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STKVbquONZU_dpb�x��?³´deRBu_dpUhRBujKGYkP3NZSTK��nXZPqª�RBujK�^_x`K�P3x�¥dptrt�¦¯K¨NQ¦CteK¨R`X�b,X]UOb,KVU�R`PqNQR`K°X]U�RBujKGb,X]STMC^jRBNQRBdeX]U
ªZK�PqUjKVtpxRBu_NQR¥f_d®µ�K�PBKVUWRBdpNQR`K¨f_d®µ�K�PBKVUWR!R`PBK�K,{zx`R`Pq^Ob,RB^jPBKVf�xqb�deKVU�RBdeCb�xBdpS¬^_tpNQRBdeX]U�M_PqXZ¦OteKVSlx�~jNZU_f�teK�RRBujK
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[4dpSTMCteKVSTKVUWRBNQRBdeX]U_x�~Z�¥uOdpbquTu_N�wZK¦�K�KVUTPqdeoZXZPqX]^_xBtey�`^_xBRBd®OKVf¬¦�XZRBuTK,º(M�K�PqdrSTKVU�RBNZtrtey�NZU_flS;NQRBujKVSlNQRi{
dpb�NZtpteyZ���u_dpx%o]dewZKVx¬^_x¨b,X]UjCfjKVU_b,KlRBuONQR¨X]^jP�Y�PqNZSTK��0XZPBª/�¥dptrt=NZtrteX��»Y¼NZx`RGM_PBXZR`XZRzy(MOdpU_o�XZYf_d®µ�K�PBKVU�R
xBb�deKVUWRBd®Cb�xBdpS¬^_tpNQRBdeX]U�NQM_MOtrdpb�NQRBdeX]U_x�RBu_NQRTPq^_U�X]U4f_d®µ�K�PBKVU�R¬MONQPqNZtrteKVt\MCtpNQR`YkXZP3Slx°NZU_f4fjKVtpdewZK�P¬oZXWXcf
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R`K�PlM�XZPBRBNQ¦OdptrdeRzyZ~"RBu_K�PBK�YkXZPqK	RBujK�MONQPqNZtrteKVt?tpde¦_PqNQPqyZ~\NZxT�0KVtpt!NZxlRBujK	NQMOMOtpdpb�NQRBdeX]UOx¬f_K�wZKVteXZM�KVf.�¥deRBu_drU
RBujK�Y�PqNZSTK��0XZPBª¯~b�NZU«Pq^OU«X]U«K�wZK�Pqy«MONQPqNZtptpKVt!SlNZbqu_drUjK��¥u_K�PBK�¹¶½"gTdpx;N�w|NZdrtpNQ¦OteKZ�¾�ujK NQM_MOtpdpb�N|{
RBdeX]U_x#PBKVSlNZdpU¶M�XZPBRBNQ¦OtpKGNZb,PBX]xBx�fOd®µ¯K�PqKVU�R#MOtpNQR`Y�XZPqSlx�~�NZU_f RBujKTb,X]SlS¬^_U_dpb�NQRBdeX]U¶tpde¦OPqNQPByh�¥deRBu_drU	RBujK
YkP3NZSTK��nXZPqª°b�NZU�¦�K¥b�^_x`R`X]S;de¿�KVflR`XGK,º(MOtpXZPBKM�X]xBxBde¦CteK?M¯K�PqYkXZPqS;NZU_b,K!o]NZdpUl¦CNZx`KVflX]U�dpU_f_dpw(dpfO^_NZt�b3u_NQP`{
NZb,R`K�Pqdpx`RBdrb�x!XZY�f_d®µ�K�PBKVU�R!MCNQPqNZtpteKVt�SlNZb3u_dpUjKVx��
��X�fjKVSTX]U_xBR`PqNQR`K�RBujK/²OK,ºjde¦OdptrdeRzy«NZU_fÀM¯K�PqYkXZPqS;NZU_b,K/XZYGRBu_drxhYkPqNZSlK��nXZPBªÁ�0K�dpSTMOteKVSlKVU�R`KVf¾N

oZPqNVwcdeRBNQRBdeX]UONZt�YkXZP3b,K�OKVtpf�b,X]STMC^jRBNQRBdeX]U�b,XcfjK¨NZU_f�NlSG^OteRBd®{�CtpNZSlKVU�R?wZXZPBR`K,º	STK�RBujXcf�X]U	N�ac½ �#Â [
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b,XZPBPBKVb,RBteyZ~?¦O^_RlNZtpx`X�x`KVU_f4RBu_K	Pqdeo]uWRlf_NQRBN�R`X�RBu_K	Pqdeo]uWRTMOtpNZb,K	NQRlRBu_K	Pqdeo]uWRTRBdpSTKZ� � f_f_deRBdpX]U_NZtptey
RBujKhM_PBXZoZPqNZS;STK�PlSG^Ox`RTxBbqujKVfO^_teK�NZtpt0RBujK�M_PBXcb,KVxBx`XZP3x°M_PBXZM�K�Pqtey�R`X�N�wZX]dpf.PqNZb�dpU_oj~"K�wZKVU«fjKVNZf_tpX(bqª
b,X]U_f_deRBdpX]U_x�� � x?NGPBKVxB^_teR�~(MONQPqNZtrteKVt_M_PqXZoZPqNZSlSldpU_o�Y�XZP0f_drx`R`Pqde¦O^_R`KVflSTKVSTXZPBy�x`y(xBR`KVSlx0XZYkR`KVUhdpUWwZX]tewZKVx
SlNZUWy/drU�R`Pqdrb�NQR`K;fjK�RBNZdptpx¨RBu_NQRGNQPBK�K�PBPBXZP`{}MOPBX]UjKlNZU_f�f_d®Í�b�^_tpRLR`X¶fjK�¦O^joj���ujK�PBK�Y�XZPBKZ~�^_x`K�Pqx�xBujX]^_tpf
PBKV^_x`K�K,ºjdpx`RBdpUjo �nXZPqª(dpU_o¶b,XcfjKVx¬�¥ujKVUjK�wZK�P°M�X]xBxBdp¦OteKZ~�NZU_f4N�Pq^OU�RBdpSlK�tpde¦OPqNQPBy/RBu_NQRTxB^jM_M�XZPBRBxGu_deo]u
teK�wZKVt=b,X]SlSG^OU_dpb�NQRBdeX]U¶NZU_f�fONQRBN�x`R`P3^_b,RB^jPBK¬NQ¦Ox`R`PqNZb,RBdeX]U/dpx#N;wZK�Pqy	dpSTM�XZPBRBNZUWR¥R`X(X]t�Y�XZPLf_K�wZKVteXZMOdpUjo
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��XhSlNQªZKTdeRLKVNZx`y�R`X��PqdpR`KGMONQP3NZtpteKVt±MOPBXZoZPqNZSlx#X]U/f_dpx`R`Pqdp¦O^jR`KVf	STKVSlXZPBy�x`ycx`R`KVSlx���RBu_K�PBK¬uONZx#¦�K�KVU
N�tpXZR¥XZY"PBKVxBKVNQPqbqu¶K,µ�XZPBRBx%YkXcb�^_xBdrUjolX]U¶Pq^_UWRBdpSTK�trde¦_PqNQPBy�RBu_NQR%NQ¦Ox`R`PqNZb,RBx%X]^_R#RBujK¬dpUWR`Pqdpb�NQR`K¬MONQPqNZtpteKVt
M_PBXZoZPqNZS;SldpUjo�fjK�RBNZdrtpx�� m"ºcNZSlMOteKVxTXZY%�0XZPBª.NZteX]Ujo�RBu_drxltpdpUjK�dpUOb�tp^_fjKhRBujK¶½=NQP3NQoZX]U�MONZbqª|NQoZK������}~
�¥u_dpb3u�xq^jM_M�XZPBRBx¬N�x`M�KVb�dpNZtnb�trNZxBx°½ �LÂ¥Â#��� Y�XZPTMONQPqNZtrteKVt\MOPBXZoZPqNZSlSldrUjoj~�RBujK � §�§��|½0§¨§ � PBPqN�y
b�tpNZxBx�tpdp¦_PqNQPBy��! �"	�}~%½0[¥§¨§6M_PBXZM�X]x`KVfÁ¦Wy$#±K�K�NZU_f�%�NZU_UjX]U&����"_~'"( )�}~%�¥u_drbqu´b,X]U_xBdpxBRBx�XZY°N.x`K�R
XZY#f_drx`R`Pqde¦O^_R`KVf�f_NQRBN�x`R`P3^_b,RB^jPBKVx+*¼NQPBP3NVycx�~\M_P3deXZPqdeR�y�·W^_KV^jKVx�~\tpdrx`RBx�~�K�RBbQ�-,�dpSTMOteKVSlKVU�R`KVf4NZxTtpde¦OPqNQPBy
PBX]^jRBdpU_KVx�~c�¥ujK�PBK¨f_NQRBN;NQPBK�NZ^jR`X]SlNQRBdrb�NZtpteyhf_dpx`R`Pqdp¦O^jR`KVf�¦ONZx`KVf�X]U f_dePBKVb,RBdewZKVxV��gIUWR`K�PB�0XZPBª�gqg0��XWX]tpª(deR
������fjKVxBb,P3de¦�KVf%¦Wy/.?NZdpU¨xB^jMOM¯XZPqRBx�^_x`K�P±M_PqXZoZPqNZSlx��¥dpRBu�NteXZo]dpb�NZt]UONZSTK"x`MONZb,K"X]UGSlNZbquOdpUjKVx±tpdpªZK"dp½0a_[%�
�ujK"^_xBK�P�dpx�PBKVx`M�X]U_xqde¦OteK=YkXZP�xB^jM_MOtpy(dpU_onM_PqX(b,KVf_^_PBKVx�SlNQM_MOdrUjo?RBujK"XZ¦c�`KVb,R�U_NZSTKnx`MONZb,K"R`XMOPBX(b,KVxqx`XZPqx��
�ujKVx`K�tpdp¦_PqNQPqdeKVxnoZPBKVNQRBtey�PBKVf_^Ob,KLRBu_KLMOPBXZoZPqNZSlSldrUjoTb,X]STMOteK,ºjdeRzy�NZU_f�teK�R?RBujK¨^_xBK�Pqx?b,X]U_b,KVU�R`P3NQR`K�X]U
RBujKlb,X]STMO^_RBNQRBdeX]U�~�UjXZR�RBujKlb,X]SlS¬^_U_dpb�NQRBdeX]U�fjK�RBNZdptpx��°vLUjYkXZPqRB^_U_NQR`KVteyZ~±RBu_KVx`K;tpde¦OPqNQPqdeKVxLNQPBKlSTX]x`RBtpy
YkXZP�PBK�o]^_trNQP�S¬^_teRBd®{zfOdpSTKVU_xBdpX]U_NZt!NQPBPqN�y(x�~#NZU_f�RBu_K�PBK¶uONZx�¦�K�KVU�wZK�PBy�tpdeR`RBtpK xB^jMOM¯XZPqRlYkXZPhfjycU_NZSldpb
NZU_f«dePqPBK�o]^_tpNQP°M�X]dpUWR`K�P`{}¦ONZx`KVf«fONQRBN�x`R`Pq^_b,RB^_PBKVx0*�KZ��oj� N�R`PBK�K),3~?KVdeRBujK�PlY�PBX]S�Pq^OU�RBdpSlK	x`y(xBR`KVSlxTXZP
b,X]STMOdptpK�Pqx��
³�K/M_PBXZM�X]x`K�N�Pq^_UWRBdpSTK tpde¦_PqNQPqy�RBu_NQRhxB^jMOM¯XZPqRBx;dePBPqK�o]^_tpNQP;NZU_fÁfjycU_NZSldpb	R`PBK�K�x`R`Pq^_b,RB^jPqKVx;dpU

