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Y¤¯Zh5c«g;fZg;f�¼Nik©ZYB�ZY$R6¦P±6T�RUc«\)Y$c¬W²_.T�§ZY�[´g;fNiÍ©ZY � � ����� ^�T�fZ[{g ikg�T�fXh!_�\�º
^�T�c�WZh5RUg¨fX¼Àik©ZY´V²\¤Y´c�h�[XYÀT�±Fik©ZYP^�h�fZT�fZg;^�h5_m�ZY$R6¦°\�Y�ä5V�Y�fX^!Y�\dh�fZ[
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Y�[Xg�i�T�R�g;h!_�\Sh5RUY�Y¤¯XW�_�T�g i�Y�[ªg;fÀhd�ZY$R6§ª¼ZY$fXRHY�ã6\�W�Yj^5g;±Ug;^d³�h�§�µ��e_�i©&T!V&¼X©
RUY�\¤Yjh5RU^$©àh!R
ikg¶^�_.Y`\�h�fZ[àY�[Xg�i�T�RUg;h!_�\ ^�h�fÃ¦�T�i6©Þ¦�Y ^5_;h�\�\�g;±�g�Y�[Ãh�\
h!Rk¼�VXc«Y$f!i6hji6g(�ZY)WZR�T�±�Y`\¤\�g�T¿f¿h5_�[Xg�\�^5T5VZRH\¤Y`º{i©ZY$g;Rmh!R6¼�VXc«Y$f!im\�i6R6hji6Y¤¼Zg�Y�\�º
h�\dg;_�_¨V²\6ikRUhjikYj[ªi6©XRUT5V&¼X©¹ik©ZYª±UT�R6càh�f&[®V²\¤Y®T�± � �{ã^!T�fZ[{g ikg�T�fXh!_�\�º h!RUY
�ZY$R6§ [Xg;±6±UY$R�Y$f�i¤µ � �Xã^�T�fZ[{g ikg�T�fXh!_�\ g¨f c«Y�[{g�^�h!_ ] É \ cNh�»²Y



^�T�fZ\¤g�[XY$RUh�¦&_§xc«T�R�YªV²\¤YÇT�±¬i6©&YÁ\�TZã^�h5_�_�Y�[Æ^�h�fZT¿fZg;^�h!_¬^!T�fZ[{g ikg�T�fXh!_
±6T�R�c�\miÍ©¿h5f«i©ZY¬v¸�e\�º�WZRUg¨fX^!g¨WZh5_�_¨§À±6T�RFc�h�»&g;fX¼´WZRUY�[{g¶^�i�g�T�f�\)h�fX[´±UT�R
©X§�W�T`iÍ©ZY`\¤g�\�g(fX¼�µN� i©ZY$R%�&YjRk¦ß\�Y�ä5V�Y$fX^!Y�\%i6T{T h5RUYxY$¯XW&_�TXgi6Y�[��ZYjR�§
[Xg;±6±UY$R�Y$f!i6_;§®g;f�ik©ZYSi6³¬T´¼ZY$fXR�Y`\�µ Ø ©ZY$R�Yjh�\Sv �Êh�V�i©XT�R�\S±6h��ZT5VZR¸WZh�\ki
i6Y$fZ\¤Y�\¤Y�ä!V�Y$fX^!Y!\,±�T�R�RUY¤WZT�R
i6g;f{¼�\�W&Y�^�g�±6g�^¸WZg�Y�^5Y`\ T�±�R�Y`\¤Yjh5RU^$©Zº{g;fN] É \
i©ZYBg;c«c«Y�[Xg;h5^�§PT�±2i©&YSWZR�Y`\¤Y$f!i�iUY$fZ\¤Y`\¸g�\ WZRUY$±UY$RUR�Y�[²µ{s�g;»ZY$³¬g(\¤Y)¦�T�i6©
