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  � �� ���
���� ��� ��� �� ���$�& �' (��% ��� ��)�% �
� *�$ +�� �� �, �$�� -��.% ��.� �� /��0 ��  ���1�� �

�� ������ ��� .  ����� �����	 +��.��� ����	 �� ��23         �� �� �� ��, +���� 4��5� ���$ ��$�6�"7 � ��!�� ���"�
 ���8�� ��'��1��)��1�� �� 9:�;.� (�� ���
��� �'���$�& ���)�% �
� *�$ ������ ���� ��� .  ��� <��)� �� �� ���
�

���� ��% �� ����� ��'= �>.� 
�� #�;� +����	 #�� �� � ���� �!5"���? �
� *�$ ����!� �� �;@$   #��� �� ���'
�$�& ��� ���� ���A� ��' .   B$������ <��CD% E�� �� ���
��� +����	 #�� �
� *�$ ����!� <��.% ���� ��"� E��

�� .���$�� E�� �)�!� #�� �� *�$����!� <��.% ���� ���F �5& ����  �� �F�.� ����	 #�� �
�  ���� .  #��� ��

�<;G HIJ�� K�� � /��>L +E�        ����� �%���0 ��� ���� ��'��8� �����!� �� ����	 ����!� <��.% ���� <!$�
�� ��F�6       <���.% �����	 �� ����� 
��� ��� ��'�
� ����� �� �.L�� ��'�
� ����� +E�� ��;3� �� �.� �, ���

��� ��M�� 9�N��!% +��� . +�� O�A$� E�� � �CPM� 4�� �� �.� �)�!� #�� ������ �� ���
��� ��   ��� Q���� ����� ��'
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AA� ��      <�AA"�7B�# ��AA� C�AA
6�� DEAA� FAA� �1AA� ��AA2�� <�"��  
	����G�-        I�AJ�� # ��A�? <����A- <�A"�7B�# # ���A
� <��K�&�

4�L  # 	� ��#M�� 4;�  �EA, .     ��"��A� �A�� /A�"6 �� 0#��A�� N#�
O�� 	@� $E���7� .�1��� ��    FA� �	A@� $E�A��7� N#� ?� ��

P@���   �AQ �� ��, ��2�� �1� $�%�� ��#M�� <��� 	+���   �A� /A�L��

� �1� ��2�� �� �RS� 4;�J� <�Q��T�� ?� ���1��� /  	A� OA��  �A�M .  
�!�� N#� ��  /�A�� 0#��G 	�5�    9:�A;�� <�A��   <�Q�1A� ���A56

P��?#� � ��E��� �Q U�E6 ��, ���E6 /	� O��  ��#M�� <��
� # ��M
	� ����M ��  �E, .    <�A"�7B�# /A� /AGE6 �� �Q��E��� �0#�G ��� ��

/��� V���� ���, <�� ��� .  	A�- W�EA� /� 0#�G ����    <��A� �A�
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	� /�"6 �1� X��Y� Z��Q� �E,]1 .[3��      ?� /�A�� �AQ �1A� <�AQ
� <��������M ?� ���1��� �� 0#�G ��� �� �Q��E��� / 	A� O��  �A�M .

� ����;� 9&�E� 	Q�7 /  ��EA� �1� <E!�� <��������M ?� ���M O��
	�� $��� �� $�J�� ���
� ?� ��^��� �Q�� �0�_� <���   �1A� 3�� $�%��

��1� F� ���E��� F� <��� ���# $#��P /��;�     ?� �A��- ���AJ� �A���
��1� `�a ���E��� F� ���# #� ��P  ����� 9&�E� 	��� /- �,�� /��;�

� /	�� $��� �� E!�� ��� �<��������M ?� ���M O�� ��Q� .   4A��� /A�
    ��A�
� �A� bA���� �1� <E!�� �� ����;� ��� W#�16   �A��M�
 �$�AJ��

	� '�@� 0#�G ����;� 4��56 �E,.  
 � /��;� ���� /         0�A� ��A��� /A- OA�� ��A, 	Q����?�A� 4�A, �A�

���/ <���    �A^� ��EA� /�cJ� =d� # ��, 	
�5� /��7��8 9:�;��
 ����;� 4��56 <��� ��, ��"���a 0E�� # X��56 $�, ����M ?� �5�

P��#� 0#�G    OA�� ��A, ���� e�A+E6 ��1� 3�� .��   ?� N#� �A��
/��"� �E"1� 
��>� <��� <?�
 <?��P  3�A�      /A� FA��%� �1A� <�AQ
��#� ����;�P /�   	A� ���1�A�� <��������M ?� ���M O��  �EA, .  =dA�

 ���� ?� <��A�M /�E�� F� <��� N#� �����-     9��AG W�A5��@� <�AQ
4�L  #  �"�� 4;�O�� ��, 	���� `���� # ��, ���� e�+E6 . ��

/2��� �"���  <��7��� 9G��� #���, / ���.  
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���1��� ���#� �Q    $��AJ�!�� �� 0�A� ��� ?�)  0�A� ��1967   UA�E6
Pick  #Wootton  	AAQ#�7 4AA��>6 $�EAA�� OAA>6( �AA����M # �

)/��� 0�� $�E�� O>6 9:�;�� <��� (O
�7 W�E�]2 .[  
�
 	��� �L�# $�E�� /� ��E��� �0�� ��� ��     /A� �1A� �A��E6 �A��M

	� ���,     ��A, �A��E6 <�Q�1A� /- O�� ��� �� j�
 $M �� # ��M
  O
AJ� ��E��� $M 	�>� O�5&E� # W�KY�� /� ��E��� �Q U�E6

  ���� 	!�AJ� �A!�� Wk�"J6 # ���� 4>� ���- 4>� /� .  �A�� ��
        <�Q�1A� UA�E�� ���A56 W�EA� /A� ��A, �A��E6 <�Q�1� �0��

F� 
�:P � ��, ���E6���# /P    /A�1Q <��A� ?#� F� �� ��E��� F�
�?���� 	� <��7  �E,]1#2.[   

��Rl6 �0�� 	7��� ��
��md� /�L�� DE� ?� 0��   A;@�� <�A��P   ��EA�
   ��A� UA��#� 4�, ��E� �� 	+�
 n�Q $��� /�
�7�^� �� �/5��@�
   �AQ �� �AQ��T�� ��� U��#� $�E� W#�1�� $���� ���o�Q # �Q��T��

/��� ?� F�  ���E��� <�Q ��� ��E� �� ��, $��� <�"�7B�# /��G ?�
O�� 0�� . /� ?��� �0�� 	2����
��� <��� <���M pE� Vk� �E
�

/�E��  �0�� ��#�6 <��� ���? <���M <�Q <��� 	KY�� Vk� �E
�

�E>� /��� �� �EGE� <�Q��T�� p�Y���    4��A�6 # �AQ��E��� <���
3�� W#�1�� $����:� # ��
��� �0#�G    /A� �1A� <�Q   W#�A1�� 4A���

/�E�� ���56 $�E�   ��A,��� �/��� �Q <��� ����� 4��& <���M <�Q
��E�AA�aP   # 	AA��� IAA�>� ...  0�AA� �AA�� bAA��5� ?� ���AA, /AA� 

	� ��#]2#4.[ /��� 0�� O&� r��%
� <���     OA��L �9:�A;�� <�A��
��7��8P  $M)<�5� /� stE�5� (O�� '�@� .  �<�A5� /� O��L ��

	1��56 ��T�� #� �� �#k�   �� /A- 	�E� ��T�� �<�5� #� O��L ��
 ���E��A� �1� ���E6 ���M�
       ���# 0�A� �����A� �� �OA�� �RSA� �AQ

	� �E, .��#�>� ?� F� �Q <��� �O��L ��� ��   �A�T�� 	1��56 <�Q
/��� 0#�G ��E� 	� 4���6 <�5� #� 9:�;�� <���  �EA, .  stEA�5�

 # 	�E�J� 	��!8 �O�5�G ���M�� $Eo�Q 	��Q��T��...  $�E�� /�
	� /�
�7 �^� �� �E� ��T�� E,�� .E>��   /A� �Q��T�� ��� ?� ���1���

    �A� /A;@�� �/A�L�� F� �� �EGE� <�Q��E��� /- O�� W�E� ���
��#�>� /� /GE6 �� �", 4-    ?� FA� �AQ <��� 	1��56 X��Y� <�Q

   �AQ UA�E6 ��, ���E6 �1� 3�� =d� # ��, F��16 ��Q��T�� ���
�T�� ������ ��E���/��� 0�� 	1��56 <�Q�     <��A� �9:�A;�� <�A��

��#�>� 	� /
��>� �^���E� <�Q �E, .  
��#�>�          XA��56 t�A� # UA�E�� ���*�Aa $EAo�Q 	��Q�A1� �A� �AQ

	� 	� # ��E, ��#�>� �� �� �"�M $�E6     FA��16 IAQ ?� <��A� <�AQ 
��-. ���	� <�#M/- �E,  X��56 �� ���1�����E� 4;�J� <�Q��T��

�� 0#��G ��� OA��Q� /� /GE6 �� # <���M <�",#� ����  �A"�M  ��
	� p�Y��� ��1� ��2�� ���M�
 ��E,. E>� uEK� ��P�"6 �  0#�G

/���  9:�;�� <������	� <�#M�E,  ���E��A� ����� /-    �EAGE� <�AQ  
/AA�E�2� ��AA���� /AA;@�� ��  $�AA���"�7B�# # W��AA�EK� ?� <�

/�AA��  	AA� <�AA�� ��EAA, . � /�AA�� XAA��56 �� stEAA�5� bAA�-�6 ?
 �A�# O����� $�%�� $Eo�Q 	6���EK�P�     <�Av�� ���A56 �/A��;�

     ���E��A� 	7�A�? OA�5&E� # 4A>� ����E��� ��M�� $�%�� ����E���
	� ���1��� �E,]2 .[    /
L�AK� # 	A�1�6 ��A�6 �� <��������M =d�  
���E��� �� wY�� r�a ?� <�Q 	� ��2�� ���, ���7 .  

