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1.1 Introduction to R & Intermediate R
1. EARFEES A ZEF(ER

[E :
ElEE : v <- c(1,2,3); seq(from=valuel, to=value2,by=value3); rep(x,times=n)
HEEY @ x[5]; x[1:3], x[c(1,3)], x[-5] ( &FR)
%
€l : m <- matrix(vector, nrow, ncol, byrow, dimnames=list(rownames, colnames)
HEEY : mii, j1, m[i, ], m[, ]
FRERER]LAS |EREE S 4ERYarray
UREE
ARERYZIRIL S SRR AEEE
Bz : df <- data.frame(coll_vec, col2 vec, ...), coli vecHFlmE , L AR(F=EE
$2EY : df[1:2], df$coll, df[c( “coll” , “col2" )]
FIZR:
— RSB FES
ElIEE : | <- list(objectl, object?, ...); | <- list(hamel=objectl, name2=object?, ...)
FEEN - I[[1]], I$name
Hfth :
ESERENjelfELINEIEE
str)BEEZUEXISRAVEN;
summary()BEEEIENSREISRITTE




1.1 Introduction to R & Intermediate R
2. ERiz®

3. % W R EHIE XA fER
i¥DA-02 P16-P18 & DA-03 PO5-P15&8%

isTRUE(x)

AT, E
AFET, MNFET
AEF, FT
3Ex
X EY
xHly

xS NTRUE




1.1 Introduction to R & Intermediate R
4. BENXRENERSApplyR £k

function(arg1,arg2,...) {
statements
return (object)

}

myfun <- function() {
print("hello world")
return ()

}

> f <= function(x,y) X + y
> f

function(x,y) x + ¥y

> f(1,2)

(1] 3




1.1 Introduction to R & Intermediate R
4. BREN REMERSApplyiREREL

Description

Returns a vector or array or list of values obtained by applying a function to margins of an array or matrix.

Usage

apply(X, MARGIN, FUN, ..)

Arguments

an array, including a matrix.

a vector giving the subscripts which the function will be applied over. E.g., for a matrix “1* indicates rows, “2" indicates
columns, “¢(1, 2)* indicates rows and columns. Where *x* has named dimnames, it can be a character vector selecting

dimension names.

the function to be applied: see ‘Details’. In the case of functions like *+*, “%*%", etc., the function name must be backquoted or

quoted.

optional arguments to “FUN".




1.1 Introduction to R & Intermediate R

4. BREN REMERSApplyiREREL
Apply ) EREIRER T Apply O REW , EIWANEE Elapply(), sapply()ZFEREL.

lapply(X, FUN, ...) , lapply() EERE—NSEAXEK R list ;
sapply(X, FUN, .. , sapplyE—NEi¢EfEFEIAIFINRA , EiREIER— ARaRER

{EFRapplyRREHIEAMERILANEBING |, BRIEHRES U TR
BEEFARYERRIE R,

5. Hith
;Fb*%?éﬁgl.]\ ﬂﬁﬂzigﬁ% ] éj)ll—IJDA'Ozl'o



https://www.rdocumentation.org/
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1.2 Introduction to Importing Data in R
R Language read.table()

#2-2 F#¥read.table()R)IEIR

i Y.
AFOR NHEGER TR 1T 2 092 5

SPFEAR N T . BRI sep="", XFIR T P B2, BIRA ., iTokol 4, f#
Hl sep=", " AiEHUHIE SR 7 BRA T BN S, [ sep=\c " R ) F 5 4 o &1
TR S

row.names AT A REA T hR R T % 5%

col.names LB SRS — T A S i %4 ( header=FASLE ), MR LAH] col .names 48 E— 1M1
R AR '(:HEJ] W, WM header=FALSE V)M col.names KT 2470 1, S8 5;'] l{ﬁ
ZRvi, v2, LIS

na.strings Al T ZomB Sl 7/ e bt . Hednidt, na.strings=c("-9", "2"){8-9 FI2{H{EE
HCEE (9 5440 na

