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n
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0000000000000 (gp000000 (DObo0o0)Doooo0oUooUooooog
gooobooooboboooooboobooobooboooobooboboono

ooogo
0000 0 n=10
000 O z=(94+92+---49.2)/10=9.30
00000 0O S8S,=942+9.22+4 ... +9.22 —(93.0)2/10 = 865.26 — 864.90 = 0.36
0000 0 v, =0.36/(10-1)=0.04
oooo 0 SD= v, =+v0.04=0.20
0000 0O CV =0.2/9.3=0.022
oooog 0 SE=0.2/y/10 = 0.063

OROODOODOOOOO

> x <- ¢(9.4,9.2,9.0,9.0,9.5,9.4,9.6,9.3,9.4,9.2)
> cat("OODODO=",length(x),"\n",

+ "000=",mean(x),"\n",

+ "OO0O000=",sum((x-mean(x))"2),"\n",
+ "O000=",var(x),"\n",
+ "0000=",sd(x),"\n",
+ "0ooo0=",sd(x)/mean(x),"\n",
+ "O0000=",sd(x)/sqrt(length(x)),"\n")
oood= 10

o= 9.3

gobdgb=0.36
gbod= 0.04
oboO0=o0.2
gdbd= 0.02150538
gobgd= 0.06324555
>

goooon
ROOO summary( )0000

> summary (x)
Min. 1st Qu. Median Mean 3rd Qu. Max.
9.00 9.20 9.35 9.30 9.40 9.60
>

00000000 (Mean)D OO0 (Median)J 000 (Min.)0O 00 (Max.)0O 1(1st Qu) 0000 30
000 (3rdQu)0000000000000000000

> boxplot (x)

000U000o0000o00U00o00U00 (CooUooOoo)oooUoooUoooOoO



({e]
@ | D
N
w | !
7 H30U5 M A !
< _| \\ E
o i R fi
« _
()]
™ .
> I
E105 8 / !
7 ; B/ME
- /
(o]

00000000000 (b0obo0o00o0)00o0U00O000 (bO0O0)0ODDO0OD0ODUODOUO0OO

gboogobaoo
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0000000000000 0000000000200000000000 (Ob=540)00000
0000000000000 000000000000200000000000000000 (OC

0000) 0000 (000000000000 O0)0000000D00O0O00O0DO0OD0O0OO

oboooboobooooooboobooboobooboooobooboooobooobooobooOooonn

ooooboooogoo

goggg
ROOOOOOO I(m1)0000 2m2)00000000000O000O00O0OOOOOOOOOOO
gbooobooboooobooon

OROODOODOOOOO

> st <- ¢(0,50,100,150,200,300)

> st

[1] 0 50 100 150 200 300

> (m1 <- ¢(0,0.062,0.120,0.146,0.180,0.280))
[1] 0.000 0.062 0.120 0.146 0.180 0.280

> (m2 <- ¢(0,0.056,0.082,0.156,0.223,0.290))
[1] 0.000 0.056 0.082 0.156 0.223 0.290

>

gboooboobooboboboboobooboobooboboobooboo

> (m1 <- ¢(0,0.062,0.120,0.146,0.180,0.280)) OO
> ml <- ¢(0,0.062,0.120,0.146,0.180,0.280)

> mil

goooooooo

00000000000 0000000000000O00O00O0O0O0O0OU 1(eo)000OO02(x)0000
gbogboobobobobboobooboobuooboobooboboboboobooboaboaa
000000000000 00000000O0000000O00000U00O (e)0010000O0O0ODO
gboooooao

oboooobooboo ROOOOODOOOODOO

plot(ml,st,x1im=c(0,0.3),ylim=c(0,350) ,type="n",xlab="absorbance",
ylab="glucose(mg)")

points(ml,st,pch=1,cex=1)

points(m2,st,pch=4,cex=1)

m<-(m1+m2) /2
points(m,st,pch=16,cex=1)
abline(Im(st™m))

V V V V VvV Vv + V
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gbooooobooboooooboooooobobooooobobooobooboboooboooboooon
obooooOobooooboobooooboobooon
gboboboboboboobooooooboobobooboobobobobobDobOooooooooon
ooooooboooooboboooooboooooobooboobo sgooooobobobooooo
00000000000 0000OROOO Im()000000OO (intercept) 00000000 OOOODO
o0b0dbDedDOOobonOonO

00000000000 (mg) =1054.626 x 000 — 6.844
00000000000 0000O0O00000000 ROOOOOOoOoooano
> Im(st™m)

Call:

Im(formula = st ~ m)

Coefficients:
(Intercept) m
-6.844 1054.626

0000000000000 0000000 (0000000000 (DOOoUooUooOoUooOoo
0000000)0Multiple R-squared=99.74%) 0 000000000000

> summary (Im(st ~ m))

Call:

Im(formula = st

m)



Residuals:
1 2 3 4 5 6
6.8441 -5.3789 0.3268 -2.4045 -5.6631 6.2756

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) -6.844 4.394 -1.558 0.194
m 1054.626 27.051 38.986 2.59e-06 *xx*

Signif. codes: O0°' =***x’' 0.001° *x' 0.01° *x' 0.05° .’
Residual standard error: 6.187 on 4 degrees of freedom

Multiple R-squared: 0.9974, Adjusted R-squared: 0.9967
F-statistic: 1520 on 1 and 4 DF, p-value: 2.586e-06

gbgobooobooboaoboaod

0.1°
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3000000 100 10a0 0000000000000 0OO0O (kg/l0a) 0000000 OOOO
ugbboobboobbooobooobuoobbuoobboobooboboobboobboon
gbogbooboobobobolgogboobobboboobooboobooboonooo

ooooo
ROODOODOOOOOOOOUOOOOOCOOOO (DO)OoO0OU0DOOUOODODOUOOOOODOOUOOOO
oboooboo0oooobooooobooooono

OROOOOOODOOO
0000000Oo00ooOo0OUoO (Do)oooooo

A<-c(8,14,12,8,16,11)
B<-c(9,11,10,7,11,9)
C<-c(16,17,14,12,18,13)

0000000000000 000000000O00Omean()dsd()000000000O0O0OOO ADO
ooooboobooboboooooooboooogoo

> mean(A)
[1] 11.5

> sd(A)

[1] 3.209361

ROODODODOOOOOODODOODOODOOODOODOODOODOODUODODbODObDbODUObDOObDOODbDO
000000000000000000000000D0D ADBODCOODODOOODOOODODOODOO
(breed) DO OOOO

> breed <- data.frame(A,B,C)
> breed

A B C

8 9 16

14 11 17

12 10 14

8 7 12

16 11 18

11 9 13

v O O b W N

0000000000000 0O00000O0000000Osummary(0000000O0)000O0O0O3
gboooobooooooboo

> summary (breed)

A B C
Min. : 8.00 Min. : 7.00 Min. :12.00
1st Qu.: 8.75 1st Qu.: 9.00 1st Qu.:13.25
Median :11.50 Median : 9.50 Median :15.00
Mean :11.50 Mean : 9.50 Mean :15.00

3rd Qu.:13.50 3rd Qu.:10.75 3rd Qu.:16.75
Max. :16.00 Max. :11.00 Max. :18.00



00000000000 (00000 0) 00000 0O00U00O0DU0oOO0O0OUOoOooUooOoOn
00000000000000000000000000s(00000000)000O000

> sd(breed)

A B C
3.209361 1.516575 2.366432
>

000000000000 CO000000000000BOO0O00O0O0DNO0000000000000O
00Osd()0 mean()0000000000000000000

> sd(breed) /mean(breed) *100

A B C
27.90749 15.96395 15.77621
>

goooooOoOoOO0O0 AQOQOOOOOOOOOOOOOOOOOOO0OOOOOOOOOOOO
OO0 (0O0UOOO0Oboxplot000)00OO0OO0OOOOOOO

o _| N
[}
© _] _
s '
S <« :
~ —
o0
X 1
- o~ _|
@—
X 2
=
i
O — |
1
[ [ [
A B G
AniE

> boxplot(breed,xlab="00",ylab="000 (kg/10a)")

000000000000 00000O mean()dsd()0000000OO0O0OOOOOOOOOOO

> b1<-c(8,9,16)
> mean(bl)



(11 11

> sd(bl)

[1] 4.358899
>

ooooooooooooo0oOooooooboOo0oooboooooDoOoo0OooooDobOfor0OO
goooboobooooboobooooooooooobooooboboboooDobDoooooDo

> lot <- as.matrix(breed)

> for(i in 1:6){

+ cat("gOd",i,"\t0O0O0O=",mean(lot[i,]),"\t 00 0O0=",sd(lot[i,]),"\n")
+ 3

oo 1 O0dd= 11 O0O000O= 4.358899

00 2 0OO0O0O= 14 good= 3

oo 3 Oood= 12 good= 2

00 4 OO0O=9 O0O000= 2.645751

00 5 0O0O0O= 15 O0O0O00O= 3.605551

00 6 OOO= 11 oood= 2

0000000000000000000000000ROOOOOOOOOOOOOOOOO000
0000000 ADOBOCOOOOOOODOOO gain 00000gin 000000000000000
(nbreed) 0000000 (block) 00000000000000O0O

> gain <- c(4,B,C)
> gain
[1] 8 14 12 8 16 11 9 11 10 7 11 9 16 17 14 12 18 13
> nbreed <- c(rep("A",6),rep("B",6),rep("C",6))
> nbreed
[1] ™A™ MmA™ "AM™ MAM MAM WAMW wBM WBM NBH NBN NBH WBH NG HGH o nGH o non wGHoncn
> block <- rep(seq(1:6),3)
> block
[1112345612345612345¢6
>



0000000000000 00000000 interaction.plot( ) 0000000000000 OOO
obooooobooooooboon

= X &
— 1
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3 T - 4
X
= -—- 5
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ﬁ
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fniE O

> interaction.plot(nbreed,block,gain)

oooooooo cobobo 10ste000OO0OOOOO0O0ODOOOOODODOOODDODOO
goooooobooooboobooooobooobooooboooobobooooboboboooDboo
oooooooooobooooo7OO00O0O0ODObOO0O0O0ODOOOO0ODOOOODO0
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20000o0oog

goooo 1

obooobOoboooboobobobooloobobooooobo 10000 1e000oboOoOoOoOO
000000000000000000000000000000 (DO00Do0oO0)0oooooo
gbogbooboobobooboobooboobooboboobooboo

goggg
good
gbooobooooboooon

p=10x0.094+11 x 0.10+--- 4+ 16 x 0.07 = 12.94

00000000
ooo

0000000000000 20000000000
00000

02 = (10 — 12.94)* x 0.09 + (11 — 12.94)% x 0.10 + - - - + (16 — 12.94)% x 0.07
= 277

ggodg

grROODOOOO0ODOO0

> togesu <- c(10, 11, 12, 13, 14, 15, 16)

> prop <- c¢(0.09, 0.10, 0.21, 0.23, 0.19, 0.11, 0.07)
> toge.mean <- sum(togesu*prop)

> toge.mean

[1] 12.94

> toge.var <- sum(((togesu-toge.mean)"2)*prop)

> toge.var

[1] 2.6764

>
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00000 (0000O00)00000U00O0UC00O0OO0U0O0OU 2000000000000
00000000000000 (000)0000000o000o0o00oo0o0o0oooOoUoo
oooooobooobooboob ROOODOOOOOODODOOOOODODODOOOODOO
oood

goooo

oooO0O0OzOOOODO pOOOOOOOOODO200000000000000O0O0O00O0O0O00O0O
T1+ T2+ -+ T

0000z =
20
_ 51.2463.5 4 - +42.9
N 20
= 50.645
000O
0000000000000 00000»-1(0000 -1)0000000000000
1 n
~2 L 7)2
Do000O0oo0ons? = n—l,z(x” )

1
= = {51.22 +63.5% 4 - 442,92 —

(51.2 4+ 63.5 + - - - + 42.9)2 }
20

orROOCOOOOOOO

obooobooooRrROOCOOOOO

rawData <- c(51.2,63.5,48.9,58.1,55.4,41.7,40.8,53.1,60.5,51.5,
46.9,47.7,51.4,52.9,49.9,48.2,41.1,56.3,50.9,42.9)
n.data <- length(rawData)

x.mean <- sum(rawData)/n.data

VvV V VvV + V

x.var <- sum((rawData - x.mean)"2)/(n.data-1)
cat("O0O0O=",x.mean,"\t 0 0=",x.var,"\n")
O00= 50.645 O0= 39.24366

>

\4

goooon
oooooo

> x.var <- (sum(rawData"2)-sum(rawData) 2/n.data)/(n.data-1)
> x.var
[1] 39.24366

0000000000000 00000ROOO mean( )Ovar( ) 000000000 DO0OOO0OOOO
oo

> mean(rawData)
[1] 50.645

> var (rawData)
[1] 39.24366
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oboboobobOoboobo0 embOO0bOO0OO0OO0OO0O0OCOCOOOOOODOODOOOOOOOOOO
gboooboboooboobooobooboboooobobooboobooboboooDno

ogooono

em00000000000 (e 00000000000000 &(emy 0 02, 0000000mm0
0000000000 % 00000000000000 Sgm 0 02,0000

000 «0000200000000e 00000 Efaz]=cE[x]000000000

i’(cm) = E[‘Tcm] = E[w(mm)/lo] = E[x(mm)]/lo = j(mm)/lo

O00000000emUJ0O00O000O0OO0O0O000 mmO000000O00OOOO0OO 1/100000
ooo

2 —
T(em) =

[ @ em) = Pem))?]
| @) /10 = F ) /10)]

{(Wmm) - f(mm))ﬂ /100 = 07,/ 100

Il
& & &

000000000em0000000000000mmO00000O0O0O0OOOODO 1/1000000
oboooOobooooboboomuobobo 20000b000000000000b00000

OROODOOOODOOO

> rawData <- c(5.12, 6.35, 4.89, 5.81, 5.54, 4.17, 4.08, 5.31, 6.05, 5.15,
+ 4.69, 4.77, 5.14, 5.29, 4.99, 4.82, 4.11, 5.63, 5.09, 4.29)
> n.Data <- length(rawData)
> rawData

[1] 5.12 6.35 4.89 5.81 5.54 4.17 4.08 5.31 6.05 5.15 4.69 4.77 5.14 5.29
[15] 4.99 4.82 4.11 5.63 5.09 4.29
> rawData.mm <- rawDatax10
> rawData.mm

[1] 51.2 63.5 48.9 58.1 55.4 41.7 40.8 53.1 60.5 51.5 46.9 47.7 51.4 52.9
[15] 49.9 48.2 41.1 56.3 50.9 42.9
> x.mean <- sum(rawData)/n.Data
> x.var <- sum((rawData-x.mean) 2)/(n.Data-1)
> xmm.mean <-sum(rawData.mm)/n.Data
> xmm.var <- sum((rawData.mm-xmm.mean) 2)/(n.Data-1)

cat("O 00O (cm)=",x.mean,"\t 00 (cm)=",x.var,"\n")

\

OO0 (cm)= 5.0645 00 (cm)= 0.3924366
> cat("O000 (mm)=",xmm.mean,"\t OO (mm)=",xmm.var)
OO0 (mm)= 50.645 OO0 (mm)= 39.24366

>

O0000000emO000000 mmO000000 1/100ecm 000000 mmO000000 1/100
gboooobooooood



Jggoouoood
gogdd 1d

oboooooboog 2rommd0O0 1.210000000000000000000000O000O
25.5mm 00000000000000O0C0C00000C0O0O0O00O00O0O0O0O0O0O0Og 20%0

oo mmdoooooooboob0oo0ooobobooooooboboooboRrRODOD
gboobooboboboobooog

gobooo

00 X0OOO0ODO0D0 w000 0200000000 N(p,e?) 000000000000 ZOOODOO
00000000 ZOOOOOOO N(0,1) 0000
X—p
o
0000Z000000000000 255mmO000000000000000
25.5—27.0 —15
20 = - — _1.364
0 V121 11

oooooOooooOoOoOoOOOO0OO000ODODODOODOD 136400000000000000 0.0863
000000000000 255mm 000000000000 8.63%0000

oboob0ooo8OOOoOoOonOOobOOobObOoosdiednobZ00000 XOOOOoOOooOoOooo
goooo

z000Z =

X = pu+zo
x = 27.0+0.8416 x v1.21 =27.04 0.8416 x 1.1 = 27.93

0000000000000000 20%0000002793mmO0000000O0O00O00O0O

OROOOOOOOODO

> z <- (25.5-27.0)/sqrt(1.21)

> pnorm(z)

[1] 0.08634102

> x <= 27.0+gnorm(0.8)*sqrt(1.21)
> X

[1] 27.92578
>
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oboboobOobooooboboooobo20b0000000b00000ObO0ObOO0OOOOOn
ooooooboooooboon

ogoogo

000006200000 N(u,e?)00OO0000000000000000000 2000000
0000 u000 ¢2/n00000 N(g,o2/n) 0000

00000000000000000000000200000000000000000000000
00000 270000 1.21/20=0.0605 00000 N(27.0,0.0605) 0 0 00
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000000 ROUDOOOO(ROUCOOOOOOOUOOOO)OODOOOO1000000O00OOOO
gob1oo00000O0bO00Oo0obObOo0obOoooobObO w00boobooooglonoobOn
ooooooooobooboboboooolo0oobobobOoboobobooboobooboDobOoDbOon
oboobooboobooooobbooooboobooboooooboos41000000000
oboboooooobOoboobobooooooooobobo»n=1,000000000000000
ooood

goggg

00000000000000000000 26998310000 0.012172540000 (100000000
000) 0000000000000 00O0O0O00000UU0DOO0O0O0D0D0oDUDUooOooooOo
oooobooooo

ooooboboooogooboo

BAXH4 X10001545
g _ L
W S s -
i
§ _|

I I I I I
26.6 26.8 27.0 27.2 2].4

EATE

00000 (000000o0oUuoO00)de=1,00000000000000 26.9994400000000
0 0.00120233400000000000000000000O0O

3410000000000000000000DOOOO0OOO0O0O0OOOOOOOOOO (DO)OOO
Opd000¢?/n00000000000000000D0 100000 (E[z] =26.99831)0 1,000 000
(E[z] =26.99944) 000000 27.00000000000000O0

oboOobo0oooooOoboooOoiob00On o.0121725401,0000 000 0.001202334 0000000
O 1.21/1000 1.21/100000000000000O000O0O

grROODOODOODOOO

0000 <- numeric(length=10000) 00O O# 10,000000000000O00O0OOCODOO
for(i in 1:10000){ OOODOOODOODO #{ YOO ODOODOO 10,00000000
00 <- rnorm(n=100,mean=27.0,sd=1.1) # 1000000000

0000 [i] <-mean(DO)DOOODO O # 000000 0Ooooo

+ + VvV VvV

3-3



+ }

> mean(0O0O0O) #10,ooodbunooobooanOod
[1] 26.99831
>var(ODOOO) #10,o00000000O0O0O00OOO

[1] 0.01217254

> hist(J0 OO0 ,26,28,xlab="Sample Means",

+ ylab="Frequency",main=NULL) OO0 #1o,000000000000COOOOCOO
>

goooon

000000 1,00000000000000000 <- rnorm(n=100,mean=27.0,sd=1.1) 000000
000 <-rnorm(n=1000,mean=27.0,sd=1.1) 0000000

ggoobbboouooobbbobboooooobbbbouooog

oooooiloeobOO0O0oOobOOOo0oOooooObOOoODObOOOnD000DOb0O00OOoO 270000
gbooooboooooooo

