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—AAS A B NA RIS TG, A8 R BOE . 9 REAM ARG, 1L F T DESCRIPTION
3. ARBUAER BIRRAEL A IECA, (1 Quarto 1.7.32, fei— RS /2 2025-08-18 12:20:26.

xfun::session_info(packages = c(
"ggplot2", "gganimate", "ggrepel", "ggridges",
"patchwork", "shiny", "plotly", "digraph",
"tidygraph", "ggraph", "dplyr", "purrr", "tidyr", "httr",
"data.table", "rsconnect", "knitr", "rmarkdown", "gt", "DT",
"showtext", "gifski", "tinytex", "magick"

), dependencies = FALSE)

#> R version 4.5.1 (2025-06-13)
#> Platform: aarch64-apple-darwin20

#> Running under: macOS Sequoia 15.5


https://quarto.org/
https://rmarkdown.rstudio.com/
https://pandoc.org/
https://quarto.org/
https://ctan.org/pkg/sourcecodepro
https://ctan.org/pkg/fandol
https://fonts.google.com/
https://github.com/rstudio/gt

Locale: en_US.UTF-8 / en_US.UTF-8 / en_US.UTF-8 / C / en_US.UTF-8 / en_US.UTF-8

Package version:

data.table_1.17.8 dplyr_1.1.4 DT_0.33 gganimate_1.0.10
ggplot2_3.5.2 ggraph_2.2.1 ggrepel_0.9.6 ggridges_0.5.6
gifski_1.32.0.2 gt _1.0.0 httr_1.4.7 igraph_2.1.4
knitr_1.50 magick_2.8.7 patchwork_1.3.1 plotly_4.11.0
purrr_1.1.0 rmarkdown_2.29 rsconnect_1.5.0 shiny_1.11.1
showtext_0.9.7 tidygraph_1.3.1 tidyr_1.3.1 tinytex_0.57

Pandoc version: 3.6.3

LaTeX version used:

TeX Live 2025 (TinyTeX) with tlmgr 2025-05-13
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R EFAEGITEIE A SCER R ERRE, 448, Python iEF WA, IFRPER Julia IHFHE
RAF. RIEFEGOITEIET R THE IR RSN, TEk, RABBRRFENBIZIE, RIFHAR
AL IEF T H, AR @ datasets ] %didE PlantGrowth S, —fdt, RRBIRMD TS
HEFELE . B, HREESE, R A2 BT n] ARSI o MIAL B3 B 2h et & 18 1Y 1]
B, K147 iz BLEKEL plot () 8IS 4L boxplot () Hl spineplot() £l i),
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Bl 1 g A KB R

FIrPA, BRI AR B A 22 el R Rt g mT ARG, 4R

boxplot(weight ~ group, data = PlantGrowth,

ylab = "4 FE", xlab = "4A")
spineplot(cut(weight, 2) ~ group, data = PlantGrowth,

ylab = u;tﬁ%:l:ﬁu’ xlab = néﬂn)
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P B 38 T B 8 — AR IR R O , T DA SO AR AR B 3 HE 2N 7 9 F o il cut O
BRI B 1 K BB 2 A i weight 7347, AR (control, 5 ctrl) RPN L5 4] (treatment,
/%Emﬂ%ﬁﬁﬁ%ﬂﬁﬁﬁﬁﬁﬁﬁo

\dat <= transform(PlantGrowth, weight_bucket = cut(weight, 2))
aggregate(data = dat, weight ~ weight_bucket + group, FUN = length)

@ #> weight_bucket group weight

#> 1  (3.59,4.95] ctrl 4
#> 2  (4.95,6.31] ctrl 6
#> 3  (3.59,4.95] trtl 8
#> 4  (4.95,6.31] trtl 2
#> 5  (3.59,4.95] trt2 1
#> 6  (4.95,6.31] trt2 9
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PrZ Bl 1 G FERHR AT, R IEFHEARMHTT, —ALA R IEFAMKIT, ALY 1
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LA -
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4. B ARG T4 SO B A, B 2R . SOREE . IRl . s 1RO A DU R I
HEZRI 5.
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o P, sREEEEA T AR AR

- B AR AR ORISRk O 5, e AR, EIE. e ARELA

MR, BEREE. SR (AR, SRICIEAL PAE LAY Kot b B

C ZURERY s RHMEIE . RSV, s8R HTML MuT. PDF SCRIFIIMA SO
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https://www.census.gov/data.html
http://www.stats.gov.cn/

f
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PR, EWNARALZH, i RT3 R By 4 fl 0% .

KM uh IR AL B R AE . i GitHub JFicidE£E%1 3 awesome-public-datasets, kaggle B uf4
P EIE 73 5 58 S A Rl 4 «

R N EHIEE, CRBRMEMLE, i spData I £ TR L 23 6 G4 T 54 .
Rdatasets B 2Uidey 1900 NdELE, £k H CRAN AR R 4.

—28 R BRI T D, intidyBAE®R] AR VYA A T Al . WDI af AR
B FHRA T E R


https://www.shihang.org/zh/home
https://www.cdc.gov/
https://github.com/awesomedata/awesome-public-datasets
https://www.kaggle.com/datasets
https://github.com/Nowosad/spData/
https://github.com/vincentarelbundock/Rdatasets
https://github.com/rOpenSpain/tidyBdE
https://github.com/vincentarelbundock/WDI
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HE/Ny e BURHE AT .

A A SR o T S R A 2 DU AR 4 -

(1) Zdmiie e MtE B
(2) BARHERAIHT
(3) Kt BIAIRE
(4) HHEAZ MR -

XTI, MR SRR AR, Wt . EREAINN R MR 3. IR HISE R G
BRI SEEORN AR BTN, AR BRI N AR E AR R i
. BRI, S

Design Principles for Data Analysis) {ERHE TSR, $RPRIBOTESE, FEMEok i) e,
BRARARRIT S WETT BT o AR BR A (Bl Ay 27738 ) e, TR TARR S 7 TH
AITERE, AU MR A A B, T ELSZ W oA T 2 RO AR . A A T DA AR 2
— BB BB T, BRI R AL

2015 4F (Bly b A FEREH L (Estimating the reproducibility of psychological science), 1578 T
H B OB2E ) W A P, W EA PR BRI 1 YT, B R i @R R AR R —EE,
A E S MR A A ) R SROBORBOR . AE LSRR A b, AP R R OB S RIS i BoR
B, BFEEERIRIG. BAmig vt BRI AR, BORRRF T, BRI SE RRE, AL
AN R

ARk, ROEF KA A U & 77, #5512 RStudio 24 5] M HATRER ™ ke . Ei 3R
TR, A geplot2. dplyr. tidyr. purrr KB4 tidyverse Z¢0f . B ANV I m, A
Shiny. Quarto, flexdashboard. R Markdown. #¥EERBAIMREE, A tensorflow, keras. vetiver,
plumber J#A™ tidymodels Z280% . fl TARRESIT T, $A0F280 R 4, SCRRERIREER EHE
9KXzly, sparklyr 5 Apache Spark MEESEHIMBEIRALEE, renv SEI RGN R A HRAE B,
reticulate {5285 Python 882, JFp AVFZ Python # XA . i0A — R 5 BIE tidyverse #it
JE N E R A HEZE . Eefn DrWhy ., mlrdverse, easystats. tidymodels. fastverse. healthyverse, fable
£


https://github.com/tidyverse/tidyverse
https://github.com/tidymodels/tidymodels
https://github.com/sparklyr/sparklyr
https://github.com/apache/spark
https://github.com/ModelOriented/DrWhy
https://github.com/mlr-org/mlr3verse
https://github.com/easystats/easystats
https://github.com/tidymodels/tidymodels
https://github.com/fastverse
https://github.com/spsanderson/healthyverse
https://github.com/tidyverts/fable
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RStudio 24 FITEMOEIE I HTHARNR, SRt FIffor 58, MAekeE s, WEinE mEs, Bt
. 2005 4 Rigby R. A. fil Stasinopoulos D. M. gamlss {1, https://www.gamlss.com/ & E*¥f— 2%

! ,éjﬁfr B, ISR LM, 7 SCRMER GLM., )7 SCAr iy GAM., 2R AU LMM., T

SCERMER AR GLMM., 7 SCRTIR AR A GAMM g AGE— 1) UM ZUAEZL R (Rigby

\%]] Stasinopoulos 2005). 2009 4 Havard Rue JF ZINLA 41, 258 gamlss 4, [AFE2EE— RIS

©

TR, G A— ST 3T DU A B S SR TSN T, R ] T2 MG, i
I, https://www.r-inla.org/,

Bm TR sy

AR 2 EARER A T — AT B, BRI 2 H AP H—R R Explore, H—
2 f#FE Explain.,

TR MBI, iR B A AT S . IR AR A @, AT H i A —
PR, REE TR, R 2t F e . TREER A . RORARE, BRSO, ROl
RAMIZ A B T E AL Jn A AT B GE R L, SEIRSENL. e, JOR, R T8k
HriA N LB AR R R L R b AL R BOA R R R BB

Wl T A il i T AR P 2 R R o Bl , A @ AE B EROR RS, FAnEOR A, A

TSR €7 oy (1N W I S 1 ) Rt €7 /O o 1D0 6/ 2 o o Kl =/ U 51 ok /SO el
AL R HA . ARG EdE, B IREUE B .

W TiEBE GG LA (Base R / grid / lattice / ggplot2) £:HIEE ($24k R RIS5LH), ®EEE (30+
ZFE L) ARRERIE (BESCEh T =) AA: LA S X, AR5k Fel 2% ] 5 2 ) A
REZBHBMEIICF L, WHREVERE RS, BT RSN, BIERRER. A, HAR
M, B2 BARRRE N AT AL, TH R G RN BT S518 7T BE 2 NIRRT, A0 AT BETE S0 IR
(Anscombe 1973),

datasauRus 17 (Davies, Locke, A1 D’Agostino McGowan 2022) N & T — 1 E#E4E datasaurus_dozen,
ERAT 130 THERE, ENTEME. SRS R T, Wk 2,0, 5
FRETM A & X WIERRHEZE, v, 0, RN R Y PEEFREZE, Bo, 61 REREIHHE 1
FIEEERIRR, R? ARBAEL SRR

y=Po+ Bz +e (1)

# 1: datasaurus dozen FHadE i —LEflAVEGETT RN LML M I 45 5R

THIRLE z o y oy Bo B R?
dino 54.263 16.765 47.832 26.935 53.453 -0.104  0.004
away 54.266 16.770 47.835 26.940 53.425 -0.103  0.004

h_lines 54.261 16.766 47.830 26.940 53.211 -0.099  0.004


https://github.com/mstasinopoulos/GAMLSS-original
https://www.gamlss.com/
https://github.com/hrue/r-inla
https://www.r-inla.org/
https://github.com/jumpingrivers/datasauRus

i1 9
%% 1: datasaurus_ dozen L) — SO MEGE T T AL 1 [n] )5 25 2R
%ﬁ*ﬁ% x Og 27 Oy ﬂO ﬂl R2
v_lines 54.270 16.770 47.837 26.938 53.891 -0.112  0.005
x_shape 54.260 16.770 47.840 26.930 53.554 -0.105  0.004
star 54.267 16.769 47.840 26.930 53.327 -0.101  0.004
high_ lines 54.269 16.767 47.835 26.940 53.809 -0.110 0.005
dots 54.260 16.768 47.840 26.930 53.098 -0.097  0.004
circle 54.267 16.760 47.838 26.930 53.797 -0.110  0.005
bullseye 54.269 16.769 47.831 26.936 53.809 -0.110  0.005
slant_ up 54.266 16.769 47.831 26.939 53.813 -0.110 0.005
slant down 54.268 16.767 47.836 26.936 53.850 -0.111  0.005
wide_lines 54.267 16.770 47.832 26.938 53.635 -0.107  0.004

WG REMELA R BN S, B B T i Bk, A AT DA R i AR Sk i H Toir il I
s 2 . UL, BANGETTEEU HOAE BEE N, REA ORI, AT TE ABA.

Kt TR Y B TR R B R LS AT, R @ BBt , oSk . PP AR
Ro HEEE 2 BURRE T AT 2 SR SR ARy I T RE R 1, B R? AT 0.004 % 0.005 2
8], KUHARAS AT G AL A1

I RA MEHRST R BUR, MAMARE, IRANEA LR, BRI SR T & . 72
BAREAZIEO T, AR R, FORER2nHeE, v A%, FRR. THpEss—
A, anscombe SR H R HAHER) Rt datasets, ‘B & PUHLE (25, v:),1=1,2,3,4, 10
% 2 FR,



Pl 20 St AR A A e b
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2% 2: anscombe Fi4E

F1d 2w %34 AN

x1 vyl x2 y2 x3 v3 x4 y4
10 8.04 10 9.14 10 7.46 8 6.58
8 6.95 8 8.14 8 6.77 8 5.76
13 7.58 13 8.74 13 12.74 8 7.71
9 8.81 9 8.77 9 7.11 8 8.84
11 8.33 11 9.26 11 7.81 8 8.47
14 9.96 14 8.10 14 8.84 8 7.04
6 7.24 6 6.13 6 6.08 8 5.25
4.26 4 3.10 4 5.39 19 12.50

12 10.84 12 9.13 12 8.15 8 5.56
7 4.82 7 7.26 7 6.42 8 7.91
) 2.68 ) 4.74 5 2.73 8 6.89

MG IR R PY BRI ISE . T 22 MR REFRIAREULF MR, b b, SRR
B 3 3 iR & AR R I, AR BN E G Z A ROk 25, HUA S8 — 4R B R OR AT &4
PRI Z614 (Anscombe 1973),

VTR 5 R BAT) 26 A 0 S £ R ARZR IR I, 26 — AR s2 B B i Y S R, 5 DU AL
HAZ R HAPIAIUE, B2 R BT A IEER

B e s Rizg ing

TR EIEFARE LB EIE, o SRR IR Rn B R, A g . X ki 7% i 5 B
AR AR I, R i i) 2k 0y sURT AR SOHERf AL 365 5., feibscin, SRIBUR I, AMESGEC AW
IR .

BAR R NA R F R WRER s H— R P 522 XHREIE . FARMN A, H @SR EAE
) HTML Zh7SM TSRy . PDF #5030k . Office JpASCRY . T35 52 350 A i 1 AR A0 9 T Scky,
THARAAAE S, BARIHITIE S, AR RERIAR . SCRAER SO, Joit2 LaTeX 4% PDF
AR DOCX 3CB, R FHEXKHEA R Jeit iy TR 2K,

AT N HENA plotly W EIRERNTEALAK S ggplot2 MR, HRAAHIER <
B, WnacielEl, BT ASZIE . HERESE, RGN A RN, S IHESE . K
Bibrss.

B L HEN g DT WhlE RS I ERE, HRN A HEHRSIRE, WslnErdl. .
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gAML, BRI . B, R/ LERR CSS FI JavaScript JIiR, SCRF—2Ed mg
M E R NEE

B L EENE shiny WHIEH N RBAMRYE, aimoie . Emita. iedt . B H A,
HRM G BN — e BB, S5 /4327 Shiny W HITF A B BARE .
AT el R E A XS R Sweave, R Markdown Al Quarto =& AIfE TR, Hk 4

Quarto BYEAE I, 1 Markdown E:RlFI Pandoc RYE:AE, BEERIEM 750 504 HTML, PDF
A1 Office SCRYAG4FME
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O M =

B BN R

PR RAL (32 {78 64 7). ZHA, FAA. HIAAL, FUER (B, BURSRET M) &, dngs
AR, . B, 5 RMEORIES,

1.1 Zhido
1.1.1 o

c(1lL, 2L)

[1] 1 2

1.1.2 ZiM

c(TRUE, FALSE)

[1] TRUE FALSE

1.1.3 55

C("A", IIBII)
[l] IlAll llBll
1.1.4 HIgPY

c(as.Date("2022-01-01"), as.Date("2022-01-02"))

[1] "2022-01-01" "2022-01-02"

15



\ 16 %1 =, HESE

1.1.5  Frftim
EE?.

,,\ C(l,l.z)

/ [1] 1.0 1.2

\
© 1.2 Bilasit

1.2.1 e

P e e (] — 22

1.2.2  Hip%

e PIve S i it

1.2.3 %l

A LR AR R 2R

1.2.4 K

JLER A A& T AR

1.2.5 PF

1.2.6 ke

[FIZIHTCR BB —E, ARSI ICRIER A AR

1.2.7 ts

ts RTINS )P OVEdE, 2R B BRI . S B . RAERILAIT] . SRR,
AN ERT R ts O B> ts FEBURY I Ph I [E] P21 X &R

X <—= ts(
data = rnorm(100),
start = c(2017, 1),
frequency = 365.25 x 24 x 60,



© il =

1.2 ZIEsEH 17

class = "ts", names = "Time_Series"

)

ts() B start Fl frequency ZHUR KM, HIFHEE T BALR R, JEHEAEEREDIRIBA T
O AR . Horp 365.25 2 NEERR 4 4F A 366 K, YRR, B4R 365.25 K. B 1/ (24 * 60)
K(ED 1 480) REE—A S IRYIERTRIN @RS 1 80T, M2 AT Z] 2023-01-31
10:43:30 CST HIE, WIm DAE L SAEIYES 30 * 24 x 60 + 9 * 60 + 43 = 43783 434, N start =
c (2023, 43783),

PAREAE x B, B ts REURIS P IV BHERS G RS RAAIRZ I7IR, WIREL class )
. mode () Fl str() %ﬁﬂ?%ﬁ%ﬂ%ﬁﬁtﬁﬁ‘ FAB R BRI 51

# HIERA

class(x)
[l] Iltsll

# FHERA

mode (x)

[1] "numeric"

# KL

str(x)

Time-Series [1:100] from 2017 to 2017: 0.0261 0.011 1.1691 0.7114 0.4473 ...
PRAL start() Hl end () BT UAFISE R A] A5

c(start(x), end(x))

[1] 2017 1 2017 100

PR time () WIDARRAALELA b B[R] DX R] A 1 4 o

time (x)

Time Series:

Start = c(2017, 1)

End = c(2017, 100)

Frequency = 525960
[1] 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017
[16] 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017
[31] 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017
[46] 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017
[61] 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017
[76] 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017
[91] 2017 2017 2017 2017 2017 2017 2017 2017 2017 2017
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K
BREK tsp () ATRARE ALY . AR
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[1] 2017 2017 525960



O M =

B Bk

BRI EMEEL, H—28dikde, KR Bn@e. Bnlis, AERmsE H OmMeemsor,
PATEESS, DR, FARE ROk AR, A EEWE B DS IO B O MR, FHETEE
PR, SRR PR ST AET, SETER TR, AR NPK (ZUE. BRAFIAIAL)
BEELATE LT, W/ N2 R, DARE e fERCEL . s, P2 HERM A RIEA B C /Y App, AW
TR S . HEIRI R, i App WO P AT Bl FEDA— 2 AR AR 2R ) TR P ]
FHR ZHERAs, AR JE i S R P RS . BeAh, VR BURFIEAREUR Y U LR 190 3t A A
R, A N ERWERG R R, FRAT, ERR MRS, XA, AR
BRI A, ARA4ERMIE AT, AR LA APT IR X %A, HORAGEAERS DA 2
7.

BAEER T AT 2 . MR, MR NS, LT iR, EU5. A RAE. HA
5o TEESEEAR AT, AIHRT LA SQL s BE T & F TR, MAFEHEHRBEDE,
Ve, PR A R PREL.

2.1 WARHBSCIR R

AT Base R 44 5l ok FON A4 T AR

2.1.1 csv Xk

JINH esv 0, B ] Base R 324LHY read.csv () BREGEEL. KB csv 04, 0] ff] data.table [ fread()
PRI .

2.1.2 xlsx Xk

readx] % xIs I xlsx X4, writex] 5 xlsx, openxlsx {%/%5 xlsx ({4

library(readxl)
cumcm2011A <- read_x1s(
path = "data/cumcm2011A [ _#(4E . x1s",
col_names = TRUE, sheet = "[{{F1", range = "A3:E322"

19


https://github.com/tidyverse/readxl
https://github.com/ropensci/writexl
https://github.com/ycphs/openxlsx

1 m 20 F 2 F. BIBKEI

=

)
head (cumcm2011A)

[/ # A tibble: 6 x 5
N\ BT xm Cymt R AR

©

<dbl> <dbl> <dbl> <dbl> <dbl>
1 1 T4 781 5 4
2 2 1373 731 11 4
3 3 1321 1791 28 4
4 4 0 1787 4 2
5 5 1049 2127 12 4
6 6 1647 2728 6 2

xls 3CPF cumem2011A [M{ PR _ 45 . x1s A2 TR, RETAERA R R SLERE, A E B 5
TG AL E . X ] PAE L PR read_x1s () BIZSHL sheet Fll range KA TAERM A FAILIE
TETAERPIIALE, S8 col_names $iE B e i oA %k

2.1.3 arrow XfF
Apache Arrow 1 R 15 F 1 arrow i@ H WAFRI MBS ERAE . LANFERT S B b PR 5%, Bl sef
R, FTEAEEFERSS 4% FAC PR AT BALN B, geoarrow FF sfarrow AL 2 WYX}
LK.

2.2 MWEREDPSA

WAL T AR, Heln RSQLite 2%

2.2.1 RSQLite
2.2.2 odbc
2.2.3 RJDBC

REBARFEHA Java £ 1HKE)

2.3 AARM s IR

rvest BT, TG E, P xml2 1 httr2 A4 A2 R 51 50 .


https://github.com/apache/arrow/tree/master/r
https://github.com/paleolimbot/geoarrow
https://github.com/wcjochem/sfarrow/

OFH M=

2.4 MEIEFE T PRI 21

2.3.1 SimHE TR

2.3.2 K Th

2.4 Nz R

2.4.1 Github

M Github APL 3% O RBGTAETE Github ERY R WRYEE, WG, R KRR . B
CRAN [#kf% R Aocsdiafs B, Ak FLETE Github B R 4, 3#HIHE R 7E Github LA
il

pdb <- readRDS(file = "data/cran-package-db-20231231.rds")
# LYY Github
pdb <- subset(
x = pdb, subset = !duplicated(Package) & grepl(pattern = "github", x = BugReports),
select = c("Package", "Maintainer", "Title", "BugReports")
)
# k=R
pdb$repo <- sub(x = pdb$BugReports, pattern = "(http|https)://(www\\.){0,1}github\\.com/", replac

pdb$repo <- sub(x = pdb$repo, pattern = "/{1,}(issues|blob).x", replacement = "")
pdb$repo <- sub(x = pdb$repo, pattern = "/{1,}(discussions|wiki)", replacement = "")
pdbsrepo <- sub(x = pdb$repo, pattern = "/$", replacement = "")

FRBOEACHS 6 245 BB Github APT 2 https://api.github.com/repos , & THtEMIfH APT |, UgFEE
BB, FHEEEETER . SRR A T A — R AL

github_stats <- function(repo) {
url <- paste("https://api.github.com/repos", repo, sep = "/")
# REAFAK 5 K, BAM—KIKE 5s
req <- xfun::retry(curl::curl_fetch_memory, url = url, .times = 5, .pause = 5)
x <= jsonlite::fromJSON(rawToChar (req$Scontent))
# RERBHATIR—T
if(is.null(x$stargazers_count)) x$stargazers_count <- x$subscribers_count <- x$forks_count <- -1
# e—MRE 1s
Sys.sleep(1)
data.frame(
repo = repo,
# R BELE star AR
stargazers_count = x$stargazers_count,

# XE &FE L watch 1 A%


https://api.github.com/repos

\ \\/\ 22 % 2 F. HERIR

subscribers_count = x$subscribers_count,

IEFI  BE B L fork HAK

>
/7 )
!

Q) FEMA— FXET, FRBURFORE yihui/knitr G55, KrE AR L1 AR

# A KA
github_stats(repo = "yihui/knitr")

forks_count = x$forks_count

repo stargazers_count subscribers_count forks_count

1 yihui/knitr 2432 116 879

B L, KA tapply O s8I FTA R WRIAHTTR AR, FEdRICER B N 24— R . LA
AR, RV At

# 2B

gh_repo_db <- data.table::rbindlist(lapply(pdbSrepo, github_stats))

b b, AERA VISR, Github APT (5 B A FRBI, HA 60 Ik (—Bafi). ¥
St Github JFAFHBLE H H— W, SR (appname). % i ID (key) Rl (secret),
NS httr fFACE OAuth JEiE.

library(httr)
# Github API Oauth2
oauth_endpoints("github")
# N4 (appname) . E P35 ID (key) FuE 4 (secret)
myapp <- oauth_app(
appname = "Application Name", key = "Client ID",
secret = "Client Secrets"

)
# FFBL OAuth 1EIF
github_token <- oauth2.0_token(oauth_endpoints("github"), myapp)

# f# H API

gtoken <- config(token = github_token)
B EREL github_stats () iR Github APT f)—17HU0, KA E R GET #3K.

req <- xfun::retry(GET, url = url, config = gtoken, .times = 5, .pause = 5)

BeAh, ESRME SR AL, IR BT, — HIRE, BRI Rk, B, EERRHE RS A A
TR — B e 2, RS T, AT MR
# ER T B
gh_repo_db <- data.frame(
repo = pdbSrepo, stargazers_count = rep(-1, length(pdb$repo)),


https://github.com/yihui/knitr

2.4 MEIEFE T PRI

subscribers_count = rep(-1, length(pdbSrepo)),
forks_count = rep(-1, length(pdbSrepo))

)
# W E AR
while (any(gh_repo_db$stargazers_count == -1)) {
tmp <- gh_repo_db[gh_repo_db$stargazers_count == -1, ]
for (repo in tmpS$repo) {
gh_repo_db[gh_repo_dbS$repo == repo, ] <- github_stats(repo = repo)
}
if(repo == tmpSrepo[length(tmpSrepo)]) break
}

R, FPUSCRBEA R B R RIR AL |, Rk R B0R S R Ay, RIEATIR, (UZ/RHT 20,

gh_repo_db <- readRDS(file = "data/gh-repo-db-2023.rds")

gh_repo_db <- gh_repo_db[!duplicated(gh_repo_db$repo),]

gh_repo_db <- gh_repo_db[order(gh_repo_db$stargazers_count, decreasing = T),]
head(gh_repo_db, 20)

repo stargazers_count subscribers_count forks_count

8434 dmlc/xgboost 25266 909 8707
5553 facebook/prophet 17415 425 4474
4307 mlflow/mlflow 16365 292 3793
3807 Microsoft/LightGBM 15821 437 3798
265 apache/arrow 13080 356 3220
3080 h2oai/h20-3 6624 384 2016
2790 tidyverse/ggplot2 6210 308 2028
3430 interpretml/interpret 5894 141 706
6921 rstudio/shiny 5180 339 1818
4317 mlpack/mlpack 4668 185 1577
1754 tidyverse/dplyr 4612 246 2131
640 rstudio/bookdown 3565 122 1263
1430 Rdatatable/data.table 3437 170 977
6316 rstudio/rmarkdown 2758 146 977
2269 wesm/feather 2708 97 174
5324 plotly/plotly.R 2467 117 628
5084 thomasp85/patchwork 2344 49 159
1389 r-1lib/devtools 2340 120 760
3658 yihui/knitr 2326 115 877
6868 satijalab/seurat 2034 75 867

K EAGFE Github ERYZUGHR R WAIHR T, TrEEE s, tha s A EENER.
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L ALER2E AR R ASEAER R, SEha b, B (HTZ2t/N\) ZRX WA R IEFHED, M
BEEH B4 F IR S O R Tk

2. FENER I 2 )G, UG T AL (ggplot2, shiny, plotly.R. patchwork). $##:/E (dplyr.
data.table, feather) FIR]EEZ 115 (bookdown., rmarkdown. knitr)., R fFF% (devtools) Fil
APER (seurat).,

B, AEULEHEHRE L PAEEREE R Z2E T CRAN 7E 2023-12-31 %&AfH) R tockdi, 8475 4~
R f7E Github fR4 PR, X2 R W se, M LB 2024-01-30 JEH . Hr, 4
29 4~ R GRS | s ety ERME T, XL R AR 2. 4K, AFE 2R
WIHARFEETE Github I, {HIREASS, U glmnet £1. colorspace £, fGarch €3, bnlearn @4, [
L.

2.4.2 vpEHESM

HEHLE G W v DAVER G &R —NEEEE, ETE /NG D R AR, B ERD SQL B4,
R BRIE SRS, PATERIESR), REARER, .

2.4.3 LTINS

JE R A R P e AT 1, TR, BTNk CSV s XLS 3.

2.4.4 EEARHAER

EEANOHER
tidycensus FEENIKS, PRGN APL 82 ORI R, nIDARSE & AU — Bk, TEitz

L, i ERIRER
2.4.5 MERHUT

THAUERAT A B b 1T R4 2 41
whstats Wl WDI 2 R4 AL B fie 1 REST API


https://glmnet.stanford.edu
https://colorspace.R-Forge.R-project.org/
https://www.rmetrics.org/
https://www.bnlearn.com/
https://news.ceic.ac.cn/
https://earthquake.usgs.gov/earthquakes/search/
https://www.census.gov/
https://github.com/walkerke/tidycensus/
https://www.shihang.org/zh/home
https://www.imf.org/zh/Home
https://github.com/nset-ornl/wbstats
https://github.com/vincentarelbundock/WDI/

© il =

B BERk

MARZERIRY . PEEERER HIBCA A, FE SRR EREUL e, REEN TAEZ RN
HiE. RIEENE-RIRL, B TH, FIL 2regex .

PAL CRAN | R @ eE Ve N AR HIRE VR X S B UL B8 T 308, o kit
Package . Maintainer, Title . Description il Authors@QR %% 5 INFEX.

pdb <- readRDS(file = "data/cran-package-db-20241231.rds")
pdb <- subset(
x = pdb, subset = !duplicated(Package),

select = c("Package", "Maintainer", "Title", "Description", "Authors@R")

3.1 EMFER

faj B I, 75 1 Repp WAL B
pdb[pdb$Package == "Rcpp","Description"]

[1] "The 'Rcpp' package provides R functions as well as C++ classes which\n offer a seamless integratior
+. Many R data types and objects can be\n mapped back and forth to C++ equivalents which facilitates botl
gallery.rcpp.org>, the paper by Eddelbuettel and\n Francois (2011, <doi:10.18637/
jss.v040.1i08>), the book by Eddelbuettel (2013,\n <doi:10.1007/978-1-4614-6868-4>) and the paper by Ed
\n <doi:10.1080/00031305.2017.1375990>); see 'citation(\"Rcpp\")' for details."

3.1.1 i

7Bt Description EZMIATAF \n . ZXHHS, EHRAMEH
grep(pattern = "\n", x = pdb[pdb$Package == "Rcpp", "Description"], fixed = TRUE)

[1] 1

25



1 2 3 % BB
3.1.2 4k
s
3.1.3 Wi
r Wi
\Eﬁﬁﬁ/ﬁﬁﬁﬁ

©

3.1.4 JiusIH

3.1.5 fr#Adlife

3.2 PRAHRE

3.2.1 ik

grep() fll grepl() 2R FAFH ILRCPR AL, IR 25 PERCE] FAFH 4R, il R I (e B A
JaF R R ]

grep(pattern = "\n", x = pdb[pdb$Package == "Rcpp", "Description"], fixed = TRUE)
[1] 1

#WELEE, WEERTHEE
grep(pattern = "\n", x = pdb[pdbsPackage == "Rcpp", "Description"], value = T, fixed = TRUE)

[1] "The 'Rcpp' package provides R functions as well as C++ classes which\n offer a seamless integration of R
+. Many R data types and objects can be\n mapped back and forth to C++ equivalents which facilitates both writ
gallery.rcpp.org>, the paper by Eddelbuettel and\n Francois (2011, <doi:10.18637/

jss.v040.708>), the book by Eddelbuettel (2013,\n <doi:10.1007/978-1-4614-6868-4>) and the paper by Eddelbus
\n <doi:10.1080/00031305.2017.1375990>); see 'citation(\"Rcpp\")' for details."

# %27 T grep(..., value = T)
grepv(pattern = "\n", x = pdb[pdb$Package == "Rcpp", "Description"], fixed = TRUE)

[1] "The 'Rcpp' package provides R functions as well as C++ classes which\n offer a seamless integration of R
+. Many R data types and objects can be\n mapped back and forth to C++ equivalents which facilitates both writ
gallery.rcpp.org>, the paper by Eddelbuettel and\n Francois (2011, <doi:10.18637/

jss.v040.708>), the book by Eddelbuettel (2013,\n <doi:10.1007/978-1-4614-6868-4>) and the paper by Eddelbus
\n <doi:10.1080/00031305.2017.1375990>); see 'citation(\"Rcpp\")' for details."

# ORI L, R EE NS
grepl(pattern = "\n", x = pdb[pdb$Package == "Rcpp", "Description"], fixed = TRUE)

[1] TRUE



O M =

3.2 FAFBBRAF 27

3.2.2 Fifn

sub() Ml gsub() X FATERRY AL, HIE PERCAIE A — I, i Je 2 m] DA e it .
sub(pattern = "\n", x = pdb[pdb$Package == "Rcpp", "Description"], replacement = "", fixed = TRUE)

[1] "The 'Rcpp' package provides R functions as well as C++ classes which offer a seamless integration o
+. Many R data types and objects can be\n mapped back and forth to C++ equivalents which facilitates botl
gallery.rcpp.org>, the paper by Eddelbuettel and\n Francois (2011, <doi:10.18637/
jss.v040.1708>), the book by Eddelbuettel (2013,\n <doi:10.1007/978-1-4614-6868-4>) and the paper by Ed
\n <doi:10.1080/00031305.2017.1375990>); see 'citation(\"Rcpp\")' for details."

§ PRI
gsub(pattern = "\n", x = pdb[pdb$Package == "Rcpp", "Description"], replacement = "", fixed = TRUE

[1] "The 'Rcpp' package provides R functions as well as C++ classes which offer a seamless integration o
+. Many R data types and objects can be mapped back and forth to C++ equivalents which facilitates both w
gallery.rcpp.org>, the paper by Eddelbuettel and Francois (2011, <doi:10.18637/

jss.v040.708>), the book by Eddelbuettel (2013, <doi:10.1007/978-1-4614-6868-4>) and the paper by Edde

# HE| 5

gsub(pattern = "'", x = pdb[pdb$Package == "Rcpp", "Description"], replacement = "", fixed = TRUE)

[1] "The Rcpp package provides R functions as well as C++ classes which\n offer a seamless integration o
+. Many R data types and objects can be\n mapped back and forth to C++ equivalents which facilitates botl
gallery.rcpp.org>, the paper by Eddelbuettel and\n Francois (2011, <doi:10.18637/
jss.v040.708>), the book by Eddelbuettel (2013,\n <doi:10.1007/978-1-4614-6868-4>) and the paper by Ed
\n <doi:10.1080/00031305.2017.1375990>); see citation(\"Rcpp\") for details."

# W55
gsub(pattern = "\"', x = pdb[pdb$Package == "Rcpp", "Description"], replacement = "", fixed = TRUE

[1] "The 'Rcpp' package provides R functions as well as C++ classes which\n offer a seamless integratior
+. Many R data types and objects can be\n mapped back and forth to C++ equivalents which facilitates botl
gallery.rcpp.org>, the paper by Eddelbuettel and\n Francois (2011, <doi:10.18637/
jss.v040.708>), the book by Eddelbuettel (2013,\n <doi:10.1007/978-1-4614-6868-4>) and the paper by Ed
\n <doi:10.1080/00031305.2017.1375990>); see 'citation(Rcpp)' for details."

3.2.3 #-IL

HITHE ) sub() il gsub() J&—Xf KT F/FRBEIATEEL, regexpr() Fl gregexpr () s&5 X FAFEp 42
HUpREL, PREL regexpr () BIINTHE ¢ W& X 52 ME, HFERERBENEE,

x
|

= gsub(pattern = "\n", x pdb[pdb$Package == "Rcpp", "Description"], replacement = "", fixed =~

x
|

gsub(pattern = "\"', x x, replacement = "", fixed = TRUE)



1 28 % 3 &, HIEEL

# REL URL B
A str_extract <- function(text, pattern, ...) regmatches(text, regexpr(pattern, text, ...))
str_extract(text = x, pattern = "(<.*2?>)", perl = T)

\ [1] "<https://gallery.rcpp.org>"
#REETHE
@ str_extract(text = x, pattern = "(\\(.*?\\))", perl = T)

[1] "(2011, <doi:10.18637/jss.v040.708>)"
MR TFBRh S H L NS doi #EE, #FEBUTR

str_extract_g <- function(text, pattern, ...) regmatches(text, gregexpr(pattern, text, ...))
str_extract_g(text = x, pattern = "(\\(.*x?2\\))", perl = T)

[[1]]

[1] "(2011, <doi:10.18637/jss.v040.708>)"

[2] "(2013, <doi:10.1007/978-1-4614-6868-4>)"

[3] "(2018, <doi:10.1080/00031305.2017.1375990>)"
[4] "(Rcpp)"
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FT, RS AR RSB = TR, 02 Base R (1997 46 4 ), 2542 data.table
(2006 4 4 J1) A dplyr (2014 48 1 JI). R UEFAIT F BRI BUEBCRTFRG , VAR FIBCRRIE &
FAL RN, SRR AR

4.1 #ETR

AT B R 5 1 5H4RTT, /14 Base R. data.table. dplyr WJfaifr. %5, XTH

4.1.1 Base R

1 data.frame FYEERH b, $RAE—F 54 ) R B A SRR
aggregate(iris, Sepal.Length ~ Species, FUN = length)

Species Sepal.Length

1 setosa 50
2 versicolor 50
3 virginica 50

4.1.2 data.table

data.table fU7F Base R HUBLAl L, 47 AN 75T s IIRE, fefit—E g Br X BEEE.

library(data.tab'le)
iris_dt <- as.data.table(dris)

iris_dt[ ,.(cnt = length(Sepal.Length)) , by = "Species"]

Species cnt

<fctr> <int>

1: setosa 50
2: versicolor 50
3: virginica 50

29
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30 % 4 F. HAERIE

4.1.3 dplyr

dplyr f4fit—E2HNBIREEIEEE, 5 purrr M tidyr &P & ETRRIEDIRE. £ R
WEN, dplyr Sfgfit—EE01 R, ARar:
iris |>

dplyr::group_by(Species) |>

dplyr::count()

# A tibble: 3 x 2
# Groups: Species [3]

Species n

<fct> <int>
1 setosa 50
2 versicolor 50
3 virginica 50
4.1.4 SQL

Thr TAEH, SQL (&5Mb&EifNES) RUOAT R ERYE T H, il SQLite. Hive Ml Spark 4%
PRALECT SQL A58, WA E AN SQL A2 FAA A R EF MR EET A,
MAREANEZ, A dplyr RUEIE, EREZE L2 s b SQL 1.

library(DBI)

conn <- DBI::dbConnect(RSQLite::SQLite(),

dbname = system.file("db", "datasets.sqlite", package = "RSQLite")
)

#% Species 7P GEIHEIE KL, SQL AR AT :

SELECT COUNT(1) AS cnt, Species
FROM 4ris
GROUP BY Species;

SQL RIS PATHILERANT :
iris_preview

cnt Species
1 50 setosa
2 50 versicolor

3 50 virginica

dplyr SREEEEE, PALE SQL (Ut n] PARNEAE U dplyr 154 .


https://sqlite.org/
https://hive.apache.org/
https://spark.apache.org/sql/

O M =

4.1 BT A 31

dplyr::tbl(conn, "diris") |>
dplyr::group_by(Species) |>
dplyr::count()

# Source: SQL [?? x 2]
# Database: sqlite 3.50.3 [/Users/runner/work/_temp/Library/RSQLite/db/datasets.sqlite]

# Groups: Species
Species n
<chr> <int>

1 setosa 50

2 versicolor 50

3 virginica 50

dplyr SR EL show_query () ATLASS dplyr iERHEAL AR, XA BT HESS -

dplyr::tbl(conn, "iris") |>
dplyr::group_by(Species) |>
dplyr::count() |>
dplyr::show_query()

<sqQL>

SELECT “Species’, COUNT(*x) AS “n°
FROM “dris’

GROUP BY "Species’

glue WATPAME R FABE 42
P2 A

# R IFFFHEE
group <- "Species"

# 414 SQL

&, MT sprintfO K%, FIDAHAHERAR SQL 4], XAEA ™

query <- glue::glue("
SELECT COUNT(1) AS cnt, Species
FROM -ris
GROUP BY ({group})
")
# A sQu B R MR E, AT SsQL EA
DBI: :dbGetQuery(conn, query)

cnt Species
1 50 setosa
2 50 versicolor

3 50 virginica

M5ea, RMEREIE.
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dbDisconnect(conn = conn)

0T ) i o
= \%\ W2 KT SQL EMMMEANA W55 (Become a SELECT star)
7

/
A\ 4.2 Base R #1f

©

I EEAZ LN Base R Alafl, wifdik. b, 2. Re. ERE

4.2.1 vk

AR E T DA R subset () B [ L3
subset(iris, subset = Species == "setosa" & Sepal.lLength > 5.5, select = c("Sepal.lLength", "Sepal.Width"

Sepal.Length Sepal.Width

15 5.8 4.0
16 5.7 4.4
19 5.7 3.8
iris[iris$Species == "setosa" & 1iris$Sepal.Length > 5.5, c("Sepal.Length", "Sepal.Width")]

Sepal.Length Sepal.Width

15 5.8 4.0
16 5.7 4.4
19 5.7 3.8
4.2.2 7B

AR RAETT DA R within () /transform() 5281, i WL BB E R BB EAL, AN 45 FR AL
AR BTG H A

# diris2 <- transform(iris, Species_N = as.integer(Species))[1:3, ]
iris2 <- within(iris, {

Species_N <- as.integer(Species)
b

str(iris2)

'data.frame': 150 obs. of 6 variables:

$ Sepal.Length: num 5.1 4.9 4.7 4.6 5 5.4 4.6 5 4.4 4.9 ...

$ Sepal.Width : num 3.5 3 3.2 3.1 3.6 3.9 3.4 3.4 2.9 3.1 ...

$ Petal.Length: num 1.4 1.4 1.3 1.5 1.4 1.7 1.4 1.5 1.4 1.5 ...
$ Petal.Width : num 0.2 0.2 0.2 0.2 0.2 0.4 0.3 0.2 0.2 0.1 ...

$ Species : Factor w/ 3 levels "setosa","versicolor",..: 11 11111111...
) )


https://wizardzines.com/zines/sql/

O M =

4.2 BASE R #1¥ 33

$ Species_N :int 1111111111...

4.2.3 HeF

HEFP A5 E ] DU RS order () 531
iris[order(iris$Sepal.Length, decreasing = FALSE)[1:3], ]

Sepal.Length Sepal.Width Petal.Length Petal.Width Species

14 4.3 3.0 1.1 0.1 setosa
9 4.4 2.9 1.4 0.2 setosa
39 4.4 3.0 1.3 0.2 setosa
4.2.4 B4

REBNET AU REL aggregate() / by () / ave() L,

# % Species 443 E Sepal.length ¥ 1H

aggregate(iris, Sepal.Length ~ Species, mean)

Species Sepal.Length

1 setosa 5.006
2 versicolor 5.936
3 virginica 6.588

by(iris, ~ Species, FUN = dim) # 47w il T %/ data.frame

Species: setosa

[1] 50 5

Species: versicolor

[1] 50 5

Species: virginica

[1] 50 5

# R A
by(iris, ~ Species, FUN = function(x) lm(Sepal.Length ~ Sepal.Width, data = x))

Species: setosa

Call:
Im(formula = Sepal.Length ~ Sepal.Width, data = x)
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Coefficients:

(Intercept)

s

4

2.6390

Sepal.Width

0.6905

<:::> Species: versicolor

Call:

Im(formula

Coefficients:

(Intercept)

Species: virginica

Call:

3.5397

Im(formula

Coefficients:

(Intercept)

3.9068

Sepal.Length ~ Sepal.Width, data =

Sepal.Width

0.8651

Sepal.Length ~ Sepal.Width, data =

Sepal.Width

0.9015

# T Species 4% E Sepal.length By #{H
with(iris, ave(Sepal.Length, Species, FUN

[1]
[13]
[25]
[37]
[49]
[61]
[73]
[85]
[97]

[109]
[121]
[133]
[145]

o o o o oo o ;0 e g a O’

.006
.006
.006
.006
.006
.936
.936
.936
.936
.588
.588
.588
.588

.006
.006
.006
.006
.936
.936
.936
.936
.588
.588
.588
.588

5.
5
5
5
5
5
5.
5
5
6
6
6
6

006 5.006 5.
.006 5.006 5
.006 5.006 5
.006 5.006 5
.936 5.936 5
.936 5.936 5
936 5.936 5
.936 5.936 5
.936 5.936 6
.588 6.588 6
.588 6.588 6
.588 6.588 6
.588 6.588 6

006

.006
.006
.006
.936
.936
.936
.936
.588
.588
.588
.588
.588

o O o o o uu; oo u;o ;o ;oG

.006
.006
.006
.006
.936
.936
.936
.936
.588
.588
.588
.588
.588

a o o o »uo oo ;o ;oo ;e o’

.006
.006
.006
.006
.936
.936
.936
.936
.588
.588
.588
.588

x)

x)

.006
.006
.006
.936
.936
.936
.936
.588
.588
.588
.588

o o o o o g o o ;o o o O»

.006
.006
.006
.006
.936
.936
.936
.936
.588
.588
.588
.588

o o o o oo ;o oo’ o ;a0 O

.006
.006
.006
.006
.936
.936
.936
.936
.588
.588
.588
.588

o o o o oo ;o ;o a0 o a0 O,

.006
.006
.006
.006
.936
.936
.936
.936
.588
.588
.588
.588

V3

il

o o o o uou;u ;oo ;o O,

4 F. BIERAE

.006
.006
.006
.006
.936
.936
.936
.936
.588
.588
.588
.588
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4.2 BASE R #:1F 35
4.2.5 HIf

PR 4 5 I3V AT A R %L merge () 5231

C(l, 2’ 3)’ a2 C("A", llBll’ HCH))
df2 <- data.frame(bl = c(2, 3, 4), b2 = c("A", "B", "D"))

dfl <- data.frame(al

# LEFT JOIN
merge(x = dfil, y = df2, by.x = "a2", by.y = "b2", all.x = TRUE)

a2 al bl
1 A 1 2

N

B 2 3
3 C 3 NA

# RIGHT JOIN
merge(x = dfl, y = df2, by.x = "a2", by.y = "b2", all.y = TRUE)

a2 al bl
1 A 1 2
2 B 2 3

w

D NA 4

# INNER JOIN

merge(x = dfl, y = df2, by.x = "a2", by.y "b2", all = FALSE)

a2 al bl
1 A 1 2
2 B 2 3

# FULL JOIN

merge(x = dfl, y = df2, by.x = "a2", by.y "b2", all = TRUE)

a2 al bl
1 2

A

B 2 3
C 3 NA
D

A W N =

NA 4

4.2.6 W

FHEAREM TG KA, FTPA L reshape () SE8E, 2, TRSK.
# KR

df3 <- data.frame(
extra = c(0.7, -1.6, -0.2, -1.2, -0.1, 3.4),
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grou

F 4 F. RAERE

p = C("A", ||A|l’ IIA", I|B|l’ llBll, llBll),

id = c(1, 2, 3, 1, 2, 3)

:i‘:\\.B/# K%

\\reshape(df3, direction = "wide", timevar = "group", idvar = "id")

©

1
2
3

id extra.A extra.B

1
2
3

0.7 -1.2
-1.6 -0.1
-0.2 3.4

# WAL ST RN A

reshape(df3, direction = "wide", timevar = "group", idvar = "id",

1
2
3

v.names = "extra", sep = "_")

id extra_A extra_B

1
2
3

0.7 -1.2
-1.6 -0.1
-0.2 3.4

PEHOFREIEA HLMEH R AL BREL split() KFEESE iris %) K7Z & Species 550 MG, %L
lapply ) FFEPERIHEEAE () N THIRME—DICE b, R EE lapply O FFEREL coef()
T LMERIAERS R b, SREIRH RS, HEE do.call() REREEH BN, &5, ML
as.data.frame () 54k HEHRAE .

sl
s2
s3
s4
s5
s5

setosa

split(iris, ~Species)

lapply(sl, lm, formula = Sepal.Length ~ Sepal.Width)
lapply(s2, coef)

do.call("rbind", s3)

as.data.frame(s4)

(Intercept) Sepal.Width
2.639001 0.6904897

versicolor 3.539735 0.8650777

virginica 3.906836 0.9015345

do.call(

"rbi

nd",

lapply(
lapply(

)

split(iris, ~Species), 1lm,

formula = Sepal.Length ~ Sepal.Width
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coef

(Intercept) Sepal.Width
setosa 2.639001 0.6904897
versicolor 3.539735 0.8650777
virginica 3.906836 0.9015345

2l Base R, 18] data.table %523 iris 43-2H 2k M4 [m] 15
iris_dt[, as.list(coef(lm(Sepal.Length ~ Sepal.Width))), by = "Species"]

Species (Intercept) Sepal.Width
<fctr> <num> <num>

1: setosa 2.639001 0.6904897
2: versicolor 3.539735 0.8650777
3: wvirginica 3.906836 0.9015345

4.3 data.table ¥:ff:

FRMAFERIER TR, P25 TR THRMAE, FEEAE, QM TRERERR®L, tll
PARAS £ R 22 v O

1. /4 data.table Bfillifiik, %45 Base R, NEEAMERAE, RN R0 dplyr K8, (HAIZ
(FEINCE

2. data.table §"J& Base R Bfliffefl:, MW MEAE 8 4, RSN AAKIT S, R4
iy dplyr S8, (HAIZATAURS

3. data.table ©HE W EREIEEE/E on, .sD . I . .J %,

4.3.1 vk

data.table ¥R T EREL [ hiE, ik iris$Species == "setosa" Ui Species == "setosa"
iris_dt[Species == "setosa" & Sepal.Length > 5.5, c("Sepal.Length", "Sepal.width")]

Sepal.Length Sepal.Width

<num> <num>
1: 5.8 4.0
2: 5.7 4.4

3: 5.7 3.8
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4.3.2 7

"7 [ EBAETTOLER S 1= (EREDLT Base R AL eransforn()

\\iris_dt[, Species_N := as.integer(Species)]
str(iris_dt)

(:::) Classes 'data.table' and 'data.frame': 150 obs. of 6 variables:
$ Sepal.lLength: num 5.1 4.9 4.7 4.6 5 5.4 4.6 5 4.4 4.9
Sepal.Width : num 3.5 3 3.2 3.1 3.6 3.9 3.4 3.4 2.9 3.1
Petal.Length: num 1.4 1.4 1.3 1.5 1.4 1.7 1.4 1.51.4 1.5

$

$

$ Petal.Width : num 0.2 0.2 0.2 0.2 0.2 0.4 0.3 0.2 0.2 0.1

$ Species : Factor w/ 3 levels "setosa","versicolor",..: 1111111111
$

Species_N :int 1111111111 ...

- attr(x, ".internal.selfref")=<externalptr>

4.3.3 Hp¥

HEFPA8AE T DA R order ()«
iris_dt[order(Sepal.Length, decreasing = FALSE), ] |> head()

Sepal.Length Sepal.Width Petal.Length Petal.Width Species Species_N

<num> <num> <num> <num> <fctr> <int>
1: 4.3 3.0 1.1 0.1 setosa 1
2: 4.4 2.9 1.4 0.2 setosa 1
3: 4.4 3.0 1.3 0.2 setosa 1
4: 4.4 3.2 1.3 0.2 setosa 1
5: 4.5 2.3 1.3 0.3 setosa 1
6: 4.6 3.1 1.5 0.2 setosa 1

4.3.4 BH

REWIEREE . O Fl by HE.
iris_dt[, .(mean = mean(Sepal.Length)), by = "Species"]

Species mean
<fctr> <num>

1: setosa 5.006
2: versicolor 5.936

3: virginica 6.588



4.3 DATA.TABLE #:1%
4.3.5 HIf

A BRAE R T KL merge () KSLH

dtl <- data.table(al = c(1, 2, 3), a2 = c("A", "B", "C"))
dt2 <- data.table(bl c(2, 3, 4), b2 c("A", "B", "D"))

# LEFT JOIN
merge(x = dtl, y = dt2, by.x = "a2", by.y = "b2", all.x = TRUE)

Key: <a2>
a2 al bl

<char> <num> <num>

1: A 1 2
2: B 2 3
3: C 3 NA

# RIGHT JOIN
merge(x = dtl, y = dt2, by.x = "a2", by.y = "b2", all.y = TRUE)

Key: <a2>
a2 al bl

<char> <num> <num>

1: A 1 2
2: B 2 3
3: D NA 4

# INNER JOIN
merge(x = dtl, y = dt2, by.x = "a2", by.y = "b2", all = FALSE)

Key: <a2>
a2 al bl

<char> <num> <num>

1: A 1 2
2: B 2 3
# FULL JOIN

merge(x = dtl, y = dt2, by.x = "a2", by.y = "b2", all = TRUE)

Key: <a2>
a2 al bl
<char> <num> <num>
A 1 2
2 3

A W N

B
C 3 NA
D NA 4

39
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4.3.6 H¥

V3

il

4 F. BIERAE

FERARE M TGN KA, WTPAIBREL deast O SE8L, JRZ, WIDAMIBREL melt () SEHL.

# KB

dt3 <- data.table(

extra = c(0.7, -1.6, -0.2, -1.2, -0.1, 3.4),
group = c("A", "A", "A", "B"  "B", 6 "B"),
id = c(1, 2, 3, 1, 2, 3)
)
# KR
dcast(dt3, id ~ group, value.var = "extra")
Key: <id>
id A B
<num> <num> <num>
1: 1 0.7 -1.2
2: 2 -1.6 -0.1
3: 3 -0.2 3.4

% Species 73415 1 H H A TR

4.4 sl

do.call("rbind", by(iris, ~Species, head, 2))

Sepal.Length Sepal.Width Petal.Length Petal.Width
0.

setosa.l
setosa.2
versicolor.51
versicolor.52
virginica.1l01

virginica.102

5.

4
7
6.
6
5

o w M © O

1

3.5 1.4
3.0 1.4
3.2 4.7
3.2 4.5
3.3 6.0
2.7 5.1

iris_dt[, head(.SD, 2), by = .(Species)]

Species Sepal.Length Sepal.Width Petal.Length

<fctr>
setosa
setosa
: versicolor

: versicolor

a b W N B

virginica

<num>

5.
4,
7.
6.
6.

1
9
0
4
3

<num> <num>
3.5 1.4
3.0 1.4
3.2 4.7
3.2 4.5
3.3 6.0

0
1
1
2
1

Petal.Width

.5
.9

Species
2 setosa
.2 setosa

.4 versicolor

.5 versicolor

virginica

virginica

Species_N

<num> <int>
0.2 1
0.2 1
1.4 2
1.5 2
2.5 3
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6: virginica 5.8
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5.1 WeJeffiibag

BRIl o DL R A [ A

5.1.1 4k

SRIAEAE AR HE T i o B

5.1.2 i

BRI L. DL, TR R A S VIM

5.1.3 Fifn

B R P il S (R

5.1.4  #fith

mice Multivariate Imputation by Chained Equations fiftSR{Hg%b

5.2 SE{dibr

B, —RSPARRIEEA S T, AR R AR RS DL LSS A s, B
SRR, TSR XA S, KBS, SRR

42


https://github.com/statistikat/VIM
https://github.com/amices/mice

5.3 BEEAIE 43
5.2.1 KM
5.2.2 i1

5.2.3 AbBf

5.3 BRHEALPE
B, FARBRAS S A, R B RRCE A S, SRR ARSI, SRR R
Olo BCANTE AT EEAEAMERER TR BRAY , /P 1k RO RIS, XA —#E . @ REE A 5

BEA T, Se )y T B Ol L, R SRIG I SENE o0, VAR TR, A0 S R 4 5 SR T
PERTLHI S -

5.3.1 K
5.3.2 U

5.3.3 Abpp
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O M =

TE2 MRIHURRR TN AIT geplot2 @, AERNZ plotly 0, SHZLEY, QEEMILE. #
FIETGRIETS , S F A BAORCR A Base R BV SHIMAERCR. S1E L, D3R i
BURTTREZ /N, M geplot2 F] plotly @, ALK SR, DS R,

6.1 JLAlcH

6.1.1 K)2Z

plotly WEE TIFZ FZ KA, W PAZHI A MRS RIS, T 6.1 .

% 6.1: plotly (L ATRAL I+ 5 s v

add_annotations add_ histogram add_ polygons
add_area add_ histogram2d add_ribbons
add__bars add__histogram2dcontour add_ scattergeo
add__boxplot add__image add__segments
add__choropleth add_ lines add_sf

add_ contour add_markers add_surface
add__data add__mesh add__table
add_fun add_ paths add_ text
add__heatmap add__pie add_ trace

T PAROS BB, A N3 2R ggplot2 AU, BREL plot_ly() ZE{Ul ggplot(), I ok %L
add_markers () 25l geom_point (), RUERUIE 6.1 Fis.

# https://plotly.com/r/reference/scatter/
plotly::plot_ly(data = quakes, x = ~long, y = ~lat) |>
plotly::add_markers()

B E AL add_trace (), EREIRMMEEITCE, FCRM LA 6.1 2—FH.

45



1 M 46 %6 % xEZEAY

0.4 _— N‘{Zi,lz}

— A2, 1.59)

0.35

0.3

© T

0.25

0.1

0.05

Pl 6.1 FERTA A 1 ) BRI 1

plotly::plot_ly(data = quakes, x = ~long, y = ~lat) |>

plotly::add_trace(type = "scatter", mode = "markers'")

@ ¥R

plotly fiER%L plot_ly() X5 ggplot2 WH AL aplot () KM, FPARFRIRM R EIEHES: .
plotly::plot_Ty(

data = quakes, x = ~long, y = ~lat,

type = "scatter", mode = "markers"
)
FrPA, BLRYSEUL, add_markers() . add_trace(type = "scatter", mode = "markers") Al
plot_ly(type = "scatter", mode = "markers") Z2EM 1.

6.1.2 fitfn

TEF 6.1 A BEAE B, KOG RI R AL 7 b

plotly::plot_ly(data = quakes, x = ~long, y = ~lat) |>
plotly::add_markers(color = ~mag)



6.1 Rmhtk
6.1.3 Zi)E

REM L

plotly::plot_ly(data = quakes, x = ~long, y = ~lat) |>
plotly::add_markers(color = ~mag) |>

O M=

plotly::layout(
xaxis = list(title = "&£ F", ticksuffix = 'E'),

yaxis = list(title = "&HE", ticksuffix = 'S')

6.1.4 %%

AhisEih . PN DA e 3 Bl

plotly::plot_1ly(
data = quakes, x = ~long, y = ~lat,
marker = list(
color = ~mag,
colorscale = "Viridis",

colorbar = list(title = list(text = "ZEH"))

plotly::add_markers() |>
plotly::layout(

xaxis = list(title = "&F"),

yaxis = list(title = "Z&HE"),
= "EFRABAAMR HHEES"

+

-

+

s

®
|

6.1.5 Fj8

plotly P& T — 28 5= B XUk

plotly::plot_1ly(
data = quakes, x = ~long, y = ~lat,

marker = list(

color

= ~mag,

colorscale = "Viridis",

colorbar = list(title = list(text = "E%&"))
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48

) >
plotly::add_markers() |>
plotly::layout(

%6 . xZAX

xaxis = list(title = "&F"),
yaxis = list(title = "&E"),
title = "B F X H AL H X B H B FE 3"

)

6.1.6 ‘Ffk

6.1.7 FKlpl

6.2 W HKEE

6.2.1 g

plotly 3 72 Hilir 2 5 WIEUS I, MEMRIRR scatter EIFARFRAR scatterpolar FIHBEALAR
% scattergeo, M T 4iF1H scatter 3| =4E%S[H] scatter3d, &) WebGL 0] PAJE Jy R BRI A 5

scattergl,

% 6.2: plotly H SR il A HIUE B 2R

ez P

scatter AT E

scatter3d ST RN B

scattergl HUS K (WebGL i)
scatterpolar ﬂ&ﬁéﬁﬁjiﬁﬁﬁigﬁ
scatterpolargl #ARFR FEUSE (WebGL i)
scattergeo ﬂﬁﬂ§§é5ﬁ7:ﬁﬁﬁiﬁﬂ
scattermapbox  HUEEARAR FHGE (MapBox i)
scattercarpet f@%ﬁgﬁ

scatterternary —=JCH&]

Bl 6.2 s 25T L H R I H R 3 1

plotly::plot_1ly(
data = quakes, x = ~long, y = ~lat,
type = "scatter", mode = "markers"
) 1>
plotly::layout(
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xaxis = list(title = "&£ "),

iz yaxis = list(title = "&E")
r> )

A}

O

=10
%
. .
o’ . ]
-15 ]
o s .
=20 ...’E .
XY Ll
'.... %
i
#® -25
=30
=35
.
s *°
=d0
165 170 175 180 185
2

] 6.2: - N A

6.2.2 HIBK

# https://plotly.com/r/reference/bar/
plotly::plot_1ly(

data = trunk_year, x = ~year, y = ~revision, type = "bar"
) >
plotly::layout(

xaxis = list(title N
yaxis = list(title = "R E")

6.2.3 hzk

plotly::plot_1ly(
data = trunk_year, x = ~year, y = ~revision, type = "scatter",

mode = "markers+lines", line = list(shape = "spline")



(V2 plotly::layout(
7

= list(title = "&4"),
= list(title = "REBE X E")

N
x

Q
X

-l

n
I

AN
<
Q
X
U).
|

6.2.4 HIK

R RS A, T 6.3 i1l

# https://plotly.com/r/reference/histogram/
plotly::plot_ly(quakes, x = ~mag, type = "histogram") |>
plotly::layout(

xaxis = list(title = "EHK"),
yaxis = list(title = "WHK")

IR

=R

Bl 6.3: HIFERE A 11 4]

WRERBIIMRR I, T 6.4 AR

plotly::plot_1ly(
data = quakes, x = ~mag, type = "histogram",

histnorm = "probability",

%6

AL
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marker = list(
color = "lightblue",
line = list(color = "white", width = 2)

plotly::layout(
= list(title = "E&"),
yaxis = list(title = " E")

O M=

x

Q

X

.

