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Web application frameworks typically provide little sup-
port for graphical web applications such as diagram ed- EmraNRaR! |
itors. This restricts applications developed using these || S
frameworks to either very limited interactions, or using
technologies that are only supported by a small subset|
of web browsers. Clicki is an object-oriented web ap-
plication framework in the style of traditional graphical
user interface frameworks, with minimal requirements on
the client web browser. The Clicki framework enables
the creation of nontraditional diagram-based web appli-
cations within the confines of the architectural constraints
imposed by the web.
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1 Introduction Figure 1: A diagram editor based on an early version of
the Clicki framework

The web browser provides a user interface paradigm that is
both ubiquitous and well-understood. Web-based applica- . _
tions such as Hotmail, and more collaborative application§Gordon, Biddle, Noble & Tempero 2003) (figufe 1).
like the Wikiwikiweb (Leuf & Cunningham 2001) have These applications take advantage of the availability and
proved exceedingly popular, despite the constraints place@@se-of-collaboration benefits shared with ordinary web
on them by current browser technology, which limits themapplications, while employing a more visual interaction
to a fraction of the user interface possibilities available tostyle usually associated with native applications. Our ap-
traditional GUI applications. Many software frameworks, plications utilised a number of different means of display-
including Sun’s Java Servlets and JSP (Coward 2001)ng and allowing interaction with such diagrams within
Microsoft's ASP.net (Liberty & Hurwitz 2003), Zope the constraints imposed by the web browser; in the end,
(Latteier & Pelletier 2001) and numerous others offer sup-One approach — image generation — appeared to offer
port for these traditional web applications. the best solution. o

The most common approach to building graphical _Unfortunately, existing web application frameworks
web-based applications is to use heavyweight technolooffer little-to-no support for image generation, and none
gies such as Java Applets (Arnold & Gosling 1996) andof the higher level abstractions that would aid in build-
Flash (Woods 2001). Accessibility of applications us-ing applications that involved the editing of diagrams. We
ing these technologies is problematic due to inconsishave developed the Clicki framework, which offers facili-
tent browser support in all but the most recent desktogi€s to ease the building of web-based applications with an
browsers. The lightweight approach to developing graphAP! similar to that provided by frameworks for developing
ical web-based applications, eschewing plugins for simhative GUl applications. , N
ple HTML and images, is useful because it is compati- _ Several versions of Clicki, a diagram editor that utilises
ble with many browsers, including older versions on olderthis approach, were developed. The framework described
machines, and the limited browsers found on hand-heldn this paper is the result of that development. The frame-
computers and cellular phones. work provides an interface to the programmer similar to

Our research group has developed a number ofhat provided by traditional GUI frameworks, but the re-
lightweight visual web-based applications that allow thesulting applications have a web-based user interface.
user to interact with some form of diagram: Seek (Khaled, ~This paper is structured as follows: in the next section,
McKay, Biddle, Noble & Tempero 2002), Ukase (Biddle, to set the context, we give examples of three applications
Noble” & Tempero 2002), NutCASE (Mackay, Biddle built using the Clicki framework. _ o
& Noble 2003) and the “original Clicki drawing editor In sections three and four, we describe the Clicki forms
framework and the Clicki diagram editor framework. The
Copyright ©2005, Australian Computer Society, Inc. This paper ap- Clicki framework is divided into two partsorms,which
peared at the 6th Australasian User Interface Conference (AU_'CZOOS)encompasses simple HTML generation and event han-
Newcastle. Conferences in Research and Practice in Information Tedhling and thediagram editorwhich is built on top of the
nology, Vol. 40. M. Billinghurst and A. Cockburn, Eds. Reproduction ! . .
for a?:);demic, not-for progt purposes permitted provided thips text is in-f(.)rmS fr.amework .and prOVId_eS an eXtenS.lble web-based
cluded. visual diagram editor. In section five, we discuss the state

of the framework and in section six we describe earlier




web application frameworks. We conclude the paper in Sokoban Editor: Level 5

section seven.
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2 Applications

The rule of three (Roberts & Johnson 1997) suggests tha
three applications should be built using a still-evolving
framework, in order to develop suitable abstractions for
the application domain. We have developed three applica-
tions, which we describe here.

