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�MwPy�h�¨Xw�km{}¦�§�{}r�tu�Ivur·yRw�r�ª`l�j{}¬K{���lR�.{�rdtu|&��{}Ä=lRvulRrdt�y�¦�wY�x��lZ�$|�¨+vulR�jvulZ��lRrdtxw)tx{}|PrI�R° � |Yrdtu{�rK�j|Y�I�
�u�jvu¨XwYy�lR��k�wG§�ª`l~��l�¯IrIlR�.txhjvu|P�j�Yh·wYr·l�±��j¦�{�y�{}tÃ|YvÃw�r·{�km�j¦}{�y�{}tÃlZÇd�Iw)tx{}|Pr�²�hj{}¦�l��j{��xy�vxl�txl���Iv�¨XwPy�lR�
wYvul®k�w�{�rj¦�§!vxl��jvxlR�ul�rdtulZ��txhjvu|P�j�Yh.��{��uy�vul�tul6kmlR�uhjlR�$|Pv��Iw�vutu{�y�¦�l���§���tulRkm�R°

��"! #	$�&%U)'� ) ' "*����"*��/{���	'��0'*)  #��/
ÈÉhIl�r��`��{�rj��wYr·l�±��j¦�{�y�{}tÃvxl��jvxlR�ul�rdtxw�tu{�|YrF�=���Iv�¨XwPy�lR�Ãw�vxl���lZ�uy�vu{�ª=lR��ªK§�y�|K|Yv���{�rIw)txlR��¨©�jrIyztx{}|PrI�®��l��
�=l�r`��{}rI�|Yr�w�¬YlZyztu|Pvc|Y¨	��hIwY�`lÃ�Iw�v�w�kml�tul�v��?J�wP�1��lZ�uy�vu{�ª=lR�m{�r!lRÇd�Iw�tu{�|Yr�¿P° (¶¨©�jvutuhjlRv3��{���tu{�rIyztx{}|Pr
ª=l�t�²3l�lRr�tuhIlR�ul�km|���l�¦��$y�w�r!ª`lÃkmwP��lÃ�jl��=l�rI��{�rj�~|Yr�txhjl®rd�Ikª=l�v$w�rI�mtxhjl®rIw)tx�jvul�tuhjl®�IwYvxwYk~l�tulRv
�ul�t J+°Ég$hjl.rK�jkª=l�v�|Y¨Ã�IwYvxwYkml�tulRvx�~hIwP�mw�r¸{}km�IwPyzt�|Yr[tuhjl·y�|Ykm�j¦�l�±�{}t�§Â|�¨�txhjl·��l�¨©|Yvxkmw�tu{�|YrF°
(�rj|�txhjl�v6y�vx{}tul�vx{�|Yr�{���txhjl�¦�|�y�wY¦�|Pv��Y¦�|Yª`w�¦��jl�¨©|Yvxk�w)tx{}|Pr·{}km�IwPyzt®|�¨MtxhjlR�ul�IwYvxwYkml�tulRvx�R°�ÈÉ{}tuh��Iw)�
v�w�kml�tul�v���y�|Yrdtuvx|Y¦�¦}{�rj��¦�|�y�w�¦���l�¨©|Pvuk�w�tu{�|YrI�R�j¨XwY{}vx¦}§.y�|Pkm�j¦}l�±.�uhIwY�`lZ��k�wG§!ª=l|Pª�txwY{}rIlR��ªj�jt®w)tÃtuhjl
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surface

Discrete
models

Continuous
models

decomposition
Modal

Deformable
template

Algebraic
surface

differences
Finite

elements
Finite

Explicit

representation
(parameterized)

(section 2.3)
(section 2.4)

representation
Implicit

(section 2.6)

Particle
systems

Simplex
mesh

Spring-mass

Deformable

model

Triangulation

Discrete

(section 2.5)
meshes

Polynomial

representation
finite support

Superquadric

Hyperquadric

Level-set

B-Splines

#�{}�P�jvxl~¿��A´�{}Ä=lRvulRrdt��Yl�|Pkml�tuvx{�y�vxl��jvxlR�ul�rdt�w)tu{�|Yr`�1|Y¨���l�¨©|Yvxk�w�ªj¦�l����jvu¨XwYy�lR�R°
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���zÎ���Ï�� ����������Ð����)Ï����^Ë	���������PÐ	�����zÌ ���zÏ�Ð�Ê������ ����ÐzÊ� ¼

l�±��`lRrI��l�|�¨�wYrÁ{}km�=|YvutxwYrPtmy�|Pk~�I��txw�tu{�|YrIwY¦3y�|Ykm�j¦�l�±�{Åt�§P° �ÃrÂtxhjl.y�|YrdtxvxwYvu§P���P¦}|PªIw�¦3��hIwY�`l��IwYvxw��
kml�tul�v��~¦}lZwY�tx|«km|Pvul.��t�w�ªj¦�l�rd�Ik~lRvu{�y�wY¦3�xy�hjlRk~lZ�²�hIl�r w�¦�{}km{}tulZ�¹rK�jk�ª`lRv�|Y¨Ã�IwYvxwYk~l�tulRvx��w�vxl
lZ��tx{}k�w�tulR�F°�ÃÙ & Ö�<	Ù  8©£ &�� < 8©¡ Õ   ��505 Ù ¢G¡ @ � < ¤Y¡;8 Ù=<  

psr�txhjlR�ulvxl��IvulZ��lRrPt�w)tx{}|PrI���`��hIwY�`l�Iw�v�w�kml�txl�v���y�|PvuvxlR�u�=|YrI��tu|!tuhjl~y�|KlhF&y�{}lRrPt���|Y¨M�`|P¦}§Krj|Pk~{�w�¦
¯`rj{Åtxl·���I�j�`|Pv�t�¨©�IrIyztx{}|PrI��°D�MwYy�h �IwYvxwYk~l�tulRv~h`wY��|Prj¦}§[w¦}|�y�wY¦�{}km�IwPyzt&|Pr[txhjl·�u�jv�¨XwPy�l��uhIw��=lY°
g$hI{���|Y¨ÍtulRrÂ¦}lZwY�j�6tx|·��|P¦}¬Pl�¦}{�rjlZw�v��u§K��tulRk���|�¨�lRÇd�Iw�tu{�|YrI��²�{ÅtxhÁ���IwYvx�ulmk�w)tuvx{�y�lR�R°�g$hI{���yRw)txl��Y|Pvu§
{�rIy�¦}�I�jlR�6txhjl!��{}Ä=lRvulRrdt�t�§K�`lZ��|�¨�y�|Prdtu|Y�Ivw�rI��u�jvu¨XwYy�l&�u�j¦�{}rIlR��wYk~|Prj��²�hj{�y�h �c�s�u�j¦}{�rjlZ��w�vxlmtuhjl
km|d��t~²�{���lR¦}§�I�ulR�F°�psr¶» ÀP�G½^�3�.l�rjl�t.Ð�� �)Ï�{}rdtuvx|����Iy�l����	�¾Ê;� � ��Ð�Ê�
?�c�u|Ykml��jl�¨©|Yvxk�w�ªj¦�l�y�|Yrdtu|P�jv��
vxl��IvulZ��lRrPtxlR�«wY���1�¾�u�j¦�{}rjl�y��jvu¬PlR�R° �1�s���I¦}{�rjlR�6wYvul��uk~|K|Ytuhy��jvx¬YlZ�Ã|Pv����jvu¨XwYy�lR�®²�{}tuhhj{��Yh�¦}lR¬Yl�¦A|Y¨
�Pl�|Pk~l�tuvx{�yAy�|Yrdtu{�rK�j{}t�§Ãªj�jt	tuhIl�§6w�¦�¦}|)²Â�uhIw�vx��y�|YvxrjlRvx�ÓªK§6���j�j¦�{�y�w)tx{}rI����|Pkmlcy�|PrPtxvu|P¦��=|Y{�rPt��Ftx|�k�w�³Pl
txhjl�y��jvx¬Yl� �&|Prj¦�§Y°«�.lRrjl�t�Ð�� ��Ï	�I�ul �1�¾�urIwY³YlR��¨©|Yv~vulZy�|)¬YlRvu{�rj�.ªj�j{�¦���{}rI�«y�|Prdtu|Y�Ivx�6¨©vx|Yk w�lRvu{�w�¦
{�k�w��PlR�R° �c�s�u�j¦}{�rjl·�u�jvu¨XwYy�lZ�mhIwG¬Yl�wY¦��u|l�rIy�|Y�jrdtulRvulZ�[�u|Ykml·�u�Iy�y�lR�x�m{}r¸txhjl���l�¨©|YvxkmwYªj¦�l�km|���lR¦��
y�|Ykmk�Irj{Åt�§�¨©|Pv�vxl��P{���tuv�w)tx{}|Pr�|Y¨Ãw�r`w)tu|Pkm{�yRw�¦1��tuvx�Iy�tu�jvxlR�!» ���j�$¿RnG½�w�r`�Áy�|PrPtx|Y�jvtuv�wYy�³K{�rj�Á»�¿Y¿z½�{�r
{�k�w��Pl&��lZÇP�Il�rIy�lR�R°,.FlR{Åtxrjl�v�Ð�� �)Ï6» �d¼K���Y�G½$��l�¯IrIl!��l�¨©|Pvuk�wYªj¦}l&y�|Yrdtu|P�jv���w�rI�Â�u�jvu¨XwYy�lZ�6ªIwY�ulR��|Pr
�1�s��r`w�³YlZ�c²�{}tuh�txhjl�w�ªj{�¦�{Åt�§!tu|m|Y�=l�v�w)txlÃtx|Y�=|Y¦�|Y�P§&y�hIw�rj�PlR�R°

psr[¨XwYy�tmkm|d��t~¯Irj{}tul�lR¦}lRk~lRrdt~km|���l�¦���w�vxl!ª`wY�ulR�Á|Pr¸�uhIwY�`l�¨©�jrIy�tu{�|YrI�~txhIw)t&w�vxl��`|P¦}§Krj|Pk~{�w�¦
¯`rj{Åtxl�u�j�j�=|Yvut�¨©�jrIyztx{}|PrI�R°1g$hjlZ��l��uhIw��=l�¨©�jr`yztu{�|Yr`��w�vxl��I�u�Iw�¦�¦}§!vulR¦�w�tulR��tx| 3�l�vxkm{Åtxl��=|Y¦�§drI|Ykm{�wY¦��
{�r�|Yv���l�v1tu|~�Y�IwYvxwYrdtul�l®w)t�¦�lRwY��t�w � Q y�|Prdtu{�rd�I{Åt�§&wY¦}|Prj�txhjl����Iv�¨XwPy�lY°0(�¦��u|I�KtuhIlR�ul6wY�j�jvx|PwPy�hjlR�1w�vxl
|Y¨ÍtulRr�¦}{�km{ÅtxlR�.tx|&vulR�jvxlR�ul�rdt����Iv�¨XwPy�lR��|�¨c�u{}km�j¦�l�tu|P�`|P¦}|P�Y{�lR��ª=lRyRw��I�ul�|Y¨�txhjl�{�vÃ�j{ F&y��I¦Åt�§�tu|�l�rI�u�jvxl
� Q |Yv�� Q �Pl�|Ykml�tuvx{�y�y�|Yrdtu{�rK�j{}t�§�|Pr!���Iv�¨XwPy�lR�M|�¨	w�vxªj{}tuv�w�vx§�tx|Y�=|Y¦�|Y�Y§ +X�ul�l�¨©|Yv3{}rI��txwYrIy�l» �dÀG½ -c²�hj{�¦}l
³Pl�lR�j{}rI�~¦�|�y�wY¦?�u�j�j�=|Yvut�¨©�jrIy�tu{�|YrI�R°

#�{�rj{Åtxlml�¦�l�kml�rdtx�Ãkml�txhj|��j�6w�vxl�k�w�{�rj¦}§��`��lZ�·wY�®w&rK�jkml�vx{�y�w�¦�¨©v�w�kml�²3|Yvx³&¨©|PvÃkm{�rj{}km{*&�{�rj�.��l��
¨©|Pvuk�w�tu{�|Yr!lRrjl�vx�Y§&¨©�jrIyztx{}|PrIw�¦��R°+g$hIl�§�wYvulÃ¨©�jvutuhjlRv���tu�I��{�lR��{�r���lZyztu{�|Yr.nj° �I°
2 �(5 Õ ¢��"��£jÚ�¢98©¤Y 

ÛK�I�`lRvxÇd�IwP��vu{�y���w�vxl�wm�Yl�rIl�v�w�¦�{�&Zw)tu{�|Yr�|�¨MÇd�IwP��vu{�y��3tx|!�u�jv�¨XwPy�lZ��°3g$hjl�§.y�lRv�t�w�{�rj¦}§�w�vxl6tuhjlk~|d��t
²�{���lR¦}§��I�ulR���IwYvxwYk~l�tulRvu{*&�lZ�����jvu¨XwYy�lR�3»�¿Y¿G¼P��¿Z�����d¼K�d¿G�)�)½¾°�psr�IwYv�tx{�y��j¦�wYvR���u�j�=l�vxl�¦�¦}{��I�u|Y{��j��vulR�jvulZ��lRrdt
y�¦}|d��lZ���u�jvu¨XwYy�lR�R° (��u�j�=l�vxl�¦�¦}{��I�u|Y{��!{�����l�¯IrjlR��ªK§�txhjl��Iw�v�w�kml�tuvx{�yÃlRÇd�Iw�tu{�|Yr �

� IEMPj9R!kpY�L �� ��� Q��������=M �"!���j#�"!��%kpY%$&�'!(��j#�'!(�%k)$ *,+�)- �������=M �"!���j#�.�/��kpY%$.�"!(�*j0���1��k)$ * 2� g �������=M ���1��kpY%$.�.�/��k)$ * 3 R

²�hIl�vxl�JeL M � Q R �)- R � g R�4 Q R54 - R�4 g Y[Z�{��AtuhIl����Iv�¨XwPy�l��IwYvxwYk~l�tulRvA¬YlRy�tu|PvR�ij7698 �%R5:<;=8Yw�rI� k>698@?BA - R(A -DC °Û��j�`lRvxÇd�IwP��vx{�yR�Mw�¦�¦}|)²[tuhIl�vxl��jvxlR�ul�rdtxw�tu{�|Yr~|�¨Óvxl�¦�w)tu{�¬YlR¦}§�¬)w�vx{�wYªj¦}l��uhIwY�`lZ�Mªj��t3|Yrj¦�§~²�{Åtxh!w���§Kkmkml��
txvu§�w)±�{��R°Ag$hK�I�3tuhjlR§�yRw�rjrj|YtR��{�r�tuhjlR{}v��Ivu{�km{Åtx{}¬PlÃ¨©|Pvuk��j¦�w)tu{�|Yr	�dvxl��IvulZ��lRrPt�y�|Ykm�j¦�l�±��uhIw��=lR�R°

ÛK�I�`lRvxÇd�IwP��vu{�y���yRw�r.w�¦���|~ª=l�vulR�jvulZ��lRrdtulR��wY�${�km�j¦�{�y�{Åt��u�jvu¨XwYy�lZ�3ªd§!tuhjl�lZÇd�Iw)tx{}|Pr �

E I MPo#Y0LGFFFF/HJI� Q FFFF
-�K * +#L FFFF�HJM�)- FFFF

-%K * 2NL FFFF/HPO� g FFFF
-%K * 3 LRQXS

g$hIl®�u�jvu¨XwYy�l®{�����l�¯IrIlR�!wP�	G I LTSXoU6�] _ g $ V I Mso?Y0LWQ�XI°Mg$hj{��3vulR�jvulZ��lRrdtxw)tx{}|Pr&{��3�u�j{}tulZ�&tx|m�jl�tulRv��
km{�rjl~{Å¨1w!�`|P{}rdt�oY6 ] _�g~ª`lR¦}|Prj�P��tu|!tuhjl~{�rPtxl�vx{}|Pv + E�I Mso?Y[ZTQ -�|Yv�tuhjl~l�±KtulRvu{�|Yv +\E(I=MPo#Y[]^Q -�|Y¨
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txhjl6���jvu¨XwYy�lY° � hj|K|P�u{�rj�|Prjl�vxl��jvxlR�ul�rdt�w)tu{�|Yr!{}rI��tulZwY�!|�¨FtxhjlÃ|YtuhjlRv�w)Ä?lRyzt��1tuhjl®l�¬P|Y¦���tu{�|Yr&ª=l�h`wG¬d{�|Yv
|Y¨	txhjl�km|K�jl�¦	wP�$²1l�y�wYr��ul�l6¦�w)txl�v�{�r�txhj{���vulR�`|Pv�tZ°
6�Õ.@¾Ù ¢ £j��& Õ ¡ Õ  5�&©£�¡ Õ  

psr�txhjl�{�v��`w��=l�vZ���M�j{�¦}¦�l�Ð�� �)ÏF»�¿Z�Y�G½��jl�¯Irjl�w��Iw�v�w�kml�tuvx{�y6km|���l�¦����I{ÅtxlR�.tx|�tuhjl�vulR�jvxlR�ul�rdtxw�tu{�|Yr
|Y¨Ótuhjl®l�§PlY°Ag$hjl6��l�t1|Y¨���h`w��=lR�ctuhIw�t1txhjlÃkm|���lR¦?yRw�r&vxl��IvulZ��lRrPt1{��3vxlR��tuvx{�y�tulR��tu|�txhjl6���=lRy�{Å¯`yÃrjlRlR�j�
|Y¨MtuhIlmwY�j�j¦�{�yRw)tx{}|PrF°�p¾t�|)¬Yl�v�y�|PkmlR�$txhjl���hIwY�`l~¬)w�vx{�w�tu{�|Yr·vxlR��tuvx{�yztu{�|Yr`��ªK§��I�u{}rI��|Prj¦}§��`w�v�w�kml�txl�v��
wP�jw��jtulR�&tu|�w~�Y{�¬YlRr�w��I�j¦}{�y�w�tu{�|Yr�²�hj{}¦�l6k�w�³K{}rI�txhjl6l�¬Y|P¦}�jtu{�|Yr!�Ivu|�y�lZ�u�3vx|Yªj�`��t���{�rIy�lÃtxhjl6rK�jkª=l�v
|Y¨��IwYvxwYkml�tulRvx�3{���wY�$�uk�w�¦�¦	wY�$�=|P�x��{�ªj¦�lY°
% Ù Ú�£ &1Ú Õ ¤ Ù  5 Ù  D8Í¡D8 ÙE<

´Ã{ÅÄ?l�vxl�rdt�vxl��jvxlR�ul�rdtxw�tu{�|YrI���I�ul~w�km|K�Iw�¦A��lRy�|Ykm�=|P�u{Åtx{}|Pr�|�¨ctuhjlmkm|���l�¦^°g$hjl���lZy�|Ykm�=|P�u{Åtx{}|Pr
ª`wY�u{���{���w!��l�t�|�¨M��{}Ä=lRvulRrdt�¨©vulZÇd�jl�rIy�§!hIwYvukm|Prj{�yR��°$g$hj{���vxl��jvxlR�ul�rdt�w)tu{�|Yr�{���lRÇd�j{�¬)w�¦�l�rdt�tx|!w��IwYvxw��
kml�tuvx{�y����Iv�¨XwPy�l.��l�tm²�hI|P�ul��IwYvxwYkml�tulRvx�~w�vxl�tuhjl.km|���l.²1lR{}�PhPt���°¸g$hjl����Ik |�¨�txhjl.¯Iv���tmkm|���lR�
y�|Ykm�=|P�u{}rj�tuhjl6�u�jv�¨XwPy�lÃ�Y{�¬YlR�3w�vu|P�j�Yh!wY�j�jvx|G±�{}k�w)tx{}|Pr�|�¨	{}tx�$�uhIw��=lY°Ag$hjl�wY�j�jvx|G±K{�k�w)tx{}|Pr�vul�¯IrjlR�
wP�~hj{}�Phjl�v~¨©vxlRÇd�jlRrIy�§Ákm|���lZ��w�vxl�wP�j��lR�¹tu|�txhjl.vulR�jvulZ��lRrdtxw)tx{}|PrF°Ápsr �jv�wYy�tu{�y�lY�c{Åt&{�����lR�u{�vulZ�Âtu|
vxlR�j�Iy�l�wP��k�`y�h·wY���=|P�x��{�ªj¦�l�tuhIlrK�jkª=l�v�|�¨Mkm|���lR���`��lZ�.tu|&|Pª�txwY{}r�w&y�|Ykm�IwPyzt�vxl��jvxlR�ul�rdt�w)tu{�|Yr	�
³Krj|)²�{�rj�mtxhIw)tÃ¨©l�²�km|���lR���I���`w�¦�¦}§.w�¦�¦}|)²DtuhIlvxl��jvxlR�ul�rdtxw�tu{�|Yr.|�¨Mv�w)txhjl�vÃy�|Ykm�j¦�l�±��uhIw��=lR�R°��.|Yvxl��
|)¬Pl�vZ�jtxhjl~�uk�w�¦�¦�rK�jk�ª`lRvÃ|Y¨Mkm|K�jlR�®w�¦�¦}|)²���tuhjl~vulR�Y�j¦�w�vx{*&Rw)tx{}|Pr.|�¨AtuhIl��u�jv�¨XwPy�l�²�hjl�r�y�|YrI�u{���l�vx{}rI�
{}tx��l�¬Y|P¦}�jtu{�|Yr�» ÀY�j�I�YnG½¾°

Ûdt�w�{�ª Ð�� ��Ï�»�¿R�d�Z½M{�rd¬PlR��tu{��Pw�tul #I|Y�jvx{�l�v6km|K�jlm�jlRy�|Pkm�`|d��{}tu{�|YrF° ( y��jvx¬Yl~k�wG§�ª`lmvxl��jvxlR�ul�rdtulZ�
wP��wm���jkÆ|�¨+��{�rK�I��|P{��Iw�¦=tulRvuk����
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M !ER !(Yx°
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g$hjl�vulR�Y�j¦�w�vx{*&�{�rj�mtulRvuk hIwP��w!��txwYªj{�¦}{*&�lRv�vx|Y¦�l��{�rIy�l�tuhIl��jw�txwmtxl�vxk�{��Ã�I���`w�¦�¦}§�¬YlRvu§�{}vxvxl��Y�I¦�wYv
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E = E     + E extreg

Evolution equation

Euler-Lagrange

Lagrangian Newtonian

formulation

minimization

(section 3.6)

Finite differences

convergence

Gradient
descent

Finite element

Solution

Global

Centered finite
differences

Stationary equation

Bayesian

method

scheme
Semi-implicit

Explicit scheme

Discrete evolution equation

Iterative

(section 3.2)

(section 3.1)
Energy equation

(section 3.3)

(section 3.4)

(section 3.5)

(section 3.7)Discrete stationary equation

(section 3.7.2)

Evolutive method
(section 3.7.1)

equilibrium
Forces

#�{��Y�jvxl�� �MÛK|Y¦�¬K{}rI�m�jl�¨©|Yvxk�w�ªj¦�l6km|K�jl�¦�� ��lR¬Y|Y¦���tx{}|Pr�lZÇP�`w)tu{�|Yr	°
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txhjl��u�jv�¨XwPy�l6��km|K|�txhjrjlZ�u�R°Ag$hd�`���Iwm�u�jvu¨XwYy�l6{�rdtul�vxrIwY¦=lRrjl�vx�Y§!{����

��
���XM:G�Y�L�� � 	
Q�� ��� � � 
 M �

L �%Y��
��� �	��
 � � MCj9RlkiY������

��� � G
�
j �

�
k � ���� - rXj9r{k +X��-

²�hIl�vxl 
 � � wYvul&�=|P�u{}tu{�¬Yl�¨©�jr`yztu{�|Yr`��°«Û�lRy�|PrI�|Yv���lRv��t�w�ªj{�¦�{�&Rl�v��w�vxl�km|P��tu¦�§�I��lZ�2+ � L :�-z°�g$hjl
��txwYªj{�¦}{*&�lZ���u�jvu¨XwYy�l®k�`��t$tuhK�I�$ª=l®t�²�{�y�l���{ÅÄ?l�vxl�rdtx{�wYªj¦}lP�KtuhIw�t�{�� GY6�� - Msd�Ysg®²�hjlRvul�� - Msd�YM{��3tuhjl
Û�|Yª=|Y¦�l�¬!�u�IwYy�l���l�¯IrIlR��ªd§ �

� - Msd�Y�L���! 6 � - M[d�Y%$ 	 �lR � �
- !

���
�

��� �
6 � - M[d�Y��

( �u�jv�¨XwPy�lÃvulR�Y�j¦�w�vx{�&RlR�mªK§&w�ulRy�|YrI�&|Yv���l�v$g${}³Khj|Prj|)¬m��t�w�ªj{�¦}{*&�lRv${��1{��jl�rdtu{�y�wY¦`tx|~w�tuhj{�r�k~lRkªjv�w�rIl
²�{}tuhkmlRy�h`w�rj{�y�wY¦�lRrjl�vx�Y§ ��
���Y° #I�jrIyztx{}|PrI� 
 Q � w�rI� 
 � Q kmlZwY�u�jvul~txhjl�kml�kªIvxwYrjl~��tuvxlR�x�6²�hj{�¦}l
 - � � 
 � - w�r`� 
 Q!Q kmlRwY�u�jvxlÃ{}tx��vu{��Y{���{}t�§Y°g$hjl��jw)t�w~tul�vxk ��l��=l�rI�I��|Yr�w��=|�txl�rdtu{�w�¦� y�|Ykm�j��txlR��¨©vx|Yk tuhjl�Iw)txw +xÐ  �� $¨©|Pv�w�r�{�k�w��Pl��`���L ? ����� � - {�r.{Åt����u{}km�j¦�lR��t$¨©|Yvxk - �

� ����� M:G�Y�L � � �KMCG�MCj9RlkpY�YsrXj9r{k
g$hjl��Ivu|Pªj¦}lRk {��3tu|&��l�tul�vxkm{}rIlÃtxhjl��u�jv�¨XwPy�l G � �u�Iy�h�wP� �

G � L'&7�1�( � � 
 Q � FFFF �
G

�
j FFFF

- L 
 � Q FFFF �
G

�
k FFFF

- L : 
 Q!Q FFFF � - G
�
j

�
k FFFF

- L 
 - � FFFF � - G
�
j - FFFF

- L 
 � - FFFF � -
G

�
k - FFFF

- rpj9r.k L � � �KM:G�YsrXjBr.k
+^¼�-

�MÇd�Iw�tu{�|Yr�¼���|KlR��rj|Yt+wP��km{ÅtAw�rK§�w�rIwY¦}§dtx{�yRw�¦P�u|Y¦���tx{}|PrF°	p¾t+{���rjlRlR��lZ��tu|6��{��uy�vul�tu{*&�lctuhj{���lRÇd�Iw)tx{}|Pr
wYrI��tx|�wY�j�j¦�§·w�r�{}tulRvxw�tu{�¬Yl�xy�hjlRk~l�tu|.�u|Y¦�¬Yl�{}tR°g$hIl�km|P��t®y�|Ykmkm|Yr«k~l�tuhj|���{��Ãtu|�vxl�²�vx{Åtxl�tuhI{��
lZÇd�Iw)tx{}|Pr¹wY��w���txw)tx{}|PrIw�vx§�lRÇd�Iw)tx{}|Pr¹y�|PvuvxlR�u�=|YrI��{�rj�.tx|«w�¨©|Pvxy�l!lZÇP�I{}¦�{}ªIvu{��jk.°�g$hIl�lZÇP�I{}¦�{}ªIvu{��jk
lZÇd�Iw)tx{}|Pr�{��$tuhIl�r���{��uy�vul�tu{*&�lR���I�u{}rI��¯`rj{Åtxl��{}Ä=lRvulRrIy�lZ��° ��txhjl�v�vxlR�u|Y¦���tx{}|Pr�kml�txhj|��j��l�±K{���t��u�Iy�h�wY�
�j§dr`w�km{�y®�jvx|Y�PvxwYkmk~{�rj��» n�½^�j�PvulRlR��§&wY¦}�P|Yvx{Åtxhjk��®»}¿G��ÀG½F|Pv���{�k�j¦�w)txlR��w�rjrIlRw�¦�{�rj�.» �Y�j�F¿R�K¼�½^°

!�P� � � �#��/.) ��� ������"* ?� �%�
(�rj|�txhjl�v�y�¦�wY�x��{�y�wY¦$wY�j�jvx|PwPy�hÁtu|Â|P��tu{�km{�&Rl.tuhjl«��hIwY�`l�|Y¨6w�u�jvu¨XwYy�leG lRkª=lR�j��lZ� {}rÉwYr¸{�k�w��Pl�[{��&tu|Â�I�ul�wÁ��txw�tu{���tx{�yRw�¦�¨©v�w�kmlR²1|Pvu³ »�¿Z�Y�K��¿Z�Y�G½¾°��Avu|PªIw�ªI{}¦�{Åt�§��KM:G $ � Y~��lRrj|�txlR�mtxhjl·Î �GÊ;�sÐ��zË	���
Ê;� ���^Ë�Ê;�WË	� �)Ï	Ì � �YÐ�Ï °Mp¾t�lZ��tx{}k�w)txlR�$hj|)² w����Iv�¨XwPy�l�GÉ¯jtx�$txhjl��jw�txw~{}k�wY�Yl��`°Mg$hIl6�ulRwYvxy�hIlR����|P¦}��tx{}|Pr
{��®tuhIlmÎ��)Ê��sÐ��zË	����Ì���ÑPËÍÌ ��Ì +^� (�� -z�FtxhIw)t�{��®tuhIl&���jvu¨XwYy�l~tuhIw�t6k�w�±K{�km{�&RlR�®txhjlmÎ��)Ê;�¾Ð��zË	���6km|���l�¦
�Ivu|PªIw�ªj{�¦�{Åt�§ �  "!

� L'&$#&%( �KMCG $ � Y
g$hjl6Î �GÊ;�sÐ��zË	���$k~|���lR¦Ó{���lR��tu{�kmw�tulZ��ªK§&�`��{�rj� �$wG§YlR�3vx�j¦�l'�

�KM:G $ � Y�L �KM'� $ G�Y(�KM:G�Y�KM'� Y +XÀ�-

y�|Ykm�=|P�ulR��|�¨	txhjl6¨©|Y¦�¦�|)²�{}rj�~txl�vxkm���
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� �KM'� Y�L � ( �KM'� $ G�Y1{���w~rj|Pvuk�w�¦�{*&Rw)tx{}|Pr�y�|YrI��txwYrPtZ°
�&g$hjl�Î��zË	���®Ì � �YÐ�Ï �KM:G�Y�{��1w��Yl�|Pkml�tuvx{�y$k~|���lR¦`kmlZwY�u�jvu{�rj��txhjlÃ�u�jvu¨XwYy�l���hIwY�`l®Çd�Iw�¦�{Åt�§~²�{}tuh��
|Y��t�t�w�³K{�rj���jw)t�w�{�r�wYyRy�|Y�IrPtZ°

�&g$hjl �'��� �mÌ � �PÐ�Ï�KM'� $ G�YAkmlRwP���IvulZ�Mhj|)² txhjlÃ�P{}¬Pl�r&�u�jvu¨XwYy�lÃ�YlRrjl�v�w)txlR�Atxhjl®{}k�w��Pl�{�rdtul�r`��{}t�§Y°
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g$hjl��Ivu{�|Yv$km|���l�¦Ók��I��t�¦�lRwP�&tx|�hj{}�Ph��Ivu|PªIw�ªj{�¦�{Åtx{}lZ�c¨©|Pv G y�|Yrj¯I�Y�jv�w)tx{}|PrI�ctuhIw�t�y�|YvxvxlR�u�`|PrI�mtu|
w~²3lRwY³�vulR�Y�j¦�w�vx{�&Zw)tx{}|Pr!l�rIl�vx�Y§Y°0( �®{�ªjªI��+X|Yv��3|Y¦}t &RkmwYrjr -3��{���txvu{�ªj��tx{}|Pr.{��$|Y¨Ítul�r.�I�ulR�"�

�KM:G�Y�L Q� 
����� ��� 
��� x ( z R
²�hIl�vxl��	��
��{���w~vxl��P�j¦�wYvu{*&�{�rj�my�|PrI��t�w�rdt�y�wY¦}¦�lR�!tuhjl��`w�vutu{}tu{�|Yr�¨©�jrIyztx{}|PrF°

