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Abstract

In this paper, we propose a method for visualizing
LOTOS specificasions using multi-rendezvous mecha-
nism. For visualization, we have extended LOTOS by
introducing some primitive animation events. Using
the extended LOTOS, we describe a visualization sce-
nario for events which we would like to visualize their
erecution. Then, we erecute the original specification
and its visualization scenario in parallel under LO-
TOS multi-rendezvous mechanism so that the corre-
sponding animation is activated when each event is
executed. The pair of the original specification and
its visualization scenario is converted into the multi-
threaded object code using our LOTOS compiler. In
our visualization method, we can specify the visualiza-
tion scenario without modifying the original specifica-
tion, and we can derive an object code which animates
the original specification in real time. We have tried
to visualize a LOTOS specification of “Dijkstra’s din-
ing philosophers”, and evaluated the usefulness of our
approach.

1 Introduction

Protocol visualization is useful in facilitating to un-
derstand dynamic behavior of communication proto-
cols. Recently, the researches for facilitating to under-
stand and/or design the formal specifications of com-
munication protocols using visualization techniques
have been studied [2, 5].

A specification of a communication protocol (orig-
inal specification) can be visualized by displaying an
appropriate animation (which is described in advance)
when each event is executed. In such a visualization, it
is desirable that we can describe the scenario for visu-
alization (visualization scenario) independently of the
original specification without modifying it, and that
we can change the animations dynamically depending
on the timing of each event occurrence or the values of
each input/output. To visualize the behavior of con-
current systems in real time, it is also desirable that
we can execute the visualized specifications as fast as
possible. In order to visualize complex behavior, the
language for describing animations should be able to
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specify alternative and parallel execution among sev-
eral animations.

For these purposes, we have extended LOTOS
(which has been standardized within ISO)[3] to de-
scribe the visualization scenarios.

First, we describe a visualization scenario specify-
ing animations which we would like to display when
particular events in the original specification are exe-
cuted. In the extended LOTOS, we can use primitive
operations for animations such as registration, indica-
tion, movement and elimination of animation objects.
Each of them is described as an event of LOTOS. Var-
ious animations can be described by combining these
primitives and LOTOS operators such as choice, par-
allel, interruption and so on. Then, we get the vi-
sualized specification by combining the original speci-
fication and its visualization scenario to be executed
in parallel under the multi-rendezvous mechanism. In
the visualized specification, each event in the origi-
nal specification synchronizes with the activation of
its corresponding animation in the visualization sce-
nario.

The multi-rendezvous mechanism of LOTOS en-
ables the dynamic data exchange among multiple con-
current processes [3]. Since the data values of in-
puts/outputs in each event can be exchanged between
the original specification and the visualization scenario
by using the mechanism, we can select one of alter-
native execution paths in the scenario and/or change
animations depending on the exchanged values.

For evaluating the usefulness of our approach, we
have implemented a system to execute the visualized
LOTOS specifications by extending our LOTOS com-
piler [8] so that we can deal with animations. To de-
rive fast object codes, the compiler generates a multi-
threaded object code from a visualized specification,
where the multiple concurrent processes are mapped
to the threads and the communication among them
are implemented using the shared data. The gener-
ated codes use our Interactive Animation Server [4] to
display animations. It receives the current values of
the attributes for each animation object (such as loca-
tion, color, priority to others, and so on), and reflects
them on the graphical window at a fixed time inter-
val (such as 30 frames/sec). In the generated object
codes, each animation is mapped to a thread. In each
thread, the attribute values of the animation object at



the next frame are calculated and sent to the Anima-
tion Server. Since the multi-thread mechanism takes
a low overhead in context switching among a number
of concurrent threads, the multiple animation objects
can move smoothly in real time.

In the following Sec. 2, a method for visualizing
LOTOS specifications is explained. Sec. 3 describes
the facilities of the system executing the visualized
specifications. In Sec. 4, we try to visualize a LOTOS
specification of Dijkstra’s philosophers. Some experi-
mental results are shown in Sec. 5. In the final Sec.
6, we conclude the paper with a discussion of related
work.

