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Chapter 1

Introduction

R ´���¤m
�^uÚOO�Ú�ã��óÚ^��¸. |±�ö�X

Ú�)�«UNIX²�, Windows ÚMacOS �. R Jø
2��ÚOóä(�

5Ú��5ï�, ²;�ÚOu�, �mS�, )�©Û, ©a, àa... ��)

Ú(¹p�þ�ã/óä. R �õU�±ÏLV\ package 5*¿.

1.1 R website

R �(��Õ�R Project Website. T�Õ�¹ R 3�«ö�XÚe�S

C©�, R ��Ï©��)�
�¤�Ö7��. 8c R ^���#��

�2.9.1. R ^�3Windows e�SC´�~{ü�. 3Ù§�ö�XÚe�

SC�éN´, �ë�R FAQ: How can R be installed.

X­uR 3AÏ�A^+�±9ÚO�.��¡��8�)

• Bioconductor: Bioinformatics with R
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• Rgeo: Spatial Statistics with R

• gR: gRaphical models in R

• Robust: Robust Statistics with R

• Rmetrics: Financial Market Analysis with R

1.2 Differences between R and S

1. R dRoss Ihaka ÚRobert Gentleman �ÓMá, �±À�´dAT&T

��¢�¿¤M�S �ó�,	�«¢�. S �óy3Ì�S¹

3Insightful úi�S-PLUS ^�¥.

2. R Ú S 3�Ongþ�3kXNõØÓ. ·��±ÀS ��«8ckX

n«Ú�½öSØ��ó: /old S engine0(S version 3; S-Plus 3.x

and 4.x), /new S engine0(S version 4; S-Plus 5.x and above), ±

9R. ÏdR ÚS ��ÉÌ�´/engines0.

±eS �S Ú�, R �R Ú�.
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1. c{�^�(lexical scope): �ÄXe¼ê

↑Code

cube <- function(n) {

sq <- function() n * n

n * sq()

}
↓Code

3S e, sq() Ø��Cþn, Ø�§�Û�½.

↑Example

S> cube(2)

Error in sq(): Object "n" not found

Dumped

S> n <- 3

S> cube(2)

[1] 18
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↓Example

3R ¥, cube() �N^�Ù�)�/environment0��N^:

↑Example

R> cube(2)

[1] 8

↓Example

2. �.

• 3S ¥, L«�ACþy éx3 �£8^lm(y~ x^3), 
3R ¥, AT

^lm(y ~ I(x^3)).

• glm xé�3R ÚS ¥¦+õU�Ó, �´Ù¤©¶¡ØÓ.

• À�na.action 3R ¥%@�/na.omit0, 
S ¥vk.

• R ¥y ~ x+0 Úy~x-1 �d, vkëê��.�±ÏLy~0 �½.

3. �[�½öÙ¦�R �S �m��O�ëw: What are the differences

between R and S?
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1.3 Start with R

R ´�«)º5§S�ó, ÏdØ7� C ½ö Fortran �a�?È�óÄ

k��¤�����§S/ª. � R $1�, ¤kCþ, êâ, ¼ê9(J

Ñ±ééé��� (objects) �/ª�3O�Å�¹ÄS�¥, ¿)k�A�¶i�Ò.

·��±ÏL^�
$�Î(X�â§Ü6§'��) Ú�
¼ê(Ù���´

é�) 5éù
é�?1ö�.

ù´R(S)�Ù¦Ì��ÚOXÚ�m�­��É. 3R¥,��ÚO©Û�

�©AÚ�¤, ¥m�(JÑ´�;3é�p. Ïd3£8½ö�O©Û�,

SASÚSPSS¬�Ñ�~õ�ÑÑ(J, �R ò�Ñ���ÑÑ, 
ò(J�;

3��[Üé�¥, �±¦^R¼ê?1�Y�©Û.

R �ó¥�{ü�·-#LuÏLÑ\��é��¶i5w«ÙSN
.

~X, ��¶� n �é�, ÙSN´ê�10:

↑Example

> n

[1] 10

↓Example
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�)Ò¥�êi1L«l n �1����m©w«. Ù¢T·-�õU3ùp

u¼ê print �q, ÑÑ(J� print(n) �Ó(�k
�¹e, ~XSi3�

�¼ê½Ì�¥�,Ò7L�^print¼ê).

↑Example

> n<-1:30

> n

[1] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

[21] 21 22 23 24 25 26 27 28 29 30

↓Example

é��¶i7L´±��i1mÞ( A-Z ½ a-z ), ¥m�±�¹i1, ê

i(0-9),:( . )9ey�( ). Ï� Réé��¶i«©���,¤± x Ú XÒ

�±�Lü���ØÓ�é�.

