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�#�2�x���2w8�xp��2w���vx�¤{8� ������ptvxw«v2z&���8}U}©¶[����� � s:���u}�sus(���i�­wD�8�¯·b}��iv2z+~8ptsu���u}¢��}
{��2�:��pt��|t}�s+��vxw�qx}��¢��}�~y·�°
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���2�u�upt}�~�·�°W���8}@{��2�:��pt��|t}�s�ptsUvx· ���2ptw8}�~�·�°�ptw���}��x������ptw8�����8}@��vxw8s:��pr��� ��prqx}@}��D������ptvxw
�2|tvxw8�U���8}n{��2�:��pt��|t}�������¸u}��¢��vx�upt}�s�±1²�wy���8}n�¤pt���uv � �«�2���uv��2{8{8�uv��2���&mx���8}n}©¶[����� � s:���u}�sus
ptsy��vx�¤{8� ��}�~B·�°¹suvx|rq[ptw8���2|tvxw8�^���8}W{��2�:��pt��|t}M{������8sy���8}Ws:��v[�����2s:��pt�F~8pr¬<}��u}�w���p��2|
}��D������ptvxw^�2susuv[��p�����}�~���v«���8}@®Dptw8}¢��pt�¥���8}�vx�:°��¤v[~8}�|º±(ki��}��2���^��pt�¤}¥s:��}�{&m&k��#¦�l
�2� ��vx�«����pt���2|t|r°F}�w zQvx�u��}�s¥�������­�2|t|1}�|t}��¤}�w���s¥v2z����8}¤�¤}�su������qx}«�MwD�8�¯·b}��¥v2zi�#� �
�x���2w8�xp��2w�{��2�:��pt��|t}�s����2w8�xptw8�@¡(pr���8ptwF�¯�8su}�� � su{b}���pr³�}�~Wptw���}��:q2�2|º±1»(}�su�8|r��s(�2�u}��xprqx}�w
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§ºgi�2|t���8|�����ptvxw�ÜUz � vxw ��� }¢¡n��vxw8p��2w ½ |tv�¡(s�Þ ½ ptw8pr��}nh�|t}��¤}�w���s��2w8~«jD��v[�����2s:��pt��j[²�� �
�8|�����ptvxw É }����8w8pt�D�8}�¨©±1²ß�1pts9·��2supt���2|t|r°¥�@ÎyÕºÐ¢Ñ�Ò�à�Î¤ÏDÐ¢Ñ�Ò��2{8{8�uv��2���¯�������9��vx�¯·8ptw8}�s?���8}
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�¤pt���uv � �«�2���uv¯supt�¯�8|�����ptvxw8si���2w�·b}­�8su}�~W��v«�x�8pt~8}
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pt}�s�v2z+~8pt|t� ��}�{bvx|r°[�¤}���suvx|t� ��ptvxw8s�±1²�w«���8pts�{��2�:��pt���8|��2��zQ���2�¤}¢¡�vx�u®em �­�8su}¢zQ�8|<®Dptw8}¢��pt�
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�����2�¤vx|t}����8|��2�@ptw���}����2�¢��ptvxw8sy���2®Dptw8�d{8|��2��}Mptw¹���8}F{bvx|r°[�¤}��W§Ø���8�uvx�8�x�¹���8}Fsu{8�uptw8�
zQvx�u��}�¨©me�2sn¡�}�|t|?�2sn���8}­{bvx|r°[�¤}�� � suvx|rqx}�w��(ptw���}����2�¢��ptvxw8s­§Ø���8�uvx�8�x�^jD��vx®2}�sU~8���2�¤�2w8~
� �uv�¡(w8p��2w�zQvx�u��}�sy�2�¢��ptw8�^vxw����8}M·b}��2~8s�¨©± É �8}M{bvx|r°[�¤}��­��vxw ³��x�8������ptvxw´s:������}�pts
���D�8s(~8}�su���upt·b}�~F·�°����8}
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��¡�vd·b}��2~8s�±�²�w���}��u}�s:��ptw8�x|r°xm�prz(vxw8}F�2susu�8�¤}�s¯�������¯���8}M��vxw8w8}��¢��vx�¯zQvx�u��}�pts¯|tptw8}��2�
ptw¹ãJm����8}M®Dptw8}¢��pt�«���8}�vx�:°����2w´·b}M}©¶ {8|tvxpr��}�~�zQ�8|t|r°��2w8~´¡(pr���8vx� �y�«�����8}��«����pt���2|
�2{8{8�uv�¶ pt�«����ptvxw8s¯��vd°[pt}�|t~B�2wB}��D�8prq2�2|t}�w��«��vxw8s:��pr��� ��prqx}F}��D������ptvxwB®Dw8v�¡(w*�2s����8}
Ü�|t~8�uv�°[~ ��� �¤v[~8}�|º± É �8ptsU{��2�:��pt���8|��2�(��vxw8s:��pr��� ��prqx}@}��D������ptvxw^pts��¤�u}��2|tpts:��pt�¥�¤v[~8}�|
v2ze~8pt|t� ��}�{bvx|r°[�¤}��9suvx|t� ��ptvxw8s?ptw@ª�v�¡(s1�������1~8v
w8v2�1}©¶[��}�w8~y���8}i{bvx|r°[�¤}��9�¤vx|t}����8|t}�s
��|tvxsu}¯��v����8}�pt�
�«�á¶ pt�¯�8�ä}©¶[��}�w8suptvxw¾§Qpº± }2±­���8}�pt����vxw���vx�8�¥|t}�w8�2���e¨¯§Q}2± �8±FÌ ��×á����Ú�Í ¨©±
²�wM�¤v[~8}�|tptw8�­s:���uvxw8�x}���ª�v�¡(s�m8³�w8pr��}U}©¶[��}�w8supt·8pt|tpr��°¤v2z#���8}�{bvx|r°[�¤}����¯�8s:�n·b}U���2®2}�w
ptw���vd�2����vx�8w���±BÜ�w8}F�2{8{8�uv��2��� pts¯���8} ½ ptw8pr��}�|r°�h9¶[��}�w8supt·8|t} � vxw � �+ptw8}��2��h�|��2s:��pt�
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§ ½ h � h�¨y~8�8�¯·8·b}�|t|(�¤v[~8}�|ºm�¡(�8pt���¾�«�2®2}�s«�8su}�v2z¥����vxw8w8}��¢��vx�¤zQvx�u��}F�������«pts«�
w8vxw � |tptw8}��2��zQ�8w8�¢��ptvxwWv2z�ã^± É �8}­zQvx�u��}¥pts(suptw8�x�8|��2�n�����«�á¶ pt�¯�8�å}©¶[��}�w8suptvxw&me���D�8s
{8�u}¢qx}�w���ptw8�M���8}y~8�8�¯·8·b}�|t|9zQ�uvx�æ}©¶[��}�w8~8ptw8�F·b}¢°xvxw8~���su{b}���pr³�}�~d|t}�w8�2���&±@»(}���}�w��
s:��v[�����2s:��pt�¤supt�¯�8|�����ptvxw8s
v2z ½ h � h-~8�8�¯·8·b}�|t|ts¥����qx}«~8}��¤vxw8s:��������}�~����8}¤q2�2|t�8}�v2z
���8pts�w8vxw � |tptw8}��2���2w8~«°x}¢�(�������8}������u�8~8}�®Dptw8}¢��pt�����8}�vx�:°«�¤v[~8}�|9§Q}2± �8±�Ì Ê2Ë � ÊxÊ Í ¨©± É �8}
pt�¤{bvx�:���2w���{bvxptw��F�8}��u}dpts��������M���8} ½ h � hå�¤v[~8}�|U���2w8w8v2�W·b}^�����2w8su|�����}�~�ptw���v
���«�����8}��«����pt���2|t|r°�}��D�8prq2�2|t}�w��¯��vxw8s:��pr��� ��prqx}�}��D������ptvxw&± É �8}�suv � ���2|t|t}�~ ½ h � h � ¦
��vxw8s:��pr��� ��prqx}J}��D������ptvxwçÌ �áâáÍ ���2w�·b}J~8}��uprqx}�~�zQ�uvx�è���8} ½ h � h;���8}�vx�:°*�8suptw8� �
�«�����8}��«����pt���2|1§Q��|tvxsu�8�u}�¨n�2{8{8�uv�¶ pt�«����ptvxwM~8�8}
��v«¦?}¢��}��u|tptw&±�kUs(su�8v�¡(w^ptw�Ì Ê � meÊ � m
Ê �2Í má���8}�pt�¤{��2�¢�?v2z ���8}���|tvxsu�8�u}��2{8{8�uv�¶ pt�«����ptvxw¥pts?supt�xw8pr³����2w���é2ptw@v2���8}��#¡�vx�u~8s�m2���8}
½ h � hC�2w8~ ½ h � h � ¦>�u�8}�vx|tvx�xpt���2|9{8�uvx{b}��:��pt}�s
~8pr¬<}��¥�«�2�u®2}�~8|r°^ptwd��}��:���2ptwJª�v�¡(s�±
jD��v[�����2s:��pt�Usupt�¯�8|�����ptvxw8s�v2z ½ h � h¹~8�8�¯·8·b}�|t|ts�����qx}
·b}�}�wM}©¶ {8|tvxpr��}�~��u}���}�w���|r°dÌ Ê ��Í
��vF~8}��uprqx}¤pt�¤{8�uv�qx}�~���|tvxsu�8�u}¤�2{8{8�uv�¶ pt�«����ptvxw8s�v2z����8}�®Dptw8}¢��pt�y���8}�vx�:°x± É �8}¤w8}�}�~
�u}��«�2ptw8s�m1�8v�¡�}¢qx}���m�zQvx�@�¤pt���uv � �«�2���uvWsupt�¯�8|�����ptvxwd��}����8w8pt�D�8}�sy�������y�«�2®2}�~8pt�u}��¢�
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�D�8pr��}ys�����pts:zO�2�¢��vx�:°WzQvx����°[{8pt���2|1�u�8}�vx|tvx�xpt���2|?s:���8~8pt}�s�± É �8}��u}�su�8|r��s¥vx· ���2ptw8}�~^¡(pr���H öO÷ ÅÀÂÁÄÃKÅ � Ê2Ë�Ê â ����qx}«��vxw�qx}��u�x}�~�wD�8�¤}��upt���2|t|r°J���
���8}¤su���2|t}�v2z����8}¤~8����¡(ptw8�8é?���8}¢°
¡(pt|t|<·b}¥�8su}�~�ptw����8}¥su}��D�8}�|9�2s(�u}¢zQ}��u}�w8��}­suvx|t� ��ptvxw&±
É �8}@�#¦�l£supt�¯�8|�����ptvxw�¡(pr���QH öO÷ ÅÀÂÁÄÃKÅ � Ú zO�2pt|t}�~W���(��pt�¤} �/ø Ê[m8¡(�8}��u}­vxw8}¥³�w8pr��}

