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Chapter 1

Introduction To DEVS Modeling &
Simulation Methodology

Framework for Modeling and Simulation

The Discrete Event System Specification (DEVS) formalism provides a means
of specifying a mathematical object called a system. Basically, a system has a
time base, inputs, states, and outputs, and functions for determining next
states and outputs given current states and inputs. Discrete event systems
represent certain constellations of such parameters just as continuous
systems do. For example, the inputs in discrete event systems occur at
arbitrarily spaced moments, while those in continuous systems are piecewise
continuous functions of time. The insight provided by the DEVS formalism is
in the simple way that it characterizes how discrete event simulation
languages specify discrete event system parameters. Having this abstraction,
it is possible to design new simulation languages with sound semantics that
easier to understand. Indeed, the DEVJAVA environment to be described later
is an implementation of the DEVS formalism in Java, which enables the
modeler to specify models directly in its terms.

Brief Review of the DEVS Concepts

The conceptual framework underlying the DEVS formalism is shown in Figure
1. The modeling and simulation enterprise concerns three basic objects:

the Real system, in existence or proposed, which is regarded as
fundamentally a source of data

Q Model, which is a set of instructions for generating data comparable to
that observable in the real system. The structure of the model is its
set of instructions. The behavior of the model is the set of all possible
data that can be generated by faithfully executing the model
instructions.

Q Simulator, which exercises the model's instructions to actually
generate its behavior.
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Q Experimental frame, which captures how the modeler’s objectives

impact on model construction, experimentation and validation. As we
shall see later, in DEVJAVA experimental frames are formulated as
model objects in the same manner as the models of primary interest.
In this way, model/experimental frame pairs form coupled model
objects with the same properties as other objects of this kind. It will
become evident later, that this uniform treatment yields key benefits
in terms of modularity and system entity structure representation.

Figure 1 Basic Entities and Relations

The basic objects are related by two relations:

Qa

a

Modeling relation linking real system and model, defines how well
the model represents the system or entity being modeled. In general
terms a model can be considered valid if the data generated by the
model agrees with the data produced by the real system in an
experimental frame of interest.

Simulation relation, linking model and simulator, represents how
faithfully the simulator is able to carry out the instructions of the
model.

The basic items of data produced by a system or model are time
segments. These time segments are mappings from intervals defined over a
specified time base to values in the ranges of one or more variables. The
variables can either be observed or measured. An example of a data segment
is shown in Figure 2.
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Figure 2 Discrete event time segments

The structure of a model may be expressed in a mathematical language
called formalism. The discrete event formalism focuses on the changes of
variable values and generates time segments that are piecewise constant.
Thus an event is a change in a variable value, which occurs instantaneously.

In essence the formalism defines how to generate new values for
variables and the times the new values should be take effect. An important
aspect of the formalism is that the time intervals between event occurrences
are variable (in contrast to discrete time where the time step is a fixed
number).

Basic Models

In the DEVS formalism, one must specify 1) basic models from which
larger ones are built, and 2) how these models are connected together in
hierarchical fashion.

To specify modular discrete event models requires that we adopt a
different view than that fostered by traditional simulation languages. As with
modular specification in general, we must view a model as possessing input
and output ports through which all interaction with the environment is
mediated. In the discrete event case, events determine values appearing on
such ports. More specifically, when external events, arising outside the model,
are received on its input ports, the model description must determine how it
responds to them. Also, internal events arising within the model change its
state, as well as manifesting themselves as events on the output ports to be
transmitted to other model components.
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A basic model contains the following information:

a
a
a

the set of input ports through which external events are received
the set of output ports through which external events are sent

the set of state variables and parameters: two state variables are
usually present, “phase” and “sigma” (in the absence of external
events the system stays in the current “phase” for the time given
by “sigma”)

the time advance function which controls the timing of internal
transitions - when the “sigma” state variable is present, this
function just returns the value of “sigma”.

the internal transition function which specifies to which next state
the system will transit after the time given by the time advance
function has elapsed

the external transition function which specifies how the system
changes state when an input is received - the effect is to place the
system in a new “phase” and “sigma” thus scheduling it for a next
internal transition; the next state is computed on the basis of the
present state, the input port and value of the external event, and
the time that has elapsed in the current state.

the confluent transition function which is applied when an input is
received at the same time that an internal transition is to occur -
the default definition simply applies the internal transition function
before applying the external transition function to the resulting
sate.

the output function which generates an external output just before
an internal transition takes place.

Coupled Models

Basic models may be coupled in the DEVS formalism to form a coupled
model. A coupled model tells how to couple (connect) several component
models together to form a new model. This latter model can itself be
employed as a component in a larger coupled model, thus giving rise to
hierarchical construction.

A coupled model contains the following information:

O the set of components

O the set of input ports through which external events are received

O the set of output ports through which external events are sent

These components can be synthesized together to create hierarchical models
having external input and output ports.

The coupling specification consisting of:

a

the external input coupling which connects the input ports of the
coupled to model to one or more of the input ports of the
components — this directs inputs received by the coupled model to
designated component models

10
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QO the external output coupling which connects output ports of
components to output ports of the coupled model- thus when an
output is generated by a component it may be sent to a designated
output port of the coupled model and thus be transmitted
externally

Q the internal coupling which connects output ports of components to
input ports of other components- when an input is generated by a
component it may be sent to the input ports of designated
components (in addition to being sent to an output port of the
coupled model)

Hierarchical Model Construction

A coupled model can be expressed as an equivalent basic model in the DEVS
formalism. Such a basic model can itself be employed in a larger coupled
model. This shows that the formalism is closed under coupling as required for
hierarchical model construction. Expressing a coupled model as an equivalent
basic model captures the means by which the components interact to yield
the overall behavior.

The DEVS Formalism

In this section we start with the basic DEVS formalism and discuss a number
of examples using it. We then discuss the DEVS formalism for coupled models
also giving some examples. The DEVS formalism that we start with so called
Classic DEVS because it was the first version to be developed and after some
fifteen years, it successor was introduced as Parallel DEVS. As we will explain
later, Parallel DEVS removes constraints that originated with the sequential
operation of early computers and hindered the exploitation of parallelism, a
critical element in more modern computing.

