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Abstract

Many existing UML tools are far too heavyweight for quickly
producing a few simple models. These heavyweight UML tools
usually contain large amounts of functionality, which can lead
to usability problems and poor productivity. Lightweight web-
based UML tools are designed to support quick and easy pro-
duction of models. The use of the web has added benefits
including portability and group collaboration. This report dis-
cusses lightweight groupware UML case tools and presents a
lightweight web-based class diagram editor that requires no
web browser extensions.

Keywords: CASE Tools, Web Services, Groupware,
UML.

1 Introduction

Nowadays the effort to produce large scale software
can often result in the production of a “Big Ball of
Mud” (Foote & Yoder 1999). Software engineers can
always do with tools to lend them a helping hand,
especially in the early stages of development. Com-
puter Aided Software Engineering (CASE) tools can
provide an excellent starting point for program mod-
eling, but due to the overheads involved with some
of the existing tools, case tools can be off-putting for
smaller companies or projects.

A key part of the problem is that a lot of ex-
isting case tools, such as Rational Rose (Quatrani
& Booch 1999), include a multitude of functionality
to manipulate the diagrams produced. These heavy-
weight case tools are well suited to producing vastly
complex UML (Unified Modeling Language) (Object
Management Group 2000) diagrams but often require
investing a considerable amount of time and effort
into learning all the available functionality and how
to apply it.

For example, consider a software engineer needing
to quickly produce some simple class diagrams. Us-
ing a time consuming heavyweight tool would proba-
bly not be a viable option as it would be too slow to
set up and produce the diagrams. This set up over-
head plus the complexity of heavyweight case tools
are some of the reasons why tools of this caliber are
avoided by practicing engineers (Tivari 1996, Coplien
1994). Valuable case tools should not only support
productive use but also collaboration from different
locations. It would obviously be beneficial to be able
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to collaborate via tools whether at home, off-site, or
even in a different country.

There are already web-based class diagram tools
in use, however they use applets, plug-ins, or client
side scripting. Although these class diagram tools
support team collaboration, they restrict use of the
tool to browsers supporting applets or plug-ins, and
situations where such extensions may be used.

This paper first looks at solutions to this prob-
lem, and illustrates them with NutCASE, a simple
lightweight case tool that supports manipulation of
UML class diagrams. The major contribution is that
this tool shows how such diagrams can be presented,
maintained, and allow interaction, all without requir-
ing any extensions to a web browser. We then discuss
the technologies used during implementation, identify
some related work, and present our conclusions.

2 Lightweight Tools

In order to aid with the early stages of development
the modeling techniques used should ideally be as
easy and productive as pen and paper. We need
to have tools consisting of the core functionality of
similar heavyweight tools without the overhead that
accompanies them. The use of the web for running
these (and other tools) has been steadily increasing
as a means of distributed communication. There are
many benefits from this that we can leverage.

The key difference between heavyweight tools and
lightweight tools is the amount of functionality they
provide. Heavyweight tools offer a much functional-
ity that relates to the problem domain, but the func-
tionality can be overwhelming, and using them can
be tiresome as you have to play around with specific
details (whether you may want to or not) just to com-
plete a simple task.

The key attribute that identifies a lightweight tool
is essential functionality. Functionality is only in-
cluded out of necessity, not for the want of having
more bells and whistles. The functionality included
should not restrict the users from carrying out com-
mon tasks, and should not clutter the user interface
or present the user with uncountable options.

The Web offers many advantages as a communica-
tion medium, such as being widely distributed, sup-
porting group collaboration, and allowing portable
access from a variety of platforms.

By being distributed case tools are widely avail-
able to many people. By supporting group collabo-
ration multiple people are able to have input to the
design of software. Lastly, by being portable case
tools are not only able to be viewed by a web browser
on a PC but also by personal digital assistants and
even cellular phones. These are the reasons why
lightweight web-based services are successful, such as
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Figure 1: NutCASE: Displaying the Classes within a Package

hotmail.com for e-mail service, and the Wiki Wiki
Web c2.com/cgi/wiki for collaborative work. The ser-
vices must be simplified, but the advantages are sig-
nificant. These advantages also make the web an ex-
cellent platform to support the use of lightweight case
tools.

3 NutCASE

To demonstrate the feasibility of this approach we
designed a lightweight web-based class diagram editor
called NutCASE. NutCASE offers an environment in
which you can manipulate UML class diagrams via
the web. The functionality that it provides includes
creation, deletion, editing, and searching of classes.
Along with these operations the classes are divided
up into packages in order to display only the classes
of interest at one time.

NutCASE attempts to provide the quick and pro-
ductive approach of pen and paper techniques, yet
excludes most of the disadvantages that arise from
using them. For example diagrams are able to be
manipulated and edited without having to redraw the
entire model by hand. Classes are also laid out auto-
matically so that if a class is added is will be added
to the current diagram causing minimal disruption.
Another benefit is the searching of classes. Compare
wading through hundreds of pieces of paper contain-
ing class descriptions as opposed to simply requesting
to view it.