}�|t}��¤}�w������2{8{b}�w8s���v�����qx}y|t}�susU�����2w^zQvx�8�U{��2�:��pt��|t}�s�±�²ß��ptsU�8su}¢zQ�8|9��v�}©¶8�2�¤ptw8}@ptw
½ pt�8± â �8v�¡Ö¡�vx�8|t~´���8}Wsu{�����p��2|n�2w8~ s:������pts:��pt���2|�~8pts:���upt·8� ��ptvxw8syv2z����8}F{��2�:��pt��|t}�s
}¢qxvx|rqx}y����|�����}��(��pt�¤}�s��8suptw8�«���8}¯�8w8��vx�8{8|t}�~¹§Qpº± }2± � }¢¡n��vxw8p��2we¨nª�v�¡�®Dptw8}��«����pt��s�±
g�|t}��2�u|r°xm��«�2w�°´}�|t}��¤}�w���sy|tv[������}�~´ptw´���8}M��vxw�qx}��u�xptw8� � ~8prqx}��u�xptw8�Jª�v�¡å�u}��xptvxw¹~8v
w8v2�(����qx}­}�w8vx�8�x�W{��2�:��pt��|t}�s�é8suvx�¤}¥�2�u}¥}¢qx}�w�}��¤{ ��°x±
j[pt�¤pt|��2�y�8pts:��vx�x���2�¤s�v2z
���8}�s:������pts:��pt���2|(~8pts:���upt·8� ��ptvxw v2z¥{��2�:��pt��|t}�s¤ptw ���8}�}�|t} �

�¤}�w���s@�2�u}¤su�8v�¡(w�ptw ½ pt�8± × zQvx�¥���8}«�#¦�l supt�¯�8|�����ptvxw8s�¡(pr���wH öO÷ ÅÀÂÁÄÃKÅ � � ËxËW�2w8~
Ê â2× é?���8}¤ptw zQvx�u�«����ptvxw^pts¥�xprqx}�w�zQvx�
��pt�¤} � � � Ë m#¡(�8}��u}¤���8}¤s:��}��2~ ° � s:������}«suvx|t� �
��ptvxwJpts
}�susu}�w���p��2|t|r°^�u}��2���8}�~&± � }�su}�}y�������­�2|t|9}�|t}��¤}�w���s¥����qx}¤}�w8vx�8�x�d{��2�:��pt��|t}�s�m
���D�8sn{8�uv[~8�8��ptw8�ys�����pts:zO�2�¢��vx�:°�wD�8�¤}��upt���2|<�u}�su�8|r��s�± É �8}¥s:������pts:��pt���2|b~8pts:���upt·8� ��ptvxw�v2z
{��2�:��pt��|t}�s�m[�8v�¡�}¢qx}���m����2s�su{8�u}��2~Msupt�xw8pr³����2w���|r°��u}�|�����prqx}(��v@���8}Uptw8pr��p��2|�~8pts:���upt·8� ��ptvxw
§Qpº± }2±��^o�pt���2�¤zQ�8w8�¢��ptvxw´|tv[������}�~´����H öO÷ ÅÀÂÁÄÃKÅ ¨©± É �8pts¯pt�¤{8|tpt}�s¥�������y�«�2w�°�}�|t}��¤}�w���s
�«��°´·b}W�upt���8}��¤ptw {��2�:��pt��|t}�sy�����2w¾�2�¢�����2|t|r°�¡i�2�u���2w���}�~BzQvx��wD�8�¤}��upt���2|ns:���2·8pt|tpr��°

���



½ pt�x�8�u} � Þ�jD��}��2~ ° � s:������}­s:���u}��2�¤|tptw8}�si��vx�¤{8� ��}�~F¡(pr���M���8} ½ h � h � ¦B��vxw8s:��pr��� ��prqx}
}��D������ptvxw&±
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½ pt�x�8�u} � Þ É }��¤{bvx���2|<}¢qxvx|t� ��ptvxwMv2z#qx}�|tv[��pr��°��2w8~F{bvx|r°[�¤}���s:���u}�sus�ptw«���8}
�u}��xptvxwMv2z
���8ptw8w8}�s:�U���2{´§Qsu}�} ½ pt�8±nÊx¨nvx· ���2ptw8}�~F¡(pr���^�#¦�lë�2w8~W���8} ½ h � h � ¦*��vxw8s:��pr��� ��prqx}
}��D������ptvxw&± É �8}���qx}����2�x}�wD�8�¯·b}���v2z+{��2�:��pt��|t}�s�{b}���}�|t}��¤}�w��{H+öO÷ ÅÀÂÁÄÃKÅ ���2w8�x}�s�·b}¢��¡�}�}�w
Ú �2w8~¤Ê2Ë�Ê â ± � pr���$H öO÷ ÅÀÂÁÄÃKÅ � Ú m2���8}n�#¦�låsupt�¯�8|�����ptvxw¥zO�2pt|ts9��� ��ø Êy§�ô�¨©± É �8}(�#¦�l
�u}�su�8|r��sn¡(pr���QH öO÷ ÅÀÂÁÄÃKÅ � Ê â �2w8~ � ËxËy·b}���vx�¤}­wD�8�¤}��upt���2|t|r°«�8w8s:���2·8|t}¥w8}��2� � � � §�õ�¨
�2w8~ � Ë«�u}�su{b}��¢��prqx}�|r°x± � �8�¤}��upt���2|#��vxw�qx}��u�x}�w8��}�ptsUvx·8su}��:qx}�~JzQvx�U�8pt�x�8}���q2�2|t�8}�sUv2zH öO÷ ÅÀÂÁÄÃKÅ ±
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½ pt�x�8�u} â Þ9�#¦�l4supt�¯�8|�����ptvxw­zQvx�1���8} ½ h � h � ¦�ª��8pt~y¡(pr�����2w¤��qx}����2�x}(v2zÞH öO÷ ÅÀÂÁÄÃKÅ � Ú
{��2�:��pt��|t}�s�{b}��i}�|t}��¤}�w���±�j[{�����p��2|<�2w8~Ms:������pts:��pt���2|b~8pts:���upt·8� ��ptvxw8s�v2z+���8}
{��2�:��pt��|t}�si���
��pt�¤} � � � Ëy�8suptw8�¤�8w8��vx�8{8|t}�~�§Qpº± }2± � }¢¡n��vxw8p��2we¨�ª�v�¡C®Dptw8}��«����pt��s�±

�2w8~W�2�����8���2�¢°x± É �8}��u}¥ptsi���D�8s��yw8}�}�~WzQvx�n�2w�Ï�ó�Ï©ÔbñOÕØô2õ�qx}��usuptvxwWv2z1�#¦�l�m��u}¢zQ}��u�u}�~
��v@ptw¤���8}U�u}��«�2ptw8~8}���v2z&���8}U{��2{b}��i�2s�k��#¦�l�m[¡(�8}��u}U���8}�wD�8�¯·b}���v2z#�#�2�x���2w8�xp��2w
{��2�:��pt��|t}�snpts(�2|t|tv�¡�}�~���v�q2�2�:°�~8�8�uptw8�y���8}¥��vx�8�usu}­v2z1�y{��2�:��pt���8|��2�isupt�¯�8|�����ptvxw&±

ù ���^ûûúìÅ^ÿXÚ�Â�È¢ú¤ûû�´ÿ@ü¤Ã�ÿ¯Á^ü¤È�ÿ¯Áü Cÿ¯Ã1Â�È�Ç)¢�ûÒ£ ûUÂ��^ÄFÅ

k¾��°[{8pt���2| ��pt�¤}is:��}�{¤v2z<k��#¦�l4pts�~8}�{8pt�¢��}�~¤su���8}��«����pt���2|t|r°­ptw ½ pt�8±1Ý[±9k��#¦�lä�2w8~
�#¦�lö�2�u}y}�susu}�w���p��2|t|r°^}��D�8prq2�2|t}�w��«§Q��vx�¤{��2�u}@¡(pr��� ½ pt�8± � ¨©m&���8}�}©¶ ��}�{ ��ptvxwd·b}�ptw8�
���8}�w8}¢¡¼�2~��2{ ��prq[pr��°^·8|tv[��®e± É �8}¤|����u��}���ptw�qxvx|rqx}�s
���8�u}�}¤·��2supt�ys:��}�{8s�é9w��2�¤}�|r°¹§QpØ¨
���u}�����ptvxw&m1§QptpØ¨iptw8pr��p��2|tpt÷�����ptvxw&m8�2w8~¹§QptptpØ¨�~8}�s:���u�8�¢��ptvxwJv2z��#�2�x���2w8�xp��2w�{��2�:��pt��|t}�s�±�ki�
}��2������pt�¤}(s:��}�{&m k��#¦�l }�w zQvx�u��}�s��������n�2|t|e}�|t}��¤}�w���s�v2z&���8}U�¤}�su������qx}¥�­wD�8�¯·b}��
v2z1�#�2�x���2w8�xp��2wM{��2�:��pt��|t}�snptwM���8}­�8su}�� � su{b}���pr³�}�~�ptw���}��:q2�2|�Ì H öO÷ ÅIý þ.ÿ «ÀÂÁÄÃKÅ �ÂH öO÷ ÅIý þ>Á��ÀÂÁÄÃKÅ Í ± ! v�¡
���8pts«ptsM�2���8pt}¢qx}�~�pts«·8�upt}¢ª8°B~8}�su���upt·b}�~�w8}©¶[��± ½ vx�«�¤vx�u}�~8}¢���2pt|ts¤�u}����2�u~8ptw8�����8}
��vx�¤{8� ��}��npt�¤{8|t}��¤}�w�������ptvxw�v2z9k��#¦�l�m�su}�}�Ì ÊxÝ Í ±

��×
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½ pt�x�8�u} × Þ��#¦�l supt�¯�8|�����ptvxw8s�zQvx�����8} ½ h � h � ¦´ª��8pt~«¡(pr���M�2wM��qx}����2�x}�v2z&H öO÷ ÅÀÂÁÄÃKÅ �
� ËxË¯�2w8~WÊ â2× {��2�:��pt��|t}�s�{b}��i}�|t}��¤}�w���±�jD������pts:��pt���2|b~8pts:���upt·8� ��ptvxw«v2z+���8}�{��2�:��pt��|t}�si���
��pt�¤} � � � ËW§Qsu}�} ½ pt�8± � ¨©±

Updated set of
Lagrangian particles

Eulerian Finite Element Solution
of Conservation Laws

Least-Squares Fit of
Lagrangian Stress Values

Solution of Constitutive or
Stochastic Differential Equation

along Path of Lagrangian Particles

Tracking the Motion of
Lagrangian Particles

Updated
velocity and

pressure

Paths of
Lagrangian

particles

Updated polymer
stress carried by

Lagrangian
particles

Updated Eulerian
description of
polymer stress

ADAPTIVITY
• creation
• initialization
• destruction
of Lagrangian Particles

½ pt�x�8�u}¥Ý[Þ�j[���8}��«����pt�
v2z?���8}¥kU~��2{ ��prqx}­�#�2�x���2w8�xp��2wF¦9�2�:��pt��|t}­lW}¢���8v[~�§Qk��#¦�l^¨©±

� Ý
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²�w@}��2���y�D���2~8�upt|�����}����2|2³�w8pr��}�}�|t}��¤}�w���m2|t}¢�9�8s9~8}¢³�w8}i���8w8przQvx�u�-�x�upt~­v2z�� H öO÷ ÅIý þ.ÿ «ÀÂÁÄÃKÅ ò
� H öO÷ ÅIý þ.ÿ «ÀÂÁÄÃKÅ suv � ���2|t|t}�~�»(}¢zQ}��u}�w8��}y�+v[������ptvxw8s¯§O»��?¨©±ekUsUsu�8v�¡(wJptw ½ pt�8± � m����8}¯»���r s
�2�u}����8}�|tv[������ptvxw8s�¡(�8}��u}U���8}�su{b}���pr³�}�~M�¤ptw8pt�¯�8�¼wD�8�¯·b}���v2z#{��2�:��pt��|t}�s�¡�vx�8|t~�·b}
|tv[������}�~Wprz9���8}¢°F¡�}��u}@~8pts:���upt·8� ��}�~��8w8przQvx�u�¤|r°x±�k��#¦�l£���8}�w^���8}���®DsU�����������U|t}��2s:�
vxw8}({��2�:��pt��|t}(v2z<���8}(}�|t}��¤}�w���pts���|tvxsu}(}�w8vx�8�x�¤��v­}��2����»���mDpº± }2±?��������pr��pts�}�w8��|tvxsu}�~
ptw���su�D���2�u}�·bv�¶���}�w���}��u}�~ �2·bvx� �@���8}�»���±?²ßz(w8v^{��2�:��pt��|t}¤pts¥zQvx�8w8~���v�·b}���|tvxsu}
}�w8vx�8�x�´��v��J{��2�:��pt���8|��2�¯»���m1k��#¦�l ���u}�����}�s¤�Jw8}¢¡Ö{��2�:��pt��|t}«���8}��u}2± ½ pt�x�8�u} �
pt|t|t�8s:��������}�s����8}¥���u}�����ptvxwFs:��}�{FzQvx�nvxw8}¥w8}¢¡��#�2�x���2w8�xp��2w�{��2�:��pt��|t}2±

