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Cmd> carton3 <- read("","carton3")
carton3        400     4
) Artificial data used Example 11.2, Oehlert p. 263
) There are two replicates of 10^2x2 factorial data from
) an imagined experiment studying the variability in carton
) strength due to variability among machines, operators and
) glue batch
) Col. 1: Machine (1 - 10)
) Col. 2: Operator (1 - 10)
) Col. 3: Glue batch (1 - 2)
) Col. 4: Strength of carton
Read from file "TP1:Stat5303:Data:carton.dat"

Cmd> makecols(carton3,mach,oper,gluebat,y)

Cmd> mach <- factor(mach);oper <- factor(oper)

Cmd> gluebat <- factor(gluebat)

Cmd> a <- b <- 10; c <- 2; n <- 2

Cmd> anova("y=mach*oper*gluebat",silent:T)

Cmd> MS <- SS/DF

Cmd> MS # The ANOVA mean squares
    CONSTANT        mach        oper   mach.oper     gluebat
mach.gluebatoper.gluebatmach.oper.gluebat      ERROR1
  8.6671e+06      300.64      987.42      20.772      2375.8
       46.72      16.149      20.368      23.229

Cmd> DF# The ANOVA degrees of freedom
    CONSTANT        mach        oper   mach.oper     gluebat
mach.gluebatoper.gluebatmach.oper.gluebat      ERROR1
           1           9           9          81           1
           9           9          81         200T��t��6��%!,	��ÒmD	*��	b3�.0!R�����%!���%�C��!�!�mJ��9�:v
0�,$��6Q��$���mµ������Ç�	*�f�́ !����YmD$�	������������n3u�"!�!¿���È
0�,$9"!�!bmp	p���w	�9����t�,�¾-/	*�¾���,9n3u	�9Mmp�0�v��9nH
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Cmd> sigmasqhat <- reverse(MS)[1]; sigmasqhat
(1)      23.229

reverse(MS)[1]
����	��%�����¡��Ç��P�7�ª:0!J����6"!��	����jOA�R3Ò��6"!v!,�w�%�,��OA�RH ;=9p��6����®��	��"!��t�0Æº���6"!�C	b-l!	��

MS[9]
H

Cmd> eps <- .10 # for 90% confidence

Cmd> sigmasqhat/(invchi(vector(1-eps/2,eps/2),200)/200)
(1)      19.854      27.608����$���	�9v$��"!F��6����v��	b-V!k-l!#��6Q�nm~�s60!,9v
0��$
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Cmd> f_abc <- MS[8]/MS[9] # MS_ABC/MS_error

Cmd> limits <- f_abc/invF(vector(1-eps/2,eps/2),DF[8],DF[9])

Cmd> limits
(1)     0.65203      1.2068� 6"!��"!~	��%!¿�7�¼-��t��������

EÎ��� � 9�� 
��� �tK�¢����  1 � 9�� 
��� ��¢����
É��q��- ��60!,�"!~
0��$���	�9�:0!#�<! Ñ 	"�#�o�7�¼-��t��������
��6"!~�>	*�¾���½��
��� � ¢�� �  E7EÎ� ��� 9���
��� � K�¢�� � @�1�K�¢�9bH

Cmd> (limits - 1)/n
(1)    -0.17398      0.1034
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/�0 �t���V!,�%!Um#����������.�$���!bmp	��'�1)�� � ��  ��¢Cm���3
�/6"!��´!32 ����	�9�
~��	�."!d����$w��6�	��v�l3��Ò3R�54A3AH�H�H
� 6"!�9n3l���È
0��$���	�9����q�,+��YmQ!~	�+�	���$"!¿����� m���3
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� ����� ��� ` ``` c ccc�eeee � ��� [ [[[ ¤�
�*���¼-s	*�G!2�u� ��
��È��9��A@��%	w�#�7�,���w	�9Cm��4-
!R�w�t!C�4��� il)uÏuÍ�iÈH
� 6"!v!,�*�¾�¼-/	*�G!����

EGO�����@®Oui1��P@�OA���A� � O�i1���� K�¢DE�.w��9DK
�����o�/6�����6�: �  @": ��  @": � �  : ����  1C¢�.w��9

Cmd> sig_Asq_hat <- (MS[2] - MS[4] - MS[6] + MS[8])/(b*c*n)

Cmd> sig_Asq_hat #estimated variance component
(1)       6.338

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

Cmd> J <- vector(2,4,6,8)

Cmd> sum(g*MS[J]) # another way
(1)       6.338 sig_Asq_hat computed another way

Cmd> df_Asq_hat <- sig_Asq_hat^2/sum(g^2*MS[J]^2/DF[J])

Cmd> df_Asq_hat
(1)      6.2425 df for sig_Asq_hat�R�"!F��6"!,�0!µ�7�U:Q!J�f	®����9,�"�Ym�!,9w�D!¿��9*�G!��>+�	��<�����

� 
 �GH
Cmd> sig_Asq_hat/\

(invchi(vector(1-eps/2,eps/2),df_Asq_hat)/df_Asq_hat)
(1)      3.0545      22.469
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bHkO�	"��i�90�,+�	-/	w���%�
varcomp()

���q��+��YmQ!,��	v��.���	w��Ç�.0� Ñ ��/	�
bH
Ïu9"!½�s	�
2���'$��"!

varcomp()
���p���½�"���w����D��-/��$���!~	�9Mmp��	�+0!µ��6"!���9,������-/	�������9���9�

OA�J��$�����9C:vÇ"!,
b�V���£mv��6��w	��"!
keep:T

��9
ems()

H
Cmd> EMS <- ems("y=mach*oper*gluebat",\

vector("mach","oper","gluebat"),keep:T)
Compacting memory, please stand by in macro ems� 6"!�%!,��$��t�03

EMS
3l����	������>$w�4��$��%!µ��6�	��

varcomp()
Ç�9"�4�s��60�4� ���'$C�"!4H

Cmd> compnames(EMS)
(1) "df" Usual ANOVA DF
(2) "ss" Usual ANOVA SS
(3) "termnames" Usual ANOVA term names
(4) "coefs" Multipliers in EMS formulas
(5) "rterms" Vector of T's and F's; T => random term

Cmd> print(format:"3.0f",EMS$coefs)
SCRATCH:
(1,1) 400  40  40   4 200  20  20   2   1
(2,1)   0  40   0   4   0  20   0   2   1
(3,1)   0   0  40   4   0   0  20   2   1
(4,1)   0   0   0   4   0   0   0   2   1
(5,1)   0   0   0   0 200  20  20   2   1
(6,1)   0   0   0   0   0  20   0   2   1
(7,1)   0   0   0   0   0   0  20   2   1
(8,1)   0   0   0   0   0   0   0   2   1
(9,1)   0   0   0   0   0   0   0   0   1
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varcomp(EMS)
:���+"!,�2��6"!'��	b-l!���$�����$D�j	��

varcomp("y=mach*oper*gluebat",\
vector(mach","oper","gluebat"))

Cmd> varcomp(EMS)
WARNING: searching for unrecognized macro varcomp near 
varcomp(
                     Estimate          SE          DF
mach                    6.338       3.5875      6.2425
oper                   24.272      11.639      8.6976
mach.oper             0.10114      1.1428    0.015664
gluebat                11.666        16.8     0.96449
mach.gluebat           1.3176      1.1128      2.8042
oper.gluebat         -0.21093     0.41291     0.52191
mach.oper.gluebat     -1.4307      1.9773      1.0471
ERROR1                 23.229      2.3229         200)*����!F��60!�!������¼-/	���!	�9Cmv�JÉ~�����o-/	w��6���9"!,�

-/	��G��6���6"!½�/6��t�G!~.0� Ñ +�	���$"!��nH �4�,$®��	�9�$��"!
��6"!~+�	���$0!,��mJ���%!C�4�¾��
~�%�%��- ��60!µ��	�.���!µ�7�U:Q!J�
	o5AH�;�HS�t�,�o� � �  �dÂ � ÀYÁ¡�G¤

