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z�wXohlCwXo2�6wXqrz~sRpV{QwXov�¢�6wXqPn.sRl+� sRz~{QovwasZl"{y�h�r{Q�vn���l+��sZ{Qo¨sZqrn�l"wXtytQnCl�pVnC�h{Qo4pVwaqrwRp+sZz�nCqPtQ{yxvqrsZqr{QnC��û (�� þ��
� �vq�pr�vnCq�z~wZqrnZ�ÓpV�FnfprwZp+sRt�nCovn"qr�Z�¤wR�Øpr�vnfz~wXtQnCl"�vtyn�{Q�]n�Ú2uvqrn"�r��nC�ësZ��s¨�r�vz®wZ�$uvsZ{yq���{y�rnan"ovnCq��X{yn"�
x<n"pO�0nCnCoãsRprwXz���Õ6{��ïnZ�������vn"o¥lCwXz�uv�Fpr{yov��nCovn"qr�X{QnC�C�SwXovtQ�¨pO�0whsRprwXz~��sZq�n�lCwZov�r{Q�vnCq�nC�¤sRp�s�pV{Qz~n Ù �
ÞvÛ ó l.sZo�pr�vnCoax<nØ�6wZqrz��vtysRpVn"��sZ�©s�lCwZz�xv{yovsRpVwXq�{!sZt�wZuFpV{Qz~{QÝ.sRpr{ywXo]uvq�wXxvtyn"z���l+�vwTwX�rn�s�qrwZpVsZz~n"q=�6wZq
n.sRl+����{y�vn��Ol+��sZ{Qo����vl+��pr��sRpLpr�vn&w��ZnCqrsZtyt%n"ovnCq��Z�awZ�	pV�vn&z�wXtyn"lC�vtQnP{y�Lz�{yoF{yz�{yÝCn"�¨ÕJ��nCn�Þ2nCl�pV{QwXo�è Ù �

�����
	�� ËXÊ2Æ � Ï<Ð�ZÒ �L�v{y���6wXqrz��vt!sRpr{ywXo�wR�ÎÞvÛ ó {y�%pr�vn©x�sR�r{y��wZ�v�rwXz�n0wR�FpV�Fn0z�wXqrnÓ���vlCl"nC�r���6�vtvz�n"pr�vw2�F�
�6wXqÓ¹<ä+º�»O³�±¸h²T³+°�±�½Z¸�û ( è�þ sZov�¦¶�º�ÿ�º��yºr½���ÿ�ºC²T³�� ±¸T½�ûï¬ZüRþ�� ÷ oauvq�wZpVn"{yo��FnC�r{Q�Xo��TpV�vn��XwXsZt�{Q�0prw�§�ov�apV�Fn
�rn"�I�vnCovl"n�wZ�ÓsZz�{yoFw�sZl"{y�v��pV�vsRp$��{Qtyt��6wXtQ��{QoIprw�s��X{Q�ZnCo�����sZu<nZ�¢�L�v{y�Ø{y�¢wZ�pVn"o¦qrn"�v�vl"nC��pVwaÞvÛ ó xI�
pV�Fn~�6wXtQtyw7��{yov�fz�n"pr�vw2����qVsRpr�vnCq&pV��sRoê�ru<nCl"{Q��T{yov�¦n�ÚFsZl"prtQ�¨pV�Fn�sZz�{yovw�sZl"{y�ês�p�nCsZl+�¥u�wZ�r{Qpr{ywXo �	�0n
sZtQtyw7�îpV�FnawXuFpV{Qz~{QÝ.sRpr{ywXo}uvq�wXxvtyn"z|pVwhl+�vwTwX�rnfsRz~wXoF��qrwZpVsZz�nCqr���6qrwXz °7³��Z³�ä�·����v{���nCq�nCo4p�pO�Tu�n"��wZ�
sZz�{yovw~sZl"{y�v�$sRpPnCsZl+�hu�wZ�r{Qpr{ywXo �¢�L�Fn�wXuFpr{yz�{yÝ.s�pV{ywZoauvqrwXxFtynCz {Q�Ø��wXtQ�ZnC�¨sZov��pV�vn�sRz~{Qovw�sRlC{y��pV��s�p
lCwZqrqrn"�ru<wXov�v�ØpVw~pr�vn�q�wZp+sRz~n"q¢pr��sRp¢��sZ�Øl+�vwX��nCo}sRpØu�wX��{Qpr{ywXo��0{Q�¢pVsZ¡Zn"o�pVw~x�n�pV�vn��¼pV��sZz~{Qovw~sZlC{Q�
{yo�pV�vn$�rnC�I�vn"ovlCnR�0�L�F{y����nC�I�vnCoFlCn�{y�=pV�vn$wXovnØpr��sRp©x�n"��p©§FpV�©pr�v{y�0x�sZl+¡Ix�wZovnZ��sRov��pV�I�v�"�v{Qp0{y�=�vwXu<nC� �
��{ytQtT�6wZty��{yo4prwPpV�v{Q�N�r��sRu�nR�d�L�v{y�ÓsZuFuvqrw4sRl+���vsZ�dtyn"��pVw&�rwXz�n��vqrsZz~sRpV{Ql©�r�FlClCn"�r��nC��{Qo�uvqrwZprnC{Qo��vnC��{y�Xo��
{yoFlCty�F�v{yov��pV�vn$�vnC��{y�Xo�wR�	s]è���qrn"�r{Q�v�vnPÝ"{yovl¢§�ov�Xn"q��vwXz~sZ{yo�pV��s�p��6wXty�F�0{Qo�pV�vnPsZxv�rn"ovlCn&wZ��Ý"{yovl�û ( è�þ��
í n�l"wXz�uv�Fp+s�pV{ywZo�sZtyt��]qrn"�vnC��{y�XofpO�©w~o�sRpr�vqVsZtQtQ�4�OwTlCl"�vqrq�{yov��uvqrwRpVnC{Qov��{yo�Þ2n"l"pV{QwXofüv�

¯ wXz�wXtQwX�Z��z~wT�vn"ty{yoF��{y�P�F�rnC�¨pVwfuvq�nC�v{Ql"p�pr�vn���prqr�vl�pV�vq�n�wR��s�uvq�wZpVn"{yoh���vn"o}pr�vnCq�n�{y�&sZovwRpV�vn"q
uvq�wZpVn"{yohwZ�=¡Iovw7��o ��pVq��vl"pr�vqrn���{Qpr�h���v{yl+�¨{QpP�r��sZq�nC�&�v{Q�X�h�rn"�T�FnCovl"n~��{yz�{yt!sRqr{QpO�Z� ÷ ohpV�v{Q��l.sZ��nZ�%pV�Fn
pO�0w¥uvqrwZprnC{Qov��sZtQz~wZ��p~sZtQ�©s.�T����s.�Xnhs �r{yz�{ytysZq�w7�Xn"qVsZtQtØ����sZu<nZ�¢sZov�âpr�T�F��pV�vn�uvqrwRpVnC{QoâwZ�&¡Iovw7��o
��prqr�vl�pV�vq�n�lCsZo uFqrw7�T{y�vn~s�q�n.sZ��wXo�sZxFtyn�pVn"z~uvtysRpVn]x�sRl+¡Tx<wXovn]�6wXq�pV�Fn~uvq�wZpVn"{yo}�vov�vn"q�{Qo4�XnC��pV{Q�4sRpV{QwXo��
�L�vnL§FÚ2nC�T�Ox�sZl+¡Ix<wXovn��6wXqrz��vt!sRpr{ywXo�wZ�%ÞFÛ ó �©n���pV�v�F�]�FnCqrn�{Q�NpV�vnLx�sR�r{y�dwR� ��n"�Xn"qVsZt���{Q�vnCt��I���v�rn"��sRov�
�r�FlClCn"�r���6�vt��FwXz~wZtywX�Z�~z�w2�vn"ty{Qov��u�sZl+¡�sZ�ZnC��ÕJnZ�ï�v����û ( éRþ Ù �

��È 	 ÊFÆ7ÈTÑ�� ÏÎÅ�ÌNÒ ÞvÛ ó {y��Ö ó ��lCwXz�uvtyn�pVn¢ûýü ( þ¼�RsZov����sZ�%�0n=���vw7�¥�vn"qrnZ��{yovsZuvuvq�w7Ú2{Qz�sZxFtynZ� ¯ w7�©n��XnCq"�
pV�FnCqrn0��sZ��x�n"nCo�uvq�wX�Xq�nC�r��wXo�x<wZpV��n�Ú2��sZ�F��pV{��XnLsRov���vn"�vqr{Q��pr{ylÓpVnCl+�Fov{y�I�vn"�N�6wXq	pr�v{y�	uvq�wXxvtyn"z��%íì{�pV�v{Qo
pV�Fn$u�sZ��p©�FwXÝCn"o��XnCsZqr�"�vs���nCq�{ynC�0wZ��uvsZu�n"qr�0wXo����Fn.sZ�2��nCov��nCty{Qz~{Qo�sRpr{ywXo! �Õ¼ª�ÔÓÔ Ù û ( üv� ( ¬2�FèR¬F�2è�"2�2èRüZþ
��s.�Xn��X{Q�ZnCoê��{yz�uvtyn]qr�FtynC�&�6wXq&pV�vq�w7��{yov��wZ�Fp�q�wZp+sRz~n"qr�&pV��sRp�l.sRovovwZp�u�wX���r{QxvtQ�¨x<n�{Qo pV�Fn�wXuFpr{yz~sZt
�rwZty�Fpr{ywXo��NÞ2u<nClC{ysZt uF�vqru<wX�rn$�vnC�vq�{y��pV{yl$�rn.sRqrl+�apVn"l+�vov{y�I�vn"���6wXq©��u�n"lC{�§�l�nCovn"qr�Z���6�vovl�pV{QwXov����s.�Zn�x�n"nCo
�r�FlClCn"�r���6�vtyt��]sZuvuvtQ{yn"�fÕJnR���v���IsZ�N{Qo�pV�vnLÞvÛ$#�í&%�u�sZl+¡�sZ�Zn�û ( é�þ Ù �dù�wXq�nL�XnCoFnCqVsRtv�rnCsZqrl+�]z�n"pV�Fw2�v�S�r�vl+�
sZ�P��{yz��Ft!sRprnC�hsZoFovn.sZtQ{yov�hÕJnZ�ï�v���dû ¬ZüZþ Ù ��k('�ûï¬4è7þdsZoF�}z�n.sRo2��§�n"ty�2��wXuFpr{yz�{yÝ.s�pV{ywZo}ûï¬X¬�þd��s.�Xn]sRty�rw�x�n"nCo
sZuvuFty{yn"���

¬



ù�wXq�n©qrn"lCn"oIprtQ�Z�RpV�Fn©�r{Q�vn���l+��sZ{Qo�u<wX�r{�pV{QwXov{yoF�LuvqrwXxFtynCz �vsZ��x<nCn"o��6wXq�z��vt!s�pVnC��sZ��sZo�{Qo4pVnC�ZnCq	ty{yoFn.sZq
uvq�wX�XqVsRzûï¬F� (*) þ��I���vnCq�nPs�qrnCtys�Ú2nC�~ty{yoFn.sZqÓuvq�wX�XqVsRzÕ+% ó=Ù {Q�0�v��nC�asR��s����vxvq�wX�FpV{Qovn�pVw�§vov��wXuFpr{yz~sZt
�rwZty�Fpr{ywXov��prw�pV�vn&uvq�wXxvtyn"z��2�v�r{Qov�]nC{�pV�vn"q¢xFqVsZovl+�T�@sZov�T�Ox<wX�vov��wXqLxvqrsZovl+�2�OsZov�2��lC�FpC�

, Ê � ÐõËXÏ<Ð�Æ7Å �.- Ä%Æ � Ï�Ð�ZÒ í�n�l+�vsZqVsZl�pVn"qr{yÝ"n�pV�Fn�lCwXz�uvtyn�Ú2{QpO��wZ�0ÞvÛ ó xI�¦�r�vw7��{Qov��pV��s�p�{Qp${y�PÖ ó �
��sZq��£prw�sZuFuvqrw.Ú2{yz~sRpVnapr�vn�z�{yoF{yz��vz nCoFnCqr�R�ãprw}��{�pV�v{Qoñsh�JsZl�pVwXq�wZ�0/21S�=���vnCq�n31�{y��pV�Fn�prwZp+sZt
oI�vz�x<nCq=wZ��u<wX���r{yxFtyn�qrwZpVsZz�nCqr�=sZoF�4/�{Q�0s�u�wZ�r{Qpr{Q�ZnLlCwXov��p+sZo4pCß2pV�vsRp={y�C�I{Qo�pr�vn¢�0wXq���p0l.sZ��nZ�T{Qp={y�Ó��sZq��
pVw�§�ov��n��Xn"o¨sZohsZuvuFqrw.Ú2{yz~sRpVn&�rwZty�Fpr{ywXof��{Qpr��sZo4��¡T{Qov�¦wR�NpV�vn"wXqrn�pV{Ql.sZt��X��sRqVsZo4pVn"nZ�¢�L�v{y�Øqrn"�r�vt�p${Q�
�X{��XnCo�{yo�Þ2n"l"pr{ywXo�52�

�L�vn¢lCqr�TÚ�wZ� pr�v{y�Óu�sZu<nCqÓ�vn"�rl"qr{yx<nC�0s&�rnCz�{y�Fn"§�ov{�pVn�uvq�wX�XqVsRz~z�{yov��Õ�ÞFª ó=Ù �vnC�Fqr{y��pV{Ql��6wZq©ÞFÛ ó � ÷ o
lCwZoIprqVsZ��p�pVw�pr�vn�uvqrw7�RsZxvtQn���sZq��vovn"�r�&wZ�ÓpV�vn�uFqrwXxvtQnCz�� n"z~uv{Qqr{Ql.sZt���pr�v�v{QnC���r�Fw�� pV��s�p.��{QohuvqVsZl�pV{QlCnZ�
wX�vq�ÞFª ó sRuvuvqrwXsZl+�h§�ov�v���XwTwT�h�rwXtQ�FpV{QwXov�C�76=��qrn"tQ�T{yoF��wXo}ÞFª ó ���0n�lCsZo�p+sR¡Zn]sZ�F�RsZo4pVsZ�Xn�wZ�ÓpV�Fn
n�ÚTprnCov��{Q�Xn¢qrn"�rnCsZqrl+���v{yq�nCl�pVnC��sRpdpr�vnL�Xn"ovnCqrsZtvuvq�wXxvtyn"z��Z{yovl"ty�v�v{Qov�Pw��Î��pr�vn����r�vn"tQ�<�rwZtQ�Xn"qr�"�N�L�vn�z~n�pV�2�
wT�v��pV��s�pL�v�rn8% ó �vs7�Zn�s��r{yz�{ytysZq=sZ�F�RsZo4p+sR�XnZß��vw7�0n"�ZnCqC��pr�vwX�rn�z�n"pr�vwT�v��sZqrnØpO�2uF{yl.sRtytQ�~�v��nC��{yo�pV�Fn
lCwZoIprn�ÚTp�wR�%xvqVsRovl+�2�@sRov�2�Ox<wX�voF�asZov�~xvqVsZoFl+�2�@sZoF�2�Ol"�Fp.�T���vnCq�n.sZ�0wX�vq0sZuvuvq�w4sZl+��q��vov�©{Qo�u<wXtQ�TovwZz~{ysZt
pV{Qz~nR�

ÜP�vqLz~n�pV�vwT���0wXqr¡I��{yo�pr�vqrn"n���pVn"uv�9�d§�q���p.��q�nCtys�Ú�pr�vn�ÞvÛ ó uFqrwXxvtQnCz {yo4pVw]sZoa{Qov��pVsZovl"n�wR�NÞ2ª ó ß
ovn�Ú2pC���rwXt��Xn�{QpP{yohu<wXtQ�TovwXz�{!sRt�pr{yz�n�x4�hsZo¨{QoFpVn"qr{ywZq��Ou<wX{QoIpØz�n"pV�Fw2��ß�§vo�sZtyt��X��l"wXo4�Xn"q�p&pV�vn���wXty�2pV{ywZo
{yo4prw�é;: ( �6wXq�z|xI� qVsRov�vwXz�{yÝ"nC�}qrwX�voF�v{yov�êû üX¬2�	üXüRþ¼�f�L�v{y���XnCovn"qVsZt0sZuvuFqrw4sZl+�}�6wXq�sZuvuvq�w7Ú2{Qz�sRpr{ywXo
sZtQ�XwXqr{�pV�vz����©sZ�$uv{QwXovn"nCqrn"��x4�<%%w7�>=sZ�rÝR���$�XqrwX�Fov�2�OxFqrn.sR¡T{Qov�~�0wXq�¡�wXo�pV�vn�?}�6�Fovl"pr{ywXoêû�è@5T� ¬ � þNsRov�
à�w2n"z�sZoF��sZov�¥íì{ytQty{ysZz~��wXo��ï�&{yov�Xn"ov{ywZ�v�BADCFEFG9H0IKJáûïèXè�þLsZty�XwZqr{Qpr�vz��NsZov�¤{�p���sZ��x<nCn"oãuF�vqr���vnC�
�6�vq�pV�vn"q¢��{yovl"n~ÕJnZ�ï�v���	û�èRé2�<è2� ( �F�<è ) �L�T��ü ) þ Ù �

÷ o]wXqr�vn"qNpVw&lCwZoI�ZnCq�p=pr�vn��6qVsRl"pV{QwXo�sZtvÞFª ó ��wXty�2pV{ywZov�N{yo4prw�qrwZpVsZz~n"qSl+�vwZ{ylCn"�d�6wXqSpV�FnLwXqr{Q�X{yo�sRtvÞvÛ ó
uvq�wXxvtyn"z��R�©n�{yo4prqrwT�v�vlCnLpO�0w&ovn"�âprnCl+�voF{y�I�vnC�Ó�6wXqNqrsZov�vwZz~{QÝCnC�]q�wX�vov�v{Qov�v���L�vnC��n$sZq�nL�XnCoFnCqVsRtFpVn"l+�2�
ov{Q�T�FnC�0pr��sRp0z�s.���vs7�Zn�sZuvuFty{ylCsZxv{Qty{QpO��x<n"�ZwXov��pV�FnPÞvÛ ó uvq�wXxvtQnCz��S�L�vn¢§�qr��p©pVn"l+�vov{Q�T�FnZ�T¹<äVºNM.³+µ�»J±�º�¸
äVº�ç2¸<²Z±¸T½Z�4{Q�Nx�sZ��nC��wXo�pV�vn��Xn"wXz�n"pVq���wZ�Îpr�vn��rwXtQ�FpV{QwXo��Xn"l"pVwZqr�C�TsZoF��pr�vnL�rn"lCwXov� �ÎÁ�³�ä�äVº�¸�´PO�äVºZå�³�¸�±ç4°
äVº�ç2¸<²Z±¸T½Z�Ø{y�ax�sR�rnC�ôwXoì�ru<nCl�pVqVsRt�uFqrwXu<nCq�pV{yn"�awZ��pV�vn¨�rwZty�Fpr{ywXoëz~sRpVq�{�Ú��mÜP�vq ó n"qrq�wXo2� � q�wXx�n"ov{y�F�
qrwZ�vov�v{Qov���rl+�FnCz�n~sRuvuvqrw.Ú2{yz~sRprnC�Øpr�vn��rwZty�Fpr{ywXo�z�sRprqr{ Ú¦x4��pV�vn�n"{y�Xn"oI�ZnCl�pVwXq�l"wXqrq�nC�ru<wXov�F{yov��prw�{Qpr�
�v{Q�X�vnC��p�n"{y�Xn"o4�ZsRty�vnR�a�L�v{y��{y�"�SwZ�©lCwX�vq��rnR�ds���p+sZov�vsZqr��prqr{Ql+¡ãÕJ�rn"nZ�NnR���F�Q�©û ( 5T��"F� ) þ Ù ßd�vw7�0n"�Xn"qC�dwX�Fq
ó n"qrq�wXo2� � q�wXx�n"ov{y�F��q�wX�vov�v{Qov��{y�&�v{���nCq�nCo4p�{Qo}pr��sRp&�0n��vn"lCwXz�u�wZ�rn�sfz~sRpVq�{�Úhpr��sRp��vwTnC��oFwZp��vs7�Zn
s~�ZqVsZuv�T��pV�FnCwXq�n"pV{Ql�{Qo4pVnCq�uvqrn�p+sRpr{ywXo ��sRov���0n�qrn"tQ�fl"qr�vl"{!sZtQtQ�awXo�pV�vn�u�wZ�r{Qpr{Q�T{QpO��wZ�NpV�Fn�nCo4prqr{yn"�$wZ�S{Qpr�
�v{Q�X�vnC��p¢nC{y�ZnCo4�Xn"l"pVwZqC�

÷ o¤ty{y�Z�Ip�wZ�Lpr�vna{yo�sRuvuvqrw.Ú2{yz~sZxv{Qty{�pO��qrn"�r�vt�p.�dovwhq�wX�vov�F{yov����l+�vnCz�na�r�FwX�vty�¥�vs7�Zna�XwTw2�êu<nCq��6wXq��
z~sZovlCn�wZo¨sZtyt�{yov��p+sZovl"nC�"ß��vw7�0n"�ZnCqC���0n�uFqrw7�T{y�vn���wXz�n�pV�vn"wXqrn�pV{ylCsZtRQ��v��pV{�§�l.sRpr{ywXo��6wXqP�XwTw2�hu<nCq��6wXq��
z~sZovlCnÓwXo��rwXz�ndpO�Tu�n"�SwZ�F{yovuv�2p.��í�n0sZqr�Z�vn=pr��sRp	�vov�FnCq��RsZq�{ywX�F��sR�r�r�Fz~uFpr{ywXoF��sRx�wX�2p	pr�vn=��p+s�pV{y��pV{Ql.sZt
o�sRpr�vqrn]wZ�Ópr�vn]uvqrwXxFtynCz���pV�Fn�n�Ú2u�n"l"prnC���F{���nCqrn"ovlCn�ÕpV�vn]�vq�{Q�p Ù x�n�pO�©n"nCo�pr�vn�pVwZpVsZtNn"ovnCq��X{yn"���Z{Q�Xn"o
x4��pV�Fn�wZuFpV{Qz�sZt<�6qVsZl�pV{QwXo�sZt��rwXtQ�FpV{QwXofsZov��wX�vq�qVsRov�vwXz�{yÝ"nC�aqrwZ�vov�v{Qov�]{yo4pVn"�XqVsZt �rwXtQ�FpV{QwXov�L{y�L��z�sRtyt��

í�n¨��s.�Zn sRuvuvty{QnC�ëwX�Fqaz~n�pV�vwT�âpVw¤qrn"�vnC��{y�Xoìl"wXz~uF�Fp+sRpr{ywXovsZtyt��¥pV�vnhl"wXqrn"��wR��pO�0w£ovsRpV�vqrsZtyt��
wTlClC�Fqrqr{Qov�¦uFqrwZprnC{yoF�C��pr�vn�SØ·Tµ�±T�T� ç4°aµr·���²Tº��U��»¼±�µ�ç4°al"wXty� �r�vwTl+¡ uFqrwZprnC{yo�sZov��pr�vn�� ÷ ù x�sZqrq�nCtÓpVq�{ywX��n