Rk��Sï��Ïóä±¼��½¶¡¼ê��õ&E.~X,¼êsolve,

¦^

↑Code

1. INTRODUCTION
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> help(solve) ↓Code

½ö

↑Code
> ?solve

↓Code

é�
AÏ�iÎ½ökX�{¿Â�c®(Xif,for,function�), K7Lò

Ù�3VÚÒ½öüÚÒ¥:

↑Code
> help("[[") ; help("if")

↓Code

%@G�e§¼êhelp�¬3�1\S�¥��¥|¢"À�try.all.package

3"��´FALSE, �XJr§��TRUE§K�3¤k�¥?1|¢µ

↑Example

> help("bs")

No documentation for ’bs’ in specified packages and libraries:

you could try ’help.search("bs")’

1. INTRODUCTION
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> help("bs", try.all.packages = TRUE)

Help for topic ’bs’ is not in any loaded package

but can be found in the following packages:

Package Library

splines /usr/lib/R/library

↓Example

��±éÄR�HTML�ª�Ï©�

↑Code
> help.start()

↓Code

help.search()(�d�??)·-�Ñ�õ�é�Ï��ª.,	, ��±¦

^example()·-�w,�½�ÌK. ~X

↑Code
> help.search("tree") �d/, ??mean

↓Code

¬�Ñ¤k3�Ï�¡¹k”tree”�¼ê. 5¿XJk�
�´�Câ

SC�, ATÄk¦^¼êhelp.search¥�rebuildÀ�5M#êâ¥(e.g.,

1. INTRODUCTION
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help.search(”tree”, rebuild = TRUE)). 


↑Code
> example(mean); example(InsectSprays)�

↓Code

¬éÄ�AÌK��~.

¦^¼ê apropos U3¤k�1\S���¥éÑ¤k¶i¹k�½iÎ

G�¼ê, ~X

↑Example

> apropos(help)

[1] "help" ".helpForCall" "help.search"

[4] "help.start"

↓Example

XJR·-´�3��©�(~Xcommands.R)p,K�±¦^

↑Code
> source("commands.R")

↓Code

1. INTRODUCTION
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3Windowse��±¦^©�èü$1d©�. ¼êsinkr���þeY�

¤kÑÑ(J½�ÑÑ��½©�½ö­#òeY·-ÑÑ����þ,~X:

↑Code
sink("record.lis") Ú sink()

↓Code

©OL«ò·-(JÑÑ��có�8¹e�©�”record.lis”, ½ö­#ò

·-ÑÑ����þ.

·-�±¦^©Ò(-;.)5�m, ½ö¦^��#1. Ä�·-�±¤|

��3s)Ò(-{.Ú-}.)�m. 5ºÎÒ(-#.)�±l?Û/�m©,

L«Ù����T1(åÜ©�5ºK. XJ��·-vk�¤, Rò¬3e

Y�1�1m©?�Ñ��J«Î

+

L«UYÖ\·-, ��T·-�{����.

·- objects � ls �Ñ�c R ?§(S�)¥�¤ké�¶¡~X

↑Example

> name <- "Carmen"; n1 <- 10; n2 <- 100; m <- 0.5

1. INTRODUCTION
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> ls()

[1] "m" "n1" "n2" "name"

↓Example

XJ��w«Ñ3¶¡¥�k,��½iÎ�é�§KÏL�½À� pat-

tern 5¢y(�{�� pat):

↑Example

> ls(pat = "m")

[1] "m" "name"

↓Example

XJ?�Ú��w«3¶¡¥±,�i1mÞ�é�§K�:

↑Example

> ls(pat = "^m")

[1] "m"

↓Example

rm ·-�±ò�½�é�lS�¥íØ. rm(x)íØ¶�x�é�, rm(x,y)í

Ø¶�xÚy�é�,
rm(list=ls(all=TRUE))òíØ�cS�¥�¤ké�.

1. INTRODUCTION
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Chapter 2

Data with R

2.1 Objects

R¥~^�é�(objects)�)�þ(vector), Ïf(factor), ê|(array), Ý


(matrix), êâµ(data frame), �mS�(ts), �L(list)��. ¤k�é�

Ñkü�S3á5: a.(mode)Ú�Ý(length). a.´é����Ä�«a,

~^�ko«: ê�.(numeric), iÎ.(character), Eê.(complex)ÚÜ

6.(logical)(FALSE½TRUE). �,��3Ù§�a.(raw), �´¿ØU^

5L«êâ, ~X¼ê½L�ª; �Ý´é�¥���ê8. é��a.Ú�

Ý�±©OÏL¼êmodeÚlength��. ~X

↑Example

> x <- 1

> mode(x)

[1] "numeric"

Previous Next First Last Back Forward 12



> length(x)

[1] 1

> A <- "Gomphotherium"; compar <- TRUE; z <- 1i

> mode(A); mode(compar); mode(z)

[1] "character"

[1] "logical"

[1] "complex"

↓Example

ÃØ�oa.�êâ§"�êâo´^NA(Ø�^)5L«; éé��ê�

K�^�ê/ªL«:

↑Example

> N <- 2.1e23

> N

[1] 2.1e+23

↓Example

2. DATA WITH R
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�có��m¥�¤ké�¶¡�±^¼êobjects()5�w.

R�±�(/L«Ã¡�ê�, X^InfÚ-InfL«±∞, ½ö^NaN(�ê

i)L«Ø´êi��. ~X

↑Example

> x <- 5/0

> x

[1] Inf

> exp(x)

[1] Inf

> exp(-x)

[1] 0

> x - x

[1] NaN

↓Example

eL�Ñ
L«êâ�é��aOVA

2. DATA WITH R
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´Ä#N
é� a. Ó��é�¥

kõ«a.?
�þ ê�., iÎ., Eê., ½Ü6. Ä

Ïf ê�.½iÎ. Ä

ê| ê�., iÎ., Eê., ½Ü6. Ä

Ý
 ê�., iÎ., Eê., ½Ü6. Ä

êâµ ê�., iÎ., Eê., ½Ü6. ´
�mS�(ts) ê�., iÎ., Eê., ½Ü6. Ä

�L ê�.§iÎ., Eê., ½Ü6. ´
¼ê, L�ª,...

