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.beAbstra
t. Over the last few years, Model-Based User Interfa
e Designhas be
ome an important tool for 
reating multi-devi
e User Interfa
es.By providing information about several aspe
ts of the User Interfa
e,su
h as the task for whi
h it is being built, di�erent User Interfa
es 
anbe generated for ful�lling the same needs although they have a di�er-ent 
on
rete appearan
e. In the pro
ess of making User Interfa
es with aModel-Based Design approa
h, several models 
an be used: a task model,a dialog model, a user model, a data model,et
. Intuitively, using moremodels provides more (detailed) information and will 
reate more appro-priate User Interfa
es. Nevertheless, the designer must take 
are to keepthe di�erent models 
onsistent with respe
t to ea
h other. This paperpresents an algorithm to extra
t the dialog model (partially) from thetask model. A task model and dialog model are 
losely related be
ausethe dialog model de�nes a sequen
e of user intera
tions, an a
tivity 
hain,to rea
h the goal postulated in the task spe
i�
ation. We formalise thea
tivity 
hain as a State Transition Network, and in addition this 
hain
an be partially extra
ted out of the task spe
i�
ation. The designerbene�ts of this approa
h sin
e the task and dialog model are 
onsistent.This approa
h is useful in automati
 User Interfa
e generation whereseveral di�erent dialogs are involved: the transitions between dialogs 
anbe handled smoothly without expli
itely implementing them.keywords:Model-Based User Interfa
e Design, Task model, Dialog model, Con-
urTaskTree, State Transition Networks1 Introdu
tionThe design of User Interfa
es (UIs) has 
hanged over the years. Several ap-proa
hes for designing \good" UIs were developed, in parti
ular Model-BasedUser Interfa
e (MBUI) design has re
eived a lot of attention. Espe
ially for the



1. INTRODUCTIONdesign of multi-devi
e UIs MBUI design is very useful; it allows the designer tothink about the underlying models instead of fo
using on the appearan
e of theUI. This makes the UI more reusable and suitable for the tasks it is meant tosupport.Among all possible models involved in User Interfa
e (UI) development, thedialog model probably remains the least explored one and the hardest to editand exploit [11℄. In the past, four signi�
ant milestones have been followed inthe quest for a better understanding of what a dialog 
ould be in a UI:1. Understand a dialog, its properties, and 
on
epts: a dialog should des
ribethe intera
tion between a user and a UI.2. Modelling a dialog: dialog modeling is still an open question. In [3℄, theadvantages and disadvantages of �ve dialog models (i.e. Ba
kus-Naur-Formgrammars, state transition networks, produ
tion rules, and Hoare's Commu-ni
ating Sequential Pro
esses (CSP), and Petri nets) are 
ompared leadingto a 
on
lusion that none of them holds all the desired properties. Green [6℄reported that event/responses languages are more expressive than grammarsand state transition networks.3. A
quiring design knowledge for produ
ing a quality dialog from existingsour
es of information: for instan
e, expressiveness, parametrised modular-ization, and exe
utability are properties of interest that should be 
apturedin design knowledge.4. Generating dialog by in
orporating part of this design knowledge and byrelying on modelling 
on
epts: dialog is de�nitely governed by task 
on�gu-ration, although dialog and presentation usually work hand in hand.The evolution from the �rst layer to the ultimate one happened progressivelywhile obtaining more experien
e 
on
erning the dialog model. Today, we havegained enough experien
e to embody it in a method and its supporting softwareto enable designers to develop the UI dialog in a more formal, systemati
, andreusable way rather than intuitive like it was in the past [3℄. Consequently itmakes sense to attempt dialog generation by relying on the above steps. Thiswas not possible in the past. The goal of this paper is to demonstrate thata dialog 
an be produ
ed by starting from a task model, rather than a dataor domain model. This goal subsumes the proof that a 
oarse grained dialog
an be straightforwardly derived from a task model rather than merely being
onstrained by it. The bene�t of this approa
h is that, if the task model 
hanges,the dialog model 
ould 
hange a