@]
|

0.1

0.08

0.06

Mg

0.04

0.02

=R

Bl 6.4: HERRRGNIAR I

histnorm = "probability" FIMRIEFIMZ IR, RIEEAF 98 F MR UA L SR B LBl . HIR=
W AAAES , ANRRTREER A AR R R . AR, T 6.5 R~ A 3%
JERPHIRE R A1 o

quakes$depth_bin <- cut(quakes$depth, breaks = 150 * 0:5)

plotly::plot_ly(quakes,
X = ~mag, colors = "viridis",
color = ~depth_bin, type = "histogram"
) >
plotly::layout(
xaxis = list(title = "EZ%&"),

yaxis = list(title = "W ")



52 %6 & RZAW

0T :
/,\
50 B (0,150]
/ W (150,300]
M (300,450]
\ M (450,600]
@ 40 (600,750]
30
ol
=
20
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0 ll 1 J 1 1
4 4.5 5 5.5 3

=R

Bl 6.5 HURRFRPIAR 11

6.2.5 FiZkK

plotly::plot_ly(quakes,
x = ~depth_bin, y = ~mag, colors = "viridis",
color = ~depth_bin, type = "box"
NE
plotly::layout(
xaxis = list(title = "FE"),
ER)

yaxis = list(title
)

plotly::plot_ly(quakes,
x = ~depth_bin, y = ~mag, split = ~depth_bin,
type = "violin", color = ~depth_bin, colors = "viridis",
box = list(visible = TRUE),
meanline = list(visible = TRUE)
NE
plotly::layout(
xaxis = list(title = "HEE"),
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yaxis = list(title = "ZEH")

6.2.6 MK

plotly 4 THFURK Mapbox GL JS, RJRA ] Mapbox $2LH FL 5 HuE il % (Mapbox Tile Maps), Xf
2316 BRI R AT, R0, Al 6.6 FTR. A BRSNS TS (Solomon Islands) .
B0 (Vanuatu) FHEEREZ R (New Caledonia), NIy Ay =AimgiR i (Wellington)
gy~ (Auckland), EIFFESHEDT (Fiji).

plotly::plot_1ly(

data = quakes, lat = ~lat, lon = ~long, radius = 10,
type = "densitymapbox", coloraxis = "coloraxis"
) |>

plotly::layout(
mapbox = Tlist(
style = "stamen-terrain", zoom = 3,
center = list(lon = 180, lat = -25)
)

coloraxis = list(colorscale = "Viridis")

Map tiles by Stamen Design under CC BY 3.0
Data by OpenStreetMap contributors under ODbL

P 6.6: 22l (B BRI A


https://github.com/mapbox/mapbox-gl-js

\ 54 %6 . xZAX

BB TL R HBIE KU style O "stamen-terrain®, iA0] DA HABFF A MAS FC R IR S5, L
1l "open-street-map" fll "carto-positron". WM MapBox $2HL K HFL A HUEI AR S5, WIS 29
77> |34 Mapbox Access Token, [H5E FULAEAT center DA AHHLAEEL zoom, HHILEEH K K8k
ﬂE\\'B/ BRI, BEEIR @M Viridis R, 8GR0 3R TR
\

©) 6.2.7 ikl

TEZ BIFANIN AL ggplot2 MK A, SEkn b, MK ATIELEA B4, QIEAEE ., T R,
AFEEE plotly 2l S HARIHIX 731G, Al 6.7 Firn .

# https://plotly.com/r/reference/choropleth/
dat <- data.frame(state.x77,
stats = rownames(state.x77),
stats_abbr = state.abb
)
# 2R B
plotly::plot_1ly(
data = dat,
type = "choropleth",
locations = ~stats_abbr,
locationmode = "USA-states",
colorscale = "Viridis",
colorbar = list(title = list(text = "AHIKAM)),
z = ~Income
) >
plotly::layout(
geo = list(scope = "usa"),

title = "19744F % & M # AF P

6.2.8 &K

AATZ:7% plotly SR E - BIW A2 i , ik B SVN AE$E22 Hi&, 41t Martin Maechler £ Brian
Ripley AR IEAE, 12 R Core Team FEFEZMWAN L, KNS 54 R i LAtIX.
TEE/xR 1999-2022 4F Martin Maechler 1 Brian Ripley fJ{CIBEE s &A451k .

# https://plotly.com/r/animations/

trunk_year_author <- aggregate(data = svn_trunk_log, revision ~ year + author, FUN = length)
# https://plotly.com/r/cumulative-animations/

accumulate_by <- function(dat, var) {

var <- lazyeval::f_eval(f = var, data = dat)


https://plotly.com/r/cumulative-animations/

\ \4 6.2 FHAN 55
19745 E T MAIAIIUEN
IIL* - A
’/\ 6000
/
\ 5000
@ 4000

Bl 6.7: 1974 4FSEE AN AU

lvls <- plotly:::getLevels(var)
dats <- lapply(seqg_along(lvls), function(x) {
chind(dat[var %in% lvls[seq(l, x)], 1, frame = 1lvls[[x]])
1)
dplyr::bind_rows(dats)

subset(trunk_year_author, year >= 1999 & author %in% c("ripley", "maechler")) |>
accumulate_by(~year) |>
plotly::plot_ly(
X = ~year, y = ~revision, split = ~author,
frame = ~frame, type = "scatter", mode = "lines",
line = list(simplyfy = F)
) 1>
plotly::layout(

xaxis = list(title

"R,
TR ZE)

yaxis = list(title
) 1>
plotly::animation_opts(

frame = 100, transition = 0, redraw = FALSE



ot

o~
R

\
©

plotly::animation_button(

visible = TRUE, # & 774 #i%4l

label = "$FH", # 4 XK

font = list(color = "gray")# XA
NE
plotly::animation_slider(

currentvalue = Tlist(

prefix = "&Ap ",
xanchor = "right",

font = list(color = "gray", size = 30)
)
lazyeval fAFARIETI R ] Base R 528, HAET, ©&F AR rlang AL,
6.3 HHIE
6.3.1 BEAR
LSRR R OB T

flap,0?) = ﬁexp{—%}

%6 F. RZAX

TEERWAESST, /58l N(3,1%) 1 N (2,1.5%) o bREL plotly::Tex() 2 LaTeX HHE 14

23, plotly Wi MathJax BB H A XFFT.

x <= seq(from = -4, to = 8, length.out = 193)
yl <- dnorm(x, mean = 3, sd = 1)

y2 <- dnorm(x, mean = 2, sd = 1.5)

plotly::plot_1ly(
X = X, y = yl, type = "scatter", mode = "lines",
fill = "tozeroy", fillcolor = "rgba(0, 204, 102, 0.2)",
text = ~ paste0(

IIX: l|’ X, "<br>ll’

"y: ", round(yl, 3), "<br>"
)
hoverinfo = "text",

name = plotly::TeX("\\mathcal{N}(3,1/2)"),


https://github.com/hadley/lazyeval
https://github.com/r-lib/rlang/
https://www.mathjax.org/

1 6.3 ¥ RIET

line = list(shape = "spline", color = "#009B95")
) 1>
plotly::add_trace(
X = X, y = y2, type = "scatter", mode = "lines",
\\ fill = "tozeroy", fillcolor = "rgba(51, 102, 204, 0.2)",

text = ~ paste0(
@ "xi ", x, "<br>",
"y ", round(y2, 3), "<br>"
)

hoverinfo = "text",

name = plotly::TeX("\\mathcal{N}(2, 1.5%2)"),
line = list(shape = "spline", color = "#403173")
) 1>
plotly::layout(

xaxis = list(showgrid = F, title = plotly::TeX("x")),

yaxis = list(showgrid F, title = plotly::Tex("f(x)")),

legend = list(x = 0.8, y = 1, orientation = "v'")
) >
plotly::config(mathjax = "cdn", displayModeBar = FALSE)

0.4 = N(3,1%)
— A(2,1.5%)

0.35

0.3

0.1

0.05

il 6.8: REHEE A



m %6 ¥ RZAX
% 3.2 gkt

,fthﬁﬁﬂl%%ﬁ ReFINT SR, AT 5, FER S RE 2 oA EESIEIE, BHEAZIIE S
Z

library(ggplot2)

<:::) p <- ggplot(data = quakes, aes(x = long, y = lat)) +
geom_point()

_10 -
)
(] »
M e °
[ ]

-20 - ) [ )
® oo
% %

kS
_30 -
165 170 175 180 185

long

Kl 6.9: ggplot2 22| KIS IETE

15 ggplot2 A2l S EEAL A B HUSE, HF A plotly fATHEL ggplotly ().
plotly::ggplotly(p)

2 L E PREL config() IXESHEEDI staticPlot = TRUE, TIRFJEAR B aSEIEL MIERH.
KEHSEE.

plotly::ggplotly(p) |>
plotly::config(staticPlot = TRUE)

@ R

PRAL style) WEZNSMMHRE, HAGBIAARR . AARSCAS, DAL R AR AES, il
/'?\@40

plotly::ggplotly(p, dynamicTicks = "y") |>
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plotly::style(hoveron = "points", hoverinfo = "x+y+text",

hoverlabel = list(bgcolor = "white"))

orca (Open-source Report Creator App) #/4-41 %t plotly.js FEIE YL KL LA R S HThEE, 4%
orca Ji, plotly::orca() ERELP] PA¥FET htmlwidgets [f) plotly EEXN %S H 4 PNG., PDF fiI
SVG 2ty i s S K A

# orca
plotly::orca(p, "plotly-quakes.svg")
# kaleido

plotly::save_image(p, "plotly-quakes.svg")

6.3.3 MhR5

quakes J&— LS AL E Y HHRLE , plotly [ scattergeo [&JZ41X 2 [ AR 2 Kk i
B, SR BCE IR S S R . T 6.10 N TR LRSS, FEAS AR S AR A

plotly::plot_1ly(
data = quakes,
lon = ~long, lat = ~lat,
type = '"scattergeo", mode = "markers",
text = ~ paste0(
"jéxii ", stations, "<br>",
"R
)
marker = list(
color = ~mag, colorscale = "Viridis",
size = 10, opacity = 0.8,
line = list(color = "white", width = 1)
)
) >
plotly::layout(geo = list(
showland = TRUE,
landcolor = plotly::toRGB("gray9s"),
countrycolor = plotly::toRGB("gray85"),

subunitcolor = plotly::toRGB("gray85"),
countrywidth = 0.5,
subunitwidth = 0.5,
lonaxis = list(
showgrid = TRUE,
gridwidth = 0.5,


https://github.com/plotly/orca#installation
https://github.com/plotly/orca#installation

range = c(160, 190),
dtick = 5

1N
ot

T ),

/ lataxis = list(

:#*EEL\ showgrid = TRUE,
@ gridwidth = 0.5,

range = c(-40, -10),

dtick = 5

el 6.10: =23 [a] s i 1A

6.3.4 FhIKEI

TEER AT Ak
plotly::plot_ly(quakes,
x = ~long, y = ~lat, color = ~mag,
type = "scatter", mode = "markers"
A e

plotly::config(staticPlot = TRUE) |>
plotly::layout(

%6

AL



I

ot
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B
©

6.3 FRLT

images = list( # A HE K

source = "https://images.plot.ly/language-icons/api-home/r-1logo.png",

xref = "paper", # W 5%
yref = "paper",

X = 0.90, # AR

y = 0.20, # AT

sizex = 0.2, # ¥ B

0.2, # TE
opacity = 0.5 # % JZ

sizey

6.3.5 ZP Ak

RIS BT HES )
pl <- plotly::plot_Ty(
data = trunk_year, x = ~year, y = ~revision, type = "bar"
) 1>
plotly::layout(
xaxis = list(title = "M,

"RABRZE

yaxis = list(title

p2 <- plotly::plot_Ty(

data = trunk_year, x = ~year, y = ~revision, type = "scatter",
mode = "markers+lines", line = list(shape = "spline")
ME
plotly::layout(
xaxis = list(title = "ZE"),

yaxis = list(title = "RAFEL K E")

htmltools: :taglList(pl, p2)

plotly W% subplot O HTIHTAEH, TR ET TR x fih.

plotly::subplot(plotly::style(pl, showlegend = FALSE),

plotly::style(p2, showlegend = FALSE),
nrows = 2, margin = 0.05, shareX = TRUE, titleY = TRUE)

TERREM RGN RE, B MENAR AL subplot () SEHL.

61
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pll <- plotly::subplot(plotly::style(pl, showlegend = FALSE),
- plotly::style(p2, showlegend = FALSE),
,
, nrows = 1, margin = 0.05, shareY = TRUE, titleX = TRUE
\)

plotly::subplot(pll,
(:::) plotly::style(p2, showlegend = FALSE),

nrows = 2, margin = 0.05, shareY = FALSE, titleX = FALSE

6.3.6 P

crosstalk flnlf plotly W2l EIEAM DT Wil fER)FARIKENER . plotly 265 B IE, TERIE
MR TR R i Bt S s e A

library(crosstalk)
# quakes HHE K T Z 4y
quakes_sd <- SharedDataSnew(quakes)
# LHE X LAWY
p <- plotly::plot_ly(quakes_sd, x = ~long, y = ~lat) |>
plotly::add_markers() |>
plotly::highlight(on = "plotly_selected", off = "plotly_deselect")
# il ERAB
d <- DT::datatable(quakes_sd, options = list(dom = "tp"))
# BERA S —RET
bscols(list(p, d))



O M =

BLnt R HAUE

X

FAE RIS Rn 8, KHFMITELZIIEE, TeARA . Hip. R, WrT A T4,
&, WA MRS, AARSD. BUE#l. Sk . I EERSE . S H R R ST I
By, HIERXAER RS TR LW K p) DT 4, BEWEENAS 31%, BET jQuery HEZRMATE
i DataTables FE, $24tT—A R Wfi%e, R THAFZHMET JS FEK R S8, #HAR8T
htmlwidgets,

7.1 FAlae

711 QR

library(DT)
datatable(head(iris))

file:////private/var/folders/x7/ch5v91h56_zbvbdly2f600dme000gn/T/Rtmp3Wa3R3/file3bac39f10630/
widget3bac7ecd5707.html screenshot completed

Show| 10 v |entries Search:
Sepal.Length Sepal . Width Petal.Length Petal. Width Species

1 5.1 35 14 0.2 setosa

2 49 3 14 0.2 setosa

3 4.7 32 1.3 0.2 setosa

4 4.6 3.1 1.5 0.2 setosa

5 5 3.6 14 0.2 setosa

6 54 39 1.7 04 setosa
Showing 1 to 6 of 6 entries Previous 1 Next

63


https://github.com/rstudio/DT
https://jquery.com/
https://datatables.net/
https://github.com/ramnathv/htmlwidgets

1 m 64 %7 % REA
T2 kS
s

/
ﬂﬁ\datatable(head(iris), caption = "B RILFKEE (o) ™

(:::) file:////private/var/folders/x7/ch5v91h56_zbvbdly2f600dmo000gn/T/Rtmp3Wa3R3/file3bac2e7feef3/
widget3bac5120ab5e.html screenshot completed

Show | 10 v/|entries Search:
B RALHIBE (35D
Sepal.Length Sepal . Width Petal.Length Petal. Width Species

1 5.1 35 1.4 0.2 setosa

2 49 3 14 0.2 setosa

3 4.7 32 1.3 0.2 setosa

4 4.6 3.1 1.5 0.2 setosa

5 5 3.6 14 0.2 setosa

6 54 39 1.7 04 setosa
Showing 1 to 6 of 6 entries Previous 1 Next

7.1.3 IR

caption VEA IR

datatable(head(iris), caption = htmltools::tagsS$Scaption(
style = 'caption-side: bottom; text-align: left;', 'E: BREWLHEE (F4) . ")
)

file:////private/var/folders/x7/ch5v91h56_zbvbdly2f600dmo000gn/T/Rtmp3wWa3R3/file3bac721012fa/
widget3bac7d4el596.html screenshot completed
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‘% Show | 10 v /|entries Search:
7 Sepal.Length Sepal . Width Petal.Length Petal. Width Species
ﬂﬂ( 1 5.1 35 14 0.2 setosa
2 49 3 1.4 0.2 setosa
@ 3 4.7 32 1.3 0.2 setosa
4 4.6 3.1 1.5 0.2 setosa
5 5 3.6 14 0.2 setosa
6 54 39 1.7 04 setosa
I SEBHEE FR) .
Showing 1 to 6 of 6 entries Previous 1 Next

7.1.4 KFEY

BRAF PRSI R L I, KTRSA 21T .

datatable(iris, options = list(scrollX = TRUE))

file:////private/var/folders/x7/ch5v91h56_zbvbdly2f600dmo000gn/T/Rtmp3wWa3R3/file3bac305930b7/
widget3bac2f8d572d.html screenshot completed
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Show | 10 v/|entries Search:
Sepal.Length Sep

1 5.1 35 14 0.2 setosa

2 49 3 1.4 0.2 setosa

3 4.7 32 1.3 0.2 setosa

4 4.6 3.1 1.5 0.2 setosa

5 5 3.6 14 0.2 setosa

6 54 39 1.7 0.4 setosa

7 4.6 34 14 0.3 setosa

8 5 34 1.5 0.2 setosa

9 44 2.9 1.4 0.2 setosa

10 49 3.1 1.5 0.1 setosa
Showing 1 to 10 of 150 entries

Previous 1 2 3 4 5 . 15 Next

7.1.5 EEIEG)

LRGP ATIR Z N, FEIRB T ARSI . A2 Ha R B IS B, HE B scrollY .

datatable(iris, options = list(scrollX = TRUE, scrollY = 300, scrollCollapse = TRUE, paging = FALSE))

file:////private/var/folders/x7/ch5v91h56_zbvbdly2f600dmo000gn/T/Rtmp3wWa3R3/file3bac57e6b744/
widget3bac6c09fe7l.html screenshot completed


https://datatables.net/reference/option/scrollY

7.1 HEehshak 67

Search:
Sepal.Length Sej
1 5.1 35 14 0.2 setosa
2 49 3 1.4 0.2 setosa
3 4.7 32 1.3 0.2 setosa
4 4.6 3.1 1.5 0.2 setosa
5 5 3.6 14 0.2 setosa
6 54 39 1.7 0.4 setosa
7 4.6 34 14 0.3 setosa
8 5 34 1.5 0.2 setosa
Q9 44 29 14 02 cetoea

Showing 1 to 150 of 150 entries

7.1.6  H¥amm

BEASFRATIRZ I, KR TR —FhI7Ik, T ELRBROAR—Fhpik.

datatable(iris)

file:////private/var/folders/x7/ch5v91h56_zbvbdly2f600dmo000gn/T/Rtmp3Wa3R3/file3bac6303623b/
widget3bac73264245.html screenshot completed
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Show| 10 v/|entries Search:

Sepal.Length Sepal . Width Petal.Length Petal.Width Species

1 5.1 35 14 0.2 setosa
2 49 3 1.4 0.2 setosa
3 4.7 32 1.3 0.2 setosa
4 4.6 3.1 1.5 0.2 setosa
5 5 3.6 14 0.2 setosa
6 54 39 1.7 0.4 setosa
7 4.6 34 14 0.3 setosa
8 5 34 1.5 0.2 setosa
9 44 2.9 1.4 0.2 setosa
10 49 3.1 1.5 0.1 setosa

Showing 1 to 10 of 150 entries
Previous 1 2 3 4 5 s 15 Next

BCEE S BH, ATARR R T S s i Bt

datatable(iris, options = list(pagelLength = 8))

file:////private/var/folders/x7/ch5v91h56_zbvbdly2f600dmo000gn/T/Rtmp3wWa3R3/file3bac60fb5064/
widget3bacl35b06fa.html screenshot completed
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Show| 8  wv/|entries Search:
Sepal.Length Sepal . Width Petal.Length Petal. Width Species
1 5.1 35 14 0.2 setosa
2 49 3 1.4 0.2 setosa
3 4.7 32 1.3 0.2 setosa
4 4.6 3.1 1.5 0.2 setosa
5 5 3.6 14 0.2 setosa
6 54 39 1.7 04 setosa
7 4.6 34 14 0.3 setosa
8 5 34 1.5 0.2 setosa

Showing 1 to 8 of 150 entries

Previous 1 2 3 4 5 ... 19 Next

T.1.7  ERERE

datatable(iris, options = list(autofill = TRUE, scrollX = TRUE, scrollY = 300, scrollCollapse = TRl

file:////private/var/folders/x7/ch5v91h56_zbvbdly2f600dmo000gn/T/Rtmp3wWa3R3/file3bacce57cbc/
widget3bac2e602141.html screenshot completed
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Search:
Sepal.Length Sej
1 5.1 35 14 0.2 setosa
2 49 3 14 0.2 setosa
3 4.7 32 1.3 0.2 setosa
4 4.6 3.1 1.5 0.2 setosa
5 5 3.6 14 0.2 setosa
6 54 39 1.7 0.4 setosa
7 4.6 34 14 0.3 setosa
8 5 34 1.5 0.2 setosa
Q9 44 29 14 02 cetoea

Showing 1 to 150 of 150 entries

7.1.8 frslsndl
7.1.9 iRt

7.1.10  Ediicta

library(tibble)

dat <- tribble(
~namel, ~name2,
as.character (htmltools: :tags$b("fu#L")), as.character(htmltools::a(href = "https://rstudio.com", "4}
as.character (htmltools::em("5&JH ")), '<a href="#" onclick="alert(\'Hello World\');">Hello</a>"',
as.character (htmltools: :span(style = "color:red", "IE&")), "IE&"

)

ARSI 1 R/ INBE_E B (5

colorize_num <- function(x) {
ifelse(x > 0,
sprintf("<span style='color:%s'>%s</span>", "green", x),

sprintf("<span style='color:%s'>%s</span>", "red", x)



O M =

7.1 AEhTrEe

}
colorize_pct <- function(x) {

ifelse(x > 0,

sprintf("<span style='color:%s'>%s</span>",

sprintf("<span style='color:%s'>%s</span>",

colorize_pp <- function(x) {

ifelse(x > 0,

sprintf("<span style='color:%s'>%s</span>",

sprintf("<span style='color:%s'>%s</span>",

)
}
colorize_text <- function(x, color = "red") {
sprintf("<span style='color:%s'>%s</span>",
}
library(DT)
datatable(

data = dat, escape = FALSE,

colnames = c(colorize_text("ﬁ%liﬂ", "red"),

71

"green", scales::percent(x, accuracy = 0.01)),

"red", scales::percent(x, accuracy = 0.01))

"green", paste0(round(100xx, digits = 2), "PP")),

"red", paste@(round(100*x, digits = 2), "PP"))

color, x )

as.character (htmltools::em("%2%|"))),

options = Tlist(
pagelength = 5, # % W 7547

%\

dom = "t"

file:////private/var/folders/x7/ch5v91h56_zbvbdly2f600dmo000gn/T/Rtmp3Wa3R3/file3bacl92cd970/

widget3bac4f7754f9.html screenshot completed

Base R WEH R &4 FE IR, IFHEAHERRIEMEIASIT e, FHERFBIEH T/
HRZ RGN ERNBIRERIT, Blhde KRR R

# WE R BF R

Pkgs <- sapply(list.files(R.home("library")), function(x) {

packageDescription(pkg = x, fields = "Priority")

1)
# MERE R GFI%

CorePkgs <- names(Pkgs[Pkgs %in% c("base", "recommended") & !is.na(Pkgs)])



1 N 7 BT F. REAM
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"E’él:'[— 15 F25Y

iﬁﬂ< 1 1yl A

@ 2 R Hello

: IE# IEH

# B R W BAEE

BaseDataSets <- data(package = CorePkgs)sresults[, c("Package", "Item", "Title")]

library(DT)
datatable(BaseDataSets,
rownames = FALSE, # {74
extensions = c("Buttons", "RowGroup"),
options = Tlist(
pagelength = 10, # & W &~ 4T#
language = list(url = "//cdn.datatables.net/plug-ins/1.10.11/i18n/Chinese.json"), # A
dom = "Bfrtp", # FHEERATH 1. LIk f WS, BAA p X7
ordering = F, # X5 /F
buttons = c("copy", "csv", "excel", "print"), # {E{EATHI 4
rowGroup = list(dataSrc = 0), # 3% Package 7|44l
columnDefs = Tlist(
list(className = "dt-center", targets = 0), # ~EZ 1474, N targets M\ o FF#h, EMMN 1 FFib
list(visible = FALSE, targets = 0) # /7 Package 7|

file:////private/var/folders/x7/ch5v91h56_zbvbdly2f600dmo000gn/T/Rtmp3Wa3R3/file3bac440f15a6/
widget3bac3a566832.html screenshot completed



7.1 AEhTrEe

% 7.2: Base R N EHdEE

Copy csv Excel Print Search:
Item Title
datasets
AirPassengers Monthly Airline Passenger Numbers 1949-1960
Blsales Sales Data with Leading Indicator

Blsales.lead (BJsales) Sales Data with Leading Indicator

BOD Biochemical Oxygen Demand

CO2 Carbon Dioxide Uptake in Grass Plants

ChickWeight Weight versus age of chicks on different diets

DNase Elisa assay of DNase

EuStockMarkets Daily Closing Prices of Major European Stock Indices, 1991-1998
Formaldehyde Determination of Formaldehyde

HairEyeColor Hair and Eye Color of Statistics Students

Previous 1 2 3 4 5 ... 38 Next
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—LUTEAT BB 7 R R B IR B A% . ROIEF A KA AP R A ARIVEITR RN, H
gt WARFEGNG, B CARIMEARR I MR, RRERIRENMRIE, ot WABiTEE ggplot2
AT, AT R AR T

8.1 Pk All

TERTEETT, FATE LB A knitr ©AY kable () PRELHIIERIFEME o

library(knitr)
kable(head(iris))

* 8.1: SREAKIRE (Fh)

Sepal.Length  Sepal. Width  Petal.Length Petal. Width  Species

5.1 3.5 14 0.2 setosa
4.9 3.0 14 0.2 setosa
4.7 3.2 1.3 0.2 setosa
4.6 3.1 1.5 0.2 setosa
5.0 3.6 14 0.2 setosa
5.4 3.9 1.7 0.4 setosa

B gt Wil —MERE TR R 8.2 .

library(gt)
gt(head(iris))

75


https://github.com/rstudio/gt

\\\/\ 76 % 8 . EWEEK

* 8.2: BREAKIRE (FR7)

ot
"_\S Sepal.Length Sepal. Width Petal.Length Petal. Width Species
j‘:\E’ 5.1 3.5 1.4 0.2 setosa
\ 4.9 3.0 1.4 0.2 setosa
@ 4.7 3.2 1.3 0.2 setosa
4.6 3.1 1.5 0.2 setosa
5.0 3.6 1.4 0.2 setosa
5.4 3.9 1.7 0.4 setosa

8.2 JLhliohiie

8.2.1 #shibri

RGN AR AR M E RS, & E mdO KBV, ABRIEIRE SR Markdown 59k, #55] HTML
(i il 27 2!

library(data.table)
library(gt)
iris_dt <- as.data.table(diris)[, head(.SD, 2), by = .(Species)]
iris_dt |>
gt |>
tab_header(
title = md("xxB B+ KEE",
subtitle = "R WEFKEE"

8.2.2 a4

AR B IS B AR R A T, A MR EAR 51 4 & OB AR, 5 2 fran 24 -

iris_dt |>
gt |>
cols_Tlabel(
Species = "Fp K,
Sepal.lLength = "fEK E",
Sepal.Width = "fLEF F",

Petal.Length = "JLilkK E",
Petal.Width = "fh3l % g
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% 8.3: F R ibEdnde
&R AEB 4L
R HNEHREE

Species Sepal.Length Sepal. Width Petal.Length Petal. Width
setosa 5.1 3.5 14 0.2
setosa 4.9 3.0 1.4 0.2
versicolor 7.0 3.2 4.7 1.4
versicolor 6.4 3.2 4.5 1.5
virginica 6.3 3.3 6.0 2.5
virginica 5.8 2.7 5.1 1.9

% 8.4: B RILEIRE
I TERK R T 5E T B TEE VT
setosa 5.1 3.5 1.4 0.2
setosa 4.9 3.0 1.4 0.2
versicolor 7.0 3.2 4.7 1.4
versicolor 6.4 3.2 4.5 1.5
virginica 6.3 3.3 6.0 2.5
virginica 5.8 2.7 5.1 1.9

8.2.3 frlsnrdl

1805y A H B @B AR R G T tEAFSRERITI) A, e B ARE, e B3R
e dl, TR 4 PIHAESSAEM P4 T s b
S, fE Species SURTHNIN 74745, TREFAM SO b ORI SE A 60% -

BEAEMEIR, THRIGHE Species 51t

iris_dt |>

dplyr::mutate(row_id = dplyr::row_number(), .before

dplyr::group_by(Species) |>

gt(rowname_col = "row_id") |>

cols_Tlabel(
Species = "FhKn,

Sepal.Length = " E",

Species) |>
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* 8.5 BREAHIE

e T
KBS K FE i
setosa
1 5.1 3.5 1.4 0.2
2 4.9 3.0 1.4 0.2
versicolor
7.0 3.2 4.7 1.4
6.4 3.2 4.5 1.5
virginica
6.3 3.3 6.0 2.5
5.8 2.7 5.1 1.9

Sepal.wWidth = "FE",
Petal.Length = "KE",
Petal.Width = "% "
) 1>
tab_spanner (
label = "L %E",
columns = starts_with("Sepal™)
) 1>
tab_spanner (
label = "fL3@",
columns = starts_with("Petal")
) 1>
tab_options(
table.width = pct(60)

8.2.4 Mg

TEREHIATBA RN TR AN . gt AIRALREL data_color () RGFME L, XA REHRTE—H
Blam g (FETHmREs)) El—HBieE. T RRIES] Sepal.Length [FE A viridis i (& AIE 7251 (4 o
FR%L data_color () WS4 palette B PAREZ3E H viridis fil RColorBrewer Wi lAYZHk, N
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% 8.6: IR EEdndE
0T
5 B JRAE AL
R MEHIEE
/
\ Species Sepal.Length Sepal. Width Petal.Length Petal. Width
setosa 5.1 3.5 14 0.2
setosa 4.9 3.0 1.4 0.2
versicolor 3.2 4.7 1.4
versicolor 3.2 4.5 1.5
virginica 3.3 6.0 2.5
virginica 2.7 5.1 1.9

“viridis”, WnfU%Z K paletteer WA, Bbivt, @ i LA PERN R 44, i palette
= "ggsci::red_material"™ F/nfif] ggsci fU1) red_material Y.

iris_dt |>

gt() |>

tab_header(
title = md("xxB B+ KEE",
subtitle = "R WEHKEE"

R

data_color(
columns = "Sepal.Length",
palette = "viridis",
reverse = TRUE

)

BT RN B R AR @k, BT AR B E SO @R, %L data_color () MIZAL fn Al DAfL i
HE B E A SR, BT PR AL scales: rcol_numerdc () W] RAKRFE(E %L B €4 )

iris_dt |[>
gt() |>
tab_header (
title = md("xxB B+ KEE",
subtitle = "R WEHKEE"
) 1>
data_color(

columns = "Sepal.Length",

fn = scales::col_numeric(palette = "viridis", reverse = T, domain = NULL)
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* 8.7 SREALIE

ot

oY & JRAL AL

’ R Py E AR
\ Species Sepal.Length Sepal. Width Petal.Length Petal. Width
@ setosa 5.1 3.5 1.4 0.2
setosa 4.9 3.0 1.4 0.2
versicolor 3.2 4.7 1.4
versicolor 3.2 4.5 1.5
virginica 3.3 6.0 2.5
virginica 2.7 5.1 1.9

8.2.5 EhiEE:

RASIMFAEARE R, Wl ABIE, HSRMEEFRIR . TR TP, —4 5
Hymde b i) Sepal.Length #1¢HK, UEHIABRLRIRIE, 51— DHTESS Species Ik, BLHTHE L.

iris_dt |>
gt() [>
tab_header (
title = md("oxB B+ KEE"),
subtitle = "R WEHKIEE"
E
data_color(
columns = "Sepal.Length",
method = "numeric", palette = "viridis", reverse = TRUE
) >
data_color(
columns = "Species", palette = "Setl"
R
tab_footnote(
footnote = md("EHBIEEF F Y E H Fisher's or Anderson's"),
locations = cells_column_labels(columns = "Sepal.Length")
R
tab_footnote(

footnote = "B B ILHy K Alv,
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* 8.8: SREALIE

O M =

L R AGITES
R P9 &R

Species? Sepal.Length? Sepal. Width Petal. Length Petal. Width
setosa 5.1 3.5 1.4 0.2
setosa 4.9 3.0 1.4 0.2
versicolor 3.2 4.7 1.4
versicolor 3.2 4.5 1.5
virginica 3.3 6.0 2.5
virginica 2.7 5.1 1.9

T8 AR
2 PR ERAE A 4E B Fisher’s or Anderson’s

locations = cells_column_labels(columns = "Species")

8.3 kI
8.3.1 Hillifs
Kb geplot2 WM ggsave (), gt AL FHIRMMBEE gtsave ) . FEIATIFLHIEM LK
A7) PNG MR B . BB Sl HTML | TeX fil DOCX 43 LK.

gt(head(iris)) |>

gtsave(filename = "screenshots/iris.png", expand = 10)

8.3.2 WHIPAX

LM EAREE A, 3R Markdown 157
# Bl B
df <- tibble::tribble(
~BHR, ~AR,
"BRELA R, "$er{i \\pi} + 1 = e$",
"H AR EFEY, "$anr2 + bA2 = cA2%"



1 m 82 %8 T AR
% % 8.9 ALK AR
s y=X0+e

/

\ 4% N
LAt T 4+1=0
) s B a? 4+ 0 = ¢
df |>

gt |>
tab_header (
title = md("$Sy=X\\beta+\\epsilons$")
) 1>
fmt_markdown (columns = "/ x")

8.3.3 MiKED

gt FIRILEREL Local_image () MNZAHIEI A, R RREL htmlLO) KFEIRBURE Stk .

iris_dt |>
gt |>
tab_header (
title = md("xxB B+ KEE",

subtitle = html(local_image(filename = "images/Rlogo.png", height = 30)

))
BREEHES
Species Sepal.Length Sepal.Width Petal.Length Petal.Width
setosa 5.1 3.5 1.4 0.2
setosa 4.9 3.0 1.4 0.2
versicolor 7.0 3.2 4.7 1.4
versicolor 6.4 3.2 4.5 1.5
virginica 6.3 3.3 6.0 2.5
virginica 5.8 2.7 5.1 1.9

& 8.1: ¥k Ep
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8.4.1 gtExtras 14

83

gtExtras f3 € gt WAYRES), feft—LEm PR bR 2 ks, RIS BELHI A, X
LA —~eR %L gt_plt_bar () fE. WA AL EMCSIR HTML fiilh . IR 2 PNG 1%, #
HEREL gtsave () il

library(gtExtras)

iris_dt |>

gt() |>

gt_plt_bar(column = Sepal.Length, keep_column = TRUE)

Species Sepal.Length SepalWidth Petal.Length Petal.Width Sepal.Length

setosa
setosa
versicolor
versicolor
virginica

virginica

8.4.2 gtsummary 4y

5.1

4.9

7.0

6.4

6.3

5.8

& 8.2: gtExtras fi

3.5

3.0

3.2

3.2

3.3

2.7

1.4

1.4

4.7

4.5

6.0

5.1

0.2 |
0.2 |
1.4 |
1.5 |
2.5 [
1.9 |

gtsummary fi (Sjoberg & 2021) tLEP & gt WWHE S, B T A EERILE (IR R pF %L
summary () ), JUH AT DURIES THREL 0y 25 R TR L D BB

library(gtsummary)

iris |>

tb1l_summary(include =

c(Sepal.Length, Sepal.wWidth, Petal.Length), by = Species)

iris_lm <- lm(Sepal.Length ~. ,

iris_lm |> tbl_regression()

BT gt WAHATEASN, FHAEPIAHIERSN R GER—

.

data

iris[, -5])

H.
IXE 5

Ay HI2 tinytable f1fll kableExtra


https://github.com/jthomasmock/gtExtras
https://github.com/ddsjoberg/gtsummary

I
=

7 8.10: #55 R AESE R L

%8 F. REEAK

y Characteristic setosa N = 507 versicolor N = 50? virginica N = 50?

4 Sepal Length 5.00 (4.80, 5.20) 5.90 (5.60, 6.30) 6.50 (6.20, 6.90)
Sepal Width 3.40 (3.20, 3.70) 2.80 (2.50, 3.00) 3.00 (2.80, 3.20)
Petal. Length 1.50 (1.40, 1.60) 4.35 (4.00, 4.60) 5.55 (5.10, 5.90)

"Median (Q1,

Q3)

2% 8.11: Zkmle

Characteristic Beta 95% CI p-value
Sepal. Width 0.65 0.52, 0.78 <0.001
Petal.Length 0.71 0.60, 0.82 <0.001
Petal. Width -0.56 -0.81, -0.30 <0.001

Abbreviation: CI = Confidence Interval

8.4.3 tinytable {J

Jiii4 X, tinytable g — OB ER R 1, 2P EBrh 3 R &, 5 tinyplot WA

TR
library(tinytable)
tt(iris_dt, theme = "grid") |>
style_tt(i = 1:2, j = 1, color = "white", background = "#4B0055") |>
style_tt(i = 3:4, j = 1, color = "white", background = "#009B95") |>
style_tt(i = 5:6, j = 1, color = "white", background = "#FDE333")
2 8.12: iris Fi¥EsE (%)
Species Sepal.Length | Sepal.Width | Petal.Length | Petal. Width
setosa 5.1 3.5 1.4 0.2
setosa ‘ 4.9 3.0 1.4 0.2
versicolor [ 3.2 4.7 1.4
versicolor [N 3.2 4.5 1.5
6.3 3.3 6.0 2.5
5.8 2.7 5.1 1.9



https://github.com/vincentarelbundock/tinytable/
https://github.com/grantmcdermott/tinyplot

84 #Hv R & 85
8.4.4 kableExtra fy

kableExtra fl 3229 & T knitr {0 kable() pREIVTIRE, FILT gt 4, HHED, FrolE it &,

library(knitr)
library(kableExtra)

options(kableExtra.html.bsTable T)

O il =

iris_dt |[>
kable(booktabs = TRUE, escape = FALSE, align = "c",
col.names = gsub("[.]", " ", names(iris_dt))) |>
kable_styling(
bootstrap_options = c("striped", "condensed"),
latex_options = "basic", full_width = FALSE
) 1>

column_spec(l, color = "white", background = spec_color(as.integer(iris_dt$Species))) |>

column_spec(2, color = spec_color(iris_dt$Sepal.Length))

2 8.13: iris HilnsE (H4))

Species  Sepal Length Sepal Width Petal Length Petal Width

setosa 5.1 3.5 1.4 0.2
setosa 4.9 3.0 1.4 0.2
versicolor 3.2 4.7 1.4
versicolor 6.4 3.2 4.5 1.5
6.3 3.3 6.0 2.5

0.8 2.7 5.1 1.9



https://github.com/haozhu233/kableExtra

library(shiny)

— ARG, A Shiny &AWL By o — AP AR RS I SR . TR E R
. ZHKIES Shiny 44, 41 DT. plotly. leaflet 2. 44 Shiny TMALR I iIF &2 .

9.1 i HRpl

library(shiny)

ui <- fluidPage(
sliderInput(inputId = "n", label = "MMICEKWEKE",

min = 1, max = nrow(faithful), value = 100),
plotOutput("plot")

server <- function(input, output) {
output$plot <- renderPlot({
hist(faithful$Seruptions[seq_len(inputs$n)],
breaks = 40,
main = "EE®ANERR",
xlab = "o & ¢ 4 B o]

)

shinyApp(ui, server)

86



O M =

9.2 SHINY a4

9.1.1 UI pijs

9.1.2 Server )i

9.2 Shiny 4t

AR Z, PHBELNS 44, ENEABRRR, R 1REE.

9.2.1 ks

PNy . JMSL IR . e dr sl

9.2.2 #i AKE

BAERL, SoARR

9.2.3 gkl

PEACHCAL L B e

9.2.4 %

PR ARAS, BERE W] DASE 1) BUTADIRAS

library(shiny)

ui <- fluidPage(
sliderInput(inputId = "n", label = "M MiCFKH I E",
min = 1, max = nrow(faithful), value = 100),

plotOutput("plot"),

bookmarkButton(id = "bookmarkl", label = "F K", title = "Bk,

server <- function(input, output) {
output$plot <- renderPlot({
hist(faithfulSeruptions[seq_len(inputs$n)],
breaks = 40,
main = "X E®AAEFR",
xlab = " & ¥ S o o]

43 B BOR A

87



\\\/\88 %9 % RAZFEA

)
LTLL})

/\}

:ﬁ%\ enableBookmarking(store = "url")

shinyApp(ui, server)

9.3 Shiny §

DRI

o shinydashboard / shinydashboardPlus Shiny ) H
o flexdashboard R Markdown U4 #l/E Shiny
e bs4Dash

SEHFA

e« DT

e reactable
ZHEE

e plotly

o ggiraph

9.3.1 wWAfu)ky

9.3.2 AR HEK

NEAE Shiny W HEA DT (6 1ER SRS

# Bl I
library(shiny)
ui <- fluidPage(
# IR B AT AL 4 AR
titlePanel ("B B FKIEE"),
# WA
fluidRow (
column(l2, DT::dataTableOutput("table"))

# K%


https://github.com/rstudio/shinydashboard
https://github.com/RinteRface/shinydashboardPlus
https://github.com/rstudio/flexdashboard/
https://github.com/RinteRface/bs4Dash

\ \\/\ 9.3 SHINY ¥ & 89

server <- function(input, output, session) {

._%. outputs$table <- DT::renderDataTable(iris,
T options = list(
/ pagelength = 5, # & L R51T
:ﬁ%\ initComplete = I("function(settings, json) {alert('Done.');}")
@ ), server = F

shinyApp(ui, server)

Eu

fn#k shiny )58 N# DT £, K%L dataTableOutput() FHl renderDataTable() B /RiHZE,
HPA RASEA XA FERE shiny WA RE S, WERFRATFR L L MBNEHRME, HFE
f§iffl DT ff#%) DT::dataTableOutput() F DT::renderDataTable() , {HM<R4E, £ https:
//github.com /rstudio/shiny /issues/2653,

reactable 3T JS J& React Table $#24txr B FEAMTEYL, I shiny AL N, 28 DT HA ik
#, 1 app.R [ reactable 1] reactableOutput() F renderReactable() PR shiny HIE 1Y
dataTableOutput() Fll renderDataTable(). F-HAFHZ S DT #l shiny s 7, HIELZEZS N
RikE| 99%.

library(shiny)

FTHEAE Shiny W H#6 A reactable 1 §il1ER A2 B FAE

library(shiny)
library(reactable)

ui <- fluidPage(
reactableOutput("table")

server <- function(input, output) {
output$table <- renderReactable({
reactable(iris,

filterable = TRUE, # 11 J&
searchable = TRUE, # j@{%ﬁ’
showPageSizeOptions = TRUE, # T H A/
pageSizeOptions = c(5, 10, 15), # I M A /T3 IN
defaultPageSize = 10, # ZtiA B F1041T


https://github.com/rstudio/shiny/issues/2653
https://github.com/rstudio/shiny/issues/2653
https://github.com/glin/reactable
https://github.com/tannerlinsley/react-table

Hqgo %9 % ZARM

o

highlight = TRUE, # B m#&#F
striped = TRUE, # [B1TE &
fullwidth = FALSE, # BRIATFELFHE 7, & N AIEAE K FE
defaultSorted = 1list(
Sepal.Length = "asc", # m/NZ KH/F
Petal.Length = "desc" # H A F|/]\
)
columns = list(
Sepal.Width = colDef(style = function(value) {
# Sepal.width ¥ u i & 4710
if (value > 3.5) {
color <- "#008000"
} else if (value > 2) {
color <- "#eQ0OOO"
} else {
color <- "#777"
}
list(color = color, fontWeight = "bold") # =7 {&jutl

1

)

shinyApp(ui, server)

%7 DT #l reactable fJ, H'E ¥ ## Shiny £ R 1A gt . formattable I kableExtra 45,

9.3.3 KB

ggiraph {1

9.4 Shiny {{F#

dashboard FiFERMAER, DB ORI, TERMFBAENERE VIZ TR, R4
shiny U5 , (NEREMTERSIEEAS , WRYPIE T —A4A, 4l shinydashboard, flexdashboard
&% Ab bsdDash £ Bootstrap 4 HU{X %, H @l shiny Al rmarkdown #FFE [ Bootstrap 4 J}4%, iX
EARFH T . shinydashboardPlus F 3 H 7E T3 & shinydashboard 4


https://github.com/rstudio/gt
https://github.com/renkun-ken/formattable
https://rstudio.github.io/shinydashboard
https://github.com/rstudio/flexdashboard
https://github.com/RinteRface/bs4Dash
https://github.com/RinteRface/shinydashboardPlus

\ \4 9.4 SHINY &k #

9.4.1 shinydashboard g
jEund

*’
T T WARAD ap R KA.

/
‘\ library(shiny)
(::) library(shinydashboard)
ui <- dashboardPage(
dashboardHeader (title = "Basic dashboard"),
## A
dashboardSidebar(
sidebarMenu (
menuItem("Dashboard", tabName = "dashboard", dicon = icon("dashboard")),
menultem("Widgets", tabName = "widgets", icon = dicon("th"))
)
)
## ERA A
dashboardBody (
tabItems (
# F—~ Tab THZE
tabItem(
tabName = "dashboard",
fluidRow (
box (plotOutput("plotl", height = 250)),
box (
title = "Controls",

sliderInput("slider", "Number of observations:", 1, 100, 50)

)
)s

# B/ Tab THE
tabItem(
tabName = "widgets",

h2 ("Widgets tab content")

server <- function(input, output) {



O M =

set.seed(122)
histdata <- rnorm(500)

output$plotl <- renderPlot({
data <- histdata[seq_len(input$slider)]
hist(data)

H

shinyApp(ui, server)

9.4.2 shinydashboardPlus {1

shinydashboardPlus fi[{ K%} descriptionBlock()

library(shiny)
library(shinydashboard)
library(shinydashboardPlus)

shinyApp (
ui = dashboardPage(
dashboardHeader (),
dashboardSidebar (),
dashboardBody (
box (
solidHeader = FALSE,
title = "RABE",
background = NULL,
width = 4,
status = "danger",
footer = fluidRow/(
column(
width = 6,

descriptionBlock(

number = "17%",
numberColor = "green",
numberIcon = "fa fa-caret-up",

header = "$35,210.43",
text = n‘Eé\le)\u,
rightBorder = TRUE,

%9 F RAZEA
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9.4 SHINY &k #

marginBottom = FALSE

)
)
column (
width = 6,
descriptionBlock(
number = "18%",
numberColor = "red",
numberIcon = "fa fa-caret-down",

header = "1200",
text = "HAFT K",
rightBorder = FALSE,
marginBottom = FALSE

)
)
title = "Description Blocks"
)

server = function(input, output) { }

9.4.3 bs4Dash 44

library(bs4Dash)
ui <- dashboardPage(
dashboardHeader (title = "Basic dashboard"),
dashboardS+idebar (),
dashboardBody (
# Boxes need to be put in a row (or column)
fluidRow(
box (plotOutput("plotl", height = 250)),

box (
title = "Controls",

sliderInput("slider", "Number of observations:", 1, 100, 50)

93



)
<’
>
/ server <- function(input, output) {

‘\ set.seed(122)
(::) histdata <- rnorm(500)

output$plotl <- renderPlot({
data <- histdata[seq_len(input$slider)]
hist(data)

H

shinyApp(ui, server)

9.4.4 miniUI {y

miniUT {0 il {ERRARR Shiny WV, & H T/NE#ER.

library(shiny)
library(miniUI)
library(leaflet)
library(ggplot2)

ui <- miniPage(
gadgetTitleBar ("Shiny gadget example"),
miniTabstripPanel(
miniTabPanel(title = "éi%k",
icon = dcon("sliders"),

miniContentPanel(

sliderInput("year", "£4}", 1978, 2010, c(2000, 2010), sep = "")

)
)
miniTabPanel(title = "H M fL",
icon = dcon("area-chart"),
miniContentPanel(
plotOutput("quakes", height = "100%")
)

)
miniTabPanel(title = "H &",

%9 F RAZEA
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9.4 SHINY &k #

icon = dcon("map-o"),
miniContentPanel(
padding = 0,
leafletOutput("map", height = "100%")
)
miniButtonBlock(
actionButton("resetMap", "Reset")
)
)
miniTabPanel(title = "%k#%",
icon = dcon("table"),
miniContentPanel(
DT::dataTableOutput("table")
)

)
selected = "Map"

server <- function(input, output, session) {
output$quakes <- renderPlot({
ggplot(quakes, aes(long, lat)) +
geom_point()
)

output$map <- renderlLeaflet({
force(input$resetMap)

leaflet(quakes, height = "100%") |>
addTiles() |>
addMarkers(lng = ~long, lat = ~lat)
)

outputs$table <- DT::renderDataTable({

quakes

i)

observeEvent (input$done, {
stopApp (TRUE)
1)

95
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}

shinyApp(ui, server)

9.5

9.5.1 bslib g

o bslib

9.5.2 shinymaterial 43

shinymaterial f5Z¥ Material Design

library(shiny)
library(shinymaterial)

ui <- material_page(
title = "A P ER",
nav_bar_fixed = TRUE,
# F/ sidebar W&
material_side_nav(

fixed = TRUE,

Shiny 28

# Place side-nav tabs within side-nav

material_side_nav_tabs(
side_nav_tabs = c(
VHAEL B0 < vtab 17,
" HfE B = "tab_2"
)
icons = c("cast", "insert_chart")
)
)

# ) tab THHAR
material_side_nav_tab_content(
side_nav_tab_id = "tab_1",

tags$h2 ("& — M tabT ")
)
material_side_nav_tab_content(

side_nav_tab_id = "tab_2",

%9 F RAZEA


https://github.com/rstudio/bslib
https://github.com/ericrayanderson/shinymaterial

OFH M=

9.6 SHINY 41t 97

tags$h2 ("& — M tabT ")

server <- function(input, output) {

}

shinyApp(ui = ui, server = server)

9.6 Shiny fifk

$e Tt shiny {SCGRELT M PERERY 4 EI

9.7 Shiny %

9.7.1 promises J{-%

shiny S LB &5, 2 AR5 Shiny W T, MRORAEET — A NSE i
UL A BEARESE TS I 4 )

library(shiny)
library(future)

library(promises)
plan(multiprocess)

ui <- fluidPage(

h2("WRE R T H,

tagss$ol(
tags$li("Verify that plot appears below"),
tags$li("Verify that pressing Download results in 5 second delay, then rock.csv being downloade
tags$li("Check 'Throw on download?' checkbox and verify that pressing Download results in 5 se

)

hr(),

checkboxInput("throw", "Throw on download?"),
downloadButton("download", "% (Z4£s58)"),
plotOutput("plot")


https://blog.rstudio.com/2020/07/21/4-tips-to-make-your-shiny-dashboard-faster/

H\/\gs %9 % RAZFA

server <- function(input, output, session) {

- output$download <- downloadHandler ("rock.csv", function(file) {
’

future({Sys.sleep(5)}) %...>%
/
: ‘-E {
\ if (inputS$throw) {
stop ("boom™")
@ } else {

write.csv(rock, file)

)

output$plot <- renderPlot({
plot(cars)

)

shinyApp(ui, server)

9.8 Shiny b5

R Markdown + Shiny Y4

e crosstalk A2 H.
flexdashboard i /&
DT %2 H. %
leaflet 27 H &l
ggiraph X K JE

Quarto Dashboard 1%

9.9 Shiny &l

o radiant FERUEHSR D ITEHTT

9.10 gk

Fse b, M BT TR, ARY—0 T SRR A 4541, M Katka B ASE A BRI G H &
(ODS Jz). UEiUes e .55 /G0N 8l (Fact S5002) T 1R — AT 519 TR (topic 3


https://github.com/radiant-rstats/radiant

9.10 ¥4 99

JZ) TR E B B B (app B ) -

o BRI Hive Btk F58, FEAIMNHZ

o BTt Spark HdlEST A& TH. Spark SQL / Hive SQL f£:55 1

o FEFR MySQL / Doris #4720 T A Hive2MySQL [R]85 1 H 255
o e/~ Dashboard [ i JF % T.E Shiny RStudio Shiny Server

FETT RN QR DWD IR, AIRE—2ell 55 5, FATFFEM ODS 22 Mty H &%
Pt Gl TE. 3R RE WO BLIGRRIRIZMERNZR, 774#7E Hive , ARG —F
S ERZARYE BL BRI 20T 50 R E PRI, X2 i AR Il 55155 DU MO R SR i
SR, HRFRRIEFEZ R MySQL G, SR, AEREdE R, BUUT sqoop
R [R5 o QS 2R p ) SRR LRGSR TE i F) 22 LR A e A AT T AL 2 2
Sy SR, W2 S =R AR, AR R O B SR A R Pt T
PRI RRAL 605 1 s R /R AR, o o 2 A A 95 4 BT

CHTML > < JavaScript > { CSS
w’itHE ®’iItRZE INPRICER FMI=8%
bs4Dash waiter shinyproxy htmlwidgets | htmltools
flexdashboard shinyFeedback shinyauthr sass bslib
shinydashboard shinyToastify shinymanager thematic jquerylib

AIBLHE BIfERE HlfEER
Base R SQL DT gt ggplot2 plotly
data.table | dplyr reactable formattable echarts4r | leaflet
tidyr purrr kableExtra | sparkline dygraphs | visNetwork

K 9.1: Shiny 425

o PEREUPE . RIS RIS DU IR R AL, HUAnEERE MySQL odla AT A RMySQL
£, fHAF—$2, odbe AL SCHRFIEHAN 2 2 HEE I .

o BlEiRAE. MRARTZAL BB IR, FTPAEEE Base R, data.table 33 dplyr MfdlaidE, 1
AV IE AR, 3RS T

o SXHFAE. HEFF reactable Al DT SUMUEE 2

« XEEE. DR plotly £, RIPASEH ggplot2 2, SRR plotly i) ggplotly ()
PRECRF S B A A LA


https://github.com/tidyverse/ggplot2
https://github.com/ropensci/plotly

%9 F ZAPA

FEXPREE N s B A B AL T RAL, Hoan leaflet ATDAKFHIFEI iR A Shiny [V H], dygraphs
AT DARFI 18] 7 91 ZE R

Shiny ZH {4 . shinyFeedback $&4L H Fr i A B 5L - shinyWidgets $26t H & X widget B fE . miniUT
Ly/NERAT, shinyMobile & 10S M2 5Bl E 7 shiny WA .

Shiny F 8., H Ul shinythemes 7] PAGE—MAL 8, dashboardthemes & £L5 IR E R £,
shinytableau $£fit{5j Tableau ¥ dashboard #EZ2. sass 7£ CSS F£L)ZH H E XX KK . bslib T
Bootstrap 3/4/5 il Shiny #1 R Markdown =,

Shiny #XFR . shinymanager / shinyauthr B4~ shiny AR RERE, firebase HRALTT AR
B https://firebase.john-coene.com/,

Shiny HEZ2. ShinyStudio $73& 4 T A AM W IMEF LK AEEFFEMRD T %, golem FgA V2K
shiny [V HIIHESE, RinteRface F AR AR R WA ETE £ BN MI T %, HECAEAE/D
5 cheatsheets.

Shiny #5% . shiny-server PAMI & M55 1) 75 X SCHE shiny W H], shinyproxy $efitdlgFBE shiny
IS I FE IR R Ty 58 o

F RStudio #ft Shiny 257 AR, —Le 3 G E— BRI 359 BEAUE i, Fuf Appsilon ., RinteRface.,
ThinkR-open, dreamRs Flldatastorm-open %, i EA AN ATF AE RIS F7, Shiny ASIEE B
K, BHEEEFEE.

o Shiny A[7] https://shiny.posit.co/r/getstarted/.

o Shiny "B https://github.com/nanxstats/awesome-shiny-extensions,

o Shiny # I H X5/~ https://github.com/daattali/advanced-shiny,

o Shiny #&2%EFF https://github.com/grabear /awesome-rshiny .

Rl 42, Shiny Jriif) = AL,

o Hadley Wickham [} Mastering Shiny.
o Colin Fay, Sébastien Rochette, Vincent Guyader, Cervan Girard #)+ Engineering Production-

Grade Shiny Apps.

o David Granjon §J+45 Outstanding User Interfaces with Shiny,


https://github.com/rstudio/leaflet
https://github.com/rstudio/dygraphs
https://github.com/merlinoa/shinyFeedback
https://github.com/dreamRs/shinyWidgets
https://github.com/rstudio/miniUI
https://github.com/RinteRface/shinyMobile
https://github.com/rstudio/shinythemes
https://github.com/nik01010/dashboardthemes
https://github.com/rstudio/shinytableau
https://www.tableau.com/
https://github.com/rstudio/sass
https://github.com/rstudio/bslib
https://github.com/datastorm-open/shinymanager
https://github.com/paulc91/shinyauthr
https://github.com/JohnCoene/firebase
https://firebase.john-coene.com/
https://github.com/clevr-dev/ShinyStudio
https://github.com/ThinkR-open/golem
https://github.com/RinteRface
https://github.com/RinteRface/cheatsheets
https://github.com/rstudio/shiny-server
https://github.com/openanalytics/shinyproxy
https://github.com/Appsilon
https://github.com/RinteRface
https://github.com/ThinkR-open
https://github.com/dreamRs
https://github.com/datastorm-open
https://shiny.posit.co/r/getstarted/
https://github.com/nanxstats/awesome-shiny-extensions
https://github.com/daattali/advanced-shiny
https://github.com/grabear/awesome-rshiny
https://mastering-shiny.org/
https://engineering-shiny.org/
https://engineering-shiny.org/
https://unleash-shiny.rinterface.com/
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$ta HTML S0

MARTEFFUG, N R = A EEE S8 < m A TR R L REEIF . HE TIES, ARFEEE A

B NPT (HTML SCRY),, AFREr= HHEOE 26 . FFatsUEokiy . a4 Tl X
kY (PDF SCBY), ARIFEAPMES . Mg B Ina iy (Office XBY) . 7 R EFHX,
LB EMIL T, — 2 PA rmarkdown AAZ.08 R Markdown 4275, 75—~ & PA Quarto “Hi%
ORISR BIER A RS, 4k R Markdown H#) 10 R4F)5, 2022 4 RStudio A 1] %1 Quarto R4,
4 R Markdown B3, $RMEG—0)iEE . BUEBIERTE, LT B R Markdown £ZS, Quarto
RGN TER L. BHIL, AT R Markdown if)& Quarto, fR¥GH AR, LA, THIUK, &
B iE M TRENS, Bk, P Quarto 4, R Markdown #M I /41

10.1  SCFpC#

T+ R Markdown if42 Quarto, HZuG7EE AN Pandoc W)JElE L, Pandoc ¥E3%# Markdown [
Hufi FRRAE T2y R R, Wl SR RAIRE, KRFEE T XNE, FTHEMANHNEEHT R
Markdown Fll Quarto, JGifs SR 52 i H A& 2 i .

10.1.1  FEX

DI 23 = = V1)1 AN 7% N ol A

Markdown &3 it
KB, o AL Rk, kxR ARk x R, ek, HLRHA
EAARN2N )T i AT~2~ AR ) R bR,
B e sk
CRAE R A

10.1.2 P

H—ABA BRI B R, a0 AR A Ay [ A
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1 M 102 % 10 %. HTML % 4%
%4 Py A

7 5
/

(a) versicolor Z{f, 15 2 (b) setosa 15 E (c) virginica #H B35 R

K 10.1: =Fp& AL

flowchart LR
A[Hard edge] --> B(Round edge)
B --> C{Decision}
C --> D[Result one]
C --> E[Result two]

Result one

Hard edge Round edge

Result two

P 10.2: ke

geplot2 2l iy &

library(ggplot2)
ggplot(data = diris, aes(x = Sepal.Length, y = Sepal.Width)) +
geom_point(aes(color = Species)) +

theme_classic()



10.1 ASTE

=
S
= ) ° °
- e o0 o ° ee o000 o
© e oo e o o
@ Q 3.04 ee YY) e o0 ooo ee00 oo (Y}
b} ° o0 00000 © °
n eee o000 o e o
° e o @ oo
o 00 o )
2.5 o o o000 ) °
° °
) ° ° )
o0
2.0 1 )
5 6 7

Sepal.Length
Pl 10.3: — IR §LHY) ggplot2 KB

10.1.3  #k&

Markdown J5UAE SRR FARAN knitr 405 1EH) A%
# 10.2: GRS
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Species
® setosa
® versicolor

® virginica

Sepal.Length  Sepal. Width  Petal.Length Petal. Width

Species

5.1 3.5 14
4.9 3.0 1.4
4.7 3.2 1.3

0.2
0.2
0.2

setosa
setosa

setosa

knitr::kable(head(iris, 3))

# 10.3: SREEEWEE

Sepal.Length  Sepal. Width  Petal.Length Petal. Width

Species

5.1 3.5 1.4
4.9 3.0 14
4.7 3.2 1.3

0.2
0.2
0.2

setosa,
setosa

setosa
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10.1.4 Hij#

% R, BRI,
HE

==

% 10 =.
% 10.4: JLEWDI
Markdown {E¥: gy
* 73k o LTSI
+ 748 1 =
+ T4H 2 - T4H 2
- FF4H 1 * TT74%H 1
x4 H 2 . 5H 2
PREE (it 4 #%)
%é(%ﬁ4$&
L AR L Al
2. 48 2
2. %&H 2
i) F4H 1 -
A. FT4%E 1 ) FAE D
A FTY4&H L

AR B
@ B AR (1) 85— A RHFY

A NRIR

A — AN EL - bk
MRS (2) =AY

@ F=PMAZAMME

tir {3
1. — ok
— /N
IR LAl
i {3
1. X—M 3%k
*iz AR X
2 B X

TE (@) INIMFRIRAF, 1 (egood) LW LAGIHFIFEFAIZHE (1),

10.1.5 5|H

HTML 4%

BT EUNANRAREE . SCE. TIRER NG, A KICR NG, XTI R R IR T2,
B, %, A g, ZE, SIRKHES%.
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10.1.6  JHIE:

If you imagine that this pen is Trellis, then Lattice is not this pen.’

— Paul Murrell

10.1.7 AKX

ANRAFIREN, H—EBfrNas, Ho2rmak. s —XEofseffier A, 2ofs5s
FHRZBIANRER 25K, LN $\betas JHYLH RMBRZE B - JFE WX ET T IA A, i $3
\betas$s$ JE YL H SRR WIT

B
TTNAR— AR BEEERTS , ATRIA X — B RHE G A, FRlE 2t a2 17 AT AR s,
WA PAAGS, st e X5 1.
y=XB+e€
HEATIH AXARE AR LaTeX 358, & WA PIF, —fE2NAXBHE, —fRK AT

17, WHRARESRNT . 280k, MR RN T3, — M@, AR Bn gt X,
Lt 10.1

y=XB+e
Yyi=%xB+¢€

(10.1)

TEATIE A, () split A EREEHR — R A, ARSI, Rk MR, 2%
BRI, SR A R S N SR AT B IR R, Wt 102 .

