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> pl1<-c(148,160,159,153,151,140)

> pl

[1] 148 160 159 153 151 140

> mean(pL) O OOOOO# OO0

[1] 151.8333

> sum((pl-mean(pl))**2)/length(pl)
[1] 45.80656 1 00000 0# OO0

> var(pl)

[1] 54.96667

> sum((pl-mean(pl))**2)/(length(pl)-1)
;1] 54.96667
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00 X, X, X3 X, 000000
1| A B ,C,D |148 160 159 153 155.000
>| A B C, E |148 160 159 151 154.500
3| A B C F |148 160 159 140 151.750
4| A B,D.E |148 160 153 151 153.000
5| A B,D,/F |148 160 153 140 150.250
6 | A B E,F |148 160 151 140 149.750
71 A C D E |148 159 153 151 152.750
8| A C D, F |148 159 153 140 150.000
9| A C E F |148 159 151 140 149.500
10| A D, E, F |148 153 151 140 148.000
11| B,C,D,E |160 159 153 151 155.750
12| B,C,D,F |160 159 153 140 153.000
13| B,C,E,F |160 159 151 140 152.250
14| B,D,E,F |160 153 151 140 152.500
15| O,D,E,F |159 153 151 140 150.750
AR 151.8333
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000 24, 29, ..., 7, 000000
0000000000000600

0= flxy, X2, ..., xp)

Jooboogogg

x 000000000000 00O00D0O00000O000000000
T, To, o 2, 00000 Xy, Xo, ..., X, 0000000000
«000000000000000000000000 X, X, ..., X, 00

0000
el X;(i=1,2,...,n) 00000000000000O

00 f(x1, 29, ..., 2,) 0000 Xy, Xo, ..., X, 0000000 #000C
0000

0:= f(X1, Xo, ..., Xn)
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9(3}‘1, CIZQ,...,ZCn) HREREEE

AN AN

*x0 0000 0(z1, 29, ...,2,) 000000 (X1, Xo, ..., X,) 0ODOODO
000000000
x 0 0000 6(Xi,Xs,...,X, 00000000000000000OC
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; x<-round (rnorm(100,100,5))
X
[1] 104 103 97 105 95 102 101
[11] 102 104 104 107 105 103 96
[21] 97 103 102 96 95 107 101
[31] 110 98 99 98 97 95 97
[41] 95 96 103 101 101 103 97
[61] 112 108 93 96 101 103 96
[61] 100 108 98 112 92 99 105
[71] 100 95 97 98 108 96 96
[81] 97 96 99 98 100 101 96
[91] 104 99 98 102 99 95 97
> mean(x)
[1] 100.08
> var (x)
[1] 22.90263
> var(x)*(length(x)-1)/length(x)

[1] 22.6736
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Figure 1: U O 0O 0OOOOOO=100.08, O 00 =22.670
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no.of.rep<-1000

sam.mean<-rep(0,no.of.rep)
sam.median<-rep(0O,no.of.rep)

for (i in 1:no.of.rep){
sam.mean[i]<-mean(sample(x,replace=T,10))
sam.median[i]<-median(sample(x,replace=T,10))

par (mfrow=c(2,1))
hist(sam.mean,freq=F,nclass=20)
hist(sam.median,freq=F,nclass=20)
mean (sam.mean)

[1] 100.0783

> var (sam.mean)

[1] 2.001260

> mean(sam.median)

[1] 99.7225

> var(sam.median)

[1] 3.050294

VVVV+ ++VVYVYV
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Figure 2. 000U 0O0OOOOOOODOO=100.0783, U J=2.00J 0 0O 0O
Jo00oodododnin=99.7225, U0 =3.050
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[ O T1 To T3 re | UDOOOOO

1 A B,C, D 148 160 159 153 155.000
2 A B,C FE 148 160 159 151 154.500
3 A B, C,F 148 160 159 140 151.750
4 A B, D, K 148 160 153 151 153.000
5 A B, D, F 148 160 153 140 150.250
) A B, E F 148 160 151 140 149.750
/ A C D, E 148 159 153 151 152.750
3 A C D, F 148 169 153 140 150.000
9 A C FE, F 148 169 151 140 149.500
10 A D, E F 148 153 151 140 148.000
11 B,C, D, FE 160 159 153 151 155.750
12 B,C, D, F 160 159 153 140 153.000
13 B,C E,F 160 159 151 140 152.250
14 B, D, E,F 160 153 151 140 152.500
15 C,D, E,F 159 153 151 140 150.750