�þ´��Cþ, Ù¿g�=<�Ï~@��@�; Ïf´��©aCþ; ê|

´��k��êâL; Ý
´ê|���A~, Ù�êk = 2. 5¿, ê|½öÝ


¥�¤k��Ñ7L´Ó�«a.�; êâµ´d��½A��þÚ(½)Ï

f�¤, §�7L´���, ��±´ØÓ�êâa.; /ts0L«�mS�ê

â, §�¹�
�	�á5, ~XªÇÚ�m; �L�±�¹?Ûa.�é�,

�)�L! éu���þ, ^§�a.Ú�Ýv
£ãêâ; 
éÙ§�é�K

,I�
�	&E, ù
&Ed	3�á5(attribute)�Ñ. ~X·��±Ú

^ù
á5¥�dimá5, Ù´^5L«é���ê, 'X��212���Ý


, §�dimá5´�éê�[2,2], �´Ù�Ý´4.~X:

2. DATA WITH R
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↑Example

> x

C1 C2

R1 1 3

R2 2 4

> attributes(x)

$dim

[1] 2 2

$dimnames

$dimnames[[1]]

[1] "R1" "R2"

$dimnames[[2]]

[1] "C1" "C2"

> attributes(x)$dim

[1] 2 2

↓Example

2. DATA WITH R
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a.�m�±ÏLas.something()/ª�·-5=�. ~X:

↑Example

> z<-0:9

> digits<-as.character(z)

> digits

[1] "0" "1" "2" "3" "4" "5" "6" "7" "8" "9"

> as.numeric(digits)->x

> x

[1] 0 1 2 3 4 5 6 7 8 9

> mode(x)

[1] "numeric"

↓Example

¤ké�Ñk��á5: aclass. �±ÏL¼êclass5��Ùa.. ù�

AÏ�á5�^53R¥?1¡�é��§S�O.

2. DATA WITH R
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2.2 Reading data in a file

R¦^ó�8¹(working directory)5�¤Ö�©�.�±¦^·- getwd()Ú

setwd()5¼�Ú�½ó�8¹, ~X

↑Code
setwd("C:/data") ½ösetwd("/home/paradis/R")

↓Code

R �±¦^¼êread.table(kÐA«CN/ª), scan and read.fwf 5?

1Ö�txt (ASCII)©�¥�êâ. ·-

↑Code
> mydata <- read.table("data.dat")

↓Code

l�có�8¹¥�©�data.dat¥Ö�êâ, Mï��¶�mydata�a.

�êâµ�é�. ¼êread.tablekéõëê: [¦^?read.table
5
)��ëê�
¹Â]

↑Coderead.table(file, header = FALSE, sep = "", quote = "\"’",

dec = ".",row.names, col.names, as.is = FALSE,

2. DATA WITH R
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na.strings = "NA",colClasses = NA, nrows = -1, skip = 0,

check.names = TRUE, fill = !blank.lines.skip,

strip.white = FALSE, blank.lines.skip = TRUE,comment.char = "#")
↓Code

¼êread.tablekA«CN/ª [��CNL«�
o?]

↑Code

read.csv(file, header = TRUE, sep = ",", quote="\"", dec=".",

fill = TRUE, ...)

read.csv2(file, header = TRUE, sep = ";", quote="\"", dec=",",

fill = TRUE, ...)

read.delim(file, header = TRUE, sep = "\t", quote="\"", dec=".",

fill = TRUE, ...)

read.delim2(file, header = TRUE, sep = "\t", quote="\"", dec=",",

fill = TRUE, ...)
↓Code

2. DATA WITH R
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¼êscan'read.table�\(¹. §��m���«O3uscan�±�½Ö

\Cþ�a.,~X

↑Code
> mydata <- scan("data.dat", what = list("", 0, 0))

↓Code

Ö�
©�data.dat¥n�Cþ, 1��´iÎ.Cþ, �ü�´ê�.Cþ.

,��­��«O3uscan()�±^5MïØÓ�é�, �þ, Ý
, êâµ,

�L... "��¹e, scanMï���þa.�é�. [¦^?scan5
)
��ëê]

↑Code

scan(file = "", what = double(0), nmax = -1, n = -1, sep = "",

quote = if (sep=="\n") "" else "’\"", dec = ".",

skip = 0, nlines = 0, na.strings = "NA",

flush = FALSE, fill = FALSE, strip.white = FALSE, quiet = FALSE,

blank.lines.skip = TRUE, multi.line = TRUE, comment.char = "")
↓Code

¼êread.fwf�±^5Ö�©�¥�
�½°Ý�ª�êâ [¦^?read.fwf5

)��ëê]

2. DATA WITH R
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↑Code

read.fwf(file, widths, sep="\t", as.is = FALSE,

skip = 0, row.names, col.names, n = -1, ...) ↓Code

ØÀ�widths	,Ù{À�Ä�Úread.table�Ó. ~X

↑Example

êâ > mydata <- read.fwf("data.txt", widths=c(1, 4, 3))