Var{8} = Var{(X"X)"'X Ty}
= (XTX) "X Var{y} (X TX)'XT) "
= (XTX)' X Var{y}X(X"X)™* (10.2)
=(X"TX)'XTo?IX(XTX)!
= (XTX) o2

{HISER,

1. LaTeX fir% \mathbf HXSCFEE a,b,c, A, B,C ML, XAaBEFEE 0, 0,8, ...y IANVZEN
T2 \boldsymbol,

1 (on the difference of Lattice (which eventually was called grid) and Trellis) DSC 2001, Wien (March 2001)
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©

% 10 . HTML %4

- Quarto SCRAFREATIE] AZH T $$ #4k2h LaTeX H1) equation #lE. Quarto ASCFHEZAT

NRBITHT , WASHAEZAT AP — (L) 17485 . MAE LaTeX SURfH, iXLLAHLSIHE,
A PAGE AR LaTeX f8 s

MathJax SERFAEE XL, WE LAnS \bm XA TR . 75 Quarto SCRFFEA M T, M
fir < \boldsymbol & L —Hilen< \bm, XAMBEAMRE UL, HIA R D2 AU TR

$$
\def\bm#1{{\boldsymbol #1}}

$$

10.2 dfilfEdk

Quarto Report Y4

10.2.1 SQL #ify

library(DBI)
conn <- DBI::dbConnect(RSQLite::SQLite(),

dbname = system.file("db", "datasets.sqlite", package = "RSQLite")

)

Base R NWEHIEEAE AL RSQLite FRGIEHRIER T,

dbListTables(conn)
[1] "BOD" "coz2" "ChickWeight" "DNase"
[5] "Formaldehyde" "Indometh" "InsectSprays" "LifeCycleSavings"
[9] "Loblolly" "Orange" "OrchardSprays" "PlantGrowth"
[13] "Puromycin" "Theoph" "ToothGrowth" "USArrests"
[17] "USJudgeRatings" "airquality" "anscombe" "attenu"
[21] "attitude" "cars" "chickwts" "esoph"
[25] "faithful" "freeny" "infert" "iris"
[29] "longley" "morley" "mtcars" "npk"
[33] "pressure" "quakes" "randu" "rock"
[37] "sleep" "stackloss" "swiss" "trees"
[41] "warpbreaks" "women"

BERVERE 5 TR LR, RFEPRIRAFRIZL R iris preview

SELECT * FROM dris LIMIT 5;

BHEAE iris__preview INA
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a A W N K
aa > D b

10.3  #MEET

iris_preview

Sepal.Length Sepal.Width Petal.Length
5.1 3.5 1.4

9 3.0 1.4
T 3.2 1.3
.6 3.1 1.5
0 3.6 1.4
LR WEPNLIpEE: S

dbDisconnect(conn = conn)

10.3

Quarto Presentation

10.4

Quarto Book [ T #% 2

Petal.Width Species

0.2 setosa
0.2 setosa
0.2 setosa
0.2 setosa
0.2 setosa

Wi

20 5 A5
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$1—xm PDF CF

EEIWNSN, HADEH TR LaTeX Hil, FEMITHESC. FAigsC. b ZHE. AR A
PRl TRAFRZEIL . FARELEFERHEIE T, LaTeX gu481) PDF SCRY. i1 10 4F2%, AT ECH
— AT TAIE L, RO P RIS SCER A TR B R i A, ISR AR RS S5 . SEXERTSIY
(R Journal) %%7&, KM R Markdown 4, #0830 A—8E L. £33 10 4Fp9 %R, R Markdown
ABCARWEBEA, N THFBBAEI AR A, T Pandoc , Quarto 48— TiB3CHEMR, 2%
AW FURIRAEEN M5, R BERREENER % . LaTeX . R Markdown F1 Quarto #
ST R R, Pandoc FEHENE TR EEMMRRVER . Pandoc $F Markdown #5554k LaTeX if
¥, Pandoc 7 R Markdown #ll Quarto Hf44/E FH 240 .

11.1 LaTeX Al

LaTeX j2—MARF I H M P AR TR, feft—2mmmmiiEs, Tue— M RsERe. s
4 AT RIS RS T RER W AR, ARCCEE. 1B . Hox, BEICH R HER A, G

\documentclass[b5paper]{article}

\usepackage[heading=true, UTF8]{ctex} % & & F LI
\usepackage{amsmath,bm} % 4bZE F F /A =,

\title{LaTex A |1}

\author{¥ =}

\begin{document}

\maketitle

\tableofcontents

\section{%%%ﬁi%ﬁﬁ} \label{sec:lm}

£ \ref{sec:im} FNALUBEY, AUBEBHEERTLAKX \refleq:m} .
\begin{align} \label{eq:1lm}

\bm{\mathsf{y}} = \bm{\mathsf{X}}\bm{\beta} + \bm{\epsilon}
\end{align}

\end{document}

Tk, ZATHRE LR LaTeX .

108



11.1 LATEX ¥ = 109

\documentclass fiy& RN CIE, A article, report, book %%, ZEAYETH bSpaper F&
A RR B5 4.

\usepackage fir% R ME LaTeX 0, EEIMWE 2 7T &P SO, BT ctex 240, HiX
B T %D heading=true £ UTFS8 ,

\title Fl \author x4 HIFH % B YR EAMAEHE . \documentclass Al \begin{document}
ZIEBHAMSFX, BHEHRNBEEEMAE X LaTeX #iy4. \begin{document} Al
\end{document} 2 [A] B4 MY 1E 3L,

\maketitle fl \tableofcontents <4l A iAn B A SCAY H 5% . \section iy B/DITHI
Fril. \label iy B/ NiR%:, MTZX5IH.

\begin{align} Ml \end{align} j&—PAXFFGE, HEHAS \bm K H bm 241, HIT LA
5, fivd \mathsf . \beta F \epsilon #}H [ amsmath 7341,

\begin{align} ZJ5Mfin% \label{eq:lm} WHE AXIRE, eq:lm & H P HEEMME—IRIRST, &
[ s XA BEE L 4525, \ref{eq:im} FEIESCH ARG HAR.

A ) LaTeX fir# @ ASCRHL \ FF3K1 . SCISRILL AL R0 18 Bl A5 8 A Bl SOk

11.1.1  vhyik

KEBFREOLT, NEk ctex FAFE T, FWA MG EM RS P SCE A, g e SCHER .
T H B A, 3k B SO AR A B RS I SR . I, AT DAE R S IR A xecjk ZAHCE K, B
FHhN# ctex ZALRTARINEEI fontset=none , fiN#L ctex ZZ{U2x HANEL xecjk 74,

\usepackage[heading=true, fontset=none, UTF8]{ctex} % & & & LI 1%

TR ERAE LaTeX SUR AR Rk R, SEARIECT SO 30T R, 13
BEARME, B SCRE RS, IR SOOI SR, S S TR R

\setCIKmainfont[ItalicFont={KaiTi_GB2312}, BoldFont={SimHei}]{SimSun}

\setCJIKsansfont{SimHe1i}
\setCJIKmonofont{FangSong_GB2312}

% BAK

\setCIKfamilyfont{heiti}{SimHei}
\newcommand{\heiti}{\CIKfamily{heiti}}

% MK GB2312
\setCJIKfamilyfont{kaishu}{KaiTi_GB2312}
\newcommand{\kaishu}{\CIKfamily{kaishu}}

% FIK

\setCIKfamilyfont{songti}{SimSun}
\newcommand{\songti}{\CIKfamily{songti}}

% 17 K GB2312
\setCJKfamilyfont{fangsong}{FangSong_GB2312}
\newcommand{\fangsong}{\CIKfamily{fangsong}}



1 1\/\ 110 % 11 %. PDF % 4%

LaTeX $e R Z T 7MW, SFOCF R, s R BRMBE . FEMEK amsmath Z )5, fZk math-
S pazo WEBA T, Nz palatino B IESCHIIESCFAR, NZK courier BE AU FISETEF A, il

r 2 fontenc WHEFHMMITNX. FRCLH dvips 24, BB TR .

\\usepackage{mathpazo} % MFEHE
\usepackage{palatino} % & U#l & F1&
@ \usepackage{courier} % I UL tt%& F1k

\usepackage[T1]{fontenc} % FA % T1

11.1.2  BEn R

HR A s =0, H— R AR, KR MNmArS . =2k, AXFREHE 2 h
JEF 2, BTN 2842 K align BRI, X g — AN 2 30 5 19IE T 057 247 2 s HERRCERST -

% 11.1: LaTeX A xCHERERE

CIE &5 Tohhis YEH

align align* EZRYN-WOEs

equation equation* W[5 split / cases ZEFfEE R
multline multline* KARIT4T

gather  gather* LA

AN IHEBOAE , AT ARH, F—XETAS § ¢ si—X/INMES \(\) . frRIAKXHR, H—
KR TCHFS 8¢ $8 Bl—XFHHFES \[\]1 .

LaTeX 2R FEMEEFMA 5K INGISCFRE, K NGHEETFERE, FE AN, iR, Fdn A
BB NG ERB PR TR, BATPAR B, 2505, 20 H A AR U T 3

PNE] /NG i1 Jertek
X T X X

T PIALS ZEUIYEN AL
X X X A
PNE] /NG A Jertek
r ~ ~ r

\ [

\Bigg(\sqrt{\frac{M}{1 - \big(\frac{r}{\widetilde{x_1 + \cdots + u_N}} \big)~"2}
\big(\sum_{\beta =1}7{N} \sum_{i=1}*{n}\frac{\partial u_{\beta}}{\partial x_i} + 1 \big) }
+ \sqrt{XY} \Bigg)"3

\1]
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amsmath 720 E QRN

3

M N oD 8u5

(e g e e vy
B (11+ +UN) p=1i=1 ’

newtxtext 1 newtxmath ZHEHEHE —E, #t—F New Times FEKAGHI A FE AT, —
AT

\documentclass[b5paper]{article}

\usepackage{amsmath}

\usepackage{newtxtext,newtxmath}

\begin{document}

\ [

\Bigg(\sqrt{\frac{M}{1 - \big(\frac{r}{\widetilde{x_1 + \cdots + u_N}} \big)"2}
\big(\sum_{\beta =1}"{N} \sum_{i=1}"{n}\frac{\partial u_{\beta}}{\partial x_i} + 1 \big) }
+ \sqrt{XY} \Bigg)"3

\1

\end{document}

newtxmath ZZALTE AR

N n
ad Z Jup +1) + VXY

— (—L—) Ox;
(xfh~+uN p=1i=1

A 11.1: newtxmath 75 YL ) 2> 2R

11.1.3  fRigbx

verbatim FRIG 2 H RIDSHASHY

\begin{verbatim}

library(stats) % 2 lowess, rpois, rnorm % & #
library(graphics) % 12 ft plot &

plot(cars)

lines(lowess(cars))

\end{verbatim}

TR BRCR AT -
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112 % 11 &. PDF #%

library (stats) % # f# lowess, rpois, rnorm % & ¥
library (graphics) ¢ # 1 plot # %
plot (cars)

lines (lowess (cars))

& 11.2: verbatim P33k

listings 2 iR FHHOMCE, 7RSS KEREA FARRRN, RS irst. AHERNTS.

\usepackage{xcolor}
\definecolor{shadecolor}{rgb}{.97, .97, .97}
\usepackage{listings}
\lstset{
basicstyle=\ttfamily, % & Z4 % F1k
backgroundcolor=\color{shadecolor}, % ft&H ijL & Fi
breaklines=true, % 7 DL 4T
numbers=left, % fT)F 5

3

JAH Ustlisting MEIFAND, WESE language=R F8/E PRI EE P g il H 288, DA LS
\begin{lstlisting}[language=R]

library(stats) % 1Bt lowess, rpois, rnorm %

library(graphics) % &t plot #3

plot(cars)
lines(lowess(cars))
\end{lstlisting}
TE Y RO AT
1 library (stats) % & f lowess, rpois, rnorm % ¥ ¥

2 library (graphics) % & ft plot 74 &
3 plot (cars)

4 lines (lowess (cars))

& 11.3: Istlisting $#P33%F5E
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11.1 LATEX ok 113

11.1.4 $GAREI®E

=3

HRAES T RNz graphicx 40, SRERTPABEA \includegraphics A A R F, &mdH L&
T, [width=.65\textwidth] FERIFANE T 5 T 8 B 65%.

\usepackage{graphicx}

FEIESCH figure FRBEE L1 THRAAPRAGE A, 50 [h] R Ralid A LAl , ANEIFE) . center 315%
FrE T, \caption il \label fiy4%-43 7l H K48 % B 7 BRI FIAR 2 .

\begin{figure}[h]
\begin{center}
\includegraphics[width=.65\textwidth] {images/peaks.png}
\caption{ & F Ky A7 AL}
\label{fig:figure}
\end{center}
\end{figure}

EPHCR AT

Bl 11.4: P R Al

table PRIEH T Hl(EARHIFARALE, tabular HIFHIMEFRMS, 26k BASIREAHET

\begin{table}[h!]

\begin{center}
\begin{tabular}{|c c c|}
\hline
1 & 3|2 & 73 \\
\hline

1&6 &77\\
2 & 7 & 15 \\
3 & 8 & 44 \\
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\hline
m \end{tabular}

77> \caption{F A&ty AR H}

/ \label{tbl:table}
\ \end{center}
@ \end{table}

\begin{table}[h!] FAEIFETH [h!] iELFAEANEIFE, center FRBEHEAESEF, \begin{tabular}{|c
c c|} TMEEANFIKITCERE T, FMHEEEF, \hline HfEK L, \\ HTHAT, & HTEEETXT
3, \caption IRINFABIUFRIE, \label IINFEASARIHLT, DAFEGLES | .

TR AR BIRCR AT -
% 11.3: R

sl A2 53
1 6 77
2 7 15

3 8 44

11.1.5 A X5IH

\ref A HTHE. £ A F WG, 5| HE R \ref{fig:figure} .5 \ref{tbl:table}
. BIHAR \ref{eq:lm} %5,

\cite a4 I FZH TSI -

11.1.6 PDF-A/X

JEiJil PDF/X 5 PDF/A f5if, S RA# pdfx %24

% PDF/A-1b A7
\usepackage[a-1b] {pdfx}

ZN/BE kY U

\documentclass[b5paper]{article}
\usepackage{amsmath} % boldsymbol
\usepackage[a-1b] {pdfx}
\title{Math 1in LaTeX}
\author{Zhang San}
\begin{document}

\maketitle


https://ctan.org/pkg/pdfx

O M =

11.2 R MARKDOWN # 115

\tableofcontents

\section{Math}

\begin{align}
\boldsymbol{x},\mathbf{x},\mathsf{x},x
\end{align}

\begin{verbatim}

require(stats) # for lowess, rpois, rnorm
require(graphics) # for plot methods
plot(cars)

lines(lowess(cars))

\end{verbatim}

\end{document}

i LaTeX SOy fr 40 F

xelatex --shell-escape -output-driver="xdvipdfmx -z 0" <filename>.tex

11.2 R Markdown fill}

title: "R Markdown A"
author: "ik ="
documentclass: article
output:
bookdown: : pdf_book:
extra_dependencies:
ctex:
- UTF8
- heading=true
bm: null
toc: yes
template: null
base_format: rmarkdown: :pdf_document
latex_engine: xelatex
number_sections: yes
mathspec: true
colorlinks: yes

classoptions: "b5paper"
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# ZMEA {#sec:lm}

IL_LL

’\ % \eref(sec:lm) FNFLUHEA, ZUEA KEE LT

:x:\'m\ “{=tex}

@ \begin{align}

\bm{\mathsf{y}} =

(\#eq:1lm)

\end{align}

11.2.1  vpdEpff

11.2.2  %¢A X

11.2.3  fC¥bsk

11.2.4 fHAE#R

11.2.5 A X5IH

11.2.6 A sl

title: "R
subtitle:

Markdown X{UAZHE R "
A

author: "FK =nm

date: "'r
mathspec:
fontsize:
graphics:
lof: yes
geometry:

output:

bookdown:

Sys.Date() "
yes
10pt

yes

margin=1.181n

:pdf_book:

number_sections: yes

toc:

yes

fig_crop: no

latex

base_format: rmarkdown:

_engine: xelatex

:pdf_document

\bm{\mathsf{X}}\bm{\beta} + \bm{\epsilon}

Vo3

% 11

WK \eref(eq:lm) .

==

=,

PDF X #%
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25

/
A\
©

11.2 R MARKDOWN #

citation_package: natbib
template: null
extra_dependencies:
sourcecodepro:
- scale=0.85
ctex:
- heading=true
- fontset=fandol
caption:
- labelfont=bf
- singlelinecheck=off
- textfont=it
- justification=centering
Alegreya: null
keywords:
- A XA
- RAEHR
subject: "FE A K 53 A A"
abstract: |
XEEWMEAR
bibliography:
- packages.bib
biblio-style: plainnat
natbiboptions: "authoryear,round"
link-citations: true
colorlinks: true

classoption: "UTF8,a4paper,twocolumn"

ENENEN

{r setup, include=FALSE}

knitr::opts_chunk$set(echo = TRUE)

# R Markdown

R Markdown X #4iR4 T K& . EWMXF W & [ermarkdown],
## %A {#sec:code}

***r cars}

117
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summary (cars)

253

ﬁm/ ## HHE {#sec:plot}
A\

® -

#| fig-iris,

#] fig.cap="B RILKHEL",
#| fig.width=5,

#| fig.height=4,

#| fig.showtext=TRUE,

#| out.width="95%",

#| echo=FALSE

library(ggplot2)
ggplot(iris, aes(Sepal.Length, Sepal.Width)) +
geom_point(aes(colour = Species)) +
scale_colour_brewer (palette = "Setl") +
labs(
title = "B RAEKE WA AE",
x = "ERKE", y = "ERFFTHE", colour = "B RILEXA",
caption = "& B HEE H E N T Edgar Anderson (1935) "

# 5% L@t {#chap:refer}

11.3 Quarto Al

title: "Quarto A"
author: "FK ="
lang: zh
format:

pdf:

include-in-header:
- text: |
\usepackage[heading=true,UTF8] {ctex}

\usepackage{amsmath,bm}
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toc: true

mathspec: true
number-sections: true
colorlinks: true
documentclass: article

papersize: b5paper
# RMEER {#sec-1m}
esec-lm ML MMA, LMHEA WA KT eeq-m .
39

\bm{\mathsf{y}} = \bm{\mathsf{X}}\bm{\beta} + \bm{\epsilon}
$$ {#eq-1m}

11.3.1 vh¥pik
11.3.2 B3R
11.3.3 {Cr$bk

11.3.4 HAREI#

AR WEEZ (1040, TSN EMERE, /INMES P REERFISEE, KIE5 W2 EERNRH
FrFn)gEtE, HeAn width="e65%" {5¢'E I F 1K) v B VLI T2 Y 65%

! [An Elephant] (images/peaks.png) {#fig-quarto-figure width="65%"}

EARATT
FARBRAZEASSE, R . WA BRI E 5 IR BLAERS 55 . AR AR R

| Default | Left | Right | Center |

| 12 | 12 | 12 | 12 |
| 123 | 123 | 123 | 123 |
| 1 | 1 | 1] 1 |

s HERMHEEESE {#tbl-quarto-table}
TEYSHCER AR



120 % 11 &. PDF #%

K| 11.5: Peaks K&K %

& 114 RS E TR

Default Left Right Center

12 12 12 12
123 123 123 123
1 1 1 1

11.3.5 % X5IM

@tbl-quarto-table fiAFE 11.4 , @fig-quarto-figure AR 11.5 . 5| FEEIIFMELFEI SN0 2
tbl, T EMAR R b2 fig, JGLAEFAERHLENE. X LaTeX SCRPRIE. K511
\ref{fig:figure} , Quarto HiY @ FFZ XMW T iyd \ref o {HIFER, fE LaTeX SCHH, XHRIRTF
A I EARESR, B TR 5 I NZS, @sam BRI IS .

11.4 Quarto beamer

Quarto ff|/F beamer ZJ4T H

title: "Quarto 47X HALJR"

author:
- K=
- F0n
institute:
- XX K

- XX FlE
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11.4 QUARTO BEAMER

date: today
date-format: long
documentclass: beamer
classoption:
- 1llpt
- compress
- xcolor=xllnames
- UTF8
lang: zh
format:
beamer:
theme: Singapore
fonttheme: structurebold
pdf-engine: lualatex
include-in-header:
text: |
\usecolortheme[named=SpringGreen4] {structure}
\usepackage[fontset=fandol] {ctex}
keep-tex: false
mathspec: true
toc: true
navigation: horizontal
latex-min-runs: 2
latex-auto-install: false

link-citations: true

# In the morning

## Getting up

- Turn off alarm

- Get out of bed

## Breakfast

- Eat eggs

- Drink coffee

# In the evening
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## Dinner

/\
- Eat spaghetti
‘\ Drink wine
## Going to sleep

- Get in bed

- Count sheep

Pandoc’s Markdown ff]{E beamer ZJ4T H

title: "Quarto 4] FrAEHR"
author:

- K=

- FI

institute:

- XX k¥

- XX ¥

mathspec: true

toc: true

toc-title: "H "

# In the morning
## Getting up

- Turn off alarm

- Get out of bed
## Breakfast

- Eat eggs

- Drink coffee
# In the evening

## Dinner



11.4 QUARTO BEAMER

- Eat spaghetti

- Drink wine
## Going to sleep

- Get in bed

- Count sheep

¥f Markdown SUH§EE4LN beamer ZJAT F iy 4

pandoc --pdf-engine lualatex -t beamer \
--variable theme="Singapore" --variable fonttheme="structurebold" \
--variable classoption="xcolor=xllnames" \
--variable header-includes="\usecolortheme[named=SpringGreen4]{structure}" \
--variable header-includes="\usepackage[fontset=fandol]{ctex}" \

-f markdown pandoc-beamer.md -o pandoc-beamer.pdf
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1% Office 3PS

AR FEAN ISR Word, /R PowerPoint FlHL FHR{EF Email =W . 7£ R iHFHXH,
Quarto CRY  Fikr f Word il PowerPoint &=, blastula 7] DA R Markdown SCRY%E 40K L T-HE
NS, MBI . FTEE AL, 35 TAEICR.

12.1 Word FY

12.1.1 Markdown #ilfj Word CF4

AAHER (R) Markdown + Pandoc DA Word A% 20N e &S AH Y AT HENE -

12.1.2 R Markdown lilf Word 34

docxtools. officer il officedown K AKP f& T rmarkdown FEHI/E Word/PPT J5 I FIIHE

12.1.3 [{EX Word Bilk

R Markdown {58 Pandoc ¥ Markdown #%4¢>5 Word Y, 4k H Pandoc i3 B, R Markdown
WS E X Word B, AU E & SCe? s, FA1FHLANE Pandoe EHY Word BRI AT 4K
T, RIFEAVRAEEH ™, HIVEE A EPrFR R . R Pandoc HAFH) Word F1 PPT #fit, &
TEAr 4T P T

# DOCX #ZHR

pandoc -o custom-reference.docx --print-default-data-file reference.docx

# PPTX AR

pandoc -o custom-reference.pptx --print-default-data-file reference.pptx

X HEHS R Pandoc Y docx CAY reference.docx % DI—4yF| custom-reference.docx, T )55
custom-reference.docx B H & L—F, EAURTER MS Word % H & XA

o Word R4 YAML Ji%dRE & X
o WHATEREE B € LU
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https://github.com/graphdr/docxtools
https://github.com/davidgohel/officer
https://github.com/davidgohel/officedown
https://pandoc.org/MANUAL.html#option--reference-doc
https://bookdown.org/yihui/rmarkdown/word-document.html

12.2 POWERPOINT g% 125

bookdown FEE) K%L word_document2 () #HHT rmarkdown $24Ef word_document () X FFEIFEM
ZYBIH, EELMTTENE B ?bookdown: :word_document2,

12.2 PowerPoint i

12.3 WL T-hBfE

Rahul Premraj T rJava @JF &K mailR BREARTE CRAN EIERAA, HECHIMRZ A XK
T, BTN, HEEECEAgE T, GREEMA 2 MUK . RStudio 24H] Richard lannone
BT A1 blastula 5 | Java (ML, HEhERA. DU, SCRERZIEHFALIRIE

12.3.1 curl fg

curl WRMEATPREL send_mail() AT ERAEMMN carl SRAFRAMBIE, 250617, HECFAALE

From: "FK =" <[ 4% Hiht>
To: "ZPU" <HE4F Hiht>
Subject: Ik HF ¢

(S

K A — HH I3 !
REHR A N ASPRAFN mail.txt SO, SRR curl Ay 4T THIFHEN A & 4
curl —-url "smtp:///A B Ef PR 4 A Ak Pk s B 50\

--ssl-reqd --mail-from ' & ¥ AWE4E H Ak \

—-mail-rept "YRAR ABRAT HuAE '\

--upload-file data/mail.txt \
——user 'R A HRAE Mok < o AR R I RS A

ik
Gmail T ZEMHE, ASCREEM AR 30, SRFIRPE AR, SRR BIeer .

12.3.2 blastula 4

N PA blastula BB AR Gmail, Outlook. QQ SFMEAF: AL, Jo i RGHIFMKREL, CentOS 8
2K

sudo dnf dinstall -y libsecret-devel libsodium-devel


https://github.com/rpremraj/mailR
https://github.com/rich-iannone/blastula
https://github.com/jeroen/curl
https://curl.haxx.se/

I
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IR IGACEE keyring A blastula

1;*4if"1nsta11.packages(c(”keyring", "blastula"))

HETCEMER T, X TR E IR 2 RS, RCE—UOmNE 1, AT R B A 5%

/
ZXZ\E\\ HBACLE— K

>

©

library(blastula)
create_smtp_creds_key (

id = "outlook",

user = "zhangsan@outlook.com",

provider = "outlook"

)

% 12

.

=.

OFFICE _#%4

B, WERERIENE, GIEMRIE I KA N PR BER N BB AR RS

attachment <- "data/mail.txt" # WE LA, 5l ER G =0,
# R SUHRIE R g R B E X, REE MR ERAEE A
body <- "examples/html-document.Rmd"
# O ERHAE, ERTUR
email <- render_email(body) |>

add_attachment(file = attachment)

email

e, BB

smtp_send(
from = c("3 =" = "xxx@outlook.com"), # % {1+ A
to = c("&F" = "xxx@foxmail.com",

"EF" = "xxx@gmail.com"), # YL FA
cc = c("B A" = "xxx@outlook.com"), # V£ A
subject = "ix & —# MK ",

email = email,

credentials = creds_key(id = "outlook")

)

WIENLIE R R, RI—BHRCFR S it a2 AN, AU N R BER 2 A A Bk A A e

Ntk

email <- compose_email(
body = md("

Markdown % 2 B {4 iy &

")

)


https://github.com/r-lib/keyring
https://github.com/rstudio/blastula

Hq 123 BT 127
smtp_send/(
from = c("& M A" = "xx@outlook.com"),
rr

to = c("%k?#}\" = "xx@outlook.com"),
/ )

bcc = c(
\ nFhix A" = "xx@outlook.com"

)
@ subject = "EREEHA",

email = email,

credentials = creds_key(id = "outlook™")



o4 o
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Ht=xi HWUWMSET 0

SRR ¢ 40 AT, X2 AN F M, —ITMZITIE, —Iea AL R AR, IR
AR — o2 T ARHERAR R, 2000w T E R AT 22 R A R GE TR i
BRI -

library(mvtnorm)
library (MASS)
library(lattice)

13.1 [E&sA

. At M.
o B A, BB
o Bl BEHLEC. AMLA. BUR. WL 2

13.1.1 —iiHE

X = rnorm(1000, mean = 0, sd = 1)
mean (x)

#> [1] 0.01740323

sd(x)

#> [1] 0.9839062

plot(x, col = densCols(x, colramp = terrain.colors),

pch = 20, panel.first = grid(), cex = 1)
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% 13 =.
™ o ° ° N o.
° ° °
IV .o. : ® o ° ’ o *
— e
o0 °® o® e, ® 8 ® e @
0: ° .‘ " .. .. ..“ °® .e %
® %e o e o (S
— - .P: ! ..."°..0 8 ke (..‘.. : 3:
°® H
o °
o
< ) .:o‘ :
A :: sz. b ":':' PR 4
%008 Sane W C Ve = 7S
".. ..’ Y ] ® 0 9 004 %, 0
N | ° % e ® %o ° Se, hd
° . o o : ¢ L ¢
™M ¢ ° e
°
[ [ [ [ [ [
0 200 400 600 800 1000
Index
K 13.1: —4EIES A
13.1.2 Zichhe

ZICIESIM R AL (MVN)

1 bu b2 b ro
@a,b,E:—// / 3¢ Xy
@) = ST o S :

;H\:EFI T = (xlux% e 7xm)T7Vi7 —0o0 S a; S bl S oo, b)) ZEI% mXm X'T%E'Eﬁiﬁgﬂg%ﬁ%

T MASS ) mvrnorm() BRECBI— 2 B £ TCIE S RRAR

library (MASS)
n <- 1000 # FEARE
X <= mvrnorm(n,
mu = rep(0, 2),
Sigma = matrix(c(1l, 0.8, 0.8, 1),

ncol = 2, byrow = TRUE

)
THEES N EGIT A, Al s L M R = RS A



1 13.1 EA4H5%H

) DRy
wi BN ey,
— - ® . 1
:‘0' .':.
Y ) (1]
I~ ] Y @ o
5 o .o'f —l— ° 0
)

[ ]
[ ]

oo ®
g*.
LA )
!

'.
L ]
[J
‘e
o

N o 3
Y (]
! ° ‘*""".
o o 2
o o o
? {e®e e

X1

X1

(a) Al (b) M &l

0.15 0.20

f (X1, X2)
0.10

K 13.2: “HEIESAME
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\ 132 % 13 =. g hRit o
mvtnorm ¥ pEE pmvnorm() T8 L ICIESHHNER, XA Tk B 4%

junn
1;*55;'1ibrary(mvtnorm)
77w R AT 2

:x**glf sigma <- matrix(c(1, 0.8, 0.8, 1), nrow = 2)
\\m <= nrow(sigma)

@ Fn <= pmvnorm(

lower = rep(-Inf, m), upper = rep(0, m),

mean = rep(0®, m), sigma = sigma

Fn

#> [1] 0.3975836

#> attr(,"error")

#> [1] le-15

#> attr(,"msg")

#> [1] "Normal Completion"

13.2 t 54n
13.2.1 —hiE
13.2.2 %tk

20 t AR EL (MVT)

,2)ds

ZIC t TR

library(mvtnorm)

n <- c(26, 24, 20, 33, 32)

V <= diag(l / n)

df <- 130

C <= matrix(c(
1, 1, 1, 0, 0, -1, 0, 0, 1, O,
0, -1, 0, 0, 1, 0, 0, 0, -1, -1,
0, 0, -1, 0, 0

), ncol = 5)

cv <- %x% V %%% t(C) ## covariance matrix

dv <- t(1 / sqrt(diag(cv)))


https://stackoverflow.com/questions/36704081

13.3 F 5%

cr <- cv * (t(dv) %*% dv) ## correlation matrix
delta <- rep(0, 5)
Tn <- gmvt(0.95,

df = df, delta = delta, corr = cr,

abseps = 0.0001, maxpts = 100000, tail = "both"

#> Squantile
#> [1] 2.560789

#> $f.quantile
#> [1] 2.136162e-07

#> attr(,"message")

#> [1] "Normal Completion"

13.3 F 44n

F 73ff R. A. Fisher

13.3.1 —ct§E
13.3.2 ZctE

13.4  RJimAi

FF 47 * Karl Person

13.4.1 —efEE

13.4.2 Z5EfEE

13.5 @ibFisrAi

Wishart 4315
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.
@ KEm=h

L IR e R A 2R G G S M ROEF S, ), ml i LR R EE
ok MIESHIRS B RS, WEAFEAZIPIREA, 28— B2 A, il SR ]
W

2. XHEEEGUTRRI METR a HRB Je ROTEFSEEL, WG 40 TR T iR RSN L
AR MR DU IR T IR 02K, Oy TEEEE IR TS BRI DL, PRIEM AR Z 7 ik E
P B AR IR TTIE AT G B BB AT AT SR AR EK

The Earth is Round (p < 0.05)

— Jacob Cohen (Cohen 1994)

Jacob Cohen SZPriR )& EMTRZIM . TFf A4 BB , MU I A AR I A 4 X
A7 R. A. Fisher fife1G . SEAETTAEREAGR AU GE T HERTHY =Sl pge,  nl LB e i 5
LA BrbE A RAFRI AR, RS IR R FEERINE, ATAMAIRE B BEXHG 0 5 IR AT I 2

o RIIIEINE: SESESEIR I k.
KBt 58l Approximate. ¥ Extract. i Simulation FIEHIEE Bootstrap 55,
R RIA: MESH (9E) MRESE OrE) mikk.
I AR B PSRRI AN R
B SR B, 0L . 2L,
Ko MARAERE S 4 —4E . 4R Z AT .
RR AR RCR: /MEA n < 30 FIERFEAS n > 30,

X* ALt TR F O R R = KR A, 52 K. Pearson R/R - FZ/Rifh. W. S.
Gosset BFZE5E. R. A. Fisher 2o /R$EH , H MBI A F w2 0. FEREEE T, WA F2Rmrk
AR EMAFaAN . ARBFAAREZCR, HREEREKRRANY AR, TR LIz, BEan
2%, AETARME——icfE. B, ASCWAEEETED Y], (Hig, HEFERE TR g iy T
VERIGE, MRS MBI SR I VAR . R TR, WA ARHENHT, PTAEE4EE AR
gk e XTI, AL IR RS ERERR, Rt ELHRMA S, RIEFEH (B
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iﬁ%@ﬁ AR E, BRI IS ), A AR R

“\%T REFE T, ARER BT DO HEALIRMARR, &R EO N — s g . oy ik
%*ETE%%%GETU\ B 2 e AR IR TR . BRAEANES IR . PR AN B M 2 R AN B AT LB 1
S TPBBRR AR B B, AN X SRR XA IR PR A R R DL, A
LA R, A HEAR R Z A, AR TSRS . A2 T RIS
@ TR, X BRI MAEA SR T5 5K F IR, REAS SRR MST FIEAS, REAS SRk 4

M, PIREASR R B A R A 55

library(nlme)
library(ggplot2)
Library (pwr) # O HSR A LR AR E

library(dunn.test) # dunn.test

library(car) # leveneTest 7] X bartlett.test

library(survival)
library(coin) # %[E%%ﬁﬁﬁ%\ﬁ%
# library(multcomp) # % & lh#{

# Llibrary(MKpower)

#
# library(rstatix) # THBEBIEELBL T &
#

power.welch.t.test

# library(pwrss)

BB A R A

14.1 SRR S

14.1.1  FARMEENMEGLE
14.1.1.1  HEUm
I Hoy:p—po <0 ws.

I Hy:pp—po >0 ws.
111 H():/j,*,uo:() vS.

Hyp—pp>0
Hy:p—po <0
Hy:p—po#0

BEar, - wn BRE K N (1, 0%) BIREA, FEASERIT 225531

ZZ , 88 = Y (e - 2)?
ZER| T~ N(p,0%/n) , WIS IT R IESS 6

T — Ho

o/

u =

BE po = 1 XFTARE A [ IELEHK {u > wi—a}

% 14 F. FNRITRE



OF M=

141 ##H AR

BREAR

BEARA

HERL

HERLR

HBEEA

BERA —————%tm%

THRRE

ERT

Wilcoxon #1648

|

HERLE

Bl 14.1: BREARG TS

TR T3E
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1 M 138 %14 F. %Ltk
‘% set.seed(20232023)

n <- 20
s

,# N
\x <- rnorm(n, mean = 1.8, sd = 2)
# RRSETE

u <= (mean(x) - 1) / (2 / sqrt(n))
@ # 5 FfE

gnorm(p = 1 - 0.05, mean = 0, sd = 1)
#> [1] 1.644854

# P {4

1 - pnorm(gq = u)

#> [1] 0.005082465

R
BRI e X MRAERMELE 85400, B ORISR J3  B R -

o) = [ e
P(Xgu)—fﬁ(u)—m/_ooe dt
FOHAMER p =095 , WX AR 40 s 7] H BB £ gnorm () T4

gnorm(p = 0.95, mean = 0, sd = 1)

#> [1] 1.644854

14.1.1.2  JjZEARH

I Hy:p—po<0 ws. Hy:p—pog>0
II Hy:p—po>0 wvs. Hy:tp—pg<0
III Ho:p—po=0 wvs. Hy:p—pg#0

% 83
- p
RN
(71;_21)52 ~x(n—1)
E{s?} = o? Var{s?} = n2f4 -

R ¢ D HE S, BRAITTERM ¢ 21, Bl t~t(n—1)



14.1 $H ARG

t_

T — o

~s/vn

BE po = 1 XTHRERME T, ELIK {t > tia(n— 1)}

# RIRRHE

t0 <- (mean(x) - 1) / sqgrt(var(x) / n)

# I S E

qt(p = 1 - 0.05, df = n - 1)

#> [1] 1.729133

# P 18
1 - pt(qg = to, df

#> [1] 0.01569596

=n-1)

139

iEid

H[H G 24K William Sealy Gosset (1876-1937) F- 1908 4E7E 24t «Biometrics) [FPAZE4L Student
% (The Probable Error of a Mean) (”Student” 1908), i&3CH /R T M7 7] IE 24 1 ke
A wy,. . x, TN (o) BREAR D 2 82 FIREAKRIEDS s ORIRRAMT, AR (b 25 A 2
PSR ¢ 7, B4 ¢ A RREAE, BRI/ DRSS 5 i oTRk, W. S. Gosset #EAA

% N3¢ (Heyde % 2001),
= 14.1: t MR

0.75 0.8 0.9 0.95 0.975 0.99 0.995 0.999
1 1.0000 1.3764 3.0777 6.3138 12.7062 31.8205 63.6567 318.3088
2 0.8165 1.0607 1.8856 2.9200 4.3027 6.9646 9.9248 22.3271
3 0.7649 0.9785 1.6377 2.3534 3.1824 4.5407 5.8409 10.2145
4 0.7407 0.9410 1.5332 2.1318 2.7764 3.7469 4.6041 7.1732
5 0.7267 0.9195 1.4759 2.0150 2.5706 3.3649 4.0321 5.8934
6 0.7176 0.9057 1.4398 1.9432 2.4469 3.1427 3.7074 5.2076
7 0.7111 0.8960 1.4149 1.8946 2.3646 2.9980 3.4995 4.7853
8 0.7064 0.8889 1.3968 1.8595 2.3060 2.8965 3.3554 4.5008
9 0.7027 0.8834 1.3830 1.8331 2.2622 2.8214 3.2498 4.2968
10 0.6998 0.8791 1.3722 1.8125 2.2281 2.7638 3.1693 4.1437

14.1.2  EARAT 85

ROk x* Mege it SRR



K

140

I Hozoz—aggo VS. H1:02—03>0
II HO:JQ—USZO V8. H1:02703<0

I Hy:0°—05=0 wvs. Hy:0°—0;#0

—JRAREIME 1 BRI ARG RT3 xP (n - 1)

n—1)s?
PRI
09

Boop = 1.5% , F B A T

# RS E

chi <= (n - 1) % var(x) / 1.5"2
# I S E

qchisq(p = 1 - 0.05, df = n -1)

#> [1] 30.14353

# P {8

1 - pchisq(g = chi, df = n -1)

#> [1] 0.002183653

% 14

==

=,

T I AT A I

R HORRMRE G R, B, ARG, SRR S5 A b n R p 1

X2 AT x2(n) L BD

P(x*(n) < xp(n)) =p

HOMABEN 1, 5N 0.05, WA EERE achisqO MR (F) 2.

gqchisq(p = 0.05, df = 1)

#> [1] 0.00393214

[FH, ATPAGAS: X? gk 14.2 , T HOR CIEERE 4 f/MEL

% 14.2: X AR R

0.005 0.01 0.025 0.05 0.1 0.9 0.95 0.975 0.99 0.995
1 0.0000 0.0002 0.0010 0.0039 0.0158 2.7055 3.8415 5.0239 6.6349 7.8794
2 0.0100  0.0201 0.0506 0.1026 0.2107  4.6052 5.9915 7.3778 9.2103  10.5966
3 0.0717  0.1148 0.2158 0.3518 0.5844  6.2514 7.8147  9.3484 11.3449 12.8382
4 0.2070  0.2971 0.4844 0.7107 1.0636 7.7794 9.4877 11.1433 13.2767 14.8603
5 0.4117 0.5543 0.8312 1.1455 1.6103 9.2364 11.0705 12.8325 15.0863 16.7496
6 0.6757 0.8721 1.2373 1.6354 2.2041 10.6446 12.5916 14.4494 16.8119 18.5476



14.2 P AL 141
% 14.2: * SN IEE

0.005 0.01  0.025 0.05 0.1 0.9 0.95 0.975 0.99 0.995

0.9893 1.2390 1.6899 2.1673 2.8331 12.0170 14.0671 16.0128 18.4753 20.2777

1.3444 1.6465 2.1797 2.7326 3.4895 13.3616 15.5073 17.5345 20.0902 21.9550

1.7349  2.0879 2.7004 3.3251 4.1682 14.6837 16.9190 19.0228 21.6660 23.5894

10 2.1559 2.5582  3.2470 3.9403 4.8652 15.9872 18.3070 20.4832 23.2093 25.1882

14.1.3 SRR

A TIERNT 2, 2B ESHONRUESE N 7R W, Rl el re sk
IPATARRN SN Z B DR OL MR, A FHOURT I (E AN T 22X R R

% FE A IE A B A AR T iR T IR, R IR A, MIFEEE Wilcoxon  (JEU/REL
F5) FRAIKLEE: wilcox.test() RMIIEA HLE .

wilcox.test(x

#>

= x, mu = 1, alternative = "greater")

#> Wilcoxon signed rank exact test

#>

#> data: x
#> V = 163, p-value

= 0.01479

#> alternative hypothesis: true location 1is greater than 1

FHEET ¢ K686, P EE/D.

14.1.4  SMAARINTS RS

14.2  PikEAK: S

BEwy, o 2, RREABM N, 0f) BEEA, By, yn, 2R EH B N (2, 03) MR,

14.2.1  IERMAS RS

PHREAIS(E Z 22 5

T LA 8 0 A



1 N 142 %14 F. H LG

: BEEX YA i i

R ERAERF }—» t 1050

Wilcoxon FS# 4856
Kruskal-Wallis #%F048:96

HERR
FREZ

HERR

Ansari-Bradley #&
FERE Mood 1§38
Fligner-Killeen 183

el 14.2: PREAK B



O M =

14.2  AFEAREE

0.4 1
0.3 1
B 0.2
S
0.1
0.0 1
5 H 0 H2 5
x

10

Bl 14.3: PIREAI(EZ 22956

I HO:,ul—,u2§O vS.
II Hy:py—pe >0 ws.
I Ho:pr —p2=0 ws.

14.2.1.1 JFZEEHm

H12/.L1—M2>0
Hy:pyp —p2 <0
Hy:py —p2 #0

(T =) — (1 — po)

u = >
9
ni

2
2
n2

143

BEGEIT R RAASEIES DT w ~ N(0,1), KIGETHE u MV AEAE vo, MERAFELIF P {0

*

Wi ={u>u_of, p1=1-P(uo)

n_1 <- 100

n_2 <- 80

mu_1 <- 10
sigma_1l <- 2.5
mu_2 <- 6

sigma_2 <- 4.5



I

s
/

144 % 14 & FLRitEL

set.seed(20232023)

x1 <= rnorm(n_1, mean = mu_1, sd = sigma_1)

yl <= rnorm(n_2, mean = mu_2, sd = sigma_2)

ud <- (mean(xl) - mean(yl)) / sqrt(sigma_172 / n_1 + sigma_2"2 / n_2)

\\uo

©

#> [1] 6.779039

RIS A 1, 4yE B E MK o = 0.05, fSHELE {u > 1.645}, THEFEARREEA RIS T
BHIME uo = 6.779, TMZ(EHIELEFRLI, FrO AR R s, BIFEAS g — pe <0, WEESZ 1y — pae > 0,

¥ T E AR

gnorm(l - 0.05)
#> [1] 1.644854

¥ HHE P

1 - pnorm(u®)

#> [1] 6.048939%e-12

14.2.1.2  Jj ZE AR HISE

BEar, @y R EEE N (11, 0%) BIFEAS, B y1,- s Yo 2R AR N (p2, 0%) BIFEAR,
t R, KIS ERME A na 4+ ne — 2 1 t AR

(T —y) — (1 — p2)

t:
so\/ar T as
/\EF"
1 n2
T = Z; gzzyz
i=1 i=1
1 ni n2
2_ - C_=)\2 )2
So_n1+n2_2(;(xz ) +;(yz y))

s_w<-sqrt(l / (n_1 +n_2 -2) x ((n_1 - 1) % var(x1l) + (n_2 - 1) * var(yl)))
t0 <- (mean(xl) - mean(yl)) / (s_w * sqrt(l / n_1 + 1 / n_2))
to

#> [1] 8.155781
FEAIEYH Lo = 8.155 > Lo.95(n1 + np — 2) = 1.653 YRAEAELARIHPY, X TAGEG F) 8 T FRA 2R 4 ARk

# IR 0.95 L B XA B %
qt(l1 - 0.05, df = n_1 + n_2 - 2)
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#> [1] 1.653459

#p &

1 - pt(to, df = n_1 + n_2 - 2, lower.tail = TRUE)
#> [1] 3.019807e-14

A R NEM t.testO) HMEGTH
t.test(x = x1, y = yl, alternative = "greater", var.equal = TRUE)

#>

#> Two Sample t-test

#>

#> data: x1 and yl

#> t = 8.1558, df = 178, p-value = 3.01l6e-14

#> alternative hypothesis: true difference in means is greater than 0
#> 95 percent confidence 1interval:

#> 3.036384 Inf

#> sample estimates:

#> mean of x mean of y

#> 10.338905 6.530406

RGN E SRR P RS —AER o BEIREE sleep TE5R T IFP 257X A BEHI IR B A2 0, 1L
Hdsskrh “Student” (EFIERFIIES) WLk,

# FEREME

t.test(extra ~ group, data = sleep, var.equal = TRUE)

#>

#> Two Sample t-test

#>

#> data: extra by group

#> t = -1.8608, df = 18, p-value = 0.07919

#> alternative hypothesis: true difference in means between group 1 and group 2 1is not equal to 0
#> 95 percent confidence dinterval:

#> -3.363874 0.203874

#> sample estimates:

#> mean in group 1 mean in group 2

#> 0.75 2.33

14.2.1.3  FEAmMAAL

PIREA IR AS B AR, AT 2R, MIAE A 220 B E VAR, RISE 4411 Behrens-Fisher
[, Welch 7£ 1938 AF4 AT UM B HIEE N LAY ¢ 734
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ﬁ#$m#$ WK, REBMHITERM, WHEADEZ 20 RE AR, MR IES2 1, "L
K TOTT 5 7 fat. fEREARAICHONFSL R, Welch ¢ Kegts TR

‘mmf~wmm%§ VR N (1, 0F) B9 TID FEAS, B y1,e o Yy 2R A AR N (02, 03) B TID FEAR,

:ﬁE\ Welch EE/J\ ) t 7[&’3‘5@

Hor, o3 FORMEA x (722 82 = 5 00 (s —2)° ) FoRMEAR y 22 5] = 5 2002 (v — 9)°
o MIRAITRE T RANE BN LKt 2.

4
So

(n1 1) + n2(n2 1)

l:

s4 4

H, s§=s/n1+s)/no, DIBHENREEE, SCEREHINT, § ATREITREEEL

s@ <- var(xl) / n_1 + var(yl) / n_2
1 <= s072 / (var(x1)?2 / (n_172 * (n_1 - 1)) + var(yl)"2 / (n_2"2 x (n_2 - 1)))
1

#> [1] 126.7708
FirPA, U TR 127, Regegeit e~

t0 <- (mean(xl) - mean(yl)) / sqrt(s0)
to

#> [1] 7.77002

# I RAE: 0.95 2 X RL BT A &K

qt(l - 0.05, df = 127)
#> [1] 1.65694

#p &

1 - pt(te, df = 126.7708, lower.tail = TRUE)
#> [1] 1.162404e-12

# LI EUE
1 - pt(te, df = 127, lower.tail = TRUE)

#> [1] 1.153078e-12
HRE t.otest () RS, (HAER, t 0 E BT DU IEREEL.

t.test(x = x1, y = yl, alternative = "greater", var.equal = FALSE)
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#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>

Welch Two Sample t-test

data: x1 and yl
t =7.77, df = 126.77, p-value = 1.162e-12
alternative hypothesis: true difference in means is greater than 0
95 percent confidence interval:
2.996334 Inf
sample estimates:
mean of x mean of y

10.338905 6.530406

2B sleep Ktk

°
°
°
4-
°
° °
3 group
£ : : i
o N
2
. Eed
° @ v
0 °« o ® °
°
°
1 2

group
& 14.4: 2F A BRI B 0 20 1

# FERWHEALE

t.test(extra ~ group, data = sleep, var.equal = FALSE)

#>
#>
#>

Welch Two Sample t-test

data: extra by group
t = -1.8608, df = 17.776, p-value = 0.07939



#> alternative hypothesis: true difference in means between group 1 and group 2 is not equal to 0

\\\,\ 148 % 14 F. ¥ Redsitibsh
Tt

#> 95 percent confidence dinterval:

77> #> -3.3654832 0.2054832

J #> sample estimates:
#> mean in group 1 mean 1in group 2
@ #> 0.75 2.33

QST

Egon Pearson #1dfth403% Karl Pearson fHRA;, AT HR2E2E bR & ARG 80% . T E(E
(Pao-Lu Hsu) 7£ Jerzy Neyman #il Egon Pearson F:#if 2% (Statistical Research Memoirs) %
5 —fm T Behrens-Fisher @153 (HSU 1938), 1998 4FxF Behrens-Fisher [A]@i[1) 254
(S-H. Kim #1 Cohen 1998) . PR SFIHAS B8 T EEIR AP Il iRk, W GFE
[V LA F RIS AR BORY o #pJF9k (Kai-Lai Chung) $45E IS SCHEEEI IR (HSU 1983).

t KRR WILE R, AR T T ZAAE T HA G b, I A8 B ¢ fdks. PA
MacOS /) Numbers AR HE], WK 14.5 PR, &7 Numbers 3¢, Bra TAER, WAW
HEME, RIS ALk, AR [HHA L 3w, [AX] 3., SEHy Rk [HEs
K, B aTE& R A TTEST, KUGERSE 4, 5 dE, KMIRBIFREAREA, )q s
N, RIIISSIPIAEAS ¢ BRIRr) P {HE5R.

[ ON J 4 ttest
125% v =
)58 B\A
TR
O A B [¢ D E F G H J K L M
FEAR T 1038
X 3 4 5 8 9 1 2 4 5
6 19 3 2 14 4 5 17 1

o fx v (TTESTY (X ¥

| (YY), BR v, WEEARSE v Q0
0.20229392¢; I T T 1 | I

N oo » o0 N =

Bl 14.5: JpA %R PF Numbers FUPHFEA ¢ 1640

K Excel IpAHARIRML ¢ KI5, 71 MacOS R54¢ B Numbers IpAFAAELDL, 4L T.TEST
BREL, THREERME R, BUARMIE. REPEAW t.test() %L, BT ¢ 1%, WT:

t.test(x = c(3, 4, 5, 8, 9, 1, 2, 4, 5), y = c(6, 19, 3, 2, 14, 4, 5, 17, 1))

#>
#> Welch Two Sample t-test
#>

#> data: c(3, 4, 5, 8, 9, 1, 2, 4, 5) and c(6, 19, 3, 2, 14, 4, 5, 17, 1)


https://www.math.pku.edu.cn/misc/probstat/doc.pdf
https://www.math.pku.edu.cn/misc/probstat/doc.pdf
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#> t = -1.3622, df = 10.255, p-value = 0.2023

#> alternative hypothesis: true difference in means is not equal to 0
#> 95 percent confidence dinterval:

#> -8.767183 2.100516

#> sample estimates:

#> mean of x mean of y

#> 4.555556 7.888889

14.2.2  IE&EMATS 2R

A IE S B R 22 R HE, F KiK.
# WAER

var.test(extra ~ group, data = sleep)

#>

#> F test to compare two variances

#>

#> data: extra by group

#> F = 0.79834, num df = 9, denom df = 9, p-value = 0.7427

#> alternative hypothesis: true ratio of variances is not equal to 1
#> 95 percent confidence dinterval:

#> 0.198297 3.214123

#> sample estimates:

#> ratio of variances

#> 0.7983426

# BRH

bartlett.test(extra ~ group, data = sleep)

#>

#> Bartlett test of homogeneity of variances

#>

#> data: extra by group

#> Bartlett's K-squared = 0.10789, df = 1, p-value = 0.7426

= PRAL bartlett.test() RFZFEANE N

14.2.3  SAEAIFESE

B RARMGTEO T, BRI ER AR .
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o wilcox.test() i&H T HFEAFIFEAR I ERT, A Wilcoxon REAIREES, MAEA Wilcoxon
IEL i, ] ManWhiney 213,
775 e kruskal.test() &M TMREARFIZEA, HRZMYMEZHMHEMEE, Kruskal-Wallis BRI

:x%¥£1/ 5.
\\Eﬁﬁfﬂiﬁﬂﬁﬁ$¥2k»wilcox.test()o

wilcox.test(extra ~ group, data = sleep)

#> Warning in wilcox.test.default(x = DATA[[1L]], y = DATA[[2L]], ...): cannot

#> compute exact p-value with ties

#>

#> Wilcoxon rank sum test with continuity correction
#>

#> data: extra by group

#> W = 25.5, p-value = 0.06933

#> alternative hypothesis: true location shift is not equal to 0
coin fIRALHIHF Wilcoxon-Mann-Whitney 646

# Asymptotic Wilcoxon-Mann-Whitney Test

wilcox_test(extra ~ group, data = sleep, conf.int = TRUE)

#>

#> Asymptotic Wilcoxon-Mann-Whitney Test

#>

#> data: extra by group (1, 2)

#> Z = -1.8541, p-value = 0.06372

#> alternative hypothesis: true mu is not equal to ©
#> 95 percent confidence 1interval:

#> -3.500000e+00 1.270205e-10

#> sample estimates:

#> difference in location

#> -1.347344

# Exact Wilcoxon-Mann-Whitney Test
wilcox_test(
extra ~ group, data = sleep,

distribution = "exact", conf.int = TRUE

#>
#> Exact Wilcoxon-Mann-Whitney Test

#>
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#> data: extra by group (1, 2)

#> Z = -1.8541, p-value = 0.06582

#> alternative hypothesis: true mu is not equal to ©
#> 95 percent confidence interval:

#> -3.5 0.0

#> sample estimates:

#> difference in location

#> -1.35

PHEEARFIZREA kruskal.test() .

kruskal.test(extra ~ group, data = sleep)

#>

#> Kruskal-Wallis rank sum test

#>

#> data: extra by group

#> Kruskal-Wallis chi-squared = 3.4378, df = 1, p-value = 0.06372

FE I SHE I —E WAl DUT RSB E, — ki, IESBRR TN/ NS ERLR, ES500%
ANFSRARIERS, Hansks P {EA 0.07939 F& 2 0.06372,

14.2.4 DR K5

KRR AR ) 22 MRS I A =AY, AR 2E, W 14.3 .

* 14.3: B ITIRNER

PIAMEA ZAFEAR

o Ansari-Bradley 356 ansari.test() o Fligner-Killeen 356 fligner.test()
e Mood #55 mood. test ()

PA A. R. Ansari i1 R. A. Bradley fip44 1 Ansari-Bradley 5 (Ansari 11 Bradley 1960), X} R
/2 ansari.test() , PA A. M. Mood 44 ) Mood #:5: (Mood 1954), XfM. 1) R EE%E mood. test()
, IXPIFESE T PIREA R A ES RO, Bin RIESE0R AR (5F4:). PA M. A. Fligner Al T. J. Killeen
4 ) Fligner-Killeen #536 (Fligner £l Killeen 1976), XM R EREE fligner.test() , HETIE
SHRS, WA T WA Z AR . IESE0EE W XA E SRR ES X iE, SiES
SRS, CCESEOTARIE o, RIESEOTUABREN 2 0°

ansari.test(extra ~ group, data = sleep)

#> Warning in ansari.test.default(x = DATA[[1L]], y = DATA[[2L]], ...): cannot

#> compute exact p-value with ties
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#> Ansari-Bradley test
TS
J #> data: extra by group
\ #> AB = 50.5, p-value = 0.4927
(:::) #> alternative hypothesis: true ratio of scales is not equal to 1

mood.test(extra ~ group, data = sleep)

#>

#> Mood two-sample test of scale
#>

#> data: extra by group

#> Z = 0.44761, p-value = 0.6544

#> alternative hypothesis: two.sided
fligner.test(extra ~ group, data = sleep)

#>

#> Fligner-Killeen test of homogeneity of variances

#>

#> data: extra by group

#> Fligner-Killeen:med chi-squared = 0.21252, df = 1, p-value = 0.6448

14.3 ZHAKS

A5 2% & Base R N E R PlantGrowth $iE4E , ‘B Ui4E B Annette J. Dobson fifZ54& ¢ An Introduction
to Statistical Modelling) (Dobson 1983) £ 2 25 2 F7 ) RH1 — WFFRAEYAE A FPASFHRIS 24 T A K
0L, AEP AR R R SR N S SR B A AR, SESER R, DA T R 2 AR )
PR , B e LT IR 7 B AL 23 e 3 SE I 2H RN IR AH , LT 58 ARS8 B0 1511 (completely
randomized experimental design), ZdTENNE]G, FHARDICE], TEIFFRE.

str(PlantGrowth)

#> 'data.frame': 30 obs. of 2 variables:
#> $ weight: num 4.17 5.58 5.18 6.11 4.5 4.61 5.17 4.53 5.33 5.14 ...
#> $ group : Factor w/ 3 levels "ctrl","trt1",..: 1111111111...

WXL (5 H141) ctrl FISCERAL trel A trt2, HOBOR R ALEE A4 T A

summary (PlantGrowth)
#> weight group
#> Min. :3.590 ctrl:10

#> 1st Qu.:4.550 trtl:10
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HERSE F 4230

BEARE F 1230

Hartley 816
Bartlett #5346
{&IEH Bartlett #0368
Levene 1838

ERL

Kruskal-Wallis #4638
Friedman #f0403&
Quade #5%

HERE

Kl 14.6: ZHARLE

Fligner-Killeen #2348
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‘%m Median

#> Mean
s

#> 3rd Qu.:
ﬂﬂ( #> Max.

:5.155
:5.073

5.530

16.310

% 14 F. FNRITRE

trt2:10

BAAEA 10 By, AR ME 14.7 Fox

(:::) ## Annette J. Dobson #F /& H Plant Weight Data %%, W 59 W
library(ggplot2)

gegplot(data
geom_boxplot() +

= PlantGrowth, aes(x = group, y = weight, color = group)) +

geom_jitter() +

theme_minimal()

6.0

55

weight
(&)
o

4.5

4.0

3.5

[ J
° [ ]

[}
[ ] [ ]

[ J

[ J s °
[ J
s group
I — .

[ ]
[ ]
[ ]
°
[ ]
[ ]
ctrl trtl trt2
group
Kl 14.7: FEY) T

14.3.1 IEAMAEEINEEY

14.3.1.1 Bkl iz

PHERE BB s PR JRERIRBURS . T2, — R (& LRI’ &
ROV KA

O'i2 = Var{eij},i = 1,2,3 %:i/j_‘_\‘% ? zﬂ%ﬁ%y
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yij:lj’+6ij77::1v273

Hr p REEMARSE. BREETTZEDHT oneway . test ()

# BORA AT EH R
oneway.test(weight ~ group, data = PlantGrowth, var.equal = TRUE)

#>

#> One-way analysis of means

#>

#> data: weight and group

#> F = 4.8461, num df = 2, denom df = 27, p-value = 0.01591

AR R A5 L T ZE A TR, AR S e PG B Py 2 SR A i — B

fit_lm <- lm(weight ~ group, data = PlantGrowth)
anova(fit_lm) # = & summary(fit)

#> Analysis of Variance Table

#>

#> Response: weight

#> Df Sum Sq Mean Sq F value Pr(>F)
#> group 2 3.7663 1.8832 4.8461 0.01591 *
#> Residuals 27 10.4921 0.3886

#> —-—-

#> Signif. codes: O '«xx' 0.001 '«x' 0.01 'x' 0.05 '.' 0.1 ' ' 1
R ALy PR R 14.4
% 14.4: SPERIARO S

fhitE fRfEZE t QbR PE
a 5032 01971 255265 0.0000

81 -0.371 0.2788  -1.3308 0.1944
Ba 0.494 0.2788 1.7720 0.0877

14.3.1.2 xRz
# HHEAND T £
aggregate(data = PlantGrowth, weight ~ group, FUN = var)

#> group weight
#> 1 ctrl 0.3399956
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#> 2 trtl 0.6299211

m‘s #> 3  trt2 0.1958711

¥ RE

with(PlantGrowth, tapply(weight, group, var))

#> ctrl trtl trt2
#> 0.3399956 0.6299211 0.1958711

AL 2T
¢ RRA T T

oneway.test(weight ~ group, data = PlantGrowth, var.equal = FALSE)

#>

#> One-way analysis of means (not assuming equal variances)

#>

#> data: weight and group

#> F = 5.181, num df = 2.000, denom df = 17.128, p-value = 0.01739

LR GRUVER, et —H (2) AR 2.
fit_gls <- nlme::gls(weight ~ 1,

data = PlantGrowth, method = "ML",

weights = nlme::varIdent(form = ~ 1 | group)

)
summary (fit_gls)

#> Generalized least squares fit by maximum likelihood
#> Model: weight ~ 1

#> Data: PlantGrowth

#> AIC BIC loglLik

#> 67.99884 73.60363 -29.99942

#>

#> Variance function:

#> Structure: Different standard deviations per stratum
#> Formula: ~1 | group

#> Parameter estimates:

#> ctrl trtl trt2

#> 1.0000000 1.6028758 0.9103568

#>

#> Coefficients:

#> Value Std.Error t-value p-value

#> (Intercept) 5.205999 0.115762 44.97158 0

#>

==

=,

T I AT A I
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#> Standardized residuals:

#> Min Q1 Med Q3 Max
#> -1.78654574 -0.92900218 -0.08794552 0.61374803 2.09128348
#>

#> Residual standard error: 0.5798892

#> Degrees of freedom: 30 total; 29 residual
FIEH AR I 2, HOFE 2R, K, MIBRRNAERE, A—EfRTt.
logLik(fit_lm)

#> 'log Lik.' -26.80952 (df=4)

logLik (fit_gls)

#> 'log Lik.' -29.99942 (df=4)

14.3.2  IE&ARAE T A5

SRR IERS A0, A PR LA S B30 7k

1. Hartley #5548 : &R UIAHEE.

2. Bartlett f%%: A UFEA R DMHAEFSORSE, (B MR EOHMET 5.

3. BIER Bartlett £ : TEFEA R KRN, MHESA L AT .

4. Levene f55: Y4 T REZEHM 72041, LT Bartlett #2755, Levene 655 5 N g .

@ R

TERED AR OLT . K377 2257 I AES RO A A ] PAIFEIX BL.

BLar, o Ty R IR N (, 0F) BFIREAR, By, yne RRE BN (12, 03) BIFEAS, B 21, 204
R A B N (ns, 0F) HIHEAR

0l =03 =03 vs. 07,05,05 A%

Bartlett (ERFFIER) Kl bartlett.test() BORERM MM IES 1, RIs MW T Z R G B
FrEER, AOr i, BTS80E, EHT 2 MEARREL.

# AR

bartlett.test(weight ~ group, data = PlantGrowth)

#>

#> Bartlett test of homogeneity of variances

#>

#> data: weight by group

#> Bartlett's K-squared = 2.8786, df = 2, p-value = 0.2371
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# B
car::leveneTest(weight ~ group, data = PlantGrowth)

#> Levene's Test for Homogeneity of Variance (center = median)
4 #> Df F value Pr(>F)
\\#> group 2 1.1192 0.3412

(:::) #> 27

14.3.3  SMAARTIIRESE

Kruskal-Wallis #:FI#5 5 kruskal.test () B ISIIMEEE 5.
kruskal.test(weight ~ group, data = PlantGrowth)

#>

#> Kruskal-Wallis rank sum test

#>

#> data: weight by group

#> Kruskal-Wallis chi-squared = 7.9882, df = 2, p-value = 0.01842

SF AL ROR

fit_lm <- Im(rank(weight) ~ group, data = PlantGrowth)
anova(fit_lm) # summary(fit_1lm)

#> Analysis of Variance Table

#>

#> Response: rank(weight)

#> Df Sum Sq Mean Sq F value Pr(>F)
#> group 2 618.95 309.475 5.1324 0.01291 *
#> Residuals 27 1628.05 60.298

#> ——-

#> Signif. codes: 0 '*x*xx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1

% 14

==

=,

T I AT A I

Friedman BRAIG S 2 S E0GR . &M T RN REZWREIRA I 2048, SRt e —AEEF

EBTEALT HAhZH . £+%F unreplicated blocked data

SRS n AN kO RUENTT 2, REAE AT B ST AL R AL

HTRn—4lN,
friedman.test(extra ~ group | ID, data = sleep)

#>

#> Friedman rank sum test

#>

#> data: extra and group and ID
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#> Friedman chi-squared = 9, df = 1, p-value = 0.0027

formula ZEHE N a ~ b | ¢, a FnEHEE, b 4”& groups, c #/R blocks,

Quade 54 quade.test() 5 Friedman FI25{Ll, Quade #&365 T unreplicated complete block

designs.,

# BRSO I6

quade.test(extra ~ group | ID, data = sleep)

#>

#> Quade test

#>

#> data: extra and group and ID

#> Quade F = 28.557, num df = 1, denom df = 9, p-value = 0.0004661

ARIEDS KB T, Hhnse e X 4%t complete block designs . 1879 4F 5 7o /Kb M B iC % T
TSR, FEIRRIE 20 YOt R morley HOLHE Speed CL4 gL 7, A TRARTIE, JH
AL 2 T 299000 (km/sec).

