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ABSTRACT

WWW has prompted development of diverse tech-
nologies such as Java, HTML, XML etc. to enable
presentation and propagation of information via doc-
uments and their active contents. Documents on the
web present themselves as the containers of the vari-
ous kinds of media to transfer information. This has
provided a springboard for Java to quickly become a
popular language, not only for designing web pages
with active contents, but also for developing cross plat-
form applications. This paper presents the work done
by the authors to implement an environment for com-
puter aided system design using a document centric
paradigm. This environment has been developed in
Java and takes advantage of Java’s ability to instanti-
ate objects from their string name descriptors at run
time. This has allowed a creation of a fully exten-
sible and modifiable environment, in which a design
task at hand is described as a document. This docu-
ment is marked-up using eXtensible Markup Language
(XML). The advantage of using XML is that it pro-
vides descriptions of data structures and allows us to
define our own tags to describe document elements
and their attributes. Different elements of the docu-
ment are handled by small components based on the
Java Beans model but their integration is performed
at run time without explicit need for connection or
adapter class compilation thus allowing user modifica-
tion without relying on a Java Bean builder environ-
ment. Several components have been built to assemble
a formatted document. Special components have also
been implemented to provide bridges between appli-
cations such as MATLAB etc. An XML Document
Type Definition (DTD) has been provided to allow for

valid and well-formed documents. The development
of this environment has afforded us a designing ex-
perience, which takes advantage of current web-based
technologies and their integration with classical design
and simulation tools. We hope to provide users of this
environment, a solution for design, documentation and
extension in an integrated system, which can be easily
scaled to take advantage of the next wave of web based
objects.

INTRODUCTION

Documentation plays an important part in the ad-
vancement of science and maintenance of all projects
and systems. Most systems have their documentation
written according to the design, that is, the docu-
mentation is design centric. In this approach, docu-
mentation covers the system design but leaves out the
process of designing it. In order to capture the com-
plete design process, it is proposed here, that designing
should be document centric (docucentric) rather than
the other way round.

Some applications have a natural gravity towards
text based interaction with users. Examples of such
applications are; chat programes on the internet,
MATLAB, Mathematica and code or script writing ed-
itors. It is common experience of every programmer
that, even in the visual programming environments,
one has to descend to the actual programming code
and edit it as text. Therefore, docucentric user inter-
faces may be more suitable for applications where user
interaction with computer is high in textual content.

Designing any system is a very thought intensive
activity. The use of a docucentric approach allows the
designer’s thoughts to be captured along with the de-
sign. This approch should prove useful to those main-
taining or extending the system, as they will have in-
sight into how and why a system was designed in a
particular way.



System designing requires the aid of different tools
at various stages of the process. A different tool may
be required for modelling and another for simulation.
One kind of tool may be more suitable for one set of
users and another tool for others. These requirements
illustrate the need for an environment, which provides
support for all or most stages of the designing process.
This environment should also provide different services
for integration of tools and presentation and manage-
ment of information for the users. The environment
should also allow for easy modification and extension
to itself so users can adapt it according to their needs
and design tasks at hand.

Any large-scale design is a product of a team ef-
fort. A design team may not only be geographically
separated but may also consist of heterogeneous plat-
forms to perform different tasks pertaining to the de-
sign. This requires that the design environment should
be network aware and platform neutral. Writing and
reading is a habit developed quite early in school life
and stays with us thereafter. It is therefore natural
to see all intellectual activities as extensions of these.
Based on this, it should come as no surprise that one
of the most common uses of computers has been text
processing. Futhermore, when multimedia document
processing capabilities of computers were realized, it
was natural to suggest that documents should be the
user interfaces for applications. (Bier and Goodisman
1990).

The design process often starts with requirement
and specification documents. Different groups (Boy
1997; Faro and Giordano 1997) have suggested a mar-
riage of designing and documenting process.

In this paper we describe a control system design
environment, a prototype of which has been imple-
mented using the above-mentioned ideas as design pa-
rameters.

COMPUTER AIDED CONTROL SYSTEM
DESIGN

The discipline of computer aided control systems
design has been striving for an open and integrated
environment as an aid to most or all stages of the de-
sign. Various papers (Rimvall 1993 and Jobling 1996)
have highlighted the evolution of such environments.
A framework reference model suggesting the archi-
tecture of such environments had also been proposed
(Barkeret al. 1992). This framework reference model
has come to be known as the Toaster Model. Ever

since its proposal this model has served as a beacon
for the designers and implementers of computer aided
control system design environments. (Halepota, Grant
and Jobling 1997; Spee and Bijwaard 1997). Most
design environments described in the literature either
fall short of the expectations of being open, object ori-
ented, component based and easily extendible or the
literature just consists of wish lists.

In the work presented here we describe not only
what the environment should be like, but also show
how it can be implemented, so as to provide a docu-
centric, Java based platform neutral, component ar-
chitecture with a user extendible framework.

DESIGN CONSTRAINTS

To design the environment we set the following
constraints for our implementation.

