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Abstract—With the increase of complexity of modern in-
dustrial systems, it is more difficult than ever to predict their
qualitative (correctness) properties and quantitative (perfor-
mance) properties. In order to cope with the complexity of
these systems and shorten their design time, system-level de-
sign has become one of the most important parts in the mod-
ern design flow. The core of a system-level design method
is an expressive and well-founded modelling language, pro-
viding ample means for developing adequate system mod-
els. POOSL (Parallel Object-Oriented Specification Lan-
guage) is one of such modelling languages which enables to
construct succinct executable models for complex real-time
hardware/software systems.

This paper describes our experience with applying the
POOSL language to model the industrial MA3 (a More Ac-
cessible Micro Assembler with a Modular Architecture) sys-
tem and to evaluate its performance. The system can be
characterized as a distributed real-time system consisting of
independent processing units physically interconnected by
an Ethernet. The POOSL model of the system examines its
real-time performance from a system-level point of view. By
evaluating the response delay of the system against the ca-
pacity (the number of processing units) of the system, proper
design decisions can be made about the architecture of the
system.

Keywords—System-level Design, Performance Evaluation,
Parallel Object-Oriented Specification Language (POOSL).

I. I NTRODUCTION

The industry has suffered for many years from coping
with the contradiction between the complexity of real-time
systems and the limited design time and cost. Many design
methods have been proposed to alleviate this pain, such as
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the ”waterfall model” documented in 1970 by Royce [1],
the ”spiral model” presented in the middle of 1980s [2],
and Rose RT introduced in 1990s [3], In general, most of
these methods agree on spending sufficient time and cost
on building and evaluating models of the system before
carrying out the implementation phase, because finding de-
sign errors in the modelling phase is much more economic
in time and cost than in the implementation phase. How-
ever, most of these methods can no longer keep pace with
the system complexity, due to the lack of efficient ways to
handle new features of current generation systems, such as
concurrency, distribution, real time and complex function-
ality.

System-level design methods are gradually being ac-
cepted by industry to cope with the complexity of mod-
ern industrial systems and shorten their design time. The
core of a system-level design method is an expressive and
well-founded modelling language providing ample means
to reason about the properties of complex concurrent real-
time system at the right abstraction level. POOSL is such
a modelling language. It enables designers to construct
a succinct executable model for complex real-time hard-
ware/software systems [4], [6]. Such a model is of great
benefit to overcoming design problems mentioned above.
First of all, the model describes the investigated system at a
high level by abstracting from unnecessary details, saving
cost and time. Secondly, the model enables designers to
detect design errors of the system at a very early stage, pre-
venting expensive and time-consuming design iterations.
Thirdly, the model helps designers to make design deci-
sions at the system level, for example, rapid evaluation of
the system performance based on different system archi-
tectures.

MA3, a distributed real-time assembler, is used to in-
tegrate different process modules and build a MST (Mi-



cro System Technology) production line [8]. This assem-
bler hides details of control, transport, communication and
monitor functions and provides a concise interface for in-
tegration. Because of its complexity, evaluating the perfor-
mance of this system is quite difficult.

This paper describes our experience on modelling and
analyzing the industrial MA3 system using the system-
level language POOSL. Section 2 gives a brief introduc-
tion of the POOSL language. In section 3, a description of
MA3 is given together with the performance issues. Sev-
eral important modelling issues are also discussed. In sec-
tion 4, the evaluation results are presented and design de-
cisions are made based on these results. Conclusions are
given in section 5.

II. T HE POOSL LANGUAGE

Modelling languages should possess adequate expres-
sive power for designing industrial systems. Modern in-
dustrial systems often have concurrent, real-time and dis-
tributed features. However, traditional modelling lan-
guages, such as C++, Pascal, and Fortran, are used to ex-
press sequential algorithms and do not support above fea-
tures directly. The POOSL language, on the other hand,
integrates a process part based on CCS (Calculus of Com-
municating Systems) with a data part based on traditional
Object-oriented language. Therefore, a series of features
are supported in the POOSL language. In this section, a
brief overview of the expressivity of the POOSL language
and its tool support are introduced.

A. Distribution

In a POOSL model, processes are the basic indepen-
dent execution units. The distribution of these processes
is expressed by clusters and static channels. A cluster is
composed of processes and other clusters and acts as an
abstraction of them, and static channels are used to com-
bine two independent execution units (processes and clus-
ters). The composition of processes and clusters derives
from the rename, relabel, and parallel compositional com-
binators of CCS.

B. Concurrency

Concurrency is supported in the process part of the
POOSL language at two different granularity levels.
Firstly, processes or clusters asynchronously perform their
activities and synchronously communicate with each other
through static channels. Secondly, inside a process, a
coarse grain concurrency mechanism is provided for op-
erating on shared data object without violating mutual ex-
clusion [6].

