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ZaTfZ:YXY[_�� �fZ:Tfl�Z:YX_,vLTfl�O�Z,\eI�\�_,TWVX_:vfY��9SLvfY�V[ILONY[MP_:Y[O:gm_:T!ufZjYeZjMPONVXY[^h\¤\�_,T,V[_:vLYek��:O�Y�V[O���k[ZjMPuL�h^`Tfi
MdZF��TL_jV¤�GOa\�_:TGkrVeZjTWVx_:Y¨vLTL^`�¥_:Y[M ��ILO�YXO;Z:k�_,T±^hMauf�`^o\�^`V¤\N_:TWVX_,vLY[k�VXILO�YXO;k�_,�`vyV[^`_,T�^hk¨\�_:TGkrV[Y[Z:^`TLO;l
�m�aVXIfO¤Y[O�kX_:�hvyV[^`_,Td_j��Z�YXO�i:vL�oZjY>i:Y[^hl��$Bmu/ONO;lmb vLu�Z:�`i,_:Y[^ÅV[ILMdk§_:���`O��:ON�`bUk�ONV>MPO�V[IL_ylLk��>O�YXO¨uLYX_,uG_Wk�O;l
O�^ÅV[ILONY¨�m��\N_:Tfk�VXYeZj^hTL^hTLiPVXIfO�\�_,TWVX_:vfYxON�,_:�hvyVX^h_:T�V[ILYX_,vLi:I�V[ILO�SGZ:k�V�br²�ZjYe\eIL^hTLiPMPO�VXIf_mlT8 �UIV:�_,Yt�m�
vGk�^hTLidZjT�Z:kX�mTf\eILY[_:TL_,vfk§vfu/lLZjVXO�_:��V[ILO�TfZjY[Y[_��Jbc�fZ:TflH8 � = : �
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S �JVXIfO¦^`MPuL�hONMPO�T,VeZ�V[^`_,TÍ_j���fZ:kX^o\PufZjYeZjMPO�V[YX^o\P\�_,T,V[_:vLYekz^ok�vfkXvfZj�h�h��k�VXYeZj^hi:IWV��¥_,YX�JZjYel�g8VXIfO¦^`Mab
uf�`O�MaO�TWV[Z�V[^`_,T�_:�>�hON�,ON�`b kXO�V�Zj�hi:_,YX^`VXIfMPk¤Y[O �WvL^hYXO;kzZ��h^`V�VX�hOdMP_:Y[Oa\�ZjY[OdlyvLOaVX_!VXIfOdIfZjTflL�`^hTLi�_j��VXILO
TGZjY[YX_�� �fZ:Tfl�ZjTfl�VXIfO�ly^hk[\�Y[O�V[^`Ä;Z�V[^`_,T�_:��VXIfO�IW�mu/ONY[�G_,�`^o\¨VXO�YXM ^`T�VXILO�lL^ )8ONY[ONTWVX^oZj��O �WvfZ�V[^`_,T��
HJILO1MdZj^hT°Z:lL�FZ:TWV[Zji,O±_j��VXILO1^`MPuL�h^o\�^`V!Y[ONuLY[O�kXONTWVeZ�VX^h_:T ^ok�_:�m�m^`_,vfk��h� ^ÅVek!Z:�L^h�`^`Vr� VX_Ï\eIGZjTLi,O

Z:vyVX_,MdZ�VX^o\NZ:�`�h��VXIfO¦\�_:TWV[_:vLYzV[_:u/_:�h_:i:�±lLvLYX^hTLi!VXIfO¦lyO��¥_,YXMdZ�V[^`_,T��dHJIL^ok�uLY[_:u/ONYXVr��MPZ:­:O;kz^ÅV���ON�h�Åb
kXvL^`VXO;l¸�¥_:Y�YXO;\�_:TGkrV[YXvf\�VX^hTLiÃ\�_,TWVX_:vfY[kd_:��\�_,Mauf�`ON� i,ON_:MPONVXY[�Ã�¥_:Y�^`TGkrVeZjTf\NO�VXY[ONONbc�h^`­,OÌk�VXY[vf\]V[vLYXO;kN�
®t�hkX_fg��m� MPONY[i:^hTLiÃly^*)/O�YXO�T,V�^`TWVXO�Y[kXO�\�VX^hTLiÎ\N_:TWVX_,vLY[k�g�^ÅV!^hk�uG_WkXkX^`�f�`O�V[_Ã^hTL^ÅV[^hZ:�`^hÄNO1ZÃlyON�¥_:Y[MPZ:�L�hO
\N_:TWVX_,vLY&��^`VXI�Z�k�ONV>_j��i,YX_���^hTLi�kXONO�lfkN�9SL_,Y§ufZ:Y[Z:MPO�VXY[^o\�\�_:TWV[_:vLYekNg:^ÅVJ^hk§^`T�i:ONTfONYeZj�LTL_:V>u/_,k[k�^h�L�hO�VX_
Z,\eIL^hON�:OJZjTm��Z:vyVX_,MdZ�VX^o\>VX_,uG_,�`_,i:^o\NZj�y\eIfZ:TLi:O;kN�XRx_���ON�:O�Y�gjkXON�,ONYeZj�yZj�hi:_,YX^`VXIfMPk�IfZF�,O>�/ONO�TPuLYX_,uG_Wk�O;l
V[_P_��:ONYe\�_,MPOxVXIf^hkJ�h^`MP^`V[ZjVX^h_:T 8 ´ }ygG� ´ g ´ IV: �&HJILO�kXO�ZjuLufYX_WZ:\eILO;k§ZjY[Ozly^hk[\�vGkXkXO�l��hZjVXO�Y�^`T�VXIL^okJufZ:uGO�Y��

Bm_,MPO�VX^hMPO�k�g,^`V§^ok&TLO;\�O;kXk[ZjY[��VX_�IGZjTfly�hOx_,uGO�T¦Z:\]V[^`�,Ox\�_,T,V[_:vLYek��¥_:Y§uLYX_,uGO�Y&^hMPZ:i:OxkXONi,MaO�TWV[Z�V[^`_,T
Z,k§kXIL_���TP��^ÅV[I¦V[ILOt��_:Y[­�_:����O�YXi,ONY¨¬��§��«A@38 �>: �&Ð¨u/ONT¦\N_:TWVX_,vLYek&ZjY[OxON�,ONTdMP_:Y[Ox��^olyON�h�avfk�O;ld��ILO�T
\N_:TfkX^olyONY[^`TfidVXILO�MP_:Y[O�i:O�TLONYeZj��uLY[_:�L�hONM _j�&Y[ONi,vL�hZ:YX^hÄ�ZjVX^h_:T�ZjTGl�YXO;\�_,TfkrV[YXvG\]VX^h_:T��¥Y[_:M%Z�\��h_:vfl�_:�
u/_:^hTWV[k�����O�\�ZjvfkXO¦V[ILO�^hMPuL�h^h\N^ÅVdY[ONuLY[O�kXONTWV[ZjVX^h_:TÎlLO�k[\�Y[^`�/O�kaZ�\N_:TWVX_,vLYPZ:k�VXILO!ÄNO�YX_:b \NYX_WkXkX^hTLi�_j�¨Z
k[\NZ:�hZ:Yz�fON�ol1vfkXvfZj�h�`�1lyO��GTLO�l�_,T�Z�Y[ONi,vL�oZjY�i:Y[^ol�g�_,TL�`��_:u/ONTÃ\N_:TWVX_,vLY[kzIGZF�W^hTLi!VXIfON^hY�O��mVXY[ONMP^`VX^hO�k
_,TÍVXIfO!�/_:YelyO�Y�_j�tVXILO!YXO�i:vL�oZjY�i:Y[^hlÏ\NZ:TÃ�GO�\�_,TfkX^hlyO�YXO;lÍ��^`VXIÃV[IL^ok�Y[ONufYXO;k�O�T,VeZ�V[^`_,T��1HJIfONY[O��¥_:Y[O:g
^hT�uLYeZ:\]V[^h\NO:g�_,TL�h��Z!ufZjYeZjMPONVXY[^h\aY[ONuLY[O�kXONTWV[ZjVX^h_:T1\NZjT1uLY[_:u/ONY[�`��lyO�k[\�Y[^`�/OaVXILO¦lLO��¥_:Y[MdZ�V[^`_,T�_:�JZ:T
Z,\]V[^`�,O¤_,uGO�T!\N_:TWVX_,vLY;�

S�^hTfZj�h�`�,g:��OxZ:lLlLYXO;kXk�V[ILOx^okXkXvLO�_j�8vfkXONY&^hTWVXO�Y[Z,\]VX^h�m^ÅVr����IL^h\eI�g:��O��GO��`^hON�,O:g,kXIL_,vL�hla�/Ot\�_,TfkX^hlyO�YXO;l
Z,kt�/ON^hTLi!_j�§If^`i,I±^`MPu/_:YXV[Z:Tf\�O,�¤SUTGlyONO;l�g��GO;\NZ:vfk�O�_j�&V[ILON^hY�k�O�TfkX^ÅV[^`�m^`Vr��V[_�V[ILOa^`TL^`VX^oZj�$u/_,kX^ÅV[^`_,T�g�^hT
MP_WkrV¨Z:uLuL�h^h\�Z�V[^`_,TfkNg8Z:\�VX^h�:O�\N_:TWVX_,vLYek�YXO �WvL^`Y[O�kX_:MPO��hON�,ON��_:�&vfkXONYt^hTWVXO�Y[Z,\]VX^h_:T�^hT±_,Y[lyO�Y�VX_��`_y\�Zj�h�`�
_,Yzi:�h_:�fZ:�`�h��MP_mlL^Å�¥�ÌVXILOd\�_,TWVX_:vfYzkXIfZ:uGO,�aSUT1MPO�ly^o\NZ:�&ZjuLuf�`^o\NZjVX^h_:Tfk�g�VXIf^hk¤�¥O;Z�VXvfYXOP^okzYXO�i,ZjYelyO;lÌZ:k
O;kXkXONTWV[^hZ:�4�
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HJIf^hk�uGZju/ONY�^hTf\��hvflyO;k�V[ILYXO�O&ly^okrV[^`Tf\�V�\�_,TWVXY[^`�LvLVX^h_:Tfk�\N_:Y[YXO;k�u/_:TGly^`Tfi§V[_JVXILOBV[ILY[ONO§ly^*)8ONY[ONTWV�MP_mlLON�h^`TLi
�hON�,ON�okJ_j��ufZjYeZjMPO�V[YX^o\¤Z:\]V[^`�,O�\�_:TWV[_:vLYekN³
´ ��� ·6���:� ¶ �;·��:�y�;· À ¹ ����OPuLY[_:u/_,kXO�Vr��_�Zj�hi:_:Y[^`VXILMdk¨�¥_:Y�\N_:TWVXY[_:�h�`^hTLi�VXILOdY[ON�oZ�V[^`�,OakXufZ:\N^`Tfi��/O�b
Vr�>O�ONT!VXIfO��:ONYXVX^o\�O;k�ZjTfl�V[ILOzVX_:V[Zj��TmvLM��GO�Yx_j�$�:O�Y�V[^h\NO�k��>Ð¨T�_,TLO�IfZ:Tfl�gyV[ILO��:O�Y�V[O���kXufZ:\N^`Tfi
^hk�\�_:TWV[YX_,�`�hO�lÌVXILY[_:vfi:I�VXILOPVeZjTLi,ONTWVX^oZj�&\N_:MPuG_,TLONTWV�_:�>V[ILOd^`TWV[ONY[TfZj�$�¥_,Y[\NOPZ:uLuL�h^`O;l�Z�V�O�Z,\eI
�:O�Y�V[O�����Ð¨T�V[ILO¦_jV[ILONY�IfZjTfl�g�V[ILOdVX_:V[Z:�§TmvLM��/ONY�_j�x\�_,T,V[_:vLY��,ONYXVX^o\�O;kz^hk�uGO�YX^h_yly^h\�Zj�h�`��vLuyb
lLZ�V[O�l�^hTÌ_,Y[lLONYxV[_�\N_:Tfk�VXYeZj^hT�VXILOaly^okrVeZjTf\NO��/O�Vr��ONONTÌ�:ONYXVX^o\�O;kN�¤HJIL^ok¨Z:uLuLY[_,Z:\eI��fZ,k�O;l�_:TÌZ
uGO�YX^h_yly^o\zvLu/lfZ�VXO�^okJMP_:Y[OzO�È¦\�^hONTWV�VXIGZjT!uGO�Y��¥_,YXMP^hTLidZjTm�¦i:�h_:�GZj�8YXO�ufZjYeZjMPONVXONY[^hÄ�Z�V[^`_,T��

�y� »�¼��L½ ¶/���1O¨^hTWVXY[_mlLvf\�Ox_,TLOt^hTWVXY[^`TGk�^o\x^hTWVXONY[TfZ:�L�¥_:Ye\�OtO��yuLY[O�k[k�^h_:Tfk&VXIfZjV�ly_mO;k§TL_:V�lyO�uGO�Tfld_,T
\�_,T,V[_:vLY§ufZjYeZjMPO�V[ONY[^`Ä;Z�V[^`_,T���HJIL^okB�¥_,Y[\NOxYXO�i:vL�oZjY[^hÄNO�k�V[ILO¨\N_:TWVX_,vLY&\�vLY[��Z�V[vLYXO�ufYX_:�f�`Ot��^ÅV[IL_:vyV
uLY[_mlLvf\�^hTLidZjTm��\N_:TWVX_,vLY�k�ILY[^hTL­�Zji:O,�

QL��É>À ½ À/Á¥À/ÊfËB� ® TLO���Z:�`i,_:Y[^ÅV[ILM#ZjvyV[_:MdZ�V[^h\�Zj�h�`� \�Y[O�ZjVXO;k�_,Y!MPO�YXi,O�k!ly^ )8ONY[ONTWV�\�_,TLTLO�\�VXO;l
\�_,Mau/_:TfONTWV[k�_:�$Zd\N_:TWVX_,vLYx�fZ,k�O;l�_,T�VXILO�lLO�VXO;\]V[^`_,T�_j�$O�lyi,O�^`TWVXO�Y[kXO�\�VX^h_:Tfk���Ð¨vLY¨Zj�hi:_:Y[^`VXILM
\NZ:T�IfZ:Tfly�hO�_:u/ONTLO;l�Z:Tfl�\��h_,kXO�l!\�_,T,V[_:vLYek��
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SfvLY�V[ILONY[MP_:Y[O:gF��O§uLY[_:u/_,kXO>Zx�¥Y[Z:MaO��>_,YX­¨��ILONY[O&V[ILOJZj�hi:_:Y[^`VXILMdk��¥_,Y�\N_:TWVXY[_:�h�h^`TLixVXILOJly^okX\NYXONVX^hÄ�Z�b
V[^`_,T�gmk�IfZ:uGO,gWZ:TflPV[_:u/_:�h_:i:��_j��Z,\]VX^h�:O¨\�_:TWV[_:vLYek&ZjY[Ot\N_:MPuL�hO�VXO��`�P^hTflyO�uGO�TflyONTWV�_j��O�Z,\eId_jV[ILONY;��HJIf^hk
^okJ^hT�kXIfZ:YXu�\�_,T,V[Y[Z,krVJ��^`VXI�MP_,k�VJufYXO��W^h_:vGk�ZjuLuLY[_,Z,\eILO�k>��ILO�YXO�Z�V��hO�Z,krV�Vr��_�_:��V[ILO�kXO�\�_,MPuG_,TLONTWV[k
��ONY[O�Y[ON�oZ�V[O�l���Sf_:Y¤^`Tfk�V[Z:Tf\�O,g8^`TÌVXILOP�hON�:O��ÅbUkXO�Vx�¥YeZjMPON��_:Y[­ 8 �UIV:cg8V[_:u/_:�h_:i,��\eIGZjTLi,O�ktZ:YXO�TfZ�V[vLYeZj�h�`�
^hT MfvfONTf\NO�l1�m�±VXIfOdYXO�i:vL�oZjYzi:Y[^ol1kX^hÄNOP��IL^o\eI�Z:�hkX_�lyO�V[ONY[MP^`TLO;kzVXIfO¦\�_:TWV[_:vLY�Y[O�kX_:�hvyVX^h_:T��¦®x�ok�_Gg�^hT
Z�Vr�muL^o\NZ:�B^`MPuL�hONMPONTWVeZ�VX^h_:T�_:�JZ,\]VX^h�:Od\N_:TWVX_,vLY[k�8 ´;= : g$k�^hTf\�OaVeZjTLi,ONTWVX^oZj�&Z:Tfl1TL_:Y[MdZj�&\�_,MPuG_,TLONTWV[k
_:�xVXIfO!^hTWVXO�YXTfZ:�§�¥_,Y[\NO!Z:YXO�TL_jVd\�_,TfkX^hlyO�YXO;lÃ^hTflyO�uGO�TflyONTWV[�`�,g>kXIfZju/O!Z:TflÃ�,ONYXVXON�ÍkXufZ,\�^hTLi1Z:YXO�TL_jV
\N_:TWVXY[_:�h�hO�l�kXONuGZjYeZ�VXO��`�d��If^h\eI!_j�¯V[ONT��`O;Z:lLk�V[_dvLTflyO;k�^hYeZj�L�hO¤\N_:vLuf�`O;l�O�)/O;\]VekN�

�1O��/ON�h^`O��:OdV[IfZ�V�IfZF�m^`TLi±Z:�`i,_:Y[^ÅV[ILMP^h\P^hTflyO�uGO�TflyO�Tf\�O¦^ok�^hMPuG_,Y�VeZjTWV��¥_,Y�Vr�>_ÌYXO;Z:kX_:Tfk�� S�^hY[k�V�g
O;Z:\eI�MP_ylyON�h^`Tfi�\�_,Mau/_:TfONTWVtMdZF���/O�_,uyVX^hMP^`Ä�O�l�kXONufZ:Y[ZjVXON�h��Z:Tfl!VXIfONY[O��¥_:Y[OzVXIf^hk¨�`O;Z:lLk�VX_�\N_:MPuLvyb
VeZ�V[^`_,TfZj�h�`��MP_:Y[O�O�È¦\�^hONTWV�Z:�`i,_:Y[^ÅV[ILMdkN� BmO�\N_:Tfl�g,Z��oZjY[i:O���ZjY[^hO�Vr��_:��Z:\]V[^`�,Ox\�_,T,V[_:vLY§�GO�IfZF�m^`_,Y[kBMdZF�
�/O�_:�LV[Zj^hTLO;l��m��\N_:M��f^`TL^hTLidly^*)/O�YXO�TWVtZj�hi:_:Y[^`VXILMdk>�¥_:Y�O;Z:\eI!Ma_ylyO��`^hTLid\�_,MPuG_,TLONTWV��
HJIL^ok�uGZju/ONY�^ok�_,YXiWZjTL^hÄNO;l�Z,kz�¥_:�h�`_��xk���SUTÃZ�TfO��mV�kXO�\]V[^`_,T�g��>O�Z,lLlyY[O�k[k¤VXILO�^hk[k�vfO¦_j��\�_,T,V[_:vLY

lL^hk[\�Y[O�V[^`Ä;Z�VX^h_:T��m��^`TWV[YX_ylyvf\N^`Tfi¨Vr��_�Zj�hi:_,YX^`VXILMdk�³�VXIfOJ�¥_:Y[MaO�YBZj�hi:_:Y[^`VXILM{MP_yly^`�fO�k�V[ILO�Y[ON�oZ�VX^h�:O��:O�Y�b
V[O��dk�uGZ:\�^hTLi��¥_,Y&^hTfkrVeZjTf\NOtZ:k>Zz�¥vLTf\�VX^h_:T¦_:��\�vLY[��Z�VXvfYXOx��IfONY[O�Z:kBVXILO¨�hZjV�VXO�Y>Z:�`i,_:Y[^ÅV[ILM ly�mTfZ:MP^h\�Zj�h�`�
\N_:TWVXY[_:�ok�VXIfOt\�_,T,V[_:vLY§YXO;k�_,�`vyV[^`_,TdlyvLY[^`TLi�^`V[k>lyO��¥_,YXMdZjVX^h_:T���SUT¦k�O;\]V[^`_,TPQfg:��OxuLY[O�kXONTWV&TLO�� Y[ONi,vL�oZjYXb
^hÄN^hTLi��¥_:Ye\�O;k&V[IfZ�VxZjY[Ot^hTflyO�uGO�TflyO�T,V�_:��VXIfOz\N_:TWVX_,vLY�ufZjYeZjMPO�V[ONY[^`Ä;Z�V[^`_,T¦ZjTfl¦VXIfZjV�\NYXO;Z�V[O¨Zak�MP_m_jV[I
\NvLY[�FZjVXvLY[O�uLY[_j�f�hOtZ:�`_,TLizVXILO¤\�_,T,V[_:vLY;��SUT�k�O;\]VX^h_:Td�Gg,��OxuLY[_:u/_,kXOxZ�TLO�� ZjuLuLY[_,Z,\eIa�¥_:Y§u/ONYX�¥_:Y[MP^`Tfi
Z:vyVX_,MdZ�VX^o\¨VX_,uG_,�`_,i:�¦\eIfZ:TLi:O;k>�GZ:kXO�l�_:T�VXILO�lyONVXO;\]VX^h_:T�_:��O�lLi:O�^hT,V[ONYek�O;\]V[^`_,TfkN�$HJIL^okxZj�hi:_,YX^`VXIfMÂ^hk
^hTflyO�uGO�TflyO�T,V¨_j��VXILO�\N_:TWVX_,vLY�YXO;k�_,�`vLVX^h_:T�ZjTfl�\NZ:T��/O�Z:uLuL�h^`O;l�_,T�_,uGO�TLO�l�_,Yx\��h_,kXO�l!\�_,T,V[_:vLYek��BSUT
kXO�\�VX^h_:T = �>O�kXIL_��Ïly^*)8ONY[ONTWV&YXO;k�vf�ÅVek$�fZ:kXO�l�_:TaMPO�ly^o\NZ:�L^`MdZ:i:O�k��XS�^hTfZj�h�h�:g:^hTPk�O;\]VX^h_:T�Dfgj�>OJuLY[_��m^hlLO
Z �,vGZj�h^ÅVeZ�VX^h�:O�Z:Tfl&�WvfZjTWV[^ÅVeZ�VX^h�:O�\�_:MPufZ:YX^okX_:T!�GONVr�>O�ONT±_,vLYxufZ:Y[Z:MaONVXY[^h\�Z,\]V[^`�,O�\�_,T,V[_:vLYek�ZjTGl�VXILO
�hON�,ON��kXO�V�MPO�V[IL_yl��
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�6��IL^o\eI�^hT�i,ONTLO�Y[Z:�Bly^ )8ONYek¨�¥YX_,M%VXIfOP\N_:TWVX_,vLY�ZjYe\��hONTfijVXI/�¨Z:Tfl&�tlyO;k�^hi:TfZjVXO;ktV[ILOaVX^hMPO:�dHJILOPufZ�b
YeZjMPONVXONY�� �/ON�h_:TLiWkaVX_�V[ILO�Y[Z:TLi:O(' )���*�+���^ÅV[I,�
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��ZjVXvLY[OalL^ )8vfkX^`_,T��¥_,Y[\NO:� ��OPvfkXOdZjT1_:u/ONT�\�_:TWV[_:vLY�\�_,TfkX^hk�VX^hTLi!_j� = ~��,ONYXVX^o\�O;k¤Z:Tfl±^hTL^`VX^oZj�h^`Ä�O�l�Z:k
Z�k�VXYeZj^hi:IWV¨�h^hTLO:�dHJILOd�/_:vLTGlLZjY[�±\�_,Tfly^`VX^h_:Tfkz\�_,TfkX^hk�V�_j�§V[ILO¦\�vfYX��Z�V[vLY[O�kzZ�VzVXIfO�Vr��_�\�_,T,V[_:vLY¤O��mb
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kXu/ONO�lybcvLuÎVXILO�\�_,Tm�:ONY[i:O�Tf\�O,� �1O!lL^hkXuL�oZF�1^hTÃ�Gi:vLY[O�� Ij�]g&VXILO�\�_,T,V[_:vLYaZ��¯V[ONY ´ ~,~Lg&�j~,~Lg&ZjTGlÍ�,~,~
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k[\eILO�MaO,�9S�^hTfZ:�`�h�:gL_,vLY��¥Y[Z:MPON��_:Y[­¦ZjuLuL�h^hO�k�VX_¦\N�`_Wk�O;l¦_,Y�_:u/ONTLO;l!\N_:TWVX_,vLYekN�
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TmvLM��GO�Yx_j�$�:O�Y�V[^h\NO�k��6_:YxO;lyi:O;k[���JÐ¨vLYxZ:�`i,_:Y[^ÅV[ILM ^okx�fZ,k�O;l�_,T�ZPY[ONi,vL�oZjY�i:Y[^ol�_:�BkX^hÄNO � Z:Tfl�IfZ:k�Z
\N_:MPuL�hO��y^`Vr���h^`TfO�ZjY>��^ÅV[IdVXIfO¨YeZ�V[^`_ 	AU � ��ILONY[O 	Ï^hk&VXILO¤�`O�TLijV[Id_j��V[ILO¨\N_:TWVX_,vLY��$HJILO�YXON�¥_:Y[O:g:vfTL�`^h­:O
V[ILO�Z:uLuLY[_,Z:\eI!uLY[_:u/_,kXO�l!^hT 8 � ´ :cgG_:vLY¨ZjuLuLY[_,Z,\eI�^okxTf_jVtY[ONi,^`_,Tybc�GZ:kXO�lÌ�6^`TGk�^olyO�_,Yx_:vLV[kX^hlyO�Y[ONi,^`_,Tfke�
�fvyVx_:TL�h�¦vfkXO�k�V[ILO�u/_:�h�Wi,_:TfZ:��lyO�k[\�Y[^`uLVX^h_:T!_j��VXILO�\N_:TWVX_,vLY��
HJILOxVr�>_�ly^hMPONTfkX^`_,TfZj�GsBvf\��h^olyO�Z:TPkXufZ,\�O���^`VXI¦ZzY[O��¥ONY[ONTG\�O��¥Y[Z:MPO ��	���

��� ��^hk>lyO�\N_:MPu/_,kXO�l�^`TWVX_

Z¨Y[ONi:vf�hZ:Y�k��WvfZjY[O§i,YX^ol���IL_Wk�OJkX^`Ä�O � ^ok�vfkXONYXb lyON�fTLO;l���HJILOJ^hT MfvLO�Tf\�OJ_:�fVXIfO�i,YX^ol�kX^hÄNO � ^hk$ly^okX\Nvfk[k�O;l
^hTÌkXO�\�VX^h_:TÎ� = � ´ �]�¤SUT�V[IL^hk¤Y[ONi,vL�hZ:Yx�oZ�V�V[^h\NO:g8��O�lyON�fTLO�Z�uG_,^`TWV¤_j�§Y[_�� ZjTfl±\N_:�hvLMPT±^hTfly^o\�O�k !¦ZjTGl

 Z,kJVXILO�uG_,^`TWVx_:� %�Z:Y�V[O�kX^hZ:T!\N_m_:Yely^`TGZ�VXO;k�	 � @B9 �$7 !�
 7 
 �Í��ILONY[O�	 � @B9 � ^okJVXILO�i:Y[^hl!_:Y[^hi:^hT!u/_:^hTWV��HJIf^hk�uG_,^`TWVa^hk�Y[Z:Tfly_,Ma�h��lyO�V[ONY[Ma^hTLO;lÍO�Z,\eI�VX^hMaO�VX_,uG_,�`_,i:��\�_,TfkrV[Y[Z:^`TWVek�ZjY[O�Z:\�VX^h��Z�VXO;lÍ^hTÃ_:YelyONY
V[_�MPZ:­:OaVXIfO¦Zj�hi:_:Y[^`VXILM%^hTflyO�uGO�TflyONTWV�_:�§V[ILOd_:Y[^`i,^`T1\eIL_:^o\�O,��SLvLYXVXILO�YXMP_,YXO,g��>OdlyON�fTLO¦Z�k��,vGZjY[O
\NON�h�&_j��^`TGlyO�����! � 
 �¨Z:k¤V[ILO¦k �WvfZ:YXOdlyONVXO�YXMP^hTLO�l��m�±VXIfOP�¥_:vLY�u/_:^hTWV[kz_:��^hTfly^o\�O;k ��! � 
 �XgN��! 7 *2� 
 �Xg�+! 7 *2� 
 7 * ��ZjTfl(��! � 
 7 * �[�¤SUT�O�Z,\eIÌ\�O��`�$_j�BV[ILOaYXO�i:vL�oZjY¨i:Y[^hl�g8��O�k�VX_,YXO�VXILOa�`^ok�V¤_:�� j¡]£�	�¬�	� ,¬��
\N_:Y[YXO;k�u/_:TGly^`Tfi�VX_PV[ILO�lyO;\�_:MPu/_,kX^ÅV[^`_,T�_:��ZP\�_,TWVX_:vfY�_:T�VXILO�Y[ONi,vL�hZ:YJ�hZjV�VX^o\�O,�
SUT±_,Y[lLONY�V[_¦�LvL^h�hl�VXILO�k[ZjMPuL�hO�l�\N_:TWVX_,vLY;gf��O�kX\�ZjT±Zj�h��O;lyi:O;kx_:�$O;Z:\eI�\�_,TLTLO;\]VXO;l�\�_,Mau/_:TfONTWV��

Sf_:Y¤O�Z,\eIÌO�lLi:O:g8��O�V[O�k�V�^Å��^ÅVz^`TWV[ONYek�O;\]V[kzZ:TW��Y[_�� _:Yz\�_,�`vLMPTfk¤_:�&VXILOPY[ONi,vL�hZ:Yt�oZ�VXVX^o\�O:��Bm^`TG\�OaVXILO
Y[_�� Z:Tfl�\�_,�`vLMPTÍly^hYXO;\]V[^`_,Tfk�\�_,YXY[O�kXuG_,Tfl�V[_�VXILO�ly^`Y[O�\�VX^h_:Tfk�
 Z:Tfl�� _j��VXILO¦\N_W_,Y[lL^`TfZjVXOa�¥YeZjMPO:g
V[ILO�kXO�^hT,V[ONYek�O;\]V[^`_,TÎV[O�k�V[k¦Z:YXO�O�È¦\N^`O�T,V[�`� \�_,MaufvyVXO;l�� � ILO�T¿Z��,ONYXVXON�ÎuG_Wk�^`VX^h_:T \N_:^hTf\�^olyO�kP��^`VXI
Z�i,YX^ol1uG_,^`TWV��6��IL^o\eIÍ^hk��:ONY[�ÌvfTL�`^h­:O��`�L�Pg�VXIfONTÍ_:TfO�\�O��`�>^hk�\N_:TfkX^okrV[ONTWVX�h�1\eIf_,kXONT��!s&Z:\eI�V[^`MPO�Z:T
^hTWVXO�Y[kXO�\�VX^h_:TÍ��^`VXIÏVXILO�YX_��Â_,Y�\�_,�`vfMaT ly^hYXO;\]VX^h_:TÎ^hk��¥_:vLTGl�g§Z� j¡]£�	 ��¬�¡��U¬�� ^hka\�Y[O�ZjVXO;lÃZjTflÃVXILO
^hTWVXO�Y[kXO�\�VX^hTLi�\�_:TWV[_:vLY$O�lLi:O�^ok&krV[_:Y[O�l�^`TaV[ILOt j¡]£�	���¬�¡��U¬��:� SLvfY�V[ILONY[MP_:Y[O:g:Z� :¡]£�	 ��¬N¡�� ¬�� ^ok&k�VX_:Y[O�l�^hT
Z� :¡]£�	P¬�	N W¬&k�VXY[vf\]V[vLYXO,��®E j¡]£�	P¬�	N W¬B^ok&O�^ÅV[ILONY§ZzuGZj^hY&_j�� j¡]£�	���¬�¡��c£��e¬��Í_,Y§Z� j¡]£�	���¬�¡��U¬��°Z,kXkX_y\�^oZ�VXO;l
��^`VXIÃZ:TÍONTfl��,ONYXVXON� �¥��IfONTÍV[ILO�\�_,TLTLO;\]VXO;lÍ\�_,Mau/_:TfONTWV�^hk�ZjTÍ_,uGO�TLO�l��h^`TfO;�]� S�^hTfZj�h�h�:g�VXILO� j¡]£�	
¬�	� ,¬J^okxZ:uLuGO�TflyO;l¦V[_PVXILO��h^hk�Vx_j�B j¡]£�	!¬�	N W¬���^`TGk�^olyOzVXIfO�\�_:Y[Y[O�kXuG_,Tfly^hTLi�i,YX^ol�\NON�h�4�
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SUTP_,Y[lyO�Y$VX_�_,uyVX^hMP^`Ä�O�MPONMP_:Y[��kXufZ:\NO:gj��Oxk�VX_:Y[OxZj�h�LTL_,Tyb ONMPuyVr��i,YX^ola\�ON�h�okB^`T¦ZzIGZ:kXI�VeZj�L�hO:g,IfZ:kXILO;l
�m�!^ÅVekxY[_��DZ:Tfl�\�_,�`vfMaT�^hTfly^o\�O;kN�xHJIfO�TmvLM��/ONY¨_j�Bi:Y[^hl�\NON�h�hkt^hktuLYX_,uG_,Y�V[^`_,TfZj��VX_dV[ILO��hONTLi:VXI 	¿_:�
V[ILOx\�_,TWVX_:vfY���SUTd_:YelyONY�VX_�lLO�VXO;\]V§u/_,k[kX^`�L�hO�\�_,T,V[_:vLYB^hTWVXO�Y[kXO�\�VX^h_:Tfk�gjO�Z,\eI�O�TWVXY[��VX_zV[ILO�IfZ,k�IaV[Z:�L�hO�^hk
k[\NZ:TLTLO;l��9SL_:Y�O;Z:\eI!\�ON�h��\�_,TWV[Zj^hTL^hTLi��Ìi,YX^ol�O;lyi:O;k���^ÅV[I�� W *,gy�>O¤V[O�k�V�VXILO�^hTWVXONYekXO�\]V[^`_,T��/O�Vr��ONO�T
Z:�`�GufZj^hYek&_j��i,YX^olPO�lLi:O�k¨�6kXONOt�fi:vLY[O�� ´ Q,�x�6Z,�X�]�$Bm^hTf\�O¨O�Z,\eIdi:Y[^hlPO;lyi:O¨^hk§i:ON_,MPO�VXY[^o\NZj�h�h��Y[ONuLY[O�kXONTWVXO;l
�m��Za�h^`TfO�k�O�i:MPONTWV�gmV[IL^ok�^`TWV[ONYek�O;\]VX^h_:T�VXO;krV�_,TL�`��YXO �WvL^`Y[O�k>V[ILO�ON��Zj�hvfZjVX^h_:T!_j��Vr��_dly_jV�uLY[_ylyvf\�V[k��
Ð¨Tf\NOaZ�ufZj^hY¤_j�§i,YX^ol�O�lLi:O�k¤IfZ,kt�/ONO�T±�¥_,vLTfl�V[_�^hTWVXO�Y[kXO�\�V�g�Z�uGZj^hY¨_:�>\�_,T,V[_:vLY¨O�lyi,O�k¤M�vGkrVz�GO