Platform-neutral

The first constraint we placed on our design was
that the environment should be platform neutral. This
is a significant requirement, specially, from the point
of view of legacy tools’ availability. In the past,
most tools were only implemented on UNIX plat-
form. Nowadays, the PC platform is rapidly closing
the performance gap with workstations. Therefore,
new tools are being mostly implemented on Wintel
(Windows/Intel) platforms only. Java with its virtual
machine implementation available on most platforms,
presented it self as a logical choice for the implemen-
tation language.

The Java programming language also provides fa-
cility to easily take advantage of the Internet and In-
tranet technologies. Because of this, the underlying
architecture of the environment is ready to fully ex-
ploit these network aware facilitiies of the language.

Component Architecture and Extensibility

“One solution for all needs” approach from ven-
dors has resulted in the exponential growth in the size
of applications. These megabyte monsters try to have
all features which a vendor thinks a user will ever need,
resulting in a huge storage footprint. Out of this mono-
lith, either one only uses a tiny portion of the applica-
tion, or the required facility of the application does not
perform a task a user would want it to. The component
paradigm has been used in most engineering disciplines



with great success. Today almost all manufacturing
projects rely on components which have well defined
interfaces such as connections, flanges, pins, sockets,
plugs, threads, bores etc. Software engineering has
only recently started taking the component route to
development seriously. Different technologies, such as
COM/DCOM, JavaBeans, Netscape Plug-ins etc., ex-
ist today to provide component-based solutions.

With Java as the programming language of the
design environment implementation, JavaBeans would
seem an ideal solution, but this solution expects users
to master another software development environment
for efficient extension and modification of this control
system design environment. This would negate one
very important clause of most wish lists, that the com-
puter aided control system design environments should
be easily extendible by the users. The JavaBeans com-
ponent model would have required the design environ-
ment along with its whole project file be available with
each user, so that the users could modify or extend it
according to their needs. In some JavaBeans compli-
ant visual builder environments the project file itself
is larger than the resultant useable code.

In our implementation we have opted for a middle
way and used some of the JavaBeans features to im-
plement a component model which allows users to add
and create their own components according to their
needs, without relying on a third party visual devel-
opment environment.

Docucentric Design

The tasks of documenting and designing as ex-
tensions of each other have been present in diverse
forms for some time. Literate Programming (Knuth
1984), JavaDoc (Friendly 1995), MATLAB, Mathe-
matica notebooks and m-books can be regarded as ex-
amples of producing a design and its documentation
together.

The OpenDoc (Apple 1995) initiative seemed a
step in the right direction, but probably because of
the lack of support from the developer community,
late availability on common platforms, mixed with a
complex programming interface for average the pro-
grammer, OpenDoc did not take off to the extent of
becoming a wide spread programming paradigm.

The Document paradigm has become more popu-
lar in the context of WWW and Internet. Users in-
teract with websites by browsing web pages. These

web pages acts as the containers of the information.We
favour the view that documents are not only expres-
sions of information but should also be regarded as
containers, integrators, repositories and user interfaces
for a whole range of services and applications. There-
fore, in our prototype implementation of the environ-
ment, we have used the document paradigm as the
integrator of different components and store the user
interaction in a marked up text, providing the reposi-
tory service.

Document Markup

A document, which contains various types of ele-
ments to display text and other multimedia content,
needs a scheme of markup, which may be able to de-
fine each document element and describe its state.
Currently the most popular scheme, in the context of
WWW and related technologies, for document markup
is HTML. The main restriction on using HTML in our
environment is that HTML is not extendible by indi-
vidual users and therefore does not fit well into the
extensible scheme of our environment design. In our
prototype implementation we have therefore used eX-
tensible Markup Language (W3C 1997) as the markup
scheme.

XML, a dialect of Standard Generalized Markup
Language, provides the facility for describing data and
structures in a document by allowing the use of spe-
cially declared tags. Users can declare tags according
to their needs and then provide means for handling
those tags.

A Document Type Definition (DTD) predefines
the document’s elements and their attributes. An
XML document is valid if it conforms to a DTD. A
DTD also provides means for creating a default in-
stance of the document.

IMPLEMENTATION ARCHITECTURE

An Environment class acting as a mediator for
other objects in the environment is instantiated at the
startup.

During initial startup, labels for user interface
window and components dealing with basic environ-
ment functionality are read from a text file named as
“menus.ini”. To cater for the extensibility criterion,
menus.ini file has been given a format so that a user
can easily add or remove labels, or modify positions
of menu items, without the need for recompilation or



Figure 1: Environment Architecture

creation of the byte-code. In keeping with good user
interface design guidelines (Hix 1993; Newman 1995),
permisible depths of menus have been kept to a max-
imum of three.

Taking advantage of the Java feature for instan-
tiating objects from class names at run time, the en-
vironment can instantiate the required components at
the run time by retrieving their string names from the
documents or by getting messages ¿from methods in-
voked by a user’s selection of menu items.

The Environment requires two types of compo-
nents. One type acts on the document in the context
of environment and deals with actions such as load-
ing, saving and displaying it. The other type of com-
ponents are elements of the document and act in the
context of a particular document and deal with its lay-
out or perform services such as providing connection
to other applications (see Figure 1).

