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2 Probability distributions in R

@ Distributions in the {stats} package

unif (Uniform)
binom  (Binomial)
d (probability density) pois (Poisson)
p (cumulative distribution) exp (Exponential)
q (quantile function) norm (Normal)
r (random sample) t (Student’s t)
chisq (Chi-squared)

See ?distribution for more distributions.
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pnorm(1.96)

(1] 0.9750021

gnorm(0.975)

[1] 1.959964
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3.1 #4345 5% (Discrete uniform distribution)

#1000 4A#%H—F N ERLTF 5~ 10~ 30 kP sLeg B - A 5 KA :

1. AREHBBRZBRTFOEE
set.seed(2025)

n <- 5 # XA n 89 R AR
m <- 1000 # EHEHI m %

sample_unif <- matrix(sample(1:6, size = m * n, replace = TRUE),
nrow = m, ncol = n)

rownames (sample_unif) <- paste("sample", 1:m, sep = "")
colnames(sample_unif) <- paste("obs", 1:n, sep = "")

dim(sample_unif)

[1] 1000 5

head(sample_unif)

obsl obs2 obs3 obs4 obsb

samplel 5 2 3 3 5
sample2 4 1 2 3 5
sample3d 4 3 1 3 5
sample4 2 6 4 4 5
sampleb 1 2 4 4 1
sample6 6 1 5 5 6

2. FAFHE
sample_unif _mean <- rowMeans(sample_unif)
head(sample_unif_mean)

samplel sample2 sample3 sample4 sampleb sample6
3.6 3.0 3.2 4.2 2.4 4.6

# Equivalent:
sample_unif_mean <- apply(sample_unif, 1, mean) # 1: by row; 2: by column
head(sample_unif_mean)



samplel sample2 sample3 sample4 sampleb sample6
3.6 3.0 3.2 4.2 2.4 4.6

1 Note

% 23 A — 74 mean > rowMeans() & bt apply(x, 1, mean) Z A K F - A wm
apply HREMR R Z > CITUABH I RE—THHEZHENGLRITZ - o -

# Standard deviation
head(apply(sample_unif, 1, sd))

samplel sample2 sample3 sample4 sampleb sample6
1.341641 1.581139 1.483240 1.483240 1.516575 2.073644

# 25th percentile
head(apply(sample_unif, 1, \(x) quantile(x, 0.25)))

samplel sample2 sample3 sample4 sampleb sample6
3 2 3 4 1 5

# Mean absolute deviation
head(apply(sample_unif, 1, \(x) mean(abs(x - mean(x)))))

samplel sample2 sample3 sample4 sampleb sample6
1.12 1.20 1.04 1.04 1.28 1.44

3. WHE 5 B 3B S AR R T IE 69 T 3 oA ok

AV FARR IR GG B oM P R 28 o — BT B BRURSCR
AME L RKAE 6 MR A0 > AP ERE R B AR

1+6 62 —1

mean = — = 3.5, variance = ~ 2.917

B b P AR IR T 64 38 5 A A Normal(u = 3.5,0 = |/ 2917

hist(sample_unif_mean, prob = TRUE, main = paste("n =", n))

lines(density(sample_unif_mean), col = "blue", lwd = 2)

curve (dnorm(x, mean = 3.5, sd = sqrt(2.917 / n)), add = TRUE,
col = "red", lwd = 2, 1ty = 2)
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4. g RRAEAE (530~ 100) FeyutenA
par (mfrow = c(1, 3))

for(n in c(5, 10, 30)) {
sample_unif <- matrix(sample(l:6, size = m * n, replace = TRUE),
nrow = m, ncol = n)
sample_unif_mean <- rowMeans(sample_unif)

hist(sample_unif_mean, prob = TRUE, main = paste("n =", n),
xlim = c(1, 6), ylim = c(0, 1.3))
lines(density(sample_unif_mean), col = "blue", lwd = 2)

curve(dnorm(x, mean = 3.5, sd = sqrt(2.917 / n)), add = TRUE,



col = "red", lwd = 2, 1ty = 2)
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3.2 =3B X 4% (Binomial distribution)

