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Connecting Discrete Mathematics and Computer Science

Computer science majors taking a non-programming-based course like discrete mathematics might

ask “why do I need to learn this?” Written with these students in mind, this text introduces the

mathematical foundations of computer science by providing a comprehensive treatment of standard

technical topics while simultaneously illustrating some of the broad-ranging applications of that

material throughout the field. Chapters on core topics from discrete structures—like logic, proofs,

number theory, counting, probability, graphs—are augmented with around 60 “Computer Science

Connections” pages introducing their applications: for example, game trees (logic), triangulation

of scenes in computer graphics (induction), the Enigma machine (counting), algorithmic bias

(relations), differential privacy (probability), and paired kidney transplants (graphs). Pedagogical

features include “Why You Might Care” sections, quick-reference “Chapter at a Glance” and Key

Terms and Results summaries, problem-solving and writing tips, “Taking it Further” asides with

more technical details, and around 1700 exercises, 435 worked examples, and 480 figures.

David Liben-Nowell is Professor of Computer Science at Carleton College, and earned degrees

from Cornell, Cambridge, and MIT. His research focuses on computational social science, espe-

cially social networks. He teaches broadly, emphasizing introductory and theoretical computer

science, and created and led a study-abroad program in the United Kingdom (History of Com-

puting). He is on the ACM 202x curriculum subcommittee for mathematical foundations and

is a member of the Liberal Arts CS (LACS) consortium. His awards and honors include NSF

research funding, Kavli Fellow of the National Academy of Sciences, and Visiting By-Fellowship

at Churchill College (Cambridge). He has also published about 30+ crossword puzzles in the New

York Times, Los Angeles Times, Wall Street Journal, Chronicle of Higher Education, and other

venues.

www.cambridge.org/9781009150491
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-15049-1 — Connecting Discrete Mathematics and Computer Science
David Liben-Nowell
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

“An inspired approach to the introductory discrete math course, illuminating the aesthetic appeal

of the subject together with the profound and inextricable links that connect it to the core ideas of

computing.”

– Jon Kleinberg, Cornell University

“Unlike most discrete math texts, here the computer science content and connections are woven

extensively throughout, with “forward pointers” that can excite students about numerous computer

science areas they will encounter in their future studies. In addition, the book is written TO students,

not FOR faculty. It will be a joy to teach with!”

– Valerie Barr, Mount Holyoke College

“Finally! I’ve spent years struggling to find a textbook that makes the topic of Discrete Structures

relevant to computer science students. David Liben-Nowell has put forth a book that will make

CS students invested in the material. He not only connects every topic to computer science, but

does so in a clear and entertaining way.”

– Dan Arena, Vanderbilt University

“By foregrounding the connections between the fields, this outstanding textbook makes a com-

pelling case for why computer science students should embrace the study of discrete mathematics.

This is an approachable yet rigorous book, written with wit and verve, that I look forward to

teaching from!”

– Raghuram Ramanujan, Davidson College

“David Liben-Nowell’s Connecting Discrete Mathematics and Computer Science provides stu-

dents with a beautifully motivated, clearly written, and accessible exploration of the mathematical

foundations of computer science. The “Computer Science Connections” sections provide com-

pelling applications of the mathematical content, and the frequent “Taking it Further” notes provide

extra richness that adds to the joy of the experience. This is a discrete math book that truly keeps

the reader engaged!”

– Ran Libeskind-Hadas, Founding Chair of Integrated Sciences,

Claremont McKenna College

www.cambridge.org/9781009150491
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-15049-1 — Connecting Discrete Mathematics and Computer Science
David Liben-Nowell
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

Connecting Discrete Mathematics

and Computer Science

David Liben-Nowell
Carleton College, Minnesota

www.cambridge.org/9781009150491
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-15049-1 — Connecting Discrete Mathematics and Computer Science
David Liben-Nowell
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

Shaftesbury Road, Cambridge CB2 8EA, United Kingdom

One Liberty Plaza, 20th Floor, New York, NY 10006, USA

477 Williamstown Road, Port Melbourne, VIC 3207, Australia

314–321, 3rd Floor, Plot 3, Splendor Forum, Jasola District Centre, New Delhi – 110025, India

103 Penang Road, #05–06/07, Visioncrest Commercial, Singapore 238467

Cambridge University Press is part of Cambridge University Press & Assessment, 

a department of the University of Cambridge.

