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Abstract Post-WIMP (i.e. Windows. lcans, Menns and Pointer) interface as the next generation user in-
terface has substantial diffzrences from WIMP interface, which has been the dominant paracigm of human-com-
puter interaction for decades. Post-WIMP interface provides more natural znd efficient interaction by utilizing the
advanced interactive technology, such as virtual reality, voice technology . gesture interaction and so on. How-
ever, it is pruved to be mere difficult to be construeted. In order to build post-WIMP interface effectively, it is a
better way ta specify the interaction uat an abstraet level without concerning the details of the implementation be-
fore construction. In this paper, the fundamental attributes of post-WIMP interface are discussed. The most dis-
tinguished property of post WIMP interface is the hybrid interaction, which meens the continuous interaction
blending with discrete intezaction. The post-WIMP interface is analyzed [rom the point of view of hybrid system.
which can give more accurate and strict analysis for post WIMP interface. Poat WIMP interface can be modeled
as a set of couperating hybrid aulomata which are special for hybrid system. Hybrid automata are used to model
post-WIMP interface. A semi-formal specificarion language LEAFF is designed based on hybrid automaten for
specifying post-WIMP interface by the combination of the text-based specification and graph-hased specification
and it can clarify the contral and remporal relationships in post-WIMP interface. Two typical instances, object
manipuletion in virtual reality and pen interaction, are specified by LEAFE, Some issues and the future work are
also discussed. such as the specification of parallel issnes in post- WIMP interaction, verification of interaction
and specification based interface construction. The modeling technology presented in this paper cught w be use-
ful to the research and development of 20st-WIMP interface. 7
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With the development of the interactive devicess she lmprovement of the hurdware’s performanee and the evo-

lution of the computing model, the traditional WIMPE interface (i.e. Graphical User Interface, GUL), which is a
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dominant interactive paradigm presently. is incapable of making a good use of them. The computing model shifts
from centralized model to distributed model and :he interactions in mobile computing environments have become
more and more popular. More powerful and natural interactive devices carrying magnificent information have
emerged. such as data gloves, data headpieces'!!, As a result, there will be two major directions for the evolution
of user interface relative to desktop-based user interface: one is evolving towards “larger” Interactive environment,
such ae virtual reality, and the other is towards “smaller” interactive environment ., such as mobile computing.
WIMP intetlace is a desklop-oriented interactive paradigm primarily based on mouse end keyboard which are obvi-
ously cumbersome for these future user interfaces. WIMP interface can not meet the requirement of real-time in-
formation processirg [or these Two interactive environments and it is incompetent for achieving natural and efiective
interection. In order ro solve all above matters, it is necessary to introduce a rew interactive paradigm.

The term post-WIMP interface refers t the user interfaces coming :n the future. after the current generation
of WIMP icterfaces. The term doesn’t give an unambiguous and strict definition for future user interface but just a
catchall for the mext generation user interface. Post-WIMP interfaces provide non-command. parallel, multimodal,
real-time, continuous and discrete interaction, which have a higher degree of interactivity than any previous onc.
The design of the interactive behevior in post-WIMP interface is based on the users’ mental model so that it can
provide & natural, effective way for users to communicate with computer without much cogninive effort. So 1t is
also a sert of intention-based interaction. Tt releases the users from the frusirating mode switching and gives &
broacer eommunicetion bandwidth between human and computer. There are several typical user .nrerfaces which
belong to post-WIMP interface. such as virtual reality, new types of games, intelligent agent interfaces, interac-
tive entertainment media, pea-based imerfaces, eve movement-based interfaces, speech interface. and nhiquitous
computing‘ﬂ.

Post WIMP interface is more complicated than any previous user interface. Consequently, it §s hard 1o be con-
structed. 1t has been turned cut to be an effective way to specily user interface at a1 abstract level without con-
cerning the details of the implementation befere programming[‘:]. It is especially useful and crucial to clarify the re-
lationship of the controls in post-WIMP interface. In the following sections of this paper, the essence of post-

WIMP interface will be argued and a detailed analysis for post-WIMP in-erface will be presented from the point of
view of hybrid system 1. We model post-WIMP interface as a ser of hybrid agtomata. A semi-formal specification
langusge LEAFF based on hybrid automaton is also presented. Two examples of specification for post-WIMP in-

terface are given and some discussions are preformed.
1 Applying Formal Techniques to User Interface

Traditionelly, the envisaged role of a formal method is to describe the essence of a system function without
premature commitment to implemeniation consideration!®. However, our motivation for specifying user interface
formally is to systernatize and normalize the knowledge and idea about human-computer interaction and instruct the
construction of the interactive system. The process of development is specification-centered but not specification-
driven. Using formal method for user interface specification brings some advantages: it brings together contribu-
tions originating from different perspectives and allows the develaper to check their consistency and . possibly. to -
dentify issues which require further consideration*1. Ir is hz2lpful to designers for anticipating diversified possibili-
ties of interaction without implementation.