XX

X X X

XX X

X

½ pt�x�8�u} � ÞMk��#¦�l�Þ�g��u}�����ptvxw¹s:��}�{ zQvx��H öO÷ ÅIý þ.ÿ «ÀÂÁÄÃKÅ � � ò � ± É �8}W���uvxsusu}�s«~8}�w8v2��}
���8}J»(}¢zQ}��u}�w8��}��+v[������ptvxw8sJ§O»��?¨©m�¡(�8pt|t}W���8}J·8|��2��® ��pt�u��|t}�sM�2�u}����8}J�#�2�x���2w8�xp��2w
{��2�:��pt��|t}�s�{8�u}�su}�w��­ptw^���8}y}�|t}��¤}�w���±yj[ptw8��}¯w8vF{��2�:��pt��|t}@ptsUzQvx�8w8~d��|tvxsu}y}�w8vx�8�x�J��v
���8}¥�8{8{b}�� � |t}¢zØ��»���m��yw8}¢¡-{��2�:��pt��|t}�ptsn���u}�����}�~W���8}��u}2±
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Ü�w8��}i��w8}¢¡ {��2�:��pt��|t}�pts?���u}�����}�~y���9��pt�¤} �¦¥ ptw¯�2w@}�|t}��¤}�w���mxpr��s?��vxw ³��x�8������ptvxw­s:������}
�¯�8s:��·b}({8�uvx{b}��u|r°�ptw8pr��p��2|tpt÷�}�~¯ptw�vx�u~8}�����v¯�2|t|tv�¡ zQvx�����8}�suvx|t� ��ptvxw�·b}¢��¡�}�}�w �¦¥ �2w8~�¦¥ ��8 v2zb���8}���vxw8s:��pr��� ��prqx}nvx��s:��v[�����2s:��pt�(~8pr¬<}��u}�w���p��2|8}��D������ptvxw«�2|tvxw8�����8}({��2�:��pt��|t}`r s
{������ § ½ pt�8± Ú ¨©± É �8}�ptw8pr��p��2|tpt÷�����ptvxwMs:��}�{dpts
�2���2ptw^{b}��:zQvx�u�¤}�~dptwJ�2wd}�|t}��¤}�w�� � ·�° �
}�|t}��¤}�w���zO�2su�8ptvxw&±@²�~8}��2|t|r°xm&vxw8}¯¡�vx�8|t~J¡(ptsu�J��vMsuvx�¤}��8v�¡ç{8�u}�su}��:qx}¤���8}y{bvx|r°[�¤}��
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s:���u}�sus�³�}�|t~$�.-[§ �¦¥ ¨?��vx�¤{8� ��}�~�ptw@���8}n}�|t}��¤}�w������1���8}n{8�u}¢q[ptvx�8s1��pt�¤}�s:��}�{&± � pr���8ptw
�2wJptsuv2���uvx{8pt�­��}��u�Wm<���8}y{bvx|r°[�¤}��Us:���u}�sus«§ � ¨�ptsU{8�uvx{bvx�:��ptvxw��2|#��v�vßãxZ
[¢§ºãF¨zy¢±¯Ü�w
���8}�·��2supts+v2z[���8}��#�2�x���2w8�xp��2w�{��2�:��pt��|t}�s+{8�u}�su}�w��9ptw
���8}�}�|t}��¤}�w��?���+��pt�¤} �¦¥ m�vxw8}����2w��vx�¤{8� ��}����8}i|tptw8}��2�?|t}��2s:� � su�D���2�u}�s�{bvx|r°[w8vx�¤p��2|x�������9³8��s9���8}n��q2�2pt|��2·8|t}uvßãxZ
[©§ºãW¨zy
�#�2�x���2w8�xp��2w­~������ ± É �8}i{bvx|r°[�¤}��?s:���u}�sus*vßãxZ
[¢§ºãF¨zyÂ? « ö�� ÀÂÁÄÃKÅ Ab���?���8}iw8}¢¡¹{��2�:��pt��|t}`r s
|tv[������ptvxw¯pts1���8}�w¤vx· ���2ptw8}�~�·�°yptw���}��u{bvx|�����ptvxw&± É �8}(�u}��«�2ptw8ptw8�����2su®¯pts9��v­��vx�¤{8� ��}
���8}���vxw ³��x�8������ptvxw�s:������}�v2z¯���8}�w8}¢¡�{��2�:��pt��|t}^���������xprqx}�sF���8}�{bvx|r°[�¤}��Ms:���u}�susvßãxZ
[©§ºãW¨zy ? « ö�� ÀÂÁÄÃKÅ A ± ½ vx�¥���8} ½ h � h � ¦>ª��8pt~&m?���8}«��vxw ³��x�8������ptvxw�s:������}¤pts­�xprqx}�w
·�°����8}¥su}���vxw8~��¤vx�¤}�w��u� � vßãWã�y¢±�²�wFq[pt}¢¡>v2z(§ � Ë�¨©m ¡�}¥����qx}vßãxZ
[©§ºãW¨zy ? « ö�� ÀÂÁÄÃKÅ A � \ �

� ������§��F¨ ]`_ :a � §ºÊxÊx¨

¡(�8pt����pts��u}��2~8pt|r°�ptw�qx}��:��}�~���v¯ptw8pr��p��2|tpt÷�}����8}U��vxw ³��x�8������ptvxw��4v2z&���8}�w8}¢¡�{��2�:��pt��|t}
���n��pt�¤} �¦¥ ±

½ pt�x�8�u} Ú Þ#k��#¦�l�Þá²�w8pr��p��2|tpt÷�����ptvxw�s:��}�{@zQvx�+���8}�w8}¢¡¹{��2�:��pt��|t}����u}�����}�~y���#���8}��8{8{b}�� �
|t}¢zØ�#��vx�uw8}��#v2z ���8}�}�|t}��¤}�w���± ½ h � h � ¦Wª��8pt~�§Q|t}¢zØ�©¨©Þ&���8}��2�u�uv�¡(s#pt|t|t�8s:��������}9���8}�|t}��2s:� �
su�D���2�u}�s1{8�uv[��}�sus1�8su}�~¯��vU��vx�¤{8� ��}UvßãxZ
[¢§ºãF¨zy?���9���8}�w8}¢¡¹{��2�:��pt��|t}��8suptw8�U}©¶ pts:��ptw8�
�#�2�x���2w8�xp��2w¤~������ ± ½ h � h´ª��8pt~d§Q�upt�x���©¨©Þ?���8}U|t}��2s:� � su�D���2�u}�si{8�uv[��}�susnpts�{b}��:zQvx�u�¤}�~
�8suptw8�(ptw8~8prq[pt~8���2|�~8�8�¯·8·b}�|t|x~������ ±?h��2���@{��2�:��pt��|t}9���2�u�upt}�s&���8�u}�}�~8�8�¯·8·b}�|t|ts�m�zQvx�<���8}
s��2®2}�v2z8pt|t|t�8s:��������ptvxw&±+o��8�¯·8·b}�|t|ts+v2z ���8}�s��2�¤}�����°[{b}����2�u}�s:������pts:��pt���2|t|r°U��vx�u�u}�|�����}�~&±
½ vx�����8} ½ h � h´~8�8�¯·8·b}�|t|b®Dptw8}¢��pt�(���8}�vx�:°xm[���8}���vxw ³��x�8������ptvxw«s:������}Upts��xprqx}�w�·�°

���8}¥su}¢�Uv2z9��vxw8w8}��¢��vx�(qx}��¢��vx�us Ì ã ? @BA � �Ñ� � �©Ê·�¯�¯�¯�^�ÂHMÐ Î v2z9���8}¥~8�8�¯·8·b}�|t|tsn���2�u�upt}�~
��Ú
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� ������§ºãWãF¨ ]`_ :a y ø \HMÐ ,=ÓF@BG 8 ã ? @BA ã ? @BA
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§ºÊ � ¨

