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L fRftse B I BAEIRM , BRIl DAE R 1SR TP
2. BT . PA— RSB AR K REA SR, WEER @ &, KRB, 4G H
LA -
3. RIEE AT SR AR, BORRE. BE. LB, WTHERR AT, RS BT
e
4. B ARG T4 SO B A, B 2R . SOREE . IRl . s 1RO A DU R I
HEZRI 5.

ABRELLN?

ARATEGIE NS AR T AT H4E

o (BURGLIHIAIEY (XM, WachE, M= 2021) PRHERGIHRER R AN, RIEEENEKRE
1
o (R in Action) (Kabacoff 2022) #R#g AT, SR BENE S HIZK.
o R for Data Science) (Wickham, Cetinkaya-Rundel, I Grolemund 2023) H #5558 04 ) 24~ T
ERIR S AT BT,
ABEEREM AR Z, b
o KEMIFIFIEC. 58, ML MmBE . FHEEG], BRWIE



B satt At 5

KM RGBS, A ES R A TR 6
— LU P SNEUR It S AT ABURRESH SR R ) 52 P S B Rt
MIEASNMELE . A5 RE R ARBAR A . R TN A L 45 5 T P e A3 A

L (SLiFoe o3 | /A

- VNESERBR O LA, A 8die o A BT BN e TR GEt I i mRa sy, o 2 it e oy

sl JreRibEprs, JHERSEFE R, Bl iR, AR A AR .

CRATREE IR B AL ABE. SO, DHSRSE IR LS . BT s i, AEVFEE T

AREERS, 07— SRV &, BB Ees R, ARG, RS A R
e, WA BT R AR, ME SR, BB AR, S B RE IR, $RWN
WA H R A T

L BEZAEMEN R IEFNAR AL L UFEBIRMATL TAER R 2, TR M 42 RERS

FEHERIR R, T BRIk

H bsise £ a2 ke 7

- A g AR S B T S R A, AR AR AT DU B, RTRAEESRFIA
- PR AT SO KRR, AR 0 AT B RE N T S B [ A

ATATRLE N2 7

- AT A%EAF R, RStudio #1 VS Code W2 B e, 5 WL EAEHR A FNRAL, 15

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
CGET GTHRREE . HHRAET. EE . ST

R MR, SCRBE . HHE RO

A gt SUE . D

2 IR NIRER ?

FE . SFEIFNGEITR, HmsEE AN DR, PEERGOT R


https://www.census.gov/data.html
http://www.stats.gov.cn/

f
ﬂn\4

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

J)
Iren
@ R

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

4

Ve

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,
EERAT BATHRSE, EESME. mEESEMRtSETE oL, WhERE 1. Kb 2,0,
Ay ERTTIN AL & X WIERIRHEZS , ¥, 0, RN AER Y BSEMREZE, Bo, /1 RERIF Ty
1 EIERALR, R? FEAUUESEBIETIRLE .

y=Po+ Bz +e (1)

ZFH% 1 datasaurus dozen FESRH)—LEHA ST T B AL ] H 45 R

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

IR T Ao AT 9

Fet% 1: datasaurus  dozen FHEAER —LehiiA G TR AIZNE [R5 25

TR x Ox y Ty Bo A Rr?
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

AR A IR SR R, ARG, ROTBA L 2R, BAZIPLRF SUEART & . 78
BAREAZHREIT, WPASMER TR, BB Z A%, a2, PR, TmsE—
MBI, anscombe K H R HANER R 1 datasets, B EMUHEIE (v, v:),1=1,2,3,4, U
FHE 2 PR,

k% 2: anscombe F{{E4E

1A %24 %34 |
x1 yl x2 v2 %3 y3 x4 yv4

10 804 10 9.14 10 746 8 6.58
8 695 8 814 8 677 8 5.76
13 758 13 874 13 1274 8 7.71
9 88 9 &v7r 9 711 8 884
11 833 11 926 11 781 8 847
14 99 14 810 14 884 8 7.04
724 6 613 6 608 8 525

426 4 310 4 539 19 1250
12 1084 12 9.13 12 815 8 5.56
T 482 7 7260 7T 642 8 791
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1 m 12 N2

MG R BB REAIIE . T7 22 MR A BN AR BUL TR AMIE R, Ehs b, fEBIEUR
p 3 A AR R Ry, AR PR 2 A R 225, R S — AU R B AR AT

7 p PR 254 (Anscombe 1973).
HEK

101
8.
—
>
6.
[ ] [ ]
4- T T T T T T
6 9 12 6 9 12
x1 X2
(a) 55— ¥ (b) & IR
13
[ J
111 111
Q 91 T 91e
[ ]
H
7 7
[ ]
H
54 . . . 5 ® . . . .
6 9 12 7.5 10.0 12.5 15.0 17.5
X3 X4
(c) 5 =¥ (d) 51T 2H £t

P 3: Btk ] BRAC S il A kg

S

IR 5 IR FAT 26 LB A S0 A —RARERAE I, 5 = A sz B B B, 25 DY 4
HAR R A PIAIUE, B2 A R L BIHR A 4R .
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B s ing

Teit R BEFARL R Y, ORI B R BRI, Gl T KT R % 2 S
AOE BRI, R &R 2807 3R] AR e AL 365 5., (e dbxaim, SRBUSBE, MSEEC A
IMTITIEMEEE

BRI F R WRFER Gy s H— R P 522 HREIE . FARMN AL, H @SR A
) HTML Zh7SM TSRy . PDF #5030k . Office JIp/ASCRY . T35 52 3650 A W i AR A0 9 TSy,
TR 2AAAE S BRRIIITIESC. AR RIRR . SCRMER SRR, ot LaTeX 4y PDF
AR 2 DOCX 30, R 15 LKA R Sedt iy TR R 552K

AT N HEN A plotly W EINERITEALAK S ggplot2 MR, HRAAHINER IS
BB, nacielal. BT AEEIE . MRS, RENA RN, S HESE . K
Bbrss.

B L BN DT WililfE BEREMEMIEE, HIRNGE HNThae, W5 20H, #IEE .
kb, BRAEY . BdESH%E, BIGNH-LERE) CSS Fil JavaScript FIiH, SCRF— 2 gy
kg HTRe -

TN EENA shiny SHVEAZ TN HAEAEMY, Rl R, EmitE . kdy . RIS A,
HIRMN G BIEN A — A BB, e @A 7= 90r) Shiny B HFF &R HARER .

= L E@AeEm R ES X P R Sweave, R Markdown il Quarto =E6I/E T H, HERNH

Quarto FYERE I, 1 Markdown F:REFT Pandoc RYE:AE, BB RIEM 3750 5014 HTML, PDF
A1 Office U AR
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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 $—F HENZ

1.1.5  Frftim
EE?.

,,\ C(l,l.z)

/ [1] 1.0 1.2

\
© 1.2 Bilasit

1.2.1 s

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,



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: 0.431 0.822 1.149 -2.479 0.544 ...
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



1 F—% AL

K
BREK tsp () ATRARE ALY . AR
% tsp(x)
ﬂ']ﬂ,
\
©

8
[1] 2017 2017 525960



9w Bwaii

B SRR, K28k, R B mE. Bk, AERmE H OMesERmisor,
PATER, R, FRA P EOR . MBR R, HAEERE A AT 8P K, L
HRCES, AR TR PR =T RE . AT, SR T RN, AR NPK (UL, BEREAIAIAL)
BEEERNGOL T, W/ N2 - s, AR E SR EERCEE . W14, 2 HERM A F#A H W App, il
App WCERKR P B HAT WA, A MRS 2 hn TR B RT I 0 — 4B A% . LA, 12 BURFAN
FEBUFHI AL Wl . A R, He i MR R E R G R geit s, tARAT, [E s
ML, X, ARLARRIER A, ARA g EEARE R A, AR S APT fied5 72
XA, WEAKES ST EEZ T .

BARCRR I AR RO . MBI, MEZRAE RS L i, Evf. ARIESE. HS
5o TEESEHREAR AT, A IHRT AR SQL s BE T & F TR, MAFEHEHRBESS,
Ve, PR A R BREL.

2.1 WARHBSCIR L

A Base R 30 27k & BN A S A Bt

2.1.1 csv fk

/N esv SO, BT Base R 32409 read.csv () BREEZEL, KB csv 304, 7] data.table [ fread()
PREREE

2.1.2 xlsx ¢

readx] £ xls f xlsx 04, writex] 5 xlsx,

openxlsx /5 xlsx U

19


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

2.1.3 arrow XfF
ot

7 7=, Apache Arrow (] R &5 1 arrow 8 H N RIEARERE . LA 25 B0 Ab B 5, Holi Sort
, HEEHBIR, s SRR AR 55 d AL PIE A HO T NN AR EE , geoarrow i Mllstarrow (R j& BT it
1 kB\

©
2.2 BT GA

MASFBHR T A B, el RSQLite 45

2.2.1 RSQLite
2.2.2 odbc
2.2.3 RJDBC

REBAREHAAT Java £ 15K

2.3 NE R PR

rvest GNP TT . PO IUECESE, FEA xml2 Al httr2 fEATALBE M 5T .

2.3.1 U

2.3.2 %K Th

2.4 Bt
2.4.1 Github

M Github APL # DHRBGEAETE Github ERY R WREE, A, REME KA. B
CRAN L3k#5% R AocHdifs B, Mk 08 7E Github 1 R 42, i R E7E Github LAy
Hk.

pdb <- readRDS(file = "data/cran-package-db-20231231.rds")
# L H Github
pdb <- subset(
x = pdb, subset = !duplicated(Package) & grepl(pattern = "github", x = BugReports),

select = c("Package", "Maintainer", "Title", "BugReports'")


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

O il =

2.4 MEIEFE T PRI 21

)
# kxR

pdbSrepo <- sub(x = pdb$BugReports, pattern = "(http|https)://(www\\.){0,1}github\\.com/", replace

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

RPCLAS {5 B Github APL J2 https://api.github.com/repos , Jy 7 #t&Hi APT, Y448
TR, R AR SRR T B R R

github_stats <- function(repo) {
url <- paste("https://api.github.com/repos", repo, sep = "/")
# REAFAK 5 K, BEAM—KIKE 5s
req <- xfun::retry(curl::curl_fetch_memory, url = url, .times = 5, .pause = 5)
x <= jsonlite::fromJSON(rawToChar (req$Scontent))
# KGRI —T
if(is.null(x$stargazers_count)) x$stargazers_count <- x$subscribers_count <- x$forks_count <- -1
—/MEE 1s
Sys.sleep(1)
data.frame(
repo = repo,
# B RELE star AR
stargazers_count = x$stargazers_count,
# xHE BB E watch 8 A%
subscribers_count = x$subscribers_count,

# R GEL fork WAH

forks_count = x$forks_count

}
NS X B, SRV G yihui/knitr #9080, TR A AEL.
# WRANKRD

github_stats(repo = "yihui/knitr")

repo stargazers_count subscribers_count forks_count

1 yihui/knitr 2359 116 873

IS b, (EH AL lapply O IIFA R WAl T, Krgdmi sz 8oy 814 —14 R B L HE
Frah R, B ERAE.

# B IR

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

Sebr b, AEBCA VIR, Github APT {5 R A RGN, A 60 i (—Bmfi ). &


https://api.github.com/repos
https://github.com/yihui/knitr

| \\/\ 22 B SR

St Github FE & &R E P HE AR, 2R I& K (appname). %P3 ID (key) FIE4] (secret),
TUIT Rigifis) httr 2% OAuth FEiL.
g v-and
T

library(httr)
:**%El’ # Github API Oauth2
\\oauth_endpoints("github")
@ # N JH %M (appname) . Z Pt ID (key) Fu 4] (secret)

myapp <- oauth_app(
appname = "Application Name", key = "Client ID",
secret = "Client Secrets"

)

# KB oAuth il

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)—17HUM, KA EHIR GET #K.

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

BEAh, BERMEG I B AN, H IR By, — ELHREE, BaRECR Rk I, ERUEME S A A
TRt 2, RIRAS T, AT M.

# ER T

gh_repo_db <- data.frame(
repo = pdbSrepo, stargazers_count = rep(-1, length(pdb$repo)),
subscribers_count = rep(-1, length(pdbSrepo)),
forks_count = rep(-1, length(pdb$repo))

)
AN E €
while (any(gh_repo_db$stargazers_count == -1)) {
tmp <- gh_repo_db[gh_repo_db$stargazers_count == -1, ]

for (repo in tmpS$repo) {
gh_repo_db[gh_repo_db$repo == repo, ] <- github_stats(repo = repo)
}
if(repo == tmpSrepo[length(tmpSrepo)]) break
}

i, R B RO PR IR b, R R RCR S R BT, RIRETER, (URIRAT 20,

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

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

gh_repo_db <- gh_repo_db[order(gh_repo_db$stargazers_count, decreasing = T),]
head(gh_repo_db, 20)
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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 EARHE Github ERYZUGH R WAIHR T, sl , ha s A EEER.

L ALER2E AR R SRR, SEha b, BN (HTZ2tN) ZRX VAN R IEFHED, &
BEEH B4 FH RS O R Tk

2. TNl 2 )5, IR EEAE AT #IAL (ggplot2. shiny. plotly.R. patchwork). %#E#:4E (dplyr.
data.table, feather) FIT] EEZ M1 (bookdown, rmarkdown, knitr). R fIJF % (devtools) FMl
APER. (seurat).,

wa, FERIEERIEN : PAEMEGIREET CRAN 78 2023-12-31 &A1 R tockdl, 8475 4
R {7 Github FEEEMARY, X4 R AR, XRYEE L EHR2TE 2024-01-30 JEHRRy. Hdr, f
29 4~ R AURHIEIES | e ety SRR T, X2 R @2 2. 4%, BAE—%R
I RAEEFE Github I, {HFTEAES, AN glmnet 4. colorspace . fGarch 4155, 242/ 050,

2.4.2 pEHGEEM

HEHEE G R AT ABRS S G R, ARV /NG O P AR AROE, B AR SQL A,
B MR PR S, PATETE ), REIE LR, B,


https://news.ceic.ac.cn/

1%324 $ =% BIERIR

%2.4.3 5 ) b R R
T SR MR R IR 1, TR GREE B R CSV B XLS it
T

\2.4.4 SR TP R

@ S A AR
tidycensus FFEFEANKE, G APT 3 11 &R, ATDAIGUR 6 R (06— BRI, ot

b, 2R
2.4.5 HEUT

T FLRAT A B e T AL 4 2 41
wbstats fu i 5¢ t FARI T AR E#E 0 REST API


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

B Bwiaik

MARZERIAY . LSRR H A EBCE AR, WR TR s, REEN TR RN
FirAe RIBFWE -RIRE, B TH, I 2regex .

3.1.1  &Hiid

3.1.2 Zhx

3.1.3 Wi

A EE < WALk <34

3.1.4 JrinslH

3.1.5 e

3.2.1 4k

grep() / grepl() iRl Z1F VLAY 4R

3.2.2 Fifn

sub() / gsub() FH—IKFIZIK

3.1 IEWREGRX

3.2 PR

25



K-

‘%3.2.3 PRI

7 regexpr () /gregexpr()
/

ﬂﬂ\ regexec() / gregexec()

©



B B

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

27
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=4
©

28 CACE S &z

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 29

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

# Source: SQL [3 x 2]
# Database: sqlite 3.46.0 [/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.



\ M 30 $vIFE HIERIE

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 #1k 31

$ Species_N :int 1111111111...

4.2.3 Hp¥F

HEFF#AE T DA SR 2L order () SE8R
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 BH

REVAET LA R %L aggregate() EH
aggregate(iris, Sepal.Length ~ Species, mean)

Species Sepal.Length

1 setosa 5.006
2 versicolor 5.936
3 virginica 6.588
4.2.5 &HIF

PN (4 A 4RV AT AT R %L merge () SE3H

dfl <- data.frame(al = c(1, 2, 3), a2 = c("A", "B", "C"))

df2 <- data.frame(bl = c(2, 3, 4), b2 = c("A", "B", "D"))

# LEFT JOIN

merge(x = dfl, 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



s

f’merge(x = dfl, y = df2, by.x = "a2", by.y = "b2", all

32

3 DNA 4

# INNER JOIN

FALSE)

\ a2 al bl

©

1 A1 2
2 B 2 3

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

a2 al bl
1 A1 2
2 B 2 3
3 C 3 NA
4 D NA 4
4.2.6 H#Y

FEAREM GG KA, ATPAHBREL reshape () SE8E, 2, TR,
# KA

df3 <- data.frame(
extra = ¢(0.7, -1.6, -0.2, -1.2, -0.1, 3.4),
group = c("A", "A", VA"  MB"  “BM_ "BM)
id = c(1, 2, 3, 1, 2, 3)

)

# KER

reshape(df3, direction = "wide", timevar = "group", idvar = "4id")

id extra.A extra.B

1 1 0.7 -1.2
2 2 -1.6 -0.1
3 3 -0.2 3.4

# WA N ELAATENT 4
reshape(df3, direction = "wide", timevar = "group", idvar = "4id",

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

id extra_A extra_B

1 1 0.7 -1.2
2 2 -1.6 -0.1
3 3 -0.2 3.4

RAEIRNF
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PO LN H R EL. KR split () KPS iris #4704 R Species f0 MBI, K%L
lapply ) FFEAEEIHEAE () WA TIIRNE—I0R L, FRA R tapply O FFHRAL coef ()
W FLAEERZI R E, SRR L, R do.callQ) RFRBEH M, &)m, MR

= Sepal.Length ~ Sepal.Width)

as.data.frame() #AbMEPEAE o
sl <- split(iris, ~Species)
s2 <- Tlapply(sl, lm, formula
s3 <- Tlapply(s2, coef)
s4 <- do.call("rbind", s3)
s5 <- as.data.frame(s4)
s5
(Intercept) Sepal.Width

setosa 2.639001 0.6904897
versicolor 3.539735 0.8650777
virginica 3.906836 0.9015345
do.call(

"rbind",

Lapply/(

Lapply(

split(iris, ~Species), lm,

formula = Sepal.Length ~ Sepal.Width

)

coef

)

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

4.3 data.table ¥:ff

FRRBLAFELAER TR, R TR TR, HERAE, HE—A TRERY RS, Bt
PARAS 48 R 22 R 1 L o

friii.

L. /4] data.table Bfiliifik, *45 Base R, /MEEMEAE, RN HAE0A dplyr SE8, (HAZ

2. data.table §"J& Base R Bl MW MAERAE 8 A, ISR RAIG S, R4 e
i dplyr 528, (HA TS
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3. data.table 5 B g B EEE/E on, .SD . LT . .34,

7
[431 ik
data.table ¥ B T KA [ ThEE, fajfk 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

4.3.2 i

AR DR B <=

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. 5.4 4.6 54.4 4.9 ...

Petal.Length: num 1.4 1.4 1.3 1.

6 5

Sepal.Width : num 3.5 3 3.2 3.1 3.6 3.9 3.4 3.4 2.9 3.1 ...
51.41.71.41.51.4 1.5
2

0.2 0.4 0.3 0.2 0.2 0.1 .

$
$
$ Petal.Width : num 0.2 0.2 0.2 0.
$ Species : Factor w/ 3 levels "setosa","versicolor",..: 11 11111111...
$

Species_N :ijnt 1111111111 ...

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

4.3.3 Hu¥

He P45 E v] DA SR order (O
iris_dt[order(Sepal.Length, decreasing = FALSE)[1:3], ]

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
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4.3.4 BH

REBEMRE . O by Af
iris_dt[, .(mean = mean(Sepal.Length)), by = "Species"]

Species mean
<fctr> <num>

1: setosa 5.006
2: versicolor 5.936

3: wvirginica 6.588

4.3.5 HIF

GBI AL merge () ARSI

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



e

36
2: B 2 3
# FULL JOIN

/lnerge(x = dtl, y = dt2, by.x = "a2", by.y = "b2", all =

\Key: <a2>

©

a2 al bl

<char> <num> <num>

1: A 1 2
2: B 2 3
3: c 3 NA
4: D NA 4
4.3.6 FH#

PRI TS N RAR, W LAMI R deast O L3, R
N
dt3 <- data.table(

extra = c(0.7, -1.6, -0.2, -1.2, -0.1, 3.4),

group = c("A"™, "A", VA"  "B"_  “BM VBV

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

)
# KER
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

20l Base R, tJf data.table 3223 iris 432H 44 a1

CACE S &z

TRUE)

, ATDAI R melt O SEHH.

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
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5.1 Jeiibrg

RIS S — PR UL AR

5.1.1 4k

SRIAEAE AR HE i i

5'1'2 il:a'é\

BRRAERT S L RO, TSRS B AR 1 4 VIM

5.1.3 Fifn

B R P i il S (L

5.1.4  $fith

mice Multivariate Imputation by Chained Equations fitZ{Egi%h

5.2 SEiidr

RLSH, —BEPERIEEA S T, ARt AR WS BLR LS A El, BB
SR, TSR XA S, KRB, SRR B

37


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

1 1\/\ 38 $ 5% FAEAR
5.2.1 ¥l
s

5.2.2
’ b

\5.2.3 Abr

© 5.3 BiRELLA
BIRE, TR ERAS DY A, TR B R R R, SRRSO, SR E AR
Do HEARME AT EAEMERER FEoR B, ks TROFRRIEY, XAFIRRA—#E . FoRkEdiA 5
BA R, WSRO T SOl I, FREiRim i setol, RRETSTAY, M S R i) 75 K
PERTZHELSS .

5.3.1 Kl
5.3.2 U

5.3.3 Abpp
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BN

HKEE

X

1E2 B RE SN T geplot2 0, ATHHA4) plotly @, SHL T, MaEMTE. #
P AESS , I H A A SR Base R 9 TS0 S FLAAOARCHE . 51 b, 03— ichaeps
BERATAEZ /Y, M ggplot2 (3] plotly (1, ¥F/MIHIIMIELICER ., DhEIEH LY.

6.1 Zflocs

6.1.1 K)ZE

plotly WEE TIFZ FZ KA, W PAZ TS MRS RS, T4 6.1 .

Mt 6.1: plotly fn] DAZ: i = H RIS K E

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 AR BB, AR S ggplot2 U, ML plot_ly() KAl ggplot(), IM %L
add_markers () 2Pl geom_point (), RFCERUIE 6.1 Fis.

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

o E AL add_trace (), EREINMMEEILE, SCRM LA 6.1 2—FEH.

40
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6.1 Rt E

0.4 =_— a'\"‘{li, 12}
— (2,15

0.35

0.3

0.1

0.05

Bl 6.1: BRI XA 1 ] BRI ]

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

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

41

@ ¥R

plotly K%L plot_ly() X5 ggplot2 WHEAEL aplot () ML, W LARFIIR MK EIEHEE .
plotly::plot_Ty(

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

type = "scatter", mode = "markers"
)
FrPA, BLRYSEDL, add_markers() . add_trace(type = "scatter", mode = "markers") Al
plot_ly(type = "scatter", mode = "markers") =M1,

6.1.2 fitfn

TEIE 6.1 fBEAE B, KPR R & .

plotly::plot_ly(data = quakes, x = ~long, y = ~lat) |>
plotly::add_markers(color = ~mag)
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6.1.3 %I
Yoot
,/

> REMEL

/ plotly::plot_ly(data = quakes, x = ~long, vy
\\ plotly::add_markers(color = ~mag) |>

(::) plotly::layout(

xaxis = list(title = "&£ FE", ticksuffix

yaxis = list(title = "&FE", ticksuffix

6.1.4 Fp%

A s . G A B Bl

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

marker = 1list(

color = ~mag,

colorscale = "Viridis",

~lat)

IEI),
lsl)

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

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

xaxis = list(title = "£ E"),

yaxis = list(title = "&E"),
= "R R B 34 X Hy R E B

+

.

+

—~

]
|

6.1.5 8

plotly PYE T — 28 XA

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

marker = Tlist(

color = ~mag,

colorscale = "Viridis",

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

[ >

ALY



6.2 FAEK

I

i
<

) 1>
plotly::add_markers() |>

43

r> plotly::layout(
7 xaxis = list(title = "&£ E"),
\ yaxis = list(title = "&E"),
@ title = "£F R HEBA LK K EFF"
)
6.1.6
6.1.7 PKEpl

6.2

6.2.1 i

wHPEDE

plotly {3 7R 2 filiF 2 5 W EUS I, NEARIRR scatter EIHARARAR scatterpolar FIHBEALAR
% scattergeo, M T 4iFIH scatter F|=4E=S[H] scatter3d, &) WebGL 0] PAVE Zy R HIAR R B 25

scattergl,

ek 6.2: plotly f STHF2 il A HIUN &I 262

gt ZFR

scatter AP TR E

scatter3d =S AREUS B

scattergl HUS K (WebGL i)
scatterpolar ﬂ&ﬁéﬁﬁj:ﬁ&ﬁigﬂ
scatterpolargl #RARFR FEUSE (WebGL i)
scattergeo ﬂﬁﬂﬂﬁé&ﬁjtﬁ&ﬁiﬁﬂ
scattermapbox  MIFHALAR FHEUSIE (MapBox fit)
scattercarpet f@%ﬁgﬂ

scatterternary —=JCH]

Bl 6.2 s 25T S I B R 73 1

plotly::plot_1ly(

data = quakes, x = ~long, y = ~lat,
type = "scatter", mode = "markers"
) 1>

plotly::layout(



xaxis = list(title = "&£ F"),
yaxis = list(title = "ZFE")

=10
¥
. .
o’ 4 ]
-15 L]
o s .
=20 ...E .
XY L
'..-. %
o
£ -25
=30
=35
.
0 *°
=40
165 170 175 180 185
2

] 6.2: i N A

6.2.2 HIBK

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

data = trunk_year, x
) >
plotly::layout(
xaxis = list(title = "ZE/fH"),
yaxis = list(title = "RAIEZE")

~year, y = ~revision, type = "bar"

6.2.3 Hhzk

plotly::plot_1ly(

data = trunk_year, x = ~year, y = ~revision, type = "scatter",

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



6.2 wRAN

NE
plotly::layout(
xaxis = list(title = "ZE4"),
yaxis = list(title = "RAFEL K E")

OF M=

6.2.4 HIK

WA RRS W A, T 6.3 s 1iilAl

# 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

Kl 6.3: HIFE R 117 4]

WRERBIIMRR I, T 6.4 AR

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

histnorm = "probability",

45
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marker = list(

m color = "lightblue",

7S

/7 )
HEC,
®)

line = list(color = "white", width = 2)

plotly::layout(
xaxis = list(title = "EH"),
yaxis = list(title = "JHE")

0.1
0.08

0.06

bk

0.04

0.02

=R

Bl 6.4: HERRRPIAR I K

histnorm = "probability" FIMRIEFIMZ IR, RIEEAH 98 N MR UE L SR B LBl . HR=
AL, AR RRBER A AR R . AR, TIE 6.5 R~ A 3%
JERHIRE R AT o

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

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

PO

yaxis = list(title
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Kl 6.5: HIFEREG A F 1

6.2.5 FiZkK

plotly::plot_ly(quakes,
x = ~depth_bin, y = ~mag, colors = "viridis",
color = ~depth_bin, type = "box"
) 1>
plotly::layout(
xaxis = list(title = "EE"),
"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 = "HE™),

(0,150]
(150,300]
(300,450]
(450,600]
(600,750]
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yaxis = list(title = "EH")

=
HEK
\6.2.6 A

@ plotly ¥4 T FFJERY Mapbox GL JS, ] A F Mapbox #2449 K- HiE iR % (Mapbox Tile Maps), %t
23 [B) S AU R AT, R, WK 6.6 fs . BZA LA TS (Solomon Islands)
FLSSBE (Vanuatu) Fgs L @7 (New Caledonia), &R 77 A#iou 22 a2 il (Wellington )
BT 2E (Auckland), BEIHFESHIES (Fiji).

plotly::plot_1ly(

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

plotly::layout(
mapbox = list(
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: 2 LACHUR O o


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

O M =

6.2 FHEX 49

PR B FU R HBIE G XU style oA "stamen-terrain®, i0] DAfH A HABFF v A% BO R HB L AR 55, L
Il "open-street-map" Fll "carto-positron". WIHfH ] MapBox $2Ht1)KHFL A HUEI AR S5, W52
7] 4% Mapbox Access Token. [ H1isz B HULALKR center DAARILATEL zoom, H 4228 H B T4k
P, BB @R Viridis BRI, 5 G BIH L R HEEAIR .

6.2.7 s

TEZ BIFANIN AL ggplot2 2 HHIX A, SEbr b, MK ATIELEA B4, EAEE . T RS
AFEEE plotly 2l S AR HIX 731G, Anlal 6.7 Firzr .

# https://plotly.com/r/reference/choropleth/
dat <- data.frame(state.x77,
stats = rownames(state.x77),
stats_abbr = state.abb
)
# o E
plotly::plot_ly(
data = dat,

type = "choropleth",

locations = ~stats_abbr,
locationmode = "USA-states",
colorscale = "Viridis",
colorbar = list(title = list(text = "AHIKAM)),
z = ~Income
) 1>
plotly::layout(
geo = list(scope = "usa"),
title = "19744F X[ & M oy A"

6.2.8 &K

AA5Z:7% plotly SE'E I~ BN A2 i , £l B SVN AiE$E22 Hik, 41t Martin Maechler 1 Brian
Ripley [AEERBIEE, 12 R Core Team FEFEZMWAL R, KNS 549 R i LAt X,
TEER 1999-2022 4F Martin Maechler 1 Brian Ripley Fy{CHEEE s &454k .

# 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/

\ \i:X-5O T RAZAW
1974 £ EF MAIATIUN
%EEL A
7 r> 6000
/
\ 5000
@ 4000

Bl 6.7: 1974 4FSEE SN AU

Tvls <- plotly:::getlLevels(var)
dats <- lapply(seq_along(lvls), function(x) {
cbind(dat[var %in% lvls[seq(l, x)1, 1, frame = lvls[[x]])
b
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)
e
plotly::layout(
xaxis = list(title = "4473"),

R E")

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

frame = 100, transition = 0, redraw = FALSE
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NE
plotly::animation_button(
visible = TRUE, # & 74 ii%4l
label = "$FiK", # HHXAK
font = list(color = "gray")# LA &
NE
plotly::animation_slider(
currentvalue = list(
prefix = "fﬁﬁ? "
xanchor = "right",

font = list(color = "gray", size = 30)

)

lazyeval FJHEARIHETTBOR A Base R SC8l, HAEI, BT AR rlang FAL,

6.3 Y

6.3.1 BraAX
RS AR AR R O N

1

flzyp,0?) = >
YiXoa

exp{—

51

TEBRWA IS, 2050 N (3,1%) FlN(2,1.5%) o B%L plotly: :Tex() 13 LaTeX BEIHF

23, plotly Wi MathJax BB 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(

"xi ", x, "<br>",

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

name = plotly::TeX("\\mathcal{N}(3,172)"),


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

ALY

¥
>\
4

1 52

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>"
)s

hoverinfo = "text",

name = plotly::TeX("\\mathcal{N}(2, 1.5%2)"),

line
) >
plotly::layout(

list(shape = "spline", color = "#403173")

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

yaxis = list(showgrid
legend = list(x = 0.8, y = 1, orientation = "v")

) 1>

plotly::config(mathjax = "cdn", displayModeBar = FALSE)

0.4

0.35

0.3

0.25

0.1

0.05

A 6.8: WA
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% 6.3.2 ZhiEnEk

TERAREE , AFITICE, ITERBCGRE R, FEERE B AESEIE, HEARIE
ﬂ.ﬁ( 2z,
library(ggplot2)
<:::) p <- ggplot(data = quakes, aes(x = long, y = lat)) +
geom_point()
p
_10-
]
* - H I M
°
° oo
% o
ks
-30 -
165 170 175 180 185

long

K 6.9: ggplot2 22l i S E

1 ggplot2 W2 HUN AL N L BRI HUGIE, AFHFRA plotly AL ggplotly O,
plotly::ggplotly(p)

2 L E RN config() IXE SR staticPlot = TRUE, TIRFJEAR B HESEE#E MIERH.
KA SEIE .

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

@ R

PREL style () WEBNSRMIERE, HAGBIILLIR, Abrseas, ARBEAERRE R, s
.

plotly::ggplotly(p, dynamicTicks = "y") |>




m plotly::style(hoveron = "points", hoverinfo = "x+y+text",
1;*4::- hoverlabel = list(bgcolor = "white"))
7

/ orca (Open-source Report Creator App) ¥PFFXT plotly.js FEif ey I BA R0 S ThRE, 2ol
\orca JG, plotly::orca() PREUP]LAKSET htmlwidgets 11 plotly ®EXISR ST HH PNG. PDF i
@ SVG 252 g o B s I e
# orca
plotly::orca(p, "plotly-quakes.svg")
# kaleido

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

6.3.3 ARG

quakes J&— LS [ AL E ) HHELE , plotly [ scattergeo [&JZ41X 2 [ AR 2 i
B, SR BCERIRSH R, T 6.10 N TR ALERE, FE AR S AR T 2R

plotly::plot_1ly(
data = quakes,
lon = ~long, lat = ~lat,
type = "scattergeo", mode = "markers",
text = ~ paste0(
"gk & " stations, "<br>",
"RHK: ", mag
)
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 = Tlist(
showgrid = TRUE,
gridwidth = 0.5,


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

OF M=

6.3 FRLT

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

)

lataxis = list(
showgrid = TRUE,
gridwidth = 0.5,
range = c(-40, -10),
dtick = 5

))

Kl 6.10: =23 [a] i i

6.3.4  ¥hIKEI

e AT Aok e
plotly::plot_ly(quakes,
x = ~long, y = ~lat, color = ~mag,
type = "scatter", mode = "markers"
) 1>

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

55
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images = list( # KX HE K

5% RAZAW

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, # H4AT

sizex = 0.2, # K&

0.2, # TE
opacity = 0.5 # % E

sizey

6.3.5 ZPAk

FEMAS A E RS

pl <- plotly::plot_Ty(

data = trunk_year, x = ~year, y = ~revision, type = "bar"

) >

plotly::layout(
R,
"RERLE

xaxis = list(title

yaxis = list(title

p2 <- plotly::plot_Ty(

data = trunk_year, x = ~year, y = ~revision, type = "scatter",
mode = "markers+lines", line = list(shape = "spline")
) >

plotly::layout(
xaxis = list(title nAEARMY,
yaxis = list(title = "RA| X E")

htmltools: :taglList(pl, p2)

plotly f2 B %L subplot () &I T JRHES

plotly::subplot(plotly::style(pl, showlegend
plotly::style(p2, showlegend

TR ETF TR x .

FALSE),
FALSE),

nrows = 2, margin = 0.05, shareX = TRUE, titleY

TERREMR G RE, R R subplot () SEH.
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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 PRI

crosstalk fUnl K plotly W2l EIEH DT Wil fEr)FARIKEhE R . plotly 265 BIE, TEEIE
R TR R r Bt S s e A o

library(crosstalk)
# quakes H({E R T HZ By
quakes_sd <- SharedDataSnew(quakes)
# LE X LAWY
p <- plotly::plot_ly(quakes_sd, x = ~long, y = ~lat) |[>
plotly::add_markers() |>
plotly::highlight(on = "plotly_selected", off = "plotly_deselect")
# I fERAE
d <- DT::datatable(quakes_sd, options = list(dom = "tp"))
# BHERA S —RET
bscols(list(p, d))



O M =

B R HARK

T RIS, L HRMEHATEZIhEE, FTARArdl. HE. R, W] iRfrodl.
&, WA ENIRE. AAERS). mE#l. SUmPkEE . IR S H RS R TR SR M T
1), HIVERXFER RS TR LW K0 DT 4, BEMERNIAS 31%, BET jQuery HEZEMFTE
fir DataTables £, $@fft 77— R pyER, EP THMFL HABET JS FERY R —FE, #T
htmlwidgets.