Classic DEVS System Specification

A Discrete Event System Specification is a structure
M=(X,S8,Y,5,,,0,,, A ta)

Where

X is the set of inputs

S is a set of states
Y is the set of outputs

o. 8§ > Sis the internal transition function

int

0,,:0x X — Sis the external transition function, where

O={(s,e)|se S,0<e<ta(s)}is the total state set

e is the time elapsed since last transition

A:8 — Y is the output function

11



Chapter 1

ta:S — R, is the time advance function

The interpretation of these elements is illustrated in Figure 3. At any time
the system is in some state, S . If no external event occurs the system will
stay in state S for time fa(s). Notice that ta(s) could be a real number as
one would expect. But it can also take on the values 0 and oo. In the first
case, the stay in state S is so short that no external events can intervene -
we say that S is a transitory state. In the second case, the system will stay
in S forever unless an external event interrupts its slumber. We say that S is
a passive state in this case. When the resting time expires, i.e., when the
elapsed time, e=1a(s), the system outputs the value, A(s), and changes to

state 0, (s) Note output is only possible just before internal transitions.

int

If an external event x € X occurs before this expiration time, i.e., when
the system is in total state (s,e) with e<ta(s), the system changes to state

o

ext
state when no events have occurred since the last transition. While the
external transition function dictates the system’s new state when an external
event occurs - this state is determined by the input, x, the current state, §,
and how long the system has been in this state, e, when the external event

occurred. In both cases, the system is then is some new state S with some
new resting time, ta(s’)and the same story continues.

(s,e,x). Thus the internal transition function dictates the system’s new

Figure 3 DEVS in action

Warning: There is no way to generate an output directly from an external
input event. An output can only occur just before an internal transition. To

12
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have an external event cause an output without delay, we have it “schedule”
an internal state with a hold time of zero. The relationship between external
transitions, internal transitions, and outputs are as shown in Figure 3.

The above explanation of the semantics (or meaning) of a DEVS model
suggests, but does not fully describe, the operation of a simulator that would
execute such models to generate their behavior. We will delay discussion of
such simulators to later chapters. However, the behavior of a DEVS is well
defined and can be depicted as we mentioned earlier in Figure 2. In that
figure, the input trajectory is a series of events occurring at times such as ¢,
and t,. In between, such event times may be those such as t;, which are
times of internal events. The latter are noticeable on the state trajectory,
which is a step-like series of states, which change at external and internal
events (second from top). The elapsed time trajectory is a saw-tooth pattern
depicting the flow of time in an elapsed time clock, which gets reset to 0 at
every event. Finally, at the bottom, the output trajectory depicts the output
events that are produced by the output function just before applying the
internal transition function at internal events. Such behaviors will be
illustrated in the next chapter.

Summary

The form of DEVS (discrete event system specification) discussed in this
chapter provides a hierarchical, modular approach to constructing discrete
event simulation models. In doing so, the DEVS formalism embodies the
concepts of systems theory and modeling. We will see later, that DEVS is
important not only for discrete event models, but also because it affords a
computational basis for implementing behaviors that are expressed in DESS
and DTSS, the other basic systems formalisms.

13
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WORKING WITH SIMPLE DEVS
MODELS

Unlike many commercial packages, DEVS does not cater to a specific
application domain, but is instead capable of expressing the full range of
discrete event models. The downside of this capability is that the learning
curve toward full DEVS modeling and simulation competence is steep. As a
consequence, we'll break up the presentation into several easier-to-bite
pieces. First, we’ll discuss an artificially restricted class called siso (single
input/single output) which deals only with single real values as input and
output and does not allow juggling the values on multiple input and output
ports. Subsequently, we'll add the capability to work with Classic DEVS
(multiple input and output ports, but only one input port event at a time).
Finally, we’ll graduate to the full capability of Parallel DEVS. Think of this as
learning to crawl in order to learn walk - after haven taken your first walk,
you'll be reluctant to return to crawling, but the latter serves as a necessary
scaffold to get to the walking stage.

DEVS SISO Models

This chapter deals only with models that have only a single input and a single
output, both expressed as real numbers. These models are implemented
using the class siso as mentioned before. The table lists the models to be
discussed in this chapter.

Models I/O Behavior Description

passive never generates output

storage stores the input and responds with it when queried
generator outputs a 1 in a periodic fashion

binaryCounter | outputs a 1 only when it has received an even
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number of 1's

ramp output acts like the position of a billiard ball that has
been hit by the input

Table 1 Examples of DEVS SISO models

Passive

The simplest DEVS to start with is one that literally does nothing. Illustrated
in Figure 4, it is a appropriately called passive, since it does not respond with
outputs no matter what the input trajectory happens to be.

n out

Y

passive

Y

\/

\/

Y

Figure 4 Passive DEVS

A simple implementation of this behavior is shown in the following DEVSJAVA
code fragment:

public class passive extends siso{1l

public passive (String name) {
super (name) ;

1 Code presented in the text is often simplified for presentation;
see the corresponding class files in the SimpArc project for
complete versions of the class definitions.

15
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}

public void initialize () {
phase = "passive";
sigma = INFINITY;
super.initialize();

public void Deltext (double e,double input) {
passivate();

}

public void deltint( ) {
passivate () ;

}

public double Out( ) {
return O;

}

}

The input and output sets are numerical. There is only one state “passive”. In
this state, the time advance given by ta is infinite. As already indicated, this
means the system will stay in passive forever unless interrupted by an input.
However, in this model, even such an interruption will not awaken it, since
the external transition function does disturb the state. The specifications of
the internal transition and output functions are redundant here since they will
never get a chance to be applied.

‘ X, 0 0 ‘ X, 0 X,
respond respond respond
X, 1 X N 1
[ i L |
[ N [
~ %Afsgnw !
response_tigle Lo ,
1 1
Y B

X X, X

Figure 5 Trajectories for Storage

16
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Storage

In contrast to the Passive DEVS, the next system responds to its input and
stores it forever, or until the next input comes along. This is not very useful
unless we have a way of asking what is currently stored. So there is a second
input to do such querying. Since there is only one input port in the current
DEVS model, we let the input value of zero signal this query. As the first part
of Figure 5 shows, within a time, response_time, of the zero input arrival, the
Storage DEVS responds with the last stored non-zero input. To make this
happen, the model is implemented as follows in DEVSJAVA:

public class storage extends sisof
protected double store;
protected double response time;

public storage(String name,double Response time) {
super (name) ;
store = 0;
response_time = Response time;

}

public void initialize () {

phase = "passive";
sigma = INFINITY;
store = 0;

response time = 10;

super.initialize();

public void Deltext (double e,double input) {
Continue (e) ;
if (phaselIs("passive")) {
if (input !'= 0) // 0 is query
store = input;
else holdIn("respond", response time);
}

}

public void deltint( ) {
passivate () ;

}

public double Out( ) {
if (phasels("respond")) return store;
else return 0;

t

}

There are three state variables: phase with values {“passive",“respond"},

sigma having positive real values, and store having real values other than
zero. We need the “respond” phase to tell when a response is underway.