Oodoodd 151.8333

20



gobooo DoOobooobooobgoob201500000

[ Jooodoodboogdo }
[]
[]

=gt oguod
oottt otgtdbtotdbbotgtdn
HEEEN

BN
HEN

- oot ~
00 #0000 60 #O0D0DO0DODOODDOOO0

E6] =6

Jubgdbootdootdod

r
-

00000mO0 ¢0000 00000000000 9000000
HEN

21



gobooo DoOobooobooobgoob201500000

« 0000000000000 00000000000000000000
O00DO00O0E[X,]=603G(=1,2,...,n0) 0000

EX,] = E

1 n

1 n
5Z;Emﬂ=9

22



gobooo DoOobooobooobgoob201500000

Jogooboboboooooboboooddd

X1, X9,...,X,(n>2)00000000000E[X,] =0, VAR[X,] = 07
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E[% = E %zn:(Xz—XnF
_ B izzn;{(xie) (6 X)}]
_ B i{i X, - 6) +Z _X"é;(x‘_@)}]
_ Ei{ﬁ;(x 0)2 + (0 — X,) + 2n(0 Xn)(XnQ)}]
_ E_i{if;(xi—e) (e—Xn)2}
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JUouul z, 2z, ..., z, UOUUOULOOUOLOOUOLOOOLOOOOOOOON

T1) S T2) <0 S T(n)

000000000
00000000000 21=4,20=1,23=3,24=5,25s=-100000

ac(l) = —1, 56(2) = 1, :1:(3) = 3, :C(4) = 4, :E(5) =5

Juogdo

n —I_ n
((n/2) O R ekl

X(n n 00O
median:{ (n+1)/2
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no.of.rep<-5000

sam.median<-rep(0,no.of.rep)

for (i in 1:no.of.rep){
sam.median[i]<-median(sample(x,replace=T,77))
J

hist(sam.median,freq=F,nclass=20)

mean (sam.median)
N\ Y,

VV+ +VVyVv

e 10IODOOODOODO 21416***-0 00 0-2015-12-11.txt OO OO

e [1JDOODO 20150 120 11 000013 0
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0o

> z<-rt(2000,10) *5-5
> y<-rt(3000,5)*3+20

> x<-c(y,2) 000000000000 0O0O00O0O0O04

N\

Juoguo

duoodbdibdodbodoodboodbd
21416***-median3.pdfQ]

1 [
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- (2)0000 N

no.of.rep<-5000
sam.mean<-rep(0,no.of.rep)

for (i in 1:no.of.rep){
sam.mean[i]<-mean(sample(x,replace=T,77))

+

hist(sam.mean,freq=F,nclass=20)
mean (sam.mean)

VV+ +VVyVv

3) 00000000000 70000D0OD0OODOOODOODOO 5000 00
oottt otdbbobgdboogobodgbogd
oot botodoogtgbootbbogdoodggoodboogd
O00000000000000000 21416*%**-median5.pdf O 0O 0O O
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- (3)0DO0 N

no.of.rep<-5000

sam.median<-rep(0,no.of.rep)

for (i in 1:no.of.rep){
sam.median[i]<-median(sample(x,replace=T,77))

+

hist(sam.median,freq=F,nclass=20)

mean (sam.median)
_ D

VV+ +VVyVv

e 1O0OODOOODOOODO 21416***-0 00 0-2015-12-11.txt OO OO

e 1D ODO 20150 120 11 000013 0
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HREEN

000
[ > x<-rf(5000,8,15)x{(0 00 /2+2) 0000 } }
O0000O0O
(1) DO0O0D0DOO0O0DOO00DOO00DO00bO00DO00oDo0ooDoooDoood
Oo00000oooooooognd
000
> hist(x,freq=F,nclass=77)
> var(x)*(length(x)-1)/length(x)

