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x x> 0000000000
+xt000FO00000O000OOO
1
oo mo 0o00000000000200700000 0o mo Ooo0o00000000002007 00000
ooo sample 0D OO0
> x<-1:100 > y< sample (x,replace=T,5)
(11 ¢+ 2 3 4 5 6 7 8 9 10 11 12 13 14

[1] 44 63 48 38 23

> y<- sample(x replace=T,5)
>y
[1] 96 10 99 22 6

[99] 99 100 > mean(y
> mean(x) [1] 46.6
[1] 50,5 >
[ﬁsum(x**Q) 100#*mean (x) **2) /100
; v<-var(x)*99/100
11] e33.25
> sqrt(v)
[1] 28.86607
2 3
oo mo 00000000000002007 00000 00 mo 00o00000000000200700000
+00000 »0000000000000000000000000000 ( n=5000000 5000000000
000000000000 00000000 [,11 [,2] [,3] [,4] [,5] [,6]
(1,1 '56 64 72 75 33 60.0
000 Xy, X», ..., X, 000000000 (2.1 57 79 96 77 22 66.2
[3] 58 48 51 93 29 55.8
Lo Lo %4,% 72 48 16 68 45 49.8
v 1 2 X2 5.1 22 59 55 52 72 52.0
X”*n_,XL 5"*nflz]X' Xn) # 00
=1 =1 [48,] 58 44 51 64 97 62.8
[49,] 70 48 82 92 87 75.8
[50,1] 27 60 63 92 23 53.0

O,=500000000000 10000000000X,, Xy, ..., X,
ooooo

n=5000000500000000

_ _ _ _ 100 ¥ — [1]60.0.66.2 558 49.8 52,0 52,0 62.2 3.4 46.8 67 6
X1 =47, X3 =59, X3 =45, X4 =91, X5 = 100, X5 = 68.4 [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
20000000000 [31] 4510 63'8 580 4910 57.0 5214 3114 68.2 550 4114
) , [411 3512 5315 6518 4816 65.8 56.2 53.0 625 75.8 5310
X1 =96, Xo = 10, X3 = 99, X4 = 22, X5 = 6, X5 — 46.4
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> rep<-500 OO 000D

>n<-5 00O 000000

> mm<-matrix(,rep,n+2) OO+ 0000000000000 O0DOO
ooooooooooo

> for (i in 1:rep){

+ y<-sample(x,replace=T,5) OO0 0000

+ m<-mean(y) # 0000000

+ v<-(sum(y**2)-n*mean(y)**2)/(n-1) 00O
+ mm[i,]<-c(y,m,v

+

>

>

0000000

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

hist(mm[,n+1]) OO OO00O0OO00O0OO0ODOO
> mean(mm[,n+1]) # 0000000000
[1] 51.0424
> sqrt(var(mm[,n+1])*(rep-1)/rep) O 0000000000
[1] 12.30351
> boxplot (mm[,n+1])
>

0o mo 0000000000000200700000

Histogram of mm[, 6]
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80
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mmf, 6]

Figure3: n=5000000000000000000 :50.8884,DDEIDg
= 12.7858200
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>
> hist(mm[,n+2])
> mean (mm[,n+2])
[1] 859.4496

> boxplot (mm[,n+2])
>
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[ > x<-1:100+(0 0 0O)
> x

(1) D0DD0O00 xO00O000 000 mejiro-hanako-071116-poplation.pdf O O
oooo

(2) D0DO000DO0ODO0OD xDODOODDOoOODOOOoD

(3) 0000000000D 60000 500 00000000000000OO
0 00 0 O 00 mejiro-hanako-071116-samplemean.pdf 00000000000
0000o0oo0o0o0oooooooooo




oo mo 0000000000000 2007 00000

() 000DD0O0OD0O0O0D 60000 500 000000000000000
0000 000 mejiro-hanako-071116-samplemvar.pdf00 0 000 00000
jgoooo0ooooooooooooo

