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 � #'%G-'$ �S$ )�)�#'�  � . � � $  - � � % (�. (��  ) � �G� )�# -. $ �')�( � $ � � #'� #  
� -'#'� -'$ � � �  -'$ �y$ )�(�$  

� -'#'�'"'$ �S�
� �S� $ � . (�% )�#'� #  ( � � #'"'� � #'% � )�(��  � �G� $ - � #'� � � �E. $ -'#'%  � % "'� $ . � �  #'&�)�#'�  ( �  � . - � . $ � ( � $ � � (��  

� � & � � .*X-'#'( � %G#'&'(�. $ "'� )�# � . �  � � � $ - -� !��  ) �  
� -'#'. � ��$ )�(�(  

� # � "'$ &')�(��  2-3 &�$ � � . (�"'$ . (��  %G# � - � � . � " �  %
� -'$ &�)�$ �  ) �  

� #'-'� &�# �  %  � � ��&���$  5 "'$ . . � #'� " � � )�#  
� # � "'$ &')�$ �  -'$ & � �'� (�(  � � ( � � �  top500,

� #'&�$ -'� � � $ � #  500 ) � (���#'"'$ $  ��# � )����  � �G� $ - � #'� � � �y. $ -'#'%  �S(�- � , ) �  (��y)��  2000 � #'& �  %  ��(�-'$  ����"'#� � . � )�#'% "�$ )�#  ��#'"'$ $  10 � #'� � � �E. $ -'#'%  �  
� ( � #'%G#G�   

� -'#'( � % #'&�(�. $ "'� )�# � . � �  ��#'"'$ $  1 TFLOPS (. -'"') .# � ./� $ � .). !  
� �S$ -'( � � ) � � #'�  

� - � % (�. $ "'� � . %G$ )�)�#'�  
� -'#'� - � �S��$  «�X� � #'-'$ )�) � �  � . - � . $ � ( � $ � � � �

� #'� � � �E. $ -') � �  (�)�( � ( � . (�% � » ASCI ) � �S$ � $ )  % ���'#'&  ) �  
� -'#'%G$ )��  

� -'#'( � %G#'&'(�. $ "'� )�# � . (  � �G� $ - -� !��
100 . -'"') . # � ./� $ � . %  2004 � . [1]  

� #  %  . #'�  ��$  top500 %G��$ � . $  �  
� ( � #'% #'�  

� -'#'( � % #'&�(�. $ "'� )�# � . � �� -'(�%G#'&'(�. � �  (  -'$ � "'� ) � �  
� -'#'( � %G#'&'(�. $ "'� )�# � . �  � . (��  ��$  %G� � ( � "'(�. $ "'� )����  � ( � . $ � , 

� # � � � � )�) � �  ) �. $ � . #'%G#'�  
� -'#'� - � ���S$  LINPACK, (  "'$ � � #  

� � ��$ . (�. �  - � � )�( � �  ��$ �Z& �  � . (���(  &�% � ���  
� #')�� . (�� �S( .�X� � -'(��S$ - , #'&�(�)  ( �  �S# � )�$ ����(��  � �G� $ - � #'� � � �E. $ -'#'%  ��(�- �  ASCI Blue Mountain (SGI, Inc.),� � . � )�#'% "�$ )�)����  %    # � -+ " � �S# � � � #'�  ) � � (�#G) � "'� )�#'�  " � �'#'- � . #'-'(�(  ��¡¢+ , (��S$ $ .  6144 
� -'# � $ � � #'-'#'%(  

� ( � #'% � �  
� -'#'( � %G#'&'(�. $ "'� )�# � . �  ��#'"'$ $  3 TFLOPS, )�#  " �G� ��(��  -'$ � � "'� . � . , 

� # � � � � )�)����  ) �  . $ � . $
LINPACK, - � % $ )  "'(��y�  1,6 TFLOPS.*X-'( � (�) , 

� #  � #'. #'-'���  . $ #'-'$ . ( � $ � � � �  (  -'$ � "'� ) � �  
� -'#'( � % #'&�(�. $ "'� )�# � . �  � . #'"'�  � (�"'� )�#- � � ��#'&'� . � � , &'# � . � . # � )�#  �S)�#'� # . £ )�#'� & �  � . #  �S#'��$ .  ����. �  «

� #  %G(�)�$ » 
� "'� #'-'(�. � �  (  )�$ .%G# � ��#'�Z)�# � . (  

� " �G� ��$ )�(��  -'$ � � "'� . � . � , 
�
 (�)�#'� & �  

��� . $ �  )�$ �'#'"'� ��#'� #  ( � ��$ )�$ )�(��  %  
� -'#'� - � �S��$

�S#'��)�#  
� ) � � (�. $ "'� )�#  

� �S$ )�� �y(�. �  % -'$ �S�  -'$ � "'( � � � (�(  ( , . $ �  � � �S��� , 
� %G$ "'( � (�. �� -'#'( � %G#'&'(�. $ "'� )�# � . �  % � � ( � "'(�. $ "'� )�#'�  � ( � . $ ���  ) �  & � )�)�#'�  

� -'#'� - � ���S$ .¤ . #  . � � #'$  
� ( � #'% � �  

� -'#'( � % #'&'(�. $ "'� )�# � . � ? ¥ # �@� � . (�� , 
�

 )�$ � #'. #'-'#'�  %G� � ( � "'(�. $ "'� )�#'�  � ( � . $ �S�$ � . �  
� � . -'#'� � . %G#  � "'#'�Z$ )�(��  (  

� ��)�#'�Z$ )�(�� . ¦ $  
� ( � #'% � �  

� -'#'( � % #'&�(�. $ "'� )�# � . �  � � (�. � $ . � �  ( � �'#'&��  ( �. #'� # , 
� . #  #'� �  

� � . -'#'� � . % �   - � ��#'. � �E.  #'&�)�#'% -'$ �S$ )�)�#  �  
� #'"')�#'�  ) � � - �G� � #'� . § &') � � # , $ � "'(  %  ) � �y$ �� � & � � $  )�$ .  # � $ - � � (��  

� �S)�#'��$ )�(��  (&'# �@� � . (�� , % � � ( � "'� $ �  � � ��� �  � "�$ ��$ )�. #'%  � � � � (�% � ), . #  ��#'"'� �y$� #'"'#'%G(�)��  
� ( � #'%G#G�  

� -'#'( � % #'&'(�. $ "'� )�# � . (  ���  
� �Z$  )�( � � �  )�$  

� #'" �G� (�� . *X# � . #'� �  &'"'�
� �S� $ � . (�% )�#'� #  ( � � #'"'� � #'% � )�(��  

��� - � "'"'$ "'� )����  %G� � ( � "'(�. $ "'� )����  � ( � . $ �  
� -'#'��"'$ � �  � #'#'. %G$ . � . % (��

� . - � � . � -'�  
� "'� #'-'(�. � �  � . - � � . � -'$  (  # � #'��$ )�)�# � . � �  

� -'�'(�. $ � . � -'�  ( � � #'"'� � � $ �S#'� #  � #'� � � �E. $ - �
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%G����#'&'(�.  ) �  
� $ -'% ���  

� " � ) . ¦�� "'(  
� -'#'� - � ���S( � .  ��# � $ .  - � ��#'. � . �  ) �  

� -'$ &�$ "'$  
� -'#'( � %G#'&'(�. $ "'� )�# � . (

� #'� � � �E. $ - � , #')  &'#'"'�Z$ )  
�G� (�. ��% � . �  $ � #  # � #'��$ )�)�# � . ( .�@� � � �S#'. -'(��  . � � #'�  

� -'(��S$ - . *X-'$ & � #'"'#'�Z(�� , 
� . #  ) �  %G$ � . #'-')�# -� #')�% $ ��$ -')�#'�  � � � $ - � #'� � � �E. $ -'$

CRAY Y-MP C90 ) � &�#  -'$ � "'( � #'% � . �  # � $ - � � (��  % (�& �
A(i,j,k)=A(i,j,k-1)+b(j,i)+b(j,i),   i=1,..,1000, j,k=1,…,40� #'"'� �y(�) � . %G#  

� -'#'� - � ���S( � . #'% , )�$  (���$ � � (��  # � ��. �  
� -'#'� - � ���S(�-'#'% � )�(��  ) �  

� #'&�#'�')����
%G� � ( � "'(�. $ "'� )����  � ( � . $ � � � , ) � � (��y$ .  