Cmd> 24.272/(invchi(vector(1-eps/2,eps/2),8.6976)/8.6976)
(1)      12.798       67.16
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g ggg a aaa ^ ^^^ X X

XX
É0�,����	��>:0!'mQ!�:D�´!�!,���u�®�%�´!�!bm���-�3

�1) ��� �=  �t¢Mm���� )#EÎ�1)���3�&d�1) < ¢MmJ�%K
� 6��L����$�:�:0!�������	��D�,9,�"�YmQ!,9"��!���9���!,�w+�	���.�	��0!bm
��9���6"!~90����-/	��Òm#����������.�$������,9

�1)��  '�1) ����� 
G§ � � ¥�& '�1) < ¢5'mJ�)7¨ '�1) ����� 
G§ � � ¥�& : z�:Cz}�LO���z}��¢MmJ�7z�¨."!���	�$��"!
'm�� )  '� ) < ¢�E : z : z ��OA� z �t¢Mm�� z K

� 6"!+�	���$"!,����9p��6"!
SE

�D�R��$b-/9r�u�¶��6"!
varcomp()

�b$����C$��j	��́ ! � ¥G& : z�:Cz}�LOA�,z}��¢Mm���z�̈
Cmd> se_comp <- sqrt(2*sum(g^2*MS[J]^2/DF[J])); se_comp
(1)      3.5875 Same as in output

Cmd> sum(g*MS[J]) + 1.96*vector(-1,1)*se_comp
(1)    -0.69346      13.369� 6��L�~��	��*������$��Ymp."!~	�9v	������%� Ñ �¼-/	���!'(��
	

��9*�G!��>+�	��<�����o��
��È���¶��6"!'mQ!�:D�%!�!,���u�®�%�́ !�!bm���-
�V!,�%!���$��t��!���	��>:0!43��/6�����6p��6"!�
�	��%!~90���0H
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~�w�L9MmJ��9�:��7�¼-��t���~�t�,�Ð� )
.�	��"!bmÐ��9v	�9Q����-/	���	������q� Ñ �¼-/	�������9���� � ¥%�u�t¨
�/60�,�"!Um#����������.�$*�¾���,9~���'-/$w��6 ·�² - - -��0²�»V²��
��6�	�9p��6"!'mJ����������.�$*�¾���,9r�R�s�u��H
� 6"!~	������q� Ñ �¼-/	*�G!~+�	��C��	�9w��!2�u�G'�1) ���

Í�	��wE�'�*) � K  ��� � ¢DEG&J�MmJ�%K H
�D!,�%!~	��%!	������q� Ñ �¼-/	���!¿�7�¼-��t���~�t�,�Ð� 
�H

Cmd> sqrt(sig_Asq_hat) + \
 invnor(1-eps/2)*vector(-1,1)*sqrt(sig_Asq_hat)/df_Asq_hat

(1)      1.8542      3.1809� ��$�	��%!µ��6"!��"!F���':0!#�j	������q� Ñ �¼-/	���!¿�7�G-r�����
�����o� 
 �G¤

Cmd> (sqrt(sig_Asq_hat) + \
invnor(1-eps/2)*vector(-1,1)*sqrt(sig_Asq_hat)/df_Asq_hat)^2

(1)       3.438      10.1185��4-/��	��%!µ��6"!��"!½���t��6���60!+�	���$"!��®���4-/��$���!bmmJ�L�́ !��#����
�%�q�4- � � ¤
Cmd> sig_Asq_hat/ \

(invchi(vector(1-eps/2,eps/2),df_Asq_hat)/df_Asq_hat)
(1)      3.0545      22.469� 6"!����4�V!����́ �¼-r���Ð�L��90�J�f.�	Mm,3�.�$��®��6"!$����"!���7�¼-��t�o���~�́ 	��È�R�w��H
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�D!,�%!�����	�9�	�9�	���
��������u�¶��60!Um�	���	~��9ªÏ�!�6���!��0�IJ�q��.���!�- 1�1*H��R3u	r�,9"!d@��%	w�#�7���®���%�,.���!�- ¤
Cmd> data <- read("","pr11.3")
pr11.3          25     2
) A data set from Oehlert (2000) \emph{A First Course in Design
) and Analysis of Experiments}, New York: W. H. Freeman.
)
) Data originally from Vangel, M.~G. (1992). ``New methods for 
) one-sidedtolerance limits for a one-way balanced random-
) effects {ANOVA} model.''{\em Technometrics\/}~{\em 34},
) 176--185.
)
) Problem 11.3, p. 278
) Columns are batch number and (coded) tensile strength.
Read from file "TP1:Stat5303:Data:OeCh11.dat"

