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1 R1} RStudio AX|

1.1 RZEJ2iYU AHO{EH?

« Ris a free software environment for statistical computing and graphics.

- £ £ 241 022 95t T2 2 A0{0|Ct,
- Q222 Pythonz} H20] §|0|E{ 2+5t(data science) 2O0FO|| A 712 BLO| AR E|= AHO|2
&olct,
JdEl11:RE21
1.2 R AxX|

c LEAAZ SALIBEE ALEE 4 QI
- A=0M “CRAN’2Z HA510{, The Comprehensive R Archive NetworkOfl 7tA ZHFE] A
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https://cran.r-project.org

1.2.1 R dX|

-IOII
J|°|'

File Edet View Misc Packages Winclows Help

R version 2.7.1 (2008-06-23)
Copyright (C) 2008 The R Foundation for Statistical Cemputing
ISBN 3-800051-07-0

|

IR is free software and comes with ABSOLUTELY NO WARRANTY.

| You are welcome to redistribute it under certain conditions.
| Type ‘licensed]' or *licence()* for distribution details.

Matural language support but running in am English locale
R is a collaborative project with many contributors.

Type ‘contributors(}' for more information and
‘citation()® on how te cite R or R packages in publications.

Type "demo(}' for some demos, “help()' for on-line help, or
"help.start()* for an NTML browsar intarface te help.
Type "gi(1* to quit R.

d

a8 1.2: Mg RS B2[st Hdst stH R 2)

> 24 QICt O|AS A2 HHEE V|Cl2ICt= o2 “BET E (prompt)”2tD SHCF O 7|0
CHE 2t A2A5H0] AE (Enter) 7|& 2T LAECE

(1] 8

= =2+

OIQP 7*OI R° JlgHoz AEA HEE Yot RoliA 7|71 OAS siAdstn Aslst ChS ZatE
H=ICH O] Y2 Read Evaluate- Prlnt LoopF_L._ of_._ REPL(E|

2tn SE20HUS0| R BESS oLt mof 20N @771 Hoj *E'%'AI’T’E! —’FE ‘RAEHI O|lAE ATZE
S E (script mode) 2t Y.

ol
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1.3 RStudio IDE(&

« RStudioe R A0 AtE9| HO|E

(&85 AR BiESH= 22

« =0 “RStudio”’ 2t A

25 PpOSit  PRODUCTS v OPEN SOURCE v

1: Install R

RStudio requires R 3.6.0+. Choose a version of R that
matches your computer’s operating system.

R is not a Posit product. By clicking on the link below to
download and install R, you are leaving the Posit website.

Posit disclaims any obligations and all liability with respect
to R and the R website.

DOWNLOAD AND INSTALL R

All Installers and Tarballs

H25t0 23 A Posit.co2t= 0|2 3|AZ| IR0 222
J1240]ct,
AH5H0] “RStudio Desktop” CHRZE ALO|EE 2H=Ct.
USE CASES v PARTNERS v LEARN & SUPPORT v ABOUT v Q

2 Install RStudio

This version of RStudio is only supported on macOS 13 and
higher. For earlier macOS environments, please download

a previous version.

Size: 557.15 MB | SHA-256: BE73D3A9 | Version: 2024.12.1+563 |
Released: 2025-02-13

a8 1.3: oM RE 2
2LE5HAM Z2[5t.

F

RStudio= R A2 74|12 & 2y, TH7|A| A|2f, 23

SHAIS AT 2 RAMFI=EHIAE

7|5E ASet.
Al S etCE oA
SO}

—

J

24
7o 2TEQNE SEHE

2|547| i 20j| 2H Install RStudioS 2

Of|C|E{ (text editor) 0|12
3l 4 (integrated development environment) 0|2t

—

2 225101 27| AlAHO| T S CHR
2% 24 B1S7| S Chet U2 sten B2(s

O[2[0f| = OFF Etfst 7|s=


https://posit.co/download/rstudio-desktop/

1.3.1 RStudio A/H

42|51 RStudio S A

¢ 64bitE RE A

nEs AI;H;} 2| }7I- | AlS
[e) o E
RStudioE AalistH & 1.4 Z0| =T
XX RStudio
Q -0l Go to file/function ~ Addins -
© ] Untitled1 [  Environment History Connections Tutorial
SourceonSave (/- SRun b= Source - = # Import Dataset ~  * 123 MiB - &
1 R ~ 7 Global Environment -
Environment is empty
11 (TopLevel) = RScript = Files Plots Packages Help Viewer Presentation
Console  Terminal Background Jobs =0 Install @ Update
R -R443 -~/ Name Description
System Library
. " " abind Combine Multidimensional Arrays
R version 4.4.3 (2025-02-28) —- "Trophy Case dvr Advanced R
Copyright (C) 2025 The R Foundation for Statistical Computing airports Data on Airports
. . anytime Anything to 'POSIXct' or 'Date’ Converter
Platform: aarch64-apple-darwin20 arrow Integration to 'Apache’ ‘Arrow"
AsioHeaders 'Asio’ C++ Header Files
. . askpass Password Entry Utilities for R, Git, and SSH
R is free software and comes with ABSOLUTELY NO WARRANTY. assertthat Easy Pre and Post Assertions
You are welcome to redistribute it under certain conditions. babynames US Baby Names 1880-2017
s ' s ' for di . . . backports Reimplementations of Functions Introduced Since R-3.0.0
Type ‘license()" or 'licence()' for distribution details. 7 base The R Base Package
base64enc Tools for base64 encoding
) . . beeswarm The Bee Swarm Plot, an Alternative to Stripchart
Natural language support but running in an English locale bench High Precision Timing of R Expressions
BH Boost C++ Header Files
. . . . . bigD Flexibly Format Dates and Times to a Given Locale
R is a collaborative project with many contributors. bit Classes and Methods for Fast Memory-Efficient Boolean Selections
Type 'contributors()' for more information and bit64 A S3 Class for Vectors of 64bit Integers
e . . . . : N bitops Bitwise Operations
citation()" on how to cite R or R packages in publications. blob ASimple 53 Class for Representing Vectors of Binary Data (BLOBS)
boot Bootstrap Functions (Originally by Angelo Canty for S)
2l : RStudio= o oz H2 AIR3 yd =y {5=2 *I}i %AE
= 1.4: RStudio= 4712 2 I- L'T-Q' = o°|_H:H7‘EAoX7_E| H T

=

312 Cj2iE{2|o| o}

2}
S,

A8 14 201 & 39 -
O|C|&{0|C}. - 2EX0]

22|3h= “Packages”

> hist(rnorm(1000))

& (Enter) 7| & 2
2= 1000742
“Plots” 2H0|A 20

20

) Project: (None) ~

=0
List ~

Version

1.4-8
1.0.0.9000
0.1.0
0.3.11
19.0.1
1.22.1-2
121
0.2.1
1.0.1
15.0
4.43
0.1-3
0.4.0
114
1.87.0-1
0.3.0
4.6.0
4.6.0-1
1.0-9
124
13-31

St= EIAE

Plots” 2+, THZ | X| 2

Z&0|Ct - 2ZE Q7 ZEE &Y

5t= “Files”, 222 E0{FE= “P

€ 20{3= “Environment” 2 50| QUC}
| Alsls H2} 0|2 BZ
';—"‘- o2 d-gst o, A 4=9



1Ll (Top Level) = R Script
Console  Terminal Background Jobs Files Plots Packages Help Viewer Presentation =0
/P zoom  Zxport - O 4% Publish ~

R -R443 -~/

R version 4.4.3 (2025-02-28) - "Trophy Case" Histogram of rnorm(1000)
Copyright (C) 2025 The R Foundation for Statistical Computing
Platform: aarch64-apple-darwin20

200
|

R is free software and comes with ABSOLUTELY NO WARRANTY. I
You are welcome to redistribute it under certain conditions.
Type ‘license()' or ‘licence()’ for distribution details. —

150
1

Natural language support but running in an English locale

Frequency
100
|

R is a collaborative project with many contributors.
Type 'contributors()' for more information and
‘citation()’ on how to cite R or R packages in publications.

50

Type ‘demo()' for some demos, 'help()' for on-line help, or
‘help.start()' for an HTML browser interface to help.
Type 'aq()" to quit R.

> hist(rnorm(1000))
d

&
N
o
~
w

rnorm(1000)

& 1.5: 40 Oist SIAET 2HS0f 2 Of

1.3.2 RStudioOl|A{ =2 A E (Project) ZHE0{ AI25}7]

HE ?e7t 0|8 2M0|Ht =& ¢S & o, 2 Holy Y, ==, 18 S= sttt

2 H2lE 4 U 758 MBSt
017|141 R 21012} R SHAl 1 LIS & LRI QUCH RO| A0 ZRE T7HX|Z R HMO|2tD
SHCH & RS SIA| Al CIElE{2|2 7|20 of UL BTt TI2LJt AsEl ClaE2]S 7|20
oMOf Q= EIOIEIS S 4 UM, 0] ABE CI2AE{2|Z 7|20 2 GlO|EIZ HABH} 0|4 RO|
Msigl ClaE2|2, @S Y2 & 0 1 7|120| &le Cl2E 2|2 2 C|E{2| (working directory)
BID BHCH getwd()2HM 51 B R MMO] 2 CHE{2|Z 2UFICHEE HS AT e &
Cl24Ef2)7} ST},

getwd ()

[1] "/Users/seokbumko/Learning/Education/cds-R"

(22 0| J§EZ Olsliot= Z40] S 2Y &= UX|0t--+) RStudio ZR2AHE 7|53 AIEsIH ZO|
0| Z40f| AlZAA 2| okOtz =ICH FOfA B AZZ|0F RStudio 7t AFs2 2 21 ClallE{2|E gHo} 7]
j-20|Cct.

21



+ RStudio 2% ?|E £ ™ OetAHO| Project2t= OF0| 22 22l6tct.

R Project: (None) ~

Environment History Connections Tutorial ©OR New Project...
<% |4 | 7 Import Dataset ~ " 30MiB - § <2 Open Project...
R - (7l Global Environment - Open Project in New Session...

Close Project

Clear Project List

Environment is empty Project Options... H,

« “New Project”E S=8ICt O 7|0|A] “New Directory” & MEHSICY

New Project Wizard

Create Project

R New Directory

Start a project in a brand new working directory

Existing Directory
Associate a project with an existing working directory

Version Control
Checkout a project from a version control repository

. ot

rlo
o

D2 E EfQ)

22

MEHSH= 2H0| =0t “New Project”S MEHSHCY

Cancel



New Project Wizard

Back Project Type
New Project >
i R Package >
R Shiny Application >
+ Quarto Project >
Quarto Website >
) Quarto Blog >
g Quarto Book >
Cancel
- UE2 0| Z2HES 52 222 0|§S A Y3h= 20| STt S0l “Browse” HES
22/510{ 2012 £2 XIS A2 OS2 0|22 Y5 ECt 12|D LM “Create Project’ S
22/3ict

23



New Project Wizard
Back Create New Project

Directory name:

Create project as subdirectory of:

~/Learning/Education Browse...

Create a git repository

Use renv with this project

Open in new session Create Project Cancel

+ 2 0t RStudio/RO| 2|3 CIZE2|S 2tQ) CI2E(2|2 M2 #5101 M RStudiot M2
AlBHEICH 02|10 ZEEO| SiY ZE0)| 0| TR2AMEZ CfE5l= OF0|2 Ib 0| 5Lt A4AEICt
9|0j| A exampleO|2t= T2 HE 0|28 %

5= 27| W20l oY ?{2|0f| exampleOlet= SH2F 1 CHO|
example.Rproj2t= Ol0|& ItYUO0| 2= ZIC},

24



[ NON ) < example

Hzjgton

7 Computer-Learning
B3 Learning

T Education
5 Writing [0 er-injury
O 2M 7 Neurology-Learning
© ORE:

12} seokbumko
A S8 Z20Y
@ AirDrop

& iCloud Drive

Macintosh HD

] & v me ) © v

A ag 7] 3% HaFt SFH a4
> BB example > R example.Rproj
> [ images >
> 7 medical-statistics >

£ Macintosh HD > [ At8Xt > @@ seokbumko » i Learning > @ Education > B example

*%x 0

°
E
h

=2 11—

AN —

1.3.3 RStudioOjjAM ZE2EXME 7|

02 D2 MES ESH= THYOILE 2= EAMY[0M o|HSE 2

1712] &2, 611.39GB A 7t

2lst™, O] IO

Rl 22 2 CIE(2|2 BH5HA RStudio?t AHEICY,

RStudioOfAl £ Z2HE= 2] YEH2= E - UCH

1. Y2 EAY], 9 ORI EH

£ 200t QO M LTS 00| 2 THAS S2UBHCY

—

2. RStudioO|M 2E% 2| Project Ot0| 25 S5t 2{ctH C|2E{2|S0| 22ICt 07| A &5t

= CIME{2|E ST

—

3. 0| 2|AE0|M E0[Z|

njeds 22I5HH E o

1.4 D42l 9IX|(Path, H=)

or=C}H Of7|A “Open Project-" & MEASIO] O|A M EHSt OfO|2

HHEOIA OfF TS 3| TUAAZO| OfE BT Q0] ZATICE AELL H0|Lt 0] TRlAlA

=
H2 ATLZ & LR (tree) LY 2 14

. 7 AT 822 (root) 7F RU12, 11 OH0j| o2 =Tt

25



U1, 1 =G otof o2 EH7t U= AOICH O] A|ARIOAM THUQ| 2|2 E Y M0 Cist A2
(path)et otct

=0 (folder) Lt C|&lE{ 2| (directory) & &2 == 7%l £0{0|C},

Stroke, Peripheral, Dementia o9_| EI:-|7|- U1, Stroke £E| oto|| Emb011c0|E'.f‘— £E|7|' OI_I_ 9
Ot0f| embolic.datact= S 7t Y= L RO0|C}

- ABC
- Stroke
- Embolic
- raw-data
- embolic.data
- analysis.R
- Peripheral
- Dementia
- Movements
- Headache
- Epilepsy
- NeuroOpthalmo-Otology
- DEF
- Hello
- World

0| 22 emolic.dataS ZE (root) C: 0| M A|2I6H0] 2H0F H= A 2= C:\ABC\Stroke\Embolic\raw-
data\ embolic.data’} EIC}

- O|HE F=R0NM=

- o
&
C

o >

24 \Z ALR3IO] Ci2tE{2|S PRIt
c:LtD: 9 22 0f3{ 7jo| RE ClzefalS Jaict

- O
a-

« HRO|A (macOS)O0f|A| /ABC/Stroke/Embolic/raw-data/embolic.data2t]l AFRSICY,

- Yoo AL ZEQ| 0|52 /2 BA[SIC
- L2 Zt0] P /2 BRI

26



Ol Z0| REO|M Al2t5t0] OfH It S H7|ot= 89S Zti 2 (absolute path)2fil St

_la
no
10
40
ﬁ
i
N
Jo
Q,E
rr
N
njo
0x
)
oy

2 (relative

O] B2 B2 dA Y L2 E 71222 O™
ME f=R/H20|A A GOl T 20 S 7|

path)2t1 StCt AT Z2E & AR35H7| 9l
Lot Ut

S SR
. .. B0 Cj2Eg

2|0 M analysis.RO|2t= T E0|M embolic.dataS HEYH HA|SR| 25 22} analysis.R
Ot raw-data 0= 25 Embolic C|HIE 2|0 S22 ZAHSICt analysis.R Y A0|A S
C|AIE{2|0f| = raw-data EEE 211, 1 0] embolic.datas 207t EC} T2tA O FR00|=
(UL A0 M &S24 = AFETICHH) . /raw-data/embolic.datact) MFEH E|= Z0|C}
ROIM 225 &2 He A= YA Bz U0||A HAOZ2 2= 20| EHZHO|CH fLfsHH A
POIM Az Hs2l4 S BATE QH0AM 224H 0| 0| CHE 2|07t A= Aseli+| 7t o EA JAtH=29|
Aseli4lE BAMNOF SHM F=eli+| = otLt B M A escaping= 3liOF 5t7| W2 0|Ct.

1.5 RStudio T2ME E{ L M3} 7|

D2HE Q0| M 27| 7t
2l5H= CHZ 5t =Tt

t

{0
o
rr

YAUZ Z2H 5= oM AFESHE ET CHEat 22 FEIZ 240

+ excel-data =0

+ clean-data =0

+ analysis-code =0
« results =0

+ images =0 -

excel-data Z0]| mtcars.xlsx2t= G|O|& O}YUO| UCtD 7Yl B2t o] MAS 11, 2NE
results 0| A&st= 0f|O|Ct,

library(readxl)
library(dplyr)
df <- read_excel("./excel-data/mtcars.xlsx")

result <- 4df |>

27



group_by(cyl) |[>

summarize(n = n(), mean_mpg = mean(mpg))
saveRDS(result, file = "./results/cars-by-cyl.rds")
Ot2! R 47| 2|0f| st 2GS HESHA| §4l, dplyr IH7|A|E AHETH CIOE] HEY 5SS 2SR &
UL ZHMIS| = A2 0] 2| YoM H0l= TP Q| 2Lt B A& OtUQ| 2IR[E A Y5t=
YYOICt
238 2E2 93iM 0l 2E7H st UL CrE T 2L
# Z 6t of7|x| 2
library(readxl)
library(dplyr)
# A mtels 2{0{2tA df Ci|o|E =& ol &
df <- read_excel("./excel-data/mtcars.xlsx")
head(df) # XM 6712 S Ho{=C}.
# A tibble: 6 x 11
mpg cyl disp hp drat wt gsec vs am gear carb
<dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 21 6 160 110 3.9 2.62 16.5 0 1 4 4
2 21 6 160 110 3.9 2.88 17.0 0 1 4 4
3 22.8 4 108 93 3.85 2.32 18.6 1 1 4 1
4 21.4 6 258 110 3.08 3.22 19.4 1 0 3 1
5 18.7 8 360 175 3.15 3.44 17.0 0 0 3 2
6 18.1 6 225 106 2.76 3.46 20.2 1 0 3 1
# 2t 9 O|F o2l <dbl> S22 sy L2 H|o|E Eflo|Ct.
result <- df |> # O| O|O|E{=2f| 0i| CHS}HO]
group_by(cyl) |> # cyl2| Zto| 2t IFE L1
summarize(n = n(), mean_mpg = mean(mpg)) # IEHEHZE J|FE ZI2ESt], mpgdl| H= Fot2t

# 71 ZAIOE resultl] SESHC}.

28



# H2 QUoZ £

knitr::kable(result)

¢yl n  mean_mpg

4 N 26.66364
6 7 19.74286
8 14 15.10000

# 11 ZIOE results ZE0|| rds TOWHoZ XZH

saveRDS(result, file = "./results/cars-by-cyl.rds")
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R M0 M 01 CIOIE S 2f(value)2til 5tal BHCH ROJAM Z2fe] SR0= ChEat 22 AS0| AU,

« RAF 1, 3.14 HY A= JHE YT
o
s

AtH: "stroke", 'peripheral' XY BAIE2 A2 H = 2

ofo
H
muju
D\J
=
R
H
ol
ol
o

Eﬂfmﬂé foﬁauf—

2t TRUE S T, FALSE [£ F {3 THSHE Q10| AFZICY.
7 7' NAZ BA[BHC}H

RIESZEO|AM ¢S Yot AEF|E 2 1 0| B2 24

— =

o
a

[1] 3.14

"stroke"

[1] "stroke"

TRUE

[1] TRUE
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240l 0|82 Folot= AS &Y (assignment) 2t 5l <- ALRIE AFZSHCt

ChE ZE&= 852t= d40| wt2t= 0|52 £0{st2, 1800 ht2t= 0|52 Y otCt
wt <- 85
ht <- 180

bmi <- wt / (ht / 100)72

bmi

[1] 26.23457

ROJA O] S TS W= LB R A2fstl, 1 0|20 ALt AHAZO (L) S €01A THEL.
¢z 0|5k AMEE = UM oAU EF HARE T ASCI ZEZ Afdst= 20| 7[=0[H.

TSOl|M AEE|l= AMAS0] 25 R[-E .

# AFR|OIAL
3+5

## [1] 8

5 - 2

## [1]1 3

5/ 2

## [1] 2.5
5 % 3

## [1] 15

31



# HEN=

5%%2
## [1] 25
572
## [1] 25
CHS2 H|W HAZL AE Of|O|C} H|w HALZ =2|gtS Btatstct

5> 3 # 277

## [1] TRUE

3 <=5 # &L} &7}
## [1] TRUE

5 ==5# Z27}7

## [1] TRUE

4 '= 5 # CIET}?

## [1] TRUE

2| HLER}
.'

=0l 29

H—|

UCE 1= OR, &&= ANDE 2|0|gtC}, Stz & |,
F2 AL SHCY,

LT

ol
rol

(5 >3) & (4 > 3)

[1] TRUE

(5> 3) && (4 < 3)

[1] FALSE

(5>3) 1] (4 <3

[1] TRUE

2.4 O XiM|EHLHE

O ZIM|St LHE& Advanced R, Chapter 2, Names and valuesS 20 5IC}

32


https://adv-r.hadley.nz/names-values.html#binding-basics

3 dlE{(vector) Q| 7|=

R 210l= &4 AlttS S50l £ HAIE A EA, Stte| 210l ofL 2t o =& 22 HE (vector)
2= CI0|H EfYS AlSettt 2& 47t OH A2 OtHA|2H &2 &450| HIEE Helg &
U= 752 ASetCt T2t R A0S & &&5H7| M= HEQt S0l 2 H|0[& 22|
(data.frame)2 2 0|5H5t= 20| L40|C}

O 7| M HIE{Of 2tsllA OfE A 21, O{EH A5t Sh= & H2 #30M 52 £F22 482
Sff LEZHL77E AAH 2% O|d 22IY S SO Sh=rtet AES € =5 US AOITh HAH 2= B0
Cf, AMOAM COHE oW EE2 HIOIHEY A2 HEE D, K{7|A HEE EHOtA AHESHA|
EICt

R HlE{= R 210{2| a4 C|O|E] 7£20|7| W0, Ol3lstl S=o| H&3HOF STt

3.1 HE| IS 7|, 57

R AO{Of|A] 34, 154, 'ksb' &2 StLIQ| t=% LZo| HEO|DY, O|Z A StLIC| ez & HEHE
atomic vector2t .= St}
EA= stLte| ZHECH=E o2 712 t 2

0ts M= c ) (combine) &4+E ALESICH =52 Z0OIE LE6iA 2™ £ICt O 53 5tLQ

“Ef2 0% T} 2212 AE5OF BiCt

— mn—

ujn
mjo
o
2
rE
=2
o
U
rr
ox
40
J

l

height <- c(167, 180, 189, 165, 176)
height

[1] 167 180 189 165 176
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HLE H4Z B HES BIS O -

ids <- 1:50
ids

2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

[1] 1

[26] 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

FAZ LY E HEE A HE (numeric vector), =22 (22222 FE HEHE 224 4l
ME| HIE{E 22Xt BlE| (character vector)2tl £2Ct 212

-
[= 2|

E{ (logical vector), 2AtE2 ¢ =
SteE ALESHH O™ EfQQ| BIE{QIR| & 4~ QIC}

—

typeof ()

better_than_this <- c(TRUE, FALSE, TRUE, TRUE, FALSE)

typeof (better_than_this)

[1] "logical"

pt_na_mes <— C("jl‘", |||_|_||’ nl:}_n, "El‘", |||:||_u)

typeof (pt_names)

[1] "character"

YoM gl = Ho[E{of 2=240| Sle 2 A2 gl

pe)
=2
>
Y
J
N
rlo
=
=
HU
=i
>
rok
a
>
Y
ol

my_vec <- c(1:7, NA, NA, 10)

my_vec
[1] 1 2 3 4 5 6 7 NA NA 10

CtE2 NAZH SO{2F 2AF HE{O[Ct.
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p_gender <- C("M", "M", an’ NA, NA, "F")
p_gender

[1] nMu "M" nFu NA NA IIFII

22t nak OOJE| EAOIN S4 SIS AL 4 UCH NAS JHAITL St QiA0| ZTHe ChRE 1A

2
=
2 2 2|g|7| if-20|C}

e A ROJA HIE{Of CHEE A4S 4
QIC} na.rm = TRUEZ 0{O0} O| NA

o
_o'ﬂ
rr
fim}
4
M
jte)
ook
-+
orr
=
=
i
B
X
el
_o'ﬂ
H1
J
_o'ﬂ
rr
ro
|
i
N
R
kI

]
=
o
0

kJ
-
1=
N
3

tol
rol
g\l
ro
mjo
N
X
kl
E
njo
1>
0g
rol
a

JE
m
i
=2
0z
|0
Hu
2
-
njo
_O'E
re2
o
=2
x
m
rlo
40

12101 U= 2712 ALkt

x <- c(1, 2, 3, 4)

y <- c(4, 5, 6, 7)

X +y

## [1] 5 7 911

X -y

## [1] -3 -3 -3 -3

x/y

## [1] 0.2500000 0.4000000 0.5000000 0.5714286
X %y

## [1] 4 10 18 28

X7y

## [1] 1 32 729 16384
(Zt=4 Lloiofe Y&0|7|= stA[2), HEE Hdst= el 77t THE R0, &2 J0M 2
2 U8 HS22 S0Vt 4= 7HAIAL &M 20 O YA S 74 AFESHA| A 312 =
=38&E AS € & ULL 0|FA ot 84S 2lA0I2 (recyling) 0|22l BHCE

c(1, 2, 3) + c(4, 5, 6, 7, 8)
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Warning in c(1, 2, 3) + c(4, 5, 6, 7, 8): longer object length is not a

multiple of shorter object length

[1] 5 7 9 8 10
0|22 L E0i|A CH32t 20| 2|AO| 2 S &I HM AHAtz|= Z 0|t

c(1, 2, 3, 1, 2) + c(4, 5, 6, 7, 8)

(11 5 7 9 810

c(1, 2, 3) +5

(11 678
NAZt SO{7HE oG E[=A] 2Af. NA= NAZ &|= A0| LHFZ20|Ct.

c(1, 2, NA, 4) + 5

[1] 6 7 NA 9

HE{2| 20| (length) 2t HE 24 Ji4-0[04, length ) S AHESIO] A 4Fettt.

my_vec <- c(1, 2, 3, 4, 5, NA, 7)

length(my_vec)

(11 7
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H*'E1°| QA= HE] QIO M 212|212 E St #E 0|5 S0l [H==]12| HEHZ AL EC REE =
HStCtH

FE Al

my_vec[1] # Z HHmM§ Zt

(11 1

]
4
ok
4>
<48
H
=)
=)
N
njo
e
4>

length() Bf+S AFESHH HE{Q| ZO|
UL

my_vec [length(my_vec)]
(11 7

3.5 "HlE{ A{EHAIEl(subsetting)

THUY 2~ QICt O|AS HIE{0f i A EAIE! (subsetting)

0
]

[1 QFof Cret MS 'EO0jA,
Ol ste, &3t &

x <= 1:30
X
2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

(11 1
[26] 26 27 28 29 30

2 LS 20l sl &S 4= ULt

[1] 10

10, 20, 30%HM 2LS SVARO| 74 &A™ O] YE S SiLEe| HWEHZ Ph=0| ISP o

'Python Zt2 AH0{= 0 E] A|2I5HC}
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x[c(10, 20, 30)]

[1] 10 20 30

otofl E0{7t= HlE
(exlusion)= 2|0|

x[-c(10, 20, 30)]

(1] 1 2 3 4 5 6 7 8 911 12 13 14 15 16 17 18 19 21 22 23 24 25 26 27
[26] 28 29

o
2
o
L]
re

£
m
]

i
|0
rg

E
ro
40
ﬁ
=2
<S)
rr
&y
ujn
njo
A
e

p'h
o
=)
N
or
rlo
oy
N
Pl
njo
r
i
_o'ﬂ
rr
1=
njo

[1] 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

x[x > 24] # 24HC} =2 Zt=0l

[1] 25 26 27 28 29 30

A7+ [0 ARZEICEL Ofshstof

r

ie)
Pt}
njo
uo
njo
fr
2
x
e
2
>
il
ie)
ol
=
0n
kl
|
nyY
_qﬂ
il

¢l 2t Hehel xoF 20[7F 2T 2US0| B2 LEEIACD a5t x Ol 0| AE 7HAL s2ts
0

=
@, TRUEO]| S S=l= 2L2HS 7HA| 2 2CA O|alshE E o,

CH32| ZR0= [1 etef BIE 7t Hhoj| = BB £ L} 27| T 20| recyling O] 24 StCt, 2 A TRUEZ}
2709| 22 U SE BA LIEILEY| W20 O|21 ZntJ} Lt2Ct,

x[c(TRUE, FALSE, FALSE)]
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[11] 1 4 7 10 13 16 19 22 25 28

[1 2tofl OFF A= 2| pf2® 0| A2 '2E (all) S 2| 0[5tet.

—

x[]

(1] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
[26] 26 27 28 29 30

[ 1]
i
Rl
0
rol
>
|T
p
om
oX
L)

A
%
Q! (_)|>

JE oQt
1

Ef: oy 2lzlel ¢!

Ef 20l OpojU £ aiE f1212] g2 A2

HA 2

+

L]
ol
-
=
-_ -
o
a

f=)

1o
2 vy oy 12
oX rr

0jo
|0

B H A oX
I'II‘ £Q |_
e qlp rr
Z 5

M
o
o
re

SE|: TRUES) 9I210] QU AES 25

Of L2 22}2| H0|E{E A= HIO|E{ 22| (data.frame) Of| M = EHEICE

—/

LY 7|2 <- SHY2= 20| 0] 2YS AHESIO] EfZl (target) & Yok, €Y 7|2 280 HiE ¢S

HA 2

™

(1] 1+ 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
[26] 26 27 28 29 30

# AHW 245 1012

x[1] <- 101

# 10, 20, 30EAM| 2AE ZtZF 100, 200, 3002 =
x[c(10, 20, 30)] <- c(100, 200, 300)
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11 12 13 14 15 16 17 18 19

9 100
22 23 24 25 26 27 28 29 300

8

3

2

[1] 101
[20] 200 21

I
o]

U+
Iy

[

o
| A2

O
—

AN
T

I_

= K
i B |

# 22 LH= 0| 09l,

x[x %% 2 == 0] <=0

13 15 17 19

11

3
0

0
21

[1] 101

[20]

29

27

25

23

0

2|20 LEHA

20
HA

TRAR{OI A 10 MY

x <- x[1:10]

3

0

[1] 101

5h7|

Ol OIS = E0iM AIE

d9Iz= o2

1

i’

=
=

11, b = 22, ¢ = 33, d = 44)

y <- c(a

11 22 33 44

O] £0i=|H, 1 0|F=

=
=

O[& 0]
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y[lldll]

y[c("a" , "C")]

a ¢

11 33

HE] (LSOl HIO|E| 22| DREV7ER| 1) 0f| O O|§SS 7RI A=A &Ql5t2{H names ) S

>

+EetCt.

—

names (y)

[1] Ilall Ilbll IICII lldll

| = 20| A A O|S = HHF = O AtE S 4~ ALY

P 3-10C

names (y) [2] <- "bb"

y

abb ¢ d

11 22 33 44
0] 7|58 AtE5t0] 230 O|F §{0] =AU HE O 0|52 FAHY + ULt

z <-c(1, 2, 3, 4
names(z) <- c("a", "b", "c", "d")

z

abcd
1234
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4 H|O|E{=|Q(data.frame) Q| 7|=

07| M= Re| 7t 2ot H|0|E =22t & 4~ U= C|0[E{ 2|} (data.frame) Of] CHSHA] 2 FSHC}.

ol

BN A TR CO|EIS £ABH0] AFBBHE Z2It BIOF ROIA A4 THUS 9t US £
27 EICh 0/ %4 IS QOB R CIO|EI T YR YCh T2hM M DAL i Wi

CO[E{Z2f Y of 7|=0i| CHoiAM =ME= S BICt

CtE A2 OiU0| «/Z C/AE{2[9] excel-data EHO|M mtcars. x1sx DU = ZAHSICE D 7HE ST}
LS L2 5510 A C{HIE 2]0f| excel-data SIS TS 1 20| A 4SHA}

Ad HoE 2L

4.1 AHQ o Ho{M EI|

O] ol S0] U= HIO|B = RS 22| I &M EYE|= mtcarsets CO[EE ALZ 250 A
Z0|Ct.

o
il

> head(mtcars)

mpg cyl disp hp drat wt gsec vs am gear carb

Mazda RX4 21.0 6 160 110 3.90 2.620 16.46 0 1 4

Mazda RX4 Wag 21.0 6 160 110 3.90 2.875 17.02 0 1 4 4
Datsun 710 22.8 4 108 93 3.85 2.320 18.61 1 1 4 1
Hornet 4 Drive 21.4 6 258 110 3.08 3.215 19.44 1 O 3 1
Hornet Sportabout 18.7 8 360 175 3.15 3.440 17.02 0 O 3 2
Valiant 18.1 6 225 105 2.76 3.460 20.22 1 O 3 1
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excel-data/mtcars.xlsx

R (& Python) 1t Z2 A0S Salf CIOIEE &MY AS Dafettt A4 HO[E7t O 422
ge||0fOF st=A| dzts At oM = B2 AFEA7E T2{5HK0| AFZAE RS HIO|E S
YA, ALhS 5, JefELt BS S0 & 4 UCE 2refol| stLie] A A[EO0|M O AS0
A0 A RY Z2 =F2 HOIHE 222 W A HOIHE H0E #I2| 53 M5 A1yl 5=
OfOf SIC}. IetM R 201 AtESHO 2ME H0|E= ttE 381 20| WES +de A= &ttt

- =S 20, (27] HotA|) 8l AS BSHL o] bt
- € 0I§S (&= 0| thel) LBl = g7k glo] ZHELE LS 0|14 S 2| 0§22
ALE3HOF 57| WiZ0f| CHA| B©HE 0| S22 B AL St 52| {0 Bad 4= AUt

« & PR AFE BRZ CO[E{ 7} A9 RIC
- HEl YEE= YO AEL TIUZ W2 Z2|ot)] AtESH= Z40] Lt
D mtcars.xlsx v Q ZM(Cmd + Ctrl + U)

E 4 32|  Holx|ojotr 44 clole]  AE  HIY|  HEER [mL RN @ 37 -
= ibri (22 c e | = = (8 & un v
7DV?|;V Calibri (22) Juo vy | = =3 ) ot ﬁv@V@ i vavv/C)V o
worwl o A A AV | HY|lOvR |, =E == | == Ev% 9 P Y zue EAM gaey 5] o ma wa = Copilot

gamc =2 25 2t Aety 4 #y 15 g
AL = fx | mpg

A B © D E 7 G H | J K L M N
1 |mpg _cyl disp hp drat wt gsec Vs am gear carb
2 21 6 160 110 39 2,62 16.46 0 1 4 4
3] 21 6 160 110 39 2.875 17.02 0 1 4 4
4 228 4 108 93 3.85 232 18.61 1 1 4 1
5 214 6 258 110 3.08 3.215 19.44 1 0 3 1
6 18.7 8 360 175 3.15 3.44 17.02 0 0 3 2
7 18.1 6 225 105 2.76 3.46 20.22 1 0 3 1
8 143 8 360 245 3.21 3.57 15.84 0 0 3 4
9 244 4 146.7 62 3.69 3.19 20 1 0 4 2
10 22.8 4 140.8 95 3.92 3.15 229 1 0 4 2
11 19.2 6 167.6 123 3.92 344 183 1 0 4 4
12 17.8 6 167.6 123 3.92 344 18.9 1 0 4 4
13 16.4 8 275.8 180 3.07 4.07 174 0 0 3 3
14 17.3 8 275.8 180 3.07 3.73 17.6 0 0 3 3
15] 15.2 8 275.8 180 3.07 3.78 18 0 0 3 3
16 104 8 472 205 2.93 5.25 17.98 0 0 3 4
17 104 8 460 215 3 5.424 17.82 0 0 3 4
18 14.7 8 440 230 3.23 5.345 17.42 0 0 3 4
19 324 4 787 66 4.08 2.2 19.47 1 1 4 1
20 304 4 75.7 52 4.93 1.615 18.52 1 1 4 2
Pl 339 4 711 65 4.22 1.835 19.9 1 1 4 1
o Lo 218 A 1201 Q7 27 2 ARK elaNak} 1 n 2 1
Sheet 1 +
. AE11 @ Jg HEM:ASTY s HH = = + 151%

O3 4.1: RS22 245X HO|E § A= Ast= 4% HIOIE = HO[E], HEIHO|E = HEIH
Ole{= Yelst= A0l Ft.

O| I}AUO| excel-data ZHO| mtcars.x1sxO =2 Q1 O|A| O|HE AU EXR}.
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4.2 RStudioOf|A{ Ml mal ol7|

ROil= QIE{HITHH AL O AT HO[E{0f| O{E|0f] AT OH E2 =2 £|0] YUH H|O[EE 8= =+=0
HEE AUCH
Aol S AFEO| Us WL THU-S 240122} RStudiolil= O|H S &2 &

Y0 AC
RStudioS &listal afs 24t

Environment History Connections Tutorial
= 7 Import Dataset ~ ” 24 MiB ~ & List ~ =

R - From Text (base)...

From Text (readr)...

From Excel...

From SPSS... Environment is empty
From SAS...

From Stata...

21 4.2: RStudio®| “Environment” 20| “Import Dataset” L2 SIAHE S2I6tC Of 7| A
“From Excel---" & ME4GICY

0] 7|52 readx10[2tE I7|X|S O|E5t=H|, 2rek A FFE{0f| O] ThF[R[7F H R =0 UA| EEHH
O] I{7|2| & C22Estets AUE 27 2 AO|C}. ER22E55t0 22ett.

“From Excel--"S 22|5t® 18 4.3 20| eI}, 0{7|A Browse- HES 22510 812 LY S
ZI0bA (A EHGITE

otof 942 off 237t g2 FS 1

N

A 0 Z0o| 2olct

mN

o171 HOIEIE 2 819t

| shoIsict. 22% offof 0] HYS AES S0 T ULk 0|AE
S2i=co| 2At0) A3

20
SOl AtEstH He| ST

017|M 2E% Of2fl Import HHES 2252 0| H|O|E{E mtcarseh= HOIHEH Y22 20 2Lt 0]
YYPS Ad Y 0| €2 0|F2= HO[H I Y22 S0 2L (Y=Hs|= tibbleO|2t= H|O[E

odue =2
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Import Excel Data

File/URL:

| | Browse...

Data Preview:

Import Options:

Code Preview: ]

Name: ‘ dataset

Sheet: | Default

vl Skip:

Range: | A1:D10

| NA:

0

| Max Rows: :I First Row as Names

Open Data Viewer

library(readxl)
dataset <{- read_excel (NULL)
View(dataset)

(2) Reading Excel files using readx|

g 43

45

Import | Cancel



Import Excel Data

File/URL:
~/Learning/Education/example/excel-data/mtcars.xlsx Browse...

Data Preview:

mpg cyl disp hp drat wt qsec Vs am gear carb
(double) (double) (double) (double) (double) (double) (double) (double) (double) (double) (double)
21.0 6 160.0 110 3.90 2.620 16.46 0 1 4 4
21.0 6 160.0 110 3.90 2.875 17.02 0 1 4 4
22.8 4 108.0 93 3.85 2.320 18.61 1 1 4 1
214 6 258.0 110 3.08 3.215 19.44 1 0 3 1
18.7 8 360.0 175 3.15 3.440 17.02 0 0 3 2
18.1 6 225.0 105 2.76 3.460 20.22 1 0 3 1
14.3 8 360.0 245 3.21 3.570 15.84 0 0 3 4
24.4 4 146.7 62 3.69 3.190 20.00 1 0 4 2
22.8 4 140.8 95 3.92 3.150 22.90 1 0 4 2
19.2 6 167.6 123 3.92 3.440 18.30 1 0 4 4
17.8 6 167.6 123 3.92 3.440 18.90 1 0 4 4
16.4 8 275.8 180 3.07 4.070 17.40 0 0 3 3
17.3 8 275.8 180 3.07 3.730 17.60 0 0 3 3
15.2 8 275.8 180 3.07 3.780 18.00 0 0 3 3
10.4 8 472.0 205 2.93 5.250 17.98 0 0 3 4
10.4 8 460.0 215 3.00 5.424 17.82 0 0 3 4
Previewing first 50 entries.
Import Options: Code Preview: (]
Name: ‘ mtcars Max Rows: 4 /| First Row as Names library readxl
Sheet: | Default o] skip: 0| (Z1Open Data Viewer mtcars <- read_excel("excel-data/mtcars.xlsx"
Range: ‘ A1:D10 NA: View(mtcars

?) Reading Excel files using readx| Import Cancel

a 2

oM
B
B
12
nz

e

ol
= 21

ro
ro
o>

T2 A, ASHQ HoH I Y S Zotet FEHQ| HIOIE L2 YOITf). OfA R M40 mtears
2te SOl Lo 0] 2SO0 KLt

4.3 HIO|E{ =&

Clo[8 +=0[C}. ChE2t 20

R G|O|E{Z2f|Q (data.frame) 2 A A|EQ} H|SH 23
2 ISiA, o] Ho[H XY=

oz
CIOIHE YHAUS W tibble HO|E{ Y22 X Ys5t= O 28BS
UECH OIS 2 df 2 HEOh).

%o dﬂ

library(readxl)
mtcars <- read excel("excel-data/mtcars.xlsx")
df <- as.data.frame(mtcars) # J2{2Q| H|O|E =8|z HE

head(df)

mpg cyl disp hp drat wt gsec vs am gear carb
121.0 6 160 110 3.90 2.620 16.46 O 1 4 4
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2 21.0
3 22.8
4 21.4
5 18.7
6 18.1

« str() =
(observations) 2t 11719] #H4(B) 2 80 1L, & 0| ZAH (num) 2= £ Att=

6
4
6
8
6

160 110 3.90 2.875 17.02
108 93 3.85 2.320 18.61
258 110 3.08 3.215 19.44
360 175 3.15 3.440 17.02
225 105 2.76 3.460 20.22

, O B B O
O O O -

—

A
o 4 Qlct,

str(df)

'data.frame':
$ mpg :
cyl :
disp:

hp

drat:

gsec:

vsS

$
$
$
$
$ wt
$
$
$
$
$

num

num

num

. num

num

. num

num

. num

. num

. num

nrow(df)

[1] 32

ncol (df)

[1] 11

32 obs. of 11 variables:

21 21 22.8 21.4 18.7 18.1 14.3 24.4 22.8 19.2 ...

6646868446 ...
160 160 108 258 360 ...
110 110 93 110 175 105 245 62 95 123 ...

3.9 3.9 3.85 3.08 3.15 2.76 3.21 3.69 3.92 3.92 ...

2.62 2.88 2.32 3.21 3.44 ...
16.5 17 18.6 19.4 17 ...
0011010111
1110000000 ...
4443333444 ...
4411214224 ...

47
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dim(df)

[1] 32 11

names (df)

[1] "mpg"
[11] "carb"

"Cyl" "diSp" "hp"

- CIO[E{Z2A0M o &

C|ZEE 6742

head (df)

ol
o

I
=3
=

mpg cyl disp hp drat

21.0 6
21.
22.
21.
18.
18.

o o W N e
= N b 0 O

6
4
6
8
6

tail(df)

mpg cyl
27 26.0
28 30.
29 15.
30 19.
31 15.
32 21.

DA O N 00 B
R T T

160 110
160 110
108 93
258 110
360 175
225 105

N W w w w w

disp hp
120.3 91
95.1 113
351.0 264
145.0 175
301.0 335
121.0 109

.90
.90
.85
.08
.15
.76

W W W N NN

drat
4.43
3.77
4.22
3.62
3.54
4.11

o
=2
Bo=3

=
=
[

g

wt

.620
.875
.320
.215
.440
.460

.1
.5
.1
.7
.5
7

N W N W, N

"drat" "wt" "qSGC" nyg" "am"

= head ()

Z0|Ct.

2 EE22 8 (e tail

gsec vs am gear carb

16.46
17.02
18.61
19.44
17.02
20.22

wt gsec
40 16.
13 16.
70 14.
70 15.
70 14.
80 18.

o o oo © N

, O Br B O

vs

, O O O ~» O

4

4
4
1
1
2
1

O O O B B K
W oW oW DD

am gear carb

5

Y Y Y Y
N O O A NN

5
5
5
5
4
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4.4 CIO|E{ZHYS HEE Stz B2 A

ol

El[o]]= pate([PIEC 1it% HIEE MYUM 23922 BLE Zi0|2t 2 £IC} stLte| e E - sh= 49|
§|o|E{ E}QIS Zr0tof st=0| (homogeneous), HIO|E g2 4 ot= BB = EIQO| Eete

é*%ﬂlif(heterogeneous).

atomic vector

= gcalar 1 "abc" 3.14
2%t exte 2%t
vector — 3 5 1 4 9
numeric vector: 1xt&l
3 "a" | 165 | 76 "E"
2 "ot | 187 | 77 "
9 e 160 | 56 "M"
7 "t 155 | 73 ™"
data.frame GlolEIZaIQ 2712, CIZ Efele] HE|T E3 THs
43, 5% | ”

3 4.5: R AAOI|M 7+ sy 4l HOo[E] =

USS cO 42 ZOtA stLe| HIE 2 0FF A1} Z20[, data. frame () O|2t= &5 ALESH0] HIE
S2 siLio| ElojEiZ2|YoR 22 4 Uct,
id <- 1:3

p_name <- c("A", "B, "C")
p_wt <- c(90, 76, 67)

p_ht <- c(185, 179, 160)

p_df <- data.frame(id, p_name, p_wt, p_ht)
p_df

id p_name p_wt p_ht
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1 1 A 90 185
2 2 B 76 179
3 3 c 67 160

O| XS StLie| HO[E X Y22 F2S 4 U= OlF= 4712] #E Q| Z0|7t 25 30|7| TiZO0|Ct.
HEIO M= [12ts AEst QIElY YE 22 2ol 23UCE HOIH I Y 22 YE22 5iE CO|
— o
— =

7tA[2 = 4 ULt O Y|l THa LOor=E At

-« B $S ALESHE YOl A Ch32 20| Ho[B{ =8| 2l 0| E$H 0| E0[2t= EY S AESHO]

o

CllO[E{Z2f YO M B S 72|22 = 4 UL

ol
r
o)

p_df$p_wt
[1] 90 76 67
QF MOl M A HO|E{=Z Bh= af G|O[E{ Z& YoM mpget= H4E 7HA|L = U ChS2t 20| A
sict

df$mpg

[1] 21.0 21.0 22.8 21.4 18.7 18.1 14.3 24.4 22.8 19.2 17.8 16.4 17.3 15.2 10.4
[16] 10.4 14.7 32.4 30.4 33.9 21.5 15.5 15.2 13.3 19.2 27.3 26.0 30.4 15.8 19.7
[31] 15.0 21.4

OfE 4~ glOf HIOIE{ Z2f| Q| B 0| 0| E[of2A7] UCET JHYah 2Af. HE{OM gte| OIS B =
I_

F22t 20| names ) S LY 2150 SO0t 0|FS HiE o UL

names (p_df) [4] <- "&X} F|"
p_df

id p_name p_wt EX} 7|

1 1 A 90 185
2 2 B 76 179
3 3 c 67 160
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Ol & dR0l= tE2t 20| HSHS AFE3HOF SHet.

p_df$" g,xl_ 7 | "

[1] 185 179 160

4.5 []1 EE= [[11E AT MEAME

WEfo] MEMEIS CHE T CHS T} 20| HRIUUCH
i 12 A3 MEsE e
+ LISl Fa, B A HEL: ST 91219 2
. 29 W4 T Y4 HE] 9ol Dfo|LIA: T 2II0| 22 A9l
« OFR AL QIS All
. 2a|0l T £2]ol ME|: TRUES| 913/2] QU YIS 22
O Y2IZ 23H2 HE{O B 4 QICH CIOF (8, 213 20| RAOL2M 0| 2} Yol ZAS
CHEA| 2138 4 UCHs Zo| of=ct,
T o7 CH2 H2 HEIO| AL 20 0|52 EOIN ALESHE Z27t 27| G20 [ ot AA
£21S 0| ALBBIAIT, ClO[E T2 Q0| FROIE B2 BE ¥ WS AIYAS, A2 HE A 0|52
Abgsict
CHS RES 23} 0| F20| #o| 2212 & R20| 81 Y2 £l0f YoM “RE 'S ojojsict,
12D €Ol 20| "mpg” 2= B 01SS FUCH TS JZO2 B mpgr2hs HO| S IHAD
QL BE #o| 22 71D 2ot Fojct

[1] 21.0 21.0 22.8 21.4 18.7 18.1 14.3 24.4 22.8 19.2 17.8 16.4 17.3 15.2 10.4
[16] 10.4 14.7 32.4 30.4 33.9 21.5 15.5 15.2 13.3 19.2 27.3 26.0 30.4 15.8 19.7

[31] 15.0 21.4

CHS2 "mpg" 2t BOA 1RI0|A S5 A7t2|Qf ZLTF 7FR|1 22t= L0t



df[1:5, "mpg"]

[1] 21.0 21.0 22.8 21.4 18.7

CHS ZR0s "mpg”, vt S 7LD = 1HI0A 5#17HR|9 Bt 7|1 @2t o] Eict.

—

df[1:5, c("mpg", "wt")]

mpg Wt
1 21.0 2.620
2 21.0 2.875
3 22.8 2.320
4 21.4 3.215
5 18.7 3.440

CHS2 p_af Ol A 3R MOl g5 H=r|, E 20| 8l HEjo]7| W20 “2& Z70| FLf.

12 —

p_df[3, 1]

id p_name p_wt =X} 7|
3 3 c 67 160

df[4, 10]
(1] 3
FO| 7 ZTHEH AtY AL 227t O W= StLte| €L (atomic vector) 7F £ 11, O HL20=
HE, 0 FR0l= 22 CIO[H IS FAITCL 0] FF=2 A& Hig e go7tal, LSO
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5 R @HE{(factor)

Ol gl2f £ B A0 S0 LS AAO{EH, EHSO|M CH2E 718 22| 8 (categorical)
I S 95t 45+ Felo| HEIS 2B

£ EAS0|M= (*otct 234 Ct27]= 51X 8 scales of measurement= CHSt 20| Z2|

r

« Nominal Scale

- (“ilﬁahl “EH}_E'”)’ (n|a|.1|_”’ “O:IXI'”)’ (“%’AH%I‘” “HI-AHsl'Zl e%'.%”)’ (“i

R
fol
&
m
XN
62
0o

oin

+ Ordinal Scale
- Cancer stage, At3|EA|AQl 2, & &=
+ Numerical Scales

- AZ, Lol S

—
Of A= 217t 2E57| W20 £ S25IC.

- 2 EAZF: percentage, proportion
FQ okure: contingency table, bar chart

« Ordinal Scale

|2F: median
OF Bt contingency table, bar chart

+ Numerical Scales

- 2 EAZF mean, var?} sd
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Fo
FO

2
o

& histogram, box plot, frequency polygon, scatter plot &

O[2 82 R AO{O| M= S25tCt. Of7|0|M 7t 12|d H4-S BH5HY| 2/ R HE] CO[E] EFY O]

5.1 22Xl {2} ZHE{(factor)

OlN

LHZ AFE9 ENE “sz free”, “more_than_fifty” 0= 50%), “less_than_fifty” (< 50%),
“no_response” 2 L2 SHCH D HZ2H5H E A

20F2o| 217} Crgat 2Tl SR AL

treatment_effect <- c("sz_free", "sz_free", "more_than_ fifty", "less_than_fifty", "less_than_f:

treatment_effect

[1] "sz_free" "sz_free" "more_than_fifty" "less_than_fifty"
[6] "less_than_fifty" "no_response" "sz_free" "more_than_fifty"
[9] "less_than_fifty" "less_than fifty" "no_response" "sz_free"

[13] "more_than_fifty" "less_than_fifty" "less_than_fifty" "no_response"

[17] "no_response" "sz_free" "sz_free" "more_than_fifty"
A|F treatment_effect HE= ZAtE BIE{O|C}, O] MEHEE 7|2 Altt 2 7tsStet o E S0
R

7t 71|29t A7 |0l SHTEls WA FH2Els] B2t o] HS contlngency tableO|2t 1 BT},
(m]3

Of table() &4= 0|2 contigency tableg BHS0| &= &t4=0|C},

table(treatment_effect)

treatment_effect
less_than_fifty more_than_fifty no_response sz_free

6 4 4 6

0|2 HI&fe = oft J2jX (bar plot) & BtE &+ UL

barplot(table(treatment_effect), col = "orange3")
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0 1 2 3 4 5 6
I

less_than_fifty no_response  sz_free

| Zzrolf 23 O] H|O|E{7t 74| 1 U= &AM (ordinal) &
0 AL OIEJ A E il 25t7| flsiA= O HEIS HE, £3] ordinal
o|0|7t A= HH (factor)i =012 227t AU

CtS 22}Y HIE]| treatment effectS factor() S-S AFRSI0] E|Z CHE R}

o

Ct.

treatment_effect <- c("sz_free", "sz_free", "more_than_fifty", "less_than_fifty", "less_than_f:

treatment_effect

[1] "sz_free" "sz_free" "more_than_fifty" "less_than_fifty"
[6] "less_than_fifty" "no_response" "sz_free" "more_than_fifty"
[9] "less_than_fifty" "less_than_fifty" "no_response" "sz free"
[13] "more_than_fifty" "less_than_fifty" "less_than_fifty" "no_response"

[17] "no_response" "sz_free" "sz_free" "more_than_fifty"

r°|'

R QIO{0l|Af OfH TEL7} 23 4 QU 3HE0| RS 1 ME(Q| M levels) 2t BTt 12| 1 242
o (e]

(I
CHE 2 20| factor ) 0| A levels2t= QUAIZ A|Ye 4~ ULt

tx_factor <- factor(treatment_effect,
levels = c("sz_free", "more_than_fifty", "less_than_fifty", "no_response")
)

tx_factor
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[1] sz_free sz_free more_than_fifty less_than_fifty
[56] less_than_fifty no_response sz_free more_than_fifty
[9] less_than_fifty less_than_fifty no_response sz_free

[13] more_than_fifty less_than_fifty less_than_fifty no_response
[17] no_response sz_free sz_free more_than_fifty

Levels: sz_free more_than_fifty less_than_fifty no_response

o USS HOM S22 2f¥E Yot (20lgls)

levelsE factor() &40 S
=M7t 22512 &2 245 nominal data2t® O] 2SS
o

A| 45
LIl =Mof| T2 ECh g8 20

et FLh otA|2F 240 20 M LS FAISHAH levelss A[Yots A0| FCt.
LolM HE{E S 245 ZHE B, OF2| 0] “Levels: "7t EQICt O|AS EC{2te Of #H471 THE{O|

’ —
HolH USS & 4 UCk E OfF TE| HE(S| WS SHOIT Th= levelsO

levels(tx_factor)

[1] "sz_free" "more_than_fifty" "less_than_fifty" "no_response"

O|A| HE{ 2 AHCHZ BHALL[7F, CHA] contingency table2t bar plotE 2HS0{ 24} 2{0| EAHE
BIE|2 A|SHHE Z0tS 1 H| D6l B 2|29 &2t & (order) ol et 2|7t 2|45 levelso|
gy J2jI 7t BHEO|R|= 24 Eolst

A
—
o

CHetM B2F 2|1, kol 4= QUCt.
table(tx_factor)
tx_factor
sz_free more_than_fifty less_than_fifty no_response
6 4 6 4

barplot(table(tx_factor), col = "steelblue")
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sz_free more_than_fifty no_response

0 1 2 3 4 5 6
I

5.3 ¢ #10g XI&

RO| 76| 12|Y H|O|E{E HA|SH= TE] (factor) = W 2= OFF W22 A2 CH7t 4= ULt O]
O] |0 A EHSH 7|2 Z O|afiot, HE{S AtESICE Z22tst 24|71 7|H forcatsete MEHE

U222 UR= I7[R[7tigol 2 4= ATt WE{RL O] IfF | 2| AtE Y2 T2 At=20f OfF 2 HF &[0
Oll:l-
AN .

« R for Data Science (2e): 164 Factors
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https://r4ds.hadley.nz/factors.html
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R ®10{0j A 2| Control flow,
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—

Of ol A

Ct. J2HAM ArEAF o
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A 2T}

=
=

ol
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70

F

=

1o

oo

_)l_
Ul
od

uj

Af

o0

i
il
I+

M

Ki

SiCH Q2

712 Ho|Ef2 At

=2
=

R &10{= HllE{ (vector)

A2, d2fe 718 EeY ot

UL

6.1.1 if/else &

if 2 (statement)2| 28 C}22} 2Tt

ZZA0| TRUE®Q!

<0

]S

of 21t

0=
—=

OfH AtEe| LtO] Ci|OIE{ 7t US [ O] 240 50 0]<fO|P 50 O] 4f0[2t1) SATIE=F

age <- 67

if (age >= 50) print("50 O|Af")

"50 Ol)é)}n

## [1]
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# [1] "HAIE 2A=

ol

¢l 0= age >= 500] TRUEO|7| {20 1 T+F print () &0 HHE| UL}

age <- 45

if (age >= 50) print("50 O|At")
print ("AAFS 22 & ")

## [1] "AAME 2AEE."

40

| Z0lli= age >=500| FALSEO|7| W{20]| print ) 0| M3H=|Z| o1 Ht=Z TS E40| MHECE

OIHJOHE 50 O| 40| 50 O|4f0|2t1 S 5tal, 50 £Lt 212F 50 O H =
Of 2C}. age >= 500| FALSEO|”7| T} 20f Z &M print ) &5 HAHE|A| %12 LS print O 20
g

=
ji
u
kJ
1
1
ol
H
rr
kU

n> e
o

inl

—

age <- 45
if (age >= 50) {
print ("50 O|At")
} else {
print("50 O|2H")

[1] "50 D||:|I_|.n

HEfotel 2t St O & S0 £20{7t 70 0|4 0| pass 0|1l 70 OJ 2t

scores <- c(78, 67, 80, 90, 83, 59)
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Of 2k

njo

HIEIO 2 Pass, FailZ & MER HIEHE 0HS0 EZ}.

pass_fail <- ifelse(scores >=70, "Pass", "Fail")

pass_fail

[1] "Pass" "Fail" "Pass" "Pass" "Pass" "Fail"

FE= O30 20| THAER 4 2sHof Bict

rr

d0
o

HZ ifelse St9| 2 HHRY QIZ}J} scores >= 700|C},

scores >= 70

[1] TRUE FALSE TRUE TRUE TRUE FALSE

O|F | 2H=0{2 MBS 72|11 ifelse () @47} TRUEQ! 2|2|0f= "Pass" ¢f2 2, FALSEQl 2|2|0f=
"Fail" {22 ATt

ifelse() &= U0 T2t GIO[HE 2722 U=

wf He|otA ARZEICH 2o, O Zfof
2l "mild", "moderate", "severe", "catastrophic" 0|2t Lt+

ruru&l'_

= A ™ 37| O| 422 OAF3¢
LRIt e BR0|= dplyr If7|Z|Q| case_when() & 112{3tCt. A general vectorised if-elseE
2t 5tCt
6.2 g5

2=
}
O] 242 tlo|E 0| Z&E 2SS St HUA v(0| 52 BIEH2 e 4 U)ol €5t U=
IR BRHES 7R O LS o o A ottt H A AUS VAL M DS 5k, A TE2 F
HAY S 7HAD 2bM LS 5ta, O BE2 M A S 7HA 2L bM Y-S STt & 0|0 2ICE
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https://dplyr.tidyverse.org/reference/case_when.html

|,

ofi

Z 7tEst o 2, 2SS S LM 235t

’

.

for (i in c(1, 3, 5)) {
print (i)

}
(11 1
11 3
[1]1 5
082 £2 TE & Ot for2 O[3HE 57| 2o AHESIC
HIE{E OtE= Z0|Ch vector ) = Bl HIEE THECL
i~2) PEZ E31A 0] HIE{0f ZHS0| 27}EICt

result <- vector()

for (i in 1:10) {

10M 107FA] = A&

for &

5o Mz 2
OtY| M result <- c(result,

result <- c(result, i~2)
}
result
[1] 1 4 9 16 25 36 49 64 81 100
At 2o 20| 5t ZEo| 2840| Bo{z|1, FAULEL ZES THE AHFFS0| B3 W FHE
Sted1 Sh=2| Olsish= 20| ElA| gLt 7h=-g0[ BOJRILt R &10= #E Sl (vectorization) S 7|&
S 2 AESH| W20 ChEt #0| x~2 ZES Sofl i x2f 2t 249 gtS Algstets o= g
A5t JATCt TI2HAM R AO{0|M = for £0| Rt HS 0[2F 22 YA 22 V5| ot ¢
d2tste A0| HYELCE
x <- 1:10
X
## [1] 1 2 3 4 5 6 7 8 9 10
y <= x72
y
##  [1] 1 4 9 16 25 36 49 64 81 100
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6.2.2 O XIM|SH LHE

« if & &&A: Conditionals and Control Flow in R Tutorial

« for & ' A Loops in R Tutorial - Usage and Alternatives

6.3 ALSAL ol &
ROIA AFE2 AL HO| Bt 8 DIE = W2 Ch3at 2Tt

func _name <- function(@lX}1, 9@IX}2) {

=
o=

HO !

