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2 1�Ù R^�Ä:�VÇØ

1�ùSNV�

• R^�Ä:µ�þ§Ý
§Ñ\ÑÑ§¼ê"

• VÇ§�ÅCþ

• ©Ù

§1.1 R^�0�

R^�0�

• R0�"

• �þ§eI"

• Ý
"

• Ñ\ÑÑ"

• ¼ê"

§1.1.1 R�{¤ÚA:

R�{¤

• S�ó: Rick Becker, John Chambers�<3��¢�¿mu1§Í¶�C�

ó!UnixXÚ�´��¢�¿mu�"

1 1����muu1976-1980§ÄuFortran¶u1980c£��Unix, ¿é	uÙ
�

è"1984cÑ��/k�Ö0

Becker, Richard A. and John M. Chambers (1984), “S: An Interactive Environment

for Data Analysis and Graphics”, Wadsworth Advanced Books Program, Belmont

CA

o(
1984c�����, ¿m©uÙÇ��
�è"ù�����ÎS"�·�y3^

�S�ók���O"

1989–1988éS?1
���#§C¤
·�y3¦^�S�ó§¡�1��"1988cÑ�

�/7�Ö0�
o(µ

Becker, Richard A., John M. Chambers and Allan R. Wilks (1988), “The New S

Language”, Chapman and Hall, New York.

1992cÑ��/x�Ö0£ã
3S�ó¥¢y�ÚOï�õU§Or
¡�é��A

5"̂ �¡�1n�§ù´·�y3^�õê��"

Chambers, John M. and Trevor Hastie, eds. (1992), “Statistical Models in S”,

Chapman and Hall, New York.

1998cÑ��/É�Ö0£ã
1o�S�ó§Ì�´?§õU���gU?"y1�SX

Ú¿vkÑæ^1o�§S-PLUS�15�âæ^
S�ó1o�"

John M. Chambers (1998), “Programming with Data,” New York: Springer
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• û����S-PLUS, 1988cuÙ§y3�Tibco SoftwarePk"

• R´��gd^�§GPLÇ�§�Ðd#Ü=Auckland�Æ�Ross Ihaka

ÚRobert Gentleman u1997cuÙ§¢y
�S�óÄ��Ó�õUÚ

ÚOõU"y3dRØ%ìèmu§��­.�^rÑ�±�z^��"

�R��Õ: http://www.r-project.org/"

R�A:

• gd^�§�¤¶

• ���§S�O�ó§Äu¼êÚé�§�±g½Â¼ê§N\C!C++!Fortran?

È��è¶

• äk�õ�êâa.§X�þ!Ý
!Ïf!êâ8!��é��§�è
���è��{'!�Ö"

• rN�pªêâ©Û§|±E,�{£ã§ã/õUr"

• ¢y
²;�!y��ÚO�{§XëêÚ�ëêb�u�!�5£8!
2Â�5£8!��5£8!�\�.!ä£8!·Ü�.!��©Û!

�O!àa!�mS�©Û�"

• ÚO�ïó�ö2�¦^R?1O�ÚuL�{"Rkê±ZO�^�

�"

§1.1.2 R�¦^�~

RSC!éÄ!òÑ

• lR��Õhttp://www.r-project.org/¼�^�¿SC"

• 3MS WindowsXÚ¥§rR�§S¯$�ªE��ó�8¹XC:\work¥§

lm�èüÀJ/á50§r/å© �09��"

• VÂRãI�±éÄR§�·-1.¡µÑ\�1·-§Ò3�¡w«O

�(J"

• �±^�þÚ�e�Þ�¯{¤·-¶�±lþ¡�·-¥^Ctrl+CE

�½Ctrl+XE�§Ctrl+X¬gÄÊb��c1"

• '4I�òÑ§òÑ�Î¯´Ä��ó��m§XJ��§eg?\�
�±�¯c¡�g®½Â�Cþ"
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R�þ~f

• R�ó±�þ���ü "̂ <-D�"

x1 <- 0:100

• �±é�þ?1Ï~�ê¦§½���~ê�\!�~�:

x2 <- x1 * 2 * pi / 100

• ��¼ê�±é�þ�z�����:

y1 <- sin(x2)

�B�±ãõU

• ­�ãµ

plot(x2, y1, type="l")

• V\ë��:

abline(h=0, lwd=2)

abline(v=(0:4)/2*pi, lty=3, col="gray")

• V\�^{u­�:

y2 <- cos(x2)

lines(x2, y2, lty=2, col="green")

• Ù§ã/!ã�ü«:

demo("graphics")

demo("image")



§1.1 R^�0� 5

RÄ�ÚOõUü«

• Ö\CSV�ª�êâ8:

cl <- read.csv("class.csv", header=TRUE)

• V)ÚO:

summary(cl)

• ÚO¼ê:

mean(cl$height)

var(cl$height)

�)sum, mean, var, sd, min, max, range�"

£8©Û

• £8(J�£���/é�0§�±?�Ú|^£8(J"

lm1 <- lm(weight ~ height + age + sex,

data=cl)

print(summary(lm1))

• ÅÚ£8µ

lm2 <- step(lm1,

weight ~ height + age + sex, data=cl)

P¹ÑÑ(J

• ~:

sink("myres.txt", split=TRUE)

print(A)

print(Ai)

sink()
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• sink¼ê�½��ÑÑP¹©�§(J3¶4w«�Ó�ÑÑ��½©

�¥"

• ^�sink()'4ÑÑP¹"

3��Ï

• ^�Ïèü¥/html�Ï0�w�Ï©�"/Search engine and keywords0

�e¡k©a��Ï"

• 3·-1§̂ ¯Ò�¡��¼ê¶�Î,¼ê��Ï"

§1.1.3 R�þ

Rêâa.

• êâa.k�þ!Ý
!�L!é��"

• ~þÚCþ"

• Cþ¶5K"é:�±��Cþ¶��Ü©§�kÜ©Û¹�^"

~þ

• ê�.µ�)�.!ü°Ý!V°Ý�§��ØI�«©"

• iÎ."

• Ü65µTRUEÚFALSE"

• "��: ^NAL«"

• EêµX2.2 + 3.5i, 1i�"

�þ�D�

• ^<-D�"

• ^c()¼ê|Ü�þ��"

marks <- c(10, 6, 4, 7, 8)

x <- c(1:3, 10:13)

x1 <- c(1, 2)

x2 <- c(3, 4)

x <- c(x1, x2)

x
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• w«�þ�3�>�)Ò¥J«w«1�1�����eI:

> 1234501:1234520

[1] 1234501 1234502 1234503 1234504 1234505 1234506

[7] 1234507 1234508 1234509 1234510 1234511 1234512

[13] 1234513 1234514 1234515 1234516 1234517 1234518

[19] 1234519 1234520

'X§113Ò��1234513§c¡k��/[13]0"

• length(x)�±¦x��Ý"

�þ�Iþ$�

• �þ�Iþ�$��z����Iþ�$�"

• oK$�: + - * / ^"

• X:

> x <- c(1, 10)

> x + 2

[1] 3 12

> x - 2

[1] -1 8

> x * 2

[1] 2 20

> x / 2

[1] 0.5 5.0

> x ^ 2

[1] 1 100

> 2 / x

[1] 2.0 0.2

> 2 ^x

[1] 2 1024

���þ$�

• �éA��üü$�"

• X:
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> x1 <- c(1, 10)

> x2 <- c(4, 2)

> x1 + x2

[1] 5 12

> x1 - x2

[1] -3 8

> x1 * x2

[1] 4 20

> x1 / x2

[1] 0.25 5.00

Ø���þ�$�

• XJ�Ý��ê'X§zglÞ­E|^á���"X

> x1 <- c(1, 10)

> x2 <- c(1, 3, 5, 7)

> x1 + x2

[1] 2 13 6 17

> x1 * x2

[1] 1 30 5 70

• XJ�ÝØ´�ê'X§¬�Ñ´w&E"X

> c(1,2) + c(1,2,3)

[1] 2 4 4

´w&Eµ

In c(1, 2) + c(1, 2, 3) :

��é��ÝØ´á�é��Ý���ê

�þ¼ê

• ��¼ê±�þ�gCþ§éz���O�"Xsqrt, log, exp, sin, cos,

tan�"

• ÚO¼ê: sum, mean, var, sd, min, max, range�"
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• cumsumÚcumprodO�\\Ú\¦È"

• sort(x)�£üS(J¶order(x)�£üS^�eI"X

> sort(c(3, 5, 1))

[1] 1 3 5

> order(c(3, 5, 1))

[1] 3 1 2

• k"���$�: "���ë\�$��A(J��E"�"

seq¼ê

• seq¼ê´kÒ$�Î�í2"

• X: seq(5)�Óu1:5"

• seq(2,5)�Óu2:5"

• seq(11, 15, by=2)�)11,13,15"

• seq(0, 2*pi, length=100)�)l0�2π��m�S�§S��Ý�½

�100"

• S¼ê�±�gCþ¶N^"

• seq(to=5, from=2)�Óu2:5"

rep¼ê

• �)��Ð��"��Ý�n��þ: x <- rep(0, n)"

• rep(c(1,3), 2)��uc(1,3,1,3)"

• rep(c(1,3), c(2,4))��uc(1,1,3,3,3,3)"

• rep(c(1,3), each=2)��uc(1,1,3,3)"

Ü6�þ

• Ü6�: TRUE, FALSE, "���NA"

• �þ'�(J�Ü6.�þ"

• '�$�Î�<, <=, >, >=, ==, !="
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• Ü6$�Î�&, |, !, ,	&&, ||´á´�IþÜ6�ÚÜ6½"

• all(cond)ÿÁcond�¤k���ý¶any(cond)ÿÁcond������

�ý"

iÎ.�þ

• iÎ.�þ´���iÎG��þ"

• paste¼êµë�ü�iÎ.�þ§����éAë�""�^��ë

�"Xpaste(c("ab", "cd"), c("ef", "gh")) ��uc("ab ef", "cd

gh")"

• �±�éõë�§�±3ë��rê�.=��iÎ.§Xpaste("x",

1:3)��uc("x 1", "x 2", "x 3")"

• ^sep=�½©�Î§Xpaste("x", 1:3, sep="")��uc("x1", "x2",

"x3")"

• ¦^collapse=ëêë�iÎ.�þ��������iÎG"Xpaste(c("a",

"b"), collapse="")��u"ab""

iÎ.êâ¼�

• |^iÎG?n��{�±l��©�½Ø5K�Excel©�Ö�êâ"

• grep, grepl¼êliÎG¥�Î,��ª§�ª^perl�ª��KL�

ª(regular expression)½Â"

• sub, gsubO�,�ª"

• �KL�ªõUr���ØN´Ýº"

• substrÚsubstring¼êÄ�fiÎG§��±?UfiÎG"

Eê�þ

• Eê~êL«X3.5+2.4i, 1i"

• ^¼êcomplex)¤Eê�þ§�½¢ÜÚJÜ"Xcomplex(c(1,0,-1,0),

c(0,1,0,-1))��uc(1+0i, 1i, -1+0i, -1i)"

• �±^modÚarg�½�ÚË�§Xcomplex(mod=1, arg=(0:3)/2*pi)(

JÓþ"

• ^Re(z)¦z�¢Ü§̂ Im(z)¦z�JÜ§̂ Mod(z)½abs(z)¦z��§̂ Arg(z)¦z�

Ë�§̂ Conj(z)¦z��Ý"

• log, exp, sin�¼êéEê�k½Â"
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�þeI

• �x <- c(1, 4, 6.25)"

• x[2]�Ñ1����¶x[2] <- 99?U1����"

• x[c(1,3)]�Ñ11!3Ò��¶x[c(1,3)] <- c(11, 13)?U11!3Ò�

�"

• eI�­E§Xx[c(1,3,1)]�1, 6.25, 1"

• KeIL«/�Ø0§Xx[-c(1,3)]�1����4"

Ü6eI

• eI�±´��^�§Xx[x>3]�Ñ4§6.25"

• ~µ«5¼ê"�Ñ\�þx, ¦z����«5¼ê�(���K��1§

ÄK�0)"

y <- numeric(length(x))

y[x >= 0] <- 1

y[x < 0] <- 0 # d�éõ{

��¶

• �þ�±�z���·¶"X

ages <- c("o²"=30, "Üh"=25, "4L"=28)

½

ages <- c(30, 25, 28)

names(ages) <- c("o²", "Üh", "4L")

• ù��±^ages["Üh"], ages[c("o²", "4L")]ù���{�¯"

• ù�ïá
iÎG�ê��N�L"

• 3Ý
Úêâµ¥cÙk^"
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��ê|

• ^x[] <- 0rx�¤k��D0§��ÝØC"

• ù�x <- 0ØÓ§�örxC¤Iþ0"

§1.1.4 RÝ


RÝ


• Ý
^matrix¼ê½Â""��U��;"

A <- matrix(1:6, nrow=3, ncol=2)

B <- matrix(1,-1, 1,1,

nrow=2, ncol=2, byrow=TRUE)

C1 <- A %*% B

C2 <- A + 2

C3 <- A / 2

• �±�IþoK$�¶�Ó/GÝ
�±oK$�§L«éA���$
�"

• �±^%*%L«Ý
¦{"

Ý
eI

• A[1,]�ÑA�1�1"

• A[,1]�ÑA�1��"

• A[1:3,1:2]�ÑfÝ
"

• ^�¶�¯Ý
µ

colnames(A) <- c("x", "y")

A[,"y"]

Ý
¦_

• solve(B)�£B�_Ý
"

• solve(B, c(1,2)))�5�§|(
1 −1

1 1

)
x =

(
1

2

)
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§1.1.5 RÑ\ÑÑ

RÑ\ÑÑ

• w«,�Cþµprint(x)"

• cat()¼êµ̂ X

cat("x =", x, "\n")

• �\�½©�¥¿�3©��ÜV\µ

cat("x =", x, "\n",

file="res.txt", append=TRUE)

• r,
Cþ��å5, ±9l©�¥¡E,
Cþµ

save(x, y, file="x-y.RData")

load("x-y.RData")

• m©rÑÑ©6��½�©�¥µ

sink("allres.txt", split=TRUE)

• ª(c¡�sink()��^µ

sink()

• ^scan()¼êÑ\©�©�¥�ê��þ§ê��m±��©m"X

cat(1:12, file="c:/data/x.txt")

x <- scan("c:/data/x.txt")

A1 <- matrix(x, nrow=4, ncol=3, byrow=TRUE)
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• ^read.csv()r��1�1�Cþ¶�CSV�ª�êâLÖ\�R�ê

âµ(data frame)"X

cl <- read.csv("class.csv", header=TRUE)

• êâµ´aquÝ
�êâ(�§����êâa.�±ØÓ§'X�
±kiÎG�!Ïf�£Ïf´é©aCþ^ê�?è��(J¤"êâ

µz�7LkCþ¶"�¯êâµ�f8§�±æ^Ú�¯Ý
f8�

Ó��{"

• �±^Xas.matrix(cl[,c("height","weight")])��{rêâµ�ê

�a.�f8=��Ý
"

§1.1.6 R¼ê

R¼ê

• ?§�ó¥¼ê�`:µ�èE^!�¬z�O"

• r?§?Ö©)¤���¬§z��¬^��¼ê¢y§�±ü$E,
5§��Cþ·,"

• ¼ê�gCþ´�Ö�§¼ê¥½Â�ÛÜCþ�3¼ê$1�å�^§
Ø¬�	Ü½Ù§¼ê¥Ó¶Cþ·,"

• ¼ê�£��é���ÑÑ§XJI��£õ�Cþ§�±^�L?1
�C"

• ~X

fsub <- function(x, y=0){

cat("x=", x, " y=", y, "\n")

x - y

}

¼êNS����L�ª��£�"��±^return(x)�£�"

• ½Â��±5½�ÀëêXþ¡�y"N^��Àëê�±�Ñ§�±U

gSéO§��±^¶iéO§X
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fsub(5,3)

fsub(5)

fsub(x=5, y=3)

fsub(y=3, x=5)

• browser()¼ê�±-§S?\�l$1G�§3�l$1G��±�w

Cþ�§̂ n·-Åé$1§̂ c·-¡E�~$1"

öS

• ex <- 1:100§XÛ�¯x�111—20Ú41§45Ò��º

• ex <- sin((1:100)/100*2*pi), �¯x¥�u0.75���8Ü"

• e©�/d:\ work\.txt0¥��
Xeê�:

2 3 5 7 11

13 17 19

r�ê�Ö\��þx¥"

• ���¼êf(x)§O��£ ∑n
i=1(xi − x̄)3

S3

Ù¥S2 = 1
n−1

∑n
i=1(xi − x̄)2, n��þx��Ý"
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§1.2 VÇØ

§1.2.1 ¯�ÚVÇ

¯�

• �ÅÁ�½*ÿ��U(J¡�¯�§X{�M1���¡}, {�¬�\
:�L5�}, {²Uk�}"̂ 8ÜA,B,C�L«"

• A½B��k��u)P�A ∪B"

• AÚBÓ�u)P�AB½A ∩B"

VÇ

• ¯�A�VÇP (A)´��3[0, 1]���ê§L«�U5���"

• P (A)�±´��Á�õg­E�¯�A u)�'~�4�"

• VÇ��±´Ì*��¥��U5��"

VÇ�5�

• 0 ≤ P (A) ≤ 1.

• e¯�A�BØUÓ�u)§¡AÚBp½§P�AB = φ, KkVÇ��

\5µ

P (A ∪B) = P (A) + P (B).

•

P (AØu)) = 1− P (A).

• 'X§�üqM1§P

A ={Ó��¡}

B ={Ó��¡}

C ={���Ó}

D ={����}
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K

P (A) =
1

4

P (B) =
1

4

P (C) =P (A) + P (B) =
1

2

P (D) =1− P (C) =
1

2

^�VÇ

• Ó��üqM1§3®����Ó�^�e§u)/Ñ´�¡0�VÇ
� 1

2"

• ®�Au)�^�eBu)�^�VÇ½Â�

P (B|A) =
P (AB)

P (A)

• u´

P (AB) = P (B|A)P (A)

ù�úª´��úª§Ø�¦P (A) 6= 0"

• P (B|A)Ø�¦B´A��Ü©"'X

A ={���Ó} = {(�§�), (�§�)}

B ={�����¡}

={(�§�), (�§�), (�§�)}

P (B|A) =
P (AB)

P (A)
=
P ((�§�))

P (A)
=

1
4
1
2

=
1

2

¯��Õá5

• ¡¯�AÚBÕá§e

P (AB) = P (A)P (B)

• )ºµeP (A) 6= 0, P (B) 6= 0§A�BÕá��=�P (B|A) = P (B),

P (A|B) = P (A)§=AÚBu)�ÄØK�é�u)�VÇ"

• ÕáØ´p½§Ï�AÚBp½´�AÚBØUÓ�u)§ù�´ØÕá
�"/�´'<�é�§·�Ò�Po0º
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�Vúª

• �Á��¤k�U(J©)�p½�¯�A1, A2, . . . , Ak,=A1, A2, . . . ,

Akp½�P (A1 ∪A2 ∪ · · · ∪Ak) = 1"

• ?�¯�BÒ�±©)�

B = (BA1) ∪ (BA2) ∪ · · · ∪ (BAk)

©)´p½�"

• dVÇ�\5�Xe�Vúª

P (B) =P (BA1) + P (BA2) + · · ·+ P (BAk)

=

k∑
j=1

P (BAj) =

k∑
j=1

P (Aj)P (B|Aj)

• ~X§Ó��üqM1§A1 = {���Ó}, A2 = {����}§B =

{��k���¡}"

• A1�A2p½��¤¤k(J"P (A1) = P (A2) = 1
2"

•

P (B) =P (A1)P (B|A1) + P (A2)P (B|A2)

=
1

2
· 1

2
+

1

2
· 1 =

3

4

��dúª

• XJ¯�A1ÚA2p½§̄ �Bu)%¹A1 ∪A2u)§K

P (B) =P (A1)P (B|A1) + P (A2)P (B|A2)

• ���^�VÇP (A1|B)�

P (A1|B) =
P (BA1)

P (B)
=

P (A1)P (B|A1)

P (A1)P (B|A1) + P (A2)P (B|A2)

• ~X§Ó��üqM1§A1 = {���Ó}, A2 = {����}§B =

{��k���¡}"

• A1�A2p½��¤¤k(J"P (A1) = P (A2) = 1
2"

•

P (A1|B) =
P (A1)P (B|A1)

P (A1)P (B|A1) + P (A2)P (B|A2)

=
1
2 ·

1
2

1
2 ·

1
2 + 1

2 · 1
=

1

3
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§1.2.2 �ÅCþÚêÆÏ"

�ÅCþ

• XJ�ÅÁ��(J�±^ê�5L«§·�¡ù��Cþ��ÅCþ"

• ~X§��qM1§X = 1L«�¡§X = 0L«�¡"

• Ó��üqM1§�±^ü��ÅCþ(X,Y )L«§���{(0, 0), (0, 1), (1, 0), (1, 1)}"

• ÿþ,/¥Ì12��í§§̂ �ÅCþXL«§�±�ëY�"

©Ù¼ê

• �ÅCþ´'u�ÅÁ��(JVÇ��."·�'%�ÅCþ���
VÇ§XM1Á�¥P (X = 1)§í§ÿþ¥P (20 ≤ X ≤ 28)"

• ©Ù¼ê

F (x) = P (X ≤ x) x ∈ (−∞,∞)

�¹
�ÅCþ���VÇ�5Æ"

• ©Ù��ÅCþ��VÇ�5Æ"

• eF (x)�_§Ù_¼êq(y) = F−1(y), y ∈ (0, 1) ¡�T©Ù�© ê¼

ê"��/½Âq(y) = inf{x : F (x) ≥ y}"

• �ÅCþ©�lÑ.ÚëY."

• lÑ.�ÅCþX�k���{x1, x2, . . . , xk}½����{x1, x2, . . . }"�
±^VÇ¼ê(PMF)5�xÙ��VÇ�5Æµ

P (X = xj) = pj , j = 1, 2, . . .

• ëY.�ÅCþ3��«mþ��"Ù©Ù�±^©Ù�Ý(PDF) f(x)�

x:

F (x) =P (X ≤ x) =

∫ x

−∞
f(t)dt

P (a < X ≤ b) =

∫ b

a

f(t)dt

P (X = a) =0
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êÆÏ"

• �ÅCþX��äkØ(½5§XÛ¦Ù²þ�º

• êÆÏ"

EX =
∑
j

xjpj (lÑ.)

EX =

∫ ∞
−∞

xf(x)dx (ëY.)

• EX�L
�ÅCþX���²þ"

• 5�:

E(αX + βY ) = αEX + βEY

• 5�:

E(g(X)) =


∑
j g(xj)pj (lÑ.)∫
g(x)f(x)dx (ëY.)

