MATH 180A (Lecture AQQ)

Today: Poisson approximation

Next: ASV 5.1

Week 8:
Midterm 2 on Wednesday, March 1 (lectures 8-18)

Homework 5 due Friday, March 3



CLT for Bernoulll / Binomial
Let Sa~Bin(nip), a<bk Then
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Example
S ~ Bin (19,0.03)
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Poisson  approximation for finte n

When o &F?roxima+e bj Po(ssor\?

Proposifion  Let X~ Bin(np) and Y~ Poisson(np).
The-h ‘[?0(“ Q-hj AC{O\\IZI-'H

|£ n\i" s small - we Poisson o.FJProxlmaﬂon

Remark. | P= & _then  one can bave Op(-p)=A(i- )‘5
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Example . Approximating Bin (0.p)

John ﬂi?s o Coin re\)ao.feA\j wntil he Fouls comes wp
and counts The pumber of -ﬂ\'?s.

A?\Dro)&'\mu'\'e the Pmbub((\'Jrj That in a 3@0& thece are
al least 2 &ijs when he needs more fhat 1o {\\'?5‘



APproy\imaJﬁnq Pro\:ab'\l\'Jﬂ"es of rare events
Po(SSOF\ Ql\\.S’h‘\.b&kJﬁo‘n (s used o mo&e_\ "“\Q occwvranCes

of rare euenfs. Exom P\{S:

cusTomers arrixr'\hj in o store «——vall pofential customers decide
Inéeee_nc{enﬂ:j 4o come or not

number of ememency calls «—— oll people (n—he oty howe «n
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ExamP\e
Numbee of Fhone calls n o clcxj con be modeled

bj Doisson condom voriable . (Ne bnow that on memﬁe,
0.5 of dhe time the call cenfer receives no calls

ot ol What is dhe overage numbec of calls pec Qia’j?




E xercise

0/ of households eam 5 goooo §

0.LlS /. of hou.seho\cls eam >‘-\Soooo$

Choose LoD house ho\ ds o:* cton QLOM ] Der\ojre
X =4 houstholds > 80000 | V=4 households 450000 &
Estimafe P (XZHSS and PCY 22)



Question

A doue 20-sided  die is Hossed 4oo dimes.
We wont 1o calculate the Probubil{{:j Thoad a 13

came  Wp ol [least 25 Fimes. We should wse

(0\) Potisson QPPrbﬂiMQ+{DV\
(5) Nacmo aFP(ammo\ﬂgn
(<) Nelﬂ\mr

(d) Both



N&\Jrinq for a cusfomer

SU.PPOSQ that customers arrive jn o store withe rate
A customecs pel hour. How can we mode|l The fime

onti] the  Fiest (of hQX'\') cusfomer acrives !

: :
Add iHona | aSSumFJr{onst i the infervals are small enough , fhen
s or\lj one customec con arriwve per interval

o customers arrive /do not arfive for each interval incie?er\dnr\*\j

Q. What Ts P(X>Jt3



Ex Pov\eh‘ﬂ&\ disteibution
P(X>%)

POF: ‘FX ({7):

Def Lok A>o. We Say Thot random variable X has
exponential disteibution with code parameter A if
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E%?Qher\‘\'\b\\ diste bution
Let X~EXP(/\). Then

. E(X) = [taetdt - ?t (- Ydb o |+ [ -

Q

® P( X >t
EXPonenJﬁOJ disterbution s used 4o model v\soJJv\r\j 41mes

Exa,m?\e, Leng’ﬂr\ of a \)hom call & modeled Ej Q)(.?(N\QY\‘HCL\
condom  variable with mean 19 (minutes). Whot s the

Probab-l\I'\'J '“\oc\ ‘“\2 C(L\\ dokes %8 m'\hu-\QSq, P)Q‘hman 8 and ?.27,




Memoryless properiy
P(‘O\)osf‘\'ion et X~ EX\D (A), A>0. Then Hor a.ny s,t>0

Proof P Xosst IX>s)

Ex\)()\) s fhe only continuous disteibution with memony less
Fra?uﬂg |
Remark f N"'Ge.om(\)). then P(NH&B:Q—?)\(\ and
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E)(ounp\e,

Animals  ofe crossinj a hijhwouj, Infervals  between
ourr\vinj catS  have exPoneM‘\‘a‘ disfeibution wifh meon 20 (miw)
Twrtle needs 10 minutes —\'o CC0SS.

() What is e Frobabi\{{—j that The durtle suevives |

(b) When fhe furtle stacts crossing the highwoy, o cacoon
S045 that ™ Bos not seen a cae for 5 minutes. Will his
C.\\OJ\SQ_ the sucvival ?robab'\\ih”‘,



New section



Characteri2n nq random varables

o PMF/PDF for discrete/ continvous candom varciables
PReR)= 2 Pale) | P(XeA) = § £ dt
A

e CDF
Fo(t) = P(Xsic)

e ENX), VQ(‘(X) j]\les P&FHQ\ informaction

e Moments (E(X“)S‘Q\ (some+\m<s‘) describe ur\fqug[j
Thee A(s'&r'\\:uﬁov\

[\\E\I\) TOQL‘. Momp_n-\ 3ehQFQ+'lr\3 ffur\C_'Hof\ (M@F)
conventent  when wor\éiv\:j with  sums of 'mclafe.r\deﬂf RVs .



Momen—k ﬂ{ﬁ&(‘o:‘f\.ﬂﬂ 'FunC*’l.oV\

D_Q_‘E. Let X be a random vorciable. Then

Exa_mp\es (mo(‘e_ 'ln ’1\\2 '\'exﬂxmk)

o K~Ber(p) E(e")=
o X~ Ruisson(A), E(7 )=

o X=N(1Y, E(e7)-



Momen—k Q‘QT\Q(’"O\"Y\.T\ﬂ 'F(J.(\C*—l.o'f\

Examples

© X'VN(}MGL)\ use  that £ Z~ N(ou) , fhen €Z+/u~N(/4,61)
E(th5=

e Exercise -

K~ E»«F )

My (‘C\ =



