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ABSTRACT

The Timed Cdll-DEV'S paradigm allows the specification
of executable cell spaces with timing delays. The use of this
formalism can lead to serialization and incorrect execution
when models are considered to be executing in parallel. This
work is devoted to present an extension that alows the
specification of these models in parallel. Furthermore, a
specification for timing delays used in these models is
presented, and the behavior for those delays is exemplified
with detail. This approach allows the easy definition of
complex behavior in physical systems, which can be validated
formally.

INTRODUCTION

In (Wainer and Giambiasi 1998), the Timed Cell-DEVS
paradigm was defined as an extension to the DEVS (Zeigler
1976) and Cellular Automata (Wolfram 1986) formalisms. The
paradigm allows to define a cell space where each cell is
defined as a DEV'S atomic model, and a procedure to couple
cellsisdepicted. Thegoal isto improve precision and to reduce
the computation time using a continuous time base.

Each cell also can include a delay construction (Giambiasi
and Miara 1976), allowing the definition of complex behavior,
thus improving the definition for each of the submodels. Two
kinds of delays can be defined: transport and inertial.

The paradigm included binary or three-state values for
each of the cells in the space, and only alowed two-
dimensiond models. This work is devoted to present an
extension to a more general formalism that alows to model n
dimensional spaces with generic state sets. A motivation for
paralel definition is included, and models that can run in
parallel environmentsis formally presented.

The work is organized as follows: the following section
will provide some background on the DEVS and Cell-DEVS
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formalisms. After, seridlization problems related with Cell-DEVS
models are presented. Then, a definition for parallel Cell-DEVS
models is introduced. Finaly, different behavior related wth the
delaysfor each cell is depicted.

BACKGROUND

Zeigler's paradigm (Zeigler 1976) formally specify discrete
events systems using a modular description. The use of such a
hierarchical approach attacks the quantitative complexity of the
problems. A nodel is seen as composed by behavioral (atomic)
submodels than can be combined into structural (coupled) models. As
the formalism is closed under closure, coupled models can be seen as
new base models that can integrated hierarchically. This strategy
alows the reuse of tested models, improving the safety of the
simulations and alowing the reduction of the development times.
Recalling Zeigler's definitions, a DEVS atomic model can be
formally described as:

M=<|,X,5,Y,dm: deXI1I1D>
where

| =< m PX PY > isthe model's modular interface. Here, mT N, m
< ¥ isthe number of input/output ports,and” j1 [1, h],i | {X, Y},
Pji isthe definition of aport (input or output respectively), defined as
Pi={ (N, Tji)/ " i1 [1, h+ni, NjiT [i1, inen] (pOTt name), and

T'T h(port type)}, where k= {x/xT X ifi=X}or li={x/x1 Y

ifi=Y};

X istheinput events set;

S isthe state set;

Y isthe output events set;

dn: S® S, istheinterna transition function;

dext: QX X ® S, isthe external transition function; where
Q={(s e /sl S andel [0,D()]};

| : 3B Y, istheoutput function; and

D:S® Ry E ¥, isthe elapsed time function.
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An atomic model can be integrated with other DEVS
models to build a structural model. These models are called
coupled, and are composed by base models, e.g., atomic or
coupled ones. DEV'S coupled models are formally defined as:

CM =<1, X Y,D,{M}, {Ii},{Z;}, select >

where

| =< mPX PY > isthe model's modular interface defined like
in the atomic models;

X isthe set of input events;
Y isthe set of output events;

DT N, D <¥ is an index for the components of the coupled
model, and” i1 D, M, isabasic DEVS model, where

M;=<1;, X, S Y, dntis Goxir 18>

l; isthe set of influencees of model i, and" j 1 I;;

Z;: Y;® X;istheitoj trandation function; and

select isthetie-breaking selector.

Cellular Automata are discretetime discrete models
described as cells organized in n-dimensional infinite lattices.
Each cell in the automaton has a discrete value that is updated
by alocal computation function. This function uses the present
value for the cell and a finite set of neighbors to compute the
new state. The use of discrete time poses constraints in the
precision and execution performance of these complex models.
To achieve the desired accuracy, smaller time slots must be
used, producing higher needs of processing time.

To avoid these problems, the Timed Cell-DEV'S paradigm
was introduced (Wainer and Giambiasi 1998; Wainer 1998).
This formalism alows to define a cell space where each cdl is
defined as a DEV'S atomic model, and a procedure to couple
cdlsis depicted.

