
31 
Supporting integrated modelling of parallel 
hybrid systems 

C. I. Birkinshaw and P. R. Croll 
Department of Computer Science 
University of Sheffield, UK 
email: carl @dcs.shefac.uk 

Abstract 
PERCH is the name of a software tool specifically designed to capture the requirements of 
hybrid systems. The aim is to provide an integrated environment from requirement capture 
through to implementation of real applications that are complex and hybrid in nature. The tool 
encourages a parallel view of the systems being modelled and acts as a high level interface to 
further parallel design and analysis environments. 

Keywords 
Hybrid systems, Petri nets, temporal logic, parallel software engineering 

INTRODUCfiON 

The Mixed-Mode* project, a collaboration between two departments at the University of 
Sheffield, is concerned with realistic modelling of complex hybrid systems (Fahrland, 1970) 
comprising of both continuous and discrete components. When the relative mix of continuous 
dynamics and discrete events is non trivial, then the hybrid systems used to model them can be 
difficult to handle. Conventional modelling separates the discrete and continuous aspects, 
which simplifies the problem of modelling and analysis. The disadvantage to this approach is 
that the lack of realistic modelling introduces inefficiencies due to lack of interaction between 
the separated components. In many real practical systems, it is impossible to separate the 
discrete and continuous parts because they are strongly connected in either the space domain 
or the time domain. Handling a system in an integrated fashion would give us a better 
understanding of the system's behaviour. 

The real world is intrinsically parallel and the hybrid systems being modelled should reflect 
that parallelism as realistically as possible. To achieve this the methods and tools used in our 
project both incorporate explicit parallel constructs and permit analysis of parallel behaviour. 
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The purpose of the tool described here is to give a means of capturing the essential 
requirements of complex hybrid systems, providing a respository of information that can be 
utilised in either of the two interpretations used in the Mixed-Mode project so far. Presently, 
the features of hybrid systems are represented using Extended Coloured Petri Nets (ECPN) 
(Yang et al., 1994) or Hybrid Projection Temporal Logic (HPTL) (Duan, 1994). The result is a 
tool called PERCH (Prototype Environment for Requirement Capture of Hybrid systems). 
PERCH itself adopts a slightly higher level (and sufficiently less formal) model which aims to 
capture the requirements of a hybrid system, giving a specification that is sufficient to allow 
the generation of Petri net or temporal logic based models of the same system. Figure I shows 
an overview of the PERCH environment. PERCH consists of a graphical interface tied to a 
relational database. Details of the requirements and specification of a hybrid system are 
entered into the database, and elements of the data are extracted to produce specifications in 
either HPTL or ECPN. 

Petri nets are a mature model of concurrency, and high level nets such as Coloured Petri 
nets (Jensen, 1990) are powerful modelling tools which now have commercial software 
support (MetaSoft, 1992). Petri nets are especially useful, as they allow us to model the whole 
system; not just the software or hardware which is under computer control, but also the non
deterministic environment in which the system operates. The Hybrid Projection Temporal 
logic allows the modelling of continuous and discrete time and introduces a parallel operator. 
As such it can express the temporal characteristics of parallel hybrid systems. 

PERCH maintains integrity constraints on the contents of the database and provides export 
functions which generate output suitable for the HPTL or ECPN environment. 

Section 2 gives an overview of the PERCH model, while Section 3 outlines the different 
interfaces presented to the system developer. In Section 4 the Design/CPN and HPTL tools are 
presented. 

ECPN 

Figure 1 PERCH Overview. 

2 THE PERCH SPECIACATION MODEL 

In PERCH, A hybrid system is described in terms of objects that may reflect either a logical 
view of the system, or actual physical entities. Each object consists of a number of states which 
describe the discrete events of an object, and continuous functions which describe the 
continuous behaviour of the system for each state. This model loosely follows the conventions 
of the Hybrid Machine model (Duan et al., 1995). In addressing the issue of complexity, a 
hierarchical approach is adopted here. This borrows from the concept of the Hierarchical 
Hybrid Machine of Duan (Duan, 1995), though its semantic treatment is less formal. 

