SYSTEMS 302
LECTURE 2

* DISCRETE RANDOM VARIABLES

e Bernoulli Random Variables
 Binomial Random Variables

* SUMS OF RANDOM VARIABLES

e Means of Sums
* Variance of Sums

e For next time:

e Devore, Sections 5.1,5.2,5.5



ASSERTION:

“The probability of heads
on any toss is 72.”

QUESTION:

What does it mean?



LAPLACE HYPOTHESIS

If there is no reason to believe that
one outcome is more likely than the
other, then they must be treated as
equally likely outcomes.

P = P,
ptp, =1

=2p =1

— D :%:pz



VON MISES
HYPOTHESIS

There exists a population (universe)
of ‘potential states of the world’,
each including a ‘Head’ or ‘Tail’
outcome. The realized coin flip is
treated as a sample from this
population.



¢ FORMAL STATISTICAL POPULATIONS

S Poss}ble Sample (or ‘state of +the world ')

S = sample space (set of all pos:)b)é ‘states’)

Pc¢s> = Bt’obab'l,'lt(j‘ of sample s

(S,P) = statistical population (or'probqb'olffa spoce’)

f\
. Conceptual Mode)

Stat.inf I

(3, P) (S,,..,Sn) Formal Mode]

e EXAMPLE :

S’ = 598302 Class

S = Individual student

P(s) = Probab'nli+«9 that student s ;s sampled




® DISCRETE RANDOM VARIABLES

@_\‘. ~ Real Line

v

X = random voriable on (S,P)

numerical property of samples . s.

e Example:

X(s) = age (wei9h‘t,e-!:c.) of student. s.

X =

realized value of X (data!)

% = {xlo‘¥2§"'}‘
= set of possible X‘realiza:ﬁons
PX (x) = P(X;-x) = P{seS:Xcs>=x}

n

probability t+hat value x occurs

Py = probability distribution on X




® THE X-POPULATION MODEL

prob
(S.P) T o

I stat \nf I

_ prob
(‘X,Px) 7~ W

stat inf

e EXPECTED VALUES

(equivalent notati on)

M= EX) =Z  xpoxd

= mean of X (firsf moment of X)

a2 = EI(X-u)) = = ex-uy® ped

= variance of X (second moment of X)

w X- population properties




e BERNOULLI RANDOM VARIABLES

e BERNOULLI EVENTS:  Voting : 1= ObamaWins'
| Testing: 1 =° Pass’

i, event occurs 1n state s
X(s) =

O , evenlt does not occur in state s

P = P(X=1) = P{seS : X (s>=1}

1-p = P(X=0) = P{seS: X(s>=0%

i P

(X,Px) — |, 1 p

X ~ Bernoulli (p)

e MOMENTS

w

M= 1.-p+ VO-(I—p)

P

g2 = (-p’p + (0-p>(1-pd = [p (1-p)

= Population Values
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BATCH SAMPLING PROBLEM:

Given a shipment of 1000 light
bulbs with 50 defective bulbs, take
an inspection sample of 20 bulbs.

Q1. Whatis the chance of getting
at least one defective bulb in
the sample?

Q2. Whatis the expected number
of defective bulbs in the
sample?

Q3. What is the variance of this
number?



® BINOMIAL RANDOM VARIABLES

» Given M independent Bevnoulli random variables
X; ~ Bernoullc (p) , C=1,.,n

the associagted Binomial random variable ts:

b 2]
X = Z " X, = number of event occurrences

K

P(X,=1,.,%X,=1,X X,=0) = pFa-pd"

) 4<+p=o"”

P(X:k I-Y,)P) = <‘:) Pk (I—P)n-k ) K=O,1,..,‘Y\

> | X ~Bin(n, p)

e MOMENTS -

«

A= Zkvi_o*k(”)lok(l-p)"—“ = |np

0% = Z Geemp) (F)pta-pd"T = [npli-p)






