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	 � ��� `�i:i|qni|oj]�_a`¦i��K`�`�uj�´ojvx���K`�`�uE�TtV�HtV�p_E`�o|os`��@od`���
RlN·�us`¢�n`�lNm�orq��K`�i:��� g�·Hg��N`�_a`��@o}i��
~{`�ip��vH�^�N`�mnz{vH�^i����ng¦��vB�N�N`�mnz{vH�^i��n`¦ihlnojz{~{z{isk�os`�lNu}i\`�op~{`�i�uj`¦©Bl���oj`¦i\��vBlNup�n`¦i\«��}[Nz{`�u}i\vHlº�nvn��lN_a`��@osi
_&lN~§ojz{_Eg¦�nz°kN­��:kH�^iµ��`�oVkxujojz°��~{`±�^vHl^iP�^ujvB��v@i|vB�^iIlN�a_Evn�n]�~§`\_�k�os[Ng�_�kxojz°©Bl^`�i|z{_a�N~§`�kBijijz{_Ez{~°kx�@o ��`�i
us`�©@l���oj`¦i��	�n`¦id²^lnmD��vH�@ojz{��l^i� ª_av��NlN~§g¦i��^kxu�~{`�iRkHujusz§·Bg�`¦ip`�oR�Ng��^kHu|o}idkH~§g¦k�osvHz{uj`¦i:�n`¦i�l^iskx�H`�usi�  `�o
�^vHl^i±~�� kx�^�N~§z°©@lNvH��i��a³n©@lNz{ujus`�~´ Bl^�-ijq�i|oj]�_a`d�n`���kB�}[N`p¬�`�¡���v�vH�KvHu}k�osz»£r­���vHojus`:_avn�n]�~§`d��`�uj_a`�o\�n`
��kx~°��lN~{`�ud~{`�i��K`�uj£¨vHus_akH�^��`¦i&�T�NusvH¡^kH¡Nz§~{z§ojga�n`a[Nz»o(�d�n`���`ai|qni|oj]�_a`�kÒ·H`¦��lN�^`&£TkHz§¡^~§`a��vB_E�^~§`�m�z§ojgB ª`�o
_a`�od`��¾g�·�z°�n`�����`¢~{`�i:�NusvH�Nusz§ojg�osg�id©@l^kx~{z»o}k�osz§·B`�id�nlDijqniros]�_a`H­���vBl^id·ÒkH~§z°�nvB�^ip`��n«^�D~{k!��`�u|osz§�N`��^��`
�Nl�_avn�n]�~§`��^kHu���vH_a�^kHuskHz{ijvH�-kÒ·H`��:lN�N`�ijz{_¢lN~°k�osz§vB� �Eg�·Bg��N`�_a`��@osih�nz°is��us`�osi�­
! Å �¦� Ã �#" � �º� ³�qniros]�_a`�ip��`�`�uj�<osvx����`�`�u¦ Ng�·�kx~{l^kxojz{vH�º�n`��K`�uj£¨vHus_�kx�^��`�i� N_av��N]�~{`�ih²�lNz{�N`�ipi|ojvn�}[^kBir�
osz{©@lN`¦i� N��kx~°��lN~*�n`RtIkH~§_
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>�`��Hz{�N�Nz{�N�	¤hz»os[¶oj[N`¸ij`�_az{�^kx~µ¤�vHus½ vH£\�p�Nz{�}½2  y	z»osuskºkH�^� ³�vH���n[Nzµz{� b���?B��@§b�A´ Iirosv��}[�kHi|ojz°�¢²�lNz{�
_avn�n`�~{iV[^kÒ·H`h¡K`�`��!i|l�����`¦iji|£¨lN~{~§qEkx�N�^~§z{`��aosv¢kR·�kxusz{`�orq¢vH£ �^kH�}½B`�o|�¯ij¤hz»o}�}[Nz§�^��ijqniros`�_�iµv�·B`�uPos[N`��^kBiro
�H�EqH`�kHusiR�T`H­ �^­{ �ij`�`B@ �N }b��^ }b*C� }b�?N ¯�N }b���AÌ��­P®¯�	oj[N`¦i|`¢�^kx�K`�u}i� ��n`�o}kxz{~§`¦�-_avn�n`�~{ipvx£Pi|qni|oj`�_3¡�`�[^kÒ·�z§vBu� 
¤h[^z{�}[ºz{��·HvH~{·H`�u}kx�^�NvH_3kHujusz{·ÒkH~{i\vH£P�^kH�}½B`�osi�vx£µ�nz°ij��uj`�oj`�ijz§��`Rojv¸�^`�or¤�vHus½¸�Nvn�n`�i� �kHuj`Rus`��^~{kB��`���¡�q
_�kB��usvBis��vH�^z{�E_avn�n`�~°iRos[^k�o&ijlN¡^i|ojz§ojlNoj`¸²�lNz{� ²^v�¤�i�£¨vHu&�^kH�}½B`�o¢i|ojus`�kH_ai�­ºZ\[N`¸u}k�os`�i�vH£\oj[N`�²�lNz{�
²�v�¤�i:kHuj`¢orq@�^z{��kx~{~§q	_avn�nlN~°k�oj`¦� ¡�qºk-i|ojvn�}[^kBirosz{�¢�Nusv���`�isi&�<i|l��}[¾kHi�k-y kxus½Hv�·��Nujvn��`�isis�� �os[N`�us`�¡�q
us`�ijlN~§ojz{�N��z{�!k8Djirosvn�}[^kHi|ojz°��²^lNz°��_avn�n`�~FE}­P�p~»os[NvHlN�B[�oj[^`pus`�ijlN~»osz§�^�¢irosvn�}[^kHi|ojz°�\²^lNz°��_avn�n`�~°iµz{�H�^vHus`
os[N`h�n`�o}kxz{~§`¦�  ��^kB�}½H`�oj�´~{`�·B`�~@z§�@os`�u}kH�(osz§vB�^i� ¦vH£Ìoj`��¢os[N`�q¢kHuj`±_�k�oj[^`�_�k�osz{��kx~{~§q�osuskB�(oskH¡N~{`�kH�^�¢kB����l^uskxoj`H 
�^ujv�·�z°�nz§�^�Eijz§�B�Nz§«���kH�Bohz{�^ijz§�B[Bohz{�@ojvEoj[N`�©@l^kH~§z§oskxojz{·H`��NusvH�K`�ujojz{`�i�vx£Ioj[^`RvHusz§�Bz§�^kH~ i|qni|oj`�_	­

¬�`�¡K`�~{z§`�·H`Ros[^k�o:i|ojvn�}[^kBirosz{�d²�lNz{�	_avn�n`�~{i�kHuj`R�^ujvB_Ez°ijz§�N�Eosv@vB~{i�£¨vHu�_avn�n`�~§z{�N�¸��vB�@oj`��@op�nz°i|ojusz»�
¡^lnojz{vH� i|qni|oj`�_�i�­D®¯��iros`�kH�¼vx£pus`��N~°kH��z§�^� �^kH�}½B`�oairosuj`¦kx_�i�¤hz§oj[ ²^lNz°� �TkBi¢z°ia�nvH�^`!z{�¼oj[^`-�^kB�}½H`�o
�^`�or¤�vHus½-_avn�n`�~{z{�N�-~{z§oj`�u}k�oslNus`¦�(  ¤�`E�NujvB��v@i|`¢ojv�uj`��N~°kH��`E��vB�Bos`��@o6G ijl^�}[DkBi:z{_�kx�B`�i�  y tµ�Hi� 2oj`�m@o
«�~§`¦i� �·�z°�n`�vd��~{z§�^iHGR¤hz»os[�²^l^z{� ­I¬�`±[^kÒ·B`Vl^ij`���oj[Nz°i kx�N�^ujv@kH�}[Rz{�=@ I'A@ojv�irosl^�nq�oj[^`±�K`�uj£¨vHus_�kx�^��`:�¨[^z»o
u}k�os`¦� vH£*k���~§l^i|oj`�u±vH£ª¬D`�¡-��kH�}[N`¦i�­*®¯�¸oj[^z{i±�^kx�K`�u�¤�`pl^ij`:k�i|ojvn�}[^kBirosz{�h²^lNz°�¸_avn�n`�~�ojv&z§��·H`¦irosz§�@k�os`
os[N`��K`�uj£¨vHus_akH�^��`avH£h³n©@lNz{usuj`�~J@§b���A� ¥k��Nv�·H`�~P��`�`�uj�<osvx����`�`�u¸�Tt±�xtV�R��v�vH�K`�u}k�ojz{·H`E¬�`�¡ ��kB�}[N`H­¸Z\[N`
�^ujz{�^��z{�N~{`\vx£ª³n©@lNz§usus`�~nz°iIojvRus`��N~°kH��`�k���vBuj�KvHu}k�os`��N`��nz°��kxoj`��E¬�`�¡���kB�}[N`H H¡@q¢_akH½�z§�N�R��~§z{`��@oµ�n`�ij½@ojvB�
_�kB�}[Nz§�^`�i\��v�vH�K`�u}k�os`:z{�	k&�K`�`�u|�´ojvH�´�K`�`�u�£TkHij[Nz§vB�¸osvakB�(oh�H~{vH¡�kx~{~§q¸kBi�kH�-`�K¸��z{`��@o��nz{i|ojusz{¡Nlnoj`¦�!¬�`�¡
��kH�}[N`B­

�p~»os`�us�^k�osz§·B`	kH�N�NusvBkB�}[N`�i¢z§�^��~§l��n` yºkxus½Hv�·�z°kx�¼kx��kx~{q�ijz°iEkH�^�¼`�·H`��Boj���Nujz{·H`�� �¨vBuaoju}kH��`����Nujz{·H`����
ijz{_¢lN~°k�osz§vB�^i�­\Z\[N`¦i|`¢kH�N�NusvBkB�}[N`�i\[^kÒ·B`�oj[N`�z§u:v�¤h�	_E`�ujz§o:kH�^�	¤±`&�nv¸�NvHop¤�kH�@ohojv!ijqniros`�_�k�osz{��kx~{~§q
vB�N�KvBij`:²�lNz{�-_avn�n`�~°i\ojva_avHus`doju}kH�nz§ojz{vH��kx~ kx�N�^ujv@kH�}[N`¦i�­µ¹:lNu\oskH½H`��´[NvB_a`:_a`�isiskx�H`dz°i�oj[^kxopi|z{_a�N~§`
�T_�kH��usvBis��vB�Nz°����²^l^z{�D_av��N`�~°i�  ¤h[N`��N`�·B`�udoj[^`�q kx�^�N~§qB  _�kÒqº�Hz{·H`�£TkHz§us~{q kH����lNu}k�oj`E©@l^kx~{z»o}k�osz§·B`&kx���
©@l^kH�@ojz§osk�osz§·B`:us`�ijlN~§osi� nkx�^�¸oj[Nz°ihk�o�k&~§v�¤7��lN_a`�ujz°��kH~2��vH_a�N~{`�mnz§orqH­�L±vH�@oj`��@o\�nz°i|ojusz§¡NlNojz{vH���N`�or¤�vHus½ni
kH�N�K`�kxu�osvE¡K`��Hv�vn�-��kx�^�Nz{�Nkxoj`¦iVosvaz§~{~§l�irosuskxoj`�vHlNuhkH�N�NusvBkH�}[-i|z{�^��`dos[N`�q!orq@�^z{��kx~{~§q�z{��·HvH~{·H`�k&~{kHuj�B`
��lN_&¡�`�u-vH£�l^ij`�u}i!kx��� _�kx��q ��kxu}kx_a`�os`�u}i�­ Z\[^`�ij`D�}[^kHuskB�(oj`�ujz°i|ojz°��iaz{�7ojl^uj�7z{_a�N~{q ~{kHuj�B` iro}k�oj`
ij�^kB��`�ipkx�^� k¸[Nz§�B[ ��lN_a`�usz{��kx~¥��vH_a�N~{`�mnz§orq-¤h[N`�� vH�^`�l^ij`�id�n`�o}kxz{~§`¦� �¨_az{��ujv@ij��vH�Nz°���h_Evn�n`�~{i:i|l��}[
kBi�yºkxus½Hv�·�z°kx�¸_avn�n`�~{ihkH�^�-ijz{_¢lN~°k�osz§vB�^i�­

®¯�&³n`��(osz§vB�¢�\¤�`µ�Nusv�·@z°�n`µkH�Rv�·H`�us·�z§`�¤¾vH£N³N©Bl^z§usuj`�~<­ ¹:lNuª²^l^z{��_avn�n`�~@z°iªz{�Bosujvn�nl���`���z{�¢³�`¦�(ojz{vH���
kH�^�¶¤�`�l^i|`!z»o¢z{� ³�`¦�(osz§vB� �	ojv¾��vH_a�Nlnos`�oj[N`!_akHz§� �K`�uj£¨vHus_�kx�^��`�vx£p³n©@lNz{ujus`�~:�¨[Nz§o&�NusvH¡�kx¡Nz{~§z§orqH 
~°k�os`��^��qH ª`�os�H­ ��­&®¯���^kxujojz°��l^~{kHu�  ¤�`a�Nujv�·�z°�n`&k	ijz§_a�N~{`a`�mn�Nus`�isi|z{vH� £¨vHu�oj[^`E[^z»o��NusvH¡�kx¡Nz{~§z§orqH  ¤h[^vBij`
��vH_a�N~{`�mnz§orq!z°i�~{z§�N`¦kxu�z{�	oj[^`���lN_¢¡K`�u:vx£P�Nvn�n`�i�z§�ºos[N`&³n©@lNz{usuj`�~ª�N`�or¤�vHus½2­V¬�`¢ij[Nv�¤+z{�D³�`¦�(osz§vB�NM
os[^k�o±vHlNuµ_avn�n`�~^�Nusv�·�z{�n`¦iPi|l^¡^iro}kx�@ojz°kx~^z§�^ijz{�H[@oVz{�BosvR��`�u|£¨vBuj_�kH�^��`hz°ijijlN`¦iPvx£ªtV�Ht ��v�vH�K`�u}k�osz§·B`�¬�`�¡
��kH�}[N`¦ihi|l��}[�kBip³n©@lNz{ujus`�~´­±¹:lNu�kx��kx~{q�ijz°ihi|[Nv�¤�i�os[^k�ohor¤�v�½H`�q¸�^kHuskH_E`�oj`�usi�~°kxus�H`�~{q!�n`�oj`�uj_az{�N`�oj[N`
�K`�uj£¨vHus_�kx�^��`Rvx£ oj[^`¢i|qni|oj`�_�­\®¯�¾³�`¦�(osz§vB�OI�¤±`&��vH_a�^kHuj`�us`�ijlN~§osi�vB¡noskHz§�^`���¤hz»os[ºoj[^`R²^lNz°�º_avn�n`�~
osv�uj`¦i|lN~§osiµvH¡no}kxz{�N`��&¤hz»os[�kR�nz{is��us`�os`���`�·B`��@o ijz{_¢lN~°k�osz§vB�&vH£ ³n©@lNz{usuj`�~<­*¬D`\«^���¢os[^k�oPos[N`h²^l^z{�E_avn�n`�~
z°iR¡Kvxos[¶©@l^kH~§z§oskxojz{·H`�~§q¾kH�^�¶©@l^kx�@ojz§oskxojz{·H`�~§q¾kB����lNuskxoj`B­E¬�`!��vH�^��~§l^�N`Ez{�¼³�`���ojz{vH�PC-¤hz§oj[¶��v@ijijz{¡N~§`
`�m�oj`���i|z{vH�^i\vH£*vBlNu\²^lNz°��_Evn�n`�~<­

