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» Theorem. The mean and variance of negative binomial(r, p) is"
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» Summary for X ~ Negative Binomial(r, p) étﬁ-:‘)’dgéx-\’;r)
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e Poisson Distribution

»Recall: Expression for e, e=2.7183---
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= 2nd Expression: e” = 77  Lak.
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= Consider a sequence of binomial(n, p,,) distributions satisfying
(a) p, = 0 when n — oo

mean, of
binamial(n,Pa)=  (b) n-p,,,— A when n — oo, where 0 <A < 00
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= Then, PR A/n when n is large enough.
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» In other words, when ™ large,?z > k, mﬁn ~ 0, calculate
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tmoction & 4—&5500 distr bution
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> Example. Poisson (A= np) n arﬂe

= A professor hits the wrong key with probability p=0.001

cach time he types a letter. Assume independence for the )
occurrence of errors between different letter typings. \small p Jv

= Q: P(5 or more errors in n=2500 letters)=??( (each typing:
. n/ /ar e in ent
Ans. -3—f Bernoulli(P)
o Let X be the number of errors, then (may be)
X~binomial(2500, 0.001) and diﬁzia/tat'go
P(X a‘5)=P(5 or more errors) = 1 — P(X < 4) calcul

2500
k

k=0
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o The probability can be approximated by Afe™ /k! with

nxp:mean L_ A = 2500 x 0.001 = 2.5 times of errors,
of binomial(n.p) — -

where 2.5 1s the expected number of the errors that
would occur in the 2500 typings.

(Q: What should the A’s be for 5000 typings, 7500

. . ‘? 4 — =
2=i10) typings, and 10000 typings?) tm A=75
a So, P(X = k) ~ (2.5)k25/k!, for k=0,1,2,3,4, and
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» Probability Mass Function *) in LNp.5-33

| Q: which one is easier to
s Theorem. Let L—Lob@;n_ or calculate
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= 0.1088.
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—— 0, otherwise. R (Note. not
then, f(k) is a pmf. l*"{o,"'lf:}
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p. 535

proof. LNp.5-6, (1) & (i1) are straightforward. For (i11),

if(k): il 26/\<§:2—T>=6”\-e”\:1.

LNp.5-31, 2nd expression

o The pmfis called the Poisson pmf with parameter A. The
distribution is named after Simeon Poisson, who derived
the approximation of Poisson pmf to binomial pmf.

o The A (=np,) can be interpreted as the average
occurrence frequency” \-FE% By (check the Xs in LNp5-34)
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» Theorem. The mean and variance of Poisson(A) is
{inkuitive Tnterpretziion pEX and o =\
proof.
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Var(X) = E(X?) — [E(X)]?
= [B(X?) - EX)]+EX)-[EX)]?=X+A-X =)

» Note: For X~binomial(n, p), where (i) n large; (i1) p small,

# of times || o distribution of X = Poisson(A=np) thei hen k<< n.
e XgLobsano) ot o

accuring o F(X) =np = mean of the Poisson = A

“E'E""%gﬁ"* Var(X) 1-p) = vari f the Poi A 1973
; ar(X) = np(l—p) = variance of the Poisson =

ta‘m:d i A7 - p\‘z ! —x

=== > Poisson Process (stochastic process) AAREHAUBLE | [n trias in o521

w528 \_ = Example: (Boinos-21)xan evert ( o period of time
(1)1# of earthquakes occurringlduring some fixed time span

(2)1# of people enterinéia bank during a time period
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