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1. R/ ITE

NTHESENEIMES, BT REIAER PREMFBEFE (package) ,

BITEHTLE tidyverse,

1. F— S EERBRESENEGRIRSE2R" (mirror server) ., & RStudio BYTRERSZ &%k
¥ Tools > Global Options..., AREMBINEOLMLEl Packages T, £
Primary CRAN Repository —#= g5 Change..., FMIIRPIEFRUTFERERIE
171, f51%0 China (Shenzhen) [https] - Southern University of Science and Technology
(SUSTech), =ik OK, &E= Applyo

2. MInERSE A hi%+E Tools > Install Packages..., i tidyverse, 4% TFEA Install
dependencies, &fgm i Install,

3. ERFELEEFLERG, 7T Console F5§ N library(tidyverse), MIRIZTERMNT
HETRHN—X (RESBERGEAETW), MEKRINBBRT tidyverse,

library(tidyverse)

— Attaching core tidyverse packages tidyverse 2.0.0 —
v dplyr 1.2.0 v readr 2.2.0

v forcats 1.0.1 v stringr 1.6.0

v ggplot2 4.0.2 v tibble 3.3.1

v lubridate 1.9.5 v tidyr 1.3.2

v purrr 1.2.1

— Conflicts tidyverse_conflicts() —

x dplyr::filter() masks stats::filter()
x dplyr::lag() masks stats::lag()
i Use the conflicted package to force all conflicts to become errors

2. {ABEINER

SHFFRGE (Monte Carlo simulation) 3EFIBITFENARAIARENIEL (pseudo-
random number) HITHIBER G E. BRAEERBNE, YIRS RVIEIETT
EBEMRENX R, TNEMAEREN. it BV EEELS KA LR ERHNITETTE.
Rk, FATENSHBEAEERRR M, B0 LR EARE
NEVERIE, FRANRENER

REAMEBER LR L MERIRZE (linear congruential generator) , EEIRIET
EpE R YL =

'REARFEEEMIEHA CRAN, EHAZMIMERTHNIRSE, ARG EFNEME
B BIR G A LB e R E IR B AE Y R R M



Xpe1 = (ax, +¢c) mod m

ERES {x,}, ERO0<a<m,0<c<m0<xy<m H(acm) BE—EEH
B, {x,} AR m BERZ x, BUENE M, BEHFEEREARN m LUENFNRIMEE,
5130 Microsoft Visual C++ & (a, ¢, m) = (214013,2531011, 23!),

MSHNRYEREMERIEENER, SMIRARIEZIES KZ XA Mersenne-
Twister 7%, BERIEFIARAR 219937 — 1, BitBEREWR, IRETHREZEETL
£ Bilibili _EAYSR https://www.bilibili.com/video/BV1XW411s7mK/,

R R IABEHERIRERZ r?222(), Hep 227 AILIERAN BRI B2 Fl4,
AR HMRL runif(), ESDHEIE rnorm(), t DHEIE rt() F. TEWNERPK
RERT IRMIS D, [ESDHIAER DB, AEb&ENESE,

set.seed(123)

x1 <- runif(1000)

X2 <- rnorm(1000)

x3 <- rexp(1000, rate = 1)
par(mfrow = c(1,3))

hist(x1, main="Uniform")
hist(x2, main="Standard Normal")
hist(x3, main="Exponential)
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F—1TH set.seed() REUETE 7 EHAMEN IR BN T FE. WRFIEEMFE,
N&EREITHEREFHERE, BIAREBEEFENNER, B E#HITEEWIL, BaiER,
ANRFNE (AFENERE AN EN AR FhFE, A ATEETUNFTEREE, FHFERTUE
EEEH,