~f: ç¦¼|Ï"

• ç¦¼|�êÆÏ""�ç¦¡��1�§�u1�z�Ü§Ù¥k5Ü

�ø10��§Ù{vkø"

• -X = 100000− 1L«¥ø��¼|§X = −1L«Ø¥��¼|"

•

EX =(100000− 1) ∗ 5

1000000
+ (−1) ∗ 1000000− 5

1000000

=− 0.5

• =ï�5²þº�0.5�"

�ÅCþ�êiA�

• ©Ù¼ê!PMF!PDF´�ÅCþ���VÇ����x"

• F"^�ê�ê�5V)©ÙÌ�A�"

•  �A�: EX�©Ù�²þ�"

• ��:

Var(X) = E(X − EX)2 = E(X2)− (EX)2

• IO�µσ =
√

Var(X)"��ÚIO�V)
�ÅCþ�©Ñ§ÝA�"
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§1.2.3 �ÅCþéÜ©Ù

�ÅCþéÜ©Ù

• �kü��ÅCþXÚY§§�����U´k'X�"'X§Ó��ü
��f§-XL«:êÚ§YL«1���f�:ê§üöw,k'X"

• ü��ÅCþXÚY�©Ù�¹^éÜ©ÙL«§éÜ©Ù¼ê�

F (x, y) = P (X ≤ x, Y ≤ y), x ∈ (−∞,∞), y ∈ (−∞,∞)

• XJX�YÑ´ëY���§Ù©Ù~�±^éÜ©Ù�Ý f(x, y)L«"

Õá�ÅCþ

• ¡�ÅCþX�YÕá§e

F (x, y) = F (x)F (y), ∀x, y

• eëY.�X�YÕá§KéÜ�Ý

f(x, y) = fX(x)fY (y)

Ù¥fX(x)�X��Ý§fY (y)�Y��Ý"

• ½ÂXÚY�����Cov(X,Y ) = E[(X − EX)(Y − EY )], �'Xê�

ρ(X,Y ) =
Cov(X,Y )√

Var(X)
√

Var(Y )

• X�YÕá�k

E(XY ) =E(X)E(Y )

Cov(X,Y ) =0

ρ(X,Y ) =0

Var(X + Y ) =Var(X) + Var(Y )

• �ÅCþéÜ©ÙÚÕá5�±í2�n��ÅCþX1, X2, . . . , Xn"X

JX1, X2, . . . , Xn�pÕá�Ñl�Ó�©Ù§P�iid"

§1.2.4 ~^©Ù

ü:©Ù(Bernoulli©Ù) B(1, p)

• X = 0, 1"P (X = 1) = p, P (X = 0) = 1− p"p ∈ [0, 1]"

• L«(J�¤õ��}"

• EX = p"
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��©ÙB(n, p)

• n���ê§p ∈ [0, 1]"

• X = 0, 1, . . . , n"L«ngÕá­EÁ�¥¤õ�gê§¤õVÇ�p"

• X = X1 +X2 + · · ·+Xn§Ù¥X1, X2, . . . , Xn�pÕá§©ÙÑlB(1, p)"

• P (X = k) =
(
n
k

)
pk(1− p)n−k, k = 0, 1, . . . , n"

•
(
n
k

)
= n!

k!(n−k)! ´ln�¥À�k��ØÓÀ{"

• EX = np, Var(X) = np(1− p)"

R¥�©Ùk'�¼ê

• pbinom(x,n,p)O�B(n, p)3x?�©Ù¼ê�"

• dbinom(x,n,p)O�B(n, p)3x?�VÇ¼ê�"

• qbinom(y,n,p)O�B(n, p)3y?�© ê¼ê�§½Â�¦�F (x) ≥ y�
���x"

• rbinom(K,n,p)�)K�ÑlB(n, p)��Åê"

Ñt©Ù

• X = 0, 1, 2, . . ."

• P (X = k) = λk

k! e
−λ, λ > 0"

• Ï~L«�ã�mS,«¯��5gê§X����S�½��ê§9
�>{�©¨S���>{�ê§�¬þ�\:�ê§��"λ´²þêµ

EX = λ

• R¥k'¼ê�ppois(x,lambda),dpois(x,lambda), qpois(p,lambda), rpois(n,lambda)"

þ!©Ù

• �X3(a, b)���U5þ�§¡X ∼ U(a, b)"

• þ!©Ù´ëY.©Ù§�Ý¼ê�

f(x; a, b) =

 1
b−a x ∈ (a, b)

0 Ù§

• R¥runif(n, a, b)�)n�ÑlU(a, b)©Ù��Åê"
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��©Ù

• X ∼ N(µ, σ2)��Ý�

f(x;µ, σ) =
1√

2πσ2
exp{− 1

2σ2
(x− µ)2}

x ∈ (−∞,∞), µ ∈ (−∞,∞), σ ∈ (0,∞)

• EX = µ, Var(X) = σ2"

• N(0, 1)¡�IO��©Ù§�Ý�

ϕ(x) =
1√
2π
e−

x2

2

©Ù¼êP�Φ(x)"

• N(µ, σ2)�©Ù�Ý�Φ(x−µσ )"

• ��©Ù~L«Ø�!ÿþ��ëY.þ�©Ù"

• ��©Ù�Ý´ü¸é¡�§¥%:�µ§σ�L°Ý"

• ��©Ù�²�5K:

P (X ∈ (µ− 2σ, µ+ 2σ)) ≈95%

P (X ∈ (µ− 3σ, µ+ 3σ)) ≈99.73%

• �Flashü«"

• pnorm(x,mean,sd)!dnorm!qnorm!rnorm©O���©Ù¼ê!©Ù�

Ý!© ê¼ê!�Åê¼ê, Ï"�mean, IO��sd"

�ê©Ù

• ëê�λ��ê©Ù�Ý�

f(x;λ) =

λe−λx x > 0

0 x ≤ 0

• ©Ù¼ê�F (x;λ) = 1− e−λx"

• EX = 1
λ"

• ~^uL«>f�¬�Æ·§e�¯���5m��§���"

• äk/ÃPÁ50:

P (X > t+ s|X > s) = P (X > t)

• pexp!dexp!qexp!rexp ©O��ê©Ù¼ê!©Ù�Ý!© ê¼ê!

�Åê¼ê"
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%Ù�©Ù

• %Ù�(Weibull)´�ê©Ù�í2§̂ u�«Æ·§Ø2�±ÃPÁ5"

• �Ý�

f(x;m, η) =


m
ηmx

m−1 exp{−
(
x
η

)m
} x > 0

0 x ≤ 0

• ©Ù¼ê�F (x;m, η) = 1− exp{−
(
x
η

)m
}"

³ç©Ù

• ³ç©Ù(Gamma)�´���ÅCþ§~^5L«í�¥cüYþ!�

�º��"

• �Ý�

f(x;α, λ) =

 λα

Γ(α)x
α−1e−λx x > 0

0 x ≤ 0

• α = 1�òz��ê©Ù"

k�©Ù

• n�gdÝ�k�(χ2)�Ý´Γ(n2 ,
1
2 )©Ù"

• �Ý�

f(x;n) =
1

2
n
2 Γ(n2 )

x
n
2−1e−x/2, x > 0

• eX1, X2, . . . , Xn iid N(0,1)§KX2
1 + · · ·+X2

n ∼ χ2(n)"“iid”L«�ÅC

þ�pÕá
�Ñl�Ó�©Ù"

• R¥k'¼ê�pchisq(x,df), dchisq, qchisq, rchisq"

t©Ù

• �ÅCþX��u(−∞,∞)§�Ý�

f(x;n) =
Γ(n+1

2 )
√
nπΓ(n2 )

(
1 +

x2

n

)−(n+1)/2

, x ∈ (−∞,∞)

K¡XÑln�gdÝ�t©Ù§P�t(n)"
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• eξ ∼N(0,1), η ∼ χ2(n)§ξ�η�pÕá§K

ξ√
η/n

∼ t(n)

• eX1, X2, . . . , Xn iid N(µ, σ2)§K 1
σ2

∑
i(Xi − X̄)2 ∼ χ2(n− 1),

T =
X̄ − µ
S/
√
n
∼ t(n− 1)

Ù¥S2 = 1
n−1

∑
i(Xi − X̄)2"

• R¥k'¼ê�pt(x,df), dt, qt, rt"

F©Ù

• ¡���ÅCþXÑlF(m,n)©Ù(mÚn���ê)§eÙ�Ý�

1

B(m2 ,
n
2 )

(m
n

)m
2

x
m−2

2

(
1 +

m

n
x
)−m+n

2

, x > 0

Ù¥B�Beta¼ê§

B(α, β) =

∫ 1

0

xα−1(1− x)β−1dx, α > 0, β > 0

• eξ ∼ χ2
m, η ∼ χ2

n, ξ�ηÕá§K(ξ/m)/(η/n)ÑlF(m,n)"

• R¥k'¼ê�pf(x,df1,df2), df, qf, rf"

öS

• Ó��ü��f§-X����:êÚ§¦X�VÇ©Ù§¦EXÚVar(X)"

• �X1, X2, . . . , Xn iid N(µ, σ2), µ, σ2��"̀ ²(X̄−µ)/σ,
∑
i(Xi−X̄)2/σ2,

(X̄ − µ)/(S/
√
n)�©Ù"

• �TÑlt(n)©Ù§^RL�ªL«T�Výalpha© ê§=x¦P (|T | >
x) = 1− α"
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§2.1 oN���

§2.1.1 ÚOÄ�Vg

oN

• ênÚOÆ´ïÄÂ8!�n!©Ûêâ��k¿Â(Ø��Æ"

• r�ïÄ�é��N¡�oN"{ü�oN^���ÅCþXL«§'
Xµ�ÅÄÑ��¬¬�þ�\:�ê¶�®½�c?�ÆI)�p¶�

®½ó�
üc��Æ)�ó�"

• '%�´oN�©Ùµ¬�þ\:�ê�u0§1§2§. . .�'~¶�p

3100f�±e�'~§3100—110f��'~�¶ó]�u1000�'

~§1000—2000�'~�"

• ©Ù�±^©Ù¼ê!©ÙVÇ¼ê!©Ù�Ý¼ê�x§�±^²þ
�!¥ ê!IO�!4��V)"

��

• loN¥Ä��k�L5��|�"

• {ü�Å��: Õá­EÁ��(JX1, X2, . . . , Xn"z�Xi�©Ù�o

N©Ù�Ó§X1, X2, . . . , Xn�pÕá"n¡���þ"

• 'X§oNX���qM1�(J§X = 1L«�¡§X = 0L«�¡"­

E�
ng�(JX1, X2, . . . , Xn�oN��|{ü�Å��"

• oNXL«l�1�¬¥�ÅÄ����(J§g¬L«�1§�¬L«

�0"lù1�¬¥�Åk�£/Ä�n�§X1, X2, . . . , Xn§́ X���

{ü�Å��"

oNëêÚÚOþ

• b�oNXÑl©ÙF (x; θ)§F�/ª®�§��¹���ëêθ"l�

�X1, X2, . . . , Xn�OÑëêθ̂ Ò�±
)oN©Ù"

• l��X1, X2, . . . , XnO����þφ(X1, X2, . . . , Xn)��ÚOþ§ÚO

þ�O�¥ØU^���þ§=�����*ÿ�±�ÚOþ7LUO

�ÑäNê�"
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• ~^�ÚOþ:

X̄ =
1

n

∑
i

Xi

S2 =
1

n− 1

∑
i

(Xi − X̄)2

X̄¡���²þ�§S¡���IO�"

• 3R¥§̂ mean(x)¦�þx�²þ�, sd(x)¦�þx���IO�"

§2.1.2 &¢5êâ©Û(EDA)

&¢5êâ©Û(EDA)

• é��Cþ§·��±^�
£ãÚO��{V)Ù©Ù�¹"

• élÑCþ§'%Ù��8Ü±9�z���gê§'~"~Xµ5O§
���”F”, ”M”§�”F”Ú”M”�gêÚ'~"

• éëYCþ§'%µ��«m¶ �&E(²þ�!¥ ê)¶©Ñ§Ý&

E(IO�§4�§o© må)§©Ù�Ý´Äé¡½ �§́ Äk�õ

l+�"

~µlÑCþ

• 19�5OP¹�©Ù�¹"

x <- cl$sex

print(x)

table(x)

table(x)/length(x)

barplot(table(x))

~: ��©Ù��

• )¤
30�N(10, 22)�Åê§O�Ù{üÚOþ§���ã!Ý/ã!�

�QQãµ

x <- rnorm(30, 10, 2)

summary(x)

hist(x)

boxplot(x)

qqnorm(x);qqline(x)
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• Ý/ã�o�´¥ ê§Ýfe!þ>��1/4Ú3/4© ê§/>L�0�

eò�����§�þò�����, ��ÝØ�LÝf�Ý1.5�§�

LÜ©^Ñ:L«§�l+�"Xboxplot(rt(100,3))"

• ��QQãxÑ�Ñ:Ä��7�^���`²êâ5g��©ÙoN§

ÄK`²oNØ´��©Ù"

~: �ê©Ù��

• )¤30��ê©ÙExp(1)�Åê§¿&¢Ù©Ù:

x <- rexp(30)

summary(x)

hist(x)

boxplot(x)

qqnorm(x);qqline(x)

• ©Ùm µ©Ù�Ým>�Ü��"

Box-CoxC�

• �Ý ��êâ�.J±ïá§=¦xã�k/Sæ�0y�"Box-CoxC

�~~�±rêâ©ÙC�'�é¡"

• ém ©Ù§~^éêC�½m²��¦Ùé¡"X:

x <- exp(rnorm(30,0,1))

hist(x);locator(1)

y <- log(x)

hist(y);locator(1)

x <- rnorm(30,10,3)^2

hist(x);locator(1)

y <- sqrt(x)

hist(y)
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• Box-CoxC��¹�X�C�§/ª�

y(λ) =


yλ−1
λ , λ 6= 0

ln y, λ = 0

• λ = 0��éêC�§ÄK��C�§X²�!m²��!�ê"

• 3R¥§̂ MASS��boxcox¼êÏéëêλ��"̂ {X

library(MASS)

boxcox(x ~ 1)

¼êxÑ�Oëêλ^�profileq,§���:�AT¦^�C�ë

ê§¿�Ñ95%��&�"
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§2.2 ëê�O

§2.2.1 :�O�{

ëê�O�{

• XJoNÑlëê���©ÙF (x; θ)§l����ëê��Oθ̂Ò�±


)oN©Ù"

• ��q,�O{: �oNX��Ý�f(x; θ)§K��X1, X2, . . . , Xn�é

Ü�Ý¼ê�

L(x1, x2, . . . , xn; θ) =

n∏
i=1

f(xi; θ)

rL(X1, X2, . . . , Xn; θ)w¤θ�¼ê§{P�L(θ)§¡��½��X1, X2, . . . , Xn�

ëêθ �q,¼ê"eθ̂¦L(θ)�����§Ò¡θ̂�ëêθ���q,�

O(MLE)"

• Ý�O{: ^X̄�OEX,^ 1
n

∑
i(Xi− X̄)2�OVar(X)§¿âd�)��

ëêθ§ù«�O�{��Ý�O{"

��q,�O¦)

• lnL(θ)¡�éêq,¼ê§�q,¼êL(θ)k�Ó����:"lnL(θ) =∑n
i=1 ln f(x; θ)"

• �θ = (θ1, θ2, . . . , θm)§���:A÷vq,�§:

∂ lnL

∂θ1
=0

∂ lnL

∂θ2
=0

. . . . . . . . .

∂ lnL

∂θm
=0

• �ÐU���§�w«)"

• θ�õ���ÿ§k��±k'uÙ¥��©þ����"

• R¥�¼êoptimÚoptimize�±^ê��{¦4��:§optimize�U

^u��¼ê"
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~: ��©Ùëê�O

• oNX ∼ N(µ, σ2)§��X1, X2, . . . , Xn"

•

f(x;µ, σ2) =(2πσ2)−
1
2 exp{− 1

2σ2
(x− µ)2}

ln f(x;µ, σ2) =− 1

2
ln(2π)− 1

2
lnσ2 − 1

2σ2
(x− µ)2

lnL(µ, σ2) =− n

2
ln(2π)− n

2
lnσ2 − 1

2σ2

∑
(Xi − µ)2

• �Ñq,�§�¦)�µ̂ = X̄, σ̂2 = 1
n

∑
i(Xi − X̄)2"

• ¦��ëêMLE�,��{´llnL©Ú¦���"llnLL�ªwÑé

?¿σ > 0§�¦lnL��7L
∑
i(Xi−µ)2��§́ y²ù��=�µ�X̄"

• �½µ = µ̂ = X̄�§lnL(µ̂, σ2) ´σ2���¼ê:

lnL(X̄, σ2) =− n

2
ln(2π)− n

2
lnσ2 − 1

2σ2

∑
(Xi − X̄)2

N´¦Ù���§�)�σ̂2 = 1
n

∑
i(Xi − X̄)2"

• ~: �
100���©Ù��§�OoN3[5, 15]�m���VÇ"

x <- rnorm(100,10,3)

mu <- mean(x)

sig <- sd(x)

p = pnorm(15,mu,sig) - pnorm(5,mu,sig)

cat("Prob in [5,15] = ", p, "\n")

• �¦��q,�O��±¦^ê��{"

• �
¦éêq,¼ê���:§Ïσ2 > 0§¤±�C�-δ = ln(σ2),

σ2 = eδ"¦^−2��éêq,¼ê§�KÙ¥�~ê�§q,¼ê�R¼

ê�{�

objf <- function(theta, x){

mu <- theta[1]

s2 <- exp(theta[2])

n <- length(x)

res <- n*log(s2) + 1/s2*sum((x - mu)^2)

res

}



34 1�Ù �&«mÚb�u�

• ^optim¼ê5¦4��:"e¡´���[ü«:

sim <- function(n=30){

mu0 <- 20

sigma0 <- 2

x <- rnorm(n, mu0, sigma0)

theta0 <- c(0,0)

ores <- optim(theta0, objf, x=x)

print(ores)

theta <- ores$par

mu <- theta[1]

sigma <- exp(0.5*theta[2])

cat("mu: ", mu, " ==> ", mu0, "\n")

cat("sigma: ", sigma, " ==> ", sigma0, "\n")

}

• ¼êoptimize^5¦��¼ê���:"~X§3��MLE¥§éêq

,¼ê¥�½µ = X̄§¦±−2§�K~ê�§¼êC¤:

h(σ2) = ln(σ2) +
1

σ2

∑
(Xi − X̄)2

• �¦σ2�4��:§�^X±e§S:

sim1 <- function(n=30){

mu0 <- 20

sigma0 <- 2

x <- rnorm(n, mu0, sigma0)

mu <- mean(x)

ss <- sum((x - mu)^2)/length(x)

objf <- function(delta,ss) log(delta) + 1/delta*ss

ores <- optimize(objf, lower=0.0001,

upper=1000, ss=ss)

delta <- ores$minimum
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sigma <- sqrt(delta)

print(ores)

cat("mu: ", mu, " ==> ", mu0, "\n")

cat("sigma: ", sigma, " ==> ", sigma0, "\n")

}

§2.2.2 �&«m

IOØ�

• l��X1, . . . , Xn����ëêθ��Oθ̂§¡�:�O"�k:�OÃ{


)Ù°Ý"

• θ̂�´�ÅCþ§Ù©Ù¡�Ä�©Ù"θ̂�Ä�©Ù�IO����±
ïþ�O°Ý"�SE(θ̂)´θ̂�Ä�©Ù�IO���O�§¡�θ̂�IO

Ø�(standard error)"�oN�IO�(standard deviation)«O"

• O\é�O°Ý
)�,�óä´�&«m"

�&«m

• �
�O��ëêθ¿
)�O���§Ý§�±�Ñθ�����U�
��"(XUíý��±ý��/��¥�0)"

• �ÚOþL(X1, . . . , Xn)ÚU(X1, . . . , Xn) ¦�

P (θ ∈ [L(X1, . . . , Xn), U(X1, . . . , Xn)]) ≥ 1− α

Ù¥0 < 1−α < 1§K¡[L(X1, . . . , Xn), U(X1, . . . , Xn)]���ëêθ��

&Ý�1− α��&«m"L(X1, . . . , Xn)¡��&e�, U(X1, . . . , Xn)¡

��&þ�"

• �&«m�±´ü>�§X[L(X1, . . . , Xn),+∞)§½(−∞, U(X1, . . . , Xn)]"

��©Ù��&«m(1)

• �X ∼ N(µ, σ2)§X1, . . . , Xn���"

• eµ��§σ2®�§Kd X̄−µ
σ/
√
n
ÑlIO��©Ù��

P (

∣∣∣∣X − µσ/
√
n

∣∣∣∣ ≤ z1−α2 ) = 1− α

Ù¥zpL«IO��©Ù�p© ê§3R¥^¼êqnorm(p)O�"µ��

&«m�X̄ ± z1−α2 σ/
√
n"
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• 1− α = 0.95�µ��&«m�X̄ ± 1.96σ/
√
n"

• ~X§n = 9§σ = 2§X̄ = 10§K95%�&«m�10 ± 1.96 × 2/
√

9 =

[8.69, 11.31]"

��©Ù��&«m(2)

• eµÚσ2þ��§k

T =
X̄ − µ
S/
√
n
∼ t(n− 1)

�λ�t(n− 1)�1− α
2© ê§KP (|T | ≤ λ) = 1− α§µ��&Ý1− α�

�&«m�X̄ ± λS/
√
n"

• Ù¥S���IO�"

• R¥^qt(p,n)O�gdÝ�n�t©Ù�p© ê"

• ~Xn = 9§X̄ = 10§S = 2§1−α = 0.95§λ�±^R¼êN^qt(1-0.05/2,9-1)¦

��2.306§u´µ�95%�&«m�10± 2.306× 2/
√

9 = [8.46, 11.54]"

• 3R¥^mean(x)O�²þ�X̄§̂ sd(x)O���IO�S"

• 3R¥§ex�þ¥���§�±^t.test(x, conf.level=�&Ý)5O

������þ���&«m"

• ~:

x <- c(11.67, 9.29, 10.45, 9.01, 12.67,

16.24, 11.64, 7.73, 12.23)

t.test(x, conf.level=0.95)

• ��µ�95%�&«m�[9.29, 13.14]"

�&«m�ªÇ)º

• 'u�&Ý95%��&«m§�&Ý�)º´µÓ��¯K¢S¥�E

��§¦^Ó��{¦��&«m§õg¦^�ëêý�3�&«mS

�'~��95%"

• XJ·�®²O�Ñ
�&«m��§'X[9.29, 13.14]§ØU¦ /̂µk95%�

VÇá3«mS0ù��`{§Ï����ëê´�½ØC�§½ö3«

mS§½öØ3«mS"��±Øî�� /̀·�k95%�rº�yµ3

«mS0"

• Flashü«µ�&«m�ªÇ)º"
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��©Ù��&«m(3)

• �ÄµÚσ2���σ2��&«m"

• 1
σ2

∑
(Xi − X̄)2 ∼ χ2(n− 1)"

• �λ1�χ2(n− 1)�α
2© ê§λ2�χ2(n− 1)�1− α

2© ê§K

P (λ1 ≤
1

σ2

∑
(Xi − X̄)2 ≤ λ2) = 1− α

u´σ2�1− α�&«m�

[
∑

(Xi − X̄)2/λ2,
∑

(Xi − X̄)2/λ1]

• σ��&«m��m²��"

• 3R¥^qchisq(p,n)¦χ2(n)�p© ê"

'~��&«m

• '~�:�OéN´§'XÄ�
100<§Ù¥30<U�w>K§Pp�U

�w>K�<�'~§Kp�:�O�p̂ = 30/100 = 30%"

• ���þn���§p̂kCq��©Ù:

p̂− p√
p̂(1− p̂)/n

∼ N(0, 1)

���©Ù�Výα© ê(=1− α
2© ê) λ§��p�Cq1−α�&«

m�p̂±λ
√
p̂(1− p̂)/n"X�&Ý95%��&«m�p̂±1.96

√
p̂(1− p̂)/n"

• 3R¥^prop.test5�O'~��&«m"

• ~X§3n = 100�<¥§x = 30�<U�w>K"U�w>K�<�'

~p��&Ý�95%��&«m�±XeO�:

prop.test(30, 100, conf.level=0.95)

(J�[21%, 40%]"
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§2.3 b�u�

§2.3.1 b�u��Vg

b�u��¿Â

• ~: ,�¬Ü�Ç�99%KÎÜ�¦"3�1�¬Ñ�cÄu100�§¢

¬ê�uõ�Ü�º

• '�Ó#�I!å)�p§ÄuI!å)�10<§eI)²þ�p150,å

)�p155§Iå)²þ�p´ÄkwÍ�Éº(g�: 150Ú150.01�'

�¶150Ú160�'�)

• '�´I�k�*�'�IO§¡��.�"

• l���äoN´�Uk�Ø�"

"b�Úéáb�

• éoNïÄ,�b�´Ä¤á§ù�b�¡�"b�H0"·�'%�"

b���¡��éáb�Ha"

• 'X§'~´Ä��0.99§u�¯K�

H0 : p ≥ 0.99←→ Ha : p < 0.99

• 'X§I!å)²þ�p´Ä��§u�¯K�

H0 : µI = µå ←→ Ha : µI 6= µå

u�ÚOþÚp�

• b�u� /́�VÇ��y{0"��Ä"b�¤á���¹§l��O

���Ú�u��ëêk'�ÚOþ§��u�ÚOþ§u�ÚOþ�

©Ù3H0e®�"3H0e§XJuyÚOþ�� �uHau)��ÿ§

ÒÄ½H0"

• 'X§3'�Iå)²þ�p�§±²þ�p��d�ÚOþ"XJu
y|d| = 10§ù3H0eu)�U5é�§ÒÄ½H0"

• �±O���p�^5ïþH0eÚOþ��� �§Ý§p���§`

²H0�Ø�&"��ýk�½��u�Y² α§X0.05§0.10§0.01�§�

�=�p��uα�Ä½H0"
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üa�Ø

• b�u�l��íäoN§�Uu)üa�Ø:

u�(J

H0 Ha

ý¢ H0 �( 1Ia�Ø

�¹ Ha 1IIa�Ø �(

• 1�a�Ø��3α±e"

