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msg = [[ alua.send('A', 'print(' .. n .. ')' )
              if nexthost ~= nil then

                 alua.send( nexthost, "msg=[["..msg.."]]  dostring(msg)" )

              end

           ]]

dostring( msg)

A B C

n 5

D

n

print(3)

n 3 n 5 n 7

nexthost Dnexthost nexthost nil

print(5) print(7)

same received message same received message

C
nexthost B

v%&��' ; � �'.5>�'3.%0�4%+& P '--�&'


qr� �'c�%�'- 4��4 D' L�-4 �'G %'D 4�' �.&#�%4�/ �
E - $'-0�%H '$ %+ d�?e  4�' 5#..#D %+& / �4�%K>H�-'$ �.&#�%4�/ / �� H ' �-'$ 4# $'4'�/ %+'

-�#�4'-4 3�4�- � b �' �.&#�%4�/ 0#+-4��04- � -'c�'+0' #5 $%-4�+0' / �4�%0'- � �  D �'�'
'�0� '+4�� ��� �� �'3�'-'+4- 4�' / %+%/�/ 3�4� D'%&�4 5�#/ � 4# � 4��4 3�--'- %+ �4 / #-4 �
%+4'�/ '$%�4' +# $'- � b �' %+%4%�. / �4�%K � � �0#+4�%+%+& 3�4�- D %4� +# %+4'�/ '$%�4' +#$'-�
%- 0#+-4��04'$ $%�'04.� 5�#/ 4�' �$� �0'+0� / �4�%K 

��� �� 
��	
�


@ %5 �  �
D'%&�4 #5 '$&' �%  � � %5 %4 'K %-4-
� #4�'�D %-'

b ��-  �4 '�0� -4'3 � u � D' -�H-4%4�4' 4�' 0���'+4 3�4� D'%&�4 H '4D''+ � �+$ �  D �%0�
3�--'- 4��#�&� �4 / #-4 � +#$'-  5#� 4�' -�#�4'-4 D'%&�4 #5 � 3�4� H '4D''+ � �+$ � D �%0�
4��G'�-'- �4 / #-4 � u � +#$'- 
��� � ��  / %+���� ��

�� �� u � � �� �
b �%- �.&#�%4�/ 4�t'- � � � %4'��4%#+- 4# 0#+-4��04 4�' qg g�
qsl� �� olri� r 
qr� / �4�%K  

0#+4�%+%+& 4�' / %+%/�/ D'%&�4- #5 3�4�- 4��G'�-%+& �4 / #-4 � � � +#$'- � � %+0' 4�'
0#/ 3�4�4%#+ #5 '�0� � � �� %+ %4'��4%#+ � �'c�%�'- � 0#/ 3��%-#+-  4� %- �.&#�%4�/ 0#/ 3�4'-
-�#�4'-4 3�4�- %+ � �� � � 4%/ ' �

�#D'G'�  �- #�� &#�. %- 4# 0#/ 3�4' #+.� 4�' L+�. ���  D' $# +#4 +''$ 4# 0#/ 3�4' �..
%+4'�/ '$%�4' � � 5#� � � � � � � � � ,+-4'�$  D' 0�+ 0#/ 3�4' ��� D %4� .#& �� � �� -4'3-
H� 0#/H%+%+& � � D %4� %4-'.5 �4 '�0� %4'��4%#+ 
���� ��  / %+���� ��

�� �� u ��� �� �



��

��� �� ��� �� �� �	�
 ��  �  � �
����� � � ��
��� � � �  � ��

� ��� � �� �� ������ �� ����

��� � � �  � ��

� ��� ��� � � �� ���  � ��� �
���

���
������ �

���

v%&��' < � b�3.' P �.4%3.%0�4%#+ 3���$%&/  �'c�'+4%�. -t'.'4#+ �

I %4� 4�%- %/ 3�#G'/ '+4  4�' ��++%+& 4%/ ' 5#� 4�' �.&#�%4�/ %- � �� � .#& � � �
I' +#D �'4��+ 4# 4�' 4�3.'>/�.4%3 .%0�4%#+ 3���$%&/ � b �' 3���$%&/ $'-0�%H '- 4�'

0#/ 3�4�4%#+ #5 � / �4�%K �- � 
 lo�h nr #5 4D# #4�'� / �4�%0'- 4��#�&� 4�' �33.%0�4%#+ #5 �
5�+04%#+ 
 #+ 3�%�- #5 �>4�3.'- �

v%&��' < 3�'-'+4- 4�' -'c�'+4%�. -t'.'4#+ 5#� 4�3.' /�.4%3.%0�4%#+ � v�+04%#+ �� �� �
 �

�'0'%G'- 4D# / �4�%0'- �+$ 4�'%� $%/ '+-%#+-  0#/ 3�4'- 4�' �'-�.4%+& / �4�%K �+$ $%-3.��-
4�' �'-�.4 � v#� -%/ 3.%0%4� D' �--�/ ' 4��4 H #4� / �4�%0'- ��' -c���' �

v%&��' � -�#D - 4�' -3 '0%L0 0#$' 5#� 4�' / �4�%K /�.4%3.%0�4%#+ 3�#H.'/ � ,4 $'L+'- �
-%+&.' 5�+04%#+  �  D �%0� %- %+G#t'$ H� �� �� �
 �
 � b �%- 5�+04%#+ �'0'%G'- #+' �#D 5�#/
4�' L�-4 / �4�%K �+$ #+' 0#.�/ + 5�#/ 4�' -'0#+$ #+'  �+$ �'4��+- #+' �'-�.4%+& / �4�%K
'.'/ '+4 �

v%&��' � -�#D - 4�' -3 '0%L0 0#$' 5#� 4�' �..>3�%�- -�#�4'-4 3�4�- 3�#H.'/ � v�+04%#+
���
��	 � 0�'�4'- 4�' %+ %4%�. $ %-4�+0' / �4�%K � � � #5 � &��3� D %4� � +#$'- �+$ 0�..-
5�+04%#+ �� �� �
 �
 .#& � 4%/ '- 4# 0#/ 3�4' 4�' �'-�.4%+& / �4�%K � E &�%+  5�+04%#+ � %-
%+G#t'$ H� �� �� �
 �
 �

v%&��' � -�#D - � -t'.'4#+ 5#� � 3���..'. 3���$%&/ � b �' / �-4'� �&'+4 'K'0�4'- 4�'
3���..'. G'�-%#+ #5 4�' �� �� �
 �
 5�+04%#+  $%-4�%H�4%+& 4�' 0#/ 3�4�4%#+ #5 �#D - �/ #+& �..
�G�%.�H.' �&'+4- � 	�0� �&'+4 0#/ 3�4'- �4 .'�-4 �� � �#D - �+$ �4 / #-4 ���� �#D - #5 4�'
�'-�.4%+& / �4�%K � 	�0� �&'+4 �'0'%G'- #+.� 4�' +'0'--��� �#D - #5 4�' L�-4 / �4�%K  H�4 �..
#5 4�'/ �'0'%G' 4�' 0#/ 3.'4' -'0#+$ / �4�%K �

	�0� #5 4�' �&'+4- �'3 '�4'$.� 'K'0�4'- 5�+04%#+  ��� �D �%0� 4�'� &#4 5�#/ 4�' / �-4'��
4# 0#/ 3�4' �#D - #5 4�' L+�. / �4�%K � b �' �&'+4 -'+$- '�0� �#D 4# 4�' / �-4'� �- -# #+ �- %4
L+%-�'- 4�' 0#/ 3�4�4%#+ � C'0��-' 0#/ /�+%0�4%#+ %+ E F�� %- �-�+0��#+#�-  4�' / �-4'�
�-'- 4�' 0�..H�0t 5�+04%#+ � � ��	 4# -%&+�. 4# 4�' �33.%0�4%#+ 4��4 %4 ��- #H4�%+'$ � L+�.
�'-�.4 �

,+ / �4�%K /�.4%3 .%0�4%#+  5�+04%#+ � � ��	 -%/ 3.� 'K�%H%4- 4�' �'-�.4%+& / �4�%K � �#D>
'G'�  D �'+ 0#/ 3�4%+& �..>3�%�- -�#�4'-4 3�4�-  %4 %- +'0'--��� 4# / �t' -�00'--%G' /�.4%>
3 .%0�4%#+- H '5#�' 4�' L+�. �'-�.4 %- #H4�%+'$ � b �'�'5#�'  5�+04%#+ � � ��	 0�..- 5�+04%#+



�:

��� �� ��� � ����� ��  �  � �
� � �� ���	�
 �� 

���� �	��� �� � 
� �

���

��� �� ��� � ���  �� �
����� � � ���� ���� �� ��� ����
����� ��� � �
��� � � �  � ��

��� � ��� � �� ������ ���
���

������ ���
���

��� �� ��� ��� ��� ���
���	 ���

���

v%&��' � � P �4�%K /�.4%3.%0�4%#+ > �33.%0�4%#+ -3 '0%L0 0#$' �

��� ����� ���	 ��� � ��  � �
� � �
� � �
	� ��� �� 
 � � ��

� � �� ���	�
 �� 
���� �	��� �� � 
� �

� � � � �
���

���

��� �� ��� � ���  �� �
����� � � ���� ����
����� ��� � ����� ��

��� �� � � ��

��� � � �� ���� 
��� ��� ���  �� ��� ��

���
������ ���

���

��� �� ��� ��� ��� ���
�� � 
 � ���� �� �� �
 ��� ��� 	������� ��� ����

� � �� �� �	 �
 ��  ���� �	��� ���  � �
� � � � �

����
���	���	� ���

���
���

v%&��' � � E ..>3�%�- -�#�4'-4 3�4�- > �33.%0�4%#+ -3 '0%L0 0# $' �



�=

��� �� ��� �� �� �	�
 ��  �  ��� �
����� � ��� � ��� � ������ ��� �� �
� � ���
��� �� � �� �� �� �� �� �� �� ��� ������ �� �����

�� ���	 �� ��� ��� �� ��	 �� �� ����� ����� �� ���� �
�� ���	 �� ��� ���� ��	 �� �� ���������� �� ���� �
�� ���� ��	��� �� �� �� ��� �� �� ���� ��� ���� �
� �� � ���� �� ������������ ��	�����  � ��� �
��� �����	 ���	 ��

� �� � � �� �� ���� �� �� ��	 ������� � �  ��� � ��������� �� ��� ��
���
� �� � � �� �� ���� �� �� ���� ���� ���  �� ��  �  ���	  ���	 �
��� � ����� ������ ���  � �� �

���
� ������ � �
� ������ � ��

���

��� �� ��� � ������������ ���	  ��
� ������ ��� � ��	
� ������ � � ������ � �
�� � ������ �� � ���� �� ���� �� �� ����


��� ��� �� �������
���

���

�� �� �� ��� ��� �� ���� �� ����� ����� � 	��� ���
 ��� ������� �
��������� ��

��� �� ��� ���� ��  �� �� � 
� � 
� � 
� �
��� ��� � ��

� � ��
��� �� � � ��

� ��� � � ���	 ���  ������ ��� �
���
� �� � ���� �� ��� ������������ �� � �� ��  ��� � ������ ��� ���  ��

��� � ����� ��� ����� �  � �� �
���

���
��

v%&��' � � b�3.' P �.4%3.%0�4%#+ 3���$%&/  8���..'. -t'.'4#+ �



�;

�� �� �
 �
 �&�%+ �54'� '�0� +#+>L+�. %4'��4%#+  �+$ 0�..- 5�+04%#+ �	 �� ���
	 4# 'K�%H%4
4�' -�#�4'-4 3�4�- / �4�%K D �'+ 4�' L+�. �'-�.4 %- #H4�%+'$ �

E - D' -�%$ H '5#�'  4�' H '��4� #5 4�%- �33�#�0� %- 4��4 �#� #+.� ��G' 4# 0��+&' 4�'
-t'.'4#+ 4# 0��+&' 4�' 3���$%&/ �
� [� [ �] � XS]`�VU]U_X ��R]^X �R��

E +#4�'� %+4'�'-4%+& 'K�/ 3.' #5 E F�� N- M'K %H%.%4� %- 4�' %/ 3.'/ '+4�4%#+ #5 �+ �-�+>
0��#+#�- �&'+4- 4'�/ �E>b'�/ � d:@e 5#� 4�' �'4 �#G'�%+& 8�#H.'/ d: �e � b �' 0#/ 3.'4'
3�#&��/ %- ��4�'� 0#/ 3.'K  -# %+ 4�%- -'04%#+ D' D %.. 3�'-'+4 #+.� � �#�&� -t'40� #5 %4 �

E + E>b'�/ %- 0#/ 3 #-'$ H� qf imr� ���4#+#/ #�- '+4%4%'- D#�t%+& %+ � 0# #3 '��4%G' D�� �
�+$ -���'$ / '/ #�%'-  0�'�4%+& -�3 '�>�&'+4- D %4� � 0�0.%0 $�4� M#D �+$ +# 0#+4�#. M#D �
b �' / �%+ 5'�4��'- #5 4�' E>b'�/ ��0�%4'04��' ��' 

� ��4#+#/ #�- �&'+4-
E + ��4#+#/ #�- �&'+4 / �t'- %4- #D + 0�#%0' D �'+ -'.'04%+& %4- %+3�4 $�4� �+$ �'>
-#��0' �..# 0�4%#+ 3 #.%0�� C'0��-' ��4#+#/ #�- �&'+4- ��' 0#/ 3.'4'.� %+$'3 '+$'+4
#5 '�0� #4�'�  +'D �&'+4- 0�+ H ' �$$'$ 4# #� �'/ #G'$ 5�#/ 4�' -�-4'/ D %4�#�4
+#4%5� %+& #4�'� �&'+4- #� � / �+�&'� �

� �-�+0��#+#�- 0#/ /�+%0�4%#+
E &'+4- 0�+ �'�$ �+$ D �%4' $�4� 4# -���'$ / '/ #�%'- D %4�#�4 �+� t%+$ #5 -�+0��#>
+%(�4%#+ �/ #+& 4�'/ � b �'�' ��' +# .#&%0�. 0#+-4��%+4- #+ -���'$ / '/ #�� �00'--'-  
'K0'34 5#� $�4� %+4'&�%4�� E ..%'$ 4# 4�'%� ��4#+#/� 4�%- 5'�4��' �..#D - �&'+4- 4#
D#�t 5�..>4%/ ' %+ 3���..'. �

� 0�0.%0 $�4� M#D
E &'+4- 0�+ �'4�%'G'  / #$%5� �+$ -4#�' $�4� %+ -���'$ / '/ #�%'- 0#+4%+�#�-.�� ��0�
0�0.%0 $�4� M#D �..#D - 0#+4%+�#�- %4'��4%#+ �+$ 5''$H�0t �/ #+& 4�' �&'+4- �

	K3 '�%'+0' D %4� 4�%- 3���$%&/ %+$%0�4'- 4��4 4�' 0##3 '��4%#+ �/ #+& �&'+4- 4'+$- 4#
&'+'��4' -�+'�&� % �' � 4�' �'-�.4 3�#$�0'$ H� 4�'/  D �'+ -''+ 4#&'4�'�  0�+ H ' H '44'�
4��+ 4�' -�/ #5 4�' �'-�.4- #H4�%+'$ %+$'3 '+$'+4.� �4�'�' %- � &�'�4'� 0��+0' #5 L+$%+&
� -#.�4%#+ 0.#-' 4# #34%/ �.� d:@  : �e � b �'-' 'K3 '�%'+0'- �.-# -�&&'-4 4��4 �+ E>b'�/ %- �
-0�.'>'� 0%'+4 #�&�+%(�4%#+  % �' � %4- 3 '�5#�/ �+0' &'4- H '44'� D �'+ +'D 0#/ 3 #+'+4- �-�0�
�- �&'+4- #� / '/ #�%'-� ��' %+4�#$�0'$ %+ 4�' -�-4'/ �

I' -4��4'$ 5�#/ � 3�'G%#�- %/ 3.'/ '+4�4%#+ #5 E>b'�/ - D �%44'+ %+ �  D �%0� �-'- 4�'
0#/ /�+%0�4%#+ 3�0t�&' 2 8��u 8 d::e  H�-'$ #+ � -���'$ #H� '04- ��0�%4'04��' � b �' -�->
4'/ �$'-0�%H '$ %+ d:�e� %- 0#/ 3 #-'$ H� 4D# � il�il� 4��4 �04 �- -#.�4%#+ �'3 #-%4#�%'-  
�'3�'-'+4%+& 4�' -���'$ / '/ #�� #5 4�' E>b'�/ j 4D# smsrsqgs�qrsom qf imr� 4��4 %+ %4%�.%('
4�' �'3 #-%4#�%'- j �+$ +%+' � olk il qf imr� 4��4 %/ 3.'/ '+4 $%J'�'+4 �'L+%+& �.&#�%4�/ - 5#�
4�' -#.�4%#+- -4#�'$ %+ 4�' �'3 #-%4#�%'- �

	 %G'+ � -3 '0%L0 %+-4�+0' #5 4�' -'4>0#G'�%+& 3�#H.'/  4�' 4�3%0�. 3�44'�+ #5 H '��G%#�
#5 �+ E>b'�/ �&'+4 %- 4# �'c�'-4 � -#.�4%#+ 5�#/ 4�' -#.�4%#+- �'3 #-%4#�� �'L+' 4�%-
-#.�4%#+  -'+$ 4�' +'D -#.�4%#+ H�0t 4# 4�' �'3 #-%4#�� �+$ -4��4 #G'� � �+' �'3 #-%4#��
-4#�'- $��. -#.�4%#+-  4�' #4�'� -4#�'- 3�%/ �. -#.�4%#+- � C#4� �'3 #-%4#�%'- -%/ 3.� �+-D'�
�&'+4- N �'c�'-4- � 2 '3 '+$%+& #+ 4�' %+3�4 $�4�  4�%- �33.%0�4%#+ 0�+ t''3 ��++%+& 5#� -#/ '
$��- H '5#�' �'�0�%+& �+ %+4'�'-4%+& �'-�.4 �



�<

�G'� 4�%- %/ 3.'/ '+4�4%#+  D' �'3.�0'$ 4�' 0#/ /�+%0�4%#+ 3�0t�&' 2 8��u 8 H� E F�� �
b �' #�%&%+�. -�-4'/ D�- 0#/ 3 #-'$ H� �< 3�#&��/ -  D %4� =; / #$�.'-  D �'�' #+.� �� D'�'
$%�'04.� �'.�4'$ 4# 0#/ /�+%0�4%#+ �04%G %4%'- � I' �'D �#4' 4�'-' �� / #$�.'- 4# �-' E F��  
�+$ t'34 �+0��+&'$ 4�' #4�'� / #$�.'- � ��� +'D %/ 3.'/ '+4�4%#+ t''3- � F�� 0#+-#.'
�G�%.�H.'  -# D' 0�+ '+4'� +'D 0#/ / �+$- 4# 4�' -�-4'/ �4 �+� 4%/ ' �

b �' �-' #5 E F�� �..#D - �- 4# $�+�/ %0�..� �'0#+L&��' 4�' -�-4'/  0#+-�.4 4�' �'3 #-%4#�� 
#� 'G'+ �'$'L+' 5�+04%#+- � v#� %+-4�+0'  4�' 5#..#D %+& 0# $' -�#D - �#D D' 0�+ �'$'L+'
4�' H '��G %#� #5 5�+04%#+ ���� ���� #+ 4�' M� 4# %+-4��/ '+4 4�' �33.%0�4%#+  0�'�4%+& �
.#& L.' #5 4�' 0#/ /�+%0�4%#+ / '--�&'- �

������� � ���� ����

�� �� �� ������ ��� � � �� �
�� �� ��� ��� � ���
�� ��� ����� ��
� �� �� � ��� �� � ��� �� � �� ���
� �� � ������ ���� ��� ����� ��
� �� ��� �������� ���� ���� �� �� �� �

���� ��
� �� � �� � ��
������� ��� � � �� �

��

���� ���� � ������
E 54'� 4�%- �'$'L+%4%#+  5�+04%#+ ���� ���� D %.. 'K'0�4' 4�' 0#$'

�� ��� ����� ��
� �� �� � ��� �� ���� �� � �� ���

'G'�� 4%/ ' %4 -'+$- -#/ '4�%+&  �+$ %4 D %.. %+-4��04 4�' �'0'%G'� 4# 'K'0�4'

�� ��� ����� ��
� �� �� � �������� ���� ���� ������� �� � ��� ��
�3 #+ �'0'%G %+& 4�' / '--�&' �

,5 D' ��+ 4�' �H #G' 0# $' %+ #+.� #+' �&'+4  #+.� %4- / '--�&'- D %.. H ' .#&&'$ � b# t''3
4��0t #5 �.. / '--�&'- %+ 4�' -�-4'/  D' 0�+ H�#�$0�-4 4�' �H #G' 0# $' 4# �.. �&'+4- � b#
�'-4#�' 4�' #�%&%+�. 5�+04%#+  D' -%/ 3.� -'+$ 4�' / '--�&' ���� ���� � ������� 4# '�0�
�&'+4 �

b �%- 'K�/ 3.' %..�-4��4'- �#D 4�' %+4'�3�'4'$ +�4��' #5 E F�� 0�+ H ' �-'5�. 5#� %+4'��0>
4%G'.� 0#+4�#..%+& �33.%0�4%#+- D %4� .��&' 'K'0�4%#+ 4%/ '- � b �' E>4'�/ �33.%0�4%#+ 0�+
4�t' �#��- 4# 0#/ 3.'4'  %4 %- 'K4�'/ '.� %+4'�'-4%+& 5#� 4�' 3�#&��/ / '� 4# H ' �H.' 4#
0��+&' %4- H '��G%#� D %4�#�4 ��G%+& 4# D�%4 5#� � +'D 'K'0�4%#+ � b �' E F�� 3�#&��/ / '�
0�+ �-' �+ %+4'��04%G' 0#+-#.' 4# %+� '04 / #+%4#�%+& 0#$'  �- $%-0�--'$ �H #G'  #� 4# �'$'L+'
4�' H '��G%#� #5 #+' #� / #�' #5 4�' �&'+4-  �..#D %+& 3��4- #5 4�' 3�#&��/ 4# H ' �'$'L+'$
�00#�$%+& 4# 3��4%�.  #H-'�G'$ �'-�.4- �

� [ RV�UV��]`R �^_WS
b �%- -'04%#+ $'-0�%H '- 'K3 '�%/ '+4- D' 0#+$�04'$ 4# L+$ #�4 4�' 0#-4 D' 3�� 5#� �-%+&

�+ %+4'�3�'4'$ .�+&��&' � I' �'>%/ 3.'/ '+4'$ %+ E F�� 4D# 3���..'. �33.%0�4%#+- 3�'G%#�-.�



��

D �%44'+ %+ � �+$ 8O P  �+ !>H #$� -%/�.�4#� �+$ � 4##. 5#� $%-4�%H�4'$ G#.�/ '4�%0 G %>
-��.%(�4%#+ � � ''3%+& %+ .%+' D %4� 4�' %$'� #5 F�� �- �+ 'K4'+-%#+ .�+&��&'  D' -3.%4 4�'
�33.%0�4%#+- %+ 4D# 3��4- � I' D �#4' 4�' 0#/ /�+%0�4%#+ 5�+04%#+- %+ E F��  �+$ t'34 4�'
3�# 0'--%+& t'�+'. %+ � �

b �' #�%&%+�. �33.%0�4%#+- D'�' H�-'$ #+ � 0#+G'+4%#+�. � im�� linis�i / #$'. � b# %/ 3.'>
/ '+4 4�'/ %+ F��  D' ��$ 4# / #$%5� 4�'/ -# �- 4# �-' E F�� N- 'G'+4>$�%G'+ / #$'. � P #-4
#5 4�' / #$%L0�4%#+- D'�' G'�� -%/ 3.'  .%/ %4'$ 4# 0��+&%+& %4'��4%G' 0#+4�#. 4# 4�' -4�4'
/ �0�%+' / #$'. $%-0�--'$ %+ �'04%#+ = �

b �'-' 4D# �33.%0�4%#+- D'�' 0�#-'+ H '0��-' 4�'� %/ 3.'/ '+4'$ c�%4' $%J'�'+4 0#/ >
/�+%0�4%#+ 3�44'�+-  4��- �..#D %+& �- 4# 0#/ 3��' E F�� N- 3 '�5#�/ �+0' �+$'� $%J'�'+4
0#+$%4%#+- � b �' !>C#$� -%/�.�4#� �-'- � 3 ''� 4# 3 ''� -4��04��'  D �%.' 4�' G#.�/ '4�%0
G %-��.%(�4%#+ %- 0.#-'� 4# � / �-4'�>D#�t'�- �33.%0�4%#+ �

� [Z[ ��R ���U WS � a�_ ��^aU]  VU� �R�
b �' !>C#$� -%/�.�4%#+ 3�#H.'/ -4�$%'- 4�' 'G#.�4%#+ #5 �+ !>H # $� -�-4'/ �+$'� 4�'

%+M�'+0' #5 !'D 4#+%�+ &��G%4�4%#+�. �44��04%#+ � b �' H # $%'- 0#+-%-4 #5 � / �--  3 #-%4%#+
�+$ %+%4%�. -3 ''$  �+$ ��' $%-4�%H�4'$ #G'� � L+%4' 3��-%0�. $#/ �%+ �

��� %/ 3.'/ '+4�4%#+ #5 4�' !>C# $� � %/�.�4%#+ 8�#H.'/ D�- H�-'$ #+ �+ 'K %-4%+& %/ >
3.'/ '+4�4%#+ #5 4�' � qlm i��� hr �.&#�%4�/ d:=e D �%44'+ %+ � �+$ 8O P d:;e �

,+ 4�' 3���..'. %/ 3.'/ '+4�4%#+  4�' 3��-%0�. $#/ �%+ %- $%G %$'$ %+4# ! �'&%#+-  �+$ '�0�
3�# 0'--#� %- �'-3 #+-%H.' 5#� 4�' 3��4%0.'- %+ #+' #5 4�' �'&%#+- � b �' -%/�.�4%#+ &#'- #+
5#� � +�/H '� #5 %4'��4%#+- j %+ '�0� %4'��4%#+ '�0� �&'+4 0#/ 3�4'- 4�' 5#�0'- �/ #+& %4-
3��4%0.'-  0#..'04- %+5#�/ �4%#+ �H #�4 �.. 3��4%0.'- %+ 4�' -�-4'/ �+$ �'$%-4�%H�4'- 4�'/ ��-
� �'-�.4 #5 4�' &��G%4�4%#+�. 5#�0'-  3��4%0.'- / �� / %&��4' 5�#/ #+' �'&%#+ 4# �+#4�'�� �

E4 4�' '+$ #5 '�0� %4'��4%#+ '�0� �&'+4 0#..'04- %+5#�/ �4%#+ �H #�4 �.. #4�'�-  -# �-
4# $'4'�/ %+' 3��4%0.' �'$%-4�%H�4%#+ � b �%- �'-�.4- %+ � .��&' �/ #�+4 #5 0#/ /�+%0�4%#+
H '4D''+ �&'+4- � b �' !>C# $� � %/�.�4%#+ 8�#H.'/ �.-# $'�.- D %4� � .��&' $�4� -4��04��'  
D �%0� %- 'K0��+&'$ �/ #+& �.. �&'+4- / �+� 4%/ '- $��%+& %4- 'K'0�4%#+ �

b �' �33.%0�4%#+ %- 0#/ 3 #-'$ #5 � / �-4'� �&'+4 4��4 -4��4- 4�' D#�t'� �&'+4-  �'�$-
4�' %+ %4%�. 3��4%0.' $%-4�%H�4%#+  -'+$- %4 4# 4�' L�-4 D#�t'� �+$ -4��4- %4- 'K'0�4%#+ � ,+
#�$'� 4# %/ 3�#G' 3 '�5#�/ �+0'  -#/ ' 5�+04%#+-  -�0� �- 4�' #+'- 4��4 'K0��+&' 3��4%0.'-
%+5#�/ �4%#+ �+$ 3 '�5#�/ 3��4%0.'- �'$%-4�%H�4%#+  ��' D �%44'+ %+ �  �.4�#�&� 4�' / �%+
-t'.'4#+ %- D �%44'+ %+ F�� �

F�� 5�+04%#+- �$$ M'K %H%.%4� 4# 4�' �33.%0�4%#+ H '0��-' 4�'� 0�+ H ' �'$'L+'$ �4 ��+4%/ ' �
v#� %+-4�+0'  D' 0�+ 0��+&' 5�+04%#+ ��� � ������ 4# $%-3.�� � / '--�&' 5#� '�0� %4'��4%#+  
H� �-%+& 4�' / �-4'� N- 0#+-#.' 4# -'+$ 4# '�0� D#�t'� � +'D ��� � ������ $'L+%4%#+ 

� � �� �  ��� � ��� ��� �����
�� �� �� ��� �������� ��


� �� ������� �� �
��� ��

��
��

� ���� �� ���� ��������� �� � � � �� �



��

� [� [ � aX^Va�_^RW �U �_� R^Va` � aX_� �a��^aU]
b �' #4�'� �33.%0�4%#+ D' -4�$%'$ %+ 4�%- 'K3 '�%/ '+4 D�- 4�' -# 0�..'$ 2 %-4�%H�4'$

O#.�/ '4�%0 O %-��.%(�4%#+  H�-'$ #+ d:<e � b �' 3�#H.'/ 0#+-%-4- #5 G %-��.%(%+& � -'4 #5
4�%>$%/ '+-%#+�. $�4�  �-%+& 4�' lq� nq� rsmf #34%/ %(�4%#+ 4'0�+%c�' d:�  :�e �

v%&��' ? -�#D - 4�' -4��04��' #5 4�' �33.%0�4%#+ � E � q� ril �&'+4 $%G %$'- 4�' %/ �&' 4# H '
0#/ 3�4'$ %+4# � +�/H '� #5 �'&%#+-  #� -�H>%/ �&'-  '�0� �'&%#+ 0#��'-3 #+$%+& 4# � 4�-t �
b �'-' 4�-t- ��' $%-4�%H�4'$ �$�+�/ %0�..� #� -4�4%0�..� � �/ #+& ! � olk il �&'+4- � E 54'�
�.. 4�-t- ��G' 0#/ 3.'4'$  � �s�hqgs� il �&'+4 'K�%H%4- 4�' 0#/ 3.'4' %/ �&'  3.�0%+& '�0�
-�H>%/ �&' %+ 4�' 0#��'04 3 #-%4%#+ �

Visualizer

Agent

Master

Agent

A4A3A2A1
Worker

Agents

v%&��' ? � 2 %-4�%H�4'$ O#.�/ '4�%0 O %-��.%(�4%#+ > -4��04��' �

,+ 4�%- �33.%0�4%#+ 4�' 0#/ /�+%0�4%#+ �/ #+& 4�' �&'+4- %- �'-4�%04'$ 4# 'K0��+&'- H '>
4D''+ 4�' / �-4'� �+$ '�0� D#�t'�  �+$ H '4D''+ '�0� D#�t'� �+$ 4�' G%-��.%('� � �+ 4�'
#4�'� ��+$  %5 D#�t'�- L+%-� 0#/ 3�4�4%#+ �4 �33�#K %/ �4'.� 4�' -�/ ' 4%/ '  � 0#/ /�+%>
0�4%#+ H #44.'+'0t / �� #00�� �

� [� [ ��� RVa� R]^� � � RX_ �^X
b# 'G�.��4' 4�' '� 0%'+0� #5 4�'-' �33.%0�4%#+-  D' 0#/ 3��'$ 4�' 'K'0�4%#+ 4%/ '- #5

H #4� %/ 3.'/ '+4�4%#+- �8O P �+$ E F��� �+$'� 4�' -�/ ' 'K'0�4%#+ 0#+$%4%#+- � I' 4'-4'$
H #4� �33.%0�4%#+- #+ � 0.�-4'� #5 =: F%+�K D#�t-4�4%#+- 0#++'04'$ H� �+ %-#.�4'$ '4�'�+'4
+'4D#�t �

v#� 4�' !>C#$� � %/�.�4%#+ 8�#H.'/  D' 0���%'$ #�4 ;� 'K3 '�%/ '+4-  '�0� #5 4�'/ D %4�
< �'3.%0�4%#+- � I' 4##t 4��'' 5�04#�- %+4# 0#+-%$'��4%#+ %+ 4�' $'-%&+ #5 4�' 'K3 '�%/ '+4- 
4�' +�/H '� #5 3��4%0.'- �< �:  �@:;  :@;� �+$ ;@?��  4�' +�/H '� #5 3�#0'--#�- �:  ;  � �+$
���  �+$ 4�' +�/H '� #5 %4'��4%#+- �� �@ �+$ :@� �



��

b�H.' � -�#D - 4�' 'K'0�4%#+ 4%/ '- 5#� '�0� 'K3 '�%/ '+4 � I' $%G%$'$ 4�' 'K'0�4%#+
4%/ '- 5#� 'K3 '�%/ '+4- D %4� �@ �+$ :@ %4'��4%#+- H� �@ �+$ :@ �'-3 '04%G'.� 4# t''3 4�'/
0#/ 3���H.' 4# 4�' 'K3 '�%/ '+4- D %4� � %4'��4%#+ � b �' 4�H.' �.-# -�#D - 4�' -4�+$��$
$'G%�4%#+ H '4D''+ �'3.%0�4%#+- #5 '�0� 'K3 '�%/ '+4 �+$ 4�' ��4%# H '4D''+ 'K'0�4%#+ 4%/ '-
D %4� E F�� �+$ 8O P �

,+ 4�' D#�-4 0�-' ��@:; 3��4%0.'-  �� 3�# 0'--#�- �+$ :@ %4'��4%#+-� E F�� D�- ; 4%/ '-
-.#D'� 4��+ 8O P D �%.' %+ 4�' H '-4 0�-' �:@;� 3��4%0.'-  : 3�#0'--#�- �+$ :@ %4'��4%#+-�
E F�� D�- : 4%/ '- 5�-4'� 4�'+ 8O P � E + %+4'�'-4%+& 3 #%+4 %+ 4�H.' � %- 4�' $%J'�'+0' %+
4�' $'G%�4%#+- #H-'�G'$ 5#� E F� E �+$ 8O P �

v#� 4�' 2 %-4�%H�4'$ O#.�/ '4�%0 O %-��.%(�4%#+ �33.%0�4%#+  D' 0#+$�04'$ �� 'K3 '�%/ '+4-  
'�0� #5 4�'/ �'3.%0�4'$ < 4%/ '- � ,+ 4�%- 0�-'  4�' 5�04#�- D' 4# #t %+4# 0#+-%$'��4%#+ D'�'
4�' 3��4%4%#+ / '4�# $ �H.# 0t-  3 %K'.- �+$ -0�+.%+'-�  4�' +�/H '� #5 3�# 0'--#�- �;  � �+$ ���
�+$ 4�' $%-4�%H�4%#+ #5 4�-t-  D �%0� 0�+ H ' '%4�'� -4�4%0 #� $�+�/ %0 � ,+ 4�' -4�4%0 0�-'  4�'
4#4�. +�/H '� #5 -�H>%/ �&'- %- $%G %$'$ H� 4�' +�/H '� #5 D#�t'�- �+$ '�0� D#�t'� �'0'%G'-
%4- 0#/ 3.'4' D#�t.#�$ %+ 4�' H '&%++%+& #5 4�' �.&#�%4�/ � ,+ 4�' $�+�/ %0 0�-'  $ %-4�%H�4%#+
%- $'/ �+$>$�%G'+  % �' � '�0� D#�t'� %+ %4%�..� �'0'%G'- #+' -�H>%/ �&' �+$ �'c�'-4- � +'D
4�-t '�0� 4%/ ' %4 0#/ 3.'4'- 4�' 3�'G%#�- #+' �

b�H.' : 3�'-'+4- 4�' 'K'0�4%#+ 4%/ '- 5#� 4�' 3%K'. �+$ -0�+.%+' 3��4%4%#+ / '4�#$-  D %4�
$�+�/ %0 �+$ -4�4%0 $%-4�%H�4%#+  �-%+& ;  � �+$ �� �&'+4- � �4�+$��$ $'G%�4%#+ �+$ ��4%#-
��' �&�%+ -�#D + � ,+ 4�' D#�-4 0�-' �$�+�/ %0 3%K'. D %4� � 3�#0'--#�-� E F�� D�- �� 4%/ '-
-.#D'� 4��+ 8O P D �%.' %+ 4�' H '-4 0�-' �-4�4%0 -0�+.%+' D %4� ; 3�#0'--#�-� E F�� D�- ��:
4%/ '- 5�-4'� 4��+ 8O P �

I' 0�+ #H-'�G' 4��4 4�' 3���..'.%-/ %+ H #4� �33.%0�4%#+- $%$ +#4 �'-�.4 %+ �+� -3 ''$�3
'%4�'� %+ 8O P #� %+ E F�� � b �' 3 ##� �'-�.4- 5#� 3���..'.%-/ ��G' +# %/ 3�04 #+ #��
'G�.��4%#+ #5 E F�� �- � 0#/ /�+%0�4%#+ 3�0t�&' � b �'� 3�#H�H.� %+$%0�4' �+ %+�$'c��4'
&��+�.��%4� �0#/ 3�4�4%#+90#/ /�+%0�4%#+ ��4%# � 5#� 4�'-' �33.%0�4%#+- %+ 4�' -3 '0%L0 'K>
'0�4%#+ 3.�45#�/  D �%0� / '�+- D' ��' 0#/ 3��%+& E F�� �+$ 8O P �+$'� �'.�4%G'.� �'�G�
0#/ /�+%0�4%#+ �'c�%�'/ '+4- j 4� %- / �t'- 4�' 'G�.��4%#+ #+.� 4�' / #�' %+4'�'-4%+& �

v %&��' �@ 3�'-'+4- &��3�- D %4� 4�' E F��98O P 'K'0�4%#+ 4%/ ' ��4%#- � ,+ 4�' !>C# $�
-%/�.�4%#+  E F�� %- %+ �G'��&' ��#�+$ 4D# 4%/ '- -.#D'� 4��+ 8O P � E - 4�' +�/H '� #5
3�# 0'--#�- &�#D  H '��G %#� #5 E F�� -''/ - 4# &'4 D#�-' � ,+ 4�' ��>3�# 0'--#� 0�-'-  '�0�
3�# 0'--#� %- �'0'%G %+& %+5#�/ �4%#+ 5�#/ �< #4�'� 3�#0'--#�- �4 4�' '+$ #5 '�0� %4'��4%#+  
3 #--%H .� .'�$%+& 4# $'.��- %+ �0t+#D .'$&/ '+4- �+$ �++'0'--��� �'4��+-/ %--%#+- � E .-#  4�'
�'.�4%G' D'%&�4 #5 4�' 0#/ /�+%0�4%#+ / '0��+%-/ %+0�'�-'- �- &��+�.��%4� #5 0#/ 3�4�4%#+
$'0�'�-'- �

E F�� �'-�.4- 5#� 4�' G%-��.%(�4%#+ �33.%0�4%#+ D'�' D#�-'  -3 '0%�..� 5#� 4�' 3%K'.>H�-'$
3��4%4%#+ / '4�#$  %+ 4�%- 0�-'  E F�� D�- %+ �G'��&' ? 4%/ '- -.#D'� 4��+ 8O P � b �%- �3>
3.%0�4%#+ $#'- +#4 -''/  %+ 5�04  4# ��G' 4�' 0����04'�%-4%0- 4��4 D#�.$ �'0#/ / '+$ E F�� N-
�-' � E .��&' +�/H '� #5 -/ �.. / '--�&'- %- -'+4 4# � -%+&.' 3�# 0'--  �- D#�t'�- 0#/ 3.'4'
4�'%� �..#44'$ 4�-t- �+$ -'+$ �'-�.4- 4# 4�' G%-��.%('� �&'+4 � ,+ 4�' -0�+.%+' 3��4%4%#+
/ '4�# $  E F�� $%$ /�0� H '44'�  %4 D�- %+ �G'��&' .'-- 4��+ = 4%/ '- -.#D'� 4��+ 8O P �
b �' -0�+.%+' 3��4%4%#+ -''/ - 4# �'M'04 � / #�' �$'c��4' 0#/ /�+%0�4%#+90#/ 3�4�4%#+ ��>
4%#  � 0#/ 3��%-#+ #5 'K'0�4%#+ 4%/ '- 5#� 4�' 8O P �33.%0�4%#+ �-%+& H #4� / '4�# $- -�#D -
�- 4�' D'%&�4 #5 0#/ /�+%0�4%#+ %+ 4�' 3%K'.>H�-'$ 3��4%4%#+ / '4�#$ �



�?

� ���� ���� ��	 ����
��	
���  ��� �������� ���  ��� �� ������

� � �  � ��� � ��� � ��� � ���  ���� � �� � ��� � �� � ��� � ����� � �� � ��� � �� � ��� � ����  � ��� � ��� � ��� � ���  ���� � ��� � ��  � �� � ���  ����� � ��  � ��� � �� � ���  �
�   ��� � ��  � ��� � �� � ���� � ��� � ��� � ��� � ���  ����� � ��� � ��� � ��� � ���  ����  � ��� � ��� � ��� � ��� � ���  ��� � ��� � ��� � ��� � �����  ��� � ��� � ��� � ��� � ������ �  � ��  � ��� � ��� � ���  ���� � ��� � ��  � ��� � ��� � ����� � ��� � ��  � ��� � ���  ����  � ��� � ��  � ��  � ���  ���� � ��� � ��  � ��� � ���  ���� � ��� � ��  � ��� � ���  ���
�   ��� � ��  � ��� � ��  ���� � �� � ��  � ��� � ���  ����� � ��� � ��  � ��� � ���  ����  � ��� � ���  ��� � �� � ����  ��� � ��� � ��� � ��� � ����� � ��� � ��� � ��� � ��� � ��� ����� �  � ��� � ��� � ��� � ��  ���� � ��� � ��� � ��� � �� � ����� � ��� � ��� � ��� � ��� � ��  ��   ��  � ���  � � ��  ���� � ��� � ��  � ��� � ��  � ����� � ��  � ��  � ��� � ��� � �� 
�  � �� � ���  ��� � ��  �� � � ��� � ��� � ��� � ���  ����� � ��� � ��� � ��� � ���  ����  � ��� � �� � �� � ��  ���� � ��� � ��� � ��� � ��� � �����  ��� � ��� � ��� � �� � ������� �   ��� � ��   ��� � ���  ����  ��  � ��   ��� � ���  �����  ��  � ��   �� � ���  ���  � ��� � ���  ��� � �  ����  ��� � ��   ��� � ���  �����  ��� � ���  ��� � ���  �
�  � ��� � ��� � ��� � ���  ���� � ��� � ���  ��� � ��  �����  ��� � ���  ��� � ��  ���  � ��� � ��� � ��� � ���  ���� � ��� � ���  ��� � ���  ����� � ��� � ��� � �� � ��� � ���b�H.' �

b �' !>C# $� 3�#H.'/  'K'0�4%#+ 4%/ ' %+ � �



:@

���� ��	 ����
��	
���  ��� �� ������ ���  ��� ��������

���� ������� � �� ��� � ��� � ��� � ��� � ���
� �� ��� � ��� � ��  � ��  ��� �� �� ��� � ��  � ��� � �� � ���

������ � �  ��� � ��� � ���  ��� � ���
� �  ��� � ��� � ��� � ��� � ���� �� ��� � ��� � ��� � ��� � ���

���� ��� ������� �  ��� � ��� � �� � ��� � ���
�  �� � ��� � ��� � ��� � ����  ��� � ��� � ��� � ��� � ���

������ � � �� � ��� � �� � ��� � ��� �
� � �� � ��� � ��� � ��� � ���� � ��� � ��� � ��� � ���  ���b�H.' :

b �' 2 %-4�%H�4'$ O#.�/ '4�%0 O %-��.%(�4%#+ 3�#H.'/  'K'0�4%#+ 4%/ ' %+ � �

E - � D �#.'  4�' 'K3 '�%/ '+4�. �'-�.4- .'�$ �- 4# H '.%'G' 4��4 E F�� %- � G%�H.' 4##. 5#�
$'G'.#3/ '+4 �+$ 3�#4#4�3%+& � b �' �-' #5 ��3%$ 3�#4#4�3%+& �- � 4'0�+%c�' 5#� 3�#&��/
$'G'.#3/ '+4 %- H '0#/ %+& / #�' �+$ / #�' D %$'-3�'�$ d:�e  �+$ 0�+ H ' 'K3 '04'$ 4# 'K4'+$
3���..'. 3�#&��/ / %+& �- D'.. � E .-#  4�' &�%+ %+ M'K %H%.%4� �0�%'G'$ D %4� E F�� 0�+ %+
-#/ ' 0�-'- 0#/ 3 '+-�4' 4�' 3 '�5#�/ �+0' .#--'- � ,4 %- D#�4� +#4%+& 4��4 ��-4 4��+%+& #J
4�' #34%/ %(�4%#+ #34%#+ %+ � � 0#/ 3%.'� 0�+ �'-�.4 %+ � -.#D $#D + #5 5#�� #� LG' 4%/ '- %+ 4�'
'K'0�4%#+ #5 4�' �'-�.4%+& 3�#&��/ � ! 'G'�4�'.'--  3 '#3.' 5�'c�'+4.� 4��+ #J #34%/ %(�4%#+-
4# -3 ''$ �3 0#/ 3%.' 4%/ ' � I %4� E F��  0#/ 3%.' 4%/ ' %- ('�# �

I' H '.%'G' D' 0�+ �.-# / �t' -#/ ' �$��-4/ '+4- 4# &'4 H '44'� 3 '�5#�/ �+0' 5�#/ E F�� �
I' ��G' 0#+$�04'$ -#/ ' 3�'.%/ %+��� 'K3 '�%/ '+4- %+ t''3%+& 3��4- #5 4�' 0#/ /�+%0�4%#+
%+ �  %+ -%4��4%#+- %+ D �%0� .��&' c��+4%4%'- #5 $�4� ��G' 4# H ' 4��+-5'��'$ �+$ 4�'�' %-
+# +''$ 5#� 4�' 0# $' 'K0��+&' 5�0%.%4�� C'-%$'-  #�� 0���'+4 %/ 3.'/ '+4�4%#+ #5 �'.%�H.'
0#/ /�+%0�4%#+ H '4D''+ $�'/ #+- %- ��4�'� -4��%&�45#�D��$ �5#� %+-4�+0'  4�' 3�#4#0#.
�-'- � -.%$ %+& D %+$#D #5 -%(' �� � "'L+'/ '+4- #5 4�%- $�'/ #+>4# $�'/ #+ 0#/ /�+%0�4%#+
3�#4#0#. D %.. 3�#H�H.� .'�$ 4# �+ %/ 3�#G'/ '+4 %+ 3 '�5#�/ �+0' �

� [ � R ��^RW �UVQ
� -4'��#�4  %+ �%- -'/ %+�. 3�3 '� d:?e  D�- #+' #5 4�' L�-4 ��4�#�- 4# �$G# 0�4' 4�' �-' #5

� ����$� .�+&��&' %+4'&��4'$ D %4� � -0�%34%+& .�+&��&' �D �%0� �' +�/ '$ �+ i� �i��q�gi
gqmfhqf i� � ,+ 4��4 3�3 '�  �' �.-# %+4�#$�0'$ 4�' %$'� #5 �-%+& 3.�%+ 0# $' �- � / '--�&'
5#�/ �4 5#� 0#/ /�+%0�4%#+ �/ #+& 3�# 0'--'- � �#D'G'�  �- 5�� �- D' t+#D  �' $%$ +#4 �33.�
4�%- %$'� 4# $%-4�%H�4'$ #� 3���..'. �.&#�%4�/ - ��.4�#�&� �' �-'$ %4 5#� 0#/ /�+%0�4%#+
�/ #+& D %$&'4- %+ 4�' b t 	� , 4##.t %4� �

�'G'��. &�#�3- ��G' �-'$ b 0. 5#� $%-4�%H�4'$ 3�#&��/ / %+& � b 0.>2 8 %- � b 0. 'K4'+-%#+
5#� $%-4�%H�4'$ 3�#&��/ / %+& d=@e � �#D'G'�  %4- &#�. %- 4# / �t' %4 '�-� 4# 3�#&��/ -#0t'4>
H�-'$ 0.%'+4>-'�G'� �33.%0�4%#+-  �+$ +#4 4# -�33 #�4 �%&�'�>.'G'. 0#/ /�+%0�4%#+ / #$'.- �
,+ �+#4�'� $%�'04%#+  4�' E &'+4 b 0. 3�#� '04 d= �e �4 2 ��4/ #�4� �#..'&' �-'- b 0. �- � H�-%-
5#� �+ �&'+4 -�-4'/ � E + �&'+4 / %&��4%+& 5�#/ #+' / �0�%+' 4# �+#4�'� 0#�.$ %+ -#/ ' D��-
H ' 0#/ 3��'$ 4# E F�� N- 0�3�H%.%4� #5 -'+$%+& 0# $' %+ / '--�&'- j �#D'G'�  �&'+4- ���%G %+& �4
� +'D / �0�%+' 'K'0�4' %+ � +'D '+G%�#+/ '+4  D �'�'�- %+ E F��  D �'+ � 3�#0'-- �'0'%G'- �
/ '--�&' %4 'K'0�4'- 4�%- / '--�&' %+ %4- #D + '+G%�#+/ '+4  D %4� �00'-- 4# 'K %-4%+& G��%�H.'-



: �

�
�

�
�

�
�
�
�
�

�
�
�
�
� �
� �
� �
� �

�
�
�
�

�
�
�
�

�
�
�
�

���
�
�
�

�
�
�
�
� �
� �
� �

� �
� �
� �512 Particles

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

2 4 8 16

Number of Processors

A
L

u
a
/P

V
M � 1

��
10

��
20

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�
� �
� �
� �
� �

�
�
�

�
�
�

�
�
�
�
� �
� �
� �
� �

�
�
�
�

�
�
�

�
�
�1024 Particles

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

2 4 8 16

Number of Processors

A
L

u
a
/P

V
M � 1

��
10

��
20

�
�

�
�

�
�
�
�

�
�
�
�
� �
� �
� �
� �

�
�
�

�
�
�

�
�
�
�

�
�
�
�

�
�
�
�
�
�
�
�

�
�
�
�
� �
� �
� �

� �
� �
� �2048 Particles

0.00

0.50

1.00

1.50

2.00

2.50

3.00

2 4 8 16

Number of Processors

A
L

u
a
/P

V
M

�
1

��
10

��
20

�
�
�
�

�
�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

� �
� �
� �

� �
� �
� �

�
�
�
�

�
�
�
�

�
�
�
�
� �
� �
� �
� �

�
�
�
�

�
�
�

�
�
�4096 Particles

0.00

0.50

1.00

1.50

2.00

2.50

2 4 8 16

Number of Processors

A
L

u
a
/P

V
M

�
1

��
10

��
20

v%&��' �@ � E F��98O P ��4%# 5#� 4�' !>C#$� -%/�.�4%#+

�+$ 5�+04%#+- � E &�%+  -%+0' �&'+4- 0�+ 'K0��+&' / '--�&'-  E F�� N- 0#/ /�+%0�4%#+ / #$'.
0#�.$ H ' '/�.�4'$ j �#D'G'�  4��4 %- +#4 4�' &#�. #5 4�' D#�t � b �' bE��P E 3�#� '04
d=:e 5# 0�-'- #+ #3 '��4%+& -�-4'/ -�33 #�4 5#� �&'+4- D �%44'+ %+ � G��%'4� #5 3�#&��/ / %+&
.�+&��&'-  %+0.�$%+& b 0. �

E +#4�'� $��D H�0t #5 -�-4'/ - �-%+& b 0. %- 3 '�5#�/ �+0' � �b �' 	 �'�4 �#/ 3�4'� F�+>
&��&' ��# #4#�4� d==e  � 0#/ 3�'�'+-%G' H '+0�/ ��t �/ #+& $#('+- #5 .�+&��&'-  �'3 #�4-
F�� 3 '�5#�/ �+0' H '%+& 4�3%0�..� 4D# 4# LG' 4%/ '- 5�-4'� 4��+ 4�' 0#��'-3 #+$%+& b 0. 3�#>
&��/ - �

,+ �- /�0� �- D' 3�#3 #-' 4�' �-' #5 E F�� 4# 0�'�4' � M'K %H.' 0#/ /�+%0�4%#+ %+5��-4��0>
4��' 4# H ' 0#/H%+'$ D %4� 0#/ 3%.'$ 3�#&��/ 3��4- 5#� &�'�4'� '� 0%'+0� D' 0�+ G%'D E F��
�- � nool�smqrsom .�+&��&' � 8�3�$#3 #�.#- �+$ E �H�H N- -��G'� d;e 0.�--%L'- 0##�$%+�4%#+
/ #$'.- %+4# 4D# H�#�$ 0�4'&#�%'-  �qrq��ls�im �+$ nomrlog��ls�im� b �' / �%+ %$'� %+ 4�%-
0.�--%L0�4%#+ %- 4��4 %+ $�4�>$�%G'+ 0##�$%+�4%#+  4�' -4�4' #5 4�' 0#/ 3�4�4%#+ �4 �+� 4%/ '
%- $'L+'$ H #4� H� 4�' G�.�'- #5 4�' $�4� H '%+& 'K0��+&'$ �+$ H� 4�' �04��. 0#+L&���4%#+
#5 4�' 0##�$%+�4'$ 0#/ 3 #+'+4-  D �%.' %+ 0#+4�#.>$�%G'+ 0##�$%+�4%#+ 4�' �04��. G�.�'- #5
4�' $�4� H '%+& / �+%3�.�4'$ ��' +#4 %+G#.G'$ %+ $'L+%+& 4�' -4�4' #5 4�' 0#/ 3�4�4%#+ �
��33 #-'$.� 0#+4�#.>$�%G'+ / #$'.- D#�.$ �..#D 4�' -'3���4%#+ H '4D''+ 3�#&��/ / %+& �+$



