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acbed_fhgji�klfnmXo%pqgjrjstfhuvbUr�bwp�xXyhbwfhozu{rjd|uvf}u{d}~7u�f��w�Rfhbeo�dQfh�&�X�{u{dnm�fnmXo?szb7b&y�i�uvr���fno�d|bwpOfhmXo�u{��x]b&ynfh�&r)f}yno�dQu�i�gXo�d

� xjynozpqozy��w�X�{k�fnb9��fhb&��u{s}yno�dQbU�vgXfnu{b&r���fnb��U�&uvreu{rjdnuv�Um)f�u{r)fnb�fnmXo���o�s�mj�&rXu�dQ��b&pVsz�wfh�w�{k�dQu�d���dngX�jdQfny���fho}bUynu{ozr)fh�wfnu{b&r
�wr�i�dngX�jdQfny���fho9�Xu{rji�u{rX�j�;aOmXozyhoe�wyho4~��wyhuvbUgjd���o�fnmjb7ijd?��~��wu{�{�&�X�{o�fhb�b&��f��wu{r�xXynb&fno�uvr+dQfnyhgjstfhgXynoeszb7b&y�i�uvr���fno�d
dngjs�m��&d\����y���k�szynk�dQfh�w�{�{b&�&y��wxjm)kU�js�yhk&b&��o��vo�stfhynbUr���u�s�yhbUdhs�b&x7k4�wrji����e ¡��o��&dngXyhoz��ozr)fhd��\aOmjo�dno}��o�fhmXb�iXd��&u{~&o
~��wyhuvbUgjd��{oz~&o��{d¢bwpOyno�dQbU�vg�fhuvbUr��¤£�uvfnm�����y���k�szynk�dQfh�w�{�{b&�&y��wxjm)k4gjdngj�&�v�{k��Uuv~7u{rX�4fnmXo?mXuv�UmXo�dQf¢yho�dnb&�{g�fnu{b&r � iXb�£�rlfhb
¥ �§¦�¨)© �«ª o��{dhs�m=¬z­�®�¯°�{�c± ¥U¥&¥ �Q���&rji�szynkUbw��²`�³fnmXo��{b�£Vo�d_f � b&rj�vk9i�b�£�r�fnb�dno�szb&rjij�wyhk�dQfnyhgjstfhgXyho�i�u�dnszynu{��uvr���fnu{b&r¤�
´ � ��¥ ©��t��µ\rjo�b&p�fnmXo9¶�s�mXu{�{�vo�d�mjozoz��d�bwp�����y���k·s�yhk7dQfh�&�v�{b&�Uyh�&xXm7k�u�d�fnmXo4rXo�o�i�fhblb�~Uozyho�¸�xXyho�dhd�fnmjo�xjynb&fnozu{r#bUy
u�dQbU�{�wfno�dng�¹�s�u{ozr)f¢º)gj�wr)fhu�fhuvo�d�pqyhb&��rj�wfngXy��w�»dnb&gXy�s�o�dz�|aOmXo�����fQfhozy���o�fhmXb�i�u�d����{b&rX�4�wrjiefno�i�uvbUgjd�xXyhb7szo�dhd\�&rji
fnm7gjd�b�~&ozyho�¸�xXyho�dhdnuvbUr�uvr4mXozfno�ynbU�vbU�&b&g�d¼dnk�d_fhoz�%dOu�dOfnmXo}xXynozpqozyhyno�i?��ozfnmXb�i½�¼�9bUdQf�xXynb&fno�uvrjd��Xo�dQx]o�szu{�&�v�{k��%�w���wyhu{�&�
xXyhbwfhozu{rjdz�Oi�b·rXb&f�b�~&ozyho�¸�xXyho�dhd¢£¼oz�{��u{r¿¾�À|Á�Â�¯°Ã�i�gXo4fnb�fhmXoeyhu{s�m�¶�Ä�a¼�Ås�b�i�bUr#�Xu��&d � ¶�y���~)u{rjiA¬z­�®�¯vÀvÆ|± ¥U¥&Ç ���
È�b�£¼oz~Uozy��w��xXyhbwfno�uvr%�%��k¢oz¸�xXyno�dndRuvr�mXu{�&m%o�rXb&gX�Um�k)u{oz��iXd»�jg�f`�%��k}rXb&f»pqb&��i%s�bUynyho�s�fn�{k}�wrji�fhm)g�d»pqb&yh�¡u{rjsz�vgjdnu{b&r
�]b7iXuvo�dz�RÉ7bU��o�xXyhbwfhozu{rjdOdQgjs�m��&d�Ê�À)Ë�®�¯vÁzÃ Ìj®�ÍtÎ�ÏÐÉ7���Ui�ozrXb)dQk7�v����ozfnmXu{b&rXu{rXo�i�o�s��wyh��b�¸�k7�{�UdQoU�U�&yno\o�¸�xXyho�dhdQo�i%��fO�vb�£
�{oz~&o��{d}�wrji·�wyho%b&rj�vk�d_f��w�X�{o%uvr�dnb&�{g�fhuvbUrlpqbUy}��pqoz£ÑmXbUgXy�dz�¤fnm7gjd�fhmXo�yhu{dnÒ�u{rjs�yho��UdQo�d�pqb&y¢�{b�£|�¤u{rj�Ustfnu{~&o%xjynb&fnozu{r
k7uvo��{ijd �ÔÓ uvyhÒ7mXb&�vfnÕe¬z­�®w¯vÀvÆV± ¥U¥ ¨)����µ\rjszo%dQg�¹�szuvo�rUf¢º)gj�&rUfhu�fhuvo�d�bwpOxXgXyho�xXynb&fno�uvr�mj��~&o��]ozozr�b&�Xfh�wu{rXo�i�uvf¢mj�&d�fhb
dngX��Ö_o�s�fno�i�fnb}fnmXo�xXyhb7szo�i�gjyno�b&p¤s�yhk�d_f��w�{�vu{Õ��wfnu{b&r%£�mXu�s�m�u�d`yhoz�)�wy�i�o�i��7k���b)d_fOdnszuvo�r)fnu�d_f�d`�&d¼�\×Q�X���&s�Ò���b�¸)Øt�IÉ�b&��o
o�Ù�b&ynf`mj�UdR�Ub&rXo�u{r)fnb}fnyhk)u{rX�|fhb¢oz�{gjszu{iX�wfno�s�yhk7dQfh�&�v�{u{Õ���fhuvbUr�xj�wy��w��o�fhozy�dz�UdQgjs�m��&dRxjÚ	b&p½fnmXo\xXyhbwfno�uvr �«Û �wr)fh�&yhi�Ö_uvozÙ
¬z­V®�¯°�{�X± ¥U¥ ¨)�R�wrji�fnmXo�xjÈÜ��fV£�mju{s�m�s�yhk7dQfh�&�v�{u{Õ���fhuvbUr%b�szs�gjynyho�i �«Ý bUgX�U�&�v�»¬�­¼®�¯°�{�j± ¥U¥ ¨)���&�XgXfVfhmXozk%mj��~Uo���o�fO£�u�fhm
�{uv��uvfno�i4dngjszszo�dhdz�IÚÅr9dnxXu�fho|bwpcfnmXo�dQo|m7gXy�i��{o�dOb&r�fnmjo|£¼��k�fhb%b&��f��wu{rXuvrj��xXyhbwfhozu{r9s�yhk7dQfh�&�{d�����yno�dQbU�vg�fhuvbUr?b&p ¥ � ¦w¨U©
u�d�s�gXyhyno�r)fn�{k�b&��f��wu{rj�w�j�vo �Ôª oz��dhs�m·¬z­¼®w¯°�v��± ¥U¥&¥ ���
���� ¿u�dOb&rXo|�&��fhozyhrj��fhuv~Uo\bUx�fnu{b&r��Xg�f�dng�Ù]o�yhd¼pqyhb&�ÞdQbU��o�bwpcfnmXo¢dh�w��o�xXyhb&�X�{oz�%dO�&d¼����y���k�s�yhk�d_f��w�{�vbU�&y��wxXm7k

� oz¸�xXyno�dndnu{b&r��{oz~&o��{d��IxXyhbwfno�uvr�u�dnb&����fnu{b&r]�t��¶�r=�&iX~��&r)fh�w�Uo%bwp��\�e ßu�d¢fhmj��f�i�k7rj�w��u�s?dQfnyhgjstfhgXyno�d}�&yno�bU��fh�&uvrjo�i
�Xg�f�szgXynyhozr)fh�vk·b&rj�vk·xXyhbwfhozu{rjd�gXx�fhb=à ´U¥ Ò Ý sz�&r#�]o�u{r7~&o�dQfnu{�U�wfno�i � acgX�U�&ynu{rXb�~+¬�­�®�¯vÀvÆ�± ¥U¥ ±U�t�·ÚÅr�fhmXo4o��wyh�{k
á ¥jâ d}yno�dQo��wy�s�mXozy�d�d_f��wynfno�i�fnb�u{r7~&o�d_fhuv�)��fno�szb&��xXg�fhozy���b�i�o��{d��&d��wr��&��fhozyhrj��fhuv~Uo%fnb�dQfng�i�k·xXynb&fno�uvr#dQfnyhgjs�fngXyho�d��
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aOmXo¢�Ui�~��wr)fh�&�&o�bwp»gjdnuvrj��s�b&��xXgXfnozy���b�i�o��v�{u{rX�%u{d�fnmXo}dnx]ozo�i4£�uvfnm9£�mju{s�m9��xXyhbwfhozu{r4s��wr4�]o¢��b7iXoz�{�vo�i��jg�f�fnmjo
yho�dnb&�{g�fnu{b&r}�Us�mXu{oz~&o�i¢u�dIi�ozx]ozrjiXozr)f»b&r¢fhmXoOx�o�yhszozr)fh�&�&oVu{i�o�r)fnuvf_k¢��ozf_£Vo�ozr�fnmXoVfh�&yn�Uo�f»�wrji¢fno���xj�{�wfno&�IaOmXo�Bjo��{i�bwp
s�bU��xXg�fno�yQ�Å�wu�i�o�i¢xXyhbwfhozu{r���b�i�oz�{�{uvrX��oz¸7x��wrji�o�i�iXgXynu{rX��fnmjoDC ¥Xâ d	£�u�fhm�fnmXoOyhoz�{o��&dno¼bwpjfhmXo��lµ Ý ²FE:E¤²` �xj�&s�Ò��&�&o
� ÉX�w�{uV¬�­O®�¯°�{� � C!C Ç �t�

G<HJIKHJIKHMLONKPQN�R@N�S�TUPQN<V�W�RJRJX@Y9S

È�bU��b&�{b&�&k � bUy�szb&��xj�&yh�wfnu{~&o��|��b�i�o��v�{u{rX��u�d�fnmXo�xXyhb7szo�dhd¢£�mXo�yno�fnmjo�dQfnyhgjstfhgXyho?bwp��lxXyhbwfhozu{r�u{d���b�i�oz�{�{o�i
�j�UdQo�i9b&r���sz�vb)dQo��vk4yhoz����fno�i9xXyhbwfhozu{re£�u�fhm��?Ò7rXb�£�rldQfnyhgjstfhgXyho&��Ú�f�u�d�gjdngj�w�{�vke�UdndngX��o�i9fnmj�wf\fhmXo�xjynb&fnozu{rjd��wyho
mXbU��bU�vbU�&bUgjdz�U��o��wrjuvrX��fnmjozk%mj��~Uo���s�b&����b&r�oz~Ub&�{g�fnu{b&rj�&ynk��wr�s�o�dQfnbUy��IaOmXo Ç Ý dQfnyhgjstfhgXyho�dVbwp¤xXyhbwfhozu{rjdOs�mj�wrj�&o
�{u�fnfn�{o%£�u�fhm�o�~&bU�vg�fhuvbUrl�&rjiefhm7gjd�fnmjo��UdndngX��x�fhuvbUrl£�mXu�s�m�gXrji�o�ynxXu{rjd|szb&��xj�wy���fhuv~Uo���b�i�o��v�{uvrj��u�d�fnm���f|xXyhbwfno�uvr�d
£�uvfnm�dnuv��u{�{�&y�dno�º)gXozr�s�o�d¢£�uv�{�`mj��~Uo��9dQu{��uv���wy�d_fhyngjs�fngXyho � �e�wynfnuv�� �ozrXbU� ¬z­�®w¯vÀvÆO± ¥&¥&¥ �t��aOmXo�b&xjx�b)dQuvfno�u�d}�&�{dnb
fnyhgXo�u{r?fhmj��f�xXyhbwfhozu{rjd¼£�u�fhm9��dnu{��u{���wy�d_fhyng�stfngjyno�i�b�rXbwf�rXo�s�o�dndh�wyhuv�{k�dnmj�wyho�fhmXo|dn�&��o�dno�º)gXo�rjs�o � ���wynfnuv�� �o�rXb&�
¬z­¼®�¯{ÀvÆc± ¥&¥U¥ ���
aOmXo�yno¼�wyho»fnmXyhozo¼�%�wu{r¢��o�fhmXb�iXd	gjdQo�i|fhb�szb&rjdQfnyhgjstf	��b7iXoz��d�Z���b�i�o��v�{uvrj�\�7k�ynu{�&u�i7����b�i�k|�Udndnoz���X�vkU����b�i�o��v�{u{rX�

�7k�dQo��&��ozr)f����wfhs�mXu{rX���wrji#��b�i�o��v�{u{rX���7k�dh��fnu�dQpÔ�&stfhuvbUr�bwp�dnxj�wfnu��w�Oyno�d_fhyh�&uvr)f�dz�· �u{�&u�i7���]b�i�k��&dhdQo��}�X�{k·u{d}fnmjo
��o�fhmXb�i+£�mXozyhoz�7k���xXyhbwfno�uvr���b�i�oz�\u{d�s�bUrjdQfnyhgjstfho�i=pqynbU� dn�%�w�{��yhuv�Uu{i�xXu{o�szo�d��AaOmXo�dnoexXu{o�szo�d?�&yno9bU��fh�&uvrjo�i
pqyhb&� dno�º)gXo�rjs�o¢�&�vu{�&rX��o�rUf�dO�wrji4�wyho��j�&dno�i�b&r4s�bUrjdnozyh~&o�i�s�bUyno�yhoz�&u{b&r�dz�7�{b)bUxjd��wr�i�dnu�i�o��Ås�mj�wu{r�szb&r�pqbUyn�%�wfnu{b&rjd��
aOmXo��j�&s�Ò7�]b&rXo�u{d�szb&rjdQfnyhgjstfho�i#�)k�f��wÒ7uvrj��fhmXo���~Uozy��w�Uo\[

α

�wfnbU�.szb7b&y�i�uvr���fno�d¢pqyhb&�.fhmXo4s�b&r�dQo�yn~Uo�i·xj�&yQf�bwp
fnmjo%fno���xj�{�wfno?dQfnyhgjstfhgXyho�d���aOmXo%yho�dQf}bwp¼fnmjo��%�wu{r�s�mj�wu{r���fnbU�%d|�wyho�fnmXo�r�dQgXx]ozyhu{��x]bUdno�ilpqyhb&� fnmXo�fhoz��xX����fho
dno�º)gXozr�s�o|£�uvfnm9fhmXo¢mXu{�&mXo�d_f�dQu{��uv���wyhu�f_k?fnb�fhmXo¢f��wyh�&o�f��¼aOmjo¢�vb7bUxjd��wyho|�XgXu{�vf\��p fhozy\���{u{�Xyh�&ynk�dQo��wy�s�m?pqbUy\dnuv��u{�{�&y
dQfnyhgjstfhgXyno�d}�&rji�fnmXo�dQu�i�oz��s�mj�&uvr�d¢�wyho%�XgXu{��f�gjdnuvrX�l�es�bU�}�Xu{rj��fhuvbUr�bwpOfno���xX�{�wfno�dQu�i�o��Ås�mj�&uvr�s�bUr�pqb&yh�%��fhuvbUr·�&rji
xXyho�pqo�ynyho�i�dnu{i�oz��s�m��wu{r�szb&r�pqbUyn�%�wfnu{b&r��IaOmXo][�µ��O^Oµ�É7²` +xj�Us�Ò��w�&o � É7g�f�s��{u�Ù�o�¬z­`®�¯vÀ{� � C ´ á �I�wxXxj�vu{o�dRfnmXu�dR��o�fhmXb�i
bwpI��b�i�oz�{�vu{rX���
�9b�i�o��v�{uvrj���7k4dnoz�U��ozr)f��%��f�s�mXuvrj�?gjdno�d\dQmXbUyQf\x�o�x�fnu�i�o�dQo�ºUgjozrjszo�d�fhb�szb&rjdQfnyhgjstf��%��b�i�oz��� Ó k9dQo��wy�s�mXu{rX���

iX�wfh�w���&dno%£�u�fhm�fnmXo�dQx]o�szu%B]s�dQmjb&ynf�dQo�º)gXozrjszo��wrji·�%�wfhs�mXu{rX�_[
α

��fnbU�³szb7b&y�i�uvr���fno�dz�	dQmjb&ynf}xXu{o�s�o�d¢b&pOxjynb&fnozu{r
sz�&r��]o%�&dhdQo��}�X�{o�i½��aOmXo�dno�dnmXbUyQf�xXu{o�s�o�d��wyho¢fnmjozr�xXg�f�fnbU�&o�fhmXozy|�&rji���s�bUr�pqb&yh�%��fnu{b&r��w�	yno�d_fhyh�&uvr)f\u�d|�wxjxX�vu{o�i��
aOmXo��&i�~��wr)f��w�&o|b&p»fnmXu�d���o�fnmjb7ieu{d�fnmj�wf�dnmXb&ynf�u{rjdnozynfnu{b&rjd��wrji9iXoz�{o�fnu{b&r�d\�Ud�£¼oz�{�	�Ud\dnu{iXo��Ås�mj�wu{r9��fnbU�%d\s��wr9�]o
s�bUrjdQfnyhgjstfho�i½�»aOmXo|��o�fhmXb�i�u{dOu{��xX�vo���ozr)fno�i�u{r�fnmXo}É�²�`��lµ Ý x��&s�Ò��w�Uo � E�oz~7uvfQf�� � C�CU±&���
É7xj�wfnu��w��yho�dQfny��wu{r)fIdh��fhu{dQpÔ�&s�fnu{b&r���b�i�o��v�{u{rX��u{dIbUrXoObwp]fnmXo���bUdQf»xXyhb&��u{dnu{rX�\��ozfnmXb�iXdR�UdI~��wyhuvbUgjd	yno�d_fhyh�&uvr)fhdIs��wr