A certain interaction van be equipped with various appearances. The specilication should aim at the user-visi-
ble behavior of the interface but not the implementation of tac input and output. User- visible behavior of the inter-
face is fulfilled by u dialog process and supervised by dialog contrel which is the most important end sophisticated

part of user interface. Dialog con:rol is resporsibie for mantaining the states of the dialog process. coordinating
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the 1/0 of user interflace and invoking the semantic action. This part is usually embodied as the interactive sryles.

Traditional specification techniques for user interfaces are compiler-based, such as LNl {Backus-Naur
Form), ATN (Augmenzed Transition Network) and AG (Attribute Grammar)!®’-. These forma or semi-formal
specification techniques work well for command-line-based user interface or GUI which are discrete-token-based.
However, there are interactive behaviors which are inherent to be continucus trom the user’s point of view in past-
WIMP user interface. though any user interface is ultimately execured in a diserete way in the compnter--. TIMIL.
(i. &, Unified Modeling Language) as a popular modeling technique models the behavior of chjects with state tran-
sition diagrems. It is not suitable for modeling post-WIMP waterface because its modeling 1s based on the analyses
of the system instead of behaviors ol wser interaction, and it is designed for the universal systems but not special
for the user interface. Consequently, the characteristics of the user interface are unable to he highlighted, and
UML also scems corpulent to the design of user interface in its early period, A well-designed specification method
should specify the user interface from the user’s point of view but not the system and it is also supposed to be used
in portable way. Summarily, the traditional specification techniques are no lenger compliant for post-WIMP user

interizce.
2 Essence of Post-WIMP User Interface

The purpose we strive for with today’s user interface is to minimize the mecharics of manipulation and the
cognitive distance between intent and the execution of that intent. It’s obvious that the user wants to focus on the
task. nat rhe technnlagy for sperifying the task™®! The interartion in pest-WIMP interface is basad on the nser’s
existing skills for interacting with the real world. We should identily the structure of post-WIMT interface as the
user sees it. Post-WIMP inrerface has the {cllowing characteristics.

* Hybnd interaction (Continuous alteraticn blending with discrete events)

To post-WIMP interfzce, trying tc describe the whole interface in purely continaous terms or purely discrete
terms would be entirely possible, but inappropriatel® . From the user’s point of view, in post-WIMP interface .
there are continucus behaviors, such as movement of the hands, and discrete behaviors . such as pressing buttoas.
It has essential difference from WIMP inrerface which treass all interactive infarmation as diserete token. But in
post-WIMP, it is difficult to tokemize all interactive informasion. This attribute is the most distinguished difference
[rem eny previous user interface,

« Parallel dielog threads

Generally, there are multiple dialog threads existing simulianeously in post-WIMP interface , which communi-
cate with eech other and lhey are executed in pam]lt:] and asynchronous WEY. These dialog threads coordinate to
accomplish a task. Dialog threads can be suspended and resumed. This siructure makes good use of the resource of
the system 7,

+ Mulumedal interactior

User’s infention of intetacticn is decomposed and allocated into differens physiological mocalities, such as
hands, mouth and eyes, and trensferred to interactive system by the artificial modalities of computer. such as pen
and microphone. These modalities work simultanecusly in a cogperant way and the information from diferen:
modalities is integrated for execution by modal integration. The interact.ve [eedback is also echieved by the inlor-
mation [ission o several outpur medalities, such as visual modality, audio modality and tactile medality. As a re-
suit, the user interface has mulsiple 1/0 streams. Multimedal interaction grectly improves the efficiency of the in-
1eracrioﬁ.

» Real-time requirements

The processes of input and output in post-WIMF interface are based on deadline-based computationst®-. The
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integration of interactive modalities is time-relared. Time is a significant {actor in the extraction and execution of
the interactive intention and most of relationships in pest-WIMP inrerface zre remporal,
+ Inaceurate interaction

WIMP user interfaces employ well-delined digiial inputs, but post-WIMP ones often have {uzzier ranges.
Probabilistic inputs take great percentage of the interactions in post-WIMP interface. Unlike traditional mice and
keyboards, the input/output devices used in these interfacee, such as epeech or gesture recognizers, may produce »
probability vector rather than a single token for a user mput**,

Post-WIMP interactions convey a sense ol hybrid interaction to the user. Here we analvze a pen-based interac-
tion based on tabler. When we sabmit a multi-stroke pen zesture. feedback of pen’s ink rrack is related to rhe posi-
tion of the pen’s curser. This relationship is operative when pen gives a pressure to the tablet and ceased when the
pressures disappear or the inter-stroke’s interval delay is out. 3o this continuous relutionship is wmporal. But
thete is also a relationship defined between the pen’s pasition and cursor's position on the screen that is permanent
because the cersor makes au iumediaie movement whenever pen is moved. Once the gesture is submitted, it will
be recognized and 2 discrete token will be generarad . which will trigger the transition from one interzetive mode to
another.

By abcve analysis, the post-WIMP interface can be akstracred as & set ¢f continuous relationships s same of
which are permanent and some of which sre engagerd and disengaped from time to time. These relationships accept
continuous input from the wser and typically produce contizuous responses ar inputs to the systemn. The actions
that engage or disengage them are typically discrete” . Based ar this analysis. a model for combining constraint-
Iike continuous relationships and teken-based event handlers is proposed for the specification of post- WIMP inter-
face™®, This methed is innovatory to the research of post-WIMD interface. Qur research is based on this analysis
and a further research is done by using the theory of hybeid automaton for reference. The hybrid property of Post-
WIMPE interface is similar to a hybrid system from the point of view of formal techniques. A run of a hybrid system
13 assumed as a scquence of steps. Within each step the system state evolves continucusly according 1o a dynamical
law until a transition occurs™’. By employing the {ramework of hybrid awtomaton, we intend 1o inherit some for-
mal technmques. such as specification and verificarion. from the theory of hybrid sutomaton i order v analyze and
investigate post- WIMDP interfaces in the formal way. In Section 3, analysis based ¢n hivbrid automaton will be per-

formed and modeling post-WIMP interface based on hybrid automata is deseribed.
3  Analysis for Post-WIMP User Interface

3.1 Post-WIMP user interface and hybrid system

The structure of post-WIMP interface accords with multi-agent mode]l where cach agent acis for a dialog
thread. Traditional user interface has single input/output stream but post-WIMP interface has multiple modalities
for interaction s mentioned in Section 2. The result of the moda! integration will be submitted to the related a-
gents arcording to the user’s intention of interaction and the ourcome of the agents® procesring will be dispatched to
multiple modalities, So post-WIMP interface has the many-to-many structure, which means thet multiple modali-
ties serve for multiple agents.

In WIMP interface, the execution of a dialog thread can be simulated by PDA (Push Down Auromaten) which
is special for CFG (Context Free Grammar) ™. It is unnatural to model post-WIMP interface because PDA can
only accept and process token-based stream and it's difficult to reflect the continuous interaction aspect of post
WIMP interface, A suitable model for post-WIMD is required.

As the result zualyzed previously: post-WIMD interface can be abstracred as hybrid system, which can be

modeled as a set of finite automata where cach is equipped with a set of variables. known as hybrid automaton.
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The conirol locations of the automaton are labeled with evolution laws. At a location the values of the variables
change continuously with time according to the associated law. The transitions of the automaton are labeled with
guarded sets of assignments. A transition is enabled when the asscciated guard is true, and its execution modifies
the values of the variables according to the assignments. Each location is also labeled with an invariant condition
that must hold when the control resides at the locationt®,

We give a simple exposition fnr hyhrd anromatnn hare. A hyhrid sutomaton is specified as a vectar with six
elementsi’. [/ ={(Loc,Var,Lab,Edg,Act,Inv).

+ A finite set Loc of vertices called locations.

* A finite set Var of real-valued variables, A valuation v for the variables is a function that assigns & real-time
v(x)E R to each variable x € Var., We write V for the set of valuations.

+ A finite set Lab ol syachronmization labels that contains the stutter tabel 1& Lab.

« A finite set Edg of edpes called trensitions. Each transition e= ({,a.p.!') consists of a source location /€
Loc, a terget location I' € Lee, a synchronization label «C Lab,y and 2 transition relation @=V?. The transition is
enabled in a state (/,v) if for some valuation o/ €V, (v,0')€ pr. The state (I ,v' ), then, is a transition successor
of the state (/,v7.

» A labeling function Act that assigns 1o each location € Lot a set ol activities, Each activity is a function
from the nonnegative reals R>20 10 V.

* A labeling {unction Inv that assigns to each loeation /€ Lec an invariant [nv({3)CV,

An example of hvbrid automaton is shown in Fig. 1. The skeleton of 2 hvbrid automaton is characterized by a
firite automaton which is composed by a set of locations (e. g. £,) and a ser of transitions labeled by a guard (e. g.
y=w )y which means discreie eveuts. The evolution laws s in the form of functions (e g, fand g), establish the
relationship between the varables with continucus changes. The real-time property can be easily specified in hy-
brid automaton because any variable can be time-based, which is usually presented by derivative of time.

The above formal specilication gives strict definition for hybrid
automaton. A post-WIMP interface is often too complex to be direct-
Iy modeled by hybrid sutomaton. Some extensions for hyhrid automa-
ton have to be made. Furthermore, we are not going to use purely

formzl method 10 wodel post-WIMP user interface. It should be more

practical to partally adopt formal techniques into specification than to Fig. I An example of hybrid automation
provide 2 pure formal system, and as a matter of fact, it is guite diffi-
cult to model a complicated system by pure {ormal system entirely. It is evident that the specification language pre-
sented in Section 4 is a combination of formal techniques and object-oriented ideas. In the procedurs of the model-
irg, what we concern about are the continucus aspects of the interactive behavicrs bur not the continucus aspects
of the internal representation. There are often various kinds of wvariables used in post-WIMP interface. such as
“Array”, “Doolean” and “String”. It would be betier not 1o confine the types of the variables. A post-WIMP in-
terface can be modeled as a set of hybrid automata which cooperate with each other by the external variables in the
locations and labels on the trarsitions. The situation of post-WIMP interface can be quantified as a state vec:or.
The continuous inreraction behaviors can be specified in the lovations and diserete behaviors can be specified by the
transition between the locations.
3.2 Temporal model

In this subsection, post-WIMP interface in analyzed from temporal point of view. The temporal model of
post-WIMP interface is given in Fig, 2. There are three variables in Fig. 2, related to each other by the evolution

laws and related to the factors of time indirectly. The changes of all variebles in the same location (or step) are
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executed simultancously. At each point for transitions the curve is not continuous, An abrupt change occurs when
the curve enters anather step. The solid circles represent discrete evenrs. In each step. the charnge of the variable
is continuous. A location of hybrid automaton czn be mapped into several steps here, which meens that there will
be & set of similar curves emerging in ditferent steps. The hybrid automaton reflects the characteristic of compura-
tion in interactive mode] of post-WIMP. The imtetactive process of post-WIMP interface can be simulated by hy-
brid auromaton accurately, In this figure, the state o the whole post-WIMP iaterface can be quantilied as the vec-
tor {variable, ,variable; .variable,). Tn an actual post-WIMP interface., the elements of a vector are used to specify
the wmformation cf the input/outpat modalities , control and semantics. The contimuors changes in & lovation accord
to the continucus interactive behaviors. Onee the continuous interactive behaviors are executed to some extent,
when some conditions are met. a discreze event will ke triggered and it will cause the transition between locations .

and accordingly, the movement {rom one step to another step will happen.

0 fable
var Jable
— H
_‘ r — "l o
‘\.‘:lr atle 7 _-l\ d .
b N H
— ; — - :
-— . -— .
1=, LT R L ] N Time ari

Disvrele ouynl

Fig.2 Temporal model of post-WIMP interface
4 Specification Language LEAFF

A specilication language LEAFF (LEAFF is an sbbreviation of variable, Svent, Activn, Flow, Function) for
past-WIMP interfare is introduced here based on the analysis of previous ssctions. A specification template is
shown in Fig. 3. Each agert ina pusi-WIMP huerface can be specified by an “Interactor” module ramed as “inter
actor—name”. Actually. it is a text-style hybrid antomaton. A medule is composed of the definitions of the vari-
ables, events, actions and {lows. The state of an interactive agent van be specified by 2 set of varizhles. There are
four kinds of varisbles. “InputVariable” serves for input modalizies which s directly related to input devices,
“FeedbackVariable” stands for autput modalities which controls the interactive feedhack, “ContralVariable” is em-
ployed for iateractive coatrel and "SemantieVariable” is used to characterize the application semantics. Each vari-
able has its awn data type. sneh as “Integer”, “String™ and so on. Specification for events is accomslished in the

section “Event” in the form of “event_name ‘premise—>conclusicn}”. “Flow” secrion is used for the specification of
the continuous interactions, Each flow is identified as & conjunction of a ser of coulinuous fuincticns of a loeation.
The specificatiors for these functivoy are completed in the “TFunction” section. “Action” scction is nsed for the
specifications of semantic actions. The rules for specifying functions and actiens are not strictly defned here and

the designers can even specify them by netural lenguege. In the text bused speceification, events, flows. actions

and functions are exp.icitly defined.
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Interactor interactor name
{
Luput Variable varable)[dateiype ] variables[dataiype]. .
Feedbackvariable veriable; [ datatype ], varieble;;[ datatype]. . .
Control Variahle variahles [detatype }, variabley;[datarype .. .
SemanticYariable variable,; [ datatype |, variable[ datatypel. ..
Event
;
event {...}
evenig{...}
}
Action
1 B )
Flow

Function

IFig. 3 Specification template
The communication between interactors is very important, [n the specification: one way of the communication
15 by accessing the variables defined in other interactor scope, which is in the form of * inzeractorName;. variable-
Name,”. In order to make the specification more intelligibla, LEAFF employs grzph-based specification for pre-

senting specification in a straightforward style and it will be shown in Section 5.
5 Examples of Specification

5.1 Grabbing and manipulating in VR (virtual reality)

Grabbing and manipulating are the most general behavior in VR. The users usually manipulate the visual 3D
{three-dimension} ohjects in the VR environment by 3D-mouse or Data gloves"'). There used to be a cursor repre-
senting user’s hands. which gives the user timely optical feedbeck of the movement of hands. Grabbing and manip-

ulzting are ofren started frem “grabbing” and ended by “releasing”. and in the procedure. the user can change the
orientation of the object freely. The example presented here is based on 31D-mouse with which an interactive device
generstes 6-freecom vector and button information. We employ events “button-down”™ and “button-up™ for the ac-
tion “grabbing” and “releasing” respectively. The process of manipulating is continuous, As shown in Fig. 4, a
cude is grabbed and dragged for a distance and then droppzd. The two crossed circles represent the cursor for use’s
hand, The user can perform six-freedom movement for her/his hand and the circles will rotate and shift according
to the user’s movements. When the circles embrace an object, the user can push down a button to grab it and then
manipulate it. The text-based specification is presented in Fig. 5. The state of the interface ie characterized as a
vector (3D . mouse ori, 3D _mouse_hutton, hand_cursor _oris object_ori}. “3D_mouse_ori” is for the state of
the 3D mouse with data type “Movement”™ denoted as fi-element vector (Ar. Ay, Az, da, AR, AY) for reflecting the
changes of § freedoms in 31D space. “hand_cursor_ori” and “object _ori™ act for cursor™s orientation and object® ori-
entation respectively with date type “Orientation” dencted as (x.v,z.2.5,7) . “3D_mouse_button” is for button

information (rom 3D-mouse with “ButtonEnum” type (ButtonDown, ButonUp).
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« Grablbing Object

Rotx  Roty Wiz oomﬂ _I 150 ully

Fig.4 3D-Mouse-Based grabbing and manipulating
Interactor 3D _object
{
InputVariable 3D)_ mouse _ori[ Movement ], 3D . mouse _ button[ ButtenEnum]
FeedbackVariable hand - cursor —ori[Orientation]
SemanticVariable object - ori[ Orientation]
Event
{
grabbing {3D - mouse —button=ButtonUp—3D - mouse — button = ButtonDown }
releasing{ 3D- mouse - button = ButtonDown—=3D - mouse . button=ButtonUp}
}
Flow
{
idle{/;: 3D-mouse-button=DButtonUp— f}
manipulating {/;: 3D-mouse - button=ButtonDown—f A g}
}
Function
{
f: modify the cursor’s orientation according to the movement of user’s hand and the
present cursor’s orientation
£: modify the objects” orientation according to cursor’s orientation

