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Statistics 5303                                                        Lecture 40                                             December 11, 2002T TTT0U UUUNV VVVXW WWWZYYYY�[ [[[]\ \\\H^ ^^^ V VVV2____ T TTT V VVVNW WWWOYYYY \ \\\ U UUU [ [[[ V VVV2____a````cb bbb#dddd [ [[[fe eeeg^ ^^^ d ddd
T TTT0U UUUXV VVVhW WWWOYYYY�[ [[[i\ \\\H^ ^^^ V VVV2____kjjjj V VVVXW WWWlYYYY \ \\\ U UUU [ [[[ V VVV2____*mmmmKb bbb#dddd [ [[[ne eeeg^ ^^^ d ddd 	��%!o�%	������J
�?�p���+!l��
q�r!s��	0�E!�t'�5� W WWW \ \\\H^ ^^^ j jjj \ \\\ u uuu ^ ^^^ m mmmKb bbb m mmm tX!,���v8B7��cF
w 4+!,
.	��%!x7"!�!ctX!cty)"!���	�$��"!z����� W WWW \ \\\ { {{{}|||| _ ___ b bbb Y YYY~b bbbj jjj V VVVhW WWWlYYYY \ \\\ U UUU [ [[[ V VVV�____�mmmmAb bbb2dddd [ [[[�e eeeg^ ^^^ d ddd
-0F w 4"!�7�$�(�)+!,���Z�����%!,	��N(S!,70����8��~�2�*��!,���N�Z>7"!�7�����	��5��
'�k�n��4q��4"!�7�$c(*)+!,���Z���%	��#�5�����cF1,���q-K1��l/21�����1�� = /�1,�M����-K1O/21����M�-K��1�&O/?F�FvF�/21,�����q-0/���&��l/��s@ = /?F�FvF
1OF��2�,$�8+!#����7,������(*	����p��7�	�)+�,$��k���5�s��4+!��7���!��<	"�#���p��7��.C�!,�"��!,�0����4N���"!��B�,7,����$�7AtN!ct�k�n��4�)��p�K������I�!��"!,7'�*4"!,7�
+�,$q��4���7����+��(S!�Z����4"!Z(�	��%!7+!�8��5�v8H��)���!�F
GH	��N� �Z����4"!¡(a��������	0�h�p�,7�����M�B�,7,����$�7KtH��7�8x����k�5�5�5��7�8�7"!����y�����	"������������!¢�J7,������(�	0���p��7k��77"!,8��5�v8H��)���!�4��v8B4����£tN!�����7���!,��	��2�h����7��x��7��,��tX!,��5�x4�	��+! d ddd { {{{ V VVV�____ _ ___ b bbb U UUUy¤¤¤¤2____ \ \\\ W WWW2¥¥¥¥ d ddd F
¦ ��	"�#���p��7�	����%!,���r����	����p�,7�4�	���	����§(k�5��	������~�Z>�"!��N��
cF¨9©�ª��	��������"����!�����7��n�,��(�	0�h����7��,7R�*4�	0�	��%!D��4N��$A8B4����5�')"!¬«+�®l�5¯p®O¯�°���±��70��!,��	��#���p��7���5�x	��5�p���²$����J7A8 j jjjEb bbbs³³³³ b bbb U UUU Y YYY U UUU b bbb V VVV Y YYY { {{{ b bbb ^ ^^^ Y YYY d ddd F
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9;7��B��7��n�,$�7AtN!ctk�B�2(*����!H��!´�%	��2���,�A�J	��stX!,���v8B7��g/��7���
�	��n!��µ!O���n!A�#����	��%!�����7,����$�7KtN!�t�F¬�2�,$��	�7�!������§(*	���!	�7Kt¶��!,�0�ª	��5�P��4"!.����4"!��!O���n!A�2�����%�%��(·tH�����f!��%!,7��B!,��)+!H�N�S!�!,7�)��p�A�����cF
L����%!����+!,�h/¸��4+!,7�)��p�K������	��%!��	�7AtX�2(�/Z
+��$��	�7�!��"!,7�!,�0�h�§(*	0�E!D��4+!�����7,����$�7KtN!�tk!l�<�n!A�2����%�~�2(¹�B�,7����<	�������)+!H�N�S!�!,7�)��p�A�����c/�	��n��4N��$A8B4��4"!��r!�����	�7AtB	��£tk!��<�~�,�<��	��%!¬(*$"��4���	��<8+!,�hF
9;7�	�%��	��#���p�,7�	����%!����5����	0��!
• º,» ,¼¾½�!l�<�n!A�2����������7,����$�7KtN!�t�k�n��4�	0���!,	���� ��7+!��H��4+!,��!O���n!A�#�}C¿«XÀ�ÁM)��p�A����I
•
w 4"!��r!z���¶«XÀ'�*	�
y�5�¶tH�J�"!,70��	�7A8���!D��4"!�(����4"!��k��4�	�7�)�
��J7��s��$AtH��7A8(a���%!±���%!,	0�+(S!,70��B��(*)���7�	0�h�p�,7��gF` ```Â[[[[ j jjj j jjj§b bbb U UUU b bbb ^ ^^^ W WWW b bbb [ [[[ ^ ^^^ Ã ÃÃÃ \ \\\ W WWW V VVV ¤ ¤¤¤ u uuu _ ___ V VVV U UUUXÄ ÄÄÄ����$�	"�#��$�	��5��
¶ÅXÀc«�ÆÇÁM��	�
k��7"!�!O���n!A�#�����Èv����7��n�,$�7AtN!�t�È��k�n��4.	�7N����4"!��hF¡����$.��	�
x���É���V VVV�____ [ [[[ V VVV d ddd b bbb m mmm F

