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ABSTRACT where
Xis the set of input values
We present the DSDE formalism, a methodology for Sis the set of partial states
representing discrete event systems that change structure & is the initial partial state
dynamically. We prove that the DSDE formalism is closed Y is the set of output values
under coupling and that it can be used to construct 0: Q x X* - Sis the transition function, where
hierarchical and modular models. The abstract simulators X=X 0O{}
necessary to execute dynamic structure models are also Q={(se)|s0S 0<es< 1(9)} is the state set
presented. Simulators allow a description of models eis the time elapsed since last transition

independently of the actual simulation procedure, and thus

Oo = (S,,0) is the initial state
encourages model reuse.

@is the absence of value
A: S - Yis the partial output function
T: S = Ry is the time advance function

Many real systems have the capability to change their The output function)\: Q — Y? is defined by
structure. A growing field of research has been developing .
the foundations of a modeling theory of adaptable systems. A(9)if e=1(s)

1 INTRODUCTION

A comparison of formalisms and simulation environments /\(3?) =
that support dynamic structures can be found in Barros @ ife<1(s)
(1997a).

An extension of Genera' Systems Theory to inc|ude If no event arriVeS to the SyStem |t W|” Stay in partia| sgate
dynamic structure systems is described by Barros (1997c), for time 7(s). Whene = 1(s) the system changes to the state
where the concept of Dynamic Structure System Network (Xs,7(s).¢).0). If an external evenk, I X, arrives when the
is applied to a variety of systems families, including System is in the state,§) the system changes to the state
differential equations (DSDQ), discrete time (DSDT), and (&s,eX),0). If an external eveng O X, arrives where =
discrete event systems (DSDE). 7(s), the system changes to the sta@g,{(s),x),0). A more

We describe the DSDE formalism, and its structured detailed description can be found in Zeigler (1976), Zeigler
version. We present also the abstract simulators necessary{1984), Zeigler (1990), Chow (1994) and Barros (1998).
to simulate DSDE models. The separation of models from
simulators were introduced by Zeigler(1984), and allow a 3 STRUCTURED DISCRETE EVENT SYSTEM
description of models independently of the actual SPECIFICATION (SDE)
simulation procedure, improving model reuse.

The StructuredDiscrete Event System Specificat(@DE)

2 DISCRETE EVENT SYSTEM SPECIFICATION provides a formalism for obtaining a fine-grained control
over model components. The transition function, for
The Discrete Event System SpecificatigpEVS) is a example, is decomposed into a set of transitions, where

formalism introduced by Zeigler (1976) to describe each one is used in certain conditions. The same applies to
discrete event systems. In the DEVS formalism a basic the other functions. In the SDE formalism a model is
model is described by described by

M = (X,%,SY,5),1) 5= (XSSY.kI{6 [ DA i O {z i O
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where foralli 0D, O {X,N}

k.S - |, is the index function .o is set of components influencersi of
EQUIVALENCE 1. A SDE models = (X,5,SY,k,l,{d}, for alli 01D, 01 {X}
a

{A}{ 1}), is equivalent to the DEVS modd&l = (X,%,S,

Y,5A,1), whered(s) = (), A(S) = Aqe(9), and 1(s) = Ziia is the input function of cqmponent
Tyo(9), for allsOS Zy,« 1S the network output function

These variables are subject to the following constraints: for

A structured model can be used in some situations where everysqy 0S¢

dynamic structures used to be helpful. Replace models or

change model functions can, in many situations, be XU Dq
achieved by structured models. NUlIna
foralli 0D,
4 PARALLEL DYNAMIC STRUCTURE Mia = (X0%0iS,Yi.ar0,aTiAi )
DISCRETE EVENT SYSTEM SPECIFICATION is a basic model, with ,: Qi x X’; - §

for alli 0D, O {X,N}
The problem of representing discrete event systems that X
undergo structural changes has been subject of research (Zeigler L J-D,_WVJ'J’ - Xia
and Praehofer 1989), (Barros (1997a). Some applications of  \yhere
dynamic structure models can be found in (Zeigler 1991), -
(Barros 1996; Barros 1997b). A rigorous approach was Yia if]#N
accomplished by the DSDEVS formalism (Barros 1995; Barros Vja=

1996a). This formalism was implemented in th&Ll Xy ifj=N
simulation environment (Barros 1997).

