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Preface

This is the second of our books designed to help the professional verifier

manage complexity. This time, we have responded to a growing interest not

only in object-oriented programming but also in SystemVerilog. The writing

of this second handbook has been just another step in an ongoing masochistic

endeavor to make your professional lives as painfree as possible.

The authors are not special people. We have worked in several companies,

large and small, made mistakes, and generally muddled through our work.

There are many people in the industry who are smarter than we are, and many

coworkers who are more experienced. However, we have a strong desire to

help. 

We have been in the lab when we bring up the chips fresh from the fab, with

customers and sales breathing down our necks. We’ve been through software

bring-up and worked on drivers that had to work around bugs1 in production

chips.

What we feel makes us unique is our combined broad experience from both

the software and hardware worlds. Mike has over 20 years of experience from

the software world that he applies in this book to hardware verification.

Robert has over 12 years of experience with hardware verification, with a

focus on environments and methodology.

What we bring to the task of functional verification is over three decades of

combined experience, from design, verification, software development, and

management. It is our experiences that speak in this handbook. It is our desire

that others might learn and benefit from these experiences.

We have had heated discussions over each line of code in this book and in

our open-source libraries. We rarely agree at first, but by having to argue our

cases we arrive at what we feel are smart, efficient, flexible, and simple

solutions. Most of these we have “borrowed” from the software industry but

have applied to the field of verification.

We believe that the verification industry can benefit from the lessons learned

from the software domain. By using industry-standard languages, the verifi-

cation domain can adapt techniques and code from over twenty calendar years

1. Features.
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of software effort, the scope of which is nothing short of stunning. Many

brilliant people have paved the way in the software field. Although the

field of verification is much younger, we could benefit greatly from

listening, learning, and adapting mature programming techniques to the

production of products of the highest quality.

So why do we provide open-source software at our website,

www.trusster.com? Open-source software is a key to uniting and increas-

ing the productivity of our industry. There is almost no successful closed-

source (“hard macro”) intellectual property (IP), for a good reason.

Without the ability to look at the source and edit as necessary, the task

is much more difficult and the chances for success are slim.

We hope that you enjoy this book—and better yet, find its principles

increasingly useful in daily practice. We look forward to your comments.

Please keep in touch with us at www.trusster.com.

Mike Mintz

Robert Ekendahl

Cambridge, Massachusetts, USA

March 2007
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However, we are getting ahead of ourselves, so before we dive into the

practical problem of verification, let’s look at how SystemVerilog

expresses OOP techniques.

z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z 

OOP and SystemVerilog

This section shows how SystemVerilog expresses the OOP concepts

described above. It describes some of the techniques we use to build a

successful verification environment in later chapters. For engineers expe-

rienced with other OOP languages such as C++, Vera or “e,” this chapter

can serve as a way to map concepts from one language to another.

Data abstraction through classes

Using classes to express data abstraction is an important technique in

building large verification systems. Data abstraction, by grouping the

data and the operations together, allows engineers to reason about the

code.

We will look at a direct memory access (DMA) descriptor class to show

how a class can be constructed, then evolved by means of inheritance.

A DMA descriptor example

DMA is a common hardware feature for transferring data from one

memory location to another without putting a load on the CPU. In this

example, we verify a DMA chip that accepts DMA descriptors, puts them

into an on-chip memory array, and then executes them. Each descriptor

has a source and destination memory address, as well as the number of

bytes (called “length”) to transfer. 

In the verification environment, a DMA descriptor could be represented

by a small class. The DMA generator is then responsible for building,

or instantiating, DMA descriptors and “pushing” them to the chip and

to the checker. 
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The following code describes the DMA descriptor class:

class descriptor;
//Constructor

extern function new (int src, int dest, 

int length, int status);
//Code (or Public) Interface:

extern virtual function void print();

int source_address_; //public as an example!
extern virtual function bit equal(descriptor d);

//Implementation (or local and protected) interface:

extern local virtual function int unique_id ();
protected int destination_address_;

protected int length_;

protected int status_;
protected int verif_id_;

endclass

The descriptor class is divided into the code (or public) interface and the

implementation (or local and protected) interface, as shown by the access

control level on each line. The next section will explain what access

control labels are for.

Access control

The keywords protected and local, as used in the descriptor class,

are SystemVerilog access control labels. They indicate how methods and

variables following the statements can be used. The absence of a label

indicates that the methods and variables that follow are publicly acces-

sible by any code that has access to an instance of the class.1 A local

label indicates that only the code inside the class itself can access the

variable or method.

The keyword protected indicates a private variable or method that can

be modified through inheritance. Public, local, and protected can be used

to express and enforce the intent of the class quite clearly.

1. This is an unfortunate default, as a vast majority of classes will have far fewer 
public methods and variables compared to the local and protected code used to 
implement the class. Be prepared to type “local” and “protected” a lot.
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