Ê*Ê5Õ'QSR�T�U+U



� ��	����5
�$�� 
�� 	����'
�$&�' 	��
 "���	F� ���S

�-%'��$

� ��� 
h� � ��
�� ���+�����-���*�I
��

³N©Bl^z§usuj`�~ @{b���AIz°i�k!�n`¦��`��BosuskH~§z{��`¦�  2��`�`�uj�<osvx����`�`�u:¬D`�¡���kH�}[N`Ros[^k�oRl^ij`�idt kHi|ojusq @ �H�'APkHidk!~{vn��k�osz§vB�
kH�^��usvHlNojz{�N�:�^ujvHojvn��vB~<­*¬ [N`��ak���~{z§`��BoPus`�©@lN`¦iro}i*kH�&vB¡nwr`���oIz§oP«^u}iroPi|`��^�NiPk:uj`¦©@lN`�i|o*osvdoj[N`�³n©@lNz{ujus`�~
�^ujvÒmnqEujlN�^�Nz§�^�¢vH�¸oj[N`d��~{z§`��Bo�� i�_�kH�}[^z§�N`B­*®�£¥oj[N`dvH¡nwr`¦�(o�z{i±lN�^��kH�}[N`¦kx¡N~{`hoj[^`��¸os[N`d�NujvÒmnq&£¨vHus¤�kHus�^i
os[N`duj`¦©Bl^`�i|o±�nz{uj`¦�(oj~{qEojv&oj[N`dvHusz{�Hz{��¬D`�¡-ij`�us·H`�u¦­ ¹pos[N`�us¤hz°i|`:z»o\�}[N`��}½niVoj[N`:~§vn��kH~K��kH�}[N`B B~{z{½H`p`�·H`�ujq
¬�`�¡¾¡Nujv�¤�ij`�uh¤�vHl^~{�º�nv� ^z{� vHu}�n`�u\ojv!`�mn�N~§vBz»o:~§vn��kH~§z§orq-kH�^�	us`�l^ij`H­\®�£Vka£¨us`�ij[ ��vB�@q-vx£Pos[N`�vH¡Nwr`��(o
z°iE�Nvxoa£¨vBlN�^� z§� oj[Nz°ia��kB�}[N`H Pos[N`�� ³n©@lNz{ujus`�~�osujz{`�i&ojv¶~{vn��k�os`-vB�N`�vH� ijvH_a`�vxos[N`�ua�Nvn�n`B­ Z*v��nv
ijv^ Vz»o�l^ij`�i&oj[^`	�Nz{i|ojusz§¡^lnoj`¦� [^kBi|[N�<o}kx¡N~{`�kH�^� os[N`	ujvBlnojz{�N�D£¨lN�^��ojz{vH�^kH~§z§ojz{`�ia�Nusv�·�z{�N`�� ¡�q t kHi|ojusqH­
�Iz{usi|o� *oj[^`��pe � vH£±os[N`¸vB¡nwr`���o�z{i¢[^kHij[N`��Dosvº�Hz{·H`�k¶b¦��?���¡Nz»oRvB¡nwr`���o¢z{�N`��@ojz§orq �<k	�@l^_¢¡K`�u¢��kx~{~§`¦�
������
��� 	��3 � ��£¨usvH_3kE��z§u}��l^~{kHu�~{z°iro �noj[N`���oj[N`RusvHlnosz§�^�&�Nusvn��`¦�nlNus`dvH£It kHi|ojusq�£¨vBuj¤\kxu}�NiVoj[N`Rus`�©@lN`¦iro\ojv
os[N`p�^v��N`:¤hz§oj[!oj[N`:z{�n`��@ojz§orq �T��kH~§~{`�� $ ����
���3�� ��os[Nz°iV��lN_&¡�`�u±z°i±kBijijz{�H�N`¦��uskH�^�nvB_E~{qE¡@q�t kHi|ojusq&ojv&k
��kxujojz°��z{�^k�osz§�N�&�Nvn�n`¦�µoj[^`d��~§v@i|`¦iro±ojv ������
��� 	��3 � ­µZ\[Nz°i��Nvn�n`:oj[N`��!¡K`���vB_a`�iVoj[N` " ����
!$ ����
 £¨vHu�oj[^z{i
vB¡nwr`���o�­	³n©@lNz§usus`�~Pos[N`�� �NusvH�KvBij`�i:or¤�v ij�}[^`�_a`�i�£¨usvH_ oj[Nz°i��KvHz{�@o�vH� � " ����
�� )+ ���5
 kH�^� �'���5
��� ���+(
is�}[N`�_E`¦i�­

®¯��os[N`p[^vH_a`��¯irosvHus`�ij�}[^`�_a`H @vH¡nwr`¦�(o}i±kHuj`�i|ojvBuj`¦�a¡�vHoj[!kxo���~{z{`��@o���kH�}[N`¦iµkx�^�!k�oVz§osi±[NvH_a`:�Nvn�n`H­
Z\[^`¸��~{z§`��BoE��kH�}[^`E_�kÒqD`�z§oj[N`�u�[^kÒ·H`a�Nv ��vH��q¾vH£±os[N`¸us`�©@lN`¦iros`��DvH¡nwr`¦�(o�vHu&kºiro}kx~{`¸��vH��qB­¸®¯�¶oj[N`
£¨vBuj_a`�u¢��kBi|`aos[N`!��~{z{`��@o¢z°ijijlN`�i¢k"!$#µZ uj`¦©@lN`�i|oRojv z§osi¢[NvH_a`��´�Nvn�n`B IkH�^��z»oEz{isijlN`�i�k � ��$ �'�� ���'$&%'	
!$#VZ �<�%!$#µZ��Vus`�©@lN`�i|oµz{�aoj[N`:~{kxo|oj`�uV��kBi|`B­*®�£2os[N`p[NvB_a`����Nvn�n`h[^kHi±kd£¨uj`¦i|[¸��vH��q¢vH£ªkx��vH¡Nwr`��(oPos[N`��
z§oV£¨vBuj¤\kxu}�NiVz»o±ojv&oj[N`d��~{z§`��Bo\vHu±z»ohij`��^�NiVoj[^`:��~{z{`��@o\k¢�Nvxoj�´_avn�nz§«^`��¸_E`¦ijiskx�B`��n`��K`����nz§�^�&vB�¸¤h[Nz°�}[
kB�(osz§vB�-z°i�kx�^�NujvB�Nusz{kxoj`H­P®�£Ioj[^`�[NvH_a`��´�Nvn�n`�[^kBi\�Nv¸��vB��q¸vx£Ioj[N`¢vH¡nwr`¦�(ohvHu�[�kHihk�i|oskx~{`R��vB�@q!z§�ºz§osi
��kH�}[N`B xos[N`���z§o±z°ijijlN`¦iµk&!$#µZ�vBuVk��%!$#VZ�uj`¦©Bl^`�i|o� Hus`�ij�K`��(osz§·B`�~{qH HojvRos[N`�vHusz{�Hz{�aij`�us·H`�u�­IZ\[N`�vBujz{�Hz{�
ij`�us·H`�u�oj[N`��º`�z§oj[N`�uh£¨vHus¤�kHus�^i�k���kH�}[N`¦kx¡N~{`R��vB�@q-vx£Ioj[N`¢vH¡nwr`¦�(o�vHu�ij`����Ni�ka�NvHo|��_Evn�nz§«^`¦�-_a`¦ijiskx�B`
osv!os[N`a[NvH_a`��´�Nvn�n`B­&Z\[N`��ª 2oj[^`E[^vH_a`����Nvn�n`&oskx½B`�i:oj[^`akH�N�NusvH�Nusz°k�oj`EkH��ojz{vH�¾¤hz§oj[�us`�ij��`¦�(odojv�oj[N`
��~§z{`��@o��¨z´­ `H­Vij`��^��kE�Nvxoj�´_avn�nz§«^`���_a`�isiskx�H`dvHu�ka��vH��q�vx£Ioj[N`RvB¡nwr`���o}��­

®¯� os[N`D�Nz§us`���ojvHusq is�}[N`�_a`ºos[N`¾[^vH_a`����Nvn�n`º£¨vBu!kx� vB¡nwr`���o-_�kxz{�@oskxz{�^i¸k i|_�kx~{~:�Nz§us`���ojvHusq vH£
�KvHz{�@oj`�usipojv	�Nvn�n`¦ipos[^k�oR[^kÒ·B`¢us`���`��@oj~{qºkH����`�isi|`¦�ºos[N`&vB¡nwr`���o�­E� us`�©@lN`¦irod£¨vHudoj[^z{i�vB¡nwr`���odz°i�i|`��Bo
u}kx���nvH_a~{q¸ojv-vH�N`¢vx£Poj[^`�ij`��Nvn�n`�i�­�¬�`¢¤hz{~§~I�NvHop�Hv!�N`�`��K`�udz{�Bosv�oj[^`&�n`¦ij��ujz{�nojz{vH�ºvH£Poj[Nz°ipis�}[N`�_E`
ijz{�^��`R£¨usvH_5�Nv�¤ vH�º¤�`�¤hz{~§~*vH�N~{q-£¨v���l^i:vH�	oj[^`�[NvH_a`���i|ojvBuj`�is�}[N`�_a`B­h¬D`¢�Nv-ijv�_akHz§�^~§q�¡�`¦��kHl^i|`
os[N`\~{kxo|os`�uµis�}[N`�_a`\[^kHi ¡K`�`���i|[Nv�¤h�¢ojv�¡K`hv�·H`�u}kx~{~@~§`¦ijiPkxo|oju}kH��ojz{·H`±oj[^kH�¢os[N`��nz{uj`¦�(osvHusq�ij�}[N`�_a`#@{b���A´­
®¯�ºkB�N�nz§ojz{vH�ª nos[N`R[NvB_E`���i|ojvBuj`Ris�}[N`�_a`�z°ih_avHus`�kx_a`��^kH¡N~{`:osv¸kE²^lNz°�	kx�^kH~§qnijz{i�os[^kx��oj[^`��nz§us`���ojvBujq
is�}[N`�_E`B­

®¯��kE³n©@lNz{usuj`�~��N`�or¤±vBuj½	�TkE��vBuj�KvHu}k�os`��N`�or¤±vBuj½2 �k�lN�Nz{·H`�usijz§orqE�^`�or¤�vHus½K @`�o}�x­×�( n~{z§½B`pz{�-kH�@qa�K`�`�u|�
osvx����`�`�u i|qni|oj`�_� x��~§z{`��@o}iIkHujusz{·H`VkH�^�¢�n`��^kxujoIoj[N`\i|qni|oj`�_�k�o uskH�^�nvH_ osz§_a`�i�­ Z\[N`�us`�kHuj`Vor¤±v:½�z§�^�^i*vH£
£TkHz§~{lNus`�id�¨vBu��n`��^kxujojl^uj`¦is� �IkH¡Nujl^�no\kH�^�!kH�N�NvBlN�^��`¦�a£Tkxz{~{lNuj`¦i�­'#µkB�}[�£Tkxz{~{lNuj`d[^kBi±kE�nz�(K`�uj`��Bo\z{_E��kH�(o
vB�Eoj[N`��K`�uj£¨vHus_�kx�^��`\vx£ª³n©@lNz§usus`�~´­I�p�¸kx¡NuslN�noP£TkHz§~{lNus`h¤hz§~{~Nus`�ijlN~»oµz{�¸k�~{vBisi vx£ vH¡nwr`¦�(o}i�­ Z¥v�ij`�`\os[Nz°i� 
kBijijlN_a`\oj[�k�o±�^v��N`*)*z°iVoj[N`�[^vH_a`����Nvn�n`h£¨vBuVvH¡Nwr`��(o,+E­P®�£2�^v��N`-)*£Tkxz{~{i� Hos[N`��¸k��N`�¤ [NvB_a`����Nvn�n`\£¨vHu
vB¡nwr`���o.+7[�kHi osvR¡�`\£¨vBlN�^�a¡�q&t kHi|ojusqH BkHi `�mn�N~°kxz{�N`¦�EkH¡�v�·B`H �os[N`h�N`�m@oPosz§_a`�vB¡nwr`���o.++z{iPus`�©@lN`¦iros`�� ­
�:ijijlN_a`�oj[�k�ohoj[^`���vH��q¸vH£IvB¡nwr`���o-+ ¤\kHi�£¨us`�ij[	¤h[N`��	�Nvn�n`$)V£Tkxz{~§`¦��kH�^�	��vB�^i|z°�n`�u±os[N`R«^u}i|o*!$#VZ
us`�©@lN`¦irohz°ijijlN`¦�!£¨vBu/+ k�£Ìos`�uhos[N`�£Tkxz{~§l^uj`RvH£I�Nvn�n`
)}­�Z\[N`&!$#µZ uj`¦©@lN`�i|ohz{i\os[N`�us`�£¨vBuj`�£¨vBuj¤\kxu}�n`¦��ojv
os[N`E�N`�¤ [NvB_a`����Nvn�n`�£¨vBu:vB¡nwr`���o10¾�<ijkÒq	�Nvn�n`
2��3�2os[Nz{idus`�©@lN`¦irod¤hz§~{~*us`�ijlN~§odz{�¾k!_Ez°isi:z§£42-[^kBip�Nv
��vH��q�vx£.+ vBupz§£Vz»o}i:��vH��q	z{idi|oskx~{`H­:®¯�ºoj[^z{i���kBi|`B ^os[N`�£TkHz§~{lNus`¢vH£µ�Nvn�n`5)�¤hz{~§~ q�z§`�~{�¾k!�n`��Hu}kH�Nkxojz{vH�
z{�¶oj[^`!�K`�uj£¨vHus_akH�^��`¸ijz{�^��`¸�^v��N`62¾¤hz§~{~V[^kÒ·B`aojv���vH�@o}kH�(oRos[N`!vBujz{�Hz{� i|`�uj·B`�u�osv¾�H`�o&kº�N`�¤���vH��q

È¨ÉIÊªÈÌË



����������	�

��	�������������
�	������! �"�
#��$&%'	�(*)+�,)-�.�
�0/21&3546487:9 M

vH£�vH¡nwr`¦�(o 0 vHuEk �NvHo|��_av��Nz»«^`¦� _a`�isijkH�H`B  kBi&kH�N�NusvH�Nusz°k�oj`B­ ®�£:k¾�Nvn�n`!z°i&kH¡N~{`¸ojv�kx�N�^vHlN�^��`!z§osi
�N`��^kHu|oslNuj`:kx�^�Eosv�oju}kx��ir£¨`�uVz§osi���vH�@os`��@oVosv�z»o}iVz{_a_a`��nz°k�os`:�N`�z§�B[�¡�vBusiPz{��os[N`p�Nvn�n`��´®r�!i|�^kB��`�¡K`�£¨vBuj`
~{`�kÒ·�z{�N��³n©@lNz§usus`�~µ�TkH�N�NvBlN�^��`¦�¸£TkHz§~{lNus`¦�� noj[N`��	�Nv���vH�@os`��@ohz{i\~{vBi|o�¤h[N`��-oj[^`R�Nvn�n`R~§`¦kÒ·H`¦i�­

