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oy
. 000 N

> x<-1:100
> X

[1] 1 2 3 4 5 6 4 8 9 10 11 12 13 14
[15] 156 16 17 18 19 20 21 22 23 24 25 26 27 28
[20] 29 30 31 32 33 34 35 36 37 38 39 40 41 42
[43] 43 44 45 46 47 48 49 50 51 52 53 54 55 56
[67] 57 B8 59 60 61 62 63 64 65 66 67 68 69 70
[71] 71 72 73 74 75 76 77 78 79 80 81 82 83 84
[86] 865 86 87 88 89 90 91 92 93 94 95 96 97 098
[99] 99 100

> mean (x)

[1] 50.5

> (sum(x**2)-100*mean(x)**2) /100

[1] 833.25

> v<-var(x)*99/100

> v

[1] 833.25

> sqrt(v)

[1] 28.86607
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- sample O 0O 0O O ~

> y<-sample(x,replace=T,5)
>y
[1] 44 63 48 38 23

> mean (y)

[1] 43.3

> y<-sample(x,replace=T,5)
>y

[1] 96 10 99 22 6

> mean (y)

[1] 46.6
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> Uoutd n 0o bbb udubgdn
Jooodoodog

000 Xy, Xo, ..., X,,

[]
[]

U Odn=50000000000010000000000X,, Xo, ..., Xpn
oot

X, =47, Xo =59, X3 =45, X4, =91, X5 =100, X5 = 68.4
20000000000

X, =96, Xo =10, X3 =99, X4 =22, X5 =6, X5 = 46.4
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- n=5000000500000000 N
[1][2][3][4][5][6]
[1,] 3 60.0
2] 87 79 98 17 2 66.2
[3,] 58 48 51 93 29 55.8
[4,] 72 48 16 68 45 49.8
[5,] 22 59 55 52 72 52.0
# 00
[48,] 58 44 51 64 97 62.8
[49,] 70 48 82 92 87 75.8
[50,] 27 60 63 92 23 53.0

-
N

- n=5000000 5000000000 ~
[1] 60.0 66.2 55.8 49.8 52.0 52.0 64.2 34.4 46.8 67.6
[11] 48.0 47.0 56.4 48.0 52.4 61.2 55.0 62.4 67.0 71.8
[21] 30.8 45.6 47.4 48.8 52.0 46.4 43.2 46.0 60.8 64.4
[31] 48.0 63.8 58.0 49.0 57.0 52.4 31.4 68.2 55.0 41.4
[41] 35.2 53.8 65.8 48.6 65.8 56.2 53.0 62.8 75.8 53.0
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Histogram of mm[, n + 1]
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Figure I: n=5000000000000000000 :51.0424,DDDD6
= 12.3035101
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Histogram of mm[, 6]
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Figure 2. n=5000000000000000000 = 51.0424, 0000
= 12.3035101
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Jubtdb nbtdbbd repdbddoodod

> rep<-5000 0 0# OO0

> n<-5000# DOOOOO

> mm<-matrix(,rep,n+2) 00 0O# DO O0O0OOOOOOOOOOOOO
Oooooooooog

for (i in 1:rep){

y<-sample(x,replace=T,n) 00 0O# OO0OO

m<-mean (y) # JoUooog
v<-(sum(y**2)-n*mean(y)**2) /(n-1)UIUU# UUOOOOOO
mm[i,]<—C(Y,m,V)

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

hist(mm[,n+1])000# D000 0O0OOOO0OOO

mean (mm[ ,n+1]) # Q0o ooooog

[1] 51.0424

> sqrt(var(mm[,n+1])*(rep-1)/rep) U U# DUOOOOOOOOO

[1] 12.30351
> boxplot(mm[,n+1])

VVV+++ + +V
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Histogram of mm[, 6]
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Figure 3: n=500000000000000000O00O :50.8884,DDDD9
= 12.73858201
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Figure 4: n=50000000000000000 = 859.4496[]
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- Jooggootdoodood ~

> hist(mm[,n+2])
> mean(mm[,n+2])
[1] 859.4496

> boxplot(mm[,n+2])
N y

11



gobooo gbooobgoboobgonbD2014000b000

Histogram of mm|, 7]

o _
(o0]
o _|
>©
O
C
(0]
>
3
o _|
-
o _|
Y
o_

I I I I I
0 500 1000 1500 2000

mm[, 7]

