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10 31
70 19 65 78
84 71 56 77
39 79 19 61
32 76 33
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81 29 79
33 60 65 70 84 39 32 60 31 78 77
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N SRRy
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70 19 65 77 82 76 71 39 83 81 29 79
84 71 56 61 48 76 70 56 33 33 60 85
39 79 19 79 60 45 66 21 78 76 60 38
32 76 33 81 29 79 83 57 19 69 33 83
60 90 82 33 60 65 67 13 59 71 39 83
31 81 71 76 80 38 75 39 70 70 56 33
78 10 84 69 33 83 39 81 83 66 21 78
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45
46
47
48
49
50
51
52
53
54
55

sepal.Length sepal.width Petal.Length Petal.width

5.1 3.8 1.9 0.4
4.8 3.0 1.4 0.3
5.1 3.8 1.6 0.2
4.6 3.2 1.4 0.2
5.3 3.7 1.5 0.2
5.0 3.3 1.4 0.2
7.0 3.2 4.7 1.4
6.4 3.2 4.5 1.5
6.9 3.1 4.9 1.5
5.5 2.3 4.0 1.3
6.5 2.8 4.6 1.5

Species
setosa
setosa
setosa
setosa
setosa
setosa

versicolor
versicolor
versicolor
versicolor
versicolor

OO~ uv b wMN =

District

NNNNRRRRRRRPRRPRRRPRRERRRERRRE

Group

1-
1-
1-
1-
1.
1.
1.
1.

<11

<17

<11

<17
1.57
1.57
1.57
.57
=21
=21
=21
=21
>27]
>21
>21
>2]
<11
<17
<11
<17

viwviun vl =

Age
<25
25-29
30-35
>35
<25
25-29
30-35
>35
<25
25-29
30-35
>35
<25
25-29
30-35
>35
<25
25-29
30-35
>35

Holders Claims

197
264
246
1680
284
536
696
3582
133
286
355
1640
24
71
99
452
85
139
151
931

38
35
20
156
63
84
89
400
19
52
74
233
4
18
19
77
22
19
22
87
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On 11/4, 2020

o ///,‘. - —_‘,.L g _ Ve
s BREIEHEE - BEE

e RIE S R

L L w7
B R Brand Apple HTC HTC ASUS ASUS
EIS% Model iPhone7 OneM8 OneS9 ZenFoneDeluxe | ZenFoneZoom
B+ (JT) Price 24500 21900 9990 8990 15990
2R (5) Screen 4.7 5 5 5.5 5.5
EE (%) Weight 138 160 158 170 185
g (GB) |GB 32 16 32 16 64
HE§ (4EB H ) |Date 20160916 20140328 20160617 20150827 20151201
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= 23 - B F#4= (data.frame) : Phone > *c % &7
« =2 - i FH4= (data.frame) : PhoneCheap -
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On 11/4, 2020

s BT R ARE o HF LA HWO6_ 5 5L_R 423 XXX

= 1R THF T HWO06_B01921001_Phone.R

s FF iERL > TR B2 R A (R) ¢ o

= 2 RF (Rmd) #3° hiEfe st 2 5%

s VB T N %E L (LR)or ((Rmd) or (.html) -
= BTl

= b B % T https://cool.ntu.edu.tw
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s FY 54
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= https://forms.gle/TGY Xj2uLoL4HwWgLHA



matrix
array
list

data.frame

factor
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70 19 65
84 71 56
39 79 19
32 76 33
60 % 82
16 31 81 7
78 10 84
[ 82 76
61 48 76
79 60 46 8
81 29 79
33 60 65 70 84 39 32 60 3 78 7
76 80 38 3 19 71 79 76 ) 81 10 82
69 33 83 65 56 19 33 82 7 84 76
7 39 83
70 56 33

B — matrix
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A <-matrix(c(1,-5,4, 3,6,-2), nrow =2, ncol = 3)

B <-matrix(c(1,-5,4, 3,6,-2), nrow =2, ncol = 3, byrow = TRUE)

class(A)

dim(A)
attributes(A)

nrow(A)
dim(A)[1]

ncol(A)
dim(A)[2]

# by column

> class(A)
[1] "matrix"

> dim(A)
[1] 2 3

> attributes(A)
$dim
[1] 2 3

> nrow(A)
[1] 2

> dim(A) [1]
[1] 2

> ncol (A)
[1] 3

> dim(A) [2]
[1] 3

# by row

[,1]1 [,21 [,3]
[1,] 1 4 6
[2’] _5 3 —2

[,1]1 [,2] [,3]
[1,] 1 -5 4
[2’] 3 6 _2

12
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A <-matrix(c(1,-5,4, 3,6,-2), nrow =2, ncol = 3)

u <- as.numeric(A)

[,1] [,2] [,3]
v <- c(A) [1,] 1 4 6
[2,] -5 3 -2

dim(v) [1] 1-5 4 3 6 -2

[1] 1-5 4 3 6 -2

length(v)

> dim(v)
NULL

nrow(A) * ncol(A) ;ﬁeggth(”

> nrow(A) * ncol(A)

length(A) L
> length(A)
[1] 6

13
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matrix( 0, nrow = 2, ncol = 3 )

matrix( 0, nrow = 3, ncol = 3 )
diag( 0, nrow = 3)

diag( 3 )

diag( 2.5, nrow = 3 )

diag( c(1, 2, 3), nrow = 3)
diag( c(1, 2, 3) )
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Feng-Li Lian @ NTU-EE

> matrix( 0, nrow = 2, ncol = 3 )
[,11 [,2] [,3]
[1,] 0 0 0

[2,] 0 0 0

> matrix( 0, nrow = 3, ncol = 3 )

[,1] [,2] [,3]
0

1,] 0 0
[2,] 0 0 0
[3,] 0 0 0

> diag( 0, nrow = 3 )
[,11 [,2] [,3]
[1,] 0 0 0

[2,] 0 0 0
[3,] 0 0 0

> diag( 3 )
[,11 [,2] [,3]
[1,] 1 0 0
[2,] 0 1 0
[3,] 0 0 1
> diag( 2.5, nrow = 3 )
[,11 [,2] [,3]
[1,] 2.5 0.0 0.0
[2,] 0.0 2.5 0.0
[3,] 0.0 0.0 2.5

> diag( c(1, 2, 3), nrow = 3 )
[,1]1 [,2% [,3]

1,] 0
[2,] 0 2 0
[3,] 0 0 3

> diag( c(1, 2, 3) )
[,11 [,2] [,3]
1 0 0

[2,] 0 2 0
[3,] 0 0 3>

14
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A <- matrix( 1:9, nrow = 3, ncol = 3)

s B <- matrix( 1:9, nrow = 3, ncol = 3, byrow = TRUE )

s A+ B

= A-B

s A%*%B

[,11 .21 [.3
1 4 7
2 5 8
3 6 9
[.11 [,2] [,3]
1| | 4|7
2 5 8
3 6 9

[1,]
[2,]
[3,]

[1,]
[2,]
[3,]

i ’lé‘iﬁi 7% 3+ — 2020F
uos: % @i 7t
Feng-Li Lian @ NTU-EE

[,1] [,2] [,3]
2 3

1

4 5 6

7| | 8] |9
[,1] [,2] [,3]
1] |2 3

4 5 6

7 8 9

15
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A <- matrix( 1:9, nrow = 3, ncol = 3 )
B <- matrix( 1:9, nrow = 3, ncol = 3, byrow = TRUE )

Al2, 3]
Al1, 2]
Al4]
c(A)[4]
R1<-A[1,]
class(R1)
[,1] [,21 [,3
[1,] 1 2 3
R1[ 1, 2] (11| 1] 4|7 [2,] 4 5 6
[3,] 7 8 9
R1*B [,11 [,21 [,3]
[1,] 1] [2] [3
[1]1 1 4 7 [2,1 |4]| |5]| |6
R1 %*% B [3,] 7 8 9 16
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A <- matrix( 1:9, nrow = 3, ncol = 3 )
B <- matrix( 1:9, nrow = 3, ncol = 3, byrow = TRUE )

R2 <-A[ 1, , drop = FALSE ]
class( R2 )

R2[ 1,2 ]

R2 %*% B >Rl <- A[ 1, ]

> class(R1l)

[1] "integer"

> R2 <- A[ 1, , drop = FALSE ]

> class( R2 )

[1] "matrix"

17
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A <- matrix( 1:9, nrow = 3, ncol = 3 )

E<-A[c(1,3),]

class( E)

F<-Alc(1,3),2]

class( F)

’

&

3 425055+ — 2020F
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E
|

—

> E <- A[ c(l’ 3)’ ]

[!l] [,2] [’3]
> class( E )

[1] "matrix"

> F <= A[ c(, 3), 2]
> F

[1] 4 6

> class( F )

[1] "1nteger"

18
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C <- matrix( 1:4, nrow = 2, ncol = 2)
D <- matrix( 1:6, nrow = 2, ncol = 3 )

cbind( C, D)

E <- matrix( 1:4, nrow = 2, ncol = 2)
F <- matrix( 1:6, nrow = 3, ncol = 2 )

rbind(E, F)

5 #4225 K 3 - 2020F
uo8: % e F4
Feng-Li Lian @ NTU-EE

> cbind( Cc, D )
[,11 [,2]1 [,3]1 [,4] [,5]

[1,J 1 3 1 3 5
[2,] 2 4 2 4 6

> rbind(E, F)

[,1]1 [,2]
[1,] 1 3
[2,] 2 4
[3,] 1 4
[4,] 2 5
[5,] 3 6

19
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A <- matrix( 1:9, nrow = 3, ncol = 3)

= t(A)
= t(A) %*% A >t(A)
[,1]1 [,2] [,3]
1,1 1 2 3
= diag(A) 2,0 4 5 6

[3,] 7 8 9
> t(C A ) %*% A

= sum( diag( A)) [,1] [,2] [,3]
[1,] 14 32 50

[2,] 32 77 122
[3,] 50 122 194

> diag( A )
[1] 159
> sum( diag( A ) )

[1] 15

20
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A <- matrix( c(1, 0, 0, 3, 0.5,0, 2, 1, 0.25), nrow = 3, ncol = 3)

det(A)

Ainv <- solve(A) AN(-1) > det(A)
[1] 0.125

Ainv > Ainv <- solve(A)
> Ainv

Ainv %*% A [,11 [,2] [,3]

[1’] 1 _6 16

[2’] 0 2 _8

[3,] 0 0 4

> Ainv %*% A

[,11 [,2] [,3]
1 0 0

[2,] 0 1 0

21
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= A <-matrix(c(1,0,0,3,0.5 0, 2,1, 0.25), nrow = 3, ncol = 3)

= b<-¢(2,1,3)

= solve( A, b)

A X

Xx = AMN-1) b

e T e |

—mee

N < X

WEN

> A

[,11 [,2] [,3]
[1,] 1 3.0 2.00
[2,] 0 0.5 1.00
[3,] 0 0.0 0.25
> b
[1] 2 1 3

> solve( A, b )

[1] 44 -22 12

22
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array( data = NA, dim = length(data), dimnames = NULL )

« data: s p 3 enFoR o SRR E S
« dim: 2R > LA - BHME
= dimnames: & & 7 LA
array( 1:12 )
array( , c(3,4))
array( 1:12, c(3, 4) )
array( data = 1:12, dim = ¢(3, 4) )
array( data = 1:60, dim =¢(3, 4, 5) )

args( array )

> array( 1:12 )

11 1 2 3 4 5 6 7 8 9101112

> array( , c(3, 4) )

[,11 [,2]1 [,31 [, 4]
[1,] NA NA NA
[2,] NA NA NA NA
[3,] NA NA NA NA

> array( 1:12, c(3, 4) )

[,11 [, 2] L, 3] [,4]
[1,] 1 10
[2,] 2 5 8 11
[3,] 3 6 9 12

> array( data = 1:60, dim = c(3, 4, 5) )

y 1

[,11 [,2]1 [,3] [,4]
[1,] 1 4 7 10
[2,1]1 2 5 8§ 11
[3,] 3 6 9 12

[,1] [,2] [,3] [,4]
[1,1] 13 16 19 22
[2,1] 14 17 20 23
[3,] 15 18 21 24

- 24
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> camera

$brand

[1] "Leica" "Pentax" "Olympus"
"Nikon"

$real.number
[1] 1.2 3.4

$color
[1] "red" "green" "blue"

25
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camera <- list(c("Leica"”, "Pentax", "Olympus", "Nikon"), c(1.2, 3.4),

c("red", "green", "blue™))

camera <-
list( c("Leica", "Pentax”, "Olympus", "Nikon"),
c(1.2, 3.4),
c("red", "green”, "blue")

> camera

[[1]]

[1] "Leica" "Pentax" "Olympus™

[[21]
[1] 1.2 3.4

[[31]

[1] "red" llgreenn llb-luen

"Nikon"

> camera

$brand

[1] "Leica" "Pentax" "Olympus™

$real.number
[1] 1.2 3.4

$color
[1] llr‘edll llgreen" llb'luell

"Nikon"

camera <- list(brand = c("Leica", "Pentax"”, "Olympus", "Nikon"),
real.number = ¢(1.2, 3.4), color = c("red", "green”, "blue™))

camera <-

list( brand = c("Leica", "Pentax"”, "Olympus", "Nikon"),

real.number = c(1.2, 3.4),
Color — C("I’Ed", |Igreenll’ llbluell)

26
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al <-camera[ 1 ]
al

camera[ "brand" ]

> al

$brand
CIaSS( al ) [1] "Leica" "pPentax" "Olympus" "Nikon"
> cameral[ "brand" ]

$brand
[1] "Leica" "Pentax" "Olympus" "Nikon"

> class( al )

[1] "Tist"

27
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a2 <- camera[[ 1 ]]
a2

camera[[ "brand" ]]

> a2

Class( aZ) [1] "Leica" "Pentax" "Olympus" "Nikon"

> cameral[[ "brand" 1]

[1] "Leica" "Pentax" "Olympus" "Nikon"

> class( a2 )

[1] "character"

28
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= a3 <- camera$brand
= a3

= class( a3 )

> a3

[1] "Leica" "Pentax" "Olympus" "Nikon"

> class( a3 )

[1] "character"

29




3

al
a2
a3

class( al)
class( a2 )

class( a3 )

camera[ 1 ][ 1]
al[ 1]

a2[ c(1,2) ]

a3[ 2 ]

%313 S\l )

#al .74
#a2 i+ ¥

B
#ad Ew &

~
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> al

$brand

[1] "Leica"™ "Pentax"
> a2

[1] "Leica" "Pentax"
> a3

[1] "Leica" "Pentax"

> class( al )
[1] "Tist"

> class( a2 )
[1] "character"

> class( a3 )
[1] "character"

> cameral[ 1 J[ 1]
$brand

[1] "Leica"™ "pPentax"
>al[ 1]

$brand

[1] "Leica"™ "pPentax"

> az[ c@1, 2) 1]
[1] "Leica™ "Pentax"

> a3[ 2 ]
[1] "Pentax"

# al BII%

"0lympus" “Nikon"

# a2 el

"0lympus" "Nikon"

# a3 ZmE

"0lympus" "Nikon"

