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7array

array( data = NA, dim = length(data), dimnames = NULL )
= data: LA p F oF A 0 FFEE S
s dim: BAE > - BHE
= dimnames: & 9 &

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 =c¢(3, 4, 5) )

args( array ) ,
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x<-c¢(1,8,523,1)

length( x )
diff( x )

sum( X )

prod( x )

max( X )

min( X )
which.max( x )
which.min( x)

range( X ) .
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x<-c¢(1,8,523,1)

round( x * pi, 2)
cumsum( x )
cumprod( X )
unique( X )
mean( X )
median( x )

var( x)

sd( x)

summary( X ) .
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x<-c¢(1l.2,-34,5.7,-6,0,3)

sort( x)
rank( x )

order( x)

X[ order( x) ]
order( x)[ 3]

358 ARt — 2016F

P‘# )}" ﬁjﬁ"% - ;fi": ﬁ(“ -_ 3:‘{! l??" Chap 08: & 2 £z 3¢

Feng-Li Lian @ NTU-EE

x<-c¢(1l.2,-34,5.7,-6,0,3)

which( rank(x) == 3)
sort( x)[ 3]
X[ order(x)[ 3] ]

sort( x, decreasing = TRUE )
rev( sort( x))

rev( rank( x))

order( x, decreasing = TRUE )

rev( order( x)) -8
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x<-c(25,25,25,25,23,4.7,-2.2,4.6,4.6)

= sort( x)

= rank( x, ties.method = "average" )
= rank( x, ties.method = "first" )

= rank( x, ties.method = "random" )
= rank( x, ties.method = "max" )

= rank( x, ties.method = "min")

= rank(x)
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= apply( X, MARGIN, FUN, ...)

s X &%%Kﬁ_

» FUN: Zri #* éhdnfic

= MARGIN: =1, by row; = 2, by column

m sweep( X, MARGIN, STATS, FUN = "-", check.margin = TRUE, ... )
w X #cdpied
= FUN: zrié * ehdndic
= MARGIN: =1, by row; = 2, by column
s STATS: FUN & #ceh ¥y — BiF g =

-11

e =, ;Liﬁ%ﬁjai;iMGF
i EHE S e - apply() S
apply( X, MARGIN, FUN, ...)

s X: gt%:?}f’xi

s FUN: zxig * encific

= MARGIN: = 1, by row; = 2, by column

A <- matrix( 1:12, nrow = 4, ncol = 3)

apply( A, MARGIN = 2, FUN = mean )

apply( A, MARGIN = 1, FUN = mean )

apply( A, MARGIN = 2, FUN = sum)

apply( A, MARGIN =1, FUN = sum)

-12




5 =2, %*E%ijéti;imw
i ERE S e - apply() S
apply( X, MARGIN, FUN, ...)
s X gt%iﬁ@_

s FUN: 2 i€ # endidic

= MARGIN: =1, by row; = 2, by column

= apply( A, MARGIN = 1, FUN = function(x) sd(x) / mean(x) )

=  myfunc <- function( x, c1, c2) ¢( mean( x[c1] ), sum( x[c2] ) )

= apply( A, MARGIN = 1, FUN = myfunc )

= apply( A, MARGIN = 1, FUN = myfunc, c1 = c¢(1, 2), c2 =c(2, 3) ) 13
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« apply( X, MARGIN, FUN, ...)
s X: gt%:?}f’xi
s FUN: zxig * encific

= MARGIN: = 1, by row; = 2, by column

m A<-array(1:24,dim=c(4, 3, 2))

= apply( A, MARGIN = 1, FUN = sum)
= apply( A, MARGIN = 2, FUN = sum)
= apply( A, MARGIN = c¢(1, 2), FUN = sum )

-14
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= sweep( X, MARGIN, STATS, FUN = "-", check.margin = TRUE, ...)
s X &%%Kﬁ_

FUN: zc i * chandic

= MARGIN: =1, by row; = 2, by column

s A <-matrix( 1:12, nrow = 4, ncol = 3)
c X - EFIFNZEF2EFABERAEFNFL 2,3
= sweep( A, MARGIN = 2, STATS = 1:3, FUN = "+"

= sweep( A, MARGIN = 2, STATS = ¢(100,200,300), FUN = "+"

-15
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= sweep( X, MARGIN, STATS, FUN = "-", check.margin = TRUE, ...)
n X #icdpiEL
s FUN: zrié # ehddic
= MARGIN: = 1, by row; = 2, by column

= STATS: FUN & icin¥ — Bi 5 ~

s A <-matrix( 1:12, nrow = 4, ncol = 3)

» U <-apply( A, MARGIN = 2, FUN = mean )
m W <-sweep( A, MARGIN = 2, STATS = u, FUN ="-")

o F - TR GFEORATIEE
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g AR A

m U <-apply( x, MARGIN = 2, FUN = mean )
m v <-apply( x, MARGIN = 2, FUN = sd)
W <- sweep( X, MARGIN = 2, STATS = u, FUN ="-")

m Z <-sweep(w, MARGIN = 2, STATS =v, FUN ="/")

= scale(A) o piZ dificscale(): & EHRH 2R
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= with() with( DATA, EXPRESSION, ... )

= apply() apply( X, MARGIN, FUN, ...)