ü



uv�vwZ�ruv��s�pVn�{Q�rwXz�nCqrsZ�rn&�6qrwZzl+�F{yl+¡Zn"o���í�n���s.�Xn�sZtQ�rw~n�Ú2u�n"qr{Qz~n"oIprnC�����vlCl"nC�����6�vtQtQ��wXo��Xn"ovnCqrsZt	qVsZo2�
�vwXz �ZqVsZuv�F�$sZ���0nCtyt	sZ�Øs]lCt!sR�r�¢wZ�dqVsRov�vwXz �XqrsZuv�v��pV�vsRp¢x�n�prpVn"qØlCsZuFpr�vqrn�pV�vn��XnCwZz~n�pVq��fwR�dsZl�pV��sZt
uvq�wZpVn"{yov�"�]Þ2{yoFlCnB% ó �Ox�sZ��nC� sZuvuvq�w4sZl+�vn"���6wXq�ÞvÛ ó sZq�n�nV��nCl�pV{Q�Zn]{yohuvqrsZl"pr{ylCn�û ¬Rþ¼���©n]l"wXz~uvsZqrn�wX�Fq
z�n"pV�Fw2�}pVwW% ó ß	pr�v{y��lCwZz~u�sRqr{y��wXo��F{y�X�vtQ{y�X�4pr�&pr�vn�x<nCoFn"§vpr��wZ�¢ÞFª ó �ï��sZ�v�F{QpV{QwXo�sZtdl"wXz�uv�Fp+s�pV{ywZo�sZt
z~sZl+�v{yoFnCq��Z��ÜP�vq�n"z~uv{Qqr{Ql.sZt	��pr�v�v{yn"�&�r�vw7� pr��sRpC�%{yohuvqrsZl"pr{ylCnR�%�XwTw2�h��wXty�Fpr{ywXoF�$pVw�ÞvÛ ó sZqrn��6wX�Fov�
x4�¦wZ�vqØpO�0w�qVsRov�vwXz�{yÝ"nC��q�wX�vov�v{Qov����l+�vnCz�nC�"� k$�v�F{QpV{QwXo�sZtQtQ�Z�v�©n�oFwZpVn�pV��sRp$�r{QovlCn�ÞFª ó uvqrw7�T{y�vn"�
x<n"prprnCqNtQw7�©n"qNx�wZ�vov�v�Npr��sZoB% ó �6wZq�pV�Fn��vov�vn"qrt��2{Qov��ÞvÛ ó uvqrwXxFtynCz��Z{�pN{Q�NsPz�wXqrn0nV��nCl"pr{Q�ZnLx�wX�Fov�v{yoF�
�6�vovl�pV{QwXoa�6wXqLxvqVsRovl+�2�@sRov�2�Ox<wX�voF��wXqLxFqVsZovl+�T�@sZov�T�OlC�2p�û (*) �Î¬�þ	sZuvuvq�w4sZl+�vn"�C�

÷ ov�vn"u�n"ov�vnCo4prtQ�X�X%�sZ�£ûï¬Zé�þÓsZoF�Y%�sZ�}sZoF�¨í�sRpVsZo�sZx<nfû ¬ ( þÓsZuFuvty{QnC�h�rn"z~{Q�vn"§vov{Qprn�uvqrwZ�XqVsZz�z�{yov�
sZov��qVsRov�vwXz�{yÝ"nC��qrwZ�vov�v{Qov��pVw�pV�vn�z�wXqrnLq�nC��pVqr{Ql"prnC��uvqrwXxFtynCz wZ�<�©n"{y�X�4pVn"��l"wXov��prqVsZ{Qo4pÓ�VsRpr{y���JsRl"pV{QwXo�ß
pV�F{y��{y��sL�ru<nCl"{!sZt4lCsZ�rn=wZ�TpV�vn©ÞvÛ ó uvq�wXxvtQnCzõl"wXov��{y�vn"qrnC���vnCq�nZ���L�vn"��sZtQ�rw��X{��Xn=sZo�{yo�sZuFuvqrw.Ú2{yz~sZxv{Qty{QpO�
qrn"�r�vt�p�pV��sRp�{Q���©nCsZ¡Zn"q¢pr��sZo�wX�vq��¢{QoapV�vn&�Xn"ovnCqrsZt%l.sZ��nZ�

k�p�uvq�nC��nCo4p.�<ÞFª ó ��wXtQ�ZnCq��LsZqrnØty{Qz~{�pVnC��prw��rwZtQ�T{yov���rz~sZtyt�uFqrwXxvtQnCzú�r{QÝCn"�C� ¯ w7�0n"�ZnCqC�ÎsR�LÞFª ó sZu2�
uvq�w4sZl+�vn"�0sRqrn�{QovlCq�n.sZ��{yov�Xt���x<nC{Qov�&sZuvuFty{yn"��pVw�l"wXz�xv{Qo�sRprwXqr{ysZtIwXuFpV{Qz~{QÝ.sRpr{ywXo�uvq�wXxvtyn"z~�"�TÞFª ó �rwXt��XnCq��
lCwZoIpr{yoI�vnÓpVw¢{yz�uvqrw7�ZnZ�	k$�	t!sZq��XnCq%uvq�wZpVn"{yov��sZov��qrwRp+sZz�nCq%tQ{yxvqrsZqr{QnC��sZq�n=l"wXov��{y�vn"qrnC� �Zn�Ú2��sR�v��pr{Q�Xn=pVn"l+�2�
ov{Q�T�FnC��ÕJ���vl+��sZ��xvqrsZovl+�2�OsZov�2��x�wZ�vov�awXq0kZ' Ù z~s.�~x<nPtQ{yz�{QpVn"�~x4�~pV�vn"{yq©u<wZprnCo4pV{QwXo�sZtQtQ�]n�Ú2u<wXovn"oIpr{!sZt
qr�Fovov{yoF�$pV{Qz~nR� ÷ o�l"wXov��pVqVsR��p.�4wZ�vqS��nCz�{y�vn�§�ov{Qprn0uFqrwX�XqrsZz�z~{Qov�$sRuvuvqrwXsZl+��qr�Fov�N{yo�u�wXt��TovwXz�{!sZtZpr{yz�nZ�
sZov�apr�vn&sZuvuvq�w4sZl+�vn"���vn"�ZnCtywZu�n"��{Qo�pV�v{Q��u�sZu<nCq"�F���v{yl+�a�0n&�r�vw7�õ�0wXq�¡��©n"tyt�wZoauvqrwXxFtynCz���wZ��{yo4prnCq��
nC��p.����{ytQt���s.�Xn�xvq�w4sZ��sZuvuvtQ{yl.sRxv{ytQ{QpO�X� � {yovsZtyt��X�2sZ�ØwZuvu�wZ�rnC�fpVw�wZpr�vnCq��vn"�vqr{Q��pV{Ql�pVnCl+�Fov{y�I�vn"��Õ6�r�vl+�hsR�
�r{Qz��vtysRpVn"��sZovoFn.sZtQ{yov� Ù �XsZ�Sz~wXq�n©{Q�S�v{Q�rlCw7�ZnCqrn"��sRx�wX�2pSpV�Fn�o�sRpr�vqrn�wR��ÞFÛ ó sZuFuvty{Ql.sRpr{ywXov�	{yo�uvqVsZl�pV{QlCnZ�
wX�vq0ÞFª ó �6wXqrz��vt!sRpr{ywXo�u�n"qrz�{QpV�Npr�vn��vn"�ZnCtQwXuvz�nCo4p©wR� wZpr�vnCqÓq�wX�vov�v{Qov�&�rl+�vn"z~n"�=pr��sRp=x<n"prprnCqÓn�Ú2uvtQwX{Qp
pV�Fn�q�n.sZt ���0wXqrtQ�a��pVsRpV{Q��pV{Ql.sZt�uvqrwZu�n"q�pV{QnC��wZ�	pV�vn&uvq�wXxvtQnCz��

[a\ \ bÓc^]W_9`Za bfc�bca gW_9d�`NjCc�_
�L�vn&�Xn"qr�r{QwXo�wZ�Spr�vn&�r{y�Fn��Ol+�vsZ{yofu<wX�r{�pV{ywZov{yov��uFqrwXxvtQnCzm�©n���pr�v�F�f{y�¢sZ�L�6wXtQtyw7���9�d�Z{Q�Xn"o¦s]x�sZl+¡Ix<wXovnR�
s uFqrwZprnC{yoñ�rnC�I�vn"ovlCnR�$s qrwZpVsZz~n"q]ty{yxFqVsZq��X��sRov�ës�u�sR{yq���{Q�rn�nCovn"qr�Z�ã�6�vovl�pV{QwXo���l+�vwTwX��nhs q�wZp+sZz�nCq
�6wXq�n.sZl+�ãsZz�{yovw¦sZlC{Q�¥�r{Q�vn���l+��sZ{yo��r�vl+�¤pV��s�p�pV�vn�w��ZnCqrsZtyt0nCovn"qr�Z��{y��z�{yov{Qz~{QÝCn"����ù�wXqrn��6wXq�z�sRtytQ�Z�
pV�FnaÞvÛ ó uvq�wXxvtyn"z«l.sZoêx<n���p+s�pVnC�êsZ���6wXtQtyw7���~û ( üZþ���à�{Q�ZnCo¥sf§FÚ2nC�¥x�sZl+¡Ix<wXovn�wR�Ltyn"ov�ZpV��e%�SnCsZl+�
qrn"�r{Q�v�vn�u<wX�r{�pV{ywZo��d{y�LsR�r�rwTlC{ysRpVn"����{Qpr��s���n"p�wZ�	u<wX�r��{yxvtQnPl.sRov�v{y�vsRpVn�q�wZp+sZz�nCq��(f*�+gVhI� ÷ oapV�vn��vn"�r{Q�Xo
uvq�wXxvtyn"z���pV�v{Q���rn�p�z~s7� {yoFlCty�F�vn�q�wZp+sZz�nCq����6q�wXzø��n"�ZnCqVsRt�¡I{yov�v��wZ�ØsZz~{Qovw�sZlC{Q�v�C�}ÜPovl"nfs¦�r{Qov�Xtyn
qrwRp+sZz�nCqN�6wXqÓnCsZl+��q�nC�r{Q�v�vn�u<wX�r{�pV{ywZo��vsZ�Óx�n"nCo�l+�FwX�rn"o��2pr�vn�nCovn"qr�Z�]wZ��s�uFqrwZprnC{yo]���2��pVn"zm{Q�Ó�X{Q�ZnCo�xI�
pV�FnP�6wXqrz��Ft!s8ikjmlonFp�qsr�l�Õ���g Ù p�qsrutwv�l�Õ��+gyx{z Ù �F���vn"qrn7l|n¢{Q�©pV�Fn��rnCt��!�On"ovnCq��Z��wR�	pr�vn�x�sZl+¡Ix<wXovnR�
l�Õ.�+g Ù {y��pV�vn�nCovn"qr�Z�£qrn"�r�vt�pV{Qov� �6q�wXz pV�vn�{yo4pVn"qVsZl�pV{ywZoñx<n"pO�0nCnCoëpr�vn�x�sZl+¡Ix<wXovnhsRov�ñpV�Fn¦l+�vwX��nCo
qrwRp+sZz�nCqZ��g�sRp�u<wX�r{�pV{ywZoW��sZ���©n"tytdsZ��pr�vn�{yo4pVq�{yov��{yl�n"ovnCq��Z�hwZ�0qrwRp+sZz�nCqZ��g.�	sZov�}l�Õ��+gyx{z Ù sZl"lCwX�FoIpr�
�6wXq&pV�vn~u�sZ{Qq���{y��n]{yo4pVn"qVsZl�pV{ywZo�nCoFnCqr�R� x<n"pO�0nCn"o¥l+�vwX��nCo¥qrwRp+sZz�nCq�����g�sZov�3x{z�� ÷ o�pr�v{y���v{Q�rlCq�n"pr{yÝCn"�
�rn�prpr{yov�v�Npr�vn�uvtysZlCn"z~n"o4p�wZ�¢n.sRl+�¥�r{y�Fn��Ol+�vsZ{yo¥{Q��qrn"�v�vl"nC�¥pVw�§�oF�v{yov��sZo¤sZ�r��{y�XoFz~n"oIp�wZ�¢qrwZpVsZz�nCqr�
pVw�u�wX��{Qpr{ywXov�Lpr��sRpPz�{yoF{yz�{yÝCn"��pV�vn�w7�XnCqrsZtyt	nCoFnCqr�R�¦wZ�SpV�vn����T��prnCz��P�L�v{y�$sZ�r��{y�XoFz~n"oIpØ{y�Øl.sZtQtyn"��pV�Fn