2 08 01| ()% |E10] O
He (0152 ALEA f% CH= o) ol €Yot func_nameO|

T12HM LS B x yE'—f Oj2t0lE S 712122 U2, OFA|9F BG40l x + yOIM Of g{0] et+5

my_sum <- function(x, y) {

Xty

}

my_sum(1l, 5)
(1] 6
Python @101 & BF2E7E2[0] 2|2 R A0 A O ghe= (1) 442 BHatstALE (2) F4-E 2t (side effect)
£ & 5 Ut O FR0s 2704 25 5= 49= Ut 74 2ite 2= g@eE 7822 1
2|F0f| ks F= AS Lt 23, Ho[EH|0|A 7|5, EREY S5 Lottt 2 J0FE= ¢ro|Ct
e StLtef gfRts Brakel 4~ QUCH BFeF O3 il ghs trete BRIt A= 4R0e OlAS2
SILIZ FOJA L] HE| 2 BHetA|7|H Tt #E = StLtel 2L0[7] W20|Ct
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https://www.datacamp.com/tutorial/conditionals-and-control-flow-in-r
https://www.datacamp.com/tutorial/tutorial-on-loops-in-r

WS HEetl £ B2 s e &4 7124 StLEYL base Re| 5| AET A

CHE Ol 24t

# ool =

stroke df <- readRDS("./data/stroke df.rds")

head(stroke_df)

id gender age hypertension heart_disease ever_married

1 9046 Male 67 No
2 51676 Female 61 No
3 31112 Male 80 No
4 60182 Female 49 No
5 1665 Female 79 Yes
6 56669 Male 81 No

Yes
No
Yes
No
No
No

Yes
Yes
Yes
Yes
Yes

Yes

work_type

Private

Self-employed

Private

Private

Self-employed

residence_type avg_glucose_level bmi smoking_status stroke

1 Urban 228.69 36.6 formerly
2 Rural 202.21 NA never
3 Rural 105.92 32.5 never
4 Urban 171.23 34.4

5 Rural 174.12 24.0 never
6 Urban 186.21 29.0 formerly

# S|AEZY DHS|

smoked
smoked
smoked
smokes
smoked

smoked

hist(stroke_df$age[stroke_df$stroke == "Yes"],
main = "Patient Age Distribution(with Stroke)",
xlab = "Age",

ylab = "Frequency",
col = "lightblue",
border = "black")
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Patient Age Distribution(with Stroke)

o
o p—
—
- i
£ o
S © 7]
o
8 p—
LL
o
~N r____r____
o —
I I I I I
0 20 40 60 80
Age
flet 20l 3iM S|IAETMS 2 & U=, 42 0|FA St= A2 hist O
FAlstE AOIE hist O &E El(bin)S 5t 1 20| £ok= 24S2] i
Z0|Ct. O] YESO| &4E ¢S Lot EH & & U = ULt
hist_info <- hist(stroke_df$age[stroke_df$stroke == "Yes"],
main = "Patient Age Distribution(with Stroke)",
xlab = "Age",
ylab = "Frequency",

col = "lightblue",
border = "black")
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Patient Age Distribution(with Stroke)

(@)
o_
—
7]
e
o
.
3©
O
w_
S
LL
o _|
“ —
o_

Age

hist_info

$breaks
[1] O 10 20 30 40 50 60 70 80 90

$counts

[1] 1 1 0 6 15 49 49 105 23
$density
[1] 0.0004016064 0.0004016064 0.0000000000 0.0024096386 0.0060240964

[6] 0.0196787149 0.0196787149 0.0421686747 0.0092369478

$mids
[1] 5 15 25 35 45 55 65 75 85

$xname

[1] "stroke_df$age[stroke_df$stroke == \"Yes\"]"

$equidist
[1] TRUE
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attr(,"class")

[1] "histogram"

? 07|M counts2te &4

hist_info$counts

15 49 49 105 23

6

0

(1]

™

1o
= —
o

ol
K0
wjr

ol

-

o
160

ol

ioll
-,

tLkel HI0E =

5}

R A0 M= &7t

ojru

2|AEZ), sapply O (

=
=

| CIOIH EIRIS

HIE| S0

Of L3 2 HIO|E{ Z2{ 0] U= M, O] HIO|E 22 S +d5t=

sapply(stroke_df, typeof)

hypertension

age
"double"

gender

id

"integer"

"integer"

"character"

residence_type

_ work_type

ever _married

heart_disease

"integer" "integer" "integer"

"integer"

stroke

smoking_status

bmi
"double"

avg_glucose_level

"integer"

"integer"

"double"
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# QO i
g_vars <- c("age", "avg_glucose_level", "bmi")
stats <- function(x, na.omit=FALSE) {

if (na.omit)

x <- x['is.na(x)]

m <- mean(x)

n <- length(x)

s <- sd(x)

skew <- sum( (x-m)~3/s73) / n

kurt <- sum((x-m)~4/s"4)/n - 3

return(c(n=n, mean=m, stdev=s, skew=skew, kurtosis=kurt))
}
# U™l HEE FEtA, “stats'2t= &8 M ESICt.

sapply (stroke_df [q_vars], stats, na.omit=TRUE)

age avg_glucose_level bmi
n 5110.0000000 5110.000000 4909.000000
mean 43.2266145 106.147677  28.893237
stdev 22.6126467 45.283560 7.854067
skew -0.1369789 1.571361 1.054695
kurtosis  -0.9920009 1.675830 3.355423
ozt Aoz B2 Yst=s AS g4d Z22Y0[2ta §Lf. purrr I{7|Z[= R g4d 222
YS A Yst= 28 W7 |A|0|C

6.3.2 o XIM|SH L

« Advanced R 20f g~ Z2 2 Y0f Ciet 2FO0| ZfM|S| £[0] ALY,

+ R for Data Science(253)0i| &4 =0 Y= &S A Y2S=2] S0 2t 2|5
SE et
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https://adv-r.hadley.nz/functionals.html
https://r4ds.hadley.nz/functions.html

7 R package 7|=

Z 2{Ch 1 #AIS HE base RO[2LD B2C} RO 714 2 FHO| SiLt= 0] base RO
=
2

O IH7| 2= R AFEAIS0| 7HES .25 7
22,251709] Ti7| |7} SEE|0] UCE O] A2 A S5 A0 22tstht. ASE Sol= o &
7|2 S0 ULt J2|1 ¥ o &

2{g0f H0]A RS 22|51 OfH 7| X7t BTt Y2tsl Eat, Ofefi 7| XS 225t AtE

st 2HHS ZHEHsiCt,

1. UEHUS SatiM CRAN S2| AIO|E0A 226t If7|X| S HH22 =6t
2. R ME0AM 1 IH7| 2|7t ERotH 2E5

7.1.1 7| K| AX|

RStudio= TH7 |22 M| B2|ste 242 HBBICH “Packages’2He 28 Al

i

Ct.

RStudio= I{7|X| & C}22EE CRAN AO|EE C|EEZ X|H3BIC} “Install” 2I0|AM CIRR2ESH
I§7|2| 0|22 UAFIH 2522 L ZAFEE{0]| M2|EC}

Of R I{7 |27t H=22 e e|= ERE SotA| §Ch 232 L& 7| R[S 2|E&5H0] 7HEEl=

AL gt 02 12 728 £ 0}2{0f| Install dependencies’} CIZEZ A3 X0 QUCt 0|2
B2 1 2|E5k= W7 = eA A= 7| W20 =0| AEs BEe= it

'HE .1ibPaths() 2}
20|7| tjZ0f| FA|5

3:.—1‘—% AAsto] FR 101|*‘| ﬂH9|7<|7f AMYE XS HE 5 U, O AS AMES L2 Aol glE

I rr
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https://cran.r-project.org

Files Plots Packages Help Viewer Presentation — (=]

Install (@ Update |

Description Version
System ._I.rl.sm. i

abind Combine Multidimensional Arrays 1.4-8
advr Advanced R 1.0.0.9000
airports Data on Airports 0.1.0
anytime Anything to 'POSIXct' or 'Date’ Converter 0.3.11
arrow Integration to 'Apache’ 'Arrow’ 19.0.1
AsioHeaders 'Asio' C++ Header Files 1.22.1-2
askpass Password Entry Utilities for R, Git, and SSH 1.2.1
assertthat Easy Pre and Post Assertions 0.2.1
babynames US Baby Names 1880-2017 1.0.1
backports Reimplementations of Functions Introduced Since R-3.0.0 1.5.0

12 7.1: Packages ZH0l|A Install 0|55 225t}

-1
Install Packages I

Install from: ?) Configuring Repositories
[ Repository (CRAN) V]

|
Packages (separate multiple with space or comma): !

gtsummary

Install to Library:
[Library/Frameworks/R.framework/Versions/4.5-arm64/Resou v

v!Install dependencies

Install Cancel |

02l 7.2: BE Z7HHI710| CHR2ES IH7| 2| 0|28 Q121513 S20H2 057t £QICt sHY Ij7 | 2|2
MEHSE D, Of2l Install HES 226t

ol

=

69



7.1.2 {7 |X| A

O|FH 22 EE IH7| A S ArEotAt & W= library O 84S AtEStL). o4 2H0f| 7| 2| 0| S
MAH ECH OZHZ 0 &1 0[] §0t= &t

> library(gtsummary)
12|20 R If7|A|S2 At YHO|EECE O3 a8 7.10|M “Update”E 225t CRANO| S&&
o

5]
7| 2|2 B2t L HREO A IH7 |22 HHS M2 B|usHo] YH|0[EIF B2 7|52
S22 20F0

7.2 Of'H Ii7|X| & ALEE ZQITI?

+H2 RI7|AS0| U= O7|M O AS AESHOF 22| 25 4 Tt 22 H2 OfLZARIT RS
SFot1 AFESICH 2 U2 S| 2t 228 HAHO0[L ChatGPTOAH| &3 S

7.3 0|E &7ZHK(namespace)

MZ THE AAHE0| cal_abc ) 2= BfE Of2] 71 2HE0| R 7 |A|E 231, Ol TH7|AE Z 74
L2 25510] AL otTt 4216l B2}

0|2 2, library() 42 LIZ0| 2Y38 I7|2|Q| cal_abc() 47} 0|0l 2§ IH7| 2|
cal_abc()E HO{H{IC}

R search) 4= R QIE{E2|E{7} OfH O|F 2 2A0PtE &A1 E EEC
library(ggplot2)
library(dplyr)
library (gtsummary)
search()
[1] ".GlobalEnv" "package:gtsummary" "package:dplyr"
[4] "package:ggplot2" "package:stats" "package:graphics"
[7] "package:grDevices" "package:utils" "package:datasets"
[10] "package:methods" "Autoloads" "package:base"
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Ol &ME EH ALY HA .GlobalEnv/} 211 11 CI2

rlo

o Ofz|2to]| Y T§7| 2202 L E|of

A TH7|2|2f cal_abc ) 7t LSO 2EE B I§F[R[2] cal_abc () B0l 2J5H &
StO] A::cal_abc() 2tz Y S AMESHY O] TH7| 22| cal_abc )& AFEE 4= UL

7.5 7| X|oll= 0T Z0| E0] U=71?

Ij7| |0l = 2& E4ot 540 A HEE R &4+30| F2 50| UL, 26| HO[E{ A2 A|lEst=
7|2 = A, B2 E2 HoIE A, R &4-50] 0]

7.6 T7|X| AFS'HE 25|= WY

OfT If7| 2|2 ArE S 25| 1At & W 7HY REct YEE AHSst= &A17t BILIO|E (vignette) O[Ct.
HILIME= AIEYE d = G
g}

e dAAel A 2%sts &A410|1, B2 R IH7| 2] JHEAS0| HILOES
AH|IS St (O]of Ehofl R =S 2 (F0f) Atdt 22 S St d2stH &)

0
rr

HiEH
od

ro

Zterstet. a8 7,100 IH7| 2] O|§& 2= TLt. 0] 2R “gtsummary”S S =St

R: Presentation-Ready Data Summary and Analytic Result Tables ~  Find in Topic

Presentation-Ready Data Summary and Analytic Result Tables

Documentation for package ‘gtsummary’ version 2.2.0

+ DESCRIPTION file.
User guides, package vignettes and other
« Package NEWS.

Help Pages

ABCEGILMPRSIW

add ci Add CI Column
................. BrA 1 Crlimn

a3 7.3- 7| 2] HILME &7
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2l =M “User guides, package vignettes and other documentation.”2 &M 4 =Ct.

=18 7.30M “DESCRIPTION file”= 2&8ttt. 1 2F0f “URL” &=0[ 12, O7|0f HE &4
IEJHAE RS YHZELL 075 S2ettt. WEE ZES S/ohe A5 E(GitHub) AtOEQ
271 BLh AOIES 7t 28 113 7.41 20| LEZ0]| IH7| 2] 2 AO|EJt A= 327t B
07| Bil= ZOf BTt

= Q ddsjoberg / gtsummary Q Type (7)to search

<> Code (O Issues 52 1 Pullrequests 3 ® Actions [ Projects @ Security |22 Insights

A gtsummary Pubiic @watch 19 ~ % Fork 182  ~ Y7 Star 11k

¥ main ~ ¥ 18 Branches © 39 Tags Q Goto file t Add file ~ <> Code ~ About

Presentation-Ready Data Summary and

@ ddsjoberg Merge pull request #2211 from ddsjoberg/1540-grouped_regress.. @B 3d6b4a0-4daysago O 2,358 Commits Analytic Result Tables
github Update pkgdown.yaml 2 months ago ? www.danieldsjoberg.com/gtsummary
' isti mi
R header update 4 days a statistics  htmi5
repro rstats,
data-raw Re-adding data pre-processing 2 weeks ago - — Y

a8 7.4: 2512 AOIE
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T27020Y 0{0f| M THO| E (pipe) = A4 &40 Z1tE BIZ HOtM ALY 4= U 5t0], S YAl
2t 2! O] 285 gE8stx0l Zde +~ WA ol F= 7IsS

£ 80| S €2 ZEE 24t datactz G|O[H{Z|Y0| UCEL 7HHSHAL O|AE Ofe] &8
2 esultl, result2, result3ct= UA| HLO| A A5t0, OFR| 20| result4d S
ESHCt D SHAL o= A| St S H4E CHE0{0F 5t 1, 7t=sd 5 Eo2ICt

o g
>
L
=
0l
mo m
H

resultl <- functionl(data)

result2 <- function2(resultl)
result3 <- function3(result2)
result4d <- function4(result3)

resultd # == Z1}

2rF R UOE[Z (native) IO ALER} |>E AHESHH BHE1 20| 2 & UA0M T4, =5 Ofstist
7| & Hstot,

result <- data |>
functionl1 () |[>
function2() |>
function3() |[>

function4 ()

0{7| M Y|O|EE (native)2t1 5t= AES
QE 7| A E AtEStA| 2f0t AtES 4= QUCt

20| R O[] MO [>= R 4.1

0 HAEE 27| A|ZR3ICEH 1 0| A0 = magrittr
I§7 |22 %>% ALHALE ALESHA O] 7|55

1
O|E34Ct. O] 29| 2}0|= Yaloh F2{1l Bt
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8.1 LIO|= AHAAIRIQ| AL

R4.1.0 HHEE 2% UlO|E|E IO & AL} |>& TS Z0[ ARSI}

library(dplyr)
library(ggplot2)
mpg |>

group_by(cyl) |>

summarize(n = n(), mean_cty = mean(cty))

# A tibble: 4 x 3

cyl n mean_cty
<int> <int> <dbl>
1 4 81 21.0
2 5 4 20.5
3 6 79 16.2
4 8 70 12.6
magrittr WF|Z[2] %>% HLUAUE 22 Y22 ALZEHTE
library(magrittr)
mpg %>

group_by(cyl) %>%

summarize(n = n(), mean_cty = mean(cty))

# A tibble: 4 x 3

cyl n mean_cty
<int> <int> <dbl>

1 4 81 21.0
2 5 4 20.5
3 6 79 16.2
4 8 70 12.6
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8.2 U|0|E|E m}0|Z= 2} magrittr L}O|Z 2| X}O|HA

Ir
>
0
1
rlo
o
>
_(?ﬂ
L

of7ko| 207} YTt CHEZO! 20| HE

o

H|O|E|E IO| X2} magrittr IIO| =
“doj2 14" S B3st= YOIt

- HOIE|E IO|& |>2 _& AtESHO] “gol2 O4"S EJGHTt

A
« magrittr OfO[Z %>%= . S AFEStO] “d02 24"S Eolettt.
H|O|E|E mjo| et S20|AZE _& ARESH Of|OfLt,

mtcars |> 1lm(mpg ~ wt, data = _)

Call:

Im(formula = mpg ~ wt, data = mtcars)

Coefficients:
(Intercept) wt
37.285 -5.344

O|C}. magrittr I§7|Z|= dplyr I{7|A|Of| A A S5

magrittr I}O| X} Z2{|0|AEH .S AL O
= OlAIE QIE{Sl SO|M B0| = & US A0t

Ol AFEEIO 27| YZ0f| O] XS AtEst

mtcars %>% lm(mpg ~ wt, data = .)

Call:
Im(formula = mpg ~ wt, data = .)

Coefficients:
(Intercept) wt
37.285 -5.344

75



8.3 ™Mz

. {I0|E|E MO|ZL: |53} _

« magrittr OfO|IL: %>% 1} .
OHO| Zof| Cifst =22 CHE2t 20| HA5H & o~ Q.

7>

77 %>%h"

UL,

QIet 20| 7 & A1 2 LIES HEIO| AT FC} HMEI2 28 F[EE0M KA1 FoilM 7|7t
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Part 11l

Il. Tidyverse2} Tidy Data
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9 Tidy DataQ| 7H 1} H|O|E{ £ Z!

R tidyverset tidy datacl= YU2tEl 2Sh3 HIE O Z JHEHEl o2 {7 |A S LA = 7R =2
7|3 S8 22 YZO| HEHZ|X[0[CH O] TH7| XSS ClOJE] DHst 2 55 Huto| ZH CIY5
FS2 0|RCt 27| JiEe sh=2| {IZ22e| Tidy Data(Wickham

AEE[D, LIHA| R MIAO| = R|CHSE
2014)0|2t= articleOf| A 2H2 4= QIC}

Pl =20M 21E Sy LHE2 BHA| 2UAAT, =7t B0l

H :
A0 ZeE HILIOEE Tidy dataf LRt U282, O|AS HHSI0] Z0| {02102} §HLf. B©HE2
HIL{O| E9f #HHO|T},

9.0.1 Data Tidying

. O|0|E 2419 80% = data cleaningS E5lf H|0|E{ £ A2|st= O AFREICH O3o|E 2325101
| 0] 2

OF2{ 0] £0f0fl T3t P17t 2 £0f YUR| UTH HHe 02 Z0i0| ALE =o|53 1 Hed),
242 220412 4 YT E HO|EE PRSI WHO|D, 0|HS “data tidying’2t 1 B2
st

- tidy data ¥ 2[= C|O|E{ 2t0j|A] Ei|0|E1g MAMEote BEStE SHE AAISHCH O] EES
ESM ALEAIES2 M2 A2 CHA| 210, A2 A|25HALE 5t &9 108 @ 4 QUCt. tidy
dataset@} tidy data toolsQ| 222 H|0|H M2 A & 4 QT
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9.0.2 Defining tidy data

A2 SAEO0|S A2 2OHS M2 BIABICH YITh2 S3E oS 2310 wijo=

— —
=St et ek

9.0.2.1 Data structure

ol

o
=
(@]
s
3
B
oo
0z

- HE=29 SA tolgAZ & (columns) 2 4= Cjo|e{Z2flolct E2
A 0[=0] AL, W2 20]20] U= 4F= AL, §le 2= ULt &2 HlojE4ojetn

1 O L=

Of2f 712 YA2 2 OHE 2f|0|0IR S 2E &~ ULt

ol
|.|-|

s

- O30 24

library(tibble)

classroom <- tribble(

~name, ~quizl, ~quiz2, ~testl,
"Billy", NA, "D", "c",
"Suzy", "F", NA, NA,
"Lionel", "B", "c", "B",
"Jenny", "A", "A", "B"

)

classroom

# A tibble: 4 x 4
name quizl quiz2 testl

<chr> <chr> <chr> <chr>

1 Billy <NA> D C
2 Suzy F <NA> <NA>
3 Lionel B C B
4 Jenny A A B

- Ol Hlo|H A= Ct32t 20|



tribble(

~assessment, ~Billy, ~Suzy, ~Lionel, ~Jenny,

Ilquizlll’ NA, IIFII’ IIBII’ IIAII’
Hquizzll’ IIDII’ NA’ IICII’ IlAIl’
Iltestlll, IICII, NA, IIBII, IIBII

# A tibble: 3 x 5

assessment Billy Suzy Lionel Jenny

<chr> <chr> <chr> <chr> <chr>
1 quizil <NA> F B A
2 quiz2 D <NA> C A
3 testl C <NA> B B
+ Z2 H0[E{O| A2 2|0[0tR2 CrE=CY. off O] & E|0]=0] Z2 C0|H QIR ZF57(0| S=¢t
Aap of cfet 7HE Xl THOi7 SEotA| L. 2270 HollM, 22l HIO|S0 EAIZ =
2422 2|0|E (semamantic, 2|0)) & 7= &+ U= YOl Tty

9.0.2.2 Data Semantics

- E
- StLtO| CIOIE{ A2 gh(values) 2| &0|1, 1 ZhE2 AN ER) = 24 (1'14
QI ZAR)0ICt. gh2 & 712 Wako 2 P =[=0, otHe| 742 stite| M4 (variable) 2t 5
Lto| £h= (observation)Ofl &5tCt, Ha= A4 25 T2 (observational units) Ofl TS f04
7|, 2%, 7|12t 22 £22 40| tist S¥ S 7HRIC} StL0| 25 (observation) 2
StLEO| 2H= 40|l CHSHO 2= £70] Tt gfS 7HICH(SE AHE, 3HF, stHe| 23 5).

Q9| classroom H|O|E{AlQ| tidy {2 T2t ZCt.

library(tidyr)
library(dplyr)
classroom2 <- classroom 7%>%
pivot_longer(quizl:testl, names_to = "assessment", values_to = "grade") %>’

arrange (name, assessment)
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classroom?2

# A tibble: 12 x 3

name assessment grade

<chr> <chr> <chr>
1 Billy quizil <NA>
2 Billy quiz2 D
3 Billy testl C
4 Jenny quizl A
5 Jenny quiz2 A
6 Jenny testl B
7 Lionel quizil B
8 Lionel quiz2 C
9 Lionel testl B
10 Suzy quizl F
11 Suzy  quiz2 <NA>
12 Suzy  testl <NA>

O[FA 5t 2f, ¥4, 50| & o &6 ZICt O] HIOIH M2 3712| #el 12719 458 712 &
36719| ¢t Zetettt. 1 He= Ch3at 2L

- tidy ClIO|E{Z2f Y2 StLte| AZ0| RS 2|0[st=A| F&stA

1} B7t(assessment) 2| 2E Z{0| T SILIS| SYE HZS 2

- HO|EAE2 2&2t0| RAS 20|5t=AI0f tigt 2= ASStet. OA0| 7tsstlA], o™
o|0|E A=A ZOICt oS =0 Billy= & HA 20 S2AA=H|, H4-S T2I5H| fIsiA
EHE A2 ERILE Suzys A M FZO0|M HESHM +HS =4 712 2YRUCL Billy
o 2|Z M4 E ALste{H™ 22|l 220 FE A I0Fe &5 QUCHOILE 7t &= A =S
= 71218 ¥ = AL, A AT, TeF 22|71 O] 22| Test 10 S 75 1A S W=
SuzyQ| FRAQI B2 2 HAst ME2R 222 tX5h=(impute) T4l 0] Zf2 A|2I5H= A0|
BHEfe = UGt
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« F0{Zl HlO|E A0 M O ZO|

Jf
I_
HOR Hi4et UES YR HOlots 2 SYEE ojACH

—/

- Table 12| EOJ height, weight2t? 22|= &7 0| XS Bi42tl &5 AO[|C Y|
0| Z0[ dimension(2-2) B14-0| ZfS0[2tH O] YA 2{2[3H0f &

R Za

« O ZR0|= 2S0M =2 0| 2AY & UL M2 LHA| 4= Lo Al 3
3 SR &= HENZL SA & UCE ZHelof chst 5t E4 T|O|E (age, sex, race), Zt
B0 A OHY 23 5= 2|SH H|0]E ((number of sneeze, rendness of eye), OHY 2H &=
7|4+t H|0|E{ (temperatoure, pollen count) S0| QICt

- HaSE 40| AHE[HM HHE 4= UCE SF A HI0[E{e] HeS2 O MEUSHA 2744
UM, 2 HHO|| TSt 0|52 He| gIBA SHE0 H 2o +~2 QL o =0, ¥2
HEXE2 WAE E48 ¢ & otst| IsiM 22 AES UtEst ottt &4 =27] &
oAM= H4S0| A=20 CHSStC LSOl 718, 24%H= o2 A2SS SA S BdS AlLtst
EGS0| 2E8E UE £ ULt 0| A 5tH hierachical modelE LR 2 o2 ¢47| WHZ0|
=AM S ZHHSHA| BHECEH O{E Z< O|4tZr0] ofL| 2t ol AxH LR 7| ot

9.0.3 Tidy data

- Tidy data= Cl|O[E{Al0f LiZE 2|0 A o| F+20| O HSH= BEA =
E|O[S0] 25, ¥4, 2= Bt {2 DA E=2(0f T2t messy Q1] tidy Q12| 2 ECE. Tidy
A

' _I_
datae G2 €2 £4= 7IRICHL

. e

T
rE
mjo

=
il
n

SiLtel #i4s SiLio ¥ PABICE
SiLiol BEe siLtol s PABICH
BE Tolo] 2t el siLiol E0j2S TAIBICY,

« O|A2 Codd7t 26t 3rd normal form?Q!h|, 0|42 SR A= 2L ATt A= 2
Cl|O|E{HOHA O M &3] E= 0f2] HZEl ¢|0|E{AIO| OFL|2} Tt 5tLIC| G|o[E{Allo| 2 S =
0| Ct2C} Messy datat O 72[0f {RLt= 2 YSHC}

rr o

-

- Tidy data= HIO|HAIE ot BEHQ Y2 AlS5t7| 20 ZRFE7I st HeE
ZZ5t= A8 21 5l £C}. Table 32 Table 12+ H| 5l 22}, Table 18 AFRSICIH MZ CHE
HPE 2E017| oAl 02 M2F=S Al OF STt O|ZA| siCt £ 2A0| L2{A| 2F7}
M7ICE
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- AlS AA0f w2t fixed variableS0| H2{, measured variablesS2 £{0f| &= 70| &BA0|C},
9.0.4 Tidying messy datasets
- AA| G|O|E{=2 tidy data”Z} Z%|0F 5t= 3714 28 Z47A| Yoz ZF 07ICt HiE &
Moj| AFRE 4~ Q= U0 AIZ Hot= ZRECH= O | 42 Z27H HE-R0ICt. 0] HojjA=
messy datase O| 7t E5tH| WAL= 571A| IR 0t ~Hot= WS HAFSHLLA} ST 571X
2= o332k 2o
1. € 5l|H0f| ¥4~ 0| 50| OfLl 40| E0{7H= E%
2. 042 74| HL=0| stLte| ol A El= BS
3. HDF it Hoj| &H A YEl= R
4. Ctol HEfo| &= TRVt Z2 H|O|Z 2 AEE= 3%
5. otLte] Zh= TR(7F o2 ZHe| HIO| 20| HA &= 2
. SHE, HEE messy datasets & 712 £ TS 71| 1 A -S4 QUL E3=

(=]
Pivoting(longer and wider) 2} SepartintO|C}. Ct2 Z0|M AA| messy H|O|E{AIS E0{F 10,

O|AS Yelots YyS dEota{ L sttt

9.0.4.1 & 3|0l ¥4~ O|§0]| o}l g0l EX{7I= ESR

- 29| 2 & U= messy dataset 7H20H| ottt F2 HHE 2{ofl BHS0{2I HIO|=2=2, #Ha4oF 1t
g2 Fdot 1, & 0|50| Ha 0|S0| Ol Zfez LMY=l HLO|CH W7t O] HiX|E
messyet] £2X|8t O{H FR0|= O|x A0 22 FESICE £5] &t W2l (crossed)
AAZE 712 B2 2840 X{YHES A|actll, Hotes HAitsS il Moz B 4+~ Q=
242 0l =840| =Ct,

i1 E

Q0OI Hiz| BH&HO| StL}: Crossed(2f) vs Nested (LHIE)

H 24 5 205 uxtst Aao(ct, A(-)2= HA[SH 200t2|2] iS22 #iGst o=

HHS B0} Bh2| QI & StEstl, CHA| 2423 E0stAL SE0{EHZ| QI #o2 26Tt

0| 32 222 209| B £+F2 Tt A0 Uisto] 22| 2= W Af(crossed) = AT

St
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F 2.5 7|0[X|(cage) 212 YH(lesion )RS E LHE(n=20)

No lesion Lesion
Cage 1 eccee
Cage 2 eccoe
Cage 3 (XYY XX
Cage 4 (Y YYY)

I 2.6 #|0|X|(cage) 222 HH(lesion) 20122 WZE MHE CtE2H| EA| (n=20)

No lesion Lesion
Cage 1 Cage 2 Cage 3 Cage 4
00000 00000 00000 00000

W29} BT E|= JHYE: Nested(LHE)

I 2.6 #0|X|(cage) 22!2 HiH(lesion) 2212 Z LHEEl MHE Ct2H| EA| (n=20)

No lesion Lesion
Cage 1 Cage 2 Cage 3 Cage 4
00000 00000 00000 00000

2010 ZE|R| & DA R E S 1 25| 9UCHconfounded) D Y5}

—

S BSE 02 RYO| HYS HOIZCL 0O B F 2/M3| HMEQ 2IRZ, 0|Z0A Zne}
2 f
relig_income

# A tibble: 18 x 11
religion “<$10k~ ~$10-20k”~ ~$20-30k~ ~$30-40k~ ~$40-50k~ ~$50-75k~ ~$75-100k"

<chr> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Agnostic 27 34 60 81 76 137 122
2 Atheist 12 27 37 52 35 70 73
3 Buddhist 27 21 30 34 33 58 62
4 Catholic 418 617 732 670 638 1116 949
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5 Don't k-~ 15 14 15
6 Evangel~ 575 869 1064
7 Hindu 1 9 7
8 Histori~ 228 244 236
9 Jehovah~ 20 27 24
10 Jewish 19 19 25
11 Mainlin~ 289 495 619
12 Mormon 29 40 48
13 Muslim 6 7 9
14 Orthodox 13 17 23
15 Other C~ 9 7 11
16 Other F-~ 20 33 40
17 Other W~ 5 2 3
18 Unaffil~ 217 299 374

# i 3 more variables: ~$100-150k”~ <dbl>,

# “Don't know/refused” <dbl>

71 $|3HH, fel= t’d# A=
{2

% 20 e rE
20 an 4>
U
0)
nJR £ oom

relig_income %>

pivot_longer(-religion, names_to

# A tibble: 180 x 3

religion income frequency
<chr> <chr> <dbl>
1 Agnostic <$10k 27
2 Agnostic $10-20k 34

3 Agnostic $20-30k 60

== IHEL 0, R2/= MEA U= 71-2L Sl
=3 St LEM (O] B2 religione A2t 2
s 2l 2S00 2lsiM Holsl= H
& B2l= 2 Hoj| Cit 0|22 2 frequency S &

11
982

238
24
25

655
51
10
32
13
46

4

365

“>150k™ <dbl>,

"income",

=3
—

881
11
197
21
30
651
56

32

13

49

341

values_to

35

1486
34
223
30
95
1107
112
23
47
14
63

528

Of H|oI&

"frequency")

s

qot= 2710| €2

21
949
47
131
15
69
939
85
16
38
18
46

407

2|5}



4 Agnostic $30-40k 81
5 Agnostic $40-50k 76
6 Agnostic $50-75k 137
7 Agnostic $75-100k 122
8 Agnostic $100-150k 109
9 Agnostic >150k 84
10 Agnostic Don't know/refused 96
# i 170 more rows
religion2 A|2|et S0 CHslA,
7-g2R A7 gt
# A tibble: 18 x 11 -
religion [<$10k’ '$10-20k" “$20-30k’ ~$30-40k’ " $40-50k° “$50-75k = " $75-100k’ OH E?EC)I()F
<chr> <db1> <dbl> <dbl> <db1> <dbl> <dbl> <db1>
1 Agnostic 27 34 60 81 76 137 122
2 Atheist 12 27 37 52 35 70 73
3 Buddhist 27 21 30 34 33 58 62
4 Catholic 418 617 732 670 638 1116 949
5 Don’t k.. 15 14 15 11 10 35 21
6 Evangel.. 575 869 1064 982 881 1486 949
7 Hindu 1 9 7 9 11 34 47
8 Histori.. 228 244 236 238 197 223 131
9 Jehovah.. 20 27 24 24 21 30 15
10 Jewish 19 19 25 25 30 95 69
11 Mainlin.. 289 495 619 655 651 1107 939
12 Mormon 29 40 48 51 56 112 85
13 Muslim 6 7 9 10 9 23 16
14 Orthodox 13 17 23 32 32 47 38
15 Other C.. 9 7 11 13 13 14 18
16 Other F.. 20 33 49 46 49 63 46
17 Other W.. 5 2 3 4 2 7 3
18 Unaffil.. 217 299 374 365 341 528 407
# i 3 more vpriables: '$100-150k’ <dbl>, '>150k’ <dbl>,
# Don't Khow/refused' <dbl>
O 9.1: ¢ 2kd88 olslisty| ot Qd8e=z Feld
- O|ZH HIYE GO A2 tidy datasetO|2tl & 4= QUCE QffLstH ZF HO| stLie| Ha4E 2t
HO| otLte| Z=Z LIEILH 7| W20|Ct, O] AR otLte| 2=0|2t religiondt income RO 2
0|2/l BiLto| Q175 Er9IZ o|OjsiCt
- O{7|M HdYot= GO Z 2 A7 S50 wef ddst ZHAe 2 78 7|E5t=0lT AtEE 4= UL
02 =0, of2ff Y2 & HO|HAIZ & 1000 S SME E2 BE0ECH 4 =E &2e
75702 B2 7| =312 wk10|M w757t S0| 2 A0|Ct 0|2l AEH= tidy SFA| e5A| 2t G| O|E
/L™= FESICE O|H A oFH StLte| a7t stite| lPtg 2pX|5t7| 20| (Y S
LERTE)
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billboard

# A tibble: 317 x 79

artist track date.entered wkl wk2 wk3 wk4  wkb wk6  wk7  wk8

<chr> <chr> <date> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 2 Pac Baby~ 2000-02-26 87 82 72 77 87 94 99 NA
2 2Gether The ~ 2000-09-02 91 87 92 NA NA NA NA NA
3 3 Doors D~ Kryp~ 2000-04-08 81 70 68 67 66 57 54 53
4 3 Doors D~ Loser 2000-10-21 76 76 72 69 67 65 55 59
5 504 Boyz  Wobb~ 2000-04-15 57 34 25 17 17 31 36 49
6 9870 Give~ 2000-08-19 51 39 34 26 26 19 2 2
7 AxTeens Danc~ 2000-07-08 97 97 96 95 100 NA NA NA
8 Aaliyah I Do~ 2000-01-29 84 62 51 41 38 35 35 38
9 Aaliyah Try ~ 2000-03-18 59 53 38 28 21 18 16 14
10 Adams, Yo~ Open~ 2000-08-26 76 76 74 69 68 67 61 58

# i 307 more rows

# i 68 more variables: wk9 <dbl>, wk10 <dbl>, wkll <dbl>, wk12 <dbl>,

# wkl3 <dbl>, wkl4 <dbl>, wklb <dbl>, wkl6 <dbl>, wkl7 <dbl>, wk18 <dbl>,
#  wk1l9 <dbl>, wk20 <dbl>, wk21 <dbl>, wk22 <dbl>, wk23 <dbl>, wk24 <dbl>,
# wk25 <dbl>, wk26 <dbl>, wk27 <dbl>, wk28 <dbl>, wk29 <dbl>, wk30 <dbl>,
#  wk31l <dbl>, wk32 <dbl>, wk33 <dbl>, wk34 <dbl>, wk35 <dbl>, wk36 <dbl>,
#  wk37 <dbl>, wk38 <dbl>, wk39 <dbl>, wk40 <dbl>, wk4l <dbl>, wk42 <dbl>,

- O| IO[EAE Y=l 2t UA pivot_longer ) TS AESI H2 HIOIEIE 27| 2H=0f
B2t 22|= wki10|M wk76 S O|REIE & Z10|11, 7| 0|22 week, 3f 0|22 rank2 FUCL.

billboard2 <- billboard %>

pivot_longer(

wkl:wk76,
names_to = "week",
values_to = "rank",

values_drop_na = TRUE

)
billboard2
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# A tibble: 5,307 x 5

artist track

<chr> <chr>
1 2 Pac Baby Don't Cry (Keep...
2 2 Pac Baby Don't Cry (Keep...
3 2 Pac Baby Don't Cry (Keep...
4 2 Pac Baby Don't Cry (Keep...
5 2 Pac Baby Don't Cry (Keep...
6 2 Pac Baby Don't Cry (Keep...
7 2 Pac  Baby Don't Cry (Keep...
8 2Gether The Hardest Part Of
9 2Get+her The Hardest Part Of

-
o

2Ge+her The Hardest Part Of

# i 5,297 more rows

= 07| A| values_drop_na
Ch. 0 HlolEiAOIM 222t

= 1 HAL

billboard3 <- billboard2 %>%

ol =27t RFEY

date.entered week rank

<date> <chr> <dbl>
2000-02-26  wkl 87
2000-02-26  wk2 82
2000-02-26  wk3 72
2000-02-26  wk4 77
2000-02-26  wk5 87
2000-02-26  wk6 94
2000-02-26  wk7 99
. 2000-09-02  wki 91
. 2000-09-02  wk2 87
. 2000-09-02  wk3 92
= TRUE QIZ 5t0] rank €0 QU

HS AR
f

k H0| ZIS0M 20| weS QUM
F71 Otel A G2 A L4

mutate (
week = as.integer(gsub("wk", "", week)),
date = as.Date(date.entered) + 7 * (week - 1),
date.entered = NULL
)
billboard3
# A tibble: 5,307 x 5
artist track week rank date
<chr> <chr> <int> <dbl> <date>
1 2 Pac Baby Don't Cry (Keep... 1 87 2000-02-26
2 2 Pac Baby Don't Cry (Keep... 2 82 2000-03-04
3 2 Pac  Baby Don't Cry (Keep... 3 72 2000-03-11

88

| 91247] mj=2ol7| of

2 ALlsHA

I A=
M- =2 T BHA
=20, QHASHA A 2lgt
0| xAtZ Hetoitt 1



2
2
2
2

© 0 N o O b

Pac
Pac
Pac

Pac

Baby Don't Cry (Keep...

Baby Don't Cry (Keep...

Baby Don't Cry (Keep...

Baby Don't Cry (Keep...

2Ge+her The Hardest Part Of
2Gether The Hardest Part Of

10 2Get+her The Hardest Part Of

# i 5,297 more rows

- HO|EE J3l E= A

20t

o
of

w N = N O o

77 2000-03-18
87 2000-03-25
94 2000-04-01
99 2000-04-08
91 2000-09-02
87 2000-09-09
92 2000-09-16

2 S8O|C}, artist, track, week /|22 &

billboard3 |> arrange(artist, track, week)

# A tibble: 5,307 x 5

artist

<chr>

2
2
2
2
2
2
2

© 00 N O O > W N =

Pac
Pac
Pac
Pac
Pac
Pac

Pac

track
<chr>
Baby
Baby
Baby
Baby
Baby
Baby
Baby

Don't
Don't
Don't
Don't
Don't
Don't
Don't

Cry
Cry
Cry
Cry
Cry
Cry
Cry

2Ge+her The Hardest Part Of
2Ge+her The Hardest Part Of

week

<int>

(Keep. . . 1
(Keep. .. 2
(Keep. .. 3
(Keep. .. 4
(Keep. .. 5
(Keep. .. 6
(Keep. .. 7
1

2

3

10 2Get+her The Hardest Part Of

# i 5,297 more rows

= data, rankOf| Cf2f

2245t 4 9JC}.

=22

billboard3 %>’ arrange(date, rank)

# A tibble: 5,307 x 5

artist

trac

k week rank date

89

rank date

<dbl> <date>

87 2000-02-26
82 2000-03-04
72 2000-03-11
77 2000-03-18
87 2000-03-25
94 2000-04-01
99 2000-04-08
91 2000-09-02
87 2000-09-09
92 2000-09-16

=5
=

o
=

-

g
=

s
7_

ol
Py

o



<chr> <chr> <int> <dbl> <date>

1 Lonestar Amazed 1 81 1999-06-05
2 Lonestar Amazed 2 54 1999-06-12
3 Lonestar Amazed 3 44 1999-06-19
4 Lonestar Amazed 4 39 1999-06-26
5 Lonestar Amazed 5 38 1999-07-03
6 Lonestar Amazed 6 33 1999-07-10
7 Lonestar Amazed 7 29 1999-07-17
8 Amber Sexual 1 99 1999-07-17
9 Lonestar Amazed 8 29 1999-07-24
10 Amber Sexual 2 99 1999-07-24
# i 5,297 more rows
9.0.4.2 03] 742 £0| stLiel Holl MEE= 2
-+ O|A 252 DIREst LI, ZF 7|71 =l= B2 02 7 ¥4 0|F2 20| &= 37t ULt
P& XA S Of2f tb A3 H|O[E{AI0| M 0|2 S10f LIEHHTE O] HIO[E{ A2 MA L1 7| 7

O| HIOJ&{ 2 0f2f = 7to| M 23t %“éﬂ% 7|58t A0
15-25, 25-34, 35-44, 45-5

# tidyr github AIO|EQ| U= tb.csvE HEE FE=E BHEE
tb <- as_tibble(read.csv("https://raw.githubusercontent.com/tidyverse/tidyr/refs/heads/main/vi
tb

# A tibble: 5,769 x 22
iso2 year m0O4 mb14 mO014 ml1524 m2534 m3544 m4554 mb564  m65 mu f04

<chr> <int> <int> <int> <int> <int> <int> <int> <int> <int> <int> <int> <int>

1 AD 1989 NA NA NA NA NA NA NA NA NA NA NA
2 AD 1990 NA NA NA NA NA NA NA NA NA NA NA
3 AD 1991 NA NA NA NA NA NA NA NA NA NA NA
4 AD 1992 NA NA NA NA NA NA NA NA NA NA NA
5 AD 1993 NA NA NA NA NA NA NA NA NA NA NA
6 AD 1994 NA NA NA NA NA NA NA NA NA NA NA
7 AD 1996 NA NA 0 0 0 4 1 0 0 NA NA
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8 AD 1997 NA NA 0
9 AD 1998 NA NA
10 AD 1999 NA NA 0

# i 5,759 more rows

0 1
0
0 0

2 2 1 6 NA NA
1 0 0 NA NA
1 1 0 0 NA NA

# i 9 more variables: £514 <int>, £014 <int>, £1524 <int>, f2534 <int>,

#

- 0| H|O|E{AIl2 pivot_longer () 2 I|HEISH E2}.

tb2 <- tb %>
pivot_longer(
lc(iso2, year),
names_to = "demo",

values_to = "n",

values_drop_na = TRUE

tb2

# A tibble: 35,750 x 4

iso2  year demo n

<chr> <int> <chr> <int>

1 AD 1996 m014 0
2 AD 1996 m1524 0
3 AD 1996 m2534 0
4 AD 1996 m3544 4
5 AD 1996 m4554 1
6 AD 1996 mbb564 0
7 AD 1996 m65 0
8 AD 1996 014 0
9 AD 1996 £1524 1
10 AD 1996 £2534 1
# i 35,740 more rows
- O|H HEfQ COIHME2 S5 =
Z 0|2 7tAIALt O] ERAH

91

£3544 <int>, f4554 <int>, £55664 <int>, £65 <int>, fu <int>



HaE VHE W2 Felote ol AFZECE el 22| 2ls 1 E¥4 (regular expression) 2
AEE £E D, OZER 0|2t 22 H-YOBI-E =22 LHEEE Y0 QT Ee= 0
TAC| 2| E Y Z | 4~ QUCt 0] BR0e A YA BAHHIZ OE 8 7|82 ZINES
st

tb3 <- tb2 %>%
separate(demo, c("sex", "age"), 1)

tb3

# A tibble: 35,750 x 5
iso2 year sex age n

<chr> <int> <chr> <chr> <int>

1 AD 1996 m 014 0
2 AD 1996 m 1524 0
3 AD 1996 m 2534 0
4 AD 1996 m 3544 4
5 AD 1996 m 4554 1
6 AD 1996 m 5564 0
7 AD 1996 m 65 0
8 AD 1996 £ 014 0
9 AD 1996 £ 1524 1
10 AD 1996 £ 2534 1
# i 35,740 more rows
- 0% o £2 X 2174 populationD ZEAIZI YMES AM517|= W2l5iCt, Yefol
HOjl= 20| S01Z o] gict,

- separate() ¥ pivot_longer ) 0l =0 SHHO| ~3HA|Z £~ UL

tb %>% pivot_longer(

lc(iso2, year),

names_to = c("sex", "age"),
names_pattern = "(.)(.+)",
values_to = "n",

values_drop_na = TRUE
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# A tibble: 35,750 x 5
iso2 year sex age n

<chr> <int> <chr> <chr> <int>

1 AD 1996 m 014 0
2 AD 1996 m 1524 0
3 AD 1996 m 2534 0
4 AD 1996 m 3544 4
5 AD 1996 m 4554 1
6 AD 1996 m 5564 0
7 AD 1996 m 65 0
8 AD 1996 £ 014 0
9 AD 1996 £ 1524 1
10 AD 1996 £ 2534 1

# i 35,740 more rows

« Messy dataOf|A 712 S&6t = HaS0| i E D50 &&= Z<0|Ct. Of2ff ¢o]&
M2 20104 BIATO| Of & IM HBEZ Global Historical Climatology
NetworkOl| M 7t 2FCt,

In
J
52 0
rx
a
=2
R
1y
o

weather <- as_tibble(read.csv("https://raw.githubusercontent.com/tidyverse/tidyr/refs/heads/ma:

weather

# A tibble: 22 x 35

id year month element d1 d2 d3 d4 d5 d6 a7 ds

<chr> <int> <int> <chr> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 MX17004 2010 1 tmax NA NA NA NA NA NA NA NA
2 MX17004 2010 1 tmin NA NA NA NA NA NA NA NA
3 MX17004 2010 2 tmax NA 27.3 24.1 NA NA NA NA NA
4 MX17004 2010 2 tmin NA 14.4 14.4 NA NA NA NA NA
5 MX17004 2010 3 tmax NA NA NA NA 32.1 NA NA NA
6 MX17004 2010 3 tmin NA NA NA NA 14.2 NA NA NA
7 MX17004 2010 4 tmax NA NA NA NA NA NA NA NA
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8
9
10

MX17004 2010 4 tmin NA NA NA NA NA NA NA NA
MX17004 2010 5 tmax NA NA NA NA NA NA NA NA
MX17004 2010 5 tmin NA NA NA NA NA NA NA NA

# i 12 more rows

# i 23 more variables: d9 <1gl>, d10 <dbl>, dil <dbl>, di12 <1gl>, d13 <dbl>,

#
#
#

d14 <dbl>, di15 <dbl>, d16 <dbl>, d17 <dbl>, d18 <lgl>, d19 <lgl>,
d20 <1gl>, d21 <lgl>, d22 <lgl>, d23 <dbl>, d24 <lgl>, d25 <dbl>,
d26 <dbl>, d27 <dbl>, d28 <dbl>, d29 <dbl>, d30 <dbl>, d31 <dbl>

PN g
In

0

« O] H|O|E{AlI0fl = 147} id, year, month@t 20| 7HE
tmin, tmax 4 #O| 2 ZABICH 31US Y2

Za7ke shact

E0f, d1-d31 2 & 21} 20| 642
| Zst= E2 012 4 o|% +

— =21

xon

« A pivot_longer ) & YAIE S O|HHEIGHIC

weather2 <- weather %>Y

pivot_longer(

d1:431,
names_to = "day",
values_to = "value",

values_drop_na = TRUE
)

weather2

# A tibble: 66 x 6

© 0 N O O b W N

id year month element day value

<chr> <int> <int> <chr> <chr> <dbl>

MX17004 2010 1 tmax d30 27.8
MX17004 2010 1 tmin d30 14.5
MX17004 2010 2 tmax d2 27.3
MX17004 2010 2 tmax d3 24.1
MX17004 2010 2 tmax di1 29.7
MX17004 2010 2 tmax d23 29.9
MX17004 2010 2 tmin d2 14.4
MX17004 2010 2 tmin d3 14.4
MX17004 2010 2 tmin di1 13.4
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10 MX17004 2010 2 tmin d23 10.7
# i 56 more rows
- 282 floll 234US AMAL. Rel= diY HOo| HAS 711D A=A| & L1 A0M HAIA
BEUS A Al 25 &= UL
- G0l 22/d=S & H sttt
weather3 <- weather2 7>
mutate(day = as.integer(gsub("d", "", day))) %>% # day LO|A{ 2| "d" X[H
select(id, year, month, day, element, value)
weather3
# A tibble: 66 x 6
id year month day element value
<chr> <int> <int> <int> <chr> <dbl>
1 MX17004 2010 1 30 tmax 27.8
2 MX17004 2010 1 30 tmin 14.5
3 MX17004 2010 2 2 tmax 27.3
4 MX17004 2010 2 3 tmax 24.1
5 MX17004 2010 2 11 tmax 29.7
6 MX17004 2010 2 23 tmax 29.9
7 MX17004 2010 2 2 tmin 14.4
8 MX17004 2010 2 3 tmin 14.4
9 MX17004 2010 2 11 tmin 13.4
10 MX17004 2010 2 23 tmin 10.7
# i 56 more rows
« O|COJHAE HO| =50 7t11 2L, element B2 OF2| SfLIS| #i7} OFLIC}. O] 22 4
=2 0|F= A &5t AL, O] 2A|E otiBst7| lsliM= ClOIHE 2 2= pivot_wider O
Ste7F HRSICH O] §4= pivot_longer () 2F HHITHO| YU S SHA, elementE L|HEISIH O
WSS oo ez It

weather3 %>%

pivot_wider (names_from =

element,
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values_from =

value)



# A tibble: 33 x 6
id year month day tmax tmin

<chr> <int> <int> <int> <dbl> <dbl>

1 MX17004 2010 1 30 27.8 14.5
2 MX17004 2010 2 2 27.3 14.4
3 MX17004 2010 2 3 24.1 14.4
4 MX17004 2010 2 11 29.7 13.4
5 MX17004 2010 2 23 29.9 10.7
6 MX17004 2010 3 5 32.1 14.2
7 MX17004 2010 3 10 34.5 16.8
8 MX17004 2010 3 16 31.1 17.6
9 MX17004 2010 4 27 36.3 16.7
10 MX17004 2010 5 27 33.2 18.2

# i 23 more rows

« O ZE=E|ACE. 2 E2 stHof A== /0] UL, 2 W2 StFES BT,

9.0.4.4 CAUTt HEHQ| 25 THRI7I Z2 HIOIZZ MEEE=E B2

. EO[EIASS £3 0f2) £2F0IH EE M2 T2 B SR04 £YE7|E B} 5
d CHolE M2 CHE EI0|20] AZE0{0F BiCh O|HE 24Zto| MEE 3
RO BRSO SHCHE ClO|EIH0|A HRBtet YA AREIO] UK 01 512
A

AN
=-L&d0| Y + UAV| W2OolL,
© AOM = LES GO[EHAE HAZ & SRO| &= TRIS 7HAILL UCH 2ot O efjo] =&
&=¢|0|Ct. OIE|AEQ| 0]50| Of2{ ¥ grRL|= A3 SaAM T A =2t
+ O] HIO[HM = OlE|AEQt RS A5t aff CIOIH M =8 diY =2 =215 LIEIt=
WD HOIHM 2 L EAt HA song HO|HME FE5HAL.

song <- billboard3 %>%
distinct(artist, track) %>%
mutate(song_id = row_number())

song

# A tibble: 317 x 3
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artist

<chr>

2 Pac
2Ge+ther

3 Doors Down
3 Doors Down

504 Boyz

track

<chr>

Baby Don't Cry (Keep...

The Hardest Part Of
Kryptonite
Loser

Wobble Wobble

9870
AxTeens

Aaliyah

© 00 N O O W N =

Aaliyah

Give Me Just One Nig...

Dancing Queen
I Don't Wanna

Try Again

10 Adams, Yolanda Open My Heart

# i 307 more rows

+ C}32 rank H|O|E{A10|Ct,

rank <- billboard3 %>%
left_join(song, c("artist", "track")) %>%

select(song_id, date, week, rank)

rank

# A tibble: 5,307 x 4
song_id date week rank
<int> <date> <int> <dbl>
1 1 2000-02-26 1 87
2 1 2000-03-04 2 82
3 1 2000-03-11 3 72
4 1 2000-03-18 4 7
5 1 2000-03-25 5 87
6 1 2000-04-01 6 94
7 1 2000-04-08 7 99
8 2 2000-09-02 1 91
9 2 2000-09-09 2 87
10 2 2000-09-16 3 92

# i 5,297 more rows
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<int>
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. QUL S WYY ZL AR YR HRF LSS T2 Y To fF HiZ Y=
ZSste B 72| HO[EAE M2 £ 4 AT
+ H7#3H(normalization) & EI0[E| HEO| R8I Y - !

R

J
B ClO[EIZ 2T 42 4 AU Cl0jE B4 &
= g2 s

1A (denormalization) &

. TSt E30| B2 Chof CHE GlO|E{7} 02 JHO ELF THUR LIHH 9
olsA Balgle ASE Bt 2

E
SIZ|0f| oist YEoUS HS + ULt 2F 2 ZoHe= &0 AL, 0

2t
| TIUS S 5Lto| B0 2| AER Ql=C},
2. ZHE0|20] C510Y, U= T 0|22 AT AL PG 2II3ICHE
WA} €| S BiCh.
3. DE Eloj2o| ZESHY SiLto| E|0[2S BHECH,
. R purrr I§7| 2= RZ 0|31 UL 3t=g

e

o 0|52 7tACt E2lct. O 5t
g|0|=0| 02| =5 57| 2|&0[Ct. Ot =
QADICt read_csv/F AE| 0, 11 AW=0| 1list_rbind() S4+E

TR

on

ot=
—
U csv HHAS J1AE HASS BiLt
| 5=
]

library (purrr)

library(readr)

paths <- dir("data", pattern = "\\.csv$", full.names = TRUE)

names (paths) <- basename (paths)

map(paths, read_csv) %>% list_rbind(names_to = "filename")

. UEHBfLIo] EOIZR BHE CHS2 TRE 27} tidying S £HE 4

- O S 3R Ao =30 w2t Hlo|E Mol 27t BHE To|Ct.

q

o

L
[

o]
A

3=

= A0|C},



10 tidyr D{F|X|2 C|O|E{ H2|

9 0ilA Tidy Data®| 70| Clisi M 2F3MCt. K7|M= LH=Z ALEEl= gt40f &sl S & AIA[5]
MOBiC)

=2 O

library(tidyr)
library(dplyr)

10.1 I|HHEl(Pivoting)

10.1.1 m|HiElo| 7|&

2 tidyr I§7|A| cheatsheetO] /U= OAE EHAM 7|=2E 25|A}.

Ct2at Z+2 Untidy dataZf QACH.

tableda

# A tibble: 3 x 3

country “1999° "2000°
<chr> <dbl> <dbl>
1 Afghanistan 745 2666
2 Brazil 37737 80488
3 China 212258 213766

2| GIO|HAIE 2F A= H|0|A £~5 LIEHH= C|O|E{ O[T}, £10] £|0{ofet A=V Ho| Ol 522 S0{7t
Q!0{ O] ¢|0|E{= untidy dataO|Ct.

O| H|0|E&{E tidy data® ¥&tsl?| QIiM= AEE 222 PHS0{0F 522, 0] €= 1999, 20002
FOIA =2 O3, yearet= Bt casesehs E2 A S SHC
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https://rstudio.github.io/cheatsheets/html/tidyr.html?_gl=1*1xmwhrn*_ga*MTA1MDkxNTUzNC4xNzQyNzM0NTcx*_ga_2C0WZ1JHG0*MTc0NjA1NjYzOC4zNy4wLjE3NDYwNTY2MzguMC4wLjA.