f_dpx`R`P3de¦O^jR`KVf�STKVSTXZPByhx`ycx`R`KVSlx��"�¥ujKVx`K�R`PBK�K�xBR`Pq^_b,RB^jPBKVx!NQPqK¨�¥dpfjKVtpy;^_x`KVf�dpU�xqb�deKVU�RBdeCb%xBdpS¬^_tpNQRBdeX]U_xV~
dpU_b�tp^Of_dpUjo�NZx`R`PqXZMOu�ycxBdpb�xV~#x`KVSlde{zb,X]U_f_^_b,R`XZP�fjK�wcdpb,K/xBdpS¬^_tpNQRBdeX]U_xV~STX]teKVb�^_tpNQP�fjycU_NZSldrb�x�~NZU_f ²C^_dpf
fjycU_NZSldpb�x��	�¥ujK;R`PBK�Khx`R`Pq^Ob,RB^jPBK�drx�NZf_NQM_RBdpwZK�R`X¶RBujK�xqdpSG^OtpNQRBdeX]U�b,X]UjOo]^jPqNQRBdeX]U1��RBujK�PBK�Y�XZPBK�dpRGb�NZU
u_NVwZKnK,º(R`PqKVSTKVtey¨dePBPqK�o]^_tpNQP±xBu_NQM�K"NZU_fGfjycU_NZSldpb�NZtptpy¥K�wZX]tewZK?NZx±RBujK0xBdpS¬^_tpNQRBdeX]U%MOPBX(b,K�KVfOx�� � x�N¥PBKVxB^_teR
deR¨dpx�K,ºcR`PBKVSTKVtpy/fOd®Í�b�^_teR%R`X¶dpSTMOteKVSlKVU�R�RBu_drx�fjy(UONZSldpb°R`PBK�K�x`R`Pq^_b,RB^jPqKl^_xBdpUjo�MOPqdpSldeRBdpwZK°SlKVxBxBNQoZK,{
MONZxBxBdrUjo tpdp¦_PqNQPByZ�2.0y�u_dpfOdpUjo	RBujK�b,X]SlS¬^_U_drb�NQRBdeX]U4NZU_f4f_NQRBN�x`R`Pq^_b,RB^_PBK�f_K�RBNZdptpx�~�X]^jPTtpdp¦_PqNQPBy�b�NZU
PBKVSTX8wZK�RBujK�¦O^_PqfjKVUhXZY=�PqdeRBdpU_o°b,X]SlMOtpdpb�NQR`KVf�MCNQPqNZtpteKVt¯M_PBXZoZP3NZSlx!Y�PBX]S RBujK�NQMOMOtpdpb�NQRBdeX]U��P3deR`K�Pqx��
�ujK�PqK¬u_N�wZK°¦¯K�KVU¶NhteXZRLXZY\dpSTMOtpKVSTKVU�RBNQRBdpX]U_x¥XZY\R`PBK�K,{}¦ONZx`KVf�xBb�dpKVU�RBd®¯b�xBdpS¬^_tpNQRBdpX]U_xX]U¶wQNQPqdeX]^_x

NQM_MOtpdrb�NQRBdeX]UlfjX]SlNZdrU_x��3.0NQP3UjKVx\NZU_f54#^_R6���)�¯f_K�wZKVteXZM�KVflRBujK!CPqx`R"R`PBK�KLNZteoZXZPqdeRBuOSlx"Y�XZP\oZPqN�w(dpRBNQRBdeX]U_NZt
xBdpS¬^_tpNQRBdeX]U±�¨½=NQP3NZtpteKVt�dpSTMOtpKVSTKVU�RBNQRBdpX]U_xLXZY7.?NQPqUjKVx`{84#^jR�9�x�NZtpoZXZPqdeRBu_SlxLY�XZP¨NZx`R`PBXZMOuWycxBdpb�x�~�²C^Odpf f_y�{
U_NZSldpb�xhb,X]STMC^jRBNQRBdeX]U_xhNQPBK�fjKVxBb,P3de¦�KVf dpU:�!;c~< Z�c~< ]�(~' 	;c~="]�j~="_�>�}~#NZUOf´MONQPqNZtpteKVt¥Y�NZxBRhS¬^_teRBdpM¯X]tpK
dpSTMOtpKVSTKVU�RBNQRBdpX]U_xTdpU_b�tp^OfjK����Q�O~\�c�Z~? 	 c~7 ]�(~@"	"	�}� gIU.N�PBKVtpNQR`KVf.�0XZPBª4¦Wy4X]^jP3x`KVtewZKVx0���]�(~0�Z�c~? Q�A�}~
�nKGdpSTMOteKVSlKVU�R`KVfhNTMONQP3NZtpteKVt¯oZPqNVwcdeRBNQRBdeX]UONZt�s¥{}¦¯Xcfjy�xBdpS¬^_tpNQRBdeX]Uh^_xBdrUjoB.0NQP3UjKVxi{84L^jR�9�x¥NZteoZXZP3deRBu_S dpU
[©NZU_f�[?¹�{��hb,X]SlS¬^_U_dpb�NQRBdpX]U�tpde¦_P3NQPByZ�GJ%^jKlR`X�RBu_K;UjX]Uc{z^_UOdeYkXZP3S¸R`PBK�K�x`R`Pq^_b,RB^jPqKZ~�UjX]UjK°XZY?RBujKVx`K
dpSTMOtpKVSTKVU�RBNQRBdpX]U_x%dpx%f_NQRBNhMONQPqNZtptpKVt1C	RBujK�y/NQPBKTM_PqXZoZPqSlSTKVf/dpU¶KVdeRBujK�PGaj½\¹¶J�XZP�xqu_NQPBKVfc{zSTKVSlXZPBy
M_PBXZoZPqNZS;SldpUjo¶STX(f_KVt�� Â KVb,KVUWRBteyZ~?4L^�K�RlNZt8� "����!PBK�M�XZPBR°N/f_NQRBN¶MONQPqNZtpteKVt7D�{zUjX(f_y�b,X(f_KhdrU��¥uOdpbqu
RBujK�dePBPBK�o]^OtpNQP?R`PBK�K¨x`R`Pq^_b,RB^_PBKLdrx!tpdpUjKVNQPqdrNZtpde¿�KVf;NZUOf�MCNQPBRBdeRBdeX]UjKVfhx`XTRBuONQR?fONQRBN°MONQPqNZtpteKVt¯M_PqXZoZPqSlSldpU_o
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dpU/�¥u_drbqu/�0K;fjK�wZKVteXZM�KVf�x`X]^_UOf/R`KVbqu_U_dr·W^jKVx¨RBu_NQR�u_N�wZK;¦�K�KVU�b�NQPBK�Y¼^_tptey¶x`RB^_f_deKVf/¦�XZRBu/K,ºcM�K�PqdpSTKVUc{
RBNZtptey����Z����NZU_f�SlNQRBu_KVSlNQRBdpb�NZtptey2���	;��}�"³�K��¥dptpt�fjKVSTX]UOx`R`PqNQR`K�RBujK¨M�X8�nK�PXZY=RBujK�Y�PqNZSTK��0XZPBªh¦Wy�Rz�0X
PBKVNZt\NQMOMOtpdpb�NQRBdeX]UOx���³�KhxBujX8��RBuONQR�RBujK�YkPqNZSlK��nXZPBª�u_KVteMOx¨dpU�PBKVf_^_b�dpU_o�fjK�wZKVteXZMOSlKVU�RGRBdpSTK *�Y�PBX]S
STX]UWRBu_x�fjX8�¥U�R`X¶N�Y�K���ujX]^jP3x ,LNZU_f�b,XcfjK;xqde¿�KVx5*�Y�PBX]S6SlXZPBK;RBu_NZU�R`KVU�RBujX]^OxBNZU_f�tpdrUjKVx¨fjX8�¥U�R`X
�`^Ox`R�NhYkK��»u(^_U_fjPqKVf_x ,?Y�XZP¨RBujKTNQM_MCtpdpb�NQRBdeX]U¶M_PBXZoZP3NZSlx�~±NZU_f�fjKVtrdewZK�P¨b,X]STM�K�RBdeRBdewZK°M�K�PBY�XZPqSlNZU_b,KTNZx
�nKVtrt��

E�dpU_NZtptpyZ~±�nK;�0NZUWR¨R`X	KVSTMCu_NZxBde¿�KTRBu_NQR�RBu_dpx¨tpdp¦_PqNQPBy	�#dptpt=¦�K¬K,ºcR`PBKVSTKVtpy/^Ox`K�Y�^Ot��¥ujKVU�fjycU_NZSldpb
R`PBK�K°¦�KVb,X]STKVx�NhMONQPBRLXZYnNZUWy u_dpo]u M�K�PBY�XZPqSlNZUOb,KGMONQP3NZtpteKVt=tpNZUjo]^_NQoZK+*�KZ��oj� 4#½?[§¨§�,3��³�KT¦�KVtpdeK�wZK
RBu_NQR¬¦Wy�fjK�wZKVtpXZMOdpUjo	RBuOdpx¨R`PBK�Khtpde¦OPqNQPByZ~�drU�MONQPqNZtrteKVt��¥deRBu�RBujK�f_K�wZKVteXZMOSTKVUWRGXZYuOdeo]u�M�K�PBY�XZPqSlNZU_b,K
M_PBXZoZPqNZS;SldpUjo	tpNZU_o]^_NQoZKVx�~=�nK�b�NZU�M_PBX8w(drfjK;dpSlSlKVf_dpNQR`KVtey¶NVwQNZdptpNQ¦OteK;K,º(M�K�PqdeKVUOb,KVx¨NZU_f�R`KVb3u_UjX]teXZoZy
xBujX]^_trf¨�0K?f_KVb�dpfjK\R`X�dpUWR`K�oZPqNQR`K!fjycU_NZSldpb\R`PBK�KVx�dpUWR`XLNZUWy¨MONQP3NZtpteKVt(tpNZUjo]^_NQoZKVx��=giUGRBu_K0STKVNZU¬RBdpSlKZ~Z�nK
b�NZUlx`RBdptrtWMOPBX�wcdpfjK!xBb�deKVUWRBd®Cb?NQM_MCtpdpb�NQRBdeX]U¬M_PBXZoZP3NZSlSTK�Pqx"N�^Ox`K�Y�^OtW�0KVNQM�X]UTR`X¨b,X]SG¦ONQR\RBujKfOd®Í�b�^_teRBdpKVx
XZY=f_K�wZKVteXZMOdpUjoTMCNQPqNZtpteKVt�x`XZY�Rz�?NQPBKZ�
�ujK%PBKVS;NZdpU_fjK�P!XZY=RBu_dpx0MONQM�K�Pdpx?XZPBo]NZUOde¿�KVf�NZx!Y�X]tpteX��#x���gIU�acKVb,RBdeX]U	�°�0K��¥dptptCYkXcb�^_x?X]U�RBu_K¨s{

¦�X(fjy�M_PBXZ¦OtpKVS�~jNZU	dpSTM�XZPBRBNZUWR!xBdpS¬^_tpNQRBdeX]UhM_PqXZ¦OteKVS�RBu_NQR¥b�NZU	¦¯K¨xBX]tewZKVf�¦(y�^_xqdpUjo°R`PBK�K�x`R`P3^_b,RB^jPBKZ~
KZ��oj� RBu_K�.?NQPqUjKVx°NZU_f 4#^_R�9�x¬NZtpoZXZPqdeRBu_S��/a(KVb,RBdeX]U� 	¦OPqdeK,²Oy/fjKVxBb,Pqdp¦¯KVx�X]^jP¬M_PBK�wcdeX]^_x¨MCNQPqNZtpteKVt?D	{
¦�X(fjy�NZx`R`PBXZMOuWycxBdpb�x¥b,XcfjK�drSTMOteKVSTKVUWR`KVfhX]U¶[?X]U_UjKVb,RBdeX]U	¹¶NZbquOdpUjK°[!¹	{��T^OxBdpUjo .?NQPqUjKVx#NZU_f+4L^jR�9�x
NZteoZXZPqdeRBuOS�~�a(KVb,RBdeX]U2"	f_KVxBb,Pqde¦�KVxLRBujKlb�tpNZxBx�uOdeK�PqNQPqb3u�y/dpU¶RBujKTMONQPqNZtrteKVt=R`PBK�KlY�PqNZSTK��0XZPBªC~�a(KVb,RBdeX]U��
PBK�M�XZPBRBx¨x`X]SlKlK,º(M�K�PqdrSTKVU�RBNZt"PBKVxB^_teRBx¨X]U�N	UjK�R��nXZPqª�XZYajv#s�vLteR`PqN��0XZPBªcx`RBNQRBdeX]U_x�~�NZU_f�acKVb,RBdeX]U��
b,X]U_b�tp^_f_KVx��

� �����ÁÈ�É�� �.Ç!È�������� ��Å.É  !��Ç¥Å"��#��%$�Ê�Æ&�'��(	È�ÇÌ8Æ*)��

[0X]STMO^_RBNQRBdeX]U_NZt_STK�RBu_X(f_x"R`X�R`PqNZbqªlRBujK¥STXZRBdpX]U_x"XZY�¦�X(fOdeKVx��¥u_dpb3uldpUWR`K�PqNZb,R\�#deRBuTX]UjK¥NZU_XZRBujK�P0uONVwZK
¦�K�KVU�RBu_K%xq^j¦c�`KVb,R0XZY�K,º(R`KVUOxBdewZK%PBKVx`KVNQPqb3uhYkXZPb,KVUWRB^jPqdpKVx��na(XQ{zb�NZtpteKVf4ÎLD�{}¦�X(fjycÏ°STK�RBujXcf_x?u_NVwZK�¦�K�KVU
NQM_MOtpdpKVf�R`XhM_PBXZ¦CteKVSlx%dpU¶NZx`R`PBXZMOuWy(xqdpb�x�~±x`KVSldrb,X]U_f_^_b,R`XZP�fjK�wcdpb,KTxBdpS¬^_tpNQRBdeX]U±~¯STX]tpKVb�^_tpNQP�fjycU_NZSldpb�x�~
MOtpNZxBS;NGMCu�ycxBdpb�x�~_NZUOfh²C^_dpfhSTKVb3u_NZU_dpb�xV�

+



�ujK�MOPBXZ¦OteKVS b�NZU¾¦�K�xBdrSTMOtey�xBRBNQR`KVf NZx	Y�X]tpteX8�¥x�� %%dewZKVU RBujK�dpU_dpRBdpNZt%x`RBNQR`KVx	XZYBD ¦¯Xcf_deKVxV~
b,X]STMO^jR`K�RBu_KVdePTdpU�R`K�P3NZb,RBdeX]U_xlNZb�b,XZPqfOdpUjo/R`X�RBujK	^_U_f_K�PqtpdpU_drUjo�MOuWy(xBdrb�trNV�¥x�~n^_xB^_NZtptpy�fjKVxBb,Pqdp¦¯KVf�¦(y
N�MONQPBRBdrNZt!f_d®µ�K�PBKVU�RBdrNZt?KV·W^_NQRBdpX]U�~0NZUOf.fjK�PqdewZK�RBujKVdpPTCU_NZt!x`RBNQR`KVx�NQR;RBdpSlK����«�ujK	b,X]SlSlX]U�NZU_f
xBdpSTMCteKVx`R%NQM_M_PBX]NZb3u�dpxLR`X	deR`K�PqNQR`KlX8wZK�PGN�x`KV·(^jKVU_b,KTXZY0xBSlNZtpt�RBdrSTKTx`R`K�MOx��¬³ÁdpRBu_dpU¶KVNZbqu�RBdpSTKTx`R`K�M
RBujK?bqu_NZUjoZK!XZYCx`RBNQR`K!X]U°NLxqdpUjo]teKn¦¯Xcfjy¨b�NZU¬¦�K0fOdePBKVb,RBtey¨b,X]STMC^jR`KVf¬¦Wy�xq^_SlSldpU_o¥RBujK0K,µ¯KVb,RBx\dpU_f_^_b,KVf
¦WyTKVNZb3u�XZY�RBujK¥XZRBujK�P=D����¦�Xcf_deKVx��=³´u_dpteK!RBu_drx\STK�RBujXcf;drx\b,X]U_b,K�M_RB^ONZtpteylxBdpSlMOteKZ~ZwZKVb,R`XZPqde¿�KVx?�0KVtpt�~
NZU_f/dpx#RBujKTNZteoZXZPqdeRBu_S XZY\b3ujX]dpb,KTY�XZP�xBSlNZtpt�M_PBXZ¦OtpKVSlx�~�deRBx�� *XD���,#NQPqdpRBu_STK�RBdpb¬b,X]STMOteK,ºjdeR�y	Pq^_teKVx%deR
X]^jR!Y�XZP#tpNQPBoZK,{zxqb�NZteK�xBdpS¬^_tpNQRBdpX]U_x?dpU�wZX]tpw(dpU_o°S;dptptpdeX]UOx\XZY=MONQPBRBdpb�tpKVx��

.0K�o]dpU_U_drUjo��¥deRBu � M_M�KVt������#NZU_f .0NQP3UjKVx;NZU_f 4#^_R0�����}~?RBujK�PBK�u_NZx;¦�K�KVU«N/²C^jPqPBy�XZY�dpUWR`K�PBKVx`R
dpU�Y¼NZx`R`K�P#NZtpoZXZPqdeRBu_SlxV�7%LPBK�KVUjo]NQP3f NZU_f Â XZªcu_tpdpU �®�V���=fjK�wZKVteXZM�KVf	RBujK�Y�NZx`R#SG^_tpRBdeM�X]teK�STK�RBujXcf��¥deRBu
� *XD2,�NQPqdeRBuOSTK�RBdpb�b,X]STMOtpK,ºcdeR�y�^_U_fjK�P±^_UOdeYkXZP3S´MONQPBRBdpb�teK"fOdpx`R`Pqde¦C^jRBdeX]U���ac^_UOf_NQPqNZS&�! Z���cxB^j¦Ox`KV·(^jKVUWRBtey
K,º(R`KVUOfjKVf�RBu_drx�STK�RBujXcf�R`X NZtptpX���f_deµ¯K�PBKVUWR�¦�X(fOdeKVx%R`X�¦�Kl^jM�f_NQR`KVf�NQR¬f_d®µ�K�PBKVU�R�P3NQR`KVx����u(^_x�Y¼NQPV~
ujX��0K�wZK�PV~�¦�KVb�NZ^_x`K�XZY!RBujKhb,X]STMOteK,ºjdeR�y�NZU_f�X8wZK�PqujKVNZf_xTdpU�RBujK�Y¼^_tptpy¶NZf_NQMORBdewZK;RBujPqK�K�f_drSTKVU_xBdeX]UONZt
SG^OteRBdeM�X]teK�SlK�RBujX(f±~"RBujK�NZteoZXZPqdeRBuOS XZY6.?NQPqUjKVxlNZU_f 4L^jRTb,X]U�RBdrUW^jKVxlR`X�KVU|�iX8y�NQM_MCtpdpb�NQRBdeX]U4dpU4NZxi{
R`PBXZMOuWy(xqdpb�NZt�xqdpSG^OtpNQRBdeX]U_x��%½�NQPqNZtpteKVt�dpSlMOteKVSTKVUWRBNQRBdeX]U_x¥XZY?.?NQPqUjKVxi{84L^jR�9�x�NZteoZXZP3deRBu_SlxLNQPBKTfjKVxBb,Pqdp¦¯KVf
dpU0�! Z�c~G ]�(~G 	;(~O"]�j~�"_�>�}~(NZU_flMONQP3NZtpteKVtcY¼NZx`RnS¬^_teRBdeM�X]teK!dpSlMOteKVSTKVUWRBNQRBdeX]U_x�dpUOb�tp^_fjK����Q�_~(�c�Z~O 	 c~O ]�c~("	"	�}�
� tpt=RBujKVx`K D�{}¦¯Xcfjy�NZtpoZXZPqdeRBu_Slx%K,ºcMOteXZPqK¬RBu_K°drfjKVN�RBu_NQR�RBujKTK,µ�KVb,R¨XZY0Nhb�tp^Ox`R`K�P�XZYnMCNQPBRBdpb�teKVx%NQR

N	f_dpxBRBNZU�R¨M�X]dpUWR¨b�NZU�¦¯KlNQMOM_PBXVºjdpSlNQR`KVf�¦Wy�N xBSlNZtpt�U(^_SG¦¯K�P�XZY?drU_deRBdpNZt�R`K�PqS;x¨XZY!NZU�NQM_MOPBXZM_PqdpNQR`K
M�X��0KhxBK�PqdeKVx����u_K�.?NQPqUjKVx`{84#^jRTNZteoZXZP3deRBu_S'^_x`KVx°N/xBdpUjo]teK,{}R`K�P3S�~"b,KVU�R`K�PB{}XZYr{zSlNZxqx;NQM_M_PqXVºjdpSlNQRBdeX]U��
��XlNQMOMOteylRBujK¨NQMOM_PBXVºjdpSlNQRBdpX]UhK,µ¯KVb,RBdewZKVtpyZ~_RBujKVx`K¨x`Xlb�NZtrteKVf.ÎiR`PBK�K¨b,XcfjKVxBÏTXZPBo]NZUOde¿�K�RBujK%¦�X(f_dpKVx0drU�R`X
N¨u_deK�P3NQPqbquWy°R`PBK�K¥dpUT�#u_dpbquTN¨MONQPBRBdpb�teKb�NZU;KVNZxBdpteyGCU_flRBujK¥NQM_M_PqXZM_PqdpNQR`Kb�tp^Ox`R`K�Pqx�Y�XZP\NQM_M_PqXVºjdpSlNQRBdeX]U
MO^jPBM�X]x`KZ��³�K¨�#dptpt�fjKVxBb,Pqdp¦¯K%RBu_drx?R`PBK�K�x`R`Pq^Ob,RB^jPBK�dpU�fjK�RBNZdptrxtpNQR`K�P¥dpUhRBu_K¨f_dpxBb�^_xqxBdeX]U�XZY�.?NQPqU_KVx¥NZU_f
4#^_R�9�xNZteoZXZPqdeRBuOS�~_^jM�X]Uh�¥u_dpb3uhX]^jP¥dpSlMOteKVSTKVUWRBNQRBdeX]U�dpx?¦ONZxBKVf��
³�K	�¥drtpt\Y�Xcb�^_x°X]U4RBujK+.?NQPqUjKVxi{84L^jRlNZteoZXZP3deRBu_S�NZxTNZU.K,ºjNZSTMOteKhXZY/D	{}¦�Xcfjy�R`PBK�K	b,XcfjKZ�.�ujK

.?NQPqUjKVxi{84L^jR�NZteoZXZP3deRBu_S´M_PBXcb,K�KVf_x�¦(y#OPqx`R�b,X]STMO^_RBdpUjoNZU�Xcb,Ri{}R`PBK�K\MCNQPBRBdeRBdeX]U%XZY(RBujK"RBujPqK�K,{zf_dpSTKVU_xqdeX]U_NZt
¦�XVº *�PBK�o]dpX]U�XZY=x`MONZb,K),\KVU_b�teX]xqdpUjo�RBu_KLx`K�R?XZY±MCNQPBRBdpb�teKVx����u_K#MONQPqRBdeRBdeX]U�dpxnb,X]SlMO^jR`KVf�PBKVb�^jPqxqdewZKVteyT¦(y
f_dewcdpf_dpU_oRBujK?XZPqdeo]dpUONZtW¦�X�º¬dpUWR`X�KVdeo]uWR=Xcb,RBNZUWRBx"XZY¯KV·W^_NZtcwZX]tr^_STK!^_UWRBdpt�KVNZb3u;^_UOf_dewcdpfjKVf¨¦�X�º¬b,X]UWRBNZdpU_x
K,ºcNZb,RBtpy¶X]U_KTMONQPBRBdpb�teK	��� � U�K,ºcNZSlMOteKTXZY?xB^_bqu�N	PBKVb�^jPqxBdpwZK¬MCNQPBRBdeRBdeX]U�dpU/R��nX f_dpSTKVU_xqdeX]U_xLNZU_f�RBujK
b,XZPBPBKVx`M�X]U_fOdpUjo .=4¥{}R`PBK�KTNQPBK¬xqujX��¥U/dpU E�deo]^jPBK��Q�%s#XZR`K°RBu_NQR%KVNZbqu�dpUWR`K�PqU_NZt�UjXcfjK�XZY"RBu_K .=4¥{}R`PBK�K
PBK�M_PBKVxBKVU�RBx¬N b�tr^_x`R`K�PV� �%U_b,K�RBujK�.=4¥{}R`PBK�K�u_NZxG¦¯K�KVU�¦O^_drteR�~�RBu_K�b,KVUWR`K�Pqxi{}XZYk{zSlNZxBxTXZY!RBujKhdpUWR`K�PqU_NZt
UjXcfjKVx!NQPBK�b,X]STMC^jR`KVf	dpUhX]UjK�MOu_NZx`K¨^jM�RBu_K¨R`PBK�KZ~Ox`RBNQPqRBdpUjoTY�PBX]S RBujK�tpKVNVwZKVx��
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(a) region of space (b) the BH tree, where the letters indicate the corresponding sub-regions in (a)
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��X;b,X]STMO^jR`K¨NZb�b,KVtpK�PqNQRBdeX]U_x�~O�nK�tpXWXZM�X8wZK�P#RBujK¨xBK�RXZY�MCNQPBRBdpb�teKVx?XZ¦OxBK�PBw(drUjo°RBujK¨Y�X]tpteX��#dpUjo¬Pq^_teKVx��
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m\NZb3u�MONQPBRBdrb�teKlx`RBNQPBRBxGNQR¨RBujKlPBX(XZR¨XZY?RBujK .=4¥{}R`PBK�KZ~�NZU_f�R`PqN�wZK�Pqx`KVx¬fjX��¥U�RBujKlR`PBK�K�R`PBy(drUjohR`X	CU_f
b�tp^_x`R`K�P3x\RBu_NQR?deR?b�NZUhNQM_MOteylb,KVUWR`K�P`{}XZYk{zSlNZxBx!NQM_M_PqXVºjdpSlNQRBdeX]U���gIY±RBujK%f_dpx`RBNZUOb,K¥¦�K�Rz�0K�KVUhRBujKLMONQPBRBdpb�teK
NZU_fhRBujK�b�tp^_xBR`K�Pdpx0Y�NQP!KVUjX]^_o]u�~j�¥deRBu�PBKVx`M�KVb,R?R`XTRBujK�PqNZfOdp^_xnXZY�RBujK�b�tp^Ox`R`K�PV~jRBujKVUhRBujK�NZb�b,KVteK�P3NQRBdeX]U
f_^jK�R`XlRBuONQR¥b�tp^_x`R`K�P#dpxNQM_M_PqXVºjdpSlNQR`KVf�¦(y�NlxBdpUjo]tpK%drU�R`K�PqNZb,RBdpX]U�¦�K�Rz�0K�KVU�RBujK�MCNQPBRBdpb�teK¨NZU_f�NTM�X]dpU�R
SlNZxBx¨tpX(b�NQR`KVf�NQR�RBujKlb,KVU�R`K�PB{}XZYr{zSlNZxqx�XZY0RBujKlb�tp^_xBR`K�PV� �LRBujK�PB�¥drx`K°RBujKTMONQPBRBdpb�tpK¬wcdpxBdpRBx%KVNZbqu�XZY0RBujK
bqu_drtpfjPBKVU�XZYRBujKhb�tp^_x`R`K�PV��EjXZPqS;NZtpteyZ~"deY!RBujK�f_drx`RBNZU_b,K;¦�K�R��nK�KVU.N MONQPBRBdpb�tpK�NZU_f�N¶b�tp^_x`R`K�PTdpx¬STXZPBK
RBu_NZU��������	��
B*¼b�tp^Ox`R`K�PH,���j~(RBujKVU��nKL�¥dptrt_NQM_M_PBX�ºcdrSlNQR`K#RBu_KLK,µ�KVb,R?XZY±RBu_NQR?b�tp^_x`R`K�P!NZx?NGM¯X]drU�R0SlNZxBx��
³�K�b�NZU.NZf|�`^Ox`R�RBujK�wQNZtp^jK�XZY���R`X/¦ONZtrNZU_b,K�RBu_K�NQM_MOPBXVºjdpSlNQRBdeX]U�K�PBPBXZPTNZU_f�RBujK�K,ºcKVb�^jRBdeX]U�RBdpSTKZ�
s¥XZR`KTRBuONQR%U_X(fjKVxLwcdpxBdeR`KVf¶dpU RBujK°R`PqNVwZK�P3xBNZt�Y�XZPqS N�xq^j¦j{}R`PBK�K¬XZY\RBujK°KVUWRBdePBK .=4{}R`PBK�K�NZU_f/f_d®µ�K�PBKVU�R
MONQPBRBdpb�tpKVxl�¥dptrt�~ndpU�oZKVUjK�PqNZt�~!R`P3NVwZK�Pqx`K/f_d®µ�K�PBKVUWR;xB^j¦OR`PBK�KVx��À�ujK teKVNVwZKVx�XZY¨RBujK¶xB^j¦_R`PqK�K	R`PqNVwZK�P3x`KVf
¦Wy�N�MONQPBRBdpb�tpKl�¥dptpt�¦�K;b�NZtrteKVf$K>N N�K ��VXR PAS ��P�V�P�YkXZPGRBujK;MONQPqRBdpb�teKl¦�KVb�NZ^_x`K�deRGU_K�KVf_x¨RBujKVxBK�UjXcfjKVx¨Y�XZP
dpUWR`K�PqNZb,RBdeX]U	b,X]STMC^jRBNQRBdeX]U��

�%U_b,K�RBujK�NZb�b,KVtpK�PqNQRBdeX]U_x¬X]U�NZtpt"RBujK�MONQPBRBdpb�tpKVx�NQPBK�ª(U_X��¥U�~=RBujKhUjK���M�X]xBdpRBdeX]U_x¨NZU_f�wZKVteXcb�deRBdeKVx
b�NZUl¦�Kb,X]STMO^_R`KVf��"�ujK!KVUWRBdePBKMOPBX(b,KVxqx�~Wx`RBNQPqRBdpUjo��¥deRBulRBujK¥b,X]U_x`R`P3^_b,RBdeX]UlXZY�RBujK .74¥{}R`PBK�KZ~jb�NZU;U_X��
¦�K�PBK�M�KVNQR`KVf�YkXZP¥RBujK�fjKVxBdpPBKVf�UW^OS�¦�K�P!XZY=RBdpSTK¨x`R`K�MOxV�
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gIU RBujK°Y�X]tpteX��#dpUjo�xq^j¦Ox`KVb,RBdeX]UOx�~C�0K°M�X]dpU�R#X]^jRLRBujKTf_d®µ�K�PBKVU_b,KVxL¦�K�Rz�0K�KVU X]^_PLMCNQPqNZtpteKVt=dpSTMOtpKVSTKVU�RBN|{
RBdeX]U_x �!;(~��V�c~O�Z�c~  Q�A��NZUOf�RBujK¨oZKVUjK�P3dpb�x`KV·(^jKVU�RBdrNZt1.?NQPqUjKVxi{84L^jR¥NZteoZXZP3deRBu_S��

����� ��������� �"!���#$�%#'&)(*#�( +
�ujK0fjK�Y�NZ^OteR�x`R`P3NQR`K�oZy�RBu_NQR=�nK?^_x`KnR`XLfOdpx`R`Pqde¦C^jR`K"¦�X(fOdeKVx±NZSTX]UjoLM_PBXcb,KVxBx`XZP3x�dpx=ZAI>V��GZ	OZ	� PAS ILK ��M I NHR 
	K
Q>R N�K � VXR Z	� * � Â .<,3���ujKGxBMONZb,KG¦�X]^_UOf_dpUjolNZtpt�RBujK¬¦¯Xcf_deKVx¥dpx¥PqKVb�^jPqxBdewZKVtpy�MCNQPBRBdeRBdeX]UjKVf dpUWR`X�NZx%SlNZUWy
¦�XVºcKVx\NZx"RBu_K�PBK#NQPBK¥M_PBXcb,KVxBx`XZPqxnNZU_flNZtptj¦�Xcf_deKVx��¥dpRBu_dpUTN�¦�XVºlNQPBKLNZxBxBdeo]U_KVfTR`X�X]UjK#M_PBXcb,KVxBx`XZPV��m\NZb3u
x`K�MONQPqNQR`XZPLf_dewcdpfjKVxnRBujK¨�0XZPBªcteX]NZfh�¥deRBu_drU�RBu_K�PBK�o]deX]U�KV·(^_NZtpteyZ��³´ujKVUhRBujKGUW^_SG¦�K�P?XZY=MOPBX(b,KVxqx`XZPqx!dpx
UjXZR!N�M�X8�nK�P!XZY�Rz�0Xj~_deR0drx0NGR`PqdewcdpNZt¯SlNQR`R`K�P!R`XTNZf|�B^_x`R0RBujK�f_dewcdpxBdeX]UlNQR!KVNZb3u�x`R`K�M	NZb�b,XZPqf_drUjo]teyZ�"�ujK
� Â .ÁfjKVb,X]STM�X]xBdpRBdeX]Uhb�NZU�¦�KLPqK�M_PBKVx`KVUWR`KVf�¦(y�N°¦OdpUONQPBylR`PBK�KZ~j�¥uOdpbqu�dpx?x`R`XZPqKVf	dpU�K�wZK�PBy�M_PBXcb,KVxBx`XZPV�
�ujK � Â .ÁR`PBK�K�dpx^Ox`KVf�NZx¥NlS;NQM	RBu_NQRteXcb�NQR`KVx¥M�X]dpUWRBx!dpU�x`MCNZb,K¨R`XlM_PBXcb,KVxBx`XZP3x��
³�K°bqujX]x`K � Â .ÀfjKVb,X]STM�X]xBdeRBdpX]U�YkXZPLx`K�wZK�PqNZt=PBKVNZx`X]UOx��'E=dpPqx`R�~CdpRM_PBX8w(dpf_KVx¥N;xqdpSTMOteK��?NVy�R`XhfjK,{

b,X]STM�X]x`Klx`MONZb,K�NZSTX]Ujo�M_PBXcb,KVxBx`XZP3x�~�NZU_f�N��?NVy/R`X	·(^_dpbqª(tey¶SlNQM�M�X]dpUWRBx%dpU�x`MONZb,KlR`X�MOPBX(b,KVxqx`XZPqx��
a(KVb,X]U_f_tpyZ~ � Â . M_PqKVx`K�PBwZKVx°f_NQRBN¶teX(b�NZtrdeRzy�PBKVNZxBX]U_NQ¦Otey��0KVtpt\NZUOf�M�K�PqSldpRBx�xBdpSlMOteKlteX]NZfc{}¦CNZtpNZU_b�dpUjoj�
�u(^_x�~O�#u_dpteK�dpR#dpx#K,º(M�KVU_xqdewZK�R`X�PBKVb,X]STMO^_R`KGRBujK � Â . NQRLKVNZbqu/RBdpSTK°x`R`K�M��! ]�)�}~�RBujK°b,X]x`R%XZY\dpU_b,PBK,{
STKVUWRBNZt±teX]NZfc{}¦ONZtrNZU_b�dpUjoTdpxU_K�o]tpdeo]de¦OtpK#Y�PBX]S X]^jP¥K,º(M�K�PqdeKVUOb,KB���Z�	�}�
�ujK � Â . fjKVb,X]STM�X]xBdpRBdeX]U drx#dpUOb,PBKVSTKVUWRBNZtptey�^jM�f_NQR`KVf¶dpU�MCNQPqNZtpteKVt�NZx%YkX]tptpX��¥x��%�ujK � Â . R`PBK�K