¼ZY$fXR�Y`\�c�h5»ZYÄ�ZY$R�§Ö[Xg;±6±UY$R�Y$f!iÛV²\¤YÝT�±Ôc«TX[�h!_Ù�ZYjRk¦²\�µ � T�R�c�h!_
�Xh!R�g¶h$i6g;T�fZ\�T�fÀik©ZYd¦Zh�\�g;^ � � ��� � W&hji�i6Y$R6f%h�R�Y´h!_�\�T%Y¤¯XW�_�TXg�i�Y�[ª�ZYjR�§
[Xg;±6±UY$R�Y$f!i6_;§°g;f¹ik©ZYPv¸�e\dh�fZ[1] É \�µ,�¸VZR¬c«Y�[Xg.^�h!_)Y�[Xg�i6T�RUg�h5_�\dcNh�»²Y
^�T�fZ\¤g(\kiUY$f!i6_;§Çc«T�R�Y´V²\¤Y®T�±�ik©ZYª_�Y�¯�g;^�h!_¸�Xh!R�g¶h�f!iU\�Î � � ��� #&%�' 1 � º �
-�1�, � � � � º '879' 1 � ��h�f¿[SiÍ©ZYSg;f!i�YjR�RUT�¼Xhjikg�&YS±UT�R�c�g;f �l � � ����� ��q�i©Xh�f
i©ZYªv¸�e\�µ��NT�³Þ^�h�fÈh5_¶_¸i6©ZY�\¤Y®±UT�R�cNh5_S[Xg;±6±UY$R�Y$fZ^!Y�\d¦�Y®h!^�^!T5VXf!i�Y![
±6T�R � Ø ©Xhji)Y¤¯XWZ_;h5fXhji6g;T�fZ\¬^�h�fP¦²Yd¼Xg;�ZY$f®±UT�Rmi©Zg�\B�ZY$R�§¹\�W�Y�^�g;±Ug;^dV²\�Y
T�± � �Xã^!T¿f¿[{g i�g�T5fXh�_(\,g¨fSi6©&YFc«Y�[{g¶^�h5_�Y�[Xg�i6T�RUg;h�_�\��

�SfZ\/³eY$RH\Úi6T i©ZY�\¤Y ä5V�Y`\ki6g�T�fZ\Å^�h�fÝ¦�Y R�Yj_;hji�Y�[ i6TÂi6©ZY
_;g;fX¼�V�g(\ki6g�^d�ZY$RH\�h$i6g;_�g�i6§ TX± � �Xã^�T�f&[Xg�i6g�T�fXh!_�\¬h�fZ[Àh5_�\�T´i6T´i6©ZY´^�T�c�W�_�Y¤¯
fXhjiV&RUY«T�±,i6©ZY«\HW²Y�^5g¶h5_;g(\¤Y�[®Y�[Xg�i6T�RUg;h5_(\�µ��Fi,i6©ZYdT5V�iU\¤YHi)T�±Üik©Zg�\¬\6iVZ[�§Zº
³eY°h�\�»ZY�[�T5VZR�\�Y�_;�ZY�\1³S©&YHik©ZY$R®c«Y�[Xg;^�h!_´Y�[Xg�i�T�RUg;h!_�\1©Xh![�ceVZ_�i�g¨WZ_
Y
h�¼&Y$f¿[�h�\�µ Ø Y�³¬T!V&_�[Êh5R6¼�V�YÈi©Xhji®iÍ©¿R�Y�YÛ[�g.±6±UY$RHY$f!iÇh�¼ZY$fZ[�h�\Æ^�h�f
g;fZ[{Y�Y�[¬¦²YS[{g(\/^!Y$R6fZY�[Xº�Y$h!^�©«h![X[�R�Y�\�\�Y$[Si�T�he[Xg�\6ikg;fX^�i�RUY$h�[XY�RH\H©¿g¨W´h�fZ[
³eg�i© hÔ[Xg�\6i6g;fX^�i ^!T�c�c�V&fXg�^�hji6g(�ZYÚWXVZR6W&T¿\/YXÎ´hÊR�Y`\�Y$h!R�^$©²ãT�RUg�Y$f!i�Y![
