% 4 F: FHN R NERR

4: Common R Computing Functions

4.1 BRBHES

R MENEHIRIE, B SR EER “BRN” (function). —EKNEREEE TENEAFAEE:
> name <- function(arg_1, arg_2, ...) expression

ZHERAETHEELERER, BE—FE R W4, L RAIGETRFREEESE. —FEARNEE R
A SI# (argument), 5B A IR —ELL L, BLEF|B—EEEKA (required argument), H£:5|%
AILARH#R A (optional argument), B 25 [t —{f = (%5%), 7T AEHHE A R FAEEEE.

> x<-1:10
> max(x)
[1] 10
> min(x)
[1] 1
> log(x)
[1] 0.0000000 0.6931472 1.0986123 1.3862944 1.6094379 1.7917595
[7] 1.9459101 2.0794415 2.1972246 2.3025851
> mean (x)
[1] 5.5
> sd(x)
[1] 3.027650
> summary (x)
Min. 1st Qu. Median Mean 3rd Qu. Max.
1.00 3.256 5.50 5.50 7.75 10.00

LR, ATLE R RARA A, EERNANAFEETERE. MHEFERTERA sd

> sd
function (x, na.rm = FALSE)
if (is.matrix(x))
apply(x, 2, sd, na.rm = na.rm)

else if (is.vector(x))
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0. 4.2 HHHER

sqrt(var(x, na.rm = na.rm))
else if (is.data.frame(x))
sapply(x, sd, na.rm = na.rm)

else sqrt(var(as.vector(x), na.rm = na.rm))

4.2 HH %X Arithmethic Computing

REFENBEHER, BESE=AKN, HFRK 4.1

> # Arithmethic Computing
> # rounding
> (x<- 0.5 + -2:4)

[1] -1.5 -0.5 0.5 1.5 2.5 3.5 4.5
> round(x) # IEEE rounding: -2 0 0 2 2 4 4

[11] -2 0 0 2 2 4 4
> (y<-seq(-2, 4, by = 0.5))

(1] -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
> (y.round<-round(y)) #-- IEEE rounding !

[1] -2-2-1 0 0 0 1 2 2 2 3 4 4
> (y.trunc<-trunc(y))

(1] -2-1-1 0 0 0 1 1 2 2 3 3 4
> (y.signif<-signif(y))

(1] -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
> (y.ceil<-ceiling(y))

[1] -2-1-1 0 0 1 1 2 2 3 3 4 4
> (y.floor<-floor(y))

(1] 2-2-1-1 0 0 1 1 2 2 3 3 4
> cbind(y,y.round, y.trunc, y.signif, y.ceil, y.floor)

y y.round y.trunc y.signif y.ceil y.floor

[1,]1 -2.0 -2 -2 -2.0 -2 -2
[2,] -1.5 -2 -1 -1.5 -1 -2
[3,] -1.0 -1 -1 -1.0 -1 -1
[4,] -0.5 0 0 -0.5 0 -1
(5,1 0.0 0 0 0.0 0 0
[6,] 0.5 0 0 0.5 1 0
[7,] 1.0 1 1 1.0 1 1
[8,] 1.5 2 1 1.5 2 1
9,1 2.0 2 2 2.0 2 2
[10,]1 2.5 2 2 2.5 3 2
[11,] 3.0 3 3 3.0 3 3
[12,] 3.5 4 3 3.5 4 3
[13,] 4.0 4 4 4.0 4 4
>
> yltrunc(y) ! = floor(y)]
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[1] -1.5 -0.5

> ylround(y) ! = floor(y + 0.5)]
[1] -1.5 0.5 2.5
>

> options(digits=6, scipen=0)

> print(z / 1000, digits=4)

[1] 3.142e-05 3.142e-03 3.142e-01 3.142e+01 3.142e+03
> options(digits=6, scipen=100)

> print(z / 1000, digits=4)

[1] 0.00003142 0.00314159 0.31415927  31.41592654 3141.59265359
> zapsmall(z / 1000, digits=4)

(1] 0.0 0.0 0.3 31.4 3141.6

> zapsmall (exp(1i*0:4*pi/2))

[1] 1+0i 0+1i -1+0i 0-1i 1+0i

>

> sign(pi) # = = 1

[1]1 1

> sign(-2:3)# -1 -10111

[1] -1 -1 0 1 1 1

> abs(-2:3)
(11210123
>

> # log(), exp() calculation
> (x<-1:3)
[1] 1 2 3
> log(exp(x))
[1] 123
> (y<-10"(x))
[1] 10 100 1000
> logl0(y)
[1] 1 2 3
> loglO(le?)# = 7
(11 7
>
> x <= 107-(1+2%1:3)
> cbind(x, log(1l+x), loglp(x), exp(x)-1, expml(x))
X
[1,] 0.0010000 0.00099950033 0.00099950033 0.0010005002 0.0010005002
[2,] 0.0000100 0.00000999995 0.00000999995 0.0000100001 0.0000100001
[3,] 0.0000001 0.00000010000 0.00000010000 0.0000001000 0.0000001000
>
> choose(5, 2)
[1] 10
> for (n in 0:5) print(choose(n, k = 0:n))
(1] 1
(1] 11
[1] 121
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[11 1331

[11 14641

[1] 1 51010 5 1

>

> # combination

> factorial(100)

[1] 9.33262e+157

> 1factorial (10000)

[1] 82109

>

> (x.tri<-c(0, pi/2, pi, 3*pi/2))

[1] 0.00000 1.57080 3.14159 4.71239

> sin(x.tri)

[1] 0.000000000000000000000 1.000000000000000000000
[3] 0.000000000000000122461 —1.000000000000000000000
> asin(sin(x.tri))

[1] 0.000000000000000000000 1.570796326794896600000
[3] 0.000000000000000122461 -1.570796326794896600000
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x4.1: FAYEEX

EZE EEA

? Help

<- Left assignment, binary
-> Right assignment, binary
$ List subset, binary

Sequence, binary
In model formulae: interaction
Tilde, used for model formulae, can be either uniary or binary

- Substraction, can be unary or binary

+ Addition, can be unary or binary
! Unary not

Multiplication, binary
/ Division, binary
- Exponentiation, binary
YA Modulus, binary
Wlh Integer divide, binary
round(x, digits = 0) its first argument to the specified number of decimal places
signif(x, digits = 6) rounds the values to the specified number of significant digits
trunc (x) the integers by truncating ’x’ toward "0’
ceiling(x) the smallest integers not less than ’x’
floor(x) the largest integers not greater than ’x’
sign(x) sign(x), the sign of a real number is 1, 0, or -1

if the number is positive, zero, or negative, respectively.
abs (x) |x|, absolute value of x
sqrt (x) Vx
exp(x) e*
expm1 (x) computes exp(x) — 1 accurately also for |x| << 1.
log(x) log(x)
logl0(x) log1p(x)
log2(x) log, (x)
logb(x, base = z) log, (x)
loglp(x) computes log(1+ x) accurately also for |x| << 1.
gamma (x) I(x)=@x-1)!= [ t0D) exp(—t)dt
lgamma (x) log, [I'(x)]
beta(a, b) B(a,b) = (T(a)T(b)) / (T(a+b)) = [y t@ (1 —1)E-Dat
lbeta(a, b) log,[B(a, b)]
digamma (x) % log,[I'(x)]
trigamma (x) & log, [I(x)]
psigamma(x, deriv = 0) % log, [T'(x)]
choose(n, k) W‘*k)'
lchoose(n, k) log,(choose(n, k))
factorial(x) xl=T(x+1)
1factorial(x) log(x!) = log,[I'(x)]
sin(x) cos(x) tan(x) trigonometric functions
asin(x) acos(x) atan(x) inverse functions
sinh(x) cosh(x) tanh(x) hyperbolic functionsx

asinh(x) acosh(x) atanh(x) inverse hyperbolic functions
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43 al1(0),any(), which()

4.3 2l1(), any(), which()

all(x) # any (x) WA HAREEBEHAE x, (x). H—EEEAE x, all (x) ARRERS
A x JLEEE TRUE ? H—FH, H—E:#EAE x, any (x) AXBEREHT—E x LR TRUE
? which(x) R|ER—{Em &, S@&E A E x PHITCER TRUE FTEf TEAZE (index).

> # all, any, which
> x<-c(-1,-2,0,2,1)
> all(x>0)

[1] FALSE

> any (x>0)

[1] TRUE

> which(x>0)

[1] 4 5

> #

> (X<-matrix(c(2,-1,-3, -1,2,4, -3,4,9), nrow = 3, byrow = T))

[,11 [,2]1 [,3]
[1,] 2 -1 -3
[2,] -1 2 4
(3,1 -3 4 9
> all(X>0)
[1] FALSE
> any (X>0)
[1] TRUE
> which(X>0)
[11 15689
>
> which (X%%2
[1] 1 56 8
> which(X%%2

row col
[1,] 1 1
2,1 2 2
[3,] 3 2
[4,] 2 3
> rownames (X)<-paste("Case",1:3, sep = "_")
> which(X%%2 = = 0, arr.ind = TRUE)

row col

Case_1 1 1
Case_2 2 2
Case_3 3 2
Case_2 2 3

0)

= 0, arr.ind = TRUE)
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4.4 #EF# X Ranking and Sorting

# R P EHFEES EFHENER, I rev(), sort (), order ) & rank(). z<-rev(x) [H{&
—EME z, R¥ME x TERE; z<-rank(x) FE—~fERAE z, £ A& x F—FETHER/NEIRHE
2, x TR ZHHIEF (rank); z<-sort (x) EE—EME z, EHAE x E/NEIREFRRER,
z<-order (x) BEE—EAME z, B AE x {/NEKEFBRINAEZ TR, ERERKRAE x BRAA
.

> x<-¢(7,9,6,10,8)

> rev(x)

[1] 810 6 9 7

> rank(x)

[1] 24153

> sort(x) # from the smallest to the largest
[1] 6 7 8 9 10

> order(x) # x[3] is the smallest one.
(1131524

8 1 ties.method = c("average", "first", "random", "max", "min").

EREANTTEAEHRANEIER, £ rank ) W52 ties.method, AJ DU AL R K BERHE TR

> x<-¢(7,9,6,7,8)

> rank(x, ties.method = "average")
[1] 2.5 5.0 1.0 2.5 4.0
> sort(x)

[11 67789
> order(x)
[11 31452

FERRET AT, WA A A FHE AR R B B R, W DAFIA order O).

