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A�BDCFEHGJI-KML EONQP R BDS�TQGUGWVXNYT

Z B\[]N^G`_aTbPdcQe6GWVfTdN
g BihdG`_jcQe6G`ck_al Tim>E n
[(o e4TbPpl
q Bpr s^GWVXt VfIuEHGWVfTdN TdN A
[vh5o sY_aTbeulHwxwyTO_aw
z�B3n{E|_}GWV~e���l euTdc�N|GWV�N^� wyTO_}G
��B3n{lQ_�m�TO_jt EONQe4l TdN EON [�S � ��A'l��pEHGUGJEd��NYTbPOl
� B3�Fl|e4Tdt skTOw`V�GWVfTdN GJl-e���NOV~�dc�lHw
�bB3n{E|_aEi����lY�~VfIuEHGWVfTdN Tim
G`��l �bl���P wxT7����lY_
� Bih5ckt t E|_aL
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n{E|_}GWV~e���l���V�N-�0e4l����/ ¡n
[(o£¢ e4TbPpl�w E|_al ¤ V~POlY��L c�wxl-P maTO_>t TbPpl��¥�
V�N^� t EON�L ¦kTbPpL wyL�wJGJlQt w §{E|w l,B~�@B V�N
¨ sp��E|w©t E w`VXt ck��EHGWVfTdN�w
¨ wxlYt V~euTdNiPdcieªGJTO_«POl��|V�e4l w¡V�t cp��EHGWV�TdNYw
¨ �\_aE-�|V�GJEHGWV�TdNYEi� ¬ �"¦kTbPOL s�_aTd¦k��lQt w

­ �Yl Nkc�t ¦klQ_\Tim@sk�YL�w¡V~e4Ei��sYE|_®GWV~e���lHw ¬ ¯ VXN E sp��E|w°t E sk�YL�w`V�e4w
w`VXt ck��EHGWVfTdN V�w c�w©c�Ei����L GJTdT ��E|_��pl GJT ¦kl w¡V�t cp��EHGJl-P P,V�_al-e6G¡��LªB

R n�[]o e4TbPOl w¡V�t cp��EHGJl�w G`��l t TQGWV�TdN Tim ¬ t E�e�_aT s�E|_}GWV~e���lHw
_alQs�_al�wxlQN|GWV�N^� lHE�e�� t EON�L sk�YL�w`V�e4Ei��sYE|_}GWV�e���l�w   ¬ ± ¬ ¯ ¢²B

³,w©skl|e�V�Ei����L N�TdNk�~V�N�lHE|_bw`VXt ck��EHGWVfTdN�w E|_al e4Tdt skc^GJEHGWV�TdNYEi�´��L ��lQ_�L
l�µ�sklQN�w`V���l ¤ V�G`� ¬ ¶ ·J¸°¹ t E�e�_aT s�E|_}GWV�e���l�w EONiP E _�lHwJG`_ºV~eª�
GWV���l GWV�t l wJGJlYs3B
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³�µ�EOt sk��l,¼ G`��l sk��E|w©t E s���L�w`V~euw n�[]o euTbPpl ½i¾À¿|Á Â GJT w¡V�t �
ck��EHGJl G`��l GWV�t l l���T7�Xc|GWVfTdN Tim VfTdN-�jGJlYt sklQ_aEHG`ck_al��j�\_aE�P,VflQN|GÃ�
P\_ºV���lQN  »[ ­ Ä ¢ G`ck_j¦�cp��lYNieul V�N e4L|�´VXNiPd_;V~euEi���plHTdt l�G`_aLp¼

¨ ­ �Yl Nkc�t lQ_;V�e4Ei�'t l�G`�YTbP Vfw E sYE|_®GWV~e���l��"t lHw©� t l�G`�YTbP�B

¨ ­ �Yl t E�e�_aT s�E|_}GWV~e���lHw wxEOt sp��l G`��l �b��l&�0P,V�t lYNYw¡VfTdN�Ei�
_al-P\cQe4l|P s���E|wxl w©s�E�e4l�B

¨ R t l�w©� VfwÅNYl�l|POl|P GJT euEi��e�cp��EHGJl G`��l G`��_al�l��ÆP7VXt lQN�w`V�TdNYEi�
w©s�EHGWVfEi��lY��l|e6G`_aTOw"GJEHGWV~e s�TQGJlYN^GWV�Ei��B

� VXNpVXt c�t N�ckt ¦klQ_>Tim t E�e�_aT s�E|_}GWV�e���l�wÀ¼ ·"Ç¡È É�·J¸°Ê
­ �Yl w©t Ei����l�wJG t l�w©� w¡VfIul Ë)ÌuÍ0ÎYÍ0Ï�Ð0¼ ÑªÒ Ó Ô²Õ©Ö Ó ÇªÕ