=
129

+ pivot_longer() gt

"AHO|E", values_to
- o2 @ - GILZ =Q) -> BAAM 2712 S= AHEiE

- pivot_longer(df, cols, names_to "AHO|E")

- 0] 27H2| E0j| 0|52 K Of5tct.
% 0|5 €2 names_to Q0] 4} €2 values_to Q0| | AT},

pivot_longer(tableda,

cols = 2:3, names_to = "year",
values_to = "cases"
)
# A tibble: 6 x 3
country year cases
<chr> <chr> <dbl>
1 Afghanistan 1999 745
2 Afghanistan 2000 2666
3 Brazil 1999 37737
4 Brazil 2000 80488
5 China 1999 212258
6 China 2000 213766

CHS table2= 2f LictQ] Q141et #|0| A £~F He|sh= HIO|E{ 40|t

table2
# A tibble: 12 x 4
country year type count
<chr> <dbl> <chr> <dbl>
1 Afghanistan 1999 cases 745
2 Afghanistan 1999 population 19987071
3 Afghanistan 2000 cases 2666
4 Afghanistan 2000 population 20595360

100



5 Brazil 1999 cases 37737
6 Brazil 1999 population 172006362
7 Brazil 2000 cases 80488
8 Brazil 2000 population 174504898
9 China 1999 cases 212258
10 China 1999 population 1272915272
11 China 2000 cases 213766
12 China 2000 population 1280428583

H0|E{A2 B2 ALEE|O0F AS0| 222 SO07t UL} O|AZ Y2|otA P pivot_wider ()

+ pivot_wider() &%

- pivot_wider(df, names_from = "O|E ", values_from = "Zt&")
- 2709  -> (BtLZE =) -> BAAM o2 S22 A S
- 0] o2 Eoj| 0| &= FOI 5t

(55 (o]

S E names_from QXY A|A
o
Sv

A
x L= AEE|E= U0 U alues_from QIA0f| 2|

pivot_wider(table2,
names_from = type,

values_from = count

# A tibble: 6 x 4
country year cases population
<chr> <dbl> <dbl> <dbl>
1 Afghanistan 1999 745 19987071
2 Afghanistan 2000 2666 20595360

3 Brazil 1999 37737 172006362
4 Brazil 2000 80488 174504898
5 China 1999 212258 1272915272
6 China 2000 213766 1280428583
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10.1.2 EZIst A9 u|HE!l: Longer G| A]

0| 49| A2 & tidyr I§7|X|Q| Pivoting HIL|HEE 2t113HICt O| Xt=0{|&= 02 &
S} 0|Z42 Tidy data2 Hatet= YHHES0| AHE|Of Q/C},

10.1.2.1 X1 HI0|E{7} & 0|B2E E0{H E=

CtS reglig_incomS EA}

relig_income |>

head ()

# A tibble: 6 x 11
religion ~<$10k~ “$10-20k~ ~$20-30k~ ~$30-40k~ ~$40-50k~ ~$50-75k” ~$75-100k"

<chr> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Agnostic 27 34 60 81 76 137 122
2 Atheist 12 27 37 52 35 70 73
3 Buddhist 27 21 30 34 33 58 62
4 Catholic 418 617 732 670 638 1116 949
5 Don’t kn~ 15 14 15 11 10 35 21
6 Evangeli~ 575 869 1064 982 881 1486 949
# i 3 more variables: ~$100-150k”~ <dbl>, ~>150k> <dbl>,
# “Don't know/refused” <dbl>

Ol HiojHAlE 2t S A5 2EE LEIL = CI0|E0|Ct O] Ho|EAl2 & 0|9
=017 JAO0A untidy dataO|Ct. O|A2 tidy data2 HEHSHAL

1>
1
ok
40
N

relig_income |>

pivot_longer(

cols = !religion, # Sl O|E0| =0{7IX| 2= E=2 25 M
names_to = "income", # Q! H2[7} E0{7l= Y| 0|22 "income"2Z X|H
values_to = "count" # Q| H2[0| SHEHSt= ZL0| E0{7t= &2l O|FE "count"Z X|H
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#

© 00 N O O b W NN -

-
o

A tibble:
religion
<chr>
Agnostic
Agnostic
Agnostic
Agnostic
Agnostic
Agnostic
Agnostic
Agnostic
Agnostic

Agnostic

180 x 3
income
<chr>
<$10k
$10-20k
$20-30k
$30-40k
$40-50k
$50-75k
$75-100k
$100-150
>150k
Don't kn

# i 170 more rows

count

<dbl>

k

ow/refused

27
34
60
81
76
137
122
109
84
96

10.1.2.2 =<XI& HIO|E{7} & O|B 22 E0{Zt

CH2 billboard G|O|E{AIS E 2}

billboard |>

i 68 more variables: wk9 <dbl>, wk1l0 <dbl>, wkll <dbl>, wk12 <dbl>,
wk13 <dbl>, wk14 <dbl>, wk15 <dbl>, wkl6 <dbl>, wkl7 <dbl>, wk18 <dbl>,

head ()

# A tibble: 6 x 79
artist track
<chr> <chr>

1 2 Pac Baby~

2 2Ge+ther The ~

3 3 Doors Do~ Kryp~

4 3 Doors Do~ Loser

5 504 Boyz Wobb~

6 9870 Give~

#

#

#

wk1l9 <dbl>, wk20 <dbl>, wk21 <dbl>, wk22 <dbl>, wk23 <dbl>, wk24 <dbl>,

date.entered
<date>
2000-02-26
2000-09-02
2000-04-08
2000-10-21
2000-04-15
2000-08-19

W

k1

<dbl>

87
91
81
76
57
51

o
Ae

wk2

<db

103

1>
82
87
70
76
34
39

wk3
<dbl>
72

92

68

72

25

34

wké
<dbl>
77

NA

67

69

17

26

wk5
<dbl>
87

NA

66

67

17

26

wk6
<dbl>
94

NA

57

65

31

19

wk7
<dbl>
99

NA

54

55

36

2

wk8
<dbl>
NA
NA

53

59

49



# wk25 <dbl>, wk26 <dbl>, wk27 <dbl>, wk28 <dbl>, wk29 <dbl>, wk30 <dbl>,
# wk31 <dbl>, wk32 <dbl>, wk33 <dbl>, wk34 <dbl>, wk35 <dbl>, wk36 <dbl>,
#  wk37 <dbl>, wk38 <dbl>, wk39 <dbl>, wk40 <dbl>, wk4l <dbl>, wk42 <dbl>,
#  wk43 <dbl>, wk44 <dbl>, wk4b5 <dbl>, wk46 <dbl>, wk47 <dbl>, wk48 <dbl>,
Of to|g M2 Y-Hol| S0 e =2 LEE XHE =29 S LIEtU= HO|E{0[C}. O] HO|EAE2 B
OIS0 Z2+ 2917} S017} U0l untidy dataOICt. 0|28 tidy data@ HBH5H2L,
billboard |>
pivot_longer(
cols = l!c(artist, track, date.entered), # OIE|AE, =, XIQlI0| E0{7IX| &= &
names_to = "week", # FTZF =27} E0{7}= Y| 0|EE "week"2Z XA
values_to = "rank" # FTZF =20 SHESt= Zt0| E0{7I= &€9| 0|EE "rank"ZE X|H
)
# A tibble: 24,092 x 5
artist track date.entered week  rank
<chr> <chr> <date> <chr> <dbl>
1 2 Pac Baby Don't Cry (Keep... 2000-02-26  wkl 87
2 2 Pac Baby Don't Cry (Keep... 2000-02-26  wk2 82
3 2 Pac Baby Don't Cry (Keep... 2000-02-26  wk3 72
4 2 Pac Baby Don't Cry (Keep... 2000-02-26  wk4 77
5 2 Pac Baby Don't Cry (Keep... 2000-02-26  wkb 87
6 2 Pac Baby Don't Cry (Keep... 2000-02-26  wk6 94
7 2 Pac Baby Don't Cry (Keep... 2000-02-26  wk7 99
8 2 Pac Baby Don't Cry (Keep... 2000-02-26  wk8 NA
9 2 Pac Baby Don't Cry (Keep... 2000-02-26  wk9 NA
10 2 Pac Baby Don't Cry (Keep... 2000-02-26  wk10 NA
# i 24,082 more rows
O HOJ&] &gt 2HYOM O =0| 0= F0f| LEE 2AE0AM w2l FR0= NAZ EA|ECH O[FA
O|0|A= NA (0| U= BR0= AEAZL AAHE '71| of= §40| Ut values_drop_na QA+S
TRUEZ A|Y5tH ZCf.
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billboard |>

pivot_longer(

# A tibble:

artist

<chr>
2 Pac
2 Pac
2 Pac
2 Pac
2 Pac
2 Pac
2 Pac

© 00 N O O > W N -

[
(@

¢ ZotE 2™ week 0| wkl St
Z10|C}t. 212fjof oft

ol 4

—

2Gether The
2Ge+her The
2Ge+her The
# i 5,297 more

cols = !c(artist, track, date.entered), # OfE|AE, =, Flolalo| E0{7IX| LU= G=
names_to = "week", # FTZF =27 E0{7}= H2| 0|ESZ "week"2ZE X|H

values_to = "rank", # FZF &=2/0f| siESt= Zt0] S0{7t= Y2l O|F2 "rank"E X|H
values_drop_na = TRUE # 20| = dA<=0= XA

5,307 x &
track
<chr>
Baby
Baby
Baby
Baby
Baby
Baby
Baby

Don't
Don't
Don't
Don't
Don't
Don't
Don't

rows

billboard |>

pivot_longer(

cols = !c(artist, track, date.entered), # OfE|AE, =, Zlglalo
names_to = "week", # FTZI £2|7} E0{7I= €| O|EE "week"9O =
names_prefix = "wk", # "wk" EAIE = X|[H

values_to =

20|

Hardest Part 0Of
Hardest Part Of
Hardest Part Of

date.entered week  rank
<date> <chr> <dbl>
Cry (Keep... 2000-02-26 wkl 87
Cry (Keep... 2000-02-26  wk2 82
Cry (Keep... 2000-02-26 wk3 72
Cry (Keep... 2000-02-26  wk4 77
Cry (Keep... 2000-02-26  wk5 87
Cry (Keep... 2000-02-26 wk6 94
Cry (Keep... 2000-02-26  wk7 99
. 2000-09-02  wkil 91
. 2000-09-02  wk2 87
. 2000-09-02  wk3 92

Z0| 2AE 2 £|0f JU=H|, O A2 At

T SCHLEE0| HotU=A] 52 ALt 4= ULt

o 4 U= SH0| AL}, names_prefix QIA7F AA0|C

POl wk1 0| M wk S AA

"rank",

values_drop_na

= TRUE #

# 7t =20

Ol O4L—
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# A tibble: 5,307 x 5

artist

<chr>

2
2
2
2
2
2
2

© 00 N O O b W N

Pac
Pac
Pac
Pac
Pac
Pac

Pac

track

<chr>

Baby Don't Cry (Keep...
Baby Don't Cry (Keep...
Baby Don't Cry (Keep...
Baby Don't Cry (Keep...
Baby Don't Cry (Keep...
Baby Don't Cry (Keep...
Baby Don't Cry (Keep...
2Gether The Hardest Part Of
2Gether The Hardest Part Of

10 2Gether The Hardest Part Of

# i 5,297 more rows

date.entered week rank

<date> <chr> <dbl>
2000-02-26 1 87
2000-02-26 2 82
2000-02-26 3 72
2000-02-26 4 7
2000-02-26 5 87
2000-02-26 6 94
2000-02-26 7 99
. 2000-09-02 1 91
. 2000-09-02 2 87
. 2000-09-02 3 92

S ZUE & 20 week HO| O = EAHZ 5[0 T}, O|HS RAMY HO|E{ 2 Histet 4~
billboard |[>
pivot_longer(
cols = !c(artist, track, date.entered), # OfE|AE | =, Zlglalo
names_to = "week", # FTZI £2|7F E0{7l= €| O|EE "week"9O =
names_prefix = "wk", # "wk" EXILES XA
values _to = "rank", #

)

| >

values_drop_na = TRUE # Z[0| 9l= A<0l= XA

mutate (week = as.numeric(week))

# A tibble: 5,307 x 5

artist

<chr>

12
2 2

Pac

Pac

track

<chr>

Baby Don't Cry (Keep...
Baby Don't Cry (Keep...

date.entered week rank

<date> <dbl> <dbl>
2000-02-26 1 87
2000-02-26 2 82
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3 2 Pac Baby Don't Cry (Keep... 2000-02-26 3 72
4 2 Pac Baby Don't Cry (Keep... 2000-02-26 4 7
5 2 Pac Baby Don't Cry (Keep... 2000-02-26 5 87
6 2 Pac Baby Don't Cry (Keep... 2000-02-26 6 94
7 2 Pac Baby Don't Cry (Keep... 2000-02-26 7 99
8 2Gether The Hardest Part 0Of ... 2000-09-02 1 91
9 2Ge+her The Hardest Part Of ... 2000-09-02 2 87
10 2Ge+ther The Hardest Part 0f ... 2000-09-02 3 92

# i 5,297 more rows

|19

2G| pivot_longer () 40| M O] 2f
o QoA MAE|=dES CIZEER 22}
! otErOl &=

2 lF= SM0| UL} pivot_longer() €4+ names_to

EtYeZ 051, values_to0f QoM MM &= E=2| Ef

1

EIUR
[I

—
| SIC}, O] 2}4S names_transform, values_transform

billboard |[>
pivot_longer(

cols = !c(artist, track, date.entered), # OfE|AE | =, EIQ0| =0{7tX| L= LY== &
names_to = "week", # FTZt &7 E0{7}= Y| O|EEZ "week"2Z X|H

values_to = "rank", # FZF =20 sl|ZSt= 20| =0{7t= L2l 0|EZ "rank"ZE XY
names_prefix = "wk", # "wk" EXAILES XA

names_transform = list(week = as.numeric), # Q2| O|EE X ] AIEE= EFQE inte

# A tibble: 24,092 x 5

artist track date.entered week rank

<chr> <chr> <date> <dbl> <dbl>
1 2 Pac Baby Don't Cry (Keep... 2000-02-26 1 87
2 2 Pac Baby Don't Cry (Keep... 2000-02-26 2 82
3 2 Pac Baby Don't Cry (Keep... 2000-02-26 3 72
4 2 Pac Baby Don't Cry (Keep... 2000-02-26 4 7
5 2 Pac Baby Don't Cry (Keep... 2000-02-26 5 87
6 2 Pac Baby Don't Cry (Keep... 2000-02-26 6 94
7 2 Pac Baby Don't Cry (Keep... 2000-02-26 7 99
8 2 Pac Baby Don't Cry (Keep... 2000-02-26 8 NA
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9 2 Pac
10 2 Pac

# 1

10.1.2.3 03] 7S] HL-E0|

=)

24,082 more rows

who G|O[E{AIS £t

who |[>

# A

head ()

tibble: 6 x 60

country  iso2 1iso3

€ 0

Baby Don't Cry (Keep... 2000-02-26
Baby Don't Cry (Keep... 2000-02-26

FE|

(=

ol =

pok

o
7c:!'l'

10 NA

year new_sp_m014 new_sp_ml1524 new_sp_m2534 new_sp_m3544

<chr> <chr> <chr> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Afghanis~ AF AFG 1980 NA NA NA NA
2 Afghanis~ AF AFG 1981 NA NA NA NA
3 Afghanis~ AF AFG 1982 NA NA NA NA
4 Afghanis~ AF AFG 1983 NA NA NA NA
5 Afghanis~ AF AFG 1984 NA NA NA NA
6 Afghanis~ AF AFG 1985 NA NA NA NA
# i 52 more variables: new_sp_m4554 <dbl>, new_sp_mb564 <dbl>,
# new_sp_m65 <dbl>, new_sp_£f014 <dbl>, new_sp_£1524 <dbl>,
# new_sp_£2534 <dbl>, new_sp_£3544 <dbl>, new_sp_£4554 <dbl>,
# new_sp_£5564 <dbl>, new_sp_£65 <dbl>, new_sn_m014 <dbl>,
# new_sn_ml1524 <dbl>, new_sn_m2534 <dbl>, new_sn_m3544 <dbl>,
# new_sn_m4554 <dbl>, new_sn_mbb64 <dbl>, new_sn _m65 <dbl>,
# new_sn_£f014 <dbl>, new_sn_£f1524 <dbl>, new_sn_£2534 <dbl>,

names (who)

[1] "country" "iso2" "iso3" "year" "new_sp_m014"

[6] "new_sp_m1524" "new_sp_m2534" "new_sp_m3544" "new_sp_m4554" "new_sp_mb564"
[11] "new_sp_m65" "new_sp_£f014" '"new_sp_£f1524" "new_sp_£2534" "new_sp_£3544"
[16] "new_sp_f4554" "new_sp_f5564" "new_sp_f65" "new_sn_m014" "new_sn_m1524"
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[21]

"new_sn_m2534"

"new_sn_m3544"

"new_sn_m4554"

"new_sn_mb564"

"new_sn_m65"

[26] "new_sn_f014" '"new_sn_£f1524" "new_sn_£f2534" "new_sn_f3544" "new_sn_f4554"
[31] "new_sn_f5564" "new_sn_f65" "new_ep_m014" '"new_ep_m1524" "new_ep_m2534"
[36] "new_ep_m3544" "new_ep_m4554" "new_ep_mb564" "new_ep_m65" "new_ep_£014"
[41] "new_ep_£f1524" "new_ep_£2534" "new_ep_£3544" "new_ep_f4554" "new_ep_£f5564"
[46] "new_ep_f65" "newrel_m014" "newrel _m1524" "newrel m2534" "newrel_m3544"
[61] "newrel m4554" "newrel _m5564" "newrel m65" "newrel_f014" "newrel £f1524"
[66] "newrel f2534" "newrel f3544" "newrel f4554" "newrel f5564" "newrel f65"

O| H|O|E{ 40| M new_ FE= new= MZ2 H|O|O|AF QO|EHT}. mrel, epe AUTHHYS 2|0|5tL m,

f= JES 20[SICH 1524, 65 S2 LIO| H9IE 2|0|SHC}

O| HIO|E{AlS pivot_longer () &4E AFR5H0 tidy data@ &5 E2F HZ{ names_to0f| 2|3 A
MHel= ES2| 0|52 A|EetC}. & names_pattern QUAE ALESHO & 0|50 Let=El Z2AES

o= 2|Ystict.

AA O] 7|52 AtE5t® R A0Q| A HAS AOLOF oLt M HYEAZ2 ZAEQ IEH S
Z|dst= ESAOICH A0 /Y= HAL= R for Data Science (2e) 152 Regular Expressions &<
Zastet

@ 3IE

names_pattern QA0 AFRE|= P+ A2 O30t 20

« new_7(.%)_(.)(.%)

- new_ = new. 72t = YO ZA7F 08
(.x) & otLte] d HAC| OF (group) @I,

ZAE U] AR 2E A2 2|06ttt

E= 18 UHe AS 206ttt
O

2tofl . x7F SO7F AN BFF _

s

a7

—

- (HE 220|1, .2 5tLte] alphanumeric 22F2 2|0|tC},
- (WDEIDECZ, D E BAE S 90|GtTt
O7|M ALZ2E &2 names_toOf|A] &=L

who |>
pivot_longer (

cols = !c(country, iso2, iso3, year), # Li{Z}, =X =& =27} T, =N & =7t =,
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https://r4ds.hadley.nz/regexps.html

names_to = c("diagnosis", "gender", "age"), # TITtEIEH | MHEH | L{o] HLVF S0{7t= Z2
names_pattern = "new_7(.*)_(.)(.*%)",

values_to = "count" # ZI0| E0{7}l= ¥2| O|EE "count"=E X|H

# A tibble: 405,440 x 8

country iso2 1iso0o3 year diagnosis gender age count
<chr> <chr> <chr> <dbl> <chr> <chr> <chr> <dbl>
1 Afghanistan AF AFG 1980 sp m 014 NA
2 Afghanistan AF AFG 1980 sp m 1524 NA
3 Afghanistan AF AFG 1980 sp m 2534 NA
4 Afghanistan AF AFG 1980 sp m 3544 NA
5 Afghanistan AF AFG 1980 sp m 4554 NA
6 Afghanistan AF AFG 1980 sp m 5564 NA
7 Afghanistan AF AFG 1980 sp m 65 NA
8 Afghanistan AF AFG 1980 sp f 014 NA
9 Afghanistan AF AFG 1980 sp f 1524 NA
10 Afghanistan AF AFG 1980 sp f 2534 NA
# i 405,430 more rows
A0 M = A EHZ|C names_to= MHEl= S| HIO|HEIYE ZAFE0|Ct 0|ZdS names_transform

o
QIAIZE AZot0 ME = BSHSHCt
who |[>
pivot_longer(
cols = !c(country, iso2, iso3, year), # L|Z|, =N & =7t Z=, =X 2& =7 T &,
e

names_to = c("diagnosis", "gender", "age"), # TIHEIE , LIO| HRI7F E0{7t= e

-

names_pattern = "new_7(.*)_(.)(.*¥)",
names_transform = list(

diagnosis = as.factor,

gender = as.factor,

age = as.factor
),

values_to = "count" # ZI0| E0{7}f= €2| O|EE "count"=E X|H
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) 1>
rename (
age_group = age
) 1>
tail()

# A tibble: 6 x 8

country 1iso2 1iso3  year diagnosis gender age_group count
<chr> <chr> <chr> <dbl> <fct> <fct> <fct> <dbl>
Zimbabwe ZW ZWE 2013 rel f 1524 2069
Zimbabwe ZW ZWE 2013 rel f 2534 4649
Zimbabwe ZW ZWE 2013 rel f 3544 3526
Zimbabwe ZW ZWE 2013 rel f 4554 1453
Zimbabwe ZW ZWE 2013 rel f 5564 811
Zimbabwe ZW ZWE 2013 rel f 65 725

A Ok W N -

10.1.2.4 sjLte| ol 0i2{ 2t50| S0i2t B2

CHS household Ci|O|E{ IS EA}

household

# A tibble: 5 x 5
family dob_childl dob_child2 name_childl name_child2

<int> <date> <date> <chr> <chr>
1 1 1998-11-26 2000-01-29 Susan Jose
2 2 1996-06-22 NA Mark <NA>
3 3 2002-07-11 2004-04-05 Sam Seth
4 4 2004-10-10 2009-08-27 Craig Khai
5 5 2000-12-05 2005-02-28 Parker Gracie

0| HIO[E{AE SiLISl 30 A2l U 1 0SS H2lZ 2ol
zolct.

0| A2 5tLte| €= ZOtA| HEGH

—
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0| ZS names_sep QUAE ALESI0] €2 &2|6t1, names_to QIR0 .value2te= E45t 22 X[ H5t
o 0| B20| iYL= B2 ¥o| 0|22 2|HBIC dob_childl, name_child22} 22 0| S
@ names_sep = "_"Z X| Q37| {20 dob2} nameO| .valueOf| SO{7}H| |12, childl, child2

F20| child0| SO{74A| & Ef

household |>
pivot_longer(
cols = !family,
names _to = c(".value", "child"),
names_sep = "_",

values_drop_na = TRUE

# A tibble: 9 x 4

family child dob name

<int> <chr> <date> <chr>
childl 1998-11-26 Susan
child2 2000-01-29 Jose
childl 1996-06-22 Mark
childl 2002-07-11 Sam
child2 2004-04-05 Seth
childl 2004-10-10 Craig
child2 2009-08-27 Khai
childl 2000-12-05 Parker
child2 2005-02-28 Gracie

© 0 N o oA~ W N R
g DWW N R R

10.1.3 SZist 22| m|HI&l: Wider 0fA|

CHZ fish_encounters G|O|E{AI2 S17(0 EfOE 0|11, 2 %|H (station)Of|M £ HME
ArEsh e &17|2| 0|50| ZA=A=AZ 7|58t H0|&{0|Ct,

fish_encounters

# A tibble: 114 x 3
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fish station seen
<fct> <fct> <int>
4842 Release
4842 180_1
4842 Lisbon
4842 Rstr
Base_TD
4842 BCE
4842 BCW
4842 BCE2
4842 BCW2
10 4842 MAE

©O© 00 N o 0D W N -
N
[0
N
N
T = = =

# i 104 more rows

42 o™ 207(7F O A HollM Z2[=[Aes Fela 210 HS + ULt O] B2 pivot_wider ()

| 7
S48 AEE £ QUCH names_from0f @2 22 8 0|58 A HsiCt.

fish_encounters |>
pivot_wider(
names_from = station,

values from = seen

# A tibble: 19 x 12
fish Release I80_1 Lisbon Rstr Base_TD BCE BCW BCE2 BCW2 MAE MAW

<fct> <int> <int> <int> <int> <int> <int> <int> <int> <int> <int> <int>

1 4842 1 1 1 1 1 1 1 1 1 1 1
2 4843 1 1 1 1 1 1 1 1 1
3 4844 1 1 1 1 1 1 1 1 1 1 1
4 4845 1 1 1 1 1 NA NA NA NA NA NA
5 4847 1 1 1 NA NA NA NA NA NA NA NA
6 4848 1 1 1 1 NA NA NA NA NA NA NA
7 4849 1 1 NA NA NA NA NA NA NA NA NA
8 4850 1 1 NA 1 1 1 1 NA NA NA NA
9 4851 1 1 NA NA NA NA NA NA NA NA NA
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10 4854 1 1 NA NA NA NA NA NA NA NA
11 4855 1 1 1 1 1 NA NA NA NA NA
12 4857 1 1 1 1 1 1 1 1 1 NA
13 4858 1 1 1 1 1 1 1 1 1 1
14 4859 1 1 1 1 1 NA NA NA NA NA
15 4861 1 1 1 1 1 1 1 1 1 1
16 4862 1 1 1 1 1 1 1 1 1 NA
17 4863 1 1 NA NA NA NA NA NA NA NA
18 4864 1 1 NA NA NA NA NA NA NA NA
19 4865 1 1 1 NA NA NA NA NA NA NA
O] B2 LAER] %2 B8R0 = NAZ BA|Z|=0, 0| XS 022 29 @1 4= &+ UCL
values_fill QIAtE AESIHH EIC}H

fish_encounters |[>
pivot_wider(
names_from = station,
values _from = seen,

values_£fill = 0

# A tibble: 19 x 12

fish Release I80_1 Lisbon Rstr Base_TD BCE BCW BCE2 BCW2 MAE
<fct> <int> <int> <int> <int> <int> <int> <int> <int> <int> <int>
4842 1 1 1 1
4843
4844
4845
4847
4848
4849
4850
4851
4854
4855

8@00\10301%03[\)»—&
L
L
_ O O O O H +»r = =B =
, O O B O B O r KB =, =
R O O Bk O O O K K, K1 K.
O O O B O O O O K K1 K,
O O O B O O O O +~r K
O O O O O O O O = =
O O O O O O O O = = =
o O O O O O O O - =

[y
[y

14

NA
NA
NA

NA

NA
NA
NA
NA

MAW

<int>

O O O O O O O O - = =



12 4857 1 1 1 1 1 1 1 1 1 0 0
13 4858 1 1 1 1 1 1 1 1 1 1 1
14 4859 1 1 1 1 1 0 0 0 0 0 0
15 4861 1 1 1 1 1 1 1 1 1 1 1
16 4862 1 1 1 1 1 1 1 1 1 0 0
17 4863 1 1 0 0 0 0 0 0 0 0 0
18 4864 1 1 0 0 0 0 0 0 0 0 0
19 4865 1 1 1 0 0 0 0 0 0 0 0
Ofe] 222 g HIOIE 7t UL sif 22t Chg ZEO|A .2 Tjo[ & E&ZFE WhE AHES I
20| CO[E{ X2} S CH LIS EHAOIC, d2iM |> HLRE ARZE W= 2S5HA| G=C

production <-
expand_grid(
product = c("A", "B"),

country = c("AI", "EI"),
year = 2000:2014
) %>h

as_tibble () %>%
mutate (production = rnorm(nrow(.)))

production

# A tibble: 60 x 4

product country year production

<chr> <chr> <int> <dbl>
1A AT 2000 -0.436
2 A AT 2001 1.31
3 A AT 2002 -0.917
4 A AT 2003 -0.225
5 A AT 2004 0.977
6 A AT 2005 -0.436
7 A AT 2006 0.559
8 A AT 2007 0.782
9 A AT 2008 0.391
10 A AT 2009 0.328
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# i 50 more rows

glimpse (production)

Rows: 60

Columns: 4

$ product <chr> "A", M"A", "A", "A", "A", "A"™, "A"™, "A", VA", “A", "A", "A", 6~
$ country <chr> "AI", "AI", "AI", "AI", "AI", "AI", "AI", "AI", "AI", "AI",~
$ year <int> 2000, 2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008, 2009, ~
$ production <dbl> -0.43581771, 1.30835973, -0.91719742, -0.22504623, 0.977421~

Ol CIO[E{MS HEE2 Y2 sl 20 BRIt AS &+ AL SN €2 2=

i

ME

L

4 9lct,

rlo

production |>
pivot_wider(
names_from = c(product, country),

values_from = production

# A tibble: 15 x 5
year ~ A_AI AEI B_AI  B_EI
<int> <dbl> <dbl> <dbl>  <dbl>
1 2000 -0.436 -1.18 -0.332 -1.37
2 2001 1.31  0.451 -0.808 0.291
3 2002 -0.917  0.411 -2.96  1.17
4 2003 -0.225 0.882 0.724 0.0484
5 2004 0.977 1.02 0.406 1.20
6 2005 -0.436 -1.43 0.297 -0.218
7
8
9

2006 0.559 0.567 -0.427 0.263
2007 0.782 -1.07 -0.865 0.671
2008 0.391 0.919 -1.63 0.200
10 2009 0.328 0.250 -0.508 -0.244
11 2010 0.855 -0.401 0.865 -0.785

12 2011 -0.0933 -0.155 -0.361 -1.03
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13 2012 -0.0266 0.160 0.686 0.234
14 2013 0.253 -1.41 -0.811 -0.744
15 2014 1.16 0.751 -0.583 0.837

JER-EX

—

o

—
names_prefix QA AL

production |[>
pivot_wider(
names_from = c(product, country),
values_from = production,
names_sep = ".",

names_prefix = "production."

# A tibble: 15 x 5
year production.A.AI production.A.EI production.B.AI production.B.EI

<int> <dbl> <dbl> <dbl> <dbl>
1 2000 -0.436 -1.18 -0.332 -1.37

2 2001 1.31 0.451 -0.808 0.291
3 2002 -0.917 0.411 -2.96 1.17

4 2003 -0.225 0.882 0.724 0.0484
5 2004 0.977 1.02 0.406 1.20

6 2005 -0.436 -1.43 0.297 -0.218

7 2006 0.559 0.567 -0.427 0.263

8 2007 0.782 -1.07 -0.865 0.671

9 2008 0.391 0.919 -1.63 0.200

10 2009 0.328 0.250 -0.508 -0.244
11 2010 0.855 -0.401 0.865 -0.785
12 2011 -0.0933 -0.155 -0.361 -1.03
13 2012 -0.0266 0.160 0.686 0.234
14 2013 0.253 -1.41 -0.811 -0.744
15 2014 1.16 0.751 -0.583 0.837
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10.2 H™z|

+ Pivoting BIL|M|EO]| U= AlellSS 25 d2let A2 OtLCh o B2 ARE 228 0| &3S

2 DBICH
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https://tidyr.tidyverse.org/articles/pivot.html#unused-columns

11 dplyr2 H|O|E{ 713

R dplyr If7| | = tidyverse& 7 H5t= F2 I47|A[Q| 5tLIO0|0H, R G|O|E{ &
| AS 7t55t0 ALEAME Hohe HENZ HetA|7|= 7|52 AlSstot 7iE 2t
AHER 0| & ot 7|50] 45t R AFEAS0| A4 AESte &+
StLIO|CE d= data.frame, plyr= & (tools)2 2|0|3HCt R dplyr
MA S| T A (pandas), Z2tA (polars), SQL MIZA|2| DuckDB S2t &7 A2
EXNEL} 22 424Y HIO|HE Ae|ote i =42 Qg QIot £ 0
o] 28 22 B0 H|0|AF CHE = SQL(structured query language) 2= (3) dplyr:  a gram-
LA HEEO A2, SQLE AHESHA| Ot H[O[E{H|O|ALLE AFS 4= UTH mar of data ma-
nipulation

ogk

dplyr 2|2t AHE2 L3t &2 Y 7124 StLEES |EISIT). tidyverseS 22|51 28 7|0
b 7

LS| A0f Th= 2te|et BRIt G| = Stht.

# M|
install.packages("dpylr")
# 24

library(dplyr)

CcC

P —

CtE 2t 20| sl =t

rr

install.packages("tidyverse")

library("tidyverse")
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11.1 =30| &= XI=

dplyr I{7| R J0[CF. 12y
T O SlE DSttt B M e IH7| |0 L& BILI0|E2t dplyr A2t S0| EESt= Ol 242
L&O|Ct.

>\|

« dplyr I{7|A|Of ZL&tEl H|L|Oj|

Im
Mo
>
un

- Introduction to dplyr
Grouped data

Column-wise operations

Row-wise operations

Two-table verbs

Window functions

Programming with dplyr

+ R for Data Science (2e) 3% Data transformation

+ dplyr CheatSheet(PDF)

11.2 dplyr& A|ZESI7]0] QA 2LOIE LHE

dplyr0j|d O] X (pipe) HLALAFE 0| AFRSICE, (8 2t11) OIO|Z (pipe) 2t +~EL 7IAMUXME SES
HZSte 25 LSiCt ROIM = O] HAZLIL native 2 A/ St= 40| YOAM S0 = magrittr
Ol2t= I7 || 2 EallAl O] 7|52 AR, %>i%ets SRS O|834CE 2{CHot LS| IHo| Lo

Oiet +171 S7t5tHAM HIO[EIEZ 2| A5H7| A[2f3iAL, |>0|2tk= SRS AHS STt THo| 29| 7HE 2
EISITE 2o Hute] 2t L ol A A QA2 M E L o S0, L3 €2 2570
UACHL SFA},

library(dplyr)

Attaching package: 'dplyr'
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https://dplyr.tidyverse.org/articles/dplyr.html
https://dplyr.tidyverse.org/articles/grouping.html
https://dplyr.tidyverse.org/articles/colwise.html
https://dplyr.tidyverse.org/articles/rowwise.html
https://dplyr.tidyverse.org/articles/two-table.html
https://dplyr.tidyverse.org/articles/window-functions.html
https://dplyr.tidyverse.org/articles/programming.html
https://r4ds.hadley.nz/data-transform.html
https://rstudio.github.io/cheatsheets/data-transformation.pdf

The following objects are masked from 'package:stats':

filter, lag

The following objects are masked from 'package:base':

intersect, setdiff, setequal, union

mtcars |>
filter(mpg > 20) |[>
select (mpg, cyl) |>

head ()
mpg cyl
Mazda RX4 21.0 6
Mazda RX4 Wag 21.0 6
Datsun 710 22.8 4
Hornet 4 Drive 21.4 6
Merc 240D 24 .4 4
Merc 230 22.8 4
Ol CL& T}t 22 9|0|2 ZHert,

df1 <- filter(mtcars, mpg > 20)
df2 <- select(dfl, mpg, cyl)
df3 <- head(df2)

F IEE 22 ZUE WA|D, ¢ REQ| VM0l 4§ g1, St x5S UHEA| 0t &

O22|2 07|11 0| S5 &elotA| ot St AHE 71RICH O{7|M= R H|O|E[E ALz}l |>
2 AESICH>%E A 24171 2 A2 eith).

dplyrE AF2& = non-standard evaluation(NSE)2 AFE38tCt, O] 9—|D| He 2 20tE Z et

Tt AotE A2 & 0|5 ALY mf 22U L 2UZH ¢l0| HIZ & 0|§2 A& StCH= &Oo|Ct

Ol 2 RZ&0|M= ot He|stR|2t REZ Z2 2{US ti= —?’—7%12% 12{3li0F 5= EE0|

Z 2t 2742 Programming with dplyr 2A& 2t105H2 H2tCt
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https://dplyr.tidyverse.org/articles/programming.html

dplyr2 H|OIE{ 22| ) S 2|5H= =+0ICt J2iM dplyro| 2 SAt(verbs)= H|O|HZYS &
OfA| HIO|E{ IR S BIEISICt O & S0, filter ) 4= HO|H 2| S BOIA Co|HZ2f S
HHetSC}, Z1efM iR 2 2E= HO[E{ I J0A Al25H0] HIO|H X Y22 EHT.

7C~>I-

dplyre| 44! JH22}0l Hadley Wickham2 %2 Zo}
ggplot22| gg= grammer of graphics@| 2fZ0|C} dplyr grammer of data manipulationQ@|
OfZtO|Lt. d= Of =4t9| 9|0l 20ig W 28 (grammer)cte TO0E SA Aottt dplyr

OME iy etesS A7HE Ste SAtets 2l0|0A verbsetil 2L}

o
rok

Q17| ¥ =% T7 A2

—

i

Ct.

11.3 dplyr 4=

- 0] 22 dplyr H|L|M|E Introduction to dplyrg 29F(F2 #Ho) ot A Y.

I{7|2| & 2Y5t1, 1 0ol &= starvars CO[HAlS HTHE 2}

library(dplyr)

head(starwars)

# A tibble: 6 x 14

name height mass hair_color skin_color eye_color birth_year sex  gender

<chr> <int> <dbl> <chr> <chr> <chr> <dbl> <chr> <chr>
1 Luke Sky~ 172 77 blond fair blue 19 male mascu~
2 C-3P0 167 75 <NA> gold yellow 112  none mascu~
3 R2-D2 96 32 <NA> white, bl~ red 33 none mascu~
4 Darth Va~ 202 136 none white yellow 41.9 male mascu~
5 Leia Org-~ 150 49 brown light brown 19 fema~ femin~
6 Owen Lars 178 120 brown, gr~ light blue 52 male mascu~
# i 5 more variables: homeworld <chr>, species <chr>, films <list>,
# vehicles <list>, starships <list>

11.4 T2l E|0|8 S Al(single table verbs)

U oY B0|=S Hdste eSS HEL FoM 2FT AXT 0|52 7[R HAt= single
table verbsetd £EC} 0|5 g4-E HiE He Yt E YekS HA£0)| 2|8 FCt
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| S= A== 22
- slice(): R{2[0f U= WSS U
- arrange(): H=2 HE
.
=

- select(): AIBS EES

- rename(): & O|§ HE

- mutate(): 7|2 =2 U= 1D MEE S 27t

- relocate(): €2 22| HE

. Y=

- summarise()
11.4.1 S CHAIO 2 3 &t
11.4.1.1 filter(): X740 Y= HES TE|Z
Of g0l 22S FH, 2435 U=st= WSS 22
CHS2 skin_color’} "light" 0|11 (AND), eye_color’} "brown" 72 71X H=2 Z

starwars |> filter(skin_color == "light", eye_color == "brown")
# A tibble: 7 x 14
name height mass hair_color skin_color eye_color birth_year sex
<chr> <int> <dbl> <chr> <chr> <chr> <dbl> <chr>

1 Leia Org~ 150 49 brown light brown 19 fema~
2 Biggs Da~ 183 84 black light brown 24 male
3 Padmé Am~ 185 45 brown light brown 46 fema~
4 Cordé 157 NA brown light brown NA <NA>
5 Dormé 165 NA brown light brown NA fema~
6 Raymus A~ 188 79 brown light brown NA male
7 Poe Dame~ NA NA brown light brown NA male
# i 5 more variables: homeworld <chr>, species <chr>, films <list>,
# vehicles <list>, starships <list>

02
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gender
<chr>
femin~
mascu~
femin~
<NA>
femin-~
mascu-~

mascu~



11.4.1.2 arrange(): ™™ (

arrange ()

[s1
o

orof|

rr

A
L

e

7|

starwars |> arrange(height, mass)

# A tibble:
name
<chr>
Yoda
Ratts T~
Wicket ~
Dud Bolt
R2-D2
R4-P17
R5-D4
Sebulba

© 00 N O O b W NN -

Gasgano

-
o

Watto

# i 77 more

87 x 14

height

<int>
66
79
88
94
96
96
97
112
122
137

rows

mass
<dbl>
17
15
20
45
32
NA
32
40
NA
NA

hair_color
<chr>
white
none
brown
none
<NA>
none
<NA>
none
none

black

skin_color
<chr>

green

grey, blue
brown

blue, grey
white, bl~
silver, r~
white, red
grey, red
white, bl~
blue, grey

# i 5 more variables: homeworld <chr>, species

#

CLEE= 282=0IC.

starwars |> arrange(desc(height))

# A tibble:
name
<chr>
Yarael ~
Tarfful
Lama Su

Chewbac~

[ I

Roos Ta~

87 x 14

height

<int>
264
234
229
228
224

mass
<dbl>
NA
136
88
112
82

Y50

vehicles <list>, starships <list>

= desc()

£0| £l= = TAMUZ 2| F et

eye_color
<chr>
brown
unknown
brown
yellow
red

red, blue
red
orange
black
yellow

birth_year
<dbl>
896
NA

8

NA

33

NA

NA

NA

NA

NA

<chr>, films <list>,

hair_color skin_color eye_color birth_year

<chr>
none
brown
none
brown

none

<chr>
white
brown
grey

unknown

grey

124

<chr>
yellow
blue
black
blue

orange

<dbl>
NA
NA
NA

200
NA

sex
<chr>
male
male
male
male
none
none
none
male
male

male

sex
<chr>
male
male
male
male

male

gender
<chr>

mascu~
mascu~
mascu~
mascu~
mascu~
femin~
mascu~
mascu~
mascu~

mascu~

gender
<chr>

mascu~
mascu~
mascu~
mascu~

mascu~



1
#

6 Grievous
7 Taun We
8 Rugor N~
9 Tion Me~
0 Darth V~

i 77 more

216
213
206
206
202

rows

159
NA
NA
80

136

none

none

none

none

none

brown, wh~
grey
green
grey

white

# 1 5 more variables: homeworld <chr>, species

#

11.4.1.3 slice():

vehicles <list>, starships <list>

AUHAE JHX| 0 L&

0

ol

02
1o

=
EE MY

hair_color skin_color

<chr>
light
light
light
white, red
light

fair

2| S 7L HES A2 SH.
# BEAM{OI M 10HHm] &= Z2fHHCt.
starwars |> slice(5:10)
# A tibble: 6 x 14
name height mass
<chr> <int> <dbl> <chr>
1 Leia Org-~ 150 49 brown
2 Owen Lars 178 120 brown, gr~
3 Beru Whi~ 165 75 brown
4 R5-D4 97 32 <NA>
5 Biggs Da~ 183 84 black
6 Obi-Wan ~ 182 77 auburn, w~
# i b more variables:
# vehicles <list>, starships <list>

#

ot St4+2 slice_head(), slice_tail() & AFEE

starwars |> slice_head(n =

A tibble:

name

3 x 14

3)

green, y-~
black
orange
black
yellow

NA
NA
NA
NA

41.

9

<chr>, films <list>,

eye_color birth_year

<chr>
brown
blue
blue
red
brown

blue-gray

<db

1>
19
52
47
NA
24
57

homeworld <chr>, species <chr>, films <list>,

male
fema~
male
male

male

sex
<chr>
fema~
male
fema~
none
male

male

height mass hair_color skin_color eye_color birth_year sex
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mascu~
femin~
mascu~
mascu~

mascu~

gender
<chr>

femin~
mascu~
femin~
mascu~
mascu~

mascu~

gender



1
2
3

# i 5 more variables:

#

slice_sample() &%

=
—
L3 T

strap)=

H H O S W N -

D O W N -

<chr>
Luke Sky~
C-3P0
R2-D2

<int> <dbl> <chr>
172 77 blond
167 75 <NA>
96 32 <NA>

<chr>
fair

gold

vehicles <list>, starships <list>

starwars |> slice_sample(n

A tibble:
name
<chr>
Ratts Ty~
Jar Jar ~
Yoda
Wat Tamb~
Adi Gall~

i 5 more variables:

5 x 14
height mass
<int> <dbl> <chr>

79 15 none
196 66 none
66 17 white
193 48 none
184 50 none

hair_color skin_color

<chr>
grey, blue
orange
green
green, gr~

dark

homeworld <chr>, species

vehicles <list>, starships <list>

starwars |> slice_sample(prop = 0.1)

A tibble:
name
<chr>
Greedo
Poggle t~
Wilhuff ~
Beru Whi~
Ben Quad~

Leia Org-~

8 x 14
height mass
<int> <dbl> <chr>

173 74 <NA>
183 80 none
180 NA auburn, g~
165 75 brown
163 65 none
150 49 brown

hair_color skin_color

<chr>
green
green
fair

light
grey,
light

gre~

126

<chr>
blue
yellow

white, bl~ red

<dbl>
19
112
33

homeworld <chr>, species <chr>, films <list>,

WS FE5I7Lt prop HIE U FECILE F
At&st=d|, 0| 0= replace M

eye_color birth_year

<chr>
unknown
orange
brown
unknown
blue

<chr>, films

<dbl>
NA

52
896
NA

NA

<list>,

eye_color birth_year

<chr>
black
yellow
blue
blue
orange

brown

<dbl>
44
NA
64
47
NA
19

<chr>
male
none

none

sex
<chr>
male
male
male
male

fema~

sex
<chr>
male
male
male
fema~
male

fema~

<chr>
mascu~
mascu~

mascu~

gender
<chr>

mascu~
mascu~
mascu~
mascu~

femin~

gender
<chr>

mascu~
mascu~
mascu~
femin~
mascu~

femin~



= H 00 N

slice_min(), slice_max() = O{™ B9

Poe Dame~

Lama Su

NA
229

NA
88

brown

none

light
grey

brown NA
black NA

i 5 more variables: homeworld <chr>, species <chr>, films <list>,

vehicles <list>, starships <list>

starwars |> slice_sample(prop = 0.1, replace = TRUE)

A tibble:
name
<chr>
Barriss ~
Finis Va~
Bossk
Quarsh P~
Roos Tar~
Taun We
Bib Fort~
Palpatine

i 5 more variables:

8 x 14
height
<int>
166
170
190
183
224
213
180
170

mass
<dbl>
50

NA
113
NA

82

NA

NA

75

hair_color skin_color eye_color birth_year

<chr>
black
blond
none
black
none
none

none

grey

<chr>
yellow
fair
green
dark
grey
grey
pale
pale

vehicles <list>, starships <list>

starwars

filter(!is.na(height)) [>
slice_max(height, n = 3)

A tibble:
name
<chr>
Yarael P~
Tarfful

Lama Su

| >

3 x 14

height mass hair_color skin_color

<int> <dbl> <chr>

264
234
229

NA
136
88

none
brown

none

P

|2,

b

<chr>
white

brown

grey

<chr> <dbl>
blue 40
blue 91
red 53
brown 62
orange NA
black NA
pink NA
yellow 82

homeworld <chr>, species <chr>, films <list>,

= /Il d== ==L

—

eye_color birth_year

<chr> <dbl>
yellow NA
blue NA
black NA

i b more variables: homeworld <chr>, species <chr>, films <list>,

vehicles <list>, starships <list>
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male

male

sex
<chr>
fema~
male
male
male
male
fema~
male

male

sex
<chr>
male
male

male

mascu~

mascu~

gender
<chr>

femin~
mascu~
mascu~
mascu~
mascu~
femin~
mascu~

mascu~

gender
<chr>

mascu~
mascu~

mascu~



starwars |>

filter(!is.na(height)) [>

slice_min(height, n =

# A tibble: 3

name height mass hair_color skin_color
<chr> <int> <dbl> <chr> <chr>
Yoda 66 17 white green
Ratts Ty~ 79 15 none grey,

88 20 brown brown

i 5 more variables: homeworld <chr>, species

1
2
3 Wicket S~
#
#

x 14

3)

vehicles <list>, starships <list>

0|42 ‘dplyr cheatsheetOf| A C}2 S A5t 20

- i Gojg e
LGSR Y B4 MEl (=222 NOT)

+ ends_with(), starts_with(), contains() S &

|FolM 20

[ A
QU HAS Mo

. where (BIEEET|NHIESE B4

blue

=X of

eye_color birth_year

<chr> <dbl>
brown 896
unknown NA
brown 8

<chr>, films <list>,

starwars |> select(hair_color, skin_color, eye_color)

# A tibble:
hair_color
<chr>

1 blond
2 <NA>

87 x 3

skin_color
<chr>
fair

gold

eye_color
<chr>
blue
yellow
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sex  gender

<chr> <chr>

male mascu~
male mascu~
male mascu~



Data transformation with dplyr

dplyr functions work with pipes and expect tidy data. In tidy data:

T & >
— i

e = Pipes
Eachob ion, or x|=fly)

Each variableisin
-olumn

its own e case, isinitsownrow  becomes fix,y)

Summarize Cases

Apply summary functions to columns to create a new table of
summiary statistics. Summary functions take vectors as input and
return one value see back).

summary function

mop @ Summarize(data, ...
* & Compute table of summaries,
mitcars [> summarize(avg = mean(mpgl)

count{.data, . =HULL, sort= FALSE, name =
NULL) Count nu mber of rows in ea IHgmu p defined
by the variables in ... Alsc tally(), a unt(),

= add_tally()

mitcars [= cou

Group Cases

_Ily{.dafa, .., .add = FALSE, .drop = TRUE) to create a
“grouped” copy of a tabl egmuped by columnsin ... dplyr
f;’.l‘m:tlnnls will manipulate each "group” separately “and combine
the results.

1 avg = mean(mpgl}
n
Use rowwise(.data, ... to group data into individual rows. dplyr

functions will mmpulze results for each row. Also apply functions
to list-columns. See tidyr cheat sheet for list-column workflow.

amm | | |

- - tat fL:l’ = length(films))
EEE gy, BEEN musEfim = lengthifilms))
ungmnp[): .) Returns ungrouped copy of table.

ars |= group_tylcyl)
5]

Manipulate Cases

EXTRACT CASES

Row functions return a subset of rows as a new table.

BEE _FEE - filter|.data, ..., preserve = FALSE) Extract rows
that meet logical criteri;
micars [>filter[mpg > 20}

mEm diﬁim:_ll.:lala, o keep_all = FALSE) Remove
rows with duplicate values.

—H mtcars [= distinctigear|

| "
slice{.data, ..., .preserve = FALSE) Select rows

positiol

mtcars [=slice(10:

NN _, EEE
slice_sample(.data, ..., n, prup,welﬁhl by=
NULL, rEpI.aDE EALS Randomly select rows,
Use n to select a number of rows and prop to
select a fraction of rows.
mtcars [=slice_samplein =5, replace = TRUE}
slice_min(.data, order_by, ..., n, prop,
with_ties = TRUE) and slice_max() select rows

EEE_, EEE with 'the lowest and highest values.

mtcars [= slice_min{mpg, prop = 0.25}

slice_head| data, ..., n, prop) and slice_tail()
Select the first or last rows.
mtcars |- slice_head(n =

Logical nnd boolean operators to use with filter()
isnafl)  %in% |
lis.naf) ! &

See Thase::Logic and YComparison for help.

= ==

xor{}

1= = ==

ARRANGE CASES

arrange(.data, . roup = FALSE) Order

EEE
raws by\ralues Dfa column or columns (low to

N

L L L high), use with dese() to order from high to low.
mmm  micars [ arange(mpg)
mtcars [= arangeld
ADD CASES
wum _, men  add_row(.data, ..., before = NULL, after = NULL)

Add one or more rows to a table.
cars |» add_row(speed = 1, dist = 1)

CC BY 54 Posit Software, PBC » info@pasitco - positoo = Learn

CHEATSHEET

Manipulate Variables

EXTRACT VARIABLES
Column functions return a set of columns as a new vector or table.
[ L L] pull{.data, var=-1, name = NULL, ...} Extract
- column values as a vector, by name or index.
micars |> pulliwt)
EEE = select(.data, ...) Extract columns as atable.

tears [= sa

Impg,

EEE  EEE mlecml data, ..., .before = NULL, .after = NULL)
- Move columns to new position.
mitcars |= relocate{mpg, cyl, after = last_coli)}

Use these helpers with select() and across()
&5 mt rars|= ctmpg:oyl]

o |t‘J| " "m (prefix, range) A.eg 1npg_qr|
it | Leg., r
:hr:;“mtf{?r:ai:l{l ammn:l{;’slrl‘:::ﬁ;'}(‘ N I%:agi}

MANIPULATE MULTIPLE VARIABLES AT ONCE
df=-t

lefx_L

across(.cols, funs, ... .mames=MNULL) Summarize
or mutate mulllplE columns in the sa
df [= summarize(a

Emm B :_icruss! cols) Compute across columns in
[ row-wise data.
df|=
. - rowwize(] =
mutatex_total =
MAKE NEW VARIABLES

Apply vectorized functions to columns. Vectorized functions take
wvectors as input and return vectors of the same length as output

fsee back). wvectorized function

wEE peoE mutate(data, .., keep="all", befare=NULL,
- _after= NULL] Compute new colu mnis}. Alsa
2 add_columni).

! m'sg‘ keep ="none”)

rename(.data, ...} Rename columns. Use
rename_with() to rename with a function.
mitcars |= renamelmiles_per_gallan=mpg)

« HTML at
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<NA>

none

brown
brown, grey
brown

<NA>

black

© 00 N O O b W

10

# i 77 more rows

white, blue
white
light
light
light
white, red

light

auburn, white fair

red
yellow
brown
blue
blue
red
brown

blue-gray

starwars |> select(hair_color:eye_color)

# A tibble:
hair_color
<chr>

blond

<NA>

<NA>

none

brown
brown, grey
brown

<NA>

black

© 0 N O O b W N -

10

# i 77 more rows

87 x 3

skin_color
<chr>
fair
gold
white, blue
white
light
light
light
white, red

light

auburn, white fair

eye_color
<chr>
blue
yellow
red
yellow
brown
blue
blue
red
brown

blue-gray

starwars |> select(!(hair_color:eye_color))

<dbl> <chr> <chr>

<chr>

19

male

# A tibble: 87 x 11
name height mass birth_year sex
<chr> <int> <dbl>
1 Luke S~ 172 7
2 C-3P0 167 75

112

none

mascu~ Tatooine

mascu~ Tatooine

130

gender homeworld species

<chr>
Human

Droid

films
<lis>
<chr>

<chr>

vehicles
<list>
<chr>

<chr>



3 R2-D2 96 32 33 none mascu~ Naboo Droid <chr> <chr>
4 Darth ~ 202 136 41.9 male mascu~ Tatooine Human <chr> <chr>
5 Leia O~ 150 49 19 fema~ femin~ Alderaan Human <chr> <chr>
6 Owen L~ 178 120 52 male mascu~ Tatooine Human <chr> <chr>
7 Beru W~ 165 75 47 fema~ femin~ Tatooine Human <chr> <chr>
8 R5-D4 97 32 NA none mascu~ Tatooine Droid <chr> <chr>
9 Biggs ~ 183 84 24 male mascu~ Tatooine Human  <chr> <chr>
10 Obi-Wa~ 182 77 57 male mascu~ Stewjon Human  <chr> <chr>

# i 77 more rows

# i 1 more variable: starships <list>

starwars |> select(ends with("color"))

# A tibble: 87 x 3

hair_color skin_color eye_color
<chr> <chr> <chr>

1 blond fair blue

2 <NA> gold yellow

3 <NA> white, blue red

4 none white yellow

5 brown light brown

6 brown, grey light blue

7 brown light blue

8 <NA> white, red red

9 black light brown

10 auburn, white fair blue-gray

# i 77 more rows

11.4.2.1 rename() &t

rename ) &= B2 0|2 HIEL MZ20|E = 0|X0|E HEZ AR}S A[YSHCY.

starwars |> rename(Name = name)
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# A tibble: 87 x 14

Name height mass hair_color skin_color eye_color birth_year sex  gender

<chr> <int> <dbl> <chr> <chr> <chr> <dbl> <chr> <chr>
1 Luke Sk~ 172 77 blond fair blue 19 male mascu~
2 C-3P0O 167 75 <NA> gold yellow 112  none mascu~
3 R2-D2 96 32 <NA> white, bl~ red 33 none mascu-~
4 Darth V-~ 202 136 none white yellow 41.9 male mascu~
5 Leia Or~ 150 49 brown light brown 19 fema~ femin~
6 Owen La~ 178 120 brown, gr~ light blue 52 male mascu~
7 Beru Wh-~ 165 75 brown light blue 47  fema~ femin~
8 R5-D4 97 32 <NA> white, red red NA none mascu-~
9 Biggs D~ 183 84 black light brown 24 male mascu~
10 Obi-Wan~ 182 77 auburn, w~ fair blue-gray 57 male mascu~

# i 77 more rows
# i 5 more variables: homeworld <chr>, species <chr>, films <list>,

# vehicles <list>, starships <list>

11.4.2.2 mutate(): A2 & F7}

mutate() &4= BEE 7|2 €0f| QU

UHBHBHCE,

—

rr
g
un
njo
X
rz
_o'ﬂ
2
=
HU
Ho
ne
njo
=
nn
re
>
a0

7Fet HIO|E 22 S

starwars |> mutate(height_m = height / 100)

# A tibble: 87 x 15

name height mass hair_color skin_color eye_color birth_year sex  gender

<chr> <int> <dbl> <chr> <chr> <chr> <dbl> <chr> <chr>
1 Luke Sk~ 172 77 blond fair blue 19 male mascu~
2 C-3P0 167 75 <NA> gold yellow 112 none mascu~
3 R2-D2 96 32 <NA> white, bl~ red 33 none mascu-~
4 Darth V-~ 202 136 none white yellow 41.9 male mascu~
5 Leia Or~ 150 49 brown light brown 19 fema~ femin~
6 Owen La~ 178 120 brown, gr~ light blue 52 male mascu~
7 Beru Wh-~ 165 75 brown light blue 47  fema~ femin~
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8 R5-D4

9 Biggs

D~

10 Obi-Wan~

# i 77 more rows

o7 32 <NA> white, red red

183 84 black light brown

182 77 auburn, w~ fair

blue-gray

NA none mascu~

24 male mascu~

57 male mascu~

# i 6 more variables: homeworld <chr>, species <chr>, films <list>,

# vehicles <list>, starships <list>, height_m <dbl>

2roF MEA 2E STS 7|22 (0] BT 721 C|O[E{ Z2f|
S AFB3HCY,
starwars |>
mutate (
height_m = height / 100,
BMI = mass / (height_m~2),
.keep = "none"
)
# A tibble: 87 x 2
height m  BMI
<dbl> <dbl>
1 1.72 26.0
2 1.67 26.9
3 0.96 34.7
4 2.02 33.3
5 1.5 21.8
6 1.78 37.9
7 1.656 27.5
8 0.97 34.0
9 1.83 25.1
10 1.82 23.2

# i 77 more rows

11.4.2.3 relocate(): &¥o| 2X|E A=A

relocate()

St
o

s
L

rr

0| 92|12 MZHE U ALRBIC} .after, .before2t= QRIS AIR

133

)
[=]

=)
=

—
otS

), .keep = "none" &

o
n

N

—



CH22 sexOf|AM homeworld7tA|2] @ES height E A2 2 F7ICt

starwars |> relocate(sex:homeworld, .before = height)

# A tibble: 87 x 14

name sex
<chr> <chr>
1 Luke Sky~ male
2 C-3P0O none
3 R2-D2 none
4 Darth Va~ male
5 Leia Org~ fema~
6 Owen Lars male
7 Beru Whi~ fema~
8 R5-D4 none
9 Biggs Da~ male

-
o

Obi-Wan ~ male

# i 77 more rows

gender
<chr>

mascu~
mascu~
mascu~
mascu~
femin~
mascu~
femin~
mascu~
mascu~

mascu~

homeworld height

<chr>

Tatooine
Tatooine
Naboo

Tatooine
Alderaan
Tatooine
Tatooine
Tatooine
Tatooine

Stewjon

<int>

172
167

96
202
150
178
165

97
183
182

mass
<dbl>
77

75

32
136
49
120
75

32

84

77

hair_color skin_color
<chr> <chr>
blond fair
<NA> gold
<NA> white, bl~
none white
brown light
brown, gr~ light
brown light
<NA> white, red
black light

auburn, w~ fair

# i 5 more variables: birth_year <dbl>, species <chr>, films <list>,

# vehicles <list>, starships <list>

0| A2 dplyr cheatsheetO|M CHE S
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eye_color
<chr>
blue
yellow
red
yellow
brown
blue
blue
red
brown

blue-gray



Data transformation with dplyr

dplyr functions work with pipes and expect tidy data. In tidy data:

pipes

Each variable is in
its own column

Each observation, or x |>f(y)
case,isinitsownrow  becomes f(x,y)

Apply summary functions to columns to create a new table of
summary statistics. Summary functions take vectors as input and
return one value (see back).

summary function

m summarize(.data, ...)
¥ & Compute table of summaries.
mtcars [> summarize(avg = mean(mpg))

count(.data, ..., wt=NULL, sort = FALSE name=
NULL) Count number of rows in eac| dgroup defined
by the variables in ... Also tally(), add_count(),
w add_tally().

mtcars [> count(cyl)

Use group_by(.data, ..., .add = FALSE, .drop = TRUE) to create a
"grouped" copy of a table grouped by columns in ... dplyr
functions will manipulate each "group" separately and combine
the results.

W mtcars [>
m  eoup_by(cy) >
W summarize(avg = mean(mpg))

> -»>

Use rowwise(.data, ...) to group data into individual rows. dplyr
functions will compute results for each row. Also apply functions
to list-columns. See tidyr cheat sheet for list-column workflow.

W starwars [>
rowwise() [>
m  mutate(film_count = length(films))

ungroup(x, ...) Returns ungrouped copy of table.
g_mtcars <- mtcars |> group_by(cyl)
ungroup(g_mtcars)

== posit

EXTRACT CASES
Row functions return a subset of rows as a new table.
> filter(.data, ..., .preserve = FALSE) Extract rows

that meet logical criteria.
mtcars |> filter(mpg > 20)

distinct(.data, ..., .keep_all = FALSE) Remove
rows with duplicate values.
mtcars |> distinct(gear)

slice(.data, ...,
by position.
mtcars |> slice(10:15)

, .preserve = FALSE) Select rows

slice_sample(.data, ..., n, prop, weight_by =
NULL, replace = FALSE) Randomly select rows.
Use n to select a number of rows and prop to
select a fraction of rows.

mtcars |> slice_sample(n = 5, replace = TRUE)

slice_min(.data, order_by, ..., n, pro
with_ties = TRUE) and slice. max() Select rows
with the lowest and highest values.
mtcars |> slice_min(mpg, prop = 0.25)

slice_head(.data, ..., n, prop) and slice_tail()
Select the first or last rows.
mtcars |> slice_head(n = 5)

Logical and boolean operators to use with filter()

= < <= is.na()  %in% | xor()
lis.na() ! &
See ?base::Logic and ?Comparison for help.

1= > >=

ARRANGE CASES

arrange(.data, ..., .by_group = FALSE) Order

- rows by values of a column or columns (low to
high), use with desc() to order from high to low.
mtcars > arrange(mpg)
mtcars |> arrange(desc(mpg))

ADD CASES
-> add_row(.data, ..., .before = NULL, .after = NULL)

Add one or more rows to a table.
cars [> add_row(speed = 1, dist = 1)

CHEATSHEET

EXTRACT VARIABLES
Column functions return a set of columns as a new vector or table.

pull(.data, var=-1, name = NULL, ...) Extract
-> column values as a vector, by name or index.
mtcars |> pull(wt)

> select(.data, ...) Extract columns as a table.
mtcars |> select(mpg, wt)

relocate(.data, ..., .before = NULL, .after = NULL)
> Move columns to new position.
mtcars |> relocate(mpg, cyl, .after = last_col())

Use these helpers with select() and across()
e.g. mtcars [> select(mpg’cyl)

(match) ange) 3 e.g., mpgicyl
ends_with(match) all of(x)/any of(x, .,vars) !, e.g, lgear
starts_with(match) matches(match) everything()

MANIPULATE MULTIPLE VARIABLES AT ONCE
df < tibble(x_1=c(1,2),x_2=c(3,4),y =c(4,5))

across(.cols, .funs, ..., .names = NULL) Summarize
or mutate multiple columns in the same way.
df |> summarize(across(everything(), mean))

] c_across(.cols) Compute across columns in
- row-wise data.
s df >

rowwise() [>
s

e i

MAKE NEW VARIABLES

Apply vectorized functions to columns. Vectorized functions take

vectors as input and return vectors of the same length as output

(see back). . .
vectorized function

mutate(.data, ..., .keep = "all", .before = NULL,

.after = NULL) Compute new column(s). Also

add_column().

mtcars [> mutate(gpm = 1/ mpg)

mtcars |> mutate(gpm = 1/ mpg, .keep = "none")

v
L]

| | rename(.data, ...) Rename columns. Use
> rename_with() to rename with a function.
mtcars |> rename(miles_per_gallon = mpg)

CC BY SA Posit Software, PBC + info@posit.co « posit.co « Learn more at
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11.4.3 & O F0ll cisk Moq2|:

summarise() &4

2088t 1 Ta|5iCt. LIZ0 group_by()

starwars |>

summarise(N = n(), mean_height = mean(height, na.rm = TRUE))

# A tibble: 1 x 2
N mean_height
<dbl>

175.

<int>

1 87
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11.5 O &3} dlo|E

« 0| 22 dplyr H|L|M|E [Grouped Data] (https://dplyr.tidyverse.org/articles/grouping.html
ety el =2 E A,

11.5.1 group_by() &2 1ESI HO|EH =YY TS 7|

EE 722 (X E2Z2/HET S)S AHESHE OlF< Of B2 2f 8o tet Ho[efAlE 22|

St 1 5455 M= HlustA= A0t O7|M Hots &=t OB ZH Y02t =2|H o= HA|
CIOIE M S 2|8 CIOIE A S ZEC.

—

toh

+ &% #HpS group_by O -2 7|8 JE3tEl HIO|E 22| Y0| 2H=0] ZILt,

o

by_species <- starwars |> group_by(species)

by_sex_gender <- starwars |> group_by(sex, gender)

ot 1SSl CO[E L2 U QIR| & 4= Tt TibbleQ! < 2 M0 Groups: 2 A|2{E|= WS
f

by_species

# A tibble: 87 x 14
# Groups: species [38]

name height mass hair_color skin_color eye_color birth_year sex  gender

<chr> <int> <dbl> <chr> <chr> <chr> <dbl> <chr> <chr>
1 Luke Sk~ 172 77 blond fair blue 19 male mascu~
2 C-3P0 167 75 <NA> gold yellow 112  none mascu~
3 R2-D2 96 32 <NA> white, bl~ red 33 none mascu~
4 Darth V~ 202 136 none white yellow 41.9 male mascu~
5 Leia Or~ 150 49 brown light brown 19 fema~ femin~
6 Owen La~ 178 120 brown, gr~ light blue 52 male mascu~
7 Beru Wh-~ 165 75 brown light blue 47  fema~ femin~
8 R6-D4 97 32 <NA> white, red red NA none mascu~
9 Biggs D~ 183 84 black light brown 24 male mascu~
10 Obi-Wan~ 182 77 auburn, w~ fair blue-gray 57 male mascu~
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# i 77 more rows
# i 5 more variables: homeworld <chr>, species <chr>, films <list>,

# vehicles <list>, starships <list>

by_sex_gender

# A tibble: 87 x 14

# Groups: sex, gender [6]

name height mass hair_color skin_color eye_color birth_year sex gender

<chr> <int> <dbl> <chr> <chr> <chr> <dbl> <chr> <chr>
1 Luke Sk~ 172 77 blond fair blue 19 male mascu~
2 C-3P0 167 75 <NA> gold yellow 112  none mascu~
3 R2-D2 96 32 <NA> white, bl~ red 33 none mascu~
4 Darth V-~ 202 136 none white yellow 41.9 male mascu~
5 Leia Or~ 150 49 brown light brown 19 fema~ femin~
6 Owen La~ 178 120 brown, gr~ light blue 52 male mascu~
7 Beru Wh-~ 165 75 brown light blue 47  fema~ femin~
8 R6-D4 97 32 <NA> white, red red NA none mascu~
9 Biggs D~ 183 84 black light brown 24 male mascu~
10 Obi-Wan~ 182 77 auburn, w~ fair blue-gray 57 male mascu~

# i 77 more rows
# i 5 more variables: homeworld <chr>, species <chr>, films <list>,

# vehicles <list>, starships <list>

« group_keys() &S AHESHO], 2t AE9| 7| &Rl 4~ ULt = AF0| LI A= 71 240l

o
] = OF A
Do10I2S & 4 QT

—_

by_species |> group_keys()

# A tibble: 38 x 1
species
<chr>
1 Aleena
2 Besalisk

3 Cerean
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[
(2
(5
7

Chagrian
Clawdite
Droid

Dug

Ewok
Geonosian
Gungan

i 28 more rows

by_sex_gender |> group_keys()

A tibble: 6 x 2
sex

<chr>

female
hermaphroditic
male

none

none

<NA>

gender
<chr>
feminine
masculine
masculine
feminine
masculine

<NA>

+ group_indices() &S SaliA WO O DF0| £5H=4

by_species |> group_indices()

11 11 6 6 11
6] 18 11 11 8
11 3 20 37 27
6] 19 28 14 34

« group_rows()

by_sex_gender

ot
=

s
M

=

11 11 11 6 11 11 11 11 34 11 24 12 11 38 36 11 11 6 31 11 11

26 11 21 11 11 10 10 10 11 30 7 11 11 37 32 32

13 23 16 4 38 38 11

11 38 22 11 11 11
g2 2t 182 24

|> group_rows()

ol

t

rr

1 33 35 29 11

917 17 11 11 11 11 5 2 15 15 11 6 25
6 11

02

=
=
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<list_of<integer>[6]>
[[1]1]
[11] 5 7 27 34 42 45 54 63 64 65 69 72 73 77 84 87

[[2]]
[1] 16

[[311]

(11 1 4 6 9 10 11 12 13 14 15 17 19 20 21 23 24 25 26 28 29 30 31 32 33 35
[26] 36 37 38 39 40 41 43 44 46 47 48 49 50 51 52 53 55 56 57 58 61 62 66 67 68
[61] 70 71 75 76 78 79 80 82 83 85

[[4]]
[1] 74

(0511
[11] 2 3 8 22 86

[[6]]
[1] 18 59 60 81

« group_vars() & EsiM DAFEH H4 0|52 &HQIStC}
by_species |> group_vars()

[1] "species"
by_sex_gender |> group_vars()

[1] "sex" "gender"

. (0]0]) 1E3HE! GJO|E{ T2 Aoj| TH5}0] group_by () &4
MZE 40 Tt ChA| IZTECE o[%A MEH 25
.add = TRUE Q12}2 AFRBICH 1ETS SA5t24 P ungroup() B4
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5

starwars |>

group_by(sex) |[>

summarise(N = n(), mean_height = mean(height, na.rm = TRUE)) |>

knitr::kable()

0|42 dplyr cheatsheetOf| A Ct

sex N mean_height
female 16 171.5714
hermaphroditic 1 175.0000
male 60 179.1228
none 6 131.2000
NA 4 175.0000

0jo

[=N=]
T
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Data transformation with dplyr : : cHEATSHEET

dplyr functions work with pipes and expect tidy data. In tidy data:

pipes

Each variable is in
its own column

Each observation, or

obser x|>fly)
case, isin its own row

becomes f(x,y)

Apply summary functions to columns to create a new table of
summary statistics. Summary functions take vectors as input and
return one value (see back).

summary function

m summarize(.data, ...)
¥ & Compute table of summaries.
mtcars [> summarize(avg = mean(mpg))

count(.data, ..., wt= NULL, sort = FALSE, name =
NULL) Count number of rows in each group defined
by the variables in ... Also tally(), add_count(),
w add_tally().

mtcars [> count(cyl)

Use group_by(.data, ..., .add = FALSE, .drop = TRUE) to create a
"grouped" copy of a table grouped by columns in ... dplyr
functions will manipulate each "group" separately and combine
the results.