#HE 1000 2B B BF 4k 10 A E @k F 4 0.1 49 R IESRR 5 10~30 % » &EHFXBRER
BRI o

N <- 10
p <- 0.1

Bl 10 M E @k £ 4 0.1 49 RN ELHAR > HFE® 6 KR Binomial(N = 10,p =
0.1) > E-FHa % AHH R £

mean = Np, variance = Np(1 —p)
par(mfrow = c(1, 3))

for(n in c(5, 10, 30)) {
sample_binom <- matrix(rbinom(m * n, size = N, prob = p), # rbinom(n, size, prob)
nrow = m, ncol = n)
sample_binom_mean <- rowMeans(sample_binom)
hist(sample_binom_mean, prob = TRUE, main = paste("n =", n),
xlim = c(0, 2.5), ylim = c(0, 2.3))
lines(density(sample_binom_mean), col = "blue", lwd = 2)



curve (dnorm(x, mean = N*p, sd = sqrt(Nxpx(1-p) / n)), add = TRUE,
col = "red", lwd = 2, 1ty = 2)
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3.3 [ E#r45A (Poisson distribution)
XU —EATFHEAE 2 K248 B 1000 42 5~ 10 ~ 30 18 A NA1E A 69 £ABE AR -
lambda <- 2

XRBE—EAFHELE 2 X2 HEA N 2HEEREIRKE Poisson(A = 2) » F-F3ya s

EH R

mean = variance = \
par (mfrow = c(1, 3))

for(n in c(5, 10, 30)) {
sample_pois <- matrix(rpois(m * n, lambda = lambda), # rpois(n, lambda)
nrow = m, ncol = n)
sample_pois_mean <- rowMeans(sample_pois)
hist(sample_pois_mean, prob = TRUE, main = paste("n =", n),
xlim = c(0, 4.5), ylim = c(0, 1.5))
lines(density(sample_pois_mean), col = "blue", lwd = 2)
curve(dnorm(x, mean = lambda, sd = sqrt(lambda / n)), add = TRUE,

col = "red", lwd = 2, 1ty = 2)
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Exercise (1)
FRP R AT AFAEA $25,000 0 424 £ 2 $5,000 -

L SRR 100 2# %4 > BEAMFHHFAALE $26,000 ¢4 A 5 K7

1 = 25000, o = 5000
B X a9 qE A $25,0000 m X $hMHE A 69K £ > ik R AR % (standard

error) %
o 5000 0
S = —— = — =
Vvn o /100

AL F FAER 23 > X ~ Normal (25000, 500) » Ff 2A

_ 2 -2
P(X > 26000) = P(Z > W) =P(Z>2)
A&7 X =26,000 s A4 25,000 A8 2 EIZHEE o UTFHARTUKE Z > 2 694k

%
1 - pnorm(26000, mean = 25000, sd = 500)

[1] 0.02275013

pnorm (26000, mean = 25000, sd = 500, lower.tail = FALSE)

[1] 0.02275013



1 - pnorm(2) # default: mean = 0, sd = 1

[1] 0.02275013
pnorm(2, lower.tail = FALSE)
[1] 0.02275013

. EMEHAER 100 2R 4 > TR AN FHHFE A $24,000 3] $26,000 Z M ek e A % K7

24000 — 25000 7 < 260004—25000)
500 500
=P(—2<7Z<2)=P(Z<2)—P(Z<-2)

P(24000 < X < 26000) = P(

pnorm(2) - pnorm(-2)

[1] 0.9544997

L EREREAGAFARMTES A > TR $25,000 > 4R 2 Ko o 35 EHKEZIR 49
LRFAE O TABABRELA s = 3500 BEANTFHHFAALR 526,000 9K H 5
X? T #HF A $24,000 2] $26,000 Z M 69 €A % K7

X—u X —25000 X —25000 ;
s 7 3800 ~ Ydf=49-1)
v V49 500

26000 — 25000
>—

P(X>2 = P(T
(X > 26000) ( =00

)=P(T > 2)

1 - pt(2, df = 49-1)

[1] 0.02558797

24000 — 25000 26000 — 25000
— < T < — )
500 500

=P(-2<T<?2)

