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Chapter 3 Intro
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Diagonalization
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Orthogonal and Symmetric
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End of Chapter 3

e HW 3 Due Next Week
e Chapter 4 Probabllity Review
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Chapter 4 Probability

e Concept and Definition

— Experiments, Event, Outcomes, Sample Space
— Laplace Definition, Definition from Set

e Independent and Mutual Exclusive

— Axioms of Probability, Vein Diagram, Independent
concept, ME Concept

e Conditional Probability and Bayes
e PDF and CDF Concept and Properties

— Continuous and Discrete
=L




Definition

e Qutcome/Sample Point

— wadNYvin'laannnisneaay wiagudIag
e Sample Space

— Set YAINRANSITINUA

e Fvent
— Wau'luaasnIsnaaay

e AMUUA Event A, ennaaad N A5 Wazle
waawmﬂu“l,ﬂmmoau“lm A = N, A3

D P[A] = Probabilit y of Event A Occur = lim Na

N —>o0 N




Example: Dice Roll

e Sample Space = {1,2,3,4,5,6}
e P(1)=P(2)= ... =P(6)=1/6
— Laplace Definition of Probability
— gusag Member 1u Sample Space #11an&

LAALVING AU
e A = Even
 A={2,4,6}

e P(A) = |{2,4,6}|/|S| = 3/6 = ¥
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Mutually Exclusive

- AMEB

e altim Event A agLiia Event B 13i'l6
e Llanaaaelalaua Az luluiaud
— 9tiugn A = Even, B = Odd

— A ME

B

e P(A+B) or P(A union B) = P(A) + P(B)
e LHUlATRATAELRAYGIE Vein Diagram
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Mutually Exclusive

- ME

+ ANB =

- AUB=A+B

- P(AUB)=P(A)+P(B)

e Non ME
e AMB #UJ
e AUB=A+B- AnB

— Inclusion-Exclusion
Principle




3 AXIOMS OF Probability

e 1.P(S) =1
— NAINNTNARAY NAAWEGadatlu Sample
Space

e 2.0=<P(A) =<1

— A1av Probability fiavatse1iing O wag 1
e 3. ME: P(A+B)=P(A)+P(B)

— Mutually Exclusive; Probability 2aag Union

229 Event WinAUNauInuas Probability
AAIUARY Event
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Conditional Probablllty

e Probablllty 129 Event 1l Jadiualiy
an Event uilvlatAndu

— Probability aguing1aag Event tAsnzasfu
— Probability ag'lstd@auanaas Event lithen

Al

e 151538011 lu Statistical Independent
PE-lr"‘-EE]

PlE) \E; |=

e uanaAil

P[A\B]
P[A\B]
P[A\B]

|

e TE2]#0
0 iP[E,]=0

'AB]/P[B], P[B\A]=P[AB} P[A]
1= P[B\ AJP[A]
B\ AJP[A]/ P[B]



Bayes Rule \
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a1u Sample Space 13741149 Event sanilusisnug Mutually Exclusive event Er‘ d=1.....1 13 lanasnaeg

A ¥
Event| | E; =Q uaz E, MNE; =¢.i# W PIE; ME;]=0 &1 41ih Event laqduniu

i=1

n

Pld]=) P[E;]P[4\E;]

i=1

Bayes Rule: P[E; \ 4] annsawldan
E;|PF{A\E; E.|P[A\E;
P[Ej-“ui]=P[ JPLAVE; ] HP[ i JPlA\E; ]

Pl A] Z;=1 P[E;]P[4\E,]




Properties

(1) P[E] wia P[E‘]=1-P[E]

(2) Pl¢]=0

(3) PlE, VE,]=PE ]|+PE,]-PlE,NE,]

@) 01 Eqiflu Subset w81 E, @ou Ey < E, ﬁqu;uP[El] < P[E,]