W mtcars [>
group_by(cyl) |
1 summarize(avg = mean(mpg))

> -»>

Use rowwise(.data, ...) to group data into individual rows. dplyr
functions will compute results for each row. Also apply functions
to list-columns. See tidyr cheat sheet for list-column workflow.

W starwars >
rowwise() [>
m  mutate(film_count = length(films))

ungroup(x, ...) Returns ungrouped copy of table.
g_mtcars <- mtcars |> group_by(cyl)
ungroup(g_mtcars)

== posit

11.6 02 Hofl cHst

- E80| &&= A=

LI 0|M: across() 2

EXTRACT CASES
Row functions return a subset of rows as a new table.

> filter(.data, ..., .preserve = FALSE) Extract rows
that meet logical criteria.
mtcars |> filter(mpg > 20)

distinct(.data, ..., .keep_all = FALSE) Remove
rows with duplicate values.
mtcars |> distinct(gear)

slice(.data, ..., .preserve = FALSE) Select rows
by position.
mtcars |> slice(10:15)

slice_sample(.data, ..., n, prop, weight_by =
NULL, replace = FALSE) Randomly select rows.
Use n to select a number of rows and prop to
select a fraction of rows.

mtcars |> slice_sample(n = 5, replace = TRUE)

slice_min(.data, order_by, ..., n, prop,
with_ties = TRUE) and slice_max() Select rows
with the lowest and highest values.

mtcars |> slice_min(mpg, prop = 0.25)

slice_head(.data, ..., n, prop) and slice_tail()
Select the first or last rows.
mtcars |> slice_head(n = 5)

Logical and boolean operators to use with filter()

is.na()  %in% | xor()
lis.na() ! &

See ?base::Logic and ?Comparison for help.

= < <=

1= > >=

ARRANGE CASES
arrange(.data, ..., .by_group = FALSE) Order

- rows by values of a column or columns (low to
high), use with desc() to order from high to low.
mtcars > arrange(mpg)
mtcars [> arrange(desc(mpg))

ADD CASES
-> add_row(.data, ..., .before = NULL, .after = NULL)

Add one or more rows to a table.
cars [> add_row(speed = 1, dist = 1)

CC BY SA Posit Software, PBC + info@posit.co « posit.co « Learn more at

EXTRACT VARIABLES
Column functions return a set of columns as a new vector or table.

pull(.data, var=-1, name = NULL, ...) Extract
-> column values as a vector, by name or index.
mtcars |> pull(wt)

> select(.data, ...) Extract columns as a table.
mtcars |> select(mpg, wt)

relocate(.data, ..., .before = NULL, .after = NULL)
> Move columns to new position.
mtcars |> relocate(mpg, cyl, .after = last_col())

Use these helpers with select() and across()
e.g. mtcars [> select(mpg:cyl)

(match) num,
ends_with(match)
starts_with(match) matches(match)

_ iX, range) heg, :npg:cyl
1L_off f(x, ..., 1,e.g, !gear
all_of(x)/any_of(x, vars) eveEytEing()

MANIPULATE MULTIPLE VARIABLES AT ONCE
df < tibble(x_1=c(1,2),x_2=c(3,4),y =c(4,5))

W across(.cols, .funs, ..., .names = NULL) Summarize
WM or mutate multiple columns in the same way.
df |> summarize(across(everything(), mean))

>

[} c_across(.cols) Compute across columns in
row-wise data.
df >
rowwise() [>
mutate(x_total = sum(c_across(1:2)))

MAKE NEW VARIABLES

Apply vectorized functions to columns. Vectorized functions take
vectors as input and return vectors of the same length as output
(see back).

>

vectorized function

m mutate(.data, ..., .keep ="all", .before = NULL,
-> .after = NULL) Compute new column(s). Also
add_column().
mtcars [> mutate(gpm = 1/ mpg)
mtcars |> mutate(gpm = 1/ mpg, .keep = "none")

| | rename(.data, ...) Rename columns. Use
> rename_with() to rename with a function.
mtcars |> rename(miles_per_gallon = mpg)

- Column-wise operations
- R for Data Science (2e): 263t Iteration

glimpse (penguins)

Rows: 344
Columns: 8

$ species
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AJCDEE
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<fct> Adelie, Adelie, Adelie, Adelie, Adelie, Adelie, Adelie, Ad~


https://dplyr.tidyverse.org/articles/colwise.html#why-did-it-take-so-long-to-discover-across
https://r4ds.hadley.nz/iteration.html

island <fct> Torgersen, Torgersen, Torgersen, Torgersen, Torgersen, Tor~
bill_len <dbl> 39.1, 39.5, 40.3, NA, 36.7, 39.3, 38.9, 39.2, 34.1, 42.0, ~
bill_dep <dbl> 18.7, 17.4, 18.0, NA, 19.3, 20.6, 17.8, 19.6, 18.1, 20.2, ~
flipper_len <int> 181, 186, 195, NA, 193, 190, 181, 195, 193, 190, 186, 180,~
body_mass  <int> 3750, 3800, 3250, NA, 3450, 3650, 3625, 4675, 3475, 4250,

R

sex <fct> male, female, female, NA, female, male, female, male, NA, ~

year <int> 2007, 2007, 2007, 2007, 2007, 2007, 2007, 2007, 2007, 2007~

“hH H Bh H H Bh &BH

across() B4 O[S3tD 2 BB3{D 47ko| BHZ 240 TRSICH P B4y Z2I2HY

=
(functional programming) 7|&{0|C}.

H| O] ROIM 1apply OO, sapply O &4 CHEA QI Shedd T2 ey 8F4=0|Ct 0] gf52 H|0|E
T2 YO|Lt 2| AE0 tistd] BrEX 22 S-S XA Eot0] Z1S vretottt. oS S0, b2l &2
Clol&] 2 YOl UEH SHAL.
df <- data.frame(
x = 1:3,
y = 4:6,
z =7:9
)
Of Ci|O&{ Z2f|Jof| CHSIO] 1apply O S-S A E5tH L3 22 S P38 & UL F BR QA2
2f Bof tisto] 48 a4 (0| 8) 2 dEottte da TSI O|MH &4-S L2l 222 ArESIHO]
D202 Ysts 7|gS gad 22 Y0(2fl shet,

lapply(df, mean)

$x
[1] 2

$y
[1] 5

$z
[1] 8

142



il

sapply () &= O] Z1HE BIE = BH3SICE

sapply(df, mean)

Xy z

258

lappy O, sapply ) &2 & HAY Q2= ¢
HEZEICt ook 22|71 Yote AS AlLtsh= g
sapply O o4 QHO|M HIZ

(anonymous function) & A tC,

ROIM &F Bt H0]& R £ 7| XS 0|&5ts Y-S0l MU=, R 4.1.0 HHEFEE
H|O|E|E2 2|45tCt. TidyverseOl M= purrr Ij7| 2| S E51M R Z82{(~)S 0|% UH &4E
AERUAEL, OlHE HIOIEIE A F S-S AMEdte 22 A1 ALt

i ROIA % Bt BHE7)|

B 4.1.0 O[Ol A H|O|A RZ Fet4= Ci5at 20| S RAC
lapply(df, function(x) mean(x, na.rm = TRUE))
H 4.1.0 O|20|lM= HIOIE|EZ X /SI22 T332 20| 2HEH Eot

lapply(df, \(x) mean(x, na.rm = TRUE))

+

11.6.1 across() &

-« AHEE G0

- palmerpenguins
- 20254 42 MZ HG|O|E=ZI R 4.5.0 0| palmerpenguinsO| base RO|| &HE| QAL

St 22 ZE2 dAf AFESh= R BiHS &ele 4 ULt

ro

> R.version.string
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https://allisonhorst.github.io/palmerpenguins/

CANSTRAp/ GENTO0 ADELigs

202 0| A B Ayt

|=_I
o

2 11.3: Palmer Penguins B|O|E{AI2 7|2 irisE CHAISHY
G|O|E{O|C}.

[1] "R version 4.5.0 (2025-04-11)"

Z summarise () €42t oA ALEEICTH

= t
—
ES WEISIL, & HAY QZts L fns 2 HEAIZ e-S At

N

S& where(is.numeric) &S AESI0] penguins H|O[E MM 2= Aty HS0f| CH5H0]
o= Alttst= ool

penguins |>
summarise (across(
where(is.numeric),
\(x) mean(x, na.rm = TRUE)
))

bill_len bill_dep flipper_len body_mass year
1 43.92193 17.15117 200.9152 4201.754 2008.029

OS2 2= YoM uniquedt 2kl 7i4-E Attt O o|Ct.

penguins |>
summarise (across(
everything(),
n_distinct

))
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species island bill_len bill_dep flipper_len body_mass sex year

1 3 3 165 81 56 95 3 3

11.6.2 0424 aHof CHSt 2| 0|M: rowwise() &t

:

rowrise() B4 2t 8 T9|2 E4-2 HBAIZ 1 AFBBHCL

—

df <- tibble(name = c("Mara", "Hadley"), x = 1:2, y = 3:4, z = 5:6)
df

# A tibble: 2 x 4
name X y z
<chr> <int> <int> <int>
1 Mara 1 3 5
2 Hadley 2 4 6

A rowwise() &S ALESHA| gi2 ME 2ol 2t tE ZE& df HO[HIH|YS ++d5t

rr

af |>

mutate(m = mean(c(x, y, z), na.rm = TRUE))

# A tibble: 2 x 6
name X y z m

<chr> <int> <int> <int> <dbl>

1 Mara 1 3 5 3.5
2 Hadley 2 4 6 3.5
Orok 2+ SHoj| CHSt WS LSt NA} SO, rowwise () S-S AFRSIO] ZF 3H0j| CHSIO] WS A At
otCt,
daf |>

rowwise() |>

mutate(m = mean(c(x, y, z), na.rm = TRUE))
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# A tibble: 2 x b
# Rowwise:
name X y z m
<chr> <int> <int> <int> <dbl>
1 Mara 1 3 5 3
2 Hadley 2 4 6 4

O[ZA 20| & 74 =[] &

ot = 2417t
select () S0l S AEH =

= AR B, HO| A2 FRO0|E c_acrossO) B+E ALESHH
5= 24
penguins |>

rowwise() |>

mutate(m = mean(c_across(bill_len:body_mass), na.rm = TRUE))

# A tibble: 344 x 9

# Rowwise:

species island bill_len bill_dep flipper_len body_mass sex year m

<fct> <fct> <dbl> <dbl> <int> <int> <fct> <int> <dbl>
1 Adelie Torgersen 39.1 18.7 181 3750 male 2007 997.
2 Adelie Torgersen 39.5 17.4 186 3800 female 2007 1011.
3 Adelie Torgersen 40.3 18 195 3250 female 2007 876.
4 Adelie Torgersen NA NA NA NA <NA> 2007 NaN
5 Adelie Torgersen 36.7 19.3 193 3450 female 2007 925.
6 Adelie Torgersen 39.3 20.6 190 3650 male 2007 975.
7 Adelie Torgersen 38.9 17.8 181 3625 female 2007 966.
8 Adelie Torgersen 39.2 19.6 195 4675 male 2007 1232.
9 Adelie Torgersen 34.1 18.1 193 3475 <NA> 2007 930.
10 Adelie Torgersen 42 20.2 190 4250 <NA> 2007 1126.

# i 334 more rows

11.7 HIO|E &t SAL

rr

Of LHES Olstst7| $I5HHE A1 t|o]E{Hf|o] 20 25t 7| =222 0|57t 2t z|0fof 5t7| W20
1480 = 4
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- dplyr H|L|O| E Two-table verbs
- R for Data Science (2e) 192 Joins
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https://dplyr.tidyverse.org/articles/two-table.html
https://r4ds.hadley.nz/joins.html#summary

12 dplyr A&
112 “dplyr2 H0[Ef 7H27 0 M MRSt LIRS Sigs) H2im Bt

12.1 AF2EFO|0|E{All

palmerpenguins I§7|Z|0f| Q= penguins G|O|E{ ]| )JS AtE ST}

library(dplyr)

library(palmerpenguins)

penguins

CO[E{Q] || X Ql s+=22f Cf|Of& EtY &HQlsHTt
#| autorun: true
glimpse(penguins)
12.2 &4 MEH(select)
o & MEH: select ) &4
. M WY Clorst WAIE @S HEE 4 9Tt 1332 Hato] ol

penguins |>

select (species, sex, year)
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penguins |>
select(bill_length_mm:body_mass_g)

-

Iselections AFESGIHH “A|2|et @E"S MEHSH £ QIC}
penguins |>
select(!contains("mm"))

12.3 & ZE|(filter)
. 20| Ot= SHES TE filter() et
- 2A

penguins |>
filter(species == "Adelie")

"Adelie" =°| W 4|22 CtS1t ZCt.

#| autorun: true
adelie = penguins |>
filter(species == "Adelie")

mean(adelie$body_mass_g, na.rm = TRUE)

"Adelie" TZIOfA TR %= O|Ato| HSOF 22 3IC}
penguins |>
select(species, body_mass_g) |[>
filter(species == "Adelie", body_mass_g >= mean(body_mass_g, na.rm = TRUE))
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species/f "Adelie" O|HL} "Chinstrap" Ql 3= TE{ZGHC}.
penguins |>
filter(species == "Adelie" | species == "Chinstrap")

12.4 & (arrange)

- Y arrange() &4

- HEI|E: 7| G2 A YLt O EEE 282+ (ascending) 2L, LHExtEe =2 HHota{H
desc(H0|E) &8 ALESICE

bill_length_ mmE 7|F2 =2 WExleo 2 ZJETIC

penguins |>

arrange (desc(bill_length_mm))

12.5 & 0|E 14 (rename)

- € 0|§ #E: rename ) T
- 8 0|5 HE YUY new_name = old_name PAIOZ 2| YT

HH OO =2 A0A bill_length mm= bill_lengthZ=, bill_depth_mme bill_depth Z,
flipper_length_mme= flipper_lengthZ, body_mass_g= body_massZ= P ZATICH

penguins |>
rename (
bill_length = bill_length_mm,
bill_depth = bill_depth_mm,
flipper_length = flipper_length_mm,
body_mass = body_mass_g

|2 2AIE 2 7HA|4L tA], O ZAFE 0| CHSH0] O &5 A%t 29| {2 E 0|52

0
ArE5HD 42 = rename_with() &4E AFESHCE
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A2 Ho|E 22 Yol ZE & 0|FS tHZAIZ BHEL.

penguins |>

rename_with(toupper)

12.6 & F7H(mutate)

ne

27t mutate() &

- 7|2 OB 2| Yol MEE2 ES FIHEIC.

9

o &2V Y new_name = expression YAICZ Z|H

ol

FC}.

r

2! 0| E{A0] body_mass_kg2ts B ZIFBICt 0 L body_mass_gZ 100022 Lz 340|Ct

penguins |>
select (body_mass_g) [>
mutate (body_mass_kg = body_mass_g / 1000)

12.7 1 E35}(group_by)2} 2 2k(summarize)

-
- 2

3} group_by() e
EI_

==
OF: summarize() £ summarise() St

3 252 2822 Lie1, ZF 2050 thdh S A 83t 296t thg, A4S 5t H|olH
O 2 rekeltt.

HHO| speciesE =Z body_mass_gl| W= 3Tt

oz Hi3t

[

penguins |>
group_by (species) [>

summarize (mean_body_mass = mean(body_mass_g, na.rm = TRUE))

+ summarise() &< QtOfA 40| AEE +~ U= SrS2 TSI 2L

-n0: i
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- mean(): H

- median(): =YY
- sd(): BT}

- var(): 24t

- minQ): Z|
- max(): Z|
- sunQ): A

- first(): & HRY 2t

- last(): OF&r|2FZf

- nth(O): nEHR Zf

- n_distinct(): 19t 249 74
- quantile(): 2%
- IQRO: ARZ Sl ES

M| speciesE@Z 712 EQl body_mass_g2| W= StCt
penguins |>

group_by (species) |>

summarize(count = n(), mean_body_mass = mean(body_mass_g, na.rm = TRUE))

HHO| speciesZ LIE A & I body_mass_g/t 7+2F 2 242 22 g2 G0}

I'IO

penguins |>
group_by (species) [>

summarize (max_body_mass = max(body_mass_g, na.rm = TRUE), min_body_mass = min(body_mass_g,
dES ArESH0] body_mass_g7t 7t 2 241 212 4= FEITCH

penguins |>
filter(!is.na(body_mass_g)) |>
group_by(species) |>
arrange (desc(body_mass_g)) |>
summarise (

max_body_mass = first(body_mass_g),

min_body_mass = last(body_mass_g))
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o] B9S2 2T nJHo| 242 717 HE{O] HRE|0f 1742] HS ¥kt B14-S0|Ch(reducing func-

12.8 1 E 3K group_by)2} XA (reframe)

« 553} group_by() &4
« MY reframe() &4= summarise () 2} H|=SIA|DF Of2] 74| gt Etetet= 29

[y = F
AES W Healstht

ool

AR
T =2

species¥2 112 LI+, range SH4-2 2 JHA| 1 body_mass_gQ| 2|40} 2|22

il

Ct.

penguins |>
group_by(species) |[>
reframe(
body_mass_range = range(body_mass_g, na.rm = TRUE),

bill_length_range = range(bill_length_mm, na.rm = TRUE)

N

KA HE Q| T4, B, BEUAE Fots ALEAL JolgteE US0 BEX (AR 2&¢ o=

#| autorun: true

summary_fn <- function(x) {

c(
= length(x),
mean = mean(x, na.rm = TRUE),
sd = sd(x, na.rm = TRUE)
)
}
O] g x2te RANY BIES QALZ YOLAM, 1 HEQ| I, B, BEFHAIE 1510 EHatsttt, 0
4= summarise () QHOI|A AREE 4= QICH O|H FR0= reframe() &S AT
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penguins |>
group_by(species) |[>
reframe(
body_mass_summary = summary_fn(body_mass_g),

bill_length_summary = summary_fn(bill_length_mm)

12.9 summarize () 2} mutate() QHOJIA O] &Hof| Sr-E2 M E:

across()

AOM &2 summarise() &4E across() & Q0| HEC = ALY Tf= CH3t 22 2Hof w2t
AF2SHCY

df |> summarise(
new_coll = functionA(old_coll),
new _col?2 = functionA(old_col2),
new_col3 = functionA(old_col3),
new_col4 = functionB(old_col4),
new_col5 = functionB(old_col5),

new_col6 = functionB(old_col6),

))

OFOF 01d_coll, old_col2, old_col30| 25& =2}
summarise () g4 QtO[A across O erE ALESH
summarise() €4 CHO|A tidyselect 22 AIES
UEE SliEC

« &t O|2: mean
* purrr AEHEO[ L g

« \(x) mean(x, na.rm = TRUE) 2% H|0|A R AEIAQ| 28 St4=(anonymous function)
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¢ list(mean = mean, median = median) Z{& 2] 71e| &HE Z|

2t 0| chaf 13 4Tt DF HBECH
21 CO|E{AOIM R4S HEISS SHI0| 2015t 0 S 22t

penguins |>
group_by(species) |>
summarise (
across(
bill_length_mm:body_mass_g,
\(x) mean(x, na.rm = TRUE)

penguins |>
group_by (species) [>
summarise (
across(
bill_length_mm:body_mass_g,
list(mean = \(x) mean(x, na.rm = TRUE),

sd = \(x) sd(x, na.rm = TRUE)

12.10 &3 AH|AHcummulative calculation) 2} &
#Ef8} 814

FAE ALE ot mutate) B0t HIE S 45 A SICE
AlAHSh= HE s} Bh4=0[Ct, CHE1t 22 453 nutate () B4 OF
M2 & 27ttt

155

g

-

P
e

AN

oict

2| (rank):mutate() +



A& cumprod ()

-

=
A

b
S

25 cummin ()

4

A 2|
A z|CHZ): cummax ()

b

CtS2t 22 AIAIE HIOIE 0 0|2 =2 A LH0] 0| AFZEICE.

#| autorun: true
revenue _data <- tibble(
Date = seq(as.Date("2022-01-01"), by = "month", length.out = 12),
Revenue = c¢(11400, 11000, 12500, 13500, 14000, 14500,
10000, 10000, 13000, 15000, 14000, 16000)
)

revenue_data

ol

bCt.

r

S O 2MS AAHSHO Cumulative Revenuelt= @& 7t

revenue_data |>

mutate (Cumulative_Revenue = cumsum(Revenue))

12.11 7|=0| UA OSSHZE]) He BEE 7| if_else() 2} case_when()

CHE2t 22 CIO[E{ X )2 7HA|LL A5l 22}

#| autorun: true

df <- tibble(
name = c("Alice", "Bob", "Carol", "David", "Eva"),
score = c(95, 82, 73, 60, 45)

)

df

rlr
=
Hu
Ho
e
mjo
3L
N
fuok
>\l
ro
2
w0
(@]
o
L]
(0]
LN
[0)}
o
o
H
il

O| CllO|H 2 A0l A scoreOi W2} gradeet =
pass, 603 O|5t0|H fail 2 M&5t2{ 1 St O] H RAUO| 5L |7| [[H--Oﬂ if_else() &4
INE=Z=g

A
2
=
« if else() &t
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# if elseE AIESH =2 20

df <- df %>%
mutate(
grade = if_else(score >= 60, "pass", "fail"),
grade = factor(grade, levels = c("pass", "fail"))
)
df
0tOF scoreOf et gradeE A, B, C, D, F2 LHF11 AICHH 0] AR0|= case_when() EHE ALE
SHC}

r

+ case_when() St

- case _when(ZZAH1 ~ Zf1, =ZH2 ~ Zfr2, ...)
- 20| 02 7HY T= &2t | 2 AHESIY R o~ UCE RUE specific 8 A0|A| general
#O 2 LtgsiCt,

- ORR[2H0f| .default = ZtS AESHH H2 ZE 89S AT

# case _wheng2 AIESH SZ2 50
df <- daf %>%
mutate(
grade = case_when(

score >= 90 ~ "A",
score >= 80 & score < 90 ~ "B",
score >= 70 & score < 80 ~ "C",
score >= 60 & score < 70 ~ "D",

.default
),
grade = factor(grade, levels = c("A", "B", "C", "D", "F"))

# HE{ 2 WE

ngn # L}_[Hxl

df
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12.12 Z=Z}FCIE7|: na_if (), coalesce()

AA| 40|80l 2=440| gle 871 E2C ROME 224/S NAZ HA|SIC} O|H 2=t
L2 O RE% &2 ASHT dplyr IH7|X|2] coalesce () 2F na_if () &2t tidyr IfF|X|Q]
replace_na() &7t QUCH

o| &t

(@)

LS5

2 HESHEl 8H40{ M (vectorized functions), A S0le &4 =82S 0= 0|37t €A
T},

o Mn

A
=
A
T

mﬁ ol
g

12.12.1 na_if ()
A na_if O AHEHO|CY,

#| autorun: true

x <- c(1, 2, 3, 4, 5)
y <- c(5, 4, 3, 2, 1)
na_if(x, y)

3R 20| NAZ BHY = A2 x| 3R 22} yOf 3R 10| 27| Y&Z0|Ct. L3S 24t

#| autorun: true

na_if(x, 3)

O] 3R0= & HA 30| 2Z2t 20|17 W20 M, 22l x2 H=2q 1 recyling = O{A FFH2Z (3,
3, 3, 3, )22 H O x| M| HAY f0] NAZ BHYA EIC}.

JefiM na_if(x, 3)2 H2H, xOf|A g{0] 321 Z22tP NAZ B 2tet= 20| 7f ECt.,

TCetA O] &= CIS2t 20| 25418 999 522 TGS AS NAR HIE O RESHA ALES
QUL
# O|A| Hlo|E{ =&
df <- tibble(
name = c("Alice", "Bob", "Carol", "David"),
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score = c(85, 999, 70, 999)

# 9995 NAZ HIF7|
df <- df %>Y%
mutate(

score_clean = na_if(score, 999)

df

12.12.2 coalesce()

0|

coalesce ()= Of2] {2 MBS 7tR| 1, 2t |R|O|A 2 AR Z NAZL OF ghS BFSHGHTY,

’

r

Of &2 ArEYS 24t

o

#| autorun: true
x <- c(1, 3, 5, NA, 7, NA)

X

#| autorun: true

coalesce(x, OL)

A= coalesce(x, OL)2 xOf|M NAS| Z}2 022 CHA|GICE O] 2|0|7t “coalesce ()= O] 72| H
BE 7tA| 22, ZF 2|0l & HAYZ NAT Ol ZfS BhetsiCt "2t= 2|0|et {EH HZL|A|= AL

c(1, 3, 5, NA, 7, NA)
c(0, 0, 0, 0, 0, 0)

1,3, 5= NAZ} OtL|Z| WiE0f| xQ {8 A= 7k 2L 1 ChZ2 NAO|Y| TiZ0f| 1 CHZ HE 0l A
NAZtOF 05 7R 2L} 72 A2 7t @34 OFR|9 NAE 05 7R 2L
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a <- c(1, 3, 5, NA, 7, NA)

b <- c(0, 0, NA, NA, 9, NA)

¢ <- c(10, 20, 30, 40, 50, 60)
coalesce(a, b, c)

O|7—I

A

rlo

oSt

rlo

3740] HIE{Q| 247+2 A2 H|m3BIC}

—

c(1, 3, 5, NA, 7, NA)
c(0, 0, NA, NA, 9, NA)
c(10, 20, 30, 40, 50, 60)

1,3, 5= NAZ} OfL| 7| Mi20f a /S JACH2 P4 2Lt O ©E2 NAO|7| ME0] 1 T3 #E bOoflA
WUS 7HA L 23 YU HA| NAGM 1 TS HE cO|M 402 7HA[12 2L 72 AUZ 7HA| 12 2L,
OFZ|9t= BIE] a, bO| Z2H2 25 NAO|7| LHR0|| cOf|A 602 7+A| 11 2CF,

12.13 Hz|

dplyr I{7| 2|2 2 St+5S YeIStACL). 0] 2|0 Ciefet et+50| A2, dplyr 72| 2ME
#0157 | HESITE
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https://dplyr.tidyverse.org/

13 tidyselect & MEH

Tidyverse HEIINZ|A[Of| &38t= tidyr, dplyr, purrrit Z2 {7 ||| & 452 25 tidyselect
2t AdEH df tCh O] 242 11 A}A|7f OF 242 AH0{0]7| = otH|, & AtZotH 2UE 2|

2|
SH7HO| & 0|52 712 L|O|E & *{2|e wf O & 0| Ot = tA0|C},
- Selection language0i| = LIE S HI®2 =2 H2|3lCt.

library(tidyverse)

penguins G|O|E{MS ALESM S HE LHS STHEAL

head (penguins)
species island bill_len bill_dep flipper_len body_mass sex year
1 Adelie Torgersen 39.1 18.7 181 3750 male 2007
2 Adelie Torgersen 39.5 17.4 186 3800 female 2007
3 Adelie Torgersen 40.3 18.0 195 3250 female 2007
4 Adelie Torgersen NA NA NA NA  <NA> 2007
5 Adelie Torgersen 36.7 19.3 193 3450 female 2007
6 Adelie Torgersen 39.3 20.6 190 3650 male 2007
C HS1:HS10 HAIOR o 0122 2|50 CIOJE{ T2 oA HL1 HRE] W10 RO
ZS Heelr},

penguins |>
select(bill_len:body_mass) |>
slice(1:5)

bill_len bill_dep flipper_len body_mass
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https://tidyselect.r-lib.org/reference/language.html

a > W NN -

a > W NN -

a > WD -

39.1 18.7 181 3750
39.5 17.4 186 3800
40.3 18.0 195 3250
NA NA NA NA
36.7 19.3 193 3450
- starts_with("H=") YA 2 E 0|5 A|YstH H|O[E{Z2 YoM Ha SO[F22 A2
ote & HESt L ends_with("Bi") A2 B 0|55 A Y5HH HO[H{ L2 0 A B~
EO|52= gli= 25 eIt}

penguins |>
select(starts_with("bill"))
slice(1:5)

bill_len bill_dep

39.1 18.7
39.5 17.4
40.3 18.0

NA NA
36.7 19.3

penguins |>

select(ends_with("len")) |[>
slice(1:5)
bill_len flipper_len
39.1 181
39.5 186
40.3 195
NA NA
36.7 193
+ contains("EXI") dAoZ &H O
ES HEAGHC

| >

5= AlYstH HO[E{ | Y0A O] EXtE S ERot=
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penguins |>
select(contains("pper")) |>

slice(1:5)

flipper_len

1 181
2 186
3 195
4 NA
5 193
« matches("A A ESAI") HAO2 & 0|ES X AH5IH HO|E{EHUNA O] A ESIAI0f 2
2|5te B MENSICH Z 1 BSAl (regular expression) 2 2A1E S BEs= A2 B2
IS 2| Y5t= LErAQl YYoIct ZEEHH|, A Z BiR= AtEE2 O2dfiste HOIL. o
=01, ala-z]{2}= a 24t 0| 2= F 719 2AP} Tt 2= 89S Hettt
penguins |>
select (matches("ala-z]{2}")) [>
slice(1:5)
island body_mass
1 Torgersen 3750
2 Torgersen 3800
3 Torgersen 3250
4 Torgersen NA
5 Torgersen 3450
|45t CO[E{ 22 YO M B =1, B2

« num_range("EH{", 1:10) YAOZ & 0|52
A

B 410 Y2 MEHSICH tidyr TH7| 20|

—

wk10f|A wk8 &S MEHSH B},

head(billboard)

# A tibble: 6 x 79

artist track date.entered wki

A
v

=0

wk2

163

billoard GJO|E{AIS o2 E2}f. O 7|0f| A

wk3

wké4

wkb

wk6

wk7

wk8



<chr> <chr> <date> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>

1 2 Pac Baby~ 2000-02-26 87 82 72 7 87 94 99 NA
2 2Ge+ther The ~ 2000-09-02 91 87 92 NA NA NA NA NA
3 3 Doors Do~ Kryp~ 2000-04-08 81 70 68 67 66 57 54 53
4 3 Doors Do~ Loser 2000-10-21 76 76 72 69 67 65 55 59
5 504 Boyz Wobb~ 2000-04-15 57 34 25 17 17 31 36 49
6 9870 Give~ 2000-08-19 51 39 34 26 26 19 2 2

# i 68 more variables: wk9 <dbl>, wkl0 <dbl>, wkill <dbl>, wk12 <dbl>,

wk13 <dbl>, wkl4 <dbl>, wki1b <dbl>, wkl6 <dbl>, wkl7 <dbl>, wkl8 <dbl>,
wk19 <dbl>, wk20 <dbl>, wk21 <dbl>, wk22 <dbl>, wk23 <dbl>, wk24 <dbl>,
wk25 <dbl>, wk26 <dbl>, wk27 <dbl>, wk28 <dbl>, wk29 <dbl>, wk30 <dbl>,
wk31 <dbl>, wk32 <dbl>, wk33 <dbl>, wk34 <dbl>, wk35 <dbl>, wk36 <dbl>,
wk37 <dbl>, wk38 <dbl>, wk39 <dbl>, wk40 <dbl>, wk4l <dbl>, wk42 <dbl>,
wk43 <dbl>, wk44 <dbl>, wk4b <dbl>, wk46 <dbl>, wk47 <dbl>, wk48 <dbl>,

H OH OH HF H O H

billboard |[>
select(num_range("wk", 1:8)) |[>

slice(1:5)

# A tibble: 5 x 8
wki wk2 wk3 wk4 wk5 wk6 wk7 wk8
<dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>

1 87 82 72 77 87 94 99 NA
2 91 87 92 NA NA NA NA NA
3 81 70 68 67 66 57 54 53
4 76 76 72 69 67 65 55 59
5 57 34 25 17 17 31 36 49
« all_of(c("HHz1n, "Hipon, nE3m)) YAOZ H 0|52 A|ZYSHH O 0| B IL2f| U 0f| A
O] &8 MEistCt 2| dst &G 0|50| 25 U0{0F A3le|1, Qo™ ofj2{7t Edstrt BHH
any_of (c("H==1n, nHHsov ) vE{3m)) YAOZ A 0|F2 X5t H|O|E{ i L0j| A O
G52 HEHSICt e SST MESICE

sel_vars <- c("bill_len", "bill_dep", "flipper_len")

penguins |>
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a > W N - a o W N =

g > W NN -

select(all_of (sel_vars))

slice(1:5)

bill_len bill_dep flipper_len

39.1
39.5
40.3

NA
36.7

18.7
17.4
18.0

NA
19.3

181
186
195

NA
193

| >

sel_vars <- c("bill_len", "bill_depth", "flipper_len", "body_mass")

penguins |>

select(any_of (sel_vars)) |>

slice(1:5)

bill_len flipper_len body_mass

39.1
39.5
40.3

NA
36.7

+ everything() &

penguins |>

181
186
195

NA
193

Aoz

o

3750
3800
3250

NA
3450

select (everything()) [>
slice(1:5)

species

island bill_len bill_dep flipper_len body_mass

Adelie Torgersen

Adelie Torgersen

Adelie Torgersen

Adelie Torgersen

Adelie Torgersen

39.1
39.5
40.3

NA
36.7

18.7
17.4
18.0

NA
19.3
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181
186
195

NA
193

sex
3750
3800 female
3250 female

NA  <NA>
3450 female

male

E 0|52 Al Yot HO|E 2 YoM 2E B3 MEAGICE

1

year
2007
2007
2007
2007
2007



a o W NN =

a b w NN -

+ last_col() YA 22 & 0|2 A YESIE HO|E{ 20| A OFR|9f S5 HE4GHCY,

penguins |>
select(last_col()) |>
slice(1:5)

year
2007
2007
2007
2007
2007

25 Z1}7} TRUEQ!
ol

—

+ where(fn) YA 22 & 0|52 A YotH C|0[E{ 22| 2| Hof| & tnS

= o
2 MEHSICE B (factor) EQUA| &QISHE is.factor, A} EQUZ|
2 ALEE £ QUCH

Job gy
[e]l]

l= is.numeric

on w

9

oo

penguins |>
select (where(is.factor)) |[|>

slice(1:5)

species island sex
Adelie Torgersen male
Adelie Torgersen female
Adelie Torgersen female
Adelie Torgersen  <NA>

Adelie Torgersen female

penguins |>
select (where(is.numeric)) |>

slice(1:5)

bill_len bill_dep flipper_len body_mass year
39.1 18.7 181 3750 2007
39.5 17.4 186 3800 2007
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3 40.3 18.0 195 3250 2007
NA NA NA NA 2007
5 36.7 19.3 193 3450 2007

ne

+ Iselection selectionO| siYst= TS A|QISH LIHA| S HEHSICE 10 OO|HA - 7|2 &

MEY #E UG

penguins |>

select(!starts with("bill")) |[>

slice(1:5)
species island flipper_len body_mass sex year
1 Adelie Torgersen 181 3750 male 2007
2 Adelie Torgersen 186 3800 female 2007
3 Adelie Torgersen 195 3250 female 2007
4 Adelie Torgersen NA NA  <NA> 2007
5 Adelie Torgersen 193 3450 female 2007
penguins |>
select(-starts with("bill")) |>
slice(1:5)
species island flipper_len body_mass sex year
1 Adelie Torgersen 181 3750 male 2007
2 Adelie Torgersen 186 3800 female 2007
3 Adelie Torgersen 195 3250 female 2007
4 Adelie Torgersen NA NA  <NA> 2007
5 Adelie Torgersen 193 3450 female 2007

« selectionl & selection2= AND 22| selection | selection2‘ OR 22| A+ SIC},

penguins |>

select(starts _with("bill") | ends with("len")) |>
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[ 2 B N OV R O B

g > WD -

slice(1:5)

bill_len bill_dep flipper_len

39.1
39.5
40.3

NA
36.7

penguins |>

select(starts_with("bill") & ends with("len"))

18.7
17.4
18.0

NA
19.3

slice(1:5)

bill_len
39.1
39.5
40.3

NA

36.7

181
186
195

NA
193
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14 ZHA|IA H|0|E{H|0|A Z7|= 704, Joins2}

two-table verbs

A& ¢|0|E{H|O0| A (Relational Database)= T2 3zl H|0|E{ S A &5t= C|O|E{H|O|A R EO|R|=
042|022/ = = 0| A= ALE ST}, HO|EH|0|A [Z 77t E A2 OfLf2t &|2te 11 78S Olshist
= O Lot &t8e 4= UCHH 3 A0|Ct £t 0 7HEE OfsotPH Tidy data 7i'ES O|alist=C| —3
C20] FHEHAAZ tidy data®l 7HE2 &A™ GIO[E{H| 0] 22| JHEAM F2h = ACH.

A HO|E{H|O| A= E|O| = (table) 2| HE2= E1H1|0|A0|Cf 2t E0[&2 2 (col-
umn) 2t Al (row) 22 O|FO{AH 20, 2t E=2 =5 tLH, 2+ B2 HE C0|H =2

0|20{2l o]
45 2442 LIE
LtERCH =, 218 ClojEfsolA0] o] 2E C1S 3t 2 70| Yict

gt

7| (key)E Sall EI0[SS0] M2 O 2tAE 7tRBEAM 223t CO[E{H|0|AZ O|F7]| WE0,
Cl| O E{H| O] A2t

hel
X
ogh

)
Q'L
rr
N
=
0

14.1 A IO|E{HIO|A Of|N|: =22 H = 2tAHIE o|Oo|E{H|0|A

A G4|O|E{H|0| A= Data NormalizationO|2t= 7HE 2 Soll HI0|E Q] S22 Z|AStst, H|O|E

o
o dAES FAISL,

LHESH M2 M T E AARIE 22[St= O[O H|0[AE 71A| 11 EYSHTH(O] 2t=2Z&= DuckDB: Up
and Running (Wei-Meng Lee #{) 240f|A{ &t2]|3HC}).

Of H|O|E{#|0] A= 4719] E0] =22 ++d =0 ULt

« authors. A} A&
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+ books: =AM ZHE
+ borrowers: CLHEAL A&

+ borrowings: CHE JE

i
MU
ro
12

borrowings borrowers

Os 2= A2 olaie 27t gletl, 28 fIsiM 7hd2l CIO[EH0|AS 2SRAL, O|AS R
2 522+ F =210t O|sHstE =Tt

library (DBI)

library (duckdb)

con <- dbConnect(duckdb: :duckdb(), "data/books.duckdb", read_only = TRUE)

authors <- dbReadTable(con, "Authors")
books <- dbReadTable(con, "Books")
borrowers <- dbReadTable(con, "Borrowers")

borrowings <- dbReadTable(con, "Borrowings")

U2 A2} YELO|Ct
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H 14,

1: 22} A E (authors)

author_id name

nationality birth_year

1 Jane Austen British 1775
2 Charles Dickens British 1812
3 Agatha Christie  British 1890
4 J K. Rowling British 1965
5 Tolkien British 1892
6 Mark Twain American 1835
M ZHEo|ct
H 14.2: =M A E (books)
book_id title author_id genre publication_year
1 Pride and Prejudice 1 Classic 1813
2 Oliver Twist 2 Novel 1837
3  Murder on the Orient Express 3  Mystery 1934
4 Harry Potter and the Philosopher’s Stone 4 Fantasy 1997
5 The Hobbit 5 Fantasy 1937

CiEAt YLO|C}

H 14.3:

CH&2} ZE (borrowers)

borrower_id name

email

member_since

John Smith
Emma Johnson
Michael Brown
Sophia Wilson
William Taylor

O U1 W N -

Jane Doe

john.smith@example.com
emma.johnson@example.com
michael.brown@example.com
sophia.wilson@example.com
william taylor@example.com
jane.doe@example.com

2022-01-01
2021-12-15
2022-02-20
2022-03-10
2022-04-05
2022-03-05

tiE Y=O0IC.
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H 14.4: tj= = (borrowings)

borrowing_id  book_id borrower_id borrow_date  return_date status
1 1 1 2022-04-10 2022-04-25 Returned
2 3 2 2022-03-20 NA On Loan
3 4 3 2022-04-05 NA On Loan
4 2 4 2022-04-15 NA On Loan
5 5 5 2022-03-30 2022-04-20 Returned
6 1 3 2022-04-26 NA On Loan

Of CIOIE{H|O| A= “THE70|2t= At S SH 22 E= 40| FC 0{EH H0[EE
A}, borrowings Ef|0|S0{|A 5 CHE O[HIES 0| E4t.

20

=

) = e

H 145
borrowing_id book_id  borrower_id borrow_date return_date status
5 5 2022-03-30 2022-04-20 Returned
1. O] O|HIE = book_id7} 52 =AM S CHZSH O|HIEO|CY,
2. O] =AM E C|&St AF2H2 borrower_id”} 591 AF=HO|CE
3. £ YA= 2022-03-300| 10 Bt YRb= 2022-04-01 92 T O|HIET Z2 A LT

O] Cf|O|E{ S 2017}

o ALt o[ 1hy

B 14.6: ©M HE (books)

book_id title author_id genre publication_year
5 5 The Hobbit 5 Fantasy 1937
H 14.7: At ZE (authors)
author_id name nationality birth_year
5 5 Tolkien British 1892

172



CH22} HH2 #0I5) B2} borrowers E|O[ZOIA CHEF HEE BHoI 4 Qi

H 14 .8: &4+ A& (borrowers)

borrower_id name email member_since

5 5 William Taylor william .taylor@example.com 2022-04-05

O[#0fl& borrowings H|O|S0{A 1H TiE O|HIES S0 22}

B 14.9: tj= HE (borrowings)

borrowing_id book id borrower_id borrow_date return_date status

1 1 1 2022-04-10 2022-04-25 Returned

1. O] O|HIE = book_id7} 12 =AM E CHZTH O|HIEO|LCY,
2. O] =AM E C|&St AF2H2 borrower_id 7} 191 AFZHO|CE
3. Ui& E®= 2022-01-010| 11 Bt GR= 2022-01-022 = CHE O|HIEV S A L|ULCY

Of Cl|O[E{E 2Ot t= ¢

=z
4 Quct.

rlo

CHE2t 2Tt books E|0] 21 authors E{|0| S0 A 241} 11 AR5 &HQlek

f I S}

H 14.10: =A ZE (books)

book_id title author_id genre publication_year

1 Pride and Prejudice 1 Classic 1813

H 14 .11: A} A& (authors)

author_id name nationality birth_year

1 Jane Austen British 1775

L8755 25 3}, borrovers HOIZOIA] ChE2t YES BOIE 4 YT,

—/
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B 14.12: =2}t A& (borrowers)

borrower_id name email member_since

1 John Smith john.smith@example.com 2022-01-01

14.2 HIO|E AlO|2] 2HAHE HESI= F|(Key)

QfM authors, books, borrowers, borrowings E{|0|=2| 2 €2 author_id, book_id, borrower_id,
borrowing_idO|C} O] €2 Zt HO|E2| WE 1RSIAH AlEst= Fo|Ct o[t &2 €2 7|2 7|
e
=2

U:‘;
= EOI'
(primary key)2t1l otCt =, 72 7|= StLte| H|O|Z0|M 1Rt ¢f8 7HA|1, CHE Al L2 EIC

—_ —

DRS4S 7HA= otLte] €2 AHE| V| e o1, & O™ BR= o 712
2 g5
= (=]

=
B USO| 2= YT = BTt O] of2] /49| o= Y V2 7IE =

7| (composite

=0{ books E|O|S0f A

Q|2 7| (foreign key)= CHE EH|O|E22| 7|& 1€ =
9l a A ZIRGICE O] A 2R HAHE 7R |= €S 2]
t

author_id €& authors E|0|&

7| (foreign key)2t1 5t1, fe|l= 1 A4S 02

uthor_i

N
>
ox
HT
i
fol
o
[E]
>
$0

¥ 14.13: =X ¥ (books)

book_id title author_id genre publication_year
1 Pride and Prejudice 1 Classic 1813
2 Oliver Twist 2 Novel 1837
3 Murder on the Orient Express 3  Mystery 1934
4 Harry Potter and the Philosopher’s Stone 4 Fantasy 1997
5 The Hobbit 5 Fantasy 1937

borrowings E|O|=2 book_id &2 books E||0|=2| book_id €2 Z2=R3l11, borrower_id €=

borrowers E|0|£2| borrower_id €& 2tRSICt O] & 25 2|2l 7|0|C},
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H 14.14: = FE (borrowings)

borrowing_id  book_id borrower_id borrow_date  return_date status
1 1 1 2022-04-10 2022-04-25 Returned
2 3 2 2022-03-20 NA On Loan
3 4 3 2022-04-05 NA On Loan
4 2 4 2022-04-15 NA On Loan
5 5 5 2022-03-30 2022-04-20 Returned
6 1 3 2022-04-26 NA On Loan

14.3 JOINS I} dplyr two-table verbs

- Q& Z9l(outer join)

- left (outer) join: 215 E{|0|52| 2= H|O|E{E E&fotal, RLEZ H|0|S0M E2[5t= 40|

— O S
U= Z2 2t

- right (outer) join: 2E% H|0[52| 2= H|O[HE Zelstal, 21% H|0|S0|M Y25t
W0l U= B 2T

O[AZ 2

—

* = 219 ool

- full (outer) join: & E||0|=2| GIO|E{E &&= A
O|A| dplyr I{7| 2|0 A H|25H= two-table verbs(joins) &45 AT £ 2}

library(dplyr)
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215 Ololig W= ALEALL| 2|5 HESH otz 20| S23ICt. oS S0 CE2 2 tE ZES
Z35t= 4|, =M YEE SVt A0 ofzf B2 ZE HE YEE /A2 21, AH7|0f By &=
EMYEE ot
borrowing_id  book_id borrower_id borrow_date  return_date status
1 1 1 2022-04-10 2022-04-25 Returned
2 3 2 2022-03-20 NA On Loan
3 4 3 2022-04-05 NA On Loan
4 2 4 2022-04-15 NA On Loan
5 5 5 2022-03-30  2022-04-20  Returned
6 1 3 2022-04-26 NA On Loan
book_id title author_id genre publication_year
1 Pride and Prejudice 1 Classic 1813
2 Oliver Twist 2 Novel 1837
3 Murder on the Orient Express 3  Mystery 1934
4 Harry Potter and the Philosopher’s Stone 4 Fantasy 1997
5 The Hobbit 5 Fantasy 1937
borrowings |>
left_join(books, by = c("book_id" = "book_id"))
borrowing_id book_id borrower_id borrow_date return_date status
1 1 1 1 2022-04-10 2022-04-25 Returned
2 2 3 2 2022-03-20 <NA> On Loan
3 3 4 3 2022-04-05 <NA> On Loan
4 4 2 4 2022-04-15 <NA> On Loan
5 5 5 5 2022-03-30 2022-04-20 Returned
6 6 1 3 2022-04-26 <NA> On Loan
title author_id genre publication_year
1 Pride and Prejudice 1 Classic 1813
2 Murder on the Orient Express 3 Mystery 1934
3 Harry Potter and the Philosopher's Stone 4 Fantasy 1997
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4 Oliver Twist 2 Novel 1837
The Hobbit 5 Fantasy 1937
6 Pride and Prejudice 1 Classic 1813
2 20 71 22 A=A €10 AT SR}
borrowing_id book_id borrower_id borrow_date return_date status
1 1 1 2022-04-10 2022-04-25 Returned
2 3 2 2022-03-20 NA On Loan
3 4 3 2022-04-05 NA On Loan
4 2 4 2022-04-15 NA On Loan
5 5 5 2022-03-30 2022-04-20 Returned
6 1 3 2022-04-26 NA On Loan
borrower_id name email member_since
1 John Smith john.smith@example.com 2022-01-01
2 EmmaJohnson emma.johnson@example.com 2021-12-15
3 Michael Brown michael.brown@example.com 2022-02-20
4 Sophia Wilson  sophia.wilson@example.com  2022-03-10
5 William Taylor  william taylor@example.com 2022-04-05
6 Jane Doe jane.doe@example.com 2022-03-05
borrowings |>
left_join(borrowers, by = c("borrower_id" = "borrower_id"))
borrowing_id book_id borrower_id borrow_date return_date status
1 1 1 1 2022-04-10 2022-04-25 Returned
2 2 3 2 2022-03-20 <NA> On Loan
3 3 4 3 2022-04-05 <NA> On Loan
4 4 2 4 2022-04-15 <NA> On Loan
5 5 5 5 2022-03-30 2022-04-20 Returned
6 6 1 3 2022-04-26 <NA> On Loan
name email member_since
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1 John Smith john.smith@example.com  2022-01-01
2 Emma Johnson  emma.johnson@example.com  2021-12-15
3 Michael Brown michael.brown@example.com  2022-02-20
4 Sophia Wilson sophia.wilson@example.com  2022-03-10
5 William Taylor william.taylor@example.com  2022-04-05
6 Michael Brown michael.brown@example.com  2022-02-20

2tof O] ZRHE 7R O =MO| AHF YEE 26t HS 4 UCH 1124 CHA| HESHH Eo,

borrowings |>
left_join(borrowers, by = c("borrower_id" = "borrower_id")) [>

left_join(books, by = c("book_id" = "book_id"))

borrowing_id book_id borrower_id borrow_date return_date status

1 1 1 1 2022-04-10 2022-04-25 Returned
2 2 3 2 2022-03-20 <NA> On Loan
3 3 4 3 2022-04-05 <NA> On Loan
4 4 2 4 2022-04-15 <NA> On Loan
5 5 5 5 2022-03-30 2022-04-20 Returned
6 6 1 3 2022-04-26 <NA> On Loan
name email member_since
1 John Smith john.smith@example.com  2022-01-01
2 Emma Johnson  emma.johnson@example.com  2021-12-15
3 Michael Brown michael.brown@example.com  2022-02-20
4 Sophia Wilson sophia.wilson@example.com  2022-03-10
5 William Taylor william.taylor@example.com  2022-04-05
6 Michael Brown michael.brown@example.com  2022-02-20
title author_id  genre publication_year
1 Pride and Prejudice 1 Classic 1813
2 Murder on the Orient Express 3 Mystery 1934
3 Harry Potter and the Philosopher's Stone 4 Fantasy 1997
4 Oliver Twist 2  Novel 1837
5 The Hobbit 5 Fantasy 1937
6 Pride and Prejudice 1 Classic 1813
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Of =M LEA=2 O HAS F0lst=A| €4l A2 4 AULE O B U=
gEE @85, 1 EE /A1 =M YEE =elstal, O YES 7|2 A4 Y
ECt.
borrowings |>
left_join(borrowers, by = c("borrower_id" = "borrower_id")) |[>
left_join(books, by = c("book_id" = "book_id")) |[>
left_join(authors, by = c("author_id" = "author_id"))
borrowing_id book_id borrower_id borrow_date return_date status
1 1 1 1 2022-04-10 2022-04-25 Returned
2 2 3 2 2022-03-20 <NA> On Loan
3 3 4 3 2022-04-05 <NA> On Loan
4 4 2 4 2022-04-15 <NA> On Loan
5 5 5 5 2022-03-30 2022-04-20 Returned
6 6 1 3 2022-04-26 <NA> On Loan
name.x email member_since
1 John Smith john.smith@example.com  2022-01-01
2 Emma Johnson  emma.johnson@example.com  2021-12-15
3 Michael Brown michael.brown@example.com  2022-02-20
4 Sophia Wilson sophia.wilson@example.com  2022-03-10
5 William Taylor william.taylor@example.com  2022-04-05
6 Michael Brown michael.brown@example.com  2022-02-20

D O W N

title author_id

Pride and Prejudice

Murder on the Orient Express

Harry Potter and the Philosopher's Stone

Oliver Twist

The

Hobbit

Pride and Prejudice

name.y nationality birth_year

Jane Austen

Agatha Christie
J.K. Rowling

4 Charles Dickens

British
British
British
British

1775
1890
1965
1812
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1 Classic
3 Mystery
4 Fantasy
2  Novel
5 Fantasy

1 Classic

ok

genre publication_year

1813
1934
1997
1837
1937
1813

A

)



5 Tolkien British 1892

6 Jane Austen British 1775
ZQIZ2 H|O|Z2 e 247t Bt allZe|7| & A40|ct 2019 ZFE Ot ZtEts| Fels EH Ct3t
#Ct

df1 <- tibble(x
df2 <- tibble(x

c(l, 2), y = 2:1)
c(3, 1), a =10, b = "a")

knitr: :kable(df1l)

N —
- N

knitr::kable(df2)

3 10 a
1 10 a

inner_joing & H|O|S0|M YZ|&|= 250| JUS T O[Z[2ICtH CTHZOM by = "x "2t H
ol B FlCt S22 7IX| 1 Q= A2 10|0t O2iA df 12} df20f|A O] 10] s &= S
Zerict,

daf1 |>

inner_join(df2, by = "x") [>
knitr::kable()

1 2 10 a

180



215 H
ChS0M by = "x"2t1 D= xHO| BH I} df10f= x7t 121 0| Q41, daf20]= x7t
Aoz O] W2 AFEICE YHH df10]= x7t 290! 20| 1, df20f|= x7} 22! YO| LB Z 0|
ASe| 2| 94| 0 |eft joinO| 22 212 E|0|E9] 3
217 W20l NAZ A RICH

left_join2 2% H0|2Q ZE WS Eglstll, LEX H|0|S0|M L2[5te 10] U= 2R 28
1

o

g o2 o rol
rlo

o

af1 |>
left_join(df2, by = "x") [|>
knitr: :kable()

Xy a b
1 2 10 a
2 1 NA NA

full_join2 &+ B|0|Z2| 2E ¥E E&st1, L[t g0l A= 82 LS. HS0M by =
et SHo B = xHo| B EICt df10]= x7F 1Q1 SOl U, df20]&= x7t 191 SOl ez O
#e ZBECE B ar10li x7} 201 | Q| af20il= W, af20li= x7+ 391 B0 UR|TF af1
o= QICt o WE ZEE 2| A2 full joinO|22 RF HEEICt 20| 252 A2 FE22 NAR
22/ 21Tt

df1 |>

full_join(df2, by = "x") |[>
knitr::kable()

1 2 10 a
2 1 NA NA
3 NA 10 a
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15 = gk (window functions)

AlLtol] AHSEICE,
. A
- =% ALt
. 0|HM/0|30| 7t 2t%

£ &4 (window function)= & 15.12F 20| 3 Zeto0)| CHsf ALtS
o

3.7 19.3 193 3450
[ 30.3 20.6 100
38.9  17.8 181 3625 .

39.2  19.6 195 4675 window
| 342 181 193 3475
42.0  20.2 190 4250
7.8 17.1 186 3300
37.8 _ 17.3 180 3700
a1.1_ 17.6 182 3200
38.6  21.2 191 3800
34.6  21.1 198 4400
e o oc 2200
38.7  19.0 195 3450
42.5  20.7 197 4500
34.4  18.4 184 3325
46.0  21.5 194 4200
37.8  18.3 174 3400
37.7  18.7 180 3600
o oo e 2000
3.2  18.1 185 3950
3.8  17.2 180 3800
3.3 18.9 187 3800
o 156.0 165 320!
4.5  17.9 187 3200
37.9  18.6 172 3150
40.5  18.9 180 3950
30.5  16.7 178 3250
37.2 18.1 178 3900
39.5  17.8 188 3300
40.9  18.9 184 3900
3.4 17.0 195 3325
39.2 211 196 4150
38.8  20.0 190 3950
2.2 18.5 180 3550
37.6  19.3 181 3300

2 15.1: 71 =F- Q1 window &49| 2t5H

; o = o =] =
{HEHSE MO AIE TS0 /ISR ool 2t EAIS O|sHoAL.
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library(tidyverse)

df <- tibble(
group = c("A", "A", "B", "B", "B"),
value = c(10, 20, 10, 30, 20)

daf

# A tibble: 5 x 2
group value

<chr> <dbl>

1A 10
2 A 20
3B 10
4B 30
5B 20
£4 A cumsum () BH4~5 AESICY

af |[>

mutate (cumsum = cumsum(value))

# A tibble: 5 x 3
group value cumsum

<chr> <dbl> <dbl>

1A 10 10
2 A 20 30
3B 10 40
4 B 30 70
5 B 20 90

L

Otorofl DESt O O|E{ T2 U2 AFEFHE IBUR

df [>
group_by (group) %>%
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mutate (cumsum = cumsum(value))

=+

A tibble: 5 x 3
# Groups: group [2]
group value cumsum

<chr> <dbl> <dbl>

1A 10 10
2 A 20 30
3 B 10 10
4 B 30 40
5 B 20 60
ot

2, FlO gE H2Y He 1ag(), lead O S-S ALESICE

df %>%
mutate(
previous_value = lag(value),
next value = lead(value)
)

# A tibble: 5 x 4

group value previous_value next_value

<chr> <dbl> <dbl> <dbl>
1A 10 NA 20
2 A 20 10 10
3B 10 20 30
4B 30 10 20
5B 20 30 NA
2tof 55t CO[E XY S ArESIE AFE=2 ¢, Fol &

daf %>%
group_by(group) %>%

mutate(
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previous_value = lag(value),

next value = lead(value)

# A tibble: 5 x 4
# Groups: group [2]

group value previous_value next_value

<chr> <dbl> <dbl> <dbl>
1A 10 NA 20
2 A 20 10 NA
3B 10 NA 30
4 B 30 10 20
5B 20 30 NA
#9128 Roiats F4S0| UCh

. row_number (): 29|12 HOj3= o 10| 2O HOJE| 2AChE &
- min_rank(): ©2|E F05t= O 20| 228 &2 &2& Fo5t,
. dense_rank(): £:912 SOJ5t O 30| ZOR 2 £9|2 H0i512, 1
orert
at %>%
mutate (

row_number value = row_number(value),
rank _value = min_rank(value),

dense_rank value = dense_rank(value)

# A tibble: 5 x 5

group value row_number_value rank_value dense_rank_value

<chr> <dbl> <int> <int> <int>
1A 10 1 1 1
2 A 20 3 3 2
3B 10 2 1 1
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4 B 30 5 5 3
5B 20

NS
w

n

0o} DZ 5} GlO|E{ T2 S ALE ST I HE 9|8 Holsict

[

df %>%
group_by (group) %>%
mutate (
row_number value = row_number(value),
rank value = min_rank(value),

dense_rank_value = dense_rank(value)

**

A tibble: 5 x 5
# Groups: group [2]

group value row_number_value rank_value dense_rank_value

<chr> <dbl> <int> <int> <int>
1A 10 1 1 1
2 A 20 2 2 2
3B 10 1 1 1
4 B 30 3 3 3
5B 20 2 2 2
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16 R EX}L1} stringr THF| K]

2242 (characteor) 2 ROIA HHAE CIO|EIS O|0J5tD, SAYL ASUSHL 2USEE S2{KHA
BEICH A2USHES ASSE 2USHE AFBSE X0l QICh St H20SE Ot CA|
A2MSES HIR £ 4 90, 2OSE oo B2 20SEE & £& gct

mt_name <- "S2}AE"

mt_name

[1] "EI-E'l'Al_I'"

base ROll= O|H 2AIEE TR = S4+S0| 20| UL SR 2 St-HZ AL Ho| Y2 ol g
QI5]7[7F &Lt J2fA ROl Tidyverse d2®# 2 2 & stringrO|2ts TH7| A= HHE &4
U2HY UA It HS T T2ti RS XS iR B2t &A[2te 0 IHF|R|E AME5HH 2

GIOJEIS CH2E W Bt 20| £2 222 M2tac

rE r|r
(_1

O] I{7| 2§ 2Y5tAt.

library(stringr)
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16.1 213 El(Encoding)
R AHO{O| A 22}E S Z3)Ql HIAE (plain text) 2 HZEICH 121G 0] 220 HIAER}D 2|2t
MYste 02| (RI2Y) 0| whet MK 2 HRFEO A= BAo] Ch2C}

2I3% (encoding)Ol2t= A2 & =
BAtE 652t A2 ARSIt OIEEH A"Ele 2AHE 652t A2 HHRE B 0| QIR HO|CY

R4.2.0 HHEEE= /=2 (Windows), BH20|A (macOS), 2= (Linux) A|AEIY Atglo] 2%
UTF-8 QIS AlRSIC T (Unicode) 2t= =4 20 W2t 2HS0{7 Q12 g hAl

o=z HMAL BE &2 | grAlo|ct !

Unicode AIABIOA] 312 2H= RO{AFIO)A 2410 S| BHBEI0f YO, OfE 22} SHLIE BHLtC
QUIAE ICmOIEQl thgatH ot 2HA stte] Baks 37t 52 FHRER D, 221872
Bl ZHs 3121, 0lof et HBE JHsaiRICt,

Ly |-L|-|:}-" > on E—l‘E}'D |_||

[1] FALSE

ny |-L.|-E}-" <" El_EI_D |_||

[1] TRUE

A R MEOM AFESELL Q= ARE EA S &5t Sys. getlocale ) TS ALESICHA| AL
HE = W20 A0|CH.