P(24000 < X < 26000) = P(

pt(2, df = 49-1) - pt(-2, df = 49-1)

[1] 0.9488241



Exercise (2)

1991 % 1995 3t B Bristol # fAL B shEHE B > 2% 181 12 5 R AT & A & Kbk S B 99
NP EFHT > & RA A3 AN AT o HE RN LEFY Faec 2 12% -

fB3% Birstol 9 iy &l sh A5 6 69 BT Fo 35 B AL SRS A BER AR RF > AR A 181 X F
WA 43 ARE S RETHHRER ST

1 - pbinom(42, 181, 0.12)

[1] 8.296321e-06

pbinom(42, 181, 0.12, lower.tail = FALSE)

[1] 8.296321e-06

sum(dbinom(43:181, 181, 0.12))

[1] 8.296321e-06

4 1z# & [ (Confidence Interval)

o FIAMABRMEIA—MEARLIEEMN ERAETR > B AE KR (confidence lim-
its) » AEIFAE TR SRR > KI5 A A OB RIR P E 2] F B0y REE -
#% %15 #8 K% (level of confidence) °

o —18 95% 1Z4#8 & P (confidence interval) &k > 4o B RATAI A 100 18 & G 48 F 69 5 B
AR RIHA > A 100 EEEEH > RATAMRFAE 100 B E M2 > 95 A€ a4
AR FHIE o

o Constructing a (1 — «)100% confidence interval about p

— when o is known

— o — o

X_Zoz/Q'ﬁgl’LgX—i_Zoa/Q'\/ﬁ
— when o is unknown

_ S — S

X—ta/27SMSX+ta/2%
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Exercise (3)

.

AT HPEEHGTRANTANE KERT 2 AR TLEPEANSHRE A
GRETBAGTHE HY 05% EHEM

dat <- readxl::read excel("data/basketball team.xls", sheet = "sheet 1")

Preview

head(dat)

# A tibble: 6 x 4
No Grade Height Weight
<dbl> <dbl> <dbl> <dbl>

1 4 1 187 75
2 5 3 182 70
3 6 2 180 70
4 7 1 175 60
5 8 2 181 71
6 9 2 193 87

Data Structure

str(dat)

tibble [12 x 4] (S3: tbl_df/tbl/data.frame)
$ No : num [1:12] 4 56 7 8 9 10 11 12 13 ...
$ Grade : num [1:12] 1 321223321 ...
$ Height: num [1:12] 187 182 180 175 181 193 187 186 197 193 ...
$ Weight: num [1:12] 75 70 70 60 71 87 81 73 77 71 ...

L35 & T34 (X) BRARRE £ (5)
(xbar <- mean(dat$Height))

[1] 187.9167
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(s <- sd(dat$Height))

[1] 8.061788

2. HAHRREREE o X CHEMEZARt 2 HELE > BaHAES

degree of freedom=n—1=12—-1=11
3. 5% ZHREM > a=005 FREFENEZN > FHEM —MRAZL EL FHEEM > #t
oA REHk F A A& &A% 0.05/2 = 0.025 - JLBF toj2 =
qt(l - 0.05/2, df = 12-1)
[1] 2.200985
4. 95% 1B EH
e lower limit

xbar - qt(1-0.05/2, 12-1) * s/sqrt(12)

[1] 182.7945
e upper limit

xbar + qt(1-0.05/2, 12-1) * s/sqrt(12)

[1] 193.0389

1 Note

HMAETLA {stats} £4 4 t.test() B — K H F3514 ($estimate) ~ 2R
($stderr) ~ E#B & ] ($conf.int) F&tE o

test_ht <- t.test(dat$Height, conf.level = 0.95)
test_ht

One Sample t-test

data: dat$Height

t = 80.747, df = 11, p-value < 2.2e-16

alternative hypothesis: true mean is not equal to O
95 percent confidence interval:

12




182.7945 193.0389
sample estimates:
mean of x

187.9167

test_ht$estimate

mean of x
187.9167

test_ht$stderr

[1] 2.327238

test_ht$conf.int

[1] 182.7945 193.0389
attr(,"conf.level")
[1] 0.95
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