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Abstract 
Rapid prototyping is a widely used technique for software development People 
usually think it cannot be used in the area of real time system, especially embedded 
system. In this paper, the author argues that we can effectively apply rapid 
prototyping technique to real time system, and then we can benefit most in 
requirement analysis and refinement The author gives the 'simulation prototype' 
concept, which provides a good approach to apply rapid prototype to industrial 
projects such as real time applications. Furthermore, the author points out that, trom 
the viewpoint of Cybernetics, the essential thought of rapid prototyping is feedback 
and adjusting, i.e. step refining, which, in fact, has been implicitly or explicitly 
applied in practical developing activities, though, the developers do so consciously 
or unconsciously. 
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1 INTRODUCTION 

Rapid Prototyping is an effective technique for software development. It has been 
widely used in various software developing projects, unfortunatetly, except for real 
time system, especially for real time embedded application. Is there such a big 'gap' 
between real time system and rapid prototyping method? 

The author thinks the answer is NO, this paper is going to discuss the problem. 
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2 RAPID PROTOTYPING AND ITS ROLE 

In computer circle, the developers' experience tell us that one of most important 
tasks in a system developing process is to get the full requirements of the system 
corretly from the users. But facts are less smooth than that people image. During 
requirement definition, many problems often arise. The users describe the system 
requirements using their specialised knowledge, but the developers must then 
translate the users' scripts into detailed technical requirements written in computer
specalised terms. In general, the two kinds of engineers( i.e. users and developers ) 
have different technical backgrounds and different technical language. Therefore , it 
is nature that a communication obstacle lies between the developers and the users of 
the same system. People has already realised that the earlier an error is made in a 
project the more catastrophic the effects of that error Especially when users 
unconsciously omit the implicit assumptions about the system, the problem which it 
hence produces may become more serious. 

Unfortunately, the tranditional software development methodology based on life 
cycle model( waterfall model), which provides many requirement analysis and 
specification techniques though, cannot provide a perfect solution to the above 
problems. People gradually understand that software development , particularly 
during its early stages , should be regarded as a learning process in which both the 
developers and the end-users should participate actively . To be efficient , it requires 
close cooperation between developers and users. In addition, it will be successful 
only when it is based on an actual 'working system', which, though, is possibly not 
mature. Hence, people put forward the technique called as Rapid Prototying(Budde 
R. et al. 1984, Yeh R. T. et al. 1989). As a better solution, rapid prototyping relies on 
an idea borrowed from other engineering desciplines, which stresses to produce a 
cheap and simplified prototype version of the final system rapidly and early during 
project development. This prototype becomes a learning facility to be used by both 
the users and the developers and provides essential feedback during the system 
specification definition. It serves the purposes of experiments and evaluations to 
guide further development. 

Acting as a direct, visible model, prototype's explicit modelling of a system helps 
both the developers and the users further their understanding of problems, and clarity 
their misunderstanding about the system. Thus, the users may point out the improper 
designs quickly, and the developers may also change to eliminate unnecessary , even 
very costly design requirements. 

Prototype is usually constructed at the early stage of the system design, therefore it 
is not proper to put too many resources, including labor forces and devices, into it. 
Rapid prototyping emphasizes that the developers should provide a 
model(prototype) quickly and economically. Usaully, prototype is to be used for a 
limited period , so quality factors, such as efficiency, maintainability, and full error 
handling, are little cared. What is important about prototyping is the process but not 
the prototype itself Therefore, the major part of the efforts should go into the 
critical evaluation of the prototype rather than its design. 
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Used in this way, prototype is often a useful tool for exploring alternative designs 
and evaluating the appropriateness or feasibility of a new idea. Of course, 
prototyping and conventional methods are complementary rather than alternative 
approaches to system development. 

3 WHY HAS RAPID PROTOTYPING BEEN REGARDED TO NOT 
SUITABLE FOR REAL TIME SYSTEM? 

Most engineers support the viewpoint that in areas of embedded software and real 
time control system, the life cycle model , NOT the rapid prototying, is the most 
rational approach. They reject rapid prototyping in these areas. Why? The reasons is 
that they limit their thoughts to that 'prototype' must be actual WORKing 
model, thus, prototype of real time system, especially embedded system, is too costly 
and/or impractical to construct. Therefore, in published books and papers about 
software engineering I have ever read , the authors stated that the aims of rapid 
prototyping stand out clearly against its application in those backgrounds. 

