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A simulation language provides an organizational
structure to build models that simulate the dynamic
performance of systems on a digital computer. The
organizational structure allows the variables that
define system performance to be described by
equations and logical conditions. System
descriptions written in terms of mathematical
equations are referred to as continuous models.
System descriptions written in terms of entity flow
or the logical conditions that cause state changes
are referred to as discrete models. A simulation
language supports the building of continuous or
discrete models and, in some languages, combined
continuous discrete models.

The organizational structure of a simulation language
specifies where and how system equations are written,
the procedures for modeling the flow of entities
through a process, and the method for defining the
logical conditions that affect system variables.
Within the defined organizational structure, the time
advancement function required to study the dynamics
of systems performance is formalized. Furthermore,
specific user-written models to obtain system
performance updates and system performance changes
are identified.

The two main aspects of a simulation language are the
method for specifying system status and the procedure
for advancing time to update system status. In
continuous and discrete simulation models, the system
variable description and the time advance procedures
are different. In continuous models, a system
description is in terms of state variables as modeled
by equations. Events occur when state variables
cross thresholds. State variable updating is
obtained by evaluating the system equations in a
step-evaluate-step fashion.

In contrast to this, discrete models including
networks describe the status of the system in terms
of the number of entities residing in the system and
the values of attributes associated with entities.
Changes to the status of the system variables only
occur with the addition or deletion of entities or
when attribute values are recomputed. In discrete
simulation, such changes can only occur at event
times.

To combine continuous and discrete models, the
concept of time advance, status changes and event
processing must be integrated. To do this a
conceptual change was required which is reflected in
the redefinition of an event "as a point in time
beyond which the status of a system cannot be
projected with certainty."(11,12). This definition
allows state variables to change continuously without
an event occurring as long as the equations defining
the state variables do not change. At the same time,
it allows events that cause discrete jumps in

continuous variables to be included in the mode]. It
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also allows events to occur where a decision is made
not to change the status of the system.

For combined simulation models, it is useful to
describe events in terms of the mechanism by which
they occur. Those that occur at specified projected
points in time are referred to as time-events. They
are commonly thought of in conjunction with process
or discrete event simulation. As previously
discussed, those that occur when a system variable
reaches a particular threshold are called state-
events. Unlike time-events, they are not scheduled
to occur in the future but occur when state variables
are found to satisfy prescribed conditions.

In a combined simulation model, the behavior is
determined by calculating the values of the state
variables at the end of steps and making the changes
to the values of attributes or to the number of
entities in existence at event times. The step size
is determined by the executive function so that
events can only occur at the end of a step. The
executive also considers accuracy requirements,
minimum and maximum user prescribed step size values,
and output reporting requirements when determining
the appropriate size for the next step.

At the end of each time step, the state variables are
evaluated to determine if the conditions prescribing
a state-event have occurred. If a state-event was
passed, that is, a state variable crossed a threshold
by more than an allowed tolerance, the step size was
too large and is reduced. If a state-event occurs,
the model status needs to be updated according to the
event logic. As stated above, the executive function
sets the step size so that no time-event will occur
within a step. This is accomplished by adjusting the
size of the step so that the end of the step occurs
at the time-event instant.

Time-events are scheduled happenings and are placed
on the event calendar. The event calendar maintains
events in chronological order based on the time the
event is to occur. Two attributes of a time-event
are its time of occurrence and its event type. In
addition, if the time-event is for an entity, the
attributes of that entity must be associated with the
time-event. When a time-event occurs, it can change
system status in four ways: (1) by altering the
value of state variables, (2) by changing the values
of attributes of current entities in the system, (3)
by altering relationships that exist among entities
or state variables, and (4) by changing the number of
entities present. A combined simulation language
provides methods for accomplishing each type of
change when an event occurs.

In this panel, a discussion of the concepts of
combined simulation and the trend of research on
combined simulation will be discussed. dJoining me on
the panel are Professor Francois E. Cellier of the
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University of Arizona and Professor Donald G. Golden

of Cleveland State University.

The types of

questions that will be discussed by the panel are
Tisted below:

* Should one look at combined modeling as
discrete perturbations to continuous
processes or as entities of discrete
simulations having some attributes that vary
continuously?

* Is the educational background of an
individual the main determinant of his
modeling approach?

* What problems are best suited to a combined
approach? To a discrete approach? To a
continuous approach?

* Describe some of the applied models that have
been developed using a combined approach.

* How were problems/systems modeled before
combined languages were introduced?

* Should problems be classified according to an
appropriate modeling and analysis method?
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