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m Case sensitive
o A and a are different

m All alphanumeric symbols are
allowed (A-Z, a-z, 0-9)

1] EE I 11 ”

Q -,

(1t

m  Name must start with

Google's R Style Guide
https://google.github.io/styleguide/Rguide.xml

or a letter.

0 HFRANA

m 3X

m 3 X
m 3-X
m 3.X

The tidyverse style guide: https://style.tidyverse.org/

m _3variable m _variable

o IFFEARA
m X 3
m X3
m X.3
m taiwan.taipei.x3

GOOD : CalculateAvgClicks
BAD : calculate_avg clicks
BAD : calculateAvgClicks

Function name: Make function names verbs.

Variable name:

GOOD : avg.clicks
OK: avgClicks
BAD :avg_Clicks

File names: be meaningful.
GOOD: predict_ad_revenue.R
BAD: foo.R
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Welcome

Good coding style is like correct punctuation: you can manage without it,
butitsuremakesthingseasiertoread. This site describes the style used throughout the
tidyverse. It was derived from Google's original R Style Guide - but Google's current

guide is derived from the tidyverse style guide.

All style guides are fundamentally opinionated. Some decisions genuinely do make
code easier to use (especially matching indenting to programming structure), but
many decisions are arbitrary. The most important thing about a style guide is that it
provides consistency, making code easier to write because you need to make fewer
decisions.

Two R packages support this style guide:

= styler allows you to interactively restyle selected text, files, or entire projects. It

includes an RStudio add-in, the easiest way to re-style existing code.

~uvey
~ Addins ~
ny STYLER Q. style
Style active file I
Style package
Style selection




= Assignments . .
> X <- 5 Assignment: Z:&EH <-, MAZ =
> x = 5 https://google.github.io/styleguide/Rguide.xml

> X

> (x <- 5)
[1] 5

> assign('x", 2)

> 2 -> X

> a <- b <-c<-6

m X <- expressions
> X <-3 +5

m ;ornewline
> X <=5 ;y<-7

or
> X <- 5
> Y <- 7
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Google's R Style Guide

m  Comment
> # how are you?

= “+" :lfacommentis not complete at the end of a

line, R will give a different prompt.

> X <-
+ 5

> (y <- 1:5) IR (prompt) |

[1] 12345

> sum(y)

[1] 15

> options(prompt = “hmwu> *,
hmwu> sum(y”2)

[1] 55

hmwu> options(prompt = "> =,
>

continue

continue




» Variables, arrays of numbers, character strings, functions,...

S TR G FA R D B B fh 5t

> objects() object.size(x)

L] ™ 7y print(object.size(x), units = "Mb")
> 1s(Q)
[1] "x" “y" > n <- 10000

> p <- 200
> rm(X, Y) > myData <- matrix(rnorm(n * p), ncol = p, nrow = n)
> rm(list = IsQ)) > print(object.size(nyData), units = "Mb")

15.3 Mb

> objects()
character(0)

> 0s <- function(x){

+ print(object.size(x), units = "Mb"™)
+ %

> os(myData)

15.3 Mb
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> X <- 2 # x 1s a vector of length 1
> X <- vector() # x 1s a vector of 0 length
> X <- matrix() # x 1s a matrix of 1 column, 1 row
X <- "Hello Dolly®™ # x iIs a vector containing 1 string
> X <- c("Hello", "Dolly") # x 1s a vector with 2 strings
X

<- functionQ{} # x is a function that does nothing

m  The vectors are atomic objects — all of their elements must be of the same mode.

m  Most other types of objects in R are more complex than vectors. They may consist of
collections of vectors, matrices, data frames and functions.

= When an object is created (for example with the assignment <-), R must allocate
memory for the object.

= The amount of memory allocated depends on the mode of the object.
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= ceiling: the smallest integers not less than the
corresponding elements of x.

m floor: the largest integers not greater than the n n+1
corresponding elements of x. Floor(x) ceiling(x)
m frunc: theintegers > (x <- c(pi., 1/3. -1/3, —-p))
formed by truncating [1] 3.1415927 0.3333333 -0.3333333 -3.1415927

>

the values in x toward O. [ﬁe'i'”?(xg _3
> floor(x)

[L] 3 0 -1 -4
m round: rounds the values | > trunc(x)

in its first argument to the £110u‘;’d(2 g)_3

specified number of [1] 3.14 0.33 -0.33 -3.14

decimal places (default 0). | > round(x, 5)

[1] 3.14159 0.33333 -0.33333 -3.14159

> # checking 1Tt a number i1s an iInteger

> (x <- ¢c(1/3, 2, -4, 1.5))

[1] 0.3333333 2.0000000 -4.0000000 1.5000000
> ceiling(x) == floor(x)

[1] FALSE TRUE TRUE FALSE
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> getOption('digits') # digits: controls the number (1~-22, default 7) of
digits to print when printing numeric values.
[11 7
> x1 <- c¢(-10, -0.00001, O, 0.00001, 10)
> x2 <- c(-10, -0.00001, O, 0.00001, 10, pi)
> x3 <- c(-12, -0.12345, 0, 0.12345, 12)
> x4 <- ¢(1.810032e+09, 1.810032e-09, 10, pi, 0.0001, -0.0000005)
> X1 # same as print(x1l)
[1] -1e+01 -1e-05 0e+00 1le-05 1e+01

> X2

[1] -10.000000 -0.000010 0.000000 0.000010 10.000000 3.141593
> X3

[1] -12.00000 -0.12345 0.00000 0.12345 12.00000

> x4

[1] 1.810032e+09 1.810032e-09 1.000000e+01 3.141593e+00 -5.000000e-07
> cat(x1l, "\n")

-10 -1e-05 0 1le-05 10

> cat(x2, "\n")

-10 -1e-05 0 l1le-05 10 3.141593

> cat(x3, '"\n'")

-12 -0.12345 0 0.12345 12

> cat(x4, '"\n'")

1810032000 1.810032e-09 10 3.141593 -5e-07
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> op <- options();

> str(op) # nicer printing

List of 72

$ add.smooth : logi TRUE

> options(digits = 3) # try options(digits = 1) or options(digits = 5)
> x1 # same as print(x1l)

[1] -1e+01 -1e-05 O0e+00 1l1le-05 1e+01

> X2

[1] -10.00000 -0.00001 0.00000 0.00001 10.00000 3.14159
> X3

[1] -12.000 -0.123 0.000 0.123 12.000

> x4

[1] 1.81e+09 1.81e-09 1.00e+01 3.14e+00 -5.00e-07
> cat(x1l, "\n")
-10 -1e-05 0 1e-05 10
> cat(x2, "\n")

See also:
-10 -1e-05 0O l1le-05 10 3.14 > getOption( “scipen” )
> cat(x3, "\n") # (penalty) print numeric values in
-12 -0.123 0 0.123 12 fixed (scipen = positive integer)
> cat(x4, "\n") notation or exponential (nhegative
1.81e+09 1.81e-09 10 3.14 -5e-07 integer) notation. Fixed notation

- - - - - will be preferred unless 1t is more
>
options(op) # reset (all) initial options than scipen digits wider.

> options('digits') # or getOption(''digits'™) > options(scipen = 100, digits = 4)

$digits > options(scipen = 999) # do not
[1] 7 show scientific notation
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> x1 <- c(10, 5, 3, 6, 2.7)
> x1

[1] 10.0 5.0 3.0 6.0 2.7
>

> assign(*'x2'", c(10, 5, 3, 6, 2.7))
> X2

[1] 10.0 5.0 3.0 6.0 2.7
>

> c(10, 5, 3, 6, 2.7) -> x3
> x3

[1] 10.0 5.0 3.0 6.0 2.7
>

> length(x1)

[1] 5

> c(l 7:9)
[1]1 1789
> c(1:5, 10. 5, "next')

o ﬂz(vector) BB (BTN F)NERIRIE
s c(): B2EZEFE (combine values into a vector or list)

[y "1 2t 3T 4t 5™ "10.5" "next™
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> x1[4]

[1] 6

> x1[2:4]

[1] 53 6

> x1[c(4, 2, 1)]

[1] 6 5 10

> x1[-3]

[1] 10.0 5.0 6.0 2.7

> x1[x1 < 5]

[1] 3.0 2.7

> x1[10]

[1] NA

> x1[2] <- 32; x1

[1] 10.0 32.0 3.0 6.0 2.7
> x1[c(1, 3, 5)] <- c(1,2,3)
> x1

[1] 132 2 6 3




> (yl <- 1/x1)