C. Real Time

The POOSL language is equipped with a mathematical
semantics. The semantics is based on a two-phase execu-
tion model [5]. The state of the system can either change
by asynchronously executing actions (Phase 1) or by let-
ting the time pass synchronously (Phase 2) . Therefore,
behaviors, depending on (hard) real-time concepts such as
time-outs, watchdogs and deadlines, can be expressed in
POOSL models. The formalization of the real-time fea-
ture of the POOSL language can be found in [5].

D. Data

The data part of the POOSL language is based on tra-
ditional object-oriented programming languages such as
C++ and Smalltalk and is also equipped with formal se-
mantics. Data objects are used to describe complex func-
tional behaviors of processes. Moreover, data objects
can be exchanged between processes, which makes the
POOSL language suitable for modelling both control-flow
and data-flow oriented systems.

E. Expressivity

Besides the above features, the POOSL language has the
following powerful constructs representing the behavior of
a complex hard real-time system:
• synchronous message passing primitives;
• choice,loop and select primitives;
• guarded commands;
• parallel and sequential composition;
• method abstraction;
• tail recursion;
• interrupt, abort and delay primitives.
Equipped with all these constructs, the POOSL language is
capable of modelling dynamic hard real-time behavior and
static distribution of complex hardware/software systems
in an effective way.

F. Tool Support

A number of tools have been developed for building and
analyzing a POOSL model. Some of them are shown in
Fig. 1. An interactive simulator tool allows designers to in-
crementally specify and modify classes of data, processes
and clusters and easily express hierarchical and topologi-
cal structure of the complex systems. Furthermore, it can
create log files for performance evaluating purposes. An
interaction diagram tool helps designers to inspect the his-
tory of all messages exchanged between different entities
by generating interaction diagrams automatically during
simulation, These diagrams can be used for validation pur-
poses of a model.



Abstraction

Fig. 1. The Simulation Environment for POOSL

III. M ODELLING MA3 MST ASSEMBLER

A. MA3 MST Assembler Description

MA3 MST assembler, a universal assembler for
MST production systems, is produced by TNO indus-
trial technology. The purpose of the assembler is to
(semi)automatically assemble MST production systems by
plugging in necessary process modules, which is an expen-
sive and time-consuming process at present. MA3 MST
assembler provides a concise interface for integration of
process modules by hiding complex integrative functions
such as control, transport, communication, and monitor
functions. For example, when a process module is plugged
into the MA3 MST assembler, the assembler can automati-
cally detect this module, send control commands to it, syn-
chronize its work with other process modules, and monitor
its working states through the network. Fig. 2 illustrates a
prototype of the MA3 MST assembler.

Fig. 2. A Prototype of MA3 MST Assembler

B. Performance Issues

The MA3 MST assembler encapsulates complex func-
tions for integrating MST process modules and building a
MST production line. Due to the strict requirements of the
MST production line such as high-sensitivity, -quality, and
-speed, the real-time performance of the MA3 MST as-
sembler becomes one of the key points for its success. In
particular, we investigate the following two real-time per-
formance metrics of the assembler in the POOSL model:

1. The response delay distribution of process modules to a
control command;
2. the update delay distribution of the monitor system.

In principle, the delay distribution can be obtained after
visiting all possible states of the model, which contains all
possible scenarios of the MA3 MST assembler. However,
it’s impossible to explore such a huge state space in the
limited time and memory space. Therefore, in practice, the
following two steps are carried out for obtaining a useful
result:

1. According to the performance metric to be investigated,
a adequate abstraction of the MA3 MST assembler is
made, which considerably reduces the the state space of
the model by removing irrelevant states.
2. After the first abstraction, the state space of the model
is still too huge for exhaustive performance analysis. The
use of simulation is therefore unavoidable. Simulation pro-
vides a way for estimating the performance figures of the
system. A method for accuracy analysis is discussed in
[7], where a general batch-means technique is introduced
for evaluating it.



C. Modelling Experience

A model, an abstract representation of a certain design
realization, can result in a creditable analysis only if it
includes adequate information. A more adequate repre-
sentation of the realization is usually achieved by adding
more details. However, building such a detailed model is
often time-consuming, expensive and error-prone, and its
complexity hampers the (automatic) analysis of the model.
Therefore, for an accurate and effective analysis, the model
should be adequate for the properties relevant for making
a design decision and at the same time be as abstract and
simple as possible.

To satisfy these modelling requirements, an expressive
modelling language is necessary for making a succinct
model. Besides a powerful modelling language, the expe-
rience and knowledge of the designer also plays an impor-
tant role on making a succinct and adequate model. This
is largely due to the fact that the design of modern indus-
trial systems usually involves multidisciplinary knowledge
and requires participation of experts from different fields.
For example, the MA3 MST assembler consists of sev-
eral Hw/Sw technology components such as microproces-
sors, digital signal processors, sensors, network switches,
PLC, RTOS kernels, databases, communication protocols
and network applications. The model developer needs to
communicate with the experts of each field and sufficiently
understand the function of every component. Furthermore,
the developer should be capable of distinguishing irrele-
vant and unimportant information according to the prop-
erties to be investigated. All these skills are indispensable
for making an adequate and succinct model of a complex
real-time system.

D. Model Validation

An analysis is based on a model of the system. The anal-
ysis is unreliable without an adequate model. It is there-
fore necessary to validate the adequacy of a model care-
fully. The validation of POOSL models is supported by
the interaction diagram tool of SHESim [4] which allows
designers to inspect every simulation step. In our case, the
model is also validated by comparing it with a rapid pro-
totype EPT of the MA3 MST assembler, because the rapid
prototype implements most of the details of the realization
and provides good estimations of the system performance.

E. Rapid Prototype and System-level Model

Both a rapid prototype and a system-level model are
used to evaluate the system. Comparing to the rapid pro-
totype, the system-level model has many merits. Not only
does it take less expense and time, it also provides more

flexibility for the designer to check different design solu-
tions and different scenarios. Examples include:
• The capacity of the MA3 MST assembler is designed for
assembling a maximum of 256 process modules grouped
into different cells. The EPT prototype only integrates four
process modules in two cells. In order to check the perfor-
mance metrics for different capacities, it is not practical to
insert more process modules into the EPT prototype be-
cause of physical constraints and cost. On the other hand,
it only takes several minutes to reconstruct another POOSL
model for the MA3 MST assembler with a different capac-
ity.
• Some ”rare” events may greatly change the behaviors
of the system and are difficult to capture and repeate in
the prototype. For example, in the MA3 MST assem-
bler, when a user instructs a monitor process to inspect
another process module, the monitor process first asks for
a web page from the process module, which slows down
the command response time of the process module for a
short period of time. In some particular situations, a num-
ber of monitor processes are started to inspect the same
process modules at (almost) the same time, which results
a considerably longer delay of the process module. How-
ever, this scenario can hardly be observed in the EPT pro-
totype, because of its inability to simultaneously perform
an operation on a number of physically distributed moni-
tor processes. On the other hand, in the POOSL model, it
is easy to simulate the behavior that a number of monitor
processes are simultaneously to inspect the same process
module at exactly the same time or in a very short time
interval (e.g. 10 ms).

IV. PERFORMANCEANALYSIS OF THE MA3 MST
ASSEMBLER

In order to validate the adequacy of the POOSL model
with regard to the investigated performance metric, we
measure the delay of the response of a process module
to a certain control unit in the rapid prototype EPT and
the POOSL model. The results are shown in Fig. 3 in
which diagram (a) is from EPT and diagram (b) is from the
POOSL model. In both diagrams, the packet response de-
lay stays around 0.025 second except a peak caused by web
page transfer. It can be seen that the the POOSL model ex-
hibits a similar behavior to EPT.

Fig. 4 illustrates the performance analysis results based
on a POOSL model which has 64 process modules. Fig.
4(a) shows the web page request occurrences for a certain
unit A by the elapse of time. Web requests in Fig. 4(a)
results in corresponding peaks in responding delay in Fig.
4 (b). The more web request are made within a small time
interval, the larger response delay will be.



Fig. 3. The Response Delay of a Process Module

There are two ways to reduce the response delay and im-
prove the performance of the system. One is to decrease
the frequency of the web page request. This is only per-
formed by decreasing the number of monitor processes in
the system, which may cause inconvenience to users. The
other way is to reduce the size of web pages, which is eas-
ier to accomplish during the design phase.

Fig. 5 illustrates the performance analysis results based
on a POOSL model in which the web page size is reduced
by 50% (from 102K bytes to 51K bytes). Comparing the
delay distribution between Fig. 4(b) and Fig. 5(b), it can
be seen that the delay of the peak positions is considerably
shortened.

V. CONCLUSION

This paper presents our experiences with applying the
POOSL language for modelling a complex real-time sys-
tem, the MA3 MST assembler. POOSL is an expressive
language with unambiguous syntax and mathematic se-
mantics. The expressive power makes POOSL especially
suitable for describing the behavior of complex real-time
systems at a high level of abstraction without implement-
ing details in term of hardware and software. Our expe-
rience shows that the POOSL language not only can be
used to model complex real-time systems but also provides
a low-cost and flexible solution for evaluating the perfor-
mance of such systems.

Fig. 4. The Response Delay of the Unit A (web page size: 102K
bytes)

Fig. 5. The Response Delay of the Unit A (web page size: 51K
bytes)
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