7.1 F:AfihE
711 QRS
712 PRAIEE
7.1.3  FEmIERE
714 kPR
7.1.5 WHIEY)
7.1.6 %
7.1.7 WGP
7.1.8 fiis4l
7.1.9 FIfAML

7.1.10 Hdnht

library(tibble)

58


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

O M =

7.1 AEhTrEe

dat <- tribble(

~namel, ~name2,

59

as.character (htmltools::tags$b("/u#L")), as.character(htmltools::a(href = "https://rstudio.com",

as.character (htmltools::em("3&JE ")), '<a href="#" onclick="alert(\'Hello World\');">Hello</a>"',
as.character (htmltools::span(style = "color:red", "ﬂiﬁ?")), nIE

HRIEER A K/ NEE L2

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

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

}
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"),

"green", x),

"red", x)

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

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

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

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

color, x )

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

options = Tlist(
pagelength = 5, # % W 547

4.}\

dom = "t"
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TR 71 BRI

15 4525
1 S ik
2 PR Hello
3 IEH EH

)

Base R WERK R W&A FEMEIE, IEFEAHE/RERIEMEIAGITEE, S EARMBIEH 2 H /T
ZRZ BN BRI BRI RTT, Bhde SR IR R PR -

# WE R BFR

Pkgs <- sapply(list.files(R.home("1library")), function(x) {
packageDescription(pkg = x, fields = "Priority")

)

# WEAE R BFIK

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

# B R BHKEE

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

library(DT)
datatable(BaseDataSets,
rownames = FALSE, # f B7~{T%
extensions = c("Buttons", "RowGroup"),
options = Tlist(
pagelength = 10, # & L7 WATH
language = list(url = "//cdn.datatables.net/plug-ins/1.10.11/718n/Chinese.json"), # WA
dom = "Bfrtp", # XL TATH i. LI f e, BMAA p X7
ordering = F, # F# 7| HF
buttons = c("copy", "csv", "excel", "print"), # 2L 44
rowGroup = list(dataSrc = 0), # 3% Package 7|44l

columnDefs = Tlist(

list(className = "dt-center", targets = 0), # ~TZ /T4, N targets M 0o FF&h, MM 1 Fib

list(visible = FALSE, targets = 0) # A 7~ Package 7|



7.2 IR

Copy CSsVv

Item

datasets
AirPassengers

Blsales

Blsales.lead (BJsales)

BOD

CO2
ChickWeight
DNase
EuStockMarkets
Formaldehyde

HairEyeColor

7.2.1  PUbARE

7.2.2 IS

ek 7.2: Base R P B 5 EE

Excel Print

Title

Monthly Airline Passenger Numbers 1949-1960
Sales Data with Leading Indicator

Sales Data with Leading Indicator

Biochemical Oxygen Demand

Carbon Dioxide Uptake in Grass Plants

Search:

Weight versus age of chicks on different diets

Elisa assay of DNase

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

Determination of Formaldehyde

Hair and Eye Color of Statistics Students

Previous

1

7.2

2 3

¥t

4

37

Next
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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 .

8.1 1hi Bl

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)

62



O M =

8.2 SHINY #atk

8.1.1 UI pijs

8.1.2 Server )Y

8.2 Shiny Hft

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

8.2.1 Wifksds

PNy . JMSL IR . e dr sl

8.2.2 i AKE

BAERL, SoARR

8.2.3 gkl

PEACHCAL L B e

8.2.4 p%

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

63



)
LTLL})

/\}

:ﬁ%\ enableBookmarking(store = "url")

shinyApp(ui, server)

8.3 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

8.3.1 wWAu)

8.3.2 AR HEMK

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

\ \\/\ 8.3 SHINY ¥ & 65

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

1 m 66 BT AR

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,

8.3.3 KB

ggiraph {1

8.4 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

8.4 SHINY k&%

8.4.1 shinydashboard {3

RN WA app.R .

library(shiny)
library(shinydashboard)

O M =

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

S
:#*Eglf output$plotl <- renderPlot({
‘\ data <- histdata[seq_len(input$slider)]
@ hist(data)
H

shinyApp(ui, server)

8.4.2 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 = "KUA",
rightBorder = TRUE,
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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) { }

8.4.3 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)
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)
<’
>
/ 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)

8.4.4 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 &",

BT AR
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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)
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}

shinyApp(ui, server)

8.5

8.5.1 bslib g

o bslib

8.5.2 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(
"L BT = "tab_1,
" 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",

BT AR
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https://github.com/ericrayanderson/shinymaterial
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tags$h2 ("& — M tabT ")

server <- function(input, output) {

}

shinyApp(ui = ui, server = server)

8.6 Shiny fifk

$e Tt shiny {SCGRELT M PERERY 4 EI

8.7 Shiny &

8.7.1 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/
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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)

8.8 Shiny ¥t

R Markdown + Shiny Y4

e crosstalk A2 H.
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DT %2 H. %
leaflet 27 H &l
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o FXTRRE N H s HE LB AL THA, Al leaflet ATDARFHBIE fix A Shiny I, dygraphs
AT DARFI 18] 7 91 ZE R

o Shiny 214, shinyFeedback &4t F P A1 Bt . shinyWidgets $24t B & X widget {6 . miniUI
Ly/NERAT, shinyMobile & 10S M2 5Bl E 7 shiny WA .

e Shiny £ . H 40 shinythemes 1] PAGE—TC €@, dashboardthemes &£t 5 IR E R £ 5,
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 =,

o Shiny . shinymanager / shinyauthr SC4¢ 54> shiny IV HRFFRE L, firebase $EHETRIFLR
B https://firebase.john-coene.com/,

o Shiny HEZ¢. ShinyStudio T3 TAAF M VMEF & IR F IR T %, golem 2]
shiny [V HIIHESE, RinteRface F AR AR R WA ETE £ BN MI T %, HECAEAE/D
5 cheatsheets.

o Shiny #$3. shiny-server PAMIZEARSS ) 77 X SCRE shiny WA, shinyproxy $@fitd 9% 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 .

RS —4¢, Shiny JFHI=ALZ.
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,
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% h%F HTML 4%

@ (a) versicolor Z{f, 15 2 (b) setosa 15 E (c) virginica #H B35 R
Bl 9.1: =FhE A

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

Result one

Hard edge 4>[ Round edge

Result two

Bl 9.2: JiAe

geplot2 2241 &

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

theme_classic()
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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))

FHE 9.3 5 RAEERLE

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

Species

5.1 3.5 1.4
4.9 3.0 1.4
4.7 3.2 1.3

0.2
0.2
0.2

setosa,
setosa

setosa
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%% HTML 4%

Markdown 1534 iy o
* L5 & o TJPHIER
+ FAE 1 - FHH
+ T4HE 2 - T4H 2
- FT4HE 1 * TT%H 1
x 48 2 e %H 2

Ak (43t 4 1)
AU TR

1.
AR L. BF9%
2. 48 2
2. %H 2
i) F4H 1 -
) T4H 1
A FEAE A FT&H1

AR B
@ B AR (1) 85— A RHFY

A NRIR

A — AN EL - bk
MRS (2) =AY

@ F=PMAZAMME
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— /N
IR LAl
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*iz AR X
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B, %, A g, ZE, SIRKHES%.
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9.1.6 JHITE

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

— Paul Murrell

9.1.7 A
NG, H—fT AKX, Ho@rma. siE—XEuHfeskdfizta, £a/fss
FRZ ARG ZHM, AN $\betas JHYLHORIMARZE 6 - FEHERWXETATIMAELA, L $s
\beta$s$ JEYLH R IIRRAIT :
B

TTNAX IR BEEART S, TR AR R A A, Bl 247 A 1T AKX A% S,
WA ARG, sl T2 X5 /.

y=XB+e€
HEBATIR AXAREZAFE LaTeX 34, &HE WA PR, —fMe2MAXBTHE, —Ffak AP

17, WHRARESRNT . 280k, MR RN T3, — M@, AR Bn gt X,
WIHrRER 9.1

y=XB+e
Yyi=%xB+¢€

(9.1)

TEATIE A, () split A EREEHR — R A, ARSI, Rk MR, 2%
BRI, LR A R A s N SR B TR, Wor 9.2 .

Var{8} = Var{(X"X)"'X Ty}
= (XTX) "X Var{y} (X TX)'XT) "
= (XTX)' X Var{y}X(X"X)™* (9.2)
=(X"TX)'XTo?IX(XTX)!
= (XTX) o2

{HISER,

1. LaTeX @34 \mathbf HXJHEFH: a,b,¢c, A, B,C I, XHEMEFER: 0,o,8,. .., I N ZHEH
T2 \boldsymbol,

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



82
1N
A

:\:\.B< 3,
©

%% 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}}

$$

9.2 ilfiEdkt

Quarto Report Y4

9.2.1 SQL #if

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



9.3 #MFR=

iris_preview

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

1 5.1 3.5 1.4
2 4.9 3.0 1.4
3 4.7 3.2 1.3
4 4.6 3.1 1.5
5 5.0 3.6 1.4
BER G R

dbDisconnect(conn = conn)

9.3

Quarto Presentation

9.4

Quarto Book [ T #% 2

0.2

0.2
0.2
0.2
0.2

(R

25 A5 FE

setosa
setosa
setosa
setosa

setosa
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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 .

10.1 LaTeX JtAlt

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 .
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10.1

LATEX % & 85

\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

10.1.1  vh¥yik

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}}
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LaTeX {RURZFHREA, LRI CFER, BrF Rk e. £ amsmath 245, MK
5 mathpazo &% B2 F K, N#k palatino ¥ IFE CH A SCFA, N3 courier BEE RS H Y% 58

’ TR, m#K fontenc WEFHRMM I FRC LR dvips 24, ERREH TR

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

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

10.1.2  BEnR

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 -

kg 10.1: LaTeX 23 UHRRIA S

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

K5 NG L Fertk
X T X X

T PIALS ZEUIYEN AL
X X X v
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 8u5 /7

( 1 ol T )
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

& 10.1: newtxmath 75 YL ) 2 AR

10.1.3 Q%

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

lines (lowess (cars))

& 10.2: verbatim P33

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))

& 10.3: Istlisting $P33%F5E
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10.1 LATEX % & 89

10.1.4 IHABEE

=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 10.4: [ R (AR

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 -
Fett 10.3: FAFHI BRI

sl A2 53
1 6 77
2 7 15

3 8 44

10.1.5 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 -

10.1.6 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 =

10.2 R MARKDOWN # #h

\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

10.2 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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IL_LL

# ZMEA {#sec:lm}

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

:x:\'m\ “{=tex}

@ \begin{align}

\bm{\mathsf{y}} =

(\#eq:1lm)

\end{align}

10.2.1  vpdEpff

10.2.2  EF AN

10.2.3  fCS¥bs%

10.2.4 GAPE#R

10.2.5 A X5IH

10.2.6 A JalERR

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

WK \eref(eq:lm) .

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

%-+% PDF 4%
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10.2 R MARKDOWN # #h

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}

93
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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}

10.3 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}

10.3.1 ik
10.3.2 B3R
10.3.3 fCridyb

10.3.4 HiAK#

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
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K&l 10.5: Peaks K&K %

FeAt 10.4: HVERMS A E A

Default Left Right Center

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

10.3.5 A X5IM

@tbl-quarto-table i A 10.4 , @fig-quarto-figure fH AR 10.5 . 5| HFEMIIFRIEFFHI S
& thl, GIEEMR RIS fig, JEAEFAERLENE . X LaTeX SRR E . £75]
M \ref{fig:figure} , Quarto "' @ FFEXFW. T4 \ref o {HRER, & LaTeX SCRYH, XHRIR
PR A8 A IX MR ESR , (B T A5 HNES, 2 EAR R HIEE .

10.4 Quarto beamer

Quarto ff|/F beamer ZJ4T H

title: "Quarto 47X HALJR"

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

- XX FlE
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10.4 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

97
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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



10.4 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.

11.1 Word CHY

11.1.1 Markdown #ilfjz Word CF4

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

11.1.2 R Markdown {lilf Word 34

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

11.1.3 [{EX Word Billk

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

100


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

11.2 POWERPOINT g% 101

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

11.2 PowerPoint i

11.3  HLT-hBfFk

Rahul Premraj ¥ rJava fJF AR mailR BRIEARTE CRAN EIERAEA, HECHIMRZ A X
T, BT, HAEEECEAgE T, GREEMA 2 KUK . RStudio 247 Richard lannone
BT A1 blastula 5 | Java MM, EhERA. DU, SCRERERFAIRIE

11.3.1 curl 43

curl WRMEATPREL send_mail() AT ERAEMMN carl SRAFRAMBPE, 250617, HECFAZALE

From: "BK =" <H{4F Hiit>
To: "ZPU" <HE4F Hiht>
Subject: I HF ¢

(S

K A — HH 3 !
FFHR A N ASPRAFN mail.txt SO, SRR curl Ay 4T THIFHMFN A & %
curl —-url "smtp:///A B Ef R4 Ak FF Ak w3 B 50\

--ssl-reqd --mail-from ' & ¥ AWE4G H A" \

—-mail-rcpt "YW AER AT B AR\

--upload-file data/mail.txt \
——user "R A HRAE Mok ;B A R I 25 A

1R
Gmail T ZEMEE, ASCRREMAEIER I 30, SRFIRPE A RS, SRR BT .

11.3.2 blastula fu

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/

\ \4 102 #%+—% OFFICE * 4%
SR IE4%E keyring Fil blastula
7,\§-1nstau.packages(c("keyring", "blastula"))
7 BAETCEMSFIR ™ X — M A R R D, OB — YOS 1, T SR A IR i o f
A R E—IK

@ library(blastula)

create_smtp_creds_key (
id = "outlook",
user = "zhangsan@outlook.com",

provider = "outlook"

)
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("3K =" = "xxx@outlook.com"), # % {4+ A
to = c("&F" = "xxx@foxmail.com",
"EF" = "xxx@gmail.com"), # YL FA
cc = c("B A" = "xxx@outlook.com"), # V£ A

subject = "X & —H MK E A",
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
7 Ak

email <- compose_email(
body = md("

Markdown % 2 B {4 iy &

")

)


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

Hq 113 T 103
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™")



— b

giil

104



® B RS

.
@ 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

12.1 SRR S

12.1.1  FAREEMEGLES
12.1.1.1  FEUmm
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}

Ht=F FRHKRITER



12.1 ##H AR

HhEEA

E R

B HERL KHRLE

HERTE Wilcoxon ﬁk%ﬂ*&gﬁ}

SRR

HERR FARRT5 A

Bl 12.1: FREARAG TS

set.seed(20232023)

n
#
X
#
u

#

<- 20

A

<= rnorm(n, mean = 1.8, sd = 2)
Bkt E

<= (mean(x) - 1) / (2 / sqgrt(n))
s 5+ B

gnorm(p = 1 - 0.05, mean = 0, sd = 1)

#> [1] 1.644854

#
1

P {H

- pnorm(qg = u)

#> [1] 0.005082465

107

! E%
FERLAE R X HRMARHELEZS 01, B RO 11 R AR

P(X < u) = ¢(u) = \/%_ﬂ /_ "t
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gnorm(p = 0.95, mean = 0, sd = 1)

ﬂ'ﬁf #> [1] 1.644854
<:> 12.1.1.2  JiZEAM

% SRR p = 0.95 , RO F A o B qrorm() HH
s

I Hy:p—ppo<0 vs. Hy:p—pp>0
II Hy:pp—po>0 wvs. Hy:tp—pg<O0
I Ho:p—p=0 wvs. Hi:p—pg#0

% 8%
- p
RN
(71;721)82 ~x*(n—1)
E{s?} = o? Var{s?} = Zi

AR ¢ A0 SE X, IR B B ¢ 23, B ¢~ t(n — 1)
_T— 1o
=
B o = 1 XTI T, Fa4ads, {t > t1_o(n — 1)}

# R AT E

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

# I S E

t

qt(p = 1 - 0.05, df = n - 1)
#> [1] 1.729133

# P {H

1 - pt(g = tO, df = n - 1)

#> [1] 0.01569596

1 R

BEE S5 112 % William Sealy Gosset (1876-1937) - 1908 4E7E 245 (Biometrics) DA% 44 Student
K183 (The Probable Error of a Mean) (”Student” 1908), & 3CH @/ T 7[R IE S/ fH iU AE
A xyy RN, 0%) WA 2 8 RIBEAFRIEDE s (ORRAM , AR (AT 22 1 AR 2%
PITER S ¢ o, B4 ¢ el AR/ IMERGUR 2 oIk, W. S. Gosset #EA 4D




12.1 BHRER 109
| # N3% (Heyde %5 2001),
g 12.1: ¢ AR

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

12.1.2 AT AR
R X2 g EIRMN R 015 .

I Hy:0°—03<0 ws. Hy:0°—03>0
I Hy:0°—05>0 wvs. Hi:0>—05<0

III Hy:o? —O’O—O vs. Hy:o? —007é0

—fRAEIME 1 RARFE . RGN R T P (n - 1)

n—1)s?
=D
)

BLog = 15", BEIEE I

¢ BIGIHE
Ch:l <- (n - l) * Var()() / 1.5A2
S

gchisq(p = 1 - 0.05, df = n -1)
#> [1] 30.14353

# P {H
1 - pchisq(g = chi, df = n -1)

#> [1] 0.002183653
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R BURIR Z Gt i, Bk, AR AR, AR THEE BN n RN p 1)
= X2 AR X2 (n) , B

/
\ P(C(n) < x2(n) = p

<:>E%Eﬂﬁﬁﬁﬁl,ﬁﬁﬁaw,Mﬂ%ﬁ%&ﬁ@ﬁthM)ﬁ%NE%(?)%&ﬁo
qchisq(p = 0.05, df = 1)
#> [1] 0.00393214
[FIHE, 0T PATRES X2 AR i EERAS 12.2 , TTRHRI A EUR 4 BN
Ft% 12.2: x° AHY AR

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
7 0.9893 1.2390 1.6899 2.167v3 2.8331 12.0170 14.0671 16.0128 18.4753 20.2777
8 1.3444  1.6465 2.1797 2.7326 3.4895 13.3616 15.5073 17.5345 20.0902 21.9550
9 1.7349 2.0879 2.7004 3.3251 4.1682 14.6837 16.9190 19.0228 21.6660 23.5894
10 21559  2.5582  3.2470 3.9403 4.8652 15.9872 18.3070 20.4832 23.2093  25.1882

12.1.3 AR

A TIENTTZE, AR EAESHRMRIESHET O 78— Biid 8, 3RS Rl 2 e s ik
AR FECAZ ELA RS DL RS , ASREOUR T (AT 22 RHIE &

% R E A BRI ER I PR TR, AR amE R Rm, WFEZE Wilcoxon  (B/REH
FK) AL wilcox. test() SRMUIIEM HLEL

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
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ﬂﬂf 12.1.4  MkREI R
\

12.2 PikEAK: S
©

HEEH
9B HERAEIEE
FERMATE

ESRA

HERR
FIEEZS

Wilcoxon S0
BTG
a0 Kruskal-Wallis ﬂ*ﬂ*ﬁgﬁ]

Ansari-Bradley 138
FHERIE Mood 136

Fligner-Killeen #&3&

Bl 12.2: AR B

BEar, o, BREEE N (1, 0f) BIREA, B y1, - Yo 2R BB N (p2, 03) BIFEAS

12.2.1  EAREHERSLE

PIFEAIYEZ 2R



$roF  ERMRITRR
ERSo R
— N(u1,0%)
— N(p2,03)
_B M1 6 25 é 1b
T
Fl 12.3: BFEAR IS Z 220k TS
7 DA 5 [V A
I H()Z/Jl—,LLQSO vS. le,ul—u2>0
II Hy:pr —p2>0 ws. Hy:pp—pe <0
I Ho:pp—pe=0 ws. Hy:pg—pus#0
12.2.1.1 JjZEH
" — ( —y) : (Ml; f2)
T
RISt EIRMARE RS u ~ N(0,1), KISt & u S FEARE o, RIAIELIAR P {H
j?
Wi={u>ui_n}, p1=1-S(u)
n_1 <- 100
n_2 <- 80
mu_1 <- 10

sigma_1l <- 2.5
mu_2 <- 6

sigma_2 <- 4.5
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set.seed(20232023)

x1 <= rnorm(n_1, mean = mu_1, sd = sigma_1l)

yl <= rnorm(n_2, mean = mu_2, sd = sigma_2)

u@ <- (mean(xl) - mean(yl)) / sqrt(sigma_172 / n_1 + sigma_2"2 / n_2)
uo

#> [1] 6.779039

PRI ) T, 4578 BE K « = 0.05, SHfE4Es {u > 1.645}, THEFEANSER SN RS T

# HHAE A
gnorm(l - 0.05)

#> [1] 1.644854

#itE P

1 - pnorm(u0)

#> [1] 6.048939e-12

12.2.1.2  Jj AR HISE

BLar, 2y R EEE N, 0%) BREAR, B y1, - Y, R BRI N (p2, 0%) BIFEAS
t A, KIS RN E A n 4+ ne — 2 1 t A0

So ni1+nlz
Hr,

1 n2
T = Z; 3]22211

i=1 i=1

1 ni n2

2_ - L =)\2 L 5\2
So_n1+n2—2(;(xZ ) "‘;(yz ?J))

s.w<-sqrt(l / (n_1 +n_2 -2) x ((n_1 - 1) % var(x1l) + (n_2 - 1) * var(yl)))
t0 <- (mean(x1l) - mean(yl)) / (s_w * sqrt(l1 / n_1 + 1 / n_2))
to

#> [1] 8.155781

FEAMEAE to = 8.155 > to.95(n1 + no — 2) = 1.653 YEFEFELAIR AN, KT RIS 1A T FATEIE 4 R Rk
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# I RAE: 0.95 2L fOA BB oL 2K

= qt(l - 0.05, df = n_1 + n_2 - 2)
’

[ 4> [1] 1.653459

\#pﬁ

@ 1 - pt(t0, df = n_1 + n_2 - 2, lower.tail = TRUE)

#> [1] 3.019807e-14

A R WER t.test() BREITH
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 dinterval:

#> 3.036384 Inf

#> sample estimates:

#> mean of x mean of y

#> 10.338905 6.530406

RS RE S P AR e — R o BERRES sleep TSR T WIRP 25 97X A BRI IR TH] A2 00, 8L
Bt “Student” (BFZERFAIES) Ik,

# 7 Z R A B A%

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 is 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
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12.2.1.3  Jj ZEARMHAE

P EEAS I REA BN AR K, BT AR A, BIREAS I 2 2200 35 A5, B35 44 19 Behrens-Fisher
A8, Welch 7£ 1938 4EH T RIIRM B HEER T 1 t 7.

PIFEASREARRAR K, RUS AT 2R, PIREA I ZEM g P ERR T, R IR0, WT A
M Z RS, AEREARRKAEILT, Welch t A¥a Ll DA -

B, wny RREEE N, 0f) B9 D BEAR, B yi, - yn, 2R A EIK N(p2,03) B 1ID £
Welch (F37R%F) t #i%5

po @) (- )

- 2
Sz
n1+

P)
Sy
n2

Hor, o3 FORMEA x (722 82 = 5 00 (s — 2)° ) FoRMEA y W22 8] = 5 2002 (v — 9)°
o KRG T IR E W LIt 21

50

[ =

sa + 52
n?(ni—1) n2(nz2—1)

Hr, s§=s3/m + ) /na, DA, SCEREMIRE, | AT REAL.

sO <- var(xl) / n_1 + var(yl) / n_2
1 <= s072 / (var(x1)?2 / (n_172 * (n_1 - 1)) + var(yl)*2 / (n_2"2 * (n_2 - 1)))
1

#> [1] 126.7708
FrPA, U ATHR 127, ReEGgeit ErEa R

t0 <- (mean(xl) - mean(yl)) / sqrt(s0)
to

#> [1] 7.77002

# g RAH: 0.95 L & X R # 2L %%
qt(l - 0.05, df = 127)

#> [1] 1.65694

#p fH

1 - pt(to, df = 126.7708, lower.tail = TRUE)
#> [1] 1.162404e-12

# BB
1 - pt(to, df = 127, lower.tail = TRUE)
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#> [1] 1.153078e-12
‘,_\'S"ilg&kﬁt.test() P, EARERE, t 4RI E BT DA JEE L
7
7 t.test(x = x1, y = yl, alternative = "greater", var.equal = FALSE)

\ #>

(::) #> 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 1is greater than 0
#> 95 percent confidence -interval:

#> 2.996334 Inf

#> sample estimates:

#> mean of x mean of y

#> 10.338905 6.530406

2: sleep it

°
°
°
4-
°
° °
group
©
21 . o ==l
‘ B 2
°
° @ ¢
04 [ ]
s ° o °
°
°
1 2

group
Pl 12.4: 22 2R AR AR 1) 207
# o ERMEN%E
t.test(extra ~ group, data = sleep, var.equal = FALSE)

#>
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#> 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 1is not equal to 0
#> 95 percent confidence dinterval:

#> -3.3654832 0.2054832

#> sample estimates:

#> mean in group 1 mean 1in group 2

#> 0.75 2.33

1 1R

Egon Pearson #1dfth403% Karl Pearson fYHRA, AT HRF2EBp R R 8d% . 4 E(E
(Pao-Lu Hsu) ¥ Jerzy Neyman £l Egon Pearson F-#i[Z% (Statistical Research Memoirs) &
5 —fm T Behrens-Fisher A5 3 (HSU 1938), 1998 4FxF Behrens-Fisher [A]8i[1) 254
(S-H. Kim il Cohen 1998) . PRZZALHIXR R E —H 88 TVF B0 A PSRl e AR Bk, W GFs
[EIeAE M AT RISAAR B« # PP (Kai-Lai Chung) $5FFE 16 SCERIRH R (HSU 1983).

t AIRA TR E K, BT AT RA G R, AR ¢ 5. LA
MacOS _Ef% Numbers FAEHA B, WAl 12.5 Bz, B 63T Numbers 0k, Bl TR, fAH
HEE, ARG, FATESSARE AL 5, AR W, Sdy Rkl s
A, TEH R ST B A TTEST, RGBSR —4, 58 4, MIRAMHEARAE, fK5 N
N, BIRTESRIPTREA ¢ A3 P {HER .

@ @ 4 ttest
125% v =
E)5 BwA
IR
o A B [ D E F G H J K L M
AR T 1058
X | 3 4 5 8 9 1 2 4 5
6 19 3 2 14 4 5 17 1

:l - v TTESTY (X ), (Y v),(RR v ), (RiARHE v 00
l 0.20229392{ [ T T T T I |

N o a » 0w N o=

Bl 12.5: IpA%E Numbers BUPIFEAR ¢ 155

K Excel IpA%AHBARDE ¢ K30 T504% , A1 MacOS R4¢ B Numbers Jp 2B, Bt T.TEST
BREL, TTREERE R, BRI, REPEA totest() BEL AT ¢ A2, W0

t.test(x = c(3, 4, 5, 8, 9, 1, 2, 4, 5), y = 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

1 11
#>
#>
7
#>
/

#>

\#>

#>
O
#>
#>

#>
#>

-

8 7

B
_\_
I

Welch Two Sample t-test

data: «<¢(3, 4, 5, 8, 9, 1, 2, 4, 5) and c(6, 19, 3, 2, 14, 4, 5, 17, 1)
t = -1.3622, df = 10.255, p-value = 0.2023
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
-8.767183 2.100516
sample estimates:
mean of x mean of y

4.555556 7.888889

12.2.2  ERAMATT K

ke

#

va

#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>

#
ba

#>
#>
#>
#>
#>

T

BN RS R T 22 AN, F k.
A

r.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 interval:

0.198297 3.214123

sample estimates:

ratio of vardiances

0.7983426

2 H

rtlett.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

F Iy AT A I
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12.2.3 SRR

TEBED AR T , HEIIEZEHERL .

o wilcox.test() M THRFEARMNEEA R ER L, FAHEA Wilcoxon BRAIFL:, MiFEA Wilcoxon
TS RAIREE:, JF& M Mann-Whitney #5565 .
o kruskal.test() I TPIREARTIZHEA, IWRZMIHERZEHENRR, Kruskal-Wallis #EHI:

EvS
BAREARFIPIAEAS wilcox. test ().

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 fFALET I Wilcoxon-Mann-Whitney #5465

# 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 -interval:

#> -3.500000e+00 1.270214e-10

#> sample estimates:

#> difference in location

#> -1.347344

# Exact Wilcoxon-Mann-Whitney Test
wilcox_test(
extra ~ group, data = sleep,

distribution = "exact", conf.int = TRUE



#>

\ \\,\ 120 =% ¥AMRITHRE
ot

#> Exact Wilcoxon-Mann-Whitney Test
TS
J #> data: extra by group (1, 2)
\#> Z = -1.8541, p-value = 0.06582
@ #> alternative hypothesis: true mu is not equal to 0
#> 95 percent confidence dinterval:
#> -3.5 0.0
#> sample estimates:
#> difference in location

#> -1.35

PIREARFIZREA 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 SHA I —E WA DUTIESEGE, — ki, IESBRRThA/ NS5, ES500%
RESRASRIED, FLantts P M 0.07939 %% 0.06372.
12.2.4 SRR HETG 22K 55
AR 3 AR W 225 VARG IR A =AY, IS Ve 28, WM 12.3 .
ekt 12.3: B ¥E S

[N AR
o Ansari-Bradley ¥;56 ansari.test() o Fligner-Killeen #;46 fligner.test()
e Mood #5356 mood. test()

PA A. R. Ansari fil R. A. Bradley fip44 ) Ansari-Bradley % (Ansari 1 Bradley 1960), X[ R bR
B/2 ansari.test() , PA A. M. Mood 144 ) Mood #:4 (Mood 1954), XfMW.I¥) R %2 mood. test ()
, XPEAE TP AES UGS, Ml RIESERAME (5F4). PA M. A. Fligner #1 T. J. Killeen
44 ) Fligner-Killeen ¥555 (Fligner fil Killeen 1976), XfMWi) R EEUE fligner.test() , ETIE
SRS, W T REARMZHEEARRER .. AESE0GE W ML E SHRE S X —iE, eSS
ST, CCESEOTAREERIIE 1, RESE AN T2 o .

ansari.test(extra ~ group, data = sleep)
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#>
#>

#>
#>
#>
#>
#>
#>

Warning 1in ansari.test.default(x = DATA[[1L]], y = DATA[[2L]], ...): cannot

compute exact p-value with ties

Ansari-Bradley test

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

12.3  ZHARS

121

AF5 % & Base R A B ) PlantGrowth Z(IE4 , B lki& H Annette J. Dobson fif3# 454% ¢ An Introduction
to Statistical Modelling) (Dobson 1983) %5 2 &2 2 Y5 L0 — WFFSAEDILE P AP A FREE 21 F iy K
&L, FEYE AR R IR R IR FI S S ) A bk, SERUERER , B DAE A 1 T E R Z AR )
PRSI, B e LT AR TR B BEAT LI 43 Be 3 SE IS A RN IR, 36T 58 AL SE 3% 71 (completely
randomized experimental design), 3T ENNE]E, FAEDICE], TEHFRE.

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","trti",..: 1111111111...

WXL (F4L) ctrl FISEEGA trel A tre2, FRROR A ALEE 7 s Y T F ) 3

summary (PlantGrowth)
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PELS

Hartley 636
Bartlett #63&
{E1EM Bartlett #8346
Levene #0136

HERR

Kruskal-Wallis #F1#8:3&
HE IS Friedman F&F01616
Quade 38

HEKRE Fligner-Killeen #&3&

Kl 12.6: ZHAKLE

E LT RS
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#> weight group
% #> Min. :3.590 ctrl:10
#> 1st Qu.:4.550 trtl:10
, #> Median :5.155 trt2:10
\ #> Mean :5.073

#> 3rd Qu.:5.530

© :

#> Max. .310

BAAEA 10 By, ARERMAE 12.7 s

## Annette J. Dobson ¥ JEH Plant Weight Data ##%, W 59 W
library(ggplot2)
ggplot(data = PlantGrowth, aes(x = group, y = weight, color = group)) +
geom_boxplot() +
geom_jitter() +

theme_minimal()

[ ]
° [ ]
6.0 ®
[ ] [ ]
[ ]
[ ]
55 b ©
[ ]
e o group
= [ ]
é5750 . E§3 ctrl
o .
2 A Fel 1
. ° Fel w2
45 °
[ ]
[ ]
[ ] D
4.0
[ ]
[ ]
35
ctrl trtl trt2
group

K 12.7: AT
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12.3.1  EARLMEEER S
< -
S~ 12.3.1.1  [BeERiE
/
PR R R B s B . PRGBS . 72200, — IR () R BRI IR A
C) ROVEERL) KA.

o2 = Var{e;},i=1,2,3 R « LT £,

yij :N’_‘_eijai: 17273

Hrp p REER RIS R ETZE5T oneway . test()

# RSB U T E A
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

SR R A AN T 2 AR A A, A S 2RGS0 ) 25 SR A LT — B

fit_lm <- lm(weight ~ group, data = PlantGrowth)
anova(fit_lm) # 3 # 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: 0 '**x' 0.001 'xx' 0.01 'x' 0.65 '.' 0.1 ' ' 1

R R P RAR 12,4
FAg 12,40 ZePEIRA R i

e WefEZE tSitE 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
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12.3.1.2 BERlix

# W HEANE T £
aggregate(data = PlantGrowth, weight ~ group, FUN = var)

#>
#>
#>
#>

group weight
1 ctrl 0.3399956
2 trtl 0.6299211
3 trt2 0.1958711

# BE

with(PlantGrowth, tapply(weight, group, var))

#>
#>

ctrl trtl trt2
0.3399956 0.6299211 0.1958711

AT 2 A KA o
# BREUT ERF

oneway.test(weight ~ group, data = PlantGrowth, var.equal =

#>
#>
#>
#>
#>

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

MR GRAR, BUEd—4 (2) AARNITE,

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

125



#> 1.0000000 1.6028758 0.9103568

\¥11% =% ¥AMRITHRE
oot

#>
77> #> Coefficients:

J #> Value Std.Error t-value p-value
:x%§51 #> (Intercept) 5.205999 0.115762 44.97158 0
(:::) #>
#>

#> Min Q1 Med Q3 Max

Standardized residuals:

#> -1.78654574 -0.92900218 -0.08794552 0.61374803 2.09128348
#>
#> Residual standard error: 0.5798892

#> Degrees of freedom: 30 total; 29 residual
FIEGNHAEARR 2, BOFE 220, K3, WWHERRNAEERE, A&t
logLik (fit_lm)

#> 'log Lik.' -26.80952 (df=4)

logLik (fit_gls)

#> 'log Lik.' -29.99942 (df=4)

12.3.2  (E&ARA T AR5

SRR IEZS A1, A PUFRE WL S 808567k -

1. Hartley a3 AAFEARAAANSE

2. Bartlett #a3: AUREAR W DMMSEDIUASE, (HENHMEARELIAMET 5.

3. fBIEHY Bartlett #%: TEAEARBCREE/N . MHSF A F GHR R .

4. Levene f: A2 TRRNRAM T 204, MELT Bartlett £%:, Levene 35S MAR .

@ R

BRI OLT , K377 2257 I AES RO A A ] AFIFEX BL.

B, Ty AR RN (i, 0F) FIREA, By, sy, RREH BN (12, 03) BIFEA, B 21, 204
R B N (ns, o) HIFEAR

0? =02 =03 wvs. 07,053,075 ANEFE%

Bartlett (ELFFRAIRR) K24 bartlett. test() ZORBAR DM NIES T, MEA NN T ZEHAH R
FrES, MESTHRT, BTSE, SR T2 HAREL.
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# ZHAK

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

# WEH

car::leveneTest(weight ~ group, data = PlantGrowth)

#> Levene's Test for Homogeneity of Variance (center = median)
#> Df F value Pr(>F)

#> group 2 1.1192 0.3412

#> 27

12.3.3 SAEARIMBRSE

Kruskal-Wallis BRI T kruskal.test() RIS H & 51,

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

U AL FIR

fit_lm <- Im(rank(weight) ~ group, data = PlantGrowth)
anova(fit_1lm) # summary(fit_1m)

#> 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

Friedman #AKGE EIESEAGL . &M T RRZEZ MRS 200, KK SAE—dEE#
BTEALCT HAhL . £+%F unreplicated blocked data
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=

SRS n AT kO RURETNTT 2, R AT B R T A AL R IR AL
FHTn—4HA.

/ friedman.test(extra ~ group | ID, data = sleep)

\

©

#>
#> Friedman rank sum test
#>

#> data: extra and group and ID

#> Friedman chi-squared 9, df = 1, p-value = 0.0027

formula ZEEUE N a ~ b | ¢, a F/REIEE, b 445 HE groups, ¢ F/8 blocks,

Quade #;4 quade.test() 5 Friedman #3635, Quade #:465 T unreplicated complete block

designs,

# HEHR LI

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

RIBW K ST, s 4 X 4%t complete block designs . 1879 43 /R b3 M O T
TR SEE , FEGRIR TR 20 WOGH . $R4E morley HHYGHE Speed EVASIDE T, BT BRI, B
ARLINE EE 25 T 299000 (km/sec).

# L
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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P 12.8: 1879 4F3 v /Kb G SLB 4l

12.3.4 SRR 2R

=LA I 5 AR . dE— P, AT A Bt B2 I8 S A A R T 22
Jes ZE5F AR -
# 5B ER

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

BIHEER TR, FIAVCH = 28 B 2R .