/
L�K� ��� �� ���E��� ��Q E� <�Q    Wt�SA� # W�A�k:� /A� �^���
wY��  ���,x��a 	� O���5
 �"�M /� /GE6 �� �6 ��Q�   <�1A� <�Q

�E, O
R ���E��� <�v�� ?� F� �Q]3 .[    ���A56 ��!��A�� /A���� ��
���E��� ?� /��� �Q <�Q�1�   �A��E6 <�Q�1� ���56 4- I�J;6 �� ��Q

���E��AA� ���AA56 /AA� �/�AA�� $M �� ��AA, /�AA�� $M �� �EAAGE� <�AAQ  
� /	� O�� ��#� 0#�G# ��MP    	A� /A�"6 �AQ��E��� �1� 3��  �EA, .  

��#�>� ?� F� �Q <��� 0#��G ��� �0�� <�5� /� O��L ��  <�Q
	� /�"6 ��E� ��T�� 	1��56 ��E,.     /�A�� 0�A� /A�E�� <��A�   <�A��
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  ���E��A� <�v�� ���56 �	��� ��T�� #� X��56 �� <�5� /� 9:�;��
 ��A�# O����� $�%�� #P  /A��;�      �zEA� �A�T�� # ��E��A� �AQ»  I-��A6

L�� 	��5�GP� ���E��� O�E�� 4>� �Q « A�E�� /� /GE6 ��P   <��A�M
�, /�"6 �"�� �", <��� �EGE� .  

  ���� N?���Aa <�"A,#� ?� ���1��� �� /- O�� e�+E6 /� �?t  # <�
w��, 	����  R2 $E�?M # t   �zEA� ��T�� ��Rl6 # <�����5� <���M

»�L�� 	��5�G I-��6P ���E��� O�E�� 4>�  �AQ «   �EA� ��A, �A��l6 .
��#�>� /� ���T�� ��� <���   	��5�G I-��6 I�Q�1� �� IA-  UA�E�� �

 #���? �, X��56 .   �	A��5�G I-��A6 �E"1� X��56 �Q <��� =d�
��#�>�       �A�� ?� FA� �AQ <��A� # ��A, X��56 	1��Y� 	z�- <�Q
��#�>� /�L�� ���56 ��Q  � # /A�L�� OL�J� # O�5�G ��Q  $M �A��

 �A, /
��>� �4- ?� .      $EAo�Q 	��A"-k� ��
�A7�^� �� �A� =dA�
��#�>� ?� F� �Q OL�J� ���� # O�5�G ����  ���o�Q # �Q

 ��#�A>� ���#�>� �Q �� �EGE� 	L�E� ���56 ��� 	!�Q��Q   <�AQ
     �A�? W�EA� /A� 	A��5�G I-��6 X���56 ?� F� �Q <��� 	�-��6

O
�7 ���& ���1��� <��
� # ��"���a]6:[  
X��- �#�>��  ��� 	��5�G I-��6 ��0  �650 �� /� ����Q �� �1� $�E

�I- 	��5�G I-��6 �� 	L�E�  
p- ��#�>�  ��� 	��5�G I-��6 ��50   �A6150      /A� ��A��Q �A� �A1�

�U�E�� 	��5�G I-��6 �� 	L�E� $�E��  
~- �#�>��  	��5�G I-��6 �������  ?�150 � /� ����Q �� �1� $�E�

 I-��6 �� 	L�E����? 	��5�G.  
��#�>� ?� F� �Q X��56 ?� �5�        /A� /AGE6 �A� �EAGE� ��A�M ��AQ

��#�>�     �AQ <��A� =dA� ����, F��16 /��� /� �� 	1��56 <�Q
    #� ��A���� ��E��A� �AQ U�E6 ��, ���E6 �1� 3�� 0#�G �/���

 ��T��»���E��� <�v�� ���56 « #»���# O����� $�%��P �?� /� /��;�< 
��E��� �Q « 4���6 �,)���� /� /GE6 ��    # ���A�� �� <��A�M <�Q

/��� ���56 uEK� �� '�@� 	��� 0E�� ������  ��E��A� <�Q( 
]2[ ��T�� <��� �»��# O����� $�%��P�   ��E��A� �AQ <�?� /� /��;� «3 

 e@�)/���# $#�� ����� �� /���# #� �/���# F� � (   �A�T�� <��A� #
»���E��� <�v�� ���56 «7  e@�)���E��� �Q   ���A1� #� ���A1� F� <

    ��A��� �A� ��A1� OA1Q # ��1� r, ���1� `�a ���1� ��"8 ���1� /� (  
�, /�
�7 �^� ��. �E��P �#�>� <��� ���1��� ��E� <���M  I-��A6 �

I- 	��5�G  4��,812  �A���� 	��5�G �� ���E���4151    <��A� ��A1�
�#�>��  4��, U�E�� 	��5�G I-��61984     	A��5�G �A� ���E��A�

�����9658 �#�>� <��� # �1�� 5�G I-��6  ��A�? 	A��   4��A,1911 
 ����� 	��5�G �� ���E���9755  OA�� �1� .  0#��AG ��3�2�1   3�A�

��#�>� <��� ��E��� �Q U�E6 ��, ���E6 �1�   I-��A6 	1��56 <�Q
O�� ��, ���� $��� 	��5�G. 
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     	A7B�# # 0#�AG DEA� /A� /AGE6 ��    /A�
�7 �A^��� <�AQ   ��A, ��
/��� ���E��� <���    W��A��T6 /A� /GE6 �� 	;@�� �1� <E!�� F� ��Q

