Chapter 5 & 6
Probability &
Probability Distribution I
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Objectives

n 38 oy
e 15t Stage: ¢+ 3} 31 (Exhaustive) 3. Bl E} 4 Q1 (Mutually Exclusive) 3 €l

e 2nd Stage

= 174 W (Classical Approach)
Fofl = "5 (Relative Frequency Approach)
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m g5
e 3E% 3 (Probability Rules)
e & U (Probability Tree)

B Bayes' Law: 2 H &9 A4S =5




|. Probability

Definition

B Z-E (probability)
o oA AZ0] o e S AR RAT H =

o £ 32X (uncertainty) =2 WP A (randomness) & A-73+7] 9 g I

B Uncertainty vs. Probability

o (DAFAFZY 1449 o
= A+ ~F7HA SRR S Sl
= A+ ~FE S Al A7) Ths A

o (2 W AR F7He] o
- 25 F7hhs0nkel ol ek 7HY
= 425,000 ~ 575,000 7F4] Lrp7F ] A gs] o 5= fle
= ZHzke) 714 e) E Tk A

o EFHT AN YA ZRZ S AiM = FERA I o F
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Terminology

B 543 (random experiment)
o AZHA 7Hs ¥ AHE F e AAE AN = &5/HF
= SHEH)H SIH(T) T skl At 2 A sk S 9 A7)
= 1,2,...,6 T stute] Aaprt B e AR 9 A7)
- 0% Oﬂ A 1008 744 T shuhe] A 27t Al ek= Al 8 7k
= 0 ~inf 7HA 5 stue] 237 A S 5= 9= 19 $-2] KOSPI A <= -2

B X E-F7H(sample space)
o FELFERH YT F U= 7T 2= A

- S={H,T} S=(1,2,3,4,5,6)
- 5=(1,2,3,...,100) S={x | -inf <x<inf}
o TEIFZro| X35 A EL Hl= A (exclusive)d}aL (exhaustive)
3 oFgt

Terminology

B T ALK (simple event)

o EEZFFNE ARE AT
- {H}, {3}, {50}, {3.58%} &

B A7 (Event)
o XEFT A=l deAtd = F ) oA dEAIAESY JE
- ot o] g AL {H)
= A7k v A (24,6
= 907 o]%e] & AF: {90,91,...,100}
= 20% o] (E) BT AR {x | x>20%})




Mathematical Definition

m g5

P:Q—Y

o &, Q={X,X,,.X,},Y ={y|ye[0,1 2}

(1)0<P(X,)<1

(22 P(X))

XN X, =¢,= P(X; + Xj) =P(X,)+ P(Xj)
B A A FA TX]7]

Q={1,2,..,6}

P()=1/6,...,P(6)=1/6

D> P()=1/6

P{,2})=1/3=P@Q)+P(2)

Calculation of Probability

o HF AL 3l 7HA I = FHH A FAl o wet A4t

m oA
o HHI FH WX 7| A gA| YL FE?

o ARE=ZEAH9 ool g FE o] 11/200] 81 A Z3A 5, A A 10009 - A F 3
B oY 450 kA o] L}k

= 71719 Wyl o) @ SFEL2




Interpretation of Probability

m o] g o] &3,
o RG] FES QAT HE !
o oA vl R,

Basic Concept of Probability

Complement of Event Union of Events
oL oD
Intersection of Events Mutually Exclusive Events

) (A )(e)
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Joint Probability

o TN AL C] BAlY| AT FF: WAL TN FE

e W A}LA (intersection): AN B: A8t B7} F Aol AT ALA

B 9 A 51 FFEH=Y A AF 220 PART 1

Mutual fund outperforms the Mutual fund doesn’t
market outperform the market
Top 20 MBA program A1 .29
Not top 20 MBA program .06 .54
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o AAGE, FHY

o 7 A}
o A3 E HoA 7R E & vt d sl A E] F

Marginal Probability

=

=

A9 §E:PA) E=PM) 5

m A
B, B> P(Ai)
Al A1 .29 40
/% .06 .54 .60
P(B;) 17 .83 1.00
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Conditional Probability

m A
L4 4_711-]-?— Q’E

o St Abzio] MY THE AA sl A THE Alzio] BT BB

P(A| B) = P(A and B)
>< P(B)
P(A and B)
B oA P(B1A) = P(A)

o FAY AAANA,
o ()Y T IS VUL W AT S, 1 FAHGL FEL?
- P(A|M)?
o @YY TG BRE W, AT AL, T A o] AL FEL?
- P(M|A)
12

Independence vs. Exclusiveness

m Aol
o SHA: AL TAEE o] TE AP Y T G LA =
o HIWRALA: F Al o] FA|o] AT sHsA o] A e
. SYAR
- P(A|B)=P(A) == P(B| A)=P(B)
- P(AMB)=P(A)P(B)

o WjERALA
= P(AMB)=0
B A
o FANE AN F52 ol o AT 39 wl5e] o] U2 E AL NE EY?
Bk AFA?