Â A
B×CFEHGJI-KMLª§5l�G Ei��BØ§
Ù×Ú�ÛªÜ¡Ý�ÙßÞ1àªÜ¡Ýá§�âb§ � â �   giãOãpg ¢²B
Roman Hatzky � IPP Garching, Computing Center
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æHTO_'lHE�e�� GWV�t l wJGJlYs G`��l l���l-e6G`_aTOwJGJEHGWV�e n
[(o e4TbPOl l�µ�l-e�c^GJl�w
G`��_�lHl t EQVXN s�E|_}GJwÀ¼ Â
¨ o£�YE|_}�pl POlQskTOw`V�G  �E�eMe�ckt ck��EHGWVfTdNk¢ ¶ È4¸ ç

¨ ækVfl���P wxT7����l è Õ ç

¨ ³3��l-e6G`_;V�e �3l���P e4Ei�fe�cp��EHGWVfTdN ¶ È4Õ ç
é GWV�t l VXN^GJl��\_aEHGWVfTdN  ÃskcYw°��¢ ¶ Õ ç

­ �Yl �3l���P wxT7����l VfwêPpTdN�l ¦�L E P,V�_al-e6GÅwxT7����lY_
 »[�S � ë h�� nå¢
¤ V�G`� E o£�YT7��lHwªKML Ppl-e4Tdt skTOw`V�GWV�TdN POTdN�l EHG G`�Yl V�NOV�GWV�Ei�´VfIuE��
GWVfTdNbB

­ �Yl t E�e�_�T sYE|_®GWV~e���l e4Tdt t c�NOV~e4EHGWV�TdN maTO_£E GÆL^spV�e4Ei�
ÇªÔ sY_aTbeulHwxwyTO_ _jc�N GJEkKªl�w ¶ Õ ç B

R GÆL^spV�e4Ei�@euTdc�N|GWV�N^� wyTO_}G Tim£G`��l s�E|_}GWV~e���lHw GJEkKªl�w ¶ Õ ç B

Â ì BDí B×�Fl|euLQKi§ îåïuð ñ3Ý�Ù ÚHÛªÜ¡ÝDîåï4ð ð Ýá§ � �b§ � �   Z âOâQ�,¢²B
Roman Hatzky � IPP Garching, Computing Center
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o£�YE|_��pl POlQskTOw`V�GWVfTdN ¼
Z B ­ �Yl e���E|_��pl Tim E s�E|_}GWV~e���l Vfw PplYs�TOw¡V�GJl|P GJT N�lHE|_j¦�L �\_;V�P
skT,V�N|GJwÀB

g B3� EON�L s�E|_}GWV~e���lHw e4TdN|G`_;V�¦kc^GJl GJT E e4lY_}GJEQV�N �\_;V�P s�T,VXN^GuB

³�µ�EOt sk��l,¼ E sYE|_®GWV~e���l ¤ V�G`� G`�Yl w°�YEOskl Tim>E �YEHG mjckNQe6GWVfTdN
¿-ò|ó^ô
õ ö7÷`ø^ò-ùiúi÷À¾Mù û-û ü�ý;þ�ÿ��
þ � ÷©ù-½�ý ÿ��
� ÿ � ÿ � ¿Hò|ó^ô
ý;þ��
ü ý þ � � ü ý þ � � �	��
�� � ÿ
ü ý þ
��� � � ü�ý þ
��� � � � ÿ

h�e4EHGUGJlQ_>TdsklQ_aEHGWV�TdN ¼
R N VXNiP,V�_al-e6G t lQt TO_aL E�P�Pd_alHwyw`VXN�� ¦�E|wxl-P TdN � V�w c�wxl|P GJT
E�eMe�ckt cp��EHGJl G`�Yl e���E|_��pl V�N G`��l E|_j_aE&L � B

R e�ck¦pV�e S
� w°sk�~V�N�l w°�YEOskl mjckNieªGWVfTdN V�N G`�k_al�l P,V�t lQN�w`VfTdN�wÀ¼
TdNYl s�E|_}GWV�e���l e4TdN^G`_ºV�¦kc^GJl�w GJT � z �\_;V~P skT,V�N|GJw B