A1.501.2 > mydata

A1.551.3 V1 V2 V3

B1.601.4 1 A 1.50 1.2

B1.651.5 2 A 1.55 1.3

C1.701.6 3 B 1.60 1.4

C1.751.7 4 B 1.65 1.5

5 C 1.70 1.6

6 C 1.75 1.7

↓Example

2. DATA WITH R
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2.3 Saving data

¼êwrite.table�±3©�¥�\��é�, ��´���êâµ, ��±´

Ù§a.�é�(�þ, Ý
...). ëêÚÀ�µ

↑Code

write.table(x, file = "", append = FALSE, quote = TRUE, sep = " ",

eol = "\n", na = "NA", dec = ".", row.names = TRUE,

col.names = TRUE, qmethod = c("escape", "double")) ↓Code

e�^�{ü��{ò��é�(~Xx, �±´�þ, Ý
,½öê|)�\©

�, �±¦^·-write(x,file ="data.txt"). ùpkü�À�:

• nc(½öncol), ^5½Â©�¥��ê(3"��¹e, XJx´iÎ.ê

â, Knc=1; éuÙ§êâa.nc=5);

• append,^5û½´N\�©�data.txtSN�(TRUE), �´O�K�

5®k�SN(FALSE).

�P¹�|?¿êâa.�é�, ·��±¦^·-save(x, y, z,

file= "xyz.RData"). �±¦^À�ASCII¸TRUE¦�êâ3ØÓ�Åì

2. DATA WITH R
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�m�{´=£. êâ(^R�â�5`��ó��m)�±3¦^load("xyz.RData")�

��\1�S�¥. ¼êsave.image()´save(list =ls(all=TRUE),file=".RData")�

��{$�ª"

2.4 generating data

)¤���þ(¼êc(),�f":",¼êseq()��:

↑Example

> x<-c(1,2,3,4,5) > ch<-c("sa","ba") > 1:5-1

> x > ch [1] 0 1 2 3 4

[1] 1 2 3 4 5 [1] "sa" "ba" > 1:(5-1)

> y<-1:5 > z<-seq(1,5) [1] 1 2 3 4

> y > z

[1] 1 2 3 4 5 [1] 1 2 3 4 5

↓Example

¼êseq()õUr�: [seq(length.out
=0)�(J´�
o?]

↑Code

2. DATA WITH R

Previous Next First Last Back Forward 23



seq(from, to) #)¤lfrom�tom��1�S�

seq(from, to, by= ) #)¤lfrom�tom��by�S�

seq(from, to, length.out= ) #)¤lfrom�to��Ý�length.out�

S�

seq(along.with= ) #)¤S�1:length(along.with)

seq(from) #)¤S�1:length(from)

seq(length.out= ) #)¤S�1:length(length.out)
↓Code

XJ�^��Ñ\�
êâ�´�±�§�I���¦^%@À��scan¼

ê, ±Ctrl+Z(å.

↑Example

> z <- scan() > z

1: 1.0 1.5 2.0 2.5 [1] 1.0 1.5 2.0 2.5

5:

Read 4 items

↓Example

2. DATA WITH R
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­E,�(
)��±¦^¼êrep():

↑Example

> rep(1,3)

[1] 1 1 1

> rep(c(1,2),2) > rep(1:2,each=2)

[1] 1 2 1 2 [1] 1 1 2 2

> rep(1:3,1:3)

[1] 1 2 2 3 3 3

↓Example

)¤5K�Ïf�±¦^¼êgl():

↑Example

> gl(2,3) > gl(2,3,length=4)

[1] 1 1 1 2 2 2 [1] 1 1 1 2

Levels: 1 2 Levels: 1 2

> gl(2,2,label=c("F","M"))

[1] F F M M

2. DATA WITH R
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Levels: F M

↓Example

��, ¼êexpand.grid()Mï��êâµ§(J´r�ëê��Y²��

��µ

↑Example

> expand.grid(h= c(60, 80), w=c(100),s= c("M","F"))

h w s

1 60 100 M

2 80 100 M

3 60 100 F

4 80 100 F

↓Example

�)�ÅS��±¦^RSï��«¼ê:

2. DATA WITH R
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©Ù¶¡ ¼ê

Gaussian (normal) rnorm(n, mean=0, sd=1)
exponential rexp(n, rate=1)
gamma rgamma(n, shape, scale=1)
Poisson rpois(n, lambda)
Weibull rweibull(n, shape, scale=1)
Cauchy rcauchy(n, location=0, scale=1)
beta rbeta(n, shape1, shape2)
‘Student’ (t) rt(n, df)
Fisher-Snedecor(F) rf(n, df1, df2)
Pearson (χ2) rchisq(n, df)
binomial rbinom(n, size, prob)
multinomial rmultinom(n, size, prob)
geometric rgeom(n, prob)
hypergeometric rhyper(nn, m, n, k)
logistic rlogis(n, location=0, scale=1)
lognormal rlnorm(n, meanlog=0, sdlog=1)
negative binomial rnbinom(n, size, prob)
uniform runif(n, min=0, max=1)
Wilcoxon’s statistics rwilcox(nn, m, n), rsignrank(nn, n)

�õêù«ÚO¼êÑk�q�/ª, �I^d!p½öq�O�r, 'X�Ý

¼ê(dfunc(x, ...)), \OVÇ©Ù¼ê(�=©Ù¼ê)(pfunc(x, ...))Ú© 

2. DATA WITH R
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ê¼ê(qfunc(p, ...), 0 < p < 1).

↑Example

> pnorm(0) > qnorm(0.05)

[1] 0.5 [1] -1.644854

> dnorm(0) > 1/sqrt(2*pi)

[1] 0.3989423 [1] 0.3989423

↓Example

2.5 Manipulating objects

2.5.1 Creating objects

. vector �þ´R¥�Ä�é�,c¡·�®²0�
¦^¼êc(),seq()��M

ï�þ. �þ�±´ê�.,iÎ.ÚÜ65.