Ê��5��	��+!ctk!l���f!��#����	��%!��r!�	��5��
y��4"!¬Ë��KÌ*!O���n!A�2����$�7AtN!,�}tH�5�<�n!,�%!,70�ª7�	c(S!,�cF
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Statistics 5303                                                        Lecture 40                                             December 11, 2002w 4"!�)�	��������B��7������<$"�#���p��7��n�,��	�%��	��#���p�,7�	���%!,���5����	���!z���q�5�É��4+���,�"!�	����r	"�#�5���M�B��(�>)��J7�	����p��7��q��4"!D���r!�	��N(S!,7������J7���7+!)��p�K���k�Z�	��B��7��n�,$�7KtX!ct�tX!,����8�7gF
1,Í�Î � �k�n��4kÊS6�3¶�B��7��n�,$�7KtX!ct9 959C�-�I 		�) )	"� �)"� 	�)��
9;7�)��p�K���¬9?��4+!±���%!,	��N(S!,70��(S!�	�7���	��%!
ÏOÐ ��Ñ � Ï >NÒ � >AÓ � >KÔ �%Õ ÒSÓ ���rÕ ÒSÔ �v�rÕ ÓsÔ �v� >+ÒaÓsÔ ���v�ÏZÖ�× � Ï Õ Ò � Õ Ó � >KÔ � Õ ÒSÓ ��� >+ÒSÔ �v� >�ÓsÔ �v� >+ÒaÓsÔ ���v�ÏZÖÇØ � Ï Õ Ò � >AÓ � Õ Ô � >+ÒSÓ ��� Õ ÒSÔ �v� >�ÓsÔ �v� >+ÒaÓsÔ ���v�ÏZ×ÇØ � Ï >NÒ � Õ Ó � Õ Ô � >+ÒSÓ ��� >+ÒSÔ �v� Õ ÓsÔ �v� >+ÒaÓsÔ ���v�
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���O�5�p���k��7A8y��	�)���!2F

