Chapter 3
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Section 3.1

Probability distributions

Abbreviation: distribution = dist.



Recall:

Probability dist. for r.v. X is set of all probabilities {P(X € B)}

Probability mass function (pmf): For discrete r.v. p(k) = P(X = k)

Relationship: P(X € B) = Y p(k)
KEB
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Ex) Flip 2 coins. X = number of heads
pmf: p(0) = S, p(1) = /2, p2)= e X B (2 )

Probability distribution:

/
PXE(01]) = @olept) = g t2 =%
P(X €{0,2}) = Zb)ePe> - 7
P(X €{0,1,2)) = Pel+pi)e pl) = [

Pixen) Plxets)=p(Xep13)= 2
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Q) What if X is not discrete?

Ex) X is uniformly chosen from [0,1].
P(X=k)=O

How to find P(X € B)?

ex) P(X € [.5,1]) = 22
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Ex) X is uniformly chosen from |0,1]

| fe|——o———+ P(X € B) = Pé<é@!@>4ﬂ&ééfjj>
—ph-a L d-,
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Probability density function

C 0
Def: We say that a r.v. X has probability density function (pdf) f if

P(XSa)=fa f(x) dx

L /
Ex) If X is drawn uniformly from [0,1] then X has pdf
(1 x € [0,1] 11 £
fx) = {o x & [0,1] i j_

Q) What if X is drawn uniformly from [0, 2]?
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f(x) y {{/Z xelo,2] "571—/7

O x & o, 2] (

Note: Not every random variable has a pdf.

E.g., discrete random variables don’t have pdfs
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If X has pdf f then:

e We call X a continuous r.v;

b
+ P(X € [a,b]) = Lo fodx = Plxe @,b)\,

+ P(X €B) = f; feo d

s P(X =k) = fkkf(x)dx = (0 i.e., P(X takes one particular value) =0

* Pdf must satisfy ffooof(x)dx =1 f(x) = O
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Ex) Uniform r.v.

/Def: Let X have pdf )

e f T Xelh)
o Xqé@/,‘ﬂj

\Then we say X has uniform distribution on |a, b], i.e., X ~ Unif|a, b]/

Ex) Let X ~ Unif[3,7]. Whatis P(X € [3,4])?

ey
A=l kg2 7 ” ’©,
fo=¢ 72" Még PX € [34]) = 4 fek = J, s de=
/ % TSt fozo x>7

P&E[@ 9]) /‘f(x}aﬂ)(:(/é ’&Jx:ﬁ
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Note: f(x) canbe > 1
Ex) X ~ Unif [O,%] {/x> - ;
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Non-uniform example:

Q) Let X have pdf f(x) = {x2

o

P(X >5) = Jo wdx=

7
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Careful: Is it really a pdf? (Q

/
Q) Let X have pdf f(x) = x? forallx € R W

P(X =
( —

[ ot part ij2JX
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Intuitive meaning of f(x)

f(a) # P(X = a) but

P(X € |a,a +/§]) = faJrEf(x)dx =
/ a
Smal

P(X€la,a+€])
€

e. f(a) =

R

? fey

& ¥t€&

S—
e

UON=
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Q) X =dieroll, Y ~ Unif|[0,2] are independent

P(X+Y <3)=7?

P(k+ve3)= P (Xrres)x=0-Ph=1)
b P(keTe2] x=2R) P(x=2)
FP(K+Y 23] x= }) f§< 3)
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Q) X ~ Unif[0,1]. What is dist of 3X7
c _ o A Xeg o
P(zxx é? - g | A X7Z 3

: < <,3)
€
Lu el ety = PRed)-£= L
§O/ for £ > }/ /?éXQO :f}écﬂx:/ (7;7[

{c o 7(3&4%):}604()&10

- 2

R + 2 Xi©&
é@n 91/9'//}/ F(;X‘é%) ’[’“ o e ‘OK)“ Z Xé@?/gj

- o A=> 55
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