↑Code
vector(mode = "logical", length = 0) as.vector(x, mode = "any")
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is.vector(x, mode = "any") ↓Code

. factor ��ÏfØ=�)©aCþ����)CþØÓ��UY²(=¦

§�3êâ¥ØÑy). Ïf¼êfactor^e¡�À�Mï��Ïfµ

↑Code
factor(x, levels = sort(unique(x), na.last = TRUE),

labels = levels, exclude = NA, ordered = is.ordered(x)) ↓Code

ud¼ê�'�¼ê�)ordered(Ó�õU, �ÚS�óoN), is.factor,

is.ordered, as.factor Úas.ordered�. ¼êlevels�±�w��Ïfé��Y

².

. matrix ��Ý
¢Sþ´k��N\á5£�êdim¤��þ

↑Code
matrix(data = NA, nrow = 1, ncol = 1,

byrow = FALSE, dimnames = NULL) ↓Code

~X
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↑Example

> matrix(data=5, nr=2, nc=2) > x <- 1:6

[,1] [,2] > x

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

[2,] 5 5 > dim(x)

> matrix(1:6, 2, 3) NULL

[,1] [,2] [,3] > dim(x) <- c(2, 3)

[1,] 1 3 5 > x

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

> matrix(1:6, 2, 3, byrow=TRUE) [1,] 1 3 5

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

[1,] 1 2 3

[2,] 4 5 6

↓Example

. data.fame c¡·�®²w���êâµ�±d¼êread.table m�M

ï; ùp��±^¼êdata.frame 5Mï. êâµ¥��þ7Lk�Ó��
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Ý, XJÙ¥k��'Ù§�á, §ò/Ì�0�êg(±¦�Ù�Ý�Ù§�

þ�Ó):

↑Example

> x <- 1:2; n <- 10; M <- c(10, 35); y <- 2:4

> data.frame(x, n)

x n

1 1 10

2 2 10

> data.frame(A=x, B=M)

A B

1 1 10

2 2 35

> data.frame(x, y)

Error in data.frame(x, y) :

arguments imply differing number of rows: 2, 3

↓Example

2. DATA WITH R

Previous Next First Last Back Forward 31



. array êâ(array)´Ý
�õ�í2.

↑Code
array(data = NA, dim = length(data), dimnames = NULL)

as.array(x)

is.array(x) ↓Code

~X

↑Example

> x<-array(1:2,dim=c(2,2,2))

> x > x[1,,]

, , 1 [,1] [,2]

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

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

[2,] 2 2 > x[,2,]

, , 2 [,1] [,2]

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

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

↓Example

. list �L�±^list¼êMï, �{�Mïêâµaq. §éÙ¥�¹�é

�vk�o��. Údata.frame()'�, "��vk�Ñé��¶¡; ^c¡�

�þxÚyÞ~:

↑Example

> L2<-list(A=x,B=as.character(y)) > names(L2)

> L2 [1] "A" "B"

$A

[1] 1 2 > L2$A

[1] 1 2

$B

[1] "2" "3" "4"

↓Example
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. expression L�ª(Expression)a.�é�3R¥kXéÄ:�/ ,

´RU
)º�iÎS�. ¤kk��·-Ñ´L�ª. ��·-���l�

�Ñ\�, §ò�R¦�, XJ´k��K¬��1. 3éõ�¹e, �E��

Ø�¦��L�ª´ék^�: ùÒ´¼êexpresssion���. �,��±�

�^eval()éMï�L�ª?1¦�.

↑Example

> x <- 3; y <- 2.5; z <- 1

> exp1 <- expression(x / (y + exp(z)))

> exp1

expression(x/(y + exp(z)))

> eval(exp1)

[1] 0.5749019

↓Example

L�ª��±3Ù§/�^53ãL¥V\úª(��); L�ª�±diÎ.

CþMï; �
¼êrL�ª��ëê, ~X�±¦ �ê�¼êD().

↑Example

2. DATA WITH R

Previous Next First Last Back Forward 34



> D(exp1, "x")

1/(y + exp(z))

> D(exp1, "y")

-x/(y + exp(z))^2

> D(exp1, "z")

-x * exp(z)/(y + exp(z))^2

↓Example

. ts ¼êts�±d�þ(���mS�)½öÝ
(õ��mS�)Mï��

�mS�a.é�, ¿�k�
L²S�A��À�(�k"��):

↑Code
ts(data = NA, start = 1, end = numeric(0), frequency = 1,

deltat = 1, ts.eps = getOption("ts.eps"), class, names) ↓Code

try ?ts for details.
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2.5.2 Operators

R ¥�D�$�ÎÒk/<-0,/<<-0Ú/=0. ~XD�(value)�é� x: [n«D�k�o«
O?]