9 Ê 6 ÊS6 3 Ê¸3 6�3 ÊÂ6�3C�-�I � ����� ��� � ��� � ��� � ��� � ��� � ����� ��� � ��� � ��� � ����� ��� � ����� ��� � ��� � ���
	 Õ - Õ - >�- >�- >�- >0- Õ - Õ -) Õ - >0- Õ - >�- >�- Õ - >0- Õ -	�) � ����� ��� � ����� ��� � ����� ��� � ����� ��� � ��� � ��� � ��� � ��� � ��� � ��� � ��� � ���
� Õ - >0- >�- Õ - Õ - >0- >0- Õ -	"� � ����� ��� � ����� ��� � ��� � ��� � ��� � ��� � ����� ��� � ����� ��� � ��� � ��� � ��� � ���	At � ����� ��� � ��� � ��� � ����� ��� � ��� � ��� � ����� ��� � ��� � ��� � ����� ��� � ��� � ���	�)�� Õ - Õ - Õ - Õ - Õ - Õ - Õ - Õ -9;7y��4+!,�"!&±�~�2�*�g/

•
��4"!��B�A!l�<�"���?��!,7����x��7����O��$c(*7¡9Z	��%!±��4+!7"!,8�	������+!��Z����4+�,�"!z��7����O��$c(*7 ÊÂ6�3

•
��4"!��B�A!l�<�"���?��!,7����x��7��B�l��$c(*7 Êµ	��r!D��4"!7"!,8�	������+!��Z����4+�,�"!z��7����O��$c(*7�6�3

•
��4"!��B�A!l�<�"���?��!,7����x��7����O��$c(*7�6±	��%!±��4"!7"!,8�	������+!��Z����4+�,�"!z��7����O��$c(*7 Ê¸3

•
��4"!��B�A!l�<�"���?��!,7����x��7����O��$c(*7�3¬	��%!±��4"!7"!,8�	������+!��Z����4+�,�"!z��7����O��$c(*7 ÊÂ6
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 Ö;× Õ 
 Ö�Ø >�
 Ð �;Ñ >�
 ×ÇØ I���&��Ò � >�Ó?Ô ���MÕ C	� Ö;× Õ � Ö�Ø >
� Ð ��Ñ >�� ×�Ø I��A&w 4��J��4�	���!,���"!A�2��	����p��7
 C �Ò � I}��Ò � >�ÓsÔ �v�w 4��J�R(S!,	�7��kÊ²����	��5��	��"!ct��k�n��4>�6�3?F

9n��Ó?Ô ��� ���O/l��4��J������7+���ª	����~��)��p!�(�/�����7���!��4"!�7  C �Ò � I}��Ò � 	�7Kt �Ò � �����A«B°�¯���Ë"�Å�F
� �����}Ó?Ô �v� ������(�	��5���%!l��	0�h�J�"!±�5��Ò � /P�n�k(*	�
7+�H�ª)"!�	��%!,	��¸���~��)��p!�(�F
���2�S!��"!,�h/Â���}Ó?Ô �v� ����7N���ª�c(*	��r���%!l��	������+!±�5�Ò � /Z
+��$�4�	��"!�+!,����!,��)���	���	�7At¶��4"!z��7���!,�A>
���%!#��	0�h�p�,7��O�M	x��	��<8+! �Ò � ������$����+!A�2�"F �Ò �(*	�
�)"!z��	��<8+!�)"!A��	�$��+!¡Ó?Ô ��� �J����	��<8N!2/�7N���)"!���	�$��"!xÒ � ������	��<8+!2F�Ê����+�#/¸�*4"!�7�)+�H��4.Ò �	�7At�Ó?Ô ��� 	��%!¢��	��<8+!xÒ � >�ÓsÔ �v� (*	�
�)+!�c(*	��5�	�7At.7N���ª��4N�2��$���	������v8�7����"����	�70�"F
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�Ï ��C�
 Ö�× Õ 
 Ö�Ø Õ 
 Ð �;ÑZÕ 
 ×ÇØ I��A& �
Ï >�ÒaÓsÔ �v���MÕ C	� Ö;× Õ � ÖÇØ Õ � Ð ��ÑZÕ � ×�Ø I��A&�0� Ï ����	��5��	��"!ct��k�n��4>+ÒaÓ?Ô ���v� F9;7y��4+!7N����	����p��7k�Z���%�<	"�#���p��7�	��:�%	��2���,�A�J	����g/ Ï���.	����+�A�s��	0�E!�t��k����4qÈ�!l�<�n!��#�£È 9�/O�+�¡�S!�	����N���	�
¬9S����	��5��	��"!�t�k�n��4>�ÊÂ6�3?F