We share the University’s mission to contribute to society through the pursuit of 

education, learning and research at the highest international levels of excellence.

www.cambridge.org

Information on this title: www.cambridge.org/9781009150491

DOI: 10.1017/9781009150484

© David Liben-Nowell 2022

This publication is in copyright. Subject to statutory exception and to the provisions

of relevant collective licensing agreements, no reproduction of any part may take 

place without the written permission of Cambridge University Press & Assessment.

This book was previously published by John Wiley & Sons, Inc., titled ‘Discrete

Mathematics for Computer Science’, 2017

First published as Connecting Discrete Mathematics and Computer Science by

Cambridge University Press 2022

A catalogue record for this publication is available from the British Library

ISBN   978-1-009-15049-1   Hardback

Cambridge University Press & Assessment has no responsibility for the persistence

or accuracy of URLs for external or third-party internet websites referred to in this 

publication and does not guarantee that any content on such websites is, or will 

remain, accurate or appropriate.

www.cambridge.org/9781009150491
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-15049-1 — Connecting Discrete Mathematics and Computer Science
David Liben-Nowell
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

To MDSWM, with never-ending appreciation, and in loving memory of my
grandfather, Jay Liben, who brought more joy, curiosity, and kvetching to
this world than anyone else I know.

www.cambridge.org/9781009150491
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-15049-1 — Connecting Discrete Mathematics and Computer Science
David Liben-Nowell
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

Contents

List of Computer Science Connections page xi

Acknowledgments

Credits xv

1 On the Point of this Book 1

2 Basic Data Types 5

2.1 Why You Might Care 6

2.2 Booleans, Numbers, and Arithmetic 7

2.3 Sets: Unordered Collections 26

2.4 Sequences, Vectors, and Matrices: Ordered Collections 42

2.5 Functions 59

2.6 Chapter at a Glance 75

3 Logic 79

3.1 Why You Might Care 80

3.2 An Introduction to Propositional Logic 81

3.3 Propositional Logic: Some Extensions 95

3.4 An Introduction to Predicate Logic 109

3.5 Predicate Logic: Nested Quantifiers 127

3.6 Chapter at a Glance 140

4 Proofs 143

4.1 Why You Might Care 144

4.2 Error-Correcting Codes 145

4.3 Proofs and Proof Techniques 166

4.4 Some Examples of Proofs 184

4.5 Common Errors in Proofs 201

4.6 Chapter at a Glance 212

5 Mathematical Induction 215

5.1 Why You Might Care 216

5.2 Proofs by Mathematical Induction 217

5.3 Strong Induction 237

5.4 Recursively Defined Structures and Structural Induction 250

5.5 Chapter at a Glance 263

xiii

www.cambridge.org/9781009150491
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-15049-1 — Connecting Discrete Mathematics and Computer Science
David Liben-Nowell
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

viii Contents

6 Analysis of Algorithms 267

6.1 Why You Might Care 268

6.2 Asymptotics 269

6.3 Asymptotic Analysis of Algorithms 283

6.4 Recurrence Relations: Analyzing Recursive Algorithms 298

6.5 An Extension: Recurrence Relations of the Form T(n) = aT
(

n
b

)

