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Today’s discussion thread: https://us.edstem.org/courses/109/discussion/24490
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https://us.edstem.org/courses/109/discussion/24490

Welcome to
CS109!




Lecture with (J)zoom

* Turn on your camera if you are able, mute your mic in the big room
* Virtual backgrounds are encouraged (classroom-appropriate)
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Lisa Yan

My interests over time

Yes, my undergrad
was here... Networks, | Create

Data Science tech nology

Teaching Help
people

Received PhD 2019
Now: Create
, Education | technology to help
Stanford’s newest Tools | people
CS lecturer
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Why I like probability

* | like data

* | want to help people

* Probability helps me help people with data

* Also Pokemon

Me, circa 2003
B (3 X HP o — 2 X HPcurrent) x rate X bonusy,y

a‘ X bonusStatlls

3 x HP .
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What makes this quarter important

We are seeing a huge surge in statistics, predictions, and probabilistic
models shared through global news, governing bodies, and social media.

a’ Coronavirus COVID-19 Global Cases by the Center for Systems Science and Engineerin..

Predicted Hospital
Resource Use in United

States (IHME)
https://covid19.healthdata.org
/projections

Total Confirmed

---------
............
S ——

Global cases of COVID-19 as of April 1st (JHU)

https://coronavirus.jhu.edu/map.htmi

Cases per 100K in NY, NJ,

and CA counties (my dad)
https://app.flourish.studio/login
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What makes this quarter important

statistics, predictions, and probabilistic
models

The challenge of delivering Stanford-class education online reflects our
university’s commitment to fostering a diverse body of students.
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What makes this quarter important

statistics, predictions, and probabilistic
models

diverse body of students

The technological and social innovation we develop during this time will
strongly impact how we approach truly world-class education.
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What makes this quarter important

statistics, predictions, and probabilistic
models

diverse body of students

technological and social innovation
truly world-class education

The S/NC grading guidelines means that you have the freedom to set your
own learning goals and learn for the sake of learning.
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What makes this quarter important

statistics, predictions, and probabilistic
models

diverse body of students

technological and social innovation
truly world-class education

learn for the sake of learning

My goals this To teach you how probability applies to real life

quarter To help you foster and maintain human
(@ minimum) 5 nnections throughout this course
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that being said...




What makes this quarter important

These are extraordinary circumstances.

The teaching staff and | realize sy | SoMIng environment oot
that this quarter cannot replace so0% o
an in-person, on-campus experience. ;‘Zj 40%
Your diverse backgrounds amplify 20 o
this difference. 10% 10%
% % —
A" our Situati ons may Chan ge. %gtveryconducive Very conducive OStronegdisagree Strongly agree

We are committed to working through this version of this course together
and adapting as a class and as a community. We welcome your thoughts.

Thank you in advance for being patient with necessary changes to make
this educational experience fulfilling, meaningful, and equitable.

Lisa Yan, C$109, 2020 Stanford University 13



The CS109 teaching team
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What about you?

...first, some Breakout Room guidelines...

T ——=———————mmmmmmmmmmmmm,




Lecture with (J)zoom

Breakout Rooms for meeting your classmates
> Just like sitting next to someone new

We will use Ed instead of Zoom chat
o Like raising your hand in the classroom, except with a lower barrier to entry
> You can upvote your classmates’ posts
> Persistent copy: Teaching staff and | can answer questions during and after lecture
> Better threading/reply support, copy/paste, LaTeX math mode, emojis

Join discussion forum here: https://us.edstem.org/join/BmUE24
Today’s discussion thread: https://us.edstem.org/courses/109/discussion/24490
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https://us.edstem.org/join/BmUE24
https://us.edstem.org/courses/109/discussion/24490

Post or upvote some thoughts on Ed:

Yourself * What is something you hope to get out of
this quarter?

* What are you worried about this quarter?
* What are your hopes for CS109, given
that it is online and S/NC?

Join discussion forum here:
https://us.edstem.org/join/BmUE24

Today’s discussion thread:
https://us.edstem.org/courses/109/discussion/24490 —
< ° .‘)
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Introduce yourself! (name, major, year)

BreakOUt Then check out the responses your
Rooms

classmates wrote, and comment/discuss!

* What is something you hope to get out of
this quarter?

* What are you worried about this quarter?
* What are your hopes for CS109, given
that it is online and S/NC?

