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1. Welcome to U1FAFG6-project!

1. Welcome to ~ U1FAF6-project!

. JW
* 2025-09-01
* 2025-09-02
U1FAF6-project (heart hands).

FAE R — (R Y ~ AT ARSI F & e

HEE SRR B R e, EHE RIS o B2 THmEn) ~ SEaEEEmEn - Ml
AU —N o BEHH LSS R — 1 0 -
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2. —TEEEBHR N ATTRIET R

2. —FEFBEINRENTITEERLE

. JW
* 2025-09-01
* 2024-02-16

RS BEAER nd B ipynb MEEAERIR/DNAIITT R

2.1 Problem.

IRAEF —(EI i BB F rT 1 RU4RER =S (fl40 colab, H WA md, ipynb, F]3Z#% python, 1,
julia) , 6 HEEFE AT A—#E M -

IRABEAMEA md LERAISCT ~ BERAVEE I (50k latex) ~ RAFEIRE o WIRFEARITHERL,
HIA .ipynb HURZACCERAET - Hi%, AHERFFMENSERE, SEAHEE, st bk -

B, SERA quarto WARIFH, [HftZZEMNE - quarto £ rstudio FEIFE, HERLI—
##EM%E| Quarto Pub LT - THMFHEMERER - HEMHMEREFTELSE 1, rstudio, quarto
LEe, MAEFEEEAR L, BB o R RSN EAE - R EE, EERBEAE

B rstudio.
—FEHE/NAATHZE:  mk/ ipynb --> github --> mkdocs -->> readthedocs ~°

RS, AR IER RS o AEAE google drive I - 8027 github EE
EH md. REANFEAZE -GREY, BAPEFEEET -

2.2 Solution.
f#H colab E#wiEer, A github E#% &, A mkdocs 5%, A readthedos E#E °

Step 1. Install MkDocs

ZHEH ., F£ mac 24, f homebrew Bir[LLT

# general brew install mkdocs # for material theme brew install mkdocs-material

7 windows &% L, Mi2%EEH: mkdcos

pip install mkdocs
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https://quarto.org/
https://quarto.org/
https://quartopub.com/
https://www.mkdocs.org/

2.2 Solution.

Step 2. Usage
e b, BREEEER B ER -

# create a new project mkdocs new my-project # go into the project's file cd my-project # show in your local computer mkdocs serve

Step 3. Add Files

* £ markdown H{ZRIEZZEEATITH]
o 6 jupyter HEZERIN EAMBELAIAT o (AR EIFTR)

Step 3.1. Add a requirenent.txt in the docs file, iB— & & & T ZEEMFEN python E4 -
¥

mkdocs mkdocs-jupyter mkdocs-material

Step 3.2. Add a .readthedocs.yaml in the file

\

B/ L #%] readthedocs FRFEFTFER o @E I ZR 2 E M EBIEERT o I+

# Read the Docs configuration file for MkDocs projects # See https://docs.readthedocs.io/en/stable/config-file/v2.html for details # Required version: 2 #

Step 3.3. change your mkdocs.ynl

BRi%, WRMBE nkdocs.ynl FHIECE © BAAHEEE MR/hafT) , Rt T B4 ER T A
o, HERBAR, AHTERE - R IR E:

* latex VLR - HMRETFE2% Material for MkDocs - Math
* jupyter ¥z o £ plugins AN - mkdocs-jupyter ©

{15

site_name: YOUR_SITE_NAME ## if you need to chage #nav: # - ipynb: # - ch3: ch3.ipynb theme: readthedocs ## mathjax for .md markdown_extensions: - footnot

By markdown extensions FJLLES{1JEE, A[LA2:% Material for MkDocs - Python
Markdown Extensions

Step 4. L-{8Z| GITHUB

1838 AT LR R FIE R 7 %, SEAMAE R &2 Github b o AFE—KEL - REKF
BR, AR AEAR DRMIE, B EAH IR AR BRI -

e Github Desktop.
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https://squidfunk.github.io/mkdocs-material/reference/math/
https://squidfunk.github.io/mkdocs-material/setup/extensions/python-markdown-extensions/#highlight
https://squidfunk.github.io/mkdocs-material/setup/extensions/python-markdown-extensions/#highlight

2.3 Discussion

Step 5. HE Z| readthedocs

Rz, AFHEEEGETE

ot

CAEEEER R FES Github BT -

. A readthedocs, JHE#E{RAY github ° ;®i%i2H repo. REBFMENA] -
CEARR NAME S0EE, &8 0E SO £ 24T -
TERREEIE b S EBUN  kdocs !

. EREBEF, MR E R xxxxx.readthedocs.io/  AEH T EIFED ©

g s W N -

B, —EGEMEARTITINE KR T ! BT RAFELEIRE markdown 1 jupyter f&Z
RSN docs BRI A FERIWA] !

Step 6.1. COLAB {£FAAA R

. 7 google drive Bi&—{# colab &% »

. SERURRY md 2& 1, pyhton, julia {F3 °

CIBIE File/Save a copy in Github , FEERIREIERA repo.

ERMEE A BTEDSZEN  docs/ FAEAFFRZ repo B docs BRI

CHERGA TR, BIEEREMN LB, B 20250901 oo ipynb BB R mkdocs H 8% H HIEFHR -
- EB—EMFEHS, sremmn LS, (i1 2024021401, 2024021402, ...

S Ul R~ W N e

Step 6.2. E A thF]AfEFS GITHUB

github AUEE, HiZE#%4EH markdown HEZ o

2.3 Discussion

EEFEIRETRIGOMESE TREAFITRL - FREREAFTENES, WAZEEEN LR
o aRZGES BRI E, KB TR/, JEAEE Quarto EH IR - B = F HERREZEH
By TIEFEE Y BB - B Quarto 77 Z 2 BRI HIREE, EE 7 R AT ZBEaRuaEb 15
AR o FRE AR EBRE TR - S0 BM BSOS E T EAERH S EEEERIEN - EREENTT
AR E E R -

ER, EETROERE - AERNAERTIE AW Quarto B8, EANKSBHIEMEE - £

FLEEHE ~ B R BB U AR D AR R4 - EREE — HERE AL, RERFMIER T EEW N
—— RS E RS B £
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https://readsthedocs.com/

2.4 See Also
F— RSN R R AT S - HINITAE AAEE GitHub b, HRAWUA T 2 BrBRE Rk, &
T RLAT RN ST S B B AR R BRI NSUE

BINEEA Colab ME R MTRIFIFIE G, E(E T =R E (B v] LIER —HEREH 5ER, Jib
T LEYIBHIRA -

2.4 See Also

e MkDcos
* Quarto

¢ readthedocs
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https://www.mkdocs.org/
https://quarto.org/
https://readsthedocs.com/

2.5 Chapter 2

2.5 Chapter 2

JFER e 5 BhHEE $k !
#T3—LE We get a significant effect (\(p < .05\))

\(\alpha + \beta \to \gamma)

using Distributions a = rand(Normal(0,1), 100) a

print(a)
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2.6 Chapter 3

2.6 Chapter 3

We get a significant effect ($p < .05%)
$$\alpha + \beta \to \gamma$$

Give a more complex example $\begin{pmatrix} \theta \\ \zeta \end {pmatrix} = N
\left( \begin{pmatrix} 0 \\ 0 \end{pmatrix}, \begin{pmatrix} 1 & \rho \\\rho & 1
\end {pmatrix} \right)$

import numpy as np (i
import matplotlib.pyplot as plt

f = lambda x: x**2 + 3*x + 4 [EJ

x = np.random.normal(size=100)
x.sort()

plt.plot(x, f(x)) [EJ

[<matplotlib.lines.Line2D at 0x10b015400>]

16 -

14 A

12

10 -
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3. Weekly Chellange

3. Weekly Chellange

3.10721

3.1.1 Problem

fRAEHIE—F Doran (2023) WEAHF#H) OLS as a Unifying Framework jg—/Nfi e

3.1.2 Solution

Theory. —f— KA@M HRERAOARIA XXB = X'y, RILEMAT LSS B AUfGHES $
\bf \hat \beta=(X'X)"~ {-1}X'y$. i Doran (2023) XEH$E3|, RLCEHEH $\bf
XX)™{-1}$. R EREERENITIEAZEM $\bf (X'X)$ #Y invert 1M2MEZ AT $\bf (X'X)
$ B f#, $\bf (X'X)=LL'$, H+ L /& Cholesky factor fJ N =ff °

3.1.3 See Also

e Doran, H. (2023). A collection of numerical recipes useful for building scalable psychometric applications.

Journal of Educational and Behavioral Statistics, 48(1), 37-69.

X = matrix(rnorm(300), nrow=100) Ll;l
B = rnorm(3)

y = X %*% B + rnorm(100)

cat('True B: ', B)

True B: 1.302446 1.219099 2.64538

## X'X LIT_I
t(X) %*% X

A matrix: 3 x 3 of type dbl
108.376385 -8.716593 -6.680255
-8.716593 121.026511 -6.408469

-6.680255 -6.408469 83.483773

## find cholesky factor 3
L= t(X) %% X |> chol() |> t()
L %*% t(L)

A matrix: 3 x 3 of type dbl
108.376385 -8.716593 -6.680255

-8.716593 121.026511 -6.408469
-6.680255 -6.408469 83.483773

-11/16 -



3.1.3 See Also

## Estimated B [EJ
solve(t(X) %*% X) %*% t(X) %*% y

A matrix: 3
x 1 of type
dbl

1.339048
1.107174

2.587583

4 EREHITIS RIE =
XTy = t(X) %%y

z = forwardsolve(L, XTy) #
B_hat = backsolve(t(L), z) #

print(B_hat)