[1] 0.1000000 0.2000000 0.3333333 0.1666667 0.3703704
> length(yl)

[1] 5

>

> vl <- x1 +yl + 1; vl; length(vl)
[1] 11.100000 6.200000 4.333333 7.166667 4.070370

[1] 5
>

> (y2 <- c(x1, 0, x1)); length(y2)
[1] 10.0 5.0 3.0 6.0 2.7 0.0 10.0 5.0 3.0 6.0 2.7
[1] 11
>
> length(x1)
[1] 5
> (v2 <- x1 + y2 + 1); length(v2)
[1] 21.0 11.0 7.0 13.0 6.4 11.0 16.0 9.0 10.0 9.7 13.7
Warning message:
In x1 + y2 :
longer object length 1s not a multiple of shorter object length
[1] 11

x1 repeated 2.2 times, y2 repeated one time, 1 repeated 11 times
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fmy-RiSummer - RStudio ;Iglﬂ

File Edit Code Wiew Plots Session Build Debug Teols Help

@] myRcode-chap0lR iris @] myRcode-Course.R. Console

[ source on Sawe Q - ~#FRun 2% | “Source -

-
131 [Top Lewel) R Script
Environment  Files  Wiewer History  Plots  Packages  Help
U M Import Dataset- 7 Clear List= a2 Ep /_\ L
Global Environment R: Rounding of Murmbers -
Data Round {base} R Documentation i‘
iris 150 obs. of 5 wvariables |
Values Rounding of Numbers
w1l num [1:5] 3 33.03 3.5 7.17 4.33
va num [1:11] 2 &5 5 13 7 2 34 35 9 10 Description
® num [1:4] 3.142 0.333 -0.333 -3. 142
- num [1:5] 1 32 2 6 3 ceilingtakes a single numeric argurment = and returns & numeric vector containing the
smallest integers not less than the corresponding elements of =,
vl num [1:5] 1 0.0312Z 0.5 0.1667 0.3333
2 num [1:11] 1 32 2 6 3 0 1 32 2 6 ... floor takes a single numeric argument = and retums a numeric vector containing the j
Lmvmm ot it mmmim b s mbmw dlomim flem mmves s mm el s sl b m =

AR - MUZEIT - EFE
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t, =, %, /, "
log(x), logh(x, b)
pi, exp(x),
sin(pi/2), cos(pi),
tan(pi/4),

abs(x), sqrt(x),
length(X)

prod(x)

choose(n, k)
factorial(x)

— R ERRygETER

max(x), min(x)
pmax(x), pmin(x)
range(x)

O c(min(x), max(x))
mean(x)

O sum(x)/length(x)
var(x), cov(x)

O sum((x-mean(x))"2)/(length(x)-1)
sgrt(var(x))
median(x)
summary(x)

cor(x, VYy)

HEmr=EH
B sortQ)#HEFE - HI/NETK -
B rank()#HEFELE -

B order )#HFF& - J{ETTRIVFIEFELE -

> ?mean

BEF meandJRA

mean(x, trim = 0, na.rm = FALSE, ...)
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> x <- c(1.58, -0.29,
> max(x)

[1] 1.58

> min(x)

[1] -0.38

> range(Xx)

[1] -0.38 1.58

> c(min(x), max(x))
[1] -0.38 1.58

> mean(x)

[1] 0.444

> sum(x)/length(x)
[1] 0.444

0.59, -0.38, 0.72)

> var(x)

[1] 0.65143

> sum( (Xx-mean(x))"2)/(length(x)-1)
[1] 0.65143

> sgrt(var(x))

[1] 0.8071121

https://hmwu. idv.tw

> medran(x)

[1] 0.59
> summary (x)
Min. 1st Qu. Median Mean 3rd Qu. Max .
-0.380 -0.290 0.590 0.444 0.720 1.580
> sort(x)
[1] -0.38 -0.29 0.59 0.72 1.58
> rank(x)

[1] 52314
> order(x)
[1] 4 2351




> x <- ¢(1,2,3,4,5,6,7,8,9,10)

> X <-1:10

>y <- 10:2

> 2*1:10 #The colon operator has high priority with an expression
[1] 2 4 6 8 10 12 14 16 18 20

>
> n <- 10
> 1:n-1

[1] 01234567829
> 1:(n-1)

[1] 1234567809
>

> width <- 1
> seq(from = 2, to = 5, by = width)

[1] 2 345

>

> 2:5

[1] 2 345

> sl <- seq(-5, 5, by = 0.2) # -5.0 -4.8 -4.6 ... 4.8 5.0

> s2 <- seq(length = 51, from = -5, by = 0.2) # -5.0 -4.8 -4.6 ...
4.8 5.0
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> rep(x, times=5)

[1] 1 2 3 4 5 6 7 8 910 1 2 3 4 5 6 7 8
[199 910 1 2 3 4 5 6 7 8 910 1 2 3 4 5 6
[37] 7 8 910 1 2 3 4 5 6 7 8 9 10
>
> rep(x, each=b)

[1] 1 1 1 1 1 2 2 2 2 2 3 3 3 3 3 4 4 4
[199 4 4 5 5 5 5 5 6 6 6 6 6 7 7 7 7 7 8
[37] 8 8 8 8 9 9 9 9 9 10 10 10 10 10

>
> rep(1:4, each=5)
[1] 1111122222333334442414

> rep(LETTERS[1:4], 3)
[1] "A'™ B *C' D' ™A' B *C' D' "A'™ "B"™ “C'" "D"
>
> rep(LETTERS[1:4], length.out=3)
[1] "A™ "B™ "C"
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m 122333444455555

m 544333222211111
m 123123123

s Fibonacci number (2]5EEZ FHZ!for):
011235813213455..

m 123452345345455
= 1613223346..

m 1234982716..

rev, sequence

Ex: %[0, 2173 205 M+ &R -
- HNAImE
o  EVATmES
* HY_YFIDE_DFEﬁZEP,.“IE
([a, b]Zpartition, AHXRiemann Sum)

R

» seq(from=1, by=1:5, len=5)
[11] 1 3 7 13 21
> seq{from=1, by=1, len=5i)
[11/1/2 3 4 5
> Seq {from=1, by=Z, len=5)

1.5?9
> Seq{from 1, by=3, len=5i)
[11 1 4.1013
» meq{from=1, by=4, len=5)
[1] 1 5 9-1?
> seq{from=1, by=5h, len=5i)

1 @

[1] 11 15-

=

—
> seq(l, by=c‘)(2, 3), lengt|'§1=6)
4 51 16

10 | 13 | 16
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m TRUE, FALSE
m [, F
= Logical operators

R <, <=, >, >=_ == 1=

m cl,c2: logical

expression

m cl&c2: intersection “and”
m cl|c2: union“or”

> x <- c(12, 4, 7, 20, 13)

> x < 15

[1] TRUE TRUE TRUE FALSE TRUE
> x <= 15

[1] TRUE TRUE TRUE FALSE TRUE
> x > 13

[1] FALSE FALSE FALSE TRUE FALSE
> x >= 10

[1] TRUE FALSE FALSE TRUE TRUE
> X == 12

[1] TRUE FALSE FALSE FALSE FALSE
> x 1= 20

[1] TRUE TRUE TRUE FALSE TRUE

> (x = 3)

[1] 3

> (x > 10)

[1] TRUE FALSE FALSE TRUE TRUE
> x 1= 20

[1] TRUE TRUE TRUE FALSE TRUE
> (x > 10) & (x = 20)

[1] TRUE FALSE FALSE FALSE TRUE
> (x > 10) | (x = 20)

[1] TRUE TRUE TRUE TRUE TRUE

> (x >= 10)

[1] TRUE FALSE FALSE TRUE TRUE
> 1*(x >= 10)

[1] 10011

> (x >= 15)

[1] FALSE FALSE FALSE TRUE FALSE
> 2*(x >= 15)

[1] 00020
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= NA: not available, missing values
> z <- c(1:3, NA)
> Z

[1] 1 2 3 NA

> 1Ind <- 1s.na(z2)

> 1nd

[1] FALSE FALSE FALSE TRUE

= A vector of the same length as x all of whose values are NA
> X == NA
[11 NA NA NA NA NA

= NaN: not a number, missing values
> 0/0

See also: na.fail(x), na.pass(x),
[1] NaN na.omit(x), na.exclude(x)
> Inf - Inf
[1] NaN

is.na(xx)is TRUE both for NA and NaN values
is.nan(xx)isonly TRUE for NaNs
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Inf

> X <-c(NA, 0O/ O, Inf - Inf, Inf, 5 # Inf 1s a number.
> X
[1] NA NaN NaN Inf 5
> y <- data.frame(x, 1s.na(x), is.nan(x), x == Inf, x == 5)
>y
X IS.na.x. #s.nan.x. X....InF x..._..5
1 NA TRUE FALSE NA NA
2 NaN TRUE TRUE NA NA
3 NaN TRUE TRUE NA NA
4 Inf FALSE FALSE TRUE FALSE
5 5 FALSE FALSE FALSE  TRUE
> colnames(y) <- c('x", "is.na(x)", "is.nan(x)", "x == Inf", "x == 5")
>y
X 1s.na(x) 1s.nan(x) x == Inf x ==
1 NA TRUE FALSE NA NA
2 NaN TRUE TRUE NA NA
3 NaN TRUE TRUE NA NA
4 Inf FALSE FALSE TRUE FALSE
5 5 FALSE FALSE FALSE  TRUE
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m Character strings are entered using either

= double (*) quotes or
= single (“) quotes

s Character strings are printed using double quotes.

