS input-�le generator is required,
in this case,to convert the UIM into the UIMS input-�le format. In the third
approach shown in Figure 2c, the application can interpret the UIM directly
due to the MB-UIDE runtime system being linked to the application.

Compiler/
Linker

User interface
model

mainstream

source code
application

class library
Toolkit

Application

Source code
generator

Toolkit-ready
file

(a)

Compiler/
Linker

User interface
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source code
application

UIMS runtime
system

Application

generator specification file
UIMS - UIUIMS input-file

(b)

Compiler/
Linker

User interface
model

mainstream

source code
application Application

(c)

runtime system
MB-UIDE

Figure 2: The three approachesfor implementing a userinterfacein a MB-UIDE.

The UI implemented using the �rst approach hasthe advantage that it is en-
tirely coded inside the application, providing a natural integration betweenthe
UI and the application. However, the UI produced using the �rst implementa-
tion approach is more static than the UIs producedusing the other implementa-
tion approaches,which are able to be recon�gured more easily at runtime. The
UI implemented using the third implementation approach, however, tends to
have a performanceworsethan the UIs implemented using the �rst and second



approachessinceit is expensive to interpret the UIM at runtime.
The implementation tools in Figure 2 can be classi�ed into two categories,

de�ned as follows.

� UI generators: Theseare tools that make the application independent of
the UIM. In this case,sourcecodegenerators(Figure 2a) and UIMS input-
�le generators (Figure 2b) are UI generators. For instance, MB-UIDEs
that can executea UI directly from the UIM do not have UI generators.

� UI runtime systems: They are those tools that executethe user interface
when the application is running. In this case, the application itself in
the �rst implementation approach (Figure 2a), the UIMS runtime system
(Figure 2b) and the MB-UIDE runtime systemsare UI runtime systems.
UI runtime systemsare essential tools for MB-UIDEs.

One relevant observation concerns MB-UIDE terminology. The term UI
generation can be usedto refer to the processof generating the input-�le of the
UI runtime system, as described above, or to refer to the processof generating
the concretepresentation model from abstract presentation models, application
models and task-dialoguemodels. In this paper, we usethe term UI generation
to refer to the �rst process.

5 Declarativ e Mo dels

The UIM is certainly the most important element of a MB-UIDE. In fact, the
UI is designedin terms of the UIM, generated from the UIM and sometimes
executed from the UIM. Therefore, it is important to understand how UIMs
are composed in terms of their models and constructors. Further, it is also
important to know what notations are usedto represent thesemodels.

5.1 Mo dels

Table 4 presents the models of the MB-UIDEs in terms of the framework. The
terms used in the table are those usedin the literature to identify the models.

The application model is present in every user interface model. In fact,
the MB-UIDE technology appeared initially as an improvement in the user
interface management systems(UIMS), where a clear distinction between the
user interface and the mainstream application is required.

The presentation model, like the application model, is always considered
in declarative models. However, there are MB-UIDEs that do not have an
abstract presentation model such as MASTERMIND and MECANO. In other
MB-UIDEs such as HUMANOID, TADEUS and Teallach, it is not clear the
distinction betweenthe abstract and concretepresentation models. In this last
case,designersnormally have the 
exibilit y to gradually re�ne the presentation
description from an abstract model to a concretemodel.



MB-UIDE Application mo del Task-Dialogue mo del

ADEPT problem domain task mo del
AME application mo del OOD
FUSE problem domain mo del task mo del
HUMANOID application semantics design manipulation, sequencing,

action side e�ects
JANUS problem domain (none)
ITS data pool control speci�cation in dialog
MASTERMIND application mo del task mo del
MECANO domain mo del user task mo del/dialogue mo del
TADEUS problem domain mo del task mo del/na vigation dialogue
TEALLA CH domain mo del task mo del
TRIDENT application mo del task mo del

MB-UIDE Abstract presentation mo del Concrete presentation mo del

ADEPT abstract user in terface mo del protot yp e in terface
AME OO A protot yp e
FUSE logical UI UI
HUMANOID presentation presentation
JANUS (not surv eyed) (not surv eyed)
ITS frame speci�cation in dialog style speci�cation
MASTERMIND (none) presentation mo del
MECANO (none) presentation mo del
TADEUS pro cessing dialogue pro cessing dialogue
TEALLA CH presentation mo del presentation mo del
TRIDENT (not surv eyed) presentation mo del

Table 4: MB-UIDE's component models.

