Last lecture

Random Variables (RV) (Ch 2.1)
 Mean and Variance recap (Ch 2.2)

P (A3)

Conditional Probability (Ch 2.3) = — T T )
* Motivation { F ( A , 5) P(B) 7[

* Examples PZ@J?O
* Solver



Agenda

Law of Total Probability (Ch 2.10)
* Bayes formula

Independent Events/ RVs (Ch 2.4)
e Definition
* Motivation
 Examples and Facts

Distributions
 Bernoulli (Ch 2.4.3)
 Binomial (Ch 2.4.4)



Law of total probability



Law of total probability
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* (Case-by-case discussion law... A = { 63

* P(A) is the summed of “Partitioned conditional probability”

* P(A) = 2, P(A|E)P(E;)

i/Z';‘ P(AE»)



Law of total probabilit
P y P(h)= P(B)=P(C)

There are 3 dice A4, B, C in the bag o
=[R X 1;B X 5] 3
= |[R X 2; B X 4]
=|R X 3; B X 3]
A BJO we portition & mmp\((a
Draw one die and roll ma 6>< LS va
* PR = P(R, A) (R, 8)QJP (R C)
= dxt+ 2
+ P(R,|R,) L?p(R“A) S LTRE e +Z)<,L
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P(Kz‘ R,) = P(Rle) = F(‘ZZ‘RI/*‘)P(A)
PR) + +P(R:|R(,8)Pl8)

T tP(RaR, 0 PO

= J X P(Rzl’v)
- 1 [P (RRJAJP(A) 47 (R, [B) P (2D
+ P(FVP\\\C)NC)]



Bayes Formula

Conditional probability + Law of total probability
* How do we get P(B|A) from P(A|B)?

_PAB) (A|B)PCB)

PCA) P(A)
. PEIA) = P(Eiﬂ)ﬁ _ ?/(AIE;)PCE\.)
PLA) Z P(AlE) P(E;)
\ A ) J

Law of 'h')ﬂl ?nb



Disease problems

Assume there is a disease A, and the corresponding test T
* What do the followings mean? T2 8 fest POSTﬁ‘fe

P(T|A).= 0.9
)_L@— 0.05 l A2 Hue diseas.
?\%\{\\}4 P(A) = 0.01 \/ )Uactora Test.

 P(AIT) =

P(T(A)P(A) _ plTIA)P(A)
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Disease problems
FCS):; 0.1&
18% of adults are smokers

S | — O . /l!-
15% of women are smokers -~/ PC N)

Population = SO%énen + 50% women
P(W)=0.& PlWw) = o.&

e \What fraction of adult smokers are women

2(uw|s) = PLLADPW)
PL&)

According to CDC survey on smokeyl




Disease problems

According to CDC survey on smoker vs. lung cancer
15% of women are smokers
_
=, Compared to nonsmokers, women who smoke are 13

— times likely to get lung cancer P(C l)l()g) :/3?6[}9(55

If | pick a female lung cancer patient, how likely she is)a y
smoker? PCC ‘?gz; 3 F(C/5C)£

P( s [pre) . pdse _ 130x0k

— 1 P(C) Z . D,STS-‘f“/j“Q.o‘IS

PLISS) P(s) Pleks)



Independent Events/ RVs

v (AlB) =P CA)j




Definition

?zmlmt
A and B are events, they are )”‘Wt“-‘“ua e if
« P(B|A) =P(B)or
+ P(AB) = P(A)P(B)

D
Facts

« P(B|A) = P(B) implies P(A[B) = P(A)

* If P(A) =0, Bisindependent of 4
AN N — N——"




Definition

A and B are events, they are wd:m“& W\AZM

« P(B|A) =P(B)or
%- P(AB) = P(A)P(B)

—

RVs X and Y are independent if A and B are independent for any
X€eAandY €B



Motivation

Independent is a common but strong property
* P(AB) = P(A)P(B) Juctorize the pmf
 Compute the pmf easily
 Will skip Ch 2.3 affect only my HW2 and Midterm 17?
* Ifljoin this club, will it affect my GPA?

 Decide the model complexity
 What really affects the results?
* What do | need to ask when reviewing a loan request?
e What input data do | need to predict the defect?




Examples
Physically independence — Toss a coin and roll a die (N, X)
A2{N=H}
B £ {X =6}

Probabilistic independence

e« A2 Xiseven PCA)“JZ

B £ {X =0 (mod 3)}
peaz) 63
77)(’((% PCATe) = PCB) ”i&/é}lf

Sor D8 L =p4)



yoose “independent” RVs/ Events
Pick X from 52 playing card,

Slido El 2
IEI

{X is RED} vs. {X is prlme

P{Vé |%’,7’ J? ny ‘3}.} F{@ }#349457

{X IS even}vs {X is prlme} (

? (Zv%(?mn) =
) C. PickY from 365 day

Q {Y is rainy at Champalgn} vs. {Y is a holiday}

~

D. {Any midterms on Y} VS. {Y is a holiday}

POOZ P(M[1) |



Terms and Facts

 A,B,C are pairwise mdependent if (4, B), (B, C) (4,C) are

mutually independent P(A (/) ~ a‘i H Hju

 Toss a fair coin twice ”

A 2 {First coin is Head} + P(A) P(g) PC(/)
A d Head
2 {second coin is Head} J")("L' )(“L' /J,

2 {toss results are the same} = g/,

U/, &) =p(c) AB C ae NOT
Plc(e) =pPlc) =) Me,gm(mt




Terms and Facts

* A, B, C areindependent they are pairwise independent and
P(ABC) = P(A)P(B)P(C)

e A A, ...A; areindependent if
P(AilAiz "'Aik) — P(All)P(Alz) P(Alk)



