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�X�}H¤�daw~u|d"w��Qs{u�pq�as{�y�~�$s{�f�f�~wyhB�
�qh4�Ls�r|s'pqhW�y�ÃptxÃhBs{u|d_x�¥�ptdfh2wyg�s��Hh9¥¦hBs'pt�frqhB�"�frth4£�wyxH�a�q�y�¸�1hB�qu4rqw~§LhB�À®ÂÁÃhµh4£'s{�y�as�pqh�pqdfh2rth�ptrqw~h4£'s��
�@h4rq¥¦x{rtg�s�nau4h¬x�¥;pqdfh)rthW�q�f�ypqw~nf��wyg�s{�{h)�1hW�tu�rtw~�1pqxHrt�6w~nµs ^`V�±7½ u�x{nJpth�¾�p�§��­§f�fw~�~�fwynf��s$�arqhBu�w��©w~x{n1z
rthWuWs��~� �1w�s��Hrts{g ¥¦x{r7hWsHu|d³�fs'p|s�§asH�©hH®6c�¤
x9�©�Lu|d³�1w~s{�{r|s�g���s{rqh)�frthW�qh4nJpthW�2w~nZ9;wy�L® 8ks�na�³�f® 
�¥ pth4r
sVrthW�1�Luvpqw~x{n�w~n2�fwyg"h4nL�©w~x{n2x�¥Gs�§@x{�fp��$ptwyg"hB�4}f¤
h¬rqhWg�s�w~n�¤�wypqdfw~n³s����¿x'£Hh4r|s��~�]�yxJ�q�6x{¥ �J�as{�ywyp��­w~n
ptdfh)�frthWu4w~�qwyxHn1z rqhBu4s��~�]�1w~s{�{r|s�g��W®
lonº�frth4�~wyg"w~nas�rt�¶h4¾��@h4rtw~gVhWnJpt�W}�¤
h³s��f�a�yw~hW� �WT�
�ptx´pqdfh³£HhWu�pqx{r|�"u�xHnHp|s�w~nfw~nf�¸s��~�6pqdfh³w~g�s��Hh

¥¦hBs'pt�frqhB��§f�fpW}G¤�wypqd_sÆ�©w~g"wy��s�r$rqhB�1�auvptwyxHn¸wyn �1w~gVhWna�qwyxHnY};pqdfh�x'£{h4r|s��~�Qrth�ptrqw~h4£'s���rqhB�©�a�¼p|��¤
h4rth­nfx�p
sH�6�{x�x1�À®�ÁÃh�s����qxVh4¾1�LhBuvpqhB�2¨{hWrqnfhW�À�WT�
 RfY�8N� [ X�pqx­§@h�pqpqh4r�¥¦x�u4�a��xHn�rth4�~h4£'s{nHp�nax{nf�~wynahWs�r Mq�1w~g"h4n1z
�qw~x{na�eN ��pqdaw~�"�qdfx{�f���_wyna�fh4hW�Â§Lh�ptdfhµu4s{�qh9¤�dah4n_pqdfh2g�s�nfwy¥¦x{���Â�q�as{nfnfhW�Â§��¸pqdfh�w~g"s{�{hB�$w��V£{hWrq�
�~x'¤6zo�1wyg"hWna�©w~x{nLs���§f�fp��qwy�Hnfw¼»@u4s�nJpt�y�_nfx{nf�~w~nfhWs{rW® �ªx'¤�hW£{h4rB}
¤�dfh4n!u4x{g"�as{rqw~nf� .¬�WT�
 ptxÂ�~wynahWs�r
� T�
 ¤
hVnfx�ptw~u4hW�Æpqdas�p7ptdfhV»art�©p)�LhWr©¥¦xHrqg"hB�³r|s'pqdah4r��Lx�x{rt�~�2¥¦x{r�pqdfh"�Hh4nfhWrts{�yw���p�wyg�s{�{h$�as'pts{§as{�qhW�
¤
h)s�rth¬¤�xHrq¨�w~nf�kxHnY}a�q�f�{�HhW�©pqw~nf�kptdas'p�ptdfh)�frth4£�w~x{�a�6s{�t�q�fg"�1pqw~x{n�w~�6¤�rtx{na�Vw~n�pqdfhB�©h�uWs{�qhW�W®
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�ªx�pqhªpqdas�p�wy¥ s��~�fpqdahªu���s{�t�©hB�G¤
h4rth�¨Jnax'¤�n­s)�frtwyxHrqwX}'pqdah4n­x{pqdfhWr�g"h�ptdfx1�f���q�au|d­s{���1w��qu4rqw~g"wynas{nJp
s{nas��~�1�©w��]¤
x{�f���¬§Lh�g"x{rthQs��f�frtx{�arqw�s'pth�¥¦xHr rthW�1�Lu�w~nf�6pqdfh
�1w~gVhWna�qwyxHn)x�¥�pqdfh��1hW�tu�rtwy�fpqw~x{n��q�as{u4h{®�°��Lu|d
s{n�sH�q�q�fg"�1pqw~x{n�u4s{nfnfx�p�§@h¬g"sH�1h�wyn2rthWs��]�qw¼pt�as'ptwyxHna�6¤�dfh4rth7pqdfh)u���s{�t�qhW�
s�rth��1h4»anfhB�9w~nJpqh4r|s{u�pqw~£{hW�y�
§���pqdahk�a�qh4r|�4}À�qx­¤
h$s����qx9sN£{xHw~�1hB�2g�s�¨�wyna�9wyp7dfhWrqhH}L¥¦xHrªptdfhk�HrqxH�fna��ptrq�fpqdÆ�fs�pts{§as{�qhW�ª¤�h��L�©hB�³w~n
xH�fr�h4£'s{�y�as�pqw~x{nY®