2  Our visualization method

A LOTOS specification is described as a set of pro-
cesses. We can use the operators shown in Table 1
to specify the temporal order of events in a behavior
expression of each process. For executing the events
sequentially, we combine those events with the action
prefix operator “;”. We can use the choice opera-
tor “[]” for alternative execution between processes.
Each process combined by the interleaving operator
“|||” can execute the events in parallel independlently
of other processes. We can also use the disabling op-
erator “[>” to stop the all running processes when an
interruption process starts running.

2.1 How to describe scenarios

LOTOS has a multi-rendezvous mechanism[3]
which enables multiple concurrent processes to syn-
chronize with respect to the specified gates (events).

For example, two processes P; and P, can be syn-
chronized with respect to G, a set of gates, describing
as follows:

P |[G]] P,
If we specify a gate set {a,b,c} as G, the events exe-

cuted at those gates are executed simultaneously be-
tween P; and P,, and the events not included in G are

Table 1: LOTOS operators

Contents Operators
1. action prefix a; B

2. choice B, (B2

3. interleaving B,|||B2

4. synchronization Bi|[G]|B,
5. enabling By >> B,
6. disabling Bi[> B;

(here, a represents an event, and for B, By and
B3, we can describe an action-prefixed sequence or
any sequence connected by the above operators)
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Figure 1: Our visualization method

executed independently. The synchronization mecha-
nism is also called multi-rendezvous because the syn-
chronization among more than two processes is possi-
ble.

In this paper, we use the multi-rendezvous mech-
anism to activate the corresponding animation when
an event is executed. The basic idea is

e to specify the events and their corresponding an-
imations in a visualization scenario,

e and to execute the original specification and its
visualization scenario in parallel using LOTOS
multi-rendezvous mechanism.

To visualize the specification S, we describe its vi-
sualization scenario V' and compose S and V by the
synchronization operator as follows (Fig. 1):

slGviiv

Here, Gy is a set of gates whose events should be
visualized.

Let S[E] be the behavior expression of an original
LOTOS specification where E is the set of all gates
(events) used in S[E].

If we would like to visualize S[E] with respect to
the gate set G = {ay,...,a,} C FE, we specify the
visualization scenario V[G] for S[E] as follows (here,
Tk, Vi denctes Vi|||...|||Va):

VIG] = [] Velax]

k=1

Vilag] == (ax; Ax) >> Viar]

Here, A}, is an animation for a;. If we would like
to specify the events in G’ C G so that each event in
G’ and its corresponding animation can finish before
the next event in G' is executed, we modify a part
of the visualization scenario as follows (here, >, _, Vi
denotes Vi []...[[Vn.):

VGl =V'[c"T ]| [ Vilal
ar @G’

VG = ( > (ak;Ak)> >> V(@]

ay (el



If we would like to change the scenario V1[G] to
another scenario V,[G] when an event a; is executed,
we describe it as follows:

VIG] = Wi[G — {a;:}] [> ((as; Ai) >> V3[G])

In general, when each event is executed, the data
values are input and/or output via the correspond-
ing gate. The data values can be exchanged among
the several concurrent processes using the synchro-
nization operator of LOTOS|3]. If we need to change
the progress of visualization depending on the data
values, we get the values in the visualization scenario
using the operator and display the different animation
using the values.

Suppose that there is an output event alval which
outputs the value val whose sort is sort via the gate a
in the original specification S. If we need to visualize
the event alval depending on the value val, we de-
scribe the visualization scenario Va] for a as follows:

N
Vla] := a?z : sort; (Z([oondl]~ > A1)> >> Vld]

=1

Here, N is the number of conditions to distinguish
the values. A; is displayed as the animation for a if
the condition cond; holds. “[cond;]— > B” is called a
guard expression[3] and it represents that the expres-
sion B can be executed only if the condition cond;
holds.

