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Foreword of Prof. Filippo Sorbello

It is a great pleasure to present the book Introduction to Digital Systems Design by
my friends and colleagues Donzellini, Oneto, Ponta, and Anguita. This textbook is
suited for first year students of Engineering and Computer Science. It starts from the
theoretical bases of digital systems, chosen and treated at the right level of depth,
proceeds toward the analysis and synthesis of combinational and sequential logic to
reach its target of designing and simulating controller–datapath systems. A very
high number of examples and exercises with related solutions are provided.

The evolution of electronic technologies has brought a wide diffusion of digital
systems in every field of everyday life. Speed, density, and complexity of current
digital circuits have been made possible by automatic design methodologies and
technological progress.

The knowledge of the theoretical bases of logic networks is necessary to achieve
a complete mastery of digital system architectures of different complexities and also
for the correct use of automatic design tools based on hardware description lan-
guages (HDLs).

First year students possess neither the adequate programming and abstraction
abilities nor the physics and electronics knowledge necessary to use HDLs prop-
erly. In this textbook, this difficulty is overcome by employing a simulation tool
(Deeds), developed by one of the authors, which uses an user-friendly interface.
Deeds is employed to simulate the behavior both of the circuits proposed in the
textbook and of those that the learner will autonomously design and then verify.
Deeds projects can be exported in HDL and tested on FPGA circuits.

The use of languages for hardware description, together with the knowledge
of the theoretical bases of logic circuits, represent the keys to understanding the
digital world.
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I think that this book is a good tool to face this challenge, given the ability that
the authors have shown in transferring the necessary theoretical and professional
know-how in a text with clear contents, smooth layout, and pleasant aspect.

Palermo, Italy
March 2018

Filippo Sorbello
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Foreword of Prof. Mauro Olivieri

The textbook written by Giuliano Donzellini, Luca Oneto, Domenico Ponta, and
Davide Anguita is characterized by two features that distinguish it in the wide field
of university textbooks introducing digital design.

The first feature is the focus on a well-defined group of notions and tools
representing the basis for digital systems: combinational and sequential logic
synthesis and the topics strictly connected with them. The book covers neither
electronic circuits nor microprocessor systems, and by remaining within these
limits, it allows great clarity, precision, completeness, and consistency for the
learners, as it appears immediately to the reader by inspecting the high number of
schematics and timing diagrams provided with the textbook. Besides, the avail-
ability of solved exercises, together with the simulation software Deeds, represents
a key element that is always appreciated and requested by students.

The second feature is the balance between the theoretical structure and the
practical implementation, which allows solid learning. Even though in the textbook
the word “voltage” is never cited, a student using the book always has the
impression he/she is studying an electronic system formalization. At the same time,
the textbook avoids presenting the topics only as a series of practical design
examples without a theoretical basis.

This peculiarity characterizes the approach of the “school” of digital systems at
the University of Genoa, in respect of which I consider myself an outsider.

For these reasons, the textbook of Donzellini, Oneto, Ponta, and Anguita is a
precious tool for a student willing to deeply understand the concepts belonging to
the big world of digital electronics design.

Roma, Italy
March 2018

Prof. Mauro Olivieri

ix



Preface

The large and ever-growing complexity of today’s digital systems places heavy
demands on educational systems that are in charge of training the new generations
of designers or just providing a solid understanding of the digital world. Academic
institutions struggle to keep the pace of technological advancements, and people,
like the authors of this book, who are in charge of introductory- or
intermediate-level education, have the responsibility to face the problem and make
choices.

It is certainly obvious that a digital designer must be trained in the use of
hardware description languages (HDLs) and it is nowadays a common practice to
introduce them very early in the courses, substituting the traditional approach based
on components and schematics. The choice to describe digital systems by HDL
matches very well with the adoption of Field-Programmable Gate Arrays (FPGA)
for the practical implementation of projects, using prototype boards provided by
chip producers.

Nevertheless, it is our opinion that the adoption of HDL in a beginner course of
logic networks with limited resources in terms of credits (as in our case) may
present problems. We believe that it is not easy to build a solid understanding of the
foundations by completely replacing logic components and schematics with HDL,
which requires a level of abstraction and a familiarity with programming that
beginner students generally do not possess.

What is more, employing a simulation and synthesis software developed by
FPGA chip producers presents other problems. Tools developed for digital systems
designers may not necessarily satisfy learning needs: their use is not immediate for
students, who may end up using them partially and mechanically, with the risk of
missing important basic concepts, hidden under the technicalities of HDL and tools.

It is therefore necessary that students acquire a solid foundation on which to
build design abilities and, at the same time, adapt to the fast rate of technological
innovation, while gaining familiarity with languages and design tools.

For these reasons, the textbook maintains a traditional approach to logic net-
works, described and designed through symbols and schematics, while taking into
account today’s state of the art when choosing topics and, especially, exercises and

xi



projects. This feature allows an optimal use of the book in university curricula that
contain only one course on digital hardware, while providing a solid foundation for
higher-level studies.

The book takes an original approach in introducing FPGA devices and VHDLs.
The last chapter shows how projects similar to the ones presented earlier and tested
by simulation only can be practically and quickly implemented on FPGA boards,
using Deeds tools. The procedure offers the opportunity of an “hands-on” intro-
duction to FPGA devices and VHDL.