� �"�$#�%���� & ���4���Q��	4����� 	v��� (S�����������k�����m(S����������	����

����� � ��� � ) � ����) � � 	"+��-, ��, $ � � 	"+ &-� )��'�
� ,�+ , �
lon_x{r|�1h4r$pqxÃg�s'¾1w~gVw~¹4h9pqdfh2r|s'ptwyx�§Lh4p�¤�hWh4n¶ptdfh �H�Ls��~w¼p�� R x{rVrqhW�yhW£Ns{nau�h X�x{¥�pqdah�rthW�q�f�ypt�"s�na�¶pqdfh
s{g"x{�fnJp)x�¥
wynJpqhWrtsHuvptwyxHnÆ§@h�p�¤
h4h4n�pqdah��a�©hWr)s�na��pqdah"�q�1��pth4g2}Àptdfh­�©hW�yhBuvptwyxHn�x{¥�w~g"s{�{hB�ª¥¦xHr)¤�dfw�u|d
ptdfh)�a�qh4r�w���s{�q¨{hB�­ptxV�arqx'£�w��1hª¥¦hWhW�1§Ls{u|¨9s�p�pqdfh)nfh4¾�p6rtx{�ana�9g$�a�©p�§Lh�uWs�rth�¥¦�f�~�y����pt�a�1w~hW�À®
lonJpqhWrqhB��ptwyna�µw~�1hBs{�)¤
h4rth�w~nHptrqx1�1�Lu�hW�Ãw~n Y A�[
s{na� Y ��[X};¤�dfh4rth"pqdah9�frtx{§f�~h4g��fna�1hWr)¥¦x1u��a�kw~��pqdfh

wypqhWrts�pqw~£{h��qhWs{rtu|dV¥¦x{r�x{nfh7�©�@hWu4w¼»Lu�wyg�s��Hh�wyn�s��fs'p|s�§asH�©h�Rf�_
�� � ���Q�qhWs{rtu|dEX �Hs�p�h4£Hh4rt�krtx{�fna�Y}{ptdfhª�a�qh4r
w��Srth��J�fw~rqhB�¬pqx)u|dfx�xH�qh{}'§@h�p�¤
h4hWnkptdfh
p�¤�x�w~g"s{�{hB���arqhB�©hWnHpthW�k§J��pqdfh6h4na�{w~nfh{}'ptdfh6x{nfh
ptdas'pGw��Gu��~xH�qhW�©p
ptxVpqdfh¬p|s�rt�{h�p6w~g"s{�{hH®Sc6dah��©hW�yhBuvpqw~x{n2�©pqr|s'pqhW�{���f�fp�¥¦x{rt¤
s{rt��w~n�pqdfw���uWs{�qh�s�p©pqhWg"�1pt�6ptx"w~�1hWnJpqwy¥¦��s'p
hW£{hWrq�)rtx{�fnL��ptdfh�g"xH�©pSw~n1¥¦xHrqg�s'ptwy£Hh�§awynas{rq�$�©hW�yhBuvpqw~x{nL�4}�wX® h{®�pqdfxJ�©h
pqdLs'p�s�rth
h�¾1�LhBuvpthW�$pqx¬g�s'¾1w~gVw~¹4h
ptdfh¬pqr|s�nL��¥¦hWr�x�¥Swynf¥¦x{rtg"s�pqw~x{n2§@h�p�¤
h4h4n�ptdfh)�a�qh4rªs{na��pqdfh�hWnf�{w~nfhbR x{r�rth4g"x'£{h)s"g�s'¾1w~g"s{�Ys�g"x{�anHp
x{¥7�fnLu�h4rqpts{wynJp��¸rth4�Js�r|�1wyna�³pqdah�p|s�rt�{h4p�Xv® ÁÃh2u4x{na�qw��1h4rVpqdLs'p�pqdaw~��u4rqwypqhWrqw~x{nÂpqr|s�na�q�~s�pqhB�$w~nJpqxÃp�¤
x
u4x{g"�f�~h4g"h4nJp|s�rt�2u4x{na�fw¼ptwyxHna��¥¦xHr�pqdfhVwyg�s{�{hW�7w~nÆptdfhV�qh4�~hWu�pqw~x{n a7hWsHu|d³wyg�s{�{hVgk�a�©p�§@h"s�gk§awy�H�fx{�a�
�Hwy£Hh4n�ptdfh¬u��frtrqhWnJp
hB��ptwyg�s'ptwyxHn­x�¥ pqdfh�pts{rq�Hh�p6s�na�­pqdfh�rqhB�1�fna�as�nau4�V§@h�p�¤
h4hWn­ptdfh)�1w¼«]h4rth4nJp6wyg�s{�{hW�
dLs{�6ptx­§Lhk�yx'¤)®6¯�n1¥¦xHr©pt�fnas�pqh4�~�{}apqdfhkh4nJpqrtx{�fw�u)u�rtwypqh4rtw~x{n2h4g"�f�~x'�{hB��w~n?Y A [X}4Y ��[;�1x�hB��nfx�p��quWs��~h)¤�hW�y�
ptxkptdfh��qhWs�r|u|d­x{¥�w~g"s{�{hB��w~n2sk��s�rt�{hWr
�qh�p�R ��
��_� � ���Q�­�qhWs�r|u|dEX�s�na�­pqxVpqdah¬�qh4�~hWu�pqw~x{n�x�¥ g"xHrqh7pqdas{n2�
w~g�s��HhW�W®hT�xHgV�a�1pts�pqw~x{nas{�Àx{�1ptwyg"w~¹Ws'ptwyxHna�6gk�L��p�§@h¬¥¦x{�fna�Y}frqhW�y��w~nf�Vx{n�pqdfh)�a�qh¬x�¥S�©�@hWu4w¼»Lu¬�~hWs{rqnah4r|�
s{na�À}1�@xH�t�©w~§f�~�{}f�q�LhBu�wy»Lu)�qhWs�r|u|d�u4x{nJpqh4¾�pt�W®