The data from each gate, say a, may have different
data types. For example, suppose that the following
behavior expression is given.

Sla] := alvaly; ... || alvals; ...

Let us suppose that the types of val; and wval, are
“string” and “int”, respectively. In order to distin-
guish the data types and display different animations
depending on the data types, for example, we can de-
scribe the following visualization scenario.

Vla] := ( (a?x : string; A11)
0 a?y imt; ( (fy < 0]— > Azn)
[} ([0 <y <10]—> Ag)
g] ([10 < y]— > As3)

)
) >> V]qj

Using the mechanism, the data values of each in-
put /output in the specification can be transmitted
to the visualization scenario, and different animations
can be displayed depending on the values. The above
technique can be also used if several values are in-
put/output in an event.

2.2 Describing animations

Introduction of animation primitives

In order to describe animations in LOTOS, first we in-
troduce some primitives for animation operations such
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Table 2: Animation primitives

Primitives Contents
CreateCast registering a bitmap as a Cast
CreateString registering a string as a Cast
CopyCast creating a copy of a Cast
MoveCast moving a Cast to the specified
location in the specified time
DestroyCast destroying a Cast
ChangeAttribute  modifying the attribute of a

Cast

as registration, indication, movement and elimination
of animation objects(Casts). Describing each primi-
tive as an event of LOTOS via a special gate for ani-
mations, we can compose various animations in com-
bination with those events and LOTOS operators such
as parallel, choice and so on.

In this paper, each animation operation is described
as follows:

AE7d : cast_t[id = Operation(parameters))
or
AEFE!Operation(parameters)

Here, we use AFE as a gate for displaying anima-
tions on a window called Stage. We can also use sev-
eral Stages simultaneously. If we require n Stages for
visualization, we can declare gates AE,, - -, AE,. If
we need to distinguish the animation corresponding to
each event from others, we can use the gate name asso-
ciated with the gate in the original specification such
as AE,, AE;, - (see Sec.2.3). We also use cast_t as
a sort for an identifier of each Cast, and the identifier
for a created Cast is kept in a variable id.

For example, we describe an operation which reg-
isters a bitmap file “fork.xbm” as a Cast used in an
animation as the following event.

AE?fkid : cast_t[fkid = CreateCast(”fork.xbm”)]

We show the part of animation primitives in Table 2.
Using the operators in Table 1, we can describe various
animations such that the multiple Casts are moving in
parallel.

2.3  Structural visualization

In LOTOS, it is recommended that the specifica-
tions are described in the resource oriented and/or
constraint oriented styles[6]. Most of existing LOTOS
specifications are hierarchically described where the
processes for specifying the behavior of resources and
the processes describing the restrictions among them
are executed in parallel. In visualizing such specifi-
cations, we would like to see a part of behavior such
as actions to the external environment as well as the
whole behavior.

In our visualization method, the animations for the
events hidden by hide operator of LOTOS are not
displayed on the display.



For example, for the original specification S[a,b]
and its visualization scenario V([a,b], the visualized
specification VS[a,b] is described as follows:

VS([a,b] := S[a,b] |[a,b]] V{a,b]

If we want to see only the animations for event “a”,
we add hide operator as follows:

hide b in VSJa, b]

In order to hide the animation events depending
on the events, we use several animation gates such as
AE, and AE, for describing the animations for events
“a” and “b”. By describing “hide b in ...”, the event
flEb is also hidden. The details are described in Ref.
7.

3 Executing visualized specifications
We use our LOTOS compiler [8] to convert the visu-
alized specifications into the executable object codes.

3.1 LOTOS compiler

In order to execute visualized LOTOS specifica-
tions efficiently, it is important how to implement
the specifications containing multiple concurrent pro-
cesses. One of efficient implementation techniques is
to use multi-thread mechanisms.

