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Abstract

Object Oriented programming languages contain a number of capabilities that are very
useful in designing and building large systems. Some of these include encapsulation,
reusability, inheritance, and message passing. This paper will describe some of these
techniques, give a brief description of their relevance to large system design, and show
how they can be applied to VHDL descriptions.

Section 1. Introduction

Object Oriented Programming(OOP) has become quite popular recently. However, imple-
mentations of object oriented languages have been around for a number of years with
Smalltalk, C++, and others. The reason for the sudden popularity is that object oriented
languages are found to be very good at maintaining order when complex tasks are bro-
ken into manageable chunks. As more powerful computers become available program-
ming tasks are getting much more complicated. Programmers are looking to object
oriented approaches to keep their complexity under control.

This paper will discuss some of the most interesting concepts in object oriented pro-
gramming. These are Objects and Messages, Encapsulation, and Inheritance. These top-
ics will be defined and examples discussed. VHDL examples of the same functionality
will be presented if possible.

Section 2, Objects and Messages

The basic unit of description in an object oriented language is the object. An object con-
sists of a collection of code and data that describes the behavior of the device being mod-
elled. Messages are used to communicate data and information between objects. Each
object has a set of messages that have been defined for that object. The code for the
object will implement the behavior of each defined message.

In Fig 1 is an object for a simple counter. It accepts messages for Increment and Reset
operations and outputs an Outval message. When the counter receives an Increment
message the internal count value stored in the object is incremented. When a Reset mes-
sage is received the internal count value is set to zero. When the object receives an Out-
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val message, the current counter value is returned.

Increment
Outval

Reset

Fig 1

Notice that the only way to change the internal value of the counter is through a mes-
sage. The only way to read the internal value of the counter is also through a message.
The data inside the counter is effectively protected. This allows the modeler the freedom
to use any data representation necessary for the operation. Other objects that communi-
cate with this object do not care what the internal representation of the counter value is
nor does it matter if the implementor at a later date changes the data representation as
long as the message behavior is the same. This principle is called Encapsulation(1].

Section 3. Encapsulation

Encapsulation in an object oriented environment allows the code for the object and the
data to be held together in a single class structure. Let's look at a C++ implementation of
the counter example from above.

const int maxval = 15;
class counter {
public:
void increment () ;
void reset();
int outval():

protected:

int val_;
}:

void counter::increment () {
if (val_ >= maxval) {

val = 0;
} else {
val ++;

}:
}:
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void counter::reset () {
val = 0;
}:

counter::outval() {
return val_;

}:

This description contains one class called counter, that recognizes three messages,
increment(), reset() and outval(). By making the message declarations public these mes-
sages can be sent by another object. The protected area contains the data for the class
and the actual code for the object. By isolating the code and the data for an object in the
private region of an object, access to this code and data is restricted. The advantage is
that the developer of the object can use any data type or algorithm deemed necessary.
Other objects will continue to communicate with the object through messages.

This protection will delineate exactly which code has access to a particular piece of data,
and therefore what must change if data types change. This is in contrast to typical envi-
ronments where access to data is restricted only by scoping rules.

Messages increment() and reset() are messages that only cause an action to occur within
the object and no data is transferred from or to the object. However message outval()
causes an action to occur in the object and transfers the current value of the counter to
whichever object has sent the message. Not only can messages be used to control objects
but data can be passed as well.

Let's now update the counter example by adding another message to load the counter
with a particular value. One method to accomplish this would be to change the original
example as shown below:

const int maxval = 15;
class ldcounter ({

public:
void increment ();
void reset():
void load(int startval);
int outval();

protected:
int val ;

};
void ldcounter::increment () {
if (val__ >= maxval) {
val = 0;
} else {
val ++;

}:
};
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