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Abstract. The Uni�ed Modeling Language(UML) is a natural candi-
date for user interface (UI) modelling since it is the standard notation
for object oriented modelling of applications. However, it is by no means
clear how to model UIs using UML. This paper presents a user inter-
face modelling casestudy using UML. This casestudy identi�es some
aspects of UIs that cannot be modelled using UML notation, and a set
of UML constructors that may be used to model UIs. The modelling
problems indicate some weaknessesof UML for modelling UIs, while
the constructors exploited indicate somestrengths. The identi�cation
of such strengths and weaknessescan be used in the formulation of a
strategy for extending UML to provide greater support for userinterface
design.

1 In tro duction

UML [10, 2] is the standard languagefor object-oriented modelling of software applications. The user
interface, as a signi�can t part of most applications [17], should also be modelled using UML. In fact,
UML is a natural candidate notation for UI modelling. However, it is by no meansalways clear how
to model user interfacesusing UML. It is not easyto identify how user interface elements, such asuser
tasks and presentations, are supported in UML application models. There are few reports on projects
speci�cally applying UML for modelling the UI. Moreover, many modelling problems that appear
during the design of a UI, such as in the casestudy described in this chapter, are not completely
addressedby UML-based designmethods or by the UML speci�cation.

Many proposalshave beenmade for models that support the designof UI elements, using several
di�eren t notations. For instance, there is research concerning the design of user tasks, as in Kirw an
and Ainsworth [14] and in Johnson[13]. Moreover, there are several proposalsfor designingUIs using
declarative models, asdescribed in Gri�ths et al. [9] and Szekely [19]. Therefore, it would be best not
to have to invent new modelling constructs for the UI if existing onescan be usede�ectiv ely. Further,
it would be good to be able to use the sameconstructs for the UI as for the rest of the application.
Indeed, a single notation could be useful for consolidating the complete design of an object-oriented
user interface. There is someresearch in this area, e.g. Kovacevic [15], but the identi�cation of which
UI aspects can and cannot be described using UML is still not clear.

The aim of this paper is to present a summariseddescription of a comprehensive UI modelling case
study using UML. This casestudy has the purposeof identifying: (1) commonUI modelling problems
when using UML; and (2) a set of UML constructors and diagrams that may be used by application
developers to designUIs. From the modelling problems we can identify someaspects of UIs that are
not covered by the UML. From the set of constructors we can identify the aspects of UIs that are
coveredby the UML. Therefore, the casestudy producesan insight into the easewith which the UML
can be usedto model UIs. Moreover, it provides elements that may be usedto develop a strategy for
extending UML in order to provide better support for user interface design.

The casestudy intentionally does not describe any method that was used during the UI design.
Indeed, many methods were consideredin a way to �nd out alternativ e modelling approaches,with a
view to overcomingdi�culties identi�ed. The idea hereis to solve the identi�ed UI modelling problems
using only UML.

The casestudy considersonly form-based user interfaces. In fact, very important categoriesof
application user interfaces such as database system UIs and web application UIs are mainly form-
based. Restricting the scope to form-baseduser interfacesmeansthat user interfacesfor applications



Figure 1: The usecasediagram.

such as games,word processorsand simulators are not in the scope of this study. Despite this, the UI
models intro duced in the casestudy can be usedas a UI model baselinefor the development of more
comprehensive UI models basedon UML. Further, the casestudy considersthat modelling the useof
visual components (widgets) is more important than the modelling of the widgets themselvesfor most
UI designers. Thus, this casestudy discusseshow widgets may be used by the application, and not
how widgets can be modelled.

2 Case Study: The Library System

A library casestudy is usedto identify user interface modelling problems [9]. The Library System in
the casestudy could be consideredtoo simple to catch real problems faced during the modelling of
user interfaces. Indeed, the Library System is simple compared with real systems. However, it has
proved su�cien tly complex to allow a range of problems to be identi�ed in the area of user interface
modelling.

A usecasediagram in Figure 1 shows the actors of the Library Systemand their usecases.Actors
are Librarians and Borrowers. The actor LibrarySystemUser is a generalisation of Librarian and
Borrower. Librarians use the Library System to manage the book catalogue and the loan records.
Librarians only need to inform to the Library System when books are checked into and checked out
of the system to be able to manageloan records. Thus, the use casesBorrowBook and ReturnBook,
associated with Librarian, are created. LibrarySystemUserscan connect to the system, list the books
borrowed by a library userand search for books by author, title, year or a combination of these. Thus,
the use casesassociated with LibrarySystemUsersare ConnectToSystem, ListBooksBorrowedByUser
and SearchBook. ConnectToSystemis consideredas a use casesince a LibrarySystemUsercan login
to the system just to check his/her password. Borrowers can browse the book catalogue without
specifying any condition. Thus, the use caseBrowseBooks is associated with Borrowers. Search and
browseoperations can be repeated over the result of the last search or browseoperation.