Sigma keeps the time advance value. In other words, sigma is the time
remaining in the current state. Note that when an external event arrives after
elapsed time, sigma is reduced by e to reflect the smaller time remaining in
the current state. When a zero input arrives, sigma is set to response_time
and the “respond” phase is entered. However, if the system is in phase

17
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“respond” and an input arrives, the input is ignored as illustrated in the
second part of Figure 2. When the response_time period has elapsed, the
output function produces the stored value and the internal transition dictates
a return to the passive state. What happens if, as in the third part of Figure 2,
an input arrives just as the response period has elapsed? Classic DEVS and
parallel DEVS differ in their ways of handling this collision as we shall show
later.

active

T T 1 1

1 | | 1

1 1 1 1

period ! ! ! i
I | I :

I | I 1

1

1

1

1

1 1 1
Figure 6 Generator Trajectories
Generator

While the store reacts to inputs it does not do anything on its own. In
contrast, a simple example of a proactive system is a generator. As illustrated
in Figure 6, it has no inputs but when started in phase “active”, it generates
outputs with a specific period. The generator has the two basic state
variables, phase and sigma. Note that the generator remains in phase
“active”, for the period, after which the output function generates a one
output and the internal transition function resets the phase to “active”, and
sigma to period. Strictly speaking, restoring these values isn't necessary
unless inputs are allowed to change them (which they aren’t in this model).

public class generator extends sisof
protected int period;

public generator (String name, int Period) {
super (name) ;

18



period = Period;
}
public void initialize () {
phase = "active";
sigma = period;
super.initialize();

}

public void deltint( ) {
holdIn ("active",period);

}

public double Out( ) {
return 1;

}

}

Binary Counter

Working with DEVS Models

In this example, the DEVS outputs a “one” for every two “one”s that it
receives. To do this it maintains a count (modulo 2) of the “one”s it has
received to date. When it receives a “one” that makes its count even, it goes
into a transitory phase, “active”, to generate the output. This is the same as
putting response_time: = 0 in the Storage DEVS.

public class binaryCounterSiso extends sisof

int count;

public binaryCounterSiso (String name) {

super (name) ;

}

public void initialize () {
count = 0;
super.initialize();

public void Deltext (double e,double input) {

Continue (e) ;

count = count + (int)input;

if (count >= 2){
count = 0;
holdIn("active",10);
}
}

public void deltint( ) {
passivate();

}

public double Out( ) {
if (phasels("active"))
return 1;
else return 0;

19
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Ramp

As we shall see later, DEVS can model systems whose discrete event nature is
not immediately apparent. Consider a billiard ball. As illustrated in Figure 7,
struck by a cue (external event), it heads off in a direction at constant speed
determined by the impulsive force imparted to it by the strike. Hitting the
side of the table is considered as another input that sets the ball off going in a
well-defined direction.

XO X,
. 1
mn
‘ >
s /\
>

Figure 7 Ramp Trajectories

The model is described by:

public class ramp extends sisof
protected double step time;
protected double position, inp;

public ramp (String name) {
super (name) ;

phases.add ("active");

step time = 10;

}

public void initialize() {
holdIn ("active",step time);
inp = 0;
position = 0;
super.initialize();

}

public void Deltext (double e,double input)
{
Continue (e) ;
position = position + e*inp;

20
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inp = input;

}

public void deltint( )

{

position = position + sigma*inp;
sigma = step time;

}

public double Out( )

{

double nextposition = position + sigma*inp;
return nextposition;

t

}

The model stores its input and uses it as the value of the slope to compute
the position of the ball (in a one-dimensional simplification). It outputs the
current position every step_time. If it receives a new slope in the middle of a
period, it updates the position to a value determined by the slope and elapsed
time. Note that it outputs the position prevailing at the time of the output.
This must be computed in the output function since it always called before the
next internal event actually occurs. Note that we do not allow the output
function to make this update permanent (using the temporary variable
nextposition — which could also be absorbed directly into the return
statement). The reason is that the output function is not allowed to change
the state in the DEVS formalism.

Warning. A model in the output function changes the state of a model may
produce unexpected and hard-to-locate errors because DEVS simulators
do not guarantee correctness for models that do not conform to the given
specification.

Summary

Working with a restricted version of DEVS allowed us to present some of the
basic ideas underlying the construction of DEVS basic models. Although we
used DEVSJAVA code to implement the model examples, we did so without
describing the basic class structure that underlies this code. The next chapter
will present this structure and show how the class siso is derived from it.

Exercises

Exercise 1: An nCounter generalizes the binary counter by generating a
“one” for every n “one”s it receives. Specify an nCounter as a siso model in
DEVS.

Exercise 2: Define a DEVS counter that counts the number of non-zero input
events received since initialization and outputs this number when queried by
a zero valued input.

Exercise 3:

Part a) Express in pseudo-code the one-dimensional ramp discussed in this
chapter.

21



Chapter 2

Part a) Implement the ramp model in DEVSJAVA, simulate it, and verify that
its behavior is correct.

Exercise 4: For the billiard example, consider the more realistic situation
where the position of the billiard ball is represented in a two dimensional
space. For this revised system,

Part a) Develop its pseudo-code.
Part b) Write its DEVS specification.

Part c) Identify its appropriate input streams that allow the essential modes of
behavior to be observed.

Part d) Implement the billiard ball model in DEVSJAVA.

Part e) Exercise the simulation model developed in (d) using the input
streams identified in (c).

Solutions
Exercise 3:

Part (a): Pseudo-code description for a one dimensional ramp

—in_ | RampV0 —outy,

sigma, phase, position, slope

Primary States:

phases: active
sigma: any positive number

Secondary States:

position: any real number (e.g. 9.1, 0.0)
slope: any real number

Parameter:

stepTime: any positive number greater than zero

Initialization:

22
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phase = active
sigma = any finite real number

External Transition Function:

When receive a new slope on input port “in”
position = position + (e * slope) //update position according to e using the

old slope
slope = newSlope // update the slope
sigma = sigma - e
else //invalid input port names

error

Internal Transition Function:

position = position + (sigma * slope)  //update position according to
sigma

set sigma to stepTime //equivalent to hold-
in(“active”, stepTime)

Output Function:

send position + (sigma * slope) to output port “out” // output the
most up-to-date position

Exercise 4:

Part (a): Pseudo-code for a two dimensional ramp (billiard ball
displacement in XY plane)

Assumptions:

In addition to the assumptions from the one-dimensional ramp, we assume
the boundary of the pool table is identified once an external input is received.
The input values arriving at the inport “in” can be considered to be a of type

pair. Each input value pair has two components: magnitude (v) and angle
(6) where the angle is w.r.t. the horizontal x-axis

(V)c = Vcos(@),Vy = Vsin(@))

Similarly, output in the form of a pair positions (i.e., (Xpos,Ypos)) in the XY
plane are available via the outport “out”.

