



































































































































Important Announcements

assignment 1 will be released this Friday Jan 17

review session by TA after due date

Countableset A set with cardinality that is
finite or countably infinite

Entableset A set with cardinality that is
uncountably infinite






































































































































Questions

1 is W Wz Wz
T

a row or column vector

f x
1 2.3.23

Fet

E Ex 12

e

3 What does the integral of a function represent

4 What does the derivative of a function represent

5 Can you calculate the partial
derivative

of f x where E R

6 Define the gradient
flare oftenia in

I






































































































































Motivations Supervised Learning Learning from a

Elympiad batchof labeled data

Dataset
Learner Predictor
function Model

tuple of tuples Hypothesis

fxi.no o
function

D EE Yi Frye _Linen f X Y

DE XXY t a function from features
to labels

Xi Y Ry E fix 2 1 X R
independent for all if 1 sn

D n feature label pairs A 9 Eff X Y

set of features A a function fromdatasets
Y set of labels targets to predictors
E X R Y R Ex A D f where f x Y

fix
if X X for some
i 1 n

0 otherwise






































































































































Probability
EtesHumanshaveabadinturtion

when it comes to randomness
Random Variables Thinking Fast and slow

Calculating probabilities by Daniel Kahneman

using pmf and polf
Multivariate random variables

Conditional and marginal probabilities
Representing random features labels and datasets
Functions of random variables

Expectation and variance

Warnings If some things seem informal it is

ikely because we would need tools from Measure

Theory which we will not cover in this course

Experiment A process that generates an uncertain outcome

Ex flipping a coin rolling a dice

theset of all outcomes fromthe experiment

Tails flipping a coin

X 1,2 3,4 5,6 rolling
a dice

0,900
amount of a chemical in a wine

R
measurement error






































































































































The outcome space set can be either a

1 countable set or

2 uncountable set

Event A subset of the outcome space imprecise

E Outcome space Y 0 Tanoitcome is a
single element of

Events 0 1 0 1 the outcome set

II Outcome space X 1 2,3 4,5 6

Events X 13 1,3 5 2,4 63 1 2,33

Ex Outcome space 0 900

Events 0 900 0 4 1,2 U 7,30

Probabilitydistributions A function P defining the likelihood

of each event and satisfying certain properties

a set containing all

P event space set 0,1 the events

e
A complicated set T algebra that we will

not define

Properties imprecise






































































































































Outcome space Z
disjoint1 P Z 1 events

2 If E.CZ Z and E.ME then

PIE.VE P E PIE

of property 2

ÉEvents E E

EME O EVEEZ

EEE P E PIE

P 7 1 rearranging P E 1 P EY

E Outcome space 0,1

P 6 0 P Y 1 p 03 P 1 3

each event of
an experiment
is associatedwith
a probability

4103 13 401,13 Eatment






































































































































E Outcome space X 1 2 3,4 5 6

P 11 P 23 P 63

1 3,53 P 13 P 33 P 53

P X 1

PI

q 3
5 1 3,53 x

imvar i imprecise a variable that takes
a value based on the outcome of an experiment and is associated

with a probability distribution the value can beany randomoutcome

II XE X 1 2,3 4 5,63 with P from prev example
YEY 0,13 with P from prev example
Ze H T

A random variable is actually a function satisfying
certain properties from one outcome space to

another outcome space Ex X T O X H 1

It will not be necessary to know this for this course






































































































































E hIEx
P 1 3,53 P X 1,3 5 the riv X is an element

WI of the event 1 3,5

P 4,5 63 P xE 4,5 63 P 4

P 543 P xE 43 P X 4

Notation Z P Z is sampled according to distribution p

Discreter.ve tr.v that takes values from
A countable outcome space or

an uncountable outcome space but there is a

countable event that has probability 1
twowaysYEY 0,1 EX 1,213,4 5,6 ZEN todescribe
samediscre

Ex XER where P X 1 p X 6 f experimen

Probability 1 P XE 1,213,4 5,63 1
for countable and P R 1,213,4 5,63 0
event 1,213,45.6

n p x x p XE x outcomes are
all realnumbersbut

I
allprobability that
sum to one is on a
discretenumber of
outcomes

72 5457 ER






































































































































Lte You can always take a r v defined on a

countable outcome space and define it on a larger
uncountable outcome space bysetting theprobability
of the event containing all the new outcomes to zero

cur.v.i.AT v that takes values from

an uncountableoutcome space and the probability
of

any singleoutcome is zero

Ex Z E 0,900 and P Z z P ze z3 0 for all zE 0,900

but P ZE 0,9003 1

ZER and P Z z P Ze t 0 for all ZER

but PIZER 1

T.IE I I anetnevanesot

probability distribution P for all the events

ProbabilityNassFunction21 A function p Z 10,1

where Z is a discreteoutcome space and Ez p Z 1

The probability of an event EC Z is

P ZEE Ee plz where ZEZ






































































































































Outcome space Y

p 0 PCI I 1
0 1

P YE 0,13 PY p Pll I

P Y O P Y P YE 13 Ʃ ply PA
YER

PIYE PLY 0

pm

Outcome space X

P 1 P 2 peg I 23 45'6

P XE 1 3,53
s PCD PO PCS

IreleProbabilityDstributionewthspecial names

3in tYIrarameteEd
pmf pLD x p10j 1 2

Distribution P Bernoulli a I

P Z 1 P ZEEB PCI α ZE 0,1 is a Bernoulli

r.V.DE

i f.in
L






































































































































pmf p 1 p 2 p h th 1
Distribution P Uniform n 115 h

II witharodinphy.ie
a density

if if l IIIosition 1 1 70 position

ooo ooo imdb.fmmImm
kg kg

12kg kg


