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(Tree, (write, home))settle

(Tree, (write, home))center_of_mass_init

tree_rebuild_init (Tree, (write, home))

insert_bodies
(Tree, (read, non-home)

(Body, (read, home))

center_of_mass (Tree, (write, home))

compute_forces (Tree, (read, non-home))
(Body, (read, home))
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settle

center_of_mass_init

tree_rebuild_init

insert_bodies

center_of_mass

compute_forces

End phase 1

Start phase 2

End phase 2
Start phase 3

End phase 3
Start phase 4

End phase 4

Start phase 1

(b)

{9f � `�c2b � ��[Ì\^h�aOc2\���¬�\�� � c
l�_�� tK\^cVam��bX]XlufxhSi�b%wð`�b-hFa
fxlu�+�g\�\^_Sfxh � lFc
h�b>i � �V`�a-�X[�{at��Kl � fginlFh�h�\�amlua
b>|
�$fgam�7_�l�c�lu�g�qb>�Dt×`�h�e>a
fg\^h7lTe>e>b>i
i3_�lua
a�b-c
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e>\^lu�gb>i
e>fxh � fØh!am��bÏfxh�im_�b>e>a
\�c � b>ë^b>e-`�a�\^c+]�\�|�b>�)x }�z ��l�h�|�lF]�\^c2a
fgì>b>iam��b5\up�b-c
��b-lu|!\ut�am��b _�cîb>|�fqe>a�fqpFb3_�c2\�a
\�e>\��
\up�b-c$]�`��ga
fx_��gbn_�lFc
lu�g�gb>�Mt·`�h�e>a
fg\^h�i-�5�·h {9f � `�c2b � ��am��fgiV\^_�a
fx]�fgì-lua
fg\^hSlu�g�g\u�5b>|±l�i
fxh � �gb�|�fØcîb>e>a
fgp�b!tÉ\^c�_���lui
b
���

z { �C�YªMákÞMãOÜ}| Ý�©I��~ä¢AÝ<ã-¥ ãN�'�5ÝÕã
ßÐÜIª
�·hsaO��fqi5i
b>e>a�fq\�h<���5b3]�b-luim`�cîb3am��bVb-�Mb>e>a5\ut�e>\^]X_�fg�gb-c � |�fxc2b>e>a
b>| im��l�c2b>| � ]nb-]�\^c2rXe>\�]X]�`�h�fqe-lTa
fg\^hs\^h�am��c2b>b
fga
b-c
lua�fqpFb�|�luaOl � _�l�c
lu�g�gb>�$i
e>fgb-hFa
f¹ä�e l�_�_��gfge-lua
fg\^h�iS�é�3|�lF_�a
fgp�b�� � l�c
h�b>i-�Ïl�h�| v lua
b-c � �3��fge>� l�c2bs|�b>i
e-c2fxè�b>|
è�c2fgb-¬�r fxh � l�è��gb } �H�3|�lF_�a
fgp�b l�h�| � l�c�h�b>i���l�p�b�|�r�h�l�]�fgeSc2b-_�b>a
fga
fgp�b e>\^]X]�`�h�fge-lua
fg\^h _�lua
a
b-c
h�i��+l�h�|
v lua�b-c|�b-]�\^h�i
amc�lua
b>i+lki�amlua
fge$c2b-_�b>a�fqa�fqpFb3e>\^]�]�`�h�fge-lua�fq\�h�_�lua�a
b-c
h<��3�g�0am��c2b>b3l�_�_��gfge-lua
fg\^h�i5im_ b-h�|Ël!h�\^h �
amc2fgp�fxlu�<t·c
lue>a
fg\^hí\utæb>ë�b>e-`�a
fg\^hía
fx]�bAfxh±cîb-]�\�a
bAlue>e>b>i�i3�xlua
b-h�e>r �]{9f � `�c2b>i3��� � ��� � �9v�b�è�c2fgb-¬�r7\^`�a
�gfxh�b�am��b
lu� � \^cîfqaO��] tK\^cÐb-lue � lF_�_��qfge-lua�fq\�h<� l�h�|He>\^]X_�lFc2b�aO��bË_ b-c³tÉ\�c
]Xl�h�e>bs\ut�[H�!��p�b-c2i�fq\�h�i���fqaO� l�h�| ��fqaO��\^`�a
\^_�a
fx]�fgì>b>|He>\^]X]�`�h�fge-lua
fg\^h<�9{0\^c � l�c
h�b>i-��5bXlu�gi
\±e>\�]X_�l�c2b�è \�am�SpFb-c2i
fg\^h�iXl � lufxh�i
aAl ��l�h�| � \^_�a
fx]�fgì>b>|
d��9zSj8p�b-cîi
fg\^h �é�3c2fga
a
b-h7èFr7\�am��b-cîi � am��luaV`�i
b>iAl�h±lF_�_��qfge-lua�fq\�h±iO_�b>e>f¹ä�e�_�c2\�a�\^e>\��DtÉ\^cÌb-}�e>fgb-h�e>rùx¹� z ��{�\^c
v lua�b-c>�u�5b e>\�]X_�l�c2b$è�\Fam��p�b-c2i�fq\�h�i l � lTfØh�i�a9am��b$d�_��ØlTim� ��~ p�b-c2i
fg\^hPx }-��z am��lTa9fqiÏ\^_�a
fx]�fgì>b>|�tÉ\^caOc
l�h�im_�l�cîb-h�a
im��l�cîb>|±]�b-]�\^c2r��

êÏlue>�k_�b-c³tK\^c
]XlFh�e>b � c
lF_��ke>\^]X_�lFc2b>i�aO��b+b>ë�b>e-`�a
fg\^h!a
fx]�b+\ut�a2�5\$\^cM]�\�c2b+p�b-cîi
fg\^h�i�\Ttðb-lue>�Aè b-h�e ��]�l�c~
l�_�_��gfge-lua
fg\^hHc2b>�xlua
fgp�b�a
\7am��b!t·lui
a
b>i�a3p�b-cîi
fg\^h \ut am��lTa�l�_�_��gfge-lua
fg\^h<���V�g�+b>ë�b>e-`�a
fg\^hSa
fx]�b>ik�5b-c2bX]�b-lTim`�c2b>|
\^h7l�� ~�� _�cî\^e>b>i
i�\^c � ��fxh�~�fxh � z lTe ��fxh�b>ik[5z � �A��fqaO�sam��b � �qfgì>ì-l�cî|Tx } � z im��l�cîb>|±]�b-]�\^c2r��Øl�r�b-c��+ê+lue>�sè�l�c
fxh7am��b � c
l�_��sfgi3|�fgp�fg|�b>| fxhFa
\Xam��cîb>bAi
b>e>a
fg\^h�i��
Ë8s�Ó_Ò�t%s>Ê�Ç�t%Ç>u\Ç�ÉJt � fØ]nbAim_ b-h�aV�$lufga
fxh � tÉ\�c$h�\^h � �g\^e-lT��]�b-]�\^cîrËlue>e>b>i�i
b>i$a
\Xe>\�]X_��gb>a
b
� Ï�s�Ê�É��Lt�ÉmÆ)s9_(Ï�ÒRt%Ò��LÒkÈ � fx]�bkim_ b-h�aVfxh7am��bA_�c2b � i�b-h�| _���lui
b!\ut9am��bA_�c2b>|�fge>a
fgp�bX_�c2\�a
\�e>\��
]IÒ�Ó�_d`kt%sl�V�)Í'v��!Ñ � fx]�bXiO_�b-hFaAfxhSe>\^]X_�`�aOlua
fg\^h{l�h�|�i
rðh�e>��c2\^h�fgì-lua�fq\�h<� � ��fqi�_�\^cîa
fg\^hS\ut5am��bXb>ë�b>e-` �

a
fg\^h a
fx]�bSpul�c2fgb>i±è�b>a2�5b>b-h |�f��Mb-c2b-hFa7p�b-c2i
fg\^h�is\utAam��b iml�]�bS_�c2\ � c
lF]#è b>e-l�`�i
bS\utA|�f��Mb-c2b-h�e>b>i7fxh
i
rðh�e>��c2\^h�fgì-lua�fq\�h7a
fx]�b��

v�b±lu�gi
\ b>ë�_�b-cîfØ]nb-h�a
b>|/�$fgam� |�f��Mb-c2b-hFa�e-lue>��b è��g\�eQ~Hi�fqì>b>istK\^c�b-lTe � l�_�_��gfqe-lTa
fg\^h<� �³h � b-h�b-c
lu�K�5am��b
_�c2b>|�fge>a
fgp�b{_�c2\�a�\^e>\���� \�c~ub>|�è�b>i�astÉ\^cnim]Xlu�g�$e-lue>��b{è��g\^e%~�i{�éam��b im]Xlu�g�gb>i
a7è�b>fxh � � ~�� è�r�a
b>i � �9�3��fg�gb{am��b
`�h�\^_�a
fx]�fgì>b>| \^cA��l�h�| � aO`�h�b>|wd��9zSj e>\�|�b>iX�5b-c2b7l�è��gb�a�\ b>ë�_��g\�fgaX�xl�c � b-c!e-lue>��b7è��q\�e%~�iXb-�Mb>e>a
fgp�b>�gr��{�³h

�
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{9f � `�c2b{��� ê9ë�b>e-`�a
fg\^h a
fx]�bStK\^c � [H�#�Sp�b-c2i
fg\^h�i7\Tt��9Ê�Ç7_�t�ÉmÆ)sß� [+�#� pFb-c2i
fg\^h�i7�$fgam��lFh�|w��fqaO��\^`�a
\^_�a
fx]�fgì>b>|{e>\�]X]�`�h�fqe-lTa
fg\^hSlua ~ |�f��Mb-c2b-h�aVe-lue>��bXè��q\�e%~7i
fgì>b>i-��|V`�]�è b-c2ikfxhS_�l�c2b-hFam��b>i
b>ikfxh�|�fge-lua
bXe-lue>��b
è��g\^e%~si
fgì>b>i-�

lu|�|�fga
fg\^h!a
\$aO��b � ~�� èFr�a
b è��g\�eQ~Ve>\^]�_�l�c2fgi
\^h!è�b>a2�5b>b-hA`�h�\^_�a
fx]�fgì>b>|�lFh�|A\^_�a
fx]�fgì>b>|Xe>\�|�b>i-���5b lu�gi
\k_�c2b>i
b-hFa
b>ë�b>e-`�a
fg\^hSa
fx]�b>ik`�i
fxh � _�c2\ � c�l�]�iV�$fgam�7�xl�c � b-cVe-lue ��bXè��g\�eQ~íi
fgì>b>ik�3��fge �S]�fxh�fx]�fgì>b>| b>ë�b>e-`�a
fg\^hSa�fØ]nbAtK\^c
`�h�\^_�a
fx]�fgì>b>|S\^c$��lFh�| � \^_�a
fx]�fgì>b>|Se>\^|�b>i-�

��®5¯ g_ºC¶KslµiÚÖÞ�²
�V|�l�_�a
fgp�b7fgi�l i
amc
`�e>aO`�c2b>| ]nb>im�He-lu�ge-`��xlua
fg\^h aO��luaAe>\^]�_�`�a
b>iXb>�gb>e>amc2fge _ \�a
b-hFa
fxlu�giXfxh lSè�\uëÕ� � ��b±_�c2\ �
� c
lF] fx]X_�\�i�b>i±l ]�b>iO� \up�b-c�am��bSè�\uë�l�h�| e>\^]X_�`�a
b>i7am��bS_�\�a�b-h�a
fxlu�Vlua�b-lTe � _�\�fxhFa±è�r�l�p�b-c
l � fxh � fga
i
tK\^`�cAh�b>f � ��è�\^cîi-�±��a�_�\FfØhFa
i��3��b-c2b�am��b � c
lu|�fgb-h�a!fgi�i�a
b>b-_<�äÕh�b-c!|�b>amlufg�+fgiXh�b>e>b>i
imlFc2r l�h�|{aO��bË_�c2\ � c
l�]
im`�è |�fqp�fg|�b>i�am��bAe>b>�g�fØhFa
\�tÉ\�`�c$e>��fg�q|�e>b>�q�gi-� � ��fgiA_�c2\�e>b>i
iVfga
b-c
lua
b>ik`�hFa
fg��am��b�]�b>im� c2b>�xluë^b>i��3�·h�fga
fxlu�g�gr��am��b
]�b>im�sfgi3cîb-_�c2b>i
b-hFa
b>|±è�r7l!a2� \ � |�fØ]nb-h�i
fg\^h�lu��l�c�c
l�r��^l�h�|7|�r�h�l�]�fge-lu�g�gr lu�g�g\�e-lua
b>|9w�`�lu|7amc2b>b>i$e-lF_�am`�c2bVe>b>�q�
im`�è |�fqp�fgi
fg\^h<�3êÏlue>�Xfga
b-c
lTa
fg\^h7\utam��b�_�c2\ � c
l�]çe>\^h�i
fgi
a�i$\ut+l�cîb>| � è��ØlTeQ~si
�5b>b-_í\�pFb-c+aO��bA]�b>im�se>\^]X_�`�a�fØh �
l�p�b-c
l � b>i-�vwfgam��fxh b-lue>�si
�5b>b-_<��b-lue>�7e>b>�g�9`�_�|�lua
b>iVp�lT�Ø`�b>iVfxh fqa�igwð`�lT|±amc2b>b��0c2b-lu|�fxh � pulu�x`�b>i$t·c2\^] h�b>f � � �
è�\�c2fxh � _ \�fxh�a
i�� � ��b�_�c2b>|�fge>a
fgp�bX_�c2\Fa
\^e>\F�Õ\�_�a
fx]�fgì>b>ik|�luamlX]�\up�b-]nb-h�a5t·c2\^] h�b>f � �^è \^c3cîb-lu|�i3fxhíam��bIw�`�lu|
amc2b>b��

{9f � `�cîbA�Xim��\u�$i�am��lua5am��b�_�cîb>|�fqe>a�fqpFbn_�cî\�a
\�e>\��Mim`�e>e>b>i
iît×`��g�gr c2b>|�`�e>b>ikiO��l�c2b>| � |�luamln�ÌlTfqa�a
fx]�b�èFr±_�c2b �
i
b-h�|�fxh � |�lTaml�� � ��bn_�cî\�a
\�e>\��ælT�qi�\�fxh�|�fxc2b>e>a
�gr c2b>|�`�e>b>iki�rðh�e>��c2\^h�fgì-lua
fg\^h a
fx]�b�fØh �V|�l�_�a
fgp�b��Mc2b>iO`��qa�fØh � fxh
i
f � h�f¹ä�e-l�hFa
�gr{�g\u� b-cVa�\�amlu�b>ë^b>e-`�a�fq\�hSa
fx]�b��Xd�r�h�e ��c2\�h�fqì-lTa
fg\^h{a�fØ]nb�fgi�c2b>|�`�e>b>| è b>e-l�`�i
bX�g\^lT|{fx]�è�lT�ØlFh�e>b
fxh7�V|�l�_�a
fgp�b!fØ]�_��qfgb>ikam��lTa$am��bkim��l�cîb>| � |�luaml��$lufga$a
fx]�bkfgiV|�fgi
amc2fxè�`�a
b>|{`�h�b>p�b-h��gr lF]�\^h � _�c2\�e>b>i
i
\^c2i���l�h�|
|�f��Mb-c2b-h�e>b>i5fØh��$lufga9a
fx]�b$e>\^hFamc2fxè�`�a
b�a
\ki
r�h�e ��c2\�h�fqì-lTa
fg\^hXa�fØ]nb$\^h��gf � �Fa
�grX�g\^lu|�b>|7_�c2\^e>b>i�i
\^c2i-���$a lV�xl�c � b-c
e-lue>��b�è��g\�eQ~si
fgì>b�\ut ~ � � èFr�a
b>i��éam��bAè b>i
aVe-lui
bktK\^c5aO��b�`�h�\^_�a
fx]�fgì>b>|{_�c2\ � c
l�] � ��am��b�_�c2b>|�fge>a
fgp�bX_�c2\�a
\�e>\��
fgi$�gb>i
iVb-�Db>e>a�fqpFbAè�b>e-l�`�i
b!fga$amc
l�h�iîtÉb-c2i5�xl�c � b-c lF]�\^`�hFa
i5\utæ|�lTaml���i
\^]�bV\ut��V��fqe>�±]�l-rsè�b�cîb>|�`�h�|�l�h�a�� � ��b
è�b>i�a$\^_�a
fx]�fgì>b>|Sp�b-c2i
fg\^hs\Ttæ�V|�l�_�a
fgp�b!fqi } �å� � ë�t·lui
a
b-cÏam��l�hsaO��bAè�b>i
ak`�h�\^_�a
fx]�fgì>b>|Sp�b-c2i
fg\^h<�
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{9f � `�c2b � �Aê9ë�b>e-`�a
fg\^h�a
fx]�b�tK\^ck�7p�b-cîi
fg\^h�iA\ut��cÇ�Ï!v)s b � [H�#�XpFb-c2i
fg\^h�iA��fqaO� l�h�|��$fgam��\^`�aA\�_�a
fx]�fgì>b>|
e>\^]X]�`�h�fge-lua
fg\^h�lua ~ |�f	�Mb-c2b-hFae-lue ��b$è��g\�eQ~Ði
fgì>b>i-��l�h�|���lFh�| � \^_�a
fx]�fgì>b>|Ëd��*zSjX��|3`�]�è b-c2i9fxh�_�lFc2b-h�aO��b>i
b>i
fxh�|�fge-lua
b�e-lue>��bAè��q\�e%~si
fgì>b>i-�

��®ÖÕ à9¶)¹#Ø�²�Û
� l�c
h�b>iIx } � z i
fx]�`��ØlTa
b>i3aO��bA]�\up�b-]�b-hFa$\ut+è�\�|�fqb>iVfxh±l � c
l�p^fgamlua�fq\�h�lu�<i
r^i�a
b-] \up�b-c5a
fx]�b�� � ��b�è \^|�fgb>ikl�c2b
]�\�|�b>�gb>| lTi3_�\�fxhFa�]�lui
i
b>iVam��lua$b>ë�b-c2a � c
l�p^fgamlua�fq\�h�lu�0tÉ\^cîe>b>i3\^hs\Fam��b-c3è \^|�fgb>i-� � ��b�lu� � \^cîfqaO��] e>\^]�_�`�a
b>i
tK\^c2e>b>iXè�b>a2�5b>b-h è \^|�fgb>is�3��fge �Hl�c2b7`�i
b>| a
\S`�_�|�lua�b±è�\�|�r _�\�i�fqa�fq\�h�iXfxhHb-lue ��a
fx]�b7i
a�b-_<� � lTam��b-c!am��l�h
e>\^]X_�`�a�fØh � lu�g��¡B¢ktK\^c2e>b>i�� � lFc
h�b>iAl�_�_�c2\uë�fØ]�lua
b>ikam��b!tK\^c2e>b�b>ë^b-cîa
b>| èFr ls|�fgi
aml�hFake>\��g�gb>e>a
fg\^hH\ut è \^|�fgb>i
èFr�am��lTa$\utælX_ \�fxh�ak]Xlui�i3lua5am��bke>b-hFa
b-c$\Ttæ]Xlui
i�\utæaO��bke>\��g�qb>e>a�fq\�h<�

� l�c�h�b>iË`�i
b>i7l�h \�e>a � amc2b>b a
\ c2b-_�c2b>i�b-h�a±è \^|�fgb>i7fxh/� � |�fx]�b-h�i
fg\^h�lu�kim_�lTe>b�� êÏlue>��h�\�|�b fxh am��b amc2b>b
c2b-_�c2b>i�b-h�a
i�l7c2b � fg\^hSfxhSiO_�lue>b��M�$fgam��l7e>��fq�g| c2b-_�c2b>i
b-hFa
fxh � \�h�bX\^e>aOl�h�ak\Tt fga
i�_�lFc2b-h�a���ikim_�lue>b�� � ��b�amc2b>b
fgi�`�h�è�lu�xl�h�e>b>|�l�h�|{|�b>b-_ b-c!fØhHc2b � fg\^h�i!\ut3��f � � è \^|�rS|�b-h�i
fga2r�� � \ e-lu�ge-`��xlua
bsam��b�tK\^c2e>bX\^h�l±è�\�|�r��am��b
lu� � \^cîfqaO��] _ b-c³tÉ\�c
]�i9l$|�b-_�am� � äÕcîi
a9amc
l�p�b-c2iOlu�u\ut�am��b+aOc2b>b��9�étÕl�hÐfØhFa
b-c2fg\^c9h�\�|�b5fgi9im`!}�e>fgb-h�a��qrÐt×lFc�l��$l�r$t·c2\^]
am��bkè�\�|�r���am��bkè�\�|�fgb>i$fxhsam��lua cîb � fg\^h7l�c2b3lF_�_�c2\uë^fx]Xlua�b>|ËèFr�lA_ \�fxh�aV]Xlui
i5lua5am��b3aOc2b>b3h�\�|�b��C�Vam��b-c2�$fgi
b��
am��b7lu� � \^c2fgam��] å
\�_�b-h�iæS`�_Ham��b�fxhFa
b-c2fg\^c�h�\�|�bËl�h�|Hamc
l�p�b-cîi
b>iAfga
i�im`�è�amcîb>b>i-� �Ét3am��b�tK\^c2e>bse>\^]X_�`�aOlua
fg\^h
b-h�e>\^`�hFa
b-c2i3l�è�\�|�r±lua$am��bk�gb-l�t+\utam��bAamcîb>b��^fgaVe>\^]X_�`�a
b>i�fØhFa
b-c
lTe>a
fg\^h�i3��fqaO�sam��lua3è \^|�r��

� ��b � l�c
h�b>i�lT� � \^c2fgam��] fØh�[H�!�+fxh�e>�Ø`�|�b>i5`�h�i
amc
`�e>aO`�c2b>|�lue>e>b>i�i
b>i�a�\$amc2b>b5h�\^|�b>i|�`�c2fxh � a2� \$_���lui�b>i-�uam��b
tK\^c2e>bVe>\^]X_�`�amlua�fq\�h�_���lui�b��ðlFh�|�am��bVamc2b>b � è�`�fg�g| _���lTi
b����$fgam��am��bVe>b-h�a
b-c � \ut � ]�lui
i5e-lu�ge-`��xlua
fg\^hsfxh7è�b>a2�5b>b-h<�
� ��bSe>\^]X_�fg�gb-csfxh�i
b-c2a
i7|�fxc2b>e>a�fqpFb>i7tK\^c � _�l�c
lT�q�gb>�A_���lui�b>i�fxh/am��bS_�c2\ � c�l�] �3��b-c2bSamc�l�h�i
fga
fg\^h�i±è�b>a2�5b>b-h
h�\^h � ��\^]nb�l�h�|±��\^]nbAlue>e>b>i
i
b>iV\^e>e-`�c!�Z{9f � `�c2b �^� �

{9f � `�cîb � im��\u�$iam��luae>\^]X]�`�h�fge-lua
fg\^h!\^_�a
fx]�fgì-lua�fq\�h�cîb>|�`�e>b>i+im��l�cîb>| � ]�b-]�\^c2rk�$lufgaa
fx]�b5i
f � h�f¹ä�e-l�hFa
�gr
tK\^c+� ~�� è�r�a
b$e-lue>��b3è��g\�eQ~Fi-�C��\u� b>pFb-c>� � l�c
h�b>iÏim��\u�$i � \^\�|�iO_�lua
fxlu���g\�e-lu�gfga�rsl�h�|�aO��b3`�h�\^_�a
fx]�fgì>b>|±pFb-c2i
fg\^h
è�b-h�bOä�a�i i�f � h�fåä�e-lFh�a
�gr�t×cî\^] }-��~L�T� è�r�a
b$è��g\^e%~�i5]Xl#~Ffxh � fga$]Xl�c � fxh�lu�g�gr�t·lui
a
b-caO��l�h�am��b$\�_�a
fx]�fgì>b>|�p�b-cîi
fg\^h<�
� \�am� }���~L�u� èFr^a�b$p�b-c2i
fg\^h�i$l�cîb$i
�gf � ��a��qr�t·lui
a
b-c*am��l�hXl!��l�h�| � \^_�a
fx]�fgì>b>| d��*zSj�p�b-c2i
fg\^h�\ut � l�c
h�b>i�xå� z am��lua
`�i
b>i3ln�3c2fga
b � `�_�|�lTa
b�_�c2\Fa
\^e>\F�<tÉ\�c+b-}se>fqb-hFaVim��l�c2b>| � ]�b-]n\^c2rse>\^]X]�`�h�fge-lua
fg\^h7\�hsam��bA[5z � ���

��®Z Ý�¶Rµ#²�¹
v lua�b-c\x } � z b>pulu�x`�lua
b>iktK\^c2e>b>i�l�h�|{_�\�a�b-h�a
fxlu�gi�fxh lsi�r^i
a�b-](\ut$�ÌlTa
b-c3]n\��gb>e-`��qb>i�\�pFb-ckl7h^`�]�è�b-cÐ\ut$a
fx]�b
i
a
b-_�i�� � ��b _ \�a
b-hFa
fxlu�$\utkam��b7i
r�i
a
b-] fØh�e>�x`�|�b>i fØhFa
b-c � ]n\��gb>e-`��ØlFc7_�\�a
b-hFa
fxlu�gi7l�c2fgi
fxh � t·c2\^] fØhFa
b-c
lTe>a
fg\^h�i
è�b>a2�5b>b-h�]n\��gb>e-`��qb>i�� � ��bS_�c2\ � c
lF]�e>\�]X_�`�a
b>isfØhFa
b-c
lTe>a
fg\^h�iËè b>a2� b>b-h lu�g��_�lTfØcîi�\utA]�\��gb>e-`��gb>i±aO��luaX�gfgb
�$fgam��fxh{l�im_���b-c2fge-lu�Ïe-`�a
\L� c
lFh � bAb%w�`�lu�9a
\7��lu�¹t am��b��gb-h � am� \ut5am��bXè�\uë7b-h�e>�g\�i
fxh � lu�g�æ]n\��gb>e-`��qb>i����³hSam��b
|�luaml � _�l�c
lu�g�gb>�9fx]X_��gb-]�b-h�aOlua
fg\^hS\ut+vHlua
b-c>�0b-lue>�±]�\��gb>e-`��gb7_�\�a
b-hFa
fxlu�g�grSe>\^]X_�`�a
b>iVfxh�a
b-c�lue>a
fg\^h�iA��fqaO� ��lT�åt
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{9f � `�c2bX���$ê*ë^b>e-`�a
fg\^h a
fx]�b!tK\^cV�sp�b-c2i
fg\^h�iV\ut�Î�Ç�t%s Ïc� [H�!���$fgam�Sl�h�|S�$fgam��\�`�a3\^_�a�fØ]nfqì>b>|�e>\^]X]�`�h�f �
e-lua
fg\^h<�0l�h�|7im��l�c2b>| � ]nb-]�\^c2r7d�_��xluim�<��|3`�]�è�b-cîi3fxh±_�lFc2b-h�aO��b>i
b>i$fxh�|�fge-lua
b�e-lue>��bAè��q\�e%~si
fgì>b>i-�

am��bAc2b-]�lufxh�fØh � ]n\��gb>e-`��qb>i�tK\��g�q\u�$fxh � fga3fxh7aO��bk\^c2|�b-c2b>|7|�luaOl�i
b>a-�
[Ì\^]X_�fg�gb-c � |�fxc2b>e>a
b>|�e>\^]X]�`�h�fge-lua
fg\^hÐ\^_�a
fx]�fgì-lua
fg\^h�iaml�c � b>aÕaO��b+fxh�a�b-c
lue>a
fg\^hVe>\^]�_�`�amlua
fg\^h!_���lui
b9�3��fge>�

`�i
b>i$l!i
amlua�fqekc2b-_ b>a
fga
fgp�bA_�c2\�|�`�e>b-c � e>\^h�im`�]�b-cÌim��l�c2fxh � _�lua�a
b-c
hc� l�]�\��gb>e-`��gb#��i3_ \�i
fga
fg\^h7`�_ |�lua
b>|7fxhs\^h�b
fga
b-c
lua�fq\�hsfqikc2b-lu|±èFrA£¢ \Fam��b-c$]�\��gb>e-`��gb>ikfxh7am��bVtK\��g�g\u�$fxh � fga
b-c
lTa
fg\^h<�[Ì\^]X]�`�h�fge-lua
fg\^hk\�_�a
fx]�fgì-lua
fg\^hAcîb>|�`�e>b>i9im��l�c2b>| � ]�b-]n\^c2rV�ÌlTfqa�a
fx]�b9tK\^c�v lua
b-c+�]{9f � `�c2b+� � �uè�`�aæcîb>im`��ga
i
fxhXiO]Xlu�g��b>ë^b>e-`�a�fq\�hXa
fx]�b�fØ]�_�c2\up�b-]�b-hFa
i9\up�b-c
lu�g��� } � � �uë � � � ��b$\^_�a�fØ]nfqì>b>|sp�b-c2i�fq\�h�fgi } � ~ ëVt·lui
a
b-cam��lFh�am��b
d�_��xluim��p�b-c2i
fg\^h x }-��z �F�3��fge ��fgi5\^_�a
fx]�fgì>b>|stÉ\�c9amc
lFh�im_�l�c2b-hFa9im��l�c2b>|7]�b-]�\�c2r��^l�h�|�|�\^b>i$h�\�a5`�a
fg�qfgì>bke-`�i
a�\^]
_�c2\�a�\^e>\��giV\^cV]�b>i
iml � b � _�lui
i
fxh � _�c2fx]�fga
fgp�b>iVtK\^c�e>\^]X]�`�h�fge-lua
fg\^h<� � ��b�e-lue>��bnè��g\�eQ~íi
fgì>b>ik�5b-c2bAe>��\�i
b-h a
\
im��\u��am��bAè b>i
a$e-lui�bktK\^cÏb-lue �spFb-c2i
fg\^h<�

��®Zç é>Ú5ÛL·�áCÛLÛLÚ�¿�Ø
� ��bX_�c2b>|�fge>a
fgp�b7_�c2\�a
\�e>\��|�b>e-c2b-lui
b>iAcîb-]�\�a
b�]�b-]�\^c2rSlue>e>b>i
ik�xlua
b-h�e>rSluakam��b�e>\�i
aV\ut$l�h b>ë^amc�l�_�c2b � i�b-h�|
_���lui
b±lFh�|�am��b7e>\�i�a�\TtÐè�`�fg�g|�fxh � e>\^]X]�`�h�fge-lua
fg\^hHi�e ��b>|�`��gb>i7fxh�l�` � ]�b-h�a�b>|�_�c2\�a
\�e>\��$��l�h�|��gb-c2i-� � ��fqi
a
b>e>��h�f�wð`�b�fgi�è b-h�bOä�e>fxlu�9\^h7]�`��ga
fx_�c2\^e>b>i�i
\^cV]Xlue>��fØh�b>ik��fqaO�7i
f � h�f¹ä�e-l�hFa�cîb-]�\�a
bA]�b-]n\^c2r7lue>e>b>i
i$�xlua
b-h�e>r��
im`�e>� lTi � �gfqì>ì-lFc2| \^hSam��b7[5z � � � ~���� ]�fge-c2\�i�b>e>\^h�|�iXl-pFb-c
l � bXc2b-]�\Fa
b�lue>e>b>i
i��xlua
b-h�e>r � �\^c!h�b>a��5\^c�~�ik\ut
�5\^c~Fi
amlua�fq\�h�i3�$fgam��\�`�a���l�c2|��$l�cîb�iO`�_�_�\^c2aVtK\^cVim��lFc2b>| ]�b-]�\�c2r�� � ��bXamc�lu|�b>\L� fgiA�gfJ~ub>�grHa
\Ëè b�|�f��Mb-c2b-hFa
tK\^c5im��l�cîb>| � ]�b-]�\^c2r±]�`��ga
fx_�c2\�e>b>i
i
\^cîi3\^cV��l�c2|��$l�cîb � lui
i
fgi
a
b>|7jAd�zSi-�0�3��fge>�±��l�p�bAiO]Xlu�g�gb-c3c2b-]n\�a
b�lTe>e>b>i
i
�xlua
b-h�e>fgb>i-�

� ��bA_�c2b>|�fge>a
fgp�b�_�c2\Fa
\^e>\F�DlT�qi�\Xe>\^lu�gb>i
e>b>ikh�b>f � �^è \^c2fxh � e-lue ��b�è��g\^e%~�i�fØhíam��bA_�c2b � i
b-h�|S_���lui
bka
\sl�]�\^c �
a
fgì>b±]�b>i
iOl � bXi
aOl�c2am`�_Se>\Fi
a
iA\up�b-c!�xl�c � b�]�b>i
iml � b>i-� � ��bËè b-h�bOä�a
iX\ut$am��fgiX\�_�a
fx]�fgì-lua
fg\^hHim��\^`��g|Hb>ë^a�b-h�|
`�h�f¹tÉ\�c
]��gr�a
\�lT�q��e>�xlui�i
b>i9\utÕ|�fgi
aOc2fxè�`�a
b>| � ]�b-]�\^cîrn]�`��ga
fx_�c2\�e>b>i
i
\^c9]�lue ��fxh�b>i-��_�\�i�i
fxè��qr��$fgam��è�b>a
a
b-c9cîb>im`��ga
i
am��l�hs\�hsam��bA[5z � �Xh�b>a2�5\^c~��3��fge>�7fgiV\^_�a
fx]�fgì>b>|7tK\^c5im]�lu�g��]�b>i
iml � b>i-�

¤ £/ßÐÜÐâ'� ápª<ã
ßÐÜ
z{l�hFr�i
e>fgb-hFa
f¹ä�eXl�_�_��gfqe-lTa
fg\^h�iki
fx]�`��ØlTa
b�_��Fr^i�fqe-lT��i
r�i
a
b-]ni3`�i
fxh � fga
b-c�lua
fgp�b�_�lFc
lu�g�gb>��e>\^]�_�`�amlua
fg\^h�i-� � r�_ �
fge-lu�g�gr��Aam��b>i�b l�_�_��gfge-lua
fg\^h�iSfxh�p�\F�qpFb e>\^]�]�`�h�fge-lua�fq\�h�_�lua
a
b-c�h�i7am��lua±l�c2bHlu�gi
\wc2b-_ b>a
fga
fgp�b�� � ��fqiS_�l�_�b-c
|�b-]�\^h�i�amc
lua
b>i9aO��lua9e>\^\�_�b-c
lua�fq\�hXè�b>a2�5b>b-h�lV|�lTaml � _�l�c
lT�q�gb>�0�ØlFh � `�l � b$e>\�]X_�fg�qb-c5l�h�|slA_�c2b>|�fge>a
fgp�bk_�c2\�a
\�e>\��
fxh±l�e-lTe ��b � e>\^��b-cîb-h�a$jAd�z e-l�h7lF`�a
\^]Xlua�fqe-lT�q�gr7fx]X_�c2\up�bkiO��l�c2b>| � ]�b-]�\�c2rXe>\^]X]�`�h�fge-lua
fg\^hËtÉ\�c$c2b-_�b>a�fqa�fqpFb
_�c2\�|�`�e>b-c � e>\^h�im`�]nb-c+\�c+]�f � c
lTa
\^c2r!e>\^]X]�`�h�fge-lua
fg\^hX_�lua�a
b-c
h�i-� � ��b$e>\�]X_�fg�qb-c�`�i
b>i+i
fx]X_��gbVi
amlua�fqeVl�h�lu�gr^i�fqi
a
\sfg|�b-h�a
f¹tKr _ \�fxh�a
ikfxh am��b�_�c2\ � c
lF] �3��b-cîb�_�\Fa
b-h�a�fØlT�q�gr{c2b-_ b>a
fga
fgp�b�e>\^]X]�`�h�fge-lua
fg\^hS_�lua
a
b-c�h�i3b>ë�fgi
a-� � ��b