3.1 User Interface

The interface of most interest is the main class di-
agram screen as show in Figure 1. This screen dis-
plays all classes belonging to the current package. On
the left side of the screen is the main menu which is
present on every screen. These functions include dis-
playing all classes in the current package, finding a
class (and also its package), adding a new class to
the current package, editing any class, deleting any

class, and changing the current package. NutCASE
also includes a tool for reading in classes from a file.

The center of the screen in Figure 1 shows the
actual class diagram, and signals which package the
classes belong to. If a class has been selected with
the mouse then it is highlighted with a red box and
a class options menu sidebar appears on the right
hand side of the screen. When a class is selected the
non-primitive object types are highlighted in a similar
fashion to that of a hyperlink. This is an affordance to
signal that clicking on these hyperlinks will take you
to a page containing the definition for the highlighted
object (see Figure 2).

The class options sidebar only appears when one of
the classes is currently selected. These options allow
the user to manipulate the selected class. The user
can either delete, edit, move it around on the screen,
or add a relationship to one of the classes in the same
package.

Once the user has chosen to edit a class they will
come to the screen shown in Figure 2. The pack-
age to which it belongs to is shown near the top
of the page, and can be changed by selecting one
of the other packages from the drop down menu.
The edit page combines three functionalities into one.
Each existing attribute/method/relationship can ei-
ther be altered or deleted altogether. Two empty
spaces are provided so that the user may add new
attributes/methods/relationships. This combination
of functionality minimizes the number of interfaces
needed and speeds up use at the same time. Adding
a new relationship is done by selecting the type from
one drop down menu and selecting the class from an-
other drop down menu. Having these options means
that only valid relationship types can be used and
they can only point to new valid classes.

If any deletions have been selected a confirmation
dialog will be presented to double check that each
item selected for deletion really should be removed.
After this dialog is finished (or after changes are sub-
mitted) the new version of the class is displayed.

The two figures in fact show most of the user inter-




=+ NutCASE: Edit an Existing Class - Mozilla

@Q o @ Q [% hitp:idebretts. mes.vuw.ac.nz:3261/NUCASEZ/editClassProcess. jsphame=Payroll&relationship=&Submit=Edit+- Class I [C\ Search] Qﬁo
3 I» | :
“ =
Edit Class
NutCASE
Edit the fields you wish to change.
e 3
[ Package CompanySystem |
Class Name |Payroll
Delete Attribute Type Name
r [Employee [empsQ
I3 [Btring s
Menu r [int [Max S
List &ll I I
Delete Method Type Name
w’ I3 [Employes [find
T (& [hoalean hire
a3 [voiet [PayEveryone
Edit Class I3 Jpublic [Payral
Delete Class | I
—
e Deiete  Relationship Type Related Class
T EEER [3 | Composite =] [Employee
|- select type -- =| [~ selectclass-- |
s [~ select type - =l [ selectclass- =]
Submit Changes =
[ e

| ﬁ ER @ | hitpaidebretts mos vuw ac.nz:3261 MUt CAS E2kditClass Process jspPname= Payrollérelationship= & Submit=Edit+ Class

Figure 2: NutCASE: The Interface for Editing a Class

face for the tool. The interaction simply involves am-
mending the model and reviewing the diagram. There
is also a screen that shows only the diagram, in a form
suitable for copying to a document.

3.2 Automatic Class Generation

In order to decrease the time taken to rapidly produce
class diagrams we introduced the notion of automatic
class generation. Usually when creating a class di-
agram using user defined types, one would have to
create a definition for the class type either before or
after it is used (assuming you even remember to do
s0). When creating a class in NutCASE the types
entered are checked for existence. If the type is not
already defined as a class and is not a primitive type,
then a skeleton class is generated to represent this
new type. Once the original class has been created,
any new class types that have just been created are
then able to be edited to add more detail.

4 Implementation

There are a number of technologies behind NutCASE
such as HTML, JSP(Java ServerPages), JavaBeans,
and the MySQL database management system. JSP
is a server side scripting language that processes
the requests by calling functions defined in the Jav-
aBeans. In response to the request the JavaBeans
query/update the MySQL database and the server
sends back the HTML to the browser. The native
scripting language for JSP pages is based on the Java
programming language. Because all JSP pages are
compiled into Java Servlets, JSP pages have all of the
benefits of Java technology, including robust memory
management and security.

4.1 Server Side Storage

One disadvantage of using JSP is that the requests
have to be sent away processed and sent back, how-

ever the only information that needs to be sent to
and from the server is the requests and responses.
A crucial advantage of this is that the only technol-
ogy needed to use NutCASE is a device that displays
HTML. Server side storage relies on the server doing
the processing, and the browser need only display the
results from its requests.

The speed of requests is therefore dependent on
the internet connection, as opposed to the client pro-
cessor (e.g. applets). Structuring web-based ser-
vices greatly increases their portability making them
widely available to access and use. Use of applets
on the other hand restricts users to only those hav-
ing compatible browsers, and to situations where such
extentions may be installed and used.

By storing the implementation of NutCASE on the
server we are separating the content from the presen-
tation. This isolation means that the implementation
can be maintained independently of the HTML, and
likewise the layout of the information displayed can
be altered without affecting the implementation.