h�¼&Y$f¿[�h�º&hSWXRUh�¯Zg�\�ãT�RUg�Y$f!i�Y�[�h�¼ZY$f&[�h�º&h�fX[�h�\�T�^!g�TXã.W�T�_.g i�g;^�h!_3T�fZY�µ�a�©ZY
� �Xã^�T¿fZ[Xg�i6g�T�fXh5_�h![�h�W�iU\Ýg�iU\/Y�_¶±Ôi6Tái©&Yá[Xg;±6±UY$R�Y$f!i h5R6¼�VXc«Y$f�i6h$i6g¨�²Y
\6i6R6h$i6Y¤¼Zg�Y�\,g;c�W²_.Y$c«Y$f�iUY�[¬g;f«Y$h!^$©2Î
Ï$a�©ZYÈ^5T�fZ[Xg�i6g.T�fXh!_ÇÑ g(\ÒfZT�i®hÚ^�RHY$hjiÍVZRUYxT�±®^!T¿f{\ki6h�f!i ©�V�Y�º�¦{V�i
^$©Xh5c«Y�_�Y�T�f²ã_�g(»ZY`º1i6h�»ZY`\ÔT¿f i©&Y ^�T{_�T5VZR�T�±Ûg i�\ \�VZRUR�T5VXfZ[�g;fX¼Z\�µ�Ó
l Ø h$iU\�T5f�r ��T5©XfZ\�T�fZãs�h5g;RH[ªÕjz
¿×�Î�z�×Zº{ä!V&T`i�Y�[¬g;f�} h!R�T!f®Õjz
{z�q

� g¶R�\6i6_¨§Zº´i©ZY�\�Y�\�W�Y$^!g;h!_�g�\¤Y�[ Y�[�g�iUT�R�g¶h5_�\xh!R�YÚWXVX¦Z_�g�\�©&Y�[ g;f
RUY�\¤Yjh5RU^$©Á¾¤T!V&R6fXh!_�\�ºN³S©ZY$RHY®ik©ZY$§ ^5TXã6T�^�^$VZRª³eg�i©ÛvF�e\¹W²R�Y`\¤Y$f!i6g;fX¼
^$V�i�ikgf{¼²ã6Y�[�¼&Y«c«Y�[{g�^�h!_,R�Y`\¤Yjh5RU^$©�µ�t)fX_�g;»&Y«©Xh5RU[®\�^!g�Y$f&^!Y�\�º�©&T�³eY$�ZY$RHº
c«Y�[Xg�^5g;fZY�g�\)h�\)c¬VZ^�©ªh�fPh!Rimh�\¸h�\/^�g�Y$fX^!YXÎ�^5T�fX^!_¨V²\�g�T¿f{\Bh!R�YS¦&h�\�Y�[
i6T°hÇ_;h!Rk¼ZY%Y$¯�iUY$f!i´T�fxT5¦²\�Y$R6�Xh$i6g�T�fXh!_¬Y$�Zg�[{Y$f¿^5Y%h�fZ[°W&RUT�¦Zh�¦Zg;_;g(\kiUg;^
RUY$h�\/T�fXg;fX¼Zºmg;fÇ³)©Zg�^$©®i6©&YPg;f!iUY$R6W&RUY�i6hji6g.T!fZ\´T�±¬RUY�\�Y$h!R�^$©ÁR�Y!\�VZ_�iU\d^�h�f
�Xh!Rk§�µ�u1T�RUY�T��ZY$RHº&g�iU\JVZ_�iUg(cNh$iUY)¼&T�h5_�g�\�iÍ©ZYmi6R�Yjh$i6c«Y$f!i�T{±�WZhjikg�Y$f!iU\�º�\�T
i©ZY)h�WXWZ_�g;^�h�¦&g�_�g�i§�T{±�R�Y`\¤Yjh5RU^$©ei�T�RUY$h!_
ãÍ³eT�RU_�[«\¤g�iVZh$i6g;T�fZ\mf&Y�Y�[¿\�iUT¬¦�Y
^�h!R�Yj±V&_�_;§åY�¯&h!c«g(fZY�[�µ°],[�g�i�T�RUg;h!_�\�ºÙ³S©Xg�^�©Öh!R�YÃ\�g�iVZh$i6Y�[ËhjiÛi©ZY