É �8}¥~8prÙ¤���8|r��°«¡(pr����§ºÊ � ¨�ptsn��|t}��2��Þ1pr�nptsnw8v2�({bvxsusupt·8|t}U��v���vx�¤{8� ��}����8}¥su}¢� Ì ã ? @BA Î
·�°¯~8pt�u}��¢��ptw�qx}��usuptvxw�v2z1§ºÊ � ¨©m��2s1¡�}(~8pt~¯zQvx�9���8} ½ h � h � ¦���vxw ³��x�8������ptvxw¯��}�w8suvx�/�J±
kUw8v2���8}��
�2{8{8�uv��2���^pts����D�8s
���2|t|t}�~WzQvx��± � }¯{8�uvx{bvxsu}@��v�ptw8pr��p��2|tpt÷�}U���8}¯��vxw8w8}��¢��vx�
qx}��¢��vx�?v2z8~8�8�¯·8·b}�|t|�� � ·�°¥�¤}��2w8s?v2z��(|tptw8}��2�&|t}��2s:� � su�D���2�u}�s1�2{8{8�uv�¶ pt�«����ptvxw
·��2su}�~
vxw����8}�ã ? @BA r s#v2zD���8}���vx�u�u}�su{bvxw8~8ptw8� � Å Õ ~8�8�¯·8·b}�|t|x���2�u�upt}�~
·�°����8}�{��2�:��pt��|t}�s&{8�u}�su}�w��ptw����8}«}�|t}��¤}�w��¯���­��pt�¤} �¦¥ § ½ pt�8± Ú ¨©±�Ü�·�q[ptvx�8su|r°xm9���8pts­{8�uv[��}�~8�8�u}«���2w�vxw8|r°d·b}
�8su}�~W¡(pr����Ð�Ò�Ñ©Ñ�õ¢írÏ2ñ�õ�ó
}�w8su}��¯·8|t}�s(v2z9~8�8�¯·8·b}�|t|ts�±
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8�e7�!<
���'���' ) ��	�����	�������	��£��	�� 
���!#"��#,
É �8}�~8}�s:���u�8�¢��ptvxw­s:��}�{¯�2|t|tv�¡(s+k��#¦�l¼��v�}�w zQvx�u��}��(�«�á¶ pt�¯�8�>v2z=H öO÷ ÅIý þ>Á��ÀÂÁÄÃKÅ {��2�:��pt��|t}�s
ptw¤}��2����}�|t}��¤}�w��
§ ½ pt�8± � Ë�¨©± É �8}U}�|t}��¤}�w�� � ·�° � }�|t}��¤}�w���~8}�s:���u�8�¢��ptvxw«|tv[vx{8s��xv[}�s��2s
zQvx|t|tv�¡(s�m?�2s¥|tvxw8���2s¥���8}¤wD�8�¯·b}��­v2zi{��2�:��pt��|t}�s
pts­|��2�u�x}��������2w�H öO÷ ÅIý þ>Á��ÀÂÁÄÃKÅ Þ�§QpØ¨ ½ ptw8~
���8}@��¡�vM{��2�:��pt��|t}�s���� 8 �2w8~���� : �������¥�2�u}@��|tvxsu}�s:�
��v�}��2���dv2���8}���m�§QptpØ¨(g��u}�����}��
w8}¢¡B{��2�:��pt��|t}���� « ö�� ptwy·b}¢��¡�}�}�w���� 8 �2w8~ ��� : me§QptptpØ¨&²�w8pr��p��2|tpt÷�}����8}i��vxw ³��x�8������ptvxw
s:������}@v2z!��� « ö�� m<�2w8~´§Qprq8¨(»(}��¤v�qx}"��� 8 �2w8~#��� : ± É �8}@ptw8pr��p��2|tpt÷�����ptvxw«s:��}�{¹§QptptpØ¨
pts¥�Fsupt�¤{8|t}y�2�upr���8�¤}¢��pt�¯�¤}��2wdv2zi}�pr���8}������8}���vxw ³��x�8������ptvxwJ��}�w8suvx�X�/§ ½ h � h � ¦
�¤v[~8}�|Ø¨©m9vx�@���8} � Å Õ ~8�8�¯·8·b}�|t|���vxw8w8}��¢��vx�¯qx}��¢��vx�¤ã ? @BA � �M� � �©Ê·�¯�¯�¯�^�ÂHMÐ�§ ½ h � h
ª��8pt~e¨©±
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Å Â1Ä Â��^ûÛ¢�ÿ¯Ã�ü�û)Üeû
Ç�Ç(û
Á�Â�Ã�È�Ç�È¢ÂÞÝß Ä¤ÆJÃ�Á^ÿX¢Ëà�û�ÿ¯Ã�È�Á^üáÚJÃ�Ä
à�¢�ûUâ
%&��� E('*)+'M02�-,­7
���
½ pt�x�8�u} �x� su�8v�¡(s����8}¹|��2�u�x} � }�����}�w����upt��pr��°C�u}�su�8|r��s�vx· ���2ptw8}�~-¡(pr����k��#¦�l �2w8~
���8} ½ h � h � ¦6ª��8pt~&± É �8}d�¤}�su��pts«�������Fv2z ½ pt�8±µÊ[m��2w8~*���8}^��pt�¤}^s:��}�{8s��2�u}§ �¦©Oª¦«g¬ � � Ë í : �2w8~�§ � ÅÇÃÈÁ ©ÈÉ � § �¦©Oª¦«g¬ Å � � Ë í � ± É �8pts
{��2�:��pt���8|��2�Usupt�¯�8|�����ptvxw�}�w �
su�8�u}�s
�����������8}ywD�8�¯·b}��
v2z�{��2�:��pt��|t}�s�ptw^}��2����}�|t}��¤}�w��
pts
�2|r¡i��°[s
ptw^���8}yptw���}��:q2�2|
Ì H öO÷ ÅIý þ.ÿ «ÀÂÁÄÃKÅ �ÂH öO÷ ÅIý þ>Á��ÀÂÁÄÃKÅ Í � Ì Ú �©Ê2Ë Í ±1g�|t}��2�u|r°xm�k��#¦�lå{8�uv[~8�8��}�s1s�����pts:zO�2�¢��vx�:°¥�u}�su�8|r��s9}¢qx}�w
¡(pr���Wsu�8���d�¤su�«�2|t|+wD�8�¯·b}���v2z�{��2�:��pt��|t}�s�± � v2�Usu�8�u{8�uptsuptw8�x|r°xm ½ pt�8± �x� su�8v�¡(sU�������
k��#¦�l����2s(���u}�����}�~�w8}¢¡C{��2�:��pt��|t}�snw8}��2�n���8}¥�¤v�q[ptw8�y�¢°[|tptw8~8}��nvxw8|r°x±
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½ pt�x�8�u} � Ë Þ¯k��#¦�l�Þ9o�}�s:���u�8�¢��ptvxw�s:��}�{�zQvx�<H öO÷ ÅIý þ>Á��ÀÂÁÄÃKÅ � Ú ±F�+}¢zØ� Þ É �8�u}�}�{��2�:��pt��|t}
{��2pt�us¤§.��� 8 m/��� : ¨��2�u}�pt~8}�w���pr³�}�~&±¤»(pt�x��� Þ É �8�u}�}¤w8}¢¡¼{��2�:��pt��|t}�s¥�2�u}����u}�����}�~�ptw
·b}¢��¡�}�}�wW���8}0��� 8 �2w8~*��� : {��2�:��pt��|t}�s�é[���8}¥|����u��}��(�2�u}¥�u}��¤v�qx}�~&±

g�vxw�qx}��u�x}�w8��}Uv2ze���8}nk��#¦�l4�u}�su�8|r��s1��v����8}(�#¦�l4�u}¢zQ}��u}�w8��}(suvx|t� ��ptvxwF§Qvx· ���2ptw8}�~
¡(pr����H öO÷ ÅÀÂÁÄÃKÅ � Ê2Ë�Ê â ¨@ptsypt|t|t�8s:��������}�~´ptw ½ pt�8± � Ê[± ! }��u}M¡�}Wsu�8v�¡Ö���8}M��}��¤{bvx���2|
}¢qxvx|t� ��ptvxw­v2z����8}�{bvx|r°[�¤}��#s:���u}�sus1��vx�¤{8� ��}�~¯·�°­k��#¦�l6¡(pr���MÌ H öO÷ ÅIý þ.ÿ «ÀÂÁÄÃKÅ �ÂH öO÷ ÅIý þ>Á��ÀÂÁÄÃKÅ Í �
Ì Ú �©Ê2Ë Í m¥Ì Ê â � â Ë Í mn�2w8~�Ì � Ê � � �áâ Ë Í �u}�su{b}��¢��prqx}�|r°xm��2|t|(v2���8}��«wD�8�¤}��upt���2|�{��2���2�¤}¢��}��us
·b}�ptw8�¤®2}�{ ���8w8�����2w8�x}�~&± É �8}@{bvx|r°[�¤}��(s:���u}�susU�����2w8supt}�w��U��vx�¤{8� ��}�~W¡(pr����k��#¦�l
pts��D�8pr��}�su�¤v[v2���&éDwD�8�¤}��upt���2|evxsu��pt|t|�����ptvxw8s1suvx�¤}¢¡(�����i��¬<}��¢�����8}�s:��}��2~ ° � s:������}2m ·8� �
���8}M�2�¤{8|tpr���8~8}¤v2zn���8}�su}Msu{8�8�uptvx�8syvxsu��pt|t|�����ptvxw8s¥~8}����u}��2su}�sy¡(�8}�w´���8}�wD�8�¯·b}��¯v2z
{��2�:��pt��|t}�snptw8���u}��2su}�s�±
g�vxw���vx�8�U|tptw8}�snv2z1���8}¥qx}�|tv[��pr��°(132@�2w8~W���8}­w8vx�u�«�2|+s:���u}�susU~8pr¬<}��u}�w8��}5462�2*�746898

�2�u}dsu�8v�¡(wCptw ½ pt�8± ��� ± ! }��u}d¡�}��xprqx}J���8}��u}�su�8|r��sW���F��pt�¤} � � � Ë¹v2z@��¡�v
k��#¦�l supt�¯�8|�����ptvxw8s@zQvx�¯���8} ½ h � h � ¦çª��8pt~&m�¡(pr���>Ì H öO÷ ÅIý þ.ÿ «ÀÂÁÄÃKÅ �ÂH öO÷ ÅIý þ>Á��ÀÂÁÄÃKÅ Í � Ì Ú �©Ê2Ë Í
�2w8~¾Ì � Ê � � �áâ Ë Í m+�u}�su{b}��¢��prqx}�|r°x± É �8}¤�u}�su�8|r��s­�2�u}�ptwd�xv[v[~��2�x�u}�}��¤}�w���±�Ü�w8}�w8v2��}�s
�2|tsuv¯���8}¥s�����pts:zO�2�¢��vx�:°Msu�¤v[v2���8w8}�sus(v2z?���8}¥{bvx|r°[�¤}��is:���u}�sus�³�}�|t~&±

%&�
	 E('*)+':,­7
���
½ pt�x�8�u} ��� su�8v�¡(sU���8}@|��2�u�x} � }�����}�w����upt��pr��°M�u}�su�8|r��sUvx· ���2ptw8}�~F¡(pr����k��#¦�lë�2w8~W���8}
½ h � hå~8�8�¯·8·b}�|t|�®Dptw8}¢��pt�J���8}�vx�:°x± É �8}d�¤}�su��ptsW�2���2ptw¾�������Wv2z ½ pt�8±6Ê[m��2w8~
���8}J��pt�¤}^s:��}�{8sW�2�u}�§ �¦©Oª¦«g¬ � § � ÅÇÃÈÁ ©ÈÉ � § �¦¬ Å ªÔ©ÈÕ � � Ë í : ± É ¡�v supt�¯�8|�����ptvxw8s
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ALPM [9,20]

½ pt�x�8�u} �x� Þ9k��#¦�læsupt�¯�8|�����ptvxwyzQvx�����8} ½ h � h � ¦�ª��8pt~¤¡(pr���JÌ H öO÷ ÅIý þ.ÿ «ÀÂÁÄÃKÅ �ÂH öO÷ ÅIý þ>Á��ÀÂÁÄÃKÅ Í �
Ì Ú �©Ê2Ë Í ±���{8{b}�� � |t}¢zØ� Þ«su{�����p��2|�|tv[������ptvxw8s¯���¯��pt�¤} � � � Ë^v2z�{��2�:��pt��|t}�s@�������¯¡�}��u}
{8�u}�su}�w���ptwF���8}­ptw8pr��p��2|<}�w8su}��¯·8|t}­v2z1{��2�:��pt��|t}�s���� � � Ë ±n��{8{b}�� � �upt�x��� Þ�su{�����p��2|+|tv �
������ptvxw8s9���?��pt�¤} � � � Ë�v2z�{��2�:��pt��|t}�s#���u}�����}�~y~8�8�uptw8�(���8}���vx�8�usu}iv2z8���8}�supt�¯�8|�����ptvxw&±
�+v�¡�}�� � |t}¢zØ� Þ�s:������pts:��pt���2|9~8pts:���upt·8� ��ptvxwJv2z�{��2�:��pt��|t}�s¥���
��pt�¤} � � � Ë ±y�+v�¡�}�� � �upt�x��� Þ
��}��¤{bvx���2|1}¢qxvx|t� ��ptvxwJv2z����8}�{bvx|r°[�¤}���s:���u}�sus@ptwJ���8}��u}��xptvxwdv2z����8ptw8w8}�s:�­���2{¾§Qsu}�}
½ pt�8±�Êx¨©é ���8}­�#¦�lìÊ2Ë�Ê â �u}¢zQ}��u}�w8��}­suvx|t� ��ptvxwMpts(�2|tsuv�su�8v�¡(w&±

ÊxÊ



0 5 10 15

0

2

4

6

8

Time

τ
yy

− τ
xx

τ
xy

ALPM [9,20]

0 5 10 15

0

2

4

6

8

Time

τ
yy

− τ
xx

τ
xy

ALPM [25,50]

0 5 10 15

0

2

4

6

8

Time

τ
yy

− τ
xx

τ
xy

ALPM [121,150]