Recalling the definitions seen in (Wainer 1998), Cell-
DEV S atomic models can be formally specified as:

TDC=<XY,I,Sa,N,d, dny, G, t,1, D>

X isthe set of external input events;

Y isthe set of external output events;

| represents the model's modular interface;
S isthe set of sequential statesfor the cell;
g isthecell state definition;

N isthe set of states for the input events;
d isthetransport delay for the cell;
dicistheinternal transition function;

dext iSthe external transition function;

t isthelocal computation function;

| isthe output function; and

D isthe state's duration function.

A Cédl-DEVS coupled model is defined by:
GCC=<Xligt, Ylist, I, X, Y, n, {t3,..ts}, N, C, B, Z, select >

Ylist isthe output coupling list;

Xlist istheinput coupling list;

| represents the definition of the interface for the modular model;
X isthe set of external input events;

Y isthe set of external output events;

n isthe dimension of the cell space;

{t1,...tn} isthe number of cellsin each of the dimensions;
N isthe neighborhood set;

C isthe cell space;

B isthe set of border cells;

Z isthe trandation function; and

select isthetie-breaking function for simultaneous events.

The definition for DEVS coupled models was extended to
include Cell-DEVS submodels. Therefore, a DEV'S coupled model
can be defined as:

CM =<1, X Y,D,{Md}, {Ia},{Zq}, select>
I, X,Y, D, Iy and select are defined asin the previous section, and:
MyisaDEVSbasicmodel " di D, where

M d= GCCd =< X|iStd, Y|iS[d, Id' Xd, Yd' Ng» {tyny tn}d,Nd, Cd'
B Z» SEectg>

if the coupled model is Cell-DEVS, and

M d= < Idl Xd! Yd’ Sj‘ dntd' daxtd’ Dd >
otherwise.

Zg isthe trandlation function from d to j, where
Zg: Y4 ® X; if none of theimplied modelsis Cell-DEVS, or

Zg: Y(c)g ® X(c)j, with (cy) T Ylistg, and (cp) T Xlistj if any of
themodelsd or j isa GCC.

The use of multiple processors is useful for the simulation of
Cell-DEV S models, due to the high degree of compute time involved.
If the models execute sequentially, to obtain a meaningful sample to
study the desired problem is a time consuming process. Besides,
inherently parallel models should execute serially.

The most natural solution would be to execute each cell in a
different processor. Unfortunately, this approach is not feasible due
to practical reasons. Even with massively parallel processors, the
granularity of the problem makes impossible the implementation.
Instead, the cell space can be divided into several subspaces
executing in different processors. These definitions have severa
problems when the cells in the space are considered as executing in
paralld, as will be presented in the following section.



SERIALIZATION PROBLEMSIN CELL-DEVS

As stated in (Chow and Zeigler 1994a), if we cal e tothe
elapsed time since the occurrence of an event, a model can
exist in the DEV S structure at either e=0 or e=D(s). In the case
of coupled models, the modeler can use the select function to
solve the conflicts of simultaneous scheduled events. The case
is different for basic models: once they are coupled, ambiguity
arises when a model scheduled for an interna transition
receives an event. The problem here is how to determine which
of both elapsed times should be used. The select function
solves the ambiguity by choosing only one of the imminent
models. This is a source of potential errors, because the
serialization may not reflect the simultaneous occurrence of
events. Moreover, the serialization reduces the possible
exploitation of parallelism among concurrent events.

It was discussed that the models should accomplish the
following properties:

- Coallision handling: the behavior of a collision must
be controllable by the modeler.
Parallelism: the formalisn must not use any
seridlization  function that prohibits possible
concurrencies.
Uniformity: the hierarchical construction must have
uniform behavior: different hierarchical constructs of
the same model must display the same behavior.

These properties resulted into the definition of Paralel
DEVS (Chow and Zeigler 1994b). In this approach, the select
function was eliminated, and a new transition function was
created to manage the collisions. This function, called (d.,,, the
confluent transition function), should be defined by the
modeler. Its goad is to define the model’s behavior when a
model receives externa events at the time of its interna
transition (e = D(s) or e = 0).

If no externa transition occurs, a scheduled internal
transition function is carried out. However, if both collide, the
confluent transition function is activated. The values for
simultaneous events generated before each internal function
should be kept together. Therefore, the inputs for each model
are collected into a bag (multiset).