> (x<-c(1, 1, 3:1, 1:4, 3))
[1] 1132112343
> (y<-c(9, 9:1))
[1] 9987654321
> (z<-c(2, 1:9))
[1] 2123456789
> (xyz.mat<-rbind(x,y,z))
(,11 [,21 [,31 [,4] [,5] [,e]l [,7]1 [,8] [,9] [,10]

X 1 1 3 2 1 1 2 3 4 3
y 9 9 8 7 6 5 4 3 2 1
z 2 1 2 3 4 5 6 7 8 9

> xyz.order<-order(x,y,z)
> xyz.mat[, xyz.order] # reordering (ties via 2nd & 3rd arg)
(,11 [,21 ,3] [,4] [,5] [,6]1 [,7] [,8] [,9] [,10]
X 1 1 1 1 2 2 3 3 3 4
5 6 9 9 4 7 1 3 8 2
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5 4 1 2 6 3 9 7 2 8
xyz.mat [, order(x,-y,z)] # descending order on y

(.11 [,21 [,3] C,4] [, C,e] C,71 [,8] [,9] [,10]

\4

X 1 1 1 1 2 2 3 3 3 4
y 9 9 6 5 7 4 8 3 1 2
Z 1 2 4 5 3 6 2 7 9 8
> xyz.mat[, order(y,z,x)] # exercise
> xyz.mat[, order(z,x,y)] # exercise
>
> (xyz.data<-data.frame(x,y,z))
Xy z
1 192
2 191
3 382
4 273
5 164
6 155
7T 246
8 337
9 4238
10319
> xyz.datalorder(x, -y, z), ]
Xy z
2 191
1 192
5 164
6 155
4 273
7T 246
3 382
8 337
10319
9 4238

>
> ## rearrange matched vectors so that the first is in ascending order
> (x<-c(5:1, 6:8, 12:9))

(1] 5 4 3 2 1 6 7 8121110 9
> (y<-(x-5)"2)

[1] 0 1 4 916 1 4 9 49 36 25 16
> (z.0<- order(x))

(1] 5 4 3 2 1 6 7 8121110 9
> rbind(x[z.0], y[z.0])

(.11 [,21 [,3] (,4] [,8] (,e]l C,71 [,8] [,9] [,10] [,11] [,12]

[1,] 1 2 3 4 5 6 7 8 9 10 11 12
[2,] 16 9 4 1 0 1 4 9 16 25 36 49
> z.mat<-rbind(x,y)
> z.mat[ , order(x,y)]

© Jeff Lin BEMTHER



FAFE: FHANRNERR -9

(,11 [,21 [,31 [,41 [,5] C,e]1 C,7]1 [,8] [,91 [,10] [,11] [,12]
x 1 2 3 4 5 6 7 8 9 10 11 12
16 9 4 1 0 1 4 9 16 25 36 49

* 4.2 HEE RKE RIEFE.

®4.2: FRZHFEN

B A

rev(x) reverse order

rank(x)  Returns the sample ranks of the values

Default argument” ties.method = "average"
sort(x)  Sorta vector or factor (partially)

into ascending (or descending) order.
order (x) Returns a permutation

which rearranges its first argument into ascending

or descending order, breaking ties by further arguments.

4.5 & Fz XFRR Functinos for Characters

R WEFZHE A LURE X F R E R (Character Data), & 2 XFEAE paste(),
substr (), substring(), grep() &.

45.1 paste() AR

paste(..., sep = " ") WAALEH 2 AXFHREFHITRERLATR 1 EXFRE, K
2 X FEF R AR R EASCFESITR "text", FTLLHG % sep="text"; HE 2 HXFHESR
Frrp R PR B I SCFBURFSR "text", BEEHBREBE —XFF&H, ATLIAG2 collapse="text" .

> # paste
> paste(1:5) # same as as.character(1:5)
[1] ||1|| ||2|| ||3|| ||4|| ||5||

> paste("A", 1:5, sep = "")
[1] ||A1 n ||A2|| ||A3|| ||A4|| ||A5||
> paste("A", 1:5, sep =" ")

[1] "A 1" "A 2" "A 3" "A 4" "A B

> paste("A", 1:5, sep = "#")

[1] "A#1" "A#2" "A#3" "A#4" "A#5"

> paste("Today is", date())

[1] "Today is Fri Oct 27 09:37:44 2006"
> #
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4.5 % AZXFEAN

> paste(c("X", "Y"), 1:5)
[1] ||X 1" ||Y 2" IIX 3|| IIY 4|| ||X 5"

> paste(c("X", "Y"), 1:5, sep =" ")
[1] ||X 1" ||Y 2" ||X 3|| ||Y 4|| ||X 5"
> paste(c(nxn’ "Y"), 1:5’ sep = nn)

[1] "X1" "Y2" "X3" "Yy4" "X5"

> paste(c("X", "Y"), 1:5, sep = "+")

[1] "X+1" "Y+2" "X+3" "Y+4" "X+5"

> paste(c("X", "Y"), 1:5, sep = "", collapse=" + ")
[1] "X1 + Y2 + X3 + Y4 + X5"

4.5.2 substr() ¥ substring() BX

substr (), substring () B 1 EXCFRES, ZERERIESHF .

substr(x.char, start, stop)

x.char B 1 HAMXFFEMARE, start, 5 1 AEEE, RRMEZXDOCFFENE 1 HAXF
&, stop, & 1 EIFEE, RRMEXIFFENRE 1 FXFEAAE. fill R ARZEHESE
state, B EE 50 W —LEABRIE KL, # Fsubstring O Bz

substring(x.text, first, last = 1000000)

x.text [ 1 A XFFHAE, first, B 1 HERSY, LFMEERFFENE 1 EXF
I, last, 7 1 (HERS, RTHMEEDCFEFRNIRE 1 BXFUE. fIM0 R AZZHESR
state, BfS 3£ E 50 Y —LLAHBAE R, i Fsubstring O B,

AR E X FFH IR S A 2 SCF 5 &

# H substr(x.char, start, stop)<-new.char
4 substring(x.text, first, last = 1000000)<-new.text
A DHBIRETHY )55 new. char B new. text BURFEFRERZ XFFEZAIE.

> # substr()

> data(state)

> state.name[47:50]

[1] "Washington" "West Virginia" "Wisconsin" "Wyoming"
> substr(state.name[47:50], 1, 4)

[1] "Wash" "West" "Wisc" "Wyom"

>

> substr(state.name[47:50], 1, 4)<-"AAA"

> state.name[47:50]

[1] "AAAhington" "AAAt Virginia" "AAAconsin" "AAAming"

data(state)
state.name[47:50]
[1] "Washington" "West Virginia" "Wisconsin" "Wyoming"

>
>
> # substring()
>
>
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> substring(state.name[47:50], first=3, last=1000)

[1] "shington" "st Virginia" "sconsin" "oming"

>

> substring(state.name[47:50], first=3, last=1000)<-"BBB"

> state.name [47:50]

[1] "waBBBngton" "WeBBBVirginia" "WiBBBnsin" "WyBBBng"

4.5.3 abbreviate() BER

R Z—{875 AR X FFH R abbreviate O, AT

abbreviate(names.arg, minlength = 4, use.classes = TRUE, dot = FALSE)

H15]# names . arg B 1 HARXFFHAE, 5# ninlength = 4 BEEXFEFHENFICEE, 5]
# dot = FALSE B:#EAE, &GAZN ..

> data(state)
> state.name[47:50]

[1] "Washington" "West Virginia" "Wisconsin" "Wyoming"
> abbreviate(state.name[47:50] ,minlength=2, dot=TRUE)
Washington West Virginia Wisconsin Wyoming
"Wsh. " "y "Wsc. " "y .

454 grep() BR

grep() HMAEXFREF FHNE—ERERK (pattern), W HEE S CFHEN TE (in-
dex).

> data(state)

> state.name [47:50]

[1] "Washington" "West Virginia" "Wisconsin" "Wyoming"
> grep("Wa", state.name)

[1] 47

BEGHAR © Jeff Lin



.12 . 4.6 HH#ER

4.6 H B R Date Function

KPR 2WRT, 2—EFEEEENSEE, RMHFHENERE, JIMEHE, F—EREE T~ H
FER R vk, JRAIE, BB SRR AR AE 2 CF B H B (Calendar date and time),
M "12/10/1979" "12/10/1979 20:30:10", "2/28/1947", "2-28-1947", 022847, 2Feb4?7,
"Feburary 2 1947" %, R AT R AR H ERHE, B R 1Y “BE-RREEEIMMY (date-time
class object). as.Date() EAK N FE A HE (calendar date) itk R 1y “HERERIDHE"
(Date class object); strptime () B CF R AR H R R 19 “H EB-Re SR
as.POSIX1t () § as.POSIXct () Bz “H H-HHIERIY4 #ii s POSIX1t, POSIXct 155K
format () B R B9 “H H-Re R4 B — R ATEN X FREAWEH, B, B8, B, &
ARE .

4.6.1 as.Date() B

as.Date() HRAKXFHMAKHE (calendar date) #E#fipk R # “HERRERIYE", H HI%ER
P2 —fE%EE Date class BIERRAE. £ R tf, BUEZIEY Date class [AEES Januayr
1, 1970 £ 0, LAfBf# Julian Date. E#ZRIEERKNE yyyy-mn-dd, ZEEEHERR Julian #%
X, AT as,numeric()  julian(). POSIXIt MK AFR R #EAREGTIEDE (1t legi-
ble time), POSIXct #&:# R R FEBER R ENBER R (ct: continuous time), 7] L
as.numeric() B=R, B Januayr 1, 1970, 0 B, 0 43 £ “07, BERIH L, MMLGHE.

> # Date

> x.date<-c("2/28/1947", "12/10/1979", "1/1/1970")
> x.date

[11 "2/28/1947" "12/10/1979" "1/1/1970"

> #convert to Julian dates

> x.julian<-as.Date(x.date, format = "Ym/%d/%Y")

> x.julian

[1] "1947-02-28" "1979-12-10" "1970-01-01"

> #display Julian dates as a numerical vector

> as.numeric(x.julian)

[1] -8343 3630 0
> julian(x.julian)
[1] -8343 3630 0

attr(,"origin")

[1] "1970-01-01"

>

> # as.POSIX1lt and as.POSIXct Object

> as.POSIX1lt(x.julian)

[1] "1947-02-28" "1979-12-10" "1970-01-01"

> as.numeric(as.POSIX1t(x.julian))

$EIRTE as.double.default(as.POSIX1t(x.julian)) :
(851) HEPETEsHIEE R double

> as.POSIXct(x.julian)
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[1] "1947-02-28 08:00:00 BILiEHERR"
[2] "1979-12-10 08:00:00 BILiEHERR"
[3] "1970-01-01 08:00:00 HEILIEUERFRG"
> as.numeric(as.P0SIXct(x.julian))

[1] -720835200 313632000 0

weekdays (), months (), quarters (), julian() &, A LARCH H HIERIPIHHIFE.

