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Goals. 

・Empower you to exploit available technology. 

・Apply concepts to the sciences, engineering, and beyond.  

・Build awareness of substantial intellectual underpinnings. 

・Demystify computer systems.

COS 126 course overview

topic examples

elements of programming variables, loops, conditionals, arrays, I/O

functions user-defined functions, modularity, recursion

object-oriented programming user-defined data types, encapsulation, immutability

algorithms sorting, binary search, stacks, queues, BSTs

theory of computing regular expressions, universality, computability, intractability

design of computers machine language, boolean logic, circuits
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Key idea.  “Everything” can be encoded as a sequence of bits (0s and 1s). 

・Numbers and text. 

・Pictures, songs, and movies. 

・Your DNA. 

・3D objects. 

・Computer programs. 

・… 

 
Innovation 1.  You can program computers to process bits. 

Innovation 2.  Devices can use the Internet to send and receive bits.
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The digital revolution

“ Computers are incredibly fast, accurate, and stupid; 

   humans are incredibly slow, inaccurate, and brilliant; 

   together they are powerful beyond imagination. ” 
     —  Albert Einstein



From the way we work …

9

Computers are transforming society

Baron, A better pencil, 6. When WordStar was king, 132  

making PCs altogether, selling the rights to its ThinkPad laptop to the Chinese 
manufacturer Lenovo. Perhaps one reason why IBM failed to foresee that the PC was 
destined for a place on every home or office desk in America was the company’s 
commitment to its own typewriter line, together with a conviction that writers didn’t want 
– or need – to change technologies. What most writers do at their desks is create or copy 
documents, and so far as IBM was concerned, between the pencil and the typewriter, the 
writers’ market was all sewn up. People used computers for numbers, and numbers meant 
bigger and bigger mainframes, not trim, under-powered desk units. The entertainment 
potential of the personal computer, particularly in the area of electronic games, boosted 
its popularity, but factoring in such post-1982 developments as email, instant messaging, 
and the web, what most people now do with their PCs is process words, and while a lot of 
word processing still involves copying or manipulating text created by others, more and 
more writers are taking advantage of the new digital genres to create and publish texts of 
their own.   

Mainframes and dedicated word processors showed those writers and computer 
manufacturers who cared to look a glimpse of what their future would be. Two things 
happened that paved the way for the personal computer to become the word processor of 
choice: PCs became affordable, and they became not just user-friendly, but writer-
friendly as well. 

The Machine of the Year  

 
 
Image 37. Time Magazine named the computer the “machine of the year” for 1982 [image courtesy of Time 
Magazine; used by permission] 
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… to the way we live.

Computers are transforming society



From the “new” economy … 
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Computers are transforming society



… to the way we do science and engineering.

diffusion MRI of brain
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Computers are transforming society

ocean modeling supernova shock wave

drug discoverypoliovirus nuclear astrophysics

food web in Serengeti airflow over an aircraft
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In 2015.  Humans created over 4 zettabytes of data

The digital revolution has only just begun

1 trillion GB

 (but only 0.5% analyzed).



In 2020.  50 billion+ smart connected devices in the world, all developed to collect, analyze, and share data. 
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The digital revolution has only just begun



The digital revolution has only just begun

Welcome aboard.  You are already a consumer.

16



17

Welcome aboard.  Now, become a creator!

The digital revolution has only just begun

[ 99% of politicians agree ]
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・Syllabus and course policies.  

・Class meetings. 

・Lecture videos and slides. 

・Precept worksheets. 

・Programming assignments. 

・Exam archive. 

・Help!
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Course website:  http://www.princeton.edu/~cos126



Watch videos lectures online before class meeting/precept. 

Do interactive activities in class meetings. 

・Assignment tips and tricks, bug hunts, command-line tutorial, … 

・Exams, exam reviews, exam retrospectives, … 

 
 
 
 
 
 
 
 
 
 
Beginning ones primarily for novices.
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Class meetings (not lecture!)

What When Where Who Office Hours

L01
TTh 

12:30-1:20pm
McCosh 50

(here)
Kevin Wayne see web

previously done outside of class time



Why flipped lectures?

One-size-fits-all lecture not optimal.
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Salman Khan (founder of Khan Academy)



Active learning increases student performance in STEM.
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Why flipped lectures?

Active learning increases student performance in
science, engineering, and mathematics
Scott Freemana,1, Sarah L. Eddya, Miles McDonougha, Michelle K. Smithb, Nnadozie Okoroafora, Hannah Jordta,
and Mary Pat Wenderotha

aDepartment of Biology, University of Washington, Seattle, WA 98195; and bSchool of Biology and Ecology, University of Maine, Orono, ME 04469

Edited* by Bruce Alberts, University of California, San Francisco, CA, and approved April 15, 2014 (received for review October 8, 2013)

To test the hypothesis that lecturing maximizes learning and
course performance, we metaanalyzed 225 studies that reported
data on examination scores or failure rates when comparing student
performance in undergraduate science, technology, engineer-
ing, and mathematics (STEM) courses under traditional lecturing
versus active learning. The effect sizes indicate that on average,
student performance on examinations and concept inventories in-
creased by 0.47 SDs under active learning (n = 158 studies), and
that the odds ratio for failing was 1.95 under traditional lecturing
(n = 67 studies). These results indicate that average examination
scores improved by about 6% in active learning sections, and that
students in classes with traditional lecturing were 1.5 times more
likely to fail than were students in classes with active learning.
Heterogeneity analyses indicated that both results hold across
the STEM disciplines, that active learning increases scores on con-
cept inventories more than on course examinations, and that ac-
tive learning appears effective across all class sizes—although the
greatest effects are in small (n ≤ 50) classes. Trim and fill analyses
and fail-safe n calculations suggest that the results are not due to
publication bias. The results also appear robust to variation in the
methodological rigor of the included studies, based on the quality
of controls over student quality and instructor identity. This is the
largest and most comprehensive metaanalysis of undergraduate
STEM education published to date. The results raise questions about
the continued use of traditional lecturing as a control in research
studies, and support active learning as the preferred, empirically
validated teaching practice in regular classrooms.

constructivism | undergraduate education | evidence-based teaching |
scientific teaching

Lecturing has been the predominant mode of instruction since
universities were founded in Western Europe over 900 y ago

(1). Although theories of learning that emphasize the need for
students to construct their own understanding have challenged
the theoretical underpinnings of the traditional, instructor-
focused, “teaching by telling” approach (2, 3), to date there has
been no quantitative analysis of how constructivist versus expo-
sition-centered methods impact student performance in un-
dergraduate courses across the science, technology, engineering,
and mathematics (STEM) disciplines. In the STEM classroom,
should we ask or should we tell?
Addressing this question is essential if scientists are committed

to teaching based on evidence rather than tradition (4). The
answer could also be part of a solution to the “pipeline problem”
that some countries are experiencing in STEM education: For
example, the observation that less than 40% of US students who
enter university with an interest in STEM, and just 20% of
STEM-interested underrepresented minority students, finish with
a STEM degree (5).
To test the efficacy of constructivist versus exposition-centered

course designs, we focused on the design of class sessions—as
opposed to laboratories, homework assignments, or other exer-
cises. More specifically, we compared the results of experiments
that documented student performance in courses with at least
some active learning versus traditional lecturing, by metaanalyzing

225 studies in the published and unpublished literature. The active
learning interventions varied widely in intensity and implementa-
tion, and included approaches as diverse as occasional group
problem-solving, worksheets or tutorials completed during class,
use of personal response systems with or without peer instruction,
and studio or workshop course designs. We followed guidelines for
best practice in quantitative reviews (SI Materials and Methods),
and evaluated student performance using two outcome variables:
(i) scores on identical or formally equivalent examinations, concept
inventories, or other assessments; or (ii) failure rates, usually
measured as the percentage of students receiving a D or F grade
or withdrawing from the course in question (DFW rate).
The analysis, then, focused on two related questions. Does ac-

tive learning boost examination scores? Does it lower failure rates?

Results
The overall mean effect size for performance on identical or
equivalent examinations, concept inventories, and other assess-
ments was a weighted standardized mean difference of 0.47 (Z =
9.781, P << 0.001)—meaning that on average, student perfor-
mance increased by just under half a SD with active learning
compared with lecturing. The overall mean effect size for failure
rate was an odds ratio of 1.95 (Z = 10.4, P << 0.001). This odds
ratio is equivalent to a risk ratio of 1.5, meaning that on average,
students in traditional lecture courses are 1.5 times more likely to
fail than students in courses with active learning. Average failure
rates were 21.8% under active learning but 33.8% under tradi-
tional lecturing—a difference that represents a 55% increase
(Fig. 1 and Fig. S1).

Significance

The President’s Council of Advisors on Science and Technology
has called for a 33% increase in the number of science, tech-
nology, engineering, and mathematics (STEM) bachelor’s degrees
completed per year and recommended adoption of empirically
validated teaching practices as critical to achieving that goal. The
studies analyzed here document that active learning leads to
increases in examination performance that would raise average
grades by a half a letter, and that failure rates under traditional
lecturing increase by 55% over the rates observed under active
learning. The analysis supports theory claiming that calls to in-
crease the number of students receiving STEM degrees could be
answered, at least in part, by abandoning traditional lecturing in
favor of active learning.

Author contributions: S.F. and M.P.W. designed research; S.F., M.M., M.K.S., N.O., H.J.,
and M.P.W. performed research; S.F. and S.L.E. analyzed data; and S.F., S.L.E., M.M.,
M.K.S., N.O., H.J., and M.P.W. wrote the paper.

The authors declare no conflict of interest.

*This Direct Submission article had a prearranged editor.

Freely available online through the PNAS open access option.

See Commentary on page 8319.
1To whom correspondence should be addressed. E-mail: srf991@u.washington.edu.

This article contains supporting information online at www.pnas.org/lookup/suppl/doi:10.
1073/pnas.1319030111/-/DCSupplemental.

8410–8415 | PNAS | June 10, 2014 | vol. 111 | no. 23 www.pnas.org/cgi/doi/10.1073/pnas.1319030111

Proceedings of the National Academy of Sciences



Active learning.  Discussion, problem solving, pair programming, …
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Precepts
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Active learning.  Discussion, problem solving, pair programming, …

Precepts



27

Same great content; longer precepts with reduced pace.

Novice precepts

students with 
strong quantitive skills 

will likely be bored
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Grades are based on achievement. 

・Programming assignments. 

・Final programming project. 

・Programming exams (March 2, April 27). 

・Written exams (March 9, May 4). 

 
 
 
 
 
 
There is no “curve.” 

・93.0%  ⇒  A.  

・90.0%  ⇒  A�. 

・87.0%  ⇒  B+. 
…

Coursework and grading

Programming 
Assignments 

(40%)

Programming 
Exams 
(15%)

Written 
Exams 
(35%)

Final 
Project 
(10%)

in class

due Mondays at 11:59pm

due Dean’s date

you are 
already here
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are an essential part of the experience in learning CS. 

 
Desiderata. 

・Illustrate a programming or CS concept. 

・Highlight the role of computation in an important application. 

・You solve the problem from scratch, on your own computer!

Programming assignments

[ assignment logos by Kathleen Ma ’18 ]



Recursive graphics
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"Lorax Trees" by Jonathan Zhang (Fall 2014)

"Sierpinski Triangles"

"Piet Mondrian Rectangles" by Laura Herman (Fall 2015)



Guitar hero

Simulate plucking a guitar string using the Karplus–Strong algorithm.
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[ performed by Kevin Wayne in 2013 on a MacBook Pro ]



N-body simulation

Simulate the motion of n particles, subject to Newton’s laws of gravity.

33
our Solar System (5 bodies)

two colliding galaxies (30M bodies)



Executive summary. 

・Do discuss concepts with others. 

・Do acknowledge any collaboration with others. 

・Do not copy code from others. 

・Do not view the code of others. 

 
Full details. See course website.
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Collaboration policy

Not you code!



Executive summary. 

 
 
 
 
 
 
 
 
 
 
 
Full details. See course website. 

 
 
CoD warning.  Plagiarizing code is treated the same as plagiarizing prose (but is much easier to catch).
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Plagiarism policy

http://world.edu/academic-plagiarism

Rights,Rules, 
Responsibilities  

2016 Edition
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Lecture videos (required).  

・Watch before corresponding class/precept meeting. 

・Watch at your own pace (pause, rewind, 1.5⇥ speed).
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Resources (lecture videos)

some exam questions taken from lecture videos

Bob Sedgewick



Textbook (required).  

・Developed for this course. 

・Full introduction to course material. 

・For use while learning and studying. 

Booksite. 

・Download code from book. 

・Brief summary of content. 

・For use while online.
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Resources (textbook and booksite)

R O B E R T  S E D G E W I C K  
K E V I N  W A Y N E

C
om

puter Science

Computer
Science

An Interdisciplinary Approach

ISBN 978-0134076423

http://introcs.cs.princeton.edu



Piazza discussion forum. 

・Low latency, low bandwidth. 

・Mark solution-revealing questions as private. 

 
 
Office hours. 

・High bandwidth, high latency. 

・See web for schedule. 

 
 
Computing laboratory (Lewis 121). 

・Undergrad lab TAs. 

・For help with debugging. 

・See web for schedule.
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Resources (communication)

http://piazza.com/princeton/spring2017/cos126

http://www.princeton.edu/~cos126

http://labta.cs.princeton.edu

protip: attend
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This week

Sun Mon Tue Wed Thu Fri Sat

Class 0
Precept 0

Section 1.1-2
Video 1

No Class

Precept 1
Video 0

Assignment 0

protip: start early

microcosm of course 
(not needed for Assignment 0)read/watch before Precept 1

precept start today 
(or tomorrow)!

you are here!

5 6 7 8 10 119

12 13
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A typical week

Sun Mon Tue Wed Thu Fri Sat

Email
Section 1.3

Video 2
Class 2

Precept 2
Section 1.4

Video 3
Class 3

Precept 3

Assignment 1

5 6 7 8 10 119

announce 
weekly schedule

read/watch before 
corresponding meeting/precept

we will assume that 
you have done so

12 13 14 15 17 1816

19 20

content based on 
week’s material
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Not registered?  Register in TigerHub ASAP; attend any precept for now. 

Change precept?  Use TigerHub. 

All feasible precepts are full?  Meet with COS undergraduate coordinator (Colleen Kenny–McGinley) in CS 210.

Q&A
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Not registered?  Register in TigerHub ASAP; attend any precept for now. 

Change precept?  Use TigerHub. 

All feasible precepts are full?  Meet with COS undergraduate coordinator (Colleen Kenny–McGinley) in CS 210. 

 
How to place out of COS 126?  Meet with COS placement officer (Christopher Moretti). 

 
Questions?

Q&A