0 5 10 15

0

2

4

6

8

Time

τ
yy

− τ
xx

τ
xy

LPM 2025

½ pt�x�8�u} � Ê[Þ¥k��#¦�l supt�¯�8|�����ptvxw�zQvx�
���8} ½ h � h � ¦>ª��8pt~��8suptw8�Fq2�2�uptvx�8s�q2�2|t�8}�s¥v2z
Ì H öO÷ ÅIý þ.ÿ «ÀÂÁÄÃKÅ �ÂH öO÷ ÅIý þ>Á��ÀÂÁÄÃKÅ Í ± É }��¤{bvx���2|&}¢qxvx|t� ��ptvxwFv2z?���8}¥{bvx|r°[�¤}��is:���u}�sus�ptwM���8}¥�u}��xptvxwMv2z
���8ptw8w8}�s:�����2{¹§Qsu}�} ½ pt�8±�Êx¨©±
g�vxw�qx}��u�x}�w8��}¯��v«���8}¯�#¦�löÊ2Ë�Ê â �u}¢zQ}��u}�w8��}¯suvx|t� ��ptvxw
ptsnvx·8su}��:qx}�~&±
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½ pt�x�8�u} ��� Þ?k��#¦�lÖsupt�¯�8|�����ptvxw­zQvx�1���8} ½ h � h � ¦dª��8pt~&±�g�vxw���vx�8��|tptw8}�s1v2zbqx}�|tv[��pr��°
�2w8~^{bvx|r°[�¤}���s:���u}�sus
���U��pt�¤} � � � Ë¤vx· ���2ptw8}�~�¡(pr���¹Ì H öO÷ ÅIý þ.ÿ «ÀÂÁÄÃKÅ �ÂH öO÷ ÅIý þ>Á��ÀÂÁÄÃKÅ Í � Ì Ú �©Ê2Ë Í
�2w8~ Ì � Ê � � �áâ Ë Í ±
kµ��vxw8s:���2w��¥ptw8���u}��¤}�w��¥v2z�Ë � � �2w8~ � � Ë�pts��8su}�~JzQvx�U���8}¯qx}�|tv[��pr��°
�2w8~Fs:���u}�sus�mb�u}�su{b}��¢��prqx}�|r°x±
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�2�u}¯pt|t|t�8s:��������}�~&m�¡(pr��� Ì H öO÷ ÅIý þ.ÿ «ÀÂÁÄÃKÅ �ÂH öO÷ ÅIý þ>Á��ÀÂÁÄÃKÅ Í � Ì Ú �©Ê2Ë Í �2w8~ Ì Ê â � â Ë Í m&�2w8~�HMÐ � â ËxËxË
�2w8~ � ËxËxË¤~8�8�¯·8·b}�|t|ts�ptw^}��2���J{��2�:��pt��|t}2mb�u}�su{b}��¢��prqx}�|r°x± É �8}¯su�¤v[v2���8w8}�sus�v2z1���8}�su}
�¤pt���uv � �«�2���uv¤�u}�su�8|r��s
pts�w8v2��}¢¡�vx�:����°x± É �8} ½ h � h � ¦�suvx|t� ��ptvxw^pts
�2|tsuv�su�8v�¡(wdzQvx�
��vx�¤{��2�uptsuvxw�{8�8�u{bvxsu}�s�±d²�w´���8pts@{��2�:��pt���8|��2�­ª�v�¡6{8�uvx·8|t}��Wm9���8}�qx}�|tv[��pr��°d³�}�|t~´pts
zQvx�8w8~���vJ·b}��8w���¬<}��¢��}�~ ·�°����8}M¦?}¢��}��u|tptw´��|tvxsu�8�u}F�2{8{8�uv�¶ pt�«����ptvxw*§O���¯|t}��2s:�¯zQvx�
���8}����2su} � æ � � s:���8~8pt}�~d�8}��u}�¨©± É �8} ½ h � hC�2w8~ ½ h � h � ¦>{bvx|r°[�¤}���s:���u}�susu}�s�m
�8v�¡�}¢qx}���m<�2�u}
ptw8~8}�}�~Fqx}��:°F~8pr¬<}��u}�w���±
É �8}¤��}��¤{bvx���2|�}¢qxvx|t� ��ptvxw�v2zi���8}�qx}�|tv[��pr��°��2w8~�{bvx|r°[�¤}��¥s:���u}�sus@³�}�|t~8s­pts­pt|t|t�8s �

��������}�~ ptw ½ pt�xs�± �áâ �2w8~ ��× ± ! }��u}2m�¡�}W{8|tv2�y��vxw���vx�8�¤|tptw8}�syv2z����8}Mqx}�|tv[��pr��°7132
�2w8~����8}dw8vx�u�«�2|�s:���u}�sus�~8pr¬<}��u}�w8��}�462�2$�V46898����Wsu}�|t}��¢��}�~�q2�2|t�8}�sFv2z@��pt�¤}2m(zQvx�
Ì H öO÷ ÅIý þ.ÿ «ÀÂÁÄÃKÅ �ÂH öO÷ ÅIý þ>Á��ÀÂÁÄÃKÅ Í � Ì Ê â � â Ë Í �2w8~xHMÐ � � ËxËxË ±
k6qx}�|tv[��pr��°dv�qx}��usu�8v[v2�ypts­{8�u}�~8pt�¢��}�~´��� � � � §Q�¢zQ� ½ pt�8± ��� ¨
ptwd���8}«�u}��xptvxw�v2z

���8ptwW���2{&± É �8}¥ª��8pt~Wpts��2|tsuv�zQvx�8w8~W��v¤�¤v�qx}­�D�8pr��}¥���2{8pt~8|r°M~8�8�uptw8�y���8}¥�����2w8supt}�w��
{8���2su}«§ � � Êx¨�ptwM���8}¥�u}��xptvxwMv2z9|��2�u�x}
���2{&±
Ü�w´���8}�¡(�8vx|t}2m1���8}M��vx�¤{8� ��}�~´qx}�|tv[��pr��°��2w8~¹s:���u}�susy³�}�|t~8s��2�u}��D�8pr��}�su�¤v[v2���

~8�8�uptw8�F���8}������2w8supt}�w��@{8���2su}2±FkUs­vx·8su}��:qx}�~¹�2|t�u}��2~ °J¡(pr���d���8} ½ h � h � ¦C�¤v[~8}�|ºm
su{8�8�uptvx�8snvxsu��pt|t|�����ptvxw8s�suvx�¤}¢¡(�����({b}��:���8�u·M���8}
s:��}��2~ ° � s:������}¥suvx|t� ��ptvxw&± É �8}�pt�n�2� �
{8|tpr���8~8}�ptsnw8v2��~8���2�«����pt�2m �8v�¡�}¢qx}���±
É �8}¥�¤pt���uv � �«�2���uv@k��#¦�l.supt�¯�8|�����ptvxw8s�zQvx�����8} ½ h � h ª��8pt~M{8�uv�q[pt~8}¥�¯¡�}��2|r���

v2znptw zQvx�u�«����ptvxwd�u}����2�u~8ptw8�W���8}«ª�v�¡ � ptw8~8�8��}�~´}¢qxvx|t� ��ptvxw�v2zi���8}�{bvx|r°[�¤}��­��vxw ³�� �
�8������ptvxw&± ½ vx�@}©¶8�2�¤{8|t}2m9¡�}Msu�8v�¡åptw ½ pt�8± � ÝW�8v�¡;���8}«ª�v�¡å���2s¯~8pts:��vx�:��}�~����8}
ptw8pr��p��2|D~8pts:���upt·8� ��ptvxwyv2z<~8�8�¯·8·b}�|t|8|t}�w8�2����w8}��2�1���8}n¡i�2|t|ºmxptwy���8}(�u}��xptvxwyv2zb���8ptw8w8}�s:�
���2{&±

W X È¯�1Ç�Æ��e�1È�Ä¤Á ÿ¯ÁJÅ Ç(Ä¤ÁJÇ)¢�Æ��1È�Ä¤Á��
� }�����qx}�~8}��¤vxw8s:��������}�~¯ptw¥���8}�{8�u}�su}�w���{��2{b}��#���8}��2·8pt|tpr��°�v2z8k��#¦�l6v2z8{8�uv[~8�8��ptw8�
�2�����8������}�wD�8�¤}��upt���2|<�u}�su�8|r��s�zQvx�����8}U��pt�¤} � ~8}�{b}�w8~8}�w��iª�v�¡>v2z?�@q[ptsu��v[}�|��2s:��pt��ª��8pt~
·b}¢��¡�}�}�w �8pt�x�8|r° � }�����}�w����upt�M�¢°[|tptw8~8}��us�m��8suptw8�J}�pr���8}��y�J�«�2���uvxsu��vx{8pt����vxw8s:��pr��� ��prqx}
}��D������ptvxwWv2z?���8}­~8pr¬<}��u}�w���p��2|<��°[{b}�§ ½ h � h � ¦B�¤v[~8}�|Ø¨�vx�(��®Dptw8}¢��pt�
���8}�vx�:°M�¤v[~8}�|
§ ½ h � h�~8�8�¯·8·b}�|t|ts�¨©±�k��#¦�l%pts@��|t}��2�u|r°���s:��}�{´zQvx�:¡i�2�u~��u}�|�����prqx}¤��v^pr��s@{��2�u}�w��
�#¦�l�m#¡(�8pt����¡i�2s@�8su}�~�su�8����}�sus:zQ�8|t|r°�ptw¾Ì ���2Í zQvx�­suvx|rq[ptw8�F���8}¤su�«�2|t| � }�����}�w����upt��pr��°
¸uvx�8�uw��2|&·b}��2�uptw8��{8�uvx·8|t}��W±
É �2·8|t}�ÊJ��vx�¤{��2�u}�s¤�#¦�l �2w8~Bk��#¦�l ptw´��}��u�¤s�v2zU���8}W��vx�¤{8� ��}����u}�suvx�8�u��}�s

§ºgi¦��µ��pt�¤}y�2w8~d��}�w������2|��¤}��¤vx�:°^���2{��2��pr��°8¨Uw8}�}�~8}�~���vF{8�uv[~8�8��}y���8}y�u}�su�8|r��s¥v2z
j[}��¢��ptvxw8s � �2w8~ × ± É �8} ½ h � h � ¦´supt�¯�8|�����ptvxw8s1¡�}��u}U{b}��:zQvx�u�¤}�~«vxw��­suptw8�x|t}�o
h�g
kU|t{8���
{8�uv[��}�susuvx��m�¡(�8pt|t}i���8} ½ h � h����2|t���8|�����ptvxw8s?¡�}��u}��u�8w¤vxw¤��zO�2�u�çv2z � Ë¥o
h�g
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½ pt�x�8�u} ��� ÞWk��#¦�l supt�¯�8|�����ptvxw�zQvx�����8} ½ h � hçª��8pt~&± É }��¤{bvx���2|n}¢qxvx|t� ��ptvxw v2z
qx}�|tv[��pr��°@�2w8~y{bvx|r°[�¤}��?s:���u}�sus�ptw@���8}i�u}��xptvxw@v2z����8ptw8w8}�s:�����2{F§Qsu}�} ½ pt�8±1Êx¨©±9»(}�su�8|r��s
zQvx��Ì H öO÷ ÅIý þ.ÿ «ÀÂÁÄÃKÅ �ÂH öO÷ ÅIý þ>Á��ÀÂÁÄÃKÅ Í � Ì Ú �©Ê2Ë Í �2w8~JÌ Ê â � â Ë Í ¡(pr�����­wD�8�¯·b}��{HMÐnv2z+~8�8�¯·8·b}�|t|ts�ptw
}��2����{��2�:��pt��|t}¥}��D���2|+��v â ËxËxË��2w8~ � ËxËxË m��u}�su{b}��¢��prqx}�|r°x± É �8} ½ h � h � ¦¾�u}�su�8|r��s��2�u}
su�8v�¡(wWzQvx�n��vx�¤{��2�uptsuvxwM{8�8�u{bvxsu}�s�±