4.2 GIF Generation

Whenever classes are to be displayed they are done so
as a GIF (Graphics Interchange Format) image. Due
to the nature of GIFs images with flat colour (e.g.
blank space) can be compressed, and large images
can be interlaced by the browser when loaded. This
means the image can be loaded at a poor resolution
to get an overview then detail can be rendered into
the image. Producing these class diagram GIFs is
done by querying the MySQL database, retrieving the
class information needed and drawing pictures of this
class information in a Java image. This image is then
converted into a GIF using a purpose built Java class.
The name of the file is embedded within the HTML so
the browser simply displays the image, and the server
takes care of the image generation.

The other type of image we considered using
was SVG (Scalable Vector Graphics). SVG uses an
XML based specification to define images (Duignan



et al. 2002). To change an image being displayed
the SVG needs to simply be altered for the changes
to take affect. This type of functionality would suit
intensive diagram manipulations. However, SVG re-
quires a plug-in to be downloaded and needs to be ac-
companied by a hefty amount of client side scripting
to manipulate the images. Having to use client side
scripting would defeat the purpose of using server side
storage and greatly reduce portability.

4.3 Image Maps

All the class diagram interactions in NutCASE use
client side image maps. The image maps, combined
with server side storage, perform the same tasks that
are accomplished with the use of applets and plug-ins
in other case tools. Each time a GIF is generated a
meta-file is also generated containing layout informa-
tion about the class(s). This meta-information is used
to create an image map which is embedded within
HTML. When NutCASE changes state, the picture
is re-generated and a new image map is dynamically
embedded within the HTML.

The GIF generation and the image map are the
keys to the ability to present class diagrams and al-
low interaction without any browser extensions. They
allow interactive images that are compatible with al-
most any web browser and without any special setup.

4.4 Class Layout

Each time a class diagram is to be generated all
classes belonging to the current package are loaded
into a layout manager. As each class is loaded the di-
mensions of the class are determined. After all the
classes have been loaded the maximum width and
height over all the classes are determined and the
display area on the screen is divided up into a grid
containing cells equal to this maximum width and
height. The classes are then arranged in the grid in
an alternating fashion (like black squares on a chess
board) to reduce clutter, yet still making use of avail-
able space. This layout information is then written
to the meta-file.

4.5 Reverse Engineering

NutCASE has rudimentary support for reverse engi-
neering. Classes can be specified in a file and loaded
into the database with a click of a button. As it stands
the file has to be in the correct format to be read, but
this is planned to be extended to read in raw Java
source code classes or packages. These capabilties
will also allow the tool to be useful for documenting
existing software.

5 Related Tools

There are a number of other similar lightweight web-
based Case tools that have we have been working on,
including a sequence diagram tool and a use case tool.

One of the first lightweight web-based tools we
built was UKase (Biddle et al. 2002). UKase was
developed to support essential use case models. It
is written in Perl script and CGI (Common Gateway
Interface) script and uses HTML for displaying the in-
formation in tables. It was originally intended to be
used as a recording tool, but was soon found useful
for the development of the use cases themselves. For
organisational purposes the use cases can be grouped
either by a package, or by actor. As well as organis-
ing use cases UKase can also list them in a number of

ways including by name, priority, actor, or package.
However, unlike NutCASE, UKase originally had no
support for any kind of graphical diagram editing.

Seek is a lightweight web-based tool that supports
manipulation of UML sequence diagrams (Khaled et
al. 2002). Its user interface is comprised of HTML
image hyperlinks and forms. As with NutCASE, any
computation is done server side using JSP and Jav-
aBeans, so browsers need only display HTML to use
the tool. While Seek does provide a graphical dis-
play it is quite constrained based on the heavy use of
HTML tables.

All these tools are functional and have all been
used in real development, but they are still research
prototypes and subject to further work. One area of
our ongoing work is integrating such tools to allow
simple interoperability. We have conducted usability
studies on all the tools, including NutCASE, as part
of our development process. The studies confirm that
the tools do work as we intend, and also allow us to
improve the tools as we continue our research..

6 Conclusion

In this paper we have presented NutCASE, a
lightweight web-based UML class diagram editor.
NutCASE is lightweight because of the inclusion of
essential functionality without excessive extra func-
tionality its device independent implementation. We
expect the restricted set of functionality offered will
lead to easier learning of the tool and quicker produc-
tion of actual class diagrams.

Due to the lightweight implementation and nature
of the web, NutCASE supports group collaboration
of class diagrams. Because it is a web service using
server side storage, NutCASE is highly portable and
is capable of being used on any device able to browse
HTML, without needing to download or run applets.
We believe NutCASE is the first web-based tool to
provide editing of UML diagrams that can be con-
trolled by the user without using plug-ins or applets.

As proof of concept designing NutCASE encour-
ages use of lightweight case tools for all the above
reasons. It offers improvements over then pen and
paper modeling techniques, and draws designers to
use such UML modeling techniques whereas before
the process might have been too lengthy or complex
with more heavyweight tools.
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