V6s{�qhW�"xHn�pqdah��1h4»anfwypqw~x{n­x{¥ s{u�pqw~£{h��~hWs{rqnfw~nf� RD�©hWh�¥¦xHr�h4¾1s{g"�f�yh Y < [ X�}Hptdfh7�qh4�~hWu�pqw~x{n­x{¥Yh�¾fs�g"�f�~hW�
¥¦xHrQptrts{wynfw~nf�k°�±�²³��pqx��@h4rq¥¦x{rtg �Hh4nfhWrts{�fu���s{�t�©wy»LuWs'pqw~x{nVp|s{�q¨���w~����pt�a�1w~hW��w~n Y ��[ ®;Á dah4n"pqdah7u���s{�t�qw¼»fz
uWs'ptwyxHn9h4rtrtx{r�w~nau4rqhBs{�qhW��¤�w¼ptd9ptdfh)�1w~�©pts{nau�h�§@h�p�¤
h4h4n�pqdah7g"w��qu4�~sH�q�qw¼»LhW�­h4¾fs�g"�f�~hW�6s�na�­pqdfh�¥¦rtx{nJpqw~h4r
RDs`Mq�qx�¥ p�g�s{rq�HwynJN�w��
�a�©hB��¥¦xHr�ptdfh�°�±7²ZX�}Jpqdfh)s��fpqdfxHrt��wynJpqhWrqhB��ptwyna�{�~�"�fw~�©pqw~nf�{�aw~�qd­p�¤
x$uWs{�qhW�2a�hBs�rt�y�
s{na�µ��s'pth$�©pts��HhW�ªx�¥Q�~hWs�rtnfw~nf�a®7lon³ptdfh$hBs�rt�y�2�©pts��HhW�W}aptdfh$u4�~sH�q�qwy»Lu4s�pqw~x{nµx�¥Qnah4¤�h4¾1s{g"�f�yhB��w��ª�~w~¨{h4�~�
ptx³§@h­¤�rqxHnf�a};�©x2ptdfh�¥ sH��pthW�©pkrqhB�1�au�pqw~x{n¸w~n¸�{h4nah4r|s��~wy¹Bs'pqw~x{nÃh4rtrtx{r)u4s{n¸§Lh9sHu|dfw~h4£{hB�Ã§J�Ã�©hW�yhBuvptwynf�
ptdfh)h�¾fs{gV�a�yh¬ptdas'p�w���¥ s{r©ptdfhW�©p6¥¦rqxHg pqdahku��frtrth4nJp�hW�©pqw~g"s�pqw~x{n2x�¥;pqdah)¥¦rqxHnJpqw~h4rB® 
 �frtw~nf���~s�pqh��©pts{�{hW�
x{¥��~hWs�rtnfw~nf�a}@ptdfh�u���s{�t�©wy»Lu4s�pqw~x{n³x{¥�nfhW¤�h�¾fs�g"�f�~hW��w����yw~¨{hW�y�2ptx�§@h"rqw~�{dJp7§a�1p¬pqdfh"g�s�rt�{w~n³g�sN�µ§Lh
�q�f§@x{�1ptwyg�s{�D}a�qxVpqdfh¬¥ sH��pthW�©p�rqhB�1�au�pqw~x{n2wyn2hWrqrtx{r�u4s{n�§@h�s{u|dawyhW£{hW��§����qh4�~hWu�pqw~nf�Vpqdfh)h4¾1s{g"�f�yh¬ptdas'p
w��"u��~xH�qhW�©pkptx�ptdfh2u��frtrqhWnJpVhB��ptwyg�s'ptwyxHnÂx{¥�pqdfh�¥¦rtx{nJpqw~h4rB® ��x{pqh�pqdas�pW}
s{u4u4x{r|�1w~nf�³ptxÆptdfh�u4�~sH�q�qw�u4s��
¥¦xHrqg$�f��s'pqw~x{n�x{¥ s{u�pqw~£{hª�~hWs{rqnawynf�L}{ptdfh¬s��1ptdfx{r|�QxHnf�y��u4x{na�qw~�fh4rQptdfh¬�©hW�yhBuvpqw~x{n9x�¥ �qwynf�H�yh7h�¾fs�g"�f�~hW�Q¥¦x{r
��s�§@h4�~w~nf� R ¥¦x{r�sH�f�1wypqw~x{n�pqxVptdfh¬pqr|s�w~nfw~nf���©h4p�X6s'p�hW£{h4rt��rtx{�fna�Y®


