Results of Cellular Models Simulation

Gabriel Wainer

gabrielw@dc.uba.ar

Departamento de Computación

Facultad de Ciencias Exactas y Naturales

Universidad de Buenos Aires

Pabellón I - Ciudad Universitaria

Buenos Aires (1428) ˘ ARGENTINA

and

Norbert Giambiasi

Norbert.Giambiasi@iuspim.u-3mrs.fr

DIAM-IUSPIM

Université d’Aix-Marseille III

Av. Escadrille Normandie Niemen

13397 Marseilles Cédex 20 ˘ FRANCE

ABSTRACT

T he application of a new for malism designed to model

and simulate cell spaces is presented. T he paradigm is

based on the DEVS and Asynchronous Cellular

Auto mata for malisms co mb ined with inertial or transport

delays. Efficient develop ment o f the simulators is

achieved, reducing the cost of the constructio n of

simulators for these systems. Also, the perfor mance

execution was improved through the definition o f a flat

simulation mechanism. T he results obtained are

thoroughly detailed, allo wing the analysis of the

advantages of the proposed approach.

Keywords:  DEVS models, T ransport delays, Inertial

delays, Cell-DEVS models.

                                                                                               1.  INTRODUCTION

At present, several modelling paradigms have been

developed to formally specify dynamic systems. The use

of a formal modelling paradigm allows the validation of

the behavior of a conceptual model when compared

against that of the real sy s tem described. The DEVS

formalism (Discrete EVents system Specification) is a

discrete event paradigm defined by B. Zeigler [1]. It

allows the description of the models hierarchically and

Object Oriented. A real system modeled with this

paradigm can be seen as composed of several

submodels, behavioral (atomic) or structural (coupled).

The use of this strategy allows the reuse of checked
models, improving the security in the simulations,

reducing the testing time and i m proving product i vity.

Cellular automata are defined by a formalism using

discrete variables for time, space and system states. A

cellular automaton consists of an n-dimensional infinite

lattice, where each cell includes a computation machine

taking a value from a finite set. The states of the cells

change in discrete time steps using a local computation

function. This fun c tion considers the pre s ent state for

the cell, and the values of a finite number of close cells.

The use of a discrete time base poses constraints into the

precision and efficiency of the models. Besides, in most

cases a high number of cells in the automata do not need

to be updated. The use of asynchronous cellular

automata can avoid these problems. In [2] the Timed

Cell-DEVS formalism was defined, combining both

paradigms. Each cell can be defined as an atomic model,

and a procedure to couple cells is depicted.

The Figure 1  shows informally the contents of a binary

cell, used as a basic construction in this formalism.

When an external event is received, a boolean function

is executed, consuming the input values for the cell.

Then, the output of the cell is delayed during d  time

units, and an internal event is scheduled. Inertial or

Transport delays can be included, allowing the

definition of preemptive or anticipatory semantics.

                                                      Figure 1 . Cell definition with delays.

This article is devoted to show the results obtained using

the formalism to develop cellular models. T he rest of the

work will be devoted to present the main features of the

implementation of the Cell-DEVS models, and after, the

results of several experiences will be detailed.

                                2.  CELL-DEVS IMPLEMENTATION

MODELS

To improve the development time for a simulation, a

specified model should be executable. Therefore, the

modeler should define them using a formal

specific a tion, and an automatic procedure to build a

valid implementation model should be included.

The modeler should specify three basic aspects of the

cell space: dimension, influences and behavior.

Respecting to the dimension, he must be able to define

the size of the cell space. After, the influences should be

defined by using the neighborhood relationship. The

input/output ports and the cell´s coupling should be

created by following the formal specification. If the cell

space must be coupled with other models, the

interfacing cells must be considered. Finally, the kind

and duration for the delays should be defined.

The local computation function for each cell can be

represented by means of a specification language that

has been defined with this goal. A compiler translates

the specification into a Cell-DEVS representation. When

the cell´s behavior is defined, the parameters of

dimension and influences are also used. In this way, a

mo d eler can implement a model without the need of

programming.

In this way, the local computation function has a fixed

behavior and should not be reprogrammed. The

specification is parsed, and a dynamic structure is built

to define the behavior of the cell. Several errors of the

specification can be detected in runtime. If several

results exist for one cell with the same state and

neighbors, the specification is ambiguous. Instead, if

there are no results for a given state, the specification is

uncomplete. If several expressions pr o duce the same

result, the simulation can continue, but the user should
be warned. Instead, if different results are obtained for

the same precondition, the simulation should be stopped

(the future state of the cell cannot be dete r mined: the

model is non-deterministic). This checking allows the

detection of inconsistencies in the model´s definition.