>¾ÊS6�3 ���y��4+! Å+��"¯v«�¯v«N®��BÀ�«0Á�¼<��Ë�Á�F
w 4��J������	����+�±��4"!¬(S!�	�7���7�8k�O�*��4+! Å+���¯�«�¯v«N®¼%s���0Á�¯pÀ�«����������������� �������� ���� F
����$���	�7�8+!H����4"!�!,70�h���%!�	��5��	���������$��#��$��r!�%�~�2( 9P��>¾ÊS6�3¬)�
�$�����7�8�8+!�7"!��<	��5�"!�!�t(*$��n�������5����	����p�,7���7'�*4�����4¡9Z	"�#�����5���+! -0F
Ê$#�9P��Ê���>¾ÊP�J6�3 ��>�6�36%#�9Â��6 ��>�ÊÂ6 � 3 ��>�Ê¸33&#�9Â�ª3 ��>�ÊÂ6�3H����>�ÊÂ6ÊS6%#�9P��ÊÂ6 ��>¾ÊP�J6,�©3 ��>�3���§(k�5��	�����
 Ê¸3 ��>�6±	�7Kt.6�3 ��>�Ê
ÊS6�3&#�9P��ÊÂ6�3 ��>¾Ê � 6 � 3 � ��>�9
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' !,7"!��<	��5��
g/Â��7�	�1)( Î+* tN!����v8B7�C����r	"�#�5�����R�k�n��41 ��!��"!l���c/P��7�	±-,��1 * �%!,���5����	0�E!�I¿/s��4+!RtN!����v8B7����tN!O�"��7+!ct.)�
���tN!O�"��7���7A8.�r!s��	����p��7��gF
¦ �,��!,��	�(*����!2/,��7+!���4N�O���B!´������	�1)- Î ��tX!,���v8B7CE� �%	��2���,������7/.�$�	��+��!,���%!,���5����	0�E!.�Z�����0!�!- = I¿/Z	��%!±��4"!1�tN!l���J7���7A8.�%!l��	����p�,7��

9P��ÊS6�3¬	�7At´9P��ÊÂ� 
9;7�����	��B!��O�Â��7"!.�Z����4"!,�+!
N��$�����$��vt.$��+!9P��6�32�  ����7���!qÊÂ6�3&#XÊÂ�  ��Ê � 6�32�  ��6�32�  F
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Ï Ö � Ï Õ Ò � >AÓ � >KÔ � >+ÒSÓ ��� >+ÒSÔ �v�rÕ ÓsÔ �v�%Õ ÒaÓsÔ ���v�Ï × � Ï >NÒ �%Õ Ó � >KÔ � >+ÒSÓ ���rÕ ÒSÔ �v� >�ÓsÔ �v�%Õ ÒaÓsÔ ���v�Ï Ø � Ï >NÒ � >AÓ �rÕ Ô �%Õ ÒSÓ ��� >+ÒSÔ �v� >�ÓsÔ �v�%Õ ÒaÓsÔ ���v�Ï Ö�×�Ø � Ï Õ Ò �%Õ Ó �rÕ Ô �%Õ ÒSÓ ���rÕ ÒSÔ �v�rÕ ÓsÔ �v�%Õ ÒaÓsÔ ���v�w 4"!��B��!O�������s��!,70����	��%!´�%�~�2(*���%������	g/Z)g/c��/	�7At.	�)��.�O����4+!±��	�)���!��O����-��p�cF¨9;7y��4"!,�+!�~�2�*�q��4+!��B��!O���"���s��!,70�����Z� Ï 	�7At ÊS6�3¬	��%!��4"!���	c(S!�/�	���	��%!D��4+!��B��!O���"���s��!�7������Z�SÊ	�7At�6�3?/�6±	�7At Ê�3?/�	�7Kt�3¬	�7Kt�ÊÂ6OF
w 4"!�7�	0��$��<	��#!,�0�h�E(�	0�E!.�Z��Ò � ����7+����Ò � ��C5
 Ö Õ 
 Ö;×�Ø >�
 × >�
 Ø I��A&��Ò � Õ Ó?Ô ��� Õ C	� Ö Õ � Ö�×�Ø >
� × >�� Ø I��A&�k�n��4�!����"!��#��	����p��7  C �Ò � Iª�kÒ ��Õ Ó?Ô �v� F
�0�2� Ê²����	��5��	��"!ct��k�n��4 Õ 6�3¬	�7KtR��4+!
tN!l�"��7���7A8.�%!l��	����p�,7����¡9P��ÊÂ6�3
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9P��ÊÂ6�3?/�Ê���6�3?/26 ��Ê¸3?/H3 ��6�3?F

