MATH 180A (Lecture AQQ)

Today: Conditional probability

Next: ASV 2.2

Week 2:

o homework 1 (due Monday, January 23)
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Prir\ciP\e of nclusion /exclusion

Example {\mov\j students encolled in MATH (80A

80 /. are Moﬂ'\n MCt}oCS
207/ ofe Ph:ss(cs Mo {OrS

S'/, (e MQ{BOC‘”\D 0 bo‘“’) MO\‘H\ ow\cl P&\jsics

A Slméqrﬁ s chasen Ccméom\j —ﬁrom the C]O\SS‘
What s fhe \)(‘obcxb(\\‘{'\j that this student s peither
o Moth mojor Nl o P"\jstcs W\O\‘\‘D(:?
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\(\larm - W l:) C] ueS'\'\‘or\

Lindae s 31| yeors old , 5{n3|e , ou‘fs[)okenlomd Very
brigh*. She rY\cLJ'orecJ n Ph(losQPhj, As a student,
she was deePlj concerned With jssues of discciminaTion

ond  social Jus‘hce, and olso Pqur(c(PcLJred in anti-

h\AQ‘eqr demohsJYro:Hons,

Which i mare Probab\e’?

. Lindoe s & bank “ellec.
9 Linda 15 a bank deller and s active in  the

{\em‘\h‘\s* moNe W\QV\“ .



Moﬂthohicljrj

£ A<D, then
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5 \n ?o,rHCu\o.r P(AUR) = max{P(MP(E)E
P(AOB) £ min {P(R) P(B))
Usefu| tools
o P(M)+ P(AQ\):] (e\seh\'s and the'r CQmP(QmQh+S>

o AcB jmplies P(A)¢P(B) (monotenicity) |
o P(AUB)= P(A)«P(B)-P(AR) ((inclusion - exclusion )



Conditional Probab[\l'Jr:]
Example |. Your feiend colls 4wo Fair dice . What

(s the ?Cobqb[\\\b e sum 18 10

Q - A-
P(AY)=

EXQmF\QZ Nour ‘Ffier\é colls J[wo \chir dice and

tells You that the sum that came Up IS o fwo
Jiget number . What Ts dhe probubility That the sumis !



Conditional Probab I\ Jr\‘

H: wWe ‘&ho 'ﬂ\Jr ﬁ\q enent
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. l&eeia The same Q) ond & L
. dedine new P(‘obo\b‘n\[""d (5 on @ (§> '('k\u‘k tale s
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Def Let BRe¥ socstcj P(B)>o. Then Hor all Aed
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Conditional peababih -y

I P(®)s0, then the condifioral peobebilidg PR
50\"\‘15’9\(’_5 o ﬂ\Q P(‘OFQVHQS 0'? \Drobcbu\JrU g
axioms of Pmbqbl\i*rd) ?robqbi((t«] ot The complement,

monoJfon(C;\Lj o inclusion - exclusion -

RQ_TY\O\F&L £ Qs Liovte and P is amfocm | fhen
P(A\%):

EXCLW\P\Q‘ Roll 4wo Hxic  dice. A={5um s lof

%'= {\s\uv\ S o '*N‘D'QHS‘(* numb@(%



E?ﬁ&m P\e&

An wtn contoins 4 ed ball and

Z:Q‘.& 6 blue me\s.Three b&“s as e BQM?\QA
% ® without replacement - What fs Fhe

\o«*obo\b}lﬁj that eK&ch\j 4wo acre ced’

Sm?foya We bnow o Pdov‘( Thot ot feast one fed ball
is sompled . What is dhe Condifionsd probabiliby of A7



MU-H'\.P\\‘C&“'\‘OH cule

B\\j definition P(BIANY= PCAOB)

P(A)
=
For AOBNC ¢+ P(AOBNC) =
Example An utn  confouns 4 ed ball and
°® 6 blue balls Two balls are éam?\e&
:..:Q. N'\’Hf\ou‘\ VQP\QCQMQM- NSRS +h e

‘P@""bc*b”ﬁj thad both ace ced?



Two r S“'aqe ex\oar‘( N\Qh%&
U 1
° Feﬁform an exferimenf‘ measwCe o, (andom outcome

° Fe_(‘-Form 08 SQcor\Ql QKFQF\MQY\'\’ w\'\ose Se'\'u.F de?ahés on

-H\Q ou:\'come of( ’ﬁ'\q ‘F(C.S\’l,

Exomple

o ficsY choose an urn ot candom

.‘ ®o0 o Then SOL(Y\\Z)\Q o ball at rondom
©e
® /a @ /% feom The chosen wen
Q: Whot s the peobability that Hhe sampled ball is red?
K={S&W\P\€’_ (‘QA b&HE) A={C\'\OOSQ urh ALS (P;:{c_"\OQSQ ufn B}



Law of Total Probab(‘\ljr:]
Let B\\Bz‘,u(gh' be FQF'H'HO('\ of OO

(e, Bl are Ais\jo‘mjrl BUB; U uba = 8L P(B;)>o>'
Then Hor Q_\IQ(:] event A

P(A)=
X

B [B2 /) By By [Bs /B \B2 |

EX&MP\Q 90/ of coins are fair, 9/ ore biased o come p

heads €O/ of Jr'urv\es‘ '/ are Diased 4o come wp heads 807, You
L£ind o coin on the stceet.

How \i\Le‘j s 11 To come Up hea d<”



Law of Fotal Pro‘ac\b([\'h
Define A ={coih omes wp heads § | B ={ coln is faic §

B2 ={con {s 60/ biased | By={coln iy 804 biased |
e B, B, By Horm o ‘Omcl

o P(AIB)= , P(AIB)= | P(AIBy)-
Then us'ma The law of “otal P(‘o\oqb}\[i\j
P(A) =

—
-

Ancthe ¢ Ciuesjr'\or\: In the same se_H'ms . You find o win and

Hoss 1. 4 comes ap heads. How likely is it that Ahis coin i
g0k biosed (heawily biased)?



[mportant remack

We know ‘ﬁ\q* P(A\E)53=O.8.
What can we o4 about P(Ba | A)F).

GQHQFQ‘lj SFQQ\Lir\a )

Example Accocd(nS to Torbes | there ace 2668

billionaires n fhe world 22573 of them are men.

E xam P\Q_ ’P(‘OSec_u\‘l'O(“S 'Fox_“oij-.
E = {P_\Iiéqr\cz on The defendant l]
1= defendant is innocent L




