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Recap the Last Class!

Pop-up quizes!

2 20| RES FEoHE AL
gender sleep school countries bodytemp
male 5.0 Elem 13 36.4
female 7.0 Elem 7 37.4
male 5.5 High 1 37.1
female 3.0 Col 9 36.5
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Recap the Last Class!

-up quizes

Pop

e countries:

[=L.
S

« bodytemp: Q1538 -H|E
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Recap the Last Class!

Pop-up quizes!
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Part . &1l EX(Probability and Distribution)
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Z1St<s}
238tk

(Joint probability)

Pr(AN B) it= Pr(A and B)

[OI-

FHIZt=(Marginal probability)
Pr(A) £ Pr(B)
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T
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o
It
b
THI
o

Z=28225(Conditional
probability)
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Brigny 03 02 05
Bcomply 0.1 04 05
s 04 06 1

A2l BEl= == A
+ AJH IR BEE BEe?
/Bl MIRJ |2 2BXRst stE2?
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Brigny 03 02 05
B Comply 0.1 0.4 0.5
=gt 0.4 0.6 1

AQt BEl= 2TH= ME ZE S

Apignt) = 0.4
Bright) = 0.5

BComply) = 0.5

Aright N Bright) = 0.3

. Pr(
Pr(

¢ Pr(AComply) = 0.6
Pr(

. Pr(
(AComply M BComply) =04
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PSS T} HBIEE (2) QXSO F IHK B2:
(1)A fHvs BRE EH
A= A B =t (2) &4 vs 014
=< 40 60 100 « SEIRII 01 SHES?
0i& 65 35 100 X
. SERD LAY 2Ee?
Z2 105 95 200
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OBt
I

Table: StHEE 0t ZEEE (2) XIS 0IH & Il EE:
(1)A SHvsBRH EH
= A B &8 (2) 548 vs 0i48
=< 40 60 100 « Pr(044d) = 100/200 = 0.5
0id 65 35 100
 Pr('H/d) =100/200 = 0.5

105 95 200

(
« Pr(A| 044) = 65/100 = 0.65
(

A, 0{4) = 65/200 = 0.325
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SISl EHN X2 | 28, QElCH BE

— 1 T

ZE&!(Independence)

0T ARZ10| 21HE 20t CHE ARAQ| 210 =Dt 8iCHH =E
« S EXIDI 12| Z21hk= 23] 210 Se=E FXI 8 — SE

= = AN
== Hg - 35
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2iEHL(Random variables)
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SIED SEHIN =2 |: 35, QA BE

JICHE}(Expectation)

=tEHL0| WxA 21} = JIHE!
« REHS [HESH= gl0ILE, R2l= =0 JHKIZ] /= HIOIES! B=2 HESH= &iel
dx=C= 0| JIHzi= HEE.

1~68| == JIE! = AIC| JICHELS Aot HE A ENF?
1 1
E(X)=1x =+ +6x = =35
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R-code Plot

library(tidyverse)

discrete <- tibble(x =
II2II’ II3II
II6II’ II7II

1

Jt

\d

ICHEA

Expected value

c(rep("0", 60), rep("1", 20),

, II4II’ r.ep(ll5ll’ 10)’
, II8II’ II9II’ rep(ll]-OII’ 3)))

discrete |> ggplot(aes(x = x)) +
geom_bar(aes(y = (..count..)/sum(..count..)))

+
scale_y_continuous(breaks = c(seq(0, 0.6, 0.1))
scale_x_discrete(limits = c(unique(discrete$x))

, Llabels
)

=, Dt B=

scales::percent) +
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http://127.0.0.1:5226/05-slides.html?panelset_001=r-code#panelset_001_r-code
http://127.0.0.1:5226/05-slides.html?panelset_001=plot#panelset_001_plot
http://127.0.0.1:5226/05-slides.html?panelset_001=expected-value#panelset_001_expected-value

sSiSil SHA == | 215, QECh =
S X(Distribution)