= tapply() tapply( X, INDEX, FUN = NULL, ...)

= sapply() sapply(X, FUN, ..., simplify = TRUE, ...)
= lapply() lapply(X, FUN, ...)

-18




ey - 3 itz #&P~ (CO2)

= 237

A v
s

1 844

A (%)

. Plant : g 4~

FERAS 0 12 A e

7T

. Type : {4 483 R > 248 -

DREJE S N 278 o
.conc: B LRER S BE o

5. uptake : = ¥ “@REFF 0 BT o

> summary(CO02)

1
2
3. Treatment
4

Plant
Qnl 7
Qn2 7
Qn3 7
Qc1 7
Qc3 7
Qc2 7
(Other):42

Quebec

Mississippi:42

Type

Treatment

142 nonchilled:42

chilled 142

conc
Min. 95
1st Qu.: 175
Median : 350
Mean : 435
3rd Qu.: 675
Max. : 1000

Min.

1st

3rd

Max.
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uptake

: 7.70
Qu.:17.
Median :28.
Mean :27.
Qu.:37.
.50

90
30
21
12

-19
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Plant
1 Qnl
2 Qn1
3 Qnl
35 Qc2
36  Qc3
37 Qc3
38 Qc3
39 Qc3
40  Qc3
41 Qc3
42 Qc3
43  Mnl
44  Mnl
45 Mnl
46 Mnl
47  Mnl

Type
Quebec

nonchilled

Quebec nonchilled
Quebec nonchilled

Quebec
Quebec
Quebec
Quebec
Quebec
Quebec
Quebec
Quebec
Mississippi
Mississippi
Mississippi
Mississippi
Mississippi

chilled
chilled
chilled
chilled
chilled
chilled
chilled
chilled
nonchilled
nonchilled
nonchilled
nonchilled
nonchilled

95
175
250

1000
95
175
250
350
500
675
1000
95
175
250
350
500

Treatment conc uptake
16.
30.
34.

42.
15.
21.
38.
34.
38.
39.
41.
10.
19.
26.
30.
30.

00

VLONNOARNIOTOOR O® R N
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s 7 e fEE R (type)H - ¥ 1 pHEP-£ (uptake) 2 T i5iE
= with( CO2, tapply( uptake, INDEX = Type, FUN = mean ) )

Quebec Mississippi
33.54286 20.88333

7P 3N (Treatment) ¥ = § i s 4EP~ £ (uptake) 2 T35 :

= with( CO2, tapply( uptake, INDEX = Treatment, FUN = mean ) )

nonchilled chilled
30.64286 23.78333

m 7SS R (type) 2 7 R 38 (Treatment) ¥ - § &£

(uptake) z. T =iE :

= with( CO2, tapply( uptake, INDEX = list(Type, Treatment), FUN =

mean ) ) nonchilled chilled
Quebec 35.33333 31.75238
Mississippi  25.95238 15.81429 Y
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= - % kA (conc) ¥ #HEPF (uptake) z T iE
= apply( CO2[, 4:5], MARGIN = 2, FUN = mean )

> apply( CO2[, 4:5], MARGIN = 2, FUN = mean )
conc uptake
435.0000 27.2131

= sapply( CO2[, 4:5], FUN = mean )

> sapply( CO2[, 4:5], FUN = mean )
conc uptake
435.0000 27.2131
= lapply( CO2[, 4:5], FUN = mean )
> lapply( CO2[, 4:5], FUN = mean )
$conc
[1] 435
$uptake o lapply (): w @2 % & 3 71 £ (list)
[1] 27.2131 -22
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= my_func_name <- function( arg-1, arg-2, ... ){

statements

return( object )

-24
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u <- apply( x, MARGIN = 2, FUN = mean )
v <- apply( X, MARGIN = 2, FUN =sd )
w <- sweep( X, MARGIN = 2, STATS = u, FUN ="-")

z <- sweep( w, MARGIN = 2, STATS =v, FUN ="/")

