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

2.1 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
538 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 = [ b 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

District Group Age Holders Claims
1 1 <11 <25 197 38
2 1 <11 25-29 264 35
3 1 <11 30-35 246 20
4 1 <11 >35 1680 156
5 1 1-1.51 <25 284 63
6 1 1-1.57 25-29 536 84
7 1 1-1.571 30-35 696 89
8 1 1-1.51 >35 3582 400
9 1 1.5-21 <25 133 19
10 1 1.5-271 25-29 286 52
11 1 1.5-21 30-35 355 74
12 1 1.5-21 >35 1640 233
13 1 >21 <25 24 4
14 1 >2T1 25-29 71 18
15 1 >2T1 30-35 99 19
16 1 >21 >35 452 77
17 2 <11 <25 85 22
18 2 <11 25-29 139 19
19 2 <11 30-35 151 22
20 2 <11 >35 931 87
5

matrix

n L7 array

m 7| £ list
s TR data.frame
n 7|3 factor
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el LA X e i

A <-matrix(c(1,-5,4,3,6,-2), nrow =2, ncol =3)
# by column
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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]

> 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]
[11 3

# by row

[1.]1
[2.1

[.11 [.2] .31

-5 3 -2

1 4 6

[1.]
[2.1

[.11 [.2]1 [.31

1 -5 4
3 6 -2
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j:lxll ,¥1;; Kj{; tf?

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

m U <- as.numeric(A)

BV <- C(A)
n dim(v)
= length(v)

= nrow(A) * ncol(A)

= length(A)

> A

[1.]

> u
> Vv
> dim(v)

NULL

> length(v)
[11 6

> nrow(A) * ncol(A)
[1] 6

> length(A)
[1] 6

[.11 [.2]1 L.3]
1 4 6
2. -5 3 -2

[1] 1-5 4 3 6 -2

[11] 15 4 3 6-2

sl b Sl

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

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

= diag( 0, nrow = 3)

» diag(3)

s diag( 2.5, nrow = 3)

= diag( c(1, 2, 3), nrow = 3)

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

T8 ARt - 20178
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> matrix( 0, nrow = 2, ncol =3 )
[.11 [.2] [.3]

1.1 0 0 0

2.1 0 0 0

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

[-.1] [.2] [.3]
[1.1] o0 o0 o0

23 o0 o o
31 o0 o o

> diag( 0, nrow = 3 )
[.1] [.2] [.3]
1.1 0 0 0
2.1 0 s} s}
3.1 0 0 0

> diag( 3 )
[.1]1 [.2] [.3]
1 0 0

> diag( 2.5, nrow = 3 )
[.11 [.2]1 L.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] [.31

1.1 1 o o

2.1 0 2 0

3.1 0 o 3

> diag( c(1, 2, 3) )

[.1]1 [.2]1 [.3]1
1.1 1 o o
2.1 0 2 0
3.1 0 0 3>

10
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A <- matrix( 1:9, nrow = 3, ncol = 3)

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

B AR - 20178
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= A+ B
= A-B
[.11 [.2] [.3 [.11 [.2]1 [,3]
[1.] 1 4 7 [1.] 1 2 3
[2.] 2 5 8 [2.] 4 5 6
» A%*% B [3.] 3 6 9 [3.] 7 8 9
1] [.2] [.3 .11 I.2] [.3]
[2.] 2 5 8 [2.1 4 5 6
[3.] 3 6 9 [3.1 7 8 9

11

et NB R B A E

s A <-matrix( 1:9, nrow = 3, ncol = 3)
» B <- matrix( 1:9, nrow = 3, ncol = 3, byrow = TRUE )
n A2, 3]
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Al 2]
= A[4]
= C(A)[4]
m RI<-A[1,]
= class(R1)
[.11 [.2] [.3
[1.1 1 2 3
= R1[1, 2] [1] [2.] 4 5 6
[3.1 7 8 9
= R1*B [.11 I.2] [.31]
[1,] 1] [2] [3
21 4| |5| |6
= R1%*% B [3.1 7 8 9 12
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A <- matrix( 1:9, nrow = 3, ncol = 3)
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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, 1]
> class(R1)