P

2.1 Sokoban game

The game of Sokoban involves moving a worker around
a map, pushing boxes onto shelves in order to complete a
level. The Clicki-based Sokoban game was ported from a
Sokoban game used in an assignment for a first-year com=
puter science course. The porting process replaced the

user interface with one using the Clicki forms framework. Figure 3: The Sokoban level editor
The Image page component’s support for the standard

Java AWT graphics interface meant that the code which

handled displaying the levels could be used with only min-  The Save button on the far left allows the level to be

imal changes. ) saved, and the arrows allow the size of the level to be ad-
_When the user begins the game, they are presentgfsted. The pictures of tiles to the right of the buttons rep-
with the first level (figurgR). resent the available tile types with the currently selected
tile enclosed by a black rectangle. All graphics are gen-
S k b erated dynamically, taking advantage of Clicki’s ability to
OoOKODRan re-use existing Java drawing code.

When atile is clicked, it changes to match the currently
selected tile-type. This simple interaction is sufficient to
build potentially complex levels. When a level has been
saved, it can be played with our forms framework based
Sokoban game.

2.3 ClickiPoint

ClickiPoint provides an editor for producing simple slide-
based presentations, similar to the presentations produced
by Microsoft PowerPoint and other presentation tools.
When the user first accesses the application, they are pre-
sented with a page that allows them to either open a pre-
sentation from the provided list, or name and create a new
presentation (figure| 4).

EEEE

Open presentation

Figure 2: A new Sokoban game.

The game has a very simple user interface. It provides| e | needed another
two ways of moving the worker. The buttons with arrows » deleteMe
on them can be clicked to move the worker by single grid o =6
cells, or a destination cell can be clicked on directly. This o oxemplar
causes the worker to move in a straight line, and greatly
reduces the number of clicks (and thus time) required to
solve levels.

The first level can be solved with a single click. Upon . S '
completion, the user is automatically transferred to the ~ Figure 4: ClickiPoint: the file open/create page.
next level.

] | Create new presentation |

After the user has opened or CreatTT_(r]j a presentation, the
. diagram editor page is displayed (figlile 5). This page is
2.2 SokobanEdit provided by the framework, and customised by the Click-

SokobanEdit provides a means for users to edit the leviPoint application. .

els used by the game of Sokoban that we described preva: The editor allows the user to perform several actions.
ously. hey can switch to a different slide by clicking its thumb-
The first screen allows the user to select the level to b&ail, create a new slide, create a new bullet point on the
edited. Once the user has selected a level, they are trangdITent slide, or edit one of the existing pieces of bullet-
ferred to the level editor (figufg 3), which uses an earlyPointed text. o o .
version of our diagram editor framework. If the title or one of the points in a slide is clicked while

SokobanEdit represents levels as a two-dimensional atl€ Select tool is active, itis selected. At this point, the dis-
ray of tiles. Tiles may be either empty spaces, boxesPlay of tools down the left-hand side of the image changes

shelves, walls or the worker. They are displayed to thd® Show those tools which apply to the newly-selected por-

user using the same visual representation as employed Bipn of the diagram. The “edit text” tool is selected au-
the Sokogan game. P el t?ck?matlcally, as the framework knows that it can be used

on the current selection. This tool’s interface is displayed
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Figure 7: A page and the corresponding component tree

traditional OO GUI frameworks such as Java Swing (Sun
Microsystems Inc. n.d.) and Qt (Ward 2000). The forms
framework is divided into two sections: state management

x6: present! and a set of components from which dynamic web pages
_ can be built. The state management section handles infor-
ooy == | Clikiis Wonderful [ mation tied to a single session with a user. The page they
e are currently viewing, and any application-specific infor-
L‘ S Soaban A subml | mation, such as the file they may have open, is remem-
_1«—| e bered. Pages are built using a supplied set of page compo-
— tloeds morecppicaors nents that represent structures such as lists and paragraphs,
«ClickiPart as well as simpler items such as text boxes, buttons and
links. These components can inform the application of
changes to their state by producing events for which the

application can listen.