SolClasses Al MR BN RE 25wt FEANiS, colclasses=c("numeric", "numeric", "character",
"NULL", "numeric")iUFiESERCHEERAER, 05 =0EECh AR, Bkt

a1

oz
g, O IANERCHEU R ), AREAEAT 2R 103, colclasses MIMHEHEDIIF. iR
TETEIOAC R SCA SO, I |- colclasses PEXa] LA o 0 b2 T]-4b 7 (1 8

quote XA FR0R T AR 0 A R E SRR A R . BROAFREOS S () sliag )by (1)

skip PSR Rk A T B R L XA PETE Bk Sk TR R 6 He AT

e E—

stringsAsFactors AEHE, ARICAE TR AR ST E AR T, BUAEE TRUE, BRIEE® colclases
P i SAARTE AL B AR SOAS SO, I ¥ stringsAsFactors=FALSE ] LA Tk
LT

AEE SO TR A R . I cexe BRINE T, file NiZBEME . 230 AT

)y




1.2 Introduction to Importing Data in R

1. CSVX &
1255 fEE ( Comma-Separated Values , CSV , BRIEH 717 0lElE , B0 BAILATEES ) , AXIHAAATE
TABZRE (FHIXD ) —— BEER
read.csv()
readr: read_csv(file, skip, nmax)
data.table: fread(file, select, drop)

2. TXT3Z{4
read.delim() j¥=Eheader&#F0colNamesS &
readr: read_delim(file, delim, quote = "\", col_names = TRUE, na = c("", "NA"), skip = 0, n_max = Inf)




1.2 Introduction to Importing Data in R

3. XLS32 44
readxIfE :
excel_sheets(filePath)

IREXIsSUFFRISF N sheetE
read_excel(filePath, sheet=sheetName or sheetNumber)
XIS ERE N sheet(SR
Tips: BILAFIAlapplyBREGEEN A sheetfESHIA THER
read_excelEBHIRIESE :
col_names : FALSE or vector , EG15E5%3
skip: EEEEGERIBNS & 1T

gdatalE:
read.xls(path, sheet=sheetName or sheetNumber)




1.2 Introduction to Importing Data in R

4. XLConnectZERI{ER
XLConnectFEHy2E—&FEOSSLIIXLS)FAUES |, FEGIFE—EH% .

myBook <- loadWorkbook(filepath)
getSheets(myBook)
readWorksheet(my_book, sheet = Name/Number, startCol, endCol)

createSheet(my_book, sheetName)
writeWorksheet(my_book, sheet, sheetName)
saveWorkbook(my_book, file = “xxx.xlsx")

renameSheet(my_book, "data_summary", "summary")
removeSheet(my_book, 4)
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. HUEREIER
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1.3 Cleaning Data in R

1. HUEELHR
glimpse() EESUEEFRTESIRIEHEREL
summary() EE&UEEREESE

A Fmutate() [AEGEEEII—FIRVEEE
df <- mutate(df, newscore = score2020)
OR df <- df %>% mutate(newscore = score2020)
(%>% , & , IRERBHEFINEY )

FFas. TYPE(iH THUESELLRIR




1.3 Cleaning Data in R

2. ESENIE
duplicated()
distinct()
df %>% count(col) %>% filter(n > 1)

3. BEE/GRKELE
IRIESCIREUE AR RE | eqg : FEH. Y8
RIBSUEREA D HFIESRE | eg : REEE

is.na()
filter(lis.na(vec))




1.4 Data Visualization & Visualizing Time Series Data in R

Hiill: plot(x, v, ...

N FE “type®
main

what type of plot should be drawn. Possible types are

an overall title for the plot: see “title".
*»p"* for points,

“sub®
»* for lines,

a sub title for the plot: see “title". “b"* for both,

for the lines part alone of “"b"",
“xlab’

»* for both ‘overplotted’,

a title for the x axis: see “title".
for ‘histogram’ like (or ‘high-density’) vertical lines,

“ylab® »* for stair steps,

a title for the y axis: see “title". 3 for other steps, see ‘Details’ below,

»* for no plotting.