Roman Hatzky � IPP Garching, Computing Center
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³3��l-e6G`_;V~e �bl���P e4Ei�fe�ck��EHGWVfTdN ¼
Z B ­ �Yl l���l-e6G`_;V~e �blY��P EHG G`��l s�E|_}GWV~e���l s�TOw¡V�GWVfTdN Vfw V�N|GJlQ_jskTY�
��EHGJl-P mj_aTdt NYl�E|_j¦�L �\_;V�P skT,V�N|GJwÀB

g B3³,E�e�� �\_;V�P s�T,VXN^G Vfw _alHE�P ¦�L t EON�L s�E|_}GWV~e���lHw4B

³�µ�EOt sk��l,¼ E sYE|_®GWV~e���l ¤ V�G`� G`�Yl w°�YEOskl Tim>E �YEHG mjckNQe6GWVfTdN
¿-ò|ó^ô
õ ö7÷`ø^ò-ùiúi÷À¾Mù û-û ò-ÿ�ý;þ�ÿ��
þ � ÷©ù-½�ý ÿ��
� ÿ � ÿ � ¿Hò|ó^ô
ý;þ��
ò�� ý þ � � ò|ÿ�ý þ � � ý�����
�� � ÿ�� � ò-ÿ�ý þ
��� � � � ÿ

Ä EHG`�YlY_ÅTdsklQ_aEHGWV�TdN ¼
R N VXNiP,V�_�l|e6G t lQt TO_aL E�PkPd_alHwyw`V�N^� VXN G`�Yl E|_j_aE&L ò-ÿ V�w c�wxl-P
GJT VXN^GJlY_js�T7��EHGJl G`��l lY��l|e6G`_ºV~e �blY�fP EHGÅG`�Yl s�E|_}GWV�e���l s�TOw¡V�GWVfTdNbB

R e�ck¦pV�e S
� w°sk�~V�N�l VXN^GJlY_js�T7��EHGWVfTdN V�N G`�k_alHl P,V�t lQN�w`VfTdN�wÀ¼
� z �\_;V�P s�T,VXN^GJw w°c�t cks GJT G`��l lY��l|e6G`_;V�e �blY��P�B

Roman Hatzky � IPP Garching, Computing Center
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Ä lQN�lQ_aEi��Tds^GWVXt VfIuEHGWVfTdN wJG`_�EHGJl��7Vfl�w ¼ Â
¨ hdGJTO_;VXN�� sYE|_}GWV�e���l e4Tdt skTdN�lQN|GJw GJTi�pl�G`��lQ_«V�N TdN�l E|_j_aE&LªB

¨ hbTO_}GWVXN�� sYE|_}GWV�e���l EONQP �3l���P e4Tdt skTdN�lQN|GJw GJTi�pl�G`��lQ_ÃB

¨ A'lQt Ti�|VXN�� ÷�� w"GJEHGJlQt lYN^GJw ¦�L c�w`VXN�� �\c�E|_ P e4lY�´��w4B

o E�e��Yl ¦�E|wxl-P A�[)h5o E|_ e��pV�GJl|e6G`ck_al ¼
o E�e��Yl G`_aE|w°�pVXN�� TbeMe�ck_awê¤ �YlYN G`�Yl e��YE|_}�pl EONQP��|TO_�lY��l-e6G`_;V�e
�blY��P E|_j_�E&L PpT NYTQG �dG VXN^GJT G`�Yl e4E�e��Yl�B

R t E-µ|V�t ckt e4E�e���l _alYcYwyl V�w �7V���lYN ¤ �YlYN Ei�´�iG`�Yl s�E|_}GWV~e���lHw
V�N G`��l wxEOt l t lHw°� e4l����{E|_�l s�_aTbe4l�wxwxl-P GJTi�pl�G`�YlY_ÃB

hbT7�Xc|GWVfTdN ¼
o Tdc�N|GWV�N^� wxTO_}G Tim
G`�Yl sYE|_®GWV~e���lHw V�N|GJT G`�Yl ¦pVXNYw Tim�G`�Yl �\_;V~P�B

Â ì BDí B×�Fl|euLQKi§@l�G Ei��B(§ îåïuð ñ3ÝbÙ×Ú�Û6ÜWÝ+§ Z-ã § g â ã   Z âOâ � ¢²B
Roman Hatzky � IPP Garching, Computing Center
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o Tdc�N|G G`��l Nkc�t ¦klQ_>Tim s�E|_}GWV~e���lHw V�N lHE�e�� eulY���
öi¾ þ � �\õ ù

� � �! #" $&%('�)*',+-).�!)0/1/324 657$98�5:',;<�0/=) >@?
A�B � A	B � �

ò-ù-ö öi¾

o TdN���lQ_®G A V�N|GJT EON Ei�´��Tbe4EHGWV�TdN
öi¾ þ � �\õ ø

C � A�B
A B � D
D � D � C

ò-ù-ö öi¾

hbTO_}G G`��l s�E|_}GWV~e���lHw > V�N|GJT E
öi¾ þ � �\õ ù

� � �! #" $&%('�)*',+-).�!)0/1/324 657$98�5:',;<�0/=) > ?
C � A B
A B � A B � �
EGF � > ?

