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At HEE: B OER (1)

Pk ANDIZN—TDHRT, Db 2 N\OREHDBFELETH
LHEREEITH T 2B EERLE T,

# 1. AAEHDEET 2HERZEHE S 2B
birthday <- function(k) {
# Mo TRt (RELBIEDRERICK 24 —N—T -2 57:0)
logdenom <- k * log(365) + lfactorial(365 - k)
lognumer <- lfactorial(365)
# 100 (REOMEHRL MR 25<

1 - exp(lognumer - logdenom)
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gﬂﬁzaﬁnﬁ%: %‘fﬁz 701:-7 D4 }\@{ﬁ (2)

#2. 1 A\h5 50 N\ETOHEZEERE
k <- 1:50
prob_duplicate <- birthday (k)

#3. 777070y b

plot(k, prob_duplicate, xlab = "Number of people", ylab = "Probability",
main = "Birthday Problem")

# HER 0.5 OILFFMTIKFRRZ BN

abline(h = 0.5, 1ty = "dashed", col = "red")
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FLVoters 7 — X DFiAAA (1)

> ) XMNOEME T — X eiiAirA, RIBIEZRIAL 5,
# 1. O—HNVIRFE LT — R DitAAA (R

FLVoters <- read.csv("FLVoters.csv")

# (B3%) URL H» SEHGAAL T & bJRE
# FLVoters <- read.csv("https://ayumu-tanaka.github.i0/QSS/QSS_Data/FLVoters. csv

# 2. RIEME ) ZETITERA L. BB Z R
FLVoters <- na.omit(FLVoters)

dim(FLVoters)

## [1] 9113 6
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JEORER & ST SR (2)

1. AR (N 0FIE) ZEtE
margin.race <- prop.table(table(FLVoters$race))
margin.race

#i#t

## asian black hispanic native other white

## 0.019203336 0.131021617 0.130802151 0.003182267 0.034017338 0.681773291
FAF EHER (e B 2 AR OEIE) 255

# gende’r‘ == "fr OIT7EF R A LTS

prop.table(table(FLVoters$race [FLVoters$gender == "£"]1))
##
## asian black hispanic native other white

## 0.016997747 0.138849068 0.136391563 0.003481466 0.032357157 0.671922998
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# 3. faER (NE « M5 255
joint.p <- prop.table(table(race = FLVoters$race, gender = FLVoters$gender))
joint.p

## gender

## race £ m
##  asian 0.009107868 0.010095468
##  black 0.074399210 0.056622408
##  hispanic 0.073082410 0.057719741
## native 0.001865467 0.001316800
##  other 0.017337869 0.016679469
##  white 0.360035115 0.321738176
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WA PEOMERR: a—F

P P(race, female) = P(race) x P(female) 238 D 3705 % T2
LEJ,
# 1. WRIZ b o FEORERZ A
margin.gender <- prop.table(table(FLVoters$gender))

# 2. [EOMER D) vs TRROKETER) 27 vy b

# XWh: P(race) * P(female)

# v F5EHERD female %

plot(c(margin.race * margin.gender["f"]), c(joint.p[, "f"1),
xlab = "P(race) * P(female)", ylab = "P(race and female)",
main = "Check for Independence")

# 3. 45JERR NI 6 20 EICHES) 28N
abline(0, 1, 1ty = "dashed", col = "blue")
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L 6.3 fessrti

—JES71H (Binomial Distribution)

> 2’)0)% R (Y - KD DAZFROHNLREITE n Bl D
R Uz D, SR X D731,
> HEREEMK P(X =k =()p"1—p)*
> n: BATEE
P p: 1 EIOFRITICB T 2 IR
> (1) MEE (0 @h5 kEEITEOR)
> HAFHE: E[X]=np
P 73E Var(X) =np(l —p)
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P NVlaAq vk 20 BT RRC. RAH B BB ORER IR

ZEtRELE T,
# 1. BATEEL (n) LRRUIMER (p) ZFIE
n <- 20
p <- 0.5

# 2. BINEEL o E» 8 20[0) DRZ LR

k_vals <- O:n

# 3. BEEITBT BHER  (dbinom) HFTE

probs <- dbinom(k_vals, size = n, prob = p)

# 4. 277 7 TRk

barplot (probs, names.arg = k_vals,
xlab "Number of Heads", ylab = "Probability",
main "Binomial Distribution (n=20, p=0.5)",
col = "skyblue")
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—JEJ7AH (Binomial Distribution)