• 1�a�Øvk��§�UÏL�O`û�u��{ÚO���þ5~
�"

• ¤±«@H0�(Ø´¿ÂØ��"

• �
�����(Ø§¦�Ur���(Ø��éáb�"

• �Ñ,(ØÑ���Jî­§A¦�Urd(Ø��éáb�"£Xµ"
�¥�Ã�íä�K¤

§2.3.2 ü��oNëê�u�

ü��oNëê�u�

• �oNXÑlN(µ, σ2)©Ù§X1, X2, . . . , Xn���§X̄���þ�§S2�

����"�Ä:

• ��®��éµ�u�§�)Vý!mý!�ý"

• �����éµ�u�§�)Vý!mý!�ý"

• 'u��σ2�u�§�)Vý!mý!�ý"

��®���Zu�

• e��σ2 = σ2
0®�§KÚOþ

Z =
X̄ − µ0

σ0/
√
n
∼ N(0, 1)

�µ = µ0¤á"

• þ��Výu�:

H0 : µ = µ0 ←→ Ha : µ 6= µ0

�ÚOþZ���a, Ku��p��

p� = P (|N(0, 1)| > |a|) = 2(1− Φ(|a|))

Ù¥Φ(x)�IO��©Ù¼ê"
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• 5¿3R¥^pnorm(x)O�Φ(x)"

• þ��mýu�:

H0 : µ = µ0 ←→ Ha : µ > µ0

�ÚOþZ���a, Ku��p��

p� = P (N(0, 1) > a) = 1− Φ(a)

• þ���ýu�:

H0 : µ = µ0 ←→ Ha : µ < µ0

�ÚOþZ���a, Ku��p��

p� = P (N(0, 1) < a) = Φ(a)

~f

• �Å¬Ë�þ�IÑlN(µ, 0.12)§�¦µØ�L0.12"�Äu25�§��

²þ�X̄ = 0.13§�¬Ë�þ´Ä�Iº

• b�u�¯K�

H0 : µ = 0.12←→ Ha : µ > 0.12

• Z = (0.13− 0.12)/(0.1/
√

25) = 0.5"

• p��1 - pnorm(0.5)=0.31§30.05Y²eØÄ½H0§@��¬Ë�þ

vkwÍ�I"

������tu�

• e��oNëêµÚσ2Ñ��§ÚOþ

T =
X̄ − µ0

S/
√
n
∼ t(n− 1)

�X ∼ N(µ0, σ)�(σ2��)"

• þ��Výu�:

H0 : µ = µ0 ←→ Ha : µ 6= µ0

�ÚOþT���a, Ku��p��

p� = P (|t(n− 1)| > |a|) = 2(1− F (|a|, n− 1))

Ù¥F (x, n)�t(n)�©Ù¼ê"
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• 3R¥^pt(x,n)O�F (x, n)"R¼êt.test��O�tu�"

• þ��mýu�:

H0 : µ = µ0 ←→ Ha : µ > µ0

�ÚOþT���a, Ku��p��

p� = P (t(n− 1) > a) = 1− F (a, n− 1)

• þ���ýu�:

H0 : µ = µ0 ←→ Ha : µ < µ0

�ÚOþT���a, Ku��p��

p� = P (t(n− 1) < a) = F (a, n− 1)

~f

• ~X§ í�CÅr í�C�500�z�§�ÅÄu
9� í­þ§(

J�:

490, 506, 508, 502, 498, 511, 510, 515, 512

• �u��CÅ´Ä�~ó�§?1u�

H0 : µ = 500←→ Ha : µ 6= 500

• O�§S�:

x <- c(490, 506, 508, 502,

498, 511, 510, 515, 512)

t.test(x, mu=500, alternative="two-sided")

�p�0.059,30.05Y²eØÄ½"b�§�±@��CÅó��~"

• �üýu��alternative="greater"½"less""

���u�

• oN��ÚIO��L
ÿþ°Ý!\ó°Ý�"

• 3µÚσ2Ñ���§ÚOþ

χ2 =
(n− 1)S2

σ2
0

∼ χ2(n− 1)

eσ2 = σ2
0"
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• ���Výu�:

H0 : σ2 = σ2
0 ←→ Ha : σ2 6= σ2

0

�ÚOþχ2���a, χ2(n− 1)�©Ù¼ê�F (x), Ku��p��

p� = 2 min{F (a), 1− F (a)}

• ���mýu�:

H0 : σ2 = σ2
0 ←→ Ha : σ2 > σ2

0

�ÚOþχ2���a, χ2(n− 1)�©Ù¼ê�F (x), Ku��p��

p� = 1− F (a)

• ����ýu�:

H0 : σ2 = σ2
0 ←→ Ha : σ2 < σ2

0

�ÚOþχ2���a, χ2(n− 1)�©Ù¼ê�F (x), Ku��p��

p� = F (a)

• R¥gdÝn�χ2©Ù¼ê�pchisq(x,n)"

~f

• ,«�xj�¦r>6eLz�m��Ø�L80"Äu
10�§Lz�

m�:

42, 65, 75, 78, 59, 71, 57, 68, 54, 55

• b�u�:

σ2 = 80←→ σ2 > 80

• O�§S:

x <- c(42,65,75,78,59,71,57,68,54,55)

n <- length(x)

chi2 <- (n-1)*var(x)/80

p <- 1-pchisq(chi2,n-1)

cat("Chi-squared = ", chi2, " p-value = ", p, "\n")

• �p��0.13§�L0.05§@�Lz�m���Ø�L80"
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§2.3.3 ü��oNëê�u�

ü��oNëê�u�

• �oNX�YÕá§X ∼ N(µ1, σ
2
1), Y ∼ N(µ2, σ

2
2)§©Ok��X1, . . . , Xn1

ÚY1, . . . , Yn2
§

©Ok��ÚOþX̄, S2
1ÚȲ , S2

2"

• �Äb½σ2
1 = σ2

2 = σ2���¹eµ1 Úµ2�'�µVý!mý!�ý"

• �Ä���'�: Vý!mý!�ý"

ü��tu�

• �σ2
1 = σ2

2 = σ2��"3µ1 = µ2�ÚOþ

T =
X̄ − Ȳ√

1
n1

+ 1
n2
Spool

∼ t(n1 + n2 − 2)

Ù¥

S2
pool =

1

n1 + n2 − 2

∑
i

(Xi − X̄)2 +
∑
j

(Yj − Ȳ )2


• ü��þ��Výu�:

H0 : µ1 = µ2 ←→ Ha : µ1 6= µ2

�ÚOþT���a, Ku��p��

p� = P (|t(n1 + n2 − 2)| > |a|) = 2(1− F (|a|))

Ù¥F (x)�t(n1 + n2 − 2)�©Ù¼ê"

• 3R¥^pt(x,n)O�t(n)�©Ù¼êF (x)"R¼êt.test��O�ü�

�tu�"

• ü��þ��mýu�:

H0 : µ1 = µ2 ←→ Ha : µ1 > µ2

�ÚOþT���a, Ku��p��

p� = P (t(n1 + n2 − 2) > a) = 1− F (a)

Ù¥F (x)�t(n1 + n2 − 2)�©Ù¼ê"
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• ü��þ���ýu�:

H0 : µ1 = µ2 ←→ Ha : µ1 > µ2

�ÚOþT���a, Ku��p��

p� = P (t(n1 + n2 − 2) < a) = F (a)

Ù¥F (x)�t(n1 + n2 − 2)�©Ù¼ê"

• ��þxÚy©O��
XÚY���§̂ t.test(x,y, alternative="two-sided")?

1Výü��tu�"alternative=”greater”½"less"�mý½�ýu�"

• t.test(x,y, var.equal=FALSE)�±�téüoN�������"

• boxplot(list(x=x,y=y))�±xxÚy�¿üÝ/ã§�*'�Ù �Ú

©Ñ§Ý"

~f

• �`!¯ü�ÅK©O\ó,«¶«§¶«�»©OÑl��©Ù§b
½üoN����"��ÅÄ�eZ�¬�Xeêâ:

`:20.5, 19.8, 19.7, 20.4, 20.1, 20.0, 19.0, 19.9

¯:20.7, 19.8, 19.5, 20.8, 20.4, 19.6, 20.2

• �u�ü�ÅK\ó��»kÃwÍ�É"b�u�:

µ1 = µ2 ←→ µ1 6= µ2

• O�§S:

x <- c(20.5, 19.8, 19.7, 20.4,

20.1, 20.0, 19.0, 19.9)

y <- c(20.7, 19.8, 19.5, 20.8,

20.4, 19.6, 20.2)

t.test(x, y)

• �p��0.41§�L0.05§@�ü�ÅK\ó�¶«�»vkwÍ�É"
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üÕáoN��'�

• �Ä

H0 : σ2
1 = σ2

2 ←→ Ha : σ2
1 6= σ2

2

• 3H0e§ÚOþ

F =
S2

1

S2
2

∼ F (n1 − 1, n2 − 1)

• R¥var.test(x,y)�é��?1Výu�"var.test(x,y, alternative="greater")½"less"�

?1mý½�ýu�"

~f

• 3þ¡�ü�ÅK'�¥§'�\ó°Ý§=��kÃwÍ�É"

• b��

σ2
1 = σ2

2 ←→ σ2
1 6= σ2

2

• R§S:

var.test(x, y)

• (Jp��0.76, �Lα = 0.05§ØÄ½"b�§@�ü�ÅK\ó°Ýv

kwÍ�É"

§2.3.4 ¤étu�

¤étu�

• �XÚY´Ó���N�ü�á5§'XÑ�cÉØÚÑ��ÉØ"XÚYØ
Õá"

• �'�XÚY�þ�§��O�Z = X − Y§�ZÑlN(µ, σ2)§u�Z�

þ�µ"ù´üoNþ�u�¯K"

• 3R¥§̂ t.test(x, y, paired=TRUE)?1¤étu�"\alternative="greater"½"less"�

±?1mý½�ýu�"
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~f

• ��	��¬3ØÓ§Ýe¤xérÝ�K�§�
8��¬§,�z�

�¬©�ü�§©O^70◦CÚ80◦C�Y¤x§(JXe:

�¬Ò 1 2 3 4

70◦CerÝ 20.5 18.8 19.8 20.9

80◦CerÝ 17.7 20.3 20.0 18.8

�¬Ò 5 6 7 8

70◦CerÝ 21.5 19.5 21.0 21.2

80◦CerÝ 19.0 20.1 20.0 19.1

• u��

µX = µY ←→ µX 6= µY

• R§S�

x <- c(20.5, 18.8, 19.8, 20.9,

21.5, 19.5, 21.0, 21.2)

y <- c(17.7, 20.3, 20.0, 18.8,

19.0, 20.1, 20.0, 19.1)

t.test(x, y, paired=TRUE)

• p��0.11, �Lα = 0.05§@�ü«§Ýe¤xérÝvkwÍK�"

§2.3.5 ��5u�

��5u�

• ±þüoN!üoN!¤é'�Ñ´Äu��©Ù�§XÛ¼�,�
�X1, X2, . . . , Xn´Ä5g��©ÙoNQº

• ��5u�:

oNXÑl��©Ù←→oNXØÑl��©Ù

• áý"b��(Ø���§��É"b��(Ø��±^"

• 3R¥§̂ shapiro.test(x)�Shapiro-Wilk��5u�"̂ Ý/ã!QQã!

��ã�*�w©Ù"
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~f

• ~f:

x <- c(20.5, 19.8, 19.7, 20.4,

20.1, 20.0, 19.0, 19.9)

hist(x);locator(1)

boxplot(x);locator(1)

qqnorm(x);qqline(x)

shapiro.test(x)

• (Jp��0.52§�uα = 0.05§�±@���5g��oN"

§2.3.6 '~�u�

ü��'~�u�

• �oNX�ü:©Ùb(1, p)§p�¤õVÇ§���X1, X2, . . . , Xn"¢S

þ�'%
∑
iXi§=¤õgê"

• p´oN¥,«A5�'~§'X/U�w>K�<�'~0"

• �Äb�u�:

H0 : p = p0 ←→ Ha : p 6= p0

H0 : p = p0 ←→ Ha : p > p0

H0 : p = p0 ←→ Ha : p < p0

• 3R¥§���þnØ�(Xn < 30)�§�±¦^binom.test(nsucc, ntest,

p0)?1u�§\alternative="greater"½"less"�±?1mý½�ý

u�"

• ��þ���§3H0eÚOþ

Z =
p̂− p0√

p0(1− p0)/n

CqÑlIO��©Ù"3R¥^prop.test(nsucc, ntest, p0)?1u

�§\alternative="greater"½"less"�±?1mý½�ýu�"
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~f

• ,�¬�`�¬Ç���±340%§CÏÄ�
12�§Ù¥`�¬5�§̄

30.05Y²UÄ@�`�¬Ç�±ØCº

• b�:

p = 0.4←→ p 6= 0.4

• R§Sµ

binom.test(5, 12, 0.4)

prop.test(5, 12, 0.4)

• °(u��p��u1§ØÄ½"b�§@�`�¬Ç�±ØC"d¯K

��þ�§ØA¦^Cq�prop.test"

~f

• ,�Æ�ÅN�120¶IÓÆ§uyk35<U�wÉc�`"UÄ@�T

�Æko©��IÓÆU�wÉc�`º

• b�:

p = 0.25←→ p 6= 0.25

• R§Sµ

prop.test(35, 120, 0.25)

• u�(Jp��0.34, �Lα = 0.05§ØÄ½"b�§�±@�T�ÆIÓ

Æ¥U�wÉc�`�'~�o©��vkwÍ�É"

ü��'~'�

• �Äü�oN'~�'�§'XI)Úå)¥U�w>K�'~�'�"

• X ∼ B(1, p1), Y ∼ B(1, p2), ��X1, . . . , Xn1ÚY1, . . . , Yn2"é���I

�Á�êÚ¤õê"
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• �Äb�u�:

H0 : p1 = p2 ←→ Ha : p1 6= p2

H0 : p1 = p2 ←→ Ha : p1 > p2

H0 : p1 = p2 ←→ Ha : p1 < p2

• 3n1Ún2���§3H0eÚOþ

Z =
p̂1 − p̂2√

( 1
n1

+ 1
n2

)p̂(1− p̂)

CqÑlIO��©Ù"Ù¥p̂1�X¥¤õ'~§̂p2�Y¥¤õ'~§̂p�XÚY�

�Ü¿3�å�¤õ'~"

• 3R¥§^prop.test(c(nsucc1, nsucc2), c(n1,n2))5u�ü�'~

´Ä��"\alternative="greater"½"less"�±?1mý½�ýu

�"

~f

• �ÅÄ�
102�I)§135�å)§k23�I)Ú25�å)[¥kO�

Å"30.05Y²eu�Iå)[ÌkO�Å�'~´Ä�Ó"

• b�u�:

p1 = p2 ←→ p1 6= p2

• R§S:

prop.test(c(23,25), c(102,135))

• (Jp��0.55, �L0.05§Iå)[ÌkO�Å�'~vkwÍ�É"

§2.4 öS

öS

• �Ñ�����O�úª"

• 3R¥§-x <- rgamma(30,2,1)§{ãx�©Ù�¹"

• -xXe½Â:
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x <- c(11.67, 9.29, 10.45, 9.01, 12.67,

16.24, 11.64, 7.73, 12.23)

¦Ùþ�!IO�§b½oN���©Ù§�OoN3[6, 10]S��

�VÇ¶¦µÚσ�90%�&«m"

• ,ó�I�¾	�,"Ü�Ü�Çp��95%"�øÀû?JÀ�u�


l�¬¥Äun�u�´Äp ≥ 0.95"AXÛÀ�"b�Úéáb�º

• ?�^u?1Zu��¼ê§Ñ\���
����þx, ^u'��þ

�mu0, ®��IO�sigma0, ±9ÀJVý!mý!�ý�alternative§

ÑÑu�p�"

• b�é�ÅÀ��8 ¾<¦^A�Ô§é�ÅÀ��6 ¾<¦^B�

Ô§L�ã�m�ÿþz ¾<N[�¥��Ô¹þ§A!B�Ô�ÿþ

êâ�eL:

A�Ô: 1.23 1.42 1.41 1.62 1.55 1.51

1.60 1.76

B�Ô: 1.76 1.41 1.87 1.49 1.67 1.81

30.10Y²eu�B�Ô�¹þ´ÄpuA�Ô�¹þ"

• keZ<ë\
��~�âõ,3�c�ÿþ
¦���N��¹þ,(

JXe(�N��¹þ�z©ê)µ

I5|µ 13.3 19 20 8 18 22 20

31 21 12 16 12 24

å5|µ 22 26 16 12 21.7 23.2 21

28 30 23

'�ù
<¥I5Úå5��N��¹þkÃwÍ�É(u�Y²0.05")

• eL�,Ä:ÚO�§üg�Á�Æ)¤1"üg�Á�Ó���£"
Á'�ùüg�ÁJ´§ÝkÃwÍ�É(u�Y²0.05)"

ÆÒ 1 2 3 4 5 6 7 8 9 10

1�g 93 88 89 88 67 89 83 94 89 55

1�g 98 74 67 92 83 90 74 97 96 81

ÆÒ 11 12 13 14 15 16 17 18 19 20

1�g 88 91 85 70 90 90 94 67 87 83

1�g 83 94 89 78 96 93 81 81 93 91
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• e¡´�|ú�U�j�pÝ�êâ, Áu�Ù©Ù´Ä��"

15 3.5 3.5 7 1 7

5.75 27 15 8 4.75 7.5

4.25 6.25 5.75 5 8.5 9

6.25 5.5 4 7.5 8.75 6.5

4 5.25 3 12 3.75 4.75

6.25 3.25 2.5
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1nùSNV�

• ü|'�?�"

• õ|'�—üÏ���©Û

• üÏ���©Û

• ���©Û

• ���O

§3.1 ü|'�?�

ü|'�?�

• ü���oNþ��'�§��'�

• ü�oN �'���ëê�{

• ¤é'���ëê�{

• ©Ù��5u�: k�u�

• ü�CþÕá�k�u�

• ü�'~�'�µk�u�ÚFisher°(u�"

��oN�u�

• ü�Õá���oNþ��'�µ�1�ù13.3�!"3R¥^t.testu

�"

• ü���Õá�oN���'�µ�1�ù13.3�!"3R¥^var.testu

�"

• ¤é'�§b�����µ�1�ù13.4�!"3R¥^t.testu�"

§3.1.1  �u���ëê�{

ÕáüoN �'��Wilcoxon�Úu�

• �ëê�{´ØI�b½oNnØ©Ù��{§¦^��2§��é5
�§3ëê�{��ëê�{Ñ·^��/§�ëê�{�Ç��"

•/�0Ò´¶g§d$�pü�"�'�Õá�ü�|X��kÃwÍ�
É§�I'�ü|���²þ¶gkÃwÍ�É"

• 3R¥^wilcox.test(x, y)�Wilcoxon�Úu�§'�ü|��kÃw

Í�É"
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Wilcoxon�Úu�~f

• �Äü�ÅK\óÓ�«"�§�	ü�\ó��»��kÃwÍ�É"

• Ñ\êâ9u��§S�:

x <- c(20.5, 19.8, 19.7, 20.4,

20.1, 20.0, 19.0, 19.9)

y <- c(20.7, 19.8, 19.5, 20.8,

20.4, 19.6, 20.2)

wilcox.test(x, y)

• p��0.60§ØwÍ§@�ü�ÅK\ó��»��vkwÍ�É"

• ü��tu��p��0.41§�u�ëê�{�p�§̀ ²�ëê�{�Ç

�$"

¤é'��ÎÒu�

• �(X,Y )´Ó��N�ü�ÿþ�§��´�'��ÅCþ"�u�Z =

X − Y5'�ü�Cþ"

• XJZÑl��©Ù§��^¤étu�=�(��þ´üoN�þ�u

�)"

• ÄK§�Z�¥ ê�M§�Äb�u�¯K

H0 : M = 0←→ Ha : M 6= 0

• áýH0�@�ü�Cþ��kwÍ�É"

• ��±JÑüýu�¯K"

• �Z����Z1, Z2, . . . , Zn"ÎÒu���{´'��ÒÚKÒ�õ�§

XJ�Ò'KÒõÑéõ§KX��§XJKÒ'�ÒõÑéõ§KY�

�§XJ�KÒ�ê��ÃA§KX�Y��vkwÍ�É"

• ±/��Ò0��¤õ§/�ÎÒ0���}§�±rZ��KÒw¤ü:
©Ù§5u�¤õVÇ´Ä�u 1

2"

• 3R¥§̂ binom.test(sum(z>0), sum(z !==0), p=0.5)5u�"XJ�

�üýu�§\þalternative="greater"½alternative="less"À�"
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ÎÒu�~f

• �Ä��¬370◦CÚ80◦C�rÝ'��~f"·�^ÎÒu�­#�V

ýu�µ

x <- c(20.5, 18.8, 19.8, 20.9,

21.5, 19.5, 21.0, 21.2)

y <- c(17.7, 20.3, 20.0, 18.8,

19.0, 20.1, 20.0, 19.1)

t.test(x, y, paired=TRUE)

z <- x - y

binom.test(sum(z>0), sum(z != 0), p=0.5)

• p��0.73§Øáý"b�§@�ü«§ÝerÝvkwÍ�É"

• 5¿¤étu��p��0.11, ù`²ü«u��{�'ÎÒu��Ç�

$"

¤é'��ÎÒ�u�

• �
'��'�(X,Y )���§¦^aq�Úu���{"

• -Z = X − Y§��Z1, . . . , Zn§rZ���©��Ò|ÚKÒ|§O

�|Z|��§'��Ò|ÚKÒ|�g�²þ�"

• ²þ�kwÍ�ÉKXÚY���kwÍ�É"

• ÎÒ�u�|^
Z�ýé���
ÎÒu�=|^Z�ÎÒ§¤±ÎÒ
�u�'ÎÒu�k�"

• 3R¥^wilcoxon.test(x, y, paired=TRUE)u�"

ÎÒ�u�~f

• E�Ä��¬370◦CÚ80◦C�rÝ'��~f"

• �ÎÒ�u�:

wilcox.test(x, y, paired=TRUE)

• p��0.14§'¤étu��p�Ñ�§�²w�uÎÒu��p�"
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§3.1.2 k�u�

üoN©Ùu�

• [Ü`Ýk�u�^5u���´Ä5g,�oN"

• ~X§�100g�f§�:ê�gê�:

:ê 1 2 3 4 5 6

gê 18 13 17 21 15 16

• �u��f´Ä�~"

• �.: -X���g�:ê§KX�3{1, 2, 3, 4, 5, 6}S����ÅCþ"
¯Kz�b�u�

H0 : P (X = 1) = P (X = 2) = · · · = P (X = 6)

←→Ha :VÇØ���

• �x���(J�gê§p���(J3"b�e�'~§̂ Ru��§S

�chisq.test(x, p=p)"

• ~:

x <- c(18, 13, 17, 21, 15, 16)

p <- rep(1/6, 6)

chisq.test(x, p)

• (Jp��0.82, Øáý"b�§@��fvk¯K"

ü�'~�k�u�

• ü�'~�b�u���±^k�u�{"�oNX�L«,¯�¤õ
��}��ÅCþ§¤õVÇ�p"�u�

H0 : p = p0 ←→ Ha : p 6= p0

�Á�
ng§¤J
sg§��^R§Schisq.test(c(s, n-s), c(p0,

1-p0))"
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üoNÕá5u�

• �X,Y�ïÄ�ü�Cþ§�u�

H0 : X�Y�pÕá←→ Ha :ØÕá

• �X��8Ü�{a1, . . . , ar}, Y��8Ü�{b1, . . . , bc}§(X,Y )����

�þ�n���¥§|Ü(ai, bj)u)�gê�nij"

• êâ�±�L�

b1 b2 · · · bc 1Ú

a1 n11 n12 · · · n1c n1·

a2 n21 n22 · · · n2c n2·
...

...
...