Example 1

 lunsdvrayaupu Digital tilu Frame auia 50 fin N15&93g
guusalleaAnaiiiavie Frame ‘ldévatnvgnsias d1n1suia Error Tu
Lmauumaomsao(BER = Bit Error Rate) Hlamgsianaia'le
Wwindu 1/1000 291131 Frame 7ig9asdl Error 1adauarilasidus
(FER = Frame Error Rate) €hn1stfia Error weiag Bit 1ilu
Independent

P[Bit Error] =107

P[Bit Not Error] =1-10"° =0.999

P[Frame Not Error] = P[50 Bit Not Error] = 0.999*°
P[Frame Error] =1-0.999%° = 0.04879 = 4.879%




Example 2

ANFH6 wudﬂamaﬁﬁgﬁgmmmzaauw‘m‘iﬂgICPI|53§2 fif
WAL 0.5 uaglan)dndnAnvdivasaausufiAILvindy 0.4 61
ekin! CPE332 \manuiunitaeiuing 40 AULRSUNLIEUNEY 25 AU A9
Wl aLRIAzdInauaninU
gunsad1mulaald@Ia91uuniln
W Sample Space sgnausiatinzaua(M) uazianaumndy(F)
oty S={MF}
- funpIn Set vivsaailu ME da Sample Space gn Partition
fuaav Partition
- P[M]=40/65 uag P[F]=25/65
11 Event A (flutnansainidndneazaauniu 1516
P[A\M]=0.5 uag P[A\F]=0.4
ANAFNA1TANT Partition

P[A] = Zn:P[Ei]P[A\ E.]=P[M]P[A\M]+ P[F]P[A\F]

_ 30 05+22.0.4=0.4615
65

65
P[Fail CPE332] = P[A®]=1- P[A] =1-0.4615 = 0.5385 = 53.85%




Example3

e GlE]'Q’]ﬂG]'JBEI']\‘J‘V] 2: mmaumamgunﬂnmmﬁu\mumaoam CPE332 L?JBL‘I/]B?J‘V]
wd? ptuauNiTndneiuianidnsa’ly unﬁﬂmwuumammaumuum Al
AUIUIN

— 1.'iamamunmmvguuazmuwmownm.mm”ts
— 2. Probability Ain@nwdauxiunaziiugneofivvinls

1. 6iadn1511 P[F\A]
P[F \ A]= P[FA]/P[A] = P[A\ F]P[F]/P[A]

=04 > _1 0.3334 =33.34%

65 0.4615
2. iadn15u P[FAJ=P[FNA]

P[F \ A]= P[FA]/P[A]
P[FA]=P[F \ A]JP[A]= P[A\ F]P[F]
=0.3334-0.4615=0.1539 =15.39%




Random Variables

© LuatswnmummmumLamaomm Sample
Point 1u Samfl? e Space u,a”miu Variable
Lmuwaaw'ﬁm mmnmsmmaaa muuwamaoms
wmaaoammu UMNILAYU LLAZLIIL3aA Variable
U3ty Random Variable ﬁoﬂnﬁua”usw
nagl Random Variable unusae Capital

° ‘mmﬂmﬂa AsAviue RV doiflugianiin s
sl ldd v asanvagiadaasle
— Mean
— Variance
— Etc.




Random Variables

. Luawaaw'ﬁmaonwsmmaao(Samyle Space)"l,m Infinite
Set AsfinuamILRuITAISLTUAILRUNs ALY

- 1571'k6 Continuous Random Variable

e anaanstiu Finite Set nsAtnunazlad Set uav
sataa Wnagtilu Integer
— ;e Discrgte Random Variable |

e Probability Naglanaananisnaaadniivg Aa
Probability 1 Random Variable agiaainnisiarviue

e LIRUNTALIAIAUIULTAUDY RV 3115 Plot AN
Probability(y-axis) uaza1uad Random Variable(x-
axis)

— Cumulative Distribution Function (CDF)
— Probability Density Function (PDF)




CDF:Cumulative Distribution
Function of RV X

. 4
01141 Function F y (x) = P[X < x]uaz Plot Graph 324319 F y (X) vs. X (F47if10 Graph P[X < x] !