ª�~�qx´¥¦x{r9°�±�²��yhBs�rtnfh4r|�W}��qh4£{hWrts{���©hW�yhBuvpqw~x{nºu�rtwypqh4rtw�sÃs{rqh2�frthW�qh4nJpthW�_wyn Y 8 <2[7s{na�ºs��f�a�yw~hW�_pqx
u4x{nJpqhWnJp©z §as{�qhW�Ãpth�¾�pVrth�ptrqw~h4£'s{��¤�wypqd_rqhW�yhW£Ns{nau�h­¥¦h4hW�f§as{u|¨]®¸c6dfh��qw~gV�a�yhB��p R s{na�Âu4x{g"�f�1p|s'pqw~x{nLs��~�y�
u|dahWs��@hW�©p�XYx�¥fptdfhW�qh6u�rtw¼pth4rtw~s7u�x{nL�©w���p|� w~n$�qh4�~hWu�pqw~nf��ptdfh�pqh�¾�p|��¤�daxH�qh�rth4�frthW�qh4nJpts�pqw~x{na�UR¦w~n�ptdfh�¥¦hBs'pt�frqh
�q�asHu�hVwyna�f�au�hB�Æ§��µptdfh"¨{h4rtnfhW�PX7s�rthVu4�yxJ�©hB��p�pqx�ptdfh"dJ���@h4rt�f��s�nfh"u��frtrth4nJpq�~�³�1h�»LnfhW��§��µpqdfh­°�±�²¸®
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ÁÃh7�qdas{�y�]u4s{�y�apqdfw��6�©w~g"�f�yh�u�rtw¼pth4rtwyxHn"pqdfh��©hW�yhBuvptwyxHn­x�¥ÀptdfhWM©g"xH�©p
s�g$§fw~�{�fxH�a� N�R ²�
�X�u4s�nL�1w~�as'pqh R ��Xv®
c6daw~�7�©hW�yhBuvpqw~x{n³u4rqwypqhWrqw~x{n2w��G���a�©pqwy»ahB�³w~n?Y�8�<2[;§���pqdfhk¥ s{u�p�pqdas�p7¨�nfx'¤��~hW�1�Hh)x�¥Spqdahk��s�§@h4� x{¥Q�©�au|d³s
uWs�na�fw~�fs�pqh�dLs��~£{hW��pqdfh$£{hWrt�qwyxHn1zo�©�asHu�hH®
lon³pqdfw��7uWs{�qh{}Lpqdfh$£{hWrt�qwyxHnµ�©�asHu�h�w��ªpqdfhV�©h4p7x�¥Q�Ls�r|s�g"h�pth4r|�
x{¥�ptdfh)d����LhWrq�f��s�nahW��w~n�¥¦hWs'pt�frth��©�asHu�h�pqdLs'p7s{rqh)u�xHg"�as'ptwy§f�~h)¤�wypqd�pqdfh$s��~rqhBs{�1����s�§@h4�~hW�2h4¾1s{g"�f�yhB�4®
c6dah��frtxJx{¥Àx�¥]pqdfw���rqhB�©�f�yp�sH�q�q�fg"hW�Sptdas'p�pqdfhª£{h4r|�qwyxHn"�q�asHu�h�w��Qnfx{p�h4g"�1p���s{na�Vpqdas�pW}Jwyn­pqdfh�¥¦hBs'pt�frqh
�q�asHu�h�s{�t�©x1u4w~s�pqhW�Æpqx³pqdfh­¨Hh4rtnfh4�X}�s{�y�Qpqdfh­w~g�s��HhW�¬x�¥6£{hBuvptx{r|�¬wyn´ptdfh­w~nf�f�1p$�q�asHu�h�dasN£Hh"u4x{na�©pts{nJp
nax{rtg�®;c6dfhW�qh6s{�t�©�fg"�1ptwyxHna��¤�wy�~��dfx{����¤�wypqd"s��f�arqxH�frqw�s'pth�u|dfxHw~u4hW� ¥¦x{r;pqdfh
¨{hWrqnah4�1s�na�)¥¦x{r;pqdfh6§@x{�fnL�
R
C
X�x{n�pqdfh"�as{rts{g"h�pqhWrt��x{¥�pqdah�°1±7² R ptdfh