↑Code

x <- value

x <<- value

value -> x

value ->> x

x = value ↓Code

R ¥�$�ÎXe:

$�Î
êÆ$� '�$� Ü6$�

+ \{ < �u !x Ü6�

- ~{ > �u x&y Ü6�
* ¦{ <= �u x&&y Óþ

/ Ø{ >= �u x|y Ü6½
^ ¦� == �u x||y Óþ

%% � != Ø�u xor(x, y) É½
%/% �Ø
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êÆ$�ÎÚ'�$�Î�^uü���þ(x + y, a < b); êÆ$�ÎØ�

´�^uê�.½Eê.Cþ, ��±�^3Ü6.Cþþ; 3��«�¹¥,

Ü6.Cþ�r�=��ê�.. '�$�Î�±·^u?Ûa.: (J´�

£��½A�Ü6.Cþ.

Ü6.$�Î·^u��(é/!0$�Î)½ü�Ü6.é�(Ù§$�Î),

¿��£��(½A�)Ü65Cþ. $�Î/Ü6�0Ú/Ü6½0�3ü«

/ª: /&0Ú/|0�^3é�¥�z����þ¿��£Ú'�gê��

�Ý�Ü6�: /&&0Ú/||0��^3é��1����þ.

R ¥�êÆ$�¥/^0Ú/<-,-,=,<<-0�lm��, 
Ù¦$�Ñ´

l��m. ~X [R Language
Definition]

↑Code2^2^3 = 28 6= 43; 1− 1− 1 = −1 6= 1
↓Code

'�$�Î�^3ü��'�é��z���þ(XJI�, òÌ�¦^�

á�Cþ), l
�£��Ó����é�. �
/�N0'�ü�é�, �±

¦^ü�¼ê: identicalÚall.equal

↑Example
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> x <- 1:3; y <- 1:3 > x=1:2;y=1:3

> x == y > x==y

[1] TRUE TRUE TRUE [1] TRUE TRUE FALSE

> identical(x, y) Warning message:

[1] TRUE In x == y : longer object length is not

> all.equal(x, y) a multiple of shorter object length

[1] TRUE

↓Example

identical'�êâ�S3'X, XJé�´î��Ó��£TRUE, Ä

K�£FALSE. all.equal^5�äü�é�´Ä/Cq��0, �£(J

�TRUE½öé�ö�É�£ã. ���¼ê3'�ê�.Cþ��Ä�
O

�L§¥�Cq. 3O�Å¥ê�.Cþ�'�k�é´-<¯Û.

↑Example

> 0.9 == (1 - 0.1) > 0.9 == (1.1 - 0.2)

[1] TRUE [1] FALSE

> identical(0.9, 1 - 0.1) > identical(0.9, 1.1 - 0.2)
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[1] TRUE [1] FALSE

> all.equal(0.9, 1 - 0.1) > all.equal(0.9, 1.1 - 0.2)

[1] TRUE [1] TRUE

> all.equal(0.9, 1.1 - 0.2, tolerance = 1e-16)

[1] "Mean relative difference: 1.233581e-16"

↓Example

éiÎ.é��$�~^�A�¼êksubstr()Úpaste()�. ~X

↑Example

> colors <- c("red", "yellow", "blue")

> more.colors <- c(colors, "green", "magenta", "cyan")

> substr(colors, 1, 2)

[1] "re" "ye" "bl"

> paste(colors, "flowers")

[1] "red flowers" "yellow flowers" "blue flowers"

> paste("several ", colors, "s", sep="")

[1] "several reds" "several yellows" "several blues"
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> paste("I like", colors, collapse = ", ")

[1] "I like red, I like yellow, I like blue"

↓Example

2.5.3 Accessing the values of an object: the indexing
system

eIXÚ�±^5k�!(¹�kÀJ5/�¯��é�¥���; eI�±

´ê�.�½Ü6.�. Þ~5`, é�þ

↑Example

> x <- 1:5 > x[c(1,3)] > x[-2]

> x[3] [1] 1 3 [1] 1 3 4 5

[1] 3 > x[x>2] > x[-c(1,3)]

> x[c(F,T)] [1] 3 4 5 [1] 3 5

[1] 2 4 > x[3] <- 20

↓Example
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�^����ê�êi�¯�þ,���´,�êÜ©Ò¬�Ñ�. ~X

↑Example

> x

[1] 1 2

> x[0.5]

numeric(0)

> x[1.5]

[1] 1

↓Example

éÝ


↑Example

> x <- matrix(1:6, 2, 3) > x[, 2:3]

> x > x

[,1] [,2] [,3] > x[,2:3]

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

> x[, 3] <- 21:22 [2,] 4 6

> x > x[, 3, drop = FALSE]

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

[1,] 1 3 21 [1,] 21

[2,] 2 4 22 [2,] 22

> x[, 3] > x[-1,]

[1] 21 22 [1] 2 4 22

↓Example

eIXÚ�ÊH·^uê|Úêâµ, ¦^Úê|�êÓ�õ�eI(~X,

��n�ê|µx[i, j, k], x[, , 3], x[, , 3, drop = FALSE], ��). P4eI

7L¦^�)Ò, 
�)Ò´^5�½¼ê�ëê�.

éu�L, �¯ØÓ����±ÏLü��½öV­��)Ò5¢y; §�

�«O´: ü�)Ò�£���L,
V­)ÒòJ��L¥�é�.3���

(J¥��±¦^eI,Ò��c3�þ!Ý
��¹¥w��@�. ~X,�

��L¥�13�é�´���þ, §����±¦^my.list[[3]][i]5�¯, X

2. DATA WITH R

Previous Next First Last Back Forward 42



J´��n�ê|K¦^my.list[[3]][i, j, k]��; ,��«O´my.list[1:2]ò

�£���L, �¹�©�L�11�Ú12���, 
my.list[[1:2]]Ø¬�ÑÏ

"�(J.

