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ABSTRACT

 In this paper the document as a container environment
paradigm is explored. Utilizing this paradigm a
platform neutral prototype control system design
environment is being developed which uses a document
as the user interface. This document acts as the
integrator of various tools. A JavaBeans component
based solution, allows the environment to be extended
and modified as needed.
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INTRODUCTION

Documents have always been the hallmark of a civilized
society. Documents not only convey the facts and
figures about a particular event but they can also act as
transmitters of the thought process of the document
producer. Modern science and medicine owes its
credibility to the fact that it strives to record and
document the process of experimentation and the results
obtained.

The computer software industry has always been aware
of the importance of putting reasons and notes within
programs in the form of comment statements to help
enhance the readability and maintainability of the
software. This idea was further extended by Knuth (1),
and Knuth (2) to produce documentation and programs
by using the literate programming paradigm. Currently
we see JavaDoc, Friendly (3), as an example of such a
technique, where Application Programming Interface
(API) documentation is produced from the program
source code by the embedding of special comments.

Like all design processes, Computer Aided Control
System Design (CACSD) is a highly thought intensive
activity. But this important part of the design process is
lost because of the fact that the environments available
today, do not encourage designers to take a docucentric
approach towards the process of designing. By
docucentric approach, is meant that the whole process of
design is considered as a process of creating a design
document. This work presents the idea of using the
document paradigm to create an environment which
presents the designer with a user interface (UI) based on
the document preparation system. As the needs of
control system designers require help from various
tools, therefore a component software based approach is
being used to realize this environment. This allows
extension, modification and connection to various tools,
according to the needs of the design task at hand.

Another important constraint in the design of this
environment is to make it available on most common
platforms so that different design engineers can take
advantage of the environment and use it on whatever
platforms are available to them.

In the context of control system design, a document is
not just a user interface. It has to be an instrument of
communicating with mathematical engines, for doing
calculations and a means of storing and retrieving of data
from a project database. It acts as a visual representation
of a system being designed. It may also be a tool for
collaboration between the members of a design team by,
for example, acting as a Òwhite boardÓ.

This paper presents the work done by the authors to
implement a platform neutral, document centric
environment for designing control systems. It explores
the use of documents as user interfaces and draws on the
ideas from software engineering. A Model-View-
Controller architecture is discussed in the context of an
implemented environment. Some experimental tool
interaction is also illustrated.

DOCUMENTS AS USER INTERFACES

Bier and Goodisman (4) have suggested that documents
can act as user interfaces allowing users to interact with
the environment. Such documents can be called Òactive
documentsÓ, a term attributed to Brian Reid by English
et al. (5), describing document pieces by what they do
rather then what they are. This paradigm has come into
wide spread use in the context of the World Wide Web
(WWW), where a document provides a navigational
interface to a site and embedded Java applets or ActiveX
controls provide action.
An important point to remember here is that in such a
document, the process of creating this interface is
separate from creating the document itself. That is, the
active parts of the document are prepared separately from
the textual content of the document and then embedded
into the page. Even in What You See Is What You Get
(WYSIWYG) editors the active content has to be coded
and compiled before putting its address in the
document. To the user or reader of the document the UI
provides reasonably immediate response but to the
writer it is a long process of coding and composing
before presenting an active page. Application of design
documents as user interfaces is also reported in Boy (6).

Documents as user interfaces have also been used by
mathematical systems, such as Matlab  in the form of
notebooks on Windows and MacOS platforms and by
Mathematica on Xwindows, Windows and MacOs



platforms. The environment presented here allows users
to combine different applications in the same document
and on different platforms.

DOCUMENTS AND SOFTWARE ENGINEERING

From the point of view of using the document metaphor
for an environment, ideas from software engineering and
document engineering need to be combined together.
Quint (7) has suggested that software engineering and
document engineering have some similarities, but the
tools of software technology are not directly suitable for
producing documents. It is further suggested that
separate tools be employed for producing programs and
documents. In WYSIWYG environments or other
document preparation systems, a document is in fact a
program which is used by a renderer to create the
documentÕs visual representation, Joloboff (8), and by

the editor to modify its internal representation, which
records the structural and presentation model of the
document. Therefore a docucentric environment maps
well onto the Model View Controller (MVC)
architecture, allowing clear-cut boundaries between
different components dealing with the aspects of the
creation, presentation and maintenance of the document,
in line with the philosophy of component based
development.

Figure 1 shows the Model View Controller architecture,
in which the controller is the editor of the document,
which changes the state of the model. The Model is the
internal representation of the document structure to be
presented or acted upon by the renderer or view
component of the architecture.

DESIGN DOCUMENT STRUCTURE

An important aspect of the document centric
environment design is to capture the design process in a
structured persistent state of the document. The structure
of a document is related to its type. Andr� (9), Quint
(10) and Joloboff (8), have dealt with models and
structures of documents in detail. Briefly, a document
structure is defined by the permissible relationship of
atomic objects within it. Furthermore a document
structure for the design of CACSD environments needs
to be heterogeneous so that the set of various atomic
objects such as diagrams, formulae, active passages,
inputs for and outputs from other tools, and images may
be collected together to form the design document.