> (x <- "x-values'™)

[1] ""x-values"

> (y <- "New iteration results™)
[1] "New iteration results”

> (answerl <- c(al"™, "a2", "b1l"
[1] a1l "a2'" bl "b3"

[1] a1l "a2'" bl "b3"
> (answer3 <- c("a", "a2", 3))
[1] "a™ ™"a2' 3"

. "b3"))

> (answer2 <- c("al", "a2", "bl", "b3"))

> (answer4 <- c("My name i1s ""Hank""))
[1] "My name is \"Hank\""

> (answer5 <- c("'My name i1s "Hank"'))
[1] "My name is “Hank™"

> paste("A", 1:6, sep = ")

[1] A1 "A2' A3 A4 "A5" A6

> paste('Today i1s', date())

[1] "Today is Wed Sep 24 13:26:20 2028"

> labs <- paste(c('X', "Y"), 1:10, sep = "")
> labs

[1] ""xXa™ *y2"™ "X3" "y4™ UX5" "Ye' X7

"yg"  "X9"™  "Y10"
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m Escape Character:

= \n:new line.
= \t: tab.
m \b: backspace.

How are you?
I"m fine.

How are you?

How are yo 1

> cat(""How are you?", "\n", "I"m fine.", '"\n")

> cat(""How are you?", "\t", "I"m fine.", '"\n")

> cat(""How are you?', "\b\b\b", "1*m fine.")
*m fine.>

I"m fine.

NOTE: ""\'"" is entered and printed as ""\\"'
> setwd('c:\\temp\\mydata')
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= Alogical vector |5 @ >

[1] 2

> X[5]

[1] NA

> x[0]

numeric(0)

> x[10]

[1] NA

>y <- X[!'is.na(x)]
>y

[1] 7 2 49 4

> (Xt [(Tis.na(xX))&(x>0)] -> z
> z

[1] 8 3 510 5

B A vector of positive
integral quantities

> rep(c(1,2,2,1), times=3)
[1] 122112211221
> c('x","y")[rep(c(1,2,2,1), times=3)]
[1] %™ "y™ My™ UXTOUXT Myt fyt o UxTOEXT tyt tyt T
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= A vector of negative integral quantities

> x <-c¢c(7, 2, 4, 9, NA, 4) > x <-c¢c(7, 2, 4, 9, NA, 4)

> x[-2] > x[is.na(x)] <- 0

[11] 7 4 9 NA 4 > X

> x[-(1:3)] [1] 72490 4

[1] 9 NA 4 >y <- c(-7, 2, 4, 9, 0, -4)
> abs(y)

[1] 72 49014

> y[y<0] <- - y[y<0]
>y

A vector of character strings [11 72490 4

> fruit <- c(5, 10, 1, 20)

> fruit

[1] 510 1 20

> names(fruit) <- c(orange', "banana', 'apple', "peach™)

> fruit
orange banana apple peach
5 10 1 20
> lunch <- fruit[c(Tapple™, "orange™)]
> lunch
apple orange
1 5
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>x<-c(A=5,8B
> X
A B third
5 3 10
> x[1]
A
5
> x["A"]
A
5
> X[c(C'third", "B™)]
third B
10 3
> x[c(3, D]
third A
10 5
> names(X)
[1] "A" "B "third"”
> names(x) <- c("AA", "BB",
> X
AA BB CC
5 310

"CC'™)

https://hmwu. idv.tw

> # compare two '‘char' strings

> A" < "B"

[1] TRUE

> "Hank"™ <= "Tom"

[1] TRUE

> ""201" < T1T

[1] FALSE

> c(''201", ""001') < "1

[1] FALSE TRUE

> c('1r, AT, Ma™) < "a"

[1] TRUE FALSE FALSE

> # compare T/F

> TRUE < FALSE

[1] FALSE

>T >F

[1] TRUE

> # compare T/F, char, numeric

> 1 < "a"

[1] TRUE

> "a" < FALSE > 1> T >0 <F

[1] TRUE [1] FALSE [1] FALSE
>1<T >0 >F
[1] FALSE [1] FALSE
> 1 == > 0 ==
[1] TRUE [1] TRUE




& The levels of factors are stored in alphabetical order.

> scores <- c(60, 49, 90, 54, 54, 48, 61, 61, 51, 49, 49)
> gender <- c(C'f', "f', "m", "f7, "m", "m", "m", "m", "F7, F7, "m")
> levels(gender)
NULL
> gender.f <- factor(gender)
> gender. T

[ FFfmFmmmmF Fm
Levels: fm

> levels(gender.f) <- c('#&", "E™)
> gender.fT

> levels(gender.f) [1] & & 8 %4 B 5 5 H 4 & B

[1] br m dor f Levels: # 5

> table(gender.f) > (scores.mean <- tapply(scores, gender.f, mean))
gender.fT )

fm

. 52.6 60.5

> grade <- as.factor(c('B", "F", "A™, "C', "A'™, “C", "B, A", "F', D))
> levels(grade)

[1] "A™ 'B™ "C" "D "F"

> grade2 <- ordered(grade, levels = rev(levels(grade)))

> grade2 - —
[1I1BFACACBAFD > gradeZ2[which(grade2 >= "B'")]
Levels: F<D<C<B<A [1] BAABA
Levels: F<D<C<B<A
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> MyLetter <- c("Cc",

nDTL AT UK
SR mGT, UL, UHTL UHTL LT, UK, “BT, D
> MyLetter.factor <- factor(MyLetter)
> MyLetter.factor

[L] CDAKAITJIKHAKKBEHGLHHIK
Levels: ABCDEGHI JKL

IIAII, Illll’ e que

Some standard R functions for working with factors include

> table(MyLetter.factor)
MyLetter.factor
ABCDEGHI JKL
32121143151
1, "JUt, KU, "L'), ordered =
[1] TRUE
> table(MyLetter.ordered)
MyLetter .ordered
ABCDEFGHI KL
321210143151

> MyLetter.ordered <- factor(MylLetter,

levels

cC

TRUE)

> MyLetter.ordered[1l] < MyLetter.ordered[2]

IAII,

levels returns the levels of a factor

reorder changes level order to match another variable

relevel moves a particular level to the first position as a base line
droplevels removes levels not in the variable.

IIBII’ (1]

> x <- letters[1:4]

> factor(x, ordered=T)
[1] abcd

Levels: a<b<c<d

> factor(x, levels=c('d",
"a', "'c¢", "b"), ordered=T)
[1] abcd

Levels: d <a<c<b
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set.seed(12345)

X <- sample(l:5, 10,
factor(x)
factor(x, labels
set.seed(12345)

ch <- sample(sample(LETTERS, 5), 10,

factor(ch)
factor(ch, ordered

factor(c(l, 2, 3, NA),
factor(c(l, 2, 3, NA),
factor(c(l, 2, 3, NA),

gender <- c("Man'™, "M
factor(gender, levels
labels

replace=T) More example:
etter'™)

replace=T)

= TRUE)
exclude = NULL)
exclude = "3")
exclude = c('3", NA))
ale™, "Man", "Lady', "Female')
= c("Male™, "Man™ , "Lady", “Female'),
= c("Male™, "Male"™, "Female™, "Female')))




= Anarray is a multiply subscripted collection of data entries.