> # Julian

> weekdays(x.julian)

(1] "Efn" "EH—" 28y

> weekdays(x.julian, abbreviate = TRUE)
(1] "E#A" "Ef—" "EHme

> months(x.julian, abbreviate = FALSE)

[1] "=A" v+=Av A

> quarters(x.julian, abbreviate = TRUE)
[1] "qQi" "Q4" "Q1"

> julian(x.julian)

[1] -8343 3630 0

attr(,"origin")

[1] "1970-01-01"

codeSys.Date() FJLARUS B S R H B, FIZREFREFEA.

> # calculate age as of today’s date

> date.today<-Sys.Date()

> x.age.error<-(date.today-x.julian)/365.25

> x.age.error

Time differences of 59.5510, 26.7707, 36.7091 days
> # #the display of ’days’ is not correct

> # truncate number to get "age

> x.age.correct<-trunc(as.numeric(x.age))

> X.age.correct

[1] 59 26 36

> # create data frame

> x.data<-data.frame(Birthday = x.date,
Standard = x.julian,
Julian = as.numeric(x.julian),
Age = x.age.correct)

> x.data

Birthday Standard Julian Age

1 2/28/1947 1947-02-28 -8343 59

2 12/10/1979 1979-12-10 3630 26

3 1/1/1970 1970-01-01 0 36
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4.6.2 B #HEER] 248X (Format)

XFHAAHE (calendar date) IAREAR B NERA, FTLVERAEZEM as.Date ) EAHHG]
B format HUEE ZEH, =8, AT X/ HE, as.Date () BRI EMEE T IEHEHE. Y325
seEEEE. Rk 4.3, BB C4: help (strptime).

> ######H### date with input format

> as.Date("1990-1-19") # standard format
[1] "1990-01-19"

> as.Date("9/15/89", format
[1] "1989-09-15"

> as.Date("4 25 92", format
[1] "1992-04-25"

> as.Date("063095", format = "Y%mJd%y")
[1] "1995-06-30"

>

"%m/%d/%y") # two digits for year

n%m %d %yn)

> # chinese GUI cause problems

> as.Date("September 15, 1995", format = "¥B %d, %Y")

[1] NA

> as.Date("27Aug95", format = "Yd%b%y") # two digits for year
[1] NA

> as.Date("27Augl1995", format = "%d%b%Y")

[1] NA

> as.Date("September 15 1995", format = "%B %d %Y")

[1] NA

## read in date info in format ’ddmmmyyyy’
## This will give NA(s) in some locales; setting the C locale

## as in the commented lines will overcome this on most systems.

# check local setting

## locale-specific version of date()

format (Sys.time(), "%a %b %d %X %Y %Z")

(11 "E#¥H LA 17 B4 10:56:11 2006 & ALiREER "
>

>
>
>
>
>
>
>
>

> # change it

> (lct <- Sys.getlocale("LC_TIME"))

[1] "Chinese_Taiwan.950"

> Sys.setlocale("LC_TIME", "C")

(1] "c"

> format(Sys.time(), "%a %b %d %X %Y %Z")
[1] "Sun Sep 17 10:56:11 2006 FCAEHERER]"
>

> # read it again

> as.Date("September 15, 1995", format = "¥B %d, %Y")
[1] "1995-09-15"

© Jeff Lin BEMTHER
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> as.Date("27Aug95", format = "%d/b%y") # two digits for year
[1] "1995-08-27"

> as.Date("27Augl1995", format = "%d%b%Y")

[1] "1995-08-27"

> as.Date("September 15 1995", format = "¥%B %d %Y")

[1] "1995-09-15"

> Sys.setlocale("LC_TIME", 1lct)

[1] "Chinese_Taiwan.950"

A H SRR, AT LLA strptime O B, A& HF5 180 format MUHEE & .

# date and time

## read in date/time info in format ’m/d/y h:m:s’
x.dates<-c("02/27/92", "02/27/92", "01/14/92")
X.times<-c("23:03:20", "22:29:56", "01:03:30")

x.datetime <- paste(x.dates, x.times)

strptime (x.datetime, "Y%m/%d/%y %H:%M:%S")

[1] "1992-02-27 23:03:20" "1992-02-27 22:29:56" "1992-01-14 01:03:30"
>

>
>
>
>
>
>

> ## time with fractional seconds

> z.time <- strptime("20/2/06 11:16:16.683", "%d/%m/%hy %H:%M:%0S")
> z.time # prints without fractional seconds

[1] "2006-02-20 11:16:16.683"

> op <- options(digits.secs = 3)

> z.time

[1] "2006-02-20 11:16:16.683"

BEGHAR © Jeff Lin
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4.6 B HH K

4.3 A H HREER AR

Liz52N

A

%he

yas

YA

%x
%X
hy

%Y
%z

WZ

Abbreviated weekday name

Full weekday name

Abbreviated month name

Full month name

Date and time, locale-specific.

Day of the month as decimal number (01-31).

Hours as decimal number (00-23).

Hours as decimal number (01-12).

Day of year as decimal number (001-366).

Month as decimal number (01-12).

Minute as decimal number (00-59).

AM/PM indicator in the locale.

Used in conjuction with "%I” and *not* with "/H’.

Second as decimal number (00-61), allowing for up to two leap-seconds
Week of the year as decimal number (00-53)

using the first Sunday as day 1 of week 1.

Weekday as decimal number (0-6, Sunday is 0).

Week of the year as decimal number (00-53)

using the first Monday as day 1 of week 1.

Date, locale-specific.

Time, locale-specific.

Year without century (00-99).

If you use this on input, which century you get is system-specific. So don’t!
Often values up to 69 (or 68) are prefixed by 20 and 70-99 by 19.
Year with century.

(output only.) Offset from Greenwich, so "-0800 is 8 hours west of Greenwich.
(output only.) Time zone as a character string (empty if not available).
Equivalent to %Y-%m-7%d (the ISO 8601 date format).

The last two digits of the week-based year (see "%V’).

The week-based year (see "%V’) as a decimal number.

Weekday as a decimal number (1-7, Monday is 1).

Week of the year as decimal number (00-53).

If the week (starting on Monday) containing 1 January

has four or more days in the new year, then it is considered week 1.
Otherwise, it is the last week of the previous year,

and the next week is week 1.

Locale-specific date format such as "Ym/%d/%y’.

The 24-hour clock time with single digits preceded by a blank.

The 12-hour clock time with single digits preceded by a blank.
Newline on output, arbitrary whitespace on input.

The 12-hour clock time (using the locale’s AM or PM).

Equivalent to "%H: %M.

Newline on output, arbitrary whitespace on input.

Equivalent to "%H: %M:%S’.

© Jeff Lin
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4.6.3 survival % F B 3 e E

survival EF —LLE A HAERFMZERN, 11 as.date (), EAEM as.Date (), AILFEA
9/15/89,9-1-1990, 4 25 92, 063095, 27Aug95, or September 15 1995 &g, (H MM
Pl Januay 1, 1960, 0 ¢, 0 43 £ “07, KefIZ5EE, MILAEHE, (B2 SAS AHA).

> # "survival" package

> # as.date() without input format
> as.date(c("28feb1947", "December 10 1979", "1Jan1970"))
[1] 28Feb47 10Dec79 1Jan70

> as.date("9/15/89")

[1] 15Sep89

> as.date("9-1-1990")

[1] 1Sep90

> as.date("4 25 92")

[1] 25Apr92

> as.date("063095")

[1] 30Jun95

> as.date("27Aug95")

[1] 27Aug95

> as.date("September 15 1995")

[1] 15Sep95

>

> # survival package continuous time: day zero
> as.numeric(as.date("1/1/1960"))
(11 o

> as.numeric(as.date("1/1/1970"))
[1] 3653

>

> # base package continuous time

> as.numeric(as.Date("1960-1-1"))

[1] -3653
> as.numeric(as.Date("1970-1-1"))
[1] ©

ndy.date O, WK EBINE A (months), HH (days), X (years) BIFE, GHH R &Y
HEA7.

# mdy.date()

mons<-c(2, 12, 5, 9)

days<-c(28, 10, 20, 9)

years<-c (1947, 1979, 2000, 2006)
s.date<-mdy.date(mons, days, years)

V V V V V V

s.date

[1] 28Feb47 10Dec79 20May2000 9Sep2006
> as.numeric(s.date)

[1] -4690 7283 14750 17053
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date.mdy ) B3\t R By H V@A ERIE A (months), H# (days), X (years)
HIFI &Y

> # date.mdy()

> s.date

[1] 28Feb47 10Dec79  20May2000 9Sep2006
> date.mdy(s.date)

$month

[11] 212 5 9

$day

[1] 28 10 20 9

$year

[1] 1947 1979 2000 2006

> #

> date.mdy(s.date, weekday = T)
$month

[11] 212 5 9

$day

[1] 28 10 20 9

$year

[1] 1947 1979 2000 2006
$weekday

(116277

date.mmddyy (), date.ddmmyy (), date.mmddyyyy () &= R K H V&R (for-
mat) BCNER) B HYEE = .

> # date.mmddyy(), date.ddmmmyy(), date.mmddyyyy()
> date.mmddyy(s.date)

[1]1 "2/28/47" "12/10/79" "5/20/2000" "9/9/2006"
> date.ddmmmyy (s.date)
[1] "28Feb47" "10Dec79" "20May2000" "9Sep2006"

> date.mmddyyyy(s.date)
[1] "2/28/1947" "12/10/1979" "5/20/2000" "9/9/2006"

4.7 # &t E X Descriptive Statistics Functions

R BFZHMETER, HREWHE RNERM AT E, 20 sun(), cumsum (), diff (), prod (),
cumprod (), mean (), median(),var(),sd(), range(), min(),max (), quantile (), sample (x)
% Z2RRK 44 FE, BV EESE, BEREE, 7 H nean(na.omit(x)) 3 mean(x,
na.rm = T) 5|8 B EEERERHERYHHCER, 8 N HEIANGR, 2/,

y<-sum(x) AR y = ¥ x;; z<-cums (x) B z; = Yi<jxi; 2<-diff (x) EHRE z; =

Xit1 — Xi-

FIEkE), <-prod(x) &2 y = []jx; z<-cumprod(x) B2 z; = [[ic;x; FHIMER
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xbar<-mean(x), (¥ = % Y xi); FAIHUZ x.med<-median(x), (0.5 quantile, 501" percentile);
BEEE x.s2<-var (x),s? = ﬁ Y (x;— %)% HEHERER x . sd<-sd(x),5 = Vs2; z<-range (x)
A E E—Em &, T min(x), max(x)]; BAEEE/MES BIF min (x), max (x); B ES
BRI AF quantile (), #l quantile(x, probs = c(0.05, 0.25, 0.5, 0.75, 0.95)).

fivenum(x) ElIfE M & [max, Q;, median, Q3, max].