Z,kXkX_y\�^oZ�V[O�l��¥_:YBV[ILO¨Z:uLuL�h^h\�Z�V[^`_,Ta_:�8VX_:u/_:�h_:i,^h\�Zj�L_,uGO�Y[ZjVX_,Y[k��4k�O�Otk�O;\]V[^`_,T±�¥�f� Q,�X�]����O�\NZ:vfkXOxZ�\�_,T,V[_:vLY
O;lyi:O�^oktk�VX_,YXO;l!^`T�O;Z:\eI�i:Y[^hl!�,ONYXVXO���gL_,TLO�\N_:TWVX_,vLY�O�lyi,O�\NZ:T��GO�Z,kXkX_y\�^oZ�V[O�l!��^ÅV[I�O�Z,\eI!i,YX^ol!O�lyi,O:�
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origin
Grid construction

Create grid vertices
- at contour intersections with the grid
- at contour end vertices

Create grid edges

Store non-empty grid cells in a hash table

Compute grid edge intersections

Find out the corresponding contour edge intersections
and store them in a second hash table

n timesDeform contours

Apply topology
operator to both
intersections

Apply topology
operator to the

intersection

Align edges
between both
intersections

For each contour edge intersection

d- size

Find a second

- random o

Non-intersection algorithm?Topology algorithm?

Found? Found?

3

1

2

intersection between
the intersecting

contours

Find a second
intersection between

the intersecting
contours

S�^`i,vLYXO ´,´ ³$H�_,uG_,�`_,i:�¦\eIfZ:TLi:O�Zj�hi:_,YX^`VXIfM krV[ONufk��
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End Vertex

Grid Edge

Grid Vertex

Grid Cell
Grid Edge

Associated Contour Edge

Contour Edge
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HJImvfk�gL��O�Z:k[k�_y\N^hZjVXOz��^ÅV[I�O�Z,\eI�i,YX^ol!O�lyi,O:gyV[ILO�MP^hlfly�`O�_j��VXILO;k�O�Vr��_d\�_,T,V[_:vLY�O;lyi:O;k��¥^hT�VXO�YXMdk�_:�
V[_:u/_:�h_:i,^h\�Zj��ly^okrVeZjTf\NO;��Z:k�kXIL_���T!^`T!�fi,vLYXOd� ´ Q,�¤�6�G�]�
Ð¨vLYx\N_:TWVX_,vLYJO�lyi,Oz^`TWVXO�Y[kXO�\�VX^h_:T�Zj�hi:_,YX^`VXILMÂIGZ:kJV[ILO¤�¥_:�h�`_���^hTLiPuLY[_:u/ONYXVX^hO�k�³
´ �JS ��_:TfOtufZ:^`Y�_j��i,YX^oldO�lLi:O�k>^hT,V[ONYek�O;\]Vek&V[ILONT�VXILO�YXO¨^hk�Z�VJ�`O;Z:k�V>_,TLOtufZ:^`Y>_j��\N_:TWVX_,vLY§O;lyi:O;k&V[IfZ�V
^`TWV[ONYek�O;\]V[kJ^hTfkX^hlLOzVXIL^ok�i:Y[^ol�\�O��`�c�

�y�JS �/Z¨ufZj^hY$_j�G\N_:TWVX_,vLY�O�lyi,O�k�^`TWV[ONYek�O;\]V[k�ZjTGl�^`�fVXIfOJ\N_:Y[YXO;k�u/_:TGly^`Tfix^`TWV[ONYek�O;\]VX^hTLizZjY[O�Zt^hk�i:Y[O�ZjVXO�Y
VXIfZ:T � � � VXIfONT�VXIfONY[O¤^ok�ZP\�_,YXY[O�kXuG_,Tfly^hTLiaufZj^hY�_j��^`TWVXO�Y[kXO�\�VX^hTLiPi:Y[^hl�O�lLi:O�k��
SUTaZjTL_:VXILO�Y���_:YelLkNgF_,vLY�MPO�V[IL_yl�ly_mO;k�TL_:V�lyONVXO;\]VBZj�h�,^hTWVXONYekXO�\]V[^`_,Tfk��LvyV�^ok�i:vfZ:Y[Z:TWVXONO;l¨VX_zlyO�V[O�\]V

Z:�`�B^hTWVXO�Y[kXO�\�VX^h_:TfkzIfZF�m^hTLi�ZjTÍZjY[O�Z�i:Y[O�ZjVXONY¤V[IfZjT � � � �¦SUT�uLYeZ:\�VX^o\�O,g�k�^hTf\NOPVXILOdi,YX^olÌ_,YX^hi:^hT�	 � @B9 �^ok�YeZjTflL_:MP�`��lyO�V[ONY[Ma^hTLO;l�O�Z:\eI�VX^hMPOdVXIfOdVX_,uG_,�`_,i:�Ì\N_:Tfk�VXYeZj^hTWVz^ok�O�Ty�¥_:Ye\�O;l�g���OP�¥_:vLTGl1VXIfZjV�_:vLY
Z:�`i,_:Y[^ÅV[ILM lyONVXO�\�VXO;l!Z:�`��^hTWVXO�Y[kXO�\�VX^h_:Tfk�V[IfZ�VtZ:YXO¤YXO��`O���ZjTWVJ�¥_:Y�u/ONYX�¥_:Y[Ma^hTLiaVX_,uG_,�`_,i:�¦\eIfZ:TLi:O;kN�
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®t�`�BuGZj^hY[k¨_j�§^hTWVXO�Y[kXO�\�VX^hTLi!\N_:TWVX_,vLY¤O�lyi,O�kzZjY[O�k�VX_,YXO;l±^hTfk�^olyOPZ�IGZ:kXI±V[Z:�L�hO��¥_,Y¨ONÈ¦\�^hONTWV�YXONVXY[^`O��FZ:�4�
By^`Tf\NOx^hTai,ONTLO�Y[Z:�mVr�>_�\N_:TLTfO�\]V[O�ld\N_:MPuG_,TLONTWVekB^`TWV[ONYek�O;\]V&O�Z,\eI�_:VXILO�Y§Z�V§Vr�>_�O;lyi:O;kNgji,^`�,ONTdZzufZ:^`Y&_:�
^hTWVXO�Y[kXO�\�VX^hTLi�\�_,TWVX_:vfY§O�lLi:O�k�gW�>OtkXO�Z:Y[\eIP�¥_,Y&V[ILO¤\N�`_Wk�O;krV>ufZj^hY§_:��^`TWVXO�Y[kXO�\�VX^hTLi�\N_:TWVX_,vLY§O;lyi:O;k§�fZ,k�O;l
_,T�V[_:u/_:�h_:i,^h\�Zj��ly^okrVeZjTf\NO:�BS �Bk�vf\eI�ZaufZj^hY�^ok��¥_:vLTfl�gL^ÅVx^ok�uLY[_y\�O;kXkXO�l�YX^hi:IWVxZ��¯V[ONYJVXIfO�\�vLY[YXO�TWVJuGZj^hY��
HJILO�uLYX_y\NO�k[k�^hTLiP_j�&ZPufZ:^`Yx_:�B^`TWVXO�Y[kXO�\�VX^hTLi¦\�_,TWVX_:vfY�O�lyi,O�kx\N_:TfkX^hk�V[kx^`T�V[ILO��¥_:�h�h_���^`TLiPVeZ:kX­ykN��S �

�/_jV[IÃO�lLi:O�k��GO��`_,TLi�V[_±VXIfO�k[ZjMPO�\�_,TLTLO;\]VXO;lÃ\�_,MPuG_,TLONTWV�g�V[ILONTÍV[ILO�kXMdZj�h�`O;krVaTmvLM��/ONY�_j�xO�lLi:O�k
�/O�Vr��ONO�TdVXIfOtVr��_�O�lLi:O�k>^ok>\N_:vLTWVXO;l��$S ��VXIfOxVr��_�O�lLi:O�k>ZjY[OxV[_W_a\��h_,kXO�VX_�O�Z,\eI¦_jV[ILONY;g:V[ILONT�VXILO¨Vr��_
O;lyi:O;ktZ:YXO�Tf_jV¨MPO�YXi,O�l�^hTÌ_:YelyO�Y�VX_!ZF�:_:^ol�\�Y[O�ZjVX^hTLi�\N_:TLTLO;\]V[O�l±\N_:MPuG_,TLONTWVek�VXIGZ�V¤Z:YXO�VX_m_�kXMdZj�h�4�
HJIf^hkJV[_:u/_:�h_:i,^h\�Zj��ly^okrVeZjTf\NO�VXIfYXO;k�IL_,�hl!M�vfkrVx�/O�i,YXO;Z�VXO�Y�_:YxO �WvfZj��V[_dVXIfYXO�O¦�¯�¥_:YxVXILO�\NYXO;Z�V[^`_,T!_:�$Z
V[YX^oZjTfi:�hO;�JZjTGl�^okxO �WvfZj��V[_�}P^hT�VXILO�ON�LZjMPuL�hO�kxkXIL_���T�^`T�V[IL^okxufZ:uGO�Y��>SUT±Zj�h��_jV[ILONY¨\NZ:kXO�k�gyV[ILO�Vr��_
O;lyi:O;kJZjY[OtMPONY[i:O;l¦��^`VXI�VXILO¤VX_,uG_,�`_,i:^o\NZ:�G_,uGO�Y[ZjVX_:Y�uLY[O�kXONTWVXO;l¦^hT��Gi:vLY[O�� ´ ~,���$S�^`TfZ:�`�h�:gm��OzvLu/lfZ�VXO
V[ILO��h^okrVz_j�&^hTWVXONYekXO�\]V[^`Tfi�O�lLi:O�uGZj^hY[kt�W��Y[ONMP_��m^`Tfid�¥YX_,M V[ILOaIfZ:kXI�V[Z:�L�hO�Zj�h��O�lyi,O�ufZ:^`Yekx^hTm�:_:�h�m^`Tfi
Z:Tm�¦_j��VXILOzVr��_d\�_:TWV[_:vLYJO�lLi:O�k�V[IfZ�VxIGZF�:O¤�GO�ONT�MPONY[i:O�l��
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HJIfO¨Zj�hi:_,YX^`VXIfM uLY[O�kXONTWVXO;lP^`T�VXILO¨uLY[ON�m^`_,vfk§kXO�\�VX^h_:Tfk§MPONY[i:O�k&^`TWVXO�Y[kXO�\�VX^hTLi�O;lyi:O;k&Y[ONi,Z:Y[lL�`O;kXkB_:��VXILO
TGZ�VXvfYXO!_j�xV[ILO�^`TWV[ONYek�O;\]VX^h_:T��ÍS �¨^`VP\N_:Y[YXO;k�u/_:Tflfk�V[_1Z1k�O��Å�¯b ^hT,V[ONYek�O;\]V[^`_,T�g$VXILO�T Z�TLO�� \�_,TLTLO�\�VXO;l
\N_:MPu/_:TLO�T,V�^ok�\�Y[O�ZjVXO�l�gy_jVXIfONY[��^hkXO¤Vr�>_d\�_,TLTLO;\]VXO;l�\N_:MPu/_:TLO�T,Vek�ZjY[OzMaO�YXi,O�l��
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MPO;ly^`vfM i:Y[^ol�kX^`Ä�Od�6}auL^`�mO��hkJY[O�kX_:�hvyV[^`_,TG�>^hkJvfkXO�l�Z:Tfl¦V[_:u/_:�h_:i,�¦\�_:TGkrV[Y[Z:^`TWV[kJZ:YXO�\�_,MPuLvyVXO;l�O��:O�YX�
´ ~�^`VXONYeZ�V[^`_,Tfk���HJILY[_:vfi:IL_,vyV&VXIfO¤lyON�¥_:Y[MdZ�VX^h_:TdufYX_y\�O;kXk�gW�:ONYXVX^o\�O;k§Z:YXOtZ,lLlyO;l¦ZjTfl¦YXO�Ma_��,O�laV[_�IfZF�,O
kX^hMa^h�oZjY�O�lLi:Oz�`O�TLijV[I!Z:�`_,TLiaVXILO�\N_:TWVX_,vLY��
HJILOP\�_,YXY[O�kXu/_:Tfly^hTLid^hTL^`VX^oZj���`O��:ON�`bUk�ONV¨^ok¨kXIL_���T�^hT±�fi,vLYXO��4�jQW�]g�\�O�TWVXONY;�¨HJIfO�^hYXY[ONi,vL�hZ:Ytk��,vGZjY[O

\N_:Y[TLONYek�Z:YXO!lyvLO�VX_�Z±Y[_:vLTGly^`Tfi�ZjufuLYX_F�y^hMdZ�VX^h_:TÍ_:�xVXIfO��hON�,ON�`b kXO�Va^`TL^`VX^oZj�h^hÄ�Z�V[^`_,TÎuLY[_y\�O;lyvLY[O¦�LvyV
V[ILON�!ZjY[O �WvL^h\e­m�h��Y[ONi,vL�hZ:YX^hÄNO;l�Z:Tfl!IfZF�:O�TL_dO�)/O;\]Vt_,T!VXILO�lLO��¥_:Y[MdZ�V[^`_,T�uLY[_y\�O;kXk��>®���uL^`�yON����^hlyO
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TGZjY[YX_��¿�GZjTfl�Z:uLuGO;ZjY[O�l�VX_¦_,uyVX^hMP^`Ä�OzVXILO�\�_:Tm�,ONY[i:ONTG\�O¨VX^hMaO,��® )�X �aVX^hMaO�krV[ONu�^hktvfkXO�l��>S Vt^hkxVXILO
MdZj�m^hMdZj����Zj�hvLOz�/ON�h_��°��IL^o\eI!VXILO�O��:_:�h�m^`Tfia\NvLYX�,O¨^okxk�V[Z:�L�`O,�

S�^hi:vLY[O��jQf³BSUTL^ÅV[^hZ:��ly^okX\NYXONVXO�\N_:TWVX_,vLY��¥�hO��¯Ve��gG^hTL^`VX^oZj���hON�,ON�`b kXO�V��4\�ONTWV[ONY]�JZjTfl!�hON�:O��ÅbUkXO�V�TfZjY[Y[_��¿�fZjTGl
�6YX^hi:IWV]�]�

S�^hi:vLY[O¦�4�j�W��k�If_��xk�VXILO�\N_:Tm�:O�YXi,ONTf\NOt_:��V[ILO�ly^okX\NYXONVXO�\�_,TWVX_:vfY��¥vLuLu/ONYt�`^hTLO;�xZjTfl�VXILO��`O��:ON�`bUk�ONV
�6�G_:V�V[_:M �`^hTLO;��� Õ vLOdV[_±ly^*)/O�YXO�T,V�YXO�i:vL�oZjY[^`Ä�^`Tfi!\N_:Tfk�VXYeZj^hTWV[k�g��fTfZ:�§kXIfZju/O�k�Z:YXO¦kX�h^`i,I,V[�`�1ly^*)/O�YXO�T,V
^hTÌ�/_jV[I�\�Z:kXO�k��zHJIfOaly^ok[\�Y[O�VXOa\�_,T,V[_:vLYz\�_,Tm�:ONY[i:O;k�^hT )�X M ��k�O;\�_,TflLk¨_:uLu/_,kXO�l�V[_���X �F)�kXO�\N_:TflLkx�¥_:YV[ILO��hON�,ON�`b kXO�V;gLV[IfZ�V¤^hk¤Z � X � �¦Z:\N\NON�hONYeZ�V[^`_,T��6Z,\]VX_,Yt^hT��6ZF�:_,Yx_j�BV[ILO�lL^hk[\�Y[O�V[O�\�_,T,V[_:vLY;�xHJILO;k�O�V[^`MPO
MPO;Z:kXvLYXO;k>lL_�TL_:V�^hTf\N�`vflLOzZ:Tm�PlL^hkXuL�oZF�duLYX_y\NO�lyvLY[O�k�kX^`Tf\NO¨^`VJ�>_,vL�hl�i:Y[O�ZjVX�h�au/ONTGZj�h^`Ä�OtV[ILOz�`O��:ON�`bUk�ONV
MPONVXIL_yl���HJILOPly^*)/O�YXO�Tf\�Oa_j��\�_:MPuLvLV[Z�V[^`_,TfZj��VX^hMPO�^okzlyvLO�VX_�VXILOdkXMdZj�h���,ONYXVXO���TmvLM��GO�Y¤vGk�O;l��¥_:Y
V[ILO�lL^hk[\�Y[O�V[O�\�_,T,V[_:vLY!�¥��ZjY[�m^`Tfi±�GONVr�>O�ONTÎQ�D±ZjTGl��,}��,ONYXVX^o\�O�ke��\N_:MPufZjY[O�l1V[_±V[ILO�M�vf\eIÃi:Y[O�ZjVXO�Y
TmvLM��GO�Y�_j�Bk�^`VXO;k��¯�¥Y[_:M ´ I�~ D vLu!V[_PQ I ´ ~,�§vLu/lfZ�VXO;l!^`T!VXIfO��`O��:ON�`bUk�ONVJTGZjY[YX_�� �fZ:Tfl��

S�^hi:vLY[Oz�j�f³ Õ ^hk[\�Y[O�V[O�\�_:TWV[_:vLY��¥vfuLuGO�YxY[_��t�>Z:Tfl��`O��:ON�`bUk�ONV��6�G_:V�V[_:M Y[_��t�>lyO��¥_,YXMdZ�V[^`_,Tfk��
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®¨k�M�vf\eIÎZ,k�u/_,k[k�^h�L�hO:g$V[ILO!k[ZjMPO�ufZjYeZjMPO�V[ONY��FZ:�`vfO�k��>O�YXO¦vGk�O;l�VX_�\�_,MauGZjY[O�ly^okX\NYXONVXO�\N_:TWVX_,vLYek
Z:Tfl��`O��:ON�`bUk�ONV[k��PHJIfO�V[^`MPO¦k�VXO�u1uGZjYeZjMPO�V[ONYz^hk�kXu/O�\�^`�G\aV[_!�hON�,ON�`b kXO�Vek�ZjTfl�^hT1_,vLYzO��yu/ONY[^`MPONTWVek�^ÅV
Z:uLu/O�ZjY[O�laV[_��/O¤ly^`È¦\�vL�`V§V[_�_,uyVX^hMP^`Ä�O:�§Ð¨TL�h��_,�fk�O�YX�m^hTLi�V[ILOt�hON�,ON�`b kXO�V§�/ONIGZF�W^h_:Y&�¥_:YJly^ )8ONY[ONTWV&V[^`MPO
k�VXO�ufkaZj�h�`_���O�l�vfk�V[_�kXO�VdZjTÃ_,uyVX^hMdZj�J��Zj�hvLO:�Í®x�okX_fg$�¥ON� ufZjYeZjMPO�V[ONYek�TLO�O�lyO;l�VX_1�/O!kXO�V��¥_:YaVXILO
lL^hk[\�Y[O�V[O!\N_:TWVX_,vLYaVX_:u/_:�h_:i,�ÍZj�hi:_:Y[^`VXILM�� Rt_��>O��:O�Y�g$V[ILO�i:Y[^hlÏk�^hÄNO�ZjTGlÍVXIfO�VX_:u/_:�h_:i,�ÍZj�hi:_:Y[^`VXILM
�¥Y[O �WvLO�Tf\���ZjY[O�M�vG\eI±MP_:Y[O�^`TWVXvf^ÅV[^`�,O�ufZ:Y[Z:MaONVXO�Y[kJV[_�kXO�V¤kX^hTf\�O�V[ILON��Z:YXO�\N�`O;ZjY[�`�!YXO��hZjVXO;l!VX_¦uL^`�yON�
kX^hÄNO�ZjTfl�VXIfO�TWvfM��/ONYx_:��^`VXONYeZ�V[^`_,Tfk��
HJILO�i:YeZ:ly^hONTWVJVXILY[O�kXIL_,�hl	��^okx\N_:MPMP_:T!VX_d�/_jV[I±ly^hk[\�Y[O�V[O�\�_,T,V[_:vLYxZ:Tfl!�`O��:O��ÅbUk�ONV�MaONVXIL_ylLk���SUT

V[IL^ok¨ON�yuGO�YX^hMPONTWV¤��OaIfZF�:OPk�ONV ��V[_!Z���Zj�hvLOa_j�W* M )f�zHJIf^hkz��Zj�hvLOa^hk¤IL^hi:I�ONTL_,vLi:IÌVX_�Kr�fYXO;Zj­�L�VXILO\N_:TWVX_,vLYxV[ILY[_:vLi,I�VXILO�i:YeZ:ly^hONTWVt�fZ:YXY[^hONYx�/O�Vr��ONO�T�VXILO�Vr��_�\�_,TLTLO�\�VXO;l±\�_,Mau/_:TfONTWV[k¨�LvyV¤^ÅVz^hk¤k�VX^h�`�
�h_��DONTL_,vLi:I!VX_dufYXO��:ONTWVx^`Vx�¥Y[_:M O�TWVXONY[^hTLidO�Z,\eI�\N_:MPu/_:TLO�T,V;� �¨k�^hTLi�ZdkX�`^hi:IWV[�`���`_���ONY���Zj�hvLO�kX�`_��xk
lL_���Tfk¤VXILOd�hON�,ON�§kXO�V�O��:_,�`vyV[^`_,T1Z:Tfl1krV[_:ufk�^`V�_:T1V[ILO¦\�O�T,V[ONY�u/_jV[ONTWVX^oZj�&�GZjY[YX^hONYd�6kXONOP�Gi:vLY[O��4� = �]g
�hO��¯V]�]��Ð¨T�VXIfO�\�_:TWV[Y[Z:YX�,gW��^`VXI�ZPkX�`^hi:IWVX�h�¦IL^hi:IfONY���Zj�hvLO:gLVXILO��hON�,ON�`b kXO�Vx\�_,TWVX_:vfYJ\NYX_WkXkXO�k>V[ILO��fZjY[Y[^`O�Y
Z:TflÃ\N_:Tm�:O�YXi,O�k¤VX_��JZjYelLkzV[ILO�\N_:MPu/_:TLO�T,Vek�^hTLTLO�Y�Y[ONi,^`_,Tfk¦�¥�fi:vLY[O��c� = �]g$YX^hi:IWV]�]�ÌSUTÎuLY[Z,\]V[^h\NO:g$�>O
�¥_,vLTfl�VXIGZ�V�VXIfOd�`O��:ON�`bUk�ONVzO��:_,�`vyV[^`_,T��JZ:kzuGZjYXVX^o\�vL�oZjY[�`�±kXONTGk�^`VX^h�:OaVX_ �¦��ZjY[^hZjVX^h_:Tfk���Ð¨TÌV[ILO¦_jV[ILONY
IGZjTfl�gGlyvLOzVX_PV[ILOz�¥_:Ye\�O�\N_:MPuLvyVeZ�V[^`_,T�MPO�V[IL_yl�_j��VXILO�lL^hk[\�Y[O�V[Oz\N_:TWVX_,vLY�^hMauf�`�m^hTLi¦ZP��^hlLONY�YeZjTLi,O
k[\NZ:TLTL^hTLi�ZjTGl�V[ILOtly^*)8ONY[ONTWV§Y[ONi:vf�hZ:YX^hÄN^hTLiz\�_:TGkrV[Y[Z:^`TWV�g:VXILO¨ly^hk[\�Y[O�V[Ox\�_,T,V[_:vLYB^ok&M�vf\eIP�`O;kXk>k�O�TfkX^ÅV[^`�,O
V[_ ����ZjY[^hZjVX^h_:Tfk��

S�^hi:vLY[O�� = ³,��ON�,ON�`b kXO�Vx\�_,Tm�:ONY[i:O�Tf\�O¨��^ÅV[I�ZaVX_m_P�>O;Zj­Ì�6�`ON�¯Ve�J_,YxZ�V[_m_¦krV[YX_,TLi!�6YX^hi:IWV]� ��ufZ:Y[Z:MaONVXO�Y
��Z:�`vLO,�
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HJIf^hk�O��yuGO�YX^hMPONTWV[k�k�IL_��xkdVXILOÌZ:�L^h�`^`Vr�Ï_:�¨V[ILO�lL^hk[\�Y[O�V[O±\�_:TWV[_:vLYdV[_:u/_:�h_:i,�ÎZj�hi:_,YX^`VXILM VX_Í�¥_,�`�h_��
lL^ÅÈ¦\�vf�ÅVPVX_,uG_,�`_,i:�Ã\eIfZ:TLi:O;kN����O�vfkXO�Z�kX�mT,V[ILO�V[^h\��¥YeZ:\�V[Zj�J^hMdZji:O�kXIL_���^`Tfi1Z�TmvLM��/ONYd_:�¨k�MdZ:�`�
\N_:TLTfO�\]V[O�lÍ\N_:MPuG_,TLONTWVekN� S�^hi:vLY[OÌ�c��D,��k�If_��xkzVXILO�ly^okX\NYXONVXO�\N_:TWVX_,vLY�\N_:Tm�:O�YXi,ONTf\NOd^`TÍV[ILO�^hMdZji,O
��If^`�hO¤�fi:vLY[Od�4�UIj�JkXIL_��xk>VXILO��hON�,ON��kXO�Vx\�_,TW�,ONY[i:O�Tf\�O,�
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S�^`i,vLY[O���DL³ Õ ^hk[\�Y[O�V[Oz\N_:TWVX_,vLYx\�_,Tm�:ONY[i:O�Tf\�O¨^`T�Za�¥YeZ:\]VeZj�8^hMPZ:i:O,�

S�^`i,vLYXO��UIm³ ��O��:ON�`bUk�ONVJ\N_:Tm�:O�YXi,ONTf\NOt^hT�Z��¥YeZ:\�V[Zj��^hMdZji,O:�
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SUTa�G_:VXIa\NZ:kXO�k�gFVXIfO>^hTL^`VX^oZj�y\�_,T,V[_:vLY�^ok�Z¤k��,vGZjY[O§�h_m\�Z�V[O�l�ZjV�V[ILO�^`MdZji,O>�/_:YelyO�Y���S VBO��:_:�h�:O;k�vLTGlyONY
Z�lyO�M/Z�VX^h_:TÌ�¥_:Ye\�O�VXIfZjVzk�VX_,ufk¤_:TÌk�VXY[_:Tfi�^hMPZ:i:Oa�G_,vLTflLZ:YX^hO�k���SL_,Y¨V[ILOPly^hk[\�Y[O�V[Oa\N_:TWVX_,vLY;g8Z�k�MdZ:�`�
i,YX^ol1k�^hÄNO¦^ok�vfkXO�l�lyvfOdVX_�V[ILO�kXMPZ:�`�§^`MdZji,O¦krV[YXvG\]VXvfYXOdkX^`Ä�O±�¥�±uL^`�yON�ok�i:Y[^ol1kX^hÄNO¦ZjTGl = ^`VXO�Y[ZjVX^h_:Tfk
Z:�`i,_:Y[^ÅV[ILM �¥YXO �WvLONTf\N�L�]�Ï® ��O�Z:­ÍYXO�i:vL�oZjY[^`Ä�^`TfiÌ\�_,TfkrV[Y[Z:^`TWVPZj�h�`_��xk�VXIfO�\N_:TWVX_,vLY�VX_Ík�O�i:MPONTWVaVXILO
k��WvfZjY[Oz\�_:Y[TLO�Y[k���HJIfO�\�_:TWV[_:vLYJ^ok�\eILO�\e­,O�l�ON�:O�YX�%*D)a^ÅV[ONYeZ�VX^h_:TGk§V[_¦Z:lLl�VXIfO�TLO�\NO�k[kXZ:YX�d�,ONYXVX^o\�O�k��
® )�X ��VX^hMPO±krV[ONu ^hk¦vfk�O;lÃ�¥_,YPVXILO��hON�,ON�`b kXO�V;� HJIL^hkPIf^`i,I ��Z:�`vLO��hO�Z,lLkaVX_ÃZ1YeZ�VXIfONYPvLTfk�V[Z:�L�`O

�/ONIGZF�W^h_:Y�Z,k�\NZjT!�/O�k�O�ONT!^`T!�fi,vLYXOd�c��Ij���B®tkJV[ILO��`O��:O��ÅbUk�ONVJ\N_:TWVX_,vLYek>i,Y[Z,lyvfZ:�`�h�P�f�h�hk�bc^hT�VXILO���IL_,�`O
^hMdZji,O:g��>O¦IGZF�:Od�:O�YX^`�fO;lÌV[IfZ�V�VXILO!\�_,TW�,ONY[i:O�Tf\�OaVX^hMPO¦^ok�TL_:V�MP^`Tf^`MP^hÄNO�lÃ�W�1vfkX^`TfiÌZjTm�ÌTGZjY[YX_��
�GZjTflLk��

S�^hi:vLY[O��4�:},�JkXIL_��xkJV[ILO�\�_,MPuLvyV[ZjVX^h_:TfZ:��VX^hMPO��¥vLTf\�VX^h_:TÌZ,kxZP�¥vLTG\]VX^h_:T�_:�$VXILO�TmvLM��GO�Yt_:��^`VXO�Y�b
ZjVX^h_:TfkJvfT,V[^`��VXILO�\N_:TWVX_,vLYxZjTfl�VXIfO��`O��:ON�`bUk�ONV�\N_:Tm�:O�YXi,O:�$HJILO��hON�:O��ÅbUkXO�Vx\�_,TW�,ONY[i:O�Tf\�OtVX^hMaO�^ok��h^`TfO�ZjY
��If^`�hOzVXILO�lL^hk[\�Y[O�V[O�\�_:TWV[_:vLYxkX�`_��xk�lL_���T!Z,k��:O�Y�V[^h\NO�k�ZjY[O�Z:lLlLO�l�� Rt_��>O��:O�Y�gWVXIfO�ly^okX\NYXONVXO�\�_,T,V[_:vLY
\N_:Tm�:O�YXi,O�k�Zj�hMP_,k�V��¥_,vLYJVX^hMPO�kJ�6Z,krV[ONY�VXIGZjT!VXILO��hON�,ON�`b kXO�V�MPO�V[IL_yl��
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S�^hi:vLY[Oz�:}L³ ��O��:O��ÅbUk�ONV��¯�¥vL�h���h^`TLOF�JZjTfl�ly^ok[\�Y[O�VXO�\N_:TWVX_,vLY��6lLZ,k�ILO;l!�`^hTLO;�J\N_:Tm�:O�YXi,ONTf\NOxV[^`MPO:�
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S�^hTfZj�h�h�:g:��OxkXIL_�� ZzMPO;ly^h\�Zj�L^hMdZji,Oxk�O�i:MPONTWV[ZjVX^h_:TaO��LZjMPuL�hO�vfkX^`Tfi��G_:VXI¦ZjufuLYX_WZ:\eILO;kN�XS�^hi:vfYXO��c� D �
kXIL_��xk�Ztly^okX\NYXONVXO§\N_:TWVX_,vLY�lLO��¥_:Y[MdZ�V[^`_,T�^`TaZx�:O�Y�V[ON�LYeZ %�H�bUkX\�ZjT�^hMPZ:i:O,��HJILO�\�_:TWV[_:vLY�^hk�YXO;kXZ:MPuL�`O;l
Z:Tfl�V[ILO�V[_:u/_:�h_:i,�!Z:�`i,_:Y[^ÅV[ILM ^ok¤ZjuLuL�h^hO�l±O��:O�YX� = ^`VXO�Y[ZjVX^h_:Tfk��tS V�\�_,TW�,ONY[i:O;kJ^`T ��X �¦kXO�\�_,TflLk��¨HJILO
\N_:Y[YXO;k�u/_:TGly^`TfiakXONi,MaO�TWV[Z�V[^`_,T�vfk�^hTLi¦ZP�hON�,ON�`b kXO�Vx^oktkXIL_���T�^`T��Gi:vLY[Od�6Q:~W�]�J®!)�X ��VX^hMPO�k�VXONu���Z:�`vLO
Z:Tfl�Zak�VXY[_:TLi�^`T M/Z�VX^hTLi��¥_:Ye\�OzZjY[OtvfkXO�l�VX_PkXuGO�O�lmb vLu�VXILOz\�_,TW�,ONY[i:O�Tf\�O,��HJILO�lyON�¥_:Y[MPZjVX^h_:T¦ufYX_y\�O;kXk
^ok�vLTfk�V[Z:�L�`O¤�LvyVxZ:�`MP_,k�V�k�V[Z:�L^h�`^hÄNO;kN�BHJILO¤^`TGkrVeZj�L^h�`^`VX^hO�kJ\�ZjvfkXO¤Z�ly_:vf�L�`O�kXONi,MaO�TWV[Z�V[^`_,T¦_j��VXILO¤^`TfTLONY
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Z:Tfl�VXILO�_,vyVXO�Yx\�_,T,V[_:vLY�_:��V[ILO��:O�Y�V[ON�LYeZL�&HJIfO�^`MdZji,Oz�G_,Y[lyO�Y�^hktZj�ok�_dkXONi:MPO�T,V[O�l!lyvLOzV[_d�`O��:ON�`bUk�ONV
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�L� � �tTL^`�¥_:Y[M !BONYXVXON� BmufZ,\�^hTLi ���z�����¤���z���z�����z���z���¤���z�����z���z���z�����¤��� D
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