NTHU MATH 2810, 2025 Lecture Notes

Y. nonposttivg arlance of Linear Function. For g, bER, Sived constant
= ﬁmﬁn&? g&gﬁf Var( aX+b2=a2-Var(X) proof’. exercise
___pmE/edE—
=Y, Theorem. For a nonnegative continuous random variable X,
X: nom\egaﬁve P(X>xX)=P(Y<-X) — (R o b r—vfg P(Y< s)dg
l-&(x)-‘-'l-'y(:g) E(X)=[,"1-Fx :Iz)da: = X > zx)dx
area Proof. =
e B0 = e e (r) do ,
" I Fx(x) = [, (Jy 1dt) fx A 3
— &wdf fo fo fx(z) dt dx Fm,fl Ptex

A [Q f [x(z)de dt = T — Fx (t)dts

r?.

=== 0 ——t—+—+ S
Lxg x (x ={%:%28 ' 3271 @1 23
grea I- B0 X=x*+x" | Recall. CH4, Theoretical Exercise #5 (textbook), Let

E(X) = [i P(X>az)dz N be a nonnegative integer-valued r.v.,
o a5 =
[ PIX < r)d| e P{N>i} =S P{N >}
=areal-areall >~ i =t N
@ . . p. 6-16

= Proof for the expectation of transformation (LNp.6-13).
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% Reading: textbook, Sec 5.1, 5.2, 5.3, 5.7
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Some Commonly Used Continuous Distributions <——

e Uniform Distribution a fzn‘@nn rv. can only take values
? §Summagy for X ~ Umform a, in & Finite mterval (X, B)

= Pdf: 1/(6 a), ifa<ax< g, origmad sample
fle) = { 0, otherwise, [SP‘U’—Q =2
= Cdf: 0, if 2 < a,
F(:I:)—{(:c—a)/(ﬁ—a), ifa<z<p,
L 1, it x > (.
= Parameters: —co<a< f<oo When A ¥, Xis

prob.=§(x)dx

= Mean: E(X)=(a+p)/2 more (ikely to have

— QO larger values
= Variance: Var(X)= (f-a)*/12 | The pdf is
L dis wntinuous
» Exponential Distribution |[posiblevalies) | at x=0 <> | & . miscyh
$&[ »For A>0, the function 5X \ -2—54“5 n —
B Blf e i 0| W [
P(x>0)=1ley ’ | O, if z <0,
is a pdf'since (1) f(z) > 0 for all x € R, and (2)
o0 _ [°° —A\x _ —>\x _
Joo f@)de= [, Xe dr = — ‘0 = 1. >
&

= The distribution of a random variable X with this pdfis """
called the exponential distribution with parameter A< unit: =" Eﬂﬁfjﬁ

— »The cdf of an exponential r.v. is F{x)=0 for <0, and for x>0,
=—0 Fz)=P(X <z)= b Ae™ N dy = —e_>‘y|0 =1—e ",
(exercise) -

» Theorem. The mean and variance of an exponential distribution

with parameter A are [A Ut} fiwfgzbz_%aph v o1
itive inter ion f —
e et M= 1/A”and 02 = 1/)\% J
Proof. E06)- [E(X)]

E(X) = [zl Mdr g fo _y)idy
4=2%x > x=9/x — _ffoo ye Ydy = iT
?%&:k:;-afz:i—dg A L0 22

. ’E— X2 _ o0 2)\ —)\:cd v
( ) - fo € L = fo (
— _2' fo y € ydy —
»Some properties Lhpb-22

= The exponential distribution is often used to model the length
of waiting time until an event occurs or the lifetime
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