_I

=2 (Probability distribution)= &2I19| AFZ0ILE 8t ;I LIEIE 2= p; 2FC| MIAHI&

B X FIE £ U= JIsc 8iE2 71, 22, ..., 2, 01210 & [IH, 2 210] &
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2SI SHE F=EI:

ﬂ

S X(Distribution)
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=, DatN B=

sStEEEEI(Probability Mass Function, PMF)

Ol&t=t= 2 (Discrete distribution): HIZS0IEX, O|E2X, ZOISE
OlArA =4 X0l CHoH p(x) = P(X = x) O] EtHIE HOolFE &4
stE2 & (Probability Density Function, PMF)

ASEEIIL(Continuous distribution): 82X, XL E2X

21/ 69



SIED} SHIA X2 |: &8, DACH B2
=X (Distribution)
SHEBRSIA(Cummulative Distribution Function, CDF)
TOUHZE 2= 0| EFct gtEC ALY &2 =t=E LIELHE &
« OIME: F(z) =Pr(X <z) =), . pi
« OIES: F(z) = [© f(t)

o t = —ooRH KIS F2tUHIM E21{Jt= Bi%xZ 9|0

o = LI =& =& S HIASHD o2 K& (Eeh)

22 / 69



1

=1l SHAE == |: 25, ZEE BEE

A

-

AL

Esta(Cummulative Distribution Function, CDF)

ir

R-code Plot

X <- seq(-5, 5, length = 100)
plot(x, dnorm(x), type = "1", col = "#DB3A2F",

ylab = "Density", xlim = c(-5, 5), ylim = c(0, 1))
text(-3, 0.2, "PDF of Normal Distribution", col = "#DB3A2F")
par(new=TRUE)
plot(x, pnorm(x), type = "1", col = "#275D8E",

ylab = "Density", xlim = c(-5, 5), ylim = c(0, 1))
text(2, 0.5, "CDF of Normal Distribution", col = "#275D8E")
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http://127.0.0.1:5226/05-slides.html?panelset_002=r-code2#panelset_002_r-code2
http://127.0.0.1:5226/05-slides.html?panelset_002=plot2#panelset_002_plot2

SIEN NN =2 |: &, IRC EE

HIOIE & 13 (Data Generating Process, DGP)2I =X {MEH
= JI&st HIOIE M4 1tE(DGP)

[
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dname: 2=(density)
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Command Distribution

dnorm  pnorm  gnorm

*binom Binomial
rnorm  dbinom  pbinom *t 1
gbinom  rbinom POIS Poisson
*f F
dnorm(x = 3, mean = 2, sd = 5) *chisq Chi-Squared

## [1] 0.07820854

26 / 69


http://127.0.0.1:5226/05-slides.html?panelset_003=dnorm#panelset_003_dnorm
http://127.0.0.1:5226/05-slides.html?panelset_003=pnorm#panelset_003_pnorm
http://127.0.0.1:5226/05-slides.html?panelset_003=qnorm#panelset_003_qnorm
http://127.0.0.1:5226/05-slides.html?panelset_003=rnorm#panelset_003_rnorm
http://127.0.0.1:5226/05-slides.html?panelset_003=dbinom#panelset_003_dbinom
http://127.0.0.1:5226/05-slides.html?panelset_003=pbinom#panelset_003_pbinom
http://127.0.0.1:5226/05-slides.html?panelset_003=qbinom#panelset_003_qbinom
http://127.0.0.1:5226/05-slides.html?panelset_003=rbinom#panelset_003_rbinom

=1

SHA == |t

Z(Normal distribution)

Jt

=, DEt B=E

HEX: 415D =~ 68%, 25D ~ 95%, £35D ~ 99%

31%

50 %

69 %
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rE2X(Normal distribution)

& 50, SD 102! S==X0IA 702] RIKI?

1

pnorm(70, mean = 50, sd = 10, lower.tail = TRUE)
## [1] 0.9772499
pnorm(70, mean = 50, sd = 10, lower.tail = FALSE)

## [1] 0.02275013

1 - pnorm(70, mean = 50, sd = 10, lower.tail = TRUE)

## [1] 0.02275013
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SIENl SHIN =2 |: &5, DXCH} BE
Student's t: (-2X

et RAGHLE 2T FIH=.