This similarity with traditional GUI frameworks is
very different to the template-based approach taken by
most web-application frameworks. We believe that it of-
fers greater flexibility than the template-driven approach,
Figure 6: The image is updated after the text in the tex@S it does notimpose a text document-centric model on the
box is changed and the submit button is clicked. application.

3.1 Pages
to the right of the diagram, allowing the user to edit text I L
within the selected point or title. When the text is modi- Forms-based applications represent web pages as a tree
fied and the submit button is clicked, the tool updates thef objects of typeHtmINode andHtmiLeaf built up
text within the selection (figufg 6). using the composite pattern (Gamma, Helm, Johnson &
The user interface also provides other capabilitiesVlissides 1994) in a similar manner to traditional GUI
Bulleted points can have their indent level changed via thdrameworks. Class hierarchies in our framework that con-
<- and-> buttons, and they can be removed. Slides canform to the composite pattern are composed of primi-
not have their titles removed, or indented. Therefore, onlytive objects (descendants ifmiLeaf ), and more com-
when a bullet point within a slide is selected (fighte 6) areplex objects. Complex objects can contain primitive ob-
the remove and indent level buttons made visible. jects (descendants d¢itmINode , which itself extends
As ClickiPoint is a web-based application, multiple HtmlLeaf ), all sharing the same interface (that pro-
users can access it simultaneously. ClickiPoint containgided byHtmiLeaf ). This makes building complex ag-
the necessary support to allow the same presentation to lgegate structures out of more primitive objects simple.
edited by muitiple users simultaneously, by sharing the inAll objects can be treated similarly due to their imple-
ternal presentation model for a single file between differ-menting the same interface, and new types of objects can
ent user session. This allows collaboration between usefée added to the structure without extra code. For ex-
effectively “for free”. ample, multilevel bulleted lists can be created in Clicki
by adding botHJnorderedList s andText objects to
. otherUnorderedList  s. Figurq shows the correspon-
3 Clicki Forms Framework dence between the object tree that represents a page, and

. ) i ) how the page is displayed to the user.
The Clicki Forms framework is an object-oriented frame-  The Image component makes building visual applica-

work for building web-based applications, similar to more



tions especially easy. This component provides an imagechnology that helps applications to retain state be-
within a page which can be drawn on with the standardween page requests by leaving a small piece of data
Java AWT Graphics and Graphics2D classes. It is au— a cookie (Kristol & Montulli 1997) — with the web
tomatically re-rendered upon loading a page. When thérowser, which the browser will then include with each
Image component is clicked, it generates a CLICK evensubsequent request for a new page. This is not suitable
with a parameter describing the location within the imagefor some uses of Clicki, however, as it would constrain the
at which the click occurred. user to accessing at most a single session of a each appli-
Dynamically generated images must usually be re-cation, per browser — disallowing, for example, the use
loaded by the browser on every page load, which can leadf multiple edit windows. To avoid this problem, Clicki’'s
to the application appearing slow, due to the extra roundstate management uses hidden form fields to recognise a
trips to the server which are incurred. Our image com-given session. These are specific to the page displayed
ponent implements the simple optimisation of allowing rather than the user’'s browser, and thus allow simultane-
the browser to use its cache of the previously-generatedus access to multiple application sessions with no extra
image, if it is identical to the new one. This means thatwork on the application’s part.
when the image has not changed, additional time or net- The session state mechanisms provided by most web-

work traffic is not required to load it. application frameworks also represent session state as a set
of key/value pairs. Such a mechanism can be inconvenient
32 Events to use, as it requires more type-checking to be performed

at runtime as values from the session state map are cast to

All page components provided by the Clicki forms frame-the correct type. Mistyping a session key can cause bugs
work are capable of emitting events that an applicatioriwhich are difficult to trace. Clicki avoids these problems
may subscribe to. These events are used to notify the apy representing session state as a Java ot§eats ) that
plication of various occurrences. For example, the concan be extended by the application to add whatever fields
tents of text boxes changing, buttons being clicked, an®r methods it requires. The Clicki forms framework will
page components being re-rendered all cause events to kgep track of this object between page requests.
emitted.

