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03 Recap

?r‘e\r‘ious\\vs on CS70.-..

Condifsona\ ?Tﬂhﬁso’l\’*:& PCA \B) = £ lf‘(n 335
t Fh\,,,],;hﬁ Hat A occurs a’wevx
et gou Know B eccurved

Baﬁes' rule P(ALIRY = @"pﬁw P""“"?‘“'ﬁj
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wherested W aidence
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(D Iedependence
Def Evenls A and B are ‘idbremkev\\- W PCANBY = PA) PCBD

Tatwative ‘”’”""’“"“"‘3" Kinousina whether or not A occurred
&'E“?S 30M V\o‘H/C\bﬁ aJooM‘ whethver B occrred & vice-vga

formal  version oF intuition

¥} P(Y>0 then A & B we twlefead'ewf?F
BQENL owlﬂ W PCA\RN = PCA),

gi: (‘7) P(AORY= P(AYR(R) = P(A (R) = ﬂ:}%f) = %

= POA)
(S D= >  EEED = pen

> P(AOR)Y= P(AYP(R)
Cor T8 P(N), P(R) >0 tlen P(AIR) = P(A) & P(B\A)= P(®)
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Def Evenls A and B a,z;@gmt W PCANBY = PUA) P(BD

Tabwative w\,e,mvx"uvﬂl Kwouo’ms whether or not A occuwred
fells you mmﬂ aloont  whether B occwrred

M FVF o RBadr i and then PP Tt %Nw
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P(N\‘f P(s\*—' P(AMBN = T 5 =g
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Question, Suppose A and B owe ‘Mea?ewdmt Whaed-
abouy A and B 7

Answer  Also ?w&e\sw&e;n\‘. Same for A, B ad A, B

I kuosing A doesn't dell you whether 8 ocaurred,
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s P(ANR) = P(A) — B(AOSB

(b o A ?n\oo\.\ﬁhij %‘, ~ 8

= P(A) — PCA)P(R) ¢
A

= PN\ - PCBY)

= PINYP(E)




@ Padrudise,  vs.  Mutual LV\AWMCQ

.&mh_om.Swwose A, B, are, evenls
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E: C ;MPWT
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Answeoc Trick, abucsﬁon! I¥ W on hew A8 and C
B e related -
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Def Cueks A A3 -, Ak oo, | pandise 1%&%%"'
W for all E{, A7 and Ay are  Tndependent
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What dees s wmean Lo n= 37

P(A. AP = PADPAYD o
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Question  Suppose A) B, C  winmally sndependent.
el :;HJ P(ANBNTE)7 Eﬁ A

Angwer P(ANBATY= PANYPCRYC\ - PCRY) @ c
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@ I"\w\"m«“& Exo\MSTvb &V‘QM&_
Def Buens A and B are W\b excduse % ANR=Z

Af@ O'\’B

A, B w&muﬂ excsive = P(ANRY= O
P(AUBY = P(RY*P(R)

Queslion Suwose A, B e T ek with
PCAY PLRY> 0. Can A & B be ""‘*"‘“‘% excusive

Ansoer Ao!  P(AnBY = P(AYP(BY > O
I'Iulq:&»&ﬂ\\'\ ' and /IV\M’\'KO\% excusive” arg,  (Alwost) awosﬂ'&s



NGM‘tU: Muuhmu\-\cj exclusive

evenys are (u\mo:%) never
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@ _Combinations of Evenls

Given eNfJW*S A Azy eae, An,  how do e colanlate
P(ANAZNA-- - Ay and P(A VAU -.. ADT
G prob. k. al G prob. oot &t Vet 1
of' A, -, An otcwr of Ay, -, An ocewrs
Exami}ké
(D You are ™ e, o e @Aing (00 servers, Uwat

G5 the probability  daat Heey ol “hail on the Seme day?
O intersecion of events
That ot least one fils &ua\oﬂ? = wnion of evends

@ What 95 the ?Nk&ﬁlﬁin et & voandomized A@Oﬁﬂnm
retum s *{'bve a;:e;uw (O times n a yow ¢
yvA‘QNSﬂc on
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Given evemts AL, Az) erey An, how do we calanlate
P(ANAZA-- - AN amnd P(A VAU -.. AT
G prob. Hank all Co prob. Hoat ot Veast 1
of A\, -, An otcwr of Ay, -, An ocwrs

Twee wmetnods ¢

D Exadt Pormulas for P(AOCLOAY ad PAL- VA
Bt o¥en had 0 Covw@v&}'&

@ Make ASSuW\Phanﬁ aboust Ao, Aa ot ﬁmf\'li
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e &Tmﬂjw b:uml Ac““‘l‘ ‘::)
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@ T ction: : la

T (Preduct yrule) I§ A A; -, An are event st. P(NA)>O
e PCA QRN QAL = e
PZA‘BP(AzkA\\ F(AS\A‘”AI\... P(An\A|h-po(\Arv\—‘)