ò-ù-ö öi¾

Â í BIHpBDSåT-¤êlQ_�wÀ§KJ^Ýßîåï4ð ñ3Ý3Ù ÚHÛªÜ¡Ýá§ Z � q § q â q   giãOã\Z ¢©B

Roman Hatzky � IPP Garching, Computing Center



Computing Center of the Max-Planck-Gesellschaft and the Institute for Plasma Physics

DEISA Training Session,
�����

– � ��� July 2006

9 ��!�%H�v#���� #7��� ��%-���'� ?���!0% :»:

0

100

200

300

400

0 1 2 3

L2/2 cache size

array size/MBytes

M
fl

ip
/s

 p
er

 p
ro

ce
ss

or

0

0.2

0.4

0.6

0.8

1

0 1 2 3

L2/2 cache size

array size/MBytes

re
l. 

lo
ss

 in
 p

er
fo

rm
an

ce

� l��\_aE�POEHGWVfTdN TimÅG`��l sklQ_�m�TO_jt EONQe4l ¤ V�G`� ��E|_��plY_FE|_j_aE&L w`V�I4l
P\c�l GJT G`��l e4E�e���l E|_ e��pV�GJl|e6G`ck_al Tim G`��l [aS � n{T-¤êlQ_�z s�_aTY�
e4lHwywxTO_Ã¼
¨ �Fl��\_aE�POEHGWVfTdN w"GJE|_}GJw EHG ¶ LNM,OuÔ P ¸�QfÒ©Ô � SåL&GJl�w

¨ r Nk��L w°�´V��\�^G Ppl��\_aE�POEHGWVfTdN ¤ V�G`� sYE|_}GWV�e���l wxTO_®G

¨ A'lY�+B/sklQ_�m�TO_jt EONQe4l ��TOwyw ¤ V�G`��Tdc^G s�E|_}GWV~e���l wyTO_}G R Ç²¸ ç

¨ R �X_al�E�PpL �pEQVXN Tim ¶ ·yÕ ç maTO_>w©t Ei�´�{E|_j_aE&L�w

Roman Hatzky � IPP Garching, Computing Center
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o Tdt t ckNpV�e4EHGWVfTdN TimÅG`��l sYE|_}GWV�e���l�w EOt TdN^� G`��l s�_aTbe4l�wxwxTO_�w
 »[�S � n{T-¤êlY_azd¢ TdNk��L V�N ��E|_��pl s�E�e-K²E-�plHw4¼
¨ �FlHE|_���L s�lY_�mal-e6G w»e4Ei�´VXN�� m�TO_ X ·JÑ sY_�Tbe4lHwywxTO_aw
¨ r ��lY_aEi����w©sklHl-PQ�Uc�s Tim ¶ Ô©Ö

Y �pTdTbP wWe4Ei��EO¦pV��´V�GÆL ¤ V�G`� G`�Yl Nkckt ¦�lY_ÅTim s�_aTbe4l�wxwxTO_�wÀB

S
c^G TdNk��L ¶ ·JÔ ç Tim�G`�Yl sklHEkK sklQ_}maTO_jt EONQe4l�B

Roman Hatzky � IPP Garching, Computing Center
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� Tdt EQV�N Ppl-e4Tdt skTOw`V�GWVfTdNb¼
� V]\ lQ_alYN^G s�TO_®GWVfTdN�w Tim
G`�Yl s���L�w`V~euEi��POTdt EQV�N E|_�l E|wxw`V��\NYl-P
GJT P7V]\ lQ_alYN^G sY_aTbeulHwxwyTO_awÀ§kV�NQe��XcQP7VXN�� G`�Yl s�E|_}GWV�e���l�w EONQP �bl���P
PpEHGJE G`�YEHG _alHw¡V~POl TdN G`�YlYt B

RFPO��EON|GJE-�pl,¼
¨ ­ �Yl �blY�fP PpEHGJE E|_al ��Tbe4Ei�
Y w©t Ei����t lYt TO_aL euTdNYw°c�t s|GWVfTdNbB

� V�wxE�Pi��EON^GJE-�pl�wÀ¼
¨ ­ �Yl s�E|_}GWV~e���lHw �YE-��l GJT ¦kl e4Tdt t ckNpV�e4EHGJl|P EOt TdN^� G`��l
w©ck¦,PpTdt EQVXNYw  �sY_aTbeulHwxwyTO_aw©¢©B