>z <- 1:30
> z

[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 27 28
[29] 29 30
>
> dim(z) <- c¢(3,5,2)
> z

1

[.11 [.2]1 [.31 [.41 [.5]

[1.] 1 4 7 10 13
[2.] 2 5 8 11 14
[3.] 3 6 9 12 15

2

[-11 [.21 [.31 L[.4]1 [.5]
[1,] 16 19 22 25 28
[2,] 17 20 23 26 29
[3,] 18 21 24 27 30
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> 7[1,3,2]
[1] 22

>

> z[1,1,]

[1] 1 16

>

> z[1,,2]
[1] 16 19 22 25 28
>
> z[1,1:2,1]
[1] 1 4
>
> z[-1,,]
, 1

[-11 [.21 [.31 L[.4]1 [.5]
[1.] 2 5 8 11 14
[2.1 3 6 9 12 15

, 2

[.11 [.21 [.31 [.4]1 L[.5]
[1,] 17 20 23 26 29
[2,] 18 21 24 27 30




17
18
19
20

dim

[15]
17

18
19
20

> X

[.11 [.21 [.3] [.4]1 L.5]
[1,] 1 5 9 13
[2,] 2 6 10 14
[3.]1 3 7 11 15
[4,] 4 8 12 16
>
> 1 <- array(c(1:3, 3:1),
>

[.11 [.2]
[1.1 1 3
[2.1 2 2
[3.1 3 1
>
> x[1] <- 0
> X

[.11 [.21 [.31 [.4]
[1,] 1 5 0O 13
[2,] 2 0 10 14
[3.]1 0 7 11 15
[4,] 4 8 12 16

> X <- array(1:20, dim = c(4,5))

= ¢(3,2))
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> x <- ¢(1,2,3,4,5)

> X

[1] 12345

> z <- array(x, dim = c(3,4))
> z

[.11 [.2] [.3]1 [.4]1
[1,] 1 4 2 5
[2.] 2 5 3 1
[3.] 3 1 4 2
>

> t(z) #transpose

[.11 [.2] [.31]

[1,] 1 2 3
[2.] 4 5 1
[3,.] 2 3 4
[4,] 5 1 2

See also: aperm {base}: Array Transposition




> temperature

January.a January.b February.a February.b
AnQing 1.8 7.1 2.1 7.2
BaoDing -7.1 1.7 -5.3 4.8
BeiJing -7.2 2.1 -5.9 3.8
BoKeTu -23.4 -15.5 -24.0 -14.0
ChangChun -16.9 -6.7 -17.6 -6.8

> tempArray <- array(0, dim=c(5,2,2))

> tempArray[,,1] <- as.matrix(temperature[,c(1,3)])
> tempArray|[,,2] <- as.matrix(temperature[,c(2,4)])
> tempArray

, 1

[.11 [.21
[1,] 1.8 2.1
[2,] -7-1 -5.3
[3,1] -7.2 -5.9
[4,] -23.4 -24.0
[5,] -16.9 -17.6

, 2

[.11 [.21
[1,] 7.1 7.2
[2,1] 1.7 4.8
[3,] 2.1 3.8
[4,] -15.5 -14.0
[5,] -6.7 -6.8
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> colnames(tempArray “January", "February™
> rownames(tempArray) <- rownames(temperature)

> dimnames(tempArray)[[3]1] <- c('min™, "max™)

> dimnames(tempArray)

[[111

[1] "AnQing™ ""BaoDing" "BeiJding” "BoKeTu"
""ChangChun™

[[211

[1] "January™ *February"

[[311
[1] "min™ "max"
> tempArray

, » MiINn

January February
AnQing 1.8 2.1
BaoDing -7.1 -5.3
BeiJing -7.2 -5.9
BoKeTu -23.4 -24.0
ChangChun -16.9 -17.6
, » Max

January February
AnQing 7.1 7.2
BaoDing 1.7 4.8
BeiJing 2.1 3.8
BoKeTu -15.5 -14.0
ChangChun -6.7 -6.8




> X <- 1:20
> A <- matrix(x, ncol=4)
> A

[.11 [.21 [.3]1 L[.4]1
[1,] 1 6 11 16
[2,] 2 7 12 17
[3.]1 3 8 13 18
[4,] 4 9 14 19
[5.]1 5 10 15 20
> A.1 <- matrix(x, ncol=4, byrow=TRUE)
> A1l

[.11 [.21 [.3]1 L[.4]1
[1.]1 1 2 3 4
[2,] 5 6 7 8
[3.]1 9 10 11 12
[4,] 13 14 15 16
[5.] 17 18 19 20
> nrow(A)
[1] 5
> ncol (A)
[1] 4

> dim(A)

[1] 5 4

> diag(A)

[1] 1 7 13 19

>

> B <- matrix(x+2, ncol=4)

> A * B #element by element product
[-11 [.21 [.31 [.4]

[1,1 3 48 143 288

[2,] 8 63 168 323

[3.]1 15 80 195 360

[4,] 24 99 224 399

[5.]1 35 120 255 440

> A %*% t(B) #matrix product
[.11 [.21 [.3]1 [.41 [.3]

[1,] 482 516 550 584 618

[2,] 524 562 600 638 676

[3,] 566 608 650 692 734

[4,] 608 654 700 746 792

[5,] 650 700 750 800 850

> X <-4

> drag(x) #identity matrix
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> apply(mat, 1, mean) # row means
[1] 9 10 11 12

> apply(mat, 2, mean) # column means
[1] 2.5 6.5 10.5 14.5 18.5

> apply(mat, 1, var) # row variances
[1] 40 40 40 40

> apply(mat, 2, var) # column variances
[1] 1.666667 1.666667 1.666667 1.666667 1.666667
>

> mean(mat)
[1] 10.5
> var(mat)
[.1] [.2] [.3] [.4] [.5]

[1,] 1.666667 1.666667 1.666667 1.666667 1.666667
[2,] 1.-666667 1.666667 1.666667 1.666667 1.666667
[3,] 1.-666667 1.666667 1.666667 1.666667 1.666667
[4,] 1.-666667 1.666667 1.666667 1.666667 1.666667
[5,] 1-666667 1.666667 1.666667 1.666667 1.666667
> summary(mat)

Vi V2 V3
Min. :1.00 Min. :5.00 Min. : 9.00 Min.
1st Qu.:1.75 1st Qu.:5.75 1st Qu.: 9.75 1st Qu.
Median :-2.50 Median :6.50 Median :10.50 Median
Mean :2.50 Mean :6.50 Mean :10.50 Mean
3rd Qu.:3.25 3rd Qu.:7.25 3rd Qu.:11.25 3rd Qu.
Max . :4.00 Max . :8.00 Max . :12.00 Max .

> mat <- matrix(1:20, ncol=5)
> mat
[.11 [.21 [.3]1 [.41 [.5]
[1.1 1 5 9 13 17
[2.] 2 6 10 14 18
[3.1 3 7 11 15 19
[4 1 4 8 12 16 20
id <- mat[, 2] > 5
> id
[1] FALSE TRUE TRUE TRUE
> mat[id, ]
[.11 [.21 [.3]1 [.41 [.5]
[1.1 2 6 10 14 18
[2.] 3 7 11 15 19
[3.1 4 8 12 16 20
V4 V5
:13.00 Min. :17.00
:13.75 1st Qu.:17.75
:14.50 Median :18.50
:14.50 Mean :18.50
:15.25 3rd Qu.:19.25
:16.00 Max . :20.00
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> (y <- array(1:15, dim=c(3, 5)))

> dim(y)
[1] 3 5

> X <- matrix(1l:15, 3, 5)
> X

[.11 [.2] [.3]1 [.4]1 [.5]
[1,] 1 4 7 10 13
[2,] 2 5 8 11 14
[3.] 3 6 9 12 15
> x[1]
[1] 1
> x[6]
[1] 6
>

> X <- matrix(1:15, 3, 5, byrow=TRUE)
> X
[.11 [.21 [.3]1 [.41 [.3]
[1,1 1 2 3 4 5
[2,] 6 7 8 9 10
[3.] 11 12 13 14 15
> x[1]
[1] 1
> x[6]
[1] 12

> y[2, 4]
[1] 11
> y[1,]
[1] 1 4 7 10 13
> y[,1]
[1]1 123
> y[2:3, ]
[-11 [.2] [.3]1 [.4]1
[1.] 2 5 8 11
[2.] 3 6 9 12

> y[-2,]

[.11 [.2] [.3]1 [.4]
[1.] 1 4 7 10
[2.] 3 6 9 12
> y[,-2]

[-11 [.2]1 [.31 [.41
[1.] 1 7 10 13
[2,] 2 8 11 14
[3.]1 3 9 12 15
> dimnames(y)
NULL
> rownames(y)
NULL
> colnames(y)
NULL

[.5]
14

15

[.5]
13
15
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"a cbind() and rbind()

> X <- C(11 21 31 41 5)

>y <- ¢(0.5, 0.4, 0.3, 0.2, 0.1)

> (z1 <- cbind(x,y))

X Yy
[1,] 1 0.5
[2,] 2 0.4
[3,] 3 0.3
[4,] 4 0.2
[5,] 5 0.1
> (z2 <- rbind(x,y))
[.11 [.21 [.3] [.4
x 1.0 2.0 3.0 4.
y 0.5 0.4 0.3 O.