L Z2FIA R ITEINEE (—REFRA base R) #HITEIBE AL EIMGIF. FTEFK]
FB tidyverse Ff4 tibble #IBLEHIF0 ggplot2 12 AR AL EITHAEH1THHREIMYIR(E,
Tibble &3t base R R data.frame #IELEIIBINR, = tidyverse AR IZEFERER
IR FRER . ggplot2 NIIRE T EMEEEZNMNEETIEE, FHITERET patchwork
EFE (FRERAR), BiRETREZIMERESHI—HITHEE


https://www.bilibili.com/video/BV1XW411s7mK/

library(patchwork)
set.seed(123)
rn <- tibble(x1l = runif(1000), x2 = rnorm(1000),
x3 = rexp(1000, rate = 1))
pl <- ggplot(rn, aes(xl, after_stat(density))) +
geom_histogram(bins = 10, breaks = seq(0, 1, 0.1),
color="black", fill="white") +
labs(title = "Uniform")
p2 <- ggplot(rn, aes(x2, after_stat(density))) +
geom_histogram(binwidth = 0.5, center = 0.25, color="black",
fill="white") +
labs(title = "Standard Normal")
p3 <- ggplot(rn, aes(x3, after_stat(density))) +
geom_histogram(bins = 10, boundary = 0, color="black",
fill="white") +
labs(title = "Exponential)

pl + p2 + p3
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3. FAENHIFS

BRBNFEIEMFERYENHES . RIIBIEE X RMFEESSH
N(0, 1)o B ER n MHENIUNE, FATRILUTERAEN n B9FEAHE, < n = 100,
EREARH T EFASERREA

set.seed(12345)

n <- 100

sample <- rnorm(n, 0, 1)
sample_mean <- mean(sample)

sample_mean



[1] 0.2451972

MEERBTHN, ZAEAIES 0.2451972, MIBICHME 0 HBREIE, A SR E BN
ARREEL. BIMERANEX = Y X, bEWHEE, RIGEEREN?,
FONED TR, WRBAVER k NN, SMEABES n MUIE, WeTiHE k
MEERIME, HMERENNST. 2 k = 1000, HERAERRBINT.

set.seed(12345)

k <- 1000

sample_means <- map_dbl(1l:k, \(x) mean(rnorm(n, 0, 1)))
head(sample_means) # 5= FHIFEI N ME

[1] ©0.24519720 0.04523311 -0.04621158 ©0.21527589 -0.04719075 ©0.06415998

XEBEHNBEIT tidyverse T8 purrr BEFEFEEM map_dbl() K, B2
map () REWN—NTH, TUESFELHITLZ MEEIRE, map() REWERIBEBLRE
map(x, f), HF x B— 1 HEEFIIR, f 2— MU x NEENBATENRK L map()
HEBRAKIE x WEERRAN f #1T1HE, KRERITEERFEEE— M x BLEEN5
®E, TENFAX AT AT VIERR map () BIER.

f(x1)

f (-;Ck)

7£55< map_dbl(1l:k, \(x) mean(rnorm(n, 0, 1))) #, WV x HNEEHT 1:k =
1,2,...,k), EEK f 2 mean(rnorm(n, 0, 1)), EFHEEEM x WEZX, Alt, X
ML RAFEENE mean(rnorm(n, 0, 1)) EE kiB, XTF map() REMNEZEFER
B 7map FREY

map() REIGHBILERETIR, T map_dbl() HEHERNZSHERE, Ktz
Sh—EBTHEENEE. XEBERIIEEEHEREN map_dbl()e ME&EINITEERAIUE
H, SMESS—MERYE,. FIFX 1000 MERYE, RITLGTEEIINEE
MAE:

map(x, f) =

sample_means |> mean()
[1] 0.0008166914

sample_means |> var()
[1] 0.01014769

FEFRTREFRHEIRTRS |>, XEEEIRIERT (pipe operator), AILUET (%%
[EERYEREL, sample_means |> mean() # mean(sample_means) FIE X B[R, 1RIES:
RIS, BAVERMIESS T N(u, 0?) MEEHEE X B AI9E X MRSt
RIESHDH, HEAEER E()_() =u=0, 5EA Var()_() = o%/n = 0.01, XHit+ELE
REXER,



BTREANAELX 1000 MEARIIENEHE.,

sample_means |> tibble() |>

ggplot(aes(sample_means)) +
geom_histogram(aes(y = after_stat(density)),

color="black", fill="white") +

geom_density(alpha=.2, fill="#FF6666") +
labs(title = "Sampling Distribution of Sample Means")