o FANEGAN HFY Fol heE AT EFY o] Yo E AL A2 YA
W Wk} 2
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Probability Rules — Multiplication Rule

m g9
o FAAY AFFES AL AAstA ALE
o (1) WFFAA A, B/} E5Ho] ol YW,
= P(Aand B) =P(A | B)*P(B)=P(B | A) * P(A)
o (2 WFFAAA B EHOH
= P(A and B) =P(A)*P(B)
m oA
o AFAFENIFZAL F3A 7, 434 31
o 2739 S P2 Addte] FeE A F
o A A: R WA Atd A o] AU AL
o AL B: FHA Qg o] AL AL
o HoaE FHY FHAV EF YL FE
o Casel: F%3 F5H AFo| HA &= 35 Case2: A5 TH AFo| HA &= 4%
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Probability Rules — Rule of Complement

B AL A9
o AL A9 HALA: Ac
o AL AV} BAFA & A
B AL ] HF
e P(A)+P(A9=1; P(A9)=1-P(A)
m oA
o TALSIE 33 WtEale A o, A7t o= & W o] YEIE FE2?
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Probability Rules — Addition Rule

m Ao
o AL AEE A BZHEAE FES ANt Aste A
o 1A (A and B): AFd A =& AL B7F A E ALA

e P(A or B)=P(A)+P(B)-P(A and B)

m oA
o FoMAE vs. ZFANES F 7HA A& AL 7HA
o EA] 712 20%E BolY R T5
o TA 7} 12%E AZANE T5

A& BF FESE 7HE 3%

o NEE FEIHE BANTFY H &L

—_—

fn

2
(r
>
A
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Exercise

W A 55 50 = A7 F A A
o G277 A} 3%
o TR FASHG[S A, EF AL FEL2
o A: 3 WA AdE o] &34 P(A) = 3/10 =.30

o B: Wi Heo] o34 P(B | A)=2/9=.22

e P(A and B) = P(A)sP(B|A) = (3/10)(2/9) = 6/90 = .067

o | — o=
B =0 Y= ARE

ol

FAH O A EM

o — T
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Bayes’ Law

m ojf o] o H &

P(B[A} = P(A|B)

P(A and B)

P(A|B)= P(B)
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Example

B 94 5.9 MBA A A= GMAT 8| H2-& 733} of sl =7}

A: GMAT A7} 65034 ©] ¢
AC: GMAT 37} 6505 7|7t

B: TH| A 5-& 7%

BC: FH| A} ES F743A &=t
P(A)=.10; P(A9) =1-.10=.90
P(B | A)=.52

P(B |AC)=.23

P(BC| A)=1-52=.48

P(BC | AC)=1-23=.77

P(A | B)=7?
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Example

Score = 65 Prep Test

BIA 52 AandB 0.052 )

A and B 0.048 Marginal Prob.
>~ P(B) =P(AandB) +
P(AC and B) = .259

A€ and B 0.207 ),
BClAc 7 AC and BS 0.693

P(Aand B) 052
P(B) 259

=.201

P(AIB) =

20

ll. Probability Distribution
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Introduction to Random Variable

B 35S (random variable)d] A 9

o 52439 Zt A (outcome)E 9 3o AFE Hodle g
=f:Q >R

o BAAQA S} ghol obd A o] e FBHOE MY S US

B 9 A: FHHA] 7]

o AW 51, FH >0

22

Introduction to Random Variable

m oA
e )FTAE FHAAAE W dH) Y2 N5E FE F5 XHAL 314,
= 49]9: {HH, HT, TH, TT}
= %19: 10,1, 2}
o 2 AAAA N 1Y, E A 23T E FA} ZEZ T 0913 F X E
YZ}a 314,

= oA x| x= 0E T ZAY & A5
= XY x| x= 0BG ZAY & A2

e ©]A8E WS (discrete random variable) — X| G o] A 4= 9l &= X 39| ¢
4* (continuous random variable) - X] g o] A4 Q= AF9 g

23




Introduction to Random Variable

m FEEFEY A
o FEWIIIMAEHI 2B el HEIE FES YA ¥, 2HZ 5

g\_}

o
ol

¢ OFANASFHARL M UL =Y Fo) X

ﬂ!l
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Properties of Probability Distributions

O NEER
1. 0=P(x) =1 for all x
2. EP(x) -1

all x;

o FEWSFX7}0~1040] 8] A & 7HA o= oL 81,

P(X=0), P(X=1), ..., P(X=10)2 2.5 3} A}o]
P(X=0), P(X=1), ..., P(X=10)Z =5 t3pd o] &Jojo} 3}
mASHFELY
1.vx, f(x)>0

2.]9 f(x)dx =1
o FEWS XTI FHT oA o] FRAYIA A5 7S AT,
- 9ol o] A1 xol 5ol f(x)i= 01T A} A okat
- infoll A inf7H7] f(x) 5 2 E-31E 10] B ofof &

