
pin1/19: Probability &Generalization

②D) a red, 3 blue

letA =RU (random variable) color oftheball

Alice draws

B =RV color of the ball Bob draws

1) P(A=red, B
=blue) =

* notindependent ~
"given

=P(A =red).P(B=bluelA
=red)

--

#blue balls

#redbaran #al-Ired Alice drew
=45 =3/4

F
2) PCA:blue) B =bloe)esabePA=bive)
-bet-bluebetthe

PCB:blue) A=red) · P(A= red)

-isi



&2) Events A,B, C
1:intersection,"and

"

5:union, "Or
"

a) P(AL - P(AMB)
=P(AUB)-P(B) (Fr

inclusion- Exclusion Principle

"
AUB

b) P(AUB) =P(A) + P(B)
-P(A)P(B) 1te

form parta)
P(AUB) =P(A) +P(B) - P(ARB)

=

P(A) +P(B) - P(A)P(B(A))

if *=PCB), then statementb) is true

prove by counter
example:a red, 3 blue

P(B =red) =45

p (B =red 1 A red) = Y5

c) PCA)
=P(Acc) +P(A.) lr

Law oftotal probability

a) P(A)
=P(AIC) +P(AIC) Ele

from c) =P(4)
=P(ARC) + P(Anc)

= P(AIC)p() +P(ARC)P(E)

*P(AIC) +P(AIC)



assi-ihe ↑(c).P(BIC)
pic) b/c P(B,C)

=

↑ (*A). P(BIC,A)
I

-PCBIC(
- e



&6) let E:eventthatemail is spar

S:eventthatemail
is marked as spar

Given:P(SIE) = 0.9
P(SIE) =0.1 PCE) =0.01

want:P(EIS) =?

-> Bayes rule

=E
PCS) =P(SIE).P(E) + P(SIE).PCE)

=0.9.0.01 + 0.1+0.99

= 0.108

P(EIS) =0o
=0.085= lit



Generation(Lecture 1):

Given:inputspace X, output
space y, x,y come

from some data distribution is

want:learn a predictor f(x):x
+ Y that

minimizes some
loss function (f(x),y)

Ex: Square footage
-> house price

-

health history
-> risk of disease

photo - is this
a bicycle?

RK:RCf)
=E,xyup [l(f(x),y)]

↳ don'thave infinite
data

Empirical Risk:estimateRCf) with sample average
- ind

for datapoints S
=[(x,yi) ...(Xniyn)7wd

Rs(f) =n (f(xi),yi)

· RsCA) is unbiased estimator
ofRCf)

Ex (Rs(f) =R(f)

Q:How close is
RsCH) to RCf)?

Given training
data S, tofind

bestpredictor,

choose of thatminimizes
Rs(f).

· we want of togene beyonds
toall

similar types of data.
ne

↳ from same data distribution D



R(+) =R,(-) +[sfl]
e

Empirical Generalization

Risk Ga

How can we estimate RCf)?

Testerror:Separate
testdataset S', NOT

trainingset, but
drawn from same

distribution.

R(f) =i ,R(f(x'i),yil
=Rsi(f)

Q:Why can't we
use 5 to estimateRCf).

Rs(f) is only
unbiased if I does not

depend on
S.

if xis in 5, output correctly

E:5:otherwise, output nonsense

Rs(f) =0, R(f) high

Q:Why don'twe train of using both Sands'

· Learn f from Rs (f)

· Estimate R(f) using Rsi(f)