In the timed Cell-DEVS formalism, the desired
uniformity was addressed in a different way. In this case, there
was no need to include a bag construction, due to the definition
of the interfaces of the models. This interface is defined such
that, in each model, one event per port is alowed at a time.
Each model is connected with the others using a unique port,
therefore, it cannot ever occur to have more than one input per
port. This affirmation isvalid only if the cell's delays have non-
zero values. These assumptions were done considering that the
modeled real systems never have delays or activation of
exactly zero time units.

As a second problem for the defined Cell-DEV S models,
the desired behavior for parallelism was not achieved. The
select function was used to choose between different modelsin
the case of external simultaneous events. Besides, if an event

occurs simultaneously with an internal scheduled event, the behavior
of the E-DEV S formalism (Wang and Zeigler 1993) was applied: the
internal transition function is activated prior to the external transition.

The main problem with the previous formalism is related with
the collision handling. In most cases, the collision is controlled
because the local computing function uses the values obtained
through each input port, and it has been shown that they cannot have
more than one value. Instead, if zero-time delays or simultaneous
events are considered, the user cannot manage the model behavior.

In addition, the Cell-DEVS models can be coupled with
traditional DEV S submodels. Even these models have been redefined
to have auniform interface, a bag is needed for the cases of zero-time
transitions. Considering these factors, the Cell-DEVS models were
redefined to include parallel behavior.

PARALLEL ATOMIC CELL-DEVSMODELS

This section defines a new approach extending the concepts of
confluent transition function and introducing a bag for each model.
Other extensions that have aso been included alowing the
management of complex delay behavior. First, the definition of
atomic models has been included. After, coupled models are defined.

The behavior for the cell delays presented in (Wainer and
Giambiasi 1998) has been extended to allow mixed behavior and
general cell states. Therefore, in the present definition, the semantics
of these constructors have been modified. Originally, each cell had a
fixed delay, but in this case, it is considered that each rule of the local
transition function can activate an inertial or transport delay.
Therefore, the loca transition function should return the kind of
delay that is wanted, and the outputs for the cell should be delayed
accordingly. An informal description for the cell can be seen in the
following figure.
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Figure 1. Cell’s definition.

Each cell receives a set of input values that are used to compute
the local transition function. The results of the computations are
delayed (using transport or inertial delays). This cell can be formally
specified as:




TDC=<X Y, 1,5 0q,N,d, dny i, Geon, ty teons |, D >
Inthiscase, #T <¥ UTT {N,Z,R,{0,1} } E {f};

Xi T,
Yi T,
I =<h, mPX PY > Here,
hT N, h<¥ istheneighborhood's size,
mi N, m<¥ isthe number of other input/output ports, and

"1 [Lh)il {X,Y},Pji_isadefinitiqnofaport (input or
output respectively), with Bf = { (NJl, T / " j1 [1, h+n,

NjiT [i1, insml (pOTt name),yTjiT l; (port type)} , where
E={x/xT XifX}orli={x/xT Yifi=Y};

SiT;

g={ (s, phase, squeue, f, s) /
s Si§thestatusvalueforthecdl,
phasel {active, passive},
squeue ={ ((V1,51)(VmSm) /mT NUm<¥)U
" (i1 N,iT [Lm]),viT SUs;jT Ry'E¥};
f1 T;and
sT Ry"E ¥
i
NT g+m
dl Ry, d<¥;
dint:q® S;
Ooxt: QX ® q,Q={(s,6) /sl qxNxd; el [0, DO)I};
Goon: PX°® S,
t:N® Sx/{inertia, transport} x d;
tcon: X°XN ® Sx {inertial, transport} x d;
1:S® Y and
D:qxNxd® Ry"E ¥.

Each of the components in the definition has the same
meaning than the presented in the Background section. Two
new functions have been added: d,, and t . In addition, the
externa transition and output functions have been changed to
work with input/output bags (X° and Y°). The confluent
transition function is activated when there are collisions
between internal and external events. Its main task is to
activate the confluent local transition function, which analyzes
the present values for the input bags, and updates the present
input values for the cell. In this way, the cell will compute the
next state using the values chosen by the modeler.

A parallel Cell-DEV'S coupled model can be represented
as.