+ cnk 314

6.6 Chapter at a Glance 323

7 Number Theory 327

7.1 Why You Might Care 328

7.2 Modular Arithmetic 329

7.3 Primality and Relative Primality 343

7.4 Multiplicative Inverses 360

7.5 Cryptography 371

7.6 Chapter at a Glance 382

8 Relations 385

8.1 Why You Might Care 386

8.2 Formal Introduction 387

8.3 Properties of Relations: Reflexivity, Symmetry, and Transitivity 402

8.4 Special Relations: Equivalence Relations and Partial/Total Orders 418

8.5 Chapter at a Glance 435

9 Counting 439

9.1 Why You Might Care 440

9.2 Counting Unions and Sequences 441

9.3 Using Functions to Count 463

9.4 Combinations and Permutations 481

9.5 Chapter at a Glance 502

10 Probability 505

10.1 Why You Might Care 506

10.2 Probability, Outcomes, and Events 509

10.3 Independence and Conditional Probability 527

10.4 Random Variables and Expectation 549

10.5 Chapter at a Glance 573

11 Graphs and Trees 577

11.1 Why You Might Care 578

11.2 Formal Introduction 579

11.3 Paths, Connectivity, and Distances 605

11.4 Trees 623

Contents ix

11.5 Weighted Graphs 641

11.6 Chapter at a Glance 653

12 Looking Forward 657

References 661

Index 667

www.cambridge.org/9781009150491
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-15049-1 — Connecting Discrete Mathematics and Computer Science
David Liben-Nowell
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

viii Contents

6 Analysis of Algorithms 267

6.1 Why You Might Care 268

6.2 Asymptotics 269

6.3 Asymptotic Analysis of Algorithms 283

6.4 Recurrence Relations: Analyzing Recursive Algorithms 298

6.5 An Extension: Recurrence Relations of the Form T n aT n
b

cnk 314

6.6 Chapter at a Glance 323

7 Number Theory 327

7.1 Why You Might Care 328

7.2 Modular Arithmetic 329

7.3 Primality and Relative Primality 343

7.4 Multiplicative Inverses 360

7.5 Cryptography 371

7.6 Chapter at a Glance 382

8 Relations 385

8.1 Why You Might Care 386

8.2 Formal Introduction 387

8.3 Properties of Relations: Reflexivity, Symmetry, and Transitivity 402

8.4 Special Relations: Equivalence Relations and Partial/Total Orders 418

8.5 Chapter at a Glance 435

9 Counting 439

9.1 Why You Might Care 440

9.2 Counting Unions and Sequences 441

9.3 Using Functions to Count 463

9.4 Combinations and Permutations 481

9.5 Chapter at a Glance 502

10 Probability 505

10.1 Why You Might Care 506

10.2 Probability, Outcomes, and Events 509

10.3 Independence and Conditional Probability 527

10.4 Random Variables and Expectation 549

10.5 Chapter at a Glance 573

11 Graphs and Trees 577

11.1 Why You Might Care 578

11.2 Formal Introduction 579

11.3 Paths, Connectivity, and Distances 605

11.4 Trees 623

Contents ix

11.5 Weighted Graphs 641

11.6 Chapter at a Glance 653

12 Looking Forward 657

References 661

Index 667

www.cambridge.org/9781009150491
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-15049-1 — Connecting Discrete Mathematics and Computer Science
David Liben-Nowell
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

List of Computer Science Connections

Chapter 2: Basic Data Types

Integers and ints, Reals and floats 21

Computing Square Roots, and Not Computing Square Roots 22

Set Building in Languages (and MapReduce) 37

Clustering Datasets (and Speech Processing) 38

The Vector Space Model 53

Rotation Matrices 54

Hash Tables and Hash Functions 72

Chapter 3: Logic

Natural Language Processing, Ambiguity, and Truth 92

Computational Complexity, Satisfiability, and a Million Dollars 104

Short-Circuit Evaluation, Optimization, and Modern Compilers 105

Game Trees, Logic, and Winning Tic-Tac(-Toe) 121

Nonlocal Variables and Lexical vs. Dynamic Scoping 122

Gödel’s Incompleteness Theorem 123

Currying 135

Chapter 4: Proofs

Reed–Solomon Codes 161
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1 On the Point of this Book

In which our heroes decide, possibly encouraged by a requirement

for graduation, to set out to explore the world.
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