w 4��J������!,���+!,7�����	��5��
q��4"!���	�(Â!�	���)"!O�����%!�/!,�"��!,�0� �n�,�}tH�����n!,�%!,7��B!,�x��7�����8�7��cF
6�!A��	�$��+!��O����4+!RtH�5�<�n!,�%!,7"��!,�x��7����v8�7��g/Â���

+�,$���4+��$��©t�tX!A�s�©tX!±�5�¶th�'	��"!A����7At�1,ÍvÎ �
!,���"!,���§(S!,70�+/P����
N��$�$��"!D��4+!�����4+!,��)��p�A���

+�,$���	�7Ét#���"!�7���	�7A8H��!	��5�#!O���n!A�2����!,���B!,�0�
ÊS6�3 �*4�����4'�a��$��vt.)"!��B�,7,����$�7AtN!ctq)"!#�+�S!�!�7
��4"!�)��p�K�����gF

10

Statistics 5303                                                        Lecture 40                                             December 11, 2002L¸	���Êa7+�,��	�4�	����"!,�+!,��	��H���2(�(*	�7Kt��������a��������7�8'�k�n��4�%��	��2�h�p�,7�	��¸�r!����5����	���!tN!����v8B7��gF
¦ �,�k�+�a�O>"�"!��A��!���%��	��#���p�,7��g/Z
+�,$����+!A�?���r
8+!�7"!,��	0���,�<�.C�	��5�J	��"!���I:$�����7A8.	R(*	0�������gF
w 4"!8+!�7"!,��	��5�����,� °���Ë�¯�Ë�(*	���������4�	��
•
	��~��� ���,�M!�	���4�8+!,7+!,��	��5���

•
	����O��$�(�7�������!,	���4�%	��2���,�

•
!l��!Z(S!,7����'��4�����4�	��%!���-������OF�Êµ7N��7,>
!�!��%���	���$"!z��7KtH����	���!,�y��4+!´�%	��2���,��	����N�Z>�s��	0��!ct�k�n��4y��4+!��B�l��$c(*7x������7y��4"!8+!�7"!,��	��5�,��� ��4"!����~�gtB$"�#� �Z����4"!�7+��7 !�!,�~�!l��!Z(S!,7����x��7�	�8+!,7+!,��	��5���}tN!#�E!���(���7+!,�y��4+!���v8B7��O�*��4"!8+!�7"!,��	��5���hF