> (A <- rbind(x,y))

[.11 [.2]1 [.3]
11
12
13
14
15
-
8

P WO~ WNERE
O U1TO O©o0~NO

[’4]

16
17
18
19
20

10

OO PR OWONRES A3 0O WNER

O~ WDNPEF

> (X <- matrix(1:20,
[.11 [2][3]

atrix(3:10,

ncol=4,

ncol=4))

[.4]

11 16

12 17

13 18

14 19

15 20

[.2]1 [.3] [.4]
7 9

8 10

atrlx(rep(1:5, 2) ,nrow=5))

https://hmwu. idv.tw

O~ WNEPE

<- chind(x,2))
[. 1] [. 2] [.3]

11
12
13
14
15

[.4]1 [.5
16

17
18
19
20

nrow=5))

OB WN P
(o)}
O WN P e




Some matrix functions

t
diag
X7y

07,

crossprod, tcrossprod
det

solve

eigen

svd

qr

chol

Transpose

Diagonal

Inner (dot) product of two vectors x'y,
matrix multiplication

Outer product of two vectors xy’

Cross products x'y and xy' of matrices

Determinant

Inverse

Eigenvalues and eigenvectors

Singular value decomposition

QR decomposition

Choleski decomposition
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List is an object consisting of an
ordered collection of objects
known as its components.

= Alist could consist of a numeric
vector, a logical value, a matrix,
a complex vector, a character
array, a function, and so on.

n T RAETRIVEEESZlist -

Construct list:

my.list <- list(nhame_1=object 1,..
list.B,

Ist.ABC <- list(list.A,

> my.list <- list(hame="George",
wife=""Mary",
no.children=3,
child.ages=c(4,7,9))

> my.list

$name

[1] "George"

$wife
[1] "Mary"

$no.children

[1] 3

$child.ages
[1] 4 7 9

,hame_m=object _m)
list.C)

see also: http://faculty.nps.edu/sebuttre/home/R/lists._html
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Ist[1] vs Ist[[1]]

m []: ageneral subscripting.

m [[11: the operator used to select
a single element,

m [1]: asublist of the list

consisting of the first entry. (name
are included in the sublist).

m [[1]]: firstobjectin the list,
exclude name.

> my.list
$name
[1] "George™

$wife
[1] ""Mary™

$no.children

[1] 3

$child.ages
[1] 47 9
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> my_Vist[[1]] # &EE/EE
[1] "George"

> my. list[[2]]

[1] "Mary"

> my.hist[[4]1]111]

[1] 4 S——
S > getElement(mylist, '‘name™)

> my.list$name # my.list[[1]]
# my._bList[[“name’]]

[1] "George"

> my.list$wife # my._list[[2]]

[1] "Mary"

> my.list$child.ages[1] # my.list[[4]]1[1]
[1] 4

> X <- ""name"

> my. list[[x]]

[1] "George"

>

> my.list[1] # /Z/alist
$name

[1] "George"

> my.list[2]

Swife

[1] "Mary"




my.list <- list(name=c(*"'George', '"John', "Tom"™),
wife=c('Mary', "Sue', "Nico"),
no.children=c(3, 2, 0),
child.ages=list(c(4,7,9), c(2, 5, NA))

> my.list$name B

[1] “George" “John"  “Tom" > my.list$child.ages[2]

> my. list$wife [[11]

[1] "Mary' "'Sue'™ "Nico" [1] 2 o i

> my.list$no.children > my.list$child.ages[[2]]

[1]1 320 [1] 2 5 _

> my. list$name[3] > my.list$child.ages[2][1]

[1] "Tom" [[11]

> my.list$name == "John" [1] 2 5 i

[1] FALSE TRUE FALSE > my.list$child.ages[[2]]1[1]
> my.list$child.ages [11 2 i

[[111 > my.list$child.ages[[2]]1[2]

11479 [11 5 :

L1] > length(my.list) El?y;;;igﬁ[c(z’ 31
[[21] [1] 4 > my. list[c(2, 3)]
[1] 2 5 $wife

[1] "Mary' "'Sue"™ "Nico"

[[31]

[1] NA $no.children

[1] 320
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= A

1

data frame is a list with class
data.frame” .

= Regarded as a matrix with
column possibly of differing
modes and attributes.

> my
> my

[1’]
[2’]
[3’]
[4’]

-.matrix <- matrix(1:15, ncol=3)

-.matrix
[.11 [.2] [.3]
1 6 11
2 7 12
3 8 13
4 9 14
5 10 15
.data <- data.frame(my.matrix)
.data
X2 X3
6 11
7 12
8 13
9 14
10 15

> my.data[l, ]
X1 X2 X3

1 1 611

> my.data[2, 3]

[1] 12

> my.data$Xl

[1]1 12345

> my.data[, "X1'"]

[1]1 12345

> my.data["'X1"]
X1

vV OB WDNPRF
O~ wWNEPER

rownames(my.data)
[1] Illll Il2ll ll3ll II4II
> row.names(my.data)
[1] Illll Il2ll ll3ll II4II | ]
> colnames(my.data)
[1] lelll IIXZII IIX3II
> names(my.data)
[1] lelll IIXZII IIX3II

ll5ll

l5ll
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> rownames(my.data) <- c(paste(''s', 1:5, sep="."))
> colnames(my.data) <- c("Al1', "A2', "A3'")
> my.data
Al A2 A3 > attach(my.data)
s.1 1 611 > Al
s.2 2 7 12 [1] 12345
s.3 3 813 > A2
s.4 4 9 14 [1] 6 7 8 9 10
s.5 510 15 > A3
[1] 11 12 13 14 15

> subjects <-c ("Chinese®, "Math", "English") > detach()
> scores <- c(50, 90, 61) > Al
> pass <- scores >= 60 Error: object "Al1" not found
> student <- data.frame(subjects, scores, pass)
> student

subjects scores pass
1 Chinese 50 FALSE
2 Math 90 TRUE
3 English 61 TRUE
> student["2",] # use row names to extract records for no.2

subjects scores pass
2 Math 90 TRUE
> student[,'scores'™] # use column names to extract values for 'scores"
[1] 50 90 61
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> index.l <- iris[, "Species™] == "virginica"”

> iris[index.1, ]
Sepal .Length Sepal .Width Petal.Length

101 6.3 3.3 6.0
102 5.8 2.7 5.1
> iris[Species == "virginica",]

Sepal .Length Sepal .Width Petal.Length
101 6.3 3.3 6.0
102 5.8 2.7 5.1
> iris[!(Species == "virginica), ]

Sepal .Length Sepal .Width Petal.Length
1 5.1 3.5 1.4
2 4.9 3.0 1.4

> m <- mean(iris$Sepal.Length)
> index.3 <- iris[, "Sepal.Length™] > m
> iris[index.3, ]

Sepal .Length Sepal .Width Petal.Length
51 7.0 3.2 4.7
52 6.4 3.2 4.5

Petal .Width Species
2.5 virginica
1.9 virginica

Petal .Width Species
2.5 virginica
1.9 virginica

Petal .Width Species
0.2 setosa
0.2 setosa

Petal .Width Species
1.4 versicolor
1.5 versicolor
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data.frame

# data.frame /43K EFT 57
# BIRBANDUCHTBCE (TR G B
X1 <- rnorm(5)
X2 <- rnorm(5)
> x1
[1] 1.8825035 0.2527107 0.5207440 -0.2923
> class(x1)
[1] "numeric"
> data.frame(Varl=x1l, Var2=x2)
Varl Var?2
.8825035 0.8957060
.2527107 -1.9809223

1 1

2 0

3 0.3> y1 <- data.frame(rnorm(5))
4 -0.]