� -'#'� - � �S� �  %  . � � #'�  % (�&�$ :
for (i=1; i<=1000; i++)
for (j=1; j<=40; j++)
for (k=1; k<=40; k++)
A[i,j,k]=A[i,j,k-1]+B[j,i]+B[j,i];� $ � "'( � � �  � . #'.  � - � � �S$ )�.  ) �  CRAY Y-MP C90, ���  

� #'" �G� (��  
� -'#'( � % #'&�(�. $ "'� )�# � . �  # � #'"'#  20

MFLOPS (��"') . # � ./� $ � .) 
� -'(  

� ( � #'%G#'�  
� -'#'( � %G#'&'(�. $ "'� )�# � . (  960 MFLOPS.

¦�� "'(  
�G� $ � . �  # � #'�'$ )�)�# � . (  

� -'�'(�. $ � . � -'�  CRAY Y-MP C90, � . �  
� � & � ���  �S#'��)�#� � � -'#'� - � ���S(�-'#'% � . �  . � � (��  #'��- � � #'� :

for (k=1; k<=40; k+=2)
for (j=1; j<=40; j++)
for (i=1; i<=1000; i++) {
A[i,j,k]=A[i,j,k-1]+2*B[j,i];
A[i,j,k+1]=A[i,j,k]+2*B[j,i];
}� $ � "'( � � � (��  � . #'� #  � - � � ��$ )�. �  & � $ .  

� -'#'( � % #'&'(�. $ "'� )�# � . �  700 MFLOPS. *X-'(  � . #'�  � . (  &�% �
� - � � �S$ )�. �  � � %G(�% � "'$ )�. )�� , . � �  � � �  & � �E.  #G&�(�) � � #'% ���  -'$ � � "'� . � .  �  . # � )�# � . � �  &�#  % # � �S#'��)����#'��(��'# �  # � - � � "'$ )�(�� , %G# � )�( � �y(��  

� -'(  
� � �S$ )�$  � "'#'��$ )�(��  ) �  

� ��)�#'�Z$ )�(�$ , )�#  %G. #'-'#'�  � - � � ��$ )�.) � �S)�#'� #  " �G� �y$  � #'#'. % $ . � . % � $ .  # � #'��$ )�)�# � . � �  
� -'��(�. $ � . � -'�  � $ "'$ % #'� #  � #'� � � �E. $ - � . § . � �E& �  (- � � )�( � �  %  

� -'#'( � %G#'&'(�. $ "'� )�# � . ( . [1]��� � (��  #'��- � � #'� , �  #'&')�#'�  � . #'-'#')�� , 
��� - � "'"'$ "'( � �  

� # � % #'"'� $ .  #'�'$ � � $ � (�. �  �'#'"'� � � �  � � #'-'# � . �#'��- � �'#'. � (  & � )�)���� , )�# , �  &�- � � #'�  � . #'-'#')�� , 
� -'# � $ � �  - � � - � ��#'. � (  � �S� $ � . (�%G)����  

� -'#'� - � �S�
� . � )�#'%G(�. � �  % � $  ��#'"'$ $  (  �'#'"'$ $  � "'#'��)���� . *X-'#'�'"'$ � �  

� � � � � ��"'� $ .  $ � $  (  . #'.  � � � . , 
� . #  � �G� $ � . % � $ .#'� -'#'��)�#'$  � #'"'( � $ � . %G#  

� -'#'� - � ��� , � #'. #'-'��$  - � � - � � � . ��% � "'( � �  &'"'�  «#'��� � )���� » #'&')�# � -'# � $ � � #'-')����%G� � ( � "'(�. $ "'� )����  � � �y(�) . § )�(  -'$ � � �E.  # � -'$ &'$ "'$ )�)���$  � � � #'% ��$  
� � & � � (  %  - � � "'( � )����  

� -'$ &���$ . )����
#'��" � � . � �  (  

� � . (�%G)�#  ( � � #'"'� � � �E. � �  - � � - � �'#'. � ( � � ��(  
� -'( � " � &�)����  

� -'#'� - � �S� . ¦�� . $ � . % $ )�)�# , #')�() � � ( � � )��  ��$ �  �G� $ . �  # � #'��$ )�)�# � . $ �  
��� - � "'"'$ "'� )����  % � � ( � "'(�. $ "'� )����  � ( � . $ � . *X-'#'� - � ���S( � . �   &'"'�&�# � . (���$ )�(��  %G� � # � #'�  � �S� $ � . (�% )�# � . (  

� -G(��'#'&'(�. � �  )�$  . #'"'� � #  # � ��� � "'(�. �  � . - � � . � - �  � %G#'$ �� -'#'� - � ���S� , )�#  . � � �Z$  ( � �G� (�. �  (  
� $ -'$ # � �S� � "'(�. �  � . - � � . � - �  . $ �  �'(���"'(�#G. $ � )����  ��#'& � "'$ � ,

� #'. #'-'��$  #')  - � )�� ��$  ( � � #'"'� � #'% � "  # � #'�'#  )�$  
� � & � �S��% � � � � .

1. ��� ��� ���E�����
	��  �
� � ��
�
 � 
�� ��	��  
��	������ 
 �
��� 
�� �
	��  

�@�
���'����	
*X# � -'#'� � $ �  % ��&'$ "'(�. �  )�$ � #'. #'-'��$  # � )�#'%G)���$  � " � � � �  � #'%G-'$ �S$ )�)����  

��� - � "'"'$ "'� )����
%G� � ( � "'(�. $ "'� )����  � ( � . $ � . £ �  � " � � � ( � ( � � � (��  ��#'��)�#  # � �G� $ � . %G(�. �  

� #  )�$ � � #'"'� � (��  
��� - � ��$ . - � � .

§X� )�#'%G)����  
��� - � �S$ . -'#'�  � " � � � ( � ( � � � (�(  

��� - � "'"'$ "'� )����  � #'� � � �y. $ -'#'%  � % "'� $ . � �  ) � "'( � (�$  #'� � $ �(�"'(  - � � � -'$ &�$ "'$ )�)�#'�  
��� �S� . ( . ��$ ��& �  &�% � �S�  � . (��S(  � � # � #'� � ��(  #'-'� � )�( � � � (�(  

��� �S� . (  ) � ��#'&'(�. � �
NUMA-

� -'��(�. $ � . � - � , � &'$  
��� �S� . �  � ( � ( � $ � � (  - � � � -'$ &'$ "'$ ) � , )�#  "'#'� ( � $ � � (  #'� � $ &�# � . �G� ) � . ¦�� "'(�

 
� -'# � $ � � #'- �  $ � . �  % # � �S#'��)�# � . �  #'�'- � ��#'. � (  % $ � . #'-'#'%  %  � #')�%G$ ��$ -')�#'�  -'$ �Z(���$ , ���  (���$ $ �  &'$ "'#  �%G$ � . #'-')�# -� #')�%G$ ��$ -')�#G�  

� -'�'(�. $ � . � -'#'� . 
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� -'# � $ � � #'-'�  ��#'� � .  #'����$ &�(�)�� . � � �  %  � ( � . $ �S�  �#'� � $ �  (�"'(  - � � � -'$ &�$ "'$ )�)�#'�  
��� ��� . � � . £ . � � ,  % ��&'$ "'(��  � "'$ & � � � (�$  � " � � � � :