BARY 1 X1,000D35E

1200

SRR

0 200 400 600 800
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26.6 26.8 27.0 27.2 2].4
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>

000000000 (D00o00U00)000o0000o00U0Oo0OO00DUOOO0OUOUOOooOO 1000
0100000 1B300000000001B000000b0bOs0b0b00bo0ooooooDoOon
gbooobg 1im1gogao

goggo
goooobobobbooooooboboooog
1 1
_ 173'(1)13
~5l(13=5)1"2
1287
= = —0.1571
8192 0-157

1B3000000000s,000000000 0.1571000¢0

OROODOODOOOOO
ROOO,Ck O choose(nk) 0O OO0

choose(13,5)*(0.5)"5%(1-0.5) " (13-5)

[1] 0.1571045

>

>

goooog
ROUOOOOOOOOOO phinom()000O00O00OO

P(X < x) = pbinom(x,n,prob) = Z nCr(prob)* (1 — prob)™=*
k=1

00000 pbinom(x,n,prob) 0000 X <2000000000000
0000130000000005000000000000000000

pbinom(5,13,0.5)-pbinom(4,13,0.5)

[1] 0.1571045

>

good



goooo st

oboooobooOoooooooooooooboooooooooonboo 200000000000
ooboobooooooobosobobbO0ObOO0O0bDOO0D 12000000000D0000D0O01
00000o00o0o0o0o0ooo0oo0oo0o0oUo0 (0ooo0o)Doboooooooo
oobO3s500b00000b0bo0bboobooboobooobooooooob2000000000
oooooooon

goggg
gbooobooboobooboooboobobbobboboobooboobooboobon

goooooooon

ooo(oo)
000 ooo 0 1 2 3 4 5
0000000000 1.00 0.12 0.76 0.2 0.00 0.00 0.00

oobooboooao 0.66 052 0.34 0.10 0.04 0.00 0.00

obooooOobooooobobooooobobooooobooooooboooooboOoboooboonog
cooooooooooooaAOODOO0OODOOOObODObOOoOobOD

)\k
pkzﬂe**m (k=0,1,---,5)

gboooobgooog

doooooboooogogoon
ooo(@oo)
ooo ooo 0 1 2 3 4 )
ooooooooon 1.00 0.3679 0.3679 0.1839 0.0613 0.0153 0.0031
gooooooooon 0.66 0.5169 0.3411 0.1126 0.0248 0.0041 0.0005

gboobuodgbouoobgobooboobobobobboboobooboobooobaan

go

gboooboooooobooooooboboooobobooooboboooooboOobooon
obooooobooooboboooooboboooooboooooboobooooboobooooooon
gooooooboooooboobooogobobooooobooboobobooooboboboooooboOoo
uboboobooooobobooobooboooobooooboooboooog

OROODOODOOODOOO

> x <- 0:5

> y.y <- c(6,38,6,0,0,0)

> y.b <- ¢(26,17,5,2,0,0)

> mean.y <- sum(x*y.y)/sum(y.y)
> mean.b <- sum(x*y.b)/sum(y.b)
>#000000

> mean.y

(1] 1

> mean.b
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[1] 0.66

#00ooooooooooboooo

p.-y <- (mean.y) x*exp(-mean.y)/factorial(x)

#00ooaoo

>
>
> p.b <- (mean.b) “x*exp(-mean.b)/factorial (x)
>
>p.y

0.4 0.6 0.8

0.2

0.0

TIDINIATILY

O HfF8E

0 RAEE
m W=
1 2 3 4

D%

[1] 0.367879441 0.367879441 0.183939721 0.061313240 0.015328310 0.003065662

>p.b

[1] 0.5168513345 0.3411218808 0.1125702207 0.0247654485 0.0040862990

[6] 0.0005393915

>#0000000

> f.y <- y.y/sum(y.y)

> f.b <- y.b/sun(y.b)

>#0 000000

> f.y

[1] 0.12 0.76 0.12 0.00 0.00 0.00

> f.b

[1] 0.52 0.34 0.10 0.04 0.00 0.00

>#00000

> layout(matrix(c(1,2),ncol=2,byrow=T))

> yFreq <- matrix(c(p.y,f.y),ncol=6,byrow=T)

> bFreq <- matrix(c(p.b,f.b),ncol=6,byrow=T)

> xname <- factor(0:5)

> coll <- "white"

> col2 <- "gray60"

> barplot(yFreq,beside=T,names.arg=xname,

+ col=c(coll,col2),xlab="000",ylab="00",
+ main="0000000000",ylim=c(0,0.8))

> legend(3%4,0.6,legen=c("O000O0O","O0000"),

3-7
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vV V 4+ Vv + 4+ Vv +

fill=c(coll,co0l2),col=c("black","black"))
barplot (bFreq,beside=T,names. arg=xname,
col=c(coll,col2),xlab="000",ylab="00",
main="0000000000",ylim=c(0,0.8))
legend(3*4,0.6,legen=c("O0O00O0O","000O00O"),
fill=c(coll,co0l2),col=c("black","black"))
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gooobo 1

obo01r0¢t00dn0 ¢ >211000000000000000

googg
t000o00b0 1iv00b0b0oboboobobd p=0.02000000000000¢, >2.11000

googoo2sbooon

ogrROODOOOOOOO

> 1-pt(2.110,17)
[1] 0.02499106
>
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00090+0000000000O00OO0O0OUDO0OO % O0000O00UOO0OUODOOOO
oooooo

goooo

tdbooooob9bbobooboooboobp=0.025000 2262000000000000000
oooon 22620000

OROODOOOOOOO

> qt(0.025,9)
[1] -2.262157
> qt(0.975,9)
[1] 2.262157

>




goooo 30

00050¢+00000000000000000DO0O0O 1%C0O00000000O0O0OOOOO
oooooo

googgg
0000 1%000000000000500000 p=001000000000000000000

O0000000¢t(50.01)=33650000

OROOOOOOOOO

> qt(0.99,5)
[1] 3.36493
>



gooobo 40

000000000 (em)00000O0O0O0OO0O0OOOOOOUOOOOO (DOOOUOOO)DAOOB
00000000ooooooos%uo0ooooooon

googgg
o000 H,OOOO0D [, 000000000000

0000 HOAOD BOOOOOOOOOO

0000 F,0AQ00BOOOOOOOOOO

000 ¢00
307 — 252
to = =9.150 > £(11;0.05/2) = 2.201
3364948 (1 + ;)
7T+6—2 \7 6

oooO0oO00O0O0O0O00O000AQCCO BOOOOOOOOoooooooood
ooooo:gon

307 — 252
ty = — = 8.740
56 189.6
7T e
(% 4 182.6)2
D0O00p= — e = 7.454

Tx(7=1) T ©x(6-1)

[

1
t(7;0.05/2) = 2.3650¢(8;0.05/2) = 2.3060q = % =0.51300
7

to = 8.740 > #(7.454;0.05/2) = 0.513 x 2.365 + (1 — 0.513) x 2.036 = 2.336

ool |

Oo000DOO0o00opDoo0o0o0oAdOO0OBOOOODOOOODOODODODOOO

grROODOOOODOOO0
oo0O¢goo

<- ¢(808,319,313,304,296,302,307)

<- c(236,260,245,275,251,245)

.mean <- mean(a)

.mean <- mean(b)

.var <- var(a)

.var <- var(b)

.n <- length(a)

.n <- length(b)

.ss <- sum((a-a.mean)"2)

.ss <- sum((b-b.mean)"2)

<- (a.ss+b.ss)/((a.n-1)+(b.n-1))

t0 <- abs(a.mean-b.mean)/sqrt(v+(1/a.n+1/b.n))
>cat(AOOOO0OOOOOOODODOOO",a.n,a.mean,a.var,"\n")
AJ00O0DODODO0OO0O0OOOO 7 307 56
>cat("BOOOOOOOODOODOOOO",b.n,b.mean,b.var,"\n")
BUOOODODOOOOODOODO 6 252 189.6

vV V V V V vV VvV V V V V V
< T M T @ T @ T P T P



>cat(AOO0ODOOOO=",a.ss,",BO000O00O00O=",b.ss,"\n")
A00OD00O0D00O= 336 ,BO0000000= 948

> t0

[1] 9.150177

> pt(t0,a.n+b.n-2)

[1] 0.9999991

>

goooo:gon

> t0 <- abs(a.mean-b.mean)/sqrt(a.var/a.n+b.var/b.n)

> df <- (a.var/a.nt+b.var/b.n)"2/(a.var~2/(a.n"2*(a.n-1))+(b.var"2/(b.n"2*(b.n-1))))
> q <- (1/df-1/(a.n+1))/(1/a.n-1/(a.n+1))

> t£.0.975 <- g*qt(0.975,7)+(1-q)*qt(0.975,a.n+1)

> cat("OO=",t0,",000=",df,",t(7.454;0.05/2)=",t.0.975,"\n")

O0= 8.740074 ,000= 7.453988 ,t(7.454;0.05/2)= 2.336062

>

goooon
RO ttest( )0 0000000000 ODOOOOOOOOODOOO

> t.test(a,b)

Welch Two Sample t-test

data: a and b
t = 8.7401, df = 7.454, p-value = 3.546e-05
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
40.30153 69.69847
sample estimates:
mean of x mean of y
307 252



goooo si

000000 (0/O0)0000el00U00OUOOUOO(UOOUO)DODOUOOUOOOO
00000000oooooos%0ooooooooo

googgg
o000 H,OOOO0D [, 000000000000

0000 FpOOoOoooDoooooooooooog
0000 F,0000000000D00000DO

gboooooooooooooogoogno
O0A 0OOB 0OODC OOD UOOE OOF

ooo 37 35 32 38 34 36
ooo 20 25 19 23 24 21
O 17 10 13 15 10 15
13.333
to = = 11.359 > ¢(5;0.05) = 2.015

0=
8.267
6

gboooboboooboobooooboobooogn

ROODOOOODOOO

> hot <- ¢(37,35,32,38,34,36)

> cold <- c(20,25,19,23,24,21)

> diff <- hot-cold

> t0 <- mean(diff)/sqrt(var(diff)/length(hot))

> cat("t0=",t0,",t(5;0.05)=",qt(0.95,1length(hot)-1),"\n")
t0= 11.35924 ,t(5;0.05)= 2.015048

>

goodoo
RO ttest( )00 O0O00O00OOO difIOOOOOOOOO

> t.test(diff)
One Sample t-test

data: diff
t = 11.3592, df = 5, p-value = 9.25e-05
alternative hypothesis: true mean is not equal to O
95 percent confidence interval:
10.31602 16.35065
sample estimates:
mean of x
13.33333



suoouoonon

goooo 1

000000 (D0000O0)000Doo0OUoo0Oo2000000001,000000000 (0DOOg)
0000000000000 0000000000000000000Oo0O0O0OoOoooO %0%0
00 9%% 000000000000

goggg
gooobog 1356000000 2630000
000000000 +«00000000000000000O0O000OOO9Y%%0o0000 [12.80086,14.31814]0

90%0 0000 [12.93276,14.18624] D 00O O

O

>
+
>
O
>

>
>
>
>
>

000000000 X?00000009%00000 [1.519646,5.605322]090%0 0 0 0 O =[1.656206,4.934648]
oo

grROODOOOODOO

rawData <- c¢(12.61,14.51,14.37,13.10,12.14,13.70,11.70,14.31,15.39,13.56,
10.53,14.40,12.29,15.22,15.52,15.49,10.72,11.79,14.17,15.67)

cat("O OO O O=",rawData.mean,"\t 00 0O 0O=",rawData.var,"\n")

O0O00= 13.5595 0oo00= 2.627573

cnt <- length(rawData)

df <- cnt-1

#0 00000000000 oOd

alphab <- 0.05

alphal0 <- 0.10

(t95 <- qt(1l-alphab/2,df))

[1] 2.093024

>

(t90 <- qt(1-alphal0/2,df))

[1] 1.729133

V V.V V OV V V V V V V OV OV V Vv

ci.95 <- t95*sqrt(rawData.var/cnt)

ci.90 <- t90*sqrt(rawData.var/cnt)
cat("OODO0O9s%0000=[",rawData.mean-ci.95,"\t,",rawData.mean+ci.95,"]\n")
ooooesx0000=[ 12.80086 , 14.31814 ]
cat("OOOO90%0000=[",rawData.mean-ci.90,"\t,",rawData.mean+ci.90,"]\n")
goooeox0000O=[ 12.93276 , 14.18624 ]

#0000000000oooon

chib.1l <- gchisq(alphab/2,df)

chi5.u <- qchisq(1-alphab/2,df)

varb.low <- dfx*rawData.var/chib.u

var5.upper <- df*rawData.var/chi5.1
cat("ODODOO95%0000=[",var5.1low,"\t,",var5.upper,"]\n")
0o09esx0000=[ 1.519646 , 5.605322 ]

chil0.1 <- qchisq(alphal0/2,df)
chil0.u <- qchisq(1-alphal0/2,df)

varl0.low <- df*rawData.var/chil0.u



> varl0.upper <- df*rawData.var/chil0.l
> cat("O0OODO90%0000=[",var10.low,"\t,",var10.upper,"]\n")
ooogooxDOdbDO=[ 1.656206 , 4.934648 ]

goooog

ROOD+tO0000OO0OOO ttest 0000000000000 ODOOO0ODODOOO ttestdDO0OOOO
oob0o0oob0ooobooobooooboo=00000000000000DODOO0OODOOOODOOOOODOO
00 (0000000000000 000O000O00O0U0O00D00 9% UDU0OU0OD0ODY%00
000000000000 conflevel=0.9000000)0

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

0000000000000 00OO000DO000D0O000D0OO0OO0DOO 95 percent confidence
interval 00 O00D0O0OO0OO0DOOOOO
oo

> t.test(rawData,conf.level=0.95)
One Sample t-test

data: rawData
t = 37.4094, df = 19, p-value < 2.2e-16
alternative hypothesis: true mean is not equal to O
95 percent confidence interval:
12.80086 14.31814
sample estimates:
mean of x
13.5595

> t.test(rawData,conf.level=0.90)
One Sample t-test

data: rawData
t = 37.4094, df = 19, p-value < 2.2e-16
alternative hypothesis: true mean is not equal to O
90 percent confidence interval:
12.93276 14.18624
sample estimates:
mean of x
13.5595
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000 0%?01.000000000000000000000000000O0 9%% 00000000
oboooboooobdob oooboobobooooboobooodobn0O00DbOOO0OO0ODOODO

goooo

0000000000000 w0000 100(1 —a)%000000

9 9

NG NG
godoooooooooouoooobidwOoOOOoooobooooobooooooooooono
oo

T —z(a)2)—=,T + z(a/2)

2 x Z(a/Q)% <w

gbooobod 00000000
oooobooog

2xz(a/2)% < vn

(2xz(a/2)%)2 < n
4x{z(a/2)}2% < n

0000 0,=1.00w=1.00 2(a/2) = 2(0.025) = 1.960 O O

1.0
> 4% 1.9602—0
no=oax 1.02

4 x 3.8416 = 15.3664

\%

uboooboobooboobobobobOobOoO0oboOobOOobOooboObOn0O0ODbOO0 160000

OROODOODOODOOO

sigma <- 1.0
z <= qnorm(0.975)
w <= 1.0

n <- ceiling(4*z"2xsigma/w)

vV V V V V

n
[1] 16

gooooo
0006?01.0000000000000000000000160000000000000 95%0
ooooboooobooboooooog

> sigma <- 1.0

> z <- gnorm(0.975)

>n <- 16

> w <- z*sqrt(sigma/n)

> cat(o5%0000=% ",w,"\t O=",2*%w,"\n")

5-3



95%0 00 0=+ 0.489991 0= 0.979982
>n <- 15

> w <- z*sqrt(sigma/n)

> cat("95%0000=+ ",w,"\t O=",2%w,"\n")
95%0 00 0= 0.5060605 0= 1.012121
>

oboooboooob ioobooooboooooob e0booobOoboOoooOon
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b0 1ogboob4000000000000000O00O0 25000000000000000O00¢0
1020000000 42000000000 4000000000 p09%% 000000000000

ooooo
000020000000000000000000000000000009%%0000002(0.025) =
1.960 000
7

f—L%Oxﬁgf+L%0x¢E

vn
ooooo
0000 2=10200000 ¢?=40000000 250000000000

o \/41
1960 x — = 1.960 x ——
Vn V25

2

= 1.960 x =

*5

= 0.784

00009%% 00000 [10.20 —0.784,10.20 +0.784]0 D 0 0 0O O [9.416,10.984] 0 0 O O

oRODOOOODOOO

sigma <- 4.0

z <- gnorm(0.975)

n <- 25

w <- z*sqrt(sigma/n)

ave <- 10.20

cat("95%0 000 =[",ave-w,"\t,",ave+w,"]\n")
95%0 00 0=[ 9.416014 , 10.98399 1

>

V V V V VvV V
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00003000000000000000000000000 %% 000000000000

googd
00000000002(e/2) 00000 t(n—1;1-/2)0000 02000000000 6200000
00000000 10(l-)% 0000000000
9?—15(7L—1'1—0z/2)><i :Ic—i—t(n—l-l—a/?)xi
’ \/ﬁ, ’ \/ﬁ
0000 2=102000000 ¢2=420000000 n=250¢(n—1;1—a/2) = ¢(24;0.975) = 2.064
goooobooobo

V4.2 V4.2
10.20 — 2.064 x ——,10.20 4 2.064 x = [9.354,11.046]
V25 V25

000000000 9%%0000 [9416,10984)0 0000000000000 0OO0OOOOO0OOO
000000 (000000 00O0o0O0U0)0U000U00000U00O0DU0OOoOooDUOooOoOoo

orROOCOOODOODOO

> sigma <- 4.2

> ave <- 10.20

>n <- 25

>t <- qt(0.975,n-1)

> w <- t*sqrt(sigma/n)

> cat("95%0000=[",ave-w,"\t,",ave+w,"]\n")
9500 00O=[ 9.354053 , 11.04595 ]

>
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o000 3000000000000 20000 1wo00ooobooobooooooonog 10.200
obob4200000000000004000000000000000000000O00DO
%% 00000000000

goooo

000000702500 1000000 t(n—1;1—a/2)000 t(n—1;1—a/2) = t(99;0.975) = 1.984
00000000000 400000000000000000000000

0000

ﬁ, 10.20 + 1.984 x Va2
V100 V100

000000 .=200000000009%0000 [9.354,11.046)]00000000000000
obooobOoboooobobooooobobooooboobooooboobooooboboooooobooon
00000000 Rn=20000000000 9%%0000 [9.416,10984]0 000000000000
0000000000000 N(w,o?/n)0000000000D00000DDOD0000O0OOOOOOO
goboobooooboobooooboooboo

10.20 — 1.984 x = [9.793,10.607]

grROODOOOODOOO

> sigma <- 4.2

> ave <- 10.20

> n <- 100

>t <- qt(0.975,n-1)

> w <- t*sqrt(sigma/n)

> cat("950000O=[",ave-w,"\t,",ave+w,"]\n")
95%0000=[ 9.793357 , 10.60664 ]