The errors must be reported to the user so as to change

the specification. In this way, the validity of the model

can be easily checked.

T o conclude the def i nitio n of a cell space, the border

cells should be defined, and the priorities to solve

simultaneous events sho uld be determined. T he for mal

specificatio n presented in [2] is used to co mplete the

specificatio n of the cell spaces. T he inter faces are

aut o matically defined. T he time ad vance function is

controlled by the simulation mechanism. Finally, an

array consisting of ato mic cells is created, and the

influences o f each cell are defined. T he simulatio n

begins b y choosing initial states for each cell and the

stop conditions for the simulation cycle.

3.  DEVELOPMENT EXPERIENCES

T his section will focus so me of the develop ment

experiences with cell u lar models. So me of the presents

the executio n of application coded ^b y hand~, and they

are later compared with the use of a develop ment tool

follo wing the principles presented in the previous

section.

Experiences with synchronous and asynchronous

cellular auto mata.

T he first tests were related with the perfor mance o f

synchro nous and asynchronous auto mata. T he

experiments included the executio n of the Life game [3]

( whose specification will be included in sectio n 0 ). T he

goal was to measure the executio n time to co mp ute the

new gener a tions with both approaches, depending on the

number of active cells. Initially, the tests considered a

fixed size for the cell space (40 x 40 cells), and a

variable number of active cells. A second phase of the

experience considered the worst execution times for each

transitio n, increasing the size for the cell spaces.

In ever y case the number of initial active cells was fixed

(1000 active initial cells) and the worst execution cases

were considered. T he goal was to make fair

compariso ns, because the asynchronous cellular

auto mata behave better depending on the number of

active cells. While the worst cases for the synchrono us

cellular auto mata did not differ fro m the average

execution times (3% of maximu m difference), the

asynchro nous ones had a standard deviation of 60%.

                                                                                                                    0

                                                                                                          0.5

                                                                                                                    1

                                                                                                          1.5

                                                                                                                    2

                                                                                                          2.5

                                                                                                                    3

1 10 50 100 200 500 1000

Active Cells

Execution time per transition

                                                                                                               AC

                                                                                                               ACA

(a)

                                                                                                       0

                                                                                                       5

                                                                                                 10

                                                                                                 15

                                                                                                 20

                                                                                                 25

                                                                                                 30

                                                                                                 35

                                                                                                      10x10 40x40 70x70 150x150

Active Cells

                                                                                                     AC

                                                                                                     ACA

(b)

                                                                                                                 0

                                                                                                                 2

                                                                                                                 4

                                                                                                                 6

                                                                                                                 8

                                                                                                          10

203050901504005001000

1500

Active Cells

                                                                                                                     AC

                                                                                                                     ACA

(c)

                                                            Figure 2 . Execution tim es (in m illiseconds) for the Life

                                                                 gam e (a) Fixed size (b) variation in cell space size. (c)

                                                                                                         Ex e cution results of the m odel Wa-Tor.

                                                           T he Figure 2  sho ws that the synchro nous model has a

                                                           constant delay for each generation (all the cells are

                                                           scanned, and always in the same order). Instead, the

                                                           execution time for the asynchronous model has a

                                                           behavior defined by a function linearly increasing

                                                           depending on the number of active cells. T he time

                                                           involved in the maintenance of the event list pr o duces

                                                           this increase of time.

                                                           T he results obtained when executing the Wa-T or model

                                                           [4] were similar. T his model is used to stud y a

                                                           population of fish and sharks in the ocean considering
their lifetimes, birth and death rates. T he figure sho ws

the executio n time to co mpute a ne w generation

depending the number of active cells (those with fish or

shar ks) in a 40 x 40 cell space. In this case, the execution

time for the synchronous models is also constant, but the

asynchro nous model increases expone n tially.

Approximately when having 400 active cells, the number

of neighbors included in the next-events list is so high

that makes the synchronous model more efficient than

the asy n chrono us.

T he last tests considered a set of cars advancing in

multiple lanes in one way. T he cars advance with a

constant speed. If the cell in front is occupied, the car

tries to surpass the other (first using the left lane,

other wise, the right one). T he performance of the traffic

was analyzed b y var ying the co mputation time of the

local transitio n functions. T his experience allo wed

stud ying the influence of having increasing co mplexity

for the local co mputation functio ns. T he results, sho wed

in the next figure, sho w that the perfor mance for the

asynchro nous auto mata improves in several orders of

ma g nitude depending on this co mplexity.

