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= The distribution of a random variable X with this pdf is
called the beta distribution with parameters o and 3.

» The cdf of beta distribution can be expressed in terms of the
incomplete beta function, 1.e., F(x)=0 for <0, F(x)=1 for x>1,
and for 0 < x <1,
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» Theorem. The mean and variance of a beta distribution with

parameters o and [3 are E(>:|’)-[‘='(><)]:l = ,:.‘9 ',33 ’OH-EB*!

. _ _a 2 _ af
Interpretation (—» (1 = - and o = B (et it Jf?’

Proof. Pl
N Vi (%)= 20B.
E(X)= [, FF(g;;fg)x L1 —z)f da X~ binomial (. p)

Llat?] D(at 19565 (1 T(atB1) (at1)—1 1
Déd)%@f L(g+B8+1) f ‘F(oz—}—l)I‘(B)x( ) (1—55)’8 _Idl’

(*P’M Tpdf' 05: Reta (o , 6)

oz+ﬁ D

made by S.-W. Cheng (NTHU, Taiwan)



NTHU MATH 2810, 2024 Lecture Notes

& p. 6-29
E(XQ) fl CC:Z (a+p) %)z 1(1 )5—1 dx
T s
_ LfetB) I'(at2) 1 I a+6+2) a+2)— _
= TP r(awiézﬁ))jf Ta i3 55( T — )Pt da
B a(a+1) (ol+p+l)(o¢ ) DloB5 { o2,
= e o pet o Beta(o+2.8)
> Some properties w =B
o0
» When a=[=1, the beta distribution is A
the same as the uniform(0, 1). %5 S
—*®Whenever a=0, the beta distribution is x
When o=@ | symmetric about =0.5, 1.e., oy .o%g_i‘?

EX)=525 % F(0.5-D)=f(0.5+A).

Var(X) . (0.5-a)*"(0.5+2)* "
X0 (0-s+ay (o.s-ay!

mr&ﬁ“:} o As the common value of a and 3 . lY=
increases, the distribution becomes "X
more peaked at z=0.5 and there is
less probability outside of the
central portion.
2
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~—2@When B>a, values close to 0 become more likely than those

skewed] close to 1; when [3<a, values close to 1 arefmore likely than
those close to 0 . "~ pdF larger
(Q: How to connect it with E(X !?) ey
»Summary for X ~ Beta(a, )

= Pdf: f(z) = { Lladh) po-1(1 —z)8-1 if0<z <1,

I'(a)['(8)
0, otherwise,

= Cdf: F(z) = B(z;a,8)/B(a, B).  |E(X4)=0 Var( 4)=1
= Parameters: a, 3 > 0.

= Mean: E(X) = a/(a + B). lsﬁnhgfui'n‘on
= Variance: Var(X) = (aB)/[(a + B)2(a + B +1)]. \AETF4L)
. o = X—phe,
* Normal (Gaussian) Distribution -1 =g > X=0YrM
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2mo pessible valies o5 X |
is a pdf since (1) f(x) > 0 for all z€R, and (2) N
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» The distribution of a random variable X
~ 6Bw

with this pdfis called the normal
(Gaussian) distribution with parameters U

and g, denoted by N(l, 62).
» The normal pdf is a bell-shaped curve.
oIt is symmetric about the point |, i.e.,
fD)=f(p=0)
nd falls off in the rate determined by O.

= a4

he pdf has a maximum at U (can be shown by
differentiation) and the maximum height is 1/(ov27). N
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