Finally, declarative models also consider the use of a task-dialogue model
to describe the possible interactions between usersand applications using the
presentation and application models. SomeMB-UIDEs describe these interac-
tions at a dialogue-level such asHUMANOID, MASTERMIND and ITS. Other
MB-UIDEs, especially those developed after ADEPT, describe the interactions
at a task-level, more abstract than the dialogue-level. However, there are MB-
UIDEs such as MECANO and TADEUS that describe the possibleinteractions
at both dialogue and task levels.

5.2 Constructors

Having identi�ed the models,we needto identify the model constructors. As we
did for models, Table 5 presents the model constructors using the terminology
available in the literature for the speci�c proposals. The column constructor
refers to the abbreviation for constructors intro duced in the framework (Ta-
ble 3). Constructors not present in Table 5 are not used in the speci�c system,
or at least were not identi�ed in the literature.

5.3 Mo del Notations

While Section 5.1 has indicated what models are present in di�eren t proposals,
the semantics of the individual models in di�eren t contexts has not yet been
touched on. Table 6 shows the several di�eren t notations usedby the models of



MB-UIDE Constructor Name

Adept T ASK task
GO AL goal
SEQ ordering op erator +

sequencing
AIO user in terface ob ject
CIO UIO

AME CLASS OO A class
A TTR slot/OO A attributes
OPER OO A op eration
RELA T relation t yp e
A CTION b eha viour
AIO AIO
WINDO W OOD class
CIO CIO
LA Y la y out-metho d

Humanoid CLASS ob ject t yp e
A TTR slot
OPER command
T ASK data flo w constrain ts
GO AL goal
A CT b eha viour
SEQ guard slots' constrain ts,

triggers
PRE sequen tial pre-condition
POST action side-effect
AIO template
WINDO W displa y
CIO displa y , in teraction

tec hnique
LA Y la y out

Jan us CLASS class
A TTR attribute
OPER op eration
RELA T asso ciation, aggregation
CIO in teraction ob ject
WINDO W dialog wido w (UIView)

MB-UIDE Constructor Name

ITS CLASS data table
A TTR field
VIEW frame
AIO dialog ob ject
EVENT ev en t
A CT action
WINDO W ro ot unit
CIO unit
LA Y st yle attribute

Mastermind CLASS in terface
A TTR attribute
OPER metho d
T ASK task
GO AL goal
SEQU connection t yp e
WINDO W presen tation
CIO presen tation part
LA Y guides, grids,

conditionals
T eallac h CLASS class

A TTR attribute
OPER op eration
T ASK task
SEQ task temp oral

relation
VIEW free con tainer
AIO AIO
WINDO W windo w
CIO CIO

Table 5: MB-UIDE's constructors.

di�eren t proposals.
We notice in Table 6 that there are UIs entirely described by models using

a single notation. In general, these notations have been developed speci�cally
for the MB-UIDE. They can be completely new as in ITS's Style rules [50, 51],
or they can be extensionsof other notations, as in MASTERMIND's MDL that
is an extensionof CORBA IDL [41]. The useof a single notation can be useful
to describe how the models collaborate with each other. However, specially
due to the requirement of graphical notations, UI models tend to use di�eren t
notations. For example, JANUS, TADEUS, TRIDENT, Teallach, and Adept
modelsusemore than onenotation. It is not feasibleto provide a categorisation
of theseUIMs in terms of their notations herebecausethey tend to be speci�c to
each MB-UIDE. For instance,there are many MB-UIDEs that usea hierarchical
task notation to model their task-dialogue models, however, the notation may
not be precisely formalised, as in Teallach.

The use of standard notations appears to be an aim. For instance, MAS-
TERMIND's notation is basedon CORBA IDL, and AME and TADEUS apply
OMT [36] in someof their component models,sincetheseare notations available
for describing other parts of the application. In fact, OMT can be usedduring
the analysis and design of the mainstream application, and CORBA IDL can
be usedduring the implementation of the mainstream application.

A comprehensive explanation of the semantics of thesenotations is outside
of the scope of this survey. The referencesrequired to �nd out more about these
notations are also provided in Table 6 .



MB-UIDE Notation Mo dels

ADEPT task kno wledge structures (TKS) [20] TDM
LOTOS [7] TDM
Comm unicating Sequential Pro cess (CSP) [19] TDM, APM

AME OO A/OOD [10] AM
OMT [36] AM

FUSE algebraic speci�cation [53] AM
HT A [22] TDM, UM
Hierarc hic In teraction graph Template (HTI) APM, CPM

HUMANOID uses a single notation whic h was not speci�ed all mo dels
JANUS JANUS De�nition Language (extended AM

CORBA IDL and ODMG ODL)
ITS Style rule [50, 51] all mo dels
MASTERMIND MDL [43] (extended CORBA IDL [41]) all mo dels
MECANO MIMIC [32] (extended C++) all mo dels
MOBI-D MIMIC (see MECANO's notation) all mo dels
TADEUS specialised HT A TDM

OMT [36] AM, UM
Dialogue Graph (sp ecialised Petri net) TDM

TEALLA CH hierarc hical tree with state ob jects TDM
hierarc hical tree AM, APM, CPM

TRIDENT En tit y-Relationship-A ttribute (ERA) AM
Activit y Chaining Graph (A CG) TDM, APM, CPM

Table 6: Model notations.