Cmd> gen <- matrix(vector(1,1,1,0,0, 1,0,0,1,1), 5)'# 2 by 5
matrix

Cmd> gen # ABC and ADE are generators
(1,1)          1           1           1           0           0
(2,1)          1           0           0           1           1w 4��J�����+!A�s�5����!��ÉtX!O�"��7���7�8��%!l��	0�h�p�,7��9P��ÊS6�3¬	�7At́ 9P��ÊÂ� ������	�1 - Î � tN!����v8B7�C�-,�A1 � �q-,��&±�%!,���5����	���!�k�n��4�1)- Î �����¡���%!,	0�+(S!,70���cF
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aliases2()
����7KtB�.��4"!'	��5�v	��"!,��C��Z� 9]I��n����	tN!����v8B7�8+!�7"!,��	��5�,�XF

Cmd> aliases2(gen) # gen contains generators ABC and ADE
(1) "I"
(2) "ABC"
(3) "ADE"
(4) "BCDE"6�32�  �J�q��4"!8+!,7+!,��	��5�"!K!ctq���~�gtB$"�#� �Z�SÊS6�3	�7At ÊS�  F

�2��$�$��"!�"!,
c�a����t
effect

���'���"!A�s���r
q��4�	��
+�,$R�*	�70�ª	��5��	��"!,�k�Z��	�7N����4"!,��!l�<�n!A�2�+F w 4����8+!#���q��4"!	��5��	��+!,���O�SÊÂ6OF
Cmd> aliases2(gen, effect:vector(1,1,0,0,0))
(1) "AB"
(2) "C"
(3) "BDE"
(4) "ACDE"w 4"!RtN!O�r	�$��f�ª��	���$"!��Z�

effect
�v�q��4"!�"!A�#������O��	��5�̧ �����g/?��4�	0�É���qÈ�!O���n!��#�£È 9JF

Cmd> aliases2(gen, effect:vector(0,0,0,0,0))
(1) "I"
(2) "ABC"
(3) "ADE"
(4) "BCDE"
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allaliases2()
���A��7B���.��4"! �BÀ0Ì������ÁE�	��5�v	��������$��2��$��r!¢�����k��4+!RtX!,���v8B7gF

Cmd> allaliases2(gen) # each effect is aliased with 3 others
(1) "I = ABC = ADE = BCDE"
(2) "A = BC = DE = ABCDE"
(3) "B = AC = ABDE = CDE"
(4) "AB = C = BDE = ACDE"
(5) "D = ABCD = AE = BCE"
(6) "AD = BCD = E = ABCE"
(7) "BD = ACD = ABE = CE"
(8) "ABD = CD = BE = ACE"

 �+!,��
�!l�<�n!��#������	��5��	��+!ct�k�n��4��y����4"!,���cF
�0�2� ����
q��4"!8+!�7"!,��	��5����������	�1�� Î�� �%��	��s>���p��7�	����%!,���5����	0�E!'tN!����v8�7.C�-,�H- = �%!,���5����	0�E!�I¿F

Cmd> gen <- matrix(vector(0,1,1,1,1,0,0,0, 1,0,1,1,0,1,0,0,\
1,1,1,0,0,0,1,0, 1,1,0,1,0,0,0,1),8)' # 4 by 8 matrix