> # STAT
> (x<-seq(-2, 3, 0.3))
[1] -2.0 -1.7 -1.4 -1.1 -0.8 -0.5 -0.2 0.1 0.4 0.7 1.0 1.3 1.6
[14] 1.9 2.2 2.5 2.8
> sum(x)
[1] 6.8
> cumsum(x)
(1] -2.0 -3.7 -5.1 -6.2 -7.0 -7.5 -7.7 -7.6 -7.2 -6.5 -5.5 -4.2 -2.6
[14] -0.7 1.5 4.0 6.8
> diff (%)
[1] 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.30.30.30.30.30.30.30.3
> prod(x)
[1] -0.713814
> cumprod (x)
[1] -2.0000000 3.4000000 -4.7600000 5.2360000 -4.1888000 2.0944000
[7] -0.4188800 -0.0418880 -0.0167552 -0.0117286 -0.0117286 -0.0152472
[13] -0.0243956 -0.0463516 -0.1019735 -0.2549337 -0.7138144
> mean (x)
[1] 0.4
> median(x)
[1] 0.4
> var(x)
[1] 2.295
> sd(x)
[1] 1.51493
> range (x)
[1] -2.0 2.8
> min(x)
[1] -2
> max(x)
[1] 2.8
> (y<-quantile(x, probs = c(0.05, 0.25, 0.5, 0.75, 0.95)))
5% 25% 50% 75% 95%
-1.76 -0.80 0.40 1.60 2.56
> # quantile range
> y[4]-y[2]
75%
2.4
>
> y[4]-y[2]
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75%
2.4
>

> fivenum(x)
[1] -2.0 -0.8 0.4
>

1.6 2.8

> # missing values
> x[3]<-NA
> x[7]1<-NA
> x
[1] -2.0 -1.7 NA -1.1 -0.8 -0.5
[14] 1.9 2.2 2.5 2.8
> mean (x)
[1] NA
> mean(na.omit(x))
[1] 0.56
> var(x, na.rm = T)
[1] 2.33829

NA 0.1

0.4 0.7 1.0 1.3 1.6

& 4.4 FASARELT K

A HHA

sum (x) summation Y=2,X

cumsum(x) cumulative sum zj = Yi<jXi

diff (x) x[i+1]-x[i] Zi = Xit1 — Xi

prod(x) product y=1IIx

cumprod(x)  cumulative product zj = [Ti<j xi

mean (x) mean X = % Y xi)

median (x) median 0.5 quantile, 50" percentile
var (x) variance, covariance $? =L yu(x—x)?

sd(x) standard deviation s =1/s2

range (x) range [min(x), max(x)]

min (x) minimum

max (x) maximum

quantile(x) percentile

fivenum(x)  five-number summary [max, Q;, median, Q3, max]
sample(x) random sample

© Jeff Lin
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4.8 4R HERHEHE A Matrix Algebra

REFLEHERKR, £ R (R RIE, EEAEBERAL, B0 EBEE, 72Ntk

.

4.8.1 Ak, IRk L E 4B R

e (BRAE) RIS EE, WL - +, - FTE.

> (A<-matrix(c(1:12),nrow = 3, byrow = T))

(.11 [,21 [,3] [,4]

[1,] 1 2 3 4
[2,] 5 6 7 8
[3,] 9 10 11 12
> (B<-matrix(c(1:12),nrow = 3))

[,11 [,21 [,31 [,4]
[1,] 1 4 7 10
[2,] 2 5 8 11
[3,] 3 6 9 12
> A+B

[,11 [,21 [,31 [,4]
[1,] 2 6 10 14
[2,] 7 11 15 19
[3,] 12 16 20 24
> A-B

[,11 [,21 [,31 [,4]
[1,] 0 -2 -4 -6
[2,] 3 1 -1 -3
[3,] 6 4 2 0

BB RN “B8” (transpose) £ ().

> £t (A)

[,11 [,21 [,3]
[1,] 1 5 9
[2,] 2 6 10
[3,] 3 7 11
[4,] 4 8 12

’/f

H

3 aperm(a.arr, perm) AILAAZREFE—EES] a.arr. BIESIHEREE; 518 perm 7]
LI {1,..., k} B9—{EHEF (permutation), HH k 2 a.arr W THEEE. & E XSG E S — @M
a.arr K/N—BHIMES, TRERIHEE perm[j] &S EEYINE jEGEE. EEBFEIE L2Y
FERER TR R E. IR L, R A B—EERE, HE B < —aperm(A,c(2,1)) 2 A REEHRE,

B EER A W—EEE, SRR T, MEARE O TLER.

> # aperm()

BEMAFER
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> A<-matrix(c(1:12) ,nrow = 3, byrow = T)

> (B.aperm<-aperm(A, c(2,1))) # = t(A) = matrix transpose
(.11 [,2] [,3]

(1,1]
[2,]
(3,]
[4,]

V V V V V V

b.

0

1

2
3
4

arr

i

BC

135

46

ii

B C
9 11

8 10 12

iii

a 13 15 17
b 14 16 18

iv

A B C
a 19 21 23
b 20 22 24

> aperm(b.arr,c(2,3,1))

>

a

ii iii iv
7 13 19
9 15 21

11 17 23

5

6
7
8

## aperm array
a.vec<-1:24

9
10
11
12

b.arr<-array(a.vec, dim

c(2,3,4), dimnames = c("x",
dimnames(b.arr)<-list(letters([1:2] ,LETTERS[1:3],c("i",

Yy

lliill s

llzll))

lliiill’ Ilivll))

© Jeff Lin
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iii iii iv
A2 8 14 20
B4 10 16 22
C6 12 18 24

4.8.2 sEfEFRE

R (B &) W3R, AT LA B B B —{E B E “$U&" (scalar), B = s X Ayxn = S*A, 7]
DAF = $84.

sai1 saip ...

SX Apxn =s*xA = Saz1 (481)

> # product: scalar
> A<-matrix(c(1:12) ,nrow = 3, byrow = T)
> Ax2
[,11 [,2]1 [,3] [,4]
[1,] 2 4 6 8
[2,] 10 12 14 16
[3,] 18 20 22 24

R Ay RE—ETER, BEEME B, RE—ETR, EAETE, Cuxn = Amxn X Buxn,
men[i/j] = Amxn[i/j] X Bmxn[i/j]/ AILAA * TE%

Crixn = Amxn* Buxn
€11 =a11xb11 c1p0 =a1pxb1p

Co1 = az1 xbay (482)
Ci,j = Ell‘,]' * bi,j

Cmn = Amn * bm,n

> # product: element by element

> (A<-matrix(c(1:12),nrow = 3, byrow = T)) # A_(4x3)
[,11 [,2]1 [,3] [,4]

[1,] 1 2 3 4

[2,] 5 6 7 8

[3,] 9 10 11 12

> (B<-matrix(c(1:12),nrow = 3)) # A_(4x3)
[,11 [,21 [,31 [,4]

[1,] 1 4 7 10

[2,] 2 5 8 11

[3,] 3 6 9 12

> AxB

(.11 [,21 [,3] [,4]
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[1,] 1 8 21 40
[2,] 10 30 56 88
[3,] 27 60 99 144

FERE Ay xn WE—EITSR, S2HME By, AEE—ETTSR, (EBIHEREIER % BL7 f84380dT,

> # product: division: /

> (A<-matrix(c(1:12),nrow = 3, byrow = T)) # A_(3x4)
[,11 [,21 [,3] [,4]

[1,] 1 2 3 4

[2,] 5 6 7 8

(3,1] 9 10 11 12

> (B<-matrix(c(1:12) ,nrow = 3)) # B_(3x4)
[,11 [,2]1 [,3] [,4]

[1,] 1 4 7 10

[2,1] 2 5 8 11

[3,] 3 6 9 12

> A/B
[,1] [,2] [,3] [,4]

[1,] 1.0 0.500000 0.4285714 0.4000000
[2,] 2.5 1.200000 0.8750000 0.7272727
[3,] 3.0 1.666667 1.2222222 1.0000000

FERE Ay BIFERE B, 89 “ITE” (matrix product, innder product, dot product), bl %7
SEAETT, Cxp = Amxn "W%% Buxps Cmxplis jl = Yoy Amxnlis k] X Buscplk, ],

Cm><p
= Am><n To*% Bn><p
€11 = Yp—1 A1k *xbr1 c120 = Y g arpx by
€21 = Y12k * b1

= . _\n
: Cij = k=1 @ik * by

Cm,p = Ykt Ak * byp
(4.8.3)

> # product: inner %}

> (A<-matrix(c(1:12),nrow = 3, byrow = T)) # A_(3x4)
[,11 [,2]1 [,3] [,4]

[1,] 1 2 3 4

[2,] 5 6 7 8

(3,1] 9 10 11 12

> (B<-matrix(c(1:8) ,nrow = 4)) # B_(4x2)
[,1]1 [,2]

[1,] 1 5

[2,] 2 6
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[3,] 3 7

(4,1 4 8

> A%*YB # C_3x2
[,11 [,2]

[1,] 30 70

[2,] 70 174

[3,1 110 278

FERE Ay BRI By, # “S4HE” (outer product), Ll %o% fa AT, HEFIE (list).