The Library System must guarantee that only registered userscan login to the system. Further,
the system must guarantee that borrowers can only perform servicesassociated with borrowers, and
that librarians can only perform servicesassociated with librarians.

Books can be selectedwhile usersare searching or browsing the book catalogue. Once a book is



selected,userscan check its availabilit y. The usecaseCheckBookStatusis modelled as an extensionof
SearchBook and BrowseBooks. Indeed, a book must be selectedby one of theseoperations before the
user can check its status.

Someuse caseshave similar features in their behaviour. For instance, BrowseBooks and Search-
Book are both use caseswhere books can be speci�ed. Thus, a new use casecalled SpecifyBook has
been created to model this shared behaviour. Unidirectional associations are created to model the
� extends� relationship betweenSpecifyBook and BrowseBooks, and betweenSpecifyBook and Search-
Book. Similarly, SpecifyDomain is also a common behaviour of SearchBook and BrowseBook.

From the use casediagram and the system speci�cation not entirely described in this paper is
obtained the design of the domain model represented by the classdiagram shown in Figure 2. This
classdiagram is composedof the following � entity� classes:Person, Librarian, Borrower, Book, Loan
and StockItem. The three �rst � entity� classescorrespond to the LibrarySystemUser, Librarian and
Borrower actors, respectively.

Figure 2: The domain model.

The existenceof an instance of
Book meansthat the book has an
entry in the library catalogue. To
manageits stock, the Library Sys-
tem hasa StockItem classthat rep-
resents copy versionsof the books
the library has. However, it is pos-
sible that some books in the li-
brary catalogue are not in stock,
e.g. when newly ordered books
have not yet been delivered, or
when books are damaged. Indeed,
books are inserted in the library
catalogue when they are ordered.
Thus, the use case ManageBook
associated with Librarian is cre-
ated.

An instance of Loan is cre-
ated by the processmodelled by
the BorrowBook use caseand de-
stroyed in the processmodelled by
the ReturnBook use case. A Loan
object indicatesessentially the day
a book should be returned.

The � entity� stereotype, � control� stereotypeand � boundary� stereotypeareusedthroughout
this paper. They were intro ducedby Ivar Jabcobsonin his Object-Oriented Software Engineering [12]
and incorporated by UML. The � entity� stereotype identi�es classesand classinstancesthat model
things or objects that exist in their own right. The � control� stereotype identi�es classesand class
instances that perform system behaviour. The � boundary� stereotype identi�es classesand class
instancesthat handle the interaction betweensystem usersand systems.

The casestudy description provides the context for the intro duction of the UI design.

3 Task Mo delling

The BrowseBooks usecasein Figure 1 shows that a borrower can browsebooks. However, borrowers
must be logged in to perform any other function. Using UML terminology this meansthat the actor
Borrower can only use the BrowseBooks use case if he/she previously used the ConnectToSystem
use case. In fact, the situation is slightly more complex than that. The fact that a borrower used
ConnectToSystembefore does not mean that s/he is logged into the system. This could happen, for
example, becausethe borrower tried to login but failed. The sameuse casediagram shows that the
CheckBookStatus usecaseextends the SearchBook and BrowseBooks usecases,but it doesn't explain
how this extensionhappens.

The problem described above is that use casediagrams were designedfor requirements analysis,
but they do not provide control 
o w information related to tasks. The activit y diagram in Figure 3(a)
shows how a borrower can interact with the user interface of the Library System. There we notice
that activities are not the samething as usecases,sincethe activit y Log in meansuseof the Connect-



ToSystemuse casewhere the system user successfullylogged into the system. The activit y diagram
also shows that after logging into the systema userneedsto selectoneof the following options: search
for a book, browsebooks or quit the interaction with the application. Furthermore, the user can only
check the status of a book if the book was selectedby the activit y Select book.

Select option

View results

Perform search

book details search domain search precision
Specify Specify Specify

Select search option

Log in

Select book

Check book status

b : Book

[selected]

Select function

Search book Browse book

[search] [quit]

[browse]

[select][select]

SEARCH BOOK

(a) (b)

Figure 3: A partial view of the task model.