Sys.getlocale()

[1] "en_US.UTF-8/en_US.UTF-8/en_US.UTF-8/C/en_US.UTF-8/en_US.UTF-8"

'L EQF UTF-80] ChEH ZM|SH M2 RLZE (Unicode)t UTF-8 2ME 223514t
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https://namu.wiki/w/%EC%9C%A0%EB%8B%88%EC%BD%94%EB%93%9C
https://namu.wiki/w/UTF-8

16.2 M E S Al(Regular Expression)2 CIS ZH0l|A

T Zoi4 (Regular Expression, regex) 0|2t 24t EYTHIES 27| 2o At8Ste UYL Z,
A

A
HE 5 OFF 2 ABIBME FSH VIS5 HBet

=

r°|' e
n =2
>

N oX

stringr Ij7|2|Q] O} StE8 A BAHAIS AIRSH=
2

57| H20f, A7 BEAl HAS LS CHe Ao YA MY

16.3 EXI€ ZoO0]|

ROIAM 22tE T|O|E{ = HE{0f HZEICt 22|10 HE o H&E EAE2 2122| 20| (length)= 25
10ICt. EArE A4 20 A3, stringr 7| 2|0 M=
str_length() &E AL SHCL

about R <- c("RE X7 AZEL|o{o|C}."
"R2 A & = )
"R B2 7|0{X=0| F0ISt= SSZE2HEQILICH. ")

length(about_R)

(11 3
Ct22 base R nchar () §t4E ALY
nchar (about_R)
[1] 14 24 27
CH2 2 stringr I{7| 2|2 str_length() S4E AFRSIACE

str_length(about_R)

[1] 14 24 27

o||

?l2F 20| stringr Ij7[2[2] HO| 2&

EI

P str 2 A|ZFSCH 2|10 i & HIE{SHE| o QUCt
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iol
[\l

ol

K
il

£ ArESHY

Ct. O|f sep IR}

FA O]
T M

« stringr W7|R[Q] str_c() &

oll

FEat 2A2E Z2Eot0] M22 242 HE S 2 013

X
oH
JJ
o

X <- C(ly 3: 5)
y <= c(2, 4, 6)

+

3 711

(1]

IICII)

IIBll ,

sl <- C("A",

s2 <- C(”l”, |12|l’ "311)

, s2)

str _c(si

"Alll IIB2" ||c3ll

(1]

ol

i

-
ITe)

JJ

1

ncn)’ 1:3)

IIBlI ,

H

str_c(c("A"

HA1|I IIBQH IICBII

[1]

n_n)

, 82, sep

str_c(s1

"A_lll HB_2|I IIC_3||

[1]

str_flatten()
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str_flatten(s1l)

[1] "ABC"

collapse QRIS AL235I0] FEZRIE XA S £ QUCt

str_flatten(sl, collapse = "-")

[1] IIA_B_CII

+ str_glue() &= BZAEE Y & AL, SE= {3 A0 RIES F0] Alttel 2 BAE=R
ZYAIZ = AUCH

x <- 1

str_glue("As= {x}QIL|Ct.")

CHS CIIAIAE str_glue ) S AUAZE & 2E BAIES ZESIEAM {30 R BHMS FOAM Alttet
Us BAERE Z2gE 4+ Ut
name <- "Fred"
age <- 50
anniversary <- as.Date("1991-10-12")
str_glue(
"My name is {namel}, ",
"my age next year is {age + 1}, ",
"and my anniversary is {format(anniversary, '%A, %B %d, %Y')}."
)

My name is Fred, my age next year is 51, and my anniversary is Saturday, October 12, 1991.

O] 2At20H| {32 2AIEE EetA[7| 0} BICHEH ({3} AHESHH E .
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str_glue("My name is {name}, not {{namel}}.")

My name is Fred, not {name}.

& str_glue() B401 A GIOJEQ] 2HS QI 2 F3H & 4 Ut

str_glue(
"My name is {name}, ",
"and my age next year is {age + 1}.",
name = "Joe",

age = 40

My name is Joe, and my age next year is 41.

+ str_glue_data() &= HO|H LY S QA= ZOLA, Of C|O[E{ 22| 0)| A= 2US AESHO]
ZAE S s Gl AFEE T

library(dplyr)
result_df <- penguins %>’
group_by (species) %>/
summarize (avg_mass = mean(body_mass, na.rm = TRUE))

result_df

# A tibble: 3 x 2

species  avg_mass

<fct> <dbl>
1 Adelie 3701.
2 Chinstrap 3733.
3 Gentoo 5076.

result_df G|O|E{ T2 2| species FO| gfit avg_mass 2| S ALEoI0] Z2AIE S BH=14f o

2
CHEt CHSat Z20f 2fgstet. ZF oM B2 ¢S 7tA| 1 2t EAE S 2HEL

I_
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result_df |[>

str_glue_data(

"{species} TZ2| W XM= {round(avg_mass/1000, 2)} kgO|C}."

)
Adelie B2| H MBS 3.7 kgO|C}.
Chinstrap &2| B NS 3.73 kgO|C}.
Gentoo B2 W XS 5.08 kgO|LCt.

16.5 S HM|AH, o EXt £, LEUEE HA

+ str_trim() EI'—JFE =AtE o fn

o4z DTS A

str_trim(" Hello World! ")

[1] "Hello World!"

+ str_squish() g AIE S| 2t &[0

SiLIZ S0 =Lt.

Ue SHS At

=]
oiN
N

r

ol U= Ol 72| SHS =

$0

I

str_squish("  Hello World! ")

[1] "Hello World!"

« str_pad() &%= A9 &, &, FH0| T BAE 7ottt width QA0 X Fek 20|2F
2AEE WS, 55 23 pad QAR 2[Yet ZA= AH2Ct

str_pad("Hello", width = 10, side = "both", pad = "x")

[1] "sxxHello**x"

+ str_trunc() e WA SAEQl 20 Z0|E AYstl, 1 Z0[E =zifcts RE2 Y=YR
H

(ellipsis, ...)E 71X = 2AIE2
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str_trunc("Hello World! This is a long string.", width = 20)

[1] "Hello World! This..."

.. (371 S A 2 20712 A2 HEE EAE S UEL. side AAZ S YR OTO]
I.

= —
A& A8 & ALt 7| 222 right O[Tt

« str_to_lower() EtrgE EAES AZALE HEGHCH

- str_to_upper () S+ BAIE S CHEALZE HEMSITH

+ str_to_title() e TAIEE Al AEHZ HSOICH A= AEf2t 2F THoje] 2 S AHE T2
AtZ2 HHLD LIHZ| 2 Ak AFALZ = Z40|0

- str_to_sentence() B ZAIE S 2 HEHZ HESICH 24 HEfE 2 SAE HE2A2
B2 LHHZ| 2= 2x2At2 8= A0|C

dog <- "The quick brown dog"
str_to_upper (dog)

[1] "THE QUICK BROWN DOG"

str_to_lower (dog)

[1] "the quick brown dog"

str_to_title(dog)

[1] "The Quick Brown Dog"

str_to_sentence("the quick brown dog")

[1] "The quick brown dog"
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16.7 SXIYUOIM Y 2xIH 2ET £

02

+ str_subO) BHE BAL0IN RS PO YT BAAS 2ETCL str_sub(string,

start=1L, end=-1L) YE{Z A}ESIC}

- ROJ[A AEHAIE 10 M AI2f5E, &% inclusive O|T.
- start? ende ST A +E UL -12 A9 O1A|9 EA1E 2|06t

about <- "R IS 7|0jX}=o0| Etoiste ZEm =N EQIL|CE. "

str_sub(about, 1, 5)

[1] "R% Ofon

« str_sub_all() &fps= S0 2AEM 2RIE S 22 W AFR ST} start 2t endOf HEE
A|H5t0], O] 92| ZE0f Izt 2AES 22 & YTt

x <= c("abcde", "ghifgh")
str_sub_all(x, start = 1, end = 2)

[[1]1]
[1] "ab"

[[2]1]
[1] "gh“

str_sub_all(x, start = c(1, 2), end = c(2, 4))

[[1]1]
[1] "ab“ "de“

[[2]1]
[1] "gh" "hif“

- str_sub() 45 €Y <- 2HE0| 32T, 0] 2|20 U= 2AEE £+ 4 UCh
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x <- c("abcde", "ghifgh")
str_sub(x, 1, 2) <- "Xy"

X

[1] "XYcde" "XYifgh"

127t OfL|2t = Z2MA SOA “ZO0LM HIRZ|" QL 22 7|52 “Yat BSAS AFE3HOF 5h=t|,
O] &2 2 oM 2Hstct.

16.8 ™z

017|014d stringr 7| R[S ALES 7|2 2AIE 22| YES 2ESIAC. U YoM S BB
(Regular Expression) = AtE5t0 2422 *{2lote Y= 2T ettt Y+ M2 2AS0M &
ot E S 27| floll AFESt= YE2 2, & ARSI Ot ZHESIEHME L6t 7|53 AlSsitt.

196



17 R A3 Al (Regular Expression)

A+t B4 (Regular Expression, regex)2 @AY THEHES H2|st= E0[CH H BAA2 ZAE
= dMStAHLE 2215h= O AFEEl= Z48%h =510|T. O] == 1970Et) =2 VLA, 1O
Ol22 W2 T2 QOjA BIAE HT|O|M E2| AFEE|D T,

g b2 M= 225t o2 E0|A[2t 2&235| i 712|7
HNEH o2 0|al|St 20| ChatGPT 22| S8 & Z I

library(stringr)
str_view() &4e ZAEBOM Yt A siYsts 22 4250 EOEL f ooME F
SR Q12 nabr i aCkSOf b7H 170 Ol QUi LS B H7 BaAlO|CH

str_view(c("abc", "aBc", "abc"), "ab+")
[1] | <ab>c
[3] | <ab>c

str_view() & O HES 2 B QA2 2| Y5 2AHE HE{Q| 2t 2A0CH HE5H0] {E O Y=

—
ja—
27t As E9 A FES <0l Z230 2N ZC.

- I BEME2 22H22 =2|(logiq)0f| BIEE & =707 Y20 =2lH o= W2y et
UL,
-« oF A, AR0|M LEZ2Z 90 LIZIT,
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- EIAE TNt ZH0| o2 & (line)S A Y= E 2, StL| At (string) 2 tiae 2 g4,
StLto| sHZ CHAIo = S| FO|GtCt,
- FO{9| H2 HYARAE F+&E5t= 40| LEZEO|Ct,
- At 2ot AT TAHo F2o|E 7|2QICt,
- Characters= letters@} digits, whitespace, E¥ES 58 2 & ET6tC}
- Letterse= a, b, c - 2} A, B, C--- S LGtC}
- Digits 0, 1, 2, 3,...98 st}
- Whitespaces= Q4HE| 2| = %OLE characters®| YE0|2t= HE 7|AF}A}
« HIZH ), (\t), BHHB(\n EE \r\n) §
17.2 M3 E8Al9] 7|x
17.2.1 Characterl| &7
1t BEAOM 225 AU 2 1 A7) THEO| &|= B2 literal characters2ty! otCt 4ot
7158 5t 22 25 2 metacharacters2t 30 MetacharactersOfl= CH2 1t 242 Z450| 9o,
O| HEE A|Qot 22, =& &2 literal characters2t1l StC},
+ Backslash: \
« Caret: =
« Dollarsign: $
- Dot: .
+ Pipe symbol: |
+ Question mark: ?
+ Asterisk: *
+ Plus sign: +
+ Opening parenthesis: (
+ Closing parenthesis: )
« Opening square bracket: [
+ Opening curly brace: {
JeffA "ab"2h= IHE2 "a" 2t 1 CFZ0|| "o 7t 2t "ab" Of] O 2IEICE "ab+2 +7t 42| "b" 7t

17} 0|49l B2

D&

_O_||:||6|,o:| “ab", “abb", ‘nabbbn’ "abbbb" %J_l_l,
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17.2.2 Charater class: Et L}2| 2 X}0i| Of=!

+ [abcl & [12H0| A= 24t S ottt OH-EOf, "a" L= ", = "c" 2t OfAIECE
™

O —

-+ [12H0] -2 ALESHO] 241 821 A8 & AL S S0, [a-zl & L2AF LT 7124
SILIE 2|05k, [A-z] & tHEAT LIfel 7t24| stLhE 90§t [0-91 & At 0FE 97tA]
7t24| SHHE 2|0[ettt Ol 2At HRl= [a-zA-20-9] 2F 20| 2E5I0] AHEE 4= AT}, O]
R L&A HEA, =AH7H20 otter o & =T

CtE2 3ME 2|0|5H= HO{Ql gray?t grey S 2= O[Ot
my_str <- c("I like gray color.", "I like grey color.", "No gry color")

str_view(my_str, "grlaely")

[1] | I like <gray> color.
[2] | I like <grey> color.

stringr If7|X|0] 2t O|§S 242 7tA|& fruit 2AIE HWEZL AUCL O] 7H2H| 5702 AFgsta{ 1

otCt.

fruits <- fruit[1:5]
fruith

[1] "apple" "apricot" "avocado" "banana" "bell pepper"

0= TH0{0f|A B0{2| 25 (aeiou)O| Ot AS 2Ot {1 SiLt.

str_view(fruitb, "[Taeioul")

[1] | a<p><p><1l>e

[2] | a<p><r>i<c>o<t>
[3] | a<v>o<c>a<d>o
[4] | <b>a<n>a<n>a

[5] | <b>e<1><1>< ><p>e<p><p>e<r>
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17.2.3 Et=9 character class

+ \d \d= [0-9]2 &1, At SILIE 2|0fsttt, 1 3 gf2 \DO|Ct.

CHE22 ArE Gf|A|O]Ct.
str_view("031-123-4567", "\\d")
[1] | <0><3><1>-<1><2><3>-<4><5><K6><7>

str_view("031-123-4567", "\\D")

[1] | 031<->123<->4567

22 ROIM \aS SAHOIM H7F BHAIOZ ALZS| QoA Q0| oj22)4|S 0|A2|0/Lsot
(7] G20 "\\a" 2 #OF BICF.

oi

HZA 4.0.058E{= raw stringS A ¥SHCH raw string2 r" (.. .)" 2HES AFRSICH Raw string
AEStE 420l= O|AZ|O|ZE StA| eiOtE EICY

o =

str_view("031-123-4567", r"(\d)")

[1] | <0><3><1>-<1><2><3>-<4><5><6><7>

str_view("031-123-4567", r"(\D)")

[1] | 031<->123<->4567

« \w \w= [a-zA-Z0-9_]12t 1l (word € O|F= 24t2t= %), 24t (letter), RAH(digit), =
ZAH() 7t2¢l StLEE 2lojsttt. 1 oete

my_words <- c("abcd", "a bc", "CHSIII=Z", "s125", "s_class", "s_xclass")

str_view(my_words, r"(\w\w\w\w)")
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[1] | <abcd>
[3] | <cHstel=>
[4] | <s125>
[5] | <s_cl>ass
[6] | s_%*<clas>s

« \s \s= whitespaceE 2|0|5t1, [ \t\n\r\f\v] e} ZC} = 2 22} (space), B 22 (tab),
ZHIE 22 (newline), 7H2|X| 2|&d £Z}(carriage return), Z O|E 22} (form feed), 32!
=At(vertical tab) 7+24d| stLIE 2|0|StCt, 11 6 &&= \sO|LC}.

iz

my_words <- c("abcd", "a bc", "CHSIZI=", "s125", "s_class", "s_xclass")

str_view(my_words, r"(\w\s\w)")

[2] | <a b>c

n

o[

= 2ellas 00 €2 a5 ULE HE2 RAO|7LE - 7124 SHLEE 2|08,

r

text = "seoul-2024-7}-1234"
str _view(text, r"([\d-1)")

[1] | seoul<-><2><0><2><4><->7<-><1><2><3><4>

17.2.4 Dot:

2= characters(letters, digits, spaces S 25) 720 ot 22t} Oj2IEICt ¢ SHIE
t= HIQIEICH 7+ He7F SiC

Hﬁ o

CHE2 ..." THEI2 2= 0fO|Ch BHOIE £240|E SHES0E SHHEEH Ofl L& B 3740

2210} BhEICt,

texts = C(" ||’ "abc“, ll1234||’ n///u’u @#$||’ IIEH?_I.DIJEN’ "ab\ncde")

str_view(texts, r"(...)")
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(11 1< >

[2] | <abc>
[3] | <123>4
(41 | <///>
[5] | < e#>$
(6] | <CHStRi>=
(71 | ab
| <cde>
L2 4%e "a" U3 3702 AVt 21 T B2 "e" 7t L& 42F e olo|tt,

str_view(fruit, "a...e")

[1] | <apple>

[7] | bl<ackbe>rry
(48] | mand<arine>
[61] | nect<arine>
[62] | pine<apple>
[64] | pomegr<anate>
[70] | r<aspbe>rry
[73] | sal<al be>rry

= 7} 07} 0l4+S 2|0]5}7)

40

A 0| 20| M .+t Z2 HEFE 0| AFZSIC} O] B
o=

17.2.5 Alternation: M3 AIE 7120| 5Lt} OHE!, |

| = T EHAS 7124 StLtet ofIEICH O|E S0 "apple |banana" = "apple" E= "banana" 2}
OjECt CHE32 fruit HE{O|A apple L= bananas 2= Of|O[Ct,

str_view(fruit, "applel|banana")

[1] | <apple>
[4] | <banana>

[62] | pine<apple>
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(1€ AEst F2l=|= character class= 1 7H20 & =Atet 1A= =H|, 12 A4S 712

OS2 fruit HIE{0| M apple, banana, kiwi=S ZH= 0f|0|C},

p <- str_flatten(c("apple", "banana", "kiwi"), "[")

P

[1] "applelbanana|kiwi"

str_view(fruit, p)

[1] | <apple>
[4] | <banana>
[42] | <kiwi> fruit

[62] | pine<apple>

17.2.6 Anchor: -, $

« "= 2AEY AIZE QOIEIL). O S0 "tatE "a" 2 AlAfote EAE R Ot
« $= ZAEL B2 QO[T OE S0 "a$" = "a" E ELtE 2AFE 2 O - E

str_view(fruit, ""a")

[1] | <a>pple
[2] | <a>pricot

[3] | <a>vocado

OS2 fruit HEOM a2 ELt= EAES 2= of0JHt.

str_view(fruit, "a$")
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[4] | banan<a>
[15] | cherimoy<a>
[30] | feijo<a>
[36] | guav<a>
[56] | papay<a>
[74] | satsum<a>
SHLEQ| THEAO A " ~xxx$" 2t Z2 YEHZ TES YOISIE HA| EAB0| xxx 2} DY =2| &g &
ULt BFS2 fruit HE{0|M appledt DAL= 2B S 2= 0OflO|Ct

str_view(fruit, ""apple$")

[1] | <apple>

17.2.7 Quantifier

quantifier= 22| ALt Ij&0] B & =L =X|F 2[Yst= AO|Ct. TSt &2 quantifier/t
UCY.

. %1 07} OlAt
.+ 17l OJA}

o« 7. 07 EE= 174

« {n} n7{

« {n,}: n7H O] 4t

+ {n,m}: n7H O[4 m7H O[5}
{,m}: m7} O|s}

17.2.8 Capturing Group: ()

O 22 o IEHZ OF 0= [O{A| O|AS CFE 20| M CHA| 2t2 e 4~ QU2 A & (capturing
group) g BHECH ACHZ 22 non-capturing groupO|2t= 719 = Q=0 base ROA CIZEZ A}

235t= PCRE= non-capturing group= A|245tA| 97| &0]|C}.

AHO|=l capturing groupS CHA| 2E2& W= \1, \2, -1} Z0| AF3= 0| 0|2 HES AL
(backreference)2t StC},
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OS2 fruit HEO|A (. )2 2709 ZA5 D522 |UCL 0|AS CHA| \17t §0f| 27| Ti20f 2
F el 27t CHAl BtREl= 49E Z=C0h

—

str_view(fruit, r"((..)\1")

[4] | b<anan>a
[20] | <coco>nut
[22] | <cucu>mber
[41] | <juju>be
[56] | <papa>ya
[73] | s<alal> berry
CS2 anchor ~2t $& AFE3WY| ME0 2AHE WAIE 22 sttt ()22 FA 28 &
2 FAUL, BOIM \1S CHA| AFZRUCE 1211 S0l . «0] UM 2E 47 E Tk Z12iA 274
2AF ¢t £ of| g5l = FR0 Of 2=

str_view(words, r"(~(..).*\1$)")

[152] | <church>
[217] | <decide>
[617] | <photograph>
[699] | <require>
[739] | <sense>

17.29 M3 B84 2

rx
MH>

2l
BT BHAOIE S8 297t ERICH ST 22 oM 297t Utk

1. O: ¥ &£= 8%
2. % + 7: Quanatifers
3. Concatenation: A2t 4}, ZAt2t HEO| 20 Y= BF

4. |: Alternation
JO2HM "ab+"= CHEHF 20| SHAE Lt

« += quantifier0|7| WZ0f 2| "o 0f & 0{M HEE .
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- JCHS "a" 2} "p" 7t 20 QCH(Concatenation).
J2iM ma" 7t 3, 2 Fof| "b 7t 174 O] U= F0l 2042 =Tt
J2|2, "ablabe" 2= IES M2ta EAF 0] A2 concatenationO| HA HEZ&|7| TfFO0f "ab"
O} abc" 7} Zt2to| THEIO 2 SYMEICt 121 2 | 7F M- 5| 7| TR0 "ab" E= "abc" @} Oj R EIC}H
24| alternation0] 42 W= 0] Z40| OAE|H T[] 242 FA|EICt T2tM "ab" 7t OAE|=
HA20|= "abe" = ORI E|Z| Y=L}

17.2.10 Flags: H7 B340 35 WA HEsH= M
YT BEHAC| A YAS WA S4S flagset BT

-+ ignore_case = TRUE: LHARAIE F126HX| LS
. dotall = TRUE: .O| ZHIE 2215 T 3t510] D= S219} O 2/
« multiline = TRUE. 02 & M =2 &

stringr I{7|2[0|= O|H SHE 2 & U/ regex() &4E AlSstCt. O T4 2H0)| IHE I} O]

Mg 0l Het

Y7 BHAS OBERC
olct.

B>
Bl
X
]
4
Ao
rol
o
o
N
njo
40
>
Q,E
)
_OTE
rl

= Z10| ignore_case = TRUE

str_view(c("Apple", "apple", "banana"), regex("apple", ignore_case = TRUE))

[1]1 | <Apple>
[2] | <apple>

.2 LEZEZ SHIE BAE A2t 2& A2t A ZICt dotall = TRUEE £ SHHE 2At:
IS5 2= F2Fet Of 22| BHECY

OS0lM .2 SHHE A5 Al2lsh| YE0] jEl= SAZ 0] Sitt.

str_view("a\nb\nc", "a.")
Ut dotall = TRUES T8 SHIE At ZE5t0 2= ZA12t 042l%|7| 20| 03 == A0
oIC}

AN
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str_view("a\nb\nc", regex("a.", dotall = TRUE))

[1] | <a
| >b

| ¢
el ~QF $7t A 2AFE Q| A2t} 22 O|0|SICt multiline = TRUES FH 2+ S| A|2t1 B2
o|0|5tA| =Tt

o] A= 71 BN CEE= 2 $7t HA| SASL| Al 28 20§

x <- "Line 1\nLine 2\nLine 3"

str_view(x, "“Line")

[1] | <Line> 1
| Line 2
| Line 3

o Al&2t 22 2|05t &t

i

201 2t

02

multiline = TRUE
str_view(x, regex(""Line", multiline = TRUE))
[1] | <Line> 1

| <Line> 2

| <Line> 3

o =2
— S

ot
>
e

17.3 stringri} A3 &

o 22 Untidy datas 7420 MESICH ZAESEA2 0|24 Untidy dataE CHE I 51|

df <- tibble::tribble(
~Id, ~Diagnoses,

"pti", "DM,HTN,ICH",
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llpt2|| s IIDMII s

"pt3", "HIN,Obesity,Diabetes",
"pt4", "HTN,DM,Hyperlipidemia",
"ptb", "CI,HTN,Gout",

"pté", "RA,DM,CAD",

"pt7", "AF,DM, HTN",

"pt8", "AF,HTN,Hyperlipidemia"

df

# A tibble: 8 x 2

Id Diagnoses

<chr> <chr>

ptl  DM,HIN,ICH

pt2 DM

pt3  HIN,Obesity,Diabetes
pt4  HIN,DM,Hyperlipidemia
ptb CI,HTN,Gout

pt6é  RA,DM,CAD

pt7  AF,DM, HTIN

pt8  AF,HTN,Hyperlipidemia

0o N O O W N =

17.3.1 2xtEe| =M, 7%, 21X 21517

2l af CO[E{ || }olM Gt A= &A1 IA+E i*o_'éfaﬁ’_ STt @S| Diagnoses EOf DM
Ol2te B2AE0l A=Al & 7 CIOIE & LT FAISHA}
Tidy datact@ Of= ZHeHet 2A|0] 2|2 Untidyst7| EEH-.-_-Oﬂ ofZto| 20| B2ttt

DﬁB
[m
Q'E
e
mm
=
£2
In
(w)
.
[V
o’
[0]
ct
(0]
0
v
kJ

H o

A str_detect ) &= SAEO|M Gt EAAM 0| sliiFsts F=0| A=AE &SI TRUE E£=
FALSEZ BFetoiCh 2AHE HE0A 2 2A0|A OfH 2pYof Bh=EICt,

library(stringr)
str_detect(df$Diagnoses, "DM")

[1] TRUE TRUE FALSE TRUE FALSE TRUE TRUE FALSE
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O|AS sum() B2t ZESHY TRUEL| Zi~E MT =Tt
sum(str_detect(df$Diagnoses, "DM"))

1] 5

str_count () g 2AIEO|M Yt A0 sl F 5= F=22| i+ MOEL.
str_count (df$Diagnoses, "DM")

[1J11010110

ORIZIZ 2 0| A4S sum() E4-2t ZEot0] TRUES| Zi+S M & Cf.

sum(str_count (df$Diagnoses, "DM"))

T QU] SHOIBHD A2 4 ULt 012 FROI= 242 HE{O|A 27 B0
(o]

=

= 7HA]
CHots 2AHYS J1A| D Qs 20| OIHIA S %P RS str_which() ?: +5 AHESHH =
str_which(df$Diagnoses, "DM")
(1112467

0248 dplyr If7| 2| £ilter ) B4-0F AEFI0L, str_detect ) B4R Hil} Ui BT 253
4 ek,

_|

library(dplyr)
af >
filter(str_detect(Diagnoses, "DM"))
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# A tibble: 5 x 2

Id Diagnoses

<chr> <chr>

ptl  DM,HTN,ICH

pt2 DM

pt4  HIN,DM,Hyperlipidemia
pt6  RA,DM,CAD

pt7  AF,DM, HIN

g > W NN -

R0 et slice() &4t str_which() S ZYSIH AFEE 4 UL slice) 4= HO[E
|.

st
ool S FEots e-0|Ct 2= 2.

df |>
slice(str_which(Diagnoses, "DM"))

# A tibble: 5 x 2

Id Diagnoses

<chr> <chr>

ptl  DM,HIN,ICH

pt2 DM

pt4  HIN,DM,Hyperlipidemia
pt6é  RA,DM,CAD

pt7  AF,DM, HTN

a > W NN -

17.3.2 22X} "R 7|

df OB Z2{ 0| M =S DM = Diabetes 2 H S UC H|O[E 7} ACH= H2| = A G=Ct.

Ol7—|% Diabetes & % |6|- AlC} OlEE'I M= str_replace() %}'—/l\—z Al‘-g- HO DME Diabetes=
o2 i,

str_replace(df$Diagnoses, "DM", "Diabetes")

[1] "Diabetes,HTN,ICH" "Diabetes"
[3] "HTN,Obesity,Diabetes" "HTN,Diabetes,Hyperlipidemia"
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[5] "CI,HTN,Gout"

"RA,Diabetes,CAD"

[7] "AF,Diabetes, HTN" "AF ,HTN,Hyperlipidemia"
Ol 2ty S Br=5tH af o AT S 2F SUJLZ BE =5 JUS AOICH ...,
str_replace() 4= FAIE HE Q| 2t 240 st Y+ EHA0| siFst= F22 2I0tA bt
HECE ol Y BAA0 3iEsh= 20| 0l2] 7HY 4R0= A #Ha AT BHELE 2= oS
HH 24P str_replace_all() &4ES ARSI
str_replace_all() Bt E5 02 Oj2l/BIEGS SPAMO| 2| Ye = QAT THojet THo| A0
ole _E AHESHo E ULt
str_replace_all(df$Diagnoses,
c("DM" = "Diabetes",

"HTN" = "Hypertension",

"CAG" = "Coronary_Artery_Disease",

"CI" = "Cerebral_Infarct",

"ICH" = "Intracerebral_Hemorrhage",

"Af" = "Atrial Fibrillation",

"RA" = "Rheumatoid_Arthritis",

"Gout" = "Gouty_Arthritis"))

Z0|Ct. O|A S dafets ME2 HO[EZ

[1] "Diabetes,Hypertension,Intracerebral_ Hemorrhage"
[2] "Diabetes"
[3] "Hypertension,Obesity,Diabetes"
[4] "Hypertension,Diabetes,Hyperlipidemia"
[5] "Cerebral_Infarct,Hypertension,Gouty_Arthritis"
[6] "Rheumatoid_Arthritis,Diabetes,CAD"
[7] "AF,Diabetes, Hypertension"
[8] "AF,Hypertension,Hyperlipidemia"
O] 7|52 ArE5tH 2| af CIO|H Y S BIE = US
f YOl A 2Lt

ddf <- df [>

mutate (
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Diagnoses = str_replace_all(Diagnoses,

c("DM" = "Diabetes",
"HTN" = "Hypertension",
"CAG" = "Coronary_Artery_Disease",
"CI" = "Cerebral_ Infarct",
"ICH" = "Intracerebral_Hemorrhage",
"AF" = "Atrial Fibrillation",
"RA" = "Rheumatoid_Arthritis",
"Gout" = "Gouty_Arthritis"))
)
ddf

# A tibble: 8 x 2

Id Diagnoses

<chr> <chr>

ptl Diabetes,Hypertension,Intracerebral_Hemorrhage
pt2 Diabetes

pt3 Hypertension,Obesity,Diabetes

pt4 Hypertension,Diabetes,Hyperlipidemia

pt5 Cerebral_Infarct,Hypertension,Gouty_Arthritis
pté Rheumatoid_Arthritis,Diabetes,CAD

pt7 Atrial_Fibrillation,Diabetes, Hypertension

0 N O O W N =

pt8 Atrial_Fibrillation,Hypertension,Hyperlipidemia

17.3.3 2} L}& 7|
stringr I{7|2|2| string_split () B BAYS P BHA
O{EC}. O &5 AFE3SI0] daf Cf|O|E{L2f| 2| Diagnoses HE PWE

7|&0] == Y BoM S o= Fot

str_split(ddf$Diagnoses, ",")

[[1]1]

[1] "Diabetes" "Hypertension"
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(3]

"Intracerebral_Hemorrhage"

[[21]
[1]

"Diabetes"

[[311]
[1] "Hypertension" "Obesity"

[[4]]

[1] "Hypertension"  "Diabetes"

[[5]1]

[1] "Cerebral_Infarct" "Hypertension"

[rell
[1] "Rheumatoid_Arthritis" "Diabetes"
[C7]1]
[1] "Atrial Fibrillation" "Diabetes"

[[8]1]
[1] "Atrial_Fibrillation" "Hypertension"

St

gt

0|

2| AE I

St

Ul
it

.

CH43

rr

str_split() &%

= o2 ol of
AESICE

str_split(ddf$Diagnoses, ",", simplify =

[,1] [,2]

[1,] "Diabetes" "Hypertension"
[2,] "Diabetes" "
[3,] "Hypertension" "Obesity"
[4,] "Hypertension" "Diabetes"
[6,] "Cerebral_Infarct" "Hypertension"
[6,] "Rheumatoid_Arthritis" "Diabetes"
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"Diabetes"

"Hyperlipidemia"

"Gouty_Arthritis"

IICADII

" Hypertension"

"Hyperlipidemia"

>

SIEH 2 YtBIIA|H ™ simplify = TRUE SMS

TRUE)

[,3]
"Intracerebral_Hemorrhage"
"

"Diabetes"
"Hyperlipidemia"
"Gouty_Arthritis"

"CAD"



[7,] "Atrial_Fibrillation" "Diabetes" " Hypertension"
[8,]1 "Atrial_Fibrillation" "Hypertension" "Hyperlipidemia"

1| & s EE 7 2Rpo] NH e ZHO| Hypertension 22 £[0f %0 S240[ £0f QUCt O|F

e str_trin() g5 AFESHO S A|AHY - UL

>

stringr I§7|X|0f= I{EHO| HZZS B 7| fIoH regex() S-S AFETICHL =4, O|2F BI=SHA|
IS 2= boundary () &S AESIY HHO2| HAS EY

|et 4~ QUCt. boundary("word") &
crojz 725l ZA7E o0BCh 0| B4 HEIS AEolsto] eta 2}

str_split(ddf$Diagnoses, boundary("word"), simplify = TRUE)

[,1] [,2] [,3]
[1,] "Diabetes" "Hypertension" "Intracerebral_Hemorrhage"

[2,] "Diabetes" nn nn

[3,] "Hypertension" "Obesity" "Diabetes"

[4,] "Hypertension" "Diabetes" "Hyperlipidemia"
[6,] "Cerebral_Infarct" "Hypertension" "Gouty_Arthritis"
[6,] "Rheumatoid_Arthritis" "Diabetes" "CAD"

[7,] "Atrial_Fibrillation" "Diabetes" "Hypertension"

[8,]1 "Atrial_Fibrillation" "Hypertension" "Hyperlipidemia"

17.3.4 tidyr I{7|X| 2 25101 CIO|E] 2al, =5

AOIM ALE St ddf C|O[E{ T2 Yol 22 ES F7t5t0] (2R 21) St 22 Untidy HIO[H 22 S
o [m]

S0 ERACt A2 0] WAL= FelE H0[E

njn
f
o
I__I_
-
x
rn
il

==
o

dddf <- ddf [>

mutate(

year_tx = str_c(c("2024", "2015", "2016", "2017", "2018", "2019", "2020", "2021"),

C(IIAII IIAII HAII llAll IIBII HBII ||BH IIBll))

dddf
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# A tibble: 8 x 3

Id Diagnoses year_tx
<chr> <chr> <chr>

1 ptl Diabetes,Hypertension,Intracerebral_Hemorrhage 2024A

2 pt2 Diabetes 2015A

3 pt3 Hypertension,(Obesity,Diabetes 2016A

4 pt4  Hypertension,Diabetes,Hyperlipidemia 2017A

5 ptb  Cerebral_Infarct,Hypertension,Gouty_Arthritis  2018B

6 pt6 Rheumatoid_Arthritis,Diabetes,CAD 2019B

7 pt7 Atrial_Fibrillation,Diabetes, Hypertension 2020B

8

pt8 Atrial_Fibrillation,Hypertension,Hyperlipidemia 2021B

tidyr I§7|2|0f= pivot_longer () 2} pivot_wider () 2h= &4 0|2|0f| = 2|2t Z+2 H|0|E{ & F 2
st Ol =20| &= O3 g4+58 71|12 Ut

separate_longer_position()
+ separate_longer_delim()
+ separate_wider_position()
+ separate_wider_delim()

+ separate_wider_regex()

longer et G|OIEE =2|5t0f 0f2] 0|l BiZ[otLl, wider = H|O|EIE 22[ot0] 02 0
= tEe

HiX|SIC}. position S4= 2|X|0] et £2|511, delim B4 20| T} 22|50}
dddf O|O|E{Z2{| Q0| M Diagnoses 8BS , 2 TFE5I0{ 02| HO 2 LIE1 year_tx Y2 JCHZ &1

AICt O|¥H = separate_longer_delim() &S AFESHCE.

library(tidyr)
dddf |[>

separate_longer_delim(Diagnoses, delim = ",")

# A tibble: 22 x 3

Id Diagnoses year_tx
<chr> <chr> <chr>

1 ptl1 Diabetes 2024A

2 ptl  Hypertension 2024A
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3 ptl Intracerebral_Hemorrhage 2024A
4 pt2 Diabetes 2015A
5 pt3  Hypertension 2016A
6 pt3 0Obesity 2016A
7 pt3 Diabetes 2016A
8 pt4 Hypertension 2017A
9 pt4 Diabetes 2017A
10 pt4 Hyperlipidemia 2017A

# i 12 more rows

year_tx GOf| UsiAl= 2702e] €2 LI 4ICt O|H U= separate_wider_position()
AHESHCL position S48 AFEY M= c () S-S AHESHY ZF 2 {H|(width)E 2| & sH
oY,

-IN ook
2 4>
2

dddf |>

separate_wider_position(year_tx, c(years = 4, tx = 1))

# A tibble: 8 x 4

Id Diagnoses years tx
<chr> <chr> <chr> <chr>

1 ptl Diabetes,Hypertension,Intracerebral_Hemorrhage 2024 A

2 pt2 Diabetes 2015 A

3 pt3 Hypertension,Obesity,Diabetes 2016 A

4 pt4  Hypertension,Diabetes,Hyperlipidemia 2017 A

5 ptb  Cerebral_Infarct,Hypertension,Gouty_Arthritis 2018 B

6 pt6 Rheumatoid_Arthritis,Diabetes,CAD 2019 B

7 pt7 Atrial_Fibrillation,Diabetes, Hypertension 2020 B

8 B

pt8 Atrial_Fibrillation,Hypertension,Hyperlipidemia 2021

Diagnoses @2 , 2 7wot0 02| 2 LIs1 AL} O|H M= separate_wider_delim() & Al
0

K35ICt 0|E2 A|Yot= W Eo| M7 2HR| 42 W] 2{2|ot= 'Y S ?separate_wider_delim
o
=
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dddf |>

separate_wider_delim(Diagnoses, delim = ",",

names = str_c("Diagnosis_", 1:3),
too_few = "align_start")
# A tibble: 8 x 5
Id Diagnosis_1 Diagnosis_2 Diagnosis_3 year_tx
<chr> <chr> <chr> <chr> <chr>
1 ptl Diabetes Hypertension "Intracerebral_Hemorrhage" 2024A
2 pt2 Diabetes <NA> <NA> 2015A
3 pt3 Hypertension Obesity "Diabetes" 2016A
4 pt4  Hypertension Diabetes "Hyperlipidemia" 2017A
5 ptbS  Cerebral_Infarct Hypertension "Gouty_Arthritis" 2018B
6 pt6 Rheumatoid_Arthritis Diabetes "CAD" 2019B
7 pt7 Atrial_Fibrillation Diabetes " Hypertension" 2020B
8 pt8 Atrial_Fibrillation Hypertension "Hyperlipidemia" 2021B

17.3.5 IO|E| =&

dddf O|O|E{ Z2{| A0 A year_tx &L
5t0f Y+t BHA 0| oD 5= RS

CHE Yot BHA2 AF 47000 DY ECE \d= RAFSHHHE 2|05, {4X= =
str_extract (dddf$year_tx, "“\\d{4}")

[11 "2024" "2015" "2016" "2017" "2018" "2019" "2020" "2021"
dddf |>

mutate(

year = str_extract(year_tx, ""\\d{4}")
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# A tibble: 8 x 4

Id Diagnoses year_tx year

<chr> <chr> <chr> <chr>
1 ptl Diabetes,Hypertension,Intracerebral_Hemorrhage 2024A 2024
2 pt2 Diabetes 2015A 2015
3 pt3 Hypertension,(Obesity,Diabetes 2016A 2016
4 pt4  Hypertension,Diabetes,Hyperlipidemia 2017A 2017
5 ptS  Cerebral_Infarct,Hypertension,Gouty_Arthritis 2018B 2018
6 pt6 Rheumatoid_Arthritis,Diabetes,CAD 2019B 2019
7 pt7 Atrial_Fibrillation,Diabetes, Hypertension 2020B 2020
8 pt8 Atrial_Fibrillation,Hypertension,Hyperlipidemia 2021B 2021

some_df <- tibble(x = c("202215TX", "202122LA", "202325CA"))

some_df

# A tibble: 3 x 1
X
<chr>

1 202215TX

2 202122LA

3 202325CA

some_df Cl|O|E{ T2 U0 M x BOj|M @F 42t2|= A, T2 2A12[= LH0], TF2 270 daetl A4 2ts]
B2} str_extract() &48 AMESHH LIO|E —%—EEH B2},

Cte2 A BEAANM (7<=...) YO|M HHSGIZ| &2 *positive lookbehind** ¥0|11, (...
Otofl Q= THEAO| 0f| UO{OF SHEF= SOICE =, (7<=\\d{4}) = A} 4717} 20 RUO{0F Gl
ZO|CE (?7<=\\d{4H\\d{2}= A} 4747} 0| /10, 1 CtZ0f| A 2707 2= BSE 2|0|stCt.

str_extract(some_df$x, "(7<=\\d{4})\\d{2}")

[1] "15" ll22" ||25H

== AO0||A tidyr2| separate_wider_position() &4+E ALE5I0] LIO|E 22 & QUCH
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some_df |>

separate_wider_position(x, c(year = 4, age = 2, place = 2))

# A tibble: 3 x 3
year age place
<chr> <chr> <chr>

1 2022 15 TX

2 2021 22 LA

3 2023 25 CA

17.4 2Xj M

stringr I§7|A|Q| str_sort() &42 SAIE S FAHTIC

places <- C("Aﬁ%", n_l?l_ﬂ.u’ HEH?_H’ n_Tlé}_?lt_u’ nol_|7'§l__{||’ ll_/F_OIL_III, IIEHxI_-lu, II%AI_I.II)

str_sort(places)

[1] n_,—l5|-_7'<_u "EH?—“ IIEHXIJII ||$A|_I-" ||A_I%n "?’O,L-I" II%AI.H nO'_I;Eu
ChE2 WElate2 2 dEst= oo[Ct.

str_sort(places, decreasing = TRUE)

[1] nol_|7'|(_.|u n%ﬁu "¢"O|L'I" u*.l%n II_b'l_AI_I." nr_HxI_-|u ”EH?—" u_.;_l|-_7|<_u

o o ] AI_

T =
BHLD, LR, 255t= 82 28 £l 4= U stringr 7|2 =
H

=2
22 A28t} CF2 cheatsheetO| M stringrdt A

+ String manipulation with stringr

219


https://rstudio.github.io/cheatsheets/strings.pdf

22| re2 Ij7 |2 E 2UY 4 ULt

i)

re2 2
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https://github.com/google/re2

18 lubridate T{Z|X|2 MR} AlZF A 2|

Helf Rt A|Zh2 A o] At SH0f| ThE 22| A2l Sy, R2l= £ F0|2t= A Al
EFE A8Sh= A0| ES0|tt, 22| ot=0t StEfete L SHS AMESt, T (i) 2t M7
(Ff2) 7 AUCH FOJHOIME 1 May, 2025 = May 3, 2025 S HA| &#0| Ct2C}

22 HE 1HS 365YUR 2IC} AT 2| 2 A2t 22|H O 2 365.2422U0|Ct EL| 0| HE
SYotA| 2B 4, 50| A|LHH 5H& 210[7F LA Eltt, J2HM 28 42 U0 o= dliE 7Y
(B, leap year)0| f Sk, A ofl= 20| 5tRE T 2715k= A0| 2|7t E& 2410 = T2 1e
9| 7|ZO0|CHE ¢ AtMIeh A2 QIE{HlE faste)). TetM 22 1520|M 33 18R] 7|2t=

LS FHRIZ| OFH | S OO ECY

Hefl= base ROl= ERtet AlZH A2 =571 A9f SIATHL Sl k10| OfL|Ct, O] Bl 2
lubridate IN7 |22, I, A2t ER/A|ZHT|O|E{E *{2|5l= Ot ot 7|52 A
W2 AES0| O 5tCt. Base ROIM ERE *2|5t= 4S50 U7|= stA|2 7| Ttz 4 oﬁle
Or=C}.

[ -

oll

Ol 47| 2| = tidyverse TH7|2| & SHLIO|, Tt2tA] O] TH7|X|Z AL
Z|Lt 1ubridate TH7| 2|2 2EI5H0] AFRBICE

t7| 2o A= tidyverse I{7|

library(tidyverse)
LE Cheat 20| U2 2o = E o

library(lubridate)

Attaching package: 'lubridate'
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The following objects are masked from 'package:base':

date, intersect, setdiff, union

18.1 &a, AlZE ClO|E{ 2t BEHE 22X S
A/AIZE B0 S ALB St ZET BAM 5| OFFE & s BAIS 425 21 lubridate
7| 2|S AFE Ol thah 45t 2t Sict
+ R4 R HO{0fA AFEEE 4 U LM/AIZH C|OJEI 2 HSIE|0f0f SiTt
- A CIO[EIAMES Ol 2R BALS € 242 LA/AIZECIOIE R BIRF{OF BTt = 21014
R/A|1ZE 20| O £0] QU=AIS T243H0F BTt @ BOJE 7} 2P 2 2025-05-17,

2025 58 17Ql, 2026/05/17, May 17, 2025 &

- YARF AIZHGOIEE 7HR| 12 o2 1A ALtES e 4~ T S (R OI0H) S 7|[&22
1509 (7171 el SRS oG A AlLteR| n2ISHOF SHet,
- AlZHCH (timezone) 24|17t ACH Li2t7t AL 2[5 O 2] Lo A AFZ ST O 43 11245H0f
ot
- Oj™ 210 M Daylight Saving Time(DST, Y& &k A|ZhH & £3lsiCt
« AREZP7L OIS o= U EA/A| 2t CIOIE{E E&stA HA|SH 0{0F ST Al4bet 20| “F2
" £ = “Friday” S22 420 A EAls & Z7t QUCH
0|2t 22 o2 EA|SS CHE7| 25l 1ubridate TH7|A|0f= CHASt e4=S0| ZA|SHCL
18.2 HIAE H|0O|EE M2 HESH7|
Ci21 22 GO Zef| 22 A2l 24}
library(tidyverse)
stroke_time <- tibble::tribble(
~Id, ~StrokeOnset, ~EventRecognition, ~ArrivalTime, ~CtCompleted,
"pi", "23-1-15 2= 2:25", ‘'exact", "2023.1.15 15:00", "2023-1-15 15:56",
"p2", "25-2-20 27 11:30", "presumed", "2025.2.20 17:00", "2025-2-20 18:05",
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"p3", "19-6-5 2= 01:00", ‘"exact", "2019.6.5 14:00", "2019-6-5 15:30"
)

stroke_time

# A tibble: 3 x 5

Id StrokeOnset EventRecognition ArrivalTime CtCompleted
<chr> <chr> <chr> <chr> <chr>
1 p1 23-1-156 2= 2:25 exact 2023.1.15 15:00 2023-1-15 15:56
2 p2 256-2-20 2™ 11:30 presumed 2025.2.20 17:00 2025-2-20 18:05
3 p3 19-6-5 2= 01:00 exact 2019.6.5 14:00 2019-6-5 15:30
A 2l HIOIE I 0= ER/AIZE YL “FAE2 YO ALt O|AS ER/AIZ HO[E 2
Hetsts EAIE Y6l 24t Z202Y0M e 0l SF2| 2= I (parsing) 0|2kl BHt.,

lubridate If7| 2|0 & OHJOf| E 2ot Ciot 50| E8|=|0] AL

- yl(year), m(month), d(day) S &35t % HO|E{E Hets= stes
« 710 n(hour), m(minute), s(second) 2 Z&510] A|Zt H|0|E{ S HEEH= St4E

- O S0] ymd_hns O & EAIZS /A2t HIO|E{ 2 HEt5tTt

LR} 2025-05-17 14:30:00 L=
o= HHSICH 22t Hl0jE7t o] HACE ML Y& CHZ 1t

S~
>
X
njo
H
gl
_o'ﬂ
rr
H
MN
ogh
il
ro
m

HE |ISO 8601 dAlE2
2025-05-17T14:30:00 =
Z0| Heatah 4~ QIC}

ymd_hm(stroke_time$CtCompleted)

[1] "2023-01-15 15:56:00 UTC" "2025-02-20 18:05:00 UTC"

[3] "2019-06-05 15:30:00 UTC"

8¢ Ol 7= CIO[E7t H=-|-U AlZhH 2 ¥AH2=2 2|0 JA7| YZO0[Ct, 2ref
|

QIZtOf| "Asia/Seoul" 2 FI|StCt,

ymd_hm() &S At
o= A|ZICHZ B35 H tz

—

ymd_hm(stroke_time$CtCompleted, tz = "Asia/Seoul")
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[1] "2023-01-15 15:56:00 KST" "2025-02-20 18:05:00 KST"
[3] "2019-06-05 15:30:00 KST"

2rof 010210 2AHEO0| H FIH7F LR, B©Z FH7F &, ORR|S F217F 22te| A=t ChE2t 20|
dmy O) S ARSSHA ER/AIZE HOE 2 Hatet o~ ATt

dmy (010210)

[1] "2010-02-01"

StrokeOnset X} ArrivalTime B2 & E0|6tH| [0 RO A] ymd_hms () &S ALESHA A HESt
7| €lZ] Tt 0|21 HR0||= parse_date_time() S4E AFRSHAM HEISICE O] 45 AE5t2{H

B 18.10 Y& A 22 915 SArE0]| tist &S 2 10aHOF Stet.

H 18.1: lubridateOf| Al R/AIZE L0 Ciet EA+E THE

IHE  o[0| Of| Al

WY 42fe| A 2025
hy 2| 9= 25

%m  2Ar2| ¥ 01,02, -+, 12
% 272 & 01,02, -, 31

W 24 A|ZHAM A[ZE 00, 01, -, 23
KT 12AZEAH AIZE 01,02, -, 12

Mmoo = 00, 01, ---, 59
w2 00, 01, -+, 59
ke AM/PM AM, PM

hz Al AL +0900
hzZ  AZtCH O|& KST, UTC

0| & £01, “2025-05-17 14:30:45” YA 22}H S TAI5te{H:

parse_date_time("2025-05-17 14:30:45", orders = "} Y-%m-%d %H:%M:%S")

[1] "2025-05-17 14:30:45 UTC"
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J2HA 2| ClIO|E 22 YO M ArrivalTime E2 CH21h 0| BHete 4~ QIC}
parse_date_time(stroke_time$ArrivalTime, orders = "%Y.Ym.%d %H:%M", tz = "Asia/Seoul")

[1] "2023-01-15 15:00:00 KST" "2025-02-20 17:00:00 KST"
[3] "2019-06-05 14:00:00 KST"

21| StrokeOnset G2 £ E0|s}C}.
stroke_time$Strokelnset
[1] "23-1-15 2F 2:25" "25-2-20 @& 11:30" "19-6-5 2% 01:00"

O] R0z 2", ‘22" S| YETII A0M %p HEHS AEoHM 2 A 2RI & =X =0t

o =2 A LS —

parse_date_time(stroke_time$StrokeOnset, orders = "Y%y-%m-%d %p %HI:%M")

Warning: All formats failed to parse. No formats found.

[1] NA NA NA

O|A2 2y, ‘22”5 QUASHA| 26Tt 0| FR0|= stringr IH7 2|9 &5 ALESHAM EAHE

o

library(stringr)

stroke_time$Strokelnset %>%
str_replace("%", "AM") %>%
str_replace("2F", "PM") %>%

parse_date_time(orders = "%y-%m-%d %p %I:%M", tz = "Asia/Seoul")

[1] "2023-01-15 14:25:00 KST" "2025-02-20 11:30:00 KST"
[3] "2019-06-05 13:00:00 KST"

OA| £/2] 225 dplyr IH7| XS AFESHO] SHEHO| Yalal 24t
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new_df <- stroke_time %>Y%
mutate (
StrokeOnset =
str_replace("QF", "PM") %>%
parse_date_time(orders = "%y-%m-%d %p %I:%M",

ArrivalTime = parse_date_time(ArrivalTime, orders

str_replace(StrokeOnset, "27Z", "AM") %>%

tz = "Asia/Seoul"),
"%Y.%m.%d SH:AM", tz

CtCompleted = ymd_hm(CtCompleted, tz = "Asia/Seoul")

)
new_df
# A tibble: 3 x 5
Id Strokelnset EventRecognition ArrivalTime

<chr> <dttm> <chr> <dttm>

1 pl 2023-01-15 14:25:00 exact 2023-01-15 15:00:00

2 p2 2025-02-20 11:30:00 presumed 2025-02-20 17:00:00

3 p3 2019-06-05 13:00:00 exact 2019-06-05 14:00:00

# i 1 more variable: CtCompleted <dttm>

O 3Ok St= FOIM S-S ER/AIZE HIOE{0] Cligt Hibs HetstA g 4 UL

18.3 &M /A|Zt HHE B2 7|

SR/AIZE 2T} Cha 2t 20| 8|0 T A5 22t O Z2S AI2E AlYHS TETt

tx_time <- tibble::tribble(

~Id, ~TxYear, ~TxMonth, ~TxDay, ~TxHour, ~TxMinute,
"p3", 2025L, 1L, 21L, 9L, 24L,
"p4", 2024L, 3L, 30L, 4L, 23L,
"p5", 2023L, 4L, 23L, 15L, 46L
)
tx_time
# A tibble: 3 x 6
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Id TxYear TxMonth TxDay TxHour TxMinute

<chr> <int> <int> <int> <int> <int>
1 p3 2025 1 21 9 24
2 p4 2024 3 30 4 23
3 pb 2023 4 23 15 46

—_

Ol HIO[E7} FOES W O| XS “RA AU Z ALESH=
SR/ AIZECIOIE Y22 #HE5H F0{0F &Lt 0] &

make_datetime() &8 AFESICE

2 LE Adto @80f erast 4 9l
cC

L= lubridate I7|X| 2| make date()

=
—

make date(2025, 1, 21)

[1] "2025-01-21"

tx_time %>%
mutate(
TxDate = make_date(TxYear, TxMonth, TxDay),
TxDateTime = make_datetime(TxYear, TxMonth, TxDay, TxHour, TxMinute)

# A tibble: 3 x 8

Id TxYear TxMonth TxDay TxHour TxMinute TxDate TxDateTime

<chr> <int> <int> <int> <int> <int> <date> <dttm>
1 p3 2025 1 21 9 24 2025-01-21 2025-01-21 09:24:00
2 p4 2024 3 30 4 23 2024-03-30 2024-03-30 04:23:00
3 pb 2023 4 23 15 46 2023-04-23 2023-04-23 15:46:00

18.4 Mt/ AlZE HIOIE{OIM HE F&

SR/AZEHOIHOM S, &, &, AlZL &, 2, 2Y, 27| S ZEE FE5t

a—2i 1] ' 1

rr
ook

+ year(), month(), day(): &, &, &

+ hour(), minute(), second(): A|, &, &
« tz(O) @ A|ZHCH
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« wday() : Y
+ quarter() : &7|

+ semester() . BHJ|

new_df

# A tibble: 3 x 5

Id StrokeOnset EventRecognition ArrivalTime

<chr> <dttm> <chr>
1 p1 2023-01-15 14:25:00 exact
2 p2 2025-02-20 11:30:00 presumed
3 p3 2019-06-05 13:00:00 exact
# i 1 more variable: CtCompleted <dttm>

year (new_df$StrokeOnset)

[1] 2023 2025 2019

month (new_df$Strokelnset)

[1]1 126

day (new_df$StrokeOnset)

[1] 15 20 5

hour (new_df$Strokelnset)

[1] 14 11 13

minute (new_df$StrokeOnset)

[1] 256 30 O

228

<dttm>

2023-01-15 15:00:00
2025-02-20 17:00:00
2019-06-05 14:00:00



second (new_df$Strokelnset)

[1] 00O

wday (new_df$StrokeOnset) # 2

[1] 1 5 4

quarter (new_df$StrokeOnset) # =7|

[1] 112

semester (new_df$StrokeOnset) # Hi7|

Fst

—

(Wlndows) SEN M=

G|, 1label = TRUE QZIZ 27}5tH 22
=22 &3 Zi0/ct,

ru|o
Bl
Rl
ne
HU
rc
rto
:IOI__I

SEA L OOQ E =
o
-

roh rlr

wday (new_df$StrokeOnset, label = TRUE) # 2

=

[1] Sun Thu Wed

Levels: Sun < Mon < Tue < Wed < Thu < Fri < Sat

o] 3:!'—/,\—94 E%%F% H®™ locale QA Q=L TIZE 2491 Sys.getlocale("LC_TIME") Zf2 AR

o
ot = GAA0f w2t CH2CE A R MH0|M 24 S E2{H Sys.getlocale("LC_TIME")
I Af%é}_ﬂ_ Sys.setlocale("LC_TIME", "ko KR.UTF-8") S42 AlE510] 2US HAS &
0]} L
A

oT2

Sys.setlocale("LC_TIME", "ko_KR.UTF-8")

[1] "ko_KR.UTF-8"
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Sys.getlocale("LC_TIME")

[1] "ko KR.UTF-8"

wday (new_df$StrokeOnset, label = TRUE) # 2

ENICTIR=AR
Levels: Y < B <3Sl << E<Z<KE

18.5 Z&/AIZHOHIOIE 3

ANM YEE FE5ts LS 2T 2| HAM ER/AIZ HOEE +8

A
e

the_date <- ymd_hms("2025-05-17 14:30:45", tz = "Asia/Seoul")

the_date

[1] "2025-05-17 14:30:45 KST"

02
_czh
ful

r

=7t 20257} OfL|2} 2024 2 H} 24 Ct22f 2+0| Al

year (the_date) <- 2024
the_date

[1] "2024-05-17 14:30:45 KST"
22722 5E0| OfLet 6 2 2 2T Ch3 2t 20| H>TiC}.

month(the_date) <- 6
the_date

[1] "2024-06-17 14:30:45 KST"

CIE 2t== DFZIIER|OIC}. update O B ARESHO] O gfS SO &~
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update(the_date, year = 2023, month = 7, hour = 15)

[1] "2023-07-17 15:30:45 KST"

18.6 7|2t Q1A

lubridate I§7|R|= 7|2+S 220 w2} 37+2| 22A (class) 2 A 23t}

+ Duration:@ A[Zt ZtAE = HR|2 BHSH= Sefa
« Interval : A|ZFA|ZDI B AHES BA5H= 224

Duration ZeiAE A[ZHZHAS 2 T2 BHSH= A0 CEt 22 &

2cHAS UEL.

got
ujo

=2 AESHDuration

« duration() St

+ dseconds(), dminutes(), dhours(), ddays (), dweeks (), dmonths (), dyears () &=

Ot Ofl2t 20| duraiton() B0 THRIS F7I6t0] RS £ UL, d2 AR5 = &S AFBTE
C|

% = —
#2 o0[of AAHE S 4 ULE ORIZ|UE Bit= = T2 BHE[CH= S FI6HC0H

duration(10) # 10=

## [1] "10s"
dseconds(10) # 10=
## [1] "10s"

!
i

duration(10, "minutes") # 10E2Z=
## [1] "600s (~10 minutes)"
dminutes(10) # 10EE = I E =T

## [1] "600s (~10 minutes)"

duration(0.5, "hours") # 0.5A|ZFIE2 = CIQZ2 =4

## [1] "1800s (~30 minutes)"
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dhours(0.5) # 0.5A[ZtS = G922 HB
## [1] "1800s (~30 minutes)"
duration(l, "days") # 1=
## [1] "86400s (~1 days)"

ddays(1) # 122 = G2 E3

## [1] "86400s (~1 days)"

duration(0.3, "weeks") # 0.3FE = CIQ =
## [1] "181440s (~2.1 days)"

duration(5, "months") # SVHEES = CIQZ2 =3
## [1] "13149000s (~21.74 weeks)"
dmonths(5) # SVHE S = ER2 =EH
## [1] "13149000s (~21.74 weeks)"
duration(l, "years") # 1EHZ = L
## [1] "31557600s (~1 years)"
dyears(1) # 1HE = HZE =&

## [1] "31557600s (~1 years)"

C

—

I
U

?1Z2 =59

5

8

o
i
ol

20| A & new_df G|O|E{ZL2{|Q0f| A StrokeOnset B2} ArrivalTime E2| XI0|E A|Atsf £t

new_df

# A tibble: 3 x 5

Id StrokeOnset EventRecognition ArrivalTime

<chr> <dttm> <chr> <dttm>
1 p1 2023-01-15 14:25:00 exact 2023-01-15 15:00:00
2 p2 2025-02-20 11:30:00 presumed 2025-02-20 17:00:00
3 p3 2019-06-05 13:00:00 exact 2019-06-05 14:00:00

# i 1 more variable: CtCompleted <dttm>

URE YRE WD timediff 221A7t SICH

new_df$ArrivalTime - new_df$Strokelnset

Time differences in mins

[1] 35 330 60
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0|42 as.druation() &4E AE5IHY Duration S2HAZ BHaMSE 4~ QICH

as.duration(new_df$ArrivalTime - new_df$Strokelnset)

[1] "2100s (~35 minutes)" "19800s (~5.5 hours)" "3600s (~1 hours)"

Oo|A

A

25 = 9] 7|Ztolt. & Hel2 2  Hel2 L+E "Lt

rlo

as.duration(new_df$ArrivalTime - new_df$StrokeOnset) / dminutes(l)

[1] 35 330 60

O[AE = ©elef 7|1ZH0IT},
= SRl o AlZhS Altts 24}

mean(as.duration(new_df$ArrivalTime - new_df$StrokeOnset) / dminutes(1))

[1] 141.6667

2025-05-17 14:30:45 A|ZHO||AM 1A|ZF 502 59| A|ZHS A AkH 22}

ymd_hms ("2025-05-17 14:30:45", tz = "Asia/Seoul") + dhours(1l) + dminutes(50)

[1] "2025-05-17 16:20:45 KST"

18.6.2 Interval 2ciA

Trterval BEHAL N2 A2 2 NS TEH SALOICL CIST 22 BHEE HBE Intenal
E

2L S ZHED Interval 22HAS 25| fsh Ch37F £2 HO[=2 H|0

— = =L

admission_discharge <- tibble::tribble(
~Id, ~admission_date, ~discharge_date,
"p34", "2025/01/05", "2025/01/10",
"p64", "2024/12/25", "2025/01/07",
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"p87", "2024/11/25",
"p79", "2025/01/06", "2025/03/15",
"p99", "2025/02/05", "2025/3/20",

"pl00", "2025/02/15", "2025/03/25"

"2025/03/01",

)

admission_discharge

# A tibble: 6 x 3

Id admission_date discharge_date
<chr> <chr> <chr>

1 p34 2025/01/05 2025/01/10

2 p64 2024/12/25 2025/01/07

3 p87  2024/11/25 2025/03/01

4 p79  2025/01/06 2025/03/15

5 p99 2025/02/05 2025/3/20

6 pl00 2025/02/15 2025/03/25

HA SR/ AI2E CO[H = BT,

ad_df <- admission_discharge %>/

mutate(

)
ad_df

admission_date

discharge_date

# A tibble: 6 x 3

[S2 B S OV R O B

Id
<chr>
p34
p64
p87
P79
P99

admission_date discharge_date

<date>

2025-01-05
2024-12-25
2024-11-25
2025-01-06
2025-02-05

<date>

2025-01-10
2025-01-07
2025-03-01
2025-03-15
2025-03-20

ymd (admission_date),

ymd (discharge_date)
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6 pl00 2025-02-15 2025-03-25

Ly

Ol HIOIH & 7HA| L zte| YR 7[2HS ggplot2 TH7 [ 2|0 A= geom_segment S-S AFESIH &
EA},

rk
ol
=

library(ggplot2)

df <- ad_df %>%

mutate(Y = row_number())

ggplot (df) +

geom_segment (aes(x = admission_date, y = Y, xend = discharge_date, yend = Y)) +

geom_vline(xintercept = ymd("2025-01-06"), color = "blue") +
geom_vline(xintercept = ymd("2025-02-10"), color = "red") +
scale _x_date(date breaks = "2 weeks", date_labels = "}Y-Ym") +

labs(x = "Date", y = "RowID")

RowID

2024-12 2024-12 2024-12 2025-01 2025-01 2025-02 2025-02 2025-03 2025-03

Date
O] HIO|E{ &y QUOJ|A] 2025 1€ 622} 2025HE 22 10 QS 217 0L H| £|=2| 21 SiC}
Ol 2Al= ¢ J2Zof|M Ti2kdnp W2k 0| watste | -] 7H4E Mle A SYStTt
OFok 2| H|O|E{Q| Y£0| &t 327t E825H= A=S9| ID2t A2Hs E2f, 2H k20| 28 7|28 &1
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UCHH
2HE 1A -,—|on| Interval E'-EH
2t Si2to| 2 7|7H2 HSSH= Interval

ad_df %>%

mutate (admission_interval =

BjAE QHeCH,

inteval (A|ZF, OFX|

# A tibble: 6 x 4

Id admission_date discharge_date admission_interval

<chr> <date> <date> <Interval>
1 p34 2025-01-05 2025-01-10 2025-01-05 UTC--2025-01-10
2 p64  2024-12-25 2025-01-07 2024-12-25 UTC--2025-01-07
3 p87  2024-11-25 2025-03-01 2024-11-25 UTC--2025-03-01
4 p79  2025-01-06 2025-03-15 2025-01-06 UTC--2025-03-15
5 p99  2025-02-05 2025-03-20 2025-02-05 UTC--2025-03-20
6 pl00 2025-02-15 2025-03-25 2025-02-15 UTC--2025-03-25

admission_interval &

2x|= AtO|Of|= int_overlaps ()

HMALS

—

# 20254 18 6

ad_df %>%

AE

[0

Interval 22{A0|0H, 2t 2A}9|
St & 7[Zt0 ol
AR50 EZ URp/A|ZF EE mterval WA 7} CH2 interval Z4A4|0] &
ULt AH7|M= O] ALRE

ISR

mutate(admission_interval =

filter (ymd("2025-01-06") %within), admission_interval) %>%

count ()

# A tibble: 1 x 1
n

<int>

A
StrE ALE

Sfeq 2l SHC

236

interval (admission_date, discharge_date))

UTC
UTC
UTC
UTC
UTC
UTC

Lokttt Of&
el %Within?

el

|%I- EaS

m
_|

interval (admission_date, discharge_date)) %>%



# 20254 12 82l QI
ad_df %>%
mutate (admission_interval = interval(admission_date, discharge_date)) %>%

filter(ymd("2025-02-10") %within)% admission_interval) %>’

o
ro

N

count ()

# A tibble: 1 x 1
n

<int>

Interval Z4A|7t A|2F A|H1 & A|ES BSISHE 22 A0|7| W20 & 242 210[ (= THe|) & AlLket
4 9tk
ad_df %>%
mutate (admission_interval = interval(admission_date, discharge_date)) %>%

mutate (admission_interval_length = int_length(admission_interval)) %>%

select(Id, admission_interval_length)

# A tibble: 6 x 2

Id admission_interval_length

<chr> <dbl>
1 p34 432000
2 p64 1123200
3 p87 8294400
4 p79 5875200
5 p99 3715200
6 pl00 3283200

CH) 2 A Ats 2 At Duration 22|{AE as.numeric() S5 ALESHY At=2

ad_df %>%

mutate (admission_interval = interval(admission_date, discharge_date)) %>%
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mutate(admission_interval_length = int_length(admission_interval)) %>%

select(Id, admission_interval_length) 7>
mean(admission_interval_length / as.numeric(ddays(1))))

summarise(StayDays =

# A tibble: 1 x 1
StayDays
<dbl>
1 43.8

18.6.3 Period ZziA

Period SeiAE AFES0[ &3] E¥icts 7[2tE Hel5t= S2220|CL O E S0 8'O0[Lf OtL{ Lt
e = UL B8 42 L0 Bojz|= s 8202t k=),

AZHRI0] 28 14 1HE YURE AHAME
0| 420l= 2& 2920| = afio|ct.