The Parallel Dynamic Structure Discrete Event Z X @ =, foralli 0D, O {X,N}
System SpecificatiofDSDE) is a generalization of the Miat

DSDEVS formalism, and allows the specification of basic For construct models in a hierarchical and modular form
or dynamic structure networks of discrete event systems. A\ye need to prove the DSDE formalism is closed under

Parallel Dynamic Structure Discrete Event System oy pjing, that is a DSDE network model is equivalent to a
Network is a 4-tuple basic model.

DSDEN, = (Xn, Yn.X,My)
where EQUIVALENCE 2. The DSDE network DSDEN, =
(Xn YnX;My) is equivalent to the structured model=
X,2,SY,k,1,{3},{ A}.{ ©}). The equivalence between the
structured model 5 and the basic modelM =

N is the network name
Xy is the network input values set

Yy is the network output values set (X,%,SY,0,A,1) is guaranteed by Equivalence 1.

X is the name of the dynamic network executive We show how to construct a structured model from the

My is the model of the executive networkDSDEN, = (X, YnX,My). The input set is given by
X= XN

The model of the executive, is a modified basic model and We defineC

; ) o the set of all the components, including the
is defined by the 9-tuple

X executive, associated with a statg [ S, by
My = XxSo0S6 Yo ¥ 100 Tx) C,=D,0{X}
where The initial partial state, is given by
y. Sy — ="is the structure function %= X 0oy
¥ is the set of network structures i0c ™
A structureX, 0 %" associated with the executive partial 1N€ partial stat&is given by
states, x 0 Sy, is given by s=[] (X Q)

Sy i0Cq
%o = Y(Sax) = P Mioh{ li b { Zio}) e .
Let the state of the executive be given®y= {Sox, Si.x

where : et
D, is the set of component names associated with the 2 -+ S} then the set of indexasis given by
executive partial statg, y 1={0,1,2,....],...}
foralli OD,

M o is the model of componeit
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The index functionk: S - 1, is defined by
K(S) = K((Sax.€x), --.)=0a
The output set is given by
Y= YN

We definer; the time componentmust still remain in the
current partial state, by

r=r(s)-e
The time advance function at every indeis given by
TS - RS
and is defined by
T4(S) = min{r; [i O Cy}
The partial output function at indexis defined by

Aal®) = Znal X Nialsi& + To(9))
The output function at index is defined by
/\g(S,E) = ZN,u(_ X /\i,u(&a + e))
i0ON,a
The set of state® is given by
Q={(s€) |s0S 0<e<1(s)}

The transition function at index, J,: Q x X? - S, is given
by

(X g,ex)= X g

a(iD Caql ) iy ¢
To define the transitiod, we will now show how to obtain
the new partial executive stadgy from the previous state

Sax- The next executive statgy is given by
(Sox.&+€ ifx,=¢ Or,>e (1)

Opx =
(Ox(Sax.& +€X),0) ifx, Z@Ur,=e (2)
where
= X v
XX ZGYX(iDX,aVI)
with
Nx(s.e+e) ifizN
Vi =
X ifi=N

The new structure associated with the partial siateis
given by

5= Usgx) = Op{Migh{ ligh{ Z g}

To finish the definition of the transition function we need
to show how the remaining components are changed. The
set of new components is given Ay Cs — C,, and the set
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of kept components is given Y= C, n Cg The statey,
0 Q of each componemt] Cg is given by

(s,e+€ fidKOMX=0 Or,>¢e) (1)
G=(dds.e+ex)0) ifFiDKOXzeUr=¢€) (2)
Qo; IFiOA 3)
where
X Z"“(iui,av')
with
Nigse+eifizN
Vi =
X ifi=N

Line 1 of the definition computes the next state of the
unchanged components. These models only update their
elapsed time. Line 2 computes the next state of the models
that either receive an external input or are scheduled to
change.