The multi-thread mechanism can handle concur-
rent threads (light-weight processes) efficiently within
a process. There are several implementations such as
Light Weight Process (LWP) mechanism within Sun
0S, C Threads of Carnegie Mellon University for Mach
0S8, and so on. However these thread libraries depend
on a particular architecture, for example, LWP de-
pends on Sun OS. So, we have implemented Portable
Thread Library (PTL) [1]. The characteristics of our
PTL are as follows:

(1) describing all library codes only in C language for
portability.

(2) also preparing architecture dependent codes and
using them instead of the portable code if it im-
proves the performance.

(3) providing standard application interface for gen-
eral purposes (POSIX 1003.4a).

We have implemented LOTOS specifications under
our multi-thread mechanism PTL as follows:

e decompose a behavior expression into some se-
quentially executed event sequences called run-
time unifs.

e map each run-time unit to a thread.

e construct a shared memory which keeps the tem-
poral ordering of events among all run-time units.
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To implement general behavior expressions where
the multiple operators are specified hierarchically, (1)
the nodes in the shared memory corresponding to the
operators should be referred hierarchically from each
run-time unit, and (2) each run-time unit should have
the ordered information how it connects to each op-
erator. This information can be calculated statically
in our LOTOS compiler. Under multi-thread environ-
ment, a variable may be accessed by multiple threads
simultaneously. Using the mutual exclusion mecha-
nism in PTL, multiple run-time units can avoid access-
ing the same place in the shared memory. Using those
techniques, we can obtain a higher performance than
the compilers which do not use multi-thread mecha-
nisms. The details of the compiler are described in
Ref. [8].

We have also extended the LOTOS compiler to
treat the animations. We have used our Interactive
Animation Server[4] to display the animations in the
generated object codes. Since most of the animation
primitives defined in Table 2 are equivalent to the in-
structions on Animation Server, the LOTOS compiler
only replaces the animation primitives to the subrou-
tine calls in C language.

3.2 Mechanism for real-time animation

Our Animation Server[4] enables an easy operation
for each animation object(Cast) such as registration,
indication, modification of attributes (i.e. location,
color, priority, and so on) and elimination of it. To
indicate animations successively according to a sce-
nario using Animation Server, it is needed to repeat
the following process:

e informing the instructions for changing Cast at-
tributes to Animation Server in advance.

e updating the animation window (Stage) so that
all modifications for Cast attributes are reflected.

For easy construction of the visualization scenar-
ios, we allow the primitive operation which enables
each Cast to move to the destination in the specified
time. Since LOTOS allows parallel execution of multi-
ple processes, the mechanism that the multiple Casts
can move in parallel is needed. For this purpose, the
Stage for Casts should be updated at a fixed time in-
terval.

We have composed the mechanism of two types of
modules: a module for updating Stage and a module
for moving each Cast. For simplicity, we fix the time
interval for updating the Stage to a certain constant
such as 30 frames/sec (here, we call each image dis-
played on the Stage at every time interval as frame).

When the multiple modules for moving Casts are
executed in parallel, they and a module for updating
Stage are synchronizing at a fixed time interval as the
following steps (Fig. 2).

[Behavior of a module for moving each Cast]



Module for moving Cast 1

Module for
moving Cast 2

Moduie for
moving Cast

next location
every 1/T sec.

updating the Stage
Figure 2: Mechanism for real-time animations

1. calculating the location at the next frame from
the interval for updating, the distance to the des-
tination and the time for whole movement and
calling the instruction of Animation Server for
modifying the location of Cast.

2. waiting until the Stage is updated and repeating
the above process until reaching the destination.

[behavior of a module for updating Stage]

1. calling the instruction for updating the Stage of
Animation Server at every fixed time interval.

Since a module for updating Stage and all modules
for moving Casts are mapped to threads in the gener-
ated code, so they run fast. Using the mechanism, the
dynamic behavior of the multiple concurrent processes
can be visualized.