ordingly.The remainder of this paper is stru
tured as follows: Se
t. 2 reports on somesigni�
ant steps of di�erent dialog models used in methods and tools for UIdevelopment, from the less expressive and exe
utable to the most ones. To illus-trate the 
ontext of this work our framework Dygimes is introdu
ed in Se
t. 3.The Dygimes framework serves as a testben
h to implement the algorithm andtest its feasibility. This is followed by an introdu
tion to the Con
urTaskTreestask spe
i�
ation in Se
t. 4. Se
t. 5 explains how an a
tivity 
hain 
an be usedfor extra
ting a dialog model out of a task model. This is followed by an expla-nation of the a
tual algorithm in Se
t. 6. How the transitions between di�erent
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2. RELATED WORKwindows are invoked, when the dialog model has to be rendered in a real UserInterfa
e, is explained in Se
t. 7. Finally, Se
t. 8 dis
usses the appli
ability andthe obtained results, followed by an overview of the future work.2 Related WorkThe State Transition Diagram [12℄ was probably the �rst and the most frequentlyused formal method to model a dialog, as expanded in State Transition Networks(STN) [18℄. Other formal methods have also been investigated, but there wasno tangible proof of a far superiority of one of them over the other ones withrespe
t to all the 
riteria de�ned in [3℄.GENIUS [7℄ produ
ed from a data model multiple Dialog Nets, a spe
i�
version of a Petri Net for spe
ifying 
oarse grained dialog in terms of transitions(unspe
i�ed or fully spe
i�ed) between views. The advantage of Petri Nets overpreviously explored formal methods was that they show the 
ow on undistin-guishable tokens and pla
es and a mark 
an be introdu
ed one at a time.TADEUS [15℄ takes envisioned task and obje
t models to infer design ofa dialog model expressed in Dialog Graphs, whi
h are both graphi
ally andformally expressed, thus leading to model 
he
king while keeping visual usability.The ICO formalism [1℄, based on Petri nets, allows more expressive andmodular dialog spe
i�
ations than the earlier attempts. In addition, any ICOspe
i�
ation of a dialog 
an be dire
tly exe
uted, whi
h redu
es the gap betweenspe
i�
ation time and exe
ution time.Windows Transitions [9℄ also extends STNs so as to 
reate a visual and formalmethod to spe
ify 
oarse grained dialog between windows. The STN is based ona series of window operation and transitions and 
an be drawn on s
reenshots.However, this model is not generated, but produ
ed by hand. By 
onsequen
ethere is no guarantee to preserve 
onstraints imposed by the task.Therefore, there is a need to produ
e a dialog model in this way while main-taining a lightweight approa
h. The 
losest work is probably TERESA [10℄,whi
h is aimed at produ
ing multiple UIs for multiple 
omputing platforms. Inthis paper, we also rely on the me
hanisms introdu
ed in TERESA and expandthem in several ways that will be outlined throughout this paper. The maindi�eren
es between the TERESA tool and the Dygimes framework introdu
edin the next se
tion, are that the latter supports runtime 
reation of UIs and thepossibility to use di�erent widget libraries in addition to mark-up languages.Instead of fo
using on tool support the Dygimes framework is fo
used on auto-mati
 
