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Preface 
 

VHDL is a hardware description language that can be used to model a digital system. It contains 
elements that can be used to describe the behavior or structure of the digital system, with the provision for 
specifying its timing explicitly. The language provides support for modeling the system hierarchically and also 
supports top-down and bottom-up design methodologies. The system and its subsystems can be described at any 
level of abstraction ranging from the architecture level to gate level. Precise simulation semantics are associated 
with all the language constructs, and therefore, models written in this language can be verified using a VHDL 
simulator. 

The aim of this book is to introduce the VHDL language to the reader at the beginner's level. No prior 
knowledge of the language is required. The reader is, however, assumed to have some knowledge of a high-level 
programming language, like C or Pascal, and a basic understanding of hardware design. This text is intended for 
both software and hardware designers interested in learning VHDL with no specific emphasis being placed on 
either discipline. 

VHDL is a large and verbose language with many complex constructs that have complex semantic 
meanings and is difficult to understand initially (VHDL is often quoted to be an acronym for Very Hard 
Description Language). However, it is possible to quickly understand a subset of VHDL which is both simple and 
easy to use. The emphasis of this text is on presenting this set of simple and commonly used features of the 
language so that the reader can start writing models in VHDL. These features are powerful enough to be able to 
model designs of large degrees of complexity. 

This book is not intended to replace the IEEE Standard VHDL Language Reference Manual, the official 
language guide, but to complement it by explaining the complex constructs of the language using an example-
based approach. Emphasis is placed on providing illustrative examples that explain the different formulations of 
the language constructs and their semantics. The complete syntax of language constructs is often not described, 
instead, the most common usage of these constructs are presented. Syntax for constructs is written in a self-
explanatory fashion rather than through the use of formal terminology (the Backus-Naur Form) that is used in the 
Language Reference Manual. This text does not cover the entire language but concentrates on the most useful 
aspects. 
 
Book organization 
 

Chapter 1 gives a brief history of the development of the VHDL language and presents its major 
capabilities. Chapter 2 provides a quick tutorial to demonstrate the primary modeling features. The following 
chapters expand on the concepts presented in this tutorial. Chapter 3 describes the basic elements of the language 
such as types, subtypes, objects, and literals. It also presents the predefined operators of the language. 

Chapter 4 presents the behavior style of modeling. It introduces the different sequential statements that 
are available and explains how they may be used to model the sequential behavior of a design. This modeling style 
is very similar in semantics to that of any high-level programming language. Chapter 5 describes the dataflow style 
of modeling. It describes concurrent signal assignment statements, and block statements, and provides examples to 
show how the concurrent behavior of a design may be modeled using these statements. 

Chapter 6 presents the structural style of modeling. In this modeling style, a design is expressed as a set 
of interconnected components, possibly in a hierarchy. Component instantiation statements are explained in detail 
in this chapter. Chapter 7 explains the notion of an entity-architecture pair and describes how component instances 
can be bound to designs residing in different libraries. This chapter also explains how to pass static information 
into a design using generics. 

Chapter 8 describes subprograms. A subprogram is a function or a procedure. The powerful concept of 
subprogram and operator overloading is also introduced. Chapter 9 describes packages and the design library 
environment as defined by the language. It also explains how items stored in one library may be accessed by a 
design residing in another library. Advanced features of the language such as entity statements, aliases, guarded 
signals, and attributes are described in Chap. 10. 

Chapter 11 describes a methodology for simulating VHDL models and describes techniques for writing 
test benches. Examples for generating various types of clocks and waveforms and their application to the design 
under test are presented. Chapter 12 contains a comprehensive set of hardware modeling examples. These include 
among others, examples of modeling combinational logic, synchronous logic, and finite-state machines. 

In all the VHDL descriptions that appear in this book, reserved words are in boldface. A complete list of 
reserved words also appears in Appendix A. Most of the language constructs are explained using easy-to-
understand words, rather than through the use of formal terminology adopted in the Language Reference Manual. 
Also, some constructs are described only in part to explain specific features. The complete language grammar is 
provided in Appendix B. Appendix C contains a complete description of a package that is referred to in Chaps. 11 
and 12. 

In all the language constructs that appear in this book, names in italics indicate information to be 
supplied by the model writer. For example, 
 

entity entity-name is  
[ port ( list-of-interface-ports )]... 
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Entity, is, and port are reserved words while entity-name and list-of-interface-ports represent information 
to be provided by the model writer. The square brackets, [ ... ], indicate optional items. Occasionally, ellipsis ( … ) 
are used in VHDL source to indicate code that is not relevant to that discussion. All examples that are described in 
this book have been validated using a native VHDL system. 

Throughout this text, we shall refer to the circuit, system, design, or whatever it is that we are trying to 
model as the entity. 

Tills book was prepared using the FrameMaker workstation publishing software. (FrameMaker is a 
registered trademark of  France Technology Corporation.) 

 
Book usage 
 

The first time reader of this book is strongly urged to read the tutorial presented in Chap. 2. The 
remaining chapters are organized such that they use information from the previous chapters. However, if the 
tutorial is well understood, it is possible to go directly to the chapter of interest. A complete chapter has been 
devoted to examples on hardware modeling; this can be used as a future reference. A list of suggested readings and 
books on the language and the complete language syntax is provided at the end of the book. For further 
clarifications on the syntax and semantics of the language constructs, the reader can refer to the IEEE Standard 
VHDL Language Reference Manual (IEEE Std 1076-1987), published by the IEEE. 
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