1. � � � � (�%G)�# -
��� - � "'"'$ "'� )���$  � ( � . $ �S�  (MPP) � # � . #'� .  ( �  #'&')�#'-'#'&')����  %G� � ( � "'(�. $ "'� )����  

� � "'#'% .��� ��&����  
� � $ "  � #'&'$ -'�Z(�.  #'&�(�)  (�"'(  )�$ � � #'"'� � #  

� -'# � $ � � #'-')����  
� � . -'#'� � . % ,  "'# � � "'� ) � �  

��� �S� . � ,
� #'��� � )�( � � � (�#')�)����  

� -'# � $ � � #'-  (�"'(  � $ . $ %G#'�  
� & � � . $ - . £ )�#'� & �  

�G� "'�  � #'&'$ -'� � .  $ � $  �Z$ � . � (�$&�( � � (  ( /(�"G(  &�- � � (�$  
� � . -'#'� � . % �  %G% #'& � -%G��% #'& � . *X-'�G��#'�  &�# � . �G�  �  

��� ��� . (  &�- � � (��  
� � "'#'%  � % )����#'��- � � #'�  )�$ %G# � ��#'�Z$ ) . 

�
 � ( � . $ ��$  �S#'� � .  ����. �  &�#'� � %G"'$ )��  � � $ � ( � "'� )���$  

�G� "'�  % %G#'& � -%G��%G#'& �  (�G� - � % "'� � � (�$  
� � "'� . � � "'�  � % � � � )��  

� $ -'$ �  )�$ � #'. #'- � �  � #'�S� � )�( � � � (�#')�) � �  � -'$ & �
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(% � � # � # � � #'-'# � . ) � �  � $ . � , � #'��� � . � . #'-  (  . .
�

.). 
��� � (���(  � ( � . $ � � ��(  � % "'� �y. � � : IBM RS/6000 SP2,

Intel PARAGON/ASCI Red, SGI/CRAY T3E, Hitachi SR8000.
2. � (����S$ . -'( � ) � �  � � "'� . ( � -'# � $ � � #'-') � �  � ( � . $ � �  (SMP) � # � . #'(�.  ( �  )�$ � � #'"'� � (��  #'&')�#'-'#'&�)����� -'# � $ � � #'-'#'%  (  � � � � (�% �  #'� � $ �  

��� �S� . ( . * � �S� . � , � � �  
� - � %G(�"'# , - � � &�$ "'$ ) �  ) �  )�$ � � #'"'� � #  ��"'# � #'% .! � $  

� -'# � $ � � #'-'�  �S#'� � .  #'�'- � . (�. � � �  �  "'�y�'#'� �  �S$ � . �  
��� ��� . (  �  #'&�(�) � � #'%G#'�  � � #'-'# � . � � .*X-'# � $ � � #'-'�  

� #'& � "'� � $ )��  �  
��� ��� . (  "'(���#  �  

� #'��# � � �  #'� � $ �  �y(�)�� , "G(���#  �  
� #'��# � � �

� #'��� � . � . #'- � . HP 9000 V-class, N-class; SMP-c$ -'%G$ - �  (  - � �'# � (�$  � . � ) � (�(  ) �  � � � $  
� -'# � $ � � #'-'#'%- � � "'( � )����  � (�-'�  (Intel, IBM, Compaq (  &'- .) � % "'� �y. � �  

� -'$ & � . � %G(�. $ "'� ��(  & � )�)�#'� #  � " � � � � .
3. � ( � . $ � �  �  )�$ #'&')�#'-'#'&�)����  &'# � . � � #��  �  

��� ��� . (  (NUMA) � # � . #'(�.  ( �  #'&�)�#'-'#'&�)����  � � � #'%G����S#'& � "'$ �  (
� " � . ). ��#'& � "'(  (��S$ �E.  )�$ ��#'"'� �y#'$  

� ( � "'#  
� -'# � $ � � #'-'#'%  (  �'"'# �  

��� ��� . ( . § )�(#'����$ &'(�)�$ )��  �  
� #'��# � � �  % � � # � # � � #'-'# � . )�#'� #  � #'�S� � . � . #'- � . *X#'&�&'$ -'�Z(�% � $ . � �  $ &'(�)�#'$  

� &�-'$ � )�#'$� -'# � . - � ) � . %G# , 
� ����� - � . )�#  

� #'&�&'$ -'�Z(�% � $ . � �  &�# � . �G�  �  
� & � "'$ )�)�#'�  

��� ��� . ( , . .$ . �  
��� �S� . (  &'- � � (���S#'& � "'$ � . *X-'(  � . #'� , &'# � . �G�  �  "'# � � "'� )�#'�  

��� �S� . (  %  )�$ � � #'"'� � #  - � �  �'� � . -'$ $ , 
� $ �  �  

� & � "'$ )�)�#'� . 
�X�

� -'(�) � ( � $  NUMA-
� -'�'(�. $ � . � -'�  

� # � . -'#'$ )��  SGI Origin2000, Sun HPC 10000, IBM/Sequent
NUMA-Q 2000.

4. §X� )�#'% )����  
� -'( � ) � � #'�  

��� - � "'"'$ "'� )����  %G$ � . #'-')����  � ( � . $ �  (PVP) � ( � . $ �  � %G"'� $ . � �  ) � "'( � (�$
� � $ � ( � "'� )����  % $ � . #'-G)�# -� #')�%G$ ��$ -')����  

� -'# � $ � � #'-'#'% . *X-'# � $ � � #'-'�  (��S$ �E.  � #')�%G$ ��$ -')���$
� � ) �G� (�#') � "'� )���$  

� � . -'#'� � . % �  &'"'�  % � � #'"')�$ )�(��  #'. &�$ "'� )����  # � $ - � � (��  (  
� -'$ & � � �S#'. -'$ )��  � #'� � )�&��#'��- � �'#'. � (  % $ � . #'-'#'% . 

��� �  
� - � %G(�"'# , )�$ � � #'"'� � #  . � � (��  

� -'# � $ � � #'-'#'%  (1-32) ��#'� � .  - � �'#'. � . �#'&�)�#'% -'$ �S$ )�)�#  ) � &  #'� � $ �  
��� �S� . � �  (

� ) � "'#'� ( � )�#  SMP) %  - � � � � �  ��)�#'� # � -'# � $ � � #'-')����
� #') � (�� � - � � (�� , (�"G(  #')�(  ��#'� � .  �'��. �  #'����$ &�(�)�$ )��  �  

� #'�S# � � �  � #'�S� � . � . #'- �  (
� ) � "'#'� ( � )�#  MPP).*X-'(��S$ -'� : NEC SX-4/SX-5, "'(�)�(��  % $ � . #'-G)�# -� #')�%G$ ��$ -')����  � #'� � � �E. $ -'#'%  CRAY:  CRAY-1,

CRAY J90/T90,CRAY Y-MP C90, CRAY SV1, � $ -'(��  Fujitsu VPP.
5. 