Fig. 5 Specification of 3D manipulation

The graph-based specification is shown in Fig. 6.

grabbing l,
4 . .
(312 mouse. ori, hand. cursor. ori) = hand_ cursor_ ori 7an mw}ﬂ:rgg‘fﬁsfl{ h‘a.n;ir; cursor- orl
3D. mouse. button = ButtonUp 3% mouse. button= li)ml:cD
releasing

3D mouse button= ButtonUp
Fig. 6 Graph specification for manipulation

5.2 Gesture interaction in PUI (pen-based user interface)

PUI is applied in mobile computing environment. Pen-gesture is an efficient way for expressing interactive in-
tention in PUI, which provides information of pressure, orientation and button!'?), Alterations of pressure and ori-
entation are continuous from the user’s point of view, but button is discrete that the user only cares about whether

button is down or up. Here we only use pressure and position information. A tool for draft editing (named
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EasyEditor) has been implemented based on tablet-based pen (we use WACOM Intuos pen) which is magnetic in-
ductive and equipped with double buttons''?'*). EasyEditor employs pen-gesture as the major interactive way. Us-
er can use pen-gesture to fulfill deleting, inserting, selecting and so on. The pen is activated as soon as it enters
the proximity of the tablet. When user moves the pen without touching the pen tip to tablet, the cursor is posi-
tioned according to the pen, and if the user moves the pen with pressure to the tablet, a track of red ink will occur.
A stroke is produced in a continuous process which starts with pen tip touching to the tablet and ends with pen tip
leaving the tablet. In this example, a gesture may consist of multiple strokes and intervals among these strokes
which are limited to 0. 5 seconds, which means that once the time is out the gesture will be recognized and some ac-
tions will be executed. The gesture in Fig. 7 means deleting the circled words and it consists of multiple strokes.

The interaction of this example is time-based and reflects the real-time aspect of post-WIMP interface.

[0 wapi 1 - SIS %A i L T |
I ’ WA MAD BEE  THMT

5 F WA i | &= |
“+AMIeH2F) . R aam =11
EENML: FES -
NHEZE; M 7
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Fig. 7 Pen gesture interaction in word processing
g 4
This example employs five variables: variable “pen_pos” refers to pen’s position on the tablet, “cursor_pos”
p ploy p
refers cursor’s position on the screen, “pen_pres” is for pen’s pressure to the tablet, “track” is a buffer for strokes

and “t” is for the interval of strokes. “pen_pos” and “cursor.pos” are variables with type “POS” represented as

(z,y), “pen_pres” and “t” are real-valued variables. “¢” complies with the law that its derivative of the time

equals 1 (i.e. a clock-compliant variable). The specification is given in Figs. 8 and 9.
Interactor paper
{

InputVariable pen  pos[POS],pen_ pres[REAL]J

FeedbackVariable cursor . [POS],track[ARRAY]

ControlVariable t{REAL]

Event

{
GestureStart{pen_ pres =0—+Pen_ pres>0}
GestureEnd{pen _pres=0A <0, 5—+¢t=0.5}
StrokeEnd { pen . pres=>0—+pen_pres=0Ar<0. 5}
StrokeStart {pen _ pres=0 A ¢<{0. 5—~pen_pres >0}

}

Action

{
recognize®execute: recognize the gesture and execute actions

}

Flow

I
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idle {ig: pen-.pres=0—,}
stroke{Z): pen_pres>0 »FA gl
Interval {Z;: pen pres=Q0Ar~<Z0. 5 »f Ar=1}
'
Function
{
S+ modify the cursor’s position according 10 pe1’s position
g: add a point to the track buffer

Fig. 8 3Specification of pen-gesture interacrion

e M

- Sipen. pos) ~carsor. pas ™\
(\ ¢ = | /'

pen_pres=0Af <I0.5 7
5‘_1% KT N Strketind—e £ 1 =0
GesturcBrd,; AN .