12

Figure b: n=5000000000000000000 = 859.4496[]
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Figure 6: n=50000000000000000 = 859.4496[]
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~AUO00dod n bt repb bbb gdon ~

x<-1:1000
rep<-500

sampledis<-function(n,x){
mm<-matrix(,rep,n+2)

for(i in 1l:rep){
y<-sample(x,replace=T,n)

m<-mean (y)
v<-(sum(y**2)-n*mean (y) **2) /(n-1)
mm[i:]<-C(Y3m:V>

return (mm)

mm<-sampledis(10,x)
hist(mm[,11])
hist(mm[,12])

vVVV++++++++ + V VV
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HRERE

e (11O OOOOOOOOODONOMO
HENREERREREEEEE
[ > x<-1:100x(0 0O 0O) }
> X

(1) 0DO0D0O0 xOOODOO0D0O0O0O0?21416%**-poplation.pdf0 000000

(2) 0DO0DO0O00O0ODOO0 xOODOOoDOOoOooOoooooo

(3) 00000000000 60000 500 0000000000O000O0O0O0O
0000000 21416***-samplemean.pdf00 0000000 O0O0O0OOO
Jogbogotdoobod
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(4) 00D0D0D0O0OD00O0DOO0 60000 500 00000000DOO0O0O0O0OO
O000000021416%**-samplemvar.pdfD0 000000 O0OOCOOO0OOO
Jubdbootdbootddd

e 1D ODO 20150 110 06 0OODOO13 0
e 21416***-0 0 O O-2015-11-06.txt

e 00000 O mtoukei(at)mp[dot|jwu[dot]ac[dot]jp
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e 00000DDOODDDOOODDDOOO
- 20000000000
00

-t [ F OO0
ROUODUOUOOOoooo
HREEN HEN Juooguo ooy oo
0000 | norm | dnorm(x,00,0000) | pnorm(x,0,1) | rnorm(d O ,0,1)
t 00 t dt(x, 00 0) pt(x,1) rt(00O,1)
x> 00O | chisq dchisq(x,0 0 0O) pchisq(x,1) rchisq(0 O ,1)
FOO f dfx,000,000) pf(x,1,2) (0 0,1,2)

' Ooooooooooooo
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Figure7: 000 10 (2 0000000000000
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Figure 8: 000 10 x?000000000000000O=4,00=100
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—— 000 mO x*000000000000000000000 ——

chisqdensi<-function(x){dchisq(x,1)}

# U0UO0O 1 0% \chi "2 $ UUUULOOOOO
chisqdens4<-function(x){dchisq(x,4)}

# U0U0O 4 0% \chi "2 $ UUUOULOOOOO
chisqdens10<-function(x){dchisq(x,10)}

# OO0 10 O% \chi "2 $ U0OOODODOOOO

curve(chisqdens1,0,35,ylim=c(0,0.6) ,ylab="",xlab="")

# 000 1 0% \chi "2 $ UU0O0OOOOOOO0OO

par (new=T)

# D0 00000 ooooon
curve(chisqdens4,0,35,ylim=c(0,0.6) ,ylab="",xlab="",c0l=2)
# 000 4 0% \chi "2 $ U0O00OO0OOOO0OO

par (new=T)

# D0 00000 ooooon

curve(chisqdens10,0,35,ylim=c(0,0.6) ,ylab="",xlab="",6col=3)

X # 000 10 U% \chi "2 $ JULUUOUOOOLOODODOO )

vV VVVVVVYVVYVVVYVVYVVYVYV
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Figure9: 000 m O \20000000000000 (m=4(0), m=10(00))
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—— 000 mO x*000000000000000000000 ——

chisqdisl<-function(x){pchisq(x,1)}

# 000 1 0% \chi "2 $ JULUUUOLOOO
chisqdis4<-function(x){pchisq(x,4)}

# U0U0O 4 0% \chi "2 $ UUUOULOOOOO
chisqdis10<-function(x){pchisq(x,10)}
# OO0 10 O% \chi "2 $ U0OOODODOOOO

curve(chisqdis1,-5,35,ylim=c(0,1.1) ,ylab="",xlab="",col=1)

