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INTRODUCTION: A NEW ERA IN
COMPUTING EDUCATION

The  world  of  computing  education  is
undergoing  a  profound  transformation.
For decades, students and professionals
have learned the fundamentals of digital
design  and  computer  architecture
through  the  lens  of  propr ietary
instruction set architectures (ISAs) such

a s  x 8 6  a n d  A R M .  W h i l e  t h e s e
architectures  have served the industry
well, the landscape is shifting. Enter the
Digital  Design  And  Computer
Architecture  Risc  V  Edition  Risc  V
Edition  —  a  groundbreaking  textbook
that  redefines  how  we  teach  and
understand  the  core  principles  of
computing.  This  edition,  authored  by
Sarah L. Harris and David Money Harris,
is not merely a revision of a classic text;
it  is  a  deliberate  and  forward-looking
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move to embrace an open, modular, and
educational-friendly  ISA.  In  this  article,
we will explore what makes this edition
so  significant,  how  it  differs  from  its
predecessors,  and  why  it  is  quickly
becoming  the  standard  resource  for
universities,  self-learners,  and  industry
professionals alike.

WHAT IS DIGITAL DESIGN AND
COMPUTER ARCHITECTURE?

Before  diving  into  the  specifics  of  the
RISC-V  edition,  it  is  important  to
establish  a  clear  understanding  of  the
field  itself.  Digital  design  refers  to  the
process of  designing electronic  circuits
that  operate  using  discrete  signals  —
typically  binary  (0  and  1).  It  is  the
foundation  upon  which  all  modern
computing  devices  are  built,  from

microprocessors  to  memory  systems.
Computer architecture,  on the other
hand,  deals  with  the  structure  and
behavior of a computer system as seen
by the programmer. It encompasses the
instruction  set,  memory  hierarchy,
pipelining, and the overall  organization
of the processor.
The study of digital design and computer
architecture is essential for anyone who
wishes  to  understand  how  computers
w o r k  a t  a  f u n d a m e n t a l  l e v e l .
Traditionally,  textbooks  in  this  domain
have used proprietary ISAs to illustrate
concepts. However, the Digital Design
And Computer  Architecture  Risc  V
Edition  Risc  V  Edition  breaks  away
from this tradition by adopting RISC-V,
an open standard ISA that is free to use,
modify,  and  implement.  This  shift  has
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profound implications for both education
and industry.

THE RISC-V REVOLUTION: WHY
OPEN SOURCE MATTERS

RISC-V  (pronounced  "risk-five")  is  an
open  s tandard  ins t ruc t ion  se t
architecture  that  was  original ly
developed at the University of California,
Berkeley. Unlike ARM or x86, which are
owned  and  l i censed  by  pr ivate
companies,  RISC-V  is  freely  available
under open-source licenses. This means
that  anyone  —  from  a  student  in  a
classroom to a multinational corporation
—  can  design  a  processor  based  on
RISC-V  without  paying  royalties  or
seeking  permission.
The  adoption  of  RISC-V  in  Digital
Design And Computer  Architecture

Risc  V  Edition  Risc  V  Edition  is  a
strategic  and  pedagogical  decision.  It
allows the authors to present computer
architecture  concepts  without  the
baggage of proprietary legacy. Students
can explore  the  full  depth  of  the  ISA,
modify it for experiments, and even tape
out their own chips — all without legal or
financial  barriers.  This  democratization
of  hardware  design  is  unprecedented
and  aligns  perfectly  with  the  open-
source  e thos  tha t  has  a l ready
transformed  software.

A Modular and
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Extensible ISA
One of the standout features of RISC-V is
its  modularity.  The  base  integer  ISA
(RV32I  or  RV64I)  is  small  and  simple,
making it easy to learn and implement.
From  there,  a  variety  of  standard
extensions  can  be  added  —  such  as
integer  multiplication  and  division  (M),
atomic  operations  (A),  single-precision
floating  point  (F),  double-precision
floating point  (D),  and vector operations
(V). This modularity allows educators to
introduce  concepts  incrementally,
starting with a minimal core and building
up complexity as the course progresses.
In the Digital Design And Computer
Architecture  Risc  V  Edition  Risc  V
Edition,  this  modular  approach  is

exploited  to  great  effect.  Early  chapters
focus on the base integer ISA, allowing
students  to  grasp  the  essentials  of
datapath and control before moving on
to more advanced topics like pipelining,
caching, and virtual memory. The result
is a learning curve that is steep enough
to be challenging but gentle enough to
be accessible.

KEY FEATURES OF THE RISC-V
EDITION

What  sets  the  Digital  Design  And
Computer  Architecture  Risc  V
Edition Risc V Edition apart from other
textbooks? Several key features make it
an indispensable resource.

Unified Digital Design and
Computer Architecture: The
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book seamlessly integrates digital
logic design with computer
architecture, showing how
hardware translates into
instructions and how instructions
drive the hardware.
RISC-V as the Primary ISA: All
examples, exercises, and case
studies are built around RISC-V,
ensuring that students gain
practical, hands-on experience
with the ISA that is shaping the
future of computing.
Emphasis on HDL: The book
includes extensive coverage of
hardware description languages
(HDLs) such as SystemVerilog and
VHDL, enabling students to design,
simulate, and test their own RISC-
V processors.

Real-World Relevance:
Throughout the text, connections
are made to real-world
implementations, from embedded
systems to high-performance
computing. This helps students
understand the practical
significance of the concepts they
are learning.
Comprehensive Problem Sets:
Each chapter concludes with a rich
set of exercises that range from
conceptual questions to complex
design problems. Solutions are
available for instructors, and many
problems are designed to be
solved using industry-standard
tools.
Online Companion Resources:
The book is supported by a
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companion website that provides
lecture slides, lab materials,
simulation files, and additional
reading. This makes it easy for
instructors to adopt the book and
for students to deepen their
understanding.

UNDERSTANDING THE RISC-V
ISA: A CLOSER LOOK

To appreciate the value of the Digital
Design And Computer  Architecture
Risc V Edition Risc V Edition, it helps
to  have  a  basic  understanding  of  the
RISC-V ISA itself.  The base integer ISA
(RV32I) consists of just 47 instructions,
making  it  one  of  the  simplest  and
cleanest  ISAs  in  existence.  These
instructions  are  divided  into  four
categories:

R-type (Register): Operations
like ADD, SUB, AND, OR, and SLT
that operate on three registers.
I-type (Immediate): Operations
like ADDI, LW, and JALR that use
an immediate value or a base
register.
S-type (Store): Operations like
SW and SB that store a register
value into memory.
B-type (Branch): Operations like
BEQ and BNE that conditionally
change the program counter.
U-type (Upper Immediate):
Operations like LUI and AUIPC that
load a 20-bit immediate into the
upper bits of a register.
J-type (Jump): Operations like JAL
that perform unconditional jumps.
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This  clean,  regular  encoding  makes
RISC-V  ideal  for  educational  purposes.
Students can easily decode instructions
by  hand,  design  datapaths  that  are
straightforward  and  elegant,  and
implement control logic that is easy to
understand.  The  Digital  Design  And
Computer  Architecture  Risc  V
Edition  Risc  V  Edition  exploits  this
simplicity  by  walking  students  through
the  design  of  a  single-cycle  RISC-V
processor, then a multi-cycle processor,
and finally a pipelined processor — each
step reinforcing the concepts from the
previous one.

The RISC-V

Privileged
Architecture
Beyond the base integer ISA, RISC-V also
defines  a  privileged  architecture  that
supports operating systems, hypervisors,
and  other  system-level  software.  This
includes  machine  mode  (M-mode),
supervisor  mode  (S-mode),  and  user
mode  (U-mode).  The  Digital  Design
And Computer  Architecture  Risc  V
Edition  Risc  V  Edition  covers  these
concepts in later chapters, showing how
a  RISC-V  processor  can  support
multitasking,  memory  protection,  and
exception handling. This gives students
a complete picture — from the simplest
embedded  controller  to  a  full-featured
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Linux-capable processor.

THE EDUCATIONAL IMPACT: WHY
THIS EDITION MATTERS

The  Digital  Design  And  Computer
Architecture  Risc  V  Edition  Risc  V
Edition is not just a book; it is a catalyst
for  change  in  computer  science  and
engineering  education.  For  years,
educators  have  struggled  with  the
limitations  of  proprietary  ISAs.  They
could  not  share  example  code  freely,
they could not let students modify the
ISA, and they could not provide hands-on
experience with real chip design without
expensive licenses. RISC-V eliminates all
of these barriers.

Adoption in
Universities
Worldwide
Since  its  publication,  this  edition  has
b e e n  a d o p t e d  b y  h u n d r e d s  o f
universities  around  the  world.  Courses
ranging from introductory digital logic to
advanced  computer  architecture  have
integrated the book into their curricula.
The feedback from both instructors and
students  has  been  overwhelmingly
positive.  Instructors  appreciate  the
clarity  of  the  explanations  and  the
abundance  of  teaching  resources.
Students  appreciate  the  hands-on,
practical  approach  and  the  sense  of
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empowerment that comes from working
with an open ISA.

Self-Learning
and Online
Communities
The  book  has  also  found  a  large
audience  among  self-learners.  The
companion  website,  combined  with
active  online  communities  focused  on
RISC-V,  provides  a  rich  ecosystem for
independent  study.  Hobbyists,  makers,
and  aspiring  hardware  engineers  are
us ing  the  Digital  Design  And
Computer  Architecture  Risc  V
Edition  Risc  V  Edition  to  teach

themselves the art of processor design.
The  availability  of  open-source  RISC-V
cores and simulation tools  means that
anyone with a laptop and a curious mind
can design and test their own processor.

PRACTICAL APPLICATIONS AND
INDUSTRY RELEVANCE

Whi le  the  Digital  Design  And
Computer  Architecture  Risc  V
Edition  Risc  V  Edition  is  first  and
foremost  an  educational  text,  its
relevance  extends  far  beyond  the
classroom.  RISC-V  is  already  making
significant  inroads  into  industry.
Companies  like  SiFive,  Microchip,
Alibaba,  and  Western  Digital  are
developing RISC-V processors for a wide
range of applications, from IoT devices
to data center accelerators.
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From Classroom
to Silicon
The  skills  that  students  acquire  while
working through this  book are directly
transferable  to  industry.  Many  of  the
concepts — pipelining, hazard detection,
caching,  branch prediction,  and virtual
memory — are exactly the same ones
that hardware engineers deal with daily.
Moreover, the experience of designing a
RISC-V processor using HDLs is excellent
preparation for a career in digital design.
Some universities have even taken the
next  step  and  taped  out  student-
designed RISC-V chips, a feat that was
once reserved for large corporations and
research labs.

A Future-Proof
Investment
By  learning  RISC-V,  students  are
investing in a future-proof skill. The open
nature of the ISA means that it will not
become  obsolete  due  to  corporate
decisions.  It  is  already  supported  by
major  operating  systems  (Linux,
FreeRTOS,  and  soon  Windows) ,
toolchains (GCC, LLVM), and simulation
environments  (Verilator,  Spike).  The
momentum behind RISC-V is undeniable,
and  those  who  master  it  now  will  be
well-positioned for the decades ahead.

COMPARISON WITH OTHER
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ARCHITECTURES

How  does  the  Digital  Design  And
Computer  Architecture  Risc  V
Edition Risc V Edition  compare with
earlier editions that used ARM or MIPS?
The  fundamental  concepts  of  digital
design  and  computer  architecture
remain the same,  of  course.  However,
the choice of ISA has a significant impact
on the learning experience.

ARM Edition: ARM is a modern,
widely used ISA, but it is
proprietary. Students cannot
examine or modify the full ISA
specification without signing non-
disclosure agreements. The ARM
edition was excellent in its own

right, but it did not offer the same
freedom as the RISC-V edition.
MIPS Edition: MIPS is a clean,
elegant ISA that was used in
earlier editions. However, MIPS is
largely a legacy platform with
limited commercial relevance
today. RISC-V is essentially the
spiritual successor to MIPS, but
with a modern, modular design
and an open license.
x86: x86 is the dominant ISA in
desktops and servers, but it is
enormously complex and not
suitable for educational use. The
Digital Design And Computer
Architecture Risc V Edition
Risc V