g;f!i�YjR�±6h!^�Y¸¦²Y�ik³eY�Y$f«RUY�\�Y$h!R�^$©Nh5fZ[BWZR�h�¯Zg�\�º¿©Xh��ZY¸h!f«g(ceW�T�R
i6h�f�i�R�TX_�Y,iUT
WZ_;h�§d©ZY$RHYBg;f«h�\�\/Y`\�\¤g;fX¼eiÍ©ZYSR�Yj_;h$i6g;�ZYBc«YjR�g�iU\ TX±�RUY�\¤Yjh5RU^$©�^5_�h!g(c�\ h�fZ[



©X§�W�T`iÍ©ZY`\¤g�\�g(fX¼Àh�¦&T!V�iÜi©&Y¬W²TX\�\�g¨¦�_�Y«^5T�fZ\�Y�ä5V�Y$fX^!Y�\¬T�R)±�T�_._�T�³eã.VXWPiUT
¼Zg;�&YÜi�TeR�Y`\¤Yjh5RU^$©�±Ug;f&[Xg;fX¼Z\�µ�}mT�c¬WZh5RUY�[)i6T�ik©ZY¸c�VZ^�©�\¤_�T�³eY�R�W¿R�T�^!Y�\�\
T�±�W{VX¦²_;g�^�h$i6g;T�fPg;fNi�Y¤¯�i¦ZTXT¿»{\¸h�fZ[�WZR�T�±UY!\�\�g.T�fXh!_3cNh5f�VZh5_(\¤º�Y�[Xg�i�T�R�g;h!_�\
RUY¤WZR�Y`\¤Y$f!i�i©ZY �.±6h�\6i�_;h�f¿YX�&g;f�T5W²Y$RUh$i6g;fX¼Si©ZY,i6RUh�fZ\�g�i6g�T�f�±6RUT�c�R�Y`\�Y$h!R�^�©
i6TÛi6RUY$hjiÍc«Y$f�i�º«i©�V²\ÙY�f{©¿h5fX^!g(fX¼�iÍ©ZY�R�Yjh5^�i6g;�Zg�ik§ßT�±®i6©&Y�±6g�Y�_�[�µdo6f
h!^�^�T¿ceW�_�g�\�©Xg;f{¼ i©Zg�\ÇR�Y�\�Y$h!R�^$©{ãkT�RUg�Y$f!i�Y�[�h�¼ZY$f&[�hÛT�±ÀiÍ©ZYÛY�[�g�i�T�RUg;h!_
¼ZY$fXR�Y`ºÂ^5YjRi6h!g¨f \�W�Yj^5g¶±�g;^ W²TX\�\¤g¨¦Zg�_�g�i6g�Y�\ TX±Ýi©ZY � �{ã^!T�fZ[{g ikg�T�fXh!_
^�T�fZ\6i6RkVZ^�i6g�T¿f�i©Xhji ³eY�©Xh��ZY«\�©&T�³Sf�i6TL¦²YSik§�WZg�^�h!_�TX±)Y�[�g�i�T�RUg;h!_�\Bh!RUY
WZh5R�i6g;^$VZ_;h!RU_¨§ÈR�Y�_�Y$�Xh�f�i$Î �;^�h5fXT�fZg;^�h!_��S^!T¿fZ[Xg�i6g�T�fXh5_(\@×Æh�fZ[x�°Y$fXh�¦Z_
Y
i©ZYÚh�V�iÍ©ZT�R%i6TÔT!W�Y$fÔVXW h�^�T5VZf!i�YjR�±6h!^�iV&h!_®\�WZh!^�YÚh�fZ[ÔW&RUT5WZTX\�Y
h!_�i6Y$R6fXh$i6g;�ZY�\ªi6TÈi©&Y°R�Y`\¤Yjh5RU^$©ZY$RH\���c«Y�ik©XTX[X\�º¬³S©&g�_�Y®i6©&Y � � ��� � �
�Xh!R�g¶h�f!iÊ[�g;R�Yj^�i�_;§Ëä!V�Y�\6i6g�T�fZ\Åi6©ZYâ^!_;h!g;c«\�WXV�iÅ±UT�R6³Sh!R�[áT�RÛi6©ZY