� " � � . $ -')���$  � ( � . $ ���  
� -'$ & � . � % "'� �y.  � #'�'#'�  ) � ��#'-  - � �'# � (��  � . � ) � (��  ((�"'(  & � ��$� $ - � #') � "'� )����  � #'� � � �E. $ -'#'% ) #'� � $ � #  ) � � ) � � $ )�(�� . § )�(  ( � � #'"G� � � �y. � �  %  � � � $ � . %G$  &�$ �y$ %G#'� #% � -'( � )�. �  � � � � (�%G)�# -

��� - � "'"'$ "'� )�#'� #  � #'� � � �E. $ - � . ¥ "'�  � %G� � (  
�G� "'#'%  

� -'(��S$ )�� $ . � �  #'&') �  ( �
� . � )�& � -'. )����  � $ . $ % ���  . $ �')�#'"'#'� (��  (Fast/Gigabit Ethernet, Myrinet, SCI) ) �  � � � $  �y(�)�)�#'�� -'��(�. $ � . � -'�  (�"'(  � #'��� � . � . #'- � .  ¦�� "'(  � " � � . $ -  #'����$ &�(�)�� $ .  � #'� � � �y. $ -'�  - � � )�#G�  

� -G��(�. $ � . � -'� , %
� . #'�  � " �G�'� $  � #'%G#'-'� .  #  )�$ #'&�)�#'-'#'&')����  � " � � . $ - � � . � � "'�  � " � � . $ - �  �S#'� � .  #'&�)�#'% -'$ �S$ )�)�#( � � #'"'� � #'% � . � � �  %  � � � $ � . %G$  

� #'"'� � #'% � . $ "'� � � (��  - � ��# � (��  � . � ) � (�� .��� � #'$  - � � )�#'#'�'- � � (�$  
��� - � "'"'$ "'� )����  

� -'�'(�. $ � . � -  # � $ )��  
� � . - � &')�� $ .  - � � - � �'#'. � �  $ &�(�)�#'� #� #'&'��#'& �  �  � # � & � )�(��  � �S� $ � . (�% )����  

� -'#'� - � �S� . 
� #'"'$ $  . #'� # , � � �Z&'���  

� -'$ & � . � % (�. $ "'�%G����$ � -'(�% $ &�$ )�)����  � " � � � #'%  (��S$ $ .  � % #'(  # � #'�'$ )�)�# � . ( , � #'. #'-'��$  . #'��$  � "'$ & � $ .  
�G� (�. ��% � . � .*X# � . #'� �  # � $ )��  � "'#'��)�#  � #'% #'-'(�. �  #'�  � �S� $ � . (�% )�#'�  

� $ -'$ )�# � (���# � . (  
� -'#'� - � ���S)�#'� #  #'��$ � � $ � $ )�(�� .*X-'#'� - � ���S( � .  &�#'"'��$ )  �'#'-'#'��#  

� ) � . �  )�$  . #'"'� � #  � . - � � . � - �  -'$ � "'( � � $ ��#'� #  
� "'� #'-'(�. � � , )�#  (� -'��(�. $ � . � - �  � $ "'$ %G#'� #  � #'� � � �y. $ - � , 

� . #'���  � #'� " � � #'% � . �  � . - � � . � - �  
� "'� #'-'(�. � �  �  # � #'��$ )�)�# � . � ��(( � � #'"'� � � $ �S#'�  � � �y(�)�� .!  � % #�$  %G-'$ �S�  � � � � (  

� -'#'� - � �S��(�-'#'% � )�(��   # � %G#'�'#'&�(�"G(  
� #'"'� � #'% � . $ "'$ �  #'.  )�$ #'�'��#'&'(���# � . (� ) � )�(��  � . - � � . � -'�  (  # � #'��$ )�)�# � . $ �  � #') � -'$ . )����  � !�� . § )�(  � . � "'(  

� # � -'$ &�)�( � � ��(  �S$ ��& �� #'"'� � #'% � . $ "'$ �  (  %G� � ( � "'(�. $ "'� )�#'�  . $ ��)�( � #G�  (  % � � "'(  ) �  � $ �'�  � � ) �G� (�(  
� & � � . � � (�(  

� -'#'� - � �S�  �
� #') � -'$ . )����  � !�� . § &�) � � #  $ � "'(  � #'� � (�"'� . #'-'�  (  # � $ - � � (�#')�)���$  � ( � . $ ���  «#'�'� � )���� »#'&�)�# � -'# � $ � � #'-')����  � !��  

� #  �'#'"'� ��$ �  
�'� � . (  � � - � % "'� "'( � �  �  � . #'�  

� � & � � $ � , . #  �  
� #'� %G"'$ )�(�$ ���� - � "'"'$ "'� )����  %G� � ( � "'(�. $ "'� )����  � ( � . $ �  � (�. �G� � (��  � . � " �  ) � �S)�#'� #  � � �Z$ . � �G� $ � . % � �E.  � � � � (��� - � "'"'$ "'� )�#'� #  

� -'#'� - � �S��(�-'#'% � )�(�� , 
��� - � "'"'$ "'� )���$  � #'� � (�"'� . #'-'�  (  # � $ - � � (�#G)�)���$  � ( � . $ �S� , )�#� - � � . ( � $ � � (  % � $  #')�(  . -'$ � � �E. , 

� . #'���  
� #'"'� � #'% � . $ "'�  � � �  

� � � � ��% � "  . $  � %G#'� � . % �  
� "'� #'-'(�. ��#'%  (� -'#'� - � ��� , � #'. #'-'��$  %G"'(�� �E.  ) �  � �S� $ � . (�% )�# � . �  -'$ � "'( � � � (�( . § �') � - � �Z(�. �  . � � (�$  � %G#'� � . % �  � - � ��)�$

� "'#'�Z)�#  () � � -'(��S$ - , %G��&�$ "'(�. �  � ( � "'� , (�. $ - � � (�(  � #'. #'-'���  �S#'��)�#  % � � #'"G)�(�. �  
��� - � "'"'$ "'� )�# ).*X# � . #'� �  ) �  

� #'% $ � . � �  &')��  % � . � " �  - � � - � ��#'. � �  �S$ . #'&'#'%  (  (�) � . - � �S$ )�. � "'� )����  � -'$ & � . % , � #'. #'-'��$� #'�S#'� � .  ( � � "'$ &'#'% � . �  � % #'� � . % �  
� "'� #'-'(�. ��#'%  (  

� -'#'� - � �S� , #'��) � - � ��(�. �  
� #'. $ ) � ( � "  

��� - � "'"'$ "'( � � �
(  
�G� � (�$  ��$ � . � , � #'. #'-'��$  �S$ � � �E.  � ��� $ � . (�% )�#'�  -'$ � "'( � � � (�(  ) �  

��� - � "'"'$ "'� )�#'�  %G� � ( � "'(�. $ "'� )�#G�
� ( � . $ �S$ , 

�
 
� #'. #'�  

� -'( � � # � #'��(�. �  
� -'#'� - � ��� �  �  � . - � � . � -'$  � $ "'$ %G#'� #  � #'� � � �E. $ - � .
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2.� ��� � � � 	 , 
� 
 ������� ���  

� �  
� � ��
�� ��	��  � � � ��
 � � �@�
��� 
�� � � ��� �!�$ -')�$ � � �  � $ � �'� �  �  ) � �y$ � �  
� -'(��S$ - �  (  

� # � -'#'� � $ �  
� -'# � ) � "'( � (�-'#'% � . � , ( � -� �  

� $ � #  % . #'-'#'�
� - � � �S$ )�.  - � �'#'. � $ .  %  35 - � �  �'� � . -'$ $  

� $ -'%G#'� # . ¦�� "'(  %G)�(�� � . $ "'� )�#  
� # � �S#'. -'(��  ) �  1-���  � - � � �S$ )�. ,. #  #'��) � - � �Z(�� , 

� . #  � � �����  % ) � . -'$ )�)�(��  � ( � "  
� #  k )�$  � % "'� $ . � �  

��� - � "'"'$ "'� )���� , . � �  � � �  &'"'�%G� � ( � "'$ )�(��  A[i,j,k] . -'$ � � $ . � �  
� ) � � $ )�(�$ , %G� � ( � "'$ )�)�#'$  ) �  

� -'$ &���& �G� $ �  (�. $ - � � (�(  A[i,j,k-1]. 
��� �

� � �  CRAY-MP C90 � %G"'� $ . � �  %G$ � . #'-')�# -� #')�% $ ��$ -')�#'�  %G� � ( � "'(�. $ "'� )�#'�  � ( � . $ ��#'� , %  � . #G�
� (�. �G� � (�(  )�$ "'� � �  � � &�$ .  