>
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OROOOOOOOODO

mu <- 100 # OO
sigma2 <- 9 #0100
sigma <- sqrt(sigma?2)

n <- 100 #000D00O
alpha=0.55

z.value <- gnorm(alpha) #0000

z.range <- z.valuexsigma/sqrt(n) #

n.rep <- 100 #J 00000000
ave <- numeric(n.rep) #0 00000000
lower <- numeric(n.rep) #0 0000000
upper <- numeric(n.rep) #0 0000000
flag <- numeric(n.rep) #0 000000

color <- c("black","red")

###a#O0 DO DO 0 00O 0 #eadta#
for(i in 1:n.rep){
ave[i] <- mean(rnorm(n,mean=mu,sd=sigma)) O#0000000000OOOOO

lower[i] <- avel[i]-z.range #0 00000

upper [i] <- ave[il]+z.range #0 00000

if ((Qower[i]>mu) | | (upper [i]<mu)){ #0 0000000000000 00
flaglil=1

}

}
cat("OOO0O0DODOOODOO=",sum(flag),"\n")
O00000O0o0o0= 90

syt D0 000000 ##u#

x.axis <- l:n.rep

plot(x.axis,ave,ylim=c(99,101) ,xlab="0000",ylab="0000+ 10450000",

pch="",col=color[flag+1])

abline(100,0)

for(i in 1:n.rep){
segments(i,ave[i],i,upper[i],col=color([flagl[il+1]) #0 0000000000
segments(i,avel[i],i,lower[i],col=color[flagl[il+1]) #O0 0O ODODOOOOODOO

}

vV VvV + + 4+ VvV vV 4+ V VvV V V ]V + + 4+ 4+ 4+ 4+ 4+ V V. V V V V V V V V V V V V V Vv VvV

upper [89]
[1] 99.8968
> lower [89]
[1] 99.8214
>
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OROODOOOOOOO

> n<-25
> data<-1:n



x<-runif (n)
y<-cbind(data,x[1:n])
y<-ylorder(y[,2]1),]
data<-y[,1]

cat("O OO :",data,"\n")

vV V V V V

gb0: 51156 3 23 20 16 24 13 47 8 25 12 2 19 21 17 14 11 9 10 18 22
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OROOOOOOOODO

block <- matrix(rep(0,25),ncol=5)
n <- 5

data <- 1:5

breed <- c("A","B","C","D","E")
for(i in 1:5){

x <- runif(n)

y <- cbind(data,x[1:n])

y <= ylorder(y[,21),]
block[,i] <- breed[y[,1]]

}
block

[,11 [,21 [,3] [,4]1 [,5]

[1,] "B" "D" "A" "E" D"

[2,] "E" "B" "E" "A" "E"

[3,] "c" "E" "B" "C" "B"
[4,] "A" n"cv ncv vBM o onCM
[5,] "D" "A" D" vDn wpAn

v + + + 4+ 4+ V V V V V
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>#lUO0OODDODOOOooOoo

> block <- matrix(c("A","B","C","D",

+ "B","Cc","D","A",

¥ ngw, DM, AN BN,

+ "D","A","B","C") ,ncol=4,byrow=T)

> block

[,11 [,21 [,3]1 [,4]
(1,1 "a» n»B" "C" "D"
[2,] "B" "C" "D" "A"
(3,1 "c* "p" "A" "B"
[(4,] "D* "A" "B" "C"
>n <-4



> nseq <- 1:4
>#1000000
> randRC <- function(k,data)
+ {
+ x <= runif (k)
+ y <- cbind(data,x[1:k])
+ y <= ylorder(y[,2]1),]
+ return(y)
+ 3}
> yy <- randRC(n,nseq)
> yyl[,1]
[11 3241
>#000000
> block.row <- rbind(block[yy[1,1],],block[yy[2,1],],
+ block[yy[3,1],],block[yy[4,1],]1)
> block.row
[,11 [,2]1 [,3]1 [,4]
[1,] "c" "D" "A" "B
[2,] "B" "C" "D" A"
[3,] "D" "A" "B" nCv
[4,] "A" "B" "C" "D
> yy <- randRC(n,nseq)
> yyl,1]
[1] 3412
#0 00000
> block <- cbind(block.row[,yy[1,1]],block.row[,yy[2,1]1],
+ block.row[,yy[3,1]],block.row[,yy[4,1]1])
>
>

\

#0000oog
block
[,11 [,21 [,3] [,4]

(1,1 "A~ vB™ nCc" "D"
[2,] "D* m"A" "B" nC"
[3,]1 "B* "Cc" "D" "A"
(4,1 "c* "D "A"™ "B"
>
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0000000 [SSt =37, > (yi;—9.)* 0000 ADODD0O [SSa =300, 20— (T —

gooood

goooog

00 AO0OO0O00«0000000000O0C000000,0000000000000 ¢,;00000

9.)%]
00000 [SSp =0, X (y; — %)) 00000008ST =85, +SS, 000000000

0000y —9.)=@ —9.)+ (@ —-4)0000000000 (3., >;.,)00000000
00301y — i) = (Wir — i) + Wiz = Fi.) + -+ (Yin — i) = (Wir + iz + -+ +yin) —ng;. 00

gododod
(Wij —9.) =W —9.)+ (i —9,) 000000000
(yis —9.)% =W —9.)* + 2T — 9.) (Wi — 9i.) + (vij — 9:.)°

gboboobOoboooboobooooboobooooboooo

ZZ Yij =Y. ZZ +QZZ iy —9) + D> (Wi — )

=1 j=1 i=1 j=1 1=1 j=1 =1 j=1

googooboooog

a n
ZZ JWig — i) = Z (i —9..) Z(yzg —¥i.)
i=1 j=1 i=1 j=1
gbooog
n
Z Yij — %) = Win — i)+ W2 — %)+ + Win — i)

j=1
= (Yir + vz + -+ Yin) — N7

= (yi1+yi2+"'+yin)_n(
= 0

Yi1 + Yz + -+ Yin
n

goooboooon

a
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000000000 30000 (A0A, 000 A;)000000O0DO0OOO0OOOOOOOUOOOO
00o0o00do0oo0oo0U0o (0)o0o0Do0DU00oO0Uo0oUOoOo0oooUOoOo0OO (oo
000)oooOooloooo0oo 1000000000000 o00oo00oo0ooOU0ooooDUOoo

() DO00OU0OOo0O0UO0O0O0OU0OOO0O0OUDOOOODOODOOUOOO

(2) 0D00D00O0O0O0O0O0DDO0O0O0O0UOUOUO0ODO0OUO0ODOOO0ODO0UOO0OD HSDOO
gboooboobooooboon

goagd
() D000 (C0O0U0)00UDDO0O0O0OO HyOOOOOD H, 00

oood HO:uAl:MAQ:uAg(SDDDDDDDDDDDDDDDDDDDDDD)
0000 F,p:3000000000000000DODO0O0OODOO

oood

(2) 00000000000 00O000D0O00000000000 a0nO000 NOODOOOa =30
n=5000 N=axn=15000

3 5 3
S35y o= Sy =y = 124124104 -+ 8= 52+ 40 4 47 = 139
i=1 j=1 p

3 5

ZZ@/?J— = 1224+1224+10°+---+8%2=1319

i=1 j=1

0000000000000CT =%*/N =139%/15=1288.0666 0 0000

3 5
D0008Sr = Y ) yf—CT =1319 — 1288.0666 = 30.9333
i=1 j=1
3 .9 1
000000S8Sy = % —CT =< (52% + 40% + 47%) — 1288.0666 = 14.5333
i=1
000008Se = SSt—SSa=30.9333 — 14.5333 = 16.4

gbooooaoo

$Sr0000 O or=N-1=15-1=14
SSA0000 O pa=a—1=3-1=2
SSg0000 O ¢p=@r—¢@a=14—2=12

ooog
gobobooobooboobgoobo

MSy SSa/pa = 14.5333/2 = 7.2666
MSg = SSp/er = 16.4/12 = 1.3666

obooooooooon

Fo = MSx/MSg = 7.2666/1.3666 = 5.3170
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000000000
0000 F(2,12;0.05) = 3.89 < Fy = 5.3170 < F(2,12;0.01) = 6.9300000000000000
00000000000000000000000

googod
oono ooo ogobooo goooo goo
oono 2 14.5333 7.2666 5.3170*
oono 12 16.4 1.3666

* :p<0.05

ooooooooooooobobo0oOooooooOooooooooOoHSbOoOoOoooOoOOoOoooo
ooo

M 1
\/ 5w _ \/ 3666 _ ) 5908
n 5

000000000 5%(ae=005)00000a =30a(n—1)=3(5-1)=12000Q000
Q(3,12;0.05) =3.77290 00000000000 OCOOO

D(a) = D(0.05) = 0.5228 x 3.7729 = 1.9724

0oooooo
D(0.05) = 1.9724 < |ij1. — ¥2.| =]10.4 — 8| =24
. — 73| = [104—9.4]=1<1.9724
2. — 73] = [8—9.4|=14<1.9724

ooo0O00A, 000000 A,OC0COCOOOODOODOODODODOOA,0D0DODODOD A3O000O0
000000000000A, 000000 As00000000000000000O00O00O00O0OO
obobooobooboooooooon

0000000000000000
ooo Ay Ay A
000 (g) 10.4¢ gb 9.4t

«'00000000000000000000000 (p<0.05)

OROOOOOOOODO

fertilizer <-factor(c(rep("A1",5),rep("A2",5),rep("A3",5))) 0#00000C00O0O
record <- c(12,12,10,9,9,9,8,7,8,8,11,10,9,9,8) 0 0#0 00000
anova.result <- aov(record ~ fertilizer) DO OO0 #0000 ODOO
summary (anova.result) OO0 0000000000000 #0000C000D00OO
Df Sum Sq Mean Sq F value Pr(>F)
fertilizer 2 14.5333 7.2667 5.3171 0.02221 *
Residuals 12 16.4000 1.3667

VvV V VvV VvV

Signif. codes: O0° **x’' 0.001° =*x' 0.01° *' 0.06° .’ 0.1° 1
> TukeyHSD(anova.result) DO ODOODOO0OOOOODOO #TukeyHSDO OO

Tukey multiple comparisons of means



95%, family-wise confidence level
Fit: aov(formula = record ~ fertilizer)

$fertilizer

diff lwr upr p adj
A2-A1 -2.4 -4.372536 -0.4274641 0.0178296
A3-A1 -1.0 -2.972536 0.9725359 0.3949642
A3-A2 1.4 -0.572536 3.3725359 0.1828408

oooooo

ROODOaov( )OODOODOODOODODODDODORODDODODODODOODOOO
> fertilizer <-factor(c(rep("A1",5),rep("A2",5),rep("A3",5)))
> record <- c(12,12,10,9,9,9,8,7,8,8,11,10,9,9,8)

> data.mat <- matrix(record,ncol=3,byrow=F)

> n.total <- length(record)

> CT <- sum(data.mat)"2/n.total

> SST <- sum(data.mat~2)-CT

> n.row <- dim(data.mat) [1]

> n.col <- dim(data.mat) [2]

> sum.col <- colSums(data.mat)

> SSA <- sum(sum.col”2)/n.row-CT

> SSE <- SST-SSA

> cat("O OO (CT)=",CT,"\n","O00 (SST)=",SST,"\n",

+ "O0O0000ssA)=",88A,"\n","0000 (SSE)=",SSE,"\n")
OO0 (CT)= 1288.067

000 (8ST)= 30.93333

00000 0OSsSA)= 14.53333

0000 (SSE)= 16.4

df.T <- n.total-1

df.A <- n.col-1

df .E <- df.T-df.A

MS.A <- SSA/df.A

MS.E <- SSE/df.E

F.value <- MS.A/MS.E

F.Prob <- pf(F.value,df.A,df.E,lower.tail=F)
cat("ODODOODOOO=",af.T,"\tOOOODOODOOO=",df.A,

+ "“\tdoodooood=",4f.E,"\n")

0ooonooo= 14 doooooooo=2 D[DOO00OOO0O0O= 12
>cat("UDOODOOOO=",M8.A,"\tOOODOOOO=",MS.E,"\n")
Oo0oOdoOodoO= 7.266667 000000 0O= 1.366667

> cat("FO=",F.value,"\t 0O O QOd=",F.Prob,"\n")

FO= 5.317073 OO000O= 0.02220766

> cat("0O0O00O0ON\n",

V V V V V V VvV V



+ it Nt \n",
+ "000\ 000\ 00000\ 0000\FO\tO0000\n",
+ M e —————————————————— \n"
+ "OO00O\t",df.A,"\t",round(SSA,4),"\t",round(MS.A,4),"\t",
+ round (F.value,4),"\t",round(F.Prob,4),"\n",
+ "OOOd\t",df.E,"\t",round(SSE,4),"\t","\t",round(MS.E,4),"\n",
+ e i \n")
ooooo
000 Oooo Dboood oood FO oood
oon 2 14.5333 7.2667 5.3171 0.0222
oooo 12 16.4 1.3667
> SEA <- sqrt(MS.E/n.row)
> A.mean <- colMeans(data.mat)
>
> for(i in 1:2){
+  for(j in (i+1):3){
+ diff.abs <- abs(A.mean[i]-A.mean[j])
+ HSD <- ptukey(diff.abs/SEA,n.col,df.E,lower.tail=F)
+ cat(i," vs ",j,"\t 000000 O0O0O=",diff.abs,"\t0000=",HSD,"\n")
+ 7
+}
1 vs 2 000000000=2.4 0000= 0.01782962
1 vs 3 0000000O0O0d=1 0O000= 0.3949642
2 vs 3 gooooodod=1.4 0000= 0.1828408
> cat("OOO=",A.mean,"\n")

ob0O=10.4 8 9.4

>



gooobo 40

60000000000 (kg/a)DOOODODOOOOUODOOOUOOOOUDO (6000 63)00000
0000O000U0ooOo(ooooo)o

ooooo
000000000000000000000000000000000000000
0000000 AD0ODDOOOBOOOOOO0O0O0C0OOOOOO3000000006000000a=30
b=60N=180000CT = y%/N = 6092/18 = 20604.5 O O
3 6
SSr = D) P —CT = (40% +22° + 50> + - - - + 49°) — 20604.5 = 23961 — 20604.5 = 3356.5
i*lj*l
_ yz 2 2 2 _ _
SSy = j{: —CT = (215 + 2052 + 189?) — 20604.5 = 20661.8333 — 20604.5 = 57.3333
; 1
SSp = j{:ggl——(77‘::5(1022+—602—% -4 156%) — 20604.5 = 23823 — 20604.5 = 3218.5
j=1
SSg = SS7—S5SA —SSp = 3356.5 — 57.3333 — 3218.5 = 80.6666
000000000000000
o = N—-1=18—-1=17
pr = a—1=3-1=2
op = b—1=6-1=5
Yp = ¢r—pa—ep=17T-2-5=10

gboobooooooono

MSx = SSa/pa = 57.3333/2 = 28.6666
MSg = SSp/op = 3218.5/5 = 643.7
MSg = SSg/¢or = 80.6666/10 = 8.0666

gooooood

MSa/MSg = 28.6666/8.0666 = 3.5537
MSg /M Sk = 643.7/8.0666 = 79.7975

Foay
Fym)

oooooon

3.5537 < F(2,10;0.05) = 4.10
5.64 < Fy) = 79.7975

Fya)
F(5,10;0.01)

gbbooooobooobooboboooobooon

00000
000 000 00000 0000 000
0000 2 57.3333  28.6666  3.5537
00oO 5 32185000 643.7000 79.7975 **
0ooQ 10 80.6666  8.0666

1 p < 0.01



0000000000000 0000000000000000o0ooo01%o0oooooooo

ugoo

00060000000000000HSDOOOOOOOOOO(DOO0ODO05%)000000000

goooogood

0ooooooooogoogooog

ooQg -~ B, B, B; B, Bs Be

ooo 34b 20¢ 46 37t 14¢ 520

ebe00000000000000000OO0 (p<0.05)
*B,0000000B,0000000B;000000000
B,0000800B;0000 9300B000 930000

grROODODOOO0ODOO0

block <- factor(c(rep(c("I","II","III"),6)))

breed <- factor(c(rep("Mino",3),rep("Syun",3),rep("Miyu",3),
rep("Hi86",3) ,rep("Hi93",3) ,rep("Sh93",3)))

record <- ¢(40,32,30,22,22,16,50,46,42,35,38,38,13,15,14,55,52,49)

Barley.data <- data.frame(Block=block,Breed=breed,Record=record)

anova.result <- aov(Record ~ .,data=Barley.data)

VvV V V VvV + VvV VvV

summary (anova.result)
Df Sum Sq Mean Sq F value Pr(>F)
Block 2 57.3 28.7 3.5537 0.06825 .
Breed 5 3218.5 643.7 79.7975 9.94e-08 **x*
Residuals 10 80.7 8.1
Signif. codes: O0°' **x' 0.001° =*x' 0.01° *' 0.06° .’ 0.1° 1
> breed.THSD <- TukeyHSD(anova.result,"Breed")
> breed.THSD
Tukey multiple comparisons of means

95% family-wise confidence level

Fit: aov(formula = Record ~ ., data = Barley.data)

$Breed

diff lwr upr p adj
Hi93-Hi86 -23 -31.0546408 -14.945359 0.0000185
Mino-Hi86 -3 -11.0546408 5.054641 0.7823975
Miyu-Hi86 9 0.9453592 17.054641 0.0269149
Sh93-Hi86 15  6.9453592 23.054641 0.0007364
Syun-Hi86 -17 -25.0546408 -8.945359 0.0002627
Mino-Hi93 20 11.9453592 28.054641 0.0000647
Miyu-Hi93 32 23.9453592 40.054641 0.0000009
Sh93-Hi93 38 29.9453592 46.054641 0.0000002
Syun-Hi93 6 -2.0546408 14.054641 0.1867750
Miyu-Mino 12  3.9453592 20.054641 0.0040618
Sh93-Mino 18  9.9453592 26.054641 0.0001617



Syun-Mino -14 -22.0546408 -5.945359 0.0012728
Sh93-Miyu 6 -2.0546408 14.054641 0.1867750
Syun-Miyu -26 -34.0546408 -17.945359 0.0000060
Syun-Sh93 -32 -40.0546408 -23.945359 0.0000009



goooo st

00000 (D0O0000)00000000O0O0000000OU000UO00OoUooOOoUooooO
0000000000 (400A,B,C,D)0000000O00OOOOOOOOOOOOOOOOOO
ooboooboooobooobooobooobboboooooobooooDooO0o0DbD cObO0O0e+1
oboobobooooooboooboooboooobooooooooboooboobooooobooobooo
oooooOobooooobooooon

goooo

0000000000000 (0)0000 (0)000000 A0D0O0B)OOOOOR =40N =
nxn=4x4=16000000000CT =¢2/N =342/16="72.250000

oboooooogd

SSt =

SSa =

5SS =

SSc =

SSg =

4 4
YD P -CT =28 +1.6°+22°+ -+ +2.3%) — 72.25 = 73.84 — 72.25 = 1.59

i=1 j=1

4 2
. 1
3 % — OT = (857 + 7.8 +8.97 + 8.87) — 72.25 = 72435 — 72.25 = 0.185
1=1

4

2
: 1
> %ﬂ ~CT = 1(9'12 +7.8% 4+ 8.4% + 8.7%) — 72.25 = 72.475 — 72.25 = 0.225
j=1
4 2
y 1
S _or= 10027 4+ T.67 4 7.5% 4 9.7%) — 7225 = T3.185 — 72.25 = 0.935