&S AESHO]

« years(), months(), weeks(), days(), hours(), minutes(), seconds()

Period 22AE OHECY

# 14
leap_year(2024)

[1] TRUE

leap_year (2025)

[1] FALSE

dd <- c(ymd("2024-02-14"), ymd("2025-02-14"))

dd + years(l) # 1A=

[1] "2025-02-14" "2026-02-14"
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# 171
dd + months(1) # 1€ =

[1] "2024-03-14" "2025-03-14"

18.7 Z|E} YW S ALt

18.7.1 E7|/AIE/EHl A & HLtsto

» o« » o« » =

floor_date() &g EAE A E T2l (“quarter’, “season”, “semester” )2 LHE!SHH s 7|
5 F

—
q
70| 3 U HISISICE O] B4 123 22 THol2 2Bt

. “year”: %_%
« “‘quarter”: 7| 2
« “‘month™ €%

« “‘season”: A&H =
+ “halfyear” Bt7| 2

# 27 =
dates <- ymd(c("2024-01-15", "2024-05-20", "2024-08-10", "2024-12-25"))

floor_date(dates, "quarter")

[1] "2024-01-01" "2024-04-01" "2024-07-01" "2024-10-01"

# AHE =

floor_date(dates, "season")

[1] "2023-12-01" "2024-03-01" "2024-06-01" "2024-12-01"

floor_date(dates, "halfyear")

[1] "2024-01-01" "2024-01-01" "2024-07-01" "2024-07-01"
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floor_date(dates, "month")

[1] "2024-01-01" "2024-05-01" "2024-08-01" "2024-12-01"

18.7.2 Y& El b Cl|O|E] M A5

Ot Z2= LYot 2tz IR C0[H S ddshor & B2t QUCt OE S0{ 20253 13 1LRH
2025\ 128 31Y7A| = T2 I ClO|HE ddalior & B2t ALt 0| FR0= seqO)
A8 ALESIH Yy & ALt
seq(ymd("2025-01-01"), ymd("2025-12-31"), by = "week")

[1] "2025-01-01" "2025-01-08" "2025-01-15" "2025-01-22" "2025-01-29"

[6] "2025-02-05" "2025-02-12" "2025-02-19" "2025-02-26" "2025-03-05"
[11] "2025-03-12" "2025-03-19" "2025-03-26" "2025-04-02" "2025-04-09"
[16] "2025-04-16" "2025-04-23" "2025-04-30" "2025-05-07" "2025-05-14"
[21] "2025-05-21" "2025-05-28" "2025-06-04" "2025-06-11" "2025-06-18"
[26] "2025-06-25" "2025-07-02" "2025-07-09" "2025-07-16" "2025-07-23"
[31] "2025-07-30" "2025-08-06" "2025-08-13" "2025-08-20" "2025-08-27"
[36] "2025-09-03" "2025-09-10" "2025-09-17" "2025-09-24" "2025-10-01"
[41] "2025-10-08" "2025-10-15" "2025-10-22" "2025-10-29" "2025-11-05"
[46] "2025-11-12" "2025-11-19" "2025-11-26" "2025-12-03" "2025-12-10"
[51] "2025-12-17" "2025-12-24" "2025-12-31"
33 HRIZ2 IR CIOIHE Y gl Bt

seq(ymd ("2025-01-01"), ymd("2025-12-31"), by = "3 weeks")

[1] "2025-01-01" "2025-01-22" "2025-02-12" "2025-03-05" "2025-03-26"

[6] "2025-04-16" "2025-05-07" "2025-05-28" "2025-06-18" "2025-07-09"
[11] "2025-07-30" "2025-08-20" "2025-09-10" "2025-10-01" "2025-10-22"
[16] "2025-11-12" "2025-12-03" "2025-12-24"
171 T2 R B0[H & 4dal 2t
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seq(ymd("2025-01-01"), ymd("2025-12-31"), by = "month")

[1] "2025-01-01" "2025-02-01" "2025-03-01" "2025-04-01" "2025-05-01"
[6] "2025-06-01" "2025-07-01" "2025-08-01" "2025-09-01" "2025-10-01"
[11] "2025-11-01" "2025-12-01"

18.8 Hz|

Of o= gR/AIZEHIOIHE 22lste PES YU
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S si&dll ==
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janitor I{F| X]



Part 111

I1l. EA| d|0|E{ AlZ+E}: ggplot2

243



20 geplot2 EA dej=EIC] 7|=

ggplot2 If7|A|Q| gg= grammer of graphicsQ| A2, JeiZo| ERIS YSICL O] I{7 | A= &

—

=
%Rf Leland Wilkinson”} “The Grammar of Graphics’2t= 202 JHHS Z2|ot S| Jenlo|
Hoj| HtEHE £, slii=2| 12 (Hadley Wickham) S0| R ¢10{=2 345t Z40|Ct,

Z12HAM ggplot2 IH7|A| S AMESIO T2 EE 257| fIsiM= B4 2 Y-S OIH3HOk S

ggplot22| Sy JiES ROf5HEH Chzt 2L,

- 0§ (mapping)
- GO Mlo| H4E TefIo| A|Z+ A0 DHE St
x OIE &0 ot JeiZ= (HFY) Hlo|E{2] i+E 712 ESto 1 &8 9tie| £0|2
HA|oHCY,
- ggplot22| H|O|E{AI2 tidy CI[O|E{ || U S AL STt
x T2t Zest 22 HIOIHEHI%EE HEA|Z TeTt Ut

—

- N2t QA E aesthetics2t 1 SHC}

o2 S0f Ctea}t 22 aesthetics 7} ULt

- 22| (position) position aesthetics2til ot11, MA|2 x, y aesthetics7t QL
C}. O|Z{2 G|0|E{E ¢ R|2t= Al A2 HEISHC}

- A (color)= color aesthetics2til $tCt O| A G|O|E|E MAO[2t= AlZA
24 F HSISIT
3l (shape)= shape aesthetics2til StCt O[22 C|O|EE YEHSt= A|ZH4A
24 F HSISIT
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- A7|(size)= size aesthetics2td SICt O| A2 HIO|E{E A7|2t= AlZ4E 24

- D2 aes() &4 QtO||A| | HSICt aes(x = wt, y = mpg, color = factor(cyl))
0|21 ot 0|2 wt HLE x=0|, mpg HEE y=0|, cyl H4E color aestheticsOf|
o35

MNIE]
Ao

H|O|E{o]| et Oi Y ot= CHAl AFEZZ} /9|2 XY st
£ S0 2o 2ol MAE O|0|E{0] w2t 2L A] @
QUCE 2fA settingO|2til SHC}

2 aes() g B0 A 2| Z ST}

=

geom_bar (color = "steelblue") = ZCHO| MAZ Ti2tAHO = 2| A SHC}

>(_

2% 4> 2 1o
<

* %
U om

2|2 (geoms) 1} £ 7| 2} (stat, statistical transformation)

- A Z(geoms)2 AlZH 245 Bk, S B8t (statistic transformation) 2 H|0|E{S
o
= f

- 2|82 geom_*() TLR DHED EH| BB stat_*() SR OHELCT

- 0| 22 23 HEE UM, geom_x (O &= QHOJ[A statOl2t= QAL E4| BHets

A28 4 UM, stat_xO) B4 LM geonO|2H Q1Aj0f 1SS 2B 4 QUC,
« THHA, RIS 2SS H3HD LM S B8t WS AFE 4 AD, Wi2 £
HE YHS FBHD LA A2 2T 4 Uct
- 02 Sof

x geom bar() &= LESEZ U O[EE 7I2ESI HHof =0[S ZYetCt
geom_bar (stat = "count") 7} C|ZEO0|C}
+ stat_count () &4 H|0|E{E 72 ESI0] &tCHe| =0|E ZYTIC}. stat_count (geom

= "bar") 7} C|ZEO|C}.

2|0]0{ S *gotA a2 2S FECH(layer by layer).

ggplot2+ 2i|0]|01E HOtM 251, 2t 21|0|0] = + HMALS AFESIO] 27}6ICt

2{|0|0{E HA|H 2 Z HOI510] AtESt= A, geom_*x () &Lt stat_x() &7t 2{|0|0HE

SGAZICHBAH 22 A FY +2 UD).

0|0z =AU HlolE, oHE, X| 2, A HeEls 7+
= (@)
=

- O &0 32t 22 20]0| S 4OtM =22 S T

=3

o

2 O]
™ M

% ggplot(data = mpg) + geom_point(aes(x = cty, y = hwy)) + geom_smooth(aes(x

= cty, y = hwy))
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x Ol 2E= S HAISH= 2002t 4= BA|SHE 2{|0|0{S 20tA Qi

- AH|YU(sales)2t 710| = (guide)

- 27 Y (scale)2 HIOIE S ARl 2401 OfEE M AZE|= B0l
A

Q=LY

- 7}0|E(quide) &= 2| HE (legend) 2t = (axis) 2 25t | &t40f At (reverse
function)O|C}.
- 2}HE7|(coordinate system)
- ZHA= D0 ALE S 2t HAE 2 Y STt
- DA€l (facet)
- “small multiple” 0|2t = st=0|, HIO|EE 22 O[5 A2 2 L&0] 242t9| Tf|O|E{ Al0||
CHolf e E 0=, O| 452 2O0tA biX|ot= AS Yttt QY 20| 52 &Qlst=

o fg3tct.

- E{|0}(theme)

- H|Ot= Jejmol Czle A
- B|0}= theme O SH+2 A|OfSHC

- Of &= QoA oo =2 2455 AH0e 4+~ ULt

2 Z0l= O] LIES0| Bt =g2{0|0{M O[5St | o= 4 AR, A2 e
Ofali7t #|ZIC}. O[A HAHZ J2iEE TS50 2HAM O] LHES Oltis 24}

ggplot2 Ij7|X|E =T SIC}

library(ggplot2)

ggplot2 If7 |22 JHES U= M= YHH2 =2 OZ 28 S THEL.
ggplot(data = <G|O|E{>) +

geom_<X|ZE}>(aes(<OfE>)) +

<ctz lojof>
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HA DefZof ArEY CO|E 22| )S 2YBtC}. ggplot2= tidy CIOIE{ X2 Y S AFE S}, T2tA
2ot ZF tidy HO[E{ I Y22 HSA|Z BRI 7|7 = S

# O[O|E 25

library(tidyverse)
stroke_df <- readRDS("./data/stroke_df.rds")

glimpse(stroke_df)

Rows: 5,110
Columns: 12
id
gender
age
hypertension

heart_disease

work_type
residence_type
avg_glucose_level
bmi
smoking_status

$
$
$
$
$
$ ever_married
$
$
$
$
$
$

stroke

<chr>
<fct>
<dbl>
<fct>
<fct>
<fct>
<fct>
<fct>
<dbl>
<dbl>
<fct>

<fct>

"9046", "bileve", "31112", "60182", "1665", "56669", ~
Male, Female, Male, Female, Female, Male, Male, Fema~
67, 61, 80, 49, 79, 81, 74, 69, 59, 78, 81, 61, 54, ~
No, No, No, No, Yes, No, Yes, No, No, No, Yes, No, N~
Yes, No, Yes, No, No, No, Yes, No, No, No, No, Yes, ~
Yes, Yes, Yes, Yes, Yes, Yes, Yes, No, Yes, Yes, Yes~
Private, Self-employed, Private, Private, Self-emplo~
Urban, Rural, Rural, Urban, Rural, Urban, Rural, Urb~
228.69, 202.21, 105.92, 171.23, 174.12, 186.21, 70.0~
36.6, NA, 32.5, 34.4, 24.0, 29.0, 27.4, 22.8, NA, 24~
formerly smoked, never smoked, never smoked, smokes,~

Yes, Yes, Yes, Yes, Yes, Yes, Yes, Yes, Yes, Yes, Ye~

O] HIO|EAS ggplot O &4=0f ME5H0f J2f2E BH=Ct

ggplot (stroke_df)
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FIoIM 2= AAE 0] HAO= ¢l 24|0]0f StLtet M- E Lt oA 22 E 2= 1|0|E1EE1|°'0|
SH|EACHH, T O o L2 08t O3 0f 22 O A4 248 US = AO|C},
.I
o

=
= =
2= E74| =4 YoM e A, "ot 78D e el SF, = HI0IE ErO] Efﬂf OiES
f

2| GlOo|E{ T o HFH £ pag
=01 2 Al2lojtt. O] HFH H0| A Z3t= 7|24 22 12 E (count) Off 7[8FSHA| =], 7F
E5| ABEl= AlZfet P S 7I2EE wS o =0|= HAISH= 2fth 22X (bar plot) O[Ct. O]

o f

Ct.
=14t 5he dei2E HA dej2s A0 FCh A C

pg
rE
I
ro
n
ct
A
@]
=
(0]
B
A
oE
AN
ok
rE
1
ro
(=g
<
3
[0]
H
t
[(]
=]
n
'_l
o]
=]
=2
-
1o
]
R
NCR 1

0o e oX ro

_,_

WES 7|822 0I5 &0 £& S0[9
TES AlAfstet

« geom_bar() &S ALEStL, aes() &S AFESHY O|O|&{E O GHCL

=
=
gﬂ
0

- x gestheticOl| hypertension H4E 0
- £i1l aestheticOfl stroke H4=Z O BICY,
- O] 20|01 & Hol5tB M + HARIE ALESHY 7|Z 21|0[0{0] Z7t5tTt,

Of2f 2=0iM EX0| ggplot20A C|O|E{Z2f| Q| B 2UZHL H2UZTHE 42| Y1 BIZ
0|22 AtE St
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ggplot (stroke_df) +

geom_bar (aes(x = hypertension, fill = stroke))

4000 -
3000 -
stroke
c
2 W
© 2000- . Yes
1000 -
. e
No Yés
hypertension
geom_bar () &= stat = "count" QUAIE C|ZEZ ALRSICE £il11 aesthestice &322 70
CHetM off S F22| Atie| MS Ch=H Bostot,
o %= 7I2EL} B|Z (proportion) 0| O|2| A|4HE! GIO[E|E 7HA| 12 T2 Z 2 AS Al2stes 39
EdS Aol

df <- stroke_df %>Y%

count (hypertension, stroke)

daf

hypertension stroke n
1 No No 4429
2 No Yes 183
3 Yes No 432
4 Yes Yes 66
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(statistical transformation) 7§&

(SAA st
O] AR0ll= 2712 Y2 AFESIH 22H2E 25 4 UL
-+ 0|0] 7I2E7} &0 U7] WZ0]| stat = "count" AXS AHESHA| 9411, geom_bar () &40
stat = "identity" QIZIE AFESICt 2 -S4 (32 BOtA QU= 1 24 245t
&) 7t ArE-EE
ggplot(df) +
geom_bar (aes (hypertension, n, fill = stroke), stat = "identity")
4000 -
3000 -
stroke
c III No
2000- B ves
1000 -

O_
No Yes
hypertension
« & BR| geom_col O 4E ALESHE A0|H. 0| @4 H0|HE 7I2ESt= 20| ofL 2L, E0]
EE U2 HA|GHCt O] &42| stat QA= C|ZEZ stat = "identity"O|C},
= stroke))

ggplot(df) +
geom_col (aes (hypertension, n, fill
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4000 -

3000-
stroke
c III No
2000 - . Yes
1000-
. [

No Yes
hypertension

O[A| 04710l 2|0l = (labels)S =73l 24t 20|12 F7tot= labs () &4
HA|E 5tLtel 20|01 2HECE Of &4 QMM title, x, y QRS AFESIY 210|152 A1 G,

ggplot (stroke_df) +
geom_bar(aes(x = hypertension, fill = stroke)) +
labs(
title = "Bar Plot of Hypertension By Stroke",
x = "Hypertension",

y = "Count"
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Bar Plot of Hypertension By Stroke

4000 -

3000 -

Count

2000 -

1000 -

No Yes
Hypertension

stroke

. Yes

=2 El0H(theme) 2 &3l 24t O| A HA|= 5tL12| 2{0]2{0|Cf. theme _bw () 2f Z2

Ct
golizl HiOHE 2|8 th ArEsttt.

ggplot (stroke_df) +

geom_bar(aes(x = hypertension, fill = stroke)) +
labs(

title = "Bar Plot of Hypertension By Stroke",

x = "Hypertension",
y = "Count"

) +

theme_bw ()

252



o

Bar Plot of Hypertension By Stroke

4000 -

30001
- stroke
[
2 0 o
O 2000 . Yes

1000 -

N ]

No Yes
Hypertension

2 g D20 A theme O Y-S AHESHO] IHE RASS SHLM ZH419] &0
UL

ggplot (stroke_df) +

geom_bar (aes (hypertension, fill = stroke)) +
labs(

title = "Bar Plot of Hypertension By Stroke",

x = "Hypertension",

y

"Count"
) +

theme_bw() +
theme (

axis.title = element text(size = 15)
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Bar Plot of Hypertension By Stroke

4000 -
3000 1
= stroke
E M
(O 2000+ . Yes
1000 4
N —

No Yés
Hypertension

O 7|7t 215t O J = flot= 28 ARUCt O] 2HHOM 22|= HI0|HE st XSS
Z7tst, 20|22 F7tstd, HIOIE A E5t= 529 A2 ot%Ct. 0] YoM 22|= TlO|E2t
Jdejmo| JiE @A SS otLY RYsHY Hst= d2i T8 =St

ASMA| 22|l= AH Y (scales) 2 BA|HLZ THEX|= LUCH Q|0 stLto| Of o) CHSst=
CZE AAHYS0| ALEED QL 0|2 S0 x = hypertensionOf CHSot= A2 HIH HA0|
O2 HRH AHUO| AFRE| D Q=0 scale_x_discrete() BH4E ARSI AHUS 214 26
= 4 UCH Q2L 0] B2 FHOIM T ZtM|otA A H St A SHCt

O|A| THA|El (faceting) 2t 2712 X EZ5f £t 0|Z{2 HIO|HE 42 H|O|EHAISZ LI+0] 2249
H|O|E{Al0]| CHa D= E ot= 1, OIZi%% OtM BHZz|ot= AE2 LSICt O5Y 20| 52 &Qlst=

O RE3SIT.

ggplot(stroke_df) +
geom_bar (aes(hypertension, fill = stroke)) +
labs(
title = "Bar Plot of Hypertension By Stroke",

x = "Hypertension",
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y = "Count"
)+
theme bw() +
theme (
axis.title = element_text(size = 15)
) +

facet_wrap(~stroke)

Bar Plot of Hypertension By Stroke

No Yes

4000+

3000 A
= stroke
= o
O J
2000
O III Yes
1000 A

T
No Yes No Yes

Hypertension

20.3 ggplot2 IHF|X|E AFEE | T 7|5t U0k Sl= AE

+ ggplot2= 20|0{S + HLALE AESIO| 2715t2, + HURZ 2IHE 200 LR R
CiO[E{ e} 20| 0 e 4+~ UCH O[FA S Has LA R AAHH 1 0|52=

233 4 9Uct

+ ggplot22 TEIE W= #4-0| 0|50 LZHE 04| 11, 1 0|5 A= ArEstH (B BE
7}
o .
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#
p <- ggplot(stroke_df) +

geom_bar (aes (hypertension, fill = stroke))

4000 -

3000 -

stroke

c
2 o e

2000 - B ves

1000 -

. I
No Yes
hypertension

# HSE eloo|=
p<-p+
labs(

title = "Bar Plot of Hypertension By Stroke",

x = "Hypertension",
y = "Count"
)
# OpX|2f HEE &9

P
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Bar Plot of Hypertension By Stroke

4000 -

3000 -
- stroke
[
2 o o
O 2000- . Yes

1000 -

. [

No Yes
Hypertension

+ ggplot22| 20|0{= S& A2 2 (independently) £A5t0], At G|O| &, DT,
HetE 7H 4= QUCE M2tA CH2 H0|8E S5t ofLte| 2 E ots 4~

||:er |

library(stringr)

ggplot (mtcars, aes(x = wt, y = mpg)) +
geom_point (
data = mtcars[str_detect(rownames(mtcars), "Merc"), 1,
aes(x = wt, y = mpg),
color = "red"
)+
geom_point(
data = mtcars[!str_detect(rownames(mtcars), "Merc"), 1,
aes(x = wt, y = mpg),
"blue"

color
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35-

°
°
30- ©°®
°
°
25-
°
83 ® ®
e ° ., °
20' ()
] °
&
°
. °
15- o‘% ° °
°
10 - o o
3 4 5
wit

P22t b O & I{EE2 ggplot O &0l CIOIHE MY
St0d, 21 OI5H0]| 2= 2E 24[0]017F At 2] HIOIHAS 2| Y5HA| Gie R0 ggplot O
7t MEE OIS AFESICE H|0|E] F2t oL} O = DrEZEZ|O|Ct 2 o=
S0fl 012 2| Y5h=2 0] Tt 2ot Detd 4= UL 25 Al E ot LEH 235
Ofstizt & Ziolct

ts 2= Hl0lE 2t 0fEO| ggplot() 0f
geom_smooth () 8= || G| O[E{ A} OHE S A

ClIO[E1 AL} OHE S AFESHY 225 2HELY.

AMEEYD, FHII== geom_point()
HotA| EQUCH Wtk ggplot O 40

ggplot(stroke_df, aes(x = bmi, y = avg_glucose_level)) +
geom_point(alpha = 0.1) +
geom_smooth(method = "1m")
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250 -

N

o

o
1

avg_glucose_level
(o=
a
(@]
1

100 -

50-

75 100

2 geom_point () B4 CIO|E{AIDt THES 2| A 52| 4OtM geplot () B40 LS o

, geom_smooth ) &= AHA|Q| 0TS ALESHO]

ggplot(stroke_df, aes(x = bmi, y = avg_glucose_level)) +

geom_point(alpha = 0.1) +

geom_smooth(aes(color = stroke), method = "1lm")
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250 -

© 200-
3
3| stroke
§ w= NoOo
Ejl 150' — Yes
2
©

100 -

50 -

25 50 75 100
bmi

+ DZWOIL ALY B CIO[ES £2I5H0) DTS DHECH:
o 20| o 28

=)

rlo

A40] ©

@
|
mu
oH
njo
>
oo
g'h
oy

ggplot (stroke_df, aes(x = bmi, y = avg_glucose_level, color = stroke)) +
geom_point(alpha = 0.3) +

geom_smooth(method = "1m")
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250 -
© 200-
3
ml stroke
3
8 No
E)I 150 b’ Yes
2
@© )

100 -

(]
50 -
25 50 75 100
bmi

t22 WAIE S AEstof 2=(eh A0[Cy. O] AES B LHEF0| JAs AS0A bmi Cf
avg_glucose_level AfO|Q| AZtAH 7t O ACt=E S B0 LY

ggplot(stroke_df, aes(x = bmi, y = avg_glucose_level, color
geom_point(alpha = 0.1) +

stroke)) +

geom_smooth(method = "1m") +

facet_wrap(~stroke)
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No Yes

250 -
T

—_ ol 5
) e

200 - &
E ®
3l stroke
§ == No
—m|150' i YeS
2
©

100 -

f ,‘,‘\
50 -

25 50 75 100 25 50 75 100

. ggplot2 IH7|2|Q| B4 OtO||A] Yt 48t HANO| D& 7Hs5ICH

ggplot(stroke_df, aes(x = loglO(bmi), y = avg_glucose_level, color = stroke)) +
geom_point(alpha = 0.5) +

geom_smooth(method = "1m")
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© 200-
3
o stroke
3
3 === No
=)
CDl == Yes
2
©

100 -

1.00 1.25 1.50 1.75 2.00
log10(bmi)

geplot2 T7| 21 tidy GIO|E{ T2 QlS AFRBICH WhatM aplyr, tidyr TH7|2] S8 AFRE
GloJE] 27t LR HLS0| ULt
GlO|E] mRA| A0 B0} ZRAAS| £2]: ggplota TH7| A< GlO|E HAUE T2 NALt HS/3

O|S/E|0t & T Al 240 HAEH Z2MAE 22|5H0 426t= 20| S50}

- ES GO HAE Z2NAS HA S, 1 OZ A=/ 0| 2/H|0F S& dsts

(] Lgcl;lgl-t
tE= St

RStudio J2fZ S0{= 22 2|57

S22 ALSE 4 Ut

Ot =Ct. 0|21 BR0||= showtext If7|R|E AtE5I

R el A= ggsave O &S AFESHO

M

tret 37|, 2o, st S22 Ay

A
o e

fuok
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21 AH|QY(scales)} Color Scale

AL (scales)2| S 27151, 1 7H20 HA|=2 Q242S S 0

21.1 AL} AHQUO| ASH

ggplot2 7| |0 M A7 Y2 H|O|&{ S OiESH= &40IC}. ggplot2 Ii7| 2|2 0= TotH OB S
aesthetic £/40 0jW5h= O AFEEl= 40|t T2tM 2h2to| OfHO= AH7|0f s == 23 Y 0|
AFEECH A E7|0] £ LS AFESHA| Y= AAE 20l R0 HZE £7 20| AFZECEH
Ot OlAIE 24t

library(ggplot2)
library(dplyr)
glimpse (mpg)

Rows: 234

Columns: 11

$ manufacturer <chr> "audi", "audi", "audi", "audi", "audi", "audi", "audi", "~
$ model <chr> "a4", "a4", "a4", "a4", "ad", "a4", "ad", "ad quattro", "~
$ displ <dbl> 1.8, 1.8, 2.0, 2.0, 2.8, 2.8, 3.1, 1.8, 1.8, 2.0, 2.0, 2.~
$ year <int> 1999, 1999, 2008, 2008, 1999, 1999, 2008, 1999, 1999, 200~
$ cyl <int> 4, 4, 4, 4, 6, 6, 6, 4, 4, 4, 4, 6, 6, 6, 6, 6, 6, 8, 8, ~
$ trans <chr> "auto(15)", "manual(m5)", "manual(m6)", "auto(av)", "auto~
$ drv <chr> "f", "f", "fU, wfEN ) UfN ) MEN ) NEN ] N4 D ongn N4 Bongn o 4~
$ cty <int> 18, 21, 20, 21, 16, 18, 18, 18, 16, 20, 19, 15, 17, 17, 1~
$ hwy <int> 29, 29, 31, 30, 26, 26, 27, 26, 25, 28, 27, 25, 25, 25, 2~
$ f1 <chr> "p", "p", "p", "p", "p", "p", "p", "p", "p", "p", "p", "p~
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$ class <chr> "compact", "compact", "compact", "compact", "compact", "c~

ggplot(mpg, aes(x = displ, y = hwy, color = class)) +
geom_point ()

°
°
40 -
class
.
: © 2seater
Hid ° ® compact
o oo
?30- o::o:o ° ® midsize
coce oso o -
< 00000 000 0000 e o @ minivan
R TTTT .
o o eee o ° pickup
. : : ® subcompact
20- o ) vy p
° ° o0 °
e 000 e o0 ®  suv
o0 0@ e o000 o0 o °
o0 e0
° o0 o0 oo
° °
°
2 3 4 5 6 7
displ

2l A2HB0|l= x, y, color aestheticO| AFEE[11 A, 242}9] OfEO|= CIEE A7 LO0| AHE= .
O|AS HIZES 20| 2T ttaat 20t

ggplot(mpg, aes(x = displ, y = hwy, color = class)) +
geom_point () +
scale_x_continuous() +
scale_y_continuous() +

scale _color_discrete()

265



hwy

AH QY B4

<aesthetic>& ﬁ?‘ll OE 0| d2&|=

40 -

°
®
30- ®
o0
°
°
®
20-
2

- x aestheticOfl CHt O}
« y aestheticOf| Cit Of
« color aestheticOf| CHSt O

T390

type O|O|E{2Q| E

E{O|Ct. TetM x2t y01| Oist AAH Y2

class
2seater
compact
° ® midsize
25 s i
shlleals ® minivan
So° ’ |
e ® pickup
e o
0. subcompact
°
o o suv
° e @ o0 o
e o
o0 oo
3 4 5 6 7
displ

o|l22 99

[=]

I: scale_x_continuous()
: scale_y_continuous()

IJ: scale_color_discrete()

Zt0| scale_<aesthetic>_<type>()
aesthetic £42| 0|50|12
CI=LC} o€ S50,

= ?lek 2

210 k2t

HAo2 g of
, <type>2 AF|YQ| EtY
xQ y= £2|8 G0|E{0| 11, colors HRE |0

continuousO|1, colorOf CiSt AH LS discreteO|C}

HO| PO Thef Aol EfQI0| BHEICE.
O| 27| 4S9 E2US 20 EEH H 21121 242 QASE0| AIREICHE A8 &
- name QA £2| YO|FE A FL & UL, YHEL| A =S A EHSL 4 UL
+ breaks 912} 20| £32 AFY 4 UD, AU 7|2 Y 4 ULk
- labels QA £2| =3 20|52 A& 4+ U1, HUES| 7| 20|52 A F
H 21.1: A7 g2l Q121 0|52t 2|0|
AAY B4 QA2 & RIS
name Label Title
breaks Ticks & grid line  Key
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H21.1: 272 &9 22t 0|F1} 2|0

AAHY ot QIR & S Fa=
labels Tick label Key label
. ) Legend
Axis ‘
4- . Cylinders < Legend title
L e . 8 . 8
E ..l. [~ I . 5
. I
j ’ * ° 4 4—— Key label
s 9
Axis label — o
[ ]
i ™ ] \__ Ke'y'
- L ]
L ]
H Tick mark
' ! [ and label
2 20 25 30
mpg

O 211 AAHY: 20 HE

O] IS ¢l e Zof 2 &3l 24t

ggplot (mpg, aes(x = displ, y = hwy, color = class)) +
geom_point () +

scale_x_continuous(name = "Engine displacement (liters)") +

scale_y_continuous (name "Highway miles per gallon") +

scale_color_discrete(name = "Type of car")

267



Highway miles per gallon

40 -

30-

°
. Type of car
s © 2seater

o° ° ® compact

°o oo
c>::1.:o ° ® midsize
cees o000 o -
©o0000 000 0000 e o ® minivan
PR 1 T B P
o o eee o ° pickup
e o0 o °
° ° ©  subcompact
° ° o0
e o o o0 °
e eoeo ° o0 e suv
@ o000 o0 000 0 0 o
e oo
° e o0 oo
° °
°
2 3 4 5 6 7

Engine displacement (liters)

=9| El(ticks) S HEEY += UL, NULLS name A0 FH 2{0|=0] At2t2ICt

ggplot(mpg, aes(x = displ, y = hwy, color = class)) +

geom_point () +

scale_x_continuous(name = NULL, breaks = seq(2, 8, by = 2)) +

NULL, breaks seq(10, 50, by = 10))

scale_y_continuous(name
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°
40-
. class
°
: ® 2seater
°0
° ° © compact
o oo
807 ° : : ° :o ° ® midsize
ceeo oss o .
00000 000 o000 e o ® minivan
° e o000 o o ° ° .
0 e0 0 o o ° ® pickup
o o eee o °
oy : : ©  subcompact
207 ¢ c o o oo o
e o600 ® 00 ®  suv
oo 00 00 000 0 o °
o0 o0
o o0 e oo
° °
°
1 1 1
2 4

O|A| C|ZE AAYUO| Ot CHE AH|Y &8 A|H5H 24t color aestheticO scale_color_brewer ()
S22 MER MY T EES X Yo E/UACt

ggplot(mpg, aes(x = displ, y = hwy, color = class)) +
geom_point () +
scale_x_continuous() +
scale_y_continuous() +

scale_color_brewer(palette = "Setl")
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displ

a2 M=o

=
=

oler 20| 27| ¢ 2 H|0]E{S OiE

o0

e

BHRZ| fIoiM 2712

=2
A 1abs ()

w=0f 20|
Sk71 %

S G A|O|CE.

<]

displ, y = hwy, color = class)) +

ggplot (mpg, aes(x

geom_point () +

labs(

"Fuel economy data from 1999 and 2008 for 38 popular car models",

title

x = "Engine displacement (liters)",

"Highway miles per gallon",

y:

"Type of car"

color
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Fuel economy data from 1999 and 2008 for 38 popular car moc

40-
- Type of car
o
T 2seater
o
S 4 compact
o of _—
w30 seees T ® midsize
Q ® o0 o
I= o e desls ® minivan
> ® :. [ ] | ¢ i
© XX ® pickup
= ° o o
5 20 - ° . ° subcompact
T o *e2s’o o0 o suv
o o
[ o J [ ]
2 3 4 5 6 7

Engine displacement (liters)

21.2 AAF A (color scale)

RO MY2 0l S 28 S Bith 3G MyS & dEistE A2 42 LO0f OfLIE. 617
ME LEAE Mof| TS 240 BOA = A ES 2l 12Z0A M2 2 delist= WS elstnat

St

2et22 2 (Claus Wilke) 2| 240f hEH J2HZ0| M M2 TS 37tA| 7H20 StLe| Hes She
Cll AFSEICE

{ -
12 e I (Sequential)
Accent)

ol
o
=
=
—

geplot2 7|2 O 7H'g@S He|dx o uf 22|} OfH My HHES ALY AVI2t=s 242
#Z2Et.

21.2.1 A{AF ZHE| E (Color Palette)

Me e E(color palette) 2 S7to| Hef|EXYH 2322 M55 22 A8 &L 12/ oA
el E= Mol Ao Tt JA| 37tR2 L= 4= AL
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https://clauswilke.com/dataviz/color-basics.html

1. Qualitative
2. Diverging
3. Sequential

O TR ES Melist= e otan 2ol 2|

1. o SHU7}?

2. Nl M3 AL AU

3. d2|1 O M3 SH22 AEE A7

4. 0[C|0f & 201712 2. T2 HA|GH= O AFRER|, M J2)T0j| AFRER|, 5|EY S0i| AFR S|
co A

aic

A|£2 E3% 0 20| ARSI COLORBREWER 2.0 AJO|EE 22510] I3l 20 S0} Alx|2
Slol A MY ggplot2 If7|2] LYOIA A4 Trei| A4 ol of7|0f 7| 23HM BHS0f FCt
colorspace T7| 2= Al TR 0] MAint MEYS S T7| 22, A RS 71 ERHOI 71558
ABEICE, D2HE 1 0|0l 27t TH7|2IS AL %D geplot2 TH7 || LHOA A4t T2ES 44

ote Y-S 275t st

21.2.2 gegplot2 DHF|X| LHOIA] AHAF S| E AHM

rl

geplot2 IH7| 2|0 M T2 E AIR5HE W2 ColorBrewer 7|8t AHQUS 2k 5T}

« scale_color_brewer() &4 color aestheticOf AtEL]

= MYy Y E
+ scale_fill_brewer() &< £ill aestheticO| AFEE|= A4 The

Im

ggplot (penguins) +
geom_point(aes(x = bill_len, y = bill_dep, color = species)) +

scale_color_brewer(palette = "Setl")

Warning: Removed 2 rows containing missing values or values outside the scale range

(“geom_point() 7).
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https://colorbrewer2.org/#type=sequential&scheme=BuGn&n=3
https://colorspace.r-forge.r-project.org/index.html
https://ggplot2.tidyverse.org/reference/scale_brewer.html

20.0- . gn. °e .
° ‘:.d3'5 fr% ‘: ° . o

° '3"‘% ': ";“ species
Q Q% % () [ X) .
%I 175- . s S . .°... ° .. o e Adelie
% ¢ ‘g&’ ‘3 o e ¢ C = ® Chinstrap

e s ¢ °
° S & ® Gentoo
[}

40 50 60
bill_len

21.2.3 colorspace I} 7| X|

colorspace If7|2|= OFF F'HL|et 7|5S AlEst= 7[R of7|d HAES HEIS= LY

2HS %30 2524 it

o=

* hcl_palettes() &= S &0I5H= Of| AF2 EICH plot = TRUEZL Qo™

015 25tn

fUlN'

library(colorspace)

hcl_palettes()

HCL palettes

Type: Qualitative

Names: Pastel 1, Dark 2, Dark 3, Set 2, Set 3, Warm, Cold, Harmonic, Dynamic

Type: Sequential (single-hue)

Names: Grays, Light Grays, Blues 2, Blues 3, Purples 2, Purples 3, Reds 2,

Reds 3, Greens 2, Greens 3, Oslo
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Type:
Names:

Type:
Names:

Sequential (multi-hue)

Purple-Blue, Red-Purple, Red-Blue, Purple-Orange, Purple-Yellow,
Blue-Yellow, Green-Yellow, Red-Yellow, Heat, Heat 2, Terrain,
Terrain 2, Viridis, Plasma, Inferno, Rocket, Mako, Dark Mint,
Mint, BluGrn, Teal, TealGrn, Emrld, BluYl, ag_GrnYl, Peach,
PinkY1l, Burg, BurgYl, RedOr, OrYel, Purp, PurpOr, Sunset,
Magenta, SunsetDark, ag_Sunset, BrwnYl, Y10rRd, Y10rBr, OrRd,
Oranges, Y1Gn, Y1GnBu, Reds, RdPu, PuRd, Purples, PuBuGn, PuBu,

Greens, BuGn, GnBu, BuPu, Blues, Lajolla, Turku, Hawaii, Batlow

Diverging

Blue-Red, Blue-Red 2, Blue-Red 3, Red-Green, Purple-Green,
Purple-Brown, Green-Brown, Blue-Yellow 2, Blue-Yellow 3,
Green-Orange, Cyan-Magenta, Tropic, Broc, Cork, Vik, Berlin,

Lisbon, Tofino

hcl_palettes(plot = TRUE)

Qualitative Reds2 [l Terrain2 | Burgyl Il RdPu || Blue-Red ]! [l

Pastel 1
Dark 2
Dark 3
Set 2

Set 3
Warm
Cold
Harmonic

Dynamic

Reds3 |l viridis Il Redor | PuRd il Red-Greer| [l

Il Greens2 || Plasma [IIl  Orvel | Purples |l Purple-Grd| [
Il Greens3 || Inferno Il Purp || PuBuGn |l Purple-Brc]! [l
Il oOslo Il Rocket Il Purpor |l PuBu il Green-Bro]| l

Sequential (magti—hilll,  sunset Il Greens I Blue-Yello] [l
Purple-Blu]| Dark Mint [IlL  Magenta JIII BuGn il Blue-Yello,

Red-Purpl{| Mint Il Sunsetparllll  GnBu il Green-Oral
Red-Blue JIIl' BluGrm JIIl ag_Sunsetllll BuPu il Cyan-Mag
Purple-Or{| Teal il BrwnYl Il Blues il Tropic [ |

Sequential (swgevellll ) Teaicrn [IIT  YviorRd Il Lajolla il Broc i

Grays || Blue-Yello|]| Emrld M vioer |l Turku Il cork i
Light Gray<]| Green-Yell| BluYI Il orRrd || Hawaii  JIIl  vik i
Blues2 |l Red-Yellov]| ag_GrnYl [Ill  oranges |l Batow [l Berlin ]
Blues3 |l Heat Il Peach | YIGn || Diverging Lisbon ]
Purples 2 |l Heat2 || Pinkyl | vignBu Il Blue-Red || ] Tofino ]
Purples 3 [l Terrain | Burg ]} Reds |] Blue-Red ]| ']

+ qualitative_hcl(), sequential_hcl(), diverging hcl() S 2t2 E2|E|E, A|R4E,
CIo|H Y T ES dHot= O AFEEICE n2 MOl JH0|1, palette= 2{0[A 2 EHHE

7t dEfStO] Yttt
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qualitative_hcl(n = 5, palette = "Dark 3")

[1] "#E16A86" "#AA9000" "#OOAA5A" "#0OA6CA" "#B675EOQ"

sequential_hcl(n = 5, palette = "Blues 3")

[1] "#00366C" "#0072B4" "#T79ABE2" "#C3DBFD" "#F9FOF9"

diverging hcl(n = 5, palette = "Blue-Red 3")

[1] "#002F70" "#879FDB" "#FGF6F6" "#DASA8SB" "#b5F1415"

+ demoplot() &0 Z EAY QUZIO|AM QAO|M CtE T EZS 1, type 2AALO| “map”,
“heatmap”, “scatter”, “spine”, “bar”’, “pie”, “perspective”’, “mosaic’, ‘lines” & StLIE

MEiSHo] Y H5t0], slie ZHES ARSI UHE SRS TS0 2 4 U= 40Ith

g5 <- qualitative_hcl(n = 5, palette = "Dark 3")

demoplot (g5, type = "map")

demoplot (g5, type = "heatmap")
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demoplot (g5, type = "scatter")

q5 Y EE AtEot0 AICHH TS 2 20| ggplot2 If7 | X|2] scale_color_manual ()

ggplot (penguins) +
geom_point(aes(x = bill_len, y = bill_dep, color = species)) +

scale_color_manual(values = gb)

Warning: Removed 2 rows containing missing values or values outside the scale range

(“geom_point() 7).

° % o° ‘
o © ° o ©
2007 *5 - o ) Py o & o
o ® » S g o
o o :.g:o‘ 3 o 0..0.3.0. |
e 0'. 3 X AN species
o o % _
3 17.5- .?g':if (I .'..'. . :: ° °  Adelie
El . .A.~“.¢z o < A - ® . ® Chinstrap
° :o.: $ ® % = ® Gentoo
0® § o0 0®e

(4
o o
[ ) [ )
;. ®oe
40 50 60
bill len
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+ hcl_wizard() &%= colorspace I7|R|Q] 2 & 7|52 A|Z4Ho=2 &QI5t 0, M T E IF2

HSH5H= Shiny ¢S AlISHSHC}

pl <- hcl_wizard()

o | ¢ (-] <% Publish -
. . Example Plot Spectrum GColor Plane & Export @ Info
Base Options Color Settings
Type of palette 2 o] o
SET
Basic: Sequential (multi-
hue) A -380 30 HUEZ

— SET
Base color scheme 0 E 100 CHROMA 1

Red-Blue - SET
Example [ 0] 100 CHROMA 2
Bar - — SET
o 0] 100 LUMIN. 1
Control Options — ser
[ Reverse 0 100 LUMIN. 2
Gorrect colors. — SET
[J Dark mode 3 ] Y EE
[J Desaturated — o
Vision
@® Normal 2 0 £ roweaz
— SET
) Deutan
© Protan 2 a0 NUMBER
O Tritan

Returnto R
2 21.2: hel_wizard() 22 AT Shiny ¢

@?ﬂﬁm Shiny 4 % ZE%H'- Lt p10lete eeE7H ddE T 0170 p1(s) &0
oHE&

21.3 thLE RHAS| e Yol Mat ALBSI7]

geplot2 T7| 2| 7Ho| 20| OfHo|aks o|Ef2l Ztol matk 7S =2 51| 5l0f UC,
Teic) 7S AIBRI] 2olel 4N AESHD A1 T} 9Tk

scale * manual ()

2+ Create your own discrete scale =22 I|0| 2| &
5 =0 I | AHAFO

9| values QIZ|0f| £=35ICt 0|

mjo
N
N
z
m
uu N
Rl
oo
_o'ﬂ
e
=Iol__l
o
rE 3
P 8
)
oo
\O
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https://ggplot2.tidyverse.org/reference/scale_manual.html

# QLEV| M2 A2
library(dplyr)
library (gapminder)
gapminder 7>
mutate(continent = continent) %>%
ggplot () +
geom_bar (aes(x = continent, fill = continent)) +

scale fill manual(

values = c(

"Africa" = "#000000", "Americas" = "steelblue",
"Asia" = "#FFA300", "Europe" = "#0057B8",
"Oceania" = "#009B3A"
)
)
600 -
continent
400 - . Africa
c Americas
£ L]
8 Asia
. Europe
200 -
. Oceania
0- [
Afrlica Amelricas Aslia Eurlope Ocelania
continent
21.4 Az

+ ggplot2 I{7|X|0 M B E AESH= Y-2 ColorBrewer 7|8F AH|US AT

[ —
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https://ggplot2.tidyverse.org/reference/scale_brewer.html

+ colorspace I§7|X|= AH

ol
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22 ggplot2 &|0]|0q(layers) 2t EAH| A HE}(stats)

library(ggplot2)
library(tidyverse)

0] Z0|lM= ggplot2 IH7|Z| Q| ggplot29] |Of (layer) O] CHaHAM ARStL, Statistical

g0
Transformation E& O|dlotl &&5t= BHS AJHSICT

22.1 ggplot22| 2i|0]|0{(layer)

ggplot2= 2i|0|0 S + ALRE ALE

ol

[0} BHLIA #otSa| B IS PHECH

—

llll

geplot20[ M 20[0f TFS 5742] TARAE 74|11 QUCt 0] 5742 K47t R 23|0{2{0} SLte]
20]0f7+ SHEICH,

— O

0 (mapping)
H|0|E (data)

A= (geom)
SASHA Het(stat)

2| 2| (position)

u A W N —

layer ) 2t= &4 S

= 7tA| 12 O] 572 248 25 2|F5t0] 0|0 Bt= 4= ULt 2Lt o] &
o2 2ot |= AlZtat =20 0| AL FICH 4l ggplotos= EE CFS 27| IR 2 2{0|0{E
ORECY,
1. geom_x() g
2. stat_x() &
geom_x() &4 2{0]0{Q] 71 7tz 7[5kt 2401 Z[Z0| A A|2FetCt,
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ggplot (mtcars) +
geom_point (aes(wt, mpg))

35-
°
°
30- ©®
°
°
25- o
83 ° °
e ® 4 9, o
20- ° s
°
15- ® e% o
10-
2 3

HHH stat_x() &= SASHH B (stat) Ol M Al2BICEH

ggplot (mtcars) +
stat_identity(aes(wt, mpg))

35-
°
°
30- ®°
°
°
25- —
83 ° °
e ® 4 9, °
20- ° s
°
15- ® e% o
10-
2 3

wt
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T &7t Al2fote A ™2 CIEX|2 2= 2L 57417t Cf S55t4| he A A2 i 222
7

O 20|7| b= AL =0[Ct.

oﬁ
i
rlo
0o
U
[m
njru
>
o
[e][l
N
Hn

gegplot27} A

ggplot(mtcars) +
geom_point (aes(wt, mpg))

Q| ZEO||M geom_point ) 7} 44 5H= 210]012] H|O|E & ggplot O) Ol2t= & &40 AS 02 M
83511 UCHdata). OfEH2 20|= HiRF 20| aes(wt, mpg) 2 x, y position aestheticsOfl OHEE 11 Q

Ct(mapping). EHS| point A|F0| AFEE|1! RICtH(geom). geom_point () = stat = "identity" (&
et)ete S A HetE AFR S (stat). 12| 1! position = "identity"2h= 2|X|(position)

A5 UZEZ AESC} TatM 0 5712 247t Z20{2|7| W20 A-d =7t fFdElCt

S D E L ORREZEZ|O|CE, Tt statOf|A A|2ISt2, stat_identity () 42| C|ZEQI point A|S0|
ZEICH LHHZ| & 2ot 22 7HE0| A EEF 0}

ggplot (mtcars) +
stat_identity(aes(wt, mpg))

O] YoM 2 28¢e stat_*() ZY| P55 SH A HEO|M A|A5H0, 5Lt 2{0]01F 2Hd3H
LEZHE}. gt 2|2 24[0]0f g

—

=
=2 —
=2 RAoAM BE S 57HA] 2471 O Z2|0F sttt= dS Folgh BRIt UL

22.2 Statistical Transformation2| &gt 0|3l

HE X3 ggplot2() I7|A[E HiS W= 7|2 SAL ot XA S HIECZ S|AETMS 05
= geom_histogram(), BtA S22 0 = geom_boxplot (), AL (scatter plot) & 2t W=
geom_point () S22 Fot= A0| A2A0|7| 20 O] gfHo= HASIC} 0] 0= EOlZ|=

okz|at Ct21} 20| statistical transformation O] AF2EIC}

« geom_point(): stat = "identity"
« geom_bar(): stat = "count"

+ geom_histogram(): stat = "bin"

OlE S0, At 2 EE TE O Pel= ChS2 Z0] A2t
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penguins |>
ggplot(aes(x = island)) +
geom_bar(aes(fill = island))

150 -
island
+— 100-
c
>
o
o
Torgersen
50 W Torg
O-
Bislcoe Drelam Torgérsen
island
0| 22 22| x aestheticOF island B120| O LA|Z =0 = Ot D27 QEMEICH 1742 LIEo|IA
stat = "count"Of| 2I31A 2t A (island) 2| 5= 7H2ESIL 0] LS Q| 0| OiES5H7| CiZ 0|t
dplyr Ii7|A|2 O| A2 Alits 28 ChZar 25 20|t WRO|AM 0|2t H|5t A4S o = A

statistical transformationO|C},

penguins |>
group_by(island) |[>

count (name = "count")

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

island count
<fct> <int>
1 Biscoe 168
2 Dream 124

3 Torgersen 52
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OFOk ncount" 7} OFL|2} H| & (portion) 22 B E UP%EID# geom_bar () 2| OO A O]
MENSHH EICH after_scale() 42| AFER2 FO|M HHBIC} group = 12 XA 10 Cf
island®| 712 EZ D2{slats S0|Ct 2|2 (geom)O]| et O statistical transformationS
o 4 Qe Y A2l E2US EH computed variables S22 EH & 4 QI

AE=S
=

of

A
5

f
AME

penguins |>
ggplot(aes(x = island)) +
geom_bar (aes(y = after_stat(prop), group = 1))

0.5-

0.4-

0.0-

1 1 1
Biscoe Dream Torgersen
island

OlAES tE U=

0jo
o

Z2e/5 Zntolct

rlo

penguins |>
group_by(island) |>
summarize (
count = n(),

prop = count / nrow(penguins)

# A tibble: 3 x 3

island count prop
<fct> <int> <dbl>
1 Biscoe 168 0.488
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2 Dream 124 0.360
3 Torgersen 52 0.151

ggplot2 If7|2|2 J2fEE OtECH B O Z0|l= O YA OfLaOF st=2| s 4~ QUCH
F20l|l= dplyr Ii7|A| S& AHESHO] G|O[EHE U2 = T|0|&{E 25| ot 12, ggplot2 T 754
2HESHA| ste A= B 7HA] WY £~ Ut

22.3 E7| MO2| HIO|E{E 71X D= & 2HET|

O™ A0 = 7|5tsH-d 44| (R|-=2)7} OftL| 2t statistical summary S0| 24 H2|0f| & W7t QUCE.

CHE Ol S 24t

ggplot(mtcars, aes(x = factor(cyl), y = mpg)) +
geom_boxplot ()

35-

30-

25-

mpg

20 - | I |

15- [ 1

g
»
o
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0|2 [ SB35 AFBE|= 847} stat_summary () O|CH. O] B4k T}

0o

N
o
>
ol
0

ggplot(mtcars, aes(x = factor(cyl), y = mpg)) +

geom_boxplot() +

stat_summary(fun = "mean", geom = "point", shape = 8, color = "red", size =
35-
30-
X
25-
o)
e I
E o | I |
| ! ] °
T
15- l % l
|
10~ T
4 6 8
factor(cyl)
 ZEE 2N S5 2}

« fun = "mean"= mean() LS A|-516|-E|-E =O0|C}. stat_summary () S FO0{2 x0f| Cf5t
of yo| SAIZS ALttt = cyl TE{Vt 401 FR0||= O] A Bt yol 912 S
x OiH 2 ggplot O Ol A HLI5HRA7| W20l O] % tA[2L 2CF TetM x, y /|27t ZEE L

. geom = "point"Z E3HA H geomS MEHZICE, 0] FO| 2L HEHS (O4HO| OFl) MEIOR

Al Z3UCt,
CE2 cyl ASYE = 71280 442 L& (0| BEAIsH 2 o|o|ct. dFS cHA 242t ot =2
0|2, stat_summary() & AtESIHA O| A2 text A S22 HA|StLA} GHYUCH text |29 x, v,

label aestheticO| BR25t7| HlZ0| 1abel s 2HS7] 2|5l O|2| CIOIE{ Z2f| Jof| A|LhS UE

—_

df <- mtcars |[>
group_by(cyl) |[>
mutate(cyl_count = n()) [>

ungroup ()

286



df

# A tibble: 32 x 12
mpg cyl disp hp
<dbl> <dbl> <dbl> <dbl>
1 21 6 160 110
2 21 6 160 110
3 22.8 4 108 93
4 21.4 6 258 110
5 18.7 8 360 175
6 18.1 6 225 105
7 14.3 8 360 245
8 24.4 4 147. 62
9 22.8 4 141. 95
10 19.2 6 168. 123

# i 22 more rows

daf |>

ggplot (aes(factor(cyl), y = mpg, label = cyl_count)) +
geom_boxplot() +

drat
<dbl>

w

W W W W N WwWwWw w w

.9

.9

.85
.08
.15
.76
.21
.69
.92
.92

2.
.88
.32
.22
.44
.46
.57
.19
.15
.44

W W W wwwwNN DN

wt gsec

<dbl> <dbl>

62

16.
17.
18.
19.
17.
20.
15.

20

22.
18.

O N O b O O O,

©

Vs

<dbl>

B B, B, O B, O B B O O

stat_summary(aes(y = 35), geom = "text")

am gear

<dbl> <dbl> <dbl>

1

O O O O O O O =+~ =

No summary function supplied, defaulting to “mean_se()"
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SO Ww W W

carb cyl_count

I S N N N " = i Y NN

<int>
7
7
11
7
14
7
14
11
11
7



35- 11 7 14

30-
25-
(@)
o
£ I .
20- ' '
| | [ )
1
15- | l
T
10- T
4 6 8

factor(cyl)

O] 320 stat_summary ) &= text AZS AL, x, y, label AZE AHESHY StLte)
2f| O[OS 2 RIC.

AN

22.4 stat_function() €42 £t st E el 2 12| 7|

stat_function() B4+ 92|17 LD QU 45 BSOS O HRJSICH fun QA 45t B

R ¢10 HEHZ 7|& STt Of 7| A= anonymous function 22 2| ALt

gegplot() +
stat_function(fun = \(x) x72, xlim = c(-5, 5))
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25-

20~

15-

10-

gegplot() +

stat_function(fun = dnorm, xlim = c(-5, 5))

0.4-

0.3-

>02-

0.1-

0.0-
-5.0 25 0.0 2’5 5.0
# 3M of2 HACZE XF
gegplot() +

stat_function(fun = dnorm, geom = "polygon", xlim = c(-5, 5), fill = "steelblue")
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0.4-

0.3-

>02-
0.1-
0.0-
—5;.0 —2I.5 0.0
| — . 5SS 3 —
St= CHEZHCQ F2: =t dol st AlZtEt
| E5 AR SEAN0| Cfe A12t3Y ZHO|Ct 0] 222
2 23t A 2ol

|M o
1’Of| TSt Al2t=tof| CHSHO]

ofo

22.5 StatS Al

o
o
=
+ geom_errorbar(), geom_linerange(), geom_crossbar(), geom_pointrange ()
4 ol
51Al

0tz 22|17} stat 2 ALESHOF
2ol ggplot2= L2t 22 A
2t Ste A2 EA4H &2
Yok K22 it =8
U YUR0{0f

of|2] (error) 2t

270t 2{|0[{O[E}. TetA Of

+ geom_smooth()
geom_errorbar () & EA}.
, OI'8 Of|2{ S ArE3HOF BTt

I’E

A
1€
Ofel SA{0f| T2t 8ISt

2}0|& 2|0|5tA| 2
L2 A= E 0] 22 At
geom_errorbar () & x, ymin, ymax2l= aestheticO| &

+ Visualizing Uncertainty
S
ol gfe2 AtEE SEM(Standard Error of the mean)S
SEM = -
=
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https://clauswilke.com/dataviz/visualizing-uncertainty.html

df <- mtcars |>
group_by(cyl) |>
summarise(
mean_mpg = mean(mpg, na.rm = TRUE),

se_mpg = sd(mpg, na.rm = TRUE) / sqrt(n())

df

# A tibble: 3 x 3
cyl mean_mpg se_mpg

<dbl> <dbl> <dbl>

1 4 26.7 1.36
2 6 19.7 0.549
3 8 15.1 0.684

O Co|gZ2f| g et JefZE PHS11, geom_errorbar ) & AFESI0] 0f|2f HHE RItSICEH

’

ggplot(df, aes(factor(cyl), mean_mpg)) +
geom_bar(stat = "identity", fill = "steelblue") +
geom_errorbar (
aes(ymin = mean_mpg - se_mpg, ymax = mean_mpg + se_mpg),

width 0.5,

color = "darkgreen"
)+
labs(x = "Cylinders", y = "Miles per Gallon")
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Miles per Gallon

O_

20~
10- i -
4 6 8

Cylinders

CtS2 geom_linerange () & ALESH HA0|C}.

ggplot(df, aes(factor(cyl), mean_mpg)) +
geom_bar(stat = "identity", fill = "steelblue") +
geom_linerange (
aes(ymin = mean_mpg - se_mpg, ymax = mean_mpg + se_mpg),
color = "darkgreen"
) +

labs(x = "Cylinders", y = "Miles per Gallon")

20-
) ““““““‘\
0-
1 1
4 6

Cylinders

Miles per Gallon
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37 342 D2l FLOIE geon_smooth() B4 ALGEICE. 0] B4 IOIE(7} 10007} O|2te!
H20Is loess WYES A5, 10007H 042! ZLO0IE 1n WHES ABICL 95% 42| 222
BAISHEG], 01242 712/21% s = FALSES |BiC

ggplot (mtcars, aes(wt, mpg)) +
geom_point() +

geom_smooth(method = "1m")

“geom_smooth() ~ using formula = 'y ~ x'

wit
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23 =HE{ o] gl|&lol| (L}E =A] XX (forcats TYF|X|E

|

= AlO

SHLE)
5 Z0| M ZHEHS| A H3HZ|OF ROJIA|= THE] (factor) = EE H23 (categorical) H4-E BS5H=
E45t TR HIE0|CH 0]T HWE = 4 240|A ot S 25t AES SiC,
geplot2E ALE5I0] O Ok f 7t &5 BE5|= &4 & StLie ME Y (factor) H4Q
TME d5t= AO|Ct ggplot20f| M= TE{Y (factor) B0 CHet 2|22 Hiz[5t= &A= TEQ
| (level)Of| 23 Z2H %= Ol 7t5 0|22 £d5t1 42 Wt 47ICt
O] Z0f M= HE{0]| CHSHO] O AFM|5| LOtE D, ME S LR = 0| Ol F =32 = forcats If7 || S
AHSHLD, ggplot20|M (YA £ &E25|0 22[7t Hote J2EE 2 o U= AHSHC

23.1.1 EX}E HE{Q} WE{JCHE H

oS 501, d20lct= Y2 E LS 20| EelUE. 25 "female" O|Ct

Ul

gender <- c("female", "female", "female")

= (month)0|et= LS LS 20| Y2|JCt.

months <_ c (IIJanll IIFebU IIFebH IlJanII llMarII llMarII llMarll llAugll llSepll IIDCtII llApI.II

¢l = HE = 0F2 2ArE HIE{O| | TE{ 7} OtL|Ct J2iM O| XS HE{VL BHEZ| 942 2 EM5tH
o 72| A7t 482 4= UL (Contigency) tableg BFHST Tt 2Tt
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https://forcats.tidyverse.org/

table(gender)

gender
female

3

table (months)

months
Apr Aug Dec Feb Jan Mar Oct Sep
1 1 1 2 2 3 1 1

sort (gender)

[1] "female" "female" "female"

sort (months)

[1] IIAprll llAug“ llDeCII llFebll ||Febll n Janll llJanll llMarH llMarII ||Marll IIDCt n Ilsepll

months HIE{E 7}A| 10 SCj 2T & Ot=0] EZ}

barplot(table(months))

2.0

1.0

Apr Aug Dec Feb Jan Mar Oct Sep
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table ) &4, sort () &4, barplot () &4 Al 205 EH YOI = MU 2 S3== A2 &Y

4 9lct.