¨ ­ �Yl N�ckt ¦klQ_åTimßNYl^V��\�k¦�TO_ºV�N^� w©ck¦7POTdt EQV�N�w wWe4Ei��lHw ¤ V�G`�
G`��l N�ckt ¦klQ_>Tim s�_aTbe4l�wxwyTO_awÀ¼
Y G`��l w°sYEHGWV�Ei��l�µ&GJlQN|G VXN G`��l P,V�_al-e6GWVfTdN Tim sYE|_�Ei����l��´V�I4E��
GWVfTdN ¦kl|euTdt lHw w©t Ei����lY_FEONiP w©t Ei�´��lQ_�B

Y G`��l s�E|_}GWV�e���l e4Tdt t ckNOV~e4EHGWV�TdN V�w VXNie�_alHE|wyl|P	^
G`��l t V�NOV�t Ei�{�\_ºV~P _alHwyT7�Xc|GWVfTdN V�w VXNie�_�lHE|wxl-P@B

Roman Hatzky � IPP Garching, Computing Center
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n{E|_}GWV~e���l POl|e4Tdt s�TOw¡V�GWVfTdNb¼
­ �Yl ¤ �YT7��l w©s�EHGWVfEi� �\_;V�P V�w E|wxw`V��\NYl-P GJT l�E�e�� s�_aTbe4l�wxwxTO_�§
¤ �OV~e�� GJEkK²lHw e4E|_�l TdNp��L Tim£E w©ck¦Ywyl�G Tim�G`�Yl s�E|_}GWV~e���lHw4B

RFPO��EON|GJE-�plHwÀ¼
¨ []N^G`_;VXNYw¡V~e ��TOE�P ¦YEi��EONie&V�N^�
¨ �FT s�E|_}GWV~e���l euTdt t ckNpV�e4EHGWVfTdN
¨ � TbPOlQ_�EHGJl l_\ TO_}G VXN s�TO_}GWVXN�� l�µ|V�wJGWV�N^� wyl|�dcYlYN^GWV�Ei�
s�_aTi�\_aEOt w VXN^GJT sYE|_aEi�´��l���maTO_jt

� V�wxE�Pi��EON^GJE-�pl�wÀ¼
¨ R �d��Td¦YEi��_al-P\cQe6GWVfTdN e4Tdt t ckNOV~e4EHGWV�TdN maTO_7G`�Yl �3l���P POEHGJEdB
¨ ­ �Yl �3l���P PpEHGJE ��E-��l GJT ¦�l w"GJTO_al|P TdN lHE�e�� sY_aTbeulHwxwyTO_
Y �OV��\� t lYt TO_aL e4TdN�w©ckt s|GWVfTdNbB

¨ R ��E|_��pl E-��lQ_�E-�pl N�ckt ¦klQ_åTim
sYE|_}GWV�e���l�w s�lY_å�\_;V~P e4lY�´�kTdN
G`��l w`V�N^�d��l s�_aTbe4lHwywxTO_êVfw N�lHl|POl|P   e4E�e���l _alQc�wxlY¢²B

Roman Hatzky � IPP Garching, Computing Center



Computing Center of the Max-Planck-Gesellschaft and the Institute for Plasma Physics

DEISA Training Session,
�����

– � ��� July 2006

� ��#7��	 ���å?^��%-�+��� %���#�$×���[Z�� �@? :»:»:

� Tdt EQV�N e���TdNOV�N^�@¼ Â
­ �Yl w¡V�t cp��EHGWV�TdN POTdt EQVXN Vfw e���TdN�l|P�§ V�B�l,BFt ck�¥GWV�sp��l euTdspV�lHw
Tim�G`�Yl wyEOt l PpTdt EQVXN E|_al t E�Ppl�B

clone 1 clone 2

domain boundary

∑ field

particles

Â o B5o BåíêVXt EONiP h
B�³�Bån{E|_ K²lQ_Ã§`J|Ý�îåïuð ñ3ÝdÙ×Ú�ÛªÜ¡Ý+§ Z|�dZ §�� � â
  giãOãOã ¢²B

Roman Hatzky � IPP Garching, Computing Center



Computing Center of the Max-Planck-Gesellschaft and the Institute for Plasma Physics

DEISA Training Session,
�����

– � ��� July 2006

� ��#7��	 ���å?^��%-�+��� %���#�$×���[Z�� �@? ::a

n{E|_}GWV~e���l � n�[
euTdt t ckNpV�e4EHGJTO_ e4Tdt t skcYw°�

me_push=0

me_push=1

me_push=2

me_push=3

me_push=0

me_push=1

me_push=2

me_push=3

clone 1 clone 2

o£�YE|_��pl&� E|wyw`V��\Nkt lYN^G � n
[/e4Tdt t ckNOV~e4EHGJTO_ e4Tdt t E|wxw`V��\N

me_assign=0

me_assign=0

me_assign=0

me_assign=0

me_assign=1

me_assign=1

me_assign=1

me_assign=1

clone 1 clone 2
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� ��#7��	 ���å?^��%-�+��� %���#�$×���[Z�� �@? a