	7B�# �� �EGE�     	A� ��A^��� ��^���EA� <�AQ �#� .   �� 0�A_� <��A�
	� ��^��� /��#� �1� 3�� 0#��G   r��%A
� �� �1� 3�� ����;� /- �#�

     ��A�# OA����� $�%A�� r��%A
� �A� ���o�Q # ���E��� ���
� ���56P 
� F� �Q �� �/��;���#�>� ?       	A��5�G I-��A6 �A�T�� 	A1��56 <�AQ  

     ?� 	Av5� �� 	A�- 4A�� �A�� /- ����� r��%
� b����� W�E� /�
	�� ���� 0#��G ����;� �E, ./��� ?� 	v5�    4A��� /A� 0#��G <�Q

�E�� �E
�P ���JQ ���;� $#�� �<���M .  	A���%
� ��#� F� ���o�Q
/��� �1� 3�� ����;� ��� b����� 	�Q�- ��  � <�AQ   �AQ �� $�AJ�

��#�>� ?� F�   	A�� ��A�� 	��5�G I-��6 ��T�� 	1��56 <�Q  �EA, .
     4A��� /A� ��EA
 ���EA� �� �#k� �EA
�      ���A56 ��A� 	
�A- bA���6

/�E�� ��� �Q �� <���M <�QP  ��E��� ���E��A� 	5&�# O
J� ��   <�AQ
P���     0#��AG ����A;� ?� 	Av5� OA&� �/;@�� �� �^���E��  	
�A-     

	�� �^� /� ��� .  
      0#�AAAG ����AA;� 4��AAA56 �#%AA� ����EAAA� �AA�� /AAA� /AAGE6 �AA�  

	� '�@�  �EA,.         0#��AG �1A� 3�A� ����A;� $��A- /A��"� �A��M�

/���  ��2�� =�����# 4��>6 N#� ?� ���1��� �� stE�5� 9:�;�� <���

	� � ��E,� /    3�A� ��!��A�� �<�A5� /� 0�� F� <��� /- 4�, ��
�E�� 4- �1�P 3�� ��!���� ���o�Q # <���M �E�� �1�P   # <��A�M

   0#��AG?� FA� �Q <�"�E�� # �Q�@� ?� F� �Q �1� 3�� ��!����
/���   ��#�A>� /A� CE��� 9:�;�� <���      �EA� �A�T�� 	A1��56 <�AQ

	� /
��>� �E, .��!���� Z��>�� =d�   F� �Q <�"�E�� # �Q�@�
�E�� 4- ��!���� ?� 0#��G ?�P   �A� $M ?� �5� # ��, /
��>� <���M

?� ���1��� � ����;� /    /A��� ?� FA� �AQ �1A� 3�� ����M O��   <�AQ
4��L ?� 0#��G �E�� ��!���� 9�GP  ��EA� 0#�G <���M    �A� �A^�

  AA��� $M /AA� CEAA��� $E�AA� # �@AA� ��!��AA�� Z��AA>��P 0#�AAG           
� /	� O�� ��M]2#4.[  
 	� <�L �6 N#� ��� 	� OJ��E6 	�^�  � # �AQ 	A��   Wt��A,� ?�

 4L �� 0���-�� � ���?���� �� �
@�� N#� ��� ���   <��A�M <�AQ
O�� # /��� ����;� ��� U��#� /� $M ��     ��A�� /AGE6 �#�A2� <�Q

��!���� %�� # �O��     3�A� ?� ���1�A�� �A� �^���EA� <�Q    �1A� <�AQ
� ���, ��Q��� / O�� ���M��� )      �A�� ��A
��� ���EA� 	A��� �� /A-

3�� 6 �1� <�Ql  OA�� ��A�� ��� .(  N#� 0�A��� ?� =Aa  �A7�  /A8
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 �6   	A� �EA
"� 0�A� <�#�L       �^���EA� 0�A� IAQ ?�A� �A�� �OA
��   
 O��#�AA>� <���� OAA�5&�# �AA� ��AA
@�� ��  �EAA� 	AAK&�E� # �AAQ .  

 0#�G ��4 �5  #6      ?� ���1�A�� �A� ��A, 4��A56 �1� 3�� ����;�
O�� ��, ���� $��� =�����# 4��>6 N#�.  

 $��Q 	� ��Q��� /- �E:   /A�
�� 4��A56 �1� 3�� ����;� ��E,   �A�
    A� ����A;� /A� �=��A���# 4��>6 N#� ?� ���1��� /   ?� ��A�M OA��

      	A�5� ��A^��� ��EA� <EA!�� ��A�o�Q # ��E
� F��%� <��������M

 �Q rQ�- �� r��%
�/��� ?� F�  /A��� /� O
J� 0#�G <�Q   <�AQ
�#�2� �uEK� /� ��#�>� ?� F� �Q ���    �	A��5�G I-��A6 <�Q

O�� ���� ���#M�� . ���o�Q ��A�<�#M  	A� �EA,     4A- ���A56 /A-
� <�Q�1� /�, 4��56 ����;� ?� ���M O���   N#� �A�� �� 0#�G

    <�Q�1A� ���A56 /A� F��%� �� <#�J� �Q��E��� ?� /��� �Q <���
    W#�A16 # ��EA
� ��E��A� ?� /��� $��Q <��� ��, ��Q��� 	5&�#