x`R`Pq^_b,RB^_PBK"dpx±x`RBNQRBdrb�NZtptey%MONQPBRBdeRBdpX]UjKVf�NZSTX]Ujo#M_PBXcb,KVxBx`XZPqx±NZx�YkX]trteX��¥x-,�KVNZbqu°teKVNQY(PBK�M_PBKVx`KVUWRBx�NM_PBXcb,KVxBx`XZP
NZU_fhKVNZbqu dpUWR`K�PqU_NZt�UjXcfjK¨dpx?x`R`XZPBKVf	NQR¥RBujK¨xBNZSTK�M_PqX(b,KVxBxBXZPNZxdeRBx!teK�Y�Rbqu_drtpf�� � R!RBujK�KVU_fhXZY�N°RBdpSTK
x`R`K�M�KVNZb3u�M_PqX(b,KVxBxBXZPGb,X]STMO^_R`KVx¨RBujKlR`XZRBNZtnUW^OS�¦�K�P�XZY!dpUWR`K�PqNZb,RBdeX]U_xG^_x`KVf�R`X�^_M�fONQR`KTRBujK;x`RBNQR`K�XZY
deRBx%MONQPBRBdrb�teKVx�� � R`PBK�KTPqKVf_^_b,RBdeX]U/ycdeKVtpf_xLRBujKlU(^_SG¦�K�PLXZY0XZM�K�PqNQRBdeX]U_x%Y�XZP¨RBujKlxq^j¦Ox`K�R%XZY0M_PBXcb,KVxBx`XZPqx
b,XZPBPBKVx`M�X]U_fOdpUjoTR`X;KVNZb3u/dpU�R`K�P3U_NZt�UjXcfjKZ� � UjXcfjK�dpx¥X�wZK�PqtpX]NZfjKVf/deY=dpRBx�0KVdeo]u�RLK,ºjb,K�KVf_x¥RBu_KGNVwZK�P3NQoZK
�nKVdpo]u�R=XZY_UjXcfjKVx�NQR�deRBx=teK�wZKVtW¦Wy�N#xBSlNZtpt}~�_ºcKVfGM¯K�P3b,KVU�RBNQoZKZ~�xqNVyG�/.��=gIR�dpx�PBKVtpNQRBdewZKVtpy¨xBdpSTMOtpK�R`XLSlNQPqª
RBujX]x`KhdpUWR`K�PqU_NZt\U_X(fjKVxGRBu_NQR°NQPBKhUjXZRGX8wZK�PqteX]NZfjKVf�¦O^_R�X]UjK�XZY!�¥ujX]x`KhbquOdptpfjPBKVU�dpx�X8wZK�PqteX]NZfjKVf1�nb�NZtpt
xB^_b3u¶N�U_X(fjK°NZU�dpU_dpRBdpNQR`XZPV���%U_tey�RBujK°M_PBXcb,KVxBx`XZPqxL�¥deRBuOdpU	RBujKTb,XZPBPqKVx`M�X]U_f_dpUjo�xB^j¦_R`PqK�K¬MCNQPBRBdpb�deMONQR`K
dpU	¦CNZtpNZU_b�dpUjo;RBujKGteX]NZf Y�XZP#RBujK¬PBK�o]deX]U XZY"x`MONZb,K°NZxBx`Xcb�dpNQR`KVf¶�¥deRBu�RBujKGdrU_deRBdpNQR`XZPV��¥ujKGxB^_¦_R`PBK�KVxY�XZP
f_d®µ�K�PBKVUWRdpU_deRBdpNQR`XZP3x0NQPqK�f_dpx��`X]dpUWR!x`XTRBu_NQR¥UjX]Uj{}X�wZK�PqtpNQMOMOdpUjoTPBK�o]dpX]U_xb�NZU�¦�K�¦ONZtpNZUOb,KVf	dpUhMONQPqNZtrteKVt��
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� R"KVNZb3u�x`R`K�M;XZYCRBujKtpX]NZfc{}¦ONZtpNZU_b�drUjo�x`R`K�M;deR"dpx�U_KVb,KVxBxBNQPBy°R`X�STX8wZK¦�X(fOdeKVx=YkPBX]S»RBujK!X�wZK�PqtpX]NZfjKVf
bqu_drtpf;R`XTRBu_K%U_X]Uc{}X�wZK�PqtpX]NZfjKVf�bqu_drtpf����u_dpx0dpUWwZX]tewZKVx!b,X]STMO^_RBdpUjo°N¬U_K��´xBK�MONQPqNQRBdpUjoTuWyWM�K�PBMCtpNZUjK	�(�nK
^_x`K�N�¦OdrU_NQPBy�x`KVNQPqb3u.b,X]S�¦OdrUjKVf��¥dpRBu�N R`PBK�K�R`PqNVwZK�PqxqNZt?X]U�RBujKhteXcb�NZt?.=4¥{}R`PBK�K�R`X/fjK�R`K�PqSldpU_K;RBujK
R`XZRBNZt±�0KVdeo]uWR�¥deRBu_drU�NlMONQPqNZtpteKVtpMOdeM�KVf��
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³�K;bqu_X]x`K;R`X�b,X]UOx`R`Pq^_b,R¨N�PqK�M_PBKVx`KVUWRBNQRBdeX]U�XZY!N�f_dpxBR`Pqde¦O^jR`KVf¶o]teXZ¦CNZt�.74¥{}R`PBK�K�¦¯KVb�NZ^Ox`Kl�0KT�0NZUWR`KVf
R`X¬drU�wZKVx`RBdpo]NQR`KLNQ¦OxBR`PqNZb,RBdeX]U_xnRBu_NQRnNZtrteX��ÁRBujK¥MOPBXZoZPqNZSlSTK�P0R`XG^Ox`K#N�o]teXZ¦ONZt¯f_NQRBNGxBR`Pq^_b,RB^jPBK¥�¥deRBujX]^jR
u_NVwcdpUjo�R`X��0XZPBPByTNQ¦�X]^jR"RBujK¥f_K�RBNZdptpx�XZY±f_drx`R`Pqde¦O^_R`KVfc{zSTKVSTXZPByGdpSTMOteKVSlKVU�RBNQRBdeX]U±��EjXZP0RBu_dpx"PBKVNZx`X]U��nK
x`K�MONQPqNQR`KVf	RBujK¨b,X]U_x`R`Pq^Ob,RBdeX]UhXZY�RBu_K�R`PBK�K¨Y�PBX]S�RBujK¨fjK�RBNZdptrx?XZY=tpNQR`K�PxBRBNQoZKVxXZY=RBujK¨NZteoZXZPqdeRBuOS��"�u_dpx
u_NZx!M_PqX�wZKVU	R`X;¦¯K�K,ºcR`PBKVSTKVtpy�ujKVtpM_Y�^Ot¯drUhX]^jP!YkP3NZSTK��nXZPqªhdrSTMOteKVSTKVUWRBNQRBdeX]U��
³�KTb,X]U_x`R`Pq^Ob,R¥RBujK .=4 R`PBK�KGNZxLY�X]tpteX8�¥x��m\NZb3u¶M_PBXcb,KVxBx`XZP#OPqx`R#¦O^_dptpfOx!N;teXcb�NZtF.=4¥{}R`PBK�K°YkXZPLRBujK

¦�X(f_dpKVx%�¥deRBu_dpU�dpRBx¨fjX]SlNZdpU±� � RGRBujKlKVU_f�XZY0RBuOdpx�x`RBNQoZKZ~�RBujK�teXcb�NZt�R`PBK�KVxG�¥dptpt�UjXZR�~�dpU�oZKVU_K�PqNZt�~=¦¯K
x`R`Pq^_b,RB^_PqNZtptey°b,X]ujK�PBKVUWR��"�ujK¥U_K,º(R0x`R`K�M�drx"R`XGS;NQªZK#RBujKLteXcb�NZt_R`PBK�KVx0x`R`Pq^_b,RB^_PqNZtptey°b,X]ujK�PBKVUWR\�¥dpRBulRBujK
o]teXZ¦ONZt .=4{}R`PqK�K�¦Wy�NZf|�`^Ox`RBdpUjoGRBujK�teK�wZKVtpx0XZY�NZtpt¯teKVN�wZKVx!RBu_NQRNQPBK�x`MOtrdeR\¦(y � Â .�¦Odrx`KVb,R`XZPqx���E�deo]^jPBK¨�
xBujX8�¥x!RBujK�b,X]UOx`R`Pq^_b,RBdeX]U	XZY=NTo]tpXZ¦ONZt .=4ER`PqK�K¨X]U	R��nXlMOPBX(b,KVxqx`XZPqx��
� xBdrSldptpNQP�M_PBXcb,KVxBx;�?NZx�fjK�wZKVteXZM�KVfÁdpU_fjK�M�KVU_f_KVU�RBtey4dpU �! ]���}� �¥ujK NQM_MOPBX]NZbqu´dpU �! ]���%dpx�R`X

u_NVwZK�KVNZb3u�M_PBXcb,KVxBx`XZP?XZY=N¬xqu_NQPBKVfc{zSTKVSlXZPBy�SlNZb3u_dpUjKB*}a(RBNZUjY�XZPqfhJ � a 4©SlNZbqu_drUjK),�R`XT¦C^_dptpf�N¬tpX(b�NZt
R`PBK�KhtpdeªZK;�0K�f_dpf�~=RBujKVU�teK�R¬KVNZbqu4M_PBXcb,KVxBx`XZP¬R`PqN�wZK�Pqx`K	deRBx¬teXcb�NZt\R`PBK�KZ~nNZU_f�b,X]SlMONQPBKhdeRBxGtpX(b�NZtnR`PBK�K
UjXcfjKVx!�¥deRBu�Nlo]teXZ¦ONZt±R`PBK�K�R`X�fjK�R`K�PqSldpU_K��¥ujK�RBujK�P¥N;¦�X(fjy�dpx¥drU�deRBx¥b,XZPBPqKVb,R#teK�wZKVt��?�ujK�M_PBXcb,KVxBx`XZPqx
u_NVwZK�R`X�teXcbBª�xBu_NQPqKVf�o]teXZ¦ONZt�R`PqK�K�UjXcfjKVx�R`X	o]NZdrU�K,ºcb�tr^_xBdewZK;NZb�b,KVxqx�R`X�N�wZX]dpf�PqNZb,K;b,X]U_f_dpRBdeX]U �! ]���}�
�%^jP%NQM_M_PBX]NZb3u ���(~��Z�A��drx#Y�XZP�f_dpx`R`P3de¦O^jR`KVf STKVSTXZPBy KVU�wcdePBX]U_SlKVU�R%NZU_f¶KVNZbqu�MOPBX(b,KVxqx`XZP�x`KVU_f_xLX]^jR
·W^_K�PqdeKVx!NQ¦�X]^jR!RBujK¨NQPBKVNl�¥ujK�PBK¨deRBx!tpKVNVwZKVx#X�wZK�PqtpNQM��¥deRBuhXZRBujK�P#M_PBXcb,KVxBx`XZPqx�9_f_X]SlNZdpU_x�~jNZU_fhPqKVb,KVdewZKVx
NZU_x`�0K�Pqx?Y�PBX]S�RBujKVx`K�X8wZK�PqtpNQM_MOdrUjoGMOPBX(b,KVxqx`XZPqx?R`XlfjK�R`K�PqS;dpUjK�ujX��¾Y¼NQPN°MONQPBRBdrb�teK�xBujX]^_tpf�¦�K%MO^_xBujKVf
fjX��#U��?NQPqf��

�%U_b,KhteK�wZKVt®{zNZfQ�`^_xBRBSTKVU�RTdpx¬b,X]STMOtpK�R`KZ~"KVNZbqu.MOPBX(b,KVxqx`XZP¬b,X]SlMO^jR`KVx°RBujKhb,KVU�R`K�P3xi{}XZYr{zS;NZxBxTX]U.deRBx
teXcb�NZt?R`PBK�K��¥deRBujX]^_R°NZUWy�b,X]S;SG^_UOdpb�NQRBdeX]U��4s¥K,ºcR�~0KVNZbqu«MOPBX(b,KVxqx`XZPlx`KVU_f_xTdpRBxTb,X]U�R`Pqdp¦O^jRBdeX]U�R`X�NZU
dpUWR`K�PqU_NZt�UjXcfjK�R`X;RBu_K¨X��¥U_K�PXZY�RBujK�UjXcfjKZ~_fjK,CU_KVf	NZxRBujK�M_PBXcb,KVxBx`XZP�¥u_X]x`K¨fjX]SlNZdpU�b,X]U�RBNZdpUOxRBujK
b,KVU�R`K�P!XZY�RBujK�dpUWR`K�PqU_NZt¯UjX(f_KZ� ��U_b,K%RBujK#R`P3NZU_xBSldeR`R`KVfhf_NQRBN°u_N�wZK�¦�K�KVU�b,X]SG¦OdpUjKVf�¦(ylRBujK%PBKVb,KVdewcdpUjo
M_PBXcb,KVxBx`XZPqxV~jRBujK�b,X]U_x`R`P3^_b,RBdeX]UhXZY�RBujK¨o]teXZ¦CNZt .74¥{}R`PBK�K¬dpxb,X]STMOtpK�R`KZ�

P0 P1
P0 P1

(c) local tree on processor 1(a) the global tree before partitioning (b) local tree on processor 0

* the dash line indicates processor boundary for partitioning, and the shaded areas are the duplications
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�%U_b,KRBu_K!o]teXZ¦ONZt .=4¥{}R`PBK�KLuONZx�¦�K�KVUlb,X]U_x`R`Pq^Ob,R`KVf;deR"dpx"M¯X]xqxBde¦OteK0R`XGxBRBNQPBR\b�NZtpb�^_trNQRBdpUjo¨NZb�b,KVteK�PqNQRBdpX]U_x��
�ujKU_NZdpwZK¥x`R`PqNQR`K�oZyTXZY�R`PqN�wZK�PqxBdpUjoGRBujKR`PBK�K#NZU_flR`PqNZUOxBSldeR`RBdpU_o%fONQRBN|{}X]Uc{zfjKVSlNZU_f�u_NZx\xBK�wZK�PqNZtOfjP3NV�!{
¦ONZbBªcx , *i� ,!deR!dpU�wZX]tpwZKVx!Rz�0XQ{}�0N�y�b,X]SlS¬^_U_dpb�NQRBdpX]U�~�*���,0RBujK¨STKVxqxBNQoZKVx¥NQPBK%¯UjK,{}oZPqNZdpU�x`XTRBuONQRKVdeRBujK�P
RBujK�b,X]SlS¬^_U_dpb�NQRBdeX]UhX8wZK�PqujKVNZf dpx0M_PBX]u_de¦CdeRBdewZK¥XZP¥RBujK%M_PBXZoZPqNZSlS;dpUjo°b,X]STMOteK,ºjdeRzy�oZXWKVx¥^jM±~jNZU_f *  �,
M_PBXcb,KVxBx`XZPqx¥b�NZU	x`M�KVU_f�xB^j¦Cx`RBNZU�RBdrNZt�RBdpSTK�PBKV·(^jKVx`RBdpU_olf_NQRBNTY�XZP .=4{zUjXcfjKVx!RBuONQR¥fjX;UjXZR!K,ºjdpx`R��
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UjK��ÀbquOdptpf�YkPqX]S NTteKVNQY�~jfjKVtpK�RBdpUjoTNZUhK,ºcdrx`RBdpUjoTteKVNQYI~jNZU_fhM�K�PBYkXZP3SldpUjoGR`PBK�K¨PBKVf_^Ob,RBdeX]UhNZU_fhR`PqNVwZK�P3xBNZt��
³�K¥ªZK�K�M�RBujK#drU�R`K�PBY¼NZb,K#xqdpSTMOteK?¦(y°PBKVx`R`Pqdpb,RBdrUjo�NZtptjRBu_K#fjKVteK�RBdpX]U �|dpU_x`K�PqRBdeX]U°R`X�RBujK#teKVNVwZKVx?NZU_f�teK�R"RBujK
: �	� b�tpNZxBx¥^_x`K�PRBNQªZK¬b�NQPBK¨XZY�STXZPBK¨x`XZMCu_dpx`RBdpb�NQR`KVf�NZU_f�x`M�KVb�d®CbLR`PBK�K¬x`R`Pq^_b,RB^jPqK%^_M�fONQRBdpUjoj�
³�K!u_NVwZK!NZtpxBX#dpSTMCteKVSTKVUWR`KVf¨Rz�0X%R`PBK�K?XZM�K�PqNQRBdeX]U_x C I K �AM � VXRXZ	�¨NZUOf5VXILP	
AK�I N�PAS ~WNZx�x`M�KVb�dpNZt�b�trNZxBx`KVx��

�L¦c�`KVb,RBx?dpU_x`RBNZUWRBdpNQR`KVf�YkPBX]S RBujK �	�1������������ b�trNZxBx?b,X]STMO^jR`KLRBujK%f_NQRBN�XZY�NGR`PqK�KLUjXcfjKLNZb�b,XZPqf_dpUjo¬R`X
RBujKnfONQRBN¥XZY_deRBx=bquOdptpfjPBKVU±~�KZ��oj��b,X]STMO^jRBdrUjoRBujK0b,KVU�R`K�P�XZYOSlNZxqx�dpU .0NQP3UjKVxi{84L^jR�9�x�NZteoZXZPqdeRBu_S	� �L¦c�`KVb,RBx
dpU_x`RBNZUWRBdpNQR`KVf�Y�PBX]S¸RBujK ������3����
���� b�tpNZxBx¥�0NZtpª�X8wZK�PLRBu_K¨R`PBK�K�UjXcfjKVx�~CNZU_f�M�K�PBY�XZPqS N;^_xBK�P`{zfjK,CUjKVf
XZM�K�PqNQRBdeX]U *¼fjKVU_XZR`KVf	NZx=Y[K�I � Z �(K=< M � � VXRXZ �G,0X]U�KVNZb3u�R`PBK�KGUjX(f_K *XE=dpo]^jPBK���,3�
�ujK#R`PBK�K%PBKVf_^_b,RBdpX]U �8R`PqNVwZK�P3xBNZt¯XZM¯K�P3NQRBdeX]U_xn�nK�PBK%dpSTMCteKVSTKVUWR`KVf;dpU�NZU�NQMOMOtpdpb�NQRBdeX]Uj{zdpU_fjK�M�KVU_fjKVUWR

SlNZU_UjK�P��/.0XZRBu/XZM�K�PqNQRBdeX]UOx#NQPBKTdpSlMOteKVSTKVUWR`KVf NZx%b�tpNZxqx#R`KVSlMOtpNQR`KVx�x`X�RBu_NQR�^_x`K�Pqx%b�NZU�xB^_M_MOtey�R`PBK�K
NZU_fhR`PBK�K¨UjXcfjKLRzy(M�K�YkXZPN°b�^_x`R`X]S;de¿�KVf�R`PBK�K�PBKVfO^_b,RBdeX]U �8R`PqN�wZK�PqxBNZt�XZM�K�PqNQRBdeX]UOx��@EjXZPR`PBK�K�PqKVf_^_b,RBdeX]U�~
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^_x`K�Pqx�NQPqK�PBKV·(^_dePBKVfÁR`X«M_PqX�wcdpfjK/Rz�0X�Y¼^_U_b,RBdeX]UOx , ������� Ua` �����Jb�V NZUOf �����	%����$ Uc` �����Pb)!���������ed
` ���	�"b4��#�����1�V ~��¥u_dpb3u�R`KVtpt �	�1������������ b�tpNZxBxTujX8��R`X�dpU_deRBdpNZtrde¿�K;NZU_f4b,X]SG¦OdpUjKhRBujKhf_NQRBN�dpU�R`PBK�K
UjXcfjKVx�~(PBKVx`M�KVb,RBdewZKVteyZ�"�u_K#b�tpNZxBx ` ���	� dpx0RBujK%f_NQRBN¬Rzy(M�KLx`R`XZPqKVf�dpU;KVNZb3u�UjXcfjK#XZY�RBujK#R`PqK�KLX]U��¥uOdpbqu
RBujK¨PBKVfO^_b,RBdeX]UhXZM�K�PqNQRBdeX]U	drx!R`Xl¦�K�M�K�PBYkXZP3STKVf��@EjXZPLR`PBK�K¨R`PqN�wZK�PqxBNZt�~¯^_x`K�Pqx¥NQPBK¨PBKV·(^_dePBKVfhR`X;M_PBX�wcdpfjK
RBujK0M¯K�P�UjXcfjKnY�^_UOb,RBdeX]U %������0!	���$��$
�
 Uc` ���	�"b	V RBuONQR�drx�R`X%¦�KnM�K�PBY�XZPqSTKVfGX]U¬K�wZK�PBy�R`PqK�K?U_X(fjKZ���ujK
¦�XWX]teKVNZU	PBK�RB^jPqU�w|NZtp^_K¨dpU_f_dpb�NQR`KVx¥�¥ujK�RBujK�P#RBujK¨R`PqN�wZK�PqxBNZt=xBujX]^_trf	b,X]U�RBdrUW^jK�Y�^jPqRBujK�P#fjX8�¥U	RBu_K¨R`PBK�KZ�
.0yGx`K�MONQP3NQRBdpUjoLRBujK!NQM_MOtpdpb�NQRBdpX]UGb,XcfjK?YkPqX]S RBujK?R`PBK�K?PBKVf_^_b,RBdeX]U��8R`PqNVwZK�PqxqNZtjb�tpNZxBx`KVx�~�RBujKVx`K?XZM�K�PqNQRBdeX]U_x
¦�KVb,X]STK�NQM_MOtrdpb�NQRBdeX]Uc{zdpUOfjK�M�KVU_fjKVUWR��

� ��� f �"!�( ���Jg�h � � �%!���
�%UhR`XZM�XZY OK � K>IHR��JVXILK KtrNVyZK�P�0K�¦O^_dptrf;NTtpN�yZK�P¥b�NZtpteKVf H�I ����� ���¥u_dpx?tpNVyZK�P#xB^jM_M�XZPBRBx0R`PBK�K�XZM�K�PqN|{
RBdeX]U_x!PqKV·W^_dpPBKVf	dpU	SlX]x`RXZY�RBujK D�{}¦�X(f_y�R`PBK�K¬NZteoZXZPqdeRBuOSlx7C�deR#xB^jM_M�XZPBRBx?R`PBK�KGXZM�K�PqNQRBdeX]U_x#b,X]SlSTX]U
R`Xl¦�XZRBu+.=4ENZtpoZXZPqdeRBu_S NZUOfhY�NZx`R#SG^_tpRBdeM�X]teKLSlK�RBujX(f±~_NZU_f	NZtpt�RBujKGx`M�KVb�dpNZt�XZM�K�PqNQRBdeX]U_x!^_xBKVf	dpUhRBujK
.?NQPqUjKVxi{84L^jR¥STK�RBu_X(f��

.0y�K,º(R`KVUOf_dpUjolRBu_K�: �	� b�tpNZxqx�~OKVNZb3u R`PqK�KGUjXcfjK¨dpU H�I ���	� b,X]U�RBNZdrU_x#N�f_NQRBN;b�tr^_x`R`K�PV~ONZUOf	RBujK
f_NQRBN¬b�tp^_x`R`K�P0XZY�KVNZbqu�teKVNQY±U_X(fjKLb,X]U�RBNZdrU_x?NGtpdrx`R"XZY�¦�X(fOdeKVx�� ���ujKR�yWM�KVx0XZY±RBujK#MONQPBRBdpb�teKLNZU_f�b�tp^_x`R`K�P
NQPBKLo]dewZKVU;¦(yTRBujK%^_x`K�P0XZY�RBujK H�I ���	� b�tpNZxqxnNZx0R`KVSTMOtrNQR`K#MONQP3NZSTK�R`K�Pqx W�!�!$Q�����
����� NZU_f W�!�! H ��1�M �
�u_dpx\NQ¦Ox`R`PqNZb,RBdeX]U�b�NQM_RB^jPBKVxnRBujKLx`R`Pq^_b,RB^jPqKXZY±N .=4´R`PBK�K#�¥deRBujX]^jRnNZU�ylNQM_MCtpdpb�NQRBdeX]Uc{zxBM¯KVb�deCb?fjK�RBNZdptpx��

ikj <�7�5LWVWb8:M 5\8 <�5 7NM_WV<�5LT BI5�l�M45�m <�B�D 3:<C8:M 5L/ DE/P<@145E3U869V7HW?< a

ÐcÐ



���������	�
���&��
�	���	���	�	�&W��	#���%

�	���&�MS���8������
$0)
��$�����������
#,+ V������� &���	�������
�&�&W��	#��G-
%�9��	#��� &���	���D/
�&8&9����	7+ : ����#0�	#&#7;��	�&�&W��	#��G-�9">N/5 /
���������	�
���&��
�	���	���	�	��S���8������
$D� 
�	���&�	�
�&�&W��	#���%

�	���&��W�T� ��&$��&� + �&8&9����
�'&$��&���
�	�&��S���8������
$<� L� 
S	T�U�V
��%F)
�&8	9����	7+
: ����#��������
$&�� �9��	#��<;��
�&�&W��
#���-�>"/
: ����#F$����G� : �� �9��	#��<;��
�&�&W��
#���- � '&$��&�� ����
#������	�	��S���8�������$<� L� 
S	T�U�V
��%�-�>N/5 /

���������	�
���&��
�	���	���	�	��S���8������
$D� 
�	���&�	�
�&�&W��	#��D�I
�	���	��'&$��&�� ����	#����

�	���&�('&$��&���I����G��� �����F�� ��!����
#	$�����%


�	���&�MS������&8&���� �
��8������
$� 
#&�����<+ �&8&9����	
'&$��&�� �$��	#
8�������������	�	��S���8������
$�� '	$��&�� ����	#���� '	$��&��� �� ��!"���
#
$�����%&)

�&8	9����	7+
: ����#����"���<;��	�&��S���8������
$G-�
��8������
$�>()

��8������
$�&%�$������
�� 
#������C; >N/
��� ; 
��8������
$�&%�Z��
�� ����
���7; >I?&?0V��&����>
���
$ ;a� : ��$���9��	#�� ��� 
��8G�����
$��c� 9��	#��� &���	���G>

��8������
$�&%	�	#&#� �9��
#��<;R9���#���>"/ 5

: ����#B�����9"�����7;��	�&��S���8�������$G-6���
$����&�D���	�&��S���8�������$G-*�!����
#G>
)����
$�������&%	�	#&#� �
��8�������$�; �!"���
#G>"/ 5

5 /

C��'���(� � ���>� � �(� � � �8� ����� � � &�&(��& *

�ujK H�I ����� b�tpNZxqx�NZtpx`X�xB^jM_M�XZPBRBx%x`K�wZK�P3NZt�XZM¯K�P3NQRBdeX]U_x ,%b,X]STMO^jRBdrUjo�b�tp^_x`R`K�P�f_NQRBNc~�CU_f_dpU_o;KVxi{
x`KVUWRBdpNZtCfONQRBNc~cb,X]SlMO^jRBdpUjo¬dpUWR`K�PqNZb,RBdeX]U�~jNZU_f�bqujKVbqª(drUjoGMCNQPBRBdpb�teKLNZU_f .74À¦¯X�ºlYkXZP!b,X]U_xqdpx`R`KVU_b,yZ�"¹ X]x`R
XZY�RBu_KVx`K�STK�RBujXcf_xb�NZU�¦�KLPqKV^_x`KVf	dpU�drSTMOteKVSTKVUWRBdpUjo¬RBujK¨Y¼NZx`RS¬^_teRBdeM�X]teK%STK�RBujXcf��
[?tp^Ox`R`K�P±f_NQRBNb,X]STMC^jRBNQRBdeX]U¨dpx�dpSTMOteKVSlKVU�R`KVf%NZx�NR`PBK�K�PBKVf_^_b,RBdpX]U *XE�deo]^jPBKn�	,3� �)����� U W�!�!�Q�����
��	�� b

�����S
��	���V PqKVx`K�RBx"RBujK#f_NQRBN�dpUlRBujK¥b�tp^_xBR`K�P\NZU_f;dpYCRBujK#b�tp^_x`R`K�P\drx"N�teKVNQYI~WdpR"b,X]S�¦OdrUjKVx"RBujK#f_NQRBN¨XZY�RBujK
¦�X(f_dpKVxCY�PBX]S¾RBu_K�¦¯XcfjyLtpdpx`R�dpUWR`X!RBujK\f_NQRBNXZYWRBujKnb�tp^_x`R`K�PV���ujK�XZRBujK�P�Y�^_UOb,RBdeX]U ������%����$ U W�!�!$Q����S
�����Nb
!$���	��	� d W�!�!�Q����S
��	��Nb-�)#�����1�V NZf_f_x\bqu_dptrfjPBKVU 9�x�f_NQRBN�R`X�MONQPBKVUWR�9�x��@.0y¬fjK,¯U_dpUjo%RBujKNZb,RB^_NZtCb,X]S°{
MO^jRBNQRBdeX]U NZx%N;STK�RBujXcf XZY�RBujKGb�tp^Ox`R`K�PV~ORBu_KGPBKVfO^_b,RBdeX]U�b�trNZxBx¥dpxLdpU_f_K�M¯KVUOfjKVU�R?XZY"RBu_K��?NVy	RBujK¬f_NQRBN
NQPBK�b,X]SG¦OdpUjKVf�drUhRBujK�NQM_MOtrdpb�NQRBdeX]U��
�ujK�KVxBx`KVUWRBdpNZt¥f_NQRBN�CU_f_drUjo�b�tpNZxBx L ���	1 �1����	� drU_ujK�PqdeRBx : �	� ���	��3	���
���� , ����# ���	��3	���
���

�¥deRBu�Rz�0X/NZfOf_deRBdeX]U_NZt\tpdpx`RBx�YkXZP¬KVxBx`KVUWRBdpNZt0b�tp^_x`R`K�Pqx¬NZU_f�¦�X(f_dpKVx *XE�deo]^jPBK ;�,3�¶�u_K0VXI P 
AK>I N�K�IGdpxGRBujK
MONQPBRBdpb�tpK#RBu_NQRb,X]trteKVb,RBx!KVxBx`KVUWRBdpNZt�f_NQRBNc�n�ujK%M�K�P?U_X(fjK%Y¼^_U_b,RBdeX]U !	���$��$
�
 T U W�!�!$Q�����
����� b�V drU_x`K�PBRBx
RBujK;b�tp^Ox`R`K�Pqx�RBu_NQRGb�NZU�¦�KlNQM_M_PBX�ºcdrSlNQR`KVf�dpUWR`X �
�
���	������� �����S
��	���
 trdpx`R�~�NZU_f�NZf_f_x�RBujK;¦¯Xcf_deKVx
YkPqX]S teKVNQY?b�tp^_x`R`K�Pqx%RBuONQR�b�NZU_UjXZR¨¦�KTNQM_M_PqXVºjdpSlNQR`KVf�dpUWR`X �
�
���	������� %$��1����
 tpdrx`R��¬�¥ujKTR`PqNVwZK�P3xBNZt
b,X]U�RBdrUW^jKVxX]U_tey��¥ujKVUhR`PqN�wZK�Pqx`K�P%b�NZU_UjXZR¥NQM_MCtey�NQM_MOPBXVºjdpSlNQRBdeX]UhR`X�NZU	dpUWR`K�PqU_NZt±b�tp^Ox`R`K�PV�
� YkR`K�P0b,X]tpteKVb,RBdpUjo�RBujKKVxBx`KVUWRBdpNZtCb�tp^_x`R`K�Pqx\NZU_fT¦�X(fOdeKVx�~�N�¦�XcfjyGb�NZU�x`RBNQPBRnb,X]STMO^jRBdpU_o�RBujK¥dpUWR`K�PqNZb {

RBdeX]U_x��?³�K°dpSTMOtpKVSTKVU�R`KVf	RBujKGdpUWR`K�PqNZb,RBdeX]U¶b,X]STMO^_RBNQRBdeX]U�dpU NZU�NQM_MCtpdpb�NQRBdeX]Uc{zdrU_fjK�M�KVU_fjKVUWR!SlNZU_UjK�PV�
�ujK!b,X]STMO^_RBNQRBdeX]UTb�tpNZxBx d)�	������$��������� *XE�deo]^jPqK';�,�oZX(KVx"RBu_PBX]^jo]u¬RBujK!KVxBx`KVUWRBdpNZtjf_NQRBN�trdpx`R��0NZU_fTb�NZtptpx
YkXZP#Y�^OU_b,RBdeX]U_x?R`X�b,X]STMO^jR`KG¦¯XcfjyW{}R`XQ{}¦�X(fjy�NZU_f�¦�Xcfjy�{}R`XQ{zb�tr^_x`R`K�P#drU�R`K�PqNZb,RBdpX]U_x¥fjK,¯UjKVf�¦(y�RBujK¬^_x`K�P
XZY d)�	������$��������� �
� YkR`K�P�¦�Xcf_deKVx�NQPqK?SlX�wZKVf°R`X%RBujKVdeP�UjK��4M�X]xBdeRBdeX]U_xV~8RBujK�yGSlNVy¬UjXZR�¦¯K0dpUGRBujKVdeP=XZPqdeo]dpU_NZtG.=4«¦�XVºcKVx��

�ujK�PBK�Y�XZPBKZ~±RBu_KTR`PBK�Klx`R`Pq^_b,RB^_PBKTSG^_xBR�¦¯KTSTXcf_d®CKVf¶xBX�RBu_NQR¨deR%¦�KVb,X]STKVx¨b,X]U_xBdrx`R`KVU�R��#deRBu/RBujKlUjK��
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Communicator Mapper
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load-balancing remapping
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KVU�RLwZXZPBR`K,º/x`R`Pq^_b,RB^jPqKVx��¥�ujKVxBK¬b,X]ujK�PqKVU�R%x`R`Pq^_b,RB^_PBKVx¥Y�PBKV·(^jKVUWRBtey	NQPBK°b�teX]x`KVtey	dpUWR`K�PqNZb,RBdpU_o;RB^j¦�K,{ztpdeªZK
wZXZPBRBdpb,KVx�� a(X]SlK�XZY%RBujK	²CX��¥x;XZYLMOPqNZb,RBdpb�NZt¥drU�R`K�PBKVxBR;RBu_NQR�M_PBKVx`KVUWR;dpUWR`K�PqNZb,RBdpUjo�RB^j¦�K,{ztpdeªZK�wZXZPBR`K,º
x`R`Pq^_b,RB^_PBKVxTNQPBK	�¥drUjo/RBdeM.wZXZPBRBdpb,KVx �®�V���}~0N�w|NQPqdpK�Rzy�XZY  QJ��`K�R°²OX8�¥xTXZY�f_d®µ�K�PBKVUWR°xqu_NQM�KVx+�®� ;j~�V���
NZU_f	RB^_PB¦O^_teKVUWR0²OX��#x �®�  ��}� � oZKVUjK�Pqdrb�Rzy(M�K�XZY�dpUWR`K�PqNZb,RBdeX]U ¦¯K�R��nK�KVU�wZXZPBR`K,º�RB^j¦�KVxdrx¥b,X]tptpNQMCx`K�NZU_f
PBKVb,X]U_UjKVb,RBdpX]U�~C�#u_dpbqu dpxRBu_KGb�teX]x`K¬NQM_M_PBX]NZb3u¶XZY�wZXZPBR`K,º�RB^j¦�KVx#RBu_NQR¥PBKVxq^_teRBx¥drU�tpNQPBoZKGwZXZPBRBdpb�deR�y�NZU_f
x`R`PqNZdpUj{}PqNQR`K¬NZSlMOtpd®Cb�NQRBdpX]U ���Z���}��[0X]trtpNQMOx`K¬NZU PqKVb,X]U_UjKVb,RBdeX]U�dpxLNZU¶K,ºcNZSlMOteK¬XZY\xBSlNZtpt=xBb�NZteK°Y�XZPqSlN|{
RBdeX]UhdpUhu_deo]u Â K�ycUjX]tpf_x?U(^_SG¦¯K�P0²OX8�¥x��nacS;NZtptCxqb�NZteK%oZKVUjK�PqNQRBdeX]U	drxnwZK�Pqy�dpSTM�XZPBRBNZUWR0YkXZP!RBujK%KVUjK�PqoZy
R`PqNZU_x`Y�K�P¥NZU_f�f_dpxBxBdpMONQRBdeX]U�M_PBXcb,KVxBx`KVxdpUhRB^_PB¦O^_teKVUWR0²OX��#x �! Z���}�
³�KhdpSTMOteKVSlKVU�R`KVf�N SG^OteRBd®{�CtpNZSlKVU�R�wZXZPBR`K,º�STK�RBujXcf�^_xBdrUjo�X]^jP�Y�PqNZSTK��0XZPBª¯��³�K�x`X]tpwZK5.?deXZRi{

acNVwQNQPBR�9�x0dpUWR`K�PqNZb,RBdeX]U�¦¯K�R��nK�KVU�wZXZPBR`K,º�KVteKVSTKVUWRBxn^_xqdpUjo�RBujKLNZteoZXZPqdeRBu_S�¦Wy���U_deX¨NZU_f %%ujX]U_dpKVS ���	 A�}�
�ujKTS¬^_teRBdeMOtpK,{�CtpNZSTKVUWR#wZXZPqR`K,º/STK�RBu_X(f�b,X]SlMO^jR`KVx%RBujKTwZXZPBRBdrb�deRzy/X]U/KVNZbqu�MONQPBRBdpb�tpKZ~±NZU_f�PBKV·(^_dePBKVx
NZU	K,ºcR`PqNlMCu_NZx`K�dpU	RBujK�R`PBK�K¬b,X]U_x`R`Pq^Ob,RBdeX]U�R`Xhb,X]STMO^jR`K¨RBu_K�wZXZPBRBdpb�dpRzyZ�!�ujK¨wZXZPqRBdpb�deRzy�XZY�N;MONQPBRBdpb�teK
dpx�fjK,CU_KVf�NZx�RBujK;fOdpx`MOtpNZb,KVSlKVU�R�XZY?deRBx�R��nX¶UjKVdeo]uW¦¯XZP3x�dpU/RBujKTCtrNZSTKVU�R *¼xBK�K;m\·(^_NQRBdeX]U���,3� �%U_b,K
RBujKTwZXZPBRBdpb�dpRzy/X]U�KVNZbqu�MONQPBRBdpb�tpK°drx�b,X]STMO^jR`KVf�~��nKlb�NZU�b,X]STMO^jR`KTRBu_KlSG^_tpRBdeM�X]teK¬SlX]STKVU�RBx�X]U�RBujK
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RBujK�oZPqN�w(deRBNQRBdpX]U_NZt±Y�XZPqb,K%OKVtpf�b,XcfjK¨xBdrU_b,K¨STX]x`R!XZY�RBujK¨f_NQRBN;x`R`Pq^_b,RB^jPqK%NZUOf	b,X]SlS¬^_U_dpb�NQRBdeX]U�drxBxB^jKVx
NQPBKLRBNQªZKVU�b�NQPqK#XZY±¦(yTRBujK6.74ÀR`PBK�KLtrde¦_PqNQPByZ���ujKLSlN8�`XZP0f_deµ¯K�PBKVUOb,KVx\¦�K�Rz�0K�KVU�RBujK¥R��nXTNQM_MCtpdpb�NQRBdeX]U_x
NQPBK¥RBu_K¥f_NQRBN�xBR`XZPBKVf�drUTKVNZbqu�R`PBK�KLUjX(f_KZ~�RBujK�?NVy�f_NQRBN�dpU;bqu_dptrflUjXcfjKVx"NQPBKLSTK�PBoZKVf�dpU�R`X�RBujK¥MONQPqKVU�R
UjXcfjKZ~_NZU_f�RBujK¨drU�R`K�PqNZb,RBdpX]U�Pq^_teKVx?Y�XZP¥RBu_K�MONQPBRBdpb�teKVxV�

E�deo]^jPBKl�V�°b,X]SlMONQPBKVxRBu_K�Rz�0XlMONQPBRBdpb�tpK b�tp^_xBR`K�Pb�tpNZxBx`KVxdrUhRBujKVx`K�Rz�0X�NQMOMOtpdpb�NQRBdeX]UOx��=�¥ujK�y�¦�XZRBu
dpU_ujK�P3deRRBujKTNQ¦Ox`R`P3NZb,R¨b�tpNZxBx Q����S
��	�� drU RBu_K .=4�R`PBK�KTtpNVyZK�P¨NZU_f/RBNQªZKTMCNQPBRLdrU RBu_K¬R`PqK�K¬PqKVf_^_b,RBdeX]U
b,X]STMO^jRBNQRBdpX]U���s¥XZR`K!RBu_NQR"dpR�drx�RBujK!NQM_MOtpdpb�NQRBdpX]UGMOPBXZoZPqNZSlSTK�P 9�x�PBKVx`M�X]U_xBde¦CdptpdeR�y#R`X¨fjKVb�drfjK?�¥u_NQR�f_NQRBN
xBujX]^_trf ¦�KTªZK�M_RGdpU�N	b�tp^_xBR`K�P5*�KZ��o Q���	�	�� ��' ���$
�
 dpU/RBujKToZPqN�w(deRBNQRBdpX]U�b,XcfjK),3�;giU�NZf_f_dpRBdeX]U�~�RBujK
STK�RBujXcf_x ��1�1 %���1�M NZU_f ��1�1 �����S
��	�� NQPBKLwcdePBRB^_NZtCSTK�RBujXcf_xnf_K,CUjKVf;drU;b�tpNZxBx Q����S
��	�� drUlRBujK/.=4
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R`PBK�K?tpNVyZK�PV~]NZUOf��¥drtptZ¦�K\b�NZtpteKVfG�¥ujKVUGRBujK0NZb,RB^_NZt(PBKVf_^_b,RBdeX]U�XZY_R`PBK�K?f_NQRBN#RBNQªZKVx�MOtpNZb,KZ� � Y�R`K�P�fjK,CU_dpU_o
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b,X(f_KlRBujKlMONQP3NZSTK�R`K�Pqx¨�#dptpt=¦�K � ������������ ~ � ������������ �����S
��	�� ~�NZU_f�� $���	��� *�Y�XZP�RBujK;b,X]SlMO^jR`KVf
NZb�b,KVteK�PqNQRBdeX]U�,�Y�PBX]S E=dpo]^jPBK��(�¶�ujK;NQ¦OxBR`PqNZb,R¬b�trNZxBx d)�	������$��������� u_NZx¬N STK�RBu_X(f ������!��	�� RBu_NQR
oZXWKVxLRBujPqX]^jo]u N�tpdpxBRXZY"MONQPBRBdrb�teKVx¥NZU_f¶NZUjXZRBujK�P�tpdrx`RXZY\b�tp^Ox`R`K�Pqx�~¯NZU_f b,X]SlMO^jR`KVxLRBujKVdePLdpU�R`K�P3NZb,RBdeX]U_x
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����� �����	����$��������� �
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RB^jPqUhb,X]STMO^_R`KVx!RBujK%PBKVxB^_tpRBx?XZY�RBujK�o]dewZKVU�fONQRBNTRzy(M�KZ�"s¥XZR`K¨RBuONQR!�nK¨b,X]STMC^jR`K�RBujK%MONQPBRBdpb�tpK,{zb�tp^_x`R`K�P
dpUWR`K�PqNZb,RBdeX]U_x¥R`X;RBujK¬f_deM�X]teK%R`K�PqSlx#dpU	RBujK¨²C^_dpf�fjycU_NZSldrb�b,X(fjK¬NZU_f	R`X�RBujKGSlX]UjXZM�X]teK�R`K�PqS dpU�RBujK
oZPqNVwcdeRBNQRBdeX]UONZt±b,X]STMO^jRBNQRBdpX]U��
�=NQ¦OteK�� xB^_S;SlNQPqde¿�KVx�RBu_K�RBdpS;dpUjo	b,X]STMONQP3dpx`X]U�¦¯K�R��nK�KVU�X]^jP¬MONQPqNZtptpKVt"b,X(f_K�NZU_f�N xBKV·W^jKVUWRBdpNZt

[ b,X(f_KhSlX(f_deOKVf�Y�PBX]S'RBujK�M_PqK�w(deX]^OxBtey�STKVUWRBdeX]UjKVf .?NQPqUjKVxTNZU_f�4L^jR�9�xTdpSlMOteKVSTKVUWRBNQRBdeX]U�~��¥uOdpbqu
dpxLu_deo]u_teyhXZM_RBdrSlde¿�KVf���[0X]STMONQPBKVf R`XhRBujK¬MONQPqNZtpteKVt�dpSTMOtpKVSTKVU�RBNQRBdpX]U�^_xBdrUjo;X]^jPLR`PBK�K°Y�PqNZSTK��0XZPBªC~�deR
R`XWXZªT^_x\xBdeo]U_d®¯b�NZU�R"NZSTX]^OU�R"XZY�K,µ�XZPBRBx"R`XGb,X]U�wZK�PBR0RBujK#[.M_PBXZoZPqNZS R`X�RBujKX]UjKRBuONQRnb,X]STMO^_R`KVx�²C^_dpf
fjycU_NZSldpb�x#dpU�RBujK¬wZXZPBR`K,º STK�RBu_X(f���¥ujKGSlNZdrU	PBKVNZx`X]U¶dpx¥RBu_NQR#�0KGuONZf�R`X�R`PqNZb,K°NZtpSTX]x`R#RBujK�KVUWRBdePBK
M_PBXZoZPqNZS©R`X�^_U_f_K�Pqx`RBNZU_fGRBujK?f_NQRBN%x`R`Pq^_b,RB^jPqKVx=NZUOfGRBu_K0b,X]UWR`PBX]t(²OX8��¦�K�Y�XZPBK0�nK!b,X]^_tpf¬STXcf_deY�y�RBujKVS��
�%U	RBu_K�XZRBujK�P�u_NZU_f±~O^_xBdpU_olRBujK�R`PqK�KGY�PqNZSTK��0XZPBª¯~CdeR#X]U_teyhPBKV·(^_dePBKVf�PqKVfjK,CU_dpU_o;NlY�K��EY¼^_U_b,RBdpX]U_x!R`X
b,X]STMOteK�R`K%RBujKLMONQPqNZtrteKVt_M_PqXZoZPqNZS�~c�¥u_dpb3u;PqKVxB^_teR`KVf�dpU�R`XZRBNZt�fjK�wZKVteXZMOSTKVUWR0RBdpSTKLXZYj�B^_x`RnN¬Y�K��¾ujX]^jPqx��
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