reation of UIs. While the TERESA tool o�ers a design environment, theDygimes framework used in this paper o�ers a runtime environment with littletool support.3 The Dygimes frameworkThe work presented in this paper is being implemented as part of the resear
hframework Dygimes (Dynami
ally Generating User Interfa
es (UIs) for Mobile
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4. CONCURTASKTREES FORMALISMComputing Devi
es and Embedded Systems) [4, 8℄. Although the di�erent as-pe
ts presented in this paper 
an be used independently of Dygimes, this frame-work is used as a test-bed for reassuring the feasability of the proposed approa
h.Dygimes is a framework for generating multi-devi
e UIs at runtime. High-level XML-based UI des
riptions are used, in 
ombination with a task spe
i�
a-tion, an intera
tion spe
i�
ation and spatial layout 
onstraints. The high-levelXML-based UI des
ription 
ontains the Abstra
t Intera
tion Obje
ts that arein
luded in the UI. These Abstra
t Intera
tion Obje
ts are mapped to Con-
rete Intera
tion Obje
ts[17℄; the mapping pro
ess 
an be guided by providing
ustomised mapping rules.It suÆ
es for the reader to have a global idea of what is in
luded in theDygimes framework. For this purpose, Fig. 1 gives an overview of a UI design
y
le. The following steps are in
luded in a design 
y
le:1. A Con
urTaskTrees (CTT, see Se
t. 4) task spe
i�
ation is provided . Theleaves in the task spe
i�
ation are annotated with abstra
t UI des
riptions(UI building blo
ks). Graphi
al tool support to atta
h the UI building blo
ksis provided.2. The task spe
i�
ation and abstra
t UI des
riptions are merged into one \an-notated" task spe
i�
ation. Both the task spe
i�
ation and UI des
riptions
an be expressed using XML. This allows a smooth integration and resultsin a singe XML do
ument the system 
an pro
ess.3. The Enabled Task Sets (ETSs, see Se
t. 4) are 
al
ulated (a 
ustom algo-rithm to 
al
ulate these is provided in the Dygimes framework).4. The initial Task Set is lo
ated (the �rst Task Set whi
h is shown in a UIwhen the appli
ation is used, see Se
t. 6.2).5. The dialog model 
an be 
reated using the temporal relations between tasksand the ETSs provided in the task model (see Se
t. 6.3). The dialog modelis expressed as a State Transition Network (STN).6. The Abstra
t UI des
ription is generated out of the ETSs and the STN. TheSTN provides the navigation between the di�erent dialog windows and theETS spe
i�es the ne
essary 
ontent of a dialog window.7. The transitions are integrated into the UI des
ription.8. The a
tual UI is generated and shown to the designer or the user.9. The designer 
an test the UI and provide feedba
k by 
hanging the Com-pound Task Sets (CTS, see Se
t. 4) and Abstra
t Presentation.10. The Compound Task Sets 
an be adapted by the designer.11. Transitions are re
al
ulated a

ording to the new Compound Task Sets.Although this is not a traditional design 
y
le as one 
an �nd in [5℄ for example,it is 
losely related to transformational development and software prototypingin Software Engineering [16℄.4 Con
urTaskTrees formalismThe previous se
tion introdu
ed the Dygimes framework whi
h uses a Con
ur-TaskTrees spe
i�
ation as one of its input do
uments. The Con
urTaskTrees task
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4. CONCURTASKTREES FORMALISM

Fig. 1. The Dygimes User Interfa
e design and generation pro
essmodel (CTT) is a method proposed by Patern�o [13℄ for designing a task spe
i-�
ation. This notation o�ers a graphi
al syntax, an hierar
hi
al stru
ture and anotation to spe
ify the temporal relation between tasks. Four types of tasks aresupported in the CTT notation: abstra
t tasks , intera
tion tasks , usertasks and appli
ation tasks . These tasks 
an be spe
i�ed to be exe
utedin several iterations. Sibling tasks, appearing in the same level in the hierar
hyof de
omposition, 
an be 
onne
ted by temporal operators like 
hoi
e ([℄), in-dependent 
on
urren
y (|||), 
on
urren
y with information ex
hange (|[℄|),disabling ([>) , enabling (>>), enabling with information ex
hange ([℄>>), sus-pend/resume (|>) and order independen
y (|=|). [14℄ spe
i�es the followingpriority order among the temporal operators: 
hoi
e > parallel 
omposition >disabling > enabling.For a good understanding of the rest of this paper, we introdu
e the followingnotation. Let T be an in�nite set of tasks. By O we denote the set of temporaloperators f[℄, |[℄|, |=|, [>, >>, [℄>>, |>g.De�nition 1. A CTT task model M is a rooted dire
ted tree where every nodeis a task in T . In addition, there 
an be ar
s between tasks 
arrying labels fromO modeling 
onne
tions by temporal operators. An ar
 labeled o from task t tot0 is denoted by t o!M t0.For the remainder of the paper we �x a task model M . Using the introdu
ednotation we 
an de�ne a set of tasks of a task model M :De�nition 2. By T (M) we denote the set of tasks o

urring in M .
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4. CONCURTASKTREES FORMALISMWe will de�ne also other relations in this paper. These de�nitions have the solepurpose to support the development of the algorithm. A more pre
ise way forde�ning semanti
s 
an be using Kripke semanti
s [2℄ for example. This would gobeyond the s
ope of this paper, but is 
learly an important approa
h when wewant to prove its 
orre
tness.We will make use of the \mobile phone task spe
i�
ation" for illustrationpurposes; a task model des
ribing some fun
tionalities o�ered by a regular mobilephone. It des
ribes the steps to adjust the volume or read an SMS message. Thetask spe
i�
ation is shown in Fig. 2(a).A very important advantage of the CTT formalism is the generation of En-abled Task Sets (ETS) out of the spe
i�
ation. [13℄ de�nes an ETS as:a set of tasks that are logi
ally enabled to start their performan
e duringthe same period of time.An Enabled Task Colle
tion (ETC) E is a set of sets of tasks (E � 2T ). In[13℄ an algorithm is given to 
ompute a spe
i�
 ETS of a given task model M ,we denote the latter by E(M). Usually there are several ETSs whi
h 
an be
al
ulated out of a task model.In our framework, the ETSs are 
al
ulated by transforming the CTT spe
i�-
ation into a priority tree and applying the prede�ned rules (somewhat modi�ed)des
ribed in [13℄. A priority tree is a CTT spe
i�
ation, where all the temporalrelations of the same level in the task hierar
hy have the same priority a

ordingto their de�ned order. Su
h a tree 
an be obtained by re
ursively des
endinginto the CTT spe
i�
ation inserting a new level with abstra
t tasks where thetemporal operators on the same level do not have the same priority. This doesnot 
hange the semanti
 meaning.The ETSs 
al
ulated from the model in Fig. 2(a) are:ETS1 = fSele
t Read SMS; Sele
t Adjust V olume;Close; Shut DowngETS2 = fSele
t SMS;Close; Shut DowngETS3 = fShow SMS;Close; Shut DowngETS4 = fSele
t Adjust V olume;Close; Shut Downg (1)Based on the heuristi
s given in [14℄, adhesive and 
ohesive tasks 
an bede�ned as follows. Two tasks t; t0 2 T (M) are 
ohesive w.r.t. a task modelM if there is a set S 2 E(M) su
h that ft; t0g � S. Two tasks, t and t0,are 
alled adhesive if they are not 
ohesive, but they are semanti
ally relatedto some extent. [14℄ also introdu
es some rules for merging ETSs, whi
h 
anbe very useful when there are a lot of ETSs. These heuristi
s 
an be used toidentify adhesive tasks: two tasks whi
h do not belong to the same ETS, buttheir respe
tive ETSs 
an be merged into one ETS. On the other hand, mergingETSs 
an 
ause problems when a UI for a mobile phone has to be generatedstarting from the task model. Typi
allly, a mobile phone 
an only show onetask at the same time due to the s
reen spa
e 
onstraints. Consequently, a �ne-grained set of ETSs 
an ease the automati
 generation of UIs subje
t to a (very)small s
reen spa
e.
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5. ACTIVITY CHAIN EXTRACTION
(a) A CTT spe
i�
ation for usingsome fun
tionalities o�ered by a mo-bile phone. (b) State Transition Networkdes
ribing the behaviour ofFig. 2(a)Fig. 2. A CTT diagram for a mobile phone (a) and its State Transition Network (b).In addition, we de�ne a Compound Task Set (CTS) based on the de�nitionof a task set:De�nition 3. A Compound Task Set of a task model M is a 
olle
tion oftasks C � T (M) su
h that{ every two distin
t tasks in C are 
ohesive or adhesive; and,{ for every t 2 C there is an St 2 E(M) su
h that t 2 St; in addition, St � C.The di�erent CTSs indi
ate whi
h UI building blo
ks (atta
hed to the individualleaf tasks) 
an be presented as a group to the user. Noti
e the 
omposition ofa CTS depends on the heuristi
s the designer applies. In step 9 of Fig. 1, thedesigner 
an 
hoose to group 
ertain ETSs. Our system relies on the designer,instead of using heuristi
 rules to 
ontra
t the ETS as proposed in [14℄. Theheuristi
 rules 
an be used to guide the designer to make better de
isions in anext implementation of the Dygimes framework.The next step is to dis
over for every S 2 E(M) the set R � E(M) of ETSswhere every ETS in R 
an repla
e S when that ETS is �nished. So, we will try todis
over transitions that allow the user to go from one ETS to another a

ordingto the temporal relations de�ned in the task spe
i�
ation.5 A
tivity Chain Extra
tionWe de�ne an A
tivity Chain as a path of di�erent dialogs to rea
h a 
ertaingoal. A dialog is uniquely de�ned by the ETS whi
h it presents. Ea
h dialog is
onsidered a step in the usage of the appli
ation, so a graph of ETSs 
an bebuilt representing the 
ow of the dialogs the user sees. Ea
h ETS is a node inthis graph and 
an have a dire
ted edge to other ETSs, whi
h represents thetransition of one dialog to another dialog. In addition, a start task set 
an be
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6. DYNAMIC BEHAVIOUR OF THE USER INTERFACEidenti�ed presenting the initial dialog. Given these properties, the a
tivity 
hain
an be spe
i�ed as a State Transition Network (STN).A STN is de�ned as a 
onne
ted graph with labeled dire
ted edges. Edges arelabeled with tasks. Nodes are sets in E(M). In addition, there is an initial nodeand a �nishing node.For example, Fig. 2(b) shows the STN for the task model shown in Fig. 2(a).Intuitively, a STN seems insuÆ
ient to des
ribe the behaviour be
ause of the
on
urren
y supported in the task model. However, tasks whi
h are exe
utingin the same period of time belong to the same ETS, whi
h makes 
on
urrentETSs unne
essary. We will only need one a
tive state in the generated dialogspe
i�
ation; STN are suÆ
ient for this purpose. This 
ondition may not holdwhen 
ollaborative UIs are 
onsidered; this paper only dis
usses the appli
abilityfor single user appli
ations.In Fig. 2(b), the transitions between states are labeled with the task names,where Shut Down is the exit transition. The goal is to �nd and resolve thesetransitions automati
ally, so the generated UI is fully a
tive and the system o�erssupport for several related dialogs, without the need to implement the transitionsexpli
itely. By using automati
ally dete
ted transitions, the UI designer 
anmake an appropriate dialog model without burdening the developer. It suÆ
esto des
ribe the \transition 
onditions" when a transition is triggered in theprogram 
ode. Three di�erent level of dialogs 
an be identi�ed: intra-widget(how widgets behave), intra-window (what is the dialog inside a window) andinter-window (how the di�erent windows behave w.r.t ea
h other). The fo
us inthis paper lies on the inter-window level.Transitions between states in the STN 
an be identi�ed by investigating thetemporal operators that exist between tasks in the task spe
i�
ation. Usually,one pro
eeds from one ETS to another when an enabling or disabling operatoris dete
ted. More formally (based on de�nition 1), this 
an be expressed byintrodu
ing the following de�nition:De�nition 4. Let S1; S2 2 E(M); t1 is a 
andidate transition in one of thefollowing 
ases:{ t1 >>!M t2, t1 2 S1 and t2 2 S2{ t2 [>!M t1, ffirst(t1); t2g � S1 and body(t1) � S2Here, �rst(t) is the �rst subtask of t that is to be performed, and body(t) are thesubtasks of t not in
luded in �rst(t). These two fun
tions are de�ned in [13℄.6 Dynami
 Behaviour of the User Interfa
eIn short, building the STN to guide the a
tivity 
hain 
onsists of:1. A set of states; every ETS is mapped on a state;2. A set of transitions; every task involved in a disabling or enabling relation
an be a 
andidate transition as des
ribed in de�nition 4;
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6. DYNAMIC BEHAVIOUR OF THE USER INTERFACE3. An initial state; this is the unique initial ETS shown to the user;4. A set of �nishing states; the set of ETSs that 
an terminate the appli
ation;5. An a

ept state; arriving in the a

ept state will terminate the appli
ation.The a

ept state 
an be rea
hed out of a �nishing state.The rules we will show here are obtained based on empiri
al results, notby mathemati
al dedu
tion. This means we 
an not prove they are 
orre
t inevery situation, but only know that they work in many situations. We plan togeneralize the rules so they 
an be 
he
ked more formally. For now; the algorithmis implemented and tested su

esfully on several examples.In the next se
tion, we will show some example rules to extra
t the STNout of the task spe
i�
ation. This is done in four steps: �nding the states of theSTN, lo
ating the start state, 
olle
ting the transitions between states and �nallylo
ating the �nishing or \a

ept" state. The most 
hallenging part is 
olle
tingthe transitions of the STN: this requires investigating the temporal relations inthe task model and de
iding whi
h task will invoke another ETS.Before we 
ontinue, we de�ne two fun
tions: �rstTasks and lastTasks :�rstTasks : takes a node n of the CTT task model and returns the left-mostgroup of leaves that are des
endants of n and are all elements of the sameETS. This fun
tion will return a single ETS if no an
estor of n is involvedin a 
on
urrent relation.lastTasks : takes a node n of the CTT and returns the right-most group ofleaves that are des
endants of n. When a 
on
urren
y or a 
hoi
e relation isspe
i�ed between siblings on the right hand-side, these are pro
essed re
ur-sively and joined together.6.1 Mapping Sets on StatesThe easiest part is �nding whi
h states to use in the STN. This is a one-to-onemapping of all ETSs whi
h 
an be retrieved from the Task Model. So everys 2 E(M) is a state in the STN. For example; in the STN for the mobile phoneexample (Fig. 2(a)), ea
h ETS is mapped on a state resulting in 4 di�erent states.6.2 Finding the Initial StateThe initial state 
an be found by mapping the �rst ETS that will be presentedto the user onto this state. This ETS is referred to as the start ETS or Ss. To�nd this ETS we �rst seek the left-most leaf tl in the CTT spe
i�
ation that isnot a user task. This task appears before every enabling temporal operator so itmust belong to the start task set.However, tl 
an belong to di�erent ETSs when it has an an
estor involved ina 
on
urrent temporal relation. If tl only belongs to one ETS, the start ETS isfound. To �nd Ss when tl belongs to more than one ETS we 
he
k whi
h tasksmust belong to Ss by a re
ursive 
al
ulation of the �rst of the root. The ETS
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6. DYNAMIC BEHAVIOUR OF THE USER INTERFACE
ontaining all the tasks of �rstTasks(root) is sele
ted. This ETS is unique, be-
ause the root node 
an not have an
estors involved in a 
on
urrent relationshipwith its siblings.Consider the example in Fig. 3(a). Taking the �rstTasks(root) gives us Ss =fTask1;1; Task2:1g.6.3 Dete
ting TransitionsOn
e all ETSs are mapped onto states of the STN, transitions between the dif-ferent states have to be dete
ted. Transitions are regular tasks; in [14℄ transitiontasks between Task Sets are also de�ned but without letting the system dete
tthem automati
ally. Our approa
h dete
ts the transitions automati
ally relyingon the temporal operators in the task model.To dete
t 
andidate transition tasks, the task model has to be s
anned forall 
andidate transitions a

ording to de�nition 4. First, the task model is trans-formed into a priority tree before further pro
essing. For every 
andidate taskt1 2 T (M) where t2 [>!M t1 or t1 >>!M t2 and t1 and t2 belong to di�erentETSs1, the sele
tion of transition tasks out of the 
anditate transitions 
an bedone as follows:If the temporal operator is enabling: t1 >>!M t2 , one of the following four stepsis taken:1. t1 and t2 are leaves, one of the two following two steps is valid:(a) t2 belongs to just one task set: all ETSs 
ontaining t1 trigger the ETSthat 
ontains t2.(b) t2 belongs to several ETSs: for every e in E(M); t1 2 e, there is a transi-tion T and a task set Tl where Tl is the same task set as e ex
ept for t1is repla
ed by t2 in the task set. Su
h a task set exists due to the pres-en
e of a 
on
urren
y temporal operator between an
estors of t1 and t2.Fig. 3(b) shows the enabling transitions of the task model in Fig. 3(a).Consider the enabling relation between Task 1.1 and Task 1.2. Threeenabled task sets 
ontain Task 1.1 namely ETS1, ETS2 and ETS3 andthree other enabled task sets 
ontain Task 1.2 namely ETS4, ETS5 andETS6. ETS1 and ETS4 di�er only by one task. Here Task 1.1 is repla
edby Task 1.2 so we introdu
e this transition: ETS1 Task1:1�����! ETS4. Allother transitions in this example 
an be found in the same way (e.g.ETS2 and ETS5 di�er by the same tasks).2. t1 is a leaf, t2 is not: t1 triggers the ETS of the �rstTasks(t2) if t1 and t2have no an
estor involved in a 
on
urrent relation. Fig. 4 shows how thissituation maps on a STN. Even if one of the des
endants of t2 is involvedin a 
on
urren
y or 
hoi
e relation this does not 
hange the pro
ess: theywould belong to the same ETS by de�nition. If there is an an
estor of t1 andt2 whi
h has a 
on
urrent temporal relation with another task, dete
ting the
orre
t transition is more diÆ
ult, and an approa
h similar as 1b is applied.1 Noti
e t1 and t2 have the same an
estors, sin
e they are siblings
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6. DYNAMIC BEHAVIOUR OF THE USER INTERFACE3. t2 is a leaf, t1 is not: in this 
ase the triggering task is found by takingthe right-most leaf of the des
endants of t1. This 
an be done by using thefun
tion lastTasks : the tasks returned by lastTasks(t1) are the tasks thattrigger t2. Fig. 5 shows an example. If there is an an
estor of t1 and t2 whi
hhas a 
on
urrent temporal relation with another task, the same approa
h as1b has to be applied.4. Neither t1 nor t2 are leaves: lastTasks(t1) 
olle
ts the \last" tasks of t1 as in3. Now apply 2 on ea
h last task and t2 as if they had an enabling temporaloperator between ea
h other. Fig. 6 shows an example.If the temporal operator is disabling: t1 [>!M t2 , then first(t2) is a disablingtask (�rst is de�ned in Se
. 5) and one of the following steps is taken:1. If t2 has an an
estor that is an iterative task ti: for ea
h enabled task set E
ontaining t2 add a transition E t2! startTaskSet(ti), where startTaskSet(ti)is the �rst task set of the subtree with root ti.2. If t2 has an an
estor a with an enabling operator on the right hand side:let r be the right hand side sibling of a and add transitions as if there is anenabling operator between t2 and r.3. In all other 
ases; for ea
h enabled task set E 
ontaining t2 add a transitionto the a

ept state: E t2! qa

ept. qa

ept is a �nishing state and will be furtherexplained in Se
t. 6.4.Fig. 7 shows a CTT spe
i�
ation with a disabling relation and the extra
tedSTN. Noti
e how the task Quit is responsible for both transitions to the a

eptstate.6.4 Mapping the Finishing StatesTo 
omplete the STN, the \last" ETSs with whi
h the user intera
ts have to belo
ated. For this reason we introdu
e a new de�nition for expiring task.De�nition 5. A task t 2 T (M) is an expiring task, when t is a leaf and thereis no t0 2 T (M) su
h that t o!M t0 with o 2 O.If an expiring task te has an an
estor with an enabling operator on the right handside, we have already taken 
are of this leaf by dete
ting enabling transitions(see Se
t. 6.3). If this is not the 
ase, further examination of the task is required:{ If te has an an
estor that is an iterative task ti: for ea
h enabled task set e
ontaining te add a transition: e te! startTaskSet(ti).{ Else: for ea
h enabled task set e 
ontaining ti add a transition: e te! qa

ept.
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6. DYNAMIC BEHAVIOUR OF THE USER INTERFACE
(a) Con
urTaskTrees diagram (b) State Transition NetworkFig. 3. CTT with 
on
urren
y (3(a)) and the resulting State Network Diagram (3(b))

(a) Con
urTaskTrees diagram (b) State Transition Net-workFig. 4. TaskStart ID Form is a leaf and TaskPerform Query is no leaf.

(a) Con
urTaskTrees diagram (b) State Transition NetworkFig. 5. TaskSubmit is a leaf and TaskSele
t File is no leaf.
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7. ACTUAL TRANSITIONS BETWEEN DIALOGS

(a) Con
urTaskTrees diagram (b) State Transition Net-workFig. 6. Neither TaskPersonal Info or TaskJob Info are leaves.
(a) CTT with dis-abling task (b) The resultingSTN for (a)Fig. 7. Extra
ting the STN when a disabling relation is involved6.5 The resulting State Transition NetworkOn
e the system has pro
essed the steps des
ribed in the previous se
tions, a
omplete STN has been built. This STN des
ribes a dialog model that is 
orre
tw.r.t. the task spe
i�
ation: the order of tasks that 
an be exe
uted (the orderbetween the ETS) is now also expressed in the STN. This is a powerful toolfor designers to 
he
k whether their task spe
i�
ation meets the requirementsbefore the working system has to be built. The designer 
an rely on the STN toprodu
e a usable prototype supporting navigation through the UI.7 A
tual transitions between dialogsOn
e the STN is 
ompletely de�ned, the system still la
ks a way of dete
ting thea
tual 
onditions when the transition takes pla
e. In the Dygimes framework,
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8. CONCLUSIONS AND FUTURE WORKwhere high-level XML-based UI des
riptions are atta
hed as UI building blo
ksto leafs in the task model, a spe
ialised a
tion handling me
hanism [4℄ is imple-mented to take 
are of the state transitions. For now, widgets playing a key rolefor a dialog (e.g. a \next" button in an installation wizard) are identi�ed by thedesigner by introdu
ing a spe
ial \a
tion" and atta
hing it to the presentationmodel. The spe
ialised a
tion 
ontains the pre
onditions and will be exe
utedonly when the pre
onditions are full�lled.When several 
on
urrent tasks are in
luded in the same ETS, whi
h areall labeled as a transition in the STN, the system has to wait untill all thesetasks are �nished. This 
an not be dete
ted in the STN, in this 
ase knowledgeabout the temporal relations is ne
essary. One possible solution is to group the
on
urrent tasks and handle them as if they were one task. For desktop systems
on
urrent tasks are not unusual, but for small devi
es (like PDA, mobile phone)the 
on
urren
y will be limited by the 
onstraints of the devi
e.8 Con
lusions and Future WorkWe have presented a method for automating the 
reation of the dialog spe
i�-
ation using the task spe
i�
ation. The extra
tion of a dialog model out of thetask spe
i�
ation using the temporal relations between tasks o�ers some usefulpossibilities. First of all, using an algorithm rather than relying on the designerresults in a 
orre
t dialog model w.r.t the task spe
i�
ation. It also helps thedesigner to make the design 
y
le shorter by automating some things whi
h hadto be done (partially) manually.The following step is to prove the 
orre
tness of our statements. Thereforwe �rst need a proof of the 
orre
tness of the ETS 
al
ulation algorithm. Wewill look into providing a formal proof to strengthen our 
ase in the future.This paper applies an empiri
al approa
h for extra
ting the dialog model usingthe task model. The rules provided here were obtained by pra
ti
al experien
erather then by mathemati
al dedu
tion. The 
orre
tness of the algorithm willbe emphasized during the further development of the Dygimes framework. Still,we think the method presented in this paper 
an improve 
onsisten
y betweenthe dialog and the task model in Model-Based UI design.A
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