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Abstract

This paper presents ongoing research and development
on an integrated tool for the visualisation and animation
of message-passing communicating systems described in
Hoare’s CSP (Communicating Sequential Processes). It in-
troduces major new developments to the original VisualNets
implemented in C++ and reported in [4]. The new tool is
implemented partly in Java and partly in the functional pro-
gramming language Haskell. Not only does the new tool
enjoy greater expressive power and a better user interface,
it has new capabilities for aiding the user in animating,
analysing, and reasoning about CSP specifications. These
includes provisions for nested parallelism within a single
node, improved profiling and animation, and the possibil-
ity of applying generic timing cost models for performance
evaluation.

The paper briefly describes the new features, explains
the methods by which they have been implemented and il-
lustrates their use with examples.

Keywords: Communicating Sequential Processes, vi-
sualisation, animation, performance evaluation, message-
passing algorithms.

1 Introduction

It is known that the use of formal specifications can
greately facilitate the process of system design. Proper-
ties of the system may be rigorously proven based on a
specification, and the process of constructing the speci-
fication can highlight areas in which consideration is re-
quired. Automatic animation of formal specifications en-
ables the behaviour of the specified system to be conjec-
tured prior to implementation, enabling the specification to

be tested, validated and becoming increasingly accessible
to non-technically oriented end-users.

This paper presents a tool for the visualisation and an-
imation of specifications written in Hoare’s CSP notation
[9, 14], used for specifying networks of parallel processes
that communicate via a message-passing model. The pro-
cess of developing correct and efficient message passing
algorithms is known to be difficult and error prone, and
the notation provides a means of formally resolving the
complexity introduced by composing processes in paral-
lel, which leads to the need for synchronization, commu-
nication and non-determinism. Properties such as specifi-
cation satisfaction and deadlock freedom can be formally
proven, and parallel systems can be constructed from func-
tional specifications using formal refinement rules [1, 3, 2]

The tool generates and animates a visual representation
of the process network designed by the user. Visualisation
is a valuable aid to the design, analysis and understanding of
concurrent systems, and is used by a number of systems in
the parallel programming and distributed computing fields
([11, 15] for example). An appropriate visualisation of a
parallel system provides an intuitive and clear display of
information that may not be obvious from the textual spec-
ification details of the system, such as the exact structure of
the network and arrangement of connecting channels.

The tool presented here is a greately enhanced version
of the VisualNets tool introduced in [4]. The tool has
been completely rewritten since the previous version to
considerably improve the range of specifications accepted
and enable it to visualise existing specifications in textual
forms (the original version allowed only visual creation of
networks). The new implementation is written partly in
Haskell and partly in Java. It is intended to develop this
tool further into an industrial-strength network visualisation
application.
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Figure 1. A single node of the multiplication
pipeline.

2 General overview of the tool

This section will provide an overview of the functionality
of the tool.

2.1 Specification structure visualisation

The tool’s functionality is based on a visualisation of the
communication and synchronisation structure present in a
formal CSP specification. This visualisation is automati-
cally constructed based on the user’s input.

The user’s specification is entered using a hybrid nota-
tion referred to as CSPF , similar to the CSPM syntax used
by FDR [6]. This notation greatly extends the CSP syn-
tax used by the original version, which supported only pre-
fixing, input and output, prefix choice, and conditionals;
the parallelism operator was not supported since all paral-
lelisms had to be defined using the tool’s own visual ed-
itor. The new version adds support for sequencing, par-
allelism and nested parallelism, interleaving, hiding, sub-
stitution, feeding and pipelining, and interruption, together
with the Timed CSP operators: Wait, timeout, and timed
prefix. Additionally, the notation supports a wide range of
functional expressions, which may be used for performing
computation within the defined CSP processes. Functions
may also be defined that operate on CSP processes or on
sets of CSP processes; by writing functions that input sets
of CSP processes and apply the CSP parallelising operators
to them as appropriate, it is possible to create skeletons that
create standard network structures from user-specified sets
of processes.

To illustrate the tool’s functionality, consider the CSP
formulation [9] of a parallel algorithm for long multiplica-
tion of two numbers represented as lists of digits, expressed
with number base b, shown below:

NODE(a; z) = in1?x! out2!(a� x+ z)mod b!

out1!x! in2?y !

