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relatedPoisson Process
line Geos Passal

Λ
o Poission vars · Exponentiat vars · Erlang wars

Poisson Process : continuous limit of binomial :

cons. any rate of "arrivals" on a continuum.
windows are independent

Binomial : n repetitions of trials = "Window"

Poisson : window size in a continuum

PMF : X ~ Pois(X)
,

X counts # arrivals
in a window

arg . rate that window is X.

P
× 1u ) = { 。℃

h =0
.
2 .-

else

Example : Clients arriving at Post Office.
Aug .

rate = S clients/hr .

(a) Prob . nobody in first 10 mins of opens.

(6) Prod . of S clied in fant hour. lexaity SI/
(c) Prob of 9 click in first two hours lexacty 9)

Solution : (9) Window size = Your
,
x=/6.
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C) λ = 10 따 〜D PR[ 91 =
0≈ 0 .12 s

window
of 2 hrs

Compare to Binomial :

Claim : Binonial (n
,
p =* 1- > Pois(1) n -d

πBn( n,
p
= 路) ,

Y
~ Poi3 ( λ)

Px(k) = Py(m)n + a

E: Say 4 = 3
,
look at Pxn(i) as nee :

From Binomial PMF : Pxn(n) = (n)pgrn
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X-Exp(4) ,
X measures wait time until

first arrival in a Possen process.

PDF :

f
× (t ) = {‰

”

。
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Recall : PlazXes] =Sfxdt
· analog of geometric for continuous case .

- t

· Quickly calculate "tail probability" P(Xt] = e
i . e . "exponential decay"

X-Erlanght, 11 when X measures wait time

unfol e* arrival in Poisson process.

PDF :
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Example : San Andreas fault : ang . I areer £

(a) Prob
. 10 quake next 20 years

?

(6) Prob
,

at least tree quakes next 20 years ?
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(b) Again 77 . 01 . Now :
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Derived Random Variables

possible
Idea : y = g(X) gIR → IR

Con z = g(X, Y) g : RCSIR values of
RV X =

outcone seS x such that

technical meaning
: Y(s) := (90X) (s) Px(x) =0 OR

fylbcl to

Some facts about expectation varance :

· E(g(x)]= g(Px = jag(x +yk)d
values

- S

y=g( ×),ELY ] =Ʃ YP ( y ) =Ʃy×」 )
∞

= {yfylyldy=S . 0
y

fgix, lyldy

say Y = aft 6
or z = X +y

o E[aX + 6] = aE[X] + 6 3 "Linearity of expectation"
E[X + y] = E[X] + E[X]

Example : S = Bin (n , 1) , what is E[S] ?

Solution : S = X+... + Xn Xi-Ber(p)
E(Xi) = p

,
E(S] = Exist ...+ E(Xn]

= p +... + p = np

! ENXY] #EXJETD] (except... indes.

"Var squares the
· Var(ax + b] = a "Var(X] scale factor "

Pf : see notes ... "Ver kills the shiff"
Cuse definition
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Example : PR Z247 4Y7

Y 니 | 87

Say Y = g(X) , 9 : 1rey
,
2011

,
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ECXJ =1 にz に 景

ECY] 二 4 字+ 1 - 号 +8 正 - 季 =

Now.. E[SX + 2y + 3] = SEX] + 2E(T] + 3

=5-てろに 約

Example : (See notes for details.

X-Unif2a, bsmndntt M
ECX3 = 長前dx = 長崎) 二路 =mi

a

Var[x] = ?
= E[X] - E[X] use y=g(×) = x

2

EC×2 ] =
{

. ' 品un = (崎一崎)

〜D Var [×] = 話 ( 6
'
+ 6ata リー( =



?
Lastly : Ex fy y= gl×)

Reaky : fx
-*

fg(x)
! NOT g(fx) !

P[XEx}
Three step process : 11

"

1. fx md Ex using Ex (3) = Suld
2. P(g(X) = x] = P[X = g()] when g is increasing ....

Le . g. glt1 axて × 30 )

3 .fy == 表F1 g と) f
×lx に1

Example : Say Ex(x)=e
g(X) is

(a) Find Ex 16) Find fy : y = g(x) = ev increasing !

Solution : (a) fx=F (1 +e = - (1 +e)) -E
=に

(b Fy(x) = P(e
*
= x] = P(X = env]

=gens== F
×
lenx )

= tが1
~Dfy = Fy=( い +ぐがり = ーぐりとっり

=武(けぐー=
庇 りで