Ê ×
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Y[Za` Y[Z]\?b
½ pt�x�8�u} �áâ Þ­k��#¦�lèsupt�¯�8|�����ptvxw�zQvx�
���8} ½ h � h>ª��8pt~�¡(pr���¾Ì H öO÷ ÅIý þ.ÿ «ÀÂÁÄÃKÅ �ÂH öO÷ ÅIý þ>Á��ÀÂÁÄÃKÅ Í �
Ì Ê â � â Ë Í �2w8~(HMÐ � � ËxËxË ± É }��¤{bvx���2|�}¢qxvx|t� ��ptvxw�v2zi���8}���vxw���vx�8�@|tptw8}�s­v2zn���8}�132
qx}�|tv[��pr��°���vx�¤{bvxw8}�w���±�k-��vxw8s:���2w��Uptw8���u}��¤}�w��(v2z1Ë � � ptsn�8su}�~FzQvx�n}��2����suw��2{8su�8v2��±
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Y[Za` Y[Z]\?b
½ pt�x�8�u} ��× Þ­k��#¦�lèsupt�¯�8|�����ptvxw�zQvx�
���8} ½ h � h>ª��8pt~�¡(pr���¾Ì H öO÷ ÅIý þ.ÿ «ÀÂÁÄÃKÅ �ÂH öO÷ ÅIý þ>Á��ÀÂÁÄÃKÅ Í �
Ì Ê â � â Ë Í �2w8~�HMÐ � � ËxËxË ± É }��¤{bvx���2|?}¢qxvx|t� ��ptvxw�v2z����8}@��vxw���vx�8��|tptw8}�s�v2z����8}­³��us:�
w8vx�u�«�2|�s:���u}�susy~8pr¬<}��u}�w8��}c462�29�d46898�±�kå��vxw8s:���2w��yptw8���u}��¤}�w��¯v2z � � ËWpts@�8su}�~�zQvx�
}��2���Wsuw��2{8su�8v2��±
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Dumbbell length
½ pt�x�8�u} � Ý[Þ­k��#¦�lèsupt�¯�8|�����ptvxw�zQvx�
���8} ½ h � h>ª��8pt~�¡(pr���¾Ì H öO÷ ÅIý þ.ÿ «ÀÂÁÄÃKÅ �ÂH öO÷ ÅIý þ>Á��ÀÂÁÄÃKÅ Í �
Ì Ú �©Ê2Ë Í �2w8~�HMÐ � â ËxËxË ±�o�pts:���upt·8� ��ptvxwdv2zi~8�8�¯·8·b}�|t|�|t}�w8�2�������­��pt�¤} � � ËW�2w8~� � � Ë¥��vx�¤{8� ��}�~«w8}��2�����8}(¡i�2|t|�ptwy���8}��u}��xptvxw¤v2z<���8ptw8w8}�s:�����2{&± É �8}U�8pts:��vx�x���2�¤s
�2�u}�~8����¡(w*�8suptw8�����8}J�#�2�x���2w8�xp��2wB~���������q2�2pt|��2·8|t}Fptw ���8}���¡�v�³�w8pr��}�}�|t}��¤}�w���s
��vxw����2ptw8ptw8�¥���8}�{bvxptw���§�ô�¨�v2z ½ pt�x�8�u}UÊ[±�o��8�¯·8·b}�|t|�|t}�w8�2���¤pts��«�2~8}�~8pt�¤}�w8suptvxw8|t}�sus
¡(pr��� � npo ] \ ± É �8}¥��pt�u��|t}
vxwF���8}¥�8vx�upt÷�vxw����2|+�á¶ ptsn�«�2�u®Dsi���8}¥�8{8{b}��(|tpt�¤pr�&e ��±

Ê Ú



kU|t{8���¥{8�uv[��}�susuvx�usi��vxw8w8}��¢��}�~����8�uvx�8�x��� � ËxË@l ! ÷Us:¡(pr�����&±�o�}¢���2pt|ts�vxw¤���8}�l�¦�² �
·��2su}�~B{��2���2|t|t}�|�pt�¤{8|t}��¤}�w�������ptvxw�v2zUk��#¦�l �2�u}F�xprqx}�w }�|tsu}¢¡(�8}��u}�Ì ÊxÝ Í ± � �upt}¢ª8°xm
¡�}¤~8pts:���upt·8� ��}y���8}�HMÐ¯~8�8�¯·8·b}�|t|ts¥���2�u�upt}�~�·�°�}��2�����#�2�x���2w8�xp��2wd{��2�:��pt��|t}¯��vF���8}�¼��q2�2pt|��2·8|t}�{8�uv[��}�susuvx�us�m&�2w8~���vx�¤{8� ��}¥���8}�pt����vxw ³��x�8������ptvxwWptwW{��2���2|t|t}�|º±�k���vx� �
�¯�8w8pt������ptvxwW{8���2su}¯pts�w8}�}�~8}�~^��vM�2susu}��¯·8|t}@ptw�}��2���J{8�uv[��}�susuvx�U���8}@��vxw����upt·8� ��ptvxw8s
v2zn���8}f�ä{8�uv[��}�susuvx�usy��v����8}M{bvx|r°[�¤}��@s:���u}�sus�± É �8}M�u}��«�2ptw8ptw8��k��#¦�l%���2|t���8|�� �
��ptvxw8s�mi¡(�8pt���*�2�u}��¯�8���*|t}�sus«}©¶ {b}�w8suprqx}^�����2wB���8}^s:��v[�����2s:��pt��supt�¯�8|�����ptvxw s:��}�{&m
�2�u}y���8}�w�{b}��:zQvx�u�¤}�~��u}�~8�8w8~��2w���|r°d·�°��2|t|1{8�uv[��}�susuvx�us@ptw�vx�u~8}��
��v���qxvxpt~dzQ�8�:���8}��
��vx�¤�¯�8w8pt������ptvxw�v�qx}��u�8}��2~8s�±
Ü�w8}@vx·8su}��:qx}�s¥ptw É �2·8|t}¯Êy�������U���8}¯�#¦�lì��pt�¤ptw8�¤�2w8~^�¤}��¤vx�:°M~������¤zQvx|t|tv�¡-�

|tptw8}��2�?·b}�����q[ptvx�8�1v2z����8}izQvx�u� ½.���"H9ÀÂÁÄÃKÅ�mx¡(�8}��u}i���8}i��vxw8s:���2w��/½¥pts?���8}i��vxs:��v2z����8}
h��8|t}��up��2wd�«�2���uvxsu��vx{8pt��suvx|t� ��ptvxwdv2zi���8}¤��vxw8su}��:q2����ptvxw�}��D������ptvxw8s�§ ½ pt�8± � ¨©± É �8}
gi¦��C��pt�¤}��D�8v2��}�~Wptw É �2·8|t}­Ê¯ptsi{b}��n�«�2���uvxsu��vx{8pt����pt�¤}�s:��}�{&±�j[v8m ���8}
��v2���2|<�u�8w
��pt�¤}Uv2z#���8}¥�#¦�l£Ê2Ë�Ê â¯½ h � h � ¦ supt�¯�8|�����ptvxw¤v2z ½ pt�8± � Ê[m v�qx}��n���8}���pt�¤}Uptw���}��:q2�2|
Ì � a � ��g Í � Ì Ë � �áâáÍ me�2�¤vx�8w���si��v«�2·bvx� � â�� � Ê¯�8vx�8�us�± É �8}­��vx�¤{8� ��}��(�u}�suvx�8�u��}�s��8su}�~
·�°¥���8}���vx�u�u}�su{bvxw8~8ptw8�Uk��#¦�l.Ì � Ê � � �áâ Ë Í �u�8w¯�2�u}i�2·bvx� �#��}�w@��pt�¤}�s#|t}�sus�± É �8pts?pts?v2z
�x�u}����#supt�xw8pr³����2w8��}9zQvx�&���8}��¤pt���uv � �«�2���uv ½ h � h�supt�¯�8|�����ptvxw8s�m�¡(�8pt���­�2�u}�·�°
w������8�u}
�D�8pr��}i~8}��«�2w8~8ptw8��ptw¯��vx�¤{8� ��}��1�¤}��¤vx�:°x±?²�w¯zO�2�¢��m2���8}nk��#¦�l£Ì Ê â � â Ë Í supt�¯�8|�����ptvxw
zQvx�­���8} ½ h � h-ª��8pt~�§ ½ pt�8± ��� ¨¥�8su}�~ ����v2���2|�v2z � � Ê	� � v2z(��vx�u}��¤}��¤vx�:°bé����8}
��vx�u�u}�su{bvxw8~8ptw8�F�#¦�l Ê2Ë�Ê â«½ h � h�supt�¯�8|�����ptvxwF¡(�8vx�8|t~J����qx}��u}��D�8pt�u}�~d�2·bvx� � � Ë� � m ¡(�8pt���Wptsnw8v2�(zQ}��2supt·8|t}�vxwWs:���2w8~��2�u~W���2�u~ ¡i�2�u}2±
É �8}F·��2supt�M�2~��2{ ��prqx}F�2|t�xvx�upr���8��{8�uvx{bvxsu}�~¹ptw j[}��¢��ptvxw â pts��2�¤}�w��2·8|t}¤��v^zQ�8� �

���8}��
~8}¢qx}�|tvx{8�¤}�w���s­ptwd�MwD�8�¯·b}��
v2z�~8pt�u}��¢��ptvxw8s�±@²�w�{��2�:��pt���8|��2��m<���upr��}��up����u}��«�2ptw
��v¤·b}­~8}¢qx}�|tvx{b}�~WzQvx�(su}�|t}��¢��ptw8�¤���8}­ptw���}��:q2�2|�Ì H öO÷ ÅIý þ.ÿ «ÀÂÁÄÃKÅ �ÂH öO÷ ÅIý þ>Á��ÀÂÁÄÃKÅ Í ���������xv�qx}��uw8s����8}
���u}�����ptvxw��2w8~�~8}�s:���u�8�¢��ptvxw�s:��}�{8s�±«kU|tsuv8m+���8}�ptw8pr��p��2|tpt÷�����ptvxwWv2z����8}���vxw ³��x�8������ptvxw
s:������}¥ptwF���8}¥�¤pt���uv � �«�2���uv¯k��#¦�l£supt�¯�8|�����ptvxw8si~8}�su}��:qx}�sUzQ�8�:���8}��(ptw�qx}�s:��pt������ptvxw8s�±
ÜU���8}��1ptsusu�8}�s��«��°¯�2�uptsu}i�2s1¡�}n���2ptw@�¤vx�u}i}©¶ {b}��upt}�w8��}i¡(pr���yk��#¦�låptwy�Uq2�2�upt}¢��°@v2z
ª�v�¡�{8�uvx·8|t}��¤s�± � }¢qx}��:���8}�|t}�sus�m&���8}@�u}�su�8|r��sU�u}�{bvx�:��}�~^ptwW���8ptsU{��2{b}��U~8v«su�8v�¡����8}
zQ}��2supt·8pt|tpr��°M�2w8~�q2�2|t�8}­v2z�k��#¦�l£zQvx��suvx|rq[ptw8�«w8vxw � ���uprq[p��2|&q[ptsu��v[}�|��2s:��pt�¥ª�v�¡�{8�uvx· �
|t}��¤si¡(pr���W����vxw8s:��pr��� ��prqx}¥}��D������ptvxwWvx�(��®Dptw8}¢��pt�����8}�vx�:°F�¤v[~8}�|<zQvx�i���8}­{bvx|r°[�¤}��
~ °[w��2�¤pt��s�±

