
Lecture 2: R ÄÄÄ:::(���)

Ü�²

Monday 7th September, 2009

Previous Next First Last Back Forward a



Contents

1 Graphics with R 1
1.1 Managing graphics . . . . . . . . . . . . . . . . . . . . . . . 1

1.1.1 Graphical Functions . . . . . . . . . . . . . . . . . . 5
1.1.2 Low-level plotting commands . . . . . . . . . . . . . 11
1.1.3 Graphical Parameters . . . . . . . . . . . . . . . . . 14

2 Statistical Analysis with R 23
2.1 Formulae . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
2.2 Generic Functions . . . . . . . . . . . . . . . . . . . . . . . 28
2.3 Packages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

3 Programming with R 36
3.1 Flow Control . . . . . . . . . . . . . . . . . . . . . . . . . . 36
3.2 Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
3.3 Miscellaneous programming tips . . . . . . . . . . . . . . . 42
3.4 Debugging . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
3.5 Efficient programming . . . . . . . . . . . . . . . . . . . . . 46
3.6 R script editors . . . . . . . . . . . . . . . . . . . . . . . . 51

Previous Next First Last Back Forward 1



Chapter 1

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.

1.1 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.

Previous Next First Last Back Forward 1



�±^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() # '4¤k±

ã��

> dev.set(3)#����3��c��

X11

3
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↓Example

��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
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> plot(10:1) #±�ã/

> screen(4) #¦^¶44

> 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))
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#fig1Ó1�1,fig2Ó1�1�1��

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�«����.

1.1.1 Graphical Functions

e¡´R¥p?±ã¼ê�V):

1. GRAPHICS WITH R
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↑Code

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)

coplot(x˜y|z) 'uz�z�ê�£½ê�«m¤±�x�y�

��ã

matplot(x,y) ��ã, Ù¥x�1��éAy�1��, x�

1��éAy�1��, �gaí.

dotchart(x) XJx´êâµ§�Cleveland:ã£Å1Å�

\\ã¤

1. GRAPHICS WITH R
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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

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~
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image(x, y, z) Óþ§�´¢Sêâ��^ØÓÚçL«

persp(x, y, z) Óþ§��ßÀã

stars(x) XJx´Ý
½öêâµ§^(/Ú�ãxÑ

symbols(x, y, ...) 3dxÚy�½�IxÎÒ(�, ��/, ��/,

(§§ÝOª½öÝ/ã), ÎÒ�a.!

��!ôÚ�d,	�Cþ�½

termplot(mod.obj) £8�.£mod.obj¤�£ ¤K�ã

sunflowerplot(x,y) Óþ�´±�q�I�:��sù§Ùs�

ê8�:��ê

stripchart(x) rx��x3�^�ãþ§��þ������

Ý/ã�O�
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interaction.plot(f1, f2, y) XJf1Úf2´Ïf§ �y�þ�ã§ ±f1

�ØÓ���x¶, 
f2�ØÓ�éAØÓ­�;

�±^À�fun�½y�Ù¦�ÚOþ

("�O�þ�§fun=mean)

fourfoldplot(x) ^o�o©���w«2X2�éL�¹(x7L´

dim=c(2, 2,k)�ê|, ½ö´dim=c(2, 2)

�Ý
§XJk = 1)

assocplot(x) Cohen-Friendlyã, w«3���éL¥1!�

Cþ

 lÕá5�§Ý

mosaicplot(x) �éL�éê�5£8í��êm�ã

plot.ts(x) XJx´a"ts"�é�§�x��mS�­�§x�

±

´õ��,�´S�7Lk�Ó�ªÇÚ�m

ts.plot(x) Óþ, �XJx´õ��, S��kØÓ��m

�Lk�Ó�ªÇ
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↓Code

z��¼ê, 3R pÑ�±3��ÎÙÀ�. ,
±ã¼ê�Ü©À�´�

��; e¡�Ñ�
Ì���ÓÀ�9Ù"��:

↑Code

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

1. GRAPHICS WITH R
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1.1.2 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=¤

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

1. GRAPHICS WITH R
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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

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

1. GRAPHICS WITH R
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title() V\IK§��V\��BIK

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

>,

side=3�x3þ>, side=4�x3m>.

�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·-]

1. GRAPHICS WITH R
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êexpressionrgCþ=��êÆúª.~X§

↑Code

> text(x, y, expression(p == over(1, 1+eˆ-(beta*x+alpha))))
↓Code

3ã¥�A�I:(x; y)?w«e¡��§:

p = 1 + e−(�x+�)

1.1.3 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´

1. GRAPHICS WITH R
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�éà, 0.5´Ø¥éà, 1´méà§�> 1�éà 

�3©�m>�/�, �K��éà �3©��>

�/�; XJ�Ñü��(~Xc(0, 0)), 1����

�'u©iÄ��R�N�

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,

1. GRAPHICS WITH R
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col.main, col.sub

font ��©iiN��ê(1: �~§2: �N§3: oN§4: o

�N)¶Úcexaq, ��^: font.axis, font.lab,

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),

1. GRAPHICS WITH R

Previous Next First Last Back Forward 16



"���c(5.1, 4.1, 4.1, 2.1)

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

gS¦^�fI�

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¤

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

éÜ¦^¤

yaxt XJyaxt="n"K��y-¶�Øw«£kÏuÚaxis(side=2, ...)

