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ABSTRACT

While Model Driven Architecture (MDA) has already been
adopted by companies for the development of business and
persistence layers, there has been no general adoption of a
model-driven approach for graphical user interface (GUI)
development. Therefore, the present paper describes a
practical and pragmatic approach for task-dialog and ab-
stract presentation modeling of GUIs. The presented model
has already been used to generate user interfaces. It will be
shown how UML activity diagrams can be extended in or-
der to enable automated code genertation from the model—
with some manual intervention (with a GUI builder to lay-
out the GUI components). A sample application will be
described in order to show how the presented model can be
used.

KEY WORDS
Graphical User Interface, Task-Dialog Model, Abstract
Presentation Model, Model Driven Architecture

1 Introduction

Graphical user interfaces (GUI) usually consist of many
windows, dialogs, wizards, etc. which are interconnected
and are usually nested over several levels. In order to give
developers a better overview over the GUI, a visual mod-
eling approach is required. Furthermore, productivity im-
provements can only be achieved by an upward shift in
the level of abstraction in which problems are solved [9]
and some kind of automation. Visual modeling languages
can satisfy these requirements (overview and automation)
if they operate on a higher level of abstraction than the code
[9] and contain enough semantics of the GUI in order to en-
able automated code generation.

Visual modeling languages are currently used mainly
for modeling certain parts of an application, including per-
sistence layer, business objects, and business logic. The
standard notation for modeling these aspects of an applica-
tion is the Unified Modeling Language (UML) [11]. There
are also many CASE tools and IDEs that support the UML.
However, UML only covers part of an application. Up to
now, other parts of an application, such as the GUI, are
not or rarely modeled in practice. Especially, task model-
ing, dialog modeling, and presentation modeling of GUIs
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are not yet supported by the UML—the quasi-standard in
model-driven [10] and model-based software development.
There are neither suitable UML diagram types nor UML
profiles. If we want to close this “modeling gap” and come
to a practically applicable solution, we have to extend the
UML. Then we can also use tools available for the UML
and extend them. Otherwise, it would be necessary to de-
velop custom tools—which is not an approach viable in in-
dustry. Thus, it will be necessary that our solution is based
on UML. Thereby, we also get two additional advantages
for free: If we use the UML with only slight modifica-
tions, it will not be difficult for the average developer to
understand our models. Furthermore, our UML modeling
approach for GUIs can be used to construct a unified, in-
tegrated model-driven development approach, which will
in each layer (presentation, business, and persistance) be
based on the UML (without trying to model everything
which is not yet supported by the UML and by the currently
available tools).

A suitable practical modeling language should thus
fulfill the following requirements:

o It should be suitable for modeling GUIs with many
top-level UI components like windows, dialogs, wiz-
ards, views, etc.

o It should offer a good overview of the tasks that can
be performed with the GUL.

o It should be simple and intuitive to avoid a long period
of training.

e It should be practical, i.e. there should be tool sup-
port.

e It should be possible to link the application model
with the model for the GUI.

e Modeling should be supported at several levels of de-
tail.

The following section presents a new approach for
task-dialog and abstract presentation modeling based on
UML activity diagrams. In the Section 3, a case study with
the introduced modeling language is presented. Section 4
discusses related work. Finally, Section 5 concludes the
present paper.
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Figure 1. A first task-dialog model of a GUI with an UML
activity diagram

2 A Practical Task-Dialog and Abstract Pre-
sentation Modeling Approach with UML
Activity Diagrams

In order to enable linking of the application model with the
GUI model as well as having tool support, UML should
be used as a basis. There are many CASE Tools for UML
and it has already been adopted as a quasi-standard model-
ing language in industry. These tools often provide mecha-
nisms for extending the UML.

In the following, we take a look at UML 1.4 activity
diagrams' and find out whether they are suitable for task-
dialog and abstract presentation models of GUIs.

We could model the dialogs of an application with
states. As soon as an event occurs, states may be left or the
status of a state is changed. The dialogs of an application
react similarily. The user “fires” events by interacting with
the GUI and reaches other dialogs or the current dialog is
changed. To get an overview of a GUI, especially the events
which lead to other dialogs are important.

However, the same events do not always lead to the
same following dialogs. Often inputs have to be processed
by the application in order to determine which dialog has
to be displayed next. In consequence, activity diagrams
should offer possibilities to model conditional branches.
We can use decisions and transitions with conditions of
UML activity diagrams for this purpose. Further elements
provided by activity diagrams are activities. They can be
used for modeling actions and instructions.