23



Chapter 2

= »| Two Dimensional Ramp ‘F

sigma, phase,

Xpos, Ypos, VX, Vy

Part (b): pseudo-code for a two dimensional ramp (billiard ball)

Primary States:

phases: active
sigma: any positive number

Secondary States:

Xpos: any real number

Ypos: any real number
Vx: any real number

Vy: any real number

Parameter:

stepTime: any positive number greater than zero

Initialization:

Xpos = any finite real number
Ypos = any finite real number
Vx = any finite real number
Vy = any finite real number

External Transition Function:

when receive entity v on input port “in”

Xpos = Xpos + (e*Vx) //update position according to e using
the old slope

Ypos = Ypos + (e*Vy)

Vx =v.V * cos(v.0) // update the slope

Vy = v.V *sin(v.0)
phase = active
sigma = sigma — e
else //invalid input port names
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error

Internal Transition Function:

Xpos = Xpos + (sigma*Vx)
Ypos = Ypos + (sigma*Vy)

hold-in active for stepTime

Output Function:

send Xpos = Xpos + (sigma*Vx) and Ypos = Ypos + (sigma*Vy)

as a value pair v = (Xpos, Ypos) to output port “out”

b) DEVS Specification

DEVS =(X,S.Y,5

int?

0

ext?

A,tay where

// Dot notation is employed to obtain velocity (v) and angle (@) for any
given input v (i.e., v.Vandv.@)

InPorts ={"in"},

X ={(p,v)| p € InPorts,v € pair} is the set of input port and value
pairs,

and v={(V,0)|V e #,00 <O <360}
OutPorts ={"out"},

Y ={(p,v)| p € OutPorts,v €Y }is the set of output port and value
pairs,
and v ={(Xpos,Ypos) | Xpos € 9, Ypos € I},

S ={"passive"," active"} x 9 x 9t x 9 x 9 x 9

o

ext

(phase, o, Vx,Vy, Xpos, Ypos, e,(p,v)) =

("active", o—e vV *cos (v.@) V.V *sin (v.H),Xpos +e*Vx,Ypos +e* Vy);

5ext (phaseﬁ O-) an Vy, XpOS, YpOS) =

("active", stepTime,Vx,Vy, Xpos + o *Vx, Ypos + o *Vy);
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A(phase,o,Vx,Vy, Xpos,Ypos) =

("out",v) where, v.Xpos = Xpos+ o *Vx and v.Ypos =Ypos+o *Vy;

ta ( phase,o,Vx,Vy < Xpos, Ypos) =o0.

Part (c): Input streams

Input events arriving with some non-zero inter-arrival time between them.
The values of input events are:

Velocity (i.e., any real number) with 0° <8 <360° with the following special
cases.

Velocity (i.e., non-zero) in the X direction (i.e., #=0° or 180")

Velocity (i.e., non-zero) in the Y direction (i.e., §=90" or 270°)
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DEVSJAVA CLASSES AND METHODS

Before going further, we will briefly discuss the implementation of DEVS in
Java. A more complete description of the implementation is in the DEVSJAVA
reference guide available from the web site www.acims.arizona.edu under
Software. You will need to know the basic class hierarchy and methods to be
able to write DEVS models in DEVSJAVA. We'll close this chapter with a
discussion of the implementation of the siso class, which will give you a little
more insight into how both the generic devs classes and the siso class work.

Container Classes

DEVSJAVA employs two packages to implement the DEVS concepts. Container
classes, used to hold instances of objects, are implemented in the Package
Zcontainer. The inheritance hierarchy of container classes is shown in Figure
1. The classes are roughly characterized as follows:

Q entity - the base class for all classes of objects to be put into
containers

O

pair - holds a pair of entities called key and value

O

container - the base class for container classes, provides basic services
for the derived classes

bag - counts numbers of object occurrences
set - only one occurrence of any object is allowed in.

relation - is a set of key-value pairs, used in dictionary fashion

0O 0O DO DO

function - is a relation in which only one occurrence of any key
allowed

order - maintains items in given order
gueue - maintains items in first-in/first-out (FIFO) order

stack - maintains items in last-in/first-out (LIFO) order

0O 0O 0O O

list - maintains items in order determined by an insertion index
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entity(String)
entity  get_name() -> String
equal(entity) -> boolean
eq(String) -> boolean
greater_than(entity)-> boolean

container
container() pair
ad;j(lentl%) > int pair(entity1,entity2)
bag get length()-> in get_key()->entity
is_in(entity) -> boolean = .
get_value()->entity
bag()
remove(entity)
number_of(entity) > int order
set
order()
set() add(entity)
add(entity) max -> entity
relation
relation()

add(entity1,entitly2)
remove(entity1,entity2)

assoc_all(entity|->set queue stack list
stack()
queue() h [=add] list()
; ) ush [=a
. fl;_nctlon front()->entity P insert(entity,int)
unction() pop [=remove] remove(int)

replace(entity1,entity?2) top()->entity list_ref{int)
remove(entity)

assoc(entity) -> entity

Figure 8 Class hierarchy of container classes

DEVS Classes

The DEVS system, proper, is implemented in a package called Zdevs as a
layer over the Zcontainer package. The inheritance hierarchy illustrated
(somewhat simplified) in Figure 9. Atomic and coupled are the main derived
classes of devs, the base class of the DEVS sub-hierarchy. Class digraph is a
main subclass of class coupled which has a query, get_component(). This returns
the components as a Zcontainer set that contains devs instances. Such
instances may be either from either atomic or recursively, digraph classes.
Typically, in developing an application, you derive classes from these basic
classes. Of course, instances of such user-defined classes can also be
components. Since components of a digraph may themselves by digraph
instances, the implementation supports the fundamental concept of DEVS -
hierarchical construction.

Class message is derived from the Zcontainer class, bag. Messages are passed
among components in a coupled model. A message holds instances of class
content; with slots for port, p, and val. The latter carries an entity instance
transmitted from sender to receiver. Such a value can be an instance of any
derived class of entity whether defined by the system or the user. Since
derived classes of devs are included, we have the remarkable consequence
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that model components may also be transmitted from one component to
another!

Legend

entity

’ inherits

— ;
atomic - can hold

devs

» atomic(String)

make_content(String,entity)->content
message_on | port(miessage,String,int)->ent
deltext?nt,message

ty

deltint()

delcon(int,message)
out()->message
ta()->int

coupled —»digraph ? devs

digraph(Strin
agfi(ge\(/s) g)
get_components()->set

—_—

content

entity /

message

_>

container >

message()
content get val on_port(String,int);

p->String entity
val->entity —

Figure 9 DEVSJAVA Class hierarchy and main methods

Let’s take a brief look at some of the main features of interest to you, as
model builder, in the Zdevs Package.