���� <���? ]6.[  

��+.1 .��+G! -(

 �&H�( 
)� *
�I B�&,�. J@(
� J@  
 -�KL( �(+,�

��(M��N 

�(M��N 
$ -('( �
 �&?�� ����� �(+,� 

0 1 +2 
1  78/1 1 - 

2  55/4 26/5 - 

3  14/5 69/6 50/9 

4  25/6 94/7 06/8 

5  64/6 14/8 75/9 

6  5/7 64/8 24/9 
+7  66/7 50/9 23/12 

 

 ��+.2 .��+G! -(

 �&H�( 
)� *
�I R�M�! B�&,�. J@(
�  
 -�KL( �(+,�

�(M��N� 

�(M��N 
$ -('( �
 �&?�� ����� �(+,� 

0 1 +2 
1  67/1 -- - 

2  33/4 63/5 - 

3  69/4 00/5 - 

4  56/5 69/6 67/10 

5  02/6 48/7 57/7 

6  30/7 03/9 86/9 

+7  00/7 89/7 69/10 
  

 ��+.3 .���' B�&,�. J@(
� I��+G! -(

 �&H�( 
)� *
�  
 -�KL( �(+,�

��(M��N 

�&?�� ����� �(+,��(M��N 
$ -('( �
 

0 1 +2 
1  27/2 - - 

2  50/4 48/4 00/7 

3  93/4 63/5 33/5 

4  03/6 38/7 2/7 

5  03/6 56/7 27/11 

6  84/6 72/8 00/9 

+7  97/6 08/9 68/12 



 ���)��(�"&�
 '(�+,� �� -'�� -'��*
� 
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 ��+.4 .��+G! -(

 S����(� �&?G� 	�� �
 �+� ��+,� 
)� *
�I  B�&,�. J@(
�J@  

-�KL( �(+,�
��(M��N 

��� �(+,��(M��N 
$ -('( �
 �&?�� �� 

0 1 +2 
1  5/0 07/2 41/4 

2  34/3 91/4 25/7 

3  55/4 12/5 46/7 

4  80/4 37/6 71/8 

5  29/5 86/6 20/9 

6  68/6 25/8 59/10 

+7  54/6 11/8 45/10 

 
  
 

 ��+.5. �+G! -(

 S����(� �&?G� 	�� �
 �+� ��+,� 
)� *
�I� @(
�R�M�! B�&,�. J  
�KL( �(+,�-
��(M��N 

�(M��N 
$ -('( �
 �&?�� ����� �(+,� 

0 1 +2 
1  39/1 35/3 18/5 

2  31/4 27/6 10/8 

3  13/5 09/7 92/8 

4  36/3 32/8 15/10 

5  04/7 00/9 83/10 

6  69/7 65/6 48/11 

+7  32/8 28/10 11/12 

  
  

 ��+.6.  S����(� �&?G� 	�� �
 �+� ��+,� 
)� *
�. J@(
� I��+G! -(

���' B�&,�  
 -�KL( �(+,�

��(M��N 

�(M��N 
$ -('( �
 �&?�� ����� �(+,� 

0 1 +2 
1  26/1 35/3 99/5 

2  50/3 59/5 23/8 

3  07/4 16/6 80/8 

4  37/5 46/7 10/10 

5  77/5 86/7 50/10 

6  66/6 75/8 39/11 

+7  34/7 43/9 07/12 
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3-1 -���"#&� 	�� �MD(  
/��"� N#� ��  �<?�
 <?��    ?� ���1�A�� �A� 0#��AG �1� 3�� ����;�

 	AA� e�>AAK6 	��"���#�AA>� # UAA��#� ��EAA,  # UAA��#� �AA�� /AA-
O��#�>�  3�A� ?� W���^��� $��Q ��Q    OA�� �1A� <�AQ .   ��A- �A��

/����� N#� U�E6 	� ��2�� 	@� <%�� ���7 .�cJ�P   �A�� �� 4��56
	� ���� 4�, ��? U���, /� /GE6 �� N#� �E, ]5:[  

0#� C�, :��;�   A� ����A;� /A� ���� �/�
�� 4��56 �� /   ?� ��A�M OA��
,�� F��%� <��������M��.  

�#� C�AA, :   �� ��AA^��� ��EAA� <EAA!�� �AA��� /AA�
�� 4��AA56 ����AA;�  
���� ��� 	�- ��#� uEK� ��  ���#M�� 0#�G <�Q�-� .  �A��

  ��A^��� ��E� <E!�� 	�J��� 	�5� �O�� O�J& #� 4��, C�,
   /A��� ��A� UA��#� uEK� ��   <�AQ    ?� FA� �AQ �� 0#��AG

��#�>�     ?� FA� �AQ <��A� ���o�Q # �E� ��T�� 	1��56 <�Q
/��� ��#�>� $�J�� <�Q �E, ���l6 �E� ��T�� 	1��56 <�Q.  

�E� C�, :� <�Q�1� 4- ���56��, 4��56 ����;� ?� ���M O�� / 
 /� F��%� �� <#�J� 	�J��� ��Q��E��� ?� /��� �Q <��� 0#�G

  � 	A5&�# <�Q�1A� ���56      ?� /�A�� $�A�Q <��A� ��A, ��Q�A�  
�,�� ��E���.  