25




Example

B oA 1
o Al ol &S Qe AA v
o 339 mAo] AbA oo

o Zu 3 AAZ B3 7)o GE3e M FE X
o Z} o] G5 FF0] 50%H, X=2d FE2?
o X9 g EEE?
B oA 2
o FUE ZAHAE H2 20X 7N A AW 100~ 7R AR E 5 QS
o A 1«] oA} 427§ 0] 2041 7~100A] 7+ Abol ol A Awlr} EX] &L B F 2o

2] o] Ak = o] 40A] 7F o] A 60A] IF m HEY FE 82

F_>rL

A2 o % gergoll thek SHE =2

of ofj
r>~l
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Expected Values & Variances

B 7] 3k (expected value / B3 i)

D XP(X =x) ZXI
E(X)=u= [ xf (x)alx N sl

B 34t (Variance)

2 MIPOC=N) ST )
J (x= )" £ (x)clx N

V(X)=0’=

o Tl
L [ZRPX = - (ExP(X = x)Y
V(X)=E(X")-E(X) = J‘Xzf(x)dx_(jxf (x)dx)?
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Example

B dA 61 7FF AY TV dld ZA}F

# of # of

Televisions  Households X P(x)
0 1,218 0 0.012

1 32,379 1 0.319

2 37,961 2 0.374

3 19,387 3 0.191

4 7,714 4 0.076

5 2,842 5 0.028
101,501 1.000

o ATV U+E XT}aL 3t X9 && EX =7
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Example

E(X)=u= 3 xP(x)=0PO)+1+P()+...+5* P(5)
all x
=0(.012) + 1(.319) + 2(.374) + 3(.191) + 4(.076) + 5(.028)
=2.084

V(X)=0 =¥ (x =) P(x)

all x
= (0 — 2.084)2(.012) + (1 — 2.084)2(.319)+...+(5 — 2.084)%(.028)
=1.107

29




Rules of Expected Value and Variance

m 7)tigke] B
o X FEWT, & 49 Bt &,
e E(o)=c
o EXX+c)=EX)+c

e E(cX)=cEX)

R
XE G8us, o8 A getn ¢,

e V(c)=0

H

o V(X+0)=V(X)
e V(cX)=c*tV(X)

30

Bivariate Probability Distribution

m o AF FETFE 9

o FHEHTY ZLFE (joint prob)S HEIHE &, 21HZ Z2 34
m oA
o X: U FEAto] & 2ol TS FH 5
o Y: 4 FEAto] g e S FHY &
o X} YE 77 02
o OMZFEHEFEY 4.
X
0 1 2
0 0.12 0.42 0.0& 0.6
v 1 0.21 0.0& 0.03 0.3
2 0.07 0.0z 0.01 0.1
0.4 0.5 0.1 1.00

Z}7} 9] 37| &E (marginal probability)<?

31




Covariance & Correlation Coefficient

B ZEA D AT AL
COV(X.Y)=> > (x=u)(y-u)P(x.y) oo COVEY)

all x all v O']_.O'\.
COV(XY)=Y N xyP(x.y) -, T

all x ally

B o)A 6.6: 5 5 FAA90] o5 BejHE Fese] FEAT ABAS

COV(X,Y) = (0—.7)(0 = .5)(.12) + (1 - .7)(0 - .5)(.42) + ...
. +(2-.7)(2-.5)(.01)=-15

_COV(XY)_
0.0,

=_0.15 + [(.64)(.67)] =—.35

Rules of Expected Value and Variance

B F Y o) ik 7)o gk 4 - & A
e P(X+Y=2)=P(0,2) + P(1,1) + P(2,0) =.07 + .06 + .06 = .19

x+y | O 1 2 3 4
P(x+y) [ 0.12 0.63 0.19 0.05 0.01

o E(X+Y)= 0(12) +1(.63) + 2(.19) + 3(.05) + 4(.01) = 1.2

e VX+Y)=(0-1.2)2(.12) + ... + (4 - 1.2)2(.01) = .56
Gyry =4 Var(X+Y) =+.56 =.75

H Rules

o E(X+Y)=EX)+E(Y)
e VIX+Y)=V(X)+V(Y)+2COV(X,Y)

o W F WIFTL S§o|gd, COV(X, Y)=0=> V(X+Y)=V(X)+V(Y)




Covariance & Correlation Coefficient

m oA
o X:FAE AN UL F& 322 Ui A
o Y:2Z Ui YA
e X={0,1,2} Y={0,1}

X
0 1 2
Y 0
1
o FENLFBASF?

34

Application: Chapter 6.3

B oA
o XEEFL TAERAFY AL
e McDonald’s 4] 9] 7|5+ &L 8%, ETHA= 12%
e Cisco Systems 2] 9] 7|5 &L 15%; EFHX}+=22%

e McDonald’s 54) ol FA} 9] 25%, Cisco Systems F2] of] FX}H 9] 75%E
Fgha std

5 2ae) 5o
(o)
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