> # product: outer %o%

> (A<-matrix(c(1:6) ,nrow
[,1]1 [,2]

[1,] 1 4

[2,] 2 5

[3,] 3 6

> (B<-matrix(c(1:4) ,nrow
[,1]1 [,2]

[1,] 1 3

[2,] 2 4

> A%o%B

, » 1,1

3)) # A_(3x2)

2)) # B_(2x2)

(.11 [,2]
[1,] 1 4
[2,] 2 5
[3,] 3 6

”2’1

[,11 [,2]
[1,] 2 8
(2,1 4 10
[3,] 6 12

:’1:2

[,11 [,2]
[1,] 3 12
[2,] 6 15
[3,] 9 18

b b 2’ 2
(.11 [,2]

[1,] 4 16
[2,] 8 20
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[3,] 12 24

> BY0%A
b b 1’ 1

(.11 [,2]

(.11 [,2]

(.11 [,2]

[2,] 6 12

[,11 [,2]
[1,] 4 12
[2,] 8 16

b b 2! 2

[,11 [,2]
[1,] 5 15
[2,] 10 20
b 9’ 3’ 2

[,11 [,2]

[1,] 6 18
[2,] 12 24
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Kronecker product Ll %x7 5% 8 kronecker (A, B) BT, HEI4EH,

Amxn yAYA Bpxq =

alllB allzB ce

612,1 B

> # product: outer %x%

> A<-matrix(c(1:6),nrow

> B<-matrix(c(1:4),nrow

> A%x%B

(.11 [,21 [,3] [,4]

4
8
5
10
6
12

(,3]

0 P © O W

12

[1,] 1 3
[2,] 2 4
[3,] 2 6
[4,] 4 8
[5,] 3 9
[6,] 6 12
> BYxhA

[,11 [,2]
[1,] 1 4
[2,] 2 5
[3,] 3 6
[4,] 2
(5,] 4 10
(6,1] 6 12
>
>
>
>
> kronecker (A, B)

12
16
15
20
18
24

[,4]
12
15
18
16
20
24

A<-matrix(c(1:6) ,nrow

B<-matrix(c(1:4) ,nrow

(,11 [,21 [,3] [,4]

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

1

w P NN

6

3

© 00 O P

12

4
8
5
10
6
12

> kronecker(B, A)
[,11 [,2]1 [,3] [,4]

12
16
15
20
18
24

azzB =

= 3) # A_(3x2)
= 2) # B_(2x2)

# product: outer kronecker

3) # A_(3x2)
2) # B_(2x2)

a1,1b11 ai1bip
a1,1bp1 ai11bzp

a2,1b11 ax1b12
a2,1by1 az1b2p

.. ﬂ1,2b1’1 a1,2b1,2 .

a12b11 aipbop

(4.8.4)

[1,] 1 4 3 12
[2,] 2 5 6 15
[3,] 3 6 9 18
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[4,] 2 8 4 16
(5,1 4 10 8 20
[6,] 6 12 12 24

BKE crossprod() FILATER “Ki&, XFiE"(crossproduct) SEH, Wit EH crossprod (X,
Y) Rt (X) %% Y —8, BREER FEABZE. MR crossprod() H(E5HE T, EREFE
—E2#—k&.

> # product: crossproduct()
3) # A_(3x2)
3) # B_(3x2)

> A<-matrix(c(1:6),nrow

> B<-matrix(c(1:6),nrow

> crossprod(A,B)
[,11 [,2]

(1,1 14 32

[2,] 32 77

> t(A) %*%h B
[,11 [,2]

(1,1 14 32

[2,] 32 77

K Ay FIKF (power), AKX, ATLIE#E A ~ (E8&: RE fl# (square matrix) FHER H
xH).

> # product: power "~"
> A<-matrix(c(1:9),nrow = 3) # square matrix A_(3x3)
> A°3
(,11 [,2] [,3]
[1,] 1 64 343
[2,] 8 126 512
[3,] 27 216 729

4.8.3 #EEATHIRE

B A B—(H “FoLREME" (F5k#, square matrix), HI|H 1753{& (determinant) £
det(A) = |A| (4.8.5)

R E det() # determinant () B, det (A) EIE1TFI5(H, determinant (A, logarithm =
TRUE) E[E—E7IZRY, B4 modulus (= log(|determinant|)) #2 sign(determinant).

> # det()

> (A<-matrix(c(1,2,3, 2,3,4, 3,4,1), nrow=3, byrow=T))
[,11 [,2]1 [,3]

[1,] 1 2 3

[2,] 2 3 4

[3,] 3 4 1
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> det(A)

(1] 4

> determinant (A, logarithm=FALSE)
$modulus

(1] 4

attr(,"logarithm")

[1] FALSE

$sign
(11 1

attr(,"class")

[1] ||det||
> (B<-matrix(c(3,1,4,-2), nrow=2, byrow=T))
[,11 [,2]

[1,] 3 1

[2,] 4 -2

> det(B)

[1] -10

> determinant (B, logarithm=FALSE)
$modulus

[1] 10

attr(,"logarithm")

[1] FALSE

$sign
(1] -1

attr(,"class")
[1] ||det||

4.8.4 ¥ A4EME

A B—fE, #ili2 HEATRAR, x (diagonal elements), LI x<-diag(A) Tuf; #
d B[, B D<-diag(d) AILREL d BH AT A D; % k B—#i# (scalar), fI
I<-diag(k) AT Tpk.

> # diag()

> (A<-matrix(c(1:9),nrow = 3)) # square matrix A_(3x3)
[,11 [,2]1 [,3]

[1,] 1 4 7

[2,] 2 5 8

[3,] 3 6 9

> diag(A)

(11159

>
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> diag(rep(2,3))
[,11 [,2]1 [,3]
[1,] 2 0 0
[2,] 0 2 0
[3,] 0 0 2
> diag(3)
[,11 [,2]1 [,3]
[1,] 1 0 0
[2,] 0 1 0
[3,] 0 0 1
>
> (B<-matrix(c(1:6) ,nrow
[,11 [,2]
[1,] 1 4
[2,] 2 5
[3,] 3 6
> diag(B)
[1] 1 5
>
> (B<-matrix(c(1:6) ,nrow
[,11 [,2]1 [,3]
[1,] 1 3 5
[2,] 2 4 6
> diag(B)
[1]1 1 4

3)) # B_(3x2)

2)) # B_(2x3)

4.8.5 KABME SN TAEX

[R7EPE (matrix inverse) SEFELRMEHE, B3k A B—(EF AR (square matrix), HIH R4
fHR] A solve (A) K. fEIRMEATER b = Ax, (b = A %*Y% x), EATAH b, AR x FfE, AR K
SERERE S, 7E R AT LA x<-solve (A, b). HEFHE xTA~Ix “RAERIIHER, LU x %% solve(a,
x) B,

b = Ax (4.8.6)

x=A"b (4.8.7)

x = solve(A) %% b (4.8.8)

x = solve(A,b) (4.8.9)
FRUTHRESERX

by + 2b, + 3b3 = 3
2b; + 3by + 4b; =0 (4.8.10)
3by +4by, + b3 =1
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> # inverse, linear equation
> (A<-matrix(c(1,2,3, 2,3,4, 3,4,1), nrow = 3, byrow = T))
[,11 [,21 [,3]
[1,] 1 2 3
[2,] 2 3 4
[3,] 3 4 1
> (b<-c(3,0,1))
[11] 301
> solve(A)
[,11 [,21 [,3]
[1,] -3.256 2.5 -0.25
[2,] 2.50 -2.0 0.50
(3,1 -0.25 0.5 -0.25
> round(solve(A)%*%A,2)
[,11 [,2]1 [,3]
[1,] 1 0 0
[2,] 0 1 0
[3,] 0 0 1
> x<-solve(A,b)
> A%*hx
[,1]
[1,] 2.99999999999999820000
[2,] -0.00000000000000177636

[3,] 1.00000000000000000000
>

4.8.6 HEEMFEHE

B3 EV<-eigen (Sm) FIZRETEAEE Sm iy “4FEE” 1 “HEEIE" (eigenvalues and eigen-
vectors). ;EEKAEE—E&EMERIWTIR, 252 EVival FEIERE M EVevec FEIAE

FHEHIHERE. prod(eigen(X) $valves) FTE X 1751 AUEEHE.

> # eigen valves and vectors
> (A<-matrix(c(1,2,3, 2,3,4, 3,4,1), nrow = 3, byrow = T))

[,11 [,21 [,3]
[1,] 1 2 3
[2,] 2 3 4
(3,] 3 4 1
> A.eig<-eigen(A)
> A.eig$values
[1] 7.862717 -0.190368 -2.672349
> A.eig$vectors

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

[1,] -0.452500 0.781340 -0.429827
[2,] -0.670108 -0.615944 -0.414208
[3,] -0.588387 0.100601 0.802297

BEMAFER

© Jeff Lin



32 4.8 #R MR BE R

> # determinant

> prod(eigen(A)$valves)
(1] 1

> det(4)

(1] 4

4.8.7 JEMEH 7 R EL R

PRV F EED#E (SVD, Singular Value Decomposition) 2§

X=U%%D %%V =uDVT (4.8.11)

HEAKR svd(X) ¥ XETHRED M. EERE—MEN X 5122H (row) —ZHIIERS] U #yfaE,
—fEA X 1T (#, column) ZZH—ZAIERS V KRR, DUk —EERIEEZTHE D AHAER, 0
X =U %% D %% t(V).D HIE EUHEATRAENEXER. svd(X) WHEREH 4, u v
eI —EFR. a1 X 22— L4, absdetM<-prod (svd (X) $d) FT&E X 77X EHE. 5
W £ ¥ AHRITSRA (trace), MHEFFEUER, RTLIAIA D B2

> # SVD
> (A<-matrix(c(1,2,3, 2,3,4, 3,4,1), nrow = 3, byrow = T))
[,11 [,2]1 [,3]

[1,] 1 2 3
[2,] 2 3 4
[3,] 3 4 1
> b.svd<-svd(A)
> b.svd$d
[1] 7.862717 2.672349 0.190368
> b.svd$u

[,1] [,2] [,3]
[1,1 -0.452500 -0.429827 -0.781340
[2,] -0.670108 -0.414208 0.615944
[3,] -0.588387 0.802297 -0.100601
> b.svd$v

[,1] [,2] [,3]
[1,] -0.452500 0.429827 0.781340
[2,] -0.670108 0.414208 -0.615944
[3,] -0.588387 -0.802297 0.100601
>
> # determinant
> det (A)
[1] 4
> prod(svd(A)$d)
[1] 4
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4.8.8 £ H QR # Cholski 4%

MEfERR T A BES RS, 37 QR £ Cholski 4M#, QR MERK X sk fERk —18 Q 4k
B R JlRTRME, X = QR, Eh R 2 L=, Q RERAM (orthogonal matrix), QTQ = I.
B Q A AAAREERN BT (W, column) A& e, T BEMTHECES, BRER X 2
TR EZEMH (6, column space). QR S LT HEAEEITSIAE (determinant) # eigen() EHRK
A5, B.qr.list<-qr(X) AT QR 7%, EIE—fE#% B. 1ist, HHHAME B. 1ist$qr #% Q &
B R MM RFE—#E. qr.X(B.qr.1list), qr.Q(B.qr.list). qr.R(B.qr.list) AJLLEE X, M
K QELR.

# QR
> (X<-matrix(c(1,2,3, 2,3,4, 3,4,1), nrow = 3, byrow = T))
[,11 [,2]1 [,3]
[1,] 1 2 3
(2,] 2 3 4
(3,1] 3 4 1
> (Xqr<-qr (X))
$qr
[,1] [,2] [,3]
[1,] -3.741657 -5.345225 -3.74166
[2,] 0.534522 0.654654 3.05505
[3,] 0.801784 0.988693 -1.63299

$rank
[1] 3

$qraux
[1] 1.26726 1.14995 1.63299

$pivot
(11123

attr(,"class")

[1] ||qr||
> (X.back<-qr.X(Xqr))
[,11 [,21 [,3]

[1,] 1 2 3
(2,] 2 3 4
(3,] 3 4 1
> (R.back<-qr.R(Xqr))

[,1] [,2] [,3]
[1,] -3.74166 -5.345225 -3.74166
[2,] 0.00000 0.654654 3.05505
[3,] 0.00000 0.000000 -1.63299
> (Q.back<-qr.Q(Xqr))

[,1] [,2] [,3]
[1,] -0.267261 0.872872 0.408248
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[2,] -0.534522 0.218218 -0.816497
[3,] -0.801784 -0.436436 0.408248
> Q.back%*%R.back

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

EHEE X 2HBIER (symmetric positive definite) £5f#, FI|F Cholski 3%, Al X ®4>
MR F=fEH R, BTF=/A%E RT R, BN X = RTR, Hf F=f%4E R ¥ A FHTHE

Rii = vXir Ry = /Xp; — DR,k = 1,...,i — 1. B3 chol (X) #fT Cholski 5}, %4
B X TR RBIEFIAERE, AU SRS,

> # Choleski Decomposition
> (X<-matrix(c(2,-1,-3, -1,2,4, -3,4,9), nrow = 3, byrow = T))
(,11 [,2] [,3]
[1,] 2 -1 -3
[2,] -1 2 4
3,1 -3 4 9
> # (X.chol<-chol(X, pivot = TRUE))
> (X.chol<-chol (X))
[,1] [,2] [,3]
[1,] 1.41421 -0.707107 -2.12132
[2,] 0.00000 1.224745 2.04124
[3,] 0.00000 0.000000 0.57735
> t(X.chol)%*%X.chol
[,11 [,2]1 [,3]
[1,] 2 -1 -3
2,1 -1 2 4
(3,1 -3 4 9
> crossprod(X.chol)
[,11 [,2]1 [,3]
[1,] 2 -1 -3
[2,] -1 2 4
(3,1 -3 4 9
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4.9

vin

% Btk % . Cross- Tabulation Function

R 1, — 5530 AR BLE SR ES IR (contingency table), 4 table (), ftable (), xtabs (),

margin.table(), prop.table() %.

table () B, HEMAE, BLEFIHER, B{E—(E “JIHEK. “_contingency table_”, &—@
R Y445 (class) B "table" Z¥fF. as.table() Bl is.table() FZKFRFHIEESIBERYHEL
BETIBERDE.

>

vV V V V V

© 00 N O O W N -

N N NDNPFP, P P PR R R R R
W NP O © 0N O O W N = O

24
>
>
>
>

xd

# table()
xvec<-c(rep(0,5), rep(1,7), rep(2,6), rep(3,6))
yvec<-rep(c(1,0), 12)
zvec<-rep(c(1,2), times = c(12,12))
xyz.data<-data.frame(xdat = xvec, ydat = yvec, zdat = zvec)
xyz.data
xdat ydat zdat

0 1

W W W wWwwNNMNNDMNMNMNR R R PR R P P OO O O
_ O kP Ok O O, Ok, Ok Ok O+ O+ O ¥+ O
NN NN NDNNDNDMNDMNNNRR P B B B B B B B B B

3 0 2
attach(xyz.data)

Xy.tab<-table(xdat, ydat)
xy.tab

ydat
at 0 1
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023

143

233

333
> xyz.tab<-table(xdat, ydat, zdat)
> xyz.tab
, , zdat = 1

ydat
xdat 0 1
023
143
200
300

, , zdat = 2

ydat
xdat 0 1
00O
100
233
333

ftable ) Ex, MIEMAR, AlE—E “RF” (flat) FIHE, RFFIHERZ—M "fralbe"
Al (class) R, HA @8 (T6L) BN T2, DA EN E&EEEEE, 55 (row) E
F—EoEERE (level), FIHIE table() #FE. read.ftable() # write.ftable() FAKEE
"ftalbe" FHBIFERYI:.

> # ftable()
> xy.ftab<-ftable(xdat, ydat)

> xy.ftab
ydat 0 1
xdat
0 23
1 4 3
2 33
3 33
> xyz.ftab<-ftable(xdat, ydat, zdat)
> xyz.ftab
zdat 1 2
xdat ydat
0 0 20
1 30
1 0 40
1 30
2 0 03
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1 03
3 0 03
1 03

xtabs ) KR, RERHMEZEH, FIAHEHER AR (model formula) BliE—{AFIHZ; as.data. frame ()
H 2 xtabs O KK, (EFIHRYIMAE —EERHEZR.

> # xtabs()
> xy.xtabs<-xtabs(“xdat+ydat)
> xy.xtabs
ydat

xdat 0 1

023

143

233

333
> xyz.xtabs<-xtabs(“xdat+ydat+zdat)
> xyz.xtabs
, , zdat =1

ydat
xdat 0 1
023
143
200
300

, , zdat = 2

ydat
xdat 0 1
000
100
233
333

> # as.data.frame
> xy.as<-as.data.frame(xy.xtabs)
> xy.as
xdat ydat Freq
0 0

~N O O W N e
N B O W N -
, P~ P, O O O
W W w w w >N
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3 1 3

> xyz.as<-as.data.frame(xyz.xtabs)
> xyz.as

xdat ydat zdat Freq
1 0 0 1 2
2 1 0 1 4
3 2 0 1 0
4 3 0 1 0
5 0 1 1 3
6 1 1 1 3
7 2 1 1 0
8 3 1 1 0
9 0 0 2 0
10 1 0 2 0
11 2 0 2 3
12 3 0 2 3
13 0 1 2 0
14 1 1 2 0
15 2 1 2 3
16 3 1 2 3

margin.table(x, margin = NULL) R {EREEFIEIRZFIBEYME, STREEME, nargin

THE 1 5% (row), #KILFIH#E. prop.table(x, margin

NULL) B IEREESIRA 5 RYIT,

STEFIBRAR SRS, & sveep(x, margin, margin.table(x, margin), "/") #fEL.

> # margin.table(), prop.table()

> margin.table(xy.tab, margin

xdat
0123
5766

> prop.table(xy.tab, margin

ydat
xdat

0 0.4000000 0.6000000
1 0.5714286 0.4285714
2 0.5000000 0.5000000
3 0.5000000 0.5000000

>

> margin.table(xyz.tab, margin

ydat
0 1
12 12

> prop.table(xyz.tab, margin

, , zdat =

ydat
xdat

1

© Jeff Lin
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0 0.1666667 0.2500000
1 0.3333333 0.2500000
2 0.0000000 0.0000000
3 0.0000000 0.0000000
, , zdat = 2
ydat
xdat 0 1
0 0.0000000 0.0000000
1 0.0000000 0.0000000
2 0.2500000 0.2500000
3 0.2500000 0.2500000

>
> margin.table(xyz.tab, margin = c(1,2))

ydat
xdat 0 1
023
143
233
333
>
> # margin.table(xy.ftab, margin = 1) # not work
> # margin.table(xyz.ftab, margin = 2) # not work
> # margin.table(xyz.ftab, margin = c(1,2)) # not work
>
> margin.table(xy.xtabs, margin = 1)
xdat
0123
5766
> prop.table(xy.xtabs, margin = 1)
ydat
xdat 0 1

0 0.4000000 0.6000000

1 0.5714286 0.4285714

2 0.5000000 0.5000000

3 0.5000000 0.5000000
>

> margin.table(xyz.xtabs, margin = 2)

ydat
0 1
12 12
> prop.table(xyz.xtabs, margin = 2)
, , zdat =1
ydat
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xdat 0 1
0 0.1666667 0.2500000
1 0.3333333 0.2500000
2 0.0000000 0.0000000
3 0.0000000 0.0000000

, , zdat = 2
ydat

xdat 0 1
0 0.0000000 0.0000000
1 0.0000000 0.0000000
2 0.2500000 0.2500000
3 0.2500000 0.2500000

>
> # margin.table(xyz.xtabs, margin = c(1,2)) # not work

B4 colSums(x, na.rm = FALSE, dims = 1), colMeans(),rowSums (), rowMeans (),
ARSIV, HEAT (W) 802 :2BEEETE. rowsum(x, group, reorder = TRUE,
) BSRRETE, K group SHH, BEETIZRGTET () <G,

> # colMean()

> colSums(xyz.data, na.rm = FALSE, dims = 1)
xdat ydat zdat

37 12 36
> rowSums(xyz.data, na.rm = FALSE, dims = 1)

1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24
21 21 2 2 3 2 3 2 3 2 5 45 45 4 6 5 6 5 6 b5

> colMeans(xyz.data, na.rm = FALSE, dims = 1)
xdat ydat zdat
1.541667 0.500000 1.500000
> round(rowMeans (xyz.data, na.rm = FALSE, dims = 1), digits = 2)
1 2 3 4 5 6 7 8 9 10 11 12 13 14
0.67 0.33 0.67 0.33 0.67 0.67 1.00 0.67 1.00 0.67 1.00 0.67 1.67 1.33
15 16 17 18 19 20 21 22 23 24
1.67 1.33 1.67 1.33 2.00 1.67 2.00 1.67 2.00 1.67

> rowsum(xyz.data, zdat)
xdat ydat zdat
7 6 12
2 30 6 24
> rowsum(xyz.data, ydat)
xdat ydat zdat
0 19 0 18
18 12 18

> rowsum(xyz.data, xdat)
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xdat ydat zdat

0 0 3 5
1 7 3 7
2 12 3 12
3 18 3 12

4.10 apply(), lapply(), sapply(), mapply(), tapply(),
by(), sweep(), aggregate() - - - FEH=R

15 R, FFHEAR AR REES, BF SEHE, LAY SA R AR —ER RS, MY
EHEZN RS — B (FAR), SFEFLEEBEAYN, ARE, $HH—BY, FRRRNER, 5506
FIR— B GRS, AR IR I L1, 4 RIS 0RO 3 B S R 76 L SRROTY, B
FFIELEME, R SEERSTIE S s, I REE,. FR, 7 R BEHERM apply O, 1lapply O,
sapply(), replicate (), tapply (), mapply () %, i U AR BT BAE RIS S

4.10.1 apply ) B

apply (X, MARGIN, FUN, ...) ¥—[%] X #9;2F (margins of an array) TR —Bz\f
EE, R E—m &, YR E58 x B ERITZESY, MARGIN ST SR E F5%,
FUN B#TR—HAR 4. & X BEMFSERMEZR, apply O GREMEEPHEZ SR 2-1 &
fE%1. MARGIN = 1 ¥V x B9 1 HEERTIR, (AR ERHERRN E—7 (row)) HGE
H,MARGIN = 2 @H[ETIYF x W5 2 EERITIR, (WEMSERHEZRENE—1T (, column))
HoEH, F%.