�]o}gjdno�i�fhb��&gXu�i�o¢xjynb&fnozu{res�bUrjdQfnyhgjstfhuvbUr���¶2xXyhb&�Uyh�&� �vu{Ò&o��lµ Ý ²�E:E�²V 2�&dhdQgj��o�d�fhmj��f\�&�vu{�&rjo�i4yho�dnu{i�gjo�d�£�u{�{�
mj��~Uo�dQu{��uv���wy`yno�d_fhyh�&uvr)fhdVdQg�s�m��&dR�]b&r�i��wrX�U�vo�dz�)i�u{mXo�i�y��w���wrj�&�{o�dR�&rji�dQfnozyhozb�s�mXo���u{dQfnyhk��&rji�gjdno�d`fnmXo�dQo\~��&�vgjo�d»fhb
s�bUrjdQfnyhgjstfOfnmjo|��b�i�o�� �Ja u{�&gXyho¢±�� �!b É��&�vu`¬z­¼®w¯°�{� � C�C Ç �t�
aOmXo9dnxj��fhu{�&��yno�d_fhyh�&uvr)fhd��wyho�fnmXo�r+s�b&���Xu{rXo�i=£�u�fhm�fnmXoc[¼È�¶\ ��e��±U±lpqb&y�s�o�Bjoz��i�xj�&yh�&��o�fno�yhd � fnb·ozr�pqbUyhszo

xXyhb&x]ozyOd_fhozyhozb�s�mXo���u�dQfnyhk��Ruvr)fhb��&r?b&�XÖ_o�stfhuv~Uo�pqgXr�stfnu{b&r � ���&s Û o�ynyhoz�{�	¬z­¼®w¯°�{� � C!C ´ ���	aOmXo���b�i�oz�]fnmjozr�gXrji�o�yn�Ub)o�d
b&xXfnu{��u{Õ��wfnu{b&reb&pRfnmjo�bU��Ö_o�s�fnu{~&o¢pqgjrjstfhuvbUr�u{rU[¼�&yQfho�dnu{�&redQxj�Us�oU��aOmjo}u{rjs��{gjdnuvbUr�bwp`fnmXod[¼È�¶\ ��e��±U±�pqb&y�s�o�Bjoz��i
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xj�&yh�&��ozfno�yhd��w�{�vb�£�d�pqb&y�fhmXo�o�¸7fny��?bUx�fnu{��uvÕ���fhuvbUr�bwpVfnmXo���b�i�oz�IfhmXyhb&gX�Um���b&�{o�szgX�{�&y�iXk)r��w��u{s�dz���lµ Ý ²FE:E¤²` 
�w��dnb=�w�{�{b�£�d%pqb&y�fnmjo��UiXi�uvfnu{b&r¿b&p¢o�¸7fny���yho�dQfny��wu{r)fhd�dQgjs�mÜ�&d�ozr�pqbUyhszuvrj�#dQo�s�bUrjiX�wyhk�d_fhyngjs�fngXyho&�\uvr�s�b&yhx]b&y���fnu{rX�
yho�dngX��f�d¼pqynbU� s�yhbUdhdQ���{uvrjÒ)u{rX��o�¸�x]ozyhuv��ozr)f�d��wrji����e Üyho�dngX�vfhd���£�mXu{s�m9s��wr�mXoz�{x�fnb�uv��xXyhb�~&o\fnmjo|��b�i�o��«� a gXynfnmXo�y
i�u�dnszgjdhdQu{b&r�£�uv�{��yhoz����fho�fhb��lµ Ý ²�E:E�²V |�j�&dOuvf�£O�&dOgjdno�i?fnb�szb&rjdQfnyhgjstfOfhmXo|��b7iXoz��dOuvr�fnmju{d�dQfng�i�k&�

E�b7bUx9��b�i�o��v�{u{rX�?u�d�b&rXo�bwp»fnmjo���bUdQf�iXu�¹�s�gj��f|�wyho��Ud�bwpRmjb&��b&�{b&�Uk���b�i�oz�{�{uvrX����É�b&��o}o�rXÕzk7��o�d�i�uvÙ]o�y\bUrX�vk
�7k}fhmXo��{ozrX�&fnm%b&p]fhmXo��{b7b&xjdR��ozf_£Vo�ozr�fnmjo\dno�s�bUrjiX�&ynk}dQfnyhgjs�fngXyho�oz�{oz��o�rUf�d`�&rji�fnmXo�dQo\�vb7b&x�dR�wyho���b&yho�bwp fno�r%fnm��wr
rXb&f��&�{dnb}yho�dnx]b&rjdnuv�j�vo\pqb&y¼fnmjo�dnx]o�s�u B�szu�f_k%b&p¤fnmjo�o�rXÕzk7��o � �e�&yQfhu��Å �ozrjb&� ¬z­V®�¯vÀvÆ¤± ¥&¥&¥ �t�"9R�wyhuvbUgjdV��ozfnmXb�iXdOm���~&o
�]ozozr�gjdno�i�fnb�fnyhk��&rjie��b�i�oz�»�{b7b&xjd|dngjs�m��&d�iX��f��w�j�UdQo�dno��wy�s�mXo�d�b&pVÒ7rXb�£�r��{b7b&x·d_fhyng�stfngjyno�d � [VmXbwfhmXu���¬z­�®w¯°�v�
� C ´ á b `�yhozozy�� � C ´U¥ �t����b&�{o�s�gj�{�&y�i�k7rj�w��u�szd\dQu{�}gX����fhuvbUrjd �«Ó yngjs�s�bU�vo�ynuV¬z­�®�¯vÀ{� � C!C ¥ b a u�dQo�y�¬z­�®�¯vÀ{��± ¥U¥&¥ �t�j�UozrXozfnu�s
�w�{�&bUynuvfnmj��d � �es0`��wyhyh�&m�¬z­�®�¯vÀ{� � C!C Ç b  �u{rX�l¬z­�®�¯°�{� � C!C&¨)���X�Xu��&dno�i4xXyhb&�j�&�Xu{�vuvf_k��9bUr)fno�[¼�&yn�{b%dQo��wy�s�m � ²R~��wrjd�¬z­
®�¯��v� � C!C)¦ b aOmj�&rXÒ7u�¬z­\®w¯°�v� � C�C á ���wrjildQk�dQfno����wfnu�s�szb&r�pqbUyn�%�wfnu{b&rj�&�	dno��&yhs�mXo�d �«Ó ynb�£¼ozy�¬�­\®w¯°�{� � C�C Ç b Ó yhgjszszb&�{ozyhu
¬z­O®w¯°�v� � C�C Ç �Rfhb%��ozr)fnu{b&r9�XgXf\��pqoz£|�O�lµ Ý ²FE:E¤²` Ab&r�s�o¢�w�)�wu{r?fhynu{o�d�fnb%b&xXfnu{��u{Õzo¢fnmXo¢bU��Ö_o�s�fnu{~&o¢dhs�bUyno�bwp	fnmjo
�{b)bUx?fhb%uv��xXyhb�~&o\fnmjo|��b�i�o��«�
¶�rjbwfnmjozy¼u{dhdQgjo�ozr�s�b&gjrUfhozyho�i�£�mXo�r���b�i�oz�{�vu{rX��dQo�º)gXozrjszo�d`£�u�fhm?�{b�£�dnu{��u{���wyhu�f_k�u�dRfhmj��fObwp¤dnu{iXo��Ås�mj�wu{r�s�bUr�pqb&yn�

�%��fhuvbUrjdz�":+mXo�r}f_£¼b|dQo�ºUgjozrjszo�d	mj��~&o�� Ç&¥<; b&yI�{o�dhd»dQu{��uv���wyhu�f_kU�&dnu{i�oz��s�m��wu{r}xj�Us�Ò)u{rX���wrji�u{rUfhozy��&s�fnu{b&rjd	�&o�rXozy��w�{�{k
�]o�s�bU��o¢gXrXxXyho�iXu{s�fh�w�j�voU�¼²R¸7x]bUdno�i9dnu�i�o��Ås�mj�wu{rjd��&�{dnb%xXyho�dnozr)f��%xXyhb&�j�vo��Þ�&d�fnmXo�k��%��k��&i�bUx�f�~��wyhuvbUgjd�i�uvÙ�ozyhozr)f
s�bUr�pqb&yh�%��fhuvbUrjd¼£�u�fhmXb&g�f���dnuvrj�&�{o�bUrXo���o�uvrj��i�b&��u{rj�wr)f � [VmXb&fnmXu��e¬z­¼®�¯��v� � C ´ á b  �bUdQf�� � C!C�CU�t�
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¶�d�£�u�fhme�wr7k�fnmXo�b&yho�fnu�sz�&����o�fhmXb�i4fnmXo�yno��wyho¢s�ozynfh�&uvr4yho�dQfnyhu{s�fnu{b&rjd�i�gXyhuvrX��s�b&��xj�&yh�wfnu{~&o���b�i�oz�{�vu{rX���¼²`ynyhb&y�d

sz�&r}�]oOuvr)fnyhb�i�gjszo�i¢u{r�fnmXoOxXyhbwfhozu{r}�j�Us�Ò)�]b&rjoV�&dI�\yno�dQgj��fIbwp]uvrjdnozynfnu{b&r�d � �wyho��&dcu{r}fhmXo¼fh�wyh�&ozf	£�uvfnmjb&g�f»��fhoz��xX����fho
�%��f�s�m��	b&yRi�o��vozfnu{b&rjdRuvr�fnmjoOfh�wyh�&ozfRdQo�ºUgjozrjszo&�I�9u{dh�w�{u{�&rX��ozr)f»u�d»b&rXo�b&p�fhmXo�b&rj�vk�ozyhynbUyhdc£�mXu�s�m�s��wr��]o�s�b&yhyho�stfho�i
fnb4��s�ozynfh�&uvrlo�¸7fno�r)f���É7o�º)gXozrjszo�iXuv~Uozy�dQuvf_k9£�uv�{�»�w��dQb�uvr)fhynb�i�gjszo�dnu�i�o��Ås�mj�wu{r�x��&s�Ò7uvrj���wr�ieu{rUfhozy��&s�fnu{b&reo�ynyhb&y�d��Ud
£¼oz�{���&dOgjdnuvrj��£�yhb&rj��fhoz��xX����fho�dOu{r4s��&dno�d¼bwp»i�u�d_f��wr)fn�{k�yhoz����fho�i�xXynb&fno�uvrjd � �e�wynfnuv�Å �ozrXbU� ¬z­¼®�¯{ÀvÆc± ¥&¥U¥ ���
È�bU��b&�{b&�&k���b�i�o��v�{u{rX� � bUy}s�bU��xj�wy���fhuv~Uo���b�i�o��v�{uvrj�)��£�uvfnm#��µ Ý ²FE9E�²`  u{d�i�uv~7u�i�o�i·u{r)fnb4pqbUgXy�dQfno�xjd�Z � � �

pqb&��i%�&dhdnuv�UrX��ozr)f`�wrji�fhoz��xX����fno\dQo��vo�stfnu{b&r¤� � ±U�	fno���xX�{�wfnoz�«f��wyh�&o�f`�&�vu{�&rj��o�r)f�� � Ç �I��b�i�o��j�XgXu{��i�uvrj�}�wrji � ¨)�I��b�i�o��
oz~��&�vgj�wfnu{b&r%�wr�i�yho B�rXoz��ozr)f��	acoz��xX����fho�dQo��vo�stfnu{b&r%�&rji�pqb&��i%�&dhdQu{�&rX��o�rUfR�&yno�dnb&��o�bwp]fnmXo���b)d_fRu{��x�bUyQf��wr)f`dQfnozx�d
u{r=s�bU��xj�wy���fhuv~Uo���b7iXoz�{�vu{rX�j� 9R�&ynu{b&g�d}��o�fhmXb�iXd�dQg�s�m=�&d Ó E¤¶�É�a � ¶���f�dns�m7gX�¢¬z­�®�¯{ÀvÆ � C!C ¥ �¢�&rjiU^VÉ�Ú�� Ó E¤¶�É�a
� ¶���f�dns�m7gX��¬�­\®w¯vÀ{� � C!C á �\sz�&rl�]o�gjdQo�ilfnb4u{iXozr)fnuvpqkefhoz��xX����fno�d�pqynbU� dno�º)gXozr�s�o%�wrjilxXyhbwfhozu{r�iX�wfh�&�j�&dno�d�dQg�s�m��Ud
É [�µ ^ � È�gX�X�j�&yhi4¬�­I®�¯vÀ{� � C�C!CU�¤�wrji}fnmjo�^`ynb&fnozu{r Ý ��f�� Ó �&rXÒ � ^ Ý\Ó �t�*:+mXozr�fno���xj�{�wfno���fh�&yn�Uo�f»dQu{��uv���wyhuvf_k|u{d	�{b�£|�
��o�fhmXb�iXd»dQg�s�m��Ud¤fhmXyho��&iXuvrX��bUy Ç Ý fno���xj�{�wfnoO�%��fhs�mjuvrX����o�fhmXb�iXd»sz�&r}�]o�gjdno�i}fnb�u{iXozr)fnuvpqk|fnmjoOpqb&��i½�	aOmjyno��&i�u{rX�
��o�fhmXb�iXd�yhoz�{k�b&r9xj�&uvyh£�u{dno¢s�bU��xj�wyhu{dnb&r�d�bwpIfnmjo¢fno���xX�{�wfno��wrji9�%xjynb&fnozu{redQfnyhgjstfhgXyno}£�u�fhm�dQgj�jdQo�º)gXozr)f\dhs�bUynu{rX�
bwp�fhmXoeyho�dngX��fhuvrj�UBXf�� :+mXo�r+pqb&��i+�&dhdnuv�UrX��ozr)f�u{d�i�uv¹%szgX�vf�i�gXo�fnb��{b�£Ðdno�º)gXo�rjs�oednu{��u{���wyhu�f_kU�O��xXyno��vu{��uvr��wyhk
��b�i�oz�`s��wr·�]o��XgXu{��f¢£�uvfnm·fhmXyho��&iXuvrX�4��o�fhmXb�iXd���aOmXu�d|xXyhoz�{uv��u{rj�wyhke��b�i�oz�¼sz�&r�fhmXozr��]o�oz~��&�vgj�wfno�i��j�UdQo�i�b&r
Ò7rXb�£�r#xjynbUx�o�yQfhuvo�d�b&p�fhmXo9xXyhbwfno�uvr�dQg�s�m��Ud�u{r)fno�yh�Ustfnu{b&r�dQuvfno�dz�¼�&s�fnu{~&o4dQuvfno4yho�dnu{i�gjo�d%�wr�i#s�bUrjdnozyh~&o�i#yno�dQu�i�gXo�d
� ���wynfnuv�� �o�rXb&�³¬�­O®�¯vÀvÆ¤± ¥U¥&¥ �t�
acb¢�&s�mXu{oz~Uo��|yno��vu��w�j�vo���b�i�oz�]�wr%bUx�fnu{�%�w���&�vu{�&rj��o�r)fR��ozf_£Vo�ozr�fnmjo�fno���xX�{�wfno�d`�wr�i�fh�wyh�&ozfRu{d`rXozo�i�o�i��I¶��vu{�&rX�

��ozr)fhd��&yno�xXyhb�i�gjszo�i?pqynbU�ßfnmXo¢ij��fh�&�j�&dno�mXu�f�d�£�mXo�r�dno��&yhs�mXu{rX��pqb&yOfhoz��xX����fno�dO�Xg�f�fhmXo�dno¢�wyho\��bUyno�bwp fhozr�fnm��wr
rXb&fcdQgj����bUx�fnu{�%�w���¤acb��&s�mXu{oz~UoIb&x�fhuv�%�w�)�w�{uv�UrX��ozr)fhd¤�wrji�mXo�rjs�o`�UszszgXyh�wfno»��b�i�oz��d��zfhmXo`dno�º)gXozr�s�o`�&�vu{�&rX��o�rUf�rjozo�ijd
fnb¢szb&r)fh�&uvr��&dI�%�&r)k}yno��{�wfno�i�dno�º)gXozr�s�o�d»�Ud»x]bUdhdQu{�X�{o&�caOmju{d»£�u{�{�XozrjdngXyhoOfnmj�wf»fnmXo��U�vbU�j�w�{�{k¢s�b&r�dQo�yn~Uo�i¢yhoz�UuvbUrjd»�wyho
u�i�ozr)fnu Bjo�i��&rji}fnmj�wf	fhmXu�d»uvrXpqb&yh���wfnu{b&r�u{d»u{rjszb&yhx�bUyh�wfno�i¢uvr)fnb�fhmXoOfno���xj�{�wfno���fh�&yn�Uo�f»�w�{uv�UrX��ozr)f��I�9b�i�o�ynr���o�fnmjb7ijd
dngjs�m��&d�È�u�iXi�o�r����wyhÒ&b�~��eb7iXoz��d � È��e���\mj��~Uo¢�]ozozrlgjdno�i9fhb�szyno���fho¢��b7iXoz��d\b&pRxXyhbwfno�uvrepÔ�w��uv�{u{o�d\fnb�mXoz�{xeu{r
u�i�ozr)fnuvpqk7uvrj����bUyno\yno���b&fno�mXb&��bU�vbU�Ud � `�yhgXrji�kl¬z­V®w¯vÀvÆ � C!C á ���	È\�e� â dOmj��~&o\��o�ozr�gjdQo�i�fhb�szb&rjdQfnyhgjs�fVfhmXo ^»pÔ�w�
iX�wfh�w���&dno&�¤£�mju{s�m�szb&r)fh�&uvrjd}È��e� â d¢b&p��w�{�»fnmXo�Ò7rXb�£�r·xXynb&fno�uvr�pÔ�w��u{�vu{o�d �ÔÓ ��fhoz�%�wr¿¬z­|®�¯°�{�R± ¥&¥ ¨)����acb�s�yho��wfno
�wr4È������j��dQo�º)gXozrjszo��&�vu{�&rj��o�r)fOb&p	�&�v��fhmXo|Ò7rXb�£�r�dno�º)gXo�rjs�o�dO�wyho\�%�&iXo��&rji?fnmXo|yho�dngX�vfnu{rX�%È��e� u{d�gjdQo�i�fhb
dno��wy�s�m�pqb&y�rjoz£|�jyhoz����fho�i4xXyhbwfhozu{rjd�� Ó k4�w�{uv�UrXuvrj��fnmXo|f��wyh�&ozf�£�u�fhm9fnmXo��w�{uv�UrX��ozr)f�gjdno�i4u{r�s�yho��wfnu{rX��fnmXo�dQx]o�s B�s
È������)fnmXo\�&�{b&�j�&�v�{k�szb&rjdnozyh~&o�i�yno��&u{b&rjdRuvr?fnmXo�fh�wyh�&ozfVsz�&r��]o\u�i�ozr)fhu%Bjo�i½�»aOmXu�d`mXo��vx�d`u{r��&�vu{�&rXu{rX�|fhmXo�fhoz��xX����fho
�wr�i�fh�wyh�&ozf�uvr9�{b�sz�&��yno��&u{b&rjdO£�mjozyho|fnmXo�yno|u�d�rjb�b&y��{b�£;dQo�ºUgjozrjszo¢dQu{��uv���wyhu�f_kU�¼�eb&yho|��b�i�o�ynr9��ozfnmXb�iXd\dQgjs�m9�Ud
Ç Ý a¼�Ås�b&Ù]o�o\gjdno�uvrXpqb&yh���wfnu{b&r?szb&r)fh�&uvrjo�i�u{r�fnmXo|s�yhk�d_f��w��d_fhyng�stfngjyno\fnb�mXoz�{x4�w�{uv�Ur�fnmjo�dno�º)gXo�rjs�o�d � ^Ib&u{ynb&f�¬z­¼®w¯°�v�
± ¥U¥ ¨7�t�IaOmXu{dVozr�dQgXyho�d`fnm���fOuvr��vb�sz�&�«�7�{b�£�dQu{��uv���wyhuvf_k��&yno��&d��U�&�vu{�&rX��o�rUf¼�U�&xjdV�&yno\rXbwf¼uvr)fhynb�i�gjszo�i?uvr�d_fhyngjs�fngXy��w�{�{k
s�bUrjdnozyh~&o�ieyno��&u{b&rjd���¶�rXbwfhmXozy|��o�fhmXb�i�£�mju{s�m·sz�&rlmXo��vxlfnb4u{��xXynb�~Uo��&�vu{�&rj��o�r)fhd�u{d|dno�szb&rjij�wyhk4dQfnyhgjs�fngXyho�xjynoz�
i�u�stfhuvbUr��R �gXrXrjuvrX���}gj��fhuvxX�{o|dQo�s�bUrjiX�wyhk%d_fhyng�stfngjyno\xXyno�i�u�stfnu{b&r4�w�{�&bUynuvfnmj��d`b&r�fnmXo\fno���xX�{�wfno|dno�º)gXozr�s�o�£�uv�{��mXoz�{x
u{r·�Us�mXu{oz~7uvrj���4s�bUrjdnozrjdngjd�bwp¼fnmXo%xjyno�i�u{s�fno�ildno�szb&rjiX�&ynkedQfnyhgjs�fngXyho&�%aOmXo�xXyho�i�u�stfho�i·dno�s�bUrjiX�&ynk9dQfnyhgjstfhgXyno%s��wr
mXo��vx?fnb}u{��xXyhb�~&o��&�vu{�&rX��o�rUf�d`u{r��&yno��&d»£�mjozyho�fnmjozyho\u�d`�{b�£�dno�º)gXozr�s�o\dnu{��u{���wyhu�f_k���ozf_£Vo�ozr?fh�wyh�&ozfV�wr�i�fno���xj�{�wfno&�
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µ\rXo�b&yO��b&yho�fhoz��xX����fno�d�sz�&r?�]o�g�dQo�i%fnb��XgXu{��i�����b7iXoz�½�Xg�f�u{r�bUyhiXozyVfnb���~&b&u�i�dn�%�w�{��dQfnyhgjs�fngXy��w�]ozyhynbUyhdVu{r�fnmjo
��b�i�oz��bUrX�{k?s��{bUdnoz�{k%yno��{�wfno�i�dQfnyhgjstfhgXyho�d�dnmXb&gX��i���o|gjdno�i � u�pIx�b)dndnu{�X�vo��t�
¶�p fhozy�fhmXo���b�i�o��»mj�&d��]ozo�rl�Xgjuv�vf¢u�f|rXo�o�iXd�fhb��]o�oz~��w�{gj�wfno�i���aOmXoMBjy�d_f¢�&rji���b)d_f��j�&dnu�s�dQfno�xlu�d�fnb9s�mXo�s�Ò