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","&"))

1. GRAPHICS WITH R
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↓Code

±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

1. GRAPHICS WITH R
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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

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)

1. GRAPHICS WITH R
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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)

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”).

1. GRAPHICS WITH R
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^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..

1. GRAPHICS WITH R
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Chapter 2

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

2. STATISTICAL ANALYSIS WITH R
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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:

2. STATISTICAL ANALYSIS WITH R
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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.

2.1 Formulae

úª´RÚO©Ûp¡�'���: A�¤k¼êÑæ^���ÎÒ. úª�

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

��Ù¥�
��Oëê. ù
���ÏL�
kAÏºÂ�$�Îë�, X

e

2. STATISTICAL ANALYSIS WITH R
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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

ˆn �¹¤k���n���p�^, =(a+b+c)ˆ2 �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)ˆ2-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 = x1�1 + x2�2 + e. �
3úªp¡¦^~5�$�

Î,·��±¦^¼êI(), ~X��L«�.y = x2 +e, KL�ª�y˜I(xˆ2)

(ùpÚSplusp�½ØÓ).

2.2 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�.
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e¡�L�¥w«
�
�±é©Û(Jé���
Ö¿©Û��.¼

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

½update I��
�	�ëê.

↑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

2.3 Packages

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

↑Example
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> search()

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

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

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

↓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
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grDevices Ä��½gridã/���¼ê

graphics Ä�ã/¼ê

grid gridã/

methods ^uRé�Ú?§óä��{Úa�½Â

splines �^£8¼êÚa

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�{
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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

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
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↑Example

>libraray(help=boot)

↓Example

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

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

1�#.

2. STATISTICAL ANALYSIS WITH R

Previous Next First Last Back Forward 35



Chapter 3

Programming with R

3.1 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...
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∙ repeatÌÌÌ���, ±±±999break ÚÚÚnext ���ééé

↑Code

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
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3.2 Functions

·��±´^function·-?�gC�¼ê,�ªXe

↑Code

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)

}
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↓Example

��¼ê�Cþ=3T¼êSÜk�, 'X

↑Example

> 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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3.3 Miscellaneous programming tips

1. ¦^fix()

¦^fix(¼ê)�±�#(�)®²�3�¼ê. 'XR¥O��¦�¼

êfactorial ´¦^gamma¼êO�. ·��±¦^fix(factorial)?U\SN,

,��#facorial.

2. ¦^5ºÎÒ#

é?Û\�§S���{ü�£ã´�~k^�, §�±4\3±�­#

n)Ú¦^T¼ê.

3. E,§S©¬z

é�u,P��§S, òÙ[©�eZ(��ééá�f§S, éun)�

�§Sék�Ï.

3.4 Debugging

3R¥,·��±¦^¼êtraceback 5¼�§SÑ����	&E. ~X

↑Example

> cv <- function(x) {
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+ sd(x / mean(x))

+ }

> cv(0)

Error in var(x, na.rm = na.rm) : missing observations in cov/cor

#�Ø&Ew«¼êvarÑ�,�´·�vk¦^d¼êÜ

> traceback()

3: var(x, na.rm = na.rm)

2: sd(x/mean(x))

1: cv(0)

↓Example

w�·�·-sdN^
¼êvar, 
3O�var´Ñ�. IO�sd½Â�¦Ñ\

��ê, Ïd)û�{´u�Ñ\�

↑Example

> cv <- function(x) {

+ stopifnot(all(x > 0))

+ sd(x / mean(x))

+ }
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> cv(0)

Error: all(x > 0) is not TRUE

↓Example

traceback¼êw«�ØÑy3=�Ú. �´vkw�·���oÑ�.