GCC =< Xligt, Yligt, I, X, Y, n, {t,..t}, N, C, B, Z >

Here,

Ylist isthe output coupling list;

Xlist istheinput coupling list;

| represents the definition of the interface for the modular model;

X isthe set of external input events;

Y isthe set of external output events;

n isthe dimension of the cell space;

{t1,....tn} isthe number of cellsin each of the dimensions;

N isthe neighborhood set; o

Cisthecell space, withC ={ C./cl 1 UC=<1.Xn Yo S Ne
dor Ging Gxier Gone te teong | o D }where C is a parallel Cell-
DEVS atomic model, and | = { (iy,...,ip) / (i T N Ui T [1,td) " kT
(1, n};

B isthe set of border cells; and

Z isthe trandation function.

The detailed definitions for these sets can be seen in (Wainer
1999), and the meaning of the components is the same. The main
difference is that each cell in the space is a parallel Cell-DEVS
atomic cell that uses the d,, and t,, functions to avoid collisions.
Therefore, the select function appearing in the original definitions has
been eliminated.

DEVS coupled models have been redefined to include base
models that can be seen as cell spaces. Therefore, a coupled DEVS
model will be defined as:

CM =<1, X Y,D,{Md}, {Id},{Zq4} >

Here I, X, Y, D and |4 are defined as in the Background section.
Instead, the select function has been eliminated, and:

MyisaDEVSbasicmodel " di D E {sdf}, where

Mqg= GCCq = < lg, Xy, Yg» Xlistg, Ylistg, ng, {tu,-tab g Ng» G
Bd, Zd >

if the coupled model is Cell-DEVS, and
Mq=<Ig Xg: Yd» S Areg Gexeds Gongr D >
otherwise.

Zg isthe trandation function from d to j, where

Zit: Ysar ® X; if none of theimplied modelsis Cell-DEVS, or
Zstj Y(C)ogf ® X(Cg)j, with (¢)) T Ylisty, and (cy) 1 Xlistj if any
of the models self or j isa GCC;

Zgsr: Ya® Xggr if none of theimplied modelsis Cell-DEV'S, or
Zysai: Y(C)g ® X(C)ggt, With (cp) | Ylisty, and (c) I Xlistgys if
any of the models d or self isaGCC;

Zg: Yq® X; if none of theimplied modelsis Cell-DEVS, or
Zg: Y(c)g ® X(c)j, with (cy) T Ylistg, and (cp) T Xlistj if any of
themodelsd or j isa GCC.

In (Wainer 1999) it has been shown the equivalence between the
parallel Cdl-DEVS models and parallel DEVS models. In addition,



the closure under coupling has been proved, showing that the
models can be integrated into a DEV'S hierarchy. A simulation
mechanism related with the parallel models has also been
included. Finally, a mapping between a Parallel Cell-DEVS
simulation environment and a paralledl synchronization
mechanism was defined, providing the basis for the
construction of simulation tools using this paradigm.

CELL'SDELAY BEHAVIOR

The behavior for the cell delays was presented in (Wainer
and Giambiasi 1998 and Wainer 1998). In the previous section,
the new formal specification for parallel atomic cell has been
shown. The semantics for these constructors has been
modified. Originaly, each cell had a fixed delay, but in this
case, it is considered that each rule of the local transition
function can activate an inertial or transport delay. The
semantics for the transition functions can be defined as
follows:

dint:

s=0; squeue! {/A}; phase = active

"il [1,m],a1 squeue a.s = a.s - head(squeue.s);
squeue = tail(squeue); s= head(squeue.v);
s = head(squeue.s);
s=0; squeue = { A&} ; phase = active
s=¥ U phase= passive
| :
s=0;
out=s;

dext:

(s, transport) =t(N¢);s * 0;e=D(qx N x d); phase = active;

sts b (s=s U" il [Lm]al squeue,a.s=a.s-eU
s=s-¢g add(squeue, <s, d>) Uf =s)

(s, transport) =t(N¢); s* 0; e=D(g x N x d); phase = passive;

sls b (s=s U s=d U phase=active U

add(squeue, <s, d>) Uf=s)

(s, inertia) =t(N.); st 0; e=D(gx N xd); phase= passive

sts b (s=s U phase=active Us=d Uf=s)

(s, inertid) =t(N.); st 0; e=D(gx N xd); phase=active;

sts b s=g U@fts b squeue={A&} Us=d Uf=5s)

doon:

Nc; X, e=0 U e=D(qx N xd);

Nc = teon(X); s=0, XP=XP_{X/e=0};

In this case, tail/head/add represent the methods used to manage
the elements of a list. As it can be seen, the externa transition
function activates the local computation, whose result is delayed
using one of both kinds of constructions. The output function
executes prior to the internal transition function, transmitting the
present values to other models. The d,; function is in charge of
keeping the values for atransport delay.