Now we can make a first approach to model a GUIL
Figure 1 shows a small example. The modeled GUI con-
sists of two dialogs: ‘Dialog 1’ and ‘Dialog 2°. In ‘Di-

'Our approach should be practical which requires full tool support.
This was only available for UML 1.4 at the time, this approach was devel-
oped.
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Figure 2. The login dialog

alog 1°, the user has obviously the option to trigger an
event called ‘submit’—persumably, he can click on a but-
ton which results in the event ‘submit’. After the inputs
have been checked, the GUI displays ‘Dialog 2’ if the in-
puts were correct or goes back to ‘Dialog 1’ otherwise.

At present, the sample model could be used to do task-
dialog modeling for a GUI. However, since it is not clear
what e. g. a state should be, a GUI cannot yet be automat-
ically generated from this description. Therefore, it will
be necessary to extend UML activity diagrams in order to
describe specific parts and features of GUIs, in order to en-
able task-dialog and abstract presentation modeling being
automatically transformed into code.

Tables 1 and 2 show the (extended) set of elements of
UML activity diagrams which are necessary for modeling
tasks, dialogs, and abstract presentation of GUI. These en-
hancements were achieved by adding stereotypes and new
properties.”

3 Case Study

In the following it will demonstrated, how a simple appli-
cation could be modeled with the modeling language pre-
sented so far. In the first part of this section the specifica-
tion of the modeled application are specified. In the second
part it is shown how these requirements could be modeled
in three diagrams.

3.1 Specification of the Modeled Application

In the following, the functionality of the modeled sample
application will be described. The focus of this description
is on the possible interactions on the GUI—and not on the
functionalities “behind” the GUI.

Before the main application will be displayed, a login
dialog (cf. Figure 2) should appear. This dialog should not
be closeable by clicking xl and has two text fields to enter
login name and password. As usual, the login dialog has
‘OK’ and ‘cancel’ buttons. If a user confirms by clicking
‘OK’, the password for the specified login is retrieved from
the data base and compared with the entered password. If
the login does not exist or the password does not match, a

2This comes close to an UML light weight extension.
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Figure 3. A warning message displayed after entering a
wrong login or password
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Figure 4. The main application (back) and a dialog of one
dialog sequence (front)

warning will be displayed (cf. Figure 3) and the login di-
alog should not be closed in this case. If the ‘OK’ button
is clicked and login and password match, the main appli-
cation window displayed in full mode. Optionally, ‘cancel’
could be clicked. In this case the login dialog is closed, but
the main application should continue in a restricted mode.

In the main application window (cf. Figure 4) shown
after leaving the login dialog, the following tasks can be
performed:

e Create new users
e Search for users
e Edit users

e Delete users

For each of these four tasks there should be a sequence
of dialogs. Hereby we always want to have the ability to
leave the current dialog by clicking ‘close’ or xI. Dialogs
which enable modifying user data should additionally have
a ‘Save’ button.

3.2 Modeling of the sample application

Figure 5 shows the model for the login dialog, containing
the action ‘login’ referenced from the model of the main
application. ‘login’ is the Action that shows the Login view
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Figure 5. The model for the login dialog

and is called from the main application via ‘*login’. The
login dialog has two events (‘OK’ and ‘cancel’) not being
special events. That means they will be interpreted as but-
tons (by the code generator).

After clicking on the ‘OK’ button, the logic ‘getUser-
FromDB’ is triggered. In the method generated for ‘ge-
tUserFromDB’ (which is implemented by the developer),
the data from the text fields login name and password are
acquired (from the GUI) and the corresponding data is re-
trieved from the data base (it is the binding to the busi-
ness/persistence layer). In the model, it is denoted that this
logic produces a User object. The Conditions following the
Decision have to check if ‘user’ is valid or not. Because
the generator isn’t able to resolve these Conditions they are
treated as complex conditions®. Then the login dialog re-
turns ‘user’. If we leave the dialog via ‘cancel’ the instance
‘user’ is explicit set to ‘null’ before being returned. After
the ‘wrongUserMessage’, however, the login dialog is still
active.

Figure 6 shows the model for the main application.
First we create a Component with the stereotype ‘Applica-
tion’ and name it ‘ApplicationExample’. Each Component
fires an ‘init’ special event before it is displayed. This is
the right place to insert the login dialog. But we decide not
to model the login dialog in this diagram, because we want
to keep it small and clear. Therefore we use an ActionLink
called ‘*login’, which links to an Action in another diagram
(cf. Figure 5). We only define the return type as ‘User’ and
the name of the instance returned as ‘user’. After returing
from ‘*login’, it will be checked if the returned User in-
stance represents an administrator (abstract condition) or a
user not being logged in (simple condition).