> # apply() and array

> a<-1:48
> b.arr<-array(a, dim=c(4,3,4), dimnames=c("x", "y", "z"))
> b.arr
, 1
[,11 [,2]1 [,3]
[1,] 1 5 9
[2,] 2 6 10
(3,1 3 7 11
4,] 4 8 12
, 2
[,11 [,2]1 [,3]

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

[,11 [,21 [,3]
[1,] 25 29 33
[2,] 26 30 34
[3,] 27 31 35
[4,] 28 32 36

[,11 [,2]1 [,3]
[1,1] 37 41 45
[2,] 38 42 46
[3,] 39 43 47
[4,1] 40 44 48

> b.arr[1, , ]

[,11 [,21 [,3] [,4]
[1,] 1 13 25 37
(2,1 5 17 29 41
[3,] 9 21 33 45
> mean(b.arr[1, , 1)
[1] 23
>
> b.arr[ , 2, ]

(,11 [,2]1 [,3] [,4]
[1,] 5 17 29 41

[2,] 6 18 30 42
[3,] 7 19 31 43
[4,] 8 20 32 44
> mean(b.arr[ , 2, 1)
[1] 24.5

>

> b.arr[ , ,3]

[,11 [,2]1 [,3]
[1,] 25 29 33
[2,] 26 30 34
[3,] 27 31 35
[4,] 28 32 36
> mean(b.arr[ , ,3])
[1] 30.5
>
> # matrix, data
> a<-1:48

> b.data<-as.data.frame(matrix(a, nrow = 12, byrow = T))
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.43 .

> b.data
Vi V2 V3 V4
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 30 31 32
33 34 35 36
10 37 38 39 40
11 41 42 43 44
12 45 46 47 48
>

© 0 N O O W N

> # apply()
> apply(b.arr, 1, mean)
[1] 23 24 25 26
> apply(b.arr, 2, mean)
[1] 20.5 24.5 28.5
> apply(b.arr, 3, mean)
(1] 6.5 18.5 30.5 42.5
>
> apply(b.data, 1, mean)
1 2 3 4 5 6 7 8 9 10

12

2.5 6.5 10.5 14.5 18.5 22.5 26.5 30.5 34.5 38.5 42.5 46.5

> apply(b.data, 2, mean)
Vi V2 V3 V4
23 24 25 26

4.10.2 1apply () # sapply () H=

lapply (X, , FUN, ...) ¥—FIRMNEF—HKS5 (component), $UTH—KR, EE—EFIE

Y, B EERFIRDEREEFEE X REMF. sapply (X, FUN,

., simplify = TRUE,

USE.NAMES = TRUE) B8RZAHH AN lapply O K=, BEIE—~MESHEE. sapply (X.data) ¥
ERHEZR (FIRMM) X. data BITR -, BIEHE @RS (), BeEE.

> # lapply(), sallpy(), replicate()
> # list + lapply()

> c.list<-list(a = 1:20,

+ beta = exp(-2:2),

+

>

logic = c(TRUE,FALSE,FALSE,TRUE,FALSE))

lapply(c.list, mean)
$a
[1] 10.5

BEMAFER
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$beta

[1] 2.322111

$logic

[1] 0.4

> # list + sapply()
> sapply(c.list, mean, simplify = FALSE)

$a

[1] 10.5

$beta

[1] 2.322111

$logic

[1] 0.4

> sapply(c.list, mean, simplify = TRUE)

a beta

10.500000 2.322111

>

logic
0.400000

> sapply(b.data, mean) # for each variable in a data.frame
V1 V2 V3 v4
23 24 25 26

4.10.3 replicate() B

replicate(n, expr, simplify

HEE (expr), B BHITELFEREH.

> # replicate

> replicate(5, rexp(10))

[1,]
[2,]
[3,]
[4,]
(5,]
(6,1]
(7,1
(8,1]
[9,1]
[10,]

[,1]

0.002377610
0.095294966
0.292917136
0.194720482
0.
0
0
0
0

053378940

.028073654
.151922586
.267240588
.1562619028
0.

010633701

[,2]

.12608402
.07961521
.01132655
.12017418
.10680672
.49771918
.53818551
.29991750
.34104853
.25183414

1

> replicate(5, mean(rexp(10)))

[1] 0.6962537 0.8582474 0.7792168 1.1299690 0.7481463

= TRUE) 41 sapply O K@%, AT EEHITH —

[,3]

1.3655184
0.7859411
0.4803611
0.3639454
1.
2
0
0
1

4500199

.0123197
.5569553
.2520244
. 4342287
.1823071

[,4]

.770839129
.126137957
.272213980
.001253859
.031822894
. 794271854
.619600469
.097163025
.080907619
.242085239

R, O Rk, O O P O KB B

[,5]

.2173416
.1453436
.5079139
.4902494
.3266150
.6262215
.1510464
.9194827
.4058583
. 7422518

© Jeff Lin
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4.10.4 tapply() BRX

tapply (X, INDEX, FUN = NULL, ..., simplify = TRUE) ¥f—Z =R, R
R RIFEIRE, 2 A6 A — R HCER, 518 X @EE—Em&E (FTLAR—[ES]), INDEX BE &—
TERE IR TR (B &), REHE X M.

> # tapply()
> x.vec<-1:12
> y.group<-c(1,2,1,1,2,2,1,1,1,1,1,1)
> cbind(x.vec, y.group)
X.vec y.group
[1,1] 1
[2,]
[3,]
[4,]
(5,1
(6,1
(7,1
(8,1
[9,]
[10,]
[11,] 11
[12,] 12
> tapply(x.vec, y.group, mean)
1 2
7.222222 4.333333
>

© 0 N O O W N

=
o
L e o o e R (O I N R i S R

# data + tapply(
b.data<-as.data.frame(matrix(c(1:48), nrow = 12, byrow = T))
b.data<-transform(b.data, sex = rep(c(1:2),6), race = rep(c(1:3),4))
b.data
V1 V2 V3 V4 sex race
1 2 3 4 1
5 6 7 8 2
9 10 11 12 1
13 14 15 16 2
17 18 19 20 1
21 22 23 24 2
1
2
1
2
1

>
>
>
>

25 26 27 28

29 30 31 32

33 34 35 36

10 37 38 39 40

11 41 42 43 44

12 45 46 47 48 2 3

> sapply(b.data, tapply, b.data$sex, mean) # not easy to understand
V1 V2 V3 V4 sex race

121 22 23 24 1 2

© 0 N O O W N
N , W NP, WD, WN -
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2 25 26 27 28 2 2

4.10.5 mapply () # Vectorize() BR

mapply(FUN, ARGl = argl, ARG2 = arg2, ..., MoreArgs = NULL, SIMPLIFY = TRUE,
USE.NAMES = TRUE) & sapply ) WIZE&MK, HX FUNO £HEH5IE, 4 FUN(ARGL =
argl, ARG2 = arg2, ...,mapply()#{TFUN EK=F, fFf ARGL = argl f5 1 JTHK, ARG2 =

arg2 M 1 %K, - - -, F%, MoreArgs = list(),MoreArgs = FERFIERMME, KT FUN K
R, 5IBATLIERFE . mapply O E{E—A&, 2 EES%. Vectorize (FUN, vectorize.args
= arg.names, SIMPLIFY = TRUE, USE.NAMES = TRUE) /& mapply () FURJEEEE 2, E{H—
Frix=, BUAY mapply O Bxzk.

> #tHHH#

> # mapply ()

> mapply(rep, 1:3, 3:1)
([11]

(11 111

[[21]
(11 2 2

[[31]
(11 3

> mapply(rep, times = 1:3, x = 3:1)
[[1]1]
(11 3

[[21]
[1] 2 2

(r311
11111

> mapply(rep, times = 1:3, MoreArgs = list(x = 7))
(111
(11 7

[[21]
(177

[[3]]

(A1 r7r77

>

> # Vectorize()

> vrep<-Vectorize(rep)
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> vrep(1:3, 3:1)
[[1]1]
[1] 111

[[21]
(1] 2 2

[[31]
(1] 3

> vrep(times = 1:3, x = 3:1)
[[1]1]
[1] 3

([2]1]
(1] 2 2

[[31]
(11111

> vrep<-Vectorize(rep, "times")
> vrep(times = 1:3, x = 7)
(111

(11 7

[[21]
(1177

[[31]
1y 777

4.10.6 by () ®X

by O BAKERERKAFNERNE T, SHERGE. 57 8%E by(data, INDICES, FUN,
.2, B data BERMES S AHRE, INDICES BAIRFHE, REHEETEHEEBEERE (nrovws (data))
HHIF, FUN E AT B EAfET&.

# by

b.data<-as.data.frame(matrix(c(1:48), nrow = 12, byrow = T))
b.data<-transform(b.data, sex = rep(c(1:2),6), race = rep(c(1:3),4))
by(b.data, b.data$sex, mean)

.data$sex: 1

Vi V2 V3 V4 sex race

21 22 23 24 1 2

o V V V V

b.data$sex: 2
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Vi V2 V3 V4 sex race
25 26 27 28 2 2

> #

> sapply(b.data, tapply, b.data$sex, mean) # not easy to understand
V1 V2 V3 V4 sex race

1 21 22 23 24 1 2

2 25 26 27 28 2 2

4.10.7 sweep() B

sweep(x, MARGIN, STATS, FUN = "-", ...) B—#RAZMY| (array) X Z 8B E (MAR-

GIN),

H—Hiit& (STATS, summary statistic), #ETH—FEEE (FUN = "-"), lWREEE (1

—) ZEIMAE5 (5%, sweep ) BHEE apply O A A.