# ML
quade.test(Speed ~ Expt | Run, data = morley)

#>

#> Quade test

#>

#> data: Speed and Expt and Run

#> Quade F = 3.6494, num df = 4, denom df = 76, p-value = 0.008976

ggplot(data = morley, aes(x = Expt, y = Speed, group = Expt)) +

geom_boxplot() +
geom_jitter() +
theme_minimal() +

labs(x = "Expt", y = "Speed (km/sec)")
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[ ]
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Pl 14.8: 1879 4101 b /R C T S B K

14.3.4  AARINT; 2R

EA KA FREARR I 2250 AR . 2B, FRATHE LA AL ) B _E 2 A A S A AN IR 1 22
ey ZEFF R .

# FHZHERR

fligner.test(weight ~ group, data = PlantGrowth)

#>

#> Fligner-Killeen test of homogeneity of variances

#>

#> data: weight by group

#> Fligner-Killeen:med chi-squared = 2.3499, df = 2, p-value = 0.3088

BWIRHESR BN, "IAVCH =D 2 B 2R .

14.4  FCRFEAK: S

B AEA A B0 2 ARG I ) — PP IR IGO0 o & RRARL IS A (RIS, DU P T X A 35



I

g
IS

S
©

14.4  Bext A AL 161

F 14.5: FRFEAKS I

FEAR R BR%L
PREAS o t.test(paired = TRUE) IEZSEAISEAST
e wilcox.test(paired = TRUE) M {EARFIMERK L

14.4.1  FX t KB5S

AL ECXT ¢ 455, PREL t.test() HIBHL paired WHEN TRUE , PINZLRFEA SRR FEAR AL
i

sleep2 <- reshape(sleep, direction = "wide",
idvar = "ID", timevar = "group")

t.test(Pair(extra.l, extra.2) ~ 1, data = sleep2)

#>

#> Paired t-test

#>

#> data: Pair(extra.l, extra.2)

#> t = -4.0621, df = 9, p-value = 0.002833

#> alternative hypothesis: true mean difference is not equal to 0
#> 95 percent confidence dinterval:

#> -2.4598858 -0.7001142

#> sample estimates:

#> mean difference

#> -1.58

# R < 4.4.0

# t.test(extra ~ group, data = sleep, paired = TRUE)

AR PPIIECXS ¢ K23, PR pairwise.t.test() IIBHL paired BLEN TRUE , YU ALY
BeX ¢ A gy, AR IEE RS A SR .

with(sleep, pairwise.t.test(x = extra, g = group, paired = TRUE))

#>
#> Pairwise comparisons using paired t tests
#>

#> data: extra and group

#>
#> 1
#> 2 0.0028

#>
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#> P value adjustment method: holm

ol , WgE R, 4 1 I 2 IR ¢ IR P 0.0028.

\ @ fR

@ PR © KRS A L I O S S0
library(nlme)
m <- lme(fixed = extra ~ group, random = ~ 1 | ID, data = sleep)
summary (m)
#> Linear mixed-effects model fit by REML
#> Data: sleep
#> AIC BIC loglLik
#> 77.95588 81.51737 -34.97794
#>
#> Random effects:

#> Formula: ~1 | ID

#> (Intercept) Residual
#> StdDev: 1.6877 0.8697384
#>

#> Fixed effects: extra ~ group

#> Value Std.Error DF t-value p-value

#> (Intercept) 0.75 0.6003979 9 1.249172 0.2431

#> group2 1.58 0.3889588 9 4.062127 0.0028

#> Correlation:

#> (Intr)

#> group2 -0.324

#>

#> Standardized Within-Group Residuals:

#> Min Q1 Med Q3 Max

#> -1.63372282 -0.34157076 0.03346151 0.31510644 1.83858572

#>

#> Number of Observations: 20

#> Number of Groups: 10

Hthai b, BERY T group2 BWREMN T4 1 4, 25 2 MMM, Hoh 1.58, XFRAY
t GEIT R 4.062127, P {H 0.0028. 1 nlme WAL intervals () &R E RV HS>
95% HY'EAF X[H].

intervals(m, which = "fixed")

#> Approximate 95% confidence dintervals

#>
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#> Fixed effects:

#> lower est. upper

#> (Intercept) -0.6081944 0.75 2.108194

#> group2 0.7001140 1.58 2.459886

group2 XFRVAY 95% HYEAEIX[E])Z (0.7001140,2.459886) .

14.4.2 Pidkt Wilcoxon #55

Wilcoxon #35pRAL wilcox. test() W paired = TRUE R DAMACXIG SR, (HR2ALFRTFPI4L
# NI FZMRIE

# wilcox.test(weight ~ group, data = PlantGrowth, paired = TRUE)

wilcox.test(Pair(extra.l, extra.2) ~ 1, data = sleep2)

#> Warning in wilcox.test.default(x = respVar[, 1L], y = respVar[, 2L], paired =

#> TRUE, : cannot compute exact p-value with ties

#> Warning in wilcox.test.default(x = respvVar[, 1L], y = respVar[, 2L], paired =

#> TRUE, : cannot compute exact p-value with zeroes

#>

#> Wilcoxon signed rank test with continuity correction
#>

#> data: Pair(extra.l, extra.2)

#> V = 0, p-value = 0.009091

#> alternative hypothesis: true location shift is not equal to 0

# R < 4.4.0

# wilcox.test(extra ~ group, data = sleep, paired = TRUE)

14.5 ZHBueki
it R L.

#* 14.6: ZHEEBHGER

FEAS R K%L
LREAR o pairwise.t.test() IEZEMA(EKLE

o pairwise.prop.test() “IEA LB
o pairwise.wilcox.test() MARFNILI(EAL:
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14.5.1 % t ik
ot
7S Heliage sleep (UATIAML, Bcliage PlantGrowth 4 =AML, TSRS PlantGrowth B, /141

7 WA AT PP LY € A5

N\ bt t R

(:::) with(PlantGrowth, pairwise.t.test(x = weight, g = group, paired = TRUE))

#>

#> Pairwise comparisons using paired t tests
#>

#> data: weight and group

#>

#> ctrl  trtl

#> trtl 0.346 -

#> trt2 0.220 0.058

#>

#> P value adjustment method: holm

REL pairwise.t.test() DA P {HZ L HWHECK LB HIZE R, trtl A1 ctrl BEX b, P {EN 0.346, trt2
Al ctrl BOXFELES, PR 0.220, PAMLEHE.

# FEAR R T

with(PlantGrowth, pairwise.t.test(x = weight, g = group))

#>

#> Pairwise comparisons using t tests with pooled SD
#>

#> data: weight and group

#>

#> ctrl  trtl

#> trtl 0.194 -

#> trt2 0.175 0.013

#>

#> P value adjustment method: holm

14.5.2  ZHLLBIKSS

X RS, O EL B, RITEREL pairwise.prop.test() , WITR/RBIEH 4 14l

smokers <- c(83, 90, 129, 70)
patients <- c(86, 93, 136, 82)

pairwise.prop.test(smokers, patients)
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#> Warning in prop.test(x[c(i, j)], n[c(i, j)I1, ...): Chi-squared approximation
#> may be dncorrect
#> Warning 1in prop.test(x[c(i, j)1, n[c(i, j)I, ...): Chi-squared approximation
#> may be dincorrect
#> Warning in prop.test(x[c(i, j)], n[c(i, j)I1, ...): Chi-squared approximation

#> may be dncorrect

#> Pairwise comparisons using Pairwise comparison of proportions

#> data: smokers out of patients

#>
#> 1 2 3
#> 2 1.000 - -

#> 3 1.000 1.000 -
#> 4 0.119 0.093 0.124

#> P value adjustment method: holm

14.5.3 Wilcoxon {55

Wilcoxon #5501 52 P> B AR I E R A AH S
B pairwise.wilcox.test() S PA FLHIPII LLBAG LS o
with(PlantGrowth, pairwise.wilcox.test(x = weight, g = group))

#> Warning in wilcox.test.default(xi, xj, paired = paired, ...): cannot compute

#> exact p-value with ties

#>

#> Pairwise comparisons using Wilcoxon rank sum test with continuity correction
#>

#> data: weight and group

#>

#> ctrl trtl

#> trtl 0.199 -

#> trt2 0.126 0.027

#>

#> P value adjustment method: holm
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% 14.5.4 Dunn 55

© -

dunn test AFRMALRRZEL dunn.test() ZZE Dunn #54, 5 Kruskal-Wallis BEFIAG 6 H T W9 L o

'L1brary(dunn test)
with(PlantGrowth, dunn.test(x = weight, g = group, method = "holm", altp = TRUE))

Kruskal-Wallis rank sum test
#>
#> data: weight and group
#> Kruskal-Wallis chi-squared = 7.9882, df = 2, p-value = 0.02

#>

#>

#> Comparison of weight by group
#> (Holm)

#> Col Mean-|

#> Row Mean | ctrl trtl
#> ————————— o
#> trtl | 1.117725

#> | 0.2637

#> |

#> trt2 | -1.689289 -2.807015
#> | 0.1823 0.0150%*
#>

#> alpha = 0.05
#> Reject Ho if p <= alpha

14.6 Ak

FITET 728 RS0 7 VR X SRS NRHIER O Jr28) #EATIGES:, R RRR S ik R 0 7
RPERT . HAREAS R oKk H IR, PIIEAR TR A H—2 0, FEAS R Z A2 AL, FEAR
RAVRAFRREF . IR IR R A Ao

14.6.1 FEAPERES

2 BB B 2RSSR, PG ERERER, REETTEREORY, kR S A2 FER B 2 08 1Y |
HREREEIR TR AW H ESE UL B i e

Usually (but not always) doing tests of normality reflect a lack of understanding of the power

of rank tests, and an assumption of high power for the tests (qq plots don’t always help with
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that because of their subjectivity). When possible it’s good to choose a robust method. Also,

doing pre-testing for normality can affect the type I error of the overall analysis.

— Frank Harrell !
Rt JEAE SBT3 32 SR B i KUK, EidiAs B e YIRS 0 e g, T P
Shapiro 1 Wilk $£H ) W 56 (Shapiro 1 Wilk 1965) , XMW R pRECH shapiro.test()

set.seed(20232023)
X <= rnorm(100, mean = 5, sd = 3)

shapiro.test(x)

#>

#> Shapiro-Wilk normality test
#>

#> data: x

#> W = 0.98635, p-value = 0.3954

The issue really comes down to the fact that the questions: “exactly normal?”, and “normal
enough?” are 2 very different questions (with the difference becoming greater with increased
sample size) and while the first is the easier to answer, the second is generally the more

useful one.

— Greg Snow 2
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EP 5600 22 Fh & BEBBCA B R0, AR A3 R RSOR T 2501 A R bR K0 2 R~ 5 7

A AR 58] EP #3405 (Epps Al Pulley 1983)

@ ¥R

FEAS n > 200 EP K R4EHE Trp IEHHEIL n = oo I Tpp WAL

B,z R A RS N(p, o) BIHEA, EP SRS E

n i—1

TEp—l—i———i— ZZexp{ } \fZexp{ _)2}

12]1 Sk

Hor 2, s 23R REAIIEA (BRVA n 1Y) FEARTDT 2,

14.6.2  Fl5rAik:se

Lilliefors #5:4 * F1HHEAR) ks KB K &

Thttps://stat.ethz.ch/pipermail /r-help/2005- April /070508.html
2https://stat.ethz.ch/pipermail /r-help/2009-May/390164.html
3https://personal.utdallas.edu/~herve/Abdi-Lillie2007- pretty.pdf


https://stat.ethz.ch/pipermail/r-help/2005-April/070508.html
https://stat.ethz.ch/pipermail/r-help/2009-May/390164.html
https://personal.utdallas.edu/~herve/Abdi-Lillie2007-pretty.pdf
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As to whether you can do a Lilliefors test for several groups, that depends entirely on your
. ability to understand what the underlying question would be (see Adams D 1979).
’

/ — Knut M. Wittkowski *

\ Kolmogorov-Smirnov #545: FRAEABPIAEAH [R] /315 ks . test()
ks.test(x, y = "pnorm")

#>

#> Asymptotic one-sample Kolmogorov-Smirnov test
#>

#> data: x

#> D = 0.85897, p-value < 2.2e-16

#> alternative hypothesis: two-sided

14.6.3  FRPERSLS

FEAS A ARG ES cor.test(): Pearson’s #3245, Kendall’s 7 #3385 Spearman’s p £33 .
T 36 [ SR BTN M B AR USJudgeRatings /28 45 TV 43 2[RI AH &%

# cor.test(method = "pearson") # lm(y ~ 1 + Xx)
cor.test(~ CONT + INTG, data = USJudgeRatings)

#>

#> Pearson's product-moment correlation

#>

#> data: CONT and INTG

#> t = -0.8605, df = 41, p-value = 0.3945

#> alternative hypothesis: true correlation is not equal to 0
#> 95 percent confidence 1interval:

#> -0.4168591 0.1741182

#> sample estimates:

#> cor

#> -0.1331909
Hrr, A8 CONT FoRBUT SEEMBRAR K, INTG FoRaliA A IE.

# cor.test(method = "kendall")

# cor.test(method = "spearman") # lm(rank(y) ~ 1 + rank(x))

4https://stat.ethz.ch/pipermail /r-help/2004- February /045597.html


https://stat.ethz.ch/pipermail/r-help/2004-February/045597.html
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14.6.4 P PERSES

I )3 S RS2 PRGBS Box . test () 145 Box-Pierce B Ljung-Box # B4 15 R AG A 25 % I ] 1) () 2
SEPERRB .

14.6.5 CERaMERE

IR 72 BAARAR 6, Az 1] P81~ Ae i Phillips-Perron ) A HRAZ PP. test ()

PP.test(x, lshort = TRUE)

14.7  Zouormthik

o Hotelling T? 338 EMAIRMAZICIER M, MFEASIEZ ZH0R L.
o Mauchly BfERGE: SARMZICIES D, BREA T Z R R .

14.7.1 Hotelling T? K145

Hotelling T? 42 —4EFIE FPIREAS ¢ BB 2 4EHET

14.7.2 Mauchly ERIEKES

Mauchly BRFEAGH: mauchly. test() Kili: Wishart Sy Z2M 25 1R LT R FE . — 418
AR HZICIES I, FEARRIIT ZH MR K TR RN, BEPLAEFER 21l Wishart 7344

W @1, o, Ty, T € RP, @y WO MVN(0,X), B m AEEA SERAIIE S 0, W40 ©
fy p AL ICIEASME MVN(0,S), HAEASZ FMEMY . I X =2z RASECN S, AHEN m
#Y Wishart 23047 W, (2, m). HEREEREAUNT

1

1
FX) = smprap X172 exp{— o0 (571 X))
27 [Z[FT,(3) 2

Hep, T, B2 oo, &XT

P .

m _ m j—1

L) =m G =75
=1

RIBEEWE T — MBS, FTAEERHIE IR Wishart 237 W, (3, m) A, m = df, X =
Sigma. R IEF AU :

rWishart(n, df, Sigma)
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._% FIFFESEL. rwishart() 1&BE—/4> pxpxn $H R
CFS WL (S m) B AR, Hitm = df, ¥ = Sigma.,

i

% 14 F. FNRITRE

Horp, BMSH 0 SERARE, BUESEC I FEH M, 2R px p HiFE Sigma $55E Wishart /)7

set.seed(2022)
# HIE n R [

S <- matrix(c(1.2, 0.9, 0.9, 1.2), nrow = 2, ncol = 2)

rWishart(n = 3, df = 2, Sigma

#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>

y 1

(1,1 3.

[2,] 1.

(1,1 4.
(2,1 3.

(1,1 3.
[2,] 4.

[,1]
213745
244539

[,1]
443057
387850

[,1]
614911
797919

[,2]
.2445391
.5032642

[,2]
.387850
.605341

[,2]
797919
.846811

Mo R[ i) RIEERFE, 2 Wishart 73

AL M OAEE E(M) = m x X, RHEHUHERE M hRA~c R &

Var(Mij) = m(Efj + Eiiﬁjj), S =3

#p=1, A Y R—rk o?, Wishart 01BN B B df B9-R77040 12, B Wi(o?,m) = o°x7,
NETTRA AR M O

set.seed(2022)

Wish <- rWishart(n

= 3000, df

# WHMALERE v B2

apply (Wish, MARGIN = 1:2, FUN

#>

[,1]

[,2]

#> [1,] 2.375915 1.792558
#> [2,] 1.792558 2.430074
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4 PEALEEE M B2 BN
2 %S

#> [,1] [,2]
#> [1,] 2.4 1.8
#> [2,] 1.8 2.4

B TH R REALAERE M Oy 2%,

# HATE

apply (Wish, MARGIN = 1:2, var)
#> [,1] [,2]

#> [1,] 5.668746 4.472606

#> [2,] 4.472606 5.729270

# B E
2% (S"A2 + tcrossprod(diag(S)))

#> [,1]1 [,2]
#> [1,] 5.76 4.50
#> [2,] 4.50 5.76

14.8 Rtk Sany—2iEid

BRI G DL E S HE, AT IR DO I VA 28, 7 MR AR TS R L, R
EMARZ IR MR B AR T . UG BREEAR R, WAEARIGE . ZHARE . T
K. BOAREAKER . WRCHFFESERRA AT, B ESEGLE . IWRAE 2B G SR
R, MSERRAAES R TEAEH , ES B RIER IR, JrIRE. FER AR
HTEOLT, Joi 2 EA R R X T 2R, KR oL TR B S RRRTT k

FERBA I Ty MfE H stk AR 2, A Karl Pearson 2 RITGEIHR. R0 R IR LA
K, BRSOk — A REA SR TAE, TR AXER L, 19 et )5fm 2 20 HhapyE, #&
B G 280 — AL A R T R . BRS040 2 5t ETTIE 1 1 A GE 0 T O AT [
W 2L, M, P EEX T W sk BT . 238 RN 2R 205077 A2 AN A
A, HESEm SRR REI AT RIEFTAH T2 FENGEITMGE R, HRIX L o O
B SCRE AT A I B R S0 7 YA AR, FRARGERE P R h R B S HAR R R iR IR 0T,
AR B A U HE 7 BB B A%

F 147 MBS S P A H 2 TR A

T4 ESE- HE T FFhr DTER
K. Pearson i [E] 1857-03-27 1936-04-27 79 €W Es

C. Spearman L [E 1863-09-10 1945-09-17 82 Spearman’s p


https://en.wikipedia.org/wiki/Karl_Pearson
https://en.wikipedia.org/wiki/Charles_Spearman

1 1\/\ 172 %14 % bt
% %, e thk JET sk
rr W. S. Gosset i ES| 1876-06-13 1937-10-16 61 t AR, b RS
/ R. A. Fisher o) 1890-02-17  1962-07-29 72 F 5. Fisher KTk
\ F. Wilcoxon ESJFS| 1892-09-02 1965-11-18 73 Wilcoxon REAG
H. Cramér Wt 1893-09-25 1985-10-05 92 Cramér’s V
@ J. Neyman W EH 1894-04-16 1981-08-05 87 Neyman-Pearson 5| H
E. S. Pearson YLE 1895-08-11 1980-06-12 84 Neyman-Pearson 5|3
H. Hotelling eS| 1895-09-29 1973-12-26 78 Hotelling T? #56
E. J. G. Pitman I 1897-10-29 1993-07-21 95 Pitman {11
J. Wishart L[| 1898-11-28 1956-07-14 57 Wishart 4341
Q. M. McNemar E[H 1900-02-20 1986-07-03 86 McNemar #5465
F. Yates L [E| 1902-05-12 1994-06-17 92 Yates #f1F
A. Wald ] F F 1902-10-31  1950-12-13 48 Wald #35
A. Kolmogorov IREE 1903-04-25 1987-10-20 84 Kolmogorov-Smirnov #
%
S. S. Wilks eS| 1906-06-17 1964-03-07 57 Wilks #6556 /{A9K LU ARG 56
J. W. Mauchly % 1907-08-30  1980-01-08 72 Mauchly BRI
M. Kendall L [E| 1907-09-06 1983-03-29 76 Kendall’s 7
W. G. Cochran JiE, EH 1909-07-15 1980-03-29 70 Cochran—Mantel—-
Haenszel ¥4
M. S. Bartlett W] 1910-06-18  2002-01-08 91 Bartlett 15
W. M. Haenszel E[H 1910-06-19 1998-03-13 87 Cochran—Mantel—
Haenszel ¥55
B. L. Welch L [E| 1911 1989-12-29 78 Welch t #5146
H. O. Hartley f ] 1912-04-13 1980-12-30 68 Hartley #3%
M. Friedman E[H 1912-07-31 2006-11-16 94 Friedman Fk:FN#556
W. A. Wallis EH 1912-11-05 1998-10-12 85 Kruskal-Wallis 15 56;
H. Levene E[H 1914-01-17 2003-07-02 89 Levene #615
J. W. Tukey [H 1915-06-16  2000-07-26 85 Tukey’s HSD #5
O. J. Dunn E[H 1915-09-01 2008-01-12 92 Dunn #556
E. L. Lehmann HE. EE 1917-11-20 2009-09-12 91 Lehmann-Scheffé g3
T. W. Anderson  3E[H 1918-06-05 2016-09-17 98 Anderson—Darling #;45
N. Mantel E[H 1919-02-16 2002-05-25 83 Cochran—Mantel—
Haenszel ¥ 56
W. Kruskal eS| 1919-10-10 2005-04-21 85 Kruskal-Wallis 15 46;
George E. P. Box #[H., #£H 1919-10-18 2013-03-28 93 Box-Pierce #5I%
C. R. Rao . EHE 1920-09-10 2023-08-22 102 Score ¥
M. Wilk mEK 1922-12-18 2013-02-19 90 Shapiro-Wilk #5516
J. Durbin YLE 1923-06-30 2012-06-23 88 Durbin ¥556


https://en.wikipedia.org/wiki/William_Sealy_Gosset
https://en.wikipedia.org/wiki/Ronald_Fisher
https://en.wikipedia.org/wiki/Frank_Wilcoxon
https://en.wikipedia.org/wiki/Harald_Cram%C3%A9r
https://en.wikipedia.org/wiki/Jerzy_Neyman
https://en.wikipedia.org/wiki/Egon_Pearson
https://en.wikipedia.org/wiki/Harold_Hotelling
https://en.wikipedia.org/wiki/E._J._G._Pitman
https://en.wikipedia.org/wiki/John_Wishart_(statistician)
https://en.wikipedia.org/wiki/Quinn_McNemar
https://en.wikipedia.org/wiki/Frank_Yates
https://en.wikipedia.org/wiki/Abraham_Wald
https://en.wikipedia.org/wiki/Andrey_Kolmogorov
https://en.wikipedia.org/wiki/Samuel_S._Wilks
https://en.wikipedia.org/wiki/John_Mauchly
https://en.wikipedia.org/wiki/Maurice_Kendall
https://en.wikipedia.org/wiki/William_Gemmell_Cochran
https://en.wikipedia.org/wiki/M._S._Bartlett
https://en.wikipedia.org/wiki/William_M._Haenszel
https://en.wikipedia.org/wiki/Bernard_Lewis_Welch
https://en.wikipedia.org/wiki/Herman_Otto_Hartley
https://en.wikipedia.org/wiki/Milton_Friedman
https://en.wikipedia.org/wiki/W._Allen_Wallis
https://en.wikipedia.org/wiki/Howard_Levene
https://en.wikipedia.org/wiki/John_Tukey
https://en.wikipedia.org/wiki/Olive_Jean_Dunn
https://en.wikipedia.org/wiki/Erich_Leo_Lehmann
https://en.wikipedia.org/wiki/Theodore_Wilbur_Anderson
https://en.wikipedia.org/wiki/Nathan_Mantel
https://en.wikipedia.org/wiki/William_Kruskal
https://en.wikipedia.org/wiki/George_E._P._Box
https://en.wikipedia.org/wiki/C._R._Rao
https://en.wikipedia.org/wiki/Martin_Wilk
https://en.wikipedia.org/wiki/James_Durbin
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44 4 A T iy DUk

L. Le Cam ¥ E 1924-11-18 2000-04-25 75 Wi

H. Lilliefors E[H 1928-06-14 2008-02-23 80 Lilliefors #&1;

S. S. Shapiro eS| 1930-07-13 B 93 Shapiro-Wilk #5146
1 Hid

EHOURYE A CRE TR R, 2 EMRR, SoFBRMER. 20 e 60 (U5,
RBAGIRFIS AR G T, BT R 1930 4FPARTHIAERY. KA, #EHREA —ENAR,
BDWCRAEYERE T RHA A L

Hp, mEERGOT AR LHARMIR R W T 14.9 .

F. Galton
1822-1911

K. Pearson
1857-1936

R. A. Fisher
1890-1962

J. Neyman
1894-1981

E. S. Pearson
1895-1980

Bl 14.9: B GEI AR AR KR R

E. L. Lehmann
1917-2009

A. Wald
1902-1950

F. Galton J& K. Pearson /i, E. S. Pearson /& K. Pearson fJJL 1. E. L. Lehmann /& J. Neyman
fy2#tE, J. Neyman Fl E. S. Pearson —ji2fg i N-P 5|3, &85 XAAREA RIS RN . Rk
Ko AN X TE) At . PR Be 2 B A ), A, Wald 24k J. Neyman F1 E. S. Pearson 2 J5, 4kZiffis

WG R, AERR, TE—3 LSS S .

14.8.1 R ML FwLLERI LR

FDR /2 False Discovery Rate [7ajFF

14.8.2 RIS AT 20Tk £
14.8.2.1 PAPHFE L ZEMPT

PR aov () FIRAMBLEE. XUHZR—JT )y 220 M

fit_aov <- aov(weight ~ group, data = PlantGrowth)

PIPLLRE, Z2H K


https://en.wikipedia.org/wiki/Lucien_Le_Cam
https://en.wikipedia.org/wiki/Hubert_Lilliefors
https://en.wikipedia.org/wiki/Samuel_Sanford_Shapiro
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TukeyHSD(fit_aov)

#> Tukey multiple comparisons of means

#> 95% family-wise confidence level

\\#> Fit: aov(formula = weight ~ group, data = PlantGrowth)

#> Sgroup

#> diff lwr upr p adj
#> trtl-ctrl -0.371 -1.0622161 0.3202161 0.3908711
#> trt2-ctrl 0.494 -0.1972161 1.1852161 0.1979960
#> trt2-trtl 0.865 0.1737839 1.5562161 0.0120064

H C L3720t
# WA
dfl <- 2
df2 <- 27
# BUANAE
group.size <- 10
# UL =
sq.between <- sum(tapply(
PlantGrowthsweight, PlantGrowthS$group,
function(x) (mean(x) - mean(PlantGrowthS$weight))”2

)) * group.size

mean.sq.between <- sq.between / df1l

# U=

sqg.within <- sum(tapply(
PlantGrowthsweight, PlantGrowthS$group,
function(x) sum((x - mean(x))”"2)

))

mean.sq.within <- sq.within / df2
#F &itE
f.value <- mean.sq.between / mean.sq.within

f.value
#> [1] 4.846088

# P 1A
p.value <- 1 - pf(f.value, df1i, df2)
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p.value

#> [1] 0.01590996

MABEC A5 7 BE B AR 3R 22000, T 28 T SR AE LR N I R B A B 2557
oneway.test(weight ~ group, data = PlantGrowth, var.equal = TRUE)

#>

#> One-way analysis of means

#>

#> data: weight and group

#> F = 4.8461, num df = 2, denom df = 27, p-value = 0.01591

T7 22Tl Al DA A AR A HEZE

fit <- Im(weight ~ group, data = PlantGrowth)

summary (fit)

#>

#> Call:

#> Im(formula = weight ~ group, data = PlantGrowth)
#>

#> Residuals:

#> Min 1Q Median 3Q Max

#> -1.0710 -0.4180 -0.0060 0.2627 1.3690

#>

#> Coefficients:

#> Estimate Std. Error t value Pr(>|t])

#> (Intercept) 5.0320 0.1971 25.527 <2e-16 **xx

#> grouptrtl -0.3710 0.2788 -1.331 0.1944

#> grouptrt2 0.4940 0.2788 1.772 0.0877

#> —-—-

#> Signif. codes: 0 'xx*x' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1
#>

#> Residual standard error: 0.6234 on 27 degrees of freedom
#> Multiple R-squared: 0.2641, Adjusted R-squared: 0.2096
#> F-statistic: 4.846 on 2 and 27 DF, p-value: 0.01591

anova(fit)

#> Analysis of Variance Table
#>
#> Response: weight

#> Df Sum Sq Mean Sq F value Pr(>F)



#> group 2 3.7663 1.8832 4.8461 0.01591 x*

\ \4 176 %14 F. F Ryt
g

#> Residuals 27 10.4921 0.3886
S P —

s #> Signif. codes: 0 'xxx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 " ' 1

\ B R B ES IR, HE MR 22HR, M F G RIERRRE P R, 25 aovO .
AL oneway . test () FIZMAI Im() EXHFN T .

14.8.2.2 WHE—ILHZEMH

with(ToothGrowth, interaction.plot(supp, dose, len))

0 dose
— 2
o | ‘*~\\\\ ........ 05
c 3V s~
9
C S e
@
O w _|
E —
o _]
—
0oJ VC
supp

K 14.10: OJ 1 VC IR HAEH

R dose = 2, W len S5 supp HH KR,

fit_aov <- aov(len ~ supp * dose, data = ToothGrowth)

fit_aov

#> Call:

#> aov(formula = len ~ supp * dose, data = ToothGrowth)
#>

#> Terms:

#> supp dose supp:dose Residuals
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#> Sum of Squares 205.3500 2224.3043 88.9201 933.6349
#> Deg. of Freedom 1 1 1 56
#>

#> Residual standard error: 4.083142

#> Estimated effects may be unbalanced

OFH M=

14.8.2.3 PR ZILIi 2P

PlantGrowth J& T-—J0 7 224, WLIAR & UG T E—A i, R B 245, e ol
2244 multivariate analysis of variance . AN[EJFPZEHE B AN H K JE R 1A Ir A .

library(ggplot2)

library(ggridges)

ggplot(data = diris, aes(x = Sepal.Length, y = Species, fill = Species)) +
scale_fill_brewer(palette = "Greys") +
geom_density_ridges(bandwidth = 0.2) +

theme_ridges(font_size = 12, font_family = "sans")

Species

virginica
Species
|:| setosa
icol |:| versicolor
versicolor . oo
virginica
setosa

4 5 6 7 8
Sepal.Length

P 14.11: & R R KR 4311
fit <- manova(cbind(Sepal.Length, Sepal.Width, Petal.Length, Petal.Width) ~ Species, data = qris)
summary (fit, test = "Wilks")

#> Df Wilks approx F num Df den Df Pr(>F)
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g

#> Species 2 0.023439 199.15 8 288 < 2.2e-16 **xx%
#> Residuals 147
A S
s #> Signif. codes: 0 'xxx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 " ' 1

\P GUNT 0.0.5, P0 iris Bl = A A BEE R, X THEARNRRE, $F 2

summary.manova .
1% Species JF G AL RAIHEAII(E . FEAT 22

aggregate(data = iris, cbind(Sepal.Length, Sepal.Width, Petal.Length, Petal.Width) ~ Species, mean)

#> Species Sepal.Length Sepal.Width Petal.Length Petal.Width
#> 1 setosa 5.006 3.428 1.462 0.246
#> 2 versicolor 5.936 2.770 4.260 1.326
#> 3 virginica 6.588 2.974 5.552 2.026

aggregate(data = dris, cbind(Sepal.Length, Sepal.Width, Petal.Length, Petal.Width) ~ Species, var)

#> Species Sepal.Length Sepal.Width Petal.Length Petal.Width
#> 1 setosa 0.1242490 0.14368980 0.03015918 0.01110612
#> 2 versicolor 0.2664327 0.09846939 0.22081633 0.03910612
#> 3 virginica 0.4043429 0.10400408 0.30458776 0.07543265

14.8.3 RS KRBT R

DRIAIA TR R SO AR ER T T SRR DR, B LA R B 7 XA T Z R (50 DR, 50kh 1 s AT
AR BfERBCE R EEKT.

Base R $2£{£f) binom.test() ERE A ARG HI T B BEXE], BIATIEAY Clopper-Pearson X&), [fij
prop.test() PREITIITE EAGX A, EIArHERY Wilson XI[]. PARFRASH LGRS L6 A 51 .

# ALK ] 3t
prop.test(x = 2, n = 10, p = 0.95, conf.level = 0.95, correct = TRUE)

#> Warning in prop.test(x = 2, n = 10, p = 0.95, conf.level = 0.95, correct =

#> TRUE): Chi-squared approximation may be +incorrect

#>

#> 1l-sample proportions test with continuity correction
#>

#> data: 2 out of 10, null probability 0.95

#> X-squared = 103.16, df = 1, p-value < 2.2e-16

#> alternative hypothesis: true p is not equal to 0.95
#> 95 percent confidence 1interval:

#> 0.03542694 0.55781858
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#> sample estimates:
#> p
#> 0.2

¢ RHE A

binom.test(x = 2, n = 10, p = 0.95, conf.level = 0.95)

#>

#> Exact binomial test

#>

#> data: 2 and 10

#> number of successes = 2, number of trials = 10, p-value = 1.605e-09

#> alternative hypothesis: true probability of success 1is not equal to 0.95
#> 95 percent confidence interval:

#> 0.02521073 0.55609546

#> sample estimates:

#> probability of success

#> 0.2

Sk 2 09 BAR K B FUSE B AR R S REAREA R AL RN 2B 8l X B RE XA SR 7 ik
PR NI EE L ISP SRR, BEA R R AHER, R AT AR . ARAR
PITE T XA B LAY, BN LAY 00001 o ARt R A B R oA, A5 X T ) s e 2
FIAY o X AP R TCIRRE SR 3R AT )L £ DX ) 1 B ) i 2 T A A E Te v A i 5

14.8.4 B ULIGE HR S L E B!

PIREA R ISR S IESRRRRTTIA

14.8.4.1 Wilcoxon {5 FiG5E

5 wilcox.test() SEH YL EARAY

signed_rank <- function(x) sign(x) * rank(abs(x))
fit <- Im(signed_rank(extra) ~ group, data = sleep)

summary (fit)

#>

#> Call:

#> Ilm(formula = signed_rank(extra) ~ group, data = sleep)
#>

#> Residuals:

#> Min 1Q Median 3Q Max

#> -14.55 -6.55 0.90 6.90 13.95
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Coefficients:
Estimate Std. Error t value Pr(>|t])
(Intercept) 3.050 2.872 1.062 0.3022
group2 8.300 4.061 2.044 0.0559
Signif. codes: 0 'x*xx' 0.001 'x*' 0.01 'x' 0.05 '.' 0.1

Residual standard error: 9.081 on 18 degrees of freedom
Multiple R-squared: 0.1884, Adjusted R-squared: 0.1433
F-statistic: 4.177 on 1 and 18 DF, p-value: 0.05589

14.8.4.2 Kruskal-Wallis BLRIKL:

5 kruskal.test() MR MATIEIR,

fit

sum

#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>

<- Im(rank(extra) ~ group, data = sleep)
mary (fit)
Call:
Im(formula = rank(extra) ~ group, data = sleep)

Residuals:

Min 1Q Median 3Q Max
-8.450 -3.925 -0.500 5.275 8.950
Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 8.050 1.738 4.633 0.000207 *x*x%
group2 4.900 2.457 1.994 0.061520
Signif. codes: 0 '*xx' 0.001 'x*x' 0.01 'x' 0.05 '.' 0.1
Residual standard error: 5.495 on 18 degrees of freedom

Multiple R-squared: 0.1809, Adjusted R-squared: 0.1354
F-statistic: 3.976 on 1 and 18 DF, p-value: 0.06152

1

1
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14.8.5 fRRE Tk H

G HRIGTAAARE T HBCM? K24 Fisher fsCIBE TR 22500, L84 2 2kt 42
Feani i o . AERHECEE . RBLE SR AR TG . IR @ I TY, SCImXt R N, XPa ki,
NIET H B, AR, FrOATR ST E1 . T3 2L 0 BIREA A RESR I AR A N AR B AL -
HIRMBARAE RS RZ . KRT, BUNYZEA R — R TP R R, SR AR ] 2 1 22 57
P, TERPWRLAREAE. J—J5h, KRB EBRRM AE, R, #EE, ES SN, #7271
KRS, FERFRER, EERINME. SRR ILP A KT HE— SRR E FIR A ZR, FTIA,
D7l S, A, BAERATRI, EPEs (BE), WM (L), el
(#3:), FHEZHER, SOEZHAH, X2 A/B LR -5 OME.

M, Te B, RAEPRG—DERRIE, I B RS, 27T 8, AR SRR
Ui, REHAEM A/B LA B SR TAk55 FTT 1 o A IHBEX A0 7155 T 1 22 g/ N LT
T &R R R e, NI KRG &R, —NERRIEZ R NRRE
X SE R AR, BrpA, RIGERTPASRA A R g, (U &ARR R, R4, Badple? A
JRtBE A, WS — R AR U R R R 2, HUAh, BIFST )Rt Ak e il DA DR B 55
B

—ANSERERY SR R AL SR N P BT SR R . ALV SRR . o ATEE . Bl
Bz eATah. WM E. Xd—DHER, RIS A R, SRk, oS
k. Mg, w kR0, R E RS R AN EL. SR SCRT DAY 55
KR BN G M 7 = A B

o bS5 ARAEHARERE T ], REEOER . WAL S5 1, PR A PR SRR

o BEbE: BaEicE. BRI BOREE. BEaE, BiEsdRm e, Bk

o QTR VOSBRI S, W SRS, A B . IR R A g T
R R E . WIEEME AT, SEEE PR

14.9 )5

L GPHT CLIREAEY IS . B9 2009 4F AR B k2= T UG 1 19 A ST 300 R 1 S A ARG 36
T KZLEEZY i 80 [ 5 )5 40 mIELe s K22 SIS HT (R 2009).

2. MREHARLE chickwts M A IR T O/ NG IR E RS2, (BRI T 225047)

ggplot(data = chickwts, aes(x = feed, y = weight)) +
geom_boxplot() +
geom_jitter() +

theme_minimal()
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P 14.12: AR 7 20N 1) 52 1)

F.OF LY RITER

sunflower

3. MR ChickWeight 34T 4 FHRE Ty 200 /NG AT AT S0, B4~/ INEAS B R 7 SN2
MR EA—FE . ENASRRFA—R (MEZER), BHEERER I Rsgm, Bz

RS, A RRE T XA E I .

ggplot(data = ChickWeight, aes(x = Time, y = weight, group = Chick, color = Diet)) +

geom_point() +
geom_line() +
facet_wrap(~Diet) +

theme_minimal()
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15.1 PARE SRS SICE R

IV - /K (Francis Galton, 1822-1911) 2yt EEAMIAEFER ., LR, BHEAFHGET
FR, G AR B MRS IR, Ra e P A BG K B . 1885 4R, W /RIPA
PRI T2 BRI 7, AL AEER T 205 X RIABH 928 AN HAFE T2 B Bl (Galton 1886).

H Hi, Michael Friendly M JE 48 SCHk PR 5, Bz 5B £ @44 h GaltonFamilies, JiYE R 1 HistData
(Friendly 2021) Py, F{ERZEMA. RIEFTER, T 15.1 BRZEHRENT > HE.

% 15.1: RURBICERRY 205 MR ST om St ()

XKy  CrSmE BERSR BESm TR ToHs Teih TaaR

001 78.5 67.0 75.43 4 1 male 73.2
001 78.5 67.0 75.43 4 2 female 69.2
001 78.5 67.0 75.43 4 3 female 69.0
001 78.5 67.0 75.43 4 4 female 69.0
002 75.5 66.5 73.66 4 1 male 73.5
002 75.5 66.5 73.66 4 2  male 72.5

R T4, Male F/R B 1L, Female Zon &k, £ 1 SRECES R 78.5 Jo5f, BE2E S5
67.0 B, BH A MHEFE T, 15 34, TRHmKIRGE 73.2 35), 69.2 J5f, 69.0 321 A1 69.0 3
o 1LITHIYS T 2,54 JHOK, 78.5 SIS T 199.39 JHOK, ZSET 2 KA E R

F R [rpoR] R, BDASCRERSFS B, A TS S SR S e TS AR B e 2
Tek, HTIHEREAG Smal R 2E 5, Lot B eI aRiL 1.08.

MRS ERM T 22, WA level = 0.95
L B Rk PA 1.08 J5, PIZIAZRFILPEA. (Hanley 2004)

heightchildren =a+ /8 * heightmidparent +e

184


https://galton.org/
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% 15.20 T B 1) hoR T2 B s [l U

el e doESE
male 19.91346 0.7132745
female 19.80016 0.7136104

FLE&

64 66 68 70 72
REPEEIET

F 15.3: "4 LTS T IniE ST

1] 32 (L ] B G o L v K 8 S S e v A B , SEBR b, (A RIA R 2 B TP A AR A )
AR, HI— A NI 17K 32 SIS R 5

15.2  HillAs 9 N SCA R CE &R

AR IR, AU PR TR AN 3¢, 2 — R U R &R . SR AR 2 5
—AGITRE A K, AR RN B R R B, MR AR R R FELSE. A
2P, RZBARAEARAAEA M, RGBT T 1977 4FSEE A RS A ST R,
FRERTIR, T3 15.3 o R E A MR G £t o



K

188 % 15 F. wjabiax it

% 15.3: 1977 AFSEE DA R AT A MG 8dn (589))

UIES Dad) 7y ANECE A T AR de
Alabama  South 3615 3624 69.05
Alaska West 365 6315 69.31
Arizona West 2212 4530 70.55
Arkansas  South 2110 3378 70.66
California  West 21198 5114 71.71
Colorado ~ West 2541 4884 72.06

ZBAHRARAE R PR S5 anT -

str(state_x77)

#> 'data.frame': 50 obs. of 10 variables:

#> $ Population : num 3615 365 2212 2110 21198 ...

#> $ Income : num 3624 6315 4530 3378 5114 ...

#> $ Illiteracy : num 2.1 1.51.8 1.9 1.1 0.7 1.1 0.9 1.3 2 ...

#> $ Life Exp : num 69 69.3 70.5 70.7 71.7 ...

#> $ Murder ¢ num 15.1 11.3 7.8 10.1 10.3 6.8 3.1 6.2 10.7 13.9 ...

#> $ HS Grad : num 41.3 66.7 58.1 39.9 62.6 63.9 56 54.6 52.6 40.6 ...

#> $ Frost ¢ num 20 152 15 65 20 166 139 103 11 60 ..

#> $ Area : num 50708 566432 113417 51945 156361 ...

#> $ state_name : chr "Alabama" "Alaska'" "Arizona" "Arkansas'" ...

#> $ state_region: Factor w/ 4 levels "Northeast","South",..: 2 4 42 441222 ...

B~ 50 17 10 FURHHE, Hrfr, state_name (M4) 2FFFRARE, state_region (Xikkils))
RN TRAS . BR T XSRS, Population (A%, #47: 1000), Income (AIJUCA, FAfi:
%7t), Life Exp (FUliZdr, B0 %) SHREERMAE. TR 154 BoRT 1977 434N 1
WFF AR AR, BB, AT AR IS AR A — LW R A IE A e, AT AR

Ho

T I AE ML B RN U A i, MRS I, FER 15.4 LAtk B, FERUR ST AN
Po WON, N TSNS, RSN B IR, ARk, &a, N DBCRBU S
BRI/, TR T 15.5 Fs iy 428G .

S SR TE U eSS PN NS NSY i PN

@ ¥R

M 15.5 F& 15.6 , Sl B2 B Z AR Z i, A dcaad, L5
BEW L8, RPN LAY R NZ R 28, B AR SECF % TiX A2 RN A
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% 15 .
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724

%S (F)

704

68 4

Hawaii

Minnes.ota

Utah °
Nebraska Kansas North Dakota

Wisconsin@®
lowa Connecticut
South Dakota .~ Oregon
° ~— Colorado
Massachusetts ] )
California
Idaho Rhode Island
Vermont Washington

Oklahoma  'Néw Hampshire

Texasg Indiana opio New Jersey

lorida

Arkans‘as Missourig arizon
New York

Maine

Montana Michigan
New Mexico Teanessee Wyo%g

Kentucky Pennsylvania’ Virginia \”””
Delaware

@ 12
ois arylan

West Virginia

North Carolina
Nevada Alaska

o
Alabama
o

Louisiana G‘eorg|a

Mississippi
(]

4 .
South Carolina

3000

4000 5000 6000
AN (£5T)
BIEE: ZEAOBRERS

el 15.5: 7 MU FiUYI 73 fir- 5 AU Wt

=12 5 48 % A7

X x5
Northeast

® South

® North Central

West



1 15.2 FAIAH 45 A3y £ A

1977 EEMMEF G S ATRANX R

Hawaii
Minnesota
o
Utah °
Nebras.ka Kansas \orth Dakota
Wisconsin
lowa Connecticut
South Dakota .~ Oregon
® ~— Colorado
1 Ma;sachusetts
[ ) ifornia
Idaho Rhode Island
. .
Vermont ~ Washing
J;/I:I-\ Oklahoma = NeW t'ampshlre
- Indiana 7= Neg\]ersey
(=X
4:: Arkansas Anzo n’ orila
HIF . New York
i Montana Michiga
= ennessee
™ 70 [ X ) Wyonfing o, ‘ v ang
Kentucky Pennsylvania’ Virginia \ inois
Delaware
West Virginia
North Carolina
Nevada Alaska
Alabama
.. Georgia
Louisiana ® g
Mississippi
o
68 4 °
South Carolina
3000 4000 5000 5000
NS INETH

BIER: ZEADBER
[&] 15.6: 1977 47 KE NN A7 -5 AR KA BI04

191

Xigkl5

Northeast
South

North Central
West



\\4 192 % 15 F. wjabiax it

IR AR AR A o A SR A2 S R S B R N S 45256 —, 501 7 i (21 45

‘,,—\'i’ We? [RERT, WA NI ABAE, (B a2 EARDE?

/ m <- lm(data = state_x77, “Life Exp' ~ Income)

\\summary(m)
©
#> Call:
#> Im(formula = "Life Exp  ~ Income, data = state_x77)
#>
#> Residuals:
#> Min 1Q Median 3Q Max
#> -2.96547 -0.76381 -0.03428 0.92876 2.32951
#>
#> Coefficients:
#> Estimate Std. Error t value Pr(>|t]|)
#> (Intercept) 6.758e+01 1.328e+00 50.906 <2e-16 **xx

#> Income 7.433e-04 2.965e-04 2.507 0.0156 x*

#> ——-—

#> Signif. codes: 0 '*x*xx' 0.001 'xx' 0.01 'x' 0.65 '.' 0.1 ' ' 1
#>

#> Residual standard error: 1.275 on 48 degrees of freedom
#> Multiple R-squared: ©0.1158, Adjusted R-squared: 0.09735
#> F-statistic: 6.285 on 1 and 48 DF, p-value: 0.01562

AR P NERITE AR L RIES LM, )2 Variance, {2 Deviance/Bias. %% Residual

Error

15.3  Srrsg M A e St ] i D =%

B B 18 PR AV i A E Y U
hospital_waiting_time <- readRDS(file = "data/hospital_waiting_time.rds")

str(hospital_waiting_time)

#> 'data.frame': 2625 obs. of 11 variables:

#> ¢ 45 :num 1 1.2 20 6 8.9 2.97.92.82.75 ...
# s 1K :dint 274313110362 ...

# S FlREWR :dnt 11 11111111...

#> $ FFERLHH: int 3333333333 ...

#> S R :dint 60111106111 ...
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4> § LR : 9nt 42 32 59 9 45 73 50 25 14 20 ...

#> $ N[EEHaX: int 3113334123 ...

#> $ ANE# cdnt 1111111111 ...

#> s ERER sdint 2222222222 ...

s NEHE tqnt 1111111111 ...

# s EA :dint 2222242244 ...

15.4 )i

L R BN EREHRE esoph 20y TR EJHE-4ERIMH X BB B, 3 IR X Kt
DEFSAFIE AL, SR o EE . ORI B i (e H MRl L) FUREETERY KA



O M =

i VAN A Y & P

R UL AN SRR A AZ R ]

B A R i ROLARRE, Y 5061

ST B RCEE I (B B 5 2

FHRRIFE, IBIRAERE, EAEP BRI R GATI)2 , brRIAA:
e TS 4x2x2x2 W YEE FIN R DT

AR

library (MASS)

TR, @R, Mg, TR BRI SRR 414
Wlls, 7> AN ZHER TS DL .

16.1 LRSS

16.1.1  FEAK:S:

FE BRI R AL prop. test () Rl L BI@ T4 MH . FUREAS ) L BiAe o 46 51 o LU B IX ) il 415
Wilson X [Effitt (Wilson 1927) J2AH K1 . KIEfTHS REGE2F B8 KR, YT 05 1mai
11 AP a5 %R A (Newcombe 1998) .

16.1.1.1 ESE
16.1.1.2 KSHK

PREL binom. test() R " IALE, PREL binom.test() HIRARIRIAS AL AR p N5 e
po KR, BTHFRLE: (Clopper fll Pearson 1934),
FeBl p ARS8 n RIMSERES, HEAR Xy, .., X, ~0(1,p), FFERAEMBRE YL, Xi.

194
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# W — AR
set.seed(20232023)
x <- sample(x = c(0, 1), size = 100, replace = TRUE, prob = c(0.8, 0.2))

IR SRR 1A 5

binom.test(sum(x), n = 100, p = 0.5)

#>

#> Exact binomial test

#>

#> data: sum(x) and 100

#> number of successes = 23, number of trials = 100, p-value = 5.514e-08
#> alternative hypothesis: true probability of success is not equal to 0.5
#> 95 percent confidence 1interval:

#> 0.1517316 0.3248587

#> sample estimates:

#> probability of success

#> 0.23
R A p BT 0.5, P {H 5.514 x 107° Z5i @404 e ik
binom.test(sum(x), n = 100, p = 0.2)

#>

#> Exact binomial test

#>

#> data: sum(x) and 100

#> number of successes = 23, number of trials = 100, p-value = 0.4534

#> alternative hypothesis: true probability of success is not equal to 0.2
#> 95 percent confidence dinterval:

#> 0.1517316 0.3248587

#> sample estimates:

#> probability of success

#> 0.23
R MR p BREHET 0.2, P {H 0.4534 ZHigiE AREIEA Rk

YILE RASS (Chebyshev, 1821-1894) . WREHLAE & X HIE- BT 28074, WIXHMERFEL
e>0,

Var(X)
el/ar()()

P(X ~ EX| > ¢) <

P(X ~EX|<¢)>1-
€
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% 16.1.2  WFEASEKSES
,

T RT WA L BIG )

i /
\ Hy:Py=Pg wvs. Hy:Py>Pgp

Hy:Py=Pp wvs. H{:Py<Pp
Hy BOLTEOR, BB A B [F-— B .
HeBIRG S5 R EL prop. test () FRKIGPHZHEL 2 4H — I A i (LLfil) Ramms.
WP R X IRASECH p 3501 b(n,p), Y IRANSECH 0 1 305315 b(m, 0), m,n HEREHN

BORAIEBEEL, A0 i
H()ZPAZPB vSs. H12PA<PB
R FF O PR 2

X-Y
p(1—p) + 9(177:9)

n

SERIRAFRIE RS N(0,1). MR X FLY 405 A S p A 0, Mo ihingiit i
ro XV
\/X(kx) L Y(a-y)

m

M Slutsky B, BEGITHE T T PRMIRELS G, 24 T WK, 548 Ho. 207 R MIEHAET
Y on,m WRORI, “IUATHERE S, TOIRELGETR, A AR IR 2S00 2ok 4 Hh AR 96 i 5 2 1
FHE, 51T

2 p Fl O FRILBD, IR ERIRECRAL, EETET i OB X XA Y YIRS TRl
ARG, SCEIREHFE X — Y iy 22/, BEM T @ PR G, T H2Y p, 0 REGT 1, ik
Gt

R R RINE , IER ETIA I DRI IR (RVEEE 2011).
KR ST

FIAKERGE T
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[FIREH Slutsky 5@ #ATHUOARBREFATAL, XY ERMRMIER 1 N (1, 22)
2 (T —1)/6 RIS Ho, IGFHERLE N(0,6%) St BARE], 6% =af 7 iflivt, Hni

~2 __ 1-Y 1 —¢ A2 1-Y 1
6% =y BT = %

PRIy 2 0, RITE 6 B, WHlr 280k, SR T 200 X — Y 1y 228N 1)
p, O ARIZAL 1 F, FATBA RS &

B T Jefeh, 24 T ki, 4 Hoo

16.1.3  ZHARLE
16.1.3.1  LepilsFPER S

XoF 2 ALY L BASG:, wT AR R EE B S MR 56

16.1.3.2  LLplkaAEus

LB S5 A6 5 R KL prop. trend. test () WIS DU BTG A P I ) FE @ AH DY o A B
VU~ EE A T o

Hy:Pp=FP,=P;=PF,

H :P<P,<Ps<PB#HEP >P,>P;>P,
smokers <- c(83, 90, 129, 70)
patients <- c(86, 93, 136, 82)

prop.test(smokers, patients)

#>

#> 4-sample test for equality of proportions without continuity correction
#>

#> data: smokers out of patients

#> X-squared = 12.6, df = 3, p-value = 0.005585

#> alternative hypothesis: two.sided

#> sample estimates:

#> prop 1 prop 2 prop 3 prop 4

#> 0.9651163 0.9677419 0.9485294 0.8536585

prop.trend.test(smokers, patients)



#>
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0T

#> Chi-squared Test for Trend in Proportions
TS 8

#> data: smokers out of patients ,
/
\ #> using scores: 12 3 4
(:::) #> X-squared = 8.2249, df = 1, p-value = 0.004132

16.2 iRk
WA 2 1837 4F VAR L (Poisson, 1781-1840) Bk«

p(z) = A exp(—N)

IR AR AT 22802 A, — 2SR A > 0,

=01

16.2.1 MkfA

poisson.test() {HIAMHIIBE A MORSHIAETR , 3G H T ERARACRIREAS .

poisson.test(x,
T=1,r =1,
alternative = c("two.sided", "less", "greater"),

conf.level = 0.95

)
SR T BRI [R] AL
16.2.2  WifEA

16.3  AilcAetliig

RS RBEAAICT -Gt 88, Titanic FfisE
Titanic

#> , , Age = Child, Survived = No
#>

#> Sex

#> Class Male Female

#> 1st 0] 0

#> 2nd 0 0
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#> 3rd 35 17
#> Crew 0 0
#>

#> , , Age = Adult, Survived = No
#>
#> Sex

#> Class Male Female

#> 1st 118 4
#> 2nd 154 13
#> 3rd 387 89
#> Crew 670 3
#>

#> , , Age = Child, Survived = Yes
#>
#> Sex

#> Class Male Female

#> 1st 5 1
#> 2nd 11 13
#> 3rd 13 14
#> Crew (0] 0
#>

#> , , Age = Adult, Survived = Yes
#>

#> Sex

#> Class Male Female

#> 1st 57 140

#> 2nd 14 80
#> 3rd 75 76
#> Crew 192 20

16.3.1  f14ls5rdl ks

# KA A TR

titanic_data <- reshape(
data = as.data.frame(Titanic), direction = "wide",
idvar = c("Class", "Sex", "Age"),

timevar = "Survived", v.names = "Freq", sep = "_"
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2 16.1: R w5 RE AT ST EdE

"_‘S e PE IR A PP
i\_B’ 1st Male Child 0 5
\ 2nd Male Child 0 11
3rd Male Child 35 13
Crew Male Child 0 0

1st Female Child
2nd Female Child 0 13
3rd Female Child 17 14
Crew Female Child 0 0
1st Male Adult 118 57
2nd Male Adult 154 14
3rd Male Adult 387 75
Crew Male Adult 670 192
1st Female Adult 4 140
2nd Female Adult 13 80
3rd Female Adult 89 76
Crew Female Adult 3 20

¢ iR

gt::gt(titanic_data) |>
gt::cols_Tlabel(
Freq_Yes = "FJE",
Freq_No = "ZT-",
Class = "#:fe",
sex = "MBEAI",
pge = MAEHT

16.3.2 sy EEdERRE
TG LR BRI . Mo, AFRRITAIE TS L2, ggstats LT 2 EEFEAUEL K
TN YT FB -

library(ggplot2)
library(ggstats)


https://github.com/larmarange/ggstats/

—
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ggplot(as.data.frame(Titanic)) +
m{ﬁ aes(x = Class, fill = Survived, weight = Freq, by = Class) +
> geom_bar (position = "fill") +
scale_y_continuous(labels = scales::label_percent()) +
geom_text(stat = "prop", position = position_fill(.5)) +
facet_grid(~Sex) +
labs(x = "f#fg", y = "W, fill = "F&E")

O

Male Female

100% -
75% -
=&
5006 - . No
Yes
2506 -
0%-

1st 2nd 3rd Crew 1st 2nd 3rd Crew

i2ji o
Bl 16.1: P17y HOERRE I 1 Ji s 2 48 73 A

tel

ggstats IR ALAYIKE stat_prop() & stat_count() BJZEF, as.data.frame(Titanic) H Age —7%
2 HAZNEEE? by = Class #% Class RS, Giit Survived BHHI, $24E prop AR R, Zi4
geom_text () PAUSHIERE, position 5 ERFIREHAEAE T 1 H[A]

16.3.3  F P

Jil ggalluvial fi, (Brunson 2020) 2] 3 5L K R 2 4 22804 .


https://github.com/corybrunson/ggalluvial/

\ 202 %16 F. HRFE M

library(ggplot2)

it

> ggplot(
/ data = as.data.frame(Titanic),
\\ aes(axisl = Class, axis2 = Sex, axis3 = Age, y = Freq)

©’

scale_x_discrete(limits = c("Class", "Sex", "Age")) +

library(ggalluvial)

geom_alluvium(aes(fill = Survived)) +
geom_stratum() +
geom_text(stat = "stratum", aes(label = after_stat(stratum))) +
theme_classic() +
labs(
x = "SREEE", y = "AH", fill = "FE",
title = "FHRAFRLARES B HR"

RIBERSAUMRENER

Child
20001 1st
2nd
1500 -
Male .
3rd =&
§§ No
< Adult
1000 4 Yes
\
500 4
Crew \ X
Female
O -
Cléss Séx Aée
DEEE

Bl 16.2: SREEIE] s 2 4o A
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16.3.4 H3Evik

op <- par(mar = c(2.5, 2.5, 1.5, 0.5))
mosaicplot(~ Class + Sex + Age + Survived,
data = Titanic, # shade = TRUE,
color = TRUE, border = "white",

Xlab = "f", ylab = "HEAI, main = "RBRE S

par (op)
=
FIBERS
hild
&h
3
=3
>
oR
#H
o.
2
o
g .,
g8

Hahe
[] 16.3: EhFE v [ R 2 2k S e

ved R REHRME TR Z LTI TAE AR, WE TRZEIEEML K KEL, 1F Base R 23K HLAil
b, BETIZ5H 0 RE, 3T g IALIESE (Meyer, Zeileis, F1 Hornik 2006; Zeileis,
Meyer, #l Hornik 2007), ¥ Z2407%7 )L 1FE (Discrete Data Analysis with R: Visualization and Modeling
Techniques for Categorical and Count Data) M HtH1) R 4 vedExtra(Friendly fl Meyer 2016).

library(grid)
library(vcd)

mosaic(~ Class + Sex + Age + Survived,


https://cran.r-project.org/package=vcd
https://github.com/friendly/vcdExtra

1kam 16 %, Iy REGEA

data = Titanic, shade = TRUE, legend = TRUE
/ Sex
\ Male Female

=
o o c
= ®) Pearson
a 3 residuals:
< 26
=}
(@] [e) E
5 [B)
c >
N ©
N -
=
= -
8° 3o
(&) <<
4
k) 2
) 0
-2
-4
= =
2 E
O <
-11
p-value =
< 2.22e-16
No Yes Nees

Survived

Pl 16.4: Th3% v [ Ji s 22 47 JER

16.4 Ao Br

e N KRR YEE 7 28T I M BT i ARV TG 27 BN i) H B e i b itk . —

FLTARIF ARz,
SRR P BAR IR Z T3 11, KT MRS, AR LA WAL
1. FHHE M7 Mutual independence T EZ BT, X LY 1L Z .
2. BEA M7 Joint independence PR BB A S5 = MMy, XY L Z .,
3. Mibrhar Marginal independence 4 20055 =AM ASERF, WA EEMI A, KRR LS
4. 44457, Conditional independence 4[] 555 =M &R, WA EZMA, X LY|Z,
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2 16.2: % BLRIN B XIS/ ROEGETH R

FETH]
et EIN ycs i
HA HA 19 132
BN HA 11 52
HA BN 0 9
YN A 6 97

AHTEHEHR HFAE €An Introduction to Categorical Data Analysis) (Agresti 2007) (% 2 &>/ 2.33,
PR 1976-1977 473 [E ik B BLIN N B X1 % 224 R gl 45 5k (0 RN BE R I B ) 6 2R o

16.4.1  FHE AP

BeR#Eb RIS (Pearson’s x* #5%) chisq.test() ¥ M T FIBEFRAN LA IR A Ty 25 40 BT AL 40 A5
LR TR —1 2 x 2 BFIHKEK.

% 16.3: RIS

F—5 E At

$—A4T a b a+b
4T ¢ d c+d
#it a+e  b+d  a+b+c+d

# Death FLJ| 5 Defend (#4) Mt
m <- xtabs(Freq ~ Death + Defend, data = ethnicity)

m

#> Defend

#> Death A A ZE A
#> Yes 19 17
#> No 141 149

chisq.test(m, correct = TRUE)

#>

#> Pearson's Chi-squared test with Yates' continuity correction
#>

#> data: m

#> X-squared = 0.086343, df = 1, p-value = 0.7689
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chisqg.test(m, correct = FALSE)

>

#> Pearson's Chi-squared test
/ #>
\\#> data: m
(:::) #> X-squared = 0.22145, df = 1, p-value = 0.6379

Bt e FON, SERPAER 19 A, 5 SASERH AR 19/36 = 52.78%, PRI AY, SEIRH
P17 A, 5 ERSER AP 17/36 = 47.22%. FIREERGYERENA BEXR, BEEE (2
FN) FRA KRN, RS TE.