= scale(A) o piE S fescale(): K R ARE
-25
s 358 ARt — 2016F
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= myfunc <- function( x ) {

u <- apply( x, MARGIN = 2, FUN = mean )
v <- apply( x, MARGIN = 2, FUN =sd)
w <- sweep( X, MARGIN = 2, STATS = u, FUN ="-")
z <- sweep(w, MARGIN = 2, STATS = v, FUN ="/")
return( z)
by
A <- matrix(1:12, nrow = 4, ncol = 3)
myfunc( A)
scale( A) o phiE Sofescale(): e BHRE L ARE
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myNormalization <- function( x ) {
u <- apply( x, MARGIN = 2, FUN = mean )
v <- apply( X, MARGIN = 2, FUN =sd )
w <- sweep( X, MARGIN = 2, STATS = u, FUN ="-")
z <- sweep( w, MARGIN = 2, STATS = v, FUN ="/")

return(z)

- 27
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A <- matrix(1:12, nrow = 4, ncol = 3)

myNormalization( A )

scale( A)

o phiE Sifscale(): Hf BEHEE AR
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m sgn(x) = -1, x<0
0, Xx=0
1, x>0

= sgn( 2) > 1

= sgn(-3) > -1

= sgn( 0) = 0
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m sgn(x) = -1, x<0
0, x=0
1, x>0

= mySign <- function( x) {
if(x<0){
value <- -1
}elseif (x==0) {
value <- 0

} else {

value <- 1

¥

return(value)
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mySign( ¢( 2, -3, 0) )
mySignVec <- function( x ) {
n <- length( x)
value <- integer( n)
for (iin1:n) {
if (x[i]<0){
value[i] <- -1
}elseif (x[i]==0){
value[i] <- 0
} else {

value[i] <-1

}

return( value )
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mySign( c( 2, -3, 0) )

mySignVec( c( 2, -3, 0) )
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x <- ¢( -2, -5, -7, -9, 12, 17, -18)

myRange( X )

myData <- myRange( X )
c( myData$mymin, myData$mymax )
= -18, 17

c( min( x), max(x))
s -18, 17

-33
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= myRange <- function( x) {
if (length(x) ==1){
mymin <- x[1]; mymax <- x[1]

} else {
if (x[1] <x[2]) {
mymin <- X[1]; mymax <- x[2]
} else {
mymin <- X[2]; mymax <- x[1]
}
if (length(x) >2) {
for (iin 3:length(x) ) {
if (X[i] < mymin) mymin <- x[i]
if ( X[i] > mymax) mymax <- x[i]
}
}
}

return( list( mymin = mymin, mymax = mymax ) )




% % A 4 3B — switch()

myCenter <- function( x, type ) {
switch( type,
mean = mean( X ),
median = median( x ),
trimmed.mean = mean( x, trim =0.2) )
b
set.seed(1)
X <- rcauchy(10)
myCenter( X, "mean")
myCenter( x, "median")

myCenter( x, "trimmed.mean")
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f(x) = x™3*cos(x)-2*x™2*sin(x) +5*x-1

fx <- function(x) x™3 * cos(x) - 2 * x™*2 *sin(x) + 5* x -1

fx(-5)
fx(0)
fx(5)
fx(c(-5,0,5))

- 36




P AR R - 2016F

E] iﬁ’t? El(y E;: - f( X, y ) Chap 08: 5 #c 8 2. 5*

Feng-Li Lian @ NTU-EE

f(x,y) = x™3*cos(y) -2*x™2*sin(y) +5*x-1
fxy <- function( X, y ) X3 * cos(y) -2 * x™*2 *sin(y) +5*x -1
fxy( -5, pi)
fxy( 1, pi)

fxy( 1, pi/2)
fxy( 0, pi/6)

-37
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f(X,y,2) = x™3*cos(y)-2*x™2*sin(z) +5*x-1
fxyz <- function( X, y, z) X3 * cos(y) - 2 * x™2 *sin(z) + 5* x -1
fxyz( -5, pi, pi)

fxyz( 1, pi, pi/2)

fxyz( 1, pi/2, pi/2 )
fxyz( 0, pi/6, 3*pi )

-38
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= BubbleSort <- function(array) { "
count <- 0
while(1) {
count_swaps <- 0
for (jin 1 : (length(array) - 1 - count)) {
if (array[j] > array[j + 1]) {
s <- array[j]
array[j] <- array[j+1]
array[j+1] <-s
count_swaps <- count_swaps + 1