>
>
>
>
>

© 00 N O O W N -

=
= O

[
N

help(sweep)
# sweep()
b.data<-as.data.frame(matrix(c(1:48), nrow = 12, byrow = T))
b.mean<-apply(b.data,2,mean)
sweep(b.data,2,b.mean)

Vi V2 V3 V4

-22 -22 -22 -22

-18 -18 -18 -18

-14 -14 -14 -14

-10 -10 -10 -10

-6 -6 -6 -6

-2 -2 -2 =2

10 10 10 10
14 14 14 14
18 18 18 18
22 22 22 22

4.10.8 aggregate() B

aggregate () G ERHELR S BARBIAEA, 2 HETEMETE. 10 aggregate (X, by, FUN,

),

VvV V V V

N -

Hep oy BRESE X S2HAMRAN (KT) BEARDIHME, FUN ZIEFERHETE.

# aggregate()
b.data<-as.data.frame(matrix(c(1:48), nrow = 12, byrow = T))
b.data<-transform(b.data, sex = rep(c(1:2),6), race = rep(c(1:3),4))
aggregate(b.data, by = 1list(SEX = b.data$sex), mean)
SEX V1 V2 V3 V4 sex race

121 22 23 24 1 2

2 25 26 27 28 2 2
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> # compare by() and sapply()
> by(b.data, b.data$sex, mean)
b.data$sex: 1
Vi V2 V3 V4 sex race
21 22 23 24 1 2
b.data$sex: 2
Vi V2 V3 V4 sex race
25 26 27 28 2 2
> # compare sapply() # not easy to understand
> sapply(b.data, tapply, b.data$sex, mean)
V1 V2 V3 V4 sex race
121 22 23 24 1 2
2 25 26 27 28 2 2

411 BRHEZRSEEEHF: split() B merge ()
5=

HLIHEFEHERMESRSE (split) EE&HF (merge), ATLAHEA R split () B merge O E=.

4111 split() BANHERER

split () WABELHERD &, EESIRYFAE, EROT

FALSE, ...)
> split(x.dafr, x.f, drop = FALSE, ...) <- value
> unsplit(x.value, x.f, drop = FALSE)

> split(x.dafr, x.f, drop

Heps (8

x.dafr

x.dafr 5 1 [HFTES &2 ERHESE

x.f 5 1H R (BF) ¥ (factor), FJLAH as. factor (x.f NEERXAIERME.
drop = FALSE
drop = FALSE % 1 {EEEIET, REEHRIMERTE x. £ AT ZKER.

x.value

x.value £ 1 (H &R ERHERBT IR A E.

> x.vec<-c(1:6)
> x.vec[c(5, 6)]<-NA
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> x.fi<-rep(c(1,2),3)
> x.f2<-rep(c(1,2), each=3)
> x.f3<-rep(c(1,2,3), length.out=6)
> x.df<-data.frame(x.vec=x.vec, x.fl=x.f1, x.f2=x.f2, x.f3=x.£f3)
> x.df
x.vec x.f1 x.f2 x.£3
1 1 1 1 1
2 2 2 1 2
3 3 1 1 3
4 4 2 2 1
5 NA 1 2 2
6 NA 2 2 3
> #
> x.split<-split(x.df, as.factor(x.f1))
> x.split
$e1e
x.vec x.f1l x.f2 x.£f3
1 1 1 1 1
3 3 1 1 3

5 NA 1 2 2

${2{

x.vec x.f1 x.f2 x.£f3
2 2 2 1 2
4 4 2 2 1

6 NA 2 2 3

4.11.2 merge () EBRAEHEFER

merge (x.dafr, y.dafr, ...) HRAHELMESR x.dafr, y.dafr &0, EREIEFHEZEYH,
FERIT

> merge(x, y, by = intersect(names(x), names(y)),
by.x = "by.x.name", by.y = "by.y.name",
all.x = all, all.y = all, all = FALSE,
sort = TRUE, suffixes = c(".x",".y"), ...)

Heh5(%

x.dafr, y.dafr
x.dafr, y.dafr BETEEHFZERESR.

by, by.x="x.anme", by.y="y.name"
BOE x.dafr, y.dafr AFZ ERMEZRS, Ak & HFEZ BHMA 4/ (common columns),

il by .x="x.name", by.y=y.name".
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all.x,all.y,all
all.x /% 1 {E#i#EiES, all.x = TRUE B, EEFTESH I ERIERE x . dafr, HHEERE
2 y.dafr WEMEZ by.y JUL (rows), G IES & ERMESR AR, AR EEHE FE
Zby.y BEUR NA. all.y & 1 ([E@EES, FHE all . x Hll all £7F all.x, all.y B
M B

suffixes = c(".x",".y")
£ x.dafr, y.dafr GHZERHER T, FEEHATKIRZ SR 2 SR H RSB 218, B
U5 HRRIR B B (L 8, UG I oA E ek (0 7E AR e 2 B L.

> # merge

> x.vec<-c(1:6)

> x.fi<-rep(c(1,2),3)

> x.f2<-rep(c(1,2), each=3)

> x.f3<-rep(c(1,2,3), length.out=6)

> x.df<-data.frame(x.vec=x.vec, x.fl1=x.f1, x.f2=x.f2, x.f3=x.f3)

> x.df
x.vec x.f1l x.f2 x.£f3

1 1 1 1 1

2 2 2 1 2

3 3 1 1 3

4 4 2 2 1

5 5 1 2 2

6 6 2 2 3

> #

> y.vec<-c(3:8)

> x.f1<-rep(c(1,2),3)

> y.f2<-rep(c(1,2), each=3)

> y.£3<-rep(c(1,2,3,4), length.out=6)

> y.df<-data.frame(y.vec=y.vec, x.fl=x.f1l, y.f2=y.f2, y.£3=y.£3)

> y.df
y.vec x.f1l y.f2 y.£f3

1 3 1 1 1

2 4 2 1 2

3 5 1 1 3

4 6 2 2 4

5 7 1 2 1

6 8 2 2 2

> #

> merge(x.df, y.df, by.x="x.vec", by.y="y.vec", sort=FALSE)
x.vec x.fl.x x.f2 x.f3 x.fl.y y.£f2 y.£3

1 3 1 1 3 1 1 1

2 4 2 2 1 2 1 2

3 5 1 2 2 1 1 3

4 6 2 2 3 2 2 4

> merge(x.df, y.df, by.x="x.vec", by.y="y.vec", all=TRUE, sort=FALSE)
x.vec x.fl.x x.f2 x.f3 x.fl1.y y.f2 y.f3
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1 3 1 1 3 1 1 1

2 4 2 2 1 2 1 2

3 5 1 2 2 1 1 3

4 6 2 2 3 2 2 4

5 1 1 1 1 NA NA NA

6 2 2 1 2 NA NA NA

7 7 NA NA NA 1 2 1

8 8 NA NA NA 2 2 2

> merge(y.df, x.df, by.x="y.vec", by.y="x.vec", all=TRUE, sort=TRUE)
y.vec x.fl.x y.f2 y.f3 x.fl.y x.£f2 x.£3

1 NA NA NA 1 1 1

2 2 NA NA NA 2 1 2

3 3 1 1 1 1 1 3

4 4 2 1 2 2 2 1

5 5 1 1 3 1 2 2

6 6 2 2 4 2 2 3

7 7 1 2 1 NA NA NA

8 8 2 2 2 NA NA NA

> merge(x.df, y.df, by.x="x.vec", by.y="y.vec",

+ sort=FALSE, all=TRUE, suffixes = c(".X",".Y"))
x.vec x.f1.X x.f2 x.f3 x.f1.Y y.f2 y.£3

1 3 1 1 3 1 1 1

2 4 2 2 1 2 1 2

3 5 1 2 2 1 1 3

4 6 2 2 3 2 2 4

5 1 1 1 1 NA NA NA

6 2 2 1 2 NA NA NA

7 7 NA NA NA

8 8 NA NA NA 2 2
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4.12 & J o8 | 9 e X

REJER, is.object ), 41 is.na(), is.vector O ¥, AREER-HENHFRTBILFE—
¥7l. as.object ), #ll as.vector (), as.matrix () %, AZRERGIER 5 EMHEIFiEERN

PSRRI, R3K 4.5, 3 RIS,

& 45 Mt EE R E SRR

YEEEN 588 A B =
is.na() n/a

is.nan() n/a

is.null() as.null()
is.numeric() as.numeric()
is.integer () as.integer()
is.character() as.character()
is.logical() as.logical()
is.complex() as.complex()
is.vector() as.vector()
is.matrix() as.matrix()
is.array() as.array()
is.list() as.list()
is.data.frame() as.data.frame()
is.ordered() as.ordered()
is.table() as.table()
is.function() as.function()

> # is() and as()

> xvec<-1:12

> is.vector(xvec)
[1] TRUE

> is.character (xvec)
[1] FALSE

>

> b.data<-as.data.frame(matrix(c(1:48), nrow = 12, byrow = T))
> b.data<-transform(b.data, sex = rep(c(1:2),6), race = rep(c(1:3),4))

> is.matrix(b.data)
[1] FALSE
> b.mat<-as.matrix(b.data)
> b.mat
V1 V2 V3 V4 sex race
1 1 2 3 4 1 1
2 5 6 7 8 2 2

BEMAFER
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3 910 11 12 1 3
4 13 14 15 16 2 1
5 17 18 19 20 1 2
6 21 22 23 24 2 3
7 25 26 27 28 1 1
8 29 30 31 32 2 2
9 33 34 35 36 1 3
10 37 38 39 40 2 1
11 41 42 43 44 1 2
12 45 46 47 48 2 3

> as.vector(b.mat)
5 913 17 21 25 29 33 37 41 45 2 6 10 14 18 22 26 30 34 38
[23] 42 46 3 7 11 15 19 23 27 31 35 39 43 47 4 8 12 16 20 24 28 32

(1]

[45] 36 40 44 48

[67]

1

1

2

3

> as.factor(b.data$sex)

[1] 121212121212

Levels

2

1 2 3 1 2 3
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