5 0

V V. V V

\

y2 <- data.frame(rnorm(5))
yl
rnorm.5.
0.08852351
1.98961669
-0.10708352
-0.29978350
-0.15617972
> class(yl)
[1] "data.frame"
> data.frame(Varl=yl, Var2=y2)
rnorm.5. rnorm.5..1
0.08852351 -1.0302574
1.98961669 -0.2824586

\

GO WNPE

> # convert one row of a data.frame into a vector
> (df <- data.frame(matrix(rnorm(12), ncol=4)))
X1 X2 X3 X4
1 0.2342482 0.2924544 -0.3055495 0.06019052
2 -0.6712553 -0.9747927 1.6709289 0.15372203
3 1.2966582 -0.6128865 0.7687331 1.26609751
> (vl <- df[1,D
X1 X2 X3 X4
1 0.2342482 0.2924544 -0.3055495 0.06019052
> class(vl)
[1] "data.frame"
> (v2 <- as.vector(df[1.,]))
X1 X2 X3 X4
1 0.2342482 0.2924544 -0.3055495 0.06019052
> class(v2)
[1] "data.frame™
> (V3 <- c(df[1.1))
$X1
[1] 0.2342482
$X4
[1] 0.06019052
> class(v3)
[1] "list"”
> (v4 <- as.numeric(df[1,]))
[1] 0.23424818 0.29245439 -0.30554949 0.06019052
> class(v4)
[1] "numeric"

-0.29978350 -0.8494181

1
2
3 -0.10708352 1.6422156
4
5 -0.15617972 0.3258587
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> class(iris)

[1] "data.frame"

> head(iris, 3)
Sepal .Length Sepal .Width Petal .Length Petal .Width Species

5.1 3.5
4.9 0
4.7 2
x1l <- iris[1]
head(x1)
Sepal .Length
5.1

3.
3.

V VWNEE

OO WNER
aohbrhbhb
~rOO~NO

> class(x1)

[1] "data.frame™

> x2 <- iris[[1]]

> head(x2)

[1] 5.1 4.9 4.7 4.6 5.0 5.4
> class(x2)

[1] "‘numeric™

> x3 <- iris["Sepal.Length"]
> class(x3)

[1] "data.frame"

> x4 <- iris[, "Sepal.Length"]
> class(x4)

[1] "‘numeric™

1.4
1.4
1.3

0.2 setosa
0.2 setosa
0.2 setosa

\Y,

iris.copy <- iris

iris.copy[3] <- NULL

head(iris.copy, 3)

Sepal .Length Sepal .Width Petal .Width

vV V

1 5.1 3.5 0.2
2 4.9 3.0 0.2
3 4.7 3.2 0.2
>
> Iris.copy <- iris
> iris.copy[[3]] <- NULL
> head(iris.copy, 3)

Sepal .Length Sepal .Width Petal .Width
1 5.1 3.5 0.2
2 4.9 3.0 0.2
3 4.7 3.2 0.2
>
> iris$species
NULL
> iris$Species

[1] setosa setosa setosa ...

[145] virginica virginica virginica
Levels: setosa versicolor virginica

Species
setosa
setosa
setosa

Species
setosa
setosa
setosa
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> Iris.range <- aggregate(iris[, 1:4], by=list(iris[, 5]), range)
> str(iris.range)
"data.frame": 3 obs. of 5 variables:
$ Group.1 : Factor w/ 3 levels "setosa","versicolor”,..: 1 2 3
$ Sepal.Length: num [1:3, 1:2] 4.3 4.9 4.9 5.8 7 7.9
$ Sepal .Width : num [1:3, 1:2] 2.3 2 2.2 4.4 3.4 3.8
$ Petal.Length: num [1:3, 1:2] 1 3 4.51.9 5.1 6.9
$ Petal .Width : num [1:3, 1:2] 0.1 1 1.4 0.6 1.8 2.5
> Iris.range
Group.1l Sepal.Length.l Sepal.Length.2 Sepal .Width.1l Sepal .Width.2 Petal .Length.l Petal.Length.2 Petal _Width.1 Petal .Width.2
1 setosa 4.3 5.8 2.3 4.4 1.0 1.9 0.1 0.6
2 versicolor 4.9 7.0 2.0 3.4 3.0 5.1 1.0 1.8
3 virginica 4.9 7.9 2.2 3.8 4.5 6.9 1.4 2.5
> class(iris.range)
[1] "data.frame"
> iris.range$Sepal.Length
[.11 [.2]
[1,] 4.3 5.8
[2,] 4.9 7.0
[3,1 4.9 7.9
> class(iris.range$Sepal .Length)
[1] "matrix"
> dim(iris.range)
[1] 3 5
> iris.range[,1:3]
Group.l Sepal.Length.l1l Sepal.Length.2 Sepal .Width.1l Sepal .Width.2
1 setosa 4.3 5.8 2.3 4.4
2 versicolor 4.9 7.0 2.0 3.4
3 virginica 4.9 7.9 2.2 3.8
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RL "Date" 38R RN(AEFERE) HEH: £8H -

Code |Value
= Internally, Date objects are stored as the 2 |Day of the month (decimal number)
number of days since January 1, 1970, sm|Month (decimal number)
using negative numbers for earlier dates. s [Month (abbreviated)
m The as.numeric function can be used to 5 |[Month (full name)
convert a Date object to its internal form. ty |Year (2 digit)
> as.Date(''1985-6-16") 5Y | Year (4 digit)
[1] "'1985-06-16"
> as.Date(''2019/02/17'") Aoy —
[1] "2019-02-17" a5 7o T
> as.Date(1000, origin = "1900-01-01") > (Ict <- Sys.getlocale(""'LC_TIME™))
[1] "'1902-09-28" [1] "c-
> as.Date("'2/15/2011", format = ""%m/%d/%Y'") > Sys.setlocale("LC_TIME™, "C'")
[1] "2011-02-15" [1] "c"

> as.Date("April 26, 1993, format = "%B %d, %Y') | > Sys.getlocale("'LC_TIME™)

[1] "1993-04-26" [1] "Chinese (Traditional)_ Taiwan.950"

> as.Date("'22JUNO1", format = ""%d%b%y'")
[1] "2001-06-22"

> seq(as.Date("1976-7-4"), by = "days®, length = 10)

[1] "1976-07-04" "1976-07-05" "1976-07-06" "1976-07-07" "1976-07-08" "1976-07-09" ""1976-07-10"
[8] "1976-07-11" "1976-07-12" "1976-07-13"

> seq(as.Date("2010-2-1"), to = as.Date("2010-4-1"), by="2 weeks")
[1] "2010-02-01" ""2010-02-15" *'2010-03-01" ''2010-03-15" ""2010-03-29"
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s RAV"IFAE"A"POSIXct"sl "POSIXIt" #ERIFRT - > now <- Sys.time()

s AIMEBZEL "1970F1H1H" E2SHWMWEERT > as.POSIXct(now)

m  (UTC, Universal Time, Coordinated, tt 57 73 8 B &) [1] '"2027-06-03 17:46:44 CST"
= (GMT, Greenwich Mean Time, &M & A 1R 2E /5 ) > as.POSIXIt(now)

[1] "2027-06-03 17:46:44 CST"

> Sys.time()

[1] '"2028-10-14 21:16:07 &ibiEAERERT"

# extract date

> substr(as.character(Sys.time()), 1, 10)
[1] '"2028-10-14"

# extract time

> substr(as.character(Sys.time()), 12, 19)
[1] "21:16:07"

> date()

[1] "Tue Oct 14 21:16:09 2028"

> class(now)
[1] ""POSIXct™ "POSIXt™

sec, min, hour,

mday (# day number within the month),
mon (#January=0),

year (#+1900),

wday (#day of the week starting at O=sunday),
yday (#day of the year after 1 january=0)

> my.date <- as.POSIXIt(Sys.time())
> my.date

[1] '"2028-10-14 21:18:31 &dbiZ*ERERT"
> my.date$sec

[1] 31.304

> my.date$min

[1] 18

> my.date$hour

[1] 21

https://hmwu. idv.tw

> my.date$mday

[1] 14

> my.date$mon

[1] 9

> my.date$year + 1900
[1] 2028

> my.date$wday

[1] 2

> my.date$yday

[1] 287




Functions to convert between character representations and objects of classes "POSIXIt" and
"POSIXct" representing calendar dates and times.

m  Character input is first converted to class "POSIXIt" by strptime.
= Numeric input is first converted to "POSIXct".