5.4 Mo del In tegration

Modelsare integrated, although it is not unusual for the literature to be unclear
on the precise nature of such integration. Indeed, Puerta and Eisenstein [34]
said that there is a lack of understanding of UIM integration, denoting this
problem as the mapping problem.

One strategy to �nding out how thesemodels are integrated is through the
compilation of the relationships of constructors in di�eren t component models.
Table 7 shows some of those inter-model relationships, relating the relation-
ship constructors with their multiplicit y. The multiplicit y between brackets is
described in UML notation [8]. Additionally , the �gure in Table 7 shows graph-
ically how the models are related to each other in the MB-UIDEs.

The presentation model can be consideredas a set composedof the APM,
the CPM, and the relationships between the APM and CPM. Our strategy
to analyse the �gure in Table 7 is based on the identi�cation of how AMs
relate to presentation models. There are two approaches to relating AMs and
presentation models. The �rst and most frequent approach is creating direct
relationships between the two models, such as in HUMANOID, JANUS, ITS
and MECANO. The secondapproach is using the TDM. In this case,there are
relationships between the AM and the TDM, and between the TDM and the
presentation model, such as in MASTERMIND and Teallach.

In AME and ADEPT, for instance, there are relationships betweenthe APM
and the TDM, but these relationships do not provide a link with the AM that
is directly linked with the APM. In this case,the link is more betweenthe AM
and the TDM than betweenthe AM and the presentation model.



MB-UIDE In ter-mo del relationship
Constructor Constructor

ADEPT A CTION (1) AIO (*)
AME CLASS (1) AIO (1..*)

CLASS (1) WINDO W (0..1)
ATTR (1) AIO (1)
WINDO W (1) AIO (1..*)
A CTION (1) AIO (1)

GENIUS VIEW (1) WINDO W (1)
AIO (1) CIO (1)

HUMANOID CLASS (1) CIO (1)
AIO (1) CIO (1)

JANUS WINDO W (1) CLASS (*)
AIO (1) ATTR (1)

ITS VIEW (1) ATTR (*)
CLASS (1) AIO (*)
AIO (1) CIO (1..*)

MASTERMIND TASK (1) OPER (0..1)
TASK (1) CIO (0..1)
ro ot TASK (1) WINDO W (1)

MECANO WINDO W (1) CLASS (1)
AIO (1) ATTR (1)

TEALLA CH TASK (1) CLASS (0..*)
TASK (1) AIO (0..*)
TASK (1) VIEW (0..1)
WINDO W (1) AIO (0..*)
AIO (1) CIO (1..*)

TRIDENT WINDO W (1..*) VIEW (1)
AIO (1) CIO (0..*)

APM

CPM

AM

TDM

AME

HUMANOID

JANUS

MECANO

AME
JANUS
ITS
MECANO

MASTERMIND

MASTERMIND

TRIDENT
TELLACH
ITS
HUMANOID
GENIUS
AME

TEALLACH
AME

ADEPT

TEALLACH

Table 7: Discrete and graphical representation of the inter-model relationships.



6 Environmen ts

MB-UIDEs are composedof tools where userscan perform the tasks required
to design and generate a user interface, as described in Section 4. Thus, a
MB-UIDE architecture can be explained in terms of its tools. In fact, some
development environments provide a monolithic tool with which developersper-
form their tasks. Other environments provide distinct tools where developers
perform speci�c tasks, leading to a complete development of the UI. There is a
third kind of environment where developers perform part of their tasks in tools
not especially developed for the MB-UIDE, such as CASE tools, and the other
part of their tasks in tools especially developed for the MB-UIDE. This section
analysesMB-UIDE architectures through a comparisonof their tools.

6.1 Design Environmen t

UI models are generally complex, leading to the modelling processalso being a
complextask. Thus, modelling tools are usually provided to help the designerto
model the user interface. Table 8 producesa classi�cation of environment tools
according to our tool classi�cation. It is important to observe that someMB-
UIDEs are composedof tools that are responsible for more than one function,
then they are classi�ed in more than one category.