[1] "integer"
> R2 <- AL 1, , drop = FALSE ]

> class( R2 )

[1] "matrix™
13
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A <- matrix( 1:9, nrow = 3, ncol = 3)

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

class( E)

F<-A[c(l, 3), 2]

class( F)

Feng-Li Lian @ NTU-EE

> E <- A[ c(1, 3),. 1
> E

[.11 [.2]1 [.3]1
1.1 1 4 7
[2.] 3 6 9
> class( E )

[1] "matrix"”

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

[1] 4 6

> class( F )

[1] "integer™

14
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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)
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> cbind( C, D )

[-11 [.2]1 [.3] [.41 [.5]
1.1 1 3 1 3 5
2.1 2 4 2 4 6

> rbind(E, F)

[.11 [.2]
[1.1 1 3
[2.] 2 4
3.1 1 4
[4.1 2 5
5.1 3 6
15
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A <- matrix( 1:9, nrow = 3, ncol = 3)
t(A)
t(A) %*% A >t(A)

diag( A)

sum( diag( A))

[-11 [.2]1 L.31
[1.] 1 2 3
[2.1] 4 5 6
3.1 7 8 9
>t(A) %% A

[-11 L. 2] L. 3]
[1,] 14
[2.] 32 77 122
[3,1] 50 122 194
> diag( A)
[1J 1509
> sum( diag( A ) )

[1] 15

16
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= A <-matrix( c(l, 0,0, 3,0.5,0, 2,1, 0.25), nrow = 3, ncol = 3)
n det(A)
= Ainv <- solve(A) AN(-1) > det(A)
[1] 0.125
= Ainv > Ainv <- solve(A)
> Alnv
s Ainv %*% A (1 [,11 [’ﬂ [i]s
2 o 2 -8
3.J o o0 4
> Ainv %*% A
[-11 [.2]1 L[.3]
[1.1 1 0 0
2.1 0 1 0
3.1 0 0 1
17
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= A <-matrix( c(l, 0,0, 3,0.5,0, 2,1, 0.25), nrow = 3, ncol = 3)
m b<-¢(2,1,3)
= solve( A, b)
X + 2%z = 2 > A
2 I3 [.1] [.21 [.3]
0.25%2 = 3 [2,] 1 3.02.00
Ax = b 2.1 0 0.51.00
[ 1 1Cx1 [21 [3,] O 0.00.25
L O JLyl=[1] > b
L O 251 [Cz]1 [31
[1] 213
1 3. 2 AGD [ 2
X = AACD) b BT = Eo s s TR | somecan
[z] 0 0 0.25] [31] (1] 4 -2 12

18
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= ?array
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= array( data = NA, dim = length(data), dimnames = NULL )

= data: =7 p % éfjsg? L FER B

o dim: R > A e-

= dimnames: 3 & 7 & fi

s array( 1:12)
= array( ,c(3,4))

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

» array( data = 1:12, dim =

= array( data = 1:60, dim =

= args( array )

c(3,4))
c(3,4,5))

> array( 1:12 )
[1] 1 2 3 4 5 6 7 8 9101112
» €@, D)

2.1 NA NA NA NA
3.0 NA NA NA NA

> array(

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

[.11 [.2]1 [.3] [.41
[,] 1 4 7 10

2.3 2 5 8 11
BJ 3 6 9 12

> array( data = 1:60, dim = ¢(3, 4, 5) )
. 1
[.11 [.21 [.3] [.41
d 1 a4 7 10
Jd 2 5 8 11
.1 3 6 9 12

n
[2
3

, 2
[.11 [.2]1 [.3] [.4]
[1.] 13 16 18 22
2. 14 17 20 23
] 15 18 21 24

-20
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> camera

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

$real .number
[1] 1.2 3.4

$color

[1] "red" "green" "blue™ 21
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= camera <- list(c("Leica", "Pentax", "Olympus", "Nikon"), c¢(1.2, 3.4),

c("red", "green”, "blue™)) > canera

Lr111
[1] "Leica™ “Pentax™ "Olympus" "Nikon"