The Logics ‘initAdmin’ and ‘initNotLoggedIn’ are
modeled to have methods generated, in which the devel-
oper can implement own code. These model elements serve
as placeholders in the diagram for later manual insertion of
code.

3The generator generates an abstract method abstract boolean
isValidUser (User user) in the implementation.
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Figure 6. The model for the main application

In order to enable that the application window can be
closed by clicking on i, the special event ‘exit’ is used with
the special logic ‘exitApplication’.

The only things missing now are the four events trig-
gering the four dialog sequences. These four events will
cause buttons being generated within the main application
window. To keep the diagram small we used ActionLinks
again.

The model for the four dialog sequences is shown in
Figure 7. The dialog sequences can be activated by calling
the Actions ‘newUser’, ‘showUser’, ‘delUser’, and ‘edi-
tUser’, respectively. They are called only from the main
application (cf. Figure 6). There are altogether eight di-
alogs involved in the four dialog sequences. However,
there are only three different dialogs (namely ‘searchUser’,
‘showUser’, and ‘editUser’). Therefore, we can take ad-
vantage of reusing Components as well as of extending
Components for modeling. The common behavior of the
views has thus only to be modeled once and can be reused
and extended each time it is required. When reused, events
‘next’, ‘back’, and ‘delete’ are added.

3.3 From the Model to the Code

After the generation step, the complex logics has still
to be implemented manually. In our example, we
had to manually implement the methods boolean
isAdmin (User user) (cf. Figure 6) and boolean
isValidUser (User user) (cf. Figure 5).

What is still left is to construct the concrete GUI
layout—our modeling approach only specifies the abstract
presentation, i.e. the elements of the GUI. The layout can
be done manually or with a GUI design tool. The layout
of the login dialog in our example (cf. Figure 2) was con-
structed with a GUI designer.

The screenshots in Figures 2—4 show the generated
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GUI of the application. The red marked area shows the
place in which manual GUI design should take place (cf.
Figure 4).

4 Discussion and Related Work

A good overview of different approaches for modeling of
graphical user interfaces is provided by the survey papers
[19, 13, 6].

UMLi ([18, 14, 16, 12, 17]) is a modeling approach
for GUIs based on the UML. One aim of UMLi is to be a
minimal extension of the UML notation to support detailed
modeling of GUIs. Neither the semantics of existing UML
elements, nor the UML meta-model is modified. Therefore
the UMLI notation only uses UML extension mechanisms.
The basic idea of the UMLI approach is that user interface
designers and application designers should work within a
single environment and that the UI designers should do
their work in the presentation model. Our approach how-
ever is intended to provide better overview because only
the high-level perspective of a GUI is modeled (i. e. task-
dialog modeling and abstract presentation modeling), and
the concrete presentation layout is constructed in a GUI de-
sign tool after generation. Our approach seems to be more
convenient for GUI designers. There are some more differ-
ences to our approach. UMLi has introduced one new dia-
gram in UML, called the user interface diagram, to model
the presentation model. This user interface diagram is com-
posed of one ‘FreeContainer’ that is a top-level window,
‘Containers’, ‘Editors’, ‘Displayers’, ‘Inputters’, and var-
ious diagram elements (‘Widgets’). The structure of the
Widgets is modeled in a user interface diagram and its be-
havior is modeled in an activity diagram, which represents
the task-dialog model. Whereas activity diagrams are used
in UMLi mainly to model the logics within a dialog, they
are used in our approach to model the control flow between
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Figure 7. The model for the dialog sequences

dialogs, which is not really modeled by UMLi. Thus, our
model is more suitable to get an overview over the GUI
flow. Furthermore, UMLIi introduces many new elements
and stereotypes to UML activity diagrams which makes
them difficult to understand. Our approach uses activity
diagrams only with some custom stereotypes. This makes
it easy for developers familiar with the UML to understand
our models. Finally, the UMLI activity diagrams are par-
tially too close to the implementation (and contain method
calls). In our approach, activity diagrams only contain busi-
ness logic that is relevant for the dialog flow. Thus, there
are lots of differences between our approach and UMLi.
Our approach certainly gives a better overview, is not that
close to the implementation details, and requires only slight
changes to UML activity diagrams. Altogether, our ap-
proach is clearly preferable to UMLI given our objectives
as mentioned at the beginning.