MB-UIDE Mo delling Editors Mo delling Assistan t

ADEPT Task mo del editor In terface generator
A UI editor ob ject bro wser

AME OODev elopT ool code generator
ODE-editor layout generator

FUSE FIRE FLUID
GENIUS Mo del Editing Tool Mo del Re�nemen t Tool
HUMANOID (none) (none)
JANUS Paradigm Plus (OO CASE to ol) (not surv eyed)

Together C++ (OO CASE to ol)
ITS not speci�ed (none)
MASTERMIND Application Mo deling Suite Dialog Critics

Task Mo deling Suite
Presen tation Mo deling Suite

TADEUS Tadeus Tadeus
TEALLA CH Teallac h code generator

Table 8: Design environment tools.

6.2 Implemen tation Environmen t

UI implementation is a key activit y in the use of a MB-UIDE. To generate
the UI, however, the MB-UIDE depends not only on the UIM, but also on
the environment that is being considered. As discussedin Section 4, a MB-
UIDE can implement a run-time interpreter for the UIM, generatecode for an
existing UIMS, or generatecode that usesa speci�c toolkit. Therefore, there
are basically three alternativ es that can be consideredfor generating the user
interface.



Table 9 summarisesthe user interface generation tools of the MB-UIDEs.
There we see that some MB-UIDEs are based on a UIMS (e.g. TADEUS).
Other MB-UIDEs generate code for speci�c toolkits (e.g. AME, FUSE and
MASTERMIND generatecode for C++, and Teallach generatescode for Java).
The others, however, implement the whole environment (e.g. ITS's dialog man-
ager,FUSE's BOSS). One interesting approach is that usedby AME and MAS-
TERMIND that provide UI protot yping using UIMSs, but that generatecode
for C++. That way, these MB-UIDEs can o�er to their users the bene�ts of
alternativ e approachesto generating a user interface.

MB-UIDE UI Generator UI Run time System

ADEPT in terface builder in terpreter
AME AME/C++ code generator application code

Op en In terface code generator Op en In terface (UIMS)
not speci�ed KAPP A-PC run time system

FUSE BOSS[38, 39] (not surv eyed)
GENIUS (not surv eyed) run time system
HUMANOID (none) Humanoid run time system
JANUS C++ code generator application code
ITS (none) UI executed from the UIM
MASTERMIND Mastermind Protot yping Supp ort AMULET [30] (UIMS)

C++ code generator application code
TADEUS not speci�ed ISA Dialog Manager (UIMS)
TEALLA CH Java code generator application code (Swing Toolkit)

Table 9: Implementation environment tools.

The implementation environment can alsobe composedof advisorsand doc-
umentation generators. However, thesetools are not discussedin this survey.

7 Conclusions

MB-UIDEs seekto provide a setting within which a collection of complementary
declarative models that can be usedas a description of UI functionalities. This
survey has comparedthe models and tools provided by 14 MB-UIDEs. Declar-
ative models, model constructors and model notations were presented using a
comparative framework. Design and implementation tools were identi�ed.

The MB-UIDE technology is just now becoming stable enough to be com-
mercialisedasproducts e.g. Systemator [1]. Indeed, this is the result of practical
experienceswith this technology, e.g. ITS was usedby IBM to produce the UI
of the visitor information systemof EXPO'92 [50, 51], and FUSE hasbeenused
by Siemensto simulate an ISDN telephone.

However, there are many aspects of MB-UIDE technology that must be
studied in order to increasethe acceptanceof MB-UIDEs at the level of other
specialisedUI development tools [29].

� Mapping between models. The aspects of UIs that it is relevant to model
in UIMs are well-understood. In fact, most of the surveyed MB-UIDEs
provide in someway a similar set of UI aspects that they can describe,



as observed in Table 4. However, it is unclear how best to model the
relationships betweenthe constructors of the modelsusedto describe UIs,
as observed in Table 7.

� UIM post-editing problem. Automated generateddrafts of UI designsmay
be manually re�ned in order to generate�nal designs. However, manual
re�nements to generateddesignsare lost whendevelopersregenerateother
draft designs.Therefore, it is still a problem how best to cope with post-
editing re�nements.

� Standard notations for UIMs. The useof a standard notation may be use-
ful in order to describe di�eren t UIMs using a commonset of constructors.
In fact, theseconstructors may facilitate the comparisonand the reuseof
UIMs and their MB-UIDEs. For instance, the reuseof UIMs may be di�-
cult thesedays since they are basedon several notations, as presented in
Table 6. Further, the reuseof UIMs can be essential for make MB-UIDEs
scalablefor real applications.
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