2.5.4 Accessing the values of an object with names

é������±ÏL¶i�¯. ~Xé�þ

↑Example

> x<-1:3 > x

> names(x) a b c

NULL 1 2 3

> names(x)<-c("a","b","c") > x["b"]

b

2

↓Example

éuÝ
Úêâµ, colnamesÚrownames©O´�Ú1�I\. §��±

ÏL�g�¼ê5�¯, ½öÏLdimnames�£�¹ü�¶¡�þ��L.
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↑Example

> x<-matrix(1:4,2) > rownames(x)<-c("r1","r2")

> x > colnames(x)<-c("c1","c2")

[,1] [,2] > x

[1,] 1 3 c1 c2

[2,] 2 4 r1 1 3

> dimnames(x) r2 2 4

NULL

> dimnames(x)<-list(c("R1","R2"),c("C1","C2"))

> x > x["R2",]

C1 C2 [1] 2 4

R1 1 3

R2 2 4

↓Example

éulisté�, ·��±¦^mylist$name�/ª�¯Ù¶�name��L.

~X
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↑Example

> x<-matrix(1:4,2); y<-1:3; x<-list(A=x,B=y)

> x$B > x$A[1,2]

[1] 1 2 3 [1] 3

> x$B[2]

[1] 2

↓Example

2.5.5 Arithmetics and simple functions

�þ´�±?1�â$��,~X

↑Example

> x <- 1:4 > y <- 1:2

> y <- rep(1, 4) > z <- x + y

> z <- x + y > z

> z [1] 2 4 4 6
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[1] 2 3 4 5 > y <- 1:3

> a <- 10 > z <- x + y

> z <- a * x Warning message: In x + y : longer object length

> z is not a multiple of shorter object length

[1] 10 20 30 40 > z

[1] 2 4 6 5

↓Example

R¥^5?nêâ�¼ê�õ

ØU�Ü�3ùp"Öö�±é�¤k

�Ä�êÆ¼ê(log, exp, log10, log2, sin, cos, tan, asin, acos, atan, abs,

sqrt, . . . ), ;�¼ê(gamma, digamma, beta, besselI, . . . ), Ó��)�

«ÚOÆ¥k^�¼ê. eL¥�Ñ
�Ü©¼ê:

¼ê ¿Â

sum(x) éx¥���¦Ú

prod(x) éx¥���¦ë¦È

max(x) x¥������

min(x) x¥������
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which.max(x) �£x¥�����eI

which.min(x) �£x¥�����eI

range(x) �c(min(x), max(x))�^�Ó

length(x) x¥���ê8

mean(x) x¥���þ�

median(x) x¥���¥ ê

var(x) or x¥��������; XJx´��Ý


cov(x) ½ö��êâµ§òO����


cor(x) XJx´��Ý
½ö��êâµKO�

�'XêÝ
(XJx´���þK(J´1)

var(x, y) or xÚy����§XJ´Ý
½êâµKO�xÚy

cov(x, y) éA�����

cor(x, y) xÚy��5�'Xê§XJ´Ý
½öêâµK

O��'XêÝ


e¡�¼ê�£�E,�(J

round(x, n) òx¥���o�Ê\��ê:�n 

rev(x) éx¥����_S
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sort(x) òx¥���U,Sü�¶�UüS

ü��±^·-rev(sort(x))

rank(x) �£x¥����

log(x, base) O�±base�.�x�éê�

scale(x) XJx´��Ý
§ K¥%zÚIOzêâ;

e�?1¥%zK¦^À�scale=FALSE,

�?1IOzKcenter=FALSE( "��

´center=TRUE, scale=TRUE¤

pmin(x,y,...) Åé'�xÚy�©þ, �£���þ, §�1i�

��´x[i], y[i],...¥���

pmax(x,y,...) Óþ§����

cumsum(x) �£���þ, §�1i���´lx[1]�x[i]�Ú

cumprod(x) Óþ§�¦È

cummin(x) Óþ§����

cummax(x) Óþ§����

match(x, y) �£��Úx��Ý�Ó��þ, L«x¥�y¥��

�Ó���3y¥� �(vkK�£NA)

which(x == a) �£���¹xÎÜ^�(�'�$�(J�ý�eI
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��þ, 3ù�(J�þ¥ê�i`²x[i] == a

choose(n, k) O�ln���¥À�k��|Üê

na.omit(x) �Ñk"��(NA)�*	êâ(XJx´Ý
½êâ

µK�Ñ�A�1)

na.fail(x) XJx�¹����NAK�£���Ø�E

unique(x) XJx´���þ½öêâµ§K�£��aq�

é��´�K¤k­E���(éu­E���

����)

table(x) �£��L�,�Ñx¥­E����ê�L(cÙ

éu�ê.½öÏf.Cþ)

table(x, y) x�y��éL

subset(x, ...) �£x¥���÷vA½^�...�f8, T^�Ï~

´?1'�$�µx$V1 < 10¶XJx´êâµ,

À�select�Ñ��3�Cþ£½ö^KÒ

L«�K¤

sample(x, size) lx¥Ã�£Ä�size���§À�replace = TRUE

L«k�£�Ä�
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2.5.6 Matrix Computation

3Ý
$�¥, kXeA�~^�$�(¼ê):

%*% Ý
�¦ t(A) Ý
=� eigen(A) Ý
A�A��(�þ)

solve(A)Ý
¦_(solve(A,b)^u)�5�§|AX=b)
Definition

~X [A*B,A/BL«�
o¿gQ?]