¬ [N`��¢kh�Nvn�n`ªwrvHz{�^i*³n©@lNz{usuj`�~�oj[N`��Rz»o kxlnosvH_�k�osz{��kx~{~§q:¡�`¦��vB_E`¦i2oj[^`V[NvB_E`P�^v��N`µ£¨vHu*i|vB_E`PvB¡nwr`���osi
¡^lno:�nv�`�ip�NvxodirosvHus`�oj[Nv@i|`�vB¡nwr`���osihqB`�o&�<i|`�`¢�n`�oskxz{~°ihz§�P@§b���A¨�(­�®¯� ��kHij`�k�us`�©@lN`¦iroh£¨vBupvH�^`Rvx£ oj[Nv@i|`
vB¡nwr`���osihz°ihz°ijijlN`¦�  Nos[N`��ºz§osi\or¤�v��N`�z§�B[@¡KvHu}i\z{�	oj[N`��^v��N`���®r��ij�^kB��`�oju}kx��ir£¨`�u�k���vH��q-vx£Ioj[N`�vB¡nwr`���o� 
z§£IkH��qH­PZ\[N`�us`�£¨vBuj`B �¤±`���kH����vH�^ijz{�N`�u�oj[^kxo\oj[N`�uj`dz{i\�^vE�K`�uj£¨vHus_�kx�^��`d�N`��Hu}kH�^k�ojz{vH�!z§�º³n©@lNz{ujus`�~ �nlN`
osv¸k��Nvn�n`¢kHujusz{·ÒkH~< Nijz{�^��`Ros[N`RosuskH�^ir£¨`�uhojz{_a`¢¡K`�or¤�`�`��-or¤�v��Nvn�n`¦i�z°ipijlN�N�KvBij`��-ojv¸¡K`¢kxop~§`¦kHi|o�vH�N`
vBus�N`�udvx£±_�kH�H�Nz§ojl^�N`Eij_�kx~{~§`�u:os[^kx�Doj[^`&osuskH�^i|£¨`�udojz{_a`E¡K`�or¤�`�`���kH��qº�Hz{·H`��D�Nvn�n`akx�^�¾oj[N`avBujz{�Hz{�
ij`�us·H`�u�­

�^ujvB_/�Nv�¤ vB�ª nos[N`�oj`�uj_�i:D|�Nvn�n`+ERkx�^��D|��~§z{`��@o Ed¤hz{~§~ª¡K`Rl^ij`��-z§�@os`�u}�}[^kx�N�B`�kH¡N~§qB­

� � ������
��������$�����-���*�I
��

����� �	��

����������������������������
� ��
!#"$����%
Z*v ��kH�nojlNus`�oj[N`D�nq��^kx_az°�-¡K`�[�kÒ·@z{vHu�vH£pos[N`¾³n©@lNz{ujus`�~h�Nvn�n`¦i�¤�`�l�i|`	os[N`	£¨vH~{~§v�¤hz{�N�¶_avn�n`�~ �º¤±`
kBijijlN_a`�os[^k�oEoj[N`�uj`�kxus`'&)(+* ��~§z{`��@o}i¢¤h[Nv!wrvHz{� kH�^� ~{`�kÒ·H`�³n©@lNz§usus`�~Vz{�^�n`���`��^�n`��Bos~§q vH£p`�kB�}[
vHoj[N`�u�­�Z\[N`�osz§_a`¸lN�@osz§~�kº�Hz{·H`�����~§z{`��@o�wrvBz§�^i-�¨us`�ij�ª­�~§`¦kÒ·H`�i}�:z{i�`�mn��vB�N`��@osz{kH~§~{qD�nz°i|ojusz§¡NlNoj`��¶¤hz§oj[
u}k�os`
,.- 0¸�¨us`�ij�ª­0/1- 0B��­*®�£ª¤�`��n`��^vxoj`p¡@q2&436587:9<; 0�=?>@=8A�BCB?BD=8&FEhoj[N`p�@l^_¢¡K`�uVvH£ �^kxujojz°��z{�^k�osz§�^�
�Tz<­ `H­���vH�N�^`��(os`��^�p��~{z§`��@osipkxo�ojz{_a`G5�H 0^ ^os[N`��F;I&43J587�ECK�z{idk�¡Nz{ujoj[ kx���º�n`�kxoj[ �Nusvn��`¦iji� N½��Nv�¤h�ºz{�
os[N`R~{z»os`�u}k�ojl^uj`�kHi�os[N` 7 "�� 
�$���
+)+ �TvHu 7 $ML')�
� ��_avn�n`�~�@§b*M*A�­
� `�oONQP �n`��NvHoj`-oj[N` i|oskxojz{vH�^kHujq¶��lN_&¡�`�u�vx£:��kxujojz°��z{�^k�osz§�N�¶��~{z{`��@osi�­�³n`�o|osz§�^�SRUTV,XWI/P ±¤±`

[�kÒ·H`2@§b*Mn n�ª­hb'C�A Y[Z & P T )J\�T^] & )�_ RM`3�>ba�Rc7�d =e>gf )�fh&iB �rb¦�
�^ujvB_ �Nv�¤7vH�-¤±`:¤hz§~{~ª��vB�^ijz{�n`�uVos[^k�o�oj[^`d�^ujvn��`¦iji
;j&�3J587�EjK z{i�z{��i|oj`¦kH�nq@�¯iro}k�oj`dk�o�ojz{_a`k5#T 0^­ � `�o
01fml�n[(ol�pQ(rq?qCq��n`��^vxoj`aos[N`¸ijl^����`�isi|z{·H` �+�����P ���B
�) vH£Voj[^`¾�Ti|oskxojz{vH�^kHujqN�:�Nusv���`�isiG;j&436587�ECK}­
®¯�@osujvn�nl^��`<&ts�uCvxwTe&�3yl�scat7j hos[N`¶iro}k�ojz{vH��kxusq ��lN_¢¡K`�u�vx£&�^kxujojz°��z{�^k�osz§�^� ��~{z§`��@osi¢wrl^iro %.�  
�� oj[N`
vn����lNusuj`��^��`¢vx£Poj[^`tz2�´oj[¾`�·H`��Bo �swrlN_a� �Tz<­ `H­±wrvHz{� vBup~{`�kÒ·H`¢vx£Vk!��~§z{`��@o(�(­d®�odz°i:ij[Nv�¤h� z{�¾�p�N��`��^�nz§m
L oj[�k�o�{ ` u?vxwT}|�~��2s@� Ph� 3J&Gs2T )87j nos[N`¢i|oj`¦kH�nq@�¯iro}k�oj`d�NusvH¡^kH¡Nz{~§z§orq�oj[�k�ohoj[^`�us`�kxus`/)±�^kxujojz°��z{�^k�osz§�^�
��~§z{`��@o}iIwrl^iropkx£Ìoj`�upk:wrlN_a�ª Nz°ih�Hz{·H`��!¡�q

{ ` T ] &��h>
)��h> _ )Xa�R�36&}� )87A )83�>�a4R�7 d�� n R ` � n =e>gf )�f�&

{���T >A�3�>�a4R�7 d�� n B �<�H�

���J� �	��

�����������������X�����M�����h
� ���!#"�����%
¬�`hkHisi|l^_E`�os[^k�oµ`¦kH�}[¢��kxujojz°��z{�^k�osz§�N�R��~§z{`��@oPz{isijlN`�i us`�©@lN`¦iro}i¥£¨vBuPvH¡nwr`¦�(o}iPk�oµk���vH��iro}kx�@oPuskxoj`��1- 0N 
kH�^��os[N`�us`�£¨vBuj`±_Evn�n`�~@oj[N`�uj`¦©@lN`�i|oI�^ujvn��`¦iji¥vx£^`¦kH�}[¢��~§z{`��@o ¡�q�kp²^lNz°�R²�v�¤R­*Z\[N`�_avxojz{·�k�osz§vB�R£¨vHuIoj[^z{i

Ê*Ê5Õ'QSR�T�U+U



I ��	����5
�$�� 
�� 	����'
�$&�' 	��
 "���	F� ���S

�-%'��$

²�lNz{�Dkx�N�^ujvÒmnz{_akxojz{vH�ºz°i:oj[^kxo�us`�©@lN`¦iro}ipvn����lNu�k�oRk!_&l^�}[ £TkBiros`�u:ojz{_a`ais��kH~§`��Ìorq��Nz°��kH~§~{q	[@l^�^�nus`��Ni
�K`�u	ij`���vB�^�^��oj[^kH� oj[N`��Nvn�n`¦i�wrvBz§� ��~§`¦kÒ·H` `�·H`��Bo}i¾�TvH�^��`Dk �^kÒq vBu!`�·H`�� ~§`¦iji}�(­ Z\[N`�us`�£¨vBuj`B h¤±`
`�mn��`¦�(oVos[N`d~§vB�N�x��ujl^�akÒ·B`�u}kx�B`��K`�uj£¨vHus_�kx�^��`�vx£ os[N`:²^lNz°��_av��N`�~�ojv¢¡K`�i|z{_az§~°kxuVojv�os[^k�o�vx£ os[N`:us`�kH~< 
�Nz{is��us`�os`��´ojz{_E`¸ijqniros`�_	 I¤h[N`�us`�uj`¦©@lN`�i|osiRvn����lNu�¤hz§oj[¼kH��qD�nz°irosujz{¡Nlnosz§vB� ¤hz»os[ _a`�kx�¶z{�@oj`�uj��uj`¦©Bl^`�i|o
osz§_a`O> W � ­

®¯�	�^kHu|osz{��lN~{kHu� �vBlNu\_Evn�n`�~ uj`��Nus`�ij`��@osi±oj[^`dz{�^i|oskH�Bo}kx�N`�vHl^i\ij`�ohvx£ ��kB�}[N`��-vH¡nwr`¦�(o}i±z{��oj[N`�¤h[NvB~§`
³N©Bl^z§usuj`�~ �N`�or¤�vHus½	¡@q k��B~§vB¡^kx~ kx_avHl^�Bo�vx£±²^lNz°�D��kx~{~§`¦����36587�k�o�ojz{_a`25}­EZ\[Nz°iR©Bl�kx�@ojz§orqºvx£µ²�lNz{�
¤hz{~{~ z§�^��uj`¦kHij`:¤h[^`���vH¡nwr`¦�(osihkHuj`��nv�¤h�N~{vBkB�n`��¸z§��oj[^`d�^`�or¤�vHus½a£¨ujvB_�oj[N`�vBujz{�Hz{�-ij`�us·H`�u�kH�^�-kB�N�n`¦�
osv�oj[N`�z§u�[^vH_a`a�Nvn�n`H *z<­ `H­�¤h[N`��N`�·B`�udoj[^`�us`�z{iRk	��kB�}[N`a_az{isi�­-¹:�Doj[^`�vxoj[^`�uR[^kH�^�  ªos[N`�kx_avHl^�Bo
vH£ ²^lNz°�º¤hz§~{~ �n`���uj`¦kHij`�kHip��kH�}[N`¦�	vH¡nwr`¦�(o}i�¡K`���vB_a`¢iro}kx~{`H­�¬�`&kBijijlN_a`Ros[^k�o:��kH�}[N`¦�	vH¡nwr`¦�(o}i�[^kÒ·B`
os[N`RijkH_a`d��vH�^i|oskH�Bo±ojz{_a`��´ojvx��~{z§·B`:z{����kH�}[N`B B�Bz§·B`��-¡@qi> W�� �@os[Nz{ihkBijijlN_a�nosz§vB�!z°i±_�kB�n`�¡�vHoj[-£¨vHu�oj[N`
iskx½B`:vH£ ijz{_E�^~§z°��z§orq-kH�^�-kH~{ijva¡�`¦��kHl^i|`�_avBi|o���kB�}[N`�i\l^ij`R�n`�£TkHlN~§ohojz{_E`��<osvx��~§z{·H`d£¨vBuhvH¡nwr`¦�(osi�¤hz»os[NvHlno
kH��q!i|�K`���z»«�`���`�mn�Nz{uskxojz{vH���Nk�os`¸�Tkx¡KvHlNo�� 0�� vx£ uj`¦©Bl^`�i|oj`��-vH¡Nwr`��(o}i @ C*AÌ��­VZ\[N`Rl^ijl^kH~ª�n`�£TkHlN~»o�·�kH~§lN`
z°i����a[NvBlNu}iR�Tij`�`�@ C*A £¨vHuh_avHus`R�n`�o}kxz{~{i}�(­

¬�`EkBijijlN_a`Ros[^k�o�`�kB�}[º�Nvn�n`E��kx� i|ojvBuj`Ekx� lN�^~§z{_az»os`�� ��lN_&¡�`�u:vH£µvH¡nwr`¦�(o}i�­dZ\[NvHlN�B[ z{�^�nz{·@z°���
l�kx~I�Nvn�n`�i:¤±vBlN~°�º�NusvH¡^kH¡N~§q	�NvHod�n`¦�nz°��k�os`�osv@v�_¢l��}[ _a`�_avHusq�ojv¸os[N`a��vH~{~°kx¡KvHu}k�ojz{·H`���kH�}[N`B �`�·H`��
us`�kBi|vB�^kx¡^~§`¢��kH�}[N`Ei|z{��`¦i�kxus`&ijl�K¸��z{`��@o:osv�kÒ·BvHz°�º~{vBisi|`¦i:�nl^`&osv�k¸£¨lN~{~µ��kH�}[^` �ªvB�N`¢us`�kBi|vB�º£¨vHudoj[^z{i
z°iVoj[^kxo\��kH�}[N`¦��vH¡nwr`¦�(o}i±¡K`���vH_a`:i|oskH~§`:£TkHi|o±`��NvHl^�H[�osvEkÒ·BvHz°����vH�@osz§��lNvBl^iVz{�^��uj`¦kHij`�vx£ªos[N`���vH�@os`��@o�­
�^vHup��`��@oju}kx~{z{��`��	��kH�}[N`¦i� �os[N`�~°kxus�H`�i|opijz§��`R�N`�`¦�n`���osv¸kÒ·HvHz°��_avBi|op��kx��kH��z§orq!_az°ijij`�i�z{i��Nz{��osk�os`��	¡�q
os[N`���~{z{`��@osi\us`�©@lN`¦irohu}k�oj`¦i @ ?�A¥kx�^��z°i�£Tkxz{uj~{q!ij_�kx~{~<­P¬�`R`�mn�K`��(ohos[Nz°ih�NusvH�K`�ujorqaojv�¡K`�kx�N�N~{z°��kx¡^~§`dojv
os[N`¢³n©@lNz{ujus`�~ �n`¦��`��BosuskH~§z{��`¦�-��kH�}[N`Rijqniros`�_	­

�:iIkpuj`¦i|l^~»o¦ Òoj[N`�·�kxusz{kxojz{vH��vH£noj[N`±²^lNz°�¢z°i*�NujvB��vBu|osz§vB�^kx~Hojvpoj[N`\_az{isi*uskxoj`±kH�^��osvpos[N`±`�mn�Nz§u}k�osz§vB�
u}k�os`	��¤h[N`��aoj[N`��^v��N`�iµ�KvH�^lN~{kxojz{vH��z°iV��vH�^i|oskH�Bo�
¦­ ®�£ª¤±`���kx~{~cY[Z [Nz§o�� )8=�
�\Koj[N`p[Nz»o��NusvH¡^kH¡Nz§~{z§orq¢¤h[N`��
os[N`�us`�kxus`/)V��vH�N�^`��(os`��!�Nvn�n`�ih��vH�@oskHz§�Nz{�N�&oj[N`d²^l^z{��
¥ nos[N`��-oj[^`d·�kHujz°k�osz§vB�!u}k�oj`dvx£*oj[N`RkH_EvBlN�@o�vH£
²�lNz{��z°i � 
� 5 T ) � 3�>��SY[Z [Nz»o�� ) =�
�\67�����

¤h[^`�us`.) ��z°i*oj[N`\v�·H`�uskH~§~Buj`¦©@lN`�i|oIu}k�os`±z{��os[N`�³n©@lNz{ujus`�~��N`�or¤±vBuj½�¤h[N`���oj[^`�us`�kHuj`�)ª��vB�N�N`���oj`¦���Nvn�n`¦i�­

¬�`¢�Nv�¤ �n`�«^�N`Ekx�¾kH�N�NusvH�Nusz{kxoj`R_avn�n`�~*£¨vHupoj[N`&[Nz§o:�NusvH¡^kH¡Nz{~§z§orq!£¨l^�^�(osz§vB� Y[Z [^z»o�� ) =�
�\�­ � `�o:l^i
«�usi|oµ��kx~{~��Voj[N`\osvxo}kx~N��lN_&¡�`�uPvx£2vH¡nwr`¦�(osiIos[^k�oV��kx�a¡K`huj`¦©Bl^`�i|oj`����¨z{�avHlNuP_avn�n`�~< Hoj[N`\osvxoskH~Nkx_avHl^�Bo
vH£K`�mnz{i|ojz{�N��²^lNz°�az{�aoj[N`hlN�^z§·B`�u}i|`Ò�(­P³�z§����`�
¸z°i os[N`p©@l^kx�@osz»orq�vH£ª��kH�}[^`��¢²^lNz°�  @k�·B`�usq¢ijz§_a�N~{`�_avn�n`�~
£¨vBu�oj[N`�[^z»o��NusvH¡�kx¡Nz{~§z§orqºz°i Y[Z [^z»o�� ) =�
c\bT���N­��pv�¤±`�·H`�u� 2os[Nz{i�~§z{�N`�kHu�£¨lN�^��ojz{vH� �nv�`�i��NvHo�oskx½B`az§�@ojv
kB����vHlN�@o�os[N`¢£TkB�(o:oj[^kxo�ijvH_a`¢vB¡nwr`���osip_akÒq	¡K`&us`�©@lN`¦iros`��	_avHus`¢vH£Ìoj`�� oj[�kx� vHoj[N`�usi:kx�^� oj[�l^idkxus`
_avBuj`-~§z{½H`�~§q�ojv�¡K`��^uj`¦i|`��BoEz§� oj[N`	�N`�or¤±vBuj½2­¼³�z{�^��`-oj[^`-�KvH�Nl^~{kHujz§orq¶vx£p¬�`�¡ vH¡nwr`¦�(o}i�£¨vB~§~{v�¤�i&k
�2z§�n£Ì��~{z§½B`��nz°i|ojusz§¡NlNojz{vH� @ ��A� V¤�`	��kx� kx~°i|v�_avn�n`�~�Y[Z [Nz»o�� )8=�
�\pkBiEk���vB�^��kÒ·B`�£¨lN�^��ojz{vH� vx£:oj[N`�orq���`Y[Z [Nz§o�� ) =�
�\�T � � ��!�"  n¤h[Nz°�}[!us`�²^`¦�(o}iVos[N`�£TkH��o\oj[^kxo\vB�^��`:oj[^`d_av@iroh�KvH�NlN~°kxu\vB¡nwr`���osi\kxus`:�^uj`¦i|`��Bo\z{�
os[N`�ijq�i|oj`�_	 �oj[N`�²^l^z{��z{�^��us`�kBi|`d¡�`¦��vB_E`¦ihi|~{v�¤�`�u¦­

®�o!us`�_�kHz§�^iEosv¼i|�K`���z»£¨q [Nv�¤/os[N` �Nvn�n`awrvBz§� kH�^� ~§`¦kÒ·H`�`�·H`��@osi�z{_a�^kH��o�oj[N`º�K`�uj£¨vHus_�kx�^��`�vH£
vBlNu�²�lNz{�¼_Evn�n`�~<­�¬�`![^kÒ·B`!i|`�`�� z{� ³�`¦�(osz§vB� ��oj[�k�opwrvBz§� `�·H`��@osi&¤hz§~{~±�^ujvB¡^kx¡N~{q��Nvxoak (2`��(o&oj[N`
�K`�uj£¨vHus_�kx�^��`\vx£2oj[N`:i|qni|oj`�_	­V¹:�Eoj[N`pvxoj[^`�uµ[^kH�^�  @¤±`���vH�^ijz°�n`�uVkH~§~^£Tkxz{~§l^uj`¦i��¨~{`�kÒ·B`�i}�ªosv�¡K`pkx¡NuslN�no
£TkHz§~{lNus`�i%�Hos[Nz°i±kBijijlN_a�nojz{vH�!z{i��nz°ij��l^ijij`��az{�-³�`¦�(osz§vB�¸�^­ �^­ Z\[N`�us`�£¨vBuj`B B¤h[^`��!k¢�Nvn�n`p~{`�kÒ·B`�iPz§osi�i|[�kxus`
# Ë*Ù´Ù%$¦ÝhÑ×Õ�&�'�Î}æ�ârÎ($ÒàTÙ´á('ÒÖ<Ð�ÓsÖIÓsÖIØ×á|Ó}ÙTÖ*Î(Õ¦áPÕÒÎ*)¦áPÑ×Ù¥Ï¦à<árÙ´árÕ�ÖjÚ

È¨ÉIÊªÈÌË



����������	�

��	�������������
�	������! �"�
#��$&%'	�(*)+�,)-�.�
�0/21&3546487:9 C

vH£IvB¡nwr`���osihz°ih~{vBi|ohojvaos[N`¢ijq�i|oj`�_	­µ®�£P¤±`�kBijijlN_a`�oj[^kxohoj[N`¢uj`¦©Bl^`�i|osihkxus`�¤±`�~§~¥¡^kx~°kx�^��`��	kH��ujv@iji\kH~§~
�^v��N`�i\vx£*oj[N`R�^`�or¤�vHus½ �¨�NusvH�K`�ujorq¸vx£*oj[N`�t kBirosujq¸[�kHij[Nz§�^�¢os`��}[N�Nz°©@lN`¦�� noj[^`��ºk&£¨uskB�(ojz{vH�S>IW )Pvx£Ioj[N`
osvxo}kx~ªkx_avBlN�@o�vH£¥²^lNz°��z{i\~{vBi|oh¤h[N`��	kE~§`¦kÒ·H`:v�����lNu}i�z»£Ioj[^`�us`d¤�`�us`1)µ�Nvn�n`�ih��vH�N�^`��(os`��¢wrl^i|o\¡K`�£¨vBuj`
os[Nz°ih~§`¦kÒ·H`d`�·B`��@o�­PZ\[Nz°ih·�kx~{lN`�[^kHi\¡K`�`��º��vH�N«^uj_a`¦�!`�_E�^z§usz{��kx~{~§q!z§� @{b���A�­

�^vHuªos[N`\ijkH½H`Pvx£N�B`��N`�uskH~§z§orqp¤�`µz{�@ojusv��Nl^��`Vor¤±v�_�kH�N�Nz{�N�Bi� ����@3	)�72kx�^����� 3 )87s �os[^k�oI�Hz{·H`Pos[N`µ²�lNz{�
� 
 ��� �� ���'$ �H`��N`�u}k�os`��º¡�q¾k-~{`�kÒ·H`Ekx�^�Dk�wrvBz§�¥ ªuj`¦i|�K`���ojz{·H`�~§qB K�Bz§·B`��¾oj[^kxo1)��^v��N`�id¤±`�uj`E��vB�N�N`���oj`¦�
¡K`�£¨vBuj`\os[Nz°iµ~{`�kÒ·H` �swrvBz§�&`�·H`��@o�­��NvHu�³n©@lNz§usus`�~´ ���� 3	)87 T ` � n` kx�^����� 3 )870T >�kBiµ�nz°ij��l^isi|`¦�EkH¡�v�·B`H­*®¯�
vHoj[N`�u\¤±vBus�Ni� @z»£*oj[N`Rkx_avBlN�@o�vH£¥²^lNz°�-z{i 
ºkx�^�!oj[�k�o,)µ�Nvn�n`�i\kHuj`d��vH�^�N`���oj`��-¡K`�£¨vHus`�k¢~{`�kÒ·B`&�¨us`�ij�ª­
wrvBz§�K�±oj[N`��-os[N`�kx_avBlN�@o\vH£¥²^l^z{�&wrl^i|o:k�£Ìos`�u\os[Nz{i�`�·H`��@o\¤hz{~{~ ¡�` 
	� � 3	)87p�¨us`�ij�ª­ 

� � 3 )87���­

� �B~§v@ijiskxusqavx£Ioj[N`R_avn�n`�~ ��kxu}kx_a`�os`�u}i±z°ih�Nusv�·�z{�N`��¸z{�ºZ*kH¡N~{`EbB­

ZIkx¡N~{`ab#�V³�qni|oj`�_¿t kxu}kx_a`�os`�u}i& yºkxm�z{_¢l^_¿��lN_¢¡K`�uhvH£*�Nvn�n`¦i, >�z§ujoj[	u}k�os`dvH£*`¦kH�}[º³n©@lNz§usus`�~ �Nvn�n`/ �:`�k�os[	uskxoj`�vx£ `�kB�}[�³n©@lNz{ujus`�~ �^v��N`R ,XWI/{ ³@o}k�ojz{vH��kxusq!�nz°irosujz{¡Nlnosz§vB�-vH£�;I&ts�Ejs� eh`¦©Bl^`�i|o�uskxoj`���`�u���~{z§`��@o
� # mn�Nz{uskxojz{vH��uskxoj`�vx£P��kB�}[N`��-vH¡Nwr`��(o}i
� Z*vxoskH~ ��lN_¢¡K`�u�vH£*vB¡nwr`���osi\z{�-os[N`RlN�Nz{·H`�usij`

�¨z´­ `H­PosvxoskH~ªkx_avHl^�BohvH£¥²^lNz°�^�
���@3 )87 �I~§l^z{�	us`��nl��(ojvB��kx£Ìoj`�u�k&�^v��N`�£Tkxz{~§lNus`

¤h[N`��-os[N`�us`�¤±`�uj`$)�H >���vB�N�N`¦�(oj`¦�!�^v��N`�i�­
�:`�£Tkxl^~»op·�kH~§lN`���3 )0��> 7 W )��<�(£r­0@§b���A¨�

� � 3 )87 �I~§l^z{�	us`��nl��(ojz{vH�	k�£Ìos`�u�kE�Nvn�n`\wrvBz§�
¤h[N`��-os[N`�us`�¤±`�uj`$)�H 0���vB�N�N`¦�(oj`¦�!�^v��N`�i�­
�:`�£Tkxl^~»op·�kH~§lN`���>¸�T�(£r­H@§b���A¨�

� � 
h�I�����I� %¢#=<�
5%¢#!%&�('�)*��) �¢�¾� �!
 ���a�����I�I
��º� � � <�%!<P�!
 )ª'�)ª�*
��

®¯� os[Nz{i!i|`¦�(ojz{vH� ¤�`º�Nujv�·�z°�n`ºk¶i|z{_a�N~§` ��~§v@i|`¦���´£¨vHus_ `�mn�Nus`�isi|z{vH� £¨vHuaos[N` [Nz§o¸�NusvH¡^kH¡Nz§~{z§orq¼vx£doj[N`
³N©Bl^z§usuj`�~Vijq�i|oj`�_	 Il^�^�n`�u¢oj[N`!_akHz§� kHisi|lN_a�nosz§vB��oj[^kxoEkx~{~VvB¡nwr`���osi�kHuj`¸kH~§~±`�©@l^kH~§~{qD�KvH�^lN~{kHu�­º�p~»�
os[NvHl^�H[	i|vB_E`�¤h[^k�o\lN�Nus`�kH~§z°i|ojz°�x �oj[^z{ihkBijijlN_a�nojz{vH��~{`�kH�^i�ojv�ka��~{`�kxus`�u\kx��kx~{q�ijz°i�kH�^�-[Nz§�B[N~{z§�B[Bo}i�oj[N`
��kxu}kx_a`�os`�u}i�z§�@oj`�uskB�(osz§vB�^i�vx£\oj[^`!i|qni|oj`�_�­ �^vHu��Nu}kH��ojz°��kH~P�@l^_E`�ujz°��kH~µus`�ijlN~»o}i� I¤�`!i|[^v�¤ [Nv�¤ oj[^z{i
kBijijlN_a�nosz§vB�	��kx�	¡K`�uj`�~{kxmn`���z§�¾³n`��(osz§vB�º�^­ �N­�Z\[N`�`������<osvx��`��^��~°k�os`��^��q-us`��nl��(ojz{vH�	v (K`�uj`¦�-¡�q-oj[N`
³N©Bl^z§usuj`�~�ijqniros`�_	 µ¤h[Nz°�}[ _az{�H[@oa¡�`ºkD_EvBuj`-_a`�kx�^z§�N�H£¨lN~\_a`�ojusz°�¸os[^kx� oj[N`�[Nz§o��NujvB¡^kx¡^z§~{z»orqB µ��kH�
`¦kHijz§~{q¶¡�`º�n`�ujz{·H`¦� £¨usvH_"os[N`!£¨vB~§~{v�¤hz{�N�Dus`�ijlN~§osiEkHiaij[Nv�¤h� z{� ³�`¦�(osz§vB� ��­ �N­ �*z{�^kH~§~{qH µ¤�`	�nz{is��l�iji
os[N`��KvBisi|z{¡N~{`�i|vBlNu}��`�i�vx£ z§�^kB����lNuskB��q¸vH£ oj[Nz°i�_avn�n`�~*z§�¾³n`��(osz§vB�º�^­ �¸kx�^�-osujq-ojv�z°�n`��@osz»£¨q	us`�_a`��nz{`�i
¤h[^`��N`�·H`�u\�KvBisi|z{¡N~{`H­

Ê*Ê5Õ'QSR�T�U+U



? ��	����5
�$�� 
�� 	����'
�$&�' 	��
 "���	F� ���S

�-%'��$

�
��� � � ��������� !��k����� �  !#��!#�  �%M��%
�p�^�n`�u*os[N`�`�©@l^kx~��KvH�Nl^~{kHujz§orqRkHisi|lN_a�nosz§vB�ª Òoj[^`�[^z»o �NusvH¡^kH¡Nz§~{z§orqdz°i kp~{z{�N`�kHu¥£¨lN���(ojz{vH�Evx£^oj[N`\kx_avHl^�Bo
vH£^��kB�}[N`��d²^l^z{�  xkBi*ij[Nv�¤h�Rz{�&³�`¦�(ojz{vH�&�N­×�n­ ¹:l^uª«^u}iro*oskBi|½�¤hz{~§~@¡�`Vojvd�}[^kxu}kH��oj`�usz{��` oj[^`V²^l^z{�R�^ujvn��`¦iji; ��3J587�ECKs­

eh`¦��kH~§~Ioj[^`a�N`�«^�Nz§ojz{vH�Dvx£�&43J587hkx�^�1&ts2  os[N`E�@l^_¢¡K`�u�vx£\��vH�^�N`���oj`��¾�Nvn�n`�i�kxo:osz§_a`O5�kx���¾k�o
osz§_a`Ol�sca �¨z´­ `B­�wrl^i|o¢k�£Ìos`�uRos[N` z2�´oj[�wrlN_a�¶ojz{_a`¦�( Ius`�ij��`¦�(ojz{·H`�~§q �Tij`�`!³�`¦�(ojz{vH� �^­§bÒ�(­¸¬�`!kHisijlN_a`
os[^k�odoj[^`Eiskx_a�N~{`����^k�os[^i:vx£�;I&43J587�E K kx�^��;*��36587�E K kHuj`&~§`�£Ìo���vH�@ojz{��lNvHl�i�­ ��`��^��`B  �2sQuCvxwT���3Jl�s�at7
z°i¢oj[N`ºkx_avBlN�@o&vx£d��kH�}[^`��¶²^l^z{� wrl^iro %.�  
�� oj[^`'z2�´oj[¾wrlN_a� z{�¼os[N`-�^ujvn��`¦iji ;j&436587�E K ­ �^vHuE`�kBi|q
us`�£¨`�uj`��^��`B @oj[N`R_�kxz{�º�n`�«��Nz»osz§vB�^i�kH�^�!�^vxoskxojz{vH��[^kÒ·H`d¡K`�`��º��vH~{~§`¦�(oj`¦�!z{�ºZ*kH¡N~{`¢�n­