4 Example of visualization

In order to examine that our visualization method
is useful to understand the dynamic behavior of con-
current systems, we have tried to visualize a LO-
TOS specification. We have selected Dijkstra’s dining
philosophers as an example of a concurrent system.

Dijkstra’s dining philosophers

“Dijkstra’s dining philosophers” is a typical model
for discussing problems arising in concurrent systems.
In the model, five philosophers (processes) are acting
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concurrently, either thinking or eating. Five philoso-
phers are sitting around a table, and one fork (re-
source) is placed between any two neighbor philoso-
phers. Each philosopher must take two forks in his
both hands to eat.

In order to enable all philosophers to cooperate to
proceed without deadlocks, a control for accessing the
shared forks fairly is required.

Specification of philosophers

In order to represent the actions of each philoso-
pher, we introduce the following events in LOTOS:

IfkTtakeTh to_r philosopher takes his left fork ‘Ifk’ (‘IIk’
is moved from the home location to the
right side)

philosopher releases his left fork ‘lfk’
(‘lfk’ is moved from the right side to
the home location)

philosopher takes his right fork ‘rfk’
(‘rfk’ is moved from the home location
to the left side)

philosopher releases his right fork ‘rfk’
(‘rfk’ is moved from the left side to the
home location)

philosopher ‘ph’ eats

philosopher ‘ph’ thinks

Ifk!releaselr_to_h

rik'take'h _to.l

rfk!releasel!l_to_h

phleat
phlthink

Note that each action concerning with a fork
‘fk/rfk’ has enough information for both a philoso-
pher ‘ph’ and the fork ‘Ifk/rfk’.

Using the above actions, we have described a be-
havior of each philosopher as the following process in

LOTOS:

process Philosopher[ph,1fk,rfk]: noexit:=
( phlthink; exit
1
1fk!take!h_to_r;(
rfk!take!'h_to_l; phleat;
rfkirelease!l_to_h; lfkl!release!r_to_h; exit
[1 1fk!release!r_to_h; exit )
) >> Philosopher([ph, 1fk, rfk]
endproc

In the specification, each philosopher starts think-
ing or trying to take his left fork. If he can take it,
he tries to take his right fork. If he can take it, then
he starts eating. Otherwise he releases his left fork to
avoid deadlocks.

We describe the specification of each fork process
similarly as follows:

process Fork[fk] : noexit :=

( fk!'take'h_to_l; fk!release!l_to_h; exit
[1 fk!'take!h_to_r; fkirelease!r_to_h; exit
) >> Fork[fk]

endproc

The above specification represents that after the
fork ‘fk’ is moved from the home location to the
left /right side, it must be moved from the same side
to the home location.

According to the above discussion, the specifica~
tion for all philosophers is described by combining five
philosopher processes and five fork processes using the



parallel and synchronization operators of LOTOS. We
use the gates phl, -, ph5 and fkl, - - -, fk5 for distin-
guishing five philosophers and five forks, respectively
(here, 1k1 is shared between ph5 and phl, k2 between

phl and ph2, --- ).
process Philosophers[phi,...,ph5, fki,...,fk5]
: noexit :=
(Philosopher{phl,fki1,fk2] ||} ...
|11 Philosopher [ph5,fk5,fki])
| [fk1,...,fk5] |
(Fork[fki] ||} ...
endproc

}1] Fork[fk5])

Visualization scenario

In visualizing specification “Philosophers”, we keep
displaying the animation objects for five forks and five
philosophers throughout, and activate the correspond-
ing animation when a particular event in “Philoso-
phers” is executed.

When an event “a philosopher taking a fork” is ex-
ecuted in “Philosophers”, we would like to display the
following animation:

e moving the fork object from its home location to
the philosopher (moving for the opposite direction
in “releasing”)

Similarly, we would like to display the following an-
imation when an event “a philosopher thinking (or
eating)” is executed.

o changing the shape of the philosopher object to
the corresponding one (either “thinking object”
or “eating object”) for a certain time.

