COH)&M' Pﬂkth‘hh

‘Ma..J b\w-' we woent to Comsider

the d\tnt-c. Ult{‘. on 2yent A o
Undee the assumption that B oceurs.

*There ace  YUvwee pnss-k:li&es:

(\) The oceurrence of B m.*aht
nerease  the chances of A, So that

A ond B oare Es-h\uly cocrelated .
(2) The occcurrence of B might
0eieast the chances of A, S Bt

A ond B ave nc;a-h\lda tﬂl‘rg,'nf:tJ ‘

(3) The occwtemce of B miht not
Change the chances of A, so that

A ond B are independent



Z_i: Su"m we fl. o 'cu-T o 3 times
Oue  Somple space S
L= § hUB, HHT NTH WTT,
THR THT) TTW, TTT}

and esch outceme weSL i 'l"‘"!’l l.‘lul}

Let B  be the euvent that the first com -Fl.p
i heads. (Recoll: bas weans B S uur wm wr1d)
Ako, W& defne cvents A, IL, Ry oy Lllows:

A = Mj“'l"j"c the flips & heads
A'?. = l\tjuuhj of e -ﬁ-fj :G'bg.ls
A = 0dd number of the Flps e heads

Then A. end B o fﬂ-h\ltb cocrelakel
A,_ and B ase "‘j""""‘& coteelate)

A, and B are  independent.



éic The Erubo.b.‘lﬂ_:a of an euent 4 given

Mt on &_}fﬂ: B occuts | wetten Pr(AlB)
is defned oy

Pr(AIB) = M

Lassvmng Pe(R)>0.) dhe
Thke: Pe(AIB) means "I T restent mpcelf
1 Cowaumj outeomes WelLl whee B
occors (e weR), wht are the odds that

A ako occurs!”

We JVide l.~.j Pe(B) & fenormelize S0
et ®# B and Pe(-|6) gve o new pobeblds

spoce 8
Pe(Bns) P (8
&: - Pc(BIB) - r(ﬂ.-u.-.) Prm)} .
Pc(adg) Ang)
 Pelale) s p(Rle) - Bgamd, telRa®
. Pc(B)

Pe(B) w i



Let us rebuin do our 3-com  erample.

Bl )
*Pr(B)‘-‘ +:T|'= %""i

14,
Pr() |&|'%=Ji

|A, |
) Pr (Az) ,.SLI % = 'li
) Pf (A3) 1%-' s % % "i

) Pe(A 18)- PrlANB) _ 1an8l/3

Pr(Bs B /2
= 33 . &
—ui" 2 ?q

Becavse Pe(A |IR)= Y% >4 = P (gl)’ We
See that A, and B aree posituely estrelate/

2) Pe(A,18) = 1- P (R, ]8)
= 4- Pr(ll,IB) = 1_3/q= i/

se Pe(A18) = %< Pr(A,) and A, aud B
ofe man’mcl.j correlated.

(3) Pr(ﬂ3 |B) = P(A,n B) (N BIZg

?rm /2

N T . -
b -l T



Se Pr(ﬁ 18) = %4 = Pr(A,) omd A3 awd B
o4 ‘N)CP%JM":.
Nbe: P (alg) = Peld) = L. R
> Pr(aB) = P(A)- Pl

) Pc(ans)
Pe(R) s Pe(B)

& Y.(8lA)+R@)

3_¢_£ Two events A awd B ore independent
it P(AnB): P (R)- Pc(8).

A collecton of tamts R i mobually

mdgpemdent i Ko ogah fube subset
N9 N R - |

Wwe have

Pe(A nR,0--08,)0(A).P(A). - Pila)
A collectim of eants R i Pattwine. ind gpgadnt



# emb par fA A3ER of ewenbs m
A ofe m)qn.h.d:

Wodnng:

A motodly  Mepeaduat =5 R pawse mdpue
B brue, but

A pairwie Weperdant = A ml:oal(j tndepandint

rsl

é}_: SUH;.;Q we -pl.p o fx an bure:
S {un, wr, T8, T3

wnd Lot
A - far flp o W
A, = seemd flp 3 T

A__& : bt Ht]ﬁ the Samt .



g_g_; Bj our cfm, A‘ ond A‘l are l‘dqu.dut.
PrCA]ﬂF\t)r 14,14, | = ...'?'—

| S2) q
g Fe(a,) - m‘-l ]:..2-.9-
P(4,).Pe(a,) i T“é_’ 2 .24,

Nete: A is nt muﬁnlltj mdependent because
Be prodvt rule does nd  held for A A &

IA,nA, 0 Ay
Pe[A N, 0Ay) = ,__,_’1—__5___'_;

PLAY-R(A)-PlA): % 4% = %

0
=-—\'=O
n.'