1.4 Data Visualization & Visualizing Time Series Data in R

IEEDEIERNRED © q-gplot
Aagnorm()#qqline(fEIESQQE. STEFHARBIESH AR , ERYSRIEUE—REZE
El.

qgnorm(rtn, main = Apple return QQ-plot

qqline(rtn, col =

0.02 0.04 0.06

Sample Quantiles

Theoretical Quantiles




1.4 Data Visualization & Visualizing Time Series Data in R

I FrERERIE R

acf(x, lag.max = NULL, type = c("correlation", "covariance", "partial"),
plot = TRUE, na.action = na.fail, demean = TRUE, ...)

x: —7LE 7T ( Accf ) HFRTEFFINSRE— N EE RIS EE
lag.max: it HacfiIRKIER , FAAME/I10*1oglO(N/m) , EFNEWERL , mEFFIEER
type: IEEEARRIBEX I &SR BIEBEX. AZENRBEEX

Series rtn
plot: &%

na.action: FRE(ELIRFGE




1.4 Data Visualization & Visualizing Time Series Data in R

(=P SET Sl IS BN

cov(x, y = NULL, method = c("pearson®, "kendall”, "spearman"))
corplot(M, ...)

Q &=
=] o
o 0
= o
=y v}
02 =
(W] =

-

citigroup

microsoft

dowchemical




1.4 Data Visualization & Visualizing Time Series Data in R

ggplot2iL BRI EEIKITTE

ggplot(data = @ISD) + Required
| <GEOM_FUNCTION> ]
mapping = aes (@NZANED) .
stat - CTTD. ot

position = (@e N le]\E required,

) + sensible
<COORDINATE_FUNCTION> JM defaults

<FACET_FUNCTION> J supplied

<SCALE_FUNCTION> Mg
<THEME_FUNCTION>




2. RE R

R Graphics II 1R 2 o4

1SR IEiris
1) FeFnames\MTELEN, AERERKENZEEHNB<E
2) TEplotRMEERINAT . EARNERTBERBEeZT OERMRLABETR; BrSinmBFRFRINIR
72 "relationship between width and length of Iris petal”,
2. {# ] airquality £(3E
1) LRE Temp EHE, 11— TME%45 Temperature”, J1—M5RR"The Distribution of Temperature*
2) SETINE, HiREABAERE
3) MIEENE—TERE, A T—H. HEAMASSBMtrueHistRENE HMEE 7 E:
F—IgE, airquality2BETEBNESE (SA%)
SE_IEE, airquality2ZTEBNELE (BiXR) HANBERL, HRAE
E=IEE, airqualityEXRTENELE (S
SEIUIEE, airqualityBIZTEBNELE (BAX) , HANBE#EZ, HREE®
3. {#i Fmtcars H fympg

LFAELRINAL AT x3H9"Number of Cylinders”, y#fi9="Miles Per Gallon"#%xg"Car Milage Data”, 1RiEARElcylZE
B TmpglFEEE, FHiRMNxH"Number of Cylinders”,y3i"Miles Per Gallon”

4. FEEORAEIE -

1) B2 FFmEcolors, 7t & A"green","orange","brown*; 8| F @ Emonths, st X R"—AB","_AB""=/8""WAB""A B
“BliRF e Eregions, TR N"FREPHEX","FAEPHE X", "B EPHE X, Bl % fFvalues, st R N E
2,9,3,11,9,4,8,7,3,12,5,2,8,10,11, E3R3175%!

2) {EAEFvaluesBZIEBNRZTE, RIMTER"SWN", xXHBFRA"BH”, yHBRAWKWN, FEENIRERF
F ) Emonths({EMnames.arg2#]), HESEENEGIZENEIERNFFEcolors

3) RINEF, ABRNFRFEBregions, DN EFERN=FIERE




2.1 B=it4

1.

> names (iris)

[1] "Sepal.Length" "Sepal.Width" "Petal.Length" "Petal.Width" "Species"

> plot(iris eal.Width, xlab="length", ylab="width", col="red", pch=8, main="relation ship between width and length of its petal"™)

> names (airquality
[1] "Ozone" "Solar.R" "Wind" "Temp" "Month" "Day" The Distribution of Temprature
> str(airquality)

'data.frame': 153 obs. of 6 variables:

Ozone : int 41 36 12 18 NA 28 23 19 8 NA ...

