
Lecture 1: RÄÄÄ:::±±±999ÑÑÑ:::ãããÚÚÚ£££888

Ü�²

Thursday 4th March, 2010



Contents

1 Start with R 1

2 Data with R 8
2.1 Objects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.2 Reading data in a file . . . . . . . . . . . . . . . . . . . . . 14
2.3 Saving data . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.4 generating data . . . . . . . . . . . . . . . . . . . . . . . . . 17
2.5 Manipulating objects . . . . . . . . . . . . . . . . . . . . . . 22

2.5.1 Creating objects . . . . . . . . . . . . . . . . . . . . 22
2.5.2 Operators . . . . . . . . . . . . . . . . . . . . . . . . 29
2.5.3 Accessing the values of an object: the indexing system 34
2.5.4 Accessing the values of an object with names . . . . 36
2.5.5 Arithmetics and simple functions . . . . . . . . . . . 39
2.5.6 Matrix Computation . . . . . . . . . . . . . . . . . . 43

3 Graphics with R 52
3.1 Managing graphics . . . . . . . . . . . . . . . . . . . . . . . 52

3.1.1 Graphical Functions . . . . . . . . . . . . . . . . . . 56

Previous Next First Last Back Forward 2



3.1.2 Low-level plotting commands . . . . . . . . . . . . . 59
3.1.3 Graphical Parameters . . . . . . . . . . . . . . . . . 63

4 Statistical Analysis with R 71
4.1 Formulae . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
4.2 Generic Functions . . . . . . . . . . . . . . . . . . . . . . . 76
4.3 Packages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

5 Programming with R 83
5.1 Flow Control . . . . . . . . . . . . . . . . . . . . . . . . . . 83
5.2 Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

6 Scatterplots and Regression 89
6.1 Inheritance of Height . . . . . . . . . . . . . . . . . . . . . . 89
6.2 Forbes Data . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
6.3 Length at Age for Smallmouth Bass . . . . . . . . . . . . . 94
6.4 Turkey Growth . . . . . . . . . . . . . . . . . . . . . . . . . 95
6.5 Scatterplot matrices . . . . . . . . . . . . . . . . . . . . . . 97

6.5.1 Fuel Consumption . . . . . . . . . . . . . . . . . . . 97
6.6 Mean function and variance function . . . . . . . . . . . . . 99

Previous Next First Last Back Forward 3



Chapter 1

Start with R

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*¿.

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

Äk��¤�����§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�.

3R¥,��ÚO©Û��©AÚ�¤, ¥m�(JÑ´�;3é�p. Ï

d3£8©Û�, SASÚSPSS¬�Ñ�~õ�ÑÑ(J, �R ò�Ñ���Ñ

Ñ, 
ò(J�;3��[Üé�¥, �±¦^R¼ê?1�Y�©Û.

R �ó¥�{ü�·-#LuÏLÑ\��é��¶i5w«ÙSN
.
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~X, ��¶� n �é�, ÙSN´ê�10:

↑Example

> n

[1] 10

↓Example

�)Ò¥�êi1L«l n �1����m©w«.

↑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�.
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Rk��Sï��Ïóä±¼��½¶¡¼ê��õ&E.~X,¼êsolve,

¦^

↑Code
> 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
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> help("bs")

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

you could try ’help.search("bs")’

> 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
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¬�Ñ¤k3�Ï�¡¹k”tree”�¼ê. 5¿XJk�
�´�Câ

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

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
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> source("commands.R")
↓Code

3Windowse��±¦^©�èü$1d©�.

·-�±¦^©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

> ls()

[1] "m" "n1" "n2" "name"
↓Example

XJ��w«Ñ3¶¡¥�k,��½iÎ�é�§KÏL�½À� pat-

tern 5¢y(�{�� pat):

↑Example
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> 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�.
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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"
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> 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

�có��m¥�¤ké�¶¡�±^¼êobjects()5�w.

Previous Next First Last Back Forward 9



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
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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:
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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
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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.
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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 Úread.fwf 5?1

Ö�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]¼êscan'read.table�\(¹. §��m���«O3uscan�±�½Ö

\Cþ�a.,~X

↑Code
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> 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]

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

)��ëê]

↑Coderead.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
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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

2.3 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�:
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• 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

�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
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[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?]

↑Codeseq(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
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> 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

­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
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> 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

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
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↓Example

�)�ÅS��±¦^RSï��«¼ê:
©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)
negative binomial rnbinom(n, size, prob)
uniform runif(n, min=0, max=1)

�õêù«ÚO¼êÑk�q�/ª, �I^d!p½öq�O�r, 'X�Ý
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¼ê(dfunc(x, ...)), \OVÇ©Ù¼ê(�=©Ù¼ê)(pfunc(x, ...))Ú© 

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

↑Example
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> 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��

Ý, XJÙ¥k��'Ù§�á, §ò/Ì�0�êg(±¦�Ù�Ý�Ù§�

þ�Ó):
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↑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

. array êâ(array)´Ý
�õ�í2.

↑Code
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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

[2,] 2 2

↓Example
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. 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

. 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¦�.
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↑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

> 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
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↓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.

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
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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

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«
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/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

> 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
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[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)

[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
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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"

> paste("I like", colors, collapse = ", ")

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

↓Example
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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

�^����ê�êi�¯�þ,���´,�êÜ©Ò¬�Ñ�. ~X

↑Example

> x

[1] 1 2

> x[0.5]
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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]

[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
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> 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

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
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> 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.