%An Iubtlmr': 35«'-*“

Whet s Pe(A,nA,0--0A,)7

‘I ZA‘)...’A,,3 Qre Mufwug Ma’qt«th., Then
Pe(A ik, 2 A AL) = Pe(a)-P(4). --R(A,).

- Tf A‘, «yBa are net nufmuj mJa,)a.Jut)

Ve con Shll sSometwmes Cﬂ-fu&‘» Pf(‘,"'““‘h]
wth Wi fomdic:

Peop .hf A Ay, - Ay be b e
Pr(AInA,‘a nll,) : Pr(ll.).l?rmz, A.) P,(A3 lAlnAL)
| A Pt(__A" IA.ﬂAtnAs) 535 H’(‘nlﬂ.""‘l

P R Re(,1A) - - B(A, 4,004, )

© Pela)- 288D | RlAyah ) | playAn-s,
Pe(A) fe(A,n4,) ﬂ.(;in.-u‘_d

T 'P‘ (A‘ n ql A0 Ah)



hlu‘l’.@nl Soﬁwlt c bally ace assgnrJ
B n bms. The belly are assnsum’

(-)unf&mlgt g ball i qoa"-, (-1«!3
‘b be Inaluj Oﬁﬂﬂt lbohs) and

() M‘; the locaton of o ball

Iy net n\ﬂum«) 5-1 Bhe loublns of
oBue  ballg

- let A be the ewnt But z::‘bm Contring
ot mot ome ball.  whit s P(A)7?
- Naker b 020, e piginhole panciple telk
us Pe(R)=0 becwwe A=¢
- Whet f ren?

- et



Foc el Lleker, Lt Ax be the
et Uwt tre st k E'& o f“ld

Mo bas 5o But ech b cadung at mat
GuL bell.

* Nebe: A<A, <A, €A, & A, cA L
so AnAy A~ nAL = Ay
 Techn
Pe(A): Pe(An--nAL)
= Pe(R)- Pe(A, \&,) P (As1 AnA,)- - Palan 4’;
= Pell)-PelAy)A) - Pe (R 1A,) - (A, |4,

‘Wt s Pe(AAL) T We contd 4y
Valocte Ty J-‘ra:", from the al:ﬁm’l.i'en, bt

Bat wll pot us fight back whwe we startes.



*Tastesd), Bnk: WM I A, occwrs,

Ge. e fist k-l bally Gud n Jfuwent b.%

whit ate e chences et AL sccurs
Ge te ki bl bands » aun mccqomj
bl\ﬂ) ?

cwell, the  locakon of the ki ball i
mdependent of Bre first k-t balls, and
¢t B 81“"5 l.“al, t ge in Guy b .
There oce N-(k-1) = n-k+ unmupr‘u) bh;
So e Chance Dot the kD ball &uds
in one of e unoanpied bas 7 -"_"."‘;:..‘t.'_

* Theefore  Pe(AL]AL)- Li=L. - N

g

Pf(pc)‘ Pr(A,)‘ Pr(A;“\,) ‘pf(A'slnl)' ‘mep ’4"')

= 4 . J=1 . _r_'_:_z . wev B N-ral




This © & Siutio.‘ cose a# What o called
the  birtiday ‘pomdey’:
l-\om mS Purk Jﬁ we need 3M

befoce & s moe ';'“l, ton net Gut
Bus hove he Sowe boMj"

‘We view Uae  Calende d.#* a¢ N=3LS buns
amd people as ball, whah are qo«"’ t‘kd,
® Leve any dote a¢ hvfhe bm!l.)«.’.

‘ PIUﬁMﬁ Mm N=3US ond r Wp our {.ml"

we qcet:
: = pf(ﬂn commen bithdays)

S 0.972.-
0 | o.gk0
Is 0. 74 2
20 0.521
2% 0-4922
30 0.214%
35 0.-17%
4o 0.103



4s 0.095S
50 0.017

‘Tt b ok Dut when =223, B rwl:.h-ln}’
BVt ne L [m?le heve a4  Commen b.M.,
\S 0.'-It‘1’ o 1t B were ll’zs than nct

et Te wll be & commen bnM.J it
ot least 23 peple ore 3;@«{),
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