� � &�$ � � . % #'% � . �  %G# � ��#'�Z)�# � . �  % $ � . #'-')�#'�  #G��- � �'#'. � (  ( , � "'$ &'#'% � . $ "'� )�# ,%G$ � �  � � � � (�%  A � � &�$ .  %G� � ( � "'� . � � �   
� # � "'$ �S$ )�. )�# .!�#  % . #'-'#'�  � - � � �S$ )�. $  

� $ -'$ � . � % "�$ )��  � ( � "'� , 
� # � "'$  

� $ � #  (�. $ - � � (�(  % ) � . -'$ )�)�$ � #  � ( � " �  
� #  i

� . � "'(  )�$ � � % ( � (��S���S( , . .$ . &�"'�  � ( �'� (�-'#'% � )�)�#'� #  j (  k ��#'�Z)�#  #'&')�#'%G-'$ ��$ )�)�#  %G� � ( � "'(�. �  % � $
� "'$ ��$ )�. �  � � � � (�% �  �  

� $ -'%G���  (�)�&�$ �G� #'�  #'.  1 &'#  1000, 
�
 
� ) � � (�.  (  � � &'$ .  % # � �S#'��)�# � . �( � � #'"'� � #'% � . �  

� #'. $ ) � ( � "  % $ � . #'-G)�#'�  #'�'- � ��#'. � ( . 
� #'"'$ $  . #'� # , %G� � ( � "'$ )�(��  

� #  k - � � �'(�. �  ) �  k (
k+1, 

� . #  
� # � % #'"'� $ .  � ��� $ � . (�%G)�#  ( � � #'"'� � #'% � . �  % $ � . #'-')���$  -'$ � ( � . -'�  % � � ( � "'(�. $ "'� )�#G�  � ( � . $ ��� .��� � (�$  �Z$  � � � . #'-'�  %G"'(�� �E.  ) �  � ��� $ � . (�%G)�# � . �  

� -'#'� - � ��� ? !�#'.  )�$ � #G. #'-'��$  ( �  )�(�� . !  
� $ -'% � �

# � $ -'$ &��  � "'$ & � $ .  (��S$ . �  %  % (�& �  
� � � #')  + �S& � " � : $ � "'(  &�#'"'�  

� # � "'$ &�#'% � . $ "'� )����  # � $ - � � (��� -'#'� - � ���S�  - � %G) �  q )10( ≤≤ q , . #  � � �'� (�� � "'� )�#'$  
� � � #'-�$ )�(�$  S, � #'. #'-'#'$  ��#'�Z)�#  

� #'" � � (�. �  ) �  p
� -'# � $ � � #'- � � ,  )�$  

� -'$ % # � ��#'&'(�.  %G$ "'( � (�)��  

p

q
q

−+ 1
1

.

� -'#'��$  
� � � #') �  + ��& � " �  ) �  � ��� $ � . (�% )�# � . �  

� -'#'� - � �S���  % "'(�� �y.  � #') � "G( � . �  
� -'(  #G��- � � $ )�(�(  ���� �S� . ( , #'� - � )�( � $ )�) � �  

� -'# �@� � � ) � �  � � # � #'��)�# � . �  � � ) � "'#'%  
� $ -'$ & � � (  & � )�)���� ,)�$ � � � " � ) � (�-'#'% � )�)�# � . �  (. .$ . )�$ - � %G)�#'��$ -') � �  ) � � - �G� � � ) � � ) �G� (�#') � "'� )����  

� � . -'#'� � . %  (� -'# � $ � � #'-'#'% . !�$ � . #'-') � �  #'�'- � ��#'. � �  %G)�# � (�.   &'# � #'"')�(�. $ "'� )���$  � � � . #'-'� ; � . #  - )�$ #'�'�'#'&�(���# � . �
� $ �'� (�#')�(�-'#'% � )�(��  &�"G(�)�)����  %G$ � . #'-'#'% , #'� - � )�( � $ )�)����  ) � ��#'-  %G$ � . #'-')����  -'$ � ( � . -'#'%  (  �S)�#'� #'$&�- � � #'$ . � #'� " � � )�#  

� � � #') �  + �S& � " � , $ � "'(  %  
� -'#'� - � �S��$  % � $ � #  "'(����  2% 

� # � "'$ &�#'% � . $ "'� )����# � $ - � � (�� , . #  ) �  
� � � #'-'$ )�(�$  ��#'"'� �y$  

� $ �  %  50 - � � � � (�. ��% � . �  )�$  
� -'(��'#'&'(�. � �  )�$ � � %G( � (���#  #'.  . #'� # ,

� � #'"'� � #  
� -'# � $ � � #'-'#'%  ( � � #'"'� � � �y. � � . £  � . �  . $ #'-'$ . ( � $ � � � �  # � $ ) � �  )�$  

�G� (�. ��% � $ .  � � � � �  &'- � � (��)�� � ) � #'% , � #'. #'-'��$  . � � �Z$  � )�(�� � �y.  � ��� $ � . (�%G)�# � . �  
� -'#'� - � ���S� . ¦�� "'(  �S�  ( � � #'"'� � � $ ��S)�#'� # � -'# � $ � � #'-') � �  � ( � . $ � � , � #'. #'- � �  � #'&�$ -'��(�.  )�$ � � #'"'� � #  � #'.  

� -'# � $ � � #'-'#'% , &�"'�  % � � # � #'�
� �S� $ � . (�% )�# � . (  

� # � . (  % � �  
� -'#'� - � ��� �  &'#'"'�Z) �  ( � � #'"')�� . � � �  %  

��� - � "'"'$ "'� )�#'�  -'$ ��(��S$ , 
� . #  �S#'��)�##'��$ � � $ � (�. �  . #'"'� � #  

� # � "'$  &�$ . � "'� )�#'� #  
� ) � "'( � �  % � $ �  

� -'#'� - � �S��� . *X-'(  
� -'#'� - � ���S(�-'#'% � )�(�(  &'"'�

"#'��� � )���� " 
� # � "'$ &'#'% � . $ "'� )����  � #'� � � �E. $ -'#'%  )�$ #'���'#'&'(��S# � . (  %  . � � #'�  

� ) � "'( � $  
� - � � . ( � $ � � ()�( � #'� & �  )�$  ����"'# .

3.� �
���'��� �  � � ��
 ��
 �  
�

 
����
 	 ��
 ��
 ��� ���  

����� 	 � �
	�� 	  � � ��� � � ���
£X� � "'$ &�#'% � )�(�$  

� -'#'� - � ���S�  (  � . - � � . � -'�  
� "'� #'-'(�. � �  �S#'��$ .  �'��. �  

� -'#'( � %G$ &'$ )�#  ) �  # � )�#'% $
� . � . ( � $ � � #'� #  (  &�(�) � ��( � $ � � #'� #  

� ) � "'( � � . � . � . ( � $ � � (��  
� ) � "'( �  � -'$ & � #'" � � � $ .  #'��- � �'#'. � �  . #'"'� � #( � ��#'&')�#'� #  � #'& � , . .$ . 

� -'#'� - � ���S� , 
� � � ( � � )�)�#'�  ) �  � � � #'� -"'(��'#  � � � � $  

� -'#'� - � �S��(�-'#'% � )�(�� , . #'� & �
� � �  &'(�) � ��( � $ � � (��  

� ) � "'( �  � % � � � )  �  %G� � #'"')�$ )�(�$ �  
� -'#'� - � ���S�  ) �  � $ "'$ %G#'�  (�"'(  � � � #'� -)�(�� � &'�&�- � � #'�  � #'� � � �E. $ -'$ .��� � (�$  ��$  � -'$ & � . % �  ��#'� � .  