All the outputs are taken simultaneously and the
current network structure D¢, {M; o},{ li o}.{ Z o}), is used
with these values. The new structureDg(M; g},
{ligh{ Z g), will only be used at the next transition (Barros
1998). Line 3 of the definition defines the state of the
added components.

ExamPLE. Consider the network of Figure 1. This model
represents a buffered server, in its initial structure, when its
composed of the buffe® and the single serveX. When

the number of clients in the queue is very high the
executive receives an order to hire a new server. This
server can be fired when clients decrease below a certain

limit. The buffered serve$ is defined by
s = (x51Y51X1MX)
where
Y, =J
J={coC1,....G,...} is a set of clients
J' is a sequence of jobs
X, =J X {changenull} - {(< >,null)}

MX = (XXY%XIS(Y é{l TX)
with

Xy = {changg

S = { oSt

Tx(Sox) = Tx(S1x) =
Ox(sox.echangg = s, x
O(s1x.echangg = sox

Y(Sox) = (Do {Mio}{ lioh{ Zio})
Y(s1x) = (Do{Mib{ liah{ Zi 1))
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where
Do ={QA}
D:={QAB}
Mg =Mq1 = (Xo:%.0:50: Yo 90.A0: o)
Mao=Ma1= (XaSoaSa Ya0nAaTa)
Mg1 = (Xa,%08: S8, Y8,98,48, T8)
lao=la1=1a={Q}
Ixo=1Ix1=1x={S}
loo={S.A} ls0={A}
Zgo Xo X Xa - Xg
Zpo=2Zp1=Zp, aNAZp Xg —» Xa
Zyo=2Zy1=Zy, andZ: X, - Xy
Zso: Ya - Yg
ls1={Q} ls1={AB}
lo1={S.AB}
Zoa: Xs X Xa X Xg - Xg
Zg: Xq - Xg
Zs1:Ya XY - Y,

The network initial structure is associated with partial state
Sx, and is represented in Figure 1.
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i

Figure 1: One Server Network

5 THE ABSTRACT SIMULATORS

In this section, we describe the abstract simulators
necessary to perform the operations implicit in the DSDE
models. These simulators allow a description of models
independently of the actual simulation procedure, and thus
encourages model reuse. TBnulatoris able to perform
simulations using the implicit behavior contained in basic
models, and thé&etworkSimulatorcan simulate dynamic
structure network models. THgynchronizermanages the
simulation time. Separation between models and the
simulation procedure was introduced by Zeigler (1984).

5.1 The Synchronizer

The Synchronizercoordinates the overall simulation.
Its child is the topmost NetworkSimulator (or a Simulator
if there is only an atomic model). The simulation starts
when the Synchronizer receives the (STAiRTmessage
represented in Figure 3, and stops wheghikl is passive

(tn,chila = ©0).

When receive (START),
send (START,0) tehild
while (tN,Child * 00) do
"Computes the output of all the models™
send (OUTPU-HNYch"d) to child
"Makes the transition"
send (TRANSITION chilg,®) to child
endWhile
end

Figure 3: Synchronizer Start Message

The message (OUTPUJchig) ensures that every model
keeps a copy of its output just before it changes state. Thus,

When the executive receives an order to hire a new Serveryansitions can be executed in any order. The message

it changes to stats, x, where the associated structure is

(TRANSITION, tn chilg,®) is sent to the child and changes its

represented in Figure 2. The network can return to its giate.

initial structure after firing serves.

