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Discrete Event Dynamie Systems Modeling

ALEXANDRU CICORTAS

Abstract. Specific tools can model dynamical systems. The formalisms de-
veloped allow to model a wide area of systems. The discrete event systems
used frequently in modeling of manufacturing, communication networks, can
also be formalized. Is developed a particular formalism starting from general
dynamical systems, the Atomic Discrete EVent (ADEV), which is illustrated
with an example, the system assembly using Virtual Assembly Cell.

1. Review of General Dynamical Systems

Discrete event modeling can be used in representation of dynamical systems
which has piecewise constant input and output segments. This class is called by
Zeigler [13] as DEVS representable. In particular, Differential Equation Specified
Systems (DESS) are usually used to represent the system under control in hybrid
systems and are controlled by high-level, symbolic, event-driven control schemes.
Closure under coupling is a desirable property for subclasses of dynamical systems
since it guarantees that coupling of class instance results in a system in the same
class. The class of DEVS representable dynamical systems is closed under coupling.
This justifies hierarchical, modular construction of both DEVS models and the
(continuous or discrete) counterpart systems they represent. The combination of
DEV and DESS allow to model and simulate the discrete and continuous systems.
It provide a means of specifying systems with interacting continuous and discrete
trajectories. The formalism is fully expressive of hybrid systems in that it is shown
to be closed under coupling.

The followings are from [13]and [14].

Definition 1.1. A general dynamical system is
DS = (T, X,Y,2,Q,A,A).
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Where

e Tis the time base;

e X is the set of input values;

e Yis the set of output values;

e Qis the set of admissible input segme
and Q is closed under concatenation as we

e ()is the set of states; N .
e A:Q xQ—Q 1s the global state transition function;

e A:Q x X =Y is the output function.
The global state transition function of general dynamical system DS has the

following properties:

nts w :< t1,tz >— X over T and y
Il as under left segmentation;

e consistency: A(w,w<t>) =0;
e semigroup property: Vw :< ty,12 >— X €
A(A(q,wary 1> ), Wet 12> )5
e causality: Yw,@ € Q if Vt €< t1,t; > w(t) = @(t) then
A(q’w,tl,tz>) = A(Qaw<t1)t2 >)'

Based on the causality, the semigroup property and closure of admissible segments
under left segmentation the state trajectory resulting from every initial state ¢ € ¢
and input segment w :< t1,t3 >€ X € Q can be defined as follows:

STRAJg. :< ti,t2 >EQ

where Vt €< t1,t2 > STRAJqu(t) = A(g,w<t,,t>)- The output. trajectory
QTRAJq,w < t1,t2 >—= Y is defined as follows. For every initial state ¢ € Q.
input segment w :< t;1,t2 > X € Qand t €< ¥1,t >

OTRAJgu(t) = A(STRAJ . (t), w(t)).
The input/output behavior Rps of the dynamical system is given by
Rps ={(w,0TRAJ,.) 1w €N, g€ Q}.

Q,te< ty,t2 >: A(Q)w<t1,t2> =

2. Discrete Event Systems

Atonlln ;he]?llo“;;m%if proposed a particular formalism developed from [14]. An
of a Disc . . ‘
Ao rete EVent (ADEV) system can be specified with following formal-
Definition 2.1,
ADEV = (X,,Ys, Sa, 64, Aq).

Where

e X, is the set of Inputs;
Y, is the set of outputs;

Sa 15 the set of states:
b0 84— S ’

a 18 the state tr: e .
rans )
24 1tion, which refers only to internal states;
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e X, : Sa — Y, s the output function.

The whole system is composed from atomic ADEVs that co-operale one another
in order to improve the real system behavior and specified time evolution given in
the &, by some algorithm and the event timestamp is the instant when an event,
appears or state timestamp is the instant when the system enters in a specified
state. A set of ADEV specifies a Dynamical System DS in the following way:

e the time base T is the set of real numbers R;

X =UX, U {0}, i.c., the input set of the dynamical system is the union of
the input sets of the ADEVSs together with the §) specifying the non-event;
Y = UY,U {0}, the output set of the dynamical system is the union of the
output sets of the ADEVs together with the 0;

Q = {(s,ts(s)) : s € S, ts(s) — timestamp of s} the set of states of dynami-
cal system consists of the states of the ADEVs paired with the timestamp
of the state ts,, which is a real number and it can be assimilated with the
ta(s);

the admissible input segments is the set of all ADEV-segments over X and
T that are characterized by the fact that for any w :< t1,t2 >—= X € Q
there is only a finite number of event times {71, -, ™}, €< t1,t2 >,
with 7, # 0;

e for any ADEV input segment w :< t1,t; >— X €  and state ¢ = (s,ts(s))
at time ¢; the global state transition function A(q,wcty,t2 >) can be
defined but this definition is not given now, .

e The output function A of the dynamical system 1s given by A(s,ts(s),z) =
A(s).

For the input segment w must define its position over time related to the events
that appear before it, into it and after it.

The property of piecewise constant of trajectories can be transformed igto
ADEV-segments. If we have a dynamical system whose all input trajectories
w € O and associated output trajectories OTRAJ ., are pie.cewis.e constant, such
system can be represented in the ADEV formalism. We give without proof the
following theorem [14].

Theorem 2.2. The ADEV constructed for a dynamical system whose all.trajec-
tories are piecewise constant and the dynamical system are bei_zamorally equivalent,
i.c., they have the same input/outpul behavior when started in the same state.
.€.,

The models constructed from components (and especially similar components,
[4]), can be formalized in the modified ADEV formalism as follows.

CM =< X,Y,M,EIC, EOC,IC,SEL >
where '

e X :input events set;
e X :input events set;
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: EV component set; ' _ e
. l]}/{(“ /éDCM OUT x M.IN: external input coupling relation;

EOC ¢ M.OUT x CM.IN: external olutput <:qllpling relation;

e IC C M.IN x M.OUT: internal coupling relation:

e SEL :2M — 1 — M: tie-breaking sclector.
The CM.IN, CM.OUT, M.IN and M.OUT refer to the input queues arvld ‘Ol'ltput
queues of the new model constructed and of the component models respectively.
The EIC,EQOC and IC specify the connection between 'the set of models M apd
input queues and output queues X,Y. The SEL function acts a5 a txe-breakmg
selector. The closure under coupling of ADEV-representable systems can be stated

as:

Theorem 2.3. A modular coupled system whose components are ADEV-representq
and which does not contains loops in the graph sense, is an ADEV-representable
dynamacal system.

This theorem was given and its proof was done by Praehofer and Ziegler,

for DEVS-representable dynamical systems in which differ the definitions of EIC,
EOC and ID from the above definitions.

3. Example

. Let a system, which is composed from, cells that assembles the products and
their compound parts from component parts. Such cell can be defined as an ADEV
and the system as previous CM. In [1] and [2] the cell was defined in a model for

a distributed computer architecture and was named Virtual A
\ . . ssembl M.
The ADEV can be stated for the current VAC VAC.,, as follows y Cell (VAQ)

L4 Xcrt = {7‘6,',.2. € {il,' t ,in},aCj,j € {jl, vt ,]m}} iS the set Of all
© T'¢i requirements made by other VACs to the VAC,,; and |
— ac; achievements from other VACs to the VAC -
. pewor; . y ¢ Y * . crt s
L4 c:t d{nd_];] € {.71; e ,]m},aSi,'l € {'ll, v )in}} 1S the set of all
;ze :ltr;it;re?}ler;ts made for the VAC,,, to other VACs for the .compO-
S that are necegg ing i
(35 newds) ary for assembling its own compound part

~ as; achievementg made
requirements made by t
Dcre 18 the set of states for ¢
~ Sin initia) state;
— Sw Walts for yehiove
rocuiremeny hievements of component parts that are neceSsa(ry for a
~ Sa assembleg jy

}by the VAC,,, to other VACs as response to
tese VACs (as assembly result);

A ]
crt; Where the stateg are:

y erval will Increase
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sy final state, when all require
o deri(reg,acy ts; tas,, v) 1s the state transition which applies to all events
that appear, whose details will be done in Lhe following;
e Aori(rei,tsy ndy) is the output function.