α
X�®�lon�xHrt�1hWr�pqx2g"wynfw~g"wy¹Wh"pqdfh"n��fg$§LhWr)x�¥��~hWs{rqnawynf�

rtx{�ana�f�W}]pqdfh��a�qh4r¬w��)s{�q¨{hB�µpqx2��s�§@h4���qh4£Hh4r|s��;h�¾fs�g"�f�~hW�¬s�p¬hW£{hWrq�µrtx{�fnL��s{na��s{�y�SptdfhW�qh"h�¾fs�g"�f�~hW�
s{rqh��qh4�~hWu�pqhB�µs{u4u4x{r|�1w~nf�Vpqx"pqdah$² 
�u4rqwypqhWrqw~x{n ®�lon?Y 82; [�pqdfhV² 
��qh4�~hWu�pqw~x{n³u�rtwypqh4rtw~x{n�w~�7s��f�f�~w~hW��pqx
TWV
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h³�1x¶nfx{p�u�xHna�qw~�1hWr­w~gV�@x{rqpts{nJp­dfh4rth2pqdfh��frthWu�w��qh
r|s�na¨Jw~nf�³x{¥�pqdfhgM�rth4�~h4£'s{nHpfN­x{rkx{¥�pqdah�M©wyrtrqhW�yhW£'s�nJpeN�wyg�s{�{hW�W®ÆlonÂx{r|�1h4rkpqxÆhW£'s��~�as'pth­pqdah��q�LhWhW�¸x{¥
w~g"�frtx'£{h4g"hWnHp7x�¥Gpqdaw~��r|s�nf¨�w~nf�a}L¤�h$gk�a�©p7�a�qh"s�g"hWs{�q�frth�ptdas'p¬�1x�hW�7nfx�p��{w~£{h$s9�frtwyxHr7s{�f£Ns{nJpts��Hh
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ptx�x{nfh��qh4�~hWu�pqw~x{nµu�rtwypqh4rtw~x{nY® 9ax{r�h4¾1s{g"�f�yhH}f§��­p|s�¨�wyna��wynJpqx­sHu4u4x{�fnJp�s��~rqhBs{�1�9�~s{§LhW�yhB�2wyg�s��HhW�6�f�~�a�
ptdfxH�qhª�qh4�~hWu�pqhW�V¥¦xHrQ§@h4w~nf����s�§@h4�~hW���1�frtw~nf�)pqdah7u��arqrth4nJpQrtx{�fna�Y}{¤
hª�©dax{�f���"x{§�£�wyxH�a�q�y�)¥ sN£Hx{rGptdfhª²µ�
s{na�¸²µ� /3u4rqwypqhWrqw�s2x'£{hWr�² 
 s{na�¸² 
�/$® ÁÃh9�1hBu�w��1hW�¸pqx³�a�qh­w~na�©pqhWsH��pqdfh9¥¦x{�~�yx'¤�w~nf�µ�frthWu4w~�qwyxHn
g"hBs{�q�frqh�a­s'p"h4£Hh4rt�´��9ÄrqxH�fna�À}Q¤
h2u�x{�anHp$pqdfh2n��fg$§LhWrVx{¥WM©rqhW�yhW£Ns{nJpeN­wyg�s{�{hW�k¥¦x{�ana�¶w~nÂptdfh

Nw~g�s��HhW��u�x{nL�©w��1h4rthW�Æs{�7gVxJ��p¬�@xH�qw¼ptwy£Hhk§��2pqdfh�u4�frqrth4nJp¬�1hWu4w~�qwyxHnµ¥¦�fnau�pqw~x{nÃx�¥Qptdfh�°�±7² R
N
§LhWwynf�

ptdfh)n��fgk§@h4r�x{¥;w~g�s��HhW�
wyn2hBs{u|d2u���s{�t� X�®
c6dfhµhW£{xH�y�1ptwyxHnÂx{¥7ptdfhµg"hWs�n �frthWu4w~�qwyxHn �f�frqw~nf�¸�q�au4u4hW�t�©w~£{h2�:9�wypqhWrts�pqw~x{na�GR rqxH�fna�f��X$x{n pqdfh


