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= Based on the three properties, a generic CDF for a
continuous r.v. should look like in the figure
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= (a) On average will be about 2 hours = statistical mean

= (b) 90% of the time, it will take between 1h 45 min and 2 h 10 min.
= (c) What is the spread (variance) from the mean driving time?
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i ( Variance) il ,lg 9 (Mean) lawgio

= Mean = expected value (expectation) E(X)= y = I moment of X

= Discrete case:
E(X)= > xp(x)
ieRy

= Continuous case: ©

E(X)= Ixf(x)dx
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E(X” ): Zx,-”p(x,-) discrete
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s E(X")=n" moment of X

E (X)) =100y = [ gV (x )dr
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E(X”): Txnf(x)dx continuous
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= Variance — measure of the spread (variation) of possible values
of X around the mean

o2 =var(X) = V(X)= E[(X - E(X)1 = E(x 2 )-[ECX)P

» Standard deviation o =./var(X)

= Mode — peak of the pdf
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Bernoulli trials
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= E.g. coin flipping, receiving a bit, etc. ; Z‘;
= The n Bernoulli trials are called a Bernoulli 02
process, if o
= The trials are independent 04
P(xl,er-w X, )= P(xl)P(x2)~~-P(xn) ' x 1

= Probability of success remains constant
from trial to trial

= For one trial, the Bernoulli distribution is
» P E(X)=0~q+12~p=p )
p(x)={1-p=q x=0 var(X):E(X )—E(X):

0 other =02-q+12'p]—172=17(1—17) Y.




Binomial distribution
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Poisson distribution
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= Very often used — good model for arrival processes
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Poisson distribution
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Poisson distribution
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= The number of events happening up to time ¢ is Poisson distributed with
rate At

= The number of events happening in disjoint time intervals are
independent

= The time between events are then independent and identically
distributed exponential random variables with mean 1/ A

= Combining two Poisson processes with rates A and . gives a Poisson
process with rate A +

= Choosing events from a Poisson process with probability p gives a
Poisson process with rate pA

= A homogeneous Poisson process is stationary

—At n
P(N(t)=n)= €T o0 =012
n! vy

(Renewal Process) ! 38 ‘sééw MT )3

Aib 0ad @ jei OluSs g Jiae b ssliny £939 olee (loj ST m
dwlias olaas oK1 (independent and identically distributed (iid) )
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= Lunchtime at fast-food restaurants
= Rush-hour traffic in cities
= Telephone call centers
= Seasonal demands for a manufactured product
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= Ignoring peaks, valleys can mask important behavior
= Can miss rush hours, etc.
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i Uniform distribution
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Uniform distribution

()= {b I a<x<b 591 Cowiy ) CS19550 2255 CDF Jlo  m
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0 ow F(x) (CDF)

X 1
F(x):jf(x)dx

if  x<a then F(x)zjf(x)dxzo

x
_ X —a

if a<x<b then F(x)zj.f(x)dx=J‘0dx+J.b1 dx =

—a b-a
—00 a

b

if b<x then F(x):].f(x)dx:j.de.,_J‘bl

—a

dx +Ide -1
b

—0 a

"

Triangular Distribution
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Exponential Distribution

=  Model times between events oo

= Used to model inter-arrival times and 0.4

service times for queues
0.3 1

= Times between arrivals

f(x)

= Times between failures 027

= Times to repair o1 ]

= Service Times

= Has long tail — useful for modeling 0 2 2 6 s 10

component lifetime, e.g. life of a light X

bulb
E(X)= !

de ™ x>0 (x)= N A is a rate: e.g. arrival rate, service
fx)= 0 ow 1 rate, failure rate, etc...
r(X)=—

var (X) 2 £

Sd &3399 990 39 g Wb 3>

e x>0
ow var(X)= Lz

pdf: f(x):{ 0
A

‘ A is arate: e.g. arrival rate, service rate, failure rate, etc... ‘
259 ol o g S ®
(Memory-less) g abidl> o cool>
if t>s then P(X>s+1| X >s)=P(X>1)
el By A sl 90 ole by Jlza (sl

P(A4,B)=P(A|B)P(B)=P(B|A)P(A)
48 00,5 o0 DLl 925 uay pled mig pog Al o Cools

P(X>S+t,X>S):P(X>S+t):e—/1(s+t) _lt

P(X>s+t| X >s)= =
(X>st] ‘) P(X >5) P(X >s) o
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P(X >10+15|X >10)=P(X >15)= ZO.le’o'”dx: —e "N

=e 7 =0.22
Sl jabi> auiles Hlaiie aiBs 5l eSO (sl ail oY aSST Jlii>! =

5
P(X <10+5|X >10)=P(X <5)=[0.1e™"dx =0.3935
0
£
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b (Solai piie 4 (o g g W)l 0959 JUe (510) daling wdgi Gl (Sloy o o3l ST m
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el
(1 P> 15) 0.22
-0.130 3

(2)  p(N<2)= Z ~0.049+0.15+0.22=0.4195
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Erlang Distribution
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0.2

o SVl w9 eled @i b

J;‘ = 9979 0.15 A
kA
f(x): ( ) xk le kAx ..3 o4
(k—1)!
0.05
A (G s Blasil u...l.'lﬁ Ko B
o)lo @Lu Cnas ° 0 6 8 10
EIX)=~  Var(x)=—) *
7 ar( )_kﬂz

()

i Normal distribution (Gaussian distribution)

= Widely used: model of thermal noise in circuits, communications

= Mean p, variance 2
_XTH
e
flx)=———=e
(x) o2
= Mode and mean are equal
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i Normal distribution (Gaussian
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Central Limit Theorem =

EX]=p Var(X)=0"
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