0

100

200

300

400

500

600

5 10 50 100

Cell’s delay (milliseconds)

AC

ACA

(a)

0

100

200

300

400

500

600

5 10 50 100

Cell’s delay (milliseconds)

AC

ACA

 (b)

Figure 3 . Different execution tim es for each cell (a) 7

vehicles in the autom ata; (b) 49 vehicles.

                                                           Experiences with Cell-DEVS models

                                                           T he CD++ [5] tool allo ws to specify Cell-DEVS models

                                                           to be simulated. T he cell’s behavior is described using a

                                                           specific a tio n language, including the size for the cell’s

                                                           space, their delays, the borders, and the neighborhood.

                                                           With these basic parameters the tool builds the cellular

                                                           model and the internal co upling. As a first experience,

                                                           the Life game was specified using the tool, as seen in the

                                                           fo l lo wing figure.

                                                           [top]

                                                           components : life

                                                           [life]

                                                           type : cell

                                                           width : 20

                                                           height : 15

                                                           delay : transport

                                                           defaultDelayT ime  : 100

                                                           border : wrapped

                                                           neighbors : life(-1,-1) life(-1,0) life(-1,1)

                                                           neighbors : life(0,-1) life(0,0) life(0,1)

                                                           neighbors : life(1,-1) life(1,0) life(1,1)

                                                           initialvalue : 0

                                                           initialro wvalue :  0  01111000111100011110

                                                           initialro wvalue :  1  00010001111000000000

                                                           initialro wvalue :  2  00110111100010111100

                                                           initialro wvalue :  3  00110000011110000010

                                                           initialro wvalue :  4  00101111000111100011

                                                           initialro wvalue : 10  01111000111100011110

                                                           initialro wvalue : 11  00010001111000000000

                                                           initialro wvalue : 12  00110111100010111100

                                                           initialro wvalue : 13  00110000011110000010

                                                           initialro wvalue : 14  00101111000111100011

                                                           localtransitio n : life-r ule

                                                           [life-rule]

                                                           rule : 1 100 { (0,0) = 1 and truecount = 4 }

                                                           rule : 1 100 { (0,0) = 0 and truecount = 3 }

                                                           rule : 0 100 { t }

                                                                                     Figure 4 . Life gam e specification using CD++.

                                                                           Figure 5 . First three steps of execution of the Life

gam e.

                                                           T he example was simulated using the hierarchical and

                                                           flat approaches. T he number of messages involved in the

                                                           flat simulatio n is reduced because interactio n only

                                                           occurs between the higher level coordinator and the Root

                                                           coordinator. T he results seen in the follo wing figure

                                                           consider ten cycles of simulation applying both

                                                           approaches and increasing the number of cells in the

                                                           space. In ever y case with more than 75% of cells were

                                                           active initially. T he second test used a fixed size for the

                                                           space (2500 cells), and the duration of the simulation
was increased. T he results obtained can be seen in the

follo wing figure.

138

6.3

78

2.1

189

0.2

0.3
0.1

0.9

1.2

0

50

100

150

200

10x10 20x20 45x45 50x50 55x55

Total execution time (sec.)

Hierarchical Flatten

(a)

287

265

136
165

147

228

2.4
1.7
1.5
0.6

1.3
0.7
0

50

100

150

200

250

300

350

1ms 100ms 1s 10s 30s 1min

Execution time (sec)

Hierarchical Flat

 (b)

Figure 6 . Execution of the Life game. (a) Increasing

the size of the space. (b) Sim ulation duration.

T he Figure 7  sho ws the message interactio n obtained b y

the executio n of the models in a hierarchical fashion

(obtained by the log file generated b y CD++).

It can be seen that the simulation process begins b y

sending an initializatio n ( I ) message to the external

model (top), that will be in charge to distribute them

through the cell space (see (a) in the figure). Each of the

cells replies with a done (D)  message (see (b) in the

figure), telling the time for the next internal event (in this

case, 100 milliseconds, that is, the delay defined in the

specificatio n).

