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

� 
� � 
	 � � 
� �

� � � 	 � � 	 � �� � ��� � � �



� � � � � � � � � � � � � !	 � �" #� � � !	

� 
 
!�$ 	 !!�%� &&
� &�� � � !
� � � � ' � �� � &�� � �� � � � 
� !	 �

� 	 !!�!� ( � � 
� �
� ) � � 
� � ( � 
� 	 �� � � � ( 	 � �

� !� ( 	 � �
� �� � � ' � �� 
� � �
� � � 
� � � 
� &�	 * � 
� � 	 � �

� � 
� � !� � 
� � �� !!� � � �' � � �
� 	 � 
' 
( � � 
� � �� ' �� 	 � �
� 	 ( � � 
* � 	 � �� � � �� � � !�



 � � � !	 � �� � 	 ( 
' 
( � � 
� �

� +
� 	 � �� �( � � ' 
&� � � � 
� � �� � �� 
� 	 ��
� � � � � 
� !�� � � � 
� �� 
� 
� 	 � �
� � � �( 	 !!�
� " � 	 �&, �� � � &	 �� 
� 
� 	 � �
� � � �&� � � � �
� - � � � � � � � � 	 � 	 � �( � � � 	 � �' � � �� � &� !� � �
� � 	 &� � !�
� . 
#	 � �� � � � ( 	 � ��/ � � � � � � , �� � � � 
� 
� � � ��� � � �� � 
� 
� !�

� � � � 
� 
� � �

� � � � � � � 	 �� � � � 
( !	 �' !� #�� � �� 
� 	 �� �0 �D�
�  � � � 
( !	 ' !� #�� � � 
� 	 � �0 �D�
� ) 	 � ( � 
� � �� � � 	 � ��	 �(1��� � � 
� &�� 
� 	 �� � 	 �



� � � � �2 � � � �� � � � ( � � � 	 �

� � � � � 
� !�� � � � 
� �� 	 ( � � � � � 	 � �
� � � �� 	 !!�
� � 	 !!� �� � 	 �� � � � 	 � �
� �� �&� 
�
� � 	 !!�( � � � � 
� � �" !	 � 	 � � �

� " !	 � 	 � � � �� � 	 �� � 	 �� � � 	 �� � � � 
� !�� � � � �� � � � ( � � � 	
� 3 � � 	 � 
� !�� 	 ' 
� 
� 
� � � �� � � � 	 � �� � �
� �� 
� 	 4

� 	 � 	 � � 	 � � �� 	 � � � � � 
( � � � � � !	 � �
� � � � � 	 � �� 	 � � 
� 
	 � �

� � � � 	 � �� , �( 	 !!
� 3 
( � � � ( � � 
( �( � � � � �

� 	 ( � 
� � � �� � � � 	 � �� , �

� � � � � 	 " !	 � 	 � �

" !	 � 	 � �

" !	 � 	 � �

" !	 � 	 � �
� 	 !!

Grid



� &&� 	 &� � 
� � �
� �� � � �

� � � &!	 �� 	 � �
� � � &!	 � �
� �� � &!	 � 	 � &	 � 	 � � � 	 �� � � 	 �� 	 � 	 � � 	 � ( 	 �

� " � 	 �&, �+� � � � �� 	 � �

� � 	 !!�� 	 � �
� � � � 	 �( � � � � � 	 � �� &&� 	 &� � 
� �
� 5 � 	 � �( � � �� � 	 ( 
' , �� � �� &&� 	 &� � 
� � �
' �� � 	 , �� � � �

� $ � �6�' � � ( � 
� � �� � 	 � � � 	 � �� � �
+� � � � � 	 �4� � &!	 � 	 �4� 	 !!� 	 � ( � � � 
� � � 
� �



� � �  %�
 � 	 � � 
	 �

� � � � � � � � � �� 	 � � !� � 	 �� � � � � 
� 	 � � � � !!	 !�%
� � � � ,
� � � � 	 � � 	 � �� ' �� 0 0 �� � %
� � � � � � � 
� 	 � � – &	 � 	 � 
( �� 
� � � 
� � � 	 � ( � � � � 
� 	 � �
� � � !&� � 
� � � � – &	 � 	 � 
( �� � � � !!	 !�� !&� � 
� � � �
� � ) � � &	 4 � � � � � � ( � �� 
	 � �� ' �� � � � 
� 
� � 	 � �� � � �

� � 
� � � �� � � � � � 
� 	 � � � � � �� � !&� � 
� � � �
� � 
	 � �� ' �� 
� �1�� � � � ��� � � � � � �� ( ( 	 � � ��� � � � �� 	 � 	 � � 	 � ( 	 �

" #� � � !	 7�� � � � !!	 !�� � � � 
� &�� �� 
� � � 
� � � 	 � �� 	 ( � � �

s t apl : : pvect or <i nt > pv( 100) ;
… i ni t i al i ze pv …
st apl : : p_sor t (  pv. get _pr ange( )  ) ;



� � 	 �� � �  %� � � &� � � � 
� &�" � � 
� � � � 	 � �

ARMI    

MPIOpenMPPthreads Native

pAlgorithms pContainers

User Code

pRange



+� 
� �
 � 	 � � 
	 �

� � � � 
� � � � ,  +� 
� 
� �� 	 � 
� 	 � �' � � �
� / � � 	 � � � � 
� !+� 
�
� � +� � � �

� +� 
� �
� �� 	 � � !� � 	 � � �
� ( 	 !!�� , � 	 �8� � 
( 6��� � !, � 	 � � � !��	 �( 19
� 	 !	 � 	 � � �� , � 	 �8� � � !	 : ( 	 !!��( � � � 	 � ��1119

� � � �( � � � � 
� � �
� � � � � � 
� � 
� � � �� ' �
� ( 	 !!� �8� � 	 �� 	 � �&� � � � : � 	 � � 	 #9
� ' � ( 	 � �8� 	 � !!, �&� � � � : 	 � &	 � 9

� � � �( � � � � 
� � �� 	 � � � � � �' � �
� � � � � 
� &�� � �&� 
� &4� � � ' � ( 	 �
� � 	 � � 
� 
	 � �
� � � �

&� � � � : 	 � &	 �
� &	 � � 
� &�
� ( � � 
� &4� � � ' � ( 	 �
� � 	 � � 
� 
	 � �' � � � �

&� � � � : 	 � &	 �
� � � � � �� ' �� � 	 � 	 �� � 	 �8� � &!	 � 	 �´ &� � � � � 	 �9�� � �� �

� 
� 	

+� � � � �; 	 � 	 #

� 	 !!

+� � � � �" � &	



� 	 !!�
 � 	 � � 
	 �

� � 	 !!�( !� � � �� � 	 � � ’ � �( � � � � 
� �� � ( � 1
� !
� � �� ' �
� � � � � 	 � �� � � �� � 	 
� �� � � � 	 � �� 	 � � 
� 
	 �
� !
� � �� ' �	 !	 � 	 � � �
� !
� � �� ' �� 	 � � 	 #�
� � 
( 	 �

� � � 	 �“ 	 !	 � 	 � �” ( � � ( 	 � � �&
� 	 � �� � �&� 	 � � �
&	 � 	 � � !
� , �� � � �' !	 #
� 
!
� , 1

� � � 	 � 	 �
� �� � 	 �	 !	 � 	 � � �' � � �	 � ( � �“ ' � � � � � 	 � � � !”
� � � � 
� !�� � 6� � � � 1��. � � �	 #� � � !	 7

� � 
� � !	 �� 	 � � � � � �� 
� � �� � 	 �� � 6� � � � �� 	 � �( 	 !!�� � 	 �� � 	 �
“ � � � !	 4( 	 !!” 	 !	 � 	 � �

� � 	 � � � � � �� 
� � �� � 	 �� � 6� � � � �� 	 � �� 	 � � 	 #�� 	 � �( 	 !!�� � 	 �
� � 	 �“ ( � � � 	 � ” 	 !	 � 	 � �



" !	 � 	 � � �
 � 	 � � 
	 �

� " !	 � 	 � � � �( � � � � 
� 7
� � � !� � 	 � � 
( �� � � � ( 	 � �8� ( � � � 	 � 
� &�� � � �� � � � !9
� � � 	 �� � !� � 
� � �8� � &� !� � �� � � 	 � � � �' � � �&	 � 	 � � � 
� &��� 	 �

� ( � � � 	 � 
� &�� � � � ( 	 <�� !� � �� � 	 �� � &� !� � �
� � 	 � � 
� 
	 � �
� �
� �� 
� 	 4� 	 � 	 � � 	 � � �� � � � !	 � 9

� 3 � � � �� ' �� � 	 �( � � 	 �
� �� � � � � � 	 �� ' �� � � � !	 � �
&	 � � 	 � � , �� � �� 
� ( � 	 � 
=� � 
� � �� 	 � � � � 1

� � � �>� � � �!� � � � �� � 	 � �	 !	 � 	 � � �
� $ � �6�' � � ( � 
� � �� � � ( 	 � � 	 � �� � 	 �� 	 !!� �
� �� �� � �  %�

� ) � � &	



� � � � �� 	 � � �

� " � 	 �&, �� � � �� � &!	 �� � >	 ( � � �( � � � � � � ( � 	 �

� +� 
� �� � � � 
� 
� � �� 	 ( 
� 	 �
� � � 	 ( 
� !
=	 � �� � �  %�� ( � 	 � � !
� &�� !&� � 
� � � � �� � 	 �

�  � � � 
� 
� � �
� ' � � � � � 
� � �� 
� � � 
� � � 	 �
� +� 
� �( � � � � � � ( � 	 � �
� �� � � � !!	 !

� � 	 !!� �� � � �" !	 � 	 � � � �( � 	 � � 	 � �� � � �
� � 	 � � 	 �

� � ) � � &	 � � � 
!� �� � �&� 
�
� � � 	 ( 
� !
=	 � �� � �  %�� ( � 	 � � !	 � �� 	 � 	 � � 
� 	 � �� ) � � &	 �
� � ) � � &	 � 	 � 	 � � 	 � ( 	 �&� � � � � �� � 	 �� 
� 	 ( � 	 �



� � � � �� !&� � 
� � �



� � � � �� � � !	 � 	 � � � � 
� � �? 
� � � � ,

� � 0 0 �� 	 !	 ( � 	 � �' � � �
� � !	 � 	 � � � � 
� �
� $ � � � 	 � �� � �� � 	 �� � %�� � � �� � �  %

�  � � � � � , � 	 �
� � !	 � 	 � � 	 � �� 
� � �� 0 0 �� � � �3  �
� � � �  %�( � � � � � 	 � � � �� 	 � 	 � ’ � �' � !!, �
� � !	 � 	 � � 	 �
� � � �  %�� 
� � ’ � �� � � � � � � �� 
� � � 
� � � 	 � �� 	 � � � , �� , � � 	 � �

� � � �  %�� � � �� � � � � ( 	 �
� � ) 3 � �) � � � 
� 	 �� , � � 	 � �� � � � 
� 	 � �� �( � � � 
� � 	 � � �� � � 	 �

' � � �� 	 � 	 !� � � 	 � �
� � !!� � � �� � �  %��� �� � � �� � �� 
� � � 
� � � 	 � �� 	 � � � , �� , � � 	 � �

� � � � � � � 
� 	 � � � � � � 
� 	 �� � � � �� 
� � � 
� � � 
� � �� � � �� � � � !!	 !�
� � 	 � � � 
� � �

� � ) � � &	 � � � � � � � � �� 
	 � � � ( � 
( � !�� 	 ( � � � � � 
� 
� � �� ' �� � � �
� � ( � 	 � � !
� &�( � � � � � 	 � � � �
� ( � � � � � � � 	 � �
� � � �� � �  %



� � �  %
� & � � � �

� � � � � � � �2 � � � �� � � � ( � � � 	 �

� 2 
� � � 
� � � 	 � �� 2 �� 	 ( � � � �( !� � �
� 5 � 	 � �� � � � &	 � �� 
� � � 
� � � 
� �
� � 2 �
� � 	 #
� &�8	 1&1�' � � @#A@, A@=A9
� � � � � 	 � �� 	 !!� �� � � �� 	 !!� 	 � �

� � 	 !!� 	 � ( !� � �
� " #� !
( 
� �!
� � �� ' �&� � � � �� 	 � � 	 #�
� � �8� 	 !!� �
� �� � 	 �� 	 !!� 	 �9
� %
� � �� ' �
� � �� � � � 
� 	 � �( 	 !!�� � 	 	 � �� � � 	 �



� � �  %
� & � � � �

� � +� � � � � � � � 	 � �� 	 !!�
� " � ( � �� +� � � � � 	 � � 	 #�
� �� �� 	 !!
� � +� � � � 	 � &	 � �
� 	 � � 
' , �� 	 
&� � � � 
� &�( 	 !!�
� � � � 
� � � � , �&� 
� � �� � � �� � � � 
� !	
� � 2 �&� 
� � �� !� � �� � � � 
� !	