= Any conversion that needs to go between the two date-time classes requires a time zone:
conversion from "POSIXIt" to "POSIXct" will validate times in the selected time zone.

Code |Meaning Code Meaning

%2 |Abbrewviated weekday 5n [Full weekday

b |Abbrewviated month B [Full month

%¥c  |Locale-specific date and time |3 |Decimal date

*H  |Decimal hours (24 hour) %I |Decimal hours (12 hour)

%] ||Decimal day of the year sm  [Decimal month

M |Decimal minute P |Locale-specific AM/PM

%5 |Decimal second 50U Decimal week of the year (starting on Sunday)
3w |Decimal Weekday (0=Sunday)|¥W |Decimal week of the year (starting on Monday)
tx |Locale-specific Date 5% |Locale-specific Time

By [2-digit year Y | A-digit year

%z |Offset from GMT %2 [Time zone (character)

> as.POSIXct('1969-12-31 23:59:59", format = "%Y-%m-%d %H:%M:%S", tz = "UTC")
[1] "1969-12-31 23:59:59 UTC"

> as.POSIXIt(Sys.time(), "GMT™)

[1] "2017-08-27 13:17:45 GMT"
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strptime {base}

> x1 <- c(''20040227", "20050412', '19930922'")

> strptime(x1, format=""%Y%m%d"")

[1] "2004-02-27 CST'"™ '2005-04-12 CST'™ '1993-09-22 CST"

>

> x2 <- c(''27/02/2004", *27/02/2005", '14/01/2003'")

> strptime(x2, format=""%d/%m/%Y"")

[1] "2004-02-27 CST'™ '2005-02-27 CST'"™ '2003-01-14 CST"

>

> x3 <- c(""1jan1960™, "2janl960", "31marl960', "30jull960'™)
> strptime(x3, "%d%b%Y™)

[1] "1960-01-01 CST™ '1960-01-02 CST™ '1960-03-31 CST'™ ''1960-07-30 CDT"

> dates <- c('02/27/92", "02/27/92', '01/14/92', '02/28/92", ''02/01/92")
> times <- c(''23:03:20", "22:29:56'", '"01:03:30", "18:21:03", "16:56:26")
> X <- paste(dates, times)

> strptime(x, "%m/%d/%y %H:%M:%S'™)

[1] "1992-02-27 23:03:20 CST™ "1992-02-27 22:29:56 CST"

[3] ""1992-01-14 01:03:30 CST™ "1992-02-28 18:21:03 CST"

[5] ""1992-02-01 16:56:26 CST"

See also: Lubridate Package, Chron Packag
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ts(data = NA, start = 1, end = numeric(), frequency = 1,

deltat = 1, ts.eps = getOption('ts.eps'), class = , names = )
as.ts(x, ...)
Is.ts(X)

IR R Graphics: Device 2 (ACTIVE) =153

> ts(1:10, frequency = 4, start = c(1959, 2))
Qtrl Qtr2 Qtr3 Qtr4

1959 1 2 3
1960 4 5 6 7
1961 8 9 10
> my.ts <- ts(1:10, frequency = 7, start = c(12, 2))
> class(my.ts)
[1] - ts 19|56 19‘58 19‘60 19‘62
> print(my.ts, calendar = TRUE)

pl p2 p3 p4 p5 p6 p7/
12 1 2 3 4 5 6
13 7 8 9 10
> gnp <- ts(cumsum(l+round(rnorm(100), 2)), start = c(1954, 7), frequency = 12)

> gnp

anp

0 20 40 60 80

Time

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1954 -0.12 1.62 3.13 4.36 4.78 6.81
1955 7.98 9.62 11.26 12.80 15.25 15.88 17.13 17.72 18.04 20.77 21.01 21.22

1962 104.41 106.88 108.87 109.82 109.62 111.52 112.70 112.29 112.48 112.84
> plot(gnp)
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> head(z, 3)

[1,] -0.008998503 0.5389408 -0.
[2,] -0.750712987 0.3026561 -0.
[3,] -2.086179305 0.6752907 O.
> tail(z, 3)

Series 1 Series 2
[98,] 1.6249153 -0.8999009 O.
[99,] 0.6174681 -0.8451825 O.

[100,] 0.5894715 -0.2738029 -0.
>

> class(z)

[1] "'mts™ "ts" "matrix'’
> plot(z)

> plot(z, plot.type = "single”,

Series 1 Series 2 Series 3

9403586
1112974
8359952

Series 3
12837969
86245135
05433789

Ity = 1:

> z <- ts(matrix(rnorm(300), 100, 3), start = c(1961, 1), frequency = 12)

3)

Eg \IA&NVMdWNMWAAJ\%X\PVANFVVVWIJL\
Vo A A
WM W\/\’W\J\{\J\W’W[\W WM\/\/

Time

Series 3 Series 2 Series 1

'ET R Graphics: Device 2 (ACTIVE)

=1ol=|

2

20

1962

1964

1066 1968

Time
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O

’ mode(object)

= InR every "object" has a mode and a class. The former represents how an

object is stored in memory (numeric, character, list and function) while the
later represents its abstract type.

= Mode: "logical™, "integer', "double'™, "complex", "raw', 'character'™, "list",

"expression', "name', '"symbol'™ and "function®.

> mode(object)

m Vector must have their values all of the same mode.

m Empty character string vector:

> (z <- 0:9)
character(0). [11 0123456789
] > mode(z)
m  Empty numeric vector: numeric(0). [1] “numeric"

> (digits <- as.character(z))

: [1] O™ 1 m2m m3tovgr o vgr v vyvorge tgn
NOTE: Lists are of > mode(digits)
. [1] "character™
mOde llst. There are > (d <- as. integer(digits))
[L] 01234567809
order.ed sequences > mode (d)
of Ob_]@CtS which [1] "numeric”
. qe . > (X <- z[1:5]>3)
individually can be [1] FALSE FALSE FALSE FALSE TRUE
> mode(x)
of any mode. [1] “logical”
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’“ class(object)

5
T
= Forsimple vector, mode=class: numeric, logical, character,
list.

m matrix, array, factor, data.frame

> x1 <- 10 - _ n
> my.f <- formula(iris$Sepal.Length ~ iris$Sepal.Width)

> clﬁss(xlg ) > class(my.f)
[1] "numeric [1] “formula"
> (X2 <- seq(1, 10, 2)) > class(Im(my.f))
[1]1 13579 [11 "im"
> class(x2) > class(aov(my.f))
[1] "numeric” [1] “aov™ "Im"
> class(iris) > as.list(iris.sub)
[1] "data.frame" $Sepal .Length
> (iris.sub <- iris[5:10, 1:4]) [1] 5.0 5.4 4.6 5.0 4.4 4.9

Sepal .Length Sepal .Width Petal.Length Petal .Width
5 5.0 3.6 1.4 0.2 $Sepal .Width
6 5.4 3.9 1.7 0.4 [1] 3.6 3.9 3.4 3.4 2.9 3.1
7 4.6 3.4 1.4 0.3
8 5.0 3.4 1.5 0.2 $Petal .Length
9 4.4 2.9 1.4 0.2 [1] 1.4 1.7 1.4 1.51.41.5
10 4.9 3.1 1.5 0.1
> class(lrls sub) $Petal .Width
[1] "data.frame" [1] 0.2 0.4 0.3 0.2 0.2 0.1
>
> class(as.matrix(iris.sub)) > class(as.list(iris.sub))
[1] "matrix" [1] "list”
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,'( -

' class(object)

> ex1l <- expression(l + 0:9) # expression object > # data frames are stored in
> exl memory as list but they are

expression(l + 0:9)
> eval (ex1)
[11] 1 2 3 4 5 6 7 8 910
> class(ex1)
[1] "expression™
>

wrapped i1nto data.frame objects.
> d <- data.frame(Vl1l = c(1,2))
> class(d)

[1] "data.frame"

> mode(d)
> [1] "list”
> hi <- function(){ > typeof(d)
+ cat(""hello world!\n") [1] "list”
+ 3}
> hi()

hello world!
> class(hi) # function object
[1] "function™

> (r.dates <- strptime(c(*'27/02/2004", *"27/02/2005"), format=""%d/%m/%Y""))
[1] '"2004-02-27 CST' '2005-02-27 CST"

> class(r.dates)

[1] "POSIXIt™ "POSIXt"

"There is a special object called NULL. It is used whenever there is a need to indicate or specify
that an object is absent. It should not be confused with a vector or list of zero length.

