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Preface

The meaning of the word algorithm as found in any English dictionary is rather
similar to the meaning of words such as method or procedure, that is, “a finite set
of rules specifying a sequence of operations to solve a particular problem”. Simple
algorithms we are all familiar with are those used to perform the four arithmetical
operations, or the binary search which, more or less unconsciously, we use to find a
name in a telephone directory.

Strangely, however, the very mention of the word algorithm provokes a sense
of fear in many people, possibly due to its mathematical connotations. Indeed, the
word’s etymological origin is the name of the Persian mathematician, al-Khwarizmi,
who worked in Baghdad at the beginning of the ninth century, and its contemporary
meaning is derived from the fact that he introduced Indian methods of calculation
based on positional representation of numbers into the Christian countries of the
West.

And so it may be that a deep-seated unease with mathematics causes many to
lose sight of the central role algorithms play in computer science and of the fact that
myriad activities of their lives are today governed by algorithms. Booking a plane
ticket, effecting a secure transaction at the cash machine of a bank, searching for
information on the Web, and zipping or unzipping files containing music or images
are just a few examples of the way algorithms have come to pervade all aspects
of everyday life. Algorithms are even inserted into national legislation, such as the
rules defining the construction of a citizen’s fiscal code, national insurance number,
etc., or the increasingly widely used digital signature for authenticating documents.

A highly important consideration to emphasize, however, is that not only do
algorithms have a huge number of applications, but they also act as powerful
“magnifying lenses” enabling a penetrating comprehension of problems.

Examining, analyzing, and manipulating a problem to the point of being able
to design an algorithm leading to its solution is a mental exercise that can be of
fundamental help in understanding a wide range of subjects, irrespective of the fields
of knowledge to which they belong (natural sciences, linguistics, music, etc.).

v
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In any case, it was the advent of computers and computer science that led to the
word ‘algorithm’ becoming known to a wide range of people, so much so that even
in 1977 Donald Knuth (one of the founding fathers of computer science) wrote:

Until ten years ago the word algorithm was unknown to the vast majority of educated people
and, to tell the truth, there was little need for it anyway. The furiously rapid development
of computer science, whose primary focus is the study of algorithms, has changed this
situation: today the word algorithm is indispensable.

Formalizing a problem as an algorithm thus leads to a better grasp of the
argument to be dealt with, compared to tackling it using traditional reasoning.
Indeed, a person who knows how to handle algorithms acquires a capacity for
introspection that she/he will find useful not only in writing good programs for
a computer, but also in achieving improved understanding of many other kinds
of problem in other fields. Knuth, again, in his book “The Art of Computer
Programming”, asserts that:

If it is true that one doesn’t truly understand a problem in depth until one has to teach it to
someone else, it is even truer that nothing is understood more completely than something
one has to teach to a machine, that is, than something which has to be expressed by way of
an algorithm.

Unfortunately, the precision demanded by the algorithmic approach (the algorithm
has to be independent of the data to which it is applied and the rules it employs have
to be elementary, that is, very simple and unambiguous), although useful as a means
of mental development, limits the types of problem for which it can be adopted. To
convince oneself of this just think of the fact that no algorithm exists for teaching
“how to live a happy life”. Alternatively, as a more rigorous demonstration of these
limitations, we cite one of the most important findings of twentieth century logic,
whereby Alan Turing (in the wake of Gödel’s incompleteness proof) showed that no
algorithm exists that would be capable of deciding whether or not a logical formula
asserting a property of arithmetic is a theorem (see Chaps. 1 and 3).

For every algorithm two fundamental components can be identified: the determi-
nation of the appropriate algorithmic design technique (based on the structure of the
problem) and the clear understanding of the mathematical nucleus of the problem.
These two components interact closely with each other, thus it is not so much that
algorithmic ideas just find solutions to well-stated problems, as that they function
as a language that enables a particular problem to be expressed in the first place. It
is for this reason that David Harel, in his 1987 book “Algorithmics: The Spirit of
Computing” was able, without fear of contradiction, to define the algorithm as “the
soul of computer science”.

The earliest algorithms can be traced back as far as 2000 BCE; Mesopotamian
clay tablets and Egyptian papyrus have been found bearing the first examples of
procedures for calculation defined in fairly rigorous ways. Over the successive
millennia thereafter humans made ever-increasing use of algorithms to solve
problems arising in widely diverse fields: from measurements of land areas to
astronomy, from trade to finance, and from the design of civil engineering projects
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to the study of physical phenomena. All of these significantly contributed, in the
eighteenth and nineteenth centuries, to the first products of the industrial revolution.