Ä lQN�lQ_aEi��E�PO��EON|GJE-�plHwÀ¼
¨ �FTdt EQV�N POl|e4Tdt skTOw`V�GWVfTdN EONQP s�E|_}GWV�e���l Ppl-e4Tdt skTOw`V�GWV�TdN
E|_al V�NQe���ciPOl|P E|w �´VXt V�GWVXN�� e4E|wxl�wÀB

¨ �FT e4TO_j_�lY��EHGWV�TdN ¦kl�G ¤«lHlYN �\_;V~P _al�wxT7�Xc|GWVfTdN EONQP N�ckt ¦klQ_
Tim sY_�Tbe4lHwywxTO_aw4B

¨ ­ �Yl VXt sp��lQt lQN|GJEHGWVfTdN e4EON ¦kl lHE|w¡VX��L s�lY_�maTO_jt l|P E|w E
w©cksksk��lQt lYN^GFGJT TdN�l��0P,V�t lQN�w`VfTdN�Ei�,PpTdt EQV�N POl|e4Tdt s�TOw¡V��
GWVfTdNbB

n{TOwxw`VX¦k��l E�PO��EON|GJE-�plHw TdN E e���cYw"GJlQ_al-P h�� n e4Tdt s�c|GJlQ_Ã¼ Â
¨ �FTdt V�N�EHGWV�N^� s�E|_}GWV~e���l euTdt t ckNpV�e4EHGWVfTdN V�N�w`V�Ppl E N�TbPpl
Y TbeMe�ck_aw TdN G`��l maE|wJG w©��E|_al-P t lQt TO_�LªB

¨ � TbPOlQ_�EHGJl �3l���P e4Tdt t c�NOV~euEHGWVfTdN ¦�l�G ¤êl�lQN G`��l N�TbPpl�w
Y s�E|wxwylHw/G`��l w°��T-¤êlY_�N�l�G ¤«TO_ K  »[aS � æHl|POlQ_�EHGWVfTdN wJ¤ V�Gxe���¢²B

Â A
B×CFEHGJI-KMLª§
ÙÅàcbÆà4Þ]ÞedyÞåîåï4ð ñgf3hjilk�mÀ§In�o�pqn�ogr�pNotsgsguwv
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È É�Ê½Ë�Ì Í&Î�ËÐÏÑÊ§Ò Ó

ÔÖÕ × Ø9ÙÛÚ#Ü4Ý Ü¯Þ ÙÛÚ�Ø�ß§Þáà:â�Ú#× ã&ä ¿�å Ø�ß æçæéè ä¤ã&êºâ�× ëìâ�ÞáÜ±í
Ù�Üîâ�ß Ü¯ß Ù�â�ÚÛâ�ÜläIØ ¾ ä½Ü¯Úáã&ê(Ù�Üîâ�ß Üïß�Ù�â Ø Þ å ÞðÙ�ã9× â�à ñ
Õ × Ø&í
ÙÛÚ#Ü4Ý ã&òwó{Ø¶Ù�Ü[â�ß§Þ(ô

õ ä¤ö
Ø�ß�ÙÛØ¶÷gã ¹
ø è�Ú#Ü4ö¤ÜlØ ¾ ëIØ
Ú�Ø ¾ï¾ ã ¾ Ü ´ Ø¶Ù�Üîâ�ß â�ß ã&Ø
êúù ê ¾ â�ß¤ã â¶ögã&Ú Ù�ù¤ã
æ�â�ó§Ú#Üîã�Ú × â�ä¤ã&Þ(ô

Õ ÜlÞáØ
ä¤ö
Ø�ß�ÙÛØ¶÷gã ¹
ø ñ æ.æ.è ûüÞ ëìã&Ú ýIã ¾ ä Þ�â ¾ ö¤Ü¯ß¤÷ þ ÿ ��� �����	�
� � �

¸ ÞáÜïß	÷ Ù�ù	ã 
 µ � êºâ�× × óIß{Ü¯ê-Ø¶Ù�â�Ú ê â�× × Ø
ÞáÞáÜ[÷�ß à â�Ú.ë{ØtÚ í
Ø ¾ï¾ ã ¾ Ü ´ Ø¶Ù�Üîâ�ß â�àçÙ�ù	ã ýIã ¾ ä Þ�â ¾ ö¤Ü¯ß¤÷¤ô