12.4  FCRFEACR: S

BERREA K B0 S 2 PIREAAS I ) — TR IR TS DL o A RS IR AR A IR, I T R A6 6
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FHE 12.5: FEXF AL

F Iy AT A I

ERS R %K

PFEA o t.test(paired = TRUE) IEASEMAMI(EATE
e wilcox.test(paired = TRUE) MR ARFILMERK L

12.4.1  fckF t 455

AR BCRXT ¢ A5, PRAL t.test() MISAEL paired BE TRUE , PIDAIAFEA SRERCX A AL

Hi,

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 PIIECXT ¢ K36, pRAL pairwise.t.test() IBHL paired BLEN TRUE , YUY

Bex ¢ AT, AR SRS AT S .
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

"7 , R 41 RIZL 2 TN 6 RIREY P (EY 0.0028,

\ @ R
@ PSRN R0 5 A B L MR AR ST 00
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

Fthai b, BER T group2 BWREMN T4 1 4, 25 2 HMMIN{E, Hoh 1.58, XFRAY
t SR 4.062127, P {4 0.0028. A nlme FHEEL intervals () 1RV
95% HYEAF X[H].

intervals(m, which = "fixed")

#> Approximate 95% confidence dintervals

#>
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F Fngitiek

#> Fixed effects:

#> lower est. upper

#> (Intercept) -0.6081944 0.75 2.108194

#> group2 0.7001140 1.58 2.459886

group2 XTI 95% (5 X [H]/2& (0.7001140,2.459886) .

12.4.2 ik} Wilcoxon K345

Wilcoxon #:56pEAL wilcox.test() W HE paired = TRUE FJDMBECXAGEG, (H 2R W 4.
# A EHZARE

# 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)

12.5 ZdEfRks

[F] A6 22 TR

Fh 12.6: ZEBRRALL

FEA R %
EA=vN o pairwise.t.test() IEZSEMALEKLE

o pairwise.prop.test() “IE A LLAIG TS
o pairwise.wilcox.test() MARFILI(EAL:
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12.5.1 £t B

Bdhide sleep (AN, FdESE PlantGrowth & =44, FHILAKIESE PlantGrowth Rfil, /4
W22 IR I AT R LS ¢ A

# B AR A TR L

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

PREL pairwise.t.test() DA P {HZ NP ECXT LR B S5 5, trtl F1 ctrl BEXFE0Es, P {ES 0.346, trt2
I ctrl EEXTHCES, P EA 0.220, PASLISHE.

# A AR BOXE A L

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

12.5.2  ZH LRSS

T RS, ML B E:, RITER%L pairwise.prop.test() , WITR/RBIEH 4 141,

smokers <- c(83, 90, 129, 70)
patients <- c(86, 93, 136, 82)

pairwise.prop.test(smokers, patients)
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Warning 1in prop.test(x[c(i, j)1, nlc(i, )1,

may be incorrect

Warning in prop.test(x[c(i, j)1, nlc(i, j)1,

may be dincorrect

Warning in prop.test(x[c(i, j)1, nlc(i, 7)1,

may be dincorrect

Pairwise comparisons using Pairwise comparison

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:

12.5.3 Wilcoxon K4

Wilcoxon K351 A B A I I (EZ2 A

holm

St=F FIaRITEL

.): Chi-squared approximation

.): Chi-squared approximation

.): Chi-squared approximation

of proportions

B pairwise.wilcox.test () MM A A AL P HLACAR 35 o

with(PlantGrowth, pairwise.wilcox.test(x

#>
#>

#>
#>
#>
#>
#>
#>
#>
#>
#>
#>

Warning in wilcox.test.default(xi, xj, paired

exact p-value with ties

weight, g = group))

paired, ...): cannot compute

Pairwise comparisons using Wilcoxon rank sum test with continuity correction

data: weight and group

ctrl trtil
trtl 0.199 -
trt2 0.126 0.027

P value adjustment method:

holm
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12.5.4 Dunn 55

dunn.test FEHLEEL dunn. test() LI Dunn ¥4, B Kruskal-Wallis BRAFIRELE BT 995 ELEL .

library(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

12.6 AR

FITET 728 S0 7 YRR X SR RS NRHIE R O Jr22) #EATIGES:, R RAR R ik R 0 7
P HAREASE ok A IS, W MEAZ %EH*Aﬁ FEAS U )i AN AT, FEAS
RO TREE o WIS R FA I APk o

12.6.1 EAMERLE

2 FER B2 RS, PG ERERER, REETTEEORYL, kR M A FER B 2 08 1R |
HREEEI TR AW B 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,
s

doing pre-testing for normality can affect the type I error of the overall analysis.
/ — Frank Harrell !
\ R THAE SRR R A2 B UK, et A S FIBE RS R B RS, #i0T P (E
@ Shapiro fll Wilk $2H A W K56 (Shapiro Fl Wilk 1965) , XFWAJ 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

EP Kt & F e BB B R O , R TR AR AR B ORI T A5 3 T AT B A 221 R o777
HEF— ARV 5] BP Kalbei it (Epps fil Pulley 1983)

@ ¥R

A n > 200 EP KR40 E Trp JEFIEIL n = oo I Tpp WAL

B,z R A IESEE N(u,0®) BIRA, EP RSEH&E SN

n i—1

TEp—l—i———i— ZZexp{ } \fZexp{ _)2}

12]1 Sk

Horp 2,83 Al FEASIEA (KRVA n BY) FEAS DT 25,

12.6.2  [lsr Ak

Lilliefors #5:5 * F1HHEAR) ks RHHY K &

Lhttps://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

© il =

12.6 B ARy Hb94aTs 137

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 #556: BAFEAR L LA B[R] /0 A ks . test()

# B x EEXM K
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

12.6.3  HIPER IS

FEASHIAH S VERGES cor.test(): Pearson’s ¢ R4k H:, Kendall’s 7 #5608 # Spearman’s p 56 .
T 36 [ SR BTN M B AR USJudgeRatings /28 45 THVT43 2 [B] A 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 interval:

#> -0.4168591 0.1741182

#> sample estimates:

#> cor

#> -0.1331909
Hrr, A8 CONT FoRfii SEEMBRARKE, INTG FoRalAAIE.

# 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
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St=F FIaRITEL

% 12.6.4  Jhor RS
HTIEJJ?EIJBEJ_ PRSI Box.test() 1148 Box-Pierce 5{ Ljung-Box L6481 A6 2 45 1 B ] 7 41 1 2
ﬂ.ﬁ SR

@ 12.6.5 ERaMERSYS

W] P72 BREARAR 6y, Gz 1] Fp 871~ A i Phillips-Perron 1) A HRAZ R PP. test ()

PP.test(x, lshort = TRUE)

12.7  Zouormthik

o Hotelling T2 #25%: EAMRMZICIES D, MFEASEZ ZH60% .
o Mauchly BKERE: SARMZICIES DA, BREA T ZZ R .

12.7.1 Hotelling T? K45

Hotelling T? 6452 —4ERTE FPIREAS ¢ BB 2 4EHE

12.7.2 Mauchly ERIBELE

Mauchly BRFEKK: mauchly. test() Kil: Wishart SpAR M7 2 M2 0 IE T4 e MM . —41kE
AR HZICIEES M, AR T ZH MR K TR RN, BEPLAEFER A Wishart 7344 .

#) p 4EZTCIEE ST MVN(0, %), E1¢¢ 52[@@1—15&10 WX =x"x RASEH X, ABER m
i) Wishart 7345 W, (2, m). RS ETN

1

1
F(X) = a1 X7 2 exp{—<te(E71 X))}
27|35 0,(%) 2

Hep, T, B2 oo, &XmT

p J—
rp(%) = AT p(% _J
j=1

RIBEWNE T MRIEE S, T PAE AL IR A Wishart 2041 W, (3, m) WIREA, m =df, X =
Sigma, R iESmMAUWT:

rWishart(n, df, Sigma)
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Hrp, BASH 0 fREHEAR, SUESE Jf 88 HME, [EEMN px p HFE signa 5 Wishart 437
(B E. rwishart() RE—A px pxn B4l R, Hrp R[,,i] RIEERE, 2RM Wishart 231
W,(2,m) f—AFEAR s, it m = df, ¥ = Sigma.

set.seed(2022)

# M n DEHLE

S <- matrix(c(1.2, 0.9, 0.9, 1.2), nrow = 2, ncol = 2)
rWishart(n = 3, df = 2, Sigma = S)

# , , 1
#>

#> [,1] [,2]
#> [1,] 3.213745 1.2445391
#> [2,] 1.244539 0.5032642
#>

>, , 2

#>

#> [,1] [,2]

#> [1,] 4.443057 3.387850

#> [2,] 3.387850 2.605341

#>

#> , , 3

#>

#> [,1] [,2]

#> [1,] 3.614911 4.797919

#> [2,] 4.797919 6.846811

REALAERE M OB E(M) = m x X, FEURERE M hRA~ocRm 2=

Var(Mij) = m(Efj + EiiEjj), S =3

#p=1, QI 22— hrit o, Wishart Sp15RMAH B BN df BR300 X2, Bl Wi(o?,m) = o?x7,.
NHETRERAUERE M .
set.seed(2022)

Wish <- rWishart(n = 3000, df
# T HHENERE v 2
apply(Wish, MARGIN = 1:2, FUN = mean)

2, Sigma = S)

#> [,1] [,2]
#> [1,] 2.375915 1.792558
#> [2,] 1.792558 2.430074



1 1\/\ 140 RN S T N7

=

# FEHLAERE Moy B Z 0
2 %S

[ #> [,11 [,2]
\\#> [1,] 2.4 1.8

©

#> [2,] 1.8 2.4
BB REYLAERE M 725,
# PR £

apply (Wish, MARGIN = 1:2, var)

#> [,1] [,2]
#> [1,] 5.668746 4.472606
#> [2,] 4.472606 5.729270

# BBy E
2% (S”h2 + tcrossprod(diag(S)))

#> [,1] [,2]
#> [1,] 5.76 4.50
#> [2,] 4.50 5.76

12.8  fRiekeng—eeitid

BRI OLRE I R, AT B DRI A 28, O S AR TS R L, R
HEMARZ TR AR BRI T A . IKUCZ AR . PIREAIGSE . ZHARE . T
K. BOAMREAKER . WRCHFFESERRA AN, B BB . WRAHE BTG SR
MR, MSERRAAES ARG TEAEH , ESERIIER IR, JIIRE. FEE AR
HTEOLR, Joi X EA R e X 7 2, KR Ol TR BRSO RTT v

FERRBAR IR e Ty A H otk AR 2, A Karl Pearson £ RITGEIHR . R0 R I % LA
K, FREEHBLH R — A REA SR TAE, TR AAER L, 19 had)5fm2 20 HhapyE, #&
T P 28 1 — AN T 2L B B R T A o M ARIROAS: 36240 23Ut EIDIE T A ST T O B L 2
WA 2L, MM, EAEX Ty i TR BT . B3 Rt R R 2 A T A AN
A, HELE SRR KRG RIEFTHAH T2 FENGEIMGTE R, HRIX LR O
BY SO AR A I8 7 ¥R A I PR TR i R 3 22 SR R 8 YRR PRI 0L,
MRFE=A 1 A HIUIHE Y BB A A

FAE 12.7: MR IS TR

w4 eI 5 AR BET: Har o TUEk
K. Pearson i [ 1857-03-27  1936-04-27 79 Rhofh. RhHKLE
C. Spearman L[ 1863-09-10 1945-09-17 82 Spearman’s p


https://en.wikipedia.org/wiki/Karl_Pearson
https://en.wikipedia.org/wiki/Charles_Spearman
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624 | AR BET e TUEk

W. S. Gosset W 1876-06-13  1937-10-16 61 t M. bR

R. A. Fisher | 1890-02-17  1962-07-29 72 F #:05. Fisher BT %

F. Wilcoxon E[FH 1892-09-02 1965-11-18 73 Wilcoxon R L

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 E[H 1895-09-29 1973-12-26 78 Hotelling T? #5

E. J. G. Pitman I 1897-10-29 1993-07-21 95 Pitman {1}

J. Wishart JLlE 1898-11-28 1956-07-14 57 Wishart 43-ff

Q. M. McNemar EH 1900-02-20 1986-07-03 86 McNemar £ 46

F. Yates L [E 1902-05-12 1994-06-17 92 Yates &1l

A. Wald 1 1902-10-31  1950-12-13 48 Wald K16

A. Kolmogorov TRER 1903-04-25 1987-10-20 84 Kolmogorov-Smirnov 4
%

S. S. Wilks E[H 1906-06-17 1964-03-07 57 Wilks 656 /UL EK HEAS 56

J. W. Mauchly FEH 1907-08-30 1980-01-08 72 Mauchly ERIEH

M. Kendall JLlE 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 i ] 1910-06-18  2002-01-08 91 Bartlett #1%

W. M. Haenszel E[H 1910-06-19 1998-03-13 87 Cochran—Mantel—
Haenszel 54

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 #4%

M. Friedman E[H 1912-07-31 2006-11-16 94 Friedman Fk:FN#656

W. A. Wallis EH 1912-11-05 1998-10-12 85 Kruskal-Wallis #5546

H. Levene eS| 1914-01-17 2003-07-02 89 Levene f&1%

J. W. Tukey Eq| 1915-06-16  2000-07-26 85 Tukey’s HSD #%

O. J. Dunn E[H 1915-09-01 2008-01-12 92 Dunn #56

E. L. Lehmann VE. EE 1917-11-20 2009-09-12 91 Lehmann-Scheffé g3

T. W. Anderson E[FH 1918-06-05 2016-09-17 98 Anderson—Darling #;45

N. Mantel FE[H 1919-02-16 2002-05-25 83 Cochran—Mantel—
Haenszel ¥ 56

W. Kruskal X H 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 #5%

C. R. Rao . EHE 1920-09-10 2023-08-22 102 Score ¥

M. Wilk mE K 1922-12-18 2013-02-19 90 Shapiro-Wilk %

J. Durbin YLE 1923-06-30 2012-06-23 88 Durbin #6148
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L. Le Cam I 1924-11-18  2000-04-25 75 WAL BE S
/ H. Lilliefors B 1928-06-14 2008-02-23 80 Lilliefors #&1;
A\ S. S. Shapiro £[H 1930-07-13 - 93 Shapiro-Wilk %

O [run

EHOURYE B CRE TP RHRE R, 2—EMRR, SeFBRMER. 20 4 60 (U5
ek B BIE TR AGEAR 1T, FTPACE [ 1930 AFDARTHH A . Besh, R RA —EMA A,
FPWRAEAERE T RHR A L

Hr, REZEPGIT AR IHARER R AN T A 12.9 .

E. L. Lehmann
1917-2009

J. Neyman
1894-1981

F. Galton
1822-1911

R. A. Fisher
1890-1962

K. Pearson
1857-1936

A. Wald
1902-1950

E. S. Pearson
1895-1980

Bl 12.9: R E G2 R MR LR R

F. Galton 2 K. Pearson fJ£Jifi, E. S. Pearson 42 K. Pearson #JLT-. E. L. Lehmann 5 J. Neyman
M4, J. Neyman fil E. S. Pearson —ifgfz i N-P 53, 2EFXEFREEEIISABEE N KX
KIS A BT, PRS2 BB A W, A. Wald j24% J. Neyman fl E. S. Pearson 2 Ji5, 4k&iJf i
W — G2, AR, 3 CHLEgEs b oA L.

12.8.1 [RKISAIZ HILEME R

FDR /2 False Discovery Rate [FfjfR

12.8.2 {REASEEAIT 20 Mk 2
12.8.2.1 AL HZEMPr

BRAEL aov () ATLAMBLER . BRI Z—JT T 25T

fit_aov <- aov(weight ~ group, data = PlantGrowth)

PP LLRE, ZE 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 O sE 3 220t
# WA
dfi1 <- 2
df2 <- 27
# FUNAE
group.size <- 10
# U1 J7 %
sq.between <- sum(tapply(
PlantGrowthsweight, PlantGrowthS$Sgroup,
function(x) (mean(x) - mean(PlantGrowthS$weight))”2

)) * group.size

mean.sq.between <- sq.between / dfl

# AN T E

sg.within <- sum(tapply(
PlantGrowthsweight, PlantGrowthS$Sgroup,
function(x) sum((x - mean(x))"2)

))

mean.sq.within <- sq.within / df2
#F &iteE
f.value <- mean.sq.between / mean.sq.within

f.value
#> [1] 4.846088

# P 1A
p.value <- 1 - pf(f.value, dfl, df2)
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p.value
& — 4> [1] 0.01590996
>

7 MBI 2R B R 20T, Ty 2 TSR AE LR A A I EE A W5

\\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

J7 23T FT DA AN S A I HE SR

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 'xxx' 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)
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#> group 2 3.7663 1.8832 4.8461 0.01591 *

#> Residuals 27 10.4921 0.3886

#> ——-—

#> Signif. codes: 0 '**x' 0.001 'xx' 0.01 'x' 0.65 '.' 0.1 ' ' 1

B4k A IES B, HefmaZME, M F SitEnEmasm P EE, HZEHHT aov() .
RIS oneway . test () FIZMAI () FEXHFNT .

12.8.2.2 WHE-—ILHZENH

with(ToothGrowth, interaction.plot(supp, dose, len))

0 dose
— 2
o ‘*~\\\\ ........ 05
c 3V s~
o
C S e
@
O w _|
E —
o _]
—
0J VC
supp

K 12.10: OJ 1 VC (A2 HEAEH

R dose = 2, M len SR supp WA KA

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
m #> Deg. of Freedom 1 1 1 56

TS e
/ #> Residual standard error: 4.083142
#> Estimated effects may be unbalanced

12.8.2.3 PRI 70 P

PlantGrowth J& T—JC /4T, WINAZ & A MY) T H-— V&, R B2 M2 m, EEith
Z20+4F multivariate analysis of variance . AN[EJFPZENIE BAEIEE H K JE R 1A 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

Bl 1211 &R KR AT
fit <- manova(cbind(Sepal.Length, Sepal.Width, Petal.Length, Petal.Width) ~ Species, data = dris)
summary (fit, test = "Wilks")

#> Df Wilks approx F num Df den Df Pr(>F)
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#> Species 2 0.023439 199.15 8 288 < 2.2e-16 **xx

#> Residuals 147

#> ——-

#> Signif. codes: 0 '**x' 0.001 'xx' 0.01 'x' 0.65 '.' 0.1 ' ' 1

P {H/NT 0.0.5, il iris Hde =P HRIENEA BEFER. RTHHENBRRKTTIA, HE 2

summary.manova .
f% Species MG AN RIHEAIIE . AT 2

aggregate(data = dris, 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 = diris, 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

12.8.3 RS X PG TH R R

DRI TR R SO AR pR T T SRR IR, BB R B T XA T 4 R (50 DR, 50kh 1 s AT
AR BfERBCR R EEKT

Base R £t binom.test() »RELAI DAEHIT R EAEIXE, BIFTiERY Clopper-Pearson X[, i
prop.test() MAFIUTRIVHAEAFIXE, BIFTIHK Wilson XJH]. PARRFEASEH HLGIAGER: A i o

# UL T At
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:

I, ,

TS 8> 0.2

i\.B’ # R X
\\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 1interval:

#> 0.02521073 0.55609546

#> sample estimates:

#> probability of success

#> 0.2

Sk 2 9 BAR KB LS B R RIS EUE AR A R 2L TR R 8l X B RE XA SR 7 kA
PR ORI EE . S P SR AR, B R AR, R AT AR . ARAR
PITE T XA 2 B LAY, B LAY 0001 o ANt R A B ) oA, A X T Ay s e 2
A o X AP R TCIRRE SRR Y AT AL £ DX ) B ) i 2 T A A E Te v A i 58

12.8.4  HULIIGE HR S L E B!

PIREAR IR ARk

12.8.4.1 Wilcoxon £5S#:05

5 wilcox.test() MLk AR

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 '#*xx' 0.001 'xx' 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

12.8.4.2 Kruskal-Wallis FLRIK LS

5 kruskal.test() ML HFTTIR,

fit <- Im(rank(extra) ~ group, data = sleep)

summary (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 'xxx' 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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%12.8.5 T e g Mk v
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7 CGHN B A ARE T M ? 2 Fisher fSsaBeit Ay 2007, LB XIRZ IS,

\wmmﬁﬁ%\%ﬂ%%\Kﬂﬂﬁ%i%%%ﬁoﬁﬁﬂ%ﬁwﬁﬁ,i%%ﬁﬁ%k7ﬂ¥é%ﬁ7
NBIAT B, AR, FrDATR AT BT Ty 2L BIREA A RESR I AR A N AR B AL -
HIRMBHRAEAERZ . KRT, BUNYZE AR — RN TR R, SR AR B 22 57
P, TERBWRLAEA R, 505, KB EERR AR, R, i, ) ESA s R, =271
KRS, EREFRER, EERINME. LIS JLP A KT HE— IR SE R E FIMR A ZR, FrIA,
JrIEeS R, YA, AR, EPuE (R, WELRHE (BR), bl
(#3:), FHEZHER, SOEZHAH, X2 A/B LR -5 OME.

M2, Te B, RAEIG— R, IF B XEes, 27T B, AR 4R
LA, REFAEM A/B LR H TR AL R o A WX A2l 55 7 B =Bt/ N LT
Y RN RS R, ORGSR, —WeRRitfz PN RRZ,
X EE R KA, BrpA, BIGERTPASRAG A R i, (U &ARF R, R4, Badple? A
JRRERALAR, WFTE— R R AR T R BRI R 2, Ak, BFICRE R AL & n] DA EE L FE Y 55
LAV

—ANSERERY SR R SR AL PO SR R R . ALV SRR . e Arae . Bl
Bz, eATah. WM E. X2d—DHER, RIS AR R, SRk, s
k. MGG, w kR0, R E RS AL AN EL. SR SCRT DAY 55
T 1 AN BT M 7 = A B

o g5 ARAEHAREE T ], REEOER . WAL SS 1, PR A PR g

o BEPE: BEEBCE. BORA. BRI, BmaE, BiEsdRm e, Bk

o GO BOTSEEITRE, Wi, SR ESE, PR BB XIS A ST T
HEg B et rHAEto A, S ER Al s .

12.9 )5

Lo o3AT LD MRS . 2% 2009 4F A F RT3 WSR-S S — TS R ) 2 A A6
T CZLREEEY i 80 [l 55 40 WKL SO RISV (F3 1Ak 2009).

2. MREERLE chickwts M A IR T O/ NG IR E R . (BRI T 229047)

ggplot(data = chickwts, aes(x = feed, y = weight)) +
geom_boxplot() +
geom_jitter() +

theme_minimal()
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3. MRYEKH S ChickWeight 734 4 R T7 26/ MG IREA 0, B/ A B RE T X2
R A —FE . ENASRRBEA—R (MEZESR), BEERER g, Mzl kR4

RER, A RREIT 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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13.1  RES RIS SC R

H WP - /KW (Francis Galton, 1822-1911) 25t EEAMIEFER, LHR . B FHGET
FR, GBS MRS RS, BB e P A BG R B . 1885 4R, i ARIDA
PRI T B 730, AR AEHE T 205 R RIA LI 928 DHAFE T Ui S Bl (Galton 1886).

H Hi, Michael Friendly M JE 48 SCHk R 5, Bz 5B 44 o~ GaltonFamilies, JiIE R 1 HistData
(Friendly 2021) P, FHERZEMMH. MIEIR, TR 13.1 BRZEIEENTBTNE .

P 13.1: /R HICER ) 205 XA KT i B m ks (ko)

XKy  CRSm BERAR TESs TR Toes Tih TaaE

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

TP T4, Male F/R B, Female Zon ik, £ 1 SRECKE TR 78.5 Jo5f, BEE S
67.0 B, BA A MHEE T, 159 34, TRHmKIRE 73.2 351, 69.2 J5), 69.0 S Al 69.0
o DITHIY T 2,54 DK, 78.5 SIS T 199.39 MUK, 25T 2 KR E R

F R [rpoR ] R, BDSCRERSF B, A TS S SR S e, TS AR B e 2
Texk, N TIEERIEAG SRl R 225, Lot S IaRiL 1.08.

MRIERAGT I ERM T 22, WA level = 0.95
wILH B A 1.08 J5, PRI LFEA. (Hanley 2004)

heightchildren =a+ /8 * heightmidparent +e
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https://galton.org/
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Eﬁ%% Fetg 13.2: T BE RS S mmliH
rr . N
’ PE BEE RS
ﬂ'ﬁ\ male 19.91346 0.7132745

female 19.80016 0.7136104

FUHE

64 66 68 70 72
REPFEI ST

Bl 13.3: "R AT S o E ST

[ 32 (L ) B G e L v K 8 S S e e A Y, SRR b, (MR BB 2 B TR A SR A )
AR, HI— A NI E T17KF 32 SR 7K R 5

13.2  pillAs i 9 N ICA R &

AR AR, EA IO PR TR AN 5, 2 — R R R R . SR AR 2 5
—AGITRE A K, ERRE ARSI B R R FRARE, MR AR . FELYE. A
KU, REBIAEIAFAEAN N, T ORI T-ET 1977 4R E N R R ARG T4
SRR FTRR, T M 13.3 RSN R GE T £ -
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FHg 13.3: 1977 AL N AR A A B NGB (R4

UIES Kkl ANogE Al fi A
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

EARAETE R PR R Z5H T
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 ...

#> S Life Exp : num 69 69.3 70.5 70.7 71.7 ...

#> $ Murder ¢ npum 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, Hrf, state_name (M4) 2FFFRAR, state_region (XIkkls))
N TR B TIX AL ESL, Population (AN HEE:, Hi: 1000), Income (AIJHCA, HfL:
%7t), Life Exp (FUliAdr, B0 %) SHREERMALE. T 134 foRT 1977 43 E &N H
WFF AR AR, BB, ATARIAE IS AR A — L R A IE A e, AT AR

i

2%

N T SR A BIIRLE N T A5 i i, MRS M NI WA, 7RI 13.4 BERl B, FEHURSF TS
Zo BON, N TS MIbIZE S, RSN RIS, AR 2R, &a, NN DB S
BRI/, TR T 13.5 Fsiy 5 28GR .

AR, UNZF a5 A B B K .

@ ¥R

M 13.5 FI1& 13.6 , =il B B Z AR i, A dca L, A%
BEUH—2t, BN ZR AR AR —28, A AR RBP4 TIX AL RN A 4
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1977 EFMMEF G S ATRANR R (57H01E)
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N B R i A R . IR SR A2 I P T B BN A IS A 42565 —, M0 75 i (81
We? [RERT, WA NI ABAME, (B a2 EAKTE?

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 *x*

#> Income 7.433e-04 2.965e-04 2.507 0.0156 *

#> ——-—

#> Signif. codes: 0 '*x*xx' 0.001 'xx' 0.01 'x' 0.05 '.' 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

g RPN ERITE AR & RIES LM, )2 Variance, {2 Deviance/Bias. #% Residual

Error

13.3 S mi A eIt g i D =

BEBER IR A2 AR R B R
hospital_waiting_time <- readRDS(file = "data/hospital_waiting_time.rds")

str(hospital_waiting_time)

#> 'data.frame': 2625 obs. of 11 variables:

#> 0 E4EW T num .2 206 8.92.97.92.82.75 ...
# s IR : dint 4313110362 ...

# S FIRER : dint 11111111 ...

#> ¢ FFERLAHH: int
#> 5 MAl :int

33333333...

© W KB N ok
® W KB N B

111106111...
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4> : dint 42 32 59 9 45 73 50 25 14 20 ...
= #> $ N[EEHHE: int 3113334123 ...
’

/#> $ NI EH s9nt 1111111111 ...
ﬂ-ﬁw $ £ tdnt 2222222222 ...

\#> S NI s9nt 1111111111 ...

©#> $ EA s int 2222242244 ...

13.4 )5

\%

L R BN EREIRSE esoph 22—y TR EJHI-4ERIM L X BB R, 3 IRGE X Kt
DEFSAFRE AL, SR o Rt PRSI B i (e H Wil RE) AR EETERY KA
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SR B Pr

R LA SRR QA AAAZ ]

HUE A R i ROLARRE, Y 5061

ST B R B B 5 3

FEBIFIE, AR, SAESRER R A2, AR
e TS dx2x2x2 W YER RPN BR T

AN

library (MASS)

TR, @R, Mg — Ay, . BEAdE, AL, SR
Blls, 7> AN ZHER TS DL

14.1 LRSS

14.1.1  pEAKR S

FE BRI R AL prop. test () Rl LB @45 T 4 MH . JOREAT) L B o 46 5 v L B IX ) il 41 5
Wilson X[alffi7t (Wilson 1927) 2450 . KT S BRI @A 5% KRR, AT 3516 e fiiy
11 AP T R L (Newcombe 1998).

14.1.1.1 GRS
14.1.1.2  KEH0

B binom. test() AL IR, R binom. test() JMABAALE R I IR p A R
po MIXF, JETHH (Clopper fil Pearson 1934),
W p R, 5 n SOHSERB, FEAS Xy, X, ~ b(1L,p), BEPRR AR EUE S0, X

163
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# EP— AR

> set.seed(20232023)
’
x <- sample(x = c(0, 1), size = 100, replace = TRUE, prob = c(0.8, 0.2))

/
\ IR R AR

<:::> 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 M p BT 0.5, P {H 5.514 x 107° Z5ig @040 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 1is not equal to 0.2
#> 95 percent confidence dinterval:

#> 0.1517316 0.3248587

#> sample estimates:

#> probability of success

#> 0.23

KA p REST 02, P (1 04534 S A RENTAI L

PILE RAS%S (Chebyshev, 1821-1894) . BFHHLAR & X (EAII BT 2280074, WIXHE R E 2L
e>0,

P(X — BX| > ) < V)
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14.1.2  WEEAK LS

KT PIREAS ) HE AP 30 17

Hy:Py=Pg wvs. H;:Py>Pgp
Hy:Py=Pp wvs. H{:Py<Pp
Hy BOrmIEOR, BEREAFEASR B A — Bk
HeBIAG S R %L prop. test () FRAGIGHIZHEL 2 4H — WA il (Lel) RaAmaE.
R R X IRANSECH p B350 10 b(n,p), Y IRINSECH 0 1 305315 b(m, 0), m,n HAREN

R IERERY, A T )
HO:PAZPB vSs. H12PA<PB

R H OB R B

X-Y
p(1—p) + 0(1-0)

n m

SERRAFRIEERS 31T N(0,1) MR X FY 505K SH p 0, sttt &

B X-v

B \/)‘((17)‘() L Ya-7)

R4 Slutsky R, RIngit& T ERMFRIEERS 0, 24 T Wk, 548 Hoo % ERIRBET
2 on,m WK, “IAMRESR, RE@rgitR, FIRRE RSk BRI I is 20
FHE, fRifEg1T!

M op A0 FRELRDN, BRI ERIECRAGE, JERAET A OB E BN X Y (IR SRk
ARG, siE R SE X - Y W, BEm T 00 HEAGE, 1 H2Y p, 0 R8T 1w, Bk
E SRy

NGRS IS, IR H A IR AR BIIER A e (REFREE 2011),

T A B ) SR T

T

51K
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rmeaa Slutsky 5 HURH OBBEIITA, X /Y JERIRAIER S N (1, 20)
—\%éﬁ <T*11>/a (KA Ho, WRFHMERTEIE N (0,62) AEFITEEE], 67 it =8 fflit, Hak
=L Lgmet=5r 4
Z\Z\E\\ FHE 2T S, BTLE 0 B, WREF2E80R, JRT 200 X — Y 752680 M A
Q) p.60 L 1 B, RATBURRL

SR T e, 24 T ki, 48 Hoo

14.1.3  ZFEARS
14.1.3.1  LLBIGFERS

XoF 2 AR Y L BIR BG:, mT AR R EE B S MR 36

14.1.3.2  LLBIHAEES

LB S5 A6 0 R L prop. trend. test () WY PUANEHE BTG A IR B FE L@ AH 1Y o AR
VA~ LA T -

Hy:PL=FP,=P;=PF,

H :P<P,<Ps<P,B#EP >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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#>

#> Chi-squared Test for Trend in Proportions
#>

#> data: smokers out of patients ,

#> wusing scores: 1 2 3 4

#> X-squared = 8.2249, df = 1, p-value = 0.004132

14.2 iRk
IR 2 1837 4F VAR ML (Poisson, 1781-1840) Bk«

() = A\ exi)!(—/\)

AR 22802 N, — 2SR A > 0,

z=0,1,--.

14.2.1 pEA

poisson.test() JHMMMHRISEL A HIASHAARES, & M T B RIPTREA .

poisson.test(x,
T=1,r =1,
alternative = c("two.sided", "less", "greater"),

conf.level = 0.95

)
ZHT BRI [R] AL
14.2.2  PiREA

14.3  FBcAANA

ZRIM e T BTG, Titanic £
Titanic

#> , , Age = Child, Survived = No
#>

#> Sex

#> Class Male Female

#> 1st 0 0

#> 2nd 0 0

167
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#> 3rd 35 17
m #> Crew 0] 0
TS 8

s #> 5, Age = Adult, Survived = No
A\ #>
@ #> 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

14.3.1  fi5lsr a1k

# 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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# 1R AR
_E gt::gt(titanic_data) |>
> gt::cols_label(

Freq_Yes = "FJE",

/
\ Freq_No = "ZT-",
@ Class = "ﬁ{}ﬂﬁ;",
Sex = "B,
ge = "

Fett 14.1: FE TS RF LA TSI H R

ST O ¢ 71| I N Y W 2
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

14.3.2 sy EEdERRE

T TSR LRE RN . M, RIS 02, gestats E2x I 7 HOREARAE P P g
TN I

library(ggplot2)
library(ggstats)
ggplot(as.data.frame(Titanic)) +
aes(x = Class, fill = Survived, weight = Freq, by = Class) +

geom_bar (position = "fill") +


https://github.com/larmarange/ggstats/

OF M=
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scale_y_continuous(labels = scales::label_percent()) +
geom_text(stat = "prop", position = position_fill(.5)) +
facet_grid(~Sex) +

labs(x = "fEAE", vy = "Hpl", fill = "FHE")
Male Female
100% -
75% -
5 50%-
Y
25% -
0% -
1st 2nd 3rd Crew 1st 2nd 3rd Crew
olA8
IEfE

B 14.1: 753 FOEARAE TR P Jos 20 48 23 A4

ggstats UL E)Z stat_prop() & stat_count() HJZEFP, as.data.frame(Titanic) H7 Age —%1
2 HNEE? by = Class % Class RS, Giit Survived ByLLHI, 24 prop AR R, Ziks
geom_text () PAUSIIVERE, position 35 ERFAREHLERE T [A]

14.3.3 RILKE

H ggalluvial {4 (Brunson 2020) £l 5% 35 & 7R 22 4 43 2803 -

library(ggplot2)
library(ggalluvial)
ggplot(

data = as.data.frame(Titanic),


https://github.com/corybrunson/ggalluvial/

OFH M=
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aes(axisl = Class, axis2 = Sex, axis3 = Age, y = Freq)
) +
scale_x_discrete(limits = c("Class", "Sex", "Age")) +
geom_alluvium(aes(fill = Survived)) +
geom_stratum() +
geom_text(stat = "stratum", aes(label = after_stat(stratum))) +
theme_classic() +
Tlabs(
x = "SEHEE", y = "AH", fill = "FE",
title = "R EEAKARES B HR"

)
RIEERSALMEES I
Child
2000 - 1st
2nd
1500 -
Male ‘
> =&
§§ No
= 1000 | Adult v
\
500 4
Crew \
Female
O -
Cléss S('ex Aée
HERE

Al 14.2: REEE AR 2 473 SA

14.3.4 vl

op <- par(mar = c(2.5, 2.5, 1.5, 0.5))

mosaicplot(~ Class + Sex + Age + Survived,
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data = Titanic, # shade = TRUE,

color = TRUE, border = "white",

s

/ xlab = uﬁ)&%u’ ylab - ll;lﬁ:_jﬁ;ljll’ main = |l§§£ﬂ}%}€%n)
ﬂE\PaF(OP)

RIBERS

Male

e

Female

TnRE
[l 14.3: Eh3E v R s 22 4o JER

ved FEX A RBIRE TR Z L1 1L A, WE TREZHBIEEMEE KL, 1E Base R 2 & H A
b, BETHZSIIRE, BT —E— T LIESE (Meyer, Zeileis, Fil Hornik 2006; Zeileis,
Meyer, £l Hornik 2007), 24037 1L /FE (Discrete Data Analysis with R: Visualization and Modeling
Techniques for Categorical and Count Data) M HiH7#) R 4 vedExtra(Friendly Fl Meyer 2016).

library(grid)
library(ved)
mosaic(~ Class + Sex + Age + Survived,

data = Titanic, shade = TRUE, legend = TRUE


https://cran.r-project.org/package=vcd
https://github.com/friendly/vcdExtra

14.4 2B E > 7
Sex

Male Female o

=

o 9

(7] >

— ©

<

=

c

o) I Q

[ >

(qV] ©

Tk

=

@)

© e
0 & So
ki S2

[3) <

=

=

@]

= =

9 =]

O 2

No Yes Nees

Survived

[l 14.4: Eh3E 0 JiR s 22 e 0 IR

14.4 BB

173

Pearson
residuals:

26

NON D

-11

p-value =
< 2.22e-16

T IR RSN BR A AERE 72 27 302 BAZ M TR H AN 47 Heanakiy H A @A s pe. —

HRT-RIF AT
SRR PR IR Z T A, KT MSIPERR R, AU LR LIS :

FH AL Mutual independence FrG 2 B E My, X LY 1L Z .
BeA a7 Joint independence WM BEHIECS 55 =AM, XY L Z

1.

2.

3. #1f5l37. Marginal independence X4 210 55 =g iy, WANAE SR ML . SIS 4
4. 42457, Conditional independence 4[] 555 = ANF g, AR, X LY|Z,

AR EHEHR HFHE €An Introduction to Categorical Data Analysis) (Agresti 2007) B

R 1976-1977 AR SE[E k%0 HLK I A X 3% S 1 5 K (o RIBE TR IR O 2R

2 % 3) 1 2.33,
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FeM 14.2: 2 BN ROREOFG0TTHER

HEIH|
B wEA
A BaA 19 132
mA O BA 11 52

HA  BA 0 9
mAOERA 6 97

Fm
o

14.4.1 AT PE

B /R RO K (Pearson’s x* #58%) chisq.test() ¥ M TSIk L A A1 5 22 70 B AU 40 5
LR . M2 2 x 2 ;ASIHRE.

g 14.3: RO phsr AR5

w5 Hos it

1T a b a+b
AT e d c+d

it a+c b+d a+b+c+d

# Death #LJ| 5 Defend (%i%g) %éjzﬂtt%%%
m <- xtabs(Freq ~ Death + Defend, data = ethnicity)

m

#> Defend

#> Death A A ZA
#> 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
chisq.test(m, correct = FALSE)

#>

#> Pearson's Chi-squared test
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#>
#> data: m

#> X-squared = 0.22145, df = 1, p-value = 0.6379

PR AN, JERAIE 19 4y, [ ERSERBR BRI 19/36 = 52.78%, L2 AR, S
BT AN, S RTERRHI R BRI 17/36 = 47.22% . FPRECR SYHEFREA BEF XA, (A5G (%
FN) MIRRA KRN, RS T,

# Death ZH 5 victim (EZ) MMk
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

B AR NRE, FETIHEE 30 4, 5 EIOSETIAIHECR ) 30/36 = 83.33%, Y AZHAR, 5
FUEIPE 6 4, (5 MABETRIEIPECR Y 6/36 = 16.67%. 2 AREIAR, JERHIHIE L TR A.

ZYEDINIRR

m <- xtabs(Freq ~ Death + Defend + Victim, data = ethnicity)

m

#> , , Vvictim = A
#>

#> Defend

#> Death HA EA
#> Yes 19 11
#> No 132 52
#>

#> , , Victim = B A
#>

#> Defend

#> Death A A ZA
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0 6

\%

]%%E:L # No 9 97
>
fﬂﬂ% - BRI RS RR = R AR A ML, BPEIE (Victim, Death) 2755 Defend it

A7, (Victim, Defend) /2155 Death Jfi3v7., (Death, Defend) 5 Victim J&75AH H M .

//’\

(::> <- loglin(table = m, margin = list(c(1, 2), c(1, 3), c(2, 3)), print = FALSE)

—+
3

#> $lrt

#> [1] 0.7007504

#>

#> Spearson

#> [1] 0.3751739

#>

#> sdf

#> [1] 1

#>

#> Smargin

#> Smargin[[1]]

#> [1] "Death" '"Defend"
#>

#> Smargin[[2]]

#> [1] "Death" "Victim"
#>

#> $margin[[3]]

#> [1] "Defend" "Victim"

# PEFHEUHER
# fm <- loglin(m, list(c(l), c(2), c(3)))
# fm

ISR S B 58 115 (Likelihood Ratio Test statistic), [z /R x? GiiT & (Pearson X-square Test statistic)
1 - pchisq(fm$lrt, fms$df)

#> [1] 0.4025317

AR AR

fit_dvp <- glm(Freq ~ ., data = ethnicity, family = poisson(link = "log"))

B 4

summary (fit_dvp)

#>
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#> 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*x%

#> Defend Z A 0.03681 0.11079 0.332 0.74

#> Victim®E A -0.64748 0.11662 -5.552 2.83e-08 x*%

#> ——-—

#> Signif. codes: 0 'xxx' 0.001 'xx' 0.01 'x' 0.05 '.' 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 diterations: 5

Pearson x? 4iiT &

sum(residuals(fit_dvp, type = "pearson')"2)

#> [1] 122.3975

MASS it BRI SR B 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
#> VictimZ A -0.8790491 -0.4213701

XFFETOAR EREA B/ NT 40 B0 T /T L, @RS /R kS (Fisher 's Exact #25%).

14.4.2  Akppr Pk

WA . FEE PR T, ISR TS 2 (B RS fisher.test() .
fisher.test() EREUNYE, GitEHMAR, EHTWEMEM:, ST R,
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#45/K (Sir Ronald Fisher, 1890.2 — 1962.7)" Fl—{ 24T, LoVt RE N H W34S FR RN 25 B R WL o

0T

‘;\S fisher.test() FIXFTHECEENE, RIGFIEERE 4TRGBS

7 TeaTasting <- matrix(c(3, 1, 1, 3),
\ nrow = 2,

dimnames = Tlist(
Guess = c("Milk", "Tea"),

Truth = c("Milk", "Tea")

)
TeaTasting
#> Truth

#> Guess Milk Tea
#> Milk 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 E

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

#> 95 percent confidence -interval:

Thttps://en.wikipedia.org/wiki/Ronald_ Fisher


https://en.wikipedia.org/wiki/Ronald_Fisher

OFH M=
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#> 0.2117329 621.9337505
#> sample estimates:
#> odds ratio

#> 6.408309

# B P fE

sum(dhyper(x = c(3, 4), m = 4, n = 4, k = 4))

#> [1] 0.2428571

14.4.3  XFpPE

179

JAFT B AER McNemar RJ7 4% (McNemar x* #2%) K3 — e 51 R AT A5 X B

mcnemar.test() . /[EAPRMRXIFRME? HSZECALS: . AR BB,

Performance <- matrix(c(794, 86, 150, 570),
nrow = 2,

dimnames = 1list(

"1st Survey" = c("Approve", "Disapprove"),
"2nd Survey" = c("Approve'", "Disapprove'")
)
)
Performance
#> 2nd Survey

#> 1st 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

14.4.4  ZAFALLTE

HF 4325y 23885 Cochran-Mantel-Haenszel R AR PIANMES (4038) ABRMAKAMLE, e

AEFAE=ZAHNZWNARZ BAERH . Cochran-Mantel-Haenszel #5546 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 ...

o #> - 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 —1> 2 x 2 x 6 [ =45 H63R, R1EF & table RAIR/R . SLP5 L, table 2
B4 B array ZUHIEAY, 43 ucBAdmissions MAE—NEAHERAERT, 1. 2, 3 73 5I52/R 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 is not equal to 1
#> 95 percent confidence dinterval:

#> 0.7719074 1.0603298

#> sample estimates:

#> common odds ratio

#> 0.9046968
BOAUEIR I e R S AR GG . RS EBE R IIHOL T, R sk IR A B8 K & .

# ARSI
apply (UCBAdmissions, 3, function(x) (x[1, 1] * x[2, 2]) / (x[1, 2] * x[2, 1]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 *x (log(or) - weighted.mean(log(or), w))"2), k - 1)
}
woolf (UCBAdmissions)

#> [1] 0.0034272
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1973 AEIIMMATERI AL 6 I KA BE R I SRBUR DL LT A% 144 S92 HAR M AHA s Al e fa R

SRHUTARE 24 TR BIEAL?

FME 1440 IMHMA TR A A SR HRUE 0

SR H4
BeR Bt otk Bk Atk
A 512 89 313 19
B 353 17 207 8
C 120 202 205 391
D 138 131 279 244
E 53 94 138 299
F 22 24 351 317

ISR R 14.5 W] DA I B A R AT EL B R

BETRIATERA T, B, ARG W AR, R

m <- xtabs(Freq ~ Gender + Admit, data = as.data.frame(UCBAdmissions))

m

#> Admit

#> Gender  Admitted Rejected
#> Male 1198 1493
#> Female 557 1278

ATAE S, O INMA SR A o v, A 557/ (56T 4 1278) = 30.35% ST, Wi 54 M4

1198/(1198 + 1493) = 44.52% HJSEBUR . MR /R X2 Hid

# N B R AT 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} GEVHERAMECY 92.205 H P {Hi/hF 0.05, ZRAFIGEITREN, ARMPLHRSE.
BE, A SR A BRI A SR T AR R AFAEE BB . SRT, 4 FRATAN 3 BB R A SRR
GRBOE/ s AKD, SERERBER A BSREGRY 64.41%, BeR B AYRBURN 63.24%, MUK,

HBERTE LT
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O M =

Admitted Rejected
Male Female Male Female

P&

&l 14.5: FnIHE R o 15 e 2 SR IR D
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proportions(xtabs(Freq ~ Dept + Admit,
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) e] e} e]
g g @ L 9 &
= [8) = ($] = (8]
S o £ o £ 2
e} (O] © (6] he} [0]
< r < r < x
€ E E E E €
© © © © ie) ©
< < < < < <
202 391
Gender: Female Gender: Female Gender: Female
Dept: D Dept: E Dept: F
Gender: Male Gender: Male Gender: Male
e} e] e) ° ° e]
Q [0] (0] [6] [0} (O]
E o B o = ©
S o E o £ 2
e} () o] [0) e} [0}
< r < r < 12
I E E E E €
e} e] e) e] he) e]
< < < < < <
131 244 94 299 24 317
Gender: Female Gender: Female Gender: Female

Bl 14.6: INAATEA 3 A4 Bt 2 SR B L

XHFABER, RGN RRED Rk, KIAA A R AERECRMZRRRIZOT R, HE
AMZERIARE . FERFSEX T, 0 REdEm rh, HHEiBRE.

# WA R AP
ma <- xtabs(Freq ~ Gender + Admit,

subset = Dept == "A",
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data = as.data.frame(UCBAdmissions)

IEI)

> chisq.test(ma, correct = FALSE)

/ #>

\\#>
© »

> data: ma

Pearson's Chi-squared test

#> X-squared = 17.248, df = 1, p-value = 3.28e-05

NTG—L UG, BT AR MR AR AR, (A5 — 3R A2 BREb- ROy 686 T AR
R EERE PR — IR IR Y ) SO, SRR A

fit_ucb® <- glm(Freq ~ Dept + Admit + Gender,
family = poisson(link = "log"),
data = as.data.frame(UCBAdmissions)

)
summary (fit_ucbo)

#>

#> Call:

#> glm(formula = Freq ~ Dept + Admit + Gender, family = poisson(link = "log"),
#> data = as.data.frame(UCBAdmissions))

#>

#> Coefficients:

#> Estimate Std. Error z value Pr(>|z]|)

#> (Intercept) 5.37111 0.03964 135.498 < 2e-16 **x%x
#> DeptB -0.46679 0.05274 -8.852 < 2e-16 *x*x%
#> DeptC -0.01621 0.04649 -0.349 0.727355

#> DeptD -0.16384 0.04832 -3.391 0.000696 **x
#> DeptE -0.46850 0.05276 -8.879 < 2e-16 **x%x
#> DeptF -0.26752 0.04972 -5.380 7.44e-08 *x*x
#> AdmitRejected 0.45674 0.03051 14.972 < 2e-16 **%
#> GenderFemale -0.38287 0.03027 -12.647 < 2e-16 ***
#> ——-

#> Signif. codes: 0 'xxx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 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

#> AIC: 2272.7
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#>

#> Number of Fisher Scoring -iterations: 5

IIPESIRNBE R H Y 5, SRR AIC FE—Z%, ULIBRN S HAV R B EW, H
SR AR5 28 2 B A7 3R 5 1) B o

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 **x*
#> DeptB -0.38745 0.05475 -7.076 1.48e-12 **x
#> DeptC -0.93156 0.06549 -14.224 < 2e-16 **x%x
#> DeptD -0.68230 0.06008 -11.356 < 2e-16 **%
#> DeptE -1.46311 0.08030 -18.221 < 2e-16 **x%
#> DeptF -0.79380 0.06239 -12.722 < 2e-16 **x
#> AdmitRejected 0.45674 0.03051 14.972 < 2e-16 **x%x
#> GenderFemale -2.03325 0.10233 -19.870 < 2e-16 *xx*
#> DeptB:GenderFemale -1.07581 0.22860 -4.706 2.52e-06 **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 '**xx' 0.001 'xx' 0.01 'x' 0.05 '.' 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
#> AIC: 1062.1

#>
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#> Number of Fisher Scoring -iterations: 5

‘%%5%%%ﬁﬁ%ﬂ%%ﬁﬁ%ﬁéﬁﬁ?$%%ﬁ$ﬁ%%%,ﬁ%iﬁﬁ?$%iﬁ$%%%§,%%
SRR b, BANFKRERE ST LA BT AL BT R BRR IR R? X REEE

j%ﬂ(ﬁ%%%%%%%,%iﬂ%@ﬁ?ﬁE%K%ﬂﬂ@%ﬁiﬁ%%ﬁﬁ?ﬁﬂ%%é%ﬁﬁT%,E
Z N W SCik Bickel, Hammel, A1 O’Connell (1975) .

@ BR
BB R X RISt &
sum(residuals(fit_ucbl, type = "pearson")"2)

#> [1] 797.7045

IR AT LR RI LGSR, BT H AIC, B ABEMEIS, BT, BT
TSI R L BRIV 5, RPRALRRE I T — 152 .

# Hah R

TlogLik(fit_uch0)

#> 'log Lik.' -1128.365 (df=8)

# ORI B

logLik(fit_uchl)

#> 'log Lik.' -518.0581 (df=13)

14.6  srirdi)ere 'SR E AArH

OISR 2 A

W T SRS A S ) A BE T T A B B [ AR ) £ B A AT I AN i 4R R B S, it FRATATRA
B BRI AN LR AL [ HR AR, BT X A2 T i 4R 2 R R B EA T I 3 B AR

Wi A8 B SR HPRAS , FHBIEEIET, titanic data M Class. 15 Sex FI4FRY Age 202KILE
GiitnoEdE, G, TR ] AR X e AR 1) A

# BLHEA

fit_titanic <- glm(cbind(Freq_Yes, Freq_No) ~ Class + Sex + Age,

data = titanic_data, family = binomial(link = "logit")

)

E, FNEAR S R o

# A i

summary (fit_titanic)

#>
#> Call:
#> glm(formula = cbind(Freq_Yes, Freq_No) ~ Class + Sex + Age, family = binomial(link = "logit"),



14.6 HHAhERAESRELGE .

#> data = titanic_data)
#>

#> Coefficients:

#> Estimate Std. Error z value Pr(>|z]|)

#> (Intercept) 0.6853 0.2730 2.510 0.0121 *

#> Class2nd -1.0181 0.1960 -5.194 2.05e-07 *x*x%

#> Class3rd -1.7778 0.1716 -10.362 < 2e-16 **x

#> ClassCrew -0.8577 0.1573 -5.451 5.00e-08 ***

#> SexFemale 2.4201 0.1404 17.236 < 2e-16 *xx%

#> AgeAdult -1.0615 0.2440 -4.350 1.36e-05 *x*x%

#> ———

#> Signif. codes: 0 '**x' 0.001 'xx' 0.01 'x' 0.65 '.' 0.1 ' ' 1
#>

#> (Dispersion parameter for binomial family taken to be 1)
#>

#> Null deviance: 671.96 on 13 degrees of freedom

#> Residual deviance: 112.57 on 8 degrees of freedom

#> AIC: 171.19

#>

#> Number of Fisher Scoring -iterations: 5
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15.1 =Rk

Gt R — I

15.1.1 Wald &%
15.1.2 Wilks K5

L ELAR L AG S

15.1.3 Rao I

EBEESg iy

15.2 ¢ Kxndsk

KRS T REA R 1
power.t.test() THPAEARBMEEAR t IR, SCERIEBOTESE, AR
power.t.test(

n = 100, delta = 2.2,

sd = 1, sig.level = 0.05,

type = "two.sample",

alternative = "two.sided"

188
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#>
#> Two-sample t
#>
#> n =
#> delta =
#> sd =
#> sig.level =
#> power =
#> alternative =
#>

#> NOTE: n is number

1.0 1.5 2.0

K 15.1: ¢ A ISR FIRL

test power calculation

100
2.2

0.05
1

two.sided

in xeachx group

Fet% 15.1: BR%L power.t.test() MISEHAE X

n A HP AR

delta WIS 2=

sd brRifEZE, ERIAME 1

sig.level BEMEAKF, BIAZ 0.05 (JL5E T B RIEE)

power KBTI (1 - J058 11 RETIRER)

type t AGIR 2T "two.sample" PHFEA, "one.sample" FAFEAEL "paired" HrX}

EREN
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it 2H HX
,£>S; alternative BB SGAAG LS, BUE N "two.sided" B "one.sided"
/

\\Z§§& n, delta, power, sd fll sig.level WA —AME N NULL, A NULL ISR BEESHEN.

© 4T « BB ERIE
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 1is number in *eachx group
sleep Kl B, TR
# AU EHE

aggregate(data = sleep, extra ~ group, FUN = mean)

#> group extra
#> 1 1 0.75
#> 2 2 2.33

# U EAREE

aggregate(data = sleep, extra ~ group, FUN = sd)

#> group extra
#> 1 1 1.789010
#> 2 2 2.002249

# RN E %

power.t.test(
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delta = 2.33 - 0.75, # WHHEz E
sd = (2.002249 + 1.789010) / 2, # Fp/EE
sig.level = 0.05, # B FMAF
type = "two.sample", # Vﬁfiji
power = 0.95, # I Ok F
alternative = "two.sided" # M40 %

)

#>

#> 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 xeachx group

gAYy, L BNALR Ty O AR I R 2N AR R T R AR EA L . KU BT 39 A
MKpower tUffii1 5 Welch t #5923k

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 2 Gt A B e A I RO R MU B R BT

15.3  LhBIRSr L3k

# power.prop.test()
power.prop.test() THEPHEA EL GRS LR AT RL

VBT AR SR SO RE AR, RIRSELT RO TI AR /5, Koy, S0 AR 9210
A
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# pl >= p2 WIS M Ao XA b
m‘ 2 power.prop.test(
/

> pl = .65, p2 = 0.6, sig.level =

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 1is number in xeachx group
pwr {3 pwr.2p.test() HEHHL TP power.prop.test() BN TIAE

library (pwr)

B p1 > p2 BRI
# BRI EMAE, 2AKTAANT
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, 30 H_0: py = ps H_1: py # po IPIRL

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 FORMAFEANZES:, HRASRIDRCE 0.75

15.4  JjZEsr Btk

power.anova.test () TIHPAAY EALIN 27 22 0T AR B A Dk

power.anova.test(
groups = 4, # 4 4
between.var = 1, # A FEH 1
within.var = 3, # AR FZEH 3
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power = 0.95

)

/’#>
#>
\\#>

©

#

%+ 52F

1 - L RHRIEH

Balanced one-way analysis of variance power calculation

4
18.18245
1

3

0.05
0.95

in each group

At o L H 4 18]/ 4P O = e R

#> groups =
#> n =
#> between.var =
#> within.var =
#> sig.level =
#> power =
#>
#> NOTE: n 1is number
library (pwr)
# f
pwr.anova.test(

k = 4,

f = 0.5,

sig.level = 0.05,

power = 0.95

)

#>
#>
#>
#>
#>
#>
#>
#>
#>

#
#
#
#

iR

R BE A AN
B3 AKF
5 5 2K

Balanced one-way analysis of variance power calculation

k
n
£
sig.level

power

4
18.18244
0.5

0.05
0.95

#> NOTE: n 1is number in each group

it KBt A
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BHow M Pr

MBI AT SR — AN RGER, 5. Bdd. ieds. F0T. Tl EHEEN AR SZ s | T
ZlEtk. NRREE AL LA e, HA R AN —FARE, Stz , BRI M i) — A ki
PZE TN AEARE , K 5 S o rds . MG IR FORTT RZ M R R IE, #0TE
TRAMZIE . FRFE ML KR RMHAERE, AR AP PR BRI % T AR AR e,
Matrix 1. rsparse fJfil RcppEigen fi (Bates 11 Eddelbuettel 2013) 4%, & X & IZIMAN VI E ) MY
M AER) iz, A ACHER (432 App) . MU AEH] (BRATIESS . k) e (P& L) .
HREE (B R FPERXRME ) P, PR (IoT) . RyeEk (rliss). Hdg
BO(Bdmm g ERE) 4.

AR AT ROE S AR IF L E Z [ PME R R ML . 1 5ekT CRAN (The Comprehensive R Archive
Network) &M R GG R, T R IBESHX R R E AR, DLRARIE TCERE i1
FREIEA RIS, 5, ST RETEYMEM S s Sy, ISR AT AL . A8 SO B B
THA igraph 40, #RAEEIEHRFETTER tidygraph 43, PARFTHALEIEIRER ggraph 4.

16.1 R ifESHEIX AL

M CRAN B/ R AR HIT R FERCERARE H AT R 155 KA

# R ERITH CRAN FE&3h &

Sys.setenv(R_CRAN_WEB = "https://mirrors.tuna.tsinghua.edu.cn/CRAN")
# KRB R A TKE

pdb <- tools::CRAN_package_db()

#2022 48 12 H 31 H, CRAN %7 R 04 18976 4>, CRAN FEAAEARZE4P1Y 2022-12-22 %
2023-01-05,

pdb <- subset(
x = pdb, subset = !duplicated(Package),
select = c("Package", "Maintainer", "Title", "Authors@R", "Date", "Published")

)
P B I R A, AR R, AR 10 ZAEREHT.

196


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))
R4 %11 H 1 Published #3581 —51 — &A4FEG .
pdbspublished_year <- as.integer(format(as.Date(pdbSPublished), "%Y"))

NGRS HRT R G, A& 16.1 R, A 2020 44101, S 18976 A~ R 4 Hf 2470 4~ R
AL H BB AE 2020 4F, 1L 2470 / 18976 = 13.02%. 1% 1 ENFHIM R 4 81124 (15
PLE R AL), gk 8112 / 18976 = 42.75%, T2 2 AEN I R 404 11553 4>, (5 M%L 11553
/ 18976 = 60.88%, XA~y BBl i bt A DX e 186 K

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 = "#Ff", y = "R AHE")

8000 4

6000 -
Eg
*R 4000 -
@
[a'd

2000

0l- , [ 1 || |‘ \‘ .
2008 2012 2016 2020

T
Pl 16.1: CRAN | R {0

#ik 2022-12-31, CRAN | R WZEiHE4 10067 A, Hif 20 N fE 2022 FFH 7 HTH R AIR?
A 4820 Yy, (B 47.96%, R 2022 4F, f 4820 MIFAEEH 1 8112 4 R 1, AIH
168 4 R A, T 16.2 #% R WAMAFEREITIT KFHLE.

# HEEPEFFR, I-—NMTXETHRALNEH
extract_maintainer <- function(x) {

x <- gsub(pattern = "<.*?>" ) replacement = "", x = x)
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trimws(x, which = "both", whitespace = "[ \t\r\n]")
I:EI:[.}
Tr> 4 RH 18 MR ELFHANE £S5
/ pdb$Maintainer2 <- extract_maintainer(pdb$Maintainer)
\# BPHEEK
(::> length(unique(pdbSMaintainer2))

#> [1] 10067

4000 4
] 3000 1
=
I
éi( 2000 ~

1000 1

0-— T '| | T H \ T
2008 2012 2016 2020

Fh
Kl 16.2: CRAN _ERYZE RS O

16.2 R i&S4EXMG4180

7T RStudio 22&]H A9 tidyverse (Wickham 4§ 2019) 1 tidymodels (Kuhn 1 Wickham 2020), it
AR HT . A T HAS, W mir3verse (Lang Fil Schratz 2023). easystats (Liidecke 4§ 2022),
strengejacke (Liidecke 2019) A1 DrWhy (Biecek 2023). thA AL EAE LTI %, W Omegahat, it
B A FOE G, AFEIEER T, 40 Revolution Analytics. ‘EATVE G ZHEE T —LesH 2
NS4, ARPEEZIN . PR BRoRie, THAIF A& RIS %, FEdl. HHA
ARG —RIIRFE S -

str_extract <- function(text, pattern, ...) regmatches(text, regexpr(pattern, text, ...))
# %% ORPHANED

pdb <- subset(pdb, subset = Maintainer != "ORPHANED")

# B E &

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
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x <- str_extract(text = x, pattern = "<.%x2>")
sub(x = x, pattern = ".*x?@(.*?)>", replacement = "\\1")

}

pdb$Email_suffix <- extract_email_suffix(pdb$Maintainer)
ARG RANEE (B R E5ES 2 7)), RISNHSTFLY R 4.

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

AMER, ZOAMTILE:

L #RPFAR S HEBERT . 6968 > R M) gmail MRAEIEWER R 4ES #1175, googlemail.com 243k
PR IR %5 . hotmail.com F outlook.com HRJ& AL AT MBI R 55, outlook.fr (VEE) W2, &
ez Ah, HEBORAHICE R 55 2R 163.com (M%) . protonmail.com il yahoo.com (FEfE)
N

2. WEZHZ. 208 A~ R AR H RStudio AL, XEe4Efr35fi il RStudio A wEIHRALMIHEFE.

3. JFRA 4. R-project.org Fl r-project.org #& R iHFHLAMBK R, AALZUL, RIEFZL
A BB AN ES R AR, 8455 T/RZ R £, debian.org /& Debian HZAER R 7=, #B
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BIFEAHZ (Open Source Org).
% 4. HEHEHHM . berkeley.edu . umich.edu %PA edu g5RHILFE (H) YK, gmx.de, posteo.de ZFPA
de ZERIIERE R, uclac.uk %P4 uk Z5RAMIEEMRY, auckland.ac.nz SEPA nz 5 REAYHT T2
ﬂ'ﬁ( M2, uwaterloo.ca 28D ca 45 RIUINE R,

@ ARG RE B (BRI B 1T7), B8 R BT kE.

pdb_org <- aggregate(

data = pdb, Maintainer2 ~ Email_suffix, FUN = function(x) { length(unique(x)) }
)
head (pdb_org[order (pdb_org$Maintainer2, 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 T A AR 55 R AR 1 R bk . 3800 AT & 3 (8 >k H AWK gmail.com, 197
AT %R ok B 308k 1Y) hotmail.com BY outlook.com, 57 P& FH M HK AME K 163.com, 51 4>
& FAd % 3 #EE R yahoo.com, 46 & F#i ] k H Proton ] protonmail.com,

TRMIT ZE RIS R WEERMAEE, AW EER A Y, R, 2, K
FeorAt, Rl Hegien B A 50%.
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16.2.1  FEEH. FEEFMEKL

1666 P& #H K H LA edu RIERAYHEFE. ML (FBRRF) KH R G REHIRNT:
sum(pdb_orgl[grepl(pattern = "edus$", x = pdb_org$Email_suffix), "Maintainer2"])
#> [1] 1666

pdb_org_edu <- pdb_orgl[grepl(pattern = "edu$", x = pdb_org$Email_suffix), ]
pdb_org_edulorder (pdb_org_edus$Maintainer2, 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, JLFAaREA NB RFER), HaREHRY (uwedu). FEHARAY: (umich.edu). N
AR (berkeley.edu) %4, WUE—UL, RESADRERIME, RS REAREER, SR
FHWERBEAZ T, A TR BB RS B 28/ B M .

HUEME BT AR, B2 A M &R mX—2%, il stanford.edu . stat.stanford.edu
Al alumni.stanford.edu %A GG, b, i edu MRFEMA BV IGRO AT EE. HIY
HRFER B BBV, HRAPL edu 5552, HATHITE =858 22 K2 auckland.ac.nz | iR A2
T24p% stat.math.ethz.ch SE3EEASMUEENE . T4 3 F S = RN RAE .

350 DNIFAHE R LA uk SHIFZRAYIEAE . A H (F2RERY) KH R IR 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 EHFE KB LA ca RJGHRIINH . SMHH (FZRRY) R R GHLHEIRNT
sum(pdb_org[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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M 16.1: CRAN HIPIT A2 R AR I
(a) %

(b) 83k
N R {4 i
il INp W H
Kurt Hornik 28 o ]
_ Friedrich Leisch 5
Simon Urbanek 26 .
] o 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

16.2.2 CRAN #ll RStudio

203

N IR R A S 2R DT A CRAN P KT % (9 R A, RN ASRE A 52 I A A O, EL a2 44 CRAN
Team [Y4EH#HLEKMZ CRAN FHBA, XML il RCurl flgh i b4y . FELLN, Brian Ripley [

46 ripley@stats.ox.ac.uk FiA4E CRAN BEMIE4 . EFamA 40T, Wil PR 43,

Kurt Hornik. Simon Urbanek. Achim Zeileis S E @&~ M! T 49 R ESZORM, B &4
THLE R 1. b\ Brian Ripley Jfil, 7 (LA AL THIL R 1.

Zé4% 16.2: Brian Ripley 43719 R 12

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

I\
=
HE
©

ZeH% 16.2: Brian Ripley 437 R 10

Package

Title

nnet
pspline
RODBC

Estimation/Multiple Imputation for Mixed Categorical and Continuous Data
Feed-Forward Neural Networks and Multinomial Log-Linear Models
Penalized Smoothing Splines

ODBC Database Access

spatial Functions for Kriging and Point Pattern Analysis
tree Classification and Regression Trees
Rebi! A PUGRTE R BRMEh, BROACLARSAD 20 ST, FEASHIEIFITAHT RStudio 1

BARTE LGt ok, S5 LT 3.
CRAN #1 RStudio FBAE R iIESH K NAER, HE B N B — W 28 W8y d5 48 1.
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M 16.3: RStudio HIPIT K 4E4 R WHEELL (FR4)

(b) 8%

(a) &
A 5 R ket
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 R 5

R %k

b

Cole Arendt
Edgar Ruiz

JJ Allaire

Kevin Kuo
Kevin Ushey
Richard Tannone
Aron Atkins
Romain Francois
Yitao Li

Brian Smith
Emil Hvitfeldt
Garrick Aden-Buie
James Blair
Nathan Stephens
Nick Strayer

= = = = =N NN NN WW W W W W

205
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% 16.3 R iGGHXEIFES

7 16.3.1  Bery WPk #

\Z%éi%?%&%% pdb , 4R R W R Z T KB gt k.

Dirk Eddelbuettel -
Stéphane Laurent 4
Gébor Csardi -
Scott Chamberlain A
Jeroen Ooms A
Hadley Wickham -
Robin K. S. Hankin 4
Henrik Bengtsson 4
Jan Wijffels 4

Kurt Hornik 4

Max Kuhn 1

Martin Maechler 1
Simon Urbanek 4
Shannon T. Holloway -
Kirill Mdller 4
Kartikeya Bolar -
Bob Rudis 1

!
< Torsten Hothorn
He

Thomas Lin Pedersen 1
Pablo Sanchez 4
Muhammad Yaseen -
Achim Zeileis 4

Richard Cotton A
Winston Chang
Guangchuang Yu A
Florian Schwendinger 4
Yihui Xie 1

Kevin R. Coombes A
John Muschelli 1
Michael D. Sumner A
Carl Boettiger

Joe Thorley 4

Hana Sevcikova A
Georgi N. Boshnakov -
Emil Hvitfeldt 4

0 20 40 60
REHE

Kl 16.3: m ) R WIFA#H

TR H R E OO 2 R ALK GTEtanh -

1. Dirk Eddelbuettel 43T Repp. ReppEigen 25347 R 2, i Repp tE R EZIEFHFR C++
FEGIA RIEFALIX.

2. Stéphane Laurent 4i35 T fi£2 5 shiny. htmlwidgets #1xX# R 2, U0 rAmCharts4 £,

3. Gabor Csardi 4317 igraph fLDA K K EH B R A IF & LA, RStudio Jg .

4. Hadley Wickham %43/ | ggplot2. dplyr. devtools Z#ifTH R €, RStudio JEf .


https://dirk.eddelbuettel.com/
https://github.com/stla/
https://github.com/gaborcsardi/
https://github.com/hadley/

O M =

16.3

© % N o«

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.
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Jeroen Ooms 44/ | magick., curl DR KEHFY) R ALH A Bl it o

Scott Chamberlain ZE# TR £ 5 HTTP/Web M%) R 43, rOpenSci BeA A6 A .

Robin K. S. Hankin 4§ TR Z 5 WM. Zic8e M0 R 42,

Henrik Bengtsson ZEf T future Fl parallelly ST R 1, ZEHATHE G THARZL 5THK.

Jan Wijffels 4E40 TR Z 5 B ARG F AL BRI XH R 4, il udpipe . BTM il word2vec
%240, Bnosac H B\ .

Kurt Hornik 2548 R BRI 525 BREFT IR R 4, R AZGEBG .
Martin Maechler 4377 Matrix £, R %05

Max Kuhn 43P | tidymodels £, RStudio .

Bob Rudis Zifp T —26 5 geplot2 FH€A) R £, 41 ggalt. hrbrthemes fll statebins %%,
Kartikeya Bolar 4Ef1 TARZ 4115 shiny £5& 1 R 4, WAy ZEatr. ZEmIH. sER. Rk
IMTEE .

Kirill Miiller #4477 DBI %K & 54 E R R 4.

Shannon T. Holloway 43/ 7152 54 4F Ak X R £,

Simon Urbanek 4i3/ [ rJava. Rserve ZE3ATH0 R 4, R OB G, ig4Edh R /(Y
MacOS ~“F-HHH R

Achim Zeileis 4E3/" T colorspace 27471 R &, R &ZODHEIBUN G .

Muhammad Yaseen Z4E4 " 2-~5 Multiple Indicator Cluster Survey #HXH R fl.

Pablo Sanchez 40 T 2S5 EHFEEEN R IEFH: 0, Windsor.ai HEA 5

Thomas Lin Pedersen 4i4/' | patchwork, gganimate Fl ggraph Z3%47#) R €1, RStudio J&hi,
Torsten Hothorn YEGE AR I TTER A NES, HAN coin Al multcomp 543, R AL HIBAK
R

Richard Cotton 43T assertive fil rebus %% R £, USRI L2 .

Florian Schwendinger 4Ef T R EZZEIAL TR R 4, § T ROI WryRES).

Guangchuang Yu #E47[ ggtree #l ggimage %% R 40, 7EAEY){E B AL GUEA A D TTE .
Winston Chang 437 T shiny 257470 R 4, RStudio B,

John Muschelli 4E T 2K THZEIZR R 4,

Kevin R. Coombes 4i3P T 24k FAY{E B/ R A, Ul oompaBase I oompaData 4§,

Yihui Xie 47 T knitr . rmarkdown ZE4TH R £2, RStudio J& .

Carl Boettiger 4E4P T2/ 104, o rfishbase 25, rOpenSci FBA B 5

Michael D. Sumner 23" T 22 RIFE T K R .

Emil Hvitfeldt 437 T 24050 R A, U0 fastTextR 4%, RStudio JE G .

Georgi N. Boshnakov ZE37 T 2/~ R FAH < R A, 40 fGarch, timeDate F/1 timeSeries
SO

Hana Sevcikova ZE3 T 245 DU A O GEHAHCH R 4L,

Joe Thorley 47 7245 -y MCMC {58 R 43, Poisson Consulting & 5.

I ARG R AR, K3, JF& 14 RURIFRER 6732 N, JF& 24 R 41
TFREA 1685 N, AR F AN NZ—, BHMEIREA 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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#>
; #> 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
’

/#> 6732 1685 725 328 177 82 80 52 37 37 29 15 18 8 11 7

#> 17 18 19 20 21 22 23 24 25 26 27 28 31 32 33 52
\\#> 1 3 4 4 2 3 3 1 5 5 2 1 1 1 1 3

# 58 63 69
(::::) #» 1 1 1
TR I IT A, AT AR IR R A R A

ggplot(data = pdb_ctb, aes(x = Package)) +
geom_histogram(binwidth = 1) +
theme_classic() +
labs(x = "R AHFE", y = "FAF")

ggplot(data = pdb_ctb[pdb_ctb$Package <= 20, ], aes(x = Package)) +
geom_histogram(binwidth = 1, fill = NA, color = "gray20") +
scale_y_loglo() +
theme_classic() +

'Labs(x = "R @Jﬁ%u’ y = uﬂ'—ﬁ%’—u)

10000 - .
6000
1000 1 |
mﬂ 4000 1 #m —_
ER( gQ( 100 1
R He —
2000
101
N L AL |
0 20 40 60 0 5 10 15 20
R B2 R EIE4E
(a) EHHE (b) A (WU EE)

Pl 16.4: FF A E B4 1
w7 Top 1% W& 131 N (FF& R Wit 10 MW AE) TTEk T 2329 / 18976 = 12.3% ¥
JEAL, mrERRRILAE FFIRAL. REFEN.
dim(pdb_ctb[pdb_ctb$Package > 10, 1)
#> [1] 131 2
sum(pdb_ctb[pdb_ctb$Package > 10, "Package"])

#> [1] 2329



O M =

16.3 RiEZHARMYFL# 209

AKF® Bottom WY& E 6732 N (UFA—1 R Wi AE) HEFFRER LS 6732 / 10067 =
66.87%, TIER T 6732 / 18976 = 35.5 % WP RBAL, (KFEM AR k.

16.3.2 JFR&IMEXZR

WER—ATF B T4 R A, B . —4 R WA, wies 1224
TR, XFE, HEIPENITTERE Z R R T R, STEE FTRESUR S R B, ]
REAIE. ACA I H A BEAAAERS. 75— R A, A2 B fyuimks, mfern— R 4d, B2 A
Ttk . AR B ZnfEdd 24 R WAAES IR EAMIMER R, XWEN A T B Z[EH) KR
A EFFRITRARER 2 DRAL, — D ARTRERRE T 24 3.

Hefpd A R AZNITRERTR, B2y (A otk AR, A 8D R WSS A
Botm) W8 A AL, 4 A TP RE S Z A& TTi, TTIiRE (BT RE R HE R &
IR AL, 1502 5ot R AR ) o8 A M. W, A fERZEPE, BAREE A fEATT
K, s A B A RTTEk, HE BTt/ M E R AR .

# TLRE A fedk K IE R
pdb <- subset(

x = pdb, subset = !duplicated(Package) & !is.na( Authors@R"),

select = c("Package", "Maintainer", "Authors@R")
)
# RAEFEHLT
pdbsSMaintainer <- extract_maintainer(pdbSMaintainer)
B TR A Authors@R FEE, A TTRERIA THF , Hll meev £, gam (145, {ELULA T A
AT, HRgE E A G XA FE, W Repp 1. ReppEigen {155, PIHCRF % 26 551 1 H ok o
B2, ARICRDA AuthorseR FBIENTTRRE HRIR, 3571 12503 A~ R &7 Authorser , 7 6000+ >
R ARAIZT B, SR20E R S 1/3, TEAIR2H BHEFER SO, WA . Author o7
it BRSSO, T Author 5B, AuthorseR FEHEDA R 2 1K person A H 17 hk
SEMIRY, HEBOIIE, b, SRICGTHRE AR LT . B, R Matrix (R TTERE .
tmp <- eval(parse(text = pdb[pdb$Package == "Matrix", "Authors@R"]))

tmp <- unlist(lapply(tmp, function(x) format(x, include = c("given", "family"))))
§ I — N R AE

tmp <- data.frame(Package = "Matrix", Maintainer = pdb[pdb$Package == "Matrix", "Maintainer"], Autl

# E£4 Authors 2 Maintainer BJiE%

subset(tmp, subset = Maintainer != Authors)
#> Package Maintainer Authors
#> Matrix Martin Maechler Douglas Bates

1
#> 3 Matrix Martin Maechler Mikael Jagan
#> 4 Matrix Martin Maechler Timothy A. Davis
5

#> Matrix Martin Maechler Jens Oehlschlagel
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#> 6 Matrix Martin Maechler Jason Riedy
]%%g:t #> 7 Matrix Martin Maechler R Core Team
/,\

i
©

HAFHE S R 2 (Package FB) . JH4EfE (Maintainer FB) FITTHAE (Authors F2BL).
PRSI RE, 55, A R URstitER ULk, BRI E

extract_authors <- function(pkg) {
sub_pdb <- pdb[pdb$Package == pkg, ]
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 =
subset(tmp, subset = Maintainer != Authors)

}

extract_authors("Matrix")

#> 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
#> 6 Matrix Martin Maechler Jason Riedy
#> 7 Matrix Martin Maechler R Core Team

# lapply(c("Matrix", "gt"), extract_authors)

# WHELUTH R @ TR, EATHEE1-20 9 I [
pdb_authors_1list <- lapply(pdb[, "Package"], extract_authors)
# B IFIK

pdb_authors_dt <- data.table::rbindlist(pdb_authors_1list)

R BB SR B R BHREAE pdb_authors_dt 5731 26000 Zkicsk, RIAMEIR N, HIEFIA L
MTTERE Z 18] 0] BEFFAEZ IREVRITE O, R geit— F & ER %L

pdb_authors_dt[ ,.(cnt = length(Package)) , by = c("Maintainer", "Authors")
llcent >= 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 Oo1i Microsoft 16
#> 6: Max Kuhn RStudio 14
#> T: Lionel Henry RStudio 14

B bk

)
tmp)

A
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#> 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 FEU B TAPHAR LT, X R NA WL R WHZEPH 2T 248, BRBUHETIZ4HA,
AL PR B, T HB R ER ). DA dplyr ©8f, Hadley Wickham 52 jF RStudio
], AE dplyr W G, FBL Authorser ' RStudio Byffi {42 cph Ml fnd |, RIBRAUTA ¥4

ScRfe A cre WiR4EE, 1575 CRAN HIBAMIME. M6 aut HL2XF R A LB 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]"
#> [5] "RStudio [cph, fnd]"

BeAh, g T — M HA R 4E a2 A SR, W EHEER AT AE ], Gabor Csardi 1 Jim Hester
, Lionel Henry #11 Hadley Wickham, Carson Sievert il Joe Cheng , Jennifer Bryan #1 Hadley Wickham
6] J&F RStudio AT, HHWMEITA%WiH . % RStudio, CRAN Team £ rOpenSci ANHEA, i
XTHERA FE R T VR

1

Windsor.ai $#2{lt— R A AR REHF G, RS HRCREE R 1.

2. BNOSAC #fit—ZFH B . FERIHG] . 3R EF AP R A, Bl udpipe, word2vec,
doc2vec 24,
3. Microsoft #fit— RINEZFERNE Azure ZEMHR R 4, A AzureR 4.

4. Wouter Saelens $fit— 27| YA UL HEI (single-cell trajectory inference) FHXf R 1, JEK

—A dynverse Fjk.


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

IN
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5. Poisson Consulting #fft— R 5| H T EAEY MG A S240 R AR RAF5RI8 3,

6. Amazon.com, Inc. 2Ht—R S HTAEH . . #4E% Amazon “REH R &, EM—1 paws
=,

7. Eli Lilly and Company 7] g2 rOpenSci f)— 51, B0 T A targets Al jagstargets 4 R 41,

Wr, GTHMERE A, L AR A

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

16.3.3  TixUBABES A

TG, ACE TR R R AT DL, ORI 4 BT R R 4R R Tk
KRR AL . REBATE CRAN it R WRTTIRE . A B 4E P om0 4 . &
eI, M2 R ARG .

# Maintainer M A\ JE

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,

][, .(out_degree = length(Maintainer)), by = "Authors"]

ggplot(pdb_authors_net_indegree, aes(x = in_degree)) +
geom_histogram(binwidth = 1) +
geom_freqpoly (binwidth = 1) +
theme_classic()

ggplot(pdb_authors_net_outdegree, aes(x = out_degree)) +
geom_histogram(binwidth = 1) +
geom_freqpoly (binwidth = 1) +

theme_classic()


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

O M =
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1000 1
600 1
750 4
e € ]
% 5001 3 400
(&) (8]
250 2001
0 04
0 50 100 150 0 25 50 75 100
in_degree out_degree
(a) ABERYAAT (b) MR

Bl 16.5: 45 B AERI S BER 70 AT

16.3.4 w[PALEp IS

TR/ NAZES R 4 R AR RN, AR/ NAZESR B Z MM E R BOR 7R . T SEUE L,
BN TREE A, R PIMERECRT 1 #id.

# i
pdb_authors_net_edge <- pdb_authors_dt[Authors %in% Maintainer,

1[, .(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
#> ——-

#> 528: Aaron Wolen Scott Chamberlain 2
#> 529: Bob Rudis Simon Garnier 2
#> 530: Marco Sciaini Simon Garnier 2
#> 531: Carlos Morales Martin Chan 2
#> 532: Md Yeasin Ranjit Kumar Paul 2
# TR

pdb_authors_net_vertex <- pdb_authors_dt[, .(vertex_cnt = length(unique(Package))), by = "Maintaine

J[Maintainer %in% c(pdb_authors_net_edgeSMaintainer, pdb_authors_net_edge$Authors),]



e

\\/\ 214 FrF WGBS

pdb_authors_net_vertex[order(vertex_cnt, decreasing = TRUE),]

‘%’b Maintainer vertex_cnt
#> <char> <int>
%B/ #> 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

XA A, HAA TR R .

o Maintainer 44 (R FR to)

o Authors Tigk¥ (fLFEE from)

o edge_cnt W FK/NFERYEPFE Maintainer FITTEAE Authors HTIMEIREL
o vertex_cnt TS K/NFRZEIH Maintainer 43719 R &=

N SE% B igraph A3 AR ANE 2B M AL R 4% . pdb_authors_net_edge #ll pdb_authors_net_vertex
FREEIHE, S igraph B BREL graph_from_data_frame () FFHFE N LR igraph , SR
Je I PR EL plot () il 45 .

PIME R RFIFF R F I, B4 THZE] BEas, H, S22 R B AE, XA
Bt B2AET /NG NAZNPME. 52X R IMER RESRIT K, NEd, %
W EIR, M —A TR 8. UMESZAAEWRESEYT R GhAD, BEFET 144,
Ft, SremIrAE . T RIHSRBELS i, W R Core Team, RStudio, rOpenSci 45,

eb <- cluster_edge_betweenness(pdb_authors_graph)

eb

#> IGRAPH clustering edge betweenness, groups: 181, mod: 0.88

#> + groups:

#> $°1°

#> [1] "Matt Nunes" "Daniel Grose" "Guy Nason"

#> [4] "Rebecca Killick" "Idris Eckley" "Alessandro Cardinali"
#>

#> $°2°

#> [1] "Jin Zhu" "Shiyun Lin"

#>
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#>  $°3°
I:EEI'#> [1] "Julio Trecenti" "Henrik Bengtsson" "Morgane Pierre-Jean"
TS [4] "Zhian N. Kamvar" "Pierre Neuvial" "Michal Bojanowski"
J #> + omitted several groups/vertices

\\igraptlfgg%ﬁté;ﬁ$%fﬁi%ﬁﬁw5@§%%§) A T B BRI cluster_edge_betweenness () SRR, ZhEHE

WA 181 MK 4K 1 SRR

eb$names[eb$membership == 1]

#> [1] "Matt Nunes"

#> [4] "Rebecca Killick"

X 3. 14, 21, 34, 46, 52, 75 G IR Z ). Hdr, 3#HIX 3 J&PA RStudio ALK, %t

X 14 2PL CRAN MBI REEX .,

# RStudio HZ /G AKX

eb$names[eb$membership == 3]

#> [1] "Julio Trecenti"
#> [4] "Zhian N. Kamvar"
#> [7] "Ian Lyttle"

#> [10] "Dirk Schumacher"
#> [13] "Sean Kross"

#> [16] "Ryan Hafen"

#> [19] "Mark Edmondson"
#> [22] "Carson Sievert"
#> [25] "Jennifer Bryan"
#> [28] "Garrick Aden-Buie"
#> [31] "Hiroaki Yutani"
#> [34] "Romain Francgois"
#> [37] "Bryce Mecum"

#> [40] "Jonathan Keane"
#> [43] "Anne Cori"

#> [46] "Wush Wu"

#> [49] "Yuan Tang"

#> [52] "Sebastian Meyer"
#> [55] "Aldicia Schep"

#> [58] "Joe Cheng"

#> [61] "JJ Allaire"

#> [64] "Malcolm Barrett"
#> [67] "Justin Wilkins"
#> [70] "Kevin Ushey"

"Daniel Grose"

"Idris Eckley"

"Henrik Bengtsson"
"Pierre Neuvial"
"Thomas Lin Pedersen"
"Jeroen Ooms"

"Carl Boettiger"
"Matthew Fidler"
"Kirill Muller"
"Winston Chang"
"Michael Sumner"
"Daniel Falbel"
"Taiyun Wei"

"Greg Freedman Ellis"
"Steph Locke"
"Thibaut Jombart"
"Bill Denney"
"Atsushi Yasumoto"
"Duncan Garmonsway"
"Derek Burk"

"Tomasz Kalinowski"
"Bhaskar Karambelkar"
"JooYoung Seo"

"Aaron Wolen"

"Yixuan Qiu"

"Steven M. Mortimer"

"Guy Nason"

"Alessandro Cardinali"

"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"
"Barret Schloerke"
"Edzer Pebesma"

"Tim Taylor"
"Michael Rustler"
"Sebastian Kreutzer"
"Zachary Foster"
"Bruno Tremblay"
"Johannes Friedrich"

"Karthik Ram"
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#> [73] "Jorrit Poelen"
#> [76] "Ramnath Vaidyanathan"
#> [79] "Xdianying Tan"

# CRAN HZ 0 H AKX
eb$names[eb$membership == 14]

#> [1] "Achim Zeileis"

#> [4] "Nikolaus Umlauf"

#> [7] "Bernd Bischl"

#> [10] "Friedrich Leisch"
#> [13] "John Fox"

#> [16] "Volodymyr Melnykov"
#> [19] "Drew Schmidt"

#> [22] "Stefan Theussl"

#> [25] "Francois Michonneau"
#> [28] "Felix Zimmer"

#> [31] "Lukas Sablica"

#> [34] "Jakob Richter"

#> [37] "Duncan Murdoch"

""Maélle Salmon"

"Thomas Leeper"

"Michael Hahsler"
"Vincent Dorie"

"Ben Bolker"

"Brian Ripley"

"Kurt Hornik"

"Martin Maechler"
"Georgi N. Boshnakov"
"David Meyer"

"Marjus Hofert"
"Martin Binder"
"Sebastian Fischer"
"Florian Wickelmaier"

"Alexander Brenning"

217

"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"

B}, 7£ RStudio X MNKALXT, 8527 B8 X/ /MEX, il Rob Hyndman 48 A H}E]
F%1:1X . Roger Bivand % A =S )G 1T4EIX .

# B8 JF %] Rob Hyndman
ebsSnames[ebSmembership == 52]

#> [1] "Asael Alonzo Matamoros" "Nicholas Tierney"

#> [3] "Sevvandi Kandanaarachchi" "Rob Hyndman"

#> [5] "Di Cook" "Mitchell O'Hara-Wild"
#> [7] "Han Lin Shang" "Sayani Gupta"

#> [9] "Earo Wang" "Christoph Bergmeir"

# 72 B 47 Roger Bivand

eb$names[eb$membership == 75]

#> [1] "Sebastian Jeworutzki" "Roger Bivand" "Colin Rundel"

#> [4] "Angela Li" "Gianfranco Piras" "Patrick Giraudoux"

#> [7] "Giovanni Millo"
ERHE 16.6 , HEARZ/NEE, XLH—id, STk pE R, WWTIE.

N tidygraph WA EEGE . A RO, dplyr AR, POEART R OFRH)
Mgy (EEENE) . &5, 50 ggraph W2 G4 2 M TTRIMSS, 7R MURLER
SO 55
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TR D9 2% RUEE T [l — 10 i . RIAER 28 10 Jmdaiyd, 1S3 AER 2U 45 20 . B e 280 B
% B, PN ROAR AR R, iR CRAN A1 RStudio Wi RMEE HEE. T H visNetwork
{ ’ FIER BEAMLKETE, B& JS JF vis-network i) R iGF#H I, A visNetwork 22 52 H 2 W 4%

B, ATRATER B A BAROR . #Eadl. ATRAKBIAE CRAN #EIX ) Achim Zeileis F1 RStudio #X [

\ Max Kuhn 2 J&]52H1 Andri Signorell Z22R3545 . HAh, A4 248, ATPAfE T Richard Iannone F %
@ i) DiagrammeR. £ il /E# AR 5K & 9 0T B .

h L
. L)
.
. » .
% L) ° -
) -
E a . lpm e
- o 40 .
-, - 4 X ‘\b
\ ™ o e® Jpir s F
alita
L ;%cm;’
. ® 7
. S
- s —e s N 9
L # .
. ® .
- ?\ P = P
LR . | - - —
PR
L ®
* e P
u'. Y
]
.

K 16.9: FF &R S M4 (visNetwork)

16.4 9 )i iz

R 155 M2 87 H M EAER Erick Kolaczyk H)-1i$E (Statistical Analysis of Network Data with RY
(Kolaczyk Fl Csardi 2020), W& n#iAL 51, #E#F Hadley Wickham ) Z4F €ggplot2: Elegant Graphics
for Data Analysis) (Wickham, Navarro, 1 Pedersen 2024) )55t %, Sam Tyner 28 A1 3 (Network
Visualization with ggplot2) (Tyner, Briatte, #1 Hofmann 2017) t0{§15—F .

TEF 28 Bl M7, igraph SR AFRRATHIOTESRS, Bt C IS 5N, JERma. R, Ei
MEFEFTHRZND, R IEFHED igraph 1E R IEFH XM M8y S Sebnife, g2 It
BT R ARG . JTIRET Gephi BRI G Ab B 2 MUSLR 0 28 A M R4 . R UL 3T
STPAM] Apache Spark ) GraphX., R iEFXIZ, FRGEEXME AT AL M, HAEN TS
AR AT Lo

AR TAESL, HWECA #1052 Neodj , EATFRMARTE A . Nebula Graph JFJ2


https://github.com/datastorm-open/visNetwork
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/
https://github.com/neo4j/neo4j
https://github.com/vesoft-inc/nebula

16.5 3] 221

BRI, A S IR M, SR T . L. 209, Ahsock, Ad
PR IS (S P P s - 15 B Sl 95 5 k) o« BT HUBF AR GraphScope $fft—ufi R MU 1153
ARG, SCREME M E.

16.5 2]

L RUOFEEWER R T, WA R WA R WO, KBEBER 2. St R Wik
BRE G R A g R & B, R B R CHML, PAREHE). b, . 2.
AL R R 45, e R A2 .

2. ASCET 2022 4F 12 A 31 Hiy R AcBduidt st 455 2023 4 12 H 31 HEdE R


https://github.com/vesoft-inc/nebula-docs-cn/
https://mp.weixin.qq.com/s/aYd5tqwogJYfkJXhVNuNpg
https://github.com/alibaba/GraphScope

Bt SORE B

R IESFESME T LA RIES 43 (Natural Language Processing) #35 U441 (Text Analysis) [
WZ. R IBESHEXK A AR SCARSIA X EE, 2 5& (Text Mining with RY (Silge il Robinson
2017) A1 «Supervised Machine Learning for Text Analysis in R)» (Hvitfeldt Fil Silge 2021),

ARSCHWAH I H— it st 10 248 HE, 258 AL K32 =/ H & 18, 3
S5 G H AR XA HRRE . F58 b, e D A E TP 2N T B SR ERIEE R, AU SO
FEPR R ) B v, Ak — mSIE, AR SCR I BRI AR

MR SEREA TR H s, SRR A LWED, MPRiR—25 . Boll. kA EMbE 300 25
P HZE, BT, BovEiiiueil 10 4209 H BRI 700, thaeseonJF, Hoeabst. sty
HICHRR . SCAREME. TN A ARG, ORI G, s R, R, S,
ARRLBERE RESE . X ORI, BRI T S BRI N A B KR . st H #2570 Fhr %
1, R RT DATR 2R 4R

library(jiebaRD) # i &

library(jiebaR)  # 41

library(ggplot2) # 2[4

library(ggrepel)

library(ggwordcloud) # 17 =

library(text2vec) # LDA &

17.1 Bk
o MARHUAL: SRMEAEM HESCE. HETFER, SR BN
o JIRRAEAY: KATWIEL. HEFE H . HEEEE
TR H SR
git clone git@github.com:yihui/yihui.org.git
Z5 B , TR Rdata $iafit R &6
# A Y B A AR

load(file = "data/text/yihui.Rdata")

222
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17.2  HGHR
Vd :

r>

| ]

3001 2018-R Markdoywn: The
Definitive Guifle

N\

©

2017-blogdown: Creatin
Websites with R Markdown

200

R

1001 (2009-FEARBKRFML
(2006 FEARAZZ T 202\ IR HEFA
2034-Implementing Reprodlicible
omputational Researg¢h (2020-R '\)\;ﬁkdOW” CooRkpook]
\

- I:Il
2013-BREMNIIRFEL) 2§13-RSt I&Jﬂi[

o4 FOIB—Dynamic Documents with R| [ 2015-Dynamic Documents with R ‘ |

and Technical Documents

2016-bookdown: Authoring Books %

and knitr and knitr (2nd edition) with R Markdown
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
Fh

B 17.1: st R AR KA H S ECRE

2006 4E A5 E [R50, 2009 F 2013 4E4) B HA5: v B 24 R0-F12 fap e 7 R 2 1
t-2E07, FEASWINE], HGBCRFREE N, NS gt 2 A8, 2 E R EE KRS FERVIESR
PSR, L, HERCE IR, 2013 -2016 4F, AAEEE BEEH R, WiE, Al
WA, RRFHEREFNE, P, HEREFZEATIL. FEE, 2017-2018 4EFR T IEH A5 A
G, BT REFHE, WS AR, 2018 4F, dies HBE0RET 300 /. 2019-2020 4E4EH0RS )
TEE AR, 2021 54 e (ARGITRIEY 76 10 45 H R, X252 2007-2011 419 TAE.
2021-2023 4F HE#E (2023 4E S HEREM) A TRAKT

17.3 Bt

LA 2001 AFpy—f H B, RITEARIRUER AR . BERRSCHRRY YAML Juidls, 43O Aokl 3
HREEEE SR,
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remove_yaml <- function(x) {
m x[(max(which(x == "--=")) + 1):length(x)]
/,\ }

:#*Egl/ X <- remove_yaml(x)
i [9e) TR T4R) i) 17 ) SSREng AFr. B, i, SRl AL I )
©) mEm, HBEIES LTS 40 FIEEHRIRZC, it i Semia. Hiang kI, AT e
ST, SR SRR TR R I R L TR , KR C ok, HEAT AR TR

library(jiebaR)
# jieba_seg <- worker(stop_word = "data/text/stop_word.txt")

jieba_seg <- worker(stop_word = "data/text/cn_stopwords.txt")
WIEAE, tean TR, Tifeafg ] &5, FERAA. IMFHIIk.

new_words <- readLines(file("data/text/new_word.txt"))

new_user_word(worker = jieba_seg, words = new_words)
#> [1] TRUE

# A

x_seg <- segment(x, jieba_seg)

S, R R RIS

remove_number_english <- function(x) {
x <= x[ltgrepl("\\d{1,}", x)]
x[lgrepl("[a-zA-Z]", x)]

}
XX <- remove_number_english(x = x_seg)
g

tmp <- freq(x = xx)
tmp <- tmp[order (tmp$freq, decreasing = T), ]

head (tmp)
#> char freq
#> 285 —

#> 397  [A ¥
#> 178 — 8
#> 356 &K
#> 67 B
#> 106 HAEW

w W AN N O o~

ggwordcloud {32 il i8] 2z K AL T AT GE T ) 45
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library(ggwordcloud)

I?E:I head (tmp, 150) |>

> ggplot(aes(label = char, size = freq)) +
/ geom_text_wordcloud(seed = 2022, grid_size = 8, max_grid_size = 24) +
\\ scale_size_area(max_size = 10)

= qu: ;% —_|E55'.3 #_é‘k BEE KRR XE
L. s —ANHi EES =T AE B8
A JH@ ki LS
mg T2 IR **‘Jﬂ&g’—mmm*}?“hﬁamﬂ -

iz @ER pEERE B=mzn qx B S5 Pl del
2 i T IR EEEE@ NBREE B o

aiE S E**ﬁ te A " S3ues AR T R
B %El _):I: —-I;_ %Zlg —_I_fﬁ BE =y

PR=Z,, #E\n% 1B 2t 22
1 % we /
a5 B wisie_% B s T8 o i R
kL‘F D E @A LLI B8
Al B [EREE Bk == b= = W
s B 8 s T o
I it 5 Ej
7jEET &E el BFK e
X5 aR R=
W EHST A i

Fih Eaitz A
—ANPE B_ ahs ﬁﬂﬂﬁﬂ*i —E'E
R
AR

WE hE 5
i

P 17.2: i 2 Al MR TR 4G 2R

4 TF-IDF

# tmp = get_idf(x = Llist(xx))
get_idf(x = list(xx)) |> head()

#> name count
#> 1 EIH 0
#> 2 4 0
#> 3 KiE 0
#> 4 B2 0
#> 5 G 0
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17.4  FERR R

TR H G2 7 RAREER, FTRA, SBERE, BEEB NI N RARN LR S L. Aa, RERE
ARV EIRARSE, BV 200 KBRS fRIc AR . 2R, M B AL B I AL
topicmodels (Griin il Hornik 2011) #F tm (Feinerer, Hornik, 1 Meyer 2008) 3z FFEAEIK A 7 55 2t
(Latent Dirichlet Allocation, f&#k LDA) A Correlated Topics Models (CTM) A - B, iX—&
TR OGS GHE ORI AT, text2vee WSCRRZMGEITARAL, 1 LDA | LSA | GloVe 4,
ARNMEAG, SAGITEIBA, AT, I RS, EEFEE I https://text2vec.org,

BTk {fiF] David M. Blei 255 LDA SRyl BUag, 1§ I LDA SEvEsAie 3,

library(text2vec)
BRI HaE i, s, a5 document-term matrix (DTM)
# TR

remove_links <- function(x) {
gsub(pattern = "(<http.x?>) | (\\(http.*?\\)) | (<www.*?>) | (\\ (www.*x?>\\))", replacement = "", x)
}
# EH. . EH
file_listl <- lapply(file_list, remove_yaml)
file_listl <- lapply(file_listl, remove_1links)
file_listl <- lapply(file_listl, segment, jiebar = jieba_seg)
file_listl <- lapply(file_listl, remove_number_english)

ARG PR R SR (ELAn A7), A s AR A3 -

# Token 1l

it <- dtoken(file_listl, 1ids = 1l:length(file_listl), progressbar FALSE)

v <- create_vocabulary(it)

# EHEENT WD 3K

v <= v[nchar(v$term) > 1,]

# EERE SRR E D 14w

v <- prune_vocabulary(v, term_count_min = 10, doc_proportion_max = 0.2)
£ LDA (Latent Dirichlet Allocation) 8y

¢ AR

vectorizer <- vocab_vectorizer(v)

# SCRI-TR ZE [ DTM

dtm <- create_dtm(it, vectorizer, type = "dgTMatrix")

# 10 NEM


https://github.com/dselivanov/text2vec
https://text2vec.org
https://www.cs.columbia.edu/~blei/
https://www.jmlr.org/papers/volume3/blei03a/blei03a.pdf
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lda_model <- LDASnew(n_topics = 9, doc_topic_prior = 0.1, topic_word_prior = 0.01)
# Y| AR
doc_topic_distr <- lda_models$fit_transform(

x = dtm, n_iter = 1000, convergence_tol = 0.001,

n_check_convergence = 25, progressbar = FALSE

)

#> INFO [08:15:09.422] early stopping at 175 -iteration
#> INFO [08:15:09.728] early stopping at 50 +diteration

TR B M, A4 ST E

barplot (
doc_topic_distr[1, 1, xlab = "F ", ylab = "fl",

ylim = ¢c(0, 1), names.arg = l:ncol(doc_topic_distr)

<
-

0.8

0.6

EE&1

0.4

0.2

R 9 ASFER Top 12 3743 T EI H K
lda_model$get_top_words(n = 12, topic_number = 1L:9L, lambda = 0.3)

#> [,1] [,2] [,3] [,4] [,5] [,6] [,7] [,8] [,9]
#> [l,] ||1§]J%n ||,.%—n "T‘ié\:" né}E-H—u II/T,EE%" niﬁﬁ%u nﬁﬁu HHT‘I»,T,EH ||Mj§n
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#>  [2,]
#> [3,]
#> [4,]
#> [5,]
#> [6,]
#>  [7,]
#> [8,]
#  [9,]
#> [10,]
#> [11,]
#> [12,]

SR AEE, WM YGEREE (28 1. 3. 8). A (2 2).
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17.5  AH{OLPERE

17.6 )8

=

H

1. text2vec N B 1 H TS EHEEE movie_review H1 sentiment (FE7R 1F 8L 71 1EFEMY) SUFE KR

PR, X P — BT K. (n: wmE)s, R glmnet s
WIEMEESH. )

2. fifls CRAN %A R tocd ot R SRk 7B, L8 R 382k,

3. L 2, ML S UERT R GRIFMC, B W2 A, PP 2 RRCR, IR
HAPRICH R @03, (& —4 R Wi RERINE T2 MESUE, %R xgboost (1)


https://text2vec.org/similarity.html

O M =

1 AN V5 25 &

R ARR AR, L AN R RATRE Sy, R RIE I KA 2558 IR
oo F b, WA B Jo LR R A AR ORI T BRIz ai ik ) s 8
IR, AR 0 A A5 2 ) — O AR BEAT SN 2 22 AR SRR v TN B A 5 — RO 1) O R
XA TEBATENE, BRI ESARRRARAAELE, JHEEEER. TR EEsREE
BEAE EORROPRA, TS A B Al 2 0 A R AN R A2 A5

library(quantmod) # Tkm#{ﬁ
library(ggplot2) # T A
library(ggfortify) # #AET
library(lmtest) # B ZAEERR
library(dygraphs) # XE R

ARELEMANILT IR BRI iR FRES . RHRFS 0 B R .

18.1 ik

Joshua M. Ulrich J & 4E4'1) quantmod 7] DA [ N AN EE T W5t . A<y 32 BEPASE ARy
A pl, EFIH 2018-09-20 FEAWH T, MEEMAM 3690.HK. ¥5EH quantmod £ (Ryan Fi
Ulrich 2022) FREGER] B2 2023-11-24 R KGN EE, 8 Open LM, High fmifh. Low fx
&4y Close FHTifr. Adjusted JEZEH I Volume J{AE =L

library(quantmod)
# R BRFERG 3690

meituan <- getSymbols("3690.HK", auto.assign = FALSE, src = "yahoo")

FRBLIERI R, BRI %, & xts Fl zoo PIFNEIME GMIAL, xts RAZHKH zoo 2
AU

class(meituan)
[l] "th" "ZOO"
str(meituan)

An xts object on 2018-09-20 / 2023-11-24 containing:

229


https://github.com/joshuaulrich/quantmod
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Data: double [1275, 6]
m Columns: 3690.HK.Open, 3690.HK.High, 3690.HK.Low, 3690.HK.Close, 3690.HK.Volume ... with 1 more column
Index: Date [1275] (TZ: "UTC")

>
/  Xts Attributes:
\ $ src : chr "yahoo"

$ updated: POSIXct[1:1], format: "2023-11-27 06:31:12"

BHdE meituan 22— xts KA E)TFHIEHRRT S, BIRFEREZ 2018-09-20 % 2023-11-24, {15 4
Ay, ARl

o Data #7371 906 47 6 1 ATRURT LR S0 )RR -

o Columns #5EnH4 , HiksE 3690.HK.Open, 3690.HK.High. 3690.HK.Low £ 3690.HK.Close
5, IR Z I, ORI

o Index ¥FFRKTIHN, A P2 187 A B AT Rl 8B AP RS Al s w7 A2 14 5 )5 I
Fe, G kSR E, B ER R IX 2 “UTC,

o xts {REIRRA— L mM: Goldi) . DIIERSERRIE, A AR BIEREE . RO L
P MHE PRI 22 T 238, "R A) 2 2023-11-27 14:31:12,

5] R B A e BERBA R £, ol Base R 32{1L[) Date F1 POSIX 25, ¥°J@fl timeDate
Il chron A H CHY— BRI KA FJ . xts A2 AP a7 SR F 3 TR —, xts &
eXtensible Time Series (45 . N T —5 THEAY, FHEHZNGIT, HHZ R GRHERE xts () 138
NS 7Ipo e

xts(x = NULL,
order.by = index(x),
frequency = NULL,
unique = TRUE,
tzone = Sys.getenv("TZ"),
o)

o BRI x T,

o B order.by FINEG|EH.
o BE frequency TRFIR,

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

18.2 IR % 231

xts(x, order.by = [dx)

[,11 [,2]
2018-01-01 1 3
2019-12-12 2 4

O M =

18.2 HPaik#E

18.2.1 zoo

zoo Uit S3 JEAUKAL autoplot.zoo() H[IAIHAL zoo KAMEE, BHiZ—1 zoo HKALMEL
PXFL, ARl ggplot2 Fdlxige, SRJG M AT AR & L2 EEE, 21 WA B SRy 2
autoplot.zoo() o

# xts @FELEME, BN Index TR HMEAMRAMEAR

library(ggplot2)

autoplot(meituan[, "3690.HK.Adjusted"]) +

theme_classic() +

labs(x = llaﬂﬁll’ y = "H%/Hl\”)

400 A

300 1

A&

200 1

100 1

2020 2022 2024
HEA

Kl 18.1: SEPIFER#E BT AR AN AE 75

zoo FLIAFRMLY) — NEALREL fortify() Kf zoo BN ZHAL N data.frame , XA DAy A
ggplot2 fURE/REHE. 40 melt = TRUE BUREFEEMFEHIRE, R N\t X kigX. 4
names = c(Index = "Date") FE/RFF Index F|Efy4% N date %,
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ST ANF B AIE M

meituan_df <- fortify(
meituan[, c("3690.HK.Adjusted", "3690.HK.High")],
melt = TRUE, names = c(Index = "Date")

BREE meituan_df Y Series F-2 K T, BHHARSZ: 3690.HK.Adjusted . 3690.HK.High JE%E A
Bl Femthe MRS H 7B pate $RHUFE 7B year Fl—4EHHYEE LRI FEL day_of _year.

meituan_df <- within(meituan_df, {
# A Series MR
Series <- factor(Series, labels = c("FHEMN", "F&ZN"))
# H¥FH pate REFhH
year <- format(Date, "%Y")
# HHIF B pate —SFFHEILK
day_of_year <- as.integer(format(Date, "%j"))

i)

W ggplot2 G271 . /- 2HEHE)FSE, PA day_of _year Sy, AT value NP\, #2 year 4
H, % Serdies 43 .

ggplot(data = meituan_df, aes(x = day_of_year, y = Value)) +
geom_line(aes(color = year)) +
facet_wrap(~Series, ncol = 1) +

theme_classic() +

labs(x = "—HFFWMEJLR", v = "REHKRN", color = "FH")

BEN |
400 -
300 -
=)
2001
— 2018
& 1997 ———
g T TS — 2019
& BSH | — 2020
% — 2021
400 -
— 2022
300+ — 2023
2001
100- T
T A
0 100 200 300
—FRELR

Bl 18.2: SEPIHHR R LN B4 AE T
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2019 4T UA th BN . 2020 AERAERRZA RN, KRR —BAERgsE, RNy, FlErsbslds, i
o WARINESS . 2021 AFBUF AL, BECM I ™, A, 2RISR, diaeskibadsy
H ’ Wi, FEAEMRN—EEAG. HEA 2022 4E, RMAE 200 B SEAHEN .

18.2.2 xts

library(xts)

xts FHHE S3 ZAIREL plot.xts () L ITHIRITMAL xts FEBU I [a] 751 $da

plot(meituan[, "3690.HK.Adjusted"], main = "3 E & K"

A BRI T 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 18.3: SERITERHE_ BT ASRAYBLAN AE 2

B DMERE R — IR B 1, s A SR

plot(meituan[, "3690.HK.Adjusted"],
subset = "2022-01-01/2022-12-31", main = "8 & g A



K

=
K
©

FANF RIS
AR BIAZT 2022-01-03 / 2022-12-30
220 220
200 200
180 180
160 160
140 140
120 120
e R
Jan 03 Mar 01 May 03 Jul 04 Sep 01 Nov 01 Dec 30
2022 2022 2022 2022 2022 2022 2022

K 18.4: EF 2021 4ERYAEH L

TCHATZ=RATET, BroAB A Sk

18.2.3 ggfortify

gefortify (Tang, Horikoshi, 1 Li 2016) SZFpEHLATMAL ts. timeSeries .