uvp�fnmjo���b�i�o���mj�&d�fnmjo4szb&yhyno�stf�pqb&��i½�=aOmXo�£�yhb&rX��pqb&��i=s��wr#g�dQgj�&�v�{k��]o4��~Ub&u�i�o�i��)k�g�dQu{rX���lsz�vb)dQo��vk·yhoz����fho�i
fno���xX�{�wfno}fnb?dQfh�&yQf�£�uvfnm���µ\rjs�o|fhmXo|pqbU�{i9m��&d��]ozo�res�bUr Bjyh��o�i½�j�{b�sz�&�c�wyho��Ud�sz�&r4��o��wrj�&�vk�dno�i½�OÚ�p»fnmjo}dQo�º)gXozrjszo
dnuv��u{�{�&ynuvf_k?u�d��&��b�~Uo ÇU¥+; fnmXo�s�b&yhyho�stfOpqbU�{i�u{rX��b&p»�vb�sz�&�¤�wyho��Ud��wrji4o�~&o�r4dnb&��o¢s�mj�&uvr�d�sz�&r9��o}�UdndngX��o�i � i�gXo¢fhb
fnmjo�mjuv�UmXozyOdQo�º)gXozrjszo�dnu{��u{���wyhu�f_kX�t�Rµ\rjszo��&�U�wu{r��{b�£¿dnuv��u{�{�&ynuvf_k � � Ç&¥<; �`dno�º)gXo�rjs�o�d`£�u{�v��mj��~Uo�fhb��]o�s�mXo�s�ÒUo�i�pqbUy
s�bUynyho�s�f�dQu�i�o��Ås�mj�&uvr�b&yhuvo�r)fh��fhuvbUrjd���aOmXozyhoe�wyho4~��&ynu{b&g�d�xXynbU�&y��w�%d�£�mXu�s�m�s�mXo�s�Ò#dnb&��o9�j�UdQu�s4d_fhozyhozb�s�mXo���u�dQfnyhk
� ^V �µ([¼È�²�[ Û �DE¤�UdQÒUb�£�dQÒ7u�¬�­?®w¯°�v� � C!C Ç b :�È�¶»a [¼È�²>[ Û ��È�b7bwp f�¬z­�®�¯°�{� � C!C � ��� E¤�wÕ��wyhu{iXu{d��wrji Û �wyhxX�{gjd
� Ec�wÕ��wyhu{i�u�d9¬�­�®�¯vÀ{� � C�C!C)�¢gjdno�i#fnmjo [¼È�¶� ��e� ~��Us�gXgj�Cx�b&fno�rUfhu{�&�OfnbU�&o�fhmXozy%£�uvfnm+� `��wgjdhdnu{�&r�i�u�dQfnyhuv�XgXfnu{b&r
��b�i�oz�7pqbUyIdnb&�{~���fhuvbUr¢pqyhozoOozrXo�yn�Uk�fnb|dnmXb�£�fnm���fRs�bUynyho�s�fn�{k\pqbU�{iXo�i�d_f���fno�d»�wyho¼�&�v£O��k�d¤��bUynoOd_f��w�X�{o¼fnmj�&r���u�d_pqbU�{iXo�i
dQfh��fho�d���aOmXo�uvy�s�bUrjs��{gjdnuvbUr9£¼�Ud�fnm���f��?��b&�{o�s�gj�{�&y���o�s�mj�&rXu{s�d�o�rXozyh�&k�pqgXrjs�fnu{b&rlszb&gXxj�vo�i�fnb���dQu{��xX�{o�dnb&�{~��wfnu{b&r
pqyhozoeo�rXozyh�&k=��b�i�o���s��wr+x]ozynpqb&yh� �Ud�£¼oz�{�\�Ud?dQfh��fhu{dQfnu�sz�&����o�fhmXb�iXd%fhb=i�u�dhs�yhuv��u{rj��fhoe��ozf_£Vo�ozr�szb&yhyno�stfn�{k=�&rji
u{rjs�bUynyho�s�fn�{k�pqb&��i�o�i�xXyhbwfhozu{rjdz� a b&yOfnmju{d�dQfng�i�k?£¼o�gjdQo�i ^V �µ([¼È�²�[ Û �
aOmXo�yno`�&ynoV�Opqoz£��{u{��uvfh�wfnu{b&rjd�fnb\mXb&��b&�{b&�Uk���b�i�oz��d��	aOmXoVyno�dQbU�vgXfnu{b&r�bwp�fhmXoV��b�i�o��{dcsz�wrjrXbwf	�&b�i�b�£�r�fhb\�wfnb&�

�{oz~&o�� � oz¸�szozx�f|x]bUdhdQu{�X�{keu{rlmXu{�&m�mXbU��bU�vbU�&k9sz�UdQo�d�£�mXozyho%dQo�ºUgjozrjszo�dnuv��u{�{�&ynuvf_k9u�d�� á ¥+; ����¶�rXbwfhmXozy|�{uv��uvfh�wfnu{b&r
u�d�fnm���f�mXbU��b&�{b&�&k?��b�i�o��v�{u{rX�?sz�&rXrXb&f�k&ozf�i�bl®���Ã���Ã ­«ÃÔÂ���b7iXoz�{�vu{rX��b&p»dno�º)gXo�rjs�o�d��{b&rX�Uozy�fhmj�wr á yho�dnu{iXgXo�d���aOmXo
rXoz¸)f�dno�stfhuvbUr�£�u{�v�½i�o�dnszynu{��o�fnmXo�u{��xj�vo���o�r)fh��fhuvbUr�bwp¤fnmXo�i�u�dnszgjdndno�i���ozfnmXb�iXd¼bUr%fnmXo¢Ê�ÀUË�®�¯vÁzÃ Ìj®�ÍtÎ�Ï ^F^,^ Û �&rji
Ý ÈD^VÉ4dno�º)gXo�rjs�o�dz�

�ON«��N�� �½
X��WOY
	

É7o�~&ozy��w��dQfno�xjd�rjozo�i9fnb��]o¢pqbU�v�{b�£Vo�i�fnb�o�rjdQgjyno¢�&re�&szszgXy���fno|mjb&��b&�{b&�Uk?��b�i�oz�cbwpR�%xXyhbwfhozu{r���aOmXo(Bjy�dQf�u{d\�
s�bUynyho�s�f\��gX��fhuvxj�vo�dQo�º)gXozrjszo��&�vu{�&rj��o�r)f�pqb&y|�&�v�	fnmjo�Ò7rXb�£�rlxXynb&fno�uvr�dno�º)gXo�rjs�o�d\pqynbU�ÞfhmXo%i�o�dnu{yno�i4pÔ�w��u{�vkU�}aOmXu�d
ozr�dQgXyho�dRfnmj�wfO�&r7k��U�vbU�j�w�{�vk�s�bUrjdnozyh~&o�i�yhoz�UuvbUrjd`�&yno�u�i�o�rUfhu%B�o�i½�RaOmXo\�}gX�vfnu{xX�{o�dno�º)gXo�rjs�o\�w�{uv�UrX��ozr)fVu�dRfhmXozr�gjdno�i
fnb4�&s�mjuvo�~&o}�&rl�&s�s�gXy���fho¢fhoz��xX����fnoz�«f��wyh�&ozf��%��fhs�m�pqb&y\fnmXo���b�i�oz�{�{uvrX��xXyhb7szo�dhdz�|aOmXo�dno�s�bUrjiedQfno�x�u�d�fhb�xjyno�i�u{s�f
fnmjoOdno�szb&rjij�wyhk�dQfnyhgjs�fngXyho�d	bwp��wr7k|yhoz�&u{b&r�dc£�mju{s�m�i�b�rXbwf»mj��~UoV�\fno���xj�{�wfnoO�%��fhs�m¤�cÚÅrjszb&yhx�bUyh�wfnu{rX��fhmXoOxXyho�i�u�stfho�i
dno�s�bUrjiX�&ynk�d_fhyng�stfngjyno�sz�&r�mXoz�{x?u{r�uvrjszyno��&dnuvrj�|fnmXo�b�~Uozy��w�{�Xgjdno�pqgX�{rXo�dhd¼bwp�fhmXo���b7iXoz���I¶¿fnmjuvy�i�dQfno�x?u�dVfnb}u{rjsz�vgjiXo
s�b&��szynk�dQfh�&�v�{uvÕ�o�i·�{uv�)�wrjijd��&rji#szbw��pÔ�&s�fnb&y�d¢u{r�fhmXo4��b7iXoz���#aOmXu�d�mjoz�{xjd�fnb�yno�d_fhyh�&uvr�fhmXo9�&s�fnu{~&o�dnuvfno�yno�dQu�i�gXo�d}fhb
fnmjo?s�bUynyho�s�f}s�b&rXpqb&yh���wfnu{b&rjd���aOmjo?�wxXxj�vu�sz�wfnu{b&r·bwpOfnmjo�dno?d_fhozxjd|fnb�Ê�À�Ë�®�¯vÁzÃ ÌX®wÍtÎ�Ï ^,^,^ Û �&rji Ý ÈD^VÉ·£�u{�{�`�]o
i�u�dnszgjdhdQo�i?u{r�fnmXo�pqbU�v�{b�£�uvrj��dno�s�fnu{b&rjdOu{r4��bUyno|i�ozfh�&uv���
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G<H G<HJIKHJIKH��(R��! �PQN:V9X"� R#� L����$�<W&%('�W�Y�)!W+* W	,.-�XJW	/0� R

¶ É7£�u�dhd_� ^Ryhbwf21wa¤yh²`� Ó E � m)fnfnx<Z31�1�£�£�£|� oz¸7x��&dnk&� b&yh�&1�dnxXyhbwf417� Ó b7o�s�Ò7�%�wrXrA¬�­%®�¯��v��± ¥&¥&Ç ��dQo��wy�s�m#pqbUyd^R���&dQ�
��b�i�u{�&� Ý ÈD^¼É�yhoz~Uo��w�{o�i�x��wynfnu��w��dno�º)gXo�rjs�o�dRpqbUy`f_£¼b}��o��}�]ozy�d`b&p½fnmXo¢Ê¼¯v®65�Ï%Â87�Ã Î�ÏßpÔ�&��u{�{k � Ê�À)Ë�®�¯vÁzÃ Ìj®�ÍtÎ�ÏÞ�&rji
Ê�ÀRÁ:9X® ��®�Î!7�ÃÅ�t� Ó bwfhm�b&pcfhmXo�dno|ozr)fhynu{o�dOmj��~Uo���o�ozr9s����&dhdQu Bjo�i��UdOxj�wynfnu��w��dno�º)gXo�rjs�o�d � fnmjozk�mj��~&o���o�ozr4fhyh�&rjdQ����fho�i
pqyhb&�³�&ozrjb&��u{s%dno�º)gXo�rjs�o�d¢�wr�i·mj��~&o�rXb&f}��o�ozr�szb&r Bjyh��o�ij�|�Xg�f}fhmXozk·dnozoz� fnb�szb&r)fh�&uvr�fhmXo�szb&��xX�{o�fno Ý ÈD^¼É
dno�º)gXozr�s�o&�\aOmXo�Ê�À�Ë�®�¯{Á�Ã Ìj®�ÍtÎ�Ï Ý ÈD^¼Éedno�º)gXozr�s�o¢£O�&d�gjdQo�ie�&d�fnmXo}fh�&yn�Uo�f\dno�º)gXo�rjs�o}pqb&y���b�i�o��v�{uvrj� � acyh²`� Ó E
�&s�s�o�dndnuvbUr�rXy0Z�;�± á ´&� ¦&���wrjilfnmjo�Ê�À�Á<9j®���®�Î!7wÃ|dQo�ºUgjozrjszo � a¤yh²`� Ó E+�Uszs�o�dndnu{b&r�rjy�Z�;]C Ó Ec�\¦U��£O�&d|�UiXi�o�i�fhb
�wu�i�uvr�fnmXo���gX��fhuvxj�vo|dno�º)gXozr�s�o��w�{uv�UrX��ozr)f��Racb�bU��fh�&uvr�dQo�º)gXozrjszo�d¼rXb&fOkUo�f�u{r4É7£�u�dhd_� ^Ryhbwf����}fn�X���&dQfQ¸��wrji��X���&dQfnx
dno��wy�s�m�£¼�Ud�i�b&rjo}�w�)�wu{rjd_f�fhmXo}� [ Ó ÚO�UozrXbU��o¢ij��fh�&�j�&dno � m)fnfnx<Z31�1�£�£�£|� rjsz�Xu�� rX�{�4� rjuvm�� �&b�~!1 Ó ���&dQf�� s��Uu����VaO�X���&dQfQ¸
u�dV�}��b�i�u Bjo�i�pqb&yh�Ñbwp Ó E¤¶�É�a��U£�mju{s�m%f��wÒUo�d¼� Ý �\¶ º)gXo�ynk%�&rji�fny��wr�dQ����fho�dRuvfVu{r)fnb��w�{�]dnu�¸%yho��Ui�uvrj�|pqyh�&��o�d`�&rji
fnmjozr4ºUgjozyhuvo�d`fhmXo|yho�dngX��f�dO�w�U�&uvr�d_f��¢fhyh�&rjdn�{�wfno�i�iX��f��w�j�UdQoU� a yhb&�Ñfnmjo\fh�X���&dQfQ¸?yho�dngX�vfhd¼bwpcfnmXo Ý ��¶;dno�º)gXozr�s�o�bwp
Ê�ÀjË�®�¯vÁzÃ ÌX®wÍtÎ�Ï Ý ÈD^VÉ���fhmXo�dno�º)gXo�rjs�o}bwp¼Ê�À �h¬zÍ"=>9X¬zÃ Ý È ^VÉ � `�ozr7�j�&rXÒ��Uszszo�dhdQu{b&r4rXy0Z�¶ a Ç ¨U¨ �&�j� �¼£O�&dOpqbUgXrji½�
a yhb&�.fhmXo��X�{�Ud_fhx=dno��&yhs�m�fhmXo9dQo�º)gXozrjszo?b&p|Ê�À@?&Â�¬z¯ ¯°Ã�?&Â�¬�¯ ¯°Ã � `�o�r)���wrXÒ��Uszs�o�dndnu{b&r�rXy0Z?²V¶�¶\± ���U�X� �¢£¼�Ud��&�{dnb
b&�Xfh�wu{rXo�i½�Ra¤b�£O�wy�iXd`fnmXo|o�rji�bwp	fnmXo|xjynb&Ö_o�stf � ± ¥&¥ ¨)� Û bUyhdnu{rjs�Õ�Ò)k�¬z­¼®w¯°� � ± ¥&¥ ¨)�`xXgX�X�{u�dQmXo�i�fnmXo¢dno�º)gXo�rjs�o�b&p¤fnmjo
Ê�À�A�Ã�A�®CB ^F^,^ Û � Ý È ^VÉ4�&o�rXo � `�o�r)���wrXÒ?�Uszszo�dhdQu{b&r�rXy�ZR¶�D ��´U� á ÇU¥ ���	aOmXu�d�dno�º)gXozr�s�o�£¼�UdOrXbwf�u{rjs��{gji�o�i�uvr�fnmjo
b&yhu{�&rj�&�I�&�vu{�&rj��o�r)f��¤mjb�£Vo�~&ozy��½uvf¢£¼�Ud�gjdQo�i��{�wfnozy¢iXgXynu{rX��fnmjo�d_fhgji�u{o�d|b&pVfhmXo%xj�wy��&dnuvfno��Ådnx�o�s�u B�s}u{rjdnozynfnu{b&rjd|�&rji
fnmjozu{y�s�bUrjdQo�yn~��wfnu{b&r��

G<H G<HJIKH G<H�EF'�R
,0X
G RJWH�<W&%('�W�Y�)�WHI R@XJSKY9PQW�YJ,

¶�r��UszszgXyh�wfnoO�}gj��fhuvxX�{o�dno�º)gXo�rjs�o��&�vu{�&rX��o�rUfVbwp Ý È ^VÉ%dno�º)gXozr�s�o�dRu{d`rXozo�i�o�i�u{r%b&y�i�ozy»fhb¢i�o�iXgjs�o�fhmXo�szb&yhyno�stf
s�bUrjdnozyh~&o�i�yno��&u{b&rjd`��ozf_£Vo�ozr4�w�{��dnx]o�s�u{o�d�� ^»pÔ�w� �ÔÓ ��fhoz�%�wr·¬�­O®�¯°�{�j± ¥U¥ ¨)�Ru{dO���{�&yn�Uo\iX�wfh�&�j�&dno�b&pcxXyhbwfhozu{r�pÔ�w��u{�vk
�w�{u{�&rX��ozr)f�d}�wr�i�È�u�iXi�o�r=�e�&ynÒUb�~l�9b�i�o��{d � È\�e����i�ozyhuv~Uo�i·pqyhb&�³fhmXo?��gX��fhuvxj�vo4dQo�º)gXozrjszo?�w�{u{�&rX��ozr)f�d}b&p��w�{�
fnmjo9Ò)rjb�£�r=dno�º)gXozr�s�o�d�pqbUy%xXynb&fno�uvr=pÔ�w��u{�vu{o�d�� ^RpÔ�w�Dxjynb�~7u�i�o�d�fnmjo4È\�e� �&d�£¼oz�{���&d��·s�mXb&u�s�o��]o�f_£¼ozozr=fnmjo
s�bU��xX�vozfno��}gj��fhuvxX�{o%dQo�º)gXozrjszo��&�vu{�&rj��o�r)f�b&p`fnmjo�pÔ�&��uv�{keb&y|��s�bUyno��}gX�vfnu{xX�{o%dQo�ºUgjozrjszo��&�vu{�&rX��o�rUf � �&�{dnb4sz�w�{�{o�i
�#dnozo�i��w�{u{�&rX��ozr)ft�%bwp|fhmXolpÔ�w��uv�{k&� Ó k�gjdQu{rX�#fnmXo·s�bU��xj�vozfno���gX�vfnu{xX�vo·dno�º)gXozr�s�ol�&�vu{�&rj��o�r)f?bwp¢fhmXo Ý ÈD^¼É
pÔ�w��u{�vk4�&d\�%xXyhb�Bj�{o&�jfnmXoM^R���&dn��b�i�u��w�	dQo�º)gXozrjszo�d\sz�wr9�]o}�&�vu{�&rXo�i9�&s�s�b&y�i�u{rX��fnb�s�b&r�dQo�yn~Uo�i�x�b)dQuvfnu{b&r�d�u{re�w�{��fnmjo
Ò7rXb�£�r?dno�º)gXo�rjs�o�dz�IaOmXu�dVg�dQgj�&�v�{k�yno�dQgj��f�d`u{r?~Uozyhk��UszszgXyh�wfno���gX�vfnu{xX�vo�dno�º)gXozr�s�o��w�{uv�UrX��ozr)fhd��U£�mju{s�m�u{rjszb&yhx�bUyh�wfno
dQfnyhgjstfhgXyh�&�cszb&rjdnozyh~���fnu{b&r � i�gXo�fnb?fnmXo��{�&yn�Uo¢r7gX�}�]ozy�bwp`dno�º)gXo�rjs�o�d�gjdno�i9pqb&y\fnmXo�s�b&��xX�{o�fho���gX�vfnu{xX�vo�dQo�º)gXozrjszo
�w�{u{�&rX��ozr)ft�t�
aOmXo�K�À�­�Î ��¬�ÍnÁzÎ�¯vÂ65�ÃL5 Ý ÈD^VÉ � �4fh� Ý È ^VÉX�`s�yhk7dQfh�&�Xd_fhyng�stfngjyno�£O�&dIgjdno�i��UdIb&rXo�b&p�fhmXo�fno���xX�{�wfno�dIpqb&yRmjb&��b&�v�

b&�Uk¢��b�i�oz�{�vu{rX�}�Ud»uvf`mj�&i�fhmXo�mXu{�&mXo�d_fRu�i�o�rUfhu�f_k � ÇU¥+; �cfnb�Ê�ÀwË�®�¯{Á�Ã Ìj®�ÍtÎ�Ï Ý ÈD^VÉ½�)�UdI£Vo��v�]�&d»�|~7uvfh�w���9� 2+ u{b&r�u{r
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fnmjo}�&s�fnu{~&o¢dnu�fho&����ÀV® ��­�9�Ín®&ÁzÃL5 Ý È ^VÉ �«Ó � Ý È ^VÉX��£¼�Ud��w��dQb%g�dQo�i9�&d�uvf\s�bUr)fh�wu{rXo�i���xjynb�i�gjs�f\�wr��w�{b&�&gjo�u{r4fnmjo
�&s�fnu{~&o}dnuvfno&��aOmXo�xXyhb7iXgjstf��wrj�&�vbU�&gXo¢szynk�dQfh�w�{�{uvÕ�o�i4u{rUfhb��\À ® ��­�9�Ín®&ÁzÃL5 Ý ÈD^¼ÉexXyhb�~7u{iXo�i�fnmjo Bjy�dQf�s�bUrjs�yho�fho}s��{gXo�d
fnb}fnmXo��{b7s���fhuvbUr�bwp½Ì��q�w��u{rXb&�]ozrXÕ�b&u�s��&szu{i?uvr�fnmXo Ý È ^VÉ��&stfhuv~Uo\dnu�fho&�»aOmXo�xXyhb�Bj�{o��w�{u{�&rX��ozr)f¼��b�i�o�u{r [V�{gjd_f��w�{�
� aOmjb&��xjdnb&r#¬z­O®w¯°�v� � C!Cw¨7�V£¼�Ud�gjdno�i�fnb��w�{uv�Ur�fhmXo ^R���&dn��b�i�u{�&�cdno�º)gXo�rjs�o�dOfnb%fhmXo Ý ÈD^¼É9dQo�o�i9�&�vu{�&rX��o�rUf�pqyhb&�
^»pÔ�&� � ^ a ¥U¥&´&¥ CU���¤aOmXo¼yno�dQgX�vfnu{rX���w�{uv�UrX��ozr)fc£O�&dcgjdno�i¢fnb��w�{uv�Ur¢fnmjo`fhoz��xX����fno�d � K�À]­«Î ��¬zÍnÁzÎ�¯vÂ>5tÃL5t����À½® �j­
97Ín®UÁ�ÃL5��
�wr�i|fnmjoVf��wyh�&ozfIdno�º)gXo�rjs�o � Ê�À�Ë�®w¯vÁzÃ ÌX®wÍtÎ�Ï%�Ipqb&y	mXb&��b&�{b&�Uk���b�i�o��v�{u{rX���Uszszb&y�i�uvrj��fnb��&�{b&���w�{�vk¢szb&rjdnozyh~&o�i�pqo���fhgXyho�d��
acb�mjoz�{xlo�rjdQgjyno�fnmjo��UszszgXyh�Us�k9b&p`fnmjo��&�vu{�&rj��o�r)f�fhmXo%dQo�º)gXozrjszo�d�£¼ozyho��&�{dnb4dQgX�j��uvfQfho�ilfnb9�9²V�9² �ÔÓ �wu{�vo�k=¬z­
®�¯��v� � C!C&¨)�Rfnb%u�i�ozr)fnuvpqk�szb&rjdnozyh~&o�i���bwfhu�pÔd¼fhmXyhb&gX�UmXb&g�f��&�v��fhmXo|Ò7rXb�£�r Ý ÈD^¼É4dQo�ºUgjozrjszo�d��

G<H G<HJIKH��:H �:W	)�N�Y�V�� - T$��,.-6'�) ,C'�-�W+��-�W�V9X") ,0XJNKY

^Ryhbwfhozu{rjdegjdngj�&�v�{kÜszb&rjdnu�d_f�b&p?��s�bU�}�Xu{rj�wfnu{b&rAbwp
α
��mjoz�{u{szo�d��wrji

β
�ÅdnmXozozfhd��DaOmXo=dno�szb&rjij�wyhk dQfnyhgjstfhgXyno�d

bwp�fnmjo��&�{b&�j�&�v�{k�s�bUrjdnozyh~&o�i yhoz�&u{b&r�d�u{r Ê�ÀOË�®w¯vÁ�Ã Ìj®�ÍtÎ�Ï Ý ÈD^VÉA£Vo�yno��w�{yho��&iXk+Ò)rjb�£�rÜ���&dno�i b&rÜfnmXo=�w�{uv�Ur��
��ozr)f��jg�f�fhmXo�uvrjdnozynfhd?mj�&i¿rXb�Ò7rXb�£�r+fhoz��xX����fho��%��f�s�m�� aOmjo·Ê�À`Ë�®�¯vÁzÃ ÌX®wÍtÎ�Ï Ý ÈD^VÉ¿dQo�º)gXozrjszo�£O�&d�dQgX�X�
��u�fnfno�i�fnb�~��&ynu{b&gjd?dQo�s�b&r�iX�wyhk#dQfnyhgjstfhgXyno�xXyno�i�u�stfnu{b&r+dnozyh~&o�yhd��ÜaOmjo�dno9uvrjsz�vg�i�o�i�fhmXo Ý É [Þdno�s�bUrjiX�&ynk#dQfnyhgjs��
fngjyno»xXyho�iXu{s�fnu{b&r|dQo�yn~Uozy � mUfnfnx<Z31�1�rXxjdh����xX�Xu{�«� u{�]szx�� pqy41�sz�&uv���juvr�1�rXxjdh�

�
�&g�fnbU���wf�� xX�
	zx��w�&o�� 1�� ^VÉ�¶ 1�rXxjdh�

�
iXdhsw� m)fn�����

Û u{rX�=¬z­|®w¯°�{� � C!C � ���¤fhmXo\^`yno�i�u{s�f�^Ryhbwfhozu{r�dQo�yn~Uozy � m)fQfnx:Z 1 1�s�gj�Xu{s&� �juvb�sw� s�bU�vgj�}�Xu��X� o�i�gJ1�xXyho�i�u�stfhxXyhbwfno�uvrJ17�c �bUdQf4¬z­
®�¯��v�|± ¥U¥&Ç ���D^VÉ7Ú�^V �² Ý dnozyh~&o�y � mUfnfnx<Z31�1��Xu{b&u{r�p_� s�dz� gjsz�«� �&s&� gXÒ!1�xjdQu{xXyho�i�1�xjdnu�pqbUyn�4� mUfh���«���es0`�g�¹%rÑ¬z­?®�¯��v�|± ¥U¥&¥ ���
Ç � Ý³ª gXyhk�dQo�yn~Uozy � mUfnfnx<Z31�1��Xu{b&u{r�pqbj� xX�
1��9ozfh�	1�� `�uvr��w��dQÒ7u%¬�­�®�¯��v��± ¥&¥UÇ �%�&rji�fhmXolÈ\�e��É�a�  1w �bUdno�fnfh�=dQo�yn~Uozy
� m)fnfnx<Z31�1�£�£�£|� �Xu{b&u{r�pqb�� yhxXu�� o�i�g�17àj�)k�dQfny�s81�mX����dQfny41�dnozyh~&o�y�� xXmXx¤� Ó k�d_fhynb&Ù�¬z­`®�¯°�{�7± ¥&¥U¥ �t�I¶��{�XfhmXo�yho�dngX�vfhdIpqyhb&� fnmjo
~��wyhuvbUgjdOdQo�yn~Uozy�d¼£Vo�yno�s�bU�}�Xu{rXo�i�fhb�bU��fh�&uvr4��s�bUrjdQo�rjdngjdOyno�dQgj��fOpqb&yOfhmXo¢dno�s�bUrjiX�&ynk�dQfnyhgjstfhgXyho�b&p¤fhmXo|uvr�dQo�yQf�dz�
acb9b&��f��wu{r·�4�]o�fnfno�y¢gXrji�o�yhdQfh�&rji�u{rX�9bwp¼fnmjo�xj�wy��&dnuvfno��Ådnx�o�s�u B�s�uvrjdnozynfhd}�&d�£¼oz�{�`�&d�fhmXo�b�~Uozy��w�{�IdQfnyhgjs�fngXyho%bwp

^»p Ý ÈD^VÉ½��fnmXo�xXyhb&�Uyh�&�ÑÉ7²�` � :�b7bwfnfnb&r·¬�­¼®�¯°�{� � C�C Ç �»£¼�Ud`gjdno�i�pqb&yO�{b�£�s�b&��xX�{o�¸�uvf_k�xXyno�i�u�stfnu{b&r��wrjid^Rynb)�e��fho
� ��ozgX~7u{yQfhme¬�­»®�¯°�{�)± ¥&¥ ¨)�¤£¼�UdIgjdQo�i�pqb&y»xXyhbwfhozu{r���xjynb&fnozu{r}u{r)fno�yh�Ustfnu{b&r�xXyho�i�u�stfhuvbUrjd��¤ÚÅr�fnmXu�dRdQfngjiXk¢fnmjo�uvrjdnozynfhdI£¼ozyho
i�o�BjrXo�i4�Ud¼fnmXb)dQo|�wyho��Ud¼£�mXu{s�m4i�u�i�rXbwf�dnmXb�£¿�&r)k��w�{uv�UrX��ozr)f����wfhs�mXo�dOuvr�fhmXo|�&�{b&�j�&� ^»pÔ�w� �w�{uv�UrX��ozr)f��

G<H G<HJIKH�
9HMLONKPQN�R@N�S�TUPQN<V�W�RJRJX@Y9S

�lµ Ý ²FE:E¤²`  � ~ Ç � m)fQfnx:Z 1 1�dh�w�{uv���w��� b&yh�j�)É��w�{u	¬z­R®�¯°�{� � C!C Ç �	£O�&d»g�dQo�i�fnb}�jgXuv��i�fnmjo�mXbU��bU�vbU�&k���b�i�o��{d�� a b&y¼�
Bjy�d_fVyngXr�fnmXo Ý ÈD^¼É�s�yhk�d_f��w�]d_fhyngjs�fngXyho�dRbwp K�À�­�Î ��¬�ÍhÁ�Î�¯vÂ65tÃL5 �ÔÓ �&s���¬�­`®w¯°�v�X± ¥&¥&Ç ��^ Ý�Ó s�b�i�o!Z � ² D\²V�����½À¤®wÎ�Ín¬�Î&5
� È\�w��x]oz�{o�¬�­�®w¯°�v� � C�C á � ^ Ý\Ó s�b�i�o�Z � ¶ Ý � ���&rjie¾�À`Á�Â�¯�Ã � ¶�s�mj�wyhuV¬z­�®w¯°�{� � C�C á � ^ Ý�Ó szb7iXo!Z � ¶ ª ±&�¼£¼ozyho|gjdno�i
�&d�fno���xj�{�wfno�d � fhmXo��\À`® �j­
97Ín®UÁ�ÃL5�dQfnyhgjs�fngXyho|£¼�Ud�rXb&f\k&ozf\��~��wu{�{�&�X�{o��wf�fnmju{d�fnu{��o��t��aOmjo}yho�dngX��f�b&p»fnmXo}�}gX�vfnu{xX�{o
fno���xX�{�wfno�gjdn�&�&o%£O�&d|rjbwf}bUx�fnu{�%�w�O�&d¢dnb&��o�b&p¼fhmXo�szynk�dQfh�&�`d_fhyng�stfngjyno�d}s�bUr)fh�wu{rXo�il�{u{�U�wr�iXd¢u{r·fnmXo��&s�fnu{~&o?dnu�fho
�wr�i�dnb&��o�i�u{i�rXb&f��»��b&f��&�v��fhmXo|s�yhk�d_f��w��d_fhyngjs�fngXyho�dOszb&r)fh�&uvrXo�i?�&�v��fhmXo��vb7b&x�d¼�&rji%fhm7gjdOu�f�£O�&d¼����fno�y�i�o�szu{i�o�i�fhb
gjdno\�]bwfhm+K�À	­�Î ��¬�ÍnÁzÎ�¯vÂ65�ÃL5��wrji��\À¤® ��­�9�Ín®&ÁzÃL5 �ÔÓ �w���wb&�U�vg�¬�­V®w¯°�{��± ¥U¥ ¨j��^ Ý�Ó s�b�i�o�Z � aO� ¥ �`�UdVfnoz��xX����fho�d��RaOmXu�d
ozr�dQgXyho�i|fnmXo¼�vo��&dQf	�&��bUgXr)fcb&pXyno�dQu�i�gXo�d¤£�uvfnmXbUg�f»��fno���xX�{�wfno¼�%��fhs�m}£�mXuv�{oOs�b&���Xu{rXuvrj����xjynb�i�gjs�f	�&rj�w�{b&�UgXo`�wr�i¢�
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��o�f��w�7uvbUr}u{r¢fhmXo¼�Ustfhuv~UoVdnu�fho&�IaOmXo`fhoz��xX����fho�dI�wrji¢fnmXoVfh�&yn�Uo�f	£Vo�yno¼�w�{uv�UrXo�i��&szszb&y�i�u{rX��fnb�fnmXoO��gX��fhuvxj�voOdQo�º)gXozrjszo
�w�{u{�&��ozr)f�bU��fh�&uvrXo�i4uvrldQo�stfnu{b&r�±X� ±X� � � ±X��a¤o�re��b7iXoz��d � £�uvfnm��wrji4£�uvfnmjb&g�f\fnmXo��vbUrX�&o�y�uvr�dQo�yQfhuvbUr��jfhb�u{r)~Uo�dQfnu{�U�wfno
i�uvÙ]o�yno�rjs�o�d|u{r�yno��&u{b&rjd����&s�Ò7u{rX��fnoz��xX����fho�d���£¼ozyho�fhmXozr��jgXuv�vf}£�uvfnm��lµ Ý ²FE9E�²`  � mXo�fhozyhbe��fhb&� dno�f|fhb â µ�� â �
£O��fno�y¢dQozf¢fnb â µ a a â ����£�mXu�s�m�uvrjsz�vg�i�o�ilfnmjo?dQgj�jd_fhyh�wfno��&rj�w�{b&�UgXo��&rji·�9� 2+ uvbUrlpqyhb&� fnmXo�s�yhk7dQfh�&�Rd_fhyng�stfngjynoU�
aOmXu�d�o�rjdQgjyno�i�fnmj�wf�fnmXo�yno�d_fhyh�&uvr)f�dOuv��x]bUdno�i9bUr4fnmXo}�Ustfhuv~Uo}dQuvfno}�)k�fnmjo}s�yhk�d_f��w�¤dQfnyhgjstfhgXyho¢£Vo�yno�fhyh�&rjdQpqozyhyno�i?fhb
fnmjo���b�i�oz�]i�gXyhuvrX�|��b�i�o����Xgjuv��i�u{rX�j�IÚÅr��wr%ozÙ]bUyQf`fnb¢u{��xXynb�~Uo��&szszgXy��&s�k}fnmXo�o�¸7fno�rji�o�i��{b7b&x%��b�i�oz�{�{uvrX�¢pqgXrjstfhuvbUr
bwp¼�lµ Ý ²�E:E�²V 2£O�&d\gjdQo�i½��aOmXo�~��&�vu�i�uvf_k�b&pRfnmjo���b�i�oz��d\£¼�UdRÖ_gjiX�&o�i��7k�g�dQu{rX��fhmXo��lµ Ý ²�E:E�²V ¡bU��Ö_o�s�fnu{~&o
pqgXrjs�fnu{b&r��&d�£¼oz�{�R�&d\fnmjo�b�~Uozy��w�{�	dQfnyhgjs�fngXyho�bwpRfhmXo%��b7iXoz����aOmXo���b�i�oz�»£�uvfnm�fhmXo��vbUrX�&o�y�u{rjdnozynf�bUrX�{keyno�dQgj��fho�i
u{re��x�o�x�fnu�i�o}s�mj�&uvr4oz¸)fhozrjiXuvrX��pqyhb&� fnmXo}��b�i�o��¤�wr�i?fhm7gjd�fhmXo¢��b�i�oz��£�uvfnmjb&g�f�fhmXo¢�{b&rX�Uozy�u{rjdnozynfnu{b&r�£¼�Ud�gjdno�i
pqb&y\pqgXynfnmXo�y|d_fhgji�k&��aOmXo���b�i�o��	£�uvfnmlfnmjo�mXu{�&mjo�dQf�bU��Ö_o�s�fnu{~&o�dhs�bUynoU��£�mXu{s�m�i�u�ierXb&f�szb&r)fh�&uvr��&r7k�Ò7rXb&fhd�u{refnmjo
xXyhbwfhozu{r%�j�&s�Ò7�]b&rXo � Ò)rjbwfhd¼�wyho�£�mXo�yno�fhmXo����&s�Ò7��bUrXo�bwp½fhmXo�xXyhbwfhozu{r�pqb&yh�%d`�|�{b7b&x��wr�i�fnmXo�r%fnmXo\�j�&s�Ò7�]b&rXo�xj�&dhd
fnmjynbUgX�&m%fhmXo��vb7b&x]�t�7£¼�UdVs�mjbUdnozr��IaOmXo�bU��Ö_o�s�fnu{~&o�dnszb&yho�u�dV�¢pqgXrjstfhuvbUr�u{��xX�{oz��ozr)fno�i��7k%�lµ Ý ²FE:E¤²` �fhb��Udndno�dhd
��b�i�oz��dz�|aOmXo�b&��Ö_o�stfhuv~Uo�dhs�b&yho¢pqgjrjstfhuvbUr�u�d��j�UdQo�i9b&rl��b&�{o�s�gj�{�&y\i�k7rj�&��u�szd\xXyhuvr�s�u{xX�vo�d\�&rji9fhmXo�xXynbU�&y��w� fnyhuvo�d
fnb}b&x�fhuv��u�dQo�szozynfh�&uvr%xj�&yh�&��o�fno�yhd»pqb&yRfhmXo���b�i�oz���»�lµ Ý ²FE:E¤²` �£O�&d»yhgXr%bUr��¢i�gj�&� ^Iozr)fnu{gX�ÑÚQÚnÚ � � `�È�Õ��`s�xXg��
� ` Ó  �¶����jyngXrjrXuvrj�%É�g�É7² CX� � �

G<H G<HJIKH��<H�EF'�,C� ,0XJNKY E8N<V�W�R@RJX@Y9S

aOmXo�yno��&yno\��fV�{o��Ud_f�Bj~&o�Ò)rjb�£�r%�}g�f���fnu{b&r�d`�{uvrjÒ&o�i�£�u�fhm�yno�dQu�dQfh�wr�s�o�b&p¤dQgX�vpÔ�&iXb�¸7u{rXo�fhb�Ê�ÀUË�®�¯{Á�Ã Ìj®�ÍtÎ�Ï Ý ÈD^¼É
� É�¨ Ç&� ¶ 1 a �]¶�¨ Ç á `�� Û ¦�¨ ¥ ²��]¶\¦ ´j� `��]¶ �X��Ç É!1wa��jacynu{�&�{u{�l¬�­�®w¯°�v� � C!C á �t��ÚÅr�b&y�i�ozy�fhb?u{r7~&o�dQfnu{�U�wfno|fhmXo}ozÙ]o�stf�bwp
fnmjo���g�fh�wfnu{b&rjd���ÚÅrjdQu{�&m)fhÚQÚ � ¶�szs�o��vyhk�dh��£¼�Ud�g�dQo�i4fnb�xXyhb7iXgjs�o}fnmXo��}g�f���fhuvbUr���szb&r)fh�&uvrjuvrX�?��b�i�o��{d��¢aOmXo�b&yhuv�Uuvrj�&�
��b�i�oz�V£¼�Ud��vb)�&i�o�ilu{r)fnb9ÚÅrjdnu{�&m)fnÚnÚ��&rjilfnmXo�r��IgjdQu{rX�4fhmXo Ó uvbUx�bU�vk7��ozy|��b�i�gX�{o&�	£O�&d���b�i�u%B�o�i�fnbefnmXo�i�o�dQu{yho�i
�}gXfh��fhuvbUrjd��IaOmjo�pqb&�{�vb�£�u{rX���}g�f���fnu{b&r4��b�i�oz��dO£¼ozyho�szb&rjdQfnyhgjs�fno�i<Z

•

É7¨ Ç&� ¶�1 a
•

¶�¨ Ç á `
•

Û ¦�¨ ¥ ²
•

¶\¦ ´X� `
•

¶ �j��Ç a

aOmXo�dQoe��b�i�o��{d?£Vo�ynoedngX��Ö_o�stfno�i�fnb ��¥&¥ dQfno�xjd�b&p���u{rXu{��u{Õ��wfnu{b&r � fnb�o�rjdQgjyno9fhmj��f�rXb��%��Ö_bUy�ozrXo�yn�Uk=sz�{�UdQmXo�d
b�szszgXynyho�i��OuvrlÚÅrjdnuv�UmUfhÚQÚ��&rji9pqgXynfnmjozy�gjdQo�i4fnb�uvr7~Uo�dQfnu{�U��fho|fnmjo�ozÙ]o�stf�bwp»fnmjo�i�uvÙ�ozyhozr)f\��g�fh�wfnu{b&rjd\b&r�dngX�jdQfny���fho
�wr�i�iXyngX�|bUynu{ozr)f���fnu{b&r�u{r�fnmXo��Ustfnu{~&o�dnuvfno&�	ÚÅrjdnuv�Um)fnÚQÚI£O�&dIyhgXr�b&r%�¢É7u{�vu�s�bUrd`�yh�&xXmXu�szd»ÚÅrjs&�`µ�stfh�&rXo�±\£¼b&yhÒ�d_f���fnu{b&r
£�uvfnme¦ � ±w� Ó  �¶\���
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aOmXo�K�À½­�Î ��¬�ÍhÁ�Î�¯vÂ65tÃL5�s�yhk7dQfh�&�Xd_fhyng�stfngjyno�szb&r)fh�&uvrXo�i��¢dQgj�jd_fhyh�wfno��&rj�w�{b&�UgXo��wrji��9� 2+ u{b&r��)�wrji �\À¤® �j­
97Ín®UÁ�ÃL5
s�bUr)fh�wu{rXo�i���xjynb�i�gjs�fV�wr��w�{b&�&gjo&�¤acb¢b&�Xfh�wu{r%���&�{b&�j�&�XxXu�stfhgXyno�b&p½�vu{�U�&rji7��xXynb&fno�uvr�uvr)fhozy��&stfhuvbUr��wfhmXo�bUynu{ozr)fh�wfnu{b&r�bwp
fnmjo¢rj��fhgXy��w��dngX�jdQfny���fno�d��wrji4dngX�vpÔ�&i�b�¸�u{rXo|uvr�fhmXo¢£�u{�{i7��f_k7x�o¢�&rji�fnmXo}yno�dQu�d_f��wr)fOf_k7x�o�d�rXozo�i�o�i�fhb%��o}szb&��xj�&yno�i½�
aOmXu�d`£O�&dV�&s�mXu{oz~Uo�i��7k��XgXu{�{iXuvrX��fnmjo��{uv�)�wrjiXd`uvr)fhb¢fnmjo\��b�i�oz��pqyhb&� fnmXo�s�yhk�d_f��w�]d_fhyngjs�fngXyho�d`£�u�fhm��lµ Ý ²FE9E�²` |�
b&y�i�b�s�Ò7uvrX��fnmXo�� uvr)fhbefnmjo��&s�fnu{~&o�dQuvfno���b�i�o��OgjdQu{rX��iXb7s�Ò7u{rX�ldnbwp f_£O�wyho�dngjs�m#�&d}fnmjo\E�u{�U�&rji a uvf���b�i�gX�{o?u{r
[Vozyhu{gjdh± � ¶�s�s�oz�{yhk7d��t��aOmXo�xXynb�i�g�stf¢�wrj�&�vbU�&gXo�£¼�Ud���b�i�u Bjo�i�fnb�fhmXo�f_£Vb�rj��fhgXy��w�IdQgX�Xfny���fno�d � gjdnuvrj��ÚÅr�dQu{�&m)fnÚnÚQ�
�wr�i�dngX�vpÔ�&i�b�¸�u{rXo�£¼�Ud�i�b�s�Ò&o�i?uvr)fhb�fnmXo|�&s�fnu{~&o|dnu�fho|gjdQu{rX� [Vozyhu{gjdh± � ¶�s�s�o��vyhk�dh���

G<H G<H G<HJIKH � '��  .,C-6� ,�W��MNKY� C,.-6'�) ,0XJNKY

Ý gXynu{rX�?fnmXo���b�i�o��v�{u{rX��xjynb�s�o�dnd���fnmXo��9� 2+ u{b&reu{r K�À`­«Î ��¬zÍnÁ�Î�¯{Â>5tÃL5 Ý ÈD^VÉ��wrjiefnmXo�xXynb�i�g�stf|�wrj�&�vbU�&gXo|u{r
�\À»® �j­
97Íh®&ÁzÃL5 Ý ÈD^VÉ?£¼ozyho\u{rjs�bUynx]b&y���fho�i%u{r)fnb�fnmXo���b�i�oz�]pqbUy�^Rp Ý È ^VÉ���aOmjo\��b�i�oz�½£O�&dV�{bU�&iXo�i�u{r)fnb�ÚÅrjdnuv�UmUfhÚQÚ
�wr�iefhmXo%xXyhb7iXgjstf¢�wr��w�{b&�&gjo�£O�&d���b�i�u%B�o�ilfnb�fnmjo%rj��fhgXyh�&�»dQgX��d_fhyh�wfno�d�� � ��m7k�i�yhb�¸7k7��o�fhm7k)�v� á � ´ �Åi�uvm7k�i�yhb&x�fhozyhuvr
x7k7ynbUxXmXbUdnxXmj�wfno �«Ý È ^V�¼�wrji�Ì]���&��uvrXbU��o�rXÕzbUu{s��&s�u�i �@a u{�&gjyno\±X� ±U�t�»aOmXo�dQgX��d_fhyh�wfno�d`£Vo�yno\dn��~Uo�i��&d\� x�i�� B��vo�dRpqbUy
����fno�y�gjdno�u{r4�vu{�U�&rji�i�b�s�Ò)u{rX���
G<H G<H G<H G<H � '9R"� ����V�->'�S��MN�Y� C,.-6'�)�,�X@N�Y � Y�V$�\N )��<X@Y9S

9R�wyhu{b&gjdVdQgX�vpÔ���Åi�yhgX�Ud¼�wyho�u{r?g�dQo��w�)�wu{rjd_f¼xj�wy��&dnuvfno�dV�Xg�f¼fnmjo���b)d_f�s�bU����bUrX�vk�gjdno�i�i�yhgX���&�U�&uvrjdQf`�%�w���wyhu��¢u�d
dngX��pÔ�Ui�b�¸�uvrjo �Ja uv�UgXyho�±�� Ç ���O�ebUdQf�bwpIfnmjo�dngX��pÔ�w��iXyngX�)d��wyho�Ì��Å�w��u{rXb&�]ozrXÕ�b&u�s¢�&szu{i9�&rj�w�{b&�UgXo�dO£�uvfnm�~��&ynu{b&g�d¼pqgXrjst�
fnu{b&r��w�]�&yhb&gXxjd¼��fnfh�Us�mXo�i½�IaOmXo\pqb&�{�vb�£�u{rX��dQgX�vpÔ���Åi�yhgX�Ud`£Vo�yno�s�bUrjd_fhyng�stfno�i%£�uvfnm�fhmXo Ó gjuv��i�ozy¼��b�i�gX�{o\b&p¤ÚÅrjdnuv�UmUfhÚQÚ
�wr�i%dn��~Uo�i��&d�� ��b&� ±]Bj�{o�d`pqb&yV�{�wfno�yRgjdno!Z»dQgj��pÔ�wfnmXu��wÕ�b&�{o&�Uij�wxjdnb&rXoU�UdngX�vpÔ�&s�mX�{b&yhb&x7k7ynu�iX�&Õzu{rXo&�wdngX�vpÔ�&º)gXu{rXb�¸X�w�{uvrXoU�UdngX�v�
pÔ�&iXuv��o�fhmXb�¸�uvrjo&�RdngX��pÔ�&x7k)yhu�iX�wÕ�uvrXoU�»dQgX�vpÔ�w��b�¸�b&�{o&�IdngX��pÔ�&��o�fnmjb�¸7k7x7k7ynu�iX�&Õzu{rXo&�IdQgj��pÔ�&��ozfnmXb�¸X�&Õzb&�{o&�»dngX�vpÔ�w��ozy��wÕ�uvrXoU�
dngX��pÔ�Ui�u��wÕzu{rXoU��dngX� B�dQb�¸X�&Õzb&�{o&��^½¶\É���dQgj��pÔ�&rXuv���w��u�i�oR�wr�i|dQgX�vpÔ�&szo�f��w��u{iXo �ÔÛ �UdQo�Ò��&ynr%¬z­¤®�¯vÀvÆ�± ¥&¥ ¨)����aOmXo`s�bUrjdQfnyhgjstfho�i
dngX��pÔ�w��iXyngX�)dR£¼ozyho���u{rXuv��u{Õzo�i?u{r?ÚÅrjdnu{�&m)fnÚnÚRgXr)fnu{�]fnmXo�s�mj�wrj�&o�u{r?o�rXozyh�&k�£O�&dV�vo�dnd`fnm��wr ¥ � ¥j� Ò)sz�w�
1���bU�jgjdnuvrj�¢fnmjo
[ 9 a a pqb&y�s�o B�oz��i � ¶�szs�o��vyhk�dh���
µ\rX�{k�dngX�vpÔ���Åi�yhgX��yho�dnu{dQfh�&rjs�oR£�uvfnm�yno�dQx]o�s�f¤fhb\dngX��pÔ�Ui�b�¸�uvrjoR£¼�Ud�u{r7~&o�dQfnu{�U�wfno�i|�wrji|rjbwf	fnmXo¼i�o�f��wu{�vo�i¢i�b�s�Ò7uvrX�\bwp

fnmjo¼b&fnmXo�y»dQgX�vpÔ���Åi�yhgX�Ud�� a b&y	fnmjoOiXb7s�Ò7u{rX��bwpjfhmXo�dQgj��pÔ�w��i�yhgX�)dz��fnmjoDE�u{�U�wr�i a u�fI��b7iXgX�voOb&p [Vozyhu{gjdh± � ¶�s�s�o��vyhk�dh�¤£¼�Ud

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  DDee  BBeeeerr,,  TT  AA  PP    ((22000055))  
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gjdno�i½�	aOmXoR��b�i�oz�)£O�&d½�{bU�Ui�o�i�£�uvfnm�fhmXoVdngX�jdQfny���fho�d½u{r¢xX���&szo � �Ud�s�bUrjd_fhyng�stfno�i�uvr}ÚÅrjdQu{�&m)fhÚQÚQ�t��aOmXo�[¼��~7uvf_k a uvr�i�uvrj�
��b�i�gX�{oR£¼�Ud½gjdno�i�fhb�u{iXozr)fnuvpqk|�w�{��fnmXo¼sz��~7uvfnu{o�d��&rji�fnmXoV�&stfhuv~UoRdQuvfnoVsz��~7u�f_k\£¼�Ud�dnoz�{o�stfho�i½�	aOmXo»pqbU�v�{b�£�uvrj��xXynbU�&y��w�%d
£¼ozyho��w��dnb�gjdno�i�u{r=�wfQfhoz��x�fhd�fhb�i�b�s�Ò�dngX��pÔ�Ui�b�¸�uvrjo!Z%fhmXo E�� Ý Ú¢��b�i�gX�{o�b&p�ÚÅrjdnuv�UmUfhÚQÚt�»¶�gXfnb�i�b�s�Ò � �9bUynyhu{d4¬z­
®�¯��v� � C!C ´ ���&d}£Vo��v�O�&d�`¢µ]E Ý³�Ôª b&rXo�d�¬z­¢®�¯°�{� � C�C á �t�_[Vo�ynu{gjd�±OE�u{�U�&rji a u�f�xXynb�i�g�s�o�i=± ¥ BXf�d}£�uvfnm��9y��wrX�Uo�bwp
s�bUr�pqb&yh�%��fhuvbUrjdz�IaOmXo�b&yhuvo�r)fh��fhuvbUr�u{r?£�mXu�s�m�fhmXo\Ì �q�w��u{rXb&�]ozrjÕzb&u�s��Us�u�i�xj�&yQfObwp	dQgX�vpÔ�&iXb�¸7u{rXo�dQmXb�£¼o�i%fnmXo|s��{bUdno�dQf
yho�dnoz�}�j�{�&rjs�o	fnbOfhmXo`szynk�dQfh�w�wdQfnyhg�fhgXyno»bUynu{ozr)f���fnu{b&r�£O�&d½s�mXb)dQo�r��	µ\rX�{k [Vo�ynu{gjd�±OdQgjs�s�o�o�i�o�i\u{r|i�b�s�Ò7uvrX��dngX�vpÔ�&i�b�¸�u{rXo
u{r��&r��Uszs�o�x�fh�&�X�{oOszb&r�pqbUyn�%�wfnu{b&r��&rji�b&yhuvo�rUf���fhuvbUr��¤¶�r%�Uszs�o�x�fh�&�X�{oOszb&r�pqbUyn�%�wfnu{b&r¢£O�&d»��s�bUr�pqb&yh�%��fnu{b&r�uvr�£�mXu�s�m
dngX��pÔ�Ui�b�¸�uvrjo�£¼b&gj�{i�uvr)fhozy��&stf�£�uvfnm Ý ÈD^�uvr9��£O��k?dQu{��uv���wyOfhb�fnmXo(^»p Ý ÈD^¼É9sz�wfh�w�{k)fnu�s���o�s�mj�wrju{dn�4�
aOmXo�pqb&�{�{b�£�uvrX�4xj�&yh�&��o�fno�yhd�£¼ozyho�gjdQo�i·�wrji·�wxjxX�vu{o�i�i�gXyhu{rX�4fnmXo�iXb7s�Ò7u{rX�4bwp�dQgj��pÔ�Ui�b�¸�uvrXo�u{r)fnb�fnmXo Ý ÈD^¼É

��b�i�oz��£�uvfnmc[Vo�ynu{gjd�± Z

•

È�k�i�yhb&�UozrjdO£¼ozyho¢�wgXfnb&�%�wfnu�sz�w�{�{k�s�mXo�s�Ò&o�i�fhb�ozrjdngXyho|fnm���f\�&�v�cyno�dQu�i�gXo�d�mj�&i�fhmXo�szb&yhyno�stf�r7gX�}�]ozy\bwp»m7k�i�ynb&�
�&o�rjd��

•

aOmXo9�wgXfnb&�%�wfnu�sz�w�{�{k�u{iXozr)fnu Bjo�i��juvrjiXuvrX��x]b�s�Ò&ozf�£O�&d�o�rX���wyh�&o�i�fnb�o�rjdQgjynoe�&r��Ui�o�º)gj�wfno9dn�&��xX�vu{rX�·bwp�fnmjo
s�bUr�pqb&yh�%��fhuvbUrj�w��dQx��&s�o�u{r�fnmXo¢�Ustfnu{~&o|dnu�fho&�

•

aOmXo�iXo�pÔ�wgj��f`�Uynu�i7��yno�dQbU�vgXfnu{b&r�dQu{Õzo�£O�&dRÒ&ozxXfV��f ¥ � ¦&©�fnb}�&u{~&o��wr��UszszgXyh�wfno�yhozxXyho�dnozr)f���fnu{b&r�bwp½fhmXo��Ustfnu{~&o�dnuvfno&�
•