TADEUS (TAsk-based DEvelopment of USer inter-
face software) [20, 5] provides four explicit declarative
models: the task, domain, user, and dialog model. Tasks
are modeled in a hierarchic tree structure. The presenta-
tion model called dialog model is divided into a navigation
dialog model which describes the possible interactions be-
tween dialog views, and a processing dialog model which
deals with the description of the processing within a dialog
view. Both of these models are based on petri nets. The
navigation dialog model is similar to the presented model-
ing approach, however it is based on petri nets. Thus, the
application and the presentation cannot be modeled in the
same environment and TADEUS requires custom graphical
editors.

Teallach [7, 15] and TRIDENT [2][1] allow to model
even details for concrete Ul design and have therefore a
concrete presentation model. Since Teallach and TRI-
DENT are not based on UML, the binding to an applica-
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tion model in UML is difficult. Furthermore, custom de-
sign tools are required for both approaches.

Book et al. [3] introduced the Dialog Flow Notation
(DFN) for the hierarchical description of the dialog flow
of web applications. This approach is specifically tailored
to the development of (multi-channel) web applications.
The DEN notation is not based on the UML. However, di-
agrams similar to UML activity diagrams resp. state charts
are used.

There are also new and completely different concepts
for GUI modeling as for example NakedObjects [8, 4]. It
is an object oriented approach. NakedObjects is an object
browser which generates generic user interfaces at runtime
and is well suited for rapid prototyping, but it is not usable
for expressing workflow oriented applications. In addition,
the produced Uls are hardly adaptable and it is questionable
whether such GUISs are usable by end-users.

Many of the modeling approaches for GUIs are not
based on UML. Therefore, integration into standard tools
is not available and also not easily possible. For this rea-
son, a practical approach has to be based on the UML in
order to also have standard tools. A further reason is that
in this case modeling of several layers can be done in one
modeling language and environment. This will enable a
more general model-driven approach than it is usual nowa-
days, where mostly the business layer and the persistence
layer is modeled.

It is possible in our approach that a developer can cre-
ate a model which makes no sense for the generator. This is
caused by the fact, that we had not introduced a completely
new modeling language, but extended an existing one. We
could solve this problem by creating an own language us-
ing (for example) a meta modeling language like the MOF
(Meta Object Facility). But up to now, there are no CASE
tools which support the MOF. Another solution could be



using a new breed of tools called Meta Case Tools. They
give the ability to develop own problem specific modeling
languages [9]. A pragmatic solution to the above problem
could be to develop a software that guides the developer
and forbids semantically incorrect models, such that there
can be no model that contains two “Application” compo-
nents.

5 Conclusion

A practical and pragmatic modeling approach for task-
dialog and abstract presentation modeling of graphical user
interfaces has been introduced in the present paper. The
main goals of this approach are simple tool integration and
good overview over the modeled GUI. Therefore, the UML
was used, especially activity diagrams have been adapted.
New stereotypes and new properties have been introduced
in order to add sufficient semantics to UML activity dia-
grams such that code can be generated automatically from
the model. Since our modeling approach does not cover
concrete presentation, in order to achieve a better overview,
a GUI designer tool has to be used with the generated code
in order to layout the GUI components. Furthermore, spe-
cific controller logics has also to be implemented manually.
The generator only generates empty methods for this pur-
pose. If using sub-classing, the generated code has not to
be changed but extended. This enables us to generate the
GUI once again without detroying the hand-written code.
Our approach has already been implemented and integrated
within a common IDE. After some tweaking with the cus-
tom configuration language, the integration was not prob-
lem. Therefore, the presented approach is really practically
and can be used to provide a model-driven development en-
vironment that is not only able to the model business and
persistence, but also the presentation layer.
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Table 1. Modeling elements used for task-dialog and abstract presentation modeling of GUIs (part 1)

Modeling Element Syntax and Semantic Descrition Possible Generator Implementa-
tion
| A Component represents a general GUI object. A | All Components are realized as own
<<Component>> Component can be used as placeholder. classes. A generator cannot gener-
HETTTS ate code for a Component unless a
stereotype is used.
| An ExtendedComponent is linked to another | This idea of inheritance can be im-
<<CO"{3P°"‘9M>> Component. The ExtendedComponent inherits | plemented by the generator in the
*Name

the behavior of the linked Component. Further-
more, own behavior can be modeled for an Ex-
tendedComponent and the inherited behavior can
be “overwritten”.

form of type and implementation
inheritance of classes.