Cmd> makecols(data,batno,tensile)

Cmd> batno <- factor(batno)

Cmd> anova("tensile=batno")
Model used is tensile=batno
                DF          SS          MS
CONSTANT         1  3.7706e+06  3.7706e+06
batno            4      4163.4      1040.8
ERROR1          20      1578.4       78.92

Cmd> tabs(tensile,batno,count:T) # it's balanced
(1)           5           5           5           5           5

Cmd> n <- 5; a <- 5

Cmd> resvsyhat(title:"Problem 11.3 residuals")
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Cmd>  ems("tensile=batno","batno")
EMS(CONSTANT) = V(ERROR1) + 5V(batno) + 25Q(CONSTANT)
EMS(batno) = V(ERROR1) + 5V(batno)
EMS(ERROR1) = V(ERROR1)

Cmd> vcomp <- varcomp("tensile=batno","batno"); vcomp
          Estimate          SE          DF
batno       192.38      147.28      3.4125
ERROR1       78.92      24.957          20

Cmd> MS <- SS/DF

Cmd> MS
    CONSTANT       batno      ERROR1
  3.7706e+06      1040.8       78.92

Cmd> (MS[2] - MS[3])/n # estimate of sigma_alpha^2
(1)      192.38� 6��L�~���v	�9�!������¼-/	���!v�R� ��
G��H

)*�4� �"��9Cm2	�(��
	�����9,�"�YmQ!�9w�D!¿��9���!��>+�	�� H
Cmd> eps <- .10 # (1 - .9)

Cmd> estimate <- vcomp[1,1]; estimate # from varcomp() output
         Estimate
batno      192.38

Cmd> df <- vcomp[1,3]; df # from varcomp() output
               DF
batno      3.4125

Cmd> vector(df*estimate/invchi(vector(1-eps/2,eps/2),df))
(1)       77.069      1342.9 90% confidence interval
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 ��¢b���¼¤
Cmd> f <- MS[2]/MS[3] # F-statistic

Cmd> limits <- f/invF(vector(1-eps/2,eps/2),DF[2],DF[3])

Cmd> limits
(1)      4.6016      76.527� 6"!��"!~	��%!'(��
	̧ �7�¼-��t��������
E���� � 9b� 
 �tK�¢b���  1 � 9�� 
 ��¢����

Cmd> (limits - 1)/n
(1)     0.72032      15.105� 6"!��"!~	��%!¿�7�¼-��t��������o��
���¢����
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�
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�
O�� «  ��� � 9�� 
 �S	�9Mm�

O�� �  ���S�0� �½ 1 � 9b� 
 �t¢b����H
;=9���6�����! Ñ 	b-/����!43u��$����0���0!½��� �� �F	�9Mm~� 
 �
 &����FE��Ò���,�"!µ�7��!,�����¼-/	���!,�DK Hk "!J�QÆº��"��9Mm
��6"!~�0�4�V!��È�R�È	��
	¿�G!������u� � � ¤���
��  � �����
	v�>	�9C:0!2�u�È+�	���$"!��r�u�È9bH

Cmd> sigmasq <- 80; sigma_Asq <- 200

Cmd> n <- run(2,30) ; a <- 5

Cmd> 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

Cmd> ems2 <- sigmasq; ems1 <- sigmasq + n*sigma_Asq

Cmd> rho <- ems1/ems2

Cmd> p <- 1 - cumF((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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Cmd> lineplot(n,p,title:"Power of 5% test vs n", \
ylab:"Power",ymin:0)
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