Join discussion forum here:
https://us.edstem.org/join/BmUE24

Today’s discussion thread:
https://us.edstem.org/courses/109/discussion/24490 —
< 0 r>
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Course
mechanics




Course mechanics (light version)

* For more info, read the Administrivia handout and FAQ

* Course website:

http://cs109.stanford.edu/

* Canvas (only for posting videos/recordings)

Lisa Yan, C$109, 2020 Stanford University 20



http://cs109.stanford.edu/

Prerequisites

CS106B/X MATH 51/CME 100 CS103
(co-requisite OK)

Programming Multivariate differentiation ~ Proofs (induction)
Recursion Multivariate integration Set theory

Hash tables Basic facility with linear Math maturity
Binary trees algebra (vectors)

N &

Important!
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How many units should I take?

Hours per week = Units x 3

Average about 10 hours / week for assignments

Are vou an No Do you want Yes 3 Units
WG e>:' rad? > to take CSiog9 for » -Or-
Jrads fewer units? 4 Units
Yes
No

5 Units
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Will this class count towards my CS degree?

Yes.

“For CS-MS, CS-BS, and CS-Minor students:

All classes taken Spring quarter will satisfy requirements as if taken for a
letter grade. This applies to CS-MS requirements, CS-BS requirements, CS-
Minor requirements, and the SoE requirements for the CS major.”

If you are an undergraduate, you still must take this course for 5 units.
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Staff contact

Discussion forum: https://us.edstem.org/courses/109/discussion/

Staff email cs109@cs.stanford.edu

Working office hours: For all timezones (starting later this week)

Contact mailing list for course level issues, extensions, etc.
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https://us.edstem.org/courses/109/discussion/
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Lecture format

Short pre-recorded lecture

"Probability is a number e
(several 5-10 min videos)

between O and 1”

"What is the definition of Concept check quiz on Gradescope
probability? (select one)” (part of grade, submit infinitely many times)
“What is the probability 50-min in-person, discussion-oriented lecture
that you get exactly 3 MWF 10:30am-11:20am PT
heads in b coin flips?” (note 50 min, not 80 min)

Lisa Yan, C$109, 2020 Stanford University 25




Where you learn

Pre-recorded lectures
_ive lectures recordings posted to Canvas

Discussion Section starting Week 2

Lecture notes on website A&W
Textbook readings optional

Problem Sets (O

Quizzes 2
Optional, open-ended contest i

Lisa Yan, CS109, 2020
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S/NC Class breakdown

60% 6 Problem Sets

* Thursday, May 20

* Concept checks on pre-recorded material =
* Section participation (alternatives provided)<\

25% Quizzes ‘[  Thursday, April 30
15% Participation -[
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60% Problem Sets

“Passing work” 60% on each problem set
¢4,
Late Policy +5% grade  for on-time submission F 99y,
+0% bonus for 1 class day late M 9T,
cap 80% for 2 class days late W £,

cap 60% for 3 class days (1 week) late = /-9,

e PUthOﬂ Review session #1 this Friday 4/10 (time TBA)

LAIIEX Gverleaf Optional but encouraged, tutorial online T2e
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Quizzes, Participation

Quizzes 2
ldeally, 1-2 hours of individual work
24-hour take-home window

Participation (full policy on website)

(10%) Concept checks: Submit for pre-lecture recording, unlimited
submissions/autograder before each lecture

(5%) Section participation
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(CS109 Contest

* Announced mid-quarter

* A meaningful submission will replace your
section grade, stronger submissions replace
problem sets for passing work

Your baseline is CS109, and the sky is the limit.

Previous winning submissions:

* Recidivism Risk: Algorithmic Prediction and Racial Bias
* A Better Way to Reform the Electoral College

* Monte Carlo Tree Search for Tic Tac Toe
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Stanford Honor Code

Permitted NOT permitted:
Talk to the course staff Vv Copy answers:
Talk with classmates N from classmates
(cite collaboration) from former students
Look up general material online v/ from previous quarters

Copy answers from the internet
Besides, these are usually incorrect

Lisa Yan, C$109, 2020 Stanford University 31



Why you
should take
CS109




Traditional View of Probability

@ 4N
‘M\ ) : /,/ /
‘\\>\w/<///
q ’ )

A
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CS view of probability

http://www.site.com
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Machine Learning
= Machine (omputepowen

+ Probability j
+ Data

T ——=———————mmmmmmmmmmmmm,




Machine Learning Algorithm

Data

=N

Build a
probabilistic
model

Lisa Yan, CS109, 2020
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Do one
thing
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Classification

Cat Faces
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Where is this useful?

Stevens-

Johnson
syndrome,

Bullous
pemphigoid

3 SO B S C ongenital
23S0 ~ = B ENOAAIMNAINS |8 T o wt  ad
nflammatory : Senodermatos!: VSKeratoss)
“}_"—l\f 5 S AL

neoplastic;

@ A machine learning algorithm
- performs better than the best

I dermatologists.
ibromags Dermal Benign Malignant .
s Developed in 2017 at Stanford.

carcinoma
Epidermal elanocytic
Melanoma Epidermal
Milia Atypical
Solar NEVUS '
SeborrhoeicllentigolCafé a Squamous
keratosis ait SOt | cel

Basal cellieR CINOME

carcinomal

Esteva, Andre, et al. "Dermatologist-level classification of skin cancer with deep neural networks."
Nature 542.7639 (2017): 115-118.
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Image tagging

G(ﬂgle stanford Q

4 A 3 News G2 Mo n Fage (2) Videos I Mose Senga

bQo UNver's Ty s colege LoMpus » Qo calrioma pabm Crrve
warbwd

Acceptance Rate Marvae $1004503 Unvesrany 104804 00t S2uCent ! $4 S milhoe n scand Caoma s S1aniond Unwwaraiy A

? 4
AL ¥ et
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Decision-making: The last remaining board game
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Augmented Reality Machine Translation

MOV I CHOCOLATE?\\
Mork — Dark XLcooxues Y

Automatic machine translation on Google Translate

Lisa Yan, C$109, 2020 Stanford University 41




Voice assistants

A -

Google Now
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Probability is more than
just machine learning.




Probability and medicine

, ‘ Predicted Hospital

b = f . Resource Use in United
y f ‘.; g * States (IHME)

T

A

5

g - https://covid19.healthdata.org

o - .
/projections
1%0%
[
o ” - - -
. s ARERRERR I . e,
) ) cnagleeee®®® s ) S L T
~ A Nay n ~ A
== Al beds reeded (peojecied) wee U beds needed (projected) wee |nvasive vestianors needed (projected)

How do COVID-19 testing
rates in a region correlate
with the actual spread of the
disease?
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Probability and art
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Probability and climate

—— e ——

Frequency of Damaging Earthquake Shaking Around the U.S.

-
—
\ e
! .
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Probabilistic analysis of algorithms

=
' TOmas . CORMEN

CHARLEL | LEAEANON

‘ ROMALD L s
‘ '

CLAToRO A"

m
x
o
®
=
3
®
3
-~

INTROOUCTION TO

ALGORITHMS
[ Deso comon |

"y n

b\ | "‘ \‘ Q Igorithms
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Probability in practice

@Cm'oc» ‘ ™
WNM Oy (el ' y ¥ L0 . . ) i Onls ':) - Accoust & Lsts om TT,M“

Harry Potter: Complete 8-Film Collection e AR YO

el
. $3.96
ardel Rackcifie (Actor), Rupert Grint (Actor Rated: PG-13 Format Biu-cay oy Sew $53.96
Quy § Vv Lint Price: $50.54
$46.02
‘

L FREE Shipping

Ble-ray VD Myl Formae ac
$51.96 $34.42 $122 84 : In Stock
Ships feome and ol by Amuuon.com
Ard el b vy -
oyt oot “u’x”'?
LI GrTseY . 55 % L4

oy fasx, FREE delivery, sndiusive
Seals 3d Aw i - Wi ring moves

oy Py ’ & TV hows with Priewe
Pow 11, 2017) L )
. 20 S10 LG Voday
By <2y n ' IS Pl PRI Delovary
W Add 1o Cant
Note: Avedatie ot g lower pewe foom ot seders That sy ot offer oo Prmve o5 Dy

= oy |

Ware it Tumday, Sept. 247 Order

wihun 4 by § mies and doose Twe-

Frequently bought together

Total price: $117.03

Add all three to Cart Day Shigping at chechawr |

Add all three to List o
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Probability at your fingertips

esecD 9:41 PM 0
© Instagram ® Vv
Stories » Watch All

/0 3

Your story ninanyc benjirenzo ashoke iansp:

a elizabethgilmore
N
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Probability and philosophy
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Probability for good

(=
Jo

i am extremely terrified of

i am extremely terrified of google
i am extremely terrified of spiders
i am extremely scared of spiders

i am extremely afraid of the dark

predictions

Algorithms of Oppression,
Safiya Umoja Noble. 2018

How do we identify systemic biases in our data and incorporate
human judgment into our probabilistic models?
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We'll get there!




Probability is not always
Intuitive.




Disease testing

A patient takes a virus test that returns positive.
What is the probability that they have the virus?

* 0.03% of people have the virus
* Test has 99% positive rate for people with the virus
* Test has 7% positive rate for people without the virus

Correct answer: 0.42%
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Probability = Important
+ Needs Studying




Counting |




What is Counting?

An experiment
iIn probability:

> Outcome

Counting: How many possible outcomes can occur from
performing this experiment?
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What is Counting?

6}

7

(2,4
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Sum Rule of Counting

If the outcome of an experiment can be either from

Set A, where |A| = m, A= 1,2,S%
or Set B, where |B| = n, Et?il%.bi
where ﬁ‘n B =\(Z) ,
Then the number of outcomes of the experiment is One experiment

|A] + |B] = m + n. 23 = |, <A
B

Lisa Yan, CS109, 2020 Stanford University 59




Product Rule of Counting

If an experiment has two parts, where

The first part’s outcomes are from Set 4, where |A| = m,
and the second part’s outcomes are from Set B, where |B| = n,

Then the number of outcomes of the experiment is
|A||B| = mn. L

-

W - ?L‘Aw/\i __— + Two-step experiment
R A B
\ —
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Think, pair, and we’ll come back as a group.

Let’S tI‘y 1t out Post any questions here:

https://us.edstem.org/courses/109/discussion/24490

Sum Rule, Product Rule, or something else? How many outcomes?

1. Video streaming application

* Your application has distributed 103‘»8“ Jose 1 *
servers in 2 locations (SJ: 100, Boston: 50). SEIVers Boston

. 50 servers
* If a web request is routed to a server,
how large is the set of servers it can get routed to?

2. Dice
* How many possible outcomes are
there from rolling two 6-sided dice?
3. Strings

* How many different orderings of letters BOBA, ABOB, OBBA...
are possible for the string BOBA? o>
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Let’s try it out

Sum Rule, Product Rule, or something else”? How many outcomes?

1. Video streaming application % SSA JAlzweo
* Your application has distributed Q%%L
servers in 2 locations (SJ: 100, Boston: 50). \3@51 2 |50
 If a web request is routed to a server, M _
how large is the set of servers it can get routed to? —'ng
> Dice Sen Bl Jplt el so |

O

* How many possible outcomes are T—/—j = 9o b
there from rolling two 6-sided dice? 2k A B Yrockef M

3. Strings )
* How many different orderings of letters : :\1 2 padeds {

—

are possible for the string BOBA? 2 \, -
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For next time

* Watch pre-recorded lectures for today (Monday 4/6) and Wednesday
4/8 to be posted this afternoon PT

* Complete one concept check that covers both lectures
to be posted this afternoon PT

http://cs109.stanford.edu/
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(Questions?




O1b_counting_ii

Counting II

Gradescope quiz, blank slide deck, etc.
(Available Monday 4/6 evening PT)
http://web.stanford.edu/class/cs109/
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http://web.stanford.edu/class/cs109/

kick it up a notch

To make things more intense, exciting, or interesting.

(introduced by chef Emeril Lagasse in reference to spicing up his recipes )
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Inclusion-Exclusion Principle

A 2
If the outcome of an experiment can be either from @
A&

Set A or set B,

where A and B may overlap, @* D +0- D O
Then the total number of outcomes of the experimentis 1+ M\g
IAUB| = |A| +|B| - |[ANB|. A
e A(\g:/¢> l¢l70
One experiment Sum Rule of Counting: \AU\%\ 181 £ 18 -

< A A special case
B only
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Transmitting bytes over a network

An 8-bit string is sent over a network.

The receiver only accepts strings that
either start with O1 or end with 10.

A 8
How many 8-bit strings will the receiver accept?

Define

A : 8-bit strings

starting with O1
B : 8-bit strings
ending with 10

Lisa Yan, CS109, 2020
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01001100

byte (8 bits)

4
=)
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Transmitting bytes over a network

An 8-bit string is sent over a network.

* The receiver only accepts strings that
either start with 01 or end with 10.

How many 8-bit strings will the receiver accept?

Define

A : 8-bit strings

starting with O1
B : 8-bit strings
ending with 10

hng @ 0L x= xx Lo el

Lisa Yan, CS109, 2020

01001100

byte (8 bits)

poBl= A1 +1B] -1ANB)

=2k 42f 2"
=112
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General Principle of Counting

If an experiment has r steps, such that SvpusSion
Step i has n; outcomes foralli =1, ...,r, ()@ﬁ?@ﬁ-”*(x“”z e
. . L:(
Then the number of outcomes of the experiment is
r
Ny XNy X oo+ XN = ‘ ‘ni.
i=1
. 3 N S B aval
Multi-step m?:ﬁmduot Rule of Countmg:r‘Z e\,zaer . e A
experiment A special case etepl'so R
o
—»1l—> 2 —> .. —
Cep 1 2 e )ﬁv\l‘%'\,
nNgq Mo "7 Lcavan cs109, 2020 Ng. Na2gtanford University 70




License plates

How many CA license plates are possible if...

CALIFORNIA

SAM 123

(present day)

Lisa Yan, CS109, 2020
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License plates

How many CA license plates are possible if...

CALIFORNIA

AM 2k - gb- 8610 ¢ 10010 = | 4§96 00D
S 123 A-2 IL@A(% 6 o0-9 0-9

Sy d ¢ 10 - 2b 2k 2l 0

golng\ - 10 - \2.& 3L, 000

. /u}
~pla ¢
b-placa p St

0~

(present day)
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Ol1c_pigeonhole

Pigeonhole
Principle

Gradescope quiz, blank slide deck, etc.
http://cs109.stanford.edu/



http://cs109.stanford.edu/

Floors and ceilings

Floor function Ceiling function
|x] [x]
The largest integer < x The smallest integer = x

Check it out:

11/2]=0 [29] =2 |80]=8 |-1/2] =-1L

[1/21=1 (291 =2 [80]=¢ [-1/2] =0
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Pigeonhole Principle

For positive integers m and n,
if m objects are placed in n buckets,

then at least one bucket must contain

at least [m/n] ObjeCtS- Pigeons in oles. 215t century pigeons
Example:
m objects = 10 pigeons : At least one pigeonhole must

n buckets = 9 pigeonholes contain [m/n| = 2 pigeons.

Bounds: an important part of CS109
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Balls and urns

O © © © O O n balls

r urns
(buckets)
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Ballsandwrns Hash Tables and strings

Consider a hash table with 100 buckets.
950 strings are hashed and added to the table.

Is it guaranteed that at least one
bucket contains at least 10 entries?

Is it guaranteed that at least one
bucket contains at least 11 entries?

Is it possible to have a bucket with no entries?

Lisa Yan, CS109, 2020
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Ballsandwrns Hash Tables and strings

Consider a hash table with 100 buckets.
950 strings are hashed and added to the table.

Is it guaranteed that at least one
bucket contains at least 10 entries?

Is it guaranteed that at least one
bucket contains at least 11 entries?

Is it possible to have a bucket with no entries?
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01d_permutations

Permutations I

Gradescope quiz, blank slide deck, etc.
http://cs109.stanford.edu/
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Unique 6-digit passcodes with six smudges

How many unique 6-digit passcodes are possible if a
phone password uses each of six distinct numbers?
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Sort n indistinct objects
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Sort n distinct objects

Joey Waddie
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Sort n distinct objects

Steps:

1. Choose 1st can 5 options
2. Choose 2" can 4 options
5. Choose 5% can 1 option

Irina Joey Waddie

3rd 4th 5th
Total =5X4xXx3x2X1
2.2

= . =120

—
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Permutations

A permutation is an ordered arrangement of objects.
St R

The number of unique orderings (permutations) of n distinct objects is
@nx(n—l)x(n—Z)x---xel.
n
= T3
2=\

Lisa Yan, CS109, 2020 Stanford University 84




Unique 6-digit passcodes with six smudges

How many unique 6-digit passcodes are possible if a
phone password uses each of six distinct numbers?

Total = 6!
= 720 passcodes
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Unique 6-digit passcodes with five smudges

How many unique 6-digit passcodes are possible if a
phone password uses each of five distinct numbers?
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