NODE(a; y + (a� x+ z)div b)

Figure 2. A visualisation of a cyclic multipli-
cation pipline.
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N(n) = cn?x! dn!(mn � x+ z)mod b

! N(mn; (mn � x+ z)div b)

N(k) = NODE(mk; 0) [ck=in1; ck+1=out1;

dk=out2; dk+1=in2]

NETWORK = k = [ N(k) j k  [0:::n] ]

Note that the notation k =[P1; P2; ::Pn] stands for
the parallel composition of all the processes in the list
[P1; P2; ::Pn]; the notation P [new=old] stands for renam-
ing the channel old of the process P to be new.

The above formulation captures a doubly linked pipe net-
work of communicating processes. Each digit of the mul-
tiplier [m0;m2; ::;mn] resides in one node of the network.
The original input comes in, digit by digit, on c0 and prop-
agates to the right on the c channels. The partial answers
are propagated leftward on the d channels and the final an-
swer is output on channel d0. The rightmost node does not
have connections to the right. Each node can be pictured as
a box with four channels as shown in Figure 1. The graph-
ical visualisation and configuration of the entire network is
automatically derived from the textual CSPF form (shown
in Appendix 1) as a dual pipeline of processes as shown in
Figure 2. Communication channels common to pairs of pro-
cesses are represented by links connecting the appropriate
boxes.

2.2 Animation

The user is able to directly edit the text of the specifica-
tion from within the tool. It is worth noting that, unlike the
previous version of the tool, each box on the visualisation
is not necessarily a sequential process: they may contain in-
ternal parallelisms which are not normally displayed on the
visualisation. The user is provided with zooming functions
to view more detailed internal parallelism.

Once the structure visualisation has been constructed,
the user is able to observe the behaviour of the specified
network by animating the visualisation.

Animation is based on the interface used by the previ-
ous tool; a coloured indicator appears at each end of each
line on the visualisation. The colour of the indicator shows
the status of the process it is nearest to with respect to the
channel represented by the line. The user may advance the
state of the network through time by clicking a button. By
observing the change in the colours of the indicators as the
network runs, the behaviour of the specification can be ob-
served.

A green indicator indicates that the process is ready to
communicate on the channel; a red indicator indicates it is

Figure 4. An automatically generated waits in-
formation chart.

not. Where communication takes place, the direction of the
communication and value communicated are indicated by
an arrow and an indicator on the connecting line; events
synchronisations are indicated in the same way wthout the
arrow or value indicator.

If a process encounters a choice which is not resolved
by parallel synchronisation, yellow indicators appear on the
channel or event lines representing the options, and the user
may resolve the choice. (The original version of the tool
lacked this capacity and depended on any choices being re-
solved by parallel synchronisation.) In this way, the user
can exercise control over the behaviour of the network, and
check it behaves correctly under different conditions.

If the user needs further information on the behaviour
or state of the network, the variable environments of the
processes may be displayed, either in seperate windows or
within the process boxes themselves. The user may also
view a window displaying the specification of a process
with the currently active clause highlighted; this enables the
user to identify the location of flaws in their specification.

2.3 Performance analysis

Calculating the predicted performance of a parallel net-
work specification, and providing information based on
which we can reason about the performance, can be an ex-
tremely valuable function. The level of efficiency which a
network will perform is very rarely obvious from the spec-
ification and even a very small change to the specification
may have a significant impact on the performance of the net-
work. Detecting performance issues before implementation
time can significantly reduce development difficulties. The
tool automatically gathers performance information as the
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Figure 3. An automatically generated timing diagram.

network is animated, and the user may call up performance
information displays at any point during the animation.

The user may view the CSP Timing Diagram of the net-
work, as in Figure 3. This diagram shows all event synchro-
nisations and channel communications that have occured in
the animation of the network so far, and the times at which
they occured. This can be used for performance analysis as
well as a useful record of how the network behaved. The
timing diagrams produced by the tool have also been en-
hanced such that they may, at the user’s option, show the
times at which failed attempts to synchronise or recieve
or transmit messages were made, which can be valuable in
detecting bottlenecks or determining the cause of deadlock.

The timing diagram in Figure 3 shows the behaviour of
the pipelined multiplication network in the case where the
M list (the multiplier) is [1; 8; 2; 5; 3], which corresponds to
the number 35281, since the least significant digit appears
first. The value for multiplication, 49152, can be read as
the sequence of values on the c:0 channel as sent into the
pipeline by the INPUT process; the result, 1734131712,
can be read as the sequence of values on the d:0 channel as
recieved from the pipeline by the OUTPUT process, again
with the least significant digit appearing first.