Applying activit y diagrams to control user interface navigation resembles traditional Hierarchical
Task Analysis (HTA) [13, 14, 4] widely used to describe user task models. Activities, use casesand
tasks, however, are not exactly the samething although they have similar characteristics. Use cases,
for example,can be consideredhigh level tasks, and someactivities are also similar to tasks. However,
the relationship betweenuse casesand activities in UML is not particularly clear. In fact, use cases
do not provide somefeatures often associated with user requirements, like goals, pre-conditions and
post-conditions, that may help the designof activit y diagrams.

A single activit y diagram could model the whole task 
o w control, but activities can also be
decomposed. In fact, activities are not atomic, which meansthat they can be interrupted as well as
taking sometime to execute[2]. Using this decomposingfacilit y, the activit y Search book of Figure 3(a)
can be explained more preciselyby an additional activit y diagram as shown in Figure 3(b).

Many tasks require information from the domain model as well as information provided by the
users [8]. For instance, in our general activit y diagram of Figure 3(a), a selectedbook should be
passedfrom activit y Select book to activit y Check book status. This data 
o w within activit y diagrams
can be modelled using object 
o ws. There, in Figure 3(a), the activit y Select book identi�ed the object
b of classBook that was passedto activit y Check book status. Thesedata items can also be acquired
from interaction diagrams associated with the usecase. However, the object 
o w technique provided
by activit y diagramsavoids the necessity of checking interaction diagrams to discover how tasks access
information.

4 Abstract Presen tation Mo delling

The need to model UI presentation arisesnaturally while modelling the application. Even for very
simple scenarios,the modelling of part of the UI presentation is essential. At this stage we do not
needa detailed model of the UI presentation, but only to know what kind of components composethe
UI, how many components there are, and how they may be grouped. We also need to know which
operations theseUI elements should have. Therefore, we needan abstract presentation model.

The modelling of a user successfullylogging into the Library System can be used to exemplify
the use of an abstract presentation model. Figure 4 shows the sequencediagram for this scenarioof
the ConnectToSystemuse case. According to the use casediagram in Figure 1, ConnectToSystemis
associated with the � actor� LibrarySystemUser. Hence, a LibrarySystemUserobject initiates this
interaction, sending a messageto an instance of Library System, which acts as the whole Library
System.



Figure 4: A sequencediagram for the ConnectToSystemusecase.

PASSWORD

LOGIN

LIBRARY SYSTEM

OK CANCEL

Figure 5: The display of the ConnectionUI .

Practically speaking, the requestconnection
messagecan be, for example, a double click on
the Library System's icon in a Windows envi-
ronment. The system immediately creates a
� boundary� object of the classConnectionUI ,
that executesan operation called showForm() .
The creation of an object is modelled by one
object sendinga message� create� to the new
object. Once created, the ConnectionUI object
presents to the user a connection user interface
requesting a login name and a password. This
user interface can be something like the form
shown in Figure 5. Figure 5 is not a UML di-
agram since UML does not specify any notation for designing UI presentations. In fact, we are not
claiming that UML should have a UI mock up notation that can lead to early commitment in terms of
UI layout and component selection. However, we argue that UML needsa notation that can describe
better the structure of abstract user interfacesthan classand object diagrams. In fact, such notation
could be usedearly in the UI designeven to support the task designusing activit y diagrams.

The explanation of the ConnectToSystem sequencediagram requires some auxiliary de�nitions,
which are provided below.

4.1 Abstract Presentation Structure

The abstract presentation model, shown in Figure 6, has a top-level container, which is the � apm�
AbstractForm, that can have many components, � apm� AbstractComponent, and other contain-
ers, � apm� AbstractContainer. In fact, containers provide a grouping mechanism to the structural
elements of the UI presentation. A generic abstract component is represented by the � apm� Ab-
stractComponent. In Figure 6, AbstractComponent is specialisedinto three categories: StaticDisplay,
ActionInvoker and InteractionControl. The � apm� stereotype identi�es the abstract presentation
model classes.

� The StaticDisplay category is related to those components that just provide somevisual infor-
mation, such as labels.



� The ActionInvoker category is related to those components that can receive system events that
are propagated as system operations, such as buttons.

� The InteractionControl category is related to those components that can receive system events
that normally model user options concerningnavigation through the UI, such as menus.

Figure 6: The abstract presentation model.

Bodart and Vanderdonckt [1] provide a more precisediscussionof the categorisation of abstract
components.