Wdli, seplot2 MAUEIRR A — LA ).

library(ggfortify)
autoplot(meituan[, "3690.HK.Adjusted"], ts.geom = "1line") +
scale_x_date(
date_breaks = "1 year",
date_minor_breaks = "6 months",
date_labels = "%b\n%Y"
) +

theme_classic()

stl 2RI AP
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.
f;*‘iT' 400 -

r>
/
[ \ 300 -1
200 1
100 1

Jan Jan Jan Jan Jan Jan
2019 2020 2021 2022 2023 2024

Kl 18.5: SEHBAE T

18.2.4 dygraphs

dygraphs @& 2l HANR S L, BRI Ldh T L% dygraphs , B2 L https:
//dygraphs.com/. THASERI M ABI, R RITEI BT GE. AAAREIAAFR. ZIEERAE . R, R
L R IRE
library(dygraphs)
# 8K
dyUnzoom <- function(dygraph) {
dyPlugin(
dygraph = dygraph,
name = "Unzoom",

path = system.file("plugins/unzoom.js", package = "dygraphs")

# F A
getYearMonth <- '
function(d) {
var monthNames = ["0Q1", "@2", "@3", "@4", "O5", "ese","07", "e8", "e9", "10", "11", "12"];
date = new Date(d);
return date.getFullYear() + "-" + monthNames[date.getMonth()];
3


https://github.com/rstudio/dygraphs
https://github.com/danvk/dygraphs
https://dygraphs.com/
https://dygraphs.com/
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> dygraph(meituan[, "3690.HK.Adjusted"], main = "E R K& H") [ >

/ dyRangeSelector (dateWindow = c("2023-01-01", "2023-11-24")) |>
:ﬁm\ dyAxis(name = "x", axisLabelFormatter = getYearMonth) |>
@ dyAxis("y", valueRange = c(0, 500), label = "ERFHKN") |>
dyEvent ("2020-01-23", "®& N #HI", labelloc = "bottom") |>
dyShading(from = "2020-01-23", to = "2020-04-08", color = "#FFEGE6") |>

dyAnnotation("2020-01-23", text = "R INFH ", tooltip = "R NHI", width = 60)
dyAnnotation("2020-04-08", text = "R INMH", tooltip = "R INAH", width = 60)

dyHighlight(highlightSeriesOpts = list(strokeWidth = 2)) |>

dySeries(label = " EBKH") |>

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 18.6: LM AL L

| >

| >

FEERIANRR YTD #dlE, £ D380 aa g 0 N BagdE, Ransd K2 2023-07-15, MR 2023-
01-01 & 2023-07-15 M EIE. FEEEL dyRangeSelector () Hi%ENTE % 1S4k datewindow, SCZHL

St ] Py i
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18.3 EfaM:iZzH
HEK
\ 18.3.1 1A

©

iz

autoplot(acf(AirPassengers, plot = FALSE)) +

theme_classic()

1.00 1

0.75 1

0.50 1

ACF

0.25 1

0.00 1

0.0 0.5 1.0 15
Lag

Bl 18.7: e FAH KA

18.3.2 1w FIAICK

autoplot(pacf(AirPassengers, plot = FALSE)) +

theme_classic()
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ACF

1.0

0.5

0.0

-0.51

STNF AR

0.0

18.3.3 WERHT-

# JR 4B T 7

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

# FEIR 1

lag(AirPassengers, k = 1)

Feb
118
126
150
180
196
188
233
277
301
318
342
391

#

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 15
Lag

Bl 18.8: e Al dm F AH K

Jul
148
170
199
230
264
302
364
413
465
491
548
622

Aug Sep Oct Nov Dec
148 136 119 104 118
170 158 133 114 140
199 184 162 146 166
242 209 191 172 194
272 237 211 180 201
293 259 229 203 229
347 312 274 237 278
405 355 306 271 306
467 404 347 305 336
505 404 359 310 337
559 463 407 362 405
606 508 461 390 432
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1948 112
1949 118 132 129 121 135 148 148 136 119 1064 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

18.3.4 74T

PREL diff() SCIZENHE T, BRIASH lag = 1, differences = 1 F/RIERIAECH 1 —MZs.

# FER 1M 1 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 55 -8 7 67 43 2 -63 -57 -42 31

©o
|

[

N

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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%18.3.5 PRSI
s

/Bﬁﬁ B AR KRS

\ 1969 4F Clive Granger UM 2 A HERE, R i3 Imtest AYHAL grangertest() TTLAKERR
1| AR B ) () SR % 25 (R 951

18.4  fRECTHEON
18.4.1 8¥CFi
SR I EAT RO DT SRR A Lt A N T — SRR, 2ot A R EEE By AR I

AR AT PSR {} , BNEIVEEEN {y: ), B AR, W

o0
yn(1) = wry + wWap_y + - = ijxh-‘rl—j
Jj=1

Hor, BGE 0 <w <1, AUCEMUNEIR BRSPS B 24 i T ) soskbi /. 22l A 2 A
ST 1, BreA

e’} ) w
;wj: 1—w
WIS 5 MR R A

j |
Y —wwi =12,

1—w

VUPHRA D7 S b SR T AR SR Y 1 P8 g (1) A07F

yn(1) = (1 — w)(@h + wwpy + W o+) = (1—w) > way,
j=0

PAERERFERCTH (exponential smoothing), FEFMIN I, AUE w KYREI T ZREEL S . &M T
AU ENE. . IR A P B .

18.4.2 pR¥ filter()

PBREL Filter O SEBL—JUM I F A ALt 8, W X 2 DO ] 210 14 AN P 9 20 IR A e, B R
AR IEAE 1T A i, BOA AR . AL filter O SCBLEBITE PEAIE AU JEPTAEE 22
Ly DN VA SN TR R RS 2ol e i T R el gk
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o EIALPE (HEIH)

Yi = xi + fiyior + -+ fpYiop (18.1)
o BRISE (BB3h11)

Yi = flmi+o +---+ fpxi+of(p71) (182)

Hp, p REBRRBEL, o REBI, O FIRIEICHIA offset IEFEE. N2 A BITK3
HIBRER fitter O MMEH, WHIAJTA {2} BN 1 2 10 B850 EoeH RGN, Aanr:
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 RMARIEFS) {2}, S8 method $57EFIITTIL, method = "recursive" IR H

FIEE:, 250 filter R HRIHM AL, REn MK EARBR R 18.1 1y p , filter =
c(2 / 3,1/ 6,1/ 6) RWHHKMEIT:

Y1 =T
2

y2=x2+§y1

+2 " 1

=X _ _

Ys 3 3?J2 6y1

+_2 +_1 +_1 sy

i = Li T FYi— = Yi— =Yi-3, 1Z

Y 3y 1 69 2 6y 3

Horp, PO {ys} FOReREL fitter O BUEIIMER, t BIRDFREAMER B IR ) i3 T A . T
PG DA IR, IR g 2oy .

# yl
1

[1] 1

# y2
2 +2/3 x 1

[1] 2.666667
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# y3

m‘23+2/3*(2+2/3*1)+1/6*1
Ve
7
[1] 4.944444

~
K
\# v4

4 +2/3 x (3 +2/3 x (2 +2/3 x1) +1/6 x 1) + 1/6 (2 + 2/3 x 1) + 1/6 x 1
@ [1] 7.907407

BTk, BERSFINNEN, SaT:

¢ B TH

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 4.5 5.56.57.58.509.5

SR method = "convolution" F/n{H AT . S8 sides (UE M THEFITNE, sides = 1 FIRAR
BESRAEA TS AMME. T E BEEHMZ S, ARl 2806 B B RE, W)

IR
1 NFFE
Yo AIFAE
2 +_1 +_1
= =X =T =T
Ys gTs T T2 T g
.—2.+1. +1 ;>3
Yi = 3x7, 6‘%171 6371727 1=

PR R 18.2 , ERISE o h 0, WA IES, Ba-FOER TS A 3 WEdE, tl
& p=3. AT {wi} W yu,y2 NFFAE, FHEACTE ys, ya o

# 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 IRHEFZ B3 AR e, i sMaQ) , Tt 3 MEEREARTFY.
library(TTR)

SMA(x, n = 3)
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[I]NANA 2 3 4 5 6 7 8 9

18.4.3 Wi fTEC P

IR PR S A 2T P IR, T DA o) B RO I A R U A RN o ] B AT A 2
LU

gt—i—h =y + h % bt + st7p+1+(h71) mod p
ar = a(yr — st—p) + (1 —a)(ar—1 + bi—1)
bt = btfl

St = St—p

Hrp, JEI 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 25 A 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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[ T 5 4

air_passengers_pred <- predict(air_passengers_exp, n.ahead = 10, prediction.interval = TRUE)

TN L B i X )

plot(air_passengers_exp, air_passengers_pred)
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Holt-Winters filtering
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18.4.4 Holt $550CFER

LIPS S, TRAM Holt FSBCFHIFAALAFITN (Holt 2004) .

Jign =z +h X by + 84— pr14(h—1) mod p
ar = a(ye — si—p) + (1 — a)(ar—1 + b;—1)
by = B(ar — a;—1) + (1 = B)b—y
Sy = Si—p
air_passengers_holt <- HoltWinters(AirPassengers, gamma = FALSE)

air_passengers_holt

Holt-Winters exponential smoothing with trend and without seasonal component.

Call:
HoltWinters(x = AirPassengers, gamma = FALSE)

Smoothing parameters:
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alpha: 1
beta : 0.003218516
s
H / gamma: FALSE
\ Coefficients:
[,1]
a 432.000000

b 4.597605
ﬁf’ﬂ], a=1,8=0.0032
plot(air_passengers_holt)

Holt-Winters filtering

300 400 500 600
I I I I
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I
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Time

K] 18.11: holt $§%CFugfz

18.4.5 Holt-Winters $5¥CEH

TR S [R5 A R B oy« ZE PRy BEBLELSY , AT AR Holt-Winters ~F-IF BRI AAI I . AR
PEaAMZEATER 2 &, Holt-Winters g2 44 v] il Holt-Winters - #17] 3 Holt-Winters “F .
R LR %L Holtwinters () 14 Holt-Winters P42 (Holt 2004; Winters 1960).

Al Holt-Winters iRl 4n |
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Jegn = ag +h X by + 84— pi14(h—1) mod p
ar = oy — s1-p) + (1 — a)(@r—1 + b—1)
by = Blay —ar—1) + (1 — B)by—1
st =7y —ar) + (1 —7)st—p

W3¢ Holt-Winters “Fi A0 :

Geon = (@t +h X b)) X St—pr11(h—1) modp
ar = a(ye/st—p) + (1 — a)(ar—1 + be—1)
by = Blar — ar—1) + (1 — B)by—1
st =Y(ye/ar) + (1 = 7)st—p

H o, 8,7 BZH, p WAMKE, ar,be, s 735K RIS .

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
s3 -20.174608
s4 12.919120
s5 18.873607
s6 75.294426
s7 152.888368
s8 134.613464
s9 33.778349
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s10 -18.379060
sll -87.772408
sl2 -45.827781

4

\ﬂ%,azaﬂ&ﬂzawﬁﬁzl

(:::) autoplot(air_passengers_add) +

theme_classic()

Warning: Removed 12 rows containing missing values or values outside the scale range

(“geom_line() ).

600 -
400 4
200 A
1950 1955 1960
& 18.12: Al Holt-Winters g &
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

(“geom_line() ).
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& 18.13: B] 3 Holt-Winters iRl
—A> Shiny W EIRSEL o, B, k Holt-Winters ¥ il (1) 521 .

18.5 WA 5y iR

o AR

ye =Ty + S + e
o ] eI

ye =T, X Sy X ¢

SHRES] (g} 560, B T TS S BIARMAT o

18.5.1 PH#L decompose()

PRI decompose () 4 fif

air_decomp_add <- decompose(x = AirPassengers, type = "additive")
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PRAGRE R, 55 6 MoK, il x JFIRTFY)], seasonal Z=T RS, figure Ty,
. trend ¥ NS>, random FIRALSS, type M ENE.
,
[ # 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
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K 18.14: ASfb it o i

RFATER

AirPassengers_adjusted <- AirPassengers - air_decomp_addS$seasonal

plot(AirPassengers_adjusted)
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18.5.2 B%L st1()

BREL stLO) RFIS TR P8 R e oy« Z ey ORI . RIARiar

air_stl <- stl(x = AirPassengers, s.window = 12)

autoplot(air_stl) +

theme_classic()

251
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Data |
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O M =

remainder
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trend
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K 18.16: ARk ka4 i 43t

BRI FRFI, 2RTTER.
xts {Uff) periodicity () BRI ARSI I 1] 51 Bt i) a0, (ELN PP Rl h R ascd 2 A xts HEZR I
xts::periodicity(AirPassengers)

Monthly periodicity from Jan 1949 to Dec 1960

18.6  L5UlINH I HI B

18.6.1 [ ]y

PR ar () flf5 AR B
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ar (AirPassengers, order.max = 3)

Call:

ar(x = AirPassengers, order.max = 3)

Coefficients:
1 2
1.1656 -0.2294

Order selected 2 sigma?2 estimated as 1399

18.6.2 F& gl P Ky

KB BHREBC 0, AL ardma() WRTPAIRIUG 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

18.6.3 MRS Zh Tk

PREL arima() fl& ARIMA il
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: log likelihood = -688.45, aic = 1386.89
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forecast fUFEHEMREL auto.arima() HBIEREAEMN B EIH. 2250 FE 30 i B R 0 A £ .
forecast::auto.arima(AirPassengers)

Series: AirPassengers

\ARIMA(z,l,l) (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

18.7 Ragh

INEBEA IR, RAEE 5. Holt-Winter S& AL 55, IR, W LAKI I BIEER, (UFR%E
— W, TR MBI, BRI, PASERGE A S . Prophet SR DUt n] i dE
FRTATE S, R AT A VR I (B G R N R AR BT, W] AR H S5 5R 2 IR T, 5245 th 2 0 1
MEER, DEPRTELRMREE, AR AT —Lepy R e . IR e, T /B o 5 2 LA
AT ARREYE , BRSRMS R SEAE TR T, X T AR I SR AN

TERH B P BRI AT L T, BT Base R $2IL A2 B F 141, #SHI B K lattice 1 ggplot2 #f
A, AR HA B plotly #l dygraphs.

PortfolioAnalytics fUfii# w4 G4k, WIMEH-77 2, W FIBEALET . Rmetrics $E4ik R R 75115k
PR AR R A, WiGHREAH G L fPortfolio. £/ fMultivar, H [F]H 457 ZH A
fGarch., —JCHIKE5H41Y Copulae 4347 fCopulae . Tidg a4t fBasics .

fable —JCZ| 2 Ul [R]JF 4 0 A&, $24t ETS. ARIMA., TSLM S84, A7 15 5E HF R 771 Fii J5
M. {Ef53—$2, forecast fJf%# Rob J Hyndman FRENFIFEFIWLIGE, HEERKMA fable fi.
feasts R EVEFEIE . 7o) 0 ISR EIES, Hifft0 fable.prophet # A Prophet [1)75
MEE S . timetk A a] 5 BARALRE . AT, FAN ] 904k TEAS, RO BB rE =X, i e K
W48 . The Rmetrics Association JF & T—#&45] R % [ TALBE G MR 7505, lin fGarch
L FRAE SR B I Sy A

MIFTEL 5 PP T AL, XA R R s, MR 2R, i A @A Finding Patterns in Time
Series, R Rl ]y 51 RO BRI g TR


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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19.1  mlHf)E S5 PE 4 )

1996 4FHi ¥ Lasso (Least Absolute Selection and Shrinkage Operator, f&jfk Lasso) (Tibshirani 1996),
T R SR AR SAE , Lasso 75 fm 48/ IMEARHE SR BRIFIE v scR | 2 iaA T , B/ (Least Angle
Regression, fijfr LAR) &k (Efron 25 2004) ) HPA JERE T Lasso 78 48 /IMEAR B A0 W H
N T fifk Lasso WA AL, HiE&EW Lasso. FA5f Lasso, SCAD (Smoothly Clipped Absolute
Deviation, f&# SCAD) (Y. Kim, Choi, #1 Oh 2008), MCP (Minimax Concave Penalty, fi&jfx MCP)
(C.-H. Zhang 2010) gk i B, LM E/N 3. J" LH/h 3. IEEIH. ZLEIH, Lasso [,
L FHERNAER A A AR . HARH, — N L1 T 0 A 2tk [ B, JHOG B (R DAk [ A 4
T

1
argmiin S |ly — XBI[5 + AllBIL

Hep, X eR™F, yeR", BeRF, 0<AeR . FEDLBEEHEE ], N8 R HSPoRRILLE

(R AR

19.2  MEAPIAA S Hid O i 5%

19.2.1 Logistic 4pfi

TEN G L, 6T R—F Logistic 434, — Ik m , Ji2ek s 1y Logistic 43117 e 4K
TR

1
T 1texp(—Tm)

S

F(x)

256
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LR I

r—m x—m)

en=m) e
T = i+ expC=2)7 ~ s+ exp(=2)P

W RS A R R AR

dF(x)
dx

el Logistic 731fi2 Bk Jr REmfg .

= f(x) = sF(z)(1 - F(x))

0.51 1.00
0.4
0.751
0.3
= X
<
= T 050
0.2
0.251
0.1
0.0 0.001
6 3 0 3 6 6 3 0 3 6
X X
(a) MR AL O =

Kl 19.1: A 1

ROEF o BRI o i B LR AR 0 R BRI BE D LS A AR 5 T -

dlogis(x, location = scale = 1, log = FALSE)

1, lower.tail = TRUE, log.p = FALSE)

scale

glogis(p, location

0,

plogis(q, location = 0, scale
0, 1, lower.tail = TRUE, log.p = FALSE)
0,

rlogis(n, location = scale = 1)

WIS EL Location B scale WA HEE, W ABGRINE 0 Fl 1, WU VMEREBIF 6. (8
SR CRUNESA RIS 1) 24 location = m , RIESHL CEUNIESM I HIIRESE o) 2 scale
= s, EErE MR

19.2.2 E4IH

WA Y IRMAAZE M 231 Bernoulli(p), HUERZ 0 8 1, MFEIEHI X B i Logistic A8t

1 et XB

p = EY = Logistic(X ) = T e (@tXB) — 1 4 eatXB
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Logistic {725
s

C . p
Logistic (p) =1 — X
ﬂ_ﬁf ogistic™ " (p) = In (1 — p) a+XB
\ ICHHRERE X A
@ 11 T12 I13 R A a?ir
Y To1 T2 T23 ... T2k _ CEQT
Tpl Tpz Tpz oo Tk x,

BT, P FR— AR n W, 2 X = (X1, Xo, -+, X5) 22— n x k FidiE
FlE, Hobox] FoREME X WS 1T, 38 n 4T, WAEMER 1 x kAR, X;,5=1,2,-- k%
ANHERE X 5 58, 35 kA KM, B = (61,82, Bk) T B—AFNmEL, WAEER Ex 1K)
HibE, B; Fn5 § MR X; AR X5 « WL

Di

_ T
1—p¢)_a+mi'6

Logistic™" (p;) = In (

KTBH o, B WAL :

(19.1)

KTZHEC a, BRI IR RN T -

€<O‘a B) = logﬁ(a, IB)

= Z [yZ log(ps) + (1 — v;) log(1 — pz)] (19.2)

a+m B

= 2:: [yl log (m) + (1 —y;)log (eaJrlwiﬁ)]

XHEAUIR R EL Lo, B) KRTZSHL o, B I FHATT :

M(a,B) < [(& 1 —yz‘)api}
oa p;i 1—p;’ O«
9(c, B)
oB

i — Yi\ Opi
[(i_i—i)a%}

[(1‘% - i :Zi)pi(l ~pi)a) |

(19.3)
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ot py = T B U, B) BB, — MO AR/~ T B3 (Tteratively (Re-) Weighted
Least Squares, f#f IWLS) SRAFI AL, & AT ABHESIAIER — RIS, €6 R B, &
B gin() RRAIK I

19.3  BUAIRALILSR R
19.3.1 optim()

M B ] R — AR AS 3k 2500 Z5i05%, Bl n = 2500, 10 USSR, B k=10, HHr,
P ARSI

set.seed(2023)

n <- 2500

k <- 10

X <= matrix(rnorm(n x k), ncol = k)
y

<= rbinom(n, size = 1, prob = plogis(l + 3 * X[, 1] - 2 * X[, 2]))

BB X 5 Eiits X B0, 05 o] FORBAEEEIE 1T, o BRI AR,
B2 k A F, X & nx k 4EAEREH 0 >k, y g2 n dEmi. ORI R H0 R 19.2
USRI D Z YRR TC AR TS TR, 5 o &L B i, 5, R optim() BKINK
s, PRAEX B AR R BRI 0 65«

# BB
log_logit_1lik <- function(beta) {
p <- plogis(chind(1l, X) %*% beta)
-sum(y * log(p) + (1 - y) * log(l - p))
}

AT, BOEA SRR BT, B L, N 192 FUR, AEIE T R0 B 6
KRR B R T

41 Base R % optim() HORAFHS, % Nelder-Mead SN sle, ZIAA R mALME, RIREEELT
10000 ¥, HEMETIAMEEELE. 44 SANN (BB KSE) SKARIEL 11 4R To 29 a0k A R
XA 10000 WJE, HEETEE.

optim(
par = rep(1, 11), # sl
fn = log_logit_lik, # Hir @ %
method = "SANN",
control = list(maxit = 10000)
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#> $par

#> [1] 1.0755086156 3.2857327374 -2.1172404451 -0.0268567120 0.0184306330
#> [6] 0.0304496968 0.0045154725 ©0.1283816433 -0.0746276329 -0.0624193044
#> [11] -0.0001349772

#> Svalue

#> [1] 754.1838

#> $counts
#> function gradient

#> 10000 NA

#> Sconvergence

#> [1] ©

#> Smessage

#> NULL
A HARBRECT A B, A THEREE, A ERSEFE RN L-BFGS-B #ik,
¥ E R

log_logit_1lik_grad <- function(beta) {
p <- plogis(chind(1, X) %*% beta)
-ty /p- (1 -y)/ (L-p))xp* (1-p)) %%cbind(l, X)

}
optim(
par = rep(l, 11), # A1
fn = log_logit_lik, # H A%
gr = log_logit_lik_grad, # F 45 4 H# 2
method = "L-BFGS-B"
)
#> 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



#>

\\\/\26
LT,

SN

/ #>
\\#>

© 7
#>

#>

2 B+

function gradient
13 13

$convergence

[1] ©

$message

[1] "CONVERGENCE: REL_REDUCTION_OF_F <= FACTR*EPSMCH"

%ttt A

TR optin(), Rt nloptr AMEATPMR B BAEMALIRE, 1M ELn] AR BEAS AR IELY A,
REJIHESE . JIREET ETHAYILAL T, JHH nloptr (SRR AASANT :

i
nl

nl

#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>

brary(nloptr)
p <- 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

p

Call:

nloptr(x® = 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 1inequality 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
#> 0.1021212 -0.02949994 -0.08632463 0.08098663

WX R R R ECR 2RI, — R SRIEES A S BB AR L%, X211 nloptr WG4 RILHAK R
o

19.3.2 glm()

Base R {2 {AYREL glm () AEI, FEBCRRECH logit A8 He.

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 '**xx' 0.001 'xx' 0.01 'x' 0.05 '.' 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

sE AT AR R AL gim. Fit (), RORIEML, M AARET .


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 =y, 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

BRE g () WBHR AKX, BB gn. fitO) WSROSRE. &, HEI gn() BIAHE, HH
FRR RS2 R AL gm. Fit ()

19.3.3 glmnet 1y

1] glmnet tAYRREL glmnet O WAL, $RE BRI R LA — I, AS A= =550
FIARIES, PR e 0-1 7341

library(Matrix)
library(glmnet)
fit_glm <- glmnet(x = X, y =y, family = "binomial")

W RAREE ZEE L1 BN R RS A R

plot(fit_glm, ylab = "[EIH R H™)

0 2 2 2 2 6
m_
N_
g
K&
T
B o |
rll_
(\Il_
| | | | | |
0 1 2 3 4 5
L1 Norm

Bl 19.3: AR Bk kAR
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MR, R RBORAEFN, —52 3, Ve -2, HREIES, miih 0 7.

plot(fit_glm$lambda,
ylab = expression(lambda), xlab = "% Rk %",

main = "3 A F Ay E R BAE"

B RBBANREEEZ

0.00 0.05 0.10 0.15 0.20 0.25 0.30
I

B ER

Bl 19.4: B R BN IR AR

Bt LR T, ST RE N OBV, R T 0, XA E TN, BT AR 7 SR 2 4
FE, AR, RSB TRERT A e 0.0005247159, BUASASSEEIHUEANT -

coef(fit_glm, s =

0.0005247159)

#> 11 x 1 sparse Matrix of class "dgCMatrix"

#>
#>
#>
#>
#>
#>
#>

(Intercept)
Vi
V2
V3
V4
V5

0.

sl
997741857

.076358149
.984018387
.052633923
.020195037
.008065018
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Ot

#> V6 0.015936357
#> V7 0.095722046
7S #> vs -0.023589159
7 #> V9 -0.080864640

\ #> vie 0.075234011

(O) il (Intercept) XBY o = 0.997741857, Tij B = 3.076358149 KWL V1, B, = —1.984018387 &1z V2,
PALLHE

19.4  PPASEOR- REOR

AR AR TR, PR IR AN

L. WJPAH AUC #5158 ROC ik, pROC tAl ROCR W#f AZ i ROC ik,
2. A[PAM] Wilcoxon #a5, B85 R 73 RGBT .

19.4.1 ROC &k AUC fi

ROC J2 Receiver Operating Characteristic faj5 . FEALAHEL 2000 MEEARVE MGG, & FHIEIRIEN
4k .

dat <- cbind.data.frame(X, y)

set.seed(20232023)

idx <- sample(x = l:nrow(dat), size = 2000, replace = F)

# 5%

dat_train <- dat[idx, ]

# MR

dat_test <- dat[-idx, ]

PREL glm() LA IIZEERHE

fit_binom <- glm(y ~ ., data = dat_train, family = binomial(link = "logit"))

FEINZREFRORARUN TR, W %L predict () BEATHIN, type = "response" FAFFIMMARME, &
EREULE, HAEAXTEL.

dat_testSpred <- predict(fit_binom, newdata = dat_test, type = "response")
REMEAT 0 - 1 Z 0], FRoRFas. 7w Baf ROC i,

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 = "FiM| RoC #h %"
)

#> Setting levels: control = 0, case = 1

#> Setting direction: controls < cases

TN ROC 4%

1.0

AUC: 0.949

TPR
0.4

0.2

I I I I I I
10 08 06 04 02 00

FPR
F 19.5: ROC {12

ROC Mgt Zc A, HRTMEUE T . FPR & False Positive Rate 1455 , TPR & True Positive
Rate W45 .

# WHH 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 Jg area under curve 45, Fn ROC £ FRHIAL, FrPA AUC febplizin 1 8y,
19.4.2 Wilcoxon {5

XHEEREE R TR E IS 2104, ARG TREDLAEIN, FrbAfc/s ROC SBGx AL, i HAEA
FBOGBEET, AUC SoBORBHIT 0.5, QRTINS R LLRELAS I 24F, Wilcoxon Kl 2x B2, Tl



1 m 208 FraFE ittt
RORBAF I 2R, FoRT pred FILN v Bz
7 wilcox.test(pred ~ y, data = dat_test)
[ 4>
A\ #

#

@ #> data: pred by y

#> W = 3140, p-value < 2.2e-16

> Wilcoxon rank sum test with continuity correction
>

#> alternative hypothesis: true location shift is not equal to 0
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Bt Btk

o
@ Al

L IR R 45 iy R G S0, HEmmy)™, whlimbEFZE R iEE 148
MEHERAENN A (BB IR AR FNN AL ) . AT BB B R M A B A R B &
PEAL, T8 FELe it il S s B v A A T3

2. XA R gs HR B X RABEF S, W 10 A 2RIuA8% . ©7% Lingo #l 1stOpt
FE WMD) B RG], S H IR Octave (1B KEFEE Matlab 1y
Bl B ) ARREE RG], 4 RIEF M. fidxftl, ZB R BT KRB
AT DATE B [F] JE TR R R A R 7K

3. XT RABEFHRKAMELURMERE S 0 8, WA THESER TR, H A8 TERER.
tean, WAEEEHEL MM, #id rAMPL £J (Brandao 2023) ##: AMPL k{4, #HITF
TR K f#ES Couenne KR, R 15 F ALK ERY A LT R o A
TR Z R, FTRARARS AR AN & R AR SCRIRERS R AR, T RROL R ny Be A SE

AEENRT R HAC TR R SRR, 355 BIERITUT 4 MR L (Al ™ R etk . ™
WAL, JERPEAL . BOROHAL. 2T SE AT A, B AT DA A Sk T R A5 bR AR
RN, AT AR B AR, W BRI E TT AT R S5 SO eE M 6 15% (X1
PR 2020) 2

BT RN E—EBE AR, R SRS REBE AT R s o R 2. 4752 ROI
£ (TheuBl, Schwendinger, Al Hornik 2020), Bl 20 24~ R GRG0 — ek B0H A 073,
T — Az B AT T RS- 5, AR5 (22 S A o

ROT 3 i 3 {403 o S5 s o FH &6 =7 (B E i1k R f2. Rglpk 4 (Theussl fil Hornik 2023) W]
PASK AR AL AL . B R L AR A Az Ak, ROT fi i 44 ROIL.plugin.glpk
52 #E#M . nloptr £4 (Johnson 2023) A PASKME R AL FIAEL Ak, ROT A0 i 4 14U
ROLplugin.nloptr 52 #E#EH . scs 1 (O’Donoghue % 2016) 7] UK AR 4ENAL, ROI i@ 134
{£4) ROLplugin.scs 527 E#H . ECOSolveR 4 (Fu fil Narasimhan 2023) A] AR i & 254
AR HEIL, ROT f i {2 ROLplugin.ecos 52 #H: . quadprog I (S original
by Berwin A. Turlach 2019) B DUKAE™ — R4k, ROI il i ##{f 1 ROL plugin.quadprog 52
BN . ASONRE—— MG, NIRRT 2 G AT A% — R =

269


https://ampl.com/ce/
https://github.com/coin-or/Couenne

K

270

=
.
©

Rglpk nloptr

l l

SCs

v

[ ROI.plugin.glka

[ ROI.plugin.nloptr ]

[ ROI.plugin.scs ]

$—1+%F HMaKkie

ECOSolveR quadprog

l

{ ROIl.plugin.quadprog ]

ROI.plugin.escs

P 20.1: FAE ALY AL, HEiF A ROT A X AR &

library(ROI)
library(ROI.plugin.glpk)
library(ROI.plugin.nloptr)
library(ROI.plugin.scs)
library(ROI.plugin.ecos)

library(lattice)
# B2 XAEE R B ER

#
#
#
#

ELc b S E L Xinia

AR
o 4

EER 3 &30k 2ik!d
library(ROI.plugin.quadprog) # 5% — Xt

custom_palette <- function(irr, ref, height, saturation = 0.9) {

hsv (
h

v = drr

height, s = 1 - saturation * (1 - (1 - ref)”"0.5),

20.1 MR

LML 1 H AR R A LY AR AR R LA AL . 5 8 AR ek Al ) -

min — 6x; — bxo
x
T + 4xe < 16
s.t. 6xy + 4o < 28
201 —bxy <6

Hrr, HFRREZ —621 — 5a2, min FROR HARREEUMAE, © = (v1,20)" FRIHALR, TRk
VLI, DA RAHCAL. s.t. 2 subject to 4G, LIRARKM. LRGN S SRR,

LURE
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20.1 #ZMEHEAL

. —6
min

z )
s.t.

271

4 16
4 |z < |28
-5 6

H d Fom BRR B0 #2505, A RRARHERE, b FonA TAmE. R RR,
T

min d'x

T

s.t.

Az < b

A RO AR — & i AT R R A A A, ACRS AT :

#

op

)
#

op

#>
#>
#>
#>
#>
#>
#>
#>

& XA A 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

A o] R 2

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.



1 1\/\ 272 HFoTF MR
# SR AR AL P A
res <- ROI_solve(op, solver = "glpk")
7
# A
4 .
\ res$solution

#> [1] 2.4 3.4

# EAT B & (E

res$objval
#> [1] -31.4
B 0P O E ML, SEAT

o objective : i HARMKEL, MIRREL L_objective () FIRAMEMALT R EARKEL, R L £
/N Linear (Zkt), M &EUER M &,

o constraints : FEEAREM, HEEL L_constraint() FIRAMMAT AR EM:, wEs T L
PN Linear (4f%), WELRAIE A, ZPROBEH TR >= . <= 8 =, BHIFH <=, HF
I b

o types : FREHURASRMEA, =R, B IR 0-1 48, Fh: B J2 binary IWER, 1 R
BAASE, FHE T2 integer IR, ¢ FREERAE, FF C &2 continuous R . AfFIH,
WIS AR ZIELLALY), types = c("C", "C") .

o maximum : F§5E HFReRECTR ZORAIGR RN, BRAASKAR/DS, BUE 24 H TRUE B FALSE.

AT AL H A ok BN 29 R A A AE — W] DA SRR B &= LA . ROT 4 05 H AR PR 4L
FEAT AR AR I T JEEeRpRIE AL AR, B4

ettt 20.1: ROT Al AZRI1 H A s RN A5 1

Hire% Y AR ME Y
AMERREL L_objective() JLHYH B

TIREEL Qobjective() AHAZIR V_bound()
LR F_objective() ZRPEZIR L_constraint()
TIRYR Q_constraint()
HEAHR C_constraint()
JELMEZR F_constraint()

20.2 MkIEAE

TR AR R R P, AR EOR AR FRIE SE A SR A R
& MFEMEENTT, A2, FA%E. “RIAr gt
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1
min inllv+—de

st. Ax <b

ZReAER RN, S EACHREEE D RIERy, Bk TR iR TR e, S D OkERt,
IR TR A R A TR EZEAS A R AR BRI T, 4

Rl e 2

Q(z1,79) = 22 + 25 — x119 + 331 — 279

TRAAL R B R D, d, A, b {KIKH pmat. 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)

[FIAE, 2 ek gL oP() rhflid H ARk sl, ZUAF. ERREL Qobjective() i L RALALH H AR
BREL, T Q 2 Quadratic YRS, FoRTKERD, Bk L J2 Linear IRUE, FORLNEMY. K%L
L_constraint() WIFEAZMEIAL, AREL. RHE ROL WAYHE N N2 XSE, & CHARMEAL.

op <- OP(
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 A V2 ALK AR, W TR R A LA bk F—1 B iife, BRE
ROI_applicable_solvers() AJPAFREIREASRARIL AL RN R ARAS -
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=

ROI_applicable_solvers(op)

#> [1] "nloptr.cobyla" "nloptr.mma" "nloptr.auglag" "nloptr.isres"

/'#> [5] "nloptr.slsgp" '"quadprog"

\ R nloptr . stsqp HRAR.

©

nlp <- ROI_solve(op, solver = "nloptr.slsqgp", start = c(1, 2))
nlpSobjval

#> [1] -0.08333333
nlpS$solution
#> [1] 0.1666667 1.8333333

VEAXTEE . BOBREMEA G, KBRS . HARREIA R — k8, (2 e & BAH Lty
WA, FTAA R ZIRACAL AR, FEATSRAEES nloptr. sisap KIBMISR AR TCA R

op2 <- 0P(
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

e AT B A L, FRIC B AR E, 1 20.2 JER TR A AR SR ROR . R A (4
LS = A T DR I AT, Z0 R TEA AT R AR nloptr.sisap FIFAYME (0,1) , HIERYICAR
ff R M TTE LB (—4/3,1/3) |, RN EMEL AT RS nloptr.sisap RIFHIME (1/6,11/6) .
FIFPA, ANBEH IR AL R SRAFAS 25 SR AR TC LT3R ) R AL A

quadprog WIERMELIHR AT B MM IR PCAL VDT, [ RFEs Hh FE 2R A6 R RO XA 7 X
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20.2 =k

X2

Bl 20.2: X} L TCA SRR 23R40 T A

50

275

T—E TR RERFTS, AERWRE solve.PO) HIBLHT, BEAEXTI S, SKE BRI FQ
[Ty

lib
sol

D
)

sol

#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>

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

$Lagrangian

[1] 1.5 0.0 0.0

$iact

t(-Amat), bvec
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#> [1] 1
f,g Hrp AR [F{E ) unconstrained.solution F/R CAR M, ST 8, XPEAEERT . 1
ﬂﬂ/ UL, R R AR IR RN TE 2 o — IR ARAR A SR AR A A TR

2\

©

20.3.1 iS5

20.3 ™MEEfEAL

T L, AR IR T

Yy, Bk, BHE. Bk, WHIPIHEATRNEE, Al 20.3 BoR.