ÛK{�km{}¦�w�vx¦�§Y�Pwc�®{�ªjªI�1��{���txvu{�ªj��tx{}|Pr~k�wG§�ª`l��`��lZ�¨©|PvAtuhIl��jw)t�w6km|K�jl�¦^�d�u�j�j�=|P�u{}rI��w�r�wYyRÇP�I{��u{Åtx{}|Pr
km|���lR¦ÓªIwY�ulR��|Yr.¦�{}rjlZw�v�kmlRwP���IvulZ�3�j{���tu�jvxª=lR��ªK§!w �6w��I�x��{�w�r�rj|P{��ul'�

�KM'� $ G�Y�L Q� ������� ��� ����� x ( z S
#�{�rIw�¦�¦�§Y�KtuhIl6Î��)Ê��sÐ��zË	���$km|K�jl�¦F{�� � �KM:G $ � Y�L Q� � ��� x ( z S
g$hIl®k�w�±K{�k�Ik |�¨�tuhjl�y�|YrI�j{Åtx{}|PrIw�¦Ó�jvx|Yª`w�ªj{�¦}{}t�§ �KMCG $ � Ycy�|PvuvxlR�u�=|YrI�j�1tx|�txhjl�l�rIl�vx�Y§&km{�rj{}k��jk.°

g$hj{��+w��j�Ivu|dwYy�h�{���{�rdtulRvulZ��tx{}rj�Ã{Å¨Ituhjl$�jw)t�w�txl�vxk�{��+y�|Pkm�j��tulZ��t�w�³K{}rI��tuhIl3wPy�Çd�j{���{}tu{�|Yr�rI|Y{���l1{}rdtu|
wPy�y�|Y�jrdtR°���tuhjlRvu²�{��ulY��txhj{���¨©vxwYkml�²3|Yvx³&{���ªIwY�u{�yRw�¦�¦}§�lRÇd�j{�¬)w�¦�l�rdt�tu|�txhjl�vxl��P�j¦�wYvu{*&Rw�tu{�|Yr!¨©vxwYk~lR²1|Pvu³
�jlR�xy�vx{}ª=lR��{}r�txhjl��jvxl�¬K{}|P�I�$��lZyztx{}|Pr«»�¿R�P�G½^°

g�l�v'&�|P�`|P�j¦}|d�$w�rI�.Û &�lR¦}{��u³d{A»�¿Y¿Z�G½	��lZ�uy�vu{�ª`l�w�� $�w�¦�kmwYr��urIw�³Pl��Ãª`wY�ulR��|Yr.w��Ivu|PªIw�ªj{�¦�{���tu{�y�km|��K�
lR¦}¦�{�rj�mªd§�wY�j��{�rj��w $�w�¦�k�w�r!¯I¦Åtxl�v�tx|m�jvu{�|Yv$km|���l�¦���wYrI���Iw)txw~²�{}tuh�w �$wG§YlZ��{�w�r�¨©|Pvuk��j¦�w)tu{�|Yr	°

!�"! � )U��) '.� ��)�c�-"*���&�=��/ ��)U/��="*� '*)� �0'*)  #�
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²�hIl�vxl � L % ��# � M � R � R;STSTSTR � Y�{���w[�uyRw�¦�l·¨XwPyztu|Pv!k�w)txvu{}±Ó� � {��.wÁvx|�t�w)tu{�|YrÉk�w�tuvx{Å±Éw�rI� � {���w
txvxwYrI�u¦�w�tu{�|Yr!¬PlRy�tu|YvZ°

� |K|�txlR�~Ð�� �)Ï�» nYnG½��I�ulw���{��uy�vul�tul�km|���l�¦	¨©|Yv�²�hI{�y�h·��{��u�j¦�wPy�lRk~lRrdt�riG w�vxl�y�|Ykm�j�jtulR��w�t�lRwPy�h
{}tulRvxw�tu{�|YrF° ( tx{}kml(. L  .3w�km|���lR¦F{}r`��t�w�rIy�l # '� �  ¬YlRvu{}¯IlZ� �

G  L riG � � '� �  � '� �  # '� �  L
� '� � 

¦�lRwP��{�rj�~tu|I��²�{}tuh # '� �  L #  L q # �
q # L � � Q'� �  � � Q'� �  M:G  L riGU? � '� � UY ? # lS
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g�|!lZ��tx{}k�w)txl�txhjl���{��u�j¦�wPy�lRk~lRrdt q #A�`txhjllR{}�Pl�rjkm|���l��Iw�v�w�kml�txl�v���¦�lRwY�j{}rj�&tu|�w&k~|���lR¦�|Y¨M¦}{�³Yl
�uhIwY�`lmhIwG¬Pl�tx|.ª`l�lZ��tx{}k�w)txlR�Ó°!psr�txhjl&�YlRrjl�v�w�¦AyRwY�ulY�Ótxhjl�l�{��YlRrjkm|K�jl~vxlR��tuvx{�yztu{�|Yr`�6�jvulR¬YlRrPt®¨©vx|Yk
vxlRy�|YrI��tuvx�Iy�tu{�rj��l�±jwYyztx¦}§ # L q #A°/(5¦}lZwY��t$kmlZw�r.�uÇd�IwYvul�w��I�jvu|G±�{�k�w)tu{�|Yr!{���|Pª�txwY{}rIlR��ªd§ �# L q # � �# L�� MPJ L q0J�Y�� q0J L � Z q #�S

1AlZyztu|Pv q0JÉ{���txvu�IrIy�w�tulR�¹wYy�y�|Yv���{�rj��tu|�tuhjl.y�|)¬)wYvu{�w�rIy�l�k�w)tuvx{}±lR{}�Pl�rK¬)w�¦��jlR��tu|«�jvulR¬YlRrPt�tuhjl
l�±jy�lR�x�u{}¬Pl���l�¨©|Yvxk�w)tu{�|Yr¸{�r w«�P{}¬Pl�r¸km|K�jl·��{}vxlRy�tu{�|Yr +&? �+, � � O � L r{O � ��� , ��Yu�$²�hjl�vxl"�¹{��&w
�=|P�u{}tu{�¬Yl�y�|PrI��t�w�rdtR°

� � (�lRrIy�|P�jrdtul�vxlR�¹w·¦�w�vx�Yl��u�IyRy�lR�x�¨©|Yvm��lR�Ykml�rdtxw�tu{�|Yr » nYn)½^�M{�r¹�`w�vutu{�y��j¦�w�v~��lR�Ykml�rdtxw�tu{�|YrÁ|Y¨
wYrIw)tx|Ykm{�y�w�¦=��txvu�`yztu�IvulZ��» �Y���j�d¼R½^��y�|Yrdtu|P�jvMtxvxwPy�³d{�rj��» �Y���d�d�Z½¾�jw�rI�&�uhIwY�`l6y�¦�wY�x��{}¯`yRw)tu{�|Yr�» �Y�)½^°MÛK|Pk~l
rI|Yr�¦}{�rjlRwYv�l�±KtulRrI�u{}|PrI�$hIwG¬Yl®ª=l�l�r.�jvx|Y�=|P�ulR��{�r«» �����	¿R���I�Ó¿R�Yn)½^°

� 9 ��()���+*,��-.���º*:�� ������µ�������������

´Ãl�¨©|Pvuk�wYªj¦}l3km|���l�¦��+�Y{�¬Yl1�jvu{�|Yv+{�r�¨©|Yvxk�w)tx{}|Pr|Yrtuhjl��uhIw��=l$|�¨jtxhjl$|Yª���lZyzt���tu|®vulZy�|)¬YlRvR°53�|)²3l�¬YlRvR�Z{}¨
txhjl��Ivu{�|Yv1k~|���lR¦=�uhIwY�`lÃ{��ctu|K|��j{ÅÄ?l�vxl�rdtc¨©vx|Yk tuhIl®�jw�txwI�Ytxhjl�km|���l�¦=km{}�Phdt1rj|Yt1ª=l®wYªj¦}l�tu|��jl�¨©|Yvxk
y�|YvxvulZyztx¦}§P°+ÛKlR¬YlRvxwY¦?wY��tuhI|Yv��$�jvu|P�`|d��lÃtu|P�`|P¦}|P�Y§&wP�jw���tx{}¬Pl6k~|���lR¦��3tx|m¨XwYy�lÃtxhj{����jvx|Yªj¦�l�k.°

g$hjl�tul�vxk tu|Y�=|Y¦�|Y�P§y�hIwYrj�Yl�k�wG§�{�rIy�¦��I��lÃª`|Ytuh&y�hIwYrj�Yl${�rmtuhjl�k~lZ��h&��tuvx�Iy�tu�jvxl�+XwP�A{}¦�¦��I��txvxw�tulZ�
{�r tx|Y� vu|)² |Y¨�¯I�P�jvul��-!|Yv.y�hIwYrj�Yl«|�¨txhjl���jvu¨XwYy�l«�Pl�rK�I� +©ª=|�tutu|Yk�vu|)² |Y¨�¯I�Y�Ivul��-!²�hj{�y�h
txvxwYrI��¨©|Yvxkm�1txhjl�u�jv�¨XwPy�l��u�Iy�h�wY�${}t�{���rI|�t�hj|Pk~lR|Ykm|Yvx�jhj{�yÃtu|�{}tx���IvulR¬d{�|Y�`��y�|Yrj¯I�Y�jv�w)tx{}|PrF°+psr.tuhjl
¯`vx��t�y�wP��l�²3l���h`w�¦�¦Fvul�¨©l�v�tx|�km|K�jl�¦!���'�zÎ � ���^Ë	���!²�hI{}¦�l��YlRrK�I��y�hIw�rI�YlR��wY�j�j¦�§&tx| � ���zË ����Ï}Ð � ��Î �)Ï�� ���
km|���lR¦��R°

���� � ������'*) �#� $& ��� %�/
��|K�jl�¦FwY�Iw���t�w)tu{�|Yr�{���rjl�lZ��lR�!tu|�|Pª�txwY{}r.w~�YlR|Ykml�txvu{�y®vulR�jvulZ��lRrdtxw)tx{}|Pr!²�{}tuh�wm��l�t�w�{�¦F¦�l�¬YlR¦F��{�km{}¦�w�v
tx|~tuhjl��jw�txw~�jvxlRy�{��u{}|PrF°
� � 5�&:8©¤p8©¡� Ù Ú Õ &X �£jÚ�£*5�¡R£�¡D8 Ù=<

�+w�v�w�kml�tul�vx{*&�lR�!km|K�jl�¦��1vxlRÇd�j{�vxl®w~�jw)t�wmwY�jwY��txw�tu{�|Yr&{}¨�txhjl6�Iw�v�w�kml�tul�v$�u�IwYy�l®��{��xy�vxl�tu{*&Rw�tu{�|Yr�{��
vx|Y�I�Yh6y�|Ykm�IwYvulZ��tx|�tuhIlM�jw)t�w���l�t�w�{�¦Y¦�l�¬YlR¦W°���y�psrjlRvurIl�§ÃwYrI�6g	lRv &R|Y�=|Y�j¦�|P�+» ¼)�)½Y�jvx|Y�=|P�ul+tu|�vxlR�xw�km�j¦�l
txhjl�¯`rj{Åtxl�lR¦}lRkml�rdtÃkml�txhj|��·rj|���lZ��wY¦}|Prj��tu{�kmlY°6g$hj{���k��j¦Åtx{Å�s�xy�w�¦�lwY�j�jvx|PwYy�h�wY¦}¦�|)²���w&tuv�w�rI�u{Åtx{}|Pr
¨©vx|Yk y�|dw�v���l3tu|6¯`rjl�¦�l�¬YlR¦W°+g$hjl�km|���lR¦I{��+¯Iv���tcvx|Y�I�Yhj¦�§��{��uy�vul�tu{*&�lZ�Ó�PwYrI�~{Åt��c�u�jv�¨XwPy�l�{��MwY�Iw���txlR��wY�
{}tÃy�|YrK¬YlRvu�PlR�1tu|)²$w�v��j�3tuhIl�jw)t�wj°$g$hj{���w��I�jvu|dwYy�h�y�|Yr`��{���l�v�w�ªI¦}§&vxlR�j�Iy�lZ�$tuhjl~y�|Pk~�I��txw�tu{�|YrIwY¦ÓtxwP��³
w�t$tuhjl�ª=l��P{}rjrI{}rj��|Y¨	txhjl���l�¨©|Pvuk�w�tu{�|Yr��jvu|�y�lR�x��°

psr�tuhIlmyRwY�ulm|�¨1l�±��j¦}{�y�{}t�km|K�jl�¦�����vulR�Y�j¦�w�v6�uwYkm�j¦}{�rj�.|�¨1tuhjlm�IwYvxwYkml�tulRvx�6�u�IwYy�l~�j|dlZ�6rj|�t�rjlZyz�
lZ�u�xw�vx{�¦}§�¦}lZwY�·tu|.w!vxl��P�j¦�wYvÃ�xw�km�j¦�{}rI��|Y¨Mtuhjlm�u�jv�¨XwPy�lP° 1Al�k�Ivu{Aw�r`����wP��{��xwG¬K¦ ��lR¬K{�y�»�¿Z�Y�G½A�jvx|Y�=|P�ul
w!tuv�w�r`��¨©|Pvuk�w)tx{}|Pr�|Y¨c�Iw�v�w�kml�tul�v��u�IwYy�l~�u|Y¦�¬K{}rI�!txhjlm�jvu|Pªj¦�l�k {�r�txhjl�{�v��IwYv�tx{�y��j¦�wYv�y�wY�ulY°mÛ &��R³YlR¦}§
Ð��!��Ï1»�¿Y¿ZnZ½��ulRw�v�y�h&tx|m³Yl�lR��y�|YrI��txwYrdt1txhjl�vxw�tu{�|�ª=l�t�²3l�lRr�wm�u�jvu¨XwYy�l®txvu{�w�rj�P¦}l6w�vxlRw~w�r`�&txhjl�y��jvx¬YlZ�
txvu{�w�rI�Y¦�l®wYvulZw�y�|Ykm�`|d��lZ�!²�{}tuh�txhjl6tuhjvxl�l��xw�kml6�IwYvxwYk~l�tulRvx�1|Yr�w~�jrj{}t����Ihjl�vxlY°

#Ivu|Pk�wmrK�jkml�vx{�y�w�¦	�`|P{}rdtÃ|Y¨A¬d{�l�²��`�Iw�v�w�kml�tul�vx{*&�lR��km|���l�¦���vxlR�xw�km�j¦�{}rI��rjlRy�lR�x�uwYvu{�¦}§!¦}lZwY��tu|&w
rIl�² y�|Pk~�I��txw�tu{�|Yr|�¨�k�wY�x���+�jwYk~�I{}rj�«w�rI�Â��tu{}Ä=rIlR�x��k�w)txvu{�y�lZ��°�psrÂtuhIl!y�wP��l�|Y¨�w���lRk~{}�¾{}km�j¦�{�y�{Åt
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rK�jkmlRvu{�y�wY¦?�xy�hjlRk~lP�KtuhjlZ��l�k�w�tuvx{�y�lR�3hIwG¬Yl®tx|~ª=l�{�rd¬Pl�vutulZ�Ó° (�r�wY�jwY��tu{�¬Yl6�xy�hjl�kml6²�{Åtxh�tu|K|mhj{}�Ph�w
¨©vxlRÇd�jlRrIy�§!k~{��Yhdt$tuhK�I��ª`lZy�|Ykml�y�|Pkm�j��txw�tu{�|YrIwY¦}¦�§&l�±K�=l�r`��{�¬YlP°
6 8© Z¤�¢ Õ ¡ Õ £IÚ�£*5�¡;8 �`Õ  Ù Ú Õ &© 

psr�tuhjlmy�wP��l�|�¨1��{��xy�vxl�tul�km|K�jl�¦����ÓwY�Iw���t�w)tu{�|Yr�{��®�=l�vu¨©|Yvxk~lZ��¦�|KyRw�¦�¦}§.ªK§�wY�j�j{}rj��rjl�² ¬Yl�vutu{�y�lZ��°
Û�{}rIy�ltxhjlmkm|�tu{�|Yr�lRÇd�Iw�tu{�|YrI�®w�vxl~¦}|�y�wY¦�tu|�lRwYy�h«¬YlRv�txl�±Ó�=tuhjl��u�jv�¨XwPy�lmwY�jwY��txw�tu{�|Yr·h`wY�6w!vxlR�j�Iy�lZ�
l�Ä=lZyzt!|Pr tuhjl�l�¬Y|P¦}�jtu{�|YrÉ�uy�hIl�kmlY° �3�j¦}�I{Åtut�w�r`�¸�AÄ=|Pvx�5»�¿RÀG½®�jvx|Y�=|P�ul·wÂvul�¯IrjlRk~lRrdt!w�¦��Y|Yvx{}tuhjk
¨©|Pv�vulR�Y�j¦�w�v�tuvx{�w�rj�P�j¦�w�tulZ�[�u�jvu¨XwYy�lZ� +©lRwPy�h[¬Pl�vutul�±¹hIwY���u{}±¹rjl�{��YhKª=|Yv��'-�°¸´Ãl�¦�{�rj�Yl�t�tulÂ» nY�)½Ã��l�¯`rjlR�
wP�jw��jtxw)tx{}|Pr!¦�wG²��$�jvxlR�ul�vx¬d{�rj��tuhjl��u{�k~�I¦}l�±!kmlR�uhjlR�$�Pl�|Ykml�tuvx§Y°