±UY$h�\/g¦&g�_�g�i§ T�±Ã^5_¶g(fZg;^�h!_Äg;c¬W²_�Y$c«Y$f�i6hji6g.T�f ��iÍ©ZYËWZR�Y$�¿h5_�Y$fZ^5YåTX±
Y¤W²g�\6i�Y$c«g�^@c«TX[�h!_�g�i§Çg;f  h�f¿[Pik©ZY´±V&fZ[�h!c«Y$f!i6h5_mfZT¿f{ãh�\�\�Y$R
i6g¨¦�g;_�g�i6§
T�±%i©ZY � �{ã6^�T�fZ[{g ikg�T�fXh!_®h5RUYÛh�f g;f{�¿h5_¨VZh�¦Z_.Y R�Y�\�T5VZRU^5Y�g;fÂcNh5»Xg;fX¼
\�VXW{WZTX\�g�iUg;T�fZ\ h�fZ[ág(f�i�Y$R6WZR�YHi6g(fX¼ �Áik©ZYÂW²T�_;§�W&©ZT�fZg;^ÄW�T�iUY$f!i�g¶h5_�T�±
^�T�fZ^5Y`\¤\�g;�ZY°^5T�fZ[Xg�i6g.T�fXh!_�\%lÍ³eg�i6© '879' 1 � ��qUº¬h�fX[ÈikR6VXfX^�hjikY�[�T�RÀ±V�_�_
±6T�R�c�\ ³S©Zg;^�©�Y$fZ^�h�W²\�VZ_;hjikYST�i6©ZY$R�WZTXg;f!iU\ TX±��Xg�Y$³eº�Y$f¿h�¦²_.YJik©ZY)³SR�g i�Y$R
i6TÇ^!T¿f¿±6R�T�f!i«[�g;±U±�YjR�Y$f!i¬�ZT{g¶^5Y`\¤º¸³S©Xg�_�YËi6©&Y®T!W�i6g�T�fXh!_.g iÍ§ÒhX\�\/T�^5g;hji6Y�[
³eg�i© � �{ã^!_;h�V²\/Y`\�±6h!^!g;_�g�i6h$i6Y i6©&YÄcNh5fXh�¼&Y$c«Y$f�i�TX±Úi©ZYÝR�Y`\�Y$h!R�^�©
RUY$h![{YjR�\�©Zg¨W2��\ �;±6h!^5Y��6µ

of h![X[{g ikg�T�fÖi�Táik©Zg�\ÝR�Y�\�Y$h!R�^$© R�Yjh5[XYjR�\�©Zg¨W²º�©ZT�³eY$�&YjR�º
Y�[Xg�i�T�R�g;h!_�\,h!R�YFh!_�\�T¬h![{[�R�Y`\¤\�Y�[)i6T¬c«Y�[Xg�^�h5_XW&RUh!^�ikg ikg�T�fZY$RH\�º{h$fZ[B©Xh!�&YFh
WZR�h$¯Zg�\�ãT�RUg�Y$f!i�Y�[«h�¼&Y$fZ[�hZµXa�©XY)¦ZR�Yjh�»�ik©XRUT5V&¼X©Z\FT�±,c«Y�[Xg.^�h!_�RUY�\�Y$h!R�^$©Zº
g;±°h�W{WZ_�g�Y�[Âg;fX^�h�V�i6g.T!V�\�_;§Zºª^�h�fÂ©¿h5�ZYÅ[XY�_�Y�iUY$R�g¶T5V²\ÚT�RxY$�ZY$fÄ±6hji6h5_
^�T�fZ\¤Y�ä!V�Y$fZ^5Y`\Æg;fÅWZRUh5^�i6g;^!Y�ºP\�TÔfZY�Y�[�i�TÛ¦�Y�g;c�W�_�Y$c«Y$fXi6Y�[Å³eg�i6©