The event types are defined as static fields within th i D :
components that generate them. For exampleCHHEK % Click Diagram Editor Framework

event for aButton is referred to adutton.CLICK . %he Clicki Diagram Editor framework provides a user

terface for manipulating diagrams, built on top of the
licki Forms framework described in the previous sec-
tion. Diagram editors have diew , representing the vi-
sual depiction of the diagrarBelections  representing

a currently-selected subset of the diagr@perations

which represent actions which can be performed on selec-
tions, andTools which provide a user interface to apply

Events can be subscribed to in two ways: by extending th
class that emits them if they are supported by that class,
by subscribing with &vent.Target  object.

The general mechanism for subscribing to events in
volves calling thesubscribe  method on the event-
emitting object, and passing it both an event type (e.g
Button.CLICK ) and an event target. The event target
object should extend thEvent.Target class, whose : : ; e
invoke()  method will be called when the event is fired. Operations _ to Selections . Tools provide this in

" - terface usindnteractions , which describe a set of

Traditional GUI frameworks are able to send applica- teps the user must carrv out to use the tool
tions events immediately when a user modifies the valué R lications usin tr?/e editor tvpically also use the
in a text box, or selects a new radio button. Clicki does PR ng ypicaty .

; . S by forms framework directly. The forms framework is used
not have this luxury, as it is only notified of such changes rovide parts of the application not covered by the dia-
by the client web browser when a button or image on they o, editor, such as a means of selecting a diagram to
page is clicked and the form is submitted. This sequenc dit, and also to describe the interface provided by an
is problematic because the application does not know o nteraction
value changes until after the button is clicked. We deal : W . :

: . . . The diagram editor page (figufre 8) provides an area
with this problem by re-ord%rmg events. Events I\(vf|1(|ch r the diag?an\/iew to t?e%isélgyeﬁa, a)n%rea for Ul ele-
cause page submission, such as button or image clicks a ents that are only loosely related to diagram state, such
sent to the application after other events such as those ge $ save and load buttons, an area to display the buttons
erated when the contents of some form element, like a te !

; ; ; sed to select tools, and an area for use by the tool the
input box being changedUPDATEevents are a special gser is currently using to interact with the diagram. The

case. Provided by all page components, this event is fire di . =
P Al : ' itor manages the current selection, tool visibility and ac-
and sent to the application immediately before the pag ivation, and redrawing the diagram. It automatically se-

component emitting it renders itself to HTML. This is of- cts the most fre : P
qguently used tool, in a similar manner
ten used to update the contents of some part of the page t@ Microsoft PowerPoint selecting the resize/move tool by

default. This reduces the number of clicks required to per-
form operations in the diagram editor, and thus increases
3.3 State Management the perceived responsiveness of the application.

the most recent available data.

One of the challenges of building web-based applications i
is that the HTTP protocol used to deliver web pages is#-1 View

stateless. It does not define a mechanism for maintai g : : :
; : ; he application is entirely responsible for the internal rep-
ing a session with the web server between requests f esentation and view of the diagram: no layout support is

web pages. Thus, web-based application frameworks YProvided by the current framework. When the diagram ed-

ically provide a means of simulating some form of per-! : C h -
sistent session state, allowing the application developelfo P2g€ is created, the application must provide an object

; PO . : lementing theView interface, which provides meth-
to build applications accessible via the stateless HTTPTP ; ; ; .
protocol (Fielding, Gettys, Mogul, Frystyk & Berners- ods allewing the diagram editor to:
Lee 1997) while maintaining persistent state between page
requests.