ÛK�Iª=��{�¬K{��u{�|Yr��u�jvu¨XwYy�lZ��wY¦}¦�|)² w!k�j¦}tu{}�s�uyRw�¦�l�vulR�jvxlR�ul�rdtxw�tu{�|Yr.|�¨M��{��uy�vul�tul�k~lZ��hIlR�R�`vxl��dw�v���¦}lZ�u�$|Y¨
txhjl�{�v1��tuvx�Iy�tu�jvxlY°0(¶�u�jª?��{}¬K{���{�|Yr����jvu¨XwYy�l�{��1��l�¯`rjlR�&wP�cw��=|Y{�rdt3�ul�tMtxhIw)t$y�wYr�ª`lÃl�rj¦�w�vx�YlZ�tx|�vxl�¯Irjl
txhjl��u�jv�¨XwPy�lP°

g$hjl�k~|d��t3y�|Ykmkm|Yr�wY�j�jvx|PwYy�h~{��Atu|�y�|YrI�u{���l�vAtxhjl��=|Y{�rdt1��l�t S o �� X � wY�A¬Pl�vutu{�y�lZ�A|�¨Fw6kmlR�uh�� ��°
(¶kmlR�uh!��lZÇd�jl�rIy�l�{��Mªj�j{�¦}t M�� �iRTS;STShR�� � RTS;STS Y�²�hj{�y�h��jvx|K�j�Iy�lZ�Mkm|Yvxl�w�r`��km|Yvxl���l�t�w�{�¦}lZ�mkmlR�uhjlR�
wYrI��y�|PrK¬Yl�vx�YlZ��tu|)²$w�v��j�Awy�|Yrdtu{�rK�j|Y�`�M���Iv�¨XwPy�lY°+g$hK�I�R� � � & � � � o � � l�±�{���t��A¨©|Pv1w�rK§��`|P{}rdt��+w�r`�mtuhjl
�ulRÇd�jlRrIy�l � o � � � � ��tuvx|YrI�Y¦�§&y�|YrK¬Pl�vx�YlR�R°( ¦�w�vx�Yl~rK�jkª=l�v�|Y¨3�u�jª=�j{}¬K{���{�|Yr���Iv�¨XwPy�lR�®vxl�¯IrIl�kml�rdt��uy�hIl�kmlR�6hIwG¬Pl�ª=l�lRr«�Ivu|P�`|d��lZ�Ó°~g$hIl�§
w�t�txl�km��t�tu|m�jvxlR�ul�vx¬YlÃtuhIl����jvu¨XwYy�l6�jvu|P�`lRv�tx{}lZ� �

1 �;� �¾Ð��¾Î���Ï����^Ë	���`° ��lR²D¬Pl�vutu{�y�lZ�1ª=l�¦�|YrI��tx|mtuhjl�y�|Yrdtu{�rK�j|Y�`�3�u�jvu¨XwYy�lY°
1 � � � �)Ï Ë � �)°$g$hjl�rjl�{��YhKª=|Yvxhj|K|��!{�rK¬Y|Y¦�¬YlZ�!{�r·wmrjlR²D¬Pl�vutul�±�¦}|�y�w�tu{�|Yr�y�|Pkm�j��txw�tu{�|Yr��uhj|Y�j¦���ª`l
wY���uk�w�¦�¦FwY�$�=|P�x��{�ªj¦�lY°

1 � �)Ì~ÌmÐ�� �;�)°�g$hjl3���Iª=��{�¬K{��u{�|Yr�xy�hjl�kml1hIwY�Ftuhjl$�uwYkmlc��§Kkmkml�txvu§�wY�	tuhIlc¦�|KyRw�¦dkmlR�uh�tu|P�`|P¦}|P�Y§Y°
1�� Ï���� �)ÏÅË � �)°¹g$hIl��xy�hjl�kml��uhj|P�j¦��¹w��j�j¦�§�tu|w�rK§��{��xy�vxl�txl��u�jvu¨XwYy�l�vulR�PwYvx��¦�lR�x��{}tx�tu|P�`|P¦}|P�Y§Y�
l�¬Pl�r�{}r�tuhIl��jvulZ��lRrIy�l6|Y¨�kmlR�uh.ª`|Pvx��lRvx�R°

1 �`Ì � ���XÒ��=Ð�Ê�Ê�°Mg$hIl��jvu|����`y�lR���u�jv�¨XwPy�lZ�3�uhj|P�j¦���lRr�¨©|Yv�y�l6wm�Y{�¬YlRr�y�|Prdtu{�rd�I{Åt�§&¦�l�¬Pl�¦^°
p¾t.{�����{ F&y��j¦}t�tu|¸|Y��tx{}km{*&�l�lR¬YlRvu§ y�vx{Åtxl�vx{}|Pr¶w)t�tuhjl�xw�kml·tx{}kmlY° ÛKlR¬YlRvxwY¦Ã�u�jv�¨XwPy�l��u�jª?��{�¬d{��u{}|Pr
�xy�hjlRk~lZ��w�vxl®�jlR�xy�vx{}ª=lR��{}r»�¿Rnd�Z½^°

( ��lZy�|Yr`��wY�j�jvx|PwPy�h�{��$tu|�y�|Yr`��{���l�v�tuhjl��=|Y{�rdtx� S o �� X � wP��w&y�|Yrdtuvx|Y¦Órj|���l���l�t�{}r`��{}vxlRy�tu¦�§��Pl�r��
lRvxw�tu{�rj�mw~�u�jvu¨XwYy�lY°Ag$hjl��u�jv�¨XwPy�l6{��$vul�¯IrjlR��ªK§�wP�j��{�rj��y�|Yrdtxvu|P¦=�=|Y{�rdtx�R°
�mÚ�£*5�¡;8 < �Â¡ 4 Õ  Ù Ú Õv< ���� Õ ¢

´ÃlRy�|Ykm�`|d��{�rj��w&km|���l�¦+|Yr«w&¬K{}ªIvxw�tu{�|Yr�km|���l�ª`wY�u{��ÃwY�®��lR�xy�vx{}ª=lR�·{}r[» ÀK¼d�=ÀPÀ��+¿Z�Y�K�?�PnG½A¦}lZwY�j�
tx|~wYr�wP�jw���tx{}¬PlÃvxl��IvulZ��lRrPt�w)tx{}|PrF°5( vxlR��tuvx{�y�tulR����l�t�|�¨	¦�|)²É¨©vxlRÇd�jl�r`y�§�km|���lR�3�Y{�¬Yl®w~vu|P�j�Yh!�u�jvu¨XwYy�l
�jlR�xy�vx{}��tx{}|PrF°��3§!wY�j�j{}rj�mkm|���lR�R��txhjl����Iv�¨XwPy�l®vulR�jvulZ��lRrdtxw)tx{}|Pr!{���vxl�¯IrjlZ�Ó°

��P� � ������'*) �#� '� ?�� %  !� �
Û�l�¬YlRvxwY¦1wY��tuhj|Pvx���jvx|Y�=|P�ul���l�¨©|Yvxk�w�ªj¦�l!km|���l�¦��~²�hj|P�ul&tx|Y�=|Y¦�|Y�P§�k�wG§Ây�hIwYrj�Yl�w�¦�|Yrj��txhjl���l�¨©|Pv��
k�w�tu{�|YrÂ�jvx|�y�lR�x�6tx|·¯jt�tuhjl��jw)t�w.tu|P�`|P¦}|P�Y§¹» ���I�A¼������d�Z½¾°�g$hjl&km|���l�¦$�uhIw��=l&{�rj{Åtx{�wY¦}{*&Rw�tu{�|YrÁk�wG§
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nP� � ����� � � � ���	
���Ð�Ï Ë � �dÐ�� �sÐ;
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vxl��IvulZ��lRrPtmtxhjl«�jw�txw¬Pl�vx§¹vx|Y�j�Phj¦}§P°Dg$hjl�vulZy�|Yr`��txvu�Iy�tu{�|Yr¸�jvx|Ky�lR�x�&��|KlR�&rj|�t!vxl�¦�§¹|Pr tuhjl��jvu{�|Yv
km|���lR¦F��hIwY�`l�wYrI��ª`lRrjl�¯jt���|�¨Aw~¦�wYvu�PlÃrK�jk�ª`lRv�|�¨A��l��PvulRlR�3|�¨�¨©vxl�lR�j|Yk.°

p¾¨Mtxhjl{���lZw&|�¨cwYr�w��jtu|Yk�w�tu{�y6tu|P�`|P¦}|P�Y§.wY�jwY��txw�tu{�|Yr�{��Ãw�t�tuv�wYy�tu{�¬Yl�{�r·txhjl�|Pvu§P�`{}tÃ{��®��{ F&y��j¦Åt®tu|
wY�j�j¦�§�²�hjlRr�y�|PrI��{���lRvu{�rj�$rj|Y{��u§�{�kmwY�YlZ��°	g$hIlc��l�¨©|Pvuk�wYªj¦}lAkm|���lR¦��Ó{�rj{}tu{�w�¦�{�&Zw)tx{}|Pr®{��F¬Pl�vx§���lR�`lRrI��l�rdt
|Pr{Åt����jvx{}|Pv�uhIw��=l!w�r`�¦}|�y�w�tu{�|YrF°.g�|·w���tx|Yk�w)tx{�yRw�¦�¦}§���l�txl�vxk~{�rjl�tx|Y�=|Y¦�|Y�P§«y�hIwYrj�YlZ�6{}rÁw�rI|Y{���§
{�k�w��Pl®²�{}tuhI|Y��t��jvx{�|Yv���h`w��=l®{�r�¨©|Pvuk�w)tx{}|Pr�k�wG§&ª=l��jrI��txwYªj¦�lY°� £�¢)£  Õ ¡ Õ ¢98
	 Õ ÚÉ¢ Õ 5�¢ Õ   Õ�< ¡R£�¡D8 ÙE<  

ÈÉhjlRrÂy�|Yr`��{���l�vx{�rj�.�Iw�v�w�kml�txl�vx{�&RlR��k~|���lR¦��R�	��{}Ä?l�vxl�rdt�tu|P�`|P¦}|P�Y{�lR�®¦}lZwY��tu|·��{}Ä?l�vxl�rdt��Iw�v�w�kml��
txl�v&ª=|Y�IrI�jw�vx§[y�|YrI�j{Åtx{}|PrI��° .FlR{Åtxrjl�v�w�rI� � {�rIÇd�j{�r�» �P�G½Ã�jvx|Y�=|P�ul�w�r wY¦}�P|Yvx{Åtxhjk tu|[��l�txlRyzt���lR¦Å¨Í�
{�rdtulRvx�ulRy�tu{�|YrI�6|Y¨$�u�jvu¨XwYy�l�km|���lR¦���vxl��IvulZ��lRrPtxlR��wY��w�txl�rI�u|Yv��Ivu|����Iy�t|�¨�1�¾�u�j¦�{}rIlR�R°�ÛK�jvu¨XwYy�l&��lR¦Å¨Í�
{�rdtulRvx�ulRy�tu{�|YrI��wYvulmtxvulZw)tulZ�ªK§�vxl�¯Irj{�rj��txhjl&km|���l�¦^��kmwY³K{}rj��hI|Y¦�lR�wYvu|P�jrI��{�rPtxl�v���lZyztx{}rj�.vxl��P{}|PrI���
wYrI��y�|YrIrjlRy�tu{�rj�mªd§!vulR|Yv���l�vx{}rI�txhjl�y�|PrPtxvu|P¦?�`|P{}rdtx���jl�¯Irj{�rj�mtxhjl����Iv�¨XwPy�lY°
�  5�&:8X¤p8Í¡�¢ Õ 5	¢ Õ   Õ.< ¡Z£�¡;8 ÙE<

.	l�¬YlR¦Å�s�ul�t6kmwG§«y�hIw�rj�Pltxhjl�{�v6tu|P�`|P¦}|P�Y§�{�r�w�¬Pl�vx§�rIw)tx�jvxwY¦A²3wG§P° (Ã�®tuhjlm¨©�jr`yztu{�|Yr � y�|Yrdtx{}r��
�I|Y�I�u¦}§.lR¬Y|Y¦�¬YlZ���Ituhjl~{���|)¬)w�¦��jlZ����l�¯Irjlm���jvu¨XwYy�lR��tuhIw�tÃk�wG§.�jrI��lRvu�P|&¨©�I�u{�|YrI�Ã|Yv6���I¦}{}t�tx{}rj��²�hj{�¦}l �
vxl�k�wY{}rI�$w~¨©�jr`yztu{�|Yr	°
6 8© Z¤�¢ Õ ¡ Õ ¢ Õ 5�¢ Õ   Õ�< ¡R£�¡D8 ÙE<

��y�psrjl�vxrjlR§~wYrI�&g�l�v'&�|Y�=|Y�I¦}|d��» ¼P¼R½?�jvu|P�`|d��lÃ��l�¨©|Pvuk�w�ªI¦}l��j{��xy�vxl�txl�y�|PrPtx|Y�jv�� +5��� �¾Ê�� � ��ÐzÊ.
 -1w�r`�
�jl�¨©|Yvxk�w�ªj¦�lm��{��xy�vxl�txl����jvu¨XwYy�lR� +���� �¾Ê;����� ���xÐ�Ê.
 -®²�{}tuhÂw�rwY�jwY��tu{�¬Yl�tu|P�`|P¦}|P�Y§P°�g$hjlR{}v�wY�j�jvx|PwYy�h�{��
ª`wY�ulR�|YrÂw·�u{�k~�I¦}{�y�{�w�¦3��lRy�|Ykm�`|d��{}tu{�|YrÂ|Y¨����IwPy�l&�`��{�rj��w·Çd�IwP��{cvulR�Y�j¦�w�v�txl�txvxwYhjlR��v�w�¦c�Yvx{��Ó°�g$hjl
km|���lR¦`{��3{}rj{}tu{�w�¦�¦�§&w�tuvx{�w�rj�P�j¦�w�tu{�|Yr�²�hj|d��lÃ¬YlRv�tx{�y�lR�cwYvulÃ¦}|�yRw)tulZ��|Yr&tuhjl6��{�km�j¦�{�y�{�wY¦`�Pvu{���lR�j�YlR� +X�ul�l
¯`�Y�jvxl�¼~¨©|PvÃw�r�{�¦�¦}�I��tuv�w)tx{}|Pr�{}r.txhjl~�Y´ yRwY�ul -�°�g$hjlw�¦��Y|Pvu{}tuhIkÆw�¦}tulRvur`w)tu{�¬YlR¦}§��`lRv�¨©|Pvuk��Ã��l�¨©|Pvuk�w)�
tx{}|PrI��w�r`��vxlR�xw�km�j¦�{�rj� �

�&´�l�¨©|Yvxk tuhjl�km|���lR¦`�I�u{�rj�w�.�w��Yv�w�rI�Y{�w�rm��§KrIw�km{�y�¦�wG²¸|Yr���{��xy�vxl�txl�kmlR�uhjlR�M¨©|Yv1w�¨©l�² ��tul��`��°
� (��j�Ivu|G±�{�kmw�tul�txhjlm��l�¨©|PvukmlR�·k~|���lR¦�ªK§�w�� �¾Ê;����� � ��ÐÃªK§�vxlR�xw�km�j¦�{�rj��tuhIl�tuvx{�w�rj�P�j¦�w�tu{�|Yr�|Pr
tuhjl��u{�k~�I¦}{�y�{�w�¦F�Pvu{��Ó°

ÈÉhj{�¦�l�tuhjl��u�jvu¨XwYy�lÃ{�����l�¨©|Yvxk~{�rj�`�Ktuhjl�¬Pl�vutu{�y�lR�$|Y¨	txhjl���{�km�j¦�{�y�{�wY¦F�Yvx{���{�rI��{���l�wYrI�!|P��tx�u{���l6tuhjl
�u�jvu¨XwYy�l~wYvulm¦�w�ª=l�¦�¦}lZ�Ó° (�¨Ítxl�v�txhjl���l�¨©|Pvuk�w)tx{}|Pr���txwY�YlP�Ótuhjl&�u�jvu¨XwYy�l�{���vxlR��l�¯IrjlR��wY�®txhjl�{�rPtxl�vu¨XwYy�l
ª=l�t�²3l�lRr~tuhjl�{�rjrjlRvcw�r`�txhjl�|Y�jtul�vc¬Yl�vutu{�y�lZ��° (ÉrjlR²¹txvu{�w�rj�P�j¦�w)tu{�|Yr~{��AvulZ�uwYkm�j¦}lZ�~|Yr~tuhjl��u{�k~�I¦}{�y�{�w�¦
�Pvu{���tuhIw�tw��j�jvx|G±�{}k�w�tulR�Ãtxhjl!��l�¨©|Yvxk~lZ��km|���lR¦W°�p¾¨1txhjl&km|���l�¦c�ul�¦}¨${}rdtulRvx�ulRy�tx�6|Pv�{Å¨$t�²3|�km|���lR¦��
{�rdtulRvx�ulRy�tR�j|Prjl6|�¨�tuhjl�u{�k~�I¦}{�y�{�w�¦F�Pvu{��!tul�txvxwYhjlR�jvu|Pr�{����uhIw�vxlR��ªK§&t�²3|&��{ÅÄ?l�vxl�rdt��u�jvu¨XwYy�l®txvu{�w�rj�P¦}lZ��°
g�|Y�=|Y¦�|Y�P§&y�hIw�rI�YlR�1txhjl�r.|�y�y��jv�w�rI�!tuhIl�y�|Y¦�¦�{���{�rj�~tuvx{�w�rj�P¦}lZ�1kmlRvu�PlY°

g$hj{���wY�j�jvx|PwPy�h�{���lTF&y�{�l�rdtÃ���jl�tu|�txhjl�y�hjlZw��.vxlR�xw�km�j¦�{}rj���Ivu|�y�lZ���jvxl�|�¨Atxhjl��{��uy�vul�tul�km|���lR¦W°
3�|)²1lR¬YlRvR�d{Åt$vxlRÇd�j{�vulZ�ctxhjl6��l�¯IrI{Åtx{}|Pr�|Y¨	tuhIlÃ{�rI�u{���l�wYrI��txhjl6|Y��t���{���l®�Iw�vut3|Y¨	txhjl����jvu¨XwYy�lY°+g$hK�I�${Åt
{��+rj|YtM�`|d�u�u{}ªI¦}l3tu|���lZw�¦�²�{}tuhm|Y�=l�r�y�|Yrdtu|P�jvx��|PvM���jvu¨XwYy�lR��²�{}tuhmª`|Pvx�jl�v���°�g$hjl���l�¨©|Pvuk�w�tu{�|Yr�Ivu|�y�lZ�u�
ªIvu{�rj�P�Mtuhjl®���Iv�¨XwPy�l�tx|{�r �`w)txl�|PvMtu|~��l �=w)tulÃl�¬Pl�vx§d²�hIl�vxlY°	p¾t3k�wG§~yRw��I�ul��u|Ykml��jvx|YªI¦}lRk �jrI¦}lZ�u�ctuhjl
�u�jvu¨XwYy�lÃ{���y�wYvul�¨©�j¦�¦}§&{�rj{}tu{�w�¦�{�&RlR�Ó°

.�wYy�hIwY�I�w�rI�¹��|YrdtxwYrd¬Pl�vut�» �Y�)½$�jl�¯Irjl&tu|Y�=|Y¦�|Y�P§«wP�jw���tx{}¬Plmtuvx{�wYrj�Y�I¦�w�tu{�|YrI��ª`wY�ulR�|Yrtxhjl��Z�
�urIwY³YlR�Ay�|YrIy�l���tÃ» �G½¾° (É¦�l�rj�Ytuh��IwYvxwYk~l�tulRv +�� ] ��-+{��M�I��lZ�~tu|y�|Yrdtuvx|Y¦Ktxhjl�txvu{�w�rj�P�j¦�w)tu{�|Yr��xw�km�j¦�{}rI�
wYrI�!tu|&��l�tulRy�t�km|K�jl�¦F�ul�¦}¨Í�^{�rdtul�v��ulRyztx{}|PrI�1¨©vu|Pk t�²3|�lR¦}lRkml�rdtxwYvu§&vx�j¦�lR���
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#�{��Y�jvxl�¼ � .	l�¨Ít ��txvu{�w�rI�Y�j¦�w�v��u{}km�j¦�{�y�{�wY¦���lZy�|Ykm�=|P�u{Åtx{}|Pr[|Y¨ ] _ - ° � lRrdtul�v �·g3�¾�urIw�³PlY° ��{��Yhdt �
�u{�k~�I¦}{�y�{�w�¦Fy�l�¦�¦F|�¨0] _�gP°

�&g$hjl���{���t�w�rIy�l6ª`l�t�²1lRl�r�t�²1|~rjlR{}�Phdª=|Yv�¬Pl�vutu{�y�lZ�3�uhj|P�j¦���¦�{}l6ª=l�t�²3l�lRr ��w�rI� :*S � �K°
�&g$hjl���{���t�w�rIy�l6ª`l�t�²1lRl�r�t�²1|~rj|Pr�rIl�{��YhKª`|Pv$¬Yl�vutu{�y�lZ����hI|Y�j¦��!ª=l��YvxlRw�tulRv1txhIw�r - � �� g �K°

g$hIlm¯Ivx��ty�|PrI��tuv�w�{�rPt�lRr�¨©|Yv�y�lZ��w.vulR�Y�j¦�w�v��xw�km�j¦�{�rj��|�¨3tuhjl����jvu¨XwYy�l�²�hj{�¦}lmtxhjl!�ulRy�|PrI��|Yrjl&�ul�tw
txhjvxlR�uhj|Y¦��!wYª`|)¬Pl�²�hj{�y�h&txhjl����jvu¨XwYy�lÃ{��$y�|PrI��{���lRvulZ��tu|m�ul�¦}¨�{�rPtxl�v���lZyztZ°�p¾¨�tuhjl®¯Iv���t$y�|YrI��tuv�w�{�rdtc¨Xw�{�¦����
w~tx|Y�=|Y¦�|Y�P{�yRw�¦?|Y�=l�v�w)tx|Yv$¨©|Yv�y�vulZw)tx{}|PrF�I��lZ��txvu�Iy�tu{�|Yr�|Yv�¬Pl�vutu{�y�lZ����²$w���{���w��j�j¦�{�lR� +X�ul�l6¯I�P�jvxl�À�-z°1p¾¨
txhjl��ulRy�|PrI��y�|Yr`��txvxwY{}rdt3¨Xw�{�¦��R�jw�r�w)±�{�w�¦?|Yv�wYr�wYrjrK�j¦�w�v3tuv�w�rI��¨©|Yvxk�w)tx{}|Pr!{���w��j�I¦}{�lR� +X�ul�l6¯I�P�jvxl6��-z°

swap creation destruction

#�{��Y�jvxl�À �A�A�j¦�l�vx{�wYr�tu|Y�=|Y¦�|Y�P{�yRw�¦=tuv�w�r`��¨©|Pvuk�w)tx{}|PrI�1|Yr�tuvx{�wYrj�Y�j¦�w)tx{}|PrI�R°

g$hj{��cwY�j�jvx|PwPy�h�{��Mvxl�¦�w)tx{}¬Pl�¦�§y�|d��tx¦}§~��{�rIy�l�{ÅtcvxlRÇd�j{�vxl$tuhjl�y�|Ykm�IwYvu{���|Pr�|Y¨`txhjlÃ�j{���txwYrIy�l�ª=l�t�²3l�lRr
lZwYy�h�¬YlRv�txl�±&�IwY{}vZ° (�r.|�yztuvxl�l���tuvx�Iyztx�jvxl®{����I�ulR�!tu|�|P��tu{�km{�&Rl®tuhjl�y�|Ykm�j��t�w)tu{�|Yr`��°

� � �R*,�.�����	� �����!���

Û�{}km�j¦�l�±�kmlZ��hjlZ�6²�hjl�vxl���lR�u{��YrjlZ�·tx|�vxl��IvulZ��lRrPt���l�¨©|YvxkmwYªj¦�l~y�|Yrdtu|P�jvx�6wYrI�«�u�jvu¨XwYy�lR�~» nP�G½¾°mg$hIl�§
�Ivu|)¬K{���l«w¸��{�km�j¦�lwYrI� �=|)²3l�vu¨©�j¦�¨©v�w�kmlR²1|Pvu³¸tu| ��l�¯IrjlvulR�Y�j¦�w�vx{*&Rw)tx{}|Pr y�|PrI��txvxwY{}rdt���° ÛK{�km�j¦�l�±
kmlZ��hjlZ��w�¦�¦�|)² txhjl&vxl��jvxlR�ul�rdtxw�tu{�|Yr�|�¨����Iv�¨XwPy�lR��²�{ÅtxhÁw�rK§·tx|Y�=|Y¦�|Y�Y§P��y�¦}|d��lZ�«|Pv�|Y�=l�rIlR�Ó°�È«l!�I��l
¦�|�y�wY¦A¨©|Yv�y�lZ�6²�{ÅtxhÁw�rÂl�±��j¦�{�y�{}t�rd�Ik~lRvu{�y�wY¦c�xy�hjl�kmlmtu|�lTF&y�{�l�rdtu¦�§�y�|Ykm�j��txl�km|K�jl�¦1�jl�¨©|Yvxk�w)tx{}|PrI��°
Û�{}km�j¦�l�±mkmlR�uhjlR�1w�vxl��I��lZ�~¨©|Yv3w�rIw�tu|Ykm{�y�wY¦I��txvu�`yztu�IvulZ�Akm|K�jl�¦�¦}{�rj�wYrI��nY´ w�rI�m�d´ kmlR�j{�yRw�¦I{�k�w��Pl
�ul��Pkml�rdtxw�tu{�|YrF°
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annular constriction

axial melting

#�{��Y�jvxl�� � ��|Pr��A�j¦�l�vx{�wYr!tx|Y�=|Y¦�|Y�Y{�y�wY¦=tuv�w�rI��¨©|Yvxk�w)tu{�|Yr`�1|Pr!txvu{�w�rI�Y�j¦�w)tx{}|PrI��°

���� � � ) ��) '*)  #�
( �u{}km�j¦�l�±�kmlR�uh � {��3��l�¯IrIlR�&ªK§�w~��l�t1|�¨�¬Yl�vutu{�y�lZ� �Bo � ! ��w�rI�!w�u�`lZy�{}¯`yÃy�|YrjrIlRyztx{}¬K{}t�§~¨©�jrIyztx{}|PrF°
�cwYy�h¬Pl�vutul�±6|Y¨=w �d�¾�u{�k~�I¦}l�±�k~lZ��h~{���y�|YrjrIlRyztxlR��tu|®l�±jwYy�tu¦�§ � L Q1rjl�{��YhKª=|Yv���° (�Q��¾�u{}km�j¦�l�±�kmlZ��h�{��
wÃ��{�km�j¦�l$�jl�¨©|Yvxk�w�ªj¦�l1y�|Yrdtu|P�jv�y�|Ykm�=|P�ulR��|Y¨`w��=|Y¦�§K�Y|PrIw�¦d¦}{�rjlP° ( :G�s��{�km�j¦�l�±�kmlR�uh{���w®��l�¨©|YvxkmwYªj¦�l
�u�jvu¨XwYy�l�¨©|Pv3²�hI{�y�h�lRwPy�h�¬Pl�vutul�±&{���y�|PrjrjlZyztulZ�&tx|ml�±jwYy�tu¦�§mtuhjvxl�l6rjlR{}�Phdª=|Yv��3wY���uhj|)²�r!{�r�¯I�Y�jvxl~¿R�j°

#�{��Y�jvxl~¿R� � .	l�¨Ít��c|Y�=l�rjlZ� Q��¾�u{}km�j¦�l�±�k~lZ��h	°M��{}�Phdt��My�¦�|P�ulR� :G�s��{�km�j¦�l�±!kmlR�uhF°
g$hjl�y�|YrjrjlZyztx{}¬K{}t�§.¨©�jrIyztx{}|PrI����l�¯IrjlmkmlR�uh�lR�j�YlR�R°�g$hIl�vxl�{��6w)t�km|P��t®|Prjl�lZ���Yl~ª=l�t�²3l�l�r«t�²3|

�j{���tu{�rIyzt�¬Pl�vutu{�y�lZ��°0(5kmlR�uh!¨XwPy�l6{���y�|Ykm�=|P�ulR�!ªd§�w~wYr�lZ���Yl��ulRÇd�jlRrIy�l6|)¬YlRv3tuhjl6kmlR�uh����Iy�h.wY�3rj|
lZ���Yl��u�j¦�{Åt�w�¨XwYy�l�{}rdtx|�t�²3|���k�wY¦}¦�lR��t$¨XwYy�lZ��°/(5ª=|Yv���lRv3|Y¨+w �d�s�u{}km�j¦�l�±!kmlZ��h.{���w M � ? QiYX�s�u{}km�j¦�l�±
kmlZ��hÂtxhIw)tmy�vxlRw�tulR�w·hj|P¦}l&{�rÂtxhjl�kmlZ��hF° ( ª=|Yv���l�v�|�¨�wUQ��¾�u{�k~�I¦}l�±«kmlR�uhÁ{���wYrÁlR���Pl&¦�w�ª=l�¦�¦}lZ�
km{��u�u{�rj�I°¶�cwYy�h ª`|Pvx�jl�v�|�¨�wU:G�s�u{}km�j¦�l�±¹kmlZ��h {��&w�¨XwYy�l�¦�wYª`lR¦}¦�lR�¸km{��x�u{}rj�2+W��lRl.¯I�Y�jvxlÂ¿Y¿ -z° (
�jl�txwY{}¦�lR����lZ�uy�vu{���tu{�|Yr�|�¨A�u{}km�j¦�l�±!kmlZ��hjlZ�${����Y{�¬Yl�r�{�r�» �d�G½^°

� >
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	 � ÕdÙ  Õ ¡�¢ Ö
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vxl�¯`rjlR�.kmlR�uh)+©�PvxwG§�¦}{�rjl -z°�g$hjl¦}l�¨Ít6y�|Y¦��jkmrI��{�¦}¦��I��tuv�w)txl�tuhjlvul�¯Irjl�kmlRrPt6w�¦��Y|Pvu{}tuhjkÆ|Yr·w&�u�jvu¨XwYy�l
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� (�r.lR�j�Yl6|�¨�� � y�|YrjrjlZyzt��$lRwYy�h�¬YlRv�txl�±!|Y¨�� ²�{}tuh�tuhjl�y�l�rdtulRv�|�¨+lRwPy�h!rjlR{}�Phdª=|Yv$txvu{�w�rI�Y¦�lY°
� (�r.lR�j�Yl6|�¨�� � y�|YrjrjlZyzt��$l�¬YlRvu§�y�l�rdtxl�v��1|Y¨�rIl�{��YhKª`|Pv3tuvx{�wYrj�Y¦�lR�3|�¨��&°

.	l�t�� 5 M�� Yx� � 
 M�� Yx��� # M�� Y�w�r`� � � M�� Y��jl�rj|Ytul�tuhjl.rK�jkª=l�vm|Y¨�tuvx{�w�rj�P�j¦�w�tu{�|YrÁ¬Pl�vutu{�y�lZ���MlZ���YlZ���
¨XwPy�lZ��|�¨	�Æw�rI�
� �Pl�rK�I��vulZ���=lRy�tu{�¬Yl�¦�§Y°�� � |)²�r`��|YrIl�¬YlRv�txl�±�¨©|Yv�lZwYy�h�¬Pl�vutul�±�w�r`�.lRwYy�h.txvu{�w�rI�Y¦�l
|Y¨�� tuhK�I���

� 5{M�� � Y�L � 5XM�� Y L � #%M�� Y!S
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#�{��Y�jvxl~¿G¼ �0.Fl�¨Ít��c�)�¾�u{}km�j¦�l�±&kmlZ��h�vul�¯IrjlRk~lRrdtR°A��{��Yhdt��A���IwY¦Ó|Y�=l�v�w)tx{}|Pr&|Yr�w~�j�Iw�¦=tuvx{�w�rj�P�j¦�w�tu{�|YrF°

#Ivu|Pk txhjl�A�I¦}lRvÃvxl�¦�w)tx{}|Pr +,: � 5 M�� Y?L�� # M�� Y L �%M�Q	? � � M�� YUY-z�=txhjl�rK�jkª=l�vÃ|�¨M¬Pl�vutu{�y�lR��|�¨ � � {��
wY�j�jvx|G±�{}k�w)tx{}¬Pl�¦�§~tuhjvxl�l®tu{�kmlR��ªI{}�P�Yl�v3txhIw�r � 5 M�� Y��

� 5 M�� � Y0L � � 5 M�� Y ? �%M.Q ?�� � M�� YUYUS
.	l�t � w�rI� � � ��lRrj|�txl�t�²3|��u{}km�j¦�l�±�kmlR�uhjlZ�Ã���`w�¦�tu|��Æw�r`� � � vulZ���=lRy�tu{�¬YlR¦}§P° �3§����IwY¦}{}t�§Y�

� # M � Y L � 5 M�� Yu��� 5 M � Y�L � # M�� Y~w�rI� � 
 M � Y�L � 
 M�� Yu° � |Yr`��lZÇP�Il�rdtu¦�§Y�1tuhjl�vul�¯Irjl�kmlRrPt
|P�`lRvxw�tu{�|Yr�w��j�jvx|G±�{}k�w�tu{�¬Yl�¦�§mk�j¦}tu{��j¦�{}lZ�$tuhIl�rd�Ikª=l�v�|Y¨	¨XwYy�lR�$ªK§!n �

� # M � � Y�L&� � # M � Y ? �%M�Q ?�� � M � YUYUS
g$hjl!vul�¯Irjl�kmlRrPt�|P�`lRvxw�tu{�|Yr��lRy�|Ykm�=|P�ulR�6{�rÁw����IyRy�lZ�u�u{}|Pr«|Y¨ u�� - wYrI���²$w��|Y�=l�v�w)tx{}|PrI�Ã¨©|YvlZwYy�hÂkmlR�uhÂ¨XwPy�l�wP�{�¦�¦}�I��tuv�w)txlR�{�rÁ¯I�P�jvxl·¿RÀI° .Fl�t��I�~y�|PrI�u{���lRv|Prjl!kmlR�uhÂ¨XwPy�l +Ww�-�°�g�²1| u�� -|P�`lRvxw�tu{�|YrI�3w�vxl6w��j�j¦�{�lR��|Yr�t�²1|~lR���PlR�3|�¨�lRwPy�h!¬YlRv�txl�±!wYvu|P�jrI��txhjl®¨XwYy�l +Xª -$w�r`�!w)t�w�tu|P�`|P¦}|P�Y{�y�wY¦

�j{���txwYrIy�l�¿.|�¨�txhjl.¨XwYy�l +Wy -z° ( rjlR² tuvx{�wYrj�Y�I¦�wYv¨XwPy�l.{��~txhK�I��y�vxlRw�tulR�Á¨©|YvmlRwPy�h¹¬Pl�vutul�±Ó°[Û�²3wY�
|P�`lRvxw�tu{�|YrI�6wYvulmw��j�I¦}{�lR��|Yr�lR�j�YlR�6{�rI��{�y�w�tulZ�«ªK§�wYvuvx|)²��Ã{}r�¯I�P�jvul +Xy -6w�rI� +W��-z°&g$hj{���vxlR�u�j¦}tx�6{�r
txhjlvxl�¯`rjlR�.¨XwPy�l +Í¨'-�°6g$hIl²�hj|P¦}l�k~lZ��h�{��Ã{Åtxl�v�w)tx{}¬Pl�¦�§�vxl�¯IrIlR��²�hj{�¦�l�wG¬Y|P{��j{}rj�mtx|�y�|YrI�u{��jl�v�t�²�{�y�l
txhjl��xw�kml6¬Yl�vutul�±Ó°

g$hjl�vxl�¯`rjl�kml�rdtA|Y�=l�v�w)tx{}|Pr�wYrI��txhjl����IwY¦j��lRy�{}k�w�tu{�|Yr~|Y�=l�v�w)tu{�|Yr�³YlRl���tuhjl$tx|Y�=|Y¦�|Y�Y{�y�wY¦�ÇP�`w�¦�{Åt�§
|Y¨1txhjl�kmlR�uhÂy�|Yr`��t�w�rdtR°&g$hjl��Pl�|Pk~l�tuvx{�yRw�¦AÇd�Iw�¦�{}t�§·{����jvulZ��lRvu¬PlR��ªd§�y�vxlRw�tu{�rj�.rjl�² ¬YlRv�tx{�y�lR�6���`y�h
txhIw)t�txhjl�§!vulRkmwY{}r�l�¬Pl�rj¦�§!�u�IwYy�lR�Ó°

#�{��Y�jvxl.¿R��w�rI�������hI|)²�t�²1|.l�±�wYkm�j¦}lZ�®|�¨1kmlZ��{�yRw�¦A{�k�w��Ylm�ul��YkmlRrPt�w)tx{}|Pr��I�u{}rI�.w.y�|Pw�v��ul�tu|
¯`rjl�w��j�Ivu|dwYy�hF°�#�{��Y�jvxl�¿R���uhj|)²���w��u{}km�j¦�l�±�kmlR�uh·���jhIl�vxl�y�|Ykm�=|P�ulR��|�¨M���P�~¬Yl�vutu{�y�lZ��l�k�ª`lZ�j��lZ�
{�r&w�nP´¶w�rI�Y{�|P�xy�w�rIrjl�vA|Y¨=txhjl�hIlRw�vut � °+g$hIl�km|K�jl�¦={��1��l�¨©|PvukmlR�mªI��t3���Il�tu|�{}tx�3y�|dw�v���l��xw�km�j¦�{}rI��{Åt
yRw�rjrI|�t�vxl��jvxlR�ul�rdt�tuhIl�¬YlZ�u�ul�¦��$tuhI{}r��jl�txwY{}¦��R°1p¾t®{���vul�¯IrjlR��t�²�{�y�l�tx|&�jvx|����Iy�l�w.¿Z���P�~¬Yl�vutu{�y�lZ��w�r`�
w��d�Y�Y��¬Pl�vutu{�y�lZ�ckmlR�uhF°Mg$hjlÃ¯IrIwY¦Ókm|K�jl�¦?�Y{�¬YlZ�1w~��l�t�w�{�¦ÓvulR�jvxlR�ul�rdtxw�tu{�|Yr�|�¨�tuhjl®l�r`��|�y�w�v���{��jk w�r`�
�������	��
����������
��	����������� �"! 6 !"��#%$�&�&�')(�*�*,+�+�+)-/.	0�1324-65�7�8
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(f)(d)

(c)

(e)

(b)(a)

#�{}�P�jvulm¿ZÀ �+��l�¯IrIl�kml�rdt�|�¨Aw:G�s��{�km�j¦�l�±!kmlR�uh�¨XwYy�lP°
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txhjl�k�w�{�r«ªI¦}|K|���¬PlR�x��lR¦��®ªj�jt{Åt��uhj|)²���w��`|K|Pv®�Pl�|Pk~l�tuvx{�yRw�¦AÇd�Iw�¦�{}t�§�wY�6¬Pl�vutu{�y�lR�6y�|YrIy�l�rdtuv�w)txl�|Pr
txhjl�y�lRrdtul�v��j�jl®tu|mtuhIl�k~|���lR¦F{�rj{Åtx{�wY¦}{*&Rw�tu{�|YrF°

#�{}�P�jvxl~¿Z� �A�ArI�j|KyRw�v���{��jk �ul��YkmlRrPt�w)tx{}|Pr�ªK§!wmy�|dw�v���lÃtu|~¯IrIl�w��j�jvx|PwPy�hF°

#�{��Y�jvxl�������hj|)²���tuhjl���lR�Ykml�rdt�w)tu{�|Yr|Y¨�tuhjl�y�|Yvutul�±�¨©vx|Yk w�r¹�·� {}k�wY�Yl���°«g$hjl&{�rj{}tu{�w�¦����P�
¬Pl�vutu{�y�lZ�$k~lZ��h�{���vxl�¯IrIlR��t�²�{�y�lwY�$�IvulR¬d{�|Y�`��¦�§Y°3g$hjl�{}rI{Åtx{�wY¦	km|���l�¦���l�¨©|Pvuk�w)tx{}|PrI�$�Y�`w�v�w�rdtulRlÃtxhIw)t
rIl�²¶¬Pl�vutu{�y�lZ��w�vxl®y�vulZw)tulZ��y�¦}|d��l®tx|�txhjl�{�v�lZÇP�I{}¦�{}ªIvu{��jk �=|P�u{Åtx{}|PrF°

#�{}�P�jvxl��Y� � � |Yvutul�±��ul��YkmlRrPt�w)tx{}|Pr!ªK§!w�y�|dw�v���l�tu|m¯IrIl6wY�j�jvx|PwPy�hF°

� ÕKÙ  Õ ¡�¢98©¤Y£ & Ù 5�¡;8  8
	P£�¡;8 ÙE<
p¾t.k�wG§¸ª=lÂ��lR�u{�vulZ� tu|¹¨©|Yv�y�l�lR¬YlRvu§¸¨XwYy�lR��|�¨�w¹kmlR�uh tu|¸y�|Prd¬Pl�vx�Yl�tx|)²3wYvx�I�&lRÇd�IwY¦®�u�jvu¨XwYy�l

�=|Y¦�§K�Y|PrI��°.g$hj{���²3|Y�j¦��ÂwG¬Y|P{��«tx|���l��PvxwP��l~tuhjl�kmlR�uhÂ�Yl�|Pkml�tuvx{�y�ÇP�`w�¦�{Åt�§���`y�hwP��{�¦}¦��I��tuv�w)txlR�{�r
¯`�Y�jvxl�¿Z�j° �Ãr�tuhjl�y�|Yrdtuv�w�vx§Y�?{}t6k�wG§�ª=l���lR�u{}vxlR�·tu|.y�|PrIy�lRrPtxvxw�tul~¬YlRv�tx{�y�lR�Ã{}rw�vxlRwP��²�{}tuhw!hI{}�Ph
y��jvx¬Gw�tu�jvxlc²�hI{}¦�l$vulR¦�w�tu{�¬Yl�¦�§ �`w)tAw�vxlRwP���j|Ãrj|Yt�vxlRÇd�j{�vxlck�`y�h¬YlRv�tx{�y�lR�R°�g$hj{���|Y��tx{}km{*&�lZ��tuhjl3rK�jkª=l�v
|Y¨A¬Yl�vutu{�y�lZ��rjlRlR��lZ�.tu|&vxl��IvulZ��lRrPt®w��Y{�¬YlRr.�uhIwY�`l�ªI��tÃ{}tÃ{���¦�{�³Yl�¦�§�tu|&k�w�³Pl�tuhIl�km|K�jl�¦+��lRrI��{�ªj¦�l�tu|
rI|Y{���l3w�rI�|Y��tx¦}{�l�v���°�g$hjl�w�vxlRw�wYrI�y��jvx¬Gw�tu�jvxl3|Y��tx{}km{*&Rw)tx{}|Pr�y�|YrI��tuv�w�{�rdtx�	wYvul1|Y�j�=|P�u{}tul$w�rI����l��=l�rI�

� �����	��
����������
��	��� ��!����	��� � 6
	�� �� � 6�� ��� �����	! 
��� # $�&�&�')(�*�*,+�+�+)- '30���&��35���� -�2���3*���+�$%* $%2 .	5)- $�&,.��
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|Pr�tuhjl�rIw�tu�jvxl�|�¨3tuhIl&�jw)t�w�wYrI�«tuhjl���lR�u{}vxlR�«vxlR�u�j¦ÅtZ° #�{}�P�jvxl!��¿Y�	¦}l�¨ÍtR�+��hj|)²��®txhjl&lRrI��|�y�wYvx��{��jk
�u�jvu¨XwYy�lcvxlRy�|PrI��tuvx�IyztxlR��{�r�¯I�Y�jvxl�¿Z�Ãw�¨ÍtulRv�{}tAhIwY��ª=l�lRr�|P��tu{�km{�&RlR�¨©|YvAw�vxlRwI°	g$hjl$vu{��Yhdt�¯I�Y�jvxl$��hj|)²��
wm�u�jvu¨XwYy�l6kmlR�uh�|Y��tx{}km{*&�lR��¨©|Pv�y��jvx¬)w)tu�IvulP°

#�{��Y�jvxl��¿��/.Fl�¨Ít��3l�rI��|�yRw�v���{}�Ik ²�{}tuh�l�¬Pl�rj¦�§!�u�IwYy�lR��¬YlRv�tx{�y�lR�R°1��{��Yhdt��A¨XwYy�l�k~|���lR¦	²�{}tuh�¬Pl�vutu{�y�lR�
y�|YrIy�l�rdtuv�w)txlR�!{}r.hj{��Yh.y��jvx¬)w)tx�jvul�wYvulZwY�R°

g$hjl��u{}km�j¦�l�±�k~lZ��h.kml�txvu{�y®�Iw�v�w�kml�tul�v��3y�|Yrdtxvu|P¦`txhjl6¬YlRv�tx{�y�lR�3vulR¦�w�tu{�¬Yl®�`|d��{}tu{�|Yr	°+g�|ml�r�¨©|Pvxy�l®w
vxl��P�j¦�w�v6���IwPy�{�rj��|�¨1¬Pl�vutu{�y�lZ���F²3lmy�|Ykm�j�jtul�kml�txvu{�y~�Iw�v�w�kml�txl�v��Ã�u�Iy�hwY�ÃtuhIl&w�vxlRw�|�¨1lR¬YlRvu§�¨XwYy�lR�
lZÇd�Iw�¦�{��ulR�R°Á�MwPy�h¹¬YlRv�txl�± ��|Y¨Ãw«�u�jvu¨XwYy�l��u{}km�j¦�l�±¹kmlZ��h[{��m�u�jvuvx|Y�IrI��lR�Áªd§[n·¨XwPy�lR��!���� � x � z R � 6��QpR%:�R���!P° .	l�t��cM !���� � x � z Y+��lRrj|�txl�txhjl®wYvulZw�|�¨Ó¨XwPy�l !���� � x � z w�rI� �� �(L � � �cM !���� � x � z Y � �6tuhjl®kmlRwYr�u�jvu¨XwYy�lÃ|Y¨�rjlR{}�PhKª`|Pv1¨XwPy�lZ�$|�¨ �x°?�3§!�ul�tutu{�rj� �

	 �XR � � � L Q� L
�
� � M �*Y
�� � R

²�hIl�vxl � {��AwÃy�|YrI��txwYrdtR�GtuhIl$txw�rI�Yl�rdtx{�wY¦Ky�|Ykm�=|YrjlRrPt+|�¨`tuhjl${�rdtul�vxrIwY¦K¨©|Yv�y�l3kmwY³Yl1tuhjlo��� �Ivu|Y��lRyztx{}|Pr
�=|Y{�rdt�y�|YrK¬Pl�vx�Yl�tx|)²3wYvx�j��tuhIl~�=|Y{�rdt�²�hj|P�ul~y�l�rdtulRv6|�¨1k�wP�u�6y�|K|Pvx��{�rIw�tulR�®w�vxl � � � {}r o �1rIl�{��YhKª`|Pvx�
y�|K|Yv���{}r`w)tulm¨©v�w�kmlP°·�MwYy�hÁ¬Pl�vutul�±«l�¬P|Y¦�¬YlZ���jrdtu{�¦ctxhjl!{}tx��rjlR{}�Phdª=|Yv�¨XwYy�l�� ��w�vxlRw.lZÇP�`w�¦�{��ul!w�r`�tuhjl
rIl�{��YhKª`|Pv�y�|Yr`��txvxwY{}rdtx�3�jvx|Y�`w��Pw�tulÃtuhj{���ª=l�hIwG¬K{�|Yv�w�¦�¦Ó|)¬YlRv3tuhjl�kmlR�uhF°

g$hjlmkmlR�uh��Yl�|Pkml�tuvx{�y�w�¦+Çd�Iw�¦�{}t�§�{��6w�¦��u|��ul�rI�u{}tu{�¬Yl�tu|�tuhjlm¦�|KyRw�¦+vxl�¯IrjlRkml�rdt�|Yv���lRy�{}k�w�tu{�|Yr�|Y¨
txhjl�kmlR�uhF°Ap¾t�{����`|d�u�u{�ªj¦}l®tx|�vulRk~|)¬PlÃ¬Pl�vutu{�y�lZ�${}r�w�vxlRwP�3|�¨�hI{}�Ph.y�|YrIy�l�rdtuv�w)tx{}|Pr!|Pv$tu|&wY�I�!¬Pl�vutu{�y�lR�
{�r!wYvulZwY�M²�hIl�vxl�¨XwYy�lR�1hIwG¬Yl�w�tu|K|¦�w�vx�YlÃ���jvu¨XwYy�lY°+g	²3|��Pl�|Ykml�tuvx{�yRw�¦`y�vu{}tulRvu{�|Yr`�cw�vxl��I�ulR��tu|�y�|Yrdtuvx|Y¦
¬Pl�vutu{�y�lZ�1vxl�¯`rjl�kml�rdt�wYrI���jlRy�{�k�w)tx{}|Pr"�

��� �uÐ � ���zË �¾Ð��zË	���`°�p¾¨$w&¨XwPy�l�w�vxlRw!ª`lZy�|YkmlZ�®tu|�¦�wYvu�Pl,+©vxlR�u�=lRyztx{}¬Pl�¦�§.tu|K|���k�wY¦}¦ -®y�|Ykm�IwYvulZ�.tu|
tuhjl6kmlRwYr&¨XwPy�lR�3w�vxlRwI�Ytxhjl®¨XwYy�lÃ{��3vul�¯IrjlR� +©vxlR�u�`lZyztx{}¬Pl�¦�§m�jlRy�{�k�w)txlR��-�°/.Fl�t � ª`l�w~y�|PrI��t�w�rdtR�! � w~kmlR�uh�¨XwPy�l�w�r`��� M ! � YA{Åt���w�vxlRw �

� # ��	 Z Q


� ¨©�I�u{}|Pr�|Y¨ ! � wYrI�!tuhjl�rjlR{}�PhKª`|Pv1¨XwPy�l�²�{}tuh�tuhIl���k�w�¦�¦�lR��t�wYvulZw# ��	 ] � � ���j¦�{}t�tu{�rj�m|�¨ ! � S
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� 	3Ï���� � ���^Ë	���2���zË �sÐ��zË	���I°�g$hjl�l�¦�|Yrj�dw)tx{}|Pr��IwYvxwYk~l�tulRv�|�¨�w!¨XwPy�l&��lR�`lRrI�j��|Pr�tuhjl�vxlR�u�`lZyztx{}¬Pl
¦}lRrj��txh.|�¨�{}tx��lR���PlR�R°0.	l�t � � � !�ª`l6txhjl���l�t�|�¨�¨XwYy�l�!�lR���PlR�R°Ag$hjl�r"�

����� � � � . � � ��M !(Y�L � � �
� � � � �� � r � � � � � � � � S

p¾¨ ����� � � � . � � ��M !(Y?{��+�PvulZw)txl�v�tuhIwYrmw6y�|YrI��txwYrPt+v�w)tu{�| � tuhjlRr�txhjl$¨XwYy�l${��A�u�j¦�{ÅtM{�r�{}tx�+r`w�vxvu|)²3lR��tw�vxlRwI°
#�{��Y�jvxl�Y�~�uhj|)²��$tuhIl�l�Ä?lRyztÃ|�¨+tuhjl�kml�tuvx{�y��`w�v�w�kml�txl�v�w�vxlRw~lRÇd�IwY¦}{��xw)tu{�|Yr.y�|PrI��tuv�w�{�rPt�wYrI��tuhjl

�Pl�|Pk~l�tuvx{�yRw�¦Ay�|PrI��tuv�w�{�rPt���°mg�|Y��vu|)² �uhj|)²��ÃtuhIl�{}rj{}tu{�w�¦1���jvu¨XwYy�l�²�{}tuhÂw�¦�|KyRw�¦+¨©|Pvxy�lmwY�j�j¦�{}lZ��|Pr�w
¬Pl�vutul�±�+X¦}l�¨Ít�-®w�r`�.tuhjl~km|���l�¦A��l�¨©|Yvxkmw�tu{�|Yr·²�{}tuhI|Y��t�w�rK§.�YlR|Ykml�txvu{�y�wY¦�y�|PrI��tuv�w�{�rPtZ°��1|Yt�tx|Yk vu|)²��
¦�l�¨ÍtZ�=�uhj|)²��$txhjlkmlZ��h·��l�¨©|YvxkmlR�.²�{}tuh�txhjlkml�txvu{�y��IwYvxwYkml�tulRv�w�vxlRwmlZÇd�Iw�¦�{��xw)tx{}|Pr�y�|Yr`��txvxwY{}rdtR° (�¦�¦
¨XwPy�l�³Pl�lR�.tuhjl�xw�kmlwYvulZwmªj��t6��|Pk~l�¨XwYy�lZ��hIwG¬Pl�w��`|K|Pv��YlR|Ykml�txvu{�y�wY¦	Çd�Iw�¦�{}t�§����jltu|�txhjl��u�jvu¨XwYy�l
lR¦}|Prj�Pw�tu{�|YrF°&�3|�t�tx|Yk vx|)²���vu{��YhdtR�Ã��hj|)²��&tuhjl��l�¨©|Yvxkmw�tu{�|Yr |Y¨�tuhjl�u�jv�¨XwPy�l�y�|Yrdtuvx|Y¦�¦�lR� ªK§ tuhjl
�Pl�|Pk~l�tuvx{�yRw�¦�vxl�¯IrIl�kml�rdtcy�vx{}tul�vx{�|YrF°+g$hjl��Pl�|Ykml�tuvx{�yRw�¦jÇd�Iw�¦�{}t�§{��Aª`l�t�txl�vMtxhIw�r�{�rmtuhIl��jvxl�¬K{}|P�I�MyRwY�ul
ªI��t$tuhjl®¨XwYy�lR�$w�vxlRw�w�vxl�rj|Yt�wY�3vulR�Y�j¦�w�vZ°+g$hj|P�ul�t�²3|~y�|YrI��tuv�w�{�rdtx�3w�vxl®y�|Ykm�j¦�l�kml�rdt�w�vx§mwYrI�!yRw�r�ª`l
�`��lZ���u{}k��j¦}txw�rIl�|Y�`��¦�§Y°

� > � >�� � Ù 5 Ù & Ù � Ö ¤ 4 £ < � Õ  
��|Yr��A�j¦�l�vx{�w�rm�jvx{}km{}tu{�¬Yl�|Y�=l�v�w)tx{}|PrI�+�=l�vu¨©|Yvxkµtu|P�`|P¦}|P�Y§y�h`w�rj�PlR�+|Yr��u{}km�j¦�l�±mkmlR�uhjlR��» nP�G½^°�psr�» �Y�)½
²3lc��lZ�uy�vu{�ª=lMw�r�w�¦��Y|Pvu{}tuhIk¶ªIwP��lZ�6|Yr���{��uy�vul�tu{*&Rw�tu{�|Yr6|�¨j�u�IwYy�lA|Yr�w�vxl��P�j¦�wYvÓ�Yvx{��®txhIw)t�w���tx|Yk�w)tx{�yRw�¦�¦}§
wP�jw��jtx��w�Q��¾�u{}km�j¦�l�± kmlZ��h¶tu|Y�=|Y¦�|Y�P§¸tu|¸tuhjl�{�kmwY�Yl�jw)t�wj° #�{��Y�jvxl��Yn[�uhj|)²���w�rDl�±jw�km�j¦�l«|Y¨
txhjl�wY��tu|Pk�w)tu{�ymtx|Y�=|Y¦�|Y�Y§y�hIwYrj�Yl&wY¦}�P|Yvx{Åtxhjkº¨©|Pv�txhjl��ul��Pk~lRrdtxw)tx{}|PrÂ|�¨�w·¬Pl�vutulRªjvxw.{�r¹wYr����¾vxwG§
{�k�w��PlY°�g$hIl1y�¦�|P�ulR��y�|PrPtx|Y�jv���l�¨©|Pvuk���w�rI�����I¦}{}t�{�r�t�²3|Ãy�|YrjrIlRyztxlR��y�|Ykm�=|YrjlRrdtx�	tu|Ã¯jt�txhjl$¬YlRv�txl�ªjv�w
tx|Y�=|Y¦�|Y�P§Y°

� � �� ���01���Â��*,������ �����*,��
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� ���  {$&� �#� �?�� #$&� '�" �
��|P��tÃkmlR��{�y�wY¦�{�k�w��PlR��wYvul~�uwYkm�j¦}lZ�·w�¦�|YrI�!w&vxl��P�j¦�wYv��Yvx{���{}r«�A�Iy�¦�{���lRwYr«�u�IwYy�lY° 3�|)²1lR¬YlRvR�?��|Pkml
wPy�Çd�j{���{}tu{�|Yr·�jl�¬K{�y�lR�®wYyRÇP�I{}vxl�¬Y|P¦}�Ik~l�tuvx{�y�{}k�w��PlR���I��{�rj�!�j{ÅÄ?l�vxl�rdtÃ�Pl�|Pk~l�tuvx{}lZ��°�psr��IwYv�tx{�y��j¦�wYvR�=nY´
�I¦ÅtxvxwP��|P�jrI���jvx|Yª=lR��|Y¨ÍtulRr�wYyRÇP�I{}vxl�w&�ul�tÃ|Y¨1��´ �j¦�wYrjlR��tuhIw�tÃk�wG§�rj|�t�ª=l�`w�v�w�¦�¦}lR¦Ótu|�lRwYy�h�|YtuhjlRvR°
#�{��Y�jvxl1������hI|)²��	w�vx|�t�w)tx{}¬PlM�j¦}tuv�wY�u|Y�jrI�6�Ivu|Pª`l3w�rI�®txhjl3y�|YvxvulZ���=|Yr`��{}rI��y�§K¦}{�rI��vx{�y�w�¦d�uwYkm�j¦}{�rj�Ã�Yvx{��Ó°
psr�tuhjlZ��l~{�kmwY�YlZ���=tuhIlm�Iw)txw���l�r`��{}t�§·��lRy�vulZwY�ulR�®wY�®w&¨©�IrIyztx{}|Pr«|Y¨Mtuhjlm��{���t�w�rIy�ltx|!txhjlm��§Kkmkml�tuvx§
w�±�{��R°MpsrÂ» ÀP�Z½�²1l��jvx|Y�=|P�ulR��w�r�wY¦}�P|Yvx{Åtxhjk ¨©|Yv�¯I¦Åtxl�vx{}rI��{}k�w��PlR�$²�{}tuh·wmrj|Pr��A�Iy�¦�{���lRwYr��Yl�|Pkml�tuvx§Y°
g$hI{���{���lR�u�`lZy�{�w�¦�¦}§��I�ul�¨©�j¦	tu|&l�±dtxvxwPyzt��PvxwP��{}lRrdt�{}r�¨©|Pvuk�w�tu{�|Yr�²�hj{�y�h�{���tuhjlkmwY{}r·¨©lRw)tx�jvxl��I��lZ��¨©|Yv
{�k�w��Pl6�ul��Pkml�rdtxw�tu{�|YrF°
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#�{��Y�jvxl~�P� ��´Ãl�¨©|Pvuk�wYªj¦}lm�u�jv�¨XwPy�l�vulZ���=|YrI�ul�tx|�w!¦}|�yRw�¦+�`lRv�tx�jvxªIw)tx{}|PrF° #jvx|Yk tu|P�·tx|�ª=|�tutu|Yk.�Ó¦�l�¨Ít
tx|�vx{}�PhPt���¦�|�y�wY¦j¨©|Yv�y�l�wY�j�j¦�{}lZ������l�¨©|Pvuk�w�tu{�|Yrm²�{Åtxhj|Y�jt1�YlR|Ykml�txvu{�y�wY¦Iy�|PrI��tuv�w�{�rPt��Ykml�txvu{�y��`w�v�w�kml�txl�v��
wYvulZwlZÇd�Iw�¦�{��xw)tx{}|Pr��K�YlR|Ykml�txvu{�y�wY¦=vxl�¯`rjl�kml�rdt�y�vx{}tul�vx{�|YrF°
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#�{}�P�jvul��Yn �MÛKl��Pkml�rdtxw�tu{�|Yr�|�¨Aw�¬Pl�vutulRªjvxw�²�{}tuh�y�hIw�rI�Yl®{}r�tu|P�`|P¦}|P�Y§�|Y¨�txhjl�|Yvx{}�P{}r`w�¦Óy�|PrPtx|Y�jvZ°

�:� 4-���



�ÃÐsÎ��uÐ�Ê�Ð���� ���^Ë	����
AÊ�Ò ��ÎjÐ�
���zÎ���Ï�� ����������Ð����)Ï����^Ë	���������PÐ	�����zÌ ���zÏ�Ð�Ê������ ����ÐzÊ� �Yn

#�{��Y�jvxl��)� �/(�vu|Ytxw�tu{�¬Yl®�j¦ÅtxvxwP��|P�jrI���jvx|Yª=l�w�rI��tuhIl�vulZ���I¦Åtx{}rj��y�§d¦�{�rI��vx{�yRw�¦F�Pl�|Ykml�tuvx§�{}k�w��PlY°cg$hI{��
{�k�w��Pl®²$wY�$wPy�Çd�j{�vulZ��w�t3txhjl � 3 ���3v�w�ª=|Y{��3ªd§�´�v .	l�txhj|Yv$¨©|Pv$tuhjl��My�hI|KyRw�v��jnY´5�Ivu|Y��lRyztZ°

� �P� #	$ '��-"%��� %H�l ?" �=��/
(�¦Åtxhj|Y�I�Yh�txhjlc�I�ulM|Y¨j�Y¦�|YªIwY¦P��l�¨©|Yvxkmw�tu{�|YrI�F{}km�jvx|)¬YlZ�?tuhjl3��lR�Ykml�rdt�w)tu{�|Yr�vx|YªI�I��txrjlR�x�R�Rhj{��Yh���lR�Ykml�r��
t�w)tx{}|Pr�wYyRy��jv�wYy�§®yRw�r�ª`l$wYy�hj{�l�¬PlR��ªK§�{�rdtuvx|K�j�Iy�{�rj�Ã�u|Ykml$���=lRy�{Å¯=yc³Krj|)²�¦�lR���Plcw�ª=|Y�jt�txhjl���txvu�Iy�tu�jvxlR�
|Y¨�{�rdtul�vxlR��tR°