# U000 1 0% \chi "2 $ UU0O0OOOOOOOOO

par (new=T)

# U000 Qo0Oooooogon
curve(chisqdis4,-5,35,ylim=c(0,1.1) ,ylab="",xlab="",co0l=2)
# U000 4 0% \chi "2 $ UU0O0OOOOOOO0OO

par (new=T)

# U000 QO0O0oooogon

curve(chisqdis10,-5,35,ylim=c(0,1.1) ,ylab="",xlab="",c0l=3)

. # UU0O 4 0% \chi "2 $ DOUOOOOOOODOO )

YV VVV VV VV VYV VVV VYV VYVYV
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Fw(w) = P(Yn, + Yy, Sw)= // SYiny, Yy (@5 ) da dy
r+y<w,x2>0,y=>0

/Ow { /w Py, (@) frmy () dm} ay

0000 w OUUOUOUOUO0d0oodooooobobooobobootottfOoddd
OO
d w
fW(w):%FW(w): S, (W = Y) fy,,, (y) dy (1)
0

Juboodbootdguootd
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000000000000 x?*000000o0oog

JobogboooogodoobooboobotubD 2000bododooboood
HREEN

- Juboggbogtdootdbood ~

> rnorm(10,0,1) # 10 oo oogdt
[1] 0.33597940 -0.70646612 0.08368782 -0.41461020
[6] 0.94410755 -0.84296657 0.26558547 1.03757889

>[8] -3.57854450 0.16011053

> x<-rnorm(100000,0,1) 0 # 100000 OO OOOOOOOOOO
E]D HREEN

> hist(x,freq=F,main=paste("Histgram of standart normal"))
> # 00000 xOooooooood

> curve(dnorm,-4,4,add=T,col=2)

> Jo0oodooooooooooouooooooo
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- 000 10 v?000000000000
> x<-rnorm(4,0,1)

> X

[1] 0.2655685 -0.8015436 -0.4070102 -1.7365083
> xxx2[H# DOOOOO x ODOooog 2 0O

;1] 0.07052663 0.64247207 0.16565729 3.01546108

> x<-rnorm(100000,0,1) O0O# 100000 UL UODUOOOOODOOMO
Jouog

chi<-x*x2 # 100000 U UOUOU0OOODOOOOOOOO 2 0O
hist(chi,freq=F,main=paste("Histgram of chi-squared"))
# 000000 chi JOODODOOOOOO
chidens1<-function(x){dchisq(x,1)}
# 000 1 00000 ooooooooooooood
curve (chidens1,0,25,add=T,col=2) 0 [J
# 000 1 000000 ooboooooood

VVVVYVYVVYV

~
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- 000 20 x?2000000000000

> x1<-rnorm(4,0,1)

> x2<-rnorm(4,0,1)

> x1%k%2

[1] 0.3031748 2.5525505 0.1713847 0.1230666

x1

1]20.5506132 1.5976703 0.4139864 0.3508085

X

1]1—025799540 -0.5375283 0.1570062 1.0189586
x 1 %k *

1]20.3031748 2.5525505 0.1713847 0.1230666

X 2% %

1] 0.33634666 0.28893663 0.02465094 1.03827668
X1*xk2+x2%%2

1] 0.6395215 2.8414871 0.1960356 1.1613433

x2<-rnorm(100000,0,1)

x1<-rnorm(100000,0,1)

chi2<-x1**%2+x2%*2

chidens2<-function(x){dchisq(x,2)}
hist(chi2,freq=F,main=paste("Histgram of chi-squared"))
curve (chidens2,0,20,add=T,col=2)

vVvVvVvvVvVvvVvVyVvVvVV—vVrrmVmAmV—mVmrmV

~
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- 000 30 x?2000000000000 ~

x1<-rnorm(100000,0,1)
x2<-rnorm(100000,0,1)
x3<-rnorm(100000,0,1)
chi3<—x1%%2+x2%*%2+x3%*2

hist(chi3,freq=F,main=paste("Histgram of chi-squared"),
ylim=c(0,0.25))

chidens3<-function(x){dchisq(x,3)}

curve (chidens3,0,25,add=T,col=2)