...
...

ar nr1 nr2 · · · nrc nr·

�Ú n·1 n·2 · · · n·c n

• �þLÑ\���Ý
tab§±X�����1¶§±Y������¶§

��´�nij��"R¥u�Õá5^chisq.test(tab)"

Õá5u�~f

• ~X:ïÄáë�¡J�'X"N�
63�¡J�öÚ43�èx<§�e

L:

áë Øáë

¾< 60 3

èx< 32 11

• u�áë�ÄÚ�¡J´ÄÕá:

tab <- matrix(c(60, 3,

32, 11),

nrow=2, ncol=2, byrow=TRUE,

dimnames=list(c("¾<", "èx<"),

c("áë", "Øáë")))

chisq.test(tab)

• p��0.005§(JwÍ§¤±üöØÕá"



§3.1 ü|'�?� 59

• 5¿§ØU�Ñáë��¡J�(Ø"

• ù�u���±w¤´¾<�èx<¥áë'~�'�§¤±Õá5k
�u���±^u'�ü�oN¥,«á5�'~"

• ��/§±1��ü�|§±���¯�u)�Ä§�±^Õá5k�
u��{u�ü�|¯�u)VÇ´Ä��"

Fisher°(u�

• b�Õá5u�¥1ÚÚ�Ú�½§��Å"�±^fisher.test(tab)5

u�1Ú��Õá5"

• Xáë�¡J�~f"(Jp��0.003"

• ��±w¤´¾<�èx<¥áë'~�'�§¤±Fisher°(u��

�±^u'�ü�oN¥,«á5�'~"
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§3.2 üÏ���©Û

üÏ���©Û

• ��©Û0�

• üÏ���©Û

• õ­'�

• ��à5u�

• �ëê�Kruskal-Wallisu�

§3.2.1 üÏ���©Û

��©Û

• ��©ÛïÄÏ�é�I�K�"

• üÏ���©Û´ü|'��í2"X§'�ØÓc#�PÁå§©60�

±e|Ú60�±þü�|§'�ü�|UP4�êi êõ�"�±^

ü��tu�"�´§XJc#|©¤
15�±e!16—60!60±þn�

|§ÒØU2^ü|'���{§I�¦^üÏ���©Û"

• �|��Iþ�kwÍ�É§K^5©|�Ï� é�IÒkwÍK�"
'X§�c#|PÁêi�²þ êXJkwÍ�É§Ò`²Ï�/c

#0é�I/PÁ ê0kwÍK�"

• ��©Û�£��¯K´: Ï�£©|¤é�I���kÃwÍK�§X

JkwÍK�§@
|��I�Ð"

êÆ�.

• �Ï�Akm«ØÓ��£¡�Ï��Y²)"3z�Y²e§Õá­E


rgÁ�§��Á�(Jµ

Ï�Y²(©|) Á�(J

1 Y11, Y12, . . . , Y1r

2 Y21, Y22, . . . , Y2r

...
...

m Ym1, Ym2, . . . , Ymr

• ��Yij�pÕá§�

Yij = µ+ αi + εij , j = 1, . . . , r, i = 1, . . . ,m

Ù¥{εij} iid N(0, σ2)"{α1, . . . , αm}��Ï�A�Ì�A,
∑
i αi = 0"
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• b�u�¯K

H0 : α1 = · · · = αm = 0←→ Ha :Ø��"

• O��|�²þ�§P�Ȳ1·, Ȳ2·, . . . , Ȳm·"'�²þ��m��É��§

^|m²�Ú

SA = r

m∑
i=1

(Ȳi· − Ȳ )2

�L"

• r|m²�Ú�|S²�Ú�'�:

Se =

m∑
i=1

r∑
j=1

(Yij − Ȳi·)2

• ^ÚOþ

F =
SA/(m− 1)

Se/(m(r − 1))

u�|m�É´ÄwÍ§F��@�|mkwÍ�É§=Ï�é�Ik

wÍK�"

üÏ���©Û�R§S

• �Ï�AÚ�IY�*ÿ�©O3êâ8d�ü�¥§Cþ¶�AÚy§K

�±^R§Saov(y ~ A, data=d)5?1��©Û"

• Ï�3R¥^Ïf(factor)L«§̂ factor(x))¤Ïf"

~f

• )�ûÚ�L§I�k?1Ø,§'�5«ØÓØ,�{�Ø,þ§z«

Ø,�{Á�4g§(J�:

Ø,�{(Y²) Ø,þ(�I*ÿ�) |þ�

1 25.6 22.2 28.0 29.8 26.4

2 24.4 30.0 29.0 27.5 27.7

3 25.0 27.7 23.0 32.2 27.0

4 28.8 28.0 31.5 25.9 28.6

5 20.6 21.2 22.0 21.2 21.3

• R§Sµ



62 1nÙ ��©Û

A <- factor(rep(1:5, each=4))

y <- c(25.6, 22.2, 28.0, 29.8,

24.4, 30.0, 29.0, 27.5,

25.0, 27.7, 23.0, 32.2,

28.8, 28.0, 31.5, 25.9,

20.6, 21.2, 22.0, 21.2)

d <- data.frame(A, y)

plot(y ~ A, data=d)

summary(aov(y ~ A, data=d))

tapply(d$y, d$A, mean)

• lã/wÑ§15«�{�I²w$uÙ§o«�{"

• (J��{©ÛL�Ñ
u��p�0.016§30.05Y²e@�Ê«�{�

Ø,þkwÍ�É§½¡ØÓ�{éØ,þkwÍK�"

• ©|O�
þ�§�Ø(½=
þ�´kwÍ�É�"

§3.2.2 õ­'�

þ��õ­'�

• XJ�|�mkwÍ�É§@
Y²�m´kwÍ�É�§@
Y²�
m´vkwÍ�É�º

• �±?1õgüü'�§¡�õ­'�, �'�õg§1�a�Ø¬O

�"

• õ­'��1�a�ØVÇ©�üg'��ØÇ Úo�ØÇ"

• ����õ�wÍ�É(J§�±��üg'��ØÇ"

• ����(J�&§AT��o�ØÇ"

^R�õ­'�

• 3R¥^pairwise.t.test(y, A, p.adjust="none")?1�Y²m�ü

ü'�u�§��üg'��ØÇ"X

pairwise.t.test(y, A, p.adjust="none")



§3.2 üÏ���©Û 63

30.05Y²e§é�kwÍ�É�Y²ék(1,5), (2,5), (3,5), (4,5)§

=�{5Úco«�{kwÍ�É§
co«�{�mÃwÍ�É"

• ^pairwise.t.test(y, A) ��o�ØÇ"X

pairwise.t.test(y, A)

ù�kwÍ�É�Y²é�(1,5),(2,5),(4,5)"

• ^pairwise.t.test(y, A, p.adjust="fdr") ���ØuyÇ§=wÍ

(J¥�ØwÍ�'~"��FDR'��o�ØÇ��Å5$§�±é

��õwÍ�É"X

pairwise.t.test(y, A, p.adjust="fdr")

ù�kwÍ�É�Y²é�(1,5),(2,5),(4,5)"

Tukey�Ó��&«m�{

• ��o�ØÇ�,�«�{´O�¤k�{αi − αk, i < k}�Ó��&«
m"�αi−αk��&«mØ�¹"K`²1iY²Ú1kY²kwÍ�É"

• 3R¥§̂ TukeyHSD(aov(y ~ A, data=d))O�Ó��&«m"X

TukeyHSD(aov(y ~ A, data=d))

(Juy(2,5), (4,5) kwÍ�É"

§3.2.3 ��à5u�

��à5u�

• ��©Û�.¥�¦�|�Ø����Ó"�u�

H0 :�|���Ó←→ Ha :ØÓ

• �±^Bartlettu�"X
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bartlett.test(y ~ A, data=d)

(Jp��0.13§ØwÍ"

• �±^car�¥�Leveneu�:

require(car)

leveneTest(y ~ A, data=d)

(Jp��0.19§ØwÍ"

Welchu�

• ��©Û�cJ^�µ

– �|Õá

– ��©Ù

– �|����

Ù¥/�|Õá0́ Ø�"�"

• XJ/����0̂ �Ø÷v§�±¦^Welchu�"X

oneway.test(y ~ A, data=d)

p��0.0026§�|kwÍ�É"

§3.2.4 �ëêKruskal-Wallisu�

�ëêKruskal-Wallisu�

• XJ�IØÑl��©Ù§½��´kSêâ§'XN�¯ò¥£�r�
�é!�é!Ã¿�!7¤!r�7¤§�±^�ëê�Kruskal-Wallisu

�5'�|mkÃwÍ�É"

• �{´r¤k�I*ÿ�O��§'��|�²þ�"

• 3R¥§̂ kruskal.test(y, A, data=d)?1Kruskal-Wallisu�"X

kruskal.test(y ~ A, data=d)

(Jp��0.042§'²;��©Û�p�0.016�"
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§3.3 üÏ���©Û

õÏ���©Û

• ?�Ú�Äõ�Ï�A,B,C, . . .é�IY�K�"

• I�£�:

– @
Ï��Ì�Aé�IkwÍK�?

– Ï��mkÃ�p�^º

– wÍ�Ï���ÐY²º

üÏ���©Û

• ��IY§kü�Ï�A,B§Aks�Y²§Bkt�Y²"z�Y²|Ü(i, j)­

EÁ�rg"�.�

Yijk = µ+ αi + βj + γij + εijk

Ù¥µ�o²þ§{αi}¡�Ï�A�Ì�A, {βj}�Ï�B�Ì�A§{γij�
Ï�A�Ï�B��p�^�A"

• ëê÷v^� ∑
i

αi =0,
∑
j

βj = 0

∑
i

γij =0,
∑
j

γij = 0

• {εijk} iid N(0, σ2)"

Ì�AÚ�p�^�A

• XJ¤kγij ≡ 0§K�.¡��\�."ù¿�XY²(i, j)�²þ�EYijk�

�ûuA�Y²i�²þ§ÚB�Y²j�²þ§
�(i, j)��Ã'"

• XJγij ≡ 0Ø��"§�.�3�p�^"

• 'X§b�A = 1��Iþ�'o²þp1(α1 = 1)§B = 2��Iþ�'

o²þ$2(β2 = −1)§3vk�p�^�§(1, 2)|Ü�Iþ�'o²þ

$1"XJ(1, 2)|Ü��Iþ�Ø´'o²þ$1§
´p1§K�3�p

�^γ12 = 2"
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b�u�

• u�A�Ì�A:

H0 : α1 = · · · = αs = 0←→ Ha :Ø��"

�Ä²�Ú

SA = rt

s∑
i=1

(Ȳi·· − Ȳ )2

• u�B�Ì�A:

H0 : β1 = · · · = βt = 0←→ Ha :Ø��"

�Ä²�Ú

SB = rs

t∑
j=1

(Ȳ·j· − Ȳ )2

• u��p�^�A:

H0 : γij ≡ 0←→ Ha :Ø��"

�Ä²�Ú

SAB = r

s∑
i=1

t∑
j=1

(Ȳij· − Ȳi·· − Ȳ·j + Ȳ )2

• �XØ�²�Ú'�:

Se =

s∑
i=1

t∑
j=1

r∑
k=1

(Yijk − Ȳij·)2

R§S

• 3R¥§rêâ�����êâµd§���)A!BÚy"z�1´�gÁ

��Y²|ÜÚ�I�"��©Ûu��§S�aov(y ~ A + B + A:B, data=d)"

• XJu�(Juy�p�^ØwÍ§�±U?�.��\�.µaov(y ~ A + B, data=d)

~f

• u�Ó�Ó5�Á�"Ï�A´n«ØÓ�Ó�§Ï�B´o«ØÓ£�
�Y"Ï�A!B����k12«�¹§�År48�Pà©��12|¥§z

|4�Á�(J§�I��¹�m"

• Ñ\êâ:
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rats <- data.frame(

y = c(0.31, 0.45, 0.46, 0.43, # (1,1)

0.82, 1.10, 0.88, 0.72, # (1,2)

0.43, 0.45, 0.63, 0.76, # (1,3)

0.45, 0.71, 0.66, 0.62, # (1,4)

0.36, 0.29, 0.40, 0.23, # (2,1)

0.92, 0.61, 0.49, 1.24, # (2,2)

0.44, 0.35, 0.31, 0.40, # (2,3)

0.56, 1.02, 0.71, 0.38, # (2,4)

0.22, 0.21, 0.18, 0.23, # (3,1)

0.30, 0.37, 0.38, 0.29, # (3,2)

0.23, 0.25, 0.24, 0.22, # (3,3)

0.30, 0.36, 0.31, 0.33), # (3,4)

Toxicant=factor(rep(1:3, each=4*4)),

Cure=factor(rep(rep(1:4, each=4), 3)))

• ^Ý/ã'�Ï��Y²µ

opar <- par(mfrow=c(1,2))

plot(y ~ Toxicant + Cure, data=rats)

par(opar)

�±wÑ1n«Ó��Ó5��"o«£��Y¥1�«)��m

��
§��Ø�½wÍ"

• �k�p�^���©Û:

res <- aov(y ~ Toxicant + Cure

+ Toxicant:Cure, data=rats)

summary(res)

uy30.05Y²e�p�^�AØwÍ"

• í��p�^�A:
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res2 <- aov(y ~ Toxicant + Cure, data=rats)

summary(res2)

tapply(rats$y, rats$Toxicant, mean)

tapply(rats$y, rats$Cure, mean)

ü�Ï��Ì�AÑ´pÝwÍ�"�rÓ�´1n«Ó�"�Ð

��´1�«£��Y"
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§3.4 ���©Û

���©Û

• ��©Û¥§Ø
Ï�é�I�K�	§Ù¦�K�Ñ8\�ÅØ��
¥"

• k
�¹e§�3é�IYkK��CþX§�·�Ã{��X���§
¡ù��Cþ��Cþ"

• ���©ÛïÄ�Ø�CþK��§�I�Ï��m�'X"

�.

• ��IYÉÏ�AÚ���CþX�K�"Ï�Akm�Y²"Á�(J
��.�

Yij =µ+ αi + β(Xij − X̄) + εij ,

j = 1, . . . , ni, i = 1, . . . ,m

εij iid N(0, σ2)∑
i

niαi =0

• ·�Ø'%X�K�§�F"u�

H0 : α1 = · · · = αm = 0←→ Ha :Ø��"

R§S

• 3R¥§SCHH§S��§̂ ancova�±?1���©Û"��±^lm�

���©Û"

• ancova¦^Xancova(y ~ X + A, data=d),Ù¥y��I§X��Cþ§A�

Ï�§̂ R�Ïf��"

• lm¦^Xsummary(lm(y ~ X + A, data=d))"

~f

• ~X§ïÄn«r�éÂ�x��J§r��Ï�A§�I�O­Y§�

ÄÐ©N­X���Cþ"z«r�©�
8ÞÂ?1Á�"

• Ö\êâ:
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d1 <- data.frame(A=1,

x=c(15, 13, 11, 12, 12, 16, 14, 17),

y=c(85, 83, 65, 76, 80, 91, 84, 90))

d2 <- data.frame(A=2,

x=c(17, 16, 18, 18, 21, 22, 19, 18),

y=c(97, 90, 100, 95, 103, 106, 99, 94))

d3 <- data.frame(A=3,

x=c(22, 24, 20, 23, 25, 27, 30, 32),

y=c(89, 91, 83, 95, 100, 102, 105, 110))

d <- rbind(d1, d2, d3)

d$A <- factor(d$A)

• ^HH�¥�ancova©Û:

require(HH)

ancova(y ~ A + x, data=d)

(Jw«Ï�A(r�)pÝwÍ"�Cþ(Ð©N­)�éO­þkp

ÝwÍ�K�§�Ïw,"

• ^lm©Ûµ

anova(lm(y ~ A + x, data=d))

w«aq�(J"
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§3.5 ���O

���O

• Ï��õ�§����¤k|ÜI��þÁ�"

• 'X§kn�Ï�§z�Ï�2�Y²§����¤k|ÜI�2ngÁ

�"n = 10�§I�1024gÁ�"

• ��Á�{b½¤kÏ��kÌ�A(k
�¹e�±�Ä�þ��p

�^)§,�|©�OÁ��Y¦�¤kÏ�üü��gê�Ó"

• Á��Yl�
ýk�OÐ���L¥À�"

L8(27)L

e¡�L8(27)L^8gÁ��õ�±Sü7�üY²Ï��Ì�A:



1 1 1 1 1 1 1

1 1 1 2 2 2 2

1 2 2 1 1 2 2

1 2 2 2 2 1 1

2 1 2 1 2 1 2

2 1 2 2 1 2 1

2 2 1 1 2 2 1

2 2 1 2 1 1 2


Ï��êØv7���±À�Ù¥�Ü©�|¤Á��Y"

~: ë�<Á�����O

• ïÄ^ë��<¯K§�I�òäå§�	�Ï��¤.Y©(A)!dØ

�m(B)!�gdØ�­(C)§��3�Y²"

• ��Á�I�3× 3× 3 = 27gÁ�"b��.��\�.(�kÌ�A�

�.)§¦^Xe�L9(34)L�±rÁ�gê~��9g"

L9(34)��L
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

1 1 1 1

1 2 2 2

1 3 3 3

2 1 2 3

2 2 3 1

2 3 1 2

3 1 3 2

3 2 1 3

3 3 2 1



• rÏ�A!B!C�3L9L�cn�§í�1o�§��Á��Y"Á��

�±r1gS�Ï"

• êâÑ\�êâ8¿±ã:

d <- data.frame(

A = factor(rep(1:3, each=3)),

B = factor(rep(1:3, 3)),

C = factor(c(1,2,3, 2,3,1, 3,1,2)),

y = c(16.9, 19.1, 16.7, 19.8, 23.7,

19.0, 25.0, 20.4, 23.1))

• ±ã'�Ï��Y²:

opar <- par(mfrow=c(1,3))

plot(y ~ A + B + C, data=d)

par(opar)

• ã/J«Ï�AwÍ§BØwÍ§CwÍ"

• ���©Û§=�ÄÌ�A:

summary(aov(y ~ A + B + C, data=d))

Ï�ÑØwÍ"

• ��â± ²���ÅØ����±�äÏ�ÑwÍ"O�þ�:
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tapply(d$y, d$A, mean)

tapply(d$y, d$B, mean)

tapply(d$y, d$C, mean)

A��ÐY²�3§B��ÐY²�2, C��ÐY²�3"
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öS

öS

• �ïÄMÿsY²3��$��¾<��~<�mkÃwÍ�É, ÿþ


�|¾<Ú�|�~<�MÿsY², (J�eL"Áu�üö�M

ÿsY²kÃwÍ�É(Y²0.05)"

�$� 0.2 10.4 0.3 10.9 0.4 11.3 1.1 12.4

¾<|: 2.0 16.2 2.1 17.6 3.3 18.9 3.8 20.7

4.5 24.0 4.8 25.4 4.9 40.0 5.0 42.2

5.3 50.0 7.5 60.0 9.8

éì|: 0.2 5.4 0.3 5.7 0.4 5.8 0.7 7.5

1.2 8.7 1.5 8.8 1.5 9.1 1.9 10.3

2.0 15.6 2.4 16.1 2.5 16.5 2.8 16.7

3.6 20.0 4.8 20.7 4.8 33.0

J«µ��Ä©Ù´Ä��"

• b�é�ÅÀ��8 ¾<¦^A�Ô§é�ÅÀ��6 ¾<¦^B�

Ô§L�ã�m�ÿþz ¾<N[�¥��Ô¹þ§A!B�Ô�ÿþ

êâ�eL:

A�Ô: 1.23 1.42 1.41 1.62 1.55 1.51

1.60 1.76

B�Ô: 1.76 1.41 1.87 1.49 1.67 1.81

30.10Y²eu�B�Ô�¹þ´ÄpuA�Ô�¹þ"

• �
�	ü«ÿþÈ¹þ��N�Û�{µIO�{ÚpØ�{�ÿþ
(JkÃwÍ�É, �
10°Á�, z°©�ü�, ��^IO�{ÿþ,

��^pØ�{ÿþ,z�Á��ü�(JXeL,Áu�ùü«z��

{kÃwÍ�É(Y²0.05)µ

IO: 14.7 14.0 12.9 16.2 10.2

12.4 12.0 14.8 11.8 9.7

pØ: 12.1 10.9 13.1 14.5 9.6

11.2 9.8 13.7 12.0 9.1

• �
ïÄ�ÔÖWépÉØ´Äk��§�ÅÀ�
10�<Ñ^ÖW�

Ô§11�<Ñ^S¤J§ýkP¹ù
<�ÉØ"12±�ÿþz<�ÉØ

¿~��5�ÉØ§��Xe�ÉØCzêâµ

ÖW|: 7 -4 18 17 -3 -5

1 10 11 -2

S¤J|: -1 12 -1 -3 3 -5

5 2 -11 -1 -3
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30.10Y²eu�Ñ^ÖW�Ô�Ñ^S¤J�'´ÄÉØü$�õ"

• 3��V_Á�(ÉÁöÚö�öÑØ��©|�¹)¥ïÄ
j�Ïé

ÉÁö�NUå�K�"À
30��Æ)?1U��ÝÿÁ§rù30<

�Å©�n|§z|10<§©OÑ^n«ØÓJþ�j�Ï(0 mg, 100

mg, 200 mg)"Ñ��P¹z<z©¨U�gê"êâXe:

j�ÏJþ z©¨U�ê

0 mg 242 245 244 248 247

248 242 244 246 242

100 mg 248 246 245 247 248

250 247 246 243 244

200 mg 246 248 250 252 248

250 246 248 245 250

1. én�|�êâ�¿��Ý/ã§w�|�mkÃwÍ�É"

2. ^��©ÛLu�ØÓJþ�n|�U�gêkÃwÍ�É(0.10Y

²) ¿)º(J"

• �Á�,«zó�¬, 3n«ØÓ§Ý!o«ØÓØåeÁ�, z�Y²

|Ü­Eüg, ���¬�ÂÇêâXe(%)µ

Øå

§Ý 1 2 3 4

1 52, 57 42, 45 41, 45 48, 45

2 50, 52 47, 45 47, 48 53, 30

3 63, 58 54, 59 57, 60 58, 59

Á30.05Y²e?1��©Û¿{ã(J"

• �
�	{��û´Ä��w«xk', N�
326 �w��û�¹µ

ç< x<

k� 17 19

Ã� 149 141

Á30.05Y²eu��û(J��w«x´ÄÕá"

• eL�100 �N�ö�5O9ôÚ Ð�¹"

ôÚ Ð

5O ù 7 É

I 32 14 4

å 25 17 8
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Á30.05Y²eu�ôÚ Ð´Ä�5Ok'"

• eL�200�?�����{(ÚE!1Z½¿^)91��²LG¹�N

��¹"Á30.05Y²eu����{´Ä�1��²LG¹k'"

²LG¹

���{ «¡ e ¥ þ

ÚE 30 15 11 12

1Z 7 18 19 29

¿^ 5 23 7 19
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§4.1 �'�£8

�'�£8

• �'©Û

• ���5£8

• ­�[Ü�{

• õ��5£8

• Logistic£8

§4.1.1 �'©Û

�'©Û

• �ÄëY.�ÅCþ�m�'X"�'Xê½Â�

ρ(X,Y ) =
E [(X − EX)(Y − EY )]√

Var(X)Var(Y )

q¡Pearson�'Xê"

• −1 ≤ ρ ≤ 1"ρ�Cu+1L«XÚYk����'¶ρ�Cu−1L«XÚYk

K���'"

• �'Xê�L�´�5�'5§éuXÚY�Ù§�'�U�NØÑ5§
'XX ∼ N(0, 1)§Y = X2§kρ(X,Y ) = 0"

• �½��(Xi, Yi), i = 1, 2, . . . , n§���'Xê�

r =

∑n
i=1(Xi − X̄)(Yi − Ȳ )√∑n

i=1(Xi − X̄)2
∑n
i=1(Yi − Ȳ )2

&¢5©Û

• ^Ñ:ãÚÑ:ãÝ
�*/�wCþm��'"

• ~X§�5�'��[êâ�Ñ:ã:

nsamp <- 30

x <- runif(nsamp, -10, 10)

y <- 20 + 0.5*x + rnorm(nsamp,0,0.5)

plot(x, y)
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• �g­��'��[êâÑ:ã:

y2 <- 0.5*x^2 + rnorm(nsamp,0,2)

plot(x, y2)

• �ê'X�~f:

y3 <- exp(0.2*(x+10)) + rnorm(nsamp,0,2)

plot(x, y3)

• éê'X�~f:

y4 <- log(10*(x+12)) + rnorm(nsamp,0,0.1)

plot(x, y4)

R§S��'

• �CþXÚY�����uR�þxÚy¥§^cor(x,y)O����'X

ê"

• �u��'Xê´Ä�u"§�^cor.test(x,y)"

• ~Xµ

cor(x, y)

cor.test(x, y)

�x�y��'Xê�0.9780§u��p��2.2e-16§95%�&«m

�[0.9537, 0.9896]"

• 2~X:

cor(x, y2)

cor.test(x, y2)

�x�y2����'Xê�0.1629, p��0.3897§ØwÍ"
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§4.1.2 ��£8©Û

��£8©Û

• �Äü�CþY�X�'X§F"^X��Cz)ºY��Cz"X¡�
gCþ(independent variable)§Y¡�ÏCþ(response variable)"

• b��.