}-~



_�c2b>|�fge>a
fgp�b�_�c2\�a
\�e>\��Ml�` � ]�b-hFa
i5am��bk|�bOt·l�`��ga$im��l�cîb>| � ]�b-]�\^c2rs_�c2\�a
\�e>\��<a
\X`�i
bke>\^]X]�`�h�fge-lua
fg\^hsi�e ��b>|�`��gb>i
� b-h�b-c
lTa
b>|7fxh7\^h�b!fqa�b-c
lua
fg\^hsa
\s_�c2b � i
b-h�|±|�lTaml!fØhíim`�è�i
b%w�`�b-h�aVfga
b-c
lua�fq\�h�i-�

� ��b±e>\^]�è�fxh�lua
fg\^h/\TtAe>\^]X_�fg�gb-c � l�h�lu�gr�i
fgi lFh�|w]�b-]�\�c2r i
r�i
a
b-] im`�_�_ \^c2a � fgp�b>i7am��fgi±l�_�_�c2\^lTe � a��5\
lu|�pul�h�aOl � b>i-�ß{9fxc2i�a-�+|�r�h�l�]�fgeSc
`�h � a
fx]�b±iO`�_�_�\^c2ant×c2\�] am��b±]�b-]�\�c2r i�r^i
a�b-]&lu�g�g\���i�\^`�c�l�_�_�c2\^lue>�Ha
\
\^_�a
fx]�fgì>b�lu|�l�_�a
fgp�bA_�c2\�è��qb-]ni$�3��\�i
bAcîbOtÉb-c2b-h�e>bA_�lTa
a
b-c
h�i5e-l�h�h�\�aVè�bAl�h�lu�gr�ì>b>| èFrËl!e>\^]�_�fq�gb-cVl�h�|7�3��fge>�
fxh�e-`�c�xl�c � b9\up�b-c
��b-lT|�iMfxhAe>\�]X_�fg�qb-c � fØ]�_��qb-]nb-h�a
b>|sim��l�cîb>| � ]�b-]�\^c2rkl�_�_�c2\�lue ��b>i���d�b>e>\^h�|M�ue>\^]�]�`�h�fge-lua�fq\�h
_�lua
a�b-c
h7l�h�lu�gr�i
fgi3fxh7aO��bAe>\^]X_�fg�gb-c�b-h�l�è��gb>iAl�`�a
\^]XlTa
fge3e-`�i
a�\^] _�c2\�a�\^e>\��`�iml � b�� � ��fqikl�_�_�c2\�lue �sfxh���b-c2fga
i
i
\^]nbk\utæaO��bAlu|�p�l�hFaml � b>i$\utæl�_�_��gfge-lua
fg\^h � iO_�b>e>fgä�e�_�cî\�a
\�e>\��gi-��è�`�a$fgi�t×l�cÌi
fx]X_��gb-c5tK\^c$l�_�c2\ � c
l�]X]�b-c��

ê*ëð_ b-c2fx]�b-hFa
i$�$fgam�íam��c2b>bAl�_�_��gfge-lua
fg\^h�ikim��\u�/am��luaV_�c2b � i
b-h�|�fxh � |�luaml!�$fgam�íam��fgi3l�_�_�c2\^lTe �sb-�Mb>e>a
fgp�b>�gr
c2b>|�`�e>b>iVam��b�lF]�\^`�hFa \Ttæa
fx]�b!im_�b-hFaV�ÌlTfqa�fØh � tÉ\^cÌim��l�c2b>| |�luaml��3��b-hse>\�]X_�l�c2b>| a
\Xam��bAc2b%w�`�b>i
a � cîb>im_�\^h�i�b
]�\�|�b>��\ut9lk�3c2fga
b � fxhFp�lu�gfg|�lua
b!e>\^��b-c2b-h�e>bk_�c2\�a
\�e>\��K�+�³hXa2�5\ke-lui
b>i-��am��b�\^_�a
fx]�fgì>b>|±_�c2\ � c�l�]8�$lui } � � �uëXl�h�|
} �å� � ë!t×lui�a
b-c9am��lFhXam��bA`�h�\�_�a
fx]�fgì>b>|±p�b-c2i�fq\�h<�+�·hsam��bVam��fxc2|7e-lui�b��^aO��b�`�h�\^_�a�fØ]nfqì>b>|S_�c2\ � c�l�]8�$lui$l�è��gbka
\
b>ë�_��q\Ffqakl��xl�c � b-c5e-lue>��b�è��g\^e%~si
fgì>bAa�\nc�`�h7i
�gf � �Fa
�grst×lui�a
b-cÏam��l�h7aO��bk\^_�a
fx]�fgì>b>| _�c2\ � c
l�]7�

����¥(v)Ò�u[ÈJs�Ê§¦�sRÓÔsRv�t2b v{b�l�c2b�fxh�|�b-è�a
b>| a
\±[��^`�e%~V¨V\�b>�xè�b>�$l�h�|{am��b�\�am��b-ckl�h�\^hFr�]�\^`�iAc2bOtKb-c2b>b>iktK\^c
]Xl�hFrse>\^]X]�b-hFa
i5am��lua3��b>�x_ b>| fx]X_�cî\�pFbkam��bA_�c2b>i
b-hFamlua
fg\^híi
f � h�f¹ä�e-l�hFa
�gr��
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