¬c�<{�³s{na� 
¬c"8W�H�Æ�fs�pts{§as{�qhW�$s�rth9�frthW�qh4nJpqhB�¸w~n 9;wy�L®¶iÆs{na�¶�f®¶c6dahgM©g"hWs�nÂ�frqhBu�w��©w~x{n�N�£'s{�y�fh
�qdfx'¤�n�w~�6xH§1pts{wynfhB�9sH�
pqdfh¬g"hWs{n�x'£Hh4r6s��~�Lptdfh)w~g"s{�{hB��w~n�pqdfh)�fs�pts�§Ls{�qh7x{¥ pqdah��arqhBu�w��©w~x{n�gVhBs{�q�frth
�fhW�tu�rtwy§@hW�µs{§Lx'£Hh{®:T��yhBs�rt�y�H}fpqdah�rqhB�1�au�pqw~x{nµx�¥SptdfhkrthW�1�ana�fs�nLu��9§@h�p�¤
h4hWnµpqdah�wyg�s{�{hW�ª�©hW�yhBuvpqhB��¥¦x{r
��s�§@h4�~w~nf�kw~g"�frqx'£HhW�Sptdfh�rqhB�©�f�ypt�W}J§Lx{pqd­¥¦xHr
²�
�/>¤�w¼ptd­rqhB�©�@hWu�p�ptx$² 
Ås�na��¥¦x{r6²µ� />¤�wypqd9rthW�q�@hWuvp
ptxµ²µ�S® 
����©xL}ÀwynÃptdfhW�qh�u4s{�qhW�7ptdfh�² 
 s�na�Ã² 
�/ �qh4�~hWu�pqw~x{n´u�rtw¼pth4rtw~s�u�xHgV�Ls�rthk¥ sN£Hx{r|s�§f�~��pqx�pqdfh
²³�ºs{na��²µ� /Pu�rtw¼pth4rtw~sa®
lon��©xHgVh�u4sH�©hB��R 
¬clA$s�na�9�as�rqp�x{¥Àpqdfh¬u���s{�t�qhW�Qw~n 
¬c�iH��X;ptdfh¬²µ�_s{na�9²µ� /Åu�rtw¼pth4rtw~sk�LhWr©¥¦xHrqg

�q�~wy�HdHpt�y�"§@h�pqpqh4rB}f�1�frtw~nf�kptdfh7»art�©p6w¼pth4r|s'pqw~x{nL�4}Hpqdas{n9ptdfh¬² 
Äs�na�­²�
�/Äu�rtw¼pth4rtw~sa®;c6daw~�
§@h4dasN£�w~x{r
w~�
p����fw�u4s{�Y¥¦xHrWM�pqrtwy£�w�s��kN�u4�~sH�q�qhW�W}awX® h{®�¥¦xHrª¤�dfw�u|dÆ�qwyg"�f�~h �J�fhWrqw~hW�ª§J��h�¾fs{gV�a�yh$hWs{�qw~�y��»ana�³s{�y��x{r7gVxJ��p
x{¥ ptdfh�M�rth4�~h4£'s{nHpfN7w~g"s{�{hB�4®
c6dfh � È ¡ Ì + Í � É > ÈPÌ	5 >;� Ì �  È � g"h4nJpqw~x{nahW�·w~n>pqdfhÃwynJptrqx1�1�au�pqw~x{nÅu�x{nL�©w���p|�9w~n·»Lna�1w~nf� s

¥¦rtx{nJptwyhWr�§@h�p�¤
h4hWnGM©rth4�~h4£'s�nJpeN"s�na�GM�w~rtrqhW�yhW£Ns{nJpeNkw~g"s{�{hB�4}À¤�dfw�u|d´u4s�nÃ§@h�wyg"�@x{rqpts�nJp�¥¦x{r)h4¾Jpth4na�fwynf�
pth�¾�pq�Ls��1s�nfnax�pts�pqw~x{na�;x{¥L�©xHg"h�w~g�s��{hB�;wyn$pqdfhhM©rqhW�yhW£Ns{nJpeN
u4�~sH�q� pqx�pqdah�x{pqdfhWrt�W® lon$pqdfw��Gu4sH�©hH}'¤�h
dasN£Hh
ptx�h4£'s{�y�as�pqh�ptdfh7�q�@h4hW�"x{¥Àwyg"�frtx'£{hWgVhWnJpQx�¥Àpqdahªu���s{�t�©wy»LuWs'pqw~x{n ®;c6dfh7u���s{�t�©wy»Lu4s�pqw~x{n"h4rtrtx{rGw����1h4»anfhB�
dah4rth¬sH�

n/N + (N − p)/N
}f¤�dfh4rth

N
w~�6ptdfhku4�~sH�q���qwy¹Wh{}

n
w~��pqdfh�n��fg$§LhWr�x�¥;¥ s����©h)�@xH�qwypqw~£{hW��s{na�

N−p
w��;pqdah�nJ�agk§@h4rGx�¥@¥ s����qh
nah4�Hs�pqw~£{hB�4®�lon�9;w~�a®G�7¤�h�uWs�n"�©hWh�ptdfh�h4£Hx{�~�1pqw~x{n$x�¥@pqdfh�u4�~sH�q�qw¼»@u4s'ptwyxHn