¶ x�bUyno�b&x]ozrXu{rX�?b&p ´ © £O�&d�dQx]o�szu%Bjo�i9fhb�o�rjdQgjyno}fnmj�wf��&r��&i�o�º)gj��fho}yhoz�&u{b&r�bwpVszb&r�pqbUyn�%��fhuvbUrj�w�	dQx��&s�o�£¼�Ud
dh�w��xX�{o�i½�

•

aOmXo�b&xXfnu{b&rlfnb9x]ozrj�&�vu�dQo%�&r)k9bUynu{ozr)f���fnu{b&r�bwpOdQgj��pÔ�Ui�b�¸�uvrXo�uvp¼dnb&��o�xj�wynf|bwp¼fnmXo%��bU�vo�s�gX�{o�£¼�Ud\�]ozkUb&rji�fnmjo
i�o�BjrXo�i��&s�fnu{~&o|dnu�fho&�X£O�&dO�&s�fnu{~���fno�i½�

•

[Vozyhu{gjdh±}£O�&d��w�{�{b�£Vo�i%fnb��%�wÒUo�fnmXo|�{uv�)�wrji��joz¸7u{�X�{o&�

aOmXo}dngX�vpÔ�&i�b�¸�u{rXo�� ^»p Ý ÈD^VÉ�s�bU��xj�voz¸�£O�&d���u{rXu{��u{Õzo�ie�&s�s�bUyhi�u{rX��fnb?fnmXo�dn�&��o¢s�yhu�fhozyhu{��gjdno�ieuvr�dno�s�fnu{b&re±��§±��§±��§±
pqb&y���uvrXu{��uvÕ�uvrj�efnmjo?�{uv�)�wrji7� ^»p Ý ÈD^VÉ#s�bU��xj�voz¸��laOmXo�u{rUfhozy��&s�fnu{b&r��]o�f_£¼ozozr�fnmXo Ý È ^VÉ���b�i�oz�¼�wrji�fnmXo�dQgX�X�
dQfny���fno�dO£¼�Ud¼fnmXo�r9~7u{dngj�w�{u{Õzo�i�gjdnuvrj�dE�Ú�`]^FEIµ�a � :·�w�{���&s�o?¬z­�®�¯°�{� � C!CU¦U�t�RaOmXo|u{r)fno�yh�Ustfnu{b&r��]o�f_£¼ozozr Ý ÈD^VÉ4�&rji
dngX��pÔ�Ui�b�¸�uvrjo\£O�&dOs�bU��xj�wyho�i�fnb�fnmXo�u{r)fnozy��&s�fnu{b&rjd¼xXgj�X�vu�dnmXo�i?pqb&y�K�À	­�Î �h¬zÍnÁzÎ�¯vÂ>5tÃL5�Æ �\À»® �j­
97Íh®&ÁzÃL5hÆ �½À»®�Î�Ín¬zÎ&5��&rji

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  DDee  BBeeeerr,,  TT  AA  PP    ((22000055))  



���������
	���
��������
�����
������������ !	"�#�%$#&�'(��)�*,+�-�.0/#1�2 3!.�4�5�68797:7<;>=@?�A>79� ± �
¾�ÀIÁ�Â�¯°Ã Ý ÈD^¼É �«Ó �&sz��¬�­`®w¯°�{�j± ¥&¥U¥ ��� [Vo�ynu{gjd�±|£O�&dVyngXr?b&r���É7u{�vu�s�bUr `�y��wxXmXu�szdVÚÅrjs&�Vµ�stfh�&rXo�±|£VbUynÒ�dQfh��fhuvbUr%£�u�fhm
¦ � ±w� Ó  �¶����

G<H G<H��:HMLONKPQN�R@N�S�TUPQN<V�W�RJRJX@Y9ScN��������	��

��������������� � ���

G<H G<H��:HJIKH�EF'�R
,0X
G RJWH�<W&%('�W�Y�)�WHI R@XJSKY9PQW�YJ,

acb}ozr�dQgXyho��}yhoz�{u{�&�X�{o\�w�{u{�&rX��ozr)fObwp:^Rp ^,^,^ Û £�uvfnm�fhmXo�fno���xj�{�wfno&�7fhmXo]^,^,^ ÛÐ� ^»pÔ�&� yho�pqozyhozr�s�o!Z�^ a ¥X� ± ´U´ �
xXyhb�Bj�{o�pqynbU� ^»pÔ�w� £¼�Ud�gjdQo�i½��aOmXu{d�o�rjdngXyno�i���yhoz�{u{�&�X�vo��w�{u{�&rX��ozr)f|bwpVfnmXo��U�vbU�j�w�{�vkeszb&rjdnozyh~&o�i9yhoz�&u{b&r�dz��aOmXo
s�bU��xX�vozfno�Ê�À�Ë�®w¯vÁzÃ ÌX®wÍtÎ�Ï ^F^,^ Û dQo�ºUgjozrjszoVpqyhb&� `�ozr7�j�&rXÒ � `�o�r)���wrXÒ��&szszo�dhdQu{b&r�rXy0Z�� ¥ á&á ¥&� ��£¼�UdIgjdno�i��&dI£¼oz�{�
�&d�xj�&yQfhu{�&�	dno�º)gXo�rjs�o�d�pqyhb&� Ê�À A�Ã�A�®.B � `�ozr7�j�wrjÒe�&szszo�dhdQu{b&r�rXy�Z�¶�D ��´&� á Ç&¥ �t��Ê�À �h¬zÍ"=>9X¬zÃ � `�o�r7�j�wrXÒe�Uszszo�dhdQu{b&r
rXy0Z�¶ a Ç ¨&¨ �&�X� �¢�&rji�Ê�À�Á:9X® �h®wÎ!7�Ã � `�ozr7�j�&rXÒ��&s�s�o�dndnuvbUr�rXy0Z�¶ ª ÇU¥ ± ¥ á&á �t�I£�mXu�s�m=£¼ozyho?bU��fh�&uvrXo�i�fhmXynbUgX�&m��
fn�j�{�Ud_fn¸·dno��&yhs�m�£�u�fhm·fnmXo4Ê�À½Ë�®�¯{Á�Ã Ìj®�ÍtÎ�Ï ^,^F^ Û�Ý �\¶ dno�º)gXo�rjs�oU� Ó ���&dQfnx·xXyhb�~)u�i�o�i�fhmXod^,^F^ Û dQo�º)gXozrjszo%bwp
Ê�À ?&Â�¬z¯ ¯°Ã ?&Â�¬�¯ ¯°Ã � `�ozr7�j�&rXÒ9�&s�s�o�dhdnuvbUr9rXy�Z�²V¶�¶\± ���U�X� ���\aOmXo��&�{b&�j�&�v�{k4s�b&r�dQo�yn~Uo�i4yhoz�&u{b&r�d�£¼ozyho¢gjdno�i4fhb��w�{u{�&r
fnmjo?dQo�º)gXozrjszo�d�pqbUy}£�mXu�s�m��9s�yhk�d_f��w�`dQfnyhgjs�fngXyho�£O�&d¢��~��wu{���w�X�{o&�\^,^,^ Û b&p�¾�À�Á�Â�¯°Ã � ^ Ý\Ó yho�p
Z � Ý D Ç � � [ ÓOÛ �
� ² ;���� � ² ;|µ�� � ²R� ´ � � a C&È}� � a C D�� � `�¨�[\� � È Û ¶¢� � È ;�±X� � Ú_� � �wrji � Û|Ó  \�I�wrji��}À½Ã����¼Îj¬ ����®&¬ � ^ Ý�Ó ynozp
Z
� [ ÓOÛ �Vmj�Ui���~��wu{���w�X�{o�szynk�dQfh�&��d_fhyngjs�fngXyho�d�� ^»p ^,^,^ Û dnmXb�£¼o�i4± ��; u{iXozr)fnuvf_k?�wr�i�¨ ¥+; dnuv��u{�{�&ynuvf_k%fhb�²Vs ^,^,^ Û �

G<H G<H��:H G<HMLONKPQN�R@N�S�TUPQN<V�W�RJRJX@Y9S

¶ yno��vu��w�X�{o\dQfnyhgjs�fngXy��w�]��b7iXoz��rXozo�iXdVfnb�uvr�s��{gji�o��&d¼�%�wr7k�yno�d_fhyh�&uvr)fhd¼�&dVx]bUdhdQu{�X�{o\£�mXo�r?�Xgjuv��i�u{rX�}fhmXo���b7iXoz���
¶��{�Ifnmjo���~��wu{���w�X�{o�szynk�dQfh�w�»dQfnyhgjstfhgXyho�d\bwpF^,^F^ Û £¼ozyho}u{r7~&o�d_fhuv�)��fno�i½�¢aOmXo�yno��wyho � ± ^,^,^ Û s�yhk�d_f��w�»dQfnyhgjstfhgXyno�d
��~��wu{�{�&�X�{o � �&� pqynbU� ¾�À»Á�Âw¯°Ã � ²`s b É)fh�&����o�yhd¢¬z­O®w¯°�{� � C�C!C b Ó ���&dnÕ�s�Õ�k7Ò�¬�­�®�¯°�{��± ¥&¥&¥ �`�&rji�b&rXo�pqyhb&����À	Ã����¼Îj¬ �	��®
� È�u b È�o�rXrXu{rX�#¬z­�®�¯��v� � C!C�CU�n�t��aOmXo?¾�À�Á�Â�¯°Ã�s�yhk7dQfh�&�»d_fhyngjs�fngXyho�£¼�Ud�gjdQo�il�Ud�u�f}szb&r)fh�&uvrjo�i9fhmXo%��bUdQf¢s�b&��xX�{o�fho
dno�f»bwp�dQgX��d_fhyh�wfno�d � ¶»a>^��wrji���x�fno�ynu{r�dngX�jdQfny���fho¼�&rj�w�{b&�UgXo&�	
���
U�Åi�u{m)k�i�yhbw� � ��m7k�i�ynb�¸�k7��o�fhm)k7�v� á ����ozfnm7k7��� á �«xXfnozyhu{r��
�wr�i�s�b&�«pÔ�Ustfhb&y�d � f_£¼b��e� 2+ uvbUrjd��t�¢aOmXo�bwfnmjozy|s�yhk�d_f��w�Id_fhyngjs�fngXyho�d � ^ Ý\Ó yho�p
Z � [ ÓOÛ � � ² ;���� � ² ;|µ�� � ²R� ´ �
� a CUÈ¢� � a C6D�� � `�¨ [\� � È Û ¶}� � È ;�±�� � Ú_� � �wr�i � Û|Ó  ��|szb&r)fh�&uvrjo�i�~��wyhu{b&gjd¢pqb&yh��d}bwp�dngX�jdQfny���fho��wr��w�{b&�&gjo�d
�wr�i+ozuvfnmXo�y9¶ Ý ^ b&y4¶�� ^	� a ynbU� fnmXo��}gX�vfnu{xX�{o�dno�º)gXo�rjs�o��w�{uv�UrX��ozr)f�uvf4£¼�Ud�oz~7u�i�ozr)f�fnmj�wfeÊ�ÀRË�®�¯{Á�Ã Ìj®�ÍtÎ�Ï
^,^,^ Û szb&r)fh�&uvrjo�i�f_£Vb����wyh�&o�u{rjdQo�yQf�d � o��&s�m9�w�]b&g�f C ¥ yno�dQu�i�gXo�d�uvr4�{ozrX�&fnm4£�mXo�res�b&��xj�&yno�i�fhb%rXb&rX� ^R���&dn��b�i�u{�&�
dnx�o�s�u{o�d��R�wr�i%fnmjo\i�o�s�u�dQu{b&r�£O�&d`�%�&i�o�fnb�o�¸Xs��{gji�o�fnmXo��ÑpqynbU� fhmXo���b�i�o��]�jgXuv��i�u{rX�}xjynb�s�o�dnd¼i�gXo�fnb}fnmXo�uvyO�{ozrX�&fnm
�wr�i#fhmXo9���&s�Ò�b&p���fhoz��xX����fno9�%�wfhs�m����lµ Ý ²FE9E�²`  � ~ Ç £O�&d�gjdno�i=fhb��XgXu{�{i=fnmjoe��b7iXoz��dz��aOmXoedngX�jdQfny���fho
�wr��w�{b&�&gjo � 
���
U�Åi�uvm7k�i�yhbw� � ��m7k7iXynb�¸�k7��o�fnm7k7�v� á ����o�fhm7k)�v� á ��xXfnozynuvr]�¤�&rji�¶»a>^I�X�&dV£Vo��v���&d`fnmjo�f_£¼b��9� 2+ uvbUrjdRpqyhb&�
fnmjo�szynk�dQfh�w�OdQfnyhgjstfhgXynoU�»£Vo�yno?uvrjsz�vg�i�o�i=i�gXyhuvrX�lfnmjo���b�i�oz�¼�XgXu{��i�uvrj�j��aOmXo���b�i�o��{d�£¼ozyho��XgXu{�vf�pqbU�v�{b�£�u{rX�9fnmjo
dh�w��o}s�yhuvfnozyhu���gjdQo�i�pqb&y�fnmXo���b�i�o��v�{u{rX��bwp¼Ê�ÀXË�®�¯{Á�Ã Ìj®�ÍtÎ�Ï Ý ÈD^VÉeuvrldQo�stfnu{b&r�±X� ±X� � � ¨��¼aOmjo�dngX�jdQfny���fno¢�&rj�w�{b&�UgXo

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  DDee  BBeeeerr,,  TT  AA  PP    ((22000055))  
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£O�&dOs�bUr)~Uozynfno�i�fnb�fnmjo|rj��fhgXyh�&��x�fno�ynu{r�dngX�jdQfny���fho\g�dQu{rX��ÚÅrjdnuv�UmUfhÚQÚt�Xacb�bU��fh�&uvr4����ozfQfhozy�s�mj�&yh�Ustfno�ynu{Õ��wfnu{b&r%b&p¤fnmjo
xXyhbwfhozu{r����vb�£O�Ås�bU��xX�voz¸�u�f_k%yhoz�UuvbUr?xXyho�i�u�stfhuvbUr�£O�&d�iXb&rXo�gjdnuvrj��fhmXo|xXyhb&�Uyh�&� É7²�` � :�b)b&fQfhb&r�¬�­O®�¯°�{� � C!C Ç �t�

�ON���N���� 	7Z��_
 	

aOmXo�pqbU�v�{b�£�uvrj��yho�dngX�vfhdO£¼ozyho�bU��fh�&uvrjo�i?pqynbU�ßfnmXo|mjb&��b&�{b&�Uk%��b�i�o��v�{u{rX��bwp ^»p Ý È ^VÉ9�&rji ^Rp ^,^,^ Û �

G<H��:HJIKHMLONKPQN�R@N�S�T E8N<V�W�RJRJX@Y9S N��@�\L����

aOmXo}fnoz��xX����fho���fh�&yn�Uo�f��&�vu{�&rj��o�r)f\£O�&d�iXozyhuv~Uo�i4pqyhb&�ÐfnmjoM^»pÔ�&� Ý ÈD^VÉ��}gX�vfnu{xX�{o�dno�º)gXo�rjs�o��w�{uv�UrX��ozr)f��&rji
fnmjo}�&iXiXu�fhuvbUrj�w��pqbUgXyD^R���&dn��b7iXu{�&�¤dQx]o�szuvo�d�£¼ozyho¢�&iXi�o�i��{�wfnozy�� a u{�&gXyho¢±�� ¨�dQmjb�£�d�Ê�À�Ë�®�¯{Á�Ã Ìj®�ÍtÎ�Ï Ý ÈD^VÉ4�&�vu{�&rjo�i
£�uvfnm4fnmjo|pqb&gXy�bwfnmjozyD^R���&dn��b�i�u{�&� Ý ÈD^VÉ9dno�º)gXo�rjs�o�d��&d�£Vo��v�¤�UdOfnmjo K�À»­�Î �h¬zÍnÁzÎ�¯vÂ>5tÃL5¢�wr�i��\À`® �j­
97Ín®UÁ�ÃL5 Ý ÈD^¼É
dno�º)gXozr�s�o�d��?��bwfnu�s�o�fnmXo�f_£¼b9uvr�dQo�yQf�d|£�mXozr�szb&��xj�wyhu{rX��fnmXo B�~&o ^R���&dn��b7iXu{�&�`dQx]o�szuvo�d�fnb K�ÀO­�Î ��¬�ÍhÁ�Î�¯vÂ65tÃL5%�&rji
�\Àc® �j­
97Ín®UÁ�ÃL5t�RaOmXo\�vo�rX�wfhm?bwp½fhmXo�u{rjdnozynfhd¼�w��dQb�i�u�Ù�ozy¼�]o�f_£¼ozozr�fnmXo Bj~&o ^R�{�UdQ��b�i�u��w��dQx]o�szuvo�d`�jg�f`fhmXozyho�u�dV�}mXu{�&m
�{oz~&o��Rbwp�szb&rjdnozyh~���fnu{b&r·�]o�f_£¼ozo�r·fnmXod^`�{�UdQ��b�i�u��w�Vdnx]o�s�u{o�d|pqynbU� yho�dnu{iXgXo�d á ¨ ¥ � á ¦ Ç uvr·fhmXo�dno�szb&rji�u{rjdQo�yQf��9aOmXo
�{ozrX�&fnm�b&p�uvrjdnozynf � ~��wyhuvo�d¢�]o�f_£¼ozozr�fnmXo\^R�{�UdQ��b�i�u��w�OdQx]o�szuvo�d��&rji�uvf�i�b7o�d}rXb&f�dnozo�� fhb�mj��~Uo?�wr7k·s�bUrjdQo�yn~Uo�i
yhoz�&u{b&r�dz�IaOmXo\�&�vu{�&rj��o�r)fOdnmXb�£�d»fhmj��f¼fnmjozyho\u�dV��mXu{�&mX�{k%s�bUrjdQo�yn~Uo�i½�XÊ¼¯v®65tÏ�Â87�Ã Î�Ï��ÅdQx]o�szu%B�s�yhoz�UuvbUr���f¼fnmXo�ozrji?bwp
u{rjdQo�yQf�± � yno�dQu�i�gXo�d á ¨ á � á ¦�C}uvr�fnmjo�Ê�À�Ë�®�¯{Á�Ã Ìj®�ÍtÎ�Ï�dno�º)gXozr�s�o�����£�mXu�s�m�£O�&dOxjyno�i�u{s�fno�i�fhb%��o¢�&r

α
��mXoz�{u�¸½� a u{�&gXyho

±��§¦\dQmXb�£�dcfhmXo�s�bUrjdQo�yn~Uo�i|��b&fnuvpÔd»uvr�Ò7rXb�£�r Ý È ^VÉ�dQo�ºUgjozrjszo�d	xXyho�i�u�stfho�i��7k}�9²`�9²��&aOmXo��w�{uv�UrX��ozr)fRdQgj�&�&o�d_fho�i
fnm���f¼fnmXo�yno��wyho�f_£¼b}u{rjdQo�yQf�d`£�mjozr�szb&��xj�&ynu{rX�¢fhmXo Ý È ^VÉ�b&p�fnmjo ^R���&dn��b�i�u{�&�]dnx]o�s�u{o�dVfhb¢fnmjo\yho�dQf¼b&p½fnmXo�Ò7rXb�£�r
Ý ÈD^VÉ�dno�º)gXo�rjs�o�dz�+aOmXo9u{rjdnozynfhd�u{r=fhmXolÊ�À A�Ã�A�®CB��&rji�Ê�À	Ë�®�¯vÁzÃ ÌX®wÍtÎ�ÏMdQo�ºUgjozrjszo4�&yno9dnmXb�£�r�uvr a uv�UgXyho9±X� ¦X�
�9b&fnuvp ��Ç dQo�oz�%dOfhb���o}��u�dhdQu{rX��u{rlÊ�À�Ë�®w¯vÁ�Ã Ìj®�ÍtÎ�Ï��jg�f�fhmXu{d�u{d�i�gXo¢fhb��wr9u{rjdnozynf�uvr4fhmXo�Ö_gXrjs�fnu{b&reyhoz�UuvbUr�u{r4fnmjo
Ê�À7Ë�®w¯vÁ�Ã Ìj®�ÍtÎ�Ï�dno�º)gXo�rjs�oU�

E�b�£�s�bU��xX�voz¸�u�f_k�xXyho�i�u�stfhuvbUr%gjdQu{rX��É�²�`���dQmXb�£¼o�i�rXb}�vb�£+s�bU��xX�voz¸�u�f_k�yno��&u{b&rjdRuvr%fhmXo�Ê�À&Ë�®w¯vÁ�Ã Ìj®�ÍtÎ�Ï Ý ÈD^¼É
dno�º)gXozr�s�o&�	�9b�i�oz�{�{ozyIxXyhb7iXgjs�o�i ��¥ ��b�i�oz��dI�wrji¢fnmXoO�]o�dQfI£O�&d	s�mXb)dQo�r��&s�s�bUyhi�u{rX��fhb�fnmXo�s�yhuvfnozyhu����{u{dQfno�i¢u{r�dno�s�fnu{b&r
±��§±�� � � ¨j�	aOmXo Ý È ^#�wr�i¢fhmXo��9� 2+ uvbUr�£¼ozyhoO�XgXu{��f¼i�uvyho�s�fn�{k¢u{rUfhb�fnmXo���b�i�o���pqynbU�2fhmXo�s�yhk�d_f��w�XdQfnyhgjstfhgXynoU� a u{�&gXyho
±�� � dnmXb�£�dVuvr)fno�yh�UstfhuvbUrjdRu{r%fnmjo Ý ÈD^VÉ?��b�i�oz���&s�fnu{~&o\dnuvfno&�»aOmXo\xXyhuv�%�wyhk��&stfhuv~Uo\dnu�fho�yho�dnu{iXgXo�dVdQmXb�£��}~&o�ynk�mXu{�&m
i�o��&yhozo¢b&p`s�b&r�dQo�yn~���fhuvbUr4£�mXozr�szb&��xj�&yno�i?fhb�fhmXo���~��wu{���w�X�{o}s�yhk�d_f��w�¤dQfnyhgjs�fngXyho�d � a	�w�X�{o�±X� � �t��¶�rl�&iX~��&r)fh�w�Uo|bwp
gjdnuvrj�%mXb&��b&�{b&�Uk%��b7iXoz�{�vu{rX�%u�dOfnmj�wf�fnmjo¢�&stfhuv~Uo¢dQuvfno|yho�dnu�i�gXo�dOb&pIfnmXo|��b�i�oz�	�wyho�yno�d_fhyh�&uvrXo�i?�7k?fnmXo|bUynu{ozr)fh�wfnu{b&r
bwp`fnmXo�fno���xj�{�wfno�yno�dQu�i�gXo�dz�]fhm)g�d\xjynb�~7u�i�uvrj�?�?~Uozyhk9�&szszgXy���fno}yno�xXyno�dQo�r)fh��fhuvbUr9bwpRfhmXo�b&yhuvo�r)fh��fhuvbUr9bwpRfhmXo%�&s�fnu{~&o
dnu�fho�yno�dQu�i�gXo�dz� Ý È ^VÉ·b�szszgXy�d¢�&d¢�9aOÚ_� ���wyhyno��R�wrji�fhmXo���b�i�oz�¼�w��dQbe�UdndngX��o�ilfnmju{d¢pqb&��i½� a u{�&gXyho?±�� á dnmXb�£�d
fnmjo�szb&��xj�&ynu�dQbUr9��ozf_£Vo�ozr�fnmXo?Ê�À�Ë�®�¯vÁzÃ Ìj®�ÍtÎ�Ï³��b�i�o��«� K�ÀV­�Î �h¬zÍnÁzÎ�¯vÂ>5tÃL5��wrji ��ÀO® ��­�9�Ín®&ÁzÃL5�szynk�dQfh�&�IdQfnyhgjs�fngXyho�d��
aOmXo��%�wu{r�iXu�Ù�ozyhozrjszo���ozf_£Vo�ozrlfnmXo�f_£¼b���b�i�o��{d�sz�&rl�]o%dQo�ozr�uvr�fhmXo��vb7b&x�yhoz�&u{b&r�d�£�mXo�yno�Ê�À�Ë�®w¯vÁ�Ã Ìj®�ÍtÎ�Ï³mj�Ud
�{b)bUxjd�£�mju{s�me�&yno¢��pqo�£;yno�dQu�i�gXo�d��vbUrX�&o�y�� a u{�&gXyho}±�� ´ dnmXb�£�dOfnmjo¢b&yhuvo�r)fh��fhuvbUr4bwpIfnmXo�dQgj�jd_fhyh�wfnoU� Ý ÈD^I�]�&rji�fnmjo
�9� 2+ u{b&rluvrlfnmjo���b�i�o��«�}��bwfho}fhmXo�xXynb�¸�u{��u�f_k4bwp`fnmXo%�w��u{rXb��&yhb&gXxeb&p»Ì��Å�w��u{rXb&�]ozrjÕzb&u�s��&s�u�i9fhb?fhmXo%sz�&yn�]b&r
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M.Tuberculosis
B.anthracis
P.falciparum
P.yoelli
P.vivax
P.berghei
P.chabaudi

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M S P A P V Q V M G V L N V T D D

. . . . . . . . . . K W D Y D L R C G E Y T L N . . . . . . . . . . L N E K T L I M G I L N V T P D

C L Y N K Y V S R M K E Q Y N I N I K E N N K R I Y V L K D R I S Y L K E K T N I V G I L N V N Y D

K L Y E E F I T S F S K L Y N T C I K K Y N K R L Y V L K N E V L Y L K E K T N I V G I L N T N Y N

S T Y N S Y V E S F E E K Y H I N I R K N N K R L Y V L K D K V S Y L K E R T H I V G I L N V N Y D

K S H E E F I T S F S R L Y N T C I K K Y N K R L Y V L K N E V V C L K E K T D I G G I L N T N Y N

N L Y E E F I T N F S K L Y N T C I K K Y N K R L Y V L K N E V L Y L K E K T N I V G I L N T N Y N 400

M.Tuberculosis
B.anthracis
P.falciparum
P.yoelli
P.vivax
P.berghei
P.chabaudi

S F S D G G C Y L D L D D A V K H G L A M A A A G A G I V D V G G E S S R P G A T R V D P A V E T S

S F S D G G S Y N E V D A A V R H A K E M R D E G A H I I D I G G E S T R P G F A K V S V E E E I K

S F S D G G I F V E P K R A V Q R M F E M I N E G A S V I D I G G E S S A P F V I P N P K I S E R D

S F S D G G L F V K P N I A V H R M F Q M I N E G V D I I D I G G E S S A P F V S H N P E I K E R D

S F S D G G L F V D P V K A V E R M F E M A S D G A S V I D I G G E S S A P Y V V P N P S V T E R D

S F S D G G L F V K P N I A V H R M F Q M I K E G V D I I D I G G E S S A P F V S H N P E I K E R D

S F S D G G L F V K P D I A V R R I F Q M I N E G V D I I D I G G E S S A P F V S H N P E I K E R D 450

M.Tuberculosis
B.anthracis
P.falciparum
P.yoelli
P.vivax
P.berghei
P.chabaudi

R V I P V V K E L A A Q G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

R V V P M I Q A V S K E V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

L V V P V L Q L F Q K E W N . . . . . . . . . . . . . . . . . . . D I K N K I V K C D A . . . . . .

L V I P V L E L F E Q E W N K M L Q I R E N . . . . . . . . G M E K Q K D K L N K N D L S L Q K K T

L V M P V L K L F K E E W H K L E C E V G G . . . G A V C C A A A S D A R K N A Q S S L Q G K L Q K

L V I P V L E L F E Q E W N K M L Q I R E N . . . . . . . . G M E K Q K D K L N Q N D L S L Q K K T

L V I P V L E L F E Q E W N K M L Q I C K N E K I D K E E K G I E K Q N D K L N Q N N L S L Q T K T 500

M.Tuberculosis
B.anthracis
P.falciparum
P.yoelli
P.vivax
P.berghei
P.chabaudi

. . . . . I T V S I D T M R A D V A R A A L Q N G . A Q M V N D V S G G R A D P A M G P L L A E A D

. . . . K L P I S I D T Y K A E V A K Q A I E A G . A H I I N D I W G A K A E P K I A E V A A H Y D

. . . . K P I I S I D T I N Y N V F K E C V D N D L V D I L N D I S A C T N N P E I I K L L K K K N

S T I Y K P P I S I D T M N Y D L F K E C V E K N L V D I L N D I S A C T N D P K I I K L L K K K N

V R D A K P I I S I D T V N Y D L F K E C V E G E L V D I L N D I S A C T H N P E I I K L L R R K N

S T I Y K P P I S I D T M N Y D L F K E C V D K N L V D I L N D I S A C T N D P K I I K L L K K K N

S T I Y K P P I S I D T M N Y D L F K E C V D K N L V D I L N D I S A C T N D P Q I I K L L K K K N 550

M.Tuberculosis
B.anthracis
P.falciparum
P.yoelli
P.vivax
P.berghei
P.chabaudi

. . V P W V L M H W R A V S A D T P H V P V R Y G N V V A E V R A D L L A S V A D A V A A G V D P A

V P . . I I L M H N R . . . . . . . . D N M N Y R N L M A D M I A D L Y D S I K I A K D A G V R D E

K F Y S V V L M H K R G N . P H T M D K L T N Y D N L V Y D I K N Y L E Q R L N F L V L N G I P R Y

K Y Y S V V L M H K R G N . P H T M D M L T Q Y D D V V Y D I K K Y L E D R L N F L T L N G I P R Y

K F Y S V V L M H K R G N . P H T M D K L T N Y D D L I S D I K R Y L E D R L H F L V L N G V P R Y

K Y Y S V V L M H K R G N . P H T M D M L T Q Y E D V V Y D I K K Y L E D R L N F L T L N G I P R Y

K Y Y S V V L M H K R G D . P H T M D M L T Q Y E D V V Y D I K K Y L E E R L N F L T L N G I P R Y

M.Tuberculosis
B.anthracis
P.falciparum
P.yoelli
P.vivax
P.berghei
P.chabaudi

R L V L D P G L G F A K T A Q H N W A I L H A L P E L V A T G I P V L V G A S R K R F L G A L L A G

N I I L D P G I G F A K T P E Q N L E A M R N L E Q L N V L G Y P V L L G T S R K S F I G H V L D .

R I L F D I G L G F A K K H D Q S I K L L Q N I . . H V Y D E Y P L F I G Y S R K R F I A H C M N D

R I I L D I G L G F A K K H D Q S I K L L Q N I . . Q V Y D D Y P L F I G Y S R K R F I S H T L E Q

R V L F D V G L G F A K K H D Q S I K L L Q H I . . H V Y D E Y P L F L G Y S R K R F I V H C M G K

R I I L D I G L G F A K K H D Q S I K L L Q N I . . Q V Y D D C P L F I G Y S R K R F I S H T L A Q

R I I L D I G L G F A K K H D Q S I K L L Q N I . . H V Y D D Y P L F I G Y S R K R F I S H T L A Q

M.Tuberculosis
B.anthracis
P.falciparum
P.yoelli
P.vivax
P.berghei
P.chabaudi

. . . . . . P D G V M R P T D G R D . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . L P V E E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Q N V V I N T Q Q K L H D E Q Q N E N K . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

T C A E I C P N T I A E N E N I Q N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

G G A A I G E C R L M S G E A K L T N G E G K L T N G E A K L T N G E G K L T N G E A K L T N G E G

T C A E I C P N T I S E N E N V Q N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

T C V E I C P N T I A Q N E N I Q N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

M.Tuberculosis
B.anthracis
P.falciparum
P.yoelli
P.vivax
P.berghei
P.chabaudi

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R L

. . . . . . . . . . . . . . . . . . . . . . . N I V D K S H N W M F Q M N Y M R K D K D Q L L Y Q K

. . . . . . . . . . . . . . . . . . . . . . . . . . D E S G K N T F T V R N I R K D K D Q Y L Y Q K

K L T N G D A K L T N G D S K L T N G E A K L T N G D P S Q L W R F K M S H M R Q D K D Q L L Y Q K

. . . . . . . . . . . . . . . . . . . . . . . . . . D E S G K N T F A V R N I R K D K D Q Y L Y Q K

. . . . . . . . . . . . . . . . . . . . . . . . . . D E S D K N G F T V R N I R K D K D Q Y L Y Q K

M.Tuberculosis
B.anthracis
P.falciparum
P.yoelli
P.vivax
P.berghei
P.chabaudi

. . T A . . . . . . . . . . . . . . . . . . T A V I S A L A A L H G A W G V R V H D V R A S V D A I

E G T G . . . . . . . . . . . . . . . . . . . . A T V C L G I E K G C E F V R V H D V K E M S R M A

N I C G . . . . . . . . . . . . . . . . . . G L A I A S Y S Y Y K K V D L I R V H D V L E T K S V L

N I L G T F I M F C A F S Y A H L I S T I C G L A I A S Y C F D K K V E M I R V H D V F E T R C V L

N I C G . . . . . . . . . . . . . . . . . . G L A I A S Y S F Y K K V D L I R V H D V L E T K A V L

N I L G . . . . . . . . . . . . . . . . . . G L A I A S Y C F D K K V E M I R V H D V F E T R C V L

N I L G . . . . . . . . . . . . . . . . . . G L A I A S Y C F E K K V E M I R V H D V F E T R C V L

M.Tuberculosis
B.anthracis
P.falciparum
P.yoelli
P.vivax
P.berghei
P.chabaudi

K V V E A W M G A E R I

K M M D A M I G K . . .

D V L T K I D Q V . . .

D M M K K L H Q T E . .

D V L T R I H Q P . . .

D M M K R L H P T E . .

D M M K K L H Q N E . .

400
400
400
400

31

17

450
450
450
450

67

81

492

492

475

497

80

94

542

542

521

547

124

138

599

591

591

570

596

172
177

647

632

632

618

644

222

226

665

650

694

650

638

234

231

689

674

744

674

665

233

721

706

776

724

697

264

263

731
716

785

734

706

272

276

Insert 1

Insert 2

Insert 2

h  h  h  h

h  h  h  h h  h  h  h  h

#  #

*     *       #*

* #
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Key

Ligand bond

Non-ligand bond

3.0 Hydrogen bond and its length

His 53

Non-ligand residues involved in hydrophobic

contact(s)

B. anthracis

3.06

2.98

2.78 2.73

2.57

2.90

2.73

3.04

3.23

2.93

2.82

3.13

3.14

S O1

O2

O3

O4

N

CA
C

CB

O

CG

CD

NE

CZ

NH1

NH2

N

CA

C

CB

O

CG

CD
NE

CZNH1

NH2

N

CA

C

CB

O

CG

ND1

CD2

CE1

NE2

N

CA

C

CB

O

CG

OD1

ND2

N

CA
C

CB
O

OG1

CG2

N

CA

C

CB

O

OG

SO4 283

HOH 320

HOH 323

Arg 63

Arg 255

HOH 408

His 257

Asn 22

Thr 62

Ser 219

HOH 296

HOH 407

E. coli

2.96
3.06

2.732.67

2.94

2.78

2.80

N5

C6

C4A

C7

C9

N8

C8A

N1

C2

N2

N3

C4 O4

O10

PAO1P

O2P

O3P

N

CA

C

CB

O

CG

CD

NE

CZ

NH1

NH2

N

CA
C

CB

O

CG OD1

OD2

N

CA

C

CB CG

ND1

CD2

CE1

NE2

N

CA

C

CB

O

CG
CD

CE
NZ

N

CA
C

CB

O

CG

OD1

OD2

N CA

C

CB

O

CG

OD1

ND2

Met 130(A)

Phe 182(A)

Val 107(A)

Pmm 276

Arg 253(A)

Asp 177(A)

His 255(A)

Lys 213(A)

Asp 86(A)

Asn 105(A)

M. tuberculosis

3.33

2.74

2.33

2.92

2.70

2.93

3.01

3.08

2.99

3.13

2.76

2.85

2.40

2.33

2.83

3.27
2.42

2.62

2.95

N1

C2

C8A

N2

N3

C4 O4

C4A

N5

C6
C7

C9

N8

O3A

PA

O1A

O2AO4A

PB

O1B

O2B

O3B

N

CA C

CB
O

CG

SD

CE

N

CAC

CB

O

CGOD1

OD2

N CA

C

CB

O

CG

CD NE

CZ NH1

NH2

MN

N

CA

C

CB

O

CG

CD

CE

NZ

N

CA

C

CB

O

CG

CD

NE

CZ

NH1
NH2

N

CA

C

CB

O

CG

ND1

CD2

CE1

NE2

N

CA

C

CB

O

CG

OD1

OD2

N CA

C

CB

O

CG

OD1

ND2

N CA

C

CB

O

CG1

CG2

N

CA

C

CB

O

OG

Phe 172(A)

Ala 199(A)

Ptp 300

HOH 206

HOH 92

Met 128(A)

Asp 167(A)

Arg 239(A)

MN 202

HOH 109

Lys 203(A)

Arg 52(A)

His 241(A)

Asp 84(A)

Asn 103(A)

Val 49(A)

Ser 201(A)

HOH 91

HOH 306

S. aureus

P. falciparum

3.252.77

2.78

2.58

2.892.75

3.17
C2

C3

O1

N4

C5

N6

N9

N8

C10

C7

N11

C12

C13

C21

O22

C20

O23

N14

C15

C16 C17

C18 C19

N
CA

C

CB

O

CG

CD

CE

NZ

N

CA

C

CB

O

OG

N

CA

C

CB

O

CG

OD1

OD2

N
CA

C

CB

O

CG

OD1

OD2

N

CA C

CB O

CG OD1

ND2

Phe 189(B)

Arg 254(B)

Met 145(B)

SO4 172

PT1 277

Lys 220(B)

Ser 221(B)

Asp 184(B)

Asp 101(B)

Asn 120(B)

2.72
3.30

2.78

2.65

2.99

2.78

3.18
C2

C3

O1

N4

C5

N6

N9

N8

C10

C7

N11

C12

C13

C21

O22

C20

O23

N14

C15

C16

C17

C18

C19

N

CA

CB

C

CG

CD

CE

NZ

O

N
CA

CB

C

CG

CD NE

CZ NH1

NH2O

N

CA

CB

C

CG

OD1

OD2

O

N

CA

CB

C

CG
OD1

OD2

O

N

CA

CB

C

CG

OD1

ND2

O

Phe 221

Arg 291

Asp 45

Ile 145

Met 170

PTP

Lys 250

Arg 251

Asp 216

Asp 123

Asn 143
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Plot statistics

Residues in most favoured regions  [A,B,L] 240 83.9%
Residues in additional allowed regions  [a,b,l,p] 37 12.9%
Residues in generously allowed regions  [~a,~b,~l,~p] 6 2.1%
Residues in disallowed regions 3 1.0%