> n BIOMANLREITT. p OMERTHINT 2 DI,

# 1. n=10, p=0.5 (NFka4 > 10[E#F) T, B x5 ¥ 5 AR ZHESR
dbinom(5, size = 10, prob = 0.5)

## [1] 0.2460938

# 2. FOIIEIRGYS 3 ELLT & 7% % BRHR
pbinom(3, size = 10, prob = 0.5)

## [1] 0.171875

16



56 = R
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IE#25 (Normal Distribution)

P EANFROFEOMER 2RO, EERARICE W TR
HER MM, ,
> FERFERK f(z) = U\}ﬂe*%(%)
> FE (FDohiE)
P o B (DHDIEDD)
> HAfHE: E[X] =pu
» P Var(X) = o?
> IEEERDHE: 1 =0,0=1 DRHlRIr—2,
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IE}R#45345 (Normal Distribution): 22— K

P 0, IR R 1 oo TEHEIE ) 2L 35,
# 1. XEOHF (-4 »5 4) ZFRE
x_vals <- seq(-4, 4, length.out = 100)

# 2. BRICBY DHEREE (dnorm) ZEHHE

densities <- dnorm(x_vals, mean = 0, =d = 1)

# 3. fhmE
plot(x_vals, densities, type = "1", lwd = 2, col = "darkgreen",
xlab = "z-score", ylab = "Density", main = "Standard Normal Distribution")

# 4. 21.96 O (K 95%) Tl (%)
abline(v = c(-1.96, 1.96), 1ty = "dotted", col = "red")
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—#%7711 (Uniform Distribution)

P FKEDHIP [a,b] IZBWT, YOMEDHFELVIHER (FE) T
HAT B0,
> Ty (HAfHE): E[X] = %
> S Var(X) = 02°
P BE—RDH (0 = 0 b=1) D
P P =05
> 5 = 1/12 (%7 0.083)
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BTy b Ak

P #iPH [0,1] o—HkI3fE 77 71T LETS,
# 1. XEhoOHIH %R E
x_vals <- seq(-0.5, 1.5, length.out = 500)

# 2. BB DHEREE (dunif) ZilE

densities <- dunif(x_vals, min = 0, max = 1)

# 3. it
plot(x_vals, densities, type = "1", lwd = 2, col = "purple",
xlab = "x", ylab = "Density", main = "Uniform Distribution U(0, 1)")

# 4. FOHEBZEBEDORT (X TP ay)

polygon(c(0, x_vals[x_vals>=0 & x_vals<=1], 1),
c(0, densities[x_vals>=0 & x_vals<=1], 0),
col = rgb(0.5, 0, 0.5, 0.2), border = NA)
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P Y TINY A IPKRELZDIFE EARFIIIIFEICLD
CHRZHEREL X9,

sims <- 1000 # WADY > TH 4 X
# 1. —BE9A [0, 1] 25T Rzt dAfFHEE 0.5)

x.unif <- runif(sims)

# 2. BRI (1EH, 1~2@EHDYE, 1~3HD¥E...) ZitHE

mean.unif <- cumsum(x.unif) / 1:sims

# 3. BT Tmy b
plot(l:sims, mean.unif, type = "1", xlab = "Sample size",
ylab = "Sample mean", main = "Law of Large Numbers")

# 4. BOWIRFE (0.5) OftzEM
abline(h = 0.5, 1ty = "dashed", col = "red")
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P T HBMTHN, EARFEDIARFIERTMITEDL 2
LEMEREL £ 9

# 1. BEARVPIRFT o2 b
z.unif <- rep(NA, 1000)

#2. 1000[HlD> I 2L —>ay

for (i in 1:1000) {
X <- runif (100, min = 0, max = 1) # —HEDHH S n=100 i
# BHE(L CEgEL W TEMERETEI 2 )
z.unif [i] <- (mean(x) - 0.5) / sqrt(1 / (12 * 100))

}

# 3. LA NZ T ADHHE

hist(z.unif, freq = FALSE, nclass = 30, xlab = "z-score",
main = "Central Limit Theorem (Uniform)")

# 4. ERTFHEERD MO Z R <
curve (dnorm(x), add = TRUE, col = "red", lwd = 2)
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Lesxrw

HOEDI LD

P FEEEM: 12RO T — XIIIFEIEARDES , X2 H
W3 Z T, ZONERMEZBAINCEARTE 5,
> FEROER:
P T IR FEDLE T TORAERE,
P IR A OHREDN S S TICHE L R WIREE,
P> KIEEXFEIE:
> 7(?510)7;?5\']: A 2 e, HERNE & D IR (BER
<) 2k b,
P FMBRREIR: ¥ Y A4 XK E TR, EAREED 5
M THATEE (ERDM) 23, ZhdiElliFstota e
5,
P R DiEE: sample(), dbinom(), pnorm(), runif (),
curve(), hist (),
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