ments were assembled;

The state transition (5(-,,~¢(1'(’.~,a.c_,-,ts.,-, tas;,v) has the following arguments:

o rei i € {iy,--- 4y} is a requirement for its own compound part of the
VACer: made by some VAC; all requirements are indexed by the order of
its arrival to the V AC

® ac;,j € {j1,- -, jm} is an achievement of a nceded component part sent
by the appropriate VAC;

 t5;,7 € {J1,- -, jm} is the timestamp of the achievement ac;;

e tasi,i € {i1, - ,1,} is the timestamp of finishing the assembly process for
the re;;

e v 1s zero while Vi the re; has not received yet all the needed component

parts and is one while 3i such as for the re; were received all the achieve-
ments.

crt)

Denote that the re;,ndy,ac; contains a list of needed attributes that are not
detailed here. The state transition acts as follows:

. Sin — Sy OT
Oert (7‘61', 11 0) .
Sw — Syw

a requirement re; arrived from a VAC, then the appropriate list is updated
with it and is estimated the necessary amount for every component part:
— updates the appropriate list of requirements with the requirement re;
in the VAC.,: appropriate list; “
- computes the amount for every component part ndg, € {j1, -, jm}
— updates the appropriate list with these needs;
— pass in the state sy ;

Sw —* Sw Or
Sw —* Sa

Jcrt (7‘6,‘, acj, tsj) ) 0) : {

an achievement is just arrived and is updated the appropriate list:

— an achievement arrived and updates the appropriate list. with it;
~ if3j,€ {41, , jm} for the requirement re; such as for it was not re-

ceived the achievement, then remains in the same state s,,, else passes
to the state s, for the requirement ré;;

Sa — Sw or

(sc,-t(reiyy))l) . { Sa — Sf
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3(reiy,,,,0) d(res,,,, tas;,0) d(rei,,,,tas;,0)

[—%——F- “'\ //——_\ / W"’—j\

| " ")
K' ;’// ] \ J

J(?‘fﬁ,‘, acy, tSj, ,0) (5(7'(/’{, acj, tij ) l)

FIGURE 1. Th'e state transition function

for the requirement re; all the achievements arrived and the V AC.,, is in
the state s4, then:

— 1s computed tas; = LVT = max;(js;, LVT) + ass(re;) where LVT
1s the Local Virtual Time, ass(re;) is the time interval necessary to
assemble the compound for the requirement re;:

— 1s updated the appropriate list with the assembly result for the re;:

— pass in the state s, or in the state sy 1if there all requirements were
assembled;

In the Figure 1 is illustrated the state transition function for the proposed model.

Remark 3.1. The time evolution in the proposed model is supplied by & function.
At simulation beginning, the LVT = 0 for all VACs. The time tn a VAC 1s the
LVT, which is computed with the formula

tas; = LVT = maz; (555, LVT) + ass(re;).

~The output function A(re;,tas;, ndy) has the following attributes that are
positional. Some of them can be omitted.

. re.--is the achievement of the VAC.,: and has like destination the VAC
which made the requirement;

e tas; 1s the timestamp of the end of achievement for

do i _ the re; requirement;
® ndy is the requirement of the VAC,,, made for the component part k& which
has like destination the VAC that

N ' assembled the required part.
Ihe X function actsg as follows.

o A(re;, tas;, ) sends the ac

hievement of the requi
: » > uirement re;
ate VAC that made the ! L

to the appropri-
request;
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e \(,,ndx) sends the requirement made by the VAC,,, to the appropriate
VAC. i B

The coupling i§ a.lleth(El‘ main feature of model. Strictly looking, the coupling
between the VACUs 1s given by the structure of products and compound parts. This
coupling not allow the circuits in the graph sense.

4. Conclusions

The ADEV formalism is a powerful tool in modeling of systems that have
component parts, which have a similar behavior [4].

In such formalism the time advancé function is supplied by the transition
state function due to system particularity. The coupling is a main feature of the
system which can be exploited. The VAC model is very useful in manufacturing
modeling, taking into account the degradable VACs [3], it is a very powerful tool.
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