A PERCH object is a physical or logical entity in a hybrid system. Objects may themselves 
contain further objects, providing a hierarchical view of a system. An object that contains 
references to objects at a lower level is called a machine in PERCH terminology. Each object is 
described in terms of state changes and continuous functions which operate between states. 
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2.1 States and functions 
A state holds over the lifetime of a continuous function, where variables are being continually 
updated according to that function. Entry to the state occurs when a precondition is satisfied. 
Exit from the state occurs when a leaving condition or postcondition is satisfied. When a 
postcondition is satisfied the object moves to another named state. At this point, discrete 
variables may be assigned new values. An assignment may include distributed assignments, 
using the input(?) and output(!) operators ofCSP (Hoare, 1978) and named channels which 
are declared in the machine-wide attributes section. All assignment is assumed to occur in 
parallel, so that the ordering of input and output statements will not potentially cause deadlock. 
These communication channels are implemented in the same manner as that described in 
(Birkinshaw and Croll, 1995) which also describes how livelocks and deadlocks can be 
avoided in synchronous message passing systems. The same postcondition may name more 
than one next state, nominating a set of states to be executed in parallel. 

2.2 Variables and abbreviations 
Variables are either discrete or continuous, they are given a datatype and may be local to an 
object or shared between objects and machines. 

Abbreviations are used as a mechanism for refinement. For example, the predicate too-hot 
may be used as a precondition to a state that is later defined in a sub-object as temp>500 and 
fan=off. Therefore the initial sketch of the system can contain predicates expressing a plain 
English goal or constraint such as abnormal_conditions which is later refined through 
substitution to a mathematically precise definition. Objects naturally inherit the abbreviations 
of their lower level objects. 

2.3 Machine-wide attributes 
The properties described so far have been object specific, i.e. they relate to the local object 
only. There are also a number of properties that are described as being machine-wide, as they 
are inherited automatically by the objects of a machine. These include: a list of variables 
shared by sub-objects; abbreviations used in object definitions and constraints which are HPTL 
expressions expected to hold true throughout the lifetime of a machine. 

3 TOOL INTERFACE 

The PERCH interface is X-windows OpenLook compliant, and the screenshots which 
follow demonstrate some its features. From Figure 2 one can see that an object has a name and 
a free-form text description. The user can select the object to be a machine - i.e. this object is a 
container for a number of other objects, or a process or resource. A process captures the idea of 
a logical object. A resource refers to a physical device or entity in the system. The difference in 
meaning is currently only conceptual. 

The state editor is shown in Figure 3. Conditions may include temporal logic operators, 
continuous functions have access to differential and integral functions. A list of states is given 
for the currently selected object. The observable periodicity is an indication of how often a 
discrete event should observe the latest values of continuous variables. 
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Figure 2 Object editor. 

Figure 3 State editor. 

4 AUTOMATIC MODEL GENERATION 

PERCH provides export functions which produce files suitable for importing into the target 
environments of either HPTL or Design/CPN. These files contain instructions for 
automatically generating a model from the PERCH specification. 

Design/CPN (MetaSoft, 1992) is a commercial CASE environment that supports coloured 
Petri nets, and is the environment used for building ECPN models. Each PERCH object is 
constructed as a Design/CPN sub-net. A number of states are collected together in each sub
net. Discrete variables are represented by a named place containing the current value of the 
variable. Global or shared variables are represented by fusion places which may span several 
nets. As a state is generated, some glue is needed to connect a state with its previous and next 
state, and this requires a few extra places or transitions to be inserted between the main 
transitions that describe the activity occurring within each state. 

Continuous variables are modelled in CPN by a place which holds all the continuous 
variables local to that state. The place contains a multiset of values represented as tuples of the 
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form (variable_tag, variable_ value). This is similar to the notion of an environment in EIR nets 
(Ghezzi et al., 1991). The tag is used to bind the correct tuple values to variables in arc 
inscriptions. PERCH creates ML output files in the current directory. These files may be 
imported into the Design/CPN tool, and rely on a pre-written library of support code designed 
especially for generating Petri net pages from PERCH specifications. Colour sets are 
automatically enumerated, variables typed and abbreviations declared as value constants. 

Although no machine support yet exists for executing Hybrid Projection Temporal Logic, 
PERCH can still support the annotation of HPTL predicates and constraints in the semi-formal 
tool specification, and then perform some simple parsing and integrity checks on these 
annotations (i.e. check that variables in predicates are within the scope of the current object). 
To this end, the tool allows underspecification, where a state may be left with its behaviour 
only partially defined, to be refined at a later date into a complete state or sub-object. 