� #') � &�#'�'(�. � � �  
� #'"'� � #'% � . $ "'�  &�"'�  

� ) � "'( � �  (  ( � � "'$ &�#'% � )�(��
� . - � � . � -'�  

� -'#'� - � ���S� . 
�@� � � ��#'. -'(��  )�$ � #'. #'-'��$  . � � (�$  � -'$ & � . % �  ) �  

� -'(��S$ -'$  � ( � . $ �S�%G( � �G� "'( � � � (�(  (  ( � � "'$ &'#'% � )�(��  � . - � � . � -'�  
� -'#'� - � �S���  V-Ray. [3,4]*X-'(  ( � � "'$ &�#'% � )�(�(  �'#'"'� �y(��  

� -G( � " � &')����  
� -'#'� - � �S��)����  

��� � $ . #'%  
� #'"'� � #'% � . $ "'�  )�$  % � $ � & �(��S$ $ .  &�# � . � . # � )�#  

� #'"')�#'$  
� #')�(�� � )�(�$  . #'� # , � � �  

� -'#'� - � �S� �  
� � . -'#'$ ) � , . .$ . � � � (�$  

� -'# � $ & � -'�( � � #'"'� � � �E. � �  (  � � �  #')�(  %G� � ��% � �y. � � . *X#')�(�� � )�(�$  � � � -'# � . - � � . � -'�  
� -'#'� - � �S�S�  �S#'�Z$ .  

� #'��# � �
$ � �  # � -'$ &�$ "'(�. �  # � )�#'%G)���$  

� -'# � $ & � -'� , ) �  # � . (��S( � � � (��  � #'. #'-'���   ) � �Z)�#  #'�'- � . (�. �  %G)�(�� � )�(�$ .� $ � ) � )�(�$  � � � -'# � . - � � . � -'�  ��#'�Z$ .  ����. �  � % � � � )�#  �  . $ � , 
� . #  - � � )���$  

�'� � . (  
� -'#'� - � ���S�  �S#'� � .����. �  ) � � ( � � )��  - � � )�����(  "'�E&'� �S(  (�"'(  

� -'# � . #  
� -'#'� - � ��� �  �S#'��$ .  � # � . #'� . �  ( �  )�$ � � #'"'� � (��  � #'. $ )� -'# � $ & � - . !  � . (��  � " �G�'� � �  # � $ )��  . - � &�)�#  �'$ �  � � $ � ( � "'� )����  � -'$ & � . %  # � # � ) � . �  � � � -'# � . - � � . � - �� -'#'� - � ���S� . 

�X�
 -'( � .1 

� -'(�%G$ &'$ )�#  ( � #'�'- � �Z$ )�(�$  � - � � �  % � � #'% #'%  
� -'#'� - � ���S� , 

� #'" �G� $ )�)�#'$  �� #'�S# � � �  � ( � . $ �S�  V-Ray. 
��� �Z&'#'�  %G$ -'�y(�)�$  � . #'� #  � - � � �  � #'#'. %G$ . � . % � $ .  )�$ � #'. #'- � �  

� -'# � $ & � - �
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� -'#'� - � ���S�  (
� #'& � -'#'� - � ��� �  (�"'(  � � ) �G� (��  %  . $ -'��(�) � �  � #'-'. - � ) � ). £ �  % $ -'��(�)��  1V  %  % $ -'��(�) �  2V(�&�$ .  & � � �  %  . #'�  � " �G��� $ , $ � "'(  ( �  1V  % � � ��% � $ . � �   

� -'# � $ & � - �  2V .�X�
 . � � #'�  � - � �  % � � #'% #'%  ��#'�Z)�#  ) � "'#'��(�. �  (  )�$ � #'. #'- � �  &�- � � � �  (�) � #'-'� � � (�� . 

�X� � -'(��S$ - ,- � � � - � � (�. �  %G$ -'�y(�)��  � - � � �  - � � )����S(  � %G$ . � ��( , � #'#'. %G$ . � . % � � � (���(  � � �'� (�� � "'� )�#'�  � " � �'(�)�$%G"'#'��$ )�)����  � ( � "'#'%  %  & � )�)�#'�  
� -'# � $ & � -'$ . 

��� � � �  (�) � #'-'� � � (��  ��#'�Z$ .  ����. �  
� #'"'$ � ) �  &'"'�� #'"'� � #'% � . $ "'� , . � �  � � � , � � �  

� - � %G(�"'# , %  � ( � " � �  (  � -'#'$ . � �  %G$ � �  
� #'. $ ) � ( � "  

��� - � "'"'$ "'( � � � . ��#'��)�#� - � �  % � � #'% #'%  
� # � � � � . �  (  �  ( � #'�'- � �Z$ )�(�$ �  � ( � "'( � $ � � #'� #  

� -'# � (�"'�  � � �Z&'#'�  
� -'# � $ & � -'� . 

�X�
 -'( � .2� -'(�%G$ &'$ )�#  (��S$ )�)�#  . � � #'$  ( � #'��- � ��$ )�(�$  � - � � � . � &'$ � �  %  � � �Z&'#'�  % $ -'��(�)�$  ( � #'��- � ��$ ) �  � . - � � . � - �

� ( � "'#'%  ( , %  #'. "'( � (�$  #'.  � - � � � , 
� -'(�% $ &�$ )�)�#'� #  ) �  -'( � .1, $ � "'(  

� -'# � $ & � - �  % � � ��% � $ . � �  ( �  n - � � )�����S$ � . , � #'#'. %G$ . � . % � � ��� �  % $ -'��(�) �  & � �'"'(�- � $ . � �  n - � � . ��� � � �  � #'-'� �  
� -'$ & � . � % "'$ )�(��  %  )�$ � #'. #'-'���

� " �G�'� � �  �S#'��$ .  �'��. �  ��#'"'$ $  
� &'#'��) � .

�����
. 1� - � �  %G� � #'%G#'%  � . -'#'(�. � �  �  

� #'��# � � �  � . � . ( � $ � � #'� #  
� ) � "'( � � . ¥ (�) � ��( � $ � � (��  

� ) � "'( �  � # � % #'"'� $ .
� #'��- � . �  &'# � #'"')�(�. $ "'� ) � �  

� #'"'$ � ) � �  (�) � #'-'� � � (�� , � #'. #'- � �  �S#'��)�#  � � &'$ .  ) � "'#'��(�. �  ) �  )�$ � .� #'� & �  
� #'"'� � #'% � . $ "'�  

� -'( � . �G��� $ .  �  
� & � � . � � (�(  

� -'#'� - � ���S� , $ � . $ � . %G$ )�)�# ,  ( � � "'$ &'#'% � )�(�$  " �G� ��$) � �'� . �  �  . $ �  
�'� � . $ �  

� -'#'� - � �S��� , � #'. #'-'��$  %G)�# � � .  ) � (��'#'"'� ��(��  % � " � &  %  #'� � $ $  %G-'$ ���-'$ � "'( � � � (�( . *X# � . #'� �  
� #'"'� � #'% � . $ "'�  )�$ � "'#'�'#  �'��"'#  ���  

� ) � . �  � � � (�$  � - � � ��$ )�. �  
� -'#'� - � ���S�  

� �
� � � #'$  %G-'$ ���  %G� � #'"')�� $ . � � . � . #  

� # � % #'"'(�.  $ � �  %G��&�$ "'(�. �  . $  � - � � �S$ )�. �  (
� -'# � $ & � -'� , � ( � "'�  (�"'(&�- � � (�$  

�'� � . (  
� -'#'� - � ���S� ), � #'. #'-'���  � "'$ & � $ .  

� &�$ "'(�. �  # � #'��#'$  %G)�(�� � )�(�$  
� -'(  # � . (��S( � � � (�( . 