# Death A5 victim (FE4L) MrilHi
m <- xtabs(Freq ~ Death + Victim, data = ethnicity)
chisq.test(m, correct = TRUE)

#>

#> Pearson's Chi-squared test with Yates' continuity correction
#>

#> data: m

#> X-squared = 4.7678, df = 1, p-value = 0.029
chisq.test(m, correct = FALSE)

#>

#> Pearson's Chi-squared test
#>

#> data: m

#> X-squared = 5.6149, df = 1, p-value = 0.01781

B2 FEIGEEARE, SEIRAE 30 4>, L ERSERIRECRRY 30/36 = 83.33%, B2 HAREKARS, L
TR 6 A, R ASERA PR 6/36 = 16.67%. 2H ANREAR, SERARHEZ TR

ZYEDINIRE

m <- xtabs(Freq ~ Death + Defend + Victim, data = ethnicity)

m

#> , , Victim = AA
#>

#> Defend

#> Death HA EA
#> Yes 19 11
#> No 132 52
#>

#> , , Victim = B A
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#>

#> Defend

#> Death A A Z A
#> Yes 0] 6
#> No 9 97

FIEER . kR, RS MR = E R ARG M, IR (Victim, Death) J275 5 Defend it
37, (Victim, Defend) J2755 Death Jii37., (Death, Defend) 5 Victim &G540 H N o

fm <- loglin(table = m, margin = list(c(1, 2), c(1, 3), c(2, 3)), print = FALSE)
fm

#> Slrt

#> [1] 0.7007504

#>

#> $pearson

#> [1] 0.3751739

#>

#> $df

#> [1] 1

#>

#> Smargin

#> $margin[[1]]

#> [1] "Death" "Defend"
#>

#> Smargin[[2]]

#> [1] "Death" "Victim"
#>

#> Smargin[[3]]

#> [1] "Defend" "Victim"

# e HEMER
# fm <- loglin(m, list(c(l), c(2), c(3)))
# fm

ISR S B 58115 (Likelihood Ratio Test statistic), Bz /R x2 GiiT & (Pearson X-square Test statistic)
1 - pchisq(fm$lrt, fm$df)

#> [1] 0.4025317

BRI

fit_dvp <- glm(Freq ~ ., data = ethnicity, family = poisson(link = "log"))

R A



s
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summary (fit_dvp)

#>

[ #> call:

\\#> glm(formula = Freq ~ ., family = poisson(link = "log"), data = ethnicity)
#>

©

#> Coefficients:

#> Estimate Std. Error z value Pr(>|z|)

#> (Intercept) 2.45087 0.18046 13.582 < 2e-16 **%x

#> DeathNo 2.08636 0.17671 11.807 < 2e-16 **%x

#> Defend Z A 0.03681 0.11079 0.332 0.74

#> VictimZE A -0.64748 0.11662 -5.552 2.83e-08 *x*xx*

#> —-—-

#> Signif. codes: 0 '**xx' 0.001 'xx' 0.01 'x' 0.65 '.' 0.1 ' ' 1
#>

#> (Dispersion parameter for poisson family taken to be 1)
#>

#> Null deviance: 395.92 on 7 degrees of freedom
#> Residual deviance: 137.93 on 4 degrees of freedom
#> AIC: 181.61

#>

#> Number of Fisher Scoring -iterations: 5

Pearson 2 Giil &

sum(residuals(fit_dvp, type = "pearson'")”"2)

#> [1] 122.3975

MASS iR S0 EAF X ]

confint(fit_dvp, trace = FALSE)

#> 2.5 % 97.5 %
#> (Intercept) 2.0802598 2.7893934
#> DeathNo 1.7546021 2.4493677
#> DefendZ A -0.1803969 0.2543149
#> VictimE A -0.8790491 -0.4213701

XIFEATOAR EREA B/ NT 40 B0 T /T LI, @RS R ke (Fisher s Exact £25%).

16.4.2  Jbplr b

WA ARG [BE PRI LT, KRS BRI TS Z [ B A7 PE fisher. test() &
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fisher.test() PREUHYE, SITIRBAIARK, EHEEREAMG, MEERADIE,
/K (Sir Ronald Fisher, 1890.2 — 1962.7)" Fl—{i 14T, L UiEE R H U325 H WIFI 2 BT .
fisher.test() SR, Rs B P AT RS R S o
TeaTasting <- matrix(c(3, 1, 1, 3),
nrow = 2,
dimnames = 1list(

Guess = c("Milk", "Tea"),

Truth = c("Milk", "Tea")

)
)
TeaTasting
#> Truth

#> Guess Milk Tea
#> Mi1lk 3 1

#> Tea 1 3

# By P

fisher.test(TeaTasting, alternative = '"greater")
#>

#> Fisher's Exact Test for Count Data

#>

#> data: TeaTasting

#> p-value = 0.2429

#> alternative hypothesis: true odds ratio is greater than 1
#> 95 percent confidence dinterval:

#> 0.3135693 Inf

#> sample estimates:

#> odds ratio

#> 6.408309

# Wi P &

fisher.test(TeaTasting, alternative = "two.sided")

#>

#> Fisher's Exact Test for Count Data
#>

#> data: TeaTasting

#> p-value = 0.4857

#> alternative hypothesis: true odds ratio is not equal to 1

Thttps://en.wikipedia.org/wiki/Ronald_ Fisher


https://en.wikipedia.org/wiki/Ronald_Fisher

#> 95 percent confidence 1interval:

\ \4 210 %16 F. HRFE M
0T

#> 0.2117329 621.9337505
TS 8 sample estimates:
J #> odds ratio
\ #>  6.408309

© # #ip it

sum(dhyper(x = c(3, 4), m = 4, n = 4, k = 4))

#> [1] 0.2428571

16.4.3  XFFrE

AT IR McNemar K7 K5 (McNemar X #38%) K3 — 4E51 B RAT RIS 89 % R 1
mcnemar.test (). /EAMEXIPRPE? I ZRAL . FHBIEG.
Performance <- matrix(c(794, 86, 150, 570),

nrow = 2,

dimnames = 1list(

"1st Survey" = c("Approve", "Disapprove"),
"2nd Survey" = c("Approve", "Disapprove")
)
)
Performance
#> 2nd Survey

#> 1lst Survey Approve Disapprove
#> Approve 794 150
#> Disapprove 86 570

mcnemar.test (Performance)

#>

#> McNemar's Chi-squared test with continuity correction
#>

#> data: Performance

#> McNemar's chi-squared = 16.818, df = 1, p-value = 4.115e-05

16.4.4 S PE:

AT 1208 dEK) Cochran-Mantel-Haenszel -R7kzS:: Wi (38) BRI, BE
AEE=ZAHZWRZHAERH . Cochran-Mantel-Haenszel £:54; mantelhaen. test()

str(UCBAdmissions)
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#> 'table' num [1:2, 1:2, 1:6] 512 313 89 19 353 207 17 8 120 205 ...

#> - attr(x, "dimnames")=List of 3

#> ..$ Admit : chr [1:2] "Admitted" "Rejected"
#> ..$ Gender: chr [1:2] "Male" "Female"

#> ..$ Dept : chr [1:6] "A" "B" "C" "D"

UCBAdmissions a2 — 2 x 2 x 6 [ =45 IR, R1EF & table 2BIR/R . 5EP5 L, table 2
RUFHE H array ZUZHZRAL, 244 UCBAdmissions ME— A #AERT, 1. 2. 3 4353/~ Admit, Gender,
Dept =A4EEE

mantelhaen.test (UCBAdmissions)

#>

#> Mantel-Haenszel chi-squared test with continuity correction

#>

#> data: UCBAdmissions

#> Mantel-Haenszel X-squared = 1.4269, df = 1, p-value = 0.2323

#> alternative hypothesis: true common odds ratio 1is not equal to 1
#> 95 percent confidence dinterval:

#> 0.7719074 1.0603298

#> sample estimates:

#> common odds ratio

#> 0.9046968
BAUEIR I e R S0 AR GG AEAE B R IIHOL T, R sk IR A B K AR

# HARI
apply (UCBAdmissions, 3, function(x) (x[1, 1] * x[2, 2]) / (x[1, 2] * x[2, 1]))

#> A B C D E F
#> 0.3492120 0.8025007 1.1330596 0.9212838 1.2216312 0.8278727

woolf <- function(x) {
X <-x+1/2
k <= dim(x)[3]
or <- apply(x, 3, function(x) (x[1, 1] * x[2, 2]) / (x[1, 2] * x[2, 1]))
w <- apply(x, 3, function(x) 1 / sum(1l / x))
1 - pchisq(sum(w * (log(or) - weighted.mean(log(or), w))"2), k - 1)
}
woolf (UCBAdmissions)

#> [1] 0.0034272
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% 16.4: N TR 73 AL SRBUT B

7 , I it
ﬂ'ﬁ\ b F g bt g s
O

512 89 313 19
B 353 17 207 8
C 120 202 205 391
D 138 131 279 244
D) 23 94 138 299
F 22 24 351 317

16.5 AT SR 3 B sk U Dl

1973 A IMMATERI AL 6 AR BB R B SRBUR BLIL N 2 16.4 , WF5E H b N A saf 7 et A
AR R A P L

HIIEFE R 16.5 ] AT B A H Rt AT U B AR
HTRIATERM T, EOL, HMAASRBUT ST AR, W

m <- xtabs(Freq ~ Gender + Admit, data = as.data.frame(UCBAdmissions))

m

#> Admit

#> Gender Admitted Rejected
#> Male 1198 1493
#> Female 557 1278

ATAES], HEIMAATER R LA 2, B 557/(557 + 1278) = 30.35% skEL T, 1B A4 A
1198/(1198 + 1493) = 44.52% KRR HRYE KR x> K

# B R A IE
chisq.test(m, correct = FALSE)

#>

#> Pearson's Chi-squared test
#>

#> data: m

#> X-squared = 92.205, df = 1, p-value < 2.2e-16

AL X U RAYESY 92.205 H PG/ T 0.05, ZRBEIGITREN, NREIER SRR, H
BE, A SE A A AR AR TR A SR B LA A AR E BB . SR, 4R AT BB R KA R
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Admitted Rejected
Male Female Male Female

&l 16.5: FnIHHE v o 15 e 2 SR U B
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\4 GRIBONEL ) i AL, Z5RERBER A FSRECE N 64.41%, BER B HRBCE N 63.24%, KK,
m‘é HBERTEOATT
s

proportions(xtabs(Freq ~ Dept + Admit,

:ﬁm’ data = as.data.frame(UCBAdmissions)
\), margin = 1)
@ #> Admit
#> Dept  Admitted Rejected
#> A 0.64415863 0.35584137
#> B 0.63247863 0.36752137
#> C 0.35076253 0.64923747
#> D 0.33964646 0.66035354
#> E 0.25171233 0.74828767
#> F 0.06442577 0.93557423
Dept: A Dept: B Dept: C
Gender: Male Gender: Male Gender: Male
e} e) e) ko] ko] e]
g g 9 L 2 oL
= [8) = (&) = (8]
S Q9 S Q S £
=] [J] o] [7) e} [O)
< r < r < 4
€ € E € E €
he} © © he) he] ©
< < < < < <
Gender: Female Gender: Female Gender: Female
Dept: D Dept: E Dept: F
Gender: Male Gender: Male Gender: Male
e} e] e) ° ° e]
] L 2 L g I
= (&) = (8] = [8)
1S Q S Q £ Q9
=] () o] [7) e} Q
< r < r < 12
€ E E E E i=
© e) e) he] e} ©
< < < < < <
131 244 94 299 24 317

Gender: Female

Gender: Female

&l 16.6: FnHHA a7 1545 B AR SR IR L

Gender: Female

XHFABER, B RRED Rk, KIAA A BRI ASRECRMZRR RIS B, HE
AMZERIARE . FEARFSIEXE I T, 0B8R, Wi

#

WA R A
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ma <- xtabs(Freq ~ Gender + Admit,
subset = Dept == "A",
data = as.data.frame(UCBAdmissions)

)
chisq.test(ma, correct = FALSE)

#>
#> Pearson's Chi-squared test
#>

#> data: ma

#> X-squared = 17.248, df = 1, p-value

3.28e-05

215

N TG AU G, 8BRS RE, (E15— 3202 BURE R 7 R il PAMKS
BN A AR, MR AR BRI ) SO, BT

fit_ucb® <- glm(Freq ~ Dept + Admit + Gender,

family = poisson(link = "log"),
data = as.data.frame(UCBAdmissions)

)
summary (fit_ucb0)

#>
#> Call:

#> glm(formula = Freq ~ Dept + Admit + Gender, family

#> data = as.data.frame(UCBAdmissions))

#>

#> Coefficients:

#> Estimate Std. Error z value
#> (Intercept) 5.37111 0.03964 135.498
#> DeptB -0.46679 0.05274 -8.852
#> DeptC -0.01621 0.04649 -0.349
#> DeptD -0.16384 0.04832 -3.391
#> DeptE -0.46850 0.05276 -8.879
#> DeptF -0.26752 0.04972 -5.380
#> AdmitRejected 0.45674 0.03051 14.972
#> GenderFemale -0.38287 0.03027 -12.647

#> ——
#> Signif. codes: 0 '*x*xx' 0.001 'xx'
#>

0.01

Pr(>|z]|)
< 2e-16
< 2e-16

0.727355

0.000696
< 2e-16

7.44e-08
< 2e-16
< 2e-16

'x' 0.05 '.

= poisson(link = "log"),

* k%

* k%

*kk
* k%
* % *
* Kk

*kk

'e.1 " ' 1

#> (Dispersion parameter for poisson family taken to be 1)

#>

#> Null deviance: 2650.1 on 23 degrees of freedom



#> Residual deviance: 2097.7 on 16 degrees of freedom
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#> AIC: 2272.7
SN

7/ #> Number of Fisher Scoring iterations: 5

\‘Zﬁfﬁﬁﬂ‘@%ﬂ%ﬂ%%%ﬁﬁiﬁlﬁfé, AR AIC T2, WHIBRNZ R 2 REW, b
@ R VLI BI Mg 28 2 [R] 77 AE AR F 5 1) IR

fit_ucbl <- glm(Freq ~ Dept + Admit + Gender + Dept * Gender,
family = poisson(link = "log"),
data = as.data.frame(UCBAdmissions)

)
summary (fit_ucbl)

#>

#> Call:

#> glm(formula = Freq ~ Dept + Admit + Gender + Dept * Gender, family = poisson(link = "log"),
#> data = as.data.frame(UCBAdmissions))

#>

#> Coefficients:

#> Estimate Std. Error z value Pr(>|z]|)

#> (Intercept) 5.76801 0.03951 145.992 < 2e-16 **%
#> DeptB -0.38745 0.05475 -7.076 1.48e-12 **%
#> DeptC -0.93156 0.06549 -14.224 < 2e-16 **x%
#> DeptD -0.68230 0.06008 -11.356 < 2e-16 **x%
#> DeptE -1.46311 0.08030 -18.221 < 2e-16 **%x
#> DeptF -0.79380 0.06239 -12.722 < 2e-16 ***
#> AdmitRejected 0.45674 0.03051 14.972 < 2e-16 ***
#> GenderFemale -2.03325 0.10233 -19.870 < 2e-16 **x*
#> DeptB:GenderFemale -1.07581 0.22860 -4.706 2.52e-06 *x*x%
#> DeptC:GenderFemale 2.63462 0.12343 21.345 < 2e-16 **x*
#> DeptD:GenderFemale 1.92709 0.12464 15.461 < 2e-16 **x*
#> DeptE:GenderFemale 2.75479 0.13510 20.391 < 2e-16 **x*
#> DeptF:GenderFemale 1.94356 0.12683 15.325 < 2e-16 **x*
#> —-—-

#> Signif. codes: 0 '***x' 0.001 'xx' 0.01 'x' 0.65 '.' 0.1 ' ' 1
#>

#> (Dispersion parameter for poisson family taken to be 1)
#>
#> Null deviance: 2650.10 on 23 degrees of freedom

#> Residual deviance: 877.06 on 11 degrees of freedom
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#> AIC: 1062.1
#>

#> Number of Fisher Scoring diterations: 5

WE I AR IR LR AR R 2 R ) T R SR BRI BE &, T 58 AR M ) - FR i SRR I BE &, e
SEOEE b, BAEMSECRRE ST L. BT AL ELM T R R X REE
AARMIBE 2 2WRLE, FHARBURAMAT? X 2@ UG AR I G T B in] ASE RS ThY,
ZEE WL SCHk Bickel, Hammel, A1 O’Connell (1975) .

@ R
YRR B IR X R IR G vt =
sum(residuals(fit_ucbl, type = "pearson")/2)

#> [1] 797.7045

g 2 AT LRGSR, BT E AIC, B ABENERIR, BOEr. LB
TR SIFIBE R BV G, AR T — 2% .

# H A

logLik(fit_ucbo)

#> 'log Lik.' -1128.365 (df=8)

# NI A

loglLik(fit_uchl)

#> 'log Lik.' -518.0581 (df=13)

16.6  srprZEHE 'S B AR

PSR ESUE AN

B TGRSR IR B A B, T TR E SR R R A B X A e HE SRR e, ik, FRATTRIRA
A BRI AN SCR R 2 [ IR, X A2 A BB RS A 0B 7 S I B AR

Wi AS R A HARES . AAififs2siT™, titanicdata 2R Class. PE% Sex MI4FEEY Age 73 3RILE
GEVTERCE, PR, T TR e DR R i ok e A R P T A

# F LA

fit_titanic <- glm(cbind(Freq_Yes, Freq_No) ~ Class + Sex + Age,
data = titanic_data, family = binomial(link = "logit")

)

B, TR A
# AR A

summary (fit_titanic)

#>
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glm(formula = cbind(Freq_Yes, Freq_No) ~ Class + Sex + Age, family = binomial(link = "logit"),

1 218
#> Call:
#>
7
,,#> data = titanic_data)
#>

\\#>

©

#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>

Coefficients:

Estimate Std. Error z value
(Intercept) 0.6853 0.2730 2.510
Class2nd -1.0181 0.1960 -5.194
Class3rd -1.7778 0.1716 -10.362
ClassCrew -0.8577 0.1573 -5.451
SexFemale 2.4201 0.1404 17.236
AgeAdult -1.0615 0.2440 -4.350
Signif. codes: 0 'xxx' 0.001 '*xx' 0.01

(Dispersion parameter for

Null deviance: 671.96
Residual deviance: 112.57 on
AIC: 171.19
Number of Fisher Scoring -diterations: 5

Pr(>|z]|)
0.0121 *
2.05e-07 **%*

< 2e-16 **x

5.00e-08 **x%

< 2e-16 **x

1.36e-05 **xx

'x' 0.05 ".'

on 13 degrees of freedom

8 degrees of freedom

0.1 ' "1

binomial family taken to be 1)
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17.1.1 Wald 5%
17.1.2 Wilks 55

LI BLAR LEAG SR

17.1.3 Rao I

[EABEES g

17.2 ¢t KR

R D8 T AR A R T3
power.t.test() T PAEARBMHEAR t IR, BCERIEBOTESE, AR
power.t.test(

n = 100, delta = 2.2,

sd = 1, sig.level = 0.05,

type = "two.sample",

alternative = "two.sided"
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1.00 A

—~

/‘_70.75-

|

£

B 0.501

+~

o

|

N

= 0.25 1

0.00 1

#>
#> Two-sample t
#>
#> n =
#> delta =
#> sd =
#> sig.level =
#> power =
#> alternative =
#>

#> NOTE: n is number

1.0 1.5 2.0

Bl 17.1: ¢ KBS EIRL

test power calculation

100
2.2

0.05
1
two.sided

in xeachx group

2 17.1: BREL power.t.test() SR ES X

n A HBHEAE

delta WS 2=

sd brifEZs, ERIAME 1

sig.level EEMIKF, BAE 0.05 (JUEE I BEHRMHER)

power KRBT (1 - A058 11 KA IRIR)

type t ARIR AT "two.sample" PFEA, "one.sample" FAFEAEL "paired" HrX}

RN
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ZH 29
alternative B EE NGOG, BUEN "two.sided" BY "one.sided"

2 n, delta, power, sd fll sig.level WA —MEN NULL, S NULL SRR i ESHHER .

#HE t BRREEN I IH
library (pwr)
pwr.t.test(

d=12.2/ 6.4,

n = 100,

sig.level = 0.05,

type = "two.sample",

alternative = "two.sided"
)
#>
#> Two-sample t test power calculation
#>
#> n = 100
#> d = 0.34375
#> sig.level = 0.05
#> power = 0.6768572
#> alternative = two.sided
#>

#> NOTE: n s number in xeachx group
sleep AL N B, THEIIRL
# A H

aggregate(data = sleep, extra ~ group, FUN = mean)

#> group extra
#> 1 1 0.75
#> 2 2 2.33

# QU EREE

aggregate(data = sleep, extra ~ group, FUN = sd)

#> group extra
#> 1 1 1.789010
#> 2 2 2.002249

# RN H 3%

power.t.test(
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delta = 2.33 - 0.75, # WHHEZ Z
sd = (2.002249 + 1.789010) / 2, # =
sig.level = 0.05, # BEMAF
type = "two.sample", # WHEAK
power = 0.95, # I Ok F
alternative = "two.sided" # M 446 %

)

#>

#> Two-sample t test power calculation

#>

#> n = 38.39795

#> delta = 1.58

#> sd = 1.89563

#> sig.level = 0.05

#> power = 0.95

#> alternative = two.sided

#>

#> NOTE: n 1is number in *eachx group

gy, LBONALR Ty O AL R ZA N AR R T R AR EA L . KU BDTHEE 39 A
MKpower tUig 15 Welch t #5561 sk

library (MKpower)
power.welch.t.test(
delta = 2.33 - 0.75,
sdl = 2.002249,
sd2 = 1.789010,
sig.level = 0.05,
power = 0.95,

alternative = "two.sided"

)
T2 Gt RV B e A RO R MU B R BT

17.3 LBl S Ehsk

# power.prop.test()
power.prop.test() THEPHEA LGSR ZHRL

IR AR 5 S I el RO RE AR, AR GE T R ShRloBoR /i, AR 5 By, SR B 5 2 R
ES vty



O M =

17.3 e ibay shat 223

# pl >= p2 WL B fr Wi 5
power .prop.test(

pl = .65, p2 = 0.6, sig.level = .05,

power = 0.90, alternative = "one.sided"
)
#>
#> Two-sample comparison of proportions power calculation
#>
#> n = 1603.846
#> pl = 0.65
#> p2 = 0.6
#> sig.level = 0.05
#> power = 0.9
#> alternative = one.sided
#>

#> NOTE: n 1is number in *each* group

power.prop.test(

pl = .65, p2 = 0.6, sig.level = .05,

power = 0.90, alternative = "two.sided"
)
#>
#> Two-sample comparison of proportions power calculation
#>
#> n = 1968.064
#> pl = 0.65
#> p2 = 0.6
#> sig.level = 0.05
#> power = 0.9
#> alternative = two.sided
#>

#> NOTE: n is number in xeachx group

pwr 3 pwr.2p.test() AR 7ML power.prop.test() EALIIIAE

library (pwr)
# % pl > p2 WK
# BB BHLEMmAE, 2A4KRTHANT
pwr.2p.test(
h = ES.h(pl = 0.65, p2 = 0.6),

sig.level = 0.05, power = 0.9, alternative = "greater"
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)

#>

#> Difference of proportion power calculation for binomial distribution (arcsine transformation)
#>

#> h = 0.1033347

#> n = 1604.007

#> sig.level = 0.05

#> power = 0.9

#> alternative = greater

#>

#> NOTE: same sample sizes
CHPIFEAPIREAREASE, 3% H_0: py = ps H_1: p1 # po PR

pwr.2p2n.test(
h =0.30, nl = 80, n2 = 245,

sig.level = 0.05, alternative = "greater"
)
#>
#> difference of proportion power calculation for binomial distribution (arcsine transformation)
#>
#> h =0.3
#> nl = 80
#> n2 = 245
#> sig.level = 0.05
#> power = 0.7532924
#> alternative = greater
#>

#> NOTE: different sample sizes

h FORMAFEAI S, RSB IRLZ 0.75

17.4  JiZEsr Btk

power.anova. test () TIFPAAY N 207 220 TR B A Dk

power.anova.test(
groups = 4, # 4 N4
between.var = 1, # 4AFEH 1
within.var = 3, # WA T EH 3
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power = 0.95 #1 - NE _LXEFEHME
)
#>
#> Balanced one-way analysis of variance power calculation
#>
#> groups = 4
#> n = 18.18245
#> between.var = 1
#> within.var = 3
#> sig.level = 0.05
#> power = 0.95
#>

#> NOTE: n s number in each group

library (pwr)
# f Ao L B LR/ AL T = R
pwr.anova.test(

k = 4, # ¥

f=o0.5, # BB KN

sig.level = 0.05, # T FHWAKF

power = 0.95 # ORI B

)

#>

#> Balanced one-way analysis of variance power calculation
#>

#> k = 4

#> n = 18.18244

#> f = 0.5

#> sig.level = 0.05

#> power = 0.95

#>

#> NOTE: n 1is number in each group
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W AT SR — AN GERE, Tl . Bdd. ieds. F0T. Tl EHEE N AR L s | T
ZlEtk. NRREM AL AEAE, HEAR AN —FARE, Stz b, BRI et M iy — A5 ki
RIZE BTN AARE , HOE KR . 5 SO s . Mg R 3R M2 [ R R IE, #0AE
TRAMZIE . FRFEME KR RMHERE, DARCH B PR BRI 2 T 1A AR T B,
Matrix 1. rsparse fJfil RcppEigen fi (Bates 1 Eddelbuettel 2013) 4%, & X & IZIMANTIE ) .
M AER )z, A ACHER: (132 App) . MU AEH] (BATIESS . k) E2ET (PR 4s) .
HRERE (B R BPERXRMNY ) XPE, P (ToT) . ke (i) . Hdmn
(B M ) 4.

AR AT R B S AR IF L E Z [ PME R R . 1 9ekT CRAN (The Comprehensive R Archive
Network) & R ACHIEGER, T RIBESHX R AR E AR, LR ARTE CEE i
GEEIIE R AR, B, VI EETEMEMZ PR y, HEEEE R . AR SR B
THA igraph {4, #AEREERFETER tidygraph 40, PAKATHALEIEHRE ggraph {4,

18.1 R ifiHALIX AR

M CRAN ER R AR HIFAERCER KA H Al R 15 F ALK

# RERITH CRAN FEf&3E &

Sys.setenv(R_CRAN_WEB = "https://mirrors.tuna.tsinghua.edu.cn/CRAN")
# RE R ALKV

pdb <- tools::CRAN_package_db()

#H1F 2022 48 12 H 31 H, CRAN %7 R 04 18976 4>, CRAN ¥EAAEAR4E4P1 2022-12-22 %
2023-01-05.

pdb <- subset(
x = pdb, subset = !duplicated(Package),
select = c("Package", "Maintainer", "Title", "Authors@R", "Date", "Published")

)
P BRI R A, AR AR, AR 10 ZAEREHMY.
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https://github.com/rexyai/rsparse
https://github.com/igraph/igraph
https://github.com/thomasp85/tidygraph
https://github.com/thomasp85/ggraph
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pdbsdate_diff <- as.integer(as.Date("2022-12-31") - as.Date(pdbS$Published))
juund i . " }
v~ MR %71 H Y Published MIEEHTHI—51 — KAG4FH .
r>
/ pdbSpublished_year <- as.integer(format(as.Date(pdbSPublished), "%Y'"))

N\ ARG HAEGT R R AR, ik 18.1 Fuis, DA 2020 4E 61, %k 18976 4~ R 4024 iy 2470 4~ R
@ AL BT H S A AE 2020 4F, (5L 2470 / 18976 = 13.02%. 12 1 4ENT A R A 8112 4 (fufy
PRI R AD), (5B 8112 / 18976 = 42.75%, 115 2 AENTHI R 404 11553 4, 4% 11553

/ 18976 = 60.88% , Xl bl Ul A FE X & B R .

library(ggplot2)

aggregate(data = pdb, Package ~ published_year, FUN = length) |>
ggplot(aes(x = published_year, y = Package)) +
geom_col(fill = NA, color = "gray20") +
theme_classic() +

coord_cartesian(expand = F) +

labs(x = "#f", y = "R AHE")

8000 1
6000 A
@
4000 4
®
o
2000 1
0-— T I T " ” H T
2008 2012 2016 2020

=20
Kl 18.1: CRAN | R Uy si il

Uk 2022-12-31, CRAN | R A4 EA 10067 A, A 20 \AE 2022 4F 5058 7 H O M R @Ig?
A 4820 e, (I 47.96%, BELRUE 2022 4, A 4820 AT REEH T 8112~ R 4, AR
168 4 R AL, T 182 #% R WAMAFMEITIT KFHLE.

¥ EHEPETFE, I-NMFXETHREL A
extract_maintainer <- function(x) {

x <- gsub(pattern = "<.*?>", replacement = "", x = x)
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trimws(x, which = "both", whitespace = "[ \t\r\n]")
}
# R 18 MNEFPELETHANE ZA
pdb$Maintainer2 <- extract_maintainer(pdb$Maintainer)
#EPERK

length(unique(pdbSMaintainer2))

#> [1] 10067

4000 4
i) 3000 1
£y
I
éﬁ 2000 ~

1000 1

0-— T '| | T H \ T
2008 2012 2016 2020

T
Kl 18.2: CRAN _ERYZE &G BRAE O

18.2 R iE&S4EXMG41I4N

%7 RStudio A HH MY tidyverse (Wickham %% 2019) #1 tidymodels (Kuhn F1 Wickham 2020), A
BB PRbT. B THAS, 0 mir3verse (Lang fll Schratz 2023). easystats (Liidecke 2§ 2022).

strengejacke (Liidecke 2019) 1 DrWhy (Biecek 2023), WA LA E LTI A, U Omegahat, i
Hrwril AEE S, AFYERR T, 40 Revolution Analytics, EAIVE N 5 R IE BT —LLLH 4,
BRI 54, AREHEZIN . RAFEVIRPIE, THMAIFREIRE L &, Mk, HHA
ARG — I IRAE E 2 .

str_extract <- function(text, pattern, ...) regmatches(text, regexpr(pattern, text, ...))
# #% % ORPHANED

pdb <- subset(pdb, subset = Maintainer != "ORPHANED")

# B R R

extract_email_suffix <- function(x) {


https://github.com/tidyverse/tidyverse
https://github.com/tidymodels/tidymodels
https://github.com/mlr-org/mlr3verse
https://github.com/easystats/easystats
https://github.com/strengejacke/strengejacke
https://github.com/ModelOriented/DrWhy
https://github.com/omegahat
https://github.com/RevolutionAnalytics

1 1\/\ 930 % 18 4. MAHIE S

x <- str_extract(text = x, pattern = "<.*x2>")

sub(x = x, pattern = ".*x?@(.*?)>", replacement = "\\1")
}
pdb$Email_suffix <- extract_email_suffix(pdb$Maintainer)

HALGITY AR (B0 R UfES 2 7)), RIS HET AR R (.
(:::) pdb_pkg <- aggregate(
data = pdb, Package ~ Email_suffix, FUN = function(x) { length(unique(x)) }

)
head (pdb_pkg[order (pdb_pkg$Package, decreasing = TRUE), 1, 20)

#> Email_suffix Package
#> 876 gmail.com 6968
#> 2044 rstudio.com 208
#> 979 hotmail.com 185
#> 1825 outlook.com 152
#> 1971 R-project.org 106
#> 2 163.com 94
#> 210 berkeley.edu 91
#> 2559 umich.edu 91
#> 2819 uw. edu 74
#> 1927 protonmail.com 73
#> 2564 umn.edu 69
#> 581 debian.org 68
#> 2951 yahoo.com 68
#> 1828 outlook. fr 63
#> 2212 stanford.edu 58
#> 155 auckland.ac.nz 57
#> 887 gmx.de 55
#> 2911 wisc.edu 55
#> 895 googlemail.com 50
#> 1970 r-project.org 50

MR, ZOHMRILE:

L WRPEAR S HRBERT . 6968 4> R A1) gmail MRAE1E IR R 4ES #1170, googlemail.com 243k
PRk S5 . hotmail.com Hl outlook.com # 2 MAKFRHERTHIAAR 55, outlook.fr (VEE) H2, I
MWz Ah, s RHIH AR 55 PR R a2 163.com (M%) . protonmail.com # yahoo.com ()
N

2. T2, 208 4~ R AR H RStudio AF T, iX4e4Edra (i) RStudio 2 GlHEMLA HEAE .

3. JFIE4HZE. R-project.org Fl r-project.org #fi& R IGFHAMWKR TN, BALZUL, RIBEFHL
A B AL EY R BAERS, A48 T/RZ R . debian.org j& Debian HAWER R =, &8
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IFELHZ (Open Source Org),

4. FEPUM ., berkeley.edu . umich.edu %P4 edu g5REMILFE (FH) BIKY, gmx.de. posteo.de 55 PA
de Z5RBAYEEE K24, uclacuk %DA uk ZERMIEE KK, auckland.ac.nz 45 PA nz 45 A HT 6 =
IR, uwaterloo.ca S£PA ca SFRAIINE R,

HALGIITRE R (BRI BRI 177), WS4 R BT kE.

pdb_org <- aggregate(

data = pdb, Maintainer2 ~ Email_suffix, FUN = function(x) { length(unique(x)) }
)
head (pdb_org[order (pdb_org$SMaintainer2, decreasing = TRUE), ], 20)

#> Email_suffix Maintainer2
#> 876 gmail.com 3800
#> 979 hotmail.com 110
#> 1825 outlook.com 87
#> 2 163.com 57
#> 2559 umich.edu 54
#> 2951 yahoo.com 51
#> 2564 umn.edu 47
#> 1927 protonmail.com 46
#> 2819 uw.edu 46
#> 887 gmx.de 34
#> 210 berkeley.edu 33
#> 2044 rstudio.com 30
#> 895 googlemail.com 28
#> 2212 stanford.edu 27
#> 468 columbia.edu 26
#> 1114 inrae.fr 26
#> 2451 ucl.ac.uk 25
#> 2964 yale.edu 25
#> 635 duke.edu 23
#> 1906 posteo.de 23

AL, AT K 2R P A R 55 B AR (¥ MR bkl . 3800 AT & 3 (8 A >k H A4 HK ) gmail.com, 197
AT % R ok B 308k 1Y) hotmail.com BY outlook.com, 57 P& FH M H K AWM S 163.com, 51 4>
& FAd % 3 HfEE R yahoo.com, 46 P& F#i ] k H Proton ] protonmail.com.

TRMIT EE RIS R WEERMAEE, AN RER A DY, st 2, K
FeorA, R il i 50%.
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18.2.1 . HEAmMEKL

771666 AR DA edu HIRRAGHCES. 4R (BERASE) KK R LS HORT

/ sum(pdb_org[grepl(pattern = "edu$", x = pdb_org$Email_suffix), "Maintainer2"])

\

©

#> [1] 1666

pdb_org_edu <- pdb_orgl[grepl(pattern = "edu$", x = pdb_org$Email_suffix), ]
pdb_org_edu[order (pdb_org_edusMaintainer2, decreasing = TRUE), ] |> head(20)

#> Email_suffix Maintainer2
#> 2559 umich.edu 54
#> 2564 umn.edu 47
#> 2819 uw.edu 46
#> 210 berkeley.edu 33
#> 2212 stanford.edu 27
#> 468 columbia.edu 26
#> 2964 yale.edu 25
#> 635 duke.edu 23
#> 2911 wisc.edu 23
#> 482 cornell.edu 22
#> 2444 ucdavis.edu 21
#> 1929 psu.edu 19
#> 2449 uchicago.edu 19
#> 2830 vanderbilt.edu 19
#> 1660 ncsu.edu 18
#> 1663 nd.edu 18
#> 1008 jastate.edu 17
#> 1919 princeton.edu 17
#> 1815 osu.edu 16
#> 2523 uiowa.edu 16

L, LA REAA NB RFER, HaREHRY (uwedu). #EHMRAY: (umich.edu). HHJNAA
AR (berkeley.edu) %4, WUE—UL, RESANRERIMG, FHRSEIBEAREER, SR
FUWERBEAZ T, A TR BB RS B0 28/ B s M.

HUEMRfE BT AR, B2 A M &R mX—2%, il stanford.edu . stat.stanford.edu
Fl alumni.stanford.edu SFWA GHFGETT. b b, R edu MRAEMBE VI RKEBH A TEE. A1
HRAER HEE I, HRARDA edu S5F, HCANHTE = w22 K4 auckland.ac.nz . Hij bR B LB
TABE stat.math.ethz.ch 3L EDMYEEVA . 15352 F S EFMERPIE I

350 DNIFAHE R A LA uk HIEZAYIEAE. A HA (F2ERY) K R @I EHRT

sum(pdb_org[grepl(pattern = "uk$", x = pdb_org$Email_suffix), "Maintainer2"])
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#> [1] 350

pdb_org_uk <- pdb_org[grepl(pattern = "uk$", x = pdb_org$Email_suffix), ]
pdb_org_uk[order (pdb_org_uk$Maintainer2, decreasing = TRUE), ] |> head(20)

#> Email_suffix Maintainer2
#> 2451 ucl.ac.uk 25
#> 329 cam.ac.uk 17
#> 295 bristol.ac.uk 15
#> 1088 imperial.ac.uk 14
#> 658 ed.ac.uk 13
#> 1286 lancaster.ac.uk 11
#> 1363 lse.ac.uk 9
#> 1605 mrc-bsu.cam.ac.uk 9
#> 2878 warwick.ac.uk 9
#> 870 glasgow.ac.uk 8
#> 1364 lshtm.ac.uk 8
#> 1424 manchester.ac.uk 8
#> 636 durham.ac.uk 7
#> 744 exeter.ac.uk 7
#> 2260 statslab.cam.ac.uk 7
#> 2188 soton.ac.uk 6
#> 2972 york.ac.uk 6
#> 978 hotmail.co.uk 5
#> 1948 gmul.ac.uk 5
#> 248 bioss.ac.uk 4

258 M EFE R B LA ca RJGHRIINF . SMHH (FZRRYE) R R GHLHEIRNT -
sum(pdb_orgl[grepl(pattern = "ca$", x = pdb_org$Email_suffix), "Maintainer2"])
#> [1] 258

pdb_org_ca <- pdb_orgl[grepl(pattern = "ca$", x = pdb_org$Email_suffix), ]
pdb_org_calorder (pdb_org_cas$Maintainer2, decreasing = TRUE), ] |> head(10)

#> Email_suffix Maintainer2
#> 2822 uwaterloo.ca 19
#> 1397 mail.mcgill.ca 14
#> 2123 sfu.ca 12
#> 2801 utoronto.ca 12
#> 2426 ualberta.ca 11
#> 2239 stat.ubc.ca 9

#> 2434 ubc.ca 9
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% 18.1: CRAN HIBAFF & 4E9 R 5=
(a) %
(b) 23k
ZilINDAn! R 8 i "
BA S 574 R 8
Kurt Hornik 28 o ]
) Friedrich Leisch 5
Simon Urbanek 26 )
] . Luke Tierney 5
Achim Zeileis 25 .
) Michael Lawrence )
Martin Maechler 25
Stefan Theussl 5
Torsten Hothorn 25 ) .
Bettina Griin 3
Paul Murrell 19
John Chambers 3
Toby Dylan Hocking 17 .
Simon Wood 3
Brian Ripley 12 .
Bettina Gruen 2
Thomas Lumley 12
] Deepayan Sarkar 2
Uwe Ligges 9
Douglas Bates 2
Duncan Murdoch 7
) Martyn Plummer 2
David Meyer 6
Peter Dalgaard 1
CRAN Team 5
#> 2813 uvic.ca 8
#> 952 hec.ca 7
#> 1416 mail.utoronto.ca 7

18.2.2 CRAN #il RStudio

&l

N
2

#r

AR HRAS S5 28 P FEE . CRAN HBA K &) R AL, BN AN RE 28 S T A B O, Le & 44 CRAN
Team FJ4EE R ERZ CRAN FP\, XML il RCurl @t b i14Ed. F-Lbn, Brian Ripley HHE
#f ripley@stats.ox.ac.uk i /2 CRAN B . BB, Wil PR 443k,

Kurt Hornik., Simon Urbanek., Achim Zeileis £ E /2 mr=m! B T4 R iIESZ.ORE, BH kK43
TH 4% R f1. DA Brian Ripley Afil, FHHEMARLARLED THILL R £,

¢ 18.2: Brian Ripley 4E57 R

Package Title

boot Bootstrap Functions (Originally by Angelo Canty for S)

class Functions for Classification

fastICA FastICA Algorithms to Perform ICA and Projection Pursuit

gee Generalized Estimation Equation Solver

KernSmooth  Functions for Kernel Smoothing Supporting Wand & Jones (1995)
MASS Support Functions and Datasets for Venables and Ripley’s MASS


mailto:ripley@stats.ox.ac.uk
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2% 18.2: Brian Ripley 43719 R 12

Package Title

mix Estimation/Multiple Imputation for Mixed Categorical and Continuous Data
nnet Feed-Forward Neural Networks and Multinomial Log-Linear Models

pspline Penalized Smoothing Splines

RODBC ODBC Database Access

spatial Functions for Kriging and Point Pattern Analysis

tree Classification and Regression Trees

REBR! A —PACRAE R BRPEh, BTOAD RS 20 24 T, FIAKSIBIEGAHE RStudio
BT IRGET hok, SERIL T

CRAN I RStudio B\ R HEFHKECHRER), HE R \F I —LEM 4 0828 1
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% 18.3: RStudio HIPATF & 43 R dkaiso (3B4))

(b) 8%

RS &/

(a) %
ZilNDAR! R {08
Hadley Wickham 48
Yihui Xie 22
Max Kuhn 18
Lionel Henry 15
Winston Chang 15
Daniel Falbel 13
Jennifer Bryan 13
Davis Vaughan 11
Carson Sievert 10
Tomasz Kalinowski 8
Barret Schloerke 6
Thomas Lin Pedersen 6
Hannah Frick 5
Christophe Dervieux 4
Joe Cheng 4
Julia Silge 4

P BA B

R %

i

Cole Arendt
Edgar Ruiz

JJ Allaire

Kevin Kuo
Kevin Ushey
Richard Tannone
Aron Atkins
Romain Frangois
Yitao Li

Brian Smith
Emil Hvitfeldt
Garrick Aden-Buie
James Blair
Nathan Stephens
Nick Strayer

= = = = =D NN W W W W W W

N
¥l

#r
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18.3 R GG S

ﬂ-ﬁ’ 18.3.1 IR MIrk
\ SRR pdb | HER R SRS RS .

Dirk Eddelbuettel -
Stéphane Laurent 4
Gébor Csardi -
Scott Chamberlain 4
Jeroen Ooms 1
Hadley Wickham
Robin K. S. Hankin 4
Henrik Bengtsson 4
Jan Wijffels 4

Kurt Hornik 1

Max Kuhn 1

Martin Maechler 1
Simon Urbanek 4
Shannon T. Holloway -
Kirill Mdller 4
Kartikeya Bolar A
Bob Rudis A

!
{0 Torsten Hothorn
He

Thomas Lin Pedersen A
Pablo Sanchez -
Muhammad Yaseen -
Achim Zeileis 4

Richard Cotton 1
Winston Chang
Guangchuang Yu 1
Florian Schwendinger -
Yihui Xie 1

Kevin R. Coombes A
John Muschelli 1
Michael D. Sumner A
Carl Boettiger

Joe Thorley 4

Hana Sevcikova 1
Georgi N. Boshnakov -
Emil Hvitfeldt 4

0 20 40 60
REHE

Bl 18.3: my=r R WIF A

BT R DO 2 R ALK UTEkanh

1. Dirk Eddelbuettel 43T Repp. ReppEigen 28347 R 2, it Repp BB EZIEFHFR C++
FEGIA R IEFAEX.

2. Stéphane Laurent 4i3 £ 5 shiny. htmlwidgets #1%H1) R 2, i rAmCharts4 £,

3. Gabor Csardi 4317 igraph fLDA K K EH B R A IF & ELAIBE, RStudio J& .

4. Hadley Wickham 43/ | ggplot2. dplyr. devtools Z37ifTH R 6, RStudio E .


https://dirk.eddelbuettel.com/
https://github.com/stla/
https://github.com/gaborcsardi/
https://github.com/hadley/

O M =
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10.
11.
12.
13.
14.

15.
16.
17.

18.
19.
20.
21.
22.

23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

34.
35.

% 18 F. MARIESHT

Jeroen Ooms 44T magick., curl PAKREHFY) R A & 1B Al

Scott Chamberlain 4E31 T/ 5 HTTP/Web #1311 R 42, rOpenSci EL&AIIE A .

Robin K. S. Hankin 4§ TR Z 5 WM. 2780t X0 R 4.

Henrik Bengtsson 437 [ future fil parallelly 22347 R 8, EHATIHE T HERZ 5Tk .

Jan Wijffels 4E30 TR Z 5 B ARG F AR BRI XH R A, il udpipe . BTM il word2vec
%241, Bnosac H B .

Kurt Hornik Z54847 R HAULHFZ 5 HRE S LML R 4, R ZOEBUG .
Martin Maechler 4477 Matrix £, R .0 HFIBA 5 .

Max Kuhn 43P T tidymodels £, RStudio .

Bob Rudis 43/ T —28 5 geplot2 F1XH) R £, 1l ggalt. hrbrthemes fil statebins £,
Kartikeya Bolar i3 TRZ 40115 shiny 245G R A, WAy Z=ar. ZEEHE. SR, KL
I HTaE.

Kirill Miiller 4E47 7 DBI S5 K& 540 R RN R 4.

Shannon T. Holloway #4742 548420 HH X8 R 42,

Simon Urbanek #4177 rJava. Rserve SEjif7i R £, R LB G, i R ®ibh S
MacOS P& HH KA o

Achim Zeileis 4E3/" T colorspace 2747 R £, R &ZOHEIBN G .

Muhammad Yaseen ZE$ T 2-~5 Multiple Indicator Cluster Survey f<H R .

Pablo Sanchez 44 7 2S5 HAE S G &M R iIGEH 0, Windsor.ai ZHZUN 5.

Thomas Lin Pedersen 4E4/' | patchwork, gganimate fl ggraph Z£7f7# R €1, RStudio J& il .
Torsten Hothorn YEGEH RIS I THIBTER A NES, AN coin Al multcomp 43, R AL EI A
R

Richard Cotton 4E4/1 T assertive Fll rebus 241 R 12, U n[ A .

Florian Schwendinger 44 T Rz Z 0L TN R A, 7T ROI Wiyhe

Guangchuang Yu 447" " ggtree Hl ggimage 55 R 4, FEAW) {5 B AT AL GUEA A D TRk -
Winston Chang 4E37 T shiny 2574709 R 4, RStudio Ef.

John Muschelli ZE31 T 24 K THAEEBH R 4.

Kevin R. Coombes #3724 TAEYME SR R A, Il oompaBase fl oompaData 4,

Yihui Xie 4E97 7 knitr . rmarkdown 2% 47HI R 19, RStudio JEFi .

Carl Boettiger 43 | 2% 104, U rfishbase 58, rOpenSci FBAR 5 .

Michael D. Sumner 237" T 22 RIFE T K R .

Emil Hvitfeldt 4E3 7 240801 %H) R A, 40 fastTextR 4%, RStudio JE 5.

Georgi N. Boshnakov 4E4P | 244 B [a] #5904 219 R AL, 4 fGarch. timeDate Fll timeSeries
SO

Hana Sevcikova 447 | 245 DIy A DGt <R R 4.

Joe Thorley 47 7245 DLy MCMC #H5%8) R €3, Poisson Consulting J& 5.

I RERCRRAE R WGRM DA, K8, P& 14 RURIFRER 6732 N, JFR 24 R HH
TFhEA 1685 N, - ARFE AL —, BEMEIEEA G0 .

table(pdb_ctb$Package)


https://github.com/jeroen/
https://scottchamberlain.info/
https://github.com/RobinHankin/
https://github.com/HenrikBengtsson/
https://github.com/jwijffels
https://bnosac.be/
https://statmath.wu.ac.at/~hornik/
https://github.com/mmaechler
https://github.com/topepo
https://rud.is/
https://kartikeyabolar.r-universe.dev/
https://github.com/krlmlr/
https://populationhealth.duke.edu/personnel/shannon-holloway/
https://github.com/s-u/
https://github.com/zeileis/
https://github.com/myaseen208/
https://github.com/pablosanchezmart/
https://github.com/windsor-ai/
https://github.com/thomasp85/
https://user.math.uzh.ch/hothorn/
https://github.com/richierocks/
https://github.com/FlorianSchwendinger
https://gitlab.com/roigrp/solver
https://github.com/GuangchuangYu/
https://github.com/wch/
https://github.com/muschellij2/
https://gitlab.com/krcoombes/
https://oompa.r-forge.r-project.org/
https://yihui.org/
https://www.carlboettiger.info/
https://github.com/mdsumner/
https://github.com/EmilHvitfeldt/
https://www.rmetrics.org/
https://github.com/hanase/
https://github.com/joethorley/
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‘Eiggégg "

#> 1 2 3 4 5 6 1 8
I 7

r #> 6732 1685 725 328 177 82 80 52
:t}{EI #> 17 18 19 20 21 22 23 24

\\ #> 1 3 4 4 2 3 3 1

#> 58 63 69
(:::) #> 1 1 1

IS ARR R RIT K, AT LAK A I IR R AT

ggplot(data = pdb_ctb, aes(x = Package)) +
geom_histogram(binwidth = 1) +
theme_classic() +

labs(x = "R AHE", y = "FRHE")

ggplot(data = pdb_ctb[pdb_ctb$Package <= 20, ], aes(x

geom_histogram(binwidth = 1, fill = NA, color = "gray20") +

scale_y_loglo() +

theme_classic() +

'Labs(x = "R @%&%u, y = rlﬂlzvi%'—u)

6000
g 4000+
®
He

2000

o L
0 20 40 60
R BIHE
(a) HA

239
9 10 11 12 13 14 15 16
37 37 29 15 18 8 11 7
25 26 27 28 31 32 33 52
5 5 2 1 1 1 1 3
Package)) +
10000 1
1000+ n
ﬂg 100+
H: —
101
ALLLLE ] [
0 5 10 15 20
RBHE

Bl 18.4: JF A F RO 731

(b) BT OWHEREL)

fi” Top 1% BIIFA# 131 N (OFA& R W 10 MIFA) TTEkT 2329 / 18976 = 12.3% 9"

JEAL, SRR AT RS, RKEEVIAE .
dim(pdb_ctb[pdb_ctb$Package > 10, 1])

#> [1] 131 2

sum(pdb_ctb[pdb_ctb$Package > 10, "Package"])

#> [1] 2329
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K™ Bottom fyHFA#E 6732 N (A —1 R W EE) HEFEERHS 6732 / 10067 =

]IL‘ 7= 66.87%, DMK T 6732 / 18976 = 35.5 % (PR, ML= A2 k.
s

i\-ﬁ{l&&z TR BB

@ WER—DFFLEL T4 R A, SCh4ErE . —A R WhE—f—D4HrE, Wigh 1224
TUERE, XRE, HEIPEMITTERE Z R R T A R AR, STEE FTRESGE S R B, ]
REAIE. ACA I H A BEAAERS. 75— R &, A2 B fyuriks®, mfen—r R 4F, B2 A
oTEkE . AR B ZnfEEd 24 R WAAEZ R EAMIMER R, XMEN A T B Z A KR
A IEFFRTTRARER 2 MRAL, — D ARTRERRE T 24 3.

Hefpd A R AZNITRETR, B2y (Bra sk AR, A & R BRTTHE A
B W A BIARE. defrd A MERIFRE B Z A F TR, ST (AT RE R IHE R
TR AL, 15 5ot R A8 ) P08 A M. HEE, A fERZEPE, RS A 1ENTT
K, 2 A F A Tk, RE BT/ MER AR .

# TTIRE A fdk kB IE R

pdb <- subset(
x = pdb, subset = !duplicated(Package) & !is.na( Authors@R"),
select = c("Package", "Maintainer", "Authors@R")

)

# RAEFEHLT

pdbS$Maintainer <- extract_maintainer(pdbSMaintainer)

B e EdE A AuthorsQR B, AW BB A TIHRA . L mgev 1, gam 45, HUL A TR
BAETIE, N2 A EXANTE, A Repp 43, ReppEigen 4045, X B4 10 18 H ok
B2, ARIJEPA AuthorseR FEHAEATTIUCE EIR, 3t 12503 4~ R A& Authorser , 5 6000+ 4
R AEAZTE, K45 R A0 1/3, FEAIB2HEHERMERTE T, WaTPAEH. Author
B —BOd AR SeA, AT Author “FB, AuthorseR “FEZDA R 1EF 1111 person ALK 7k
ghkN, LRRGHINE, BBL, REBGTEE RO MEA R, TFEHRI Matrix AR TTERE -

tmp <- eval(parse(text = pdb[pdb$Package == "Matrix", "Authors@R"]))
tmp <- unlist(lapply(tmp, function(x) format(x, include = c("given", "family"))))
# IR [ — AN By AR AE

tmp <- data.frame(Package = "Matrix", Maintainer = pdb[pdb$Package == "Matrix", "Maintainer"], Authors =
# £ Authors & Maintainer HiC3K

subset(tmp, subset = Maintainer != Authors)

#> Package Maintainer Authors

#> 1 Matrix Martin Maechler Douglas Bates

#> 3 Matrix Martin Maechler Mikael Jagan

#> 4 Matrix Martin Maechler Timothy A. Davis
#> 5 Matrix Martin Maechler Jens Oehlschléagel
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#>
#>

6 Matrix Martin Maechler Jason Riedy

7 Matrix Martin Maechler R Core Team

BHEHEA S R 0 (Package FBt) . JHAEP# (Maintainer FBt) FITTHkE (Authors FBt). ff i
WG N, BE, FIrf R WA sTkE ik, B — R Bi e .

ex

}

ex

#>
#>
#>
#>
#>
#>
#>

#
#
pd

#>
#>

#>
#>

#>
#>

#>
#>

#>
#>

#
pd

tract_authors <- function(pkg) {

sub_pdb <- pdb[pdb$Package == pkg, 1]

tmp <- eval(parse(text = sub_pdb[, "Authors@R"]))

tmp <- unlist(lapply(tmp, function(x) format(x, include = c("given", "family"))))

tmp <- data.frame(Package = pkg, Maintainer = sub_pdb[, "Maintainer"], Authors = tmp)

subset(tmp, subset = Maintainer != Authors)

tract_authors("Matrix")

Package Maintainer Authors
Matrix Martin Maechler Douglas Bates

Matrix Martin Maechler Mikael Jagan

Matrix Martin Maechler Jens Oehlschlagel

1
3
4 Matrix Martin Maechler Timothy A. Davis
5
6 Matrix Martin Maechler Jason Riedy
-

Matrix Martin Maechler R Core Team

lapply (c("Matrix", "gt"), extract_authors)
WEA R AW TTIRAE, BATHEL1-24% 1 i
b_authors_list <- lapply(pdb[, "Package"], extract_authors)

Warning in .canonicalize(given): Arguments of person() should be character or

NULL

Warning 1in personl(given = given[[i]], family = family[[i]], middle =
middle[[i]], : Invalid ORCID 1iD: '0G000-0001-1203-2064".

Warning 1in personl(given = given[[i]], family = family[[i]], middle =
middle[[i]], : Invalid ORCID 1iD: '0G000-0002-6135-8141"'.

Warning 1in personl(given = given[[i]], family = family[[i]], middle =
middle[[i]], : Invalid ORCID iD: 'GG00-0000-0000-0000".

Warning 1in personl(given = given[[i]], family = family[[i]], middle =
middle[[i]], : Invalid ORCID 1iD: '0000-0012-0199-6968"'.

CERlE

b_authors_dt <- data.table::rbindlist(pdb_authors_1list)

e B R B R BHEHE pdb_authors_dt ST 26000 Fkicsk, BRI/, % B EIA b

A

TURE Z IR AT REAAEZ IR UL, R gEiT— T~ S fER L.
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pdb_authors_dt[ ,.(cnt = length(Package)) , by = c("Maintainer", "Authors")

]%gg:t J[ent >= 10, ]J[order(cnt, decreasing = T), ]
/,\

#> Maintainer Authors cnt

#> <char> <char> <int>

/
\

#> 1: Hadley Wickham RStudio 36
@ #> 2 Pablo Sanchez Windsor.ai 25
#>  3: Jan Wijffels BNOSAC 24
#> 4. Gabor Csardi RStudio 19
#> 5: Hong Oodi Microsoft 16
#> 6: Max Kuhn RStudio 14
#> T: Lionel Henry RStudio 14
#> 8: Robrecht Cannoodt Wouter Saelens 13
#> 9: Scott Chamberlain rOpenSci 13
#> 10: Joe Thorley Poisson Consulting 13
#> 11: Frederic Bertrand Myriam Maumy-Bertrand 12
#> 12: Winston Chang RStudio 12
#> 13: Daniel Falbel RStudio 12
#> 14: David Kretch Adam Banker 12
#> 15: David Kretch Amazon.com, Inc. 12
#> 16: Victor Perrier Fanny Meyer 11
#> 17: Jennifer Bryan RStudio 11
#> 18: William Michael Landau Eli Lilly and Company 11
#> 19: Adrian Baddeley Ege Rubak 11
#> 20: Gabor Csardi Jim Hester 10
#> 21: Kirill Muller RStudio 10
#> 22: Carson Sievert RStudio 10
#> 23: Thomas Lin Pedersen RStudio 10
#> 24: Lionel Henry Hadley Wickham 10
#> 25: Adrian Baddeley Rolf Turner 10
#> Maintainer Authors cnt

Authors FEH B T AL A F, X2FNEITFE R GN4ED & 2T RAL, BRUHE 1244,
HAAUEPERF LR T4, 1 HAA PR E). DA dplyr 42 5, Hadley Wickham 27T RStudio
AT, TE dplyr SCEdES, FBL Authorser 1 RStudio A /2 cph Al fnd , BTG FIHE 4
THE. G cre g2 ZEYE, 11575 CRAN FIBARIAE. M aut Hext R 4RI A

format(eval(parse(text = pdb[pdb$Package == "dplyr", "Authors@R"])),

include = c("given", "family", "role"))

#> [1] "Hadley Wickham [aut, cre]" "Romain Frangois [aut]"

#> [3] "Lionel Henry [aut]" "Kirill Maller [aut]"
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#> [5] "RStudio [cph, fnd]"

BeAh, g T— M HA R dE a2 A GRS, W LSRR AE ], Gabor Csardi #1 Jim Hester
, Lionel Henry #11 Hadley Wickham, Carson Sievert il Joe Cheng , Jennifer Bryan #1 Hadley Wickham
Z[\J& T RStudio A7, WHEIPMEAFLKIH. % RStudio, CRAN Team Hl rOpenSci AFHE A, i
XFHERA FE R T VR

1. Windsor.ai $gfit— 220 LRSS RE -G, SRBUEHZCREHE R 1.

2. BNOSAC #2ft— R 5T EH . BR RS BAES B AR R A, HA udpipe, word2vec,
doc2vec 24,

3. Microsoft $#2{ft— RV ERAEAE Azure ZEMFR R 4, AN AzureR 4.

4. Wouter Saelens #2fit— R 5| A HIHEHEFR (single-cell trajectory inference) FHIEH) R 11, T
—/4~ dynverse Zji.

5. Poisson Consulting $&flt— R 5| H TIMEAEY ARG TS24 R AR XAF5R18 3.

6. Amazon.com, Inc. #Efit— R HTF4E. EH . #EE Amazon RS R 8, EH—1 paws
=t

7. Eli Lilly and Company A]fE2 rOpenSci f—5F, B THE N targets fil jagstargets 25 R A1,

i, GV HMEREI A, 2SR AL AT

pdb_authors_net <- pdb_authors_dt[, .(cnt = .N), by = c("Maintainer", "Authors")]
table(pdb_authors_net$cnt)

#>

#> 1 2 3 4 5 6 7 8 9 10 11 12 13
#> 20420 1513 366 121 44 28 14 8 3 6 4 5 3
#> 14 16 19 24 25 36

#> 2 1 1 1 1 1

AR, HRZBNZ AHMERA R

18.3.3 Vit AREN 0

MR AW, A E ST R AR E IR O, WU U 2% B Y R R 4R R TR
XL IRB A AW . KEBECATE CRAN Kt R W TTEkeE . WG H B e Mot 4t & . &
s, MR AR A AT

# Maintainer WA\

pdb_authors_net_indegree <- pdb_authors_dt[Authors %in% Maintainer,
1[, .(in_degree = length(Authors)), by = "Maintainer'"]

# Authors W 4 &

pdb_authors_net_outdegree <- pdb_authors_dt[Authors %in% Maintainer,

1[, .(out_degree = length(Maintainer)), by = "Authors"]


https://windsor.ai/
https://github.com/bnosac
https://github.com/bnosac/udpipe
https://github.com/bnosac/word2vec
https://github.com/bnosac/doc2vec
https://azure.microsoft.com/zh-cn
https://github.com/Azure/AzureR
https://dynverse.org/
https://github.com/dynverse
https://github.com/poissonconsulting
https://aws.amazon.com/cn/
https://github.com/paws-r/paws
https://www.lilly.com/
https://github.com/ropensci
https://github.com/ropensci/targets
https://github.com/ropensci/jagstargets

\¥12M %18 E. WEFIEHS

ggplot(pdb_authors_net_indegree, aes(x = 1in_degree)) +
]%SE:L geom_histogram(binwidth = 1) +
> geom_freqgpoly(binwidth = 1) +
/ theme_classic()
:#*¥E1\\ggplot(pdb_authors_net_outdegree, aes(x = out_degree)) +
@ geom_histogram(binwidth = 1) +
geom_freqgpoly(binwidth = 1) +

theme_classic()

1000
600
7501
€ € 400
2 5004 3
o o
2504 200 1
0 04
0 50 100 150 0 25 50 75 100
in_degree out_degree
(a) ABERY AT (b) R

Bl 18.5: 9 kB AERIE FE B 231

18.3.4 [ fALEMEMIL

TR RN AET E L R AR RN, R R/NALES & Z RIVMEREORE R . h TR,
BN TR, SR HMEREOCT 1 il

# 3

pdb_authors_net_edge <- pdb_authors_dt[Authors %in% Maintainer,

][, .(edge_cnt = .N), by = c("Authors", "Maintainer")][edge_cnt > 1, ]
pdb_authors_net_edge[order (edge_cnt, decreasing = TRUE),]

#> Authors Maintainer edge_cnt
#> <char> <char> <int>
#> 1 Jim Hester Gabor Csardi 10
#> 2 Hadley Wickham Lionel Henry 10
#> 3: Joe Cheng Carson Sievert 9
#> 4 Hadley Wickham Jennifer Bryan 8
#> 5: Steven Andrew Culpepper James Joseph Balamuta 8
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4> ---
#> 528: Aaron Wolen
#> 529: Bob Rudis
#> 530: Marco Sciaini
#> 531: Carlos Morales
#> 532: Md Yeasin
# TR

pdb_authors_net_vertex <- pdb_authors_dt[,

Scott Chamberlain
Simon Garnier
Simon Garnier

Martin Chan

Ranjit Kumar Paul

pdb_authors_net_vertex[order(vertex_cnt, decreasing =

#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>

XA RE, HAN PR ST .