ENVIRONMENT IMPLEMENTATION

The implementation of the docucentric environment
adheres to the following design constraints.

a) Platform Neutrality
b) Extendibility

Platform Neutrality

To allow the user of the environment on most major
platforms without recompilation and porting problems a
Java based design is being implemented.  Java is a
relatively recent language developed by Sun Micro
Systems. It uses an interpreter for program execution.
Programs are translated into  Òbyte codesÓ by a Java
compiler. A byte-code can run on any Java enabled
platform without the need for recompilation.

Extendibility

To make the environment extensible and modifiable and
adapt to the needs of different users and design tasks,
JavaBeans, Brookshier (11), Allen and Harvie (12), API
is utilized. The JavaBeans architecture is specifically
designed for creating software components. These
components can be assembled together to form larger
objects. This is achieved by allowing objects to be
inter-linked with other objects by connecting properties,
methods and events. This allows one object to trigger
events in other objects or have its own public methods
invoked by events of other objects. As the whole
environment is made from JavaBeans, adding or
removing different components can easily modify it. A
mechanism for object look up from a persistence store is
being devised, so that new tags or data objects could be
easily introduced.

Model
(Document Structure)

View
(Renderer)

Controller
(Editor)

Figure 1. Model View Controller
Architecture.



To realize the MVC pattern of architecture for
environment requires that the following main parts be
built.

a) A Model of the internal document representation.
b) A Viewer for rendering the document.
c) A Controller for manipulating the document.

The Model

A document class is created which acts as a model for
the structure of the document object. It determines the
initial parameters of the document and its new instance
is created when the user selects Document Ð New from
the menu bar, or a saved document is opened via
Document Ð Open action. All methods, used for
setting and getting variables, are also coded as class
methods to facilitate manipulation by the container
class, which acts as the controller in MVC pattern. The
document model is based on standard HTML markup
along with some specialized tags to facilitate CACSD
related tasks.

It has been observed that markup languages are basically
declarative languages. In order to provide some form of
scripting and process oriented mechanism, a scheme has
been devised for marking those passages of the
document which need to be evaluated or rely on the
communication with other tools. This has been
achieved by using a parameter in the markup of the
executable object. Whenever that part of the document

needs to be re-executed or updated, a user dialogue is
brought up to confirm the action.

The Controller

The controller is the container for all other objects and
provides mechanisms for the parsing of the document. It
caters for user interaction with the objects and has menu
item selection and insertion of objects into document
with the choice of setting object properties.

An interesting example, in the context of CACSD, can
be the object responsible for providing links of the
document sections with the Matlab application. The

document markup is done with the dialogue boxes,
brought up as the result of selecting Insert  - Object Ð
MatlabCode items as shown in Figure 2. When this
portion of the document is rendered with EVALUATE
property set to TRUE, Matlab is started and content
between <matlab> and <\matlab> sent to it (Figure 3).
The return values are saved and then read and inserted
into the document with appropriate style and format.
These returned values could also be sent back to Matlab
for providing initial data in other calculations. Figure 3
and Figure 5 show the portion of the model and
rendered view of the document respectively.

The Viewer

Java has a very rich set of Application Programming
Interfaces (API) for dealing with the creation of graphics
and animations, but the support for text has been
somewhat limited as it only provides a text area and a
text box component for text based user interaction.
These text components are severely restricted in
functionality, as they provided no support for stylized
text input and display. This being a basic requirement
in any WYSIWYG document preparation system,
means that a display system must be built which can
display the stored model of the document, with stylized
rendering. For this purpose a set of classes have been
built which render different atomic objects of the
document. In any WYSIWYG interface some user
interaction, such as navigation within the documents is

Figure 4. Initial startup screen.

Figure 2. Menu hierarchy for inserting Matlab code in
the text.

<HR>
<H4>
Consider an example problem of
sending one command to Matlab
</H4>
In this example we send a single
command to matlab
<MATLAB TRANSLATE=NO REFERENCE=1 >
 a = magic(2) </MATLAB
EVALUATE=TRUE PRE="NULL"
POST="NULL" OUTFILE="mag"
INFILE="ansmag"> This starts up
matlab and solves the
 given command the <br>solution is
displayed after being loaded from
the system.
<P>
The result from the above
operation is as follows <br> <FILE
Figure 3. Document section marked up to be

evaluated by Matlab application.



also through the view of the document. Hence the
environment accepts user input from the keyboard and
provides a menu based property manipulation
mechanism. The idea is to test the docucentric
paradigm, not to reinvent the whole document
preparation system a new, therefore, initially a renderer

with limited capabilities, which are thought to be
relevant to the needs of Control System Design, is
being implemented. Figure 4 shows the initial screen of
this renderer.

CONCLUSION

It is expected that this exercise will result in creation of
a Òdocument orientedÓ environment for creating
computer aided control systems. As this will allow
designers to record the complete process of design
therefore it will encourage designs based on concrete
rules rather than whims. This will allow others to easily
maintain and modify the designed systems.

Documents as the containers of design, also have more
natural way of presenting information. This allows
designers to concentrate on designing rather, then on
translating information from design requirements to the
needs of computer based tools.

This idea is not only useful in the context of control
system design but it can also be used in all disciplines
which relay extensively on using different tools in
design and need extensive documentation of the design
for maintenance of the projects.

The architecture of the environment may help in solving
the age-old problem of upgrading and maintenance by
simply changing, whichever component of the
environment needed updating rather then changing the
whole package.

Another advantage of this scheme is that as it is based
on a language, which is network aware from scratch,
therefore it may be easy to incorporate collaboration in

the environment if it is to be used by a team of
designers working on a project across the network.
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