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	0;l��$
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��
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;%����/2	��o�B����p�
•

��7&$$��q�n�����rmsutwv
•

��7&$�q	0;>k��0/
$p�q��$&�D�)�?x s45y t4zx{y sut4|K�K}K

~ 7&$���������0���<;>=����	8�D�)����	
���>(&/�$	������q7&$
�q	0;>k��0/

.�	>�`�
	�1���$p��<;�.%�,�<.%$
k�	��n$;m����/�	���	0;>k
�<;>k�$��&$�;>k�$�;)��	0;>k������������;�����	0;)�
@
;���7&$1�	��
	0;l��$
k?�'	
�m$$�	8�'7Q5����kj�������8��F
10()�9$
k�	
�

�QM�G�%�������
��k��
~ 7����������7&$1�	
�������������7&$����	0;>k)	>�)k
����;��C��k�$�;l��$�<;)�9$��).�	�������� �QM�p�
6���;��JI�QM�D����� �¢¡� �B��k��C£¤ �QM�¤Q5�������i¥§¦¢�¢¡� �B��k��C£BN

¨ 3Fr
©© ©©]] ]]ee eeCYY YY �gª;«�¬�¬�­�®2� �¯���n��1�	�1��o���B����&�,��;)�°����<;
��7&$k�$�;%�0/±��;�	��9���²�p�U��7&$³µ´�¶�­�®±���·/��B�
��7
�o��$	³�´¸¶�­�®�� ����n��1�	�1������B�q��&�,�<;)������<;
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~ 7&$/U���n$(��&(�	��{�2	���9��2�8�B�9$�q7`$p�m$���·/±�O�)�
���

k��q�&QM���>��¢¡� �¤ �QM�¤k��q�&Q5���>�¥¦¢�¢¡� �
10()�@ ���n$p��$����9��0()�²� �
��k�����;���7&$k�$�;%�0/±��F
;�	��9����K
@
;���	��C�����,(��
	��)4�&��(��'	0;(��m$��7&$p�m$���·/��B�)�
���������¨ �Q5����������

k����������� �&QM�� �>�¸�¢¡� �¤�¯�¤k��q�&QM�� �>�i¥§¦¢�¢¡� �
��7`$��n$��7&$�¸�hk�$
=)�n$�$p�?�p�d���n$�$
k��0/

¨ k������������� K
@�
	���m�0/U$j����/U$p��7&$,�
�
��(��¯�n�

�0;%�0�
��7&$/�$�	0;

	0;>k.�	��8�
	0;l��$�p��������<4�¸���w�B��k��U	0;>k
�C����
� �����µK

Q$�	0;
�	��8�B	�;l��$

�¸�¢���
k��

3
�¸�¢� ���k��

*�k��
*���k��

���� 
� ��� �
k��� ��I�k��� F>*0N
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@�	/
(�����;&=

�S$�7���$��C��	}��6,	��C�9��; �� �&$��8�·/U$�;)�� 
k)	���		
��	0;±$� 	D/2���µ$��

C
m

d
>
 carton3 <

- read("","carton3")
carton3        400     4
) A

rtificial data used E
xam

ple 11.2, O
ehlert p. 263

) T
here are tw

o replicates of 10^2x2 factorial data from
) an im

agined experim
ent studying the variability in carton

) strength due to variability am
ong m

achines, operators and
) glue batch
) C

ol. 1: M
achine (1 - 10)

) C
ol. 2: O

perator (1 - 10)
) C

ol. 3: G
lue batch (1 - 2)

) C
ol. 4: S

trength of carton
R

ead from
 file "T

P
1:S

tat5303:D
ata:carton.dat"

C
m

d
>
 m

akecols(carton3,m
ach,oper,gluebat,y)

C
m

d
>
 m

ach <
- factor(m

ach);oper <
- factor(oper)

C
m

d
>
 gluebat <

- factor(gluebat)

C
m

d
>
 a <

- b <
- 10; c <

- 2; n <
- 2

C
m

d
>
 anova("y=

m
ach*oper*gluebat",silent:T

)