WLRT, WAAE LM/ NI INHENME. 522X IME R RERRTT K, A,

Maintainer vertex_cnt

<char> <int>

1: Hadley Wickham 43
2: Gabor Csardi 33
3: Jeroen Ooms 28
4: Scott Chamberlain 28
5: Yihui Xie 21
579: Katriona Goldmann 1
580: Carlo Pacioni 1
581: Michael Scholz 1
582: Javier Roca-Pardinas 1
583: Xianying Tan 1

o Maintainer 4E3"# (fRFEH to)
o Authors Tigk# (fLFEE from)

N NN NN

. (vertex_cnt = length(unique(Package))),

TRUE), ]

o edge_cnt MK /NERYESFH Maintainer FITTERE Authors FIPMEREL
o vertex_cnt TH S A/NERLEY 1 Maintainer 4514 R A5

N SE% B igraph A3 AKX ANE 2R A MR 2% . pdb_authors_net_edge #ll pdb_authors_net_vertex
FRBARAE, HCIH A igraph (U REL graph_from_data_frame () RFHAL N M LERA igraph , &
el FH R AL plot () il M 45 &

PME R R BT A SRS, M [ H 5] RS, Hop, AZ4EP 24 R WiyJr ks, XA

245

by =

1[Maintainer %in% c(pdb_authors_net_edgeSMaintainer, pdb_authors_net_edge$Authors),]

2
5

W AR, MR TRBH] as8, IMERZEEREWRESED Y R GdAd, L2FET P8,
A, ErrEmHEE . B R H A RELF—E, W R Core Team., RStudio, rOpenSci 4.

eb <- cluster_edge_betweenness(pdb_authors_graph)

eb

"Maintaine
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#> IGRAPH clustering edge betweenness, groups: 181,

#> + groups:

#> $T1°

#> [1] "Matt Nunes" "Daniel Grose"

#> [4] "Rebecca Killick" "Idris Eckley"

#>

#> $72°

#> [1] "Jin Zhu" "Shiyun Lin"

#>

# $°3°

#> [1] "Juldio Trecenti" "Henrik Bengtsson"
#> [4] "Zhian N. Kamvar" "Pierre Neuvial"
#> + . omitted several groups/vertices

247

mod: 0.88

"Guy Nason"

"Alessandro Cardinali"

"Morgane Pierre-Jean"

"Michal Bojanowski"

igraph U422 Rt XERM A B L, F {7 B B 4X cluster _edge_betweenness () KRR, %5

BRA 181 M. HIX 1 SR AT

eb$names[eb$membership == 1]
#> [1] "Matt Nunes" "Daniel Grose"
#> [4] "Rebecca Killick" "Idris Eckley"

X 3. 14, 21, 34, 46. 52, 75 (AR L., H,
X 14 2&PA CRAN WAZLRAEX .

# RStudio H BB AHKX

eb$names[eb$membership == 3]

#> [1] "Julio Trecenti" "Henrik Bengtsson"

#> [4] "Zhian N. Kamvar" "Pierre Neuvial"

#> [7] "Ian Lyttle" "Thomas Lin Pedersen"
#> [10] "Dirk Schumacher" "Jeroen Ooms"

#> [13] "Sean Kross" "Carl Boettiger"

#> [16] "Ryan Hafen" "Matthew Fidler"

#> [19] "Mark Edmondson" "Kirill Maller"

#> [22] "Carson Sievert" "Winston Chang"

#> [25] "Jennifer Bryan" "Michael Sumner"

#> [28] "Garrick Aden-Buie" "Daniel Falbel"

#> [31] "Hiroaki Yutani" "Taiyun Wei"

#> [34] "Romain Francgois" "Greg Freedman Ellis"
#> [37] "Bryce Mecum" "Steph Locke"

#> [40] "Jonathan Keane" "Thibaut Jombart"

#> [43] "Anne Cori" "Bill Denney"

"Guy Nason"

"Alessandro Cardinali"

#1X 3 DA RStudio MO RAE X, %1

"Morgane Pierre-Jean"
"Michal Bojanowski"
"Yihui Xie"

"Gabor Csardi"

"Neal Richardson"
"Hadley Wickham"
"Richard Iannone"
"Lionel Henry"

"Scott Chamberlain"
"Matthew B. Jones"
"Jim Hester"

"Rhian Davies"
"Christophe Dervieux"
"Dewey Dunnington"

"Jared Huling"



#>

[46]
[49]
[52]
[55]
[58]
[61]
[64]
[67]
[70]
(73]
[76]
[79]

"Wush Wu"

"Yuan Tang"
"Sebastian Meyer"
"Alicia Schep"
"Joe Cheng"

"33 Allaire"
"Malcolm Barrett"
"Justin Wilkins"
"Kevin Ushey"
"Jorrit Poelen"
"Ramnath Vaidyanathan"

"Xianying Tan"

# CRAN A0 Hy KK

ebsSnames[eb$membership

#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>

[1]

[4]

(7]
[10]
[13]
[16]
[19]
[22]
[25]
[28]
[31]
[34]
[37]

14]

"Achim Zeileis"
"Nikolaus Umlauf"
"Bernd Bischl"
"Friedrich Leisch"
"John Fox"
"Volodymyr Melnykov"
"Drew Schmidt"
"Stefan Theussl"
"Francois Michonneau"
"Felix Zimmer"
"Lukas Sablica"
"Jakob Richter"

"Duncan Murdoch"

"Atsushi Yasumoto"
"Duncan Garmonsway"
"Derek Burk"

"Tomasz Kalinowski"
"Bhaskar Karambelkar"
"JooYoung Seo"

"Aaron Wolen"

"Yixuan Qiu"

"Steven M. Mortimer"
"Maélle Salmon"

"Thomas Leeper"

"Michael Hahsler"
"Vincent Dorie"

"Ben Bolker"

"Brian Ripley"

"Kurt Hornik"

"Martin Maechler"
"Georgi N. Boshnakov"
"David Meyer"

"Marius Hofert"
"Martin Binder"
"Sebastian Fischer"
"Florian Wickelmaier"

"Alexander Brenning"

-

% 18 =.

"Barret Schloerke"
"Edzer Pebesma"

"Tim Taylor"
"Michael Rustler"
"Sebastian Kreutzer"
"Zachary Foster"
"Bruno Tremblay"
"Johannes Friedrich"
"Karthik Ram"

"Aron Atkins"

"Dirk Eddelbuettel"

"Michel Lang"
"Bettina Gruen"
"Marc Becker"
"Michael Friendly"
"Patrick Schratz"
"George Ostrouchov"
"Wei-Chen Chen"
"Jakob Bossek"
"Florian Schwendinger"
"Phil Chalmers"
"Lennart Schneider"
"Rudolf Debelak"

"Ingo Feinerer"

&

178

=

&l

N
2

#r

[AlIf, 7E RStudio XANKALIXT, A —252Z B KH/IMEX, HAT Rob Hyndman 258 AAYIRA]
H#1 DX, Roger Bivand %5 Az A1 GE I T4LIX

# WA JF %] Rob Hyndman
eb$names[eb$membership == 52]

#>
#>
#>
#>
#>

[1]
(3]
(5]
(7]
(9]

"Asael Alonzo Matamoros"

"Sevvandi Kandanaarachchi"

"Di Cook"
"Han Lin Shang"

"Earo Wang"

# 28| % Roger Bivand

"Rob Hyndman"

"Nicholas Tierney"

"Mitchell O'Hara-Wild"

"Sayani Gupta"

"Christoph Bergmeir"
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ebSnames[ebSmembership == 75]
rr

#> [1] "Sebastian Jeworutzki" "Roger Bivand" "Colin Rundel"

/ #> [4] "Angela Li" "Gianfranco Piras" "Patrick Giraudoux"
\ #> [7] "Giovanni Millo"

@ ZiGHIMRE 18.6 , MIEARZ/NERE, XE—l, TR REIRE R EE, LT,
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] 18.7: FEMIHME 5 R M 28 AL IX

NHE A tidygraph WS EEGE . HEAT RO, dplyr WEAEEGE. POEART AR OFRH)
gy (BEEENE) . )5, f58) ggraph 2 H 4 2 RTINS, 5 p R MURLE &
SO 5855 o

T TR A P 2% [ B ) — O Bl . RV IS8T SR 3ak , AR 2R RN AE R . RS A B REA
B, WA EREEER, iR CRAN F1 RStudio PR MEE @A . FHEIHH visNetwork 4


https://github.com/datastorm-open/visNetwork

% 18 F. MARIESHT

Bl 18.8: JF A& RIS J1 M 2%
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HiVERZ B MK EE, B2 JS JE visnetwork ] R IEFH: I, i visNetwork 22 il 52 .5 % 2%
R, FTUAER LS URACR . J63. TTIAE DU CRAN 4ERKH9 Achim Zeileis 1 RStudio HX g
Max Kuhn 2 [a]/2H Andri Signorell 223845, AN, SEEE A 248, 7] AH A Richard Iannone %
i) DiagrammeR, £ il {EEH AR % 5 M 5T EE «

#> file://// private/ var/ folders/ x7/ ch5v91h56_zbvbdly2f600dm0000gn/ T/ Rtmp8gNemQ/
file48d76ab244a2/widget48d75db81e67.html screenshot completed

K 18.9: FF R FERIF M S1M 2% (visNetwork )

18.4 P JEBdisi

R IEF MM HZEVEA Erick Kolaczyk 7)1 (Statistical Analysis of Network Data with R)
(Kolaczyk Fil Csardi 2020), W25 w404k /510, #i77 Hadley Wickham [#)Z/F €ggplot2: Elegant Graphics
for Data Analysis) (Wickham, Navarro, 11 Pedersen 2024) )55t %, Sam Tyner 28 A1 (& (Network
Visualization with ggplot2) (Tyner, Briatte, il Hofmann 2017) H{Hf5%—%F .

TEM ARG 70, igraph S AERRATIOATHESE, ERM CIEFTSMM, FERm. FHiE, Bt
MEFEFTHRED, H R IEFHED igraph 1 R IEFHXKWE M HE iy SLbnife, P2
B ATE R AR5 . JFIRE Gephi FPFE A AL B A5 UBLR I 25 TRl B4 . AL R I
SATPAM Apache Spark ) GraphX. R IEFHRXZ, TEGLEM A AL &, HTE N
AR AT Lo


https://github.com/visjs/vis-network
https://github.com/rich-iannone/DiagrammeR
https://github.com/igraph/igraph
https://github.com/igraph/rigraph
https://github.com/gephi/gephi
https://spark.apache.org/graphx/

1 m 952 % 18 4. MAHIE S

A AR BAE A, HBAT IS Neodj | EAFFRMARRIIA. Nebula Graph FEE4H
TG st SU AR, SRS T, LA, SRR, e, A

W R I (A Bl T Bl %5 528 . B U0 GraphScope S AHU P50
iﬁﬂxﬁﬁ,iﬁﬁﬁﬁﬂ%ﬁﬁo

(:) 18.5 )%

L RRIT REWMER AR AT, WRAGT R Wiz /> R WM, KBEERRN 6. S R Bk
BRERE F R A B R @ B, RA B R W CHML, DARCEHE). b, . o,
AL HORE R R M 4%, AT R BN ).

2. ARJCET 2022 4F 12 A 31 HEY R WeBudledtfradr, 5 2023 4F 12 7 31 HAEHE L.


https://github.com/neo4j/neo4j
https://github.com/vesoft-inc/nebula
https://github.com/vesoft-inc/nebula-docs-cn/
https://mp.weixin.qq.com/s/aYd5tqwogJYfkJXhVNuNpg
https://github.com/alibaba/GraphScope

O M =

HHiue SR BdEsPr

ARETHRN A B A R, EeE R OIEFESR S MERW LA R 4.

library(nlme) # 6LS [T X FmANZFNA
library(scatterplot3d) # % 4| = % 4 5 %40 &
library(ggplot2) # =% FE A
library(gstat) # wEAHEETN
library(sf) # oA B YRR E

## Linking to GEOS 3.13.0, GDAL 3.8.5, PROJ 9.5.1; sf_use_s2() is TRUE
library(abind)

library(stars) # o2 A R B R A
B N ASTE T FH (A AN 0 31 B RS 3 50 A s SR I 5 i 2 R AR At 5 SR AR 3
Py B PN A 5 AR S A L

rongelap <- readRDS(file = "data/rongelap.rds")

rongelap_coastline <- readRDS(file = "data/rongelap_coastline.rds")
XA EAREE AT A I R4, X LEBCH Y R A R T B AR B i R L R 1

plot(c(-6250, 0), c(-3600, 100),
type = "n", panel.first = grid(),
main = "B E AR RN R KR A,

1910 WIMEHLE S A S I A L i 2 2 A el

(a) AZHE SR I EHE (b) g 2R AR A
(LT A L - 4= I 1 1 fdebs GR
-6050  -3270 75 300 -5509.236  -3577.438
-6050  -3165 371 300 -5544.821  -3582.250
-5925  -3320 1931 300 -5561.604 -3576.926
-5925  -3165 4357 300 -5580.780 -3574.535
-5800  -3350 2114 300 -5599.687  -3564.288
-5800  -3165 2318 300 -5605.922  -3560.910

253
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xlab = "L (K) ", ylab = "H &4 (k) "
DII)

> points(rongelap, pch = 16, cex = 0.5)

/ points(rongelap_coastline, pch = 16, cex = 0.3)
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-6000 -5000 -4000 -3000 -2000 -1000 0
TR (K)

Pl 191 EUDAE A0 8 R 0 S 0 3l R G 2 2

R BHRE N A R B, SE A Y 2. IR E N AR LY, ERA TR

P — et BEEAR, WHT H bR R X

BAR T 5 A RAE SRR AR R A, e — A = HERUNE LA, 2R scatterplot3d fu2x il
i, MHT B, Z VRS, BB m R R R, ) un s B e A

2 BB AR S S

19.1

BRI

MR nlme R gls () s AL, KB SUR/N ARG R, BB HIIAT AR

T BRARAAIRAG T
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mM oo
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I: -
o 1
o q\,,. = + : + ;
-7000 -6000 -5000 -4000 -3000 -2000 -1000
HARR (K)
Pl 19.2: BIREH7E 5y b 45 SR A ) s S i
library(nlme)

# TR E RN
fit_rongelap_gls <- nlme::gls(
model = log(counts / time) ~ 1, data = rongelap,
correlation = nlme::corExp(form = ~ cX + c¥Y, nugget = T)
)
summary (fit_rongelap_gls)

Generalized least squares fit by REML
Model: log(counts/time) ~ 1
Data: rongelap
AIC BIC loglLik
184.4451 196.6446 -88.22257

Correlation Structure: Exponential spatial correlation
Formula: ~cX + cY
Parameter estimate(s):
range nugget

169.7469507 0.1092495

Coefficients:
Value Std.Error t-value p-value

(Intercept) 1.812914 0.1088036 16.66226 0

255
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Standardized residuals:
Min Q1 Med Q3 Max
-5.5738539 -0.0690947 0.3461001 0.7385220 1.5715212

Residual standard error: 0.573967
Degrees of freedom: 157 total; 156 residual

PAEACTS s AR RS 4R -

log (Y(z)) =T(x) =8+ S(z) +e

Hrp Y (z) R 0E o AN B AR50, B S B2 B 2 18] (6 B A AL B AL AS B, T ()
SRR, B BRI, SR S(2) BE R FIE TR Rl RS, 2SR B,
S(x) SHEHLIRZE e RA TR, BOLRZERN S 20 r° WIESa 1. WZERLE R T(r)
FAHNE E[T(2)|S(2)] = B+ S(x) MM 2E Var[T(2)|S(x)] = 72, ERE T ZEREUNT

[l *95j||2)

Cov(T(z;), T(x;)) =0 exp (— 3

+ 7 =gy
B E M X% (Correlation function) p(u;;) @17F:

p(uij) = Corr{T(x;), T (x;)}
_ Cov(T(LL“ ,T(x5))
\/Var (x;))Var(T(z;))

RS (0 exp(—ui;/6) + 7 I(izjy)-

Hodr ) wy; FORME x SO0E o PRIREEE (o —xjl2 , XTSRBEVERE T'(x) 1A 2R Ve (ui;)
R
Vi) = GVar(T(2) ~ T(a))

*E{[ (2;) — T(x;))*}
= 12 Ii=gy + 02 (1 = pluiy)).

£ nlme WHHCSZ T, A BERUY AIHERCR H A KA UNT -

p(uij; ¢,0) = 6 + (1 = 6)(1 — exp(—ui; /).

Hot, G0 0 = oy (AR, IALHY M AR RS T ARG R R, S 2 R
SR
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p(uiz; @,6) = V(uiz) /(0 + 72).

XAESEAC H 2SI B 8, BT SR 2 B o FEAE AT PO, B in Al I
ORI R R Bl ml R P, B M 5 B 7 2R HU(E, s DR 28 (R T EMREL . O T B A C
PREL corExp () MANBHIEN, WE ¢=1,6 =02, RBIWT:

spatDat <- data.frame(x = (0:4)/4, y = (0:4)/4)
cs3Exp <- corExp(c(l, 0.2), form = ~ x + y, nugget = TRUE)
cs3Exp <- Initialize(cs3Exp, spatDat)

corMatrix(cs3Exp)

[,1] [,2] [,3] [,4] [,5]
[1,] 1.0000000 0.5617508 0.3944550 0.2769817 0.1944934
[2,] ©0.5617508 1.0000000 0.5617508 0.3944550 0.2769817
[3,] 0.3944550 0.5617508 1.0000000 0.5617508 0.3944550
[4,] 0.2769817 0.3944550 0.5617508 1.0000000 0.5617508
[5,] 0.1944934 0.2769817 0.3944550 0.5617508 1.0000000

Ff b TR e Y I FE R B A S R B A A5, SRS B, BRI
diag(0.2, 5) + (1 - 0.2) x exp(-as.matrix(dist(spatDat)))

1 2 3 4 5

.0000000 0.5617508 0.3944550 0.2769817 0.1944934

.5617508 1.0000000 0.5617508 0.3944550 0.2769817

.2769817 0.3944550 0.5617508 1.0000000 0.5617508
.0000000

a A W N B
o o o o =

.1944934 0.2769817

0 0 0 0
1 0 0 0
.3944550 0.5617508 1.0000000 0.5617508 0.3944550
0 0 1 0
0 0.3944550 0 1

.5617508
B SR HE INIURUE DY 85 TR B =0 A7

o (Intercept) XN T 8 & 1.813

o range X T ¢ J& 169.747

o MRS ROTEM AL 6 = Ty = 0.109

o Residual standard error 3ZEFiiEZE R 0.574, MIHSEH XN T 02 + 72 = 0.573967% = 0.329
o nugget XTI THERLY 0.1092495 * 0.5739672 = 0.0360

19.2 AR

¥f data.frame (data frame “ZEFME) KAEHEF Ny sf (simple feature 25 [ LAEE) KA LR,
XS BESE S WS R RE AL, SRAT I 7 B
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M library(sf)

m library(abind)
> library(stars)
R
\\rongelap_sf <- st_as_sf(rongelap, coords = c("cX", "cY"), dim = "XY")
(:::) rongelap_coastline_sf <- st_as_sf(rongelap_coastline, coords = c("cX", "cY"), dim = "XY")
rongelap_coastline_sfp <- st_cast(st_combine(st_geometry(rongelap_coastline_sf)), "POLYGON")
# A
rongelap_grid_stars <- st_bbox(rongelap_coastline_sfp) |>
st_as_stars(dx = 32, dy = 16) |>
st_crop(rongelap_coastline_sfp)

rongelap_grid_stars

stars object with 2 dimensions and 1 attribute
attribute(s):
Min. 1st Qu. Median Mean 3rd Qu. Max. NA's

values 0 (0] 0 (0] 0 0 41592
dimension(s):

from to offset delta x/y
X 1 198 -6299 32 [x]
y 1231 103.5 -16 [y]

19.3 il

TR gstat fHY krige() PREL, Z%PRECEEM T Kriging v LA TR TN /73, %M 73 A3
THFFEKIEGN , M ABESMER I XA, SePIA AL S5 fit.variogram.reml() , Kriging Tl
AT AR (1 S5

TERREL fit.variogram.reml() ', HIUNSE(ERBEH]—T.

o formula ENSHEHEILEE n() PRIFZLSEE L, PAARIEAFIRGTHA.
locations IXMZHHE EHHRAE PIREN AR, RN ARIEE.
data XSS EEE, B aaE ST AR formula Hl locations flifi].

model XML B REL vem () REYRTS, H8& 25 AIAH D PERSEH , 200 220 ) 2 (B A 56 1 () A% o5
B, RESHEREGEN . BE vem () BILDEEMNSEL, psill ESHEMN T 2E 0, model
RES BV IIZREL, range RFELHESE, B—AWEEE, KRBEAIHEKEE gls O flitss
nugget ARG .

# REZEMFHESH
library(gstat)
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fit_rongelap_gstat <- fit.variogram.reml(formula = log(counts / time) ~ 1,
locations = ~ cX + cY, data = rongelap,
model = vgm(psill = 1, model = "Exp", range = 169.7472, nugget = 1)

)

fit_rongelap_gstat

model psill range
1 Nug 0.02958585 0.0000
2 Exp 0.32486107 169.7472

b th R R — ARV, 72 = 0.0296 , 5 AT IR S MM KL P 258 0 = 0.325
MIEEZ R, XAEERS nlme SRR gls O KAIHAPREEAZ K, TEXHRF gstat 11, WA,
TR 7 T A LB A v LB AR (E TN R KK krige (), 117 nlme GXFX ARG DL A S BRI 5751 -

# T

fit_krige_pred <- krige(
formula = log(counts / time) ~ 1,
locations = rongelap_sf,
newdata = rongelap_grid_stars,
model = fit_rongelap_gstat

)

[using ordinary kriging]
fit_krige_pred

stars object with 2 dimensions and 2 attributes
attribute(s):
Min. 1st Qu. Median Mean 3rd Qu. Max. NA's

varl.pred -0.88673388 1.7418094 1.904683 1.851674 2.0669642 2.4857399 41592
varl.var 0.05671171 0.1506941 0.191342 0.184998 0.2201446 0.3389865 41592
dimension(s):

from to offset delta x/y
X 1 198 -6299 32 [x]
y 1 231 103.5 -16 [y]

Jees v A E T IR TS B WS AR S0 o v L (T YRR TN 7 22, ACIET Hh a] DAL 31 A2
PRI RAEIX, D7 ZEANRS T R K /MR 2 (IR IERRY, R OB BN 5 2 1/ IVBUERR ) L /]
TE N R R BN R 22 Bl T R G R B 22 (DRG0 ) BB R MRS o HIAREI Y 37 B2 [ ) T
2 E R S S A B LR X M 7 2 YR S, IR ERS B R —
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B tE SOREN B

R EF B MWES WE A AAEFAE (Natural Language Processing) LA, "B i UK/
Br (Text Analysis) FJNZ. R IBEFHKAE ARG KENE, 72912 (Text Mining with R)
(Silge Fil Robinson 2017) #1 {Supervised Machine Learning for Text Analysis in R) (Hvitfeldt 1 Silge
2021).

ARICGREC CRAN _EEA R Ao it v B, FMSCARMr LR, S8l R w2k, Bk
TNz S B — 2L SO AT AT R 4.

library(quanteda) # 78 ). 47
library(quanteda.textplots) # d = [& . L3 W 2% & &
library(quanteda.textstats) # #&if. 41t
library(quanteda.textmodels) # LSA
library(ggplot2) # % [

library(text2vec) # LDA (=

library(spacyr)

library(data.table)

HE, P tools HLAYRKAL CRAN_package_db() ZRMX R tyckudls, AT HELEEMM, RIFFIAR
Hi.

pdb <- readRDS(file = "data/cran-package-db-20250801.rds")
pdb <- subset(
x = pdb, subset = !duplicated(Package), select = c("Package", "Title")
)
LEREIZICS, (RE Package fl Title TFE, ZEHHELEH 22509 4 R AT .

head (pdb)

#> Package
#> 1 AalenJohansen
#> 2 aamatch
#> 3 AATtools
#> 4 ABACUS
#> 5 abasequence

261
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#> 6 abbreviate
#> Title
Conditional Aalen-Johansen Estimation
Artless Automatic Multivariate Matching for Observational\nStudies
Reliability and Scoring Routines for the Approach-Avoidance Task
Apps Based Activities for Communicating and Understanding\nStatistics

Coding 'ABA' Patterns for Sequence Data

H*  H*
N4
o u h W N R

Readable String Abbreviation

20.1 ERHEARRE

o EPATHT \n MG 1, TR NG SE,

pdbs$Title <- gsub(pattern = "\n", replacement = " ", x = pdb$Title, fixed = T)
pdbsTitle <- gsub(pattern = "'"  replacement = "", x = pdb$Title, fixed = T)
pdbs$Title <- gsub(pattern = '"', replacement = "", x = pdb$Title, fixed = T)

pdbs$Title <- tolower (pdb$Title)

o FRBGHTFRTEARIE . X R, FESefiH spacyr GLAENT i PE, FRARHE AP A
FIFLIU AR o 2% 18 R H SemNetCleaner [ pR%L singularize() , Ul models / modeling
i JE >~ model, methods i£J5 4 method 254,

# HEM{EHE singularize H T EH fcase
vec_singularize <- function(word, ...){

unlist(lapply(word, SemNetCleaner::singularize, ...))
}

vec_singularize(word = c("methods", "models", "data"))
#> [1] "method" "model" '"data"

library(spacyr)

# OpenMP
Sys.setenv(KMP_DUPLICATE_LIB_OK = TRUE)
# AR T B AR A

spacy_initialize(model = "en_core_web_sm", entity

F)

# ER AT A E

title_desc <- pdbsTitle

names (title_desc) <- pdb$Package
# M XAFTE— RS 1 2%

title_token <- spacy_parse(x = title_desc, entity = F)



20.1 EFFALIE 263

# A data.table IEHIEIR I A E
library(data.table)
title_token <- as.data.table(title_token)
# L RHTE —FEA Lemma
title_tokenSlemma2 <- title_tokenS$lemma
¢ HEH AR LA
title_token$lemma2 <- fcase(
title_token$pos %in% c("VERB", "AUX"), title_token$lemma,
title_tokenSpos %in% c("NOUN", "PROPN", "PRON"), vec_singularize(title_token$token),
Ititle_token$pos %in% c("VERB", "AUX'", "NOUN", "PROPN", "PRON"), title_tokensStoken
)
# TR E
pdb <- aggregate(title_token, lemma2 ~ doc_id, paste, collapse = " ")
colnames(pdb) <- c("Package", "Title")
# HEYELE
rm(title_token, title_desc)

# Token L J5 #1F

# 4 1A

SnowballC: :wordStem(words = c("methods", "models", '"data"))

# pdbs$Title_stem <- SnowballC::wordStem(pdb$Title)
tokenizers::tokenize_word_stems(x = c("methods", "models", "data"))
# ¥ A SnowballC &, HH T

quanteda: :tokens_wordstem(tokens(x = c("methods models data")))

R WARESCAR R 3

data.frame(title_len = nchar(pdb$Title)) |>
ggplot() +
geom_histogram(aes(x = title_len), bins = 30) +
theme_bw() +
labs(x = "FARE, v = "R AHE
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3000
]
25 2000 -
@
('
10001
0- |
0 50 100 150 200 250
FHKE

F 20.1: R AARESCAR K E 2

ROk, AR AR S SO A TR AT PAGE ] R n 2 — R

pdb_doc <- corpus(pdb, docid_field = "Package", text_field = "Title")

20.2 CHEWRRE

RS AU A TERL R A A TR SRR R R AL, R kwic ) (BB 2 keywords-in-
context {5 ) HRMUX . BMABIT, H— BT EiEE P& Stan B2 H BAFHHILE, &
fRiAnE 3 M. B APIT IR text mining BIAH, SRATENTAEE, & EIFR
ARG 2 AN,

pdb_toks <- pdb_doc |>
tokens (remove_punct = TRUE, remove_symbols = TRUE) |>
tokens_remove(stopwords("en"))

# AR AR I

kwic(pdb_toks, pattern = "Stan", valuetype = "fixed", window = 3)

#> Keyword-in-context with 38 matches.
#> [bayesdfa, 6] factor analysis dfa | stan |
#> [bayesforecast, 5] time series model | stan |

#> [BayesGmed, 6] mediation analysis use | stan |
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#> [bayesvl, 9] network perform mcmc | stan |
#> [blmeco, 13] use r bug | stan |
#> [bmscstan, 7] case model use | stan |
#> [bnns, 4] bayesian neural network | stan |
#> [breathteststan, 1] | stan |
#> [brms, 5] regression model use | stan |
#> [CARME, 4] car mm modelling | stan |
#> [edstan, 1] | stan |
#> [flocker, 4] flexible occupancy estimation | stan |
#> [gptoolsStan, 5] process graph lattice | stan |
#> [greencrab.toolkit, 2] run | stan |
#> [hbamr, 7] mckelvey scaling via | stan |
#> [hbsaems, 8] estimation model use | stan |
#> [hsstan, 3] hierarchical shrinkage | stan |
#> [measr, 5] psychometric measurement use | stan |
#> [MetaStan, 5] meta analysis via | stan |
#> [mlts, 7] series model r | stan |
#> [pcFactorStan, 1] | stan |
#> [prome, 6] outcome data analysis | stan |
#> [rstan, 3] r interface | stan |
#> [rstanarm, 6] regression model via | stan |
#> [rstanemax, 4] emax model analysis | stan |
#> [rstantools, 6] r package interface | stan |
#> [RStanTVA, 3] tva model | stan |
#> [ssMousetrack, 9] track experiment via | stan |
#> [standbart, 5] additive regression tree | stan |
#> [StanHeaders, 4] c header file | stan |
#> [staninside, 3] facilitate use | stan |
#> [StanMoMo, 4] bayesian mortality modelling | stan |
#> [survstan, 6] regression model via | stan |
#> [tdemStan, 3] automate creation | stan |
#> [tmbstan, 7] model object use | stan |
#> [trps, 6] position model use | stan |
#> [truncnormbayes, 7] normal distribution use | stan |
#> [ubms, 7] unmarked animal use | stan |
#>

#>

#>

#>
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0T

/s #> base fit gastric
model item response
#> model +interpret green

#> model biomarker selection

#> model pair comparison

#> wuse r stantva
#> sample parametric extension

#> within package

#> code tdcms

#>

# T EE ENITER

kwic(pdb_toks, pattern = phrase("text mining"), valuetype = "regex", window = 2)

#> Keyword-in-context with 19 matches.
#> [MadanText, 2:3] persian | text mining |

#> [MadanTextNetwork, 2:3] persian | text mining |



20.2

#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>

X4 &

[malaytextr,
[miRetrieve,
[pubmed.mineR,
[PubMedMining,
[RecmdrPlugin.temis,
[text2vec,

[textmineR,
[TextMiningGUT,
[tidytext,

[tm,
[tm.plugin.alceste,
[tm.plugin.dc,
[tm.plugin.europresse,
[tm.plugin. factiva,
[tm.plugin.lexisnexis,
[tm.plugin.mail,

[tmcn,

tool frequency
tool co

bahasa malaysia
abstract

pubmed abstract
pubmed repository
solution
framework r

topic modeling
gui interface

use dplyr

package

framework
distribute corpus
framework
framework
framework

e mail

toolkit chinese

H R O O O R 0 R RE RENN®W R RN R

:2]
:3]
:2]
:2]
:4]
:3]
:3]
:2]
:2]
:2]
:9]
:2]
:7]
1 7]
0 7]
:2]
:2]

mirna

graphical integrate
modern

function

use tm

use tm
use tm

use tm

text
text
text
text
text
text
text
text
text
text
text
text
text
text
text
text
text

mining
mining
mining
mining
mining
mining
mining
mining
mining
mining
mining
mining
mining
mining
mining
mining

mining

267
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20.3 w@piEl. W
s
[ ORI E AR B TR B, X S A, X R L E R
\11’brary(quanteda.textplots)
wordl <- pdb_toks |>
@ dfm() |>
dfm_trim(min_termfreq = 100, termfreq_type = "count", verbose = FALSE)
# B
colSums (wordl) |[>
sort(decreasing = T) |>
head (50)
#> data model analysis r use
#> 3730 2756 2306 1407 1235
#> function regression base tool estimation
#> 979 946 919 853 839
#> test method time bayesian distribution
#> 745 744 741 688 585
#> interface api network package linear
#> 548 539 527 503 496
#> plot algorithm series inference multivariate
#> 459 442 417 411 402
#> statistical design multiple variable effect
#> 387 381 363 360 350
#> estimate spatial file cluster selection
#> 344 341 341 341 338
#> create statistic shiny sample dataset
#> 335 326 320 317 305
#> modeling process random set via
#> 287 286 275 273 270
#> simulation visualization high robust value
#> 267 266 262 260 257

RFEIE—T TS TR P07, A3 ABRITIARSIHER , A data, analysis, model
il regression SKSE R TR HY R VA TSRO A AESOARSMBFATEL, 1) 5 LA LI
PRI SR B B RIS TR/ 100 93],

# T &
set.seed(20252025)

textplot_wordcloud(wordl, min_size = 0.9, max_size = 5)
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PR textstat_collocations () R PASZHE A -5 1r] 2 Y RIREE , RIS RBREEAR R 2 AR

Lo
library(quanteda.textstats)
# 2MA RO B s0 %
word2 <- pdb_toks |>
tokens_select(
pattern = "A[aA-zZ]", valuetype = "regex",
case_insensitive = FALSE, padding = TRUE

) 1>

textstat_collocations(min_count = 50, size = 2, tolower = FALSE)

word2 |>

subset(select = c("collocation", "count", "lambda", "z")) |>

(\(x) x[order(x$count, decreasing = T), 1)()
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28
17
1

18
16
26
8

3

24
4

30
5

10
6

22
.

45
33
43
27
9

44
47
19
23
14
39
11
37
50
12
15
40
13
21
32
36
49

collocation count

time series

data analysis
regression model
high dimensional
linear model

data set

meta analysis

r interface

sample size

r package

variable selection
mixed model
clinical trial
confidence 1interval
single cell

least square
machine learning
analysis use
linear regression
data frame

shiny app

change point

model base

model use

linear mixed
principal component
maximum Llikelihood
effect model
structural equation
mixture model

data use

shiny application
mixed effect
neural network
random forest
generalize linear
r markdown
component analysis

monte carlo

390
249
188
173
169
133
125
122
111
98
97
96
89
89
87
80
79
79
75
75
74
73
72
70
69
69
67
67
66
66
66
65
65
65
64
64
64

w 0 M O N MO R N NN N OO MM BFEF H N O O W FH O O SN SN N W OO w NSNS DD WO NN B

64
63 17

lambda
.410134
.917748
. 766641
.256046
.017284
.047101
.912157
.243407
.215395
.396362
.472292
.298482
.381455
.983490
.547635
.510684
.948648
.648730
.051243
.317928
.132907
.203440
.823293
.512122
. 762209
.611448
. 764512
.519713
.194933
.906924
.027935
.124465
.951229
.937305
.038883
.578363
.654212
.960064
.035933

40.
26.
31.
42.
31.
31.
27.
35.
38.
28.
38.
24.
37.
34.
36.
29.
36.
13.
23.
15.
27.
34.
14.
12.
30.
28.
32.
17.
34.
19.

33.
31.
17.
32.
29.
23.
21.

z
956545
874453
206371
834939
147086
276544
921690
516868
686341
688433
393389
518502
078679
316566
808078
199526
540038
813474
510536
432733
241296
899773
534360
015240
695603
988080
123544
778816
159026
287433

.018226

816839
357782
770993
700797
573412
591816
671622

.501237

% 20 &

RS 2T
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#> 48 goodness fit 59 12.225399 8.571668
#> 25 read write 58 7.882096 27.925273
#> 38 markov model 56 3.340163 18.865384
#> 42 functional data 55 2.577275 15.733731
#> 20 gaussian process 54 5.558851 30.695369
#> 31 quantile regression 54 4.369405 24.381027
#> 29 density estimation 52 4.516663 25.231081
#> 35 logistic regression 51 5.009119 23.375485
#> 41 survival analysis 51 2.605927 16.294877
#> 46 survival data 51 2.093798 13.141149
#> 34 utility function 50 4.031428 23.406819

TG R A 3 AR

#3 ME O RAOHEA 20 K
word3 <- pdb_toks |>
tokens_select(
pattern = "A[aA-zZ]", valuetype = "regex",
case_insensitive = FALSE, padding = TRUE
ME
textstat_collocations(min_count = 20, size = 3, tolower = FALSE)
word3 |>
subset(select = c("collocation", "count", "lambda", "z")) |>

(\(x) x[order(x$count, decreasing = T), 1)()

#> collocation count lambda z
#> 1 mixed effect model 52 2.74933933 .26421311
#> 16 linear mixed model 51 0.29724376 .79122768
#> 15 time series analysis 44 1.22245001 .82987380

5
0
0
#> 29 principal component analysis 43 -1.14777702 -1.43212297
1
1
1

#> 8 generalized linear model 41 0.86637873 .61224892
#> 13 high dimensional data 40 1.11204011 .20333574
#> 14 change point detection 38 1.80608692 .14096970
#> 30 generalize linear model 38 -0.83256107 -2.43034663
#> 4 small area estimation 37 3.80872471 2.19968436
#> 6 item response theory 37 3.56746831 1.74474274
#> 27 time series data 35 -0.64298804 -0.72305884
#> 23 goodness fit test 34 0.05365225 0.02171631
#> 21 maximum likelihood estimation 32 0.51772646 0.35048085
#> 12 structural equation model 31 0.92777932 1.24716444
#> 18 sample size calculation 31 0.72939612 0.43875914
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#> 3 model base clustering 26 4.66999216 3.16260592

#> 19 via windsor.ai api 26 0.91318357 0.41485214
7S > 26 partial least square 26 -0.61192195 -0.29897908
/ #> 5 graphical user 1interface 25 4.09997307 1.98995699
\\#> 7 network meta analysis 25 2.49751077 1.68333680
(:::) #> 24 time series forecast 25 -0.07179827 -0.03534369
#> 11 structural equation modeling 24 2.57880356 1.27148555

#> 9 hide markov model 23 2.36565975 1.37903147

#> 20 kernel density estimation 23 0.31263525 0.39090311

#> 10 power sample size 22 2.64371045 1.30480977

#> 17 time series model 22 1.03679417 0.69749215

#> 28 genome wide association 22 -2.05849808 -1.17948789

#> 25 generalize additive model 21 -0.08469047 -0.16409359

#> 2 large language model 20 7.38549608 3.58810691

#> 22 amazon web service 20 0.30375485 0.14705747

#> 31 linear regression model 20 -1.64473425 -4.90001486

HA AW ANA4 via windsor.ad api £l amazon web service E—FH A HEEE, HELBEXWNAE R
fi—#&% R W53,

20.5 FFAEILBLI4E

TESCRY Token fb2 )5, BREL dfm() MIEESCRYRHAE (17]) #EFE, BREL topfeatures () HEHRSCARY-TAHH
B (3] o
# XY 1R HE
pdb_dfm <- pdb_toks |>
dfm()
# X EARE
topfeatures(pdb_dfm)

#> data model analysis r use function regression
#> 3730 2756 2306 1407 1235 979 946
#> base tool estimation
#> 919 853 839

TESCHRY Token AbZ )5, BRAL fem() MUZRHE (7)) SLBUAEME, SGevbialin, PRikmi 30 4> misiiin .

# AR SL I %
pdb_fcm <- pdb_toks |>

fecm(context = "window", window = 5)
# T UL
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time series -

data analysis
regression mode
high dimensiona
linear mode

meta analysis

r interface
sample size

~ . rpackage
variable selection
. mixed mode
confidence Interval
clinical tria
single cell -

Ieasi square -
machine learning -
. analysis use -
linear retﬁ/ressmn -
dafa frame -

N
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O M =

shiny app -
change’point -

model base -

e model use -
principal component -
.~ linear mixed -
maximum likelihood -
effect model -
structural equation -
mixture model -

. ata use -
shiny application -
neural network -
mixed effect -
random forest -

r markdown -
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monte carlo -
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100 300 400

(a) PIANTAl Y e A T

o

mixed effect model -

linear mixed model -

time series analysis -
principal component analysis -
generalized linear model -
high dimensional data -
generalize linear model -
change point detection -
small area estimation -
item response theory -
time series data -
goodness fit test -
maximum likelihood estimation -
structural equation model -
sample size calculation -
via windsor.ai api -

partial least square -
model base clustering -
time series forecast -
network meta analysis -
graphical user interface -
structural equation modeling -
kernel density estimation -
hide markov model -

time series model -

power sample size -
genome wide association -
generalize additive model -
linear regression model -
large language model -
amazon web service -
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pdb_feat <- colSums(pdb_fcm) |>
sort(decreasing = TRUE) |>
77>  head(30) |>

/ names ()
\ T DA 2% Pl Oy 2R s 1) S R 2 (B IR EE , RHR B , 1R 45 3R] 2 R B

fcm_select(pdb_fcm, pattern = pdb_feat) |>
textplot_network(min_freq = 0.5)

tree

mghing

/maoa e‘lihg\ .
interval

response
distribu

\
A\

generalize

[l 20.4: FFAEIE LI 2%

20.6 WBOCHSEE

TF-IDF a4l 530 SCRY5i % (term frequency-inverse document frequency weighting)

x = dfm_tfidf(pdb_dfm, base = 2, scheme_tf = "prop")

head(x[, 5:10])

#> Document-feature matrix of: 6 documents, 6 features (83.33% sparse) and 0 docvars.
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#> features

#> docs artless automatic multivariate matching observational study
#> AalenJohansen 0 0 0 0 0 0

#> aamatch 2.409702 1.35011 0.9696616 1.417336 1.473917 1.115005
#> AATtools (0] 0 (0] 0 0 0

#> ABACUS 0 0 0 0 0 0

#> abasequence 0 0 0 0 0 0

#> abbreviate 0 0 0 0 0 0

B ANRIE Y SCRY AR

docfreq(pdb_dfm) [5:15]

#> artless automatic multivariate matching observational

#> 1 82 399 62 49

#> study reliability scoring routine approach

#> 218 41 22 43 120

#> avoidance

#> 1

FREAR AR AL

head (dfm_weight(pdb_dfm, scheme = "count")[, 5:10])

#> Document-feature matrix of: 6 documents, 6 features (83.33% sparse) and 0 docvars.

#> features

#> docs artless automatic multivariate matching observational study
#> AalenJohansen 0 0 0 0 0 0
#> aamatch 1 1 1 1 1 1
#> AATtools 0 0 (0] 0 0 0
#> ABACUS (0] 0 0 (0] 0 0
#> abasequence 0 0 0 0 0 0
#> abbreviate 0 0 0 0 0 0

20.7 {HAEE SO Br

SCRYFFAERE PR I SVD AR S 4ERrE (15K) MR AR4E (10), FRAGSCR T80 -5 SRR AEAE 4 7
MERRAE, SVD M @RETE T A4 RROMES , BRGS0 (FHMEEIESRAE R .
PRTHE, ROBIEE

pdb_dfm_core <- dfm_trim(pdb_dfm, min_termfreq = 100, termfreq_type = "count")

# CRAFEAE S svD 2

tmod <- textmodel_lsa(pdb_dfm_core[1:2000,], nd = 10)



I

m‘ z head (tmods$docs)
>
#>
/
\\#> AalenJohansen -0.
#> aamatch -0.
@ #> AATtools -0
#> ABACUS -0.
#> abasequence -0.
#> abbreviate 0.
#>
#> AalenJohansen 0.
#> aamatch -0.
#> AATtools 0.
#> ABACUS 0
#> abasequence -0.
#> abbreviate 0.
#>
#> AalenJohansen -0
#> aamatch -0.
#> AATtools -0.
#> ABACUS -0.
#> abasequence 0.
#> abbreviate 0.
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# 10 4 B ARAE

# KT H B RN

[,1]
0032241844
0016668871

.0005909884

0024507910
0234527009
0000000000

[,5]
0022601292
0013131362
0004311038

.0040831942

0039105882
0000000000
[,9]

.0213592856

0046593155
0001883452
0143708312
0004201955
0000000000

[,2]

.0034427122
.0001994336
.0003214012
.0009244992
.0406546808
.0000000000

[,6]

.045532e-03
.872377e-03
.435035e-06
.645468e-03
.355800e-03
.000000e+00

[,10]

.0544385396
.0099661478
.0005746988
.0135888747
.0036880802
.0000000000

pred <- predict(tmod, newdata
¢ B WA R

pred$docs_newspace[, 1:2]

®© N B 00 = B

[,3]

.173770e-03
.901995e-03
.347647e-05
.526391e-03
.051835e-02
.000000e+00

[,7]

.001946985
.001403527
.000511839
.004626168
.003129303
.000000000

= pdb_dfm_core[2001:2010, ])

of class "dgeMatrix"

#> 10 x 2 Matrix

#>

#> docs [,1]
#> BSGW -0.059292835
#> bshazard -0.002673471
#> bSH -0.001556967
#> bsicons -0.001247856
#> bSims -0.002837332
#> bsitar -0.042127715
#> bskyr 0.000000000
#> BSL -0.025798774

[,2]

.0519053918
.0012577308
.0001918223
.0010822795
.0005650347
.0125912510
.0000000000
.0244089229

% 20 &

[,4]

.0048326840
.0003041840
.0004353074
.0038587327
.0177373890
.0000000000

[,8]

.008157300
.001269297
.002978224
.004909116
.005084495
.000000000

RS 2T
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20.8 I AREMFE

#> bslib -0.001122917 -0.0009895321
#> BsMD -0.019458772 0.0221412423

20.8 JCATEHRE

text2vec G HELEE LDA (Latent Dirichlet Allocation) By A4S 3=z,

library(text2vec)

# A& Tokens

pdb_tokens <- word_tokenizer (pdbsTitle)

pdb_itokens <- itoken(pdb_tokens, ids = pdb$Package, progressbhar =

# K7L

FALSE)

pdb_v <- create_vocabulary(pdb_itokens, stopwords = stopwords("en"))

# WMA/NT 10 B
# XA HBIA KT 0.2

pdb_v <- prune_vocabulary(pdb_v, term_count_min = 10, doc_proportion_max

pdb_v

#> Number of docs: 22509
#> 175 stopwords: i, me, my, myself, we, our ...
#> ngram_min = 1; ngram_max = 1

#> Vocabulary:

#> term term_count doc_count
#> <char> <int> <int>
#> 1: 2019 10 7
#> 2: 4 10 10
#> 3: account 10 10
#> 4: active 10 10
#> 5: allow 10 10
#> -

#> 1671: use 1235 1235
#> 1672: r 1408 1388
#> 1673: analysis 2306 2288
#> 1674: model 2756 2687
#> 1675: data 3730 3634

vectorizer <- vocab_vectorizer(pdb_v)

pdb_dtm <- create_dtm(pdb_itokens, vectorizer, type = "dgTMatrix")

lda_model <- LDASnew(n_topics = 10, doc_topic_prior = 0.1, topic_word_prior

doc_topic_distr <- lda_models$fit_transform(

x = pdb_dtm, n_titer = 1000,

277
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©
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)

convergence_tol =

0.001, n_check_convergence = 25,

m‘E progressbar = FALSE

barplot(doc_topic_distr[1, ],

)

xlab = "topic", ylab = "proportion", ylim = c(0, 1),

names.

o _
—
0 _|
o

c © |

o o

=

o)

o

° < |

e o
N
o
o _|
o

arg = 1l:ncol(doc_topic_distr)

% 20 F. AFIEHSH

1 2 3 4 5 6 7

topic

el 20.5: SCR A

A LI Top 1 10 A

lda_model$get_top_words(n = 10, topic_number = 1L:10L, lambda =

#>
#>
#>
#>
#>
#>
#>
#>

[1,]
[2,]
[3,]
[4,]
[5,]
[6,]
[7,]

[,1]
"time"
"model"
"series"
"analysis"
"learning"
"machine"

"base'l

[,2] [,3] [,4]

"data" "model" "regression"
"plot" "linear" "model"
"tool" "bayesian" "variable"
"ggplot2" "data" "selection"
"use" "distribution" "algorithm"
"analysis" "mixed" "linear"
"visualization" "mixture" "estimation"

1)

[,5]

lldatall
"analysis"
"Use"
"association"
"calculate"
"population"

"estimate"
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#> [8,] "response" "function" "regression" "use" "quality"

#> [9,] "function" "map" "analysis" "method" "control"

#> [10,] "learn" "set" "generalize" "base" "base"

#> [,6] [,7] [,8] [,9] [,10]

#> [1,] "data" ! "test" "estimation" !

#> [2,] "analysis" "data" "sample" "model" "function"

#> [3,] "design" "api" "analysis" "data" "shiny"

#> [4,] "tool" "interface" "base" "regression" "package"

#> [5,] "trial" "access" "two" "distribution" "use"

#> [6,] "network" "file" "size" "high" "application"
#> [7,] "cell" "package" "measure" "dimensional" '"create"

#> [8,] "single" "database" '"correlation" "analysis" "file"

#> [9,] "clinical" "client" "power" "test" "table"

#> [10,] "statistical" "wrapper" "value" "robust" "data"

TODO: %2 LK ULHC A7 perplexity B PRIURAEA FREL (L. Zhang, Li, il Zhang 2023)

20.9  SCACHIDLYE

TEHIEM App W, IHRSCRZ RARIMA R AT, AR A A A BB, AR
A SCAA IR R I 2

text2vec fSLHL T GloVe BAL — —Ffii] [a] i R 1) T B ) k. BB b AR A LB I, BT
VENZREIE , SR B & Tl ) 25 R Rk 4540 . GloVe FERE TR 52 [ LBl T setE, 15
TR RS 2E R T AR B 22 5 T RS T SRS, A O SRR, TSR
L
%% quanteda HLE WX text2vec f1GloVe FIHRGNZE .
# FEAL 1
feats <- dfm(pdb_toks, verbose = FALSE) |>
dfm_trim(min_termfreq = 5) |>
featnames ()
# Token A&LFE
pdb_toks <- tokens_select(pdb_toks, feats, padding
# AL L AR
pdb_fcm <- fcm(pdb_toks, context = "window", count = "weighted", weights = 1 / (1:5), tri

TRUE)

GloVe &7

library(text2vec)
# Glove #Al 50 % HELRS

glove <- GlobalVectors$new(rank = 50, x_max = 10)

TRUE)


https://quanteda.io/articles/pkgdown/replication/text2vec.html

1 m 280 % 20 . LARFIESHT

# LIS
wv_main <- gloves$fit_transform(

pdb_fcm,

s

4

\ convergence_tol = 0.01,
n_threads = 8,
(:::) progressbar = FALSE

dim(wv_main)

n_iter = 10,

#> [1] 2747 50

wv_context <- gloveS$components

dim(wv_context)
#> [1] 50 2747

word_vectors <- wv_main + t(wv_context)
THA PR R
cpp <- word_vectors["rcpp", , drop = FALSE] -

word_vectors(["stan", , drop = FALSE] +

word_vectors["python", , drop = FALSE]

# XA R EZANE - DNBE
library(quanteda.textstats)
cos_sim <- textstat_simil(
x = as.dfm(word_vectors), y = as.dfm(cpp),
margin = "documents", method = "cosine")
# 4 B By A XK 1A

head(sort(cos_sim[, 1], decreasing = TRUE), 5)

#> rcpp python binding adherence library
#> 0.6763281 0.5689490 0.4981049 0.4894855 0.4854448

20.10 >3

1. text2vec 1IN B 1 HL S EHREE movie_review H1 sentiment (F7R 1IF [ 8 710 FEHY) FUAE R
AR, AR AR, X P — BT 2E. (B tmEAk)E, RA glmnet {52 X
BEEE S B
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2. HRHRIESS WL R AORFIC, HA IR 2 AR, ARG 5 R, HER R ARIE R
R4, (B3 A R GITRERMIE T2 MES I, 186 xgboost 1)



O M =

B A—w BHFEEdR b

MR ARR AR, L AN R RARE Sy, R KB AR 2558 AR
o F b, WA B Jo LR R A N AR ORI T BRIz a ik ] 51 8
IR, AR 0 A A5 2 0 — O BEAT TN 2 22 O SRR i o TN B A 55— BORL R 1) O R
XA TEBRATEN, BRI E IR R ENE, JFEEEER. TR kEsREE
WA EORRPRAR, TS A B Al 2 0 A SR AN R A2 I A5

library(quantmod) # HREBAE
library(ggplot2) # TN
library(ggfortify) # #AET-
library (lmtest) # BLANEESR
library(dygraphs) # X H IR

ARE LML IR Bkl iRk, FRrES . RHRFS 0 SRS R .

21.1 BRI

Joshua M. Ulrich J %441 quantmod £ 7] DA R [E N /M EE T W5t . A7 2 BEPASE IRy
A, EFIH 2018-09-20 FEAWH T, MEEMAM 3690.HK. ¥5EH quantmod £ (Ryan F
Ulrich 2022) FREGER] Eii 2 2023-11-24 R KGN EE, 18 Open JALf. High . Low fx
{&Hr. Close T #r. Adjusted JHEEHFI Volume i AE &%

library(quantmod)
# E A RENRD 3690
meituan <- getSymbols("3690.HK", auto.assign = FALSE, src = "yahoo")

FR BRI, BRI R, &l xts Fl zoo PIFHEIMAE GMIAL, xts REZHUKH zoo K
AU

class(meituan)
[l] lets" "ZOO"
str(meituan)

An xts object on 2018-09-20 / 2023-11-24 containing:

282


https://github.com/joshuaulrich/quantmod

21.1 FEIFIX 283

Data: double [1275, 6]
Columns: 3690.HK.Open, 3690.HK.High, 3690.HK.Low, 3690.HK.Close, 3690.HK.Volume ... with 1 more co'lur
Index: Date [1275] (TZ: "UTC")
xts Attributes:
$ src : chr "yahoo"

$ updated: POSIXct[1:1], format: "2023-11-27 06:31:12"

O M =

AL meituan 24> xts KAIHTEFHNERRTS, BHEGEREZ 2018-09-20 % 2023-11-24, {317 4
AT, ARl

o Data #B453527R°4 906 17 6 51 AU BEE SR EL(E

o Columns 4B n444 , KIE 3690.HK.Open. 3690.HK.High. 3690.HK.Low fI 3690.HK.Close
&, MPNBARZ N, BRI .

o Index FR/FFREGIH, A 2m [P EIRNA TR Lo s R 5 A 2™ 4 1 98 5 I
7, Rl HIEFRRE, HBTEMEIXE “UTC”,

o xts FRA BRI L@ o), UORIBURAERRIE, famt R ER B . Bl
PR MFESE T 2 N30, T a2 2023-11-27 14:31:12,

5 ) R B e BERBA R £, ol Base R 32{1L[) Date F1 POSIX %5, §°J@fl timeDate
Il chron A H CHY— BRI KA FE)T: . xts AL AP a7 SR F 8 TR —, xts &
eXtensible Time Series (45 . N T#F—25 THEAY, NHZNGIT, HHZ R GRRE xts () 13
B[R] A X 42

xts(x = NULL,
order.by = index(x),
frequency = NULL,
unique = TRUE,
tzone = Sys.getenv("TZ"),
o)

o SR x FOREER.

o ZR order.by FIRRT|HHE.
o B4} frequency FIRIIH,

o ¥ unique FIRME—,

o ¥ tzone FIRHTIX,

library(zoo)

library(xts)

# OB KR %

x <= matrix(l:4, ncol = 2, nrow = 2)

# HHET

jdx <- as.Date(c("2018-01-01", "2019-12-12"))

# xts = matrix + index


https://github.com/joshuaulrich/xts
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284 % 21 F. b RAE AT
xts(x, order.by = didx)
[,1] [,2]
2018-01-01 1 3
2019-12-12 2 4
21.2 BiEiRE
21.2.1 zoo

zoo fURML S3 JEAIPEEL autoplot.zoo() HI1H[MAL zoo HBAKEIE, BiEZ 14 zoo FAUMEL
PEXt5, Rl —A~ ggplot2 Kt 4, SRIGH Pl AN & L2 RBEE, B2 W B ScRy 2

autoplot.zoo() o

# xts @FELRME, TN Index & HH XA ZHMERX
library(ggplot2)

Hﬁ

autoplot(meituan[, "3690.HK.Adjusted"]) +
theme_classic() +

labs(x = "H#", y = "BRH™

400 A

300 1

A&t

200 1

100 1

2020 2022 2024

B A
Bl 21.1: LRI BT AR B E 5

zoo fUIAFRHE S — PMYUBLREL fortify () $F zoo RN LA N data. frame , XH A TEMIA] ge-
plot2 R E/REHE. S5k melt = TRUE BWRE BB FAHRE, FEIRMmiE N E KA. S48 names
= c(Index = "Date") F/n¥t Index #E 4L~ date %1,
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21.2 ¥IEIFE

meituan_df <- fortify(

meituan[, c("3690.HK.Adjusted", "3690.HK.High")],

melt = TRUE, names = c(Index = "Date")

)

285

B 4E medituan_df H[Y Series #12 K THAY, BHAREZ 3690 .HK.Adjusted . 3690.HK.High JE%& A

. st M5 H I TE pate $REUFE( T BL year Ml—4FHERJLRAYTBL day_of_year,

meituan_df <- within(meituan_df, {
# I Series WK
Series <- factor(Series, labels = c("HEMN", "F&FZN"))
# H¥F & pate REFhH
year <- format(Date, "%Y")
# H¥F K Date —FHHFILK

day_of_year <- as.integer(format(Date, "%j"))

i)

W ggplot2 W21 . /- HEHE)FSE, PA day_of _year Sy, U value NP\, #2 year 4
H, % Serdies 43T -

ggplot(data

= meituan_df, aes(x = day_of_year, y = Value)) +

geom_Lline(aes(color = year)) +

facet_wrap(~Series, ncol = 1) +

theme_classic() +

"—ERWEILR", y = "REHRN", color = "FHM)

labs(x

BRERMN

-

18

400 A

300 1

200 1

[Eny

o

o
1

WEMN

pall]
o
S

400 A
300 A
200 1
100 1

=TT

0 100 200 300

—FHME/LR
Al 21.2: SEPER RO B4 E

2018
2019
2020
2021
2022
2023
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2019 SR h BB . 2020 AERAERRZA RN, KRR —BAER g 3, Rl , Flarsbslds, i
o WHELFINENSS . 2021 SFBUF A, BRI MRS ™, Y, ZIANBRIGE, ieskiiiad g
H r W, FAERRAN—BSEG. HEA 2022 4F, BEUAALE 200 B SEAEA .

\

21.2.2 xts

library(xts)
xts FPEft S3 Z A pREL plot.xts () LT THRATHAL xts AU H] 751 £t

plot(meituan[, "3690.HK.Adjusted"], main = " E & KN

UE ZEAIHRT 2018-09-20 / 2023-11-24
400 400
300 300
200 200
100 100

I T T T T T T T T T 1

Sep 20 Sep 02 Sep 01 Sep 01 Sep 01 Sep 04

2018 2019 2020 2021 2022 2023

Bl 21.3: SERITER#E_ BT AR AN AE 2

B DAMERE R — IR B 1, s AT SR

plot(meituan[, "3690.HK.Adjusted"],
subset = "2022-01-01/2022-12-31", main = " EH KMH"



21.2 BAEIRE

U EERIHZ AT 2022-01-03 / 2022-12-30
220 220
200 200
180 180
160 160
140 140
120 120

S S R s B I S B S E—

Jan 03 Mar 01 May 03 Jul 04 Sep 01 Nov 01 Dec 30
2022 2022 2022 2022 2022 2022 2022

K 21.4: ZEF 2021 AERY AR E

JCHATZRATE, BroAB A Sk

21.2.3 ggfortify

287

ggfortify (Tang, Horikoshi, il Li 2016) SZHpREH AL ts. timeSeries . stl ZEZ PSRBT

Wdi, seplot2 MAUHEIRR A — L.

library(ggfortify)
autoplot(meituan[, "3690.HK.Adjusted"], ts.geom = "line") +
scale_x_date(
date_breaks = "1 year",
date_minor_breaks = "6 months",
date_labels = "%b\n%Y"
) +

theme_classic()
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I\
Ot
‘,_ti 400 1
R
\\ 300 4
©
200
100 4

Jan Jan Jan Jan Jan Jan
2019 2020 2021 2022 2023 2024

Bl 21.5: FLHIBAE S

21.2.4 dygraphs

dygraphs %2 HlZZ HARRF A ETE , BRI AL dyeraphs , 2 0L https:
//dygraphs.com/. THASERIBM ABI, JE/RITEI BT G E . AAARBIAAFR. ZIBERRAE . R SHR
. HiEE R
library(dygraphs)
# Y5 K
dyUnzoom <- function(dygraph) {
dyPlugin(
dygraph = dygraph,
name = "Unzoom",

path = system.file("plugins/unzoom.js", package = "dygraphs")

# A
getYearMonth <-
function(d) {
var monthNames = ["01", "@2", "@3", "@4", "O5", "ee","07", "08", "e9", "10", "11", "12"];
date = new Date(d);
return date.getFullYear() + "-" + monthNames[date.getMonth()];
1


https://github.com/rstudio/dygraphs
https://github.com/danvk/dygraphs
https://dygraphs.com/
https://dygraphs.com/
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# 2L

dygraph(meituan[, "3690.HK.Adjusted"], main = "ZE R KU E H") | >
dyRangeSelector (dateWindow = c("2023-01-01", "2023-11-24")) |>
dyAxis(name = "x", axisLabelFormatter = getYearMonth) |>
dyAxis("y", valueRange = c(0, 500), label = " @& KN [ >
dyEvent ("2020-01-23", "®& N #FHI", labelloc = "bottom") |>
dyShading(from = "2020-01-23", to = "2020-04-08", color = "#FFEGE6") |>
dyAnnotation("2020-01-23", text = " NFHI", tooltip = "R N H MW", width = 60) |>
dyAnnotation("2020-04-08", text = "R INAH", tooltip = "HINMEH", width = 60) |>
dyHighlight(highlightSeriesOpts = list(strokewWidth = 2)) |>
dySeries(label = "HEKMN™) |>
dyLegend(show = "follow", hideOnMouseOut = FALSE) |>
dyOptions(fillGraph = TRUE, drawGrid = FALSE, gridLineColor = "lightblue") |>
dyUnzoom()

|
|
|
1
400 }
|
i
300 !
|
g |
2 200 \
I
i | =
| Mar, 19, 2020: {B%EEaH: 72.4
100 !
=l
4
A
0 2019-01 2020-01 2021-01 2022-01 2023-01

Kl 21.6: SEPI B AL 75

FEBGARER YTD £, £ SHB e Ol EREdE, Rnsd Kg 2023-07-15, NER 2023-
01-01 & 2023-07-15 M EIE. FEFEEL dyRangeSelector () Hi%ENTE % 154k datewindow, SCHL
B Y L A i
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% 21.3 “FRaPEis
s
T
\21.3.1 kIR

autoplot(acf(AirPassengers, plot = FALSE)) +

theme_classic()

1.00 1
0.75 1

0.50 1

ACF

0.25 1

0.00 1

Lag
Bl 21.7: AR B kA

21.3.2 fmBAHDEH

autoplot(pacf(AirPassengers, plot = FALSE)) +

theme_classic()
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T

ACF

1.0

0.51

0.0

-0.5 1

291

0.0

21.3.3 WERET

# RT3

AirPassengers

1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960

Jan
112
115
145
171
196
204
242
284
315
340
360
417

# ZEIR 1

lag(AirPassengers, k = 1)

Feb
118
126
150
180
196
188
233
277
301
318
342
391

5

Mar
132
141
178
193
236
235
267
317
356
362
406
419

Apr
129
135
163
181
235
227
269
313
348
348
396
461

May
121
125
172
183
229
234
270
318
355
363
420
472

Jun
135
149
178
218
243
264
315
374
422
435
472
535

0.5

1.0
Lag

15

Bl 21.8: e Hicidn F A K

Jul
148
170
199
230
264
302
364
413
465
491
548
622

Aug
148
170
199
242
272
293
347
405
467
505
559
606

Sep
136
158
184
209
237
259
312
355
404
404
463
508

Oct
119
133
162
191
211
229
274
306
347
359
407
461

Nov
104
114
146
172
180
203
237
271
305
310
362
390

Dec
118
140
166
194
201
229
278
306
336
337
405
432



202 % 21 . o EE T

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1948 112
1949 118 132 129 121 135 148 148 136 119 104 118 115
1950 126 141 135 125 149 170 170 158 133 114 140 145
\\1951 150 178 163 172 178 199 199 184 162 146 166 171
1952 180 193 181 183 218 230 242 209 191 172 194 196
(:::) 1953 196 236 235 229 243 264 272 237 211 180 201 204
1954 188 235 227 234 264 302 293 259 229 203 229 242
1955 233 267 269 270 315 364 347 312 274 237 278 284
1956 277 317 313 318 374 413 405 355 306 271 306 315
1957 301 356 348 355 422 465 467 404 347 305 336 340
1958 318 362 348 363 435 491 505 404 359 310 337 360
1959 342 406 396 420 472 548 559 463 407 362 405 417
1960 391 419 461 472 535 622 606 508 461 390 432

21.3.4 XY

B difFO) SEMEDT T, BASH lag = 1, differences = 1 FURIERIMACH 1 1B

# ER 11 BhES
diff(AirPassengers, lag = 1, differences = 1)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1949 6 14 -3 -8 14 13 0 -12 -17 -15 14
1950 -3 11 15 -6 -10 24 21 0 -12 -25 -19 26
1951 5 5 28 -15 9 6 21 0 -15 -22 -16 20
1952 5 9 13 -12 2 35 12 12 -33 -18 -19 22
1953 2 0] 40 -1 -6 14 21 8 -35 -26 -31 21
1954 3 -16 47 -8 7 30 38 -9 -34 -30 -26 26
1955 13 -9 34 2 1 45 49 -17 -35 -38 -37 41
1956 6 -7 40 -4 5 56 39 -8 -50 -49 -35 35
1957 9 -14 55 -8 7 67 43 2 -63 -57 -42 31
1958 4 =22 44 -14 15 72 56 14 -101 -45 -49 27
1959 23 -18 64 -10 24 52 76 11 -96 -56 -45 43
1960 12 -26 28 42 11 63 87 -16 -98 -47 -71 42
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21.3.5 ARG

21.3.6 R EARPUREEE

1969 4 Clive Granger £ & 2RI E:, R IEFH Imtest fH K%L grangertest() A AR

F1) A R 2 [ PR TR 7 Z2 A A A

21.4 RBCPHEET

21.4.1 IRECHE
TSR I RO D SR R AR A O — A E, A A R R R A I
ARG AT PSR {2}, BENEIEEE N {y: ), MEeA AR, W

(o)
yn(1) = wry, + W’z + -0 = ijxh+1_j
Jj=1

Horp, A 0 <w <1, BUEEHYNRIRET T P S8t 24 mir i i) sk 24 A i 2
ST 1, FriA

e} ) ”
;wj - 1—w
Mg § AR

J .
L —wwi T =1,2,...