---- ------
Number of non-glycine and non-proline residues 286 100.0%

Number of end-residues (excl. Gly and Pro) 2

Number of glycine residues (shown as triangles) 13
Number of proline residues 10

----
Total number of residues 311

Secondary structure & estimated accessibility

Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
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ARG 16

TYR 49
LYS 85

LYS 90

Plot statistics

Residues in most favoured regions  [A,B,L] 129 85.4%
Residues in additional allowed regions  [a,b,l,p] 18 11.9%
Residues in generously allowed regions  [~a,~b,~l,~p] 2 1.3%
Residues in disallowed regions 2 1.3%

---- ------
Number of non-glycine and non-proline residues 151 100.0%

Number of end-residues (excl. Gly and Pro) 3

Number of glycine residues (shown as triangles) 2
Number of proline residues 4

----
Total number of residues 160

Secondary structure & estimated accessibility

Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
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Ligand bond

Non-ligand bond

3.0 Hydrogen bond and its length

His 53 Non-ligand residues involved in hydrophobic
contact(s)

Corresponding atoms involved in hydrophobic contact(s)
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��p�q���q�x���}�����q�����q�| �Fz��«x{z�|�q�}�}W���r��¡yo>prq�p��W��pf��z!����q���å������Wz��òz!��������q�����ê^�Zq��
~�q�q�� ��å�q^Ú�ÞWÝ�
�ä-�JK�à¯ã�ä ����q0����q����
��x���}W��q�����prq(�rq�q�|^��z���q��������^��pr������������z�����prq«������q�����¡�o>prq(�F�r��������z!���!}<��x��Zz!�����!����q(z!���W����q�������p��!�>�Zq�q��`�r��z�å�q��
�Fz!��Ú�Û9Ü�Ý�Þ�ß�à á�Ý�â�ã�ä |���p���|���z��Fz�}�����qy��q0|������"�!��q�����p���x{��|���}�����q^��������p��!��qòíYs�uGéML>��o�w���N,��å¾�!�r������x��O�"�\Ý�ÞWÛ���ê1+1+�î�ð
����|Ùw����!|�q��rz�����}Wx{q���pr��z!�r���rq�|�q0���!���Zz:!���}��!��q:'�z!���r�W��pr���rq�|�q���������z:!���}��!��q·í;#�|�z��`q��"s*)�',P�s*)P��2��W�RQ�prz!}W��.<�"�bÝ�Þ#¡W�
ê�+,+ B ð�¡SN,�rå����r�����!x{������|y��z�� ~�z���Q�q��"��p��¾å!qt��prz�~�����p�������prqt�W����q�������q��
~�q�q��y��prq(s�uGéML ����|���p�qto�wy|�z�x{�!�W���
íY��z!�����!�W���W�r�\�
~�z���prz!���

α
� prq�}�����q��"ð�����qP����å!z�}Wå�q�|�����|��Wx{q����9.�������z!�y�!��|^|�z!x�������z��������r�9.�������z!�<¡�o>prqtprq�}���!��W�y��p�q

������q����«��q���å!q0�P���(���k�����"prz��P�Zq��
~�q�q��½��prq�|�z�x{�!�W���G��p����tprq�}��r���r�^��z8Q!q�q��ò��prq�|rz!x��������P��z��!q���prq��0¡-2����RQ�p�z!}W��.
�0�tÝ�ÞWÛkí@ê1+1+ B ð�|�q�}�q���q�|kå������Wz����(��z�xb�r����������z!���(z!�������"�!���%��q������Zq����%����������q������t��z·|�q���q���x����rq{��prq����«�F�r��������z!����}��%�
��¡
T prq��k��q������!�W�k������q����"�t~�q���q�|�q�}Wq���q0| �`ï �,U }�z����t��� q��V.���x{q��!������å��%�
�·~>�!�tz�����q���å!q�|<¡WT prq�� ��p�q���z!���rq��������r�
pr���r�!qt��q����Wz����Zq��
~�q�q��^��prq��
~�z�|�z�x{�!�W���>~�q���qt|�q�}�q���q�|������!������å��%�
��}�z�����z���î!î U �Fz!�X#�|�z��`q��"s*) ����|^�

≈

� + U
}�z����P����P�s() �������Wå��W�
�`~����Gz�����q���å�q�|O¡(T p�q��ò��prq�|�z�x{�!�W���P~�q���q\��z�� q"!��r��q�����q0|�~��%��p½��prq����(��q�����q0������å!q\�W����q����"�
|�q�}Wq���q�|<����p�q��b�!}���zPz�����q���å!q�|b�Px��!��Q�q�|«}�z������W�{�!������å��%�
�b����~�q�}W}r�����P|�q0����q�����q��W�\��p�q>�Fz!��x{������z!�\z��Z�P�F�r��������z!����}��
prq���q���z�����q����"��x{q�������q��V.���x�q�¡9o>prq0��q���q����r}%�"�§���r���!q0�
�9��prq��Wx{�Zz!�����!����q�z���������q������9�W��|�z!x��!�W����|�z�x{�!�W�b�W����q����������Wz����
�!�>~�q�}�}<�!�>����q��V.���x�q(��������å��%�
��¡

o>prq��W����q����������«��prqYQ��rz�~��bv,}�����x{z�|�����}�s�u�v�w\��qJZ��rq�����q���|��W�Zq���~��W��p���q�����q0���:��zG��prq����§}Wq��r����p\�!��|b��z!����q���å����
����z!�:¡�ó�����q�����ë���prz�~�q�|��(|��%��q���q�����q������W����q����,}�q��r�!��p��Zq��
~�q�q�����prqG����q0����q��,~��W��pyÚ�Û<ßR��Ý1�"Ý�ã�K�à§��q��W�r�«��prq�}�z!���!q����
����|�Ú�Û�Ü�Ý�ÞWß�à á�Ý�â�ã�ä ��prq���prz�����q�����¡,Ú�Û<ß��rÝ1�"Ý�ã�K�à��:Ú�Û[����â]\J����à�����|�Ú�Û>^1�_��Þ¯Þ#à[^1�J��Þ¯Þ#à���q_Z��rq�����q0�,��prz�~I��pr���!p�|�q��!��q�q
z��§��z�����q���å�������z!���Fz���������q����(ëP�r�r����prqt��q��!��z!��~�p����%�����>�rz�����z�����q���å�q�|���q��
~�q�q��y�!}W}���å!qt���Zq����Wq0�>���>�rz!��Q��rz�~��:¡
# ��z��������r}Wq{��q�����z��`�Fz!����p����(x��¾�`�Zq���p�������prq���q���pr��q�q�����q0����q��t����q�x�z���q{��}�z���q�}��`��q�}�����q0|`��z^q0�!�"pòz���p�q��t��p����
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��p�q�������q���z�Ú�Û��0à��¾Ý��^z!��Ú�Û!Ü�Ý�ÞWß�à árÝ�â�ã�ä\¡��tq0| .���q��"��Q�������|���z!��~�z!�RQ!q�����í�ê�+1+�ê!ð§����q0|{��prqt�!|rq�����}Wz�����������������q�}����!��q
�!q��rq���z{|�z����rp���}�z!��q��rq������P�!����}���������z��9��prqbÚ�ÞWÝ�
�ä-�JK�à¯ã�äª�Y��x{��}W��¡�ó�����pr����������|�����p�q��y����x{qP��z���prq«��z!����}W������z!�
��p����,��prq���qG����q>��p���q�q�x��������r���!���"prq0���W�{��prqtÚ>ÞWÝ:
�äW�_K�à¯ã�ä �Y�!x{�W}��!¡SÚ�ÛD����â]\:�V��à��:Ú ^1�J��Þ¯Þ%àS^1�J��Þ¯Þ%à,����|�Ú�Û9ßR��Ý1�"Ý�ã�K�à
~�q���q\��}�z���q�}�����q�}�����q0|`z!�·z��rq��r���!���"p`~�pr��}Wq�Ú�Û��0à��¾Ý��k����|kÚ�Û�Ü�Ý�ÞWß�à árÝ�â�ã�ä q����"p·z������r�r��q�|½�y��q������"����qb�r�"�����"p<¡
o>pr���\���r�r�Zz!�����«��prq�z!����q���å�������z!�k��p����b��prqypr�W��pr}��k��z!����q���å!q0|ò��q_Z��rq�����q0�«���f������q����yë�z���Ú�Û$����â]\:�V��à��PÚ�Û�^1�J��Þ¯Þ#à
^1�J��Þ¯Þ#à>����|`Ú�Û,ßR��Ý1�"Ý�ã�K�à��!��q(|���qt��z��{��q0��q�������z!x{x{z!��������q�����z!�����^��prq(q�å!z�}W�����Wz��yz!�9��prq\Ú�ÞWÝ�
�ä-�JK�à¯ã�ä �Y��x{��}W�
í��tq0| .���q��"��Q��3�0�>Ý�Þ#¡���ê�+,+�ê!ð�¡

ó�����q����SêG����������q���q��������r�t~��W��p���q�����q0���§��zt��prq���q0��z���|r�����«�������������r��q>�r��q�|r������q�|\�Fz�����prq�}��!������q0����|��rq0��í�ì B ì0��ì � ï�ð
��� ��prq�Ú�Û<Ü�Ý�ÞWß�à á�Ý�â�ã�ä ��qJZ���q�����q!¡·o>prq��Y�����«��p����\��prqy�r��q�|�������q�|kprq�}W��! ���bpr�W��pr}�� ��z!����q���å!q0|ò�Zq��
~�q�q��f��}�},��å�q
����q0����q��>x��¾�����r�!��q�������p������W��p��!���\�F�r��������z!���!}O��z�}Wqt������prq(v,}��!��x{z�|r���!}Ov,v,v�����sPuGv�w^q���.���x{q!¡3#G����q�q����F��z!x
��p�qP~�z!�RQ{z��@N,�rå��!�r�W����x����0��Ý�ÞWÛGí�ê�+,+!î�ð����W�>x{�¾�{�Zqt�W��å!z�}Wå�q�|{���^|rz!x���������|�z!x�������������q��"�!������z!����q��W��prq��>��q��
~�q�q��
��p�q�v,v,v�����s�u�v�w |rz!x��������tz!�b��q��
~�q�q�� ����x{�W}����«|rz!x���������í@sPuGv�w���sPuGv�w z��(v,v,v���� v,v,v��«ðb����| x��¾�ò�!}���z
���
	��rq�����q�q��V.���x{q���������å��%�
��¡
PP����q��!���!�W� íY���(�Fz��«�W����q�����ë¾ð���p�q�pr���!prq0�
����qJZ���q�����q���z!����q���å������Wz�� �Fz!�«������q�����ê
������q��
~�q�q��KÚ�Û(����â \J����à��bÚ�Û ^1�J��Þ¯Þ#à ^1�_��Þ¯Þ#à{����| Ú�Û(ß��rÝ1�"Ý�ã�K�à��r�������I��pr�����W����q����½íY�W� ��z������"�!����~��W��p ������q����·ë¾ð
Ú�Û�Ü�Ý�ÞWß�à árÝ�â�ã�ä �!��|·Ú�Û��0à��¾Ý��½��prz�~ Z����%��q«pr���!p`��qJZ��rq�����q(����x{�W}������%�
��~��%��p���prq«z!��prq��>��pr��q�q«���Zq�����q����r����|������������r�
�·��q�q�|f��z ��z!����q���å�q���prq���q_Z��rq�����q�z!���W����q�����ê�¡ ó�����q���q��������r�!}��!��Ú�Û��0à��¾Ý�� ����|cÚ�ÛX^1�J��Þ¯Þ#à*^1�_��Þ¯Þ#à«q0�!�"pf��z����������
����q0����q���� ����q0���W���§������q����"�O~��W��pt��p�q�Ú�Û ^1�J��Þ¯Þ#à�^1�J��Þ¯Þ#à��W����q����:|��������r�����W���>��prq,����q0|�������q0|

α
� prq�}�� !O¡D#��rz!��prq��:������q���q��������r�

�Fq������r��q�������prq�z������r����q�����q�z��Z�G��q��Zq����%���Wå�qtí�
 '�#�ð�����o�ñ�
{í@s*'���ð�í���
�}W��� #G}����W���<�������:q�����o>pr���&#P���r��
�}�������
�}W�:� #P���
�Fð
x{z����%�����\��prq�Ú�Û���à���Ý������Zq����%����������q����0¡9o>prq���
�� #�������o�ñ�
 � s\� �!��x{z����W����q��Zq������9�r�W��q����Wx{q0�:��zG�Fz���x ��prqGÚ�Û���à���Ý��
����q0���W���{�W����q����0¡yo>prq^Ú�Û ^1�_��Þ¯Þ#àX^1�J��Þ¯Þ#à(���Zq����%�����W����q����b|�������}��¾���t�rz·�����"pkx{z����W�
�§����|k�rz`��q��Zq����%���Wå�q�x{z����W��~����
z!����q���å�q�|y�W�·�!���^z�����p�q\s�u�v�w`��q_Z��rq�����q0�>�F��z!x z���p�q���Ú�Þ�Ý:
�ä-�JK�à¯ã�äè���Zq�����q���¡>o>prq(�F�r��������z!�·z!�§��prq«��q��Zq����%���Wå�q
q�}�q�x{q����"�>��q�x��������>�r�VQ��rz�~��<¡

T<UWV9UYXZU#":U%$ B@h�&�F9m E"F I0n�H'&�A�I_B@d�FDG

o>prq��������
�"��}��������������r��q0��z��Zs�u�v�w«�F��z!x �·Û ��ã�����â�ß�ã�Þ���
�à�
tí@��z!���"�����r�W����s�u�v�� x{z!�rz��rprz����rp�����q¾ð����PÛ<Ý���� ��â�Ý�ß�à�

íFå��!����z!���{x{z�|�q�}�����z!�����!�W���W�r�k����q���z!�����!����|O��s�u�v�� x{z!�rz��rprz����rp�����q���s�u�v �!��| � #GñGó�) í]5�� x{q���p���}���x{�W��z�� � �
�r�W����z�� ����z½������z����W��q0ð�ð�����Û�ß���Þ#à�í@���r}W�Y����qy��z!�Zðb�!��| ��Û�Ý�ã�âR��ã�
òí@sPuGv�ð\��q�å!q0��}�q�| ��p�q^��z!����q���å!q0| ��z!���"�!���"�bx���|�q
�Zq��
~�q�q��^��prqb���r�������"����q0������|^��prq(�r��z���q����<¡�o����r}�qbê�¡�ë(}��������>��prq«x{z�������x��Zz!�����!���G��z!����q���å�q�|y��q0����|��rq0��¡So>p�q«�W�r�
��q����������Wz��b�Zq��
~�q�q�����prq>z:!�����q��bz��b��prq��������1.����rq������r�(����| �<���§������z!����q���å�q�|(�Zq��
~�q�q��{�!}W}���prq��������
�"��}r�������������r��q0�
íFv,��51+�ïr�>�����kêrë�îr�>2>�yê�ê�+��(���{ê�ê�ë���w���ê�+�î�ðG�!��~�q�}W}�������prq{�W����q����������Wz��·��q��
~�q�q��½��prq���x{���rz�����z��r�·z��·��p�q
�������1.����rqG���W������#G���^�!��| #G���kíFv�� � +!î\����| � ì � ���`��� ë_+ � ����|½ë¾ì�ì���2���ë0ê1+b����|`ë_7 B �)�S��ë!ë � ����|·ë_7 � ��wr��ëJ+!î
����|·ë_5�ì�ð�¡D#P���^��}���z{��p�z�~��S����z!����q���å�q�|�������q��"�!������z!��~��W��p^ñ 7\z��<��prqt�����"��.��W��qG���W�r�^íFv�� B 7�ê��������8715���2>��ë_+rë��
�S��ï,5r��w��(7 B ð�¡§ér��z!x8��prq(�OÛ<Ý�ã�â���ã�
�����| �PÛ:Ý���� ��â�Ý�ß�à�
P�����������!}r�
�����������r��q�����prq��Zz����W����z!������|{z�����q����"������z!��z��Z��p�q
������z��rprz����rp�����q(����z��r����z!�SsPuGv �����·�Zq\��q�q��<¡Po>prq\�����"��.��W��q«�����r���������������r��qb��}���z��r��|�q�����z�q��

π − π
���
�"�!��Q����r�
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������q��"�!������z!���9~��%��p #G���{íFv,� 5,715r�������{ê � î��:2>�tê ��B ���S��ê �,� ��w��tê�î�ï�ð�¡9ó ������~�q�}�}�Q��rz�~��b��p����§��prq>������z��rprz����rp�����q
�!��z!���½������q��"�!������~��%��pkx�q����!}��Wz�����¡{o>prq{�Zz����%���Wz��òz!�S��p�q�x{q�����}���z!� ~>�!�t|�q���q���x{�W�rq0|·�F��z!xè��prq��������������r��q���z��
��Û>Ý�ã�â���ã�
^í;�`� 2+ ð�����| �½ÛY�@ã�����â�ß�ã�Þ��:
�à�
^í]�`� 2+ ð�¡ �(�!��q0Q������ �0�PÝ�Þ%¡^í�ê�+1+ B ðG|�q���q���x����rq0|·��p����\Ú�ÛZÜ�Ý�Þ�ß�à á�Ý�â�ã�ä
����q��t�8�`� 2+ ��z!�½�Fz!�«�������!}W�������P~�pr��}Wq �OÛ�Ý�ã�â���ã�
\����q��(� �`� 2+ ��z!�:¡\o>prq �PÛ�Ý���� ��â�Ý!ß�à�
��!��| �½Û���ã�����â�ß�ã�Þ���
"à�

�������������r��q0�>��prz�~ ��p�������z!x{q�z��:��prqtz:!�����q�������z�x{��z�����p�q�������z!�rprz�����p�����qG�!��z!�����W����q��"�!���>~��W��py��prqtx{q��"��}O��z!�
����|y~��W��p #G���`íYv�� 517,5r�V�����½ê � î��V2>�{ê ��B �
�S�bê �,� ��w���ê!î!ï�ð�����~�q�}�}:�!�>~��W��p·uG���«íYv�� 517,7r�V�����·ê �1� �V2>��ê � 5��
�S��ê � ì���wr��ê B ë0ð�¡Po>prqbx{q��"��}��Wz��·���P�!}���z������"prz!��q�|^���^��prq�u����G��q�����|r�rqyíYv��Y517,7r� �����kê �1� ��2>��ê � 5r�(�S��ê � ì��
w���ê B ë¾ð�¡§o>pr����z�����q����"������z!��z!�<��p�qP������z��rprz����rp�����q�����z��r��q0!��Zz���q��,��prqt���!���Zz!�y����z�x }W���VQ��W���b��prqP�����"��.����rqG�!��|
������z��rprz����rp�����q�����z��r���Fz��>��w�ñ

2
������}Wq�z!�rpr��}������������!��Q{���{��p�qt�!x{�W�rz\�!��z!�r��z��OáZ� �!x����rz���q��V.�z������!����|òí;2>�!�����0�

Ý�Þ%¡W��ê�+1+,+r�V2>������z!��}W� �0�>Ý�Þ#¡W��ê�+,+ B ð�¡So>prq(������z��rprz����rp�����q��!��z!���^��q�z�x�q�������x��¾����}���z{����q0����q«�{������������}O�Zz����%���Wå�q
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