i 3 ' . e ) = 3/ - . .
vs. X ) Graph 1 1A 587771 Cumulative Distribution Function 138 CDF({ U19871571 1% Probability Distribution Function )

- T

= H ¥ 1 | 1 ::_ o 1 — &
dnyaiza199 CDF 31811 Graph M9z lilfimsasdwilesnindumazan TasvnFunnaud uaziagagadluiils

3
] N e
A @AY CDF annsavzasl ladail

Fx(x)

x = 10
CDF of Normal (Gaussian) Distribution: Continuous



CDF Properties

(1) 0=Fy(x)=1
(2) Fy(x) s Non-decreasing Function

3) lim Fy(x)=0uaz llm Fy(x)=1
X—»—0o X—+C

= - N Y a & :
(4) Fy (x)1du Function Ndatlasnnnuaam duifs im Fy (x+ &) = Fy (x)
£l

5) Pla<X<b|=Fy(b)-Fy(a)
6) P[X=a]=Fy(a)-Fx(a )




CDF nsvnaannsaey: Discrete RV

e 1Y “%"= 0 Ry “Aaa” =1

Fx(x) = P(X <x)

1.0




CDF ansnaagnian: Discrete RV

e T watiusmitauauningnLen

Fx(x) = P(X <x)

1.0




PDF: Probablility Density
Function \

. ol w - Y - : :
aweamsnlasunilaily CDF 178 Slope 184311 131 Plot AULAY X 13132 1@ Probability Density Function

l+ ,
FJ

—dF IT i ] -
I_{ )“ﬁi: Fy(x)= Jf;[- (x)dx amauiiAvas PDF jdail

(fy(x) %30 PDF Tufde fyi(x)=

—oo

f(x).:

0.45

0.4

0.35

0.3

0.25

0z

0.15

0.1

S D I N

5

ian) DDis’nLibu‘rzion . Continuous

i
1

PDF of _i\lor'r_;\al(éauss_




Properties of PDF

(1) fx(x)z0

@ [ fx(@dc=1
5.
(3) J [y (xX)dx =Pla<x=b)

+
A
@ PXed]= .[-M'Eﬁ_:[ f;{' (X)dx
x*
(5) Fy(x)= JfX (u)du

or

E El
. - . o = " S . -l'-'L‘i =
luns8luod Discrete Random Variable 113815351 197171 Probability Mass Function(PMF) 1113 F93ien3d 33l

PMF ={P}: P, = P[X =x;]




Discrete Version

— A1y Variable “Lisaiiliag
e RV X fidLamieil X=x
— F(x) = P(X<x)
e Function fifianusiaiflasaruniniia
e fienuagInIunnaatu Domain uavg X
e Function \fudnwasduussie
e Monotonic Increasing Function a1n 0 9 1
—f(x) = P(X = X)) | ]
e fignuanngan lusatilay Atduaguesznineiiu
A= 191NN Probability Mass Function

~@ e >f(x)=1 L&ua




: L s
|||||||_|||||||1||||||._|||||||1||||||4|||||||h |||||| -‘|M‘III.|I.I|1'J||YI_/4IIIIII.". IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII h—
<+------- > ' '
IO A P P NS SN 5y SO AU G N S SR R -
o m m
I T - S B S BSOS SO S A— A
e e T Tt WU S S a
S R T e et e L -+
e T e e e e >
e et T it M el o |2 ||||||||||||||||||| T-=======" " ||||||||| =TT T====" [ b L
(. ! " " " | | u m m m m
a: § : : : :
[ N N R S a _ _ _ _ _ -
=+ Ty i Ty ™ Ty — Ty o — (um] (] = (] =
o i o ™ o = o = = = = =
] ] ] [}
~~
—~ X
X ~—/
~ (1
Yy—

N/

12

10



Chapter 4 Cont. Next week

— Statistical Average

— Importance PDF

— Joint PDF

— Correlation/Covariance

e Chapter 5: Introduction to Random

Process
— Concept/Definition
— Stationary Concept
— Ergodic Concept
A=A tocorrelation and Cross Correlation
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