
preprint_chapters CUP/HE2-design October 5, 2021 6:18 Page-i

Connecting Discrete Mathematics and Computer Science

David Liben-Nowell

This material will be published by Cambridge University Press as Connecting Discrete Mathematics and Computer Science by
David Liben-Nowell, and an older edition of the material was published by John Wiley & Sons, Inc as Discrete Mathematics for
Computer Science. This pre-publication version is free to view and download for personal use only. Not for re-distribution, re-sale,
or use in derivative works. © David Liben-Nowell 2020–2021. This version was posted on October 5, 2021.



preprint_chapters CUP/HE2-design October 5, 2021 6:18 Page-ii

This material will be published by Cambridge University Press as Connecting Discrete Mathematics and Computer Science by
David Liben-Nowell, and an older edition of the material was published by John Wiley & Sons, Inc as Discrete Mathematics for
Computer Science. This pre-publication version is free to view and download for personal use only. Not for re-distribution, re-sale,
or use in derivative works. © David Liben-Nowell 2020–2021. This version was posted on October 5, 2021.



preprint_chapters CUP/HE2-design October 5, 2021 6:18 Page-iii

Connecting Discrete Mathematics and
Computer Science

REVISED EDIT ION

David Liben-Nowell
Department of Computer Science

Carleton College

This material will be published by Cambridge University Press as Connecting Discrete Mathematics and Computer Science by
David Liben-Nowell, and an older edition of the material was published by John Wiley & Sons, Inc as Discrete Mathematics for
Computer Science. This pre-publication version is free to view and download for personal use only. Not for re-distribution, re-sale,
or use in derivative works. © David Liben-Nowell 2020–2021. This version was posted on October 5, 2021.



preprint_chapters CUP/HE2-design October 5, 2021 6:18 Page-iv

University Printing House, Cambridge CB2 8BS, 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

79 Anson Road, #06–04/06, Singapore 079906

Cambridge University Press is part of the University of Cambridge.

It furthers the University’s mission by disseminating knowledge in the pursuit of

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

www.cambridge.org

Information on this title: www.cambridge.org/XXX-X-XXX-XXXXX-X

DOI: 10.1017/XXX-X-XXX-XXXXX-X

© David Liben-Nowell

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.

First published 2022

Printed in <country> by <printer>

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

Library of Congress Cataloging-in-Publication Data

ISBN XXX-X-XXX-XXXXX-X Hardback

Cambridge University Press 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.

This material will be published by Cambridge University Press as Connecting Discrete Mathematics and Computer Science by
David Liben-Nowell, and an older edition of the material was published by John Wiley & Sons, Inc as Discrete Mathematics for
Computer Science. This pre-publication version is free to view and download for personal use only. Not for re-distribution, re-sale,
or use in derivative works. © David Liben-Nowell 2020–2021. This version was posted on October 5, 2021.



preprint_chapters CUP/HE2-design October 5, 2021 6:18 Page-v

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.

This material will be published by Cambridge University Press as Connecting Discrete Mathematics and Computer Science by
David Liben-Nowell, and an older edition of the material was published by John Wiley & Sons, Inc as Discrete Mathematics for
Computer Science. This pre-publication version is free to view and download for personal use only. Not for re-distribution, re-sale,
or use in derivative works. © David Liben-Nowell 2020–2021. This version was posted on October 5, 2021.



preprint_chapters CUP/HE2-design October 5, 2021 6:18 Page-vi

Contents

List of Computer Science Connections page x

Acknowledgements xiii

Credits xvi

1 On the Point of this Book 1-1

2 Basic Data Types 2-1

2.1 Why You Might Care 2-2

2.2 Booleans, Numbers, and Arithmetic 2-4

Exercises 2-24

2.3 Sets: Unordered Collections 2-28

Exercises 2-44

2.4 Sequences, Vectors, and Matrices: Ordered Collections 2-48

Exercises 2-65

2.5 Functions 2-70

Exercises 2-87

2.6 Chapter at a Glance 2-90

3 Logic 3-1

3.1 Why You Might Care 3-2

3.2 An Introduction to Propositional Logic 3-4

Exercises 3-19

3.3 Propositional Logic: Some Extensions 3-22

Exercises 3-36

3.4 An Introduction to Predicate Logic 3-40

Exercises 3-60

3.5 Predicate Logic: Nested Quantifiers 3-63

Exercises 3-75

3.6 Chapter at a Glance 3-80

This material will be published by Cambridge University Press as Connecting Discrete Mathematics and Computer Science by
David Liben-Nowell, and an older edition of the material was published by John Wiley & Sons, Inc as Discrete Mathematics for
Computer Science. This pre-publication version is free to view and download for personal use only. Not for re-distribution, re-sale,
or use in derivative works. © David Liben-Nowell 2020–2021. This version was posted on October 5, 2021.