�+±Ktxl�vxrIw�¦�¨©|Pvxy�lR�&wYvul�y�|Ykm�j��txlR�¸¨©vx|Yk wYr {}k�w��Pl �Átu|Â�I�I��h wÂ�jl�¨©|Yvxk�w�ªj¦�l.km|K�jl�¦�tx|)²3wYvx�I�
wYrIw)tx|Ykm{�y�w�¦`��txvu�Iy�tu�jvxl�ª=|Y�jrI�Iw�vx{}lZ��°�psr�tuhIl�{�v1�ul�km{}r`w�¦I�`w��=l�v�» �Y�)½^� $�wY�x��Ð�� ��Ï��jvx|Y�=|P�ulR��tu|�I��l�tuhjl
�PvxwP��{�l�rdt�|�¨�tuhjl�{�k�w��Pl��Yv�wY��{�l�rdt�� �$rj|Pvuk�wY�3tuhIl�l�±KtulRvur`w�¦Ó¨©|Pvxy�l � !������	L �"����� �)°1g$hjl��=|�txl�rdtu{�w�¦
¯`l�¦��ÁwY�x��|�y�{�w�tulR�²�{}tuhÁtuhj{���¨©|Yv�y�l�txl�rI�j�tu|«ª`l�¨Xw�{�vx¦}§�rIw�vxvx|)² wYvu|P�jrI�{�kmwY�Yl&lZ���YlZ��°�.|Yvxl�|)¬Pl�vZ�
txhjl�km|���l�¦FlR¬Y|P¦}��tx{}|Pr!km{��Yhdt�ª`lZy�|Pk~l��IrI��t�w�ªj¦�lY° � |Phjl�r�» �P¼R½	�Ivu|P�`|d��lZ��w~rj|Pvuk�w�¦�{*&Rw)tx{}|Pr&tx|mwG¬P|Y{��
{�rI��txwYªj{}¦�{}tu{�lR�$w�rI��wY�I�j�$wªIwY¦}¦�|K|Yr!¨©|Yv�y�lÃtuhIw�t�yRw��I�ulR�ctuhIl®km|���lR¦Ó{}r �=w)tu{�|Yr	°Mg$hjlÃ�`��l6|�¨�w�¨©�jr`yztu{�|Yr
|Y¨	txhjl���{���txwYrIy�lÃ¨©vx|Yk w�km|K�jl�¦Ó¬YlRv�txl�±�tx|�txhjl6lR���PlÃ�=|Y{�rdtx��wY¦��u|~wG¬P|Y{��j�1{}rI��txwYªj{�¦}{}tu{�lR�R°Ag$hd�`�3¨©|Yv�y�lR�
y�|Ykm�j��t�w)tx{}|Pr!|�¨Ítxl�r�vulZÇP�I{}vxlR�ctuhjl®l�±KtxvxwPyztu{�|Yr!|�¨	k�w�{�r!lZ���YlZ��° ( ��{���t�w�rIy�lÃk�w���{��1txhjl�r.y�|Pk~�I��tulZ�
¨©vx|Yk tuhjl�lZ���YlZ�$|Yv�w�y�¦�|P�ulR��t3lZ���Yl6�=|Y{�rdt�{����jl�tulRvukm{�rjlR�!¨©|Yv�lZwYy�h�km|K�jl�¦F¬Pl�vutul�±Ó°

�->��->
	 ��¢G£IÚ(8 Õ�< ¡!��£j  Õ Ú @¾Ù ¢)¤ Õ  
È�l$�I�ul3��{}Ä?l�vxl�rdt�l�±Ktul�vxrIwY¦P¨©|Pvxy�lR����l��=l�r`��{}rI�®|Pr�txhjl${}k�w��Pl3Çd�IwY¦}{}t�§�w�r`��u�`lZy�{}¯`y�{}t�§Y°0#j|Pv�km|d��t � g
wYrI���·�¹{�k�w��YlZ���Gtxhjl�y�|PrPtxvxwP��t�{��+hI{}�Phl�rI|Y�j�Ph�tu|®l�±KtxvxwPyzt+ª`|P�jrI�jwYvu{�lR���I�u{}rI�®wÃ�Yv�wY��{�l�rdt+|Y�=l�v�w)tx|YvZ°
g$hIl~km|���lR¦AtuhjlRr�tuv�wYy�³��Ãy�¦}|d��lmª=|Y�jr`�jw�vx{}lZ�6w)t�lRwPy�h��j{}±�l�¦MªK§��xy�wYrjrj{�rj��{}k�w��Plm¬Y|G±�l�¦��ÃwY¦}|Prj��tuhjl
rI|YvxkmwY¦c��{�vulZyztx{}|Prw�tlRwPy�hÂ¬YlRv�txl�±Ó°�g$hIl!�uyRw�r��¾¦�{}rjl&wY¦}�P|Yvx{Åtxhjkº{���{�¦�¦}�I��tuv�w)txlR��¨©|Pv��A�Iy�¦}{���lZw�rÁw�r`�
y�§K¦}{�rI��vx{�yRw�¦+{�kmwY�YlZ�6{}r«¯I�Y�Ivul&�Y�j°���lR��tuvx{�y�tu{�rj��tuhjl�ª=|Y�jr`�jw�vx§��ulRw�v�y�h«wY¦}|Prj��tuhjl�km|���l�¦ArI|YvxkmwY¦��
vxlR�j�Iy�lZ�3tuhjl��xy�wYrjrj{�rj�tx{}kml�²�{}tuhj|P��t�¦�{}km{}tu{�rj�mtuhjl��jl�¨©|Yvxk�w)tx{}|Pr�yRw��IwYªj{}¦�{}tu{�lR�R°

p¾¨jtxhjl$�uyRw�r��¾¦}{�rjlA¨©vx|Yk�w�¬Yl�vutul�±®{�rdtulRvx�ulRy�tx�	w�¬Y|G±�l�¦P|�¨jhj{��Yh�Yv�wY��{�l�rdt	rj|Pvuk.�Gtxhjlcl�±dtxl�vxrIw�¦P¨©|Yv�y�lc{��
y�|Ykm�j��txlR��wP�+tuhjl®��{����j¦�wYy�l�kml�rdtc¬PlRy�tu|Yv+¨©vx|Yk tuhIl�¬YlRv�txl�±��=|P�u{}tu{�|Yrmtu|�tuhjlÃª`|P�jrI�jwYvu§�¬Y|G±�l�¦Iy�l�rdtulRvR°
g�|mk�w�³Yl®txhjl�ª`|P�jrI�jwYvu§&�jl�tulZyztx{}|Pr�km|Pvul6vx|Yªj�I��tR�j�ul�¬Pl�v�w�¦Óy�vx{}tul�vx{�w�yRw�r�ª`l6t�w�³YlRr�{�rdtu|�wYyRy�|P�jrdt �
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n i

p

Boundary voxel

i

i
p

in

#�{��Y�jvxl��Y� �MÛ�yRw�r��¾¦�{}rjl�wY¦}�P|Yvx{Åtxhjk ¨©|Yv���{}Ä?l�vxl�rdt�{}k�wY�Yl®�Yl�|Pkml�tuvx{�lR�R°

� � ��� �dÐ�°3g$hjl��uyRw�r��¾¦�{}rjl�wY¦}�P|Yvx{Åtxhjk �xy�w�r`�$¬Y|G±�l�¦��3²�{Åtxhj{}r·wm¦�{�k~{}tulZ��vxwYrj�Yl®tu|&wG¬P|Y{��!vxlRwPy�hj{�rj�
|Y��tx¦}{�l�v��M²�hIl�r��Yv�wY�j{}lRrPtM¬P|G±�l�¦��Mw�vxl�¦�wPy�³K{}rj�`°�g$hIl�vxwYrj�Yl��`w�v�w�kml�txl�vM{��MlR{Åtxhjl�v3��l��=l�rI�jl�rdt1|Pr
tuhjl�{�k�w��Pl6�u{*&�l6|Yv�|Y¨	tuhIl�wG¬Yl�v�w��PlÃ��tuvx�Iyztx�jvxl6�u{*&�l6²�hjl�r.{}t�{��$³Krj|)²�r	°

� /����� ���)Ê��^°Apsr&¨XwY{}vx¦�§�²1lR¦}¦Óy�|Prdtuv�wY��tulR�&{}k�w��PlR�R��w¦�|)²1lRvc�PvxwP��{}lRrdt3{�rdtul�r`��{}t�§mtuhjvxlR�uhj|P¦���y�w�r�ª`l
��l�t�tu|m{��Yrj|Pvul6¬Y|G±�lR¦��1²�hj|P�ul6�Yv�wY��{�l�rdt�� �3rj|Pvuk {��$tx|d|m¦�|)² +X²1lZw�³!y�|Yrdtu|P�jvx�3|Pv3rI|Y{���l -z°

� ��Ë �xÐ'���^Ë	���I°+p¾¨`tuhjl��ul��Pk~lRrdtulR�~��tuvx�Iyztx�jvul${��+ªjvx{}�PhPtxl�v+|YvM�Iw�vx³Yl�v�tuh`w�r~tuhjl${�k�w��Yl$ªIwPy�³K�Yvx|Y�jrI�F�
tuhjl3�Yv�wY�j{}lRrPt�¬YlZyztu|Pv	{���wY¦}²$wG§��F�=|Y{�rdtu{�rj��|P��tx�u{��jl1|Pv�{�rI�u{���lctuhIw�t+��tuvx�Iy�tu�jvxlY° (¹�PvxwP��{}lRrdt	¬Y|G±�l�¦
¨©|Y�jr`��|Pr«w�¬Yl�vutul�±�rj|Yvxk�w�¦�¦}{�rjlm{��®vxl���lZyztulZ�·{}¨1{}tx����{�vxlRyztx{}|Pr���|KlR�®rj|Yt�vu|P�j�Yhj¦�§.k�w)txy�h�tuhjl
rj|Yvxk�w�¦F��{�vxlRyztx{}|PrF°

���;� �¾Ð��jÊzË � �)°)#�{�rIwY¦}¦�§Y�A{}¨�txhjl���tuvx�Iy�tu�jvxlR��|�¨�{�rdtulRvulZ��t~{}rdtulRrI�u{Åt�§Âv�w�rj�Pl!{��³Krj|)²�r	�cw·�PvxwP��{}lRrdt
¬Y|G±�l�¦�y�w�r.ª=lvxl���lZyztulZ��²�hjl�r.txhjl�y�|YvxvulZ���=|YrI�j{}rj�~{�rPtxl�rI�u{}t�§�¬P|G±KlR¦	��|KlR��rj|�t�¨XwY¦}¦�²�{Åtxhj{�r�tuhjl
l�±��=lRyztxlR��v�w�rj�PlY°

�->��->�� 	!Õ � 8 ÙE< ��£j  Õ Ú @¾Ù ¢G¤ Õ  
psrmk�w�rK§�yRwY�ulR�R�)tuhjl��PvxwP��{�l�rdt�{�r�¨©|Pvuk�w)tx{}|Pr�k�wG§�ª=l�¦�wYy�³K{}rI�Ã|Pv+tuhjl�rj|P{��ul$¦}lR¬YlR¦�kmwG§�ª=l$tu|K|�hj{��Yh�tu|
�jl�tulZyzt®�jvu|P�`lRv�ª=|Y�jrI�Iw�vx{}lZ���I�u{}rI�!w��Yv�wY�j{}lRrPt�|P�`lRvxw�tu|PvR°��.|PvulR|)¬Yl�vZ���Yv�wY�j{}lRrPt�{�r�¨©|Pvuk�w)tx{}|Pr�{���rj|�t
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ª=|Y�IrI�jw�vx§!wYrI��wYvul®�I�ulR��tu|�y�|Ykm�j��txl6tuhjl�l�±dtxl�vxrIw�¦?¨©|Pvxy�lY°

#�{��Y�jvxl!�����uhj|)²��6txhjl&hjlZw�vut�¦}l�¨Ít¬YlRrPtxvu{�y�¦�l&�ul��YkmlRrPt�w)tx{}|Pr�¨©vx|Yk w�tu{�kml!��lRvu{�lR��|�¨$¬Yl�vx§�rI|Y{���§
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Çd�IwYrdtu{}txw)tx{}¬Pl&kmlRwP���jvxl�kmlRrPt���wYrI�Á�u{}k��j¦�w)tu{�|Yr	°�´Ã{ÅÄ?l�vxl�rdt����Iv�¨XwPy�l!vxl��IvulZ��lRrPt�w)tx{}|PrI��¦�lRwY�Átu|«¬GwYv��
{�|Y�`�6k~|���lR¦}{�rj�·yRw��IwYªj{}¦�{}tu{�lR�R°�g$hjl�vxl��jvxlR�ul�rdt�w)tu{�|Yr�y�|PrPtxvu|P¦��®txhjl�rK�jkª=l�v|�¨���l��PvulRlR�6|�¨3¨©vxl�lR�j|Yk
¦�l�tÃtu|!tuhjlm���Iv�¨XwPy�lwYrI��hIwP�ÃwYr�l�Ä?lRyzt6|Yr·tuhjl��`|d�u�u{}ªI¦}l~��l�¨©|Pvuk�w)tx{}|PrI�R°Ãg$hjl�³d{�rI��|Y¨MvulR�Y�j¦�w�vx{*&�{�rj�
y�|YrI��tuv�w�{�rdtx�$w�¦��u|~��lR�`lRrI�j��|Pr�tuhjl��u�jv�¨XwPy�l6{�rPtxvu{�rI�u{�y®�IwYvxwYkml�tulRvx�R°

´Ãl�¨©|Pvuk�w�ªI¦}l����jvu¨XwYy�l��uhIw��=l�yRw�r[l�¬Y|P¦}¬Pl�tu|«vulR�jvxlR�ul�rdt�y�|Pkm�j¦}l�±Á��txvu�Iy�tu�jvxlR��²�{}tuhj|P��tmwYrK§�vxl��
��tuvx{�yztu{�|Yr.|Y¨�tx|Y�=|Y¦�|Y�P§Y° (�¦}tuhj|P�j�Yh·��l�¨©|Yvxk�w�ªj¦�l�km|K�jl�¦���k�wG§�ª=l�tuv�w��I�`lZ�.ªd§�¦}|�yRw�¦	km{�rj{�kmw&|�¨+tuhjl
lRrjl�vx�Y§m¨©�IrIyztx{}|PrIw�¦^�KtuhjlR{}v�vx|YªI�I��txrjlR�x�3{��${�rIy�vulZwY�ulR�&{�r�kmwYrK§!w��j�I¦}{�y�w�tu{�|YrI�3ªK§�tuhIl®{�rdtuvx|����Iyztx{}|Pr�|Y¨
�Ivu{�|Yv${�r�¨©|Yvxk�w)tu{�|Yr.w�r`��y�|YrI��tuv�w�{�rdtx�3{}r�txhjl���l�¨©|Pvuk�w�tu{�|Yr��jvu|�y�lR�x��°

g$hjl«w��j�j¦�{�y�w)tx{}|Pr ¯Il�¦�� |�¨�{�k�w��Yl·�ul��Pkml�rdtxw�tu{�|Yr ªIwY�ulR� |PrÉ��l�¨©|Pvuk�w�ªI¦}l·km|���lR¦��&yRw�rÉª=l·l�±K�
txl�rI�jlR�Ó° #j|Pv�{}r`��t�w�rIy�lY�Ótxhjl&��lR�Ykml�rdt�w)tu{�|Yr«|�¨1tu{�k~l&�ul�vx{�lR�®|�¨$kmlR��{�y�wY¦A{}k�w��PlR�®{��6|�¨1hI{}�Ph�{�km�`|Pv��
t�w�rIy�l�¨©|Yv1k�w�rK§�kmlZ��{�yRw�¦`�jvu|�y�lR���jvxlR�M{}rIy�¦}�`��{}rI��y�wYvx�j{}|P¦}|P�Y§Y°�È«lÃw�vxl���l�¬Pl�¦�|Y�j{�rj�6tx{}kml��s��lR�`lRrI��l�rdt
�jl�¨©|Yvxk�w�ªj¦�l�k~|���lR¦��~{�r |Yv���l�v�tu||Yªjtxw�{�rÁtx{}kml��¾y�|YvxvulR¦�w�tulR�Á{}k�w��Pl��ul��Pkml�rdtxw�tu{�|YrF° (�¦���|`�MtuhIl�vxl��
y�|YrI��tuvx�Iy�tu{�|Yr|�¨�¬)wY�xy��j¦�w�v6txvulRlR�ªIwY�ulR��|YrÁ�jl�¨©|Yvxk�w�ªj¦�l�km|���l�¦���{��y�hIwY¦}¦�l�rI�Y{�rj��ª`lZy�wY�I��l�|Y¨$tuhjlR{}v
y�|Ykm�j¦�l�±!�Pl�|Pk~l�tuvx§&w�rI�!tu�Iªj�j¦�w�v��u§Kk~kml�tuvx§Y°
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w)tx{}|PrIw�¦Ã�jvu|Pªj¦�l�k��!{�r¶¬K{���{�|Yr	° � 	 	 	 � �����jÊ � ���WË	���jÊ ��� � ��� �¾Ð��;� � � �)Ï �GÊ�Ë�Ê������ � � ��ÒPË �?Ð
�;� �¾Ð�ÏÍÏ Ë �dÐ�� �xÐ��F¿G� +X��- � ÀP�P� �KÀP�d¼��I¿R�P�Y�I°

» ��½�° (��I��l�t�txlY� #3° #jl�vxvx{}lP�GwYrI��g6°G��l�tulRvx�R°�(�r (�¦}�P|Yvx{Åtxhjkm{�y �Ã¬Pl�vx¬K{}lR²�|Y¨`ÛK�jvu¨XwYy�lc��l��P{���tuv�w)tx{}|Pr
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