The environment uses an XML parser to create
a parse tree of the document. Each element of the
document forces the Environment to instantiate com-
ponent objects using attributes from the document. In
case the element is being put on the document from
the menu, it is given state according to the associ-
ated DTD description of the entity attributes. These
attributes are also provided as default constructor at-
tributes within the code of the component. A default
DTD with one root element “DesignDocument” is used
as a template for blank documents.

An internal data structure keeps track of on-screen
reference to the components and allows interaction
with them via right mousebutton click. This brings
up the dialog window for attribute modification, or left
mousebutton click selects it for data entry or editing.

COMPONENT BUILDING

A design environment which cannot be used to
construct components for itself may been seen as lack-
ing in crucial support framework.

Components of the environment utilize Factory
Method pattern (Gamma et al.1994) for implemen-
tation. Each component also requires a helper class,
which presents a dialog for customizing the component
attributes. These attributes are given persistence via
the document in which the component appears.

Apart from functional logic of the component,
which must be implemented for each component ac-
cording to the requirement of the users, the envi-
ronment can create a null component with necessary
hooks to the environment, the data structure, and the
dialog object. Users need to incorporate required logic
in the performAction() method to invoke other meth-
ods dealing with desired functionality.

To facilitate easy modification of dialogs required
by different components, an array mechanism is used
for the description of various widgets and their label-
ing. This makes creating a new dialog easy by speci-
fying the number of buttons, choices, labels etc. and
their corresponding text strings. Hence minimizing the
programming skills requirement on the part of a user
wishing to extend or modify the environment. Com-
ponents created as such, can be used as adapters for
providing connections to other applications into the
environment.

APPLICATION EXAMPLE

Several components for dealing with various as-
pects of documents have been built using the above-
mentioned strategy. To illustrate the concept we
briefly describe an example session for solving the
Grumman Aerospace F-14 benchmark contol problem
(Rimmer and Frederick 1987; Jobling 1996).

In order to create a solution document for this
problem, we need a mechanism for establishing com-
munication with Matlab and Simulink applications.
We also need components which can place other doc-



Figure 2: Creating a document is also the process of putting components in the Environment

ument elements such as title, paragarphs etc.

We start the process of document creation by
opening a new document, which creates a blank ’De-
signDocument’. We select the “Title” object from
the pull down menu and place it on the main win-
dow representing the document (see Figure 2). Typ-
ing any text in the title place holder modifies the ti-
tle of the document, whereas with right mousebutton
click its attributes such as font size, style and justi-
fication can be modified. In a similar fashion other
elements can be placed into document and their con-
tents and attributes edited. To create Simulink dia-
gram a Simulink component is placed in the document.
On initial invocation Matlab is started with Simulink
command. This element can also be associated with
models built previously and their images displayed as
clickable images in the document. In order to create
variables associated with the simulation in the Matlab
workspace a Matlab element is created with the values
of the variables. This creates a MATLAB m file which
can be loaded to restore the work space. The MAT-
LAB component also creates MAT files and ASCII files
automatically to allow restoration of workspace from
session to session. By “post” and “pre”attribute mod-
ification different instances of MATLAB components
can load and save different m files or MAT files accord-
ing to the needs of the section of the problem being
solved.

The results from the MATLAB session can be put
in the document as the argument of a textfile reader

component. At the end of the session the document is
saved as XML marked text which represents a differ-
ent components and their attributes for reinstantiating
the Environment with necesary tools for conduting or
presenting the experiments contained in the document.

CONCLUSIONS

A document centric environment has been de-
scribed. This environment uses two novel approaches
in its implementation. First the document centric idea
of putting the whole environment together so that doc-
ument is the centre of the focus and composing the
document constructs the environment. The whole pro-
cess of designing becomes an extension of document-
ing.

The construction of a document is performed us-
ing component architecture which uses the features of
the language specially developed with networking inte-
grated in the design. Thus allowing easy extensibility
not only on a local scale but also there is no hindrance
in having components distributed across the network
or on WWW.

We have combined the editor and the reader part
of each component in one object, hence providing users
with the full utility of each component, unlike other
component architectures where users have a browsing
part but have to acquire editing functionality at a pre-
mium.



We are sure that the docucentric design is the way
forward not only in Computer Aided Control System
Design but other branches of design engineering, which
can also utilize this concept in their design process.

Environments built with components offer the user
extensibility and do away with bloat-ware. We have
put the component building support in our environ-
ment, so that users have a head start for building their
own component with minimum work.

Use of XML as a document markup language
makes documents easily transferable across the Inter-
net, paving the way for the global collaboration be-
tween geographically distributed teams of designers.

We hope that as a result of the features built into
this design environment it will meet the aspirations of
Control System Designers.

“easily comprehensible to a single indi-
vidual; wide in scope; modular, with a
manageable number of distinct parts; pre-
dictable in its behavior; integrated and co-
herent in the ways that different parts re-
late; helpful, with quick and efficient ac-
cess to relevant information; tolerent of er-
rors and supportive in enabling the effect
of errors to easily undone; extensible and
adaptable; and self documenting.”

(MacFarlane et al. 1989)
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