The NULL object has no type and no modifiable properties. There is only one NULL object in R, to
which all instances refer. To test for NULL use is.null. You cannot set attributes on NULL. "
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attributes(object):

All obJects except NULL can have one or more attributes attached to them.

m Select a specific attribute

> attr(object, name)

= Set a specific attribute

> attr(z,

“dim”) <- c(10, 10)

> X <- matrix(1:10,

> X

[.11 [.2]
[1.1 1 6
[2.] 2 7
[3.] 3 8
[4.1 4 9
[5.1 5 10
> attributes(x)
$dim
[1] 5 2

> attr(Xx,
[1] 5 2
> dim(x)
[1] 5 2

"dim'™)

ncol=2)
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> X <- data.frame(matrix(1:10,

> X
X1 X2

1 6

2 7

3 8

4 9

5 10

> attributes(x)

$names

[1] X1 "X2"

O~ WNEPER

$row.names
[L] 12345

$class
[1] "data.frame"

> attr(x, "‘names™)
[1] lelll llX2ll

> names(x)

[1] lelll llX2ll

ncol=2))

> gender.f

Mz BLEFEEEBE L5
Levels: & B
> str(gender.T)

Factor w/ 2 levels "z, "5H":
1121222211 ...
> class(gender.T)

[1] "factor™
> attributes(gender.T)
$levels

[1] "% "Er

$class
[1] "factor™




F ;ﬁb %
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length(object)

> length(beta[!is.na(beta)])
[1] 8
>

> e <- numeric() # empty object

> e[3] <- 17

> length(e)

[11 3

> e

[1] NA NA 17

>

> (alpha <- numeric(10))
[1] O0OCO0D0DO0000O0O

> length(alpha)

[1] 10

> alpha <- alpha[2*1:5]

> peta <- c(1, 3, 5, 2, 4, 6, 11, NA, NA, 22)
> length(beta)
[1] 10

> myf <- formula(y ~ x1 + x2 + x3)
> length(myf)
[1] 3
> str(myf)
Class "formula®™ Jlanguage y ~ x1 + x2 + X3
-.—- attr(*, ".Environment')=<environment: R_GlobalEnv>

> myf[3]

x1 + x2 + x3)O

> myf[4]

Error in 1if (length(ans) == OL ...
= TRUE/FALSE {ERIM G HEHVE
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> length(alpha)
[1] 5
> length(alpha) <- 3 > mye[l]
> alpha expression(x)
[1] 0 0 O > mye[2]
expression({
y <- X2
> mye <- expression(x, {y <- x"2; y+2}, xy) y + 2
> length(mye) 1)
[1] 3 > mye[3]
> str(mye) expression(xy)
expression(x, { y <= x"2 y + 23}, xy) > mye[4]
expression(NULL)




str(object)

> X <- 1:12
> str(x)
int [1:12] 1 23456 7 89 10 ...
>
> ch <- letters[1:12]
> str(ch)
chr [1:12] "a'™ "b'" "c' *"d" "e'" "f" "g" "h"™ "i" "j" k" "I
>
> str(iris)
"data.frame": 150 obs. of 5 variables:
$ Sepal.Length: num 5.1 4.9 4.7 4.6 55.4 4.6 5 4.4 4.9 ..
$ Sepal .Width - num 3.5 3 3.2 3.1 3.6 3.9 3.4 3.4 2.9 3.1 ...
$ Petal.Length: num 1.4 1.41.31.51.41.71.41.51.41.5.
$ Petal .Width : num 0.2 0.2 0.2 0.2 0.2 0.4 0.3 0.2 0.2 0.1 ...
$ Species : Factor w/ 3 levels "setosa","versicolor”,..: 1 111 ...
>
> str(ls) # try > str(str)
function (name, pos = -1L, envir = as.environment(pos), all.names = FALSE, pattern,
sorted = TRUE)
> str(str)
function (object, ...)
> " "
> myp <- plot(iris[,1], iris[,2]) C T oaaspa e (98570716
> str(myp) E 1 e
NULL str(x)
Date[1:1], format: "1985-06-16"
> (y <- strptime(''27/02/2004", format="%d/%m/%Y'"))
[1] "2004-02-27 CST"
> str(y)
POSIXIt[1:1], format: '"2004-02-27"
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str(object)

> my.F <- iris$Sepal.Length ~ iris$Sepal _Width

> my.f

iris$Sepal.Length ~ iris$Sepal.Width

> str(my.f)

Class "“formula® [language iris$Sepal.Length ~ iris$Sepal.Width
..— attr(*, ".Environment')=<environment: R_GlobalEnv>

> my.Im <- Im(my.¥)

> my.Im
Call:
Im(formula = my.f)
Coefficients:
(Intercept) iris$Sepal.Width
6.5262 -0.2234

> str(my.Im)

List of 12

$ coefficients : Named num [1:2] 6.526 -0.223

$ qr :List of 5
..$ tol : num 1le-07

$ terms :Classes “"terms®, "formula® language iris$Sepal.Length ~ iris$Sepal _Width
.. ..- attr(*, "variables'™)= language list(iris$Sepal.Length, iris$Sepal_Width)

- attr(*, "class")= chr "Im"

> my. Im$gr$tol
[1] le-07

> attr(my. Im$terms, "variables™)
list(iris$Sepal.Length, iris$Sepal.Width)
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str(object)

> my.Im.s <- summary(my.Im)

> my.Im.s > mye <- expression(x, {y <- x"2; y+2}, xy)
> mye
Call: expression(x, {
Im(formula = my.¥f) y <- X"2
y +2
Residuals: ¥, XNY)
Min 1Q Median 3Q Max >

-1.5561 -0.6333 -0.1120 0.5579 2.2226

.. ..- attr(*, "variables')= language list(iris$Sepal.Length,
.. ..—- attr(*, "factors'™)= int [1:2, 1] 0 1

- attr(*, "class"™)= chr "summary.Im"

Coefficients:
Estimate Std. Error t value Pr(c|t])
(Intercept) 6.5262 0.4789 13.63 <2e-16 ***
iris$Sepal .Width -0.2234 0.1551 -1.44 0.152
Signif. codes: 0 “*** (0.001 “**~ 0.01 “*~ 0.05 ‘.7 0.1 o1
Residual standard error: 0.8251 on 148 degrees of freedom
Multiple R-squared: 0.01382, Adjusted R-squared: 0.007159
F-statistic: 2.074 on 1 and 148 DF, p-value: 0.1519
> str(my.Im.s)
List of 11
$ call : language Im(formula = my.f)
$ terms :Classes “"terms®, “"formula® language iris$Sepal.Length ~ iris$Sepal _Width

iris$Sepal .Width)
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Table 2.4. Functions for testing (is) the attributes of different categories of
object (arrays, lists, etc.) and for coercing (as) the attributes of an object into
a specified form. Neither operation changes the attributes of the object.

Type Testing Coercing
Array is.array as.array
Character is.character as.character
Complex is.complex as.complex
Dataframe is.data.frame as.data.frame
Double is.double as.double
Factor is.factor as.factor
List is.list as.list
Logical is.logical as.logical
Matrix is.matrix as.matrix
Numeric IS.numeric as.numeric
Raw IS.raw as.raw

Time series (ts) is.ts as.ts

Vector is.vector as.vector

> as.numeric(factor(c(“a”, “b”, “c)))
> as.numeric(c(*a”, “b”, “c”)) #don’t work
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> # converting rows of a matrix to elements of a list

> xy.matrix <- cbind(c(1, 2, 3),

> xy.matrix
[.11 [
[1.1 1
[2.] 2
[3.1] 3

> class(xy.-matrix)

[1] "matrix"
>

2]
15
16
17

c(15, 16, 17))

> xy.df <- data.frame(t(xy.matrix))

> xy.df
X1 X2 X3
1 1 2 3
2 15 16 17
> class(xy.d

[1] "data.frame"

> xy.list <- as.list(xy.df)

>
> xy.list
$X1
[1] 1 15
$X2
[1] 2 16
$X3
[1] 3 17

> class(xy.list)
[1] "list"”

L))

> Titanic
., » Age = Child, Survived =
Sex
Class Male Female
1st 0 0
2nd 0 0
3rd 35 17
Crew 0 0
, » Age = Adult, Survived =
Sex
Class Male Female

> class(Titanic)

[ -
> dat
Cl

1
2
3
4 C

table”

a.frame(Titanic)

ass Sex Age Survived
1st Male Child No
2nd Male Child No
3rd Male Child No
rew Male Child No

Freq

35