The confluent transition function chooses members from the
bag, and updates the inputs for the cell, deleting the unnecessary
members in the bag. As s = 0, an interna transition function is
scheduled immediately. The modeler should define the behavior for
the t.,n function in each cell, thus alowing the definition for this
behavior under collisions. Each cell can use an inertial, transport or
combined delays, whose behavior will be exemplified following.

The behavior of transport delays alows reflecting the
straightforward propagation of signals over lines of infinite
bandwidth (anticipatory semantics). They alow the modeling of
variable commutation time for each cell with anticipatory semantics
(every scheduled event will be executed).

Let us consider a transport delay of 17 time units for a given
cell. The input trajectories depicted in the Figure 2 are used to show
the behavior for the transport delays, considering the formal
definition of the semantics. The cell's behavior for those input
trajectories sing the semantics defined in the previous section is
analyzed in Table 1. This table shows each transition, its activation
time and the cell's state values. The * sign identifies the execution of
internal transition functions, while the remaining lines represent the
execution of external transitions (the fields containing two values
separated by a slash represent the variable values before and after
execution).

t S s phase s e squeue

.| 0 0 | Passive

30(0/1] 1 | Active 17 0 (1,17)

401 1/0| 0 | Active 7 10 (1,7),(0,17)
*147( 0 | O | Active |0/10| 17/0 |(0,10)

55(0/1] 1 | Active 2 8 (0,2), (1,17)
*157] 1 1 | Active [0/15( 10/0 |(1,15)

60| 1/0| 1/0| Active 12 3 (1,12, (0,17)
*172] 0 | O | Active 0/5 15 (0,5)
*177] 0 | O | Passive ¥ 5

Table 1. Execution sequence of a transport delay cellular model.
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Figure 2. Input and output trajectorieswith transport delay.

The behavior for atomic cells with inertial delays can be studied
in the following example. The input and output trajectories for the
delay presented in Figure 3 have an inertial delay of 5 time units.

21 1
1
o L1 1] || :
5 1519 3539 45 t
¥1
|
: | || ;
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o
3 D (33 13
S ,
5 1519 24 39 45 30 t

Figure 3. Input and output trajectories with inertial delays.

It can be seen that the results are delayed for 17 time units,
and the cell remains active while there are values queued
waiting to be output.

Inertial delays use a preemptive semantics to represent
that to change a state some qantity of energy should be
provided to the system. Therefore, some scheduled events are
not executed due to a too small interval between two input
events. Thiskind of delay allows the analysis of the frequency
limit response of systems. The inertial delay construction is
useful to represent certain physical phenomena in which
certain components change their internal state depending on
the input tension values and their duration. Hence, a simulation
paradigm providing the ability to represent such kind of
behavior could help to specify such models easily.

Apart from the circuit modeling domain, the construction
can be useful to model other spatial physical models. Let us
consider a model to study fire in a wood. In this case, fire can
be represented as a \due for a cell. The value must be
transmitted to the neighboring cells, but it will influence them
only if the value is kept during the inertial delay. Instead, if it
does not sustain for a certain time, it should not expand
(alowing representing influences of the wind, rain, or
firefighters).

In the following table, the execution flow of the transition
functions can be easily analyzed. There, the representation is the
same that was previously used in Table 1. The lines marked with the
"I" signs (arrows in the figure) represent the behavior of the model
under preemption.

T S s Phase s e X f

0 0 Passive ¥

5101 1 Active 51 0 1 1
*110| 1 1 Passive 0¥| 5

15(20| O Active 51 010 0
1119 01 1 Active 1/5( 40 1 | 01
*1 24| 1 1 Passive 0/¥

39 (1/0| O Active 5 0| 0 | ¥/O
*1441 0 0 Passive 0¥

451 0 0 Active 5/ 0 1|01
*150| 1 1 Passive 0/¥

Table 2 - Execution sequence of Figure 3.

The definitions presented in the previous section allow the
inclusion of a combination between transport and inertial delays. The
behavior for each of them is the same that the defined originally. That
is, if atransport delay is activated, the value is output after the delay
(the squeue is used to keep the value). Instead, an inertia delay is
used to output the value if it is kept during the delay. If an inertial
delay is activated when several values are waiting for the transport
delay, they are preempted.