R¥�±¦^browserÚdebug¼êé§S?1NÁ. §�$1·�3¼ê

O�L§¥u�ÛÜ�Cþ, ½ö�1?ÛR·-, �±¦^�NÁ·-�

↑Code

1. n-"next", �1§S�e�1·-

2. c-"continue", 4§S�1e�

3. Q-íÑNÁ
↓Code

~X, ·��±NÁc¡�ft¼ê:

↑Example

> debug(ft)

> ft(3)

Browse[1]> n
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debugging in: ft(m - 1)

debug: {

if (m == 1)

rlt <- 1

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

return(rlt)

}

Browse[1]> n

debug: if (m == 1) rlt <- 1 else rlt <- m * ft(m - 1)

Browse[1]> n

debugging in: ft(m - 1)

debug: {

if (m == 1)

rlt <- 1

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

return(rlt)

}

Browse[1]> n
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debug: if (m == 1) rlt <- 1 else rlt <- m * ft(m - 1)

Browse[1]> n

debug: return(rlt)

Browse[1]> n

exiting from: ft(m - 1)

debug: return(rlt)

Browse[1]> n

exiting from: ft(m - 1)

debug: return(rlt)

Browse[1]> n

exiting from: ft(3)

[1] 6

↓Example

¦^undebug(ft)5'4¼êft�NÁ�¸.

3.5 Efficient programming

�\�§S$1��ÝÚ\Ï"�Ø��¯�, Ò�3\�§S(¡�`z)�
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7�. �!·�0�A«ÃÄ`z(­��è)�ª.

1. 


)))\\\���óóóäää

�
¦��è�k�Ç, 
)\�óä´ék7��. 'XR´±�þ�ö

�é��, Ïdé���þ��ö��'üÕö��þ���k�Ç�õ.

↑Example

> X <- rnorm(100000)

> Y <- rnorm(100000)

> Z <- c()

> for (i in 1:100000) {

+ Z <- c(Z, X[i] + Y[i]) # this takes about 54.09 seconds

+ }

> Z <- rep(NA, 100000)

> for (i in 1:100000) {

+ Z[i] <- X[i] + Y[i] # this takes about 0.54 seconds

+ }

> Z <- X + Y # 0.002 seconds (approx)

↓Example
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2. ¦¦¦^̂̂kkk���ÇÇÇ���§§§SSS���OOO

3�{�Oþ, ¦þ¦^p�Ç�§S�O�{.

3. uuuÿÿÿ\\\���§§§SSS$$$111���mmm

3R¥, �±¦^system.time()¼ê5ÿþ§S��1�m. ~X

↑Example

X <- rnorm(100000)

Y <- rnorm(100000)

Z <- rep(NA, 100000)

system.time({

for (i in 1:100000) {

Z[i] <- X[i] + Y[i]

}

})

user system elapsed

0.54 0.00 0.55

↓Example
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user�m�d?Ö�1s¤��m, system�XÚ�¤Ù¦?Ö¤s¤��

m, elapsed�m�·��±l�¨þw���1d?Ös¤��m.

·���±ÿþ§S���Ü©�1¤I���m, ±û½é§S�@

�Ü©I�?1`z. O�¥��Í¶�Ä�OKÒ´90/10OK: 90%�

�1�ms310%�§S�èþ. 3R ¥,·��±¦^¼êRprof()ÿÁ§

S�5U. d10% ��è=�§S�1�Ç�´¶, ·��±¦^'XC½

öFortranU�dã�è, ±J,�Ç.

4. 333R ¥¥¥NNN^̂̂C ½½½öööFortran §§§SSS

~X, ·�kXe{ü�C¼êfoo.c

↑Example

void foo(int *nin, double *x)

{

int n = nin[0];

int i;

for (i=0; i<n; i++)

x[i] = x[i] * x[i];

}
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↓Example

�3R¥N^d¼ê, UnixXÚe·�k3·-J«Î(3R	¡)eÑ\

↑Example

R CMD SHLIB foo.c

↓Example

¬38¹e)¤?È��§Sfoo.so, ,�3R¥1\¿¦^T¼ê

↑Example

dyn.load("foo.so") # 1\

.C("foo", n=as.integer(5), x=as.double(rnorm(5))) #¦^

dyn.unload("foo.so") # ��1\

↓Example

3windowse, 7Lk¦^C?Èì(I�,	SC))¤foo.c�?Èdll©�:

foo.dll, ,�3R¥N^ddll©�.

Fortran§S�N^aq.
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3.6 R script editors

·��±¦^�«©�?6^�5�R�§S�è. �´, k�
�éR�{

AO�O�^��±�Ð�?1R§Smu. ~^�?6ìk

1. R commander [�¯Ù�Õ]

R commander ´�±�R^�mu�ã/^r.¡(aquSplus�ã/

.¡). SCR commander �±ÏLSC“Rcmdr” ��¤, SCd��, \

1�(library(Rcmdr))¬gÄSCÙ¤�6�Ù¦�.

2. Tinn-R ´�±�¤�^uR§Smu�?6ì. Pk´L�õU, 'X [�¯Ù�Õ]

c{u�, �{p�w«, gÄÖ�·-¶��.
3. RWinEdt ´�±¦^©�?6ìWinEdt5?�Ú�1R§S�

��. �±ÏLSC�“RWinEdt” 5�SCd��. SC�, 3S¡)
¤RWinEdt�ãI.
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