The classdiagram shown in Figure 6 is the framework usedto describe a conceptualuser interface.
An object diagram of this class diagram provides the conceptual description of the user interface.
The ConnectionUI is conceptually described by the model shown in Figure 7. The links labelled
with composeare those betweenAbstractComponents and AbstractContainers. The links betweentwo
instancesof AbstractContainers are labelled with integrate .

Figure 7: The abstract model of the ConnectionUI .

4.2 Abstract Presentation Behaviour

A set of four operations are de�ned for the AbstractForm class: showForm() , getData(), sendCon�r-
mation() and sendCancellation() . At this stageof the designprocess,thesefour operations are enough
to provide a basic understanding of a possibleset of operations that should be implemented in some
way by � boundary� objects.

� showForm() is normally used as a self-delegationmessagethat draws the form on the output
device. It is automatically performed when � boundary� objects are created.

� getData() collects information provided by the user after an interaction, doing any required
transformation on the information provided into suitable parameters for system operations.

� sendCon�rmation() and sendCancellation() messagesmodel low-level system operations on the
interaction of a system user with � boundary� objects. They are generated due to system
events raised by aggregatedcomponents of the � boundary� objects. The sendCon�rmation()



operation informs � boundary� objects that the system'suser is submitting information to the
system, while sendCancellation() indicates that the system user wants to abort the interaction
with the form without submitting any information.

4.3 Using the Abstract Presentation Model

Returning to the ConnectToSystem sequencediagram in Figure 4, the Library System creates the
� boundary� ConnectionUI object of class AbstractForm, which executesthe showForm() method.
This method draws the ConnectionUI form that is presented to the user. Interacting with the UI
the user sendsa sendCon�rmation() messageto the ConnectionUI object. The sendCon�rmation()
messagecan be an event associated with the OKbutton shown in Figure 5, but this is not speci�ed
during the abstract presentation modelling. The ConnectionUI object performs a getData() operation
that picks up the data provided by the user. After collecting the data, the ConnectionUI object sends
a system operation messagecheckUser() to the � control� ConnectionController object, passingthe
login name and password as parameters. The ConnectionController object preparesa query that is
submitted to a databasemanagement system. If there are objects of classPerson with the provided
name in the database,the databaseinstantiates Person. Then, the � control� ConnectionController
object sendsa messageto the � entity� Personobject checking the provided password. If the password
is correct, the ConnectionController object createsa MainUI object and destroys the ConnectionUI .
The presented sequencediagram is restricted to the scenario where the user successfullylogs into
the system. Unsuccessfulattempts to log into the system scenariocan be modelled as described in
Section 6.1.

Activities, aspresented in Section3, and abstract presentation modelsare weakly connectedby the

o w objects in the activit y diagrams. Indeed, AbstractComponentsshould be usedin activit y diagrams
to explain the data 
o w between the UI and the underlying application. However, we believe that a
well-de�ned relationship between activities and instances of AbstractForms can facilitate the design
of tasks and abstract presentation. For instance, activities that involve user interactions should be
supported by � boundary� objects. However, it is di�cult to identify � boundary� objects from an
activit y or to identify activities from � boundary� objects.

5 Concrete Presen tation Mo delling

Abstract presentation models do not describe which components compose each � boundary� class.
They also don't provide any description of layout. Further, they do not describe how events of user
interface components relate to operations of � control� classes. Therefore, concrete presentation
modelsare required sometimeduring the UI designprocess.

5.1 Concrete Presentation Structure and Layout

From the concretepresentation point of view, the abstract presentation model presented in Figure 6
is the design pattern speci�cation for the UI presentation model. This pattern has been called Pre-
sentation Framework. In fact, the design pattern approach, as presented in Gamma et al. [5] and
incorporated by UML, provides a way to describe how di�eren t environments can be accommodated
within the diagrams that useelements of the abstract presentation model, e.g. the sequencediagram
in Figure 4. Indeed, concretepresentation modelsare environment-dependent sincethey are described
in terms of environment classesand components. An environment in our terminology can be classesof
a object-oriented programming language,components or both. We are going to use Java [6] to show
how UI classesmay be related to environment classes. The � cpm� stereotype is used to identify
theseenvironment classes.