Warning: Code fragments and class hierarchies presented in this book are
simplified to ease initial understanding. They should not be employed in any
other context, such as code development or debugging. Please refer to the
JavaDoc documentation for authentic class and method representation.
Class devs

Class devs, the base class for the two main model classes atomic and coupled,
is condensed in the following:

public class devs extends entity ({

protected double tL, tN;
public final double INFINITY = Double.POSITIVE INFINITY;

public devs (String name) {
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super (name) ;

}

public void initialize() {
tL = 0;

tN = tL + tal();

output = null;
}

public void inject(String p, entity wval, double e){
message in = new message () ;

content co = makeContent (p, val);

in.add (co) ;

}

public content makeContent (String p, entity value) {
return new content (p,value);

}

public boolean messageOnPort (message x, String p, int i) {

if (!inports.is_in name(p))

System.out.println( "Warning: model :" + name + " inport: " + p +
" has not been declared" );

return x.on port(p, 1i);

}

}

Class message

Class message is derived from class bag and holds instances of class content,
with slots for port, p, and value, val (an entity).

public class message extends bag{

public message () {
super () ;

}

public content read(int i)
{
// returns the i’th content in the message

}

public boolean on port(String portName, int i)
{

content con = read(i);

return portName.equals (con.p);

}

public entity getValOnPort (String portName, int 1)
{
if (on port(portName,i)) {
return read(i) .val;

}

return null;
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Class atomic

Class atomic realizes the atomic level of the underlying DEVS formalism. It has
elements corresponding to each of the parts of this formalism. For example, it
has methods for a model's internal transition function, external transition
function, output function, and time-advance function, respectively. These
methods are applied to the instance variables, which characterize the state of
the model.

public class atomic extends devs {

public atomic (String name) {
super (name) ;
phases = new set();
lastOutput = new message ()
addInport ("in") ;
addOutport ("out") ;
phases.add ("passive") ;
passivate () ;

}

public void passivate () {
phase = "passive";
sigma = INFINITY;

}

public void holdIn(String p, double s) {
phase = p;
sigma = s;

}

public void passivateIn(String phase) {
holdIn (phase, INFINITY);
}

public boolean phasels (String Phase) {
if (! (phases.is in name (Phase))) {
System.out.println( "Warning: model: " + getName() + " phase:

+ Phase + " has not been declared" );
}
return phase.equals (Phase);
}
public void deltint () {}
public void deltext(double e, message x){}
public void deltcon (double e, message x) {
//external transition followed by internal transition
//deltext (e, x);
//deltint () ;
//internal transition followed by external transition

deltint () ;
deltext (0, x);
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Class coupled

Coupled is the major class, which embodies the hierarchical model
composition constructs of the DEVS formalism. A coupled model is defined by
specifying its component models. Components are instances of the devs class
(hence, instances of coupled are allowed) thus enabling hierarchical
composition.

public class coupled extends devs({
set components;

public coupled(String nm) {
super (nm) ;
components = new set();
set parent (null);

}

public void add(devs Db) {
components.add (b) ;
b.set parent (this);

}

public set getComponents () {
return components;

}

}

Class digraph

Class digraph is a derived class of coupled which enables you to define a
coupled model in an explicit manner. In addition to components, it enables
you to specify the coupling relation, which establishes the desired
communication links among the components (internal coupling) and between
them and the external world (external input and external output coupling).

public class digraph extends coupled({
couprel Coupling;

public digraph (String nm) {
super (nm) ;
Coupling = new couprel();
addInport ("in") ;
addOutport ("out") ;

}

public void AddCoupling(devs dl, String pl, devs d2, String p2){
port porl = new port(pl);

port por2 = new port(p2);

Coupling.ADD(dl, porl, d2, por2);

}

}
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Implementing the Single Input/Single Output DEVS

The expressive power of DEVSJAVA enables atomic models to handle arbitrary
simultaneous arrival of arbitrary values on arbitrary ports. This power can be
cut down to enable only one input at a time (as in Classic DEVS) and even
further, one number at a time. Why would we do so? The resulting classes
are much easier to work with for novices without much object-oriented
programming experience. Further, the definitions of the new classes are
instructive in the underlying object-oriented approach taken in DEVSJAVA
implementation. The classes, classic and siso, are in inheritance order in Figure
10.

atomic

.

classic

v

siso

Figure 10 Derived Classes classic and siso

Classic introduces a new external transition function Deltext to restrict the
deltext method inherited from atomic to inputs containing a single content
only. Siso then further restricts Deltext so that it expects single number
inputs.

Class classic

public class classic extends atomic{

public classic (String name) {
super (name) ;

}

public content get content (message x) {
entity ent = x.get head() .get _ent();
return (content)ent;

}

public void Deltext (double e,content con) {
}  //virtual for single input at a time

public void deltext (double e,message x)

{

//deltext, as invoked by the simulator, calls Deltext (as defined
by the modeler)
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Deltext (e,get content(x));
}
}

Class siso

public class siso extends classic{

public siso () {
AddTestPortValue (0) ;
}

public siso(String name) {
super (name) ;

}

public void Deltext (double e,double input) {
//expects single real value
//this signature for Deltext is invoked by the one expected by
classic (following next)
}
public void Deltext (double e,content con) {
doubleEnt de = (doubleEnt)con.val;
Deltext (e,de.getv());
}

public double Out( ) {
return 0; //produces single real value

}

public message out( )
{
message m = new message ()
content con = makeContent ("out",new doubleEnt (Out())):
m.add (con) ;
return m;
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PARALLEL DEVS MODELS IN DEVSJAVA

Having discussed the basic classic hierarchy of DEVSJAVA we now are ready
to start writing full-fledged models in its underlying formalism. Parallel DEVS
differs from Classical DEVS in allowing all imminent components to be
activated and to send their output to other components. The receiver is
responsible for examining this input and properly interpreting it. Messages,
basically lists of port - value pairs, are the basic exchange medium. This
chapter discusses Parallel DEVS, and gives a variety of examples to contrast it
with Classical DEVS.

Parallel DEVS Basic Models
A basic Parallel DEVS is a structure
DEVS:(XM,YM,S,5ext,§m,§m,/1,ta)

where

X, ={(p,v)| p € [Ports,v € Xp} is the set of input ports and values;

Y,, ={(p,v)| p € OPorts,v € Yp} is the set of output ports and values;

S is the set of sequential states;

5, :0xX, —>S is the external state transition function;
Oy :S—S is the internal state transition function;
5., :0xX) —>S is the confluent transition function;
A:S>Y is the output function;

ta:S—> R, Ux is the time advance function,

With Q:={(s,e)|se€S,0<e<ta(s)} the set of total states.
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We point out the important capabilities of Parallel DEVS beyond the classical
DEVS formalism we presented earlier:

Q Ports are represented explicitly — there can be any of input and output
ports on which values can be received and sent

O Instead of receiving a single input or sending a single output, basic
parallel DEVS models can handle bags of inputs and outputs. Recall
that a bag can contain many elements with possibly multiple
occurrences of its elements.