Name

Agnes

1 Aiolos

Alan

5 Aleis

Alice

5 Ambrose

15 [
} N

} !u Bil

count <- count + 1
if(count_swaps == 0) break

}

24 Garoline
25 Chanceller

array I o
} < Christophar

= Math_sort <- sort( Math)

4

25 Danial
2 Debbie

< M 70100

B

Chinese
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s e B A B2

C

Enghlish

70
g4
39
a2
&0
kil
78
77
&1
79
81
a3
75
E9
71
70
66
83
87
75
a8

0
a7
82
18
)
71
EO
83

N /TESE3

19
7
T3
76
20
a1
10
a2
48
80
29
&0
80
33
39
56
21
57
13
39
81

0
69
44
28
10
46
38

78
{7

Math

D

65

19
33
82
T
84
78
76

3

85

83
83
33
T8
19
68
T0
83
59
71
57
39
45
69
B4

39

s FHRET RS Bdg 4 A Sk

»« myfunc <- lapply( "http://goo.gl/VoHO6K", source)

=« HomeworkYesNo( "B01921001", 3)

- o B S
e F B AL g

358 ARt — 2016F

Chap 08: 5 #c 27 42 3¢

Feng-Li Lian @ NTU-EE

40




0 #4255 23 - 2016F
N — )- :
?' é\' zi m I~ ,L Chap 08: & #c2? ¢ 3¢
Feng-Li Lian @ NTU-EE

HomeworkYesNo <- function( Student_ID, HW_ID ){

= Dataln <- read.csv( file =
"http://cc.ee.ntu.edu.tw/~fengli/Teaching/Computer/HW_01_06.csv",

header = TRUE )
= Index <- Dataln[ , 1 ] == Student_ID
= Homework_Status <- Dataln[ Index, (HW_ID + 1) ]

= return( Homework Status )

41
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B (LFEM) 25 - B bl 8 (bldet JRIL) 2K 6
(Glde: h 3 ) hB T Grenf® 32 o
HEASZTH 72375 8§

= https://en.wikipedia.org/wiki/Lotka%E2%80%93Volterra_equations
AEEFAR e () EAAY s (AF) 2 Fihig i Bl 4L -
Bk B g g £ f i Lre

FlE o0 PN AT 0 ST A enleR g R0

S = TR LA R oL
SRR Rl S T L

PRB o PRGBS AT F R AT

S0 f T iR € R e o

Feipth o JMLE R T iR o R R e R

AAF o APTUBERXTH OO AL NS tBE 2R AR R
f(t+1)=f(t) +f(t)*( 1-0.005r(t))*0.01
r(t+1)=r(t)+ r(t)* (-1+0.005f(t))*0.01

-43
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pipBirE? >

BhAOAPER- :1; & #c: PreyPredatory <- function( f, r) -
FOLk B A BE o ® PR o
;ﬁ¥’aﬁ—@ﬁﬂ’éw“4 i e

TE N 2000 H R 218 o A ulendic® 0 2 g A ddy B

4R Ry - F s B el om0 LB - Bk
fF B¥ > %73 = PreyPredatory.R
PreyPredatory <- function( f, r ){

fl<-f

rL<-r

NexNumber <-¢c(f2,r2)
return( NextNumber )

} -44
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),La dii@ 4 2000 BEH RS 0 AW L o M E B @ll—h&%

N <- 2000 # time step

myfunc <- lapply( "PreyPredatory.R", source) # include function

dtF <- matrix( 0, nrow=N, ncol=1)
dtR <- matrix( 0, nrow=N, ncol=1)
dtF[ 1 ] <- 100; dtR[ 1 ] <- 200

for(tin 1:N ){
out <- PreyPredatory( dtF[ t ], dtR[ t ] )

dtF[ t+1] <-out[ 1]
dtR[ t+1 ] <- out[ 2 ]

100 200 30D
I T T T '
o
g
=4
b4
=

(((((((((((

o 200 0

} v
layout( matrix( c( 1, 2), byrow =F)) \/\/\/\

plot( dtF ); plot( dtR ) TR

Indlesx

HWO7 © & #8242 3¢

BRA BAEE

- BAR;FE C Ah %k L HE ¢ PreyPredatory.R

v - BARAFEE 0 % 44 0 HWO07_B01921001.pptx
5o

L ES SR

2
g

n - P IRENHFESERP

BBy 3 Ny
= E-mail # % 7] : ntucpl05f@gmail.com
= E-mail i 5 : HW07_B01921001 ()j*—«n’ TE 5|
w 2 EPRR D 11/23 (Wed), 2016, 11pm 14 =
» HWO7 » = =32 p & afz V75 >
ARG Y TR IMEAT RN RSB
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2 —%,‘ pdf
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