(2) o0 (Xi— X,)?/(n—1)000 5000 0000000000000000
0000000000000000Y",(X;—X,)?/(n—1)00000000
000000000000 0000000000000000000000C
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0000000000000 500000000000000000 21416***-
median6.pdf U 0O O O
- (2) 0000 ~

> no.of.sample<-5000

> sam.var<-rep(0,no.of.sample)

> for (i in 1:no.of.sample){

+ z<-sample(x,replace=T,77)

+ sam.var[i]<-sum((z-mean(z))**2/(length(z)-1))

+ }

> hist(sam.var,freq=F,nclass=20)
3 > mean(sam.var) )
3) > (X, —X,)?/n000 sooo bbb booooooooobooooon
O0o0D0o0oO0ooooooooy) (X;—X,)/n 0000000000000
oo oooooongod
0000000 5500000000000 000000 21416***-median?.pdf
oo
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s (3)000 \

> no.of.sample<-5000
> sam.var2<-rep(0,no.of.sample)
> for (i in 1:no.of.sample){
+ z<-sample(x,replace=T,?77)
+ sam.var2[i]<-sum((z-mean(z))**2/length(z)
+ }
> hist(sam.var2,freq=F,nclass=20)
.2 mean (sam.var?2) )

e 10O0ODOOODOODO 21416***-0 00 0-2015-12-11.txt OO OO

e 1JDODDO 20150 120 110000130
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> x<-round (rnorm(10000,100,5))

> mean(x)

[1] 100.0167

> var(x)*(length(x)-1)/length(x)
[1] 24.91502
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Histogram of x
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Figure 3: U U 0 =100.0167, U0 [J =24.91502
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Jooodoodobotodootdbooddn

no.of.rep<-1000

sam.meanl0<-rep(0,no.of.rep)
sam.mean20<-rep(0,no.of.rep)
sam.meanb50<-rep(0,no.of.rep)
sam.meanl00<-rep(0,no.of .rep)

for (i in 1:no.of.rep){
sam.meanlO[i]<-mean(sample(x,replace=T,10))
sam.mean20[i]<-mean(sample(x,replace=T,20))
sam.mean50 [i]<-mean(sample(x,replace=T,50))
sam.meanl00[i]<-mean(sample(x,replace=T,100))

}

hist(sam.meanl10,freq=F,nclass=20,main=paste("n=10"))
hist(sam.mean20,freq=F,nclass=20,main=paste("n=20"))
hist(sam.mean50,freq=F,nclass=20,main=paste("n=50"))
hist(sam.meanl100,freq=F,nclass=20,main=paste("n=100"))

~
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no.of.rep<-1000

sam.mean1000<-rep(0,no.of.rep)
sam.mean10000<-rep(0,no.of.rep)
sam.mean100000<-rep(0,no.of.rep)
sam.mean1000000<-rep(0,no.of .rep)

for (i in 1:no.of.rep){
sam.meanl000[i]<-mean(sample(x,replace=T,1000))
sam.meanl10000[i]<-mean(sample(x,replace=T,10000))
sam.meanl100000[i]<-mean(sample(x,replace=T,100000))
sam.meanl1000000 [i]<-mean(sample(x,replace=T,1000000))

+
hist(sam.mean1000,freq=F,nclass=20,main=paste("n=1000"))

hist(sam.mean10000,freq=F,nclass=20,main=paste ("n=10000"))
hist(sam.mean100000,freq=F,nclass=20,main=paste("n=100000"))D
hist(sam.mean1000000,freq=F,nclass=20,main=paste("n=1000000/"))
hist(sam.mean1000000,freq=F,nclass=20,main=paste ("n=1000000["))

par (mfrow=c(1,1))
\ J

vVVVVYVV+++++VVVVVYV
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Figure 4: n =10, 20, 50, 100 00O 0000000
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Elf.] = Elai X1+ coXo+ -+ cnX,]
= CFE[X1]|+ FE[ X5+ -+ e, B[ X,)]
= c10+c0+---+c¢,0
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000h. 0000

VAR[A,] = VAR[e1 X1+ coXo+ + cnXy)
= VAR[X|] + SVAR[X,] + - - + 2V AR[c X,
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