"0lympus" “Nikon"

"0lympus" “Nikon"

30
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> Ccamera

member  brand
1 father Leica
2 mother Pentax
3 brother Olympus
4 sister Nikon

color amount

gold
red
green
blue

NRFRFRN
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31



7okl (data frame)

x1 <- c("father”, "mother”, "brother”, "sister")

x2 <- c("Leica", "Pentax”, "Olympus", "Nikon")

X3 <- C("gOId", "red", ngreen"’ llblue")

x4 <-¢(2, 1, 1, 2)

3 425055+ — 2020F
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> X2
[1] "Leica"

> X3
[1] "gO1C|"

> X4

[1] 2112

1 "B" "R" "R" "B" "R" "G" "G"

"Pentax" "Olympus" "Nikon"

llredll llgreenll "b'lue"

camera <- data.frame(member = x1, brand = x2, color = x3, amount =

x4)

Camera

> cdamera

member

1 father
2 mother

sister

Pentax red
3 brother Olympus green

brand color amount
Leica gold

NEFRERERN

Nikon blue

32
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I
=

PR

Camera

class(camera)

names(camera)

colnames(camera) # column names

\%

camera
member brand color amount
1 father Leica gold
rownames(camera) # row names |2 mother pentax red
3 brother Olympus green
4 sister Nikon blue

NRFR RN

> class(camera)
[1] "data.frame"

> names(camera)
[1] "member" "brand" "color" "amount"

> colnames(camera)
[1] "member" "brand" "color" "amount"

> rownames (camera)
[1] lllll ll2ll ll3ll ll4ll

33
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Camera

camera$brand

camera[, 2]

camera[, "brand"]

Az K3 - 2020F

uos: 4%
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Feng-Li Lian @ NTU-EE

\%

camera

member brand color amount

1 father Leica
2 mother Pentax
3 brother Olympus g
4 sijster Nikon

> camera$brand
[1] Leica Pentax
Levels: Leica Nikon

> cameral[, 2]
[1] Leica Pentax
Levels: Leica Nikon

> cameral[, "brand"]
[1] Leica Pentax
Levels: Leica Nikon

gold

red
reen
blue

Olympus
Olympus

Olympus
Olympus

Olympus
Olympus

NRFR RN

Nikon
Pentax

Nikon
Pentax

Nikon
Pentax

34
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x5 <-¢(8, 3, 2, 2)

camera$cost <- x5

Camera

3 425055+ — 2020F
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> camera

member  brand
1 father Leica
2 mother Pentax
3 brother Olympus
4 sister Nikon

color amount cost

gold
red
green
blue

NRRN

8

3
2
2

35
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= test <- camera
= colnames(test)[c(4, 5)] <- c("number", "money")

m test

> test

member brand color number money

1 father Leica gold 2 8
2 mother Pentax red 1 3
3 brother Olympus green 1 2
4 sister Nikon blue 2 2
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# =4 (brand) = Leica sh§ L

camera[ camera$brand == "Leica", ]
subset( camera, brand == "Leica" )

# &4 (brand) = Leica =t Nikon 7%

uo8: % e F4

member brand color amount cost
1 father Leica gold 2 8

member brand color amount cost
1 father Leica gold 2 8

camera[ camera$brand %in% c("Leica", "Nikon"), ]
subset( camera, brand %in% c("Leica", "Nikon") )

# & (cost) = * 2 epfF

#
/ Al

camera[ camera$cost > 2, |

subset( camera, cost > 2)

member brand color amount cost
1 father Leica gold 2 8
4 sister Nikon blue 2 2

member brand color amount cost
1 father Leica gold 2 8
4 sister Nikon blue 2 2

member brand color amount cost
1 father Leica gold 2 8
2 mother Pentax red 1 3

member brand color amount cost
1 father Leica gold 2 8
2 mother Pentax red 1 3
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A <- matrix( c(1, -5, 4, 3, 6, -2 ), nrow = 2, ncol = 3 )

rownames( A )
colnames( A )