The book is self-sufficient, since it supports the theoretical part with a huge
number of examples and exercises, complete with their solutions. In courses that
have room for a laboratory session, the symbiosis with the Digital Electronics
Education and Design Suite (Deeds) simulation tool can be exploited, with
important advantages. Deeds was developed recently by one of the authors
(Giuliano Donzellini), with the precise target of supporting learning and laboratory
activities for Information Engineering students. The strong connection with Deeds
represents an important strength and the originality of our work, since all the
schematics, examples, and design exercises included, from the easiest to the most
complex, were created with Deeds and are available online for an immediate
simulation.

The Deeds environment covers all the principal aspects of digital systems
design, from combinational and sequential logic to finite state machines and
embedded systems, thus allowing for the design and simulation of complex net-
works containing standard logic, finite state machines, user-defined components,
and microprocessors, including their programming in assembly language.

Deeds has been developed with the idea of matching ease of use and almost
professional features. The main differences between Deeds and a professional tool
are represented by the friendliness of the user interface and the availability of a wide
collection of teaching material and projects. Furthermore, Deeds is an “alive,”
continuously evolving system: updates are periodically available to improve exis-
tent tools and add new ones. The same is true for teaching materials.

The transition toward FPGA devices is supported by Deeds that allows to export
any of its projects to a professional tool, in order to test it in FPGA hardware. Deeds
bypasses the complexity of the process that is normally required by a specific
professional software and does not require writing HDL code, which is automati-
cally generated by Deeds. The rich teaching material of Deeds is hence redirected
toward FPGA implementation, without substantial modifications.

However, after practicing with the automatic HDL code generation by Deeds,
students can directly interact with FPGA tools, thus having the possibility to
observe, modify, and reuse HDL code (VHDL in our case), making a gradual
transition toward current design techniques.
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Teaching Objectives

According to authors’ experience, the whole content of the book, together with
design exercises and simulations based on Deeds, may be developed in an intro-
ductory course to digital systems of at least nine credits.

In the following, we briefly report the content of the chapters, indicating in italics
the topics that can be avoided without loss of continuity with the teaching project,
for courses with a smaller number of credits:

1. Boolean Algebra and Combinational Logic

– Classic approach that does not require preliminary knowledge.
It is possible to skip Shannon’s theorems.

2. Combinational Network Design

– Synthesis and minimization with Karnaugh maps.
– Standard combinational logic.
– Propagation delays.

Variable-Entered Maps and hazards may be omitted.

3. Numeral Systems and Binary Arithmetic

– Classic approach.
– Arithmetic networks.

Binary negative numbers may be omitted, as well as BCD arithmetic.

4. Complements in Combinational Network Design

– Minimization of expressions with Quine–McCluskey method.
The entire chapter may be omitted.

5. Introduction to Sequential Networks

– Intuitive transition from combinational to sequential logic.
– Structure and operation of principal flip-flop types.
– Dynamic flip-flop characteristics.

It is possible to consider just “D” and “E” logic types and to skip their
circuital details.

6. Flip-Flop-BasedSynchronous Networks

– Introduction to synchronous flip-flop networks.
– Sequential networks: registers and counters.
– Techniques for timing analysis of synchronous networks.

Counters and registers section may be reduced, as well as timing analysis of
sequential networks.

Preface xiii



7. Sequential Networks as Finite State Machines

– FSM project, realized through ASM diagrams.
– Solved exercises of ASM diagrams.
– FSM synthesis with state tables and maps.

FSM synthesis may be reduced, by omitting variable-entered maps, or
completely left aside.

8. The Finite State Machine as System Controller

– Design of Controller–Datapath systems.
– Solved exercises on controller–datapath systems.

This chapter applies all the material presented in the book to develop
controller–datapath systems. The projects may be chosen according to the
needs and level of the class.

9. Introduction to FPGA and HDL Design

– Introduction to FPGA.
– System prototyping on FPGA with Deeds tools.
– Introduction to VHDL.
– Examples of FPGA prototyping projects.

This chapter requires the use of Deeds, and it is fully exploited when
accompanied by laboratory activities.

How to Use the Book

The strict connection between this book and the Deeds tool suggests using it
together with the simulation tools, both to verify and test concepts and procedures
in an active way and to have a support for the solution of the exercises and the
design of systems.

This “learning by doing” practice allows students to progressively build the
analytic and design capabilities that represent the target to reach.

Giuliano Donzellini
Luca Oneto

Domenico Ponta
Davide Anguita
Genova, Italy
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Digital Contents for the Book

This textbook contains theoretical parts, examples, exercises, and solutions. All the
examples have also been implemented with the Deeds simulator that can be
downloaded from the link:

https://www.digitalelectronicsdeeds.com
The Web site contains a description of the Deeds’s features, tutorials, and learning
materials. The simulator does not require an Internet connection.

On the same Web site, as additional material, it is possible to find almost all the
schematics and charts included in the book:

https://www.digitalelectronicsdeeds.com/books
Thanks to this material, it is possible to simulate with Deeds the proposed circuits
and the exercises. The material has been organized by following the same structure
of the book in order to make it easier to access. On the same Web site, future
updates, corrections, and additions will be made available.

xv
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