—
e

=

=l

N

&

Y
S
5

S

N

N
N
\\\\\\

L7

XX
7
27

N

N
R

N
N

NN
N
N

K] 20.3: 3 LI =4

HEE SCAEXFRRAE R b, ESORIEFIEE . —4> 2 Brddprsifs A 2IEER)

A= [an (1121

a21  G22
BWE a1n > 0,a22 > 0,a12 = a21,a11022 — a12a91 > 0 o — L, ¥ n Br2felE @ IXTFRAERE A #4R0)
EHIEN K

Kt ={AeR™"z" Az > 0, Vz € R"}
s bR B8R 2 P M R A ) — O 3

min d'x
xr

st. Az +k=0»b
kek.

Ho, 8 KRR iE A . E— R, FoR— ANk BRI RIME. & T TR
KUY ses @ife RO AR RGE, T DARMRAGHE (I EIR 4. Sebhde. W, HOs.
TR I

R GI TR, SRR A(ma, ma, ms) 1R :
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1 mi1 Mo
A(m17m27m3) = |my 1 ms| -

mo M3 1

MM k=b— Az RAE=E ML S K HiooR. FIEiig A £RnEs () K k:

K = {(ml,mg,mg) S R3 | A(ml,mg,mg) S ICE_},

ety K 2R RFIEER, ZORESHIE A AT5IRTET 0. i A ffrs) T

det(A(my,my,m3)) = —(m3 +m3 +m3 — 2mymoms — 1)

e K Wi 2m an ~ IrRE g :

m} +m3 +m3 — 2mymams = 1

B N T A I K

DI PET
mo —ms 1 ma
Yomy =0 B, £6 K MBRFR BRI, 24 ms € [-1,1] , £E K B FR—H

. TR ANEMER, RfFEG K il Fadtisk, mE 203 fos, @i A=dedm, i
THT B HE PR I — i

20.3.2 i

FHERE SR

Kzero - {O}

TR LS.

20.3.3 2 PlHE

2 Pk#E (Linear Cone) [ XU :

Kiin = {z € Rlxz > 0}



e

K 20.4: HE

-+ F KMtk
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20.3 AR

T TR R IEAE AR

20.3.4 P

B (Second-order Cone) FJE LU :

Kr.={(tz) eR" |z e R" ' teR,|z|, <t}

soc

T RO AT Bl SOCP [

max Yy + Y2
(y,t)

st /(24 3y1)2 + (4+5y2)? < 6+ Tt

y1,y2 ER, t € (—00,9].

/T:"\ T = (ylayZat)T ) b= (bl,bg,bg)T

by SOCP ARy I AN R AW T

\/(bg —ajx)?+(bs—azx)2<b —a zx

F

scs BANBESKEILRIUALIE, T ] 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)

279
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)
cones = K_soc(3), rhs = c(6, 2, 4)

s
, ), maximum = TRUE,
ji%}i\ 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
KR AR B v ISR H, W H A ECOSolveR 1] DAKfi#.

op <- 0OP(
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,
# RREENR
types = c("1I", "C", "C"),
bounds = V_bound(ld = -Inf, ui = 3, ub = 9, nobj = 3)
)
sol <- ROI_solve(op, solver = "ecos")
# AL

sol$solution

#> [1] 19.000000 6.355418 9.000000

# EHAT B & fE
solSobjval

#> [1] 25.35542
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20.3.5 $5%CHE

a5 (Exponential Cone) & XUTH:

Kexpp = {(21, T2, 23) € R*|25 > 0,29 exp (%) < a3} U{(21,0,23) € R¥z; < 0,25 >0}
2

BRI AT :

x
Kexpa = {(z1,72,73) € R¥|2; < 0, —21 exp (;2) < exp(1)z3} U{(0, 29, 23) € R3|zy, 25 > 0}
1

% B AL

max x7 + 2x9
(1)

s.t.  exp(7 4 3xy + 5xo) <9+ 11 + 12t

x1,T2 € (—00,20], t1,12 € (—00,50]

LIFIRMT exp(7 + 3xy + Bag) < 9+ 11ty + 128, W] AIFREHE R FOR

U =743y + 5y
v=1

iC® = (y1, 2, tr,t2) ", MIRPELYHHERE A ML & b 41R:

-3 -5 0 0 7
A=10 0 0 01|, b=]1
0O 0 -—-11 -12 9

FRECHE T R AL K_expp OO 7R, HEOLAL M ACAE AN T -

# BAREA
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)),



e

maximum = TRUE

s

)

7
\#>

©

#>
#>

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.

XEFHEOLAL , ATRATR ses (oK Mg

# V JH scs @,
library(ROI.plugin.scs)

sol <- ROI_solve(op, solver = "scs")
# AR

solssolution

#>

[1] -33.3148 20.0000 50.0000 50.0000

# E A B HUE
sol$objval

#>

[1] 6.685201

20.3.6 FHE

— N=YE4E (Power Cone) [E XUTH:

Koowp = (71,72, 73) € R%|zy, 25 > 0, 225

BRI

1 T2
g‘owp = {(x17x2,1'3) € R3|(E1,x2 =0, (E)a(l —«

% R AN ELIC A

$—1+%F HMaKkie

> |wsl}, o €10,1]

)" 2 Jaglfac € [0,1]
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min 3z, + 5x9
st. 54 x < (24 30)?

120, 12 22

ZIREAE 5+ 21 < (2 + 20)* AT LA FR A

u=>5+1
v=1
w =2+ 1y
a=1/4
-1 0 5
0 -1 2

FRHEH BRI K_powp () F7i%, HEULAL MBI A QRS AN T -

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

283
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#> [1] 250.998234 2.000352
juund
7&7#@% Al

solSobjval

i—\%\m [1] 762.9965

20.3.7 PR

WARAERE A 2RI, 0k A= 0, WM A ZIEER, 108 A > 0. 90 n BrSeX FREEREm 4
&R 8™ . JIEEHE (Positive Semi Definite Cone) [E XU :

Kpa = {AlA € 8", x" Az > 0,vz € R"}
5 BN e AL )

min 1z, + To — T3
T

10 3
3 10

s.t. a3 + X2

16 —13
=
[13 60]

BRAEL Kopsd () P ILEHE, PRAL vech O FERIFRALFERY_E =M E - hs— 1 & .

(A <~ toeplitz(x = 3:1))

L1,T2, T3 2 0

#> [,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 Fn

F1 <- rbind(c(10, 3), c(3, 10))
F2 <- rbind(c(6, -4), c(-4, 10))

w N W E N W
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F3 <= rbind(c(8, 1), c(1, 6))
FO <- rbind(c(16, -13), c(-13, 60))
# HAREAL
op <- OP(
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.

8RR scs K ARAR -

sol <- ROI_solve(op, solver = "scs")
# AP

solssolution
#> [1] 5.782736e-06 1.065260e-06 1.486444e+00

# bR KA
solsobjval

#> [1] -1.486437

20.4  AREetEILiE

FRLMEMACT R ALR, ARARR LM R AELNE, oA TRt . FEXAR e . RiELyw
PACMARZAN AR . AR LR AT B A e SR AR IR TS O o



K

286 -+ F KMtk

FeME 20.2: R AAF N E R AR kR 2L

nlm() nlminb() constrOptim() optim()

Cr ST B S S S fe
stk AkH R u# S
LPELIR R RN R

R AN ER stats (4 4 DMEUEMALTT BT, BE nin (O FRETCLARACALFIRE, BEEL nlminb O
HRAFICAR . AR LRI, pR%L constroptim() HRMFAEUIIEMEL R ML . R optim()
el RDRgS , a2 MUCRIR, R AR . X e R ISR
WAETE, TEGEHT AT ZME, AR R/ N T3k stats:inls (), RURALTT stats4:imle () Fl
7R N R AL nime: igls O FF. {HJR, XU BRSRIBRE DA A, STREAARSAE, T
FRLAELRTCRE N J1, TR F A ROT AAROR A 4EAE LU AL 1

20.4.1 —yciEgM itk

SRANT—4E 7> BeAR LR B i/ MEL, R EEIR L 205 , 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)

)
—

Bl 20.5: —4EpR %N R G
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BRAL optimize ) W LASKIE—JCRR BB M, BRASKIVIME, S48 f SR HAReREL, S interval
FONMERAE M X AN B/ ME. BREGR I —F15%, JER minimum ZORM/MERT, objective FIRMRAE A
X214 H s e A

optimize(f = fn, dinterval = 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] ©

(EFRERL, WA ELR > Brek B, FEA R X E AR, PTREARAS AR SER, R RAZ il e 4]
A Bh et a/IME -

20.4.2 ZckasmBitie

XA B H 1stOpt FAFRIHREBI SR, A R 875 K% 2 ok i AR (E .

mminy = sin ((ya:l —0.5)? + 2,73 — %)

exp ( - ((ml — 0.5 —exp(—x2 + y))2 + 2 — % + 3))

Hip, o e [-1,7), a0 € [-2,2] .

TR f (21, 22,y) = 0, FMMBELZ ST R R SE, H0MWSEO 0, FRRBAREMET
FRdll, BEISAGES, Ha, REEARAEIRE, B R Bl , RIS B ARt K el IME -

(9f(x1,x2,y) -0
ox, -

Of(x1,22,y) -0
8$2 N

AR AARRR R, BRSO S RO AT S, T A B2 AR R . SEAliT e e = KB
M, @& @,y I, WWR—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
I:EEI' f2 <- -((m[1] - 0.5 - exp(-m[2] + x))"*2 + m[2]*2 - x / 5 + 3)
x — sin(fl) x exp(f2)

:#*EEL\ uniroot(f = subfun, interval = c(-1, 1))S$root

T*{Lﬁi(l 2) AbEREE A 0.0007368468.

# MAEHK fn
fn(m = c(1, 2))

#> [1] 0.0007368468

R AR AL , i — eI R SRR 7 SR AT A% R AL 1 R RU(E

df <- expand.grid(

x1 = seq(from = -1, to 7, length.out 81),
x2 = seq(from = -2, to = 2, length.out = 41)

)

# VR AL R B E

df$fn <- apply(df, 1, FUN = fn)
TEUCER B, W B, sl 20.6 iz, Al RASRAS 5T B ek B R B L

&, RIS MBI RIER, BrREdE (2.8,-0.9) ABUSf/IME —0.02159723, EHRDL, iX&
—AEIEER, AR g ME R X, KRS AR, 8 RIS R L 4 R IME
df[df$fn == min(dfs$fn), ]

#> x1 X2 fn
#> 930 2.8 -0.9 -0.02159723

53K e R B AR ) R g 25 AR et S X 2R AR R P AL ) A

min y
x
st. f(z1,72,y) =0

TS ARAEFE SR, FahitFEENLRGHE A G A4, 7TPAH numDeriv 431 56 4L
jacobian() XA R AIHEN] LAERE . H BRI ARG P AUEH — AR AW, MR MR B
i, XA numDeriv 5% — A% 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]))"2 + x[2]"2 - x[3] / 5 + 3
x[3] - sin(fl) x exp(-f2)
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}
m‘éﬁ 5 2% B

> heqg.jac <- function(x) {

:x*¥51 numDeriv::grad(func = heq, x = x)
\ 3

Ljﬁﬁ L_objective() F/nE 1 PHLFEA

EAVIE R AR, AL F_constraint() FRIELEEAL

W
# R 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 c(1l, 2), ui = c(1, 2),

b = c(-1, -2), ub = c(7, 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, DREET 3RO H AR R £

nlp <- ROI_solve(op,
solver = "nloptr.slsqp", start = c(2.8, -0.9, -0.02159723)
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)
# AR

nlp$solution
#> [1] 2.89826224 -0.85731584 -0.02335409

# BATERKE
nlpSobjval

#> [1] -0.02335409

AIPAZBL, TEALAY H bR A —0.02335 £ (2.898, —0.8573) Hitf

—\
Jim
°

20.4.3 ZckdRiie

20.4.3.1 pfl 1

Rastrigin pREE—1 n EILAL 7] G pR AL

min » (27 — 10 cos(2ma;) + 10)
i=1

IR REER R AT

fn <- function(x) {

sum(xh2 - 10 * cos(2 * pi * x) + 10)

224 “4EfEIE Y Rastrigin sREIAR, W& 20.7 PR, 2SS R, A2 RTRIME.
WK BFGS SR8 2 B R iR AL

AR, B RRBAER n =20 , AR 2; € [-50,50],i = 1,2,...,n HYIELL.

op <- OP(

objective = F_objective(fn, n 20L),

bounds = V_bound(ld = -50, ud = 50, nobj = 20L)
)

TR A R A KA

nlp <- ROI_solve(op, solver = "nloptr.directL")
# A

nlp$solution
#> [1]1 0000 00O0O0O00O0ODOOOOOOOOBOO

# BATERE
nlpSobjval
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Z L H 6

PR RLIA R

4 Rastrigin

& 20.7:
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#> [1] 0

20.4.3.2 f 2

XA B 1stOpt AR BTN, 2T AR, Er A iR BaRF 2%,
— R AR AR TCOR R . B MUMRAE (7.999982,7.999982) Hif, HARMREE N -7.978832.

min cos(z;) cos(za) — > ((—1)i i-2-exp (=500 ((z1 —1-2)> 4 (w2 —i- 2)2)))

FARRR I WA, e B B mas i@ o, SRS AT 5 B AR e 4L

subfun <- function(i, m) {
(F1)7 % i % 2 x exp(-500 * ((m[1] - 9 x 2)22 + (m[2] - i * 2)"2))
}
fn <- function(x) {
cos(x[1]) * cos(x[2]) -
sum(mapply (FUN = subfun, i = 1:5, MoreArgs = list(m = x)))
}

FOULE L, 22 F b e 50 DXk [—50, 50] x [—50, 50] YR, Wl 20.8a froR, AIARRLT- A
ZEACHIREIE , 2T DU AR AR IR AE . PR X [0, 12] x [0, 12] _ERY=Z4ERIBR L ik, nl&l 20.8b
P, WL, AADEEERE, BT 22 = 2 FEZ L.
ARk, THHIE 21,02 € [-50,50] , HXFAIE AR %, P4/ttt nloptr.directl 5
.
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] 0.00000 22.22222
nlpSobjval

#> [1] -0.9734211

GRS U . G2 LT R E, #F 4 H0A Lingo Al Matlab, RHIR ] Lingo 20
Kfg, Lingo fURGANT:
SETS:

P/1..5/;

Endsets
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10

-20

-40
-40 X1

(a) X3 [—50,50] x [—50,50] Py o A2 £

0 o X1
(b) i [0,12] x [0, 12] P e %L

Bl 20.8: JRHBIHORHI A s AL 1R
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Min=@cos(x1) * @cos(x2) — @Sum(P(j): (-1)7Aj x j * 2 * @exp(-500 x ((x1 - 3j *2)"2 + (x2 -3 *x2)"2)));

@Bnd(-50, x1, 50);
@Bnd(-50, x2, 50);

e RIR SR 5, 1E (21 = 7.999982, 25 = 7.999982) HUiGHR/IME -7.978832. MiEIAK A £/
KRR OLT . £ (21 = 18.84956, 25 = —40.84070) HUiTHm#BAR /M. -1.000000.

X FE LT, BUEEVRB RIS, AT DAR M —2e s Ek, i GA 42 (Scrucca 2013)
TR RIE . SRR, ATRASRAF SR LT R AR

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

)

# AR

nlp@solution

#> x1 X2

#> [1,] 7.999982 7.999981

# BArEBE
nlp@fitnessValue

#> [1] 7.978832

Hrr, 250 type FERFARIA, type = "real-valued" i HAneR &L s feAr R S IE
Zify, SHL Fitness EHIRHE, KA ga O X HARSRECRIK, FrA, XFYifieR, T —4
5. ZH popsize FEHIFIHEA/N, (EBOK, s TR, REEHE), FGHERILEBE .
TR, AT AARNBHE AR NSRS, R MAE R MU BRI E 1. S8
maxiter FEHIFHEIEALATRAL, (EHBOK, RRBOTNNZ , FIGHIMEELF . 28 popSize MK T
¥ maxiter . WA RIREMM (FEPF) AATRE. AR RAIER FTREG/ NATATIR, DA R £
TRy SXC RS T

20.4.4 ZicHANZKMRE

AR AR Z ITCIRLRMEVAL FIT, %R Bk H B niminb () AOFF B SRS, AR A FENZH,
é%*&lj\ﬁ;ﬁﬁ (17 17 Ty 1) ﬁmﬁ%’o

n—1
min (v —1)*+4 Z($i+1 — x2)?
i=1

st 2<xy, 20, 2, < A4
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R & g ny R BT
T;ifs;'fn <- function(x) {

n <- length(x)

/ sum(c(l, rep(4, n - 1)) * (x - c(1, x[-n])"r2)"2)
\\}

@ TE YL

LT, PTLAZ I A AR B —4E R, ULIAT 20.9 , eRESHl T A A 26 R KOR 2EMILL

Pl 20.9: 757 e R iy 1 4]

Base R A 3 P eRET DUKRAEX AL T, 43502 nlminb() . constroptim() Al optim() , AL, K
WIHEX AR E, FX 3 DB BISR A% AL, N AEENAYE, &5, N4 RO WLl
Vo XA BT B FRREUE n 4EIELER, R, XORERBASEIGT R, T E 25
e,

20.4.4.1 nlminb()

BREL nminb () S84 start $E IR AHIIR{E, S4U objective 153E HIRRREL, 4L Lower Fl upper 73l
5 B SORY UG R B T g S AR R A v BT, — ORI, XA EBa—E4E P N A


https://en.wikipedia.org/wiki/Rosenbrock_function
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nlminb(

)

#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>

start = rep(3, 25), objective = fn,
lower = rep(2, 25), upper = rep(4, 25)

$par
[1]
[9]
[25] .000000

$objective

[1] 368.1059

$convergence

(1] o

$iterations

[1] 6

$evaluations
function gradient

10 177

$message

[1] "relative convergence (4)"

297

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

MIRBIGERAT , SRIFSRE RIS, UMD 23 DHSRARRBUE 2, eI R L, %
24 N EBANS L, RN, 25 25 DR RIUER 4, BAEAR E. BARsEEY 368.1059,

20.4.4.2 constroptim()

] constroptim() PRACKME, BOARM/N, FRAEXSAMAZXLAR G I FHEX, B Az > b 1
B, ZHui g k xn AR A, o @AM & 4E290mE b, VLR ILL BB, R

W2 <y, wo < A4 FACHIEIFIEA, 200 A
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constrOptim(
]%SE:L theta = rep(3, 25), # WHE
77

>  f=fn, # HREK
s method = "Nelder-Mead", # WA E, WL H 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$Sbarrier.value

#> [1] -0.003278963

R [EE5H A convergence = 1 FRIEUEEIEEIARIRIR maxit = 500 . ZH AL nlminb () HIRAF
SR, AR WERECAA SRR, WL Nelder-Mead 7595, R INIERELE] 1000,

constrOptim(
theta = rep(3, 25), # Ji1H
f=fn, # HAFEHK
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

#>

#> S$barrier.value

#> [1] -0.003366467

SURA NS, HARRBUEM 378.4208 /gl 370.8601, Hifi2 B sk, WL Nelder-Mead J7iA7EX
A R F N SR R RS . R IS R TR BEGS fURFR, X ARSEIT R R H AR R
BRI -

AN EEE, Wl n EHE
gr <- function(x) {

n <- length(x)

c(2 » (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), # {i1H
mié f=fn, # BEAFEK
> grad = gr,
/ method = "BFGS",
\\ control = list(maxit = 1000),
(:::) ui = rbind(diag(rep(1, 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

3

#> [25] 3.000000

#>

#> Svalue

#> [1] 373

#>

#> Scounts

#> function gradient
#> 3719 464
#>

#> Sconvergence

#> [1] 0

#>

#> Smessage

#> NULL

#>

#> Souter.iterations
#> [1] 3

#>

#> $barrier.value

#> [1] -0.003327104

MEERKF, BARC AW, (HAHLT Nelder-Mead 753k, HARRE(HANR T, W LEFEAJRHRRITHE

20.4.4.3 optim()

T TR R AL optim () ALY L-BFGS-B SYER ML )

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)

#> 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] ©

#>



INig
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#> Smessage

#> [1] "CONVERGENCE: NORM OF PROJECTED GRADIENT <= PGTOL"

$—1+%F HMaKkie

AT, SR optim() TLIRABRIER ELIIN IR, R FRE SRR KM T | SRARHENE
T, (ERBRRIER T, BAWAERY constroptin() FiftEE method = "BFes" FHEA—

20.4.4.4 ROI g

TiEd ROT 2, 235l iloKA#4S nloptr.bfgs I nloptr.directl , AHLEIHE AR AR H AL

fif, TS T LABRATS nminb () eREL—EUAYEER

op <- 0OP(
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))

# HF & HE
nlpSobjval

#> [1] 373

# AL

nlp$solution
#> [1]1 2222 222222222222222222223
WA R .

nlp <- ROI_solve(op, solver = "nloptr.directL")

# BAT R R
nlpS$objval

#> [1] 368.1061

# AL

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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20.4.5 ZcMEZkmit

303

XFAFEAE LR Z TCARLRIENAL TS, Base R $2fHtpR %L constroptim() SKRAE, TR BIR A H

H B SRS, XL AR R A

T
0
. 1
min — [H w+§mw
0
-4 2 0 -8
s.t -3 1 =2 =2
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)
# B AT B R
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
#> 405 81
#>

#> $convergence

#> [1] ©
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Eig%ég‘#>

#> Smessage
s

#> NULL
0

\#> Souter.iterations

#> [1] 3

© »

#> Sbarrier.value

#> [1] -0.0006243894

e b=, AR DAFR AL AR — MRt o0, ROT (@ seipfatl, etk k. HERIEEZ
PEASRIY . L, R4 R ROT AR e i i A .
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))

# AR

nlp$solution
#> [1] 0.4761905 1.0476190 2.0952381

# H AR B #E
nlpSobjval

#> [1] -2.380952

A] i S5 R SRR constroptim() 2B,

20.4.6 ZoclEgMZ AL

nloptr AR LI i ) B s TR AL/ Octave Al Ipopt . ifid it ROILplugin.nloptr,
ROTI W r] LAY nloptr (BRI BIAKME: , W BORARR LR, Rp MU RA (Rilhie e 4
Ftitss), SCRARGEIERE (UL AR, R BRIt AR B p I . FRIEM A
R AT LR B S A5 7 T 45 SR A e 1 B


https://www.octave.org/
https://github.com/coin-or/Ipopt
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FeM 20.3: W RARZAE AR ARAS

BN R A ppE R HEnIEE

nloptr.lbfgs JHEs 450 g =0 B N==5 4
nloptr.slsqp  Jailh IRt FE  AFE FH
Moptr.augleg Al Rt WE  AEE mE
nloptr.directL 4J5 #f: NE  REF REE
nloptr.isres 4R BN AT LT RS

it

20.4.6.1 JEZEMEFRLH

THEXARBIRE Octave FAFHARLIEMALH DI SCRY, Octave HEJREEL sap O i FP51 AL (oK
fitds (successive quadratic programming solver) SKFAREIEIACITR, RO IAL IR 05 2k
S AT

5
. L 3 3 2
min  exp (11;[1301) — 5(:1:1 +az5+1)
S 2?2 —10=0
s.t. Tox3 — Dxgxs =0
»+rs+1=0

FARREUeAREMER, F 5 DR, AR ARERNER), A 3 (2R SEFahiT o A n ek B
BRI, 2 QA T EE AR

# HirE %K
fn <= function(x) {
exp(prod(x)) - 0.5 % (x[1]"3 + x[2]"3 + 1)72
}
# B AT B B R
gr <- function(x) {
c(
exp(prod(x)) * prod(x[-1]) - 3 * (x[1]"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[-31),
exp(prod(x)) * prod(x[-41),
exp(prod(x)) * prod(x[-5])

}
# XL K

heq <- function(x) {


https://octave.org/doc/v8.2.0/Nonlinear-Programming.html

K

B
©

c(

)
}

sum(x”"2) - 10,

x[2] *x x[3] - 5 %= x[4] * x[5],

x[1]7A3 + x[2]*3 + 1

# S 3 2 SR o R T b 4B [

heq.jac <- function(x) {

matrix(c(2 * x[1], 2 * x[2], 2 * x[3], 2 » x[4], 2 * x[5],

0, x[3], x[2], -5 * x[5],

3 x x[1]72, 3 * x[2]"2, o,

ncol = 5, byrow = TRUE

-5 % x[4],
0, 0),

£ OP () PRACHLE L HARLAL I BT -

# AR

op

#

<= OP(

s MRAEE

objective = F_objective(F =

constraints = F_constraint(

)

F = list(heq = heq),
dir = ||::||’
rhs = 0,

# S 3 2 R A T b AR P

fn, n = 5L, G = gr),

J = list(heqg.jac = heq.jac)

)

bounds = V_bound(ld = -Inf,

maximum = FALSE # K& /)

op

#>
#>
#>
#>
#>
#>
#>
#>

ROI Optimization Problem:

Minimize a nonlinear objective function of length 5 with

ud = Inf, nobj = 5L),

- 5 continuous objective variables,

subject to

- 1 constraint of type nonlinear.

- 5 lower and @ upper non-standard variable bounds.

-+ F KMtk
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P SQP (P4 kAl ) SKAgS nloptr.sisqp .

nlp <- ROI_solve(op,
solver = "nloptr.slsqp",
start = c(-1.8, 1.7, 1.9, -0.8, -0.8)
)
# A
nlps$solution

#> [1] -1.7171435 1.5957096 1.8272458 -0.7636431 -0.7636431

# BATEAKE
nlpSobjval

#> [1] 0.05394985

THELERAN Octave f7RBI—EL.

20.4.6.2 ZpIEZ L%

o RN
o FFELMAFRLR, AEXAREEGES
o AHALH

ARAL FEURJE T Ipopt ‘B MAHS B SCRY, 294 IR A% SRALRIHILRTE N zo = (1,5,5,1), il
f# z, = (1.00000000, 4.74299963, 3.82114998, 1.37940829), Ak I B B Py 25 F -

min  zix4(x) + 22 + x3) + 23
x

2+ a5+ ai+ai=40
s.t. T1X2X3T4 > 25

1 S T1,T2,T3,Ty S )

N ROI i nloptr f3RfE, BEERZEMBI T2, nloptr AR H ARG AR E
%5
# —/N 4 BEWEARRK
fn <- function(x) {
x[1] * x[4] * (x[1] + x[2] + x[3]) + x[3]
}
# AR B R
gr <- function(x) {
c(
x[4] x (2 = x[1] + x[2] + x[3]), x[1] * x[4],
x[1] * x[4] + 1, x[1] x (x[1] + x[2] + x[3])


https://coin-or.github.io/Ipopt/INTERFACES.html
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£ p }
¥ FRAK
ﬂﬂ(heq <- function(x) {

sum(x”"2)

}
@ # ERARBETH,

heq.jac <- function(x) {
2 x c(x[1], x[2], x[3], x[4])
}
# FERAK
hin <- function(x) {
prod(x)
}
# 3 Y R T b
hin.jac <- function(x) {

c(prod(x[-1]), prod(x[-2]), prod(x[-3]), prod(x[-4]))

}
# EXE AR
op <- OP(

objective = F_objective(F = fn, n = 4L, G = gr), # 4 PNrET &
constraints = F_constraint(

F = list(heq = heq, hin = hin),

dir = c("==", ">="),

rhs = c(40, 25),

# FRMAEXGHNET I

J = list(heq.jac = heq.jac, hin.jac = hin.jac)

)
bounds = V_bound(ld = 1, ud = 5, nobj

4L),
maximum = FALSE # K& /)
)

YERR S, et A s R BRI A (AN SR e -

# B A& B
fn(c(1, 5, 5, 1))

#> [1] 16

# EHAF B BORME

fn(c(1.00000000, 4.74299963, 3.82114998, 1.37940829))

#> [1] 17.01402
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SRR AR L P 2 )

o SR nloptr.mma / nloptr.cobyla UZRFAFLIEAZERLAN, AHFFEXLAR.
o B nminb () HEHFEF AR

Ht, Fr4r51JEH nloptr.auglag. nloptr.slsqp Hll nloptr.isres KRR _FRIEAL 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(l, 5, 5, 1))

nlp$solution

#> [1] 1.062118 4.632624 3.958203 1.320844
nlpSobjval

#> [1] 17.50024

FIPAE ), nloptr 2B OLILAE S AT LA SE Tpopt KR, MUA LSRRG LRE, HEREMH
nloptr.slsqp KffEds, X2 Octave HHEFE.

20.5 EEii1e

BRI OA RS, RIRITER, SC5 BT LR WAL -

- FIARBRBOM AR AN LR, A BB 0 BB B AL

- FARBR B AR A A e, A BIUEY 0 50 1 /Y 0-1 k.

- HARBRBOM AR L, 000 A8 R A B A AR A R AL

- HARBRBCOM TR ARG N, T A R R R IR A R R A
- FARBRBOM AR A AR, B0 A8 R BB R A B A AL

T = W NN =


https://github.com/coin-or/Ipopt
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20.5.1 4Bk

min — 2z — x9 — 4x3 — 314 — T5
x

209 + x3 + 4wy 4+ 225 < b4

x4 €[0,100] 25 € [2,100]
i €Z, i=1,2-,5.

SRIGAS glpk i n] DASKI— LU AL )AL

op

)
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),
dir = c("<", "<"M),

rhs = c(54, 62)

),
# AN Ah K

bounds = V_bound(

1i = 1:5, ui = 1:5,
b = c(0, 0, 3, 0, 2), ub = rep(100, 5), nobj =5

)

maximum = FALSE

ROI Optimization Problem:

Minimize a linear objective function of length 5 with

- 5 dinteger objective variables,

subject to
- 2 constraints of type linear.

- 2 lower and 5 upper non-standard variable bounds.

# KA

3x1 +4x5 +5x3 — 14 — 5 < 62
st { wi,ws €[0,100] x5 € [3,100)

$—1+%F HMaKkie
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res <- ROI_solve(op, solver = "glpk")
# I AR

res$solution
#> [1] 15 06 6 11 2

# B AR B

res$objval

#> [1] -89
ALHL, fAEMRAE (15,0,6,11,2) ARUS, HBRsREIER -89 .
HE: A —HEIM (19,0,4,10,5) , HirsRBEBE R -89 , (HRE glpk KMAFARBEL

20.5.2  0-1 EHR kit

HARBRECZNER), RRASRMBEE 402 0 24k 1. fRIRMEE T AR 0-1 AL . H n
MATFERGEN n LSS, S AGER TS, RIS R — A NSER, B AN TE s AT 55
P des (W), 2e/) AR ZORBH—DIrE, ARG Z @y ——X IR AR, RS R

2,

WA @ DANTEEE § BRSBTS N diy , MEHESE « DRSS § WS, I8k iy =1, /W,
EH zi; =0, FEIRPEECEATINT

2.0 diswi

i=1 j=1
Shaxiy=1, j=12,....,n

s.t. Sy =1, i=1,2...,n
zi; =0 3 1

F4URIGE IpSolve {3, (Berkelaar 25 2023) i T IRIFITERY:, HARHLEMAERE, HI W8 AR s K
AR LR

# REE 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)
# 0 # 1pSolve 4,
library(1lpSolve)

# R R 46 UK 7] AR A A
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sol <- 1lp.assign(D)

LOT » meipm

s solssolution

™ [,11 [,2]1 [,3] [,4]
\#> [1,]

0

@ #> [2,] 0
0

1

0 0 1

#> [3,]

0 1 0
1 0 0
#> [4,] 0 0 0

# /é‘ ?E %
solsobjval

#> [1] 8

AR EAE S i DR IR AR S 1 A ASEER 4 TULSS, 5 2 ARG 3 TLSs, 2 3 M ASEM
82 WALSS, 4 DASERCE 1 WULS, EAESE N 8.

20.5.3 REBBEEMRIE

HARRBORRNER), — 7 DR A R A

max 3x1+ Txy — 1223

5xq1 + Txo + 223 < 61

3r1 4+ 225 — 93 < 35

T, + 3x9 + 23 < 31

x1,29 >0, mo,x3€Z, x3€ [—10,10]

MR
_ T
3
max 7 x
_712
5 7 2 61
s.t. 3 2 -9 xz<L |35
1 3 1 31

1 AAERGEIESME, 2. 3 MEREEY, &3 AMAERNT. BRI -10 #1010,
op <- OP(

objective = L_objective(c(3, 7, -12)),

types = C("C", |lI||’ "I") ,

constraints = L_constraint(



20.5 HHARAL

L = matrix(c(
5, 7, 2,
3, 2, -9,
1, 3, 1
), ncol = 3, byrow = TRUE),
dir = c("<=", "g="_ o tc=my
rhs = c(61, 35, 31)
)
# AN 2R

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")

# IR AR

res$solution

#> [1] 0.3333333 8.0000000 -2.0000000

ressobjval

#> [1] 81

20.5.4 REBB XKLt

FARER S IR I, — i R A R TR

313
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ngn xf+—x§—-x1x2%-3x1——2x2

—X1 — T <= —2
Tl — XTo <= 2

s.t
Ty <= 3.

T1 €EZ

TE R AL B, XA BRI R 2o, RIS R A R Tk ik (Mixed Integer Quadratic
Programming, fajfx MIQP) .

# D

Dmat <- matrix(c(2, -1, -1, 2), nrow = 2, byrow = TRUE)
# d

dvec <- c(3, -2)

# A

Amat <- matrix(c(

), ncol = 2, byrow = TRUE)

# b

bvec <- c(-2, 2, 3)

# B

op <- OP(
objective = Q_objective(Q = Dmat, L = dvec),
constraints = L_constraint(Amat, rep("<=", 3), bvec),
types = c("I", "C"),
maximum = FALSE # K& /)

)

# R TR R A A R A

ROI_applicable_solvers(op)

#> NULL

HHT, ROI GRS A GEAL BE MIQP (7. ECOSolveR tn] DUKAE N —FrifEfife, &
TSR] AR, I, ST RIS AL P, %4 ECOSolveR iR fit ecos 5K
fids, o, T ecos SKAFEKAE.
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my
23+ 23 — ;w0 + 37y — 2wy <t
—Tp — Ty <= —2
s.t. T — Ty <=2
To <= 3.
T EZ

FIABIZER ¢, JRE R e, LRI — A L,

min ¢
(t,x)

x'Dx+2d'x <t
s.t. Az < b
T € 7

b
E

i, R DL SOCP, JEaanh

min t*
(t*,x)

||D1/2(B +D_1/2d||2 S t*
s.t. Az <b
T € 7

(MY

P R UL AR i B bp e e —IESE T, T H2 ek, SRS Bonmin AT DASRAG LA <

var x1 integer;
var x2;

minimize z: x172 + x222 - x1 * x2 + 3 * x1 - 2 * X2;

subject to A_limit:
subject to B_limit:
subject to C_limit:

library(rAMPL)

4 BLE AMPL &% K7

-X1 - x2 <= -2;
X1 - x2 <= 2;
x2 <= 3;

env <- new(Environment, "/opt/AMPL/ampl.macos64")

315
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ampl <- new(AMPL, env)
LOUT o s 6 3 = b iR X
> amplSread("code/MIQP.mod")

s # wE MIQP KA % Bonmin
\ ampls$setOption("solver", "bonmin'")

@ # KA AR

ampls$solve()

# IR
ampl$getData("x1")
ampls$getData("x2")
# H TR (E

amplsgetData("z")

RACAHE (0,2) Ab3RAT, RILE 0.

20.5.5 REBBAELMR

e RAEFHRE O E A TR R AR DKM R, THEH X Bonmin T H £ 5K A
IRAEEARL ML MINLP (Mixed Integer Non-Linear Programming) [A]@1, £=# ek AMPL
AT Bonmin fF, IfFHRME R 1EF#H D rAMPL. AMPL 4 IXJiUAT DA% 9% 68 FIHT G T IR it s

o MK AR HIGHS.

o IREBEENNRML cbe.

o RAEBARLIEMALREE: Bonmin Ml Couenne,

o AREAEIU RS Ipopt.
2% AMPL AR KREAT G, 7223 rAMPL {0, Eff#i Repp @, FrPARRE—F203%.

install.packages("Rcpp", type = "source")

# M AMPL B W %% rAMPL f,

install.packages("https://ampl.com/d1l/API/rAMPL.tar.gz", repos = NULL,
INSTALL_opts = c("--no-multiarch", "--no-staged-install")

)

SRR R AR LA A AL

min  1.5(z; — sin(z; — 22))? + 0.523 + x% — XXy — 201 + ToX3
xr

¢ T1,0 €ER x5 € Z
s.t.
x1,T2 € [—20,20] z3 € [—10,10].