4
k=1
SSt — 854 — 5SS — §5¢ =1.59 —0.185 — 0.225 — 0.935 = 0.245

gobooboood

pra=pp=pc=n—1=4—-1=30ppg=Mn—-1)(n—-2)=4-1)(4-2)=6

gbooobooobooog

MSy =
MSg =
MSc =
MSy =

5S4/pa = 0.185/3 = 0.0616
SSg/¢p = 0.225/3 = 0.075

SSc/oc = 0.935/3 = 0.3116
SSE/pr = 0.245/6 = 0.0408

gboobgooboobob

Foay =
Fopy =
Foey =

gooooao

Foca)
Fos)

MS5/MSg = 0.0616/0.0408 = 1.5102
MSp/MSg = 0.075/0.0408 = 1.8367
MSc/MSg = 0.3116/0.0408 = 7.6326

1.5102 < F(3,6;0.05) = 4.76
1.8367 < F'(3,6;0.05) = 4.76

F(3,6;0.05) = 4.76 < Fyc) = 7.6326 < F(3,6;0.01) = 9.78

oboooOobooooobobooooobooooon
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gooono
oono oboo 0Oo0Oo0oo 0Oooob ooOo

0oo A 3 0.185  0.0616 1.5102
000 B 3 0.225  0.0750 1.8367
oooo C 3 0.935  0.3116 7.6326*
0000 6 0.245  0.0408
*p<0.05

0000000000000 (00000000 0)0000O00000D0O000DUooOOooOoooo

0000000oooooooos%00000000oouoo

O00000o0O0000O00oooOoOOO0o00o0ooooOoOoOooHSDOOOOOOOOOOOOOO

oooooon
0000000000000 000D0000O000
OOoooooooo A B C D
ooo 2.300%0 1.900° 1.875° 2.425%

«b00000000000000000000 (p<0.05)
0000000

OROOOOOOOODO

daycode <- factor(c(rep("Dayl",4),rep("Day2",4),rep("Day3",4),rep("Day4",4)))
site <- factor(c(rep(c("Sitel","Site2","Site3","Site4"),4)))
designcode <- factor(c("D","B","A","C",

"c","D","B","A",

"A","C","D","B",

"B","A","C","D"))
record <-c(2.8,1.8,2.4,2.1,1.6,2.1,1.8,2.3,2.2,1.6,2.5,2.1,1.9,2.3,2.2,2.3)
Fly.data <- data.frame(Site=site,Day=daycode,Design=designcode,Record=record)

anova.result <- aov(Record ~.,data=Fly.data)

V V V VvV 4+ 4+ 4+ V V V

summary (anova.result)
Df Sum Sq Mean Sq F value Pr(>F)
Site 3 0.18500 0.06167 1.5102 0.30485
Day 3 0.22500 0.07500 1.8367 0.24102
Design 3 0.93500 0.31167 7.6327 0.01799 *
Residuals 6 0.24500 0.04083
Signif. codes: 0 ***x’' 0.001° *x' 0.01° *' 0.06° .’ 0.1° 1
> Design.HSD <- TukeyHSD(anova.result,"Design")
> Design.HSD
Tukey multiple comparisons of means

95% family-wise confidence level

Fit: aov(formula = Record ~ ., data = Fly.data)
$Design
diff lwr upr p adj

B-A -0.400 -0.89463321 0.09463321 0.1094514

711



C-A -0.425 -0.91963321 0.06963321
D-A 0.125 -0.36963321 0.61963321
C-B -0.025 -0.51963321 0.46963321
D-B 0.525 0.03036679 1.01963321
D-C 0.550 0.05536679 1.04463321

0.0887120
0.8179008
0.9978834
0.0392225
0.0322404
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goooo 1
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>
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>
>
>

100b0oob3gbooboobo20bo0boobooboooboboboobooboon

googg
gboooboog3pbobooobooan

1.226x1.221
r= L — =0.979
\/(0.297 — L2262)(0.308 — L2212)

OROODOODOOOOO

x <- ¢(0.073,0.135,0.193,0.219,0.253,0.353)
y <- c(0.069,0.125,0.151,0.225,0.292,0.359)
xy.cov <- sum(x*y)-sum(x)*sum(y)/length(x)
x.var <- sum(x*x)-sum(x)~2/length(x)

y.var <- sum(y*y)-sum(y) ~2/length(y)

r.xy <- xy.cov/sqrt(x.var*y.var)
cat("DODOO=",r.xy,"\n")

OO0Od= 0.9742607

>

ROODODOOODOOUOOO cor()0OOOD

cor (x,y)

[1] 0.9742607



gooobo 20

OO0 (Do0oo0)0oo 7000 100000000000 OOO0OO0ODUOOOOO0OOOUOOOO
oooob200000000000000D00000O0O00

goooo

B 97566 — 9871><0988 B
r= =0.101

V(97877 — 57298156 — 5%

OROODOODOODOOO
000000000000 ROOOccov()00O0OOOO0O ROOO var()00O0OO

Ogy

r = —
040y

gbooooOoboooooobooon

> x <- ¢(96,103,103,97,103,104,102,101,80,98)
>y <- ¢(106,104,100,103,85,103,104,102,96,85)
> r <~ cov(x,y)/sqrt(var(x)*var(y))

> cat(O0O0OOOd=",r,"\n")

OO0O0d= 0.1009637

ROODOOOOOOOOOCcor()0O0OOO

> cor(x,y)
[1] 0.1009637



goooo 30

uboogo20b0000000b000o00b0obooobooboooooboon

googd
o000 H,OOOO0OD F[, 000000000000

0000 HOODODODOoOOoOooooooooooooo
0000 (;,00000000000000000000
00000 ¢, 0000000 r00000 (C0O00)0 nO00O0O0O0O0ODOOO0OOOOOO
. n—2
=ry/ —
0 V1—r2
oooo

10 -2
1-0.1012

uboooboooobobooobooobooon

to = 0.101 x = 0.287 < £(8;0.05/2) = 2.306

OROODOODOOOOO
ubobooboooobobo 00000y 00O0 20000000000

> r <- cor(x,y)

> t0 <- rx*sqrt((length(x)-2)/(1-r"2))

> cat("ODOODODO t0=",t0,",t(8;0.05/2)=",qt(0.975,1length(x)-2),"\n")
OO00O0ODO t0= 0.2870351 ,t(8;0.05/2)= 2.306004

>

goooog
ROODO cortest( ) 000000000 DO0O0ODOOOOOOOOOOOO
god

> cor.test(x,y)

Pearson’s product-moment correlation

data: x and y
t =0.287, df = 8, p-value = 0.7814
alternative hypothesis: true correlation is not equal to O
95 percent confidence interval:
-0.5645508 0.6869227
sample estimates:
cor
0.1009637
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>
>
>
>

1%0000000000000000000001000000000000000O0OOO0OO
oooobooboooooon

googgg
000 ¢=13000¢(13;0.01/2)=3.012000000000000000000000000

15—-2

Ur00ob0ob0o0ooboboooobro0ob0obobooboe4ioooonboon

¥

r/ios = %0000
() = 8

1"2g0 = t%fr2t(2)
(p+t5)r? =

r = 1o %

Y+

OROODOOOOOOO
ooooooooooOROOOODOOOODOOOOO

df <- 15-2
t0 <- qt(0.995,df)

r

r

<- t0/sqrt (t072+df)

[1] 0.6411448




goooo si

>
>
>
>
>

0000000000 3000ooooooooo ke/0)0000U0ooooOoOon (ke/O)
0000 600000000000000O0(000OODL)D00D0OO0OOODUOODOOOOUOOOO
gbooboooobooboobooboobon

goooo
0000 (b)0y00O (¢)000000000000

E:IZ_SZ;EX

n
a = §—bi

gbooobooboobooobobobooboobooobdad

13.6 — 24.5x3.28

= —— 6 —0.102
102.07 — 2452
a = 0.547 —0.102 x 4.083 = 0.131
g = 0.131+0.102z

OROODOODOODOOO

yield <- ¢(3.2,4.1,4.5,3.6,4.1,5.0)
gain <- c¢(0.46,0.58,0.61,0.49,0.51,0.63)
b <- cov(yield,gain)/var(yield)

a <- mean(gain)-b*mean(yield)

cat("y=" ,a, nyn ,b, "x\n")

y= 0.1306163 + 0.1018899 x

>




gooboed

oobOos0000b0000b000b0O000b0o0o0oo0ooOoooboo0ooOo0ooobooOooonn
000 4.0kg000000000O00O0OOOOODO 9B% 0000000000

ogoooo
00 (85,)000 (SS.,) 00000 (S8,)0000000000000000

SSy — Z 2 _ Zyl

SSreg — b2 Z 2 _ Zsz )
SS. = S5, — S8,
000000 (R)H DO

g2~ SSreg
SS,
000000000000 000000000000000000000
3.282
SS, = 1.8172— =0.024133
24.52
SSrey = 0.102% x (102.07 — ) = 0.021103
SS, = 0.024133 — 0.021103 = 0.00303
0.021103
R2 = —_—— = 0.874
0.024133

ooo0 HyOOOoooO [, 0boboboooooboooon
0000 FpO00oobooooobobooooooooo
0000 F,000000000DOO000O0DOb0000

ubodabouogbooboboboboaoboabooboobooobab

o0 000 Oo0Oooo ooog goo
ao 5 0.024133  0.0048266
1
4

go 0.021103 0.021103  27.859
go 0.00303 0.0007575

F(1,4;0.05)=7.7090 0000000000000 000O0O00OOOOOOOO
000 2, 00000000000 ¢, 0009%%00000000000000000

O xi)?
D O e
z n—1
1 (x;—x)?
SE = 1 ————} x MS,
% TR T
0000000000000
g; = 0.131+0.102 x 4.0 = 0.539
102.07 — 24.5%
— 7_04057

I (10— 1083
s e 0.0007575 = 0.0208
\/{ b 04057 x5 1 <



£(4;0.05/2) = 2.776 O O
0.539 & 2.776 x 0.0298 = 0.539 + 0.083kg/0 0 0 0 O

OROODOOOOOOO

ss.y <- sum((gain-mean(gain))~2)

ss.reg <- b 2xsum((yield-mean(yield))"2)

ss.e <- ss.y-ss.reg

r2 <- ss.reg/ss.y

df.t <- length(yield)-1

df.e <- df.t -1

ms.y <- ss.y/df.t

ms.reg <- ss.reg

ms.e <- ss.e/df.e

fvalue <- ms.reg/ms.e

cat("OOOOON\n",

"OO0 \t OO0 \t O0OOCOO \tOOOO \tOOO\n",
"O0\t",df.t,"\t",ss.y,"\t",ms.y,"\n",

"ODONt 1 \t",ss.reg,"\t",ms.reg,"\t",fvalue,"\n",
"O0\t",df.e,"\t",ss.e,"\t",ms.e,"\n")

ooooo

oo ooo ooooo oooo ood
gd 5 0.02413333 0.004826667

RN 1 0.02105724 0.02105724 27.38184
RN 4 0.003076089 0.0007690222

> cat("FOOF(1,4;0.05)=",9£(0.95,1,4),"\n")

FOOF(1,4;0.05)= 7.708647

> y.hat <- a+b*4.0

+ + + + VvV V vV V V V V V V VvV V

> v.x <- var(yield)

> se <- sqrt((1+1/length(yield)+(4.0-mean(yield))~2/(v.x*df.t))*ms.e)
> £0 <- qt(0.975,df.e)

> cat("95}0 0 0=",y.hat,"+ ",tO*se,"\n")

95%0 0 0= 0.5381758 + 0.08328528

> cat("OODO=",y.hat-tO*se,"\n")

OO0DO= 0.4548906

> cat("ODOO=",y.hat+tO*se,"\n")

oO0O= 0.6214611

>

gooooo
O00000000000000RO Im()000 aov()0000D0O00O0D0D0O0OOODOOO

> reg <- lm(gain ~ yield)

> summary (reg)

Call:
lm(formula = gain ~ yield)



Residuals:
1 2 3 4 5 6
0.003336 0.031635 0.020879 -0.007420 -0.038365 -0.010066

Coefficients:

Estimate Std. Error t value Pr(>[t])
(Intercept) 0.13062 0.08031 1.626 0.17919
yield 0.10189 0.01947 5.233 0.00637 *x*

Signif. codes: O0° **x’ 0.001° =*x’ 0.01° *' 0.056° .’ 0.1°

Residual standard error: 0.02773 on 4 degrees of freedom
Multiple R-squared: 0.8725, Adjusted R-squared: 0.8407
F-statistic: 27.38 on 1 and 4 DF, p-value: 0.006372

> summary(aov(gain ~ yield))

Df Sum Sq Mean Sq F value Pr(>F)
yield 1 0.0210572 0.0210572 27.382 0.006372 *x*
Residuals 4 0.0030761 0.0007690
Signif. codes: O0° **x’' 0.001° =*x' 0.01° *' 0.056° ." 0.1°
>
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obooobOoboooooboboooboobobo400b00b00oooobo0o40b00000000
00 (ABCD)D0OUO0OODOUOOODOOUDOOOOUODOOOOUDOUOOODDOUOOO(CDOO)
00000000000 (Do0000) 0000000000000 00U00o0U0o0oooO0oo
0000 s%0000000000

goooo

0000 F,O0O0O0O00000000000000oooooAOBOCOD
0000 F,00000000000000DO0

ooooos%0o0o

gbooobobooboobooooboobooooobo

good A B C D OO
good 10 20 10 5 45
ooog  11.25 11.25 11.25 11.25 45

np;=FE; 00000000 (0;) 000

k

(0i — E)?
B30
i=1 v

ooooo

k 2

2 _ (0; — Ey)

Xo = ; Ei

(10 — 11.25)2 R (5 —11.25)2
11.25 11.25

= 1056000 df=k—1=4-1=3

10.56 > x2(3;0.05) =7.815,000000000000000000000000000000OOOOO
gbobooboboooboobooooboboooooboooobooboooonog

OROODOODOODOOO
(Hh)ooooooUoOoooUoOooooo

> Expect <- 45/40#000000O

> Expect [

[1] 11.25

> 0000 <- c(10,20,10,5) 0#0000000000
>QO0ood

[1] 10 20 10 5

>x 0000 <- (O00-11.25)~2/11.250#00000000000000000O
>x 0ogo

[1] 0.1388889 6.8055556 0.1388889 3.4722222

>x 00 <-sum(x OOOO0)O#x O0OOO0ODOOO
>x OO0



[1] 10.55556

> qchisq(0.95,3) 0#0000 9500 00O
[1] 7.814728

>

(2)x2000000 chisq.test( ) 000000

> datal <- ¢(10,20,10,5)
> chisq.test(datal)

Chi-squared test for given probabilities

data: datal
X-squared = 10.5556, df = 3, p-value = 0.01439

goodoo

O0000000000000 (A:B:C:D=1:1:1:1) O chisqtest 00000000000 OOOOO
ooooooo

ugboobugboobobbooboaobooboobuooboboooboobo pbgoobd

go

> o <- c(151422, 149233, 152455, 147356) # DO 00O o OO OO
> prob <- ¢(1,1,1,1)/4 # 00000 prob OOODO
> chisq.test(o,p=prob) # o 0 prob DO ODOOOOODODOO

Chi-squared test for given probabilities

data: o
X-squared = 103.7451, df = 3, p-value < 2.2e-16
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0940000 2x20000000 %200

n(ad — bc)?
a+b)(c+d)(a+c)b+d)

%Z(

oboooooboooooooooon

ogooo
B B O
Al a b a+b:R1
As | e d c+d=Ry
0 at+c=Cy b+d=Cy | n=a+b+c+d

«a00000 E,0E,=9A20b,00000 E,0 B, =%A20.00000 E.O0 E,=<%2040
0000 E,0 Ey=<%f20000

0000000000000

—E,)? | (b— E})? —E.)? | (d— Eg)?
(a—FEa)” (b= Ep)°  (c—Eo)”  (d—Ed)

Ea Eb Ec Ed
0oooooo
00000000 EO0 a,be,dn0000000

Xo =

(a _ C1 Ry )2 (b_ Co Ry )2 ('U _ Ci1R> )2 (d_ C3Ro )2

2 n n n
Xo = CiRy T Gy CikRs T ok
o (TlCL — ClRl)z (nb — CQR1)2 (Tlc — 01R2)2 (nd — CQR2)2
- nClRl 7’LCQR1 nCle nCQRQ
oog
na—CiRy = (a+b+c+da—(a+c)(a+D)

= (a+c)+(b+da—(a+c)(a+d)
= (a+c)la—a—>b)+ (b+d)a

= —ab—bc+ab+ad

= ad—bc

00000000 nb—CyRy = —(ad — bc)One — C1Ry = —(ad — be)0 nd — CaRy = (ad — be)
ggd

1 1 1 1
2 — d—0b 2
Xo (CL C) TLO1R1 + nCQRl + nC’le + TLCQRQ
— (ad— bC)2 CoRy 4+ CiRo+ CoR1 + C1 Ry
- nClC’gRle
ogo
CoRy +C1Ry + CoR1 +C1 R = RQ(CQ + 01) + Rl(CQ + Cl)

(01 + 02)(R1 + RQ)
n?0 (00000C, +Cy =nlRy + Ry =n)



ooo

> nlad—bc)?
Xo = CiCyRi R,
B n(ad — bc)?
 (a+c)(b+d)(a+Db)(c+d)
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oob200000000000000000O0000O0O0O0DOOOOOOOOOOOOO0O00
000000000000 0000000000 (o000 0)ooOooOooUooooooooo
00000000000 5%00000000000000000000000000000000
oooobobooog

goooo

0000 F,O0000oDboooooooooooog

o000 F,000000000000000000

x(000000000

95 x (22 x 33 — 26 x 14)2
48 x 47 x 36 x 59

2.598 < x%(1;0.05) =3.841000000000000000000000000O0O0OOOOOOOO
oooooo

= 2.598

Xo =

grROODOOOODOOO
(H)ooooooooOooooooo

> (0000 <-c(22,26,14,33))

[1] 22 26 14 33

> (0000 <- matrix(OD0O0O0O ,ncol=2,byrow=T))
[,11 [,2]

[1,] 22 26

[2,] 14 33

> (000<- matrix(rowSums(O OO O ) ,ncol=1))
[,1]

[1,] 48

[2,] 47

> (00 <- matrix(colSums(O0 O 0O0O),ncol=2))
[,11 [,2]

[1,] 36 59

> (00 <-sum(OO0OO))

(1] 95

> (0000 <-00 %% 00 7 00)

[,1] [,2]

[1,] 18.18947 29.81053

[2,] 17.81053 29.18947

>0000 <-sum((QO0O0O -0O000O)2/0000)

>QOood

[1] 2.598048

>#0 000000000000 0O0ODO o.9500000000O00O00O0O

> qchisq(0.95,1)

[1] 3.841459



(2)x>000000 chisq.test( ) 000000

> (0000 <- matrix(c(22,26,14,33),ncol=2,byrow=T))
[,11 [,2]

1,7 22 26

[2,] 14 33

> chisq.test (0O 0OO)