Y = a+ bX + ε, ε ∼ N(0, σ2)

• �*ÿ��(Xi, Yi), i = 1, 2, . . . , n§b�*ÿ�÷vþ�.

Yi = a+ bXi + εi, εi iid ∼ N(0, σ2)

���¦{

• �*þw§�é�`���y = a+ bx¦����*ÿ��:��C"~

Xµ

plot(x, y)

abline(lm(y ~ x), col="red", lwd=2)

• a, b�)^���¦{��:

min
a,b

n∑
i=1

(yi − a− bxi)2

ëê�Oúª

• ���¦)L�ª�

b̂ =

∑
i(xi − x̄)(yi − ȳ)∑

i(xi − x̄)2
= rxy

Sy
Sx

â =ȳ − b̂x̄

Ù¥rxy�X�Y����'Xê§Sx�Sy©O�XÚY���IO�"

• �ÅØ���σ2��O��

σ̂2 =
1

n− 2

∑
i

(yi − â− b̂xi)2

• IOØ�: �ïþâÚb̂��O°Ý§O�SE(â)ÚSE(b̂)"
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�O(J

• [Ü�(ýÿ�)

ŷi = â+ b̂xi, i = 1, 2, . . . , n

• í�
êi = yi − ŷi, i = 1, 2, . . . , n

•
∑
i ê

2
i ¡�í�²�Ú§í�²�Ú�K[Ü`"

£8k�5u�

• �b = 0�§�.òz�Y = a + ε§XØÑy3�.¥§`²Y�XØ�

'"u�

H0 : b = 0←→ Ha : b 6= 0

• �±^b̂/SE(b̂)O���tÚOþ?1u�§½rÏCþ�oC�
∑
i(yi −

ȳ)2©)��.²�Ú
∑
i(ŷi− ȳ)2Úí�²�Ú

∑
i(yi− ŷi)2üÜ©§w�

.²�Ú�í�²�Ú�'´Äv
�"

R¥£8©Û�O�

• �êâ��3êâµd¥§Cþ¶�yÚx§^lm(y ~ x, data=d)O�£

8(J§X:

res <- lm(y ~ x); res

(J�k£8Xê"I�^

summary(res)

w«��[�(J§XH0 : b = 0�u�(Jp��< 2.2e− 16"

• qXéclassêâ8§ïáN­é�p�£8�§:

d <- read.csv("class.csv", header=TRUE)

lm1 <- lm(weight ~ height, data=d); summary(lm1)

plot(weight ~ height, data=d)

abline(lm1, col="red", lwd=2)

�péN­�K�´wÍ�(p�7.89e-7)"
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{ü£8�ä

• plot(res)(res�£8(JCþ)�±�{ü£8�ä"

• 1��ã´í�éýÿ�Ñ:ã§Ñ:AT�Å30�þeÅÄ§ØAT

k­��ª!©Ñ§ÝO��ª!AOâÑ�l+:��¹"

• 1��ã´í����QQã§Ñ:�Cu����±@��.Ø���

��©Ùb½´Ün�"

• 1n�ã´Ø���(IOzí�ýé��²��)é[Ü��ã/§�

±�ä��à5b�(��σ2ØC)"

• 1o�ã´í�ém\þã§¿U\
Cookål���"m\þ�L


£8gCþé(J�K���§�L4/n��´I�­À�"Cookål�

	í�1i�*ÿé£8(J�K�"

ýÿ«m

• �X�x0§Y�ýÿ��ŷ0 = â+ b̂x0"�&Y²�1− α��&«m�

ŷ0 ± λσ̂

√
1 +

1

n
+

(x̄− x0)2∑
i(xi − x̄)2

• ^predict(res)��ŷi, i = 1, . . . , n��§resL«£8(JCþ"̂ predict(res,

interval="prediction")Ó���ýÿ��&«m§I��{\\level=À

��½�&Ý"

��

• XJI�rY����3[yl, yu]��S§¯XÛ��X���§�±¦

)x0���¦þ¡��&«m�¹3[yl, yu]S"

• Cq/�±)Ø�ª

â+ b̂x0 − z1−α2 σ̂ ≥yl

â+ b̂x0 + z1−α2 σ̂ ≤yu

Ù¥z1−α2�IO��©ÙVýα© ê£^qnorm(1-alpha/2)O�¤"
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§4.1.3 ­�[Ü

��5£8�.

• �5£8�.�±w¤��5£8�.�A~:

Y = f(X) + ε

Ù¥f(x)����£8¼ê"

• ëê�{µb½f(x)äk,«/ª§X

– f(x) = a+ bx: �5£8¶

– f(x) = a+ bx+ cx2: �gõ�ª£8¶

– f(x) = Aebx: �ê�.§��"

• �gõ�ª£8�±-X1 = x,X2 = x2§C¤��£8�.5)û§§

SXlm(y ~ x + I(x^2), data=d)"�ê�.�±-z = lnY , �.z

�z = a+ bx"

• k�
­��.�±ÏLC�z��5£8"

�ëê­�[Ü

• �
����5�Y�X�­�'Xf(x)��O§�±¦^�^¼ê"�

^¼ê´1w�©ãngõ�ª"

• ^�^¼ê�Of(x)�OK´­��C�*ÿ�:(xi, yi)§Ó�­�v


1w"

• 3R¥^smooth.spline¼ê?1�^­�[Ü"X

nsamp <- 30

x <- runif(nsamp, -10, 10)

x <- sort(x)

y <- 10*sin(x/10*pi)^2 + rnorm(nsamp,0,0.2)

plot(x, y)

require(splines)

res <- smooth.spline(x, y)

lines(spline(x, res$y), col="red")

Ù¥res���y�[Ü�§̂ spline(x,y)l�|Ñ:ÑÑ1w­�

±B^lines¼ê±ã"
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§4.1.4 õ��5£8

õ��5£8

• �.
Y = β0 + β1X1 + · · ·+ βpXp + ε

• êâ�3��êâµ¥§k��YÚp�gCþ"

• �.�OE¦^���¦{§��Xê�Oβ̂0, β̂1, . . . , β̂p 9Ø����

Oσ̂2"

• �
u���£8�.´ÄÑÃ�§�Äb�u�:

H0 : β1 = · · · = βp = 0

• �
u�,��gCþXj´ÄéÏCþ�)ºk�z£3�.¥®²�

¹
Ù§gCþ��¹e¤§u�

H0 : βj = 0

R§S

• 3R¥^lm(y ~ x1 + x2 + x3, data=d)ù��§S5�õ�£8§ê

â8�d§gCþ�x1,x2,x3n�"

• 'X§classêâ8¥N­é�pÚc#�£8:

lm2 <- lm(weight ~ height + age, data=d)

summary(lm2)

uy'uc#�Xê�"�u�p��0.69, ØwÍ§̀ ²3�.¥

®²�¹�p��¹e§c#ØJøéN­��	&E"

• �´XJN­éc#üÕï��{§c#�K��´wÍ�µ

lm3 <- lm(weight ~ age, data=d)

summary(lm3)

• �.¥ØwÍ�gCþATÅ�GØ"�±^step¼ê?1ÅÚ£8C

þÀJ§X:

lm4 <- step(lm(weight ~ height + age + sex, data=d))

summary(lm4)
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ýÿ

• ��£8�.(Jres�§�é�êâµ¥�*ÿ��ýÿ§��¦^predict(res)"

• �
¦^����.(Jresé#êâ�ýÿ§ïá�¹
gCþ��|

#�*ÿ��êâµdp, ^predict(res, newdata=dp)�ýÿ"

ØÓ�å���.

• ©aCþ��R�Ïf(factor)§�±^3£8�.¥"'X§�
L«I

)Úå)�N­kØÓ§�±3±N­�ÏCþ�£8¥\\gCþ5

O:

lm5 <- lm(weight ~ height + sex, data=d)

summary(lm5)

(J¥�sexM�L«±å)�Äê§I)N­�²þO\þ"ù�

�ØwÍ"

§4.1.5 Logistic£8

Logistic£8

• �ÏCþY´"�Cþ�§=YL«©üa�aO§��1Ú0§·�'%

�´P (Y = 1)"ù´��[0, 1]«mS��"XJrY����ÏCþ�

�5£8§¬�ÑØÜn�(J§'XK�§,	�5£8b½Ø��

���©Ù3ùp�Ø·^"

• �d�Ä2Â�£8�.(2Â�5�.):

Y ∼F (y; θ)

g(θ) =β0 + β1X1 + · · ·+ βpXp

• AO/§½Âlogit¼ê

logit(p) = ln

(
p

1− p

)

• Logit�.:

Y ∼b(1, p)

logit(p) =β0 + β1X1 + · · ·+ βpXp
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R§S

• ?1logistic£8�R§SXglm(y ~ x1+x2, family=binomial,data=d),

Ù¥y��0½1��þ§Ñ\êâ8�d"

• y��±´��ü��Ý
§1���¤õê§1����}ê"

• ~X§/remiss.csv0¥��
Jw¾<xE�êâ§Cþremiss�xE�

Ä(1�xE§0��xE)§,	�6�Cþ��UK�xEVÇ�gCþ"

• §S:

remiss <- read.csv("remiss.csv", header=TRUE)

res1 <- glm(remiss ~ cell+smear+infil+li

+blast+temp, family=binomial,

data=remiss)

summary(res1)

• ±p�0.30�.�§ÅÚí�ØwÍ�gCþ:

res2 <- glm(remiss ~ cell+smear+infil+li

+temp, family=binomial,

data=remiss)

summary(res2)

res3 <- glm(remiss ~ cell+infil+li

+temp, family=binomial,

data=remiss)

summary(res3)

res4 <- glm(remiss ~ cell+li+temp,

family=binomial, data=remiss)

summary(res4)

• ½�^ÅÚ£8:

ress <- step(glm(remiss ~ cell+smear+infil+li

+blast+temp, family=binomial,

data=remiss))

summary(ress)
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§4.2 õ�©Û

õ�©Û

• Ì¤°©Û

• Ïf©Û

• àa©Û

• ;.�'©Û

§4.2.1 Ì¤°©Û

Ì¤°©Û

• b�kõ�CþY1, Y2, . . . , Yp"�{^eZ��5|Ü(¡�Ì©þ)ß 

ùp�Cþ�&E"

• ¯K8(�¦Y1, . . . , Yp����Ý
½�'Xê
�A��ÚA��

þ§̂ A��þ���5|ÜXê"

• �3cA�Ì©þ§¦�cA�Ì©þU
)º�5Cþ�70%–90%±

þ�C�"

• XJ�5�CþY1, . . . , Yp��´�'�§^���Ý
5��Ì¤°"

ÄKI�r�©CþIOz§̂ �'Xê
5��Ì¤°"

R§S

• R¥^princomp�Ì¤°©Û"X

nsamp <- 30; s <- 1

p01 <- runif(nsamp, -10, 10)

p02 <- runif(nsamp, 0, 5)

x1 <- 0.5*p01 + 0.1*p02 + rnorm(nsamp, 0, s)

x2 <- 0.1*p01 - 0.5*p02 + rnorm(nsamp, 0, s)

x3 <- 0.5*p01 - 0.1*p02 + rnorm(nsamp, 0, s)

x4 <- -0.1*p01 + 0.5*p02 + rnorm(nsamp, 0, s)

res1 <- princomp(~x1+x2+x3+x4, cor=FALSE, scores=TRUE)

summary(res1)

res2 <- princomp(~x1+x2+x3+x4, cor=TRUE)

summary(res2)
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O�Ì¤°�©

• ^predict(res)O��Ì¤°�£¡�Ì¤°�©¤"X

pr1 <- predict(res1)

plot(d[,1], pr1[,1])

• é#�êâ§b�êâ�3êâµnewd¥§̂ predict(res, newdata=newd)O

�#êâ�Ì¤°�©"

§4.2.2 Ïf©Û

Ïf©Û

• �kY1, Y2, . . . , YpCþ§b�ù
CþkeZ��Ó�)ºÏf:

Yi = µi + λi1f1 + · · ·+ λikfk + εi

Ù¥f1, . . . , fk�ú�Ïf§εi�AÏÏf"

• F"é�k)º¿Â�ú�Ïf8Ü"

R§S

• 3R¥^factanal¼ê�Ïf©Û"

• êâ/scores.csv0¥�¹100�Æ)�ÆÒ!�©!êÆ!=�!Ôn!z

Æ!)Ô�¤1"F"�Ì¤°©Û"

scores <- read.csv("scores.csv", header=TRUE)

dd <- scores[,2:7]

res <- factanal(dd, factors=2)

res

• l(JwÑ§1�Ì¤°�LÔn!zÆ!)Ô§1�Ì¤°�L�©!
êÆ!=�"
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§4.2.3 �O©Û

�O©Û

• �ÏCþY�©aCþ§Y�gCþX1, . . . , Xpk'§F"ïá5K§d

gCþ��OY�a��"

• Fisher�O{�±ïágCþ��5|Ü§̂ T�5|Ü�OY�aá"

• R¥^MASS�¥�lda¼ê�Fisher�O©Û"

• ~X§R¥g��êâiris¥�¹
Fisher�Ñ�sêâ§kn«ØÓa.

�Ñ�s§CþSpecies¥�«a§̂ o�gCþé«aïá�O©Ûú

ª"

• §S«~µ

data(iris)

plot(Sepal.Length ~ Species, data=iris)

require(MASS)

res <- lda(Species ~ Sepal.Length+Sepal.Width

+Petal.Length+Petal.Width, data=iris)

res

• ^predict(res)é�êâ��O§̂ predict(res, newdata=newd)é#

êâ?1�O"X:

pr <- predict(res)$class

table(iris[,"Species"], pr)

�±wÑ=��
3~"�,§é#êâ§(J�����
"

§4.2.4 àa©Û

àa©Û

• àa©ÛÚ�O©ÛÑ�9�©a¯K"«O3u§�O©Û´l�

®�©a�~¥é��O5K¶àa©Û´l��©a��~¥�âå

l�C��©a"

• �O©Ûáu/k��ÆS(supervised learning)0§àa©Ûáu/Ã�

�ÆS(unsupervised learning)0"
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• àa©Û¥�/XÚàa(hierarchical clustering)0�{rn���:Ð©

w¤n�a§,�Åg?1aÜ¿§zgrål�C�ü�aÜ¿"

• ���3õ��aÌ��@��ä"

��:�ål

• ål©���:�m�ålÚüa�m�ål"

• ü���:x = (x1, . . . , xp) Úy = (y1, . . . , yp)�m�ål½Âk:

– Manhattanåld =
∑
k |xk − yk|"

– î¼ål(Euclidean) d =
√∑

k(xk − yk)2"

– Minkowskiåld = (
∑
k |xk − yk|γ)

1/γ
(γ > 0)"

– Chebyshevål(R¥^maximumL«) d = maxk=1,2,...,p |xk − yk|"

– ê¼(Mahalanobis)åld = (x− y)′S−1(x− y), Ù¥S�X����


"

– =¼(canberra)åld = 1
p

∑p
k=1

|xk−yj |
xk+yk

, �¦xk > 0, yk > 0"

• 3R¥§̂ dist(x, method="ål¶")O���3êâµx¥���*ÿ(1)�

ålÝ
§ÑÑ�en�Ý
"

• X

data(iris)

di <- dist(iris[,1:4], method="euclidean")

print(as.matrix(di)[1:10,1:10])

amål

• a²þ(average linkage);

• ­%{(centroid)¶

• ¥ ål(median)¶

• ��ål(complete);

• �áål(single);

• l�²�Ú(ward);

• �Ý�O{(density)"
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R§S

• 3R¥§k^dist¼êO���ålÝ
d§,�±ålÝ
d�Ñ\N

^hclust¼ê§̂ {�hclust(d, method="aål")"

• ^plot(res)éàa(J±ã§�±dd�ä©¤A�aÜ·"̂ rect.hclust(res,

k=aê) 3àaã¥w«©�¤�½aê��J"

• ^cutree(res, k=aê)��©a(J"

• 'X§éirisêâàa:

res <- hclust(di, method="complete")

plot(res, labels=FALSE)

rect.hclust(res, k=3)

clus <- cutree(res, k=3)

table(iris[,"Species"], clus)

• (J¥,setosa��{/8\
#a1¥¶virginica�Ä��{/8\
#

a2¥¶versicolor�#©aéØÐ§��?\#a3§�k���8\virginica�

a"

§4.2.5 ;.�'©Û

;.�'©Û

• ü�Cþm��5�'5^�'Xêïþ"

• ��CþYÚõ�CþX1, . . . , Xp�m��5�'5�±^E�'Xê

²�ïþ"

• rE�'Xêí2��|CþY1, . . . , YqÚ�|CþX1, . . . , Xp�m��

5�'5§¡�;.�'©Û(canonical correlation)"

• ~X§S!�!E!��!¡®�d��ù
�¬�øAþ�m�'X¶
$Ä
�NåÿÁ�I(�Eî�a!pa!�å!ºå)�$ÄUåÿÁ

�I(Få�!a�!Ý¥)�m�'X§��"

• ;.�'©Û�g�´§�EY1, . . . , Yq��5|ÜU = a1Y1 + · · · +

aqYqÚX1, . . . , Xp��5|ÜV = b1X1 + · · · + bpXp§¦�U, V��'

Xê��§½Âù��'Xê�ü|Cþ�m�;.�'Xê"
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• �Ì¤°©Ûaq§�±3éÑ1�é���'��5|ÜU, V��§2
Ïé��5�|ÜØ�'�|Ü¦p��m��'��"

• ù�kÏué��
ïÄY1, . . . , Yq§X1, . . . , XpXÛ�Ð/ü�"XJ=

éX1, . . . , Xp�Ì¤°©Û§ØUéÐ/À�ÚY1, . . . , Yq�'�&E"

R§S

• 3R¥^cancor(x, y)5O�;.�'©Û"

• 'X§3irisêâ8¥§O�sç�!°�s��!°�m�;.�'X

ê:

data(iris)

res <- cancor(iris[,1:2], iris[,3:4])

print(res)

��§1�;.�'Ò��0.94"

• (J¥�Ñ
;.�'©þ(UÚV )�O�úª"̂ xcoef�1����5

|Ü�±��x�©þ§̂ ycoef�1����5|Ü�±��y�©þ"

R§S

• 3êâ/jobs.csv0¥�¹'uó�5�Úó�÷¿Ý��
ÿþêâ"

ó�÷¿Ý�ÿþ��)Career(éJ��÷¿Ý)!Supervis(éÌ+�÷

¿Ý)!Finance(éÂ\�÷¿Ý)"ó�5��ÿþ��)Variety(ó�S

N´L)!Feedback(Ì+��"õ�)!Autonomy(ó�gÌ5)"

• �ïÄó�5��ó�÷¿Ý��'5"

• §S:

jobs <- read.csv("jobs.csv", header=TRUE)

res <- cancor(jobs[,1:3], jobs[,4:6])

print(res)

��§1�;.�'Ò��0.92"
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§4.3 �mS�©Û

�mS�©Û

• ²­�mS�

• g£8�.

• xD(u�

• ü �u�

• ý��{

§4.3.1 �mS�

�mS�

• �mS�´��mP¹�êâ�êÆ�.§'Xz��P¹�Åì§Ý§
zU���§��"

• �mS�L«�{Xt, t = 1, 2, . . . }"

• 3R¥§̂ ts(x)r���þ=�����mS�é�"

• ²­�mS�:

EXt ≡µ

Cov(Xt, Xt+k) =γk, k = 0, 1, 2 . . .

=µY²ØC¶c���5�'5ØC"

g�'¼ê

• g�'¼ê(ACF):

ρk = corr(Xt, Xt+k) =
γk
γ0

3R¥^acf(x)�ACFã"

• xD(: XJεt, t = 1, 2, . . . Ï"�"§���Ú��σ2§�Cov(εt, εs) =

0, t 6= s§¡ù��²­��xD("

• xD(�g�'¼ê÷v: ρk ≡ 0, k ≥ 1"

• R¥ACFã¥kþeü^Y²J�§́ 3b½xD(��¹ez�ρ̂k �

�&�"XJACFØk = 0?±	Ñ3�SK�±@�S�´xD("P

�WN(0, σ2)"



94 1oÙ ÚO�.

�®/«ö/êâ

• 3RÝ
d.flood¥�¹
�®/«1949—1964zc�öYÉ/¡ÈÚ¤

/¡È"

• ü�S�=���mS�:

flood.area1 <- ts(d.flood[,"area1"],

frequency=1,

start=1949)

flood.area2 <- ts(d.flood[,"area2"],

frequency=1,

start=1949)

plot(flood.area1)

lines(flood.area2, col="red", lty=2)

• �g�'¼êã:

acf(flood.area1)

S��U�xD("

•

Ø¬^u�ÑGÝêâ

• Ñ\�®½Ø¬^u�ÑGÝêâ:

coal.consumption <-

ts(c(

6878.4 , 5343.7 , 4847.9 , 6421.9 ,

6815.4 , 5532.6 , 4745.6 , 6406.2 ,

6634.4 , 5658.5 , 4674.8 , 6445.5 ,

7130.2 , 5532.6 , 4989.6 , 6642.3 ,

7413.5 , 5863.1 , 4997.4 , 6776.1 ,

7476.5 , 5965.5 , 5202.1 , 6894.1 ),

frequency=4, start=c(1991,1))

plot(coal.consumption)



§4.3 �mS�©Û 95

lã¥wÑ²w�G!5(±Ï5)ÅÄ"

• �ACF:

acf(coal.consumption)

²wØ´xD("

§4.3.2 �mS��u�

xD(u�—Durbin-Watson

• £8©Û¥�¦ÏCþ(½�ÅØ��)ØU�kg�'"R¥car��durbinWatsonTest()¼

êé£8(J�í��Durbin-Watsonu�§"b��í�ÃS�g�

'"X:

> require(car)

> durbinWatsonTest(lm(flood.area1 ~ 1))

lag Autocorrelation D-W Statistic p-value

1 0.2218556 1.383029 0.216

Alternative hypothesis: rho != 0

(J�±@�ö/É/¡È�xD("

xD(u�—Box-Pierce

• Box.test()¼ê�±?1Box-PiercexD(u�ÚLjung-BoxxD(u�"

X

> Box.test(flood.area1)

Box-Pierce test

data: flood.area1

X-squared = 0.7875, df = 1, p-value = 0.3749
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�Box-Pierceu�§(J�±@�ö/É/¡È�xD("

• �Box-Ljungu�:

> Box.test(flood.area1, type="Ljung-Box")

Box-Ljung test

data: flood.area1

X-squared = 0.945, df = 1, p-value = 0.331

«@xD("

ü �u�

• ü �u�´'uS�Ø²­�u�"

• R¥tseries�¥�adf.test()¼ê�Dickey-Fullerü �u�""b�´

S�kü �§S�Ø²­§éáb�´vkü �§S�´²­�"

• X:

> require(tseries)

> adf.test(flood.area1)

Augmented Dickey-Fuller Test

data: flood.area1

Dickey-Fuller = -3.2158, Lag order = 2,

p-value = 0.1092

alternative hypothesis: stationary

�±@�É/¡ÈS�²­(�u�Y²0.15)"

• ^u�ÑGÝêâ:
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> adf.test(coal.consumption)

Augmented Dickey-Fuller Test

data: coal.consumption

Dickey-Fuller = -5.2275, Lag order = 2,

p-value = 0.01

alternative hypothesis: stationary

�±@�²­(�u�Y²0.15)"

§4.3.3 �mS�©Û�.

�mS�©)

• �mS��©):

Xt = Tt + St + et

• ©)�ª³!G!Ú�ÅÜ©"

• ª³�±^±t�gCþ��5£8!­�£8"

• G!��±^Ïf��gCþ?1£8"

• �ÅÜ©�UkS�g�'§I�^²­�mS��.ï�";.��.
kg£8(AR)�.!wÄ²þ(MA)�.!ARMA�.Ú�²­�ARIMA�

."

AR�.

• AR(1)�.:

Xt = ρXt−1 + εt

Ù¥εt ∼WN(0, σ2)¶|ρ| < 1"ù´"þ���."