Figure 8 shows a concrete presentation model using the Presentation Framework and someJava
AWT components. The Presentation Framework is represented using a collaboration symbol of UML
with �v e di�eren t roles: AbstractForm, AbstractContainer, StaticDisplay, InteractionControl and Ac-
tionIn voker. The Presentation Frameworkpattern provides a clear description of how abstract presen-
tation classesare replacedby concretepresentation classes,respecting the relationships of the abstract
presentation model (Figure 6). In fact, Figure 8 also shows that the � cpm� Frame is bound to
the � apm� AbstractForm, the � cpm� Container is bound to the � apm� AbstractContainer, the
� cpm� Label is bound to the � apm� StaticDisplay, the � cpm� TextField is bound to the � apm�
InteractionControl and the � cpm� Button is bound to the � apm� ActionInvoker.



Figure 8: The concretepresentation models.

The Presentation Framework pattern can be extended to allow many components to be bound
to StaticDisplays, InteractionControls and ActionIn vokers. This extension can provide a declarative
notation for modelling the mapping between abstract and concrete components. However, the con-
crete presentation model, as presented in Figure 8, provides what is required to model our casestudy.
Additionally , the concretepresentation model providesa description of how presentation layout can be
speci�ed. Every instance of a classacting as a Container must have an instance of LayoutImplemen-
tation aggregatedto it. Several categoriesof layout object can be added to the concretepresentation
model by adding them as subclassesof LayoutImplementation. The modelling of the UI presentation
layout is not entirely explained. Indeed, the concrete presentation model relies on the semantics of
the environment. In the caseof the concretepresentation model of Figure 8, Java provides algorithms
embeddedin methods that work as templates to model layouts for the presentation model of the UI.

The concretepresentation model basedon the Presentation Frameworkdoesnot causelarge parts
of the design to be environment-dependent, providing a model with a 
exible and well-established
relationship between the � apm� classesand the component classes.For instance, the components
presented in Figure 8 model Java's AWT components. The Swing components, however, can replace
the AWT components naturally without breaking the abstract presentation model.

Figure 9 presents the concrete presentation model for the ConnectionUI presented in Figure 5.
This model is an object diagram where the links are: the composeand integrate links intro duced
in Section 4.1, and the organise link that relates instances of Frame (playing the role of the Ab-
stractContainer) with their respective instancesof LayoutImplementation. This link is mandatory for
each instance of Frame. Further, Figure 9 shows that Panels are being used instead of Containers to
model non top-level containers. This is possiblesince the subclassesof the bound classescan also be
consideredas part of the concretepresentation model.

Figure 9: The concretepresentation model of the ConnectionUI .

5.2 Concrete Presentation Behaviour

Once we know how to model the structure of the concretepresentation model, we needto model the
presentation's behaviour. Recalling Figure 9, there are a number of components that have behaviour



associated with them. For example, the OK object of classButton hasan event associated with it that
is triggered when the user pressesthe button. On the other hand, the object PasswordLabel of class
Label doesnot have any event associated with it that needsto be handled by the application.

The �rst problem concerning presentation behaviour modelling is how to identify from UML
diagrams possible events associated with � boundary� objects. In our application model every
� boundary� object is an instance of Frame and has two operations that have events associated
with them: sendCon�rmation() and sendCancellation() .

Inspecting the application model, it canbeseenthat the sendCon�rmation() messagewasdescribed
in the sequencediagram in Figure 4. The sendCancellation() , however, was not modelled at all. In
fact, every messagesent by an actor to a � boundary� object represents an event associated with an
UI component. Therefore, one possibleway to model all presentation behaviour is by producing one
interaction diagram for each UI event. In the ConnectToSystemusecaseweonly modelledonescenario:
the successfullogging of the user into the system. Therefore, we need to model a ConnectToSystem
scenariowhere the CANCELbutton is pressed.

Figure 10 shows the sequencediagram for the ConnectToSystemuse casewhere the user presses
the button CANCEL. The CANCELbutton pressing event is represented as a button pressed message
sent by the user to the graphical component CANCELbutton. In fact, the button pressed messageis a
concretepresentation model event since it speci�es which kind of event the component button should
use to trigger the sendCancellation() message.Thus, the sendCancellation() messageis sent to the
ConnectionUI object, interrupting the interaction of the user with the Library System.

Figure 10: A secondsequencediagram for the ConnectToSytemusecase.

However, modelling using one interaction diagram for each UI event is not a good strategy sincein
a single use casescenarioa user can interact with many � boundary� objects, and a single � boun-
dary� object can have tens, or even hundreds, of events associated with it. Therefore, the strategy is
to handle all combinations of events using a minimum number of interaction diagrams that describe
all possibleevents. The problem is not as bad as it seems,though. Many components encapsulate
part of the application behaviour. Complex components may reduce the number of events that a
� boundary� object needsto handle.

6 Ev ent Mo delling

As described in Booch [2], events are \things that happen". Indeed, many things happen when we
are using an application: keys and buttons are pressed,the mouseis moved, messagesare sent to the
network, etc. We are calling thesethings that happen events.

In a object-oriented user interface, inputs and outputs are streams of events [7]. Figure 11 shows
a general event model where user actions and synchronisation events are sent to an object-oriented
user interface as input events. The application, through its user interface, reacts to theseinput events
generatingoutput events that are presented asvisual feedback. Visual feedback can be normal feedback
or abnormal feedback. Abnormal visual feedback, such as error messages,is that associated with
di�culties encountered during the enactment of a user's task.
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Figure 11: The event model.

User actions, systemevents and normal visual feedback events have beendiscussedthroughout this
paper. For instance, in Figure 4, users interact with � boundary� objects, � control� objects send
and receive messagesof � boundary� objects and of � entity� objects, and � entity� objects send
and receive messagesof � control� objects. Therefore, the aim of this section is to discussa strategy
for modelling user interface features related to:

� Exceptions, which are a special kind of event sincethey are created when something unexpected
happenedin the system. Indeed, a signi�can t amount of the functionalit y of interactive applica-
tions may involve catering for the unexpected.

� Synchronisation events, which are generatedinside the application to guarantee that data dis-
played in user interfacesare synchronised with data in the application.

Abnormal visual feedback can happen with synchronisation events, and synchronisation events can
be generatedfrom systemactions. However, they are modelled independently . Therefore, the following
sectionsdiscusseach of thesespecial events in turn.

6.1 Modelling Exception Handling

Exceptions, as de�ned by Meyer in [16], are run-time events \that may causea routine call to fail".
Moreover, a routine call fails when it terminates its execution in a state not satisfying the routine's
contract. These de�nitions are complex since they require further de�nitions such as the routine's
contract de�nition, which is itself complex. Hence,identifying what is a fail and what is an exception
are not obvious tasks. Despite the formal de�nition, exceptionshere are more akin to those used in
object-oriented programming languagessuch as Java [6] and C++ [18].

In terms of userinterfaces,the important aspect of exceptionsis that sometimesthey arenot entirely
solvedby exceptionhandlers, leading the application to provide visual feedback to usersthat something
is going wrong (or, at least, not going as expected). In fact, once activated, the exception handlers
try to solve the problems identi�ed by the exceptions without notifying the users. Unfortunately ,
exception handlers do not solve every kind of problem. Therefore, the user should be noti�ed of those
unsolved exceptionsor involved in choosing a solution to the problem.

The problem now is how to model the aspects of the user interface that are related to exception
handling.

6.1.1 Structural Aspects of the UI of Exception Handlers

In the application model there are many situations where exceptionsand exception handlers can be
used. For example, the designercould chooseto display an error messagesomewherein the Connec-
tionUI form due to an exception raised during the execution of a databasequery.

In UML notation, exceptions are modelled as a stereotyped � send� dependency from a class
operation to an exception handler class [2]. Figure 12 shows a � send� dependency that links the
operation checkUser in the � control� ConnectionController classwith the � exception� Database-
Fail class. Moreover, Booch et al. [2] proposesa hierarchy of exception handlers identi�ed by the
� exception� stereotype. Usually, non-caught exceptionsare sent to higher-level exception handlers
in the hierarchy until they are caught by an exception handler or until they reach the top-level handler
of the hierarchy. If someexception is not handled by � exception� DatabaseFail in Figure 12, then it
must be handled by � exception� Exception.

Exceptions can be generated in any class, since classesgenerally have methods (that are rou-
tines), which have contracts that can be broken. Despite the fact that exception handlers can act
as � control� classes,they are not modelled exactly as � control� classes.Instead, they can catch
exceptions (events) from classesof any category. In this case,� exception� classesare intro duced.



Figure 12: The relationship betweenthe UI and the exception handler.

The operations of these classescan be called from any method of any class, even from methods of
other � exception� classes.

One of the roles of � exception� classesis to act as � control� classesto � boundary� classes
when exceptions happen. However, there are situations where � exception� classescannot control
a � boundary� class. For instance, if the exception handler requires somedecision such as quit or
retry from the user, and the original � boundary� object does not have components to deal with
such an interaction, then a new � boundary� object should be created to provide the communication
betweenexception handlers and users.

In terms of the userinterface,however, it is important to know how � boundary� classesare related
to this hierarchy of exceptions. Objects of � exception� classescan act as objects of � control�
classes. Therefore, � boundary� classescan be aggregatedto � exception� classes. In Figure 12,
the � exception� DatabaseFail acts asa � control� class,handling the � boundary� DatabaseFailUI
class. The � handles� stereotype is used to identify the relationship between � boundary� classes
and their controllers.

6.1.2 Behavioural Aspects of the UI of Exception Handlers

Exceptionsalsoa�ect the task model of the userinterfacesincethey canmodify the 
o w of control from
activit y to activit y during a user interaction. For instance, the activit y Perform search in Figure 3(b)
can raise a databaseexception [3] sincea query is performed there.

book details search domain search precision
Specify Specify Specify

Perform search

else

View results

Select search option

[non-solved
ODMGException]

ODMGException
Handle

[quit]

[retry]

Select option

Figure 13: Exceptions in the task model.

The modelling of possiblemodi�cations to the 
o w of control of the task model is a straightforward
task since UML's activit y diagrams provide a branching notation. The outgoing transitions can be
re-routed to di�eren t activities, depending on boolean guard expressions.Figure 13 shows the activit y
diagram of Figure 3(b) extendedto model exception handling. The branch after the activit y Perform



search (rendered as a diamond) re-routes the 
o w of control when exceptions happen during the
execution of Perform search. The guard [non-solved ODMGExceptions]re-routes the 
o w of control
to an activit y called Handle ODMGException when an ODMGException is not solved by its handler.
Otherwise, the 
o w of control follows the usual route identi�ed by the keyword else .

6.2 Synchronisation Event Modelling

We are calling synchronous UIs those UIs where displayed data is frequently updated while the
� boundary� objects are visible. Otherwise, they are asynchronous UIs.

User interfaces, and especially graphical UIs, are usually implemented using asynchronous mes-
sages[4]. Therefore, one additional problem concerningsynchronous UIs is how to model them using
asynchronous messagesonly. The general idea for solving this problem is to refresh the � boundary�
objects with updated data as frequently as required. Therefore, the generation of events that produce
UI updating is a possibleapproach to modelling synchronous UI. In this case,the generatedevent is
called a synchronisation event. The natural candidates for synchronisation event generation are the
� entity� objects, sincethey are the location of the updated data. Synchronisation events could also
be generated by � boundary� and � control� objects, but they will need to query the � entity�
objects to get the updated data for each generated synchronisation event. Therefore, we are only
consideringhere the casewhere synchronisation events are generatedby � entity� objects.

Onepossibleapproach to modelling synchronousevents generatedby � entity� objects is presented
by the classdiagram shown in Figure 14.

<<boundary>>
BookStatusUI

Signals
StockUpdate

*1 BookStatusController
<<control>>

1

<<send>>
{every update}

StockItem
<<entity>> StockUpdate

<<signal>>

stockCode
status

1

Figure 14: The model of the synchronous BookStatusUI.

SomeUML features not previously discussedare used to model the synchronous UIs: classesren-
deredwith heavy lines, classesrenderedwith a signal compartment, a time constraint in a dependency
relationship and the � signal� stereotype. Thus, we needto explain thesefeatures before explaining
the model.

� The heavy lines in BookStatusController and StockItem mean that the instancesof theseclasses
are active objects. In fact, instancesof BookStatusController must have someactive behaviour
to \receive" the StockUpdate events generatedby the instancesof StockItem.

� The constraint f every updateg, in the � send� dependency between StockItem and StockUp-
date, meansthat the instancesof StockItem must generatea StockUpdate event every time the
StockItem is updated. This constraint means that the instances of StockItem have an active
mechanism for identifying state updates.

� The � signal� stereotype meansthat the instancesof theseclassesare signalling to the system
that an event of type StockUpdate is happening. The meaning of this event, in this context, is
that the objects of classStockItem are pushing the updated status of the stock items to those
classesthat are listening for this kind of event.

� The Signalscompartment in the BookStatusController identi�es that the instancesof this class
can be listeners for the StockUpdate events. This meansthat the instancesthat are also listeners
are noti�ed every time a StockUpdate event is generated.

Returning to the classdiagram in Figure 14, we notice that every time that a StockItem update
happensthe instancesof StockItem generatea StockUpdate synchronisation event, that has the current
status of the stock item. Then, theseevents are listened for by the instancesof BookStatusController,
which sendsmessagesto the instancesof the � boundary� class,updating the displayed data. The
attribute stockCode inside the StockUpdate signal works asan identi�cation mechanism preventing the
BookStatusControl objects from displaying the status of di�eren t stock items.



This modelling approach is especially suitable for systemswhere synchronous UIs are essential.
In fact, the complexity of the pushing mechanism inside the � entity� objects is always the same.
For instance, complex � entity� objects can have many operations that changetheir state. However,
using this approach, as the state is monitored for updates, it is not necessaryto identify the state
modi�cation of the objects inside their methods. Moreover, the complexity of the pushing mechanism
is the sameif the � entity� objects are displayed by oneor several � boundary� objects. Indeed, the
event is sent to every object which has a signature for it. Therefore, one single synchronisation event
can notify however many listeners it has.

7 Putting All Together: Packaging the Application

Figure 15 shows a package diagram that provides an overview of the whole system. Further, this
packagediagram shows dependenciesbetweenseveral components of the system.

Figure 15: The packagediagram of the Library System.

The classesand classinstancesare grouped into six packages,as follows.

� The User Interface packagecomposedof � boundary� classesand objects.

� The Abstract Presentation Model packagecomposedof � apm� classesas shown in Figure 6.

� The Control package composedof � control� classes.These classesare presented in sequence
diagrams such as in Figure 4.

� The Domain Model packagecomposedof � entity� classes.The classdiagram of these classes
forms the domain model in Figure 2.

� The Environment package composedof those classesused to build the user interface. The en-
vironment could be an object-oriented programming language such as C++ [18], Java [6] or
Smalltalk, somecomponents such asActiv eX and Java Beans,or even a composite set of compo-
nents and object-oriented programming languages.The environment concernsmainly the visual
part of the user interface, but it could be responsible for important user interface behaviours,
especially when consideringthe useof complex components.

� The Concrete Presentation Model packagecomposedof thoseclassesof the environment package
that are bound to � apm� classesof the Presentation Frameworkpattern.

8 Conclusions

This paper discusseduser interface modelling using a Library System casestudy. The application
systemwas modelled using the Uni�ed Modeling Languagethat has proved to be useful for modelling
user interfaces. In fact, UML hasa rich set of constructors completeenoughto model the architectural
aspects of form-based user interfaces. However, such UI modelling may not be as straightforward a
processasexpectedand desired. Indeed, somemodelling problemswereidenti�ed from the casestudy:

� UML doesnot describe clearly the relationship betweenusecasesand activities (seeSection 3).
Use casesdo not provide someaspects of user requirements like goals,pre-conditions and post-
conditions that may help the designof activit y diagrams.



� UML does not have a notation to describe abstract presentations (seeSection 4). In fact, we
believe that UML needssuch a notation in order to support the designof UI presentations.

� UML does not provide a relationship between classesproviding an abstract presentation (Ab-
stractForms in Figure 6) and activities. In fact, it is di�cult to identify which UI is related to
each activit y that involvesuser interaction, as described in Section 4.3.

Additionally , the casestudy providesan illustrativ e exampleof the useof many UML constructors,
in terms of diagrams, for modelling the user interface. The summary of the UML diagrams used is
presented in Table 1, and the constructors are those used in the diagrams presented throughout the
paper.

User Interface Element UML Resource

Domain Mo del class diagram
Task Mo del activit y diagram
Presentation Mo del (abstract and concrete) class diagram with design patterns

interaction (sequence) diagram
object diagram

Event - UI related with Exception Handler class diagram
activit y diagram

Event - UI synchronisation class diagram

Table 1: Summary of the UML diagrams usedto model UI elements.

We are using someof the Statecharts [11] constructors since we are using activit y diagrams [10].
However, we are not considering the design of widgets in this paper. For this reason we are more
interested in inter-object transitions (activit y diagrams), than in intra-ob ject transitions (statecharts)
while modelling widgets.

There are also somelessonsthat can be learned from the modelling of the Library System:

� The designof an user interface is a complex processsinceit requirescomplete comprehensionof
the elements that composethe user interface. Indeed, UIs in general have many elements that
are not clearly required from the beginning of the design.

� The elements of the user interface have many dependenciesamong them, as shown in Figure 15.
Therefore, the designprocessshould considerUI modelling as integral.

There is room for further discussionof how to model user interfacesusing UML. Indeed, there will
be other ways of representing user interfacesusing UML. The study in this paper presents only one
approach.
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