C
m

d
>
 M

S
 <

- S
S

/D
F

C
m

d
>
 M

S
 # T

he A
N

O
V

A
 m

ean squares
    C

O
N

S
T

A
N

T
        m

ach        oper   m
ach.oper     gluebat

m
ach.gluebatoper.gluebatm

ach.oper.gluebat      E
R

R
O

R
1

  8.6671e+
06      300.64      987.42      20.772      2375.8

       46.72      16.149      20.368      23.229

C
m

d
>
 D

F
# T

he A
N

O
V

A
 degrees of freedom

    C
O

N
S

T
A

N
T

        m
ach        oper   m

ach.oper     gluebat
m

ach.gluebatoper.gluebatm
ach.oper.gluebat      E

R
R

O
R

1
           1           9           9          81           1
           9           9          81         200

T��B��7�n$�	��{k)	���	041&$p�����n$���n�&��$�$
kj�<;>=��&��(
��7&��(���k�µ�����	����n$p����k�(�	������µ�����&4M�m$�$���U�&��(
;%$�$
k�	���C	�;���������/�	�������;�4	0;>k�l���;>K
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����;l��$ �QM��������� ¨ ����4���7&$��$� 	8�D�q�� �i	���������$,�&K
C

m
d
>
 sigm

asqhat <
- reverse(M

S
)[1]; sigm

asqhat
(1)      23.229

re
ve

rse
(M

S
)[1

]
���±	���n�8������9�=%$��d�n7̀$

�
	
����Q5�!4S��7&$$��q�n����QM��K
@
;���7������'	
�m$�O��	��

��7̀$�%	'/U$	
�
M

S
[9

] K
C

m
d
>
 eps <

- .10 # for 90%
 confidence

C
m

d
>
 sigm

asqhat/(invchi(vector(1-eps/2,eps/2),200)/200)
(1)      19.854      27.608

���(��'	0;(��m$��7�����%	D/�$/U$j��7&�
k��7̀$�;��̀��(
��	�;)�°���·/±�O�)������ �QM�������¨ �̄�	

�;̀��

���{����	0;��
�j��7&$�� �QM��K
@��	���	����m���	��
�̀�
�$�	
����9�=�$j����$� 	8�D�C����·/��B�)�
����� �QM�p¥� �QM�� IZ��	�� �QM� ������ �Q5��������� ¨
3��>;&� 

�����D� �N1&$&�'	0(��m$

�¨ QM�¥ ��Q5�� ¨ I �Q5�¥ � �QM�� N���� 
� ��� �
#%�0�U$�����·/±�O�

¨ I�QM�p¥��QM�� N���l��¡�� ���
� �����
¨

������������ ���m�¢¡�� ���
� �����
�!���&$��°���·/��B�

¨
������������ ���̀¥¦¢�¢¡�� ����
� �����
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�� ����� ��__ __ bb bb�cc cc��� ��YY YY
C

m
d
>
 f_abc <

- M
S

[8]/M
S

[9] # M
S

_A
B

C
/M

S
_error

C
m

d
>
 lim

its <
- f_abc/invF

(vector(1-eps/2,eps/2),D
F

[8],D
F

[9])

C
m

d
>
 lim

its
(1)     0.65203      1.2068

~ 7&$p�m$	��n$���·/��B�)������
I�̄�
�>;&��

����BN��D�̄�¨ 3

�;&��

����B�D���
���n�0/

��7&$p�m$�&��(��'	0;=�$j�$� 	8�D������/±�B�)�����
��7&$�q	����µ���

����
�D���¨ I�I����
�>;&��

����ON��D����F3>N��0;>K

C
m

d
>
 (lim

its - 1)/n
(1)    -0.17398      0.1034
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�
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;%$�;)�)��	>��$��;��
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~ 7&$��n$	��n$	��°��$�	
���d�%�U�	>�����n��	8�'7&$p���9�
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	0;l��$���0/2�&��;%$�;)�

���
�����
����B�±��$���$kj�������8�
10()�9$
k�	
��
 �
���� �
��k���4
��7`$��n$

�
����	0;���
	�1&$,���&(l�'7	
�±xA45y54zx��54|K�K}K

~ 7&$�;�4M����&��(��'	0;����n��.���k�$	.�	���(%$������k���4
	������n�� �·/2	��9$����;��l��k�$�;l��$���·/±�O�)��	��n$

��
 �
��I���¢¡�� ��� �
��k��JN¤�
 �¤
��
 �
��I<�¥§¦¢�¢¡�� ��� �
��k��JN

�� ��YY YY��� ��[[ [[YY YYYY YYff ff]] ]]XX XXXX XX [[ [[YY YYYY YY�
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T�7`$�;