WZR�T!W&YjR�^�h�V�i6g;T�fZº{g;f�\ki6RUg;^�i�^�T�fX±UT�R�c«g�i6§¬³eg�ik©�i©&YFRUg(¼ZT�RUT5V²\mY�ik©Zg;^�h!_&h�fZ[
^�_�g;fXg�^�h5_�R6VZ_�Y�\¬T�±F^�T�f&[!V�^�i¸T�±�ik©ZY¬WZR�T�±UY�\�\�g.T!f�µ&uÇY�[Xg;^!g;f&Y�h�\)h�¦ZTX[�§
RUY$¼�VZ_;h$iUY�\xg�iU\ÚT�³Sf ^5T�fZ[5VZ^�i h�fZ[ R�Y�ä!V�g;RUY�\xh5_�_ªWZRUh5^�i6g�i6g�T�f&YjR�\°i6T
T5¦²\¤YjRk�ZYæik©ZY [{Y�T�f!iUT�_�T�¼{§ T�±Ëi©ZY W&RUT�±UY!\�\/g�T�f �ÞWZRUY!\�^�R�g¨W�i6g¨�²Y
WZR�T!f&T!V&fX^!Y$c«Y$f�i�\�h�f&[®RUY�^�T�cdc«Y$fZ[�hji�g�T�fZ\�h5[�[�R�Y�\�\�Y�[PikTªW²Y�Y$RH\�h�fZ[
WZR�h!^�i6g�i6g;T�fZY$RH\�g;f«i6©ZYBWZR�TX±UY�\�\�g�T¿fÀg�iU\�Y�_;±mh5RUYSi©ZY$R�Yj±�T�RHY¬h![¿c«gÍ\�\/g¦&_�Y«T�R
Y$�ZY$f1fZY�^!Y�\�\�h5R6§®g;fLik©Zg�\�[{g(\/^!g¨WZ_�g;f&Y`º,g;f%T�R�[XYjR¸iUT®Y$fZ\�VZR�Y¬i6©XhjimiÍ©ZY`\$Y
fZT�R�c�\,h5RUY¸RUY�\�WZY�^�i�Y�[eg;f�^�_�g;f&g¶^�h5_XW&RUh�¯&g(\�µ��e\�fXT�iUY�[¬hji�\�Y¤�ZY5RUh!_{WZT�g¨f!iU\
g;fÀi©&g(\d\6iVZ[¿§{º Y�[�g i�T�RUg;h!_.g(\kiU\¬©Xh��&Y´fZT%^5T�c¬WXVZfX^�i�g�T�f%h�¦ZT5V¿i�cNh5»Xg;fX¼
\�VZ^$© h�V�i©&T�R�g�i6hji6g(�ZYá\6i6h$i6Y$c«Y$f�iU\ÂiUT i6©ZY�g;RÂWZR�T�±�Y`\¤\�g�T¿f¿h5_ÛW�Y�YjR�\!Î
�Xh!R�g¶h�f!iU\¸T�fNi©&Y � �Xã^5T�fZ[Xg�i6g�T¿f¿h5_�^5T�fZ\6i6R6V&^�i6g�T�fZº�\HVZ^$©�h�\ � � ��� #&%�' 1 � �
� -�1�, � � � � Y$fXh�¦Z_.Yei©ZY$c iUTªY¤¯²Y$RU^5g(\¤Y�h´©Xg;¼X©®[XY$¼XR�Y�Y«TX±)h�V�i©XT�RUg;h!_



^�T�f!i6R�TX_�ºÆ³)©Zg�_�Y ik©ZYÝ±6R�Y$ä!V�Y$f!iÅV²\�YâT�±Ô[XY�T�f!i�g;^Ýc«TX[�h�_;g�i6§áh5fZ[
RUY$^!T¿c�c«Y$fZ[Xhjikg�T�fZ\�º ¦X§È\�©&T�³eg;fX¼%i©Xh$i�c«Y�[Xg.^�h!_¸WZRUh5^�i6g;^!Y®g�\LfZT�R6c�ã
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