5



½��yºZå+·���ÿ�±¸�±ÿ�çTÿ ³�¸ ³�ä¼½���µ+º�¸�~.º�ä�ÿ�·Z»J±�º�¸�wXqB�����$ÀN�
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qrwRp+sZz�nCq0��g�sRp�u<wX�r{�pV{QwXok�rßSpr�vn�� r ����z�s.�¨��s.�Zn~�RsZq��T{Qov�f�r{yÝ"nC�"�aÔÓsZl+�êovwT�vnB�êwZ��� r {y��sZ���r{Q�XovnC��s
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{yo��XnCovn"qVsZt¼�vxv�Fp©pV�v{Q��qrn"t!s�Ú2nC�a���T��pVn"z {y�©sZof{yov��p+sZovl"nPwZ�	u<wX�r{�pV{Q�Zn$��nCz�{y�vn�§�ov{QprnPuvq�wX�XqVsRz~z�{yov�F�2sRov�
{QpPl.sZohx<n��rwXt��Xn"�}n�ð�lC{yn"o4pVtQ�Z���	wf�rnCn�pr��sRpC���©n]ty{Qovn.sRqr{yÝ"n�sRtyt�pr�vn�lCwZov��prqVsZ{QoIpr��x4��{yo4prqrwT�v�vlC{Qov��pV�Fn
�RsZqr{ysZxvtQn|¥¦�2��pVw��vnCovwRpVn(¥ ¾� ¥¦�R�N�	w�nCov���vqrnPpr��sRp0pV�v{Q�0tQ{yovnCsZqr{QÝ.sRpr{ywXo]{y�¢¸ º�»0s�qrn"t!s�ÚFsRpr{ywXo��4�0nPqrn"�I�v{yq�n
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¸ º�¸�¸ ³�½4·Z»J±T�Z³��Fe�Ý ( ºN~P»¶�³�ÿ ·ZäV³�ºN~Ø»¶�³á~.º�ä�ÿ Ë ��Ý Ë r ·Z¸<²�°O¹F·Z¸�»¶�³¢æ4³�ä�¸ ³��%ºN~>ÀYÑ�ÐS¶T±T�y³¸Ñµ~.º�ä�³r·Tµ+¶
�îÑu� � r �*Ý ( ºN~�»¶�³�ÿ·ZäV³�·�°+°7º7µ�±J·Z»@³r²BÐd±»6¶�»¶�³�³�±�½T³�¸¦��·�� ç�³8�â� r � 3¦� Ô
í n��Fn"�6nCqLpr�vn&uvqrwTwZ��wZ�á%%n"z~z~s�¬F�ïü]prw�pr�vn�sZuvu<nCov�F{�Ú��

k$���r�vz�naovw7� pV��s�p]sZtytdpr�vn�� r �ï��sZq�n�wZ��nC�I��sRt©�r{QÝCn�1Fß�e%�¦�L�vnCocDw��j Õ ( ß�� 1 ÙVË sZoF� ó nCq�qrwXoT�
� qrwXx<nCoF{y�v�Nq�wX�vov�F{yov���vn"�XnCoFnCqVs�pVnC�={yo4prw�l+�vw2wZ�r{yoF���rwXtQ�FpV{QwXov�N�voF{Q�6wXq�z~t���sRpÓqVsZoF�vwXz��NÞ2{QovlCn�sRtytFwRpV�vn"q
nC{Q�XnCo4�ZnCl"prwXqr�ØsZq�n�oFwXqrz~sZt�prw
Dw�+��xI��%�n"z~z~s]¬F��¬F�F�0n�¡Iovw7�õpr��sRp�a0jõé2�dk$ty��wv�vx4��%%nCz�z�s�¬2��üv�
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÷ �0n.sZl+��1��2��{Q�&é;ß ( sZov�}n.sZl+�}ovwT�vn]{y��l"wXovovn"l"pVn"� prw�è���ovnC{Q�X�Ix�wZqr�C��pr�vnCo&ÙK1�Ù × j � 1@�¦sZoF����xI�
%%nCz�z�s�¬F��¬F��� ¼De � �v�¢�L�v{y�¢�r�vw7���Ppr��sRp.�<z�n.sZ���vqrn"�hsZ�4sZ{Qov��p�pr�vn�n"ovnCq��Z�¦wR�¢Õ eRß�1 Ù × �¯1Wj-��e × ß�1
wZ��pV�vn�qVsZov�FwXz �rwXtQ�FpV{QwXo��Fpr�vn�q�nCtysRpV{��Xn&�vqr{��p�{y�ØsRp¢z~wZ��p�Õ�1Ûß�e Ù ß � �������v{yl+��{y��pO�2uF{yl.sRtytQ��z��vl+��tQnC���
pV�vsZo ( ��{yovl"n�nCsZl+��qrwZpVsZz~n"q�pO�Tuv{ylCsZtyt���{QoIprnCqrsZl"pr����{�pV�fz~sZo4�aqrwZpVsZz�nCqr�L{Qof�rn"�ZnCqrsZt�u�wX��{Qpr{ywXov�"�

¯ n"ovlCnR�2{��<pr�vn��rwXtQ�FpV{QwXo�z~sRpVq�{�Ú�{y�N����sZqruFtQ��l"wXovlCn"o4pVqVs�pVnC� �T�0n���s.�Xn¢�r�vw7��o�uFqrw�Q�n"l"pV{QwXo]qrwX�Fov�v{yoF�
{y�%n�Ú2u�n"l"pVn"��pVw��0wXqr¡P�0nCtQt���sRp�tynCsZ��p	�voF�vnCq�pV�vn=sZ���r�vz�uFpr{ywXo�pV�vsRp�pV�vnÓnC�F�Xn=�0nC{Q�X�4pV��sZqrndoFwXovovn"�4sRpV{��XnR�
÷ o�pV�FnLwXuvu<wX�r{�pVn���{QpV�vsRpV{QwXo�wZ��sP�voF{Q�6wXq�zá��wXty�2pV{ywZo�z�s�pVqr{ Ú&�©n���s.�ZnL�r�vw7��o]pV��sRpS�6wXqNsZo��FoI�0nC{Q�X�4pVn"���
qrn"�X�vtysZqL�XqVsRuv�apV�vn&�vq�{Q�pL{Q�¢��z�sRtyt {��	�rwXtQ�FpV{QwXov��sZq�n�l+�vwX�rn"o��vov{��6wXqrz�tQ�~sRp�qrsZov�vwZz��

��\ � c^a �hg¦`ád�`djCc�_<d¹_O�÷`0�SgW_"`��
í n��v�rn"�¥pV�vn�ÞFª ó �6wXq�z��vtysRpV{QwXo}prwh�vnC��{y�Xo¥l"wXz�uv�Fp+s�pV{ywZo�sZtyt���pV�Fn�lCwXq�nC��Õ6{��ïnZ���SpV�vn��rwXt��XnCo4p]{Qo�sZl��
lCn"�r��{yxvtQn~u<wXq�pr{ywXoF� Ù wZ�©pO�0w�uvq�wZpVn"{yov�"��6©wZpr��uvq�wZpVn"{yov�&��s.�Znas�l"wXqrn����Ox�sRqrqrn"t��	s�q�nC�X{QwXoh���vnCq�n�pV�Fn
x�sZl+¡Ix<wXovn&��qVsZuF�ØsRqrwX�voF��prw]�6wZqrz s]��prqr�vl�pV�vq�n&qrnCz�{yoF{y�rl"nCo4p¢wZ�	pV�vn&�rtysRpV�LwR�Ns��0w2wT�vnCo�x�sZq�qrn"t��

ÜP�vq0l"wXz�uv�Fp+s�pV{ywZo�sZtF�0wXqr¡��6wTlC�F�rnC�0wXo�uvqrwZprnC{Qo~l"wXqrn"�©x<nCl.sR�v�rn�Õ ( Ù pV�F{y�Ó{y�d���vn"qrn$z�wX��p0uvsZ{yq���{y�rn
{yo4prnCqVsRl"pV{QwXov�ÓwTlClC�FqC��Õ�è Ù pr�vnØl"wXqrn"��sZq�n��rz~sZtyt¼�Xz�sR¡T{Qov��pV�vn"zîpVqrsZl"pVsZxvtynL�6wXq0ÞFª ó �IsZov��Õ¼¬ Ù pV�FnØn"ovnCq@�
�Xn�pV{yl"�©z�wX��p0{yz�u<wXq�pVsZo4p=prw�pV�Fn$lCwZqrnPq�nC�r{Q�v�vn"�LsZqrnØn.sZ��{yn"q0pVw�z~wT�vn"t<pr��sZo�pr�vwX�rn$wZ�%�rwZtQ�Xn"o4p��On�Ú2u�wX��nC�
qrn"�r{Q�v�vnC�"� ÷ oêu�sZq�pV{QlC�vtysZqC�%��{yovl"n~�0n�sZq�n��6wTlC�v��{yov��wXo �I�T�vq�wXuv�vwZxv{yl�lCwXq�n~{Qo4pVnCqrsZl"pr{ywXoF�C���©n~�v�rn�sZo
nCoFnCqr�R���6�Fovl"pr{ywXo�pV��sRp	�6wTlC�v��nC�NwXo�wXxFpVsZ{yov{Qov�L�©n"tyt �Ou�sZl+¡RnC����pVqr�Fl"pV�FqrnC�"�Óù�wXq�n©��u�n"lC{Q§vl.sZtQtQ�X��pV�Fn©{yo4prnCq��
sZl�pV{ywZo�nCoFnCqr�Z{ynC�Sx�n�pO�©n"nCo]qrwZpVsZz�nCqr��Õ6pr��sRpN{Q�C��pV�vn0nC�v�Xn0�©n"{y�X�4pV�SwZ�ÎwX�vq��XqVsZuF� Ù sZq�n©lCsZtyl"�vt!sRprnC���v�r{Qov�
pV�Fn ���Î( è³%�n"ovo�sZq��2�H�ZwZovnC�ØsZuvuvq�w.ÚF{Qz�s�pV{ywZo�pVw�pV�vn&�RsZo��vnCqLí�sXsZt��ï�L�6wXqrl"nZ�©Þ2nCt��!�On"ovnCq��X{yn"�ØsRqrn&l.sZtQlC�2�
t!s�pVnC�¦sZ�Øpr�vn����vzwZ�NpV�Fn��RsZo��vn"qØí�sXsZt¼���¢{yo4pVn"qVsZl�pV{QwXo�x<n"pO�0nCn"ohpV�vn�qrwZpVsZz~n"q$sRov��pr�vn�x�sZl+¡Ix<wXovnR�
uvtQ�v��s���p+s�pV{y��pV{Ql.sZt prnCq�z �vnCq�{Q�ZnC�f�6qrwXzmpV�vn&nCz�uv{Qqr{ylCsZt uFqrwXx�sRxv{ytQ{QpV{QnC�=ty{Q��pVn"�f{yo�pV�Fn�q�wZp+sRz~n"qLty{yxFqVsZq��X�
÷ o4pVn"qVsZl�pV{ywZov��x<n"pO�0nCn"o¤pr�vn���{y�vn��Ol+��sZ{QoêsZoF��pV�vn~x�sZl+¡Ix<wXovnawZ����sZov¡I{yov�¦u�wX��{Qpr{ywXov��sZq�n�{Q�XovwXq�nC� prw
sZl"lCwX�vo4p=�6wXqd�rwZz~n�x�sZl+¡Ix<wXovnu��n�Ú2{Qxv{ytQ{QpO�X�	�L�vn¢��pVsRpV{Q��pV{Ql.sZtFnCovn"qr�Z��prnCqrz �6wXqÓqrwZpVsZz~n"q���{Q�=l"wXz�uv�FpVn"�
sZ��Ý¦tyo�ÕUe!�wß�e¦n Ù � ���vn"qrnZe!��{y�¢pV�vn�uFqrwXx�sRxv{ytQ{QpO�fwZ�Ó��nCnC{Qov�aqrwRp+sZz�nCq ��sZoF��e¦n�{y�$pr�vn�uvq�wXx�sZxF{yty{�pO�fwZ�
�rn"nC{Qov��pV�vn�z~wX��pPl"wXz~z�wXo�q�wZp+sRz~n"q¢�6wXqØpV��sRpPsZz�{yovw�sZlC{Q�¤û ( éRþ�� � wXq$sZtyt	l.sRtylC�Ft!sRpr{ywXov�"�<sRpVwXzqVsR�v{y{
sZov��{yo4pVn"qVsZl�pV{ywZo�u�sZqrsZz�n"pVn"qr��sRqrn~pVsZ¡Zn"oê�6qrwXz«kPù36�Ôc# " � û (Z( þ��Ns¦lCwXz�z�wXovtQ���v�rn"�ãuvsZl+¡�sZ�Xn~�6wZq
n"�RsZtQ��sRpr{yov��pV�vnPn"ovnCq��Z��wR��uFqrwZprnC{yo�lCwXoF�6wZqrz~sRpV{QwXov�C�I��{Qpr��pV�FnPqVsZ�F{y{<wZ�	�I�T�vq�wX�Xn"ov�Lqrn"�v�vlCn"�fxI��5Zé��
x<nCl.sR�v�rn~wZ�©pr�vnC{Qq��FovlCn"q�p+sR{yo�u<wX��{QpV{QwXo����L�vn�60kZ%K%ìÛ�p7p ty{yxFqVsZq��¤ûïè���þÓ�©sZ���v��nC��prw�z~sZov{Quv�vtysRpVn
pV�Fn�q�wZp+sRz~n"qr�C�

�L�vn��vtQpr{yz~sRpVn�prnC��p~wR�Puvq�wZpVn"{yo¤�vnC��{y�Xoã{y��prw}z~sZ¡Rnfpr�vn�uvqrwZprnC{Qo£sRov�£l"wXoF§�q�z pV�vnfuvq�nC�v{Ql"prnC�
��prqr�vl�pV�vq�nZ�=ÜPx4�T{ywX�v��tQ�Z�2n�ÚFu<nCq�{yz�nCo4p+sRtÎ�0wXq�¡�{y�Óx�n��XwXoF��pV�vn¢�rl"wXu<n$wZ��pV�v{Q�=uvsZu�n"qC�Txv�Fp=pV�vn¢�rwZty�Fpr{ywXov�
pVw�pr�vn��vn"�r{Q�Xo¥uvqrwZxvtyn"z~��l.sZo¤x<nasRp�tQn.sZ��p�{yoF{QpV{ysZtyt���n��ZsRty��sRprnC�ê{Qo¥�rn��XnCqrsZt©�©s.�2�"� � {Qqr��p.�S�0naz�s.�
n�Ú2u<nCl�pØpr�vn��FnC�r{Q�Xovn"����nC�I�vnCoFlCn�prw~x<n&�r{yz�{ytysZqÓpVw]pV�vn&o�sRpr{Q�Zn���nC�I�vnCoFlCn���{yovl"n�n��XwXtQ�FpV{QwXof��sZ��ty{Q¡Zn"tQ�
l+�vwX��nCo£s��Js7�ZwXqVsRxvtyn���nC�I�vn"ovlCnR��Õ¼ÖØwRpVn�pV�F{y��ovn"nC�ãovwZp�x<n�pV�Fnal.sZ��n�sRtytÓpV�vn�pr{yz�nZß={yoê�JsZl�p.�Óovw7�Xn"t
uvq�wZpVn"{yoì�rn"�T�FnCovl"nC�¦pr��sRp�sZqrn¨l"wXov�r{Q�vnCqrsZxvt��ëz~wZqrnh��pVsZxvtQn�pV��sZo�o�sRpr{Q�Zn}uFqrwZprnC{yo��rn"�I�vnCovl"nC���vs7�Zn
x<nCnCo��vnC��{y�XoFnC���v��{yov�]§FÚ2nC�¦x�sZl+¡Ix�wZovn�sZuFuvqrw4sRl+�vnC��ûï¬ ) þ�� Ù Þ2n"lCwXov� ����{yovl"n��0n�sZq�n��F�r{yoF��sZo�nCovn"qr�Z�
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�6�vovl�pV{QwXo�pV�vsRp©�6wTlC�v��nC�LwXo�u�sZl+¡I{yov�F�2�0n�n�Ú2u�n"l"pLpr�vn$�vn"�r{Q�XovnC�f��pVqr�Fl"pV�Fqrn$prw�s.�XwX{Q�alCt!sR�r�vn"��x�n�pO�©n"nCo
sRprwXz~�=sZoF�~pVw�u�sZl+¡�pr�vn$s.�RsZ{Qt!sZxvtQn��ruvsZlCn¢pV{y�Z�IprtQ�Z� �L�v{yq����T�0nØ�©sZo4p=pV�vn¢qrwX�Fov�vnC���rwXtQ�FpV{QwXo�pVw��vs7�Zn
nCoFnCqr�R��ovnCsZq©pV�FnPwXuFpr{yz��vzú��wXty�Fpr{ywXo ��í nP�r�vw7�ôx�n"tyw7�ìpV��s�p�wX�vq©lCwXz�uv�FpVsRpV{QwXo�sZtQtQ���vn"�r{Q�XovnC�al"wXqrn"�
�Xn"ovnCqrsZtyt����6�vt�§�tyt<pV�vn"�rn&lCq�{QpVn"qr{ysF�

÷ o£wZqr�vn"q�pVw¨{yo4�Xn"��pr{y�4sRprn�pV�vnau<nCq��6wXqrz~sZovl"nawZ�¢pV�vnaq�wX�vov�v{Qov�¨�rl+�vn"z~n"�]{yoãshz~wXq�n�lCwZoIprqrwXtQtyn"�
�rn�prpr{yov�v�<�©n�sZty��w�n�Ú2u<nCq�{yz�nCo4pVn"����{QpV��pO�©w�pO�Tu<nC��wZ�ÓqrsZov�vwXz �XqrsZuv�v�"�$í n�§�q���p�l"wXov�r{Q�vnCq$�vov{Q�6wZqrz
qVsRov�vwXz �XqVsZuF�v��sZov�apV�FnCo�lCwXov��{y�vn"q�s��JsZz�{ytQ��wZ�	qrsZov�vwXz�tQ�~�Xn"ovnCqrsRpVn"���ZqVsZuv�F��pr��sRpLx<n"p�pVn"q¢z�wT�vnCt
pV�Fn�{Qo4pVnCqrsZl"pr{ywXoa�ZqVsZuv�F�¢wZxv�rn"q��Xn"��{yofuvq�wZpVn"{yov�"�

�L�vn���nCz�{y�vn�§�ov{�pVn�uvq�wX�XqVsRz~���0nCqrn~�rwXt��Xn"���v��{yov�f�Xn"qr�r{QwXo � � éfwZ�=pV�vn�ÞFª ó k ûïè ( þ=u�sZl+¡�sZ�ZnZ��sZo
{yz�uvtQnCz�nCo4p+sRpr{ywXoãwZ��sZoë{QoF�6n.sR�r{yxFtyn�uvqr{Qz�sZt �O�v�vsZtL{yo4pVn"qr{QwXq���u�wX{Qo4p~z�n"pr�vwT��� �L�vnhty{Qovn.sRq~uvq�wX�XqrsZz~�
�0nCqrn���wXtQ�ZnC�a�v��{yov��pV�vnØ�v��sZt��r{yz�uvtQn�Ú�z�n"pV�Fw2����{�pV��kPù ó %ñû ( "Rþ sZov��Û ó %�Ô�� ) � ( ûïè � þ¼�d�L�vn&ÞFª ó
�rwZty�Fpr{ywXov���©n"qrn¢qrwX�voF�vnC���v�r{Qov�&pV�vnLuvq�w�Q�nCl�pV{QwXo�sRov� ó nCq�qrwXoT� � qrwXx<nCoF{y�v�dz�n"pr�vw2�F�=�FnC�rl"qr{Qx�n"��sZx<w7�XnR�

í�n¤l"wXz~uvsZqrn¥wX�Fq}ÞFª ó ��{�pV� pV�vnÄ% ó wZxFp+sZ{QovnC� x4� q�nCt!s�ÚF{Qov�âpV�Fn¥{yo4pVn"�XqVsZtQ{QpO�ôlCwXoF��pVqrsZ{yo4pr�
�6qrwZz ÕJü Ù �ê�L�vn�% ó ��wXty�2pV{ywZov���0nCqrn�qrwZ�vov�vn"�£x4�¥l+�vwTwX��{yov�hovwT�vn��¤��{QpV�¤uvq�wXx�sZxF{yty{�pO�k¥¦���T� � wXq
uvq�wXxvtyn"z~��wZ�SpV�v{Q�Ø��{yÝCnR��wZuFpV{Qz�sZt {yo4pVn"�XqVsZt���wXty�Fpr{ywXoF��Õ6�vnCoFwZpVn"��x4�3Óx�L� Ù lCsZo�x<n��6wX�Fov�¦�v��{yov���6wXq��
z��vtysRpV{QwXoëÕ6ü Ù sZov�¥pr�vna{yo4pVn"�XnCq�uFqrwX�XqrsZz�z~{Qov��wZuFpV{QwXo¥wZ�$Û ó %	Ô����d�L�v{y�]sZtQtyw7�����v��prw¨lCwXz�uv�Fprn
pV�Fn�qrn"t!sRpr{Q�Zn��XsZu¦wZ�Nn.sZl+�¦�6wZ�vov�¦��wXty�2pV{ywZo��<sZ�Øl"wXz�uv�FpVn"��x4��Õ.¥�Ý Óx�L� Ù ß:� Óh�E���>�T���vnCq�n�¥¨{y��pV�Fn
�RsZty�FnLwZ�ÎpV�vn��rwZty�Fpr{ywXo�� � wXqdx<wZpV��pV�FnLuvqrwZprnC{Qo��FnC�r{Q�Xo]uvqrwZxvtyn"z~�ÓsZoF�]pr�vnL�r{Qz��vtysRpVn"����sRp+s2�XpV�vnØÞFª ó
qrwZ�vov�v{Qov�]�rl+�vn"z~n"�Øu<nCq��6wXqrz �0nCtQt��F��{�pV�f�r{Q�Xov{�§�l.sZo4prtQ�~x�n�prpVn"q¢s7�ZnCqrsZ�Xn�qrnCtysRpV{��Xn��4sRuv�C�

� ä¶å ��è��Nô�)��Zè|ë� i¡Zç¦è�ì²êXíîï
í nÓsZuvuvtQ{ynC�Ppr�vn=ÞFª ó z~n�pV�vwT�PpVw�pr�vnÓuvqrwXxFtynCz�wZ�Tqrn"�vnC��{y�XoF{yov�LpV�FndlCwXq�ndwZ�IpV�vn>SØ·Tµ�±T�T� ç4°�µr·���²Tº��U��»¼±�µ�ç4°
lCwZty�¨�r�vwTl+¡huvq�wZpVn"{yoñûï¬@��þØÕ ó ª06 lCwT�vn�� ( l�"Rw Ù �~Û©wXq�n�q�nC��{y�v�vn"���0nCq�n~�Fn"§�ovn"�¥sZ�&��s.�T{yov��tyn"�r��pV�vsZo
( �îwZ�%pr�vnC{Qq©�r�Fq��JsZl"n�sZqrnCs�n�Ú2u<wX�rn"��pVw���wXtQ�ZnCo4p.�vsZov���vn�pVn"qrz�{yovn"��x4�~pr�vnPuvq�wX�XqVsRz ÞT�vq����û üXé�þ¼�d�L�vn
�6wXtQtyw7��{yov��nC{y�Z�Ip�q�nC��{y�v�vn"�¢�0nCq�n��6wZ�vov�Û�

¢ sZt � ��à�tQ� ({� � ÷ tyn ( �F� ¢ sRtè��F�²%%nC�vü ( � ¢ sZtyü ) � ó �vnCü@"F� ¢ sZt � ¬F�
�L�vn&�4�T�vqrwXuF�vwXxv{Ql�l"wXqrn&u<wX�r{�pV{QwXov�&Õ6{��ïnZ����sZtyt�u�wZ�r{Qpr{ywXoF��ty{Q��pVn"��sZx�w7�Zn�n�Ú2lCnCu2p$u<wX�r{�pV{QwXo ({� ��{Qpr��à&t�� Ù
�0nCqrn��RsZq�{ynC� �%sZov�}sZtQtyw7�©n"��pVw�sZ���r�vz�n]sZo4�hqrwRp+sZz�nCqPwR�=pr�vn��4�T�vqrwXuF�vwXxv{Ql~sRz~{Qovw�sZl"{y�v��kØt!sF� ¢ sZt��
÷ tynR�L%%nC����ù�n�p.�<sZov� ó �vn�pr��sRp¢wTlClC�Fqrqrn"�¦{Qofpr�vn&x�sZl+¡Ix<wXovn����vnCu<nCoF�vnCo4p�q�wZp+sZz�nCqLtQ{yxvqrsZq��hû (�� þ��=�L�v{Q�
�T{yn"ty�v�o5@5�q�wZp+sZz�nCq��Lu�n"q�u�wX��{Qpr{ywXo��S�L�vnC��n��RsZq�{!sZxvtQnPu<wX�r{�pV{ywZov�LsZq�n����vw7��o¦{Qo � {y�X�Fqrn�è2�

�L�vn�q�nC�r�FtQpV{Qov�$uFqrwXxvtQnCz ��sZ��¬@�;5¢oFw2�vn"�C� ) u�wZ�r{Qpr{ywXoF�C�XsRov� � ¬2� ¬ ( ¬ØovwXoFÝCnCq�w�lCwX��pNz~sRpVq�{�Ú&n"o4pVqr{QnC�"�
Þ2{Qz~uvtQn$u�sR{yq���{Q�rn&à�wXtQ�v��prnC{yo�ª�Ô=Ôõû�èR¬Rþ��Fs�u�wXt��TovwXz�{!sZt ��pV{Qz~n©qr�vtQn$�6wXq©pr�vqrw7��{yoF��wZ�FpLqrwRp+sZz�nCq��©pV��s�p
l.sRovovwZp�u<wX�r��{yxvt���x<n�{yoapr�vn�wXuFpr{yz~sZt���wXty�2pV{ywZo��2�©sZ��sZuvuFty{yn"��pVw�pV�Fn�uvqrwXxFtynCz �vo4pV{Qt ovw]z�wXqrnPoFw2�vn"�
lCwZ�vty��x<n$n"ty{Qz~{Qo�sRpVn"���	�L�v{y�0qrnC�F�vlCn"��pV�vnPuFqrwXxvtQnCzîprw ( ¬ ) ovw2�FnC�C� ) u<wX�r{�pV{ywZov�C�TsZov� ) � � � 5�ovwZovÝCn"qrw
lCwZ��p¢z�s�pVqr{ Ú�n"o4pVqr{QnC�"�

�L�vn$% ó ��wXty�2pV{ywZo&�©sZ�	qrwX�Fov�vnC� ( ��éXéXé�pV{Qz~n"�	�F�r{yoF�¢pr�vnÓ�r{yz�uvtQnc% ó q�wX�vov�F{yov���rl+�FnCz�nZ�N�L�vn©ÞFª ó
�rwZty�Fpr{ywXo���sZ�$qrwX�voF�vnC� ( ��éXéXé]pV{Qz~n"�¢��{�pV��x<wZpV��pV�vn�uvqrw�Q�n"l"pr{ywXohsRov� ó n"qrqrwZo2� � qrwZx�n"ov{y�v�ØqrwX�Fov�v{yoF�
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ÕJs Ù ÕJx Ù ÕJl Ù

� {Q�X�vqrn�è·��Û©wXtQ�2�O���vwTl+¡¥uvqrwZprnC{QoöÕI£j¤�¥§¦ Ù �öÕ¼s Ù �L�vn��6�vtyt�uFqrwZprnC{yo �0��{Qpr�ãpr�vna�RsZqr{ysZxvtynal"wXqrn�sRprwXz~�
�r�Fw���o¦sZ�LxvtysZl+¡��ruF�vnCq�nC�ØsZov�apV�vn�s�Ú2{Q�LwZ��pr�vnL���Ox�sZq�qrn"t��Xn"q�pr{yl.sRt�ß�Õ6x Ù pV�vn&u<wX�r{�pV{QwXov{yoF��wZ�	pV�vn���{y�vn��
l+��sZ{Qov�¢{yo¦ovsRpV�vq�nZßSÕJl Ù pr�vn���wXty�Fpr{ywXo�qrn�pV�vq�ovnC�¦xI�fpr�vn�Þ2ª ó q�wX�vov�F{yov���rl+�vn"z~n"�]Õ6pr�vn�wXuFpV{Qz�sRt Ù � ÷ o
ÕJx Ù sRov� ÕJl Ù pr�vn&uvqrwZprnC{Qo�{Q�LqrwZpVsRpVn"����w�pV��sRp��0n�sZqrn&tywTwX¡I{yoF���vw7��o�pr�vn�s�Ú2{y�LwZ�	pV�vn&x�sRqrqrn"t��

�rl+�FnCz�nC�C�d�L�Fn¢z�{yoF{yz��vz n"ovnCq��Z����wXty�Fpr{ywXo��6wX�vov�]{y�NsP�Xw2wT��z�n.sZ���vqrn�wR� �vw7�ã�©n"tytvwZovn��©wZ�vty���vw&{Qo
uvqrsZl"pr{ylCnR�Xxv�Fp�pV�v{Q�Sz�{yov{Qz��vzônCovn"qr�Z��z�s.��x<n©{yo§���vnCoFlCnC�]x4��pV�vn0z~wT�vnCqrsRpVn=�rnCsZqrl+�]��u�sZlCn©�r{yÝ"nZ���L�vn
s.�Xn"qVsZ�Xn�nCoFnCqr�R�fwZ�ds]qrwX�Fov�vnC���rwXtQ�FpV{QwXoa{y�¢s�x<n"prprnCq¢{yov�F{yl.s�pVwXq�wR�SpV�Fn��F{y��prqr{Qxv�FpV{QwXofwXxFpVsZ{yovn"�a�6qrwXz
qrwZ�vov�v{Qov�¦pV�Fn�qrn"t!s�ÚFsRpr{ywXov�"���L�vn�x<nC��p��RsZty�Fn�w7�Xn"q ( � éZéXé¦qrwZ�vov�v{Qov�X��sRov�êpV�vn�nCz�uv{yq�{yl.sRt0s.�ZnCqVsR�Xn
wXx·Q�n"l"pr{Q�Xn&�RsZty�Fn�{yo�pV�Fn�tQ{yz�{Qp©sZqrnw�

, È4Æ�Ç�Ï%Ñ É�È·"Æ �
¨ ÈIÅ�ÊvÍÎÈ% ó �@è (*) � è��@�Zé ü4é@5��F� �@� 5 (
ó qrw*Q�nCl"pr{ywXo �@èZ¬@�F�ïüIè ( � � ( é4è2� è��4èXè
ó nCqrq�wXo2� � q�wXx<nCov{Q�v� �@èZ¬@�F�ïüIè ( � ��èRé@"F��¬ �F(*)

�L�vn�wXuFpV{Qz��vz �rwXtQ�FpV{QwXo�ÕJ�Fn"pVn"qrz�{yovn"�¤xI��pV�vnf{yo4prnC�Xn"q�uvqrwX�ZqVsZz�z~{Qov�¦wZuFpV{QwXo¥wZ�PÛ ó %�Ô�� Ù {Q�
Ý$èZ¬@�²¤ïüIè ( �2�Z6©wZpr�¨ÞFª ó qrwX�Fov�v{yoF���rl+�FnCz�nC��§�ov��pr�vn�wXu2pV{yz��vz �rwXtQ�FpV{QwXo�ßÎpV�v{Q�PsZuvu<n.sRqr�$prw�lCwXq�qrn��
�ru<wXov�aprw�s��©n"tyt �Ou�sZl+¡RnC��sZov�auFt!sZ�v��{yxvtQn$��pVqr�Fl"pV�FqrnZ�ÎsR���r�vw7��of{yo � {y�X�vq�n�èRlR� �L�vn&s.�ZnCqVsR�Xn�nCovn"qr�Z�
wZ�dpr�vn�qrwZ�vov�vn"�h�rwXtQ�FpV{QwXov�$���v�X�Xn"��pPpr��sRpC��sZ�Pn�Ú2u�n"l"pVn"����pV�Fn³% ó q�wX�vov�v{Qov����l+�vnCz�n�{y�$s�u�wTwXqØwXovnZ�
÷ oa�JsZl"pC�vpV�vn&s.�ZnCqVsR�Xn&qrnCtysRpV{��Xn��4sRu�wR�	pr�vn&�rwXtQ�FpV{QwXov�©�6wZ�vov�fx4��pV�vn8% ó q�wX�vov�F{yov�]�rl+�FnCz�n�{Q� ( �F��é4è2�
�Xn"qr���v��sZoas.�Xn"qVsZ�Zn�qrnCtysRpV{��Xn¢�4sZu�wR�	éF� 5 ) �6wXq0uvqrw�Q�n"l"pr{ywXo�q�wX�vov�F{yov��sRov�aéF� ( è&�6wZq ó n"qrq�wXo2� � q�wXx�n"ov{y�F�
qrwZ�vov�v{Qov�v��í n~n�ÚFu<nCl�pVn"� pV�Fn ó nCqrq�wXo2� � q�wXx<nCov{Q�v��qrwX�Fov�v{yoF����l+�vnCz�n]pVw�u�n"q��6wXq�z �©n"tyt¼��sZ��pV�vn]�rw��
ty�2pV{ywZo�qrn�pV�vq�ovnC�¥x4� pV�vnfÞ2ª ó �vsZ��z�wX��p�{QpV���ru<nCl�pVqVsRt©�©n"{y�X�4p�uFt!sZl"nC�êwXoêpr�vn�tysZqr�Xn"��p�nC{Q�XnCo4�RsZty�Fn
Õ ) � ) è�5��ZnCq��r�v�¢tyn"�r�LpV��sRo¦éF��é;5��6wXq�sZtQt�pr�vn&wZpV�vn"q�nC{y�ZnCo4�RsZty�vn"� Ù �

�L�vn�wZuFpV{Qz�sZtSl+�vwX{yl"n~�vsZ��5 ) � �rn"�T�FnCovl"n�{y�vn"o4pV{QpO�h��{�pV�¨pV�vn�o�sRpr{Q�Zn~��nC�I�vnCoFlCnZ��k$�F�v{Qpr{ywXo�sRtytQ�Z�
� {Q�X�vqrn"�Pè�x�sZov��èRl����vw7���$pV�vsRpØpr�vn��FnC�r{Q�Xovn"���rn"�T�FnCovl"n�u�sZl+¡I�$z�wXqrn�sRprwXz~�¢{yo4prw�pr�vn�l"wXqrn�wZ�NpV�Fn
uvq�wZpVn"{yo~pr��sZo�pr�vn$ovsRpV{��Xn$��pVq��vl"pr�vqrnR�=�L�F{y�©{Q�0wZovn${Qov�v{ylCsRpV{QwXo]pV��sRp=pV�F{y�©��nC�I�vn"ovlCn�z�{y�X�4p0x�n$s��XwTwT�
§vp��6wXq�pr�v{y�Lx�sRl+¡Tx<wXovn�sZ��z�wXqrn$pr{y�X�4prtQ��uvsZl+¡Zn"�¦lCwZqrnC��pVn"ov�fpVw]x�n��Js.�XwZqrnC� �
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� ä$# ©�çLíNè�)µê-¡E�Zè�)�¡E�*ª
ì!ê íH)µè(«ÅêKçWª{)²ê
í n�sZuFuvty{QnC�ëpV�vn}�VsRz~n¨uvq�w2l"nC�v�vq�n prwãpr�vn uFqrwZprnC{yoìpVq�{ywX��nhuv�vwX��uv��sRprn�{Q�rwXz�nCqrsZ�rnh�6qrwZz l+�v{yl+¡RnCo
z��v��lCtQnêû � þ�Õ ó ª06 l"w2�Fn�� ( pr{yz Ù �£�L�v{y��uvqrwRpVnC{Qo£{Q��sRoO¬áß]�%��x�sZq�qrnCt¼�=���FnCqrn�pV�vnV���Ox�sZq�qrn"tLlCwXq�n�{Q�
�r�FqrqrwZ�vov�vn"��x4�
¬%�O�vn"ty{Ql.sZt2��pVq��vl"pr�vqrn"�C�dí nØ�6wTlC�v��nC��wZo~pV�FnØl"wXz~uF�Fp+sRpr{ywXovsZtvqrn"�vnC��{y�Xo~wZ��q�nC��{y�v�vn"�©{Qo
pV�FnLlCwXq�nLwZ�ÎpV�vn���OxvsZqrq�nCt��XsZ�N{y�FnCo4pV{�§�nC�]x4�³%%nC��¡fû ¬;5�þ¼�IsZov�]�r�vw7��o�{yo � {y�X�vq�nL¬F���L�vno"PovwXo2�@à&t��2l"{yovn
lCwZqrn&qrn"�r{y�F�vnC�ØsZqrnw�

¢ sZtyü4é2�Fk$tys � è2�2��q�u¦"XéF� ÷ tQn�"4èT� ÷ tyn ( èRüv� ¢ sZt ({�2( �FkØt!s ({� ¬F� ÷ tQn7èZé ) �¦%%nC�ÎèZ¬ZéF�
�	qru¦"Xé��©sZ�&sZtQtyw7�0nC��pVw�sZ�r���vz~n]sRoI�¦qrwZpVsZz�nCq$wR�=pr�vn�sZq�wXz~sRpV{Ql�sZz�{yoFwasZlC{Q�v� ó �vnR� ¯ {y�"� �	qru���sRov�
�Ó�2q"�d�L�vn�wZpV�FnCqdqrn"�r{Q�v�vnC�d�0nCq�nØsRtytyw7�0nC��prw�sR�r�r�Fz~n�sZo4��q�wZp+sRz~n"qNwZ�ÎpV�vn��4�T�vqrwZuv�vwXxv{Ql�sZz�{yovw�sRlC{y�F�
k$tysF� ¢ sRt�� ÷ tQnZ�;%%nC� �Tù�n"pC�IsZov� ó �vnZ�S�L�vnL�VsZz�n�n"ovnCq��Z���6�voFl"pV{QwXo��©sZ�d�v�rn"��sZ�dsZx<w7�XnZ�S�L�v{y�Nq�nC���vtQprnC�
{yo�ü �;) ovwT�vnC�0sZov�4" ( � ) ¬ ) ovwXovÝ"nCq�w�nC�F�XnC�"�dk$�Ó��{QpV��pV�vn¢lCwZty���r�vwTl+¡]uvqrwZprnC{Qo��Tª�Ô=Ô��©sZ�=u�n"q��6wXq�z~n"�
pVw¨pV�Fqrw7� wX�Fp�q�wZp+sZz�nCq���pV��sRp~l.sRovovwZp�u<wX�r��{yxvt��¥x�n�{yo¥pr�vn�wZuFpV{Qz�sZt©�rwXtQ�FpV{QwXo�ß©pr�v{y��qrn"�v�vlCn"�ñpV�Fn
uvq�wXxvtyn"z prw ( ü ( ovw2�FnC�ØsZov���F� è � ü]nC�v�ZnC�C�

�L�vn�wXu2pV{yz~sZtd��wXty�Fpr{ywXo}��sZ��wXx·Q�n"l"pV{��Xn��RsZtQ�vn���èZé@�2� 5 ) é4è2� ÷ o�pr�v{y��l.sZ��nZ�ÓsZtQtÓz~n�pV�vwT�v�&§�ov�êpV�Fn
wXuFpr{yz~sZtÎ�rwXtQ�FpV{QwXo¨Õ6�r�vw7��o�{yo � {Q�X�vqrn$¬Zl Ù ��{QpV�F{yo ( ��éXéXé�q�wX�vov�F{yov�X�"�d�L�vn&s.�Xn"qVsZ�Xn&wXx¯Q�nCl"pr{Q�ZnP�ZsRty�vn"�
sZq�n��

, È4Æ�Ç�Ï%Ñ �
¨ ÈIÅ�ÊvÍÎÈ% ó è�5 ( ��é ( 5 �
ó q�w�Q�nCl�pV{ywZo "X¬F� ( 5Xè�"
ó nCq�qrwXo2� � qrwXx<nCov{Q�v� �@¬ � � " (*)@)

�L�vnØs.�XnCqrsZ�Xn�nCoFnCqr�R�]wZ��pr�vn�qrwX�Fov�vnC�~�rwXtQ�FpV{QwXov�d�vn"z~wZov��prqVsRprnC�dpV��s�p=pr�vn ó n"qrqrwZo2� � qrwZx�n"ov{y�v�dq�wX�vov�T�
{yoF� sR�4sZ{yo¤u<nCq��6wXqrz��]x�n"��p��6wXq�pV�v{Q�]uvqrwXxFtynCz�� ÷ oã�JsZl�p.�=pV�vn¦ÞFª ó ��wXty�Fpr{ywXo¤q�n"pV�Fqrovn"�ñ{y�]l"tywX��nfprw
s�qrsZov¡ ( z~sRprqr{�ÚÁ��pV�vn~t!sZq��XnC��p�n"{y�Xn"oI�RsZtQ�vn�{y���²¤ ) 5 � ¬�wZ�Fp�wR��s�pVwRp+sZtÓ�ru<nCl�pVqrsZt=�0nC{Q�X�4p�wZ� ( éFßNpV�Fn
�rn"lCwXoF�at!sZq��XnC��p©{Q��é²¤�¬ ) 52�S�L�vn�s.�Xn"qVsZ�Xn$qrnCtysRpV{��Xn¢�4sZu~wZ�%pV�vnØ�rwXtQ�FpV{QwXov�Ó�6wX�vov��xI� ó n"qrq�wXo2� � q�wXx�n"ov{y�F�
qrwZ�vov�v{Qov�Ø{Q�Sé2� �4èT���ZnCqr���v� ( �ïüXü��6wXq%�6wXq	uvqrw�Q�n"l"pr{ywXo�qrwX�Fov�v{yoF�$sZoF��è2� èZé¢�6wZq�pr�vn�% ó q�wX�vov�F{yov�Ø�rl+�vn"z~nR�

�L�vn�wXuFpr{yz~sZt��rwXtQ�FpV{QwXohs.�XwZ{y�v�Pl"t!sZ���vnC�"�%sZov� �%sZ��l.sRohx�n���nCn"o¨�6q�wXz � {y�X�FqrnC�$¬XsasZov�¨¬Rx�u�sZl+¡I�
pV�Fn~s.�RsZ{Qt!sZxvtQn���u�sZl"n��0nCtQt�� ÷ p&��sR��wZovtQ��¬X¬����nC�I�vn"ovlCn~{y�vn"oIpr{QpO����{QpV�hpr�vn�o�sRpr{Q�Xn]��wXty�Fpr{ywXo ���L�v{Q�
{y�&ovwRp�ovn"lCn"�r�VsRqr{yt��¨�vovn�ÚFu<nCl�pVn"�Û��ù¦s.�Xw¤û ( è7þ0�Z{Q�Xn"��sf�6wXty�h�6wXq����v{Ql+�¥sf�rnC�I�vn"ovlCn���{�pV�}wXovt��}è ( �
{y�FnCo4pV{�pO��pVw]pV�Fn�ovsRpV{��Xn��rn"�I�vnCovl"n�pV�vsRpL�6wXty�F��pVw�pV�vn&�rsZz~n�����sZu<nZ�

� äyã ®¢ï0í°¯2è�ç:« ð±ªcïZô0è(« ²sçWª³¡E�*)
í n�lCwXoF�r{y�FnCq�pr�vn�qrsZov�vwXzá�XqrsZuv�v�
�h´NÕ.1
£PeÛ£/µ Ù u�sZqrsZz~n�pVn"qr{yÝ"nC��x4��pV�vn©oT�Fz�x�n"qNwZ��oFw2�vn"�á1S�4oI�vz�x�n"q
wZ�¢u<wX�r{�pV{ywZov�(e%�=sZov�¤n"�v�XnfuvqrwZx�sZxv{Qty{QpO�CµT�êÔÓsZl+�¤u<wX�r{�pV{ywZo¥lCwXo4p+sR{yov��1Ûß�eãovwT�vnC�"�ê���©w}ovwT�vnC�]{Qo
�v{Ç� n"qrnCo4pdu<wX��{QpV{QwXov��sZqrn©lCwXovoFnCl"prnC�]x4��sZo�nC�v�Xn0��{QpV��uFqrwXx�sRxv{ytQ{QpO�EµT�NÔÓsZl+��l+�vwZ�rnCo�nC�F�Xn�{y�	�©n"{y�X�4prnC�
x4�a�vqrs7��{Qov�~s��0nC{Q�X�4p¢�vov{Q�6wZqrz�tQ�]�6qrwXz|ûïé²£ ( þ��d�L�FnCqrn�sZq�n&ovw]�rnCt��!�On"�v�XnC�"�

í�n&��wXtQ�ZnC��¬Xé�{yov��p+sZoFlCnC��wZ���vov{��6wXqrzmqVsRov�vwXz �ZqVsZuv�F����{QpV� � é�oFw2�vn"�C� ( 5�u<wX�r{�pV{QwXov�C�FsZov�fnC�F�Xn
uvq�wXx�sZxv{Qty{�pO�héF� 5f�F�r{yoF��ÞFª ó � � {y�X�Fqrn]ü4sflCwXz�u�sZq�nC�&pV�vn]�6qVsZl�pV{QwXo�sZtNwZx·Q�nCl�pV{Q�Zn�wZ�0pV�vn��rn"z~{Q�vn"§vov{Qprn
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� {Q�X�vqrn�¬²���	qr{ywZ�rn�uv�vwX��uv��sRprn¦{y��wXz�nCqVsR�rn Õ¶£�·�¸�¹ Ù �áÕ¼s Ù �L�vn��6�vtytLuFqrwZprnC{yo �0��{Qpr�ãpr�vn¦l"wXqrn�sRprwXz~�
�r�Fw���oñsZ�]xvt!sRl+¡ê�ruv�FnCqrn"�Cß�ÕJx Ù pr�vnfu�wZ�r{Qpr{ywXoF{yov��wR�Øpr�vnf�r{y�Fn��Ol+�vsZ{yov�]{QoãovsRpV�vq�nZß�Õ6l Ù pV�Fn���wXty�2pV{ywZo
qrn�pV�vq�ovnC��x4��pr�vn�ÞFª ó qrwZ�vov�v{Qov�]�rl+�vn"z~n"��Õ6pr�vn�wXuFpV{Qz�sRt Ù � ÷ o�ÕJx Ù sZoF�êÕ6l Ù pV�vn&uvq�wZpVn"{yo�{y��qrwZpVsRpVn"�
�rw]pV�vsRpL�©n�sZq�n�tywTwX¡I{yov���vw7��ofpV�vn�s�Ú2{Q�¢wR��pr�vn&x�sZqrq�nCt¼�

uvq�wX�XqVsRz ��{�pV�ëpV��s�pawZ��pV�vnhtQ{yovnCsZq�uvq�wX�XqrsZz��á�L�vn ÞFª ó uvqrw7�T{y�vn"�fsêpV{y�Z�IprnCq�tQw7�©n"qax�wX�Fov�ìwXo
pV�Fn�z~{Qov{yz��Fz nCovn"qr�Z�Z��pO�Tuv{Ql.sZtQtQ�f��{Qpr�v{yo ( é�� wR�=pr�vn�wXuFpr{yz��Fz�� ÷ o¨lCwXo4prqVsZ��p.��pV�Fn��6qVsZl�pV{ywZo�sZtá% ó
�rwZty�Fpr{ywXo¤{y��oFn"�Xn"q~��{�pV�v{Qo � é��øwZ�ØpV�vnfwXuFpr{yz��Fz��¥kØ�~n�ÚFu<nCl�pVn"�ñpV�vn"o��LsZ��s¨�r{Q�vnfx�n"ovn"§vpC��ÞFª ó
uvq�w��T{Q�vnC�¢s]z~wXq�nPnV��nCl�pV{��Xn�x�wX�Fov�v{yoF�]�6�Fovl"pr{ywXoapV�vsZo3% ó �6wZqLxvqVsZoFl+�2�@sZoF�2�Ox<wX�vov�a�6qrsZz~n��©wZqr¡I�C�

� {y�Z�vqrn�üXxê���vw7����pV�vn~x�n"��p�q�wX�vov�FnC�¥�rwZty�Fpr{ywXo¨�6wX�vov��w��ZnCq ( éF� éZéXé�q�wX�vov�F{yov�X�"� � wXq&pV�FnC�rn�¬Xé
�XqrsZuv�v�"�Tx<wZpr����nCz�{y�vn�§�ov{�pVnLqrwZ�vov�v{Qov�&�rl+�vn"z~n"�0wX�2pVu<nCq��6wZqrz pr�vno% ó {yo�sZtQtFl.sR�rnC�"�2�ZnCovn"qVsZtQtQ��§�ov�v{Qov�
s��rwXtQ�FpV{QwXo���{�pV�v{Qo ( é�� wR��pr�vn�wXuFpV{Qz��vz sZov�]wXovt���wXoFlCn�§�ov�F{yov��s��rwXtQ�FpV{QwXo�z�wXqrn©pr��sZo~èZé��ásZx<w��Zn
pV�FnawXuFpV{Qz��vz��h�L�v{y��z~nCsZov�C�Ó{Qo¤s�uvqVsZl�pV{Ql.sZt0�rnCoF�rnZ�ÓpV�vsRp~ÞFª ó sZtytQw������v��pVw�§vov�¤tyw7�©n"q�nCovn"qr�Z�
lCwZoF�6wXqrz~sRpr{ywXov�"�S�L�vn�pO�0w]�rnCz�{y�Fn"§�ov{�pVnPq�wX�vov�F{yov����l+�vnCz�nC�ØsZq�nPlCwXz�u�sZqrsZxvtQnZ�IpV�vwX�F�X� ó nCq�qrwXoT� � qrwR�
x<nCov{Q�v�%§�ov�v��sLtyw7�©n"q�nCovn"qr�Z�&��wXty�Fpr{ywXo�{Qo (X( wX�Fp	wZ�F¬XéL{yov��p+sZovl"nC�"� ÷ o�wXovnÓl.sZ��nZ�Ruvqrw�Q�n"l"pr{ywXo�qrwX�Fov�v{yoF�
§�ov�F�0s�x<n"p�pVnCqd��wXty�2pV{ywZo����L�FnØs.�ZnCqVsR�Xn�qrwX�voF�vnC��nCovn"qr�Z��{y�N���vw7��o~{Qo � {y�X�vq�n©üXlR� ó n"qrq�wXo2� � q�wXx�n"ov{y�F�
�X{��XnC�&sa��ty{y�Z�IprtQ��x<n"prprnCq��v{Q��prqr{yxF�FpV{QwXo�pr��sZo¨uvqrw*Q�nCl"pr{ywXo¨q�wX�vov�v{Qov�v��6©wZpr�}ÞFª ó q�wX�vov�v{Qov�a�rl+�FnCz�nC�
sZ�4sR{yoawX�Fpru�n"q��6wXq�z pV�Fn�% ó wXovnZ�

� {y�Z�vqrn�5¦���vw7����pV�vn�è@5¦tysZqr�ZnC��p�nC{Q�XnCo4�RsZty�FnC��{yo¥�FnC�rl"nCov�F{yov�¨wXq��vnCq��6wXq�n.sZl+�¤wZ��pV�Fna�vov{Q�6wZqrz
qVsRov�vwXz �XqVsRuv�v�����vw7��oã{Qo � {Q�X�vqrn�üv�}ù�wZ��p�wZ�Lpr�vn���u�n"l"pVq��vz®{Q��l"wXovlCn"o4pVqVs�pVnC�¤{Qo�pV�vn~§�qr��p��6n"�
nC{Q�XnCo4�RsZtQ�vnC�"�NsZov���rw�wXoFn��0wX�vtQ�ên�Ú2u<nCl"p�pV�vn ÃÀ {yoñÕ ) Ù pVw�lCtQwX�rn"tQ�}sZuvuFqrw.Ú2{yz~sRpVn�pV�Fn��rwZty�Fpr{ywXokÀ
sZov�fpV�I�v�Lpr��sRp ó n"qrqrwZo2� � qrwZx�n"ov{y�v�Lq�wX�vov�F{yov���0wX�vty�fu<nCq��6wXqrz �0nCtQt��

�L�vnC��n]qrnC���vtQpr�Pqrn"z�sR{yo��I��sZtQ{QpVsRpV{��XnCt��apV�vn��VsZz�n��6wXqØwZpV�vn"q$�RsZty�FnC�PwZ�KeYÂ ( é�sZov�hn"�v�Xn�uvq�wXx�s��
xv{Qty{Qpr{yn"�(Âìé²¤�¬F� � wXq��Xn"q��f��u�sZqr��n��ZqVsZuv�F�C�vpV�Fn�Þ2ª ó sZov��% ó z�n"pV�Fw2�v���T{QnCty�f��{yz�{yt!sRq0q�nC�r�FtQpV�"�

� ä � º ê�íîõ��u'¹è�ç:�Zè|è|ôÍð±ªcïZô0è�« ²sçWª³¡E�*)
�L�vn��vov{��6wXqrzøqVsZov�FwXz �XqVsRuv�v�]�vw}ovwZp�l.sZu2pV�vq�n���n"�Xn"qVsZt¢uvq�wXu�n"q�pr{ynC�]wZ�ØqrnCsZt�uvqrwRpVnC{Qo¤{yo4pVn"qVsZl�pV{ywZo
�XqrsZuv�v�"�dÞ2{Q�vn���l+��sZ{yoF��pV��sRp�sZq�nN�JsZq�sZu�sRq�p	{yo�pV�FnÓ�6wZty�vn"��uFqrwZprnC{yo&��pVqr�Fl"pV�FqrnÓpO�2uF{yl.sRtytQ�$�vw�ovwZp	{yo4prnCqVsRl"p.�
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(a) Fractional Objectives

LP SDP
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(b) Best Rounded Objectives

Best LP
Best Proj.
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(c) Average Rounded Objective

Avg. LP
Avg. Proj.

Avg. P-F

� {Q�X�vqrndü²��»Øov{��6wXqrzôqVsZov�FwXzõ�XqrsZuv�v�%��{�pV� � éLovw2�FnC�C� ( 5�u<wX�r{�pV{ywZov�C��sZov��nC�F�XnÓuvqrwXxvsZxv{ytQ{QpO�$éF� 52�	ÔÓ�F�Xn
�0nC{y�Z�Ipr�Ø�0nCq�n��vqVs.��o��Fov{Q�6wXq�z~t����6q�wXz ûïéµ£ ( þ¼�|#¢n"�r�vt�pV���6wXq$¬Zé~qVsRov�vwXz {Qov��pVsZovlCn"�PsZq�n����vw7��o��¢�L�vn
qrn"t!sRpr{Q�Zn=�XsZu�wR��sZo�wXx·Q�nCl�pV{��XnÓ�ZsRty�vn�¥�Õ�6qVsZl�pV{ywZo�sZt4wXq�qrwZ�vov�vn"� Ù {Q���vn"§�oFnC��prw$x<n�� Õ.¥�Ý8Óh�E� Ù ß�Óx�L��� �
ÜPo¦pV�Fn�wZpr�vnCq¢��sZov�¦{Q�NpO�0w�qrn"�r{Q�v�vnC�$sZqrn�ovn.sRq$n.sRl+��wZpV�FnCq${Qo�pr�vn��6wXtQ�vnC����prqr�vl�pV�vq�n�z�wX��pØwZ�Npr�vnC{Qq
qrwRp+sZz�nCq�����{ytyt�{yo4pVn"qVsZl�p.�

í�n�lCwXov��{y�vn"q$ovn"{y�X�Ix<wXqr�Fw2wT�¦qrsZov�vwXz �XqrsZuv�v�(�x¼ØÕ�1X£PeF£�� Ù pV��s�pPl.sRuFpV�vq�n��rwZz~n�wZ�NpV�FnC�rn�uvqrwXuT�
nCq�pV{QnC�C�0�L�vn"��sZq�n�sR�4sZ{yofu�sRqVsZz�n"prnCqr{QÝCn"��x4�apV�Fn�oI�vz�x<nCq¢wZ�Sovw2�FnC�o1�sZoF�¦oI�vz�x<nCq¢wZ�Nu<wX��{QpV{QwXov�áe%�
���vn"qrn�n.sZl+��u<wX�r{�pV{ywZo���sZ��1Ûß�e]ovwT�vnC�"�Óà&{��Xn"o�uvsZqVsZz�n"prnCq{���4n"�v�XnC�=sZq�n��vn�§�ovnC��sZ�N�6wXtQtyw7���9�%�6wXqNnCsZl+�
u<wX�r{�pV{ywZo�x�sau<wX{yo4p*½ v {y�Pl+�vwZ�rnCo}�vov{��6wXqrz�tQ��s�p&qVsZov�FwXz {Qo�pV�vn]¬Zªú�Fov{Qp�l"�vx<nZ� ÷ �Ópr�vn]Ôd�vlCtQ{y�vnCsZo
�v{Q��p+sRovlCn�x<n"pO�0nCn"oC½ r sZov�m½ v {Q��¼¾���<pV�vn"o�pV�vn�qrwZpVsZz~n"qr�Ø{yo�u<wX�r{�pV{QwXov�o��sZov��xfsZq�n�l"wXovovn"l"pVn"�¨xI�
pV�Fn�lCwXz�uvtQn"pVn~xv{yuvsZq�pr{QpVn~�XqVsRuv��ß={Q��pr�vna�v{y��p+sZoFlCn�{Q�
p¿���Npr�vnCq�nasZqrn�ovwhnC�v�ZnC��x<n"pO�0nCnCo ��sZoF�kxÎ�
Ôd�v�Xn"�$sZq�nP�©n"{y�X�4prnC�¦x4�al+�Fw2wX��{yov��s��©n"{y�X�4p¢�vov{��6wXqrz�tQ�]�6q�wXz|û é²£ ( þ¼�

� {y�Z�vqrn � �r�vw7���dpV�vn©qrnC���vtQpr�N�6wXqNovn"{y�X�Ix<wXqr�Fw2wT��qrsZov�vwXz �XqVsRuv�v�S��{�pV���RsZqr{QwX�v�	�ZsRty�vn"�S�6wXq{��� � wXq
�ruvsZqr��n��ZqVsZuv�F��ÕJ�rz~sZtQt�� Ù � pr�vn~ÞFª ó sZov�}% ó sZuvuFqrw4sZl+�FnC�&�2{QnCtQ�h�r{yz�{ytysZq�qrn"�r�vt�pV�C��k$�L��{QovlCq�n.sZ��nC�"�
u<wX�r{�pV{ywZov��sRqrn�z�wXqrn�ty{Q¡ZnCt��¥pVwêx<n�l"wXovovn"l"pVn"����pV�vn�wZuFpV{Qz��vz wXx·Q�n"l"pV{��Xn��Zqrw7���C�ØsZov�ñpr�vn¨ÞFª ó �ï�
sZ�F�RsZo4pVsZ�Xn${Qo~tQw7�©n"q©x<wX�vov�v{Qov��pr�vn$wZuFpV{Qz��vzî��wXty�Fpr{ywXo�{yoFlCqrnCsZ�rn"�C�c6©wRpV��uvq�w�Q�nCl�pV{QwXo�q�wX�vov�v{Qov��sRov�
ó n"qrq�wXo2� � q�wXx�n"ov{y�F�Øq�wX�vov�v{Qov��lCsZo¦§�oF��pV�Fn�wXuFpr{yz��Fz �rwXtQ�FpV{QwXov�L�6wXq¢z~wX��p$wR�NpV�vn"�rn��XqVsZuF�v�Ø��{�pV�v{Qo
( éF��éXéXéaq�wX�vov�v{Qov�X�"�����FnCqrnCsZ��pr�v{y�&{Q��ovwZp&pV�vn�l.sR�rn]�6wXq�pV�vn^% ó qrwX�Fov�v{yoF�v�]�L�vn�s.�ZnCqVsR�Xn~q�wX�vov�FnC�
nCoFnCqr�R�a{y�L���vw7��o¦{yo � {y�X�vq�n � �ÎsZoF��sR�4sZ{yo ó nCq�qrwXo2� � qrwXx<nCov{Q�v�L�X{��XnC�¢s��rtQ{y�X�4prtQ��x�n�prprnCq��v{y��pVq�{yxv�Fpr{ywXo
pV�vsZohuvqrw*Q�nCl"pr{ywXohq�wX�vov�F{yov�v�$�L�vn��ru<nCl�pVqVs��6wXqØovnC{Q�X�Ix�wZqr�vwTw2�¦qVsZov�FwXz �ZqVsZuv�F�PwZ�Ótyw7�álCwZovovnCl�pV{QwXo
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� {Q�X�vqrn05µ�d�L�vn�è@5�t!sZq��XnC��pLnC{Q�XnCo4�RsZtQ�vnC�LwZ��pr�vn�ÞFª ó ��wXty�Fpr{ywXoaz~sRprqr{�Ú��6wXq�pr�vn&¬Xé��vov{��6wXqrzmqVsRov�vwXz
�XqrsZuv�v���r�vw7��o¥{Qo � {Q�X�vq�n�üF�a�L�vn�n"{y�Xn"oI�RsZtQ�vnC���r�Fz«prw ({� x�n"l.sZ�F�rn~prq!À j eêsZov�}pV�vn"qrn�sRqrn ({�
u<wX�r{�pV{ywZov��{yoFlCty�F�v{yov��pr�vn&�v�vz�z���u<wX��{QpV{QwXo��¦nØ{Qo�ÕJ¬ Ù �

�v{Q��p+sRovlCn�sZqrn�sZty��w��Xn"q�� lCwXoFlCnCo4prqVsRprnC�¥{yo}pV�vn��v{y�X�FnC��p�nC{Q�XnCo4�RsZtQ�vnZ��k$��pV�vn�l"wXovovn"l"pr{ywXoê�F{y��pVsZovl"n
{yoFlCqrnCsZ�rn"�C��pV�Fn���u�n"l"prqr�vz �Xn"ovnCqrsZtyt���x<nCl"wXz�nC��z~wZqrn��ruFqrn.sR�¦wX�Fp�Õ6��sRpVs]oFwZp¢�r�vw7��o Ù �
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(a) Fractional Objectives

LP SDP
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(b) Best Rounded Objectives

Best LP
Best Proj.

Best P-F
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(c) Average Rounded Objective

Avg. LP
Avg. Proj.

Avg. P-F
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