Foundations of
Computer Systems
Research

TRV RS R E A

( Z&3HR )

L ERE R



Foundations of Computer Systems Research

TENASEHEERM ( E3TA)

PLOE %

ﬁ’i; fHA s p-Lx

HIGHER EDUCATION PRESS  BEWING



BEHERSEE (CIP ) # i

HEYLAREW 7 HER = Foundations of Computer
Systems Research : 33X / MigifpEs. — bt : &
LHE R, 2010.10

ISBN 978-7-04-029063—9

I. @it 0. Ofti--- M. OiFENRSE - #EX
V. OTP30

o [ iR A B 450 CIPEEH( 2010)%5195231 %

RKRImE x| % RERE 3 X HE&EIT K # FEEENH MR

HAEZIT ®BEHEFHRE WHH/E 010 - 58581118
# 0 M AEETWERRESRE 45 BHBIE 400 -810 - 0598
BREL4RES 100120 i 3t http: //www.hep.edu.cn
: — http: //www.hep.com.cn
2 W DeRBRBRBRTERAR FM.LEITH  http: //www.landraco.com
En Bl BT E W ENRIA FRA W] http: //www.landraco.com.cn

WHIEE  http: //www.widedu.com

¥ & 787x1092 1/16 RE X 20104 10 H%E 1 [R
ER ¥ 17.75 2] W 2010 4F 10 A5E 1 KEDR]
= ¥ 430 000 E #t  59.00 %

ABMART . EX, BREFRE R, B A BHERITRR AR,
MR b5
M-S 29063-00



To my parents, my wife Wei,
and my daughters, Ivy and Macy



Preface

The field of computer systems is the core of computer science, and is concerned with how to
design and implement a “good” system that is able to satisfy a variety of requirements and needs
from end users and applications. The definition of “good” depends on to whom we are talking,
and it could mean one or several of these basic requirements, to name a few: reliability, scalability,
availability, usability, adaptability, agility, dependability, and performability. We envision that more
and more new requirements will emerge as computing becomes more and more transparent and
embedded in our daily life. This unstoppable trend, however, brings great challenge to future
computer systems designers and practitioners. There is a gap between what the students learned
in the classroom and what they are going to build in the real world. The goal of this book is to
present the fundamental knowledge and techniques by laying out the foundations for the students
who want to become researchers in the general area of computer systems. The book is intended for
both senior undergraduate students and junior graduate students in the fields of computer science
and computer engineering. Practitioners and systems designers in industry and research laboratories
will find the book a very useful reference. One important principle guiding the writing of this book
is that it should contain the material I would want my own students to learn before beginning their
research.

The focus of systems research has changed considerably since the inception of computers. How-
ever, we have witnessed that several fundamental techniques and principles have been frequently
used in systems research in the last fifty years. The goal of this book is to provide beginning com-
puter systems researchers enough background for undertaking further systems research in their
career path. The philosophy of this book is foundation, in other words, only the techniques that
will at least survive for more than 10 years are selected.

In addition to general information for computer systems research, we have selected 15 specific
topics that can be applied in the three phases of systems research, including design, implementation
and evaluation. The 15 topics are selected based on the research experience of the authors in the
past. It is by no means’ the complete list of techniques and probably has the bias of the authors.
As time goes on, we will add more topics once we think a technique is fundamental enough to
be included in the book. You are more than welcome to contribute new topics to this set by
contacting the author directly by emailing at the following address csr.foundations@gmail.com.
Supplemental materials of this book will be available at http://www.cs.wayne. edu/~weisong.

These 17 chapters of the book are organized into four parts, General, Design, Implementation
and Ewvaluation, listed as follows:

1. Part I: General
o Elements
e Rules of Thumb
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2. Part II: Design

e Bloom Filters
Distributed Hash Tables
Locality Sensitive Hashing
XOR Operations
Adaptation
Optimistic Replication
Reputation and Trust
Moving Average
Machine Learning

3. Part I1I: Implementation
e Asynchronous I/O
¢ Multithreading
e Virtualization

4. Part IV: Evaluation
e Queueing Theory
e Black Box Testing
o Goodness-of-Fit

Following the first two chapters about the elements and rules of thumb of systems research,
each topic will be covered by one chapter. To help readers understand these topics easily, we also
provide two case studies of each topic at the end of each chapter (if possible), in addition to the
basic description of the motivation and idea. These case studies are selected from different aspects
of computer systems design and implementation.
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Part 1
General

Part I consists of two chapters. Chapter 1 de-
scribes the basic elements of computer systems
research, including most common mistakes in En-
glish writing, and Chapter 2 lists 12 rules of
thumb that are widely used in systems design.






Chapter 1
Elements

Weisong Shi

Abstract The content of this chapter lays the foundations for computer systems researchers. If
you are an experienced researcher in this area, you can skip the chapter and move directly to the
next chapter. The first thing for a beginner is to identify the top conferences/journals in his or
her specific research area. Hence, the 20 top conferences and the 10 top journals in the computer
systems area are listed in the first part of the chapter. You might want to customize them a little bit
to fit your own interests. Next, three “how tos” are described respectively: how to read a research
paper, how to write a research paper, and how to present a research paper. Finally, the chapter is
concluded by pointing interested readers to an important book about the ethical foundations of
scientific practices.

1.1 Top Systems Conferences/Journals

In this section, the 20 top systems or systems-related conferences and the 10 top journals in com-
puter systems are listed based on the author’s personal research experience; and it is by no means
a complete list. Note that among these 20 conferences, the first half is more systems-oriented, while
the second half has its own specific interests, although they do have a couple of sections focusing
on systems-related topics. Note that the list intends to give beginners a point to start, rather than
an authoritative list. As a matter of fact, you are encouraged to work out a customized list based
on your own research interests.

1t is worth noting that at the time this book was written (2009), top conferences were more
prestigious than journals in the computer systems community. Therefore, the 20 top systems con-
ferences are listed first. In the long run, however, the systems community is called on to pay more
attention to journals than conferences in the future because of the following two reasons. One is that
the authors of a conference paper have little time (usually less than a month between the notifica-
tion date and the camera ready date) to revise the paper according to review comments. Therefore,
most of results published in conference proceedings are premature work. On the contrary, journal
papers are archived documents, and authors have enough time to revise the paper and address the
comments. The second reason is related to the development of computer science as a discipline. To
the best of my knowledge, many other disciplines pay more attention to journals other than con-
ferences. The differences in evaluation (i.e., conferences vs. journals) that exist between computer
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