��!Rh���'?G¾"��#�
��5;�?��
8,

É �8pts�¡�vx�u®FptsUsu�8{8{bvx�:��}�~^·�°W���8}@k�»ng Ú Ý3¿2Ë�Ê � Ê � Ëy{8�uvá¸u}��¢��m+g�vx�¤�¯�8w��2� � �} ½ ���2w �
i���2ptsu}­~8} � }�|t�xpt�D�8}2mb�2w8~W���8} � »(² É h/¿2h��U»(k
lì{8�uvá¸u}��¢�¥l�¦ ½ �?Ü � g É(Úx×á� Ë ���Dâ ±
É �8}J¡�vx�u®¾v2z5j¯±n�+}������Fpts�su�8{8{bvx�:��}�~�·�°¾���8} � }�|t�xp��2wlk?ÒnmbóáÓfo¥Ï2ñOÕºÒnmbÏ2í
óDõJírÏ

� Ë



p õ�Ð�ð�õ¢Ñ�Ð�ð�õrq&Ð¢Õºõ6m�ñOÕ s�t�u�õ
§ ½1� »Uj8¨©±
v û�wxû
Ã�û
ÁJÇ(ûU�
Ì ��Í »¥± ²�± É �2w8w8}��U�2w8~Qqy± � �2|r��}��us�± p ð�õ�Ò�ítÒ�ï2òUx
Ïym*z�ÕtÓ¢ñ�Ò�Ñ©ÕºÐ�Ï2íC{(õ¢Ñ�Ó�Ô�õ�Ð¢ñOÕØô2õ¢±�h�|tsu} �

q[pt}���m ��ÚxÚx� ±
Ì Ê Í l�±}| ±�g��uv[���8}¢��m1k@± »¥±9o
��q[pt}�s�m1�2w8~(qy± � �2|r��}��us�±#o�u[Î«õ¢Ñ©ÕºÐ�Ï2í!qeÕØÎ~u[írÏ2ñOÕºÒnm¾Ò
�o­Ònm�à�o­õ6��ñ�Ònm�ÕOÏym*k�ítÒn��±�h�|tsu}¢q[pt}���m ��Úx�2� ±
Ì ��Í l�±}| ±�g��uv[���8}¢��±�j[pt�¯�8|�����ptvxwdv2znq[ptsu��v[}�|��2s:��pt�¤ª�v�¡¥±1»(�8·8·b}���g��8}��¤pts:���:°��2w8~

É }����8w8vx|tvx�2°x±��UÎ«õ¢Ñ����?ð�õ¢Îc��q&Ò�Ð��tm × Ê[Þ � Ê ×��[�Dâxâ m ��Úx�xÚ ±
Ì �2Í »¥±�q
}��8w8ptw8�xs�±�j[pt�¯�8|�����ptvxwFv2z1q[ptsu��v[}�|��2s:��pt�¥ª��8pt~Wª�v�¡¥±U²�wdgU±&��± É �8��®2}��
²u²u²�m

}�~8pr��vx��m0k?u�mbó�Ï2Î«õ6m�ñßÏ2í Ó�Ò
����Ò�ÎUÔ�u[ñ�õ¢Ñ*��Ò�óDõ¢íîÕ�m[ï(��Ò�Ñ*{(Ò�íîò�Î«õ¢Ñ#{�Ñ�Ò�Ð�õ�Ó�Ó¢Õ�m[ï2m
{��2�x}�s � Ë�Ê �[� Ý2Ë ±�gi�2�u| ! �2w8su}��&j�}��u|��2�8m ��Úx�xÚ ±

Ì âáÍ »¥±Mq
}��8w8ptw8�xs��2w8~µ¦?± ! �2|tptw&±èl��2���uvxsu��vx{8pt�B�2w8~ç�¤}�suvxsu���2|t} �2{8{8�uv��2���8}�s
��v¹���8}���vx�¤{8� ��}��Wsupt�¯�8|�����ptvxw¾v2z¯q[ptsu��v[}�|��2s:��pt�^ª�v�¡(s�±Ö²�w+| ± »¥± k@±(¦?}��2�usuvxw
l�±}| ±�kU~��2�¤s�m�»¥± k@±�l��2su�8}�|t®��2�¤�2w8~ k@± »¥±�»(}�w8w8pt}2m�}�~8pr��vx�us�m&�¥ònmbÏ2ÎyÕºÐ�Ó�Ò
���Ò�ÎUÔbítõ���k�í�u[ÕOóáÓ¢m<{��2�x}�s �x���b� Ë â ±b²��¤{b}��up��2|9g�vx|t|t}��x}¯¦��u}�sus �(É �8}�»(v�°��2|�j[v �
��pt}¢��°xm ��ÚxÚx� ±

Ì ×�Í­½ ± ¦?± É¾� �x�2p ¸u}�w8s�±&lWp ¶ }�~¤³�w8pr��}n}�|t}��¤}�w����¤}¢���8v[~8s1zQvx�1q[ptsu��v[}�|��2s:��pt�iª�v�¡*�2w��2| �
°[supts�Þ����u}¢q[pt}¢¡¥±��L��o­Ònm�à�o­õ6��ñ�Ònm�ÕOÏym�k�í�u[ÕOó~��õ�Ð�ðL�tm�ptwM{8�u}�sus�m ��ÚxÚx� ±

Ì Ý ÍM! ± gU±WÛÜU�u��ptw8�x}����2w8~*l�±��#�2suv8±���j[�«�2�:���d{bvx|r°[�¤}��us�ptw¹³�w8pr��} � }�|t}��¤}�w��¤���2| �
���8|�����ptvxw8s�±�²�w ¦?±�lWvx|t~8}�w��2}��us��2w8~ »¥±�q
}��8w8ptw8�xs�m�}�~8pr��vx�us�m�{�Ñ�Ò�Ð�õ�õ�ó2Õ�m[ïáÓWÒ
�
ñØð�õ����©ñØð#��m�ñ�õ¢Ñ�mbÏ2ñOÕºÒnmbÏ2í���Ònm[ï2Ñ�õ�Ó�Ó�Ònm p ð�õ�Ò�ítÒ�ï2ò�m+{��2�x}�s¯Ê �x×�� Ê �x� ±&h�|tsu}¢q[pt}���m
kU�¤s:��}��u~��2�Wm ��ÚxÚ Ê[±

Ì ��Í l�±��#�2suv
�2w8~ ! ± gU± ÛÜU�u��ptw8�x}���±�gi�2|t���8|�����ptvxw@v2z�q[ptsu��v[}�|��2s:��pt��ª�v�¡B�8suptw8���¤vx|t}�� �
�8|��2�­�¤v[~8}�|ts�Þ¯���8}FgnÜ �U�U½1½ h�j8j[² É �2{8{8�uv��2���&±��L��o­Ònm�à�o­õ6��ñ�Ònm�ÕOÏym[k�í�u[ÕOó��õ�Ð�ðL�tm � Ý[Þ ��� Ê2Ë m ��ÚxÚx� ±

Ì Ú�Í qy± ½ }�pt�x|ºm2l�±��#�2suv8mx�2w8~ ! ± gU±�ÛÜU�u��ptw8�x}���± É �8}ngnÜ �U�U½1½ h�j8j[² É �2{8{8�uv��2���­zQvx�
suvx|rq[ptw8�^�W��¡�v � ~8pt�¤}�w8suptvxw��2|�q[ptsu��v[}�|��2s:��pt��ª��8pt~�{8�uvx·8|t}��W±��dÏDÐ¢Ñ�Ò�Î«Ò�ítõ�Ð6u[ítõ�Ó¢m
Ê � Þ � Ê × ��� � ÊxÝ � m ��ÚxÚ�â ±

� �



Ì � Ë Í gU± gU± ! ���J�2w8~�| ± o¯±�j[���8pt}�·b}���±dkU{8{8|tpt������ptvxw�v2z�®Dptw8}¢��pt�¤���8}�vx�:°��¤v[~8}�|ts­ptw
su{�����ptv2��}��¤{bvx���2|bª�v�¡(snzQvx�n{bvx|r°[�¤}���suvx|t� ��ptvxw8s�m8|tpt�D�8pt~����:°[s:���2|ts��2w8~F{bvx|r°[�¤}��
�¤}�|r��s��8suptw8�«���8}¤gnÜ �U�U½1½ h�j8j[² É �2{8{8�uv��2���&±*�?ð�õ¢Îc����m[ï��!q&Ð¢Õ.�tm â[� Þ ��� Ý ���
������â m ��ÚxÚx× ±

Ì �x��Í l�±8�#�2suv8m8l�± ¦�pt���2susuv8m8�2w8~ ! ± gU±UÛÜU�u��ptw8�x}���±?Ê � o���pt�¤} � ~8}�{b}�w8~8}�w���q[ptsu��v[}�|��2s �
��pt�1ª�v�¡´���2|t���8|�����ptvxw8s&�8suptw8�UgnÜ �U�U½1½ h�j8j[² É ±����n�?ð�����Ònu[Ñ�mbÏ2íîm ��� Þ � ÝxÝ � �xÚ Ê[m
��ÚxÚ Ý[±

Ì � Ê Í l�± k@± ! �8|tsu}�w&m9k@± ¦?± �y±+q2�2w ! }�}�|ºm9�2w8~ � ± ! ± k@± k@±#q2�2w�~8}�w � �u�8|t}2±Fj[pt�¯�8|�� �
��ptvxw�v2ziq[ptsu��v[}�|��2s:��pt�yª�v�¡(s@�8suptw8� � �uv�¡(w8p��2w���vxw ³��x�8������ptvxw�³�}�|t~8s�±#�L�=o­Ònm�ào­õ6��ñ�Ònm�ÕOÏym*k�í�u[ÕOó~��õ�Ð�ðL�tmeÝ2Ë Þ Ý Ú��b� Ë � m ��ÚxÚ Ý[±

Ì ����Í¥É ± � ± � }�|t|ºmÞ�y± ! ± � °[|��2w8~&m�| ±}| ±<~8}�¦9�2·8|tv8m&�2w8~�l�± o¯±Þ�
���2���2�W±¥g�vx�¯·8ptw8}�~
� �uv�¡(w8p��2wy~ °[w��2�¤pt��s��2w8~�su{b}��¢�����2|8supt�¯�8|�����ptvxw­v2ze���8}i�u}���v�qx}��:°�v2ze{bvx|r°[�¤}��upt�
ª��8pt~8s���zØ��}��nsu�8}��2�(ª�v�¡¥±��dÏDÐ¢Ñ�Ò�Î«Ò�ítõ�Ð6u[ítõ�Ó¢m � Ë Þ ��� Ë ×��b��� � Ê[m ��ÚxÚ Ý[±

Ì ���2Í ¦?± ! �2|tptw&me»¥±�q
}��8w8ptw8�xs�m<�2w8~�j¯±<�+}�������± É �8}¯�#�2�x���2w8�xp��2wW{��2�:��pt��|t}¥�¤}¢���8v[~
zQvx�W�«�2���uvxsu��vx{8pt���2w8~>�¤pt���uv � �«�2���uv�q[ptsu��v[}�|��2s:��pt�Jª�v�¡���vx�¤{8� ������ptvxw8s�±��L�o­Ònm�à�o­õ6��ñ�Ònm�ÕOÏym*k�í�u[ÕOó~��õ�Ð�ðL�tm8ptwF{8�u}�sus�m ��ÚxÚx� ±