QO We've added a transition function, called confluent. 1t decides the next
state in cases of collision between external and internal events. We
have seen examples of such collisions earlier in examining classical
DEVS.

Examples: Processor Models

Basic models are implemented as atomic models in DEVSJAVA. The following
table outlines a series of atomic models for work processing to be presented
in this section.

Atomic model I/O Behavior Description

processor simple processor representing only storage of job and
passage of time for its execution; no buffering or
preemption

processor with processor with FIFO (First In/First Out) queue selects
next job based on earliest arrival time

queue

processor with processor with queue selects next job based on its

priority and can be interrupted by higher priority job;
requires user defined class job; priority is based on
processing time

priority queue

Pseudo-code Example: Simple Processor

A model of a simple workflow situation is obtained by connecting a generator
to a processor. The generator outputs are considered to be jobs to do and the
processor takes some time to do them. In the simplest case, no real work is
performed on the jobs; only the times taken to do them are represented. We
start with a simple processor. Basically, we represent only the time it takes to
complete a job (e.g., solve a problem) not the detailed manner in which such
processing is done. Expressed in the pseudo-code illustrated in Figure 11, it
takes the form of an atomic model called P. The behavior of the processor is
as follows. If P is idle, i.e., in phase “passive”, when a job arrives on the input
port 'in, it stores the job-id (a distinct name for the job) and goes to work.
This is achieved by the phrase “hold-in busy processing-time", which sets the
phase to 'busy and sigma (the time-left state variable) to processing-time.
Such handling of incoming jobs is represented in the external transition
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function. Since this processor has no buffering capability, when a job arrives
while the processor is busy it simply ignores it. This is achieved by the
“continue” phrase, which updates sigma to reflect the passage of elapsed
time, but otherwise leaves the state unchanged. When the processor has
finished processing, it places the job identity on port 'out and returns to the
“passive” phase. Sending of the job is done by the output function, which is
called just before the state transition function. The latter contains the phrase
“passivate" which returns the model to the idle state in which the phase is
“passive” and sigma is INFINITY.

Note that P has two state variables, job-id and processing-time, in
addition to the standard ones, namely sigma and phase. Since processing-
time, once initialized, does not change during the run, it is actually a
parameter (fixed characteristic) of the model. Simple as this processor is, we
can combine it with other components to create models of computer
architectures that provide some insight into their performance. The basic
model can also be refined to represent more complex aspects of computer
operation, as we shall see later.

m out
— » Sigima Job-1d phase L »

Processig-tune

Figure 11 Simple Processor Atomic model

Pseudocode for simple processor:
ATOMIC MODEL: P
State variables:

sigma = inf
phases = passive

job-dI = o

Parameter:

Processing-time = 5
External Transition Function:

case  input-port
in: case phase

37



Chapter 4

passive : store job-id
hold-in busy processing-time
busy: continue
else error

Internal Transition Function:

case  phase
busy: passive
passive (does not arise)

Output Function:

send job-id to port out

(J2,in)

Jjob ?(Jl, in) T T(Js, in)
busy .
phase | passive
o)
sigma Q0
€
Out ¢ (J1, out) T (J2, out)

t.

time
te

Figure 12 Trajectory for simple processor.

Simple Processor Expressed in Parallel DEVS
The simple processor is defined in Parallel DEVS as follows:

DEVS =(X,1,Y,/,5.06,,8,:0,00, A1)

ext? int? "~ con?

where
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[Ports ={"in"} , where Xin=J (a set of job identifies),

X,, ={(p,v)| p € IPorts,v € Xp} is the set of input ports and values;

OPorts ={"out"}, where Yout =J .

Y, ={(p,v)| p € OPorts,v € Yp} is the set of output ports and values;

S ={"passive","busy"} x Ry x J
5ext(phase’o-’j’e,(("in",jl),("in",jZ),.,.,,("in",jn))) _
("busy”,proces sing_time,jn) if phase = “passive”

(phase, o—e, j) otherwise

0, ( phase, o, j.q) =
("busy",,q) ifg=A

("passive", processing _time, j.q) otherwise

Oom (S,ta (S),x) =0, (5[," (s),O,x)
ﬂ("busy",oyj.q) =]

ta(phase,O',j):O' O

Implementing the Simple Processor in DEVSJAVA

To explain how the simple processor model is coded in DEVSJAVA, we’ll note
that there are two essential state variables that are inherited from class
atomic:

O Phase is a control state that is almost always used in models to help
keep track of where the full state is;

Q Sigma holds the time remaining to the next internal event. This is
precisely the time-advance value to be produced by the time-advance
function.

The simple process class proc is defined as follows:
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public class proc extends atomic{2

protected entity job;
protected double processing time;

public proc(String name,double Processing time) {
super (name) ;

addInport ("in") ;

addOutport ("out") ;

phases.add ("busy") ;

processing time = Processing time;

}

public void initialize () {
phase = "passive";
sigma = INFINITY;
job = new entity("job");
super.initialize();

}

public void deltext (double e,message x)

{

Continue (e) ;

if (phaselIs("passive"))
for (int i=0; i< x.getlLength();i++)
if (messageOnPort (x,"in",1))
{
job = x.getValOnPort ("in",1i);
holdIn ("busy",processing time);
}
}

public void deltint( )

{

passivate() ;

job = new entity("none");

}

public void deltcon(double e,message x)
{

deltint () ;

deltext (0, x);
}

public message out( )

{

message m = new message();

if (phaseIs("busy")) {

m.add (makeContent ("out", job)) ;
}

return m;

}
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Let’'s examine the model representation in more detail:
The declarations

protected entity job;
protected double processing time;

define instance variables, store and processing_time; store will be a state
variable which changes during a simulation run, while processing_time is a
parameter since it does not change during a run in this model.

The constructor declares the ports and provides values for the parameters:

public proc(String name,double Processing time) {
super (name) ;

addInport ("in") ;

addOutport ("out") ;

phases.add ("busy") ;

processing time = Processing time;

}

The initialize method provides initial values for all state variables. Note that
in particular sigma and phase must be initialized. When sigma has the
value INFINITY, this indicates that the model will not have an internal
transition unless an external transition occurs.

public void initialize() {
phase = "passive";
sigma = INFINITY;
job = new entity("job");
super.initialize();

}

The super class (from which proc is derived) is atomic so super.initialize is
atomic’s initialize method. Among other things, this initializes the time of last
event, tL and time of next event, tN as shown next:

public void initialize() //for atomic
{

tL = 0;

tN = tL + ta();

}
The external transition function is given by:

public void deltext (double e, message x)

{

Continue (e) ;

if (phaselIs("passive"))
for (int i=0; i< x.getLength();i++)
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if (messageOnPort (x,"in",1))
{
job = x.getValOnPort ("in",1i);
holdIn ("busy",processing time);
}
}

The internal transition function is given by:

public void deltint( ) {
passivate();

}

This states that the model will passivate (set sigma to INFINITY) after
spending the time required in “busy. ”

The confluent transition function is given by:

public void deltcon (double e,message x) {
deltint () ;
deltext (0, x);
}

This is the default definition provided by the atomic class so could have been
inherited without redefinition. We repeat it here to prepare the way for the
discussion of collisions in the next chapter.

