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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—Ilike 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.
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“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
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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 | know.
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This book is a revised version of a book first published as Discrete Mathematics for Computer Science in
2017 (with a preliminary edition published in 2015) by John Wiley & Sons.

This book was typeset using I&TEX, and I produced all but a few figures from scratch using TikZ. The
other figures are reprinted with permission from their copyright holders:

First page of each chapter: The illustrations that open every chapter were drawn for this book by Carissa
Knipe (carissaknipe.com), who was a complete delight to work with—both on these illustrations
and when she was a student at Carleton.

Figure 2.1: The photograph of the bear’s claws is a National Parks Service photo by Kaiti Critz, taken at
the Katmai National Park and Preserve. It is in the public domain.

Figure 2.15: The original (unblurred) image of Ada Lovelace is a section of a portrait by the artist Alfred
Edward Chalon (1780-1860), and is in the public domain.

Figure 2.49: The original (unquantized) image of Grace Hopper was taken by David C. MacLean. It is an
official U.S. Navy Photograph, from the collections of the Naval History and Heritage Command. It is
in the public domain.

Figure 4.20: The photograph of Paul Erd6s is of him at a student seminar in Budapest in 1992, taken by the
Wikipedia user Kmhkmbh; it is reproduced via the Creative Commons Attribution 3.0 Unported license
creativecommons.org/licenses/by/3.0. The photograph of Chad Jenkins was taken by Joseph
Xu of the College of Engineering at the University of Michigan, and is reproduced with permission.
The photograph of Bill Gates is by U.S. Department of Energy photographer Ken Shipp, from a 2013
visit to the Department of Energy, and is in the public domain.

Figure 4.30: The poem proving the undecidability of the halting problem is copyright © 2012 by Geoffrey
K. Pullum, and is reproduced with permission from the author.

Figure 5.11: The original image (without any hidden message) is from the National Security Agency
photograph “WAVE Demonstrating Bombe” (1944) [Visual Information Record Identification Number
190531-D-IM742-9007.JPG], and is in the public domain.

Figure 5.20: The images of the Morse—Vail Telegraph Key are derived from a 3D model from the Smith-
sonian Institution’s National Museum of American History, available at https://3d.si.edu, and in
the public domain.

Figure 5.21: The images of the rabbit are by Tobias Isenberg; they are printed with permission under CC
BY-SA 4.0 https://creativecommons.org/licenses/by-sa/4.0/.

Figure 8.9: The images of the New York State delegation to the U.S. House of Representatives are all
official U.S. House of Representatives portraits, and are in the public domain.
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Figure 9.23: The original (uncompressed) photograph is “Katherine Johnson At Her Desk at NASA Lan-
gley Research Center” by NASA photographer Bob Nye (NASA ID: LRC-1966-B701_P-06717). It is
in the public domain.

Figure 9.33: The image is based on a c. 1946 U.S. Army photograph that is in the public domain; it shows
two of the earliest-ever computer programmers, Betty Jean Jennings (later known as Jean Bartik) and
Frances Bilas (later Frances Spence), running the ENIAC.

Figure 9.35: The image of the Enigma machine is a section of a public-domain photograph from the CIA
Museum.

Quotations that appear at the beginning of sections of the book:

e The quotation from Dorothy Parker (p. 59) is printed with permission from the NAACP. The author
wishes to thank the National Association for the Advancement of Colored People for authorizing this
use of Dorothy Parker’s work.

e The translation of the quotation by Franz Kafka (p. 217) is from [67].
e The quotation from Mario Andretti (p. 269) is printed with permission from Mario Andretti.

e The quotation from Vincent van Gogh (p. 314) comes from a letter to Theo van Gogh (April 3rd, 1878).
The letter can be found in Vincent van Gogh, The Letters. Ed. Leo Jansen, Hans Luijten and Nienke
Bakker. Amsterdam 2009: www . vangoghletters.org. Reprinted with permission from the Van Gogh
Museum.

e The quotation from Nelson Mandela (p. 386) comes from an interview published by Reader’s Digest,
and it is printed with permission from the Nelson Mandela Foundation and from Reader’s Digest.

e The lyrics from Tom Lehrer’s “Poisoning Pigeons in the Park” (p. 463) appear with permission from
Tom Lehrer, and the Tom Lehrer Trust 2000 (tomlehrersongs. com).

e The lines from Emily Dickinson (p. 509) appear with permission from Harvard University Press. They
appear in The Poems of Emily Dickinson, edited by Thomas H. Johnson, Cambridge, MA: The Belknap
Press of Harvard University Press, Copyright © 1951, 1955 by the President and Fellows of Harvard
College. Copyright © renewed 1979, 1983 by the President and Fellows of Harvard College. Copyright ©
1914, 1918, 1919, 1924, 1929, 1930, 1932, 1935, 1937, 1942, by Martha Dickinson Bianchi. Copyright
© 1952, 1957, 1958, 1963, 1965, by Mary L. Hampson.

e The lyrics from John Gorka’s “I’'m From New Jersey” (p. 549) are from the recording Jack’s Crows, and
appear with permission from John Gorka (www. johngorka. com).

e The lyrics from Kris Delmhorst’s “North Dakota” (p. 605) are excerpted with permission from Kris
Delmhorst (www.krisdelmhorst.com).

The remaining quotations that appear at the beginning of each section of the book are in the public domain.
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