The new version of the tool can also produce a break-
down of the amount of time processes in the network spend
waiting for synchronisation, shown in Figure 4. This is a
diagram referring to the whole network, rather than to a spe-
cific process; hence, a wait is counted whenever one process
is trying to communicate on a channel and the other process
is not prepared to synchronise. Note that time waiting is not
counted simply as time between communications, but only
as time when a process is attempting to communicate and
cannot immediately obtain synchronisation to do so.

The majority of waiting is on the channels c:0 and d:0
as these are connected to the INPUT and OUTPUT pro-
cesses respectively; these processes constantly attempt to

add new data to the pipeline or retrieve completed results.
c:4 also has a higher wait value than the others, since the
N process at the end of the pipe has a shorter cycle than the
processes within the pipe, and hence begins to attempt to in-
put more rapidly after returning a result. The “highest wait”
values on the c channels occur during the initial distribution
of data when the pipeline is initialising.

Similarly, the user may view a barchart or numerical dis-
play of the amount of time processes are spending waiting
as against communicating with external processes or deal-
ing with internal communications. Although this informa-
tion can be derived mathematically from the formal specifi-
cation, doing so is a time-consuming process and becomes
considerably more complex as processes are added to the
network. By making use of the tool, performance analysis
can be greatly simplified.

2.4 Timing model application

The performance model described above, though useful,
is limited by the fact that the actual parallel architecture
upon which the specified system is implemented may affect
the performance in numerous ways. For example, proces-
sors may be arranged in clusters such that intercluster com-
munication may be slower than intracluster communication;
the time for a communication may vary with loads on the
network; processors and channels may need time to initial-
ize; and different processors may run at different speeds.

It is intended that the tool will also allow a user to con-
struct a timing model for a network architecture and then
apply this model to a CSP specification, creating a timed-
CSP specification representing that network running on that
particular architecture.

A timing model is composed of a set of channel classes
and a set of processor classes. The user can assign any chan-
nel to be of a specific class, and any process to be running on
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a processor of a specific class. When the timing model is ap-
plied, appropriate timed CSP Wait statements are added to
the specification to represent the timing information added
based on the model. This new specification may then be
animated or reasoned about by the user to understand the
likely real-world behaviour of their specified network; they
may animate their specification under several different im-
plementation models in order to establish which would be
most suitable for the implementation.

3 Implementation of the tool

3.1 Network specification and animation

The former version of the tool was written entirely in
C and used only a simplistic parser. In the new version,
the functional language Haskell[10] has been employed for
handling calculations related to the structure and state of the
network. The CSPF notation is based on the Haskell lan-
guage with the CSP operators added and some altered syn-
tax rules to make the syntax more similar to that of standard
CSP; CSPF is read as “CSP (functional)”. When the tool
is invoked, the user’s CSPF specification is preprocessed
into Haskell and the resulting program is combined with a
library which provides Haskell definitions of the CSP oper-
ators. This method enables the functional flexibility of the
Haskell language to be used within the CSPF notation; it
is this flexibility that enables the use of complex functional
expressions and skeletons.

The state of a process at any given point is modelled by
a Haskell structure containing several parts: the CSP menu
(the list of all sets of parallel events that may occur in the
next time step), the animation function which inputs one of
those sets and returns the state of the network after those
events have occured, and several structures holding infor-
mation about the derived structure of the network. These
structures are constructed by the Haskell library functions
that represent the CSP operators.

The visualisation is created based on the structure of a
particular process nominated by the user as representing the
entire network. The user may visualise the parallel structure
of any process they have defined; if the processes within
the network themselves include parallelism, the structure of
these processes can be visualised in the same way as that of
the top level network.

3.2 Network visualisation

The network visualisation and user interfacing is man-
aged by a front end written in the Java programming
language[7]. Java was chosen because of its user inter-
facing capabilities and ease of portability; its platform-
independence allows the tool to run on both UNIX and

PC platforms without modification. Interfacing Haskell and
Java required the construction of a seperate library, the de-
tails of which are discussed in [8].