↑Example

> A<-matrix(1:4,2,2) > eigen(A)

> B<-diag(2) $values

>A%*%B [1] 5.3722813 -0.3722813

[,1] [,2]

[1,] 1 3 $vectors

[2,] 2 4 [,1] [,2]

> solve(A) [1,] -0.5657675 -0.9093767

[,1] [,2] [2,] -0.8245648 0.4159736
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[1,] -2 1.5

[2,] 1 -0.5

> dim(A)

[1] 2 2

↓Example

3�1/Xt(A)%*%B�$��,�k�Ç��ª´¦^¼êcrossprod(A,B) [��o?]

Ù¦�Ý
$�¼ê�)%x% Kronecker¦È, cbind(), rbind(), dim(),

diag(), nrow(), ncol(), lower.tri(), upper.tri(), qr(), svd().... ~X

↑Example

> A<-cbind(1:2,3:4) > A<-rbind(c(1,3),c(2,4))

> A > A

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

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

[2,] 2 4 [2,] 2 4

↓Example
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¼êlower.triÚupper.tri^5�¯Ý
�en���±9þn���,~X

↑Example

> A > lower.tri(A,diag=T)

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

[1,] 1 4 7 [1,] TRUE FALSE FALSE

[2,] 2 5 8 [2,] TRUE TRUE FALSE

[3,] 3 6 9 [3,] TRUE TRUE TRUE

> B<-A > B[lower.tri(A)]<-0

> B[lower.tri(A,diag=T)]<-0 > B

> B [,1] [,2] [,3]

[,1] [,2] [,3] [1,] 0 4 7

[1,] 0 4 7 [2,] 0 0 8

[2,] 0 0 8 [3,] 0 0 0

[3,] 0 0 0

↓Example
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ÛÉ�©): A = UDV T , Ù¥Ý
UÚT���Ý
, D�é�
�D2�

é���Ý
AT A�A��. R ¥¦^¼êsvd()?1ÛÉ�©):

↑Example

> svd(A)->A.svd

> A.svd

$d

[1] 1.684810e+01 1.068370e+00 3.069525e-16

$u

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

[1,] -0.4796712 0.77669099 0.4082483

[2,] -0.5723678 0.07568647 -0.8164966

[3,] -0.6650644 -0.62531805 0.4082483

$v

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

[1,] -0.2148372 -0.8872307 -0.4082483
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[2,] -0.5205874 -0.2496440 0.8164966

[3,] -0.8263375 0.3879428 -0.4082483

> A.svd$u%*%diag(A.svd$d)%*%t(A.svd$v)

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

[1,] 1 4 7

[2,] 2 5 8

[3,] 3 6 9

↓Example

dÛÉ�©)�5�, �Ý
A��_�
�, éN´O�§�_Ý
:

A−1 = V D−1UT .

Choleski ©): e�
A > 0, K�3��þn�
U ,¦�A = UT U . R

¥¦^¼êchol() é�
A�Choleski©):

↑Example

> A > chol(A)

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

[1,] 1 2 3 [1,] 1 2 3
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[2,] 2 5 6 [2,] 0 1 0

[3,] 3 6 10 [3,] 0 0 1

↓Example

k
Choleski©)�, ·�Ò�±é�B�O��½
A�_: A−1 =

U−1(U−1)T . ù«O�'��¦^Gauss��{O�A−1�­½�õ. �

�±^u�5�§|¦).

QR©): A = QR, Ù¥Q����
, R��þn�
. ~X

↑Example

> qr.A<-qr(A)

> qr.A

$qr

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

[1,] -3.7416574 -8.0178373 -12.0267559

[2,] 0.5345225 -0.8451543 0.5070926

[3,] 0.8017837 -0.4001484 0.3162278

$rank

[1] 3

2. DATA WITH R

Previous Next First Last Back Forward 55



$qraux

[1] 1.2672612 1.9164504 0.3162278

$pivot

[1] 1 2 3

attr(,"class")

[1] "qr"

↓Example

dÑÑ���qra. ¦^¼êqr.Q() Úqr.R() édqra±��Ý
QÚR:

↑Example

> Q<-qr.Q(qr.A)

> R<-qr.R(qr.A)

> Q%*%R

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

[1,] 1 2 3

[2,] 2 5 6

[3,] 3 6 10
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↓Example

Ý
�^�ê: ¼êkappa() �±^5O�Ý
�^�ê.

↑Example

> kappa(A)

[1] 213.1021

↓Example

	È: ¼êouter()3O�ü��þ�	È�ék^.

↑Example

> x<-1:5

> outer(x,x,"*")

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

[1,] 1 2 3 4 5

[2,] 2 4 6 8 10

[3,] 3 6 9 12 15
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[4,] 4 8 12 16 20

[5,] 5 10 15 20 25

↓Example

3éÝ
?11½ö�ö�¥, ¼êapply()�´é~^. 'XO�éÝ


AU�O�þ�:

↑Example

> apply(A,2,mean)

[1] 2.000000 4.333333 6.333333

↓Example

2. DATA WITH R
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