Cmd> print(gen, format:"2.0f")
gen:
(1,1)  0  1  1  1  1  0  0  0 I = BCDE
(2,1)  1  0  1  1  0  1  0  0 I = ACDF
(3,1)  1  1  1  0  0  0  1  0 I = ABCG
(4,1)  1  1  0  1  0  0  0  1 I = ABDH
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Cmd> aliases2(gen) # the aliases of I
 (1) "I"
 (2) "BCDE"
 (3) "ACDF"
 (4) "ABEF"
 (5) "ABCG"
 (6) "ADEG"
 (7) "BDFG"
 (8) "CEFG"
 (9) "ABDH"
(10) "ACEH"
(11) "BCFH"
(12) "DEFH"
(13) "CDGH"
(14) "BEGH"
(15) "AFGH"
(16) "ABCDEFGH"
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Cmd> allaliases2(gen) # lots and lots of output
 (1) "I = BCDE = ACDF = ABEF = ABCG = ADEG = BDFG = CEFG = ABDH
= ACEH = BCFH = DEFH = CDGH = BEGH = AFGH = ABCDEFGH"
 (2) "A = ABCDE = CDF = BEF = BCG = DEG = ABDFG = ACEFG = BDH =
CEH = ABCFH = ADEFH = ACDGH = ABEGH = FGH = BCDEFGH"
 (3) "B = CDE = ABCDF = AEF = ACG = ABDEG = DFG = BCEFG = ADH =
ABCEH = CFH = BDEFH = BCDGH = EGH = ABFGH = ACDEFGH"
 (4) "AB = ACDE = BCDF = EF = CG = BDEG = ADFG = ABCEFG = DH =
BCEH = ACFH = ABDEFH = ABCDGH = AEGH = BFGH = CDEFGH"
 (5) "C = BDE = ADF = ABCEF = ABG = ACDEG = BCDFG = EFG = ABCDH
= AEH = BFH = CDEFH = DGH = BCEGH = ACFGH = ABDEFGH"
 (6) "AC = ABDE = DF = BCEF = BG = CDEG = ABCDFG = AEFG = BCDH =
EH = ABFH = ACDEFH = ADGH = ABCEGH = CFGH = BDEFGH"
 (7) "BC = DE = ABDF = ACEF = AG = ABCDEG = CDFG = BEFG = ACDH =
ABEH = FH = BCDEFH = BDGH = CEGH = ABCFGH = ADEFGH"
 (8) "ABC = ADE = BDF = CEF = G = BCDEG = ACDFG = ABEFG = CDH =
BEH = AFH = ABCDEFH = ABDGH = ACEGH = BCFGH = DEFGH"
 (9) "D = BCE = ACF = ABDEF = ABCDG = AEG = BFG = CDEFG = ABH =
ACDEH = BCDFH = EFH = CGH = BDEGH = ADFGH = ABCEFGH"
(10) "AD = ABCE = CF = BDEF = BCDG = EG = ABFG = ACDEFG = BH =
CDEH = ABCDFH = AEFH = ACGH = ABDEGH = DFGH = BCEFGH"
(11) "BD = CE = ABCF = ADEF = ACDG = ABEG = FG = BCDEFG = AH =
ABCDEH = CDFH = BEFH = BCGH = DEGH = ABDFGH = ACEFGH"
(12) "ABD = ACE = BCF = DEF = CDG = BEG = AFG = ABCDEFG = H =
BCDEH = ACDFH = ABEFH = ABCGH = ADEGH = BDFGH = CEFGH"
(13) "CD = BE = AF = ABCDEF = ABDG = ACEG = BCFG = DEFG = ABCH =
ADEH = BDFH = CEFH = GH = BCDEGH = ACDFGH = ABEFGH"
(14) "ACD = ABE = F = BCDEF = BDG = CEG = ABCFG = ADEFG = BCH =
DEH = ABDFH = ACEFH = AGH = ABCDEGH = CDFGH = BEFGH"
(15) "BCD = E = ABF = ACDEF = ADG = ABCEG = CFG = BDEFG = ACH =
ABDEH = DFH = BCEFH = BGH = CDEGH = ABCDFGH = AEFGH"
(16) "ABCD = AE = BF = CDEF = DG = BCEG = ACFG = ABDEFG = CH =
BDEH = ADFH = ABCEFH = ABGH = ACDEGH = BCDFGH = EFGH"
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� 7���!�
+�,$�4�	��"!'tN!A�?�©tN!ct ��7y��4+!	��5��	���������$��l>��$��r!2/�
"��$��,	�7�$A�"!
ffdesign2()