e JD0DODODO 20070 110 160000130
e mejiro-hanako-071116.txt

e 000 OO0 O mtoukei(at)mp[dot]jwu[dot]ac[dot]jp

0o mo 0000000000000200700000

0 ooooooooooooo

e« 000000000 00O0ONDON0OODO
-x*000o0oooooo
0o

-t FOO
ROOOODOOODOOO
ooo oo oooooo oooooo oooo
0000 | norm | dnorm(x,00,0000) | pnorm(x,0,1) | rnorm(00,0,1)
t00 t dt(x,000) pt(x,1) rt(00,1)
X2 00T | chisq dchisq(x,000) pchisq(x,1) rchisq(0 O 1)
FOO f dfx000,000) pf(x12) M(O0.1.2)

x?0000000000o0o0a

00 mo 0000000000000200700000

x> 0ooooooooao
0000 ZO00ODOOOO N(0,1)000000000000
Pla< Z <b) /b L =g (ooo <a<b<oo)
a = —€ 2, —00 a o0
- o V2m '

ooooo
Y = 72
0000000 10 2000000

00 mo 0000000000000200700000

0000000000000000000
000000YODO0000000000
0000000000000000000000
YOOOOOoOoO Fy(y) 000

YOOOODOO00D000y<000000R (y)=P(Y <y =00000
00D0Oy>000000

Fy(y) = PY <y =P(Z*<y)=P(-vg<Z< )
«0000 YOOOOOOOOOOOO0OO0OoOo = P(—y<Z< Y +PB(Z=—y)
+Y 000000000000 Vi )
= / e /2 dz
«YO0OOOO0O0O0000 —vEV2m
18 19
oo mo 00000000000002007 00000 00 mo 00o00000000000200700000

ooo300000o0

YOOOOOOO fy(y)) D0000000F.(y)0 y000D00000D0

: Y
{(Z2<yte={-<z< vy} Ay = LR = d/ 1 2y,
dy dy f\/ﬂ
000000 {2?<y}0 {-WwW<Z<y}00000000000000 d VIO VT .,
= — —e z/zdzf/ ——e 24z
z0OoO0DOODoOODOOOP(Z=yy)=0000000 dy | Jo V2rm Jo V2T
1 d 1 d
- e v/2 2 g e /22—
V2 dy\/g 2m d7J< Vo)
R U B R
Vor 2\/y \/27r 2\/y
= ! Le—y/Z
V2TV
1 11 _y/s
= — 32 y/2
21012 ¢
20 21
oo mao 0o00000000000200700000 0o mo 0o000000000002007 00000
ooo *T'(a)(e>0)0000000

x20000000000000000000

b e b

/f(z)dx = /f(z)dz+/ flz)dx

b a

/f(z)dx = 7/bf(z)dx
+x3000000000000000

2 [ o)z = g(o)

dz Jo

ooooOoooOoooOoboooo

T(a) :/ 22 e da
0

oooao
ra = 1,
/) = VA
Ta+1) = al(a),
T(n) = (n—1)! (nODODODO)

23




o0 mo 5 0000000000000 2007 00000 0oo mo 0000D00000O00O0O020700000
oon 10 x"0ooooonoo 000 10 x*000000000000%,, Zs, ..., Z,000000000
000 NGO, 1)000000000000
Iy = my%‘%‘y“ (y>0 000000 Z(i=1,2,...,m)00000000000%, Zo, ..., Zm O
vy < 0ooooo
0 (y<0)
1 TP 000 —co<a;<b<oo(i=1,2,...,m)00000
Sy e 0,00)(Y)
21/21°(1/2) ’
Plar < Zy < by, a3 < Zy < by, -+, Gy < Zpyy < biy)
=" Pla; < Z; < by)
uooo . >0 =P(ay < Z1 < by) x Plag < Zy < by) X -+ X Pl < Zm < byn)
ﬂ(n,oo)(y):{ 0 KySO
ooooo _
Ym=224+ 22+ + 272
0000Y, 000000000 mO x2000000
24 25
oo mo 0000000000000 2007 00000 oo mao Oo0o00o000O0O0O0O0O0020700000
000 mO 2000000000 x2oooooo

Ym=2}+2Z3+---+22 00000000

Flev2 (y>0),

T v
3 — 2m/2D (m /2)
fvn(y) 0 (y <0).