hWrqrtx{r;¥¦xHrSpqdfhª�fw¼«]h4rth4nJp��qh4�~hWuvptwyxHnVu4rqwypqhWrqw�s�x{n$pqdfh 
¬c�<����fs'p|s�§asH�©hH® 
7�Gh�¾1�@hWuvpthW�À}{pqdfh�u4x{n�£{hWrq�Hh4nau4h
w��)¥ sH��pthW�©pk¥¦xHr�pqdah�² 
�/3�qh4�~hWuvptwyxHn¶u�rtw¼pth4rtwyxHnY}�¥¦x{�~�yx'¤
hW�´§���pqdfh�² 
 u4rqwypqhWrqw~x{nY® 
7�$�qh4hWn¸wyn]9;w~�a®
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wyg�s{�{hW�;u�xHna�qw~�1hWrqhB�)§��¬pqdfh�°�±�² s{� M©rqhW�yhW£'s�nJpeN�s�nL�
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pqdfh��1wy«]h4rth4nJp��©hW�yhBuvpqw~x{n2�©pqr|s'pqhW�{w~hW��x{n�pqdfh 
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9;w~�{�frth7��aQ°�h4na�qwypqw~£Jwyp���x�¥ pqdfh�°�±�²-pqx"sV�quWs��~h7�as{rts{g"h�pqhWrQ¥¦xHr�ptdfh¬�1w¼«]h4rth4nJp6¨{hWrqnfhW�~��x{n9pqdfh 
¬c�<{�
�as'pts{§as{�qh{®

;f}@s��qwyg"w~�~s{r�h4£Hx{�~�1pqw~x{n2w���¥¦xH�fna��¥¦x{rªpqdfhkrts�pqh)x�¥S¥ s{�~�qh��@xH�qw¼ptwy£HhW�W}fx�¥G�frtwyg�s{rq��wyg"�@x{rqpts�nLu�h¬¥¦x{rªpqdfh
h4¾�pqh4nL�©w~x{n�x�¥�pqh�¾�pt�as�� s{nfnfx{pts'ptwyxHna�W®
c�x"§Lh4p©pqhWr��fna�1hWrt�©pts{na��ptdfh)§@h4dasN£�w~x{r
x�¥ ptdfh)�1wy«@hWrqhWnHp��qh4�~hWu�pqw~x{n�u4rqwypqhWrqw�sf}�¤
h)s����©xV��pt�a�1w~hW��pqdfh

hW£{xH�y�1ptwyxHn_x{¥7ptdfhµr|s'pqw~x´§Lh4p�¤�hWh4n_pqdfhÆwyg�s��HhW�"u�xHna�qw~�1hWrqhB�Â§��ÂpqdfhÆ°�±�²�s{� M©rqhW�yhW£'s�nJpeN�s{na�_pqdfh
n��fg$§LhWrQx�¥Àw~g�s��{hB�Swyn"ptdfhªu4�~sH�q�W}'¥¦x{r�pqdfh��fw¼«]h4rth4nJp��qh4�~hWu�pqw~x{n�u�rtw¼pth4rtw~s¬xHnVpqdfh 
¬c�<{�¬�fs'p|s�§asH�©hH®�c6dfh
rthW�q�f�ypt�GxH§1pts{wynahW�Vx{nVpqdah 
¬c�<����fs�pts�§Ls{�qh6s{rqh��qdfx'¤�nVwynb9;w~�a® <�®Sc6dfhªu4x{n�£{hWrq�Hh4nau4h�w��Q�qwy�Hnfw¼»@u4s�nJpt�y�
¥ sH��pth4r6¥¦xHr6pqdfh�² 
�/�s�na��² 
 u4rqwypqhWrqw�sf}1§@hWuWs��a�qh)²µ� s�na�2²µ� /��1x�nfx{p
¥¦x1u4�a��x{n�pqdah¬¥¦rqxHnHptwyhWrW®

� L �V5��)(;	4�����
� ��� &������4� �k�����������S����	��
� �� ¶�;��� :��6(S�����


 �frtwyna�³pqdah��©pq�a�f�Ãx{¥ª�©hW£{hWrts{���{rtx{�ana��pqrt�1ptd¶�fs'p|s�§asH�©hB��¤
h­¥¦x{�ana�¸ptdas'pVpqdfh��©w~¹4h�x�¥�ptdfh9£'s{rqw~x{�a�
u4�~sH�q�qhW�6x{¥ pqhWn2u4x'£{hWrt�6s�n2w~g"�LxHr©p|s�nJp�rts{nf�{h�x�¥Q�1wy«]h4rth4nJpª�quWs��~hW� Rf8¬pqx <k¥¦x{r6ptdfh 
¬c�<{�$�as'pts{§as{�qh{} 8
ptxk�7¥¦x{rGptdfh 
¬c"8W�H�)�fs'p|s�§asH�©h Xv®�Á�h�h4¾1�LhBuvpQ�{h4pQg"x{rth��©w~�{nfwy»LuWs�nJpQu|das�nf�HhW�Sw~n­�quWs��~h
pqx�x1u4u4�frS¥¦rtx{g
xHnfh��fs�pts�§Ls{�qh¬pqx­s�nax�pqdah4rB}f¥¦rtx{g xHnfh��a�qh4rqzo�1h�»anahW�2u���s{�t�
pqx9s{nfx�ptdfh4rª¤�w¼ptdfwyn³s­�~s{rq�Hh¬�as'pts{§as{�qh)x{r
§@h�p�¤
h4hWnµ�as�rqpt��x�¥Spqdfh�¥¦rqxHnHptwyhWr�x�¥Q�qx{g"hku4�~sH�q�qhW�W® 
�pqx�x­��ptrqxHnf�­�qh4na�qw¼ptwy£�wyp���x{¥Spqdfh��~hWs{rqnah4r�ptx�pqdfh
�tu4s{�yh¬x{¥ pqdah��fs'p|sVu4x{�f���9pqdfhWn2�qh4rtw~x{�a�q�y�9�yw~g"w¼p�wypt��s{�f�f�~w~uWs�§fw~�~w¼p��­w~n2s�nµ�:9Âu4x{nJpqh4¾�pW®

9ax{rQ°�±7²�u���s{�t�qw¼»ahWrt�W}'�©hWna�qw¼ptwy£�wyp��)pqx¬�quWs��~h�dLs{��p�¤�x¬�qx{�fr|u�hB��a]ptdfh��quWs��~h��as{rts{gVh4pqhWr�x{¥apqdah
¨Hh4rtnfh4�
s{na��pqdfh

C
§@x{�ana�2x{n2ptdfh

α
u4xJh�j­u�w~h4nJpt�W®�ÁÃh)¥¦x1u��L��dfhWrqh)xHn�ptdfh)»ar|�©p7�©xH�fr|u�h¬x�¥Q�qh4na�qw¼ptwy£�wyp��{}apqdfh

�qhWu4x{na��x{nah�§@h4w~nf�"�a�q�as��~�~�­�yhB�q��u4x{na�©pqr|s�w~nfw~nf�GR pqdah
C
§@x{�fnL��uWs�n�§Lh��qh�p�w~n2x{�fr�rth�ptrqw~h4£'s��Àu4x{nJpqh4¾Jp

ptx��©xHgVh¬dfw~�{d2£'s��~�fh¬¤�wypqdfxH�1pª�©w~�{naw¼»LuWs�nJpq�~�9s�«@hBuvpqw~nf�"�@h4rq¥¦x{rtg"s{nau�h Xv®
c6dfh7»ar|��p
¨{hWrqnfhW�L¤
h7u4x{na�qw��1h4r
w~��pqdah 
¬s{�a�q�qw�s�nZR x{r6��s{�1w�s��
V6s{�qw~�W9f�anauvptwyxHnEXQxHnfh{}

K(xi, xj) =
exp

(

− γ‖xi − xj‖
2
) ®�c6dfw���£Hh4rt�9u���s{�t�©w�u4s{�À¨{hWrqnfhW�Àw~��dfwy�Hdf�~���qh4na�qw¼ptwy£Hh�pqx�ptdfh��quWs��~h)�as�r|s�g"h4pqh4r

γR¦pqdfh)w~n�£{hWrt�qh7x{¥�ptdfh)£'s�rtw~s{nau�h�x�¥�pqdfh 
¬s{�a�t�©w�s�nEX�®
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9;w~�{�frth:AdaS°�h4nL�©wypqw~£�w¼p��$x�¥]pqdfh�°�±7²�ptx�s)�quWs��~h��as�r|s�g"h�pth4rS¥¦xHrGpqdfh��fw¼«]h4rth4nJp�¨Hh4rtnfh4���Sx{nVpqdah 
¬c"8W�H�
�as'pts{§as{�qh{®

c6dfh��a�qh9x�¥6ptdfh���s��f��s{u4hZR¦xHrkh�¾1�@x{nfhWnJpqw�s�� X¬¨{hWrqnfhW�D}
K(xi, xj) = exp

(

− γ‖xi − xj‖
) }G¤6s{�

sH�1£{x1uWs'pqhB�Ãwyn Y ; [
¥¦x{r$dfw~�©pqxH�{r|s�gVz §as{�qhW��wyg�s{�{h­�1hB�qu4rqw~�1pqxHrt�W®2lon Y 8Wi [ }Spqdfw���¨Hh4rtnfh4��¤
sH�¬¥¦x{�ana�´pqx
¤
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