   4�A, # XA��56 <��A�      /�cAAJ� <�AQ������a �/�cAJ� �����A� 	AQ�  
	� X��56 # 	
�5� ��? W�E� /� �E,]5:[  

Aij  =�E�2�P  <?�
»���;� /� F��%�ija «  $M �� /A-ija   ���A;�
� �1� 3�� /���M ?� ���M O��O�� <�����.  

Xij  = ��, 4��56 �1� 3��)/�cJ� 0E"2�.(  
Rk  =/�E�2� ��Q� $��� /- <?�
 U��#� <�     ����A;� ��A� UA��#�

�, p�Y���� xij O�� �Q.  
)( ijA xF

ij
  =G��P  $M �� /- 	��Ev�xij�    $�EA� FA��%� O��L

�, ��Q��� ���;� /�� ija 	� ���#M�� �� ��-.  
)( ijR xF

k
  =G��P  A�E�2� $M �� /- 	��Ev�P    p�AY��� ����A;�

�,� xij@��� �P  <?�
Rk 	� ���#M�� �� ��-.  
nij  =���E��� ���56 ��� <�QP (i,j)��� �� �P (i,j).  
tij  =��� <��� ��, ��Q��� <�Q�1� ���56P (i,j) <��������M ��. 

� 0�� �E
 X���56 /� O���� ��/��"      �A�? W�EA� /A� <?�A
 <?��
0E��
 	� <��� �E,:  

 Z�Q 9��6                                             Maximize  F                                                                                                              
O��#�>� �� ��? <�Q:  

1( O�Ev� 9��6Aij   ����;� /� ����ija �,�� F��%�: 

)1  (�Q <���P (i,j)     �Q                          F� )( ijA xF
ij

  
2 (  A@��� �<?�A
 U��#� �� �#� C�, $��� $��� <���P    ����A;� ��A�

 /��J�Q)(xi,j – xi-1,j  A@��� ���o�Q #P  � ��A� /A��    $�AJ�� <�AQ  
��#�>� �� F� ������ # ���� W�E� /� �E� ��T�� 	1��56 <�Q

 ����� 	���? �E"1�»�?���� �6 ��%� <��6 « ��»�%� ���?��6 «  XA��56
	� �E, .�E�2� <��� O�Ev� 9��E6 ?� ���1��� �� ��E� ���P  <?�


0E��
 4��& ��? W�E� /� �^���E� O�� <���:  
F »�'(+�( �� T
 -(U�
�«   (xi,j A xi-1,j) �  F      ��          F »U�T
 ���'
�«  

(xi,j A xi-1,j) �  F                          
     

3 (6 <���l  ��A�Y6 # ��, ��Q��� <�Q�1� ���56 0��56 C�, ���
/��� <��� ��, ��?     A@��� �A��� ����E��A� u�A� <�QP    <��A� �A�?

/���  <�Q(i,j) �E, ���#M��:                                             

)3( tij                                                 �  Xij * nij        
 	� /-  ���1��� ��? <?�
 O��#�>� ��
 W�E� /� �� $M $�E6�-�:  

 �Q(i,j) /�Q <���  <  )4(  

�cJ�P   <?�A� /��"� t�A�    <��A� �A���F  #Xij     0#��AG ?� FA� �AQ  
�E, 4L . /�O��  O�Ev� 9��E6 $�, j�
 	@�)4�, 	_�_�( �

 �cAJ� W�E� /� /�cJ�P  /A�����    	A� �� 	A@� <%A��  �A�M .  ���A;�  
� /��M O��� FG�� 4&��L �P  /A�E�2� ��� O�Ev�    <?�A
 <�AQ

 $��- ���#M�� <��� ��, X��56Xij ��O . �������� /��A���   $��A-
 ���;�F       ��A, ��Q�A�� ����A;� /A� 0#�AG ����;� 4��56 	�5� /�

   O��#�A>� /A- <�EA: /� �O��     ���#M�A� �� �^���EA� <�AQ A�-� .  
 4��& /�cJ� �7�  �#�A>� ��� �� p�EG W�E� ��� �� ��,�
� 4L� 

����� ���& O�Ev� 9��E6 U�E6 ��, X��56 . $���� <��� ��������
 p�EG /���J7 ����� ���� r��%
� O�Ev� 9��E6.  

  
3-2 ��7 B��V��G! -�$  

 ��71 (     4��A56 ����A;� 	A���%� C�A, <��� O�Ev� 9��6 O���
��, ��Q��� ����;� /� /�
��:  

���, 4�, ��� 1  	���� ���;� �� C�, ��� /� CE��� O�Ev� 9��6
ija �#�>� #�  ���Lij # ��*�a �L $�E�� /� Uij     �AL $�EA�� /A�

O�� ��, ���� $��� �t�� .��6 /��#� C�, $�E�� /� 	_�_� O�Ev� 9
t� �?OJ�     FA� 9��A6 �A�� �	
�A- W��k:� �E
� W�E� �� /��� �

�J� b��� �� # O�� 	;@�� j�
�/��"� 4  	A� ���1��� <?��   �EA,
$M �� /-ija      M FA��%� <��A� �A� ��A, ��Q�A�� �1� 3��  �A�� $  



 ���)��(�"&�
 '(�+,� �� -'�� -'��*
� 
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 ����;� # �wKY�� �^� /�Lij  #Uij /��A��� # /���- �    �1A� 3�A�
O�� ���E��� ?� /��� $M <��� ��, ��Q���.  

                                  

  
 �=�1 . 
����! B=��T� W
� ��MKL ;
��  

�+� �+$�#! 
����! �
 ����� ��+,�  
  

 ��72 ( 9��6 O���  ��A^��� ��E� <E!�� �EG# C�, <��� O�Ev�
���� ��� �� 0#��G <�Q:  

  	A� $�A�� 0#�G �� �� ����;� ��^��� ��E� <E!�� C�, ���  �AQ� .  
      OA����� $�%A�� # ���E��A� <�Av�� ���A56 j�
 �� 0�_� $�E�� /�

���#P ��^��� ���T�� $�E�� /� /��;� 	��#� 3�� ����;� /-   �1A� <�Q
Q ���;� r��%
� ��   ��� r��%A
� �AQ��T�� �A�� ?� F� � A�� .  ��A�o�Q

/��� �1� 3�� ����;� �����5� W����T6     ?� FA� �AQ �� $�AJ�� <�Q
��#�>�  ��^��� %�� �E� ��T�� 	1��56 <�Q	��#� .  �A�� $�%�� ���56

  OA"G �� $M ���A;� # r��%
�       wAKY�� �A^� /A� XA��Y� <�AQ
���� 	!�J� �^���E� .9��6 �DE+E� ��� /� /GE6 ��   <��A� O�Ev�

 �E"1� �� C�, ���»�?���� �6 ��%� <��1� ?� �6 « ��»���J� ��%� �6
�1� ?� «	� X��56 �E, .$��� 9��6 ��� ��Q��  W#�16 $�E� pE�@�

��� #� ��� 	
J�P �
�� 4��56P F��%� /�   0#��AG �� $�J�� �� IQ
O�� X��Y� .���, 4�, ���2�  C�, ��� /� CE��� O�Ev� 9��6

�� $���O�� ��, �� .  
 	���� ���;� 4�, ��� ��)DM(   ��A� 	A;@�� ���J� W#�16 $�%�� �

 ��*�a �L ���;� # O�� ���;� #�)DL(   $�EA�� /A� � /A���-   $�%A��
 t�� �L ���;� # 0E
& 4��& W#�16)DU( $�E�� /� � /��A���   $�%A��

O�� 0E
& 4��& W#�16 . 	���%
� <E!�� r���� <��� O�Ev� 9��6
"G �� ����;� 	;
� O) ��� Xij #Xi,j-1 ( <�E�� O"G �� #) ���

Xij  #Xi-1,j (/��� W����T6 ��#� <E!�� ���o�Q #  �� $�J�� <�Q
��#�>� 	� X��56 �E� ��T�� 	1��56 <�Q �E,.  

 ��73 (    <�Q�1A� ���A56 	A���%� C�, <��� O�Ev� 9��6 O���
��, ��#M�� # ��, ��Q���:  

$��� C�, ��� ��Q��  EA� �1� F��%�   ��A� W#�A16 $�tij  #(nij * 

Xij) O�� .G�� �!�� W��
� /� /��A��� O�Ev� P    W#�A16 ���A;�
 #� ��� ���(Zij = [(nij * Xij) – tij])    �A,�� �1A� FA��%� ���� .

�Q <��� ���� C�, ���P O1G  <�Q(i,j)   A�E�2� �A�P   ?� 	��AY���
�#?  <�Q(i,j)  $�>����E, . ����, 4�,3 P�E�2� O�Ev� 9��6 
?�
    �1A� ���A56 �A� ��, ��? ���Y6 �1� ���56 ��� ?�2� W#�16 <

	� $��� �� 	5&�# �Q��  ��_� 	���� ���;�(RM)  O�� �1� �����
�a �L #� b�6�6 /� t�� # ��RL  #RU O��.  

                           

  
�=�2 . �M.� W
� -(

 BX?X! ��MKL ;
��  

��M! -MYH( ��(� Z&
 �� ��[��( ��+. -�$  
                                          

  

  
 �=�3 . �(+,� B=��T� W
� ��MKL ;
��  

�+� ���\

 � �+� �+$�#! -�$
)�  
  

 ��74 (/��"� P�cJ� 4L <?��  
/��"� 0�� <?�� /����� Z�Q ��    ���A;� $��A-F    $�A, ���#M�A� #

#�>�O��   0EA��
 �A��� t�� �� ��, X��56 <�Q   �EA, <�A�� .  �A��
P�cJ� F� �/�cJ� /�����   ?� ���1�A�� �� # ��E� ��������� 	@� <%��

/�J� ��� <�Q /����� <��%
� 	� 4L 	@� <%��  �EA, .    /A� /AGE6 �A�

)( ijZF �

RL RURM 

١

Zij = nij*Xij-tij 

F

)( ijZF �
 

)( ,1 jiij xxF �
� �

DL DUDM 

١

Xij – Xi-1,j)( 

F

)( ,1 jiij xxF �
� � 

)( ijA xF
ij

� 

Lij Uij 

ija

١

Xij

F

)( ijA xF
ij

� 
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/��"� ���M�
 ���, $��� ���E� 0#��G <?�� P��#�  O��� �� �1� 3��
 A, /� CE��� O�Ev� 9��E6      ��A�? '�A, /A� t�A� �� 	A1��56 U���  

	� ��2�� ���7:  
 A         ����A;� /A� /A�
�� 4��A56 ����A;� 	A���%� C�A, O�Ev� 9��6

 j�
 �� ��, ��Q���ija   A� �1A� 3�� ����� / OA��   ?� ��A�M
 # <��������MLij  #Uij  b�6�6 /�  /��A��� # /A���-    �1A� 3�A�

��� ?� /��� $M �� ��, ��Q���/��� ?� F� �Q <��� ���E   <�AQ
	� 4���6 0#��G �E, ./��� <���  ���o�Q # ���;� $#�� <�Q

/��� �E�� �� <�QP      A��� O�EAv� 9��A6 ?� �FA� �A���� <���MP 
O�� ��, ���1��� $M �8 O��.  

 A         ��A� 	A�- �A�#� uEAK� �� ��A^��� ��EA� <E!�� �#� C�,
���� 	� $��� �� 0#�G <�Q ��- .� �� E!�� ���   UA��#� uEAK

/��� ��� ��#�>� ?� F� �Q �� 0#��G <�Q  ��T�� 	1��56 <�Q
O�� 	���%
� <E!�� �E� . ��A�# I"� r;� 4��� /�P   �� /A��;�
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Maximize   F 
Subject to 
  1) X32 + 10.31 F32 �  17 
  2) X32 - 4.69 F32 �  2 
  3) X32 + 1.33 F32 �  8.14 
  4) X32 - 1.48F32 �  5.33 
  5) X32 + 1.15 F32 �  8.39 
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  6) X32 - 0.98 F32 �  5.56 
  7) X32 + 1.27 F32 �  7.36 
  8) X32 - 0.8 F32 �  5.29 
  9) X32 + 3.38 F32 �  9.98 
  10) X32 - 0.74 F32 �  5.86 
  11) 45 X32 + 15.05F32 �  316.05 
  12) 45 X32 – 15.05F32 �  285.95 
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ABSTRACT 
The estimation of urban trips generated by each traffic zone in future is a crucial stage of 
urban transportation planning. In trip generation models, the relationship among the socio-
economic characteristics of the region under study, the land-use features, and the 
transportation demand is analyzed. In order to predict the rate of trip generation (number of 
per capita or household trips generated), regression models are widely used. These models 
have been introduced based on theoretical framework of econometrics. However, cross-
classification table is an alternative simple approach for predicting these rates. In this method 
families are categorized based on their common characteristics. The tables that are used for 
future prediction can be classified based on different trip purposes.   
Cross-classification tables can be used in two or more dimensional layout. In a two 
dimensional cross-classification table, the rate of daily trips produced per household is 
estimated for the categories created by only two variables (generally household size and car 
ownership). In multiple cross-classification tables, more than two (generally three) variables 
are used to categorize the people in different groups (table cells herein) and then estimate the 
produced household trip rates. In this paper the three variables are household size, car 
ownership and density. Like any other model, matching the reality (having reasonable rates 
herein,) is a main problem during the model development. The traditional method of trip rate 
adjustment in a cross-classification table is the ANOVA method. In this method, the rate in 
each table cell is modified by the average deviation of the relevant row and column of that 
cell. Although this modification to some extent improves the calculated rates, it does not 
necessarily lead to reasonable values comparing with neighboring cell rates. 
The trip rates for each category are achieved from the observed data. Sometimes these 
calculated rates do not show the expected trip pattern. For example a single man (as a one 
person family) without a car, that seems to have less trip rate than a five person family with 
two cars, has a more rate. Therefore, this irregularity should be modified.   
This paper uses fuzzy linear programming method for adjusting the values of the multiple 
cross-classification tables. In this method the understanding and judgment of experts is 
applied to make the adjusted rates as close as possible to the reasonable values. In this 
method, trip rates of table cells are modified using the relations and the constraints that are 
obtained from the exceptions of transportation analysts regarding trip rates. The resulting 
fuzzy models are solved using “LINDO” package software. Comparing the results shows that 
there is no significant difference between the rates before and after adjustment for each 
density category. The total number of observed trips differs from that of adjusted trips only 
about %5 on the average for the three density categories, which is acceptable. As seen, this 
method modifies the rates for each category simply and reasonably. In order to compare, and 



to show the reliability of the proposed method comparing to the ANOVA method, the 
coefficient of determination (R2) is used too. The achieved coefficients reflect the same 
results as above. The paper is organized as follows: First, the multiple cross-classification 
model is introduced. Then the problem is defined and the principles based on which the rates 
are adjusted, are explained. Then the study uses real data from Mash had Transportation 
Comprehensive Study in order to reflect the influence of the proposed method comparing to 
traditional ANOVA method. Finally, the results, conclusions and references are presented. 
The acquired results show that fuzzy optimization method works better than analysis of 
variance method for multiple cross-classification tables. 
 
Keywords: Trip generation, multiple cross - classification model, adjustment of trip rates, 
ANOVA, fuzzy linear programming   

 