Ì �áâáÍ »¥± � ± � pt�u~&m+gU± ½ ±+g��8�:��ptsus�m+»¥± gU±<kU�u�¤s:���uvxw8�8m&�2w8~�Ü¯± ! �2sus��2�x}���±"�¥ònmbÏ2ÎyÕºÐ�Ó
Ò
��{(Ò�íîò�Î«õ¢Ñ©ÕºÐ� 9Õ.t�u[ÕOóáÓ9¡�¢eÒ�í£�¥¤y¡0¦­Õ�m<õ¢ñOÕºÐFñØð�õ�Ò�Ñ©ò�± � pt|t}¢° � ²�w���}��usu��pt}�w8��}2m � }¢¡§ vx�u®embÊ�w8~W}�~8pr��ptvxw ��Úx� Ý[±

Ì ��×�Í l�±}| ±+g��uv[���8}¢�­�2w8~J»¥±Þq
}��8w8ptw8�xs�±¥Ü�w^wD�8�¤}��upt���2|?~8pt}@s:¡�}�|t|9���2|t���8|�����ptvxw&±5�L�o­Ònm�à�o­õ6��ñ�Ònm�ÕOÏym*k�í�u[ÕOó~��õ�Ð�ðL�tm � Ë Þ ��â�� Ú2� m ��Úx� Ê[±
Ì � Ý Í o¯± � ± � vx�8s:³�}�|t~&me»¥±Dq
}��8w8ptw8�xs�m��y±el��2�u�u�8����pºm��2w8~�l�± l�±eo�}�w8w&± � vxw8|tptw8}��2�

�2w��2|r°[supts�v2z����8}@su�8�:zO�2��}@��}�w8suptvxw^~8�uprqx}�w^·8�u}��2®D�8{Jv2z1q[ptsu��v[}�|��2s:��pt�¥³�|��2�¤}�w���s�±�L��o­Ònm�à�o­õ6��ñ�Ònm�ÕOÏym�k�í�u[ÕOó ��õ�Ð�ðL�tmeÊ � Þ Ý Ú�� Ú Ý[m ��Úx�x× ±
Ì ����Í »¥±.q
}��8w8ptw8�xs�±­kUw��2|t�xvx�upr���8�4zQvx�U���8}ysupt�¯�8|�����ptvxw�v2z������2w8supt}�w��
q[ptsu��v[}�|��2s:��pt�

ª�v�¡(s(¡(pr���MzQ�u}�}¥su�8�:zO�2��}�s�±���Ò�ÎUÔ�u[ñßÏ2ñOÕºÒnmbÏ2í�{�ð[ò�Ó¢ÕºÐ�Ó¢m × Ê[Þ ��ÚxÚ�� ÊxÊ2Ë m ��Úx�x× ±
Ì ��Ú�Í jb±ilW�8s��2�u�����2w8~*»¥±/q
}��8w8ptw8�xs�±Cg�v � ���8�u�u}�w��M�á¶ pts:°[�¤�¤}¢���upt�Fª�v�¡äptwB��vx� �

{8|t}©¶¤�x}�vx�¤}¢���upt}�s�Þ � �8�¤}��upt���2|�supt�¯�8|�����ptvxw&±��L�Co­Ònm�à�o­õ6��ñ�Ònm�ÕOÏym�k�í�u[ÕOó0��õ�Ð�ðL�tm
� Ê[Þ Ê â2��� Ê ×x� m ��Úx�xÚ ±

Ì Ê2Ë Í l�± »¥±}| ±�j�}��u�8v[}¢z�m � ± ! ± k@± k@±�q2�2w­~8}�w � �u�8|t}2m��2w8~¯l�± k@± ! �8|tsu}�w&±[Ü�w¥���8}��¤v[~ �
}�|t|tptw8��v2z��F¦�² � ¿2¦ ��� vx�x}���ª��8pt~dptwJ}©¶[��}�w8suptvxw��2|9ª�v�¡¥±��L�!o­Ònm�à�o­õ6��ñ�Ònm�ÕOÏymk�í�u[ÕOó ��õ�Ð�ðL�tm8ptwF{8�u}�sus�m ��ÚxÚx� ±

� Ê



Ì Ê ��Í �y±á�+pt}�|t}�w8s�m2¦?± ! �2|tptw&m�²�±y|x�2�8�«�2ptw&má»¥±�q
}��8w8ptw8�xs�m2�2w8~5j¯±��+}�������± � }¢¡´��|tvxsu�8�u}
�2{8{8�uv�¶ pt�«����ptvxw8s
zQvx�¥���8}«®Dptw8}¢��pt�����8}�vx�:°�v2zi³�w8pr��}�|r°d}©¶[��}�w8supt·8|t}¤~8�8�¯·8·b}�|t|ts�±�L��o­Ònm�à�o­õ6��ñ�Ònm�ÕOÏym�k�í�u[ÕOó ��õ�Ð�ðL�tmeÝ × Þ Ê ��Ú�� ÊxÝ Ú m ��ÚxÚx� ±

Ì ÊxÊ Í »¥±&j[pt÷��2pt�u}2mÞ�y±b�+pt}�|t}�w8s�m<²�±?|x�2�8�«�2ptw&mb»¥±�q
}��8w8ptw8�xs�m&�2w8~*j¯±<�+}�������±
Ü�w����8}
��°[s:��}��u}¢��pt�¯·b}�����q[ptvx�8��v2z�~8pt|t� ��}¥{bvx|r°[�¤}���suvx|t� ��ptvxw8s(ptw��u}�|��á¶8����ptvxwMzQvx|t|tv�¡(ptw8�
}©¶[��}�w8suptvxw��2|+ª�v�¡¥±��L��o­Ònm�à�o­õ6��ñ�Ònm�ÕOÏym�k�í�u[ÕOó~��õ�Ð�ðL�tm�ptwM{8�u}�sus�m ��ÚxÚx� ±

Ì Ê ��Í l�± ! }��u�u���8}�w��2w8~ ! ± gU±�ÛÜU�u��ptw8�x}���±DkB~8}¢���2pt|t}�~­��vx�¤{��2�uptsuvxw­v2z8q2�2�uptvx�8s ½ h � h
~8�8�¯·8·b}�|t|&�¤v[~8}�|ts�±��L��o­Ònm�à�o­õ6��ñ�Ònm�ÕOÏym�k�í�u[ÕOó~��õ�Ð�ðL�tm ×x� Þ � Ý �[� Ê[m ��ÚxÚ Ý[±

Ì Ê �2Í »¥±Uq
}��8w8ptw8�xs�± Ü�w-���8}¹¦?}¢��}��u|tptw��2{8{8�uv�¶ pt�«����ptvxw�zQvx�^³�w8pr��}�|r°>}©¶[��}�w8supt·8|t}
~8�8�¯·8·b}�|t|ts�±��L��o­Ònm�à�o­õ6��ñ�Ònm�ÕOÏym�k�í�u[ÕOó~��õ�Ð�ðL�tm ×x� Þ ��â��b� ËxË m ��ÚxÚ Ý[±

Ì Ê âáÍ »¥± � ± � pt�u~&m+»¥± gU±<kU�u�¤s:���uvxw8�8m+�2w8~�Ü¯± ! �2sus��2�x}���± �¥ònmbÏ2ÎyÕºÐ�Ó¤Ò
�0{(Ò�íîò�Î«õ¢Ñ©ÕºÐ 9Õ.t�u[ÕOóáÓ9¡¨¢eÒ�í£��©3¡~k�í�u[ÕOó¹Î«õ�Ð�ð8Ïym�ÕºÐ�Ó¢± � pt|t}¢° � ²�w���}��usu��pt}�w8��}2m � }¢¡ § vx�u®em
Ê�w8~
}�~8pr��ptvxw ��Úx� Ý[±

Ì Ê ×�ÍM! ± gU±dÛÜU�u��ptw8�x}���±ªqeñ�Ò�Ð�ð8ÏáÓ¢ñOÕºÐ*{�Ñ�Ò�Ð�õ�Ó�Ó�õ�ÓJÕ�m«{(Ò�íîò�Î«õ¢Ñ©ÕºÐ*k�í�u[ÕOóáÓ�x­¬bÒ�Ò�í ÓdÏymbó�M�DÏ2ÎUÔbítõ�Ó���Ò�Ñ��¯õ¢ô2õ¢ítÒ�ÔbÕ�m[ïrqeÕØÎ~u[írÏ2ñOÕºÒnmc�Uí ïDÒ�Ñ©ÕØñØð[Î@Ó¢±&j[{8�uptw8�x}���m � }��u|tptw&m ��ÚxÚx× ±
Ì ÊxÝ Ír® ±e�¥�2|t|t}�÷2±W¦���oå���8}�supts�m���w8prqx}��usupr� �}«�������8vx|tpt�D�8}¤~8}M�+vx� q2�2ptw&m � }�|t�xpt�8�Wm#ptw

{8�u}�{��2������ptvxw&±

�x�



lWv[~8}�| lW}¢���8v[~ gi¦��C��pt�¤}¤§Qs�¨ lW}��¤vx�:°d§ºl � ¨

½ h � h � ¦ �#¦�l Ú � � �x� Ý
§ � {8�uv[�2± ¨ �#¦�lëÊ â � � �áâ �

�#¦�l � ËxË Ú � � Ë � Ý
�#¦�lëÊ â2× ��� � Ý � ��â
�#¦�lëÊ2Ë�Ê â ��� Ë � Ë � Ê ��â

½ h � h � ¦ k��#¦�l%Ì Ú �©Ê2Ë Í � � × � �
§ � {8�uv[�2± ¨ k��#¦�l%Ì Ê â � â Ë Í â � â Ê � Ê

k��#¦�l%Ì � Ê � � �áâ Ë Í �áâ � ��� � Ë

½ h � h k��#¦�l%Ì Ú �©Ê2Ë Í Ú � Ë � � Ë$ò × Ë
§ � Ëy{8�uv[�2± ¨ k��#¦�l%Ì Ê â � â Ë Í � � � Ú Ý � Ë�ò � Ê2Ë

É �2·8|t}¯Ê[Þ(g�vx�¤{8� ��}����u}�suvx�8�u��}�sUzQvx�(���8}¯�#¦�lë�2w8~�k��#¦�lìsupt�¯�8|�����ptvxw8sn�u}�{bvx�:��}�~
ptw����8}�{8�u}�su}�w��y{��2{b}���± É �8}Fgi¦��6��pt�¤}¤pts@�D�8v2��}�~�{b}��¯�«�2���uvxsu��vx{8pt����pt�¤}¤s:��}�{
§I§ �¦©Oª¦«g¬ � � Ë í : ¨©±*kU|t|(supt�¯�8|�����ptvxw8sy�8su}�~B���8} � Ë	ò � Ë��¤}�su�¾v2z ½ pt�8±�Ê[± É �8}
½ h � h � ¦¹�u}�su�8|r��si¡�}��u}¥vx· ���2ptw8}�~«¡(pr���F�¯suptw8�x|t}�o
h�g*kU|t{8��� â2�x� l ! ÷
{8�uv[��}�susuvx��m
¡(�8pt|t}U���8} ½ h � hBsupt�¯�8|�����ptvxw8s��8su}�~ � Ëy{8�uv[��}�susuvx�us�ptwM{��2���2|t|t}�|º±

�2�


