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problem of the day How do you place good
candies and in badcandies in two boxes such that if3
YOU choose a box at random and take out
a candy at random it better be good



1 key points

Uncertainly does not mean nothing is known

How to best make decision underUncertainty

Buy stocks
Detect signals transmitted bits radar

as control systems Internet airplane robots

How to best Use artificial uncertainty
aPlay games of chance
Design randomized algorithms

probability knowledge about uncertainty
models knowledge about uncertainty
Discovers best way to use that knowledge
in making decisitions

Uncertaintya vague fuzzy confusing scary
Probability8 A precise unambigouse way of

thinking about uncertainty
ur mission Help you think clearly about

Uncertainty



possibilities
2 RandomEuperiments if I
Flip one Fajr coin H T

what do we mean by thelikelihood of tails is 501
Two interpretations

single coin flip 50 chance of
tails subjective
willingness to bet on the outcome of

single flip
Many coin flips Abadt half yield tails
frequentist
Makes sense only many flips

Questions whydoes the fraction of tails converge
to the samevalue every time
Statistical Regularity

TheProbability model f
A set of outcomes HgT H 502

ooo Ti 502



Random Enperiment H 459
Flip one Unfair coinas Too 55

Possible Outcomes Heads H and Tails T L
Likelihoods ft PE Osl Te l P H P

Frequentist Interpretation
T I P

Flip this coin many times A fraction I P of
tails

Question o How can one figure out P
Flip many times Statistical

Regularity

Flip Two Fair coins
ooopossible outcomes 8f

FH
TH ITT TT GE fHot

ooo Note AXB f ca b IAEA b EB AIAIA
LikelihoodsB Htt Ly g TH g HT TT

Flip Glued Coins
t avote coins are glued so that they show the so

Same face
Possible outcomes HHg TT T Br T
LikelihoodsB H H B Iz g TT Lz



Flip two coins attached by a springsoo
Possible outcomes

Httg HTg TH TT
H Mns H

Likelihood soo Htt 0.4 g HT 0.1 THEO I gTT O.tt

Flipping n times

Flip a fair coin n times
npossibleoutcomes TT T TT Hg gHH HEfH5R

Thus 2 2 x 2 2 possible outcomes

n
Note TT T TT Hg H H aa.lt

ZfHgTZAnfcai san3 auEAg ganEA1 IAM IAM
u u

Likelihoods 12h each TT T
TT TF
TT H T

n

Hit HT
HH Htt

Roll a Die
Roll a balanced 6 sided die

pegPossible outcomes fl 2,334,536
LikelihoodsB g for each



6

Roll two Dice
Roll a balanced 6 sided die twice

Possible outcomes 6336 Passi
Ig2g39435gof Zfcagbglifa.be Look
LikelihoodsB 13g for each 7.1

fellas yes6 Do o so

5 on or

4 so o so

3 so

2 a

I

I 2 3 4 5 6

3 Probability Space

I A random enperiment
a Flip a biased coin

b Flip a two Fair coins
e Deal a Poker hand



2 A set of Possible outcome c

a s GH T 111 2

b Rs f HH HI TH TT f Irl 4

c r ftp.AA o.FEBKI.AEftp.ogA
BQI.og 3

3 Assign a Probability to each outcome
pre 0,13
a Pr HT p g Pr TT s l P

b PVCHHJePRCHTTEPRCTA3prttgstgccjprf.IEAgeATE EBBEEB

probability space formalism
r is the sample space

wer is a sample Point Also called
outcome

Sample Point w has probability Prew
where ul of PV w fi g E Prew I

were



sample forIn Uniform Probability Space
W B

space each outcome w is wa

equally probable
Pr w fly for sample points

Examples add wer

Asimple model of a uniformProbability space

A bag of identical balls except for their color
If the bag is well shaken every ball is equally
likely to be picked t

r prEw3
too d

so j
I
of

Expermint Probability model

R f Green DarkGreen Pink Purple BlueOrange
Brown Red

Pr blue Yg



Asimple model of a non uniformProbability space

r PrEw
fared 3

Blue

Green 410
Expermint orange lap

f

r s f Red Blue Green orange

A General model of non uniform probability space

pw T e R r Prew
q.BSggppg.pe partner p

Green 2 Pz

lmk Red w Pw
Roulette
wheel

Physical Enperiment Probabilitymodel

The Roulette wheel stop in sector W

with Probability Pw

ref's 2 g N g Pkwy Pw



An Important Remark
The randomexperiment selects Q.hea.ir hlyone
outcome in R

Probability of enactly one headsininflip
Idea sum the probability of all different
outcomes that have exactly one It HT TH

This leads to a definition

An event E is a subset of outcomes

The Probability of E is defined as

pr E

i a

D
e

egg
Do

l

Samples

Uniform Probability Space Pr w I
Irl

Pr ET EI
1st



Probability of enactly one heads in two coin flip
sample space r

f AH HT TH Tey
E fr

HT HH

ofprecis s

orEvent E exactly one head56 a pit

fits THE PREET I gifts E Et
oWhat if the coin is biased PREHISP

pr E E Praise Pratt a PRETH
WE E A

g Bel P p l P p 2Pa P

Example ID eoin tosses

sample space r Set of hot air cointosses
to

refit Ty s fo if girls 210
what is more likely

was f lo l g I s l Ig Ig Ig Ig Ig I
Wah l Og l l O OgOgDg 1 If
Both are emally likely praisePrewitt



I
L

what is more likely 210

E i LD heads out of 10 tosses

Ez 5 heads out of 10 tosses

Answer or Ez

FREE s got

There many sequences with 5 heads
out of 10 tosses

sq
PREET To

4 Complement of an Event

Remember PREW L Ee is the complementC N of E

PREET E Prew
Pearce Ercw7WEE

Earprew E Prew EPMD PREET REE
WEE wtf Ez

PREET ePREET4 prEEfl PrEET



Note
Sometimes it is to find the complement of E

a
easier

Example Birthday Paradox
What is the probability that at least twoPeople

in a groupofne People have the same birthday

E At least two People with the same birthday
among n people

There are 365 days a year
n

Irl 365 x x 365 365

h

E there can be at least one Pair

of People with the same birthday

pV E s l PREE
E no two People have the same birthday

365 x 364 X x 365 n i
PREE s

Irl 365



Prc E L 365 364 X x 365 hey

365N

Find is such that PREET 0.5

23 PREET 0.5
1