õ ä¤ö
Ø�ß�ÙÛØ¶÷gã ¹
ø µ ØtÚ�Ø ¾¯¾ ã ¾ Ü ´ Ø¶Ù�Ü[â�ß â¶ögã&Ú Ù�ù¤ã ê ¾ â�ß¤ã&Þ Ø_ögâ�Ü¯äIÞ Úáã&ä½ó{ß{ä{Ø�ß�Ù
ý½ã ¾ ä Þ â ¾ ö	Üïß	÷§ô

Õ ÜlÞáØ
ä¤ö
Ø�ß�ÙÛØ¶÷gã ¹
ø è ù¤ã à Øtê(Ù�â�Ú�Ü ´ ã&ä Ø�ß{ä ëIØtÚ�Ø ¾ï¾ ã ¾ Ü ´ ã�ä × Ø¶ÙÛÚ#Ü4Ý ù§ØtÞ Ù�â ¿ ã
ÞðÙ�â�Úáã&ä Þ�ã�ögã&Ú�Ø ¾ Ù�Üï× ã&Þ � ê â�ß��ìÜ¯ê(ÙÛÞ × ã9× â�Ú å ¾ Ü¯× Ü4ÙÛØ&í
Ù�Üîâ�ß ô
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È É�Ê½Ë�Ì Í&Î�ËÐÏÑÊ§Ò Ó
Ó

� Þ�ëìã&ê_Ü¯Ø ¾¯¾ å à â�Ú ¾ ØtÚÛ÷ ã × Ø9ÙÛÚ#Ü¯êºã&Þ Ø Ù�ùIÜ¯Ú�ä 
 µ � êºâ�× × ó¦í
ßIÜlê_Ø9Ù�â�Ú êºâ�× × ýIã ¾ ä ù{ØtÞ Ù�â ¿ ã ä¤ã�ýìß¤ã&ä � ùIÜlêcù ÜlÞ êºâ�× í
ë ¾ ã�Ù�ã ¾ å Üïß§ä§ã&ëìã9ß§ä§ã9ß�Ù à ÚÛâ�× Ù�ù¤ã ä§â�× Ø�Ü¯ß ê ¾ â�ßIÜ¯ß¤÷ êºâ�ß¦í
êºã&ë¤Ù ô

õ ä¤ö
Ø�ß�ÙÛØ¶÷gã ¹
ø 
 Ø9Ý¤Üï× Ø ¾ �Iã_Ý¤Ü ¿ Ü ¾ Ü4Ù å Ù�â Øtä{Øtë¤Ù Ù�â Ù�ù¤ã Þ�ê-Ø ¾ Üïß¤÷ ëIÚÛâ�ë�í
ã&Ú�Ù�Üîã&Þ Ø�ß{ä × ã9× â�Ú å êºâ�ß{ÞáóI× ë¤Ù�Ü[â�ß â�à Ù�ù	ã êcù¤â�Þ�ã9ß
ëIØ
Ú�Ø ¾ï¾ ã ¾ Þ�â ¾ ögã&Ú_ô

æéÜ[ã ¾ ä Þ�â ¾ ö�ã�Ú 
 µ � êºâ�× × óIßIÜlê-Ø¶Ù�â�Ú êºâ�× × ý½ã ¾ ä

me_field=0

me_field=1

me_field=-1

me_field=-1

me_field=3

me_field=4

me_field=-1

me_field=-1

clone 1 clone 2
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È É�Ê½Ë�Ì Í&Î�ËÐÏÑÊ§Ò Ó
Ó3Ó

è ù¤ã ������� � êºâ¦ä§ã Þ â ¾ ögã&Þ ÞáÜï× ó ¾ ÙÛØ�ß¤ã�â�ó§Þ ¾ å ¹
�ÖôÖØ Þ�ë{ØtÚ�Þ�ã ³ ã ¾ × ù	â ¾ Ù ´ ã�ò¦ó§Ø¶Ù�Üîâ�ß à â�Ú � ó§ÞáÜïß¤÷ Ù�ù	ã 
 µ �

êºâ�× × óIßIÜlê-Ø¶Ù�â�Ú êºâ�× × ØtÞ�ÞáÜî÷�ß
ñ�ôÖØ ä§ã9ß§Þ�ã Ü¯ß�Ù�ã�÷�ÚÛâtí@ä½Ü��Nã�ÚÛã9ß�Ù�Ü¯Ø ¾ ã&òwó{Ø¶Ù�Ü[â�ß à â�Ú  � ó{ÞáÜïß	÷

Ù�ù¤ã 
 µ � êºâ�× × óIß{Ü¯ê-Ø¶Ù�â�Ú êºâ�× × ý½ã ¾ ä

! ã&ß{êcùI× ØtÚ#"}Þ$� Ü4Ù�ù Ù%� â äIÜ¯ÚÛã�êºÙ®Þ â ¾ ögã&Ú�Þ ù§Ø_ögã ¿ ã ã&ß ä¤â�ß	ã ¹
�Öô
Ù�ù¤ã ëIó ¿ ¾ Ü¯ê ¾ å Ø_ö
Ø�Ü ¾ Ø ¿ ¾ ã ¾ Ü ¿ Ú�Ø
Ú å & ê-Ø(' õ µ õ ) * à:â�Ú

ä§ã&ß{Þ�ã × Ø¶ÙÛÚ#Ülêºã&Þ
ñ�ô
Ù�ù¤ã êºâ�× × ã&Ú�ê�ÜlØ ¾ � ! 
 ¾ Ü ¿ Ú�ØtÚ å + & 
 µ à â�Ú Þ�ëIØtÚ�Þ�ã

× Ø¶ÙÛÚ#Ü¯êºã�Þ

� µ ô õ ß¤÷ ã ¾ Üïß¤â p ã�Ù Ø ¾ ô p-,/.1032%4 0 ,658792;:=<>2 0@?BA CED@?GF�HIDJ.K.MLNA OQP�R
2;:=DS?�T ·VU¦¹ WGW » X ñZY[Y]\V^Ûô
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grq d d eqÒ
s

ø õ ëIØ
ÚáÙ�Ü¯ê ¾ ã ê â�óIß�Ù�Üïß	÷ Þ â�ÚáÙ ã&ßIù§Ø�ß{êºã&Þ Ù�ù	ã ëìã&Ú�à:â�Ú í
× Ø�ß{êºã â�ß Ù�ù¤ã µ t + � u · × Ü¯ê-ÚÛâ�ØtÚ�êcùIÜ4Ù�ã&ê(Ù�ó{ÚÛã äIó¤ã
Ù�â Ø ¿ ã_Ù Ù�ã&Ú ê-Øtêcù¤ã ÚÛã9ó§Þ�ã ô
� Þáëìã&ê_Ü¯Ø ¾ï¾ å à:â�Ú ¾ ØtÚÛ÷ ã êcù§ØtÚÛ÷ ã Ø�ß§äkv&â�Ú ã ¾ ã&ê(ÙÛÚ#Ü¯ê ý½ã ¾ ä
ØtÚ�Ú�Ø å Þ p � ùIÜlêcù ä§â ß	â Ù ý{Ù Üïß�Ù�â Ù�ù	ã w � ê_Ø
êúù	ã p Ø ëìã&Ú í
à â�Ú#× Ø�ß{êºã ÷�Ø�Ü¯ß â�à x y#z { ÜlÞ ëìâ�Þ�ÞáÜ ¿ ¾ ãgô

ø è ù¤ã ä§â�× Ø�Ü¯ß ê ¾ â�ßIÜ¯ß¤÷ ä¤ã&êºâ�× ëìâ�ÞáÜ[Ù�Ü[â�ß êºâ�ß{êºã&ë	Ù ä§ã-í
êºâ�ó§ë ¾ ã&Þ Ù�ù¤ã ÷�Ú#Ü¯ä ÚÛã�Þ â ¾ ó�Ù�Üîâ�ß à ÚÛâ�× Ù�ù	ã ß¦óI× ¿ ã�Ú â�à
ëIÚáâ�êºã&Þ�Þ�â�Ú�Þ ó§Þ�ã&ä`ô
| ã&ØtÚ ¾ å â�ë¤Ù�Ü¯× Ø ¾ Þ�ê-Ø ¾ Ü¯ß¤÷ ë{ÚÛâ�ë7ã&Ú�Ù�Üîã&Þ ó{ë Ù�â ñZY ·VU
X � ) 
 + æ ^ Øtß{ä · YG}G\ X ! & ) ^ ëIÚÛâ¦êºã&Þ�Þ�â�Ú�Þ êºâ�ó ¾ ä ¿ ã
ØtêcùIÜ[ã�ögã&ä à â�Ú®Ù�ù	ã ~������ êºâ�ä¤ã Þáó§Ú�ëIØtÞ�ÞáÜïß	÷ Ù�ù¤ã è �½â�ëkv¶Þ
Ù�ù{Úáã&Þáù¤â ¾ ä ô

ø è ù¤ã � ! 
 + & 
 µ ¾ Ü ¿ Ú�ØtÚ å Þ�ã ã9× Þ Ù�â ¿ ã Ù�ù	ã â�ë¤Ù�Ü±í
× Ø ¾ êcù¤â�Ü¯êºã Ù�â Þ�â ¾ ögã à â�Ú ¾ Ø
ÚÛ÷gã Þáë{ØtÚ�Þ�ã × Ø¶ÙÛÚ#Ülê ã�Þ(ô
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