The output function is given by:

public message out( )

{

message m = new message|();
if (phaseIs("busy")) {

m.add (makeContent ("out", job)) ;
}

return m;

}

This function first check if the phase equals “busy”; if so, an output on port
“out” will be generated, otherwise a null message will be generated.

Another Example: Adding a Buffer to the Simple Processor

A processor that has a buffer is defined in Parallel DEVS as follows:

DEVS =(X,,Y,,S,8

processing_time ext?

o,

int?

o

con?

/l,ta)
where

InPorts ={"in"} , where Xin=1V (an arbitrary set),

X,, ={(p,v)| p € IPorts,v € Xp}is the set of input ports and values;
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OPorts ={"out"}, where Yout =V (an arbitrary set),

Y, ={(p,v)| p € OPorts,v € Yp} is the set of output ports and values;
S ={" passive","busy"} x Ry xV"*

5ext (phases 0.9, e,(("in", XI), ("in", X2) ,....,("il’l", xn))) =

("busy",processing_time,x],xZ,....,xn) if phase = “passive”
(phase,O'—e,q.x],x2,....,xn) otherwise

8., (phase,o,v.q) =

("buS_)/‘",OO,Q) if q=A

(" passive", processing_time, v.q) else

0. (S,ta(s),x) =0

ext

(5[," (s), O,x)
A ("busy", o, v.q) =y

ta( phase,o,q) =0

Using its buffer the processor can store jobs that arrive while it is busy. The
buffer, also called a queue, is represented by a sequence of jobs, x1...xn in

V7 (the set of finite sequences of elements of V where A denotes the empty
sequence). Jobs are processed in the order of arrival - i.e., first in first out
(FIFO) order. In parallel DEVS, the processor can also handle jobs that arrive
simultaneously on in its input port. These are placed in its queue and it starts
working on the one it has selected to be first. Note that bags, like sets, are
not ordered so there is no ordering of the jobs in the input bag. For
convenience we have shown the job, which is first in the written order in Sext
as the one selected as the one to be processed. Figure 13 ustrates the
concurrent arrival of two jobs and the subsequent arrival of a third just as the
first job is about to be finished. Note that the confluent function, écon
specifies that the internal transition function is to be applied first. Thus, the
job in process completes and exists. Then the external function adds the third
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job to the end of the queue and starts working on the second job. Classic
DEVS has a hard time doing all this as easily!

i) iE
JiJ2Js }
queue . o
Ji)2 | s
, :
|le : -
| ; N
] A ;
processing_time : ! :
I 1 |
: ! )
I 1 ! >
Ji J2 Js

Figure 13 Parallel DEVS Process with Buffer

public class procQ extends proc({
protected queue q;

public procQ(String name, double Processing time) {
super (name, Processing time);
g = new queue () ;

public void initialize () {
g = new queue () ;
super.initialize();

}

public void deltext (double e, message x) {
Continue (e) ;
if (phasels("passive")) {
for (int i=0; i< x.getLength(); i++)
if (messageOnPort (x, "in", 1)) {
job = x.getValOnPort ("in", 1);
holdIn ("busy", processing time);
g.add (job) ;
}

job = g.front(); // this makes sure the processed job is the
one at
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//the front
}

else if (phaseIs("busy")) {
for (int i=0; i< x.getLength();i++)
if (messageOnPort(x, "in", 1))
{
entity jb = x.getValOnPort("in", 1);
q.add(jb) ;
}

}

public void deltint( ) {
g.remove () ;
if (!g.empty()) {
job = g.front();
holdIn ("busy", processing time);

}

else passivate();

}

// public message output( ) {inherited from proc}

}

Discrete-event simulation is often associated with simulation of queuing
models and one might imagine that queuing is an inevitable factor in any such
model. However, as new approaches to manufacturing such as just-in-time
production have shown, queues are evidence of inadequate process co-
ordination and impose a costly overhead that often can be avoided. In the
models to be discussed in this book, we intentionally do not incorporate
queues, in favor of more sophisticated co-ordination schemes. The reader
may wish to compare performance of the models in the ensuing chapters
with, and without, queues. Modularity, and model base concepts, facilitates
exploration of such alternatives.

Processor with Random Processing Times

The processor models discussed so far can be made more realistic in a variety
of ways. Often the processing time in such a model is not constant but is
sampled from a probability distribution probability distribution. This is easy to
arrange in DEVSJAVA by modifying the external transition function.
Distributions such as the exponential or normal may be used as explained in
many books on discrete-event simulation.

holdIn ("busy", exponential (100, 2);

(See section “Generator of Time Consuming Jobs” for details on the use of
random number generators and probability distributions in DEVSJAVA.)
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Processor Priority Queue

public class job extends entity({
public double processing time;

public job(String name, double Processing time) {
super (name) ;
processing time = Processing time;

}

public boolean greater than( entity m){
job jm = (job)m;
return processing time < jm.processing time;
//choose on basis of smaller time left

}

public void update (double e) {

processing time = processing time - e;
}
}
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public class priorityQ extends proc{

protected job jb;
protected order qg;

public void initialize() {
g = new order();

jb = new job ("nullJob");
super.initialize();

}

public void deltext (int e,message X)
{
Continue (e) ;
if (phasels ("passive"))
{
for (int i=0; i< x.getLength();i++)
if (messageOnPort (x,"in",1))
{
entity ent = x.getValOnPort("in",1i);
g.add (ent) ;
}

entity ent = g.get max();

Jb = (job)ent;

holdIn ("busy",jb.processing time);
}
else 1f (phaselIs ("busy"))

{
jb.update (e); //update current Jjob

for (int i=0; i< x.getLength();i++)
if (messageOnPort (x,"in",1))
{
entity ent = x.getValOnPort ("in",1);
g.add (ent) ;
}
entity ent = g.get max();
job max = (job)ent;
if (jb !'= max) {
Jjb = max;
holdIn ("busy", jb.processing time);
}
}
}

public void deltint( )
{
g.remove () ;
if (!g.empty()) {
jb = (job)g.get max();
holdIn ("busy",jb.processing time);
}
else passivate();

}

public message out( )

{

message m = new message ()

if (phaseIs("busy")) {

content con = makeContent ("out", jb);
m.add (con) ;

}

return m;

}
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Models with Multiple Input and Output Ports

Modeling is made easier with the introduction of input and output ports. For
example, a DEVS model of a storage naturally has two input ports, one for
storing and the other for retrieving. We'll now present a few examples to
illustrate the use of ports.

DEVS Model of a Switch

A switch is modeled as a DEVS with pairs of input and output ports, as shown
in Figure 14. When the switch is in the standard position, jobs arriving on port
“in” are sent out on port “out”, and similarly for ports “in1” and “outl”. When
the switch is in its other setting, the input-to-output links are reversed, so
that what goes in on port “in” exits at port “outl”, etc.

in out

Switch

Y
Y

inl outl

Y

A 4

Figure 14 Switch with input and output ports

In the switch DEVS below, in addition to the standard phase and o variables,
there are state variables for storing the input port of the external event, the
input value, and the polarity of the switch. In this simple model, the polarity
is toggled between true and false at each input.

DEVS =(X,Y,8,6,,,6,,,A.ta)

ext? ~int?

where
InPorts ={"in","inl"}, where Xin = Xinl =V (an arbitrary set),

3

X ={(p,v)| p € [Ports,v € Xp} is the set of input ports and values;
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OPorts ={"out","outl"} , where Yout =Youtl =V (an arbitrary set),

Y ={(p,v)| p € OPorts,v € Yp} is the set of output ports and values;
S ={"passive","busy"} x R, x {in,inl} xV x {true, false}

o

ext

(phase, o,inport,store, Sw, e,(p],v]), ....,(pn, vn)) =

OO0Oo0O00oooooooooooooooodooooanod
("busy",processing_time,p],v],/Sw) if phase = “passive” and p € {in,inl}

DDDDDDDDDDDDDDDD(phase,a—e,inport,store,Sw)

otherwise

0,

int

(phase, o ,inport,store, Sw) = (”passive", oo, inport, store, Sw)

A ( phase, o ,inport, store, Sw) =

(out, store) if phase="busy" andSw=true and inport=in
(outl,store) if phase="busy" and Sw=true and inport=inl
(outl,store) if phase="busy" andSw= false and inport=in
(out, store) if phase="busy" and Sw= falseand inport =inl
ta ( phase, o ,inport, store, Sw) =0

DEVSJAVA Implementation of the Switch

The implementation of the switch in DEVSJAVA is presented as follows:
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public class Switch extends atomic{//switch is reserved word
protected entity job;

protected double processing_ time;

protected boolean sw;

protected String input;

public Switch(String name, double Processing time) {
super (name) ;

addInport ("inl");

addOutport ("outl") ;

phases.add ("busy") ;

processing time = Processing time;

}

public void initialize () {
phase = "passive";
sigma = INFINITY;
job = new entity("job");
sw = false;
input = new String("in");
super.initialize();

}

public void deltext (double e, content con) {
Continue (e) ;

if (phasels ("passive")) {
for (int i1=0; i< x.getLength(); i++)
if (messageOnPort(x, "in", 1)) {
job = x.getValOnPort ("in", 1);
input = "in"
holdIn ("busy", processing time);

}

for (int i=0; i< x.getLength(); i++)
if (messageOnPort(x, "inl", 1)) {
job = x.getValOnPort ("inl", 1i);
input = "inl";
holdIn ("busy", processing time);

sw = !lsw;

}

public void deltint( ) {
passivate();

}

public message out( ) {
message m = new message();
if (phaselIs ("busy")) {
content con;

if (!sw && input.equals("in"))
con = makeContent ("out", job);
else if (!sw && input.equals("inl"))

con = makeContent ("outl", Jjob);
else if (sw && input.equals("in"))

con = makeContent ("outl", job);
else //if (sw && input.equals("inl"))

con = makeContent ("out", job);
m.add (con) ;

}

return m; }}
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Sending/Receiving/Interpreting Messages

coupled model

out n
c0 4 — cl
float . 7

coupling: (c0,”out”,c1,”in”

entity

floatEnt

floatEnt(float)
getv() > float

ad
| X
.@

v T~ comtent
float

d
~

message

make content(“out”,new floatEnt(v))

Figure 15 Sending an Entity

To send a floating point value on port “out”:

public message out( ) {
float store = 5.5;
message m = new message();

content con = makeContent ("out", new floatEnt (store));
m.add (con) ;

return m;
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if (message on_port(x,"in",1)) 0

cast
e
content
gdt-Yal_on_port("in",i);

\% Ve

message g8tv

float

Figure 16 Receiving an Entity

To extract the value at the receiving end on port “in”:

public void deltext(double e, message x) {

for (int i1=0; i< x.getLength(); i++)
if (messageOnPort (x, "in", 1)) {
entity val = x.getValOnPort ("in", 1i);
floatEnt f (floatEnt)val;

float store = f.getv();

Clearly for the receiver to properly interpret the sender’s entity there must be
a prior understanding on what kind of entity this is. We'll consider this issue
in detail when we discuss coupled models in Chapter 6 and constraints on
coupling as they are realized in DEVSJAVA in Chapter 8.

More Atomic Models in DEVSJAVA

Atomic model I/0 Behavior Description

storage storage with separate ports for store and query
inputs;
also resolves collision between input and
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transition

processor processor with two input ports: one for jobs and
w/(name,job) one for (name,job) pairs, processing the job
only if it is the designated processor

eventList (or holds arriving inputs for a computable delay

delay)

stop/start generator which includes stop/start ports;

generator “stop” takes effect after the in process
transition;

transducer keeps track of arrivals and departures so that
turnaround time and throughput can be
determined

Storage with Ports for storing and retrieval

query

\/

1
raspond 1 X,
I

X,

\]

> —_— I
Y

\]

public class storageP extends atomic{
protected float store;
protected double response_time;

public storageP (String name, double Response time) {

super (name) ;
addInport ("query");
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phases.add ("respond”) ;
response time = Response time;

}

public void initialize() {

phase = “passive”";
sigma = INFINITY;
store = 0;
response_time = 500;

super.initialize();

}

public void deltext (double e, message x) {
Continue (e) ;
if (phasels (“passive”")) {
for (int i=0; i< x.getlLength(); i++)
if (messageOnPort (x,"in", 1)) {
entity val = x.getValOnPort ("in", 1i);
floatEnt £ = (floatEnt)val;
store = f.getv();
}
for (int 1=0; i< x.getLength(); i++)
if (messageOnPort (x, "query", 1i))
holdIn ("respond", response time);

}

public void deltint( ) {
passivate () ;

}

public void deltcon (double e, message x){ //inherit from atomic
deltint () ;
deltext (0,x);

}

public message out( ) {

message m = new message();

if (phaseIs("respond")) {

content con = makeContent ("out", new floatEnt (store));
m.add (con) ;

return m;

H}

Processor with (name, job) Input and Output Ports

public class procName extends proc{
//much of 