• AR(p)�.:

Xt = a1Xt−1 + · · ·+ apXt−p + εt

•  g�'Xê(PACF): {ψ(k), k = 1, 2, . . . },�Xt�Xt+k3üØ
Xt+1, Xt+2, . . . , Xt+k−1

�K����'"

• AR(p)� �'Xê3p���:

ψ(k) = 0, k > p

�±��ï��Op��{"
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R§S

• 3R¥^pacf(x)� �'Xêã"ã/¥ü^Y²J�S���±@�

´""X:

pacf(coal.consumption}

lã¥wÑ�±^AR(3)ï�"

• ^arma(x, order=c(p,0,0))ïáAR(p)�."X

res <- arma(coal.consumption, order=c(3,0,0))

summary(res)

• �.�§�

Xt =3932 + 0.64Xt−1 − 0.93Xt−2 + 0.65Xt−3 + εt,

εt ∼WN(0, σ2)

• ^fitted(res)O�[Ü�"[Ü�¹±ã:

pr <- fitted(res)

plot(coal.consumption)

lines(pr, col="red", lty=2)
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§5.1 �þVã

�þVã

• �ùSN5g5�þ+n��þ��6£17�¤§J.R.EvansÚW.M. Lind-

say, <¬�ÆÑ��"

• �þ+n{¤

• �þ½Â

• �¡�þ+n

• �þ�¿�`³

• �þ�n��¡

�þ�­�5

• �þ´�E��n�­�ÆK��µ)�Ç!¤�!�þ"

• �þ�­�5´��5�"

• �þ´­��¿�`³
�"

�þ�{¤

• Ãó���§ú<��<1�"

• �p�"�Úuó��·§�Úå
é�þ���I¦"Ì����u
�5���þ"

�þ�{¤(Y1)

• 20­V@Ïµ

– �Æ+n�IFrederick W. Taylor JÑrOyÚ�1©m§Jp


)�Ç§��¦���þÜ�<
é�þØ­À"

– 1�gó��·�+�<��Henry Ford Sr.�20­VÐJÑ
/�

¡�þ+n0§��3F���
0�"

– 1920c���XÚ�A �þk°JÑ
/ÚO�þ��0(SQC)§

�)Walter Shewart, Harold Dodge, George Edwards, W. Edwards

Deming"Deming´F��¡�þ+n�'�<Ô��"

– ÚO�þ��´ÚO�{3�þ��¥�A^§��
u���Æ§

'5�´£OÚ)ûÚå"��@
¯K"

– �ÔÏm§{�æ^ÚOÄ�§S§éøAû�½î�IO§��


�þ�¡�;[§¦SQC3�E���É"
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�þ�{¤(Y2)

• 31950c�A.V. FeigenbaumJÑ�¡�þ��"

• �Ô�§{I�Á=(Juran)Ú�²(Deming)rSQC0��
F�§F�

�E��¡í2SQC§�1970c�F��¬�þ�L
{I"

• {I1980-1990c���¬é�þ¯KÚå­À§�þÖ7!\Î!�Ô

C�´L"

• �¡�þ+n(Total Quality Control)�JÑ"��
�E�þ+n§�

¹��|�L§��þ�+n"�þ,?�/R�1�(performance ex-

cellance)0"JÑ
/8Ü�ç0�þÄ��K"

• �þ�¡�cÚ�5�]Ôµ�¥z¶M#!ME!C�¶	�¶�¤ö
Ï"�Jp§Ø==´�þ�¦¶d�ME¶�þ*�UC§dL§�.

�XÚ�{ØüC"

�þ�½Â

• ØÓ<
é�þkØÓ*:§'Xµ��*:£�[��@��ê!N
å¬��þp¤§�¬5U!d�£5Up!d�p��þÒÐº¤§̂ r

· £̂E�<
�*:¤§5d'£�O<
AT�Ä¤§)�5�£)�

<
Ï~æ^¤"

• y��þnØ@�§�þÒ´÷v½�����I�"���)	Ü�
�ÚSÜ��"|��z��<ÑATé�þKI"

�þ���«+nµe

• ïÄuy§É��7ü��¬X�Ø==´�Ì)��þ+n§
I�
­À÷v��Ï"§ÏL½|N�5(½���I¦§¦^Äu���

�þ1��I§3è��¤k�U+�Ñk�ª��þ��XÚ"

• �¡�þ(TQ)Ò´|�¥z��¤
�
n)!÷v¿�����Ï"


?1�jû
±Y�U?¹Ä"

• �¡�þ��Kµ

– 8¥5¿u��Ú|Ã�'ö"

– |�¥�z�¤
�ë�ÚìèÜ�"

– ±±YU?ÚÆS¤�¤�L§��"

• �¡�þ�¢��)Ä:e�!�Ü���þ¢�Úóä"óä�)�
þ�ãLÚÚO�{§̂ ±Oyó�¹Ä§Â8]�§©Û(J§i�?

Ð±9)û¯K"



102 1ÊÙ �þ+n

�þ�¿�`³

• N�uyµ�¬�þ´û½è�|d�­�Ï�¶

• Jø`��¬ÚÑÖ�úiÏ~Pké��½|°�§¿�´½|�@
Ï?\ö¶

• éuA�¤k��¬Ú½|/³5`§�þ�pÝ]£�Ç´���w
Í�'¶

• ¢��þU?ÔÑÏ~¬Jp½|°�§��GÑáÏ|dÇeü��
d¶

• p�þ�)�ö~~U
�½�p�d�"

• �þyâL²§�þÞ�éuãÖ(JäkÈ4��^"

�¡�þ�n��¡

• |��¡µ±÷v	Ü���¦�ÔÑ"

• L§�¡µUÜ�y©§��I��Ü"

• �1/k �¡µ�ÑIO7L±�þÚ���¦�Ä:§�¦5g|�

�¡ÚL§�¡"
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§5.2 �þng�µe

�²��þng

• �²´1920-1930c�ÚO�þ+n�k°§�¦��þ+ng�3F�

��0�"¦rN+n�é�þ�@£â´�­��"�²@�CÉÚ

å�þeü§JÑ[Ã�¸�Ì�U?g�"

• �²��£NX�)µéXÚ�­À¶éCÉ�n)¶�£�nØ¶%n
Æ"

�²��£NX

• XÚµ|��)�´��XÚ�L§§7Lo��|Ã�'ö£�À!�

!��!�¬Ú�¸¤"'X§æ	¤��$���þeü"

• CÉµõ«��E,Ï��K��ï���ÅCþ§CÉÏ~´dXÚ
�O¥��kÏ�¤Úå�§ù
Ï�Ã{�´/��§¤±CÉ´Ø

�;��§��±�{~�CÉ"CÉ�~�¦)�ûÚ�¤öÑÉÃ"

ÚO�{´(½ÚþzCÉ�Ä�óä"

• �£�nØ: +nöI�nØ��"²��´3£ã
ØU�u�½(

@§��²�ÃÏu+n"ud�éì§nØkÏun)ÏJ'X§ù«

ÏJ'XU
A^uýÿÚn5�+nûü"Øn)nØ
�´Çf/

¦^�
^�(J½�lO<�ïÆ���}"

• %nÆµ<�±Â�	3½S3�-y§�´§�rkå�-yÏ�´
S3�"

�²�14:+nïÆ

1. Mï���µ¿�Ñ«ì"

2. �É#�ng§ÆS#��þ�n"

3. n)u�"��yó<gCKI§ru���U?�þ�&EÂ8óä"

4. Ê�üX�â¤��ûü"ïÆè���êøAûïá�Ï�Ü�'X"

=³d�Òª���øAû\�
���CÉ§Ý"

5. ±YØä/U?"

6. mÐ�Ô"

7. ?1+�§
�iÒ"



104 1ÊÙ �þ+n

8 °Ø�ê"�ê�)�ê�E!�ê�}!�êÃ�!�ê����!�

êC��"Ï�ú%�Ø¤�I½Ï�Åì�¯KÉ��I
Ø��w

�þ¯K§Ï�Ø�O<���p1�
Ø�Ü�§��"

9 `zìè�ãå"Ü�m�SÜ¿�!N]gñÑ»��þ"�ÔÚ�


ë��±)ûù�¡¯K"

10 Ê�`�"�þ¯KÌ��
uXÚ
�
ó§ÚOg�Ú�Ôâ´A

k�U?�þå»"

11 ��êþ½�Ú8I+n"ó<¬ã+�þ��¤8I§ó<vkÄå

�Uõ�þ"vkå»�êþ�I�¬ç��òÚ�ë"

12 �ØK�<�ó�gÍa�æN"

13 �y���g·U?"��
ó±?Ú�Å¬"

14 æ�1Ä"

Á=�ng

• Joseph Juran 1920c�3Ü�>íúi�ÚO�þ+n§31950c��F

�<DÇ�þ�n"Á=�F"3²n�¤ÙG�XÚS5Jp�þ"

• ÌÜ¦^�þ¤�Ø�Ú©Û5'5�þ¯K"

• �þ½Â�/·^50"

• �þOy!�þ��!�þU?"

• �þ���)(½A����o§ïáÿþü ±�*/µdêâ§(
á1�IO§ÿþ¢S1�§)º¢S1��IO�m��É§¿éù

«�Éæ���"

• Á=��þU?§S�)y²U?�7�5§£OäN�U?�8§|
�éu�8�|±§�ä¯K��
§JÑÅ���§�yÅ���3

¢S$1^�e�k�5§ïá����±ý�¤J"

�Nd'�ng

• �|Ê.B.�Nd'Qú?IS>{>�úi(ITT)��þBoà§¿M

ï�þ�¡�Æ�"

• �Nd'��þ+n½Æµ�þ¿�XÎÜ�¦§
��{¶�þ¯K
ATd�)¯K�Ü�5)û¶�þÃIG¤§�gÒr¯��Ð´�

!��¶ÿþ1�����IÒ´�þ¤�§=/ØÎÜ0��d¶��

1�IOÒ /́""�0£ZD¤"
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Ù¦��þng

• ¤�
0JÑ�¡�þ+n"�þ+�µ+n­:A3Oy
�é�}
��Ä�N"y��þEâµòó§�!��
óÚ�ú¿�
3L§

¥�Üå5ÆS#Eâ)û�þ¯K"|��«ìµò�þK\²EO

y¥"

• �Aù´F��þ�·�k°ö"íÄlp�+����
ó��N

ó�2�ë�§ÌÜ^{ü�*�óä5Â8Ú©Û¯¢êâ§$^Ú

OEâÚìè° ��¢y�¡�þ�Ä:"�Aù��
*:µ�þ

©u��§ªu��¶�þó��1�ÚÒ´
)����¦¶�u�Ø

27��Ò��
�þ���n�G�¶�Ø¯K��

�G�¶�

þ��´¤k
óÚ¤kÜ��I?¶Ø�· Ãã�8I¶�þ1�§

�Xúu���ÂÃ¶E�´�þ�\�§�´Ñ�¶�e?X¢®�

¯¢�§þ?Ø�uä¶úiS95%�¯K�±^{ü�©ÛóäÚ¯

K)ûóä5)û¶vkCÉ5�êâ´bêâ"

• X�_�§�ã
~�CÉ3²LÆþ�d�"

• �E�¥�ú���k"��§X0.500± 0.020§<�@�3ú�S�?

Û�Ñ´�1�§¿@���3ú��SÒU�y�þ"�´§�k¢

S��CuI¡�âU���Ð�þ§
0.799�0.481¿vk���O"

• X�^�éu�O8I��CÉ5ïþ�þ§¿rÙ=z���²L/�
�¼ê0§�L^À1L«�CÉ¤�"

�þ+nø�µe—
�pÛø

• ISþé�þ+n�äK�å�µe´{Iê��0#
�pÛI[�
þøÚISO 9000ISIO@y§Cc5§8Ü�ç�üz¤��ÕA�

�þ+nµe"

• ê��0#
�pÛI[�þø�R�1�µdOKïá
��µe§
?Û��|�Ñ�±^5�ÜÙ�¡�þ��KÚ¢�"R�1�µd

OK�)+�!ÔÑOy!���½|!ÿþ©ÛÚ�£+n!<å]


!L§+n!²E(J"�Ñ
�[�^8Ú­:"�þ�/1�0O

�"

• 
�pÛOy32000cÝ]1.19·{�§�O®��246.5·{�§£�

'~�207:1"
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Ù§�þø

• F�u1951c�á�²ø§úi����þ+n(CWQC)´Ù¥�Ü©"

�CWQCï
µe"

• î³�þø"+nµe¡�R�²E�ª"k16�I["

• \<�R�²Eø"

• e�|æR�²Eø"

ISO 9000:2000

• ISIOz|�(ISO)�ªÏL�þIO"

• ISO 9000 5½
�þNX�IO§§Äuù��@£§=,
ÊH�+

n.1(practice)�A�´�±IOz�§��°%�O!k�¢�¿c

[+n��þNXJø
ÑÑò÷v��Ï"Ú�¦�&%"

• �½IO�
÷vÊ�¡8Iµ��!�±ÚJ¦±YU?�ÎÜ�¦
��¬£�)ÑÖ¤�þ¶U?$E¹Ä��þ±±Y÷v��Ú|Ã�

'ö²«½Û¹�I�¶�SÜ�+n�Ú
óJø�þ÷v�¦!U

?�3¢y�&%¶���ÚÙ¦|Ã�'öJøÙ�¬÷v�þ�¦

�&%¶Jø�þNX�¦�÷v�&%"

ISO 9000: 2000IO�e�

• Äu�¡�þ�Ä�OK§5­uïá!©�zÚ¢�§S5(�)�
ÚÑÖJøL§$1Ú1����5§Ù8�´¢y±Y�U?"Ì�

dn�©��¤µ

– ISO 9000 — Ä��n�c®L¶

– ISO 9001 — �¦§�é�þ+nNX�äN�¦"�)+n�I!

]
+n!�¬¢y§±9ÿþ!©Û�U?"

– ISO 9004 — 1�U?�H"Ø´7L�Å��¦"

• ISO 9000:2000�l��Kµ±���'5�:¶+��^¶�
ë�¶L

§�{¶+n�XÚ�{¶±YU?¶Äu¯¢�ûü�{¶�ø�on

�'X"

• ISO9000@y�Us¤ê�{�§�NõÅ�l¢�ISO9000¥��
w

Í�Ã?§�)¢y
�p���÷¿ÝÚ���3Ç!�p�þ��

¬!)�Ç�Jp�"
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8Ü�ç

• 8Ü�ç�±w��«ÏL'5éu����­��@
ÑÑ±9¢y
|��ãÖ£�§�åuéÑÚ�Ø�EÚÑÖL§¥�"�Ú���

²EU?óä"

• 8Ü�çÏLdìèA^Ä��Úp?��þU?Ú��óä5¢�§
ù
ìè¤
��É�'��Ô§U
JøÄu¯¢�ûü&E"

• 8Ü�ç�c´ÄuÚO¥��©Ù��E�¥ú�½Â§e�E�¥
�ú�½�µ0± 6σ§K���E�ý¢þ�µá3µ0± 1.5σS§�E��

¬�Ñú��VÇÒ�kz�©�3.4"¿g´3SÜ�½�p��þ�

¦"

• 8Ü�ç�¤õ¦^ö�)�÷Û.!Ï^>í!�²¤ì!éÜ&Ò!
ÅÑ!3M![��(Home Depot)!kA*V!IBM!�W!sá!X

 (Raythemon)!{I���Ô��¥%�"

8Ü�ç�Ø%ng

• 3�NÔÑ8I���e§l'��ÖL§Ú���¦Ñu5g�¯K¶

• ­Àúi��Æ<§¦�KI^r�8§|±ìè¹Ä§�Ï�ÑC�
{å¿¼�]
"

• ­ÀÃXz�Å¬"�ê(defects per million opportunities, dpmo) ù�

�½þ�ÿþ�I§ù��ÿþ�I�±A^uúi�¤k�¡§�)

�E!ó�!1�!̂ ��"

• ¦@£Oà�u�Ö¤J�L§¥��I§âd5Jø-yÚ²(I?"

• 3¿©�Ô�Ä:þ§±�8ìè��ª5Jp|d§~��O�¹Ä§
¢y$=±Ï�¤�"

• ��U
A^U?óä¿+�ìè�äk¿©Uå�L§U?;["

• �½Lk]Ô5�U?8I"

8Ü�ç��þµe

• 8Ü�ç�¢��¡�þNXJø
��7ã§cÙ´<�ë�§L§
+n�{�A^!CÉ©ÛÚÚO�{!§Sz)û�{!Äu¯¢�

+n�"��¡�þ+n�'�A:�µ
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• 8Ü�çd�Ö+�ö5íÄ¶8Ü�ç´ý�ª�U�¶8Ü�ç¦
^�óä�k?§�÷u�@k?�ÚO�{±9��(�z�¯K)

û�{ØDMAIC— ½Â!ÿþ!©Û!U?Ú��¶8Ü�ç'5ãÖ

.�¿�¦k����y�Ý]£�"

• 8Ü�ç��J,
ÚOÆÚÚOg�3�þU?¥�­�5"
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§5.3 L§+n

L§+n

• �õê�þ¯K´L§+nØ��)�§é�k¯K´d
ó�)�"

• L§+n(process management)�9é±eù
�¡¤7I�¹Ä�O

y�+n§=¢y'��ÖL§�p1�§£OU?�þÚE$4�±

9��÷¿�Å¬"

• ~���ÖL§: 
)��Ú½|§ÔÑOy§ïÄmu§æ	§mu#

�¬ÚÑÖ§�¤��¾ü§+n&E§ÿþÚ©Û1�§�Ô
ó§�

�"

L§+n���

• +k�úi¬3��d�óþ£OK���÷¿�L§"ù
L§Ï~
�©)�ü�aO§=d�MEL§Ú|±L§"d�MEL§d	Ü

��I�°Ä§|±L§KdSÜ��I�°Ä"

• L§+ndn��¡�¹Ä¤|¤µ�O!��ÚU?"�O�)£O
L§ÚéL§�©�z"��´¦L§�1��I�73��²þY²

þeÅÄ§
U?¿�Xò1��I�²þY²Jp"

• L§I��­E!�ÿþ§l
�±�«L§1��Cz�ª"

• {ü��þU?L§�)£O¯K!©Û�Ï!ÀJ)û�Y!Oy¢
�!µd�J��ã"

�¬�OL§

• �O�U?�±ü$¤�!Jp�þ"

• ;.��¬muL§�)8��ãµJÑM¿!ÐÚVgmu!�¬/L

§mu!þ�!½|�\!½|µd"

• �¬�O¬wÍK�)��¤�(��Úm��NÄå!�á�±9+n

¤^)§K��¬�2�O!�yÚy|�?�¤�§�¬K��¬)�

��Ç±9ÑÑ��þ"

'u�O��
ïÆ

• ¦"�ê��µ~�"�ÚC�ã�§~�E,�C�§~�7L��
��þA5§~����"�ê"
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• ~�"�«aµ~��q"��CÉ(ü$C��ØÇ)"

• ­è5�O(X��{): ~�é"�CÉ�¯a5"

• ��N�: ;�C�N���§����Çp��N�Ü�"

• ¦þ¦´uC�¿U�Øµ"�Ø¬��C§�"�¿���úÒ�±
wÑ§"����OkC�ó²§"�´g�o�§ÃL^åC�"

• A^�­E¿´n)�L§µ"��þ´u��§C��þN´��"

• ÀJU
²ÉL§���"�µ~�"��ú§~�"�ü�¦^"

• �O�Buk�
¿©/ÿÁ"

• "�ÙÛÜnµ~��$ÚC��é"���ú"

• �Ø±1O�¬��OC�µ~�C���Úõ���"

L§��

• ��´(�ÎÜ�¦§�I�U�¯K�9�U�±�±­½�U�¹
Ä"

• L§���­�5
uµL§+n�{´k�/éL§?1F~+n�
Ä:¶XJØU¦L§?u��G�§Ò!Øþ�Ï�U?"

• ��XÚ�n�|¤Ü©µ(1) IO½8I¶(2) ÿþ(J��{¶(3) ò

¢S(J�IOé'§¿±�"&E��U�1Ä�Ä:"

• k���þ��XÚ�)µ¤k'�L§�©�z§S¶'u��Úó
��¸�²(5½¶�£Ú��'��þA5��{¶���1OL§¶

ó²IO§XÖ¡IO!�¬½ãL¶��¹Ä"
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§5.4 1�ÿþ�&E+n

1�ÿþ�&E+n

• k��$E&E¦+n�uy@
�8MEd�!@
�8��d�"

• êâ�N
5g,«ÿþL§�¯¢"ÿþ(measurement)´é�¬!Ñ

Ö!L§9Ù¦�Ö¹Ä�1��Õ?1þz�1�"�I(measures)Ú

��(indicators)´�ÿþ�êi&E"

• 'uè����U+����!O(
=¦�êâ�µ�!��ÚU?
L§!�¬ÚÑÖJø
¢��&E§l
kÏuè�¢y²E8I¿

÷vØäCz���I�"

• &E(information)´'u���Ö½��|��êâ"&E5
uéê

â�©Û"

&E�ÔÑd�

• &EØ==3)�L§¥I�§3|�ÔÑ�½§µ�1ÄOyk�5§
±YU?��¡�´I��"

• Ì��{µ

• ïá�@nÜ�1��I§±�NS	Ü���¦±9°Äè��'�
Ï�"

• A^'�5�&EÚêâ§±U?�N1�Ú¿�/ "

• ±YU?&E]
9Ù3|�S�¦^"

• $^Ün�©Ûóä?1©Û§¿�$^ù
©Û(J5|±ÔÑOy
ÚF~ûü"

• 4z�<Ñë�ÿþ¹Ä§¿�(�1�&E3��|�¥´2���
�"

• (�êâÚ&EO(!�&!9�!S�±9��"

• (�M�Ú^�XÚ��´^§¤kI�êâÚ&E�
óÑU��§
�"

• XÚ/+n|���£§£O¿©��Z.1"
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1�ÿþ���

• DÚ�Ý]£�Ç�1��IØO(§¿�rNêþ$u�þ"

• �
¦ûü¢y|�÷v½����Ï"�o8I§���Ý/|^k
��]
§Ø
Ø
DÚ�ãÖ1�Ú¬O�I§è��I�Ù¦�¡

�êâÚ&E§�)���½|!<å]
�k�5!�¬ÚÑÖ��

þ§�?Ù¦�¡�'�Ï�"

• kÊ=Úìî�²ïO©k´���¹
�ãÖ1��IÚ'�ãÖ8
I�Á��w"�¹o��¡µãÖ�¡!SÜ�c!���¡!M#Ú

ÆS�¡"

�Ok��1�ÿþXÚ

• 1�ÿþXÚ�8��µ�±YU?Jø��Ú|±¶£Oª³Ú?Ð¶
¦ÏJ'X�\´un)¶¦�U
�I\?11�é'¶@£L�!y

3Úò5"

• 3�O1�ÿþXÚ�§|�7L�Ä¦1��IU
|±�p+n�
�1�µ"§¦��|��Oy¹Ä��|���NèxG¹§��¦

1��I|±F~�$EÚûü"

�O1�ÿþXÚ�¦^ïÆ

• �I���Ð"8¥uÿþ'���êCþ§
�Ã';��õêCþ"

• ÿþ�IA��'�¤õ��éXå5"

• ÿþ�IA��¹L�!y3!�5�|Ü±(�|��Ä�¤kn�
�¡"

• ÿþ�IA�±��!�ÀÚÙ¦­�|Ã�'ö�I���â"

• ÿþA�gþ
eÐm"

• õ­�I�±�Ü¤ü��I±�Ð/�¡µd1�"

• �IA��âïÄ
�Ì*¹ä5(½8I"

L§�¡�ÿþ

• ûÐ�ÿþ�II�SMART: {ü(Simple)!�ÿþ(Measurable)!��

1(Actionable)!���I¦½öÙ¦�¡�'é(Related)!9�(Timely)"
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• �¬ÚÑÖ��þ�Ià�u�EÚÑÖL§�(J"~^��E�þ
��I´ü ØÜ�êþ(nonconfaomities per unit)½ü "�ê(defects

per unit)"3ÑÖ¥¦^z�Å¬���ê(errors per opportunity)"Ï

~^Z©Ç½z�©Ç§Xzz�Å¬"�ê(defects per million oppor-

tunities, dpmo)"

• "�©�î­!­�!��§�±^ØÓ�­nÜ���"��I"

1�êâ�©ÛÚ¦^

• êâ7L²L©Û=z�&EâU�p�|^"©Û��´�
Jøk
�ûü�Ä:
é¯¢Úêâ?1�u�"'Xµ

• u�'�1��I�ª³ÚCz¶

• �Ù¦��Öü !¿�éÃ½1��ZI\�1��'�¶

• O�þ�!��±9Ù¦�ÚOþ¶

• ¦^�'©ÛÚ£8©Û�E,�ÚOóäéÑØÓ1��Im�'
X"

• ¦^Excel�a�ãL®oÒU��Nõk^�(Ø§¦^p?�ÚO©

Û^��±k�Ð�²E(J"

'é©Û

• +nö7Ln)'��Ö1��I�m�éX"X

• �¬ÚÑÖ�þ�U?�'�����IXÛ�'§ù
�I�)��
÷¿Ý!���kÇ!½|°��"

• 
ó�S�!"�96���¡�U?¤�5�ãÖ�¡�Ã?"