PCAORY= PCAYP(BIN)
P(ANSBNC) = PIANR(B\AYPCC\ANBY

- Iwal,wéﬁow on Wn.
= Base case:  P(ALA) PA;[:.?\

= PANADY= PAADPAL\AD

IWM&QW Sj(ql' (/L‘b w=2 casQ
PCAN.. AARNANY = PR AL AAD) P L AiN... NAL)
v ILH

= PO P(ALLAY - PAAML AL ..AA)



Tom (Product yule) TE A A, ., Aw are events st PCNA)>O
“em PCA\r\szr\...r\A,) = -
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_ 13 oz, o9 - uPs
= sz el 5O 49 48 51 P's
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@ Tnrersedkions  of Events Easj éfedau\ Cases
® Mum“ﬂ wJ.»er\Arew\' evenS
P(A\r\--chAv»\: P(AD P[A‘z}'” P(Av\\

@ Mutwally edusive events
PINAAN... NARY= O

T real  word, whetter or wot evess are
’imfewdﬂ"\{' s &j\, avwr’tr?calr tu,esﬁow



A S5t evenss  are tmw con  make « RUGE
A e to f»rplpa\ml'ahe5... —

00 seweis; each ene creshes w/ Pv-éodﬁhﬂ I
Probability 4l sorvers crah? Could be a5 ligh o5 55

?ﬂ\oﬂh“ f% crashes  ape W'”JQPQIJQ“{'?‘ [T‘;)bo
U“g Hon /(& o afoms W Yoo dbsesable wntverse))
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Usions of Evends & Exact Formula
Question. Wk 3 PAUADE AT

Avwsr P(ALUAL) - [P(A\B 4 PU\QJ - P(AOAD
l WCOM““j“

Tndusion - Excusion  works Kor ?rv!ow\s’iml

T (Iwdusion— Excdusion, Pro\mh'i\ﬂa version) For ny exvents
A\, P&z;,, ) Av\,

PCAUALU. . UAN = Z P - ZPINOAD + 5 P(A:NANAQ
(RS | |J

PR
V\MHsk
- ... 4 (- PCANALN..OAY

But Cow\?uﬁva whengecions can also be hard
And tere, are many  teims



ilv»‘iows oF Ev%jﬁ EM\L&J S‘i"w‘“\ CA,seS
®» Mu\-mklj ’\W\G‘@PW wents

P(A\UA'ZU':‘UAV\\: l‘ PC K\h-ﬁ\zﬂ.-.ﬁﬁ\b
De Morgan's |auds
= 1= PCAYPA) - P (AN
> (ndependence

L= (= PONNY- P -~ (1= PIAD)

@ MMWal‘lj excluswe events

PCAVUALUAD = PADY PAD+ P(KD)

’ :M— R O:ELA—cAA?)
PlaAPrviT)
More _500\841‘0\“43

PCAVUALY...0AN T P(AD + PAD * ... + P(AL)



(Ansons c_x ENM‘E : Gs&rw,kes

Twstead of computs PN O..OAD exaxd'\:.] sometimes
W's e.u\ouo\o\ \-OE %véal. aw  uppUr bound )

GFM dNNM 9% a\l ﬁd’\ll\ﬁl
T ?anh’\h{-fg W | “prer bound ‘Lw
Prop (Uwion Bound) P(AU-.. UAL) < P(A) + ...+ P(AL)

— overlogping areas aef
co mﬂ‘?r'ﬁ S mesf

SamT\fe, but S\&ﬂ?ﬁﬁ:nﬁ wsefu\




@ Examples
@ 0 termite {rmps  around Yorr heuse
Eocln d@ 50\4 m\ol.owi)j Choose one do 7V\Sf6r§\'

What 45  Hee P\-O\oo\ b h&j ot Ster SO
there s some h-o.f youn WWW\SPCLM

Au7onever Tespect T R Nt wadall
; S exduswve (or
Ao = never "\v\srecl' (o™ frap independent)

Wand: PCAUA,LD... UAp)
9 \5°

(Y= (F)(E) - (E)= (&
Pay = (5) L)cqo(ﬁs(}m ?vcsd@P%M

Union Bound @ P(AU... UAL) £ PCADF...+ P(AW)
= 10- (&)

¥ 0:0% ¢— God %o\ﬁ\a?



@ Ro\\* m\ Foir Ao 3 dimes.  Win F you goF o
\eas sVx.

What s yowr chance oF wmning?
Method |  inclusion - exclusion
A, = 36\' a X on tae T voll
PCAVALUADT PCAD+PADYP(AL)
=~ PANAD) — PCANAY) — PAOAS)

+ ?(A\ nAz(\ Ag\ \ .
= et (@ @Y

Mevhod 27 indepondence )
pendend

No‘\"e Al, Az) A; ore
PCALALUANZ |- (- P P PA) = | - (3