In fact , the major difference between real time system and the other computer 
applications is time constraint in the former, in which the limitation to reponse time 
usually is quite strict, failing to this requirement will lead to partial or full failure of 
the system(O'Reilly C.A. 1985) . Indeed , there is no other essential difference 
between the two kinds of applications. Except the reason listed above, I cannot find 
their any other strong reason for rapid prototyping not applicable to real time system 
at all. 

4 SIMULATION PROTOTYPE: APPLYING RAPID PROTOTYPE 
TO REAL TIME SYSTEM 

During the development of systems such as real time applications, it actually exists 
many difficulties to construct a real working prototype system. Or , even if the 
prototype was difficultly but successfully created, the benifit produced by it cannot 
compensate the cost yet ( that is to say, 'gain cannot offset loss'). But it does not 
mean that rapid prototyping cannot be used in real time area at all. In our practices 
of real time system development, we often become exausted and even ... annoyed by 
the users' frequent changing their requirements. Though we try our best, 
tranditional life cycle developing methodology does little help to us. So, we begin to 
explore and exploit simulation prototyping technique, whose main purpose is still to 
make user participation easier and then to refine users' requirements , so that we can 
get specification definition as perfectly as possible. 

Based on the prototyping idea, though, simulation prototype is not an actual 
working prototype version of the final system. Instead, it is a simulation model which 
reflects the behaviors and properties of that system. Most commonly, prototype does 
not necessarily reflect all features of the final system. It's enough to describe those 
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key points of the system. In real time system and embedded system, human computer 
interactions are less important than they in interactive information system. Here, of 
most important is the system's interaction with its external enviroment, instead. 
Simulation prototype mainly illustrates the interaction and relationship between the 
system and its external enviroment, and the logic connections among internal 
components of the system. In addition, It should show the proper operation 
sequence of the system, and can help people find where the potential dangers lie. 
Instead, the technical implementations of some components in the model may be 
omitted. In simulation prototype, what we notice is the logic and behavior relations 
among the system, various system components and the external enviroment, NOT 
their detailed design. So, some system components can be looked as 'black box' with 
input/output. In general, simulation prototype provides a practicable interactive 
model for both the developers and the users, which leads to a bettter understanding 
of the system objectives and operations. Obviously, it will result in the production of 
specification meeting the need of the users more accurately . 

It should be noticed that communication between system model and the users in an 
easily-understood way is the key point to successful simulation prototyping. 
According to its implementing approach, simulation prototype can be devided into 
two categories: 1) prototype on paper, which may be dozens of drawing figures 
with describing texts; and the better approach 2)amination prototype, which uses 
computer animated picture to illustrate the key properities of the system. Because 
'prototype on paper' lacks dynamic features and continuity, its effect is not as good 
as that of animation prototype. In practice, we prefer to animation prototype, which 
can be implemented with simulation software package such as GPSS, SIMSCRIPT 
II.S(Xiong Guangleng et aL 1991), even with conventional Cor C++ language. 

Empirical efforts tell us that when using simulation prototype, in order to get the 
proposed benefit from it , we must guarantee: 
1) Model must be constructed quickly; 
2) Both the developers and the users can easily interact with the model, especially 
the users should need only minimal knowledge of computer techniques to understand 
it; 
3) Model can be easily changed to match the frequently-changing knowledge about 
the system. 

Furthermore, if we use object oriented analysis and design method , which can 
increase the flexibility of the model construction and make problem decomposition 
easier(Booch G. 1986), to construct simulation prototype, our benefit will be still 
greater. 

Our practical facts prove that simulation prototype is a most effective methdology 
for problem solving when the real world prototyping experiments are too costly 
and/or impractical to perform. 

5 CONCLUSION 
This paper has expanded the effectual applicable scope of rapid prototyping 
technique. The author has argued that rapid prototyping can be used in areas such as 
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real time system and people will benefit most in requirement analysis and refinement 
from it. Furthermore, the author gives the 'simulation prototype' concept, which 
provides a good approach to apply rapid prototyping technique to industrial projects 
whose working prototypes are too costly and/or impractical to be constructed. 

In fact, from the viewpoint of Cybernetics(Wiener N. 1961 ), the essential thought 
of rapid prototyping is feedback and adjusting, i.e. step refining, which, in fact, has 
been implicitly or explicitly applied in practical developing activities, though, the 
developers do so consciously or unconsciously. Of course, that we consciously apply 
the technique will bring more benifits. Our practices prove that the explicit 
application of simulation prototype has solved many problems that the life circle 
model never solved, and simulation prototyping is an effective technique in many 
industrial computer applications. 
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