���
�¨� t= tQ5� t4
�k��¨

��
�� ��I� t=%t�<Q5�jtw�
��k��tN
~ 7��������1�	
�m$0k���;�	������/�(��B	�����
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��7����D7���±�����C�n$&�D��´�",³$#
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�� ���� ��__ __ bb bb�cc cc�� ��YY YY �
������·/�	��9$�p���
����<; GF���	8�D�9���d�q	0;>k��0/
$p�q��$&�D�)�±gA-��gªK
~ 7&$$p�����·/2	��9$���

I�QM� �FQg ���FQM� ��
�Qg ����N���I�18�,;)N

�������27����'7=�¨ F&=���¨ F&=��¨ =����¨ 3`��18�,;
C

m
d
>
 sig_A

sq_hat <
- (M

S
[2] - M

S
[4] - M

S
[6] +

 M
S

[8])/(b*c*n)

C
m

d
>
 sig_A

sq_hat #estim
ated variance com

ponent
(1)       6.338

C
m

d
>
 g <

- vector(1,-1,-1,1)/(b*c*n) # g-coefficients

C
m

d
>
 J <

- vector(2,4,6,8)

C
m

d
>
 sum

(g*M
S

[J]) # another w
ay

(1)       6.338
sig

_
A

sq
_

h
a

t 
co

m
p

u
te

d
 
a

n
o

th
e

r 
w

a
y

C
m

d
>
 df_A

sq_hat <
- sig_A

sq_hat^2/sum
(g^2*M

S
[J]^2/D

F
[J])

C
m

d
>
 df_A

sq_hat
(1)      6.2425

d
f fo

r sig
_

A
sq

_
h

a
t

���m$��7&$p�m$�9�=�$j�d	°����;��C��k�$�;l��$�<;)�9$��).�	������
��
<�<KC

m
d
>
 sig_A

sq_hat/\
(invchi(vector(1-eps/2,eps/2),df_A

sq_hat)/df_A
sq_hat)

(1)      3.0545      22.469
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~ 7����������7&$���7��B�9$1&�� �U��	���K
QS	8�jgA;%��.�	

/2	8�'�9�
va

rco
m

p
()

�>�n��.��·k�$p�±	��1��
	���1̀�� �
��	>��K
��;m$�2	>���(��l$

va
rco

m
p
()

�������C�µ�����
���0/2�0()�9$	�;>k�%	0.%$��7&$�<;�������/2	����µ�
;���;
�Q5�!�(�����;>=

�&$��D�����k��>7��q	0�m$
ke

e
p
:T

�
;
e
m

s() K
C

m
d
>
 E

M
S

 <
- em

s("y=
m

ach*oper*gluebat",\
vector("m

ach","oper","gluebat"),keep:T
)

C
om

pacting m
em

ory, please stand by in m
acro em

s
~ 7&$�n$p�>(��B��4

E
M

S 4M����	���n�)(l�D��(��n$��7>	��
va

rco
m

p
()

��;m���?�?7̀���
��(��l$0K

C
m

d
>
 com

pnam
es(E

M
S

)
(1) "df"

U
su

a
l A

N
O

V
A

 D
F

(2) "ss"
U

su
a

l A
N

O
V

A
 S

S
(3) "term

nam
es"

U
su

a
l A

N
O

V
A

 te
rm

 n
a

m
e

s
(4) "coefs"

M
u

ltip
lie

rs in
 E

M
S

 fo
rm

u
la

s
(5) "rterm

s"
V

e
cto

r o
f T

's a
n

d
 F

's; T
 =

>
 ra

n
d

o
m

 te
rm

C
m

d
>
 print(form

at:"3.0f",E
M

S
$coefs)

S
C

R
A

T
C

H
:

(1,1) 400  40  40   4 200  20  20   2   1
(2,1)   0  40   0   4   0  20   0   2   1
(3,1)   0   0  40   4   0   0  20   2   1
(4,1)   0   0   0   4   0   0   0   2   1
(5,1)   0   0   0   0 200  20  20   2   1
(6,1)   0   0   0   0   0  20   0   2   1
(7,1)   0   0   0   0   0   0  20   2   1
(8,1)   0   0   0   0   0   0   0   2   1
(9,1)   0   0   0   0   0   0   0   0   1
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va
rco

m
p
(E

M
S

)
=��<.m$����n7̀$�%	'/$�
(��n��()�	0�

va
rco

m
p
("y=

m
a
ch

*o
p
e
r*g

lu
e
b
a
t",\

ve
cto

r(m
a
ch

","o
p
e
r","g

lu
e
b
a
t"))

C
m

d
>
 varcom

p(E
M

S
)

W
A

R
N

IN
G

: searching for unrecognized m
acro varcom

p near 
varcom

p(
                     E

stim
ate          S

E
          D

F
m

a
ch

                    
6
.3

3
8

      3
.5

8
7
5
      

6.2425
oper                   24.272      11.639      8.6976
m

ach.oper             0.10114      1.1428    0.015664
gluebat                11.666        16.8     0.96449
m

ach.gluebat           1.3176      1.1128      2.8042
oper.gluebat         -0.21093     0.41291     0.52191
m

ach.oper.gluebat     -1.4307      1.9773      1.0471
E

R
R

O
R

1                 23.229      2.3229         200

-'�j�9$��7&$$p������/2	��9$	0;>k��������/�	8�'7��<;%$p�
/�	���j7��7&$�27��B�9$1&�� .�	��<(%$p�&K

���(��'	0;(��m$
��7&$.�	���(m$p�k��B�n$&�D���
����n�0/

��7&$��	�1���$�9�=�$j�
	6K<@µKM�������

��¨ ������� ���
C

m
d
>
 24.272/(invchi(vector(1-eps/2,eps/2),8.6976)/8.6976)

(1)      12.798       67.16
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©© ©©]] ]][[ [[&bb bb__ __ �� ��__ __ cc cccc cc[[ [[]] ]] �� ��aa aabb bb__ __ee ee aa aa]] ]]WW WW
�%���°�B	���=�$k�$
=)�n$�$��±�p�d���n$�$
k��0/�4

��
O�
�������
��k���
�¨ -�I��
�<4}*p��
� ��k��JN

~ 7�����>(>=�=�$p���)��	°����;��C��k�$�;l��$��;)�9$��).�	
�¯1�	
�m$
k
��;���7&$;%����/2	��{kj�������8�B10()������;

��
 �¨
���
 ��

�
�
¡�

�Z*���
��
��k��
Z£
¨

��
 �
�
�
¡�

�Z*� t=%tw��QM��tw�
��k��t�£
1&$&�'	0(��m$

�k��
¨
���
� ��I� t= t�<Q5� t�B��k�� tN

~ 7&$.�	��<(%$p��<;���7`$
S

E ���,�<(&/�;±���U��7&$
va

rco
m

p
()

�
()�n��()�²	>�9$
�J*� t= t��Q5� t�
�Dk�� t£

C
m

d
>
 se_com

p <
- sqrt(2*sum

(g^2*M
S

[J]^2/D
F

[J])); se_com
p

(1)      3.5875
S

a
m

e
 a

s in
 o

u
tp

u
t

C
m

d
>
 sum

(g*M
S

[J]) +
 1.96*vector(-1,1)*se_com

p
(1)    -0.69346      13.369

~ 7�����B	
�����U��(���k�1&$	�;�	����>���� ��/2	��9$+G��
�

�<;)�9$��).�	�����������
������U�q7̀$k�$
=���$>$p�±�p�d���n$�$
k��0/
��$���$

	>(��B�9$�
	���=�$�4�27����'7�q7̀$��	>��$;%�j��K
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���(��'	0;k��1&$j�q�9$��d1���C�<;>kj�<;>=����/±�B�)��������

1�	
�m$
k���;�	;%����/�	���	������n�� �·/2	����µ��;��9�

��� ��£
��7`�p�m$k��������8�
10()������;���/�(l�'7³}­�����&­ ¶R­��
��7�	0;���7&$k��������8�
10()������;±�p��¸�<K
~ 7&$	������n�� �·/2	��9$.�	��8�B	0;l��$�p�

��
����
�S	>�lI	��
 �BN¨ ���¢�B��IJ*G�&k��JN�K

�'$��n$	��n$	������n�� �·/�	��9$���·/��B�)���������
K
C

m
d
>
 sqrt(sig_A

sq_hat) +
 \

 invnor(1-eps/2)*vector(-1,1)*sqrt(sig_A
sq_hat)/df_A

sq_hat
(1)      1.8542      3.1809

�
	>(�	��n$��7&$p�m$�9�=�$j�d	��>���n�� ��/2	��9$����/±�B�)�

������� 
�·�
C

m
d
>
 (sq

rt(sig
_
A

sq
_
h
a
t) +

 
\

invnor(1-eps/2)*vector(-1,1)*sqrt(sig_A
sq_hat)/df_A

sq_hat)^2
(1)       3.438      10.118

6��0/2��	��n$��7&$p�m$���B��7��7&$.�	���(m$p������/��0()�9$
k
kj�
�n$&�D���B����n�0/

� �·�
C

m
d
>
 sig

_
A

sq
_
h
a
t/

\
(invchi(vector(1-eps/2,eps/2),df_A

sq_hat)/df_A
sq_hat)

(1)      3.0545      22.469
~ 7&$���0��$��°���·/��B�����;%�j��1�	�k�410()����7&$(����&$��
����/±�B�������	��²�p�q�nK
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�'$��n$����	0;�	0;�	��
�
�����?�p�U��7&$k�	���	�<;
��$�7���$��C�

L��n��1���$0/
3�3'K� �4	��;%$pF���	8�D�9���d���n��1���$0/��

C
m

d
>
 data <

- read("","pr11.3")
pr11.3          25     2
) A

 data set from
 O

ehlert (2000) \em
ph{A

 F
irst C

ourse in D
esign

) and A
nalysis of E

xperim
ents}, N

ew
 Y

ork: W
. H

. F
reem

an.
)) D

ata originally from
 V

angel, M
.~

G
. (1992). ``N

ew
 m

ethods for 
) one-sidedtolerance lim

its for a one-w
ay balanced random

-
) effects {A

N
O

V
A

} m
odel.''{\em

 T
echnom

etrics\/}~
{\em

 34},
) 176--185.
)) P

roblem
 11.3, p. 278

) C
olum

ns are batch num
ber and (coded) tensile strength.

R
ead from

 file "T
P

1:S
tat5303:D

ata:O
eC

h11.dat"

C
m

d
>
 m

akecols(data,batno,tensile)

C
m

d
>
 batno <

- factor(batno)

C
m

d
>
 anova("tensile=

batno")
M

odel used is tensile=
batno

                D
F

          S
S

          M
S

C
O

N
S

T
A

N
T

         1  3.7706e+
06  3.7706e+

06
batno            4      4163.4      1040.8
E

R
R

O
R

1          20      1578.4       78.92

C
m

d
>
 tabs(tensile,batno,count:T

) # it's balanced
(1)           5           5           5           5           5

C
m

d
>
 n <

- 5; a <
- 5

C
m

d
>
 resvsyhat(title:"P

roblem
 11.3 residuals")

-2

-1.5 -1

-0.5 0

0.5 1

1.5

370
375

380
385

390
395

400

P
roblem

 11.3 residuals

F
itted V

alues (Y
hat)

Standardized Resids
N

o problem
s

14
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C
m

d
>
  

em
s("tensile=

batno","batno")
E

M
S

(C
O

N
S

T
A

N
T

) =
 V

(E
R

R
O

R
1) +

 5V
(batno) +

 25Q
(C

O
N

S
T

A
N

T
)

E
M

S
(batno) =

 V
(E

R
R

O
R

1) +
 5V

(batno)
E

M
S

(E
R

R
O

R
1) =

 V
(E

R
R

O
R

1)

C
m

d
>
 vcom

p <
- varcom

p("tensile=
batno","batno"); vcom

p
          E

stim
ate          S

E
          D

F
batno       192.38      147.28      3.4125
E

R
R

O
R

1       78.92      24.957          20

C
m

d
>
 M

S
 <

- S
S

/D
F

C
m

d
>
 M

S
    C

O
N

S
T

A
N

T
       batno      E

R
R

O
R

1
  3.7706e+

06      1040.8       78.92

C
m

d
>
 (M

S
[2] - M

S
[3])/n # estim

ate of sigm
a_alpha^2

(1)      192.38

~ 7��������	0;±$p�����·/2	��9$�p�� 
�<K
-'�0�

�C�<;>k�	+G"�
����
;��C�<k�$�;C��$�<;)�9$��).�	���K

C
m

d
>
 eps <

- .10 # (1 - .9)