« AIRE=(degree of freedom)Jt HELE H A0 ~E
o = MENIN SEIECE Mat £ U= A =29| £

o AFREJHZCH= A0l 2lil=7? =&at BL(HIh)IE HIIH, GIOIE 8= AOIN 5=
20l SAM AREH HE + U= 2

At

rr

=2l 25 0l0] =&ALt
=

X
o BFE=LUHIAM n — 1= LI=0F= A0IM —12 =8
Ol StLIC| HIFS Bt= i (@ — T =

O
o [MEIM (z; — z) E2 2tX 6l SEF0IXI 2Lt — AIRE= n0l OtLl2kn — 1
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2=l SHA == |
Student's t: t-2X

et RAGHLE 2T FIH=.

Jo
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« AIRE=(degree of freedom)Jt HELE H A0 ~E
o t-ELUIAC| RIRE

o HE(one-sample) ¥ HE/Cl: Z2AE BELOZ sE =F — M2 1H

(@] pu— )_(_'LLO ~Y
t= 2, t~to
o W ME|FZI0] QKISHHIN t(se) SE(CHS FKH XHMIS] HHZ2 24)

o AIREIHEELE Nl FIHE — O 2 2AHel — O H2 A=At
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=Sl SHA F=E |: 25, IEEN 3=

Student's t: -2 X

t & X dfo| THE WEl FH

X <— seq(-4, 4, length.out = 400)
plot(x, dnorm(x), type="1", lwd=2,
ylab="density", xlab="", Eh R T A
main="t 2X: dfol W= 12| FH") 1(df=5)
lines(x, dt(x, df=20), lty=2)
lines(x, dt(x, df=5), 1lty=3) 2
legend("topright",
c("HH", "t(df=20)", "t(df=5)"),
lwd=c(2,1,1), lty=c(1,2,3), 2 o
bty="n") g
I I ;




SIED SHIH =2 |: 88, IECH} EE
Student's i: -2

Comparison of t Distributions

<
g
Distributions
— df=1
— df=2
o
S — df=5
df=10
—— normal
>
2.
T o 7
=
—
g
o |
e T T T T T
3 2 -1 0 1
X value

33/ 69



foil
[

KF
Al

=
T
joil

)

ion

ial distribut

iInom
n 2 AIHUHIAM £ H S5 =&

=X(Bi

0

KO0
2
0l
T
joil
[0

™

<0
Ol

0
il

<k
joi
[H0

N

<0
I

<k

™

I

Al

ril
Kl
Kl
joll
Ki

A-
-T

=X B9
HHXI

« nH = = yIHCl LIXINIA SS0I Li
(y
)

=p'(1-p

2t
=1

34/ 69



foil
[

KF
Al

=
I
joil

)

ion

ial distribut

iInom
UMk EH SSE ==

H

o

-
(o]

S=EE(B

ol &t
n B Al

X0
Lir

I
i0

Z(CDF):

Pr(Y < y)
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OIS2 X (Binomial distribution)

pbinom(27, size=100, prob=0.25, lower.tail = TRUE)

## [1] 0.7223805

2784

O

=2 ot 72.2%, &% 27.8%
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SIED SHIA =2 |: 215, BEE} BE

OIE2 X (Binomial distribution)

AL

R-code: Parameters R-code: Plot Plot

# IfefolE gbinom(.95, size=n, prob=p) # 95%
n <—20; p<-0.3
# PMF/CDF/ 22/ =+

Ml

dbinom(6, size=n, prob=p) # P(Y=€ ## [1]1 9
## [1] 0.191639 rbinom(5, size=n, prob=p) # LiA 5
pbinom(6, size=n, prob=p) # P(Y<= # [1] 7 611 6 8

## [1] 0.6080098

37/ 69


http://127.0.0.1:5226/05-slides.html?panelset_004=r-code%3A-parameters#panelset_004_r-code%3A-parameters
http://127.0.0.1:5226/05-slides.html?panelset_004=r-code%3A-plot#panelset_004_r-code%3A-plot
http://127.0.0.1:5226/05-slides.html?panelset_004=plot3#panelset_004_plot3

=il SHA FE | 2§, IE N BE

ISt 2 X (Binomial distribution)

o
o

(=)

Pop-up Quiz

&I=2?