� #
&�"'�  . #'� #  

� . #'���  
� #'" � � (�. �  &�(�) � ��( � $ � � (�$  � � - � � . $ -'( � . ( � (  

� -'#'� - � ���S� , $ $  ) � �Z)�#  � � $ � ( � "'� )����#'��- � � #'�  
� #'&�� #'. #'%G(�. �  – % � . � %G(�. �  %  ) � �Z)����  �S$ � . � �  % � � #'% �  � " � �Z$ �')����  � � ) �'� (�� , � #'. #'-'��$� � & � .  

� � �S$ -'� . �  %G-'$ ���  %  � #')�. -'#'"'� )����  . # � � � � . � ( � . $ � �  V-Ray 
� # � %G#'"'� $ .  %  

� %G. #'� � . ( � $ � � #'�-'$ �Z(���$  % � . � %G(�. �  . � � (�$  %G� � #'%G�  %  
� -'#'� - � �S� � . !  ) � �'� "'$  (  %  � #') � $  � - � � �S$ )�. �  � . � %G� . � �  %G� � #'%G�

� � ) �G� (�(  %G-'$ ��$ )�(  (  %G� � ( � "'� �y. � �  . � � (�$  
� # � � � � . $ "'( , � � �  #'� � $ $  % -'$ �S�  % � � #'"')�$ )�(��  � - � � �S$ )�. � ,� ( � "'#  $ $  %G� � #'%G#'% , �S(�)�(�� � "'� )�#'$  (  � � �G� (�� � "'� )�#'$  % -'$ �S�  - � ��#'. � . 

��� � #'�  � � # � #'�  � �'#'- �&�(�) � ��( � $ � � #'�  (�) � #'-'� � � (�(  ) � � ��% � $ . � �  
� -'# � (�"'(�-'#'% � #'� . *X# � "'$  -'$ � "'( � � � (�(  ) �  � #'� � � �E. $ -'$�S#'&'( � ( � (�-'#'% � )�)�#G�  

� -'#'� - � ���S� , � #'�'- � )�) � �  %  ) � �Z)�#'�  � #'-'� � . $  (�) � #'-'� � � (��  ��#'�Z)�#  ) � "'#'��(�. �) �  � - � �  %G� � #'%G#'% . 
�X�

 -'( � .3 
� -'(�%G$ &'$ )  (��S$ )�)�#  . � � #'�  � - � � . £ �  )�$ � #  %G(�&')�# , 

� . #  % � � #'"G)�$ )�(�$� #'& � -'#'� - � �S���  STEP, � #'. #'- � �  % � � ��% � $ . � �  %  � ( � "'$  ( �  � #'& � -'#'� - � ���S�  MHD2 
� � )�(�� � $ .  �'#'"'$ $

70% #'� � $ � #  %G-'$ �S$ )�(  ( , $ � . $ � . %G$ )�)�# , # � #'��#'$  % )�(�� � )�(�$  ) � �Z)�#  
� &�$ "'(�. �  # � . (���( � � � (�(  (

� �S� $ � . (�% )�#'�  -'$ � "'( � � � (�(  (��S$ )�)�#  � . #G�  
�'� � . (  

� -'#'� - � ���S� .
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�����
. 2

� ) � )�(�$  &'(�) � ��( � $ � � (��  � � - � � . $ -'( � . ( �  
� -'#'� - � ���S�  

� # � % #'"'� $ .  . � � ��$  ( � � � (�. �  
� #'%G$ &'$ )�(�$��� - � "'"'$ "'� )����  

� -'#'� - � �S� . !  � . #'�  � " �G�'� $  ( � � #'"'� � � $ . � �  &'- � � #'�  ��$ � � )�( � �  � ��#'- �  &'(�) � �S( � $ � � #'�(�) � #'-'� � � (�( , � #'. #'-'���  � # � . #'(�.  %  . #'� , 
� . #  � ( �'� (�- � �E. � �  ��#'�S$ )�. �  

� -'#'��#'��&�$ )�(��  � #G)�. -'#'"'� )����. # � $ �  (� #'�'��. (�� ) (  ) � � ��% � $ . � �  . - � � � (�-'#'% � #'� . � . #  
� # � %G#'"'� $ .  # � -'$ &�$ "'(�. �  ) �  � � � #'�  

� -'# � $ � � #'-'$
� � � #'$  &'$ � � . %G(�$  %G� � #'"')�� "'# � �  %  & � )�)����  ��#'�S$ )�.  % -'$ �S$ )�(  (  �'� � . -'#  % ��� % "'� . �  # � )�#'%G)���$( � . # � )�( � (  ) � � " � &�)����  - � � ��#'&'#'% , . � � (�$ , � � �  #'��(�& � )�(��  ) �  � � -'� $ - � � , #'�Z(�& � )�(��  

� -'(  
� -'(�$ ��$

� #'#'� � $ )�(�� , &�( � � � " � ) �  % � � ( � "'(�. $ "'� )�#G�  ) � � - � � � (  �S$ ��& �  
� -'# � $ � � � �S(  (  . .& .

§X� #'�����  � " �G�'� $ �  ) �  
� - � � . ( � $  � %G"'� $ . � �  . - � � � (�-'#'% � �  

� -'# � $ & � - , #'��$ � � $ � (�% � � � (��% � � (���#'&�$ � � . % (�$  ��$ �Z& �  
��� - � "'"'$ "'� )����S(  

� -'# � $ � � � �S( , ) � � -'(���$ - , . - � � � (�-'#'% � �  � � ) �G� (��  MPI. 
�X�

-'( � .4 (  5 
� -'(�% $ &�$ )��  � - � � ��$ )�. �  %G( � �G� "'( � � � (�(  . - � � � .
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. 4
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�����
. 5

£ �  � . (��  ( � #'�'- � �Z$ )�(��  
� #'"'� � #'% � . $ "'�  � . � )�#'% (�. � �  � � )�# , 

� . #  0-#'�  (  3-(��  
� -'# � $ � �  (-'( � .5)&�# � . � . # � )�#  &�#'"'� #  

� -'# � . � (�% � "'(  ) �  � � -'� $ -'$ , 
�
 ) �  -'( � .4 ��#'�Z)�#  

� %G(�&'$ . �  � . - � � . � - �  
� $ -'$ & � � (

� #'#'� � $ )�(��  �S$ ��& �  
� -'# � $ � � � ��( . 

�@� � % (�. ��$  � -'$ & � . % �  . - � � � (�-'#'% � (  (  % ( � � � "'( � � � (�(  
� # � %G#'"'� �E.� #'" �G� (�. �  &'# � . � . # � )�#  

� #'&�-'#'�') � �  (�) � #'-'� � � (��  #  � #'����. (�� �  - % � $ � & �  ��#'�Z)�#  # � -'$ &�$ "'(�. �  � � � #'$
� #'����. (�$  � � � #'� �  # � $ - � . #'- �  � #'#'. %G$ . � . % � $ . , 

� #  � � � #'� �  
�@� . (  � . #'.  # � $ - � . #'-  %G� � ��% � " � � , � � � #'%#'����$ �  

� $ -'$ & � % � $ �S#'�  (�) � #'-'� � � (�(  (  . .& .
£ �S$ �  . � � (�$  � -'$ & � . % � , 

� #'"'� � #'% � . $ "'�  
� #'" �G�'� $ .  %G# � ��#'�Z)�# � . �  ( � � "'$ &'#'% � )�(��  . #') � (��  � %G#'� � . %� -'#'� - � ��� . 