� � ) � � &	 � � 	 � �� � �� 	 � � 	 � 	 � � �� 	 !!� 	 �
� +	 � 	 � � !�� 	 � � 	 � 	 � � � � 
� � �� ' �� 	 � 	 � � 	 � ( 	 � �� 	 � � 	 	 � �

� 	 !!� 	 � �
� 3 � !� 
� !	 �	 #	 ( � � 
� � �� � � 	 � � �� ' �( 	 !!� �
� �� � � � � � &	

� � � � 
� !	



� ) � � &	 2 	 � 	 � � 	 � ( 	 �+� � � �

� � � � � 	 � � �� � 	 �( 	 !!� 	 � 
� � 
( 	 �
� � � !� � � �
� � 
( � � 	 �� � � ( 	 � � � � �

angle-set A angle-set B angle-set C
1

2 5

3 6

4 7

8

10 13

18 2112 15

14 1711

9

22 2516 19

26 2920 23

3024 27

28 31

32

4

3 8

2 7

1 6

5

11 16

19 249 14

15 2010

12

23 2813 18

27 3217 22

3121 26

25 30

29

32

31 28

30 27

29 26

25

23 20

15 1221 18

19 1622

24

11 817 14

7 413 10

39 6

5 2

1

29

30 25

31 26

32 27

28

22 17

14 924 19

18 1323

21

10 520 15

6 116 11

212 7

8 3

4

angle-set D



1

2 5

3 6

4 7

8

10 13

18 2112 15

14 1711

9

22 2516 19

26 2920 23

3024 27

28 31

32

angle-set A
4

3 8

2 7

1 6

5

11 16

19 249 14

15 2010

12

23 2813 18

27 3217 22

3121 26

25 30

29

angle-set B

� � � 
� &�� �� 	 ' !	 ( � 
� &�� � � � � � � ,

32

31 28

30 27

29 26

25

23 20

15 1221 18

19 1622

24

11 817 14

7 413 10

39 6

5 2

1

angle-set C
29

30 25

31 26

32 27

28

22 17

14 924 19

18 1323

21

10 520 15

6 116 11

212 7

8 3

4

angle-set D



� �� 	 ( � � � �� 	 ' !	 ( � 
� &�� � � � � � � ,

1

2 5

3 6

4 7

8

10 13

18 2112 15

14 1711

9

22 2516 19

26 2920 23

3024 27

28 31

32

angle-set A
4

3 8

2 7

1 6

5

11 16

19 249 14

15 2010

12

23 2813 18

27 3217 22

3121 26

25 30

29

angle-set B
32

31 28

30 27

29 26

25

23 20

15 1221 18

19 1622

24

11 817 14

7 413 10

39 6

5 2

1

angle-set C
29

30 25

31 26

32 27

28

22 17

14 924 19

18 1323

21

10 520 15

6 116 11

212 7

8 3

4

angle-set D




 � � � � 
� &�� 	 ' !	 ( � 
� &�� � � � � � � ,

1

2 5

3 6

4 7

8

10 13

18 2112 15

14 1711

9

22 2516 19

26 2920 23

3024 27

28 31

32

angle-set A
4

3 8

2 7

1 6

5

11 16

19 249 14

15 2010

12

23 2813 18

27 3217 22

3121 26

25 30

29

angle-set B
32

31 28

30 27

29 26

25

23 20

15 1221 18

19 1622

24

11 817 14

7 413 10

39 6

5 2

1

angle-set C
29

30 25

31 26

32 27

28

22 17

14 924 19

18 1323

21

10 520 15

6 116 11

212 7

8 3

4

angle-set D



� � �  %
� & � � � �

� � � � � � � ( � 
� &�� � � � � � 
( � � 
� �
� " #� !
( 
� �3  � �( � !!� �
� �� � 
� 	 � �' � � ( � 
� � �� 	 � !� ( 	 � �� 
� � �

( � !!� �� � �� ) 3 � �� 	 � � � � �
� � +� � � � � � 	 � �� ) 3 � �� � �� � � � � ' 	 � �
� ' � � � � � 
� � �� 	 � � 	 	 � �

� � � 	 � � � �� � 	 � �� 	 ( 	 � � � � ,

� � ) 3 � �' 	 � ( 	 � �� 	 � !� ( 	 �3  � �� � � � 
	 � �
� . 	 � ( 	 � �� 	 * � 
� 	 � �� � � 
� &�� � � � !	 � �
� 
� 
� !
=� � 
� �
� 3 � � � �' 	 � ( 	 � �� � � � !	 � �
� � 
� 	 �� � �  %



" ' ' 	 ( � � �� ' �� � �  %
� &

�  � � � !	 � �� 
� 	 �� � �� � � � !	 � 
� �
� � � 	 � � &	 �� 1� B�� 
� 	 � �� !� � 	 � �� � � �
� � � � � 
� &�� � � 
� !,
� � � � � 	 � � !, �� C�&!� � � !�� � � � 
	 � � �
� �� � 	 �� � � � �( � � 	
� � � 	 � 	 �
� �� � � � � � � � 
� , �' � � �
� � � � � 	 � 	 � �



" ' ' 	 ( � � �� ' �� � �  %
� &

� ) 	 � � ( 	 � �( � � 	 �� 
=	
� � � � 	 �� 	 � � ( 	 � �DB�� � � �!
� 	 � 1��

� � � � � 	 � � !, �� � �� � � �!
� 	 � �� � � �� � � 
� 6
� &

� " !
� 
� � � 
� � �� ' �( !� � � 	 �
� 3  � �� � � � � 	 � �
� � EF� � � ( 	
� � 	 !!� 	 �

� � � � 	 �) 	 � �&� � 
=� � 
� �
�  � � � !	 � �( !� � � �� 	 � �&� � 
=	 � �
� " !
� 
� � � 	 � �	 #� !
( 
� �&� 
� �� 
� � � 
� � � 
� �
� 5 � 	 �� ' �� ) � � &	 �



� � � � �2 � 
� 	 �
� � 
� �� � 
� 	 �89�G

/ � � 	  � � � !	 � H�� � � � !	 � �I �� 	 � � : � � � � !	 � 8H
� � � � : � � � 	 � � ��H� � � � � � : � � � 	 � � ��
H	 � � � � : � � � 	 � � 9<

� � � � !	 � 4J � � !� 	 89<
� � � � !	 � 4J � 	 � � � �89<

K

/ � � 	  � � � !	 � H�� 	 � � : � � � � !	 � 8
� � � 	 � � L �
� � � � : � � � 	 � � ��� � � � 	 � � L �� � � � � � : � � � 	 � � ��
� � � � 	 � � L �	 � � � � : � � � 	 � � 9G

 � � � !	 � � � � � �H�� 
� � � � I �� 	 � � � � � !	 � � � � � �8
� � � � : � � � 	 � � 9<
? 	 #: ( 	 !!: ( � 	 � � � � ( � 	 � � � �8H� 
� � � �9<
/ � � 	 " � 	 �&, � &&� 	 &� �
� � 	 &� <
� 3 %
 � >	 ( � #� !: 
� � � � I �� 
� � � �4J &	 �� � &
 � >	 ( �8M� � � � � � , � 	 M9@� A<
	 &� 1
� 
�: ' � � � : 
� � � �8#� !: 
� � � � ��� � � � � � : � � � 	 � � 9<
� � ( 
: � � 	 � � � ( 	 � � 
� &77� � � � : ) 	 &� !� � : � ) � � &	 :  � 	 � � � ( 	 � � � �H�� ( � 	 � I �

� � 
!� : � � 
(6: � ( � 	 � � !	 �8( � 	 � � � �1� 
� #89��( � 	 � � � �1� 
� , 89��( � 	 � � � �1� 
� =89��	 &� ��
H� 
� � � �9<

/ � � 	  � � � !	 � H�� � I �� 	 � �+	 � 	 � 
( � � 	 	 �  � � � !	 � N%� &
( � !!, ) 	 ( � � � &� !� �+� 
� ��
$ �: 2 
� � � � � : 2 
' ' : 3 	 � � � � J 8� 
� � � � ��( � 	 � � � � ��	 &� ��� ( � 	 � ��� � � � � � : � � � 	 � � ��
	 � � � � : � � � 	 � � 9<
� 	 � � � � �� � <

K



- � 	 � � 
� � � O