Notwithstanding this, it was not until the twentieth century that the formal
definition of the concept of algorithm began to be tackled. This was done pri-
marily by mathematical logicians, such as Alonzo Church and the already-cited
Alan Turing, in a series of theoretical investigations which turned out to be the
indispensable groundwork for subsequent development of the first programmable
electronic computer and the first computer programming languages. As mentioned
earlier, it was with the advent of computers and computer science that algorithms
really began to play a central role, initially only in military and scientific fields, and
then ever increasingly in the fields of commerce and management. Today we can
say that algorithms are an indispensable part of our everyday lives—and it seems
they are destined to become even more pervasive in the future.

Nevertheless, despite this massive influence of algorithms on the world around
us, the majority of users remain totally ignorant of their role and importance in
securing the performance of the computer applications with which they are most
familiar, or, at best, consider them technical matters of little concern to them. Instead
quite the opposite is the case: in reality it is the power, the precision, the reliability
and the speed of execution which these same users have been demanding with ever-
increasing pressure that have transformed the design and construction of algorithms
from a highly skilled “niche craft” into a full-fledged science in its own right.

This book is aimed at all those who, perhaps without realizing it, exploit the
results of this new science, and it seeks to give them the opportunity to see what
otherwise would remain hidden. There are ten chapters, of which nine are divided
into two parts. Part I (Chaps. 1–3) introduces the reader to the properties and
techniques upon which the design of an efficient algorithm is based and shows how
the intrinsic complexity of a problem is tackled. Part II (Chaps. 4–9) presents six
different applications (one for each chapter) which we encounter daily in our work
or leisure routines. For each of these applications the conceptual and scientific bases
upon which the algorithm used is grounded are revealed and it is shown how these
bases are decisive as regards the validity of the applications dealt with. The book
concludes with a different format, that of the dialogue. Chapter 10 illustrates how
randomness can be exploited in order to solve complex problems, and its dialogue
format has been deliberately chosen to show how discussions of such issues are part
of the daily life of those who work in this field.

As an aid to readers whose educational background may not include particularly
advanced mathematics there are clear indications in the text as to which sections
containing more demanding mathematics may be skipped without fear of losing the
thread of the main argument. Moreover, in almost every chapter, boxes covering
specific mathematical or technical concepts have been inserted, and those readers
wishing to get a general sense of the topic can avoid tackling these, at least on a first
reading.

In fact, an overriding aim of the authors is to make the role of algorithms
in today’s world readily comprehensible to as wide a sector of the public as
possible. To this end a simple, intuitive approach that keeps technical concepts to a
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minimum has been used throughout. This should ensure ideas are accessible to the
intellectually curious reader whose general education is of a good level, but does
not necessarily include mathematical and/or computer scientific training.

At the same time, the variety of subjects dealt with should make the book
interesting to those who are familiar with computer technologies and applications,
but who wish to deepen their knowledge of the ideas and techniques that underlie
the creation and development of efficient algorithms. It is for these reasons that the
book, while having a logical progression from the first page to the last, has been
written in such a way that each chapter can be read separately from the others.

Roma, Italy Giorgio Ausiello
July 2013 Rossella Petreschi



Contents

Part I Finding One’s Way in a World of Algorithms

1 Algorithms, An Historical Perspective . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Giorgio Ausiello
1.1 Introduction .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.2 Teaching Algorithms in Ancient Babylonia and Egypt.. . . . . . . . . . . . 4
1.3 Euclid’s Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.4 Al-Khwarizmi and the Origin of the Word Algorithm . . . . . . . . . . . . . 10
1.5 Leonardo Fibonacci and Commercial Computing .. . . . . . . . . . . . . . . . . 13
1.6 Recreational Algorithms: Between Magic and Games . . . . . . . . . . . . . 17
1.7 Algorithms, Reasoning and Computers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
1.8 Conclusion .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
1.9 Bibliographic Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

2 How to Design an Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
Rossella Petreschi
2.1 Introduction .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
2.2 Graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

2.2.1 The Pervasiveness of Graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
2.2.2 The Origin of Graph Theory.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
2.2.3 The Topological Ordering Problem . . . . . . . . . . . . . . . . . . . . . . . . . 35

2.3 Algorithmic Techniques.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
2.3.1 The Backtrack Technique .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
2.3.2 The Greedy Technique .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

2.4 How to Measure the Goodness of an Algorithm .. . . . . . . . . . . . . . . . . . . 49
2.5 The Design. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
2.6 Bibliographic Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

3 The One Million Dollars Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
Alessandro Panconesi
3.1 Paris, August 8, 1900 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
3.2 “Calculemus!” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

ix



x Contents

3.3 Finding Is Hard: Checking Is Easy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
3.4 The Class NP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
3.5 Universality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
3.6 The Class P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
3.7 A Surprising Letter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
3.8 The Driving Force of Scientific Discovery .. . . . . . . . . . . . . . . . . . . . . . . . . 80
3.9 Bibliographic Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

Part II The Difficult Simplicity of Daily Life

4 The Quest for the Shortest Route . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
Camil Demetrescu and Giuseppe F. Italiano
4.1 Introduction .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
4.2 The Mathematisch Centrum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
4.3 Shortest Paths in Graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
4.4 Nature and Its Algorithms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
4.5 A Simple Idea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
4.6 Time Is a Tyrant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
4.7 How to Set Your Priorities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

4.7.1 The Heap Data Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
4.8 The Humble Programmer .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
4.9 Still an Open Challenge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

4.9.1 The ALT Algorithm by Goldberg and Harrelson .. . . . . . . . . . 103
4.10 Bibliographic Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

5 Web Search . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
Paolo Ferragina and Rossano Venturini
5.1 The Prologue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
5.2 Internet and Web Graphs .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
5.3 Browsers and a Difficult Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
5.4 Search Engines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118

5.4.1 Crawling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120
5.4.2 The Web Graph in More Detail . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122
5.4.3 Indexing and Searching .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124
5.4.4 Evaluating the Relevance of a Page . . . . . . . . . . . . . . . . . . . . . . . . . 127
5.4.5 Two Ranking Algorithms: PageRank and HITS. . . . . . . . . . . . 129
5.4.6 On Other Search Engine Functionalities .. . . . . . . . . . . . . . . . . . . 133

5.5 Towards Semantic Searches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134
5.6 Bibliographic Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137

6 Algorithms for Secure Communication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
Alberto Marchetti-Spaccamela
6.1 Introduction .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
6.2 A Brief History of Cryptography .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141

6.2.1 Monoalphabetic Substitution Codes . . . . . . . . . . . . . . . . . . . . . . . . 141



Contents xi

6.2.2 Polyalphabetic Substitution Codes . . . . . . . . . . . . . . . . . . . . . . . . . . 143
6.2.3 The Enigma Machine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144

6.3 Cryptographic Codes and Secret Keys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
6.3.1 How to Encode a Long Message Using

an Integer Function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146
6.3.2 Cryptanalysis and Robustness

of a Cryptographic Protocol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
6.4 Secret Key Cryptography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151

6.4.1 Secret Key Cryptography Standards . . . . . . . . . . . . . . . . . . . . . . . . 151
6.4.2 Limitations of Secret Key Encryption . . . . . . . . . . . . . . . . . . . . . . 152

6.5 The Key Distribution Problem .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
6.5.1 Modular Arithmetic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154
6.5.2 Diffie and Hellman’s Algorithm

for Establishing a Secret Key . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
6.6 Public-Key Cryptography .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157

6.6.1 The RSA Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158
6.7 Digital Signatures and Other Useful Applications

of Public-Key Cryptography .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
6.7.1 How Public-Key Cryptography Allows

for Digital Signatures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162
6.8 Bibliographic Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165

7 Algorithmics for the Life Sciences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
Raffaele Giancarlo
7.1 Introduction .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
7.2 The Fundamental Machinery of Living Organisms.. . . . . . . . . . . . . . . . 170
7.3 Algorithmic Paradigms: Methodological Contributions

to the Development of Biology as an Information Science . . . . . . . . 174
7.3.1 String Algorithmics: Identification

of Transcription Factors Binding Sites . . . . . . . . . . . . . . . . . . . . . . 175
7.3.2 Kolmogorov Algorithmic Complexity:

Classification of Biological Sequences and Structures . . . . . 178
7.3.3 Graph Algorithmics I: Microarrays and Gene

Expression Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179
7.3.4 Graph Algorithmics II: From Single

Components Towards System Biology. . . . . . . . . . . . . . . . . . . . . . 182
7.4 Future Challenges: The Fundamental Laws of Biology

as an Information Science. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184
7.5 Bibliographic Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185

8 The Shortest Walk to Watch TV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187
Fabrizio Rossi, Antonio Sassano, and Stefano Smriglio
8.1 A Different Idea of Television . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187
8.2 Designing a Broadcasting Network . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189