The following figure shows an example of execution for an
atomic cell with different delays. The local transition function uses




different delays depending the moment when the transition
function is executed. In this case, it will be supposed that the
result will be delayed using a transport delay of 17 time units.
Between the times 50 and 60, and from 90 to 100, an inertial
delay of 6 time unitswill be used. The values obtained from 60
to 70 will be delayed using an inertial delay of 9 time units.
Finally, under collisions, the identity function is executed and
after a transport delay of 25 time units is applied. In the
following figure it can be seen the behavior for the cell under
different inputs.

Xl 4
1 L[]
a
- 340 58 63 72077 82 192 97 t
1
: | |
47 3T 43 a7 t

Figure 4. Execution flow for the previous example.

The execution details are presented in the following Table
3. Each line shows the state for the cell (defining present and
future values in most cases). There, the lines marked with a“*”
symbol represent the execution of the internal transition
functions. The lines marked with a “!” symbol (arrows in the
figure) represent preemption.

T|s|s]|p]| s e | f [d squeue

.. |0 10 |P

30 [0L[1 [A |17 [0 [1 . [(L1Y)

40 100 [A]7 10 [0 [tr. [(1,7), (0,17)

*147 |0 [0 |A |0/10 [17/0|0 (0,10)

*I57 |11 |1 (P |O¢ 10/0 (0

58 |0/1]1 |A |6 0 [1 [in

1163 [1/0|0 |A |19 5 1/0 [in

*172 10 |10 (P |o/¥ |0 0

72 [01|1[A s [0 |1 . {(1,25)

77 (V0[O0 [A |20 5 |0 |tr. [(1,20), (0,25)

82 |0/1]|1 |A |15 5 |1 |tr. ((1,15),(0,20),
(1,25)

87 |1/0|0 |A |10 5 |0 |tr. |(1,10),(0,15),
(1,20),(0,25)

92 |0/1(1 [A |5/6 |[5/0 |1 [in.

1197 |1/0({0 |A [1/6 |4 |10 |[in.

*1103|0/0 (0 [P |¥ 7 10

Table 3. Execution sequence of a transport delay cellular

model.

The cell receives an externa transition in the instants 30
and 40, that are delayed for 17 time units. The values of
squeue are consumed, and the value is transmitted when the
transport delay has been consumed. In the instant 58, the output
is stopped during an inertial delay of 6 time units. Asthe value
is not kept during the delay, it is preempted. In addition, it can
be seen a collision in the instant 72. In this case, the confluent

transition function is executed, activating the local transition function
and establishing atransport delay of 25 time units.

Finaly, in the simulated time 92, the inertial delay is activated
prior the output of the previous transport delays. Therefore, the
squeue is emptied. Besides, as the value is not kept during 6 time
units, preemption occursin the instant 97.

CONCLUSION

This work was devoted to present an extension of the Cell-
DEVS paradigm, allowing the parallel execution of the models. To
do so, the behavior under collisions must be defined accurately. In
this case, the user will be in charge to define this behavior.

The formal specification of the delays for Cell-DEVS models
was presented, in such a way that the modeler could model complex
behavior using simple constructions. These constructions are useful
in different domains, including the digital circuit design, prediction of
the behavior in ecological systems, analysis of traffic in urban
paopulations, etc.

The formalism entitles the definition of complex cell-shaped
models using a high-level specification language. In this way, the
construction of the simulators is improved, enhancing their safety
and development costs. Besides, the paralel execution alows
performance improvements without adding extra costs in
development or maintenance.

The original definition for Cell-DEV S was extended to improve
the modeling. Parallel DEVS models were considered and combined
with the Cell-DEVS definition. Combined delay behavior was
allowed, depending on the rules executed by each cell.

The combination of both behaviors can improve the definition of
these complex models. The use of aformal specification based on the
DEVS formalism improves the validation of the specifications. An
accurate semantics was defined, allowing to ensure the validity of the
models.

At present, atool implementing non-parallel n-dimensional Cell-
DEVS models has been built (Rodriguez and Wainer 1999). In
addition, an environment for paralel asynchronous simulation has
been modified, including several synchronization techniques. In this
way, the simulation can obtain the maximum speed, according with
the model to execute. At present, a mapping between parallel Cell-
DEVS models and the parallel environment was defined, and is being
under implementation.

In this way, a complex tool to run ndimensional Cell-DEVS
models with timing delays will be available. This tool will reduce
development costs of the application (as was proven for the two-
dimensional binary case), and efficient execution will be achieved
through the use of parallelism.
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