AMPL #550 [L 4T F


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
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var X1;

var X2;

var X3 integer;

minimize z: 1.5 x (X1 - sin(X1 - X2))"2 + 0.5 * X272 + X372 - X1 * X2 - 2 x X1 + X2 * X3;
subject to A_limit: -20 <= X1 <= 20;

subject to B_limit: -20 <= X2 <= 20;

subject to C_limit: -10 <= X3 <= 10;

FACHARAE R SCE code/MINLP.mod , FEIMNZE rAMPL 41, K f#es Bonmin SKAFZ AL &

library(rAMPL)

# TE AMPL % RBZ

env <- new(Environment, "/opt/AMPL/ampl.macos64")
ampl <- new(AMPL, env)

# A0 ER A B AR AL A U
amplSread("code/MINLP.mod")

# K E MINLP K## # Bonmin
ampl$setOption("solver", "bonmin")
# R IR AL

amplsSsolve()

¢ B

ampl$getData("X1")
amplSgetData("X2")
ampl$getData("X3")

# EAF BB E

amplé$getData("z")

QR AEH Bonmin KRS, UGB S UEAE (2.892556,1.702552, —1) Ab3RAS, AHLEHY H br k%L
il —4.176012 . SR H KR #EES Couenne , BRI AFREHE™MIR G 8BRS A AL )8R 2 R i A A
Couenne T Bonmin sRRZS.

# 8 F couenne KAEHE
amplssetOption("solver", '"couenne"
5 KA

ampl$solve()

RICAE 21 = 4.999633, 25 = 9.734148, 25 = —5 AT, MAUL(E —10.96182 . NIHKFPIA LA
ABAPReREL, Bouk— N (e,

fun <- function(x) {
1.5 x (x[1] - sin(x[1] - x[2]))"2 + 0.5 % x[2]"2 +
x[3]172 - 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

\v £ msitm

©

fun(x = c(4.999633, 9.734148, -5))

#> [1] -10.96182

20.6 g4

X RER I FERLALAL I, # Al AZIA ROT WHEZE . X/ DR IR e s, Har, & BT I8
FEX SRS =T K s«

o XTI BRI EE AL S, scs BUARREK AR, ECOSolveR WA LA, B W] PASKAE T 564k
S B HEDG A ) R VR A R AR TR R

o XFTHRRE P, Hean 0-1 BEERA M L T A FR IR A0, AT ROT W R—4e il =X, 1pSolve
L4 AR T TR A R RO )8, 25 Y quadprog (AT, #h 721 nloptr
MRS, A ROT A BRI £ R .

o XTI PR AR R AR AR SR BER L O T, 5B r AMPL 443 3R IR
SKfR#: Bonmin 1 Couenne Rfi#f .

o WTRARMARLMEIAL G, FHAEAEN . SHESSRER, SKBEE RN, FET| AR LA
W%, WWERA GA B E AR MR, ORI AR BB A K .

o XTNRARIEL, AT DK U, TR UL A, EEA KRS R LR, SR AR
AR AR AU, ERSIRIE, T Iz i .

AR — D BA ERPER SOHEERAE S, LTRGBS 2 > R e A — ik i)
B, 7E R ESA KA S A (Schwendinger 1 Borchers 2023) H, W PAFRIBPAH TP A,
R TR 3 e 2E T AR R RS . M H R R BCRI 2R ARG DL, T AN [ A 24
oy, WEMEREARLMEIAL, SR, B HERIRELIAL, R AR RS . A C R
VEAER 2, BOGIRI BEE T DARE B SIS LR A B RGE M2 ) o AR BS54 e 4 B AL A1 732 4 21
1y, FEW e BUETL, BB A, it Wb Kb s REALIC TV
ACHBLE — D B HERDAMER S, AW FFEFIRD AR Z , ERATHA Python £#1IX
i) Pyomo (Hart, Watson, fll Woodruff 2011), Julia X JuMP (Dunning, Huchette, 1 Lubin 2017),
FEBEE A TR A Lingo. Mosek, Gurobi 5§, 1l AMPL —MRA-F-5, X 20 NHFEAIFDE K #
s ft—Eg i EEE S, HiEME R, Python SgufEifiE .

AT Python 1 Julia £#1X, R IEF# XIER AR EBEE T, AR KWEEE, ROI
FL) B R ) R A A B S IR S — 2 . AR R R A R e 2 R, BRI R Ak
NI, AR A 5, sk E/F IpSolve. Rglpk I highs (Schwendinger il Schumacher
2023) %, HHHRAEZMEAL T o SRS AN R, XA R, SR Rl AR AR B AR 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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PEABAFRCR, Wl e, TEEE. RUEW R BeE Mg, (A R iR TR R A TR

ﬁo

MEAE AU, Joigse Python, £ Julia, H£ETIRZEN C++ &, ALK TR, &
BB S o R A A ST BRI, K T R 2B S R 2, A e i Ak
A RESE I TR B R EA AL

20.7 2]

L OOSRMREAEM AL AR R AR L, A IEE. W SRR i) AR ) R 2 L
IpSolve. Rglpk fil highs % R 41,

2. RFEIEL MM BN R BARE, KA 2T Repp G760, A C++ &, LW
RcppEnsmallen, RecppNumerical Z4), I8G 1 C++ FEFRMSL S, A AYE CH++ g
HIERM, W optim FE. g R A C++ BEmwAE, — W5 ATEMERWFFELRX, Ny e
SKARAELAPE VLA IR R BRI B o T MK AR ) BIZEAY . AU BB 7 T LU 5 A HLRSTA T
C++ J.

3. [ AR AT, MHERE D AR R, R RS kA . BRI ELH
PRk Foh i sE R D fiHATH ST 0, HEAMEAZE. i ROI Wif A& B U f K s oK i
i IsTF

4. SRAFANE 2 dEdRe it TC AR LA [

min  100(zy — 27) + (1 — 21)?

5. SRARATT n 43R L HEAS 20k b B

n

min  exp (- Z(%)Qm) — 2exp(— fo) H cos? (x;)

i=1
/ﬂ\:qjv /8 = 15,7’7’1 =3 , T; € [_20720}7Z = 1727---371 o iﬁiﬁ%&ﬁ\%u%[ﬁ n =2 %ﬂ n=4 EI/‘J‘I%S
Do (EJRIRMAE 2, =0,i=1,2,...,n LHUS, &IMEH ~1 )
6. KRN AELPEL R I IR

min  exp(sin(50x1)) + sin(60 exp(z2)) + sin(70sin(z1))

2 2\sin(z2)
+ sin(sin(80x3)) — sin(10(xy + x5)) + %
ot { z1 — ((cos(x2))™ —a1)™ <0

—50 S T1,T2 S 50


https://github.com/coatless-rpkg/rcppensmallen
https://github.com/yixuan/RcppNumerical
https://github.com/kthohr/optim

1 M 320 H_t+F AN

HARRBOE AL, KRB ANE 20.10 FoR. (s RRAERE RER Mg — TRk oK A .
. Lingo % th— R (—46.14402, —0.8879601) , HARSEAN —2.645518 , fUff5%.)
’

0.9
0.0 os X1

P 20.10: H Fr ek £ il T &
7. SRR AR LR AL IR R

min 27 sin(xy) + 23 cos(zy)
€T

1<3z; — 25 <3

Ty +T92>2

s.t. T1x9 = 2

sin(z1) cos(z2) < 0.6
x1, 2 € (—100,100).




B t—x it

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 irr

21.1 JdrrgmlE

HRATT F & The Traveling Salesman Problem J&—NRA AL MR\ &, TSP £ (Hahsler
Hornik 2007) 23R 1 1) 8 e fE T R AL . — b, IRATRT MREQT & 3o ©F0 n AN [ FE B,
PARERE D FIRSAIKTTZ BPEEE, HITER di; Rk « B30T j Z RIeEE, HXHHITE dis =0,
Hrd,j=1,2- n . —PIRITHEATN {1,2,...,n} BIRERHES) 7 2R, m(i) FoRIEiRe T4+
PRTEIRTT @ Z Gk o RATRY ) LR T — RS 7 SN R TR R

FEAWATAGES], HRAEE K. ST H BB G, o — MR IR .

321
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n n
min E E dijl’ij

i=1 j=1

st. Y wy=1,7=12,...n,
=1

O M =

n
E Iijzl, 221,2,...,’[’1,,
i=1

SL’ijZOOI'l

AR ERE 10 MNMYRTTRAT, 2 2 WA 2= K Atlanta, Z fiIEF Chicago. il Denver . /R Houston .
B0 Los Angeles, %% Miami, Z1%) New York. IH4:1l] San Francisco. VHffE[E Seattle, #2R&iii
F§IX Washington DC, 10 kTR WA 21.1 BiR. MIEHZALI &, fJamBREAZIL, i)k
TR B B TR AT R AR R AT A7

45°N ~

40°N ~

o
Francisco (Washington D(

30°N -
Houston
25°N A i -
120°W 110°W 100°W 90°W 80°W

2Z

K 21.1: 10 AN 20 A

fAj BRI, 3 10 AR Z 18] B B A LR BE B AU, R B ERLE UscitiesD E4IER TiX 10 4
PR Z [ HZRBE S . UScitiesD i@— > dist JEARURYHE, FIDABRER as.matrix () 5 HEFLA AR
it

data(UScitiesD)

D <- as.matrix(UScitiesD)

library (TSP)

D_tsp <- as.TSP(D)

# ORI T A AL
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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

WL 10 ANRTTHI B ARE 7373 o PR AR AR BEYLIALRIER , BUORBRE R AT RS BT A,
BVGBITZIR, WREER, R IIE.

#ORAT R A B AR
tour_length(tour_sol)

#> [1] 7373

¢ ORATR B &

as.integer (tour_sol)
#> [1] 5 4 6 110 7 2 3 9 8

labels(D_tsp)[as.integer (tour_sol)]

#> [1] "LosAngeles" "Houston" "Miami" "Atlanta"
#> [5] "Washington.DC" "NewYork" "Chicago" "Denver"
#> [9] "Seattle" "SanFrancisco"

SRIGERR L MIRAT TS, W 21.2 P, KUGEL BT : 8201, 1B PORER. PR, Zm
HF L A2y, R, AR, R, RO

21.2 vl

VER—ABRER IR, A B R KT MU e/, 4R 2 PSRRI AR T, 3 WU A/ M AL
Bro — A B SR AR B AL A AR AN T

min  w ' Sw
w

st. Aw' <b

Mo, w AT R, AR VX GRS R TR R Oy A, ik
PR EPAED, — AR EZAN 1, — SRR A SR Rk B UM E. TEEET 12 R
S AV AT 48 B A A A

HEFA quantmod AREUAK. B, WHhifh, B35, HESC, SRR, BmAR. eBay, AT&T,
Apple, Adobe FI IBM 4§ 12 SZICEER 7 s e i . A4 2022-11-01 % 2022-12-01 i) () 1 5]
W, RS SRE R AT 2 . a2 AR VE— P RENVE &, Wi e shsqt, RIFEHLAS 5
Ji 2%, AIPABEERE .
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AL 2] A

45°N ~

40°N -

i

#P 35°N
Y

30°N ~

25°N A

Fr

&ncisco|

120°W

# 12 AREWMK I E

tech_stock_return <- readRDS(file = "data/tech_stock_return.rds'")

T
110°W

T T
100°W 90°W
2E

B 21.2: 10 MR & 2R 1A

DD <- 100 * tech_stock_return

# Pl F

r <- mean(DD)

r

#> [1] 0.3476413

# AR R A
foo <- Q_objective(Q = cov(DD), L = rep(0®, ncol(DD)))
# R A K

full_invest <- L_constraint(rep(l, ncol(DD)), "==", 1)
EEETE
target_return <- L_constraint(apply(DD, 2, mean), "==", r)

# B AR ALK

op <- OP(objective =

op

#>
#>
#>
#>

foo, constraints

ROI Optimization Problem:

rbind(full_invest, target_return))

Minimize a quadratic objective function of length 12 with

- 12 continuous objective variables,

T
80°W
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#>
#> subject to
#> - 2 constraints of type linear.

#> - 0 lower and 0 upper non-standard variable bounds.

KRR nloptr.sisap T ZAWEMSFEXARMIBEE, MK quadprog AFFELAYIME. T
quadprog FR R & Ak i),

library(ROI.plugin.quadprog)

sol <- ROI_solve(op, solver = "quadprog")
# MM RXAE

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

# BERREHE: REAR

sqrt(t(w) %*% cov(DD) %*% w)

#> [,1]
#> [1,] 0.9860861

SRAHDRABEST A &R F 3, ATET A1 IBM, #9EHBI7 52 33.58% . 37.40% F1 29.02% . PAL
12 SRR TR A, e R B AR m A M, I, mAEk 3 32

5545 7 T 1] 33 17 DRSS A/ N 2L £ DA TP RSEATDRE R AR o — A T 4 MU AR A5 E T 3R A5 Y
[ i KA o BISRAFATR LA AL ) -

w

max w' i
st. Aw<b
>

w YXw <o

Hor, HARRECT o TRl I BRI T R R, AREMET o FoRFERE T AEZ
BB R, HAMAF S0 & EHT. FEA RS o F, SREUREKRI AL A . etk Za T DA e
B Q_constraint() RF/R, XAELMELARM _IRARTNESGHE—E,

# KR A
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)))
TS ¢ HiREHR
/ foo <- Q_objective(Q = zero_mat, L = colMeans(DD))
NE L= TE
(::> maxret_constr <- Q_constraint(
Q list(cov(DD), NULL),
L rbind(
rep(®, ncol(DD)),
rep(l, ncol(DD))

)
dir = c("<=", "=="), rhs = c(1/2 * sigma’2, 1)
)
# B AR ALK
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 MIBIZEAL, 25 W] SR AL PR R SR A
ROI_applicable_solvers(op)

#> [1] "nloptr.cobyla" "nloptr.mma" "nloptr.auglag" "nloptr.isres"
#> [5] "nloptr.slsgp"

quadprog KA N BERMEIL MR, SulRMEAS nloptr.sisap , 12 SZCEERISFAETE, FrbA, HCERY)
IREARE N 35 .

# SR ALK ] A

nlp <- ROI_solve(op, solver = "nloptr.slsqp", start = rep(1/12, 12))

# WA

w <- nlpS$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
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#> [11] 0.0000 0.2902

# R A o UM AR

w %*% colMeans(DD)

#> [,1]
#> [1,] 0.3476413

SERER, BEAARPE L. ATET F1 IBM, #¥ G155 33.58% .

37.40% #I1 29.02% .

327

{EASERL, MR RS %, eI & — SRR M S O S X3, T LA BR R F_constraint ()
KFOR, REMARTG, AFEEE (k) LIELRMHER L s . HE% F_constraint() %

AR ANT , SRIBEERZ—HR .

#x ZE—ANRTFINEGI HE

# FAHK

# MEZIMA 1 AR

heq <- function(x) {
sum(x)

}

# A L R T L

heq.jac <- function(x) {
rep(l, length(x))

}

# FERAK

# W RS 4R

hin <- function(x){
1/2 * t(x) %*% cov(DD) %*x% x

}

# R AR

hin.jac <- function(x){

cov(DD) %*% x

}
# H AR
op <- 0P(

objective = L_objective(L = colMeans(DD)), # 12 NEMTE
constraints = F_constraint(

# FAAF R YK

F = list(heq = heq, hin = hin),

dir = c("==", "<="),

rhs = c(1, 1/2 * sigma’2),

# FRAERY R

J = list(heqg.jac = heq.jac, hin.jac = hin.jac)
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)
# HAREE W IET E
bounds = V_bound(ld = 0, ud = 1, nobj = 12L),
maximum = TRUE # #x A B4}
)
op

#> 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.

# SR AEALR E] A

nlp <- ROI_solve(op, solver = "nloptr.slsqp", start = rep(1/12, 12))
# RRAE

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 Ao TR

w %*% colMeans(DD)

#> [’l]
#> [1,] 0.3476413

21.3 O AEMIH

Fe U A ] AR AN

y(x) = DB + S(x)

Her, B R—A px 1 4epliak, FEPLERE S(x) BIENE, hrZh Ve BT Ramilind e, thir 2=/
W Vo BIJLERUNT :

Cov{S(x:), S(z;)} = o exp(—|lzi — =] /¢)
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Ho, 0 = (0% ¢) Fm 5Hhy ZHE MM EMSE, FHLTR S(x) W— IR 2 TEES S
i MVN(0,Vp) , W y(z) HRMZICIERSHT MVN(DB, Vo) « S50 B ) /N Fefliith
B(6) = (DTV, D) DTV, Yy, TSR 0w R AU SR R A -

1 1
log £(0) = —g log(27) — 3 log(det V) — inVG‘l(I —~D(D'V,'D)'D TV )y

THEFEE Ak E MASS W EIEE topo. topo Hdi&EmAIK H John C. Davis (1973 4F) )
45 (Statistics and Data Analysis in Geology). J53#, J. J. Warnes il B. D. Ripley (1987 %) PAZEK
P £ R il Hh 2 18] v i il FR A P 2 eR B RUA A T FRAFAE W 5] (Warnes Fl Ripley 1987), JfRpJ
VERNEHREE topo H{E MASS B . Paulo J. Ribeiro Jr fil Peter J. Diggle (2001 4F) $iz5RaET
T H E XK geodata FFERAL, HAE geoR W H, HEMMAZERH (Model-based Geostatistics)
P2 . topo @AM, L&A 52 17 3 51, B s 310 ~F Iy 3 R Fl N B4k i
BlE, x AeARBE AL 50 BER, y ARBREALIE] x ARFR, MR z BRALETER.

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 ...

4 topo BflidE, D =1 22— 52x 1 [FmaE, B = 82— M. &ESHHIE (0, ¢) = (65,2)
- N5 Ripley Mg SCh Ry LS, R TSR R £, H R 1ES gmid i BR ek
T

log_lik <= function(x) {
n <- nrow(topo)
D <- t(t(rep(1, n)))
Sigma <- x[1]"2 x 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)) %x*% inv_Sigma

as.vector(-1 / 2 x log(det(Sigma)) - 1 / 2 x t(topo[, "z"]) %*% inv_Sigma %*% P %*x% topo[, "z"])

}
log_lik(x = c(65, 2))

#> [1] -207.1364

KTSHNWMFIRE L, WATHARE T, T R ZOENER nmind MUL4E. ZBL, MWK
IR, BB FOE, B s B

op <- OP(
objective = F_objective(log_1lik, n = 2L),
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% bounds = V_bound(lb = c(55, 5), ub = c(75, 8)),

maximum = TRUE
s

)
nlp <- ROI_solve(op, solver = "nlminb", start = c(65, 2))
nlp$solution

#> [1]1 65 5

nlp$objval

#> [1] -197.4197

MR E SRR LA, Wi SR i, FEAnwIfE (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
nlpS$objval

#> [1] -196.8441

ZIENKR A nloptr W4 RIAKAEDR nloptr.directl , KA/IVNITUEIBRIE X T, SRS
BT o

nlp <- ROI_solve(op, solver = "nloptr.directL")
nlps$solution

#> [1] 63.934143 6.121323
nlp$objval

#> [1] -196.8158

H AR ks 1k, TS SR AR IR R EE, SRS 2 il ISR R AR

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)
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UABREK TS (0, ) F=ZEHTH LK 21.3 .

— -19
S
S
X -19
T
(@)
°

5.0 55 (0)

B 21.3: XPEARIER ek R i T ]

SRR B AR FP I 1L long flat ridge, 1% Al F 2 RHOR(E, A B AL
SIS H IO, U AR UK RS A T A & RO (LA P R R X e b 44 o
BORAEMNY, SRS

FEFEARRZ RESUME, SEFIESCTRE 1 RPEART. RPLRA AT RURRECH I KB
WEis B AKERR, %P PSR s iia 5 7307 lattice 022 (K53 TLvA R E AN 2577 BF —
PR, ERRXTAY, FREARE, WAFMYIME, HHEEIARMEER, X A FE SR T
Wy EAN[RIOEEL, Xk B AR EBL R AN S L —HE

YEREE, THEJEH nlme 314 gls O REIIAEIE, SEIRIOARMEITER 5 2 RRK g
LR 2. SHATEIR (0, ¢) = (63.93429,6.121352) , XHEUUSR R ELE A -244.6006 , [ Zhif{Lh
SRPREL log_Lik () FERMMALHIE R -196.8158, PN _EZ BIFIFAIEEIN -52 / 2 * log(2 * pi) ,
W -244.6006 , = RE,

library(nlme)
fit_topo_ml <- gls(z ~ 1,
data = topo, method = "ML",

correlation = corExp(value = 65, form = ~ x + y)



)

sum

#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>
#>

fot—%
8.0 -
24/ - -197
7.5 4
- -198
7.0 4
- -199
S- 6.5 H
6.0 - -200
5.5 — - -201
. %
[ [ [ [ [
55 60 65 70 75
(e}

FE 21.4: XPECDISR R B 25 i 2R K

mary (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

AL 2] A
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(:Q
BN

#>
#> Residual standard error: 63.93429

#> Degrees of freedom: 52 total; 51 residual

WA FRBIAUIRAG T, 2 LSBT E2R S 2T, TR R B 22 T L. SE
TR (0, 0) = (128.8275,25.47324)

fit_topo_reml <- gls(z ~ 1,
data = topo, method = "REML",
correlation = corExp(value = 65, form = ~ x + vy)

)

summary (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

21.4 MRG0

ARRIEAEA (Finite Mixtures of Distributions) MW HAEHE 12, ATZ% BB {1 (Varadhan
Gilbert 2009) BT, PRI G A, NEESEIIAURAETT. B 2B fIEA
AN, LRI AT ARSI 24 SCiik (Hasselblad 1969). BB A3 1 P B R 4L optim() THAEHA
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TU\?ﬁEﬁ%M%ilkéiﬁﬁﬁéﬂ, AT PASR AR (o] R 2R A AR AL P, BT AW R AT

‘ 2 TOIT s 4.

WET/\{EW A A p IRE, PAMRRE p IRAAFA 27 Poisson(Ay) , 1 DA 1 — p IRAARA 737

/ Poisson(A;) .
Lo

©

p x Poisson(A1) + (1 — p) x Poisson(\y)
TR G 7 T BRI BERR AL f (23, A, Ao) IR

A% exp(—A2)

AT exp(—Ap)
px !

z!

(x5, A1, Ag) = + (1 —p) x

WEtLZE R X RS HON p BIAS AT X ~ Bernoulli(1, p) , BEFLASE Y IRAMJAFMREG 201, 1E(
SR AR, IR G R AR E S

v Poisson(\;), 4 X =1 i,
Poisson(\z), 4 X =0 .

XA BRI T -

T T

- A A
€(p, A1, A2) = Zyz log (p x exp(—A1) X $1" + (1= p) x exp(—Az) x ;,)

i=0 v v

TERME 211 Bk B 1947 45 Walter Schilling & FRAE JASA [1—fs 3 (Schilling 1947) RS =4
R CEIELRY FIEMIET SR, BRIEREM 80 X KA L WIbT- AL, &l ngit, &k
M, E=FR, AR R L 162 ), FETS 1 AR B 267 K.

Ft% 211 JET- NEUR gt

FET-ANEL O 1 2 3 4 5 6 7 8 9
AR 162 267 271 185 111 61 27 8 3 1

F IR FMATRXE NIET RGN A F R, B, 5IATARNE G310 R s .

# TR & &

#p E—MKEA 3 HE

#y AN E

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]) * p[3]1"i / exp(lgamma(i + 1)))

sum(loglik)
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}

# lgamma(i + 1) RAELK i R

¢ ERHTR

lo <- c(0, 0, 0)

# SR ER

hi <- c(1, Inf, Inf)

# FEALAE R — A S BT E

pO <- runif(3, c(0.2, 1, 1), c(0.8, 5, 8))

# 0 BRI R T AR R A

y <- c(162, 267, 271, 185, 111, 61, 27, 8, 3, 1)

T BB AL BBoptim() KL SUARL AR LA L

library(BB)

# SBAET

ans <- BBoptim(
par = p0, fn = poissmix_loglik, y = vy,
lower = lo, upper = hi,

control = list(maximize = TRUE)

#> dter: 0 f-value: -2331.369 pgrad: 3.922366
#> dter: 10 f-value: -2002.196 pgrad: 5.702759
#> dter: 20 f-value: -1998.674 pgrad: 1.953276
#> dter: 30 f-value: -1989.972 pgrad: 2.180855
#> dter: 40 f-value: -1989.946 pgrad: 0.0003387868

#> Successful convergence.
ans

#> Spar

#> [1] 0.3598824 1.2560893 2.6634010
#>

#> $value

#> [1] -1989.946

#>

#> $gradient

#> [1] 0.0003979039
#>

#> $fn.reduction

#> [1] -341.4234

#>

#> $iter
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#> [1] 47

ot ,,

77> #> $feval

/ #> [1] 149
A\ #>
@ #> $convergence
#>

[1] o
#>
#> Smessage

#> [1] "Successful convergence"

#>

#> $cpar

#> method M

#> 2 50

numDer iv: shessian HEHIACIUA (0 ASHIME, SAIEHEEBRUN T HHORRIEE
¥ BEEE

hess <- numDeriv::hessian(x = ansS$par, func = poissmix_loglik, y = vy)
hess

#> [,l] [,2] [,3]

#> [1,] -907.1119 270.2287 341.2547
#> [2,] 270.2287 -113.4793 -61.6818
#> [3,] 341.2547 -61.6818 -192.7824

#ATIEE
se <- sqrt(diag(solve(-hess)))

se

#> [1] 0.1946838 0.3500315 0.2504773
multistart MARFEIWIRIEE & TR /EKM, LH—RANEHRKAE, @it RS2 R,
# WANLAE 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)

)

# 2 o2 ROR S #

pmat <- round(chind(ans$fvalue[ans$conv], ansS$Spar[ans$conv, 1), 4)
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dimnames(pmat) <- list(NULL, c("fvalue", "parameter 1",
"parameter 2", "parameter 3"))
# ERER-BHELRE

pmat[!duplicated(pmat), ]

#> fvalue parameter 1 parameter 2 parameter 3
#> [1,] -1999.853 0.3657 2.3827 2.0169
#> [2,] -1989.946 0.6401 2.6634 1.2560
#> [3,] -1989.946 0.6401 2.6634 1.2561
#> [4,] -2000.232 0.7376 2.0582 2.4061
#> [5,] -1989.946 0.3599 1.2561 2.6634

21.5 BERMIAMTE

— JCBR KR AL FUEATSRAR R AH 08« AEGETHRL I, 01 ) FE ) 285000 A XTI A T8 ok
W, AN 315 SRR BRGSO AR . N IR SRARTE RS TN A i SR g R

FERZHCH o MIRIEZHCN o BT RR S kAL f (250, 0) WTF:

1
flx;a,0) = 7T (@) zo! exp(—g), a>0,0>0

Hopr, T() FonMcemi e, M GESER ao , J7220 ac® o FE 215 RPN A5
WIEREL, RS HI R0 5 F9, RUESH N 1, BN f(z;5,1) M f(2;9,1) .

S — AR A A AAIREAR 21,22, 2, RTBH o Mo BEIIRREUNT :

n
H 2;)* exp( i i :171)

g

Lo, 0) =

UQF

WP, HXFRABL R ek T

la,0) = —n(alog(c) +logI'(a)) + (a — 1) Zl(’g(xz #

XHELIR R EE T B o Fl o (ISR T -

ol
gaoza) = —n(log(o) + (logI'(a ) + Zlog x;) =

(a,0) _ na N S @

oo o o?

=0

REEE AT o = 5 Y v, FRHAAE ATl
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ft—%

SR = q=5,0=1 me= a=9,0=1

0.20

0.15+

i
%Qm-

0.05

0.00 ~

10
a1 AL &
Pl 21.5: {f-Ch 70117 AR 2 R B

15 20

1 n
log(a) — (log ()" = log (= le - Z:llog(:ci)

set.seed(20232023)
X <- rgamma (1000, shape = 1.5, scale = 2)
# TR S B0m RE S35 3t

c(mean(x)"2 /var(x), var(x)/mean(x))
#> [1] 1.636030 1.902239

# AR
* 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
#>

AL 7] A
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#> $f.root

#> [1] 2.825244e-09
#>

#> Siter

#> [1] 6

#>

#> $init.dit

#> [1] NA

#>

#> Sestim.prec

#> [1] 6.103516e-05
SKBTEARSE T o = 1.610272 , 1, W RESEMMTT o = 1.932667 .

PR uniroot() HEEIRF LM — R, rootSolve 1% 4-4fi-Fii #: A& (Newton-Raphson ) Byk+
—JuIERME AR (41) WOIR, RIS & 2RI

library(rootSolve)

# MR (4) iR

multiroot(f = fun, start = 1.2)

#> S$Sroot

#> [1] 1.610272

#>

#> $f.root

#> [1] 3.121097e-10
#>

#> Siter

#> [1] 5

#>

#> Sestim.precis

#> [1] 3.121097e-10

# R NFREX N BAR

uniroot.all(f = fun, interval = c(1, 3))
#> [1] 1.610339
21.6 )i
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quantmod: :getSymbols ("PDD", auto.assign = FALSE, src = "yahoo")
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sudo add-apt-repository -y ppa:git-core/ppa
sudo apt update && sudo apt install git

1£ Windows R4 F, ZHHmoHiieE R an & W :

winget install --id Git.Git -e --source winget

A.1.3 EEEY]

TERCE GitHub P MIZ5E Git & m)E, ERESY], PAERFAMA U R 2 A Github Jik
IR AR R ez

git config --global user.name "Jf P 4"
git config --global user.email "EF4E M k"
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eoe M- < [ )] ) github.com 2 N¢] M+ O

Search or jump to... Pulls Issues Codespaces Marketplace Explore

For you Following Send feedback  Filter ~
Create your first project
Ready to start building? Create a
repository for a new idea or bring
over an existing repository to
keep contributing to it. Start a new repository

Create repository A repository contains all of your project's files, revision history, and
collaborator discussion.

Import repository

<> Start writing code

Cloud2050/ git-test

Recent activity

[} Public

" Anyone on the internet can see this repository
When you take actions across

GitHub, we'll provide links to Private
that activity here. You choose who can see and commit to this repository

Create a new repository

K AT Bl

A.1.4 (%) WKpItfy

EATFEASE HOH—ERISBE RS, i Gitlab 5 # 3Rl Gitlab i TH. . 4/ 28 anfol {5
Gitlab / Github Ik 3LfEfE— &AL

A SSH 4L Github SCR — fiifl] SSH #4:5) GitHub. A 7HHZ G AFIEHF ~/.ssh T
Bl —AECE ST config,

Github X WA ARG HEES, Gitlab XA EI4EE IS A KRS .
Al SSH Key

ssh-keygen -t rsa -f ~/.ssh/id_rsa_github -C "4~ A} 4§ 4k "
ssh-keygen -t rsa -f ~/.ssh/id_rsa_gitlab -C "/ & #f 45 k"

Ff GitHub/GitLab 2383535l bAZ 2 RS54s, SR )58 RC & S

touch ~/.ssh/config

BLE LN AR

#

# Github

#

Host github.com // Github &4 E iy At % %5 i b
HostName github.com

User XiangyunHuang

IdentityFile ~/.ssh/id_rsa_github


https://help.github.com/cn/github/authenticating-to-github/connecting-to-github-with-ssh

1 1\/\ 352 Wk A GIT % GITHUB

#
s

# company
B
\Host XX XX XX XX [/ A8 R A E 8RR S i

@ IdentityFile ~/.ssh/1id_rsa_gitlab
BB, ReFEE

ssh =T git@Exx.xX.XX.XX

Welcome to GitLab, xiangyunhuang!

Al
ssh -T gitegithub.com

Hi XiangyunHuang! You've successfully authenticated, but GitHub does not provide shell access.

A2 JEARHEEME

A2.1 PisfeeRk

git init

A.2.2 stk

git add

IBERYHTH S FRINE

git add .

IBERRUEE (modified) ST, ANEFHFAS A SCEFIBIMER (deleted) BYSCHF, -u J& --update II4FE
git add -u

WA, -A J2 -—all 4HS

git add -A

A.2.3 dE%K

git commit

git commit -m "‘}ﬁ@ﬁﬂ%ﬁ%fiﬁﬁ%"
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A.2.4 fEREH

git push

git push -u origin master

A.2.5 wiREMH

TalETH git clone
git clone git@github.com:XiangyunHuang/data-analysis-in-action.git
ARIE S TR, BINEIT --recursive A PDLRFFRHA ORE TR

git clone --recursive git@github.com:cosname/cosx.org.git

A3 or3iE

X RF— I, BRI 3, $RACHY PR

SAMMETF AT, AW & Git 2 SC e, @Ramgss, H—R@sriie s 2 BTk,
WERED S By RS BRSO R 3. RS NG B,
B 7 Z AR, B AE S BRI [F A ST

BIEDX —P BROX — P RRXOX — P eADX —P» MR

K A.8: Git 4p 37 #:4E

A3.1 Gl

git checkout -b 4% &

A.3.2 53Ut

git checkout 4% &

A.3.3 &% PR

# BB 1EE H) PR

git fetch origin refs/pull/771/head:patch-2



\ \\/\ 354 Wk A GIT % GITHUB
El

# 771 & PR XN H 4T
m‘g git checkout patch-2
>

7 # B K

C)gﬁa@—u#ﬁ%%&%ﬁ%
git commit -m "FHARBG KK A"

git remote add LalZzy https://github.com/LalZzy/cosx.org.git
git push --set-upstream LalZzy patch-2

A.3.4 (*) @4 gh-pages 4%

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
git commit "JH E"

git push --set-upstream origin gh-pages
XAEGE uploads H 418 gh-pages 433, README.md CfFHbdlR

https://xiangyunhuang.github.io/uploads/README.md

A4 R H Git igh
usethis tf Git BIEERE T, Rl — R mHRlE, gt Ar PR

A.41 M R £ Git

BB S R 1019 /) PR
usethis::pr_fetch(1019)

1019 & PR W45, Bkse, HHE


https://xiangyunhuang.github.io/uploads/README.md

A5 (%) HB TR

usethis::pr_finish()

A.4.2 50 Git Wl

M ORI NG, WRARE, (LBRE—TT,

library(gh)

my_repos <- gh("GET /repos/:owner/:repo/stargazers",
owner = "XiangyunHuang", page = 1,
repo = "data-analysis-in-action")

Vapply(my_repos, u[[n’ nu’ "log‘in")

355

Jeroen Ooms JF &1 gert £3, $24L 7T git_rm(). git_status(). git_add() F git_commit() ZER%L,

Hrtlf git_reset() . git_branch_x() &R Git #1F. AHHIUH 5 KRRk,

library(gert)

git_log(max = 5)

WEZNEK, EHEE Gert: A minimal git client for R.

git2r X} Git £ PEIHATHEE

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

git shortlog -sn | head -n 10

153
127
101
93
65
46
42
39
35
32

Git 3 git-delta Ml tig PR LR . tig HTAERRLHPILHE.

Dawei Lang
Yihui Xie

Ryan Feng Lin
Beilei Bian
Xiangyun Huang
I#

Miao YU
xiangyun

fanchao

A5 (%) & T H


https://github.com/jeroen
https://github.com/r-lib/gert
https://jeroen.github.io/gert2019
https://github.com/Thinkr-open/gitdown
https://github.com/dandavison/delta
https://github.com/jonas/tig

1 m 356 WM& A GIT #» GITHUB

EggAﬁJ P =
r7 git-delta

\brew install git-delta

Xf git diff PSR ibiETA R

A.5.2 CAREEND

IE MacOS I, #E# ] Homebrew 223

brew install tig

A.5.3  KICTF(#ik

Git Large File Storage (LFS) Git LFS

# MacOS
brew dinstall git-1fs
# Ubuntu

sudo apt install git-1fs
Bt Git LFS

git 1fs dinstall

T H AR 2 S

git Ufs track "x.csv"
git add .gitattributes
git commit -m "Git LFS 38 EF #4E SC "

git push origin master


https://git-lfs.com/

Quarto, 1

Fiittite, 105

9l
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