4.1 Demonstration Example 
Space precludes description of any large examples in this paper, a model of a steel production 
process has been given in (Yang et al., 1995). This, together with a simpler example of a 
thermostat controller are configured for demonstration purposes on a Sun portable. The 
generated net of the thermostate controller is shown in Figure 4. 
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Figure 4 Petri net of thermostat controller. 

l'oync 

................ ......_... . ............ , . &•c.:w-u._._.... ' ·' 

[!] 
'T..,... lU..,_.u"-""'""•7 ~uv,,- - 1 
t.,::-m..:.:.:..ul..~.u..r-u.....,.._ 

t. -.u U...l• 
IMU• 
~, .. ,. ClM..,.U~'-:.._ __ '-• _ ...... u.1~ I 



Supporting integrated modelling of parallel hybrid systems 321 

5 CONCLUSIONS 

Formal methods and languages, such as Petri nets and temporal logics can be extended to 
describe the continuous and discrete behaviour of hybrid systems. Such systems are inherently 
parallel, in that the continuous steps and discrete events are viewed as happening concurrently 
and the physical and logical processes being modelled are typically distributed. However, it is 
difficult to capture all the necessary requirements and conditions of hybrid systems using a 
single specification language, given the complexity and evolving nature of requirements. A 
higher level, less formal method of capturing the salient points of hybrid systems has been 
described here, one which with machine support, is capable of massaging the requirements 
into one of several formal specification formats. In the case of extended Petri nets, computer 
generation of an executable model is possible. 

Because the software environment itself is complex, computer support was needed for 
managing the different formalisms used in this project. PERCH has been designed to meet that 
requirement and give computer scientists and control engineers a common platform for 
specification and discussion. The tool is extensible in as far as new fields and database tables 
can be added without interfering with the general working of the software. As a means of 
producing a skeleton Petri net for a process description, it has its uses also, and in this way 
addresses the problem of finding Petri net components for process composition, fitting into 
techniques such as the client-server behaviour model (Birkinshaw and Croll, 1996). The tool 
itself does not dictate an interpretation of the specification, only the export interface does this. 

6 REFERENCES 
Birkinshaw, C. I. and Croll, P. R. (1 995). Modelling the client-server behaviour of parallel real-time 

systems using Petri nets. In Proceedings of the 28th AnniUJl Hawaii International Conference on 
System Sciences, vol 2, pages 339-348. ACM and IEEE Computer Society. 

Birkinshaw, C. I. and Croll, P.R. (1996). A client-server approach to parallel software engineering. 
Transputer Communications, 3(1):33-40. 

Duan, Z. (1994). A hybrid projection temporal logic for hybrid systems. In Proceedings of the 
European Simulation Multiconference, Barcelona, Spain. 

Duan, Z. ( 1995). Hierarchic hybrid machines for refinements of hybrid systems. Technical Note 34, 
Mixed Mode Group, University of Sheffield. 

Duan, Z. H., Holcombe, W., and Linkens, D. A. (1995). Specification of a soaking pit system in 
parallel hybrid machines. In Euromicro 95. 

Fahrland, D. ( 1 970). Combined discrete event continuous system simulation. Simulation, pp 61-72. 
Ghezzi, C., Mandrioli, D., Morasca, S., and Pezze, M. (1991). A unified high-level Petri net 

formalism for time-critical systems. IEEE Trans. Software Engineering, 17(2):161-171. 
Hoare, C. A. R. (1978). Communicating sequential processes. Comms. of the ACM, 21(8):666-677. 
Jensen, K. (1990). Coloured Petri nets: A high level language for system design and analysis. In 

Rozenberg, G., editor, Advances in Petri Nets 1990, LNCS, pages 342-416. Springer-Verlag. 
MetaSoft (1992). Design/CPN Reference Manual. Meta Software Corporation, 12S Cambridge 

Park Drive, Cambridge, Massachusetts, USA. 
Yang, Y. Y., Linkens, D. A., and Banks, S. P. (1994). Extended coloured Petri nets and its 

application in mixed mode systems. In Worlahop of hybrid Systems and Autonomous ControL 
Cornell univ., NY. 

Yang, Y. Y., Linkens, D. A., and Mort, N. (1995). Modelling of a soaking pit/rolling mill process 
based on extended coloured Petri nets. Control Eng. Practice, 3(10):1359-1371. 