::

0#+L&���4%#+ 0#+0'�+- 4# H ' 0.'��'� �
E 00#�$%+& 4# 4�' �H #G' $'L+%4%#+  E F�� D#�.$ H ' 0.�--%L'$ �- � $�4�>$�%G'+ 0##�$%+�>

4%#+ .�+&��&'  -%+0' 4�' %+5#�/ �4%#+ �'0'%G'$ %+ / '--�&'- 0�+ 0#+4�%+ 0# $' �+$ 4�'�'5#�'
/ �� �'$'L+' 0#/ 3 #+'+4 3��4- �+$ %+4'��04%#+ 3�44'�+- � �#D'G'�  %+ 0#+4��-4 4# 4�3%0�.
'K �/ 3.'- #5 4�' $�4�>$�%G'+ 3���$%&/  -�0� �- F%+$� d<e  4�' E F�� / #$'. %- +#4 H�-'$
#+ �$$%+& 0##�$%+�4%#+ 3�%/ %4%G'- 4# �+ 'K %-4%+& .�+&��&'  %4 3�#3 #-'- 4�' �-' #5 � 5�..>
M'$&'$ 3�#&��/ / %+& .�+&��&' �- � &.�' H '4D''+ $%-4�%H�4'$  0#/ 3%.'$ 0#/ 3 #+'+4- � b �%-
�..#D - 4�' 3�#&��/ / '� 4# 0#/ 3.'4'.� -'3���4' H�-%0 0#/ 3 #+'+4 3�#&��/ / %+& 5�#/ 0#+L&>
���4%#+  %5 �' -# $'-%�'- � �#D'G'�  H '0��-' F�� %- � 0#/ 3.'4' 3�#&��/ / %+& .�+&��&' �+$
H '0��-' %4 ��- � G'�� M'K %H.' %+4'�5�0' D %4� �  $%J'�'+4 .'G'.- #5 %+4'&��4%#+ H '4D''+ 4�'
&.�%+& 0# $' �+$ 4�' ����$ 0#/ 3�4�4%#+� 0�+ H ' 0�#-'+ H� 4�' 3�#&��/ / '� � I' H '.%'G'
4�%- 0�#%0' %- �+ %/ 3 #�4�+4 5�0%.%4� 5#� 4�' 3�#&��/ / '� � E - $%-0�--'$ %+ d=;e  -'3���4%#+
#5 0# #�$%+�4%#+ �+$ 0#/ 3�4�4%#+ 0#$' 0�+ H ' G'�� $%� 0�.4 4# / �%+4�%+ D �'+ $�+�/ %0
0# #�$%+�4%#+ 5�0%.%4%'- ��' �'c�%�'$ � b �' -�/ ' %--�' %- %..�-4��4'$ H� 4�' / '0��+%-/ - 5#�
$�+�/ %0 %+-4�+4%�4%#+ %+ 2 ��D %+ d�e � E .4�#�&� 2 ��D %+ N- 0#+L&���4%#+ .�+&��&'  " '&%-  
%+0.�$'- �+ '.'&�+4 $�+�/ %0 %+-4�+4%�4%#+ / '0��+%-/ 5#� �'0��-%G' -4��04��'-  4�' $�+�/ %0
%+-4�+4%�4%#+ #5 ��H%4���� / #$�.'- /�-4 H ' 3�#&��/ / '$ $%�'04.� %+ 4�' 0#/ 3�4�4%#+ 0#$' �

P ��H ' 4�' E F�� / #$'. 0�+ H '-4 H ' 0#/ 3��'$ 4# 4�' ������ ���� 3���$%&/ %+4�#>
$�0'$ H� C%0 d=<e � b �%- 3���$%&/ %- H�-'$ #+ � i�� imf il #H� '04-  D �%0� 0�+ +�G%&�4'
�/ #+& +'4D#�t +#$'-  3 '�5#�/ %+& +�G%&�4%#+ �+$ 0#/ 3�4�4%#+ �04%#+- 'K3�'--'$ �-%+&
� � P '--'+&'�- ��' 0#/ 3%.'$ 4# %+4'�/ '$%�4' 0#$' 4��4 0�+ H ' $�+�/ %0�..� / #G'$ �0�#--
/ �0�%+'- � b �' � i�� imf il .%H���� %+0.�$'- 5�+04%#+- 5#� %+G#t%+& -'3���4'.� 3�'0#/ 3%.'$
� 5�+04%#+-  �..#D %+& %4 4# %+4'&��4' %+$'3 '+$'+4.� $'G'.#3 '$ 0#$' �

b �' ������ ���� 3���$%&/ %- $'-0�%H '$ %+ 4�' 5��/ 'D#�t #5 � $%-0�--%#+ �H #�4
/ '--�&' 3�--%+& �.&#�%4�/ - � d=<e �-'- 4�' 'K3�'--%#+ �qhrom o� oh� o�� inr� N 4# $'+#4'
3���$%&/ - D �'�' / '--�&'- ��G' H ''+ '.'G�4'$ 5�#/ H '%+& -%/ 3.' 0���%'�- #5 $�4� 4# �
�%&�'� 5#�/  -�0� 4��4 -#/ ' H '��G%#��. %+5#�/ �4%#+ 0�+ H ' 0���%'$ H� '�0� / '--�&' �+$
%+4'�3�'4'$ H� 4�' �'0'%G'� � b �' 3�3 '� 5��4�'� 0.�--%L'- -�0� / #$'.- �.#+& 4D# �K'- 
+�G%&�4%#+�. ��4#+#/� �+$ $�+�/ %0 0#/ 3 #-%4%#+ � ! �G%&�4%#+�. ��4#+#/� �'5'�- 4# 4�'
$'&�'' 4# D �%0� � / '--�&' 0�+ %+0.�$' $'0%-%#+- �H #�4 %4- #D + $'-4%+� �#4�'� 4��+ %4-
%/ / '$%�4' �'0%3%'+4-� � E F�� �..#D - 4�' 3�#&��/ / '� 4# H�%.$ -�-4'/ - D �'�' / '--�&'-
0#+4�%+ 4�' D �#.' H '��G%#� #5 � -�-4'/  �+$ 4�' +# $'- ��' / '�' / '--�&' %+4'�3�'4'�- �
�b �' -'.5>�'3.%0�4%+& 0# $' %+ -'04%#+ ; �� 5#..#D - 4�%- �33�#�0� �� 2�+�/ %0 0#/ 3 #-%4%#+
�'3�'-'+4- 4�' 'K4'+4 4# D �%0� ��4#+#/ #�- #H� '04- 0�+ �04%G�4' %+$'3 '+$'+4 3�#&��/ -
�+$ 0���� +'D 5�+04%#+�. H '��G%#� 4# $%J'�'+4 +#$'- � E F�� �#�  / #�' 'K �04.� F��� 0�+
%+G#t' #4�'� 3�#0'--'-  0�+ .#�$ �+$ 0�.. 5�+04%#+- D �%44'+ %+ F��  �+$ 0�+ 0�.. 5�+04%#+-
D �%44'+ %+ � 3�'G%#�-.� .%+t'$ 4# 4�' %+4'�3�'4'� � P #�'#G'�  F�� �.-# ��- � +#+>-4�+$��$
.%H���� 4��4 �..#D - %4 4# .#�$ 3�'>0#/ 3%.'$ � .%H���%'- $�+�/ %0�..� d=�e �

E +#4�'� .�+&��&' 5#� 0#++'04%+& $%-4�%H�4'$ �33.%0�4%#+- %- 	 .%-� d=�e � E .4�#�&� +#4
4�3%0�..� 0%4'$ %+ 4�%- 0#+4'K4  	 .%-� 0�+ '�-%.� H ' G%'D'$ �- � 0##�$%+�4%#+ .�+&��&' �
F%t' E F��  	 .%-� �$#34- �+ 'G'+4>#�%'+4'$ �33�#�0�  �+$ %4 %- H %.%+&��. � �#D'G'�  �+.%t'
E F��  D �'�' '�0� �&'+4 0�+ H ' H%.%+&��. �D %4� � 0#�' D �%44'+ %+ � �+$ � 0#/ /�+%0�4%#+
.��'� D �%44'+ %+ F���  %+ 	 .%-� 4�'�' %- #+' -%+&.' � q� ril �&'+4 D �%44'+ %+ 	 .%-�  4��4
0# #�$%+�4'- 4�' D#�t #5 -.�G'- D �%44'+ '+4%�'.� %+ � � E - 4�' -.�G'- ��' 0# $'$ %+ � 0#/ 3%.'$
.�+&��&'  4�'� 0�+ ��+$.' #+.� � LK'$ -'4 #5 / '--�&'-  D %4� 3�'>$'L+'$ 0#+4'+4 4�3 '- �



:=

� [ � a]� � � R��VQX
,+4'�3�'4'$ .�+&��&'- ��G' H ''+ &�%+%+& %/ 3 #�4�+0' #G'� 4�' .�-4 �'��-  �- 3�#&��/ >

/ '�- �'�.%(' 4�' G%�4�'- #5 4�'-' .�+&��&'-  -�0� �- M'K %H%.%4� �+$ -�33 #�4 5#� ��3%$ 3�#>
4#4�3%+& � �#D'G'�  -�0� .�+&��&'- ��' -'.$#/ �-'$ %+ 3���..'. �33.%0�4%#+- � E - 3���..'.
�33.%0�4%#+- %+0�'�-%+&.� �-' �'4'�#&'+'#�- .��&'>��'� +'4D#�t-  4�'� �.-# +''$ / #�' M'K>
%H %.%4� �+$ �$�34�H%.%4�� ,+ 4�%- 3�3 '�  D' ��&�'$ 4��4 %+4'�3�'4'$ .�+&��&'- 0�+ 3�#G%$'
-�0� M'K %H%.%4� 4# 3���..'. �33.%0�4%#+-  D %4� �+ �00'34�H.' 3 '�5#�/ �+0' 3 '+�.4��

,+ -'04%#+ ; D' 'G�.��4'$ 4�' M'K %H%.%4� 4��4 E F�� 0�+ H�%+& 4# 3���..'. 3�#&��/ / %+& �
C'-%$'- 4�' '�-' D %4� D �%0� $%J'�'+4 3�#3 #-'$ �.&#�%4�/ - 0#�.$ H ' %/ 3.'/ '+4'$  #+'
%/ 3 #�4�+4 �'-�.4 #5 4��4 -'04%#+ D�- 4# -�#D 4�' -�33 #�4 4��4 E F�� 3�#G %$'- 5#� 4'-4>
%+& �+$ 3�#4#4�3%+& � ,+ 4�' %/ 3.'/ '+4�4%#+ #5 4�' b�3.' P �.4%3 .%0�4%#+ 3�#&��/ / %+&
3���$%&/  D' D'�' �H.' 4# H�%.$ #+' -%+&.' 5��/ 'D#�t H�-'$ #+ � 0�#-'+ 0#/ /�+%0�4%#+
/ #$'.  �..#D %+& 5#� 'K3 '�%/ '+4%+& $%J'�'+4 %/ 3.'/ '+4�4%#+-  D %4� +# +''$ 5#� 4'-4%+&
�+$ $'H�&&%+& 4�' H�-%0 0#/ /�+%0�4%#+ 3�44'�+ �3���..'. �+$ -'c�'+4%�.� 5#� '�0� �33.%>
0�4%#+ � ,+ $%-0�--%+& 4�' E>b'�/ �33.%0�4%#+  D' -�#D'$ �#D E F�� 0�+ H ' �-'5�. 5#�
.#+&>��++%+& �33.%0�4%#+- � b �' 5�0%.%4� #5 �+ %+4'��04%G' 0#+-#.' 4��4 4�' 3�#&��/ / '�
0�+ �-' 4# / #+%4#� �+$ 0#+4�#. �+ �33.%0�4%#+ $�+�/ %0�..� %- �+ %/ 3 #�4�+4 4##. 5#� 4�%-
-0'+��%# � C'0��-' #5 %4- $�+�/ %0 5'�4��'-  E F�� �.-# L4- D'.. %+ 4�' 0#+4'K4 #5 $%-4�%H�4'$
/�.4%/ '$%� �33.%0�4%#+- d=�e �

E F�� N- $��. 3�#&��/ / %+& / # $'.  D �%0� �..#D - 4�' 0#/ /�+%0�4%#+ ��+$ 0# #�$%+�4%#+ �
0#$' 4# H ' D �%44'+ %+ E F�� �+$ 4�' 0#/ 3�4�4%#+ 0# $' 4# H ' D �%44'+ %+ � 0#/ 3%.'$ .�+>
&��&'  �..#D - �- 4# ��G' 4�%- &�%+ %+ M'K %H%.%4� D %4�#�4 3��%+& 4## �%&� � 3 '�5#�/ �+0'
3�%0' � b �' �'-�.4- D' $'-0�%H '$ %+ -'04%#+ <  �.4�#�&� 3�'.%/ %+��� ��' -4%/�.�4%+&  �- 4�'�
%+$%0�4' 4��4 4�' 0#-4- #5 �-%+& E F�� 5#� 3���..'. �33.%0�4%#+- 0�+ H ' �'.�4%G'.� .#D � b �'-'
0#-4- ��' c�%4' 0#+-%-4'+4 D %4� 4�' 0#-4- #5 �-%+& �+ %+4'�3�'4'$ .�+&��&' %+ -'c�'+4%�.
�33.%0�4%#+- d==e � ,4 %- %/ 3 #�4�+4 4# �'/ '/H '� 4��4  �- 3 #%+4'$ #�4 %+ d=?e  D �'+ / '�-��>
%+& 4�' 3 '�5#�/ �+0' #5 � 3���..'. �33.%0�4%#+ #� 3�#&��/ / %+& 4##.  D' +''$ 4# 0#+-%$'�
$%J'�'+4 / '4�%0- � b �' '�-' #5 0#+-4��04%#+ #5 �+ �33.%0�4%#+ �+$ 4�' 4%/ ' � 3�#&��/ / '�
-3 '+$- 4# %/ 3.'/ '+4 %4 ��' 5�'c�'+4.� / #�' %/ 3 #�4�+4 4��+ 4�' L+�. 'K'0�4%#+ 4%/ ' �

�#/ ' ��'�- #5 $%-4�%H�4'$ 3�#&��/ / %+&  -�0� �- I I I -'�G%0'-  ��' �.�'�$� 4��$%+&
'� 0%'+0� 5#� M'K %H%.%4� 4��#�&� 4�' �-' #5 .�+&��&'- -�0� �- 8'�. �+$ B�G� � I' H '.%'G'
4��4 4�' 5�0%.%4%'- 5#� 4'-4%+& �+$ 3�#4#4�3%+& %+ E F�� / �t' %4 �+ %+4'�'-4%+& $'G'.#3/ '+4
'+G%�#+/ '+4  'G'+ %5 %+ L+�. G'�-%#+- 4�' 3�#&��/ %- 4��+-.�4'$ 4# � 0#/ 3%.'$ .�+&��&' �

�+' %--�' 4��4 �'�$%.� 0#/ '- 4# / %+$ D �'+ $%-0�--%+& � -�-4'/ 4��4 �..#D - 0#$' 4# H '
-'+4 �0�#-- 4�' +'4D#�t �+$ 'K'0�4'$ �3 #+ �'0'%34 %- 4��4 #5 -'0��%4�� � '�'  �- #54'+ %-
4�' 0�-'  M'K %H%.%4� %- �4 # $$- D %4� -�5'4�� b �' E F�� -�-4'/ 0�+ H ' 0�-4#/ %('$ 4# H '
/ #�' -'0��' �-%+& 5�0%.%4%'- +�4%G' 4# F�� � v�+04%#+- 0#+-%$'�'$ 3 #4'+4%�..� ���/ 5�. �5#�
%+-4�+0'  �.. #�43�4 >&'+'��4%+& 5�+04%#+-� 0�+ H ' �'$'L+'$ �+$ �'3.�0'$ 5#� $�/ / %'- %+
�+ %+%4%�.%(�4%#+ -0�%34 �- 3��4 #5 E F�� N- 0#+L&���4%#+ �

P �+� $%-4�%H�4'$ 3�#&��/ / %+& '+G%�#+/ '+4- ��' 4�%.#�'$ 5#� � -3 '0%L0 %+4'��04%#+
3���$%&/  -�0� �- 0.%'+4>-'�G'� #� 3 ''�>4#>3 ''� � E F�� $#'- +#4 %/ 3 #-' � -3 '0%L0 3�#>
&��/ / %+& 3�44'�+ � b �%- %- #+' #5 4�' -#��0'- #5 %4- M'K %H%.%4� H�4 #+ 4�' #4�'� ��+$
/ �� H ' 0#+-%$'�'$ � -#��0' #5 3�#&��/ / '� 0#+5�-%#+ � �#D'G'�  �+ E F�� 3�#&��/ D %..
H ' ���$ 4# 5#..#D #+.� %+ 0�-'- D �'+ 4�' +''$- #5 4�' 3�#&��/ ��' 0#/ 3.'K j / #�'#G'�  



:;

0#/ / #+ %+4'��04%#+ 3�44'�+-  -�0� �- " 8 � 5#� 0.%'+4>-'�G'� %+4'��04%#+-  0�+ '�-%.� H '
'+0�3-�.�4'$ �+$ 3�#G%$'$ %+ .%H���� 5�+04%#+- �

	G'+4>$�%G'+ -�-4'/ - ��G' H ''+ &�%+%+& %/ 3 #�4�+0' #G'� 4�' .�-4 �'��- � ,4 %- +#D
0#/ / #+ 5#� �33.%0�4%#+- 4# H ' D �%44'+ %+ �+ %+4'�5�0'>$�%G'+ -4�.'  D �'�' 4�' 0#+4�#. M#D
%- $%�'04'$ H� �-'� %+4'��04%#+- � �+ 4�' #4�'� ��+$  4�' �-' #5 $%-4�%H�4%#+ %- �+#4�'�
%/ 3 #�4�+4 4�'+$ %+ �33.%0�4%#+ $'G'.#3/ '+4 � ��-4'/ - -�0� �- E F�� H�%+& 4�'-' 4D#
4�'+$- 4#&'4�'�  �..#D %+& 0#+4�#. M#D 4# H ' $%�'04'$ +#4 #+.� H� �-'� %+4'��04%#+- H�4 �.-#
H� +'4D#�t 'G'+4- �

O'�-%#+- #5 E F�� 5#� ��+�� �+$ 5#� F%+�K 0�+ H ' $#D +.#�$'$ 5�#/

	��
 ������ �������� �
� ��� �� ��� �������	
������

����������

�� B � ��-4'��#�4  �0�%34%+&  � %&�'� .'G'. 3�#&��/ / %+& 5#� 4�' : �-4 0'+4��� ,			 �#/ >
3�4'� = � �=� �

: � C � 	 �4'-  O CE �+$ ��P  C�4' := �=� ��??�� �@7 �: �
= � 2 � �#D�+  " � ,'��-�.%/ -0�� b � �4'3%'+  8�#&��/ / %+& '+G%�#+/ '+4- 5#� '+$>�-'�-  %+ 

�:4� I#�.$ �#/ 3�4'� �#+&�'--  O#. � =  ,v,8 P �$�%$  �??:  33 � <;7�@ �
; � 	 � 8�3�$#3 #�.#-  v � E �H�H  �##�$%+�4%#+ / # $'.- �+$ .�+&��&'-  %+  E $G�+0'- %+

�#/ 3�4'�-  O#. � ;�  E 0�$'/ %0 8�'--  �??�  33 � =:?7;@@ �
< � ! � ����%'�#  2 � 	 '.'�+4'�  F%+$� %+ 0#+4'K4  �#/ /�+%0�4%#+- #5 4�' E� P =: �; �

��?�?� ;;;7;<� �
� � B � P �&''  ! � 2 �.�� B � � ��/ '�  �4��04��'$ 3���..'. �+$ $%-4�%H�4'$ 3�#&��/ -  ,		

�#54D��' 	+&%+''�%+& B#��+�. ��??�� �=7�: �
� � , � v#-4'�  � � � '--'./ �+  � � b�'0t'  b �' �+�4#/� #5 4�' &�%$  	+�H.%+& -0�.�H.' G%�4��.