1—w

VUPHRA D7 S b R T AR SR Y 1 38 g (1) A0°F

yn(1) = (1 — w)(zn + wwpoy + 0 op o+ ) = (1—w) > wa,
j=0

PAERERFEECTHE (exponential smoothing), fEFMIN I, AUE w KYREI T ZREEL S . &M Tk
AU ENE. . IR A P B .

21.4.2 %L filter()

PREL Filter () SEIL— IO [P LR IE, B X2 SO (] P2 RN 91 o S e A e, B R
S MRAEIEE TR A e, BeA AR . BRE fitter O SEILEIHEIEMIG RUL IS M PRI AE
Ly D N VA SN R R RS 2ol e T i DT R el e gk
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o EILPE (AHEE)

Yi =i + fryior + -+ fpYiop (21.1)
o BRILUE (F3h11)

Yi = f1$i+o + -+ fpxiJrof(pfl) (212)

Hp, p REBERBHE, o REBI, O FIRIICHIE offset Y FEE. FHEZA BRI G TR
HIBREL fitter O MMEH, WHIAJTH {z:} BN 1 2 10 B850, \oeH RIS, ARanT:
X <= 1:10
# HEH

filter(x, filter = c(2 /3, 1/ 6, 1 / 6), method = "recursive")

Time Series:

Start = 1

End = 10

Frequency = 1
[1] 1.000000 2.666667 4.944444 7.907407 11.540123 15.835391 20.798182
[8] 26.428041 32.724289 39.687230

SR x TR ARIEFS {2}, S8 method $57EFFIITITIL, method = "recursive" FIR(E/H

FET Y, S50 filter T HEIHPMRL, RE0 &K ER IR 211 Fig p, filter = c(2
/ 3,1/ 6,1/ 6) MMAHEANT:

Y1 =21
2

y2=x2+§y1

+2 " 1

=X _ —_

Ys 3 3212 6y1

+_2 +_1 +_1 sy

i = Li T JYi— = Yi— =Yi-3, 1Z

Y 3y 1 6y 2 69 3

Horp, PO {ys} FoReRBL fitter O WUEIHETR, t BIRIFREAMER B I IR ) i3 A4 . T
PR E AR AR, RO v & oy .

# yl
1

[1] 1

# y2
2 +2/3 x 1

[1] 2.666667
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# y3
3+ 2/3 % (2 +2/3 %x1) +1/6 %1

[1] 4.944444

# y4
4 + 2/3 x (3 +2/3 x (2 +2/3 x1) +1/6 x 1) + 1/6 *x(2 + 2/3 x 1) + 1/6 x 1

[1] 7.907407
BTk, HIERE T, AT
¢ BT

filter(x, filter = c(2 /3, 1/ 6, 1 / 6), method = "convolution", sides = 1)

Time Series:
Start = 1

End = 10
Frequency = 1

[1] NA NA 2.5 3.5 4.55.56.57.58.59.5
SR method = "convolution" FK/R{H . B8 sides (UE M THEFILNE, sides = 1 FIRAR

BRI T AL S0 4T RH B AR 204, 0B s P90 F80 E R AL, DU 3)
AT

yi AFALE
Y2 NFHAE
2 1
Ys = 33 + gL + i
2 1 1 .
Yi = 3% + gli—1 + gli-2 ? >3

A 212, ERTSE o h 0, Mt AER, B FIER T A 3 WEHE, Wt
p=3 . BEHITI {y:} T oy ye AEE, THEAGHE ys, 94

# y3
2/3 x 3+ 1/6 x 2 + 1/6 % 1

[1] 2.5

# y4
2/3 x4 + 1/6 x 3 + 1/6 *x 2

[1] 3.5
TTR R Z B3 AR e, L sMaQ) , Tt 3 MEERNEARTY.
library(TTR)

SMA(x, n = 3)
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[

1] NANA 2 3 4 5 6 7 8 9

21.4.3  FIIREBCR

K
=
HK

I ] SN S AN PR g, T DA o) B R P I B AU S AN T - ] A A

R
Utan = s +h X by + 8t pr14(h—1) mod p
ar = a(yr — 8t—p) + (1 — a)(ar—1 + br—1)
by = b1
St = St—p
Hepr, W p

air_passengers_exp <- HoltWinters(AirPassengers, gamma = FALSE, beta = FALSE)

air_passengers_exp

Holt-Winters exponential smoothing without trend and without seasonal component.

Call:
HoltWinters(x = AirPassengers, beta = FALSE, gamma = FALSE)

Smoothing parameters:
alpha: 0.9999339
beta : FALSE
gamma: FALSE

Coefficients:
[,1]
a 431.9972

TR p 2= 5 A1 SSE sum-of-squared-errors
air_passengers_exp$SSE
[1] 162510.6

# plot(air_passengers_exp)
autoplot(air_passengers_exp) +

theme_classic()

Warning: Removed 1 row containing missing values or values outside the scale range

(“geom_line() ).
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K

@ 400

297

200 1

1950 1955 1960

Bl 21.9: fRj ELFEHRCT- AR

T 5 4

air_passengers_pred <- predict(air_passengers_exp, n.ahead = 10, prediction.interval = TRUE)

TN L S A X )

plot(air_passengers_exp, air_passengers_pred)
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300 400 500 600
I I I I

Observed / Fitted

200
I

100
I

1950 1952 1954 1956 1958 1960 1962

Time

Bl 21.10: fi] FRLFEHET- T A 2 T

21.4.4 Holt $5%CFR

YINTE PG Z TS, WA Holt $58CHI B S AT (Holt 2004) .

Jegn =t +h X by + S4—pr14(h—1) mod p
ar = a(ys — si—p) + (1 — a)(ar—1 + bi—1)
by = Blas — a;—1) + (1 — B)by—1
St = Si—p
air_passengers_holt <- HoltWinters(AirPassengers, gamma = FALSE)

Warning in HoltWinters(AirPassengers, gamma = FALSE): optimization

difficulties: ERROR: ABNORMAL_TERMINATION_IN_LNSRCH

air_passengers_holt

Holt-Winters exponential smoothing with trend and without seasonal component.

Call:
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HoltWinters(x = AirPassengers, gamma = FALSE)
Smoothing parameters:
alpha: 1

beta : 0.003218516
gamma: FALSE

Coefficients:

[,1]
a 432.000000
b 4.597605

AL, a=1,53=0.0032

plot(air_passengers_holt)

Holt-Winters filtering

o
O_
o
o
L(o)_

S

o}

E=

- g

w _|

S ¥

@

S

o O

n O -

a ™

O
o
O_
~
o
O_
—

I I I I I I
1950 1952 1954 1956 1958 1960

Time

& 21.11: holt F&¥-T-ig iz
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21.4.5 Holt-Winters 5%t
7~ WHEFIIFEES A SRS =7 B, AT PA Holt-Winters ~F-IFBIR KDL A AT . AL
Y P AT X &, Holt-Winters ~FEi# #4430 il Holt-Winters 3541 7] 3¢ Holt-Winters - .
%B\R PEHLRR S Holtwinters () 14 Holt-Winters “Fi A% (Holt 2004; Winters 1960).

@ [ Holt-Winters i 4 :

Utn = ar + 1 X by + St pr14(h—1) mod p
ay = oy — s1—p) + (1 — a)(@—1 + by—1)
be = Blay — ar—1) + (1 = B)br—1
st =7y — ar) + (L =)t

w3 Holt-Winters iR

Jern = (ar +h X by) X St—pt14(h—1) mod p
ar = a(ys/si—p) + (1 —a)(ar—1 + bi—1)
be = Blay — a—1) + (1 = B)by—1
st =Y(Ye/ar) + (1 = 7)se—p

H o, 8,7 S, p MAMKE, ar,be, s 735K EHRFEITEER) .

air_passengers_add <- HoltWinters(AirPassengers, seasonal = "additive")

air_passengers_add

Holt-Winters exponential smoothing with trend and additive seasonal component.

Call:

HoltWinters(x = AirPassengers, seasonal = "additive")

Smoothing parameters:
alpha: 0.2479595
beta : 0.03453373

gamma: 1

Coefficients:
[,1]
a 477.827781
b 3.127627
sl -27.457685
s2 -54.692464
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s3 -20.174608
s4 12.919120
s5 18.873607
s6 75.294426
s7 152.888368
s8 134.613464

O M =

s9 33.778349
s10 -18.379060
sll -87.772408
sl2 -45.827781

A, a=0.248,3 = 0.0345,~ = 1

autoplot(air_passengers_add) +

theme_classic()

Warning: Removed 12 rows containing missing values or values outside the scale range

(“geom_line() ).

600 1
400 1
200 1
1950 1955 1960
& 21.12: "] Holt-Winters SRl &
air_passengers_mult <- HoltWinters(AirPassengers, seasonal = "mult")

autoplot(air_passengers_mult) +

theme_classic()

Warning: Removed 12 rows containing missing values or values outside the scale range
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(“geom_line() ).

s

ji}}I/ 600 -

©

400 A

200 1

1950 1955 1960

& 21.13: 7] 3 Holt-Winters iR
f—> Shiny V@RS o, B, Xt Holt-Winters P35 50l 1) 5% 1 .
21.5 WS4 i
o A[fAREY

ye =T + Sp + e
o A FEAREY

ye =T, X S; X e

SRS (g0} 560, RS T FAHRS S0 BAMI e

21.5.1 pR%L decompose()

BREL decompose () 7

air_decomp_add <- decompose(x = AirPassengers, type = "additive")
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BRI A1, 15 6 A%, SHUL « AL, seasonal FASHERSY . Figure Mg,
trend ¥ MSY, random FIRHSY, type ST -

s
/ # plot(air_decomp_add)
\\ autoplot(air_decomp_add) +
theme_classic()
<:::) Warning: Removed 24 rows containing missing values or values outside the scale range

(“geom_line() ).

Data

600 -

400 1

200 1

remainder

50 1
254

-25 1

seasona

60
30 1

-30 1

trend

400 A

300 1

200 1

1950 1955 1960

B 21.14: AR SR 3 i

RIFATER S

AirPassengers_adjusted <- AirPassengers - air_decomp_addS$seasonal

plot(AirPassengers_adjusted)
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o
o_
L0
©
(]
2
30
T 9 7
ccsI
wn
E
e g -
q_)("")
()]
N
©
(a o
= o —
< N
o
O_
—

I I I I I I
1950 1952 1954 1956 1958 1960

Time

el 21.15: =5 P RE

21.5.2 % st1()

PR st O KSR SN o a reiir . Z il () . RIA IS

air_stl <- stl(x = AirPassengers, s.window = 12)

autoplot(air_stl) +

theme_classic()
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2 et ) 5 AR

600 -

400

200 1

501

251

-25 1

100 1

501

-50 4

500 1

400 1

300 1

200 1

Data

remainder

seasonal

trend

1950

TR A ZTVRITI, BTN
xts Y periodicity () AT AR [B] P2 Bca iy FI 00, (ELI e B G e R AE xts HEZR A

xts::periodicity(AirPassengers)

21.6.1 [ MjER

PREL ar O #1& AR A

1955

Kl 21.16: ZE Ak 4 i

Monthly periodicity from Jan 1949 to Dec 1960

2 MILIGE ] ) 5] 52 25

1960

305
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ar (AirPassengers, order.max = 3)

’, Call:

[ ar(x = AirPassengers, order.max = 3)

Coefficients:

1.1656 -0.2294

Order selected 2 sigma?2 estimated as 1399

21.6.2 Rl P-Hpany

KB BHAEBCA 0, &L ardma() WRTPARIRIG MA 2,
arima(AirPassengers, order = c(0, 1, 3))

Call:

arima(x = AirPassengers, order = c(0, 1, 3))

Coefficients:
mal ma2 ma3
0.1309 -0.359 -0.3599
s.e. 0.0741 0.090 0.0907

sigma”2 estimated as 949.5: Tlog likelihood = -693.45, aic = 1394.91

21.6.3 AR B

PREL arima() flfy ARIMA EiZd
arima(AirPassengers, order = c(1, 1, 3))

Call:

arima(x = AirPassengers, order = c(1, 1, 3))

Coefficients:
arl mal ma2 ma3
0.5227 -0.2906 -0.3884 -0.1219
s.e. 0.1291 0.1284 0.1445 0.1322

sigma”2 estimated as 886: Tlog likelihood = -688.45, aic = 1386.89
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forecast L% auto.arima() HINEFEGER HBIH. Z5FBIEEIR B R PS5 .
forecast::auto.arima(AirPassengers)

Series: AirPassengers

ARIMA(2,1,1)(0,1,0) [12]

Coefficients:
arl ar2 mal
0.5960 0.2143 -0.9819
s.e. 0.0888 0.0880 0.0292

sigma”2 = 132.3: Tlog likelihood = -504.92
AIC=1017.85 AICc=1018.17 BIC=1029.35

21.7 A4k

IR, RAEE 5. Holt-Winter S&i AL 55, IR, W LAKI I BIEER, (UFR%E
— W, ATFEL MBI, TR, PASERGE A S . Prophet SR DUt n] i
FRTIAESS , RS VR I (B R N R AR BT, W AR H S5 R S SR TR, 5 245 HH 2 P 1
MEER, DEPRTE R, AR arfi Loy R itan . e sIRR Il w0 R o 5 2 LA
AR ARREE , FRRSRMS A SEAE TR T, T AR I SR AN

TERS 8] PR B A nT AL DT THT, BT Base R $2UERIZ2 7850, HSHIRT A lattice Fil ggplot2 #f
A, M HAEEAHEE R plotly #ll dygraphs.,

PortfolioAnalytics fI# A G, WME- 2, WaEaAIXEAUET . Rmetrics $4 251 B[R] 7511 4L
PEAMTRIER R A, UIEREHE ML fPortfolio. £ 7T/ fMultivar. [ [\IH 555 2
fGarch., —JCHIKE5H41Y Copulae 43447 fCopulae . Tidg L4t fBasics .

fable —JCE|Z Ul [R]JF 4 W i) &, $24t ETS. ARIMA., TSLM S84, A7 15 5EmFa] 771 Fii Ji
. {Ef5—$2, forecast fFF%& ¥ Rob J Hyndman FREANFHIFEZFILIGE, #HEERKZMHA fable 1.
feasts R BVFFIEIIE . 750 ISR EIES, Hifff0 fable.prophet # A Prophet [#75
MAE ST . timetk B[R] FFEARALIE . 28T, BONAI 9L TEAS, $RAt—3ud e =, IEE ek
HIf#e %8 . The Rmetrics Association JF & T —#&5] R % [ TAL B G M E)F50 5, i fGarch
FIPRALE A B Il Ry 2R

MIFTEL P P AR, XA R R s, MR 2R, il A @A Finding Patterns in Time
Series, U FhI ]y 51 A AR SORIGE AL -


https://www.rmetrics.org/
https://github.com/business-science/timetk
https://mason.gmu.edu/~jgentle/papers/FindingPatternsTimeSeriesDraft.pdf
https://mason.gmu.edu/~jgentle/papers/FindingPatternsTimeSeriesDraft.pdf

o5 sy
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B AGITERNE A — MU, GOt R AT S g SR A A

22.1  [H )8 S IR AL )8

1996 4F i Lasso (Least Absolute Selection and Shrinkage Operator, fajf Lasso) (Tibshirani 1996),
HI TR DR R SR ARG | Lasso T 4/ IMEARRHE BRI IE i ) iz AT, S/ DA R (Least Angle
Regression, f#ifr LAR) 53 (Efron 4 2004) (1 BA JJE3E T Lasso 78 i 4k /M A H i i
N T fifk Lasso A mAL T8, HiEMW Lasso. #AG Lasso, SCAD (Smoothly Clipped Absolute
Deviation, f&# SCAD) (Y. Kim, Choi, #1 Oh 2008), MCP (Minimax Concave Penalty, f&jfi MCP)
(C.-H. Zhang 2010) filith . Z8pE RN 3k, )7 D23k, W, &80 H . Lasso ]I,
TR BAER AT A A 8. B, —ANH L1 IR T 2 vk AL, HO i A Ak I i an
T

1
arg min §|Iy—Xﬁl|§ + 1B

Hi, XeR™r yeR", BeR", 0<AeR .. FHEAZEEBITIEALH], N R &S ORI

AL ) B i .

22.2  WBUDSA S Hid O s %

22.2.1 Logistic 534

TEN BRI ], J6 T T Logistic 43, —MAMNy m , Jr#EN 5 s® 1) Logistic 401 B
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K

R BRI T
=

4

A\
©

_x—m x—m)

en=m) e
T = i+ epC=2)7 ~ s+ exp(=2)P

S

L RS A R R AR

dF(x)
dx

AR Logistic i i JiREr .

= f(z) = sF(x)(1 - F(z))

0.51 1.00
0.4
0.751
0.3
= X
X
= T 050
0.2
0.251
0.1
0.0 0.00-
6 3 0 3 6 6 3 0 3 6
X X
(a) R AL (b) #RI17 e AR

Kl 22.1: 2R 1

ROEF o BN B o i B LR R O R BRI BE D LS A AR 5 T -

dlogis(x, location = scale = 1, log = FALSE)

FALSE)

glogis(p, location =

0,

plogis(q, location = 0, scale = 1, lower.tail = TRUE, log.p
0, scale = 1, lower.tail = TRUE, log.p = FALSE)
0,

rlogis(n, location = scale = 1)

RIS HL Location i scale WA HEE, W ABGRINE 0 Rl 1, SRR ER BRI 1. (8
SR (RONEST P RIIME 1) 4 location = m, RIESHL CRUNES M HIIREE o) 4 scale
= s, EEE MR

22.2.2 ZHMIH

W R AR Y IRMAAZE A 234 Bernoulli(p), HUEZ 0 8 1, MZAEHIM X B fif Logistic A8t

1 eoz-i—X,@

p= EY = LOngth(X,B) = 1 + e—(a-i-Xﬁ) - 1 + €a+Xﬂ
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Logistic {725

p

Logistic ' (p) = In (1 — p) =a+XpB
ICHHRERE X A
11 T2 T13 ... ik 5171T
X1 T2z T2z ... T2k -’L’QT
X = = .
Tp1 Tn2 Tnz ... Tnk x,)
B—ATFR— WM, I FR— NN n ORI, 2 X = (X1, Xo, -+, X)) 22— n x k Fidf

HikE, Hx] FoRME X W 4T, —H n 1T, TM%VEEleB’Jﬁ@ X]aj:]- 2, k3
M, B Fones § NERE X PR X @ YO

Logistic ™" (p;) = In (

KTBE o, B HIUIRRENTT -

(22.1)

KTZHC o, BRI IR RN T -

f(a’ :8) = logﬁ(a7 /3)

= Z [yi log(ps) + (1 — y;) log(1 — pz)} (22.2)

a+w B

= 2:: |:y1 log (W) + (1 —y;)log (eaJrlwiﬁ>:|

XHEAUIR R Lo, B) KRTSHL o, B I FHATT :

(22.3)
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Forfpi = S S U, B) BB, — AT R AR TS (Tteratively (Re-) Weighted
Least Squares, F# IWLS) SRABILILIE, &0 DAAIEF Sk — Akt oe, 16 R B, o
B glnQ) KM VAL

22.3  BERALI]EIR R &S
22.3.1 optim()

M— B R ] R — AR AT, 3k 2500 45905k, Bl n = 2500, 10 USSR, B k=10, HH,
PRI :

set.seed(2023)

n <- 2500

k <= 10

X <= matrix(rnorm(n * k), ncol = k)
y

<- rbinom(n, size = 1, prob = plogis(l + 3 * X[, 1] - 2 * X[, 2]))

BB X 5 EiRieS X @AY, i85 @] FOREIEEEIE 1T, o BRI AR,
B2k 4EFE, X J& nx k QEWHFEH n >k, y o n iR, O EUR R 22,2, R
RIG— A ZHEARLIE TR T BRI, £ o I B 1R, 7, W% optin() BRYSKAR/D,
PR HEAE X R K bR BRI I 625«

=R
log_logit_lik <- function(beta) {
p <- plogis(cbhbind(1l, X) %x% beta)
-sum(y * log(p) + (1 - y) * log(l - p))
}

R, WA H ORI, BRI 22.2 FOR, CEREE A I R 6
SERABL 44 B 45 T

2 Base R B optim() RRAFMS, KB Nelder-Mead HIRNEE, HIaARIRIM, RIEEEA
10000 &, SEETIAMAZE T, YA SANN  (BHER AEEE) SKAFIE 11 4EIRLM: IO R R R
£ 10000 W5, HERGEIT LA

optim(
par = rep(1, 11), # el
fn = log_logit_lik, # H 4L
method = "SANN",
control = list(maxit = 10000)
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a 20 20

Pl 22.20 ZHENSIE T A9 ] ARG SO BRI ek S
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#> $par

I:EEI'#> [1] 1.0755086156 3.2857327374 -2.1172404451 -0.0268567120 0.0184306330

,/>‘7 #> [6] 0.0304496968 0.0045154725 0.1283816433 -0.0746276329 -0.0624193044

/ #> [11] -0.0001349772
A\ #>
@ #> $value
#>

[1] 754.1838
#>
#> Scounts
#> function gradient
#> 10000 NA
#>
#> Sconvergence
#> [1] 0
#>
#> Smessage

#> NULL
R AR B0 AHAR R, A THEER, WA AR E RN L-BFGS-B 53k,

# BB K
log_logit_lik_grad <- function(beta) {
p <- plogis(cbhind(1, X) %x% beta)
-ty / p-(1L-y)/ (1L -p)) *p* (1-p)) %% cbind(l, X)

optim(

par = rep(1, 11), # ¥

fn = log_logit_lik, # HAF ¥

gr = log_logit_lik_grad, # FE 47 & 3004 )%
"L-BFGS-B"

method

#> Spar

#> [1] 1.00802641 3.11296713 -2.00955313 0.05855394 -0.02650585 0.01330428
#> [7] 0.02171815 0.10213455 -0.02949774 -0.08633384 0.08098888

#>

#> Svalue

#> [1] 750.9724

#>

#> Scounts
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#> function gradient
#> 13 13
#>

#> $convergence

#> [1] ©

#>

#> $message

#> [1] "CONVERGENCE: REL_REDUCTION_OF_F <= FACTR*EPSMCH"

T BREL optin (), Rt nloptr AMEATPMR BRI BAEMALIIRE, 1M ELn] AR BEAS AR LA,
REJI S, JIREET ETMAYILAL T, JHH nloptr GRARAALASANT :

library(nloptr)
nlp <- nloptr(
x0 = rep(1l, 11),
eval_f = log_logit_1lik,
eval_grad_f = log_logit_lik_grad,
opts = list(
"algorithm" = "NLOPT_LD_LBFGS",
"xtol_rel" = 1.0e-8

nlp

#>

#> Call:

#>

#> nloptr(x0® = rep(l, 11), eval_f = log_logit_lik, eval_grad_f = log_logit_1lik_grad,
#> opts = list(algorithm = "NLOPT_LD_LBFGS", xtol_rel = 1e-08))

#>

#>

#> Minimization using NLopt version 2.7.1

#>

#> NLopt solver status: 3 ( NLOPT_FTOL_REACHED: Optimization stopped because
#> ftol_rel or ftol_abs (above) was reached. )

#>

#> Number of Iterations....: 23

#> Termination conditions: xtol_rel: 1le-08

#> Number of inequality constraints: 0

#> Number of equality constraints: 0

#> Optimal value of objective function: 750.97235708148
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#> Optimal value of controls: 1.008028 3.112977 -2.009557 0.05854534 -0.02650855 0.01330416 0.02171839
I%Eg:t #> 0.1021212 -0.02949994 -0.08632463 0.08098663

Vd
" A E RS B, MRS S A R, $E2 nloptr 004 (L ALK
/s,

\
@ 22.3.2 glm()
Base R #2{{EsREL glm () UGHIAYL, FREHCRRKECH logit 284 .

fit_r <- glm(y ~ X, family = binomial(link = "logit"))

summary (fit_r)

#>
#> Call:

#> glm(formula y ~ X, family = binomial(link = "logit"))
#>

#> Coefficients:

#> Estimate Std. Error z value Pr(>|z|)

#> (Intercept) 1.00803 0.07395 13.631 <2e-16 **x*
#> X1 3.11298 0.13406 23.222 <2e-16 **x%
#> X2 -2.00956 0.09952 -20.192 <2e-16 **xx%
#> X3 0.05855 0.06419 0.912 0.362

#> X4 -0.02651 0.06588 -0.402 0.687

#> X5 0.01330 0.06461 0.206 0.837

#> X6 0.02172 0.06496 0.334 0.738

#> X7 0.10212 0.06279 1.626 0.104

#> X8 -0.02950 0.06474 -0.456 0.649

#> X9 -0.08632 0.06482 -1.332 0.183

#> X10 0.08099 0.06385 1.268 0.205

#> ——-

#> Signif. codes: 0 '*x*xx' 0.001 'xx' 0.01 'x' 0.65 '.' 0.1 ' ' 1
#>

#> (Dispersion parameter for binomial family taken to be 1)
#>

#> Null deviance: 3381.4 on 2499 degrees of freedom
#> Residual deviance: 1501.9 on 2489 degrees of freedom
#> AIC: 1523.9

#>

#> Number of Fisher Scoring -iterations: 6

s AT AR R AL gm. Fit (), RORIEML, fATTAARZET .


https://nlopt.readthedocs.io/en/latest/NLopt_Algorithms/#global-optimization
https://nlopt.readthedocs.io/en/latest/NLopt_Algorithms/#global-optimization
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fit_r2 <- glm.fit(x = cbind(1, X), y = vy, family = binomial(link = "logit"))
coef(fit_r2)

#> [1] 1.00802820 3.11297679 -2.00955727 0.05854534 -0.02650855 0.01330416
#> [7] 0.02171839 0.10212118 -0.02949994 -0.08632463 0.08098663

BREL g O WSER—AA0, WK g, FitO) WSECRIRE. &, MR8 gn(O) MERAL, HAN
VRS2 R gm. Fit ()

22.3.3 glmnet 13
P M glmnet AR EREL glmnet O IERAL, F5&E FEE0UBH R MIEA N 311, (A% H 512 3y
MHFRIRIE, WM 1B 0-1 731F

library(Matrix)
library(glmnet)
fit_glm <- glmnet(x = X, y =y, family = "binomial")

PR AT 2 H0E L1 IE W A ER R K
plot(fit_glm, ylab = "[EIH & H™)

0 2 2 2 5 7 10

m_
N_
B o -
W
T
B o
rll_
[QN I
1

-Log()
el 22.3: [a1 B B 6 R 12
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% 22 F. ottt A

MR, BRI RBCZAEFN, —52 3, Ve -2, HREIES, mEah 0 7.

plot(fit_glm$lambda,

ylab = expression(lambda), xlab = "#% W% %",
main = "f& 5] A A E R EBE"

0.00 0.05 0.10 0.15 0.20 0.25 0.30
I

BN RBBANREEEZ

EURER
Bl 22.4: B A BURIEACHAR

Bl LT, ESTRE N BOREUN, R T 0, XA TN, B AK R ] B 2
FE, AR, RSB TRERT A i 0.0005247159, BUA4ASSEEBUELNTF -

coef(fit_glm, s = 0.0005247159)

#> 11 x 1 sparse Matrix of class "dgCMatrix"

#>
#>
#>
#>
#>
#>
#>

(Intercept)
Vi
V2
V3
V4
V5

s=0.0005247159
.997741857
.076358149
.984018387
.052633923
.020195037
.008065018
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#> V6 0.015936357
#> V7 0.095722046
#> V8 -0.023589159
#> V9 -0.080864640
#> V10 0.075234011

I (Intercept) XY o = 0.997741857, i B; = 3.076358149 X[/ V1, B, = —1.984018387 MR/ V2,
PASLZEHE .

22.4  PHASBIR A RBOR

AR AR e T, PR IR, AN

L. "JPAH AUC #5158 ROC 2k, pROC tfll ROCR Wk PAZ il ROC ik,
2. W[PAR] Wilcoxon a5, B85 R 73 RACK BT

22.4.1 ROC gk AUC {f

ROC /& Receiver Operating Characteristic &5 . FEAHE 2000 MEARVE MG, & FHEIEE R
ilpri S

dat <- cbhind.data.frame(X, y)

set.seed(20232023)

idx <- sample(x = l:nrow(dat), size = 2000, replace = F)

EN 3

dat_train <- dat[idx, ]

# R E

dat_test <- dat[-idx, ]

PREL glm() AU ZREERHE

fit_binom <- glm(y ~ ., data = dat_train, family = binomial(link = "logit"))

RIS ROBIRUN TN , W% predict () BEATHIN, type = "response" FAFFIMMEARME, &
EREULE, HAECAXTEL.

dat_test$pred <- predict(fit_binom, newdata = dat_test, type = "response'")
REMENT 0 - 1 Z 0], FRoRFaEE. e Eaf ROC .

pROC: :plot.roc(
y ~ pred, data = dat_test,
col = "dodgerblue", print.auc = TRUE,
auc.polygon = TRUE, auc.polygon.col = "#fefefe",
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xlab = "FPR", ylab = "TPR", main = "Ml ROC @h%"
£ )

/#> Setting levels: control = 0, case =1

\#> Setting direction: controls < cases

©

TN ROC Rk

1.0

AUC: 0.949

TPR
0.4

0.2

I I I I I I
10 08 06 04 02 00

FPR
el 22.5: ROC [

ROC Mgt Zc AL, 2R TMEER T . FPR 2 False Positive Rate 1455 , TPR & True Positive
Rate M4FE .

# HH AuC fE
pROC::auc(y ~ pred, data = dat_test)

#> Setting levels: control = 0, case = 1
#> Setting direction: controls < cases

#> Area under the curve: 0.9487
AUC j2 area under curve W45, Fx ROC M TFRmHIAR, FrPA AUC f8tnieidzi 1 8ar.
22.4.2 Wilcoxon U5

XHEEAREE R B A E IS 2104, ARG TREPUE DN, FrbAfcfs ROC SBEGX L, i HAEA
BB, AUC SoBORBHIT 0.5, QPRTINESR LLRELAS I 224F, Wilcoxon Kl sx B3, Tt



224 HERER g5 KR

RORBUFR I 2R, FoRT pred FILN v Bz
wilcox.test(pred ~ y, data = dat_test)

#>

#> Wilcoxon rank sum test with continuity correction
#>

#> data: pred by y

#> W = 3140, p-value < 2.2e-16

#> alternative hypothesis: true location shift is not equal to ©

321
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B t=w Bt

o
@ Az

L WA mt RS RL 8 R EFSEH, KBS, mlim EREE R IES B,
MEHEMRAENN A (BLE ™S IR AR FN AL ) . AT SRR B M I AL B A i B &
PERAL, T8Ittt il S B A A T3

2. MR SRR TR G & RIEF LM, WKk 10 AR . 2% Lingo 1 1stOpt
FE WMD) B RG], WSH IR Octave (1B KEFEE Matlab 1y
Blepit BB E) AR R, 4 RAIBEEM. Ldxttl, K RGBT KA
AT PAIE B [F] JEFF AN R R A 7K

3. XT RABFHKAMELURMERE ZA0 8, WA THEER R, H A8 TERER.
tean, REEEEHEL M, @it rAMPL 4 (Brandao 2023) ##: AMPL #{4, ¥#HIF
BRI KfES Couenne K#. R 1EF ALK EREY R TR b3k 4m i R %
ST G R, FTRARARS AR AN & R ALRIE SCRIERS R AT, T UL AR ny e Fse i

BN FI AL R, R SRR, M) B IO BRSO AL . Pk bA ™
HEDRAL . SREREIRAL . RLIEA. 2230 AR TE NS, e T DA T2 46 S T L e 46 Fhati
LTI, TS A AR AL BB, RGOS 5 T AT R 5% SO a6 15 (X1
YRR 2020) P25 L

BT R BN E— S BEAOR S, R SRS R BB AT T s o R 2. 472 ROI
£ (TheuBl, Schwendinger, I Hornik 2020), Bl 20 24 R Q5250 — A ek BRI 073K,
T — Nz B AT W BRSO & BRI (4 T R -

ROT 3 i 4 {4 00 o S s I 28 = ik R 4. Rglpk U (Theussl Fl Hornik 2023) W]
PSRRI AL . B AR SR E e pE Ak, ROT Uil i3 i {14 ROI.plugin.glpk
H2Z %8V A . nloptr £ (Johnson 2023) W[ PAKME R LA FIHEL M4, ROT 4338 i 4 {4 £
ROLplugin.nloptr 52 #E#JHH . scs 1 (O’Donoghue % 2016) 7] UK AR 4ENAL, ROI i@ 34
£ ROLplugin.scs 527 E#H . ECOSolveR i (Fu fil Narasimhan 2023) R] PAK it & 254
HARMMHEDLL, ROI il id 4 ROLplugin.ecos 52 E# M. quadprog f (S original
by Berwin A. Turlach 2019) B DK™ k4, ROI g 46442 ROIL.plugin.quadprog 52
RN . ASONRE— MG, MEEEE Z G AZE— R =,

322


https://ampl.com/ce/
https://github.com/coin-or/Couenne
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Rglpk nloptr scs ECOSolveR quadprog

ROI.plugin.nloptr ROI.plugin.scs ROIl.plugin.escs

ROI.plugin.glpk J

ROI.plugin.quadprog

ROI

P 23.1: FE ALY A A ROT ) X 2R &

library(ROI)

library(ROI.plugin.glpk) # KM EREERNL
library(ROI.plugin.nloptr)  # ZEZ& 10

library (ROI.plugin.scs) # M
library(ROI.plugin.ecos) # A EERTEROERNL

library(ROI.plugin.quadprog) # 7 — M1
library(lattice)
# B AR R E R e AR
custom_palette <- function(irr, ref, height, saturation = 0.9) {
hsv (
h = height, s = 1 - saturation * (1 - (1 - ref)?0.5),

v = drr

23.1 M

LML 1 H AR R R 2 AR AR LR AL . 25 B A A ) -

min — 6x; — bxo
x
T + 41‘2 S 16
s.t. 6x1 + 4, < 28

2$1 —5$2 S 6

Hrr, HFRRER —621 — 52, min FpORHARREEUME, © = (v1,20)" FRIHL R, ToRIK
LR, PSR RARICAL. s.t. /& subject to WIGHE , LHRLARGM . EIRSMAAL S SR HE R,
LIRS



OFH M=

. —6
min

T -5
s.t. 6

4 16
4 |z < |28
) 6

% 23 F. HAARA

H d Fom BB 2500 &, A RRARHERE, b FonhA T E. R B RR,
T

min d'x

x

s.t.

Az < b

i ROT AR — (il TEAF R R A A A, ACRS AT

#

op

)
#

op

#>
#>
#>
#>
#>
#>
#>
#>

& XA T AL
<- OP(
objective = L_objective(L = c(-6, -5)),
constraints = L_constraint(
L = matrix(c(
1, 4,
6, 4,
2, -5
), ncol = 2, byrow = TRUE),
dir = c("<=", "<=" 5 ="y,
rhs = c(16, 28, 6)
)
types = c("C", "C"),

maximum = FALSE
0 18] R &

ROI Optimization Problem:

Minimize a linear objective function of length 2 with

- 2 continuous objective variables,

subject to

- 3 constraints of type linear.

- 0 lower and 0 upper non-standard variable bounds.
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res <- ROI_solve(op, solver = "glpk")

# R
4 .
\ res$solution

#> [1] 2.4 3.4

@ ¢ AR E M

res$objval

% # SRR 1P A
s

#> [1] -31.4
PR oP () SE XL —MEALIAR, SHE

+ objective : & HARMKEL, FIHREL L_objective() FR&MMALT I HARREL, Wi L &
/N Linear (i), W EHER mHE .

o constraints : FRELRAKM, HHEL Lconstraint() FIREKMEMA PR LN, mEs P L
FUR Linear (), WEAHRMME A, LSBT >= . <=5 =, Kfidh <=, HF
) b

o types @ FEEURARRMAH, H=MIEN, B Fom 0-1 R, 8 B &2 binary WA, 1 R
BAE R, P T2 integer INELREL, ¢ FREUERAER, FH C 2 continuous R, A,
PN AR IELL AL, types = c("C", "C") .

o maximum @ F§5E HARRETR ZRR GRS, BRIAKAR/DN, BUE D248 H TRUE B{ FALSE.

AT R H A ok BN 29 R A AE — W] DA SRR E = R PL A . ROT A 505 H AR PR 4L
LIFEAE IR ARSI e JRSefRIE AL A, B4

# 23.1: RO W n] PAF/R ) H AR R B A 2% A

Hire Y AR Y
AMERREL L_objective() LA ey

TREEL Qobjective() LM V_bound()

JELPERREL  F_objective() MW L_constraint()
TIRYR Q_constraint()
HEAHR C_constraint()
AELEATR  F_constraint()

23.2 MkIEfE

TR AR R R, AR SRR AR E AR R A AR
EE. MFREERT, A2, A% E. “RIAr gt
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. 1
i%?ff- min imTllc+—dTm
7 st. Az <b
/
:#-\‘B TRACAFSR AL, S HACYHRE D CRIEER, ER TR kA, MR D OIEE R,
@ B R/ /1Y 0 - < ke e/ % AP AN T g Ry < T B/ 7 X A A S R N 1 S

Bl A e

Q(z1,x2) = x% + x% — X122 + 3T — 219

TRAAL R BRI R D, d, A, b KK Dmat. dvec. Amat. bvec Finiik.

Dmat <- matrix(c(2, -1, -1, 2), nrow = 2, byrow = TRUE)

dvec <- c(3, -2)

Amat <- matrix(c(-1, -1, 1, -1, 0, 1), ncol = 2, byrow = TRUE)
bvec <- c(-2, 2, 3)

[FIRE, H@TEREL oP () L HAREREL, WA, FEREL Qobjective() g L RALALH) H AR
R, T Q J2 Quadratic PR, FR _IKED, Tk L J& Linear fE R, FRLMETD. B
L_constraint() WA RILMEILL, AHFGER. s ROI Wyl ¥ 0w XS4, & LHREE.

op <- 0OP(
objective = Q_objective(Q = Dmat, L = dvec),
constraints = L_constraint(L = Amat, dir = rep("<=", 3), rhs = bvec),
maximum = FALSE

)

op

#> ROI Optimization Problem:

#>

#> Minimize a quadratic objective function of length 2 with
#> - 2 continuous objective variables,

#>

#> subject to

#> - 3 constraints of type linear.

#> - 0 lower and 0 upper non-standard variable bounds.

nloptr #F 2 (ALK M4, AT TR\ RO Ba LA T A HiRi, stk
ROI_applicable_solvers() AIPAFRENGEWSRMELL LA BRI R AEAS -



23.2 Lk iL

ROI_applicable_solvers(op)

#> [1] "nloptr.cobyla" "nloptr.mma" "nloptr.auglag" "nloptr.isres"

#> [5] "nloptr.slsqp" '"quadprog"

T AT nloptr.sisap RKKf#

nlp <- ROI_solve(op, solver = "nloptr.slsqgp", start = c(1, 2))
nlpsobjval

#> [1] -0.08333333
nlps$solution

#> [1] 0.1666667 1.8333333

327

VEAXTEE . BOBRERMEAEXLAR, KRR TS HARREIAR — kM, (2 e & 8A Lty

WA, FRAA R KA IR, FEATRAEES nloptr.sisap KIBMISIR AR TCLA R

op2 <- OP(
objective = Q_objective(Q = Dmat, L = dvec),
maximum = FALSE

)
op2

#> ROI Optimization Problem:

#>

#> Minimize a quadratic objective function of length 2 with
#> - 2 continuous objective variables,

#>

#> subject to

#> - 0 constraints

#> - 0 lower and O upper non-standard variable bounds.

nlp2 <- ROI_solve(op2, solver = "nloptr.slsqp", start = c(1, 2))
nlp2sobjval

#> [1] -1
nlp2ssolution

#> [1] 0 1

ER A b S5 L, ARG A AR E, B 23.2 R AR A AR R IR B Lk
LS = F T DR I ATI, Z0 R TE AU TR AR nloptr.sisap FRFAYME (0,1) , HIERICAR
ff R MR TTE LB (—4/3,1/3) |, RN AL AR TR nloptr.sisap RAFHIMHE (1/6,11/6) .

FIFPA, ANBEH IR AL ) SRAFAS 2R SR AR TC LR ) R AL A

quadprog FERMELATR AT 14 — AL I, RN 25 2R FRYR. XM E E

X
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X2

%

B 23.2: XF L TC A AR 294514 T W f

50

T—E RS, AERWRE solve.PO) HIBLHT, BEAEXTI S, SKE LA AL BRI

Y
1lib
sol

D

sol

#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>

ke

rary(quadprog)
<- solve.QP(

mat = Dmat, dvec = -dvec, Amat

$solution

[1] 0.1666667 1.8333333

svalue

[1] -0.08333333

Sunconstrained.solution

[1] -1.3333333 0.3333333

$iterations

[1] 2 0

SLagrangian

[1] 1.5 0.0 0.0

S$iact

t(-Amat), bvec
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#> [1] 1

Hrpr, JRIEMEAY unconstrained.solution F/R AR AU, SHUHAIM 20, XMBAEERT . ]
T, R R AR A AR TG R R AT A A A SR e AN T

23.3 ™Mkt

23.3.1 k5

e b, PEAE R . ARy, Bk, BUSE. Bk, AHIIHERCE A, AN 23.3 BR.

PN\
P N
AT

& 23.3: 3 LI = 4

HEE SAEXFRA AR b, ESORIEEIEE . —4> 2 Brddiraifs A 2IEER)

A= [an a121
a21  G22
BWE a1n > 0,a20 > 0,a12 = a91,a11a02 — a12a91 > 0 o — B, $F n Br2fiE @ RIXIFRAERE A R R
£HILHN KL

Kt ={AeR""|z" Az >0, Vx € R"}

F AR R 2O L e A — RO (T

min d'x
xr

st. Az +k=0»b
kek.

Hop, Sy KRR B . AL, RN AR BRI % TR
IR ses f1H14E ROT A0S R, ATRURMRIOHE I ELIRHE. LLPEHE. —BIHE. HOACHE.
TR IE A

RGBS SRR A(ma, ma, ms) 1 :



IN
=
K
©
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1 mi1 Mo
A(my,ma,ms) = |m; 1 mg| -

mo M3 1

MM k =b— Az RAE=E ML S K hiooR. FIEiE A £RnEs () K ar:

K = {(ml,mg,mg) S Rg | A(ml,mg,mg) S Ki},

ety K 2R RPIEER, ZORESHIE A AT50RTET 0. i A ffra)

det(A(my,ma,m3)) = —(m3 +m3 +m3 — 2mimams — 1)

B K i T Zm a0~ I RE i :

m} +m3 +m3 — 2mymams = 1

BAF T IS TR A K

BB
mo —ms 1 ma
Yomy =0 B, £6G K MBRFRFm BRI, 24 ms € [-1,1] , £E K B FR—

B N7 G -NERWER, FEG K iR efibsk, e 23.3 fos, s =dedm,
TS HE PR I — A

23.3.2 i

FHERE SCAE

Kzero - {O}

TR LS.

23.3.3 M

2 Pk#E (Linear Cone) [ XUIR:

Kiin = {z € Rlz > 0}
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\\\/\3?2

T RN LA LR
Id X

7 9334 B

N

\:BJ’T%E (Second-order Cone) F5E AR

©

n
KSOC

={(t,z) ER"z e R",t € R, |Jz[l2 < t}

TN RO % AT Rk SOCP [l :
max Yy + Yo
(y.1)
s.t. \/(2 +3y1)?+ (4+5y2)2 <647t

Y,y ER, t € (—00,9].

é\ T = (ylyy%t)T ) b= (bl’b2’b3)T

ay
A= |a]
as
ik SOCP [ AELEAE X AR E M T
\/(bg—a2 +(bs—agxz)?<b —a;x
>N EF‘)
0 0 -7 6
A=1(-3 0 0], b= |2
0 -5 4

scs WANBESKRMEILRAUAL I, T 1] ECOSolveR {3Rf# .

library(ROI.plugin.ecos)
op <- OP(
objective = c(1, 1, 0),
constraints = C_constraint(
L = rbind(
c(o, 0, -7),
c(-3, 0, 0),
c(0, -5, 0)

% 23

F. HAE®AC
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)
cones = K_soc(3), rhs = c(6, 2, 4)
), maximum = TRUE,

bounds = V_bound(ld = -Inf, ui = 3, ub = 9, nobj = 3)

)
sol <- ROI_solve(op, solver = "ecos")
# A

solssolution
#> [1] 19.055671 6.300041 9.000000

# BATE KA
solSobjval

#> [1] 25.35571

YR AR B v TSI H, W HA ECOSolveR 1] DAKfi# .

op <- OP(
objective = c(1, 1, 0),
constraints = C_constraint(
L = rbind(
c(o, 0, -7),
c(-3, 0, 0),
c(0, -5, 0)
)
cones = K_soc(3), rhs = c(6, 2, 4)
), maximum = TRUE,
t RREEHR
types = c("I", "C", "C"),
bounds = V_bound(ld = -Inf, ui = 3, ub = 9, nobj = 3)

)
sol <- ROI_solve(op, solver = "ecos")
# A

sol$solution
#> [1] 19.000000 6.355418 9.000000

# EAT B & fE
solsobjval

#> [1] 25.35542
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23.3.5 Fa B

?Elé&‘ﬁ(!ﬁﬁ (Exponential Cone) HJ5E XANF :

i ‘B\ Kexpp = {(21, 22, 73) € R*|25 > 0,25 exp( ) < a3} U{(21,0,23) € R¥z; < 0,25 >0}

BRI AT :

Kexpa = {(z1, 72, 73) € R¥|2; < 0, —21 exp (ac ) <exp(l)as} U{(0,22,23) € R®*|zg, 25 > 0}
1

g EI A

max x7 + 2x9
(1)

s.t.  exp(7 4 3zy + bwo) <9+ 11 + 12t

x1,T2 € (—00,20], t1,12 € (—00,50]

TRLAT exp(T 4 32y + Bay) < 9+ 11ty + 12t A DA FEEHE R 3R

u =743y + 5y
v=1

WC® = (y1, 2, 11, ta) ", MIRPELYTHHERE A L& b 41 R:

-3 -5 0 0 7
A=10 0 0 01|, b=]1
0O 0 -—-11 -12 9

FRECHE T R AL K_expp O 7, HEULAL AR ACRE AT -

# HARMAL
op <- OP(
objective = c(1, 2, 0, 0),
# AR
constraints = C_constraint(L = rbind(
c(-3, -5, 0, 0),
c(o, 0, 0, 0),
c(o, 0, -11, -12)
), cone = K_expp(l), rhs = c(7, 1, 9)),
bounds = V_bound(ld = -Inf, ub = c(20, 20, 50, 50)),
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maximum = TRUE

#> ROI Optimization Problem:

#> Maximize a linear objective function of length 4 with
#> - 4 continuous objective variables,

#>

#> subject to

#> - 3 constraints of type conic.

#> |- 3 conic constraints of type 'expp'

#> - 4 lower and 4 upper non-standard variable bounds.
XFTHEOLAL, TRATR T scs f kK.

# B scs 4
library(ROI.plugin.scs)

sol <- ROI_solve(op, solver = "scs")
# AR

solssolution
#> [1] -33.3148 20.0000 50.0000 50.0000

# H AR B HE
sol$objval

#> [1] 6.685201

23.3.6  FHE

— =44 (Power Cone) [E XUTH:

Io;owp = {($17$2,l‘3) € R3|JI1,ZL‘2 > O,x?azé_o‘ > |£B3|},Oé € [0’ 1]
ERXHEE AT
o T\« i) 11—«
powp = {('rly'r27x3) € R3|$1,x2 Z 07 (E) (1 _ Oé) Z |$3’},a < [O’ 1]

% R AN HEGC A
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min 3z, + 5x9
st. b4 x < (24 32)?

120, 12 22

PIFRSAE 5+ 21 < (24 22)* WLAT BT RN N R4

u=>5+1
v=1
w=2+1y
a=1/4
it T = (y1,y2) ", LR R
-1 0 5
A= 0 0 ) b=
0 -1 2

FHE T R K_powp () 7, SEDCAL A ACRS 4R

A <= rbind(c(-1, 0), c(0, 0), c(0, -1))
cpowp <- C_constraint(L = A, cones = K_powp(l / 4), rhs = c(5, 1, 2))
op <- OP(
objective = c(3, 5),
constraints = cpowp,
bounds = V_bound(lb = c(0, 2))
)
op

#> ROI Optimization Problem:

#>

#> Minimize a linear objective function of length 2 with
#> - 2 continuous objective variables,

#>

#> subject to

#> - 3 constraints of type conic.

#> |- 3 conic constraints of type 'powp'

#> - 1 lower and O upper non-standard variable bounds.

sol <- ROI_solve(op, solver = "scs", max_iter = 1le6)
# A

solssolution
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#> [1] 250.998234 2.000352

# B AR HE
solSobjval

#> [1] 762.9965

23.3.7 RiFEik
GRHRE A ZIEER, e A= 0, MR A ZIEER, iIEh A -0 . 2 n B SEXRRA R 4
Eh 8™ . JIEEHE (Positive Semi Definite Cone) [E XU :
Kpa = {AlA € 87, x' Az > 0,Vx € R"}
7% JEAN P A 1)

min ] + Ty — T3
T

10 3
3 10

s.t. o + X2

16 —-13
—-13 60

T1, T2, T3 > 0

BRAL K_psd () FIRFIEEHE, REL vech O FFXIFRMMER) E =AM TR L&
(A <~ toeplitz(x = 3:1))

#> [,11 [,2]1 [,3]
#> [1,] 3 2 1
#> [2,] 2 3 2
#> [3,] 1 2 3

vech (A)

#> [,1]
#> [1,]
#> [2,]
#> [3,]
#> [4,]
#> [5,]
#> [6,]

HEPALH Fon i

F1 <- rbind(c(10, 3), c(3, 10))

w N W N W

F2 <- rbind(c(6, -4), c(-4, 10))
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F3 <= rbind(c(8, 1), c(1, 6))

FO <- rbind(c(16, -13), c(-13, 60))

# HAREAL

op <- 0OP(

\\ objective = L_objective(c(1, 1, -1)),
constraints = C_constraint(
@ L = vech(F1, F2, F3),

cones = K_psd(3),
rhs = vech(F0)

)

op

#> ROI Optimization Problem:

#>

#> Minimize a linear objective function of length 3 with
#> - 3 continuous objective variables,

#>

#> subject to

#> - 3 constraints of type conic.

#> |- 3 conic constraints of type 'psd'

#> - 0 lower and 0 upper non-standard variable bounds.
T5SRVE AT ses 3K s .

sol <- ROI_solve(op, solver = "scs")
# A

solssolution
#> [1] 5.782736e-06 1.065260e-06 1.486444e+00

# H r & HE
solsobjval

#> [1] -1.486437

23.4 ARetEILfL

FRLMEMACT R AR, DARARRAMGE R AR, AR . FXARIfe . RIEyw
PACMAREAN AR . AE LR AT B A e SR AR IR TS O o
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# 23.2: R FMh N BRI AR R L

nlm() nlminb() constrOptim() optim()

RAK  HH RF R S
RV SIS IS e Sk
LPEZIR R R i R

R AN ER stats (4 4 DMEUEIACTTTRBIREEL, A nn (O FERETCLARACALFIRE, BEEL nlminb ()
HRAFICAR . AR LRI, pR%L constroptim() HRAFAEUIIEMELA R ML . BREL optim()
il AR , WEZMRNE, WORIETRZR . AR e, U XU R IEF K
WA, TR IZI R, RSN TR stats:inls (), ARORPUAMETT stats4:tmle() F
J7S R N R AL nime: igls O Ao {HJ2, XSO SRIBRE DA E A, SNEREARSARE, T
LMK TCRE Sy, N HEAIA TR ROI WK S Ltk it .

23.4.1 —yedEgm itk

SRANT—4E 7 BeAR AR B i/ MAL, HR IR L 235, XA BRBUR AN IESER, A

10 x € (—o0, —1]
f@) = qexp(—5ty) @€ (-1,4)
10 x € [4,+00)

fn <- function(x) ifelse(x > -1, ifelse(x < 4, exp(-1 / abs(x - 1)), 10), 10)

)
—

Kl 23.5: —4EpR L EIMG
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A optimize () TRURME JEREEO T, BRIV, B4 £ 2% F AL BH incerval
T EAENRXE N E/IME. EEER [ — 32, T minimum FRM/IMES, objective ZEmR{E A
77 R E AR R -

:x%{gl’ optimize(f = fn, interval = c(-4, 20), maximum = FALSE)
#> Sminimum
@ #> [1] 19.99995
#>

#> Sobjective

#> [1] 10

optimize(f = fn, dinterval c(-7, 20), maximum FALSE)

#> Sminimum

#> [1] 0.9992797
#>

#> Sobjective

#> [1] ©

(ERERL, WA ELER 2 BreR B, AEA R X R AR, PTREIRIS AN IR SER, FT RAZ il e 5]
A B e a/IME -

23.4.2 ZckasmBitie

XA IR H 1stOpt FAFRIHRE B SR, A R 875 K% 2 ok i AR (e

m:gny = sin ((y:z;l —0.5)? 4+ 22,73 — %)

exp ( - ((331 — 0.5 — exp(—w3 + y))2 + 23 — % + 3))

Hip, o e [~1,7), a0 € [-2,2] .

T REREL f (21, 22,y) = 0, FMABELZ ST R R SE HoMWTEO 0, FRRBAREMET
FRE, RIS, BT, FHARAED R, HWRH A REIE, RIEIILE bR R iR/ M.

3f(351,$2,y) —0
o, -

Of (w1, 22,y) -0
81‘2 B

AR AR BRI, B eR B S RO AT B, T A [ D AR R . SEfli R e AU e = KB
M, %E @y i, WE—IJCARER TR R .

fn <= function(m) {

subfun <- function(x) {
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fl <— (m[1] * x - 0.5)A2 + 2 x m[1] * m[2]"2 - x / 10
f2 <- -((m[1] - 0.5 - exp(-m[2] + x))"*2 + m[2]*2 - x / 5 + 3)
x — sin(fl) x exp(f2)

1

uniroot(f = subfun, interval = c(-1, 1))S$root

}
TELIE (1,2) AbBREE R 0.0007368468.,

# MR EHK fn
fn(m = c(1, 2))

#> [1] 0.0007368468
PRI AR AL, 81— AR R SRR 7 sG55 AL Y R (L

df <- expand.grid(

x1 = seq(from = -1, to 7, length.out = 81),

x2 = seq(from = -2, to = 2, length.out
)
#OITH R AW R B
df$fn <- apply(df, 1, FUN = fn)

TERCEERS b, 2R eR B R, ANk 23.6 B, Al PASRIG T B ek B R B o0

, PAFRII PSR RINGR, HIrREE (2.8, -0.9) A BUGi/ME —0.02159723, EHPEEL, X2
#AﬁU%%,w%ﬁéﬁﬁmﬁﬁaﬁ,Hﬂﬁmﬁ%ﬂ%,ﬁ%%%ﬁﬁﬂ%ﬁéﬁﬁ¢ﬁo

df[df$fn == min(df$fn), ]

41)

#> x1 X2 fn
#> 930 2.8 -0.9 -0.02159723

I 58 R RSO L 1) 1) A0 Sy 5 AR S 5 s TR AR M A 1 R

min y
x
st. f(w1,72,y) =0

T XA AR R %, Fahit AR B HE T LA AW 4T, WA numDeriv 31 5 %L
jacobian() THHAEX AR AHERT HLAERE . & BRI AP AL H — DLW, R HAEFR AL b B2
)&, XA AK numDeriv 15— %L grad () 115
# ERYK
heq <- function(x) {

f1 <- (x[1] * x[3] - 0.5)"2 + 2 % x[1] * x[2]72 - x[3] / 10

f2 <= (x[1] - 0.5 - exp(-x[2] + x[3]))72 + x[2]72 - x[3] / 5 + 3

x[3] - sin(fl) x exp(-f2)
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}
# R AR
heqg.jac <- function(x) {

numDeriv::grad(func = heq, x = x)

343

PREL L_objective() F/ner 1 MR EM LB bReREL, AL F_constraint() FnIE&tESER Y

}

W

# AR AL 1A R
op <- OP(

objective = L_objective(L = c(0, 0, 1)),
constraints = F_constraint(
# FAHK
F = list(heq = heq),
dir = "==",
rhs = 0,
# SR AR I
J = list(heqg.jac = heq.jac)
)
bounds = V_bound(
1d = -Inf, ud = Inf,
11
b = c(-1, -2), ub = c(7, 2),

c(1, 2), ui = c(1, 2),

nobj = 3L
)
maximum = FALSE # K& /)
)
op
#> ROI Optimization Problem:
#>

#> Minimize a linear objective function of length 3 with

#> - 3 continuous objective variables,
#>
#> subject to

#> - 1 constraint of type nonlinear.

#> - 3 lower and 2 upper non-standard variable bounds.

FFMMAR RIS RN PME, DRSS 3RO AR R £

nlp <- ROI_solve(op,

solver = "nloptr.slsqp", start = c(2.8, -0.9, -0.02159723)
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)
YT 4 24

> nlp$solution

:x*&%l’ #> [1] 2.89826224 -0.85731584 -0.02335409

@ # B AR B

nlpS$objval
#> [1] -0.02335409

APAKEL, LR H AR AE —0.02335 7 (2.898, —0.8573) Hif5.

23.4.3 ZckdRiie

23.4.3.1 pfil 1

Rastrigin pREZ—A n 4EOTAL ) 28000 12 26 85

min » * (z7 — 10 cos(2ma;) + 10)
i=1

TR RUER R ACR AN :

fn <- function(x) {
sum(x"2 - 10 * cos(2 * pi * x) + 10)
}

22 “HENIE T ) Rastrigin sEUEIMR, 1K 23.7 PR, X — 2 HESHR L, A YFE REIME.
UK BFGS SR T8 2 MR (L

AR, BRERBAER n =20 , BFASR z; € [-50,50],i = 1,2,...,n HIGLL.

op <- 0OP(

objective = F_objective(fn, n 20L),
bounds = V_bound(ld = -50, ud = 50, nobj = 20L)

)

PR AL g R IR OUAL )

nlp <- ROI_solve(op, solver = "nloptr.directL")
# A

nlp$solution

#> [1] 0 0000 00O0O00O00O00O00O00O0O00O00O0OO0OO

# BATERKME
nlpS$objval
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4 Rastrigin pREE1G

23.7:

&
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N
>

/
N\ FEEA ALK [ 1stOpt BB, 22— TR A B, & F AR BSR4,
@ —PRER AR TG OR R R IUARAE (7.999982,7.999982) HifG, HARRREE N -7.978832,

23.4.3.2 f 2

min cos(z;) cos(zz) — > ((—1)i i 2-exp (=500 ((z1—1-2)> 4 (2 —i- 2)2)))

HARR B PR, St B R MA@, SRS H AR .

subfun <- function(i, m) {
(F1)M % i * 2 x exp(=500 * ((m[1] - 4 x 2)22 + (m[2] - 9 * 2)"2))
}
fn <= function(x) {
cos(x[1]) * cos(x[2]) -
sum(mapply (FUN = subfun, i = 1:5, MoreArgs = list(m = x)))
}

BRI, 2 H bR s BOE X3 [—50, 50] x [—50,50] IR, WK 23.8a fis, ATLARELTESA
AIBRRE, AT RN RAR K M . PRI [0,12] x [0,12] M =4E R 2l 1ok, il 23.8b
%%7 mﬂ; ﬁz://l\%%lglg/éwa ﬂéj\?ﬁT:E Ty = Tq HgE:g%J:o

NE—ehE, FHEHIE z1, 25 € [-50,50] , HXHILE Zer ek, #H RIS nloptr.directL -
It o

op <- OP(
objective = F_objective(fn, n = 2L),
bounds = V_bound(ld = -50, ud = 50, nobj = 2L)

)
nlp <- ROI_solve(op, solver = "nloptr.directL")

nlps$solution

#> [1] 22.22222 0.00000
nlpS$objval

#> [1] -0.9734211

G RPE N R U . 2T R E, 4 00A Lingo Al Matlab, "RHIR ] Lingo 20
KA, Lingo fURANF:
SETS:

P/1..5/;

Endsets
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f (X1, X2)

. "c |
M" WV'M il

{i tﬁ“'
H‘l‘ “‘W

i

'Q‘

-20

-40
-40 X1

(a) 3 [—50,50] x [—50, 50] P o A1 £

0 o
(b) X3 [0, 12] x [0, 12] MR EE %

Pl 23.8: SRR HiT I Y R PR
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Min=@cos(x1) * @cos(x2) — @Sum(P(j): (-1)"Aj x j * 2 * @exp(-500 x ((x1 - 3j *2)"2 + (x2 -3 *x2)"2)));

@Bnd(-50, x1, 50);
s

/@Bnd(—SO, X2, 50);
ﬂ'ﬁ\ R AR RIS, TE (a1 = 7.999982, 2, — 7.999982) Bt/ ME -7.978832. MHEBRIAA I 42
ALK R, 76 (21 = 18.84956, 25 = —40.84070) BSR4/ M -1.000000.

@ TEXFEOL T, BUEAEVRB RIS, ATDAR M —Le e m Rl ak, i GA 42 (Scrucca 2013)
TR RIE . X SRR, PTRASRAF SR LT R 4R

nlp <- GA::ga(
type = "real-valued",
fitness = function(x) -fn(x),
lower = c(0, 0), upper = c(12, 12),
popSize = 500, maxiter = 100,
monitor = FALSE, seed = 20232023

)

# A

nlp@solution

#> x1 X2

#> [1,] 7.999982 7.999981

# B EBE
nlp@fitnessValue

#> [1] 7.978832

Hrr, B0 type FERFARKNIA, type = "real-valued" i H ARk EL B B2 S E
Zif), SR Fitness EHARHE, B ga O X HARSRECRIK, FrA, XYifieR, w7 —4
5. ZH popsize FEHIFIEA/N, (EHBOK, B TR, REEHE), G RILEBE .
XEF RV, T ARSI AR N RS, B AR MEARESRIG A . 4L
maxiter FEHIFHEIEALATRAL, (HBOK, RRBOTANZ , FIGHIMHELF . 28 popSize IR T
S maxiter | WABAJRIREAMME (FEBE) RATRE. AR C AN AAHR AT R4/ Nl A T4, DADS DR R
LA TRy SXC RS T

23.4.4 ZRHAZKERE

AU AR AR A Z TCARLNMENAL I, R BIsk H R niminb (O BUHEEISCRE, AR B FERLH,
é%*&d\ﬁ;ﬁﬁ (17 17 Ty 1) ﬁm'ﬁ%‘o

n—1
min (v —1)*+4 Z(IL'Z‘+1 —7)?
i=1

st. 2< @y, 20, 2, < 4
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R 65 S 1 e RS anE

fn <- function(x) {

n <- length(x)

sum(c(l, rep(4, n - 1)) *x (x - c(1, x[-n])"r2)"2)
}

FEHERTIE T, TLAZGH bR R —4ERIR, DL 23.9 e R v A A 2 R R0AT LEAT L

Pl 23.9: 7R ek R i 1 4]

Base R A 3 P ERET DURAEX A EAL L, 435152 nlminb() . constroptim() Al optim() , ALk, K
WIHEX AR L, FX 3 DB BISRAEZ AL IR, A AEEN A, &, N4 RO UsLBlK
Vo XA EER B FRBEEURE n 4EIELRMER, R, XORLEMBAS RGO R, T E 25
eI DL,

23.4.4.1 nlminb()

PR nminb ) 244 start 8@ R WIIAR{E, S4L objective 157 HIReR &L, Z4U Lower I upper 733l
5 B SCRY B R B T b7 s AR I A i BT, — Ok, XA EBia—E4EH P N A


https://en.wikipedia.org/wiki/Rosenbrock_function

#>

start = rep(3, 25), objective = fn,
lower = rep(2, 25), upper = rep(4, 25)

$par
[1]
[9]
[25] .000000

Sobjective

[1] 368.1059

$convergence

(1] o

$iterations

[1] 6

$evaluations
function gradient

10 177

$message

[1] "relative convergence (4)"

% 23 F. HAARA

2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000
2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000
[17] 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.109093
4

MIRBIEERATE , SKIFSRE RIS, S UMD 23 DHSRAR R 2, fEMXZAPRA R L, 8
24 N EBANS B, RN, 55 25 DR RPUEN 4, BAEAR E. BARsEEY 368.1059,

23.4.4.2 constrOptim()

] constroptim() RECKME, BIARMD, TR FEXLRE SOHFEER, /I Az > b 1)
R, 8wl 2 kb xn AR A, o 2A0 & 4200 & b PAETRRILITE LB, Fi4aey

W2 <y, wy < A4 FEACIERFIEA, 20 A
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constrOptim(
theta = rep(3, 25), # i H
f=+"fn, # BRAREXK
method = "Nelder-Mead", # W HARMEM &, N LA Nelder-Mead 7 %
ui = rbind(diag(rep(1, 25)), diag(rep(-1, 25))),
ci = c(rep(2, 25), rep(-4, 25))

#> Spar

#> [1] 2.006142 2.002260 2.003971 2.003967 2.004143 2.004255 2.001178 2.002990
#> [9] 2.003883 2.006029 2.017345 2.009236 2.000949 2.007793 2.025831 2.007896
#> [17] 2.004514 2.004381 2.008771 2.015695 2.005803 2.009127 2.017988 2.257782
#> [25] 3.999846

#>

#> Svalue

#> [1] 378.4208

#>

#> $counts

#> function gradient

#> 12048 NA

#>

#> $convergence

#> [1] 1

#>

#> Smessage

#> NULL

#>

#> Souter.iterations

#> [1] 25

#>

#> S$barrier.value

#> [1] -0.003278963

B FERH convergence = 1 FIRIEMRUEEIBBINIRIR maxit = 500 « ZH KL niminb () HIKNE
SR, AIHIARCA W WERBCA TRIHEIE, WL Nelder-Mead J53&, R INERELE] 1000,

constrOptim(
theta = rep(3, 25), # WH{E
f=fn, # HAFEK
method = "Nelder-Mead",
control = list(maxit = 1000),
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ui = rbind(diag(rep(1, 25)), diag(rep(-1, 25))),
ci = c(rep(2, 25), rep(-4, 25))

#> Spar
#> [1] 2.000081 2.000142 2.001919 2.000584 2.000007 2.000003 2.001097 2.001600

(:::) #> [9] 2.000207 2.000042 2.000250 2.000295 2.000580 2.002165 2.000453 2.000932

#> [17] 2.000456 2.000363 2.000418 2.000474 2.009483 2.001156 2.003173 2.241046
#> [25] 3.990754

#> Svalue

#> [1] 370.8601

#> $counts
#> function gradient

#> 18036 NA

#> $convergence

#> [1] 1

#> Smessage

#> NULL

#> Souter.iterations

#> [1] 19

#> Sbarrier.value

#> [1] -0.003366467

SURAYGE, HARREUEM 378.4208 jgi/al 370.8601, Hif2 B sk, Wi Nelder-Mead J7iA7EX
A N SR RS . R IS R R TR BEGS LRk, X ARSI R H AR AL
AR

#MNn fEHE, M n fFHE
gr <- function(x) {

n <- length(x)

c(2 x (x[1] - 2), rep(0, n - 1))

+8 x c(0, x[-1] - x[-n]"2)

-16 * c(x[-n], 0) * c(x[-1] - x[-n]"2, 0)
}

constrOptim(
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1N
theta = rep(3, 25), # WH{E
A f=fn, ¢ BREK
> grad = gr,
/ method = "BFGS",
\\ control = list(maxit = 1000),
(:::) ui = rbind(diag(rep(l, 25)), diag(rep(-1, 25))),
ci = c(rep(2, 25), rep(-4, 25))

)

#> $par

#> [1] 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000
#> [9] 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000
#> [17] 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.000001
#> [25] 3.000000

#>

#> Svalue

#> [1] 373

#>

#> Scounts

#> function gradient

#> 4002 486

#>

#> Sconvergence

# [1] 0

#>

#> Smessage

#> NULL

#>

#> Souter.iterations

#> [1] 3

#>

#> S$barrier.value

#> [1] -0.003327104

MEERNE, BEIRE LIS, (AAH LT Nelder-Mead 5%, HARREUMEAE KT, W] ILEBAA SRS E .

23.4.4.3 optim()

T R R AY optim () ALY L-BFGS-B SYER MR AL )

optim(
par = rep(3, 25), fn = fn, gr = NULL, method = "L-BFGS-B",
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lower = rep(2, 25), upper = rep(4, 25)
]IL)

IS

#> Spar

/ #> [1] 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000

\\#> [9] 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000

(:::) #> [17] 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.109093

#> [25] 4.000000

#>

#> $value

#> [1] 368.1059

#>

#> $counts

#> function gradient

#> 6 6

#>

#> $convergence

#> [1] ©

#>

#> Smessage

#> [1] "CONVERGENCE: REL_REDUCTION_OF_F <= FACTR*EPSMCH"

KIERHMBEE nminb () WEEREAZ T .

optim(
par = rep(3, 25), fn = fn, gr = gr, method = "L-BFGS-B",
lower = rep(2, 25), upper = rep(4, 25)

#> $par

#> [1] 2 222222222222222222222223
#>

#> Svalue

#> [1] 373

#>

#> $counts

#> function gradient
#> 2 2
#>

#> $convergence

#> [1] ©

#>
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#> Smessage

#> [1] "CONVERGENCE: NORM OF PROJECTED GRADIENT <= PGTOL"

SRINT, MAERR KL optim() HLERHLER RS BRI, SOk H AR s AR R SR B D 1, SRABd 4
T ERERERMAEZET, RIUERITEREL constroptim() Fi{H method = "BFGS" kA —
2.

23.4.4.4 ROI g

TiEd ROT 0, 235l ioKA#4S nloptr.bfgs I nloptr.directl , AHLHTHE AR AR HAL
fif, 5 AT ASRIG S nininb () BRE—EH4ER

op <- OP(
objective = F_objective(fn, n = 25L, G = gr),
bounds = V_bound(ld = 2, ud = 4, nobj = 25L)
)
nlp <- ROI_solve(op, solver = "nloptr.lbfgs", start = rep(3, 25))

# BB HE
nlp$objval

#> [1] 373

# AR

nlp$solution

#> [11 2222222222222222222222223
TR AL IRIA

nlp <- ROI_solve(op, solver = "nloptr.directL")
# BATEAKE
nlpSobjval

#> [1] 368.1061

# I

nlps$solution

#> [1] 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000
#> [9] 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000
#> [17] 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.000000 2.109093
#> [25] 4.000000
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23.4.5 Zuc&kMZkmit
0T
’}%@ﬁ?%&ﬁ%%%%ﬁ%%ﬁ%%ﬁ@,%RR%%@@&wmvwﬁM)%*%,TE%%%%Eﬁ
j%ﬂ(%%i%’ﬁ%ﬁ¢%ﬁﬁ%%%:&ﬂﬂ@ﬁo
\

T
© 0
. 1
min — |H x-+—§a: €T
0
T
-4 2 0 -8
s.t. -3 1 =2 x>
0 0 1 0

fQP <- function(x) {
-sum(c(0, 5, 0) * x) + 0.5 * sum(x * X)
}
Amat <- matrix(c(-4, -3, 0, 2, 1, 0, 0, -2, 1),
ncol = 3, nrow = 3, byrow = FALSE
)
bvec <- c(-8, 2, 0)
# E bR o B
gQP <- function(x) {
-c(0, 5, 0) + x
}
constrOptim(
theta = c(2, -1, -1),
f = fQP, g = gQP,

ui = t(Amat), ci = bvec

#> Spar

#> [1] 0.4761908 1.0476188 2.0952376
#>

#> $value

#> [1] -2.380952

#>

#> $counts

#> function gradient
#> 406 81
#>

#> S$convergence

#> [1] ©
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#> Smessage

#> NULL

#> Souter.iterations

#> [1] 3

#> Sbarrier.value

#> [1] -0.0006243894

e b=, LRI AR AL AR B — MR i o0, ROT G sCipfatl, etk 3k, HERIREZ
MLy, B, T4 HIEA ROT K ROk s R,
Dmat <- diag(rep(1,3))
dvec <- c(0, 5, 0)
op <- OP(
objective = Q_objective(Q = Dmat, L = -dvec),
constraints = L_constraint(L = t(Amat), dir = rep(">=", 3), rhs = bvec),
maximum = FALSE

)
nlp <- ROI_solve(op, solver = "nloptr.slsqgp", start = c(0, 1, 2))

# A

nlp$solution

#> [1] 0.4761905 1.0476190 2.0952381
# H AR AUE

nlpSobjval

#> [1] -2.380952

] L AR5 PR AL constroptim() J&— 2L,

23.4.6 ZoclEgMZ kit

nloptr LML AL AE ) B s TR AL B Octave Al Ipopt . i@id it ROILplugin.nloptr,
ROI W r] LAY nloptr (BRI FIAKME:, % BRARRIL R Rp MU RA (Rafie e 4
Ftitkss), SCRARGIERE (FGLRARENE), R ZH O AR B p I . FRIEM AU
R T LR B L A7 T I A5 R A e 1 B


https://www.octave.org/
https://github.com/coin-or/Ipopt

O M =
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* 23.3: WM ARLE ALK ds

BN S KM AR BpE RE MK
nloptr.lbfgs B 4550 =281 RES  REE
nloptr.slsqp  Jaip JFE&ME HFE  AFE FE
nloptr.auglag A5 M BE  ARE HE
nloptr.directL 4J5 #f NEF  REFE NEE
nloptr.isres 4R BN ATE OLETE O OREE

23.4.6.1 AR

THEXARBIRE Octave FAFHARLIEMALH BISCRY, Octave HEREEL sap O P51 ALK
fftd (successive quadratic programming solver) SKFARLIEMACITR, RO AR 05 21k
S AT

5
. L3, 3 2
min  exp (gxl) — §(LE1 +a5+1)
£F,4t- 100
s.t. Tox3 — Dxgxs =0
¥+ri+1=0

HARREURAREMER, f 5 MR, R ARERIER), A 3 DEFa(ZR. SEFahiT i A r ek £
BRI, S QA T EEAE R

# BB
fn <= function(x) {
exp(prod(x)) - 0.5 * (x[1]"3 + x[2]"3 + 1)72
}
# B R & B R
gr <- function(x) {
c(
exp(prod(x)) * prod(x[-1]) - 3 * (x[1]7"3 + x[2]73 + 1) x x[1]"2,
exp(prod(x)) * prod(x[-2]) - 3 * (x[1]"3 + x[2]"3 + 1) x x[2]"2,
exp(prod(x)) * prod(x[-3]),
exp(prod(x)) * prod(x[-4]),
exp(prod(x)) * prod(x[-5])

}
# ERXAR

heq <- function(x) {


https://octave.org/doc/v8.2.0/Nonlinear-Programming.html

23.4 A KK

c(
sum(x”2) - 10,

x[2] * x[3] - 5 * x[4] * x[5],

x[1]A3 + x[2]*3 + 1

}
# R AR T AR T

heq.jac <- function(x) {

matrix(c(2 * x[1], 2 * x[2], 2 % x[3], 2 * x[4], 2 % x[5],

O) X[3:|a X[2:|, -5 x X[5]7 -5 x X[4:|)
3 % x[1]42, 3 % x[2]72, 0, 0, 0),

ncol = 5, byrow = TRUE

15 OP () PRACHLE L H AR EAL B2 BT -

# & X H AR
op <- OP(

#5 MREKTE

objective = F_objective(F

constraints = F_constraint(

F = list(heq = heq),
dir = Il::|l’
rhs = 0,

# 9 3 4 R B HE T bR [

fn, n = 5L, G = gr),

J = list(heqg.jac = heq.jac)

)

bounds = V_bound(ld = -Inf, ud = Inf, nobj = 5L),

maximum = FALSE # 3R/

op

#> ROI Optimization Problem:

#>

#> Minimize a nonlinear objective function of length 5 with

#> - 5 continuous objective variables,

#>
#> subject to

#> - 1 constraint of type nonlinear.

#> - 5 lower and O upper non-standard variable bounds.

359
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P SQP (P4 — ik Afifl) SKAgS nloptr.sisap .

nlp <- ROI_solve(op,
solver = "nloptr.slsqgp",

start = c¢(-1.8, 1.7, 1.9, -0.8, -0.8)

E

n1p$solut1on
#> [1] -1.7171435 1.5957096 1.8272458 -0.7636431 -0.7636431

# BATEHKE
nlpS$objval

#> [1] 0.05394985

THELERAFN Octave fYRBI—EL.

23.4.6.2 ZpIEZMEZk

o AR LH
o ELRMAFRLN, AERAREEGES
o AHALH

HALA ) R JE T Ipopt ‘B M BYFS BN SRS, Z9mact A s . SRBEMIBILGRIE N 0 = (1,5,5,1), &il
itk =, = (1.00000000, 4.74299963, 3.82114998, 1.37940829) . ik @iy B4R P20 T -

min  xyx4(x1 + T2 + x3) + 23
x

45+ xi+ai=40
s.t. T1X2X3T4 > 25

1 S T1,T2,T3,Ty S )

N ROI i nloptr f3RfE, BERRZEMB T2, nloptr AR LHR H SRS AR E
%5
# 4 BHERER
fn <- function(x) {
x[1] * x[4] * (x[1] + x[2] + x[3]) + x[3]
}
# B AT SR
gr <- function(x) {
c(
x[4] = (2 = x[1] + x[2] + x[3]), x[1] * x[4],
x[1] * x[4] + 1, x[1] = (x[1] + x[2] + x[3])


https://coin-or.github.io/Ipopt/INTERFACES.html

23.4 A LMK

}
# FRYR
heq <- function(x) {
sum(x”"2)
}
# AR BT I
heq.jac <- function(x) {
2 x c(x[1], x[2], x[3], x[4])
}
# RNERNEK
hin <- function(x) {
prod(x)
}
# N E R AR
hin.jac <- function(x) {
c(prod(x[-1]), prod(x[-2]), prod(x[-3]), prod(x[-4]))
}
# € XCH AR AL
op <- 0OP(
objective = F_objective(F = fn, n = 4L, G = gr), # 4 NprET &
constraints = F_constraint(
F = list(heq = heq, hin = hin),
dir = c("==", ">="),
rhs = c(40, 25),
# G A R AT
J = list(heqg.jac = heq.jac, hin.jac = hin.jac)
)
bounds = V_bound(ld = 1, ud = 5, nobj

4L),
maximum = FALSE # K& /)
)

VERR S, et A AR R BRI AR (B AN S D (E

# BB BMHE
fn(c(l, 5, 5, 1))

#> [1] 16

# EARE BRI

fn(c(1.00000000, 4.74299963, 3.82114998, 1.37940829))

#> [1] 17.01402

361
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SR AR A 2R 1 2 o )

’fi!:': o SR nloptr.mma / nloptr.cobyla SUCRFARMEAZERLAN, A SRS LAH .
/
\

o PREL nlminb () HZFFEFLZH.
Ht, P45 nloptr.auglag. nloptr.slsqp Fl nloptr.isres JsRME R4k a0,

nlp <- ROI_solve(op, solver = "nloptr.auglag", start = c(1, 5, 5, 1))
nlp$solution

#> [1] 1.000000 4.743174 3.820922 1.379440
nlpS$objval
#> [1] 17.01402

nlp <- ROI_solve(op, solver = "nloptr.slsqgp", start = c(1, 5, 5, 1))
nlps$solution

#> [1] 1.000000 4.742996 3.821155 1.379408
nlpSobjval
#> [1] 17.01402

nlp <- ROI_solve(op, solver = "nloptr.isres", start = c(1, 5, 5, 1))

nlp$solution

#> [1] 1.141262 4.816353 3.734162 1.248136
nlpSobjval

#> [1] 17.53962

ATDAF i, nloptr HRUEYOLALAE S P ATE R Tpopt RAREE, MBAERMIONE SR, H2
nloptr.slsqp Kf#eE, XZ Octave [FEFE.

23.5 Egii1e

BT A RS, RIRITER, OC5 B TJLRH LA E -

L H bR MR A e, A BUEAR B R B R AL .

2. HARBREMAR NG, AARBUES 0 50 1 19 0-1 BALfL.

3. AR AR LN, W AS R A BALR IR & B Al .
4. HARREONN IR RN, A R R R A R R
5. HARRRECRI AR AR AR, W00 A2 R B R A B BRI .


https://github.com/coin-or/Ipopt
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23.5.1 4Bk
Vd :

r>
min — 2z — x5 — 4x3 — 3x4 — T5
/ x
\ 209 + x3 + 4wy + 225 < b4
@ 3r1 +4xy + 513 — 14 — 5 < 62

s.t. 21,25 € [0,100] x5 € [3,100)
24 €[0,100] x5 € [2,100]
2 €L, i=1,2,- 5.

RAEAT glpk ib ] DUKAE— SR R

op <- OP(
objective = L_objective(c(-2, -1, -4, -3, -1)),
types = rep("I", 5),
constraints = L_constraint(
L = matrix(c(
0, 2, 1, 4, 2,
3, 4, 5, -1, -1
), ncol = 5, byrow = TRUE),

dj'r- = C(ll(ll, ||<|l)’

rhs c(54, 62)
)
# U4 R
bounds = V_bound(
1i = 1:5, ui = 1:5,
b = c(0, 0, 3, 0, 2), ub = rep(100, 5), nobj =5
)
maximum = FALSE

)
op

#> ROI Optimization Problem:

#>

#> Minimize a linear objective function of length 5 with
#> - 5 integer objective variables,

#>

#> subject to

#> - 2 constraints of type linear.

#> - 2 lower and 5 upper non-standard variable bounds.

# K
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res <- ROI_solve(op, solver = "glpk")

LTy mthe

77> res$solution

/4> [1]1 15 0 611 2
A\

©

# H AR & E

res$objval

#> [1] -89

LA, SRACARAE (15,0,6,11,2) ARHRET, HARREE N -89 .

HE: At (19,0,4,10,5) , HAFBEEEE A -89 , (HR2 glpk KRAABEL

23.5.2  0-1 EH kit

HARBRECZENER, RS RMBER 402 0 2402 1. $RIRMEE T2 0-1 BAULL i, A n
MATFERGEN n BALSS , A AGER TS , IR i — A NSER, B AR TE iias AT 55
prisdes (W), 28/) AR 2ORBH—DIr%E, ARG Z @y ——X IR AR, RS R

.

B @ DASEIER § LSRN diy  BEHESS ¢ DASERCE j WULSI, 8k 2 =1, B0,
EH 2y =0, FEIRFEEEAR T

2.0 diwi

i=1 j=1
Shamy=1, j=1,2,...,n

s.t. Sy =1, i=12...,n
zi; =0 3 1

$KIRNAIAE pSolve £ (Berkelaar % 2023) fif TARAFHOESE:, HBHRAEIEIARE, BIWTH R R Atk
I

# LREE D
D <- matrix(c(

2, 7, 7, 2,

7, 7, 3, 2,

7, 2, 8, 10,

1, 9, 8, 2
), nrow = 4, ncol = 4, byrow = F)
# fu# 1pSolve 4
library(1lpSolve)
# YA A 3 UK JE] R K A 2R
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sol <- T1lp.assign(D)
# AR
solSsolution

#> [,11 [,2] [,3]1 [,4]
#> [1,] 0 0 1

O M =

0
#> [2,] 0
#> [3,] 0

1

0 1 0

1 0 0
#> [4,] 0 0 0
solSobjval

#> [1] 8

365

A DA AL R B D IR IR T RIS 1| ARG 4 WUES, 5 2 DA 3 WiUTES, 4 3 PATEM

82 WLSS, 4 DASERCE 1 WL, EAES N 8.

23.5.3 IREBBEEMIE

HARRBOERIER, — 7 DR A R A

max 3x; + Txy — 1223

5xq1 + Txo + 223 < 61

3r1 4+ 229 — 93 < 35

T, + 3r9 + 23 < 31

x1,L9 >0, mo,x3€Z, x3€[—10,10]

s.t.

MR
_ T
3
max 7 x
_712
5 7 2 61
s.t. 3 2 —9lxx< |35
1 3 1 31

1 AERIESH, 5 2. 3 VERZIH, 5 3 AVERIT . ERABIE 10 A1 10,
op <- OP(

objective = L_objective(c(3, 7, -12)),

types = C("C"’ "IH’ ||Il|)’

constraints = L_constraint(
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L = matrix(c(

3, 2, -9,
1, 3, 1
), ncol = 3, byrow = TRUE),
dir = c("<=", "g="_ =1y
rhs = c(61, 35, 31)
)
# AN 4R
bounds = V_bound/(
1i =3, ui = 3,
b = -10, ub = 10, nobj = 3
)
maximum = TRUE
)
op

#> ROI Optimization Problem:

#>

#> Maximize a linear objective function of length 3 with
#> - 1 continuous objective variable,

#> - 2 integer objective variables,

#>

#> subject to

#> - 3 constraints of type linear.

#> - 1 lower and 1 upper non-standard variable bound.

# KA

res <- ROI_solve(op, solver = "glpk")

# A

res$solution

#> [1] 0.3333333 8.0000000 -2.0000000

res$Sobjval

#> [1] 81

23.5.4 REBEB XLt

HARR S IR, — il AR AL R A

% 23 F. HAARA



23.5 Ak 367

rr%cin x% + x% — 21T + 311 — 214

—X1 — Xy <= —2
T — Ty <=2

To <= 3.

T €EZ

TE RACARI BRI, X AR s A 2ok, AR IR A BBk i4k (Mixed Integer Quadratic Pro-
gramming, fijF MIQP).

# D

Dmat <- matrix(c(2, -1, -1, 2), nrow = 2, byrow = TRUE)
# d

dvec <- c(3, -2)

# A

Amat <- matrix(c(

-1, -1,
1, -1,
0, 1

), ncol = 2, byrow = TRUE)

# b

bvec <- c(-2, 2, 3)

# EAR L

op <- OP(
objective = Q_objective(Q = Dmat, L = dvec),
constraints = L_constraint(Amat, rep("<=", 3), bvec),
types = c("I", "C"),
maximum = FALSE # 3K /)

)

# & &R T 1R R A R A 2

ROI_applicable_solvers(op)

#> NULL

H AT, ROL IR ST GEAL BE MIQP (7. ECOSolveR ] DUKAEN —BrifEtife, &
TSR] AR, R, ST RIS AL P, %4 ECOSolveR 2 fit ecos 5K
fds, won. VA ecos SKRFEKAE.
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N\

©

508 %23 F. MM
my
T3+ 13 — 2119 + 37y — 2wy <t
—T] — Ty <= —2
s.t. T — Tog <=2
Ty <= 3.
T €EZ

FIABIAER ¢, R E R e, SRR — A L,

min ¢
(t,x)
x'Dx+2d'x <t
s.t. Ax <b
xleZ
/\EF]7
2 1 3 1 L 2
D= T, d= . A=11 —1|, b=]2
—1 2 _
0 1 3

i, R DL SOCP, JEaanh

min t*
(t*,x)

||D1/22B +D_1/2d||2 S t*
s.t. Az < b
1 € Z

(MY URN

PR UL B bR e e R IESE T, T E2 ek, SRS Bonmin AT DASRAG A .

var x1 integer;

var x2;

minimize z: x172 + x222 - x1 * x2 + 3 * x1 - 2 * Xx2;
subject to A_limit: -x1 - x2 <= -2;

subject to B_limit: x1 - x2 <= 2;

subject to C_limit: x2 <= 3;

library(rAMPL)
# TE AMPL %3 B

env <- new(Environment, "/opt/AMPL/ampl.macos64")
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ampl <- new(AMPL, env)

# R A R R R
amplsSread("code/MIQP.mod")

# K 'E MIQP KA Z Bonmin
ampl$setOption("solver", "bonmin")
# KA A A

amplS$solve()

# A

ampl$getData("x1")
ampl$getData("x2")

# Hit® A

ampl$getData("z")

RAICAAE (0,2) Ab3RAT, HRILEH 0.

23.5.5 REBBAELMEIRE

7 RIGEHRKWE T CEPREAER R AT DR B &, FFkt X Bonmin Wi H % K fi#
R BEARL N MINLP (Mixed Integer Non-Linear Programming) [F#, $e# ka4 AMPL
5T Bonmin B, HEAE R IEZH 0 rAMPL. AMPL X HAT DA G 3 80 4T 40 1 FF 5K s .

o MK RS HiGHS,

o IREHFLMMALKAES che.

o REELEARLML K MERS Bonmin Al Couenne,
o AELMEMALKA#ER Ipopt.

2 AMPL HRIREAE R, H2% rAMPL 4, B0 Repp 0, FTARE—IF2%.

install.packages("Rcpp", type = "source")

# M AMPL B W &% rAMPL 4,

install.packages("https://ampl.com/d1l/API/rAMPL.tar.gz", repos = NULL,
INSTALL_opts = c("--no-multiarch", "--no-staged-install")

)

SRR R A R AR A A 1

min  1.5(z; — sin(z; — x2))? + 0.523 + x% — T1To — 271 + ToT3
xr

¢ T1,20 €ER x23€Z
s.t.
x1,T2 € [—20,20] z3 € [—10,10].

AMPL SRR :


https://github.com/coin-or/Bonmin/
https://github.com/ampl/rAMPL
https://ampl.com/ce/
https://github.com/ERGO-Code/HiGHS
https://github.com/coin-or/Cbc
https://github.com/coin-or/Bonmin
https://github.com/coin-or/Couenne
https://github.com/coin-or/Ipopt

\\\/\ 370 %23 % B
var X1;
]IL var X2;
77> var x3 integer;
s minimize z: 1.5 % (X1 - sin(X1 - X2))"2 + 0.5 * X2/2 + X372 - X1 * X2 - 2 * X1 + X2 % X3;
:x*EEL\subject to A_limit: -20 <= X1 <= 20;
@ subject to B_limit: -20 <= X2 <= 20;
subject to C_limit: -10 <= X3 <= 10;

BT ARAE R SCE code/MINLP.mod , FEIMNZE rAMPL 41, K f#Ees Bonmin SKAFZ AL &

library(rAMPL)

# TE AMPL %% B2

env <- new(Environment, "/opt/AMPL/ampl.macos64")
ampl <- new(AMPL, env)

# 40 HOR A AR R MR A SO
ampls$read("code/MINLP.mod")

# W EH MINLP K £ Bonmin
ampl$setOption("solver", "bonmin")
# KA R A

ampls$solve()

¢ B

amplSgetData("X1")
amplsgetData("X2")
ampl$getData("X3")

# BATE KA

amplé$getData("z")

QR AEH Bonmin KRR, LGB B URAE (2.892556,1.702552, —1) Ab3ikAS, AHL.HY H br k%L
-k —4.176012 . WNSRAEH K #ES Couenne , BRI AFREIHE MR G 3 BERL AL AL )8 2 R i A f
Couenne T Bonmin sRfRSE,

# 8 F couenne KAR#E
ampls$setOption("solver", "couenne™)
# SR JE] R

ampl$solve()

RIAE ©1 = 4.999633, 22 = 9.734148, 25 = —5 AT, M fU(E —10.96182 . "NIHRFPIA - LA
ABABReREL, Boik— N (e,

fun <- function(x) {
1.5 x (x[1] - sin(x[1] - x[2]))7"2 + 0.5 % x[2]"2 +
x[3]122 - x[1] * x[2] - 2 * x[1] + x[2] * x[3]
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# R B A AR
fun(x = c(2.892556, 1.702552, -1))

#> [1] -4.176012

# 2R
fun(x = c(4.999633, 9.734148, -5))

#> [1] -10.96182

23.6 R4k

s H

X RER I FERLACAL I, # AT AZIA ROT WHEZE Y o XD IR e, Har, & BT
FEX AR =T K s«

o NPT ERAVE RN, scs fRNREK AR, ECOSolveR fIAILA, "Bk Al DASKAR AT H44L,
S B HEDG AR ) ) VR A R AR AR

o WTRPERM, N 0-1 AL P FRIR AL, AHHET ROT R R—GE T )72\, IpSolve
4 AR TR TR R RO )8, 25 Y quadprog (1B, #h e W] nloptr
MRS, A RO A HiEER 2.

o XTI PR AR R AR AR SRR MO T, 5B r AMPL 443 B IR
K fEES Bonmin fil Couenne RA#.

o WTRARMARLMEIAL G, FHAAEN . SRR, KBRS RN, FET| AR LA
W, AR GA BB AER MR, BOR AT LAB BRIk

o X NRARIEEL, AT DKARAS ST, T T AR LA R, TR KRR R R, B A
PABRE AR, BEAGHIE, HZE K.

AR — A~ A B AN SR PR S5, L PR GETERURILAS 7 > ST A — LAk 1)
M. R IEF RS (Schwendinger Fl Borchers 2023) wt, W RAH FIFCAE TP .
FEHT R SR THRR EE B . MR H AR R B LA SRR DL, AT AN B4 1 R
g, MERPEAIAEL I, LR, B ERIEEILOL L, O ARIAR LIS . A R A BIE
TEER 2, BRI B nl DAMRYE B S5 LA B R Ge b7~ o ARFESTH 12 35 IR (A ) 2R 4120
(1, T2 R E R RUETA, BRIt 2, ik, B BRI YL T

AL RLE— A B EERDIAMER SIS, MR ARG R Z, AT Python #X
i) Pyomo (Hart, Watson, fll Woodruff 2011), Julia X JuMP (Dunning, Huchette, 1 Lubin 2017).,
HABEH A TR Lingo, Mosck, Gurobi 4, 1if AMPL —MKPEF4r, 4 20 AR R AR
st —Eg —WESIET, HIEH R, Python SF4mARiESHM.

FHHT Python A1 Julia 41X, R IEFHXIEREGHEM BB, BAERKWEKZSE, ROI
FLI) B R ) R A A B s IR S — 2 . AR R R A R e 2 R, BRI R Ak
N, AR AR 2R A 1, 5k 2/ 1pSolve., Rglpk A1 highs (Schwendinger £1 Schumacher
2023) 4, HHIFRIELMEMA T . XSRS, XN, R A A RS R A S


https://github.com/coin-or/Bonmin
https://github.com/coin-or/Couenne
https://github.com/Pyomo/pyomo
https://github.com/jump-dev/JuMP.jl
https://www.lindo.com/
https://www.mosek.com/
https://www.gurobi.com/
https://ampl.com/
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Eﬁ%%% RO, W AT E. AR B REeA g, HR R TR TN
I

[ WEAE ARG, Joigs Python, £ Julia, H£ETIREN C++ F, #ALREMATE, &
\%W@ T RFSE B UL GE T B A I S BTV R 2 B R R 2, A e i) A
A RESE I TR B R EA AL

23.7 2]

L. SRABEAEACACRIE LA R AR L, M FHTEE . w] SRR 18] SRR 5] S 2 L i
IpSolve. Rglpk Al highs % R fi,

2. SEARAELAE AL MY R (AR, Hol A2t Repp w4761, W C4+ Fe, HA Rep-
pEnsmallen, RcppNumerical 5540, i8F 1) C++ FEFRALL S0, WTPATE C++ s H
A, e optim . it R A1 C++ IRAEE, — WG] A MERPKFFELX, Rk iEE
AL B R FUBCAT R . AR R R EISE AL AUBTFIMERE S T LU 5 DM ILEATHY C++
JE.

3. BN R, MR D RIR R, RO R AR R TR B R A
PRERECP YRR D (EHATHIAET 0, HEHKMAZ. A ROI WA A& LK ffas K
L2 A

4. SRIBATE 2 dEdRL TR AH AL 1)

min 100(zy — 27)* + (1 — 21)?

5. SRMEAIT n QEARAAERTR 2R AL 1.

min exp ( i % — 2exp(— i z7) ﬁ cos?(z;)
=1 =1

i=1

Hir, g.=15,m =3, x; € [-20,20],5 = 1,2,...,n . TiZHEDINEE n =2 F n = 4 W
Do (EJRRMAE 2, =0,i=1,2,...,n LIS, &IMUEH —1 )

6. SRAFATR AR LY AL L

min  exp(sin(50x1)) + sin(60 exp(z2)) + sin(70sin(z1))

2 2\sin(z2)
+ sin(sin(80z3)) — sin(10(xy + x5)) + %
ot { 21 — ((cos(w2))™ — 1) <0

—50 S T1,T2 S 50


https://github.com/coatless-rpkg/rcppensmallen
https://github.com/coatless-rpkg/rcppensmallen
https://github.com/yixuan/RcppNumerical
https://github.com/kthohr/optim
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HARBRECR A RS, HREIEBRNE 23.10 PR, (87R: ARBEIMRA K — BTk K.
> Lingo % th— MRl L (—46.14402, —0.8879601) , HARKA{HN —2.645518 , {UfftZ%.)
>

0.0 o3 ' X1

P 23.10: H Fr ek £ il i &

7. SRR AR R AL I A

min 27 sin(xs) + 23 cos(z1)
€T

1<3x1 —a2 <3
T+ X2 > 2

s.t. T1Ty = 2

sin(z1) cos(z2) < 0.6
x1, T2 € (=100, 100).
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library(ROI)
library(ROI.plugin.glpk)
library(ROI.plugin.nloptr)
library(ROI.plugin.scs)
library(ROI.plugin.quadprog)
library(lattice)

# B R OUREAR

custom_palette <- function(irr, ref, height, saturation = 0.9) {

hsv (
h = height, s = 1 - saturation * (1 - (1 - ref)”0.5),
v = drr
)
}

24.1 JdrrgmlE

RATT F & The Traveling Salesman Problem J&—NREA AL ML H &, TSP 41 (Hahsler I
Hornik 2007) 23R i 1) @) e fE TR AL . —fckh, IRATRT MIREQR & 3o B0 n AT Z [ EE B,
PARERE D FIRSAIRITZ IR, HITER di; Rk « B30T j Z IR, HXHHIeE di =0,
Hd,j=1,2- n . —PIRITEEAT {1,2,...,n} BIRERHES) 7 2R, n(i) FoRIEIRE T4+
PRAEIRTT @ Z JE kT o RATRY ) LR e — RS 7 A RA TR

Z dix(i)
=1

FAWATAGES], HRAEE K. ST F BB, o — MR IR .

374
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n n
min E E dijl‘ij

i=1 j=1

st. Y wy=1,j=12,...,n,
1=1

O M =

n
E I‘ijzl, 12172,...,’[’1,,
=1

Il’jZOOI'l

HNFEEEE 10 MRS T, 2 52 WAF ==K Atlanta, 2 fii&f Chicago., F}f Denver | ki1 Houston
AL Los Angeles. %% Miami, #1#) New York. [H4:1l] San Francisco. PHffE[& Seattle. FEEiH
F§IX Washington DC, 10 PNKHTR A AE 24.1 FiR. MIEHALI &, fJamBREAZIL, anfr i)k
TTER B AT Y AR B AT A7

45°N

40°N

et
Francisco (Washington D(

X
# 35°N -
N\
Los Amgeles
Atlanta
30°N
Houston
25°N - i -
120°W 110°W 100°W 90°W 80°W

2Z

P 24.1: 10 AT 211

fAy BRI, 3X 10 MK Z AT B DA BRI B AU, R W ERIBEAR UScitiesD EAILR X 10 4
PR Z A HZRBE S . UScitiesD j2—> dist AU, FIDATBREL as.matrix () K5 HEFLAL AR
FAL,

data(UScitiesD)

D <- as.matrix(UScitiesD)

library(TSP)

D_tsp <- as.TSP(D)

# RIS AL
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376 % 24 F. A
tour_sol <- solve_TSP(x = D_tsp, method = "nearest_insertion", start = 5)
tour_sol

#> object of class 'TOUR'
#> result of method 'nearest_insertion' for 10 cities

#> tour length: 7373

WZ 10 MR ERFRAEN 7373 o PIRBE KR BENILRNE, BUORMBMEE R TRES A FrAlH
FBGE T2, WREER, R tr k.

#OIRAT A AR
tour_length(tour_sol)

#> [1] 7373

¢RI B &

as.integer (tour_sol)
#> [11 5 8 9 3 2 710 1 6 4

labels(D_tsp) [as.integer (tour_sol)]

#> [1] "LosAngeles" "SanFrancisco" '"Seattle" "Denver"
#> [5] "Chicago" "NewYork" "Washington.DC" "Atlanta"
#> [9] "Miami" "Houston"

SRIGERA L IIRAT TS, WA 24.2 P, KUGEL BT : 2L, IH4 . PORER. PR, Zm
Ff L A2y, X, AR, R, RO

24.2 Fvrdlaigel

VER— A PRERECREE , A B R KT KU/, 4R 2 BB IR 2R T, e AU A/ M 2L
Bo — A B E R AR B S AL A AR AN T

min  w ' Sw
w

st. Aw' <b

Mo, w A R, ARV G L, S R TR R Oy 2R, ik
PEPREPAEY, — AR EZAN 1, — R A Rk B U E. TEEET 12 R
KAV AT B 48 B A AL A

HEA quantmod LK. Ak, W hEh. H. HESC. SRR WUAR. eBay. AT&T.
Apple. Adobe I IBM 4§ 12 BRI DT BB . A4 2022-11-01 2 2022-12-01 39381y [R5 4
o, WA SRR R R . YR AR T DAE P — AR R, Wi R Jsh 2 ql, RIRENLAS R
Jrd, AIAETERE
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24.2 LKA FE

45°N

40°N -

Francisco

b

#P 35°N 4
Y

30°N ~

25°N

T T T
120°W 110°W 100°W 90°W
2E

Bl 24.2: 10 ST 2 P

# 12 SCBFE H s X

tech_stock_return <- readRDS(file = "data/tech_stock_return.rds'")

DD

<- 100 * tech_stock_return

# Il F

r <- mean(DD)

r

#>

[1] 0.3476413

R
foo <- Q_objective(Q = cov(DD), L = rep(0®, ncol(DD)))
# R A K

full_invest <- L_constraint(rep(l, ncol(DD)), "==", 1)
# B4R
target_return <- L_constraint(apply(DD, 2, mean), "==", r)

# B AR AL

op
op
#>
#>

<- OP(objective = foo, constraints = rbind(full_invest, target_return))

ROI Optimization Problem:

Minimize a quadratic objective function of length 12 with

- 12 continuous objective variables,

T
80°W

377
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#> subject to
#> - 2 constraints of type linear.

#> - 0 lower and 0 upper non-standard variable bounds.

\ﬂ‘?%%% nloptr.slsqp 75 ZAPIMEM G LRMBREE, MKEEY quadprog ATRELWIE. F1HE i H

quadprog ARFLA AL .

library(ROI.plugin.quadprog)

sol <- ROI_solve(op, solver = "quadprog")
# R RTAE

w <- sols$solution

# RE 4 LK

round(w, 4)

#> [1] 0.0000 0.0000 0.0000 0.0000 0.3358 0.0000 0.0000 0.0000 0.3740 0.0000
#> [11] 0.0000 0.2902

# BEFREHE: BEAR

sqrt(t(w) %*% cov(DD) %*% w)

#> [,1]
#> [1,] 0.9860861

SRIGHDRA BT AR 3. ATET M IBM, #5E Bl 52 33.58% . 37.40% #1 29.02% . PAL
12 SRR TR AT, e R B AR R R M, It mAIEk 3 32

545 7 T 1 3 1 DRSS A/ N 2L DA TP AT R PR o — A T 7 U AR A E T 3R A5 T
[ i KA o BISRAFATR LA AL ) -

w

max w'fL
st. Aw<b
>

w Xw <o

Horp, HARRECT o Tl 0T IR AR BT R, AREMET o FoRBERETAEZ
BB XU, HAM AT S0 & EHT. FEA NS AR o F, SREUREKRI AL A . et 2t DA iR
B Q_constraint() RF/R, XL —IRARTVBESGHE—E, Er:

# Nl BE
sigma <- sqrt(t(w) %x% cov(DD) %x% w)

sigma

#> [,1]
#> [1,] 0.9860861
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# 12 fravse o MM
zero_mat <- diag(x = rep(0, ncol(DD)))
# A B A
foo <- Q_objective(Q = zero_mat, L = colMeans(DD))
#ORMR KA K
maxret_constr <- Q_constraint(

Q list(cov(DD), NULL),

L rbind(

rep(0, ncol(DD)),

rep(l, ncol(DD))
)
dir = c("<=", "=="), rhs = c(1/2 * sigma’2, 1)
)
# E AR AL
op <- OP(objective = foo, constraints = maxret_constr, maximum = TRUE)

op

#> ROI Optimization Problem:

#>

#> Maximize a quadratic objective function of length 12 with
#> - 12 continuous objective variables,

#>

#> subject to

#> - 2 constraints of type quadratic.

#> - 0 lower and 0 upper non-standard variable bounds.
BRI ROI_applicable_solvers () H ALK ISR, 25 W] SRR AR Pr R SR A
ROI_applicable_solvers(op)

#> [1] "nloptr.cobyla" "nloptr.mma" "nloptr.auglag" "nloptr.isres"
#> [5] "nloptr.slsgp"

quadprog KA AN RER ML, 22B0RMEE nloptr.slsap , 12 ZREFREEFRE, WA, HREMY]
TREABEE R 5 -
# SRR AL e AR

nlp <- ROI_solve(op, solver = "nloptr.slsqp", start = rep(1/12, 12))
# WA A

w <- nlpS$solution

# R 4 LK

round(w, 4)

#> [1] 0.0000 0.0000 0.0000 0.0000 0.3358 0.0000 0.0000 0.0000 0.3740 0.0000



\\4380

#> [11] 0.0000 0.2902

T s BRI

w %*% colMeans(DD)

/
\#> [,1]

(::> #> [1,] 0.3476413

g R, RRAGRFE . AT&T fl IBM, #EEHEI4-E 33.58% .

% 24

==

=,

A7) A

37.40% #11 29.02% .

AR, 2 4 P LR A, ELAI 0 e e M 4 R 45 22458, 7 DA 4K F_constraing )
SFFT, KEIMAN, AFEEES () SR r s E . B8 F_constraint() %

IR ANT , SRIBEERZ R

#x E—ANRTINEGI HE

# FALK

# MEZIMA 1 AR

heq <- function(x) {
sum(x)

}

# A YRR T L

heq.jac <- function(x) {
rep(1, length(x))

}

# FERAK

# W R 4R

hin <- function(x){
1/2 * t(x) %*% cov(DD) %x*% x

}

# S R A R A T I

hin.jac <- function(x){

cov(DD) %*% x

}
# H AR AL
op <- OP(

objective = L_objective(L = colMeans(DD)), # 12 NEMTE

constraints = F_constraint(
# FAMAFRXY K
F = list(heq = heq, hin = hin),
dir = c("==", "<="),
rhs = c(1, 1/2 * sigma”2),
# FRAER LR

J = list(heq.jac = heq.jac, hin.jac

= hin.jac)
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)

# BT EHRETE

bounds = V_bound(ld = 0, ud = 1, nobj = 12L),
maximum = TRUE # % A [H R}

#> ROI Optimization Problem:

#> Maximize a linear objective function of length 12 with
#> - 12 continuous objective variables,

#>

#> subject to

#> - 2 constraints of type nonlinear.

#> - 0 lower and 12 upper non-standard variable bounds.

# SRR P R

nlp <- ROI_solve(op, solver = "nloptr.slsqp", start = rep(1/12, 12))
# AR

w <- nlpS$solution

round(w, 4)

#> [1] 0.0000 0.0000 0.0000 0.0000 0.3358 0.0000 0.0000 0.0000 0.3740 0.0000
#> [11] 0.0000 0.2902

# R A TR

w %*% colMeans(DD)

#> [)l]
#> [1,] 0.3476413

24.3 =AM

e AR A Z A

y(z) = DB + S(x)

381

Her, B R—A px 148k, FEPLERE S(x) BIENE, hrZh Ve BT Ramlind R, thir 20

W Vo BIJLERUNT :

Cov{S(w:), S(z;)} = o exp(—|lzi — =] /¢)
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ﬁ¢ 0 = (0% ¢) Fm Gy LEEMEM LN SE, IR S@) H—A LT RM L TTIESS
_\%ﬁ? MVN(0,Ve) , W y(z) RN ZICIERS MVN(DB, Ve) . 5 8 egr”xﬂm_;mmm
775 B0) = (DTVy'D) D TV ty | ETBEL 0 RYTITE XA AR R T :

jﬂﬂ 1 1
\ kgﬁw):—gbg%w—§mgmm%)—§ng%I—DuTW;U»*DT%*m

THFEE—kRE MASS fESEHR topo. topo FHERWIKH John C. Davis (1973 4F) FrEH)
45 (Statistics and Data Analysis in Geology). 53, J. J. Warnes 1 B. D. Ripley (1987 4F) PAiZ%X
P R4 2 1) S AR P Ty 22 R B RUA AT AR R (Warnes I Ripley 1987), F45 5
VERNEREE topo HE MASS B . Paulo J. Ribeiro Jr fil Peter J. Diggle (2001 4F) ¥R aET
N E E X geodata FifERAL, JAE geoR W H, HAEMMEER T (Model-based Geostatistics)
PRI, topo B [AIMIEEIRLE, WSH 52 11 3 4, FiE s g 310 I KL N iR
Bl x ABFREgE AL 50 SR, y AAARIEAZIE] x ARAR, AR z AR

library (MASS)
data(topo)
str(topo)

#> 'data.frame': 52 obs. of 3 variables:

#> $ x: num 0.3 1.4 2.4 3.6 5.7 1.6 2.9 3.4 3.4 4.8 ...
#> $ y: num 6.1 6.2 6.1 6.2 6.2 5.2 5.1 5.3 5.7 5.6 ...
#> $ z: int 870 793 755 690 800 800 730 728 710 780 ...

T topo flidE, D =1 22— 52x 1 FmaE, B = 8 =& MR, &ESHHIE (0, ¢) = (65,2)
- AT 5 Ripley Mg SC R RS, TP TN EUA R £, R 1ES S BlR ek in
T

log_lik <= function(x) {

n <- nrow(topo)

D <- t(t(rep(1, n)))

Sigma <- x[1]"2 * exp(-as.matrix(dist(topo[, c("x", "y")1)) / x[2])

inv_Sigma <- solve(Sigma)

P <- diag(l, n) - D %*% solve(t(D) %x% solve(Sigma, D), t(D)) %*% inv_Sigma

as.vector(-1 / 2 x log(det(Sigma)) - 1 / 2 x t(topo[, "z"]) %*% inv_Sigma %x% P %*x% topo[, "z"])
}
log_Tlik(x = c(65, 2))

#> [1] -207.1364

KTSE IR AR, WORTTRRE T, NHEEM R BN ER nininb (Ufbds. L3, XARIER
PIGME, WCSHEBIARIACE, B AR EE AR ik
op <- 0OP(

objective = F_objective(log_1lik, n = 2L),
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bounds = V_bound(lb = c(55, 5), ub = c(75, 8)),
maximum = TRUE

)
nlp <- ROI_solve(op, solver = "nlminb", start = c(65, 2))
nlp$solution

#> [1]1 65 5

nlp$objval

#> [1] -197.4197

MR E SRR M, W SR i, HEanwIfE (65,7) , (70,7.5) .

nlp <- ROI_solve(op, solver = "nlminb", start = c(65, 7))
nlp$solution

#> [1] 65 7
nlpsobjval
#> [1] -196.9407

nlp <- ROI_solve(op, solver = "nlminb", start = c(70, 7.5))

nlps$solution
#> [1] 70.0 7.5
nlpSobjval

#> [1] -196.8441

ZIHEK A nloptr WHERILAKRMED nloptr.directl , KA/IVNYYTEIBEIE 2 T

BT o

nlp <- ROI_solve(op, solver = "nloptr.directL")
nlps$solution

#> [1] 63.931212 6.120712

nlp$objval

#> [1] -196.8158

H AR kg1l THEAMS SRR RIURBEEE, SRS 2 IR R B & 5

dat <- expand.grid(
sigma = seq(from = 55, to = 75, length.out = 41),
phi = seq(from = 5, to = 8, length.out = 31)

)

dat$fn <- apply(dat, 1, log_1lik)

383

SR

B
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UABREK TSR (0, ¢) =HEM T ILE 24.3 .

=
©

log - lik (o, ¢)
. .

5.0 55 (0

F 24.3: XPEARIAR pR ER ) i T ]

FR A R B K BT RILE long flat ridge, 100 EARIVEZ RltoR(E, HE g EUE ik
KIFEHEHEAIT, DA RRIACRAES A T RERE R AT S 7 ] V2 ) o DL 94 B
BOR AR, ZRESH.

P EARRVZ RESUME, SEFIESCRRE 1R R AAT RURRECH I KB
WEis B AKERR, I AZ PO S s 07 lattice 122 (K53 TLvA R AN 22 577 B —
PR, LIEDEXTRY, SR, MARBHIE, WREEEIAFREER, XA SRR T
Wy AR R E, Xk B AR R LR AN S L —

YEREAE, TNHEJEH nlme 14 gls O REIAEIE, SEIRIDARMEITEER S 2 RK T
LR — 2. SHATEIR (0, ¢) = (63.93429,6.121352) , XHEUUSR R EE A -244.6006 , [ ZhifI{Lh
IRPREL Log_Lik () FERMLMALIIE R -196.8158, TN _EZ BIPIAIEEIN -52 / 2 * log(2 * pi) ,
W -244.6006 , #Z=ANE,

library(nlme)
fit_topo_ml <- gls(z ~ 1,
data = topo, method = "ML",

correlation = corExp(value = 65, form = ~ x + vy)



1N

It
>

S
©

24.3 ZHiridAzE)a

)

8.0 24/

5.0 //j;;

I I I I
55 60 65 70

o

K 24.4: THEBLAR Bk BT 25 e 2R 1K

summary (fit_topo_ml)

#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>

Generalized least squares fit by maximum likelihood
Model: z ~ 1
Data: topo
AIC BIC loglLik
495.2012 501.055 -244.6006

Correlation Structure: Exponential spatial correlation
Formula: ~x + vy
Parameter estimate(s):
range

6.121352

Coefficients:

Value Std.Error t-value p-value
(Intercept) 863.708 45.49859 18.98318 0
Standardized residuals:

Min Q1 Med Q3 Max
-2.7169766 -1.1919732 -0.5272282 0.1453374 1.5061096

I
75

-197

-198

-199

-200

-201

385
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#>
#>

ﬂn

fi

)

Su

#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>

% 24 F. ARAFA

Residual standard error: 63.93429

Degrees of freedom: 52 total; 51 residual

%ﬁﬂ% BRI RURNGT, S RISEATEER S 2 M EGE, TSR R BB ZE T L. S5
o, ¢) = (128.8275,25.47324) .

t_topo_reml <- gls(z ~ 1,
data = topo, method = "REML",

correlation = corExp(value = 65, form = ~ x + vy)

mmary (fit_topo_reml)

Generalized least squares fit by REML
Model: z ~ 1
Data: topo
AIC BIC loglLik
485.1558 490.9513 -239.5779

Correlation Structure: Exponential spatial correlation
Formula: ~x + vy
Parameter estimate(s):
range

25.47324

Coefficients:
Value Std.Error t-value p-value

(Intercept) 877.8956 116.7163 7.521619 0]
Standardized residuals:
Min Q1 Med Q3 Max

-1.45850507 -0.70167923 -0.37178079 -0.03800119 0.63732032

Residual standard error: 128.8275

Degrees of freedom: 52 total; 51 residual

24.4 miRA

ARRIEAER (Finite Mixtures of Distributions) N AAEE 12, A9Z% BB {1 (Varadhan #
Gilbert 2009) [FSEIF M, PATRIIMIB G0 A0, NMHESEEIRKBEAETT . 20 BIS FE A
B, ESGER I E PT DAEE [FAH & SCHR (Hasselblad 1969). BB A3 G E eREL optim() TIRET R,
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AT PASRARR USRSty RE 2], o mT SR TR ER 2R SRR UAL I/, I8 T A WA (R K-
gz R AR

PIANIARA AT A—5E HLB p R A, DAMEES p IRATAFA 7M1 Poisson(Ar) , MIPAREE 1 — p IRAIARA M1
Poisson(\1) .

p x Poisson(A1) + (1 — p) x Poisson(\y)
TR G 7 BRI LR AL f (230, A, A2) IR :

L AL exp(=A)

AL exp(—A
flzip, A, A2) = p B — +(1-p) x A5 exp(=As)

x!
BENLZE & X IRISECH p WS H 731 X ~ Bernoulli(1,p) , FEHUVZEE Y IRAAMNREG 21, TE1H
SR AR EAL b, IR G A AR & X

v Poisson(\;), 4 X =1 i,
Poisson(\z), 4 X =0 H}.

XS EALLIR BRSNS -

T Zq

" A A
(P, A1, A0) = D _yilog (p x exp(=Xi) x L + (1= p) x exp(=Aa) x ~2)

i=0 v v

N 241 BEsk H 1947 4 Walter Schilling % FRAE JASA B—f L (Schilling 1947), E£: =4 #4E
TR PSR ER, BRER AN 80 & MDA WA T N filagit, K,
=R, AR R B 162 ), FET- 1 AME7R BB 267 K.

F 24.1: LT ANER Gt

BT-A¥ 0 1 2 3 4 5 6 7 8 9
BASIR 162 267 271 185 111 61 27 8 3 1

F IR FMATRE NIET RGN A FRY, P, 5IATARNE G210 R s e

# HUR & &

#p ER—NMKEX 3 HHE

#y AWM EAE M2

poissmix_loglik <- function(p, y) {
i <= 0:(length(y) - 1)
loglik <- y * log(p[1] * exp(-p[2]) * p[2]"i / exp(lgamma(i + 1)) +

(1 - p[1]) * exp(-p[3]1) * p[3]1"i / exp(lgamma(i + 1)))

sum(loglik)
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}

YOUT 4 tgamma(i + 1) RFEHR § BB RH K
TS ¢ BRWTHR
/ lo <- c(0, 0, 0)

\ ¢ BB LR

hi <- c(1, Inf, Inf)

# FEALA i — 45 BT 6 E

pO <- runif(3, c(0.2, 1, 1), c(0.8, 5, 8))
# LR AR T ABM R A

y <- c(162, 267, 271, 185, 111, 61, 27, 8, 3, 1)
T BB K%L BBoptim() KAFZ TUIEL MR LA LAk i &

library(BB)

# BB

ans <- BBoptim(

p
1

control

#>
#>
#>
#>
#>
#>

ans

#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>

ar =

ower

iter:
iter:
iter:
iter:

iter:

lo, upper =

0

10
20
30
40

f-value:

f-value:
f-value:
f-value:

f-value:

-2502.546
-1990.116
-1989.954
-1989.946
-1989.946

Successful convergence.

Spar

[1] ©.359883 1.256090 2.663401

$value

[1] -1989.946

$gradient
[1] ©.0002683009

$fn.reduction

[1] -512.6005

Siter

po, fn = poissmix_loglik, y =y,
hi,
list(maximize = TRUE)

pgrad:

pgrad:
pgrad:
pgrad:
pgrad:

5.524373
0.8038387
0.1950252
0.007512426
0.0002683009

% 24

==
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#> [1] 40
#>

#> $feval
#> [1] 42

#> $convergence

#> [1] ©

#> Smessage

#> [1] "Successful convergence"

#>

#> S$cpar

#> method M

#> 2 50

numDeriv: :hessian HEHAIMA (TR MALHEE, SR SEZRA HHORRIEE
¥ BEEE

hess <- numDeriv::hessian(x = ansS$par, func = poissmix_loglik, y = y)
hess

#> [,l] [,2] [53]

#> [1,] -907.1105 270.22882 341.25420
#> [2,] 270.2288 -113.47943 -61.68191
#> [3,] 341.2542 -61.68191 -192.78222

#ATIEE
se <- sqrt(diag(solve(-hess)))

se

#> [1] 0.1946842 0.3500319 0.2504773
multistart MARFEIRIGRIE A TR REKME, LHR—FRANEHR KA, @it Rk 2 iR .
# FANLAE R 10 HATHE

pO <- matrix(runif(30, c(0.2, 1, 1), c(0.8, 8, 8)),
nrow = 10, ncol = 3, byrow = TRUE)
ans <- multiStart(

par = p0@, fn = poissmix_loglik, action = "optimize",

y =y, lower = lo, upper = hi, quiet = TRUE,
control = list(maximize = TRUE, trace = FALSE)
)
# 0 1 2 RO S

pmat <- round(chind(anssfvaluel[ans$conv], ansS$Spar[ans$conv, 1), 4)
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Vd

©

HK

dimnames (pmat) <- list(NULL, c("fvalue", "parameter 1",
"parameter 2", "parameter 3"))
# EEER—BHEAM

pmat[!duplicated(pmat), ]

#> fvalue parameter 1 parameter 2 parameter 3
#> [1,] -1989.946 0.6401 2.6634 1.2561
#> [2,] -1998.319 0.4368 2.4416 1.9286
#> [3,] -1996.573 0.4022 2.5530 1.8780
#> [4,] -1989.946 0.3599 1.2561 2.6634

24.5 BRI
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ZPJ = 0=5,0=1 we== q=9,0=1

0.20 A

0.15+

o
ﬁam-

0.05

0.00

%mma
Pl 24.5: {f01Th 70115 AR 2 R e

log(ar) — (log I'( a) = log ( 1 le - %Zlog(mi)

set.seed(20232023)
X <= rgamma(l1000, shape = 1.5, scale = 2)
# TR S B R 5 B8 /it

c(mean(x)"2 /var(x), var(x)/mean(x))
#> [1] 1.636030 1.902239

# ARt
* HE
cc <- log(mean(x)) - mean(log(x))
# AR
fun <- function(alpha){
log(alpha) - digamma(alpha) - cc
}
# JAR

uniroot(f = fun, interval = c(1, 3))

#> Sroot
#> [1] 1.610272
#>
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%ﬁb $f.root

#> [1] 2.825244e-09
s

#>
ﬂE/ .

#> Siter

\\#> [1] 6

#>

@ #> $init.dit

#> [1] NA

#> Sestim.prec

#> [1] 6.103516e-05
KGR SETT o = 1.610272 , 1, W RESHNETT o = 1.932667 .

PREL uniroot() HEERFHTEM— M, rootSolve U R H 4 Hi-Hi i #% (Newton-Raphson ) ZEH¥E4#
—JCAELRME AR () IR, FRBEAER 2R

library(rootSolve)

# R E (4) iR

multiroot(f = fun, start = 1.2)

#> Sroot

#> [1] 1.610272

#>

#> $f.root

#> [1] 3.121097e-10
#>

#> Siter

#> [1] 5

#>

#> Sestim.precis

#> [1] 3.121097e-10

# RN REXE N AR

uniroot.all(f = fun, interval = c(1, 3))
#> [1] 1.610339
24.6 2]
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quantmod: :getSymbols ("PDD", auto.assign = FALSE, src = "yahoo")
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git push
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T H git clone
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BT GitHub Pages @il i T4 7 At .

L. A& Github EAI#E— RO, 44 uploads.
2. fEAHILAIE H 5% uploads.
3. Ul#] uploads HR'F, SATUIH <.

git init
git checkout -b gh-pages
git remote add origin https://github.com/XiangyunHuang/uploads.git

AP g BB, R ] gh-pages 7332,

git add README.md
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usethis::pr_finish()
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library(gh)

my_repos <- gh("GET /repos/:owner/:repo/stargazers",
owner = "XiangyunHuang", page = 1,
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Vapply(my_repos, u[[n’ nu’ "log‘in")
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library(gert)

git_log(max = 5)

WEZNEK, EHEE Gert: A minimal git client for R.
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summary (git2r::repository())

gitdown L5 Git #2237 H E5#4k N GitBook

#ik 2023 4F 6 H 1 H, STz fpy Eui e, 8RR 10 A
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brew install tig
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Git Large File Storage (LFS) Git LFS
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