D <- as.data.frame( A )
names( D )
colnames( D )

rownames( D )

D$V1

# row names
# column names

7t

5 #4225 K 3 - 2020F
uo8: % e F4
Feng-Li Lian @ NTU-EE

[,11 [,2] [,3]
[2!] _5 3 _2

> rownames( A )
NULL

> colnames( A )
NULL

>D

vivZy

1
2

ViR R
whrN
NOoO W

> names( D )
[1] ||V1|| "V2" "V3"

> colnames( D )
[1] "Vlll "V2" "V3"

> rownames( D )

[1] "1" "2"

> D$v1
[1] 1 -5
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>y

[L] RGBRRBRGG

Levels:

B GR

3 425055+ — 2020F
uo8: % e F4
Feng-Li Lian @ NTU-EE

39



Feng-Li Lian @ NTU-EE

— 3 42 58K 3 — 2020F
E‘] —+ (fa Cto r) Uos: 5 i 7

X <_ C("R", "G", |IBI|’ llRIl, IIR"’ IIB"’ IIR"’ llGll’ IIG")

class( x ) >

[1] IIR" IIG" "BII "RII "Rll IIB" "Rll "Gll "Gll

VY <- faCtOF( X ) > class(X)

[1] "character®

class(y )

>y

[I] RGBRRBRGG
Levels: B G R

> class(y)

[1] "factor"
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%]+ (factor)

#iprEmaT U Fick i T
as.integer( y )

levels( y )

levels( y )[2]

nlevels(y )

levels( y )[ as.integer(y) ]

5 #4225 K 3 - 2020F
uo8: % e F4
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> as.integer( y )
313

[1] 3213 2 2

> 1eve1s( y )
[1] g

> Tevels( y )[2]
[1] "G"

> nlevels(Cy )
[1] 3

> 1eve1s( y L as 1nteger(y) ]

[1] "R" "e" "B" "R" "R"™ "B" "R"

HG" "G"
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i ¥]+ % B —1ris, CO2

iris[,5]
m class(iris[ ,5])

= summary( iris )

s class(CO2[,1])
m class( CO2[,2])
s class( CO2[,3])

= summary( CO2 )

Az K3 - 2020F
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# iris[ , 5] - Levels: setosa versicolor virginica

> iris[,5]
[1] setosa setosa setosa

[56] versicolor versicolor versicolor
[144] virginica virginica virginica
virginica virginica virginica virginica
Levels: setosa versicolor virginica

> class( iris[,5] )
[1] "factor"

> class( co2[,3] )
[1] "factor"

> class( co2[,2] )
[1] "factor®

> class( co2[,1] )
[1] "ordered" "factor"

> C02[,1]

[1] Qn1l Qnl1 Qnl1 Qnl ... Mc3 Mc3 Mc3
Levels: Qnl < Qn2 < Qn3 < Qcl < Qc3 < Qc2 <
MNn3 < Mn2 < Mnl < Mc2 < Mc3 < Mcl

>
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5 #4225 K 3 - 2020F
uo8: % e F4

Feng-Li Lian @ NTU-EE

gl( 5, 3) # factor levels up to 5 with repeats of 3
>g1C5, 3)
g(n=5k=3) [11 11122233344455°5
Levels: 1 2 3 45
1 =5, k=3
class( gl( 5,3)) > altn )
[1] 11122233344455°5
Levels: 1 2 3 45
> class( g1( 5, 3 ) )
[1] "factor"
gl( 5,2, 13) >g1(5, 2, 13)
[11 1122334455112
| kA | h Levels: 1 2 3 45
gl(n=5,k=2 length =13) >gl(n=5, k=2, length = 13 )
[11 1122334455112

is.factor( gl(5, 2, 13) )

Levels: 1 2 3 45
> is.factor( g1(5, 2, 13) )

[1] TRUE
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