eV, 0000 mO 000000

eV, 0000 m0 x*0000000

1 wet e 000OO0DOOD
7?/2 € y/ 1]()oo(y)
2m/2T(m/2) (0, 00) ,
00000, +Y,, 0000 m+my0 2000000
oooo
1 y>0
ﬂ(O.a@)(y):{ 0 y<0
26 27
oo mo 00000000000002007 00000 00 mo 00o00000000000200700000
31 0 |
g
g, <
= 3
o | < -
© T T T T T T T T ° T T T T T T T T
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
x
Figure7: 000 10 2 0000000000000 ® Figure 8: 000 10 200000000000 0000=400=100 *
oo mo o0o0o0O000000002007 00000 oo mao ooo0o000O0O0O0O0O0020700000

—— 000 mO¥?000000000000000000000 ——

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

# 000 1 0% \chi "2¢ 000000000
chisqdens4<-function(x){dchisq(x,4)}

# 000 40% \chi "2 $ D0O00O0O0OODOO
chisqdens10<-function(x){dchisq(x,10)}

# 000 100¢% \chi "2 $ 0O000OO0DOOOO

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

# 000 108 \chi "2 ¢ 000000000000

par (new=T)

# 0000000000000

curve (chisqdens4,0,35,ylim=c(0,0.6) ,ylab="",xlab="",col=2)
# 000 40% \chi "2 ¢$ D000000000O0ODO

par (new=T)

# 000000000000D

curve (chisqdens10,0,35,ylim=c(0,0.6) ,ylab="",xlab="",col=3)
# 000 100¢% \chi "2 $ 00000DO0OOOOOO
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Figure 9: 000 m 0 \20000000000000 (m=4(0), m=10(0 0 ))
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> chisqdisi<-function(x){pchisq(x,1)}

># 000 1 0% \chi "2 $ 000000000

> chisqdis4<-function(x){pchisq(x,4)}

># 000 40¢% \chi "2 $ 000000000

> chisqdis10<-function(x){pchisq(x,10)}

; # 000 100¢$ \chi "2 $ 00O0O00OODOOOO

> curve(chisqdis1,-5,35,ylim=c(0,1.1),ylab="",xlab="",col=1)
># 000 1 0% \chi "2 ¢$ 000000000000

> par (new=T)

># 0000000000000

> curve(chisqdis4,-5,35,ylim=c(0,1.1),ylab="",xlab="",col=2)
># 000 40% \chi "2 $ 000000000000

> par (new=T)

; # 00000000O0OOODOO

>
>

curve(chisqdis10,-5,35,ylim=c(0,1.1) ,ylab="",xlab="",co0l=3)
# 000 40¢ \chi "2 $ 00000000 0OOODO
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Histgram of standart normal
000000000000000000000 20000000000000 713‘
ooo
oooooooooooooo °
> rnorm(10,0,1) # 10000000000C0CCOOODOO o
[1] 0.33597940 -0.70646612 0.08368782 -0.41461020 g g
[5] 0.94410755 -0.84296657 0.26558547 1.03757889 8
,[8] -8.57854450 0.16011053
> x<-rnorm(100000,0,1) 0¥ 100000 OO OOOOOOOOOOO 3
>D oooo
> hist(x,freq=F,main=paste("Histgram of standart normal")) 5

> # 000000 xOOOoo
> curve(dnorm,-4,4,add=T,col

oooooo
=2)

> goobo0oooo0oboooooooooooo0oooon
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o0 mo 0000000000000200700000

ooo10 X2 gooobooooooo
; x<-rnorm(4,0,1)

X
[1] 0.2655685 -0.8015436 -0.4070102 -1.7365083
>x+xx2 OO 000000 x 00000 20

£1] 0.07052663 0.64247207 0.16565729 3.01546108

x<-rnorm(100000,0,1) O3 100000 OO0 OOO0O0O0O0O0OOOO
gooo

chi<-x*#2 # 100000 00000 OOOODOODODOOOO 20
hist(chi,freq=F,main=paste("Histgram of chi-squared"))
# 000000 chi OOOOOOOOOO
chidensi<-function(x){dchisq(x,1)}
# 000 1 000000000O0O0O0O0O000O0O0O00O0
curve(chidens1,0,25,add=T,col=2) 00
# 000 1 000000000O000O00O0O0