preprint_chapters CUP/HE2-design October 5, 2021 6:18 Page-vii

Contents vii

4 Proofs 4-1

4.1 Why You Might Care 4-2

4.2 Error-Correcting Codes 4-4

Exercises 4-25

4.3 Proofs and Proof Techniques 4-30

Exercises 4-50

4.4 Some Examples of Proofs 4-53

Exercises 4-72

4.5 Common Errors in Proofs 4-75

Exercises 4-84

4.6 Chapter at a Glance 4-89

5 Mathematical Induction 5-1

5.1 Why You Might Care 5-2

5.2 Proofs by Mathematical Induction 5-4

Exercises 5-24

5.3 Strong Induction 5-28

Exercises 5-40

5.4 Recursively Defined Structures and Structural Induction 5-45

Exercises 5-58

5.5 Chapter at a Glance 5-61

6 Analysis of Algorithms 6-1

6.1 Why You Might Care 6-2

6.2 Asymptotics 6-4

Exercises 6-18

6.3 Asymptotic Analysis of Algorithms 6-22

Exercises 6-37

6.4 Recurrence Relations: Analyzing Recursive Algorithms 6-40

Exercises 6-57

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

)
+ cnk 6-60

Exercises 6-70

6.6 Chapter at a Glance 6-72

This material will be published by Cambridge University Press as Connecting Discrete Mathematics and Computer Science by
David Liben-Nowell, and an older edition of the material was published by John Wiley & Sons, Inc as Discrete Mathematics for
Computer Science. This pre-publication version is free to view and download for personal use only. Not for re-distribution, re-sale,
or use in derivative works. © David Liben-Nowell 2020–2021. This version was posted on October 5, 2021.



preprint_chapters CUP/HE2-design October 5, 2021 6:18 Page-viii

viii Contents

7 Number Theory 7-1

7.1 Why You Might Care 7-2

7.2 Modular Arithmetic 7-4

Exercises 7-18

7.3 Primality and Relative Primality 7-21

Exercises 7-40

7.4 Multiplicative Inverses 7-43

Exercises 7-55

7.5 Cryptography 7-58

Exercises 7-69

7.6 Chapter at a Glance 7-72

8 Relations 8-1

8.1 Why You Might Care 8-2

8.2 Formal Introduction 8-4

Exercises 8-21

8.3 Properties of Relations: Reflexivity, Symmetry, and Transitivity 8-24

Exercises 8-42

8.4 Special Relations: Equivalence Relations and Partial/Total Orders 8-45

Exercises 8-63

8.5 Chapter at a Glance 8-66

9 Counting 9-1

9.1 Why You Might Care 9-2

9.2 Counting Unions and Sequences 9-4

Exercises 9-28

9.3 Using Functions to Count 9-33

Exercises 9-50

9.4 Combinations and Permutations 9-56

Exercises 9-77

9.5 Chapter at a Glance 9-82

10 Probability 10-1

10.1 Why You Might Care 10-2

This material will be published by Cambridge University Press as Connecting Discrete Mathematics and Computer Science by
David Liben-Nowell, and an older edition of the material was published by John Wiley & Sons, Inc as Discrete Mathematics for
Computer Science. This pre-publication version is free to view and download for personal use only. Not for re-distribution, re-sale,
or use in derivative works. © David Liben-Nowell 2020–2021. This version was posted on October 5, 2021.



preprint_chapters CUP/HE2-design October 5, 2021 6:18 Page-ix

Contents ix

10.2 Probability, Outcomes, and Events 10-6

Exercises 10-26

10.3 Independence and Conditional Probability 10-30

Exercises 10-52

10.4 Random Variables and Expectation 10-57

Exercises 10-82

10.5 Chapter at a Glance 10-87

11 Graphs and Trees 11-1

11.1 Why You Might Care 11-2

11.2 Formal Introduction 11-4

Exercises 11-30

11.3 Paths, Connectivity, and Distances 11-34

Exercises 11-53

11.4 Trees 11-57

Exercises 11-75

11.5 Weighted Graphs 11-79

Exercises 11-92

11.6 Chapter at a Glance 11-95

12 Looking Forward 12-1

Index 12-5

References 12-15

This material will be published by Cambridge University Press as Connecting Discrete Mathematics and Computer Science by
David Liben-Nowell, and an older edition of the material was published by John Wiley & Sons, Inc as Discrete Mathematics for
Computer Science. This pre-publication version is free to view and download for personal use only. Not for re-distribution, re-sale,
or use in derivative works. © David Liben-Nowell 2020–2021. This version was posted on October 5, 2021.



preprint_chapters CUP/HE2-design October 5, 2021 6:18 Page-x

List of Computer Science Connections

Chapter 1: On the Point of this Book

Chapter 2: Basic Data Types

Integers and ints, Reals and floats 2-20

Computing Square Roots, and Not Computing Square Roots 2-22

Set Building in Languages (and MapReduce) 2-40

Clustering Data Sets (and Speech Processing) 2-42

The Vector Space Model 2-61

Rotation Matrices 2-63

Hash Tables and Hash Functions 2-85

Chapter 3: Logic

Natural Language Processing, Ambiguity, and Truth 3-17

Computational Complexity, Satisfiability, and a Million Dollars 3-32

Short-Circuit Evaluation, Optimization, and Modern Compilers 3-34

Game Trees, Logic, and Winning Tic-Tac(-Toe) 3-54

Nonlocal Variables and Lexical vs. Dynamic Scoping 3-56

Gödel’s Incompleteness Theorem 3-58

Currying 3-73

Chapter 4: Proofs

Reed–Solomon Codes 4-23
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