In order to describe the visualization scenario, first
we define the animation objects (Casts). Here, we de-
fine the Casts for five forks and five philosophers. For
example, a Cast for “forkl” is defined using a primi-
tive in Table 2 as follows:

AE?fkid1 : cast_t[fkidl = CreateCast(”forkl.xbm”)]

(here, “forkl.xbm” is a name of a bitmap file of “fork1”)

In the next step, we describe the animations in LO-
TOS.

We describe one process which animates each rnov-
ing fork. Let home be the home location of each fork.
Let left be the destination of the moving fork wher: the
left side philosopher takes it (let right be the destina-
tion when the right side philosopher does). In order
to select the destination of the fork, we describe the
visualization scenario for forks so that it can know
which side philosopher takes/releases the fork. The
following is an example of the visualization scenario
for forks. Here, we specify that each fork animation
takes ¢ seconds.

process MvFork[fk,AE] (home,left,right:pos_t,fkid:cast_t)
i noexit =

fk!take?dir:direction_t;

( [dir=h_to_l]}=~>AE!MoveCast(fkid, home,left,t);exit
[] [dir=h_to_r]->AE!MoveCast(fkid,home,right,t);exit
)

[] fk!release?dir:direction_t;
([dir=1_to_h]->AE!MoveCast(fkid,left home,t) ;exit
{1 [dirsr_to_h]->AE!MoveCast(fkid,right,home,t);exit

) >> MvFork[fk,AE] (home,left,right,fkid)
endproc

Other actions of philosophers “eating” and “think-
ing” are visualized similarly by describing their visu-
alization scenario MvPhilo[ph,AE](...).

The whole visualization scenario is described as fol-
lows:

process VS[fki,...,fk5,phl,...,ph5,AE] inoexit :=
( Definitions of all Casts ) >>
MvFork [fki,AE] (HOME1,LEFT1,RIGHT1,fkidi)

...

|| MvFork[fk5,AE] (HOMES,LEFT5,RIGHTS, fkid5)
{| MvPhilo[ph1,AE](...)
H
H

(
|
|
i
I1] MyPhilo[ph5,AE](...)
)

()

ndproc

(here, the constants HOME,,, LEFT, and RIGHT, represent
the home location and the left/right destinations of the fork n,
respectively)

The original specification “Philosophers” can be vi-
sualized by combining it and its visualization scenario
“VS” with the synchronization operator as follows:

Philosophers |[{k1, ..., k5, phl, ..., ph5]| V8

We have executed the visualized specification of
philosophers in our system explained in Sec. 3. The
animations are displayed on the graphic window {Fig.
3). Fig. 3(a) shows the initial state. Fig. 3(b)
shows the situation that the left-down side philoso-
pher is now taking his right fork after he took his left
fork. And the top and right-down side philosophers
are now thinking. The right-up side philosopher has
just taken his left fork. In Fig. 3(c), the left-down
side and right-up side philosophers are now eating af-
ter taking two forks. The left-up side philosopher has
taken his left fork and is trying to take his right fork.
Other philosophers are thinking. In Fig. 3(qd), the
top side philosopher is eating after he took two forks
which had been taken by both side philosophers. And
left-down side philosopher is now releasing his right
fork. Other three philosophers are thinking.

Like the above, we can easily understand the dy-
namic behavior of concurrent processes from the ani-
mations.

5 Experimental results

In order to examine (1) the facility for describing
visualization scenarios and (2) overhead costs for vi-
sualization in our method, we have carried out some
examinations.
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NOW THINKINGY

(b)

NOW EATING?

(©)

(d)

Figure 3: Visualized Dijkstra’s philosophers

Table 3: Amount of description in C and LOTOS

Lang. Orig. Spec. Scenario Total
C — — 288 (steps)
LOTOS 23 (steps) 37 (steps) 60 (steps)

For evaluating (1), we have also described a pro-
gram implementing the same visualization of Dijk-
stra’s philosophers (explained in previous section) in
C language and compared with the description in LO-
TOS. The program in C uses the primitives in Table 2
and the multi-thread library as well as the code which
the LOTOS compiler generates.