XEG BN E—ITIEEEMRE sample_means (FIRLA K E tibble() , EEBARER—
tibble FERIAYEIE, MELILAL tibble 2IBMVE MR EFT NGER ggplot() S HIT

ES
2B, SSEAFENZZEENENER, KRR HEL T,

Sampling Distribution of Sample Means
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4. BIERERER

= 1w, D
Xn = E;Xl —d E[Xl]
Eaterpy 5 EAKBRI, ARMEREBNEA, YT ENSHEHR

72, RREWESITFIREE, TEHITESHERIEREER,
1. HEHEZAE n BIEHINES], 5130 20, 50, 100, 200, 500, 1000, 2000, 5000,



2. WERTIHERAEDHRIBENIEAL k, F140 100,

3. &R X; B R, XEHANA p = 0.9 B Bernoulli 7375, FHxE—MHENFF 21T
BHEAYE X, HREFER.

- BEASENS R, AMTRENM n ZEBIXFR. 88— n W kK BiFE,
LRI BRI RELA k MEAISEBE L ELE,

set.seed(999)

n_values <- c(20, 50, 100, 200, 500, 1000, 2000, 5000)
k_value <- 100 # EE n BIRIBENIAEARER

mean_values <- tibble(

N

n = rep(n_values, each = k_value),
k = rep(l:k_value, length(n_values))
)  # X—SPERAEFBHFREERYEN tibble HUE

sample_means <- map2_dbl(mean_values$n,
mean_valuess$k,
\(x, y) mean(rbinom(x, size = 1, p = 0.9)))
# BIEHNEAIIERRERE

mean_values <- add_column(mean_values, sample_means)
# BitEHEARYESRINE mean_values #H3EH
mean_values <- mutate(mean_values, n = as.character(n))
# ¥ n WENXNFREE, X—PEBANTHEEELE

mean_values |>
ggplot(aes(reorder(n,as.numeric(n)), sample_means)) +
geom_boxplot() +

labs(
title = "Demonstrating Law of Large Numbers",
x = "Sample Size",
y = "Distribution of Sample Means"



Demonstrating Law of Large Numbers
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5. BEIEAR MR PR E IR
Lindeberg-Lévy FUMRBRER: 1R X; A iid. B E[X}] < 00, W n - o B,

\Vn - d

7()(,,, —u) — Z ~N(0,1)
%ﬂu=HXL&=EK&—mﬂOH%JL%%WQEW@,ﬁﬁ%Eﬁﬁg

A A, RN SO HISHEEEIRED . PORBREEHLIIUREN X, —

N(u,c%/n)e FEBRIEIEFORREE,

1. MEHZRE n WEMFES, F40 20, 50, 100, 200, 500, 1000, 2000, 5000,

2. MEATHERIIYEDHHIRENIFZRI k, AT BIFMEED M, HIDER k =
50000

3. R X; O HEE, XERIUKIAA p = 0.9 B Bernoulli 57, H3HE— 1 HEHIEE
AU \n(X, — u)/o FRELER.

4. BREAISEM DTN, HNBIREES D . XEANABERKNNSERS
IR E SR E R EGH T

set.seed(999)

n_values <- c(20, 50, 100, 200, 500, 1000, 2000, 5000)
k_value <- 5000 # EE n BIRIRENAEZE

mean_values <- tibble(

n
k

rep(n_values, each = k_value),

rep(l:k_value, length(n_values))
X—F BERFFREFFAIIEN tibble #iE

~—
H*



sample_means <- map2_dbl(mean_values$n,
mean_valuess$k,

\(x, y) (mean(rbinom(x, size =1, p = 0.9))
- 0.9) x sqrt(x) / sqrt(0.9 x 0.1))

# Bernoulli #SHHHAEER p, FER p(1-p)
mean_values <- add_column(mean_values, sample_means)

mean_values |>

ggplot(aes(sample_means)) +

stat_function(fun = dnorm, geom = "polygon", fill = "red", alpha =
0.3) +
geom_density() +
facet_wrap(vars(n), nrow = 2, labeller = "label_both") +
labs(
title = "Demonstrating Central Limit Theorem",
x = "Sample Mean",
y = "Density"
)

Demonstrating Central Limit Theorem
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