E{= ZF 471 e = U= U0] AstE|o] /U= 2RE HAGHT L 3Tt 0| S HE HO|HE 22
o 5 O

HE{O|E "male" I} "female" 2t ZATICH(A32| HS FAISHH). & HIO|E|= “Jan”, “Feb”, “Mar”,
A ” “May” “J ” “_J |” “Aug”' ;;Sep”’ “OCt”, “NOV”I “Decn % 6“_'_{ _E_ZH%F Z_\'ol[l_ O|7_|O ]IHE_Iol
2| (levels) O] 2t 2 SHCY.

I'

A2 e = ZF 2f|'20j| OS5t HEE 20|11 iR 0l O] HEE AFESHO H|O|&{E A{ZetCt, JefA
Hell BAE S AHEote AECH U2 A AFEStth 22HM “male” 2t “female” 2 2R 2 7HA|=
HE{= ‘male’S2 10|11 “female”’ &2 22 A&, &8 g2 713 = HE = “Jan”S2 10|11

Feb'S2 2 S22 AL

el WE{ S 2HYUS Me KAV OotL[2t 2AE2 S E . 0| A2 HE{ Q| 20| (labels) 0|2t

4 olck 2z
o
—

FLICF.

mfactor <- factor (months)

mfactor

[1] Jan Feb Feb Jan Mar Mar Mar Aug Sep Oct Apr Dec
Levels: Apr Aug Dec Feb Jan Mar Oct Sep

barplot(table(mfactor))

2.0

1.0

Apr Aug Dec Feb Jan Mar Oct Sep
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ool A2 LU &MU =2 Tefrt= A

o
[l

gender_factor <- factor(gender,
levels = c("male", "female"),
labels = C(ul_él-xl_n, ||O:|K|_n)

)

gender_factor

[1] OfX} OfX} OfX}
Levels: X} OfXf

months_factor <- factor(months,

levels C(“Jan" s ||Febll s IIMarII s IIAprll s IIMayll s n Junll s n Julll s IIAugll s IISepll s "OCt" s IINOVH s III)E
1abels = C(“Jan” s IIFebII s IIMarll s IIAprll s IIMayll s n Junll s n Julll s IlAugll s IISepll s ”OCt" , IINOV" , IIDG
)

months_factor

[1] Jan Feb Feb Jan Mar Mar Mar Aug Sep Oct Apr Dec
Levels: Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0l

o

A 2H=0{ Rl months_factorE AHESIO SiCjO2)ZE Q=M Ch3 1t 2L

barplot(table(months_factor))

3.0

2.0

1.0

Jan Mar May Jul Sep Nov
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23.2 ggplot2 T2

1
m
rfo
Hu
I
o
il
n

geplot2 2 LE |04 RO TE| 22| 222 L) TH2Ch CHS Al{IS Ht,

library(ggplot2)

library(dplyr)

glimpse (penguins)

Rows: 344
Columns: 8
species
island
bill_len
bill_dep

body_mass

sSeXx

$
$
$
$
$ flipper_len
$
$
$

year

IHE{ Q| Y g &

=/

<fct>
<fct>
<dbl>
<dbl>
<int>
<int>
<fct>

<int>

Adelie, Adelie, Adelie, Adelie, Adelie, Adelie, Adelie, Ad~
Torgersen, Torgersen, Torgersen, Torgersen, Torgersen, Tor-~
39.1, 39.5, 40.3, NA, 36.7, 39.3, 38.9, 39.2, 34.1, 42.0, ~
18.7, 17.4, 18.0, NA, 19.3, 20.6, 17.8, 19.6, 18.1, 20.2, -~
181, 186, 195, NA, 193, 190, 181, 195, 193, 190, 186, 180,~
3750, 3800, 3250, NA, 3450, 3650, 3625, 4675, 3475, 4250, ~
male, female, female, NA, female, male, female, male, NA, ~

2007, 2007, 2007, 2007, 2007, 2007, 2007, 2007, 2007, 2007~

Qloh EAf,

levels(penguins$species)

[1] "Adelie"

"Chinstrap" "Gentoo"

ggplot2 1S Lt 250 B2} REZX 29| =AM FZ5}A},
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penguins %>%
ggplot() +
bill_len, y = bill_dep, color = species, shape = species))

geom_point (aes(x
Warning: Removed 2 rows containing missing values or values outside the scale range

("geom_point () 7).

° % o°
° A A
¢ oo ° A
20.0- oo %o AdAL AL,
° . » ° A 4 A{ A
.°..=° [ o $ A
® o o 0qpf e e A A .
oJ® S SBoce A N species
O o ®C¢ A A uf, p
a oo....ooo. o‘.. Ag T A A . .
by oo.;‘ s o * Adelie
T 17.5- © °oa A = a*a 4 as
! o® .‘ HDd°0e | u ] A i
= Ao Chinstrap
IS 0o, o * X A4 4 .
o — 5= = Gentoo
& ‘ sl = IFE u I.
A T -'. m m
[ L
15.0 - It mfifannn
u ut ‘.:
yiE
o E g oL
L
O [
40 50 60
bill len

=

UCHAHES SO 22t FA| 22 =MUZ BA|ECH

penguins %>%
ggplot() +

geom_bar(aes(x = species, fill = species))
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150 -

100~

species
= " Adelie
S
8 . Chinstrap
. Gentoo
50-
O-
Adelie Chinstrap Gentoo
species

7t2 St E S PHS 0| 22} 0] 0= Ol M IZ2 2 2f Mol &AMl thet T2t Bi=| & Ct.

penguins %>7%
ggplot() +
geom_bar (aes(x = species, fill = species)) +

coord_flip()
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Gentoo -

Chinstrap -

species

Adelie -

o -

Y
= -

o
o
nE
o
52

o o

ux
o0 pE o

library(forcats)

penguins %>%
ggplot() +
geom_bar (aes(x

coord_flip()

o okl
PN
oX
=o£
X
k=)
o
rat
M

species

" Adelie
. Chinstrap
. Gentoo

150

fct_rev(fct_infreq(species)), fill = species)) +
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Adelie -

P
)
Q
]
o .
& species
8 " Adelie
«<= Gentoo-
£ . Chinstrap
ol
o . Gentoo
3
D
f -
o
2
Chinstrap -

50 100 150
count

forcats I§7| A= E|E C}2= OIS ot 2 X260}

T

library(forcats)

'!'

- forcats IN7| 2| &4 7t2G| fct_relevel ) SH4E ALRZIZ} 2| AT &ATHR 2 80| HAE
5 AHE

o=
MZ22 HEE HSOECH TetA O] g4+F ALESIH =M E A7t Hothe oz d 4
oIC}
AA .

penguins %>%
ggplot O +

geom_bar (aes(x = fct_relevel(species, "Gentoo", "Chinstrap", "Adelie"), fill = species))
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https://forcats.tidyverse.org/

count

150 -

100~ species
" Adelie
. Chinstrap
50 . Gentoo
0-

Gentoo Chinstrap Adelie
fct_relevel(species, "Gentoo", "Chinstrap”, "Adelie")

. fot_infreq() B MOl HIT A0 T2} FHBICL WatM O] B42 AFBSIY HIE 47}
=2 3 Ho| ofl 27 ik,

penguins %>%
ggplot() +

geom_bar(aes(x = fct_infreq(species), fill = species))
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150 -

100~

species
= " Adelie
S
8 . Chinstrap
. Gentoo
50-
O-

Adelie Gentoo Chinstrap
fct_infreq(species)

8 giiaeiZoM e el vl=ot 7t =2 0] ofefiof] A1, BI=7t 7+

A
' (<]
olC|

—_

penguins %>%
ggplot() +

geom_bar(aes(x = fct_infreq(species), fill = species)) +

coord_£f1lip()
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g(species)

fct infre

Chinstrap -

species

" Adelie
. Chinstrap
. Gentoo

Gentoo -

Adelie -

50 100 150

+ fet_rev() ge 2B =M E HIUZE FY=CE et 92 +8 Y2 s L3t 20

HIE7L =2 A0 fIZ2 7HA

o
[
2
I
0o
E
my
)
Q'E
@
n
o

penguins %>%
ggplot O +
geom_bar(aes(x = fct_rev(fct_infreq(species)), fill = species)) +

coord_flip()
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g(species))

t_infre

(fc

fct_rev

Adelie -

Gentoo -

Chinstrap -

+ fct_reorder() Sfee= £ Ha0| Wt
2

stac = 2
o2 3T} 0|2 S0f, C}23} 20| AU HHE 4 QUCh

penguins %>%
ggplot () +
geom_bar (aes(
x = fct_reorder(species, bill_len, .na_rm
fill = species

)
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150 -

100~

species
< Adeli
s W acele
8 . Chinstrap
Gentoo
- ]
0-
Ad:elie Gerlltoo Chinlstrap
fct_reorder(species, bill_len, .na_rm = TRUE)
+ fet_lump_x(O) S 02 7|20 UhetM BI=21 Y2 2¥E F0M “V|EP =2 =0
- fot_lump_n(): n7HO| 7HY Bt AUS Hl5tn LKR|Z S
- fct_lump_prop(): O{® H|E (proportion) 0|5t2] A== 7|EIZ RS
- fct_lump_min(): O] Bl=% 0512 ASS 7[EIZ RS
- fct_lump_freq(): O BI=4 0|51e] HE2 7|EIZ &8
library(gapminder)
glimpse (gapminder)
Rows: 1,704

Columns: 6

$ country <fct> "Afghanistan", "Afghanistan", "Afghanistan", "Afghanistan", ~

R

$ continent <fct> Asia, Asia, Asia, Asia, Asia, Asia, Asia, Asia, Asia, Asia,

$ year <int> 1952, 1957, 1962, 1967, 1972, 1977, 1982, 1987, 1992, 1997, ~
$ lifeExp <dbl> 28.801, 30.332, 31.997, 34.020, 36.088, 38.438, 39.854, 40.8~
$ pop <int> 8425333, 9240934, 10267083, 11537966, 13079460, 14880372, 12~

$ gdpPercap <dbl> 779.4453, 820.8530, 853.1007, 836.1971, 739.9811, 786.1134, ~

Of H|O|&{0i| A CHFZE HIOIEE FOIA 7|EtZ |0 24t
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# LEI| ME AIE

gapminder %>7
mutate (continent = fct_lump_n(continent, n = 3)) %>%
ggplot ) +
geom_bar (aes(x = continent, fill = continent)) +
scale_fill_manual(

values = c(

"Africa" = "#000000", "Americas" = "steelblue",
"Asia" = "#FFA300", "Europe" = "#0057B8",
"Oceania" = "#009B3A", "Other" = "grey"
)
)
600 -
continent
- 100 . Africa
% Asia
. Europe
200 - Other
0-
Afrlica Aslia Eurlope Other
continent

23.4 HMe|517]
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24 2= El|ol(theme) HAE{O}O|Z]

ggplot2 7|2 J2HZ S 25 W, HIO|E{Q HEtE Z2NAVF EUH B0 § FHO 2458 2

gote 2= St €Lt 071 0] FH 2455 dste B2 2gste 2YUS 2T, ggplot2

7| 2| A M A SSt= 7 %E AL, o2 SH2=Z CHst &y 7|2 S5 B0l HEE O A0
f

ZZ5F JL0|AM 205D R

geplot2 I{7|Z[2 2L = S Y2t Eat J2{H 28 ST A Qe Ze}
HAE 2412 A7), ZE 53 AEdll 2 A0[12 A2 XS 2S0{0F & AOICL O 2AHE
d f

l,
Sl 25t= YWES dEotal} ettt

24.1.1 showtext I{F|X|E Al25l0] SI=S E&¢H ZE mjaz| XA

showtext If7|2|= &3S X5t ZEZ 2| 5t= O ARRE|= IH7|2|0|C}, 1HF S Ch20} 2T}
showtext ]1H5’|Z|§ Az|5t0 2ETICH

- S AFEO| Y= EE A2 font_add() S4E AFRSI0 A HAFEEO| 2|8 ZE
OrAS 2| Yotd, 2| R M440i|A O ZEO0|| Cist 0|52 EQICt
- 7= ZE AE! font_add_google () &S AFESIO] QIE U0 e 1= ZEOM AR S
ZEE MEist, 2| R M4H0i|AM O ZE0| Cist 0| ES EQICt
3. showtext_auto() &5 AHESI0] SIA R M|M0f| O] ZEE AHESt=S Z|A|SHCY,
4. ggplot2 IH7| 2| ((£= base R 12| gf¢2) 12T 5 OF= Off O] ZEE ARSIt
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https://fonts.google.com/

library(ggplot2)
library(showtext)

Loading required package: sysfonts

Loading required package: showtextdb
CHS2 712 ZEO|M AHEE ZE (Nanum Brush Script) & MEHSHT, S R M|M0f| A O] ZE0| CHst
0|2 =2 Of0|C}. & A R0l £ 0|F22 0|= R ZEO|M O] ZEZ A[55t0] AtESH| Tt
= A R M80f O] ZEZ AESIE=S A[A[StCt.

——=

showtext_auto() &4

font_add_google("Nanum Brush Script", "my-nbs")

showtext_auto()

O[] O] ZEE AIE

St0| J2iZE 2HECE theme () 0 A text RA0|M family QIR[0{A ROfA
A Yst ZE 0|§S A1H

SO 24 0| J2fTo| HIAEO| AFRS ZEJ} Al ZICT

ggplot (mtcars, aes(x = wt, y = mpg)) +

geom_point() +

labs(
title = "AIM| FAIQF HAH|o| ZtA",
x = "Xt A",
y = "oid|"

) +

theme (text = element_text(family = "my-nbs"))
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Al ZHILE 02hg1ef 2l
%5 -

°
°
w- OO
°
°
25 -
°
= ° °
-
iy o, 0, °
20 -
° s o
°
°
5= 0% o
4
°
10 -
1 1
z %
Al 2

Otor 13 ZEQ| SILIQ! “Imperial Script’ S AL AICH

font_add_google("Imperial Script", "my-imperial")

showtext_auto()

ggplot(mtcars, aes(x = wt, y = mpg)) +

geom_point() +

labs(
title = "Weight vs MPG",
x = "Weight",
y = "MPG"

)+

T -

theme (text = element_text(family = "my-imperial"))



9/%1// 7l 05 gﬁﬁp g

°
°
s0- ©®
°
°
25 -
. °
N
% ) )
~
8 4 0, °
- L0- ° s °
°
°
°
15+ °% o ]
°
10= o o
1 1 1
2 3 4 5
9/%1'9///

H
gy
i
Rl
0

24.1.2 theme() &< QHOIM HIAE QAL

01 cheme ) 14 QIO e R200 OIS 2 HUAE AL Of S theme) T4
QoA T HAE r

—

ZE S0t OfL|2t J2fZo| H|0tQt HHE HES 25 theme ) &4 QMO A 2| HE 4~ QUCH CHAHIZ
Ch3n 22 &3S a0t
theme ( |[£E = element_*x(=M = ZH)
. Q4 0|22 12T 240| 0|20|C} G| S0, text 24 HIAE 240} 0| 24 0|2
=2 A LZRE 71X 12 Y0 O|E S0 text= HA| HIAEEZ 2|0|St1, axis.textE axis?|
Bl A

HATT
2 Argsict, ol 2ol EL 240 $U8 YO OfF SYSE AT + UAE 7
C

LI0M BHE0 EQE 228 oAZ2 £E, 37|, I|O| A, A4S element_text () &6t 0f|O|C}
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ggplot(mtcars, aes(x = wt, y = mpg)) +
geom_point () +
labs(
title = "Weight vs MPG",

x = "Weight",
y - HMPGII
)+
theme (
text = element_text(
family = "my-imperial",
size = 20,
face = "bold",
color = "salmon"
)
)
/" // . S i 8 S AN /;
Weight vs SHP g
35~ 0
°
380- °*°
. °
3 °
}&\"\” 2(5- °
N ° °
KE‘ ® o0 °
N 20" O ’ °
°
o °
15~ ..: o
°
10~ , ; .
2 & 4
Ve (g /il

313

Q-



24.1.3 O =0l HHAE &
24.1.3.1 geom_text () 2} geom_label() S

geplot2 Ii7|A|2| geom_text () 2} geom_label() St
I.

= |
O g label DIES AFEE 4 U1, 01710 2L (¥H4) S OjE ST

ggplot(mtcars, aes(x = wt, y = mpg)) +
geom_text (

aes(label = rownames(mtcars))

)
35-
Toyota Corolla
Fiat 128
30 .(mﬂﬂrﬁpﬂc
Fiat X1-9
Porsche 914-2
25- Merc 240D
=y Datsun 710 Merc 230
£ ToyRigveRpsar)hprive
20- Ferrari |_|D(|)r} )R h&ifebird
‘ ePcS }ISOSE
ForgbRg TV
15- Na Chrysler Imp
amaro Z28
o CadiflaclFIEeimt
; ; ' 5

HE U2R|517| 2|5l ggrepel If7|X|2| geom_text_repel ()

library(ggrepel)
ggplot(mtcars, aes(x = wt, y = mpg)) +
geom_text_repel(

aes(label = rownames(mtcars))

Warning: ggrepel: 14 unlabeled data points (too many overlaps). Consider
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https://ggrepel.slowkow.com/

increasing max.overlaps

35-
Toyota Corolla

Fiat 128

30- \%ﬂ& Civic
Fiat X1-9~Lotus Europa

Porsche 914-2

> % Datsun 710 Merc 230 Merc 240D
g. Merc 280

20 - Hornet 4 Prive

Ferrari Dino Pontiac Firebird
154 Merc 450SE
Chrysler Imperial
Camaro Z28  Cadillac Fleetwood
10 - Lincoln Continental—
2 3 4 5
wit

24.1.3.2 annotate() FA FJ} &

annotate() e HIAEES SIS O] YEH| A ZHTHSHA 271 4+~ e 7
A0l geom_text () 2} geom_label() St4= G|O|E ZEMAE HZ|7| THE0]| Tt
ALt 1 2|2t annotate ) T 0| HEEO| SLO{A T otCt,

=
7annotate =FYS ST} f2= 52 g2 AYEC;

ggplot (mtcars, aes(x = wt, y = mpg)) +
geom_point () +
annotate("text",
x =3, y = 30,
label = "Hello, world!"
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35-

°
°
30- °®° Hello, world!
°
°
25 - =
2 ° °
e ° . 0, °
20- o ; —
°
°
15 - ¢ 0‘2 ° -
°
10- e o
2 3 4 5

wit

24.1.3.3 ggtext T{7|X|

avis

ggtext I{7| 2= J2HDE HAES YS £ 911, HIAES Markdown/HTML BAI2 2 24510
A 5

e zof e U

tu

- element_markdown() g+ theme() TFO0AM BIAE 24 F Markdown/HTML A2
2 et 4~ QA olf =L

+ geom_richtext() &4 = HAEES Markdown/HTML ¥AIC 2 24610 JD2fof Ale 4~
UA 8l L.

- geom_textbox() s HIAES VIR BtAF T2jI0f| e 4= QUCE

O

f

o
[

S2 element_markdown() S-S theme() TO0f|AM ALESH| W20 plot.titleOf O CHR
Ho = =2 Al & 4= ULt

library(ggtext)

ggplot(mtcars, aes(x = wt, y = mpg)) +
geom_point() +
labs(
title = "MPG vs **Weightx*x",
x = "Weight",
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y = IIMPG n

) +
theme (
plot.title = element_markdown ()
)
MPG vs Weight
35-
°
)
30- *°
°
°
25- .
g? ° °
S ® o 9, L
20 - - s R
¢ °
15- ® e% o o
°
10- o o
2 3 4 5
Weight

geom_richtext () &4 H|O|EHZE 5017} Y= HIAE (Markdown/HTML &A= 2 Jts)E
T2 mof et 4 UA S ZCF. geom_richtext ) A|ZO0|M HYH 22 ALZE|= OiEHO| 1abel
O|Ct C}22 Y2 mtcars C|O|E{AIC| A S Z T2 0 RIAE C|0|E{E PHE 1 O| A4S 1abelO|2t=
MZ22 92 0t=11, 0|22 geom_richtext () A|S0|M AtE3StH= 0O|Ct

library(dplyr)

library(stringr)

df <- mtcars [>
mutate (

label = str_glue("{row_number () }E{")

ggplot(df, aes(x = mpg, y = disp)) +
geom_richtext(aes(label = label)) +
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labs(
title = "mtcars Ci|O|E{All",
subtitle = "X}2FQ| OH|2} HY7 |2k,
x = "AAH| (mpg) ",
y = "BH7|ZF(disp)"

mtcars O] O|E{ All
Al |2} HYf 7| &

400 -
oy
o
5 300~
mi0
R
= 200-
100 - 28t
= -8] 20
10 30 35

geom_textbox() &4= SHHEO| &E|l= HIAE YRS 20 4YY & U a3l Lt

=)

rlo

CteSt annotate () S-S AFESHO|0|CE,

ggplot (mtcars, aes(x = wt, y = mpg)) +
geom_point () +
annotate("text",
x =3, y = 30,

label = "lorem ipsum dolor sit amet, consectetur adipiscing elit. Sed do eiusmod tempo:
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35-
°

30 -etft Bdipiscing elit. Sed do eiusmod tempor incididunt ut labore et

°
°
25 - =
83 ° °
e ° . 0, °
20 - —~ ; .
°
°
°
15 - o‘t ° °
°
10- o o

N
IN
Ul =

wit

TS 2 geom_textbox() &4

i

2! A&t Of|0[Ct BE0| =7|= k2|2 FAlGHE 2L =282 §9
geom_richtext () &2} H|5H| Markdown/HTML EAlo 2 2tdst

A
oS 11— o= T 915f

ggplot(mtcars, aes(x = wt, y = mpg)) +
geom_point() +
geom_textbox(
aes(label = "lorem ipsum dolor **sit amet**, consectetur adipiscing elit. Sed do eiusm
x =3,y =30,
width = unit(3, "inch"),

family = "my-imperial",
color = "salmon"
)
Warning in geom_textbox(aes(label = "lorem ipsum dolor **sit amet**, consectetur adipiscing elit.

i Please consider using “annotate()” or provide this layer with data containing
a single row.

319



35-

°
a
30- ©®
°
°
25 - =
83 ° °
e ° . 0, °
20 - ~ ; .
°
°
°
15 - o‘t ° °
°
10 - o o
2 4 5

24.1.4 theme() St HIAE A QXIS (with Al)

AM = AIHYA|ZE {7 M theme () BIOIM HIAE 245 HAEOO|YStE T2 QURSS Y25

HHH 241 B ZT

H 241 HIAEZ A|0I517] 2T theme O &2 2AR}=

A MY ZQ &4 Oi| Al
text REHEIAEQ| 7|2 family, size, face, color, element_text (family
AEHY angle, hjust, vjust = "Arial", size

= 12)

plot.title d2jm A= size, face, color, hjust, margin element_text(size
= 16, face =
"bold", hjust =
0.5)

plot.subtitle 2o EXE size, face, color, hjust, margin element_text(size
= 14, color =
"gray50")
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24 uy 28 44 0iIA

plot.caption e ¥ size, face, color, hjust element_text(size
= 10, hjust =
1)

axis.title Z A= size, face, color, angle element_text(size
= 12, angle =
0)

axis.title.x XZ A= size, face, color, angle, margin element_text(size
= 12, margin =
margin(t = 10))

axis.title.y V= A= size, face, color, angle, margin element_text(size
= 12, angle =
90)

axis.text Z HIAE size, face, color, angle element_text(size
= 10, color =
"black")

axis.text.x X= HAE size, face, color, angle, hjust, element_text(angle

vjust = 45, hjust =

iy

axis.text.y yE2 EHIAE size, face, color, angle, hjust, element_text(hjust

vjust = 1)

legend.title He A= size, face, color, hjust element_text(size
= 12, face =
"bold")

legend.text Hej HIAE size, face, color, hjust element_text(size
= 10)

strip.text facet HIAE size, face, color, margin element_text(size
= 12, face =
"bold")

strip.text.x 7t2 facet IAE  size, face, color, margin element_text(size

321

= 12)



strip.text.y MZ facet IAE  size, face, color, margin, angle element_text(size

= 12, angle =
0)
2t HIAE AL clement_text() B4ES ABSI0] AEIUS WY 4 Qo0 OS2} 2 22

A
3| 2= (0-360)
* hjust: £ ¥H (0-1, 0=81%, 1=22%)
221 43 (0-1, 0=02}, 1=9)
« margin: {8 (margin() &< AtE)

# O|Al: EIAE H|OF X E5H7|
ggplot (mtcars, aes(x = wt, y = mpg)) +

geom_point () +

labs(
title = "Xt2F SA|t ¢H|2| ZHA|",
subtitle = "mtcars Cf|O|E{All",

caption = "H|O|E{ &X: R 7|2 O|O|E{Al",

x = "S7| (1000 1lbs)",
y = "¢H[ (mpg)"

)+

theme (

# M= 2
plot.title = element_text(
size = 16,
face = "bold",
"#004476",
0.5,

color

hjust
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margin = margin(b = 10)
),
plot.subtitle = element_text
size = 12,
color = "grayb0",
hjust = 0.5,
margin = margin(b = 20)
),
plot.caption = element_text(
size = 10,

color = "grayb0",

hjust = 1,

margin = margin(t = 10)
),
# = M=

axis.title = element_text(
size = 12,

face = "bold"

),
axis.title.y = element_text(
angle = 90,
margin = margin(r = 10)
),
# = HIAE

axis.text = element_text(

size = 10,
color = "black"
),
axis.text.x = element_text(
angle = 45,
hjust =1

(
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A FA L Ad| Q| LA

mtcars Cl|O| E{ Al

35-

[ J
[ ]

30- ee
) °
o 25- - —
é .. ® ..
T 20- e’ $ °
&l e o

15- ® o9 o o

[ ]
10- o o
9 % ™ %

SA (1000 Ibs)
Clo|Ef £X:R 7|2 ClO|E{ A

24.2 2= (plot) & FHAE{OIO| & (with Al)

= [=]
A E HE=2 00| ot 2FYON, 2F= S=ECh

—

J2H= HH 20l DYS HOFHs theme ) E4:0| AASS B 24.2 Hot 2Tt YoM P2l HASe}
.l

StItA| Fo|gh M2 plot.background 24 I HA|Q| Ui A (M A HHA)S 2Y o= 40|

panel.background 242 TPI T 0| HZHS ZHats 22915 0|20 ChalMS S0 ChAl

2E eI

H 24.2: 222 £722| QAF AH0|5t7| 2|t theme O B2 QZHE

24 My F2 44 OlIAl

plot.background J2{I XX HiA fill, colour, size, linetype element_rect(fill
= "white",
colour =

"black")

02!
i
>
o

margin(t = 10,
r = 10, b = 10,
1=10)

plot.margin T2 OfuH margin()

324



24 1oy 2224 oAl
plot.title 2z A= size, face, colour, hjust, element_text(size
margin = 16, face =
"bold" )

plot.subtitle

I 2=

size, face, colour, hjust,

element_text(size

margin = 14, colour =
"gray50")
plot.caption e HM size, face, colour, hjust element_text(size
= 10, hjust =
1)
plot.tag Jdef ef size, face, colour, hjust element_text(size
= 12, face =
"bold")
plot.tag.position Ef1 @|Z| “topleft”, “top”, “topright”, “left”, "topleft"

“right”, “bottomleft”, “bottom”,
“bottomright”

017|A element_rect() B4 2T A2 R0 HSS ZAUsHE O AIBEICL F8 4452

CtEt 2Lt

« element_rect() 40| &£M:

£il1l: BHZAH
- colour: E|52| AHAF
- size! H|F2| &/

- linetype: HIS2| M AEHY (“solid”, “dashed”, “dotted” &)
« margin() S ESES 20T

THHQI AIZ L O REES HDFICH

— o

# OAl: 2= =& H|of HE5H7]
ggplot(mtcars, aes(x = wt, y = mpg)) +
geom_point() +
labs (

title = "X}2F 2|2} oddH|o| ZtA|",
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subtitle = "mtcars O|O|E{All",
caption = "H|O|E{ &X{: R 7|& CO[E{ A",
tag = "1 1"
) +
theme (
# ez Hi A
plot.background = element_rect(
fill = "white",
colour = "black",
linewidth = 1
),
# 2XE dY
panel.background = element_rect(
fill = "white",
colour = "black",
linewidth =1
),
# 12 OftH

plot.margin = margin(

t =20, # =
r =20, # LEZXE
b = 20, # Ol2fZ
=20 # 2%
),
# M=

plot.title = element_text(

size = 16,

face = "bold",

hjust = 0.5,

margin = margin(b = 10)
),
# BEX=

plot.subtitle = element_text(
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size = 12,

colour = "gray50",

hjust = 0.5,

margin = margin(b = 20)
),
# 244

plot.caption = element_text(
size = 10,

colour = "grayb0",

hjust = 1,
margin = margin(t = 10)
),
# Ef
plot.tag = element_text(
size = 12,
face = "bold",
colour = "#004476"
),

plot.tag.position = "topleft"
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A FA <t A2l LA

mtcars S| O|E{ Al

35 ® |
)
304 ©@ I
°

o 251 i I

o [ ] )

E 20' ° d :. ¢ ‘ .. I
154 ° oy . b ° I
10- 1] 1] 1] 1] . . I

2 3 4 5
wt

ClO|Ef &X:R 7| & HIO|EM

24.3 YME C}E7|(with Al)

#Hei (legend)E AH|0{5H= theme () 40| QIAIS2 H 24 3 H} ZC}.

H 24 3: H|E H|0{5t7| 28t theme O B2| QIS
24 My F2 44 OlIAl
legend.position He| (X “none”, “left’, “right”, “bottom”,  "bottom" HE=
‘top”, = 2HEZY c(0.95, 0.95)
legend. justificatigei A& 7|&H “left”, “right”, “center”, “top”, c("right",
“bottom” = ZEZL "top")
legend.direction ‘Hej &= HX| “horizontal”, “vertical’ "horizontal"
i
legend.box 02 Haile| BiA| “horizontal’, “vertical’ "horizontal"
legend.box.just Of2f Haie| A& “left”, “right”, “center”, “top”, "left"
“‘bottom”
legend.box.margin Of2{ 2| ALO| margin() &4 AR margin(6, 6, 6,
Of et 6)
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2a s 2254 ofA|

legend.box.backgrd¥my 22i| b{Z element_rect() T AME element_rect(fill
= "white")

legend.margin Hay| ofue margin() &4 AR margin(6, 6, 6,
6)

legend.background 'Hej| B A element_rect() St AL element_rect(fill
= "white")

legend.key ey 7| B4 element_rect() S AL element_rect(fill
= "yhite")

legend.key.size e 7| 37| unit () S AR unit (1.5,
"lines")

legend.key.height &2l 7| £0| unit () &4 ALE unit (1.5,
"lines")

legend.key.width Ha| 7| HH| unit () &4 ALE unit (1.5,
"lines")

legend.text e BIAE element_text() St ALE element text(size
= 10)

legend.title Ha A= element_text() S AME element text(face
= "bold")

legend.title.aligndd] A= dH 0-1 AtO| 2k 0.5

legend.text.align Bi2f HIAE HH 0-1 AtOf gf 0

legend.spacing He of= 72t4 unit () & AR unit (0.5,
"lines")

legend.spacing.x He &2 It=2 unit () S AL unit (0.5,

A "lines")
legend.spacing.y Hel &= M=2 unit () S A unit (0.5,
HA "lines")
TH| Al AFZ ]2 of2f 2EF &strt,

# Of|Al: He| Blot HE3517]
ggplot(mtcars, aes(x = wt, y = mpg, color = factor(cyl), shape = factor(vs))) +

geom_point() +
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labs(

title = "X}I2F AL} oH|o| ZA",
color = "AlZIH £,
shape = "Xl SHE{"

)+

theme (

# Hal 2AX|
legend.position = "bottom",

legend.direction = "horizontal",

# 2y i
legend.background = element_rect(

fill = "white",

colour = "black",
linewidth = 0.5
),
# Hel 7|

legend.key = element_rect(
fill = "white",
colour = "black",
linewidth = 0.5

),

legend.key.size = unit(1.5, "lines"),

# Hel| HIAE

legend.text = element_text(
size = 10,
colour = "black"

),

# Hell M=

legend.title = element_text(

330



size = 12,

face = "bold",

colour = "#004476"
),

# Hel| o=y

legend.margin = margin(

t = 10,
r = 10,
b = 10,

= 10

# By =2 71

legend.spacing = unit(0.5, "lines")

)
g FA L AH| 2 2HA
35- -
A
30- 4%
A
[}
25-
o A Iy
E A o Aq A
20~ ° ’ °
¢ [ ]
15- ® o9 o
[ J
10- 1 1 1
2 3 4
wt
AT HEN | o [0] o |2 || MEID %

331



24.4 =(axis) C}&E 7| (with Al)

2 (axis)= M|0{5t= theme ) §H40| QIZIS2 H 24 .4 HO} ZC}

H 24.4: 22 |0{5}7| 9|5 theme () 40| QIR}S

nl

Of| Al

24 29 F2 &4
axis.line =M colour, size, linetype
axis.line.x xZ M colour, size, linetype
axis.line.y y= M colour, size, linetype
axis.text Z HAE size, face, colour, angle,
hjust, vjust
axis.text.x X= HAE size, face, colour, angle,
hjust, vjust
axis.text.y yE HIAE size, face, colour, angle,
hjust, vjust
axis.title Z A= size, face, colour, angle,
hjust, vjust
axis.title.x X= A= size, face, colour, angle,
hjust, vjust
axis.title.y V= HE size, face, colour, angle,

hjust, vjust

332

element_line(colour

"black", size

element_line(colour

"black", size

1)

element _line(colour

"black", size

= 1)
element_text(size
= 10, colour =
"black")
element_text (angle
= 45, hjust =

1

element_text (hjust
= 1)
element_text(size
= 12, face =
"bold")
element_text(size
= 12, hjust =

0.5)
element_text(size
= 12, angle =

90)



24 =b: 72 44 ilA|
axis.ticks £ Eo colour, size, linetype element_line(colour
= "black", size
= 0.5)
axis.ticks.x XE o colour, size, linetype element_line(colour
= "black", size
= 0.5)
axis.ticks.y yE 52 colour, size, linetype element_line(colour
= "black", size
= 0.5)
axis.ticks.length & &2 Z0| unit () S AL unit(0.25,
"cm")
axis.ticks.lengthx& == Z0| unit () &4 AE unit(0.25,
"Cm“
axis.ticks.lengthy= == 20| unit () S AL unit (0.25,
Ilcmll
AOM DHSIA| EUH element_line ) e = 9| ZYS 2Y5Sh= O AFBEL}. FR £952

+ element_line() &40| &£/4:

- colour: A1 AHAL
- size: M 5

- linetype: 4 AEFY (“solid”, “dashed”, “dotted” &)

THHQ ALSYS of2f AEE A DICY,

= o

# OAl: = HIOF X E35}7|
ggplot(mtcars, aes(x = wt, y = mpg)) +

geom_point () +

labs(
title = "Rk T2} ¢dH|o| =AM,
x = "EA (1000 1bs)",
y = "SH| (mpg)"
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)+
theme (
ES
axis.line = element_line(
colour = "black",
size =1
),

# & HAE

axis.text = element_ text(

size = 10,
colour = "black"
),
axis.text.x = element_text(
angle = 45,
hjust = 1,
margin = margin(t = 5)
),
axis.text.y = element_text(
hjust = 1,
margin = margin(r = 5)
),
# = M=

axis.title = element_text(
size = 12,
face = "bold"

),

axis.title.x = element_text(

margin = margin(t = 10)
),
axis.title.y = element_text(

angle = 90,

334



margin = margin(r = 10)

),

== LT
= oa

axis.ticks = element line(
colour = "black",
size = 0.5

),

= | -
# 5 =3 4O

axis.ticks.length = unit(0.25, "cm")

Warning: The “size” argument of “element_line()~ is deprecated as of ggplot2 3.4.0.

i Please use the “linewidth”™ argument instead.

A FA L AH| 9 2

35
[
[ ]
30 - °°
- [ ]
80 25 * .
S . o
— 0,0, o
%':J 20 ° , °
° [ ]
15 - ® e% o .
[ ]
10 o0
T T T
% ™ ()

|
>
A (1000 Ibs)
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24.5 1< (panel): EX2E A

o Ho

Ct.

I (panel)E A|0{5t=

O M & YA T 0|2t DT BRY F

o1 H|0{(with Al)

of
=2

o
ro

o

theme ) 80| QRS2 H 24.5 Bt LT}

B 24.5: 2 AH|0{5}7] 2Iet theme O B4=2| Q1A=

C. 2AOM = plott slZ2|Z] 20O}

0]
>

z
ol

o &M

o

AN
%

OilAl

panel.background Ii'd H{Z

panel.border ohd e &2

panel.grid oy ARp

panel.grid.major FL AHAf

panel.grid.minor E=X AZ}

Hy
AN
ko
I
>

panel.grid.major.x

=

Hp
AN
to
Y
Rl

panel.grid.major.

%

Hp
HT
N
Y
2

panel.grid.minor.

panel.grid.minor.y& ER AZ}

panel.spacing

£ill, colour, size, linetype

fill, colour, size, linetype

colour, size, linetype

colour, size, linetype

colour, size, linetype

colour, size, linetype

colour, size, linetype

colour, size, linetype

colour, size, linetype

unit () 4 AL
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element_rect(fill

= "white",

colour =

"black")
element_rect(fill

= NA, colour =
"black")
element_line(colour
= "gray90")

element _line(colour
= "gray90",

size = 0.5)
element_line(colour
= "gray95",

size = 0.25)
element_line(colour
= "gray90")
element_line(colour
= "gray90")

element line(colour
= "gray95")
element_line(colour
= "gray95")

unit (1,

"lines")



24 =L 72 44 oA
panel.spacing.x /= Ifg 7+4 unit() &4 AR unit (1,
"lines")
panel.spacing.y AMZ Ifg 7+H4 unit () g AL unit (1,
"lines")
panel.ontop HZIE G|0|E| 2|0 TRUE/FALSE TRUE
HA|
TH A2 ALE /2 Ot 2EF 2FstC}
# O|Al: mid HOof HE35}7|
ggplot(mtcars, aes(x = wt, y = mpg)) +
geom_point() +
labs(
title = "Xtk FH|L} AH[2] 2tA|",

x = "B7{ (1000 1bs)",
y — "o._:“:” (mpg)n

theme (

# O HH
panel.background = element_rect(
fill = "white",
colour = "black",
size = 1

),

# g HF2

panel.border = element_rect(

fill = NA,
colour = "black",
size = 1

),
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# =2 ZAX

panel.grid.major = element_line(
colour = "gray90",
size = 0.5

),

# ExX AX}

panel.grid.minor = element_line(
colour = "gray95",
size = 0.25

),

#xF F2 A%
panel.grid.major.x = element_line(
colour = "gray90",
size = 0.5

),

#yS F2 AKX
panel.grid.major.y = element_line(
colour = "gray90",
size = 0.5

),

# AXLE HIO[E 2o FEA|
panel.ontop = FALSE

Warning: The “size” argument of “element_rect()” is deprecated as of ggplot2 3.4.0.

i Please use the “linewidth”™ argument instead.
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X FAH eF HH| o 2HA|
35
.
°
304 *°
°
—_ .
o0 25 1 R
£ ° °
— ° 4 0, °
ha i
B.J20 P s o
° °
15 - hd .‘2 ° -
°
10_ . .
2 3 4 5

A (1000 Ibs)

24.6 THA|El(facet) A|O0{(with Al)

IHA|E (facet) S A|0I5H= theme ) B4-2f QIXIS2 B 24.6 2 ZCt

B 24.6: IAIRS H|O{5}7] 2/6t theme O Bf4-2f QIA}=

24

A
=9

=20 A
F2 454

Of| Al

strip.background IHA|E B{ZE

strip.background.¥}Z IA|E B{ZA

strip.background.yM|Z IA|E B A

strip.text

strip.text.x

IjA|E HIAE

Jt2 HA|E ©HIAE

£ill, colour, size, linetype

fill, colour, size, linetype

fill, colour, size, linetype

size, face, colour, angle,

hjust, vjust

size, face, colour, angle,

hjust, vjust
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element_rect(fill
= "gray90",
colour =

"black")
element_rect(fill
= "gray90")
element rect(fill
= "gray90")
element_text(size
= 12, face =
"bold")
element_text(size

= 12)



A

ek 2 24

o

%

=
T

OilAl

strip.text.y

strip.placement

MZ A E HIAE  size, face, colour, angle,
hjust, vjust

» o«

A E 2% “inside”, “outside”

strip.switch.pad.gdf®{= IHA|E ZtA  unit () S AR

strip.switch.pad. g IHA|E ZtA

unit () S AR

element_text(size
= 12, angle =

0)

"outside"

unit (0.5,
"lines")

unit (0.5,

"lines")

T4

ARl A2 o2l 2=

Fn

Ul
o

Ct.

9

# OAl: THA|E HOF HESH|

ggplot(mtcars, aes(x =

wt, y = mpg)) +
geom_point() +

facet_wrap(~cyl) +

labs(
title = "X} 2H|Q} oH|o| A",
x = "2 (1000 1bs)",
y = "¢H| (mpg)"

)+

theme (

# IfA|E dHiZ

strip.background = element_rect(
fill = "gray90",
colour = "black",
size =1

)

# IHA|E EIAE

strip.text = element_text(
12,

"bOld",

size

face
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colour = "black"

)

# THA|E 2|X|

strip.placement = "outside",

# DIAIE Z2+A

strip.switch.pad.wrap = unit(0.5, "lines")

)
gk BA L Ao 2HA|
4 6
35
[ ]
[ ]
30-%
[ J
[}
25- —
[ ] [}
(X} oo ®
20- ° o
(]
15-
10- . . . . . . .
2 3 4 5 2 3 4 5

A (1000 Ibs)
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25.1 23 (distirbution)2 H&= 2=

07| Mofl= o (A
e molls Chsat

Ci2 4o 2EE

£3) H9| —-—E(dlstl’lbutlon) He N nES Must AL SICH EXE B
AE0| ALt O|F2 stLtel M7t o™ 7
| 2 St7| 2{3HA oMOI Jef{Z Qo o BZE A|2Stst7| = Strt,

o
[

2t
=]
H

- S|AET12H (histogram)

- U EZ (density plot): HYE 2= 24 (kernel density estimation)

- BtA 22 (box plot)

- Hio|Z2l &= (violin plot)

- 2A ZX(ridge plot)

library(ggplot2)

library(dplyr)

df <- readRDS("data/stroke_df.rds")

glimpse(df)
Rows: 5,110
Columns: 12
$ id <chr> "9046", "b51676", "31112", "60182", "1665", "b56669", ~
$ gender <fct> Male, Female, Male, Female, Female, Male, Male, Fema~
$ age <dbl> 67, 61, 80, 49, 79, 81, 74, 69, 59, 78, 81, 61, 54, ~
$ hypertension <fct> No, No, No, No, Yes, No, Yes, No, No, No, Yes, No, N~
$ heart_disease <fct> Yes, No, Yes, No, No, No, Yes, No, No, No, No, Yes, ~
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$ ever_married

$ work_type

$ residence_type

$ avg_glucose_level
$ bmi

$ smoking_status

$ stroke

ggplot (df, aes(x

<fct>
<fct>
<fct>
<dbl>
<dbl>
<fct>

<fct>

Yes, Yes, Yes, Yes, Yes, Yes, Yes, No, Yes, Yes, Yes~
Private, Self-employed, Private, Private, Self-emplo~
Urban, Rural, Rural, Urban, Rural, Urban, Rural, Urb~
228.69, 202.21, 105.92, 171.23, 174.12, 186.21, 70.0~
36.6, NA, 32.5, 34.4, 24.0, 29.0, 27.4, 22.8, NA, 24~
formerly smoked, never smoked, never smoked, smokes,~

Yes, Yes, Yes, Yes, Yes, Yes, Yes, Yes, Yes, Yes, Ye~

age)) +

geom_histogram(binwidth = 5, fill = "steelblue", color = "white") +

labs(title = "Histogram of Age", x = "Age", y = "Count") +

theme_minimal ()

Histogram of Age

400

30

o

Count
N
o
o

10

o

o

ggplot (df, aes(x

0 20 40 60 80

Age

O 25.1: s|AEDH

age)) +

geom_histogram(aes(y = after_stat(density)), binwidth=5) +

labs(title = "Histogram of Age", x = "Age", y = "Count") +

theme minimal()
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0.015

0.010

Count

0.005

0.000

Histogram of Age

ggplot(df, aes(x = age)) +

Age

geom_density(fill="#69b3a2", color="#e9ecef", alpha=0.8) +

labs(title = "Histogram and Density Plot of Age", x = "Age"

theme minimal ()

0.015

0.010

Density

0.005

0.000

Histogram and Density Plot of Age

40
Age
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, v = "Density") +



ggplot(diamonds, aes(price)) +

geom_histogram(aes(y = after_stat(density)), binwidth = 500)

3e-04-
2 2e-04-
[2)
c
(]
©
le-04 -
0e+00 -
1 1 1 1 1
0 5000 10000 15000 2000!
price
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Part IV

IV. R &4 &4
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26 RE SH & 5l2{™ & LOlof 5= R Z=2]
(Formula)
R o

24

— 0O

oo M= EAH 2% (statistical model) & E35i5t7| 2
Ol M= O| A HA| HIE|L; HIO|E{ &2, 2| AERL 2 ZHA|Q| o SFO|C,

24
Ol2til ot= A2 289 4 H0| OfLet= SKO|Ct R A0{0|M EZ0 &S

uzo|ct,

ROIA %2 S 24 e+t J2i et4+-50| O] 2= E AtEsH/| 20 & olsie 227t 1,
o A+

YR Y

26.1 R ZTEZ{Z 2g Xo|5}7|

f<-y~x+bD
class(f)

[1] "formula"

~ 7|98 FAo=Z AEE2 =24 B (dependent variable), LEZ2 =2 B4 (independent vari-

Ch 2 0|2 H4S2 ClO[E{Z2 0| B 0|2 S AFGBICH O] £2Hs A= formula

L2218 og tl= & 26.10| U= 7|25 ALESIT)
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H26.1:REE2] 7|& H9

7|
2 9¢ Ol Al SAA2l0|
~  EF29| RtHt y ~ X regressy on x
SHS FE
+ EFH0 He I y~x+z regressy on x and z
2EHSEAE y~. regress y on all other variables in a data frame
- EEHOAM HLE W vy~ -X regress y on all other variables except x
1 Y 2™ 25 y~x-1 regress y on x without an intercept
AS 2 y~x+z+ regressyonx, z and the product x times z
X:Z
* factor crossing y~X*Z regress y on x, z, and the product x times z
N DAY HEAE y~(x+z+ regressyonx,z w,all two-way interactions, and
w)A3 the three-way interactions
1) 2ol =AS 2Rt y~x+ regress y on x and x squared
SAOZ AL [(xA2)

« * 7|S &= factor crossings 2|0|8tCt. axb=a + b + a:b2} ZC},
« "~ 7|5 A ASAEE O|0|SHC} (atbtc) 2= a + b + ¢ + atb + a:c + b:cl} ZLC}

« 10 7|=E of A= AO| AR SA 22 AR ECHE AS 20§,

26.2 O 2 &m 27|

C}S At=2& Tidymodeling with R 240j| A 1252 Ct

¥ 2t0] (crickets) CIO|E= 222t #|F[2t0[2] 2 42| 34 2to| A S LEtH= H[O[E{0] 12, 2
7H2| OFZZ0]| Chioh =AFRIC

library(tidyverse)

data(crickets, package = "modeldata")

names (crickets)
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https://www.tmwr.org/base-r

[1] "species" "temp" "rate"

# Plot the temperature on the x—axis, the chirp rate on the y-axis. The plot
# elements will be colored differently for each species:

ggplot(

crickets,

aes(x = temp, y = rate, color = species, pch = species, lty = species)

) o+
# Plot points for each data point and color by species
geom_point(size = 2) +
# Show a simple linear model fit created separately for each species:
geom_smooth(method = 1lm, se = FALSE, alpha = 0.5) +
scale_color_brewer(palette = "Paired") +
labs(x = "Temperature (C)", y = "Chirp Rate (per minute)")
100 -
B)
= A
€ go- .’ ,
= 80 . species
5 v
o I
= R O. exclamationis
2 AN
© = =A= O. niveus
nd .
= I
= 60- A, A
O A
L4
'l
e
L g
£
iO é4 58
Temperature (C)
¢ S B 220 7019 2T 22| Sl 210 MY 2AIVE U, 2t OFF0] M2 B2C=
%8 B4 Uk
A 1In() S AFESHEL, O] &= R Z22{2t HO[H 12| Y S A2 B=Ct HA 2] 42t

ro r

of 2AE R 2222 L3 20| B 4 ULt
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rate ~ temp

O] 2% species= HFTY HLO0|C} O] ZE2{= 2522 OFZ0] titt J&+2 A0 eett= AS
O|0|EtC}. O|H H+d s 2™

n
—+
=
=
(@]
i)
oX
=2
o
>
Rl
ogk
|0
HU
rE
fob
[l
M
0jo
X
rx
[l
a

temp®} speciesO| HZ2fE (interaction)S ot= ER LISt 22 ZEHE ALY 4+ ULt HES
2to| 45222 Z2(:) 22 HGICY

rate ~ temp + species + temp:species

QEIEBH=CI2 L2 Ci2go2e §

ogk
rel
o
1>
s

rr
in}
o
4n
my!
rlo
1o
=]
o
o

rate ~ temp * species

rate ~ (temp + species)”2
O|A| 2% fitting= s{EA}.

interaction_fit <- lm(rate ~ (temp + species)”2, data = crickets)
O|Z A siM 2FZ0{Rl interaction_fit = O8] EE S ULt

interaction_fit

Call:

Im(formula = rate ~ (temp + species)”2, data = crickets)

Coefficients:
(Intercept) temp speciesO. niveus
-11.041 3.751 -4.348
temp:species0. niveus

-0.234
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summary (interaction_fit)

Call:

Im(formula = rate ~ (temp + species)”2, data = crickets)

Residuals:
Min 1Q Median 3Q Max
-3.7031 -1.3417 -0.1235 0.8100 3.6330

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) -11.0408 4.1515 -2.659 0.013 =*
temp 3.7514 0.1601 23.429 <2e-16 ***
speciesO. niveus -4.3484 4.9617 -0.876 0.389
temp:speciesO. niveus -0.2340 0.2009 -1.165 0.254
Signif. codes: O 'x*xx' 0.001 'x' 0.01 'x' 0.05 '.' 0.1 ' ' 1

Residual standard error: 1.775 on 27 degrees of freedom
Multiple R-squared: 0.9901, Adjusted R-squared: 0.989
F-statistic: 898.9 on 3 and 27 DF, p-value: < 2.2e-16

O[A| 2ES AlZfelsh 2 A},

# Place two plots next to one another:

par (mfrow = c(1, 2))

# Show residuals versus predicted values:

plot(interaction_fit, which = 1)

# A normal quantile plot on the residuals:

plot(interaction_fit, which = 2)
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Residuals vs Fitted

[%2]
q. — —
21 ©
© 11 = N
e} o
o N7 o © o
< ® 5 P -
0¢) go]
o o — ~o ) o
3 o 9% o =m
¥ o |8 o5 ©°© =
| S
N
T 4 130 g |
[ [ 1 [ 1 [
50 70 90
Fitted values
QIE{2iMH term O] LRSHR|E &Qlst7| sl QIE{2H M

main_effects_fit <- lm(rate ~ temp + species, data

AHHO0| U= 2 = 22| 20| anova()

anova(main_effects_fit, interaction_fit)

Analysis of Variance Table
Model 1:
Model 2:

Res.Df
1 28
2 27

rate ~ temp + species
rate ~ (temp + species)™2

RSS Df Sum of Sq F Pr(>F)
89.350

85.074 1 4.2758 1.357 0.25642

2HAq

P-2t0] 0.252 Q&2 termO| B R5}A| YLt=

summary (main_effects_fit)

Call:

Im(formula = rate ~ temp + species, data
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termO| §l= RE S BA},
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Residuals:
Min 1Q Median 3Q Max
-3.0128 -1.1296 -0.3912 0.9650 3.7800

Coefficients:

Estimate Std. Error t value Pr(>|tl|)
(Intercept) -7.21091 2.55094 -2.827 0.00858 **
temp 3.60275 0.09729 37.032 < 2e-16 **x

species0. niveus -10.06529 0.73526 -13.689 6.27e-14 *x*xx

Signif. codes: O 'xxx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1

Residual standard error: 1.786 on 28 degrees of freedom
Multiple R-squared: 0.9896, Adjusted R-squared: 0.9888
F-statistic: 1331 on 2 and 28 DF, p-value: < 2.2e-16

Ol 25012 2E S AHESHY] Ofl 5 (prediction) S & 4= ALY,

new_values <- data.frame(species = "0. exclamationis", temp = 15:20)

predict(main_effects_fit, new_values)

1 2 3 4 5 6
46.83039 50.43314 54.03589 57.63865 61.24140 64.84415

- aov()2} anova() 42| 2}0|

26.3 R ZTE2{7} 5l= &
. DU AR S 4 (D) Ao

- THE] & B4 H 3 fitting & 2
- B (E)ol AT Yo BL Hp vs S HE
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https://www.geeksforgeeks.org/when-to-use-aov-vs-anova-in-r/

26.4 &1 XI=

R Formula Tutorial

354


https://www.datacamp.com/tutorial/r-formula-tutorial

HE22 base R01|H 4 24 22H(EAH 22)E 285l Y2 summary ) 4+E ALESI=
Z0[Ct, StA|2F O] FH2 Z1HS HO|E 2 Yoz Hetst 4~ gl ANE Y257 = 0FLt. tha
oS 24}

27.1 ME3H SH =Mt

(ltol

[X=4-
(=]

26 ZOjA EATE #5240 (crickets) HIO|EAIE A SHO] 520 2E A2| Sl4(rate) 2t 25
(temp), O} (species) 7+2| A E ZAI5t Of|O|C},

library(tidyverse)
data(crickets, package = "modeldata")

interaction_fit <- Ilm(rate ~ temp * species, data = crickets)

QIS 0 LS 29} 010 2 42| H40f
=2
=

Ol
interaction_fit B140f 2 A3UCE EHE O 24

attributes(interaction fit)

$names
[1] "coefficients" '"residuals" "effects" "rank"
[6] "fitted.values" "assign" "qr" "df .residual"
[9] "contrasts" "xlevels" "call" "terms"

[13] "model"
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$class

[1] "1m"

O] 7124 2tat(residuals) 2t 3|7 A4 (coefficients) & &HQIsH EAt

interaction_fit$residuals

1 2 3 4 5 6
0.91074559 -1.88925441 -1.69388557 -0.29388557 0.40611443 1.40611443
7 8 9 10 11 12
-1.44706949 -0.64706949 0.25293051 1.85293051 3.09974659 3.04887825
13 14 15 16 17 18
-3.70314789 -1.30314789 -0.81108570 -1.78029355 -1.38029355 0.61970645
19 20 21 22 23 24
-0.79077057 0.70922943 3.63303691 0.02255989 0.42255989 -1.64664796
25 26 27 28 29 30
2.52890568 1.16668250 0.48699763 -1.72347938 -0.82347938 -0.12347938
31
-0.51014892

interaction_fit$coefficients

(Intercept) temp speciesO. niveus
-11.0408481 3.7514472 -4.3484072
temp:species0. niveus
-0.2339856
L= O] HA|E summary O &S AFESHY 29fe 4 QUL

result_summary <- summary(interaction_fit)

result_summary

Call:
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lm(formula = rate ~ temp * species, data = crickets)

Residuals:
Min 1Q Median 3Q Max
-3.7031 -1.3417 -0.1235 0.8100 3.6330

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) -11.0408 4.1515 -2.659 0.013 =*
temp 3.7514 0.1601 23.429 <2e-16 ***
speciesO. niveus -4.3484 4.9617 -0.876 0.389
temp:species0. niveus -0.2340 0.2009 -1.165 0.254
Signif. codes: 0O 'sxx' 0.001 '%x' 0.01 'x' 0.05 '.' 0.1 ' ' 1

Residual standard error: 1.775 on 27 degrees of freedom
Multiple R-squared: 0.9901, Adjusted R-squared: 0.989
F-statistic: 898.9 on 3 and 27 DF, p-value: < 2.2e-16

O 2071 ZA||of| T3l 02 £ (attributes) S &QIE 4~ QUL OIS S0 2|7 A4, 28 A,
24 BY A, F-EAE s =UY &+ UG
result_summary$coefficients
Estimate Std. Error t value Pr(>ltl)
(Intercept) -11.0408481 4.1514800 -2.6594969 1.300079e-02
temp 3.7514472 0.1601220 23.4286850 1.780831e-19
species0. niveus -4.3484072 4.9616805 -0.8763981 3.885447e-01

temp:species0. niveus -0.2339856 0.2008622 -1.1649059 2.542464e-01

result_summary$r.squared

[1] 0.9900871
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result_summary$adj.r.squared

[1] 0.9889857

result_summary$fstatistic

value numdf dendf

898.9095 3.0000 27.0000

H|O|A ROJME t.test(), aov(), Im() S EH EAM 48 AIRSHY
summary () &+E AHESI0] 29%6t= 20| Y e

Lt A2tet S 54 24l B17|0f BTBICE 0|2 BHE 545t

27.2 broom I{F|X| 27H
broom I 7| 2| = A 24 212 ZAE5HA 42[5H0] H|0|H 2y AEf = eS| == Tj7|2|0|C}, O
7| 2| Q| = &4 CHS 37| 0|},

IE Hoje|ma)Q HEfR HEk
%@EEHMH 2
ENENEESET

StCt.
{0l SEfR HBHEC}

—

O GlO|E| Zai|Q HEHR HBFICY

1. broom: :tidy(): E4 &4

S|
2. broom::glance(): 4 &

1z Y
!
i)
1°
I:O

iz
ny
it}
ru|m

3. broom: :augment (): E4 &
library (broom)

broomO| A|¥st= EA4 22 1m(), glm(), nls), lmer (), glmer (), gam() & Cf 2
StCt. IHZ|Z| H|L|O| £ “Available methods”E 2t115tH O 2HIO0| 2| JE[=2| &eleh 4~ QICt

broom If7|X| & AIR5I0] E4 BAM ZNIE He|a B2} HA tidy() S4E AR50 57 Al49t
22HE O[22 Y YEf=
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https://broom.tidyverse.org/

tidy_result <- tidy(interaction_fit)
tidy_result

# A tibble: 4 x 5

term estimate std.error statistic p.value
<chr> <dbl> <dbl> <dbl> <dbl>
1 (Intercept) -11.0 4.15 -2.66 1.30e- 2
2 temp 3.75 0.160 23.4 1.78e-19
3 speciesO. niveus -4.35 4.96 -0.876 3.89%e- 1
4 temp:speciesO. niveus -0.234 0.201 -1.16 2.54e- 1

tidy O &4 SA4 24 Z22S HO[B 22| HEH=Z HEtsto], 2 2|7 Al-2f 0] Chet SAA 33

0O o
CIO|E{ 22| QS term, estimate, std.error, statistic, p.value S2| €=

n

O[A| glance O &S AHESIY 2RO 20F YE S HO|H LY HEZ H

ot

SHAL.

glance_result <- glance(interaction_fit)

glance_result

# A tibble: 1 x 12
r.squared adj.r.squared sigma statistic p.value df logLik AIC BIC
<dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 0.990 0.989 1.78 899. 3.77e-27 3 -59.6 129. 136.

# i 3 more variables: deviance <dbl>, df.residual <int>, nobs <int>

glance() = ZHO| 29F Y S HO[H I Y HE{=Z BESI0], 2Y A4, =¥ 28 A+,
F-SAE, p-value 52| YEE ZLalsttt O] HIO|E{ a2 RO A0l d5= E7Iste

S83ICH,

O[A| augment () &S AMESIO @2 HIOIE{ 0| SH &4 Z2aE F7t6tHt.

augment_result <- augment(interaction_fit)

augment_result
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# A tibble: 31 x 9

rate temp species .fitted .resid .hat .sigma .cooksd .std.resid

<dbl> <dbl> <fct> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 67.9 20.8 0. exclamationis 67.0 0.911 0.271 1.80 0.0336 0.601
2 65.1 20.8 0. exclamationis 67.0 -1.89 0.271 1.76 0.145 -1.25
3 77.3 24 0. exclamationis 79.0 -1.69 0.0966 1.77 0.0269 -1.00
4 78.7 24 0. exclamationis 79.0 -0.294 0.0966 1.81 0.000811 -0.174
5 79.4 24 0. exclamationis 79.0 0.406 0.0966 1.81 0.00155 0.241
6 80.4 24 0. exclamationis 79.0 1.41 0.0966 1.79 0.0186 0.833
7 85.8 26.2 0. exclamationis 87.2 -1.45 0.0730 1.78 0.0141 -0.847
8 86.6 26.2 0. exclamationis 87.2 -0.647 0.0730 1.80 0.00282 -0.379
9 87.5 26.2 0. exclamationis 87.2 0.253 0.0730 1.81 0.000431 0.148
10 89.1 26.2 0. exclamationis 87.2 1.85 0.0730 1.77 0.0232 1.08

# i 21 more rows

augment () gH= W= HIOE0| SH 24 222 F7I510], 2 Z=2[0f Bist ol =g, 2zt BEste
. St H2E

U2t 52 Eots HOIH Y S A4Sttt O] BB 22 22| A§=S FIt
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28 P-valuef| 2|0O]| (with infer package)

7+d A (hypothesis testing) &£+ Null Hypotheisis Significance Testoﬂkl p-Zf2 21 o™

=2 OO
23S WL 0] ZolM= p-2r2l 2|0|2t s A{0f Cis 2Ot ed 1 stet, 0|3 p-gf2 SIS0l A Of2
S8 AU, gS 22Usk7| H7|=2= AFO[ =Lt ofE 20| Li2 F=2E #HHst N0|Ch(Lazic
2016). O|= Z0| YL L7?