The comparison about the amount of description
in C and LOTOS is shown in Table 3. Here the num-
ber in the LOTOS specification represents the sum
of events and process invocations. We also used 25
LOTOS operators to specify alternative, parallel and
synchronization execution.
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The reason why the program in C is larger than
one in LOTOS is because the concurrent execution of
multiple processes must be sequentially described in C
even if we use the multi-thread libraries. In describing
the program in C, it was difficult to compose the an-
imation part independently of the control part since
C has no synchronization mechanism as a standard.
In LOTOS, we can describe the visualization scenario
easily and independently of the control part.

For examining (2), we have measured the number
of executed events per second in both cases of execut-
ing the original specification and the visualized spec-
ification in Sec. 4 (here, we do not take the time for
animations into account). The number of executed
events per second in the visualized specification was
about 80% of the number in the original specification.
The percentage varies depending on the number of
events to be visualized. The reason why the execution
is slow down in the visualized specification is that the



processes for the animation are added and all events
must synchronize between the visualization scenario
and the original specification. In the generated codes
from the LOTOS specifications, more than 150 events
are executed at every second.

6 Conclusion

In this paper, we have proposed a methocd for
visualizing LOTOS specifications using the multi-
rendezvous mechanism.

Main characteristics of our visualization method are
that (1) the dynamic visualization depending on the
contents in the given specification becomes possible
since the visualization scenario is also described in
LOTOS, that (2) the visualization scenario can be de-
scribed without modifying the original specification,
and that (3) the real-time visualization of concurrent
systems becomes possible. We could visualize the LO-
TOS specification of Dijkstra’s philosophers based on
our method with a lower cost. From the experimental
results, we can execute the visualized specification as
fast as the original specification.

There are several researches for visualizing protocol
specifications for facilitating understanding and de-
signing them and for a stepwise refinement[2, 5]. In
formal specification language Estelle, each process is
described as a finite state machine. In Ref. [2], a vi-
sualization technique of Estelle specifications and its
system called GROPE are proposed. GROPE reads a
given Estelle specification and displays its state ma-
chines to the graphic window, where the state tran-
sitions are dynamically visualized. In GROPE, each
process as a black box is also displayed as a rectan-
gle. Communications between two processes are im-
plemented so that the animation objects representing
messages are moving along the line drawn between two
processes (rectangles). In GROPE, since the specifica-
tion is executed virtually by an interpreter, the visu-
alization makes an interactive progress. It is useful for
understanding of the behavior of protocols, but the vi-
sualized specifications may run much slower than the
programs derived from the specifications using compil-
ers. SOLVE [5] is proposed as a visual language based
on LOTOS instead of G-LOTOS which is a graphi-
cal representation of LOTOS. SOLVE aims at facili-
tating the design and description of LOTOS specifica-
tions using visual and easy operations like animations.
Using SOLVE, the designers can describe the system
specifications only using interactive operations, if they
do not know LOTOS. The specifications described in
SOLVE can be converted into LOTOS specifications.
However, it also uses the simulator to execute the vi-
sualized specification, so the real-time visualization of
concurrent systems may be impossible.

In our visualization method, only the gate names
and the values of each executed event in the origi-
nal specification are used in the visualization scenario.
Suppose the several parallel processes can execute a
same event whose gate name and values are the same.
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Under the situation, to display a different animation
depending on a process which executed the event, we
need to modify the original specification so that the
events which belong to those processes can be distin-
guished. In our visualization method, each anima-
tion synchronizes the event in the original specification
only at the start point. If we need to synchronize the
end point of the event, we modify the original specifi-
cation.

In our current system, we must prepare each an-
imation description in LOTOS for visualization. To
compose the visualization scenario more easily, we are
now trying to design and implement an interactive tool
for making animation behaviors on a graphical window
by mouse operation.
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