• ��Ú�Ô�Ã?Ú¤�"

• �¬ÚÑÖ��þ!$E1��IÚo�ãÖ1��m�'X"

• ��÷¿ÝÚ���kÇé|d�K�"

• ��÷¿Ý�Cz���½|°��Cz"

• 
ó÷¿Ýé��÷¿Ý�K�"
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'é©Û�Ð?

• éÑ�f�½Ø�5�1��I"

• ¦+n��5¿å8¥3(¢U�5Cz�'�1��Iþ"

• ýÿ��÷¿Y²�a�1�"

• �á1�8IIO"

• r¦E�Ú$Eù
+��N§��êâ©Û¹Ä"

• '¿�éÃ�¯/�Ñ²��ûü"

• wÑ�¿�éÃ�Ñ�1��I�m�'X"

• 3ûÐ�êâ©ÛÚÄu¯¢�+n�Ä:þ\r|���Ï"

êâ�÷

• êâ�÷´l°þè�êâ¥uy��'X�O�ÅEâ"

• �)àa©Û!�O©Û!�Oä!|±�þÅ! ²�ä!'é©Û�
�{"

• ÙA^�éB¨§���3Lõ�ÑÑ(JI�<�)º§ØU�)Ï
J5(Ø�":"

�þ¤�

• �þ¤�(Cost of quality, COQ)DÚ½Â�u��¡�¤�§�¢Sþ

��þk'�¤��±Ó��ÈÂ\�20–40%"

• ��þ�'�¤�Ø=�)�¹Äk'§�æ	Ú��ÑÖ�9ÏÜ�
�k'X"

• �Ü©�¤�5gØû��þ§́ �±;��"

• ¤±§�þ¤���´;�Øû�þ½dØû�þ
�)��J�¤�"

• �þ¤���{I�r�þ¤�=��p�´^�7a��ó"
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�þ¤��|¤

• ý�¤�µ;�ØÜ��¬�u)±9��ØÜ��¬6\��Ã¥

?1�Ý]"�)�þOy¤�!L§��¤�!&EXÚ¤�!�Ô9

��+n¤�"

• �½¤�µÌ�´Á�Úu�¤�!�ou�¤ì�¤�!L§ÿþÚ
��¤�"

• SÜ�æ¤�µ�)¢¬Ú�ó¤�!Å���¤�!ü?¤�!L§�
æ"

• 	Ü�æ¤�µ�)��Ý�ÚòÀ¤�!�¬ð£Ú�o¤�!�¬
I?¤�"

• O\ý�¤�'u�(��k�"

• �þ¤����aOé�¬²þ©Ù§Ú�U70%–80%�SÜ�æ¤�

==´d�ü��E¯K���"



116 1ÊÙ �þ+n

§5.5 8Ü�ç��n

§5.5.1 8Ü�ç�ÚOÄ:

8Ü�ç0�

• ÏLà�ué����­��A5§£OÚ�ØL§¥���½"��
�Ï§8Ü�ç®²d��üX��þÿÝ�Iüz¤�@\�U?!

¢yc¤�k1�Y²�nÜÿþ"

• 8Ü�ç�{Ø�3r|��'��¬ÚL§�"�Y²ü�z�©�
A�§Ý"

• �d7Lk�/A^ÚO�nÚ�«óä5�ä�þ¯K¿r?U?"

8Ü�ç�ÚOÄ:

• ��¤�Â��?Û�Ø½��Ñ�¡�"�(defect)½ØÜ�(nonconformance)"

,�L§½L§Ú½��Ñ¡�ü �Ñ(unit of work)"ü �Ñ"�

ê(defects per unit, DPU)B´ïþ�þ����Iµ

ü �Ñ"�ê =
¤uy�"�ê

¤)���Ñü ê

• ù���I��é�ª�¬§
�)�L§"�J±^uE,L§§A
O´ÑÖL§"

• ØÓL§Ñ��A�êké��O"

• ½Âz�Å¬"�ê(defects per million opportunities, dpmo)

dpmo =
¤uy�"�ê

Ñ�Å¬ê
× 1, 000, 000

8Ü�ç�I�ÚO5


• 8Ü�ç¿�Xdpmo�õ�3.4ù����þY²"

• ��¬�Oú��[µ0−6σ, µ0 +6σ]"¢S)��¬�IX ∼ N(µ, σ2)")

�¥§�¦��µ ∈ [µ0−1.5σ, µ0+1.5σ]"ù�§P (X /∈ [µ0−6σ, µ0+6σ]) =

3.4dpmo"

• �L§(X)IO�(σ)�6��u�Oú�(12σ)��©��§�Ùþ� 

l8I���Ø�L1.5�IO��§=�8Ü�ç�þY²"
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• �ì±þ�½§eL§IO��σ§ú���©���kσ§L§þ�µ 
l�Oþ�µ0 a�IO�§dpmo�O�úª�

dpmo =P (X > µ0 + kσ|µ = µ0 + aσ)× 106

=P (
X − µ0 − aσ

σ
>
kσ − aσ

σ

=Φ(a− k)

• ¤±, dpmo=3.4�±dØÓ�¥% £�êaÚ�ú��êk|¤"'

X§0.5σ¥% £�5σ�þY²|Ü§1.0σ¥% £�5.5σ�þY²|

Ü§1.5σ¥% £�6σ�þY²|Ü"

• 3�¬ú�ØC^�e§Jp�þY²kσ¿�X~��¬CÉ5§3�
¬CÉ5Ø´~���¹e§�±��L§þ�(µ)��C�O�(µ0)§

=~�a"

dpmo� £þ!�þY²�'X?§

aarr <- seq(0, 2, by=0.25)

karr <- seq(3, 6, by=0.5)

dpmo.tab <- outer(aarr, karr,

function(a, k) pnorm(a-k)*1E6)

rownames(dpmo.tab) <- format(aarr)

colnames(dpmo.tab) <- format(karr)

print(dpmo.tab, digits=6)

dpmo� £þ!�þY²�'XL�

a k=3.0 k=3.5 k=4.0 k=4.5 k=5.0 k=5.5 k=6.0

0.00 1350 233 32 3.4 0.3 0.019 0.001

0.25 2980 577 88 11 1.0 0.076 0.004

0.50 6210 1350 233 32 3.4 0.290 0.019

0.75 12224 2980 577 88 11 1.0 0.076

1.00 22750 6210 1350 233 32 3.4 0.290

1.25 40059 12224 2980 577 88 11 1.0

1.50 66807 22750 6210 1350 233 32 3.4

1.75 105650 40059 12224 2980 577 88 11

2.00 158655 66807 22750 6210 1350 233 32
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�k − a = 4.5�§dpmoTÐ�3.4"

dpmo�í2A^

• dpmoÚ8Ü�ç�Ð^u�E�§�5rz�Å¬"�êí2���L

§§X�¬mu!#�ÖÂ	!��ÑÖ!¬O�"

• �½a = 1.5§�±^k5ïþ�þY²"'X§,Õ1²~âr�w¥

��Øê§31000°�w¥uy
12���§dpmo=12,000§�þY²

33.5*4Ü�ç�m§�6Ü�ç�þY²�åã�"XJÃÅXÚ��

þY²´4Ü�ç§��uz��k4�õ��Ã{Ïz"��4Ü�çY

²�xÀ�zný�Òk����§
6Ü�çY²Kz5000ý�âk�

���"

• ¿�¤kL§ÑI�38Ü�çY²e$1"l2½3Ü�çY²Jp

�4Ü�çY²�éN´§?�ÚJpKI�GÑ�õãå¿I�A^

�\p?�ÚOóä"

§5.5.2 8Ü�ç�8�ÀJ

8Ü�ç�8�ÀJ

• �þ<
�m©�±)û��éu��½²E1�(¢äkK���Ö
¯K§¤õ�¤��Ä��8Ü�ç�8"EUJp��±)û���

��¯K"

• ÀJÜ·�¯K´8Ü�ç¹Ä¥�(J�]Ô��"ÀJ�8AkÐ
�ãÖ®�Ú�p�¤õ�U5"�±^�
{ü�µ©L§é�8ü

S"

JÑ¯K

• ¯K�AT�¤�G��¢S���G��m��É§�ù«�É­�
�v±¦,<@�A�\±Å�"X

• ÎÜ5¯K"XÚ�5�~$1§�du,«�Ï�~§E¤�þ½�
rÑÖY²eü"IéÑ�~��Ï"

• �(�5�1�¯K"��´vk/�~G�0�²(½Â"'X§/�
ÈØû0"I�^ME5�{)û"

• �Ç¯K§X¤�Ú)�ÇØ-<÷¿§�,�þ��É"

• �¬�O¯K"��O��Ú����Ï"��¬"

• L§�O¯K"'X�O�#�L§½éykL§�­�?U"
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§5.5.3 8Ü�ç�¯K)û

¯K)û

• ¯K)û(problem solving)´�ò¢Su)�G�=C�A��¤�G

�¤�9��'¹Ä"

• 8Ü�ç�8�8IÏ~´¦|���c¤�k�1�Y²§ÏL¢�
XÚz�¯K)û���|�Ú��O\d�"

• ¤õ��þU?Ú²E1�U?�ûu£OÚ)û¯K�Uå"�¦+
nöäk½þg�Uå§̂ ÚO��{)û¯K"

• 8Ü�ç)û¯K��{Ø´DMAIC, define(½Â), measure(ÿþ), an-

alyze(©Û), improve(U?), control(��)"

• ���Ýz�¯K)ûL§��N�
*dm§cÙ��ª�Uìè�
¤
m��ÏJø
�Ó��óÚóä"

DMAIC�{Ø

• ½Â"�äN§ù«OuJÑ¯K"(½�8��"²(é1�K���
�'��þ¯K(CTQ)§(½�'�1��I§Ø�¤�§(½A���

IO"

• ÿþ"ÿþK�CTQ�SÜL§"7Ln)E¤�þ¯K�SÜL§�

ÏJ'X"

• ©Û"X­u"�!��½LÝ�CÉ¤u)��Ï"

• U?"�¦Þ�pÝ�ME5§Øù��Ø§k¶��{X/ÞMº�
{0"

• ��"�±®²¢y�U?"�)3?��L§¥æ���(�'�C
þ�±3��É��S"�±^ØéL½½ÏG�µ"L(�U?±Y

k�§½^ÚOL§��ãiÿ"

©Û��{

• ©Û"���Ï§Ï~Ly�µ

• "y'uL§XÛ$1��£"

• "y'uL§A�XÛ$1��£§�)é���Ï"ÚL§8I�n
)"
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• "yéL§¥A^�á�Ú�����"

• ó�¥�Õ�E¤���"

• L¤ÚE,5§XL§¥�Ø7�Ú½!Lþ�¥��"

• "Ü���OÚ)�Ø
[�§�O5�Øû§?ÀÚ�.�u�Ø¿
©"

• Øn)÷v5��¦�L§Uå"

• "y�Ô"

• ¤ì¤L��OÿÁØû"

• �¸A5ØZ§X1ì!§Ý!�Ý!ÀÝ!DÑ�"

���Ï

• �Å�"�§I�(½�`�UE¤��ÚLÝCÉ�'�Ï�§¡�
���Ï(root causes)"���Ï½Â�/��,«"�u)�^�(½

�'é��X�^�)§ù
^�����·��Å�§ÒU
[È/;

�T"�3L§�Ñ�Óa½����¬½ÑÖ¥2gu)0"

• �é���Ïk�« /̄Ê�¯�o0��{"/Ê0́ ��"±��Ï

Jó5Ø½/½Â¯K§&ÄwG�
Þ"

• ~X§́ X�Ê���o�~f"��Åì²~du�xXLä
ÊÅ"

����xjØ)û��¯K"��o�xjLäºÏ�¶«dwØ¿

©"��o¶«dwØ¿©ºÏ�dw"kf¾"��odw"kf¾º

Ï�"¶k��""¶��o��ºÏ�k®"'¦�
¶þ§ùâ´

¯K����Ï"3dw"þSC
����®"�\�È�)û
¯

K"

óäÚ�{

• DMAIC�{Ø�ü�A�µé���¦�­À¶ÚOóäÚ�{�A^"

• 8Ü�çrDÚ�ÚOóäA^ló§+�í2�
�¡�þ§8Ü�
ç��§�)Eâ5SN!�8+nÚ+��¡�SN�·Ü"

• �§SN«~µ

– Ð?ÚOóä(£ãÚO!ÚOg�!b�u�!�'©Û!{ü£

8);
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– p?ÚOóä(Á��O!��©Û!õ�©Û)¶

– �¬�OÚ��5(�þõUÐm!���ªÚK�©Û)¶

– ÿþ(L§Uå!ÿþXÚ©Û)¶

– L§��(���Y!ÚOL§��)¶

– L§U?(L§U?�Oy!L§ÿ±!�Ø��)¶

– ¢�Úìè¹Ä(|�k�5!ìèµ�!r?óä!ìèuÐ)"
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§5.6 ÚOg�ÚA^

ÚOg�

• ÚOÆ´���O/Â8!|�!©Û!)º±9¥yêâ0��Æ"

• ly||8���©êâ¿ØUJø�þ��Ú�þU?¤7I�&E§
�7Léêâ\±|�!©ÛÚ)º"ÚOÆ�lêâ¥¼�k¿Â�

&EJø
k��å»§l
¦�+n<
Ú
óU
��ÚU?L§"

• ÚOVg3�þ+n¥�­�52NorNÑØL©"7Ln)ÚO�
Æ3+nûü¥¤�ü�­��Ú"

• ÚOg�(statistical thinking)´Äu±e�K�ÆSÚ1ÄóÆµ

– ¤kó�u)3k�péX�L§|¤�XÚ¥"

– CÉ�3u¤kL§¥"

– 
)Ú~�CÉ´¤õ�'�"

CÉ

• 3�åu~�CÉc§7Ln)CÉ���"

• ?Û)�L§ÑkCÉ
"~X§ØÓ1g�á�3rÝ!þÝ��¡Ø
Ó"��óä3rÝÚ¤©�¡�3S3CÉ"�EL§¥§óä¬�

��§�Ä¬ÚåÅìëêu)Cz">ØÅÄ¬¦Äåu)Cz"ö

�ó<Ã{(�zgÑò"Ü�����/�\ó�YäS§�NÚ�

X�Øå�¬K�ó<ö����5"ÿþþäÚ<�iÿUå�ØU

(�©ªX�"

• ü��CÉ´�Å�§�¤kCÉ
�Óu)�^�§Ù/©Ù0Ñl­
½�5Æ§UÏLÚO?1)ºÚýÿ"

CÉ��Ï

• �¬Ú)�XÚ��Oû½
CÉ���5�Ï(common causes)"d�

�5�Ï�)�CÉÏ~Ó)�L§�Ñ�CÉ�80%*95% "

• )�L§�Ù¦CÉ´dAÏ�Ï(special causes)Úå�§¡�CÉ��

8Ï�Ï(assignable causes)"AÏ�Ï´dØáuL§�k�	Ü
Ú

å�§LyÑó,5§»�
��5�Ï��Å�ª§¦^ÚO�{�

±£O§�§Å���{Ï~�é²L"
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• �´d��5�ÏK��XÚ¡�­½XÚ"n)­½XÚ±9CÉ�
AÏ�ÏÚ��5�Ï��É§éu+n?ÛXÚ
óÑ´�'­��"

• �«©��5�ÏÚAÏ�Ï§©Oæ�ØÓ�?n��"éüa�Ï
©E�ØØU)û¯K§¿O\
Ø7��CÉ"

• éCÉ��Ï©ÛØ²§æ��Ø����U¬O�CÉ"

CÉ�5�$E¯K

• CÉO\
Ø�ýÿ5"Ø
)XÚCÉÒéJýÿXÚ�5�1�"

• CÉ~�
�U|^"�
�¤Oy²n�¬O\)�KÖ§ØÜn/
¦^
�U"

• CÉ¬���'Ü��Ø7��N�"

• CÉùX
���Ï"

• CÉ¦<�éJ3@Ïuyd3�¯K"Ï�êâ��Ò´3�ÅÅÄ
�§¤±u)�ØÚå�ÅÄN´��Ñ"

ÚOÄ:

• �ÅCþÚVÇ©Ù"�Ü©)�Úû�L§ØÑl��©Ù"

• Ä�"�){ü�ÅÄ�§©�Ä�§XÚÄ�§8+Ä�§�äÄ��"
��Ð�Ä��YA�±�$�¤�Ä�����U�LoNA«��

�§¿��ÎÜTïÄ¤(½�°(ÝÚ��58I��¦"

• ØÜn�O�Ä�E¤XÚØ�§�)µo´ p½ $(bias)¶��'

êâ¶Øî��ª³ýÿ¶Éä/l�'íÑÏJ¶ØÜ·�Ä�"

ÚO�{

• £ãÚO(descriptive statistics)ÚÚOíä(statistical inference)"

• êâÂ8"

• £ãÚO�)¥% �Ú©Ñ§Ý§ªê©Ù§��ã"

• ýÿ5ÚO§X�'©Û!£8©Û!�O©Û!àa©Û�"

• ÚOíäX�&«m!b�u�!��©Û!¢��O"

• �«©·�oN(��*ÿ�mÕáÓ©Ù)ÚÄ�oN(�mS�)"

• Á��O���©Û�±½ é'��Iký�K��Ï�¿é��Ð
Y²"
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§5.7 8Ü�ç�O

8Ü�ç�O

• y3�¬��þÚ��5®²'�g�Ô�Ïk
�v�?Ú§��æ
ÚÑÖ·Ï�,�3"

• �õê¯K´du�OØû½�OL§�Ø¿©E¤�"

• 8Ü�ç�O(design for six sigma, DFSS)´^u�¬muL§¥���

@óäÚ�{Ø§8�´(��¬ÚÑÖ÷v��I�Ú¢y5U8I§

(�^u�E�¬ÚJøÑÖ�L§��8Ü�çUå"

• DFSS �)o�Ì�¹ÄµVgmu!�Omu!�O`z!�O�y"

§5.7.1 Vgmu¥�óä

Vgmu¥��{Ø

• Vgmu(concept developement)´�=��Æ�!ó§�Úû���£§

Mï��Q÷v��I�k÷v)�½ÑÖJø�¦�Ä�õU�O�

L§"äkpÝME5§�± /̂ÞMº�{0ùa�{"k£Od3�

M¿§2$^¤�ÂÃ©Û!ºx©Û±9Ù¦�{5éù
M¿?1

µd§��§�â\�µdÝ
5(½�ZVg"

• ��Ä��õU�Omu�)ò��I�=z��ÿþ�Eâ�¦§±
9?�Ú=z��¦��O5�"

• ÷vEâ�¦�ü�óäµ�þõUÐmÚVgó§"

�þõUÐm

• õU�O�J:��´���ó§�¦^ØÓ��ó"

• F�<JÑ�þõUÐm(quality function deployment, QFD)�{§̂ ±

3���OL§Ú)�XÚ��O¥÷v���¦"QFD´��OyL

§§±���¦����|�§¦^�«Ý
ã5Ð«êâÚ&E"

• 3QFD��e§°Äúi¤k$E¹Ä�Ñ´���(§
�p�+n

ö�·-§½ö�Oó§��*:Ú�""3�O�¡§QFD©ª0�

��I�§
Ø´k�OÑ�¬2�â���NU?"

• QFD ÏLUõd�óþ�¤kë�ö�m§XE�Ú�O�m!�OÚ

)��m§±9æ	ÚøA�m��ÏÚìèÜ�§
¦úiÂÃ"

• QFD¦^�þÂóä5Ð«êâ§µ�Oy"
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Vgó§

• Vgó§(concept engeneering, CE)´uyÚ|^���¦§l
é÷v

���¦�`��¬ÚÑÖVg?1ÀJ�à�L§"

• TL§�)±eÊ�Ú½µ

• 1. n)����¸"

• 2. rn)=���¦"

• 3. rþãSNC¤�ö��"

• 4. Vg��)"

• 5. VgÀJ"

§5.7.2 �Omu¥�óä

�¬5�

• 3�[�OL§¥§�¬5�´�r�Oö�Vg=C�)��O¿(
��Ñ�²L!k�Úp�þ"

• 'X§�?nì)�§º�5�/0.514/0.5880L«
º�#N���

´[0.514, 0.588], ¥m�0.551Ò´�O�I§N��±0.037§��±�

�0.551± 0.037"

• )�5�kú¡º�ÚN��¤"ú¡º�(nominal)´�)�Ï¦��

�n�º�½8I�"N�(tolerance)´��Ä�8I�±����k

JÝ
#N� �"

• N��OÌ�´(½º�#N� �"N�LÄO\)�¤�§L°K
ü$�¬5U!F^5Ú	*�þ"

• N��½²~vk�Ä�CÉé�¬5U!)�5Ú²L�J�K�"
í@íä!£8!¢��O�3�Omu¥å�­��^"

• #0��O���ªÚK�©Û!��5ýÿ"

�O���ªÚK�©Û

• �O��(�æ)�ªÚK�©Û(design failure mode and effects analy-

sis§DFMEA´�£O���UÑy�¤k�ª§�O���K�Úî­

§Ý§l
ïÆæ^�(��O1Ä"|¤µ

• ���ª—z���½õUÑy�æ��ª"
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• ��é���K�"

• î­§Ý!Ñy��U5Úuÿ©?"