���¬�"�v7Kt�*4�����4����2(*)���7�	����p��7��k�Z���%	��2���,����!,�"!s����	��r!	��2��$�	��5��
�$��+!ct�F
Cmd> ffdesign2(gen) # the principal fraction
 (1) "(1)"
 (2) "afgh"
 (3) "begh"
 (4) "abef"
 (5) "cefg"
 (6) "aceh"
 (7) "bcfh"
 (8) "abcg"
 (9) "defh"
(10) "adeg"
(11) "bdfg"
(12) "abdh"
(13) "cdgh"
(14) "acdf"
(15) "bcde"
(16) "abcdefgh"w 4"!��r!�	��%!'1 � �y- = ���%!,	0�+(S!�7�� �B��(�)���7�	�>���p��7��g/,���.-,�A1 � �q-,�H- = �O�*��4+!'1�����1�� =�+�,�����J)���!���4+�O����!,�cF

 	"��4���4+�l����!��B�����%!,���N��7Kt��q�5�	���4N�O���B!��Z��+�,�����J)���!����v8�7�����7y��4"!RtX!O�"��7���7�8��%!l��	0�h����7��cF
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3�4�	�7A8+!D��4"!8+!,7+!,��	��5�������N�x��4�	0����4"!z��	��0���7+!¢����>¾ÊS6��%� ��7��0�E!�	Kt �Z�SÊÂ6��%�ZF

Cmd> gen2 <- gen; gen2[4,8]<- -1; print(gen2,format:"2.0f")
gen2:
(1,1)  0  1  1  1  1  0  0  0 I = BCDE
(2,1)  1  0  1  1  0  1  0  0 I = ACDF
(3,1)  1  1  1  0  0  0  1  0 I = ABCG
(4,1)  1  1  0  1  0  0  0 -1 I = -ABDH

Cmd> aliases2(gen2)
 (1) "I"
 (2) "BCDE"
 (3) "ACDF"
 (4) "ABEF"
 (5) "ABCG"
 (6) "ADEG"
 (7) "BDFG"
 (8) "CEFG"
 (9) "-ABDH"
(10) "-ACEH"
(11) "-BCFH"
(12) "-DEFH"
(13) "-CDGH"
(14) "-BEGH"
(15) "-AFGH"
(16) "-ABCDEFGH"

Cmd> allaliases2(gen2)
 (1) "I = BCDE = ACDF = ABEF = ABCG = ADEG = BDFG = CEFG = -ABDH
= -ACEH = -BCFH = -DEFH = -CDGH = -BEGH = -AFGH = -ABCDEFGH"
 (2) "A = ABCDE = CDF = BEF = BCG = DEG = ABDFG = ACEFG = -BDH =
-CEH = -ABCFH = -ADEFH = -ACDGH = -ABEGH = -FGH = -BCDEFGH". . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
(15) "BCD = E = ABF = ACDEF = ADG = ABCEG = CFG = BDEFG = -ACH =
-ABDEH = -DFH = -BCEFH = -BGH = -CDEGH = -ABCDFGH = -AEFGH"
(16) "ABCD = AE = BF = CDEF = DG = BCEG = ACFG = ABDEFG = -CH =
-BDEH = -ADFH = -ABCEFH = -ABGH = -ACDEGH = -BCDFGH = -EFGH"
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w 4"!D���r!�	��N(S!,7����x��7q��4"!'tN!,���v8�7���4�	�7A8+!�B��(*����!H��!l�J
gF

Cmd> ffdesign2(gen2)
 (1) "h"
 (2) "afg"
 (3) "beg"
 (4) "abefh"
 (5) "cefgh"
 (6) "ace"
 (7) "bcf"
 (8) "abcgh"
 (9) "def"
(10) "adegh"
(11) "bdfgh"
(12) "abd"
(13) "cdg"
(14) "acdfh"
(15) "bcdeh"
(16) "abcdefg"Q*4"!,�%!,�+!,�k��4+!,�%!¬�*	���	�7

h
)"!O�����%!2/Â�n� ���7+��� 8N��7"!�/�	�7Kt�*4"!��r!��"!,�
h
�*	��'(��J������7A8)"!l�����%!2/Â�n������7+�������%!,�+!,7��+F
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