C
m

d
>
 estim

ate <
- vcom

p[1,1]; estim
ate # from

 varcom
p() output

         E
stim

ate
batno      192.38

C
m

d
>
 df <

- vcom
p[1,3]; df # from

 varcom
p() output

               D
F

batno      3.4125

C
m

d
>
 vector(df*estim

ate/invchi(vector(1-eps/2,eps/2),df))
(1)       77.069      1342.9

9
0

%
 
co

n
fid

e
n

ce
 
in

te
rva

l
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-'�0�
=�$j�°���·/±�O�)�������� 
�B�D���·�

C
m

d
>
 f <

- M
S

[2]/M
S

[3] # F
-statistic

C
m

d
>
 lim

its <
- f/invF

(vector(1-eps/2,eps/2),D
F

[2],D
F

[3])

C
m

d
>
 lim

its
(1)      4.6016      76.527

~ 7&$p�m$	��n$+G"�
�
���·/±�O�)������

I�̄��;&� 
�ON��D���¨ 3
�;&� 
�B�D���

C
m

d
>
 (lim

its - 1)/n
(1)     0.72032      15.105

~ 7&$p�m$	��n$���·/��B�)�������� 
�
�D���
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	>(�	��n$p�

�<;���7&$gª-��g
��	�1��µ$���7�	0.m$��7&$kj�������8�
10()������;

�p�	/�(��B���
����$�p�
�&�
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���(��'	0;(��m$��7������7&$�;
�QM��¥¨ �QM��

�
�G�`�
�

�%���²$� 	D/��
�µ$�4 ��7`$�; �Q5�¥¨ ���
�;&��
��¯	0;>k

�QM�� ¨ �¯��m�
�¨ 3

�;&� 
�
�D�¯��K
@
;���7����?$� 	D/2����$�4M�>(����&�p�l$� �¨� "	0;>k� 
��
¨ *!"!"I�!���p�m$�n�$p�����·/2	��9$p��N�K#%$j��	}��C�<;>k
��7&$�&�0��$����p�	��

��9$p����p�
�� �|� 
��¨ "�����

	�q	0;>=�$�p�d.�	��<(%$p�?�p��;>K
C

m
d
>
 sigm

asq <
- 80; sigm

a_A
sq <

- 200

C
m

d
>
 n

 <
- ru

n
(2

,3
0
)

; 
a <

- 5

C
m

d
>
 critvals <

- invF
(1-.05,a-1,a*(n-1)); critvals

 (1)      5.1922       3.478      3.0556      2.8661      2.7587
 (6)      2.6896      2.6415       2.606      2.5787      2.5572
(11)      2.5397      2.5252       2.513      2.5027      2.4937
(16)      2.4859       2.479      2.4729      2.4675      2.4626
(21)      2.4582      2.4542      2.4506      2.4472      2.4442
(26)      2.4414      2.4387      2.4363      2.434

C
m

d
>
 em

s2 <
- sigm

asq; em
s1 <

- sigm
asq +

 n*sigm
a_A

sq

C
m

d
>
 rho <

- em
s1/em

s2

C
m

d
>
 p <

- 1 - cum
F

((1/rho)*critvals,a-1,a*(n-1)); p
 (1)     0.54293     0.79823     0.88776     0.92853     0.95047
 (6)     0.96364     0.97216       0.978     0.98218     0.98526
(11)     0.98761     0.98944     0.99089     0.99206     0.99302
(16)     0.99382     0.99448     0.99505     0.99553     0.99594
(21)      0.9963     0.99662     0.99689     0.99714     0.99735
(26)     0.99754     0.99772     0.99787     0.99801
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C
m

d
>
 lin

e
p
lo

t(n
,p

,title
:"P

o
w

e
r o

f 5
%

 te
st vs n

",
\

ylab:"P
ow

er",ym
in:0)

0

0
.2

0
.4

0
.6

0
.8 1

5
1

0
1

5
2

0
2

5
3

0

P
o

w
e

r o
f 5

%
 te

st vs n

n

Power

Pow
er of F-test for random

 effect w
hen σ  = 80, σ   = 200

α
2

2
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