[[211
= camera <- P2 9.4

list( c("Leica", "Pentax", "Olympus", "Nikon"), EL Sred”  “green "blue”

C(1.2, 3.4), > camera
C("red", "green", "blue") ?gianﬂeica" "Pentax™ "Olympus" "Nikon"

) $real .number
[1] 1.2 3.4

$collor
[1] "red" "green” "blue"

= 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("red", "green", "blue™)
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= al <-camera[ 1]
m al

= camera[ "brand" ]

> al

= class(al) $brand

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

> camera[ "brand™ ]

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

> class( a1 )

[1] "list™

23
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m a2 <-camera[[ 11]]
= a2

= camera[[ "brand" ]]

> a2

n ClaSS( a2 ) [1] "Leica™ "Pentax" "Olympus"™ "Nikon"

> camera[[ "brand" 1]
[1] "Leica™ "Pentax" "Olympus" "Nikon"

> class( a2 )

[1] “character”

24
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s a3 <- camera$brand
s a3

= class( a3)
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> a3

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

> class( a3 )

[1] “character”

25
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= al
= a2
= a3

= class(al)
m class(a2)
m class(a3)

= camera[ 1 ][ 1]
m Eil[ 1 ]

= a2[c(l,2)]

[ 213[ 2 ]

#al 754
Ha2 i » &

# a3 I+ &

B Az - 2017S
uo7: % i Fa
Feng-Li Lian @ NTU-EE

> al
$brand
[1] “"Leica" "Pentax”

> a2
[1] "Leica™ "Pentax™

> a3
[1] "Leica™ "Pentax"

> class( al )
1] "nist"

> class( a2 )
[1] “character™

> class( a3 )
[1] “character™

> camera[ 1 1[ 1 ]
$brand

[1] “Leica" ""Pentax™
>al[ 1]

$brand

[1] "Leica"™ "Pentax"

> a2[ c(1, 2) 1
[1] "Leica™ "Pentax"

>a3[ 2]
[1] "Pentax"

# al ByI%

"Olympus™ "Nikon"

# a2 2HE

"Olympus™ “Nikon"

# a3 RAR

"Olympus™ "Nikon"

"Olympus™ "Nikon"

"Olympus™ "Nikon"

26
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> camera

member brand color amount
1 father Leica gold 2
2 mother Pentax red 1
3 brother Olympus green 1
4 sister Nikon blue 2
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27

7 #14= (data frame)

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

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

x3 <- c¢("gold", "red", "green”, "blue")

x4 <-c¢(2,1,1, 2)

B Az - 2017S
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> X
[1] "R" 6"

> X2
[1] “Leica"

> X3
[1] "gold"

> x4
[112112

ugr wRE BRE ugn upE ngE nGH
""Pentax™

"Olympus™ "Nikon™

“red" “green" "blue"

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

x4)

camera

> camera
member brand color amount
1 father Leica gold 2
2 mother Pentax red 1
3 brother Olympus green 1
4 sister Nikon blue 2 -
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camera

class(camera)

names(camera)

colnames(camera)

rownames(camera)

e

ESR
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# column names

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

[1] "data.frame™

> names(camera)

[1] "member™ "brand™ "color" "amount"
> colnames(camera)
[1] "member™ "brand™ ™color" ‘amount"
> rownames(camera)
[1] 1" "2" "3 g

29

FAE -

camera
camera$brand
cameral, 2]

camera[, "brand"]