A
\ ]

<
(o) &)

Figure 2: Two Server Network

410

5.2 The NetworkSimulator

NetworkSimulatorsare attached to network models. The
start message, described in Figure 4, is sent to every child,
ty (time of next event) is set to the minimum tQf of
children, and, (time of last event) is set to the current time

t. This message is sent just before the simulation begins
and sets the component in its initial state.
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When receive (START), formalism interpretation, ensuring that the output of a
send (START) to {I |1 O C} component does not depend on the transition order.
t <t
ty « min{ty, |1 O C} When receive (OUTPUT),

end if t=tythen

send (OUTPUT) to {I || O C}

Figure 4: Network Simulator Start Message
g g y < ZN(I>D<IN Vi)

We definev, as the value received from componenthis

value can be the component output, if the component is not else
the networkN, or is the network input otherwise. @
. endIf
Y,if 1 2N
end
v =
xifI=N Figure 6: NetworkSimulator Output Function

The simulator transition is handled by the The output of a componehtan be accessed by variajle
(TRANSITIONt,X) method shown in Figure 5, wheke

represents the current set of network componentsCand 5.3 The Simulator

represents the s& plus the executive. If this message is

sent to the executive, the structure of the network can The Simulatoris attached to basic models. The message
change. To guarantee a correct initialization of the added (START}), represented in Figure 7, is called when a new
components, the (STARf),message is sent to the new model is placed in simulation at tintelt guarantees the

components after the executive transition. updating of the equivalent total set when models are added,
by the initialization oft, and ty variables. The start
When receive (TRANSITION,X) message is also executed when the simulation starts and
1: ift 0 [t,ty] then ERROR endlf initializes all the models.
2: ift<tyandx=¢@then RETURN endIf .
3 D' <D when receive (START),
4: send (TRANSITION,Z(X v))) to {I |1 0 D} Lt
18] S « %
5. send (TRANSITION,ZX(%(I v))) to X tn « t+7(9)
=X end
6: send (START)to{l|IOD-D}
7ot <t Figure 7: Simulator Start Message
8. ty — min{ty, |1 0C} When the simulator receives the (TRANSITIQN,
end message it performs the model transition. Null values sent

to a simulator are ignored. Simulator external transition is
described in Figure 8. The time elapsed since the last
Line 1 checks for state validity. In the definition of the transition of elemeritat timet is computed bg=t - t,.

total state se, the elapsed timeis constrained to 8 e <

1(s). Applying the equalitye =t - t,, this constraint can be  when receive (TRANSITIONX)

Figure 5: Network Simulator Transition

written ast, <t < ty, that is used to identify errors. Line 2 if t O [t.tx] ERROR end

ignores the transition message if the input is null and if t < ty andx = @ then RETURN endIf
component is not schedule to change. Line 3 stores the ¢ _ 3(st - t.X)

current set of components on variable Line 4 computes t, <t

the transition in all the components excluding the ty < t+1(9)

executive. Thus changes in structure will only affect the 4

next transition as required by the formalism. Line 5

computes the executive transition and the new network Figure 8: Simulator Transition

structure. Line 6 sends the START message to the new . . .

components. Lines 7 and 8 set the time of the last event.The. output fun_ctlon of an atomic component is represented

and the time of the next event. in Figure 9. This value must be sto_red before the change of
The network output function is defined in Figure 6. state caused by the transition function.

This function is called before each transition for correct
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when receive (OUTPUT), Barros, F. J. 1998. Handling Simultaneous Events in
if t=tythen Dynamic Structure Model$roceedings of SPIE 12
y < A9 Annual International Symposium on Aerospace/
else Defense Sensing, Simulation and Controls: Enabling
Yoo Technology for Simulation Scienc&083. To be
endif published.
end Chow, A. C. 1994. Parallel DEVS: A Parallel,
Hierarchical, Modular Modeling Formalism and its
Figure 9: Simulator Output Function Distributed SimulatorSCS Transactions3(2): 55-67.
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Because the (OUTPUT,t) message implements model
output function, its value is null if time# ty.

6 CONCLUSIONS

We have presented the DSDE formalism and we have
show that the DSDE formalism is closed under coupling,
what permits to build models is a hierarchical and modular AUTHOR BIOGRAPHY
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