The user’s specification is initially accepted by the front-
end which preprocesses and compiles it within the Haskell
environment, and then constructs the visualisation based
on the structure information contained within the Haskell
structure representing the initial state of the network. The
Java program deals with laying out and presenting the visu-
alisation. When animation is requested, the Java program
updates the colours of the channel status indicators based
on the sets of events offered by the appropriate processes;
whenever a time step is requested, the Java frontend invokes
the Haskell system to calculate the state of the network in
the new time step.

The Java front-end also deals with gathering perfor-
mance statistics, which are accumulated based on the state
of the network at each time step. The front-end uses these
statistics to generate the timing diagram and wait informa-
tion displays.

3.3 Timing model application

Timing model application is at present still under devel-
opment; what is discussed here is what has been developed
so far.

Processor classes at present are not implemented. Chan-
nel classes may be defined using Haskell (to maintain flex-
ibility). A channel class is represented by a structure con-
taining three functions provided by the user. These func-
tions are called to establish the number of time steps taken
to perform certain operations on the channel. The opera-
tions are: the time it takes for a channel to be ready to input
once an input event is encountered; the time it takes for a
channel to be ready to output once an output event is en-
countered; and the time it takes for a particular message to
be transmitted on the channel. When a message is transmit-
ted on the channel, the channel may react by changing class
after the message has been transmitted, enabling some level
of dynamic timing to be implemented (for example, a chan-
nel may take a long while to transmit the first message due
to setting up, and then may be faster for future messages).

4 Case studies and applications

4.1 Network animation

The animation functions of the tool can be used to exam-
ine the structure and functionality of a CSP specification.
This may bring to light errors in the specification or flaws
in the underlying design of the parallel system and suggest
means by which they can be corrected.
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Figure 5. Visualisation of the Dining Philosophers.
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n = 5
inc x = (x+1) ‘mod‘ n
dec x = (x-1) ‘mod‘ n

alpha PHIL x = [sits.x, stands.x, eats.x, takes.x.x,
takes.x.(inc x), drops.x.x, drops.x.(inc x)]

PHIL x = sits.x -> takes.x.x -> takes.x.(inc x) -> eats.x ->
drops.x.x -> drops.x.(inc x) -> stands.x -> PHIL x

alpha FORK x = [takes.x.x, drops.x.x, takes.(dec x).x, drops.(dec x).x]
FORK x = (takes.x.x -> drops.x.x -> FORK x)

|(takes.(dec x).x -> drops.(dec x).x -> FORK x)

alpha BUTLER = [sits.x | x <- [0..(n-1)]] ++ [stands.x | x <- [0..(n-1)]]
BUTLER = BUTLER 0
BUTLER 0 = foldr1 (|) [sits.x -> BUTLER 1 | x <- [0..(n-1)]]
BUTLER 4 = foldr1 (|) [stands.x -> BUTLER 3 | x <- [0..(n-1)]]
BUTLER y = (foldr1 (|) [sits.x -> BUTLER(y+1) | x <- [0..(n-1)]])

| (foldr1 (|) [stands.x -> BUTLER(y-1) | x <- [0..(n-1)]])

TOP = (foldr1 (||) [PHIL x | x <- [0..(n-1)]]) || BUTLER ||
(foldr1 (||) [FORK x | x <- [0..(n-1)]])

Table 1. The script for the Dining Philosopher problem

To illustrate these functions, consider a solution to the
well-known Dining Philosophers problem, presented in [9].
The problem of deadlock is solved by the addition of a “but-
ler” process. The CSPF specification of the network is de-
scribed in Table 1. Note the use of the higher order func-
tion capabilities of CSPF to simplify the definitions of the
BUTLER and TOP processes. The visualisation produced is
shown in 2.4. The structure of the philosophers’ interaction
is clearly visible, and the user may step the network through
time, observing the interaction in progress. The user may
resolve any choices not resolved by the parallelism in the
network: hence, the user chooses the order in which the
butler seats the philosophers, and should two philosophers
attempt to grasp the same fork at the same time, the user can
choose who gets it.

If the deadlocking form of the network is used (as above,
but with the butler process removed), then the deadlock con-
dition is clearly visible after a single animation step; ev-
ery philosopher has a green indicator on the takes link to
the fork on their right, indicating their attempt to lift the
fork, but the fork shows a red indicator on this link, show-
ing green only on the drops indicator of the philosopher on
the right of the work, indicating that it is being held by that
philosopher.