• ���d3�Ï"�æÏ~
uØû�O§�O"�¬3¦^y|½)
�|C¥Úu¯K"£O�Ï�UI�Á�Úî��©Û"

• Å�1ÄÚ��"���U�)�OUC!�Ø!�Ð�^rÃþ!+n
I?Ú8I�¤FÏ�"

§5.7.3 ��5ýÿ

��5ýÿ

• ��5��¬3ýÏ�mS�~$1�Uå§́ Ì���þ�I��"

• ��5´�¬ÚL§�O�Ä��¡§p��5���¬Jø¿�`³"

• )�L§¥§gÄz\�¦^!���E,5!���|d§±9Äu�
m�¿��¦�)�L§���5®²¡�è�)��'�ÆK"

��5½Â

• ��5´��3[0, 1]«m���VÇ§'X§¡�¬1000����5�0.97§

¿g´100��¬$11000��ÿ²þk97�E�~ó�"

• Ó����5§$1�m��5U�Ð"

• ½Â��5I�k���²(½Â"�¬ÚXÚ���©�õU��Ú
��5��"��5��´3$1
�ã�m����"

• ��5Vg�I��½$1�¸"

• ÏL½Â�¬�ýÏ�¸!5UA�!Æ·�§)�öU
^�OÚÁ
�5kÿþ�¬$1(½�})�VÇ"Á�©ÛU
�Ð/ýÿ��5

¿U?�¬ÚL§��O"

��5ÿþ

• ��5�3¤�ÄÏ�S�Ø��'~"

• ��ÅCþX > 0�Æ·§F (t) = P (X ≤ t)´X�©Ù¼ê§R(t) =

P (X > t) = 1− F (t)´3ó�t�m����5§¡R(t)���5¼ê"

• ��5¼êR(t)�����Ç¼ê��éA:

h(t) =
R′(t)

R(t)

´b½®²ó�
t�m�§ü �mS���VÇ"
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• XJXÑl�ê©Ù§Ù©Ù¼ê�F (t) = 1−e−λt§��5¼ê�R(t) =

e−λt§��Ç¼êð½�λ"

• éuØU�?��¬§��Ç��ê¡���²þ�m(MTTF)§éu�

�?��¬¡���m²þ�m(MTBF)"

• �ê©Ù�MTBF�1/λ"

• �ê©Ù���Ç¼ê´~ê§Nõ>f��Ï~3Æ·±Ï@ÏLy
�p
4~���Ç§
�´�ã�é$
ð½���Ç§��´4O

���Ç"

• O���5�I�±êþz���5k'�¤�§'Xú�Ï�¤�"

XÚ��5

• Gé!¿é½·Üë�
¤�XÚ���5�±ÏL�|¤Ü©���
5O�"

• GéXÚØ���¦¤k©XÚØ��§¤±

R = R1R2 . . . Rk

§R�XÚ��5§R1, . . . , Rk�Gé��ü����5"

• ¿éXÚØ��������©XÚvk��§¤±��5úª�

R = 1− (1−R1)(1−R2) . . . (1−Rk)

=Ø´¤k©XÚÑ���VÇ"

• ·Üë��±
©O�"

§5.7.4 L§`z¥�óä

L§`z¥�óä

• �O`z�)�½·��N�±(��¬5U�`z§¦�O­è(robust)§

9é)�Ú¦^�¸Ø¯a"

• óäkX���¼ê!��5`z�"
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X���¼ê

• X���¼ê(Taguchi loss function)´N��O����Æ�{"X�

@��5<�@��¬�I��á3ú�SÒ�1��{´�Ø�§�

�AT´���g¼ê§¢S�Il�O���§¦+3ú�S§��

��"��¼ê�

L(x) = k(x− T )2

Ù¥x´�þA5�¢S�§T´8I�§k´~ê"

• ~êkÏL ��'¤�\±�O"~X§,�þA55�´0.500±0.020§

XJ�Ñ��§�¬�UI��?§¤^�50{�§Kk��O�{�µ

50 =k(0.020)2

k =50/0.0004 = 125000

²þ��

• XJ®�¢SA5����ÅCþ�©Ù§X ∼ f(x)§f(x)��Ý½V

Ç¼ê§K²þ��½Â�

L = kE(X − T )2 = k

∫
(x− T )2f(x)dx

• ²þ��^X���σ2�±L«�

L = kE(X − T )2 = kσ2 + k(EX − T )2

��©�ü�Ü©§d)�L§�þ��8IØ��E¤���§Ú)

�L§�CÉ5E¤���"

ü>���¼ê

• ���Ð�A5�I���¼ê���

L(x) = kx2

• ���Ð�A5�I���¼ê���

L(x) = k/x2

��5`z

• `z��5�óäkµ

• IOz"¦^®kõc��5P¹���§æ^¤Ù�ö�5�"

• P{"Jø´�Ü����§½?1¿é�O"

• ���Ôn�Ï"
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§5.7.5 �O�y¥�óä

�O�y¥�óä

• �O�ykÏu(��O÷v��I�¿�¦)�ÎÜ5�"

• ��5u�µ��5I�Á�(@§�)���¸^�(½�¬A5!$
1�mÚ���ª"Æ·\�Á�(accelerated life testing)3��½�­

ó�^�eÁ�±J@uy¯K"��\rÁ�´�r8¤>´�³3

p§¥l
r½d3"�Ñy"d3"�´�@Ï���U5��§@

Ïvk��K�±é��m±p��Ý$1"

• ÿþXÚµd"êâØ�¥�Ü©´ÿþØ�§�)XÚ5Ø�£o´
 p½o´ $¤§¡� �(bias)§Ú�ÅØ�"O(Ý(accuracy)ïþ

 ���§°(Ý(precision)ïþ�ÅØ���"

L§Uåµd

• L§Uå(process capability)´��XÚk��Ï�Ì�§9L§?u­

½G��L§ ����"

• L§UåØ=é�¬�OöÚ)�ó§�­�§�´¢y8Ü�ç1�
�'�"

• 
)L§UåkÏu½þýÿL§÷v5��§Ý§�kÏu�½��
5��¦ÚI����Y²"

• L§UåïÄ(process capability study)´�3äN$1^�eJøL§

A5��[&E���kOy�ïÄ"�£��;.¯K�)µ

– L§�¥%3@pº

– L§� �õ�º

– �'5�A5�Ä�Éº

– õ�ÑÑ'Çò÷v5��¦º

–  ���Ï´�oº

• ^ªÇ©Ù!��ãÚ��ãµdL§Uå"

• 3��©Ùb½e§l��¥��ëêµÚσ��O�±^5O�L§U
å"
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• ����§̂ ©|ªêÚOÚ��ã���O1�A5á\ú���S

�'~"

• Ï��¬�þO�I�oNIO�σ§��^��IO�S�O¬�Ø�
O"�Ç"�±ÏLSÚ��þn�Ñσ��&e�Ú�&«m"σ��&

Ý�1−α��&e��RO�úª�sqrt((n-1)*S^2/qchisq(1-alpha, n-1)),

�&«m�e!þ�©O�sqrt((n-1)*S^2/qchisq(1-alpha/2, n-1))Ú

sqrt((n-1)*S^2/qchisq(alpha/2, n-1))"

L§Uå�ê

• L§ÑÑ�©ÙÏ��é�5�� �(þ�)Ú©Ù��(IO�)
Ø

Ó"g,CÉÚ5��m�'X�±^L§Uå�ê(process capability

index) \±þzµ

Cp =
UTL− LTL

6σ

Ù¥[LTL, UTL]�N�e!þ�§σ�)�L§�IO�"�½ú��§

d�ê��§�¦���CÉ5�$§σ�¦��"

• ¢�¥XJL§�¢Sþ�¤£¬E¤ú����.O\§��ïÆCp�
S���$.�´1.5"Nõúi�¦øAû�Cp��u½�u1.66"

�ý�ê

• ±þ?Øb½¢S)��þ�µ�u8I�µ0"��)L§¥#�&E§

²~¦^�ý�ê"

• þý�ê
Cpu =

UTL− µ
3σ

• eý�ê
Cpl =

µ− LTL

3σ

• �ý�ê
Cpk = min(Cpu, Cpl)

• XJ)�L§�σé�§@ok�U3µ− µ0®²����/eX�á3

ú���S§UìX���¼êù�´ØûG�§¤±CpÚCpkØ´��

�I"

• ���©Ù�§L§Uå�êvk¿Â"
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§5.8 L§U?óä

§5.8.1 L§U?��{Ø

L§U?��{Ø

• 8Ü�ç�DMAIC�Ñ
�«�{Ø"

• ùp0�Ù¦61�{§X�²�"

�²�

• �²�©o��ã?1§=Oy!�1!ÆSÚ1Ä(PDSA)§�7/�

�÷¿0"

• Oy�ã�)ïÄ�c�¸Ú£ãL§µÝ\!�Ñ!��ÚøAû¶n
)��Ï"¶Â8êâ¶²(¯K¶ÿÁ¤ÏnØ¶�½)û�YÚ1Ä

Oy"

• �1�ã§Oy3Á��Ä:þÁ1§'X3¢�¿¥Á�)�L§§½
ö����|��Ü�§µ�,�A½�)û�Y¿Jø8Iêâ"Á

��Ñ�êâ�Â8ÚP¹e5"

• ÆS�ãÏLµ�(J!P¹ÆS!û½´Äk?�Ú�±æ��1Ä
Ú�U�Å¬§5�äÁ�¥�Oy´Ä�("Ï~1��OyI�?

U"?U��£��1�ã�µ�"

• 3�����ã1Ä¥§U?C�IOz§¡�/�c�Z.10"

• £�Oy�ãÏéÙ¦U?Å¬"

• �²�Q­ÀáÏ�±YU?§�­À�Ï�|�ÆS"

§5.8.2 L§U?�Ä�óä

L§U?�Ä�óä

• 8Ü�ç^uL§U?�óäkµ

• 6§ã"̂ u½ÂÚ��"

• $1ãÚ��ã"̂ uL§��"

• u�L"̂ uÿþÚ©Û"

• ��ã"̂ uÿþÚ©Û"

• ø\÷ã"̂ u©Û"
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• ÏJã"̂ u©Û"

• Ñ:ã"̂ u©ÛÚU?"

• F�<¡�/�¡�þ�Ô«óä0(Seven QC tools)"

6§ã

• 6§ãxÑ��L§�1ÄÚgS"

• 6§ã�Ðd�?L§�¥�<—
ó!Ì+!²nÚ��—5�Ó±

�"

• 6§ã(flowchart map)½L§/ã(process map)²(
��L§¥�¹

ÄgS½�á�Ú&E�6Ä��"ÏLJø�Ì�¤?Ö¤I�ãx§

�Ï<��Ð!��*/
)L§"

• 6§ã�±^£�ªüÑ±�§l)���Ñm©�£J¯"

• 6§ã�±Jø�þU?���§{zLuE,6§�±Jp1�"

$1ãÚò�ã

• $1ã(run chart)´�Ìò�ã§Ù¥�êâUì�m^Sü�"q¡�

mS�­�"

• p¶�Lÿþ�I§î¶�L�m"

• �E$1ã§I�k(½�iÿ�ÿþ�I"½ÏÄ��O�Ä��Ú
O�IXþ�!IO�!g¬ÇJø
êâ"

• $1ã±�«´un)Ú)º�ã/�ª§Ð«�X�mí£§,�L
§½,
�þ�I�1�Ú �"§�U
�ÑL§��m�CzÚª

³§±9��1Ä��J"

$1ã«~
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�E$1ã�Ú½

• Â8êâ§O�I��ÚO�I§X²þ�!IO�!"�Ç"

• u�êâ��§(½p�I���§�#êâ3Ñ{/"

• ±ã§ë�"

• O�²þ�§x�^Y²�§¡�ã/�¥%�(CL)"

$1ã«~�§S

demo.run <- function(use.pdf=FALSE){

if(use.pdf){

pdf("run-chart.pdf", width=10, height=4)

on.exit(dev.off())

}

x <- c(5, -7, -5, -7, 4, -2, 9, 8, -5, 1,

-1, 6, -6, -1, -0.5, 2, -1)

mu <- mean(x)

plot(seq(along=x), x, type="p",

pch=16,

xlab="Time", ylab="Measurement")

lines(seq(along=x), x)

abline(h=mu, lwd=2)

}

demo.run()

$1ã��Ö

• XJêâ:�7¥%:±�«­½��Å�ªÅÄ§vk��¸�!r
�½��§K`²L§´²wÉ����"

• XJ�3É~��ª§KI�N�E¤­½5"y��Ï§¿æ���
1Ä"

• $1ãU
²(du"y�����·Ï"
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��ã

• ��ã=3$1ãÄ:þ\\
�L��þ�(upper control limit, UCL)

Ú��e�(lower control limite, LCL)�ü^Y²�"

• ����âÚO�KÀJ§�±�y­½G¹eêâk99%á3���

S"

• XJ���á3���±	§½öã¥�3��Å��ª§K�U�3
K�L§�AÏ�Ï§L§´Ø­½�"I�u�L§§æ�·���

�1Ä"

• XJµ�Ú��Ó�?1§L§­½5ÒU�±§�þ���y"

• ��ã¦�ö�öU
3�þ¯Ku)�Òuy¯K"

��ã«~

●

●
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●
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−
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m
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��ã«~�§S

demo.control <- function(use.pdf=FALSE){

if(use.pdf){

pdf("control-chart.pdf", width=10, height=4)

on.exit(dev.off())

}

UCL <- 10; LCL <- -10

mu <- mean(x)

x <- c(5, -7, -5, -7, 4, -2, 9, 8, -5, 1,

-1, 6, -6, -1, -0.5, 2, -1)

plot(seq(along=x), x, type="p",

pch=16, ylim=range(c(LCL, UCL, x)),

xlab="Time", ylab="Measurement")
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lines(seq(along=x), x)

abline(h=mu, lwd=2)

abline(h=c(UCL, LCL), lty=3)

}

demo.control()

u�L

• u�L(check sheets)´|8êâ�{üóä"

• 3�E�¥§aqeã�u�LU
éN´/��È<
¦^Ú)º"
L¥�¹
5����&E§¦�ØÜ�¬�êþ�N´�uy§¿J

ø
'uL§�þ���=��I"~ã¥k�õgê�Ñ5�§��

Lþ��¹�î­"

Â8êâ�u�L
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ØÜ�¬u�L«~

• eãP¹�[ê�)��û�ØÜ�¬�a.Úêþ"

• U
�*Ð��¹�m�Ý§l
�±��mí£uÿÚ©Ûêâ§X
J�3��±uyª³Ú�ª"
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"� �u�L«~

• eã�"� �u�L§̂ ±uyð�	ºÀæ¥�í�� �Ú/G"

|^u�Luy �Ì�3mý§?�Ú�	)�L§uymýØå�

�"
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��ã

• é©aCþ§�*Ð«�����ªê"

• éëYCþ§©|�Ð«�|ªê§¿�N©Ù��!¥% �!©Ñ§
Ý!©Ù ��¹!kÃl+�!́ Äõ¸�&E"

• ��ãJø
'u���oNA«��¢§��3êâL�¥Ø´uy
��ªC�²w
"

• élÑêâ*ÿ�x§3R¥^barplot(table(x))±ã"X

x <- sample(1:3, 100, replace=TRUE,

prob=c(0.5, 0.3, 0.2))
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barplot(table(x))

• éëYêâ*ÿ�x§3R¥^hist(x)±ã"X

x <- exp(rnorm(100))

hist(x)

ø\÷ã

• ø\÷(1848—1923)´� ¿�|²LÆ[§¦uy�=85%�ãLÝº

315%�<Ã¥"

• Á=3é�[E���¤�©Û¥uy§�Ü�þ¤��61%�±8(

����8—/»�0"

• ø\÷©Û�ß/ò'���êl²���õê¥©lÑ5§Jø
À
JU?�8���"

• ·�²~¤`�/8­:0§/)ûÌ�gñ0§Ò´ù«g�"

• ø\÷©Ù(Pareto distribution)w«
*	é��A�l�pªÇ��

$ªÇ�üS"ø\÷ã(Pareto diagram)´�Nl�pªÇêâ��$

ªÇêâ���ã"

ø\÷ã«~µ"�«a

• eã^�Àz�9Ï�ß/Ð«
"���é'~§¿U
^5uyU
?�Å¬"¤��p!�­��¯K�àwÑ5"
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��Ý��ø\÷ã

• e¡�ø\÷ã©Û
�¬$Ñ¥�)��	$¤"uy�)p�$¤
��~��Ï´���¦"1���Ï´ó�Øv"



§5.8 L§U?óä 141

ÏJã

• L§�Ñ� �ÚÙ¦�þ¯K�U´d�«�ÏE¤�§Xá�!Å
ì!ó²!<
Úÿþ�I"

• ÏJãkÏuuy�)¯K��Ï§¿¡�Ïé)û�Y�Ä:"

• ÏJãq¡��Aã!~�ã"

• ÏJã(cause-and-effect diagram)´�«{ü�ã/�{§òÏJ¥y3

�^ó^þ§¿|�åCþ�m�'X"

• ÏJã���/ªXeã§3î¶�"à§�Ñ��¯K"z�^��
ÌZ�©|�L���U��Ï"���Ï(©|)�©|�LE¤T�

Ï�Ï�"
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• ùÜã�²
�)¯K�k�U��Ï§?�Ú�êâ|8Ú©Ûó�
�±3ÙÄ:þÐm"

ÏJã«~µ��:�¿�ÏJ©Û
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Ñ:ã

• Ñ:ã^?�*w«ü�ê�.�I�m��'a."

• c¡®²ùã"

L§�[
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• æ^O�Å�[��{§kïáL§�Ä��.§̂ O�Å?1�Å�

[§�±��ØÓëê�¹e�1��IÏ"�"
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§5.9 ÚOL§��

ÚOL§��

• ÚOL§��(statistical process control, SPC) ´^uiÀL§!£OA

Ï�ÏCÉ§¿3·���ÿuÑI�æ�Å���&Ò��{"

• L§¥�k��5�ÏCÉ�§L§É�"

• L§¥XJ�3AÏ�ÏCÉ§L§A��½¬/��0"

• ÚO��G��½Â´µ�X�m�Cz§L§�þ�Ú��Ñ�±Ø
C"ùÎÜ�mS�¥�²­5�¦£²­5�¦�õ�
¤"

• SPC�6u��ã"Nõ�û�¦øAûJø��ã"

• SPC�¦L§�3�ÿþ�CÉ§éu�þY²p�8Ü�ç�)�L

§§SPCC�Ã�"

• ��ã��±^uÑÖÅ�"

§5.9.1 �þ��ÿþ�I

�þ��ÿþ�I

• �þ��ÿþ�I©�Oê�(attribute)ÚOþ�(variable)"

• Oê�´ü:©Ù(J�¤õgêP¹§~^©ê½'~L«"'X§Ø
Ü��8'~!z�ü "�ê!ü Å¬��Ç�"

• Oþ�êâ´ëY���§X�Ý!­þ�"éuJþêâ§·�'%Ù
ÎÜ5��§Ý§Ï~^²þ�!IO�ù��ÚOëêV)"

• Â8OêêâÏ~'Â8OþêâN´§Ï�ÏL{ü�u�½Oê?
1µdÏ~�¯§
Oþêâ�Â8KI�¦^,«a.�ÿþC�"

• ÚO¥§OêêâØXOþêâJø�&E¿©§¤±Oêu�ØXO
þu��Çp"

§5.9.2 R�qcc^��

R�qcc^��

• R�qcc�¢y
��ã!\\ã!Uå©Û!ø\÷ã�õU"

• êâµpistonrings¥�¹
40gÿþ�§zgÿþ5��¬"
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> require(qcc)

> data(pistonrings)

> attach(pistonrings)

> print(pistonrings[1:7,])

diameter sample trial

1 74.030 1 TRUE

2 74.002 1 TRUE

3 74.019 1 TRUE

4 73.992 1 TRUE

5 74.008 1 TRUE

6 73.995 2 TRUE

7 73.992 2 TRUE

• �*ÿ����ãµ

> hist(diameter)

• ��ãØU�N��m�Cz"

Histogram of diameter
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• ·�­üêâµ§r�g*ÿ�Ê�*ÿ��3�1¥"

> diameter <- qcc.groups(diameter, sample)

> print(diameter[1:5,])

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

1 74.030 74.002 74.019 73.992 74.008

2 73.995 73.992 74.001 74.011 74.004

3 73.988 74.024 74.021 74.005 74.002

4 74.002 73.996 73.993 74.015 74.009

5 73.992 74.007 74.015 73.989 74.014

• qcc¼êrêâµ=���þ��¤Iêâ(�§¿�±�²þ����

ã"ùp�^
c25gÿþ"

obj <- qcc(diameter[1:25,], type="xbar")

xbar Chart
for diameter[1:25, ]
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Number of groups = 25
Center = 74.00118
StdDev = 0.009785039

LCL = 73.98805
UCL = 74.0143

Number beyond limits = 0
Number violating runs = 0

O�L§Uå�ê

• lêâ�OL§Uå�êCp§�±^qcc¥�¼êprocess.capability"

~X
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> process.capability(obj,

+ spec.limits=c(73.95, 74.05))

Process Capability Analysis

Call:

process.capability(object = obj,

spec.limits = c(73.95, 74.05))

Number of obs = 125 Target = 74

Center = 74.00118 LSL = 73.95

StdDev = 0.009785039 USL = 74.05

Capability indices:

Value 2.5% 97.5%

Cp 1.703 1.491 1.915

Cp_l 1.743 1.555 1.932

Cp_u 1.663 1.483 1.844

Cp_k 1.663 1.448 1.878

Cpm 1.691 1.480 1.902

Exp<LSL 0% Obs<LSL 0%

Exp>USL 0% Obs>USL 0%
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Process Capability Analysis
for diameter[1:25, ]

73.94 73.96 73.98 74.00 74.02 74.04 74.06

LSL USLTarget

Number of obs = 125
Center = 74.00118
StdDev = 0.009785039

Target = 74
LSL = 73.95
USL = 74.05

Cp     = 1.7
Cp_l  = 1.74
Cp_u = 1.66
Cp_k = 1.66
Cpm  = 1.69

Exp<LSL 0%
Exp>USL 0%
Obs<LSL 0%
Obs>USL 0%

§5.9.3 Uå�É�

Uå�É�

• É�´�¦L§�I��m�Cz´­½�§þ�3¥%þe�ÅÅÄ§
vk�ª"

• L§Uå�N�´éIO����§Cp��§L§�IO���"

• Ï"�G�´QÉ�qkUå"

§5.9.4 Oþ�êâ��ã

Oþ�êâ��ã

• ~^þ���ã(x̄ã)Ú4���ã(Rã)"

• þ���ã^uiÀL§�¥%¶4�^u{B/ÿþCÉ§cÙ´Ã
ó�¤�"¦^O�Å©Û�^IO�ã�O"

• qcc��qcc�±±�þ���ãÚIO���ã"¿�±^��êâµ

��Ôö§,��êâµ��iÿ"'X§�·^pistonringsêâ�c25g

ÿþ(J�þ���ã:

obj <- qcc(diameter[1:25,], type="xbar")

summary(obj)
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Call:

qcc(data = diameter[1:25, ], type = "xbar")

xbar chart for diameter[1:25, ]

Summary of group statistics:

Min. 1st Qu. Median Mean 3rd Qu. Max.

73.99 74.00 74.00 74.00 74.00 74.01

Group sample size: 5

Number of groups: 25

Center of group statistics: 74.00118

Standard deviation: 0.009785039

Control limits:

LCL UCL

73.98805 74.0143

xbar Chart
for diameter[1:25, ]
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• ^c25gÿþïá����iÿ�15gÿþ:

obj2 <- qcc(diameter[1:25,], type="xbar",

newdata=diameter[26:40,])

• �L§?uÚO��G��§:�Å/á3����m§�Ø¥y?Û
�±£O�/�"

• (Jk3�:á�
þ�±	"

xbar Chart
for diameter[1:25, ] and diameter[26:40, ]

Group

G
ro

up
 s

um
m

ar
y 

st
at

is
tic

s

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

73
.9

90
74

.0
00

74
.0

10
74

.0
20

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

LCL 

UCL

CL

●

●

●

●

Calibration data in diameter[1:25, ] New data in diameter[26:40, ]

Number of groups = 40
Center = 74.00118
StdDev = 0.009785039

LCL = 73.98805
UCL = 74.0143

Number beyond limits = 3
Number violating runs = 1

IO����ã

• ^c25g*ÿ�IO���ã:

obj3 <- qcc(diameter[1:25,], type="S")
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S Chart
for diameter[1:25, ]
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IO����ã

• ^c25g*ÿ�����iÿ�15g*ÿ§�IO���ã:

obj4 <- qcc(diameter[1:25,], type="S",

newdata=diameter[26:40,])

S Chart
for diameter[1:25, ] and diameter[26:40, ]
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• L§þ�¤£µ
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• L§þ�¤£,	�~"
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L§þ�¤£�{ü�ä

• XJk8�ëY:á3¥%���>¶

• ò¥%�����¥m�«��©�nÜ©§K(1) XJ33�ëY�:

¥§k2�á3¥%������m	ý1/3�«�¶(2) XJ35�ëY

�:¥§k4�á3	ý�2/3�«�"��±�äL§��"

• ±Ï5ÅÄµ
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• ª³:
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§5.9.5 Oê��êâ��ã

Oê��êâ��ã

• Oê�êâ�kü��§Ð½�§9�½Ø9��"

• Oê����ã�~^�´pã"

• I�«©"�Ú"�¬""�(defect)´,�«ØÜ���þA5§��

�¬�±õ�"�""�¬(defective)´�d��½õ�"���¬"�


)Oê���ã�.´�é"��´"�¬"

R¥�Oê���ã

• êâµorangejuice�¹
54gOê(J§Ù¥Cþsize´oê§D´¤õ

ê"̂ c30g(Jïá���"

data(orangejuice)

head(orangejuice)

attach(orangejuice)

obj <- qcc(D[trial], sizes=size[trial],
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type="p")

summary(obj)

Call:

qcc(data = D[trial], type = "p",

sizes = size[trial])

p chart for D[trial]

Summary of group statistics:

Min. 1st Qu. Median Mean 3rd Qu. Max.

0.0800 0.1600 0.2100 0.2313 0.2950 0.4800

Group sample size: 50

Number of groups: 30

Center of group statistics: 0.2313333

Standard deviation: 0.421685

Control limits:

LCL UCL

0.05242755 0.4102391

p Chart
for D[trial]
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• ^c30g������iÿ�24gµ

obj2 <- qcc(D[trial], sizes=size[trial],

type="p", newdata=D[!trial],

newsizes=size[!trial])

p Chart
for D[trial] and D[!trial]
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