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

> pl

[1] 148 160 159 153 151 140

> mean(pl) UOODOOM OO0

[1] 151.8333

> sum((pl-mean(pl))**2)/length(pl)
[1] 45.805656 U OO 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 CF |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
7| A C D E |148 159 153 151 152.750
8| A C D, F |148 159 153 140 150.000
9| AC EF |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
00000

151.8333
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; x<-round (rnorm(100,100,5))
X

[1] 104 103 97 105 95 102 101 105 104 105

[11] 102 104 104 107 105 103 96 100 93 104

[21] 97 103 102 96 95 107 101 101 98 96

[31] 110 98 99 98 97 95 97 101 101 101
95 96 103 101 101 103 97 97 95 107

112 108 93 96 101 103 96 101 95 99

100 108 98 112 92 99 105 95 98 92

100 95 97 98 108 96 96 106 100 91

! 97 96 99 98 100 101 96 109 101 111
[91] 104 99 98 102 99 95 97 104 98 87
> mean (x)

[1] 100.08

> var(x)

[1] 22.90263

> var(x)*(length(x)-1)/length(x)

£1] 22.6736
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no.of.rep<-1000

sam.mean<-rep(0,no.of.rep)
sam.median<-rep(0,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
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Figure 2. DO OU0O0OOO0OOOO OO=100.0783, I J=2.000 0 OO O
O0o0oooouon 0o =99.7225, 10U =3.050
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(1 [ 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, E 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, 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 C,D, FE,F 159 153 151 140 150.750
OoOddn

151.8333
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r) =1 2@ =3, 23 =4, T4 =9
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3+4
— =35
2
000
000
[ > x<-round(rt(10000,5))*3+20 ]
Oo0dgogono

(H)ODOOO0000ODO0O0O0O0000b0o00oDo0ob0Oo0gOom20816%**-
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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))

+ }

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

e 10IODDOODOOOO 20816***-0 00 0-091204.txt O OO O

e 1D DIMO 20090 120 04000013 0
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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+ +VVYV

JogoouohL roogodbtddgggbodd

HEN
0
0816

OOod
mimln
ood
Ood
Ood
OO
Ood
minlm
miml

x00

[]
[]
[]

O
.

[]
L]
2

D[:I[:I

oo
EREREEN
oo-0

Oooog
I e
oo U
OoooO Y



g tmo DhOooooooobogbz2000b00n

- (3)0000 |

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)

VV+ +VVYV
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[ > x<-rf(5000,8,15)«x{(0 00 /2+2)0 000} ]
[]
(

Joubgubbtdgdboootdgobogon

000
> hist(x,freq=F,nclass=77) }

> var(x)*(length(x)-1)/length(x)

)

(2) 3" (X, —X,)?/(n—1)000 5000 00000000000000000
J00000000000000%7 (X;—X,)?/(n—1)000000000
J00000000000000000000000000000000000
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00000000000 s500000000000000000 20816***-[
[0 00 0-091204-median6.pdf O 0O 0O [

. (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)
mean (sam.var)
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- (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)
e mean (sam.var?2) )

e 10IODDOODOOOO 20816***-00 00 0-091204.txt O OO O

e JUDONO 20090 120 0400 0DO13 0
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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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Figure 3: U U 0 =100.0167, UJ J =24.91502
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no.of.rep<-1000

sam.meanl10<-rep(0,no.of .rep)
sam.mean20<-rep(0,no.of .rep)
sam.mean50<-rep(0,no.of .rep)
sam.meanl100<-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.meanb0[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.meanb0,freq=F,nclass=20,main=paste("n=50"))
hist(sam.mean100,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.meanl100000<-rep(0,no.of.rep)
sam.mean1000000<-rep(0,no.of.rep)

for (i in 1:no.of.rep){
sam.meanl1000[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")|)