[,1]
[1,] 1.339048
[2,] 1.107174
[3,] 2.587583

system("sudo apt install r-cran-microbenchmark") [EJ
Library(microbenchmark) [EJ

bench <- microbenchmark( [E]
inverse = solve(t(X) %*% X) %*% t(X) %*% vy,
cholesky = {
L = t(X) %*% X |> chol() |> t()
XTy = t(X) %% y
z = forwardsolve(L, XTy) # R L*z = XATYy
B_hat = backsolve(t(L), z) # R LMR =2
}?
rcpp = solve_two_steps(X,y),
times = 100
)
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3.1.3 See Also

plot(benchSexpr, Llog(bench$time)) LI.:I
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- 2] —— =

1

10.0
|

9.5

-

T T
inverse cholesky rcpp

X
Step 2. (f Rcpp %)
system("sudo apt install r-cran-rcpparmadillo™) |'_|T_|

Library(Rcpp) r—nD
Library(RcppArmadi LLo)
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rcpp_chol <-
#include <RcppArmadillo.h>

// [[Rcpp: :depends(RcppArmadi Llo)]]

usi ng namespace arma;

// [[Rcpp::export]]

arma::mat find_chol(arma::mat X){

// find cholesky factor
arma::mat XTX = X.t() * X;
arma::mat L = chol(XTX);

return L.t();
}

// [[Rcpp::export]]

arma::mat solve_two_steps(arma::mat X, arma::mat y){

arma::mat XTy = X.t() * vy;
arma::mat L = find_chol(X);
/] T RE

arma::mat z = solve(trimatl(L), XTy);
arma::mat beta = solve(trimatu(L.t()), z);

return beta;

sourceCpp(code = rcpp_chol)

find_chol(X)

solve_two_steps(X,y)

A matrix: 3 x 3 of type dbl
10.4103979 0.0000000

-0.8372968 10.9692955

-0.6416906 -0.6331997

A matrix: 3
x 1 of type
dbl

1.339048
1.107174

2.587583
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0.000000
0.000000

9.092363

3.1.3 See Also



3.2 0722

3.2.1 Problem

3.2.2 Solution

3.2.3 Discussion

3.2.4 See Also

3.30723

3.40724
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4. R Performance Benchmark Results

4. R Performance Benchmark Results

sEp e [ =3 libld v

. JW
* 2025-09-01

4.1 Performance Summary (Sorted by Speed)

Rank Device

1

4.2 Key Insights

Mac mini M4

MacBook Air M3

Mac mini M2
(baseline)

Intel i5-12400
(Ubuntu)

Intel i5-12400
(Windows)

Intel i7-10700
(Windows)

Intel i5-10500
(Windows)

Google Colab

MacBook Air
(Intel)

Time
(min)
0.563

0.633
0.748

1.068

1.278

1.885

2.230

2.868

5.563

4.2.1 'Y Top Performers

Time
(sec)
33.8

38.0
44.9

64.1

76.7

113.1

133.8

172.1

333.8

Speed vs M2
Mini

0.75x

0.85x
1.00x

1.43x

1.71x

2.52x

2.98x

3.83x

7.44x

CPU

M4

M3
M2

i5-12400

i5-12400

i7-10700
2.90GHz
i5-10500
3.10GHz
x86_64

Intel i5
1.6GHz

e Mac mini M4: 25% faster than M2, best overall performance
* Apple Silicon dominance: M4/M3/M2 5{##] =%
e M3 vs M2: % M3 2 8GB RAM, {5tk M2 (16GB) # 15%

4.2.2 ™ Intel Performance

* Same CPU, different OS: i5-12400 7£ Ubuntu ¢t Windows % 20%

* RAM impact: 64GB RAM [1J i5-12400 {5tk Apple Silicon 1€ 43%+
* Older Intel: i7-10700/i5-10500 BHEAE & INHT 15-12400
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16
GB

8 GB

16
GB

64
GB

64
GB

16
GB

16
GB

8 GB

(015

macOS Sequoia
15.6.1

macOS Ventura

macOS Ventura
13.3

Ubuntu 22.04.3
LTS

Windows 11 x64

Windows 10 x64

Windows 10 x64

Ubuntu 22.04.4

LTS

macOS Ventura
13.6

R
Version

R4.5.1

R4.4.0
R4.3.1

R4.3.1

R4.3.1

R4.3.1

R4.3.1

R4.5.1

R4.3.1
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