<<Application=>
Name

The stereotype of this Component is Application.
An Application represents the main application.
This stereotype has to be used exactly once in a
project.

For this stereotype a main applica-
tion window will be generated.

<<Menu>>
Name

A Menu is usually nested. Its sub-components
must have the same stereotype. With Menu it is
possible to model menus. The order of Menus can
be specified through ComponentOrders.

Menus can be generated in vari-
ous forms: main menus, pop-down
menus, context menus, navigation
bars, etc.

<<Group>>
Name

With Group any kind of Components (except that
with stereotype ‘Application’) can be grouped to-
gether.

A Group could be implemented as a
tabbed panel with an own panel for
each element or a desktop with in-
dividual windows for each element.
The possibilites highly depend on
the target platform.

<<View>>
Name

A View represents a simple dialog and that cannot
have sub-components.

A modal or non-modal dialog is
generated—depending on how it is
invoked.

<<Wizard>>
Name

A Wizard contains ‘Steps’ and is used to model
dialog sequences, which are displayed in linear or-
der.

Usually, wizards are not natively
supported by a lot of target plat-
forms. Therefore, the wizard and its
steps have to be built from dialogs
and panels by the generator.

<<Step>>
‘ Name

A Step is comparable with a View, but is exclu-
sively used as a sub-component of ‘Wizard’. The
order of Steps is specified by ComponentOrders.

A Step could be implemented by
a panel and being dynamically ex-
changed in a Wizard at runtime.

A ComponentOrder specifies the order of Com-
ponents. It is mainly used to define a sequence of
Steps and Menus.

Each Component is associated with
an index according to the Compo-
nentOrder. Based on these indices,
the order of the components within
the GUI can be determined.

An Event can only be triggered by a Component.

A button can be generated if the

It represents an event triggered by the user via in- | event is not a special event.
= Event teraction with the GUI, e. g. by clicking on a but-
ton.
An ‘init’ Event is triggered when a Component | This special event is triggered by
is entered. This happens before the Component is | the framework of the target plat-
— init displayed. form.
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Table 2. Modeling elements used for task-dialog and abstract presentation modeling of GUIs (part 2)

Modeling Element

Syntax and Semantic Descrition

Possible Generator Implementa-
tion

exit

u_’\

An ‘exit’ Event is triggered when a user closes a
Component (e. g. with the xI button).

This special event is triggered by
the framework of the target plat-
form.

An Action displays a graphical component (i.e.
a Component). Actions can also be called from
other diagrams via ActionLinks.

All Actions are realized as derived
classes of an action class and started
with an action method.

An ActionLink links to an Action. It allows to
call the same Action from various diagrams. An
ActionLink can be called modal or not modal (cf.
Fork).

An ActionLink cannot be extended.
The linked Action is simply in-
stantiated and started via the action
method.

startApplication is a special action (denoted by
the bold text). startApplication has to be used
exactly once per project and has a Component
with the stereotype Application as successor. The
framework of the target platform calls this special
action when the application is started.

This action is performed when the
application is started.

Logic

A Logic describes a task and represents a con-
troller element. It always belongs to the previous
Component. If a Logic has no successor the con-
trol flow is directed back to the associated Com-
ponent, which again waits for events to occur.

The generator implements a method
in the class of the associated Com-
ponent.

exitApplication

exitApplication is a special logic (denoted by
bold text style). If called, the application is ended.

A method is generated which exits
the application.

exitComponent

exitComponent is a special logic (denoted by
bold text style). If called, the associated Compo-
nent is closed and parameters are returned.

A method which closes the current
Component and returns parameters
(if any) will be generated.

Null

A NullActivity can be used as a placeholder.

The generator adds comments to the
code.
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(Argument)

An Argument declares object flows, i.e. data
passed along Transitions between the model ele-
ments (not modeled as in UML activity diagrams).
Assignments are allowed, too. Object flows can be
combined with Events and Conditions.

The output has to match the input of
the following element.

Y

A Decision has exactly one incoming Transition
and at least one outgoing Condition.

If constructs can be generated from
Decisions and associated Condi-
tions.

<« [Condition]

A Condition leads to conditional invocation of its
successor if the condition (simple or abstract) is
true. If there is more than one outgoing Condition
for a Decision, only one must be true.

The generation of simple con-
ditions (e.g., user == null)
is straightforward. Abstract
conditions are implemented by
abstract methods (e. g., abstract
boolean isAdmin (User
user)).

With Forks, parallelism can be modeled. If a Fork
precedes an Action or an ActionLink, the follow-
ing Component is invoked non-modal.
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