VV+VVVVYVVYV
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- S (X,—X,)20000000000000000 .
> x<-rnorm(4,2,1)

> x

[1] 2.304172 1.843616 1.861465 3.018427
> sum(x)

[1] 9.02768

> mean (x)

[1] 2.25692

[1] 2.304172 1.843616 1.861465 3.018427

> mean (x)

[1] 2.25692

> x-mean (x)

[1] 0.04725206 -0.41330438 -0.39545464 0.76150696
> (x-mean(x))

[1] 0.04725206 -0.41330438 -0.39545464 0.76150696
> (x-mean(x))**2

[1] 0.002232757 0.170820511 0.156384375 0.579892855
> sum((x—-mean(x) ) **2)

[1] 0.9093305
N J

n=4,pu=20000
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- > (X;—X,)* 0000 100000 0000000000 N
> x<-rnorm(4,2,1)

> X

[1] 2.304172 1.843616 1.861465 3.018427

> sum(x)

[1] 9.02768

> mean (x)

[1] 2.25692

> mean (x)

[1] 2.25692

> x-mean (x)

[1] 0.04725206 -0.41330438 -0.39545464 0.76150696
> (x-mean(x))

[1] 0.04725206 -0.41330438 -0.39545464 0.76150696
> (x-mean(x)) **2

[1] 0.002232757 0.170820511 0.156384375 0.579892855
> sum((x—-mean(x) ) *x*2)

[1] 0.9093305

NS
n=4,pu=20000
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- S (X, —X,)20000 100000 0000000000 N

repp<-100000

Joooooooood

svar<-rep(0,repp)
Doodooboodooooooobooggioocoo oo

for (i in 1:repp){UU0# DUUOLODOOON

x<-rnorm(4,2,1)
svar [1]<-sum((x-mean(x) ) **2)
oo ooon # oo ood

hist(svar,freq=F,main=paste("Histgram of chi-squared"),
ylim=c(0,0.25))

# 000000 svar OO OOOOOO
chidens3<-function(x){dchisq(x,3)}

L curve (chidens3,0,12,add=T,col=2) )

n=4 u=20000

VVV +VV+++VYVVYVYV
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— > (X;—X,)*0000 100000 000000000000000 —

repp<-1000
chidis<-function(x,me,sig){
svar<-rep(0,repp)

for (i in 1:repp){
x<-rnorm(x,me,sqrt(sig))
svar [1] <-sum((x-mean(x) ) *x*2)

return(svar)

+
hist(chidis(5,0,1),freq=F,ylim=c(0,0.25))
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gooono O00o0o0ooooooo2014 00000
(1) m O 000
- 000000 N
; m<-round (runif(1,3.5,6.5))
m
[1] 4
>
_ y,
00000

(2) 0000000 0ODO0OD00O0O0O0000DO0ODO 2000000000000
000000000 mO x*00000000000000000 x?200
O000000000D00O0?21416%**-chisql.pdfd O 0O O

e JUODOD 20150 110 130000130
e 21416%**-0 0 0 O-2015-11-13.txt

e 100000 O mtoukei(at)mp[dot]jwu[dot]ac[dot]jp
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- 000 ~
>
> x1<-rnorm(100000,0,1)
> x2<-rnorm(100000,0,1)
> x3<-rnorm(100000,0,1)
; chi<-x1**2+x2%*2+x3%*2
> hist(chi,freq=F,main=paste("Histgram of chi-squared"),
+ ylim=c(0,0.25))
> chidens<-function(x){dchisq(x,?7)}
> curve(chidens,0,25,add=T,col=2)
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“b

e N
>
> X1<-rn0rmE100000,0,1; 1 rb’;\
> ¥2<-Tnorm(100000,0, 1 20 &
> x3<-rnorm(100000,0,1) - “"“-E’ P “
3 Chi<=X1¥k24x24Kk2+X3H42 |4 A 753 5
> hist(chi,freq=F,main=paste("Histgram of chi-squared"),
+ ylim=c(0,0.25))
> chidens<-function(x){dchisq(x,?7)}
> curve(chidens,0,25,add=T,col=2)
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