. .
recogmizrede. cxectc StrokeStart -
R i okeStart T

o AT P T

Ly . :
) F(pen_ posh — rarsor_ pos
. T Sipen pos} = cursor. pos —-r—-———_...‘/r; Lpen. e v
Pen. preses 0\‘\ per_pres=0 S GostureStart \Q curso:. pos, track) = wack

. per pres=0 o
Fig. 9 Graph speciflication for pen- gesture inferaction

6 Discussion

6.1 Constructing post-WIMP user interface
The aim: of specifying the user interface is to effiziently construet it. The specificaticn of LLAFF can instruct
the designers to construct user interface step by srep. The functions and actions of LEAFF can be implemented as

*“functions” of programming languages and the vaziables can be mapped to °

“variables” of programming languages.
At present, the rransformation from specilication 1o intersetive system is manually achieved and it will be furthered
for automatic conversion. The specification of LEAFF is interactive-behavigr-oriented and tis nuthing o do with
the details of implementation. A specification is presented s a module encapsulated as an object of “Interactor”. A
specification hzsed on LEAFF can provide great reusability. In otder to make it more casily reused, the facility of
object-oriented will be extended into the speaification, snch as inheritence and aggregation. Consequently, it might
improve the productivity of the development of post-WIMP nierface.
6.2 Tarallel issues in post-WIMP user interface

In post-WIMP interfare. there are two parallel situations, One situation happens among diaiog threads exe-
cuted by agents. An interactive task is usualiy executed hy the enoperatinn of several agents. Each agent is speci-
fied as an "Interactor” which equals 2 hybrid aulomaton. So this situation can be mapped inte a ser of parallzl hy-
brid autcmata. ‘The interaction among these automata is quite complicated. We are not going w discuss it in detai!
and it’s our [uture work. However. some issues of inter-uutomata ivteraction are mentioned here. Synchronization
is & major problem in paralelism. We usc the method of hybrid automaton to meet the requirement by the labels
binding with the transition ¢dges in hybrid cutomata. The transitions with the same labe!l in different hybrid au-
tomata should be executed at the same time. So the transition of oae lucation will affeet the transision of another
location. Anovtker way for (e nteraction among these astomata is through accessing the variables of each other,
which is mentioned in Secticn 4,

The other parallel situarion is multimodai irreraction. The states of modalities cau be spedified by a set of
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variables. The alterations of these states in the same location tase place simultaneously. So it embodies the parallel
aspect of modalities, which brings multiple [/Q streamns to post-WIMP interface. Some functions based on these
variables are defined for mutimodal integration and the values of the functions are results of integration. These re-
sults can be clessified into different layers based on the ways used by the integrationt’. The multimodal integra-
tion in LEAFF will he furthered in our future work.
6 3 Property verification

One of our purposes tc use hybrid autcmaton is to utilize the existing theorles and wethods of it to do some
verification. Although verification is actually a hard work. we can also benefit from hybrid automaton. Here a
brief introduction to the verification of real-time property is presented. It is usually testified by shrinking the prob-
lem into @ well-defined domain. Real-time interaction is one of the most significant attributes of post-WIMP inter-
face. The traditional automaton is based on discrete token. The discrete time variables have to be imported in order
to speeify the real time attribute. Consequently, it is difficult 1o specify complex. high-requirement of real-time
task systern due to the time continuity. Hybrid automaton combines discrete events with continucus alterations and
any variable of it can he time-based. So it is convenient to specify real-time issues by hybrid automaton. Due to the
complexity of the practical hybrid system, timed automaton is 1sed more often. which is a special case of a linear
hybrid automaton (Linear kybrid automaton is a hybrid automaton wich special property that for each time-related
variable the rate of change is constant)’™ . The real-time problemus can be testified in timed automaton by the sclu-

tion of the reachability problem.
7 Conclusion

We employ the formal method tc model and specify post-WIMP interface. A specification model and a specifi-
retion language LEAFF based on hybrid automaten have been presented in this paper. It is hased on the analysis
for the essence of post-WIMP interface. We have modeled post-WIMP interface as a set of hybrid autamata and the
temporal model of interaction in post-WIMPE interface has been described. Two typical instances of post- WIMP in-
terface have been specified based on LEAFE, LEAFF specilies posi-WIMP interface by the combination of the
text-based specification and graph-based specification. Sore open issues and future work have been discussed. The

onstraction of the post-WIMP interface can be fulfilled by the instruction of the specification.
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