
 

Important Announcements

assignment 1 is due this Friday Jan 24

review session by TA on Monday



Questions

1 discrete or cout.ru XEX RP 1,5 78 1

2 discrete or cout.ru X RP 1,5 78 0.7

IP 1 0.5 0.3

3 What is the co domain of any pdf

p X 0,01 typo in notes

4 X countable or uncountable set

5 pot of cont Uniform a b

6 pdf pmf of cond distribution

Pyx y x Pff
Bayes rule pixly

P

8 patmefooinff.IIE.fiiplxslxa.xsp xalxn p x1



31 1 p 121

9 What is the difference between

joint
marginal
conditional

distributions



Arthritis Young pyx 1 0 product rulefromabo

p x y plxly ply

no P.fi10,1
0,0 3700

1,1 B p5
pongtigoing

111
4,4 17 0

s

E Probability of being younggiven I have arthritis

P X O Y 1 pxx 011

Bayes peRule

40

Independence Changing the value of one rov doesn't

affect the probability of another rov



riv X Y are independent if p x y pox pyly

Since p x y pixly pay p x p y x pex ply

independence implies plxly pex plyl x ply

Moregenerally
X1X2 Xd are independent if p Xi Xd p x p x

Similarly for distributions

riv X Y are independent if P XEEx YEE PXEEx P YEE

Ey X Y are not independent for Arthritis ex

p 0 1 px 0 pell 51048 0.204

Ex Xi Xz E 0,1 are flips of two different fair coins

P Xi Xi forall x EX xEX2 H T

H
Px.lxipx.la X

T



whathappenswhenz.lyft fst
p XxY pmforpolf Ans neither

Instead we will write pixiy in terms of a

marginal polf for X and a conditional pmf for YIX

pay ÉP CpyxCyI product rule

where pylx x Y 0,1 is a pmf
Px X X 0,0 is a pdf

Ex EX 0,900 Ye Ye 0,15 Barolo

Pdf Px Uniform 0,900 fog
Px X

too 400

Prix Bernoulli 00 8 Py x 71100

smf Pylxlyl 00
if 7 1

4 i
1 if 4 0

Defn of
Bernoulli Foo

P X E 0,50 4 1 ply d

Peixylx pxl dx



Ix px x dx

If too

81 0

5 259

648 0 154



RepresentingRandomFentureslabelssandDatasets

É Éjezx xz z since Z Ze En

Z x ̅ Yi EX Y Z each Z is a feature label
pair

Xin Xi d E Rd X x ̅ is a feature vector

for D B marginal distribution for Z

assumptions

1 Xi Y Z are independent for all it 1 n

2 Pz Pze Pz Pz all Zo have the same distribution

Xi Y are independent and identically distributed i i d

B Z EE Zn EEn B Z.EE Bn ZEE

B Z.EE B Z EE

Equivalently
xi̅ Yi Xna E XX

where x ̅ Y yPx ̅ y are idependent for all ie 1 n

sampleddistributed accordingto



1 contains a ineptpledndenames of x ̅ i Yi
feature label pairs all coming from the

same

distortion Rie

t
Ey X is a fair six sided dice

1 2,3 4,5 63 1 with pex f
6 is a r Vfix x E i

I_É for fu

Notice f X y

Sometimes we give the r v a new symbol

F X X

pmf Py y Pax ly where y 1 22,3 4 5,6

In this case
py x2 p x where EX

ex py 9 p 3 p 3 I



X is the payout from a slot machine

10,10 with p x
0 D Uniform 10,10

Y f X XE 0 100 9

PYLY If much more complicated

In general py is complicated and we will not

need to know how to calculate it

II.FIgndtearnerarefunctionsof.X
X Xz tER X with Pe

predictor f x y where Y R

f x ̅ 3 6 2.5 2 is a r v with values in

and has some distribution Pfy

learner

D X Y X Y E Xxy with Po



Learner A Xx 9 flf X 93 7

A D f is a r v with values in

example and has some distribution Pacp
u

if D 7 6 12 2.5 where n 2 X R Y R

then f can dx

This means we can talk about things like

What is the probability the Predictor f x ̅ outputs
some value y

What is the probability the Learner ALD
outputs some predictor f



p a

Expectationandrariance.fixiifiiiiisiaeaevalue
medianmiddlevalue

Expectedvalueof ar.vn average value of the r v

if you sample from its distribution infinitelymany
times
The r v must take values in R

It is not always the value we expect to see most

frequently that is the mode

XE X is a r v with pmf orpolf p

E X Ex Pax if X is discrete

xp x dx if X is continuous

Ex fair six sided dice

X 1,2 3 4,5 63 X and P Uniform MG

thus p x

E X Explx 1of 2 f 3 4 5 6

3.5

This is not an number you can roll on a dice



Unfair coin

C 0 I and P Bernoulli α

thus p t α plo 1 α

ELX Exxpext o.ci a 1 α

α

This is not a result of a coin flip unless 2 1
or 2 0

Normal distribution

ER X and P N µ
thus put e expf 1 45

ELD
r expt 1 45 dx

Youdon't
µeed to know

pdf Phe steps small

it iihe



EE.EE
The function f X 9 must have Y R

E f XD Ef Pex if X is discrete

f Pex
dx if X is continuous

X is the payout from a slot machine

10,10 with p x
0 D Uniform 10,10

Y f X X 0 100 9

PYLY If much more complicated

E FIX fix pendx dx

I 1 1
10 1 1 1 to

28 33.333



It turns out

fix ELY Gypely dy

33.333

Usually we don't know py Pfex

So we work with p

V nceofar.ve How much the r.ve varies from
its expected value on average

E X is a r v with pmf orpolf p

Var X

ELFED
EXT EX

this is just a function of the r v X

E Unfair coin

XE 0,13 and D Bernoulli x

thus p 1 α plo 1 2



ELX Exxpen o.ci a 1 α

α

Var X E X EX

Ex X FLAPPED

0 x 1 2 1 25 α

α 2 α 2
2 23

α 22

α 1 2

or Var X ELX E XP

EXP x 22

0 1 2 f α 22

1 2

Normal distribution

ER X and P N µ
thus pas 0 exp f 45



ELX aexp tax 45 dx

Youdon't
needto know M

plx P XcE

he steps p pmfl.at distribution

Var 02

t.fi In

EEIEE.itI
f xxy

REEyf
x y p x y if X Y are discrete

Syfex y pexy dydx
if X Y are continuous

Ifx D gym pynppanaxife.es discreteand is continuous

Ex Syfcxy plyix dy pex
if Y is continuous
and is discrete



you can always use
p x y p.LY XJPCX P Xly pCx

Ex EX 0,900 Ye Ye 0,15 Barolo

Pdf Px Uniform 0,900
1

Px X

too 400

Prix Bernoulli 00 8 Py x 71100

smf Pylxlyl 00
if 7 1

f i
1 if 4 0

Defn of
Bernoulli Foo

f X Y Y

E f X Y sxfyfaysplyixfpexsolx

fE.com o Y ply1x pix dx

1 0 0 1 400 151 0



too 1 Fool

aol.it eat
I

k iii.irineP
Pyix is a conditional pmf or polf

f y R

E FLY X x Eyf PLY if Y is discrete

fupply x if Yis continuous



YIY.PE I ndcerbea constant

1 E CX CELX

2 E X Y ELX ELY
3 ELY E ELYIX will be on the

4 Var c 0
formula sheet

5 Var X c Var X
for midterms

If X and Y are independent

6 ELXY ELXELY
7 Var X Y Var X Var Y