Clicki's session state has different semantics to that e retrieve a rectangle describing the view’s bound.
provided by most other web-application frameworks. ) ] ) ) o
Commonly, web-application frameworks tie session state ¢ determine whether the view contains anything within
to the user's browser using a cookie. Cookies are a  agivenregion.

e draw the diagram.



e obtain aselectiongiven a region. Simple operations are often implemented directly by
i i i i the underlying classes represented by the selection. Com-
Diagrams are displayed by passing Miew a Java plex operations, such as those which affect the selected ob-
Graphics2D object. This object is provided by the Java jects indirectly — for example, the object's position within

AWT, the standard interface for drawing images in Javaan enclosing list — must be handled as a special case by
The application can then use this to update the display ofhe selection.

the diagram.

. 4.4 Tools
4.2 Selections

. . _ . The application must also provide a seflafol s. These
Selections _ represent a portion of selected diagram inprovide the user interface that allows the user to manip-
the editor. This usually corresponds to one object in the,|ate the diagram.Tools , except for those which cre-
application’s internal representation of the diagram, butgte new objects within the diagram, typically do not op-
this is not required. Generated by theew that the  erate directly on the diagram. They access it via the
application provides to the drawing editor when given agperation s made available by Selection , which
SelectRegion  object, selections: helps to decouple the tool's user interface from the un-

. o : derlying representation of the diagram. When the tool is
¢ g:gn'gg tr?e r;ggggr?lgf t%eesdcigglrnagmtpgprzglejg?éggbfghx ctivated, the tool's user interface, often comprising a se-

: " - : 1 guence of steps to be followed by the user, is represented
ﬁgelhetitr']gnéerehétse[jefég?(?r!e is commonly used to high with an Interaction . Tools can also be queried to

see if they can be used with the portion of a diagram rep-
e determine if the selected item or items supports aesented by &election ; this is used by the diagram

givenOperation  type. editor to decide which tools to display, and which tools to
_ _ ) . automatically activateTools commonly determine this
e obtain anOperation  object of a given type. by querying the set of operations supported by the given
selection.

The framework provides two helper classes for

tshiﬁgfeoslgggﬂor?ases r%gcrgggﬁgeg girr?glgcgg egteelgcggr_]%eb-based visual applications is having to wait for a net-
ject which implements all the interfaces representin work round-trip to redisplay the page and image every
the operations it supoorts. and is capable of rovidg-'“me the user clicks on something. By automatically acti-

p PpOrts, P ProVidy ating tools that are likely to be used, the number of clicks

ing its own bounding box. If this is not the case, : :
SingleSelection can be subclassed to provide one. required to perform common operations are reduced.

AugmentedSelection has similar behaviour, except )
that it can be supplied a list of extra operations it should4.5 Interactions
support, and provides hooks for the application to suppl>\/I

One of the most frustrating parts of using lightweight

he interaction model, used successfully by NutCASE
Mackay et al. 2003) and earlier versions of the Clicki
drawing editor (Gordon et al. 2003), allows interaction
with diagrams while staying within the constraints im-
. posed by the web. Many of the interactions with the di-
4.3 Operations agram end up as a sequence of events similar to the fol-

Operations are represented by Java interfaces extendirﬂwmg'

the Operation  interface; they specify a set of related 1 The diagram is displayed to the user.

methods which allow a tool to perform some operation on

a part of the underlying diagram model, such as moving 2. The user clicks on the diagram to select an item to

these when requested. This is useful for providing sets o
compound operations which are not directly supported b
the selected object.

or editing the text within some component of the diagram. manipulate, such as a UML class.

This provides a means of formalising the interactions be- . . . .
tweenTools and selected diagram components. For in- 3. The view of the diagram is updated to highlight the
stance, arextEditable operation could be defined, selected region.

with methods to get and set the editable text within a se- 4 1 yser utilises the application’s interface (poten-
lected component. Then a generic text editing tool would ™ 451y jnvolving more clicking on the diagram) to ma-
automatically allow editing of the given component. nipUlate the newly-selected portion of the diagram.

e B Some actions, such as moving a selection around un-

'@, @ O Eonwms e s @ @,0 til it is in the correct location, or adding extra points to
S a polygon, can involve a large number of clicks on the
X6: present! bigram view diagram. Thdnteraction s one of the abstractions