M

n = 50, p = 0.20|A Y Ol JICHat 1t
« HINT: OIZ2X Y ~ Binomial(n,p) & [}, E[Y] = np, Var(Y) = np(1 — p)

« E[Y]| =10, Var(Y) =8
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SIS0 SHN =2 |: 3, BEE BE

X OISEX(Poisson distribution)

density

0.1

0.0

41/ 69



IS0l SHE == | 25, ZEth BE

— | [ —— | S

ZOIESE2X(Poisson distribution)

R-code: Parameters R-code: Plot Plot

lambda <- 3 qpois(.95, lambda) # 95% 2¢
# PMF/CDF/ 28/ =
dpois(4, lambda) # P(Y=4)

## [1] 6

## [1] 0.1680314 .
rpois(5, lambda) # EH== 57

ppois(4, lambda) # P(Y<=4)
## [1] 34525

## [1] 0.8152632 - _ .
# ZOIL TfFOf AlZFEHEf: ZO] t F27Fel A2 lamb

t <- 2; dpois(4, lambdaxt) # 2ol 20jA

## [1] 0.1338526 42 / 69


http://127.0.0.1:5226/05-slides.html?panelset_005=r-code%3A-parameters2#panelset_005_r-code%3A-parameters2
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S0I2=E(Negative binomial distribution)

n HIH AI=0IA & ETHOH
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Part Il. 2& &t E=(Population and Sample)
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[HE JHAICH

"DEER2 ~ZHOH REES X
& DE/ESE 4 9002 B

=2 HIEIOR DEIEH St =
=2 43

"HE0| ~otL|, BEIEHE ~2HH
OH" 2L} Ol2{st ==2 tHA
H(deterministic)OlX| 2!

Wi have thage 1o work with

seocton X
L

: lnferprce

Paratmater ” ¥

( Poplation maan)

Statisnc

[Sample mean)
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SIS SHE FE I

J

= 2

R-code R-code: Plot Plot

set.seed(2025)
N <- 1eb

xIC}

Lo

o #

pop <— tibble(x = rexp(N, rate = 1/5)) # Z==5, 3% 77|

clt_means <- function(n, B=5000){
replicate(B, mean(sample(pop$x, n)))

}

m_small <- clt_means(5)

m_mid <- clt_means(30)

m_big <- clt_means(200)

[ S
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http://127.0.0.1:5226/05-slides.html?panelset_006=r-code%3A-plot3#panelset_006_r-code%3A-plot3
http://127.0.0.1:5226/05-slides.html?panelset_006=plot5#panelset_006_plot5

1
Jt

Sl SHE F2 | =5, ZEEI BE

scidl #=2: CLT OILI Al=dolA

H

R-code R-code: Plot Plot

one_sample <- tibble(x = sample(1l:6, size = 600, replace = TRUE))
mean(one_sample$x)

## [1] 3.388333

rep_means <— replicate(2000, mean(sample(1:6, size = 600, replace = TRUE)))
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Oidi B Bt=51H p Jl Y EctE — BEHSE

R-code-1 R-code-2 Plot

set.seed(2025); N <— 100000

p_true <- 0.34

pop <— tibble(ball = rbinom(N, 1, p_true)); n <- 50
one_scoop <— sample(pop$ball, size = n, replace = TRUE)
mean (one_scoop)

## [1] 0.28
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http://127.0.0.1:5226/05-slides.html?panelset_008=plot7#panelset_008_plot7

R-code Plot

compare_n <- function(n, B = 1000, p = 0.34){
replicate(B, mean(rbinom(n, 1, p)))

¥
set.seed(2025)
d <— list(
n_50 = compare_n(50),
n_200 = compare_n(200),
n_800 = compare_n(800)
) |>
enframe(name = "group", value = "props") |>
unnest(props)
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- e S =

siEl SHAE F=2 | 2tE, IES BEE
DECHI HE=E: B=S Sot DEC 8 e )|
library(WDI)