Pearson’s Chi-squared test with Yates’ continuity correction

data: O0O0OO
X-squared = 1.961, df = 1, p-value = 0.1614
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09500000000 0000000000

ooooo

o000 Fp0oOoooobooooooooooooo

0000 F,00000000000000O0O0000DO

1000000 E;0

E _niij

ij =

n

O000kxmO00 E,;000 E;;<5000002xAkxmO000000((0000002x4x5=
02x20=40)0000000000000000000000000000000000 %0000
00000 E;<1000000000000000x?00000000000000O0

k m (O—E)2
X%ZE:E:—ﬂﬁfﬂ—DDDDDcﬁz@—lmn—n
i=1 j=1 i

O05900000FE;<501000000000000000

(6—7.4)% (15—22.8)2 +QO—%P+(M9—22Q2
7.4 22.8 38 222.5

X2((4 = 1)(5 —1);0.05) = x?(12;0.05) = 21.026 < 169.8 = x2,
000000000000 0000000000000000000000000000

B = —169.8

grROODOOOODOOO

> data <- matrix(c(6,15,1,7,72,
+ 0000o00ooo 32,67,3,82,203,
+ JO0odoooo 32,49,21,10,223,
+ 00000000 18,142,7,20,199), ncol=5, byrow=T) O
> data

[,11 [,2]1 [,3] [,4]1 [,5]
[1,] 6 15 1 7 72
[2,] 32 67 3 82 203
[3,] 32 49 21 10 223
[4,] 18 142 7 20 199
>
> chisq.test(data)

Pearson’s Chi-squared test

data: data
X-squared = 170.0662, df = 12, p-value < 2.2e-16

Warning message:

In chisq.test(data) : OO0000OO0O00D0OOOODOOO
>



OO0000 Warning message 1000000 50000000000000O0O00OO

goodoo

000000000000 csvOOOD0OO ExecelDOOOOOOOODOOread.csv( ) O chisq.test( ) O
oooobooooo

OOcsvOODOO c:/Resv00000O

>data <- read.csv("c:/R.csv")

>chisq.test(data)

000,000,000,00000000,000
6,15,1,7,72

32,67,3,82,203

32,49,21,10,223

18,142,7,20,199

C:/R.csvO00O



logdoonogodg

goooo 1

0 10.l00000000000O0C00O0C00O00OO0O0O0OCOO0O (COoODbOOO)OooOooO20080
000000000000 00000000 %% 0000000000000000 102200
oooobooooooobooon

godod
000000 100(1-)% 00000000000000000 p000000 »n000000000
000000 2(a/2)0000

o z2(a/2) ~ . z2(a)2) -

— 1— ol Sl bl 1—

[P \/ﬁ\/p( p),p+ 7 p(1 —p)]
000000000000000000 9% 00000000000 2,006000000000 1,40900
00 p = 1409/2006 = 0.7020 z(c/2) = 2(0.975) = 1.9600 n = 2006 0 O

Z(Q/Q) ﬁ(l——ﬁ) — 1.960 X Vﬁi?ﬁi(f:ji?ﬁéj

Vn V2006
—  0.0438 x v/0.702 x 0.298

= 0.0438 x 0.457 = 0.0200
00009%%00000
[0.702 — 0.020, 0.702 + 0.020] = [0.682,0.722]

gbobooboboooobooooooboooooooDn
000 ROODOOUOOOUOO400000000000000000O0O0OOOOOOY%%O0OO0O
goooood

OROOOOOOOODO

> rawData <- c(1409,255,80,262)
> type.name <- c("OOO","0OO","0d0 O","0 O™
> total.n <- sum(rawData)
> Ratio <- rawData/total.n
> Ratio
[1] 0.70239282 0.12711864 0.03988036 0.13060818
z95 <- gnorm(0.975)
type.no <- length(rawData)
z95.ro0tN <- z95/sqrt(total.n)
p.limit <- numeric(type.no)
c.limit <- numeric(type.no)
for(i in 1:type.no){
p.limit[i] <- z95.rootN*sqrt(Ratio[i]l*(1-Ratio[i]))
c.limit[i] <- z95.rootN*sqrt(Ratio[i]l*(1-Ratio[i])+z95.rootN"2/4)
}
#0 00O
for(i in 1:type.no){
cat(type.name[i],": [",Ratio[i]-p.limit[i],"\t",Ratio[i]l+p.limit[i],"]\n")

+ + v VvV + 4+ 4+ V V V V VvV V

10 -1



OO0 :[ 0.6823853 0.7224004 1]

OO0 :[ 0.1125418 0.1416955 1]
O O :[0.03131738 0.04844334 ]
O O :[0.1158621 0.1453542 ]

>

>#000000

> p.div <- 1+z95.r00tN"2

> for(i in 1:type.no){

+ cat(type.name[i],":[", ((Ratio[i]-2z95.r00tN"2/2)-c.limit[i])/p.div,

+ "\t", ((Ratio[i]-z95.r00tN"2/2)+c.1limit[i]) /p.div,"]\n")
+}
oodod :[ 0.6801025 0.7200868 1
odd :[ 0.1113396 0.1405004 1]
O O :[ 0.0302486 0.04744835 1]
O O :[ 0.1146540 0.1441517 1]
>
googoo

ROUOOOOOODOOOOOOOOO binomtest( )J0000000000O0O0O0OOOOOOOOOO
05%000000000000000000000 binomtest(0O0O0OO00OO,00)000000000
0000000 9%% 0000000000

binom.test(1409,2006)

00009%%00000000000000000 conflevelDOODODO0OO0O0OO0O0OOOOOOO90%00O0
gobogobgoooooboo

binom.test(1409, 2006, con f.level = 0.90)

oogo
binotest 0000000000 9%%000000000000000000O0type.nol O type.namel
rawDataO totaln OO ROO00O0O000D0O0OO0ODOOOOOOOOOO

> for(i in 1:type.no){

+ cat("\n O OO0O",type.name[i],"\n")
+  print(binom.test(rawDatali] ,total.n))
+

+

oooo ooo

Exact binomial test

data: rawDatal[i] and total.n
number of successes = 1409, number of trials = 2006, p-value <
2.2e-16
alternative hypothesis: true probability of success is not equal to 0.5
95 percent confidence interval:
0.6818506 0.7223419

10 -2



sample estimates:
probability of success
0.7023928

gbood bogd

Exact binomial test

data: rawData[i] and total.n
number of successes = 255, number of trials = 2006, p-value <
2.2e-16
alternative hypothesis: true probability of success is not equal to 0.5
95 percent confidence interval:
0.1128454 0.1424912
sample estimates:
probability of success
0.1271186

oooo o o

Exact binomial test

data: rawData[i] and total.n
number of successes = 80, number of trials = 2006, p-value < 2.2e-16
alternative hypothesis: true probability of success is not equal to 0.5
95 percent confidence interval:

0.03174694 0.04939091

sample estimates:
probability of success

0.03988036

goog o o

Exact binomial test

data: rawData[i] and total.n
number of successes = 262, number of trials = 2006, p-value <
2.2e-16
alternative hypothesis: true probability of success is not equal to 0.5
95 percent confidence interval:
0.1161608 0.1461444
sample estimates:
probability of success
0.1306082

10 -3
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01010000000000000000000O0O0O0CODOOO (DOO0OODO)ODO0DOOOO
0000000000000 00000000ooo0 s%0000000000

googgg
19530000000000000000000000 ng,p;d20080000000000000000
O000DD ne,p 0O0O0D0OOO0O HoODODDOOOD H[,0000O000O0DOO

gooo Holplng
oOooo Hllpl#pg

00000 H:p #p, 0000000000000 0D00%0000000 2(0.05/2)=1.9600000
00000 2, 000000000000
|p1 — P2
\/ﬁdl—ﬁﬂ 4 D2(1=p2)

ni n2

zZ0 =

000000000000 2,0000000n; =2494,p; = 0.6370 ny = 2006,p2 = 0.7020 0 0

o= |0.637 — 0.702] _ 4113
\/0.637(1—0.637) 4 0.702(1-0.702)
1590 2006

20 =4.113 > 2(0.025) =1.960 0 0000000000000 OOO0OO0OOOO0OOOOOUOOOOOO

oROODOOOODOOO

data1950 <- ¢(1590,394,128,382)

data2008 <- c(1409,255,80,262)
type.name <- c("OOO","0QOO0O","0 Oo","0 O™
total.1950n <- sum(data1950)
total.2008n <- sum(data2008)
y1950.p <~ datal950/total.1950n
y2008.p <- data2008/total.2008n

z95 <- gnorm(0.975)

z0 <- numeric(length(type.name))
test.flag <- rep(T,4)

for(i in 1:length(type.name)){

z0[i] <- abs(y1950.p[i]l-y2008.p[i])/

sqrt (y1950.p[i]*(1-y1950.p[i])/total.1950n+
y2008.p[i]*(1-y2008.p[i])/total.2008n)

if(z0[11>z95) test.flaglil=F

}

for(i in 1:length(type.name))q{

if (test.flag[i]){

cat(type.name[i],":00000000 =z0=",2z0[i],"<=2(0.05/2)=",295,"\n")

}

if (1test.flagl[il){

cat(type.name[i],":00000000 z0=",2z0[i],">z(0.05/2)=",295,"\n")

+ + + + + + v + + + 4+ 4+ V V V V V V V V V V V
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+ }

OO0 :0D0000D00O0 z0= 4.622893 >z(0.05/2)= 1.959964
OO0 :0D0000000 z0= 2.960651 >z(0.05/2)= 1.959964
O D0 00000000 z0= 1.841543 <=z(0.05/2)= 1.959964
O D0 00000000 z0= 2.164650 >z(0.05/2)= 1.959964
>

ubobooboboooobsbobooooobooooboobooobooona

goodoo
ROOOOOOOOOOOOOOOprobtest( )0 0000000000000 0OOOOOOOOOOO
goo

> data2008 <- c(1409,255,80,262)
> data.mat <- cbind(datal950,data2008)
> data.n <-c(2494,2006)
> type.name <- c("OOO","O000","0 O","0 O")
> for(i in 1:4){
+ cat("\n",type.name[i],"\n")
+  print(prop.test(data.mat[i,],data.n,correct=F))
+}
ooo

2-sample test for equality of proportions without continuity

correction

data: data.mat[i, ] out of data.n
X-squared = 21.0413, df = 1, p-value = 4.495e-06
alternative hypothesis: two.sided
95 percent confidence interval:
-0.09236255 -0.03736294
sample estimates:
prop 1 prop 2
0.6375301 0.7023928

god

2-sample test for equality of proportions without continuity

correction

data: data.mat[i, ] out of data.n
X-squared = 8.5788, df = 1, p-value = 0.003401
alternative hypothesis: two.sided

95 percent confidence interval:

10 -5



0.01043071 0.05129030
sample estimates:
prop 1 prop 2
0.1579791 0.1271186

2-sample test for equality of proportions without continuity

correction

data: data.mat[i, ] out of data.n
X-squared = 3.302, df = 1, p-value = 0.0692
alternative hypothesis: two.sided
95 percent confidence interval:
-0.0007358311 0.0236214645
sample estimates:

prop 1 prop 2
0.05132318 0.03988036

2-sample test for equality of proportions without continuity

correction

data: data.mat[i, ] out of data.n
X-squared = 4.614, df = 1, p-value = 0.03171
alternative hypothesis: two.sided
95 percent confidence interval:
0.002133183 0.042985671
sample estimates:
prop 1 prop 2
0.1531676 0.1306082
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0000000000000 00000o0U0o0 s%U0000000o00o0oUoooooooo
oooooboooooobooooooooboooooo4000000000D0000D30000O
0000000000000000000000000000000000 5%0000000000

ooooo
ooooooooobooOo0ooooobOObO0O0ooo pbObOD0O0O0OO0ODOD HoODOOOD Hy
O

0000 Hy:p=0.05
0000 Hy:p#0.05

0000r=400000000003000000000000000000000 p=30/400=0.0750
000

000000000p0000000 p=p000 02=p(l—p)/n00000 N(p,p(1—p)/n)000
00000p0 Z00O0

L YD) VAD0(0.075 —0.5) _ o0,

(1 —p) 0.05(1 — 0.05)

000005%000000000000002(0.05/2)=1.960000000000000002(0.05/2) =
1960 < 2o =229400000000000000000000O00000DO0OO0OOO0ODOOOOOD

OROOOODOOOOO0

num <- 400

p.ratio <- 0.075

p.value <-0.05

z0 <- sqrt(num)*(p.ratio-p.value)/sqrt(p.valuex(1l-p.value))

z5 <- gnorm(1l-p.value/2)

if (z0<z5){
cat("OOOO0ODOOOz=",20,"<=2(0.05/2)=",z5,"\n")

Yelsed{

+ cat("DOOO0OODOOOz=",z0,">z(0.05/2)=",2z5,"\n")

+ 3

O00000000z= 2.294157 >z(0.05/2)= 1.959964

>

+ vV V VvV VvV Vv VvV

+

>

goooon

binom.test 00 000000000000 OOOOOOOOOOOD binomtest(OODDODOOOO,O
O,p=0000000000)0000
binom.test( )0 0000000000000 Op-value=0.0284300005%00000000000000

> num <- 400
> obs.num <- 30
> p.value <- 0.05
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> binom.test (obs.num,num,p=p.value)

Exact binomial test

data: obs.num and num
number of successes = 30, number of trials = 400, p-value = 0.02843
alternative hypothesis: true probability of success is not equal to 0.05
95 percent confidence interval:

0.05117168 0.10533764

sample estimates:
probability of success

0.075
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gooobo 40

oobooboooobooooboooboooooboooooooboobooooooooooon
ugbogbgbobooboooboboboboboboooobooobobobobobobobooba
50000000000

ooooo

oo0o0O300000oo0oboo0 Hy:p#005000000000000000000O00O0O0ODODODOO
oo000000000o0O00000000 Hy:p>005000000000000000000O00OO
ooooboooooooo

0000 Hy: p=0.05
ooond Hy: p>0.05

0000000000000 0000000000O00DO000O000O00O0O0O0OOO0OO 2(0.05) =
164500000

002000000000 20 229400002(0.05) =1.645< 2=229400000000000
0000000000000 5%0000000000000000000000000000

ogrROODOOOODOO0
binom.test 0000000000000 O0O0DOOOODOOOO alternative = "greater”0 0000

> num <- 400

> obs.num <- 30

> p.value <- 0.05
>

binom.test (obs.num,num,p=p.value,alternative = "greater")
Exact binomial test

data: obs.num and num
number of successes = 30, number of trials = 400, p-value = 0.01903
alternative hypothesis: true probability of success is greater than 0.05
95 percent confidence interval:
0.0544982 1.0000000
sample estimates:
probability of success
0.075
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1ngoooogod

goooDo 1

000100000000 (DO000)00000O0U00O0O0 (DUooOOoO)UoooooO 10O
obooobo3obooooboboooooboboboobooboooooono

goggg
ubodgbougbooobooooboaoboabod

T X2 I3 T4 Is5 Te Ty T T9
oooo(@) 8 8 9 9 9 10 10 10 15

O0000i=(1-054+05%x9)=500 z5=9

0100000¢=(1-0254025x9)=300 23=9

03000004=(1-0.7540.75%x9)=700 2y =10
obob HODOOoooO [y 0o0boooooboobn

o000 HOoooooooooo

0000 F[,000000000000

00000000 2000d2 = 35.556
00000000 3000d3 =129.8025
00000000 4000d* =1764.823

129.8025 764.823
(557)2 (=57)

1.8372+2.4452
6 24
000000000ooooo

JB = 9( ) = 7.304 > x*(2;0.05) = 5.9915

OROODOODOOOOO

> pig <- ¢(8,9,10,8,10,15,9,10,9)

> pig.sort <- sort(pig)

> pig.n <- length(pig.sort)

> pig.med <- (1-0.5+0.5%pig.n)

> pig.lqt <- (1-0.25+0.25%pig.n)

> pig.3qt <- (1-0.75+0.75%pig.n)
>cat("OO0ONDO10000NO30000\n",

+ pig.sort[pig.med],"\t",pig.sort[pig.1qt],"\t",pig.sort[pig.3qt],"\n")
oo 010000 gs30oog

9 9 10

d2 <- sum((pig-mean(pig))~2)
d3 <- sum((pig-mean(pig))~3)
d4 <- sum((pig-mean(pig))~4)
a3 <- (d3/pig.n)/(d2/pig.n)"(3/2)

V V V V V
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> a4 <- (d4/pig.n)/(d2/pig.n)"2

> cat("O0=",a3,"\t 00=",a4,"\n")

O00= 1.836720 O[O = 5.444883

> jb <- pig.nx(a3°2/6+(a4-3)"2/24)

> cat("JB=", jb,"\tchi-square(2;0.05)=",qchisq(0.950,2),"\n")
JB= 7.301856 chi-square(2;0.05)= 5.991465

goodoo
00000 1000000300000 RO summary()00000O

> pig <- ¢(8,9,10,8,10,15,9,10,9)

> summary (pig)
Min. 1st Qu. Median Mean 3rd Qu. Max.
8.000 9.000 9.000 9.778 10.000 15.000

000000000 RO package e1071(0 O O O http://cran.r-project.org/0 00000000000
0) 0 skewness( )OO O Okurtosis( )00 000000000000

> library(el1071) O
> skewness(pig,type=1)
[1] 1.836720

>

000000000 (Jarque-Bera test) O package tseries 0 O O O jarque.bera.test( ) 00 000000
0 O O package tseries O package quadprogU package zoo 0 00 00 00 OO O O jarque.bera.test( ) O O
0000000000000 D000 package0 00000000 DOOO0OOODOODOOOO

> library(tseries)

> jarque.bera.test(pig)
Jarque Bera Test

data: pig
X-squared = 7.3019, df = 2, p-value = 0.02597
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gooobo 20

000000200000 (00 A0DB)DU0O0OOO0OOO0OOUOOOO0ODOOUOOOOLO0000
110000 AQ00O0OO0OOOOOO BOOOOOODOOOODODOODODOODOOOOOOOOOO

googgg
o000 H,OOOO0D [, 000000000000

0000 HFUOoooooooooo
o000 [,000000000000

OO0BOOOOOOOOOOOOng=40000

Sio1sCi _, 14154105+ 455 + 1365
215 32768

U obodgbogboobooboaoboan

OROODOODOODOOO

D i
i=0
00000000000 cumsum(nr) 00000000

cumsum <- function(n,r){
sum <- O

for(i in 0:r){

sum <- sum+choose(n,i)
t

return (sum)

}
0000 cumsum(154) 0 Y 15C; 0000000P, 0000000000000

> cumsum <- function(n,r){
+ sum <- 0

+ for(i in 0:r){

+ sum <- sum+choose(n,i)
+ 7

+ return(sum)

+}

> p0 <- 2xcumsum(15,4)/2" (15)
> p0

[1] 0.1184692

>

goooon
RO binom.test( )00 000000000000 OD0O0O0O0OOOODOOOOOOOOOOOOOOO
gboooooobo BOooboobooooooboooobobooooboobooo
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> binom.test(4,15)

Exact binomial test

data: 4 and 15
number of successes = 4, number of trials = 15, p-value = 0.1185
alternative hypothesis: true probability of success is not equal to 0.5
95 percent confidence interval:

0.07787155 0.55100324

sample estimates:
probability of success

0.2666667
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goooo 30

0000 200000050000000000000000005% 00000 A0000O00OO

oo0o0o0o0O0O0O0O0OODODODODODOODODODOOOOO ADDODODOOOOOOODOODODOOODOOO
god

ooooo
uboboobobooboobooooboobooooboboon z=1645000

|le7f —0.5

50
4

20 =

U00np=190000%2 =15560npg =18000 2 =1.838000000000000n, <1800
0000000000000 DOOO0OO0O000000 3200 A0000000000O0OO0OOO

rROODOOOO0ODOOO0

el
4
n n 1
mogl = st
n n 1
nb—g < \/Z 5
oood
n n 1
nb—§ > Z+§
000 n, < \/Z+n_1
ooono

n n—l—l
ny > 4+

> n <- 50

> z <- qnorm(0.95)

> nb <- -z*sqrt(n/4)+(n-1)/2
> nb2 <- z*sqrt(n/4)+(n+1)/2
> cat(nb,"\t",nb2,"\n")
18.68456 31.31544

>
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gooobo 40

obobOobooboobooooooocoobooboboboboboobo 20000000 200000
oobooboooobooboobobooobobooooooobooboooobbooobobooobbooooDoo
ooboooooooooobooooboooboooobooooboogbooobbooooobooobboOoooo
oooooobooog
obooob010b02004006008001000120013001400170

goggg
ooo0 FoOUOO0O00 [, 0booobooboooboooon

0000 FpOOoOoooDOoooooooooo
o000 ;0000000000 0oboo0oo

00000000000000000000 RS1=14+24+4+6+8+10+124+13+14417=87
ooooooo

1
B(RS)) = 5 x10x(10+10+1) =105
1
V(RS:) = Exlele(lO—i—lO—&-l):l?S
SO 1 (s P
V175

00000000000 oo0oOs% 0000000 1.6450000000000000000OOOOO
ooooo

OROODOODOOOOO

escRank <-c(1,2,4,6,8,10,12,13,14,17)

nt <-20

na <- length(escRank)

rsl <- sum(escRank)

rsl.mean <- 1/2*na*(nt+1)

rsl.var <- 1/12*na*(nt-na)*(nt+1)

> cat("E(RS1)=",rsl.mean,"\tV(RS1)=",rsl.var,"\n")
E(RS1)= 105 V(RS1)= 175

> z0 <- (abs(rsil-rsl.mean)-0.5)/sqrt(rsl.var)
> cat("z0=",20,"\tz(0.95)=",gqnorm(0.95),"\n")
z0= 1.322876 z(0.95)= 1.644854

>

V V V V VvV V
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goooo st

r000b00o0oooboooooboooooboooobobooobooobooooboooooboooooooaon
000000000000000000000000000 (Coo0oO0)oooo 2000000
gboobooboboboboobooboobooboboon

ooooo
gboogr, 000000000000

0 Z(Ru — Ry;)?

n(n? —1)
googbooobooboooa

T
7x (72 -1)

Oo0ooo0oob0o0 HebOoooo /[, 000000000000

re =1—

e = x(1+140+1+4+4+1)=0.786

0000 HOOoOooOooooooobooooooooboooo

0000 F,00000000000000DOO0000DOO0

7—2
to=0.786 x |/ ——— = 2.843 > £(5;0.05/2) = 2.571
0= 0786 % [ 7oy = 2.843 > £(5:0.05/2) = 2.57

obooooboooobooboboooboobooooobooono

OROOOOOOOODO

> bw <- ¢(1,2,3,4,5,6,7)

> bd <- c¢(2,1,3,5,7,4,6)

> n <- length(bw)

> rs <- 1-6/(nx(n"2-1))*sum( (bw-bd) ~2)
>cat("O0O0O00O00O0O rs=",rs,"\n")

000000 rs= 0.7857143

> t0 <- rsxsqrt((n-2)/(1-rs~2))

> cat("t0=",t0,"\t t(5;0.05/2)=",qt(0.975,n-2),"\n")
t0= 2.840188 t(5;0.05/2)= 2.570582

>

goooog

ROOOOODOOOOOOOO (Spearman’s rank correlation coefficient) 0000000000000
0000 cor( ) 0000 method="spearman”00000000000bwObdO 0000000000
000ooO0ooooooooo

0000000 cortest( )DO000O0DO0OODODDO method="spearman”0 00000000000
o0ooond

> cor(bw,bd,method="spearman")
[1] 0.7857143

> cor.test (bw,bd,method="spearman")

Spearman’s rank correlation rho
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data: bw and bd
S = 12, p-value = 0.04802
alternative hypothesis: true rho is not equal to O
sample estimates:
rho
0.7857143
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1200000000

gooobo 1

000000000000000000sum()00000000000000000000000
O length() 000 0x <- ¢(1,2,3,4,5,6,7,8,9,10) 0 000 0 Osum( ) O length( ) 0000 2000
0000000000 mean(x) 000000000000000000000000

goooo
godad

O0000O0O0ORODO sum(x)/length(x) 0000

OROODOODOOOOO

> x <- ¢(1,2,3,4,5,6,7,8,9,10)
> x.ave <- sum(x)/length(x)

> x.ave

[1] 5.5

> mean(x)

[1] 5.5

>
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00000000000 000000000 000000000000 Ovar(x) 0000000
O00000000000000000sum(x*x)00000:000000000000

googgd
ooooboooono

52 = L(zﬂ:xzi(zz;%)z

— .

i=1 K
O000000RODO (sum(x*x)-(sum(x)"2/length(x)))/(length(x)-1) 000 O

OROODOODOOOOO

> x.var <-(sum(x*x)-(sum(x)"2/length(x)))/(length(x)-1)
> x.var

[1] 9.166667
> var(x)

[1] 9.166667
>
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goooo 30

0000000000000 0 (440)000000000000O0O0O0OO0OOO (DOOOODO)
gbooobooooobooboooon

googgg

O00000000000000RODO ttest(00O0U0O 1,0000 2,var.equal=T) 00O O O var.equal=T
O000000ttest(000D0 1,0000 2,varequal=F)000000000000000000O0Ot0O
000oooo0n

O0000000000000000000000000D0 ¢t0 43692000000 0.00327700000
0o0o0ooooooo 1%0o00000000

grROODOOOODOOO

> x <- c¢(160,168,158,165,161)
>y <- c(153,155,149,152)
> t.test(x,y,var.equal=T)

Two Sample t-test

data: x and y
t = 4.3692, df = 7, p-value = 0.003277
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:

4.656745 15.643255
sample estimates:
mean of x mean of y

162.40 152.25

goooon
00000000000 (DOo0U0o0 t00)0D ROODUDOOOOOUOOOOOOO

> x <- c(160,168,158,165,161)
> y <- ¢(153,155,149,152)
> t.test(x,y,var.equal=F)

Welch Two Sample t-test

data: x and y
t = 4.622, df = 6.701, p-value = 0.002712
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:

4.909866 15.390134
sample estimates:
mean of x mean of y

162.40 152.25
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gooobo 40

v + Vv 4+ + VvV V

O00ooO0o0o0o0o0o (Do 1,6)000000 1000000000000000O0O0O0O0O
0000000000000 00O0000RODOO0O0ODO0O0ODO0O0ODOO0OD for00D00OODOODO
gooon

for (00 in 1:000){

HRN

}

gooobobobooilobbboooooono

for (k in 1:100){

ao

}

goon

googo

000000 10000000 (00 [1,6) 000000 runif(100,1,6) 0000000
10000000000000000000 xave<-numeric(100) 00 000000000000000
0000000 hist(xave) D 0000

grROODOODOODOOO0

x.ave <- numeric(100)
for(i in 1:100){
x.ave[i] <- mean(runif(100,1,6))
}
hist(x.ave,ylim=c(0,30) ,main=NULL,
xlab="00000",ylab="00")

[
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N
o
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o
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o -

—r 1 1 1T T T 1
3.2 3.3 3.4 3.5 36 3.7 3.8 3.9

EATHE

12 -4




goooo st

000 10000000 (DO [0,10)00000 x0000000 00000000 y=xz+e0O
O0b00byO0000D00000000 e000=000000=10000000000000O0
000 (¢,y) 0D0OUDO0O0OD0O2:0y0000000DO0OOOO

googg

000000 10000000 (0D0=0,0000=1)000000 rnorm(100) 0000000

rmorm( ) 00000000 rnorm(0 0 ,mean=00,sd=0000)00000mean0sd000000O0O
0000 mean=00sd=10000

O00Oplot(0000O 1,00002)0000000000 cor(000OD0 1,00002)00000cor(0
0)0000000o00o0oO00oDooooooo

grROODOODOO0ODOO

> x <- runif(100,0,10)
> e <- rnorm(100)

>y <- xte

> plot(x,y,pch=19)

> cor(x,y)

[1] 0.94489

>

g °
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ooto.Q“
o
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0 2 4 6 8 10
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gooboed

o000 s500000 zy000000000000y0000O00:000000000O000AO
ooooooon

googgg

0000 b0o,,/c200000000000 «0y—bz000000

000000 ROOOOOD < -cov(x,y)/var(x)0 a <- mean(y)-b*mean(x) 000000 0Im( )00
obooooOobooooboooboooon

00000000 y=-0.3212+1.0457z 000 0O

grROODOOO0ODOOO0

> b <- cov(x,y)/var(x)

> a <- mean(y)-b*mean(x)
> a

[1] -0.3212298

>b

[1] 1.045657

> Im(y~x)

Call:

Im(formula = y

x)
Coefficients:

(Intercept) X
-0.3212 1.0457
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1300000 ggdg

goooo 1

0000000 [000 30kg00D00 (2)0 90kgDODOO (y) 0000]0D000O00O00OO0O
X'’Xb=X'yODOODOODOODOOOOOO bOOOOOOO

ogooono

00000 y=Xb+eOODOD
158 1 75 [ ey
149 1 67 b es
143 | =1 65 l b, + | es
153 17 €4
147 1 72 es

xx—| 7 30 | oxy [ 750
350 24564 52575

000000000 X'Xb=X'yO

5 350 bo _ 750 oooo
350 24564 by 52575

76.763 —1.094
] oo

(X'x) L =
—1.094 0.016

bo _ 76.763 —1.094 750
b1 —-1.094  0.016 52575

| 67.969
N 1.172

OROOODOOODOODO

> X<- matrix(c(1,1,1,1,1,75,67,65,71,72) ,nrow=5,ncol=2)
> y <- c(158,149,143,153,147)

> XTX <= t(X) %*% X

> XTy <= t(X) %% y

> b <- solve(XTX) %x% XTy

>Db

[,1]
[1,1 67.968750
[2,] 1.171875
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gooobo 20

00000000 (0 1310000)00000000000000O00O0O0OU0ODOOOOOn
oooobobooobobooooobooooboboobooobooon

googgg
00000RODODO0OODO0O0O0DO0O0O0OD0O0O0OOD0O0O0OUOO0O0DOOOUOOOO0O (mulreg.csv)
oboooboooboooogn

Height,Length,Chest, Weight
1.27,1.45,1.80,475
1.28,1.50,1.86,490
1.31,1.50,1.98,580
1.28,1.52,1.96,557
1.32,1.50,1.87,540
1.27,1.46,1.86,440
1.28,1.53,1.84,459
1.27,1.50,1.82,470

mulreg.csv 0 00O

0000000000000 0000000000D000 3¢, =30000000 (Height,Length)O
(Height,Chest)O (Length,Chest) 000 000000000000 0O000O0O0OOOD AICOOOOOO
AlICO0OU00O0O0O0O00O0O0O0O00U0O0O0O00O0O0O0O0UO0O0O0OUOOOO RO Im()0O AIC()DO
000 (DROUOOOOOOOOOO)O

goooooooo0oooo0OoOoDoooooOooooO0ooooDoooOooAICOOO0ODOOOOODOO
oood

ooo ooo AIC

gooooooo 0.817  88.652
gooono 0.564  94.535
ooooo 0.817  86.737
ooooo 0.669  92.079

gooobooboobgooboobooboobbobbobooboobooboobOoobon

OROODOODOODOOO

> mulreg.data <- read.csv("mulreg.csv")

> 1m.full <- 1m(Weight~.,data=mulreg.data)

> AIC(Im.full)

[1] 88.65167

> 1m.HL <- 1m(Weight“Height+Length,data=mulreg.data)
> AIC(1lm.HL)

[1] 94.53532

> 1m.HC <- 1lm(Weight~Height+Chest,data=mulreg.data)
> AIC(1m.HC)

[1] 86.73658

> 1m.LC <- 1lm(Weight~Length+Chest,data=mulreg.data)
> AIC(1m.LC)
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[1] 92.07922
> summary(1lm.HL)

Call:
Im(formula = Weight ~ Height + Length, data = mulreg.data)

Residuals:
Min 1Q Median 3Q Max
-43.461 -26.782 -5.016 12.429 57.021

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

(Intercept) -2220.6 1016.4 -2.185 0.0716 .

Height 1830.7 745.7  2.455  0.0494 *

Length 248.2 503.3 0.493 0.6395

Signif. codes: O0° **x’' 0.001° =*x' 0.01° *x' 0.06° .' 0.1°

Residual standard error: 36.28 on 6 degrees of freedom
Multiple R-squared: 0.5646, Adjusted R-squared: 0.4195
F-statistic: 3.891 on 2 and 6 DF, p-value: 0.08252

> summary (1m.HC)

Call:
In(formula = Weight ~ Height + Chest, data = mulreg.data)

Residuals:
Min 1Q Median 3Q Max
-35.168 -14.573 1.857 13.047 27.154

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

(Intercept) -1906.3 590.9 -3.226 0.0180 =*
Height 1208.2 522.0 2.315 0.0599 .
Chest 455 .4 153.1 2.975 0.0248 =*
Signif. codes: O0°' **x’' 0.001° =*x' 0.01° *' 0.05° .’ 0.1°

Residual standard error: 23.52 on 6 degrees of freedom
Multiple R-squared: 0.817, Adjusted R-squared: 0.756
F-statistic: 13.39 on 2 and 6 DF, p-value: 0.006132

> summary (1m.LC)

Call:
Im(formula = Weight ~ Length + Chest, data = mulreg.data)
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Residuals:
Min 1Q Median 3Q Max
-42.637 -20.573 1.236 16.922 42.282

Coefficients:

Estimate Std. Error t value Pr(>|tl|)

(Intercept) -956.1 643.8 -1.485 0.1881

Length 228.5 436.8 0.523 0.6197

Chest 594 .2 189.8 3.131 0.0203 *

Signif. codes: O0° ***x’ 0.001° =*x' 0.01° *' 0.06° .' 0.1°

Residual standard error: 31.65 on 6 degrees of freedom
Multiple R-squared: 0.6686, Adjusted R-squared: 0.5582
F-statistic: 6.053 on 2 and 6 DF, p-value: 0.03639

goooon
0000000000000 0O0O0O0ROOSstep()000O00ODOOO
OO0Ostep()000O000OOOOOO

> step(lm.full)
Start: AIC=61.11
Weight ~ Height + Length + Chest

Df Sum of Sq RSS AIC
- Length 1 31.2 3320.5 59.2
<none> 3289.3 61.1
- Height 1 2722.5 6011.8 64.5
- Chest 1 4608.9 7898.1 67.0

Step: AIC=59.2
Weight ~ Height + Chest

Df Sum of Sq RSS AIC
<none> 3320.5 59.2
- Height 1 2965.5 6285.9 62.9
- Chest 1 4897.7 8218.2 65.4

Call:
Im(formula = Weight ~ Height + Chest, data = mulreg.data)

Coefficients:
(Intercept) Height Chest
-1906.3 1208.2 455.4
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> x <- ¢(0.5,1.0,1.8,2.0,4.0,4.5,5.0)

>y <- ¢(10.3,15.5,15.8,15.0,10.3,9.3,4.6)
> 1lm.single <- 1m(y~x)

> Ilm.quad <- 1m(y~x+I(x*x))

>

summary (1lm.single)

Call:

Im(formula = y ~ x)

Residuals:
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1 2 3 4 5 6 7
-4.8613 1.1665 2.7909 2.3220 0.9329 0.7607 -3.1116

Coefficients:
Estimate Std. Error t value Pr(>|tl)
(Intercept) 15.9890 2.2592  7.077 0.000871 *xx
X -1.6555 0.7157 -2.313 0.068653 .
Signif. codes: O0° ***x’' 0.001° =*x' 0.01° *x' 0.06° .' 0.1°

Residual standard error: 3.14 on 5 degrees of freedom
Multiple R-squared: 0.5169, Adjusted R-squared: 0.4203
F-statistic: 5.35 on 1 and 5 DF, p-value: 0.06865

> summary (1lm.quad)

Call:

Im(formula = y ~ x + I(x * x))

Residuals:
1 2 3 4 5 6 7
-1.2324 1.8505 0.2574 -0.7286 -0.9665 0.9449 -0.1253

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

(Intercept) 8.6969 1.8156  4.790 0.00871 *x*
X 6.3893 1.7162 3.723 0.02042 *
I(x * x) -1.4367 0.3015 -4.766 0.00887 x*x*
Signif. codes: O0° **x’' 0.001° =*x' 0.01° *' 0.056° .' 0.1°

Residual standard error: 1.359 on 4 degrees of freedom
Multiple R-squared: 0.9277, Adjusted R-squared: 0.8915
F-statistic: 25.65 on 2 and 4 DF, p-value: 0.005233

plot(x,y,pch=19)
abline(lm.single)
curve(8.697+6.389*x-1.437*x*x,0,5,add=T)

V V V V V
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> x <- 1:6
>y <- ¢(0.05,0.34,0.55,2.07,2.87,3.91)
> arometory <- 1m(log(y) “log(x))
> summary (arometory)
Call:
Im(formula = log(y) ~ log(x))
Residuals:
1 2 3 4 5 6

-0.03499 0.17126 -0.34845 0.26694 0.04299 -0.09775

Coefficients:

Estimate Std. Error t value Pr(>Itl)
(Intercept) -2.9607 0.2047 -14.46 0.000133 **x*
log(x) 2.4680 0.1635 15.10 0.000112 ***
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Signif. codes: O0° ***x’' 0.001° =*x' 0.01° *' 0.05° .' 0.1°

Residual standard error: 0.2422 on 4 degrees of freedom
Multiple R-squared: 0.9828, Adjusted R-squared: 0.9784
F-statistic: 228 on 1 and 4 DF, p-value: 0.0001121

>

par (mfrow=c(1,2))

plot (log(x),log(y))

abline(arometory)

plot(x,y)

curve (exp(-2.9607) *x"~ (2.4680),1,6,add=T)

V V V V V
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O00OO0 RO aov()00000C000O0O0ODO 13300000000000000 avoO00O0OOO0O
00 anova.result <- aov(rhs ~ breed*parity,data=Yield.data) 0 O O O O O rhs ~ breed*parity O rhs ~
breed+parity+breed*parity 0 D0 0000000000000 O ()UODOUOOOOOODOOOOOOO
goooooooobbooooobuooobbooooooon

doooooooooboooo

000000000000 00O0 (DoO0OOdTypel)
oono ooo dOoO0 0Oooo FO 000D

ao 1 0.9375 0.9375  6.7568 0.06009
oo 2 4.6961 2.3480 16.9228 0.01117
o0 x0O0 2 0.3764 0.1882  1.3565 0.35505
oo 4 0.5550 0.1387

OROODOODOOOOO

Breed <- factor(c(1,2,2,1,2,2,1,1,2,2))

Parity <- factor(c(1,1,1,3,3,3,5,5,5,5))

Yield <- c(5.0,6.2,6.4,6.6,6.4,7.3,6.7,7.2,7.8,7.9)

Yield.data <- data.frame(breed=Breed,parity=Parity,rhs=Yield) O

anova.result <- aov(rhs ~ breed*parity,data=Yield.data) [

V V V V V V

summary (anova.result)
Df Sum Sq Mean Sq F value Pr(>F)

1 0.9375 0.9375 6.7568 0.06009 .
parity 2 4.6961 2.3480 16.9228 0.01117 =*
breed:parity 2 0.3764 0.1882 1.3565 0.35505

4 0.5550 0.1387

breed

Residuals

Signif. codes: O0° ***x’' 0.001° =*x' 0.01‘ *x' 0.06° .’ 0.1° 1
>

goooon
0000000000 000000 TypellIDODOOO0OOO0 ROODOOOO0ODOOODOOODODOOOO
O0b00bob0 cx0O00O0ODOOOOODODOOODODOO

> library(car)

> Breed <- factor(c(1,2,2,1,2,2,1,1,2,2))

> Parity <- factor(c(1,1,1,3,3,3,5,5,5,5))

> Yield <- ¢(5.0,6.2,6.4,6.6,6.4,7.3,6.7,7.2,7.8,7.9)

> Yield.data <- data.frame(breed=Breed,parity=Parity,rhs=Yield) O

> Anova.result <- Anova(lm(rhs ~ breed*parity,data=Yield.data),Type="III")
> Anova.result

Anova Table (Type II tests)
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Response: rhs

Sum Sq Df F value

breed 1.6019
parity 4.6961
breed:parity 0.3764
Residuals 0.5550

Signif. codes: O
>

Pr(>F)

1 11.5453 0.02733 *
2 16.9228 0.01117 *

2
4

* % X%

1.3565 0.35505

0.001°

* %

0.01° =
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y <- c(27.7, 33.8, 46.5, 64.7, 87.0, 112.3, 254.4, 369.7, 428.0,
436.1, 420.8, 412.1, 426.0, 447.8, 415.2, 416.8) #0000 000
t <- c(0, 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55) #0 OO OO
#West model (west et al., 2001)
West.result <- nls(y ~ Mx(1-(1-(mo/M)~(1/4))*exp(-a/(4*M~(1/4))*t)) "4,
start=1ist (M=400, mo=20, a=1))

summary (West.result)

ormula: y ~ M * (1 - (1 - (mo/M)"~(1/4)) * exp(-a/(4 * M"(1/4)) * t))"4
arameters:
Estimate Std. Error t value Pr(>|tl)
431.3852 6.5566 65.79 < 2e-16 **x*
o 6.7134 3.8809 1.73 0.107
3.2259 0.2592 12.45 1.35e-08 *x*x
ignif. codes: 0' **x’ 0.001' =*%x' 0.01° %’ 0.05° .’ 0.1° 1
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Residual standard error: 16.41 on 13 degrees of freedom

Number of iterations to convergence: 8

Achieved convergence tolerance: 4.047e-06

> West.predict <- predict(West.result)

> summary(West.result)

Formula: y " M * (1 - (1 - (mo/M)"(1/4)) * exp(-a/(4 * M"(1/4)) * t))"4

Parameters:

Estimate Std. Error t value Pr(>|t])

M 431.3852 6.5566 65.79 < 2e-16 **x*

mo 6.7134 3.8809 1.73 0.107

a 3.2259 0.2592 12.45 1.35e-08 *xx

Signif. codes: O0° **x’' 0.001° =*x' 0.01° *x' 0.06° .' 0.1° 1

Residual standard error: 16.41 on 13 degrees of freedom

Number of iterations to convergence: 8

Achieved convergence tolerance: 4.047e-06

> AIC(West.result)

[1] 139.6177

> cor(West.predict,y) "2

[1] 0.9929034

> plot(t,y,main="Cattle weight",xlab="Age(m)",ylab="weight")
> points(West.predict™t,typ="1")

>

dddd0d0ddddUdUUUULUUUUUUUbbbODbOO MOMmyODODO «OOOOOO sum-
mary(West.result) 0000 00000000000000O cor(West.predict,y) "20AIC O AIC(West.result)
gooooooao

0000
000 0000  AIC M Mo a

West 0.993 139.62 431.39 6.71 3.23

gboooboobooboobooboobboioboobobbooboon

> plot(t,y,main="Cattle weight",xlab="Age(m)",ylab="weight")
> points(West.predict™t,typ="1")

goooooo
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Richards 0000000000000 A=50, B=—3x10% k=1, M=-0.10 000000000000

ooooboooo

obooobOooooboobooooobooooon

0oooo (oO)

o0o oooo AIC A B k M
Brody 0.978 73.54 162.61 1.15  0.22
Logistic 0.983 68.62 161.32 2.33  0.28
Gompertz 0.981 71.13 161.90 1.63 0.25
Bertalanffy 0.980 71.94 162.12 0.48 0.24
Richards 0.999 19.23 1582 —4.239x10° 1.05 —0.05
0Dooo (oO)

00O oDoog  AIC A B k M
Brody 0.956 76.22 57.83 1.84 0.16
Logistic 0.980 64.44 54.09 14.57 0.34
Gompertz 0.970 70.51 55.35 497 0.25
Bertalanffy 0.966 72.47 55.98 1.18 0.22
Richards 0.998 3393 51.96 —3.600x10° 1.14 —0.11
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>

Height <- c(116.20,121.91,127.92,133.62,140.49,147.05,152.19,155.09,
166.84,157.20,157.65,157.93,158.48,158.69,158.45)

Weight <- c(21.16,23.65,26.81,29.95,34.17,38.97,44.20,46.79,49.69,51.29,
52.35,52.71,52.35,51.58,50.75)

age <- ¢(6,7,8,9,10,11,12,13,14,15,16,17,18,19,22)

Woman.data <- data.frame(age=age,height=Height,weight=Weight)

>#0 000000 s0000000000

vV V V V V VvV 4 V vV 4 V V 4+ V V 4+ V V 4+ VvV V

#Brody model (Brody, 1945)

Brody.height.result <- nls(height ~ Ax(1-Bxexp(-K*age)),
start=1ist(A=160, B=1, K=0.1),data=Woman.data)

#Logistic model (Robertson, 1923)

Logistic.height.result <- nls(height ~ A/(1+B*exp(-k*age)),
start=1ist (A=160, B=10, k=0.1) ,data=Woman.data)

#Gompertz model (Rogers et al., 1987)

Gompertz.height.result <- nls(height ~ Axexp(-B*exp(-k*age)),
start=1ist (A=160, B=1, k=0.1),data=Woman.data)

#Richards model (Nahashon, 2006)

Richards.height.result <- nls(height ~ Ax(1-B*exp(-k*age))"M,
start=1ist (A=155, B=-8, k=0.2, M=-0.2),data=Woman.data)

#von Bertalanffy model (von Bertalanffy, 1957)
Bertalanffy.height.result <- nls(height ~ A*(1-B*exp(-k*age))"3,
start=1ist(A=160, B=0.1, k=0.1),data=Woman.data)

#000000

Brody.height.predict <- predict(Brody.height.result)
Logistic.height.predict <- predict(Logistic.height.result)
Gompertz.height.predict <- predict(Gompertz.height.result)
Richards.height.predict <- predict(Richards.height.result)
Bertalanffy.height.predict <- predict(Bertalanffy.height.result)
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plot (Woman.data$age,Woman.data$height ,main="Height",

xlab="Age(y)",ylab="height")

matplot(c(6,22),c(110,170) ,main="Growth curve",
xlab="Age(y)",ylab="height",type="n")

points(Brody.height.predict~age,type="1",col="red",lwd=2)

points(Logistic.height.predict™age,type="1",col="blue",lwd=2)

>
+
>
+
>
>
> points(Gompertz.height.predict~age,type="1",col="green",lwd=2)
> points(Richards.height.predict~age,type="1",col="black",lwd=2)

> points(Bertalanffy.height.predict~age,type="1",col="pink",lwd=2)

> points(height~age,pch="%",data=Woman.data)

> legend(15,140,legend=c("Brody","Logistic","Gompertz","Richards","Bertalanffy"),
+ col=c("red","blue","green","black","pink"),

+ lty=c(1))

>#0000000000000000 (summary O DO 0O)

> summary (Brody.height.result)
Formula: height ~ A * (1 - B * exp(-K * age))

Parameters:

Estimate Std. Error t value Pr(>Itl)
A 162.61445 1.92438 84.502 < 2e-16 **x*
B 1.15016 0.19688 5.842 7.94e-05 *xx
K 0.22147 0.02768 8.002 3.75e-06 **x

Signif. codes: O0° *xx’' 0.001° *x' 0.01° *' 0.05° .’ 0.1° 1
Residual standard error: 2.405 on 12 degrees of freedom

Number of iterations to convergence: 9

Achieved convergence tolerance: 6.646e-06
> summary(Logistic.height.result)
Formula: height ~ A/(1 + B * exp(-k * age))

Parameters:

Estimate Std. Error t value Pr(>|t|)
A 161.31762 1.34710 119.752 < 2e-16 *x*x
B 2.33174 0.40140 5.809 8.36e-05 **x*
k 0.28467 0.02619 10.869 1.44e-07 **x*

Signif. codes: O0° ***’' 0.001° **' 0.01° *' 0.056° .’ 0.1° "1
Residual standard error: 2.041 on 12 degrees of freedom

Number of iterations to convergence: 10

Achieved convergence tolerance: 4.478e-06
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> summary (Gompertz.height.result)

Formula: height ~ A * exp(-B * exp(-k * age))

Parameters:

Estimate Std. Error t value Pr(>Itl|)
A 161.89622 1.59888 101.256 < 2e-16 **x*
B 1.62844 0.27963 5.824 8.17e-05 *x*x
k  0.25270 0.02693  9.385 7.08e-07 **x

Signif. codes: O0° **%x’' 0.001° =*x' 0.01° *' 0.06° .' 0.1°

Residual standard error: 2.219 on 12 degrees of freedom

Number of iterations to convergence: 10

Achieved convergence tolerance: 4.559e-06

> summary(Richards.height.result)

Formula: height ~ A * (1 - B * exp(-k * age))”™M

Parameters:

Estimate Std. Error t value Pr(>|t|)
A 1.582e+02 1.714e-01 922.580 < 2e-16 *xx
B -4.239e+05 5.566e+05 -0.762 0.462
k 1.051e+00 9.949e-02 10.563 4.26e-07 ***
M -4.658e-02 5.273e-03 -8.834 2.51e-06 *x*x*

Signif. codes: O0° **x’' 0.001° =*x' 0.01° ' 0.056° .' 0.1°

Residual standard error: 0.3844 on 11 degrees of freedom

Number of iterations to convergence: 28

Achieved convergence tolerance: 6.645e-06

> summary (Bertalanffy.height.result)

Formula: height ~ A * (1 - B * exp(-k * age))~3

Parameters:

Estimate Std. Error t value Pr(>|tl)
A 162.11808 1.69783 95.486 < 2e-16 **x
B 0.48279 0.08281 5.830 8.09e-05 *x*
k 0.24221 0.02717 8.913 1.22e-06 ***

Signif. codes: O0°' **x' 0.001° =*x' 0.01° *' 0.06° .’ 0.1°
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Residual standard error: 2.28 on 12 degrees of freedom

Number of iterations to convergence: 10

Achieved convergence tolerance: 4.31e-06

>#0 000000000000 AICOOO

> AIC(Brody.height.result)

[1] 73.54243

> AIC(Logistic.height.result)

[1] 68.62319

> AIC(Gompertz.height.result)

[1] 71.12748

> AIC(Richards.height.result)

[1] 19.23418

> AIC(Bertalanffy.height.result)

[1] 71.94274

>

>#0000000000000000000

> cor(Brody.height.predict,Woman.data$height) "2
[1] 0.9775266

> cor(Logistic.height.predict,Woman.data$height) "2
[1] 0.983821

> cor(Gompertz.height.predict,Woman.data$height) ~2
[1] 0.980872

> cor(Richards.height.predict,Woman.data$height) "2
[1] 0.9994735

> cor(Bertalanffy.height.predict,Woman.data$height) "2
[1] 0.9798016

>

>#0 000000 s0000000000

> #Brody model (Brody, 1945)

> Brody.weight.result <- nls(weight ~ Ax(1-B*exp(-Kxage)),

+ start=1list(A=50, B=1, K=0.1),data=Woman.data)

> #Logistic model (Robertson, 1923)

> Logistic.weight.result <- nls(weight ~ A/(1+Bxexp(-k*age)),

+ start=1ist (A=50, B=10, k=0.1),data=Woman.data)

> #Gompertz model(Rogers et al., 1987)

> Gompertz.weight.result <- nls(weight ~ Axexp(-B*exp(-k*age)),
+ start=1ist(A=50, B=1, k=0.1),data=Woman.data)

> #Richards model (Nahashon, 2006)

> Richards.weight.result <- nls(weight ~ Ax(1-B*exp(-k*age))"M,
+ start=list(A=50, B=-3e+05, k=1., M=-0.1),data=Woman.data)

> #von Bertalanffy model (von Bertalanffy, 1957)

> Bertalanffy.weight.result <- nls(weight ~ Ax(1-B*exp(-k*age))"3,
+ start=1list(A=50, B=1, k=0.1),data=Woman.data)

>#000000
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Brody.weight.predict <- predict(Brody.weight.result)
Logistic.weight.predict <- predict(Logistic.weight.result)
Gompertz.weight.predict <- predict(Gompertz.weight.result)
Richards.weight.predict <- predict(Richards.weight.result)
Bertalanffy.weight.predict <- predict(Bertalanffy.weight.result)

plot (Woman.data$age,Woman.data$weight ,main="Weight",
xlab="Age(y)",ylab="Weight")

matplot(c(6,22),c(20,55) ,main="Growth curve",xlab="Age(y)",ylab="weight",type="n")

points(Logistic.weight.predict~age,type="1",col="blue")
points(Gompertz.weight.predict~age,type="1",col="green")
points(Richards.weight.predict~age,type="1",col="black")
points(Bertalanffy.weight.predict~age,type="1",col="pink")

>

>

>

>

>

>

>

+

>

>

> points(Brody.weight.predict~age,type="1",col="red")

>

>

>

>

>

> points(weight~age,pch="*",data=Woman.data)

> legend(15,40,legend=c("Brody","Logistic","Gompertz","Richards","Bertalanffy"),
+ col=c("red","blue","green","black","pink"),
+ 1ty=c(1))

>#0000000000000000 (summary 0O 00)

> summary(Brody.weight.result)
Formula: weight ~ A * (1 - B * exp(-K * age))

Parameters:

Estimate Std. Error t value Pr(>|t])
A 57.83472 3.27303 17.670 5.89e-10 **x*
B 1.84334 0.40846 4.513 0.00071 *xx*
K 0.16348 0.03467 4.716 0.00050 *xxx*

Signif. codes: O0° ***x’ 0.001° =*x’' 0.01° *' 0.056° .’ 0.1° 1
Residual standard error: 2.629 on 12 degrees of freedom

Number of iterations to convergence: 12

Achieved convergence tolerance: 3.947e-06
> summary(Logistic.weight.result)
Formula: weight ~ A/(1 + B x exp(-k * age))
Parameters:

Estimate Std. Error t value Pr(>|tl)
A 54.08659 1.18193 45.761 7.74e-15 *xx*

B 14.56719 3.73867 3.896 0.00212 *x
k 0.33914 0.03294 10.295 2.61e-07 *xx
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Signif. codes: O0° ***x’' 0.001° =*x' 0.01° *' 0.05° .' 0.1°

Residual standard error: 1.775 on 12 degrees of freedom

Number of iterations to convergence: 14

Achieved convergence tolerance: 3.314e-06

> summary (Gompertz.weight.result)

Formula: weight ~ A * exp(-B * exp(-k * age))

Parameters:

Estimate Std. Error t value Pr(>ltl)
A 55.34713 1.82821 30.274 1.06e-12 *x*x
B 4.97202 1.19593 4.157 0.00133 *x
k 0.24929 0.03379 T7.378 8.53e-06 *xx*

Signif. codes: O0° **x’' 0.001° =*x' 0.01° *' 0.06° .’ 0.1°

Residual standard error: 2.173 on 12 degrees of freedom

Number of iterations to convergence: 12

Achieved convergence tolerance: 5.352e-06
> summary (Richards.weight.result)
Formula: weight ~ A * (1 - B * exp(-k * age))"M
Parameters:
Estimate Std. Error t value Pr(>[tl)
A 5.196e+01 3.006e-01 172.861 < 2e-16 ***
B -3.596e+06 1.200e+07 -0.300 0.77006

k 1.140e+00 2.385e-01 4.781 0.00057 *x**
M -1.107e-01 2.711e-02 -4.083 0.00181 *x*

Signif. codes: O0' **x’' 0.001° =*x' 0.01° *x' 0.06° .’ 0.1°

Residual standard error: 0.6275 on 11 degrees of freedom

Number of iterations to convergence: 15

Achieved convergence tolerance: 3.576e-06

> summary (Bertalanffy.weight.result)

Formula: weight ~ A * (1 - B * exp(-k * age))~3
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Parameters:

Estimate Std. Error t value Pr(>|t])
A 55.98201 2.17341 25.758 7.15e-12 **x*
B 1.17827 0.27585 4.271 0.00109 *x*
k 0.22015 0.03405 6.466 3.09e-05 *xx*

Signif. codes: O0° =***' 0.001° **' 0.01° *' 0.056° .’ 0.1°

Residual standard error: 2.32 on 12 degrees of freedom

Number of iterations to convergence: 14

Achieved convergence tolerance: 6.365e-06

>#0 000000000000 AICcOOd

> AIC(Brody.weight.result)

[1] 76.2209

> AIC(Logistic.weight.result)

[1] 64.44308

> AIC(Gompertz.weight.result)

[1] 70.51081

> AIC(Richards.weight.result)

[1] 33.93666

> AIC(Bertalanffy.weight.result)

[1] 72.46707

>

>#0 0 00000000000000000

> cor(Brody.weight.predict,Woman.data$weight) "2
[1] 0.9560442

> cor(Logistic.weight.predict,Woman.data$weight) "2
[1] 0.980139

> cor(Gompertz.weight.predict,Woman.data$weight) "2
[1] 0.970057

> cor(Richards.weight.predict,Woman.data$weight) "2
[1] 0.997705

> cor(Bertalanffy.weight.predict,Woman.data$weight) "2
[1] 0.9658294
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goooo 30

o000 41vobobO0bOoboooboooooooboooOooboOobobOoboobobooooo
00000000000000000 (0000oo0o0O0)0oDoo0o0oUooooooooo
gbooboobobboboobooboobooboboboboon

ooooo
ooogoooo

—0.4182751 —0.51690879  0.1884612  0.7088396 —0.1409969
—0.5200952 —0.20876935  0.3755776 —0.6341430 —0.3777835
0.1937091 —0.68586230 —0.6466746 —0.2394871 —0.1285593
—0.4231845 0.46766217 —0.5782785  0.1463334 —0.4963743
0.5813248  0.01027860  0.2661387  0.1290019 —0.7579476

goooo

2.817258596
1.366527842
A= | 0.567855648
0.242189117
0.006168797

obobooobO100b000 20000000000000000002000000000000O0
0.8367573000050000000000 4% 00000000000000O 10000 C14:00000
O000-07020618 00000 20000 C14:00000000 —0.604259000000000000
oboooobooboooooboboooboobobooonog

ooo C14:0 C16:0 C16:1 C18:0 C18:1
o1o0o0o0  -0.702 -0.873  0.325 -0.710 0.976
Oo2000 -0.604 -0.244 -0.802 0.547 0.012

O00000o0oOgoo10pooo0 cle00 Ccig.0000dooopooog Cle:l0 Ccig:100oooooo
gobooboobooboobooooobo 20000000000 0O000bOOO0bOOObOObOOOn
ooooci4o00 Cl000000O0O000OOOOO0ODOOOODOODOOODOOOOODOOOODOO
oooooooo

goooboobooboobooooROObODODOOOODODOODOODOOO
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OROODOOOOOOO

EpA

>#0000000

> cmat <- matrix(c(1,0.692,0.146,0.132,-0.641,

+ 0.692,1,-0.189,0.342,-0.816,

+ 0.146,-0.189,1,-0.465,0.203,

+ 0.132,0.342,-0.465,1,-0.767,

+ -0.641,-0.816,0.203,-0.767,1) ,ncol=5,byrow=T)
> evv <- eigen(cmat) D#000000O

>evv 0 O#0000000

$values O
[1] 2.817258596 1.366527842

$vectors

[,1] [,2]
[1,] -0.4182751 -0.51690879
[2,] -0.5200952 -0.20876935
[3,] 0.1937091 -0.68586230
[4,] -0.4231845 0.46766217
[5,] 0.5813248 0.01027860

0.567855648

[,3]
0.1884612
0.3755776

-0.6466746
-0.5782785
0.2661387

1.5

0.242189117 0.006168797

[,4]
0.7088396
-0.6341430
-0.2394871
0.1463334
0.1290019

[,5]
-0.1409969
-0.3777835
-0.1285593
-0.4963743
-0.7579476

evv$values DO OO DevvSvectors 0000000000 ODOOOOO

14 - 13



goooog

ROODOOOUOOOOOOOO princomp() 0 precomp() 000000000000 O00OOOOOOOO
000000000000000000000 (000000000000 Uo0oUooooooooooo
0000o0o0oooooo)d

014.500000000000000000 princomp()000000O00O0O

grROODOOOODOOO

height <-c(192,184,192,180,185,203,189,189,181,200)
weight <-c(153,147,237,134,154,233,143,211,151,150)
data <- matrix(c(height,weight) ,ncol=2)
#00000ooo

data.pca <- princomp(data,cor=T,scores=T)
#000000O0oooo

summary (data.pca)

V V V V V VvV V

Importance of components:
Comp.1 Comp.2

Standard deviation 1.2419447 0.6764417
Proportion of Variance 0.7712133 0.2287867
Cumulative Proportion 0.7712133 1.0000000
>#000000
> latent.v <- (data.pca$sdev) 2
> latent.v

Comp.1 Comp.2
1.5424266 0.4575734
>#0 0000000
> pcl.factor <- sqrt(latent.v[1])*data.pca$load 00O ings[,1]
> pcl.factor
[1] 0.8781875 0.8781875
> pc2.factor <- sqrt(latent.v[2])*data.pca$loadingsl[,2]
> pc2.factor
[1] -0.4783165 0.4783165
>#0 00000000
> data.pca$loadings

Loadings:

Comp.1 Comp.2
[1,] 0.707 -0.707
[2,] 0.707 0.707

Comp.1 Comp.2
SS loadings 1.0 1.0
Proportion Var 0.5 0.5
Cumulative Var 0.5 1.0
>#00000000
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> data.pca$scores
Comp.1 Comp.2
[1,] -0.1005593 -0.59155830
[2,] -0.9996196 0.08057823
[3,] 1.4879073 0.99690829
[4,] -1.6382529 0.22754333
[5,] -0.7690476 0.11475064
[6,] 2.4924639 -0.15893082
[7,] -0.5842619 -0.48606206
[8,] 0.7016397 0.79983947
[9,] -1.2185778 0.45081891
[10,] 0.6283082 -1.43388769
>

princomp() 00 0000000000000 00O0O summary() 00000 Standard deviation O 20
obooobOooooboobooooooooon

latent.v <- (data.pca$sdev) "2

uboooboboobooboooooboobooooboboooobobooooobobooooboooboon
ooooooboooooon

>#00000000

> pcl.factor <- sqrt(latent.v[1])*data.pca$loadings[,1]
> pcl.factor

[1] 0.8781875 0.8781875

> pc2.factor <- sqrt(latent.v[2])*data.pca$loadingsl[,?2]
> pc2.factor

oobo0o10b00b00b 200000000000 00DO0O00DODO0OOprincompddnooooogon
0 (000000 data.pca) D00 $sdevO $loadings 0000000000000 O0OO0OOOOODOOO
gooogno

0140210000000 ROOCODOOOOO0O 20000000000000000000000A0O
gbogbooboobgobobobobbobboboobooboobooboooboonoo

00000000000 o0oUo000o0D (0 14021000000000000000 200000
Ooooooooooo)o

ooo0opoooRrROOODODOOOODOO

name <_C("DD","DDD“,"DDD","DDD","DDD",
IIDII’IIDDDII,IIDDDII,IIDDDII,IIDDDIl)

plot(data.pca$scores[,1],data.pca$scores[,2]*-1,
xlim=c(-2,3),ylim=c(-2,2),pch=18,
xlab="0O 1 000",ylab="0 2000™")
text (data.pca$scores[,1] ,data.pca$scores[,2]*-1,name,pos=3)
abline (h=0)
abline (v=0)

vV V V 4+ 4+ V V + V
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ROODODODOODOOUDOOOO0OODOUOOOODOOODbiplot() O screeplot() D00 000000OOOO
gooo0 princompO00000000O0O0O00OO0O0O

biplot() DO0O0OO00DODO0 ROODODOOOOOOOObIplot()D0DO0O0OO0O0OODOOOOOOOOO
gboooboobooboboon

> biplot(data.pca,xlim=c(-0.8,0.8),ylim=c(-0.8,0.8))
> abline (h=0)
> abline(v=0)

| | | |

o | - <
) = 8 3 .
K 9 r2
'H'l o = 6 i
o~
inE 71 Var 1 o~

o |

7 -

10
I I

-0.5 0.0 0.5

EAES %
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OOOscreeplot() 00000000000 OO0O0OOOODOOOOOOOO

>screeplot(data.pca)

1.5

Variances
1.0

0.5

B1ERS 22Xy
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OROOOOOOOODO

>
+ 2,3.12,2.33,
+ 3,3.98,6.86,
+ 4,1.01,0.09,
+ 5,2.14,2.08,
+ 6,0.61,0.53,
+7,4.29,0.48,
+8,1.83,2.22,
+9,1.03,3.14,
+ 10,2.54,1.99,
+ 11,0.33,0.51,
+
> rawData
[,11 [,2]
[1,] 15.31
[2,] 2 3.12
(3,1 3 3.98
[4,] 4 1.01
[5,] 5 2.14
(6,] 6 0.61
(7,1 7 4.29
(s,] 8 1.83
[9,] 9 1.03
[10,] 10 2.54
[11,] 11 0.33
[12,] 12 0.13

L,
.21
.33
.86
.09
.08
.53
.48
.22
.14
.99
.51
.14

> rawDatal[,1] <- factor(rawDatal,1])

O O Kk W N O O N O O b O

3]

BEBEICE DI SR

12,0.13,0.14) ,ncol=3,byrow=T)

rawData <- matrix(c(1,5.31,6.21,

S O O N

10

B & FNo

#0 00000 factord O d
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> rawData.dist <- dist(rawDatal,2:3]) #0000 0dooooooooo

> round(rawData.dist,3)

1 2 3 4 5 6 7 8 9 10 11
2 4.455
3 1.480 4.611
4 7.480 3.077 7.393
5 5.206 1.011 5.122 2.288
6 7.372 3.089 7.171 0.595 2.178
7 5.820 2.189 6.388 3.303 2.680 3.680
8 5.294 1.295 5.114 2.282 0.340 2.084 3.013
9 5.267 2.241 4.748 3.050 1.535 2.644 4.208 1.219
10 5.048 0.672 5.078 2.439 0.410 2.420 2.311 0.746 1.898
11 7.569 3.331 7.324 0.799 2.396 0.281 3.960 2.275 2.722 2.660
12 7.980 3.706 7.745 0.881 2.794 0.618 4.174 2.686 3.132 3.038 0.421

> rawData.cluster <- hclust(rawData.dist,method="average") O#0 00000000000
> plot(rawData.cluster,hang=-1,

+ main="00000000000OO00O0O™",

+ xlab="0 00 No",

+ sub="") O #0000000(@OOHYOoOoo

>

>

> rawData.cluster <- hclust(rawData.dist,method="single") O#0 00000000 0O0O0O
> plot(rawData.cluster,hang=—1,

+ main="0000000000COOOO",

+ xlab="000 No",

+ sub="") O #0000000(@OOH»Oooo

>

> rawData.cluster <- hclust(rawData.dist,method="complete") 0D#0 0000 DOOOOODO0O
> plot(rawData.cluster,hang=-1,

+ main="00000000O000OOOO™",

+ xlab="0 00 No",

+ sub="") [ #0OODOOoo @oo)ooo

>

>
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googg
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P=A+e
0000000000 (rpa) 0

COV(P,A)  COV(A+e,A) V(A) V(A)

TATVE V@A) VP VA VD) v | V()

0000000000 A2 =V(A)/V(P)OOOOOOOO

14 -21



gooboed

obooobOoboooooboboooboobobooobooborroboooooooobooboooogon
ooboooooboooobooooboooboooboobbooooboooboboobooOoboboooobboooDoo
oobooobooooooooooboooooobooobobooooboobboooDoooboboOooo
O00oooooooooooboooo0oooooooooo0YdommiboooooooDoOOoOg
oooooo99smmiOnonoOooOoOoOooooOooooooooOoobooboooooooonoo
ooogoo40000

goooo

oo00 ApPOOODOOOOOOOCOOOOOOOOOOOOOOOOOOOOOODOOOOOOODOOO
oood

AP =9.96 — 9.40 = 0.56
0000000000000 AGODOOOO0O0DOO0D00000000000000 A20000000
AG = h?AP = 0.4 x 0.56 = 0.224(mm)

ooooboooo
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goooord

000000000000s50090000000000000 (DODODODOODUOO)OOOOOO
00000000000000000000500900000000000 A2=04000000
0V(P)=12,1000000000000000000O0 100000000000000O000O0O0O
0100000000 4000000000000000000O0DODOOOO0O0O py =10/100=0.10
000000 pr=40/100=0400000000000000000000000000O00O0OO
ooogd

ogoogo
0000000 V(A)O

V(A) = V(P)h? = 121000 x 0.4 = 4840

0o0o00OO0000ooOoo0obO0o0oooobooo +,04400000 1490004, =1755000 4 = 0.966
gooooooooooooooooooooo (Z)D

= =1.361

! 2

0000000000000000 (AG)O
AG = ih\/V(A) = 1.361 x 0.4 x V4840 = 59.88

googooboogno

OROODOODOOOOO

parent.num <- 100 #O OO OOO

select.num <- ¢(10,40) #0 00000

select.ratio <- select.num/parent.num #O O[O

i.m <- dnorm(qnorm(select.ratio[1],lower.tail=F))/select.ratio[1]
i.f <- dnorm(qnorm(select.ratio[2],lower.tail=F))/select.ratio[2]
cat("UOODOOO=",i.m,"\tO0D00OOO0O=",i.£f,"\n")
O0000O=1.754983 O0OO0O0O0O= 0.9658563

>
>
>
>
>
>
O
>
>
> var.p <- 12100 #00000O

>h2 <- 0.40#000

> i.parent <- (i.m+i.f)/2 #0000000000O
> var.A <- h2*var.p

> delta.G <- i.parent*sqrt(h2*var.A)

>

>

> cat("DDODOOOO=",delta.G,"\n")
OO0O0O00Od= 59.85847

14 — 23



gooobo 8

booobobooobooboboooboboooobobooobooboobooooboooboon

googd
goooo Sbooooo boooooOoOooo pPOODOOODODODOD ADDOOCOOODODOOOO
gbooobe0OoonOoDOO

Ps = As+es
Ph = Ap-+ep

O00oooooo PO

_ Py+ P As+ A
P S"2‘D: SJ; DJFGSZGD

0000000000000 0000000000COV(Ps, Pp) =Cov(As,Ap)=00000000000

V(P)= 1V(Ps + Po) = V(P)

4
0o0000odoooooDoo obooooOoooOooooooon
As+ A
Po=Ao+eo=""""+eo

2

uboboobooboooobobooooboooooobooooboboooobobooooboooboon
bobooboboooooboooobooooono

_ 1 1
COV(P, Po) = 7V (4s + Ap) = SV(4)

oood
Oooo0oo0oooOoo0o0oooOo0oO0ooooOoboOoooooD OO

_ COV(P,Po) _ V(4)

V(P) V(P a

b

oood
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oob0o0obOoobOooobOoobooobooobooboboo3dobbooboboooosboboonoooon
ooboobooos3sbooboboobooboooooooooboobooobobooooboobooDo
000000 (0o00o00) 00000000 oOoUoUoooooO

goooo
000000000000000000000 03003000 ¢20000000000000
1503 +30p + 02 = 7.055
303 4+ 02 = 4.280
o2 = 2870
0000oo0o0o0ooo
7.055 — 4.280
2
= — =0.185
7s 15
4.280 — 2.870
oh = 3 = 0470

o2 2.870

000063 00006300000000000000000000000D0O00O0OOODOODO0O
oboobOobooobOobobooobooboooooboonoo

2 402 4% 0.185

02+ 02 +02  0.185 + 0.470 + 2.870

ubooaboodaod

OROODOOOOOOO

> varmat <- matrix(c(15,3,1,0,3,1,0,0,1),ncol=3,byrow=T)
> varvec <- matrix(c(7.055,4.280,2.870),ncol=1,byrow=T)
> varsol <- solve(varmat) %*J, varvec
>varsol #U U OOUOOUOOOOOOO
[,1]
[1,]1 0.185
[2,]1 0.470
[3,] 2.870
> h2 <- 4xvarsol[1]/sum(varsol)
> h2
[1] 0.2099291
>

gooooo

gooooooboooogoboboooobobooooobobobooooboboboobDoboboboDo
0000D000000D00000D00D00063 0000 o@ gobooboooooboooobooogon
gbooobooboooooaoo
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goooo o0

oobooboooboooobooobobooobooo pOo0oobOoobOOoos0b00000000F,
oobo0ooboob F, 000 FsOO0OO0O0OO0000 300000 3000000000000
ubobooboboooboobooooooboooooaon

ooooo

F,0F, 000 F;00000000000000 (V(A)OODDOO (V(D)D000o000 (V(E)O
00000000000000

V(F) = V(E)=50
V(Fy) = V(A)+V(D)+ V(E)=30.0
wm)::%wm+2vmmwmw=%o

000D000V(A)=150000 V(D)=10.00000000000000000 (k%) O
V(A)+V(D) 250

hy = = =0.83
BT VA)+ V(D) +V(E)  30.0
0000000000000 (k)0
A 15.
B2 = 46)) 15050

V(A)+V(D)+V(E) 300
Oooooooon

OROOOOOOOODO

> varmat <- matrix(c(0,0,1,1,1,1,3/2,3/4,1),ncol=3,byrow=T)
> varvec <- ¢(5,30,35)
> varsol <- solve(varmat) %*J), varvec
>varsol #1 00000000 ODOOOOOOO
[,1]

(1,1 15
(2,1 10
(3,] 5

> (h2b <- (varsol[1]+varsol[2])/sum(varsol)) #0000 00O
[1] 0.8333333

> (h2n <- varsol[1]/sum(varsol)) #0 00000

[1] 0.5

>
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0000000000000 (D00o0)0 900000000000 2000000000000

00000000000 00000000000 (o000 0)oooooUooooooooo
gboooobon

ooooo
00000000000000000062000620000000000000
907 + 0, = 1044
o2 = 242

DDDDDDDDO’EZ&QIDDDDDDDDDV(G)DDDDDDV(E)DDDD
V(G) = o
VE) = o

@ 0% N

000000O0ooooo (Rg)0

VG o 8.91

= £ — =0.27
V(G)+V(E) o7+02 242+8091

goooooooo

hg =

14 - 27




goooo 120

0000000000000000000000000000000000000000 (0000
00o)o

(1) OO0O000OOo0O00OOO0OU0OOO0O0O0 POOOOOOOOOOGUOOOOOOO

(2) 0000000000000 000OO0O0O0OOODOOO0O0O00OO0OOO0OOOOOOOOOn
god

googg
O0000o0000oDOoO0o0oDObo0o0oooboOo Xoyozoooo

() DO00DO0U0O0O0DO0O0DOO0DOoOoDoOOoUoDOO

V(Px) = 10*=100.0
V(Py) = 32=90
V(Pz) = 4%*=16.0

gobobooboooboobooboobobbooboaoa

V(Ax) = V(Px)h% =30.0
V(Ay) V(Py)h% =18
V(Az) = V(Pz)hi =28.0

oooooooo

000000000000000000000000000000000000000000 (rp =
—0.7)00

COV(PX7py) =Tp V(Px)V(Py) =—-0.7x vV 100 x 9 = -21.0

ocoooooooooooooooooooooogooooooooooooooboooogooo P
O

100.0 —-21.0 —4.0
P=| -21.0 9.0 —-3.6
—-40 =36 16.0

oboooooog

0000000000000 000000000000000000000000000000
(ra=—0.6)00

COV(Ax,Ay) = rav/V(AX)V(Ay) = —0.6 x v/30.0 x 1.8 = —4.409
000000000000000000000000000000000000000000 GO

30.0 —4.409 —3.098
G=| —4.409 1.8 —1.518
—-3.098 —1.518 8.0

oooobooog
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(2) 000000000000 aO

3.0
a=| —-7.0
5.0

gboobooboboboboboobooboobooobon

b = P 'Ga

[ 100.0 —21.0 —4.0 ] 30.0 —4.409 —3.098
= | =210 9.0 -36 —4.409 1.8 —1.518
4.0 -36 16.0 ~3.008 —1.518 8.0

[ 1.27
= 0.44
| 3.00

goboooogon

grROODOOOODOOO

> (P <- matrix(c(100,-21,-4,

+ -21,9,-3.6,
+ -4,-3.6,16), nrow=3)) OD#00 pPOOODOO
(,11 [,2] [,3]

[1,] 100 -21.0 -4.0
[2,] -21 9.0 -3.6
[3,] -4 -3.616.0
> (G <- matrix(c(30,-4.409,-3.098,
+ -4.409,1.8,-1.518,
+ -3.098,-1.518,8), nrow=3)) #0 O ¢O0O0000
[,1] [,2] [,3]
[1,] 30.000 -4.409 -3.098
[2,] -4.409 1.800 -1.518
[3,] -3.098 -1.518 8.000
>a<-¢(3,-7,5) 00000000# 0000 a00000
> b <- solve(P) %) G %% a0# 0ODO0OOOODO
> b
[,1]
[1,] 1.2664954
[2,] 0.4418741
[3,] 2.9992955
>
>
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