When the top coordinator receives all the done  messages

˘ (c) in the figure -, it transmits the time of the imminent

child to the root coordinator. In this way, the global time

of the simulatio n is advanced. T he root coordinator

replies using a *-message (see (d) in the figure), that will

be sent to the imminent cells. T hese cells will execute,

and their simulators will generate Y  and done  messages

(see (e) in the figure).

Finally, the coordinator analyzes which outp ut of a non-

quiescent cell should be sent to the neighbors (see (f) in

the figure), generating X  messages. T he cycle will be

repeated up to the mo ment where all the external events

                                                           are consumed, or when the simulation time is consumed

                                                           (in this case, 500 milliseco nds, as it can be seen in the

                                                           item (g) of the figure).

                                                           Message I / 00:00:00:000 / Root(00) for top(01)

                                                                                                            (a)

                                                           Message I / 00:00:00:000 / top(01) for life(02)

                                                           Message I / 00:00:00:000 / life(02) for life(0,0)(03)

                                                           Message I / 00:00:00:000 / life(02) for life(0,1)(04)

                                                           ...

                                                           Message I / 00:00:00:000 / life(02) for life(19,19)(402)

                                                           Message D / 00:00:00:000 / life(0,0)(03) / ... for life(02)

                                                           Message D / 00:00:00:000 / life(0,1)(04) / 00:00:00:100 for life(02)

                                                                                                            (b)

                                                           Message D / 00:00:00:000 / life(0,2)(05) / 00:00:00:100 for life(02)

                                                           ...

                                                           Message D / 00:00:00:000 / life(19,19)(402) / ... for life(02)

                                                           Message D / 00:00:00:000 / life(02) / 00:00:00:100 for top(01)

                                                                                                            (c)

                                                           Message D / 00:00:00:000 / top(01) / 00:00:00:100 for Root(00)

                                                           Message * / 00:00:00:100 / Root(00) for top(01)

                                                                                                            (d)

                                                           Message * / 00:00:00:100 / top(01) for life(02)

                                                           Message * / 00:00:00:100 / life(02) for life(0,1)(04)

                                                           ...

                                                           Message * / 00:00:00:100 / life(02) for life(19,17)(400)

                                                           Message Y / 00:00:00:100 / life(0,1)(04) / out / 0.000 for life(02)

                                                                                                            (e)

                                                           Message D / 00:00:00:100 / life(0,1)(04) / ... for life(02)

                                                           Message Y / 00:00:00:100 / life(0,2)(05) / out / 0.000 for life(02)

                                                           ...

                                                           Message D / 00:00:00:100 / life(19,16)(399) / ... for life(02)

                                                           Message Y / 00:00:00:100 / life(19,17)(400) / out / 1.000 for life(02)

                                                           Message D / 00:00:00:100 / life(19,17)(400) / ... for life(02)

                                                           Message X / 00:00:00:100 / life(02) / neighborchange / 0.000 for

                                                           life(19,0)(383) (f)

                                                           Message X / 00:00:00:100 / life(02) / neighborchange / 0.000 for

                                                           life(19,1)(384)

                                                           ...

                                                           Message X / 00:00:00:100 / life(02) / neighborchange / 1.000 for

                                                           life(18,18)(381)

                                                           Message D / 00:00:00:100 / life(19,0)(383) / ... for life(02)

                                                           Message D / 00:00:00:100 / life(19,1)(384) / ... for life(02)

                                                           Message D / 00:00:00:100 / life(19,2)(385) / 00:00:00:100 for life(02)

                                                           ...

                                                           Message D / 00:00:00:100 / life(18,18)(381) / ... for life(02)

                                                           Message D / 00:00:00:100 / life(02) / 00:00:00:100 for top(01)

                                                           Message D / 00:00:00:100 / top(01) / 00:00:00:100 for Root(00)

                                                           Message * / 00:00:00:200 / Root(00) for top(01)

                                                           Message * / 00:00:00:200 / top(01) for life(02)

                                                           Message * / 00:00:00:200 / life(02) for life(19,2)(385)

                                                           ...

                                                           [The simulation cycle is repeated]

                                                           Message D / 00:00:00:500 / life(12,8)(251) / ... for life(02)

                                                           Message D / 00:00:00:500 / life(12,9)(252) / ... for life(02)

                                                           Message D / 00:00:00:500 / life(02) / ... for top(01)

                                                                                                            (g)

                                                           Message D / 00:00:00:500 / top(01) / ... for Root(00)

                                                                  Figure 7 . Message traffic during the execution of the

hierarchical m odel.

                                                           After, the same test was repeated using the flat

                                                           coordinator. As it can be seen, in this case the message

                                                           transmission has been greatly red uced, because the only

                                                           interaction occurs between the higher level coordinators

                                                           and the root coordinator, avoiding ever y other

                                                           interaction.

Message I / 00:00:00:000 / top(01) for life(02)

Message D / 00:00:00:000 / life(02) / 00:00:00:100 for top(01)

Message D / 00:00:00:000 / top(01) / 00:00:00:100 for Root(00)

Message * / 00:00:00:100 / Root(00) for top(01)

Message * / 00:00:00:100 / top(01) for life(02)

Message D / 00:00:00:100 / life(02) / 00:00:00:100 for top(01)

Message D / 00:00:00:100 / top(01) / 00:00:00:100 for Root(00)

Message * / 00:00:00:200 / Root(00) for top(01)

Message * / 00:00:00:200 / top(01) for life(02)

Message D / 00:00:00:200 / life(02) / 00:00:00:100 for top(01)

Message D / 00:00:00:200 / top(01) / 00:00:00:100 for Root(00)

Message * / 00:00:00:300 / Root(00) for top(01)

Message * / 00:00:00:300 / top(01) for life(02)

Message D / 00:00:00:300 / life(02) / 00:00:00:100 for top(01)

Message D / 00:00:00:300 / top(01) / 00:00:00:100 for Root(00)

Message * / 00:00:00:400 / Root(00) for top(01)

Message * / 00:00:00:400 / top(01) for life(02)

Message D / 00:00:00:400 / life(02) / 00:00:00:100 for top(01)

Message D / 00:00:00:400 / top(01) / 00:00:00:100 for Root(00)

Message * / 00:00:00:500 / Root(00) for top(01)

Message * / 00:00:00:500 / top(01) for life(02)

Message D / 00:00:00:500 / life(02) / ... for top(01)

Message D / 00:00:00:500 / top(01) / ... for Root(00)

Figure 8 . Message traffic during the execution of the

hierarchical m odel.

T hese tests were repeated studying the o verhead used in

initialization messages, as it can be seen as follo ws:

6.3

189

78

5.8

157

61

0

50

100

150

200

20x20 45x45 55x55

Execution time (sec.)

Hierarchical Initial

(a)

0.2

1.2

0.3

0.1

0.7

0.2

0

0.2

0.4

0.6

0.8

1

1.2

20x20 45x45 55x55

Flat Initial

(b)

Figure 9 . Initialization tim e (a) Hierarchical (b) Flat.

In this case, as the simulation cycle was short (due to the

testing features of the simulations), the initialization time

cannot be amortized in the simulatio n. T he case is worst

for the hierarchical solutions.

Finally, the perfor mance of the environment was tested

against the executio n of the same models implemented

                                                           by hand. Synchrono us and asynchro nous versio ns were

                                                           implemented, and their execution times were co mpared

                                                           with those of the flat models. T he worst execution cases

                                                           were considered. T hat includes a case where the

                                                           asynchro nous auto maton behaves worst than the

                                                           synchro nous case. Also, the over head of initializatio n

                                                           was considered, to make a fair co mparison between the

                                                           application coded ^by hand~ and the executio n overhead

                                                           introduced b y the tool. T he results can be seen

                                                           follo wing:

                                                                                                                  0

                                                                                                                  2

                                                                                                                  4

                                                                                                                  6

                                                                                                                  8

                                                                                                           10

                                                                                                           12

45x45

50x50

55x55

60x60

60x100

60x200

60x300

Execution time (sec).

CD++ CD++ Exec.

Synchr. CA Async. CA

(a)

                                                                                                    0

                                                                                     0.05

                                                                                           0.1

                                                                                     0.15

                                                                                           0.2

                                                                                     0.25

                                                                                           0.3

                                                                                     0.35

                                                                                           0.4

                                                                                     0.45

                                                                                           0.5

                                                                                                    45x45 50x50 55x55 60x60

CD++ CD++ Exec.

Synchr. CA Async. CA

(b)

                                                                Figure 10 . (a) Execution results of the worst cases for

the Life gam e. (b) Detail.

                                                           It can be seen that the tool introduced approximately

                                                           20% of overhead for this case. Besides, parallel

                                                           execution can solve this problem without the need of

                                                           reprogramming the model, as the specificatio n is the

                                                           same in both cases. Here, the simulation technique is

                                                           changed independently o f the model´s specification.

                                                           A main goal when defining the new for malism was to

                                                           reduce the develop ment times for the simulators. T he

                                                           results o b tained were pro mising though the developed

                                                           experiences were simple prototypes used to check the

                                                           use of the tools and the for malism. Several data were

                                                           recorded relating the development times for the different

                                                           solutio ns, classifying the different users and their

                                                           develop ment activities.

0.75
0.25

2.5

0.75
0.3

0.5
0.1

0.25

1.3

0.3 0.3

5

3

4

9

5

12

0.25
0

2

4

6

8

10

12

14

First Last Maint. Test

1st.

Test

lst.

Test

mnt.

Novice Expert Manual

Figure 11 . Com parison of developm ent tim es for the

Life gam e.

2.5

2

4.3

1.7

0.3

0.5
0.3 0.25

0.75 0.75
0.5

8

2

3

11

3

7

0.25
0

2

4

6

8

10

12

First Last Maint. Test

1st.

Test

lst.

Test

mnt.

Novice Expert Manual

Figure 12 . Com parison of developm ent tim es for the

traffic sim ulation.

20.8

26.15

2.75 3.05

34

40

0

5

10

15

20

25

30

35

40

45

Life Traffic

Novice Expert Manual

Figure 13 . Com parison between total developm ent

tim es for both applications.

                                                                                                        4.  CONCLUSION

The implementation results of a new paradigm for

modelling and simulation of cellular models were

analyzed. An asynchronous approach was considered,

because in several applications it allo ws to impro ve the

simulation executio n times. Here, it could be seen that

the cell spaces do not always meet this goal, but in most

of cases, it does. A large number of cells against few

active ones produce performance improvements. In the

cases that the cell’s neighborhood is greater, the

management costs o f the event lists are increased.

Instead, those models where a cell does not affect

directly to a neighborhood consisting of many cells, the

list management requires little o ve r head.

In most execution examples, the discrete event cases

behoove better than the synchrono us ones. T his

happened because the proportion of active cells was

small. T he worst results were obtained for the Wa-T or

model, because the increasing in the number of specimen

only produces higher activity. Besides this fact, these

worst cases are not relevant for the application, due that

this situation does not reflect the real activity in the

ocean ( where the fish concentration is much lo wer than

the tested cases). As a conclusion, the model’s activity

must be considered prior its implementatio n as discrete

events, because a high ratio of no n-quiescent cells can

produce bad performance. For these models, a

synchro nous approach sho uld be used.

The use of a modelling tool introduced a degree of

overhead, mostly by the initialization messages. This

happened because the tested solutions only executed for

short times, and the initialization activity can be better

amortized in longer simulations. Besides, executing the

models in parallel can enhance the performance.

Apart from the overhead introduced, the main

achievements obtained were related with the

development times of the simulations. Ten-fold

improvements could be achieved for expert users

although the tested models were simple prot o types. This

occurred because the test and maintenance phases are

the more expensive for these systems, and these times

were highly reduced by formal specification. Besides, if

a parallel coordinator is introduced, an execution

speedup of several orders of magnitude can be achieved

without changing the specifications. Instead, a parallel

implementation for each problem hand-coded can

produce ten-fold delays in the development.

5.  ACKNOWLEDGEM ENTS

T his work was partially supported by the UBA-SE CYT

research project T X-004, "Concurrency in Distributed

Systems".

6.  REFERENCES

[1] ZEIGLER, B. "T heory of modeling and sim u latio n".

Wiley , 1976.

[2] WAINER, G.; GIAMBI ASI, N. "Specification,

modelling and simulatio n of timed Cell-DEVS models".

Technical Report 97-007, Departamento de

Computación, FCEN/UBA. Submitted to publication.

1998.

[3] GARDNE R, M. "T he fantastic co mbinations of John

Conway’s New Solitaire Game Life ". Scientific

American . 23 (4). pp. 120-123. April 1970.

[4] OVEREINDER, B.; SLOOT , P.; HERZBERGER, L.

"T ime-Warp on a transputer platfor m: pilot stud y with

asy n ch ro nous cellular auto mata". In Parallel computing

and transputer applications. Amsterdam, Netherlands.

Washingto n: IOS Press. September 1992.

[5] BARYLKO, A.; BEYOGLONI AN, J.; WAINER, G.

^CD++: a tool to implement binar y Cell-DE VS models~

(in Spanish). In Proceedings XXII Latin American

Conference on Informatics. Quito, Ecu a dor. 1998.