�X� � -'(��S$ - , #'����$ &'(�)�(�%  . - � � � � , � #'�'- � )�)���$  % #  %G-'$ �S�  )�$ � � #'"'� � (��  
� � ��� � � #'%  #'&�)�#'�  (. #'�  ��$  

� -'#'� - � �S��� , %  #'&�) �  �S$ . � . - � � � � , �S#'��)�#  ( � �G� (�. �  
� � % ( � (��S# � . �  

� #'% $ &�$ )�(��  
��� - � "'"'$ "'� )�#'�� -'#'� - � ���S�  #'.  - � � "'( � )����  ) � ��#'-'#'%  %G�'#'&')����  & � )�)���� . !  

�'� � . )�# � . ( , � "'#'��) � �  � . - � � . � - �� -'#'� - � ��� , 
� � �'� � . � �  (  )�$ &�$ . $ -'��(�)�(�-'#'% � )�)�# � . �   

� #'%G$ &'$ )�(��  
��� - � "'"'$ "'� )����  

� -'#'� - � �S�  ��#'� � .� -'(�%G$ � . (  �  �S(�� - � � (�(  «
�G� � (�� » ��$ � . .[2]*X#')�(�� � )�(�$  � . - � � . � -'�  

� -'#'� - � �S�S� , #'�') � - � �Z$ )�(�$  «
�G� � (�� » �S$ � .  (�"'(  # � -'$ &'$ "'$ )�(�$  ) � (��'#'"'$ $

«%G$ � #'����� », �  . # � � (  
� -'$ )�(��  %G-'$ ��$ )�(  %G� � #'"')�$ )�(�� , 

� #'& � -'#'� - � ���  (
� -'# � $ & � - ) (  � - � � ��$ )�. #'%  – � . #% � $ � #  "'(��y�  

� $ -'% ���  � � �  �  - � � - � �'#'. � $  % � � # � # � �S� $ � . (�%G)����  
� -'#'� - � �S� . ¥ � "'� �y$  � "�$ & � $ .( � � "'$ &�#'% � . �  � . - � � . � - �  #'. &�$ "'� )����  � - � � ��$ )�. #'%  (  

� -'( � � # � #'��(�. �  (��  �  
� -'�'(�. $ � . � -�$  � $ "'$ %G#'� #

� #'� � � �E. $ - � . � ( � . $ � �  V-Ray 
� -'$ &�# � . � %G"'� $ .  (  . � � � �  %G# � ��#'�Z)�# � . �  – % # � �S#'��)�# � . �( � � "'$ &�#'% � )�(��  � . - � � . � -'�  #'. &'$ "'� )����  
� -'# � $ & � - . �  

� #'��# � � �  � . � . ( � $ � � #'� #  
� ) � "'( � �  �S�  �S#'��$ �# � -'$ &�$ "'(�. �  . � � (�$  � � - � � . $ -'( � . ( � ( , � � �  � ( � "'( � $ � � � �  � . - � � . � - �  

� -'# � $ & � -'� , )�$ � � %G( � (���# � . �(�. $ - � � (��  � ( � "'#'% , (�) � #'-'� � � (�#')�) � �  
� � % ( � (��S# � . �  #'. &�$ "'� )����  # � $ - � . #'-'#'%  (  "G(�)�$ ��)����  

�G�'� � . � #'%(  ��)�#'� #'$  &�- � � #'$ .�X�
 -'( � .6 (  7 

� -'(�% $ &�$ )��  � - � � �  
�G� - � %G"'$ )�(��  � - � � ��$ )�. �  (  � ( � "'( � $ � � (��  

� -'# � (�"'�  
� -'# � $ & � -'� .!�$ -'��(�)��  �  �S$ . � � �S(  � #'#'. %G$ . � . % � �E.  � ( � "'( � $ � � (��  � #') � . - � �'� (�� �  (% "'#'�Z$ )�)���$  � ( � "'� ), �S$ . � �# � ) � �'� $ .  � � �G� (�� � "'� )����  

� -'#'% $ )��  %G"'#'��$ )�)�# � . (  � ( � "'#'% . §X� . � "'� )����  %G$ -'�y(�) � �  � #'#'. % $ . � . % � �E.#'. &�$ "'� )���$  # � $ - � . #'-'�  (  "'(�)�$ ��)���$  
�G�'� � . � ( . !�)�( � �  ( � #'�'- � �Z$ ) �  � . - � � . � - �  � ( � "'#'% . 

�X�
 -'( � .7%G$ -'�y(�) �  �'#'"'$ $  . $ �S)�#'� #  � %G$ . �  �  �S$ . � #'�  2 � #'#'. %G$ . � . % � $ .  � ( � " � , (�. $ - � � (�(  � #'. #'-'#'� #  )�$ � � % ( � (��S�( , � #'#'. % $ . � . %G$ )�)�# , $ � #  ��#'�Z)�#  % � � #'"')�(�. �  %  

��� - � "'"'$ "'� )�#'�  -'$ �Z(���$ . ¥ "'�  ( � � "'$ &�#'% � )�(��
� . - � � . � -'�  

� "'� #'-'(�. ��#'%  ) �  ��( � -'# � -'#'%G)�$ , . .$ . ) �  
� -�#'% )�$  #'. &'$ "'� )����  # � $ - � . #'-'#'%  ( � � #'"'� � � �E. � �� - � � �  

� � %G( � (���# � . $ �  [5].
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!  & � )�)�#'�  � . � . � $  ���  )�$  ��#'�Z$ �  (  )�$  (��S$ "'(  � $ "'� �  # � ( � � . �  % � �  � � ) �'� (�#') � "'� )�# � . �  � ( � . $ �S�
V-Ray (  � # � ) � "'( � �  "'(����  � � "'#'�  

�'� � . (  $ $  %G# � ��#'�Z)�# � . $ � .  §X� )�#'%G) � �  ��� � "'� , � #'. #'- � �  ) � ���#'. $ "'# � �  &�#'% $ � . (  &'#  
� (�. � . $ "'�  

� � � "'� �'� $ . � �  %  . #'� , 
� . #  )�$ � �S#'. -'�  ) �  % � �  � "'#'��)�# � . �  (�S)�#'� #'� - � )�)�# � . �  

� � & � � (  � #'� " � � #'% � )�(��  � . - � � . � -'�  
� -'#'� - � ���  �  # � #'��$ )�)�# � . � ��(  

� -'��(�. $ � . � -'���� - � "'"'$ "'� )����  % � � ( � "'(�. $ "G� )����  � ( � . $ � , #') �  �S#'��$ .  �'��. �  -'$ ��$ ) �  ( , �'#'"'$ $  . #'� # , #') �  
� � � $ �y)�#-'$ � � $ . � �  ) �  

� - � � . ( � $ . 
� $ ��$ )�(�$  & � "'$ � #  )�$  % � $ � & �  . -'(�% ( � "'� )�#  (  �S#'��$ .  )�$  "'$ � � . �  “ ) �� #'%G$ -'�')�# � . ( ” , )�#  � #'%G��$ � . )���$  

� � (�"'(��  � #'"'"'$ � . (�% #'%  
� -'#'� - � ���S( � . #'%  (  

� -'( � " � &�)����
� � $ � ( � "'( � . #'%  % � $ � & �   

� -'(�% $ & � .  �  ��$ " � $ ��#'� �  -�$ � � "'� . � . � .� #'"'$ $  
� #'&�-'#'�') � �  (�) � #'-'� � � (��  #  � ( � . $ ��$  V-Ray, 

�
 . � � �Z$  ��)�#'� # � ( � "'$ )�) � �  (�) � #'-'� � � (��  

� #� -'#'��"'$ � � �  
��� - � "'"'$ "'� )����  % � � ( � "'$ )�(��  ��#'�Z)�#  ) � ��. (  %  £ )�. $ -')�$ . $  ) �  � � ��. $  £ ) � #'-'� � � (�#')�)�# -� ) � "'(�. ( � $ � � #'� #  � $ )�. - �  

� #  
��� - � "'"'$ "'� )����  % � � ( � "'$ )�(�� �  http://www.parallel.ru.
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