. - carried over from the earlier Clicki diagram editor appear
swel  ssea] | Clikiis Wonderful ) in the diagram framework in a form that takes advantage
/7”—‘ T e of the forms framework. They provide sequencing facili-
Currently L‘ sSolcoanL rEdtor N ~submic | ties to elicit a set of clicks or other information from the
H o _|<——I Ve e M’L‘ user. They also provide a forms interface representing the
N ePort Sokobenl evelEdior provided by user-visible interface of the current step, and a method for
T SclePort Imeraction handling clicks on the diagram, which has the ability to
Available ool indicate whether or not the click was any use to the inter-

oo action.
| g Aoplcstion-specitc Interactions also have the ability to draw on the
i i elemerts diagram display area of the diagram editor. This is often
used to indicate the currently selected item, and remind
OFTE L e the user of the results of previous steps when progressing
through a multi-step interaction, as seen in figyre 9. One
) o _ ... common use for multi-step interactions is obtaining a set
Figure 8: Typical interface produced using the Clicki Di- of points from a user. An interaction could provide the
agram Editor framework. user interface for drawing a polygon by accepting clicks




Drawing Editor cellular connections, or those who are located some dis-
tance from the server.

el Click the first point of the line Clicki does include some optimisations to help in this
o case. The image component implements the simple opti-
misation of allowing the browser to use its cache of the

previously-generated image, if it is identical to the new
one. This means that the image will only be reloaded
along with the new page if the image contents have
changed. Unfortunately, when only a small part of the
image changes, the entire image, sometimes over 40kB in
size, must still be reloaded.

We are looking at techniques to ameliorate this prob-
lem. One possibility is to automatically slice images into a

; ; set of smaller images, and then only require the subimages

Drawing Editor which have changed to be reloaded. Another possibility is
to layer a partially transparent image over the last full-size
image to be sent, the only opaque sections being the parts
_New Line | + of the image which have changed. This may, however,
incur problems with older browsers.

el Click the second point of the line

6 Related Work

Object-oriented software frameworks (Johnson & Foote
1988) are class libraries designed to support building ap-
plications within a specific domain, by providing suitable
abstractions and concrete implementations of classes. Ap-

Drawing Editor plications can then use these by specialising classes pro-

vided by the framework to support the application’s spe-

oot Click to select an item cific needs.

s Many commercial and open-source frameworks for

ew uine | building web applications are available, including Sun’s
JSP and Java Servlets (Coward 2001), Microsoft’s ASP.net
(Liberty & Hurwitz 2003) and Digital Creations’ Zope
(Latteier & Pelletier 2001). These typically utilise a

template-based system, where pages are described as
HTML with framework-specific directives that are inter-
preted dynamically at runtime. As such, they do not at-
tempt to hide the stateless request/response model man-
dated by the web, beyond providing some form of ses-

) ) ) ) ) ~sion abstraction which allows data to be associated with
Figure 9: An interaction sequence used in creating a linea single user's session with the application. The exist-
As the technology Clicki uses does not support dragginging framework which bears most similarity to the Clicki
the user must click twice to select the two line endpoints;Forms framework is ASP.net (Liberty & Hurwitz 2003),
then the line is created. Microsoft's framework du jour for developing web appli-
cations. Like most web-application frameworks, ASP.net
represents web pages as template HTML documents con-

) taining special dynamic ASP.net components. Unlike pre-
a button for the user to click when the polygon had bee ious%erpsions 01¥ASP ASP.net attem?ots to provide a F|c;ro-
drawn. Another common use is for moving an object. The, :

int " low th : i licki th gramming interface more similar to that provided by tradi-
Interaction can afiow the user 1o contnue clicking on Neisna| Graphical User Interface (GUI) toolkits, by allow-

diagram to select a location until they're satisfied that the1ng the application to receive events from page compo-

object is placed correctly. nents. It is still template driven, however, and does not
provide any support for image generation.

5 Discussion Java Servlets (Coward 2001) is one of Sun's web-
application frameworks. It provides a very spartan feature

The Clicki framework successfully demonstrates that it isS€t, essentially an interface between a web server and an
possible to build a framework similar to traditional object- application. The interface represents HTTP page requests
oriented graphical user interface frameworks, but providas method calls, and requests and responses as objects
ing a web interface. Other users of the framework havecontaining methods that allow extraction of data related

confirmed that it is reasonably easy to rapidly develop new© the page request. Several groups, including Sun itself,
applications using it. have built other frameworks on top of Java Servlets, such

The framework, however, has several deficiencies. Unas JSP (Pekowsky 2003) and Struts (Cavaness 2002). Java

like most modern GUI frameworks, Clicki does not pro- Servlets does not provide any support for light-weight
vide a visual user interface builder. The framework alsoweb-based visual applications. _
does not provide any ability to load an XML file describ- _ Many diagram editors have been built on top of tra-
ing a user interface. Transfer delay can make Clicki apditional object-oriented graphical user interface frame-
plications feel more sluggish than applications running lo-works. UniDraw (Vlissides & Linton 1990) is a diagram
cally on the user's computer. Every click on a button, im- €ditor framework built on top of the InterViews (Linton,
age, or link requires another round-trip to the server toVlissides & Calder 1989) graphical user interface frame-
retrieve a new page. work. It has a comprehensive system for describing
A disadvantage of the present image-generation apihter-relationships between different component types, a
proach is that new images must be downloaded for everjneans of describing the geometry of symbols that form
page refresh. This makes the application much slower fopart of a diagram, and a Model-View-Controller (Gamma
users on low bandwidth internet links, such as dial-up o€t al. 1994) (MVC) style partitioning between the repre-

on the diagram identifying vertices for the polygon, with



sentation and view of the diagram. It also provides extenGordon, D., Biddle, R., Noble, J. & Tempero, E. (2003),

sive support for structuring and laying out diagrams, undo A technology for lightweight web-based visual ap-

for every operation that tools can perform on the interface, plications,in M. Burnett & J. Grundy, eds, ‘IEEE

and a well-defined user interaction model for tools. Symposium on Visual and Multimedia Software En-
HotDraw is a framework for building structured two- gineering’, Auckland, New Zealand.

dimensional drawing editors for specialised types of draw- . -

ings, either standalone or as part of a larger system. ENohnson, R. E. & Foote, B. (1988), ‘Designing reusable

ements of these drawings can have constraints between ~classes’Journal of Object-Oriented Programming

them, and can be animated. They can be aggregated aled, R., McKay, D., Biddle, R., Noble, J. & Tem-

produce more complex elements. Tools can be defined, ; . 8
which allow the user to manipulate elements of the draw- Poerrg’egde(r%gg %j)iégrggnr;vyglr%rgevevgi%gbsag?%lcc?éa |t_o°|

ing or the entire drawing, and create new elements. NZ Symposium On Computer-Human Interaction
(CHINZ 2002)'.
Kristol, D. & Montulli, L. (1997), ‘RFC 2109: HTTP state

In this paper we have described Clicki, a framework which ~ Management mechanism’.
enables the building of web applications. Unlike previous ttejer, A. & Pelletier, M. (2001)The Zope BogkNew

7 Conclusion

web-application frameworks, Clicki provides an interface Riders.

to the programmer similar to that of traditional object-

oriented GUI frameworks. Leuf, B. & Cunningham, W. (2001) he Wiki way: quick
The lightweight applications built with the Clicki collaboration on the WebAddison-Wesley Long-

framework are accessible in practically any browser which man Publishing Co., Inc.

supports graphics, including older browsers and the lim- . . .

ited browsers embedded into hand-held computers ankiPerty, J. & Hurwitz, D. (2003)Programming ASP.NET
cellular phone. This gives them an advantage over ap- O'Reilly & Associates, Inc.

plications built with heavyweight technologies and the"Linton, M. A., Viissides, J. M. & Calder, P. R. (1989),
accompanying poor browser support. They are still able™ ™oy hging user interfaces with Interviews’

to utilise an interaction style similar to that of traditional '
graphical applications. Mackay, D., Biddle, R. & Noble, J. (2003), A lightweight
web based case tool for UML class diagrants,
R. Biddle & B. Thomas, eds, ‘Proceedings of the 4th
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