
CONF-880850—8

DE88 015560

g. S - 5 5 K =. - 3 3

1, ^ " ° &) OS B 5

AN APPLICATION OF OBJECT-ORIENTED PROGRAMMING

TO PROCESS SIMULATION 1

| l j l l ?s? t ! J-T. Robinson & P.J. Otaduy
SB

I§ji.ifsijfi.
O x «-* o « .5 3 C «
-i -Q 3 - Q . O 3 i 3 3 j ,

< » C w 3 " ° * 2L ea

« 8.2. g a f a J «> §
g =r S. "* »' — 3 — ̂  O

i | . ^ f - ^ c f o o l SS Engineering Physics and Mathematics Division
| g - t | l l l | | | P Oak Ridge National Laboratory
""ifgisilll" | P.O. Box 2008

1 I §.§ l 7* i i I Oak Ridge, TN 37831-6364

S a 3 S' -° 3
£ "2. „ .< •= . '

-Th. jubmitwd mnmcnpt »m bMn
f*" 1 * 1 by « m t n c M o< * • US
<»>«nn*w undtr cnmrKt No. D£-
AC06-«4a«21«00. Accordingly. * . o.S.
" T T " '•«*"• • nonmckmMTT onmckmM.
fov*t)r-k« iom* M pubMt or rapraduo
* * f * * - y • " " ot «m carwtMion. or
*»w ottm K. do *o. for U.S. GovamrnM
PWPOHI'

Paper submitted to: National Meeting of the American Institute of Chemical Engineers,
Denver, CO, August 22-25, 1988

1 Research sponsored by the Advanced Controls Program of the Office of Reactor Technologies
Development, of the U.S. Department of Energy, under contract No. DE-AC05-84OR21400 with
Martin Marietta Energy Systems, Inc.

DISTRIBUTION OF FHIi> iKJLU.Viirti ts i;ri;.;i¥iii£L



ABSTRACT

This paper discusses the application of object-oriented
programming to dynamic simulation of continuous processes. Processes
may be modeled using this technique as a collection of objects which
communicate with each other via message passing. Arriving messages
invoke methods that describe the state and/or dynamic behavior of the
receiving object. The objects fall into four broad categories (1) actual
plant components such as pumps, pipes, and tanks, (2) abstract objects
such as heat sources and conductors, (3) plant systems such as flow loops,
and (4) simulation control and interface objects. This technique differs
from traditional approaches to process simulation, in which the process is
represented by either a system of differential equations or a block
diagram of mathematical operators. The use of objects minimizes the
representational gap between the model and actual process. From the
users point of view, construction of a simulation model becomes
equivalent to drawing a plant schematic.

As an example application, a package developed for the simulation
of nuclear power plants is described. The package allows users to build
simulation models by selecting iconic representations of plant
components from a menu and connecting them with a mouse. Objects for
generating a mathematical model of the system and for controlling the
simulation are automatically generated, freeing the user to concentrate on
describing his process. This example illustrates the use of object-
oriented programming to create a highly interactive and automated
simulation environment.

INTRODUCTION

The advent of very powerful workstation class computers is making
possible the application of new tools borrowed from the field of
artificial intelligence to more traditional engineering tasks such as
simulation. One such tool that has received a lot of attention lately is
object-oriented programming (Cox 1986, Thompson 1987).
Object-oriented programming is based on a hierarchical classification of
procedures and data that allows the modeling of systems in terms of
collections of objects which communicate via messages passing. Objects
may be grouped into classes which contain generic descriptions of state
and behavior, which in turn can be created from existing classes by



inheritance. Overruling mechanisms permit control of the mixing of
parameters and procedures for the new composite class. The set of
parameters describing the state of an object are referred to as its
"instance variables." Objects communicate with each other by passing
messages. The response of a class of objects to a message is governed by
a procedure referred to as a "method."

Previous work has demonstrated the applicability of object-oriented
programming to discrete-event simulations (Zeigler 1987, Stairmong &
Kreutzer 1988) and as a tool for building qualitative and rule-based
simulations (Ghaznavi-Collins & Thelen 1988). In this paper we explore
it's applicability to process simulation by describing a simulation
environment developed for power plants. A description of the
environment will be followed by a discussion of some advantages of an
object-oriented approach to simulation.

A SIMULATION ENVIRONMENT FOR POWER PLANTS

The major components of the simulation environment are a library of
class definitions and a user interface. The class library contains the
generic descriptions of objects which define the domain of the simulation
environment. The user interface provides the means to build through
interactive graphics working simulation models from the generic
descriptions provided in the class library.

Class Library

At the core of the simulation package is a library of class
definitions and associated methods which define the response of members
of the class to particular messages. The classes can be grouped into four
categories:

(1) basic components readily identifiable with objects in the actual plant,
such as pumps, pipes, and valves;

(2) abstract objects related to the laws of physics such as heat sources,
heat conductors, and material properties;



(3) system level objects such as flow loops and heat
conduction/convection networks; and

(4) user interface and simulation control objects.

In most cases, the bulk of the objects needed for a simulation are
from the first category, basic components. Objects from the second
category may alternatively be used to model components or systems in a
more abstract manner, for example to model a fuel pin as a heat source.
Objects from these first two categories have methods for computing their
gross averaged physical properties, hydraulic, and heat transfer
characteristics. The methods are localized, that is, they do not describe
how the objects interact with neighbors. This information is contained in
the methods of system level objects.

System level objects are used for creating generalized methods for
operating on groups of related objects. At the present time two type of
systems are defined, THERMAL-SYSTEM and HYDRAULIC-SYSTEM. It is in
these classes that the mathematical techniques for running the simulation
are defined. For example, the class THERMAL-SYSTEM which coordinates
heat transfer between objects has methods for querying its member
objects for the current values of their relevant physical parameters,
inserting these values in the appropriate slots in a coefficient matrix or
forcing vector, and advancing the resulting equation system one time step.
These classes are a natural place to incorporate heuristic rules
concerning numerical approximations and solution techniques. For
example, the THERMAL-SYSTEM class has rules permitting it to ignore
objects with very low heat capacities and thermal resistances. In order
to reduce the load on the user, system level objects are automatically
constructed prior to a simulation run based on the connections between
basic components.

The final category of class definitions consists of user interface
and simulation control objects. Examples include object editors for input,
strip-charts for output, and a system clock. Object editors are
interactive forms which provide a convenient means for accessing and
changing the instance variables of individual objects. An example object
editor for a pipe is illustrated in Figure 1. Strip charts provide



continuously updated plots of chosen parameters during a simulation run.
The system clock contains the current simulation time and the time step
of integration. This object provides a means for adjusting the time step
size during a simulation run.

User Interface

A requirement of the simulation environment is that it have a highly
interactive, graphically oriented user interface which will allow non-
simulation experts to successfully construct a model. The development of
a computer simulation of a physical process consists of two steps:
describing the system in terms of a mathematical model and implementing
the model as a computer program. Current high-level simulation packages
such as ACSL (Mitchell & Gauthier 1986) are a great help in constructing a
computer program for simulation, but the job of translating a process
diagram into a mathematical description of the system (usually as a
system of ordinary differential equations or a block diagram of Laplace
transforms) is left to the user. This makes it difficult for non-
simulation specialists to use these packages and introduces potential
sources of error even for the expert.

With the package described here it is not neccessary for a user to
translate his process diagram into a mathematical description of the
system since it is represented as objects which mirror real-world
components, such as pumps, valves, and pipes. Interactive graphics is
used for both model construction and conducting simulation runs. A
model is constructed by placing and connecting icons on the screen with
the aid of a mouse in a manner similar to using a CAD system to produce a
plant schematic. Parameters for individual objects are entered and/or
changed through forms accessed by pointing at the objects icon with the
mouse.

The use of graphical input and icons to construct simulation models
is not unique. However, most graphical input packages developed until
now produce code which must be pre-processed before it can be run. By
contrast, the graphic interface described here is not a pre-processor but
a means of manipulating objects which collectively make up the
simulation "code." The interface is therefore not restricted to building



models alone, but is the primary means of interacting with the simulation
as it is running. Figure 2 is a representation of a typical screen as it
appears during a simulation run. The screen is divided into three
windows, the top containing a menu of options, the bottom left the plant
schematic, and the bottom right strip charts for plotting output variables.
An objects state or behavior can be changed in real-time during a
simulation run by either pointing at it's icon in the schematic window and
changing a parameter (for example the set-point parameter of the
controller object) or by sending it a message from the keyboard. The
effects of the change or message are reflected immediately in the
simulation output being plotted on the output window. This immediate
feedback and elimination of the compile-link-run cycle is a substantial
time-saver, particularly when engaged in exploratory modeling.

Implementation

The simulation package has been developed on a LMI Lisp Machine
using the FLAVORS object-oriented language (Stallman, Weinreb, & Moon
1984) and is currently being ported to a Macintosh-ll based Texas
Instruments microExplorer.

SOME ADVANTAGES OF AN OBJECT-ORIENTED APPROACH

We believe that the object-oriented approach to programming offers
a number of advantages for process simulation, the most significant being
associated to the concepts of class, inheritance, and polymorphism as
discussed below.

Classes are useful for building reusable generic descriptions of
similar types of objects. This concept is particularly powerful when
applied to modeling processes such as power and chemical plants since
these systems are typically composed of a large collection of basic
components which fall into a relatively small number of categories
(tanks, pipes, pumps, valves, etc.). These categories can be conveniently
described by class definitions with particular components being created
by instantiation, overriding the default values of the class as necessary.



Inheritance can be exploited in two ways. The first is by creating a
class hierarchy in which more generic attributes of similar objects are
defined in top level classes which are then inherited by lower levels. For
example, in our system their are a number of types of valves which all
share the attribute "valve-position" and a restriction that it remain
between 0 and 100% open. This attribute and the associated limit check
are encoded in the class GENERIC-VALVE which has been used as the
parent class for all valves. The use of a class hierarchy not only allows
code to be reused, but results in improved maintainability as a single
block of code shared by a large number of classes can replace individual
routines for each class. Another view of inheritance useful if the
language supports multiple-parents is the "mixin" model. In this view,
several classes can be mixed together to create a new composite class.
We have used the multiple inheritance model to create a number of
classes, including for example HYDRAULIC-SYSTEM. This class was
created by mixing two previously defined classes, TANK and HYDRAULIC-
LOOP. The new class computes average pressure via the methods
incorporated into TANK and loop flow rate using the momentum
conservation model of class HYDRAULIC-LOOP.

Another feature of object-oriented programming that has proved
useful for building a simulation package is polymorphism, the property
that allows each class to define a unique response to the same message.
The usefulness of this property can be illustrated with an example from
the HYDRAULIC-LOOP class. An equation for flow rate around a closed
loop can be derived by integrating the fluid momentum equation yielding:

where
Q is the loop averaged volumetric flow rate,
a is a parameter containing geometric coefficients, and
AP, is the pressure drop across component i.

When this equation is implemented as a method the derivative is obtained
by sending a message to each component, requesting their pressure drop
A Pi for the given flow rate Q. These components might include pipes,
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pumps, and valves, each with a different algorithm for computing
pressure drop. In a traditional program we would need to determine the
type of each component apriori in order to determine the correct
subroutine for computing pressure drop. This would necessitate a test
clause somewhere in the code which would need to be modified each time
a new type of component is added to the simulation package and might
furthermore result in a proliferation of subroutine names such as compute-
pressure-drop-valve, compute-pressure-drop-pipe, etc. With an
object-oriented approach we send the same message to all objects in the
loop "compute-pressure-drop", leaving it to the object itself to use the
correct procedure.

CONCLUSIONS

The use of object-oriented programming within a LISP environment
to build a flexible, highly interactive, graphically oriented simulation
environment has been demonstrated. A major advantage of the
object-oriented approach is the ability to build models with a close
correspondence to reality. Other advantages include the data abstraction
afforded by classes, code reusability due to inheritance, and the ability to
exploit the polymorphic nature of message passing to build very generic
procedures. Finally, the interpretive nature of LISP eliminates the tedious
compile-link-run cycle and allows dynamic, reconfigurable models to be
built in a reai-time interactive manner.
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