↑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
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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

↑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
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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

[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,
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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¥������

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)
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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

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],...¥���
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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

��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)
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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�

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)
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> 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

[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))
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> A > A

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

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

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

↓Example

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

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

[3,] 0 0 0

↓Example

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

é���Ý
ATA�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
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[3,] -0.6650644 -0.62531805 0.4082483

$v

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

[1,] -0.2148372 -0.8872307 -0.4082483

[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 = UTU . R

¥¦^¼êchol() é�
A�Choleski©):
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↑Example

> A > chol(A)

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

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

[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]
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[1,] -3.7416574 -8.0178373 -12.0267559

[2,] 0.5345225 -0.8451543 0.5070926

[3,] 0.8017837 -0.4001484 0.3162278

$rank

[1] 3

$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)

Previous Next First Last Back Forward 49



> Q%*%R

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

[1,] 1 2 3

[2,] 2 5 6

[3,] 3 6 10

↓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
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> 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

[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
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Chapter 3

Graphics with R

±ã¼ê�ó��ª�c¡£ã�ó��ª��ØÓ, ØUr±ã¼ê�(

JD���é�, Ù(J��ÑÑ���/±ã��0þ. ±ã��´��±

ã�I�½´��©�. kü«±ã¼ê: p?±ã¼ê(high-level plotting

functions)Mï��#�ã/, $?±ã¼ê(low-level plotting functions)3

y��ã/þV\��. ±ãëê(graphical parameters)��±ãÀ�, �±

¦^"��½ö^¼êpar?U.

3.1 Managing graphics

�±ã¼êm©�1, XJvk�m±ã��, @oR ò�m��±ãI�5

Ð«ù�ã/. �^�±ã��«a�ûuö�XÚ. 3Unix/Linux e, ±ã

I�¡�x11, 
3Windows e¡�windows. �´±ãI�Ñ�±^x11()

·-�m, windows e��±^windows()·-�m.
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�±^¼ê�m��©���±ã��, ù�)µpostscript(), pdf(),

png(), jpeg(),..., �^�±ã���L�±^?device5	w. ���m���

ò¤��c�±ã��, ���¤kã/Ñ3ùþ¡w«. ¼êdev.list() w«

�m��L.

↑Example

> x11(); x11(); pdf() > dev.off(2) #'4��2

> dev.list() X11

X11 X11 pdf 3

2 3 4 > dev.off() #'4�c��

> dev.cur()#�w�c�� pdf

pdf 4

4 > graphics.off() #

> dev.set(3)#����3��c��

X11

3

↓Example
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��rõ�±ã±�3Ó��±ã��þ�, �±¦^Xe�{:

∇ ¦^¼êsplit.screen �{, �±üÕ��z�©�Ñ�screen.

↑Code
split.screen(figs, screen, erase = TRUE)

screen(n = , new = TRUE)

erase.screen(n = )

close.screen(n, all.screens = FALSE) ↓Code

~X

↑Example

split.screen(c(2,1)) #©�w«¶4�2�,�ª�211�

[1] 1 2 #©�Ñ�¶4?Ò

> split.screen(c(1,3), screen = 2) # ©�12�w«¶�3�, 113�

[1] 3 4 5

> screen(1) #¦^¶41

> plot(10:1) #±�ã/

> screen(4) #¦^¶44

Previous Next First Last Back Forward 54



> plot(10:1) #±�ã/

> close.screen(all = TRUE) #'4Xþ¶4©�½Â

↓Example

∇ ¦^¼êlayout �{, r�c�ã/I�©��õ�Ü°, ã/ò�g

w«3�Ü©¥.

↑Code
layout(mat, widths = rep(1, ncol(mat)),

heights = rep(1, nrow(mat)), respect = FALSE)

layout.show(n = 1) ↓Code

~X

↑Example

def.par <- par(no.readonly = TRUE) # �;�cã/����

layout(matrix(c(1,1,0,2), 2, 2, byrow = TRUE))

#fig1Ó1�1,fig2Ó1�1�1��
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layout.show(2) # w«z�fig�«�

plot(1:10)

plot(10:1)

par(def.par) #¡E%@��

↓Example

∇ ¦^¼êpar ¥�ëêmfrow/mfcol �{¼êpar() ¥�ëêmfrow

½ömfcol �±^5�½ò�cã/I�©��A1A�.

↑Codepar(mfrow=c(nr,nc)) # òã/I�©�nr1nc�
↓Code

ù«�{Ñ´²þ©�,ØU�layout@��±��z�«����.

3.1.1 Graphical Functions

e¡´R¥p?±ã¼ê�V):

↑Code
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plot(x) ±x�����p�I!±SÒ�î�I±ã

plot(x, y) x(3x-¶þ)�y(3y-¶þ)����ã

pie(x) \ã

boxplot(x) Ý/ã(box-and-whiskers)

pairs(x) XJx´Ý
½´êâµ§�x����m�

��ã

hist(x) x�ªÇ��ã

barplot(x) x���^/ã

qqnorm(x) ��© ê¨© êã

qqplot(x, y) yéx�© ê¨© êã
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contour(x, y, z) �p�ã(x­��^S�Ö¿�x��),

xÚy7L��þ, z7L�Ý
, ¦�

dim(z)=c(length(x),length(y))

(xÚy�±�Ñ)

filled.contour(x,y, z)Óþ, �p��m�«�´çÚ�§¿�±�

çÚéA���ã~

image(x, y, z) Óþ§�´¢Sêâ��^ØÓÚçL«

persp(x, y, z) Óþ§��ßÀã

↓Code

z��¼ê, 3R pÑ�±3��ÎÙÀ�. ,
±ã¼ê�Ü©À�´�

��; e¡�Ñ�
Ì���ÓÀ�9Ù"��:

↑Code
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axes=TRUE XJ´FALSE§Ø±�¶�>µ

type="p" �½ã/�a.§"p": :§"l": �§"b": :ë�§

"o": Óþ, �´�3:þ§"h": R��§

"s": �Fª§kY²2R�§

"S": Óþ§kR�2Y²

xlim=, ylim= �½¶�þe�§ ~Xxlim=c(1, 10)½öxlim=range(x)

xlab=, ylab= �I¶�I\§7L´iÎ.�

main= ÌIK§7L´iÎ.�

sub= BIK£^�iN¤
↓Code

3.1.2 Low-level plotting commands

R p¡k�@±ã¼ê´�^uy��ã/þ�µ¡�$?�ã·-(low-

level plotting commands)"e¡k�
Ì��:

↑Code

points(x, y) V\:ã£�±¦^À�type=¤
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lines(x, y) Óþ§�´V\�

text(x, y, labels, 3(x,y)?V\^labels�½�©i¶

...) ;.�^{´: plot(x, y, type="n");

text(x, y, names)

mtext(text, 3>�V\^text�½�©i§^side�½

side=3, line=0, V\�=�>(ëêaxis())¶line�

...) ½V\�©iål±ã«��1ê

segments(x0, y0, l(x0,y0)�:�(x1,y1)�:x�ã

x1, y1)

arrows(x0, y0, Óþ�\x�Þ§ XJcode=2K3�(x0,y0)

x1, y1, angle= 30, ?x�Þ§ XJcode=1K3�(x1,y1)?x�

code=2) Þ§XJcode=3K3üàÑx�Þ; angle

���Þ¶��Þ>��Ý
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abline(a,b) ±��Ç�bÚ�å�a���

abline(h=y) 3p�Iy?xY²�

abline(v=x) 3î�Ix?xR��

abline(lm.obj) xdlm.obj(½�£8�

rect(x1, y1, x2, ±���/§(x1, y1)��e�§(x2,y2)

y2) �mþ�

polygon(x, y) ±�ë��x,y�I(½�:�õ>/

legend(x, y,legend) 3:(x,y)?V\ã~§`²SNdlegend�½

title() V\IK§��V\��BIK

axis(side, vect) x�I¶§side=1�x3e>§side=2�x3�

>,

side=3�x3þ>, side=4�x3m>.
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�Àëêat�½x�Ý�� ��I

box() 3�c�ãþ\þ>µ

rug(x) 3x-¶þ^á�xÑxêâ� �

locator(n, 3^r^àI3ãþ:Âng��£ng:Â�

type="n", ...) �I(x; y)¶¿�±3:Â?±�ÎÒ(type="p"�)

½ë�(type="l"�)§"��¹eØxÎÒ½ë�
↓Code

5¿§^text(x, y, expression(...))�±3��ã/þ\þêÆúª, ¼ [^?demo
(plotmath) �w
�õêÆÎÒÚú
ª·-]

êexpressionrgCþ=��êÆúª.~X§

↑Code

> text(x, y, expression(p == over(1, 1+e^-(beta*x+alpha))))
↓Code
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3ã¥�A�I:(x; y)?w«e¡��§:

p = 1 + e−(βx+α)

3.1.3 Graphical Parameters

Ø
$?�ã·-�	, ã/�w«��±^±ãëê5Uû. ±ãëê�

±��ã/¼ê�À�(�Ø´¤këêÑ�±ù�^), ��±^¼êpar 5

[È/UC±ãëê, �Ò´`�5�ã/ÑòUìpar �½�ëê5±�.

'X·-par(bg=”yellow”) ò¦���5�ã/Ñ±�Ú��µ5±�. o

�k73�±ãëê, Ù¥�
k�~�q�õU. ù
ëê�[��L�±ë

�?par; e¡�·���Þ
�~^�ëê.

↑Code

adj �� text, mtext Ú title ¥©i�éà�ª, 0´

�éà, 0.5´Ø¥éà, 1´méà§�> 1�éà 

�3©�m>�/�, �K��éà �3©��>

�/�; XJ�Ñü��(~Xc(0, 0)), 1����

�'u©iÄ��R�N�
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bg �½�µÚ(~Xbg="red", bg="blue"; ^colors()�±

w«657«�^�ôÚ¶)

bty ��ã/>µ/G, �^���: "o", "l", "7", "c",

"u" Ú"]" (>µÚiÎ�	L��)¶XJbty="n"KØ

±�>µ

cex ��"�G�eÎÒÚ©i����; ,	, cex.axis

���I¶�Ýêi��§cex.lab ���I¶I\©i

��§cex.main ��IK©i��, cex.sub��BIK

©i��

col ��ÎÒ�ôÚ; Úcexaq, ��^µcol.axis, col.lab,

col.main, col.sub

font ��©iiN��ê(1: �~§2: �N§3: oN§4: o

�N)¶Úcexaq, ��^: font.axis, font.lab,
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font.main, font.sub

las ���I¶�ÝêiIP����ê(0: ²1u¶§1: îü§

2: R�u¶§3: çü¤

lty ��ë���., �±´�ê(1: ¢�§2: J�§3: :�§

4: :J�, 5: �J�§6: VJ�), ½ö´Ø�L8�iÎ

�iÎG(iÎ�l"0"�"9"�m�êi)�O/�½�Ú�

x��Ý§ü ��(points)½��§~Xlty="44"Últy=2

�J�Ó

lwd ��ë�°Ý�êi

mar ��ã/>��k4����þ c(bottom, left, top, right),

"���c(5.1, 4.1, 4.1, 2.1)

mfcol c(nr,nc)��þ§©�±ãI��nr1nc��Ý
ÙÛ§U�

gS¦^�fI�
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mfrow Óþ§�´U1gS¦^�fI�

pch ��ÎÒ�a.§�±´1�25��ê§��±´""p�ü�

iÎ

ps ��©i����ê§ü ��(points)

pty �½±ã«�a.�iÎ§"s": ��/§"m":��|^

tck �½¶þ�Ý�Ý��§ü ´z©'§±ã/°!p¥���

���Äê¶XJtck=1K±�grid

tcl Óþ§�±©�1pÝ�Äê£"�etcl=-0.5¤

xaxt XJxaxt="n"K��x-¶�Øw«£kÏuÚaxis(side=1, ...)

éÜ¦^¤

yaxt XJyaxt="n"K��y-¶�Øw«£kÏuÚaxis(side=2, ...)
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éÜ¦^¤
↓Code

·��±´Xe�è�wëêpch ���/G:

↑Code

plot(rep(1,10),ylim=c(-2,1.2),pch=1:10,cex=3,axes=F,xlab="",ylab="")

text(rep(0.6,10),as.character(1:10))

points(rep(0,10),pch=11:20,cex=3)

text(rep(-0.4,10),as.character(11:20))

points(rep(-0.8,5),pch=21:25,cex=3)

text(rep(-1.2,5),as.character(21:25))

points(6:10, rep(-0.8,5),pch=c("*","?","X","x","&"),cex=3)

text(6:10,rep(-1.2,5),c("*","?","X","x","&"))

↓Code
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±ãëêÚ$?�ã¼ê¦·��±?�ÚUõã/"c¡·�®²w

�§�
±ãëêØ#N��plotù��¼ê�gCþ"·��±^par()5

?Uù
ëê§ù�Ò7LÑ\õ1�·-"3UC±ãëê�§ýk��

§��Ð©�±B±�¡E�©k^

↑Code

opar <- par()

par(bg="lightyellow", col.axis="blue", mar=c(4, 4, 2.5, 0.25))

plot(x, y, xlab="Ten random values", ylab="Ten other values",

xlim=c(-2, 2), ylim=c(-2, 2), pch=22, col="red", bg="yellow",

bty="l", tcl=-.25, las=1, cex=1.5)

title("How to customize a plot with R (bis)", font.main=3, adj=1)

par(opar)
↓Code

y3§�����3þã¥§RE,gÄû½
ÃX�I¶�Ý��ê§I

K�±ã«��m�ål��N¯�"·�y3òw�XÛ����ã/�

±�"ùp^��{´^plot(...,type=”n”)±���/�x0�ã/§,�

^$?¼ê5V\:§�I¶§I\�"·��±�ÑÃXUC±ã«�ô
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Úù��Sü"·-Xe

↑Code

opar <- par()

par(bg="lightgray", mar=c(2.5, 1.5, 2.5, 0.25))

plot(x, y, type="n", xlab="", ylab="", xlim=c(-2, 2),

ylim=c(-2, 2), xaxt="n", yaxt="n")

rect(-3, -3, 3, 3, col="cornsilk")

points(x, y, pch=10, col="red", cex=2)

axis(side=1, c(-2, 0, 2), tcl=-0.2, labels=FALSE)

axis(side=2, -1:1, tcl=-0.2, labels=FALSE)

title("How to customize a plot with R (ter)",

font.main=4, adj=1, cex.main=1)

mtext("Ten random values", side=1, line=1, at=1, cex=0.9, font=3)

mtext("Ten other values", line=0.5, at=-1.8, cex=0.9, font=3)

mtext(c(-2, 0, 2), side=1, las=1, at=c(-2, 0, 2), line=0.3,

col="blue", cex=0.9)

mtext(-1:1, side=2, las=1, at=-1:1, line=0.2, col="blue", cex=0.9)
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par(opar)
↓Code

Ú±c��, k��"��±ãëê, ,�?U�µôÚÚ>�. xã�

^type=”n”ØxÑ:, ^xlab=””, ylab=””Øx�I¶I\, Ú^xaxt=”n”

, yaxt=”n”Øx�I¶. ù��x
±ã«��>µ, ¿^xlimÚylim5½


�I¶��. 5¿, ·��±^À�axes=FALSE, �ù��{Ø=Øx�I

¶, 
��Øx>µ. ,�, ^$?ã/¼ê3þ¡(½��I«�S\\�

«ã/��. 3V\:±c, ^rect()?U±ã«��ôÚµ��/��À�'

±ã«���õ.

^points()x:, ^
��#�ÎÒ. ^axis()V\�I¶µ1��gCþ

Jø��þ�½�I�Ý �. À�labels=FALSE�½x�I¶�Øx�Ý

êi. ù�À���±^uiÎª���þ, ~Xlabels=c(”A”, ”B”, ”C”).

^title()V\IK,�´iN��UC
. m©�ü�>�©i¼êmtext()N

^x�I¶�I\"ù�¼ê�1�gCþ´�x�©�. À�line�Ñ�±

ã«��ål1ê£"��line=0¤, at�Ñ�I. 1�gN^mtext(), N^

|^
side (3)�"��. ,	ü�mtext()^ê�.�þ�1�gCþ, ¬g

Ä=��iÎ..
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Chapter 4

Statistical Analysis with R

�Ù·��8�´éR�ÚO©ÛõU?1��oÑ
qXÚ�0�.

�stats �)
�X�Ä��ÚO©Û¼êµ²;�b�u�, �5�

.(�)���¦{£8, 2Â�5�., Ú��©Û), ÚO©Ù, ®oÚO, �

gàa, �mS�©Û, ��5���¦{Úõ�©Û. Ù¦�R ��Jø


�
þãÚO�{±	��ÚO�{. ÚÄ�R SCÓ�uÙ�ÚO��I5

�í��(recommanded), 
Ù¦��I5�íz�(contributed)¿��¦

^rgCSC.

·�±��{ü�~fm©"ù�~f==I��stats, �§�±`²

^R?1©Û��NL§. ,�, ·�ò[�ùãü�3¤kÚO©Û¥Ñ�

~k^�Vg, úª(formulae) Ú�.¼ê(generic functions).
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An Example of Linear Regression

3stats �p¡��5£8©Û¼ê´lm. �
«�ù�¼ê, ·�æ^R ©

u�êâ8: women

↑Code

> data(women)

> lm.wm<-lm(weight~height,data=women)
↓Code

¼êlm �Ì�ëê(7��)´��úª. úª��>´�ACþ, m>´ý

ÿCþ, �öÏL"~" ë�. �À�data = women L²ù
Cþ´3êâ

µwomen ¥.

c¡·-$1�(JØ¬3¶4þw«, Ï�§�Ñ�D�é�lm.wm.

·�7Læ^�
¼ê�)Ûù
(J, 'X¼êprint �±é©Û(J?

1��{ü�o((��´��O�ëê), ¼êsummary �±w«�õ�[

!(�)ÚOu��(J):

↑Example

> print(lm.wm) # Ú�� lm.wm �d
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Call:

lm(formula = weight ~ height, data = women)

Coefficients:

(Intercept) height

-87.52 3.45

> summary(lm.wm)

Call:

lm(formula = weight ~ height, data = women)

Residuals:

Min 1Q Median 3Q Max

-1.7333 -1.1333 -0.3833 0.7417 3.1167

Coefficients:
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Estimate Std. Error t value Pr(>|t|)

(Intercept) -87.51667 5.93694 -14.74 1.71e-09 ***

height 3.45000 0.09114 37.85 1.09e-14 ***

---

Signif. codes: 0 -***. 0.001 -**. 0.01 -*. 0.05 -.. 0.1 - . 1

Residual standard error: 1.525 on 13 degrees of freedom

Multiple R-Squared: 0.991, Adjusted R-squared: 0.9903

F-statistic: 1433 on 1 and 13 DF, p-value: 1.091e-14

↓Example

�±ÏL¼êplot() Ð«©Û(J�ÚOã.

4.1 Formulae

úª´RÚO©Ûp¡�'���: A�¤k¼êÑæ^���ÎÒ. úª�

;./ª´y ~ model, Ù¥y ´�ACþ, model ´�
����8Ü
�

��Ù¥�
��Oëê. ù
���ÏL�
kAÏºÂ�$�Îë�, X

e
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a+b a Ú b ��\�A

X XJ X ´��Ý
, ùò�N����\�A, =

X[,1]+X[,2]+...+X[,ncol(X)]; ��±ÏL¢Ú�þ

ÀJA½�?1©Û(X, X[,2:4])

a:b a Ú b ��p�A

a*b �\Ú�p�A(�dua+b+a:b)

poly(a, n) a�nd(��)õ�ª

^n �¹¤k���n���p�^, =(a+b+c)^2 �d

ua+b+c+a:b+a:c+b:c

b %in% a b Ú a �i@©a�O(�dua+a:b, ½öa/b)

-b �KÏfb�K�, X: (a+b+c)^2-a:b �d
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ua+b+c+a:c+b:c

-1 y~x-1 L«ÏL�:��5£8(�duy~x+0 ½

ö0+y~x)

1 y~1 [Ü��vkÏfK���.(==´�å)

offset(...) ��.¥O\��K�Ïf�Ø�O?Ûëê(X,

offset(3*x))

w,, úªp¡�$�ÎÚL�ªp¡¦^�$�ÎkXØÓ�¹Â. ~X, ú

ªy~x1+x2 L«�.y = x1β1 + x2β2 + e. �
3úªp¡¦^~5�$�

Î,·��±¦^¼êI(), ~X��L«�.y = x2 +e, KL�ª�y~I(x^2)

(ùpÚSplusp�½ØÓ).

4.2 Generic Functions

ÚNõÚO?§�óØÓ�´, R ¼êòÑ\é��á5��Ñ\ëê. a´

�AT'5����á5. R ÚO¼ê~~�£��a¶�¼ê¶�Ó�é
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�(Xlm �£a”lm”�é�, aov �£a”aov”�é�). ·�^5)Û(J�

¼êéA½�aé�kA½�1�. ù
¼ê�¡��.(generic).

~X, �~^�)ÛÚO©Û(J�R ¼ê´summary. §�±^5w«

��[��(J. ÃØ��ëê�é��U´”lm” a(�5�.) ½ö”aov”

a(��©Û), w«�&Ew,´Ø���. �.¼ê�`³3u��¼êé

¤ka�¦^�ªÑ´���.

���¹©Û(J�é�~~´���Lé�, 
§�(JÐ«�ªd§

a½Â¤û½. c¡�~f¥®²Nyù«g�§Ò´��¼ê�1�dÑë

ê�é�a.û½. ù´R ���­�5�. e¡��L�Ñ�
^J�©Û

(Jé��&E�Ì��.¼ê. ù
¼ê�;.¦^�ª�:

↑Code

print �£{ü�®o&E

summary �£���[�®o&E

df.residual �£í��gdÝ

coef �£��O�Xê(k���)¦��IO�)

residuals �£í�

deviance �£���.�í�²�Ú
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fitted �£[Ü�

logLik O�éêq,�Ú�£ëêê8

AIC O�Akaike &EOK(Akaike information

criterion, AIC)(�6ulogLik()) ↓Code

�lm ½öaov �a�¼ê�£�����©Û(J��L, ·��±¦^¼

êstr 5�wTé��(�. ��±¦^¼ênames 5�wT�Lé����

��¶i. ~X

↑Example

> names(lm.wm)

[1] "coefficients" "residuals" "effects" "rank"

[5] "fitted.values" "assign" "qr" "df.residual"

[9] "xlevels" "call" "terms" "model"
↓Example

ù
���±ÏL~Xlm.wm$coef �/ªJ�.

e¡�L�¥w«
�
�±é©Û(Jé���
Ö¿©Û��.¼

ê, Ì�ëê��Ñ´©Û(Jé�, �´k
�¹e,X�.¼êXpredict

½update I��
�	�ëê.
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↑Code

add1 ëYÿÁ¤k�±\\�.��

drop1 ëYÿÁ¤k�±l�.¥£Ø��

step ÏLAIC (N^add1 Údrop1)ÀJ���.

anova O���½õ��.���/í�©ÛL

predict ÏL[Ü��.O���#�êâ8�ýÿ�

update ^#�êâ½öúª[Ü���. ↓Code

4.3 Packages

3R éÄ�, �±¦^search() 5w«�c1\�package¶¡. ~X

↑Example

> search()

[1] ".GlobalEnv" "package:stats" "package:graphics"

[4] "package:grDevices" "package:utils" "package:datasets"

[7] "package:methods" "Autoloads" "package:base"
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↓Example

Ù¦�I�31\�âU¦^. 'X1\”grid”�:

↑Example

> library(grid)

↓Example

��±^¼êdata()51\�½�êâ.

R�Ä���)

↑Example

� £ã

base Ä�R¼ê

datasets Ä�Rêâ8

grDevices Ä��½gridã/���¼ê

graphics Ä�ã/¼ê

grid gridã/

methods ^uRé�Ú?§óä��{Úa�½Â

splines �^£8¼êÚa
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stats ÚO¼ê

stats4 ÄuS4IO½Â�ÚO¼ê

tcltk R ÚTcl/Tk ã/������p¼ê

tools �muÚ+n�óä

utils R óä¼ê

↓Example

Ø
R �¸�Ä��	, �k�
ÚR'�3�åu1�í��, 'X

↑Example

� £ã

boot Ä�Úbootstraping �{

class ©a�{

cluster àa�{

foreign Ö��«�ª(S3, Stata, SAS, Minitab,

SPSS, Epi Info)�	Üêâ

KernSmooth Ø�Ý[Ü�{(�)VCþØ)

lattice grid ã

MASS Venables & Ripley Í� "Modern Applied
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Statistics with S"¥��@¥, �¹éõ

k^�¼ê,óäÚêâ8

mgcv 2Â��\�.

nlme �5Ú��5·Ü�A�.

nnet  ²�äÚõ�éê�5�.

rpart 48©�

spatial �m©Û("kriging", �m���, ...)

survival )�©Û
↓Example

��.

�w���S�^�¼êØ
�±¦^3��Ï©�	, ��±¦

^library(help=package)�/ª. 'X

↑Example

>libraray(help=boot)
↓Example

Ú�+nÚSCk'�A�~^¼êXinstalled.packages, CRAN.packages,

½ödownload.packages. 
�±¦^update.packages() é®²SC��?

1�#.
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Chapter 5

Programming with R

5.1 Flow Control

• For ÌÌÌ���
¼êFor() 3R §S�O¥é~�, ^±¢y·-|�Ì�.

↑Code
for (Cþ¶in ���þ) {·-|}

↓Code

'X·��Mï��FibonacciS�c20����þ:

F0 = 0 F1 = 1

Fn = Fn−1 + Fn−2, n ≥ 2

K�±|^Xþ5�, ¦^for Ì�Mï:

↑Example
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> Fib<-rep(0,20)

> Fib[2]<-1

> for(i in 3:20) Fib[i]<-Fib[i-1]+Fib[i-2]

> Fib

[1] 0 1 1 2 3 5 8 13

[9] 21 34 55 89 144 233 377 610

[17] 987 1597 2584 4181

↓Example

•While ÌÌÌ���

↑Code
while (^�) ·-|

↓Code

¦^while Ì�­�þã~f

↑Example

> Fib<-rep(0,20)

> Fib[2]<-1
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> i<-3

> while(i <=20) { Fib[i]<-Fib[i-1]+Fib[i-2]; i<-i+1}

↓Example

• if ���ééé

↑Code

if (^�) {·-|(e^��ý)}

if (^�) {·-|(e^��ý)} else {·-|(e^��b)}
↓Code

��{ü�~f

↑Example

> x <- 3

> if (x > 2) y <- 2 * x else y <- 3 * x

↓Example

if... else ��±2�\e�if...else if...else...

• repeatÌÌÌ���, ±±±999break ÚÚÚnext ���ééé

↑Code
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repeat {

·-|

if (^�) break

}
↓Code

repeatÌ�¦^�Ø�ª�, ¦^repeat ­�while Ì�¥�~f:

↑Example

> Fib<-rep(0,20)

> Fib[2]<-1

> i<-3

>repeat { Fib[i]<-Fib[i-1]+Fib[i-2]; i<-i+1; if(i>20) break}
↓Example

5.2 Functions

·��±´^function·-?�gC�¼ê,�ªXe

↑Code
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¼ê¶<-function(Cþ1,Cþ2,...) {

¼êN

return((JCþ)

}
↓Code

'X·��?���¼ê5O�g,ê��¦:

↑Example

ft<-function(m){

if(m==1) rlt<-1

else rlt<-m*ft(m-1)

return(rlt)

}

↓Example

��¼ê�Cþ=3T¼êSÜk�, 'X

↑Example
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> f <- function() {

+ x <- 1

+ g() # g will have no effect on our local x

+ return(x)

+ }

> g <- function() {

+ x <- 2 # this changes g.s local x, not the one in f

+ }

> f()

[1] 1

↓Example
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Chapter 6

Scatterplots and Regression

£8´^uïÄ��CþÚÙ¦�
Cþ(ÏCþ/gCþ,�ACþ/)ºC

þ)��'X��«ÚO�{"'X�?Æ)ê8éÚÆ)Æ�¤1k'é

íº��"