8.2.1 The Physical Elements of the Network . . . . . . . . . . . . . . . . . . . . . 189
8.2.2 Computer Representation .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190



xii Contents

8.2.3 Model for the Digital Coverage Assessment . . . . . . . . . . . . . . . 191
8.2.4 Network Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194

8.3 The Role of Transmission Delays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194
8.4 An Algorithm for Optimizing Transmission Delays. . . . . . . . . . . . . . . . 199

8.4.1 From Inconsistent TP Sets to Inconsistent
Systems of Inequalities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200

8.4.2 The Difference Constraints Graph . . . . . . . . . . . . . . . . . . . . . . . . . . 202
8.4.3 Shortest Walks in G and Transmission Delays . . . . . . . . . . . . . 203

8.5 From Shortest Walk to Television . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205
8.6 Bibliographic Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205

9 Algorithms for Auctions and Games . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207
Vincenzo Bonifaci and Stefano Leonardi
9.1 Introduction .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207
9.2 Games and Solution Concepts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209

9.2.1 Prisoner’s Dilemma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209
9.2.2 Coordination Games . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211
9.2.3 Randomized Strategies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212
9.2.4 Hawks and Doves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214

9.3 Computational Aspects of Game Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . 216
9.3.1 Zero-Sum Games and Linear Optimization.. . . . . . . . . . . . . . . . 216
9.3.2 Fixed-Points: Nash’s Theorem and Sperner’s Lemma . . . . . 218
9.3.3 Mixed Nash Equilibria in Non-zero-Sum Games . . . . . . . . . . 221

9.4 Inefficiencies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 222
9.4.1 The Tragedy of the Commons .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 222
9.4.2 Routing Games . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 224

9.5 Mechanism Design and Online Auctions . . . . . . . . . . . . . . . . . . . . . . . . . . . 226
9.5.1 The Vickrey Auction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 226
9.5.2 Vickrey–Clarke–Groves Mechanisms. . . . . . . . . . . . . . . . . . . . . . . 228
9.5.3 Computational Aspects of Mechanism Design . . . . . . . . . . . . . 230

9.6 Price-Setting Mechanisms and Competitive Equilibria . . . . . . . . . . . . 233
9.7 Bibliographic Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 234

10 Randomness and Complexity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 235
Riccardo Silvestri
10.1 A Dialogue.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 235
10.2 Bibliographic Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 251



List of Contributors

Giorgio Ausiello Dipartimento di Ingegneria Informatica, Automatica e
Gestionale, Sapienza Università di Roma, Roma, Italy

Vincenzo Bonifaci Istituto di Analisi dei Sistemi ed Informatica “Antonio
Ruberti”, Consiglio Nazionale delle Ricerche, Roma, Italy

Camil Demetrescu Dipartimento di Ingegneria Informatica, Automatica e
Gestionale, Sapienza Università di Roma, Roma, Italy

Paolo Ferragina Dipartimento di Informatica, Università di Pisa, Pisa, Italy

Raffaele Giancarlo Dipartimento di Matematica ed Informatica, Università
di Palermo, Palermo, Italy

Giuseppe F. Italiano Dipartimento di Ingegneria Civile e Ingegneria Informatica,
Università di Roma “Tor Vergata”, Roma, Italy

Stefano Leonardi Dipartimento di Ingegneria Informatica, Automatica e
Gestionale, Sapienza Università di Roma, Roma, Italy

Alberto Marchetti-Spaccamela Dipartimento di Ingegneria Informatica,
Automatica e Gestionale, Sapienza Università di Roma, Roma, Italy

Alessandro Panconesi Dipartimento di Informatica, Sapienza Università di Roma,
Roma, Italy

Rossella Petreschi Dipartimento di Informatica, Sapienza Università di Roma,
Roma, Italy

Fabrizio Rossi Dipartimento di Informatica, Università dell’Aquila, Coppito (AQ),
Italy

Antonio Sassano Dipartimento di Ingegneria Informatica, Automatica e
Gestionale, Sapienza Università di Roma, Roma, Italy

Riccardo Silvestri Dipartimento di Informatica, Sapienza Università di Roma,
Roma, Italy

xiii



xiv List of Contributors

Stefano Smriglio Dipartimento di Informatica, Università dell’Aquila, Coppito
(AQ), Italy

Rossano Venturini Dipartimento di Informatica, Università di Pisa, Pisa, Italy


	Preface
	Contents
	List of Contributors