WDI.data <-

WDI(country = "all",
indicator = c("SH.DYN.NMRT","DC.DAC.USAL.CD", "SH.VAC.TTNS.ZS",

"SP.URB.TOTL.IN.ZS", "NE.TRD.GNFS.ZS"),
start = 1990, end = 2005, extra = FALSE, cache = NULL)

# AIEEE
sampl.mort <- sample(WDI.data$SH.DYN.NMRT, 50)
# HEE s DEEF RS Hld

mean(sampl.mort, na.rm = TRUE) # A/Z/E ZZ9 Z

## [1] 24.73767
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2IE SHAE =2 | =&, Eth B=E
DEICh BE: HES S5t BEE == QiR )|
## na.rm SHS EL0| FEA Y2 + U2 © F2 A8

## ZSX o TAES o2t £
mean(WDI.data$SH.DYN.NMRT, na.rm = TRUE) # A/2/E LHZ/ERo) ZiA

## [1] 22.51515

5,000JHe] E=EEE 2RI (loop)E JHAID &EO0MM O 2210| === ¢

« OIZ QoA BN BIZE, HIYIH (Blank vector)E Bis.

# 8l HE Bt=2]

sample_means50.mort <- rep(NA, 5000)
F=o2 5,00070° EEZAE 7l A&/

for(i in 1:5000) {
samp <— sample(WDI.data$SH.DYN.NMRT, 50)
sample_means50.mort[i] <- mean(samp, na.rm = TRUE)}
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SIED SEHIN =2 |: 35, QA BE
HECHI BEE: B=ES Sot RE|E F£= e )|

O17|01Ik| SI0| 9|il= &ld

2l 22171 JEXId [AE WDIC| A2 E KIEUHIAM 5014 JHEH B =2
= PJH2td & [, Ol &2 =

H
MHEE 5,000 Bt=6tdh= A

o

« 1218 500078 #== 2 A kI, Ol = XA K= UAS £ JACBE na. rm()
SNOE Z=XIE NQI6H B=E Foldtl BE6= A

« Hx= FE [, 24 SHINAZSKD I ACH T B g NAZ HIAMEIEZ 0IZ2 Xl
« OIZ2Hl 18t 5,0007He] HE==0| B=E0| HEH SEEIH UA=XKI =l
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mean(sample_means5@0.mort, na.rm = TRUE)
## [1] 22.5144
mean(WDI.data$SH.DYN.NMRT, na.rm = TRUE)

## [1] 22.51515
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ZE (Inference)

==

UHLE Ol 7 (Sampling)
®

2 HEE (Population)

|

B2 (Sample)
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#E (Inference)

2 HEE (Population)

e
(Randomi-zation)

BEcE dfmsi=
seoee o000 BES FE917I

mm St

B2 (Sample)
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2l (Bootstrapping)

= 2 HEE (Population)
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= \ FEH2lst
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2§ (Bootstrapping)

B (Sample)
[ B B B B N W )

= 2 HEE (Population)

N

2 [

o (Randomi-zation)
L
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N

2 [

o (Randomi-zation)
L

= SHCHS EsH
M e00e 0000 EES FFI
« e o

— EZ (Sample)

65 / 69



2§ (Bootstrapping)

B (Sample)

|

[ E NN NN N)
= 2 HEE (Population)

\ ’—;t'?'l ﬁl‘
mi-zation)

e

— EZ (Sample)

#FE (Inference)

66 / 69



q

FEAE(

UL Ol F T (Sampling)

#FE (Inference)

o000 0 ZFE& (Inference) ?

2 HEE (Population)

e

EZ (Sample)

2§ (Bootstrapping)

B (Sample)

— 1

67 / 69



68 / 69



NCUEEREM

KANGWON NATIONAL UNIVERSITY

==t 20| A0 AHHIE AR,

4 sh.park.poli@gmail.com
B2 sanghoon-park.com/
A&HI0I22 405

69 / 69


http://127.0.0.1:5226/sh.park.poli@gmail.com
https://www.sanghoon-park.com/