6.1 Inheritance of Height

E.S. Pearson 31893õ1898 cm3=IÂ8
n = 1375 65�±e1�

Ú18�±þå���pêâ, Pearson and Lee (1903) uL
dêâ§·�±

dêâ5ïÄ1��pÚå��p�m�¢D'X"

↑Code

heights<-read.table("heights.txt",header=T)

attach(heights)

apply(heights,2,summary)
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dim(heights)

rp<-apply(heights,2,table)

names(rp)

length(rp$Mheight)

length(rp[[2]])

a<-as.numeric(names(rp$Mheight))

b<-rp$Mheight

plot(a,b,type="h")

points(a,b)

plot(Mheight,Dheight,xlim=c(55,75),ylim=c(55,75),pch=20,cex=.3)
↓Code

�±wÑ

• ü|êâ���Ä�þ´�Ó�

• z|êâÑk�þ��Ó�

• ü�Cþ�m�3��'X§�±�?�Úd1��p�58§64§68=

��m�å��pþ�wÑ"
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• Ñ:ãký�/G, ù¿�Xüö�m�±^{ü�5£8�.5�x.

• Ñ:ãéuyl+:(separated points)�´k�Ï�. 3�~¥, l

+:�@
1��péL,ép,±9å��péL,ép�:. ùü«

:3£8¥kXØÓ�¶¡. x−¶þ�4�:(1��p)~¡�m\

:(leverage points), ù«:é£8�.�[ÜkX­���^; y−¶
þ�4�:(å��p)~¡�É~:(outlier), §�L«
Ù��'X

ÚÙ¦:ØÓ,Ïdù«:���3ý?n¥GØK.

↑Code

heights.mod<-heights+matrix(runif(1375*2,-0.5,0.5),1375,2)

attach(heights.mod)

plot(Mheight,Dheight,xlim=c(55,75),ylim=c(55,75),pch=20,cex=.3)

sel <- (57.5 < Mheight) & (Mheight <= 58.5) |

(62.5 < Mheight) & (Mheight <= 63.5) |

(67.5 < Mheight) & (Mheight <= 68.5)

plot(Mheight[sel],Dheight[sel],xlim=c(55,75),ylim=c(55,75),pch=20,
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cex=.3, xlab="Mheight",ylab="Dheight")
↓Code

6.2 Forbes Data

31857c���©Ù¥,��=ÔnÆ[James D. Forbes?Ø
íØÚY�

£:�m�'X. ¦��°opÝ�±díØû½, $íØ¿�Xp°o, 
í

Ø�±díØO5ÿ½. du319­V¥Ï,íØO´´����, Forbes'%

�´Ä�±ÏL{ü�ÿþY�£:5(½íØ. ¦3C��dì�
X�¢

�, 3ØÓ �ÿþ
íØÚ£:(u¼)ê�. £:�ÿþ��âÿþ ��

�í§ÝÚIO§Ý�m��É?1
N�.

↑Code

data(forbes);attach(forbes)

plot(Temp,Pressure,xlab="Temperature",ylab="Pressure")

abline(lm(Pressure~Temp,data=forbes))
↓Code
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ldÑ:ã�±wÑ

• *ÿ:êâ�kn = 17�, Ñ:ãw«Ñ�~r��55. A�¤k�

:Ñ�~�C[Ü���. ù¿�X3�½§Ý�^�e,Øå�ÅÄ�

��~��.

• c[*ÿ��±wÑ, �3XÚ5Ø�. Ø
vk[Ü�:	,¥mÜ©

�:á3[Ü��e�, üÞ�:á3[Ü��þ�. d�±dí�-§

Ýã��Ù�wÑ.

• Forbes��log(Øå)Ú§Ý�m´�5'X�,Ïdé�êâØå

�log10 C�(ÃA½¿Â,Forbesæ^dC�),2�Ñ:ã, d�í�

ãØ2kXÚ5ª³,[Ü�JÐéõ.

↑Code

par(mfrow=c(1,2))

plot(Temp,Pressure,xlab="Temperature",ylab="Pressure")

m0 <- lm(Pressure~Temp)
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abline(m0)

plot(Temp,residuals(m0), xlab="Temperature", ylab="Residuals")

abline(h=0,lty=2)

# after log transformation

plot(Temp,logb(Pressure,10),xlab="Temperature",ylab="log(Pressure)")

m0 <- lm(logb(Pressure,10)~Temp)

abline(m0)

plot(Temp,residuals(m0), xlab="Temperature", ylab="Residuals")

abline(h=0,lty=2)
↓Code

6.3 Length at Age for Smallmouth Bass

Smallmouth Bass(�«çÚ�i~)´Sº�~���«~. 3é~�ØÓ+

N)��¹ïÄ�, ~��ÝÚc#�m���'X�±^5'�ØÓ��+

n�ªe~+�)��¹. wblake.txt êâ´31991cÂ8
Minnesota À
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�ÜWest Bearskin Lake n = 439 ^smallmouth bass ~��Ý(mm), c

#(c)ÚcÓ���»(mm)&E. ~�c#�±ÏLêÙ�þ�cÓ�5û

½. ù«êâ¡��¡êâ(cross-sectional data), =¤kêâ´3Ó��m

ÿþ¼�.

↑Code

data(wblake);attach(wblake);

plot(Age,Length)

abline(lm(Length~Age))

lines(1:8,tapply(Length,Age,mean),lty=2)
↓Code

�±wÑ

• c#���ê�,ÏdÑ:ãL«
8«ØÓ~+��Ý©Ù�¹.

• ���1�~�'�á�4�~�Ý�,Ïd��~�c#´ØUO(ý

ÿÙ�Ý�.

Previous Next First Last Back Forward 95



6.4 Turkey Growth

Noll, Weibel, Cook,and Witmer, 1984cuL
��'u»/)��ïÄ.

turkey.txtP¹
709»/�)�êâ. ù
»/�r�ØV\J�R�	�

��Ó, Ù¥k109vkV\J, �R��5
kn«, V\J�Jþk4«,

UdéÙ¦609©�12|,z|¦^�«�R�Ú�«V\JJþ, �ACþ

´¤k»/�²þN­O\þ(Gain,�), P¹�CþkJþ(A,3r�¥�'

~), V\J�5
(S), A-Se�9ê(m)Ú²þN­O\þ3U|�IO�.

↑Code

plot(turkey$A[turkey$S==1],turkey$Gain[turkey$S==1],pch="O",

xlab="Amount (percent of diet)", ylab="Weight gain (g)")

points(turkey$A[turkey$S==2],turkey$Gain[turkey$S==2],pch="+")

points(turkey$A[turkey$S==3],turkey$Gain[turkey$S==3],pch="*")

legend(.02,780,legend=c("1","2","3"),pch="o+*")} else {

plot(turkey$A,turkey$Gain,pch=turkey$ S, xlab="Amount (percent of diet)",

ylab="Weight gain (g)")

legend(.02,780,legend=c("1","2","3"),pch=1:3,cex=.6)
↓Code
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�±wÑ

• »/�²þN­O\þ�XV\JJþ�O\
O\;

• ²þN­O\þÚV\JJþ�m¥��5'X. ¯¢þ,

E(Y |Dose = x) = β0 + β1[1− exp(β2x)]

�±^5�x)º�ö�m�'X.

6.5 Scatterplot matrices

�)ºCþkõ��, ��Ñ:ãÒØv±¥yõ�Cþ���'X. d�¦

^Cþüü�m�Ñ:ã´�«uy'X��{.

6.5.1 Fuel Consumption

ù�êâfuel2001.txt�8�´ïÄ{I50�²±9xÔ'æA«3ðh�

¤�É, AO´ïÄ²ðh[éðh�¤�K��J. )ºCþ�)Drivers,

FuelC, Income, Miles, Pop, Tax, State (¿ÂXe). du²<�õ,g,Pk
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fì�<êÒ�õ, �¤�-��Ò�õ, �
äk�'5, ·�¦^Ù�éu

<��'~.
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Drivers T²kfì�<ê
FuelC �´¦^�ðh(1000s of gal.)
Income 2000c�<þÂ\(1000$)
Miles T²é�]Ï�p�´p§ê
Pop 2001c16�±þ�<�ê2001
Tax ²ðh[(cents per gallon)
State ²¶
Fuel 1000 @Fuelc/Pop
Dlic 1000 @Drivers/Pop
log(Miles) Base-two logarithm of Miles

¦^R pairs�±��)ºCþüü�m�Ñ:ã:

data(fuel2001)

fuel2001$Dlic <- 1000*fuel2001$Drivers/fuel2001$Pop

fuel2001$Fuel <- 1000*fuel2001$FuelC/fuel2001$Pop

fuel2001$Income <- fuel2001$Income/1000

fuel2001$logMiles <- logb(fuel2001$Miles,2)

names(fuel2001)

pairs(Fuel~Tax+Dlic+Income+logMiles,data=fuel2001,gap=0.4,cex.labels=1.5)
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�*þ�<�´ðh�¤Úðh[´K�'�. o�<�´ðh�¤þÚ

Ù¦Cþ�m�õ´f�'�.

6.6 Mean function and variance function

3�����X − YÑ:ã¥, ·�a,��´Y�©ÙXÛ�XXCÄ. d

©Ù���­��¡Ò´Ùþ�¼ê

E(Y |X = x) = f(x)

c¡A�~f¥·�®²w�ù«¼ê�±´�5�, ��±´��5�. 3

�p¢DïÄ¥, ·��±¦^

E(Dheight|Mheight = x) = β0 + β1x

5�xù«'X. ¦^���¦�{�Oβ0Úβ1. ã«Xe(J��β0 =

0, β1 = 1):

↑Code

plot(Mheight,Dheight,bty="l",cex=.3,pch=20)
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abline(0,1,lty=2)

abline(lm(Dheight~Mheight),lty=1)
↓Code

�ACþ©Ù�,�­�A�´��¼ê. 3c¡ù
~f¥, ·�Ñb

�V ar(Y |X = x) = σ2, Ù¥σ2��.

Anscombe (1973, anscombe.txt) Jø
�|<Eêâ±`²Ñ:ã3£

8¥�­�5. 3ù«êâe,{ü�£8�.

E(Y |X = x) = β0 + β1x

�^5[Üêâ. 3ùo|êâe, β0, β1��O�´�Ó�. �´3Ñ:ã¥

é�g��*<���ØÓ. ÏÏÏdddÑÑÑ:::ããã(½½½öööêêêâââ������ÀÀÀzzz)´́́£££888©©©ÛÛÛ(êêê

âââ©©©ÛÛÛ)���111���ÚÚÚ!

↑Code

library(lattice)

attach(anscombe)

x <- c(anscombe$x1, anscombe$x4, anscombe$x1, anscombe$x1)
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y <- c(anscombe$y3, anscombe$y4, anscombe$y1, anscombe$y2)

n <- c("(c)","(d)","(a)","(b)")

g <- if(is.null(version$language)){

ordered(rep(n, rep(11,4)),levels=n)} else {

factor(rep(n, rep(11,4)),levels=n,ordered=TRUE)}

xyplot(y~x|g, between=list(x=.32,y=.32), data=anscombe,

panel = function(x,y) {panel.xyplot(x,y)

panel.lmline(x,y)})
↓Code
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