4.2 Performance analysis

To illustrate the tool’s capacity for performance analysis,
together with the earlier observation that small changes in
a network specification can have a dramatic effect on per-
formance, we shall consider the multiplication network pre-
sented previously. If we change the order of events in the
NODE process as follows:

NODE(a; z) = in1?x! out1!x! in2?y !

out2!(a� x+ z)mod b!

NODE(a; y + (a� x+ z)divb)

The network will still produce the same results; however
it will take considerably more time to do so. Viewing the
timing diagram in Figure 6 reveals that the network has be-
come wholly sequential.

Each process is required to recieve two inputs before it
may return its computed output value. Since each process
in the pipeline can provide only one output - the current
multiplier value passed along the pipeline - no process can
return its value until the value passed down has reached the
end node, which is the only node capable of returning an
output having recieved only a single input.

Conversely, using the following redefinition:
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Figure 6. Timings for the sequential multiplication “pipeline”.

NODE(a; z) = in1?x! out1!x!

out2!(a� x+ z)mod b! in2?y !

NODE(a; y + (a� x+ z)div b)

Will also produce the same output results. The timing
diagram of this network (Figure 7) shows a different pattern
to the previous network; this network passes its input value
down the pipeline before returning its computed result. The
effect of this is that the network takes one extra time step
to begin returning results, and then begins returning at the
same speed as the previous process.

Examining the waits profile (Figure 8)confirms that the
average waiting times for INPUT and OUTPUT on the
c:0 and d:0 channels respectively are the same. However,
the high waits on the other c: channels have been reduced:
each process no longer has to wait for the process before
it in the pipeline to return its initial output before recieving
its own initial input. The effect of N ’s shorter cycle has
also changed: N waits, on average, one time step less for
its inputs (on c:4), since they are transmitted earlier in the
cycle: however, it then is required to wait to send its outputs
(on d:4) since the NODE process to which it is connected is
initially busy sending its own output back up the pipeline.

This information may not be immediately obvious from
the specification, but by the use of visual animation it can
be made immediately apparant at specification time without
needing any further implementation of the system.

4.3 Education and presentation

The format of the visualisations produced is such that no
experience of the CSP notation is required to understand it,

Figure 8. Waits information for the modified
version of the multiplication pipeline.

3rd IEEE International Conference on Formal Engineering Methods (ICFEM'00)
0-7695-0822-7/00 $10.00 @ 2000 IEEE



Figure 7. Timings for the modified version of the multiplication pipeline.

and it can be quite easily explained even to persons with lit-
tle or no experience of parallel systems. This makes the
tool valuable for use in education. The graphical layout
of the visualisation is simple and can be magnified by the
user. The ability to visualise an existing network directly
from a textual CSP specification enable users to experiment
by specifying systems and immediately viewing their be-
haviour, rather than being required to use an intermediate
implementation language.

5 Related Work

A number of other tools exist within the parallel pro-
cessing field related to the visualisation and animation of
parallel networks. Many of these are based on purely vi-
sual notations such as Petri Nets ([16]) or on implemen-
tation languages ([11], [5]) rather than on formal notations.
Many tools related to the CSP notation have been concerned
with model checking, and most CSP animation tools (such
as ProBE [13]) produce purely textual, rather than visual,
output.

The Deadlock Checker Tool [12] can provide a simple
visualisation of the communication structure of a CSP net-
work; however, the visualisation does not include the names
of processes or any information on the process’s status or
behaviour, and it cannot be animated, although some in-
formation on process behaviour can be obtained in textual
form. Also, this tool is dependant on the commercial (and
expensive) tool FDR [6] for compilation of CSP.

6 Conclusion

The original version of VisualNets was a useful tool for
visual construction of simple networks and educational pre-
sentation. The newly enhanced version retains these ca-

pabilities while enabling the visual animation of existing
specifications, more sophisticated analysis of networks, and
a considerably stronger animation engine that deals with a
far greater range of potential specifications and allows more
sophisticated operators to be used in their construction. In
addition, the capability for applying timing models will pro-
vide a greatly useful additional application.

It is intended to continue developing the tool within the
architecture to produce a full industrial-strength network vi-
sualisation tool, capable of accepting any well-defined CSP
network and visualisating and animating it. Frameworks
also exist within the tool for additional visualisation mod-
ules to be created, enabling custom visualisations to be built
for presentation purposes or to better represent the structure
of a given network or type of network; the tool structure
also may make it possible to enable the system to monitor
the parallel behaviour of networks specified in a language
other than CSP by replacing the back-end animator.
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