0[ 95% (M =2/t HAY 250| =Lt

SIS AlAL
WECHEAL E= E SEHH 20E

L =

-
40
J
nx
o
oy
k=]
o
k-l
N
ox
el
njo
o
ne |'|0
< FlJJ
Rl
r|r
Yy N

o YT =g (O LiEAR| FAISHM|R).

o

YOI infer TH7|2IS ALBSHO] p-32 AAISHE WS 2ot=im, p-2ko| ©||9f 3 A0) cha
Ct. infor I|7| 21 ROIM S22 744 22 £%5t O K88 =72 HBaICt 0| 7|2
O p-2hS HA AMBED, 0|2 S5 ARG AT 4 QUCH 0] THEQ| FUrROA Tt

[ ] T
20| 8lu Lkl 22[of MECH= XS O35k

nx

ol |-o||

>
no oX ofp o

_

M =
= |0 infer 7| 2|2 Of 2 AFRSH &

0 oY
oz
[IE

X
°
o

o
£l
k)
N
>
rr

-242] o|0|et s Mo SHS T YT
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28.1 t-4dH

28.1.1 MEHQI YH: Ox| ool wi2tM St 2 EH

29 YO|lM - (t-test)off CHoli EHJMUC}. t-HE2 + ZHe B=S Hlust= SHA YOI
ol p-gf2 + AT Yo 2407t 20| ofst AQIA|, OtLIH HAZ 20|17} A=A|E TSt T
AMEECt.
29 HOlM K3t Blet 20| 4Ol LIS EH8 roomwidth HlOJEIAE AIG BT
library (HSAUR2)
library(tidyverse)
data("roomwidth", package = "HSAUR2")
glimpse (roomwidth)
Rows: 113

Columns: 2

$ unit <fct> metres, metres, metres, metres, metres, metres, metres, metres,

$ width <dbl> 8, 9, 10, 10, 10, 10, 10, 10, 11, 11, 11, 11, 12,

12, 13, 13, 13~

O| C|O|E{All2 Eto| L{H|2 I|E (feet) 2t O|E{ (meters) TH 2
ZCHIT|EQL O|H) Q| W 20| 2 AHA5t2{ 1 sh=|, HA

= Oo°

4t Z0[C}. O] C|O|E{E ArESHO
= & Ao = Blulsty| f/ah CIO[EE
HESFSICE 10|8= 3.280|EO0|22, Yo| LH|S SILIC| T2 &

2F=0{ convertedf= MZ 2 HLE
Or=CY

df <- roomwidth |[>
mutate(

converted = ifelse(

unit == "feet", 1 * width, 3.28 * width
)
)
HASH YHo = +-HY S +Eot2H t.test O T4E AFESI p-2f2 EQISICE Ol #RIHE2
& AT WH0| SYotCH= Z0[Ct =, p-240| 0.05ECH 2™ Y2IHd g 7(Zst, & AT
WR0| 4O 2 S0|0/51| CtRCHD WL
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t_test_result <- t.test(
converted ~ unit,
data = df,
var.equal = TRUE

)

t_test_result

Two Sample t-test

data: converted by unit
t = -2.6147, df = 111, p-value = 0.01017
alternative hypothesis: true difference in means between group feet and group metres is not equal
95 percent confidence interval:
-15.572734 -2.145052
sample estimates:
mean in group feet mean in group metres

43.69565 52.55455

A/4HEl p-2£0] 0.0102022, 0,05} 2T, M2ty ASIHEE 7|25t & Ao BRo| S
o= R0|0j3p Ci2Ctn 22 Rick

>

28.1.2 infer {7 |X|: 7}M ZHA YWHE20 LI2tM

infer I{7| | & AI25t0] p-2tS AAtSH

rir
ok
I
jo

EA},

A 2= 2|7t 2T HOIE0M SAYS AlLHEHTE

= —

library(infer)
observed_stat <- df |[>
specify(converted ~ unit) |[>
calculate(stat = "t", order = c("feet", "metres"))

observed_stat
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Response: converted (numeric)
Explanatory: unit (factor)
# A tibble: 1 x 1

stat

o
_o'h
X
-
40
d
s
njo
nx
b

null_dist <- d4df [>
specify(converted ~ unit) |[>
hypothesize(null = "independence") |>
generate(reps = 1000, type = "permute") |[>

calculate(stat = "t", order = c("feet", "metres"))

infer I§7|X|2| visualize() 3*—?—% AE3I0 O] 25 A|2tSI5t1, shade_p_value()
p-%

E5t0] A2 SAHZ0| sfigst=

2 o

library(showtext)
showtext_auto()

visualize(null dist) +

shade_p_value(obs_stat = observed_stat, direction = "two-sided") +
labs(

title = "t-SH O] AR 2m",

subtitle = "AHZIO| ZSHEI PA0| p-ZfS LIEFH"
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45110, generate()

OS2 & ATe| 0| sYstC= HR71E0] 2to|2t 7HEsta, o|[[H9| =nE Al%ﬂlolﬁimf.
12 o E3510 Al[E2(0]
StCH), calculate() € —1\—% Af%a@ 2t 80| M

= oo
|F7+20[ 32 Te] XS LIEf:



t-SHAT HFIE =X

MzZo| ol &l FH0| p-atS LIEHH

150 -
+~— 100-
c
=]
(@]
o

N B I-_
2 : 2
stat

O] ZBOM SG 22|E FHO| p-2tS LIEIHD} p-gt2 22 -EAYEH 24U H 5
t-SAES ¥= &E0|C

o
=
9
N
njo
X
E
ol

o H 22t infer Ij7|2|Q| get_p_value() &S ALESIO] p-2f3 AlLHe 4= UL
Of g 22 AT 7F7HE S2& QUAIZE 2Ot p-gtS BHetstet.

p_value <- null_dist |[>

get_p_value(obs_stat = observed_stat, direction = "two-sided")

p_value

# A tibble: 1 x 1
p_value
<dbl>
1 0.022

07| HAFSE p-3t2 HEHQI YO R Aret p-3tat 70| SUBHCE HEHQI WHES £51Z(0l
ZA0f G2 240|1, infer Ti7| 2= AIBOINS S5 p-2tS AAHSH| TR0 %2k Xt0|7} U

49Ut T2t & 8 25 p-2to| oj0js SYsItH
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28.2 p-zte| ©|0|Q} sHAd

¢l infer I{7|A| S AtEcH YA p-2f2 0 ALtz A=A CHA| ETHEARY,
7

HA| p-2L0| OE[Of| M AlLtE| 1 U=t

visualize(null_dist) +

shade_p_value(obs_stat = observed_stat, direction = "two-sided") +
labs(
title = "t-SA2fo| 7RIt =,

subtitle = "AH2ZtO| Z&lSHZI

150 -

= 100-
[
>
o
o
50-
0-
stat
« YChp-22 O & 22 J419 of2ff HA S LIEILH= &= (probability) gfolct. 1 &
SAE SAZEL ZALU O STHH SAFES ¢S &&= LIEHHT

- 2|1 p-gf0] 2H &= A2 2|7t 22hed H|O|E{0f|A] E ORI A2 (observed statistic) Of| Tt
2

il
>
i
|
B
rr
E-r
=]
o
oy
N
o
kI
Bl
_O,E
rr
>
rlo
4o
E
J
x
ro
N
nx
l_O

Z0|Ct. 7+E0ol &&0] OfL|2t & E SAH Y (HIO0I8) 2 &5l AO|Ct.

Jde| 227t p-ghS O &E S Z0|A Alutst JA=71?
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- CIS0IM 2= Biet 20| p-gf0] Foj2|= && E2= #7712 20|2tal 7FE}S I A=
SAZe 220/t

null _dist <- df |[|>
specify(converted ~ unit) [>
hypothesize(null = "independence") |[>
generate(reps = 1000, type = "permute") |[>
calculate(stat = "t", order = c("feet", "metres"))

visualize(null_dist)

Simulation-Based Null Distribution

150~
100-
50- ||||“‘\ ||||
2 0 2

stat

count

O p-gt2l o|0|S LU IS ChAl ETHER}, FEO| £/S Ofaie &~ US AOITHZE2R2H
CHAl 91 LIES SHOIEAY).

visualize(null dist) +

shade_p_value(obs_stat = observed_stat, direction = "two-sided") +
labs(

title = "t-SA L HFId E=",

subtitle = "AMZto| HSHZEI FAHO| p-ZfS LIEFLH"
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count

2

1 E78F 22 p-2L 0.057F GAI0H L5H= A -

2744 (Ho)0l 2 o

a SRl =

b. CHEZHE(H,)0] &Y &50| 95% (J2HAM Eopt HAE 50| &Ct)

c. AE =E0| 95% O|4o|ct

d. Z3t AR LAl 5120| 59%0|C}

e. 2uto] A7[0f 2t ofH A Y2 p-22 2 FUE AlAL

f. #R71d0] 2Hol2tn 71Y5HS o, o|uf ROjA|= AutECt 2oL = o ST 2uE
dS SHE

0. ¥l =AHE2 LR 2 (0T LIEQIR| HASIHIL).

2, p-ghS FRIH0] HO[2HT JFHWE O, BT SAHBEC 2L o IO SHUS A4S
S120|C}, [atA p-2to] ATHe 24 Bl SH[2H0| HR7H Sl LAksty| of2i 2tolate XS
ofo|stct

28.3 ™|

O0LE =2 S8 £ T HEXQl YYO2 p-3tS AAE H0|Ch DYCIRtE p-3te] 2§50l £S5
Thi= infer T}7| 7S HS2 BRIt CH 1 ¥
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| T+ H|Ll: t-test

ol

<

o

I

4r

T

o

29 &=

29.1 =2 2-FE & t-test (independent two-sample t-test)

Uk

=g HE tteste

A CHEAIE 285t

o

BR0| EA 202 Rol0)

__o“_

Hy o pq F po.

=
=,

CtSot
CHSEA equality of variance).

2/ (independent) 0|0 OF StC}.

—

—

HA
t2+Of SHCH(normality).

0

t-testE sdot7|

=
[

H

- HEIHE(H1): = =2 = 0| Ch=Ct
=2
(=]

© ASTH(HO): & B

=2 BE t-testQ| 74

=
=

Fald
ol
Bl
I+

o)
==

o
N

oM BZ2] FAl M2

0] 0ot

q

X
nl

LHr

—_

- od

T
H
ol
AU
Al

1fe}

M
e
o8
~
N3
[=)
ol

100
B0
<3
e

L}
= ToJ

St0f

=2
S

At

=

=

B2 3717t 5= I H

—

—

Ol

otCY

o]

=1
o

2ok

Ct. O|= F-testl} Levene's test
of &4
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=

=

£

=
—

HE t-test

HZ29| HlO|E=

24
Sd=etg o] of

34 2

q

A
o

(t-statistic)=



07| s pooled standard deviation(5 R/EHS StLEZ SO0{M AL BE H2) 22 o2t Z40|
HAbEICE

S =
ny +ng —2
* _1 EF _QE 7—||'7—||' —'|:- EEQJ %E‘o“:l'
. 5,3} 5,5 242t & B0 EZM(0|C}
+ I ny = 242t & B0l 37|0|C}
HR71d0| 0|2t 8fH O] t+-SBH K2 ARE df = ny +ny — 22 71 t-B2EE TEL

wHetAl, t-222| 422 et (CDF)E ARZSHY p-values AlUE 4 UCH

Oto &= HEO| 20| SYUSHA| UTHH, Welch’s t-testS AF2SHOF STt Welch's t-test= S244S
7t8stA| ¢, 2t H2o| 2AMS WE A LSO t-SAH =S A LSBT Welch's t-test2| t-SH| &2
Cta2t 20| AlLHEICE o
‘= 3/12— 3122
514 52
ny g
o|f, Atr== Cha2t 20| AlLtEICE
(i+ﬁ2
df = 1 L)
f_ 2 2 2 2
EINE)
ni 2
n,—1 + no—1
t2tM otE e
1. S EE ttests T 4ol SHHO B20| BRS HlRots S w2 Heo YRS
J1BIC
« HTH2 Shapiro-Wilk testE Al2ol0{ AES —/,E QlCt

2. S8 HE tEATS ALY O, SEME 71Ests 3R 7HEStA| = 7t UL
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. SEAME IH0tE AR t-EAH =N AR EE Al4HE T pooled standard deviationg
AHE0CHEE BE t-test)

« SIS VHYSA| e AR t-SAIEN AAREE AttE I 2 B2 EEHAE 2
AHESICHWelch’s t-test)

« SA2 OF2{of| A A ESHH= HEQF 20| F-testLf Levene's testE ALEo5I0 A¥S 4
UL

3. 58 BHE20| ot 32, M2 U8E[= & BEE22 E(paired samples)0= CHS B2 t-testS
F2 ST} CHS Z0j|A| CHRCY,

—

>

I

O
rr

[am

OL=Z351X| 22, H244 B0l Wilcoxon signed-rank testE AFEY

1> ox
5

0

o
5 0x
oo

29.2 S HEE t-test (paired t-test)

1. & B2 2 #AE|0f QLofof SHet,
2. 2t HEO| 20| P2 EE W2tof SCHnormality).
3. 24 B29| #=X|= ME =84 (independent) 0| 0{OF StC},

O|et Z2 22 =S f, TS HE t-testl] SH T2 TSt 20| A At &~ UCH -SA 2
(t-statistic) & & BEO| W 20|E HZ5}5H ZHO|C}

o d
sq/Vn

t

0f7|M d'= & B20| 10|19 W, 5, = F HE0| 2{0[0] R}, n2 EEo| 37|0[ct HLIH0]
20241 89 0| t-EA| 2 AR df =n — 12 I -2EE ©G2ct
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29.3 =2 2-F = t-test O|Al|: roomwidth

ol OJHOI M F JHO| CHE Che|(WE9f OJE)) 2 2HEl Yo I4H|S H|WBHTH HSAUR2 IH7|Z|2]
roomvidth GIO|E{S AIR310], & BE0| BF0| SAZO= Q0|51 CH2X|Z A}

library (HSAUR2)

library(tidyverse)

data("roomwidth", package = "HSAUR2")
glimpse (roomwidth)

Rows: 113

Columns: 2

$ unit <fct> metres, metres, metres, metres, metres, metres, metres, metres,

$ width <dbl> 8, 9, 10, 10, 10, 10, 10, 10, 11, 11, 11, 11, 12, 12, 13, 13, 13~

10[E{7} 3.28L|E0|22, SY & Yo| |2 5tLto| THR[2 UZ0f convertedet= MER HEE

1 O

2HECY.

df <- roomwidth |>
mutate(
converted = ifelse(

unit == "feet", 1 * width, 3.28 * width

e

CIOIE{E gofs 2% L3t &Lt

af |>
group_by(unit) [|>
summarise (
mean = mean(converted),
sd = sd(converted),

n = n()
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# A tibble: 2 x 4
unit mean sd n
<fct> <dbl> <dbl> <int>
1 feet 43.7 12.5 69
2 metres 52.6 23.4 44

A SRS S0 EE L3 2
df [>
ggplot(aes(x = unit, y = converted)) +
geom_boxplot() +
labs(
x = "Unit",
y = "Converted Width (meters)",
title = "Boxplot of Room Widths by Unit"
) +
theme minimal()
Boxplot of Room Widths by Unit
°
°
— °
&
i
@ 100
E [
- °
g .
= °
o °
2
)
é 50
o
&)
feet metres

a-q plotS AIB510] & B HRAS seIg 4 L,
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df |[>

ggplot (aes(sample = converted, color = unit)) +

stat_qq() +

stat_qq_line() +

labs(
title = "Q-Q Plot of Room Widths by Unit",
x = "Theoretical Quantiles",
y = "Sample Quantiles"

) +

theme minimal()

Q-Q Plot of Room Widths by Unit

[ ]
( ]
[ ]
»n 100
Q °
= ® .
S . unit
S
(@4 —o— feet
Q
o —— metres
% 50
n

-2 -1 0 1 2
Theoretical Quantiles

& 29.1: g 7180] A=ZE[R] S o USS AAFEL.

O 712 HYS Aol = 2Ot HA ItE =S =2QlsHOf st

Shapiro-Wilk test& AFESIH & BE29| Z1t

0x
njo
Y
A
@

shapiro_test_result <- df |[>
group_by(unit) [>

summarise(
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shapiro_p_value = shapiro.test(converted)$p.value
)

shapiro_test_result

# A tibble: 2 x 2

unit shapiro_p_value

<fct> <dbl>
1 feet 0.0000131
2 metres 0.000000566

Shapiro-Wilk test2 E&20| YEES UELH= FIF/HES 4 ST et
(u]

0
0.052C} 20t FF7HE S 7|45k, & BE 25 Fds USotA| et 284S + UL,

L2 S48 ddst= 8HolCt
Levene's testE AMESIY &£ B29| SEAHEE A 4+~ UL

library(car)
levene_test _result <- leveneTest(converted ~ unit, data = df)

levene_test_result

L= F-test S AFESIO & E=9

on
Hr
"
0

f test result <- var.test(converted ~ unit, data = df)

f_test_result

Levene's test2} F-testQ| p-value”Zt 0.05EC} 20tA & HE9|

gict.

M
rx
o
oM
ne
ell]
a
kI
d
ol

st A
gt

Tf2tA O] BR0l= 20| It SE4AHIS CHEotA| feb 2 H[242 @Ol wilcoxon Mann-
Whitney rank sum testE Al23d=
B0| SAXHLZ Fo|0|5HA CHEA|

wilcox_test _result <- wilcox.test(
converted ~ unit,
data = df,
conf.int = TRUE
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)

wilcox_test_result

Wilcoxon rank sum test with continuity correction

data: converted by unit
W = 1145, p-value = 0.02815
alternative hypothesis: true location shift is not equal to O
95 percent confidence interval:
-9.3599953 -0.8000423
sample estimates:
difference in location

-5.278598

T B20| g S USAUCHH OF 2712 Y22 S BE ttestS +AY & UL

1. SEALS 71HSIA| %= B Welch’s t-testS £ S 4= QIC}H(default).
2. SEMS Y 2R 2 HE t-testS £3MS 4 QIC}(var.equal = TRUE).

M t.test() &40f var.equal

<2

sz 27%’“% %= EF Welch's t-testE e 4= ATt R
FAL EayS)

|
SE (default) @42 AFE5H0 Welch’s t-testS 43St 4~ QIC}.

t_test_result_welch <- t.test(
converted ~ unit,
data = df,
var.equal = FALSE

)
t_test_result_welch

Welch Two Sample t-test
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data: converted by unit
t = -2.3071, df = 58.788, p-value = 0.02459
alternative hypothesis: true difference in means between group feet and group metres is not equal
95 percent confidence interval:
-16.54308 -1.17471
sample estimates:
mean in group feet mean in group metres

43.69565 52.55455

seug Y

g =2 BE ttestS £33 4 QICH ROIAM t.test() &40
var.equal = TRUE M AI235I0{ S&! F

t_test_result <- t.test(
converted ~ unit,
data = df,
var.equal = TRUE

)

t_test_result

Two Sample t-test

data: converted by unit
t = -2.6147, df = 111, p-value = 0.01017
alternative hypothesis: true difference in means between group feet and group metres is not equal
95 percent confidence interval:
-15.572734 -2.145052
sample estimates:
mean in group feet mean in group metres

43.69565 52.55455
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29.4 CHE HE t-test(paired t-test) Of|A|: waves Ci|O|E{All

FC} O] Ci|O|E{All =3 diA

HSAUR2 I§7|X|2| waves G|O|EHAIS AFE2SI0] CHE B E t-testE &3 ==
g FAFZHO|| CHolf & 7H2| -2

AIS2{|014 CO|E{2tm FH=Cf, 2t 3O Bt ALRIO|2t: Bhe RYsICt
225 Antat M2t501 St

O|| rol

r

data("waves", package = "HSAUR2")

head(waves, n = 10)

methodl method2

1 2.23 1.82
2 2.55 2.42
3 7.99 8.26
4 4.09 3.46
5 9.62 9.77
6 1.59 1.40
7 8.98 8.88
8 0.82 0.87
9 10.83 11.20

10 1.54 1.33

O] FF= et At Chall &= 71A] WS 48 20|22, TS E& t-testE oA - AUCH

— —

waves <- waves |>

mutate(difference = methodl - method2)
SA B2 q-q plov ARSI0l HTAS ToIE 4 Ut

waves |>
ggplot(aes(x = "", y = difference)) +
geom_boxplot() +
labs (
x = "Difference",

y = "Value",
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title = "Boxplot of Differences"
) +

theme minimal()

Boxplot of Differences

0.6
0.3
0.0
-0.3
[ ]
Difference
waves |>

ggplot(aes(sample = difference)) +
stat_qq() +
stat_qq_line() +
labs(
title = "Q-Q Plot of Differences",

X "Theoretical Quantiles",

y "Sample Quantiles"
) +

theme minimal()
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Q-Q Plot of Differences

0.6

o
w

Sample Quantiles
o
o

I
o
w

-2 -1 0 1
Theoretical Quantiles

19

Shapiro-Wilk testS AFESI0 AAES 23S 4 ULt

shapiro_test_result <- shapiro.test(waves$difference)

shapiro_test_result

Shapiro-Wilk normality test

data: waves$difference

W = 0.98346, p-value = 0.9785

Shapiro-Wilk test2| p-value?t 0.05ECt A8 2, 2{27tES 7|25t2| 23511, H|0|E{ 7t
TS MECtD ZEX|E £ Ut Mt TS HE ttestE &S 4 UL ROIA t.test O

Aot TS HE t-testE S 4 ULt

t_test_result <- t.test(
waves$methodl,
waves$method2,

paired = TRUE
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t_test_result

Paired t-test

waves$methodl and waves$method?2
= 0.3797

data:

t = 0.90193, df = 17, p-value
alternative hypothesis: true mean difference is not equal to O

95 percent confidence interval:
-0.08258476 0.20591810

sample estimates:

mean difference
0.06166667

1t 20| difference HE4E AFRSHY CHE HE t-testE &

o
ot

t_test_result <- t.test(

waves$difference,
mu = 0, # #|F7HH0lA X}O|Z} ool2t1d THE
alternative = "two.sided" # U= AT

)

t_test_result

One Sample t-test

data: waves$difference
= 0.3797

t = 0.90193, df = 17, p-value =
alternative hypothesis: true mean is not equal to O

95 percent confidence interval:
-0.08258476 0.20591810
sample estimates:

mean of x

0.06166667
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29.4.1 o} YPA BHESIK| QH=CH--

YA B YE B2, HRLH Y
£ AI2510] ChS B0l 9 B AYS 48 4 AL

4
ol
o1

Ol M wilcox.test(

wilcox_test_result <- wilcox.test(
waves$methodl,
waves$method?2,

paired = TRUE

Warning in wilcox.test.default(waves$methodl, waves$method2, paired = TRUE):

cannot compute exact p-value with ties

wilcox_test_result

Wilcoxon signed rank test with continuity correction

data: waves$methodl and waves$method2

V = 109, p-value = 0.3165
alternative hypothesis: true location shift is not equal to O

= OS2 20| difference BI4E ALESH S HE29| &2 & A2 &

o
ek
4>
<)
i}

wilcox_test_result <- wilcox.test(

waves$difference,
mu = 0, # ¢ F7HH0l|A X}O|Z} ool2t1d THE

alternative = "two.sided" # 2= ZAH

Warning in wilcox.test.default(waves$difference, mu = O, alternative

"two.sided"): cannot compute exact p-value with ties
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wilcox_test_result

Wilcoxon signed rank test with continuity correction
data: waves$difference

V = 109, p-value = 0.3165

alternative hypothesis: true location is not equal to O
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ion

correlat

library(tidyverse)

N|r
U

A
1160

A

2ol o

A HA
& Hap

t(Correlation)2 & &

R

t A4~ (Pearson correlation coefficient)S A}

AbD
O

HE Pearson

7tA|H, O

7S
HA 2

10| M 1 AtO]<Q]

M4t -

LIEFLHCE Pearson

CtE Aol 2fshAl A 4te Tt

2s

(30.1)

Yy, — ¥

T;—T

H522 LhE,

tel

2

2t 40| BEH

t(covariance)2

FAH| 4 (correlation) Of] CHEt

_,
Abal

30.1 EX}(deviation), & AH(covariance),

si

o

A BRI =A1E LEt = A BO[C, o2

o C}2 #1471 0f%

A B Rl=

2d

H7t O

5t

EE

A E of

An
7l
ol cf

(correlation)

iM= HA T2} (deviation), 224 covariance), 12|

t71 €15

£ Oldtis

5
2

ZOtOf BT

of

Of Al ek

=S

H2}

LtEtLH= 2LOIC

Alttsl 24}

Lol 22}

EZA

UEstR 2
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set.seed(42)

]
—
=v}
]
(za]
N2

x <- sample(1:10, 10, replace

y <- x + round(rnorm(10, mean = 0, sd = 2)

™

[1] 1 5 1 910 4 210 1 8

[1] 4 5 5 913 9-1 9 1 9

£ 0% W40 AHES D223}

dx <- data.frame(x)
dy <- data.frame(y)
df <- cbind(dx, dy)
df

© = O = X
© O 0O <

© 00 N O O W N =
=
(@]
[
w

—
o
o0
©
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af |>
ggplot(aes(x = x, y = y)) +
geom_point () +
geom_smooth(method = "lm", se = FALSE) +
labs(
title = "Scatter Plot of x and y",

X = "X“
y p— "y-“
)
“geom_smooth() ~ using formula = 'y ~ x'

Scatter Plot of x and y

10-

2.5 5.0 7.5

H2t(deviation)S Alttsll 22}, H2p= 2t 2527t B 2R 0L B0{H U>=A|E LIEHHTE

deviation_x <- x - mean(x)

deviation_y <- y - mean(y)

deviation_x

[1] -4.1 -0.1 -4.1 3.9 4.9 -1.1 -3.1 4.9 -4.1
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deviation_y

(1] -2.3 -1.3 -1.3 2.7 6.7 2.7 -7.3 2.7 -5.3 2.7

SoAt(covariance) 2 & Ha Zto| H2Io| 59| W O|CY,

covariance <- sum(deviation_x * deviation_y) / (length(x) - 1)

covariance

[1] 13.41111

Ol SELS SoiA B xQb y7t LOLE 8P BiSt=AE & o UL S2LH0] F4-0[F F #Hot
SH S7totAL Basts BY0| USS HEILLL, S401F o BTt Sote W ThE H47t dasts
0| AS= LIEHHTE

cou(X,Y) = =3~ ) )
2| K[O|M covariance= 12.00[|UCt Of gf0| L4=0[7| =20 x2t y7t & S7tst= AS LUACE
O sS4k ©H0| T Bi2 S&24k2| 10| & Hao| S telof &5ttt Aol =, &+
Ho| TRV CHE2 W SE24H9| 2L YetRICt o E 501, x7t AIE[O|E] THe{0]12, y7t D] THeletH,
SEL| 2 F Hao| THR|of et Eatd ZA0(CH math, S242| gf2 sifAdSt7|7F Ot e A
SEAE BEE31ot A2AH 4 (correlation coefficient) & AR SICE O] Z2H2 -10l|M 1¢ ALO|2] Zto 2
A

HABH510], S B4 70| B o 2 SHAE 4 QCt
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HEArE SELUS 2 Heo BEHAO| 522 L {0[C. d2tA e LS 20| AlLE T

cov(X,Y) _ > (2, —x)(y; — Y)
Ox0y V(i —1)2/ (Y —

ROIM= cor O &S AESIO JatAlE ALY & Ut HA I0|M A Lhst covarianceS AHE
StO] & 2A S AlLts 24t

correlation <- covariance / (sd(x) * sd(y))

correlation
[1] 0.8173169

cor(x, y)

[1] 0.8173169

30.2 F 5 0| AF 2| OfM|: water CI|O|E{Al

O|RHOfl= & ¢ B ZHo] MRAA S AT E A} HSAUR2 I7| 2| 2] water GI|O|E{AIS AtESI0], 9
A& (hardness) 2t AFZE (mortality) 2te| f 22 A 1 244Gt

library(tidyverse)

library (HSAUR2)

data("water", package = "HSAUR2")

head (water)

location town mortality hardness
1 South Bath 1247 105
2 North Birkenhead 1668 17
3 South Birmingham 1466 5
4 North Blackburn 1800 14
5 North Blackpool 1609 18
6 North Bolton 1558 10
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30.2.1 AEERL 3| A=M

1

water |[>
ggplot(aes(x = hardness, y = mortality)) +
geom_point () +

geom_smooth(method = "1lm", se = FALSE) +

labs(
title = "Hardness vs Mortality of Water",
x = "Hardness",

y = "Mortality"

“geom_smooth()~ using formula = 'y ~ x'
Hardness vs Mortality of Water
2000- o

1750 -

1500 -

Mortality

1250 -

Hardness

30.2.2 m|0{E aEAI
Hardness®f Mortality 2| I|O{& A2tAH~Z AlLtSH 22t

cor (water$hardness, water$mortality)
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[1] -0.6548486

30.3 &f&tEtA(ol et 7t EE

Ao st 7t Y S s Bt HRIHEE2 F Ha 2o g2t

o

ATl Fol'dES A5t ol cor.test ) &S AL

w

4 9lct.

AEE= EA 22 Cf21} 20| Ho|=ICt:

—

07| 72 M A%, n e BE|Q| SolTt,

e

O] SAIE= 4&tA 47 00|11, bivatiate Y= ZLE THELHH, 0| A2 AARE df =

cor.test(water$hardness, water$mortality)

Pearson's product-moment correlation

data: water$hardness and water$mortality
= -6.6555, df = 59, p-value = 1.033e-08
alternative hypothesis: true correlation is not equal to O
95 percent confidence interval:
-0.7783208 -0.4826129
sample estimates:
cor

-0.6548486
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30.4 E Qi H4olo 9| AT AL 01T ATAHS
A11|01E'+(Spearman) dEAsE & B 20| &2 (rank) H2EAE SE5h= YR-OIT Ol=
H40| Z40| Ol 2|2 7|Ete 2 AlAt|H, B|24Z (hon-parametric) @S2, H|0|E{7} A7
TS =22 ok= EEH FESICh AL|O{2 At A= T2 20| AlLbEITH

. 6xd
p= n(n?—1)
oM d; = & HLl &9 210], n2 #=32|9| =0|Ct
Ol FY2 9| x2f yo| AL|OTF A2tA~E ALtSH EAF HA & W0 2| AlLhetrt

rank x <- rank(x)

rank_y <- rank(y)

rank_x

[1] 2.0 6.0 2.0 8.0 9.5 5.0 4.0 9.5 2.0 7.0

rank_y

[1] 3.0 4.5 4.5 7.5 10.0 7.5

1.0 7.5 2.0 7.5

d <- rank_x - rank_y
d

(1] -1.0 1.5 -2.5 0.5 -0.5 -2.5 3.0 2.0 0.0 -0.5

d_squared <- 4”2

d_squared

[1] 1.00 2.25 6.25 0.25 0.25 6.25 9.00 4.00 0.00 0.25
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n <- length(x)
spearman_correlation <- 1 - (6 * sum(d_squared)) / (n * (n"2 - 1))

spearman_correlation

[1] 0.8212121

AT|O 2 A 2A 2= cor O 42| method = "spearnman" QIAIE A}

o0
_O'ﬂ
2
sl
>
]
1>
$0
ful

cor(x, y, method = "spearman")

[1] 0.8122502

Of gtofl Chet 7H2 HYS oA 4 ULt ?F/HEE & Ha 20| =2f S2t2tA 7t gitts AoItt
cor.test() &9 method = "spearman" QUZ}S ARESH0] AL|O]2 H2A| 0 THEE 71E HYS
2 4

cor.test(x, y, method = "spearman")
Warning in cor.test.default(x, y, method = "spearman"): Cannot compute exact

p-value with ties

Spearman's rank correlation rho

data: x and y
S = 30.979, p-value = 0.004305
alternative hypothesis: true rho is not equal to O
sample estimates:
rho

0.8122502
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30.5 AELO| E}R(Kendall’'s Tau)

= us = AHArs| =t o
WOl £2 ALRFICH HE YA|Els 2907t B2 A ALREC

Yot £ CfE YYOoICt o HE2

(concordant) 2t 22| (discordant)

ROIIM 22| RS ALISHAH cor O 84-2| method = "kendall" 2AALS AFEEICE HA, 2{0f|A
A

cor(x, y, method = "kendall")

[1] 0.658703

30.6 inter THF| XIS AR AFREIA| £4
library(infer)

obs_hat <- water |[>
specify(mortality ~ hardness) |[>
calculate(stat = "correlation")

obs_hat

Response: mortality (numeric)
Explanatory: hardness (numeric)
# A tibble: 1 x 1
stat
<dbl>
1 -0.655

null _dist <- water |[>
specify(mortality ~ hardness) |[>
hypothesize(null = "independence") |>
generate(reps = 1000, type = "permute") |[>

calculate(stat = "correlation")

393



visualize(null _dist) +

shade_p_value(obs_stat = obs_hat, direction = "two-sided") +
labs(

title = "Null Distribution of Correlation",

x = "Correlation",

y = "Density"

Null Distribution of Correlation

150 -
2
% 100-
e
Q
(a)
50- I I

1 1 1 1 1
-0.50 -0.25 0.00 0.25 0.5C
Correlation
null _dist |>
get_p_value(obs_stat = obs_hat, direction = "two-sided")

Warning: Please be cautious in reporting a p-value of 0. This result is an approximation

based on the number of “reps™ chosen in the “generate()” step.

i See “get_p_value()" ("7infer::get_p_value() ) for more information.

# A tibble: 1 x 1
p_value
<dbl>
1 0
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31 2AF2AMo 71=: M&ZEH(sum of squares) S
SAo R

(book?){lazic2016experimental, 0] Z0|A= 24t M (ANOVA) UM A& (sum of squares)d|
CHo ST} A|lget2 24 2A0|AM O 238 7HE0|CH Cha2 (Lazic 2016) 240j|A Ql2¢ot
ol O|C}.

library(tidyverse)
library(showtext)
font_add_google("Nanum Gothic", "nanumgothic")

showtext_auto()
2CH5 GIO|E{AIZ DHS O] Bt xBHs HE| 47 QIR yahe 23 B (B4 W47t ok

y <- c(6, 2, 3, 1, 4, 8, 7, 9)

x <- factor(rep(c("A", "B"), each = 4))
df <- tibble(y, x)

df

# A tibble: 8 x 2

yX
<dbl> <fct>

~N O O W N
N 00 D B WO
W W= =
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31.1 ™A M5 EH(total sum of squares)

k

ZHE9| H= (variation) 2 £7| QIsHM, 2&
O ER}

r

df <- df %>%
mutate(id = row_number())

df

# A tibble: 8 x 3
y X id

<dbl> <fct> <int>

o N O O W N
© N 00 P =, W N O
o W W W == =
0 N O O W N

geplot(df, aes(id, y)) +

geom_point() +

geom_hline(yintercept = mean(y), color = "red") +
geom_segment (aes(x = id, xend = id, y = y, yend = mean(y)), color

scale_x_continuous(breaks = 1:8, labels = x) +

labs(

x = "group x",

title = "ZF ZEX[0|AM H7HX[2] AHE|"
)+

theme_minimal ()
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"steelblue") +



)

A
(]

_I

|.

2
—

A
—

1) 7t2|2] Az2| (Tt

F

group X

T 7kX| 2| AE|
o
|0l A1 B (U2
Yi—y

H
2

AL
o

mjer o2 HA|

—

2 ] 0

—

22
7.5
>5.0
25
“1ef 0l M Ha 7t Q] A2

=

7t £4k(variance)O|Ct. £At2

sum(df$y - mean(df$y))

[1] ©

0l
<

<
i
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dev_y_squared <- (df$y - mean(df$y)) 2

dev_y_squared

[1] 1 9 416 1 9 4 16

sum(dev_y_squared) / (length(df$y) - 1)

[1] 8.571429

var() &

[1] 8.571429

07| M 22|l= Hl&e(sum of squares) 2 L0t 211 S A& g2 x| Alag2 25 oSt 4L0|Ct
sAloZ BHGHH ChS1 220 24110 CHE A2 2712 LERR| Y/UCHE HOICH 9 J12f o)A
of2tM Mol Z0|E A|&5t0 CistH A5 &o| It
n
—\2
(v —v)

sum(dev_y_squared)

[1] 60

31.2 O89H W3S 125t MZEH(Residual Sum of Squares)

15kA| @0, MA| 0| M 2| H0[E{e] BieS 201 ULt OfA AEE=2

r =

¢l 222 05
floiM ASER B3-S ALtstl, BT 7tA9| He|E ALt 24t

=x
HO|Eel HE
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ddf <- df %>%
group_by(x) %>%
mutate (mean_y = mean(y))

ddf

# A tibble: 8 x 4
# Groups: x [2]
y X id mean_y

<dbl> <fct> <int> <dbl>

0w N O Ok W N e
© N 00 P =, W N O
[ss 2 ve I os B Ve B
0 N O Ok W N
N N NN Wwww w

A2 B0l T A 2t H=S2[7HR] 9] 2| S At

ggplot(ddf, aes(id, y)) +
geom_point () +
geom_segment (aes(x = id, xend = id, y = y, yend = mean_y), color = "steelblue") +

|Iredll) +

annotate("segment", x = 1, xend = 4, y = 3, yend = 3, color

annotate("segment", x = 5, xend 8, y =7, yend = 7, color = "orange") +
scale_x_continuous(breaks = 1:8, labels = x) +
labs(x = "group x", title = "Z} ZSX|HAM HA7EX[L] Hz|") +

theme minimal()
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Zt SR oM X2 A

|

>5.0

25 l I

A A A A B B B B
group X

O3 31.2: 2 E2|0M 258 I 7HA1Q] A2 (Tt )

o
=]
10
o
rr
|
ig]1]
uE
o
El
njo
H
_."‘:‘_
rok
ol
=2
H1
ot
o
$0
rr
2
o
m
1o
rE
ol
njo
1o
o
rok
a

FASHH, Yool EAf. O&F AQ| yg(0] 25 30|11 & BO| y4(0| 25 70|=t 5tAt 28 A58
Bos 13T 20ls HOotAE tI0lE e HE2 §iS A0 (25 g2t @ ol =2 Ao[L). =,
L2} Aleg2 00] EEf

ddf %>%
group_by(x) %>%
summarise (

sum_y_squared = sum((y - mean_y)~2)

# A tibble: 2 x 2
X sum_y_squared

<fct> <dbl>
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1A 14
2B

31.3 1Y M= g (sum of squares for each group)
HA| M&et2 600[A

1, A5S 124 2at A5 2 280|ACt 1 20|12 A5Y Al=& (sum of
squares for each group) 0|2t StC},
JejM et o2 crenp 2he 2

22 AE 7IICH

Total Sum of Squares = Residual Sum of Squares + Sum of Squares for each group
Cie2t 20| BHe 4~ ULt S, O848 Algd
H40| HIHE BHYElR| R HES

Total = Predictor(s) + Residual

31.4 MA| d|o|E| HSO| 7|0{sl= M=

gl 2

O Al
EL O

M ZA HOJE] Hisdof 2 2

—/ 4L

271 0L R 7|04 St=A| 26 24}
Total = Predictor(s) + Residual

A0l M = SSgol 2/5t a7t 3L}

1320{| A= SSgoll 2|st &1k7t aCHK| 3 X| 4t

2l 31.3: A HES0f| 7|05t A=
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J24g 227t ofE HS M2 H|mstn Alck
HF M A= (degrees of freedom) & LHF0] $0{0
sum of squares) 0|2t StC},

ol
in}

[J
I~

H

¢

njo %
od 11
=T
=
ind!
o]
3
)

©

5

Sum of Squares

Mean Sum of Squares =
Degrees of Freedom

JefM 288 Hadt Algeht 2txt B Algerel U822 7HA| 22 40|18 Hs Mo cist 7|6 =8 HIt
SICt 0| F-EA| & (F-statistic) O| C}.

_Mean Sum of Squares for each group
Mean Sum of Squares for residual

= 7tA| 11 HlolH HSEof| Bt 7|6 =8
A LtstA ElCt.

5:
d
_gf
iﬂ
LJ
L)
kl
M
ofm
x
op

Df Sum Sq Mean Sq F value Pr(>F)

X 1 32 32.00 6.857 0.0397 *
Residuals 6 28 4.67
Signif. codes: 0O '*x*xx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1

ALRE df1 =1, df2 = 6Q F-2X 2MS &2t 12|10 22| H0|E{Al F-EA 20! 6.862
HAISH 22}, SliE BAE 222 222 Area Under the Curve(AUC) 2 A|AHSHH p-3f0| EIC,

x <- seq(0, 10, length.out = 100)
y <- df(x, dfl = 1, df2 = 6)
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F-2Z= pf O &S AFESHO p

ggplot(data.frame(x, y), aes(x, y)) +

pf(6.86, dfl =

geom_line() +

labs(x = "F-value", y =

geom_vline(xintercept =

theme minimal()

0.9

Density

0.3

0.0

[1] 0.0396308

2.

"Density") +

6.86, color = "red", linetype = "dashed") +

5

Zt2
CIN=

AL

403

1, df = 6, lower.tail = FALSE)

7.

5

10.0



_zd_émﬁx
b oy 2

(total sum of squares)

ol
oA

(sum of squares for each group)

oy

residual sum of squares)

o o ol oY
iy

(
(mean sum of squares)
-statistic)
(ANOVA)

Hﬂr:lJ
T r

Al

ol

(

AT ™ oF ™ |

=0
HT
1z
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(ANQOVA)

.I

<l
TH

<]
T

3
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33 =2 tHp EMOo| A2 B8HE (contingency
)

EAM0j|A 712 7|20| E|= E8tH (contingency table) 0|
= P2 H40| J|e EX (descriptive statistics)2| 7|=0]|C}

SHE @5 HEVL 2 £ s =0 gt Bl= (frequency) 2t |2 (proportion) 2 AlAtst
t=C} Bles Ea Ha0l 2F X (category) Of| Ciolf 2= 2l SI4+E LIEtUW D, HlE2 @5 Ha9|

2f =0 thish H=E S-S A 2522 +2 Lz ¢S LIEHHT

—

R

HA AEE | EF OB M S =220

library(tidyverse)
stroke_df <- readRDS("data/stroke_df.rds")
glimpse (stroke_df)

Rows: 5,110

Columns: 12

$ id <chr> "9046", "b1676", "31112", "60182", "1665", "bE6669", ~
$ gender <fct> Male, Female, Male, Female, Female, Male, Male, Fema~
$ age <dbl> 67, 61, 80, 49, 79, 81, 74, 69, 59, 78, 81, 61, 54, ~
$ hypertension <fct> No, No, No, No, Yes, No, Yes, No, No, No, Yes, No, N~
$ heart_disease <fct> Yes, No, Yes, No, No, No, Yes, No, No, No, No, Yes, ~
$ ever_married <fct> Yes, Yes, Yes, Yes, Yes, Yes, Yes, No, Yes, Yes, Yes~
$ work_type <fct> Private, Self-employed, Private, Private, Self-emplo-~
$ residence_type <fct> Urban, Rural, Rural, Urban, Rural, Urban, Rural, Urb~
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$ avg_glucose_level <dbl> 228.69, 202.21, 105.92, 171.23, 174.12, 186.21, 70.0~

$ bmi <dbl> 36.6, NA, 32.5, 34.4, 24.0, 29.0, 27.4, 22.8, NA, 24~
$ smoking_status <fct> formerly smoked, never smoked, never smoked, smokes,~
$ stroke <fct> Yes, Yes, Yes, Yes, Yes, Yes, Yes, Yes, Yes, Yes, Ye~

33.2 table() 2} 2T E St

Y= Ho B9 HIES Aifots &= table O O] ULt table() Bt HE #H4O| 2t 22

(level)Ofl sl &t5El SIS Al LT

table(stroke df$stroke)

No Yes
4861 249

| Chiet B1=5 A4ttt table O

o

table() &40 2740 TE M4 YR5HY & B4 DE 23
a0 212 @12

rol
rt
4>
]
ol
|o
tu
M
JB
n
Kl
4n
rE
=
r
4>
\d
- T
ne
il
e S
JB
rn
il

table(stroke_df$stroke, stroke_df$hypertension)

No Yes
No 4429 432
Yes 183 66

Oz L ROIM /S0 CHEE ZAISE M AlLtot HE 4= ULt 0|2 F R0 = addmargins O &S
AMESICE Of g otofl 20N 2tE SRS Y=ot /20| Ciet HAHS & Al Lretet.

addmargins(table(stroke_df$stroke, stroke_df$hypertension))

No Yes Sum
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No 4429 432 4861
Yes 183 66 249
Sum 4612 498 5110

No Yes
No 4429 432
Yes 183 66
Sum 4612 498

addmargins(table(stroke_df$stroke, stroke_df$hypertension), margin = 2)

No Yes Sum
No 4429 432 4861
Yes 183 66 249

S0l LZ20| I HARM DY A B[S Gl BAZOIN DHY HAfo| HIZS D3}
1 4t O]z B0 = prop.table() &S AMESHCY

prop.table(table(stroke_df$stroke, stroke_df$hypertension), margin = 1)

No Yes
No 0.9111294 0.0888706
Yes 0.7349398 0.2650602

2roF, NHAO0| A= BATOMC | E2S0| A= BA2| BlES AlLISH L 2 EHH margin = 28 AHE
otCt.
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prop.table(table(stroke_df$stroke, stroke_df$hypertension), margin = 2)

No Yes
No 0.9603209 0.8674699
Yes 0.0396791 0.1325301

R xtabs () &4+ 2R

il

Or=CY 0] g0 M= R 2821 (formula)E AFHR51H0]

M
no
=i
il

xtabs(~ stroke + hypertension, stroke_df)

hypertension
stroke No Yes
No 4429 432
Yes 183 66

371 02| #-0f tf

9
Bli

SHE OHE o= xtabs O L E ALEE 4 UCH

tb <- xtabs(~ stroke + hypertension + smoking status, stroke_df)

tb

, , smoking_status = formerly smoked

hypertension
stroke No Yes
No 714 101
Yes 51 19

, , smoking_status = never smoked
hypertension
stroke No Yes

No 1602 200
Yes 58 32
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, , smoking_status = smokes

hypertension
stroke No Yes
No 664 83
Yes 31 11

, » smoking_ status = Unknown
hypertension
stroke No Yes
No 1449 48

Yes 43 4

0|34 D0 BSHE 2 [ 27| £ HE AICHH ftable () S22 AMRSICH 0J7|AM £= flatten

H

ftable(tb)

smoking_status formerly smoked never smoked smokes Unknown

stroke hypertension

No No 714 1602 664 1449
Yes 101 200 83 48
Yes No 51 58 31 43
Yes 19 32 11 4

D212 B HE HO|EEY U2 HElstD AICHH as.data. frame () SH4E AFRFICH

df _tbl <- as.data.frame(tb)
df_tbl

stroke hypertension smoking_status Freq

1 No No formerly smoked 714
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2 Yes No formerly smoked 51
3 No Yes formerly smoked 101
4 Yes Yes formerly smoked 19
5 No No never smoked 1602
6 Yes No never smoked 58
7 No Yes never smoked 200
8 Yes Yes never smoked 32
9 No No smokes 664
10 Yes No smokes 31
11 No Yes smokes 83
12 Yes Yes smokes 11
13 No No Unknown 1449
14 Yes No Unknown 43
15 No Yes Unknown 48
16 Yes Yes Unknown 4

¢l RS B0 WE S| 280 T2 YIS A[LISIA 1 23S Freq #4-0f 45t QUCt

[m]

FOF 0|2} ZH2 GO|HE|UZ 71R| 10 A|l2tet I, O|HE EgH = Halst A9 H xtabs()

of
AtEStED, WE Q| 2§0l| IE 8k gfs E=29| 20| ECt.

r

xtabs(Freq ~ stroke + hypertension + smoking_status, df_tbl)

, », smoking_status = formerly smoked

hypertension
stroke No Yes
No 714 101
Yes 51 19

, », smoking_status = never smoked
hypertension

stroke No Yes

No 1602 200
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Yes 58 32

, », smoking_status = smokes

hypertension
stroke No Yes
No 664 83
Yes 31 11

, », smoking_status = Unknown

hypertension
stroke No Yes
No 1449 48

Yes 43

NS

Y= HEE A ZSlstE ot= CHEA QI J2Z = 9ft O X (bar plot) O|Ct. 0]2|0| &= 2X}0|2
2 X (mosaic plot) = U2, IHO| ZtE (pie chart) = QUCE.

tbl <- xtabs(~ stroke + hypertension, stroke_df)
tbl

hypertension
stroke No Yes
No 4429 432
Yes 183 66

O]~ R barplot () &S AFESIY 2RSS o2 O3 4= U 0] &40z 2LHS E0A
AE ST}

barplot(tbl, col = c("red", "blue"))
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4000

2000

No Yes

0
I

ggplot2 If7| A= HO|H 22 Y S AESHY| WZ0f O| XS CO[E{ZH Y= HES

df_tbl2 <- as.data.frame(tbl)
df_tbl2

stroke hypertension Freq

1 No No 4429
2 Yes No 183
3 No Yes 432
4 Yes Yes 66

ggplot(df_tbl2, aes(x = stroke, y = Freq, fill = hypertension)) +

geom_col()
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Freq

5000 -

4000 -

3000 -

2000 -

1000 -

No Yes
stroke

StCHZ2 “stack” YENZt OfL| 2t 22|5t1) ACHH geom_col() &
7}gtCt.

Freq

ggplot (df_tbl2, aes(x = stroke, y = Freq, fill

geom_col(position = "dodge")

L

NO Yes
stroke

4000 -

3000 -

2000 -

1000 -
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hypertension

W
. Yes

5t4~0]| position = "dodge" &

= hypertension)) +

hypertension

. No
. Yes

24

—

=R—3
=

AN



H2S Jejzz Ja|n

ggplot(df_tbl2, aes(x

geom_col(position = "fill")

1.00-

0.75-

0.50-

Freq

0.25-

0.00-
1
No Yes

H|O|A RQ| mosaicplot () &4E AI25I0 2EHE ez 1

2O{M AR

mosaicplot (tbl)
tbl

c
o
&
o 2
o
o
>
£

[%]

K

stroke

415

stroke, y = Freq, fill = hypertension)) +

hypertension

. No
. Yes

AL geom_col() 40| position = "fill" FHS F7I6HH.



ggmosaic 7|2 AtESIO] ELHEE
W0l M2He| CO|H Z2f| Y-S 71| A[AFSHLY.

R

library(ggmosaic)
ggplot (stroke_df) +

geom_mosaic(aes(x =

Yes -

stroke

No -

No
hypertension

416

HE J2imz 0 4

=2 T

ALt O] I7| 2=

product (stroke, hypertension), fill =

CIO[E{ 22|} S AMESHY|

stroke))

stroke
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O YoM & =Y ¥4l SEYS HY5h= 7t0[A& (Chi-Squared) A8 Cisl ZOF2L}. 70|
Ag dd2 & 33d g 227t MZ SEAAUR| dYsts Yyoltt oS S0, =Z&S (stroke)

library(tidyverse)
stroke_df <- readRDS("data/stroke_df.rds")
glimpse(stroke_df)

Rows: 5,110

Columns: 12

$ id <chr> "9046", "b51676", "31112", "60182", "1665", "56669", ~
$ gender <fct> Male, Female, Male, Female, Female, Male, Male, Fema~
$ age <dbl> 67, 61, 80, 49, 79, 81, 74, 69, 59, 78, 81, 61, 54, ~
$ hypertension <fct> No, No, No, No, Yes, No, Yes, No, No, No, Yes, No, N~
$ heart_disease <fct> Yes, No, Yes, No, No, No, Yes, No, No, No, No, Yes, ~
$ ever_married <fct> Yes, Yes, Yes, Yes, Yes, Yes, Yes, No, Yes, Yes, Yes~
$ work_type <fct> Private, Self-employed, Private, Private, Self-emplo~
$ residence_type <fct> Urban, Rural, Rural, Urban, Rural, Urban, Rural, Urb~
$ avg_glucose_level <dbl> 228.69, 202.21, 105.92, 171.23, 174.12, 186.21, 70.0~
$ bmi <dbl> 36.6, NA, 32.5, 34.4, 24.0, 29.0, 27.4, 22.8, NA, 24~
$ smoking_status <fct> formerly smoked, never smoked, never smoked, smokes,~
$ stroke <fct> Yes, Yes, Yes, Yes, Yes, Yes, Yes, Yes, Yes, Yes, Ye~
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tbl <- xtabs(~ stroke + hypertension, stroke_df)
tbl

hypertension
stroke No Yes
No 4429 432
Yes 183 66

addmargins () 8-S AESIY S RO OF2S =7t 4= QUCH ORI2 2 lp SO| A S LiE}

sy

tbl_with_margins <- addmargins(tbl)
tbl_with_margins

hypertension
stroke No Yes Sum
No 4429 432 4861
Yes 183 66 249
Sum 4612 498 5110

 2LHOM L EF &E2 T3 20| ALt 4= Tt 0| &52 0RIZ EF M AlLksttt
249
P =——=0.04
(stroke+) 110 0.0487
4861
P -) = ——=0.951
(stroke-) 110 0.9513
498
P on+) = —— = (.
(hypertension+) 110 0.0975
4612
P = 0.902
(hypertension-) = =110 = 0.9025
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chisq.test(tbl) $expected

o

= w2 G 2
[CHgt = 0.09275 x 5110 = 473.9525
ZHof| Chofl Z[CiekS AlLtotE Chaat 22 Ak Y0
hypertension
stroke No Yes
No 4387.2665 473.73346
Yes 224.7335 24.26654
34.3 FI0|A| |ZF AH|AHSET
710|MlE A2 2S5kt 7|CHarel 20| & 0| 85t0 = ol =8 ds YTt & I Baof
CHot 710l A& SAH 2k (chisquared statistic) 2 CH21f ZH0] A[AFEICE
n 2
2 _ (Oz B Ez)
= E
=1 ?
07IM O, = &3, E;= 7Itigfoltt.
0| BR< 10|14l SAEE Chaat 20| ALttt
O 2f2 tt31 Zt.

X-squared

(4429 — 4387.27)2 /4387.27 + (432 — 473.73)2 /AT3.73+
chisq.test(tbl)$statistic
81.605637

(183 — 224.73)2/224.73 + (498 — 24.26)2/24.26
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Pearson's Chi-squared test with Yates' continuity correction
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library(ggplot2)
library(gghighlight)
library(tidyverse)

geplot(data.frame(x = c(-4, 4)), aes(x)) +
stat_function(fun = dnorm, args = list(mean = 0, sd = 1)) +

theme_minimal ()

0.4
0.3
> 0.2
0.1
0.0
-4 -2 0 2 4
X

i
rlo
il
0o
it
my
il
X
=
wd
1
$0
ful

x <= 22 2| &

pnorm(2, mean = 0, sd = 1)

[1] 0.9772499

O| XS Alzztsl 24t
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ggplot(data = tibble(x = -4:4), mapping = aes(x = x)) +
stat_function(fun = dnorm) +
stat_function(
fun = function(x) ifelse(x < 2, dnorm(x), NA),
geom = "area",
£ill = "sky blue"
) +

theme_minimal ()

0.4
0.3
>0.2
0.1
0.0
-4 -2 0 2 4
X

[=Y
|
g
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[}
[a]
=]
~
N
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®
o
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1
(@]
n
Q.
1
[N
~

[1] 0.02275013

O| XS Alzztsl 24t

ggplot(data = tibble(x = -4:4), mapping = aes(x = x)) +
stat_function(fun = dnorm) +

stat_function(
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fun = function(x) ifelse(x > 2, dnorm(x), NA),
geom = "area",
£fill = "sky blue"

)+

theme minimal()
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X
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+ hypothesize() : #F 712 A4
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+ generate() : AR TS HIEOZ (YBY E& 0|20 27
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« visualize() : &I A|ZSt

- shade_p_value() : p-value @ A|Ztst

- shade_confidence_interval() : AlZ| 2ZF A|2tE}

+ get_p_value() : p-value A4t
+ get_confidence_interval() : 22| 17+ ALt
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library(infer)
data(gss)
glimpse(gss)

Rows: 500

Columns: 11

$ year <dbl> 2014, 1994, 1998, 1996, 1994, 1996, 1990, 2016, 2000, 1998, 20~
$ age <dbl> 36, 34, 24, 42, 31, 32, 48, 36, 30, 33, 21, 30, 38, 49, 25, 56~
$ sex <fct> male, female, male, male, male, female, female, female, female~
$ college <fct> degree, no degree, degree, no degree, degree, no degree, no de~
$ partyid <fct> ind, rep, ind, ind, rep, rep, dem, ind, rep, dem, dem, ind, de~
$ hompop <dbl> 3, 4, 1, 4, 2, 4, 2, 1, 5, 2, 4, 3, 4, 4, 2, 2,3, 2,1, 2, 5,~
$ hours <dbl> 50, 31, 40, 40, 40, 53, 32, 20, 40, 40, 23, 52, 38, 72, 48, 40~
$ income <ord> $25000 or more, $20000 - 24999, $25000 or more, $25000 or more~
$ class <fct> middle class, working class, working class, working class, mid~
$ finrela <fct> below average, below average, below average, above average, ab~
$

weight <dbl> 0.8960034, 1.0825000, 0.5501000, 1.0864000, 1.0825000, 1.08640~

35.5 1-Sample t-test

- SAE G (A = 228t AlZE hours)
- HF 7td: WZ0| 400]|Ct,
. {3 744 ™HO| 400| OfL|Ct,

obs_mean_hours <- gss %>%
specify(response = hours) %>
calculate(stat = "mean")

obs_mean_hours

Response: hours (numeric)
# A tibble: 1 x 1
stat
<dbl>
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null_dist_hours <- gss %>%
specify(response = hours) %>%
hypothesize(null = "point", mu = 40) %>%
generate(reps = 1000, type = "bootstrap") %>%

calculate(stat = "mean")

+ specify(response = hours): A|t £ 2235 A|Zt2 S B2 X HSHCL

+ hypothesize(null = "point", mu
O|C}. 7+ZHO0] OFl ZLQIE 7HHO|CY,

+ generate(reps = 1000, type = "bootstra
Ct. bootstrap YEHS ALESIH 7|7 ZEE 4

+ calculate(stat = "mean"): A0 CiTt A2 3T,
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AP BT A2sHH B2} visualize() BAE P BEES A|LEf3ICH

null dist_hours %>%

visualize()
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Simulation—-Based Null Distribution
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stat

count

OfA| 2ol M 22zl 0| O] 220 {ZA fII5H=A] &elsl 24t

null dist_hours %>%

visualize() +

shade_p_value(obs_mean_hours, direction = "two-sided")

Simulation—Based Null Distribution
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OfA| O] ZE0|M & E B0l LIZ &ES ALl 24}
null dist_hours %>%
get_p_value(obs_mean_hours, direction = "two-sided")

# A tibble: 1 x 1
p_value
<dbl>
1 0.032

t_test(gss, response = hours, mu = 40)

# A tibble: 1 x 7
statistic t_df p_value alternative estimate lower_ci upper_ci
<dbl> <dbl> <dbl> <chr> <dbl> <dbl> <dbl>
1 2.09 499 0.0376 two.sided 41.4 40.1 42.7

# calculate the observed statistic

observed_statistic <- gss %>

specify(response = hours) %>%

hypothesize(null "point", mu = 40) %>%
calculate(stat = "t") %>%
dplyr: :pull()

observed_statistic

t
2.085191

pt (unname (observed_statistic), df = nrow(gss) - 1, lower.tail = FALSE) * 2

[1] 0.03755959

431



library(dplyr)
library(knitr)

library(readr)

ageAtMar <- read_csv("https://ismayc.github.io/teaching/sample_problems/ageAtMar.csv")

Rows: 5534 Columns: 1
-- Column specification ---—-----——————————— -
Delimiter: ","

dbl (1): age

i Use “spec()” to retrieve the full column specification for this data.

i Specify the column types or set “show_col_types = FALSE"™ to quiet this message.

glimpse (ageAtMar)

Rows: 5,534
Columns: 1

$ age <dbl> 32, 25, 24, 26, 32, 29, 23, 23, 29, 27, 23, 21, 29, 40, 22, 20, 31~

ageAtMar %>, ggplot(aes(x = age)) +

geom_histogram(binwidth = 3, color = "white")
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§ [ III-_
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age

e Lole a2 T3t 2.

obs_mean_age <- ageAtMar 7>
specify(response = age) %>’
calculate(stat = "mean")

obs_mean_age

Response: age (numeric)
# A tibble: 1 x 1
stat
<dbl>

HF 7H2S BIEH2=E 2|7

Bl

T2 MMBIC} bootstrap WHES ARSI 2|2 X2 AMABICEH

null_dist_age <- ageAtMar %>

specify(response = age) %>/

hypothesize(null = "point", mu = 23) %>%
generate(reps = 1000, type = "bootstrap") %>%

calculate(stat = "mean"
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null_dist_age %>%

visualize()

Simulation—Based Null Distribution

100 -
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23.0 23.
stat

150 -

count

23.2

OfA| 2ol M 22zl B0l O] 220 0{ZA| fI=|5H=A] &elsl 24t

null_dist_age %>%
visualize() +

shade_p_value(obs_mean_age, direction = "two-sided")
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Simulation—-Based Null Distribution

150 -
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N _-II Il-_
258 2&0 2é2

stat

count

OfA| O] ZEO|M 2 B0l L2 &ES Alttol 24t

— =2

null_dist_age %>%

get_p_value(obs_mean_age, direction = "two-sided")

Warning: Please be cautious in reporting a p-value of 0. This result is an approximation
based on the number of “reps™ chosen in the “generate()” step.

i See “get_p_value()~ ("7infer::get_p_value() ) for more information.

# A tibble: 1 x 1
p_value
<dbl>
1 0

AE| FZHS ALl 24}

null_dist_age %>/

get_confidence_interval(level = 0.95)

# A tibble: 1 x 2
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lower_ci upper_ci
<dbl> <dbl>
1 22.9 23.1

t_test ) S AlHol EAf.

t_test(ageAtMar, response = age, mu = 23)

# A tibble: 1 x 7
statistic t_df p_value alternative estimate lower_ci upper_ci
<dbl> <dbl> <dbl> <chr> <dbl> <dbl> <dbl>
1 6.94 5533 4.50e-12 two.sided 23.4 23.3 23.6

# calculate the observed statistic
observed_statistic <- ageAtMar 7%>%
specify(response = age) %>%
hypothesize(null = "point", mu = 23) %>%
calculate(stat = "t") %>%
dplyr: :pull ()

observed_statistic

t
6.935697

pt (unname (observed_statistic), df = nrow(ageAtMar) - 1, lower.tail = FALSE) * 2

[1] 4.504324e-12
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