#�&�+%(�4%#+-  ,+4. � B � ��3 '�0#/ 3�4'� E 33.%0�4%#+- b# H ' 3�H.%-�'$ �
� � , � v#-4'�  � � � '--'./ �+  	 .#H�-  E / '4�0#/ 3�4%+& %+5��-4��04��' 4##.t %4  b �' ,+4'�>

+�4%#+�. B#��+�. #5 ��3 '�0#/ 3�4'� E 33.%0�4%#+- �+$ � %&� 8'�5#�/ �+0' �#/ 3�4%+&
�� �:� ��??�� ��<7 �:� �
� " F �������� �� ��� ���� �������������� �	�� �

? � 	 � E ..'+  b � 2 ��/ .%4-0�  , � v#-4'�  b � 	##$�.'  ! � � ��#+%-  P � " %3 '�+�  	 � �'%$'.  
C � b# #+'+  ��04�->	 4##.t %4  ��33 #�4%+& '� 0%'+4 'K'0�4%#+ %+ �'4'�#&'+'#�- $%->
4�%H�4'$ 0#/ 3�4%+& '+G %�#+/ '+4-  %+  8�#0''$%+&- #5 ;4� 	 .#H�- "'4�'�4  8 %44-H��&�  
8E  :@@@ �

�@ � " � ,'��-�.%/ -0�� F � � � v%&�'%�'$#  I � �'.'-  F��A �+ 'K4'+-%H .' 'K4'+-%#+ .�+&��&'  
�#54D��'  8��04%0' �+$ 	K3 '�%'+0' :� ��� ��??�� �=<7�<: �

��� " � �'�c�'%��  ! � "# $�%&�'(  " � ,'��-�.%/ -0�� E + 'K3 '�%/ '+4 D %4� 'G'+4>$�%G'+ $%->
4�%H�4'$ 3�#&��/ / %+& �%+ 3 #�4�&�'-'�  %+  8E !	F?< A �� , �#+5'��'+0%� F�4%+#
E / '�%0�+� $' ,+5#�/ 6�4%0�  �C �  ��+'.�  C��(%.  �??<  33 � ::<7 :=� �

�: � ! � " #$�%&�'(  � � � ������ " � ,'��-�.%/ -0�� " � �'�c�'%��  b �' �-' #5 %+4'�3�'4'$
.�+&��&'- 5#� %/ 3.'/ '+4%+& 3���..'. �.&#�%4�/ - #+ $%-4�%H�4'$ -�-4'/ -  %+  F � C#�& 6'  
8� v��%&+%��$  E � P %&+#44'  � � "#H '�4 �	$- ��  	��#>8�� N?� 8���..'. 8�# 0'--%+& A
�'0#+$ ,+4'�+�4%#+�. 	��#>8�� �#+5'�'+0'  �3�%+&'�>O'�.�&  F�#+  v��+0'  �??�  33 �
<?�7�@@  O#.�/ ' ,  �F! �� ��:=� �

�= � � � � ������ ! � "#$�%&�'(  E F��  E + 'G'+4>$�%G'+ 0#/ /�+%0�4%#+ / '0��+%-/ 5#�



:<

3���..'. �+$ $%-4�%H�4'$ 3�#&��/ / %+&  %+  8�#0''$%+&- #5 ,��E �:4� ,+4'�+�4%#+�.
�#+5'�'+0' #+ 8���..'. �+$ 2 %-4�%H�4'$ �#/ 3�4%+& ��-4'/ - �82 ��>??�  v#�4 F��$>
'�$�.'  ��E  �???  33 � �@�7 ��= �

�; � O � C ��H #-�  E + ,+4�# $�04%#+ 4# 2 %-4�%H�4'$ E .&#�%4�/ -  P ,b 8�'--  �??� �
�< � F � C %0  P � v�t�$�  P � 2 %..'+0#��4  2 %-4�%H�4'$ 0#/ 3�4%+& �-%+& ��4#+#/ #�- #H� '04-  

,			 �#/ 3�4'� :? ��� ��??�� <<7� ��
�� � O � ��+$'�/ �+  8O P  E 5��/ 'D#�t 5#� 3���..'. $ %-4�%H�4'$ 0#/ 3�4%+&  �#+0���'+0� 

8��04%0' �+$ 	K3 '�%'+0' : �;� ��??@� = �<7==? �
�� � � � � �3.�+  b �' -'��0� 5#� -'.5>$#0�/ '+4%+& 0# $'  

	��
 ������ ��� ����	 ���� ���� �	 �� ������ �
�
��� ��??;� �
�� � 8� C � ��+-'+  �4�$%'- %+ �#/ 3�4�4%#+�. �0%'+0'  8���..'. 8�#&��/ / %+& 8���$%&/ -  

8�'+4%0'>� �..  �??< �
�? � b � � � �#�/ '+  � � 	 � F'%-'�-#+  " � F � " %G'-4  ,+4�# $�04%#+ 4# E .&#�%4�/ -  P ,b 8�'--  

��/H�%$&'  P E  �??@ �
:@ � 8� �#�(�  E -�+0��#+#�- #�&�+%(�4%#+- 5#� /�.4%>�.&#�%4�/ 3�#H.'/ -  8� �2 � 4�'-%-  

2 '3��4/ '+4 #5 	 .'04�%0�. �+$ �#/ 3�4'� 	+&%+''�%+&  ���+'&%' P '..#+ �+%G'�-%4� 
8 %44-H��&�  8E ��??=� �

: �� � � F#+&#  E 3.%0� �0 ��# $' � � �iq�� �# 3�#H.'/ � $' �'0#H�%/ '+4#  P �-4'� N- 4�'-%-  2 '>
3��4�/ '+4# $' �%�'+0%� $� �#/ 3�4� �0 ��#  � +%G'�-%$�$' 	 -4�$��. $' ��/ 3%+�-  ��/ 3>
%+�-  �8 ��??<� �

:: � 	 � ���$#(#  � � � %0�/ �+  2 8��u 8 � -'� N- P �+��. 7 � u u ,+4'�5�0'  G'�-%#+ ��@  
v		9� ! ,�E P 8 �� 04 � �??:� �

:= � B � C ��+'-  8� ��4  E �%'���0�%0�. � �� .#& � � 5#�0' 0�.0�.�4%#+ �.&#�%4�/  ! �4��' =:;
��?��� ;;�7;;? �

:; � P � v��+t.%+  O � 	#G %+$�+  b �' !>C#$� 8�#H.'/  2 %-4�%H�4'$ -�-4'/ .#�$ H�.�+0%+&
�+$ 3 '�5#�/ �+0' 'G�.��4%#+  %+  8�# 0''$%+&- #5 4�' �4� ,+4'�+�4%#+�. �#+5'�'+0' #+
8���..'. �+$ 2 %-4�%H�4'$ �#/ 3�4%+& ��-4'/ -  82 ��  F#�%-G %..'  ��  �??= �

:< � " � C � �'%K�-  �34%/ %(�4%#+ 4'0�+%c�'- 5#� G#.�/ '4�%0 G %-��.%(�4%#+ �%+ 3 #�4�&�'-'�  
8� �2 � 4�'-%-  2 '3 � ,+5#�/ 6�4%0�  8� �>" %#  " %# $' B�+'%�#  C��(%. ��??�� �

:� � P � F'G#�� 2 %-3.�� #5 -��5�0' 5�#/ G#.�/ ' $�4�  ,			 �#/ 3�4'� 	 ��3�%0- �+$ E 3>
3.%0�4%#+- � �=� ��?��� :?7=� �

:� � P � F'G#�� 	� 0%'+4 ��� 4��0%+& #5 G#.�/ ' $�4�  E� P b��+-�04%#+ #+ 	 ��3�%0- ?
��?��� :?7 =� �

:� � v � 8� C�##t-  b �' P �4�%0�. P �+>P #+4�  '--��- #+ -#54D��' '+&%+''�%+&  E $$%-#+
I'-.'� �++%G'�-��� '$%4%#+  �??< �

:? � B � ��-4'��#�4  b 0.  E + '/H '$$�H.' 0#/ / �+$ .�+&��&'  %+  8�#0''$%+&- #5 4�'
��	! ,� I %+4'� �??@ b'0�+%0�. �#+5'�'+0'  ��	! ,� E --# 0%�4%#+  C'�t'.'� �E  
�??@  33 � �==7 �;� �

=@ � C � �/ %4�  F � " #D'  � � �'+  b 0. $%-4�%H�4'$ 3�#&��/ / %+&  %+  �-4 b 0.9b t I#�t-�#3  
�??=  33 � <@7 <��

= �� " � 	 ��� E &'+4 b 0.  E 4��+-3 #�4�H.' �&'+4 -�-4'/  %+  8�# 0''$%+&- #5 4�' �,�P
I#�t-�#3 #+ ,+4'..%&'+4 ,+5#�/ �4%#+ E &'+4-  v#��4� ,+4'�+�4%#+�. �#+5'�'+0' #+ ,+>
5#�/ �4%#+ �+$ �+#D .'$&' P �+�&'/ '+4 ��,�P ?<�  C �.4%/ #�'  P ���.�+$  �??< �
� " F 	��
 ������� ��� ������ ���	 ���� �
�
 �������
 ������ �� �
 � ��

=: � 2 � B#��+-'+  " � G�+ "'+'--'  v � �0�+'%$'�  �3 '��4%+& ��-4'/ ��33 #�4 5#� P #H%.'



:�

E &'+4-  %+  8�#0''$%+&- #5 4�' v%54� I#�t-�#3 �#4 b#3%0- %+ �3 '��4%+& ��-4'/ -
��#4���  I�-�%+&4#+  ��E  �??<  33 � ;:7;< �

== � 2 � C �&.'� b �' &�'�4 0#/ 3�4'� .�+&��&' -�##4#�4  
	��
 ������ ������
 ������������	 ��� ���� �:@@ �� �

=; � P � �0��/ �0�'�  v � ���+4'/ ��&�'  C � � %�-H��++'�  b �' �b Fu u 0##�$%+�4%#+ .�+>
&��&'  E H�-' 5#� %/ 3.'/ '+4%+& $%-4�%H�4'$ /�.4%>�&'+4 �33.%0�4%#+-  %+  8�#0''$>
%+&- #5 4�' b �%�$ ,+4'�+�4%#+�. �#+5'�'+0' #+ �##�$%+�4%#+ P #$'.- �+$ F�+&��&'-  
�3�%+&'�>O'�.�&  �???  33 � =??7; �; �

=< � F � C%0  P � v�t�$�  P � 2 %..'+0#��4  2 %-4�%H�4'$ 0#/ 3�4%+& �-%+& ��4#+#/ #�- #H� '04-  
,			 ��P 8� b	" :? ��� ��??�� <<7���

=� � " � C#�&'-  2�+�/ %0 .%H���� .#�$%+& 5�0%.%4%'- 5#� 4�' F�� .�+&��&'  
	��
 ������ �������� �
� ��� �� ������� ������������� � ��??�� �

=� � O � 8�K-#+  � � ��.4/ ��-�  	 .%-�  � �-'�>.'G'. -#54D��' H�- 5#� .##-'.�>0#�3.'$ $%->
4�%H�4'$ -�-4'/ -  %+  �??= I %+4'� ��	!,� b'0�+%0�. �#+5'�'+0'  �??=  33 � �; �7 �<� �

=� � F � F'%4'  " � E .G'-  	 � F'/ #-  b � C �4%-4�  2�+�O %$'# 7 � $�+�/ %0 G %$'# $%-4�%H�>
4%#+ -'�G%0'  %+  �4� 	��#&��3�%0- I#�t-�#3 #+ P �.4%/ '$%� �		 P �.4%/ '$%� :@@ ��  
�3�%+&'�>I %'+  P �+0�'-4'�  ��  :@@ � 33 � ?<7 �@� �

=? � , � v#-4'�  2 '-%&+%+& �+$ C�%.$ %+& 8���..'. 8�#&��/ -  E $$%-#+ I'-.'� �??< �


