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I will be recording lectures and make them available in Canvas.

Because of privacy, compliance, and legal considerations,

you may not record or redistribute recordings of this class.
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COS 226 course overview

What is COS 2267
« Intermediate-level survey course.
- Programming and problem solving, with applications.
- Algorithm: step-by-step procedure for solving a problem.

- Data structure: method for organizing data in a computer.

“ algorithms and data structures %@}

data types stack, queue, union—find
sorting quicksort, mergesort, heapsort, priority queue
searching BST, red—black BST, hash table, k-d tree
graphs BF'S, DFS, Prim, Kruskal, Dijkstra, Bellman—Ford

strings radix sorts, tries, suffix arrays, data compression
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Why study algorithms and data structures?

Their impact is broad and far-reaching.

— THE WALL STREET JOURNAL j
- Subscribe | Signin ‘
< W PERsONAL Ty TESTS
MANAGEMENT This A' o |0 JOURNAL.
= gorith C : : ' ture
Algorlth.m That Tells the Boss Whe Might Quit Better Than YTU’:?:OWS You  Algorithms Will Drive - ford
Wal-Mart, Credit Suisse Crunch Data to See Which Workers Are Likely to Leave or Stay Fr'ends DO acebook Health Gains9 D?)anc(l)'f %tan
" Y- . U 12 oy Medical School Predicts .
‘ . . . o 1novation is at the algorithmic
O/ M - for vill -
- lgorithms 1o ALGORITHMS e
, to computer a - ? eHarn TARE CONTROL
P g wiho to parole . ]ican maths find you fove WAL STREET "
deciding who tO P< B | | ithm
By Jacob Kastrenake on ctobera 01006 = ERE o= | OVe a gO rI
T MISS STORIES FOLLOW THE VERGE mm o Bompiesuggest

‘s
~ i
cuts_Meerk;tigE’d i Could maths find you love? The dating
New Google algorithm e site o= iR AQ have S SsSay EE
elevates facts; critics wo o . o e el 1 \DannyCrichton
dissidents’ will be quant ) are Building Bitcoin and the Digital

EERCE (
. o t ﬂ o .
o outer SRS GyD-19  (Currency Revolution _
ComP £O aCk\e , \ r all bitcoin's growing pains, it represents the future of
A\gofithms ctions, difter oney and global finance.

at can detect infe

. d *
. 3 min rea

Gershgor Mar 13
Da\je e

| 4 \ By STEVEN ROSENBUSH and LAURA STEVENS
i : A [ ) 1 - % 5 . Feb. 16, 2015 8:28 p.m. ET
Google is developi : ¢ ‘ k. L\ & ‘.‘- 4 ‘ ¥ & A

g eveloping an algorithm that y | Y N . ¥ '
search results. (The Associateq Press) | ' 3

M. :

.m\u’ - N 'd
x “"TPTD ICIL 1L




Why study algorithms and data structures?

To become a proficient programmer.
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Why study algorithms and data structures?

For intellectual stimulation.

“ For me, great algorithms are the poetry of computation.
Just like verse, they can be terse, allusive, dense, and even
mysterious. But once unlocked, they cast a brilliant new light

on some aspect of computing.” — Francis Sullivan




Why study algorithms and data structures?

For fun and profit.
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Why study algorithms and data structures?

« Their impact is broad and far-reaching.
« To become a proficient programmer.
» For intellectual stimulation.

- For fun and profit.

Ln\g) s)‘uclg) o‘nﬂHﬂng else?
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course format subject to change




Lectures

Live lectures. Introduce new material.

What Who

LO1 TTh 11-12:20pm Friend 101 Kevin Wayne

Questions. Don’t be bashful.

Electronic devices. Permitted only to support lecture.

\

viewing slides, taking notes, iClickers, ...

see web

47600
ISEORES ©
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1> Clicker

IClicker (required). To earn participation credit:
« Answer multiple choice questions during lecture.
« Register either hardware remote or web/mobile app.

- Use only one device per lecture.

Which iClicker device are you using?

iClicker 2

ANSWER RECEIVED

A
ooz
B
C====
C
==
D
=
E
=

A. Hardware B. Web C. iPhone

D. Android
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Precepts

Active learning. Problem-solving, discussion, assignment prep, ...

Dan Leyzberg Gabriel Contreras Weicong Dong Ryan Torok Yingxi Lin

ed COS226- Lessons A A 2

{ Lessons =Slides Prev  Next “* Union-Find Edit Slide

Ah, our good friend, the union-find. Who ever thought that such a simple data type could lead us to learn about so
many clever algorithmic design tricks? On this page, we'll take a closer look at some of those tricks and how you
might apply them to other problems.

Question 1

For our first approach, we did what you might do if you were trying to keep track of merged sets by hand: assign
each set some kind of name, and, when you merge two sets, replace all instances of one name with the other.

Speaking of which, how would you describe what quick-find stores in the leader[] array? What are those
numbers, exactly?

200

Morgan Nanez

Max Tchouambe
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Precepts

P02

PO3

P04

PO5

PO6

PO7

PO9

Th 3-4:20pm
Th 7:30-8:50pm .
F11-12:20pm e
F11-12:20pm .
F 1:30-2:50pm .
F 1:30-2:50pm .
F 3-4:20pm TBA

[ CANCEL D |

F 11-12:20pm o

TBA

TBA

TBA

TBA

TBA

TBA

TBA
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Covid-19 policies

Face coverings. Abide by university rules.

Symptomatic. Stay home and call UHS.

Self-isolation for students. Lecture recordings in Canvas.

17
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«

Programming assignments =’

Implement an efficient algorithm or data structure:

RANGOMAZED
QUEUES

BURROWS
WU%'}NEﬁZ WHEELER

Solve an interesting application using a “textbook”™ algorithm:

AUTOCOMPLETE ME

SEAM GARVING

= &
Pair programming encouraged on designated assignments. .ﬁ}:‘\t

19



Programming environment =’

Recommended IDE. Custom Intelli) 2021.1 environment.
« Embedded Bash terminal.
- Autoformat, autoimport, autocomplete, ....

« Continuous code inspection; integrated Checkstyle and SpotBugs.

00 Hello, World — HelloWorld.java
[=] Project « - & — ¥ Helloworld.java
v I hello [COS 126] [% Fedekdddekddekkodkdokddekkdedkdkdokkdedekk ko ek dekk ek ko ek ek ek ke ek ko ek ek ko ek ke ke keok

¥ HelloWorld * Name: Ada Lovelace

& logo.png NetID: alovelace
& readme.txt Precept: PO
» il External Libraries

Partner Name: Dorothy Johnson Vaughan
Partner NetlID: djvaughan
Partner Precept: POO

Description: Prints 'Hello, World' to the terminal window.
By tradition, this is everyone's first program.
Prof. Brian Kernighan initiated this tradition in 1974.

*
*
*
*
*
*
*
*
*
*
*

I ' kXRKKRhRkRhRhRhRhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkrkkkkkkkkrkkkrkrkx */
| —

public class HelloWorld {
public static void main(String[] args) {
System.out.println("Hello, World");|
}

18:44 LF UTF-8 4spaces W & Q


https://lift.cs.princeton.edu/java/mac/
https://lift.cs.princeton.edu/java/mac/
https://lift.cs.princeton.edu/java/mac/

B —
(=g

Quizzes =

Quizzera platform.
- 2-3 short questions per lecture.
- Solve using pencil and paper.

- 3 attempts per question (your score = max of 3 attempts).

-

)

Quizzera wayne@cs.princeton.edu

Dashboard ' COS 226, Spring 2020 ' Union Find ' Quick Find = Attempt

Quick Find

Seed: 235325 (Provider: princeton.cos226.QuickFindExercise)

Attempts Remaining: 2 Quiz Ends in 4 days.
Question

Give the id[] array that results from the following sequence of 6 union
operations on a set of 10 items using the quick-find algorithm.

8-4 1-0 1-4 4-2 7-8 09-1

Recall: our quick-find convention for the union operation p-q is to change id[p]
(and perhaps some other entries) but not id[ql.

Answer

Your answer should be a sequence of 10 integers (between 0 and 9), separated by whitespace.

21



Midterm and final il

Written exams.
« Questions drawn from lectures, precepts, and quizzes.

- Emphasizes non-programming material.

Q4 Analysis of algorithms |I|| g}’adeSCOpe

8 Points

Consider a zig—zag array that contains the integers 1 through n/2 in ascending order,
interleaved with n/2 copies of the integer O, where n is an even integer. For example, here is
the array whenn = 16:

1020304050607 038

Q41 Selection sort
2 Points

How many compares does selection sort make to sort a zig—zag array as a function of n?

1,2
167
n2

—

Y

[N}

Y

n

DN

n

S NI = 0o

22



Grading A~

Programming assignments. 45%
« Due at 11:59pm on Mondays via TigerFile.

- Collaboration/lateness policies: see web.

Quizzes. 10%
e Due at 11:59pm on Fridays via Quizzera.

- Collaboration/lateness policies: see web.

Exams. 15% + 25%
« 80-minute in-class (or remote) midterm on Thursday, March 3.

- 3-hour in-class (or remote) final, as scheduled by Registrar.

Active participation. 5%
« Answer questions in online discussion forum.
 iClicker participation in lecture.

[ perfect attendance not required to earn 100% of participation points ]

Participation

Midterm
Exam

Programming

Assignments

23



INTRO TO COS 226

Algorithms
p resources
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Resources (textbook) %@)

Readings (required). Algorithms 4™ edition by R. Sedgewick and K. Wayne,
Addison-Wesley Professional, 2011, ISBN 0-321-57351-X.

Studio-produced videos (optional). By R. Sedgewick and K. Wayne.

Algorithms

~ ALGORITHMS, PARTS | AND II

)y overview

» whystudy algorithms?

. » resources

4th edition (2011) https://www.cubits.ai/collections /42

25
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Resources (web) &

Course content.
« Course info.
e Lecture slides.
« Precept lessons.
« Programming assignments.
« Quizzes.

« Exam archive.

Booksite.
- Brief summary of content.
« Download code from book.

« APIs and Javadoc.

@C05226 Syllabus Lectures Precepts Assignments Quizzes Exams

SYLLABUS

Description. This course surveys the most important algorithms and data structures in use on computers
today. Particular emphasis is given to algorithms for sorting, searching, graphs, and strings. The course
concentrates on developing implementations, understanding their performance characteristics, and
estimating their potential effectiveness in applications.

Prerequisites. COS 126 or ISC 231-234 or approval by the COS placement officer.

https://www.princeton.edu/~co0s226

ALGORITHMS, 4TH EDITION

essential information that
every serious programmer
needs to know about
algorithms and data structures

Algorithms

Textbook. The textbook Algorithms, 4th Edition by Robert Sedgewick and Kevin
Wayne [ Amazon - Addison-Wesley ] surveys the most important algorithms and
data structures in use today. The textbook is organized into six chapters:

ALoonTiMS, 4TH EDIMON e Chapter 1: Fundamentals introduces a scientific and engineering basis for

1. Fundamentals comparing algorithms and making predictions. It also includes our

2. Sorting programming model.

3. Searchi e Chapter 2: Sorting considers several classic sorting algorithms, including

e insertion sort, mergesort, and quicksort. It also includes a binary heap

4. Graphs implementation of a priority queue.

5. Strings e Chapter 3: Searching describes several classic symbol table
implementations, including binary search trees, red-black trees, and hash

6. Context tables.

https://algs4.cs.princeton.edu
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Resources (people)

Online discussion forum.

- Low latency, low bandwidth.

« Mark post private when necessary.

- See Ed FAQ for guidelines.

Office hours.
- High bandwidth, high latency.

« See web for schedule.

“Computing laboratory.”
- Undergrad lab TAs.
- For help with debugging.

« See web for schedule.

https://us.edstem.org/courses/18108

https://www.princeton.edu/~co0s226

WHAT THEY LOOK LIKE WHAT | THINK THEY LOOK
LIKE

Pulkit Singh '20

https://labta.cs.princeton.edu
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Resources (ed tech) &

l
8

Ed

Intelli]

Zoom

Quizzera

TigerFile

codePost

Gradescope

Canvas

iClicker

CUbits

discussionfarum, precept lessons <——— also use for communication with course staff
Java IDE
some office hours
quizzes
assignment submissions
assignment feedback
remote exams
grades, lecture recordings
in-class polls

studio-produced videos
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A typical week (including this onel) 7

again on support lecture material;
you are here! Thursday assignment prep

25 27 28 29
Lecture 1 Lecture 2 (Precept 1)
(Union-Find) (Analy5|s) (sz 0. 1,2 )

30 31

Assignment 1
(Percolation)

content based on

content based on corresponding lectures
week’s material



Administrative Q+A

Not registered? Register ASAP; attend any precept this week.

Change precept? Use TigerHub.
All non-conflicting precepts closed? Contact Colleen Kenny.

Haven’t taken COS 1267 See COS placement officer.
Placed out of COS 1267 Review Sections 1.1-1.2 of Algorithms 4/e.

Additional administrative questions. Ask now, after class, or any time in Ed Discussion.
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