VV VV VV VVVIV
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000 20 x2000000000000

> x1<-rnorm(4,0,1)
> x2<-rnorm(4,0,1)

> x1k%x2
[1]10.3031748 2.5525505 0.1713847 0.1230666
X
[1] 0.5506132 1.5976703 0.4139864 0.3508085

X

1] -0.5799540 -0.5375283 0.1570062 1.0189586
x1¥%

1]20.%031748 2.5525505 0.1713847 0.1230666

X2k *

1] 0.33634666 0.28893663 0.02465094 1.03827668
X

]

1*%2+x 2% %2
1] 0.6395215 2.8414871 0.1960356 1.1613433

Vi

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)
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Figure 12: 100000 00O OO0 200000000000000000004
002000000000000000000
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0o mo 0000000000000200700000

> Histgram of chi-squared
> x1<-rnorm(100000,0,1)
> x2<-rnorm(100000,0,1) o _
> x3<-rnorm(100000,0,1) °
; Chi3<—x1*k*2+x2%*2+x3%*2
o
> hist(chi3,freq=F,main=paste("Histgram of chi-squared"), ST
+ ylim=c(0,0.25))
> chidens3<-function(x){dchisq(x,3)} 2
> curve(chidens3,0,25,add=T,col=2) g °
8 o
gi\ T T T T 1
0 5 10 15 20 25
chi3
2 Figure 13: 100000 00000 30000000000000000000(F
00 20000000000000000O00
oo mao 0o00000000000200700000 0o mo 0o000000000002007 00000

00000000000000000? 0000000000

»00 p000 100000000 »n0000000000 Xy, Xy, ..., X,
oooo
*X;—p 0000000000080

> - pw?,
00000 2000000 =1

+0000 0 X, 000000 - 1
XX X=X
i=1 i=1

goo0ooooob0oO0oooo0oooo

n=4,p=20000

Sr . (X,-X,)?0000000000000000
; x<-rnorm(4,2,1)
X
[1] 2.304172 1.843616 1.861465 3.018427

> mean(x)
;1] 2.25692

X
[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=4, p=20000
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oo mo _ . 0000000000000200700000 00 mo _ . 0000000000000200700000
72?:1(Xi7Xn)ZDDDD 100000 OO OOOOOOO0 ———— 72?:1(Xi7Xn)ZDDDD100000DDDDDDDDDDﬁ

; x<-rnorm(4,2,1) > repp<-100000

X > O0000O0O000oooo

[1] 2,304172 1.843616 1.861465 3.018427 > svar<-rep(0,repp)

[1] 9.02768 > [0J0000000000000000000100000 OOOCOOODO

> mean(x) > for (i in l:repp){ OO DD 0OO0DODODOOO

[1] 2.25692 + x<-rnorm(4,2,1)

> mean(x) + svar [1]<-sum((x-mean (x))**2)

£1i—§é§g%g§ :}DDDDDDDDDDD#DDDDDDDDD

[1] 0.04725206 -0.41330438 -0.39545464 0.76150696 > hist(svar,freq=F,main=paste("Histgram of chi-squared"),

> (x-mean(x)) + ylim=c(0,0.25))

[1]" 0.04725206 -0.41330438 -0.39545464 0.76150696 >y ho0nol svar DOOODOOOOD

> (x-mean(x))**2 > chidens3<-functio (x){dchisq(x,3)}

[1] 0.002232757 0.170820511 0.156384375 0.579892855 chldensos Iunctionix/1dcnisqilx,

> sum((x-mean (x))**2) > curve(chidens3,0,12,add=T,col=2)

[1] 0.9093305 >
n=4,p=20000
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;m<—round(runif(1,3.5,6.5))
m
[1] 4
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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,??)}
curve(chidens,0,25,add=T,col=2)
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ti<-roorm(100000.0,1)
x2<-ronorn(100000,0,1) i : -
T3<-roorn (1000000, 1) i a Al
chit-xi®s2exdwedéxion] _ |

hist(ehi, freq=F nain=paste("Histgran of chi-squared"],
ylim=c(0,0.2h
chidens<-functi

curve(chidens 0,25
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