¥
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> camera

member brand color amount
1 father Leica gold 2
2 mother Pentax red 1
3 brother Olympus green 1
4 sister Nikon blue 2

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

Nikon
Pentax

Olympus
Olympus

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

Nikon
Pentax

Olympus
Olympus

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

Nikon
Pentax

Olympus
Olympus

30
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= X5<-c(8, 3, 2, 2)

= camera$cost <- x5

= Camera

> camera

member brand color amount cost
1 Tather Leica gold 2 8
2 mother Pentax red 1 3
3 brother Olympus green 1 2
4 sister Nikon blue 2 2

31
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s 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

32
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# &4 (brand) = Leica eh #d

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

# 51 (brand) 3 Leica £ Nikon % 4

Feng-Li Lian @ NTU-EE

"Leica" )

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") )

# 1§ & (cost) = * 2 (hfip

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 33
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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

> A
[.11 [.2] [.32

# column names [£] 1 4

2.1 -5 3 -2

> rownames( A )
NULL

> colnames( A )
NULL

>D
V.

V2 V.

AARrEA
W hrN
N O W

1
2 -

> names( D )
[1] "V1" "v2" "va"

> collnames( D )
[1] "vi" "v2" “var

> rownames( D )
[ "1 w2

> D$V1
[1] 1-5

34
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[L1RGBRRBRGG

Levels: B G R
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35

%]+ (factor)

D I

A

&
¢

5L kg

x <- c("R", "G", "B", "R", "R",

class( x)

y <- factor( x)

class(y)
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oy
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"B", "R", "G", "G")

> X

[1] "R nGn "B "R™ "R™ "B "R"™ "G" '"G"

> class(X)

[1] “character*

>y

[L]1 RGBRRBRGG
Levels: B G R

> class(y)

[1] "factor™

36




%]+ (factor)

# o X

as.integer(y)

levels(y )

levels( y )[2]

nlevels(y )

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

PE AT R - 20178
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> as.integer( vy )
[1] 321331322
> levels(y )

[1] IIBII IIGII IIRII

> levels( y )[2]
[1] “e"

> nlevels(y )

[11 3

> levels( y )[ as.integer(y) 1]
[1] IIRII llGll IIBII llRll IIRII llBll IIRII llGll IIGII

37
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gl( 5, 3) # factor levels up to 5 with repeats of 3
>gl(5, 3)

g(n=5k=3)

class( gl(5,3))

gl( 5, 2, 13)

gl(n=5, k=2, length =13)

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

[1J111222333444555
Levels: 123 45

>gl(n=5, k=3)

[1J111222333444555
Levels: 123 45

> class( gli(5, 3))
[1] "factor™
>gl(5, 2, 13)

[1J 1122334455112
Levels: 12345

>gl(n=5, k=2, length = 13 )

[1J 1122334455112
Levels: 12345

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

[1] TRUE
38
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On 4/11, 2017

B 5T - 8 L TR

‘lif'—r %\ )"'Li_ /‘
i Brand Apple HTC HTC ASUS ASUS
AUGE Model iPhone7 OneM8 OneS9 ZenFoneDeluxe ZenFoneZoom
=& (7o) Price 24500 21900 9990 8990 15990
BE (K) Screen 4.7 5 5 5.5 5.5
B8 (%) Weight 138 160 158 170 185
sCiE® (GB) GB 32 16 32 16 64
HEf (£B H) |Date 20160916 20140328 20160617 20150827 20151201

40
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On 4/11, 2017

n SfE- BARN RFH 22T 6 g 07
» F: - B iBrand o kg T B S S g F R
» 22— B#HF) D Model s 2l T OB S B aA LT
w22 - BT CPrice s T B AR R TR
» F: - B i Screen ik T BEWOF HE TR
n F - B Weight o 2% 7 B £ aE £ T
w ZF2 - BHE) IGBy BT B P RMTH
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