~

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

44



g tmo DhOooooooobogbz2000b00n

n=10 n=20
&
Q S
=}
2 2
(%2} (%] n
c o c -
8 S a8 ©
8 8
o [ 1 1 1 S T T T 1
94 96 98 102 96 98 100 102 104
sam.meanl0 sam.mean20
n=50 n=100
© @
o o
> 3 >
o
8 8
o o
© I T T T 1 © —r T 1T 1T 711
98 99 100 101 102 98.5 99.5 100.5 101.5
sam.mean50 sam.mean100

Figure 4: n =10, 20, 50, 100 D 0O OO0 0OO0OOO

45



g tmo DhOooooooobogbz2000b00n

n=1000 n=10000
[ee]
S
z z ©
) %)
& o & -
[a)] — a
N
o
© I T T T 1 © 71 T T T 71T 1
99.6 100.0 100.4 99.85 99.95 100.05
sam.meanl1000 sam.mean10000
n=100000 n=1000000
o
[e0)
o
N o
= > ©
i) 5 o
c c
8 S 8
o
[Te] N
o o
1 1 1 T 1 I T T 1
99.98 100.02 100.06 100.00 100.02

sam.mean100000 sam.mean1000000

Figure 5: n = 1000, 10000, 100000, 1000000 0000000000

46



g tmo DhOooooooobogbz2000b00n

Joodobobobooood

O000000 n=4000 Xy, Xo, X3, X,y 00000000000 OO0O
00000
~ X
f, = Tl
~ X1+ Xo
0, =
2
~ X1+ Xo+ X3
0 =
3
7 X1+ Xo+ X3+ Xy
4 p—

4

47



g tmo DhOooooooobogbz2000b00n

0000000 ¢00O00000
E6;]=6  (i=1,2,3,4)

000 OVAR[X,|=0200000

AN 2 AN
VAR[S;] = %3 WARwﬂ::%-
~ 0'2
VAR, = =
~ 0'2
VARG = =

DDDD@;DDDDDDDDDD

48



g tmo DhOooooooobogbz2000b00n

X,XQ,...,XnDDDDDDDD o000 o00oooooononon
] =0, VAR[X;] =0%(i=1,2,...,n)0000¢c, c2,...,c, OO0

O = c1 X1+ coXo+ -+ cp X, c=(c1, c2, ..., Cp)
cit+e+---+e,=100000000006e0000O0O0O00O0ODO

ooty }

R
)

E[6] = 6

49



g tmo DhOooooooobogbz2000b00n

ooyt

0] = Eler X1+ caXo+ -+ cnXy)
= 1F[X4] 4+ b [Xo] + - - - 4 ¢, F[ X))
= c10+cf+---+c¢,0
= Oci+cot+--+cy) =10

00060000

VAR[f] = VAR[c1 X1 + caXo+ - + cn X0
= VAR[X1] + c3VAR[X,] + - - + AVAR[c2 X ]

= (G+c5+ - +cp)o5

50



g tmo DhOooooooobogbz2000b00n

oot

2 2 2
Cl+c2_|_..._|_cn

0000
~ 0'2
VAR[O] > —
n
O 0000
1 1 1
C1 — —, Cg = —, y Cpn — —
n n n

51



g tmo

Jooguod

DhOooooooobogbz2000b00n

AN

0. = 1 Xy + coXo+ -+ cn Xy,

4+ +c¢,=1000000000000
0000 ~ )

VAR[G.] > VAR[X,,]
00000

KDDDDDDDDDDD

C:(Cl, Co, ...

1

\

, Cn)

52



g tmo DhOooooooobogbz2000b00n

Jooboobn

o DU UOUOUOUODOOUODO OO
o U DUUOUOULODUOLODUODDUOOOODOO

o DU UOOUODODUOODOODODOODOO

°
[]

ooty
oot
oot

O O

HEN
HRN
HRN

OO O

HRN
HRN
HRN

OO O

o
o
o

OO O

[]
- [
- [

Jobogtdodugn

53