Z*kH¡N~{`R���
	µkxusz{kH¡N~{`�i��36587 Z*vxo}kx~¥kH_EvBlN�@ohvx£¥²�lNz{��z{��oj[N`�ijqniros`�_&436587 �plN_¢¡K`�u�vH£ ��vH�N�^`��(os`��-�Nvn�n`�ihkxohojz{_a` 5;Cl s E s � lN_a��ojz{_E`¦ihvx£Ioj[^`d�^ujvn��`¦ijik;I& K�ECK&ts:T'&43Jl��s 7 �plN_¢¡K`�u�vH£ ��vH�N�^`��(os`��-�Nvn�n`�iIwrl�iro:kx£Ìoj`�u
os[N` z2�<os[EwrlN_a�ª­

� s T ��3Jl��s 7 Z*vxo}kx~¥kH_EvBlN�@ohvx£¥²�lNz{�&wrl^i|opk�£Ìos`�uhos[N`gz2�<os[EwrlN_a�ª­
 s T ��3yl �s � n 7 Z*vxo}kx~¥kH_EvBlN�@ohvx£¥²�lNz{�&wrl^i|o � 
������5
 os[N` z�a'>��´oj[
wrlN_a�ª­:�Tk�ohos[N`R`����-vH£¥os[N` z2�<os[	��`�ujz{vn�^�� ` | ~ �Os � P�� Z 
 s ��&tsOT )6\IW��� ` �CW�3�>�a�� W )87� ��W�3y/ �I7� 3 ���I7 W �

Z\[N`�²�lNz{�	�^ujvn��`¦iji\z°i��n`�«^�N`¦��kBih�n`�is��usz{¡�`¦�-z{� ³�`���ojz{vH�º�N­×� �P¡K`�or¤�`�`���or¤±v���vB�^ij`���lNojz{·H`�wrlN_a�^i3Jl�sX=�l�s � n 7µvH£�;I&43J587�E K os[N`�²^lNz°��z§����us`�kHij`�i\kxo�uskxoj`�
� 5 ��365870TU��& s ]�>�� ��36587� _ � ����3J587 �T�B�

�^ujv�·�z°�n`��¸oj[^kxo
& s - 0^­I®¯�@os`��Hu}k�osz§�^���<�B���Hz{·H`¦i

��36587IT ��&ts� d���+a � a�� � s � ��&Gs� d���+a ����� ��� K � �!�#"$�&% �('*) �+ "
£¨vBu�l s (h5�(hl s � np�Nusv�·@z°�n`¦�¸os[^k�o
& s - 0N­P®�£#& s T 0&oj[N`�� ��3J587�T 0&£¨vHu�l s ( 5�( l s � n�­®�£�l s ��vBujus`�ij�KvH�^�NiPojv&k��Nvn�n`p~{`�kÒ·B`��¨us`�ij�ª­KwrvHz{��� os[N`���os[N`:kH_avHlN�@o±vH£ª��kH�}[^`��E²^lNz°�¸z°iµus`��Nl^��`¦�
kBi�£¨vH~{~§v�¤�i

�OsOT � � 3J&ts 7%��3yl�sX�g7��¨us`�ij�ª­ �OsOT � � 3J&ts 7%��3yl�sX�g7�7
Z\[N`�uj`�£¨vHus`H  ;*� 3J587�E K z{i\k&�Nz§`¦��`�¤hz{ij`E�T`�mn�KvH�N`��Bosz{kH~°�V�Nusvn��`�isi� @¤hz§oj[�u}kx�^�nvB_a�N`�isiVkxoIwrl^_E�-ojz{_a`�i;jl s E s ­µ� ijkH_a�N~§`��^kxoj[�vx£Ioj[N`R�^ujvn��`¦iji ; 3J&436587�=�� 3J587�7�ECK±z{i\us`��Nus`�ij`��@os`��-vH� �*z{�^­\bB­

È¨ÉIÊªÈÌË



����������	�

��	�������������
�	������! �"�
#��$&%'	�(*)+�,)-�.�
�0/21&3546487:9 �

300 400 500 600 700 800 900 1000 1100 1200 1300
0

1

2

3

4

5

6

7

8

9

10

time

C
on

ne
ct

ed
 n

od
es

300 400 500 600 700 800 900 1000 1100 1200 1300
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

C
ac

he
d 

flu
id

 (
no

rm
al

iz
ed

)X
n
 

Y
n
 

�Iz{�HlNus`ab#�µ³nkx_a�N~{`R�^kxoj[�vx£b;@3J&�3J587�=���3J587�7�EjKs­
�^vHu\oj[^`�ijkH½H`dvx£P��vH��·B`��Nz{`��^��`:¤�`�z§�@osujvn�nl^��`� ` u?vxwT �>�a % �` � B �¨�@�

¬�`���kH�-�^v�¤ us`���¤hujz§oj`:oj[N`�ijvH~{lnosz§vB�-vH£\�<�B��kHi

��36587IT � d � a 3 �2s � � d � 7 � � � K � �!�#" '*) �� ) � B � MH�
Z\[^`P�Nujvn��`�isi0;@3J&�3J587�=���3J587�7�EjK�z°iªkx��z{ujus`��Nl^��z{¡N~{`Vyºkxus½Hv�·h�Nusvn��`¦iji2vB�:os[N`Vij`�o#; 0�= 0�E���;@;@> = A�=CB?B?B8=�&4E��Z 0�= �I7�E@­ �p`��Nvxos`R¡@q � os[N`�iro}k�osz§vB�^kxusq�uj`��Hz{_a`:vH£�; ��3J587�ECKs­

¬�`��n`�«��N`�oj[N`�i|oj`¦kH�nq@�¯iro}k�os`:[Nz§o��NusvH¡^kH¡Nz{~§z§orq��	� kBi

�
� T � Z �i\� ��IB�

¬�`¢�Bz§·B`&k¸ijz{_E�^~§`&£¨vHus_¢lN~°ka£¨vBu��
� z{�¾tPusvH�KvBijz»osz§vB�º�^­{bH­dZ\[Nz{ip£¨vHus_¢l^~{k!z{i:`�mn�Nus`�isi|`¦�	z§� oj`�us_�ipvH£
os[N`&£¨vH~{~§v�¤hz{�N�¸�N`�¤��^kHuskH_E`�oj`�usi�oj[^kxod¤hz{~§~ �N~°kÒqºk¸½B`�q	ujvB~§`&z§�¾oj[N`ElN�^�N`�u}iro}kx�^�nz{�N�-vx£Poj[^`Eijqniros`�_
¡K`�[�kÒ·@z{vHu
� � � uCvxwT ���� kH�^� � u?vxwT �/ � B � Cx�

� � Å	�µÅ ���Ì��� Å
������� � ) )+���B

 " %� ����� ) T 0�=CB�B B =�&U�O> �
0 f � � 3	)�7 � � 3 )Xa > 7:f > B ��?B�

��� ÐÒáªÙ���Ù<Ö<árÝ�Ñ×Ù�)Òá���ÕÒá )hÑ×Õ±Ö<árà<ÝhÙ�Î}æ! IÏ�Ó}à<Ó}ÝhárÖ<árà<Ù|Þ	" '$# '&%�'('�'$) '$*,+ )Òá���ÕÒÑ Ö<Ñ×Î(ÕÒÙKÑ×Õ.-0/&1,2¥Ñ×Ø×ØÒÓ}Ø×Ø×Î32�$¦Ù^Ö<Îµá54�ÏÒàTárÙ´ÙÖ´ÐÒáPÐ¦Ñ Ö*Ï¦à<Î&6�Ó
6¦Ñ×Ø×Ñ Ö0�dÎ(ÕÒØ �pÑ×Õ�Ö´áràTÝhÙªÎ}æ�7±Ï�Ó}à<Ó}ÝhárÖ<árà<Ù�'xÕ�Ó}ÝhárØ ��'8" '�%�'�9aÓ}Õ�);: 'xÓ}ÙªÙ´ÐÒÎ<2¥ÕdÑ×Õ:è�àTÎ(ÏHÎ(Ù<Ñ Ö´Ñ×Î(Õ#RÒÚ U(Ú

Ê*Ê5Õ'QSR�T�U+U



b¦� ��	����5
�$�� 
�� 	����'
�$&�' 	��
 "���	F� ���S

�-%'��$

� "�

" �� 0� �5� � %��+��	��� ( � � �,)
L����*
�$ ��(

� � T >3�>�a4R�7 d d� `�� n ]
&
)�_ R ` � ` �T�B�

� "�
�� 
! " 
&�*
��� ����� T�3 � n =CB?B?BC= � d 7 � �,)  " 
-��$ ����� 
 )���	��� ����$ � �
 �"�
!	F��$ 
 %'�-
	��� %' ���'$
 � T�� �|b��B�� �� " �ST�3�
 n =?BCB?B =	
 d 7 � %��'
��� �'� � "��*)�
 � �'������$ 
�$  ) %'�5
gL����*
�$ ��( 
 ` T � ) ���'� > f )�fU& � %�$ �
 T�Z � `�� � \ n	� `�� � � d % & �Q&  �+���'��%CL���$ %'	 �B%' �+��� � "��*)�
 $ ��$ ����
�� � 
�	 
��B
�$� �)-%��5
� `�� ` T � � a 3 � aU> 7	)�a4R 3J&U� )87�= >gf )�f�&� `�� ` � n To� ) � � 3 )���> 7�= AGf )�f�&� `�� ` � n To��R�36&+� )87 � � 3 )�aU> 7�= > f )�fO&U�O> B
� � ÅªÅ����RZ\[N`¢z°�n`�k¸vx£Poj[^`¢�Nusv�vx£Pz{ipojv¸«^usi|od��vH_a�Nlnos`�os[N`¢`�m��K`���oj`¦� kx_avHl^�Bo:vx£µ��kB�}[N`���²^l^z{�awrl�iro
¡K`�£¨vBuj`�k�wrl^_E�!z§�aos[N`��Nusvn��`�isib;j&�3J587�E K ��vH�^�Nz»osz§vB�N`��EvH�Eos[N`�·�kx~{lN`�vH£X&436587^wrl^i|oV¡K`�£¨vBuj`\os[Nz{iªwrlN_a�ª 
kH�^�!oj[N`���z{��·HvB½H`�tIkH~§_5��kH~{��lN~§l�i�ojv��n`��Nl^��`�os[N`R`�mn�K`��(os`��	kx_avBlN�@o\vH£I��kH�}[N`¦�¸²^l^z{�	k�o %�$ (  ����
 ­
� `�o 
 s ¡K`-os[N`ºkx_avHl^�Boavx£���kB�}[N`��¼²^lNz°�¾wrl�iro�¡K`�£¨vHus`�oj[N`F3Jz1ao> 7T�¯irodwrlN_a��z§� oj[^`��^ujvn��`¦iji;I&43J587�ECK¸�Tz<­ `H­ 
 s T ��3yl s � nj�g7���­ ¬�`�«^usi|o¸��vB_E�^lnoj` � ` uCvxwT | ~ � s@� P 3�> W��I7 � Z 
 s ��& s T )6\\£¨vHu>gf )�fh& ­P¬D`�ij[Nv�¤+z§�	���N�K`����nz»mº� oj[�k�o � ` isk�ojz°i|«^`�i�os[N`�£¨vH~{~§v�¤hz{�N�Euj`¦��lNu}ijz§·B`:`¦©Bl�k�ojz{vH� �� ` 3JR�36&U�
)87�a�� � a 3 � a > 7 )870T ) ���c3	)I�O> 7 � ` � na R�36&+� )87 ���@3 ) aU> 7 � ` � n:a ) � �|bHb¦�

£¨vBu )0To> =8A�=?BCB?B =8&  nvHuh`¦©Bl^z§·�kx~{`��@os~§q¾�|b��@�Vz{�	_�k�ojusz§m¸£¨vHus_/¤hz§oj[ � T 3 � n =CB?B?BC= � d 7j­Z\[N`�l^�Nz{©@lN`��N`�isi�vx£�oj[^`¸i|vB~§lnosz§vB�DvH£��|b��@�dz{iRij[Nv�¤h��z§� ���^��`��^�nz§m �&­!Z\[N`a·H`¦�(osvHu � z§� �|b��B�
�Bz§·B`�idos[N`¸��vB�^�nz§ojz{vH�^kH~µiro}k�ojz{vH��kxusq `�mn�K`��(os`��¶kx_avBlN�@o�vH£\��kH�}[N`¦�D²^lNz°�!wrl�iro¢¡K`�£¨vBuj`dwrlN_a� `���vn�}[^i
�TlN��ojv�ka_¢l^~»osz§�N~{z°��k�osz§·B`R��vH��iro}kx�@o}��­
�pv�¤±`�·H`�u¦ Ioj[N`�[Nz§o��NujvB¡^kx¡^z§~{z»orq � � z{�+� IB�¢z{ia�n`�«^�N`�� z§� oj`�uj_�iEvx£hos[N`�i|oskxojz{vH�^kHujq¶`�m��K`���oj`¦�

kH_avHlN�@oavx£d��kH�}[N`¦� ²^l^z{� k�o %'�%���� �5%'�+( `��Kvn�}[^i�­ Z\[N`	~{kxo|os`�u�_a`�osujz°�-��kx� ¡�`º�n`¦�nl^��`�� £¨ujvB_ oj[N`
£¨vBuj_a`�u�¡�q-l^i|z{�N��t kx~{_¿��kH~{��lN~{l^i� Noj[NusvHlN�B[¸os[N`Rz{�N`��@ojz§orqD�<i|`�`d`B­ ��­ @×�n  �NvBuj_&lN~°k-�T�^­ �N­×�H� A¨�

� Z �i\ T�� � ����� � �� � 3J587 � 5�! �|b¦�H�

¤h[^`�us` � � �n`��NvHoj`¦idoj[N`�`�m��K`���oskxojz{vH�¶¤hz»os[ uj`¦i|�K`���o�ojv	oj[^`!t kx~{_ �nz°irosujz{¡Nlnosz§vB�#"x �l�nE�n`��NvHoj`¦i�oj[N`
osz§_a`dvx£ªos[N`d«^u}iroIwrlN_a��kx£Ìoj`�u��^ Nkx�^��¤h[^`�us`$���n`��Nvxos`�i±oj[N`d�H~{vH¡�kx~Kuskxoj`pvH£¥os[N`1#µ�N�Bij`�o\_av��N`�~´ nz<­ `H­

� T >� � Z l�n8\ B �|b��B�
%
� ÐÒá±èNÓ}Ø×Ý )ÒÑ×Ù<Ö<àTÑ 6�$¦Ö<Ñ×Î(Õ¢Ñ×Ù¥Ö´Ð¦á )ÒÑ×ÙTÖ´àTÑ 6�$¦Ö<Ñ×Î(Õ�Î}æ�Ö<ÐÒáVÏÒàTÎ�ârárÙ´Ù'&)('*,+)*IÓ}Ù<Ù%$ÒÝhÑ×Õ�&\Ö<Ð�ÓsÖµÓ.- $ÒÝhÏ�Î�ârâ $Òà<ÙµÓsÖ*Ö´Ñ×Ýhá0/Ó}Õ�):Ö<Ð�ÓsÖ¥Ö´ÐÒáPÙ �¦ÙTÖ´árÝ Ñ×Ù¥Ñ×Õ:Ù<Ö<á|Ó )���Ü°Ù<Ö´ÓsÖ´áVÓsÖªÖ´Ñ×Ýhá./¦Ú

È¨ÉIÊªÈÌË



����������	�

��	�������������
�	������! �"�
#��$&%'	�(*)+�,)-�.�
�0/21&3546487:9 bBb

�^ujvB_ �Nv�¤/vB� ¤�`ºkHisi|l^_E`�os[^k�oaoj[^` i|qni|oj`�_ z{iaz{� iros`�kH�NqB�¯i|osk�os`�kxoaojz{_E` 0^­ �p�^�n`�uaoj[N` t kx~{_
�Nz{i|ojusz§¡^lnojz{vH�	¤�`��N`��NvHoj`R¡�q'& � n kx��� 
 � n os[N`R��lN_¢¡K`�upvx£P��vH�^�N`���oj`����Nvn�n`¦ihkx�^�-os[N`¢kx_avBlN�@o\vH£��kH�}[N`¦�¸²�lNz{��us`�ij��`¦�(osz§·B`�~{qH ¦wrl^i|o�¡�`�£¨vHus`�ojz{_E` 0	�Tz<­ `H­2wrl^i|o�¡K`�£¨vHus`�oj[^`\wrlN_a�-osvav�����lNu�kxohojz{_a` 0B�(­

¬�`�«^u}irop��vH_a�Nlnos` > W �:­'�pijz§�N�º�´�H��¤�`:«��^�
>� T d� `�� � { ` � � Z l�n ��&t�
T )6\XT >/ d� ` � � { `R 3J&}� )87 a )

T >�a4RA &iR@/ B �|b��@�

¬�`�i|[^v�¤ z{�	�p�N�K`��^�nz§m >7oj[^kxo

� Z �i\ T �3�>�a4R�7 d d� `�� n ] & ) _ R ` � ` B �|b�MH�

�:z{·@z°�nz{�N��¡Kvxoj[ºijz{�N`�i\vx£\�rb*MH�±¡�q��� n¤�`R�H`�oR�<�B�� N¤h[Nz°�}[���vH�^��~§l^�N`�i�oj[^`R�Nujv�vH£r­ �

L±vB�^�nz§ojz{vH�^i���?@�µz{�	tPujvB��v@i|z§ojz{vH�!�^­{bp`���i|lNus`:oj[^kxo±os[N`dijqniros`�_
�|b��B�V[^kBi�k¢lN�Nz°©@lN`Ri|vB~§lnosz§vB�¾�Tij`�`
�p�N�K`��^�nz§m2L\�(­ Z\[N`�q�kHuj`±ijkxojz°ir«^`¦��£¨vHu¥oj[N`�[NvB_E`�irosvHus`Vis�}[N`�_a`:�<i|z{�^��` � � 3 )87 � � 3 ) a[> 7�T )�W�3 ) a > 7���­
�-Á 	¶�n��� � � � ����$ � 
 
 �,)-%B �+���'��%CL���$ %�	0�B%' �+��� �����	��
�� %'$ �5
!)��'	 �'
 � ��$ �'$ 	F(
��� & 
 � �S
��5%' ���'$ ) �
��$ � 
- �"�
!�B% ������$ L�) ��� %�$ � ��� %��5

) �S
���� � 
 �	�

�
�J� �t!0�M���
�  ��c��
�� � �������
Z\[^`E`�mn��`¦�(oj`¦�D�N`�~°kÒq	ojv�£¨`�o}�}[�k	�nvn��l^_E`��@oR��kx��`�kBi|z{~§qº¡K`��n`�usz{·H`�� £¨ujvB_$oj[^`E[^z»o��NusvH¡�kx¡Nz{~§z§orq kHi
£¨vB~§~{v�¤�i �ª~§`�o:l��VkH�^� l ` ¡K`\oj[^`�`�m�oj`�uj��kx~Nkx���¢z{�@oj`�us�^kH~n~{kxoj`�����qH Buj`¦i|�K`���ojz{·H`�~§qB­*Z\[N`hz{�@oj`�us�^kH~n~{kxoj`�����qz°i:oj[N`akÒ·H`�uskH�H`��n`�~{kÒq	z{�^�nl^��`��¾¡@q	os[N`E~§vn��kH~ �N`�or¤�vHus½2 KkH�^�ºos[@l�i:z°id`�mn�K`�usz§`��^��`¦�º¡�q ��~{z§`��Bo}ip`�·H`��
z{�º��kBi|`�vx£I[NvH_a`R�Nvn�n`R[^z»o}i�­µZ\[N`R`�m�oj`�us�^kH~ ~{kxoj`�����q¸z°i���kHl^ij`��-¡@q!�N`�or¤�vHus½¸¡Kvxo|os~§`��N`��}½nihkH�^�!¬�`�¡
ij`�us·H`�uV�n`�~{kÒqni±vHlno}i|z°�n`�os[N`dvHus�Bkx�^z§�¦k�ojz{vH�¥ Hkx�^�!z{i�kH�^�n`��aosv¢os[N`pz{�@oj`�uj�^kH~�~°k�os`��^��qaz§����kHij`pvH£¥k�_az°iji
¤h[^`��!kH��vH¡nwr`¦�(o±[�kHiPosv¢¡K`pus`�osujz{`�·B`��E£¨usvH_ oj[N`dvHusz§�Bz§�a¬�`�¡�i|`�uj·B`�uµ¡�qEz»o}iV[NvB_a`p�Nvn�n`dkx�^��z°iPos[N`��
ij`��@o�ojv	os[N`!��~§z{`��@oRoj[^ujvBlN�H[Doj[N`�~{vn��kH~P�N`�or¤�vHus½2­¸ZVq��Nz°��kH~§~{qH  l � kH����vHl^�Bo}id£¨vHuR_avBi|o�vx£�oj[^`aojvxo}kx~
~°k�os`��^��qºz§�Doj[^`EkH¡^i|`��^��`Evx£\��kB�}[Nz§�^�D�¨`B­ ��­���� �¿£¨vHu��H`�vH�BuskH�N[Nz°��kx~{~{q-~{vn��k�os`��¾�N`�or¤�vHus½ @§b�I'A¨�(­¢Z\[N`
osvxo}kx~ `�mn�K`���oj`��	�n`�~{kÒq!¤hz»os[º³N©Bl^z§usuj`�~2z{i

� Z l�\XT l ` �
��a 3yl ` a�l��I7c3�>�� �	� 7�B
Z\[^`\³n©@lNz{usuj`�~@��kH�}[N`�i|qni|oj`�_ us`��Nl^��`¦iªos[N`�kÒ·B`�u}kx�B`µ�n`�~°kÒqR¡�q�iskÒ·�z§�^��oj[^`±`�m@os`�us�^kx~@~°k�oj`��^��qR¤h[^`��N`�·H`�u
os[N`�us`�z{ipk&[^z»o¦­µZ\[N`Ruj`�~{kxojz{·H`d~{kxoj`��^��q¸us`��Nl^�(osz§vB�-vB¡^i|`�uj·B`��!¤hz»os[º³N©Bl^z§usuj`�~ z{ihoj[�l^il ` a�l � � � Z l�\l ` a4l�� T � � l �l ` a4l�� B

Ê*Ê5Õ'QSR�T�U+U



bÒ� ��	����5
�$�� 
�� 	����'
�$&�' 	��
 "���	F� ���S

�-%'��$

�
�J� � � ��� � ��� �
��! �c���  
� ��vB�^��kÒ·B`�_avn�n`�~I£¨vHu:oj[^`&[Nz§oR�NusvH¡^kH¡Nz§~{z§orq�ijl^�}[DkBi
Y[Z [Nz§o�� ) =�
c\ T 3 
XW��I7 " _�kH½H`�ipoj[^`E�nz�(2`�us`��@ojz°kx~`¦©@l^k�osz§vB���<�B�±�NvH�^~§z{�N`�kHu�kx�^�-¤hz§oj[NvBlnopkE½@�^v�¤h����~§v@i|`¦���<£¨vBuj_/ijvH~{lnosz§vB�ª­P���ºkx~§oj`�uj�^kxojz{·H`�kx�N�^ujv@kH�}[
z°i osv���vH��i|z°�n`�u��$��~{kBijij`�i vH£2�N`���us`�kBi|z{�N���KvH�NlN~°kxusz§orq �ªoj[N`h«�usi|oV��~°kHisiP��vB�Bo}kxz{�^iIoj[^` �Cn�_avBi|oµ�KvH�NlN~°kxu
vB¡nwr`���osi� ¥kx��� os[N`��º�´oj[¶��~°kHisidoj[N`���� ~§`¦kHi|oR��vB�NlN~°kxuRvH�^`�i�­E¬ z§oj[ �&¡K`�z{�N�	oj[N`aosvxo}kx~P��lN_¢¡K`�uRvH£
`�mnz{i|ojz{�N��vH¡Nwr`��(o}i� �¤±`R[�kÒ·H`	� �


 � n � 
 T ��­ � `�opl�ip��kH~§~�� 
 oj[N`�z{�^�n`�m�vH£ oj[N`�~{`�kBiro��KvH�^lN~{kHu�vH¡Nwr`��(ovH£I��~{kBiji�
!z§��os[N`RvHu}�n`�us`��-i|`�o�vx£IvH¡nwr`¦�(osi� nos[^k�ohz°i� 

� 
 T 
�
� � n � � B �|b IB�

�:i|z{�N�doj[^` �Kz§�N£Ì�´~{z§½B`\��vB�NlN~°kxusz»orq¢�Nz{i|ojusz§¡^lnojz{vH� @ ��A´ Hoj[N`h�^ujvB¡^kx¡Nz{~{z»orqRvH£K`¦kH�}[&��~{kBiji vH£�²�lNz{�a��kx�E`�kHijz{~§q
¡K`RvH¡Noskxz{�N`¦�-kBi

� 
 T Y[Z us`�©@lN`�i|o\£¨vHu���~{kBiji�
 \�T � n � "
 ��� n � "
 � n� n � " �|b*Cx�
£¨vBu���~°kHisi�
2 N¤h[N`�uj`��¶z{i�os[N`�ij½H`�¤ £TkH��ojvHuhvH£¥os[N` �Kz{�n£ �Nz{i|ojusz§¡^lnojz{vH�ª­

Z\[N`&uj`¦©@lN`�i|o�uskxoj`R£¨vBu�`�kB�}[ ��~°kHisihz°i��Hz{·H`��º¡�qQ� 
 T �,� 
 £¨vHu�
QT�> =8A�=?BCB?B =��¼ ^¤h[^`�us`t��z{ipoj[N`kÒ·B`�u}kx�B`�uj`¦©@lN`�i|ohuskxoj`���`�u��Nvn�n`��¨us`��@kxu}�n~{`�isi±vH£*vB¡nwr`���o\�KvH�^lN~{kHujz§orqN�(­
Z\[N`�[Nz§oh�NusvH¡^kH¡Nz§~{z§orq��� � z{i\�^v�¤ �n`�«��N`���kHi±oj[^`d¤�`�z{�H[@os`��!ijlN_/vH£ªoj[^`���vH�^�Nz»osz§vB�^kx~2[Nz§oh�NujvB¡^k��

¡^z§~{z»osz§`¦ih¤hz§oj[Nz{�	`�kH�}[	��~°kHisi� @��kx_a`�~{qH 

�� � T ��

 � � � Z � 
 \� 
 � 
 �|b ?B�

¤h[^`�us`�� 
 z°i\oj[N`¸�<iro}k�osz§vB�^kxusqN�±kH_avHlN�@ohvx£P��kB�}[N`��!²^lNz°�	vx£ ��~°kHisi�
2­±³�z{_az§~°kxuhosvEoj[N`¢�N`�usz§·�k�osz§vB�-vH£os[N`R[Nz§o��NusvH¡^kH¡Nz§~{z§orq �	� z{�ºtPujvB��v@i|z§ojz{vH�-�^­{bH n¤�`d«^�^�-oj[^kxo

�� � T ��

 � � � 


>
� 
 3�>ba�Rc7�d d� ` � n ] & )�_ R ` � � 
 "` �|b��B�

¤h[^`�us`:os[N`R·H`¦�(osvHu � ���#" T 3 � � 
 "n =?BCB?BC= � � 
 "d 7 � z{i\os[N`�lN�Nz°©@lN`�i|vB~§lNojz{vH��vx£Ioj[N`R~{z§�^`�kxuh`¦©@l^k�osz§vB�
 � 
 " � ���#" T � ���#" �´�x�B�
¤hz§oj[ � ���#" T 3�
 � 
 "n =?BCB?BC=)
 � 
 "d 7 � k¾·B`��(osvHu&¤h[NvBij`-��vH_a��vB�N`��@o}i&kHuj`¸�Bz§·B`��¼¡�q 
 � 
 "` T ` ���

�
£¨vHu6)GT>@=8A�=?B?BCBD=�&   kH�^� 
 � 
 " T Z � � 
 "`�� � \ n � `�� � � d k[& � & osujz°�nz°kx�HvB�^kx~*_�k�ojusz§m�¤h[Nv@i|`¢�NvH�n����`�ujv�`�~§`�_a`��@osi

kHuj` � � 
 "`�� ` T %
�
a ��� `
�
�
�
a )Xa�R�36&�� )87�= > f )�fh&� � 
 "`�� ` � n T � ) � � 3 )���> 7�= A f )�fh&� � 
 "`�� ` � n T ��R�36&�� )87 ���@3 )�a > 7�= > f ):f &���>@B

È¨ÉIÊªÈÌË



����������	�

��	�������������
�	������! �"�
#��$&%'	�(*)+�,)-�.�
�0/21&3546487:9 b¦�

�
� � � ��%M���
%M%M�����+!#�

^���b����� %M����� %
¬�`��Nv�¤/�nz°ij��l^ijiEijvH_a`-ij��`¦��z§«��!£¨`�k�oslNus`�i¢oj[^kxoE¤�`�us`¸�NvHoE`�m��^~§z°��z§oj~{q¶oskH½H`�� z§�@ojv�kH����vHl^�BoEz§� oj[N`
kH�^kx~{qni|z°i�vx£P³�`���ojz{vH�	�^­{bH NkH�^kxujo±£¨usvH_¿oj[N`��KvH�Nl^~{kHujz§orq¸vx£P�nvn��l^_E`��@osi�­

Z\[N`&«^u}iroduj`�_�kxus½-z°i�os[^k�odoj[^`¢_avn�n`�~PkHisijlN_a`�ihos[^k�o�`�·B`�usq-us`�©@lN`¦iros`��ºvB¡nwr`���o:z°i:iskÒ·H`¦�	z§�¾oj[N`
��v�vH�K`�u}k�ojz{·H`¸��kH�}[N`�¤h[^`�� �nv�¤h�^~§v@kH�n`¦��kº«^usi|o�osz§_a`¸£¨usvH_ oj[^`!vHusz{�Hz{�¶ij`�us·H`�u�­ ��v�¤�`�·B`�u¦ *kº�^vH�n�
�^`��H~{z{�Hz{¡N~§`�£¨uskB�(ojz{vH� �<kxusvHlN���2A����! ��(£r­ @ C*AÌ� vH£ oj[N`:uj`¦©@lN`�i|oj`¦�avH¡nwr`¦�(osiVz{iVz§�!�NuskB�(osz{��`��NvH�N����kH�}[N`¦kx¡N~{`
�T`�mn�N~{z{��z»o&�NvH�n�¯��kB�}[N`�kH¡N~{`H ª`�m��^z§u}k�osz§vB�¶�^k�oj`�¡K`�£¨vBuj`¸��lNusuj`��Bo¢�^k�oj`B I�Nq@��kx_az{��kx~{~§qD�H`��N`�u}k�os`����nvn��ln�
_a`��Bo}iRi|l��}[DkHi����Hz§�<£¨vBuj_�i�  `�os�H­ ��­&¬�`���kH�¾o}kx½H`Ez{�BosvºkH����vHlN�@odoj[N`alN����kH�}[^`�kx¡^z§~{z»orqºz{��vHlNu�_avn�n`�~
kBi±£¨vH~{~§v�¤�i � ~§`�o��º¡K`doj[N`�£¨u}kH��ojz{vH�-vx£*vB¡nwr`���osi±oj[�k�opkxus`dlN�^��kB�}[N`�kH¡N~{`H­P³�vE£Tkxu¦ n¤±`d[^kÒ·H`���vB�^ijz{�n`�uj`¦�
os[^k�o�os[N`	²^lNz°� z§����us`�kHij`�iakx£Ìoj`�u!`�kH�}[ _az{isi� Vos[N`�us`�¡�q¼z{_a�N~§z°��z§oj~{q kBijijlN_az{�N��oj[^kxo!kx~{~�vH¡nwr`¦�(o}i�kxus`
��kH�}[N`¦kx¡N~{`H­ Z\[N`�lN�^��kH�}[N`¦kx¡Nz{~{z»orq���kH�-¡K`�z§����vHus�KvHu}k�oj`¦��z{�-vBlNu\_Evn�n`�~ ¡�q!��vB�^i|z°�n`�ujz{�N��os[^k�ohvB�N~§q¸k
£¨u}kH��ojz{vH�S>����ºvH£*_az°ijij`�i\¤hz{~§~¥q@z{`�~°�	k&²^lNz°�-z{�^��uj`¦kHij`H­ Z\[Nz{i��Hz{·H`�i�usz{ij`dojvaos[N`�£¨vH~{~§v�¤hz{�N�E`�©@l^kxojz{vH�

�
� 5 ��3J5870To3�>�����7x��& s ]�>�� ��3J587� _ � ����36587T 3�>c����76��&Gs�� ] 3�>c����76��& s� a � _ ��36587 �´�nb¦�

£¨vBu l s ($5 (ml s � nakH�^�F& s 9 ;@> = A�=CB?B?BD=8&FEB Ii|z{�^��`�vH�N~{qDus`�©@lN`¦iro}id£¨vHu¢��kH�}[N`¦kx¡N~{`�vH¡Nwr`��(o}iR¤hz{~§~~{`�kB��ojv�k�²^lNz°� z{�^��uj`¦kHij`H­pZ\[N`�uj`�£¨vHus`H �lN�^��kB�}[N`�kH¡N~{`�vH¡nwr`¦�(o}ip��kH� ¡K`EkB�N�n`���osv¸os[N`&_avn�n`�~Iijz§_a�N~{q
¡�q¸_avn�nz§£¨q�z§�N�aos[N`Rus`�©@lN`�i|ohuskxoj`�kH����vHu}�nz{�N�H~{qH­

³�`¦��vB�^�n~{qH �oj[N`&z§_a�^kB�(opvH£µ�Nvn�n`hwrvHz{�¾kH�^�	~§`¦kÒ·H`R`�·H`��@o}i� �_Evn�n`�~§`¦�	oj[^ujvBlN�H[	os[N`�_�kx�N�^z§�N�@i � �
kH�^��� �  B_�kÒq¢¡K`�i|~{z§�B[@oj~{q&�nz�(K`�uj`��@oµ£¨ujvB_�os[N`h·�kx~{lN`�iµ�N`�is��usz§¡K`��Ez{�!³�`���ojz{vH���N­I®¯�^�n`�`��  Bor¤±vd£TkB�(ojvBusi
�^`�`��Rojvp¡K`±oskx½B`��Rz{�@ojv:kB����vHlN�@o�­P¹:�Roj[^`±vB�N`µ[^kH�^�  xijvH_a`V�Nvn�n`¦i¥_�kÒq�kx�N�^vHlN�^��`µos[N`�z{u*z{�@oj`��Bosz§vB�Rojv
�Nz{is��vB�N�N`���o� 2os[N`�us`�¡�q kÒ·HvBz{�Nz§�N�!��`�u|£¨vBuj_�kx����`&�N`��Hu}kH�^k�ojz{vH� �Tij`�`�³�`���ojz{vH� �H�(­&Z\[Nz{id¤�vHlN~°�¾�}[�kx�N�B`
os[N`	·�kx~{lN`-vH£ � � 3 )87j­ Z\[NvHlN�B[ tPusvH�KvBijz§ojz{vH� ��­§b��Nusv�·�z{�n`¦i&kH� `�m��^uj`¦ijijz§vB� £¨vHua�B`��N`�uskH~±·�kx~{lN`¦i&vH£
� � 3 )87s Bos[Nz°i±¤�vHl^~{�!uj`¦©Bl^z§us`pk&uj`��´`¦irosz§_�k�osz§vB��vx£ � � 3 )87s­V³�z§����`dz»o\¤±vBlN~°���Nvxo\`�mN��`�`��¸vH�N`B ���vH�^�Nz»osz§vB�
� ?B�µ¤±vBlN~{��i|ojz{~{~�¡K`:isk�osz{i|«^`��ª­µ¹:�aos[N`pvHoj[N`�u±[�kx�^�  Boj[^`pz{�^�nz{·@z°�nl^kH~2³N©Bl^z§usuj`�~���kH�}[N`¦iµ_�kÒq&¡K`:i|ojvBuj`¦�
`�z»os[N`�u±vH�¸�nz°ij½EvBuµz{�¸_a`�_avHusqH­I®¯��oj[^`�«^u}iro���kHij`H @k��Nvn�n`-)*_�kÒq:wrvHz{�¸¤hz»os[!kR�Nus`�·�z{vHl^ij~{q&i|ojvHus`���ij`�o
vH£��nvn��lN_a`��@osidos[^k�o�[^kÒ·B`&�^vxoR¡�`�`��¶us`�_av�·H`¦�	£¨ujvB_
z§osi��nz°ij½¾��kB�}[N`&¤h[^`���oj[N`a�Nvn�n`a¤�`��@o��nv�¤h�ª­
Z\[^z{ih¤�vHl^~{���KvBisi|z{¡N~{q-kH�^�!²�lNz{�	z{�@ojvaos[N`��N`�or¤±vBuj½2 nz§£Ios[N`¢��vHusuj`¦i|�KvH�^�Nz§�N�EvH¡Nwr`��(o}ih[^kÒ·B`d�^vxop¡K`�`��
us`�osujz{`�·B`��¶¡�q�oj[N`	ijq�i|oj`�_"¤h[Nz§~{`�)�¤\kHiE�nv�¤h�¼kx���¼z§£*)d[�kHi&�Nvxo�kx�N�^vHlN�^��`��¶z§osiE~°kHi|oE�n`��^kxujojlNus`H­
Z\[^`R�NujvB¡N~{`�_/¤�vHlN~°�-�Nvxo�vB�N~§q-¡�`�osv�uj`��´`¦irosz§_�kxoj`�� � 3	)�7s ^¡NlNopkx~°i|vEoj[�k�o � � 3 )87µ_az§�B[Boh¡K`��Hus`�kxoj`�u
os[^kx� vH�N`B P_akH½�z§�N�D��vH���nz»osz§vB� ��?@��_avBuj`!�NzFK¸��l^~»oEojvD·H`�usz§£¨qH­��pv�¤±`�·H`�u� I¤±`-`�mn�K`��(oEoj[�k�o&�^v��N`�)
¤hz{~{~*i|oskÒq	�nv�¤h��£¨vHu:k¸_Ez{�Nz{_¢lN_5osz§_a`�os[^k�o:¤hz§~{~*¡K`�vBus�n`�usi�vx£P_�kx�H�^z»osl^�n`��Buj`¦k�oj`�uhoj[�kx�ºus`�©@lN`�i|osi
z{�@oj`�u|�¯kxusujz{·�kx~Vojz{_E`¦i	�Ìoj[^`�us`�¡Kv�vxoEojz{_a`-z°i&orq@�^z{��kx~{~§q¼k¾£¨`�¤/_az{��lnoj`¦is��­ y	`¦kx��¤h[Nz{~§`B P_Ev@iroavx£:oj[N`
vB¡nwr`���osi�i|ojvBuj`¦�	z§�º�^v��N` )±¤hz{~{~¥¡K`¢us`�©@lN`�i|oj`¦�	kx�BkHz§�ºkH�^�ºkH�N�N`���ojv¸oj[N`�z§u:�N`�¤ [NvB_E`¢�Nvn�n`�i�­h�pipk
us`�ijlN~§o� K¤h[N`�� )±¤hz{~§~�wrvHz{�¾kH�Bkxz{�	oj[^`E³n©@lNz{ujus`�~*�N`�or¤�vHus½!¤hz§oj[Dz»o}ipv�¤h�	£¨l^~§~ ��kB�}[N`H Kz»od¤hz§~{~I�NujvB¡^kx¡^~§q
�^vxohkH�N�¸kH��qa²^lNz°�¸z{�¸oj[^`dijqniros`�_	 �oj[�l^i±�Hl^kHuskH�@oj`�`�z§�^�Roj[^kxo � � 3 )87:f >H nkx���aoj[N`�uj`�¡�qaoj[N`d·�kx~{z{�nz§orq
vH£IkBijijlN_a�nojz{vH�¶��?@�(­

�Iz{�^kx~{~§qB N£¨vBuj_&lN~{kº�<�B�\z{��·HvB~§·B`�i\¡Nz{�NvH_az°kx~¥��v�`�K¸��z{`��@osi � d ` !�kH�^�	kx�º`�m��KvH�^`��@ojz°kx~ªz{� & ­\Z\[N`�us`��£¨vBuj`B B��vH_a�Nlnosz§�N�;�	��kB����l^uskxoj`�~{q�£¨vBuµ·H`�ujq&~{kHuj�B`\·ÒkH~§l^`�iµvH£ & _Ez{�H[@oVus`�·B`�kH~N�nzFK¸��lN~»o¦­ ��vH�^`�oj[^`�~{`�isi� 

Ê*Ê5Õ'QSR�T�U+U



b�� ��	����5
�$�� 
�� 	����'
�$&�' 	��
 "���	F� ���S

�-%'��$

¤�`�¤�vHlN~°�a~{z§½B`h«^u}iroµosv�_a`��@ojz{vH�¸oj[^kxoµoj[NvBlN�H[�¤�`�[^kÒ·B`�vn����kHijz§vB�^kx~{~§q¢`��^��vHlN�@oj`�uj`¦��i|l��}[��NujvB¡N~{`�_�i� 
tµujvB��v@i|z§ojz{vH�a�^­{bhz°iV��~{`�kHuj~{q�osuskB�(o}kx¡N~{`h£¨vHuµoj[N`:vHu}�n`�uPvH£2_�kH�H�Nz§ojl^�N`�vx£ªij`�·H`�uskH~noj[^vHl^iskx�^�^iPvx£ �Nvn�n`¦i� 
¤h[^`�us`�k�i|z{_¢lN~°k�osz§vB�	¤±vBlN~{��¡K`�lN�@oju}kH��oskH¡N~§`�£¨vBu�[Nz{�H[n�¯��vB�n«��n`��^��`�us`�ijlN~§osi�­±®¯�ºkH�^�nz»osz§vB�ª N£¨vBu�_¢l��}[
~°kxus�H`�uµ·�kx~{lN`�i±vx£�&¼ B¤�`p¡K`�~{z§`�·H`poj[^kxoVoj[^`:�Nvn�n`d�nq��^kx_az°��i±��kx�!¡�`dkx�N�NusvÒmnz§_�kxoj`��a¡�q�kx��� W�� W *
_avn�n`�~ z§�^i|oj`¦kH��vx£ kx� #P�N�@i|`�oh_Evn�n`�~<­µZ\[^z{ih`�m�oj`���i|z{vH��z{ihkE¤�vHus½¸z{�-�NusvH�Buj`¦iji�­
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tµujvB��v@i|z§ojz{vH�E�^­{b�ij[Nv�¤�iIos[^k�oPos[N`\��`�u|£¨vBuj_�kx����`\vx£�oj[N`p³n©@lNz{usuj`�~Ni|qni|oj`�_ `�mn[Nz{¡Nz»o}iPvH�^~§qR£¨vBlNuµ�n`��Hus`�`�i
vH£P£¨uj`�`��nvB_ ��&i=�R = � = � ¤h[Nz{~§`&vHlNud_av��N`�~Iz§�@ojusvn�nl^��`�� ijz»mº�^kHuskH_a`�oj`�usi¢�y&i= , =�/#=��X=��c=�����­R¬D`E�Nv�¤
`�mNkx_az§�^`!os[N`-us`�~°k�osz§·B`!z{_a��vBu|o}kx�^��`-vH£�oj[N`¦i|`	�N`�¤/�^kHuskH_E`�oj`�usi&kx�^� [Nv�¤�oj[^`�q �}[^kHuskB�(os`�usz§��`�oj[N`
³N©Bl^z§usuj`�~ i|qni|oj`�_3¡�`�[^kÒ·�z§vBu�­

¬�`¸«^u}i|o�uskH�Nz{�N~§qD`�mNkx_az{�N`�oj[^`¸z§�N²^lN`�����`¸vH£�RK­ �Iz§��­º�	ij[Nv�¤�i�os[^k�o&¤h[Nz§~{`�os[N`�us`¸z°i�k ij[^kxus�
�NujvB�DvH£�os[N`�[Nz§o¢�NusvH¡^kH¡Nz{~§z§orqº£¨vHu¢·H`�usq¾ij_�kx~{~µ·�kx~{lN`�i�vH£�R �Tij_akH~§~{`�u�os[^k�o&vH�N`Ò�( *oj[N`��K`�uj£¨vHus_�kx�^��`
z°ipkH~§_av@iro:��vH�^i|oskH�@op¤h[N`��<R-z{�^��us`�kBi|`¦i�­hZ\[N`�uj`�£¨vHus`H �`�mN��`��no:¤h[N`�� z§o:z°i:��~§v@i|`Rosv¸��`�ujv� cR�[^kHip·H`�ujq
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�Iz§�BlNuj`����P®¯_E��kH�(ohvH£0R �T¤hz»os[ &^T��N  �FT >Rkx��� � T AH��­
~{z§o|oj~{`hz{�n²^lN`��^��`hvB�¢os[N`h��`�u|£¨vBuj_�kH�^��`�vx£�oj[N`p³n©@lNz{usuj`�~Ni|qni|oj`�_	­ ��~°i|v� xz§oµz{i ·B`�usqRlN�N~{z§½B`�~{q�oj[�k�o#R�¤hz{~§~
¡K`auj`¦kx~{~§q ij_�kx~{~< *i|z{�^��`az§o�¤±vBlN~°�¾_a`�kH��k-�NvB�n�´�^`��H~{z{�Hz{¡N~§`E�NusvH¡^kH¡Nz{~§z§orqºvx£\uj`¦kH�}[Nz{�N��k�i|oskxoj`a¤h[N`��
kH~§~ �Nvn�n`¦iRkxus`E�Nv�¤h� �Tk�·B`�usqºlN�Nus`�kx~{z°irosz{�Ei|z§ojl�k�ojz{vH�K�(­ ���^�n`�u�oj[N`¦i|`a��z{u}��lN_�i|oskx����`�i� 2oj[^`�~§z{_az»osz§�N�
£TkB�(osvHu}iV£¨vBu\oj[N`R[^z»o��NusvH¡�kx¡Nz{~§z§orq¸¤hz{~§~¥¡�`R�^kHuskH_a`�oj`�usi � kH�^� �±­®¯� �*z{�^­R�!¤±`&`�mNkx_az{�N`�os[N`E��vH_a�^kHuskxojz{·H`�z{�n²^lN`��^��`&vx£ � kx��� ��vH�ºos[N`E[Nz»o��NusvH¡^kH¡Nz{~§z§orqH­d¬D`
«��^�¶oj[�k�o¢£¨vBu¢«^m�`¦���±  oj[N`-[Nz»oa�NusvH¡^kH¡Nz{~§z§orq�kBi¢k	£¨l^�^�(osz§vB� vx£ � £¨vH~{~§v�¤�i&k¾��vH�^��kÒ·H`¸ij[^kx�K`H Pkx���
��kx��uj`¦kH�}[	kx~{_avBi|o\vB�N`R¤h[N`�� �FT 0^­��TZ\[Nz°ihz°i���vB�^ijz{i|oj`��Boh¤hz§oj[ºvBlNuhvH¡^ij`�us·�k�osz§vB�¸oj[�k�o
R¸�nv�`¦ih�Nvxo
~{z{_Ez§opos[N`¢[^z»od�NujvB¡^kx¡^z§~{z»orq�¤h[N`�� �Hus`�kxoj`�upvHu�`¦©Bl�kx~*ojv¸vB�N`H­×�	eh`���kx~{~ªos[^k�o � To��WM3J/ �I7±¤h[N`�uj`G�¶z{i
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os[N`Ez§�^�Nz§·�z°�nl^kx~Ius`�©@lN`�i|o:u}k�os`¢vH£µoj[N`E�Nvn�n`¦i�­�Z\[Nz°id��vH�^��kÒ·H`�ij[^kx�K`Ez§� � us`�_az{�^�Ni:l^i�os[N`E~§vB�x��~§z{½H`���K`�uj£¨vHus_�kx�^��`:vH£ ka��`��@oju}kx~{z§��`��!¬D`�¡	��kH�}[N`��TvHuh¬�`�¡º��kB�}[N`R��~{l^iros`�u(��kHih�n`¦ij��ujz{¡�`¦�!z{� @ �NbH }bHbB  ?'A�­
�pv�¤±`�·H`�u¦ K¤±`EvH¡^ij`�us·H`�oj[^kxo:os[N`a[Nz»o��NusvH¡^kH¡Nz{~§z§orq	z{id[Nz{�H[DvH�Dk!·H`�ujq	�^kHujusv�¤ �nvH_�kxz{� � � f$>H � H^>%0@�(­D®¯�^�n`�`¦�   oj[^`�us`¸z{iEk¾i|ojusvH�^�¾k�ojoj`���l^kxojz{vH� z{���± Vi|v � vB�N~§q¶[^kBi¢k¾uj`¦kx~Vz{_a�^kH��o&vB� oj[N`

�K`�uj£¨vHus_�kx�^��`:¤h[^`�� � z°ihi|_�kx~{~´­
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�Iz{�HlNus`�����®¯_a�^kH��opvx£ � kx�^� � vH�	os[N`¢[Nz§o:�^ujvB¡^kx¡Nz{~{z»orq��¨¤hz§oj[<& T �¸kx�^�.R T$>Ò�(­R� �pvxoj`¢oj[^kxo��
z°ih�n`¦��us`�kHijz{�N�^­×�

Z\[N`¦i|`:vH¡^ij`�us·�k�osz§vB�^iµijlN�H�B`�i|oV��v@ijijz{¡N~§`:_a`�oj[^v��^iµosv¢z{_E�^ujv�·B`hoj[N`:��`�u|£¨vBuj_�kH�^��`�vH£ oj[N`R³n©@lNz{ujus`�~
ijqniros`�_	­&Z\[^`E¡K`�i|o��KvBisi|z{¡N~{`&z{_a�Nujv�·B`�_a`��@o�¤hz§~{~P¡K`&osv	uj`¦�nl^��`E�^kHuskH_E`�oj`�u � T ���CW � ­¸³�z§����`Eoj[N`
osvxo}kx~ ��lN_¢¡K`�uhvH£I`�mnz{i|ojz{�N�avH¡nwr`¦�(o}i�  �� ���kx�^�Nvxoh¡K`R_Evn�nz§«^`¦�  noj[^`�us`�kHuj`dor¤�v&vB�nojz{vH��i��

� eh`��Nl^��` � kBi-_&l^�}[ kBi!�KvBisi|z{¡N~{`#� �}[�kx�N�B` oj[^`��n`�£TkxlN~§o	·ÒkH~§l^`DvH£�oj[N` �pZhZht3�^kHuskH_E`�oj`�u
Lh¹��-�

�
yº�����!�Tl^ijl^kx~{~§q	����[NvBlNu}ihz§���:ZhZht���bB­§bÒ�\z{�	oj[N`R£¨us`�ij[N�N`¦ijip��kx~°��l^~{kxojz{vH�	[N`�l^ujz°irosz{�

£¨vHu\`�mNkH_E�^~§`B @`¦i|�K`���z{kH~§~{q�i|z{�^��`:_avBi|oh�%!$#µZ uj`¦©Bl^`�i|osid�¨`H­ �^­	� 0��E�VkHuj`:uj`¦i|�KvH���n`��!¤hz»os[���vHo|�
y	vn�nz§«^`���_a`�isijkH�H`2@ C*A´­

� ®¯�^��us`�kBi|`2� �¨¤h[Nz°�}[��N`�oj`�uj_az{�N`�idos[N`�u}k�oj`ak�oR¤h[Nz°�}[�vH¡nwr`¦�(osiRkHuj`Eus`�ojusz{`�·H`¦�ºosv-os[N`!³n©@lNz{ujus`�~
�N`�or¤�vHus½N�( *£¨vHu�z{�^i|oskH�^��`¸¡�q�l^ijz§�N�º�^uj`�£¨`�os�}[^z§�N� oj`��}[^�Nz{©@lN`¦i�­	¬�`¸¡K`�~{z§`�·H`�os[^k�o¢�^uj`�£¨`�os�}[^z§�N�
��kH�¼¡�`-z§����vHus�KvHu}k�oj`¦�Dojv os[N`¸²�lNz{�¼_Evn�n`�~< P¤h[^z{�}[¼¤hz{~{~�kH~§~{v�¤ l^iRosvD©@l^kx�@osz»£¨q�oj[^`!�BkHz§� vH£
l^ijz§�N��z§o�­
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®¯�¸oj[Nz°i\i|`¦�(ojz{vH�!¤±`d��vH_a�^kHuj`:©Bl�kx�@ojz§oskxojz{·H`�~{qEvHlNu±_akB��usvBis��vB�Nz{�h²^lNz°��_av��N`�~2¤hz»os[-k��Nz{is��us`�os`���`�·H`��@o
�Nujz{·H`��&ijz§_&lN~{kxojz{vH�&vx£Nos[N`�³n©@lNz§usus`�~�[NvH_a`���i|ojvBuj`�i|qni|oj`�_	­ eh`�©@lN`¦iroµkHujusz§·�kH~{i*kxus`�tIvHz°isi|vB�&kx����vH¡Nwr`��(o
osz§_a`��<osvx��~§z{·H`pkHuj`poskH½H`��¸ojv¢¡K`�kx~{~K��vH�^i|oskH�Bo\kx�^�!kx~{~Kz°�n`��Bosz{��kx~´­ ¬D`dkx~°i|vEkHisi|lN_a`poj[^kxo±�Nvn�n`¦iV£¨vB~§~{v�¤
os[N`:iskx_a`hosz§_a`��´`�·HvH~{lnosz§vB�¸kHiµz{��os[N`�²^l^z{��_avn�n`�~< @z<­ `H­PkH��#P�N�@i|`�oV_av��N`�~´­ Z\[^`p`�m�os`�us�^kx~�~{kxoj`�����qEz{i
o}kx½B`��ºz{�Bosv-kB����vBlN�@o:¤h[N`�uj`¦kHi�oj[N`&z§�@oj`�uj��kx~I~{kxoj`�����q	z{id��vB�^ijz{�n`�uj`¦��ojv-¡�`E��`�ujv¾�<��vBujus`�ij��vB�^�nz{�N�aojv
z{�^i|oskH�Bo}kx�N`�vHl^i¥z§�@os`�us�^kx~Boju}kx�^i|£¨`�u}i}�(­I³nz§_&lN~{kxojz{vH��us`�ijlN~§osi kxus`µ�Bz§·B`���¤hz§oj[E�H���+��vH�n«��N`��^��`±z{�@oj`�us·�kx~°i�­
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Impact of γ on hit probability (N=10,ρ=1)
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Fluid model
Simulation

�Iz{�HlNus`����'�I~§lNz°�	_avn�n`�~ ·ni��nz°is��us`�oj`��´`�·H`��Bohijz§_&lN~{kxojz{vH�ª­h�J&^To>%0^ MR T >RkH�^� �1T � �(­
�Iz{�^­µ���nz°i|�^~{kÒqni�oj[^`R[Nz»o:�NujvB¡^kx¡^z§~{z»orq-kHihk&£¨lN�^��ojz{vH�ºvx£ � ¤hz§oj[.R2To>Rkx�^� �STo>H­P¬�`�vB¡^i|`�uj·B`

os[^k�o\os[N`�²^lNz°�!_avn�n`�~ª��lNus·H`¦i���~§v@i|`�~§qa£¨vB~§~{v�¤7os[N`RijkH_a`�ij[^kH��`¦i�kBi�oj[N`R�nz°is��us`�oj`��´`�·H`��Bohijz§_&lN~{kxojz{vH�^i
kH�^�!oj[N`�uj`�£¨vHus`:_az{_Ez°��i�os[N`�ijz§_&lN~{kxoj`¦�-ijqniros`�_/¡K`�[^kÒ·�z{vHu�·H`�ujq¸kB����l^uskxoj`�~{qH­ ¬�`R��vH����~{l^�n`doj[^kxohoj[N`
_avn�n`�~±z°iEujvB¡Nl^i|o¢ojv�kHisi|l^_E�Nojz{vH�^iEi|l��}[ kHi¢oj[N`�us`�©@lN`�i|o¢u}k�os`-�nz°irosujz{¡Nlnosz§vB�+�T¤h[Nz{�}[ ¤±`	kHisi|l^_E`¦�
��vH�^i|oskH�@o�z§� ³�`¦�(osz§vB����­§bÒ�(  kx�^��os[NvHl^�H[¶_az{��ujv@ij��vH�Nz°�&£¨`�k�oslNus`�i¢ijl^�}[ kHi�vH¡nwr`¦�(osi�uj`��N~§z°��kxojz{vH� kx���
~{vn��kH~N[Nz§osip�Tuj`¦©@lN`�i|osi �NvHoµ£¨vHus¤\kxu}�n`��¢ojvR[NvB_a`��Nvn�n`¦� kHuj`h¡K`�z{�N��z{�H�^vHus`��  �os[N`h²^l^z{�a_avn�n`�~^�Nujv�·�z°�n`�i
kH��kB����lNuskxoj`�kx�N�^ujvÒmnz{_akxojz{vH�!£¨vHu\oj[^`�kH�(osl^kx~ �K`�uj£¨vHus_�kx�^��`:vH£*os[N`¢³n©@lNz{ujus`�~ ijqniros`�_	­

�^lNu|os[N`�us_avHus`H N¤�`R¤�vHlN~°��~§z{½H`�osv�`�_a�N[^kBi|z{��`�os[^k�o�`¦kH�}[ºi|z{_¢l^~{kxojz{vH�ª N`�·H`��-£¨vBu�·H`�ujq-i|_�kx~{~ª�N`�o|�
¤�vHus½nih�rb¦�R�Nvn�n`�i}�( @u}kx�E£¨vHu�i|`�·H`�u}kx~n[^vHlNu}ip�¨orq@�^z{��kx~{~§qa�x�R[NvBlNu}iPvHuµ_avBuj`Ò� vH�¸k�tI`��Bosz§l^_ �RuslN�N�^z§�N�
kxo±�n­ I�I�! ���H­4#P·H`���z»£ vBlNuV��vn�n`h_�kÒq��^vxoV¡K`h£¨lN~{~§qEvH�Nojz{_Ez{��`¦�  Hz§oVz°iµ��~{`�kHuPoj[�k�oµz{�¸��vH_a�^kHujz°ijvH�¢¤hz§oj[
os[N`Ez§�^i|oskH�@oskx�^`�vHl�i:us`�ijlN~§osi:�Nusv�·@z°�n`¦� ¡�q	oj[N`&²^lNz°�D_Evn�n`�~< *i|z{_¢lN~°k�osz§vB� z°i�·H`�usqºi|~{v�¤�kx��� ~{z§_az§oj`��
osva·H`�usq!ij_�kx~{~ �N`�or¤�vHus½¸i|z{��`¦i�­

¬�` i|[^v�¤/z§� �Iz{�^­ MD[Nv�¤�oj[^`º[Nz»o¸�^ujvB¡^kx¡Nz{~{z»orq ¤�vHlN~°� ~§v�vH½ ~§z{½H`-£¨vHu�~°kxus�H`��N`�or¤�vHus½ni� ±i|z{�^��`
ijz{_¢lN~°k�osz§vB�-vH£ ijl^�}[ºi|qni|oj`�_ai\¤�vHl^~{��¡K`�`�z§oj[N`�u\ojv�v¸ij~§v�¤+vHu�i|osk�osz{i|ojz°��kH~§~{q!z{usuj`�~§`�·ÒkH�@o�­V³�z{�^��` �Iz{�^­µ�
·�kH~§z°�Nk�os`��-oj[^`�kH����lNu}kH��q�vH£IvBlNuh_avn�n`�~ £¨vBupij_akH~§~ �^`�or¤�vHus½!i|z{��`¦i� n¤�`R`�mn�K`���ohoj[N`�us`�ijlN~§osi�£¨vBuh~{kHuj�B`
�^`�or¤�vHus½�i*osvd¡K`�kHiµuj`�~§`�·ÒkH�@o0GRos[NvHlN�B[&¤�`��nv��NvHoµ[^kÒ·H`\i|z{_¢l^~{kxojz{vH�Euj`¦i|lN~§osiPojvR�n`�_avB�^irosuskxoj`\z§o�­ ¬D`
vB¡^ij`�us·H`�oj[N`:ijkH_E`�ij[^kH��`pkBiPz{���*z{�^­I�^ Hoj[NvBlN�H[�vB��kR~{kHuj�B`�uPu}kx�N�B`R�Ìoj[�kx�N½niPosv�oj[N`:~§v�¤���vB_a�N~§`�mnz»orq
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