O

<
$ Solar.R: int 190 118 149 313 NA NA 299 99 19 194 =i
$ Wind sonum’ 70458120641 .5-14°3:°14.9:8.6- 1358 20,1 8.6
$ Temp ¢ int 67 72 74 62 56 66 65 59 61 69 ...
S -Month! 2. dng: 5::655:5::5:5:5:5:5:57 . - 9
$ Day Sodngd A 2e3eanSe e 78197100 . .. o
> hist(airquality$Temp, xlab="Temprature", main="The Distribution of Temprature", col="green", freg=F)
8 4
o
Si=|
o
o
o
o

l T T T 1
60 70 80 90 100

Temprature



2.1 B=it4

A - g
> 2

par (mfrow=c(2,2))

truehist (airquality$Temp, prob=FALSE)
t(airqualitySTemp, prob=TRUE)

lines(density(airquality$Temp),

truehi

10 15 20 25 30 35
0.02 003 004

(density(airgqualitySWind),

0 5
0.00 0.01

[ T T T 1 I T 1
60 70 80 90 100 60 70 80 90 100

airquality$Temp airquality$Temp

1
15 20

airquality$Wind airquality$Wind




2. RE N4
ol

> sStr (mtcars)

'data.frame': 32 obs. of 11 variables:

mpg: i nopm: 21.23.22.8-21.4:38.7 18:1.14.3.24.4.22.8:19.2 ...

cyl : num 6 6 4 6 8 68 446 ...

disp: num 160 160 108 258 360 ...

hp: : num' 1310 1310 93 110 175 105 245 62 95 123 ...

num' 3.9"3.9-3.8573.08 3,15 2.76:3.21.3.693.92:3.92" =

3.21:3.44 " saie

T 0 0 0 0 0 0 0 0

> boxplot (mtcarsSmpg, xlab="Number of ind
> boxplot (mtcarsSmpg ~ mtcarsScyl, xlab="Numb

Car Milage Data Car Milage Data

Miles Per Gallon

Number of Cylinders Number of Cylinders




2. RE N4
4.

<- c("green", "orange", "brown")

- :(n::ﬂ;u, 'u:a", "E Ln' vv@}ﬁu, llﬁﬁ")
< c(RE, "B, "EBY

k=:-matrimf{c(2. 9; 3; = PP { "R L 8 Ba 10, 11), nrow=3)

> barplot (valu




2.2 1RE[HS
Course

S
Wrap-up i 2 i 05

o |, HiERalpe_d_huez2fifiidc THFAB1THFHABAlpe I Huez R ERIERIRATIE], DARKT
FHNRSEENERER. SHEFEFFRREENS T, EHa) BEHEMD) fELE
EREN.

e 2. mtcarsiZdatasetsERAVEIEER . IBERstr()RER T RRX N EURSRAVMIRY, FHiaH &R
&, REEREXEE:

¥ A BMNEBERE—MNEEESNIeNREE. BRI ERTAGS
* b. B Hcylflmpgk RARIELRE, FHIELERHE T Mplotpng, EXHHNBIE,

® 3. obama_vs_mccain BB A T 2008 FXE B AR EPHEZMNBEER, UERXTIK
A, K, MENRHNERER.

* a. B U IncomeF1 S hNEZE LB Turnout Z [BIY X R BIEUSE., 31277 TurnoutfZ7E
NafE,

* b EAERREIFIRARESTO=/BH(17)

* . BIREPE T REFEEBSregions, iFE HE X region FRIU AN IncomeF 1SN
IRZ LB Turnout Z BRI X AR E, BRIREMBE NS, 1715k,




2.2 REMHIS
I

> getwd ()

[1] "C:/Users/Melyn/Documents”

> data <- read.csv("alpe_d huezZ.csv")

> str(data)

'data.frame': 36 obs. of 7 wvariables:

’I‘ime H ChI "3'7! 35\"" "3'7' 36\"" "38' 00\"" "38! Ol\""

NumericTime: num 37.6 37.6 38 38 38.1

Name : chr "Marco Pantani" "Lance Armstrong” "Marco Pantani" "Lance Armstrong”
Year : int 1997 2004 1994 2001 1995 1997 2006 2006 2004 1997

Nationality: chr "Italy" "United States" "Italy" "United States"”

DrugUse : logi TRUE TRUE TRUE TRUE TRUE TRUE

Allegations: chr "Alleged drug use during 1997 due to high haematocrit levels." "2004 Tour
> hist (data$NumericTime)

> boxplot (data$NumericTime)

0 0 0 0 00

Histogram of data$NumericTime

T T
40 42

data$NumericTime




2.2 1R M5

'data.frame': s 11 variables:

mpg : num B 282 3408 Z404 230
cyl : num
disp: num
hp

drat:

O MNWKHEKFEOMNDN

O

0 4 1 0 0

LI S

3
i |




2.2 REMHIS
ol

data <-
data <- na.omit (data)
plot (data$Income,

Income

ot (Turnout ~

Region,

read.csv("obama vs mccain.csv",

—idT 1)

ou pch=17

dataSTurnou

data=data, column=5)

data$Turnout

Given : Region

—T
—/

 —r— |

e

25000 35000
1 1

25000 35000 25000 35000
L 1 | 1 | L 1 L

|
o

T
30000

data$income

35000

T T T

25000 35000 25000 35000

Income



2. R AR

ggplot2 Il 15 206

|, BEHIESEmtcars, RIBEREE:
() B{Eqgplot. ggplotBRENE HmpgHlwtk RAVEN R E;
Q) ER=MARNE EmpgdHE 7 B, B EE A qplotilggplot i IEE B ™ NEF AN R ERS;
G)ER=MEERNE EmpgE ERIRE L,
2. {FFdatasetsBPRIEIEEpressure, BEEHIIEHIRERBEE:
(1)i&1E HpressurefItemperature X RARI & E ;
(2) %> 3{E A qplotfggploti@ i pressurefltemperaturex RAVE = B FIT L E.,
3. {EMdatasetsHAEIEEE ToothGrowth, FERLIN FTHILEIEK:
(1) HAsuppZ EIEA DX, D ANER=MELERHE HlenZTENFEELE,
4, {FMAggplo2 Bl P EIESEmpg, SRR :
(NVEBmpgEUBETE X — geplotiI R, RinhwyScyfIxZ;
QE—THRE, EEMBAyerdSRIEE, HELDEENELN EEEF RIS,

) HE{ER(1)PE X MggplotI REFRE, EHclassSRIBEENE, dispiEEKR/), BHE;
1BE 0.5, positiontEENHIEN, ERSERER ERMINSHZ;

(4){ERgplotE Ehwy SctyfI X RN ERE, HiRiByearEEHHE, RS HL.




2.3 B=ENi6

1.

> Str (mtcars)
'data.frame’': 32 obs. of 11 variables:
mpg : num 21 21 22.8 21.4 18.7 18.1 14.3 24.4 22.8 19.2
cyl : num 6 6 4 6 8 6 8 4 4 6
disp: num 160 160 108 258 360
hp : num 110 110 93 110 175 105 245 62 95 123
drat: num 3.9 3.9 3.85 3.08 3.15 2.76 3.21 3.69 3.92 3.9§ e
: num 02 2.8 5 3.21 3.44
num 6.5 17
num 0
num 1
num 4
4

LR T 0 T T £ M T T M 0 T 0 T 5

carb: num
> gplot (mpg, wt, data=mtca
> ggplot (mtcars, aes(mpg,




2.3 B=ENi6

hist (mtcarsSmpg)
geplot (mpg, data=mtcars,geom="histogram", binwidth=4)
ggplot (mtcar aes (x=mpg) ) om histogram(bins

plot (density(mtcarsSmpg))
geplot (mpg, data=mtcars,
ggplot (mtcars, aes (X=mpg))

Histogram of mtcars$mpg

Frequency

T T
20 25

mtcars$mpg




2.3 B=ENi6
2

'data.frame': 19 obs. of 2 variables:
$ temperature: num O 20 40 60 80 100 120 140 160 180 ...

=
&
=

pressure e 2 0
> plot (pre Spr
gplot (px

)
=}
=)

temperature

pressure$temperature
temperature

460 60 ) ; ) 460
pressure$pressure pressure pressure




2.3 B=ENi6
ol

> strx (ToothGrowth)

'data.frame': 60 obs. of 3 wvariables:

Jen iinum 49520 11495 T3 9.8 6.4 10: 112 10 .2 So2 7
supp: Factor w/ 2 levels "OJ","VC": 2 22 2222222
dose: num ©0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

€y A 0

> plot (ToothGrowthSsupp, ToothGrowthSlen)

> boxplot (len ~ supp, data=ToothGrowth)

> gplot (supp, len, data=ToothGrowth, geom="boxplot")

> ggplot (ToothGrowth, aes(supp, len)) + geom boxplot()
> boxplot (supp ~ len, data=ToothGrowth)




2.3 B=ENi6

ibble[,11] [234 x 11] (S3: tbl_df/tbl/data.frame)
manufacturer: chr [1:234] "audi" "audi" "audi” "audi"
model ¢ chr [1:234] "a4™ "a4™ "a4"™ “a4"
displ num [1:234] 1.8 1.8 2 2 2.8 2.8 3.1 1.8 1.8 2 ...
year int [1:234] 1999 1999 2008 2008 1999 1999 2008 1999 1999 2008
cyl int [1:234] 4 4 4 4 6 6 6 4 4 4
trans chr [1:234] "auto(1l5)" "manual (m5)" "manual (m6)" "auto(av)" ...
drv chr [1:234] W™ WE® WS WS ..
cty int [1:234] 18 21 20 21 16 18 16 2
nwy int [1:234] 29 29 31 30 26 26 25 2
chr [1:234] "pm mwpn mpm owpn
T [1:234] "compact" "compact" "compact" "compact"

L R L N O R N N O R AR Y

)) geom_s ()
‘geom_smooth () using method 'loess’' ana formula 'y ~ x'

> p + geom point (aes(col class, size=displ,alpha=0.5, position="jitter")) + geom smooth (m
‘geom smooth()® using formula 'y ~ x'

arning message:
[lgnoring unknown aesthetics: position

> data=mpg, facets=year~., geom=c("point", "smooth"))

class

* 2seater

* compact

*  midsize
minivan
pickup
subcompact

suv




2. RENMHER
RGCook R E K07

o {EMgeplo BMNEEEM=RMINFTHES: o (ERggplo BNEERMERMIN TS

o : R, i P * 5. EHFIZTEOutlet_Establishment_YearfJ&H2E, EK(1): EHZ BN "red”;
* |, JEEUEEEBIg_Mart_Dataset.csv, IIEFHEIRT (8], BEUEIER 2N (2): = Btheme, bwHlthere. gray:(3) 1 ExHItIIT & (scale), BT

mart, & martAVEEFEARLE, Establishment, Year, HIZE 9 1985201030 ERBAOEES]; 128, MAOHE
* 2. Eltem_MRPHlItem_Visibility )X RE, EX: ()IEEHERMLER (scale), y##4E 525 Count , yiiZIEE 70-1500141 500 EIFRAVEERFS; (4): 1R B

‘ )i T ey e PR Bar Chart, EIFSA4 T4

Item_Type; (2)IR ExHHIITE (scale), xHBRZF Hltem Visibility", xEHZ] e aparhens 7

390-0.35040.05 5 [l FR LB R ; 18 By SMAIMRE (scale), yilIE = 6. B Outlet_Location_TypetEEAIZAZE (1): £/ Outlet_TypelR BB
fifem MRP/{ ym;;g;;o-no{u?oyg |‘§||}%qu§&1§ rgz]'?((s?’c;;%ﬁgi &; (2): 1R B EFHIRRE I Stacked Bar Chart, x4HEIZFRF9Outlet Location

Type", y2##9RF79 Count of Outlets

5 _ 7. IBOutlet_ldentifierAltem_Outlet_Sales DXL EMFERE;(1): ERER
* 3. m2EME, RIERFEENTItem_TypeH1THHE. 4168; (2): y B FRF9"Item Outlet Sales”, 4 4750-15000L4 1 50 (E) FRAOEUE
; (3): IR E MR 9 Box " x AR FR A" ntifier

* 4. @5IEBIem MRPIESE, BX: ()ENNERKOEEN2, e i gensber
(2)iﬁ§x$ﬁﬂ’\]ffﬁf§(scale), x50 = Fltem MRP, xEhZIE 590-270030% 8. lEl§U?;i§|tem_0utlet_SalesE$R455 %*:(I)i;ﬂ‘l’&‘fﬁy{l bin", binfY 5 &
EIRAEERET; 13 By AT (scale), yBBBZH County IR o o e 5 S B R AR
o e e > s EfZARR A "Area Chart", x #5259 "ltem Outlet Sales", y##i#5 2 5 “Count”,

0-200X20 8 B[R EE R F1;(3) 1% EFRA A "Histogram”

B Htheme_bw, BRI Scatterplot,
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